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ABSTRACT

This paper presents the results of recent research on shaft configuration and bearing capacity of pile foundation from
both laboratory as well as field experimental investigations. Prototype piles of cylindrical, prismatic and conical
sections were tested in the laboratory, with piles of corresponding (chosen) configurations/cross sections used as test
piles on the field. Using experimental models and load tests, the study compares the values of bearing capacities of
pile of various shape tested on weak soil in Minsk area of Belarus. Prismatic piles yielded lower strength at the early
loading than both conical and cylindrical piles. But as the loading increases, it showed higher resistance to load than
cylindrical, but still lower than conical piles. The results of test piles in a close test point proximity area, showed that
conical piles have the highest bearing capacity, 1.5 — 2 times higher than prismatic piles, and 2 - 3 times higher than
cylindrical piles. It further revealed that, for non-homogenous (layered) soil, mostly encountered in construction sites,
pile installed by driven or boring have bearing capacity increment of 10 - 14% in bored piles, 18 - 24% hammer
driven piles, and 20-30% in vibrated driven piles. For the investigated prototype modelled piles, as well as test piles,
the tapering and wedging effects are responsible for increase in normalized skin friction and normalized lateral
stresses of tapered conical piles. In all, tapered conical pile offers larger resistance than the cylindrical piles and

prismatic piles, and is therefore recommended for use, with other factors being considered.

Keywords:Shape factor, Pile foundation, Bearing capacity, Soft/weak soil, Pile installation techniques.

1. INTRODUCTION

In foundation engineering practice, the main point of
concern is the bearing capacity of soil. Pile foundation is a
type of foundation in which pile is usually used as the
source to transfer the load to deeper soil levels. Piles are
long and slender structural members that transfer the load
to stronger soil ignoring or through the soil of low bearing
capacity. Piles foundations are therefore, recommended to
provide a safe carrying capacity to support a structure
when the bearing capacity of the soil is insufficient to do
s0. Modified form of the general bearing capacity equation
may be used to account for the effects of footing shape,
ground surface slope, base inclination, and inclined
loading (Bridge Design Specification, 2003).

The compaction of the soil mass around a driven pile
increase its bearing capacity. The pile end-bearing capacity
in sand is not only affected by its compressibility, shear
stiffness, and strength, but also by the angle of tapering of

the pile. Not many researchers have noticed the effects of

tapering angle in end-bearing resistance when penetrated
downward in a frictional mode (Manandhar et al., 2010).

The determination of the ultimate bearing capacity, Qu, of
a deep foundation based on most theories is a very
complex one, since there are many factors, which are not
taking into consideration in most of them. Most theories
assume that the soil is homogenous and isotropic, which is
normally not the case. All the theoretical equations are
obtained based on plain strain conditions. Only shape
factors are applied to take care of the three-dimensional
nature of the problem.Compressibility characteristics of
the soil even complicate the problem further (Murthy,
2007). According to De Beer, the base resistance of bored
and cast-in-situ pile is about one third of that of driven pile
(De Beer, 1965). Sitnikov et al., who investigated on soils
in Belarus, established that the shape of the longitudinal
section of the pile affects the unit bearing capacity, and
concluded that, the unit bearing capacity of square piles

varies significantly with their cross-sectional dimensions,
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and increases with a reduction in their sectional
dimensions (Sitnikov et. al., 1980).
Meyerhof concluded that, when a pile is driven into loose
sand, its density is increased, and the horizontal extent of
the compacted zone has a width of 6-8 times pile diameter
(Meyerhof, 1959, & 1976). However, Kerisel opined that,
in dense sand, pile driving decreases the relative density
because of the dilatancy of the sand and loosened sand
along the shaft has a width of 5 times pile diameter
(Kerisel, 1964a & 1964b). Vesic opined that, only
punching shear failure occurs in deep foundation
irrespective of the density of the soil, provided the depth to
width ratio is greater than four (Vesic, 1964). Kishida
proposed from model and field tests, that the angle of
internal friction decreases linearly from a maximum value
¢2 at the tip of the pile to a lower value ¢l at a distance
3.5 times pile diameter; @1 and ¢2 being pre-installation
and post-installation angle of internal friction respectively
(Kishida, 1967). Based on theoretical relations to plastic
equilibrium, a critical state frictional angle (¢~ ), which
is effective and a rational practical application as a strength
parameter has been derived by researchers (Yasufukuet al,
1997,Yasufukuet al, 1998 andBolton, 1993). Adejumo,
through experimental investigations, confirmed that,
among other determinants, the bearing capacity of piles is
a function of method of installation of the piles, especially
in layered soil [Adejumo, 2015a, Adejumo, 2015b].
A comparative study of the observed base resistances of
piles by Nurdlund(Nurdlund, 1963) and Vesic(Vesic,
1964), presented by Tomlinson (Tomlinson, 1986) |,
showed that, the bearing capacity factor Ng values
established by (Berezantsev et al. 1961), which take into
account the depth to width ratio of the pile, most nearly
conform to practical criteria of pile failure. The ultimate
unit skin friction of piles in a given sand or clay is
practically independent of the pile diameter (Meyerhof,

1976 & 1983).
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The collapsibility properties of a highly porous layered soil
diminish with depth, from 2-3% to 1 - 1.5%, while the unit
bearing capacity of bored piles reduces 2-3 times on the
average (Belyaev et al., 1979). The lateral deformation of
piles decreases with increase in distance from the pile
centerline, while outward radial deformations recorded
around the pile decreases downwards along the length
(Adejumo, 2013). The skin friction and radial stress are
highly influenced by tapered piles compared with
conventional piles. The tapering and wedging effects are
responsible for increase in normalized skin friction and
normalized lateral stresses. Taper-shaped piles offer a
larger resistance than the cylindrical piles (Manandhar et
al. 2011 and 2012].

This paper therefore, presents the results of a series of
modelled pile tests as well as field tests on the effects of
pile shaft configuration on the bearing capacity of pile
foundations in layered soil. The investigation was
conducted with piles of cylindrical, prismatic and tapered
conical cross sections in the research laboratory,
Geotechnical and Environmental Engineering Department,
Belarusian National Technical University, Minsk and
construction site, also in Minsk region of Belarus. This
study is useful in the understanding of the analytical
techniques of pile design in relation to determination of the

bearing capacity, especially in multi-layered soil.

2. MATERIALS AND METHODS

A detailed research plan was developed for the two-
pronged laboratory and field investigations. Laboratory
tests were conducted on soil samples taken from sites
around Minsk province of Belarus, where field tests were
also carried out. Consolidated in a specially constructed
multipurpose test tank, Figure 1, the soil samples were
properly pulverized and mixed to the desired water content
and bulk densities Table I. The testing tank has a relatively

rigid steel framework support, with a one sided steel panel
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having open and close apertures for drained and undrained
tests. The frontal panel is made with transparent Plexiglas
(plasto-fiber material), which is strong enough to
withstand consolidation induced pressure and strikes. The
transparent strong Plexiglas allows proper monitoring of
sample’s state during the test as well as ensures visual
observation of failures in the tested soils in terms of
depression, heaving or wobbles. The weights of the soil
required to obtain designed unit weight were packed into
the test tank in lifts, with the interface between the lifts
being made uneven, to reduce the bedding effects, and
clearly marked to give room for proper monitoring during
loading and unloading. After layer by layer densities were
achieved, axial compressive load was applied through the
upper surface layer. The testing tank was then made rigid
and ready for pile installation by driving (hammering and
by vibration), as well as by boring, Figures 1 - 3. Loading
was introduced through the centerline of the pile which is
connected to a Pile Design Analyser (PDA) for monitoring
and analysis.

Seven soil condition cases were modelled with the three
chosen shapes of piles for the laboratory investigations in
the testing tank. They are: 1) Strong Silty clay soil
exclusive; 2) Soft Silty clay layers over stiff; 3) Soft clay
layers in-between stiff clay layers; 4) Soft silty clay
exclusive; 5) Coarse sand exclusive 6) Medium sand layers
in-between coarse sand layers; 7) Medium sand layers over
coarse sand layers.

The field investigations were performed on 13 No
instrumental piles of cylindrical, prismatic and tapered
conical sections, (5 cylindrical, 4 prismatic and 4 conical
cross sectional piles respectively) at a construction site for
high-rise residential buildings in Partisankaya district of
Minsk, Belarus. Static loads were applied and maintained
using a hydraulic jack (of 200T capacity) and were
measured with a load cell as shown in Figure 4. Reaction

to the jack load is provided by a steel frame that is attached
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to an array of steel H-piles located at least 1.5m away from
the test piles. Pile cap settlements were measured relative
to a fixed

reference beam using 2 dial gauges.

Displacement/settlement of soils around the piles
measurements were made in reference to the pile cap using
5 dial gauges, Figure 5. The piles were subjected to axial
compressive loads until the allowable pile settlement of
0.1d (10% of pile diameter) is reached or exceeded in line
with the submission of (Al-Saoudi and Salim, 1998;
Phanikanth et al. 2010), as well as Europe code 7 (ENV
1997-1 Eurocode 7, 1994, Bauduin, 2001). The settlement
was taken with time until the time when the settlement
change was insignificant.

The bearing capacity of prototyped modelled piles of
different shapes were determined using the established
methods of static bearing capacity equations and field load
test method. The results were analysed, and inferences on
the effects of shaft configuration on the bearing capacity of

the pile were made thereafter.

Fig. 1: Testing Tank for Laboratory Work

Fig. 2: Modelled Pile Shaft Configurations
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Fig. 6: Load Test Modelled Test Piles
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3. RESULTS AND DISCUSSIONS

Table 1 shows the summary of geotechnical properties of
the dominant soil in the profiles of the investigated
samples. The silty-clay soil has high void ration (e) and
cohesion, which indicated the compressibility of the soil.
The results classified the main or dominant soils to range
between, Clayed Gravel — GC (USCS), A-6 (AASHTO);
Silty/clayed Gravel sand - GC (USCS), A-2-4
(AASHTO); Sandy clay — SC (USCS), A-4 (AASHTO).
Table 1:Index Properties of Samples from Test Points.

Test
point/Pile LL PL Pl GS OMC MDD
No (%) (%) (%) (%)  (kglem®)
P1 32 20 12 249 13.2 1842
P2 35 22 13 244 18.7 1593
P3 37 20 17 251 17.6 1624
P5 38 23 15 246 15.6 1769
P6 36 24 12 257 16.2 1664
P7 28 21 7 2.46 20.0 1617
P8 29 22 7 2.45 19.1 1614
P10 36 22 14 257 16.2 1664
P12 35 21 14 256 16.3 1666
P13 34 23 11 255 16.2 1663
P20 39 24 15 244 18.7 1598
P22 37 20 17 251 17.6 1627
P23 33 20 13 249 13.3 1848

Using static bearing capacity equations and field load tests
method, the increment in bearing capacity for a 5mm
design settlement, (for a 2.5D critical state design, where
D is pile diameter), for modelled single piles in the 7-
modeled soil/loading (cases), were analysed and shown in
Figures. 7 - 13.

Case 1 - Strong Silty clay soil exclusive

For settlement, S = 5mm
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1635
150 4

100 -

Bearing capacity increment, %
v
n

Prismatic pile - driven (hammer)
Cylindrical pile - (bored)

Tapered conical - (bored)

Tapered conical - driven (vibration)

Fig. 7: Bearing Capacity of Piles - Case 1
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Case 2 - Soft Silty clay layers over stiff
For settlement, S = 5mm
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Prismatic square pile - (bored)
Cylindrical pile - (driven)
Tapered conical - driven (vibration)

Fig. 8: Bearing Capacity of Piles - Case 2

Case 3 - Soft clay layers in-between stiff clay layers
For settlement, S = 5mm

200+
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100 +

Prismatic pile - driven (hammer)
Cylindrical pile - (bored)
Tapered conical - driven (vibration)

Fig. 9: Bearing Capacity of Piles - Case 3

Case 4 - Soft silty clay exclusive
For settlement, S = 5mm

200+
150+

100 +

Prismatic pile - driven (hammer)
Cylindrical pile - (bored)
Cylindrical pile - (driven)
Tapered conical - driven (hammer)

Fig. 10: Bearing Capacity of Piles - Case 4

Bearing capacity increment, %
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Fig 11:
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Case 5 - Coarse sand exclusive
For settlement, S = 5mm

Prismatic pile - driven (vibration)
Cylindrical pile - (driven)
Cylindrical pile - (bored)

Tapered conical - driven (vibration)

Bearing Capacity of Piles - Case 5

Case 6 - Medium sand layers in-between coarse sand layers
For settlement, S = 5mm

X

— 200+

5]

1SS

L

g 1504 155 150

> [

g

& 100 A

o

=3

z

o0
Prismatic (square) - driven (hammer)
Cylindrical pile - (bored)
Tapered conical - driven (hammer)

Fig.12: Bearing Capacity of Piles - Case 6

Case 7 - Medium sand layers over coarse sand layers
For settlement, S = 5mm
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Fig. 13: Bearing Capacity of Piles - Case 7
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The Load-settlement for a limiting 5mm design settlement,

(for a 2.5D critical state design, where D is pile diameter),

for static load test in the laboratory which corresponds to

40 mm settlement on the field, for modelled single piles in

the 7-modelled soil conditions (cases), were analysed and

shown in Figures 14 - 20.
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Fig. 14: Load-Settlement for Test Piles - Case 1
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Fig. 16: Load-Settlement for Test Piles - case 3
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Load-Settlement for Test Piles - Case 4
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Fig. 18: Load-Settlement for Test Piles - Case 5
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Fig. 19: Load-Settlement for Test Piles - Case 6
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Load-settlement curves for the 13 test piles is shown in

Figure 21, while the normalized load-settlement for the

ultimate load ratio is shown in Figure 22. Prismatic piles o

yielded lower strength at the early loading than both 09 x
conical and cylindrical piles. But as the loading increases, | %
it showed higher resistance to load than cylindrical, but Fig. 22: Normalised Load-Settlement Curves for the 13
still lower than conical piles. Test Piles



www.seetconf.futminna.edu.na
4. CONCLUSION

From laboratory and field investigations conducted on
shaft configuration and bearing capacity of pile

foundation, the following conclusions could be drawn:

1. In silty-clay and clayed gravel soil, tapered

conical piles yielded higher bearing capacity than

cylindrical and prismatic piles.

2. For a give test area, for a given test areas (close
test proximity) conical piles have the highest bearing
capacity, 1.5 — 2 times higher than prismatic piles, and 2 -

3 times higher than cylindrical piles

3. For non-homogenous (layered) soil, pile installed
by driven or boring have bearing capacity increment of 10
- 14% in bored piles, 18 - 24% hammer driven piles, and

20-30% in vibrated driven piles.

4. Prismatic piles yielded lower strength at the early
loading than both conical and cylindrical piles. But as the
loading increases, it showed higher resistance to load than

cylindrical, but still lower than conical piles.

5. The results of field investigations and laboratory
tests for modelled piles have an 85% agreement, which is

within acceptable limits of correlation.

6. Where applicable therefore, conical piles of
tapered cross section is recommended for use in weak

layered soil.
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.Abstract

An activated carbon-supported Mg-Zn catalyst (Mg-Zn/AC) was prepared by using co-precipitation combined with
incipient wetness impregnation methods. The catalyst structure was characterized by powder X-ray diffraction
(XRD), N, adsorption—desorption, Fourier transform infrared spectroscopy (FTIR), its microstructure was studied by
the use of scanning electron microscopy (SEM)and the catalytic performance toward synthesis of methyl esters from
waste frying oil (WFO) was investigated. The properties studied provided insight into the catalytic performance of
the catalyst whereby the large surface area and pore volume of the support facilitated the distribution of metal
particles and high dispersion of metals. The optimum reaction conditions were obtained by varying parameters such
as methanol to oil ratio, catalyst loading, temperature and time. Under the conditions of reaction time of 5 h,
temperature, 150 °C and catalyst dosage of 2.5 wt%, the methyl ester yield of >86% was achieved using 64 g of
WFO, 38 g of methanol. The results showed that Mg-Zn/AC catalyst presented efficient activity during the
transesterification reaction and is a promising heterogeneous catalyst for the production biodiesel fuel from vegetable
oil feedstock.

Keywords: Activated carbon; Mg-Zn oxide supported catalyst; Waste frying oil; Biodiesel; Transesterification

1. INTRODUCTION energy sources, namely solar, wind, hydrothermal,
geothermal and biofuels have been carried out extensively
(Cheng et al., 2010; Gnansounou and Dauriat, 2010; Yin et
al., 2010).

Biodiesel, produced by Transesterification of vegetable

The dwindling reserves of fossil fuel and surging prices for
the petroleum-based fuels has triggered the pressing needs
for renewable energy as sustainable fuel substitute (Singh
and Singh, 2010). According to the statistical data reported

oils, fats and fatty acids is recognized as a new emerging

. o i .
by the International Energy Agency, a 53% increase in the sector in fuel industry, due to the similarity it possesses

global energy consumption is foreseen by 2030. The with the conventional diesel in term of its chemical

energy consumption is mainly based on fossil fuels which structure and energy content. Several types of vegetable

0 .
account for 88.1 %. At the current production rates, the oils which have been used for the preparation of biodiesel

global proven reserves for crude oil and natural gas are includes palm (Zabeti et al., 2009), sundowner(Granados

forecasted to last for the next 41.8 and 60.3 years (Ong et et al, 2007), rapeseed (MacLeod et al, 2008)

al., 2011).Several researches on alternative renewable

10
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Canola(D’Cruz et al., 2007), and soybean (Furuta et al.,
2004; Kim et al., 2004; Suppes et al.,2004).Ancther
attraction of biodiesel as diesel fuel is that it is a clean-
burning fuel, nontoxic with liquid nature-portability, has
higher combustion efficiency, provides low emissions of
carbon  monoxide, particulate  matter,  unburned
hydrocarbons and zero percent of sulfur content compared
to petroleum-based fuel, lower sulfur and aromatic content,
higher cetane number and it is biodegradable.
Simultaneously, no modification in diesel engine is
required as biodiesel is compatible with the existing
transportation engine models (Al-Zuhair, 2007; Yung and
Gon, 2010; Zhang et al., 2009).

Many researches have been
conducted in quest for suitable heterogeneous catalysts that
have high performance during Transesterification reaction
of vegetable oils with methanol. The development of
catalysts loaded on support or carrier is very promising and
has shown good conversion results in this regard.
Heterogeneous catalysts can be designed to give higher
activity, selectivity and longer catalyst lifetime (Hillion et
al., 2003). Briefly, heterogeneous catalysts such as alkali
(Li, Na, K)-promoted alkaline earth oxides
(Ca0,BaO, MgO), as well as K,CO; supported on

(Al,03), have been used for Transesterification of Canola

metal

oil with molar ratio of alcohol to oil of 11.48:1, catalyst
loading of 3.16 wt%, at 60 °C,, for 2 h with more than 85%
conversion. Also, Transesterification of unrefined or waste
oil over lanthanum-promoted zinc oxide (ZnO-La,0s3)
catalysts, with a 3:1 ratio of zinc to lanthanum, at 170-220
°C, 126 g of oil, 180 g of methanol, and 3 g of catalyst
gave over 96% in 3 h (Yan et al., 2009). Others include
KNO3/Al,O3 (Vyas et al., 2009), La,03/ZrO,(Sun et al.,
2010), K,COs
al.,2009) and KNO3/KL zeolite and KNO3/ZrO, (Jitputti
et al., 2006).

on alumina/silica support (Lukic et
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In this study, we describe the performance of supported
Mg-Zn (AC) the

Transesterification of WFO with methanol. To obtain

on activated carbon for
maximum conversion for the process, different reaction
parameters such as WFO to methanol molar ratio, reaction
temperature, catalyst loading, and reaction time were
studied. The activated carbon is chosen due to its high
porous structure as well as low cost compared to
conventional supports such as alumina and silica.
Structural, functional and surface chemistry of the
prepared catalyst were performed. Moreover, the catalyst

reuse and stability were elucidated.

2. METHODOLOGY

2.1. Chemicals
Waste frying oil (WFO) was obtained from the University
of Science, Malaysia cafeteria. The properties of theoil
such as kinematic viscosity, acid value and density were
2.02 mg KOH goil

and891 kg m?, respectively. Others are the average

determined as 3.65 x 10“m%7,

refractive index over three determinations, 1.47, moisture
content, 0.09% and shear stress, 7.98 N/m?. Analytical
grade of KOH (>85%), Mg(NOs),. 6H,0(>99%), Zn
(NO3),. 6H,0(>98%), KNO3 (99%), used to synthesize
the catalysts were purchased from Sigma—Aldrich Pty Ltd.,
Malaysia. Analytical reagent grade 99.9% methanol
(HPLC) purchased from Merck (Malaysia)was used for the
The
which are methyl stearate (>99.5%), methyl palmitate
(>99.5%), methyl myristate (>99.5%), methyl oleate

(>99.5%) and methyl linoleate (>99.5%)as well as methyl

Transesterification reactions. reference standards

heptadecanoate (99.5%) used as internal standard for gas
chromatography (GC)analysis was purchased from Sigma—
Aldrich (Malaysia) and n-hexane (96%) used as solvent for
GC analysis was purchased from MERCK, (Malaysia). All

the chemicals used were analytical reagent grade.
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2.2. Preparation of catalyst
Activated carbon supported Mg-Zn oxides was prepared
by co-precipitation and impregnation of the AC with an
equimolar (0.5 M) aqueous solution of the nitrates of
Magnesium, Mg (NO3),.6H,0 and zinc,Zn (NO3),. 6H,0
which was used as precursor for Mg-Zn oxides. The
equimolar solution of Mg-Zn was precipitated with 4 M
solution of ammonia water. The activated carbon used has
previously been prepared and characterized and was used
without any pretreatment. The solution mixture was stirred
for 3 h at 60 °C to homogenize. The catalyst was obtained
by loading constant amount of AC support, 100 g for each
batch preparation, to the precursor under constant
agitation. After impregnation, the sample was allowed to
age for 12 h before it was oven dried for 24 h at 100 °C.
This was followed by calcinations in a furnace at the

temperature500 °C for 4 h.

2.3. Catalyst characterization, activity testing, and
evaluation of methyl ester content
The synthesized catalyst samples were characterized by
elemental analyzer using an energy dispersive X-ray
detector(EDX) mounted on the microscope and Philips
XL30S model Scanning Electron Microscope (SEM), X-
ray powder diffraction analysis was conducted on a
diffractometer, model Philips PW1710, with Cu Ka
radiation at 40 kV and 40 mA. The surface areas and
textural characteristics of the prepared catalysts were
determined using the Brunauer Emmett Teller(BET)
method. The data were acquired on Micromeritics
ASAP2020

instruments corporation, USA) at -197°C.Fourier transform

adsorption analyzer (Micromeritics
infrared spectroscopy (FTIR) was used to qualitatively
identify the chemical functionality of the catalysts. FTIR
spectra were recorded between 4000 and 400 cm™.

Scanning Electron Microscopy (SEM) analysis was carried
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out to study the textural morphologies of the as-
synthesized catalysts. Gas chromatography GC-2010 plus
(Schimadzu,Japan) supplied by Fischer Scientific (M) Sdn,
Bhd with Flame ionization detectors (FID-2010 plus) and
split/split less injection unit (SPL-2010 plus) equipped
with a capillary column (Nukol30 m x 0.53 mm x 1 pum)
was used for sample analysis. Helium was used as the
carrier gas. The injection was performed in split mode with
a split ratio of 100:1. The analysis of methyl ester yield for
each sample was carried out by dissolving 20 pL of FAME
into250 pL methyl heptadecanoatewhich was used as
internal standard to give a dilution factor of 14.1 pL of the
prepared solution sample was withdrawn and injected into
the GC and the methyl ester yield was calculated using
appropriate standards and methods for GC calibration and
analysis (Munari et al., 2007).

2.4.  Transesterification of waste frying oil with
methanol
Prior to charging WFO into the reactor, it was filtered with
a fine screen cloth to remove impurities such as food bits
and sludge. The oil was pretreated by heating at 80°C for1
h to separate adhered water and volatile food particles. A
300 mL stainless steel batch reactor PARR 4842 from
Autoclave Engineers equipped with a stirrer, thermocouple
and a pressure device surrounded by a heating mantle
controlled by a proportional integral derivative (PID)
temperature controller was used for the Transesterification
reaction. A measured quantity of

the pretreated oil and methanol in the desired ratio were
charged into the reactor containing the catalyst. The
reactor contents were kept under constant stirring at
maximum speed to avoid mass transfer limitations.
Similarly, the stirring commenced immediately at the start
of the reaction to allow sufficient contact between the
participating species and was maintained throughout the

duration of the reaction. In a particular batch experiment
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with the WFO, 52 g oil was measured and charged into the
reactor with 17 g of methanol equivalent to a molar ratio of
methanol to oil of 9:1 was used with 2.5 wt% catalyst
(1.317 g) based on oil at a temperature of 120°C.

2.5 Catalyst stability

The possibility of reusing the catalyst was investigated to
check its capacity to provide the same performance during
Transesterification reaction. To achieve this, the supported
catalyst was recovered after first run, washed with n-
hexane to remove oil adhered to its surface, filtered and
oven dried 70°C for 12 h. It was then used in the second
experimental run and the procedure was repeated for the
third and fourth runs for methyl ester synthesis by
Transesterification reaction between methanol and WFO.

3. RESULTS AND DISCUSSIONS
3.1. Catalyst characterization

The textural properties of any catalyst are important
features that provide insights as concerns its performance.
To this effect, BET surface area, average pore size, and
pore volume of the catalyst were determined as 91.44
m2/g, 8.52 nm, and 0.19 cm?/g, respectively. The external
surface area of the as-synthesized catalyst was observed to
favour its reactivity. In this study, AC support helped to
improve the surface area of the catalyst forming a
composite structure with Mg-Zn oxides. The surface of the
AC used is comprised of well pronounced and orderly
pores developed over the surface after activation. A typical
SEM image for one of the synthesized catalyst is as shown
in Fig.1. It was observed that there was agglomeration of
particles on the surface over the AC support. The AC layer
seems to be embedded due to the precursor which
penetrates the support. It was also observed that the
penetration into the support was inhomogeneous and was

at least a few micrometers in depth with few porous
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opening. The exhibited nature is as a result of different
materials made up of AC and the precursors integrated
together consisting of particles that are not all of the same
degree or dimensions. It was also observed that for a fixed
concentration of the precursor, a continuous flat layer was
obtained. The layer, however, covered the rough AC
support yielding a thin film. It was also observed that the
agglomerates of particles consisting of the precursor
oxides synergized together in a composite matrix. The
presence of the metals is also confirmed by the XRD
measurements which revealed that the metals are dispersed
on the specific sites which could be responsible for the

high performance of the as-synthesized catalyst.

Fig.1Scanning electron micrograph (SEM) image of Mg-
Zn on AC support

The specific surface area and pore volume of the
catalyst was analyzed using nitrogen adsorption at
—197°C.As shown in the adsorption isotherms
offFig.2monolayer formation was usually complete when
the relative pressure reached 0.3 because the radius
available for condensation was decreased by the thickness
of the monolayer or by approximately two molecular
diameters. Based on the results, the samples with relative

pressures above 0.3 had type IV hysteresis according to the
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IUPAC

mesoporous materials related to cylindrical pores. The

classifications, indicating the presence of
relative pressure versus volume adsorbed for the catalyst
with a steep increase in the isotherm of the amount of N,
adsorbed corresponds to the filling of micro pore with
N,,this is followed by the nearly horizontal adsorption and
desorption branches. The inter-crystalline textural porosity
was indicated at high relative pressure (P/Po =0.99) as

revealed by the observed hysteresis loop.

=
2

WVolume of adsorbed N, (o /g 8TF)

—i— Adsorption

—+—Desorption

04 0.4
Relative Pressure (P/Po)

Fig. 2Adsorption-desorption isotherms for Mg-Zn/AC
catalyst sample calcined at temperature

500 °C and time of4 h

The FTIR spectra of the used and fresh catalyst are
shownin Fig. 3. The spectra show similar active surface
functional groups in the region 3300-3550 cm* that
represents the O-H stretching vibrations including
hydrogen bonding in water molecules. Other peaks
detected are found at bandwidths of 16201560 cm* that
is vibration of surface hydroxyl groups attached to the
metals and undissociated water molecules forming the

surface hydrated layer.

However, there are distinct

differences between the catalysts spectra in the region
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1150-420 cm ™. The peaks at 2925 and 2860 are ascribed
to C-H aliphatic stretching. Other important peaks at
1030cm * and 1100-1120 cm ‘represent C-O stretching.
The peaks of symmetrical stretching of C=C are also
observed at 1614-1699cm . It was observed at 1385 cm*
a peak which could be due to the presence of —CHj
stretching. The intensity of peak at 2925 and 2860cm ™,
1100-1120 cm were decreased due to the intensities in the
interaction between the precursor and the activated carbon.
The band sat 1150-920 cm* could be ascribed to M—O-H
stretching vibrations, whereas those between 580 and
500cm ' are assigned to M-O bending vibrations. These
observations could be due to the different interaction of the
precursor’s oxides on the activated carbon. The peaks for
the both spectra are assigned based on existing data from
literature (Miller and Wilkins, 1952). The spectra of both
catalysts are found to be similar in all respect but for some
new peaks established.

Fresh Catalyst

i

Used Catalyst

Transmiltance (%)

40000 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800

Wave number (cm?)

600 4000

Fig.3 FTIR spectra analysis for the fresh and used Mg-
Zn/AC catalyst

XRD analysis was performed in order to identify the
crystalline phases present in the Mg-Zn/AC catalyst. The
diffractograms for fresh and 3“cycle reused samples is as
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shown in Fig. 4. The sample calcined at 500 °Cfor4 h
exhibited the XRD peaks at 26= 30°, 50.6° and 60.3°
(strong) assigned to the tetragonal phase. It also showed
weak XRD peaks at 26= 34°,

I
—used Catalyst i

| [, h

|
I\l ol 1 A k'
TR I W'.».\»_“..-I-\\',.q,,w”',j-,- I S gl M oo

——Fresh Catalyst | i ﬁ

10 20 30 40 50 60 0 80 90
2-Theta (degree)

Relative intensity

Fig. 4 XRD spectra for the fresh and used Mg-Zn/AC

catalyst

35.8°, and 78%ssigned to the monoclinic phase. The
presence of both phases is responsible for the observed
catalytic activity. Magnesium has strong intensity at26 =
30° while other peaks are weakly dispersed. The EDX
analysis was used to characterize the catalyst and the
results of the analyzed samples are presented Fig.5. The
spectra clearly showed the existence of Zn,Mg, and C with
prominent peaks and the elemental composition further
revealed the presence of carbon as the source of activated
carbon used for the support with the value is as high as
15.26 wt%. The composition of the catalyst was verified
by using an EDX mounted on the microscope and the
elemental analysis revealed that the sample contained
10.12 wt% K, 28.03 wt% Zn, 11.28 wt% Mg and 35.31
wt% O. This was in good agreement with the XRD
diffractograms
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Fig.5 Energy dispersive X-ray (EDX) spectra of the Mg-
Zn/AC catalyst

3.2 Thermal Gravimetric Analysis (TGA)

The thermal stability of the catalyst given in
Fig.6was studied via thermal gravimetric analysis in
oxygen at a heating rate 10°C/min in the range of 34-
800°C.The thermal that the
synthesized compound had a weight loss of approximately
46.25% between 190°Cand 486°C. This corresponds to the

decomposition of the organic component of the activated

gravity curve showed

carbon and the metal oxide layers. When the temperature
is increase over 480 °C, an increase in mass was observed,
which could be attributed to the oxidation of metal
precursors as the compound transforms into crystalline

oxides.
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Fig.6 Thermal gravimetric analysis of the Mg-Zn/AC

catalyst at a flow of 60 cm®/min of N,

and a heating rate of 10 °C/min from 34 °C to 800 °C

3.3 Heat treatment effect on MgZnO/AC catalyst and test

of performance

The catalyst was subjected to different calcinations
temperatures in the range of 300-700°C for 4 h and the
activity was examined on the Transesterification of waste
frying oil with methanol. As shown in Fig. 7, the
performance of the catalyst increased as the calcinations
temperature is increased. This can be explained by the fact
that the precursors undergo phase transition as the
temperature is increased, and this is supported by the XRD
and the TGA analysis where crystalline formation of
MgZnO, MgO and ZnO existed in the specified range. The
phase transformation could have resulted due to the basic
character of the catalyst which provides a favourable
condition for Transesterification of low free fatty acid oil
feedstock. FAME content of above 84%was obtained with

the catalyst calcined at 500 °C and a decrease in the
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catalyst performance was observed when it was calcined
above this temperature. The reason could be due to
sintering at temperature > 500 °C as observed in the TGA
analysis where further increase in temperature is no longer
economical for Transesterification. Therefore, 500 °C was
chosen as the calcinations temperature and was employed

in the subsequent experimental runs.

100

oo
E=1
T

FAME content (%)

0 L Il L Il L Il L Il
300 400 500 600 700

Calcination Temperature (°C)

800

Fig.7 Yield of methyl esters at different calcined

temperatures

3.4 Effect of reaction time

Reaction time is an important factor that during

Transesterification reaction. The diffusion and mass
transfer limitations of heterogeneous catalyst result to slow
reaction and the stirrer speed was set to maximum to
overcome the mass transfer limitations. Thus, at the
commencement of the reaction, the FAME content was
low during 1 h of reaction. However, Fig. 8showsthat the
FAME content increased gradually after 2 h of reaction
time, and thereafter remained nearly constant at 84%
during5 h reaction time. It was also observed that further
increase in time up to 12 h produced no significant change
to the FAME content rather a slight decrease was noticed
as the reaction time was extended with FAME content of

78%. This observation could be as a result of a backward
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shift in the reaction being a reversible process; the reaction
complex formed at this extended period no longer

favoured the yield of methyl esters.

100
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Fig.8 Yield of methyl esters at different reaction time

3.5 Effect of catalyst loading

The effect of catalyst dosage on the yield of esters was
investigated with the amount of catalyst varied in the range
0.5-6.5 wt% (catalyst to oil). Fig. 9 show that FAME
content increased gradually (> 84%) with the increment of
catalyst to oil weight ratio from 0.5 to 2.5 wt%. After that,
the FAME content started to decrease with further addition
of catalyst amount. The observed trend could be due to
resistant of mixing involving triglyceride molecules,
product and solid catalyst in which case the viscosity
increased as the catalyst loading was increased Thus, a
good value of 2.5 wt% was found suitable for high FAME

content in this process.
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Fig.9Yield of methyl esters at different catalyst loading

3.6  Effect of methanol to oil molar ratio

Transesterification reaction requires stoichiometrically,
three moles of methanol to one mole of triglyceride. To
shift the reaction forward, an excess of methanol to oil
ratio is needed. It was observed from Fig. 10 that FAME
content increase as expected, up to a maximum value of
86%. Beyond this point, as the ratio of alcohol to oil was
further increased, there was a decline in the FAME
content. The observed decrease in yield as the alcohol-oil
ratio was increased could be due to dilution effect caused
by the excess methanol making the separation difficult and

also reduce the catalyst concentration.
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Fig. 10Yield of methyl esters at different methanol to oil
molar ratio

3.7

The effect of the reaction temperature was investigated in

Effect of reaction temperature

the range of 70-180 °C. During the preliminary runs
reaction temperature below 70 °C produced methyl esters
lower than 55% which increased to more than 76% at a
higher temperature of 120 °C. The highest ester content
was obtained at 150 °C as shown in Fig.11. From a kinetic
performance, reaction rate is expected to increase with
increase in temperature because an increase in collision
among molecules lowers the activation energy barrier
resulting in more product conversion. However, in this
study, at higher temperature beyond 150 °C, a decrease in
FAME content was obtained, an indication of temperature
inhibiting effect of the catalyst which affects its activity
during the Transesterification reaction. Thus, 150 °C was

chosen as a suitable operating temperature in this study.
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Fig. 11 Yield of methyl esters at different reaction

temperature

3.8 Catalyst stability during Transesterification
The reusability was examined after the first run. After the

first run, the catalyst was filtered from the product and was
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washed with n-hexane until all adhered oil and glycerol
were removed, then it was dried at 70°C for 12 h and was
placed in contact with fresh methanol and WFO for the
next run. The result of the catalyst performance during
reusability test is shown in Fig. 12. It can be seen from the
profile that the yield of ester decreased with increase in the
experimental runs. Yields of 86% ester was obtained at
first run, while the second, third and fourth runs resulted in
80%,70%, and 58% of esters, respectively. The result
could be due to deactivation of the active sites as a result
of clogging by some triglyceride molecules. Also, the
observed decrease could be due to loss of material during
manipulation which resulted in fewer active sites of the
catalyst for the Transesterification reaction in subsequent

runs.

i

60

4

FAME content {46)

Run

Fig. 12 Yield of methyl esters at different runs during
stability studies

4. CONCLUSION

The MgzZnO/AC

synthesized by incipient wetness impregnation

supported catalyst was
method and was used in Transesterification of

waste frying oil. The catalyst showed good
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activity towards the synthesis of methyl esters
with optimum conditions obtained at methanol to
oil molar ratio of 12:1, catalyst loading 2.5 wt%,
temperature 150 °C, and reaction time 5 h to give
over 86% vyield methyl ester when the catalyst
was calcined at 500 °C for 4h. Catalyst
separation from the product mixture is simple
and reusable for three cycles. The current
investigation showed that Mg-Zn/AC catalyst

presented  efficient activity during the

Transesterification reaction of WFO and could
be a promising heterogeneous catalyst for the
production biodiesel fuel from other vegetable

oil feedstock.
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ABSTRACT

Eurocode 2 is based on limit state design method, that ensures the attainment of low probability of failure of reinforced
concrete structures through the use of partial safety factors. This approach is semi-probabilistic; uncertainties in individual
design variables were not properly accounted for, and it is not clear how far the design from failure is. To address the issue
of uncertainties and at the same time maintain a known and uniform level of safety a reliability-based optimum design aids,
in form of design charts for simply supported one-way reinforced concrete slabs are presented in this paper. The chart was

generated based on a target safety index on 3.0.

Keywords: Deterministic, Optimum, Target reliability, Safety factors, Uncertainties, Reinforced concrete labs

1. INTRODUCTION

Structural performance is directly affected by uncertainties
associated with model or its physical parameters and
loading (Eugen and Andrew, 1999: Melchers, 1999;
Ditlevsen and Madsen, 2005). The traditional design
approach has been to adopt safety factors to ensure that the
risk of failure is sufficiently small. The European design
code for design of reinforced concrete (Eurocode 2, 2008)
is based on this approach. It adopts a limit state design
philosophy. Limit state design safeguard engineering
structures against failure through the use of partial safety
factors. These factors are applied to both the loading and
material properties with the view to achieve low
probability of failure. The criticisms of the limit-state
design approach include:

1. The application of partial safety factors alone to
loading and material properties do not address the
uncertainties associated with individual design
variables.

2. Limit state design concept recognized the
existence of uncertainties and already used the
concept of probability in the treatment such
uncertainties; it is however not clear how far the
limit-state of any is given design criteria from

failure (Afolayan, 1992; Enrique et al, 2003).
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Today, structural engineers are not only interested in the
design of safe systems but also best systems (Arora, 2004).
The design of best system can be achieved using reliability
based optimum design. Probabilistic approach will also be
used in order to fully accommodate uncertainties.
Probabilistic design permits a more rigorous quantification
of the various uncertainties, and ultimately will facilitate a
more efficient design process (Enrique et al, 2003). The
paper, presents a reliability-based optimum design charts
for one-way simply supported reinforced concrete slabs
based on the Eurocode 2 design requirements. The design
charts were developed through a developed FORTRAN
77-based computer program that considered a first order
reliability analysis program; FORMS5 developed elsewhere
(Gollwitzer et al., 1988) as a subroutine. The program

listing is shown in Appendix1.0.

2. METHODOLOGY

2.1 Limit State Design Philosophy
A limit state is a situation where a structure ceases to fulfil
one or more of the specific functions for which it was
originally designed. Some typical limit states are shown in
Table 1.0.
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Table 1.0: Some Typical Limit State
(Source: Melchers, R. E. 1999)

Limit state type
Ultimate (Safety)

Description

Collapsed of all or
part of the

structure

Damage Damage to

structure

Serviceability Disruption of

normal use

In practice, the study of structural safety is concerned with
the violation of the ultimate limit state (Melchers, 1999;
Detlevsen; 2005).

2.2 Limit State Code Format

In limit state design, the structural inadequacy or failure is
expressed through the following equation
@R =ypSp +v.SL @
Where R is the member resistance, @ is the partial safety
factor of R. Sp, and S, are the dead and live load effects
respectively. yp, and vy, are the partial safety factors on
Sp, and S_ respectively.

Equation (1.0) was originally developed during the 1960's
for reinforced concrete codes (Melchers, 1999). It enable
the live load to have greater "partial” safety factor than the
dead load, in view of the former's greater uncertainty and it
allowed a measure of workmanship variability and
uncertainties about resistance modeling to be associated
with the resistance (MacGregor, 1976).

The inconsistency of the level of safety and unexpected
failure of some structures due to uncertainties on design
variables, justify a code review not only to check and
maintain safety level but also to achieve uniformity in
safety levels and properly accommodate uncertainties in
the structural In the

design process. this paper,
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probabilistic based optimum design is compared with the

current semi-probabilistic approach of the Eurocode 2.

2.3 First Order Reliability Method (FORM)
First Order  Reliability = Method
(FORM/SORM) are other approximation methods. The

Safety level of a structure is measured by a reliability

and  Second

index. There are different definitions of reliability index, B.
The first was introduces by Cornell in the late 1960s
(Cornell, 1969). Given the performance function as:
M=R-S=g(X1,Xz, )

and the safety index is defined as the ratio of the mean and

standard deviation of the performance function, given by

B =11t ©)

2.4 The Limit State Function
The

developed based on the following limit-state function, for

reliability-based optimum design charts were

the bending moment capacity of one-way simply supported
reinforced concrete slabs to Eurocode 2 (2008):

0.55pf, (YGk + YaQuL’
) -
f, 8

G(X) = pbd*fy(1 - (4)

Where p is the reinforcement ratio, b is unit width of the
slab, d is the effective depth, f, is the yield strength of the
reinforcing steel, f. is the compressive strength of
concrete, Gy is the characteristic dead load, Qy is the
characteristic imposed load. L is the length of the slab, v
and vy, are the partial safety factors for the dead load and
imposed load respectively.

The structural design is said to be satisfactory if the
computed safety index B is greater than or equal to target
safety index. By A uniform reliability is said to be achieved
if the computed safety indices for all design situations are
approximately equal to the design target safety index .
Target safety index P of 3.0 was adopted based on the
recommendation of Abubakar (2005).
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The procedure of First Order Reliability Method (FORM)
as earlier presented was used in the computation of the
reliability indices. The design procedure was coded in

FORTRAN 77 module to formulate the main program

Table 2: Statistical Models of the Basic Design Variables

www.futminna.edu.ng

called "section". A First Order Reliability program
(FORMS) developed elsewhere (Gollwitzer, et al, 1988)
was linked with the main program as a subroutine. The

program is given in Appendix 1.0.

S/No Variable Variable Type Mean Coefficient of
Variation

1 Reinforcement Ratio, p Deterministic Nominal Nil Nil

2 Slab with, b (mm) Random 1000 0..020 Normal

3 Effective depth, d (mm)  Random Nominal 0.020 Normal

4 Yield strength of steel, f, Random 460/250 0.107 Lognormal
(N/mm?)

5 Compressive strength of ~ Random 25/30 0.180 Lognormal
concrete, f, (N/mm?)

6 Dead load safety factor,  Deterministic 1.35 Nil Nil
Yg

7 Imposed load safety Deterministic 1.50 Nil Nil
factor, vq

8 Dead load, G4 (kN/m) Random Nominal 0.10 Normal

9 Imposed load, Q Random Nominal 0.40 Gumbel
(kN/m)

10 Slab length, L (m) Deterministic Nominal Nil Nil

2.5 Statistical Models of the Basic Design Variables

To perform reliability analysis for engineering structures,
statistical models of the basic design variables are
required. These include the mean values, coefficients of
The

statistical models of the basic design variables used in this

variation and theoretical distribution models.
study (Table 2.0) were obtained from previous work

(Renjian et al., 1994).

2.6 Evaluation of the Limit State Function
A reliability-based optimum design problem can be
formulated in the following form:

Minimise = Ilull?=p".n
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Subject to: g(n) =0 (5)

Where p is the vector of standard normal variates; g(u) is
the limit state function; P is the reliability index. The
in Eqgn.(5.0)

optimization problem.

problem is a constrained nonlinear
The optimisation operation is
continuous until the following stopping criteria are
achieved.
Beomputed = Prarget = 0.001 (6)
where Bcomputed 1s the computed reliability index and Brarget
is the target reliability index.

3. RESULT AND DISCUSSION
Figs 1.0 to 4.0 displayed the plots of safety indices against

M/bd?®. Where M is the applied bending moment of slabs, b
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is the unit with of the slab (1000mm) and d is the effective
depth. In the plots, BETA is the computed safety index,
and BETAT is the target safety index. In Fig. 1.0 it is clear
that, the Eurocode 2, design criteria of a one-way simply
supported slab will only meet the target reliability of 3.0 if
and only if the value of M/bd? is maintained at 1.75, when
the specified characteristic strength of concrete and steel
are respectively equal to 25N/mm? and 250N/mm?2. When
the specified characteristic strength of concrete and steel
are respectively equal to 25N/mm? and 460 N/mm? (Fig.
2.0). The target reliability is only achieved when M/bd? is
maintained at 2.25.
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Figure 1: Safety indices against M/bd? for o, = 25N/mm?,
and f, = 250N/mm?
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Figure 2: Safety indices against M/bd? for ., = 30N/mm?,
and f, = 250N/mm?
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Figure 3.0 Safety index against M/bd? (fo, = 25 N/mm?,
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When the specified characteristic strength of concrete and
steel are respectively equal to 30N/mm? and 460 N/mm?
(Fig. 4.0). The target reliability is only achieved when
M/bd? is maintained at 2.25.
The general observation is that the Eurocode 2 design
criteria of a one-way simply supported reinforced concrete
slabs do not guarantee uniform reliability for all design
situation. This calls for the need for a more consistent
approach to achieve uniformity in safety levels for all
design situations.
In Figs 5.0 to 8.0, the design charts for the deterministic
and reliability-based optimum design of one-way simply
supported reinforced concrete slabs to Eurocode 2 are
presented. In the optimum design, the uncertainties
associated with the individual design variables were fully
accommodated. The optimisation is base on target
reliability approach, with target reliability (safety) index of
3.0. Uniform reliability is ensured by the optimum design
chart. The design charts are functions of 100A,/bd
(reinforcement ratio) and M/bd>. Once the bending
moment, depth of member and effective depth are
specified, the required reinforcement ratio can then be
determined, from which the required area of reinforcing
steel are determined. As observed in Figs 5.0 and 6.0, both
the deterministic design chart (code-based) and the
optimum design chart coincided at a value of M/bd?
ranging from 0 to 1.5. This implied, with the current
design criteria of the Eurocode, is optimum at this range,
with reliability index of 3.0. When M/bd? is above 3.0, the
optimum safety level will not be achieved with the
deterministic approach of the Eurocode 2.
Also as observed in Figs 7.0 and 8.0, both the deterministic
design chart (code-based) and the optimum design chart
coincided at a value of M/bd? ranging from 0 to 2.0. This
implied, with the current design criteria of the Eurocode, is
optimum at this range, with reliability index of 3.0. When

M/bd? is above 3.0, the optimum safety level will not be
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achieved with the deterministic approach of the Eurocode
2.

It is also clear from the plot that the optimum design chart
will require higher cross sectional area of steel than the
deterministic design. The addition cost for optimum design
will however be compensated by the level of confidence in
the design due to the fact that, the uncertainties in the basic
design variables are fully accommodated in the Eurocode 2
design criteria. Also, for all design situation, a uniform

target reliability corresponding to reliability index of 3.0
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4. CONCLUSIONS
In this paper, reliability-based optimum design chart for
singly
reliability were presented. The charts were based on the

reinforced concrete members with uniform

requirements of Eurocode 2 (2008). The general

observation on the optimum design chart is that
reinforcement ratio for probabilistic design is higher than
that required for deterministic reliability when the value of
M/bd? is above 1.5 for charts in Figs. 5.0 and 6.0, and 2.0
in Figs. 7.0 and 8.0. This is however compensated by the
guarantee of uniform safety that is ensured in the use of
the probabilistic optimum design chart. The optimum
design charts should be use in conjunction with the
specification for shear and serviceability limit states as

prescribed in Eurocode 2 (2008).
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APPENDIX: Program Listing

PROGRAM RC SECTION BY J. M. KAURA
IMPLICIT DOUBLE PRECISION (A-H,0-2)
COMMON FORM5, ICRT

COMMON XX(5),FX, IER

COMMON/KHAFSAH/SPAN, ALPHA, BETA , FCUCOV, EDCOV

COMMON EX(5)
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OPEN(10,FILE="ABA3.RES",STATUS="0LD" ,ERR=20
)

GOTO 30
20 OPEN(10,FILE="ABA3_.RES",STATUS="NEW")

30
OPEN(11,FILE="AB3.RES" ,STATUS="0LD" ,ERR=222
21)

GOTO 22222
22221 OPEN(11,FILE="AB3_.RES",STATUS="NEW")

22222
OPEN(50, FILE="AAGEND.RES" , STATUS="0LD" ,ERR=
55755)

GOTO 55855

55755
OPEN(50, FILE="AAGEND .RES",STATUS="NEW")

55855 READ(50,55655)DIA, COVER,H, SPAN,ALPHA
55655 FORMAT(5X,5F10.5)

WRITEC*,*)"
CONCRETE IN N/mm~2"

INPUT XTICS STRENGTH OF

WRITEC*,*)" "
READ(*,*)FCU
FCUCOV = 6.0/FCU

WRITEC*,*)"
IN N/mm~2*

INPUT XTICS STRENGTH OF

STEEL
WRITEC*,*)" "
READ(*,*)FY

50 INPUT M/BD2

WRITE(*,*) " IN N/mm~2*

WRITEC*,*)" .

27
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READ(*,*)RATIO

ED = H-(DIA/2.0)-COVER
EDCOV = 11.9/ED

B=1000.0

SAML = (B*(ED**2))*RATIO

SAM = SAM1 *1.0D-6

DL = (SAM*8.0)/(SPAN**2)
GK = DL/(1.4+(1.6*ALPHA))
QK = ALPHA*GK

ULTIMATE BENDING MOMENT

RATI = (SAM*1.0D6)/(B*(ED**2)*FCU)

Z1 = 0.25-((RAT1)/0.9)

72 = 71**0.5

Z3 = 0.5+22

Z = ED*Z3

ASR = (SAM*1.0D6)/(0.87*FY*Z)
RHO = ASR/(ED*B)

ASR1 = ASR

RRHO = RHO*100.0

EX(1) = FCU
EX(2) = ASR
EX(3) = ED
EX(4) = GK
EX(5) = RHO
N5 = 5

CALL KHAFSAH(N5,EX,TARG)



www.seetconf.futminna.edu.na
BETA = TARG

WRITE(11,22225)BETA

22225 FORMAT(5X, "BETA =",F10.5)
BETAT = 3.0DO
IF(BETA.LT.BETAT)THEN
GOTO 11111
ELSEIF(BETA.GE.BETAT)THEN
GOTO 11112
ENDIF

11111 ASR = ASR+10.0
GOTO 11113

11112 ABAR = (3.142*(DIA**2))/4
ANO = ASR/ABAR
RRHO2 = (ASR/(ED*B))*100.0
ASPACE = B/ANO
WRITE(11,11114)

11114 FORMAT(5X, "RELIABILITY ASSESSMENT OF
SINGLY REINFORCED",/,

+5X, "RECTANGULAR CONCRETE SECTION®,/,
+5X, "BY JIBRIN MOHAMMED KAURA®,/,
+5X, " (BEng(ABU; MSc(ABU) ;MNSE) ", 7,

+5X, "DEPARTMENT OF CIVIL
ENGINEERING",/,

+5X, "AHMADU BELLO UNIVERSITY ZARIA*®)

WRITE(11,70)RRHO,RRHO2,RATI,RATIO, FCU, FY

70 FORMAT(5X,7/,

www.futminna.edu.ng

+5X, "CODE BASED STEEL PERCENTAGE
(100As/BD) =",F10.2,/,

+5X, "SAFE STEEL PERCENTAGE (100As/BD)
=",F10.2,/,

+5X, "MOMENT RATIO K (0.156 = MAX)
=",F10.2,/,

+5X, "M/bd~2 (N/mm™2)
=" ,F10.2,7/,

+5X, "CHARACTERISTIC STRENGTH OF
CONCRETE (N/mm~2) =",F10.2,/,

+5X, "CHARACTERISTIC STRENGTH OF STEEL
(N/mm"2) =",F10.2)

WRITE(11,140)BETA,BETAT
140 FORMAT(5X,7/,

+5X, "COMPUTED SAFETY INDEX
=",F10.2,/,

+5X, "TARGET SAFETY INDEX
=*,F10.2)

WRITE(*,*) " RESULT SEE FILE

AB3.RES*
STOP
END
SUBROUTINE KHAFSAH(N5,EX,TARG)
IMPLICIT DOUBLE PRECISION (A-H,0-2)

C LIMIT STATE FUNCTION DECLARED
EXTERNAL

EXTERNAL QHAFSAH
DIMENSION EX(N5)

DIMENS 10N
XX(5),SX(5),VP(10,5),Co0V(5,5),ZES(3),

28
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+ UU(5),EIVEC(5,5),1V(2,5) WRITE(ICRT,*)" START OF FORM5"
CHARACTER*10 PRT WRITE(ICRT,*)" STOCHASTIC MODEL™

CALL YKOPF (ICRT,N,I1V,EX,SX,VP,IRHO)

COMMON/KHAFSAH/SPAN, ALPHA, BETA , FCUCOV, EDCOV
PRT = "COv*

DATA N/5/,NC/5/,NE/5/,1RHO/0/
CALL YMAUS (NAUS,NC,N,COV,PRT)

C MEAN AND STANDARD DEVIATION OF THE

VARIABLES AS WELL CALL FORMS

(N, 1V,EX,SX,VP,QHAFSAH, IRHO,COV,NC,
C AS THE PARAMETERS OF FORM5 ARE GIVEN

IN THIS DATA BLOCK *

EIVEC,NE,V1,NAUS,BETA,XX,UU, ZES, IER)

SX(1) = EX(1)*FCUcov
PRT = "UU"
SX(2) = EX(2)*4.0D-2
CALL YFAUS (NAUS,N,UU,PRT)
SX(3) = EX(3)*EDCOV
C COMPUTE THE SAFETY INDEX AND THE
SX(4) = EX(4)*5.0D-2 CORRESPOND ING
SX(5) = EX(5)*3.0D-2 C PROBABILITY OF FAILURE
NAUS = 10 TARG = BETA
ICRT = 0 PRT = "ZES®
CALL YINIT(N, 1V, VP, IRHO,COV,NC) CALL YFAUS (NAUS,3,ZES,PRT)
IV(d,1) = 3 WRITECICRT,*)" END OF FORM5 : IER =
", IER
IV(.,2) = 3
RETURN
DO 100 I = 1,N
END

100 XX(1) = EX(1)
SUBROUTINE QHAFSAH(N,XX,FX, IER)

VvVl = 0.5D0
C LIMIT STATE FUNCTION
BETA = 1.0DO
IMPLICIT DOUBLE PRECISION (A-H,0-Z)
C THE STOCHATIC MODEL IS PRINTED USING
"YKOPF" DIMENSION XX(N)

CALL YKOPF (NAUS,N,IV,EX,SX,VP,IRHO)

COMMON/KHAFSAH/SPAN, ALPHA ,BETA,, FCUCOV, EDCOV
C PRINT ALSO TO SCREEN

IF(ALPHA.GT.0.0)THEN

29
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QFX = 0.156*XX(1)*XX(2)*XX(3)/XX(5) CHARACTERISTIC STRENGTH OF CONCRETE
(N/mm~2) = 25.00
FX = QFX-
((CXX(4)*(1.4+(1.6*ALPHA))*(SPAN**2))/8.0)* CHARACTERISTIC STRENGTH OF STEEL
1.0D6) (N/mm"2) = 250.00
IER = O COMPUTED SAFETY INDEX
= 3.02
ELSE
TARGET SAFETY INDEX
FX = 1.D+20 _ 3.00
IER = 1
ENDIF
RETURN
END

APPENDIX 2.0: TYPICAL OUTPUT

RELIABILITY ASSESSMENT OF SINGLY
REINFORCED

RECTANGULAR CONCRETE SECTION

BY JIBRIN MOHAMMED KAURA

(BENng (ABU ;MSc (ABU) ; MNSE)
DEPARTMENT OF CIVIL ENGINEERING

AHMADU BELLO UNIVERSITY ZARIA

CODE BASED STEEL PERCENTAGE (100As/BD)
= 1.02

SAFE STEEL PERCENTAGE (100As/BD)
= 1.21

MOMENT RATIO K (0.156 = MAX)
= 0.08

M/bdr2 (N/mm™2)
2.00

30



www.seetconf.futminna.edu.na www.futminna.edu.na
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ABSTRACT

The construction sector plays a vital role in the economic development of developed and developing nations. Surprisingly,
it also contributes greatly to the occupational accidents and ill-health record. To address this problem, this study set out to
evaluate the impact of demographic features on the health and safety (H&S) management practices of Nigerian
construction small and medium-sized enterprises (SMESs). The study explored whether these demographic features (years
of experience, number of employees and age of firm) could significantly predict/influence the major H&S practices of the
SMEs. The study involved the conduct of a survey using questionnaires with both closed and open-ended questions to
obtain data. The data obtained were used to determine associations between independent variables identified in the
literature and 46 H&S practices of SMEs which addressed five H&S core practice areas. The questionnaire was presented
to 436 SMEs which were randomly sampled from the 2219 construction contractors registered with Corporate Affairs
Commission (CAC) in Abuja. Factor analysis was employed to reduce the 46 H&S practices to eight major H&S practices
used for further analysis. The use of hierarchical multiple regression analysis was finally employed to establish the
relationship between demographic features and H&S practices of construction SMEs. It was established that all the
demographic features are good, positive and significant predictors of H&S practices of construction the SMEs. It was
therefore recommended that construction SMEs should lay great emphasis on training and orientation for all level of
employees to address the issue of poor safety performance and poor attitude.

