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FORWARD

The School of Engineering and Engineering Technology, Federal University of Technology, Minna, organized the 1st
and 2" International Engineering Conference in 2015 and 2017 respectively. With the emergence of the new School
of Electrical Engineering and Technology and the School of Infrastructure, Process Engineering and Technology, the
two schools came together to organize this 3™ International Engineering Conference (IEC 2019) with the theme:
“The Role of Engineering and Technology in Sustainable Development” considering the remarkable attendance and
successes recorded at the previous conferences. The conference isaimed at offering opportunities for researchers,
engineers, captains of industries, scientists, academics, security personnel and others who are interested in
sustainable solutions to socio-economic challenges in developing countries; to participate and brainstorm on ideas
and come out with a communiqué, that will give the way forward. In this regard, the following sub-themes were
carefully selected to guide the authors’ submissions to come up with this communiqué.

Engineering Entrepreneurship for Rapid Economic Growth.

Regulation, Standardization and Quality Assurance in Engineering Education and Practice for Sustainable

Development.

Solutions to the Challenges in Emerging Renewable Energy Technologies for Sustainable Development.

Electrical Power System and Electronic as a Panacea for Rapid Sustainable Development

Promoting Green Engineering in Information and Communication Technology

Reducing Carbon Emission with Green and Sustainable Built Environment

Acrtificial Intelligence and Robotics as a Panacea for Rapid Sustainable Development in Biomedical

Engineering

. Petrochemicals, Petroleum Refining and Biochemical Technology for Sustainable Economic Development.

9. Advances and Emerging Applications in Embedded Computing.

10. Traditional and Additive Manufacturing for Sustainable Industrial Development.

11. Emerging and Smart Materials for Sustainable Development.

12. Big Data Analytics and Opportunity for Development.

13. Building Information Modeling (BIM) for Sustainable Development in Engineering Infrastructure and
Highway Engineering.

14. Autonomous Systems for Agricultural and Bioresources Technology.

N =

No g k~ow

The conference editorial and Technical Board have members from the United Kingdom, Saudi Arabia, South
Africa, Malaysia, Australia and Nigeria. The conference received submissions from 4 countries namely: Malaysia,
South Africa, the Gambia and Nigeria. It is with great joy to mention that 123 papers were received in total, with 0.9
acceptable rate as a result of the high quality of articles received. Each of the paper was reviewed by two personalities
who have in-depth knowledge of the subject discussed on the paper. At the end of the review process, the accepted
papers were recommended for presentation and publication in the conference proceedings. The conference proceedings
will be indexed in Scopus.

On behalf of the conference organizing committee, we would like to seize this opportunity to thank you all for
participating in the conference. To our dedicated reviewers, we sincerely appreciate you for finding time to do a
thorough review. Thank you all and we hope to see you inthe 4" International Engineering Conference (IEC
2021).

Engr. Dr. S. M. Dauda
Chairman, Conference Organizing Committee
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Statistical Optimization of Biodiesel production from Jatropha oil using Calcined Snail Shell

Catalyst
" Afangide, U. N*, Olutoye, M. A', & Aberuagba, F'.
!Chemical Engineering Department, Federal University of Technology, PMB 65 Minna Niger State,
Nigeria
*Corresponding author email: unwana2007 @yahoo.com, +2348036427410

ABSTRACT

In this research, calcium oxide was prepared from snail shells as a heterogeneous catalyst for biodiesel production
through a quick and easy calcination method at 900 °C. Response surface technique (Box-Behnken Design) was used
to evaluate the impact of temperature, catalyst quantity (wt %) and response time (min) on biodiesel processing using
the synthesized calcium oxide catalyst from snail shell for transesterification of Jatropha oil. A second quadratic
equation to estimate the percentage of biodiesel output was achieved. The most appropriate transesterification reaction
condition for maximum biodiesel production were temperature, 60 °C; catalyst quantity, 4 wt %; and reaction time,
105 min, based on the experimental evaluation and response surface methodology study. The optimal biodiesel yield

of 83.68% was obtained.

Keywords: Biodiesel, Calcium oxide, Optimization, Snail Shell, Transesterification.

1 INTRODUCTION

Biodiesel as natural gas is a fatty acid methyl ester
(FAME) generated by pure plant oils transesterification.
More than 95% of the raw material produced by
biodiesel comes from vegetable oils, e.g. maize oil,
canola oil, corn syrup, soybean oil, rice bran oil, coconut
oil, fish oil, olive oil, macadamia oil, nut oil, hemp oil,
peanut oil, etc., which adds to biodiesel costs. The cost
of petroleum feedstock usually affects the price of
biodiesel by 70-80%. Biodiesel is, therefore, more
costly than petrodiesel (Knothe, 2002). Biodiesel
generated from vegetable oils of good quality is thus not
economically viable at the moment. Manufacturing of
petroleum feedstock cultivation from edible oil may
result in competition with food plants. Many scientists
are concerned about the use of non-edible oils to address
these issues, which would decrease the cost of
producing biodiesel (Talebian-Kiakalaieh et al., 2013).

El-Glendy et al. (2009) reported that for biodiesel
production, investigators have used different kinds of
the binary or different catalyzed transesterification
process. Though with high biodiesel outputs and limited
side reactions, the homogeneous catalyzed biodiesel
production process is comparatively quick, it is still not
competing with petrodiesel. Since the catalyst cannot be
retrieved or reused, the washing step is a must for
biodiesel neutralization and removal of unreacted
glycerides and catalysts, resulting in large quantities of
wastewater resulting in waste management issues (EI-
Glendy et al., 2009). Homogenous catalysts such as
H,SO,4, KOH are anticipated to be substituted in the
nearest future by heterogeneous catalysts such as CaO,
ZnO, SrO, MgO. They are recorded to also have high
performance at low temperature and atmospheric
pressure and can be readily detached, recycled and the
washing step eliminated, leading to lower manufacturing
expenses and being able to be utilized in a constant
fixed bed method (Borges and Diaz, 2012). CaO is
estimated to be made from naturally occurring animal

sources such as calcite, dolomite, oyster shells,
eggshells, shells of crabs, cockle shells and shells of
mollusks. (Ngamcharussrivichai et al., 2010; Boey et
al., 2011). This not only eliminates disposal
management costs, but it is also possible to obtain
catalysts with high price efficiency for the biodiesel
sector at the same time.

El-Glendy et al. (2009) reported that every year,
thousands of liters of snail shell are dumped in drainage
systems in Nigeria. It, therefore, pollutes rivers, causing
many waste disposal issues and thus adding to the
expense of effluent treatment. Biodiesel production from
non-edible Jatropha oil using CaO derived from snail
shell would, therefore, give a three-fact alternative:
financial, environmental, and waste management (EI-
Glendy et al., 2009).

In this study, the conversion of Jatropha oil biodiesel
was explored using snail shell modified CaO. By
introducing the Box-Behnken design technique for the
response surface, the mechanism was established and
optimized.

2 METHODOLOGY

2.1 MATERIALS

Snail shell was selected for this study. It was purchased
from Ungwan Sunday market of Kaduna South metropolis
located in Kaduna state, Nigeria. The sample was
carefully chosen to avoid difference in characteristics.

2.2 COLLECTION OF JATROPHA OIL

In this research, pre-treated Jatropha oil was obtained
from the National Research Institute for Chemical
Technology, Zaria, Nigeria.

2.3 CATALYST PREPARATION

Snail shell purchased from Ungwan Sunday market of
Kaduna South metropolis located in Kaduna state, Nigeria
was cleaned with distilled water, dried in an oven at 100
°C for 12 hours, and then crushed using a rolling mill. It
was then sieved into various particle sizes, and particle
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size of 850 microns was used for this study. At a
temperature of 900 °C for 150 min, calcination was
conducted in a carbolite furnace. The calcined catalysts
were then placed in a desiccator to prevent humidity and
CO, reactions in the atmosphere before use.

2.4 OPTIMIZATION OF TRANSESTERIFICATION
PROCESS

The above transesterification procedure was repeated for
various temperatures, time, and catalyst weight to
investigate these transesterification parameters on the
amount of biodiesel (yield) using RSM based Box-
Behnken. This was carried out by varying the levels of
factors for optimization of these parameters, as shown in
Table 1. The designed experimental matrix for the catalyst
synthesis is presented in Table 1.

TABLE 1: EXTREME OPERATING CONDITIONS FOR
TRANSESTERIFICATION REACTION PROCESS PARAMETERS

Independent variables Coded Levels

-1 0 +1
A: Reaction Temperature (°C) 30 45 60
B: Reaction Time (min) 60 120 180
C: Amount of Catalyst (wt% of oil) 1 25 4

The developed experimental matrix based on the RSM
Box Behnken Design and the +/- Alpha values in Table 1
are as shown in Table 3.4. Each experimental run
consisted of three samples, and the sequence of the
experiment following the randomly assigned run number
as reflected in Table 2.

TABLE 2: RESPONSE SURFACE METHODOLOGY
EXPERIMENTAL RUN AND RESULTS OF BIODIESEL YIELD

A B Yield

SN (°C) (min)  C (wt% of oil) (%)
1 45 120 25 72.81

2 30 180 2.5 68.58

3 60 60 25 74.28

4 30 60 25 43.88

5 45 120 25 72.82

6 45 180 1 45.79

7 60 120 1 54.79

8 30 120 1 37.69

9 30 120 4 77.49

10 60 180 25 74.07
11 60 120 4 79.57
12 45 60 4 73.87
13 45 60 1 32.57
14 45 120 25 72.8
15 45 180 4 76.77

2.5 TRANSESTERIFICATION

The catalytic activity of the snail shell catalyst was
evaluated by transesterification of Jatropha oil with
methanol in a batch process. The reaction was carried out
using the conical flask, magnetic stirrer, and beaker. The
process was carried out by mixing a requisite amount of
catalyst and methanol, followed by the addition of oil.
The desired reaction temperature, time and catalyst
amount obtained from the experimental design shown
Table 2 was maintained. Finally, the mixture was
transferred to the separating funnel for the separation of
biodiesel. The set up was left undisturbed for the phase
separation. The lower phase (glycerol) was withdrawn,
and the upper phase containing biodiesel was measured
for calculating biodiesel yield. The catalyst settled at the
bottom was removed and regenerated. The value of the
yield of the biodiesel, according to Boro et al. (2011) is
shown in equation 1.

. Weight of produced biodiesel
%Yield =

: “ x100 1)
Weight of used Jatropha oil

This was calculated for all the runs of experimental design
of Table 2.

3.0 RESULTS AND DISCUSSION

The results of the yield of biodiesel obtained were used to
carry out the response surface analysis and optimization
using Minitab 17. The experimental result of Table 2 was
used to obtain the second-order empirical model
coefficients of Equation 2. The empirical model equations
for the biodiesel yield as a function of reaction
temperature, time, and catalyst loading was developed
using experimental data of Table 1 and are represented as
Equation 2 below. The quadratic equation model terms are
shown in Table 3.

TABLE 3: MODEL COEFFICIENT TABLE FOR BIODIESEL YIELD
RESPONSE SURFACE REDUCED QUADRATIC MODEL

Term  Effect Coef SE Coef T- P- VIF
Value Value

Cons -113.4 1.85 39.46 0.000

tant

A 13.77 2.201 1.13 6.09 0.002 1.00

B 10.15 0.892 1.13 4.49 0.006 1.00

C 34.21 42.77 1.13 15.14 0.000 1.00

A*A  -2.47 -0.00549 1.66 -0.74 0491 1.01

B*B -12.74 -0.00177 1.66 -3.83 0.012 101

c*C -18.38 -4.084 1.60 -552 0.003 1.01

A*B  -12.45 -0.00692 1.60 -390 0.011 1.00

A*C -751 -0.1669 1.60 -2.35 0.066 1.00

B*C -5.16 -0.0287 1.60 -1.61 0.167 1.00

The uncoded biodiesel yield empirical model is shown in
Equation 2.
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Yield = -113.4 + 2.201A + 0.892 B+ 42.77C -
0.00549 A*A - 0.001770B*B - 4.084C*C-
0.00692 A*B - 0.1669 A*C - 0.0287 B*C (2)

The ANOVA result of Table 4 shows that reaction values
having a p-value less than 0.05 are seen to be significant
for biodiesel vyield response factor. The backward
elimination technique was used to screen the insignificant
parameters from the model. Biodiesel yield ANOVA
result of Table 4 shows that the reaction temperature (A),
the reaction time (B), catalyst amount (C), the interaction
terms (AB, AC, and BC) and the quadratic terms (A?, B?,
C?) are significant and affect biodiesel yield.

TABLE 4: ANALYSIS OF VARIANCE (ANOVA) TABLE FOR
BIODIESEL YIELD RESPONSE SURFACE REDUCED
QUADRATIC MODEL

Source DF AdjSS AdjMS F-Value P-
Value

9 3595.71  399.52 39.11 0.000

Linear 3 2926.57 975.52 95.51 0.000

Interacti

on

A 1 379.09 379.09 37.11 0.002

B 1 206.15 206.15 20.18 0.006

C 1 2341.33  2341.33 229.22 0.000

Square 3 430.99 143.66 14.06 0.007

A*A 1 5.64 5.64 0.55 0.491

B*B 1 149.88 149.88 14.67 0.012

C*C 1 311.75 311.75 30.52 0.003

2-Way 3 238.15 79.38 7.77 0.025

Interacti

on

A*B 1 155.13 155.13 15.19 0.011

A*C 1 56.40 56.40 5.52 0.066

B*C 1 26.63 26.63 2,61 0.167

Error 5 51.07 10.21

Lack-of- 3 51.07 17.02 170237.92 0.180

Fit

Pure 2 0.00 0.00

Error

Total 14 3646.78

The statistical inferences of Table 5 show that biodiesel
yield model developed is significant as it has a lack of fit
value of 18.06885833 relative to the pure error. Therefore,
there is a 30.14 % probability that lack of fit value of
18.06885833 and Model F-value of 1702 could occur due
to noise. Therefore, the non-significant lack of fit attained
for the empirical equation indicates that the model truly
represents the experiment.

TABLE 5: MODEL SUMMARY STATISTICS FOR BIODIESEL
YIELD RESPONSE SURFACE REDUCED QUADRATIC MODEL

3.19598 98.60% 96.08% 77.59%

Std. Dev. R-Squared Adj R- Pred R-Squared
Squared

The Predicted R? of 77.59% of Table 5 agrees with the
Adjusted R? of 96.08%." Suitable Precision" measures the
signal to noise ratio. The low-value standard deviation of
3.19598 showed that the model can be used to predict the
design space. Also, the model terms (A, B, C, AB, AC,
BC, A% B?, C?) are significant as their "Prob> F" less than
0.0500 as presented in Table 4.6.

The primary diagnostic tool for residual analysis was also
examined. Figure 1 shows the normal probability plot of
the residuals. The data points are normally distributed as it
follows a straight line. Figure 1 shows that the model
expectations are correct as the actual values follow the
predicted values.

Normal Probahbility Plot
| response & Yidd)

= B & IR

Parcant

B & &8Q2R

Figure 1: Normal Plot of Residual for Biodiesel Yield

The objective of the biodiesel production process is to
find optimum settings of reaction process variables that
maximize biodiesel yield. Concerning this need, the
results of the reaction process variables that will
maximize biodiesel yield are shown in Figure 2 — 3.

Figures 2 and 3 display the 2-D contour plot and 3-D
surface of the yield model, respectively. The contour and
response surface plots are wused to discover the
relationship between the experimental levels of each
process factor and biodiesel yield. The plot displays the
effect of varying two process parameters while holding
the catalyst loading constant at zero points. Figures 2 and
3 indicate the influence of the quadratic function of
reaction temperature and significant influence of reaction
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time on biodiesel yield while ignoring the catalyst loading
and keeping it constant at zero. The plots display that
increased biodiesel yield was observed with increasing
reaction time and temperature values. Figures 2 and 3
show increased biodiesel yield was observed with
increasing reaction temperature and time values.
However, a further increase in reaction temperature above
the optimum value of 60 °C and below the reaction time
of 104.85 min caused a decrease in the biodiesel yield. At
reaction temperature higher than 60 °C, the biodiesel yield
began to decrease as reaction time decreases below 104.85
min.

Contour Plot of Yield vs Time, Temperature

Yield
B <50
W 50 - 55
55 - 60
60 - 65
Wes5-70
W70-75
[ | > 75

Hold Values
Amt of Catalyst 2.5

Time

45 50 55 60
Temperature

Figure 2: Model Contour Plot Showing the Effect of
Reaction Temperature and Time on Biodiesel Yield for
Simultaneous Optimization of Biodiesel Yield Model.

Surface Plot of Yield vs Time, Temperature

Hold Values

Amt of Catalyst 2.5

A
-r
--
Yield . "

50
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100 Time
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Figure 3: Mean Model Response Surface Plot Showing
the Effect of Reaction Temperature and Time on

Biodiesel Yield for
Biodiesel Yield Model.

Simultaneous Optimization of

The RSO objective is to find a suitable operating
condition of process values that will satisfy the objective.
Figure 4 show that the reaction temperature of 60 °C, the
reaction time of 105 min and catalyst loading of 3.64
produced maximum biodiesel yield of 83.68%. The
condition of response optimization using Suich and
Derringer Approach is the value of desirability to be
between 0 and 1.0. The value of desirability depends on
how close the lower and upper limits are to the actual
optimum (Aggarwal, et al., 2009). The response
optimization carried out for the specified design space
constraints for biodiesel yield models using Minitab
shows that optimum solutions were obtained at the
desirability of 0.77, as shown in Figure 4.
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Figure 4: Response Surface Plot Showing the Effect of
Reaction Temperature, Time and Catalyst Loading on
Biodiesel Desirability for Response Optimization of
Biodiesel Yield Model.

4.0 Conclusions

Optimization of biodiesel production from Jatropha oil
using catalyst prepared from snail shell was studied. The
influence of the transesterification parameters on the yield
of the biodiesel was studied by optimization using
response surface Box-Behnken Design method. The result
of the statistical optimization shows that optimum
biodiesel yield of 83.7% was obtained at
transesterification temperature of 60 °C, the reaction time
of 105 min and catalyst weight of 3.6%. The results of the
optimization revealed that the composite desirability
(0.7693) was obtained. However, the desirability shows
that the limits of factors were aimed at maximizing yield
(0.98077). The results of the plot of experimental and
predicted data for the yield of biodiesel showed that both
the experimental and optimized yield fall within statistical
acceptability with regression coefficient (R%) = 0.7759.
The contour and surface plots showed that there are
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interactions between the factors and the yield of the
biodiesel.
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ABSTRACT

Multi-walled carbon nanotubes (MWCNTS) were synthesized using Fe-Co/Al,O3 bimetallic catalyst synthesized via
the wet impregnation method. Also, silver nanoparticles (AgNPs) was synthesized via the green synthesis route using
extract from Piptadeniastrum africana (P. africana) leaves. The synthesized silver nanoparticles was then doped with
MWCNTSs to form (AgNPs-MWCNTS) nano adsorbent. The adsorbent produced was characterized using TGA, TEM,
EDS and BET. The adsorption efficiency and antibacterial activity of the adsorbent was tested on sample of seawater
collected from Lagos, Nigeria. Evaluation of antimicrobial potentials of the nano-formulated adsorbent was carried out
via bacteria counts. Also, adsorption capacity towards selected parameters of nano-formulated adsorbent treated
seawater were investigated in order to determine the adsorption capacity of the nanocomposite. Parameters such as pH,
turbidity, conductivity, TSS, TDS, COD, BOD, DO and ions such as CI, Na*, Mg?*, Ca?*, F, SO4*, HCO4 Br-, Sr?*
and K* were analysed. The antibacterial activity of the adsorbent was investigated against microorganisms Salmonella
typhimurium, Pseudomonas aeruginosa, Escherichia coli, Staphylococcus aureus, fungi and non-pathogenic bacteria.
Results obtained shows that the adsorbent was very effective in the removal of dissolved ions, contaminants and
microorganisms present in the seawater. The dissolved ions, microorganisms and other pollutant in the water were
reduced to within the limits recommended in the National Standard for Drinking Water Quality guidelines (NSDWQ).
It can be concluded that AgNPs-MWCNTSs adsorbent have superior potential for seawater treatment and thus,

recommended as a cost effective and energy saving alternative for seawater treatment.

Keywords: Adsorbent, Nanoparticles, Seawater, Silver, Treatment.

1 INTRODUCTION

Water plays a vital role for our planet and its inhabitants
and has often been summed up with the expression that
water is life (Brown, Martinez and Uche, 2010; Jimenez
and Perez-Foguet, 2010). According to (Rahmanian et al.,
2015) clean drinking water is now recognised as a
fundamental right of human beings. To this end, any
obstacle to the supply of potable water is tantamount to
disturbing the perpetual existence and survival of
humanity as a whole (Harvey and Reed, 2007). However,
access to this very vital resource is becoming increasingly
difficult as a result of population growth, urbanization,
climate change impacts and increases in household and
industrial uses (WHO, 2011; Tayalia and Vijaysai, 2012).
More than half of the world population has been under
water stress since 2015 (GE Reports, 2011). Francisco et
al. (2014) reported that potable water supply shortages
give room to public health associated problems, conflicts,
reduced agricultural produce and ultimately endangering
the ecosystem via climate change. This global issue of
clean water scarcity owing to the accelerating population
growth, environmental deterioration and climate change is
threatening the lives of human beings all over the world
(Bates et al., 2008; McGinnis and Elimelech, 2008;
Immerzeel et al., 2010). Currently, growing number of
people are losing access to clean water, a basic necessity
of every human being (Shannon et al., 2008). Thus the

increasing demand for clean water impels the initiatives
for water reuse and clean water production from brackish
or seawater to avoid the aforementioned crisis
(Glueckstern et al., 2008; Greenlee et al., 2009).

Thermal and membrane technologies are two primary
methods being used for seawater treatment (Helal et al.,
2003). Thermal treatment methods consume large thermal
energy (200~400MJ/ton) (Borsani and Rebagliati, 2005).
Membrane filtration process has been widely used for
seawater desalination (McGinnis and Elimelech, 2008;
Greenlee et al.,, 2009; Ling et al., 2010) but without
associated issues, such as, secondary pollutants,
unpleasant odor and heat energy consumption, poor salt
rejection and biological attack (Zhu and Elimelech, 1997;
Fritzmann et al., 2007; Niksefat et al., 2014; Linares et
al., 2014). Furthermore, the broad applications of these
technologies (thermal and membrane processes) are
severely limited by the worsen energy crisis globally
(Chow et al., 2003; Semiat, 2008; McGinnis and
Elimelech, 2008; Hightower and Pierce, 2008).
Consequently, the desire for an alternative and cost
effective methods of treating seawater is on the increase
and adsorption technology has been identified as a means
for the removal of dissolved ions from water (Li et al.,
2002; Mamba et al., 2010).
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The rapid development of nanomaterials opens a new
window for the creation of ideal nano sorbents for
seawater desalination. Mass transport resistance is greatly
reduced when nano-materials are used as adsorbents, due
to size of adsorbents, high surface area and high
adsorption capacity (Amiri et al, 2011). Among
conventional method of water treatment, adsorption offers
flexibility in design and operation, in many cases it
generates high-quality treated effluents (Bharathi and
Ramesh, 2013). Also, owing to the reversible nature of
most adsorption  processes, adsorbents could be
regenerated by suitable desorption processes for multiple
uses (Bharathi and Ramesh, 2013 and Elabbas et al.,
2015). As a result of its large surface area, high adsorption
capacity and surface reactivity, adsorption using suitable
adsorbents can remove metals from inorganic effluents (El
Muguana et al., 2018). Carbon nanotubes (CNTSs) are new
adsorbents that have been shown to possess great potential
for removal of pollutants such as organic compounds and
inorganic pollutants from various aqueous environments
(Shah and Murthy, 2013; Kecili and Hussain, 2018). Also
nanoparticles such as silver nanoparticles are
biocompatible and non-toxic. In this study, the
antimicrobial merit of AgNPs (Shahverdi et al., 2007;
Edwards-Jones, 2009; Rai et al., 2009; Krishnaraj et al.,
2010; Vijayakumar et al., 2012; Sankar et al., 2013;
Morones et al., 2013; Hamed et al., 2015) and good
adsorption capability of carbon nanotubes (CNTs) (Lu
and Chiu 2006; Kuo et al., 2008; Yang et al., 2009;
Azodi-Deilami, et al., 2014; Purkayastha et al., 2014;
Kecili and Hussain, 2018) were integrated in order to
reduce the concentration of dissolve ions and eliminate
undesirable microbes from the seawater thereby removing
the odour, stabilizing the composition of the seawater, and
other parameters like conductivity, biological oxygen
demand and chemical oxygen demands in conformity to
acceptable standard.

2 METHODOLOGY

All the chemicals used are of analytical grade with the
percentage purity in the range of 95-99.6% and no further
purification was done. The acetylene and argon gases
were sourced from BOC Nigeria. Iron nitrate, Cobalt
nitrate, Alumina and Silver nitrate were purchased from
BDH, England, Distilled water was purchased from Dana
Pharmaceuticals Co. Ltd, Minna. Nitric Acid and
Sulphuric Acid were purchased from Burgoyne & Co.,
Mumbai India and Guangdong Guanghua Sci-Tech Co.,
Ltd, China respectively.

2.1 PREPARATION OF LEAFEXTRACT

10g of dried powder Piptadeniastrum africana (P.
africana) leaf was mixed with 100ml of distilled water in
a 250ml beaker and the mixture was boiled at 50°C for
30mins. The extract was obtained by filtration method

through whatman no. 2 filter paper and stored in a brown
bottle at 4°C.

2.2 SYNTHESIS OF SILVER NANOPARTICLES

An aqueous solution of silver nitrate (AgNOs) was initially
prepared by weighing 0.016987g of the silver nitrate salt
and dissolved in 100cm? of distilled water (1mM stock of
AgNO3). The obtained silver nitrate solution was stored at
room temperature in a brown reagent bottle. For the
reduction of Ag* ions, 1ml of aqueous extract solution of
Piptadeniastrum africana (P. africana) was added to 10
ml of aqueous solution of 1mM AgNOs. pH was adjusted
to 8.0 and the reaction was allowed to take place at room
temperature for at least 10 min

2.3 SYNTHESIS OF BIMETALLIC CATALYST
AND CNTS

The Fe-Co/Al;O3 bimetallic catalysts supported on
alumina was prepared using the wet chemical
impregnation method. The synthesized catalysts was used
in the CVD machine for the synthesis of MWCNTSs.

2.4 PURIFICATION OF
MWCNTS

Acid treatment method was employed in removing
residual Fe, Co, amorphous carbon and support material
(alumina) in the as-synthesised MWCNTSs. As-
synthesized MWCNTSs was placed in 1000 mL solution
containing 10% H,SO. (100 mL) and 30% HNO; (300
mL) (v/v 1:3) to remove amorphous carbon, Fe, Co
alumina impurities. The resultant mixture was sonicated
for 90 minutes at 40°C in an ultrasonic bath to introduce
oxygen to the surface of the CNTs. The CNTs were
cooled to room temperature and thereafter washed with
distilled water until a pH of 7 was obtained and then
filtered using a filter unit. The wet CNTs were oven dried
for 12 hours at 393K.

AS-SYNTHESIZED

2.5 DOPING OF SILVER NANOPARTICLES
WITH MWCNTS

1g of CNTs was dissolved in 10ml of AgNPs broth
solution under ultrasonic mixing for 30min to obtain a
homogenous black suspension. The solution was then
allowed to continue to react for another 15min. Finally,
the mixture was dried under the temperature of 80°C.

2.6 COLLECTION AND CHARACTERIZATION
OF SEAWATER SAMPLE

The seawater used in this study was collected from Lagos
Lagoon. The seawater was stored in a tight container and
transported to the Laboratory for further analysis. Before
treatment, the sample water was analysed at Jesil
Pharmaceutical Industries Limited, Minna for its initial
physicochemical and microbial concentrations. The result
of each parameter was compared to the guidelines and



3™ International Engineering Conference (IEC 2019)
Federal University of Technology, Minna, Nigeria

standards set by the Standard Organization of Nigeria
(SON) i.e National Standard for Drinking Water Quality
(NSDWQ).

2.6.1 PHYSICOCHEMICAL/ORGANOLEPTIC
CHARACTERIZATION OF SEAWATER

SAMPLE BEFORE TREATMENT

The concentrations of the conservative ions- Chloride (CI°
), Sodium (Na*), Magnesium (Mg?*), Calcium (Ca?*),
Strontium (Sr?*), Sulphate (SO4%), Bicarbonate (HCOs),
Bromide (Br-) Flouride (F’) (table 2) before treatment are
beyond acceptable guideline limit for drinking-water.
Flouride (F) has the least concentration (12.71 mg/l) and
Chloride (CI) has the highest concentration (581.38 mg/l).
The physical/organoleptic requirements (colour, taste,
odour, temperature, turbidity, pH and conductivity) are all
within the NSDWQ limits except the taste and
conductivity of the water sample. The sample water taste
is salty and its conductivity of 1680uS/cm is above the
1000uS/cm limit set by SON. The Manganese, Iron,
Nitrate and Nitrite concentrations all falls outside the
(SON, 2017) guideline values. Furthermore, biochemical
parameters-  Biological Oxygen Demand (BOD),
Dissolved Oxygen (DO), Total Dissolve Solid (TDS),
Total Suspended Solid (TSS) and Chemical Oxygen
Demand (COD) of the sample water under study fall
within limits, except Total Dissolve Solid (TDS).

2.6.2 MICROBIAL CHARACTERIZATION OF
SEAWATER SAMPLE BEFORE

TREATMENT

There are a number of diverse organisms that often have
no public health significance but which are undesirable
because they produce taste and odour. However, the
principal risk associated with water supplies is that of
infectious disease related to faecal contamination. Hence,
it is important that microbiological examination of
drinking-water be undertaken to assess hygienic quality of
water. This requires the isolation and enumeration of
organisms that indicate the presence of faecal
contamination. The microbial analysis carried out include

Pseudomonas aeruginosa (P. aeruginosa), Non-
Pathogenic  Bacteria, Escherichia coli (E. coli),
Salmonella typhimurium (S. typhimurium),
Staphylococcus aureus (S. aureus) and Fungi

(yeast/moulds). Compare to the National Standard for
Drinking Water Quality (NSDWQ) guidelines for
drinking water, the bacteriological and pathogenic
properties of the sample water under study falls outside
the recommended limits. With exception of P.
aeruginosa, all other microbial analysis results for the
sample water were far higher than the national guideline
limit.

2.7 ADSORPTION STUDIES

0.3 gram of AgNPs-MWCNTs composite material was
transferred into 100ml beakers and 25ml of the seawater
sample was added into the beakers. The beakers were
placed in a water batch shaker rotating at 150 rpm for 70
minutes. The experimental temperature was set at 30°C.
After completion of the adsorption process, the aliquots
was then filtered using a filter unit into a sample bottle for
post treatment analysis.

3  RESULTSAND DISCUSSION

3.1 CHARACTERIZATION OF AGNPs-MWCNTSs
NANO ADSORBENT

The AgNPs-MWCNTs adsorbent produced was

characterized using thermogravimetric analysis (TGA),

transmission  electron microscopy (TEM), energy

dispersive x-ray spectroscopy (EDS) and Brunauer

Emmett Teller (BET).

3.1.1 TEM ANALYSIS OF AGNPS-MWCNTS

NANO ADSORBENT
AgNPs-MWCNTs  composites  were  successfully
synthesized with an average of 10ml AgNPs broth per
gram of MWCNTs. TEM images of the AgNPs-
MWCNTSs are presented in Figure 1a and 1b.

20 nm

Figure la & 1b: Transmission electron microscope
images of AgNPs-MWCNTSs nano adsorbent

The AgNPs-MWCNTSs have open tips suggesting that the
acid purification process was highly effective (Zhao et al.,
2006). The kinks or bends observed at the edges are a
common feature in CNTSs after oxidation for longer times
or heating at high temperature or even applying stress on
the tubes (Zhao et al., 2006). The successful doping with
silver was also confirmed by the presence of dark
spherical spots and bamboo compartment (Figure 1la and
1b) within the inner walls of the AgNPs-MWCNTSs
adsorbent materials.

3.1.2 EDS ANALYSIS OF AGNPS-MWCNTS

NANO ADSORBENT

The EDX spectroscopy was used to investigate the
presence of elements in the AgNPs-MWCNT composite
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material. The EDX spectroscopy and its corresponding
elemental analysis is presented in Figure 2.
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Figure 2: Energy Dispersive X-ray (EDX) for AgNPs-
MWCNTS nano adsorbent

It can be seen that the prepared AgNPs-MWCNTSs
composite contained different elements such as C, Al, O,
Ca, Fe, Co and Ag in varying amounts. The predominant
deposit was carbonaceous material with percentage
carbon content of about 84%. The element Aluminium
(Al) possibly originated from the support material. Iron
(Fe) and Cobolt (Co) and Oxygen (O) observed in the
result were from the precursor salts used in synthesizing
the catalyst. The calcium (Ca) presences in the sample
originated from the holey calcium grid used during the
EDS analysis (Aliyu et al., 2017).

3.1.3 TG ANALYSIS OF AGNPS-MWCNTS

NANO ADSORBENT

TGA was performed to investigate the thermal stability of
the AgNPs-MWCNTSs composite. The TGA and DTG
profile for AgNPs-MWCNTSs composite is shown in
Figure 3.
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Figure 3: TGA and DTG profiles of AQNP-MWCNTSs
nano adsorbent

The decomposition peak for the AgNPs-MWCNTSs
composite occurs at 276°C as shown on the derivative
weight profiles (Figure 3). After incorporation of the
AgNPs unto the MWCNTS via the conventional method,
there was no significant reduction in the decomposition
temperature of the MWCNTSs at that temperature. This
suggests that addition of AgNPs to MWCNTS has little or
no effect on the thermal stability of the MWCNTSs due to
the strong bond formed between the AgNPs and the
MWCNTSs. Thus, the doping of the silver nanoparticles
with MWCNTSs is not expected to have any negative
effect on the application of this adsorbent material in
water purification since temperatures used during
treatment processes are low. The TGA profile also
indicates that the AgNPs-MWCNTs composite had a lot
of moisture which was lost at 100°C.

3.1.4 BET ANALYSIS OF AGNPS-MWCNTS

NANO  ADSORBENT

The BET surface area, pore volume and pore size of the
AgNPs-MWCNTSs composite material was determined
under nitrogen multilayer adsorption measurement. The
BET surface area, pore volume and pore size of AgNPs-
MWCNTs nano adsorbent material are 125.80 m?g,
0.1522 cm®g and 2.6470nm respectively. Similarly the
BET surface area, pore volume and pore size of purified
CNT are 4682 m%g, 0220 cm¥g and 2.427nm
respectively. A decrease in the BET surface area was
obtained after incorporation of silver nanoparticles on the
carbon nanotubes, and this indicates appropriate
incorporation of the metal nano particles onto the carbon
nanotube surfaces. The decrease in the surface area after
doping might be as ascribed to the structural changes that
occur after incorporation of AgNPs onto the lattice
structure of MWCNTS.
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3.2 CHARACTERIZATION OF SAMPLE WATER
AFTER ADSORPTION

321 PHYSICOCHEMICAL/ORGANOLEPTIC
CONCENTRATION OF SEAWATER

AFTER ADSORPTION

The treated seawater was characterized for its
physicochemical/organoleptic properties after adsorption.
The result of physicochemical/organoleptic characteristics
of seawater sample after adsorption is shown in Table 1.

TABLE 1: PHYSICOCHEMICAL/ORGANOLEPTIC
CHARACTERISTICS OF SEAWATER AFTER
ADSORPTION PROCESS WITH NANO
ADSORBENT MATERIAL

PARAMETERS RAW AgNPs-CNTs  NSDWQ Limit
Chloride (mg/l) 581.38 55.12 100

Sodium (mg/l) 261.04 27.33 100
Potassium (mg/1) 14.00 0.02 --
Magnesium (mg/l) 2.24 1.89 2.0

Flouride (mg/l) 12.71 0.84 1.0
Bicarbonate (mg/l) 227.13 63.01 -

Calcium (mg/l) 513.02 91.02 -

pH 7.40 7.97 6.5-8.5

Taste Salty Unobjectionable Unobjectionable
Clarity Clear Clear N/A

Colour (TCU) Colourless  Colourless 3.0

Odour Odourless Odourless Unobjectionable
Temperature (°C) 16.7 22.8 Ambient
Turbidity (NTU) 0.5 0.1 5
Conductivity (uS/cm) 1680 101.6 1000

TDS (mg/l) 1125.6 107.30 500

TSS (mg/l) 5.0 0.00 -

DO (mg/l) 2.70 2.68 -

BOD (mg/1) 1.80 0.00 -

COD (mg/l) 3.00 0.00 -

Bromide (mg/l) 14.02 0.01 --

Sulphate (mg/l) 81.06 33.10 100
Strontium (mg/l) 5.70 1.30 -

Iron (mg/l) 29.91 0.12 0.3
Manganese (mg/l) 62.15 0.00 0.1

Nitrate (mg/l) 54.03 2.70 10

Nitrite (mg/1) 0.08 0.002 0.02

Key:

N/A = Non available

-- = No limit establish

From Table 1, with the exception of colour and odour, all
other physical/organoleptic parameters were largely
influenced by the treatment process. Both colour and
odour of the sample water after treatment with the nano
adsorbent material remains unchanged. This implies that
the nano adsorbent material does not contaminate or
negatively affect the water treatment process. Although
pH usually has no direct impact on consumers, it is one of
the most important operational water quality parameters.
To protect water and make it useful and beneficial to
living organisms, the pH of the water should be
maintained between 6.5 - 8.5 range (WHO, 2011 and
SON, 2017). The pH of the untreated water was 7.40 but
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increased to 7.97 after treatment with the nano-adsorbent
material and this agrees with WHO and SON standard.
Before treatment of the water sample with the nano
adsorbent material, the water taste was salty because of
high chloride and sodium ions concentration. Lowering
the concentrations of these ions by the nano adsorbent
results in neutralizing the salty taste of the water. Thus
confirming the results of high chloride and sodium
removal from the water after treatment with the nano
adsorbent material. Turbidity is an important indicator of
the possible presence of contaminants that would be of
concern for health. The maximum National recommended
turbidity limit is 5 NTU. The turbidity value obtained in
the untreated water sample was 0.5 NTU. This is far
below the maximum limit set for NSDWQ. Treatment of
the water sample with the nano sorbent material further
lowered the turbidity to 0.1 NTU. The conductivity of the
sample water decreased from 1680 to 101.6 uS/cm. This
decrease was mainly due to the reduction of chloride ion
concentration in the seawater after treatment (WHO,
2011). Concentration of sodium in drinking-water in
excess of 200 mg/l may give rise to unacceptable taste
(WHO, 2011). Sodium concentration in the original
sample water was 261.04mg/l. This is far above the
National limit of 100mg/l recommended for drinking-
water. Treatment of the water sample with nano adsorbent
material led to reduction in the sodium concentration
(27.33mg/1). This value falls within NSDWQ guidelines.
Biological Oxygen Demand (BOD) values are good
parameters in ascertaining the level to which a particular
water body has been polluted. Water bodies with high
BODs is an indication of high amount of organic wastes
present in the water, because the higher the amounts of
these wastes, the higher the amount of oxygen needed to
biologically break down these organic wastes and thereby
resulting into higher BOD values. Less polluted water
bodies often depicts comparatively lower BOD values
(Bichi and Amatobi, 2013). The 0.00 mg/l BOD value
obtained for the treated water as against the value of 1.80
mg/l of the sample water is an indication of elimination of
organic wastes from the water after treatment with the
nano adsorbent material. Higher forms of aquatic life
require DO for survival. Similarly, the micro-organisms
present in water bodies often act on wastes materials for
their survival. During this process, the metabolic activities
require oxygen which is achieved through the dissolved
oxygen (DO) in water body (U.S. EPA, 2015).
Conversely, depletion of dissolved oxygen in water can
encourage the microbial reduction of nitrate to nitrite and
sulphate to sulphide (WHO, 2011). No health-based
guideline value is recommended for DO, however, very
high levels of dissolved oxygen may exacerbate growth of
micro-organisms. The DO value of 2.68 mg/l recorded for
the water sample after treatment with the adsorbent is
slightly lower than the DO value of 2.70mg/l for the raw
water sample. This indicate that the nano sorbent material
only slightly influence the DO value. Chemical Oxygen
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Demand (COD) is a measurement of the oxygen required
to oxidize soluble and particulate organic matter in water.
COD is an important water quality parameter as it
provides an index to assess the effect water will have on
consumers. Higher COD levels means a greater amount of
oxidizable organic material in the water sample, which
will reduce the dissolve oxygen (DO) levels leading to
anaerobic conditions which encourage nitrate conversion
nitrite and sulphate to sulphide if present in water. A 0.00
mg/l value was obtained for the COD after treatment. This
COD value obtained for the treated water is a further
indication of elimination of organic wastes from the water
after treatment with the nano adsorbent material. Total
dissolved solids (TDS) comprise inorganic salts
(principally calcium, magnesium, potassium, sodium,
bicarbonates, chlorides and sulphates) and small amounts
of organic matter that are dissolved in water. Although,
the palatability of water with a total dissolved solids
(TDS) level of less than about 600 mg/l is considered to
be good, drinking-water becomes significantly and
increasingly unpalatable at TDS levels greater than about
1000 mg/l (WHO, 2011). Also noticeable aesthetics such
as smell, taste or colour may become obvious in water
with high TDS. The maximum national limit for Total
Dissolved Solid in drinking-water is 500 mg/l. The water
sample has a TDS of 1125.6 mg/l before treatment.
However, treatment of the water sample with nano sorbent
material reduced the TDS concentration to 107.30 mg/I.
This value falls within the guideline limit of 500mg/I
recommended for drinking. The most common pollutant
in the world is “dirt” in the form of Total Suspended
Solids (TSS). Practically, these are particles large enough
to not pass through the filter used to separate them from
the water. In considering waters for human consumption
or other uses, it is important to know the concentrations of
suspended solids. High concentrations of suspended solids
decreases the aesthetic quality of drinking water. There is
no standard limit recommended for TSS concentration in
the NSDWQ guidelines. However, after treating the water
with the nano adsorbent material, no trace of suspended
solid was found in the water. 100mg/I is the National limit
recommended for chloride concentration in drinking
water, however, the original water sample contains far
higher than the recommended standard. After treatment
with the nano adsorbent material, the chloride
concentration was lowered to within the National limit
recommended for drinking-water. Sulphate content of the
original sample water is 81.06 mg/l. Although, this is
below the national standard limit of 100 mg/l, sulphate
concentration further reduced to 33.10 mg/l after
treatment with nano adsorbent material. After treatment
with the nano adsorbent material, the manganese was
completely removed. This suggest a 100 percent
efficiency of the nano adsorbent to manganese adsorption.
There is no standard limit recommended for potassium
concentration in the NSDWQ guidelines. However, the
14mg/l potassium concentration in the water sample

11

reduced to 0.02 mg/l after treatment with the nano
adsorbent material. Iron concentration in the original
sample water was 29.91mg/l. This is far above the limit
(0.3 mg/l) recommended for drinking water. Treatment of
the water sample with nano adsorbent material lowered
the iron concentration and falls within the NSDWQ
recommended limit. Strontium concentration in the water
sample was 5.70 mg/l. After treatment with the nano
adsorbent material, concentration of strontium reduced to
1.3 mg/l. There is no standard limit recommended for
bicarbonate concentration in the NSDWQ guidelines.
However, the 227.13 mg/l bicarbonate concentration in
the water sample decreased to 63.01 mg/l after treatment
with the nano adsorbent material. Similarly, no standard
limit is recommended for calcium and bromide
concentration in the NSDWQ guidelines. However, the
513.02 mg/l calcium and 14.02mg/l  bromide
concentrations in the water sample reduced to 91.02 mg/I
and 0.01 mg/l after treatment with the nano adsorbent
material. The fluoride content of the untreated sample
water has concentration of 12.71 mg/l as against the 1
mg/l maximum limit for the Nigerian Standard for
Drinking Water Quality. After treatment with nano-
adsorbent material, the fluoride concentration reduced to
within the acceptable (SON, 2017) guidelines limit.
Magnesium concentration in the original sample water
was 2.24 mg/l. This is slightly above the National limit of
2 mg/l recommended for drinking water. Treatment of the
water sample with nano adsorbent material lowered the
magnesium concentration to 1.89 mg/l. As a result of the
possibility of the simultaneous occurrence of nitrate and
nitrite in drinking-water, WHO recommended that the
sum of the ratios of the concentration (C) of nitrate and
nitrite to their respective guideline value (GV) should not
exceed 1. A value of 0.37 was obtained for the sum of
ratio of the concentration (C) of nitrate and nitrite to their
respective guideline value (GV) in this work. This value
agrees with the WHO recommendation for nitrate and
nitrite concentrations in drinking water.

3.22 BACTERIOLOGICAL CONCENTRATION
OF SEAWATER SAMPLE AFTER
ADSORPTION

The bacterial community structure and its dynamics were
analysed using baacteria plate count. Based on the
analysis, it can be observed from Table 2 that S.
typhimurium, S. aureus, Fungi (yeast/moulds), Non-
Pathogenic Bacteria and E. coli were present in the water
sample in different amounts. Only P. auruginosa was not
detected in the water sample.

TABLE 2: MICROBIAL CONCENTRATION OF
SEAWATER SAMPLE AFTER TREATMENT

PARAMETERS A B C
Non-Pathogenic Bacteria (cfu/100ml) 20 NIL  <1*103
E. coli (cfu/100ml) 30 NIL NIL
S. typhimurium (cfu/100ml) 60 NIL NIL
P. auruginosa (cfu/100ml) NIL NIL NIL
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S. aureus (cfu/100ml) 30 NIL NIL
Fungi (yeast/moulds) (cfu/100ml) 10 NIL  <1*10?
Key

A = Raw water sample

B = Nano adsorbent treated water

C = NSDWQ limit

The presence of E. coli in water provides evidence of
recent faecal contamination (Ashbolt et al., 2001 and
WHO, 2011). 30cfu/100ml of E. coli was present in the
water sample before treatment. However, treatment of the
seawater sample with the nano adsorbent material reveals
zero colony of E. coli. The national limit for fungi
(yeast/mould) is < 1*102. Before treatment, fungi colony
count in the water sample was 10 cfu/100ml. This is
within the NSDWQ limit. However, after subjecting the
water through the treatment cycle, all colonies of fungi in
the water sample were eliminated. Similarly, before
treating the water sample with the AgNPs-MWCNTSs
adsorbent material, 30cfu/100ml of S. aureus was found
in the water sample but after treatment with the nano
adsorbent material there were no count of the
microorganism, thus, further indicating the effectiveness
of the nano adsorbent composite material in the seawater
treatment. S. typhimurium recorded the highest value
(60cfu/100ml) of all the microbial analysis of the water
sample. However, after treating the water with the
AgNPs-MWCNTSs material there were no colonies of S.
typhimurium in the treated water. The sample water
contain 20 cfu/100ml of Non-pathogenic bacteria.
Although this value satisfy the national limit of < 1*10°
cfu/100ml recommended for drinking water, the post
treatment analysis reveal no count of this bacteria in the
water sample. The post treatment analysis of the water
shows no evidence of P. aeruginosa in treated water
indicating that there was no introduction of this bacteria
during the handling process. In summary, it is evident
from table 2 that the treatment of the water sample with
the AgNPs-MWCNTSs nano adsorbent led to complete
elimination of community of the diverse microorganism
that were present in the sample prior to treatment.

4  CONCLUSION

Nano-sized AgNPs-MWCNTs adsorbent have been
successfully synthesized and used for the treatment of
seawater. The AgNPs-MWCNTSs composite have been
characterized by a variety of analytical techniques such as
TEM, EDS, TGA and BET. The doping of silver nano
particles with carbon nano tubes display high anti-
microbial tendencies. Results obtained shows that the
nano-adsorbent was very effective in the removal of
dissolved ions, contaminants and micro-organisms present
in the seawater. The dissolved ions, micro-organisms and
other pollutant in the water were reduced to within the
limits recommended in the National Standard for
Drinking Water Quality guidelines (NSDWQ). Finally it
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can be concluded that AgNPs-MWCNTSs adsorbent have
superior potential for seawater treatment.
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ABSTRACT

Global warming is caused by the emission of greenhouse gases. 72% of the totally emitted greenhouse gases are
carbon dioxide (CO,), 18% Methane and 9% Nitrous oxide. Carbon dioxide emissions therefore are the most
important cause of global warming. CO: is inevitably created by burning fuels e.g. oil, natural gas, diesel, organic-
diesel, petrol, and organic-petrol. The emissions of CO, have been dramatically increased within the last 50 years
and are still increasing by almost 3% each year. The concept of reducing carbon emission with green building is
put forward under the ground that all people over the world are taking action to deal with climate change. Reducing
carbon emission with green or sustainable buildings use key resources like energy, water, materials, and land more
efficiently than buildings that are just built to code. With more natural light and better air quality, green buildings
typically contribute to improved employee, employer, student health, comfort, and productivity. In this paper the
ways and challenges of reducing carbon building are pointed out, which are new energy develop, clean technique
use, green planning, green building and reducing carbon life style.

Keywords: carbon, reducing carbon, global warming, climate change, global policy, green building; sustainable
material.

1. INTRODUCTION 2. LITERATURE REVIEW

Building Construction sector is the largest global Recent studies have suggested that buildings
consumer of materials, and buildings are the offer the greatest abatement opportunities for
sector with the largest single energy use reducing GHG emissions in the short-term [5].
worldwide [1]. Consequently, buildings are also Policy-makers have responded to this through the
responsible for 19% of global greenhouse gas introduction of regulation requiring
(GHG) emissions [2]. In the beginning of the improvements in  building fabric and
industrial revolution, concentration of carbon performance, such as the European Union (EU)
dioxide in the atmosphere was 270 parts per Energy Performance of Buildings Directive.
million. This concentration, which has now risen These regulations have principally focused on the
to 377 parts per million, has been unprecedented operational GHG emissions associated with
not only in the past 740 thousand years, but also energy use in activities such as space heating,
perhaps even 55 million years ago [3]. There are cooling and lighting. However, these regulatory
two main reasons for climate change: natural drivers have not extended to the embodied carbon
reasons arising from changes in the orbit of the associated with the initial production of structures
sun and in the parameter of earth orbit, and human as shown in figure-1.

related causes, the most important of which is
excessive emissions of greenhouse gases through
human activities [4].
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Figure 1: Life cycle stages of construction works [6]

A recent review of building life cycle assessments
demonstrated that embodied carbon can account
for anywhere between 2% and 80% of whole-life
carbon emissions [6]. The precise proportion
depends upon a number of characteristics
including building use, location, material palette,
and assumptions about the service life and future
energy supply. The proportion tends to be higher
in certain structure types, such as industrial
warehousing, where embodied emissions can
contribute up to 90% of the total [7]. The share of
life cycle emissions attributable to embodied
carbon is expected to increase further with
reductions in operational emissions owing to
improved operational performance and reductions
in the carbon intensity of the electricity supply [8].

Meanwhile, absolute increases in embodied
carbon can be expected with an anticipated
growth in building activity and higher

performance buildings typically requiring greater
material use.

The importance of embodied emissions
further increases when taking account of the
temporal allocation of emissions. As cumulative
emissions, not annual emissions, are the critical
component in preventing unacceptable levels of
climate change [9], some researchers have

16

increasingly argued that a greater weighting
should be attached to current rather than future
emissions savings in economic analyses and
policy-making [10]. When the temporal allocation
of emissions is considered in building
assessments, research demonstrated that the swift
release of emissions, or a _carbon spike’,
associated with construction phase emissions can
dominate life cycle emissions in the time horizon
relevant to adopted climate mitigation goals [11].
This conclusion led the same author's
subsequently to question the merits of building
new developments as a means of climate change
mitigation. In many cases, however, new
development is unavoidable and, in such
instances, a greater focus on embodied carbon
mitigation is essential.

Numerous past studies have addressed
barriers to particular forms of _green building‘or
_sustainable building*. Some of these studies take
broad definitions of sustainability, incorporating
economic and social factors [12] whilst others
have focused specifically on the environmental
aspects of sustainability. However, these studies
have tended to consider only operational
emissions [13], the adoption of energy-efficient
technologies [14], or the achievement of
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regulatory targets, such as zero carbon homes [15]
that exclude the embodied emissions of materials
used in construction. Few, if any, have focused
specifically upon the barriers to alternative
material choice as a means of mitigating
embodied carbon emissions. The following
review therefore draws upon literature from two
streams. The first stream features studies that offer
insight into the cultural and institutional barriers
preventing sustainable innovation within the
construction industry. The second stream contains
detailed studies that address the adoption of
specific alternative materials.

2.1 OBJECTIVE OF THE STUDY

Emissions generated from burning of
these fossil fuels are huge threats to the
environment. Industrial revolution, sudden
increase in consumption of natural resources and
invention of technologies that use non-renewable
energy sources all together affected our
environment in many ways. The problems
associated with global warming and climate
change move us towards more sustainable
approaches in building design. These problems do
not affect only our environment but our social and
economic life as well. Therefore it is necessary to
take global actions towards reducing these
emissions specially in building sector which
opportunities are numerous.

2.2 CO; EMISSIONS IN BUILDINGS LIFE
CYCLE

Early description of reducing carbon
buildings highlighted balance between the need of
living organisms, buildings and climate.
Throughout recent years the development of
passive low energy building has referred reducing
carbon building in the framework of
sustainability. Henceforth, we may redefine the
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reducing carbon building as a sustainable building
or _green building‘base on human ecology with
the sustainable development of economy, society
and architecture simultaneously [16]. The
Brutland definition of sustainability is meeting the
needs of the present without compromising the
ability of future generations to meet their own
needs [17]. That is why it is important to construct
buildings which have least possible impact on the
nature, and to preserve natural sources for future
generations too

Zero carbon buildings are the core driver for
sustainable design to mitigate against further
climate change.

To produce useful information concerning carbon
dioxide emissions in the building construction
industry, many researchers have studied energy
consumption at different stages of the building life
cycle and have concluded that each phase has
different effects [18]. Carbon dioxide emissions
are commonly expressed in terms of the life cycle
stages involved that is, planning, design,
construction, installation, test, commissioning,
operation and disposal

[19]. USEPA categorize these stages into the
three consecutive phases, namely _cradle to entry
gate‘, entry gate to exit gate and exit gate to
grave‘. Another study, have represented these in
three distinct stages: (a) initial impact covering
the content of materials in the construction
process; (b) operational impact from the
operational to maintenance phases; and (c) end of
life impact — the deconstruction process to waste
materials [20]. Alternatively, the life cycle of
buildings can be represented in five phases,
including (a) design phase; (b) materials phase (c)
distribution phase; (d) wuse phase(e) the
refurbish/demolition phase (as shown in figure-2).
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m Design 0.5%
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Figure 2: Carbon dioxide emissions in the building life cycle

The planning and design phase is of paramount
importance for carbon dioxide reduction as
decisions made during this stage are influential on
operational efficiency [21]. Correct selection of
materials and technology during the planning and
design phase can provide an opportunity for
carbon dioxide reductions in the industry [22]. To
facilitate clients and design team members finding
out how environmentally responsible the design
is, various building environmental assessment
tools such as the leadership in energy and
environmental design (LEED) in the USA have
been developed.

2.3 HOW GREEN BUILDINGS REDUCE
CARBON DIOXIDE
As the serious consequences of climate

change or global worming have been better
understood by modern climate models, focus has
rested on the reduction in overall carbon dioxide
emission. while the effect of carbon dioxide on the
climate are taught in most schools in united states
and picture of the so called “greenhouse effect” on
climate are ingrained into most of our minds, the
link between green buildings and reduction in
carbon dioxide emission is often passed over. This
link however is vitally important to understand so
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that builders, architects, and engineers understand
the great societal value of green building, not to
mention value in their pockets. There are two
main ways that green building reduce carbon
dioxide emission which in turn helps the overall
climate [23].

2.3.1 Reduce Losses during Fabrication

For many green buildings, the raw
materials and components themselves are
purchased from green suppliers. This suppliers
adhere to strict standards and controls to ensure
that their production methods conserve natural
resources and reduce overall carbon dioxide
emissions. Some of the ways that they do this
include more efficient processes designed to
reduce energy consumption during fabrication,
transporting goods on more efficient means of
transportation and leveraging new and growing
technologies like solar power to reduce
dependence on fossil-fuel based (heavily carbon
dioxide emitting) power plants. Furthermore,
green buildings are erected in a way that
minimizes inefficiencies and leverages modern
materials science in a way to reduce overall
emissions even during construction.
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Contemporary green building materials can
dramatically reduce the overall carbon dioxide
emissions, both in their construction and in their
installation.

2.3.2 Reduce Energy Consumption during
Operation

Some of the greatest benefits to the environment
from green buildings come after the construction
phase is concluded, and the building settles to a
daily operation grind. Because most of the power
grid around the world, and especially in the
united, state, Nigeria e.t.c relies heavily on fossil
fuel-natural gas, coal, and oil for the production of
energy, every kilo watt hour used by a building is
indirectly releasing carbon dioxide to the air.

Advantage of green building that uses less energy:

A reduced overall, usage of energy whether from
energy efficient appliances, passive heating and
cooling, or sustainable architectures can
dramatically shrink a buildings overall carbon
footprint or even make it a net positive on the
environment. The great thing about building with
a mind toward sustainability is that the same
practices which protect the environment from
excessive carbon dioxide production have
beneficial site effect of often reducing a building
owners overall expenditures on building
maintenance.  Sustainable architecture by,
designed to last without needing continual repair
or refurbishment, but instead to work with, instead
of against, the natural world. Using constructed,
stable materials in concert with made equipment
can save the building owner money while also
leading toward environmental benefits [23].

2.4 CONSTRUCTION MATERIALS

Cement is an important construction
element around the world, and therefore, cement
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production is a significant cause of global carbon
dioxide CO; emissions, making up to nearly 2.4
percent of global CO; emissions from industrial
and energy sources [23]. Cement manufacturing
is extremely energy demanding, because of the
extreme heat required to produce it. Producing a
ton of cement requires 4.7 million BTU of energy,
equals to about 400 pounds of coal, and produces
nearly a ton of CO,. Given its high emissions and
serious importance to society, cement is an
obvious place to look to lessen greenhouse gases
emissions [24].

241 SUSTAINABLE
MATERIAL

BUILDING

Materials which produce less pollution
and waste during manufacturing and construction
process are being considered as sustainable
building materials. Natural materials are less toxic
and their embodied energy is less as compared to
artificial materials. Therefore, most of the natural
materials are sustainable building materials.
Recyclability and biodegradability are also
important measures of sustainability. Some
materials such as steel and glass are recyclable
whereas concrete cannot be recycled, it can only
be grounded up and used as aggregate in new
concrete. From biodegradability point of view
organic materials decompose rapidly, but steel for
example takes much longer time. Another
important factor is life span of the material.
Materials which have longer life need not to be
replaced therefore less natural resources are
required for manufacturing and less landfill waste
is generated. Some sustainable building materials
are mentioned below:

2.4.2 RAMMED EARTH

Not to be confused with mud brick,
rammed earth is a precisely controlled mixture of
gravel, clay, sand, cement, and sometimes lime or
waterproofing additives. The contents are
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carefully proportioned and mixed, and then
machine-compacted in removable formwork to
yield a stone-like wall that is massive, water
resistant, load bearing and long lasting. Recent
Study shows that, rammed earth can also
contribute in building energy consumption and
thermal comfort [25].