Keywords: Construction, Demographic Features, Health and Safety Practices, Impact.

1. INTRODUCTION users of construction facilities and the public. It has been
o AN0 e ,

The importance of the construction industry in the acknowledged that 25% — 40% of fatalities in the world’s

occupational settings are contributed by construction (ILO,

2001, 2005a & 2005b; Murie, 2007).

Okpan and Agha (2013) added that the problem of health

and safety in the workshop, sites, built facilities and the

National Development of a Nation cannot be over
emphasized. This is because at least 50% of the
investments in various development plans are primarily in

construction. It is the next employer of labour after

. . . . field in Nigeria cannot be overemphasized, hence, careless
agriculture in developing countries; about 10% of labour g P

force (Okeola, 2009). In developed countries, activities in attitudes, overconfidence and failure to provide healthy

the construction industry especially building and civil and working safety measures and periodic health and

works are used as indices of economic growth and safety seminar for the stake holders and general public

buoyancy or recession. The output of the industry in triggers a high risk of accidents in construction industry. In

Nigeria, as reported by Okeola (2009), accounts for over the recent past in Nigeria, especially 2005 till date, death

70% of GDP and therefore it is a stimulator of national tolls, permanent disability and severe environmental threat

economy. Alongside the attractiveness of the construction had been on the increase through collapse of buildings and

industry in nation building as identified above, it has also major operational accidents especially in Abuja, Lagos and

been identified as the most risky and hazardous of all Port Harcourt (Awodele and Ayoola, 2005; Olatunji and

industries in terms of health and safety because its Aje; 2007). For instance, a study of 40 contractors in

activities pose serious health and safety risks to workers, Nigeria conducted by Idoro (2011) revealed that the
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accident and injury rates in Nigerian construction industry
are high (in 2006 - the best safety ratios were 2 accidents
per 100 workers and 5 injuries per 100 workers). This
unfortunate scenario has been a monumental threat to
productivity and the overall performance of construction
projects in Nigeria.

Idubor

organizations have a duty of care to ensure that employees

and Oisamoje (2013) emphasized that all
and other persons who may be affected by the company’s
undertakings remain safe at all times because maintaining
a high standard of operational health and safety is for the
benefit of all. Adeniran (2013) reported that it was with
realization of the fact in the ILO declaration that “labour is
not a commodity” but an essential economic factor which
has to be well protected that Federal Government of
Nigeria created, staffed and funded various departments in
relevant Ministries, parastatals and agencies to formulate
and administer policies, laws and regulations that protect
the workers against illness, disease and injuries arising
from employment of labour. It is sad that despite this effort
the cases of occupational accidents and illnesses are
recorded higher annually, hence the need for an enabling
framework to facilitate proper implementation and
enforcement of the Occupational Health and Safety (OHS)
laws and regulations.

The construction industry comprises many different
participants including clients, consultants and construction
businesses that perform different roles from conception to
commissioning of a typical construction project
(contractors). Contractors occupy a significant position and
are regarded as the major players in the construction
industry. Researchers regard them as one of the most
important participants in the industry. This claim is borne
out of the fact that contractors produce majority of
construction products in Nigeria. Since contractors are
responsible for executing construction projects and they

employ the workers that do the jobs, as reported by Idoro
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(2011), they are therefore one of the parties that influence
the OHS conditions of the industry.

countries, there are fewer large construction businesses

In developing

compared with small and medium sized construction
businesses (Addo-Abedi, 1999 and Kenny, 2007 cited in
Kheni, 2008). Construction Small and Medium Sized
Enterprises (Construction SMESs) play an important role in
the economies of developing countries. The majorities of
contractors in developing countries, including Nigeria, are
SMEs and operate within domestic markets (Koehn et al.,
1995; Kheni et al. 2006; Idoro, 2011).

construction businesses which operate within the domestic

These domestic

construction market are managed as family businesses,
rarely employing up to 200 employees (Addo-Abedi,
1999). Due to this, most SMEs die within their first five
years of existence. Another smaller percentage goes into
extinction between the sixth and tenth year thus only about
five to ten percent of young companies survive, thrive and
grow to maturity.

As a result of the high population of the SMEs, which
majority of the clients patronize in developing countries,
the health and safety risks posed by their activities cannot
be ignored. Kheni et al. (2007) and Kheni et al. (2008)
discovered that foreign contractors operating in developing
countries, especially Ghana, effectively manage health and
safety whereas indigenous construction businesses have no
effective arrangements in place for controlling health and
safety risks because health and safety standards on sites are
rarely enforced to the latter due to lack of resources for
enforcement and lack of enabling environment which
promotes occupational health and safety. In the light of
this, Kheni (2008) recommended that the particular context
of developing countries requires a holistic view of health
and safety management that takes account of the
contextual environments of construction SMEs in the areas
of economic, legal, institutional and cultural background
which are defined by organizational characteristics and the
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health and safety management practices of these
construction SMEs.

Nigeria being a developing nation like Ghana has its
construction industry faced with similar problems as the
ones identified by Kheni et al. (2007) and Kheni et al.
(2008). This therefore necessitates the importance for this
study to be based on the philosophy of studying the
of

organizational characteristics) influences on health and

demographic  features  (important components
safety performance within the contextual environment of
Nigerian construction SMEs using a case study of Abuja.
Abuja is the capital city of Nigeria where construction
activities take place most because it experiences rapid
population increase and new developmental projects daily
due to rapid urbanization and rural-urban migration
leading to constant increase in demand for shelter for both
residential and commercial purposes.

1.1 Organizational/Demographic Characteristics

of Construction SMEs

According to Chinowsky et al. (2007) an organization is
the overall corporate entity of a company including all
levels of management and staff personnel. Organizational
characteristics are therefore the unique or distinguishing
features which defines an organization or a corporate
entity. The organizational characteristics of a construction
firm are therefore the unique features which define the
the Different

used parameters

construction  firms.

different

performance of

researchers  have as
organizational characteristics to define or determine the
performance of construction firms.

Okafor (2007) identified four organizational characteristics
in the study of the relationship between organizational
characteristics and performance of Nigerian quoted
companies. The four variables used by Okafor (2007) to
define organizational characteristics are staff, style, skills
and shared values. Dada et al. (2012) used five variables to

define the organizational characteristics of construction
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firms in carrying out a survey of selected construction
industry organizations in Lagos State, Nigeria. These five
organizational characteristics are years of experience of
firm, type of organization (consulting, contracting or
client), size of organization (in terms of annual turnover
and growth rate), number of employees and number of
projects handled within the last five years. Odediran et al
(2012 2013) identified
characteristics in the study of the business structure of

and five organizational
indigenous firms in the Nigerian construction industry.
These organizational characteristics identified are firm’s
size (which was determined using annual turnover, staff
strength and equipment capacity), area of specialization
(which  was grouped in to building, civil and
industrial/heavy engineering), type of client (which was
grouped in to public, federal ministries/parastatals, state
ministries/parastatals,  local

governments,  private

individual/institutions, international agencies and Non
Governmental Organizations), business type (which was
grouped in to build only, design & build or package deal,
design, build & finance and design, build & operate),
project funding arrangement (which was grouped in to
bank

mobilization) and years of experience of firm.

loans, retained earnings, share capital and
The most commonly used organizational characteristics of
firms, which are demographic, were used in this study to
define the distinguishing features of the Nigerian
construction SMEs. These are years of experience, age of

firms and number of employees.

H & S Practices
Construction Contractors

1.2 Review of Major of
Past research has shown that certain practices can lead to
improved health and safety performance and therefore
constitute good health and safety practices. These findings
as summarized by Kheni (2008) and findings from the
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1.
Table 1: Summary of Researches on H&S Management
Practices
Year Summary of  Health and Safety Management Practices
and Research
Authors
Simonds  Identified The distinguishing factors include the
and factors that following: top management involvement;
Sahrai distinguished  higher average age of workers; longer
(2977) firms with average length of employment; adequate
cited in lower injury  working space and neat environment; and
Kheni frequency higher percentage of married workers.
(2008) rates from
those with
higher rates.
Liska et Identified Identified the following to be associated
al. zero accident  with safety success:
(1993) techniques. safety training and orientations;
cited in provision of safety incentives;
Kheni safety pre-task planning included in safety
(2008) goals; safety person or personnel; safety
policies and procedures; fire protection
programme; accountability/responsibility
and safety budget; alcohol-and substance-
abuse programme in place; accident and
near-miss investigation; and, record
keeping and follow-ups.
Jaselskis  Strategies for ~ Companies with lower recordable incidence
etal. achieving rates were characterized by the following:
(1996) excellence in  more detailed safety programmes;
cited in construction * expended large percentage of revenue on
Kheni safety safety programmes;
(2008) performance.  greater safety training time;
more formal safety inspections per month;
and, * more safety meetings.
Gallaghe  Identified The study identified the following factors
r(1997)  factors the associated with better health and safety
cited in associated performance:
Kheni with high level of top management commitment;
(2008) improved health and safety responsibility known;
health and supervisor involvement encouraged;
safety active involvement of health and safety
performance.  representatives who have a broad role;
effective health and safety committees;
planned identification of risk and hazard
elimination/control emphasis; and,
comprehensive approach in inspections and
investigations.
Aksorn Investigated Safety performance was found to be
and the influenced by the nature of the implemented
Hadikus  effectiveness  programmes. Particular elements of safety
umo of safety programmes found to be positively
(2008) programmes  associated with safety performance
cited in in the included: accident investigations; jobsite
Kheni construction inspections; job hazard analysis; safety
(2008) industry. inductions; safety record keeping; safety

committees; safety incentives; and, control
of subcontractors.

Source: Kheni (2008)

Table 1 (Continued)
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Year Summary of Health and Safety Management
and Research Practices
Authors
Idoro Studied the Mechanization was discovered to have
(2011) influence of the tendency to worsen OHS
mechanization performance of the construction
on OHS industry when not properly managed. It
performance of ~ was then recommended that:
the Nigerian stakeholders should give more attention
Construction to OHS management plan; and, hazard
Industry. management plan in the use of plant
and equipment on site should be given
more priority.
Agwu Studied the It was concluded that integrating safety
(2012(a)) implications of  and social responsibility in construction
integrating activities results in better corporate
safety and performance. The following were
social suggested as linking factors between
responsibility safety and social responsibility:
initiatives at the  the use of ISO 26000; holding top
organizational management accountable for safety;
level in the and, communicating safety value to
Nigerian corporate stakeholders.
construction
industry.
Agwu Assessed the The organizational cultural factors
(2012(b))  impact of identified to be improving employees
employees' safety performance at work are:
safety culture visibility of management commitment
on to construction employees' safety
organizational culture; establishment of
performance. monthly safety incentive schemes for
employees; training and retraining of
employees on safe work procedure;
increase in site safety audits; and,
focusing on monthly safety meetings on
employees' attitudinal change towards
safety.
Belel and  Studied safety It was discovered that: Construction
Mahmud  culture of workers’ attitude toward s safety is
(2012) Nigerian influenced by their perception of risk,
construction safety rules and procedures. Lack of
workers in training of workers was ranked the
Yola. most severe factor that hinders workers’
safety on site. Reduce accident cost was
ranked the most important benefit of
safety on site while Poor understanding
of the risks associated with the work
was ranked second and these could all
be attributed to the poor safety culture
in the Industry.
Okolie Assessed the Four cultural dimensions were
and impact of identified having positive correlation
Okoye national culture  with safety climate and which
(2012) on the safety invariably influence the safety
climate of perceptions and behaviour of
construction construction workers. These are:
workers in * Long Vs Small power distance;
South-East, * Individualism Vs Collectivism;
Nigeria. * Strong Vs Weak uncertainty
avoidance; and, Masculinity Vs
Femininity.
Source: Authors’ review of literature on H&S

Management Practices (2014)

Table 1 (Continued)
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Year Summary of Health and Safety
and Research Management Practices
Authors
Idubor Examined Reasons for frequent
and background of violation of OHS standards
Oisamoje  OHS practices and norms by the operators,
(2013) in Nigeria by against the background of
highlighting the  extant health and safety
importance of legislation in Nigeria, were
mitigating OHS identified as:
challenges bribery and corruption in the
identified from system; the Nigerian factor;
moral, legal and  monitoring institutions;
financial low level education of
dimensions. employees; and,
inadequate funding;
Problems of unemployment.
Okolie Developed a The study identified cultural
and framework for factors influencing
Okoye incorporating behaviour and perceptions
(2013) cultural of construction workers
elements in towards safety in South -
issues relating East Nigeria to be:
to construction collectivism; uncertainty
businesses. avoidance; long term
orientation; power distance;
and, masculinity.
Okoye Assed the cost It was concluded that health
and of health and and safety performance of
Okolie safety contractors affect success of
(2014) performance of  building projects in terms of
building delivery time, quality, cost
contractors in and productivity.
Nigeria and the
relationship
between cost
performance
and success of
building
projects.
Agumba  Examined the It was established that th
and validity and health and safety practices
Haupt reliability of were valid for construction
(2014) health and SMEs.
safety practices It was also discovered that
and respondents  the number of years
demographic (experience) of
attributes employers/employees in an
perception on organization and perception
these health and  towards health and safety
safety practices  did not differ, while
implementation  educational level of
of South employer/employee in an
African organization and perception
construction towards health and safety
SMEs. differed.
Source: Authors’ review of literature on H&S

Management Practices (2014)

1.3 Summary of Findings from Previous Research
On a general note from the review of literature in this

study, health and safety management literature suggests a
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move towards stricter health and safety legislation and
more proactive approaches to managing health and safety
risks. Literature on health and safety tends to focus on
legislation and on workplace arrangements for effectively
dealing with health and safety risks. As reviewed in this
study, it was discovered that the characteristics of
construction SMEs make them present unique problems in
health and safety management and therefore unique
solutions need to be devised.

The literature discussions in this chapter conclusively give
rise to two key issues - difficulties in adoption of health
and safety practices by SMEs and the roles the contextual
SMEs their

organisational characteristics play in health and safety

environments of  construction and

management. Three critical research questions with
regards to these key issues are:

e What are the constraints limiting the capability of
Nigerian construction SMEs from carrying out
their operations in a healthy and safe manner?

e What are the main health and safety management
practices/procedures adopted by the Nigerian
construction SMEs in controlling the risks of
hazards in the construction industry?

e What is the

characteristics

of
health
management practices of Nigerian construction
SMEs?

The following propositions (P, and P, derived from the

influence
the

organizational

on and safety

third question and literature discussions relating to it,

summarize the relationships between SME demographic

characteristics and health and safety practices:

P,: construction SMEs with few employees are less likely
to adopt health and safety practices. Those with a large
number of employees are likely to be health and safety
conscious and adopt measures to control health and

safety risks.
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P,: long established SMEs are more likely to adopt health
and safety measures than newer companies.
In the light of the above and seeking answers to the
research questions and investigating the propositions stated
above, the study aims to evaluate the impact of
demographic features on the H&S management practices
of Nigerian construction SMEs. In order to achieve this
aim, the specific objectives of the study are stated thus:

e To identify the constraints limiting the capability of
Nigerian construction SMEs from carrying out their
operations in a healthy and safe manner.

e To assess the health and safety management
practices/procedures adopted by the Nigerian
construction SMEs in controlling the risks of hazards
in the construction industry.

e To establish the influence of demographic features on
the health and safety management practices of

Nigerian construction SMEs.

2. METHODOLOGY

This study adopted the mixed methods approach or what
Kheni  (2008)
Multimethodology, according to Kheni (2008) refers to the

referred to as multimethodology.
combining of whole or parts of qualitative and quantitative
research methods either originating from the same or
different paradigms in particular research situation. This is
a multi-paradigmatic position argued to follow from the
study’s context (SMEs) and the diversity of information
needed to shed light on health and safety management. The
study involved the conduct of a survey using
questionnaires with both closed and open-ended questions
which were used to examine the significance and
incidences of health and safety practices of construction
SMEs within the study setting and the constraints to the
management of health and safety. The data obtained was
used to determine associations between independent

variables identified in the literature and health safety
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management practices of SMEs. A pilot study carried out
revealed that 46 H&S practices were very important and
considered to have major impact to improve H&S
performance of SMEs. These H&S practices comprised the
final questionnaire to the SMEs in the Nigerian
construction industry. The 46 practices addressed five
H&S core practice areas. The respondents, who are experts
with reasonable years of experience in construction, were
required to indicate their level of agreement with the H&S

practices. The questions were ranked on a five-point

Likert’s scale; where 1 least important, 2 less
important, 3 = undecided, 4 = Important and 5 = most
important.

Other sections of the questionnaires were designed to get
the respondents’ demographic information: size and age of
firms. The questionnaire was pilot tested with ten (10) top
management personnel and experienced H&S officers. The
final version was presented to 436 SMEs which were
randomly sampled from the 2219 construction contractors
contained in the list of construction contractors registered
with Corporate Affairs Commission (CAC) in Abuja,
Nigeria. This sample was based on Watson’s (2001)
formula for getting a representative sample size from a
large population. Out of the 436 questionnaires distributed,
235 were returned and found useful for analysis, thereby
giving a good response rate of 53.9%. The study employed
the use of both descriptive and inferential methods of
analysis to analyse the collected data in order to achieve
the objectives of the study. In order to achieve the first
objective of the study, frequency/counts/percentage was
employed to determine the major constraints facing the
SMEs in the proper management of H&S on site. To
achieve the second objective of the study, the use of
Literature Review was employed to identify the the H&S
the

construction SMEs in controlling the risks of hazards on

management  practices adopted by Nigerian

construction sites. The identified H&S management
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practices adopted by the Nigerian construction SMEs in
controlling the risks of hazards on construction sites are
thereafter ranked respectively with the use of Mean Item
Score (MIS) and percentages in order to determine the
level to which they are been implemented.

Factor analysis was employed, based on the work of
Pallant (2013), to reduce the 46 H&S practices identified
from the review of literature to eight major health and
safety management practices/ which were used for further
analysis to explore the relationship between demographic
features (years of experience of employees, age of firm
and number of full-time employees in firm) and the eight
set of H&S practices (domestic health and safety practices
of firms, practices given as provisions in conditions of
contract, use of outside health and safety consultants,
workers’ consultation and participation, health and safety
communication, pre-contract health and safety panning,
contract health and safety planning, health and safety
education and training) explored. The use of SPSS 13.0
computer software package was employed to determining
whether research data set was suitable for factor analysis
or not by considering the sample size, and the strength of
the relationship among the variables (or items). After
confirming the suitability of the research data for data
analysis, factor extraction was done using the principal
components analysis techniques which are Kaiser’s
criterion; scree test; and parallel analysis. After the factors
have been extracted, the results are then interpreted based
on the number of factor rotation components done by
SPSS software by checking the variables that load strongly
on each component.

The use of hierarchical multiple regression analysis was

employed to establish the relationship between
organizational characteristics and H&S practices of
construction SMEs in  Nigeria, based on the

recommendation of Agumba and Haupt (2014). The

following tests were carried out to confirm the suitability
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of the data in this study for multiple regression analysis

before being subjected to multiple regression analysis:

e Normality test by inspecting the Normal Probability
Plot (P-P) of the Regression Standardized Residual
and the Scatterplot.

e Linearity test by inspecting the Normal Probability
Plot (P-P) of the Regression Standardized Residual
and the Scatterplot.

e Multicollinearaity test by inspecting the Normal
Probability Plot (P-P) of the Regression Standardized
Residual and the Scatterplot.

e Homoscedasticity test by inspecting the Normal
Probability Plot (P-P) of the Regression Standardized
Residual and the Scatterplot.

e Outliers Test by inspecting the Scatter plot and
Mahalanobis distances produced by the multiple

regression program.

3. RESULTS AND DISCUSSIONS

3.1 Results of Descriptive Analysis

3.1.1 Results of Demographic Features
The results revealed that most of the respondents (69.36%)
have had between 1 and 15 years of experience at the
construction firm and majority of others (representing
23.4% of the total number of respondents and 76.4% of
others) have years of experience between 16 and 20 years.
In the light of this, the respondents are discovered to be
suitable to provide accurate answers to the questions in the
research questionnaire. It was also revealed that majority
of the firms (62.13%) have been in existence for more than
10 years implying that the firms are suitable and old
enough to provide accurate response to the questionnaire.
It was gathered from the results that 38% of the
construction SMEs has a size band of less than 30 workers
while 31% of the construction SMEs have the size band of
31 — 70 workers and 31% of the construction SMEs has a

size band of 71 — 200 workers. This reveals that most of
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the construction firms (62%) are Small and Medium -
sized Enterprises.
3.12

The descriptive analysis of results of the important H&S

Results of Important H&S Practices

practices of SMEs which are capable of enhancing H&S
performance revealed 46 important H&S practices under 5
major or core H&S practices which are company’s
commitment, workers’ consultation & participation, H&S
communication, H&S planning and H&S education &
training. Twelve important H&S practices were identified
under company’s commitment with Relative Importance
Index (RII) ranging between 0.92 and 0.71. The practices
here range from provision of first aid box which is the
highest ranked (0.92) to implementation of employee drug
testing which is the least ranked (0.71). Four important
H&S practices were identified under workers’ consultation
and participation. These are rewarding workers who
demonstrate exemplary safe behaviour on site with RII of
0.81 and consulting trade union representatives on health
and safety matters with RIl of 0.78. H&S communication
comprises of 8 H&S practices ranging from using health
and safety posters & other signs to give safety education
(RIlI = 0.88) to communicating health and safety through
company newsletter (RIl = 0.70). The twelve important
H&S practices discovered under H&S planning range
between identifying hazards on sites before work
commences (RIl = 4.50) and obtaining a labour certificate
for every contract (0.70). The fifth core H&S practice
which is H&S education & training has 6 H&S practices
ranging between organizing health and safety training and
retraining for supervisors and/or senior management (RII
= 0.88) and organizing alcohol- and substance-abuse

programme (RIl = 0.74). Table 2 summarizes these results.

Table 2: Ranking of H&S practices

S/NO RII RANK

COMPANY’S COMMITMENT

www.futminna.edu.ng

1 Provision of first aid box 0.92 1st
2 Provision of personal protective  0.88 2nd
equipment
3 Keeping of safety record keeping  0.88 3rd
and follow-ups
4 Provision of procedures for  0.87 4th
investigating accidents and
nearmisses
5 Existence of formal health and  0.86 5th
safety policy
6 Provision of adequate work space  0.84 6th
and neat environment
7 Having a designated safety 0.84 7th
personnel
8 Having fire protection programme 0.84 7th
9 Provision of cloak and toilet 0.82 9th
10 Provision of procedures for  0.79 10th
reporting accidents
11 Using outside health and safety  0.78 11th
consultants
12 Existence of minimization policy  0.83 12th
for cost of ill-health and injury
13 Provision of drinking water on site 0.76 13th
14 Provision of canteen service on site 0.74 14th
15 Use of 1SO 26000 to identify  0.74 14th
social responsibilities of employees
16 Implementing  employee drug  0.71 16th
testing
S/INO HEALTH & SAFETY RIl RANK
COMMUNICATION
17 Using health and safety postersand  0.88 1st
other signs to give safety education
18 Using verbal communication with  0.88 1st
operatives during site tours.
19 Communicating safety value to  0.84 3rd
corporate stakeholders and use of
two-way safety communication
20 Discussing health and safety during ~ 0.83 4th
site meetings
21 Communicating health and safety  0.83 4th
performance to employees
22 Focusing your monthly safety 0.83 4th
meetings on employees' attitudinal
change towards safety
23 Networking with other  0.78 7th
companies/institutions
24 Communicating health and safety  0.70 8th
through company newsletter
HEALTH AND SAFETY
S/INO PLANNING RIl RANK
25 Identifying hazards on sites 0.90 1st
before work commences
26 Providing job hazard analysis 0.90 1st
27 Documenting risk assessments ~ 0.88 3rd
28 Carrying out post-accident 0.87 4th
investigation
29 Price health and safety in 0.85 5th
preliminaries
30 Carrying out safety pre-task 0.85 5th
planning
Table 2 (Cont.)
SINO HEALTH AND SAFETY RII RANK
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31 Documenting method 0.84 7th
statements

Exercising disciplinary
measures to correct wrong
behaviours relating to health
and safety

Providing emergency response
plan

Providing insurance cover for
sites and Employer-paid group
insurance plan

Ensuring adequate welfare
provisions on site

Obtaining a labour certificate
for every contract
WORKERS’
CONSULTATION AND
PARTICIPATION
Rewarding  workers
demonstrate exemplary
behaviour on site

Asking workers for their ideas
on health and safety matters
Involving workers
participate in
identification on sites
Consulting trade union
representatives on health and
safety matters

HEALTH & SAFETY
EDUCATION AND
TRAINING

Organizing health and safety
training and retraining for
supervisors and/or senior
management

Organizing orientation on
safety for new workers
Organizing health and safety
training of operatives - first aid,
manual lifting etc

Organizing site inductions for
operatives

Organizing toolbox talks

Organizing alcohol- and
substance-abuse programme

32 0.83 8th

33 0.81 9th

34 0.77 10th

35 0.74 11th

36 0.70 12th

S/NO RII RANK

37 who  0.84 st

safe

38 0.80 2nd

39 to 0.80 2nd

hazard

40 0.78 4th

S/NO

RI1 Rank

41 0.88 st

42 0.88 st

43 0.88 st

44 0.86 4th

45 0.74 5th

46 0.74 5th

3.2 Factor Analysis
reduce the 46 H&S

practices identified to 8 major H&S practices. Each of the

Factor analysis was employed to

5 core H&S practices were subjected to Principal
Component Analysis (PCA) using SPSS Version 13.0.
Prior to the performance of PCA, the suitability of the data
for Factor Analysis was assessed. Inspection of the
correlation matrix revealed the presence of many
coefficients of 0.5 and above. The Kaiser-Meyer-Okin
(KMO) value was 0.916, exceeding the recommended

value of 0.6 (Kaiser, 1970, 1974 cited in Pallant, 2013) and
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Bartlett’s Test of Sphericity (Bartlett, 1954 cited in Pallant,
2013) with the wvalue of 0.000
significance of p < 0.05, supporting the factorability of the

reached statistical

correlation matrix in all cases. The eight major H&S
practices which the 46 practices were reduced to and used
for further analysis (hierarchical multiple regression) are
summarized below:

e  Domestic Health and Safety Planning of Firms

e Practices Conforming to HSE Requirements in

Conditions of Contract

e Using Outside Health and Safety Consultants

e Workers’ Consultation and Participation

e H&S Communication

e Pre-contract Health and Safety Planning

e Contract Health and Safety Planning

e  Education and training

3.3 Results of Hierarchical Multiple Regression
Analysis
The use of hierarchical multiple regression analysis was
employed to explore the relationship between the three
demographic features which are years of experience of
employee in firm, age of firm and number of employees in
firm, and the 8 major H&S practices of firms identified
from the Factor Analysis carried out. Preliminary analyses
were conducted to ensure no violation of the assumptions
of

homoscedasticity for each of the cases. The preliminary

normality,  linearity, — multicollinearaity  and
analyses revealed that there was no violation of the
assumptions of normality, linearity, multicollinearaity and
homoscedasticity because the tolerance value was greater
than 0.10, variance inflation factor (VIF) value less than
10, Normal P-P Plot points lie in a reasonably straight
diagonal line from bottom left to top right and the
Scatterplot standardized residuals roughly rectangularly
distributed. The presences of outliers were also checked
and it was observed that the maximum Mahalanobis

Distance value was greater than the critical value (24.32)
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indicating absence of outliers. The maximum Cook’s
Distance in all the analysis was less than 1 indicating the
absence of any undue influence on the results of for the
whole model.
3.3.1  Relationship between Demographic
Features and Domestic Health and Safety

Planning of Firms
This analysis revealed that Number of Employees beta
(beta 0.484; p < 0.001), Years of Experience of

Employees (sig (p) value of 0.024 (p < 0.05)) and Age of

Firm (sig (p) value of 0.000 (p < 0.05)) were statistically
significantly related with Domestic Health and Safety
Planning of Firms at 95% confidence limit.

3.3.2  Relationship between Demographic

Features and Company’s Commitment

It was revealed from this analysis that Years of Experience
(sig = 0.035; p < 0.05 beta = 0.137), Age of Firm (sig =
0.001; p < 0.005; beta = 0.229) and Number of Employees
(sig =0.004; p < 0.05; beta = 0.228) were respectively
observed to be statistically significant with Company’s
Commitment from HSE Requirements in Conditions of
Contract at 95% confidence limit.

3.33 Relationship  between Demographic
Features & company’s commitment to
using outside H&S consultants

None of the demographic features was observed to be
significantly related with Company’s Commitment to
Using outside H&S Consultants at 95% confidence limit
from this analysis.

3.34 Relationship  between Demographic
Features and Workers Consultation &
Participation

Number of Full-time Employees (beta = 0.321; p < 0.001),
Years of Experience of Employees (sig (p) value of 0.021
(p < 0.05)) and Age of Firm (sig (p) value of 0.000 (p <

0.05)) were observed in this analysis to be significantly
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related with Workers Consultation & Participation at 95%
confidence limit.
3.35 Relationship  between Demographic
Features and H&S Communication
Number of Full-time Employees (beta = 0.369; p < 0.005),
and Age of firm ((p) value of 0.000 (p < 0.05)) were
observed to be statistically significant with H&S
Communication at 95% confidence limit in this analysis.
3.3.6 Relationship  between Demographic
Features and Pre-contract Health &
Safety Planning
It was discovered from this analysis that there exists a
statistically significant relationship between Pre-contract
H&S Planning and Number of Full-time Employees (beta
= 0.500; p < 0.005), Years of Experience of Employees
(sig (p) value of 0.017 (p < 0.05) and beta value of 0.155)
and Age of Firm (sig (p) value of 0.000 (p < 0.05) and beta
value of 0.416).
3.3.7 Relationship between Demographic
Features and Contract H&S Planning
Number of Full-time Employees (beta = 0.360; p < 0.005),
Years of Experience of Employees (sig (p) value of 0.023
(p < 0.05) and beta value of 0.148) and Age of Firm (sig
(p) value of 0.000 (p < 0.05) and beta value of 0.320) were
statistically significant with Contract H&S Planning at
95% confidence limit as revealed in this analysis.
3.3.8 Relationship  between

and H&S Education &

Demographic
Features
Training
It was shown from the results of this analysis that Number
of Full-time Employees with a beta value of 0.477 (beta =
0.477; sig = 0.000 i.e. p < 0.005) and Age of Firms with
sig (p) value of 0.000 (p < 0.005) and beta value of 0.382
were observed to be significantly related with H&S
Education & Training.
The results of all the analyses discussed above led to the
rejection of the hypothesis formulated based on literature
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third

proposition,

findings, research questions and

the

the study’s

except in third analysis between

Demographic Features and company’s commitment to
using outside H&S consultants. This hypothesis is stated
thus:

HO: There is no significant relationship between
demographic features and health and safety
management practices of Nigerian construction
SMEs.

3.4 Constraints
Management
It was discovered from the responses of the questionnaires

to  Construction Site H&S

distributed to construction SMEs that the construction
firms face a lot of challenges which limit their ability to
effectively perform activities on construction sites in a safe
and healthy manner. About 60% of the respondents
express their experience on the challenges they face in
effective health and safety management on site. Some of
these construction SMEs face the problem of poor attitude
of their workers towards safety while some of them face
the problem of being able to retain experienced workers.
This implies that a large proportion of the respondents
indicated that they experience difficulties in the
management of health and safety. Lack of proper
awareness of some health and safety regulations is the
problem facing some of the construction SMEs while some
face the problem of inadequate capital base. The major
constraints faced by the construction SMEs, in order of
severity, are discussed below based on the opinions of

respondents.

3.4.1

It has been discovered that most of the workers, especially

Literacy Level

the unskilled workers, are not literate. Some of them are
either not well educated or they are not educated at all. It is
therefore usually difficult to give them the appropriate
health and safety orientation/education to make them work

better in a healthy and safe manner except if there is
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someone to interpret to them in their native dialect. One of
the respondents had this to say:
“There is high level of illiteracy among the site
operatives which, to a reasonable extent,
contributes to their inability to understand safety
directions on site” (Respondent Number 4).
3.4.2

About 75% of the respondents indicated that problem of

Poor Attitude of Construction Workers

poor attitude towards health and safety exists in their
organizations. Most of the workers fail to wear their
personal protective equipments even when they are
provided on sites especially when they are not being
monitored. A respondent had this to say:
“Human beings generally are difficult to manage
on site, especially when you remind them of safety
on site; they will say "l know sir". Seeing you he
will act immediately, but as soon as you leave, he
removes his helmet and gloves” (Respondent
Number 152).
3.4.3
SMEs lack the financial capability or buoyant capital base

Financial Constraints. Some constructions

to adequately fund health and safety procedures on sites in
terms of human and material resources. One of the
respondents shared this on financial constraints:
“We sometimes experience financial constraint in
meeting up with HSE Requirements. This makes us
to cut down of the budget for health and safety”
(Respondent 101).
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This is another serious problem to health and safety

Environmental Influences

management on site which many firms either do not take
note of, or do not take seriously. When some workers go to
sites where the natives there have uncultured teen-agers or
adults, they can influence workers of their peer-groups in

to bad habits like smoking and drinking of alcohol.

3.45  Cost of Health and Safety
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Some of the respondents expressed that the cost of putting
health and safety procedures on sites is very expensive
because most of the good health and safety equipments are
imported or foreign materials which are expensive and
scarce. In the light of this, most construction firms are not
able to afford them but instead go for local substitutes
which are usually of a lower quality or inferior in nature to
the imported ones. One of the respondents simply put it
this way:

“Cost of HSE is expensive if it is to be

appropriately estimated in a bill” (Respondent

Number 123).

3.4.6

It was revealed by some of the respondents that some of

Lack of Basic Facilities

the rural communities lack some basic facilities like
ambulance, clinics, experienced medical personnel and
drugs. If there is any emergency case on site it will be
difficult to get urgent attention. A respondent simply
expressed it this way:

“In rural communities, access to medicine
facilities in terms of accidents is a problem”

(Respondent Number 135).

3.4.7
Some respondents stated job security and continuity as a

Job Security and Continuity

factor that compelled them from relying greatly on casual
labour and labour only subcontractors which they thought
did not promote the effective management of health and
safety. An owner/manager responded as thus:

...... because we don’t know how long it will
take us to get another contract after completing
one, most of our unskilled workers are casual
workers and so they don’t take HSE seriously as
the HSE Budget does not cover their HSE issues
adequately” (Respondent Number 86).

3.4.8 Lack of Awareness and Orientation from

Government Regulatory Agencies
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About 40% of the respondents revealed that the agencies
responsible for regulating health and safety standards on
sites, like the Factory Inspectorate Department, Labour
Department and Federal Environmental Protection
Agency, do not perform their functions effectively. This
therefore results in to lack of proper awareness of some
basic health and safety regulations and requirements by

some construction firms.

3.49  Weather Condition
Poor weather condition is another challenge faced by
construction SMEs. When the weather is extremely hot
workers find it not conducive to properly put on their
safety wears. When the weather is very cold or when there
is heavy rain, work on site may have to stop and the health

of workers may also be affected.

3.5 Discussion of Results
The study used three demographic features which define

the H&S practices These

demographic features are age of firm, experience of

of construction SMEs.

employees and number of employees which have also been
used in many previous studies which includes that of
Kheni (2008), Choudhry et al. (2009) and Masood and
Choudhry (2012). The study also identified 46 important
H&S practices which are capable of enhancing positive
H&S performance of the construction SMEs. These H&S
practices were reduced to 8 core H&S practices using
factor analysis. These 8 H&S practices which range
between domestic H&S practices and H&S education &
training have also been studied by Kheni (2008) and
Agumba and Haupt (2014). The relationship between the
identified organizational characteristics and H&S practices
was explored with the use of hierarchical multiple
regression analysis as suggested by Agumba and Haupt
(2014).

Number of full-time employees in firms was discovered to
be a good predictor of 7 major health and safety practices



www.seetconf.futminna.edu.na
adopted by the construction SMEs namely: domestic HSE
HSE the

in

practices, requirements con forming to

requirement conditions of contract, workers’
consultation and participation, H&S communication, pre-
contract H&S planning, contract HSE planning and H&E
education and training. The result of the study carried out
by Idoro (2011) is evidence to the findings discussed
above because it revealed that the protection provided to
workers engaged by multi-national and national
contractors is higher than the protection provided to
workers engaged by regional and local contractors in order
to protect workers from sustaining injuries in the event of
accident. The findings of Adeogun and Okafor (2013) also
corroborates with the finding of this study because it
revealed that most of the indigenous establishments see
HSE myopically such as cleanliness of the environment
alone while the few companies that recognize occupational
health and safety are the large companies or big
multinationals who are running the policies as constituted
in their parent countries of origin. Majority of the
construction SMEs undertaking mainly civil engineering
construction works are the medium-sized firms among
which have a tendency of becoming large or multinational
firms.

It was also discovered that years of experience of
owner/managers significantly and positively correlated
with five major H&S practices namely: domestic H&S
practices, company’s commitment to the H&S practices in
the requirements in the conditions of contract, workers’
consultation and participation, pre-contract H&S planning
and contract H&S planning. The results of the study also
indicate that age of construction SMEs is a significant
predictor of 5 H&S practices which are: domestic H&S
practices, company’s commitment to the H&S practices in
the requirements in the conditions of contract, workers’
consultation and participation, H&S communication and

pre-contract H&S planning. As a result of this, the second
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proposition that long established SMEs are more likely to
adopt health and safety measures than newer construction
SMEs is supported. This is supported by the results
reported in studies of Fang et al (2006), Choudhry et al.
(2009) and Masood and Choudhry (2012) who
consensually discovered that age, gender and experience
among other variables have significant impact on health
and safety management practices. On the contrary the
study of Agumba and Haupt (2014) revealed that the
number of years the respondents was involved in the
construction industry (experience) and their perception
towards H&S management practices were not different in
the South African construction industry.

The study also identified 9 major constraints to the
effective H&S management practices of the construction
SMEs which are attitude of

construction workers, financial constraints, environmental

literacy level, poor
influences, cost of health and safety, lack of basic
facilities, job security and continuity, lack of awareness
and orientation from government regulatory agencies and
weather condition. Most of these constraints have also
been identified in previous studies as major hindrances to
H&S management practices of construction SMEs

especially in the study of Kheni (2008).

4. CONCLUSIONS

It was established that low literacy level, poor attitude of
construction workers, financial constraints, environmental
influences, cost of health and safety, lack of basic
facilities, job security and continuity, lack of awareness
and orientation from government regulatory agencies and
weather condition are the major constraints limiting the
capability of Nigerian construction SMEs from carrying
out their operations in a healthy and safe manner.

It was also established that domestic health and safety
to H&S

requirements in conditions of contract, using outside health

planning of firms, practices conforming
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and safety consultants, workers’ consultation and
participation, H&S communication, pre-contract health
and safety planning, contract health and safety planning
and education and training, were very important H&S
practices which are capable of enhancing high H&S
performance of Nigerian construction SMEs.

It was also established that all the demographic features
have positive and significant relationship with the H&S
practices except with the practice of using outside health
and safety consultants. The demographic features are
The

propositions of the research therefore hold. Thus implying

therefore good predictors of H&S practices.

that construction SMEs with few employees are less likely
to adopt H&S practices than those with a large number of
employees; and long established SMEs are more likely to
adopt H&S measures than newer companies.

5. RECOMMENDATIONS

In view of the conclusions from the research findings, it
was therefore recommended that construction SMEs
should lay great emphases on training and orientation for
all level of employees in order to address the issue of poor
safety performance and poor attitude. Older firms should
assist younger firms with H&S orientation and training
while older and more experienced employees in a firm
should assist younger and less experienced employees with

H&S orientation and training.
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ABSTRACT

Laboratory test of failed membrane in a geo-composite barrier under leachate permeation through a circular defect
was investigated using a bespoke apparatus. Zeolitic mineral barrier-24 mm thick, polythene plastic (PP)-2 mm thick
with 5 mm centralized puncture simulated the circular failure in the membrane and a 225 mm thick mineral layer as
buffering strata (BS) comprised the experimental setup. The bespoke device-160 mm diameter coupled to a hydraulic
pressure frame imposed up to 150 kPa pressure to the barrier. Permeant through the barrier-BS system was evaluated
for tests under varying pressures. In this study, measured permeation rates for conditions of good interface contact
were found to be valid but unachievable for conditions of perfect contact. However, tests results displayed significant
reduction in permeation rates with increased pressure, p, on the system. This is conceivably due to reduced system
transmissivity, 4, and densification of the zeolitic barrier. After compactibility tests, cation concentrations revealed
permeation through the failed membrane-mineral barrier, nevertheless, a fairly reasonable buffering ability of the

zeolitic mineral to permeating cations was observed.

Keywords: Zeolite, leachate, Membrane, Cations.

1. INTRODUCTION

In recent decades, civilization and globalization has
warranted increased human activities to meet dire needs
and challenges. This has led to diverse transformations in
industries and households, resulting in massive generation
of solid wastes. It has therefore become imperative as
observed by Rowe (2011) that these by-products of human
activities are properly disposed in engineered waste
containment facilities. However, in present times,
recycling is the first and best option of dealing with waste
before landfilling is considered in the face of handling
difficulties by other methods (Goodrich, 2000). Land
disposal has come a long way as a method of ridding off
various generated waste and will remain the commonest
form of disposal for a long time to come. Landfills are
known to produce gases and leachates whose breakaway
and eventual permeation into surrounding soil and ground
water could have detrimental human and environmental
health effects. For these reasons, Bouazza et al. (2002)
argues that leachate migration be curbed to the lowest

minimum if not entirely prevented. Rain, runoffs and
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waste containing high moisture in landfills propel the
decomposition and production of leachate contaminants by
microbial actions. Hence, protecting regimes of soil and
ground water resources against leachate pollution is of
major interest. In the developed world, barrier systems are
well employed in guarding against contaminant
permeation to regions of consequential impacts. However,
in developing countries, where the construction of
engineered facilities may be expensive, the prevention of
contaminant permeation depends on the geological
formation of the disposal site (Agbenyeku et al., 2014a). In
some occasions, membrane which forms part of a geo-
composite barrier may fail from fabrication, installation or
due to ultraviolet radiation in its service life. In some other
occasions, constructing disposal facilities around vital
water sources may be unavoidable as such, it must be done
with integrity to ensure protection of soil and ground water
regions from waste bodies (South African Department of
Water Affairs and Forestry, 2005). This can be achieved
by utilizing mineral clay barriers/compacted clay liners

(CCL) as components of geo-composite lining systems to


mailto:emmaa@uj.ac.za
mailto:kobitha2003@yahoo.com

www.seetconf.futminna.edu.na
prevent permeating contaminant from reaching ground
regions with consequential impacts in cases of membrane
e.g.,
Geosynthetic Clay Liner (GCL). Hence, membrane-soil

failures failures of Geomembrane (GM) or
barriers are recommended globally and are actively used in
waste containment which forms a major component for
multiple systems in engineered landfills. The utilization of
geosynthetics is recognized as reported by Bouazza (2002)
in designs for better services and is rapidly expanding as
engineers and manufacturers develop improved materials
and new analysis routines. However as observed by
Agbenyeku et al. (2014b), failure of membranes in-situ is
inevitable. Conversely, the daily generation and disposal of
more than 41,000 tons of solid waste in South Africa has
attracted attention, particularly, in the Gauteng province
and Johannesburg city where cumulatively, over 25,000
tons of waste is dumped daily (EIAR, 2005). Health,
environmental and aesthetic challenges are often
associated with waste disposal. Pollution of soil and
groundwater resources is among the many effects of
landfilling which requires to be addressed. This concern
gave course for the study which investigated the impact of
pressure on permeation rate, cation permeation mechanism
in zeolitic soil barrier as CCL and its buffering tendencies
since much have not been documented. Furthermore,
considering that over 75 % of Municipal Solid Waste
(MSW) in South Africa ends up in landfills, the barriers
are thus subjected to pressure from waste piles. Landfill
surveys from this study, showed an estimated 200 kPa of
waste the barriers. Therefore,

imposing the study

investigated pressure effects on leachate permeation
through a failed PP barrier overlying a zeolitic mineral soil
liner as CCL and BS. Pressure effects on permeation rate,
cation permeation and the buffering behaviour of zeolitic

mineral clay barrier are reported herein.

48

www.futminna.edu.ng

2. METHODOLOGY

For the purpose of this study zeolitic soil was collected and
used as CCL and BS. As seen in Figure 1, the natural
mineral soil was collected in Johannesburg, South Africa,
from a landfill site slightly far from the actual dump to
ensure a certain degree of purity. The zeolitic sample was
then mechanically and chemically tested to determine
applicable engineering and compositional properties.
Figure 2 holds the grain size distribution curve while
Figure 3 shows the compaction curve expressing the
relationship between optimum moisture content (OMC)
and maximum dry unit weight (MDUW) of the soil
determined by compaction test in accordance with ASTM
D-698.

-

= rs...,_
Fig. 1: Sampling vicinity

The standard proctor compaction test was done with a light
self-weighted rammer of about 0.0244 kN and striking
effort of about 595 kN-m/m°. The tests yielded OMC of
15.5 % and MDUW of 17.1 kN/m® for the zeolitic soil.
Values for permeability coefficient gotten in conformance
with ASTM D-2434 were measured by falling head test.
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Fig. 2: Zeolitic soil grain size distribution curve

Percent finer
by weight (%6)

The BS was prepared with relatively low water content
through the testing phases and was lightly compacted in
simulation of in-situ conditions of natural soils. The
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relationship between the permeability and dry unit weight

of the natural soil is presented in Figure 4.

—=— zeolitic soil

Dry unit weight
yd (KN/m?®)
I e
O N b~ O

10 15 20
Molding moisture content (%0)
Fig. 3: Zeolitic soil compaction curve

5 25

The permeant used was scooped from the leachate basin at
the landfill. The basin was designed to hold generated
leachate formed by decomposition of waste, infiltrated
storm water and/or intercepted surface water in contact
with the waste body on site as seen in Figure 5. The
leachate was sampled from different points within the
basin and vigorously stirred to ensure a proper leachate

composition.
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Fig. 4: Permeability variation of zeolitic soil

14.7

From the chemical analyses of the sampled leachate, Table
1 gives the initial concentrations (mg/l) of the targeted
contaminant specie. The cationic contaminants were of
interest to the study based on their ion exchange
behaviours when permeating charged clay surfaces used as
buffers. Also, establish closure for the obtained results
herein and in similar works by the authors (Agbenyeku and
Akinseye, 2015; Agbenyeku et al., 2014a, b; 2013a, b).

.
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Full spectral analysis method was used to measure the
cation content on both the leachate influent and effluent
which was compared to the South African standard of
drinking water in consonance with Water Services Act No.
108 of 1997 and ASTM D-5673.

Table 1: Analysis of leachate for soil compactibility test

Parameter ASTM Conc. Drinking water standard
Test (mg/l) (mg/l)”
Mg D 511 25 145
Ca - 170 200
K D 4192 18 -
Na D 4191 130 250
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Source: "(Water services authorities South Africa, 1997)

Noting the complexity and nature of the contaminant
species capable of being formed from the degradation of
solid waste in landfills, the scarcely available spectral
testing materials made it possible to detail a few
compositional features and characteristics of the products.
As such, cation tests for intrusion and retention of selected
ions in the cores of the BS from the leachate was done.
Generally, the selection of the cation species was based on:
(i) the availability and concentration of the ions present in
the leachate generated at the landfill and; (ii) the potential
hazardous impact expected in the case of the contaminant
escape to subsurface regions. As such, the parameters
analyzed were the dominant intruding cations at the
landfill i.e., the alkali metals (Group IA) and the alkaline
earth metals (Group I1A) e.g., Na and K, Ca and Mg
respectively. On the fabricated test device, the leachate
reservoir was marked to hold a constant head of 250 mm
throughout the testing. A pictorial and schematic view of
the fabricated device is shown in Figure 6 (a) and (b).

The device comprises of three sections:

(1) the bottom part called the buffering section; which
contained the natural soil strata acting as the natural
earth/BS below the geo-composite system as seen in
Figure 7.



o

(b) Schematic view
Fig. 6: (a) and (b) Fabricated column device

(b)
Fig. 7: (a) Hydrated geotextile on porous stone to prevent
outlet clogging (b) Lightly rammered BS to simulate
loosed subsoil

(@)

(2) the mid-block called the sample carrier; which
contained the designed geo-composite barrier (natural soil
as CCL and failed PP membrane) overlying the buffering
section as shown in Figure 8 (a) and (b), and (3) the upper
part above the geo-composite barrier; which functioned as
the leachate reservoir as displayed in Figure 9 (a) and (b).

Fig. 8: (a) Compacted soil (as CCL) in sample carrier (b)
Failed PP with 5 mm centred puncture overlain the CCL
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Soil layers were prepared in the bottom section, the mid-
block sample carrier and the failed PP membrane was
placed over the soil layer. O-rings, gasket corks and silicon
sealants were used to ensure an airtight and leakage free
connection in the assembled device. The hydraulic frame
was set up (for tests which required loading), the leachate
was then added and the desired load was imposed. The
vertical hydraulic conductivity, k, value, in stratified soil
(hydraulic conductivity of a barrier-BS) was calculated and
used to determine the permeation rate, Q.

@

Fig. 9: (a) Leachate in reservoir (b) Loaded barrier

(b)

In the first test conducted no load was imposed on the
system. Subsequently, samples collected from six
sectioned cores of the BS were tested and measured for
concentration of target source ions in the pore water using
pulverized pore fluid extraction method and silver thiourea
method. The analyses were done by using the 902 Double
Beam Atomic Absorption Spectrophotometry as specified

by Laboratory Manual EPS, 2011.

3. RESULTS AND DISCUSSIONS

3.1. Leachate Permeation Test
Outside confirmatory tests conducted in the course of the
study, one major compactibility test was eventually
adopted. Table 2 gives a clear summary of the test features
initiated for the study. The conditions, durations,
constituents and material characteristics properties under
which the testing procedures were carried out are duly

recorded. The observed leachate-soil interaction from



www.seetconf.futminna.edu.na www.futminna.edu.ng

permeation behaviours through the failed barrier under roughly 18-20 days as shown in Figure 10 (b) and the
loading and non-loading effects are also recorded herein. permeation rate was monitored and measured for a

duration up to 23 days.
Table 2: Test features initiated in the study

Parameters Properties - 0.004
MDUW (kN/m°) of barrier (CCL) 17.1 25
MDUW (KN/m?) of Buffer (BS) 12.8 c £ 0003
S o 0.002
Geosynthetics 2mm thick PP s S seolitic soil
Puncture size, type and position 5mm failure £ S 0.001 5
[<5]
Pressure (kPa) 0-25-50-100—> L
150 02356 81011131516182021 23
Test duration <100days Time, t (days)

Fig. 10: (b) Permeation rate VS time for p = 25 kPa

Test to ascertain the cation concentrations and permeation

. L For more investigation on the effect of pressure on the
through the BS was done. The mechanism of cationic g P

. . . system’s permeation rate, the load was increased from 25
contaminant permeation through the barrier and the

. . e . to 50, 100 and 150 kPa respectively. This was done to
buffering behaviour of the zeolitic soil to the cations were P y

. . closely simulate the waste load imposing the barrier of the
also investigated. At the end of every test, measurements

. . visited landfill. The permeation rate was measured for
and analysis were done. The results of the permeation rates

. . - respective loadings. The measured relationship between
through the barrier system are graphically shown in Figure P g P

. ermeation rates, Q, versus time, t, for loads of 50-150 kPa
10 (a) to (e). Hydrated geotextile over the porous stone P Q

o - . are shown in Figure 10 (c) to (e). An increasing pressure
acted as filter in preventing fines from clogging the outlet g (©) o (€) gp

on the membrane showed the permeation rates to graduall
of the chamber. The effluents from results showed steady P g y

. . reduce to a steady value.
increase over the test periods. It was observed that steady y

or quasi steady state was reached in approximately 20 days 0.004

0.003
0.002
0.001 —>—zeolitic soil

0

into the tests and the permeation rates were measured up to

25 days. The permeation rate, Q, for p = 0 kPa was seen to

slowly increase to a steady value as seen in Figure 10 (a).

Permeation rate,
Q (10¢ x m3/s)

; . 0.004
0.003
0.002

02356 8101113151618202123
Time, t (days)
Fig. 10: (c) Permeation rate VS time for p = 50 kPa

—— zeolitic soil

Permeation rate
Q (10¢ x m3/s)

0.001
0 0.004
02356 81011131516182021232425 0.003
Time, t (days) 0.002 —o—zeolitic soil

Fig. 10: (a) Permeation rate VS time for p = 0 kPa

0.001

0

shown in Figure 10 (b) to (e), the permeation rates were 0 3 6 10 13 16 20 23 27
Time, t (days)
Fig. 10: (d) Permeation rate VS time for p = 100 kPa

Permeation rate,
Q (10 x m3/s)

However, with the imposition of load to the system as

observed to reduce. The first pressure, p, of 25 kPa was

imposed on the system and steady state was reached after
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o 0.004
©

= Z 0.003

S x

g2 0.002 —— zeolitic soil

£ < 0.001
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[a O Y

0 3 6 10 13 16 20 23 27
Time, t (days)
Fig. 10: (e) Permeation rate Vs time for p = 150 kPa
Figurell therefore, reveals the relationship between the

measured permeation rates, Q, versus the pressure, p.

o 0.004

I .

= = 0.003 —— zeolitic soil

& x

S o 0.002

=

£ g‘; 0.001

[«§)

o 0 } |
0 25 50 100 150

Pressure, p (kPa)
Fig. 11: Permeation rate VS pressure values
The changing loads induced a change in density which
caused a decrease in the permeability of the soil barrier.
Also, the applied pressure created a fair contact between
the PP membrane and the soil barrier thereby reducing the
interface transmissivity; reducing the interface thickness
and transmissivity, 6, which plausibly explains the gradual

decrease to a steady state of the permeation rates, Q.

3.2. Zeolitic Mineral Buffer of Permeating Cations

The leachate formed by decomposition of buried solid
waste at sanitary landfills is often associated with
appearance of substantial concentration of major cations.
These cations in certain concentrations could pose threats
to ground water quality. Nevertheless, analysis of the pore
fluid chemistry of the studied zeolitic soil revealed the
pore fluid to be rich in Na ions while other cations such as
K, Ca and Mg were present only in low concentrations.
The cations present in the leachate solution are believed to

have originated from the decomposition of the dumped
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refuse as well as the dissolution of minerals in the soil top
landfill.

compactibility test confirmed a degree of buffer to the

cover at the Results from the permeation
selected cations; which were contained in the leachate as
they permeated through the BS of the zeolitic soil. This
implied that the selected cations, in a mineral-water system
do not permeate in any peculiar manner through the cores
of the natural zeolitic BS. The major cations were
plausibly  buffered mainly by cation exchange
replaceability caused by isomorphic substitution since clay
particles usually possess negative charges. The counter
ions (for negatively charged surfaces, i.e., cations or
positive ions) are attracted and accumulated close to the
charged surfaces. As such, there was no significant
permeation of the selected cations through the soil cores as
they were mostly retained at the surface of the BS. Other
processes which could also be responsible for the buffering
of cations are; electrostatic adsorption (physical sorption)
the

(chemisorptions). The effluent relative concentration for

and/or  incorporation into structure  lattice

the cations with respect to the pore volume for the

permeated zeolitic soil after reaching steady state is shown

in Figure 12.

3 Mg ion
<25 —=—Caion
(&)

E ) ——Kion
g —<—Na ion
g 15
[<3]
2 1
s
& 05
0
0 05 1 15 2 25 3 35 4
Pore volume
Fig. 12: Cation relative conc. (Co and Ce = initial and
final conc.)

The amount of reduction observed in the concentration of a

given element as it permeated the soil core was reflected
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by the; (i) shift of the breakthrough curve towards higher
pore volume passages and (ii) extent to which relative
concentration remained below unity i.e. (Ce/Co # 1).

In this study however, negative buffer or elution of Na*
from the zeolitic tested soil was observed after pore
volume passages of permeates. The relative concentration
value greater than 1.0 is an indication that Na™ eluted from
the system at higher concentration than those of the
effluent leachate. In the permeation compactibility tests,
collected leachate cationic contaminants permeated the
zeolitic soil cores with and without loading effects.
Generally, the natural zeolitic soil exhibited fair to good
buffering tendencies toward the permeating cationic
pollutants through the BS. The permeation profiles depth
for the natural zeolitic soil is therefore displayed in Figure
13 (a) to (d) for the respective selected cations.

—— Mg ion(flow1)
—=— Mg ion(flow2)
—— Mg ion(flow3)
——Mg ion(flow4)

Conc. of permeating cation
(mg/l)

180 225

135
Depth of permeating cation (mm)
Fig. 13: (a) Permeation profiles of Mg ion through the BS

0 225 45 90

Soil ion exchange sites are capable of exchanging certain
ions within soils as ions in leachates permeate the soil
cores. This ability is also seen in various natural systems
such as living cells, proteins, cellulose and resins. The
synthetic resins are primarily used for purifying water, but
various including elemental

also for applications

separations.
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20
0

“t~—Ca ion(flow1
‘£=—Caion(flow2)
‘=—Ca ion(flow3)
e—Caion(flowd)

Conc. of permeating cation
(mg/1)

0 225 45 90 135 180 225
Depth of permeatin cation (mm)

Fig. 13: (b) Permeation profiles of Ca ion through the BS

In the Na* elusion process, the permeating leachate is
softened as it percolates the cores containing Na“ cations
but binds Ca** and Mg®* more strongly than Na’. The
cores take up Ca’" and Mg”" and releases Na® thereby
making for a ‘softer’ effluent. It was therefore noted that
the reasonable buffer found for the measured selected
cation species were due to factors such as; (a) properties of
the soil (b) characteristics of the solution transport system
and (c) reactions of the specific contaminants that
determine the shape of the breakthrough curve of the
permeating cation species. ldeally, only a few of these
characteristics are primarily responsible for the rate of
permeation that determines the final shape and the

breakthrough point.

20
5 1
§ 16
> 14
=12 ——K ion(flowl)
£ 10 —=—K ion(flow2)
g = 2 ——K ion(flow3)
5 ——K ion(flow4)
s 4
§ 2

0 . 1 . 1 . 1 . 1 . 1 . |

0 225 45 90 135 180 225

Depth of permeating cation (mm)
Fig. 13: (c) Permeation profiles of K ion through the BS
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Therefore, the study examined the effects of soil cation
exchange capacity on the cations species buffering
properties. Cation exchange resulted in the storage of some
cations on the exchange sites on the clay surfaces and the
release of other cations to the pore fluid solution as seen in
the breakthrough curves for the respective cationic

contaminant species as shown in Figure 13 (a) to (d).

140
120 -
100

Conc. of permeating cation
(mg/l)

80
60 —>—Na ion(flow1l)
—=—Na ion(flow2)
40 ——Na ion(flow3)
20 ——Na ion(flow4)
0 —_—
0 225 45 90 135 180 225

Depth of permeating cation (mm)
Fig. 13: (d) Permeation profiles of Na ion through the BS

The quantities of cations exchange along the flow path
were estimated by determining: (i) the cation-exchange
capacity of the clay soil matrix in the leaching system and
(ii) the chemical equilibrium between the input cations and
the exchangeable ones. The changes in the net storage of
cations on exchange sites in the buffering system were also
estimated using standard mass balance and mass-action
relations, as well as selectivity coefficients. This was done
to investigate the reasonable ability of the tested zeolitic
clay mineral barrier as buffer towards permeating cationic
contaminants often generated from the decomposition of

waste in landfills.

4. CONCLUSION

An investigation on a geo-composite barrier under leachate
permeation from a failed PP was conducted with a

fabricated laboratory device. Loading effects on

permeation rates, permeation and buffering of cationic

54

www.futminna.edu.ng

pollutants (Mg, Ca, K and Na) were studied. From results
and analysis, the following conclusions were reached:

0 The increase in load on the barrier system caused
significant reduction in permeation rates; which
implied that the reduction was due to reduced
membrane-soil interface transmissivity, 4, and
densification of the barrier.

The tests with failed PP revealed interface flow
between the membrane and soil barrier; which
indicated that a perfect membrane-soil barrier
contact was not achieved.

The results from the permeation compactibility
test and analysis of pore fluid concentration of the
permeated cations confirmed the flow through the
membrane-soil interface.

The concentration of cation contaminants in the
sectioned cores of the BS after the permeation test
showed the natural zeolitic soil to have fair to
good buffering capacity towards the pollutants;
showing that significant amounts of the selected
cations were retained in surface of the BS of the
zeolitic soil.

The Na" was eluted from the system at high
concentrations; which indicated the possibility
that sodium was replaced with calcium and
magnesium in the exchangeable sites of the
zeolitic profile/charged soil surface. However,
further study is recommended on the buffering of
other pollutant species not addressed by the study
using zeolitic mineral barriers.

In summary, the buffering of cation contaminants is
mainly by cation exchange replaceability caused by
isomorphic substitution of negative charges in clay particle
surfaces. This study has therefore demonstrated that the
zeolitic soil used in the experimental works to contain the
generated landfill leachate can tolerably buffer the selected

contaminant species. Consequently, the data obtained have
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demonstrated that the tested soil can release potential
contaminants under permeation of leachate as in the case
of the eluted sodium ion. Hence, it is noted that the
buffering capability of the zeolitic soil is not infinite. As
such, care must be taken since high permeation of cationic
pollutants to vital regions can pose consequential effects of

deteriorating groundwater quality.
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ABSTRACT

The paper present an efficient approach to solving the problem of reconfiguration considering active power loss, total
voltage deviation for a typical distribution network. The method developed is based on selective particle swarm
optimization technique to determine the optimal location of tie and sectionalizing switches, with a view to yield an optimal
performance for the network. The reconfiguration model was implemented and simulated using matlabV7.0. The
efficiency and validity of the proposed model was tested on a standard 33 IEEE-Bus distribution network, with a reduction
of 36.4 % in active power loss as compared to the initial configuration. The feasible switching state of 7, 9, 14, 28 and 31

as compared to its base case of 33, 34, 35, 36 and 37.

Keywords:Selective particle swarm optimization, Optimal, elitism, feasible switching state, tie and sectionalizing Switches

1.0 INTRODUCTION

The problem of minimizing distribution systems losses has
been a major focus for researchers and utility companies
due to the need of better quality of service and better
utilization of available energy(Charlangsut A, 2012).
Researchers working under the field of distribution system
automation have adopted the use of different technique and
approaches in reducing the losses in a given network.
There are different techniques for reducing losses within
the distribution level which include reconfiguration,
capacitor placement, load balancing, introduction of higher
voltage level and reconductoring (J, A, & Y, 1994; Y,
Mekhamer, M, & L, 2012). These methods of reducing
losses are quite numerous but the major concern is about
their technical implications on the network. Introduction of
new equipment at distribution level offers tremendous
financial burden on the utilities that cannot be justified by
the potential saving. The use of fixed compensators offers
optimal reduction in losses for specific demand condition,
but the control systems required are very expensive (J, A,
& Y, 1994). The choice of reconductoring is not an option

due to the cost associated with relaying the feeder, while
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the introduction of higher voltage level requires upgrading
the rating of the transformer and other equipment in the
network (J, A, & Y, 1994). The problem of reconfiguration
of distribution network has been explored in this work due
to its flexibility, ability to use existing equipment and other
pragmatic approaches to offer dynamic means of reducing
losses within the distribution level. Distribution systems
are designed as radial systems in which tie (NO) and
sectionalizing switches(NC) play a critical role in
determining the configuration of the system(V & S, 2012).
Therefore reconfiguration of the distribution network is the
process of altering the topology of the distribution network
implemented via manoeuvring the position of normally
closed and normally open (C, 2002). Due to the candidate
switching combinations in the distribution system,
reconfiguration is a complicated combinatorial, non-
differentiable constrained optimization problem (Y.
Mekhamer M et al. 2012). The reconfiguration problem is
one of the multi criteria and multi objective optimization
types, where the solution is chosen after the evaluation of
some indices such as active power loss, reliability indices,
branch load limit and voltage drop limit which represent

multiple functions. These criteria can be grouped into


mailto:abubakaras@abu.edu.ng

www.seetconf.futminna.edu.na
objective functions that can be minimized and the
constraints that must be included with some bounds while
some criteria are often modelled along with their objective
functions(Tomoigo. B, 2013). Many techniques such as
branch and bound, analytic approach, heuristic, expert
system, linear programming, artificial intelligence etc have
been developed by numerous researcher. The earlier
reconfiguration problems were mostly represented by a
single objective (J, A, & Y, 1994)(E & F, 1989; Nara. K,
1992). The major issues with works (J, A, & Y, 1994;V &
S, 2012;C, 2002;Tomoigo. B, 2013;Nara. K, 1992)
formulates the problem as a single objective function
aimed at reducing the active power losses in the network
and the results do not guarantee an effective solution. The
works in (C, 2002),(Kumar. Y, 2006; Royteleman. I, 1995;
Yang. J, 2012) addressed the problem using multi-
objective approach. The major limitations of some of this
approaches are transforming the multiple cost function into
single objective function by using weighted parameter
which are highly subjective, thus avoiding the complexity
associated in solving a typical multi-objective problem.
The advent and increasing connectivity of distributed
energy sources to distribution network, has necessitated
the need to consider other parameters that are critical to the
network (total voltage deviation, reliability index, expected
energy not served). This work addressed the problem of
distribution network reconfiguration using particle swarm
optimization considering active power loss and total
voltage deviation as the objective functions, within a
reasonable convergence time. The rest of this work is
organized as follows: Section Il formulate the problem of
reconfiguration, section Ill, described the concept of the
particle swarm optimization technique. Section IV detail of
the developed methodology, Section V validation of the
standard 33-Bus IEEE

distribution network. Section VI result, discussion and

developed approach using

conclusion.
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1.1 Formulation of the Problem

This work adopted the use of active power loss
A
B.

A. Minimization of Total Power Losses

Minimization of total power losses,

Maximization of voltage profile

The power loss reduction is the primary aim of the
reconfiguration of the distribution system. Hence it is
considered as the main objective function. The power loss
reduction can be expressed in terms of current variable by

using:

Ploss = Min fkl 2R @

B. Minimization of Total Voltage Deviation
This bus voltage describes the security and service quality
indices for the distribution system. The total voltage
deviation is described by:

TVD = min i Vrwe — Vi) )

i=1

Lower value of TVD, indicate a higher quality voltage
profile and better security of the considered network
configuration.
Constraint

i Branch current limit

lin @M =10) <1 ,.0) (3)

ii. Power Flow constraint

f(F’i1Qi’Vi'9i):o(4)

iii. Radial structure constraint

1.2 Concept of Particle Swarm Optimization

The particle swarm optimization was formulated by
Edward and Kennedy in 1995. The pso algorithm was
inspired by social behavior of animals such as fish
schooling and bird flocking(Haupt. L. R, 2004). The
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algorithm was found to be suitable in solving non-linear
optimization problem and has a distinctive feature of
utilizing few parameters(Tamer. M. Khalid, 2012). There
are different version of particle swarm optimization that
aim to extent its area of applicability in searching for a
selected space domain(Khalid. M. Tameer, 2012). For each
dimension search space, the velocity and position for each
particle and the best position for all particles are presented
by vectors and described by the vectors in equations (5-8)
respectively (Khalid. M. Tameer, 2012):

(6)

Gb, =[gb;........ gbin](8)
At each iteration, the velocity and position of the particle

in d-dimensional are updated by using equations (9-10)

(Haupt, L. R. 2004;Tamer. M. Khalid, 2012):

Vi =wV,5 +Cyr (Pbg — X)) +C, r,(ghg — Xi)
9)

Xigh = Xig Vg™ (10)

Wherei =1.....n: Nis the Set particle swarm population

pop =[X, .....X,]; V,is the Velocity of particle; Pb, is

the position of particle: Gb, is the best position of particle;

W is the inertia weight;C, C,are the acceleration

constants or learning factor; Iy, are the random values

ranging [0,1]. the works of (Haupt L. R,
2004)(Kennedy. J, 1997) have adopted PSO to search the

binary spaces by applying sigmoid transformation to the

In

velocity and the positions of particle components to a
range of 0-1. This work employed a similar technique
adopted in the works of (Tamer. M. Khalid, 2012);Khalid.
M. Tameer, 2012) to constrain the search within each d-

dimension of the search spaceS, =[S,;,Sy,..-Sqy |-

Where dnis a set of selected positions in dimension d.

The velocity and particle position are highlighted in
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equations (11) and (12)(Tamer. M. Khalid, 2012);Khalid.
M. Tameer, 2012):

1
k+1

sigmoid (v*)=dn——
g V™) 1+ exp(—vK

s, if sigmoid exp(—v{™) <1
Sq, if sigmoid exp(-vi™) < 2

X5 =14, if sigmoid exp(-vi5™) <3 (12)
Sq, I sigmoid exp(-vi;™) < n

The velocity values are to restrain [\/min Vmax] using

equations 13-14.

H k+1
Vmax1 If Vid >Vmax

k+1 k+1 & k+1

Vi =49V if ‘vid <V, (13)
- k+1

Vmin ' If Vid <Vmin
k+1 & k+1| _ |\, k+1
V-?l _ rand x v, if ‘vid _‘vid (14)
! k+1 H
Vi otherwise

2.0 Developed Approach
The methodology adopted for this work is based on
selective particle swarm optimization technique, due to its
robustness and the need for selecting few parameter
(Haupt, L. R. 2004; Khalid. M. Tameer, 2012. The
developed approach is similar to the works of (Yang. J,
2012;Tamer. M. Khalid, 2012) but consider all the tie
switches regarding of their duplication in any loop. The
status of the normally open switches are considered and
tested on a standard 33-Bus IEEE distribution network as
contained in Figure 1. The detail steps are outlined as
follows:
i. Close all tie switches or normally open
switches to form a five (5) loop or mesh
network as shown in Table 1.
ii. Determination of possible branches that

constitute each loop or mesh network.
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Vi.

Vii.

viii.

The number of branches in each loop
constitute the search space dimension.
Generation of random search space based
on the numbers of element in each loop or
dimension.

Constraint checking is perform to ensure
that generated particle are void from loops
and possible islanding. The constraint check
comprises of checking for loops, islanding,
searching the network to ensure that
generated population have radial structure
while ensuring load flow solution.
Evaluation of the fitness functions as
contained in equation (1) and (2).

Update the velocities, positions for each
dimension using equations (9), (11) (12)
(13) and (14).

Increase the number of iteration and
perform steps iv-vii.

If the stopping criteria are meet, terminate

process.

The Flow chart of the developed approach is shown in

Figure 2

Figure 1: Standard 33-Bus Distribution Network

Figure 2: Sequential Steps of the Developed Approach

Test Systems
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The test system as shown in Figure 2 is a 12.66kV, 33-bus
standard IEEE distribution network with 32 branches and
5-tie lines (33, 34, 35, 36, 37), and the detail of the line
and load data is contained in the work (L, 2009). With the
tie or normally open switch closed the number of branches
that constitute the loops is contained in Tablel. The
simulation parameters are similar to the work of (Yang. J,
2012; Tamer. M. Khalid, 2012) withc, =¢c, =2,
Vi Viin ]=0[0.9,1], number of generation =30

population size= 20 and inertia weight w = 0.9.

Table 1 Number of Loops in standard 33-Bus Network

Loop Number Branches

Loop1/Sd1l 2,3,4,5,6,7,33,20,19,18
Loop2/Sd2 8,9,10,11, 35,21, 20, 19,18, 2,3,4,5,7
Loop3/Sd3 37,28,27,26,25,5,4,3,22,23,24
Loop4/Sd4 9,34,14,13,12,11,10
Loop5/Sd5 25, 26, 27, 28, 29, 30, 31, 32, 36, 17, 16, 15, 34,8,7,6

RESULTS AND DISCUSSIONS

Discussion

Figure 3 shows a plot of the active power loss as a function
of number of 30 iteration. The optimal location of the tie
switches was found to be 7, 9, 14, 28 and 31, with
reduction of 36.4% (129.2163kW)in active power loss as
compare to the active power loss (202.8kW) of the initial
configuration after reconfiguration. This reduction in
active power loss is accompanied with an improvement in
the total voltage deviation via a minimum voltage of
0.9354V as compared to the initial configuration of
0.914V.

Active Power Loss Maximum Generation30
146

144}

142

140

1381

136

Active power loss

134

1321

130 \ 1
5 10 15 20 25 30
Number of generation

128
9

Figure 3 Active power loss Vs Number of iteration
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The developed approach was compared with other
standard developed model as a means of validation as
contain in Table 2. The result shows that the developed

model is in conformity with other works

CONCLUSION

This work has presented a reconfiguration model based on
selective particle swarm algorithm considering active
power loss in a distribution network to determine the
optimum switching state of the network. Based on results
obtain the real power losses are reduced significantly with
a corresponding improvement in voltage profile as such

enhancing the security of the distribution network.
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ABSTRACT

The knowledge of the engineering properties of agricultural products are essential in processing operation of
agricultural produces and also the result obtained can be used in the design of processing machine. In this study,
the physical and mechanical properties of raphia seed were investigated using standard methods. The geometric
mean diameter and sphericity are 32.85 mm and 50.74 %, respectively. The peak values of force and
deformation at break were 12.925 kN and 14.050 mm, respectively. The pressure in cracking the seed in
longitudinal position is greater than when placed in transverse or natural position. The results are important in
the design of raphia seed oil expelling machine. The engineering properties obtained can be used in the design
of processing machines.

Keyword—Physical, Mechanical, Engineering properties, Raphia seed

1. INTRODUCTION

Raphia palm (farinifera) is the largest palm in Africa agricultural operations. The physical and mechanical
and is restricted to the tropical rain forest, the ideal properties are important in the sizing, separating,
ecological condition for the Raphia palm (Ndon, grinding, and oil extraction machines. Likewise the
2003). It is one of the most economically useful true density, bulk density and porosity (the ratio of
plants in Africa, the leaves are used for shelter and inter granular space to the total space occupied by the
the stem produces palm sap, which is drank as grain) are used in design of storage bins and silos,
beverage. The fermented sap could be distilled into separation of desirable materials from impurities,
alcohol or local gin. Succulent, oily larvae of weevils cleaning and grading and quality evaluation of the
and beetles are obtained from infected palms and products are important factors. The static coefficient
serve as delicacy. The trunk could serve as firewood. of friction of the grinding against the various surfaces
The mesocarp of the ripe fruit yields edible oil is also necessary in designing of conveying,
(Otedoh, 1976, 1990). While the leaf petiole yield the transportation and storage structures. Also the
fibrous piassava. In farm structures and design of knowledge of moisture content, volume and density
processing machineries for agricultural bio-materials, play an important role in numerous technological
knowledge of basic properties of these bio-materials processes and in evaluating product quality during
are required. The physical and mechanical properties drying and also in the design of silo and other storage
among others are important in the farm structure and structures (Olaniyan and Oje, 2002). Raphia

in the design of machine equipments for various (farinfera) is monoecious, meaning that male and
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female flowers, which are reddish in colour and have
a sharp, prickly tip, are borne on the same plant. The
seeds of this palm are variable in size and shape, but
are generally large, up to 9.5 centimeters in length,
ovoid with a narrow base, and reddish-brown in
colour. Each fruit is covered in symmetrical rows of
large, shiny, overlapping scales, and contains a
curved or spindle-shaped seed. Most raphia palms
shed large numbers of seeds, often leading to dense,
uniform stands of the same species, although the
fruits attract a range of animals which may aid in
seed dispersal. Like all palms of this group, Raphia
farinifera flowers only leaves once and then dies
(Otedoh, 1990).

Raphia farinifera occurs in freshwater swamps and
on river banks in the Guinea Zone of West and
Central Africa. It generally does not tolerate saline
conditions; near the Guinea coast it is replaced by
raphiapalma-pinus. In some places (e.g. Southern
Benin and South-Eastern Nigeria) human activity
(cutting of dicotyledonous, trees planting of raphia
farinfera) has turned natural swamp vegetation into
‘rafiales’, in which raphia farinfera is the dominant
species. The soils of Nigerian freshwater swamps are
light textured and generally acidic (Aghimien, 1984).
Managed stands of raphia farinifera are mostly left to
rejuvenate naturally by seed. In Nigeria, selected
trees are left untapped for this purpose. Occasionally,
raphia (farinifera) is propagated from seed. The
1000-seed weight is about 25 kg. The germination
period may range from 1-24 months, and the
germination rate from 30-60%. Young plants are

easily transplanted. In nurseries, a spacing of 30 cm x
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30 cm is recommended. It has been claimed that
seeds should be sown ventral side upwards, because
the embryo is located on this side, but research has
shown that seed orientation does not influence
germination or seedling growth (Otedoh,1981). In
Nigeria, Raphia farinifera sometimes serves as
support for yams. In Benin, tomatoes, cassava, sugar
cane, red pepper and other crops are sometimes
grown on earth ridges in raphia farinifera swamps.

Flowering in raphia farinifera usually occurs only
after a prolonged period of wvegetative growth,
perhaps lasting years, at the end of which a burst of
growth causes the central axis of the palm to elongate
to four meters or more in height. This is followed by
the development of large, complex, branched
inflorescences which can reach an impressive three
meters in length and which, unusually for this genus
are held erect. A full survey of raphia farinifera
populations has been recommended throughout its
range, in order to better assess its conservation status.
It has also been suggested that local people should be
encouraged to use the more common Species
raphiafarinifera in  building and palm wine
production, in preference to raphia regalis. Although
previous authors (Ndon, 2003 ) have reported works
on the various uses of this exudate but there is
the physical

properties of the raphia seed. The

however scanty report on and
mechanical
objective of this research is to determine the physical
and mechanical properties of the Raphia seed, which
will enable the evaluation of its application or its

potentials.
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2. Materials and Methods

2.1 Sample Preparation

The raphia seed was collected from the fresh water
swamp forest of opobo village in Nkoro Local
Government Area Council of Rivers State, Nigeria.
The seeds was removed from the bunches and left
after a week. The epicarp, mesocarp and endocarp
was separated, washed and air dried. The seeds are

shown in Figure 1.

Figure 1: Raphiafarinifera Seeds

2.2 Determination of Physical Properties of

Raphiafarinifera Seeds

Hundreds seed weight was measured by counting 200
raphia seed and then weighed in the digital weighing
balance of 0.01 g accuracy (Hojat et al 2009). The
colour of raphia seed was determined by using
reflectivity and absorptivity character of the
electromagnetic radiation [e-Radi (zadiac 0034612-
2004 Y)] in the Physics Department Laboratory of
the Federal University of Technology, Minna. The
weight and volume were determined by using

electronic weighing balance and toluene (C;Hjg)
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displacement method. Toluene was used instead of
water displacement method because the seed will not
be able to absorb much toluene which can affect both
the the
properties.The geometric mean diameter of the seed

and volume of seed engineering
was determined from the major (a).minor (b) and
intermediate (c) diameter using the relationship given
by Moshenin (1992). The

produce simply indicate the amount of water present

moisture content of a

in that agricultural produce and this is of great
importance to both food scientist and agricultural
engineers as it helps in determining certain adaptation
and resistance to processing stages such as drying,
storage, cooking , and consumption. It can be
expressed in dry or wet basis. This is a measure of
how close the material is to a sphere. The sphericity
of raphia seed was determined by obtaining the
values of the major, minor and intermediate diameter
of the seed.The sphericity was calculated using the
formular below (Moshenin, 1992). Surface area is
defined as the total area over outside of the seeds.
The surface area was measured by wrapping
aluminum foil round the seed and cutting the foil into
pieces. The pieces was passed through an area meter
to find the area of the foil, which represents the
surface area of the seeds. The area meter was used to
measure only the apparent area of the foil which was
not affected by creases in the foil. (Eissa and Gamea
2003). This was determined by weighing 20g of
raphia seed which was poured into 250ml graduated
cylinder. The cylinder was taped ten times against the
palm and placed gently on the table and the final
volume was taken. This final volume was used to
calculate the bulk density as g/ml. This was done for
five replicates and the average was taken (Usuf, et
al., 2004). Volume of the seeds was determined by
toluene (C;Hg) displacement method. Toluene was
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use as its level of absorption and surface tension was
very low compared to water thereby enabling it to
flow smoothly over the seed surface (Moshenin,
1992). Toluene was poured into a measuring cylinder
of 1000cm®. The amount of toluene displaced was
determined by hanging each of the seeds in the
graduated measuring cylinder and the increase in the
weight of the seed was calculated. The mass of each
seed was obtained using an electronic balance with
sensitivity. This was computed from the obtained
values of the true density and bulk density of the
raphia seed (Moshenin, 1992). The coefficient of
static friction of raphia seed was determined on three
different surfaces (plywood, glass and mild steel)for
all the three samples. It was determined by filling a
hollow plastic box with seeds. The box will be placed
on the surface, which was gradually tilted until the
box just began to slide down the surface. The angle
the surface made with the horizontal was taken.
Coefficient of friction (u) was obtained by finding
tangent of the angle. The specific gravity was
determined as a function of moisture content by the
use of a wvoid meter manufactured by Jecons
Scientific Limited, Bedfordshire, England. Raphia
seed was placed in the sample jar and water was
added to determine the percentage void content by
reading value from the scale on the tube. After this,
the material was weighed and the mass was
recorded. The percentage void content of the sample
was computed on the basis of the mass of the sample
in the sample jar which was subtracted from the mass
of the sample in the jar. The value obtained was used
to divide the weight of the sample to obtain the

specific gravity.
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2.3 Determination of the Mechanical Properties of
Raphia Seed

The mechanical properties of the raphia seed was
carried out at Federal Institute of Industrial Research
Oshodi, (FIIRO) Lagos. The compressive test was
conducted using Testometric Machine (ZDM50-
2313/56/18, Germany). The Testometric Machine is

shown in Figure 2.

Figure 2: M 500- 25KN
MACHINE.

TESTOMETRIC AX

3 Results and Discussion

3.1 Physical properties of Raphia Seed

The results of the physical properties of raphia seed is

shown in Table 1.

The shape of the seed was obtained by tracing the
projected boundary outlines of the raphia seed was
compared with shape on the charted standard, which
gave an oblong shape. The length, width and
thickness obtained for the 200 samples of the raphia
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seeds were in the range of 52.6-89.5, 20.3-28.3, 12.7-
26.1lmm with mean values 65.24, 24.57, 22.31 mm
respectively. The calculated values of the geometric
mean diameter and sphericity ranged from 23.93-
37.78 mm and 39.43-60.42 % with mean values as
32.85 mm and 50.74 % respectively. The values were
higher than the corresponding values reported for oil
bean seed (Oje and Ugbor, 1991), as well as that
reported for bread fruit seed (Omobuwajo et al,
1999). The low sphericity and geometric mean
diameter of the seed indicated that the Raphia seed is
likely to slide rather than rolling. The average
thousand seed weight obtained for the seed was 23.39
kg. This result shows the seed has a considerable
high weight which can be used as aggregate in farm
structures. The average bulk density obtained for the
seed was 0.70 g/cm® while the true density varied
from 0.76- 0.80 g/cm® with mean value and standard
deviation as 0.80 g/cm and 0.05 respectively. It was
observed that the mean value of the bulk density is
higher than the true density. The estimated value for
the porosity varied from 38.06-39.02 %. The result

obtained indicated that there is relatively low level of
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void solace in the material which indicated that the
seed can be used as aggregate in structural
constructions. The porosity of the seed is important
because it shows the resistance of the seed to airflow
during drying process. The results of the surface area
varied from 1495-3844mm with a mean value of
1373.33mm and standard deviation as 987.01. The
result indicated that there is high variation in the
surface area of the seeds. The of the coefficient of
friction obtained on glass surface, sheet metal and
wood surface varied from 0.36-0.39, 0.42-0.53 and
0.51-0.53, with mean values as 0.38, 0.49 and 0.52
and standard deviation as 0.01, 0.05 and 0.01
respectively. It was observed that the seed had the
highest coefficient of friction on wood surface and
the least coefficient of friction on glass surface. This
occurred because the least frictional resistance on the
glass surface and higher frictional resistance on the
wood surface. This property is of paramount
importance in determining the steepness of storage
container, hopper and any other loading and

unloading device.

Table 1: Physical Properties of Raphia Seeds at 20.43% (d.b) Moisture Content

Standard
PARAMETERS Mean values Maximum values Minimum values Deviation
Length(mm) 65.24 89.5 52.6 0.74
Width(mm) 24.57 28.5 20.3 0.13
Thickness(mm) 22.31 26.1 12.7 0.16
Geometric Mean Diameter(mm) 32.85 37.78 23.93 0.17
Surface Area (mm?) 1373.33 3844.00 1495.00 987.01
Sphericity(%) 50.74 60.41 39.43 3.92
Hundreds Seed Mass (kg) 24.39 24.39 24.39 0.01
Bulk Density (g/cm 3) 0.70 0.70 0.70 0.00
True Density (g/cm 3) 0.80 0.87 0.76 0.05
Porosity (%) 36.92 39.02 33.86 2.21
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Coefficient of Friction

Glass Surface 0.38
Sheet Metal Surface 0.49
Wood Surface 0.52
Specific Gravity 1.54

www.futminna.edu.ng

0.39 0.36 0.01
0.53 0.42 0.05
0.53 0.51 0.01
1.55 1.53 0.01

3.2 Mechanical behaviour of Raphia Seed

The Table showing the results of some of the
mechanical properties raphia seed test carried out are
presented in the appendix pages (Tables 2 and 3).
This tables present the graphically behavior of the
raphia seed under load or force both longitudinally
and transversely. With anvil height set on
Tensometric Machine for the 200 pieces of raphia
seed samples when the seed is placed longitudinally
the compressive force at break were 3.08, 4.033,
6.052, 8.000, 10.085, 6.920 and 7.000 kN, while the
9.200,
9.221,9.301,9.302,11.230, 12.225, 13.099, 14.055

and 15.000 mm. Sample B, when the seed is placed

deformations at break were

transversely, the compressive force at break were

8.023 kN, 9.580, 9.801, 10.022, 12.925, 9.999,
13.501, 13.011 and 12.925kN, respectively. For
sample C, when the seed is in its natural position, the
compressive force at break were 8.501, 8.520, 10.20,
9.80, 9.60, 9.50, 12.99, 13.80, and 14.41 kN and the
deformation at break were 4.80, 5.40,5.70, 5.90, 6.00,
6.20, 6.75, 9.00 and 9.40 mm, while for sample D,
when the seed is placed longitudinally were 7.902,
12.510, 1258, 13.30, 13.400, and 14.100 kN
respectively and the deformation at break were 6.580,
8.20, 4.700, 6.750 and 7.510 mm, respectively. Also,
for sample E, when the sample is placed transversely
the compressive force at break were 6.501, 6.200,
6.000, 6.500, 8.500, and 3.890 kN while the
deformation at break were 11.540, 11.580, 12.000,
12.540, 13.530, and 14.050 mm, respectively.

Table 2: Longitudinal Results of Mechanical Properties of Raphia Seed

Test Force @break Deformation Force @Break Deformation
(N) @Break (mm) (N) @Break (mm)

Min 3818.0 11.689 4743.0 11.951

Mean 6258.7 12.682 6792.0 13.077

Median 6482.0 12.664 6862.0 13.375

Max 8530.0 14.259 8124.0 14.035

S.D 1505.4 1.047 1148.8 0.782

The mechanical results of the seeds when it was placed longitudinally i.e. the force @break and deformation

@break on the testometric machine.
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Table 3: Transverse Results of Mechanical Properties of Raphia Seed

Test Force Def @Break  Force Def @Break  Force Def @Break
@break (mm) @Break (mm) @Break (mm)
(N) (N) (N)
Min 3737 9.187 7474 4.8520 8171 5.4850
Mean 6306 11.518 10328 6.5768 11063 6.9028
Median 6484 11.315 9627 6.0560 10065 6.4200
Max 10549 15.002 14281 9.3530 13561 8.9300
S.D 2525 2.355 2451 1.5724 1999 1.3199

The mechanical results of the seeds when it was placed transversely i.e. the force @break and deformation

@break on the testometric machine.

Figures 3 to 7 shows that more pressure is expected
on the seed samples as it begins to extend towards it
axis, thereby causing a break or crack which increase
as more load is placed on it thereby giving the rise
and fall slope on the graph due to variation of
strength within the see product. From the values
obtained, it shows that the pressure in cracking the
seed in longitudinal position is greater than when

placed in transverse or natural position, this can be

concluded that increase of storage and bagging, the
seed should be placed at longitudinal position
because it takes more force to break or crack at
longitudinal position compared to the transverse and
natural positions. This knowledge is essential for the
farm product designers which can be applied in the
design process of handling, harvesting machines and

storage devices for raphia seed.

Force @ Break (KN)

1= 000

Def@ Break in (mm)

Figure 3: Compressive Force @Break against Deformation
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4.0 Conclusions

The study into the physical and mechanical properties
of raphia seed revealed that seed had an ovate shape
and the particle density of raphia seed had a lesser
value than their aspect ratio. Densities have been of
interest in breakage susceptibility and hardness
studies. The sample A (when the seed was placed

longitudinally) has the highest compressive load
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while, sample B (when seed was placed transversely)
has the lowest compressive load. Knowledge of
compressive strength is vital to engineers handling
agricultural products. From the data obtained for the
selected physical and mechanical properties of raphia
(farinifera), it was established that, they are useful in
design of post harvesting, handling and processing
operations. The physical and mechanical properties

of raphia seeds was investigated to enable the
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knowledge of compressive strength which is vital to
The

determined physical properties of raphia had an

engineering handling agricultural products.

oblong shape and the particle density of raphia seed
has a lesser value than their aspect ratio. The
mechanical properties of raphia seeds when the seed
was placed longitudinally have the highest compressi
ve load. These parameters are important in designing
equipment for handling and processing operations of

the product.
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ABSTRACT. The factorial experimental design approach for the synthesis and characterization of templated zeoliteY was
carried out by the hydrothermal process procedure using high temperature, low cost chemicals and simple apparatus. Using
a batch composition 23.4Na,0O: Al,O3: 83.4Si0;,: 4.2(C¢H2Ny4): 3750H,0 and structural directing agent (SDA)
Hexamethylene tetramine (CgH1,N4). A 2% fractional factorial design of experiments was applied in the design of the
synthesis conditions used to conduct the experiment. The samples obtained were characterized by the use of powdered X-
ray diffraction (XRD) and the scanning electron microscopy (SEM) methods. The results of the characterization showed
that, the XRD patterns of the as-synthesized zeolite matched with those of the commercial Zeolite Y show sharp and
narrow XRD peaks predominantly crystalline, while the images were of spherical crystals and represent a typical
morphology for zeolite Y. It also showed a uniform size crystal distribution across the SEM images with an average size
of 71 pm, while the highest percentage crystallinity was 48.52 %. A Mathematical model for the templated zeolite Y was
derived from the experimental data and validated by the predicted and actual values of the conditions of synthesis. The
optimal conditions for the synthesis of templated zeolite Y are: crystallization time of 43.00 h, crystallization temperature
of 177.5°C and ageing time of 60 h. The conditions ranges crystallization time 38-48 h, crystallization termperature 165-
190 °C, while the ageing time ranges 48-72 h. Given the results the model can be use as tool for interpretation of the
obtained relationship and the conditions was validated with an R? of 0.9308 which indicates 93.08 % similarity between
experimental and predicted values.

Keywords: Zeolite Y, Experimental design, Synthesis, purity.

1. INTRODUCTION produces several classes of inorganic minerals such as

Faujasite aluminiosilicate FAU, zeolite Y is a very crystalline silica and zeolites (Siti, 2007). Many variables

important zeolite in respect to its volume in research mostly influence the synthesis of fuajasite materials. These
activity and large scale in commercial use (Karami &  Variables include the inorganic cations, SiI/Al ratio,
Rohani, 2009). The synthetic zeolite Y has found  Crystallization time and temperature, ageing time,
applications principally in the field of catalytic ~ concentration, pH, batch composition, water content
cracking (FCC) of vacuum gasoil and in adsorption of (Cejka, 2007). Therefore, a multi-variable experimental
volatile organic from wet off-gas streams (Jolanta, design is necessary in order to investigate the factors
2010). The faujasite materials are characterized by  influencing the resulting output (Dongsheng et al, 2009).
high surface area, uniform pore size distributions witn 10 effectively synthesis Zeolite Y, mostly a single factorial
pore sizes in the range 0.9-1.2nm and high thermal method was applied to optimize the synthesis conditions,

stability (Karami & Rohani, 2009). which involves varying one variable at a time and keeping

the rest constant (Xiaming & Erdong, 2007)). In this

Zeolite are generally a high class of crystalline  method, many experiments were required, and it becomes
aluminosilicate materials and the major approach to  very difficult to study the interactions between the
preparation of zeolite is by the hydrothermal synthesis,  variables as they may influence the synthesis of the zeolite.

which is similar to the naturally occurring process that  Therefore, multi-variable experiment will give a better
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output. It involves statistical design of experiment and it is
an efficient way to obtain the maximum amount of
information with fewer possible numbers of experiments,
which helps in the investigation of factors influencing the

resulting output (Katovic et al, 2001)

A factorial experiment can be analyzed using analysis of
variant (ANOVA) or regression analysis. It is relatively
easy to estimate the main effect for a factor. To compute
the main effect of a factor "A", subtract the average
response of all experimental runs for which A was at its
low (or first) level from the average response of all
experimental runs for which A was at its high (or second)
level (Box & Draper, 1987).

2. METHODOLOGY

2.1 Materials

The materials used for this work are basically the reagents, which

are mostly manufactured by Chadwell Heath Essay, England.

The chemicals include the Aluminium Nitrate
AlI(NO3)3.9H,0, Sodium  Silicate (water  glass,
Na,SiO03.9H,0) and a structural directing agent

Hexamethylenetetramine (CsHi2N4). All the equipment
were obtained in Minna and used in the Chemical
Engineering Departmental laboratory, Federal University

of Technology, Minna, Nigeria.

2.2 Design of Experiments

In this study, a 2° factorial experimental design was

used to determine the optimum synthesis conditions.

The parameters used were the ageing time,
crystallization temperature and crystallization time
and were study at both low and high levels with the
response been percentage purity. The high level of the
ageing time was 72 h and the low level 48 h. The high
level for crystallization temperature was 190 °C and

the low level was 165 °C. The high level for

www.futminna.edu.ng

crystallization time was 48 h, while the low level was
38 h.

Table 2.1: Variables for 23 factorial designs

Factors parameters values

Lower level (-1) High level(+1)

Xy: Ageing time (h) 48 72
X,: crystallization temp (°C) 165 190
X3! crystallization time (h) 38 48

72

The design matrix is as shown (Table 2.1)

2.3 Characterization
The phase identification was performed by X-ray diffraction
(XRD) PANalytical ~ X’Pert

diffractometer with Cu-Ke radiation (40 kV, 40 mA). The

using a computerized
20 value was scanned in a range of 5-80°. The morphology
of the individual crystal was observed by scanning electron
microscopy (SEM) with a PHILIPS XL-30 ESEM
microscope (Dongsheng et al, 2009).. The response
measured, P, was the relative crystallinity of zeolite Y
samples. The value of P was calculated using the
following equation (Eq. (1)) from the peak area of
angle 26 in the XRD spectra, using a highly

crystalline sample

Ysample

%XRDcrystallinity(P) = %X 100

1)

Where P is the relative crystallinity, ~ Isample sum

YIreference

of the peak area of product, XIrefernce the peak
area of reference sample. While the average crystal
sizes was calculated by the scanning electron

micrograph (SEM) technique.

2.4 Zeolite Y synthesis procedure

A series of templated zeolites Y were synthesized
hydrothermally, using salt solution of analytical Aluminum
Nitrate Al (NO3)3.9H,0, Sodium Silicate (water glass,
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NaQSi03.9HQO)

Hexamethylenetetramine  (CgH12Ny).

and a structural directing agent
Using a batch
composition 23.4Na,0: Al,03: 83.4Si0;: 4.2(CeH12Ny):
3750H,0. The distilled water was divided into two equal
parts of 111.7 ml. The template solution was prepared by
dissolving 1.95 g of Hexamethylenetetramine (CeH12N4)
in 111.7 ml of distilled water and stirred vigorously. The
second half of the distilled water 111.7 ml was used to
dissolved 2.45 g of Aluminium Nitrate Al (NO3)3.9H,0
and 88.4 g of Na,Si03.9H,0 (water glass) sodium silicate
was then added to dissolve and stirred (Tshabalala,2009).

The template solution of 111.7 ml and the second solution
were then poured into a blender to stir it more intensively
until a smooth jellylike form was consistently obtained.
The final mixture was then transferred into 100 ml plastic
beaker and allowed to age for 72 h, after which the
solution was then transferred to an autoclave equipped
with a 50 ml Teflon vessel. The autoclave was then put in
the oven and the contents were allowed to crystallize at a
temperature of 190 °C for 48 h. After the hydrothermal
treatment, the autoclave contents were filtered and washed
with distilled water until the filtrate had a pH of 9. The
resulting product was then dried at 120 °C for 6 h and later
calcined at 650 °C for a period of 4 h to get rid of the
The

suspected to be templated zeolite Y. Using the same

organic  impurities/template. resulting  product
procedure, the entire procedure was repeated for seven (7)

different more runs for different Ageing time,

crystallization temperature and crystallization time.

3.0 RESULTS AND DISCUSSION

The characterization of the zeolite Y produced by XRD
showed that the as-synthesized zeolite Y has the

characteristic peaks of zeolite Y.
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Fig. 3.1: XRD patterns of the Synthesized Templated
zeolite Y.

The XRD patterns of the as-synthesized zeolite Y matched
with known zeolite Y pattern which shows the required
sharp and narrow XRD peaks (Dong, Bin, Guang, Qiang,
Gaomeng, Lian and Jishuan, 2005) and are predominantly
crystalline as shown in Figure 3.1. Also from Figure 3.1,
the produced zeolite Y showed the characteristic peak of
zeoliteY at 20 values of 6.15° 10.2°, 11.0° and 16.0° and
there is a clear broadening of the reflection from the
sample and the decrease in peak intensity from 20.2°,
30.0°% This can be attributed to the presence of small
crystals and some impurities, noise and amorphous phase
from 20 values of 35° to 45°.

The XRD pattern also compared well with some other
work on zeolite Y as reported in literature such as in the
work of (Karami & Rohani, 2009).
crystallinity which serve as the purity was calculated, is
depicted in Table 3.1

The percentage
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Table 3.1: Percentage crystallinity

Run Factor 1 Factor 2 Factor 3 Response
A:Ageing B:Cry C:Cry Cry
time(hrs)  Tempt Time (%)

€9 (h)

1 72.00 190.00 48.00 48.52

2 72.00 190.00 38.00 45.37

3 48.00 165.00 48.00 41.11

4 48.00 190.00 38.00 43.33

5 72.00 165.00 48.00 35.37

6 48.00 165.00 38.00 30.74

7 48.00 190.00 48.00 40.56

8 72.00 165.00 38.00 41.85

Table 3.1 shows the various percentage crystallinity at the
runs conducted, the percentage is higher for the first run at
48.52 % while the lowest is at run 6 at 30.74 %. The
percentage crystallinity is used as the response in the work
and shows the purity of the synthesized zeolites (Karami et
al, 2009). The Table also shows that the highest percentage
crystallinity was obtained at the highest conditions of
synthesis with ageing time 72 h, crystallization time 48 h
and crystallization temperature 190 °C. While the lowest
percentage crystallinity is at the lowest conditions with
ageing time 48 h, crystallization time 38 h and
crystallization temperature 165 °C respectively. This is an
indication of the importance of ageing time and the
crystallization time, since at highest level it gives the best
results of crystallinity and at lowest the lowest
respectively. But considering the factors of time and cost
of running the experiment, the experimental runs 4, gives a
more realistic result. The ageing and crystallization time
were lower 48 h and 38 h respectively, with a
corresponding temperature of 190 °C given a percentage
crystallinity of 43.33 % which is within the range of the
experiments best. From experiment run 4, this showed that
more time can be saved thereby achieving the aim at a

minimum time.
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The crystallite size is one of the important parameters that

influence  physical  properties of  nano-materials.
Fabrication of materials with specified properties requires
close control of crystallite size (Uvarov & Popov, 2006).
In order to establish the crystal size of the zeolite samples,
the scanning electron micrograph (SEM) technique was
used. Representative micrographs of synthesized zeolites

Y are shown in Figure 3.2 to 3.6 respectively.

Fig. 3.2: SEM image of sample at Ageing time
72 h, 48 h and
Crystallization temperature 190 °C

Crystallization time

Fig. 3.3: SEM image of sample at Ageing time
72 h, Crystallization time 38 h and
Crystallization temperature 190 °C



Fig. 3.4: SEM image of sample at Ageing time
48 h, crystallization time 48 h and
crystallization temperature 165 °C

Fig. 3.5: SEM image of sample at Ageing time
48 h, Crystallization time 38 h and
Crystallization temperature 190 °C

From Fig. 3.2 to 3.6 an average crystal size of
around 90.49 um for microcrystalline zeolite Y
image was observed and it also showed that the
crystal size distribution appears to be uniform.
This is expected since the precursors are protected
from aggregation during the crystallization.
Based on the observation from the SEM images
(Fig. 3.2 to 3.6) all had similar morphology. This
typical morphology for zeolite Y was shown by

other researchers as well (Uvarov et al 2006).
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Fig. 3.6: SEM image of sample at Ageing time 72 h,
Crystallization time 48 h and Crystallization
temperature 165°C

SEM images revealed that the sample had Spherical
crystals with blunt edges, and has a defined morphology of
zeolite Y (Uvarov et al 2006). The crystal sizes were
calculated using the SEM micro-graphs of the synthesized
samples.. It shows an increase in the ratios as the
synthesized parameters varied.

A full factorial requires at multi level many experiments
(Dongsheng et al, 2009). Interactions between different
variables could be important in the study. Therefore one of
fractional factorial design methods was used for the data
analysis and was performed with the design Expert
software version 7(stat-Ease Inc. Minneapolis, USA),
(Karami et al, 2009). The analysis of a 2° factorial design
resulted in an overlap between the main variables and their
interaction terms. In this work, all interaction effects
greater than 0.1000 were ignored. While the values lower
than 0.1000 were statistically significant in the model.
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Table 3.3: Analysis of variable (ANOVA for selected
Factorial Model)

‘ source Sumof d Mean F- P- Remarks
square square value value
Model 2115 4 5288 2453 0.01 Significa
3 25 nt
A- 29.38 1 29.38 13.63 0.03 Significa
Ageing 45 nt
B-Cry 102.7 1 102.7 47.66 0.00 Significa
temp 5 5 62 nt
AC 1482 1 1482 6.88 0.07 Significa
89 nt
ABC 6458 1 6458 2996 0.01 Significa
20 nt
Residual 6.47 3 216
Cor. 2180 7
Total 0

The Model F-value of 24.53 confirmed the model to be
significant. There is only a 1.25% chance that a "Model F-
Value" this magnitude could occur due to noise. Values of
"Prob > F" less than 0.1000 indicated model terms are
In this work A, B, AC and ABC are

significant model terms. Values greater than 0.1000

significant.

indicated the model terms are not significant.

Table 3.4: Calculation of the coded factors

www.futminna.edu.ng

Cry % = +40.86+1.92*A+3.58*-1.36*A*C+2.84*A*B*C,
(3.0)

Where A is the Ageing time, B is the Crystallization

temperature and C the Crystallization time, respectively.

The final equation was arrived at considering the coded
factors which are very significant in this work. Table 3.5,
showed the diagnostic statistics of response, while Fig 3.7
is the plot of the predicted values against the actual values
in the model (Eq. (3.0)).

Predicted vs. Actual

Desi gn- Expent® Software:
Cry %

Caor points by value of
Cry%

4852

an7s

2006 —

Actual

Figure 3.7: Predicted vs Actual value

As can be seen in Figure 3.7, predicted values matched

experimental (actual) values reasonably well as they

converged on the linear path and the “Pred R-Squared" of

0.7890 was found to be in reasonable agreement with the

Factor Coefficient df Standard 90% CI 90% VIF
Estimate Error Low Cl
High
Intecept 40.86 1 052 39.64 42.08
A-Ageing  1.92 1 052 0.69 3.14
B-Cry 3.58 1 052 2.36 4.81
Temp
AC -1.36 1 052 -2.58 -0.14
ABC 2.84 1 052 1.62 4.06

100 “Adj R-Squared” of 0.9308 for response. Therefore this
1.00 model is a sufficient basis for interpretation of the obtained

1.00 relationships. The response (percentage crystallization) at

0 . . . . .
any regime in the interval of our experimental design can

be calculated from Eqg. (3.0).

Table 3.4, showed the significant values of the coded
factors, factor C is eliminated because the value of C was

outside the given value of 0.1000.

Final Equation in terms of coded factors
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The significant nature of most of the results of experiment
and interaction been significant, it can magnify or diminish
the effect of a factor (Dongsheng et al, 2009). The surface
plot can be visualised as a three dimensional (3D) plot that
showed the predicted responses as a function of the two
factors keeping others constant (Dongsheng et al, 2009).
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Figure 3.8: 3D view of Interaction crystallization time
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The 3D plots in Figure 3.8, showed that as the ageing time
and crystallization time increases, there is an increase in
the percentage crystallization, until a time when a fall is
observed in percentage crystallization. While Figure 3.9,
showed that the crystallization temperature and ageing
time are the most important variables. This can be seen as
in both resulted in an increase in the

an increase

percentage of crystallization.

Considering all plots of the analysis and results, the

optimal condition for the synthesis of templated zeolite Y
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43.00 h,
crystallization temperature of 177.5°C and ageing time of
60 h. The condition was validated with an R® of 0.9308

which indicates 93.08 % similarity between experimental

should be at a crystallization time of

and predicted values.

3. CONCLUSION

Synthesis of crystalline zeolite Y has been successful using
hydrothermal sol gel procedure from synthesis mixtures. Zeolite
Y was successfully synthesized with a single method which
involved high temperatures and simple apparatus. The 2° factorial
design and response surface analysis are found to be efficient
tools for the optimization of zeolite Y synthesis. The predicted
and actual values were found to be in conformity and validated
the model equation and the results showed that the model was a
sufficient tool for interpretation of the obtained relationship

Cry % = +40.86+1.92*A+3.58*-1.36*A*C+2.84*A*B*C. The
optimal condition for the synthesis of templated zeolite Y should
be at a crystallization time of 43.00 h, crystallization temperature
of 177.5 °C and ageing time of 60 h. The condition was validated
with an R? of 0.9308 which indicates 93.08 % similarity between
experimental and predicted values.
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ABSTRACT

Laboratory model tests on percolation rates were evaluated for a landfill mineral barrier system as compacted clay liner
(CCL) overlying unsaturated and saturated zone of known thickness respectively. The laboratory percolation model tests
were done to simulate the moisture flow regime and steady/quasi steady-state percolation rates for scenarios of a landfill.
The outcome of the tests showed the hydraulic conductivity of the fine textured unsaturated zone to be 1-2 magnitude order
lesser than saturated zone hydraulic conductivity. However, the hydraulic conductivity of the mineral barrier and the
percolation rate to underlying groundwater rely on the nature of the zone as the last line of defense to contamination
migration in an event of leachate leakage. Thickness values of up to 225 mm for the fine textured zones were reached and
they appeared to be effective parts of the tested landfill mineral barrier. Nevertheless, the unsaturated soil zone was found
to behave better than the saturated zone in the permeability of the overall barrier system thus, outcomes of the tests showed
permeability coefficient of the CCL (24 mm natural clay mineral barrier) to be the key controller of the steady/quasi
steady-state percolation rates through the overall lining system.

Keywords: Leachate, Percolation, Liner, Vadose zone.