2.4.3 STRAWBALE

Strawbale building like mudbrick is a
good sustainable choice as it is made from natural
materials they are a sustainable, recyclable, non-
toxic and healthy form of building construction.
Rectangular strawbales are stacked up to form
walls, fixed in place with metal or wooden pins,
and then trimmed and shaped before being
rendered with mud or cement based renders.

244 TRIPLE GLAZED WINDOWS

The three layer glass acts as better
insulation as compared to double glazed windows.
It avoids air infiltration. Therefore, keeps the
building warm in winters, and cool in summers. In
double glazed windows argon is injected in each
layer of glass whereas in triple glazed windows
krypton which is better insulation is injected.

2.4.5 SUSTAINABLE CONCRETE

While, 95% of buildings CO, emissions
are outcome of the energy used during its life,
there is ample that can be done to reduce that 5%
related with construction. Concrete is a perfect
place to start, partially because nearly every
building uses it, and mostly due to the fact that
concrete accounts for 7-10% of global CO,
emissions. More sustainable forms of concrete
exist, that use combination of recycled materials.
Crushed glass can be added, as can wood chips or
slag — a byproduct of steel manufacturing.
Though, these changes aren‘t radically
transforming concrete, by simply using a material
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that would have otherwise gone to waste, the CO;
emissions related to concrete are decreased [26].

2.4.6 AERATED
CONCRETE

AUTOCLAVED

Manufacturing of AAC blocks and panels
does not have high energy requirements. Besides,
since AAC is light weight, it also saves energy
required for transportation and leads to reduced
CO; emissions by transport vehicles. Since AAC
blocks are made from fly ash — an industrial left-
over product — produced by thermal power plants,
it offers a low price and sustainable solution for
present and future.

2.4.7 COMPRESSD STABILILIZED EARTH
BLOCK

CSEB usually made with adding sand and
Jute fiber as reinforcement. Stabilizer (cement)
was kept constant for each type of block as 10%.
Different type of curing like air curing, sun curing
and polythene wrapping curing were incorporated
and tested for three days, seven days, fourteen
days, and twenty eight days. Beneficial climatic
performance in most regions due to its high
thermal capacity, low thermal conductivity and
porosity, thus it can moderate extreme outdoor
temperatures and maintain a satisfactory internal
temperature balance.

2.4.8 ADOBE

Adobe is material made up of combination of
sand, clay; water, and fibrous or organic material,
builders make bricks out of adobe and dry it in the
sun. Some of the advantages of adobe structures
is that they have long life and great thermal mass,
in hot climates. A disadvantage which can be
mentioned is that they are not earthquake resistant
and have poor behavior in case of earthquake

3. DISCUSSION
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In addition to the examples above, there are
many other innovative reducing carbon products
available and many more are undergoing research
and development. These CO, emission studies
confirm the construction industry‘s high levels of
energy consumption and production of a
significant amount of carbon dioxide throughout
buildings life cycles. Each phase of the life cycle
contributes a different level of carbon dioxide
emissions. The operational phase is the highest
contributor, followed by the materials and
construction process phase, the maintenance and
renovation phase, the deconstruction and disposal
waste material phase, and the planning and design
phase. It is argued, however, that the most
significant influence on emissions occurs in the
early stages of the project life cycle as the greatest
potential carbon dioxide savings can be realized
in the design phase before construction. As this
involves building design and materials, any
changes will affect the other phases, generating
waste materials that eventually produce carbon
dioxide emissions. When choosing materials, it is
clear that the embodied energy of building
materials must be carefully considered along with
the operating energy in order to reduce the total
life cycle energy use. By replacing those materials
that require a significant amount of energy to
produce with those consuming minimal energy
during the production process, this will help cut
down on the energy embodied in buildings.

4. CONCLUSION
Reducing embodied carbon is one of the

simple and practical mitigation options for the
building sector by utilizing carbon sink and low or
reduced carbon materials and products in
buildings. Not all building materials can be
carbon-sinks. In such cases, low or reduced
carbon building materials should be used as much
as possible. Low or reduced-carbon building
materials can be sourced from materials with both
low embodied energy and carbon in their
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production, assembly, and transportation
processes. By following the suggested techniques
during different stages of building‘s life cycle,
lower carbon emissions from buildings could be
achieved, which will help in development of more
sustainable, ecofriendly environments.
Fortunately, though buildings account for large
amount of GHG emissions, there are also lots of
opportunities to reduce these emissions. This is
where low carbon green building comes into the
picture. To have sustainable environment friendly
world, not only buildings need to be designed and
operated based on sustainable considerations, but
the whole communities and cities need to be
sustainable.

Many countries have made efforts to decrease
carbon emissions by framing development
planning and taking measures from aspects of
energy, transportation, industrial structure etc.
Facing the increasingly serious challenge of
environmental change (levels of carbon dioxide in
the atmosphere have risen by more than a third
since the industrial revolution and are now
increasing faster than ever before) and decline of
indigenous energy supplies different government
bodies are working together.

In order to have sustainable eco-friendly
environment sustainable rules should be passed
by governments which obligate builders to follow
the rules regarding reducing the carbon emissions
in building industry.
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ABSTRACT

Biodiesel is an eco-friendly fuel substitute for Petro-diesel. Biodiesel is a mixture of mono alkyl esters (Cis —
C2). This study was undertaken to investigate the optimization and kinetics study of Biodiesel synthesis from
beef tallow (BT) using Calcium Oxide from Limestone. The optimization study was carried out using Design
expert version 7.0 for the esterification and transesterification experiments. The process parameters considered
for the optimization study of the esterification reaction resulted in an optimum FFA of 0.60 at operating
conditions of catalyst amount of 7.1 wt.%, methanol to oil ratio of 9:1, reaction temperature of 60 °C and a
reaction time of 96 minutes while that of the transesterification reaction resulted in an optimum Biodiesel yield
of 72.0 % at methanol to oil ratio of 7:1, catalyst loading of 4 wt.%, reaction temperature and time of 60 °C and
106 minutes respectively. It was observed that a close correlation exists between the experimental and predicted
results as confirmed by the validation experiment and the square of the correlation coefficient (R?) for both the
esterification reaction and transesterification reactions were estimated to be 0.9592 and 0.9595, respectively. The
kinetics data for the CaO catalysed transesterification reaction of Biodiesel from Beef Tallow resulted in
activation energy and the pre-exponential factor of 82.845 KJ/mol. K and 4.805*10% min? with the Arrhenius

plot giving an R? value of 0.9109 which shows a good correlation with the experimental data.

Keywords: Beef Tallow, Biodiesel, Calcium oxide, Kinetics, Transesterification.

1 INTRODUCTION

The increase in demand for energy, a growing
worldwide concern for environmental protection and the
conservation of non-renewable natural resources have led
to search for an alternative fuel which can supplement or
replace fossil fuel (Niju, et al., 2014).

Bio-fuel on the other hand has received worldwide
attention as one of the key solutions to issues of
sustainable energy development, energy security, and
reduction of green gas emissions (Omotoso &
Akinsanoye, 2015).

Biodiesel is a type of bio-fuel that is currently
accepted as a valid contributor to reduce fossil fuels
dependency, either by its use as an extender or in total
substitution of diesel fuel (Berenguer & Sierra, 2015).
Biodiesel is a mixture of mono alkyl esters (C14— C2,) that
can be derived from renewable lipid feedstock majorly
plant oil and animal fat (Feddern, et al., 2011).

Of the numerous advantages attributed to biodiesel is
the fact that it has a higher cetane number and flash point
than Petro-diesel, has no aromatics, it is biodegradable
and non-toxic. Key issues to be considered in biodiesel
production include source of oil (animal or plant), type of
oil (edible or inedible oil), cost of production, feasible
pretreatment and production method (Abdulrahman, et al.,
2016).

Recent trends have placed emphasis on the use of non-
edible feedstocks as the demand for these feedstocks is
not affected by dietary needs. The use of Animal fats as
an example of source of biodiesel feedstock has been
considered. This animal fat could include tallows, lard,
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pork and chicken fat which are all readily available
(Abdulrahman, et al., 2016).

However, their suitability as biodiesel feedstocks is
hampered by their high Free Fatty Acid (FFA) values as
reported by Dias, (2012). This hurdle is overcomed by
introducing a pretreatment process for the animal fat
known as esterification. This esterification step is aimed
at reducing the excess free fatty acid.

According to Leung, et al., (2010), Transesterification
reaction is one of the most successful processes of
converting lipid feedstocks into biodiesel.

A typical transesterification process involves a
reaction with an alcohol in the presence of a catalyst
which may be homogeneous or heterogeneous. Musa,
(2016) reported that in terms of choice of alcohol used,
primary alcohols such as methanol were the most widely
used for biodiesel production in that when they were used
the reaction proceeded rapidly and completely.

A good catalyst for biodiesel production must have a
high surface area, be thermally stable, have low
deactivation rate, activated at low temperature and have
high selectivity (Rafaat, et al., 2010). Based on this
premise the three main classification of catalyst employed
in transesterification are acid catalysts, base catalysts and
biocatalysts (Tshizanga, 2015; Pathak, 2015).

These catalysts can also be classified as either
homogeneous or heterogeneous depending on which
phase the catalysts exists. The use of heterogeneous
catalysis has become more prominent in biodiesel
production because it is insensitive to high FFA, easily
removed from reaction mixture, reusable, and readily
available (Shu, et al., 2010).
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On the other hand, heterogeneous catalysts could be
acidic or basic with Tshizanga, (2015) reporting that
heterogeneous basic catalysts have faster reaction rate and
higher product yield than heterogeneous acid catalyst.

2 METHODOLOGY

The major feedstock used in this research work was
beef tallow, a hard fat rendered from the fatty tissues of
cattle that is removed during processing of beef. Tallow
was purchased from Kure Market in Minna, Niger State.
Limestone used as source of calcium oxide catalyst was
obtained from Obajana in Kogi State.

2.1 CATALYST PREPARATION

The calcium oxide catalyst was prepared from raw
limestone which was sourced from Obajana in Kogi State.
The limestone was crushed and the Thermo-gravimetric
Analysis (TGA) of the limestone sample was carried out.
The calcium oxide catalyst was prepared at different
temperature of 600 °C, 700 °C, 800 °C, and 900 °C while
Brunnauer, Emmitt and Teller (BET) analysis was done to
determine the surface area, pore size and pore volume of
the sample.

2.1.1  Catalyst characterization

The chemical, physical and morphological properties
of calcium oxide catalyst was evaluated using Scanning
Electronic Microscopy (SEM) and X-ray diffraction
(XRD).

2.1.1.1 Scanning Electron Microscope (SEM) Analysis

The physical surface morphology of catalyst sample
obtained was examined using LEO S-440 Scanning
Electron Microscope. A thin layer of calcium oxide
catalyst sample was mounted on an aluminum holder by a
double-sided tape. To avoid poor image resolution and
discharge of electrostatics, the catalyst sample was coated
with gold (Au) to thickness of 1.5 to 3 nm. The test was
conducted at different magnifications and data generated
was recorded.

2.1.1.2 X-ray Diffraction (XRD) Spectrometry

First, 2 g sample of size 100 pm was pressed in
stainless steel holder and then identification of the
crystalline phase was conducted by X-ray diffractor
(X'Pert MPD — PAN analytical X-ray B.V.) using Cu-Ka
radiation operated at 45 kV, 35 mA in which the incidence
angle spanned from 5° to 85°20 at 0.02°20 step size with a
scan speed of 0.5 s/step. This method was used to obtain a
high-quality diffraction data of the sample.

2.2 FEEDSTOCK PREPARATION

The feedstock (Beef Tallow) was washed and air
dried. The beef tallow was rendered into smaller pieces
and placed in a pan which was heated to a temperature of
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400 °C for 10 minutes. This led to the melting of rendered
beef tallow, suspension of solid particles and evaporation
of residual water contained in the tallow (Hinnach, 2016).
The hot mixture was then filtrated using a cotton sieve to
the liquid substrate (oil) which was then extracted. The oil
was used as the feedstock for biodiesel production.

2.2.1  Feedstock characterization

The beef tallow was characterized for color, odor, fatty
acid content, moisture, specific gravity and viscosity to
ascertain its physical and chemical properties.

2.2.1.1 Determination of Moisture Content

The moisture content was measured using the
procedure described in ASTM D445 test method for
opaque and viscous liquids. BT was kept in the oven at
105 °C for a time period of 1 hour and after then, it was
kept in the desiccators for 15 minutes and then the weight
was taken. The percentage (%) moisture content was
determined using the equation:

2=W3

% Moisture content = Ww—x 100 (1)

1
Where Wy = weight of empty petri dish, Wi = wet
sample, W, = weight of wet sample + empty petri dish.
W3 = weight of petri dish + dry sample.

2.2.1.2 Determination of Specific gravity (S.G.) / Density

Specific gravity and density of the fat sample was
measured in accordance to the procedure described by
standard ASTM D5355-95 (2012) wusing 25 ml
Pycnometer. Dry empty bottle of 25 ml capacity was
weighed to give Wy and then filled with the oil and
reweighed to give Wi. The oil was then substituted with
water and reweighed after the bottle had been washed and
dried which then gave a weight W,. Specific gravity was
then calculated using the expression:

i o Wi-W

Specific gravity = WaWo )
. . _ wieght of oil

Density (p) of the oil = ——=——— (3)

2.2.1.3 Determination of Kinematic Viscosity

Kinematic viscosity was measured using the procedure
described in ASTM D445 test method for opaque and
viscous liquids.

2.2.1.4 Determination of Acid Value/Free Fatty Acid
Both values were determined using the procedure
reported in ASTM D5555 — 95 (2011) standards. 10 g of
the oil sample was poured into a 250 ml conical flask and
a few drops of phenolphthalein was also added. 25 ml of
ethanol and 25 ml of diethyl ether were mixed in a
separate beaker to which 0.2 ml of phenolphthalein
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solution was also added and then poured into the conical
flask. The mixture was agitated continuously and titrated
with the solution of potassium hydroxide until a pink
color was noticed which lasts for at least 10 seconds, the
titration was stopped.

Acid Value = LkonxNof MI:OHXWKOH (4)
Where N = normality (concentration) of KOH, W =

weight of sample; V = volume of KOH used in titration;
Wkon = molecular weight of KOH

% Free Fatty Acid (FFA) = AV x 0.503 (5)

2.3  TWO-STEP TRANSESTERIFICATION OF BEEF
TALLOW

Two-step  transesterification  experiment  was
conducted for synthesis of biodiesel. Acid catalyzed
esterification was carried out on the extracted oil from
beef tallow in other to reduce the free fatty acid (FFA) and
moisture which leads to saponification and poor-quality
biodiesel yield (Abdulrahman, et al.,, 2016). Then,
transesterification was conducted with methanol using the
refined oil obtained.

2.3.1  Design of experiment

Response surface methodology (RSM) with five-level-
four-factor central composite design (CCD) was applied
to optimize free fatty acid (FFA) reduction during
esterification reaction and also to optimize the
transesterification of the refined oil into biodiesel.
DESIGN EXPERT (Version 7.0.0, Stat Ease, Inc., USA)
software was used.

The process parameters considered in the esterifiation
phase are methanol to oil ratio, catalyst amount (H2SO,),
reaction time and reaction temperature while for the
transesterifiation phase the methanol to oil ratio, catalyst
loading, reaction time and reaction temperature were
considered. Table 1 and Table 2 show the range of
independent factors considered in this study for both the
esterification and transesterification stage respectively.

TABLE 1: INDEPENDENT FACTORS USED FOR CCD IN
ESTERIFICATION OF BEEF TALLOW

Variables Low High
Catalyst (H2SO4) Amount (%) | 4 10
Sample to Methanol ratio (w/v) | 1:9 1:12
Reaction Temperature (° C) 45 60
Reaction Time (minutes) 50 120

TABLE 2: INDEPENDENT FACTORS USED FOR CCD IN
TRANSESTERIFICATION OF BEEF TALLOW

Variables Low High
Sample to Methanol ratio (w/v) | 6:1 10:1
Catalyst Loading (% vol) 4 10
Reaction Temperature (° C) 42 60
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| Reaction Time (minutes) | 60 | 120 |

2.3.2  Characterization of produced biodiesel

The synthesized biodiesel was characterized and its
properties were compared against the ASTM D6751.

2.3.2.1 Determination of flash point

The flash point of biodiesel was tested in accordance
to ASTM D93. Sample of biodiesel was heated in a close
vessel and ignited. When the sample burns, the
temperature was recorded; the pensky-martens cup tester
measures the lowest temperature at which application of
the test flame causes the vapor above the sample to ignite.
The biodiesel was placed in a cup in such guantity as to
just touch the prescribed mark on the interior of the cup.
The cover was then fitted onto the position on the cup and
Bunsen burner was used to supply heat to the apparatus at
a rate of about 5 © C per minute. During heating, the oil
was constantly stirred. As the oil approaches its flashing,
the injector burner is lighted and injected into the oil
container after every 12 second intervals until a distinct
flash was observed within the container. The temperature
at which the flash occurred was recorded. The above step
was repeated three times and the average taken.

2.3.2.2 Determination of Cetane number

Cetane Number is a measure of the fuel's ignition
delay. Higher Cetane numbers indicate shorter times
between the injection of the fuel and its ignition. Higher
numbers have been associated with reduced engine
roughness and with lower starting temperatures for
engines. This was obtained from the empirical formula.

CN = 46.3 + (5‘*58) —(0.225X 1) (6)

s
2.4  KINETICS DATA

The Kinetics of the reaction was determined by
measuring the effect of the reaction time and temperature.
Several assumptions were made, one of which was that
the catalyst used is of sufficient amount with respect to
the oil in other to cause a change in the reaction
equilibrium bringing about the formation of FAME
(Krishnakumar & Sivasubramanian 2017). Similarly, the
reverse reaction can be ignored and the catalyst
concentration during the course of the reaction is assumed
to be negligible.

3 RESULTS AND DISCUSSION

This section presents a comprehensive view of the
results obtained from the experimental study. It also
contains statistical analysis of the results as well as
evaluation of the effect of selected process parameter on
the Acid catalyzed esterification and heterogeneous
catalyzed transesterification of the beef tallow leading to
the formation of biodiesel.
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3.1 CATALYST CHARACTERIZATION

3.1.1  Thermo-gravimetric analysis (TGA)

The TGA analysis of the raw limestone sample was
carried out and presented in Figure 1

120
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0

Weight (%)

0 200 400 600 800
Temperature (°C)

1000

Figure 1: TGA curve for Limestone sample

From the TGA plot in Figure 1 it was observed that
calcium oxide catalyst would be obtained at temperatures
exceeding 600 °C at which temperature all the moisture
and volatile components in the limestone would have
evolved leaving behind the calcium oxide catalyst (CaO).
The limestone sample was thermally treated (calcined) at
different temperatures of 600 °C, 700 °C, 800 °C, and 900
°C to obtain the calcium oxide catalyst.

3.1.2  Brunauer Emmet Teller (BET) analysis

Brunauer, Emmitt and Teller (BET) analysis was
carried out at the various temperature ranges in other to
determine the surface area, pore size and pore volume of
the sample.

TABLE 3: BET ANALYSIS RESULT FOR THE LIMESTONE
SAMPLES CALCINED AT DIFFERENT TEMPERATURES

Samples Surface area Pore volume Pore size
(mg) (cc/g) (nm)
Raw Limestone 418.33 0.2201 2.128
C-600 479.558 0.2878 2.115
C-700 507.004 0.1919 1.777
C-800 545.472 0.3066 2.124
C-900 586.272 0.2936 2.125

From Table 3, the BET analysis revealed that the
calcium oxide catalyst produced at 900 ° C has the largest
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surface area as such show’s suitability for use as the
catalyst for biodiesel production.