1. INTRODUCTION species into vital groundwater resources (Rowe, 2005).
The breakaway and subsequent percolation of landfill The design and construction of landfill barrier systems

leachate through barrier lining systems as recorded by therefore, requires appropriate laboratory modelling with

Rowe (2011) is one of the major contributors to sol, relevant parameters such that, the potential impact of a

L . roposed barrier system can be ascertained. Generally,
surface and groundwater deterioration. In South Africa as prop Y y

. e software and laboratory landfill models use Darcy’s law to
in many parts of the world, composite lining systems

consisting of either a geomembrane (GM) or geosynthetic estimate  percolation  from the barrier system to

clay liner (GCL) and compacted clay liner (CCL) are used groundwater levels. At this point, selecting suitable

in waste containment facilities. As reported by Touze- permeability coefficients for CCL and the underlain soil

Foltz (2006) substantial research has been done and more zone is crucial in curbing migrating contaminants in the

. . . case of leachate breakaway due to membrane failures
are ongoing on factors and impacts of leachate percolation

(Bouazza et al., 2002). With respect to the unsaturated
zone, Freudlund and Raharjdo (1993) stated that the

permeability coefficient of soils is a function of pore-water

through landfill lining barriers. In similar studies, Rowe
(2004) showed how single low permeability clay liners

have been effective in containing advective leachate

percolation to regions of consequential impacts. It has been pressure; irrespective of the drastic changes that could

demonstrated that in the absence of a GM but with a oceur in the unsaturated zone triggered by minute

leachate collection system (LCS) of typical design heads alteration in the soils moisture content. It has been

up t0 0.3 m, CCL relying on the natural geology/aguitards observed that most laboratory tests and modelling software

can contain leachate percolation through landfill barrier estimate percolation rates by single uniform permeability

. L . coefficient value for the CCL, disregarding the reliance of
systems as such, preventing the migration of contaminant
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permeability on moisture content (MC) in the unsaturated
This that

percolation rates beneath the containment barriers are often

zone. simply implies escaped leachate
underestimated leading to grave contamination in an event
of a contaminant breakaway in landfills. As such, it is
noted that the percolation through the entire barrier system
depends on the type and sequence of the layers. It is for
such reasons that this laboratory study assessed the
percolation rates in landfill leachate migration using a
The

percolation

bespoke percolation model. study evaluated

steady/quasi  steady-state rates into
groundwater reserves/aquifer through CCL as landfill
barrier system overlying unsaturated and saturated zones
of known thicknesses. The zones were tested as fine
textured soils collected from the landfill site. The impacts
on percolation rates of uniform saturated and unsaturated
permeability values, soil texture and the permeability of
CCL were estimated. In this study, only the case of a
single low conductivity CCL overlying a soil zone was
investigated as it represents most of the cases around
visited landfills in Johannesburg, South Africa. Also, the
study offers a more conservative scenario reliant on the
geology of a typical dump site as compared to cases of
engineered landfills with composite barrier systems i.e.,
incorporating a LCS, GM or GCL, to a CCL overlying a
soil zone. Hence, the results herein are noted to be

conservative of composite landfill barrier cases.

2. METHODOLOGY

The fine textured soil in the study was sampled as clayey
material used as the CCL, saturated and unsaturated zones.
The clayey soil was collected in Johannesburg, South
Africa, around a landfill site slightly distant from the dump
as shown in Figure 1. The soil sample was mechanically
tested to determine its characteristic properties with its
grain size distribution curve shown in Figure 2 while its

compaction curve showing the relationship between

www.futminna.edu.na

optimum moisture content (OMC) and maximum dry unit
weight (MDUW) determined by compaction test in
consonance with American Society for Testing and

Materials (2012) is seen in Figure 3.

80

Fig. 1 amlinsne

The standard proctor compaction was achieved with a light
self-weighted rammer of about 0.0244 kN and striking
effort of about 595 kN-m/m°. The tests yielded OMC of
16.2 % and MDUW of 15.6 kN/m® for the barrier liner
while the saturated and unsaturated zones had MDUW and
OMC of 11.7 kN/m® and 22 % and 11.4 kN/m® and 6 %
respectively. Values for permeability coefficient gotten in
accordance with American Society for Testing and

Materials (2006) were measured by falling head test.
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Fig. 2: Clayey soil grain size distribution curve
The unsaturated zone was prepared with relatively low
water content while the saturated zone had high water
content. The soil zones were lightly compacted to best
simulate in-situ conditions of the natural soil respectively.
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The relationship between the permeability and dry unit
weight of the soil used as barrier liner is shown in Figure
4. The leachate used in the study was collected from a
pond at the site. The pond held generated leachate formed
by decomposed waste, infiltrated storm water and/or
intercepted surface water in contact with the waste pile in-

situ as seen in Figure 5.

X 2
2515 _—
X%
%Q 1 —— Clayey soil
EE05
£ o0

125 148 152 137 131 128

Dry unit weight, yd (kN/m3)

Fig. 4: Permeability variation of barrier clayey soil
The actual landfill leachate was of interest to the study
such that at best, real life percolation conditions of the
leachate-soil interaction can be visibly simulated and
monitored in the laboratory. Also validate results of similar
studies carried out by the authors with respect to landfill

leachate migration through defected

lining barriers
(Agbenyeku and Akinseye, 2015; Agbenyeku et al., 2014a,
b; 20134, b).

e e o O :
Fig. 5: Permeate collected from leachate pond

On the model device the leachate reservoir was marked to
hold a constant head of 250 mm but since the mechanism
to keep constant head was not designed for in the device, it
was maintained by manually topping up the leachate level
as it dropped throughout the test procedure. A pictorial and
schematic view of the bespoke model device is shown in
Figure 6 (a) and (b). For this test, the model comprised of
three sections:

81
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(1) the bottom part called the bucket section; which
contained the unsaturated and saturated soil of 225 mm
thickness respectively simulating the zones below the

barrier liner as seen in Figure 7.

i

(b) Schematic view
Fig. 6: (a) and (b) bespoke model device

y ? ]
(b)

(a)
Fig. 7: (a) Moist geotextile on porous stone to prevent
outlet clogging (b) Lightly compacted simulated saturated
and unsaturated zone

(2) the mid-block called the barrier holder; which
contained the compacted soil barrier (natural clayey soil as
CCL) overlying the respective zones as seen in Figure 8
(@) and (b), and (3) the upper part above the soil barrier
liner; which functioned as the leachate pond as shown in
Figure 9 (a) and (b) was filled with de-ionized water to
saturate the system before the actual leachate was
introduced. Soil layers were prepared in the bottom section

and the mid-block sample holder and leakage free



www.seetconf.futminna.edu.na
connection was ensured by using O-rings, gasket corks and
sealants to secure an airtight assembled device.

@ )
Fig. 8: (a) Standard proctor compaction of soil (as CCL) in
barrier holder (b) Designed barrier liner

The leachate was then added and the vertical hydraulic
conductivity, k, value, in stratified soil (overall hydraulic
conductivity of barrier-vadose system) was calculated and
used to determine the percolation rate, Q, through the
entire system on the assumption that since the barrier liner
and the soil zones are not in direct contact, leachate that
percolated the barrier went straight into the zones. This
was further benched on the fact that the hydraulic
conductivities of the soil zones were higher than the CCL
since the zones were only lightly tampered to simulate a

porous substrate and was not prepared at OMC.

(b)
Fig. 9: (a) De-ionized water in reservoir (b) Actual
leachate in reservoir

This part of the experimental work studied the changes in
the hydraulic conductivity through the soil-leachate
interaction. Four main test series were structured and done
in this study outside other confirmatory tests. However, the
conditions of two series of main concern to the study are
reported herein. “Equations (1) to (3)” were used to
determine:

The hydraulic conductivity (k) expressed as;
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k = QU/Ath 1)
Where; k is the hydraulic conductivity, Q, is the volume of
water collected, L, is the length of the sample, A, is the
cross-sectional area of the sample, t, is the duration of
effluent collection and h, is the total head. While the
hydraulic conductivity of a barrier liner-soil zone
(stratified soil layer) system was calculated and used to
determine the percolation rate through the entire system.

The vertical hydraulic conductivity in a stratified soil (k,)

is given as;
k., =Y Hi/> Hiki
TherEfore, kz =H; + Hg/(Hl/kl) + (Hg/kg)
(2)

Where; k, is the vertical hydraulic conductivity in a
stratified soil, Hy, is the thickness of the barrier liner, kq, is
the hydraulic conductivity of the barrier liner, H,, is the
thickness of the soil zone, ks, is the hydraulic conductivity
of the soil zone. The percolation rate through the entire
system for the test by Darcy’s Equation is expressed as;
0 =kAhA/L 3

Where; k = hydraulic conductivity of the entire system, Ah
= leachate head drop, A = cross-sectional area of the
system and L = thickness of the barrier liner-soil zone
system. The clayey soil was moulded with de-ionized
water and compacted in the mid-block to simulate water-
wet clay barrier. The samples in the bucket section were
gently compacted to simulate a loose substrate layer as the
soil zone thereby increasing its porosity and hydraulic

conductivity.

3. RESULTS AND DISCUSSIONS

3.1. Test for Leachate Percolation Rate
Outside validatory tests done in the study, two main test
series were adopted. Table 1 summarizes the test
conditions used for the study. The observed leachate-
soil

barrier interaction from percolation behaviours

through the barrier system are recorded herein.
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Table 1: Test series and conditions for the study

Test Barrier as *Eft Soil as vadose  **Eft
No. CCL zone

MDUW OMC MDUW  MC

(kN/m%) (%) (kN/m%) (%)
1 15.2 16 25b/1 " 11.4° 6°  Gentle
2 15.2 16 25b/1  11.77 22"  Gentle
*Standard Proctor Compaction Test (ASTM D-698)

**Gently compacted to simulate a loosed substrate
*Unsaturated zone **Saturated zone

Through each test, measurements were taken after the
actual test leachate solution was introduced into the
leachate chamber. This was done after the hydraulic
conductivity value using de-ionized water as initial
permeant stabilized to values in the order of 107 to 10°®
m/sec. The results of the percolation rates in the overall
lining system for the unsaturated and saturated zones are
graphically shown in Figure 10 (a) and (b) respectively.
Moist geotextile over the porous stone served as filter to
moving fines thus, prevented clogs at the chamber outlet.
Due to temperature variations and atmospheric conditions,
it was difficult to arrive at an absolute steady state in the
laboratory. Nevertheless, for the purpose of this work the
steady state adopted, implied a relatively steady/quasi
steady state. Considering test with the unsaturated zone, it
was observed that by day 16 steady/quasi steady state was
reached however, to carter for factorial changes the test
was monitored up to 20 days. The percolation rate, Q, for
the overall lining system with unsaturated zone was seen to
gradually increase to a steady value of 0.0043x10° m®/s

after breakthrough as shown in Figure 10 (a).

4“_’:’;,\ 0.005

S & 0.004

c £

S x 0.003

%‘é 0.002 ——Clayey soil
—

e 5 0.001

& 0

0 2 356 810111315161820
Time, t (days)
Fig. 10: (a) Percolation rate VS time with unsaturated zone
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In the case of the saturated zone, it was observed that by
day 13, steady/quasi steady state had been reached
however, to also carter for factorial changes measurements
were taken 16 days. Hence, the percolation rate, Q, for the
overall lining system with saturated zone as shown in
Figure 10 (b) was seen to gradually increase to a steady
value of 0.0061x10°° m*/s after breakthrough was reached.

0.008

——Clayey soil

Q (105 x md/s)

Percolation, rate,

0 | 2 | 3 | 5 | 6 | 8 I10I11I13I15I1I6
Time, t (days)

Fig. 10: (b) Percolation rate VS time with saturated zone
Pressure effects on the barrier liner in this study were
neglected i.e., p = 0 kPa. Since it is considered that the
constant low leachate head of 250 mm simulated in the
study would have negligible impact on the percolation rate
(Rowe, 2011). Moreover, previous studies by the authors
have investigated the effect of waste load on leachate
migration liners (Agbenyeku and
Akinseye, 2015; Agbenyeku et al., 2014a, b; 2013a, b).

Conversely, a 1-2 order of magnitude difference was

through  barrier

recorded between the unsaturated and saturated zone tests.
The plausible reason could be the difference in pore-water
pressure; as the hydraulic conductivity of soil is a function
of MC as such, increases with increased moisture intake.
Also, the loose cohesive force between the soil particles of
the saturated zone and the light compaction contributed by
allowing easier flow thus, accounting for the higher
percolation rate than in the unsaturated zone observed in

the study as was also recorded by Rowe et al., (2004).
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3.2. Mineral Barrier System of CCL Overlying
Clayey Unsaturated and Saturated Zones

From the percolation rates of the barrier system with fine
textured soil zones, it is clear that there is considerable
difference between the barrier system of unsaturated and
saturated zones. It has therefore been established through
laboratory soil mechanical and percolation tests that water
content, pore-water pressure and soil density can affect the
hydraulic conductivity of barrier lining systems with
respect to the soil zone. The percolation rate measured for
a structure of unsaturated zone was 1-2 orders of
magnitude less than the saturated zone structure. Thus for
laboratory simulated 225 mm thickness of unsaturated and
saturated zones under similar conditions (same MDUW,
OMC and thickness for the designed clayey soil barrier
liner), no significant threat will be posed by the hydraulic
conductivity and percolation rate to vital ground regimes
in a case of contaminant escape from landfills. This is
based on consideration of the 24 mm designed barrier liner
(CCL) tested in the laboratory in relation to the standard
150 mm CCL initiated in landfills. More retention capacity
due to density and waste load effects will be expected
thereby reducing the percolation rates significantly in real

life scenarios.

3.3. Impact of Mineral Soil as CCL on Percolation
Rate of a Barrier System

The behaviour of natural mineral soil to hydraulic
conductivity as CCL and its impact on the overall
performance of a barrier system was estimated from the
permeability test carried out under various MDUW. The
hydraulic conductivity value of 1.41x10® m/s for the CCL
overlying both unsaturated and saturated zones decreased
to steady/quasi-steady state. The percolation rates into
groundwater as measured in the study for the overall
barrier lining system is reflected in Figure 10 (a) and (b)

respectively. Hence, the effect of hydraulic conductivity of
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the mineral soil as CCL was observed to be highly
influential over the tested zones. As such, should be
crucially considered in the design of a functional mineral
barrier system. Furthermore, it has been considerably
proven in this study by laboratory simulation of
percolation tests that the soil barrier liner constitutes a
major controlling factor for leachate permeation into

ground regions of consequential impacts.

3.4. Impact of Unsaturated Zone in Containment of
Contaminant Influx

Rowe (2007) reported that increase in soil thickness
sandwiched by barrier liner and underlying groundwater
significantly reduces advective and diffusive contaminant
migration to vital regions. Nevertheless, the efficiency of
the unsaturated zone as containment to percolating
contaminants relies on the water content, pore pressure and
the nature of the leachate contaminant. On one hand, non-
volatile contaminants will easily diffuse through water but
not air. As such, unsaturated soil as observed from the
study forms better barrier against percolating leachate
contaminants than saturated soil. In the event of a diffusive
(2004) reported that the

contaminants can only diffuse through the water phase

percolation, Rowe et al.,
hence; a saturated soil offers such medium for diffusive
contaminant percolation. For this reason, Rowe et al.,
(2004) proposed equations for estimating coefficient of
diffusion for unsaturated soils. On the other hand, volatile
1,2
(trichloroethylene),

contaminants in forms of dichloromethane,

dichloroethane, trichloroethene
benzene, toluene, ethylbenzene, m&p-xylene and o-xylene
will diffuse in higher magnitude faster in a dry medium
than they will through a saturated medium. In the case of
an unsaturated medium, the contaminants will diffuse in
both the gaseous and dissolved phases. However, diffusion

will mainly occur through the gas-filled pores if the water
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content is low enough to have considerable number of

continuous gas filled pores.

4. CONCLUSION

An investigation on mineral soil barrier system to estimate
the impact of unsaturated zone on leachate percolation
behaviour was studied. A laboratory bespoke percolation
model was used in the testing procedure together with
materials sampled from an actual landfill site. The overall
percolation rate for the barrier lining system was estimated
under certain conditions outlined in the study. It was
therefore noted that failure to consider the presence of an
unsaturated zone underlain a CCL can result in significant
underestimation of the percolation through the clay barrier.
This consideration is based on the effect of the unsaturated
zone on the percolation through the CCL. It was also stated
that hydraulic conductivity of soil is a function of water
content among other factors. From results and analysis, the
following conclusions were drawn:

0 In the fine textured soils, the unsaturated zone had
a 1-2 difference in order of magnitude lesser than
the saturated zone; plausibly due to difference in
MC, pore-water pressure and density of zones.
The percolation rate for the overall mineral
barrier system for the unsaturated and saturated
zones were estimated as 0.0043x10° m%s and
0.0061x10°° m?/s after breakthrough was reached
respectively.
The unsaturated soil zone was found to behave
better than the saturated zone in the permeability
of the overall barrier system.
The unsaturated zone can function both as an
effective advective barrier as was the case in the
study, as well as an effective diffusive barrier in
an event of inorganic contaminant breakaway.
The tests showed permeability coefficient of the

CCL to be the key factor of steady/quasi steady-
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state percolation rates through the overall lining

system.
In a nutshell, the effect of hydraulic conductivity of the
mineral soil as CCL was observed to be highly influential
over the tested zones. Therefore, it is imperative that
crucial considerations be given in the design of a
functional mineral barrier system. Ultimately, the study
has considerably established by laboratory simulation of
percolation tests that the soil barrier liner constitutes a
major controlling feature for leachate permeation into

ground regions of consequential impacts.
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ABSTRACT

A constant mass of soil moisture considered as closed system in this study was prepared in the soil chamber of a bespoke
device. The capillary action through three geosynthetic clay liners (GCLs) from subsoil pore water was examined.
Pyrophyllite bentonite GCL often used in most landfills in Johannesburg, South Africa was selected for the hydration test
however; the three GCLs had different descriptive properties under the same test conditions. A 5 kPa pressure plate was
imposed on the setup to give close contact between the GCL and soil surface thereby, simulating waste load effect on the
GCL barrier in-situ. The GCL overlying the closed system setup was periodically sampled and tested to examine a range of
variables and ultimately, the hydration behaviour of the GCL through capillary action. The laboratory test required
occasional removal of the barrier from the soil chamber. Simple parameters were measured to monitor the hydration
changes over time. Laser measurement techniques have been used in similar studies to monitor changes in GCL thickness
during hydration however, in this study, measurements were manually done using vernier dials and the results obtained
showed GCL type and GCL-soil interaction to constitute a major role in its hydration by capillary action from subsoil.

Keywords: Capillary action, Subsoil, GCL, Landfills.

1. INTRODUCTION species with no apparent consequence. Hence, Agbenyeku
. . et al,, (2014a, b) emphasized the need for composite
In the area of waste containment, one major concern

. . . materials i.e., geosynthetic clay liner (GCL), compacted
remains the prevention of leachate contaminants from geosy y ( ) P

migrating to vital regions below the ground surface. Issues clay liner (CCL) and Geomembranes (GM) in waste

. . containment facilities to be used together with the natural
on soil, surface and groundwater pollution are often results

of contaminant migration in the event of leachate geology to prevent leachate escape from landfills to vital

breakaway from waste containment facilities as explained ground levels. GCLs which are vastly used in landfills,

by Rowe (2011). Primarily, needs have stemmed fto comprises of a layer of low permeability clay (bentonite)

adequately address the importance to the assessment of sandwiched by two layers of geotextile (a nonwoven cover

. . — geotextile and either a woven or nonwoven carrier
contaminant generation, subsurface contamination and

development of relevant control systems drawn from a geotextile) with the components bound together by needle-

variety of engineering and applied science fields. The punching. GCLs are often used as part of composite liners

. . . . - with a geomembrane liner placed over the GCL. These
protection of groundwater is now a major consideration in

. . s . composite liners have gained widespread recognition for
the design of waste containment facilities in many P g P g

countries including South Africa as reported by use in waste lining systems and other containment

Environmental Impact Assessment Regulations (2005). As applications. A study by Rowe (2005) on GCLs revealed

stated by Bouazza et al., (2002) geosynthetics play an effective prevention of groundwater contamination

important role in the protective task because of their provided: (i) the GCL is adequately hydrated and (i) there

versatility both mechanically and hydraulically. Changing Is an overlap between the panels. In-situ, GCL. absorbs

environmental conditions however, have diminished the moisture by capillary action from underlying soil and once

ability of land to contain the vastly generated contaminant hydrated it has been reported by Rowe (2007) to function

better as barrier to contaminant migration. In the design of
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a landfill barrier system, and for decisions to be taken with
respect to potential GCL performance, data is needed to
assess the hydration of GCL through capillary action.
Therefore, it is noted that the operation of GCL as barrier
will rely partly on the hydration of the GCL among other
factors. Hydration of GCLs has gained attention in recent
years however; the behaviour and hydrating rate of dry
GCLs overlying subsoil have not been sufficiently
documented. Data on GCL underlain by sand have been
fairly reported whereby, at 3 % moisture content (MC) of
sand, an air dry GCL reached 88 % MC after 40-45 days
(Daniel et al., 1993). While in another case reported by
Eberle and von Maubeuge (1997) air dry GCL reached MC
of 100 % in less than 24 hrs and 140 % after 60 days for
sand with MC of 8-10 %. Nevertheless, there is dire need
to look into other soil types i.e., silty and clayey soils
underlain a GCL as not much have been examined. The
rate of GCL hydration is vital as recorded by Rowe (2005)
in terms of assessing how fast the composite barrier system
must be covered with soil/waste if defects are to be
minimized by virtue of desiccative cyclic impacts. Hence,
this study found the impetus to investigate the behaviour
and hydration of GCL through capillary action overlying
clayey strata. The laboratory barrier setup investigated
herein is based on real life scenarios in most landfills
around Johannesburg, South Africa. Thus, effect of GCL

type and the potential GCL-soil interactions were studied.

2. METHODOLOGY

The fine textured soil used in the study was sampled as
clayey material used as the subsoil underlying the tested
GCLs throughout the test procedure. The clayey soil was
collected in Johannesburg, South Africa, around a landfill
site relatively far from the dump area as seen in Figure 1.
The sampled soil was mechanically tested to determine its
characteristic properties. Its properties indicated it is a
clayey soil with over 70 % passing the 0.075 mm sieve and

its fines were found to be plastic with plastic limit of 25.
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Figure 2 shows the grain size distribution curve of the
clayey soil while the compaction curve showing the
relationship between optimum moisture content (OMC)
and maximum dry unit weight (MDUW) determined by
compaction test in conformance with American Society for
Testing and Materials (2012) is shown in Figure 3.
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Fig. 2: Clayey soil grain size distribution curve
The standard proctor compaction was achieved with a light
self-weighted rammer of about 0.0244 kN and striking
effort of about 595 kN-m/m°. The tests yielded OMC of
16.2 % and MDUW of 15.6 kN/m®. The compaction was
done lightly in the soil bucket of the bespoke model to best
simulate in-situ conditions.
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A pictorial and schematic view of the bespoke model

device is shown in Figure 4 (a) and (b).
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Fig. 4: (a) and (b) bespoke model device

For this test, the model comprised of two sections:
(1) the bottom part called the bucket section; which
contained the lightly compacted 225 mm thick layer to

simulate in-situ subsoil as shown in Figure 5 (a) and (b).
T &

(b)
Fig. 5: (a) Standard proctor compaction of soil (as subsoil)
(b) Lightly compacted subsoil in bucket section

(2) the upper chamber coupled to the bucket section; which
functioned to keep the system airtight and in position
under applied pressure using O-rings, gasket corks and
sealants to ensure a well coupled device as seen in Figure
6. Three GCLs collected from the landfill operation store
room with different descriptive properties under the same
test conditions were used for the study. Table 1

summarizes the GCL properties.

Fig. 6: Bucket section coupled to upper chamber

Smaller portions of the GCL were sliced open as shown in
Figure 7 and the bentonite material was scraped out and
tested for hydroscopic MC whose respective values are

also presented in Table 1.
._\ F, ™

Fig. 7: GCL sliced open to remove bentonite material

Table 1: Description of GCLs test properties for the study
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Desig. MC'(%) Upper Lower Bond Mass/area
GT GT  Type (kg/m?)
GCL-A 9 NW NW NP 4.05
GCL-B 10 NW W NPHT 4.17
GCL-C 11 NW RSNW NP 4.21
*Hydroscopic  moisture  content,  GT=Geotextile,
NW=Nonwoven, W=Woven, RS=Reinforced scrim,

NP=Needle punched, HT=Heat treated

The selected GCLs
pyrophyllitic bentonite and were hand cut as shown in

were composed of granular

Figure 8 (a) and (b) from a larger portion to fit the test
conditions. The GCLs had mass per unit area of 4.05-4.21
kg/m? cut to 160 mm diameter and 24 mm thickness.

O ® O]
Fig. 8: (a) GCL marked 160 mm diameter on parent
portion (b) 24 mm thick GCLs cut from larger portion

el S

The upper chamber of the bespoke device is made of a
rigid cylindrical cell constructed of transparent, high
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strength and corrosion resistant polymethyl (methacrylate)
acrylic glass that allows for visual observation during
testing. While the bucket section 225 mm high with
diameter of 160 mm is made of polished anodized
aluminium (to prevent corrosive attacks and resist
This the

experimental work used the bespoke device in the closed

scratches during dismantling). part of
system hydration of the respective GCLs by capillary
action from the simulated 225 mm high clayey subgrade.
The well equilibrated clayey soil of known void ratio and
MC was lightly compacted in three layers in the bucket
section. The cut GCL was immediately placed over the soil
with enough swelling headspace as seen in Figure 9. The
GCLs for the respective tests were periodically removed
and measured to monitor the hydration behaviour in

relation to time.

s

160 mm

S S
diameter
subgrade with headspace to accommodate swelling

The measurements for the GCL thickness were manually
done in this study using vernier dials. However from
similar studies, Figure 10 shows a laser measurement

technique used to monitor GCL swelling evolution.

Fig. 10: Laser measurement of GCL (Rayhani et al., 2008)

Also to ensure a closed system, a thin 2 mm thick
polyethylene plastic membrane (PPM) was placed over the
GCL as in Figure 11 to simulate field conditions as well as
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reduce potential evaporation into the headspace. To foster
a GCL-soil interaction, a 5 kPa pressure was imposed on
the system simulating the waste load effects in field

conditions by a pressure plate as shown in Figure 12.
-

2

Fig. 11: 2mm thick PPM overlyihg the GCL

This was done for the three series of test on the respective
GCLs. However, a fourth test was done without applied
stress as seen in Figure 13 simulating a situation where
there is a gap between the PPM and the GCL such that its

impact on GCL hydration could be assessed.

Fig. 12: 5 kPa pressure on the system by pressure plate

It was ensured that throughout the different series tested,
the MDUW and MC were kept constant, and the GCL

types and GCL-soil interaction were examined.

|

Fig. 13: 0 kPa pressure on the system

For the purpose of the study two sets of data were gathered
from the test series. A manual vernier dial measurement
was used to measure the thickness changes of the GCL at
intervals during hydration by capillary movement. For the
first set of data; the GCL thickness was periodically
monitored and measured by manually taking readings off

the vernier dial before and after the GCL was removed for
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weight measurement on a weekly basis. For the second
data set; the mass of the GCL was measured to determine
MC changes over time. Table 2 therefore shows the
working details of the tested GCL and subgrade for the
study while graphical relationships between changes in
GCL thickness and MC with respect to time for the

respective series were generated.

Table 2: Experimental details initiated in the study
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Table 3: Values of moisture uptake for the tested GCLs

Desig. Initial *Final ~ Submerged  Approx.
MC (%) MC (%) MC(%)  Deg. of Sat.
GCL-A 9 84 167 75
GCL-B 10 86 112 70
GCL-C 11 93 135 60
"GCL-C 11 107 135 60

Desig. MDUW  Soil MC  Pressure GCL
(kN/m®) (%) (kPa) Thickness
(mm)
GCL-A 156 16.2 0 24
GCL-B 156 16.2 0 24
GCL-C 156 16.2 0 24
GCL-C 156 16.2 5 24

3. RESULTS AND DISCUSSIONS

3.1. Effect of Capillary Action on GCL Hydration
From the hydration tests due to capillary action on the
tested GCLs, it was observed that over the test period of 4
weeks (28 days) GCL-A with initial MC of 9 %
gravimetrically increased to about 84 %. The GCL-B with
initial MC of 10 % increased to about 86 % while the
GCL-C with 11 % initial MC increased to about 93 % and
107 % for the 0 kPa and 5 kPa pressure respectively. The
higher uptake of moisture in GCL-C to about 107 % can be
accounted for by the pressure effect on hydration from
capillary action. The Table 3 therefore shows the initial
MC and the final MC after capillary action for all the
tested GCLs. To further

behaviours of the respective GCLs, they were exposed to

investigate the hydration

free saturation by submergence in water. Their respective
moisture uptake values as well as approximate degree of
saturations are also presented in Table 3. However, GCL-
A was observed to take in more moisture to a value of
about 167 % while GCL-B and GCL-C had values of 112
% and 135 % respectively.

"4 weeks (28 days) of hydration, *5 kPa imposed pressure

This difference in free saturation moisture uptake can
plausibly be due to the respective geotextile bonding types
as well as the needle punches provided by the

manufacturers.

3.2. Effect of Hydration on GCL Thickness

For the purpose of this test, the initial GCL thickness for
the series of tests was kept constant at 24 mm over the 28
days hydration from capillary movement. The thickness of
GCL-A was observed to increase up to 25.1 mm and 24.8
mm in GCL-B while GCL-C for the 0 kPa and 5 kPa
surcharge increased to 24.5 mm and 25.6 mm respectively.
The Table 4 shows the difference in the respective GCL

thickness due to hydration over the 28 days test duration.

Table 4: Difference in GCLs thickness due to hydration

Desig. Initial Final Change in
Thickness Thickness Thickness
(mm) (mm) (mm)
GCL-A 24 25.0 1.0
GCL-B 24 24.8 0.8
GCL-C 24 24.9 0.9
GCL-C 24 25.6 1.6
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The higher thickness change in GCL-C under 5 kPa stress
effect can be accounted for by the increased GCL-soil
interaction. This allowed for a more contact surface
between the surfaces of the GCL-C and the subgrade thus,
leading to increased uptake of moisture which must have
triggered the swelling of the GCL. Conversely, the
thickness change recorded for the other series can also be
reasonably attributed to the uptake of moisture through the
GCL-soil surface interaction over the test period which led

to swelling.
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3.3. Effect of GCL Type on Hydration
Further tests were conducted on the three pyrophyllitic

bentonite GCLs under the same test conditions. This test
the effect of GCL

manufacturing, bentonite type, bonding and geotextile

was opted for to examine
configuration on hydration of the GCLs by capillary action
from the prepared subgrade. The tested GCLs were placed
over the prepared subgrade as previously done. However,
the respective tested GCLs in this case were subjected to
similar pressures of 5 kPa as previously described. From
the outcome of this extra test series, it was observed that
GCL type plays a key role in the hydration of the GCL
from subgrade. The Figure 14 show the relationship
between MC and duration of hydration with respect to the
effect of GCL type on GCL hydration.
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Fig. 14: Effect of GCL type on hydration of GCL
From Figure 14, it can be seen that all the tested GCLs
behaved relatively alike. With respect to GCL type and
bonding, the pyrophyllitic bentonite and the nature of the
manufactured geotextile bonding may have resulted in the
similar behaviours observed. However, GCLs are seen to
have similar patterns in their moisture uptake due to
capillarity. This may have resulted from the nonwoven and
needle punched properties of the respective GCLs.
Nevertheless, GCL-C clearly showed a considerably
higher hydration as compared to GCL-B and GCL-A under
a constant testing conditions. Under a constant pressure of
5 kPa and test duration of 28 days for the tested GCLs, the
hydration of GCL-C was about 107 %, while that of GCL-
B and GCL-A were 101 % and 95 % respectively.
Nonetheless, it is noted that the higher MC of GCL does

not essentially imply a better performance.
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Fig. 15: Sat. degree-hydration time relationship for GCLs

Hence, as recorded by Rayhani et al., (2008) the GCL
needs to be near saturated to show low hydraulic
conductivity. As shown in Table 3 and Figure 15, the
GCL-A was found to have a higher degree of saturation as
compared to GCL-B and GCL-C.

3.4. Effect of Potential Gap/Imperfect Interface of
PPM on Hydration of GCL

Form the test conducted herein, simulation of the waste
load effect in field conditions on potential gap during the
hydration of GCL from capillary movement was done.
This was achieved using the GCL-C where a pressure of 0
kPa and 5 kPa was imposed on the GCL. Figure 16 shows
the pressure effects on the hydration behaviour of the

GCLs by moisture uptake.
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Fig. 16: Pressure effect on hydration by GCL-soil contact

It was observed that for GCL-C with 5 kPa imposed
pressure from a pressure plate, there was increased
interaction between the GCL and subgrade as compared to
GCL-C with no imposed load. It was clear that the
imposition of load on the GCL revealed considerable
effect on the rate of capillary action in a closed system
subgrade. Hence, the GCL-C with 5 kPa imposed pressure
indicated higher MC as compared to the GCL-C with 0
kPa pressure under the same controlled testing conditions.
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As such, a moisture uptake variation of about 10-15 % was
recorded.

4. CONCLUSION

A laboratory closed system examination of GCL hydration
behaviours from capillary action was conducted in the
study. Three fixed pyrophyllitic bentonite type with
varying initial MCs and geotextile bonding types were
used. The GCL samples were respectively placed over a
laboratory closed system prepared subgrade as in standard
conditions reported in the study. A fourth test under
similar testing conditions but with an imposition of 5 kPa
pressure to the GCL was also conducted. This was done to
simulate the effect of waste load in field conditions on
GCL hydration for

contact/gap in the PPM. Furthermore, a test to examine the

a potential case of imperfect
effect of pressure on all tested GCLs for their respective
hydration behaviours by moisture uptake was also
conducted. All the tests herein were done in a laboratory
bespoke model in simulation of field conditions typical of
most landfills around Johannesburg, South Africa. Hence,
from the analysis of results, the following conclusions
were drawn:

O The GCL in all tested series were hydrated by
capillary action form the pore-water of the
subgrade.

The respective MC and thickness of the tested
GCLs were found to increase with respect to
hydration periods due to moisture uptake by the
GCLs from capillary movement.

The manufacturers GCL type; geotextile bonding,
weave and needle punching were also found to
affect the GCL-soil interaction based on moisture
uptake by capillarity as well as when exposed to
full saturation by submergence in water.

The rate of hydration in GCL-C was found to be
higher as compared to GCL-B and GCL-A

respectively. Although it was observed that the
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degree of saturation for GCL-A and GCL-B were
respectively higher than GCL-C. Hence, as noted
by Rayhani et al., (2008) a higher MC does not
better GCL barrier

performance since a higher degree of saturation

necessarily imply a
could lead to low permeability of the GCL as
barrier material.

In summary, constant mass of soil in a closed system was

studied using a laboratory bespoke device. Capillary action

through three GCLs from subsoil pore water was
examined. An imposed 5 kPa pressure on the setup gave
close GCL-soil surface contact simulating field condition
waste load effects on the GCL barrier. The GCLs were
underlain by the constant mass of soil periodically tested to
examine a range of variables. Ultimately, the outcomes of
the study showed GCL type and GCL-soil interaction to
constitute a significant role in the hydration of GCL by
It

recommended that further tests be conducted on the

capillary action from subgrade. is therefore

permeability of the respective hydrated GCLs at respective

hydration periods. This will aid the determination of their

performance as barriers in landfill waste containment.
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ABSTRACT

This paper presents a graphical based mathematical modelling of a nonlinear multi input multi output (MIMO) quadruple

tank system using Bond Graph (BG) technique. The procedure adopted in actualizing this modelling includes;

identification of the input/output (1/0) relationship, contribution of various elements to the entire system, and validation of

the causal nonlinear mathematical model derived using 20-sim software application. The nonlinear model of the quadruple

tank system was validated using 20-sim, which established the accuracy of bond graph model technique. Linearization was

achieved using Taylor series and system response of the input and output relationship was also presented.

Keywords:BG, 1/O, Nonlinear, MIMO, Validation, 20-sim.

1. INTRODUCTION

The dynamic behaviour of a physical system is the
outward manifestation of the energy transaction within the
system. Hence, benchmark setups such as those composed
of tanks are physical systems used to study and design
reliable, controllable and high performing industrial
processes. Benchmark tank configurations popularly found
in open literature include those modelled using techniques
like variation methods, network methods and use of first

principle derivations (Bhat and Osting, 2011).

The single conical tank that describes a nonlinear model
for level control and real time was design and simulated in
SIMULINK(Aravind et al., 2013). The work of (Deepa
and Arulselvi, 2014, Chu et al., 2014) showed the
modelling of two tank systems and its simulation, three

tanks systems modelling and control by (Bregon et al.,
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2012, Triki et al., 2014). Most of these works were based
on first principles. The work of (Vijula and Devarajan,
2013) also describes the modelling of a quadruple tank
based on first principles. Moreover, the techniques were
characterised by potential challenges arising from
approximation errors, over assumptions and ill-posed
boundary conditions. This paper proposes the modelling of
a quadruple tank system using bond graph technique which
is based on a unifying concept (energy and power) that
captures most physical variables and dynamics of a
nonlinear system and provides a symbolic platform for

visualization.

The remaining part of this paper is divided into sections;
section two describes methodology adopted, by describing
the modelling of the quadruple tank system using bond

graph method. The analysis of significant result obtained
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are presented in section three.  While section four

concludes the work and provides areas for further work.

2. METHODOLOGY

The physical system of the quadruple tank in this work is

based on the experimental setup in the work

2001). The

combinations of input and output configurations that can

of(Rajanikanth ~ Vadigepalli, various
be implemented include; Single Input Single Output
(SISO) systems, Single Input Multi Output (SIMO)
systems, Multi Input Single Output (MISO) systems, and
Multi Input Multi Output (MIMO) systems (Rosinova and
KozA kovA~, 2012). The quadruple tank used in this work
is a MIMO. A typical illustration of the quadruple tank

system is shown in Figure 1

Figure 1: The Quadruple Tank System
The quadruple tank system consists of three basic units;

(i) Input Unit: This unit is made up of two inputs that

consist of pump 1 (P1) and pump 2(P2).

(if) Control Unit: This is responsible for regulating the
flow rates in valve V1 and V2 which are three-way

configured.
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(iii) Output Unit: This accounts for the output response
obtained from the quadruple tank system. This is
determined based on the difference in height of the output
variables which consist of hl of tank 1 and h2 of tank
2.The target is to control the level of the two lower tanks;
Tank 1 and Tank 2 and their in-let flow rates. The output
of each pump is split into two by using a three- way valve.
Thus, each pump output goes to two tanks, one lower
(Tank 1) and the other upper (Tank 4) diagonally opposite
and the ratio of the split is controlled by the position of the
valve. With the change in position of the two valves, the
system can be appropriately placed either in the minimum
phase or in the non-minimum phase (Garg and Tangirala,
2014).

2.1. BOND GRAPH MODELLING OF
QUADRUPLE TANK
The nature of the constitutive equations lay demands on
the causality of the connected bonds (Wolfang, 2013).
Bond graph elements are drawn as letter combinations
(mnemonic codes) indicating the type of element. The

bond graph consists of the following elements:

(i) C - Storage element for a g-type variable,e.g. capacitor

(stores charge), spring (stores displacement).

(ii) I - storage element for a p-type variable,e.g. inductor

(stores flux linkage), mass (stores momentum).

(iii) R - Resistor dissipating free energy, e.g.electric

resistor, mechanical friction.

(iv) Se Sf sources, e.g. electric mains (voltagesource),

gravity (force source),pump (flow source).

(v) TF - transformer, e.g. an electric transformer, toothed

wheels, lever.
(vi) GY - gyrator, e.g. electro-motor, centrifugal pump.

(vii) 0 and 1 {junctions, for ideal connection of two or

more sub-models.
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While considering the elements of the bondgraph as lump

parameters, the electrical and hydraulic components share
the same characteristics (Das, 2009). This means that their
modelling patterns and considerations are almost similar
(The capacitance/capacity exhibited by Tank/Capacitors,
the resistance by the Resistor/Pipe, the transformation by
Transformer/Valve. The supply by pump and voltage
source (Li et al., 2014).

2.2 MODEL DERIVATION

In deriving the equations of the quadruple tank system,

certain factors need to be considered.

1. What is the contribution of each element to the entire

system?

2. Consideration of what the system gives back to each

storage element?

Furthermore, the procedures for the derivation of equations

from a causal bond graph include the following steps:

(i). Write the constitutive equations for all independent

sources. Their outputs are given functions of time.
(ii). Identification of input and out relationship.

(iii). Identification of elements and their individual

contributions using characteristic behaviour of each

element (storage, dissipater, transformer.

(iv). Identification of the various 1 and Onodes.

(v). Causality application from which the resultant
algebraic equations will result depending on either
integral or derivativecausality —outcomes and
validation(Benmoussa et al., 2014)

(vi). Integrating the wvarious variables, elementsand

junctions, a quadruple tank is obtained using

symbolic bond graph as shown in Figure 2.

A. Quadruple Tank System Variables
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The vector H denotes the power port of the quadruple tank
system which is derived from the product of
individualeffortsand flows at designated port, and can be

deduced from bond graph model of Figure 2.

H=[el4f14; e13f13; elfl; e2f2; el0f10; e8f8; el7fl7;
€19f19] 1)

Where: €1, €2 ... €19 are referred to as the efforts

fl, f2 ... f19 are referred to as the flows

This implies that the power port comprises of 8 power
variables. In same vein, it is possible to determine the
modulated source flow (MSF) vector (K) of the quadruple
tank by computing four possible modulated source flows

for the designated ports.

K = [MSF1; MSF2; MSF3; MSF4].

(‘ . ('g

t-lf.
€y €1

“’]l"—"—‘nr—“‘”l“—"‘iﬂ R
‘l 10

A_l

C: ()—(ﬂn - “L-‘—;“-ﬂ[l“:%‘—“(ri(‘l
fu fl7 ,fn fa e i o h
LK f}a }
R:R, R:R
ank 2

Figure 2: The Quadruple Tank Crossed Looped

Information Scheme.

The quadruple tank system model is shown in Figure 2,
which shows the interconnectionof the various subsystems
of each of the tanks and their corresponding source flows.
With the aid of Bond Graph.
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B. Mathematical Model of Quadruple Tank System
The mathematical model of the various subsystems of the
quadruple tank system can be described based on the
principle of Bond Graph. This model is presented in

equation (2).

F13:R:R, — f,Ja|*fe],
F14:R:R, - f, da|*/le, |
F15:R:R, > f, =la|*\fie, |
F16:R:R, - f, =al* /e, |
F17:C:C, —e, :1/C1I f,dt @)
F18:C:C, >g, =1/C, | f,dt
F19:C:C, >, =1/C, [ f,,dt
F20:C:C, >e,=1/C, | fdt
Where

F13, F14.... F20: refers to the flow effects

[a]: is the absolutevalue of the cross sectional area of each

of thetank pipe.
— : Means such that

:Marks the end of a bond graph code

\ Means points of energy

In order to obtain the contributions of each the tank; tankZ,
tank2, tank3, and tank4 as subsystems of the quadruple
tank, there is a need to consider each of the various
subsystem configurations used. This subsystem is
presented in Figures 3, Figure 4, Figure 5 and Figure 6

respectively.
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Figure 4: Bond Information of Tank 2
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The dynamic equations of the system are derived based on

the information present in Figures 3 to 6.

C. Quadruple Tank System Dynamic Equations
The dynamics of the quadruple tank system with respect to

flowsand effortsare derived as follows:
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R\ p-f =Cyy \ pe/ Ry, \1;
R \ P-T =Cy, \ pe/ Ry, \ T
R\ P.f =Cys\ pe/Rys\r;
R\ p.f =Cy, \ pe/Ry,\r;
Ci\p.f=(TE\p2.f +R,;\p.f)-R,, \p.f;
Ci, \p.f =R\ p2.f +R,,\p.f)-R,, \ p.T;
Ciz\p.f =TE\p2.f —R,;\p.f;
Cys\p.f =TF,\ p2.f —R,,\ p.f;

®)
Where

RyandCy (I = 1, 2, 3, 4) are the resistanceand

capacitance components of the tankl to tank4;

\p. f is the flow direction.

\ p.e is the effort direction.

r is the resistive point offered by pipe.

TF....TF, is the energy transformer for designated

valves.

The physical tanks when represented by tick dark lines
geometry, when superimposed upon by the bonds are
visually illustrated as shown in Figure 7.This configuration

was implemented in 20-sim software application.
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Showing the Complete Mechanism and Information Block

D. System Nonlinear Model
The system nonlinear model equations are obtained as

follows:

C,, \state = j (Cyy \ p.T,C,, \ state _initial);
(4)

C,, \state = '[(CM \ p.f,C,, \state _initial);
®)

Cy; \state = .[(Ctkg \ p.f,C,; \state _initial);
(6)

C,, \state = J.(Ctkz \ p.f,C,, \state _initial);
U]

Where

www.futminna.edu.ng
h1, h2, h3 and h4 represents the liquid levels of tankl,
tank?2, tank3 and tank4 respectively;

Al, A2, A3, and A4 are the cross-sectional areas of the
tanks” (A = h*h), respectively related to tanks hydraulic
capacities by the mathematical relation

Ctki = i (i=1, 2, 3,4), pisthe constant densities of
g

the liquid, g is the gravitational acceleration while al, a2,
a3 and a4 are the cross-sectional area of the pipes

(assumed equal).

The sources are given by kju; and k,u, for the two inputs.
[\state, \p.fi, \p.e; \pi.f, \pi.e, \r: symbolises system-mode

and port of exchange with regards to flow and effort].

Therefore, the differentiation of the equations (4 to 7)
yields equations (8 to 11) which is similar to the derivation
as presented in open literature by (Vijula and Devarajan,
2013):

dh, a a 71Ky
—=--1/2 == ./2gh, + 1L 8
at A g +A1 gn, + A U, (8)

dh, a, a K.
—2=——2 /2gh, +—%,/2gh, + 22U, (9
d A " A, M A, 2
dh3 - _ a’3 29h3 + 7/2’(2 u2 (10)
dt A
dh, a, 71K,
—2=_4 [2gh, +22Lu 11
d A M A -

E. Linearization

The linearization of the nonlinear model of the quadruple
tank as obtained in the equations (8), (9), (10), and (11)
were achieved using Taylor series method that is present in
Simulink toolbox of Matlab 2013b. Hence, the compact
representation of the non-linear model of the quadruple

tank system is presented as follows:
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h=f(h,u)
y=g(xu)

(12)

The linearized state equation is presented in equation (13):
h=f(x,u) (13)
The linearized state space modelparameters of the
quadruple tank system is then gotten by:

of

SESEEHEE

The approximated states space modeltherefore becomes:

of
ou

X = AXx+ Bu (15)
y =Cx+Du
This state space model is better represented as:
T ) )
T T, K 0
oo b
X = 2 1 4 X + 0 A2
0 0 —-— 0 LTS
T3 (1_71)K1 A3
0 0 0 _L A 0
L T4_
(16)
k. 0 0 0
y= X
0 k. 00
an
Where

x = [h1, h2, h3,h4]", andu=[v1, v2]", y=[h1, h2]".
The time constant was obtained using the formula:

0
'|'i =_1 ﬂsuch that i
q g

response of the multi

1,2,3,4. The open-loop

process; Multi Input Multi
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Outputsystem is obtained by simulation of the system at
one of its equilibrium points [hy = h, = h; = hy = 0cm] as

shown in Figure 9 in the results and discussions section.

3.0 RESULTS AND DISCUSSIONS

Results shows that by differentiating the integral model
obtained using 20-SIM, resulted in a system similar to the
nonlinear algebraic model obtained via bond graph
symbolic procedures. This model obtained is also in
agreement with the models obtained as shown in
literature(Vijula and Devarajan, 2013)though via first
principles method. The responses of the linear quadruple
tank system at one of its equilibrium points which shows
first order system characteristics of each tank’s dynamics

are illustrated in Figure 9.

Quadhigha Tk Fisi Qv

Figure 9: 20-SIM Step Response of Open-loop System

from Initial Equilibrium Condition.

The response shown in Figure 10 resulted from the open-
loop quadruple tank system modelled. With some
perturbation, the system showed stability after been

excited.
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Qg TankF st i

Figure 10: Step Response under Multiple Excitations

4.0 CONCLUSION
The quadruple tank is a MIMO benchmark system which
can be modelled and simulated to appreciate the dynamics
of most industrial complex systems. The concept of energy
in modelling captures a systems' dynamics accurately and
demonstrates a robust efficient methodology towards
reproducing perfect models. The bond graph technique
achieves this using dynamic graph with causality. The
equations modelling the quadruple tank and its dynamics
2014). The

linearized model of the quadruple tank system showed

were validated using 20-sim(Li et al.,

stable response under multiple excitations.

This work recommends modelling and control of systems
with increased number of tanks (Tanks > four) with bond

graph.
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ABSTRACT

Hamming code is one of the commonest codes used in the protection of information from error. It takes a block of k input
bits and produce n bits of codeword. This work presents a way of designing (7, 4) Hamming encoder and decoder using
Very High Speed Integrated Circuit Hardware Description Language (VHDL). The encoder takes 4 bits input data and
produces a 7 bit codeword. The encoder was designed through the usual generator matrix multiplication while in the
decoder design the computation of the syndrome vector was ignored. Meanwhile, the different states that can represent a
particular input were calculated and the decoder was designed to identify each codeword representing a particular input.
Results have shown that the method is also reliable.

Keywords: Hamming, VHDL, Encoder, Decoder, Syndrome vector.

1. INTRODUCTION

Hamming codes are used in error detection and
correction in digital communication circuitries.
Hamming codes belong to the class of block codes
which are codes that work on a block of bits rather
than individual bits of data. A block code
designated by (n, k) means k bits of input data is
used in producing a codeword, C with n bits of data
(Edward and David, 1994), (Richard, 2003). The n
— k bits added are called parity check bits. Thus a
(7, 4) Hamming encoder produces 7 bits from 4
bits and the codeword has 4 parity check bits.
Hamming codes are usually generated by
multiplying the input block, x by a generator
matrix, G (John, 2007). Digital communications
involves 0s” and 1s’. Both the generator matrix and
the input matrix are in form of 0s’ and 1s’. The
addition involved during the multiplication of the
two matrices is modulo — two addition (Edward
and David, 1994). For example a (7, 4) Hamming
code has the generator matrix

1 000 1 1 0
010010 1
G=10 010 0 1 1
000 1 1 1 1
| 1)
For an input X,
C = Gx @)

Hamming codes are decoded by multiplying the
codeword received, r by a parity check matrix, H to
see whether there is an error or not. The resulting
matrix is called a syndrome vector, Z. If Z is zero,
it means there is no error while if Z is not zero,
then the position of the bit that is in error is
indicated by Z. Hamming codes can only correct a

103

single bit error (Peter, 2002) and are mostly used in
Random Access Memory for error correction
purpose (Mistri et al, 2014).

1 101100
H=|1 011010
011 1001

©)

For a codeword C,

Z=Hr 4)
In this work, a (7, 4) Hamming encoder and
decoder is designed using Very High Speed
Integrated Circuit Hardware Description Language
(VHDL). VHDL is a programming language that
became popular in the 1990s’. It is similar to other
high level programming languages such as C but in
its own case it doesn’t have a compiler but has a
synthesizer. The synthesizer translates the written
source code into an equivalent hardware described
by the source code. The process of this translation
is called synthesis (Enoch, 2006).
2. METHODOLOGY
The G and H matrices above were used in the
process. The encoder and decoder design will be
discussed separately.
2.1 Encoder Design
The encoder has a generator matrix in which it
produces the codewords. The codeword is a vector
with seven bits. Each bit is obtained by multiplying
the input matrix by a column in G as shown below:
C(1) =x(1)

C(2) = x(2)
C(3) = x(3)
C(4) = x(4)

C(5) = x(1) XOR x(2) XOR x(4)
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C(6) = X(L) XOR x(3) XOR x(4)
C(7) = x(2) XOR x(3) XOR x(4)

C(n) stands for the nth bit in the codeword and x(n)
stands for the nth bit of the input bits. The VHDL
code was then developed and synthesized using
XILINX ISE 10.1 software.

2.2 Decoder Design

For restoring the original message, the codewords
corresponding to the 16 possible combinations of
input were calculated using some Matlab codes.
The results of the 16 combinations of 4 bit input
data resulted in the table below:

Table 1. Codewords for 4 input data.
SIN | X C

0000 | 0000000
0001 | 0001111
0010 | 0010011
0011 | 0011100
0100 | 0100101
0101 | 0101010
0110 | 0110110
0111 | 0111001
1000 | 1000110
0 | 1001 | 1001001

P OO NO|ODIWIN|F

SIN | x C

1. 0000 | 0000000
1000000
0100000
0010000
0001000
0000100
0000010
0000001
0001111
1001111
0101111
0011111
0000111
0001011
0001101
0001110
0010011
1010011
0110011
0000011
0011011
0010111
0010001
0010010
0011100

2. 0001

3. 0010

4. 0011
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11 1010 | 1010101
12 1011 | 1011010
13 1100 | 1100011
14 1101 | 1101100
15 1110 | 1110000
16 1111 | 1111111

Hamming codes can correct a single error. So in
this work, bits of a codeword representing a
particular input were altered one by one and each
new codeword represents that same input
Therefore in this case the need of computing the
syndrome vector and later on correcting the bit in
error has been abandoned, unlike in (Saleh, 2015),
where the syndrome vector was computed. This
method also differs from that of (Hosamani and
Karne, 2014), in which the parity bits were inserted
directly without the use of a defined generator
matrix at the encoder and then the received parity
bits were also computed at the decoder. Thus in
our own case, each of the 16 input combinations
has 8 different codewords representing it. The
whole seven bits possible combinations of
codewords has thus been assigned the correct input
representing it (i.e. 2’ = (16 x 8) = 128). The table
below shows the different combinations of
codewords and there corresponding inputs.

Table 2. Codewords extension of 4 bits input.
1011100
0111100
0001100
0010100
0011000
0011110
0011101
0100101
1100101
0000101
0110101
0101101
0100001
0100111
0100100
0101010
1101010
0001010
0111010
0100010
0101110
0101000
0101011
0110110
1110110
0010110

5. 0100

6. 0101

7. 0110




www.seetconf.futminna.edu.ng

Codes were also written in VHDL to describe the

decoder.
3

0100110
0111110
0110010
0110100
0110111

0111

0111001
1111001
0011001
0101001
0110001
0111101
0111011
0111000

1000

1000110
0000110
1100110
1010110
1001110
1000010
1000100
1000111

10.

1001

1001001
0001001
1101001
1011001
1000001
1001101
1001011
1001000

11.

1010

1010101
0010101
1110101
1000101
1011101
1010001
1010111
1010100

12.

1011

1011010

RESULTS
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0011010
1111010
1001010
1010010
1011110
1011000
1011011

13.

1100

1100011
0100011
1000011
1110011
1101011
1100111
1100001
1100010

14.

1101

1101100
0101100
1001100
1111100
1100100
1101000
1101110
1101101

15.

1110

1110000
0110000
1010000
1100000
1111000
1110100
1110010
1110001

16.

1111

1111111
0111111
1011111
1101111
1110111
1111011
1111101
1111110

X(3:0)

C(6:0)

Figure 1. Register transfer level of the encoder.
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Figure 2. Component view of the encoder

r(6:0)

X(3:0)

Figure 3. Register transfer level of the decoder

ROM

r(6:0)

Addr(6:0)

Data(3:0)

x(3:0)

Figure 4. Component view of the Decoder

5. CONCLUSION

The paper has presented a way of designing (7, 4)
Hamming encoder and decoder using VHDL. The encoder
was designed the normal way while some modifications
were made in the decoder design that avoided the
computation of a syndrome vector. Results have shown
how VHDL simplifies the design of digital hardware and
how the design procedure is effective. The same process
can be used in the design of any Hamming encoder and
decoder. The designed circuits can be used in places they
would be applicable or even be left as trainers for students
to understand the concept of Hamming encoding and
decoding. Thus several digital logic circuits meant for
experiment could be designed so that they can be used on a
single target device such as a Field Programmable Gate
Array. This reduces the cost of setting up a laboratory.
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ABSTRACT

This paper entails the development of a real time distributed wireless sensor network system using Laboratory Virtual
Instrument Engineering Workbench (LabVIEW) and instruments form NI (National Instruments) with ZigBee wireless
technology. The system was accomplished by configuring the wireless sensor network on a host controller, extraction of
measurement data with the aid of LabVIEW and Implementation of several subsystems such as; radio link failure and time
recorder, file storage, logging table, Audio-visual alarm system, system initializer and initial system time delay. Hence, the

subsystems are then integrated to form the wireless sensor network. This system is intended to acquire the temperature of a

system remotely ranging from temperature of —200°C t01250°C base on type-K thermocouple material used. Also, the

audio visual alarm system addressed the effect of safety in a Wireless Sensor Network using ZigBee technology. Result

showed that the real time system was working satisfactorily, displaying temperature reading of 27.37°C for duration
2740 to 2767s.

Keywords: Wireless Sensor Network, Thermocouple,ZigBee, LabVIEW.

1. INTRODUCTION &Patel, 2012). Also, ZigBee based wireless sensor

networks finds relevance in the area of environmental

Wireless sensor networks (WSNs) have gained world- monitoring (Kaushal et al., 2014).

wide attention in recent years, particularly with the Wireless Sensor Network (WSN) is made up of tiny

proliferation in  Micro-Electro-Mechanical  Systems wireless devices capable of taking various environmental

(MEMS) technology which has facilitated the development measurements, such as temperature, humidity, vibrations,

of smart sensors. These sensors are small, with limited and luminance (Nakayama et al., 2007). Therefore, it can

processing and computing  resources, and they are be defined as a network of devices, denoted as nodes,

inexpensive compared to traditional sensors. These sensor which can sense the environment and communicate the

nodes can sense, measure, and gather information from the information gathered from the monitored field (e.g., an

environment and, based on some local decision process, area or volume) through wireless links (Buratti et al., 2009;
Yeet al., 2011)

A typical WSN comprises of host controller, gateway and

they can transmit the sensed data to the user (Abuzneid et
al., 2015; Yick et al., 2008) . In addition to its area of

application, WSN can be used in ZigBee based multilevel nodes. The sensor nodes sense, measure, and gather

parking vacancy, monitoring system, design of intelligent information from an environment and, they can also

warehouse, measurement and control system (Somani
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transmit the sensed data to the user based on locally
designed decision process (Yick et al., 2008).
WSN
implementation (Chi & Xinchun, 2012). In support of this,

is inexpensive and has reduced cost of
Lueders and Accutech (2005) states that ‘when no wires
are required for power or signal transmission, monitoring
devices becomes less costly to own and operate, and can
easily be installed more quickly’. Toteda(2008),considered
the environmental safety using wireless sensor in order to
ensure safe monitoring of critical process parameters and
equipment condition. In addition to its merits, wireless
sensor network finds application in both biological and
ecological activities which provided new avenues for
inquiry at greater spatial and temporal resolution, and
collection of diverse types of data such as: temperature,
imagery and sound (Porter et al., 2005).

However, WSN is faced with problem of poor energy
management ability of the node if not properly designed
from inception could be expensive than a wired network.
In order to mitigate this challenge, Lewis (2004) suggested
that an increase in the lifetime of sensor nodes through
power generation, conservation,

power and power

management scheme would in turn improve sensor
network. Also, Royo et al. (2009) designed a power-aware
link protocol to reduce energy wastage due to idle listening
time of nodes and the work had the ability to lower the
radio duty cycle by turning the radio on and off.

Moreover, Toteda (2008) focused on time-synchronized
communication which was critical in conservation of
battery life by allowing sensors to operate on the
equivalent of two AA-batteries for seven to ten years or
more. Also, the work considered the optimal reliability
performance of the wireless sensor network

However, limited works have been carried out using
LabVIEW application in analysing remote temperature
sensing and safety design for abnormal temperaturein open

literatures.
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In this paper, the design and implementation of a real time
wireless sensor network using LabVIEW with the view of
determining the temperature of an environment remotely
was actualized. Also, the audio and visual alarm
implementation for abnormal temperature which factored
in safety was achieved. Furthermore, data logging was
implemented for saving abnormal temperature for
reference purpose. The remaining parts of this paper are
divided into Sections: the methodology adopted in the
implementation of distributed wireless sensor network
which determines the temperature of an environment is
presented in Section 2. Section 3 discusses the results and
provides a real time performance of the system at normal
working condition. Section 4 concludes the work and
recommends areas for further work.

2. METHODOLOGY

The graphical programming platform used by LabVIEW in
the implementation of a real time distributed wireless
sensor networks is described using the flowchart presented

in Figl.

Initialize Temperature at t=0,

'
[

Measurement node > Get Temperature at t+1
‘ )

Display Temperature

Trigger alarm
Display ‘Over Temp’
Write to measurement

file

Trigger alarm
Display ‘Under Temp’
Write to measurement

file

D

Display ‘Normal Temp’ and
on login table
|

End
Fig 1. Flowchart Showing the Programmatic
Implementation of a Real Time Distributed Wireless
Sensor Network using LabVIEW
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It is pertinent to note that LabVIEW is a graphical
programming application which uses symbolic blocks in
developing program codes. This application can be used to
perform task such as simulation, visualization and
computation. In this work LabVIEW was used to design a
real time distributed wireless sensor networks.

The steps adopted in actualizing this development are

discussed as follows:

2.1 Configuration of the Wireless Sensor Network on the
Host Controller

To configure Wireless Sensor Network on our Host

controller, NI Measurement and Automation Explorer was

launch and configured the WSN. The following steps
explain how this can be achieved:

i Launch Measurement & Automation (MAX) and
expand Remote Systemsto be sure that MAX has
auto-detected the WSN-9791.

ii. If plugged into the Ethernet port on the local
subnet or directly into the PC host, the gateway
appears in Remote Systems.

iii. If the gateway is plugged into a port that is not on
the subnet, it can manually be configured using
the WSN gateway.

iv. To change the default setting, enter the default
host name of the device,“NI-WSN9791"’followed
by the serial number: NI-WSN9791-014A41F2.

V. Select the Network Setting tab and obtain an IP
address automatically. Alternatively, if we know
the gateway IP address, such as 192.168.0.2, then
we can enter it and click finish.

Vi. Add the measurement nodes to the Wireless
Sensor Network by selecting WSN nodes tab and
clicking the Add WSN Node button.

vii. Enter the type, serial number, and ID number for
the measurement nodes and click Apply to save

change.
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viii. To establish a connection with the gateway, press
the Signal Strength button on the node for at least
five seconds.

iX. When connected, refresh the WSN Nodes tab to
view the last communication time, battery state,

link quality, and mode of the measurement nodes.

2.2 Extracting Measurement Data with LabVIEW
LabVIEW and NI-WSN was used in extraction of
measurement data which was achieved using the following
steps;

i Start up theLabVIEW application, click through
the activation screen in order to initialize the start
menu window.

ii. Select empty project to bring up a new project
explorer window.

iii. Add NI WSN-9791 Ethernet gateway to the
LabVIEWPTroject. The

configure with the network automatically.

measurements nodes

iv. Create a host VI by right-clicking on My
Computer and selecting New.

V. To monitor thermocouple temperature, drag the
corresponding
LabVIEW block diagram.

Vi. We also monitored node attribute like battery

Input/Output  variables to the

voltage and link quality by dragging the
corresponding input/output variables to the block
diagram.

vii. We added measurement functions and indicators
to the front panel of our LabVIEW to view the
system response.

viii. After, completing the design phase, we clicked
Run to start acquiring data from the NI
WirelessSensor with the aid of ZigBee wireless

technology
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2.3 Implementation of the Various Sub-System

i Implementation of Radio link failure and Time
recorder in LabVIEW

Implementation of radio link failure and time recorder was

carried out with LabVIEW to show when there is failure in

the radio link. The LabVIEW code for the implementation

is shown in Fig 2.

IRadio Link failure and Time recorder

169.254.62.215

ibc

Fig 2: LabVIEW Code for Radio Link and Time Record
ii. Implementation of a File Storage

This was done to write temperature outside a set limit of
between 20-30°C with the aid of LabVIEW code. The “file
name out” and “saving data” blocks were designed and
then written into the “write to measurement file”, for easy
access to temperature. The “write to measurement file
block” writes data to text-based measurement file (.lvm) or
binary measurement files (.tdm or .tdms). While, the “file
name out block” displays the full path to the file to which
data is written to.

iil. Implementation of Build (Logging) Table

It is implemented to keep all the measured temperature
within the limit of 20-30°C for reference.

iv. Implementation of Audiovisual Alarm system
Several Boolean and mathematical operators have been
used to implement the alarm system, and a speaker was
used to get an audio sound that would sound a continuous

warning to the operator in the event of abnormal
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temperature. The LabVIEW program code which account

for safety in the WSN is shown in Fig 3.

Max Indicator 1000

High Limnit E : L@l

[DEL ¥ T :

L N
| B N Y
Fe

Min Indicator

Fig 3: LabVIEW Code for Alarm System
V. Implementation of System Initializer

This reset the radio link quality, battery, and temperature
indicator to the value of zero at the start of the wireless
sensor network for temperature measurement.

Vi. LabVIEW implementation of Initial System Time
delay

The system is design to wait for 20ms at start up, in order
to give proper measurement of the environmental
temperature. This repeats the sub-diagram inside it until
the conditional terminal, an input terminal, receives a
FALSE

the

particular Boolean value (gives TRUE or

information). The Boolean value depends on
continuation behaviour of the while loop. The while loop
keeps the system running until the stop button is pressed.
Vii. Integration of the Subsystem of the Wireless
Sensor Network

The integration of all the implemented sub system to
form a complete wireless sensor network system is shown

in Fig 4.

Marmal Indicator
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Fig 4: Complete Block Diagram of the Wireless Sensor Network
While, the control panel for the system which shows the
graphical user interface that enable users perform

environmental monitoring task is shown in Fig 5.
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Radio Link Quality %  Battery Voltage (V) Relative Time Out (5) Radio Status Indicator Saving Data File Name Out
; ; - —

Tab Contrel

Fig 5: The Control Panel of the Distributed WSN

3. RESULTS AND DISCUSSIONS

Once the run button on the front panel of the LabVIEW is
pressed, the type K thermocouple senses the temperature
of the heat source or environment, while the NI WSN-
3212 performs the signal conditioning of the sensed signal
by the thermocouple, and transmit it wirelessly with the
help of the attached radio linkusing ZigBee technology to
the NI WSN-9791 Ethernet gateway. The gateway sends

the aggregated data from the node to the host controller

112

(laptop in this case) through the RJ45 Ethernet cable. The
measured temperature (in degree Celsius) is displayed on
the front panel of the LabVIEW program as shown in

Fig 6. The system is design to measure temperature within
a set limit by the operator (in this case 20-30°C) and as
long as the measured temperature remain within the
desired limit, there is an indicator that shows that the
temperature is within the limit by blinking the inscription
‘Normal temperature’ in green colour for the operator to
see. The desired measured temperature is logged into a
table on the front panel for the operator to make reference

to.
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Fig 6: Temperature Reading from Distributed Wireless Sensor

4. CONCLUSION
The development of a real time distributed wireless sensor
network system using LabVIEW (National Instrument
(NI)) with the aid of ZigBee wireless technology was
achieved. The system was designed and implemented by
adopting the following methods: configuring the wireless
sensor network on a host controller, extraction of
measurement data with the aid of LabVIEW and
Implementation of several subsystems such as; radio link
failure and time recorder, file storage, logging table,
Audio-visual alarm system, system initializer and initial
system time delay. Hence, the subsystem are then
integrated to form the wireless sensor network. Result
that the real

showed time system was working

satisfactorily displaying temperature reading of 27.37°C
for a duration 2740 to 2767s. Further works should
examine the incorporation of controller to maintain a

specified range of temperature in a scenario where there is
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TEMPETRATURE (DEG. O

either excessive temperature or under temperature in an

area.
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ABSTRACT

Zeolites Linde — Type A and Y were synthesized from sodium metasilicate, alumina, sodium hydroxide and water
using hydrothermal method. Response Surface method called Box — Behnken was used to design the number of
experiments considering three factors affecting the synthesis [(i) hydrothermal treatment time (A), (ii) hydrothermal
treatment temperature (B) and (iii) ageing time (C)]. The synthesized zeolite products were characterized using XRD
and SEM, and their cation exchange capacity (CEC) was calculated. The ammonium ion CEC for LTA ranges from
4.94 — 8.37meq/g while that of zeolite Y ranges 3.40 — 6.51meq/g. Also, the calcium ion CEC for LTA ranges from
5.99 — 8.04meq/g while that of zeolite Y is from 4.17 — 8.55meq/g. This may be attributed to low Si/Al as a result of
high aluminium content in these products. The X-ray diffraction XRD pattern peak of samples LTA (A4) and
zeolites Y were quite consistent with the reference sample as reported by Traecy and Higgins. The XRD pattern of
sample (A4) and (Y6) showed the highest percentage crystallinity of 32.84% and 75.03% respectively. The SEM
showed a cubic face centred structure for Zeolite A and hexagonal crystal shape for zeolite Y.

Keywords: Zeolite, Linde — Type A, Faujasite Y, CEC, RSM , Box — Behnken.

1. INTRODUCTION

Zeolites are three-dimensional crystalline solids with
micro-pores and well-defined structures that contain
aluminium, silicon, and oxygen with a regular framework
(Breck, 1974). The silicon and aluminium atoms are
tetrahedrally coordinated with each other through shared
oxygen atoms. Since silicon typically exists in a +4
oxidation state, the silicon-oxygen tetrahedral are
electrically neutral, while aluminium-oxygen tetrahedral
forms centres that are electrically deficient of one electron
because aluminium typically exists in the +3 oxidation
state. The presence of aluminium in the framework results
in a negative framework charge, which is balanced by
positively charged ions such as Na*, NH,*, Ca?* (Szostak,

1989).

Cation exchange capacity (CEC) is a measure of absorbed
cations that can be displaced by exchange with other

cations in milliequivalents per 100 grams of material
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(Reganold and Harsh, 1985). The greater the aluminium
content the more the extra framework cations needed to
balance the charge, hence, the higher the cation exchange
capacity of the zeolites. Zeolites have high cation
exchange capacities and unparalleled ability to selectively
latch on to specific cations from mixtures with other
cations (Dyer, 2007).

According to Ruen-ngam and co-workers, (2009), CEC
values can be calculated on a mass balance concept after
which the sodium ion in the exchange solution has been

determined by spectrophotometry as follows;

Co—C
(Co—Cp) "
MWsm

CEC = 1)

Where C, is the sodium ion concentration (mg/L).

Cy is the sodium ion concentration in the blank
(mg/L).
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V is the volume of the aqueous phase (mL).

m is the mass of zeolite (g).

MW is the molecular weight of sodium or

absorbed cation (g/mol) (Ruen-ngam et al., 2009).

Box Behnken design is a type of response surface design
that does not contain an embedded factorial or fractional
factorial design and it requires a fewer number of runs.
This response surface design does not have axial point (i.e.
it is rotatable), it ensures that all design points fall within a
safe operating zone and that all factors are not set at their

high levels at the same time (Box and Draper, 1987).

Past work has been done using factorial and response
surface methods. Karami and Rohani used four methods
(gelling of soluble silicate to silica — alumina gel,
precipitation of soluble silicate to precipitated silica
alumina gel, gelling of soluble silicate by sulphuric acid
plus alumina impregnation and precipitation of soluble
silicate by sulphuric acid plus alumina impregnation) for
the synthesis of zeolite Y. They used a 2 by 4 factorial
design to study the influence of four different variables;
mixing rate, alkalinity, ageing time and synthesis time on
the purity of zeolite Y. Using the first method, they found
that ageing time was the most significant variable and the
other three factors were statistically significant. The best
synthesis condition of the first method was applied for the
other three method and only the fourth method yielded
pure zeolite Y. They concluded that in synthesizing pure
zeolite Y, the effect of silica — alumina precursor

preparation is very important (Karami and Rohani, 2009).

Matlob and co-workers, (2011) used response surface
method (Box Behnken design) to determine the optimum
conditions for the synthesis of zeolite A from coal fly ash.

Using three factor; SiO,/Al,O; ratio (0.5 - 1.5),
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incubation temperature (70 — 120°C) and incubation time
(2 - 4days), they observed the highest yield of zeolite A
was at SiO,/Al,0; of 1, temperature of 70°C and 4days.
They concluded that duration of incubation has no
significant effect on yield percent while SiO,/Al,O; ratio
and incubation temperature decreases with an increase in
the yield percent (Matlob, Kamarudin, Jubri and Ramli,
2011).

Musyoka and colleagues synthesized zeolites from coal fly
ash using 2 by 4 factorial experimental design using CEC
as the model response. The synthesis variables studied
were sodium hydroxide concentration, ageing temperature,
hydrothermal treatment time and temperature. They found
from the analysis of linear and nonlinear interaction, that
the main factors which showed interaction among each
other were ageing temperature, hydrothermal treatment
time and temperature (Musyoka, Petrik, Balfour, Ndungu,
Gitari and Hums, 2012).

1.1 Aim and Objectives

The aim of this paper is to study the effect of ageing time,
the crystallization temperature and crystallization time on
crystallinity and to study the effect of Cation Exchange
Capacity (CEC) on the synthesized Zeolites Linde-type A
and Y using a Response Surface Methodology (RSM) —
Box Behnken design. To accomplish this, a study was

completed with the accompanying targets:

1. To synthesize Zeolite A (Linde — type A) and
Zeolite (Faujasite) Y from commercial
precursors.

2. To characterize the morphology of
synthesized zeolites using Scanning Electron
Microscopy  (SEM), the  percentage

crystallinity and crystal sizes using X-Ray
Diffractometer (XRD).
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2. METHODOLOGY

Chemicals used in this study were Sodium metasilicate
(Fischer Scientific, 99%), Aluminium Oxide (Loba, 99%),
Sodium hydroxide (BDH, 96%), Ammonium acetate (Lab
Tech, 99%), Calcium acetate (Merck, 99%), Distilled
water (Laboratory made).

2.1. Design of Experiment

The data analysis was carried out with Design Expert®

7, applying
methodology with Box-Behnken design. The effect of

software  version response  surface
three (3) variables [hydrothermal treatment time (A),
hydrothermal treatment temperature (B) and ageing time
(C)] on the products were studied. According to the Box-
Behnken design, the total number of experiments isN =
2k = (k — 1) + c,, where k is the number of factors and c,
is the number of central points (Matlob et al., 2011). In
this work, there were no central points, hence, twelve (12)

experiments were carried out for each zeolites synthesized.

Table 1.0 Levels of Independent Variable for Zeolite
Linde — Type A

www.futminna.edu.ng

Table 2.0 Levels of Independent Variable for Zeolite Y

Levels Low Medium High
Coding -1 0 +1
Hydrothermal 6 .
Treatment Time (A) h

Hydrothermal

Treatment Temp. (B) 90 95 100
°C

Ageing Time (C) h 24 30 36

Levels Low Medium High
Coding -1 0 +1
Hydrothermal 3 A
Treatment Time (A) h

Hydrothermal

Treatment Temp. (B) 85 90 95
°C

Ageing Time (C) h 16 18 20
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All factors were adjusted at three levels (-1, 0, +1) with
equally spaced intervals between the levels and the range
of the variables as shown in Table 1.0 and 2.0. The twelve
(12) samples of Linde — type A and Faujasite Y were
analysed by CEC and these results were the basis for the

response variable.

2.2. Preparation of Zeolite Linde — Type A

The aluminosilicate gel used for the synthesis of zeolite A

was prepared from reaction mixture with molar

composition 3.29Na,0:1Al,03:1.697Si0,:107.8H,0.

4.167g of sodium hydroxide pellet was weighed and
transferred to the beaker, dissolved in 60mL of deionised
water and was continuously stirred until a clear solution
was obtained. The solution was divided into two equal
volumes. To the first portion, 3.473g of alumina was
added. To the second portion, 12.261g of sodium

metasilicate was added in the beaker.

The alumina and silicate solutions were mixed in a beaker
and stirred to achieve homogenization. The mixture was
transferred into a Teflon bottle and left to age at room

temperature and varying time between 2 and 4 hours .
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The aged mixtures were transferred into the capped 100mL
Teflon autoclave for hydrothermal treatment in an oven at
autogenous pressure, maintained at distinguishable
crystallization temperature and time using the Box-
Behnken design matrix. At the end of the hydrothermal
treatment, the mixture was cooled at room temperature and
the resulting solid products were separated by filtration,
washed with deionised water until filtrate pH was about 9.
The solid products in various cases were transferred to the
watch glass and dried in an oven at 60°C overnight. The
samples obtained were weighed and placed in plastic

bottles.

2.3. Preparation of Zeolite Y

Zeolite 'Y was synthesized from aluminosilicate gel
mixture with
7.99Na,0:1Al1,05:20.2Si0,:323.41H,0.

molar composition

1.198g of alumina was added to 30mL of deionised water
and stirred for a while. 19.915¢g of sodium metasilicate was
added to another 30mL deionised water to form a
homogenous solution in a beaker. The alumina and silicate
mixtures were mixed together and stirred for about 20
minutes until the gel appeared somewhat smooth in the

beaker.

The overall gel was transferred into a 100mL autoclavable
Teflon bottle (sealed) and was aged for varying time at
room temperature. The aged mixture was transferred into
an autoclave for hydrothermal treatment in an oven under
autogenous pressure, maintained at distinguishable
crystallization temperature and time using the Box-
Behnken design matrix, until gel separated into solid and
supernatant liquid showing a complete crystallization, and

then cooled to room temperature.
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The resulting solid product was separated by filtration,
washed with deionised water until the filtrate pH was
about 9. The solid products in various cases were
transferred to the watch glass and dried in an oven at
100°C overnight. The zeolite Y was weighed and placed in
a plastic bottle.

2.4. Characterization and Analysis

X-ray diffraction patterns were measured by AXS Bruker
advance-8 Diffractometer using CuKo (A = 0.1541nm)
radiation at 40kV and 40mA. The diffraction patterns of
the synthesized zeolites were obtained at a scan speed of
0.04° 20/88sec. The areas, peak positions and widths were
estimated using ORIGIN®8. The percentage crystallinity of
synthesized zeolites were estimated by comparing seven
(7) characteristic peak areas appearing at 20 from 12 to 55°
to that of the reference sample according to the following

equation:

% crystallinity = ZZ—:: x 100 (Rios, William

and Fullen, 2008) 2

Where P is the total areas of seven (7) characteristics

peaks patterns of pure sample.

P, is the total areas of seven (7) characteristics

peaks of standard.

The crystal sizes were estimated from the XRD pattern

using Scherrer’s formula given as;

K*A
¢S = B*cos 6

@)

Where K = 0.94 is the shape factor for spherical crystal

with cubic symmetry,

A =0.1541nm is the wavelength of the diffraction,
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B is the full width at half maximum (FWHM) in

radians,

0 is value of 20/2 in radians.

The morphology of zeolites A and Y were done by
Scanning Electron Microscopy (SEM) at 20kV and
magnification of 500x and 2000x using the FEI Quanta
200 instrument. The Elemental Dispersive Analyser X-ray
(EDAX) showed the composition in weight percent, the
matrix correction parameters describing the atomic number
effect (Z), the absorption effect (A), and the fluorescence
effect (F).

Sodium ion analysis for cation exchange capacity were
carried out by flame photometer. Calcium ion anlaysis
were done by Bulk Scientific atomic absorption
spectrophotometer (Accusys 211) and ammonium ion were
measured with ultraviolet

spectrophotometer  using

Nessler’s reagent.
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3.0. RESULTS AND DISCUSSION
3.1. XRD pattern
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Figure 1.0 X- ray diffraction pattern for the synthesized

and commercial LTA

The 7 characteristics XRD peak of LTA (A4) at 20: 12.4°,
23.6°, 25.8°, 34.5°, 43.6°, 47.3°, 49.1° which are quite
consistent with the reference sample as shown in figure
1.0. Sodalite was however present at 14.1°%nd amorphous
aluminium oxide was observed between 35.5° and 40.8°
for (A1) to (A12) with the exception of (A4).

From the XRD pattern obtained, sample (A4) showed
better crystalline peaks at crystallization time of 4h,
crystallization temperature of 95°C and ageing time of 18h.
Linde type A and sodalite phase contribute to the main
crystallinity with some amount of aluminium oxide. The
XRD background attributed to the presence of amorphous
glass increased between 20: 30° to 42°. The amorphous
aluminosilicate glass and aluminium oxide can be
effectively converted to zeolites. Sample (A4) was
observed to have the highest percentage crystallinity of
32.84%. Sample (Al) clearly showed XRD characteristic

for aluminium oxide.
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According to Kovo, (2010), there was no zeolite formation
observed by the first two hour of crystallization of zeolite
A. This could be attributed to the fact that at the initial
period of crystallization after mixing of the aluminosilicate
solution, some time is taken before dissolution is
completed. The ageing process was expected to promote
some degree of dissolution and possibly influence quick
formation of zeolite A during crystallization. Kovo, (2010)
observed that the gel formed remained amorphous during
the first two (2) hour of crystallization. However, increase
in the synthesis time of up to 6h show further crystal
growth taking place with XRD analysis indicating
crystallinity better than that of the commercial sample

(Kovo, 2010).

20 30 40 50 i1}

—Y12

Relative Intensity
(counts/sec)

A
1 1 I—YQ_

TN =1
2 Theta (°)

Figure 2.0 X-ray diffraction pattern for the synthesized and
commercial Faujasite Y.

The 7 characteristics XRD peak of Faujasite Y at 26:

14.5°, 21.7°, 28.2°, 33.2° 38.4°, 49.3°, 55.3° which are

quite consistent with the reference sample as shown in

figure 2.0. Zeolite P appeared at 2 theta: 12.5° and 17.6°.
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Zeolite Y and P contribute to the main crystalline phase
with small amount of unreacted aluminium oxide. Y6
showed the highest percentage crystallinity of 75.03% and
has the least amorphous background.

3.2. Scanning Electron Microscopy

Figure 3.0 Scanning Electron Microscope of LTA

The cubic face centred structure of sample (A4) in figure
3.0 shows a typical morphology of zeolite A. The
appearance of small particles in the other samples is due to
the incomplete conversion of zeolite LTA and the presence
of amorphous unconverted precursors in the reaction
medium. The crystals are a mixture of cubic particles with
imperfect edges and amorphous aluminosilicate in

different symmetry and magnitude and their totality.



Figure 4.0 Scanning Electron Microscope of zeolite Y

The hexagonal crystal shape of samples products in Figure
4.0 shows the morphology of zeolite Y. Analogous growth
and intergrowth of poly crystals was observed explaining
the clustering of nuclei.

3.3
Temperature,

Effect of
Ageing Time and Cation Exchange

Crystallization ~ Time,

Capacity on Zeolites Synthesis Results and Discussion

331
Synthesis

Effect of Crystallization Time on Zeolite A

Synthesized samples at low time of 2h had lower average

crystal size and percentage crystallinity, but as
crystallization time increases, percentage crystallinity also
increases to about 30% as shown in figure 5.0. The crystal
sizes however, are low with one exception at higher
crystallization time as percentage crystallinity reaches
maximum at 4h. Samples synthesized at low crystallization
time had low CEC values compared to those synthesized at

high crystallization time when other factors were fixed.
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Figure 5.0 A 3D plot showing relationship between
crystallization time, crystal size and percentage
crystallinity for Zeolite A

3.3.2  Effect of Crystallization Temperature on Zeolite
A Synthesis

Temperature tends to have a better crystallization effect on
synthesis of zeolite as it helps in the crystal formation from
the nuclei. At 85°C, an average crystal size of 20nm and
lower percentage crystallinity were obtained. At 90°C
crystal sizes decreased while better percentage crystallinity
were obtained. At 95°C however, crystal size were lower
with one exception and the highest percentage crystallinity
was obtained at this temperature as shown in figure 6.0.

Samples synthesized at low temperature gave low CEC,
which increased with increase in temperature. The very
high CEC value of sample (Al) is due to its high
aluminium content (Mumpton, 1999), as the XRD shows

that zeolite conversion was minimal at this condition.
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Figure 6.0 A 3D plot showing relationship between
crystallization temperature, crystal size and percentage
crystallinity for Zeolite A

3.3.3  Effect of Ageing Time on Zeolite A Synthesis

Ageing which helps with nuclei formation shows that low
percentage crystallinity and crystal sizes which ranges
from 16 to 20nm as shown in figure 7.0. Maximum
percentage crystallinity and crystal size were obtained at
18h of ageing time. Although percentage crystallinity

increased at higher ageing time, crystal sizes were very
low.

Ageing time which showed a positive effect on zeolite
nucleation showed that CEC values increased with
increase in ageing time. From the XRD and SEM results,

however, 18h showed the optimum ageing time.
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Figure 7.0 A 3D plot showing relationship between
Ageing time, crystal size and percentage crystallinity for
Zeolite A
3.3.4 CEC Results and Discussion for Zeolite LTA

Table 3.0 Cation Exchange Capacity for Zeolite LTA

Samples NH4" CEC (meqg/g) Ca”" CEC (meq/g)
Al 6.646252454 7.809733081
A2 6.860922724 6.187813982
A3 6.416832237 6.5552079
Ad 8.372493259 7.423840387
A5 5.347826198 6.479071226
A6 8.270583772 5.991924154
A7 6.576541773 6.176291051
A8 7.687235387 7.50572098
A9 4.935636458 6.762654603

Al10 7.546515381 7.326158277
All 5.457548226 6.982896225
Al12 7.17088543 8.039431113

Zeolite LTA exchange with ammonium ion cation
exchange capacity varies from 4.94 meg/g to 8.37 meqg/g
while the zeolite LTA exchange with calcium ion cation
exchange capacity varies from 5.99 meg/g to 8.04 meq/g
as compared to 5.48meq/g (Shoumkova, 2012). The high

CEC value is as a result of high aluminium concentration.
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3.3.5 Effect of Crystallization Time on Zeolite Y
Synthesis
Low crystallization time had predominantly low

percentage crystallinity and crystal sizes. At 6h, however,
percentage crystallinity increased but the crystal sizes were
still low as seen in figure 8.0 below. At 7h, percentage
crystallinity and crystal size increased till it reached a
maximum value. Increase in crystallization time resulted in
a significant increase in CEC values of synthesized zeolite
Y.

Crystallization
time

24

@
’J/S[a/ Stz 30

32 45
Figure 8.0 A 3D plot showing relationship between
crystallization time, crystal size and percentage
crystallinity for Zeolite Y

3.3.6  Effect of Crystallization Temperature on Zeolite
Y Synthesis

Low temperature resulted in low crystal sizes and
percentage crystallinity as shown in figure 9.0. At a
temperature of 95°C,

crystal sizes and percentage

crystallinity increased until maximum values were
obtained. At 100°C, crystal sizes were lower compared to
those obtained at 95°C, however, percentage crystallinity
were high.

Increase in crystallization temperature resulted in increase

in CEC values when other factors were fixed. However, in
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the case of calcium ion exchange, a decrease was observed
with increase in temperature when other conditions were
kept constant as seen in table 4.0. High aluminium content
in the products and the type of cation been used for
exchange in samples (Y1, Y9 and Y11) could be used to
explain why these samples have high CEC values when
compared to their counterparts (Y3, Y10 and Y12) at same
time and Thus,

temperature had a positive effect on crystallization of the

ageing  condition. crystallization
samples to lower its aluminium content, hence, its cation

exchange capacity.

100

98

96

Crystallization
Temperature

24

O
s,

Figure 9.0 A 3D plot showing relationship between
crystallization temperature, crystal size and percentage

crystallinity for Zeolite Y

3.3.7  Effect of Ageing Time on Zeolite Y Synthesis

Low ageing time gave better crystal sizes and gradual
increase in percentage crystallinity. As ageing time
increases, crystal sizes were relatively low but the
percentage crystallization increased as shown in figure
10.0. Optimum ageing time of 24h gave the highest
percentage crystallinity and crystal size.

Increase in ageing time showed better nucleation of the
samples as shown in the SEM results in figure 4.0 above
while other factors were kept constant. CEC values
decreases with increase in ageing time with the exception

of samples (Y9) and (Y11) whose CEC value increases
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with increase in ageing time. Samples obtained at higher

ageing time showed better nucleation.

Ageing time

24

G
%’a/s,é 30
o)

32
Figure 10.0 A 3D plot showing relationship between
ageing time, crystal size and percentage crystallinity for
Zeolite Y
3.3.8 CEC Results and Discussion for Zeolite Y

Table 4.0 Cation Exchange Capacity for Zeolite Y

Samples NH,* CEC (meq/g) Ca®* CEC (meq/g)

Y1 3.973058144 8.552444627

Y2 4.38925596 4.172875399

Y3 4.523902736 6.078533807

Y4 6.269816339 6.828341563

Y5 4.162036762 6.557161001

Y6 3.807950916 7.332497074

Y7 3.403332144 5.226326779

Y8 6.51419818 6.936727937

Y9 3.818647407 6.675599049

Y10 6.020470889 5.617428894

Y11 6.061805155 7.927399654

Y12 5.541809659 5.885380109

Zeolite Y exchange with ammonium ion cation exchange
capacity varies from 3.4 meqg/g to 6.51 meg/g while the
exchange with calcium ion cation exchange capacity varies
4.17 meqg/g to 8.55 meg/g as compared to 3.26 meqg/g
(Shoumkova, 2012).

sodium ion was displaced with calcium ions compared to

In the exchange process, more
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ammonium ions due to the ionic charge of the incoming
ion.

3.4 Response Surface Method; Box — Behnken
Design

The results are discussed based on cation exchange
capacity (CEC) which is the response factor. Statistical
testing of the model was performed with F — test to obtain
the mathematical relationship between the response and

process variables.

The quantity R — squared measured the proportion of total
variability in the data as explained by ANOVA. Adequate
Precision measures the signal to noise ratio and acts as a
good indicator of whether the response surface method are
applicable. The Predicted Error Sum of Squares (PRESS)
is a measure of how precise the model will predict

responses in a new experiment.

The response surface method was used to determine the
region in space at which a combination of different
variables gives a product withe high Cation Exchange
Capacity. The cube plots are predicted values and shows
how the three (3) factors; hydrothermal time, temperature
and ageing time interact to affect the cation exchange
capacity.

3.4.1. Cation Exchange Capacity for Ammonium lon
Exchanged Zeolite A

The relationship between independent variables and
response was described by a second — order polynomial
equation. The result for the analysis of variance (ANOVA)
for the reduced model containing a quadratic model is

shown in Table 5.1:
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Table 5.1 Results of ANOVA for the Zeolite A Exchange

with Ammonium ion CEC at Lambda = 3

sum  of Mean p-value
Source Squares DF Square Fvalue Prob>F
Model 2.253E+05 4 56324.81 1154  0.0033 Significant
A - Hydrothermal
time 1.092E+05 1 1.092E+05 22.38  0.0021
B - Hydrothermal
Temp. 7036899 1 70368.99  14.42  0.0067
AB 21507.13 1 21507.13  4.41 0.0739
A 2422147 1 2422147 496 0.0611
Residual 3415355 7 4879.08

Correlation total 2.595E+05 11

The Model F-value of 11.54 implies the model is
significant. For the assumed model, there is only a 0.33%
chance that a "Model F-Value" this large could occur due
to noise. Values greater than 0.1000 indicate the model
terms are not significant and were not included in the
model. In this case A, B, AB, A? are significant model

terms.

Table 5.2 Statistical Parameters for NH,* Zeolite A Data
Analysis from Model

Stzndard devistion &85 F-zquared 0. 3684
Mean 333.86 Adjusted B 0.7051
Coafficient of Variztion
2092 Pradict=d R 0.5728
(CV) %
Dredictad Error Sum of
LI10BE+05 Adequate Drecision 10.491

Squarzs (PRESE)

The value 0.8684 explains that about 86.84% of variability
is obtained in zeolite A cation exchange capacity with
ammonium ion. The Predicted R-Squared of 0.5728 is not

www.futminna.edu.ng

as close to the Adjusted R-Squared of 0.7931 as one might
normally expect. The Predicted R — squared value explains
about 57% of the variability in the new data. The
Adequate Precision (signal to noise ratio) of 10.491

indicates an adequate signal.

Final Equation in Terms of the Significance of the

Experimental Factors:
(CEC A NH,)* = 3049.02393 - 1774.87416*
Hydrothermal ~Time -  25.2384*  Hydrothermal
Temperature +  14.66531*Hydrothermal  Time *

Hydrothermal Temperature + 95.30505*Hydrothermal
Time?’.

The equation showed that Hydrothermal Time has the
largest coefficient hence, has the greatest impact. The CEC
for zeolite A exchanged with ammonium ion increases

with decrease in hydrothermal time and temperature.

Design-Expert® Software
Transformed Scale

(CEC ANH4+)"3

X1 = A: Hydrothermal Time

X2 = B: Hydrothermal Temperature
X3=C: Ageing Time

Cube
(CEC A NH4+)"3

269.257 649.578

B+: 85.00 269.257 649.578
2
[
@
o
£
e
<
£ 228.334 315.35 C+: 20.00
£
o
=8 C: Ageing Time
T
o
B-: 85.00 228.334 315.35 C-: 16.00
A-:2.00, A+: 4.00

A: Hydrothermal Time

Figure 11.0 A Cube plot representation of the CEC for

Zeolite A exchanged with ammonium ion.

The cube plot in figure 11.0 shows that cation exchange
capacity increases with increase in Hydrothermal Time
and Temperature but constant with increase or decrease in
Ageing time. It was shown that maximium CEC was
obtained at hydrothermal time of 4h, hydrothermal

temperature of 95°C and at constant ageing time.
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3.4.2 Cation Exchange Capacity for Calcium lon

Exchanged Zeolite A

The result for the analysis of variance (ANOVA) for the
reduce model containing a cubic model is shown in Table
5.3

Table 5.3 Results of ANOVA for the CEC for Calcium ion
Exchanged Zeolite A at Lambda = -1.42

Sum of Mean p-value
Source DF F value

Squares Square Prob>F
Model 8.786E-04 9 9.763E-05 20.00 0.0485 Significant
A — Hydrothermal

2.479E-05 1 2.479E-05 5.08 0.1530
time
B - Hydrothermal

8.647E-05 1 8.647E-05 17.71  0.0521
Temp.
C - Ageing Time 9.007E-05 1 9.007E-05 18.45  0.0502
AB 2.620E-04 1 2.620E-04 53.67 0.0181
AC 1.754E-04 1 1.754E-04 3593  0.0267
A? 3.172E-05 1 3.172E-05 6.50 0.1256
B? 7.895E-05 1 7.895E-05 16.17  0.0566
A’B 3.493E-05 1 3.493E-05 7.15 0.1160
AB? 4.950E-05 1 4.950E-05 10.14 0.0861
Residual 9.764E-06 2 4.882E-06
Correlation total 8.884E-04 11

The Model F-value of 20.00 implies the model is
significant. For the assumed model, there is only a 4.85%
chance that a Model F-Value this large could occur due to

noise. Values greater than 0.1000 indicate the model terms

are not significant. In this case B, C, AB, AC, BZ, AR’ are

significant model terms.
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Table 5.4 Statistical Parameters for Ca®* Zeolite A Data

Analysis from Model

Standard deviation 2.210E-03 R-squared 0.98%0
Mean 0.063 Adjusted B* 0.9396
Coefficient of Variation 341 Predicied R N/A
(CV.)%
Predicted Error Sum of NA Adequate Precision 12771
Squares (PRESS)

The R — squared value of 0.9890 explains that about
98.90% of variability is obtained in Zeolite A cation
exchange capacity with calcium ion. For case(s) with
leverage of 1.00, the Predicted R-Squared and Predicted
Error Sum of Squares (PRESS) statistic are not defined.
Adequate Precision (signal to noise ratio) of 12.771
indicates an adequate signal. This model can be used to

navigate the design space.

Final Equation in Terms of the Significance of the
Experimental Factors:
(CEC A Ca®") %2 = _7.94033 + 0.16414* Hydrothermal
Temperature + 8.25593E-03* Ageing Time — 0.042452*
Hydrothermal Time * Hydrothermal Temperature -
3.31122E-03* Hydrothermal Time * Ageing Time -
8.4828E-04* Hydrothermal Temperature® + 1.98989E-04*

Hydrothermal Time * Hydrothermal Temperature®

The coefficient for hydrothermal temperature reveals that
it is the most significant factor. The CEC for zeolite A
exchanged with calcium ion increases with increase in

hydrothermal temperature and ageing time.
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Design-Expert® Software
Transformed Scale

(CEC A Ca2+)M1.42

X1 = A: Hydrothermal Time

X2 = B: Hydrothermal Temperature
X3 = C:Ageing Time

Cube
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Figure 12.0 A cube plot representation of the CEC for

zeolite A exchanged with Calcium ion.

The cube plot in figure 12.0 of the CEC for zeolite A
exchanged with calcium ion showed that CEC increased
with increase in time,

hydrothermal hydrothermal

temperature and ageing time at the low level of
hydrothermal time. CEC however, decreases with increase
in hydrothermal time, hydrothermal temperature and
ageing time at high level of hdrothermal time. Maximum
CEC was obtained at the lowest temperature (85°C), the
highest hydrothermal time (4 h) and lowest ageing time

(16 h).

3.4.3 Cation Exchange Capacity for Ammonium lon

Exchanged with Zeolite Y

The result for the analysis of variance (ANOVA) for the
reduced model containing a 2 Factor Interaction (2FI)

model as shown in table 5.5:
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Table 5.5 Results of ANOVA of the CEC for Ammonium

ion Exchanged with Zeolite Y at Lambda = 1.42
Sum  of Mean p-value

Source Squares DF Square Fvalue Prob>F

Model 95.09 6 15.85 6.13 0.0327  Significant

A - Hydrothermal

time 23.89 1 23.89 9.24 0.0288

B - Hydrothermal

Temp. 16.16 1 16.16 6.25 0.546

C - Ageing Time 13.91 1 13.91 5.38 0.682

AB 3.90 1 3.90 151 0.2741

AC 22.65 1 22.65 8.75 0.0316

BC 14.58 1 14.58 5.64 0.0636

Residual 12.93 5 2.59

Correlation total 108.02 11

The Model is

significant. For the assumed model, there is only a 3.27%

F-value of 6.13 implies the model

chance that a Model F-Value this large could occur due to
noise. Values greater than 0.1000 indicate the model terms
are not significant. In this case A, B, C, AC, BC are

significant model terms.

Table 5.6 Statistical Parameters for NH,* Zeolite Y Data
Analysis from Model

Standard deviation 161 R-squarsd 0.8803
Mdean 062 Adjusted R 0.7366

Coefficient of Variation
16.73 Pradicted B* 03103

CV)%

Predicted Error Sum of

74.50 Adequate Precision 8.202
Squares (PRESS)

The R - squared 0.8803 explains that 88.03% of variability
is obtained in zeolite Y CEC values for ammonium ion.
The Predicted R-Squared of 0.3103 is not as close to the
Adjusted R-Squared of 0.7366 as one might normally
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expect. The predicted R — squared indicated that the
model would be expected to explain 31% variability in the
new data. Adequate Precision (signal to noise ratio) of

8.202 indicates an adequate signal.

Final Equation in Terms of the Significance of the

Experimental Factors:
(CEC Y NH ") 31.78673 - 28.92997*
Hydrothermal Time + 1.00865*  Hydrothermal
Temperature + 3.88671* Ageing Time + 0.39656*
Hydrothermal Time * Ageing Time - 0.063645

Hydrothermal Temperature * Ageing Time.

The order of coefficients by experimental values shows the
relative importance of each factor to the response (CEC).
The equation shows Hydrothermal Time is the most
significant followed by ageing time. The equation shows
that the CEC for zeolite Y exchanged with ammonium ion
increases with decrease in hydrothermal time, increase in

hydrothermal temperature and increase in ageing time.

Design-Expert® Software Cube
Transformed Scale
(CEC Y NH4+)".42 (CEC Y NH4+)".42
X1 = A: Hydrothermal Time
X2 = B: Hydrothermal Temperature 5.35 15.54
X3=C:Ageing Time
B+ 180.00 | 11.29 11.96
2
o
I}
o
£
©
K
£ 8.30 14.54 C+: 36.00
£
s
=3 C: Ageing Time
I
o
B-: 90.00 6.61 3.33 C-: 24.00
A-:5.00 A+:7.00

A: Hydrothermal Time

Figure 13.0 A cube plot representation for Faujasite Y

CEC with Ammonium ion.

The cube plot in figure 13.0, showed how the three (3)
factors interact affects the CEC for zeolite Y exchanged
with ammonium ion. The CEC values increases with

hydrothermal temperature and ageing time. However, at
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low hydrothermal time, low hydrothermal temperature and
high ageing time, the CEC which was 8.30meqg/g
decreased to 5.35meq/g as the temperature increased. The
interactions at temperature of 100°C and time of 7h and

ageing time of 36 h resulted in maximum CEC values.

3.4.4. Cation Exchange Capacity for Calcium lon

Exchanged Zeolite Y

The result for the analysis of variance (ANOVA) for the
reduced model containing a cubic model as shown in table
5.7

Table 5.7 Results of ANOVA of the CEC for Calcium ion
Exchanged with Zeolite Y at Lambda = 1.81

Sum  of Mean p-value
Source Squares DF Square Fvalue Prob>F
Model 611.48 5 122.30 474 0.0423  Significant
A - Hydrothermal
time 100.97 1 100.97 391 0.0952
B - Hydrothermal
Temp. 215.78 1 215.78 8.36 0.0276
AB 214.83 1 214.83 8.33 0.0278
B? 7.43 1 7.43 0.29 0.6107
AB? 172.25 1 172.25 6.68 0.0415
Residual 154.79 6 25.80
Correlation total 766.27 11

The Model is

significant. For the assumed model, there is only a 4.23%

F-value of 4.74 implies the model

chance that a "Model F-Value" this large could occur due
to noise. Values greater than 0.1000 indicate the model
terms are not significant. In this case A, B, AB, AB? are

significant model terms.



www.seetconf.futminna.edu.ng
Table 5.8 Statistical Parameters for Ca®* Zeolite Y Data

Analysis from Model

Standard deviation 5.08 B-squarad 0.7980
Miean 51.15 Adjusted B 0.6297
Coefficient of Variation
16.30 Predicted RZ 0.1861
(CV.)%
Predicted Error Sum of
623.64 Adequate Precision 6.973

Squares (PRESS)

The R — squared value of 0.7980 explains that about
79.80% of variability is obtained in zeolite Y CEC with
Calcium ion. The Predicted R-Squared of 0.1861 is not as
close to the "Adj R-Squared" of 0.6297 as one might
normally expect. The predicted R — squared indicated that
the model would be expected to explain about 18% of
variability in the new data. Adequate Precision (signal to

noise ratio) of 6.973 indicates an adequate signal.

Final Equation in Terms of the Significance of the
Experimental Factors:
(CEC Y Ca®")'® = 21637.99339 - 3484.42973*
Time 445.70599*
+ 71.99648*

Hydrothermal Temperature — 0.37121* Hydrothermal

Hydrothermal + Hydrothermal

Temperature Hydrothermal Time *

Time * Hydrothermal Temperature?.

The equation shows hydrothermal time is the most
significant factor followed by hyydrothermal temperature.
The equation confirms that the CEC for zeolite Y
exchanged with calcium ion increases with decrease in
time and increase in

hydrothermal hydrothermal

temperature.
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Design-Expert® Software Cube
Transformed Scale
(CECY Ca2+)".81 (CEC Y Ca2+)1.81
X1 = A: Hydrothermal Time
X2 = B: Hydrothermal Temperature 23.4419 29.5868
X3 = C: Ageing Time
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Figure 14.0 A cube plot representation for Faujasite Y

CEC with Calcium ion.

The cube plot in figure 14.0 showed how the three (3)
factors interacted to affect the CEC for zeolite Y
exchanged with calcium ion. The CEC decreased with
increase in hydrothermal time and temperature but
remained constant with increase in ageing time. Maximum
CEC was obtained at interactions of temperature of 90°C,
time of 5h and ageing time 36h. Although, CEC values
remained constant with increase in ageing time, hence,
ageing time had little or no effect on zeolite Y CEC values
with calcium ion.

4.0. CONCLUSION

The morphology of synthesized zeolite LTA had a face
centred cubic shape while zeolite Y had a hexagonal
crystal structure. Although not all the synthesized zeolites
gave high crystallinity, zeolite samples A4 and Y6 gave a
value of 32.84 and 75.03% for percentage crystallinity

respectively.

Zeolite LTA A4 had 8.37meg/g ammonium ion CEC and
7.42meq/g calcium ion CEC while zeolite Y6 had
3.80meg/g ammonium ion CEC and 7.33meg/g for
calcium ion CEC.
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The effect of ageing time, crystallization temperature and
crystallization time were studied and it was observed that
the ageing time in the zeolite A with ammonium ion CEC
and zeolite Y with calcium ion CEC had little or no effect
on the response — cation exchange capacity. However,
crystallization temperature and ageing time had significant
effect on zeolite A ammonium ion CEC and zeolite Y
calcium ion CEC, but at low and high crystallization time

respectively.
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ABSTRACT

This paper presents the development of a graphical user interface (GUI) for the energy saving analysis in Long Term
Evolution (LTE) mobile access networks. The GUI runs a dynamic energy saving algorithm which utilizes off mode, sleep
mode and multi-cell cooperation at the eNodeBs. The dynamic energy saving algorithm is an integration of two algorithms,
namely: energy estimation algorithm and load/traffic sharing algorithm. The energy estimation algorithm estimated the
energy consumption of the eNodeBs when they are all powered on, irrespective of their traffic loading.The load/traffic
sharing algorithm transfers traffic between eNodeBs which enabled the off mode, sleep mode and multi-cell cooperation of
the eNodeBs. The dynamic energy saving algorithm and the GUI for the energy saving analysis were implemented in
MATLAB 2013b environment. The energy saving analysis for the LTE mobile access network was done for various
energy-load proportionality constant at a particular call blocking probability using the developed GUI for LTE mobile
access network energy saving analysis based on dynamic scheduling.

Keywords:LTE Network, Load Utilization Factor, Bandwidth Efficiency, Data rate and Signal-to-interference-noise-ratio.

1. INTRODUCTION degree of temporal-spatial diversity, which means that

traffic demand varies both in time and space (Peng et al.,

The LTE standard was developed by the 3rd Generation 2011). This variation is directly related to the random call

Partnership Project (3GPP) to cope with the rapid increase making behavior and mobility pattern of the mobile

of mobile data usage (Sesizet al., 2009). The energy stations (Paul et al., 2011). However, under the current

consumption as well as CO, footprint of mobile cellular network operation approach, all base stations are kept

networks is increasing at an alarming rate due to the powered on irrespective of traffic load (Wu and Niu,

exponential growth in mobile data traffic (Wu et al., 2015). 2012).This traditional network operation and the

This is because current cellular networks are typically o ementioned non-load-energy proportional utilization at

designed and operated to meet a given coverage and base stations are the major causes behind the substantial

capacity level by considering the peak traffic demand, amount of energy wastage in existing cellular networks

while energy efficiency takes a minor (or no role at all) at (Chiaraviglio et al., 2012). Thus, it is imperative to exploit

the design and operation stages (Oh et al., 2013). the non-load-energy proportional utilization of eNodeBs to

Consequently, minimization of energy consumption at devise techniques to manage the energy consumption of

base stations will - considerably enhance the energy LTE mobile access networks more efficiently (Hasan et

efficiency of LTE cellular networks (Zhang and Wang, al.,, 2011). Switching-off eNodeBs during low traffic

2013). Remarkably, contemporary base stations have a situations has been proposed for future LTE systems;

high-degree of non-load-energy proportional consumption however the standard so far does not specify

characteristic and consume asignificant amount of energy implementation schemes (Hossain et al., 2011). This is the

even at no-load condition (Xiang et al., 2014). On the other primary focus of green cellular communication which

hand, cellular mobile network traffic exhibits a high- finds radio networking solutions that can greatly improve
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energy saving and resource efficiency without
compromising the quality of service of mobile stations
(Han et al., 2014). Given the nature of energy wastage,
natural traffic diversity and the exponential traffic growth
trend, it is crucial to develop an interactive platform for
energy saving analysis in LTE mobile access networks

based on dynamic scheduling.

2. METHODOLOGY

The step by step approach of the proposed methodology is

itemized as:

i Development of mathematical model of the LTE
cellular environment.

ii. Development of mathematical model for the
energy saving and quality of service constraint
(QoS) at the LTE eNodeBs.

iii. Development of the energy saving algorithm

\Y2 Development of a MATLAB GUI for the
simulation and analysis of the LTE access

network energy saving.

2.1. Modeling the LTE Cellular Environment
The LTE environment comprises of the eNodeBs, the Cell
structure, adjacent cells, and the mobile stations. Mobile
stations are initially generated uniformly across the entire
network. A set of randomly active mobile stations for a
particular distribution factor D is selected from the group
of uniformly distributed mobile stationsN,, given as (Obi et
al., 2015):
N, = 6D?+8D +3
1)

2.2. Modeling the Energy Saving and QoS
Constraints

The eNodeB power consumption model is used for
evaluating the energy consumption of an LTE cellular
mathematical

network. The representation of the

www.futminna.edu.ng

instantaneous power consumed by the jtheNodeB is given

as (Hossain et al., 2013):

(1 —q@p;®Pf + qPF;

P sleep mode (2)
0; of f mode

Where: P;(t)is the operational power of the jth eNodeB at

active mode
B(0) =

time t;Pis the maximum operational power of the jth
eNodeB; p;(t)is the load utilization factor of the jth
eNodeB at time tandg € [0,1]is called the energy-load
proportionality constant of the eNodeBs which determines
the level of dependency of the operational power of an
eNodeB on it load utilization factor.

The operational power, P? of the jth eNodeB is given as
(Shahab et al., 2015):

P*=aPry;+b (3)

The sleep mode power, P consumed by the jth eNodeB is
given by as (Hossain et al., 2013):

B =qb 4)

Where: Pry ;is the transmit power of the jth eNodeB; the
parameters ‘a’ and ‘b’ are termed as the power profile
parameters.

The load utilization factor at the jth eNodeB, p;(t)at

timet is given as (Hossain et al., 2013):

Nysed.rb.j(t)
pi(t) = =5 (5)

Where:  Nygeqrp ;j(t)is the number of used physical
resource block at the jth eNodeB at time t; N, ;(t)is the
number of available resource block at the jth eNodeB.

Also, the number of used physical resource blocks at

the jth eNodeB at time t is given as(Hossain et al., 2013):

Nusearn,j(8) = i 2, (O)Wie () ©)
Where: z; ;(t) is an assignment indicator variable which is
equal to 1 when ith mobile station is served by jth

eNodeB at time t and zero otherwise,w;,(t) is the
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approximate number of physical resource block allocated
by the jth eNodeB to the ith mobile station at time ¢.
The approximate number of physical resource block
allocated by the jth eNodeB to the ith mobile station at

time t is given as (Hossain et al., 2013):
R j(t)
Wrpe; j(t)

@)

Where: Wy is the bandwidth per physical resource block
and it is 180 kHz; R; ;(t) is the bit rate requirement of the

w; . (t) =

ith mobile station from the jth eNodeB at time t; e; ;(t) is
the average bandwidth efficiency of the ith mobile station
from the jth eNodeB at time t.
The average bandwidth efficiency of the ith maobile station
from the jth eNodeB at time t is usually expressed using
equation (6) when considering adaptive modulation and
coding (Hossain et al., 2013):

0 if Yij < Vmin

e ; =151082(1 +vi)) if Vinin <Vij < Vimax
€max U Vij = Vmax

(8)

Where: 0 < & <1 is the attenuation factor accounting the
implementation 10sS; ¥,,, is the minimum signal-to-
interference-noise-ratio; ¥,,,, 1S the maximum signal-to-
interference-noise-ratio; e, is the maximum bandwidth
efficiency and y; ;(¢)is the instantaneous received signal-
to-interference-and-Noise ratio of the ith maobile station
from the jth eNodeB.