3.1.3  Scanning electron microscopy (SEM) analysis

The SEM micrograph shows the honey comb surface
morphology of the synthesized calcium oxide catalyst
(Ca0).

©)

Figure 2: SEM micrograph of CaO catalyst at different
magnifications of A (500X) B (1000X) and C (1500X)
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3.1.4  X-ray diffraction (XRD) spectrometry TABLE 5: ANALYSIS OF VARIANCE OF THE ACID CATALYZED
ESTERIFICATION OF BEEF TALLOW
4000
3500 Source Sum of | Degree Mean F p-value
2000 Square | of Square | Value
7 Freedo Prob > F
£ 2500 m
:’: 2000
B Model 8.56 14 0.61 25.21 0.0001
I 1500
- 1000 A-Acid | 2.84 1 2.84 11720 | 0.0001
500 Catalyst
0 amount
o 10 20 30 40 50 60 70 BOD
2-Theta (Degrees) B- 1.5E-4 1 1.5E-4 6.184E 0.9384
Methano -3
I to Oil
Figure 3: X-ray Diffraction (XRD) pattern of CaO calcined at 900 °C ratio
. L o C- 2.36 1 2.36 97.14 | 0.0001
According to Minaria and Risfidian (2016) standard Reaction
peaks for CaO occur at 20: 32.3°,37.5°,47.1, 64.3 °, 67.5 Tempera
° The XRD patterns observed in the X-ray Diffraction | e
Spectrometry of the synthesugd CaO catalyst bear a close oE TET T 15T w555 T 0.0001
resemblance to already established standard CaO peaks. | Reaction
The synthesized CaO catalyst 20 peaks occurred at 30.3°, | Time
37.5°,47.5° 64.3°and 66.7 °.
AB 0011 |1 0.011 | 045 0.5105
3.2 FEEDSTOCK QUALITY CHARACTERIZATION (3¢ 51511 5151555 T 00i%
The suitability of a feed stock for biodiesel production
relies heavily on its properties like free fatty acid value | AP 082 |1 032 11339 | 0.0023
(FFA), V|sc05|ty,_ speglflc gravity and_ m_0|sture content. BC 3663 1 3663 018 07055
The results obtained in the characterization of the feed
stock (Beef Tallow) are presented in Table 4. BD 64E-3 | 1 6.4E-3 | 0.26 0.6150
TABLE 4: CHARACTERIZATION OF BEEF TALLOW CD 0.11 1 0.11 4.35 0.0544
SIN PROPERTY UNIT PRESENT A2 0.59 1 0.59 2419 | 0.0002
STUDY
1 % Moisture Content wt. % 14.6 B"2 4286E | 1 4.286E | 1.767E | 0.9670
-5 -5 -3
2. Density g/cm? 0.943
cn2 0.40 1 0.40 16.62 | 0.0010
3. Specific Gravity at 40 ° C - 0.93
D"2 0.48 1 0.48 19.85 | 0.0005
4. Kinematic Viscosity at 40 ° C mm2/s 246
Residual | 0.36 15 0.024
5. Free Fatty Acid (FFA) Wt % 241 IﬁiatCk of | 031 1o 0031 | 301 0.1180
Pure 0052 |5 0.010
Error
3.3 OPTIMIZATION OF ACID CATALYZED Cor 5903 29
ESTERIFICATION Total
The optimization of the acid catalyzed esterification

process of beef tallow was conducted using the DESIGN
EXPERT (Version 7.0.0, Stat Ease, Inc., USA) software.
The parameters evaluated are Methanol to oil ratio,
Catalyst Amount, Reaction time and Reaction
temperature. Table 5, shows the ANOVA of the acid
catalyzed esterification of BT.
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The significant factors from ANOVA analysis are the
Acid catalyst amount with a p-value of 0.0001 which is
less than 0.05. Other significant factors are the
Temperature and Time factors with p values of 0.0001
respectively. Also significant are the interaction effect
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factors of the Acid catalyst amount and Reaction
temperature and Reaction time with p-values of 0.0128
and 0.0023. The quadratic effects of the Acid catalyst
amount, the Reaction temperature and also the Reaction
time are also significant factors with p-values of 0.0002,
0.0010 and 0.0005. The other factors of the model have
no statistically significant effect.

In this study, the value of the determination coefficient
(R? = 0.9592) indicates that the sample variation of
95.92% is attributed to independent variables and 4.08%
of the total variations is not explained by the model.

3.3.1  The effect of interaction between process

parameters

The Three-dimensional response surfaces are plotted on
the basis of the generated model equation to investigate
the interaction among the variables and to determine the
optimum condition of each factor for minimum FFA.

21
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Figure 4a: Response Surface Plot of the Interaction Effect of Methanol:
Oil ratio and Acid Catalyst amount on FFA at a Reaction Time of 85
minutes and a Reaction Temperature of 52.5 °C.
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Figure 4b: Response Surface Plot of the Interaction Effect of Methanol:
Oil ratio and Reaction Temperature on FFA at a Reaction Time of 85
minutes and Acid Catalyst amount of 7%.
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Figure 4c: Response Surface Plot of the Interaction Effect of Methanol:
Oil ratio and Reaction Time on FFA at a Reaction Temperature of 52.5 °©
C and Acid Catalyst amount of 7%.

From Figure 4a the interaction effect of the methanol to
oil ratio and the acid catalyst amount on the FFA resulted
in an optimum FFA yield of 0.64 which was obtained at a
methanol to oil ratio of 12:1 and acid catalyst amount of
10% at a constant reaction temperature and time of 52.5 °
C and 85 minutes respectively.

Similarly, the RSM plots of the interaction effect of
other reaction parameters against the FFA yield as
represented by Figure 4a-c resulted in different FFA
results at various operating conditions. However, the
optimization solution obtained shows that an FFA of 0.60
at operating conditions of Acid catalyst amount of 7.1%,
Methanol to Oil ratio of 9:1, Reaction temperature of 60 °
C and a reaction time of 96 minutes respectively.

3.4  OPTIMIZATION OF BIODIESEL PRODUCTION
FROM BEEF TALLOW

Optimization of the transesterification process from
Beef Tallow was conducted using the DESIGN EXPERT
(Version 7.0.0, Stat Ease, Inc., USA) software. The
parameters considered are Methanol to oil ratio, catalyst
loading, Reaction time and Reaction temperature as
shown in Table 6. Table 7 however, shows the ANOVA
of the transesterification of BT.

TABLE 6: DESIGN MATRIX FOR THE OPTIMIZATION OF
BIODIESEL PRODUCTION FROM BEEF TALLOW

A: B: C: D: Actu Pred
Run Catalyst | Reaction| Reaction al icted
No. Methan Loading | Tempera| Time FFA FFA

olto Qil | (Yowt) ture (mins)

ratio (%) (%)

(vIv) ¢C)
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1] 800 7.00 51.00 90.00 56.00 | 61.17 Squares | of Square Prob>F
Freedom
2 | 12.00 7.00 51.00 90.00 68.00 | 67.75
3| 8.00 7.00 33.00 90.00 3400 | 3375
Model 421362 | 14 300.97 | 25.40 0.0001
4 | 10.00 10.00 42.00 60.00 55.00 | 56.88
A- 84017 |1 840.17 | 70.90 0.0001
5 | 6.00 4.00 42.00 60.00 38.00 | 36.38 || Methano
I to Oil
6 | 8.00 13.00 51.00 90.00 62.00 | 5958 || ratio
7 | 6.00 10.00 60.00 120.00 56.00 | 60.88 || B- 32.67 1 3267 | 276 0.1176
Catalyst
8 | 10.00 4.00 60.00 60.00 64.00 | 64.38 || Loading
9 | 8.00 7.00 51.00 90.00 61.00 | 61.17 || C- 256267 |1 25626 | 216.26 0.0001
Reaction 7
10 | 10.00 4.00 60.00 120.00 67.00 | 69.04 tTemPefa
ure
11 | 10.00 4.00 42.00 120.00 61.00 | 59.87
D- 42.67 1 4267 | 3.60 0.0772
12 | 10.00 10.00 60.00 | 60.00 7100 | 6854 || Reaction
Time
13 | 6.00 4.00 60.00 60.00 7100 | 6954 | = o000 T 1 o000 T 824 30108
14 | 6.00 4.00 60.00 120.00 7400 | 7071 | 4o o 1 01 3576 50001
15 | 10.00 10.00 60.00 120.00 69.00 [ 69.21 | (45 395 T 55 103 035
16 | 4.00 7.00 51.00 90.00 44.00 [ 4408 | g 100 T 100 5082 07752
17 | 8.00 7.00 51.00 90.00 60.00 [ 6117 |55 500 T 500 135 0763
18 | 6.00 10.00 42.00 60.00 3200 [ 3154 | =5 395 T 55 103 0395
19 | 10.00 10.00 42.00 120.00 58.00 | 6104 | 1775 I 775 1399 00643
20 | 8.00 7.00 51.00 90.00 63.00 | 6117 | g 556 I 556 5081 37793
21 | 8.00 1.00 51.00 90.00 6200 | 64.25 | s TR I 5Tl 1659 50714
22 | 6.00 10.00 42.00 120.00 3400 | 3221 | o TR I 51T 1659 50714
23| 8.00 7.00 51.00 30.00 4800 | 5175 | peea i 7e T 1E RS
24 | 800 7.00 51.00 90.00 64.00 | 6117 | Mroqor [ 13492 | 10 1349 | 157 0.3216
25 | 8.00 7.00 51.00 90.00 5300 | 6117 ||
26 | 8.00 7.00 5100 | 15000 | 6100 | 57.08 || o 4283 15 857
rror
27 | 6.00 4.00 42.00 120.00 37.00 | 41.04 | @ 3915 129
Total
28 | 6.00 10.00 60.00 60.00 64.00 | 63.71
29 | 8.00 7.00 69.00 90.00 7500 | 75.08 o )
The significant factors from ANOVA analysis are the
30 | 10.00 4.00 42.00 60.00 55.00 | 51.71 | Methanol to Oil ratio and the Reaction Temperature with
p-values of 0.0001 respectively which is less than 0.05.
The other significant factors are the interaction effect
TABLE 7: ANALYSIS OF VARIANCE OF THE i rati ;
TRANSESTERIFICATION OF BEEF TALLOW pf the Methanol to Oil ratio and catglyst_loadmg and _the
interaction effect of Methanol to Oil ratio and Reaction
Source | Sum of | Degree | Mean | F Value | pvalue temperature with p-values of 0.0109 and 0.0001.
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Similarly, the quadratic effects of the Reaction
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temperature and the quadratic effect of Reaction time are
also significant factors with p-values of 0.0214
respectively. The other factors of the model have no
statistically significant effect.
In this study, the value of the determination coefficient
(R? = 0.9595) indicates that the sample variation of
95.95% is attributed to independent variables and 4.05%
of the total variations is not explained by the model.
The Biodiesel yield is governed by the equation
Biodiesel Yield = 61.17 + 5.92A — 1.17B + 10.33C +
1.33D + 2.50AB - 5.12AC + 0.88AD - 0.25BC - 1.00BD
—0.87CD - 1.31A% + 0.19 B? - 1.69C? — 1.69D? (7
The linear effect of A and C, the interaction effect of
AB and AC and the quadratic effect of C2 and D? are the
general determining factors of transesterification of Beef
Tallow as they have the larger coefficients.
3.4.1 The effect of interaction between process
parameters

The Three-dimensional response surfaces are plotted
on the basis of the generated model equation to
investigate the interaction among the variables and to
determine the optimum condition of each factor for
maximum Biodiesel yield.

Biodiesel Yield

A: Methanol:Oil ratiaoo 8

600~ 70.00 6?3: Catalyst Loading
Figure 5a: Response Surface Plot of the Interaction Effect of Methanol:

Oil ratio and Catalyst loading on the Biodiesel yield at a Reaction Time
of 90 minutes and a Reaction Temperature of 51 ° C.
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C: Reaction Temperature
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Figure 5b: Response Surface Plot of the Interaction Effect of Methanol:
Oil ratio and Reaction Temperature on the Biodiesel yield at a Reaction
Time of 90 minutes and a Catalyst loading 7%.
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Figure 5c: Response Surface Plot of the Interaction Effect of Methanol:
Oil ratio and Reaction Time on the Biodiesel yield at a Reaction
Temperature of 51 °C and a Catalyst loading 7%.

From Figure 5a, an optimum Biodiesel yield of
67.19% was obtained at a methanol to oil ratio of 10:1 and
catalyst loading of 10% at a constant reaction temperature
and time of 51 ° C and 90 minutes respectively.

Similarly, the RSM plots of the interaction effect of
other reaction parameters against Biodiesel yield as
represented by Figure 5a-c resulted in different Biodiesel
yield results at various operating conditions. However, the
optimization solution obtained shows that a biodiesel
yield of 72.0% was obtained at a methanol to oil ratio of

7:1, a catalyst loading of 4%, a reaction temperature and
time of 60 ° C and 106 minutes respectively.

3.4.2  Kinetics of biodiesel production

According to Permsuwan et al., (2011) and Alam et
al., (2014) the overall reaction rate is given as

—1y = = =, [TG][MeOH]? (8)
Which the reduces to

—1y = = = k[T )

And then

—In (1 = Xpame) = kt (10)

The Arrhenius equation which is used to determine the
activation energy is given by

k,(T) = Ae E/RT (11)
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Which reduces to

Ink,=1InA -

x| W

) (12)

Where kA = Temperature dependent specific rate
constant. A = preexponential factor or frequency factor. E
= Activation energy. R = gas constant and T = absolute
temperature.

The linear relationship obtained from the plot of
—In (1 — X¢qme) against t gives the rate constant k
which is inputted into the Arrhenius equation to determine
the activation energy. The value of the reaction rate
constant k was determined at various temperatures.

eTemp @55
Temp @60

Temp @65
.
0.6
04 .
0z [ ]

20 25 30 35 40 45 50 55 60 65
t (minutes)

Figure 6: - In(1-X) plot versus reaction time plot at different
temperatures (methanol:Qil ratio of 8:1 and catalyst loading of 7 wt%).
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y=-10.171x + 26 838
R*=0.5109
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1/T * 1043

Figure 7: Arrhenius plot of In k versus 1/T * 10 for the
transesterification of Beef Tallow by CaO derived from limestone

From the plot, the activation energy and the
preexponential factor are calculated as 82.845 KJ/mol. K
and 4.805*1011 min. The Arrhenius plot gives an R?
value of 0.9109 which shows a close correlation with the
experimental data.
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3.4.3  Biodiesel quality determination

The produced biodiesel was characterized and
compared against established biodiesel standards like the
American Standards and Testing Materials. The ASTM
D6751 serves as a guideline which provides information
on the properties and quality of good Biodiesel. Table 8
reveals the property of BT diesel.

TABLE 8: CHARACTERIZATION OF PRODUCED BIODIESEL
FROM BEEF TALLOW

S/IN | Property Unit Result ASTM
Obtained | D6751
1. Flash Point °C 154 130 min
2. Kinematic mm&/s 5.4 1.9-6.0
Viscosity  at
40°C
3. Cetane Index 56 47 min
4, FFA wt % 0.418 -
5. Pour Point °C 5 18 ° C
max

4 CONCLUSION

The four parameters studied in the acid catalyzed
esterification of (BT) resulted in an optimum FFA of 0.60
at operating conditions of Acid catalyst amount of 7.1%,
Methanol to Oil ratio of 9:1, Reaction temperature of 60 °
C and a reaction time of 96 minutes. The obtained FFA
from the actual experimental data showed a close
correlation with the predicted FFA result where a
predicted FFA of 0.61 was obtained.

The statistical analysis of the Acid -catalyzed
esterification reaction, the quadratic model was selected
as the most suitable with a correlation coefficient (R?) of
0.9592 and a p value less than 0.05. The significant
factors from the ANOVA analysis are the Acid catalyst
amount, the reaction temperature and the reaction time
with p-values of 0.0001 respectively.

Similarly, the four parameters studied in the
transesterification of Beef Tallow resulted in an optimum
Biodiesel yield of 72.0 % at a methanol to oil ratio of 7:1,
a catalyst loading of 4%, reaction temperature and time of
60 °C and 106 minutes respectively. The obtained
Biodiesel yield from the actual experimental data showed
a close correlation with the predicted Biodiesel result
where a predicted Biodiesel yield of 72 % was obtained.

From the statistical analysis of the CaO catalyzed
transesterification reaction of Biodiesel from BT, the
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quadratic model was selected as the most suitable with R?
value of 0.9595 and p value less than 0.05.

The significant factors from the ANOVA analysis are
the Methanol to Oil ratio and the Reaction Temperature
with a p-values of 0.0001 respectively which is less than
0.05.

The Kinetics data for the CaO catalyzed
transesterification reaction of Biodiesel from BT resulted
in activation energy and the preexponential factor of
82.845 KJ/mol.K and 4.805*10! mint with the Arrhenius
plot giving an R? value of 0.9109 which shows a
correlation with the experimental data.
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ABSTRACT

In this work, iron oxide nanoparticles were doped on zeolite A (MZA) for treatment of textile wastewater via
column adsorption studies. The physicochemical parameters of the wastewater were conducted using
standard methods. The effects of bed heights, flow rates and inlet concentrations on the breakthrough curves
were studied to examine the performance of the adsorbent. The column studies revealed that the exhaustion
and breakthrough time increased with increase in bed height while they decreased with increase in flow rates
and inlet concentrations. The maximum adsorption of the chemical parameters was 45.83 %, 53.09 %, 45.50
%, 54.23 %, 49.48 %, 34.63 % for chloride, cyanide, chemical oxygen demand (COD), biological oxygen
demand (BOD), nitrite and total organic carbon (TOC) respectively at 5 cm bed height, 4 ml/min flow rate
and 10 % inlet concentrations. The Thomas model was found to predict the breakthrough of the pollutants
better than Adams-Bohart with high R? values of 0.882-0.978, 0.899-0.984 and 0.876-0.981 for bed height,
flow rate and inlet concentrations accordingly. The presented results show that FeONP-ZA developed is

suitable for textile wastewater.

Keywords: chemical parameters, column studies, MZA, textile wastewater.

1 INTRODUCTION

Textile industry is an important manufacturing process
which involves various stages of dry and wet processes for
the production of fabrics. The wet processes such as
desizing, scouring, bleaching, mercerizing, dyeing and
finishing are of great concern as they pose potential risk to
the ecosystem (Tafesse et al., 2015). As a result of these
aforementioned processes, large amount of wastewater is
generated from textile industries which are not treated prior
to its discharge into the surface water (Elango et al., 2017)
despite the strict legislations by the governments of most
countries. Textile waste waters are highly coloured, salty
and contain non-biodegradable compounds; they are also
high in BOD and COD, which make their treatments
difficult (Tafesse et al., 2015). However, the high cost of
the conventional adsorbent has been identified as one of the
factors responsible for non-compliance to this legislation,
adversely resulting to degradation of water quality. Thus,
developing a low cost adsorbent from local material will be
economical and sustainable alternative for textile
wastewater treatment. This will treat or at least reduce the
pollutants to permissible limits to obtain cleaner water,
thereby; protecting the environment as well as ensuring
healthy lives of human beings and the aquatic lives.

Adsorption has been recognized as a technology in
wastewater treatment and has been successfully employed
by many researchers (Bankole et al., 2017; Yusuf-Alaya,
2014; Dada et al., 2012; Piccin et al., 2011) in that regards.
Similarly, nanotechnology has recently revealed high
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impacts on society and environment due to their various
industrial applications, especially in water remediation and
treatments (Balamurugan et al., 2014). Iron nanoparticles
just like any other nanoparticles have much larger surface
areas than bulk particles which make them applicable in
water treatments. They can be synthesised and
functionalized using various chemical functional group in
order to increase their affinity towards target compound
(Dhermendra et al., 2008). They have unique properties to
develop high capacity and selective sorbents for metal ions
and anions. Different nanomaterials can help to purify
water through different mechanisms such as adsorption of
pollutants, removal and inactivation of pathogens and
transformation of toxic materials into less toxic materials
(Gholamreza et al., 2014).