The simulated traffic arrival pattern of an eNodeB follows

a poisson distribution model given as (Obi et al., 2015):

p(t.u)

A = el

9)

uto_
plt) =Ler (10)
Where: A(t)is normalized traffic at time ¢, p is the poisson
distribution function, t is the specific time in a day and u is
mean value where peak number of traffic occurred.
The load factor of each eNodeB in the LTE access network

is normalized using the instantaneous traffic normalization
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factor A(t). This is to make the traffic behaviour at each
eNodeB of the propose model exhibits the temporal
diversity of a typical cellular network. The load factor of
jth eNodeB after normalization is given as (Obi et al.,
2015):

Pjnew () = At)p;(t)

(11)

Where: pj n.w (t) is the normalized instantaneous load
factor of the jth eNodeB at timet; A(t) is the
instantaneous traffic normalization factor and p;(t)is the
calculated load factor of the jtheNodeB at timet .

Thus, the instantaneous power consumed by the LTE
access network of NeNodeBs at time t is given as (Obi et
al., 2015):

Py(®) = X1L4[(1 = @)pj new (P + qPF]

(12)

The total energy consumed by the N eNodeBs over a
period of 24 hours can be computed using equation (12)

orig

and is termed as the original/base-case energyE,, © which
is given as (Obi et al., 2015):
ENY = 324, Py () (13)

Energy saving is achieved when active eNodeBs
dynamically transfer their loads/traffic to their adjacent
cells in other to switch to sleep or off mode depending on
the status of the adjacent eNodeBs. This load/traffic
sharing results in an instantaneous increase in power
consumed by the adjacent eNodeBs due to the increase of
its transmission power to extend it coverage area to the off
or sleep eNodeB. This increase in the instantaneous power
of the j th eNodeB to cover the coverage area of an off or
sleep mode adjacent eNodeBs can be computed using

(Hossain et al., 2011):

m(t)Prx,j
Piye. ji= P

(14)
Where:m(t) is the number of off or sleep mode, adjacent
eNodeB whose load is been transfer to the jth eNodeB at

time t.
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The total energy consumed by N eNodeBs over a period of
24 hours with the energy saving algorithm is termed as the
energy-with-scheduling EYs"¢ and is expressed using
(Hossain et al., 2013):

ENS = 520 |Z0LA[S;(0) (1 = @)pfnen PO + aBFH) +
(1-50) ]|
Where: S;(t) is the operating mode indicator of the j th

(15)

eNodeB at time t and it is given as (Hossain et al., 2013):
1
50 =1,

P} new is the new normalized load factor of the jth eNodeB

active mode
sleep mode

(16)

after implementing dynamic scheduling at time ¢.

P]-‘“ is the new operating power of the jth eNodeB after
coverage extension and it is expressed using(Hossain et al.,
2012):

P** = a(Pry;+ Pic;) +b

17)

Thus, the proposed net energy savingsEj, in the network is
expressed using (Chiaraviglio et al., 2012):

E;\)Irig_EI\sthc .
ES = W X 100% (18)

N

The blocking probability of a new call/maobile station at the
jth eNodeB at time t is expressed using (Hossain et al.,
2012):

(Nrb Pjmax (t))Nrb

Nyp!
n 7(19)
Nrb(Nrbpj,max(t))
Zk:l K!

Pry,;(t) =

Where:p; 4, (t)is the maximum allowable load utilization
factor of the jth eNodeB at time t.

The quality of service constrain is imposed at each
eNodeB while performing scheduling/load transfer. The
quality of service constrain is represented using:

Py j(t) < Py max (20)

Where: Pr1y, ma, IS the maximum allowable blocking

probability at the jth eNodeB.
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2.3.Energy Saving Algorithm
The energy estimation algorithm (Obi et al., 2015) and the
load/traffic sharing algorithm are integrated to form the
energy saving algorithm. The following set of instructions
form the proposed load/traffic sharing algorithm.

i.  Generate the neighbour matrix

ii. Replace each neighbour by its traffic and sort the
neighbours in descending order of their traffic
size/load factor.
iii. Determining the available space in each
neighbour while imposing the safety margin
constrain/blocking probability.
For each of the eNodeB, attempt traffic sharing
from the eNodeB with highest traffic to the
eNodeB with the lowest traffic.
If traffic sharing is not possible for a particular
eNodeB, go to the next eNodeB with the lower
traffic and continue until the entire eNodeB are
exhaust.
Vi. For each successful sharing, increment the

sharing counter.

vii. Determine the new load factor of each of the
eNodeB after sharing process is completed
viii. Determine the number of sleeping and off
eNodeBs
Subtract the number of sleeping and off eNodeB
to obtain the number of active eNodeBs.
The flow chart of the energy saving algorithm is given in

Figure 1.
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| Input simulation parameters I—

*

‘ Run energy estimation algorithm |

I !

Store the energy as base Extract the base case load

CAse energy factor

l !

Run the load/traffic
Compute energy saving

sharing algorithm

Store result as energy with scheduling
Figure 1: Flow Chart of the Energy Saving Algorithm

v

2.4.Graphical User Interface

Figure 2 shows the developed MATLAB GUI. The GUI
takes in inputs through the text boxes provided on the user
interface. When the correct inputs are entered and the
desired bottom is pressed, the GUI feeds the inputs to the
set of MATLAB function that performs the required task.
If the Energy Saving bottom is selected the program run
the energy saving algorithm and various results are
displayed on the user interface.

LTE NETWORK ENERGY SAVING ANALYSIS

SOFTWARE BASED ON DYNAMIC SCHEDULING P

RESET

CELL PLOTY.. S 1 ()
USERS ARRAY

AVERAGE LD FECTONLCF 48 SO RBRLAATIONAT 1= 1 g

SIMULATE

ERERGY SAVWIGS 3] Aot comlenpor

TR 06 4B AFTE

AVERSGE LOAD FAC IR CF 843 A TLR DTHALBC SORIULIVG AT 1= 1584 59011

AVERAGE POWEE COMSIMIE Y o1 IEEORE PGB, SCHIOLING AT ¢ = T.5MAP ST

Figure 2: MATLAB GUI for Energy Saving Analysis

2.5.Simulation Setup
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The performance of the proposed dynamic energy saving
algorithm was evaluated by simulation. The simulated
LTE access network consists of 50 macro cells with a
distribution factor of 4 and 100 active mobile stations per
eNodeB. The choice of 50 eNodeBs is based on the
number of eNodeBs which was used in the energy saving
algorithms for LTE access networks proposed by(Hossain
et al.,, 2013).The standard parameters used for the
simulation are shown in Table 1 which are consisted with
the simulation scenario recommended by 3GPP (3GPP TR.
36.942, 2012):

Table 1: Standard Simulation Parameters

PARAMETER VALUE
Transmit power of eNodeBs 46 dBm
System bandwidth 20 MHz
Carrier frequency 2 GHz
Bandwidth per Resource 180 kHz
Resource block per eNodeB 100

135

The radius of the macro cell is chosen as 1.5 km. Adaptive
modulation and coding (AMC) set parameters are given
as & = 0.75,Vmin = —6.5dB,Viax = 19dB and e, =
4.8 bps/Hz(Hossain et al., 2013). Five classes of real time
constant data rate having data rates equal to 64 kbps, 128
kbps, 256 kbps, 384 kbps and 512 kbps are randomly
selected by mobile stations. It is assumed that only one
resource block can be allocated to a mobile station from

any class. Thus, the required signal-to-interference-noise-
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ratio of the five classes, calculated using equation (7) — (8),
are found equal to—4.1dB, —0.3dB, 4.3dB, 7.9 dB,
and 11.1 dBrespectively. The eNodeBs power profile
parameters are: a = 21.45and b = 354.44 for macro
cells. These parameters provide the maximum operating
power of the eNodeBs. The energy load proportionality
constant g ranges from 0 to 1. A snap shot of the simulated

network is as shown in Figure 3.

eNodeB

Hexagonal cell

Mobile station

Figure 3: Simulated Network of 50 eNodeBs

3. RESULTS AND DISCUSSIONS

The daily energy saving resulted from using the developed
GUI of the LTE access network was plotted against the
energy load proportionality constants which ranges from 0
to 1 at an interval of 0.1 for the call blocking probability of
0.001%, 0.01%, 0.1%, 1% and 10%. The dependency of
the energy saving on the energy-load proportionality
constant for the various call blocking probability is as
shown in Figure 4.
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A Graph of Energy Saving against Energy Load Proportionality Constant
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Figure 4: Energy Saving against Energy Load
Proportionality Constant

The energy saving from Figure 4 is highest for the energy
load proportionality constant of 1, which corresponds to
constant energy-load proportionality constant. This is
because for the constant energy load proportionality
the eNodeBs

irrespective of their traffic level which result to the highest

constant, consume constant  power
amount of energy consumption of the LTE access network
and consequently the highest amount of energy saving
which correspond 1036.87%, 39.67%, 42.32%, 51.84%
and 54.24% blocking probability of
0.001%,0.01%, 0.1%, 1% 10%

However, as the energy-load proportionality constant tends

for the call

and respectively.
toward zero, the dependency of the energy consumption of
the eNodeBs increases with its load utilization level, hence
the energy consumption and energy saving decreases.
Subsequently, for the energy load proportionality of zero,
the energy consumption of the eNodeBs fully depends on
its load utilization, and hence the energy saving is lowest
and corresponds to 0.12%,2.95%, 4.23%, 7.56% and
10.91% the blocking
0.001%,0.01%, 0.1%, 1% and 10% respectively.This is
because the network incurs extra power (additional

for call probability  of

transmit power) in transferring the mobile stations from
the off/sleep mode eNodeBs to the neighbouring active
eNodeBs.
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4. CONCLUSION

The GUI for the energy saving analysis in LTE mobile
networks that utilized the energy saving algorithm has
being developed. The LTE network environment and the
eNodeBs power consumption models were developed with
a view to implementing the dynamic energy saving
algorithm which comprises of the energy estimation
algorithm and the load/traffic sharing algorithm. The
dynamic energy saving algorithm was implemented on
MATLAB 2013b environment. The analysis of the energy
saving resulted from the energy saving algorithm was done
using the developed MATLAB GUI called the LTE
network energy saving analysis software based on dynamic
scheduling for the energy load proportionality constant
ranging from 0tol. The results show that the energy
saving in the network increases as the energy-load
proportionality constant and call blocking probability

increases.
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ABSTRACT

This paper presents a combined method which integrates the analytical approach into a firefly algorithm for optimal
location and sizing of Distributed Generators (DG) in power system distribution networks. Optimal location and
sizing of DGs are key to achieving an improvement in the system’s reliability, stability and reduction of power losses.
The combined method was then tested on the standard IEEE 30-bus radial distribution system and results obtained

showed high precision for location and accuracy in sizing.

Keywords:Distributed Generation, Analytical Approach, Firefly Algorithm, Loss Minimization

1. INTRODUCTION

Due to continuous economic development which has
brought about an increase in load demands in distribution
networks, developing nations like Nigeria, have their
power systems operating very close to the voltage
instability boundaries. The decline in voltage stability
margin is one of the important factors which restricts
increment in load served by distribution companies (Jain et
al., 2014). This rapidly increasing need to improve the
stability and reliability of power systems, the need to
provide more electrical power and difficulties in providing
the required capacity using traditional solutions, such as
transmission network expansions and substation upgrades,
provide a motivation to select a Distributed Generation
(DG) option. A DG is understood to be a type of
generation system which is embedded, integrated and
controlled on the distribution voltage side of the power
system network. DG can be integrated into distribution
systems to improve voltage profiles, power quality and the
system generally. (Muttaqi et al., 2014).

These DG units when integrated into distribution networks
provide ancillary services such as spinning reserve,
reactive power support, loss compensation, and frequency
control. On the other hand, poorly planned and improperly
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operated DG units can lead to reverse power flows,
excessive power losses and subsequent feeder overloads
(Atwa et al., 2010).

Several methods, objectives and constraints for finding the
optimal location and size of DGs in distribution networks
have been introduced by different researchers. Methods
used include the classical or numerical method by Atwa et
al., (2010), Ochoa & Harrison, (2011) and Rau & Wan,
(1994); the analytical approach by Wang & Nehrir, (2004),
Acharya et al., (2006), Gozel & Hocaoglu, (2009) and
Hung et al., (2010), Hung et al., (2013), Hung et al.,
(2014). Another method used is the heuristic approach by
Abou EI-Ela et al., (2010), Akorede et al., (2011), Lbpez-
Lezama et al., (2012), Soroudi & Ehsan, (2011) and
Vinothkumar & Selvan, (2011, 2012). Combined and
hybrid solution approaches were also proposed in Afzalan
& Taghikhani, (2012) and Moradi & Abedini, (2012).
These methods have also presented different kinds of
objective functions varying from single to multiple
objectives and different types of constraints have also been
DG

allocation was developed based on the 2/3 rule for

addressed. The analytical method for optimal
capacitor placement. It is simple to understand and non-

iterative but it can only get an approximate solution.
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Furthermore, the analytical method is computationally
exhaustive and time consuming thus it becomes more
complex as the complexity of the distribution network
increases. On the other hand, the firefly algorithm is robust
and easy to use for optimal DG allocation but it hardly
produces an optimal result. This is because the sizing is
treated as an iterative process which may give a size which
is theoretically optimal but practically not applicable. This
iterative procedure for sizing also makes convergence take
a longer period.
However, the analytical method proposed in Hung et al.,
(2010) has shown precision and accuracy in the aspect of
DG sizing as each optimal DG that is suitable for each bus
can be calculated before location of the best DG is done.
This is more precise, specific and accurate for DG sizing
only and the placement can then be treated as an iterative
problem. Similarly, the firefly algorithm as applied in
Nadhir et al., (2013) has shown very good performance in
iterative problems and can be used for optimal location of
DGs when it is treated as an iterative problem.
This paper presents a new approach which combines the
analytical method and firefly algorithm for optimal DG
allocation. The incorporation is done by using the
analytical approach for sizing of the candidate DGs
required for each bus while the firefly algorithm is used to
randomly search for the optimal location of these DGs.
The algorithm is implemented on MATLAB R2015a
platform and it is tested on a standard IEEE 30-bus radial
distribution test system.
The remainder of this paper is outlined as follows:
Section 2 presents the methodology which explains the
problem formulation, necessary background and the
proposed method. Section 3 presents the results obtained
and discussions while Section 4 is the conclusion.

2. METHODOLOGY

This section is divided into four subsections which are

problem formulation, analytical method, the firefly
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algorithm and the proposed method. The first three
subsections discuss necessary backgrounds required to
understand the proposed method.
2.1. Problem Formulation

The aim is to minimise the total loss in the system and
improve the voltage profile by incorporating DG into a
typical distribution network. The size and location of this
DG must be optimal. The variables of the DG to be
located are defined as (Sulaiman et al., 2012):

X :[XlL’Xls ""XnL'XnS] @
Where x is the parameter of the DG which indicates
candidate size and location, L is the location, S is the size of
the DG at each location as obtained using the analytical
method, and n is the maximum number of buses.
The objective function which was formulated based on the
constraints in equation (1) by minimizing the total power

loss in a distribution network is defined as:

f(x) = min(zn: P,_OSSJ
@

Where f(x) is the optimal result obtained after the
minimisation of total loss, P, based on the parameters of
the DG in (1).
2.2. Analytical Method
The analytical method originated from the 2/3 rule and is
implemented based on the exact loss formula. The exact
loss formula used for calculating the total active loss in a
distribution system having N-number of buses is given as a
function of the respective real and reactive powers as
(Hung et al., 2013):
N
-y

Z[aij R P, +Qin) - B; Q P, - P|Q,)] ©)

=1

Where; Fij (4)

a;; v cos(o; — ;)
ivj
B; :V_%sin(éi -s5,) 0
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V,;and 5i are the complex voltage magnitude and angle at

any bus i and (6) represents the i,j element of the
impedance matrix. Pi and Pj are active power injections at
buses i and j respectively while Qi and Qj are the reactive
power injections at buses i and j respectively.

The total power to be delivered by the DG and its
corresponding power factor at any bus i can be found using
(Hung et al., 2014):

X

Pos, = Pp, ——- (")
i
pfoe = cos(tan™ (%)) 8
i Fp, — A
Where; X, = i(aij Pj _ﬁiij) ©)
i=t
Y = Z(aiij _ﬂij Pj) (10)

¥

J
J
Poc isthe DG size atany bus i, pf,; is the power factor

of the DG, while P, and Q_ are the corresponding real

and reactive powers of the bus having the DG.
2.3. Firefly Algorithm

The firefly algorithm is a nature-inspired meta-heuristic
algorithm which mimics the social flashing behaviour of
fireflies. The algorithm was proposed by Xin-She Yang
(Yang, 2009) for solving complex optimization problems.
The flashing light in fireflies serves as a means of
communication to attract mating partners and potential
preys. Three ideal rules are proposed in order to simplify
the modelling of the algorithm. These are (Yang, 2010):

1.
be attracted to any other firefly irrespective of their sex.

2.

any two fireflies. Thus, the less bright firefly will move

All fireflies are unisex such that one firefly will
Attractiveness is proportional to brightness for
towards the brighter one.

3.

affected by the landscape of the objective function.

The brightness of any firefly is determined or

For any optimization problem, the brightness can simply
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be proportional to the value of the objective or fitness
function. The pseudo code for implementing the firefly

algorithm is depicted in Figure 1 (Yang, 2009).

Objective function £ (x), x = (x,... x,)°
Generate mitial population of fireflies x (i=12...%)
Light intensity [;at x;is determined by fxy
Define light absorption coefficient, y
while (t < MaxGeneration)
for i = L:n all n fireflie
forj = Liall n fireflies
if 7, »1,). Move firefly i towards j in d-dimension; end if
end for
end for i
Rank the fireflies and find the current best
end while
Post process results and visualization

Figure 1: Pseudo code of Firefly Algorithm
The describing equation which shows the movement of a
firefly i to a more attractive (i.e. brighter) firefly j is

described using (Yang, 2009):
X =% +Be (X, —x)+ae (12)

Where xi* is the new position of firefly i, X; is the initial

1

position of firefly i, x; Is the position of firefly j, g_is
the initial attractiveness of the firefly, » define the
characteristic length, « is the randomization parameter,

€; is a vector of random numbers drawn from Gaussian or

uniform distribution and r; is an Euclidean distance

defined in equation (12).

=[x = (12)
This represents the Cartesian distance between any two
fireflies defined as:

||Xi —Xj||=\/(><i -x;)2+ (Y —y;)?

The describing equation (11) is an ordinary random walk

(13)

which is biased towards the brighter firefly. If 5 =0,
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equation (11) becomes an ordinary random movement. to be placed at each bus while the firefly algorithm was
2.4. The Proposed Method used for location of the DG. The location was done based

The proposed method presents a heuristic procedure on a fast random search in order to reduce computational

guided by the analytical method described in subsection time.

2.2.The flow chart for the proposed method is shown in The step by step procedure for implementing the proposed

Figure 2. method (shown in Figure 2) are as follows:

1. Input bus and line data
@ 2. Input firefly parameters (i.e. number of fireflies,

maximum generation, stopping criteria, scaling

Enter the firefly data, power flow data

. . arameters, minimum value of attractiveness and
and candidate DG size for each bus P

absorption coefficient)

3. Run base case load flow

Generate two sets of firefly offsprin
y OTspring 4, Compute candidate DGs for each bus using

v
Compute and compare their fitness and equations (7) and (8)
determine the best offspring 5. Determine the best location as a fitness offspring
v using firefly algorithm;
Compute a new attractiveness based on 6. Display best location and its candidate size.
> the absorption and their distance apart 7 Print result

* 8. Stop.

Update the fireflies and compute
their fitness again 3. RESULT AND DISCUSSIONS

v

Determine the best adult in terms of o ] o
fitness (minimum power loss) distribution system. The single line diagram of the system

The proposed method was tested on the IEEE 30-bus radial

is shown in Figure 3 and the line and bus data of the
system were obtained from Mojtaba et al.,(2014).

S
Hm;

[
=

‘2& |29

Is the maximum
generation
exceeded?

‘3

.
Pl p o
R

Print the best firefly fitness and
position

25
27 26

Figure 2: Flow Chart of the Proposed Method Figure 3: IEEE 30-bus Radial System
The parameters of the firefly algorithm used for simulation

The analytical method was used to calculate the size of DG were set as shown in Table 1to ensure an optimum
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performance of the algorithm.

Table 1: Parameters of Firefly Algorithm

SIN Parameters Values
1 No. of Fireflies 30
2 Maximum Generation 30
3 Scaling Parameter ¢ 0.25
4 Attractiveness /3 02
5 Absorption Coefficient » 1

To show the impact of the DG installation, a base case
load flow analysis was first run on the system before DG
allocation was done, then the voltage profile of the base
case scenario was plotted against that of the optimized case
after DG allocation.

The voltage profile comparison is shown in Figure 4 while
Figure 5 shows the plot minimization process of the
objective function as against the number of iterations. This
is to indicate the quick convergence of the proposed
method.

The results obtained are presented in Table 2.

1

—@— Base Case
—+—Improved Case

=
=
T

Voltage Magnitude (per unit)

=
=~
=

=
8
T

=
=2

I
15
Bus/Node Number

Figure 4: Voltage Profile of 30-bus system

It can be observed from Figure 4, that the DG installation
has improved the voltage profile of the system. The blue
line indicates the base case voltage profile while the green
line represents the improved voltage profile after DG
installation. The bus with the minimum voltage as shown
in Table 2 (i.e. bus 27) recorded an improvement from
0.9236 p.u to 0.9534 p.u.
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Figure. 5: Objective function against iteration

5 10 )
The overall voltage profile also recorded a 21.07%
improvement while the total real power loss was also
reduced from 542 kW to 495 kW. Figure 5 shows the trend
of the power loss as against the number of iterations. It can
be seen that the minimum loss was achieved after the
seventh iteration which indicates the fast convergence
speed of this method as compared to the conventional

analytical method proposed by Hung et al., (2010).

Table 2: Summary of Results Obtained

Particulars Base Case Optimized Case
Real Power Loss 542 kW 495kW
Bus with Minimum Bus 27 with Bus 27 with
Voltage 0.9236 p.u 0.9534 p.u
DG Location - Bus 2
DG Size - 183kwW

As seen in Table 2, the simulation results showed that the
optimal DG location and size were found to be bus 2 and
183 kW respectively.

4. CONCLUSION

This paper presented a combined method for optimal DG
allocation in radial distribution networks. The method was
IEEE 30-bus radial distribution

system. The results obtained showed that the problem of

tested on a standard

inaccuracy associated with the firefly algorithm solution
and the time consumption associated with the analytical

method has been successfully addressed by this method.
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ABSTRACT

The economic benefits of Aluminium deposits in Nigeria as alternative source of foreign earnings cannot be
overemphasized. Nigeria’s economy has since the discovery of crude oil been monolithic, paying more attention to
petroleum than other non-oil sectors including the solid mineral sector. The adverse effects of these on the nation’s
economy ranging from Naira devaluation to lack of employment opportunities for Nigerian graduates have necessitated
this research work. The research looked into the chemistry of aluminium as an element and the deposits of the ore in the
country. The research equally explored the existing government policies as it affects the solid mineral sector. The
processes involved in mining aluminium ore (bauxite), processing of the ore and the refining were also considered. The
research also looked into the states of the existing aluminium production plants such as the Aluminium Smelter Company
of Nigeria (ALSCON) and other downstream production companies. The cost implication of aluminium production, the
consumption level of the products and the expected revenue generation for the country were also analyzed. It was
ascertained that aluminium ore deposits are found in Delta, Ekiti and Kebbi state areas of the country and that government
(though needs to be more target driven) have been making favorable policies on the solid mineral sector but the policies
have not translated to the intentions for which they were formulated and this has kept ALSCON and the entire sector in the
condition they are presently. Research results also showed that aluminium production is capital intensive and electricity
takes about 35% of the total production cost. The country’s aluminium per capita consumption was found to be about
0.3kg as against world’s average of 5kg which means that about 45,000 tons of aluminium is required for a country of
about 150 million people. Research showed that for the month of May 2015, the US exported aluminium of 99.5% purity
level at the rate of USD 1,804.04 per metric ton and this x-rays the lucrative nature of harnessing the aluminium deposits,
if Nigeria is to put attention to the sector.

Keywords: Solid minerals, Bauxite, Aluminium production, National economy, foreign exchange.

1. INTRODUCTION N200 as at First Quarter, 2015). Petroleum constitutes
Nigeria is a crude oil rich nation with Gross Domestic 95% export of the country (2012 est). Though the
Product (GDP) of USD 522 billion (norminal; 2015 petroleum sector is important, it remains in fact a small
est). But the country’s growth rate is 6.2% (First part of the country’s overall vibrant and diversified
Quarter, 2014) driven by non—oil production activities economy and until this ideology of monolithic economy
such as  Agriculture:  22%,  Services: 52%, is corrected, the nation’s economic growth rate will
Manufacturing: 6.8%; and oil and gas contributes only continue to remain low. The crude oil is refined outside
14.4% (2014 est). Mining contributes only 1% to the shores of the country and this helps neighboring and
Nigeria’s GDP and 33.1% (2013 est) of the country’s other beneficiary countries grow economically at a very
population still live below poverty level (Nigeria rapid rate at the expense of the Nigerian citizens.
National Bureau of Statistics, 2015). According to Nigeria has indigenous refineries but continues to
Channels Television News of May 15, 2015, 6.4% of import refined petroleum products at very high cost.
the workforce are still suffering unemployment. The US With this, there is no way the country can move forward

Dollar continues to appreciate over the Naira (above
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if the local refineries are not put to full operation and
modern ones built.

To improve the economic situation of the country there
is urgent need to diversify the economy. One important
area of such diversification is the exploration of the
solid mineral sector. According to Auwal, 2010, Nigeria
is richly blessed with solid mineral deposits with over
34 different minerals in 500 known mineral deposits
The

commercial value of Nigeria’s solid mineral has been

across the 36 states and Federal Capital.
estimated to run into hundreds of trillions of Dollars
with 70 percent of these minerals buried in the bowel of
Northern Nigeria and it is just unfortunate that Nigeria
since her independence in 1960 has failed to put in
place structures that will make the countless benefits
therein available to the citizens (Vanguard News, June
13, 2014). According to the audit report by the Nigeria
Extractive Industries Transparency Initiative (NEITI),
Nigeria is losing billions of Naira that should accrue to
the federation account from the mining sector because
Nigeria mining regulators are not efficient enough. For
the period covered by the maiden report (2007 - 2010),
over 70 percent of mining title holders in Nigeria’s solid
mineral sector are inactive, causing the government
huge revenue losses (Ata, 2012). All these if put in
proper shape will not only add to the GDP but at the
same time serve a source of employment to the
unemployed graduates whose number increases
geometrically as a result of yearly graduating students
who only come out to join a system that creates no

avenue to absorb the existing ones.

Aluminium is one among many of such minerals to
include Iron, Tin, Limestone, Dolomite to mention but a
few. Aluminium is a silvery-white metal that occurs
chiefly as bauxite. Bauxite consists of minerals mostly
gibbesite AI(OH);, boehmite y—AlO(OH) and diaspora
a—AlO(OH) mixed with the two iron oxides goethite
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and haematite, the clay mineral coalinite and small
amount of anastase TiO,. Aluminium was discovered
by a Danish chemist Hans Christian Oersted in 1825
(Siteseen, 2015). It is the third most abundant element
in the earth’s crust after oxygen and silicon and the
most widely used metal after iron. Aluminium is
paramagnetic and the third in electrical conductivity
after silver and copper. It is a light metal (specific
gravity 7.874 at 20°C) with good thermal conductivity
(Anne, 2015). A combination of these critical properties
earn aluminium various applications, some in pure
forms (such as electricity cables) and mostly in alloyed
form such as cooking pots and pans, cutleries,
automobile parts and soda cans. Other applications are:
in production of boats and ships, airplanes and plant
tubes (Siteseen, 2015). Aluminium forms a protective
impervious oxide layer on early corrosion and so it is
used in form of foils in packaging food. Aluminium is

also used extensively in the building industries.

2. METHODOLOGY
Theoretical approach was adopted in this study. The
method relates to collection of relevant information
from textbooks, government gazettes relating to the
subject matter and on-line information. On the whole,
the bulk of the data used were obtained from the official

records of government establishments.

2.1. THE CHEMISTRY OF ALUMINIUM
Aluminium does not exist as a pure element in nature. It
exhibits relatively high chemical reactivity and hence
tends to bond with other elements to form compounds.
More than 270 minerals in Earth’s rocks and soil
(William, 2015).
Aluminium is a group 3 and period 3 element of the

contain aluminium compounds
periodic table with atomic number 13 and atomic
weight 26.981539. Aluminium belongs to the p-block

elements with electronic configuration of 1s? 2s?2p°®3s® 3p.
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Aluminium derives its name from alum - from the latin
name alumen which means bitter salt. Aluminium is a
soft, light, silvery white metallic solid at 300K with the

following physical and chemical data.

Physical Data

Density at 300K: 2.6989 g/cm®
Density at melting point: 2.375 g/cm®
Specific gravity: 7.874

Melting point; 933.47 K, 660.32°C
Boiling point: 2792 K, 2519°C
Critical point: 8550 K

Heat of fusion: 10.67 kJ/mol

Heat of Vaporization: 293.72 kJ/mol
Molar heat Capacity: 25.1 J/mol.K
Specific Heat: 24.200 J/g.k (at 20°C)

Chemical Data

Oxidation states: +3 (most common) +2, +1

Electronegativity: 1.610

Electron affinity: 41.747 kJ/mol

Atomic Radius: 1.43A

Atomic Volume: 10.0 cm*/mol

lonic Radius: 51 (+3e)

Covalent Radius: 1.24A

First lonization Energy: 577.539 kJ/mol

Second lonization Energy: 1816.667 kJ/mol

Third lonization Energy: 2744.779 kJ/mol

Source: Aluminium Facts, Chemical and Physical
Properties (Anne, 2015)

Aluminium has face—centered cubic structure. Though
aluminium has 23 known isotopes ranging from Al to
“Al, it has two naturally occurring isotopes namely,
TAl occurring for nearly 100% of all natural aluminium
and %Al found in traces with nearby stable half-life of

7.2 x 10° years.
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2.2. ALUMINIUM ORE DEPOSITS AND
SOLID MINERAL POLICIES IN
NIGERIA

The top three countries that mine aluminium ore are
Guinea, Australia and Vietnarn but Australia, China and
Brazil lead the world’s aluminium production (Anne,
2015). Bauxite is aboundant in commercial exploitable
reserves in Nigeria. The deposits are found in Delta,
Ekiti and Kebbi states of the country (Akinrele, 2014).
Figure 1 below shows a typical aluminium ore. The red

colour seen is as a result of the presence of iron oxides.

Figure 1: Aluminium Ore (Bauxite)

The vast potential of Nigeria mineral wealth has not
always been so ignored. Before the oil boom of the
1970’s the nation’s economy was largely sustained by
agriculture and exploitation of solid minerals. Coal and
Tin were among the minerals mined on large scale with
the former being used to generate electricity, power the
railway network and meet the demands of regional and
international markets. Lead and Zinc were a significant
source of export revenue and Nigeria was the world’s
largest exporter of columbite. The Federal government
has acknowledged the potentials in solid minerals as an
alternative to the petroleum industry for foreign
exchange earnings and has set some policies in favour
of revitalizing the sector. This is because mineral
resources the foundation

are upon which an
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industrialized economy is built and this idea in recent
times has been rejuvenated following the global
economic recession of the late 1980s and early 1990s
that made the badly hit developing countries especially
African and Latin American to turn towards liberalizing
their trade to improve balance of payment and increase
economic growth. This left Nigerian’s economy which
is monolithic in nature vulnerable to fluctuations in oil
prices with the attendant shock on the economy. This
informed the Federal government’s decision to diversify
the nation’s economy base from oil to non—oil sectors
including the development of solid mineral resources.
The Federal Government after internal analysis and in
reaction to the global economic recession embarked on
key policy review which was completed and endorsed
at the middle of the 1990s for implementation. This led
to a number of important actions including the creation
of the Ministry of Solid Minerals Development in 1995,
Substantial efforts and polices were made towards

developing the sector some of which are:

e The new National Policy on Solid Mineral
Development, 1998.

e The enactment of the Mineral and Mining Act,
1999 known as Sustainable Management by
Mineral Resources Project.

o Development of the Seven-Year Strategic
Action Plan for Solid Minerals Development
in Nigeria (2002 - 2009).

e Establishment of Nigeria Geological Survey
Agency, 2002 to act as a repository of mineral
information and ensure that this is available to
private sector.

e Establishment of Sustainable Management of
Mineral Resources Project — a World Bank
assisted Programme, 2004 where World Bank
announced to spend the sum of USD 120
million to fund the sector. (Akinrele, 2014)
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e Establishment of the Mining Cadastre Office
to grant mining permits and licenses.

e Establishment of the Mines Environment
Compliance Department to outline best
International Practice.

e  Establishment of the Artisanal and Small Scale
Mining Department as a focused department
for small entrepreneur and local content.

e Enactment of the Mineral and Mining Act

2007.

Although previous policy decisions and instruments
well meaning, they have not produced the desired
results and the outcomes for which they were
formulated. Consequently, for the sector to develop
beyond its low level, it became apparent that a reform
of the policy is inevitable. The development of
decisions and instrument in recent times has led to a
meaningful change in perception and interest in the
sector. However it is now necessary that the interest be
deepened and the sector carried to the next level by
developing further enabling environment in the national
mining industry and to situate this within the context of
Millennium Development Goals (MDG) and Nigeria’s
development agenda especially to National Economic
Empowerment and Development Strategy NEEDS 1,
(2004) and NEEDS 2, (2007) (Ministry of Mines and

Steel Development).

2.3. ALUMINIUM ORE MINING AND
PROCESSING

Aluminium does not occur naturally in its pure state. It
is estimated that aluminium constitutes 8% of earth’s
crust and usually found in oxide form known as bauxite.
Australia, Guinea and Jamaica accounted for 60% by
world’s bauxite output in 1994 while Australia, the
USA and China together accounted for around 50% of

alumina total output. As mentioned earlier, there are



www.seetconf.futminna.edu.ng
bauxite deposits in Delta, Ekiti and Kebbi states of
Nigeria but remain commercially untapped as a result of
challenges in the sector.

Bauxite mining involves the removal of an entire layer
of the lateritic soil profile after clearing the trees. Then
the top soil is stock piled and mining proceeds. After
mining, the ironstone or clay underneath is deeply
ripped and the soil is replaced. Bauxite mining
processes are in five steps namely: preparation of the
mining area, bauxite mining, crushing and grinding, ore
transportation and rehabilitation. Figure 2 below shows

a typical mining and crushing site.

Figuire 2: Bauxite mining and crushing site

During crushing, coarse bauxite stones are crushed
using primary crusher followed by cone crusher or
impact crusher which are used as fine crushers. Finally

ball mill plays important role in grinding the bauxite.

The bauxite is then converted to aluminium Oxide
(Al,03) called Alumina through Bayer process as

shown in Figure 3 below.
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Figure 3: Bayer process of bauxite processing

Source: Bayer Process on Industrial Scale by Sam
Davyson

2.4 ALUMINIUM PRODUCTION IN NIGERIA

The Federal government of Nigeria intended to use
locally produced bauxite and subsequently import some
of the bauxite from neighboring West African countries
for her 180,000 metric ton per year capacity plant, the
Aluminium Smelter Company of Nigeria (ALSCON) in
Ikot Abasi Akwa-lbom State, Southern Nigeria (David,
2005). When fully operational, ALSCON will have the
confidence to mine bauxite and establish an alumina
refinery rather than import all its 375,000 tons per year

requirement from Guinea (Mbendi, 2015).

ALSCON has

unprofitable smelter since the divestment of the Federal

Unfortunately, remained a very
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Government’s equity holding from the privatized plant.
ALSCON, a subsidiary of United Company UC
RUSAL a Russian Company is yet to fully stamp its
foot on ground as a business enterprise (Daily Trust
Nigeria, October 17, 2013). The Russian firm holds
85% stake in the smelter. However, in February 2008,
ALSCON was re-launched after the modernization
completed by UC RUSAL. As at 2013 the company
was running at a great loss, utilizing only 11% of its
production capacity as a result of unfavorable business

climate.

Should ALSCON reach its full capacity, it will create
1,900 local jobs and 90% of the employees will be
Nigerian citizens. Additionally, 20,000 jobs could be
created in the downstream aluminium manufacturing
sector and through the development of infrastructure
around the smelter, resulting in a positive improvement
in the standard of living for Akwa-lbom state residents
and the country at large.

However, there seems to be no definite date for the
completion of the project by the Federal government
and the cost of the project when completed would be far
ALSCON to
profitable. The availability of a back-up gas pipeline

higher than is needed for remain
promised by the Federal Government which remains the
necessary precondition for ALSCON’s survival is not
feasible at the moment. Unless urgent steps are taken to
put the gas pipeline issue in place, Nigeria’s desire of an
aluminium revolution may remain a pipe dream

(Business and Finance News, December 15, 2010).

Other downstream aluminium manufacturers such as
the First Aluminium Nigeria, the Tower Aluminium
Nigeria and many others convert aluminium ingots to
various shapes and sections to satisfy the various areas
of aluminium applications. The first Aluminium Rolling

Mill was established in 1959 by then Eastern region
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government in Trans—Amadi in Port Harcourt. The mill
which represents the second stage in the processing of
aluminium into one of its many end products was
intended to produce aluminium coils and aluminium
circles. The coils being the primary input in the
fabrication of aluminium roofing sheets and circles
being the primary input in the production of aluminium

pots, pans and hollow ware.

Since then, the aluminium industry has experienced
tremendous growth with good number of rolling mills
and aluminium extrusion plants in the country. The
extrusion plants produce the aluminium profiles used in
the fabrication of windows, doors, curtain walling
systems, partitions etc. (commonly referred to as the
Windows and Doors subsector of the Aluminium
building products industry). Imported aluminum coils
and extrusions today are resorted to in order to augment
the outputs of these mills and plants. Indeed, it is
thought that the tonnage of imported profiles now
exceed by far that of the local mills by 2:1. Imported
aluminium coils also account for close to 50% of the
total tonnage in the market (Ebubec, 2014). Most of
these imported finished aluminium products are
substandard (Business Day, September 15, 2014).

Secondary aluminium  production also utilizes
aluminium scraps in the production of beverage cans,
tripod pots and frying pans, and aluminium automotive
parts such as engine blocks (US Energy Information

Administration — Today in Energy, August 16, 2012).

2.5. ALUMINIUM REFINING AND RECYCLING

Aluminium is too high in the electrochemical series to
be extracted from its ore by carbon reduction. The
temperatures needed are too high to be economical.
Instead, it is extracted by electrolysis (Jim, 2005). The

relevant chemical equations are:
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AlgOg + 2NaOH — 2NaA102 + Hgo
2H,0 + NaAlO,; — Al(OH); + NaOH

The intermediate sodium aluminate (NaAlO,) dissolves

in strongly alkaline water while other components are
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insoluble. Depending on the quantity of the bauxite ore,
twice as much waste called red mud is generated
compared to the amount of alumina. The conversion of
alumina to aluminium metal is achieved by the Hall-

Heroult electrolytic process as shown in Figure 4 below.

fume hood

®

bus bar to
next cell

—
220 kA current

TmImE 3121521 o) woyds

/ imsalation \

ground

Figure 4: Hall-Heroult Electrolytic cell

In this energy intensive process, a solution of alumina
in a molten (950 and 980°C) mixture of cryolite
(NazAlFg) with calcium fluoride is electrolyzed to
release the metal.

AP+ 3¢ — Al

Oxygen gas is formed at the anode

20" — 0, + 4¢
The aluminium metal formed (above 99% purity) sinks
to the bottom of the solution and is tapped off. This is
called primary aluminium and could be cast into large
blocks called aluminium billets for further processing.
Further purification can yield 99.99% purity level using

Hoopes process — a process that involves the
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electrolysis of molten aluminium with a sodium, barium

and aluminium fluoride electrolyte.

Aluminium is theoretically 100% recyclable without
any loss of its natural qualities. Recovery of the metal
through recycling has been an important advantage of
the aluminium industry. Recycling involves melting the
scrap, a process that requires only 5% of the energy
used to produce aluminium from ore, though a
significant part (up to 15% of the input material) is lost
as dross. An aluminium stack melter produces
significantly less dross with values reported below 1%.

The dross can undergo a further process to extract
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aluminium. Recycled aluminium is known as secondary

aluminium.

2.6. ALUMINIUM PRODUCTION COST
ANALYSIS

Principal cost elements in aluminium production are:

Alumina,  Electrical energy, Carbon  anodes,

Management and Labour, Gas for heating, Chemicals

(principally cryolite) and Mill overheads (Stuart, 2009).

During the electrolytic extraction, the carbon anode is
consumed by subsequent reaction with oxygen to form
carbon dioxide and so, anodes in the reduction cell must
be replaced regularly since they are consumed in the
process. The cathode do erode mainly due to
electrochemical processes and metal involvement. After
five to ten years, depending on the current used in the
electrolysis, a cell must be rebuilt because of cathode

wear.

In terms of power, the worldwide average specific
energy consumption is apparently 15 + 0.5 kilowatt—
hour per kilogram of aluminium produced (52 to 56
MJ/kg). The
approximately 12.8 kWh/kg (46.1 MJ/kg). (Compare
this with the heat of reaction 13 MJ/kg and Gibbs free

energy of reaction 29 MJ/kg). Reduction line currents

most modern smelters achieve

for older technologies are typically 100 to 200 KA,
state—of-the—art smelters operate at about 350KA.
Electric power represents about 20 to 40% of the cost of
producing aluiminium depending on the location of the
smelter and electricity tariff.

Trying to cut down cost in aluminium refining
regardless of the production methodology proposed, all
alternative processes have some common elements. The
primary inputs will be alumina, electrical energy, some

carbon and possibly some recyclable chemicals; outputs
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are aluminium and varying amounts of carbon oxides.
Heat will always be released because all alternatives
involve high temperatures. Based on these, the best
process would be one that occurs at as low a
temperature as possible, but with the highest
productivity per unit volume reactor while possessing
the fewest number of processing stages in the overall
conversion process. Some of the alternative processes

are shown with their features in Table 1 below.

Table 1: Alternative processes investigated for

aluminium production

Production Features

Process

Drained-Cell
Technology”

Cathode sloping and coated with
aluminium-wettable TiB,. By
eliminating metal pad, anode-cathode
gap could be halved to ~25 mm,
enabling substantial voltage lowering.
Other basics would remain the same
as present technology (E° ~ 1.2 volts,
Zmin, electrolysis = 6.34 kWh/kg).

Anode | Eliminate consumable carbon anode
by having an electrode material that
evolves oxygen. Although the
electrochemical  potential ~ would
increase by 1 V (E° ~ 2.2 volts), the
voltage increase would be (hopefully)
less because of lower anode
polarization (min,electrolysis =926
kwh/kg). The superstructure of the
existing cell could be refined,
reducing capital costs. If drained-cell
materials development were
successful, further design options are
possible.

Inert

Cells”
(Oxygen

Evolution)

Chloride
Process’

Aluminous material converted to
(anhydrous) AICI; of adequate purity.
AIClI; electrochemically decomposed
in a multi-electrode cell at ~700°C
(E° ~ 1.8 volts, #min, electrolysis — 0.34
kwh/kg). Electrochemically
generated chlorine is recycled.

Aluminous material converted to
(anhydrous) Al,S; of adequate

Sulphide
Process’
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Production Features

Process
purity. Aluminium sulphide
electrochemically decomposed to
recyclable S, and aluminium (E° ~
1.0 V) in a multipolar (&minetectrolysis =
5.24 kWh/kg) cell.

Carbothermal Convert aluminous material to an

Reduction’ intermediate Al,C; (or oxycarbide)
chemically at T > 1,700°C. React
carbide with further oxide to evolve
CO and produce aluminium (or alloy)
at T > 2,000°C. Refine the metal
quality to a usable grade (&minimum =
9.0 KWh/kg).

* Substantial retrofits using cryolite-alumina

electrolytes.

t Processing using intermediates derived from alumina.

Source: Aluminium Smelting Overview by Barry, J.
Welch (1999)

Figure 5a below shows sectorial representation of the

cost of the elements required in aluminium production

while Figure 5b shows possible trade—offs with

alternative technology.

Capital Eleclricity
(Excluding
Carbon)
Hurrian
Resources
Carbon Auming

Figure 5 (a) Contributions to the cost of aluminium
production

Wasle Haat

¥ [Excess Carbon]

Figure 5 (b) Potential areas for cost reduction with
alternative technology
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2.7. ALUMINIUM CONSUMPTION IN NIGERIA
AND EXPECTED REVENUE GENERATION
Due to its inherent properties chief among which are
good electrical and thermal conductivity, high strength
to weight ratio especially in alloyed form, ability to
form protective oxide coating, non—poisonous nature,
recyclability among others, aluminium finds vast areas
of application in building and constructions,
transportation and machinery, electrical and electronics,
food industries for packaging, cooking utensils and
cutleries and many more. Although there is small
number of bauxite deposits in the country, the ore is
cheaply available in neighboring West African
countries and its recyclability nature is a huge asset
being tapped on. This is what some of the downstream
aluminium producers exploit in trying to meet the ever
increasing demand of aluminium products in the

country.

The consumption of aluminium and other metal

products is regarded as a major index of
industrialization of a nation. By that yardstick, when
compared with even some developing nations, Nigeria
is lagging far behind in industrial development. By
current estimate, the annual per capita consumption of
aluminium in Nigeria is 0.3kg while the corresponding
world average is 5kg. This is an indication that Nigeria
with an estimated population of over 150 million has
large room and huge potential domestic market that can
sustain rapid growth in aluminium and other related
metal product sector.

While export orientation of Aluminium Smelter
Company of Nigeria is very relevant, it is recognized
that the long—term viability would largely depend on
and domestic

accelerated orderly growth of

consumption of products. In fact from value addition
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point of view, it is the downstream industries that
should be encouraged to export, after satisfying
domestic market, so as to enhance the foreign exchange
earning of the country (Farri consulting, February 3,
2011)

For the month of May 2015, the US exported
aluminium (99.5% purity) at the rate of USD 1,804.04
per metric ton (Yinka, 2015). Nigeria with per capita
aluminium consumption of 0.3kg across the population
of about 150 million people needs about 45 million kg
(45 thousand tons) aluminium to satisfy the product
need of the citizens before considering exportation and
the resultant foreign exchange earnings. This represents
a lucrative area of investment which the country would

never regret venturing into.

2.8. THE CHALLENGES

The benefits of exploiting aluminium deposits in
Nigeria cannot be over emphasized, ranging from the
consequent economic growth to creation of employment

to the teeming Nigerian youths among others.

Notwithstanding, the attendant challenges ranging from
its capital intensive nature to sustainability cannot just
be pushed aside. The following are some of the big
challenges that must be considered and confronted in
to achieve

order the feasibility of aluminium

production.

e Lack of interest on the part of government: The
people saddled with the responsibility of to move
the sector forward do not pay attention to the
deserved areas of attention and only pay lip
services and the sector remains the same or even
worse off.

e Inadequate power supply: Aluminium production is

capital intensive and about 35% of the total cost is
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attributed to electric power. With the poor state of

power in the country, sustainability of the venture

will seriously be challenged.

e Political instability and ethnicity: The problem
of dwindling political situation in the country
and the question of who comes from where
hampers the focus on aluminium and solid
mineral exploration in the country.

e Poor policy implementation: Nigerians are
good at making sound policies but lack the
culture to implement them. Several good
policies in solid minerals development but are
just on paper.

e Obsolete technology: The technologies of
companies established long ago but never
reached 10% of installed capacity are phasing
out. Good examples are the Aluminium

Smelter Company of Nigeria and the famous

Ajaokuta Steel Company Limited. New
technologies emerge everyday with lower
running costs.

e International Politics: Some foreign interests
because of mutual coexistence and inter
dependency sign some agreements which are
detrimental to the development of some
sectors in the country.

e Environmental Implications: The control of
environmental pollution and other hazards
have cost

significant implications in

aluminium production.

3. CONCLUSION AND RECOMMENDATIONS

At the end of the research, | have appreciated the fact
that Nigeria is a country blessed with abundant solid
mineral deposits. Lucky enough, the nation is also
blessed with abundant human resources capable of

tapping the resources in order to enhance growth and
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development while at the same time reducing the over

dependency on the importation of these items.

Aluminium deposits though not in many areas of the
country, can be exploited to satisfy the ever increasing
needs and everyday application of the metal in various
areas of our lives. Thank God for huge deposits in
neighbouring West African countries of Guinea and
Ghana, but secondary aluminiium production and
recycling still remain supportive to the actualization and
sustainability of the giant Aluminium Smelter,
Company of Nigeria (ALSCON) project which has been

in a pitiable shape for years now.

The country with a huge population of more than 150
million people is a good market when the trend of
aluminium usage is considered. The country can also at
some point embark on exportation of aluminium
products, it only takes policy creation, implementation
and tackling of some salient issues that are spelt out in

the following recommendations.

i Nigeria’s attention should favour solid mineral
sector rather than only on crude oil.

il The power issue cannot just but fixed in order
to  liberalize  industrial development.
Aluminium production is capital intensive and
up to 35% of the cost is only on electricity.

iii. The Federal government should ensure the

the

Aluminium Smelter Company of Nigeria in

revitalization and completion of
order to tap the benefits for which the project
is meant which has been wasting since its

establishment.
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ABSTRACT

The objective of this study is to evaluate the contribution of open waste dumping in contamination of host soil and the
effect of such contamination on geotechnical properties of soils. The open dump sites in Bosso and Maikunkele, Minna
were selected for this study. Soil samples (n = 6 + 6) were taken from three test pits each in areas covered by wastes and
adjacent locations established to represent control sites in the two dump sites. Tests were conducted to measure some
chemical properties (pH, Organic matter, carbonate, chloride, sulphate) and geotechnical properties (natural moisture
content, particle size distribution, consistency limits, compaction parameters, permeability as well as the shear strength) of
soil samples. Test results show that the measured chemical parameters were higher at the dump sites areas than in the
control locations for the two sites. In addition, the liquid limit (LL), plasticity index (PI), permeability (k) and shear
strength of samples were found to be higher for soil samples taken from test pits in waste disposal areas when compared
with that of control locations.

Keywords: Leachate, Municipal solid wastes, Open dump sites, Soil contamination

1. INTRODUCTION purpose. At any of the dumping sites scattered in all parts

Due to population growth, a progressive living standard of the country such as the ones shown in plates 1 and 2,

. . . . tons of wastes which includes municipal solid wastes,
and industrial progress in the recent past, cities all over the P

world have witnessed high volume of wastes far beyond chemical and industrial wastes are being dumped without

their handling capacities and the need to dispose of these shredding and segregation (Ekenta, 2001). Moreover, the

. . . . status of the dump sites indicate that leachate generated
wastes in an environmentally responsible way is now top

Lo . . . from such landfill sites infiltrate into the geoenvironment
priority in society commitments. As a result, cities are now

grappling with the methodologies and technologies of without any hindrance (Robison and Gronow, 1992;

disposal, the costs involved and the negative impact on the Amadi, 2007). As a result of high precipitation, substantial

local environment (Ekenta, 2001: Tchobanoglous et al. releases of leachate from dump sites have occurred during

1977). These problems have however provided a window the past few years. These releases may have also covered

of opportunity for cities to find solutions involving extensive areas adjacent to the dumping area resulting in

. . . . R round contamination.
innovative technologies and disposal methods. While cities g

. . . Leachate is a contaminated liquid from decomposed waste
in developed countries moved away from old disposal

. . . . in a landfill or waste dump. Much like the source material,
practices of open dumping to engineered landfills, most of

their counterparts in developing countries like Nigeria leachate composition varies from state to state, city to city,

. . S . . site to site as well as from season to season. It is produced
continued with the unscientific waste disposal techniques

when water or another liquid comes into contact with
waste (Gibbon etal., 1992; Barlaz and Ham, 1993). Source

water includes rainfall, snow, surface or groundwater

of open dumping.
The system of solid and liquid wastes disposal by open
dumping have resulted in contamination of soil and

groundwater systems (Amadi, 2007: Ali et al., 2014). intrusion, water in the waste itself. The composition of

. . leacahtes ranges from inorganic and organic chemicals to
Large areas of land are currently being used for this g g g
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microbiological components (Gibbon etal., 1992; Barlaz
and Ham, 1993; Robinson and Gronow, 1992). Its flux in
the soil is characterized by a slow, unsteady and non -
uniform type of flow (Fang, 1997).

Plae 2: Section of Maiukl astedpite
Generally, all types of contamination have direct or
indirect effects on geotechnical properties of affected soil
and invariably, on already existing structures such as
foundation embankments, clay liners, footings, caissons,
piles and sheet piles.
Amadi, 2007; Ali etal., 2014) have confirmed that some

types of contaminants change the index and engineering

Previous studies (Fang, 1997;

properties of their host soils and this behavior has been
shown to be dependent on the concentration of the
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contaminant solution. Though the effects of contaminants
on soils are complex, changes in engineering properties of
contaminated soils are primarily due to accumulation of
particles and increase in void space resulting from ion
exchange and flocculation of soil particles.

In connection with any possible applications of such
material for embankment or roadway sub-base etc which is
a common practice in construction, knowledge of the
chemical and geotechnical properties of the contaminated
soil is required and hence the present investigation was
carried out.

2. MATERIALS AND METHODS

2.1 Soil samples
Two dump sites located in Bosso and Maikunkele Minna
were selected for the study. The wastes in the two dump
sites are generated mainly from residential, commercial
and industrial sources and are deposited on open land
without shredding and segregation. Soil samples for
analysis/tests (n = 6 + 6) were taken at 1m depth. First, soil
samples (6 in number) were taken from three (3) test pits
in areas covered by wastes and then another set of soil
samples (6 in number) to represent control samples were
obtained from three (3) test pits in adjacent locations away
from the disposal areas for comparative assessment. The
samples were then prepared for tests/analysis by air drying
and sieving.

2.2 Chemical Tests
Each soil sample was estimated for pH in a soil to water
ratio of 1:5, Organic matter (OM), carbonate, chloride,
sulphate contents based on the standard methods described
in BS 1377 (1990) as well as Head, (1994a).

2.3 Geotechnical Properties Test
Laboratory tests were conducted following standard
procedures outlined in British standards (BS 1377, 1990)
and Head (1994a,b) to determine the particle size

distribution, index (consistency limits and compaction



www.seetconf.futminna.edu.na
parameters) and engineering properties (permeability,
shear strength) of soil samples from the dump sites and the

control sites.