However, applying nanoparticles directly might result to
aggregation in aqueous solution which consequently
reduces their efficiencies (Girilal et al., 2015). Thus,
loading nanoparticles within the pores of substrates such as
mesoporous silica, zeolite, ceramics, activated carbon and
chitosan have been reported to be efficient in
wastewater/water treatments (Thamilselvi and Radha,
2017). Zeolites have been identified to be a potential
support for nanoparticles due to their well-defined
structures and microporous cavities (Kaya et al., 2013;
Alfadul, 2007; Yamaura and Fungaro, 2013). Thus, doping
iron oxide nanoparticles synthesized from biosynthesis
route using mango leaf extract on the surface of synthesised
zeolite A for treatment of textile waste water will eliminate
the problem of nanoparticles agglomeration and


mailto:neekyai@yahoo.com

3" International Engineering Conference (IEC 2019)
Federal University of Technology, Minna, Nigeria

environmental
conventional treatment methods.

problem posed by bye-product of

Even though several works have been conducted on
wastewater treatments using batch adsorption mode
(Bankole et al., 2017; Yusuf-Alaya, 2014; Dada et al.,
2012; Piccin et al., 2011), however batch mode can only be
used on laboratory scale. Thus, it is paramount to ascertain
the  applicability = of the  adsorbents  using
column/continuous adsorption mode (Tamilselvi and
Asaithambi, 2015). More so, continuous studies can be
used in treatment of large volume of wastewater, which has
been useful and reliable in removal of pollutants from
industrial wastewater (Biswas and Mishra, 2015).

This study therefore focuses on the green synthesis of iron
oxide nanoparticles with mango leaves extract as the
reducing agent. The synthesized nanoparticles was doped
on the surface of zeolite A, developed from Ahoko kaolin
for the treatment of textile wastewater using continuous
process.

2 METHODOLOGY

The materials used, the synthesis of the iron oxide
nanoparticles doped zeolite A (MZA) and the
characterizations have been discussed in our conference
paper (Alaya-lbrahim et al., 2018).

2.1 COLLECTION AND CHARACTERIZATION OF
THE TEXTILE WASTEWATER (TWW)

The textile wastewater used in this study was collected
from Unique Tie and Dye textile Industry in llorin, Kwara
State, Nigeria. The wastewater was analysed based on
recommendations of standard methods of water and
wastewater analysis at Regional Water Quality Laboratory,
Federal Ministry of Water Resources, Minna, Niger State,
Nigeria. The chemical oxygen demand (COD),
biochemical oxygen demand (BOD), total dissolved solid
(TDS), alkalinity, the total amount of nitrate, nitrite,
sulphate, phosphate, ammonium, chloride, cyanide and
fluoride were determined by HACH instruments, USA
using American Public Health Association (APHA, 2017)
method. Other parameters investigated are Turbidity
(Turbidity meter); pH (a multi-parameter analyser C3010);
electrical conductivity (a multi-parameter analyser 2510B)
and dissolved oxygen (dissolved oxygen meter).

2.2  COLUMN ADSORPTION STUDIES

The column adsorption studies were carried out based on
the work of Patel and Vashi, 2015 with little modifications.
The study was carried out with the aid of a glass column of
3 cm internal diameter and a height of about 30 cm. The
iron oxide nanoparticles doped zeolite A (MZA) was
packed on the glass wool in the column which serves as a
support to prevent it from flowing through the outlet while
an improvised device was used in controlling the flow rate
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of the effluent fre= the tank into the glass column. VVarious
parameters such as bed height, flow rate and inlet
concentrations \vsere studied at a predetermined interval.
The effects of bed height were studied from 3 cm- 5 cm,
the flow rate from 3 ml/min-5 ml/min while that of inlet
concentration were in the range of 10 %-20 %. All the
experiments were performed with 10 % inletl
concentrations of the wastewater, 4 cm bed height of the
MZA at a flow rate of 4 ml/min except those studies where
bed heights, inlet concentrations and flow rates were
studied accordingly. The initial and final concentrations of
the parameters studied were obtained using HACH
instruments in all cases. The schematic diagram of the
experimental setup is given in the Figure 1

- Tank

- Medical given set

- Lagging

- Glass column

- Adsorbent
(MzA)

6- Cotton wool

7- Conical flask

8- Retort stand

12 T O ORI

Figure 3.2 Schematic Diagram of the Column Experimental Setup
Figure 1: Schematic Diagram of the Column

Experimental Setup

2.3 MATHEMATICAL MODELING OF COLUMN
STUDIES

The various parameters associated with column adsorption
studies were adopted from the work of Shadeera Rouf
(2015) and were calculated as described thus;
Effluent volume V = Qt; (1)
Where the effluent volume in ml is V, Q is the flowrate in
ml/min and t; is the total flow time in min.

The maximum column bed capacity, q for the textile
wastewater concentration and the influent flow rate was
calculated using (2)

=& [(tre dt )

Gmax = To00 Jt=0

Qmax 1S the maximum bed capacity in mg; C,4, the
adsorbed pollutants concentration in mg/L. The integral
values were obtained from the area under the plot of C,,
versus time.

The maximum adsorption capacity at the exhaustion time
was calculated using (3);

Qexp = qmax/m (3)
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The amount of the MZA in the column in (g) is m.
The total amount of pollutant concentration sent to the
column My (mg) was obtained from (4);

_ CoQtr
My = 1000 “)

C, = The initial concentration of pollutants in mg/L

The percentage removals of the pollutants were calculated
via (5);

0, — Amax

% removal /MT x 100 (5)

24 BREAKTHROUGH CURVE MODELLING

The breakthrough curves and times are very important in
column adsorption studies as they are used in defining the
operation and dynamic response of the study (Biswas and
Mishra, 2015). In order to predict the breakthrough data for
the textile wastewater for a successful design of the
adsorption process, the following breakthrough curve
models were used;

Adams-Bohart Models

This model assumes that the rate of adsorption, residual
adsorbent capacity and the adsorbate concentration are
proportional; and are mainly determined by the surface site
of the adsorbents. This model is used in describing the
initial part of the breakthrough curve and can be linearly
expressed (Tamilselvi and Asaithambi, 2015: Trgo et al.,
2011) as (6);

It/ = Kup (Cot = NoZfyy ) (©)
Where C, and C, are the initial concentration and
concentration of the wastewater at time t in mg/L
respectively, K, is the rate constant (L/mg.min), N, is the
saturation concentration (mg/L), t is flow time (min), Z is
the bed height of the column (cm) and U, is the superficial
velocity.

Thomas Model
This is the most commonly used breakthrough model and
it is used in calculating the maximum adsorption of the
adsorbates by the adsorbents and the adsorption rate
constant of the adsorption column. This is linearly
expressed (Trgo et al., 2011) as (7);

In [CO/Ct_ 1] :KTH(Z—O(m—VO) (7

Ky is the rate constant (ml/min.mg), q, is the amount of
pollutants adsorbed per gram of adsorbent (mg/g) and m is
the amount of adsorbent used for the column adsorption

(9). K7y and q,, are obtained from the plot of In [CO/Ct - 1]

versus V.

3 RESULTS AND DISCUSSION

3.1 PHYSICOCHEMICAL ANALYSIS OF TEXTILE
WASTEWATER

The physicochemical parameters, heavy metals and

methylene blue analyses (before and after treatment) were

conducted on the local textile wastewater and the results

with their various permissible limits based on WHO/EPA

and NIS are presented in Table 1;
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According to the presented results in Table 1, the colour,

and turbidity concentration of the textile wastewater was
124620 TCU and 7638 NTU respectively. This is due to the
different types of dyes used in imparting colour to the
fabrics during production (Elango et al., 2017). Colour is
easily noticed to human eyes even in small amount, which
is not desirable. Moreover, they alter the photosynthesis in
plants and affect the growth of bacteria (Sanni et al., 2016).
However, after treatment with MZA, the colour reduced to
120 TCU while the turbidity reduced to 75 NTU
respectively. The values of turbidity and colour obtained
after treatment are higher than those sets by
WHO/EPA/INIS (see Table 1) for drinking water. This
might be due to the very high concentrated wastewater
treated and as it is known that the rate of removal of
pollutant also depends on its initial concentrations
(Margata et al., 2013). Nonetheless, the developed
adsorbent removed 99.02 % and 99.9 % % for turbidity and
colour accordingly.
The total dissolved solid of the raw water was 36723 mg/L
which reduced to 500 mg/L; while the electrical
conductivity was 54810 mg/L and reduced to 860 mg/L
after treatment. These values conformed well to the
standard set by WHO/EPA /NIS (see Table 1).

TABLE 1:PHYSICOCHEMICAL PARAMETERS OF WATER AT 5
CM BEDHEIGTS, 10 % INLET CONCENTRATIONS AND 4
ML/MIN FLOWRATE

Physicochemical Raw Treatment Standard Standard
Parameters Value with MZA limits limit (NIS)
(WHO/
EPA)
Colour (TCU) 124620 120 20/100 15
pH 11.4 8.5 6.5-8.5/6.5- 6.5-8.5
9.5
TDS (mg/L) 36723 500 1000/- 500
Conductivity (uS/ 54810 860 -/1000 1000
cm)
Dissolved oxygen 2.65 4.25
(mg/L)
Turbidity (NTU) 7638 75 5.0 5.0
Total alkalinity 16443 380 -/400
(mg/L)
Nitrate (mg/L) 1804 20.0 50/50 50
Ammonium 276 35 1.3-3.5/0.2-
(mg/L) 4.0
Chloride (mg/L) 9711 31.0 250/250 250
Phosphate (mg/L) 113 0.5 -/0.5-0.7 -
Cyanide (mg/L) 22.2 0.01 -/0.05 0.01
Fluoride (mg/L) 226 1.48 1.5/1.7 15
Sulphate (mg/L) 7111 25 500/250 100
COD (mg/L) 31044  36.7 -140 -
BOD (mg/L) 6287 2.35 -/5.0-7.0 -
TOC (mg/L) 2990 20 - 5.0
Carbonate (mg/L) 780 20 - -
Nitrite (mg/L) 21.9 0.04 3.0/5.0 0.2
Iron (mg/L) 3.6477  0.0549 -/0.3 0.2
Chromium (mg/L) ~ 0.1240 0 0.05/0.05 0.05
Nickel (mg/L) 0.0045 0 0.07/0.02 0.02
Zinc (mg/L) 1.1476 0 -3 -
Lead (mg/L) 0.0748 0 0.01/0.01 0.01
Cadmium (mg/L) 05431 0 0.003 0.005
Copper (mg/L) 2.1347  0.0057 2/1 2
Manganese 0.0128 0 -/0.2 0.05
(mg/L)
Key: World Health Organization (WHO, 2011),

Environmental Protection Agency (EPA, 2001) , Nigerian
Industrial Standards (NIS, 2007)
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The chemical inorganic parameters studied are nitrate,
nitrite, ammonium, phosphate, cyanide, chloride, fluoride
and sulphate. The values of nitrite, nitrate and ammonium
were 21.9 mg/L, 1804 mg/L and 276 mg/L , which were
reduced to 0.04 mg/L, 20 mg/L and 3.5 mg/L accordingly.
Whilst that of sulphate, fluoride, chloride, cyanide, and
phosphate were 7111 mg/L, 225 mg/L, 9711 mg/L, 22.2
mg/L, 113 mg/L, which were reduced to 25 mg/L, 1.48
mg/L, 31 mg/L, 0.01 mg/L, 0.5 mg/L and 25 mg/L
accordingly, after having contact with the developed
adsorbent in the column. This is evident that the pollutants
were able to diffuse into the pores of the MZA and did not
clog it (Zainal Abadin etal., 2017). These values correlated
well with all the standards, suggesting that the treated water
can be used for drinking and other purposes (WHO, 2011,
EPA, 2001; NIS, 2007).

The organic contents of the textile wastewater were also
examined before and after passing through the columns and
the results are presented in Table 1. As presented in the
table, the dissolved oxygen, COD, BOD and TOC were
2.65 mg/L, 31044 mg/L, 6287 mg/L and 2990 mg/L which
were brought to 4.25 mg/L, 36.7 mg/L, 2.35 mg/L and 20
mg/L accordingly. They all conformed to all the standards
except for the TOC which is slightly above the standard set
by NIS for drinking water as WHO/EPA did not see it as a
factor of concern in drinking water. This might be due to
the fact that TOC is the measure of total carbon in organic
compounds in aqueous system and carbon has the ability to
form complex molecules with the structural iron present in
the MZA, thereby making its binding onto the surface of
MZA not as fast as others (Pouran et al., 2014).

The heavy metals investigated on the raw textile
wastewater include; Fe, Cr, Ni, Zn, Pb, Cd, Cu and Mn.
These were treated with MZA and the obtained results are
presented in Table 1. The Fe concentration in the effluent
was 3.6477 mg/L, which was above all the permissible
limit by WHO/EPA/NIS of the range of 0.2-0.3 mg/L
According to Cadmus et al., (2018), the concentration of
iron above 1 mg/L can damage the gills of fishes and the
toxicity depends on the species and size of the fish
(Cadmus et al., 2018). Thus, consuming these fishes has
detrimental effects on the consumers. However, this was
reduced to 0.0549 mg/L which conformed well to all the
standards (WHO, 2011; EPA, 2001; NIS, 2007). The
Chromium was 0.1240 mg/L which was reduced to a value
below detectable limits (see Table 1). Exposure to
chromium can cause allergic reactions, nose irritation,
kidney and liver damage and long term effects can lead to
death (Oliveira, 2012).

The copper content of the effluent was 2.1347 mg/L and
this was reduced to 0.0057 mg/L after treatment. Whilst the
concentration of lead and cadmium were 0.0748 mg/L and
0.5431 mg/L respectively which were found to be
undetected after treatment with MZA. This is an indication
that these metals were completely removed and as such
compared well with the standards. Acute exposure to both
lead and cadmium causes pulmonary and gastrointestinal
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disease, brain and kidney damages (Mahino et al., 2014;
Oliveira, 2012).

All the heavy metals treated conformed to all the standards
(see Table 1), the efficient removal of these pollutants by
MZA is attributed to the isomorphical substitution of Fe in
the magnetite by these metals. More so, this adsorbent has
octahedral sites at the surface of the crystal structure, which
made binding easier (Uddin, 2017). Therefore, the treated
water can be used for drinking and other domestic
purposes.

3.11 EFFECTS OF BEDHEIGHTS ON

BREAKTHROUGH CURVE
The results of effects of bed height on the breakthrough

curves of the chemical parameters are presented in Figure
2;

1 3cm =4 Chloride
" .
0.8 ’{1}5 %—Cyanlde
0.6 f//’ Nitrite
04 f —=COD
0.2 >
0 im“‘ . =#-BOD

0 500 1000 =i¥80rOC
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Figure 2a: Effect of Bedheight at 3 cm, 10 % inlet
concentration and flowrate of 4 ml/min
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Figure 2b: Effect of Bedheight at 4 cm, 10 % inlet
concentration and flowrate of 4ml/min
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Figure 2c: Effect of Bedheight at 3 cm, 10 % inlet
concentration and flowrate of 4 ml/min
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From the presented results, it is evident that increase in bed
height resulted to increase in breakthrough time as well as
exhaustion time. For instance, the breakthrough time and
exhaustion time of chloride, COD, BOD and TOC
increased from 180-300 minutes and 1380-1740 minutes
with increase in bed height from 3 cm to 5 cm respectively.
Whilst that of cyanide and nitrite increased from 240-360
minutes and 1200-1560 min respectively for breakthrough
and exhaustion time respectively. It can also be observed
that the chloride, COD, BOD and TOC with higher
concentration reached the breakthrough time earlier than
cyanide and nitrite with lower concentration; this might be
due to the fact that increase in concentration affects the
saturation rate which consequently reduced the
breakthrough time of these pollutants (Rouf and
Nagapadma, 2015). This observation can be attributed to
the fact that increase in bed height gave rise to more contact
between the MZA and the contaminants due to higher
dosage of MZA in the bed, thus, increasing the adsorption
efficiency (Rouf and Nagapadma, 2015; Han et al., 2009).
The column adsorption data and parameters obtained in the
course of studying the effects of bed height on removal of
chemical parameters and MB are shown in Table 2

TABLE 2:EXPERIMENTAL DATA OF COLUMN STUDIES WITH
RESPECT TO DIFFERENT BED HEIGHTS

3cm
Parameters Chloride CN CcoD BOD Nitrite TOC

V (mg) 5520 4800 5520 5520 4800 5520

Gmax(Mg) 23376.75 4336 7200318  13196.08  42.53 5137.8

mg 194806  3.61 6000.27 1099.67 354 428.15
Gexp( r )

M, (mg) 53604.72 106.56 171362.9 34704.41 105.12 16504.8
% removal 43.61 40.69 42.02 38.02 40.56 31.13
4cm
V (mg) 6240 5520 6240 6240 5520 6240
Gmax(Mg) 2677553  62.023  84575.39 20187.81  57.06 6047.40
mg. 1673.47 3.88 5285.96 1261.74 3.57 377.96
Gexp( r )
My (mg) 60596.64  122.54  193714.60  39230.88  120.89 18657.6
% removal 44.19 50.61 43.66 51.46 47.20 32.41
5cm
V (mg) 6240 5520 6240 6240 5520 6240
Gmax(Mg) 30973.42  73.54 98316.35 23730.01  67.62 7206.6
mg. 1548.67 3.68 4915.82 1186.50 3.38 360.33
Gexp g )
My (mg) 67588.56  138.53  216066.20  43757.52  136.66 20810.40
% removal 45.83 53.09 45.50 54.23 49.48 34.63

According to Table 2, increase in bed height resulted to
increase in amount of contaminants adsorbed as well as the
percentage removal in all cases; the percentage removal of
chloride, cyanide, COD, BOD, nitrite, TOC increased from
43.61-45.83 %, 40.69-53.09 %, 42.02-45.50 %, 38.02-
54.23 %, 40.56-49.48 % and 31.13-34.63 % respectively.
This might be due to increase in the quantity of the MZA,
giving rise to more binding sites for adsorption (Lopez-
Cervantes et al., 2018; Han et al., 2009)

3.1.2 EFFECTS OF FLOWRATE ON

BREAKTHROUGH CURVE

The results of effects of flow rate on the breakthrough
curves of the chemical parameters and MB are presented in
Figure 3;
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Figure 3a: Effect of Flow rate at 4 ml/min, 10 %
concentration and bed height of 4cm
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Figure 3b: Effect of Flow rate at 5 ml/min, 10 %
concentration and bed height of 4cm
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Figure 3c: Effect of Flow rate at 6 ml/min, 10 %
concentration and bed height of 4cm

The results as presented in Figure 3 show that increase in
flow rate consequently brought about decrease in
breakthrough and exhaustion time. The breakthrough time
and exhaustion time of chloride, COD, BOD and TOC
reduced from 240-150 minutes and 1560-1200 min
respectively, when the flow rate was increased from 4
ml/min to 6 ml/min. whilst that of cyanide and nitrite are
300 -150 min and 1380-1020 min. This observation is
attributed to the MZA getting saturated faster as the flow
rate increased (Lopez-Cervantes et al., 2018; Patel and
Vashi, 2015).

The column adsorption data and parameters obtained in the
course of studying the effects of flow rate on removal of
chemical parameters as shown in Table 3;
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TABLE 3: EXPERIMENTAL DATA OF COLUMN STUDIES WITH

TABLE 4: EXPERIMENTAL DATA OF COLUMN STUDIES WITH

RESPECT TO FLOW RATE RESPECT TO INLET CONCENTRATION
4 ml/min 10 %
Parameters Chloride CN COD BOD Nitrite TOC Para Chlorid CN CcOD BOD Nitrit TOC
V (ml) 6240 5520 6240 6240 5520 6240 meter e e
Gmax(Mg) 2677553  62.0 84575.39 20187.81 57.06 6047.40
mg. 1673.47 3.88 5285.96 1261.74 3.57 377.96
Gexp( g ) V (ml) 6240 5520 6240 6240 5520 6240
My (mg) 60596.64  122.54 193714.60 3923088  120.89  18657.6 Gmax(my 26775 62.0 84575. 20187.8  57.0 6047
% removal 44.19 50.61 43.66 51.46 47.20 32.41 1
5 ml/min mg 167347  3.88 5285.96 1261.74  3.57 377.96
V (ml) 6900 6000 6900 6900 6000 6900 qexp( g
Gmax(Mg) 25348.63  61.76 68285.73 18950.24  56.64 5955 N
. (ﬂ) 1584.29 386 £4267.86 1164.39 354 372.19 M: (mg; 20596.6 122.5 393714.6 29230.8 320.8 18657.6
e
M (mg) 67005.9 127.42 214203.6 40157.32 121.78 20631 % remo 44.19 50.61 43.66 51.46 47.20 32.41
% removal 37.83 48.47 31.88 47.19 46.51 28.86 15 %
v oy gzrggmin 6120 1200 1200 620 7200 V(ml) 5520 4800 5520 5520 4800 5520
mg
Gmax(mg)  24923.04  61.58 67868.23 17080.39  56.32 5796 max (M 57463'0 6242 86243.46 ;0708'8 58.18 61152
m 1557.69 3.84 4241.77 1067.52 3.52 362.25
exp (5 q (@ 1716.44 391 5390.22 129431  3.64 382.2
M(mg) 6748725 13586  223516.8 45266.4 12289 21528 exp
% removal __ 36.93 45.83 30.36 37.73 45.83 26.92 My (mg, 616451 1225  185928.7 398825  120.9 13137.6
5 4 5 1
. L ) ) % remo 44.55 50.93  46.39 51.92 4811 4655
With respect to Table 3, it is evident that increase in flow 20 %
rate led to subsequent reduction in maximum adsorption of V (ml) 4800 4080 4800 4800 4080 4800
. . Gmax(my 279642 6422 9084319 211439 5860 62214
contaminants(q,,q). the uptake capacity of the 2 5
contaminants by MZA(q..,) and percentage removal in all Qoup (9 1747.76 401 567770 132150  3.66  388.84
. . Prg
cases. The percentage removal of chloride, cyanide, COD, My(mg> 559353 1168 1788134 37920 1113 12384
BOD, nitrite and TOC reduced from 44.16 %, 50,61 %, 5 5 0
9% remo. 49.99 54.96  50.80 55.76 5265  50.24

43.66 %, 51.46 %, 47.20 %, 32.41 %, 49.40 % to 36.93 %,
45.83 %, 30.36 %, 37.73 %, 45.83 % and 26.92 %
respectively with increase in flow rate from 4 ml/min to 6
ml/min. This is because as the flow rate increase, the mass
transfer rates also increase which consequently lead to
faster saturation of the MZA. Similar effect was observed
in literature (Lopez-Cervantes et al., 2018; Han et al.,
2009).

3.1.3 EFFECTS OF INLET CONCENTRATIONS

ON THE BREAKTHROUGH CURVE

According to the presented results, the breakthrough time
and exhaustion time of the pollutants reduced with increase
in the inlet concentrations of the textile wastewater. The
breakthrough time and exhaustion time of chloride, COD,
BOD, TOC reduced from 240-150 min and 1560-1200 min
accordingly when the inlet concentration was increased
from 10 % to 20 %. Whilst that of cyanide and nitrite
decrease from 300 min to 180 min, in order to attain the
breakthrough; and 1380-1200 min to get exhausted. These
results demonstrated that the breakthrough time and
saturation rate are greatly influenced by change in
concentration (Chowdhurry et al., 2013). This is because of
more active sites coverage as the concentration increased
which consequently increase the rate of exhaustion. More
so, more volume of effluent can be treated with decrease in
inlet concentration as a result of slower transport of mass
transfer reduction (Lopez-Cervantes et al., 2018). The
column adsorption parameters are presented in Table 4;
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With respect to Table 4.29, it can be deduced values of
Gmax and ey, increased as the initial concentration
increased in all cases. However, the volume of effluent
reduced with increase in concentration. This is due to the
faster transport of molecules as the concentration increased
resulting to treatment of less effluent (Han et al., 2009).

3.2 MODELING OF COLUMN ADSORPTION
STUDIES

Three models (Adams-Bohart, Thomas and Y oon-Nelson)
were used in studying the column adsorption behaviour
through the estimation of the kinetic model of the column
as well as the breakthrough curve.

3.21 ADAMS-BOHART MODEL

The initial part of breakthrough curve was investigated
through the application of Adams-Bohart model to
experimental data. Using linear regression analysis on the
breakthrough curves, the values of kinetic constants K,z
and maximum adsorption capacity N, were estimated and
presented in Tables 5-7. According to Table 5, there was
no substantial changes in the values of K,z when the bed
depth was increased from 3-5 cm, however the values of
N, decreased with increase in bed height in all cases. The
N, values of chloride, cyanide, COD, BOD, nitrite and
TOC from 3-5 cm are 1902.32-1454.47 mg/L, 3.66-2.97
mg/L, 5960.55-4551.53 mg/L, 1172.41-1016.02 mg/L,
3.61-2.93 mg/L and 600.09-467.23 mg/L respectively. In
addition, the K, (see Table 6) for chloride, cyanide, COD
increased with increase in flow rate while that of BOD,
TOC, decreased and no significant change in the value of
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K, for nitrite. Nonetheless, the N, values increased in all
cases with increase in flow rate as presented in Table 6.
Furthermore, the values of K, reduced with increase in
concentration while that of N,increased when the
concentration was increased from 10 % to 20 % as shown
in Table 7. It can be observed from these results that the
N, increased with increase in flow rates and concentrations,
while it decreased with bed height. This is because N, is
also related to saturation concentration (Biswas and
Mishra, 2015) and as such observation is expected.
Although, Adams-Bohart model is based on assumption
that the equilibrium is instantaneous and the adsorption rate
is proportional to adsorption capacity remaining on the
adsorbents (Tamilselvi and Asaithambi, 2015: Trgo et al.,
2011). However, this model cannot be used to describe the
experimental data in the present study due to the low R2
(0.550-0.878) values obtained in all cases.

TABLE 5: ADAMS BOHART PARAMETERS AT BEDHEIGHTS OF
3-5CM, 10 % INITIAL CONCENTRATION AND FLOWRATE OF 4
ML/MIN

H 2
Contaminants K un mi /min) N, (mg/L) R
9

3cm

Chloride 3.4x10* 1902.32 0.649
Cyanide 1.85x10 3.66 0.689
COD 1.13x10* 5960.55 0.622
BOD 5.73x10* 1172.41 0.572
Nitrite 1.87x10* 3.61 0.691
TOC 7.69x10* 600.09 0.764
4cm

Chloride 3.3x10* 1593.28 0.674
Cyanide 1.71x10* 3.32 0.754
COD 1.03x10* 5120.55 0.623
BOD 5.25x10* 1077.13 0.641
Nitrite 1.83x10* 3.24 0.729
TOC 7.69x10* 507.50 0.755
5cm

Chloride 2.99x10* 1454.47 0.692
Cyanide 1.71x10* 2.97 0.693
COD 1.00x10* 4561.53 0.632
BOD 5.09x10* 1016.02 0.616
Nitrite 1.69x10* 2.93 0.724
TOC 7.79x10* 457.23 0.705

TABLE 6: : ADAMS-BOHART PARAMETERS AT FLOW RATES
OF 4-6 ML/MIN, 10 % INITIAL CONCENTRATION AND BED
HEIGHT OF 4 CM

i 2

Contaminants K1 ( L Jmin) N, (mg/L) R
mg

4 ml/min
Chloride 3.3x10* 1593.28 0.679
Cyanide 1.71x10* 3.32 0.754
COoD 1.03x10* 5120.55 0.623
BOD 5.25x10* 1077.13 0.641
Nitrite 1.83x10* 3.24 0.729
TOC 7.69x10* 507.50 0.755
5 ml/min
Chloride 3.09x10* 1709.15 0.568
Cyanide 1.40x10* 3.79 0.844
COoD 8.05x10 5434.79 0.550
BOD 5.40x10* 1168.39 0.681
Nitrite 1.69x10* 3.54 0.801
TOC 7.36x10* 559.11 0.720
6 ml/min
Chloride 3.09x10* 1826.30 0.624
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Cyanide 1.58x10" 3.81 0.825
COoD 9.34x10° 5630.67 0.605
BOD 5.56x10* 1150.17 0.614
Nitrite 1.83x10* 3.66 0.755
TOC 8.03x10* 571.63 0.734

TABLE 7: ADAMS-BOHART PARAMETERS AT INITIAL
CONCENTRATION OF 10-20 %, FLOW RATE OF 4 ML/MIN AND
BED HEIGHT OF 4 CM

i 2
Contaminants Ko mi min) N, (mg/L) R
g
10 %
Chloride 3.3x10* 1593.28 0.679
Cyanide 1.71x10*1 3.32 0.754
COoD 1.03x10* 5120.55 0.623
BOD 5.25x10* 1077.13 0.641
Nitrite 1.83x10! 3.24 0.729
TOC 7.69x10* 507.50 0.755
15 %
Chloride 3.0x10* 1647.75 0.65
Cyanide 1.57x10* 3.40 0.77
COoD 9.5x10 5422.29 0.636
BOD 4.98x10* 1079.46 0.622
Nitrite 1.59x10* 3.50 0.719
TOC 1.05x10* 520.46 0.79
20 %
Chloride 2.83x10* 1663.07 0.649
Cyanide 1.47x10* 3.44 0.814
COoD 8.32x10° 5865.56 0.60
BOD 4.68x10* 1084.16 0.653
Nitrite 1.47x10*1 3.63 0.756
TOC 1.0x10* 536.91 0.798
3.22 THOMAS MODEL

The column adsorption data was also fitted with the
Thomas model to establish the behaviour of the
contaminants breakthrough with respect to MZA. The
Thomas rate constant Ky and q, were evaluated from the

slope and intercept of plots of ln(% — 1) against volume as
o

presented in Table 8-10.

With respect to Table 8, increase in bed height from 3 cm
to 5 cm, brought a corresponding decrease in the values of
Kry as well as the g,,. This result is in agreement with that
obtained by Nwabanne and Ighokwe, (2012). On the other
hand, the Ky, increased while the gq, decreased with
increasing flow rates (see Table 9). The K reduced, while
the g, increased with increase in inlet concentrations.
These results are in line with literature (Lopez-Cervantes et
al., 2018; Nwabanne and Ighokwe, 2012). The high R?
values (0.882-0.978), (0.899-0.994), (0.876-0.981) for bed
heights, flow rate and inlet concentrations accordingly
shows the provision of good correlation between the
experimental and calculated data. Hence, this model can be
used to predict the breakthrough curve of the pollutants.
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TABLE 8: THOMAS PARAMETERS AT DIFFERENT BED

HEIGHTS OF 3-5 CM, 10 % INITIAL CONCENTRATION AND

FLOW RATE OF 4 ML/MIN

Contaminants ml R?
Kry(oe-.mg) qa,(mg/g)

3cm

Chloride 1.03x10°® 1352.68 0.933
Cyanide 0.5063 2.79 0.933
COoD 3.33x10* 4306.01 0.913
BOD 1.73x10°° 831.95 0.882
Nitrite 0.5151 2,74 0.935
TOC 2.52x10° 385.81 0.967
4cm

Chloride 9.1x10* 1277.34 0.950
Cyanide 0.4450 2,77 0.974
COD 2.90x10* 4045.29 0.920
BOD 1.39x10°° 886.26 0.910
Nitrite 0.4749 2.69 0.962
TOC 2.31x10° 370.88 0.978
5cm

Chloride 8.90x10* 1102.78 0.959
Cyanide 0.4180 2.70 0.941
CoD 2.85x10"* 3449.04 0.930
BOD 1.37x10°% 784.09 0.916
Nitrite 0.4475 2.44 0.965
TOC 2.27x10° 350.36 0.966

TABLE 9: THOMAS PARAMETERS AT DIFFERENT FLOW RATES

OF 4-6 ML/MIN, 10 % INLET CONCENTRATION AND BED

HEIGHT OF 4 CM

Contaminants ml R?
) 4.(mg/g)

4 ml/min

Chloride 9.1x10* 1277.34 0.950
Cyanide 0.4450 2,77 0.974
COD 2.90x10* 4045.29 0.920
BOD 1.39x10° 886.26 0.910
Nitrite 0.4749 2,69 0.962
TOC 2.31x10° 370.88 0.978
5 ml/min

Chloride 1.35x10° 1126.91 0.912
Cyanide 0.5495 2.67 0.991
COoD 3.56x10* 3177.76 0.899
BOD 2.18x10° 820.38 0.960
Nitrite 0.6370 2.62 0.991
TOC 3.53x10°® 331.92 0.973
6 ml/min

Chloride 1.34x107 976.78 0.934
Cyanide 0.5865 2.29 0.994
COoD 4.09x10* 294351 0.910
BOD 2.20x10° 569.86 0.934
Nitrite 0.6493 2.30 0.974
TOC 3.73x10°® 282.65 0.969

TABLE 10: THOMAS PARAMETERS AT DIFFERENT INLET
CONCENTRATIONS OF 10 %-20 %, FLOW RATE OF 4 ML/MIN

AND BED HEIGHT OF 4 CM

Contaminants l 2
) 9.(mg/9) R

10 %

Chloride 9.1x10* 1277.34 0.950
Cyanide 0.4450 2,77 0.974
COD 2.90x10* 4045.29 0.920
BOD 1.39x10°° 886.26 0.910
Nitrite 0.4749 2,69 0.962
TOC 2.31x10°° 370.88 0.978
15 %

Chloride 7.99x10* 1363 0.929
Cyanide 0.367 3.08 0.965
COD 2.68x10* 4166.89 0.917
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BOD
Nitrite
TOC

20 %
Chloride
Cyanide
COoD
BOD
Nitrite
TOC

1.21x10° 950.05 0.886
0.3970 2.96 0.950
2.85x10% 393.25 0.981
7.1x10* 1374.12 0.916
0.316 3.27 0.965
2.3x10* 4430.82 0.878
1.06x10° 996.97 0.879
0.362 3.02 0.961
2.63x10% 412.17 0.981

4 CONCLUSION

In the studies, iron oxide nanoparticles synthesized using
mango leaf extract as a reducing agent was doped on zeolite

A and

used for treatment of textile wastewater, the

following were deduced;

Biosynthesis of iron nanoparticles was carried out
with mango leaf extract as a reducing agent and
the synthesized FeONPs was doped onto the
surface of zeolite A to produce Nano adsorbents
(MZA) for textile wastewater treatment via
column studies.

The column studies showed that the exhaustion
and breakthrough time were influenced by
increase in bed height, flow rates and inlet
concentrations; and the breakthrough time and
exhaustion time increased with increase in bed
height while they decreased with increase in flow
rates and inlet concentrations. The percentage
removal of chemical parameters increased with
increase in bed heights and inlet concentrations
and decreased with increase in flow rates. The
maximum adsorptions of the chemical parameters
by MZA are 45.83%, 53.09 %, 45.50 %. 54.23 %,
49.48 % and 34.63 % for chloride, cyanide, COD,
BOD, Nitrite and TOC accordingly, at 5 cm bed
heights, 4ml/min flow rates and 10 % in let
concentrations. The Thomas model was found to
predict the breakthrough of the pollutants better
than Adams-Bohart with R? values (0.882-0.978),
(0.899-0.994), (0.876-0.981) for bed heights, flow
rate and inlet concentrations respectively. This
shows the provision of good correlation between
the experimental and calculated data.

Thus, It can be informed from various analysis conducted
that the developed adsorbent is suitable for textile
wastewater treatments
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ABSTRACT

Water pollution has become a 21% century problem because of industrialization. Adsorption is one of the most cost
effective ways of removing noxious heavy metals from the solvent phase. This paper presents a detailed information
and review on the adsorption of noxious heavy metal ions from wastewater effluents using polyelectrolyte complex
PEC formed by Natural-Natural , natural-synthetic, synthetic-synthetic interaction of polyelectrolyte as adsorbents. In
addition to this, the mode of preparation, efficiency of developed PEC for adsorption of the heavy metals ions is
discussed in detail along with the comparison of their maximum adsorption capacity in tabular form. The results of
searches show that PECs, which have low or almost no economic value because most are derived from waste, can be
used as adsorbents for the adsorption of heavy metal ions from the solution.

Keywords: Adsorption, Heavy metals, Metal ions, Polyelectrolyte complex PEC, Wastewater.

INTRODUCTION

Nowadays researchers are looking for novel ways to
remove metals from wastewater; this environmental
pollution is caused by rapid industrialization. The using of
various metallic materials have a negative impact on the
environment, namely the emergence of cases of
environmental pollution caused by waste containing
heavy metals (Hastuti, et al 2017) . This pollution can
cause harm to the people around the industry producing
the metallic waste. Refining metal factory, metal plating,
painting and manufacturers of battery are a source of
heavy metal contaminants. Waste containing the remains
of these heavy metals is dangerous if not properly treated.
Many methods are being used to remove heavy metal ions
include chemical precipitation, ion-exchange, adsorption,
membrane  filtration,  electrochemical  treatment
technologies etc. According to Hastuti et al Adsorption is
one of the physicochemical treatment processes which
have been found to be effective in removing heavy metals
from aqueous solutions. adsorption has gained much
attention because of its ease of operation, effectiveness,
low cost etc. different adsorbents have been used in the
adsorption of metals, however poly electrolyte complex
PEC, have recently received a great deal of attention
because of the fact that they represent renewable
resources and are more environmentally friendly,
nontoxic, than traditional materials. Poly electrolyte
complex PEC is formed through combined electrostatic
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interactions, which are predominate, between poly cations
and poly anions upon mixing of aqueous solutions of
oppositely charged poly electrolyte PE leading to the
formation of a dense phase that is separated from the
solvent, and the formation of multitudinous charges and
functional groups such as -OH, -NH, -SH and ~-COOH on
the surface of the PEC. (Meka, et al. 2017). PECs have a
three-dimensional network structure, which was used in
medical treatment when it was first discovered. Due to its
ability to absorb water, it is used in agriculture, health care
and so on. In recent years, it has been found that the PECs
have a polyfunctional structure so that it also exhibits
excellent performance as an adsorbent for heavy metal ion
treatment (Yin, et al, 2018). Taking into account the
importance of water quality and emerging benefits of
polyelectrolyte complex, attempts have been made to
discuss various issues of water treatment using low cost
adsorbents. Critical analysis of various PEC used in the
removal of various heavy metals, their performance,
selectiveness and the optimum conditions in which
they were operated. Furthermore, knowledge gaps,
uncertainties, and future challenges involved in the
fabrication and regeneration of PEC are also
identified.
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21 POLYELECTROLYTE COMPLEX PEC

Poly electrolyte complex results from electrostatic
interactions between poly cations and poly anions, there
are other bonds which can be formed between poly
cations and poly anions such as hydrogen bonds, VVander
Waals forces and covalent bond which results from
crosslinking macro molecules (Chan, et al, 2010). PEC
are formed from poly electrolyte PE, these PEs are
divided into natural, chemically modified/semi-synthetic
and synthetic PE (Meka, et al, 2017). PECs has the
ability to attract water molecules, the super-hydrophilicity
characteristics and porous structure networks; they can
swell quickly in the aqueous solution, which is necessary
for shortening the time to reach the adsorption
equilibrium (Abd EI-Mohdy, et al, 2013). The
functionalization of PEC can improve its water uptake
capacity and also act as a support for molecular species
and metal ions. As hydrogels these hydrogels possess
functional groups it increases their metal uptake capacity.