3.0 RESULTS AND DISCUSSION
3.1 Comparison of parameters at control and
waste dump sites

3.1.1 Chemical properties
The pH measurements of soil samples from the two dump
sites indicate higher pH values for samples from areas
covered by wastes. The mean values of pH at dump site
areas in Bosso and Maikunkele are 9.46 and 9.39
respectively while that of pH at control locations are 6.70
and 6.30 for the dump sites in Bosso and Maikunkele
respectively (Table 1).
Similarly, the mean OM content for soil samples from
Bosso disposal area is 0.43% while that of the control sites
is 0.17% as reported in Table 1. For samples from the
Maikunkele dump site, the mean OM was 0.48% for areas
covered by wastes and 0.14% for the control sites.
The average values of the chemical contents of soil
samples from disposal area in Bosso dump site are
4.0, 3.7 and 10.26 mg/l for carbonate, chloride and
sulphate respectively while 1.1, 0.7 and 0.2 mg/l were
recorded for carbonate, chloride and sulphate for the
control sites. Similarly, at Maikunkele disposal site,
the average values of these chemical parameters were
found to be higher at waste disposal locations as

compared to control sites as highlighted in Table 1.

3.1.2 Geotechnical Properties
The particle size analysis indicates a slight variation in the
soil textural composition at the sampling sites. Soil
samples from the disposal area at both Bosso and
Maikunkele sites contain higher percentage of sand
and slightly lower fine fraction (percent passing No.

200 sieve) than the control samples. The mean values

www.futminna.edu.ng

for sand and fines contents for samples from the
disposal area at Bosso dump site are 24% and 66%
respectively while the sand and fines fractions
recorded 20% and 72% in that order for control
locations (Table 1). The data in Table 1 also shows
mean values of 14% and 70% for sand and fines
fractions and corresponding values of 12%, 78% for

control locations at Maikunkele site.

Table 1: Mean Soil properties of control sites and waste
dump sites.

Bosso Maikunkelele

TP(W) TP(C) TP(W) TP(C)
Soil Parameters
pH 9.46 6.70 9.39 6.30
NMC 29.78 8.88 26.53 9.56
OM (%) 0.43 0.17 0.48 0.14
Carbonate (mg/l)  4.00 1.10 4.60 0.80
Chloride (mg/l) 3.70 0.70 3.40 0.60
Sulphate (mg/l)  10.26 0.20 10.87  3.10
Sand (%) 24.00 20.00 14.00 12.00
Fines (% passing
No. 200 sieve) 66.0 72.0 70.0 78.00
LL (%) 48.46 57.0 50.0 60.00
Pl (%) 20.0 26.0 24.0 33.00

British Standard Light Compaction

MDD (g/cm®) 1.73 1.71 1.66 1.60
OMC (%) 15.2 14.75 14.85 145
kx10°(cm/s)  5.67 0.0444 8.75 0.125
UCS (kN/m?) 200.0 180.45 176.9 168.24

159

TP(W) — Test pit waste area; TP(C) - Test pit Control area

Table 1 also highlights the average LL and PI of soil
samples from the disposal areas and control locations in
both Bosso and Maikunkele sites. The LL and Pl of soils
from the disposal areas at both sites were found to be
higher than at the control locations. The average LL values
of soils from disposal areas and control locations are
48.46%, 50% and 57%, 60% correspondingly. Likewise,
average Pl values of 20%, 24% and 26%, 33% were
recorded for disposal areas and control locations in that
order at Bosso and Maikunkele sites. The relatively high

regime in LL and PI of soil samples from the contaminated
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areas is attributable to changes in pore fluid characteristics
of soil beneath the wastes.
For the compaction parameters namely the maximum dry
density (MDD) and optimum moisture content (OMC),
their mean values at control and areas covered by wastes
are not much different (Table 1). While mean values of
MDD for the two dump sites at the contaminated areas are
1.73g/cm?® and 1.66g/cm?, it is 1.71g/cm® and 1.60g/cm® at
the control locations for Bosso and Maikunkele sites
respectively. Similarly, the average OMC of soil samples
from contaminated areas are 15.2% for Bosso site and
14.85% for Maikunkele site. On the other hand, the
average OMC for control samples arel4.75% and 14.5%
for Bosso and Maikunkele sites respectively.
In terms of soil permeability, samples from the disposal
areas of both dump sites yielded higher permeability
values when compared with the values for samples from
the control locations. It is shown in Table 1 that for Bosso
site, the mean value of permeability for waste disposal
areas is 5.67 x 10®° cm/s while 4.44 x 107 cm/s was
established for the control locations. For Maikunkele dump
site, mean values of 8.75 x 10®° cm/s and 1.25 x 10° cm/s
were achieved for contaminated areas and control locations
respectively. The increase in permeability is due to the
flocculant structures in the soil matrix created by leachate
that resulted in the decrease in adsorbed double diffuse
layer thickness and thus an increase in permeability of the
soil.
The results obtained for shear strength of soils at both
control and waste disposal sites are presented in Table 1.
The average values of the unconfined compressive strength
(UCS) for soils from contaminated areas are slightly
higher than the average values for control samples at the
two dump sites. The average UCS values are 200 kN/m?,
176.88 kN/m? and 180.45 kN/m* 168.24 kN/m* for
contaminated  soil control

samples and samples

respectively. The higher average UCS values for soil
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samples from the contaminated areas is perhaps as a result
of textural changes in soils resulting from soil — leachate

interaction.

4 CONCLUSION

An extensive laboratory testing program was carried out to
assess the impact of wastes on the chemical and
geotechnical properties of soils collected from test trenches
in both areas covered by wastes and control locations at
active dump sites in Bosso and Maikunkele, Minna. The
chemical (pH, Organic matter, carbonate, chloride,
sulphate) and geotechnical (natural moisture content,
particle size distribution, consistency limits, compaction
parameters, permeability as well as the shear strength)
properties of soil samples encountered in these test
trenches were evaluated based on methods published in
standard codes. Test data indicate that soils at the disposal
sites showed higher regime in chemical properties when
compared with soil samples encountered in locations
designated as control sites at the two dump sites.

Similarly, the geotechnical properties were found to be
higher in soil samples taken from test pits in waste
disposal areas than in soil samples from control locations.
The variation in the geotechnical properties are due to
textural changes in the soil beneath the waste resulting

from leachate intrusion.
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ABSTRACT

The general water shortage afflicting Minna, the capital of Niger State of Nigeria has made people resort to access
underground and subsurface water through sinking of shallow, intermediate and deep wells to alleviate their problems
particularly during dry seasons of the year when temperatures are quite high (above 40°C) and most surface water is
dried up coupled with minimal supplies from state public water board. This study adopted 11 sample wells in the
categories affordable by most citizens located at different parts of the town for physic-chemical and biological
characterization to ascertain compliance of their water samples with the World Health Organization’s guidelines for
safe drinking water. They were measured with tape rule and found to belong to the shallow well category as their depths
ranged from 1.2 to 15.0m and widths 1.0 to 5m. Standard test methods as described by Degrémont (2010) schedule of
water analyses were adopted for the physic-chemical examinations that included turbidity, PH, temperature, alkalinity,
hardness, colour and chloride ions. Bacterial micro-organisms present were determined with Eosin methylene blue agar
(EMB) system. The result showed that all samples were unsuitable biologically as each well water contained bacterial
presence in excess of Nill/100ml and none satisfied the physic-chemical qualities specified by WHO standard.
Appropriate mechanical, biological or chemical treatment would be needed to purify water from each well to make it
suitable for human consumption so as to solve un-investigated problems that ignorant consumptions of the raw well
water might have been causing to citizens.

KEYWORDS: Minna, well water, physic-chemical, WHO guideline, e-coli, enterobacter/aerogen.

1.0 INTRODUCTION United Nations declared provision of portable water for
Water is one of the critical natural resources desperately  citizens as one of Millennium Development Goal (MDG).
needed for survival of all living things. Water is needed However by 2015, the targeted year for the realization of
by man for drinking, food preparation, cleaning/hygiene,  these goals, many Nigerian communities just like most
growing his crop, tendering animals and other essential ~ developing countries are yet to have access to safe water.

use in commerce and industry. Accessibility to safe water

L . L. This shortage has forced citizens to individual effort of
is universally considered as a basic right of every country

.. . . . . sourcing water from any available and affordable means
citizen. Unfortunately this necessity remains unrealized

. L for daily sustenance. Common sources of water include
for a large majority of people living in rural and urban

) ) i rain water (seasonal), public water supply (available to
settlements in most developing countries of the world that ( )P pply ¢

ly a few), und d water through shallow/d
includes Nigeria. Although the world is made up of over only a few), underground water through shallow/deep

. wells and surface water from rivers and streams. In
70% of surface and underground water, most of this water

. N o e Minna, Niger State of north central Nigeria, general water
contains certain mineral, gases, bacteria/virus, solid/liquid g g g

. . shortage afflicting the country has made people resort to
contaminants, undesired taste and odour [1]. Presence of g g y peop

. . . . access underground and subsurface water through sinking
these organic and inorganic matters in water causes many

. . . . . of shallow and intermediate/deep wells to alleviate the
life threatening diseases like dysentery, gastroenteritis,

roblem particularly during dry seasons of the year when
cholera, typhoid e. t. c. It is in respect of this danger posed P P y g dy 4

temperatures are very high (above 40°C) and most surface
by consumption of unsafe water to human health that P yhigh ( )
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watdF"i¥ GRseip EBUBRE“Wih minimal supplies from
state public water board. Due to poor economic situations
of most people using this type of water they cannot afford
the high cost of the technology for sinking wells up to the
depths that produce clean water nor that for treating such
water. They use the water as obtained from the wells. The
state department responsible for sampling, testing such
water for suitability or otherwise for human and advice
users accordingly are not forthcoming with vital service.
These expose people that consume such water to high

risks of water borne diseases.

Well water contains organic compounds originating from
decaying organic matters from agricultural runoffs. It also
contains synthetic inorganic materials resulting from use
of some processed products like detergents, pesticides,
herbicides, solvents, domestic and industrial wastes.
Presence of the contaminants influences quality and
usefulness of natural water resource. Those who are aware
of dangers of untreated water and resort to packaged water
popularly referred to as sachet water or pure water in
Nigeria for drinking are still not completely protected
from water related diseases contacted through other uses
of water. Moreover most packaged water producers in
town source their raw water from these same wells and
lack the required treatment technology to make the water
absolutely safe for human despite regulations by the
National Agency for Food and Drug Administration and
Control (NAFDAC) in Nigeria [2]. Hence the need for its
treatment before use by man to forestall health hazards
[3]. Treatment will bring the main chemical constituents
common with well water within acceptable limits for

human consumption and other domestic/industrial uses.

As a part contribution towards finding solution to this
problem this research paper is aimed at identifying some
strategic shallow/intermediate and deep wells in Minna
town from which most citizens draw their water for
characterization to ascertain their suitability or otherwise

for human consumption. The main objectives of this are to
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obtain World Health Organisation’s (WHO) standard for

water quality for human consumption, characterize
sampled water from wells at different parts of Minna for
chemical and biological analyses and to compare result
obtained with WHO standard to ascertain the level of
contamination, usability and otherwise for domestic uses.
The significance of the work when completed lie in the
fact that citizens of Minna would become better informed
about the qualities of sub-surface and underground water
resources available to them and guide them on use and
treatment of water. This will reduce incidences of water

borne disease and improve living standard.

2.0 MATERIALS AND PROCEDURES
2.1 Materials:-The major materials used for the
experimental aspect of this work included raw water
samples collected from eleven (11) wells located at
different parts of Minna town, wooden tape rule, assorted
chemical reagents obtained from licensed industrial and
laboratory chemical dealers in Minna, spectrophotometer,
digital PH meter, burettes, glass beakers, pipettes, glass
test tubes, hand gloves, plastic containers of varied sizes

and WHO standard for safe drinking water (table 1) [4].

Table 1 WHO Guidelines for safe drinking water

Parameters WHO Permissible Limits
Temperature 30°C

Odour Unobjectionable/odorless
PH 6.5-8.5

Hardness 500mg/I

Total Dissolved Solids ~ 1500mg/I

Turbidity 5NUT

Conductivity 120YS/cm®

Chloride lon 250mg/I

Alkalinity 100mg/l

Colour 15TCU

Appearance Clear

Bacteriological

Coliform Nil/200ml
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2.2 Experimental Procedures

A wooden tape rule calibrated to take linear measurement
was used to determine vertical depth of each of the wells
investigated. Water sample was collected from each well
through the mounted pumping facilities (for motorized
well) and manually collected for non-motorized wells.
Samples were stored in clean/labelled plastic containers to
protect it from any environmental contamination awaiting
tests and analyses. The experimental works were broken

into two parts and conducted as follows:

2.2.1 Physico-Chemical Analysis of raw water samples

obtained from wells:-Standard analysis was done to

determine the physical parameters sample to evaluate
water portability. Digital PH meter was used to measure
the PH of water and turbidity meter was used to measure
turbidity of water samples. A spectrophotometer was used
to measure light transmission ability of water samples in
accordance with Degrémont, A.8 [5]. For total alkalinity,
methyl orange was used in titration. Alkalimetric reagent
was made up of two acids, HCI and H,SO, and was also
used in the titration in accordance with Degrémont, A.21,
A.24 [5]. Test for hardness was done with 20 drops of
KIO buffer that helped to bring specimen to uniformity
with 5 drops of erichrome black or net measured and
added as the indicator. Procedures stated in Degrémont,
A.29 was adopted by which disodium ethylene chiamine
tetraocetate was used in the titration process. For chlorine
and ion tests, 4 drops of phenolphthalein was added to
raw well water specimens with 5 drops of potassium
dichromate indicator before sample was titrated with

silver nitrate as recommended by Degrémont, A.5 [5].

2.2.2 Bacteriological analysis:-This was carried out on

raw water samples to determine extent and types of
bacterial presence. This will enable adequate information

on the biological treatment that should be recommended
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for a water sample to adequately domesticate as safe for

human use. The multiple tube fermentation method of
preliminary processing of raw water for analyses was used
prior to carrying out bacteriological analysis on cultured
test sample [6]. Analyses were conducted in sequences of

presumptive and confirmative tests.

(a) Presumptive test:- In this stage, lactose broth (liquid)
was used for the analysis. Exactly 10ml of each raw well
water sample was inoculated in 10ml lactose broth. Each
sample was then inoculated between at temperature of
37°C to 38°C for 24 hours. On observation, presence of
gas, acid and cloudy appearance accordingly showed test
sample was contaminated. This was adopted as in the

WHO annex 5 guideline for drinking water quality [4].

(b) Confirmatory test: Raw well water samples were

streak on an EMB plate (Eosin methylene blue agar).
Specimens were then inoculated for a period of 24hours
and when exposed to presence of green metallic shine
showed presence e-coli (Escherichia coli); as an indication
of any faecal contaminants. After exposure, a pinkish
growth with dark spots showed presence of enterobacter
aerogen while a pure pinkish growth indicated presence of
other coliforms. The tests and their interpretations were all
done in compliance with WHO Guidelines for drinking-
water quality [7]; [8]. Pysico-chemical and bacteriological
analyses were carried out in the departments of Chemistry
and Chemical Engineering of the Federal University of
Technology Minna and the facilities at the water quality

laboratory of Niger state Water Board, Minna, Nigeria.

3.0 RESULTS AND DISCUSSION

The vertical depths of the wells as obtained with wooden
meter rule used for dimensioning them. The diameters of
the wells measured 100cm to 500cm as presented in table
2. Wells selected for study were all mounted with either
concrete or metal top protective covers to secure its water.
From the table it is observed that the wells fall within the

shallow hand dug category which can vyield relatively
large quantities of water from the shallow sources and are
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in areas containing unconsolidated glacial and alluvial
deposit (Watt S. B., 1985). However due to the hard rocky
nature of Minna most citizens who depend on this type of
water sources do not have financial strength to dig deep
wells that go beyond depth of surface solid contaminants.

Table 2:- Vertical depths of the sampled wells

S/NO  Well Sample/Location Depth (m)
1 Well A (Central Minna) 4.3m
2 Well B (Central Minna) 5.2m
3 Well C (Central Minna) 4.6m
4 Well D (Central Minna) 5.5m
5 Dutsen Kura well 5.2m
6 Fadipe well 1.2m
7 Sauk Kahuta well 1.8m
8 Maikunkele well 9.7m
9 FQS well 15.0m
10 Chanchanga well 5.6m
11 Tunga Maje well 4.4m

Solid content of natural water extremely vary as a result
of geomorphologic and hydraulic characteristics of the
environment in which water collects and of the manner in
which it is withdrawn. These factors were not readily
controllable with these types of well that are mostly for
low income public uses. Therefore, the well water when

~ www.futminna.edu.ng
properly analysed may contain colloids, organic matter,

humic compounds like tannin, lignin, phenol, amino acids
and hydrocarbon products of decomposition of vegetable
matter that will require appropriate treatment processes to

make the water safe for human consumption [9]; [10].

Mineral constituents dissolved in natural water constitute
dissolved solids. More than 500 mg/l is undesirable for
drinking and many industrial uses. Less than 300 mg/l is
desirable for dyeing of textile and manufacture of plastics,
pulp paper, and rayon. Dissolved solids cause foaming in
steam boiler. The maximum permissible content decreases
with increase in operating pressure [3]; [10]. Natural
minerals commonly contain less than 5,000 mg/l; some
brines contain as much as 300,000 mg/l. The rocky sub-
terrain nature of Minna could have highly enriched
minerals that could generate lots of dissolvable solids into
shallow wells that may require treatment for the water.

Table 3 presents the phsico-chemical analyses of
the water characteristics which include the PH,
turbidity, temperature, total alkalinity, hardness,
colouration and chloride ion content in the raw
untreated state of the water samples for each of
the 11 wells studied.

Table 3:-Result of physico-chemical tests on the raw well water samples

. Total Chloride
Turbidity Temp. Total )
SIN Water Sample o o Hardness Colour (TCU) ion
(NUT) (FC) Alkalinity

(mg/l) (mg/l)

1 Well A (Central Minna) 10.5 6.6 31.6 230.0 196.0 151 63.9
2 Well B (Central Minna) 15.7 6.3 315 160.0 176.0 169 454
3 Well C (Central Minna) 15.8 6.3 313 200.0 280.0 119 44.0
4 Well D (Central Minna) 23.7 7.5 31.6 100.0 252.0 Over range 56.8
5 Dutse kura well 3.7 7.7 32.0 210 356 32 120.7
6 Fadipe well 10.5 7.8 318 204 166 3 18.5
7 Sauka-kahuta well 48 7.1 318 228 132 53 42.6
8 Maikunkele well 10.9 7.6 318 120 300 68 12.8
9 FQS well 14 7.1 317 200 234 1 49.7
10 Chanchanga well 26.6 7.0 315 142 210 174 17.2
11 Tunga-maje well 4.9 6.9 318 200.0 384.0 33 213.0
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The results presented in table 3 were compared
with the WHO standard presented in table 1 to
ascertain level of suitability of each of the well
water sample for humans. Out of the total of 11
wells, only water samples taken from Dutse kura
(well with 3.7NUT), Sauka-kahuta (well with
4.8NUT), FQS (well with 1.4 NUT) and Tunga-
maje (well with 4.9NUT) satisfied the WHO
maximum recommended turbidity of SNUT for
drinkable water. All the samples fell within the
upper limits of acceptable WHO PH of 6.5-8.5
for portable water. Based on the ambient sample
temperatures, well water samples were slightly
above WHO value of 30°C. This is acceptable
because, daily meteorological data always maps
Minna as one of the hottest towns of Nigeria.
The water from Well D located in central part of
Minna with a total alkalinity of 100mg/l was the
only sample that satisfied the WHO standard of
100mg/l. Except water from Maikunkele well
which was marginally above the requirement all
the other wells had water alkalinity quite above
WHO standard [3].

The maximum water hardness of 500mg/I that is
recommended by WHO was reasonably satisfied
by all the well water samples; in fact no sample
had a hardness of up to 50% of the standard. By
colouration, WHO specifies a value of 15TCU
as the maximum that is acceptable for drinking
water whereas only the water from Fadipe and
FQS wells satisfied this condition. All the other

well samples were extremely higher than WHO
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standard because of heavy presence of series of
organic and inorganic compounds that co-exist
as micro-pollutants, that even in small quantities
are dangerous to a man's health. Concentrations
of these substances are such that their removal
would require some treatment [11]. The nature
of well shallow and absence of concrete ring
sealant against pervious earth layer surrounding
well. Fadipe well (with a depth 1.2m) is located
in that rocky environment which sealed it from
contamination by decomposed organic/inorganic
matter seepage. The depth of water collection in
FQS well (15.0m) was far below the top soil that
causes contamination. Each of the samples had
chloride ions below 250mg/l recommended by
the WHO and are therefore certified suitable for
human use. Tunga-maje had 230mg/l and Dutse
kura well had about 121mg/l chloride content.
These also indicated the dissolved solid in water
sample. Chief source of chloride is sedimentary
rock that evaporates while the minor sources are
igneous rocks that are very prevalent in Minna
as shown by the two samples [3]. Chloride in the
excess of 100mg/l imparts salty taste that may
cause physiological damage [12]. Food process
industries require below 250mg/I, implying that
water from Tunga-maje and Dutse-kura wells

require chloride reduction treatment [13]; [14].

Table 4 shows result of bacteriological analyses
on 11 raw well water samples studied. Bacterial
organism discovered were enterobacter, aerogen

and escherichia-coli as displayed per well in the
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table. WHO standard (table 1) shows Nill/100ml
concentration of the escherichia-coli and other
bacterial microorganism present in safe drinking
water. However all the well water samples had
substantial presence of enterobacter, aerogen
and echerichia-coli and therefore do not satisfy
WHO requirement for safe drinking except it is
treated appropriately [14], [15].

Table 4:-Result bacteriological analysis for raw well water
samples.

S/IN  Well Sample Bacteria Present
1  Well A (Central Minna) Enterobacter/Aerogen
2 Well B (Central Minna) Enterobacter/Aerogen
3 Well C (Central Minna) Enterobacter/Aerogen
4  Well D (Central Minna) E.Coli/Enterobacter/
Aerogen
5  Dutsen Kura Enterobacter/Aerogen
6  Fadipe Enterobacter /Aerogen
7  Sauka Kahuta Enterobacter /Aerogen
8  Maikunkele E.Coli/Enterobacter/
Aerogen
9 FQS E.Coli/Enterobacter/
Aerogen
10 Chanchanga Enterobacter /Aerogen
11  Tunga Maje Enterobacter /Aerogen

Presence of the harmful bacteria/virus, solid and
liquid contaminant, doesn’t only give water the
undesired taste and odour but also causes many
life threatening diseases like cholera, dysentery,
gastroenteritis, typhoid e. t. c. Thus, appropriate
conditioning treatment of well water from these

locations inevitable in order to make such water
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safe for human consumption for healthier living
and longevity [16]; [17].

4.0 CONCLUSION

The research work showed that the depth of the
wells analysed fell within the shallow categories
of wells due to the economic status of users of
the wells and the rocky hard nature of the land
where they are located. Their low depths were
responsible for presence of decomposed organic
matter and other contaminants that affected the
physio-chemical and the micro-organic quality
of samples. None of the raw well water sample
was exactly suitable for human consumption
without prior chemical or biological treatment as
each contained micro-organisms that including
enterobacter, aerogen and escherichia-coli; the
presence of which WHO guidelines totally reject

in safe human water.
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ABSTRACT

This study presents pinch analysis of some heat exchanger networks (HENS) problems using Hint integration
software to analyzer heat exchanger networks (HENS) problems. Three problem examples reported to have been
solved using different approaches by various researchers to obtain the least possible total annual cost (TAC) was
solved using HINT software and the result obtained is presented. It shows that this approach was the best in solving
problem example 2 and 3 type and second best for problem example 1.However,it was observed in this study that
reduction in piping cost in the absence of split does not necessarily translate into the lowest TAC. The overall
assessments of the various approach to solve these problems shows that HINT has proven to be the best in handling
different kind of heat exchanger network problem aimed at minimizing total annual cost.

Keywords:HENS, TAC, HINT, networks, integration.

1. INTRODUCTION

Energy integration offers a novel approach that
reduce energy consumption and total annual cost where the
existing system required modification to improve
performance (Akande, 2007). Energy is needed to drive
the heat exchangers system in the process line, where a set
of hot process streams to be cooled and a set of cold
streams to be heated. This call for the energy integration in
the form of heat exchanger networks (HENS) design. In
process integration, the external heating and cooling
utilities are reduced to save energy and total annual cost
(TAC) (Smith, 1995). The optimization of chemical
processes in industries is being given serious attention
because of the need to reduce energy consumption in the
face of increasing energy cost. This will ultimately lead to
reduction in production costs, improved product quality,
meeting  safety reduction in

requirements, energy

consumption, and compliance with environmental
regulations. The main objective is often economics and is
stated in various terms such as return, profitability or
payback period of an investment (Smith, 2005).

Pinch analysis begins and has now advanced to solve

problems in engineering where heating and cooling of
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process materials required effluent quality, improvement in
product yield, debottlenecking, and safety of the process.
The concept of pinch analysis evolved over the years as a
result of various research efforts made by a substantial
number of researchers. The general progress that has been
made over the years to accomplish energy minimization in
HENs and also to develop an optimal heat exchanger
network design using pinch analysis have been presented
in literature (Hohmann, 1971; Linnhoff and Flower, 1978;
Linnhoff et al., 1982). Specific researchers that have
adopted mathematical techniques include Yee and
Grossman (1990), Isafiade and Fraser (2008), Azeez, et al.
(2012) and Azeez, et al. (2013). Lawler and wood (1966)
optimized energy exchange to obtain a network design of
minimum cost without putting stream split into
consideration. The use of modified pinch analyzer (Hint
software) is hereby investigated to optimize TAC for
problems that have been solved by other researchers as
presented in the three examples in this paper.

2.0METHODOLOGY
2.1.1 Materials
Data extraction: The materials used include previous

research journals for data extraction.

Soft wares: The software used is HINT
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Computer System: HP 620, 64 bit operating system,

2G RAM, 2.3 GHz processor, Window 7 operating
system.

2.1.2Methodology

The methodology of this research work consist of data
extraction from literature, data input and simulation in
HINT; Design of Grid Diagram in simulation environment;
Optimization of ATmin in HINT and finally comparison of
the results obtained using the packages as summarized in

Figure 1.

1. Process

6. Optimization

2. Data Extraction

3. Simulation

Figure 1 Phases involved in Pinch analysis

Data input and simulation in HINT

The data obtained from the work of previous researchers
were used as input to the simulation environment of HINT
(indicated as add stream dialogue box) from which
composite and grand composite curves are generated as
well as the grid diagram with the assumption of ATmin in
the menu bar.

Design of Grid Diagram in HINT

The matching and splitting of the streams was carried out
on the grid through the following procedures: the matching
was carried out using MCp rule that said above the pinch
the number of hot streams < Number of cold streams and
MCp of hot streams < MCp of cold streams. The second
rule emphasized that below the pinch the number of hot

streams > Number of cold streams while MCp of hot
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streams > MCp of cold streams. Stream split was carried
out where the MCp rule is violated. The utility heater and
cooler were placed after all possible matching was
achieved at points where heating and cooling are required
respectively. The matching which has various options
above and below the pinch was verified using remaining
problem analysis (RPA)to obtain the best possible total
heat flow area close to the area target after all exchangers
above and below the pinch is installed. ThoughRPA
analysis can be based on energy and capital cost other than
target area selected in this work. After the RPA based on
target area, the energy target, minimum number of units
and cost target was evaluated and displayed for the optimal
minimal area selected.

Optimization of ATmin in HINT

The result of the total minimum cost was optimized using
optimal ATmin. The ATmin for energy targets was selected
for optimization in the diagram menu ATmin analysis. The
optimal ATmin can be identified on the cost target versus

ATmin graphs plotted in HINT.

3. RESULTS AND DISCUSSIONS

Examples

In all the three examples presented, RPA based HINT
package approach was used in the modelling of heat
exchanger networks with objective function of minimum

total annual cost optimization.

Examplel: Linnhoff et al. (1982)

This example was previously reported in the work of
Linnhoff et al. (1982). It consists of two hot streams, two
cold streams, along with steam and cooling water as
utilities. The Stream and cost data are as shown in Table 1.
The Linnhoff et al. (1982) solution to this problem using
pinch analysis was followed by other approaches including
mathematical approaches (Yee and Grossmann, 1990;
Grossmann, 1985; Azeezet al., 2012). Table 2 shows the
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result obtained for this example using HINT-RPA package

to solve this problem and comparison of the result with
those of previous researchers has been made with the grid
diagram presented in Figure 2. The optimal minimum TAC
of $ 83,107/year obtained in this work was the least after
Stage wise superstructure (SWS) of Yee and Grossmann
(1990) with percentage difference of 3.53 % from the least
TAC. This significant improvement obtained can be linked
to the use of the remaining problem analysis (RPA) for
best stream matches that were not considered in the work
of Linnhoff et al. (1982) pinch analysis. The number of
heat exchanger unit obtained is five (5) which was the least
obtained in the previous research works. This shows that
the pinch technique is able to simultaneously minimize the
competing costs in HEN. The absence of split in the
solution obtained using HINT-RPA is another added
advantage of making piping easier. It should be noted that
Yee and Grossmann (1990) approach that resulted into
best TAC used DICOPT++ in GAMS which is non-linear
optimization step.

Table 1: Stream and Cost Data for Example 1 Linnhoff et

al. (1982)
Stream Ts Tt (K) F Cost
(K) (kw K™ ($ kw™ year™)
H1 443 333 30 -
H2 423 303 15 -
C1l 293 408 20 -
C2 353 413 40 -
S1 450 450 - 80
W1 293 313 - 20

U = 0.8 kW m? K* for all matches without steam. U = 1.2 kW
m?2 K? for matches with steam. Heat exchanger annual cost =
$1000 (A) °° (A in m?).

363

e

-3300.

~1800. 258

e

408 398

23]
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413 a13 353
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Fig.2: Grid Diagram for Example 1

Table 2: Comparison of Results for Example 1

Method Stream  No. of TAC Difference
splits units ($/year) (%)

Supply & target based 1 5 93,391 16.34

superstructure (S&TBS) (Type 1)

Azeez etal. 2012

Supply & target based 1 5 90,672 12.95

superstructure S&TBS (Type 2)

Azeez etal. 2012

Supply based superstructure 2 7 90,521 12.77

(SBS) of Azeezet al. 2013

Magnets Solution of Grossman - 6 89,832 1191

(1985)

Pinch technique of Linnhoff et al. - 7 89,832 1191

(1982)

Target & Supply based 2 6 87,611 9.14

superstructure (T&SBS)

Pinch technique (HINT), present 0 5 83,107 3.53

study

Stage wise superstructure (SWS) 2 5 80,274 0.00

of Yee and Grossmann (1990)

Example 2 Yee and Grossmann (1990)

This problem was previously reported in Magnet user
Manual and Yee and Grossmann (1990) adopted it for
analysis using SWS method capable of handling cases
requiring stream splits. The problem consists of five hot
streams, one large cold stream, one hot utility (steam) and
cold utility (cooling water). The stream and cost data are
shown in Table 3 and Figure 3 shows the grid diagram
obtained in this work. The problem was analysed by many
researchers with high expectation of having as much
number of splits as possible as demonstrated by the results
obtained as contained in Table 4. Previous attempt to
minimize the total annual cost with least number of split in
this problem was carried out by many researchers (Yee and
Grossman, 1990; Isafiade and fraser, 2008a; Azeezet al.,
submitted for publication; Azeezet al., 20012) with the
expectation of many splits. The application of RPA based
HINT technique to evaluate this problem resulted into two
stream splits as reported to have been obtained in previous
work (GA of Lewin, 1998). The number of units obtained
is 8 slightly lower than that of GA of Lewin (1998). This

number of splits is the highest maximum obtained in all
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previous work with unit number close to the average
obtainable as shown in Table 4. The approach used in this
work resulted into the least total annual cost (TAC) of $
562,331/year when compared with the least obtained by
Azeezet al. (2013) with 1.19 % difference. Comparison
has shown that the objective function of minimum total
annual was achieved in this work and the potentials of
remaining problem analysis as a rebust optimization tool in
this type of pinch has been revealed. The use of pinch
without RPA by Linnhoff et al. (1982) resulted into 11.91
%

improvement in RPA base HINT can be linked to its

higher total annual costs. This variation and
ability to select the best match among all the available
possibilities that can give the least optimal minimum area

compute by the area target.

Table 3:Streams and Cost Data for Example2.

Stream  Ts(K) Tt(K) F(kWK?  Cost ($ kw!year?)
H1 500 320 6 -

H2 480 380 4 -

H3 460 360 6 -

H4 380 360 20 -

H5 380 320 12 -

c1 290 660 18 -

S 700 700 - 140

wi 300 320 - 10

U (kW m? K% = 1 for all matches, heat exchanger annual cost
=$1200(A) °® for all exchangers (A in m?).

sfer
o o o w,
. P = 0 .o
o E ) W,
0 e 360 0, 0
0 o 240 GO N
s a0
560/ 460 20| 55
\
6660, 660.660, 450. 370( 1290. ZQOD 181
sl

Fig.3: Grid Diagram for Example 2
Table 4: Comparison of Results for Example2 (Magnets
Problem)

www.futminna.edu.na

Method No. of

intervals

No. of
units

TAC
($/year)

Stream
splits

Difference

(%)

Cold stream based 3 1 7
Interval based mixed
integer non-linear
programming MINLP
superstructure
(IBMS)lsafiade and
Fraser (2008)

Target & Supply
based superstructure
(T&SBS) of Azeez
(2011)

Hot stream based
Interval based mixed
integer non-linear
programming MINLP
superstructure(IBMS)
of Isafiade and Fraser
(2008b)

Supply & target
based superstructure
S&TBS (Type 1)
(2012)

Supply based
superstructure (SBS)
of Azeez et al. (2013)
Supply & target based
superstructure
S&TBS (Type 2)
(2012)

Stage wise
superstructure (SWS)
of Yee and
Grossmann (1990)
Genetic algorithm
(GA) of Lewin (1998)
Pinch technique
(HINT), present study

595,064

7 581,954

~
~

581,942
581,942

580,023

10 577,602

576,640

573,205

562,331

5.821

3.490

3.487
3.487

3.146

2.716

2.545

1.934
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Example 3 Krishna and Murty (2007)

This example is an aromatic plant problem reported in
previous works (Linnhoff and Ahmed, 1990; Lewin, 1998;
Krishna and Murty, 2007) that attempted to determine cost
optimal network of heat exchangers. The problem consist
of four hot streams and five cold streams having
significantly different heat transfer coefficients as shown
in Table 5 with its grid diagram in Figure 4. The result
obtained using HINT software shows that two (2) stream
splits and eleven (12) number of units was obtained. Total
annual cost of $2.881 million/year was obtained and is the
best when compared to the least minimum annual cost
reported literature as shown in Table 6. The least number
of splits obtained in previous works for this problem is 2
which correspond to the number obtained in this work. The

minimal number of splits signifies reduction in the cost of
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piping. Sequential match reduction approach of Pettersson Table 6: Comparison of Results for Example 3 (Krishna

(2005) gives the best minimum cost of $M2.905/year. The and Murty, 2007)

Method Stream No. of Cost Difference
highest cost is that obtained by the DEM of Krishna and __ : splits units  (M$fyear) (%)
Differential evolution
Murty (2007) with a cost of M$3.146/year and percentage method (DEM) of Krishna 2 - 3.146
and Murty (2007) 9.19

difference of 8.30 % higher. The results obtained shows Block decomposition
technique of Zhu et al.

that the HINT is a robust tool capable of identifying (1995) 0 10 2.980 3.43
. Supply & target based
optimal network of heat exchangers proved by the annual superstructure (S&TBS) 3 13 2.979
. . . . Type 1) of Azeez et al.
cost, splits and number of units obtained which can be goﬁ ) 3.40
. . Supply based 6 14 2.976
linked to the optimal placement of heat exchangers superstructure(SBS) of
: . IR Azeez etal. (2013) 3.29
through best matches selection and ATmin optimization. Linnhoff and Ahmad
(1990) 0 13 2.960 2.74
. . Genetic algorithm (GA) of 0 11 2.946
Table 5: Stream and Cost Data for Example3 (Krishna and Lewin (1998) 295
Murty, 2007) Differential evolution
Stream Ts (K) Tt (K) F (kW K7 h (kW m* K method (DEM) of Krishna 0 15 2.942
D) and Murty (2007) 211
H1 600.15 313.15 100 0.50 T&SBS of Azeez etal.
H2 493.15 433.15 160 0.40 (2011) 7 17 2.922 1.42
H3 493.15 333.15 60 0.14 Sequential match
H4 433.15 318.15 400 0.30 reduction approach of
c1 373.15 573.15 100 0.35 Pettersson (2005) 7 17 2.905 0.83
C2 308.15 437.15 70 0.70 Pinch technique (HINT),
C3 358.15 411.15 350 0.50 present study 2 12 2.881 0.00
ca 333.15 443.15 60 0.14
Cc5 413.15 573.15 200 0.60
Hot oil 603.15 523.15 - 0.50
CwW 288.15 303.15 - 0.50 1 CONCLUSION
Plant lifetime = 5 years; rate of interest = 0%; exchanger cost =
$10,000+350(A) (A in m?); cost of hot oil = 60 ($/year)/kW; cost of .
cooling water (CW) = 6 ($/year) /kW. The search for optimal cost of heat exchanger network by
j{ previous researchers for three (3) different reported
o [ 0 N “«n»  problems has been examined using HINT software to
9600, E}M\S [I\MH vl ‘M\ e 0t . . .
" 9 """ examine its potentials. The HINT software has been
46000 [t o B 00 . .
o T proven to be suitable for the solution of such problems and
m oM \m T the potentials of remaining problem analysis (RPA) is
no BTG ”’ Bijw a revealed. The extent of HINT performance varies with the
7800) 3600
i 1115 il o 3B . R
“) "% type of problem but is excellently adequate in all heat
600, ‘Lﬁh 43 4131, 3l 0t
. w 0 N exchanger network problems solution. The result shows
000, 22 S = ] 0. cs
a that using HINT, there was a successful reduction in the
600 - - - -, . - -
w8 “’/ - 5 e minimum number of units, additional piping cost and the
315 340,

Fig. 4: Grid Diagram for Example 3 overall total annual cost.
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ABSTRACT

Cyber security is rapidly becoming an important aspect of ICT around the globe. In Nigeria there have been increase
in the rate of cyber crime and various organizations have become targets of cyber criminals. Cyber crime can pose a
high risk to the economy and security of a nation. The most common types of cyber crime committed in Nigeria
include hacking, cyber-theft, viruses and worms, spamming, financial fraud, identity theft, cyber and website cloning.
The techniques for carrying out these activities include tricks and scams such as beneficiary of will, money
laundering, lottery and winning ticket, next of kin, bogus cashier check and online charity. This paper examines the
vulnerabilities of websites owned by various organizations in Nigeria from across different sectors that handle
sensitive data. Finally the work revealed certain types of cyber crime and vulnerabilities that are common in Nigeria.
Several recommendations for tackling such problems were offered for website developers.

Keywords:Cyber security, Cyber crime,
Nigerian organizations, Website vulnerabilities.

1. INTRODUCTION

The increases and widened access to computer and mobile
technology has resulted in development of the Internet for
work and business activities, as well as those engage in
The

communication has not only produced a dramatic increase

illegal activities. rises of technology and
in the incidence of criminal activities, has also resulted in
the emergence of what appears to be a new variety of
criminal activities (1). Both the increase in the incidence of
criminal activities and the possible emergence of new
variety pose challenges for secure systems, as well as for
law enforcement (2).

Cyberspaces and its underlying infrastructure are
vulnerable to a wide range of risk stemming from both
physical and cyber threats and hazards. Cyberspace is
particularly difficult to secure due to a number of factors:
the ability of malicious actors to operate from anywhere in
the world, the linkages between cyberspaces and physical
systems, and the difficulty of reducing vulnerabilities and
consequences in complex cyber networks. An information

technology becomes increasingly integrated with physical
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infrastructure operations, there is increased risk for wide
scale or high-consequences events that could cause harm
or disrupt services upon which our economy and the daily
lives of millions of Nigerians depend (2).

It has been established that Nigeria is an impressionable
country. The advent of the Internet to her was both
welcome and full of disadvantages. The exceptional
outbreak of cyber-crime in Nigeria in recent times was
quite alarming, and the negative impact on the socio-
economy of the country is highly disturbing (3). Nigeria is
operating on a weakened technology platform and digitally
illiterate environment that is in urgent need of expert
solution, laws on cybercrime, and indeed effective and
efficient cyber security policies (4).

This paper hopes to look at the forms of cyber attack in
Nigeria, the wvulnerability of its organizations to cyber
attack and suggest techniques for software developers to

prevent such risks.
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2. CYBER ATTACKS
NIGERIA

PERCULIAR TO

While some types of cyber crimes are specific to
Nigeria such as phishing, electronic spam, fake
copycat websites etc., others such as identity theft and
false statements are also common across other
countries (6). The most common cybercrime activities
in Nigeria include Next of Kin Scam, Online Charity,
Internet Service Time Theft, and Beneficiary of Will
Scam etc. However, these are carried out using tricks
and scams and are mainly targeted at individuals.
More sophisticated cyber attacks aimed at
organizations can be more damaging. These are
targeted information  systems, infrastructures,
networks and personal devices by various means of
malicious acts that either steals, alters, or destroys a
specified target by hacking into a susceptible system
(7). The aim of these attackers for either to obtain
information that could valuable or cause denial of
As a

applications with valuable information and data are

service. result online website and web
obvious targets for such attacks in Nigeria.

Web application vulnerabilities may result in stealing
of useful data, breaking of data integrity. Thus one of
the most useful tasks now in ICT in the security of
web application, according to Acunetic survey 60% of
found vulnerabilities were web applications (2).

The most common way of securing web application is
searching and eliminating wvulnerabilities therein.
Example of another way of securing web application
includes safe development, implementing intrusion
detection and protections system and web application
firewalls. But data-stealing attacks, many of which
get the attention of media, are also a big threat (8).
Now, we need a greater emphasis on protecting web
servers and web applications. Web servers are

especially the best platform for these cyber criminals
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to steal the data. Hence one must always use a safer
browser especially during important transactions in
order not to fall as a prey for these crimes (6).
Common targets for hackers are government websites.
According to recent statistics, the number of cases
involved with the defacement of government websites
in Nigeria has continued to rise from 10% back in
2010 to 60% as at 2012, reports Centrex Ethical Lab, a
cyber-security and intelligence firm based in Abuja. In
January 2015, The Nigeria Defence Headquarters
website was defaced ‘ISIS style’ by unknown hackers
and a day after elections in March, hackers using the
name, Nigerian Cyber Army, hacked into the website
of the Independent National Electoral Commission
(INEC) (9).

3. METHODOLOGY

The objective of this paper is to examine the
vulnerabilities of websites in Nigeria to cyber attacks.
A risk analysis was carried out by testing for sets of
alerts that will identify weaknesses in website coding.
A sample of twenty-five websites was selected. The
websites examined cut across various sectors such as
banking and financial, government, education,
healthcare, aviation and security agencies.

Using OWASP ZAP (open-source web application
security scanner Zed Attack Proxy), a thorough
analysis of all the web pages linked to the 20 selected
sites was conducted. There are various applications for
testing the vulnerability of websites such as Grabber,
WebScarab, Wapiti,W3af etc. The advantage of ZAP
is that it can be used to find a wide range of
vulnerabilities in web applications and is simple and
easy to use for penetration testing of web applications.
It allows manipulation of traffic that passes through it

including from https.
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The websites were selected because they deal with

high amount of sensitive user data and information.
For instance, websites that accept or store credit card
numbers and bank account information are prominent
hacking targets, because of the potential for immediate
financial gain from transferring money,
the

making

purchases, or selling information. Military
installations have also been the target of hacks; vital
government infrastructure such as police and
intelligence agency communications are also potential
targets. Data breaches at large corporations have
become common, largely for financial gain through
identity theft. (10)

The alerts tested using the software to detect
penetrations are:

A. Cross Site Scripting (Reflected): Cross-site
Scripting (XSS) is an attack technique that involves
echoing attacker-supplied code into a user's browser
instance. A browser instance can be a standard web
browser client, or a browser object embedded in a
software product such as the browser within WinAmp,
an RSS reader, or an email client. The code itself is
usually written in HTML/JavaScript, but may also
extend to VVBScript, ActiveX, Java, Flash, or any other
browser-supported technology (11).

OS Command

technique used for

Attack

unauthorized execution of

B. Remote Injection:
operating system commands. This attack is possible
when an application accepts not trusted input to build
operating system commands in an insecure manner
involving improper data sanitization, and/or improper
calling of external programs (3).

C. Application Error Disclosure: This page
contains an error/warning message that may disclose
sensitive information like the location of the file that
produced the unhandled exception. This information

can be used to launch further attacks against the web
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application. The alert could be a false positive if the
error message is found inside a documentation page.
D. X-Frame-Options Header Not Set: X-Frame-
Options header is not included in the HTTP response
to protect against 'Click-Jacking' attacks by which
users are tricked into clicking on things triggering
important actions. Usually they are authenticated at
the website containing the elements they are tricked to
click on (12).

E. Directory Browsing: It is possible to view the
directory listing. Directory listing may reveal hidden
scripts, include files, backup source files etc which be
accessed to read sensitive information (13).

F. Cookie set without Http Only flag: When an
attacker gets a user's browser to execute his/her code,
the code will run within the security context (or zone)
of the hosting web site. With this level of privilege,
the code has the ability to read, modify and transmit
any sensitive data accessible by the browser. A Cross-
site Scripted user could have his/her account hijacked
(cookie theft), their browser redirected to another
location, or possibly shown fraudulent content
delivered by the web site they are visiting (14).

File
Inclusion: A cookie has been set without the secure

G. Cross-Domain  JavaScript ~ Source
flag, which means that the cookie can be accessed via
unencrypted connections.

File
Inclusion: The page at the following URL includes

H. Cross-Domain  JavaScript  Source

one or more script files from a third-party domain.
. Private IP Disclosure: A private IP address has
been found in the HTTP response body. This
information might be helpful for further attacks

targeting internal systems.

J. Web Browser XSS Protection Not Enabled:
Web Browser XSS Protection is not enabled, or is
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disabled by the configuration of the 'X-XSS-
Protection' HTTP response header on the web server
(12).

K. X-Content-Type-Options Header Missing: The
Anti-MIME-Sniffing header X-Content-Type-Options
was not set to 'no-sniff'. This allows older versions of
Web browsers such as Internet Explorer and Chrome
to perform MIME-sniffing on the response body,
potentially causing the response body to be interpreted
and displayed as a content type other than the declared
content type (15).

L. Incomplete or No Cache-control and HTTP
Header Set: The cache-control and HTTP header
have not been set properly or are missing allowing the
browser and proxies to cache content.
M. Password Auto complete

AUTOCOMPLETE attribute is not disabled in HTML
FORM/INPUT element containing password type

in  browser:

input. Passwords may be stored in browsers and
retrieved.

N. Secure Page Includes Mixed Content: The page
includes mixed content, i.e. content accessed via http

instead of https.

4. RESULTS AND DISCUSSIONS

From the sample of 25 websites, 3 could not be tested
using the software. These 3 were military/paramilitary
sites with mil.ng domain extensions therefore due to
added security the penetration tests failed. The alerts
were classified into low, medium and high risk.
Majority of the websites tested failed 3 of the alerts
but two of them where low risk and one medium risk.
Of he two high-risk alerts only two websites failed the
risk assessment. The other low and medium alerts
ranged from a few, half and third of the websites

found to be vulnerable. Below is a graph showing the
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risk against the number of websites.Examples of

figures and tables are given in Figurel and Tablel.

Table 1:Vulnerability attack test results.

ALERT RISK NO. OF
VULNERABLE
WEBSITES
CROSS SITE SCRIPTING High 1
REMOTE OS COMMAND
INJECTION High 1
SECURE PAGE INCLUDES
MIXED CONTENT Medium 4
APPLICATION ERROR
DISCLOSURE Medium 8
X-FRAME-OPTIONS
HEADER NOT SET Medium 22
DIRECTORY BROWSING Medium 1
COOKIE SET WITHOUT
HTTP ONLY FLAG Low 13
COOKIE SET WITHOUT
SECURE FLAG Low 6
CROSS-DOMAIN
JAVASCRIPT SOURCE FILE
INCLUSION Low 15
PRIVATE IP DISCLOSURE Low 4
WEB BROWSER XSS
PROTECTION NOT
ENABLED Low 21
X-CONTENT-TYPE-
OPTIONS HEADER
MISSING Low 21
INCOMPLETE OR NO
CACHE-CONTROL AND
PRAGMA HTTP HEADER
SET Low 8
PASSWORD
AUTOCOMPLETE IN
BROWSER Low 8
Source: Fieldwork: 2015
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'E 30
]
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Fig.1: Risk Level against Number of Threats
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5. CONCLUSION AND RECOMMENDATIONS

This study reviews 25 websites for risk of penetration and
categorized the risk in to three levels. From our
investigations on cyber attacks to Nigerian websites we
conclude that cyber crime poses a great treat to the peace,
security and economy of the country due to the number of
low and medium alerts. Although it is encouraging that the
high risk are very few. Web application developers and
coders in Nigeria therefore still have room for
improvement in security when it comes to design and
development of such applications. We therefore make the
following suggestions to be employed by developers to
address security challenges:

1.To prevent against Application Error Disclosure, review
the source code of the page. Implement custom error
pages. Consider implementing a mechanism to provide a
unique error reference/identifier to the client (browser)
while logging the details on the server side and not
exposing them to the user

2.As most modern Web browsers support the X-Frame-
Options HTTP header. Ensure it's set on all web pages
returned by your site if you expect the page to be framed
only by pages on your server.

3.Use a vetted library or framework that does not allow
web cookies to be set without HttpOnly flag weakness
easier to avoid or provides constructs that make it such.

4 Whenever a web cookie contains sensitive information
or is a session token, then it should always be passed using
an encrypted tunnel. Ensure that the secure flag is set for
cookies containing such sensitive information.

5.Ensure JavaScript source files are loaded from only
trusted sources, and end users of the application cannot
control the sources.

6.Ensure that the web browser's XSS filter is enabled, by

setting the X-XSS-Protection HT TP response header to '1'.
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7.Ensure that the application/web server sets the Content-
Type header appropriately, and that it sets the X-Content-
Type-Options header to 'nosniff' for all web pages.

HTTP

header is set with no-cache, no-store, must-revalidate,

8.Whenever possible ensure the cache-control

private; and that the pragma HTTP header is set with no-
cache.

9.A page that is available over TLS must be comprised
completely of content, which is transmitted over TLS. The
page must not contain any content that is transmitted over
unencrypted HTTP. This includes content from unrelated

third party sites.
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ABSTRACT

An integrated geoscience investigation was carried out on 3 selected sites in Minna, North-Central Nigeria in order to
determine their suitability for use as sanitary landfill. Geological and hydrogeological mapping of the area was executed to
determine the rock type and aquifer properties of the area. Subsurface geophysical investigations of the area employing the
1-D and 2-D subsurface resistivity imaging techniques were undertaken. Four lithological layers: lateritic top soil, mottled
zone, clayey soil and the weathered to fresh basement rock were delineated from the geo-electric sections. The clay layer
thickness varies between 2.8m to 8.0m with resistivity range of 18 Qm to 86 Qm and the depth of about 3.8m to 9.3m. The
2-D resistivity images using Wenner-Schlumberger and Wenner-Alpha arrays revealed the presence of an overwhelmingly
dominant clay interval in the subsurface. The grain size distribution curve showed that the soil is dominated by fines (clay
and silt. The soils liquid limit, plastic limit and plasticity index values ranged between 20 % to 90 %, 13.2 % to 26.8 % and
11.3 % to 24.7 % respectively. This implies that the soil is of low hydraulic conductivity. Permeability coefficient of the
soils ranged from 3.4 x 10 cm/s to 5.68 x 10°® cm/s, which is within the 10°® to 10 range required for attenuation of
leachate by natural geological materials with no potential of lateral migration of leachate. The analysis of results from
geological, hydrogeological, geophysical, geotechnical and structural investigations revealed that two out of the three sites
are suitable for siting a sanitary landfill.

Keywords: Geoscience Investigation, Sanitary Landfill, Minna, and Groundwater Pollution

1. INTRODUCTION
The management of waste in Nigeria is yet to take a Daniel (1993), Kabir and Taha (2006), Rowe et al, (1995),
definite shape and this can be attributed to non- Edelman (1999), Ige and Ogunsawo (2009), Oyediran and
enforcement of existing environmental laws. Most Adeyemi (2011) in their various investigations have
developed nations of the world have properly managed proposed certain recommendations that must be attain for a
their wastes within their domain as a result of proper soil to be considered for use as barrier soil for sanitary
planning and effective waste management policies landfill. Four major open dump-sites apart from some
(Oyediran and Adeyemi, 2011; Amadi et al., 2012a). minor ones scattered all over the metropolis are currently
in use in Minna. They constitutes public nuisance by the
Properly sited municipal solid waste sanitary landfill has smell and smoke generated in the course of their
been recognized as one of the environmentally friendly decomposition and burning respectively.
ways of waste disposal (Ranke, 2001; Ige, 2013). The

concept of a well-engineered municipal sanitary landfill Groundwater is an essential natural resource that needs to
technology is aimed at minimizing soil and groundwater be protected at all cost, because once it is contaminated it
contamination and other associated environmental hazards. is difficult and expensive to clean up (Amadi et al., 2014).

The sanitary landfill system is designed and constructed to A study targeted at assessing the suitability of a site for use
include lined leachate containment with minimal risk of as a landfill in order to ensure protection to the soil and
vertical and horizontal leakage into surface and water system and avoid the occurrence of water-borne
groundwater systems. The merit of the sanitary landfill diseases should be encouraged by all. The choice of site
over other types of waste disposal methods is that handling for sanitary landfill construction is critical as the
and management of waste is kept to a minimum level (lge, consequences of a wrong choice leads to soil and
2013; Amadi et al, 2012b). The local geology, groundwater pollution, environmental degradation and
hydrogeology and geotechnical characteristics of a site are various health impact (Rowe, 2011). No effort should be
key determinants of the suitability of a site for use as spared in making accurate decisions that would lead to the
sanitary landfill, hence the need for this study.
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choice of suitable sites for locating a solid waste sanitary
landfill system.

1.1. Study Area

The investigated sites (A, B and C) are located within
Minna metropolis and lie between longitudes 6°24'E to
7900'E of the Greenwich Meridian and latitudes 9°30'N to
10°00'N of the Equator and are accessible through major
roads (Figure 1). The River Chanchaga catchment basin
forms the drainage system for th area and the tributaries
are ephemeral. The area has two seasons: the rainy and dry
seasons. The average annual rainfall of about 1100mm
while the temperature is about 29°C. The vegetation of the
study area belongs to the savannah type. The major rock
type in the area is granite, granite-gneiss and schist with
relics of quartz-veins and pegmatites as minor intrusions.

2. MATERIALS AND METHODOLOGY
Geological mapping was carried out in the area to know
the rock types in the area. Fresh rock samples were
collected and subjected to both micro-photographic and
mineralogical analyses to understand the mineralogical
composition and mode of occurrence. The petrographic
thin section analysis was carried out at the Geological
Laboratory, Federal University of Technology, Minna
while the mineralogical analysis was carried out the
Nigerian Geological Survey Agency, Kaduna. Geophysical
investigation employing the 1-D and 2-D resistivity
subsurface imaging were undertaking in the study area to
obtain lateral and vertical subsurface information.
Hydrogeological mapping was undertaking to establish the
aquifer types and groundwater flow direction. Static water
level values were collected from 45 hand-dug wells within
the vicinity of the investigated sites. Soil samples were
collected from trial pits across the sites. A total of five trial
pits were excavated at each site. The samples were
transported to the Civil Engineering Laboratory at Federal
University of Technology, Minna, and Federal
Polytechnic, Bida in polythene bags, for relevant
geotechnical analysis. The analyses were carried out in
accordance with BS 1377 standard.

3. RESULTS AND DISCUSSIONS

3.1. Geological Mapping

Information obtained from the geological mapping shows
that the area is underlain by three rock types namely
granites, granite-gneiss and schist. The schist is dipping
toward the east, with dip ranging from 12° to 64° east. The
predominantly joint direction is NE-SW. The petrographic
thin section identified biotite, microcline, quartz and
plagioclase as the major constituents of the rock from the
study area (Plates 1a and 1b).
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3.2. Geophysical Investigation

The 1-D model sounding curves show three layers
indicating four lithological units in the subsurface
formations across the study area. Lateritic soil, mottled
zone, clayey soil and weathered/fresh basement rocks were
the different layers delineated from the VES curves and
geoelectric sections. The mottled zone is a transitional
layer that exists between the lateritic soil and clay soil. The
dominant curve type in the area is HA (Figure 2).

Table 1: Geoelectric parameters indicating Curve Types
for profile B
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Figure 2: Sounding Curve Type for HA

The geoelectric section as constructed from the geoelectric
parameters obtained from VES contained in Table 1
indicates different layers. The resistivity of the mottled
zone ranged between 74 Qm to 96 Qm to the depth of
about 1.0m to 1.4m while that of laterite ranged between
100 Qm to 174 Qm to the depth of about 0.9m to 1.3m.
The top layer is underlain by clayey soil characterized with
low resistance which ranged between 18 Qm to 86 Qm
with a thickness range of 2.8m to 8.0m to the depth of
3.8m to 9.3m. The last layer is the crystalline basement
rock unit with varying degree of weathering which has
resistivity values range between 231 Qm to 366 Qm to a
fairly infinite depth. From the geoelectric sections (Figures
3a and 3b) the clay soil, show low resistivity values due to
their charged surfaces and associated boundary layers of
attracted ions.
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The 2-D subsurface images identified different lithologic
layers which are distinguishable based on the response to
electrical current. The resistivity increases away from the
blue colour to the red and pink colours as indicated on the
inverses model resistivity sections (Figures 4a and 4b).
The inverse model shows a highly conductive clay layer as
the top layer with resistivity values less than 100 Qm and
depth extend of about 12m. Underlying the clay layer is
the weathered basement rock unit with resistivity value
range of 110 Qm to 500 Qm. The last layer is the highly
resistive bed rock with resistivity values range of 558 Qm
to greater than 1433 Qm extending to a fairly infinite
depth.

3.3. Hydrogeological Mapping
The study area is made up of two aquifer units which are;
the regolith aquifer and the fractured aquifer.
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From the data (Table 2), the average depth to static water
level in the study area is about 4m. The depth of the wells
ranged from 2.6m to 10m depending on the thickness of
the overburden material. The groundwater flow direction
map generated from the water level data (Figure 5)
indicates a NE-SW flow direction is mainly toward the
southern portion of the mapped area. This finding is in line
with the result of the principle joint direction. This implies
that the groundwater in the area is structurally controlled.
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Figure 5: Groundwater flow direction of the study area

3.4 Grain size distributions
The result of the grain size distribution and a
representative grading curve are presented in Table 3.
Particle size distribution is one of the key factors that
influence the hydraulic characteristic of soil. Daniel,
(1993), Rowe et al, (1995), lge, (20013), Oyediran and
Adeyemi, (2011) suggested the minimum of 30% fines and
less than 30% gravel size particles for soil to be used as
mineral seals in sanitary landfill. Declan and Paul, (2003)
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suggested 10% clay content as requirement for soil to
qualify for use in sanitary landfill as mineral seal.

From the grain size analysis the soil retained on the BS
sieve No.4 ranged from 0.0% to 10%. The sand size
fraction ranges from 8.2% to 42.1% while the amount of
fine particles passing the BS sieve N0.200 ranged from
50% to 91.8%. The results of the grain size distribution are
within the limits suggested by previous authors. The high
percentage of the fine particles predominantly clay
fractions will influence the low permeability of the soils.
Ogunsawo, (1996) observed that soils containing adequate
amount of sand particle could prevent the soil from
volumetric shrinkage when used as mineral seal.

Table 3: Summary of particle size distribution of soils in
percentage

www.futminna.edu.ng

conductivity, display minimal expansion rate when in
contact with fluid and have low potential for developing
secondary leachate pathways (Benson et al 1994). This
finding is in agreement with the recommendation of
Benson et al (1994) for soil to be used as mineral seal in
sanitary landfill.

Table 4: Summary of Atterberg limits results in percentage

Sites  Label Liquid Plastic Plasticity
Limit (%)  Limit (%) Index
A 335 17.1 16.4
B 39.9 21.5 18.4
A C 34.9 18.5 16.4
D 35.0 18.5 16.4
E 42.0 24.1 17.9
F 40.0 20.0 20.0
G 36.0 18.1 17.9
B H 34.0 19.1 14.9
I 51.5 26.8 24.7
J 475 23.6 23.6
K 44.0 22.2 21.8
C L 24.5 13.2 11.3
Minimum 245 13.2 11.3
Maximum  51.5 26.80 24.70
Mean 38.6 20.23 18.21

Site Samples Gravel % Sand% Fines%
A A 0.9 36.5 62.6
B 1.8 42.1 56.1
C 0.2 28.2 69.6
D 15 28.9 69.6
B E 0.0 25.5 74.5
F 11 24.4 74.5
G 1.0 21.9 77.1
H 0.2 25.8 74.0
C I 0.0 8.2 91.8
J 0.2 25.8 74.0
K 10.0 40.0 50.0
L 0.1 24.0 75.9
Minimum 0.0 8.2 50.0
Maximum 10 42.1 91.8
Mean 1.4 30.0 71.6

3.5. Atterberg Consistency Limits

The result of the Atterberg consistency limits are presented
on Table 4. The consistency limit tests indicate that the
liquid limit of the soils ranged from 24.5% to 51.5% while
the plastic limit varied from 13.2% to 26.8%. The
plasticity index ranged from 11.3% to 24.7% (Table 4).
The plasticity index indicates the fines portion soil and
their ability to change shape without a change in volume.
Declan and Paul (2003) and Benson et al. (1994) suggested
a minimum liquid limit of 90% and 20% respectively for
soil to be used as mineral seal in sanitary landfill. This
implies that the soils have the potential to exhibit low
hydraulic conductivity.

Daniel (1993), Rowe et al. (1995) and lIge, (2007),
suggested that plasticity index for soil to be used as
mineral seal must be greater than 7%. The analysed soils
possess liquid limits greater than 20% but less than 90%
and plasticity index greater than 7%. This indicates that the
soils have the potential to exhibit low hydraulic
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4.6. Compaction Test

This test method was used to determine the relationship
between Maximum Dry Density (MDD) and the Optimum
Moisture Content (OMC) of the soil samples. The amount
of mechanical energy applied to soil mass is known as the
compaction energy. The standard and modified Proctor
compaction energies were employed in this work. The
results of the MDD and the OMC and a representative plot
of dry density versus moisture content are contained in
Table 5. The peak of the curves indicates the MDD and the
corresponding OMC (Fig. 9). The result of the MDD and
OMC of the standard Proctor energy ranged from 1.58
KN/m3 to 1.82KN/m3 and 16.5% to 25.9% respectively
while for the modified proctor energy, the soils MDD and
OMC ranged from 1.74KN/m3 to 2.10KN/m3 and 11.0%
to 18.9% respectively. Kabir and Taha (2004) stated that
for a soil to use as mineral seal it should possess MDD not
less than 1.45g/cm?® for standard Proctor and 1.64g/cm? for
modified Proctor. The analyzed soils have values that
compete favourably with the recommendations of Kabir
and Taha (2004). 1ge and Ogunsawo (2009) stated that
MDD increases and OMC decreases with an increase in
compactive efforts. This may be due to the fact that more
parallel orientation of the phyllosilicate mineral particles
occurs at higher compaction energy. A higher unit weight
of compaction occurs as the clay particles become closer
on higher compactive effort. Hence, the modified
compaction effort is preferable as it does significantly
reduce the hydraulic conductivity of the soil.
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Table 5: Summary of the MDD and OMC of the two
Compaction Energies

Sample Standard Proctor ~ Modified Proctor
Label MDD OoMC MDD omMC
(KN/m®) % (KN/m®) %

A 1.70 19.0 1.94 14.0
B 1.76 17.6 2.00 12.0
C 1.71 20.1 1.89 14.0
D 1.74 18.1

E 1.59 24.0 1.88 135
F 1.64 18.5

G 1.49 19.1 1.74 18.9
H 1.58 25.9 1.80 16.5
I 1.68 19.9 .
J 1.70 19.7

K 1.82 17.9 2.10 11.0
L 1.68 16.5 1.87 15.5
Minimum  1.49 17.9 1.74 11.0
Maximum  1.82 25.9 2.10 18.9
Mean 1.67 19.96 1.88 15.08

3.7. Coefficient of Permeability

The results of the permeability coefficient are presented ir
Table 6. Coefficient of permeability is one of the critica
factors in the choice of soil or site for sanitary landfill. It i
the function of the structure and grain size of the soil. Thi
coefficient of permeability of all the analysed soils rangec
from 3.4 x 10° cm/sto 5.68 x 10® cm/s. USEPA (1978
suggest a permeability of 1x10™“cm/s as the boundan
between permeable and impermeable linears. Allen (2000
suggested that natural geological materials considered for
attenuation of leachate in landfill should possess an
optimum coefficient permeability range of 10°cm/s to 10°
Scm/s. For a soil to be used as mineral seal for the
attenuation of leachate it should have a maximum
permeability coefficient of 1x107cm/s (Rowe et al, 1995,
Ige and Ogunsawo, 2011, Oyediran and Iroegbuchu,
2013). All the analysed soil samples are in line with the
findings of Allen (200); Rowe et al (1995) and Ige and
Ogunsawo (2011). The soils have the potential to exhibit
low to practically impermeable permeability characteristics
which will enhance grater attenuation of leachate
contaminant in sanitary landfill system.

Table 6: Coefficient of Permeability of the Soil Samples

Soil A B C
k(cm/s) 5.53x10° 4.58x10° 4.73x10°
Soil D E F
k(cm/s) 3.56x10° 4.81x10° 3.85x10’
Soil G H |
k(cm/s) 1.88x10" 4.73x10° 4.65x10°
Soil J K L
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k(cm/s) 5.68x10° 3.40x10° 6.42x107

3.8. Clay Mineralogy
Chemical weathering of rock results in the formation of
clay at or near the earth’s surface. The formation of clay as
a result of weathering activities is dependent on four major
factors which include; mineralogical and textural
composition of the parent rock, porosity and permeability
of the parent rock, composition of the aqueous solution
and the morphology (position of the weathered parent
rock) (Thair and Olli, 2008).

Table 7: Facial mineralogical composition of some clay
samples

—fHlecreasing order )

Clay Mineralogy
Soi
Cuartz Kaolinite Muscovite Goethite Hematite
Compound  Silicon Alurminum Potassium Iron Oxide  Iron Owide
name Owide Silicate Almmimum Hydroxide
Hydroxide Silicate
Hydroxide
Chemical 510, Al SH0:(0H)  EAL(S, Fe:Q[0OH)  Fes0:
formula 5 Al Og9(0H)
Crystal Hexagonal  Anorthic Monoclinic Orthothom  Crthorhombic
systemm bic
Sample v v v
E
Sample v v
F
Sample v v v
I
Sample v v v

I
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From the mineralogical composition of the representative
clay soil, kaolinite is the most dominant clay mineral in all
the soil analysed (Table 7). From the oxide composition of
the rock and clay samples as determined by XRF (Table
8), the major oxides found are SiO, Al,0; and K;O.
These oxides form the composition of potassium feldspar
and kaolin, and it is the transformation of potassium
feldspar into kaolin that forms clay as justified from the
equation: 2 KAISi;Og + 3 H,0 Al,Si,05 (OH)4 + 4 SiO,
+ 2 K (OH) (Thair and Olli, 2008). This therefore implies
that the clays are non-expendable with low cations
exchange capacity (CEC). The clays will exhibit less
effective surface area of about 10-30m?g (Thair and Olli,
2008). With the effective surface area been small, the clays
will exhibit low to moderate expansion on wetting and low
to moderate expansion on drying. The high occurrence of
quartz as indicated in the diffractograms (Figure 6) may be
responsible for the significant percentage of sand size
particles in the grain size distribution.

3.9. Soil Classification
Soils for engineering purposes are classified in accordance
to the Unified Soil Classification (USCS) and American
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Association of State Highway Transport Officials
(AASHTO) Classification systems.
2000
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|
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Figure 6: X-Ray Diffractogram for a sample
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Table 8: Major Oxide Composition of Rock and Soil
Samples
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plasticity. Soil sample I is classified as inorganic clay of
high plasticity (CH) because it has liquid limit greater than
50% and occur above the A line. Soil samples J, K and L
fall within the A-6 section of the plasticity chart, which
indicate that they are inorganic clays (CL) of low
plasticity. Soil which fall under groups A-7-6 and A-6
contain appreciable amounts of fine which makes the soils
suitable for use as sanitary landfill liners.
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Figure 7: Plasticity chart of the clay soils

Oxide Rock Samples Clay soil Samples

MK1 MAl DBl B F I J
Si0, 743 7510 66.80 56.2 50.80 44.10 46.20
TiO, 030 021 081 094 1.20 121 194
Al,O; 1470 1490 16.50 23.30 27.20 27.50 26.80
Fe,0; 416 375 6.23 4.58 4.44 8.84 570
MnO 0.10 0.11 0.29 0.03 0.04 0.05 0.04
MgO 036 0.81 1.03 196 0.96 250 243
CaO 243 207 326 045 0.48 0.29 0.60
Na,0 1.62 117 2.04 201 2.24 241 2.09
K,0O 1.03 0.78 1.78 0.82 0.84 0.88 1.17
P,Os 015 013 019 0.01 0.006 0.02 0.008
BaO 011 0.05 024 0.006 0.11 0.04 0.001
LOlI 0.74 092 083 964 11.68 12.16 12.42
Total 100 100 100 99.946 99.996 100

4. CONCLUSION

An integrated geoscience approach was used to investigate
three sites in Minna, for the purpose of generating a data
that will aid the siting (design and construction) of a
sanitary landfill. The area was underlain by granite,
granite-gneiss and schist. The soil profile of the study
areas are in the order of: top humus soil, laterite/mottle
zone, clay soil and weathered to fresh basement rock.
Inverse model resistivity sections shows a thin to thick
highly conductive clayey layer underlain by weathered
basement rock which overlays the fresh basement rock.
The safe depth of excavation is between 7m to 9m, due to
the inhomogeneous nature of the sites. The study area is
made up of the regoliths and fractured aquifer units. The

99.399 groundwater flow direction is NE-SW in accordance with

In accordance to the USCS all the soil samples indicate PI
greater than 7 and LL less than 50% except for sample |
which have LL greater than 50%. Based on the soil
classification, all the soil are classified as inorganic clay
materials of low to medium plasticity with the exception of
sample | which is classified as inorganic clay with high
plasticity. According to the AASHTO classification
system, the soil samples analysed have more than 35% soil
particles passing the No.200 sieve, the Pl of the soils is
greater than 10% and the LL less than 40%. Hence, the soil
samples are clayey soil with the symbol A-7-6.

On the plasticity chart (Figure 7), samples A, B, C, D, E,
F, G and H fall within the A-7-6 section which indicate
that they are inorganic clay (CL) of low to intermediate
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the principle joint direction in the area. Hence care should
be taking to protect the groundwater vulnerable area by
minimizing leachate infiltration into groundwater system,
since the direction of groundwater flow can also serve as
conduit for leachate movement.

The soils are generally well graded possessing the required
amount of fines, clay minerals and sand size fraction
required for a soil to be used as mineral seal. The clays
possess low, intermediate to high plasticity with low
shrinkage abilities. The coefficients of permeability of the
soils indicate very low permeability with the soils falling
within the favourable range (1x10°cm/s to 1x10%m/s) of
optimum hydraulic conductivity for attenuation. Although
the sites indicated favourable geotechnical properties, site
A is geological and hydrogeological unsuitable for a
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sanitary landfill as a result of the high weathering and
fracture of the underlying rocks. The fractures can serve as
conduits for possible migration of leachates. Site B and C
have competent rocks that have not experience significant
weathering and fracturing and hence suitable for siting
sanitary landfill system. The integrated approach employed
in evaluating the sites for sanitary landfill are more
rewarding to using any single method to investigate the
sites.
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ABSTRACT

A field experiment was conducted on Amaranthus at the Department of Agricultural and Bio-Environmental
Engineering Technology, Institute of Technology, kwara State Polytechnic, llorin, Kwara State, Nigeria under a rain fed
farming between the months of May to August, 2014 to examine the impact of soil compaction on Amaranthus growth and
soil bulk density in which the experimental plot of 8 x11m? was prepared and divided into three (3) plots; disturbed,
undisturbed and fallowed plot. Soil auger was used to collect three soil samples from each plot at a depth of 10cm and
20cm. The results of average bulk density at depth of 0-10 cm for cultivated, uncultivated and compacted soil before
planting are; 1.83g/cm®, 1.72g/cm3 and 1.64g/cm?®, respectively. Result of average bulk density after harvest at the depth of
0-20cm for cultivated, uncultivated and compacted soil is; 1.74g/cm3, 1.65g/cm3 and 1.58g/cm3, respectively. The total
yield from the first harvest for the cultivated, uncultivated and compacted soil is; 49.2kg, 38.3kg and 31kg, respectively.
Therefore, the compacted plot had the least yield because; some moisture and air needed for growth had been expelled out
of the soil during compaction process which has led to reduction in the soil pores.

Keywords: Soil, compaction, Vegetable, Growth, Crop

1. INTRODUCTION the width or depth tilled and managing surface residues
(Magdoff and Van, 2000). The lack of tillage coupled

with residue on the soil surface maintains cooler soil

Compaction of agricultural soils has been of great concern

for many years due to heavy field traffic which may

reduce plant growth. Plants depend on loose and crumby temperatures for longer periods in the spring (Teasdale

soil to spread their roots deep into the ground, well
established root provides the plant with strength against
environmental stresses, like drought. If the soil is
compacted, it is too difficult for the roots to break through
as a result; the plant maintains a shallow root system with
little nutrient and moisture absorption opportunities

(USDA, 2012).

In practice, conservation tillage can be achieved by
minimizing tillage operations temporally and spatially for

example reducing the number of times over a field or in

and Mohler, 1993).

Alterations in the soil structure due to compaction
influence many aspects of the soil such as air, water and
heat, which in turns affect root growth and crop
production. Quantification of soil compaction effects is
essential to develop management strategies that minimize

the harmful compactive effects (Lipiec and Hatano, 2003).

It is in the light of the above this study is aimed at

assessing the impact of soil compaction on Amaranthus
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growth and soil bulk density, comparing the growth yield
of Amaranthus on compacted, uncultivated and cultivated
beds, and determines the bulk density on cultivated plot to

compacted and uncultivated plot.

2. METHODOLOGY

The experiment was conducted at the Institute of
Technology, Kwara State Polytechnic, llorin, Kwara
State, Nigeria. The study area is located at latitude 8°26' N
and longitude 4°30' E of the Greenwich meridian. It lies
on the altitude of approximately 345m. It is a transitional
zone between the climate of southern Nigeria and semi-

Sudan savanna of the northern part of Nigeria.

2.1 Field Preparation

A land of 8 x 11m? was divided into three (3) plots laid
along the general slopes of the field area. The first plot
labeled (A) was disturbed and raised. The second plot
labeled (B) was undisturbed but cleared and the third plot

labeled (C) was fallowed.

2.2 Planting Operation

The planting operation was done by hand broadcast on the
16th of May, 2014, the second day after rainfall event in
the study area. A mass of 0.46kg of Amaranthus seeds
was evenly broadcasted on each plot. After two weeks of
planting, weeding operation by hand picking was done. The
description and length of growth stages are presented in
table 1.

Table 1: Description and length of growth stages of

Amaranthus vegetables
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SIN Developmental Day after
stages planting

1 Seed 1-6 days

2 Seedling 6-21 days

3 Vegetative 21-35 days

4 Flowering 35-49 days

Total 49 days

Source: FAO, 1991

Amaranthus plants were harvested after 50 days (Maturity
period of the variety planted ranged between 50-60days),
plot by plot and the yield per plot was weighed and
recorded.

2.3 Determination of Bulk Density

This was determined at the harvest period of the
experiment. The soil samples collected from the auger
were poured into polythene bags and labeled sample A,
A, Az; By, By, Bs; and Cy, C,, Cs, respectively. The
samples were taken to the laboratory for analysis using
core method. The core sampler was pushed into the soil
and inner cylinder was filled up. It was pressed softly in
order not to compact the soil. The core was dug out
carefully to preserve the soil in it. Then, the outer cylinder
was separated while the inner one was retained with
undisturbed soil. The soil was trimmed carefully at the
two open ends of the cylinder using a Knife. The two ends
were covered with metal disk and put in plastic bag which
was folded to keep the soil in place and the opening of the
bag was taped. The samples were then taken to the
laboratory for analysis. The cylinder and wet soil were
weighed and the value was recorded. The soil was dried in
an oven at a temperature of 105°C for 24 hours to a
constant weight and the bulk density was calculated using

equation 1.

Soil bulk density = %

1)
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Where,
X, = weight of empty cylinder (g)
X3 = weight of oven dried soil + cylinder (g)

V = volume of soil (cm3)
Source: Taylor and Fujioka, 1992.
3. RESULTS AND DISCUSSIONS

3.1 Bulk Density

The results of soil bulk densities at depths 10cm and 20cm
are presented in Table 2.

Table 2: Results of soil bulk density

S/N | Plot Bulk Bulk
Number density at | density at

0-10cm 0-20cm
(g/cm3) (g/cm3)

1 Al 1.87 1.79

2 A2 1.79 1.73

3 A3 1.79 1.72

4 B1 1.68 1.60

5 B2 1.72 1.65

6 B3 1.74 1.70

7 C1 1.67 1.63

8 Cc2 1.56 1.52

9 C3 1.69 1.59

The results showed that the bulk densities at depth 10cm
for all treatments (cultivated, uncultivated and compacted)
were higher than the bulk densities at 20cm. The results
also showed that bulk density for the compacted plot was
the lowest, while bulk density at the cultivated plot has the
highest. The result revealed that the compacted soil has
less water for the survival of Amaranthus growth due to
the effect of compaction. Excessive soil compaction
impedes root growth and therefore limits the amount of
soil explored by roots. This, in turn, can decrease the
plant's ability to take up nutrients and water. From the
standpoint of crop production, the adverse effect of soil

compaction on water flow and storage may be more
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serious than the direct effect of soil compaction on root
growth (J. DeJong-Hughes et al, 2001).

3.2 Amaranthus Vegetable Yield

The yields of Amaranthus vegetable for all the treatments
for the two (2) harvests are presented in Table 3. The
results revealed that cultivated plot has more yield of
Amaranthus than the uncultivated and compacted plots
because soil tillage usually create a more favourable
condition for plant growth and improves soil aeration.
Also, cultivated plot had enough water for the growth of
Amaranthus plants than other plots. The compacted plot
had the least yield because some moisture and air needed
for growth had been expelled out of the soil during
compaction which led to reduction in the soil pores.

Table 3: Amaranthus yield

S/ | Treat | Yield per | Total Average
N | ment | harvest (ka/8.75 | (kg/8.75
(kg/8.75m | m2) m2)
2)
1 2
1 | AL 7.98.0 15.9 8.0
2 | A2 8.385 16.8 8.4
3 | A3 8.185 16.5 8.3
49.2
4 | B1 6.06.2 12.1 6.1
5 | B2 6.46.2 12.6 6.3
6 | B3 6.76.9 13.6 6.8
38.3
7 |C1 5250 10.2 5.1
8 |C2 535.1 104 5.2
8 |C3 5054 104 5.2
31.0

3.3 Physical and Chemical Properties of the Soil

The physical and chemical properties of the soil at various
depths (0-10cm and 10-20cm) at the experimental plot are

also presented in table 4 and 5, respectively.
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Table 4: Physical properties of experimental soil

(Amaranthus)

De | FC | Bulk Cl | Sil | San | Textu
pth | (%) | densit |ay |t d re

(cm y(g/cm class

) 3) % | % | %

0- |30 |[1.91 6 |20 |74 | Loam

10 y-
sand

10- | 26 1.71 10 |18 | 72 Loam
20 y-
sand

Table 5: Chemical properties of experimental soil

(Amaranthus)

Parameters 0-10cm | 0-20cm

pH in water 6.10 6.30

pH in KCL 5.0 4.60

% Organic carbon 0.20 0.36

% Organic matter 0.40 0.52

% Total nitrogen 0.26 0.20

Available phosphorous 20.05 16.85

(ppm)

Exchangeable Bases

(Cmol/kg)

Cat++ 1.15 1.20

Mg++ 0.68 0.80

K+ 0.19 0.17

N+ 0.60 0.12

Exchangeable Acidity | 0.31 0.40
6.80 8.20

4. CONCLUSION

Based on the results obtained, it is concluded that
Amaranthus on the cultivated land performed best. Tillage
system by tractor on farmland enhanced soil nutrients
status and good soil structure that resulted to better grain
yield. Therefore, any farmer embarking on vegetable
production should choose a cultivated land over non
cultivated land as this supports high productivity and

yield.
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ABSTRACT

This paper implements a technique for network reduction of the Nigerian 330kV power system in PSS/E. The technique
involved identification of coherent generators, aggregation of the generators and elimination of load buses by topology
reduction. Coherent generator was identified by inspection of the swing curves of the generators in the external system
following a disturbance. Disturbances were simulated on the equivalent and original system. Results from the simulation
showed that the dynamic characteristics of the equivalent system closely follow the original system. The developed
equivalent network can be used for the assessment of the transient stability of the network.

Keywords: coherency, aggregation, reduction, PSS/E

1. INTRODUCTION

The increase in the size of power systems around the world
which stems from rising level of interconnection has
increased their complexities. In such systems, studies such
as off-line stability analysis and on-line security
assessment become practically difficult to conduct due to
factors which include amongst others, increased
computation time. Increased computational time is of
concern due to low computer memory. Moreover, some
disturbances have little effect on the dynamics of the
whole system and modelling them with great accuracy will
be unnecessary (Machowski, et al., 2008). It is on this
ground that network reduction becomes necessary. In
network reduction, the part of the system which is of
interest is called the internal subsystem and is modelled in
detail, while the rest of the system is called the external
subsystem and is represented by simplified models referred
to as an equivalent.

Network reduction of large power system using varying
form of the coherency-based technique has been reported
by (Hague & Rahim, 1990) and (Mahdi & Ahmed, 2011).
Transient stability analysis is crucial for system operators
in the planning, operation and control of power systems.
With the integration of renewable into existing power
system, (Naik, et al., 2011) has reported coherency based

techniques for identifying coherent generators for systems
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with a considerable penetration of renewable energy
sources.

In identifying coherent group of generators on the Nigerian
power system, the use of a combination of power variation,
inertia and damping indices
(Izuegbunam, et al., 2011), (Okhueleighbe & Okhueleigbe,
2014) and (Ubah & Azubuike, 2014).

Progression in the use of digital computers for the design

was presented by

and implementation of engineering systems has paved the
way for its application in the analysis of large power
system. In simulating power systems, the idea is to
reproduce a close to ideal scenario for research and
academic purposes.

Various power system simulation and analytical tools are
available and could be categorised as either commercial or
academic/research based software. While academic tools
are flexible with the ability to easily prototype, commercial
tools are typically computationally efficient and “closed”,
i.e. do not allow for the modification of source code or
algorithm.

PSS/E as a commercial software is able a reliable tool for
most system operators around the world. The availability
that
research/academic studies could be carried out whilst

of limited feature version also ensures

exposing the individual to a potential real life application.
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This paper presents a simple and accurate means of
creating dynamic equivalents using PSS/E software. This
procedure is based on the report of (Yang, et al., 2005)
which will be implemented on the Nigerian power system.
Although PSS/E has a network reduction module within it,
it has a limitation of being applicable to static condition
only (Milano & Srivastava, 2009) and does not provide a
reliable equivalent for use in dynamic conditions.

2. METHODOLOGY

The procedure to create dynamic equivalent of the test case
used for this study as presented by (Yang, et al., 2005) are:
identification of coherent generators, aggregation of
coherent generators and network reduction. The first two
steps are preparatory to the third which is a static
in PSS/E. A brief

description of the technique involved in each of the three

equivalent procedure available
steps follows

2.1. Identification of coherent generators
A coherent group of generators is defined as a group of
generating unit oscillating with the same angular speed and

terminal voltage in a constant complex ratio for a set of

disturbance (Padiyar, 2008). Mathematically, this is
expressed as:
Vi _vi® Jls-50] )
VAGER'10) I
} W

l8i@-8®] — constant
V;(0) )

J
If the voltage magnitude of the coherent buses is assumed
to be constant, the coherency condition of (1), simplifies to

8;(t) — §;(t) = 8;;(t) = §;;(0) = constant (2)

Where §;(0) and 6;(0) = §;(0) — 6;(0) are the initial
values of the variables calculated for the reduced model.
This study identifies coherent generators when a fault is

applied in the study system and the swing curves in the
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external systems are observed and those generators with

the most identical swing curves are classified as coherent.

2.2. Dynamic Aggregation of generators
Coherent group of generating units are aggregated into an

equivalent generator that exhibits the same speed, voltage
and total mechanical and electrical power as the group
during any disturbance where the units in the group remain
constant. The aggregation of coherent generator buses is
based on the Zhukov’s method (Machowski, et al., 2008) in
which each terminal bus is connected through an ideal
transformer with complex turns ratio to the equivalent bus.
The voltage of the equivalent bus is defined as the average
voltage of the coherent generator buses, which can be

mathematically expressed as

Vt — k=1
n ®)
n
> 6k
gt — k=1
n (4)

Where V, is the voltage of the equivalent bus, Vy is the
voltages at coherent buses k and 6, is the phase angle of
the equivalent bus voltage.

The turns ratio of the ideal transformer is given by

_ Yk

ak—vt

®)

The mechanical (P;,)and electrical (P;) power of the
equivalent generator is the sum of the mechanical and

electrical power of all the generators in the same coherent

group:

(6)

)
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The equivalent generator is represented by the classical
model with constant equivalent transient emf and the

swing equation of the rotor given by
Di>m i

Where o is the angular frequency of the coherent generator

n

n dm n n
Suie-Sn-Sn-(3
i=1 i=1 i=1

i=1

1,2 v ee.n (8)

and is assumed to be identical.
Hence the inertia (M*) and damping (D*) constant of the

equivalent generator is given by

M* = Zn: M, 9
D* = Zn: D; (10)

The transient reactance (X;;) of the equivalent generator is
obtained by paralleling the transient reactance of all the
coherent generators:

. 1
i1 Xai (11)
2.3. Network topology reduction
The network reduction procedure in PSS/E is the

topological reduction method. This process involves
deleting some load buses in order to reduce the size and
complexity of the network. The selected load buses are
eliminated by performing Gauss elimination operation on
the admittance matrix of the external system.

The admittance matrix equation of the external system can

be written in the partitioned form as
[IR] _ [YRR YRD] [VR]
ID YDR YDD VD

Where subscript R and D refer to the nodes to be retained

(12)

and deleted respectively.
The equivalent is obtained by rearranging the second row
of (12), as

Vo = YE]% (ID — YprVR) (13)
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Substituting (13) into the first row of (12) to give

Where
Yr = Yrr — Yrp Yop YoR (15)
K} = YrpYpp (16)

The admittance matrix Yr corresponds to a reduced
equivalent network that consists of the retained buses and
the equivalent branches linking them. The matrix K; is
often referred to as the distribution matrix which passes the
node currents from the eliminated buses to the retained
buses. The first term of (14) specifies a set of equivalent
branches and static shunt elements connecting the retained
nodes, while the second term specifies a set of equivalent
currents which must be impressed on the retained nodes to
reproduce the effect of load currents at the deleted nodes.
These equivalent currents may be translated into
equivalent constant real and reactive power loads and
added to the original loads at the retained buses. It is
pertinent to note that the efficiency of the equivalent
network thus created by this process within PSS/E is
improved with when external system is divided into
subsystem (Power Technology International (PTI), 2010).

3. RESULTS AND DISCUSSIONS

The test network has 31 bus, 7 generators and 33
transmission lines interconnecting them. The network is
essentially a radial system with 3 hydro-powered plants
located in the north and 4 thermal power plants located in
the south. The generators, transmission lines and load
parameters are available from reference (Nwohu, 2011).
Figure 1 shows the single line network diagram illustrating
the area of interest. The area of interest has only one
generator i.e. Egbin generator and the south west buses;

this is identified as the study system.
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Fig. 1: The Nigerian 330kV transmission network showing
the area of interest
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Two other subsystems known as the external systems were
created based on the type of generation i.e. hydro or
thermal and geographical location. Time domain
simulation is performed on the network with a three phase
fault applied in the study system in order to identify the
coherent generators. Figure 2 show the response (swing) of
the generators to a three phase fault on lkeja-west bus at
0.1 second which was cleared by the tripping of the lkeja
west- Oshogbo line at 0.2 second. The results show that
the swing curves of the generators in close proximity to
each other are more coherent even though there are more
generators within the same area. Two groups of coherent
generators were identified as shown by the swing curves.
The groups are: {Jebba, Kainji} and {Delta, Sapele},
generators at Shiroro and Afam did not fall into any of the

groups.
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Fig. 2: Rotor angle response of generators in the external
systems

The coherent generators in each group are lumped into an
equivalent generator and the network reduced by deleting
the load buses except the boundary buses of the two
external systems at Jebba and Benin.

The equivalent network thus obtained is reduced to 5
generators, 17 loads, 13 buses and 14 branches. Figure 3 is

the reduce network model in PSS/E.
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Table 1 gives a comparison between the original and
reduced system.

Table 1: Comparison between the original and equivalent
system

Generators/Loads Buses/Branches
Original 7/21 31/33
Reduced 5/17 13/14

The reduced system is tested with a disturbance which is
the sudden loss of the largest load in the network. Figures
4 to 6 shows the performance of the reduced system under

this condition as compared with the original system.

= = Reduced system
—— Original system

1.034

Bus voltage (pu)
I
5
i

2
e
e

(] 0.5 1

Time (seconds)

Fig. 4: Bus voltage profile of the faulted bus at Ikeja-west
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= = Reduced system
—— Original system

Active power (MW)
=

@
1

4

o 05 1 15 2

Time (seconds)

Fig. 5: Active power response of the machine at Ebgin
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Fig. 6: Rotor angle response of generator at Egbin

With the sudden loss of load the voltage at the Ikeja-west
bus increases and slowly returns to its original value as
illustrated in figure 4. VVoltage magnitudes of the reduced
system reliably reproduce the behaviour of the voltage of
the original system. The generator electrical power
response of the generator at Egbin is shown in figure 5.
The response of the network is reproduced when the
network is reduced and when it is full. Rotor angle
oscillates after the load loss but has reduced amplitude
with time as illustrated in figure 6.

The response from the figures shows that the reduced
system follows closely the original system and can be used
for transient stability analysis of the network.

4. CONCLUSION

This paper implemented a coherency based technique for
reducing power systems in PSS/E. In the procedure, the
coherent generators were aggregated after their
identification and the static network reduction procedure
within PSS/E implemented. The Nigerian 330kV network
was used as the test case with a disturbance simulated on
the original and reduced network. Results obtained reveals

that the reduced system adequately captures the response
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of the original system and can be used for transient
stability analysis.
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ABSTRACT

This paper presents the study of reactive extraction (in situ tranesterification) of moringa oleifera oil seed. In this study the
effect of catalyst concentration (0.1-1.8 wt %) and reaction temperature (30-60 °C) on the synthesis of moringa methyl
ester yield (MOME) via reactive extraction at a constant particle size, molar ratio of methanol to oil, reaction time and
agitation speed of <5 mm, 1:350, 60 minutes and 350 rpm, 60 respectively. Experimental results show that lower catalyst
concentration promotes the methyl ester yield positively until an optimum of 1 wt % NaOH after which a decline in yield
was observed. The reaction temperature exhibit small but noticeable effect on the reaction as the yield increases slightly
with temperature increase. The optimum biodiesel yield of 80 % with a corresponding purity of 98.4 % against the
European Union set limit of 96.5 wt % was obtained at a catalyst concentration of 1 wt % and a temperature of 60°C. The
result of the characterization of the MOME biodiesel shows that it compares favorably with ASTM standard for biodiesel.

Keywords: Moringa oleifera, Reactive extraction, Biodiesel, in situ transesterification, catalyst, temperature

characterization

1. INTRODUCTION production are soya bean oil Silva et al., 2011, palm oil ,
sunflower oil, canola (Musa et al., 2014a) corn oil (Lu et
Biodiesel is a mono alkyl ester of fatty acid produced from al., 2009), palm kernel oil (Alamu et al., 2007) Jatropha
the transesterification of vegetable oil/animal fat with an curcas oil, castor oil, cotton seed oil, olive oil, , tallow,
alcohol in the presence of a catalyst (Gerpen et al., 2004). waste grease, peanut oil, madhuca indica, pongamia
Biodiesel is presently enjoying wide popularity as a  pinnala, fish oil, and linseed oil (Musa et al., 2014b).
possible alternative to petroleum diesel due to ever
increasing demand for energy resulting from population  Transesterification is the most common technology
explosion, industrialization and the menace of  employed for the production of biodiesel from vegetable

environmental degradation largely attributed to the over oils (Abdulkareem et al., 2011). Biodiesel production

dependency and usage of fossil derived diesel fuel  ysing these techniques involves a number of stages; such
(Madankar et al, 2013). The fuel can be used in  as extraction of oil from precursor, purification of the oil
conventional diesel engines as a substitute for petro diesel ~ pefore esterification/transesterification. These multiple

(Musa and Aberuagba, 2012). It is known to be an  steps are reported to account for over 70 % of the total
attractive biofuel because it is essentially renewable, non biodiesel production cost (Shuit et al., 2010). In order to
toxic, biodegradable, emit less carbon, sulphur free, have  reduce the cost of biodiesel production a number of ways
high flash point, good lubricity, non flammable and  have been identified. According to Reefaat et al., 2008,

miscible with petroleum diesel in all ratio (Musa et al., there is the need to minimize the cost of biodiesel
2014). The most prominent feedstock for biodiesel
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production by improving on the process technology
through optimization of the process variables that affects

the biodiesel yield and purity.

The development of in situ transesterification (reactive
extraction) as a process of biodiesel production has the
potential to drastically reduce the cost of biodiesel. This
differs

transesterification process as it permits the synthesis of

new technology from conventional
biodiesel from oil bearing seed directly through a single

step process that involves in situ extraction and
transesterification (Zakari and Harvey, 2011; Ponsak et al.,
2013). The technique essentially allows both extraction of
oil from its seed and subsequent conversion to biodiesel to
take place in one single step with the alcohol acting as a
solvent for extraction and a reagent for transesterification
(Shuit et al., 2011). This makes both extraction and
transesterification to take place simultaneously thereby
eliminating the step of extraction, refining and further
processing before tranesterification (Haas et al., 2004,
Georgogianni et al., 2008). A number of study has been
reported on the in situ transesterification of oil bearing
seeds for biodiesel synthesis; some of seeds include
rapeseed (Zakaria and Harvey, 2011), rice bran oil seed
and rubber oil seed (Abdulkadir et al., 2014) castor seed
(Madankar et al., 2011), Jatropha curcas seed (Shuit et al.,
2010) and cotton seed (Kazim and Harvey, 2011), Palm
fruit (Ponsak et al., 2013). Besides process optimization
the present increase in human population and the current
renewed interest in oleo-chemicals products and lipids
derived fuels such as biodiesel has necessitate the need to
search for new underutilized vegetable oils bearing seeds.
Quite a number of this plants seed have been identified,
however the dearth of information on their chemical
composition has limited their applications as potential

oilseed crop (Anwar and Rashid, 2007).
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Moringa oleifera is a multi- purpose plant. The leaves,
fruits, flowers and immature pods of this tree are edible
and are part of traditional diets in many countries of the
tropics and sub-tropic (Anwar and Rashid, 2007). Moringa
oleifera is commonly known as Never Die tree, West
Indian, Ben tree, Horseradish tree Drumstick tree and
Radish tree In English. Moringa oleifera Lam belongs to
an onogeneric family of shrubs and tree. Moringa seed
kernels contain about 30 — 50 % oil (Zaku et al.,2012). The
oil is commercially known as "Ben oil" or "Behen oil".
Moringa seed oil content and its properties show a wide
the

environmental conditions (Anwar and Rashid, 2007).

variation depending mainly on species and
Moringa seed oil contains about 74 % oleic acid making it
an ideal feedstock for biodiesel synthesis in term of
improved oxidative stability (Anwar, 2005). One of the
major threats against the use of vegetable oils for industrial
purposes is the shortage of food supply. Abdulkareem et
al., (2011) reported that Moringa oleifera seed oil is not a
popular edible oil in Nigeria and many other parts of the
world; hence its usage for biodiesel production will not
pose any food challenge. The author also establishes the

potential of these oilseeds for biodiesel production

The objective of this work is to investigate the influence of
in situ transesterification catalyst concentration and
reaction temperature on the yield of moringa oleifera
methyl ester (MOME) by reactive extraction for biodiesel

production.

2.0 MATERIALS AND METHODS

2.1 Moringa oleifera seed

The oil seed was collected from Minna, Nigeria. These
seeds were stored in very dark air tight container.

2.1.1 Preparation of Moringa oleifera seed

The seed including its shell were ground using a pestle and

mortar in a fine particle of less than 5 mm and dried in an
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oven (Dakai, Korea) for an hour at a temperature of 105
0

C.

2.1.2 Determination of oil content

2g of the ground and dried moringa seed was weighed into
thimbles. The thimbles were inserted in the soxhlet
apparatus and the boiling flask was filled with 300 ml of n-
hexane. The soxhlet apparatus was set up, powered and
allowed to reflux for 6 hours. The thimbles were
occasionally removed and weighed until a constant weight
was observed. The thimbles were finally removed and the
n-hexane was drained from the top of the apparatus. There
liquid in the boiling flask was removed and oven dried at
105 °C to get rid of any trace of n-hexane. The sample was
then cooled and weighed (Ibitoye, 2005).

weight of oil
% 0il = ght of

1
weight of sample @

2.2 Chemical and reagent

Methanol with a purity of 99.8%, NaOH, acetic acid,
hexane were obtained from the Fisher scientific Co,
US.A.

2.3 Reactive Extraction for Biodiesel Production

The reactive extraction experiments were conducted in a
sealed conical flask. About 0.792g of sodium hydroxide
(1% wt of oil) was first dissolved in 125.2 ml of methanol
(i.e. alcohol to oil molar ratio of 1:350). This was then
poured into the 500 ml conical flask and heated to a
desired temperature of 60 °C. 20g of ground and dried
moringa seed powder was poured into the alkaline alcohol
and agitated for 60 minutes in a water bath agitator set to
60 °C. After 60 minutes, the agitation was stopped and a
known amount of glacial acetic acid was poured into the
mixture to stop further reactions. A funnel equipped with a
filter paper was used to separate the liquid from the meal.

Excess methanol was used to wash the residue to recover
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every methyl ester trapped in the meal. The excess
methanol was recovered using a rotary evaporator
equipped with a vacuum pump. The remaining mixture of
glycerol and biodiesel was separated using a separating
funnel. The mixture in the separating funnel formed two
distinct layers; the biodiesel rich upper layer and the lower
layer of glycerol which was further removed. An equal
volume of warm acidified water was used to wash the
biodiesel to increase its purity. The washed biodiesel was

the oven dried (Kasim, et al., 2012).

2.4 Biodiesel Analysis

2.4.1 Biodiesel yield

The biodiesel yield was calculated by dividing the mass of
biodiesel obtained by the mass of oil in the moringa
oilseed.

weight of ester

Biodiesel yield (%) = ® 100 (2]

weight of raw oil
2.4.2 Characterization of Biodiesel
The flash point was determined in a Pensky-Martens
closed-cup tester (ISL, Model FP93 5G2) using ASTM D
93. Cloud point and pour point determinations were
determined using ASTM D 2500 and ASTM D 97. The
kinematic viscosities were determined at 25 °C, using a
Viscometer (Model VT-03) following the ASTMD 7042
procedure. The cetane index was calculated from the
iodine value and saponification value as given by

Krisnangkura below.

3458
13

225

v

CI 46.3 +

©)
SV = Saponification value of ethyl ester; IV = lodine value
of ethyl ester.

The cetane number was therefore calculated from the
cetane index as given by Patel in the equation below.

CN = CI-15 (4)

3.0 RESULT AND DICUSSIONS
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3.2.1 Effect of Catalyst Concentration

The presence of catalyst is play a key role in reactive
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extraction of oilseed to biodiesel.
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Figure 1: Effect of catalyst concentration on MOME vyield

Different catalyst (NaOH) concentration (0.25, 0.50, 0.75,
1.0, 1.25, 1.50 and 1.75 %wt) other parameter such as
temperature, molar ratio of methanol to oil, reaction time
and agitation speed were kept constant at 50 °C, 1:350, 60
minutes and 300 rpm respectively. The result gave an
average yield of 55.3, 65.3, 72.9, 77.9 71.6, 59.0 and 56.5
% with a corresponding methyl ester content (purity) of
83, 86.5, 93.1, 94, 90.5, 82.5 and 83.3 % respectively The
clearly revealed that the methyl ester yield increased
linearly with increase in catalyst concentration until an
optimum of 77.9 % was obtained at 1 % wt catalyst
concentration. The vyield of methyl ester does not
necessarily depend on high catalyst concentration but on

a sufficient catalyst concentration required to penetrate the
oilseeds and aid the oil extraction as well as methyl ester
synthesis. Catalyst concentration below the optimal point
(i.e. 1%) even under the same operating conditions of
alcohol, temperature and time resulted into lower biodiesel
yield. The result compares favourably with the work of
Chandu et al., 2012. The decrease in biodiesel yield at
catalyst concentrations above 1 % can be attributed to
increase in hydroxide ions which lead to side reactions

such as soap formation.
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3.2.2 Effect of Temperature

Generally temperature affects the diffusion of solvent into
oil seed core and subsequent synthesis of the biodiesel
(Zakaria and Harvey, 2012). The result of Figure 2 shows
that the increase in temperature from 30 - 60 °C leads to an

increase in biodiesel yield and purity

100
80
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2
0

30 35 40 45 50 55 60 65 70

o O

Percentage Yield (%)
[en]

Temperature (°C)

Figure 2: Effect of temperature on MOME yield

The highest yield of 80 % was obtained at a temperature of
60 °C beyond this point the yield began to drop. This result
is in agreement with the report by Zakaria and Harvey,
2011, who reported that the solubility of the oil in the
solvent into seed is usually increased at elevated
temperature due to substantial decrease in parent oil
viscosity which results higher diffusitivity of the solvent in
to oilseed core. The findings from this work differ from the
report of Chandu et al., 2012 who reported the same yield
at a temperature of 65 °C during the reactive extraction of
castor methyl ester. Other researchers such as Kasim and
Harvey (2011) have also reported insignificant effect of
temperature beyond 30°C. According to Kasim et al., 2010
the pronounced contradictions on the effect of temperature
variation might probably be dependent upon the feedstock
used, as different raw materials are characterized by

different internal structures and effective diffusitivity.
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3.3 3.1 Characterization of Moringa Oleifera seed oil
Biodiesel

Table 3.4: Fuel properties of biodiesel

www.futminna.edu.ng

Fuel property Experimental Rashid et al., European ASTM
Values 2008 Norm (EN) standard
Kinematic viscosity at 40°C | 4.4667 4.83 3.5-5.0 1.9-6.0
(mm?/s)
Specific gravity g/ml at 15 °C 0.88 - 0.88-0.93
Flash point (°C) 192 - > 101 > 130
Cloud point (°C) 5 18
Pour point (°C) 3 17 -15-10
Cetane number 66.8 67.07 > 51 > 47
The kinematic viscosity of any fuel is of utmost use. This makes moringa biodiesel a better option when

importance as it affects the atomization and distribution of
the fuel (Gerpen et al., 2004). According to ASTM D6751
the kinematic viscosity of biodiesel must be within the
range of 1.9 - 6.0 mm?%s. The kinematic viscosity of the
biodiesel produced in this work is 4.4667mm%s at 40°C
which is within the EN and ASTM D6751 standard and
also shows close proximity to the report of Rashid et al.,
2008 as shown on Table 1. Excessive high kinematic
viscosity will result in higher drag, higher pressures and
higher injection volumes into the injection pumps
particularly for engines under low temperature conditions

(Sarada, 2011).

The flash point is the least temperature at which vapours of
a fuel will be ignited by an applied ignition source. Flash

point measures the tendency of a fuel to form flammable
mixture with air (Gerpen et al., 2004). The flash point of
the moringa biodiesel was found to be 192 °C which is
reasonably within the acceptable EN and ASTM D6751

standard. Biodiesels with higher flash points are safer to
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compared to others like castor biodiesel with a flash point
of 189.3 (Chandu et al., 2012).

The cloud and pour point are important fuel properties
which determine the use of that fuel for low temperature
applications. The cloud and pour point of moringa
biodiesel was determined to be is 5 °C and 3 °C
respectively which were quite impressive when compared
to 18 °C for cloud point and 17 °C for pour point reported
by Rashid et al, (2008). The cloud point and pour point
values of moringa biodiesel obtained present it as a very

good fuel for low temperature applications.

The cetane number was found to be 66.9 which is just a
little bit above the ASTM D6751 standard of 47-65 and
slightly below the value of 67.07 reported by Rashid et al.,
2008 and this implies short delay in ignition and better
ignition properties. This result confirms the report by
Rashid et al, 2008 that moringa biodiesel has one of the

highest Cetane numbers ever reported. When compared
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with castor and jatropha, both with a cetane number of 52
(Mohammed, 2012; Salihu 2012).

The specific gravity was found to be 0.88 which is within
the acceptable range of 0.88-0.93 by ASIM D6751
standard for biodiesel. This implies that moringa biodiesel
is not only less viscous but also light. Comparing the
specific gravity of moringa biodiesel with that of castor
(0.89) and jatropha (0.91), moringa biodiesel have a lower

specific gravity both castor and jatropha biodiesel.

The density of the diesel was also found to be 0.8837g/cm®
as against the density of 0.9032g/cm? of the parent oil. The
sharp change in this value is an indication of a decrease in
the trigylceride content of the oil. The result of the
characterization of moringa biodiesel obtained, the
properties of the moringa biodiesel produced fall within

EN and ASTM D6751 standard.

4.0 CONCLUSION

The study have attempted the reactive extraction (in situ
tranesterification) of moringa oleifera oil seed studying
the effect of catalyst concentration (0.1-1.8 wt %) and
reaction temperature (30-60 °C) on the synthesis of
moringa methyl ester yield (MOME) at a constant particle
size, molar ratio of methanol to oil, reaction time and
agitation speed of < 5 mm, 350 rpm, and 60 minutes
respectively. The findings revealed an optimum yield of 80
% at 1.0 wt % catalyst concentration and a temperature of
60 °C. The characterization of the resultant biodiesel
presents moringa oleifera oilseed as a good feedstock for
biodiesel production as its properties conforms to the
acceptable EN and ASTM standard. The innovation in this
manuscript is that it is one of the very first attempt to
from

document the reactive extraction of biodiesel

moringa oleifera oilseed.
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ABSTRACT

This paper presents a comparative performance analysis of different transmission schemes over a multiple input-multiple-
output (MIMO) communication system. The physical layer of a wireless MIMO system is modelled using a simulator in
Matlab. It is assumed that the communication channel exhibits Ricean fading i.e. there exist a line-of-sight signal path
between transmitterand receiver antenna pairs. Three techniques for transmitting data into the channel are investigated for
the Ricean channel model namely spatial multiplexing with zero forcing, spatial multiplexing with V-BLAST and space-
time coding using Alamouti scheme. The Symbol Error Rate (SER) is computed for different values of Signal-to-Noise-
Ratio (SNR) for the different transmission schemes and the results plotted with the SNR axis on a decibel (dB) scale. It is
observed that the spatial multiplexing schemes perform better than the Alamouti scheme in situations where the system
power requirements are not high i.e. low SNR and their complexities are lower than the Alamouti scheme for the same
transmission rate. Also, the Alamouti scheme can always be used regardless of the channel characteristics i.e. Rayleigh
fading, Ricean fading and line-of-sight conditions and because of its higher diversity order; itcan be used for highly
sensitive systems where the bit error rate must be low.

Keywords: Multiple-Input-Multiple-Output(MIMO), Ricean Fading, Spatial Multiplexing, Zero Forcing, V-BLAST,
Alamouti

1. INTRODUCTION on the performance of communication systems as a

. . consequence of the Shannon theorem and due to various
MIMO systems have received large attention over the last a

few decades. A lot of research has been carried out and natural phenomena such as multipath propagation, time

. . . dispersion and fading. This introduces errors like
solutions have been proposed for improving spectral

.. . . . intersymbol interference and other distortions into the
efficiency and conserving bandwidth and transmit power Y

. T . signals transmitted over the wireless channel. To combat
while maintaining the data rate requirements for present

L L . errors, various methods of mapping data and symbols to
and future communication applications(Goldsmith, 2005). PPINg 4

.. . . . the multiple antennas at the transmitter end have been
Digital modulation techniques especially the M-ary P

modulation schemes deliver high data-rates in multipath proposed and researched on.The first attempt to develop

fading channels as they achieve better bandwidth Space Time Codes (STC) was presented in (Seshadri and

utilization and give higher data rates compared to other Winters, 1994) and was inspired by the delay diversity

digital transmission systems. When combined with MIMO scheme of Witineben (Wittneben, 1993). However, the key

- - . . development of the STC concept was originally revealed
systems a gain in spectral efficiency is attained. However P P ginafly

. . L . . in (Tarokh et al, 1998) in the form of trellis codes, which
in mobile communications, the radio channel puts a limit
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required a multidimensional (vector) Viterbi algorithm at
the receiver for decoding. These codes were shown to
provide a diversity benefit equal to the number of TX
antennas in addition to a coding gain that depends on the
complexity of the code (i.e. number of states in the trellis)
without any loss in bandwidth efficiency. In (D.Gesbert,
2003) a combined Space-Time Block (ST-BC) with MIMO
Equalizer (MIMO-EQ) was proposed. In this system,
MIMO-EQ equalized the channel into a temporal Inter-
symbol Interference (ISI) - free channel and then simple
linear processing was used
likelihood (ML) decoding for ST-BC. The simulation

results showed that the proposed system can achieve the

to perform maximum

full spatial diversity gain. This was due to the fact that the
simple ML decoding of ST-BC required the orthogonality
between signals at the receiver. This paper attempts to
synthesize the above reviewed works by comparing the
performance of the different transmission schemes in the
presence of a Ricean fading environment.

2. METHODOLOGY

The MIMO system is modelled with N transmitter
antennas and M receiver antennas as shown in Figure 1. In
the presence of a rich line-of-sight (LOS), the channel
closely follows a Ricean distribution with a factor, K
which is the ratio of the signal power in the line-of-sight
between the transmitter and receiver pairs and the signal
power in other multi-paths (Gesbert, 2014). Let the 1 x N
transmitted signal vec