Table 1: polyelectrolytes (PEs) and their ionic nature

polyelectrolytes (PEs) and their ionic nature

Refere
nce

PE type Polyanion Polycation

Natural

Galactorunic
acid, Nucleic
acids, poly(L-
glutamic
acid),
carrageenan,
sodium

alginate,
hyaluronic
acid,
chondroitin
sulfate, gellan
gum,

gum
kondagogu,
gum karaya,
Cieba
pentandra
gum,

Termianlia
catappa gum,

Poly(L-lysine),
lysozyme, gelatin,
chitosan, dextran,
starch

Meka,
etal,
2017

Chemicall

y
modified/
semi-

N-
carboxymethy
| chitosan,
cellulose-

Chitosan
(deacetylation of
chitin), N-
trimethyl

Meka,
et
al,201
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synthetic | based (sodium | chitosan, 7
carboxymethy | chitosan-g-
I cellulose), poly(ethylene
carboxymethy | glycol)
I konjac monomethyl ether
glucomannan,
pectin,
sodium
dextran
sulfate,
xanthan
gum
Synthethi | Poly(acrylic Poly(ethyleneimi | Meka,
c acid)/carbopol | ne), etal,
, poly(allylamine 2017
poly(methacry | hydrochloride),
lic acid),
Eudragitl E
Eudragitl polymer

(Eudragitl L
100,
Eudragitl S
100,
Eudragitl

FS 30 D),
poly(acrylami
de-2-methyl-
propane
sulfonate),

poly(3-
sulfopropyl
methacrylate),
dextran
sulfate, poly

(sodium
styrene
sulfonate),
poly(vinyl
sulfate), poly

(acrylic acid-
co-maleic
acid), poly(p-
styrenesulfoni
¢ acid),

poly(p-
styrenecarbox
ylic acid),
poly(metapho
sphoric

acid), poly(4-

(Eudragitl E PO,
Eudragitl E 100),

poly(N,N,N-
trimethyl-2-
methacryloyl
ethyl ammonium)

bromide,
poly(diallyldimet
hyl ammonium
chloride), poly

(4-vinyl-N-
methylpyridinium
iodide), poly
(acrylamide-

co-
dimethyldiallylam
monium
chloride),
poly(vinylbenzyl

trialkyl
ammonium),
poly(acryloyl-
oxyalkyl-trialkyl

ammonium),
poly(acrylamidoa
Ikyl-trialkyl
ammonium),

poly(2-
vinylpyridine),
poly(aminoethyl
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methacryloyl | methacrylate),

oxyethyl

trimelliate), poly(2-

poly ethyloxazoline),
poly[4-(N,N-

(itaconic dimethylamino

acid),

poly(vinyloxy | methylstyrene)],

-4-butyric poly(b-amino

acid), ester),

poly(sodium p)OIy(squoneamin
e

4-

vinylbenzoate | hydrochlorate,

), poly(methacrylox

poly(sodium | yethyl

acrylate) ) )
trimethylammoni
um chloride)

2.1.1 TYPES OF PECs ON THE BASIS OF
INTERACTION (SHAILESH ET AL, 2016)

1. Polyelectrolyte complex between natural
polyelectrolyte

2. Polyelectrolyte complex between synthetic
polyelectrolyte

3. Polyelectrolyte complex between natural and synthetic
polyelectrolyte

4 Protein — polyelectrolyte complexation

2.1.2 PROCESS FOR THE FORMATION OF PECS

The process involved in the formation of PECs can be
subdivided into three classes (Meka, et al., 2017):

Primary complex: Primary complex can form immediately
after mixing of the two oppositely charged PE solutions
owing to the binding forces. This process is fast.

Intra complexes. This is an intermediate complex
formation usually taking 1-2 h from the time of mixing. It
is at this process, new electrostatic bonds can form and/or
alterations in the polymeric chains can occur.

Inter complex/aggregation. This process involves the
aggregation of intermediate complexes through
hydrophobic interactions. Such an aggregation is caused
by some factors, for example the structure of the polymer
components and the complexation conditions

2.1.3 FACTORSINFLUENCING PECs
FoOrRMATION

The nature, structure, quantity and application of PECs
depend on the method by which it was prepared. This
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method depends on some factors, such as degree of
ionization and charge distribution on the PEs, density of
the PEs as well as their charges, PE chain stiffness,
concentration, strength of the ionic sites, mixing ratio,
order, duration and intensity, ionic group nature, chain
flexibility, molecular weight, polymer structure,
hydrophobicity, temperature conditions during process,
degree of complexation, pH and ionic strength (Meka, et
al, 2017).

2131 EFFECT OF PH

pH is a very important factor in the formation of PECs
because it determines the yield of PEC formed. At a very
low pH polyanions will not dissociate and will not form
complexes owing to the lack of dissociated carboxylate
anions. As the pH is increased or upon dilution,
polyanions can form a stable complex with oppositely
charged polycations because the quantity of dissociated
carboxylate anionic sites exceeds the critical value. At this
stage, the complex is formed in the form of a curdy
precipitate (Meka et al, 2017). At a pH higher than 7 (pH
>7) an equimolar electrolyte complex aggregate is formed
because of a complete dissociation of the poly anions.

2131 EFFECT OFCONCENTRATION

The size of PEC formed depends greatly on the ratio
of the poly cation and poly anion mixed, at a higher
concentration of PEs, the PEC formed has large size.

22 POLY ELECTROLYTES COMPLEX USED AS PB*
ADSORBENT
Lead is a byproduct of industrial activities; these
industries include battery and fuel industry, foundry and
refinery industries. The presence of lead in the
environment can wreak havoc in the lives of humans.
These damages include kidney failure, brain damage, liver
damage etc. Hastuti, et al, 2016 used carboxymethyl
chitosan CMC and pectin to remove lead from aqueous
solution. Chitosan is a copolymer of glucosamine and N-
acetylglucosamine with reactive groups of amine and
hydroxyl groups. Pectin is a polysaccharide derived from
plant walls especially orange peel and apple pomace, it is
a galacturonic acid with carboxylate group as its
functional group ( Zhang et al, 2017). CMC-pectin
complex formed was characterized by using IR the active
groups of the PEC was hydroxyl (OH) and carboxylate (-
COOH) groups. The optimum mass ratio CMC: pectin to
form the polyelectrolyte complex was 70%: 30%. The
optimum conditions for Pb (11) ion adsorption was 10 mg
of the adsorbent mass, 75 min of contact time, and pH 5.
The material was effectively used to adsorb Pb (II) ions,
where up 91% Pb (I1) metal ions was adsorbed from
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aqueous solution and the adsorption capacity of the
adsorbent was 41.63 mg/g.

Cellulose is the most abundant biopolymer in plant, it is
nontoxic, biodegradable. Due to the multiple hydroxyl
groups in its molecular chain, cellulose can be an ideal
carrier for tannin immobilization via epichlorohydrin
activation (Ying, et al, 2019). Tannin/cellulose
microspheres (T/C) were used in the removal of Pb2+
by Ying, et al, 2019. The microsphere had a maximum
adsorption capacity of 23.75 mg/g from the Langmuir
isotherm evaluation at 308K with an initial pH of 5, the
optimum conditions for Pb (I1) in their experiment was 2
mg of the adsorbent mass, 60 min of contact time,
adsorbate initial concentration 100mg/L and pH 5. Ying
2019 reported that lead adsorption by Tannin/cellulose
microspheres was driven by pH as seen from ZETA
potential. The removal efficiency of the PEC was 95%.
The results suggested that tannin/cellulose microspheres
could be a low-cost and effective adsorbent for removing
Pb (I1) ions from aqueous solution. The mechanism of
adsorption for lead from wastewater was via ionic
interaction and chelation (Ying et al., 2019).

PEC was  synthesized  between N, N-
dimethylacrylamide (DMAa) and  2-hydroxyethyl
methacrylate (HEMA) for the adsorption of lead by free-
radical type bulk copolymerization of equal volumes of
each monomer (Ramos-Jacques et al, 2018). The PEC was
formed between synthetic poly electrolytes, the uptake of
water of the adsorbent was 3.5 times its weight at a period
of 6 hrs which is necessary for shortening the time to
reach the adsorption equilibrium (Abd EI-Mohdy, et al,
2013), and their optimum condition for the uptake of Pb**
was 5hrs of contact time, optimum temperature of 270C.
As the Pb (Il) initial concentration was increased
gradually from 10 to 200 ppm, the amount of sorbed
Pb(ll) at equilibrium increased. As a result, different Qe
values were obtained when higher initial concentration
solutions (Ci) were used. This continued until a critical
point QC was reached were there was no change in Qe
(Ramos-Jacques et al, 2018). The final concentration Ce
remained unchanged after equilibrium was reached. The
Pb(ll) adsorption on the p(HEMA-co-DMAa) copolymer
followed the Langmuir model than the Freundlich model.
Therefore, the p(HEMA-co-DMAa) copolymer behaves
preferably as an energetically homogeneous surface
during the Pb(Il) sorption process. The adsorption
capacity was 61.41mg/g and the removal efficiency was
60%.
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2132 POLYELECTROLYTE COMPLEXUSED AS

PB2+ AND CD2+ADSORBENT

The composite formed between polyaniline and chitosan
is between a natural and a synthetic poly electrolyte
(Shailesh et al, 2016). Polyaniline grafted chitosan PGC
was prepared by grafting polyaniline into the matrices of
chitosan, the reactive group in PGC is hydroxyl and
carboxylate group (Karthik, 2014). Karthik 2014 reported
that the adsorption of Cd (II) and Pb (Il) reached
equilibrium at pH 6, beyond pH 6, the experiments were
not carried out due to the formation of lead hydroxide and
cadmium hydroxide. The percentage removal increased as
the dosage increased from 0.05 to 0.15 ¢g/L due to an
increase in the available adsorption sites and that the
removal efficiency for Pb (II) was 100% while that of
Cd(ll) was 96.95%. PGC showed a greater affinity
towards Pb(11) than Cd(ll) because the binding energy that
is constant b from langmuir isotherm, of Pb(ll) was
greater than that of Cd(I1). Karthik 2014 revealed that the
adsorption process using PGC was spontaneous,
endothermic and freundlich isotherm was the suitable
model for the adsorption process. The sorption capacity of
PGC will increase with increase capacity. The adsorption
capacity for Pb(ll) and Cd(ll) was 13.23mg/g and

12.87mg/qg respectively.

TABLE 2: SHOWING PEC FOR REMOVAL OF PB

PEC{adsorbet) | Typeof Optimum conditions & Removd | Reference
Interaction (mge) [%
pH Dosage | Temp | Time

(MCpeemn | NotwalNatwed | § 0| D ) Hasutetal,

comples 0

Tanmin e | NatwalNatwd | § ) . 0 ) Yingetal,

microsheres 09

{10)

(HEMA<o- | Syothete- | < . M [0 |6 {60 | Ramos

DN&) [ Syt hequesetal,
18

Ryanlme | Notwal | 6 i - 0 (B2 10| Kathik

gafedchitosan bt

{8

23 PoLYELECTROLYTES COMPLEX USEDAS
CU*ADSORBENT

Cellulose is the most abundant biopolymer in plant, it is
nontoxic, biodegradable. Due to the multiple hydroxyl
groups in its molecular chain (Ying et al., 2019). Gelatin
is an ionic hydrophilic linear polymer which exhibits
properties of water solubility, non-toxicity, and
biodegradability (Wang 2013). It has proven to be able to
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improve the strength, hydrophilicity, and functional
properties of hydrogel. Cellulose and gelatin was used to
form composite for the removal of Cu2+, the performance
of the adsorbent was evaluated and from the
characterization of the PEC, Teow et al, 2018 reported
that the functional group is the O-H and N-H group. from
Zeta potential, it was also reported that PEC had Higher
negative charge of cellulose/gelatin hydrogels at higher
weight percent of gelatin was due to the presence of
dipolar polarization effect inherent by N-H functional
group attributed to the addition of gelatin. The optimum
pH for the adsorption of Cu® was 4.7, because at pH 4.7,
Cu?"is at its Natural pH. At this pH H+ ions concentration
was lowest and the O—H and N—H groups were existed in
neutral forms. Hence, the competition between H* ions
and Cu2+ ions on adsorption sites of hydrogel was less
significant and the electrostatic repulsion between the
active sites and Cu* ions was weaker. As a result, more
Cu? ions could be adsorbed onto the hydrogel (Teow et
al, 2018). An increase in the concentration of Cu®* ions in
aqueous solution , caused the concentration gradient
between the adsorbent (hydrogel) and adsorbate solution
(Cu*"ions aqueous solution) to induced a stronger driving
force to transport the large number of Cu* ions from the
bulk solution to the active sites on the surface of hydrogel
(Wang et al, 2013). The optimum time was observed to be
6hrs, the adsorbent dosage was 20 mg and the adsorption
capacity was found to be 52.3mg/g. It was concluded
from the success of the research study that
cellulose/gelatin composite hydrogel and is a sustainable
and environmental-friendly adsorbent for the removal of
heavy metal from wastewater.

Chitosan/polyvinyl alcohol (CTN/PVA-Fe*0*) was
investigated by Karaer et al, 2017 for the removal of
copper. Poly (vinyl alcohol) (PVA) is a water-soluble
matter containing large amounts of -OH groups and it has
a lot of advantages such as low price,chemically stable,
biocompatibility, high durability and non-toxic. The effect
pH was not conduct in a basic medium due to
precipitation in a pH>6(Karaer et al, 2017). The ractive
group of the PEC determined from FTIR was OH and
NH, group. The PEC swelled up to 93%, the water
absorbency of the composite was found very high. From
the experiment the initial concentration increased from 25
to 400 mg/L with increase in time and reached
equilibrium at 200 mins. kinetic experimental data of this
work be fit better pseudo second-order adsorption
indicating that adsorption process was dependent on ion
concentration, and chemical sorption was the rate-
controlling step. The optimum pH was observed to be 5,
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the adsorption was fitted for Langmuir isotherm and the
thermodynamics parameters showed it was spontaneous
and endothermic. The adsorption capacity was found to be
62-143 mg g-1.

24 PoLy ELECTROLYTES COMPLEX USED IN
REMOVAL OF MULTI METAL

Lessa et al, 2017, investigated the adsorption capacity of
pectin/cellulose microfibers (Pec-CF) beads towards the
removal of multi-metals ions from water. For this, a series
of experiments were performed and rationalized to
establish the optimum conditions for the adsorption of
copper (Cu), cadmium (Cd) and iron (Fe) on Pec-CF
beads. The composite was prepared by factorial design
approach. The optimized analytical conditions set for the
further experiments were: adsorbent dosage — 150 mg; pH
of the medium — 4; and content of CF — 5.5 wt%. This pH
(pH 4) was chosen because it is an intermediate value
between the optimum pHs verified for the removal of Cd
(11, Cu(ln), and Fe(ll) ion (Lessa et al, 2011). The result
from batch experiment carried out by Lessa et al, showed
that amount of metal adsorbed on beads increased with
increasing initial metal concentration in the medium. It
also showed that above 20 min, the adsorption capacity
values tend to level off and they showed slight variation
up to the end of the experiment. The removal efficiencies
were slightly affected by the initial metals concentration.
The maximum removal of Cd(ll), Cu(ll), and Fe(ll) ions
was ca. 58%, 77%, and 94% when the initial
concentration of such metals falls in the range of 50-150
mg/L. the adsorption capacity for this study was 192.3,
88.4 and 98.0 mg/g. the adsorption capacities and
removal efficiencies followed the order Fe(Il) > Cu(ll) >
Cd(Il). The Pec-CF beads can be utilized as an efficient
and reusable adsorbent material for removing of multi-
contaminants from wastewater (Lessa et al, 2011).

Jiang. C, et al, 2019 reported the performance of
Glucan/chitosan (GL/CS) in the removal of Cu®, Co*"
Ni*,Pb* and Cd*" Glucan is homologous polysaccharide
composed of glucose monosaccharide it is linked by
glycoside bonds. The glycosidic bond can be divided into
alpha-glucan and beta-glucan. Alpha-glucan, is also
known as glucan, it is found in the mucus secreted by
certain microorganisms during their growth (Jiang. C, et
al, 2019). GL/CS PEC was synthesized by ultrasonic
assisted method using glucan and chitosan as the main
raw materials. The swelling capacity of the adsorbent was
observed and it was reported that the absorption rate
increased rapidly within 40mins and reached a saturation
point at 60 mins. Adsorption increases when the
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absorption rate is fast but decreases with a decrease in
adsorption rate (Jiang. C, et al, 2019). ge increases with an
increase in pH value and the minimum value of ge is at
pH=1 for all the ions. The reactive group in the PEC is (-
COO-, -NH-, -0-), the optimum adsorbent dosage was
0.02mg, beyond this, the adsorption capacity of the
adsorbent decreased. This was true for all the ions. The
adsorption capacity of Cu® is 365 mg g-1, Co* is 251 mg
g-1, Ni%is 207 mg g-1, Pb* is 424 mg g-1, and Cd* is
356 mg g-1. The thermodynamic parameter of the
adsorption process is a spontaneous endothermic chemical
monolayer adsorption. The adsorbent was selective
towards Pb?> Cu*>Cd*>Co*>Ni?.

Carboxymethyl  cellulose/polyacrylami  CMC/PAM
composite hydrogel was prepared via free-radical
polymerization for the removal of Cu®, Pb* and Cd*
(Godiya et al, 2018). For multiple metal-ion adsorption,
the ge values are much lower than those for the single
metal-ion adsorption, this result reveals that the
adsorption of metal ions (Cu®, Pb** or Cd*) is negatively
affected by the existence of the other two metal ions
(Godiya et al, 2018), this is because the metal ions will
compete for the binding site (Burakov, et al,2018). The
CMC/PAM composite hydrogel showed a preference of
Cu? > Pb?> Cd?. The adsorption follows the Langmuir
model and exhibits a pseudo second-order kinetics. The
adsorption capacities for the metal ions were observed to
be 151.5, 185.2 and 144.9 mg/g. The adsorption of the
three ions followed the Langmuir model rather than the
Freundlich model, indicating a monolayer adsorption
manner of the investigated metal ions in the CMC/PAM
hydrogels. The optimum time for this work was 7hrs.

He, et al, 2017 investigated the use of B-cyclodextrin (-
CD) polymer, for the removal of lead (Pb), copper (Cu)
and cadmium (Cd). The adsorption took place in the
chelating sites and ion exchange sites of the PEC. B-
cyclodextrin (B-CD) is inexpensive, sustainable produced
macro cycle of glucose, But it has low surface areas and
poor removal performance compared to conventional
adsorbents like activated carbons, it was crossed linked
with tetrafluoroterephthalonitrile to improve the surface
area. The adsorption of Pb, Cu and Cd on B-CD polymer
was fit better with Freundlich model, indicating that the
adsorption process of Pb, Cu and Cd took place on
heterogeneous surfaces that varied with surface coverage
(He, et al, 2017). The adsorption capacities Was found to
215.2, 192.8 and 163.2 mg/g. the optimum pH beyond
which no adsorption will take place was pH 5,
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temperature was 45°C, and the optimum time was 5mins.
The PEC was preferential towards Pb > Cu > Cd.

Cellulose-graft-poly (acrylic acid (AA)- co-acrylamide
(AM)) was used as a biosorbent in the removal of Cu (I1),
Pb (I1) and Cd (Il) from aqueous solutions (Zhao et al,
2019). The effect on pH on MCC-g-(AA-co-AM), above
pH 6, the metal hydroxides would be precipitated from
the solution, the adsorption reached equilibrium at a pH 3.
The optimum time at which equilibrium was reached was
15 mins. The adsorption capacity of the PEC increased
with increase in initial concentration of the metal ions, the
increased rate of mass transfer resulted from increased
driving force of ions, which led to a high adsorption
capacity (Garg et al., 2008). the adsorption capacity was
177.02, 556.69 and 306.22 mg/g for Cu (lI), Pb (1I) and
Cd (I1), respectively. The adsorption kinetics parameters
showed the adsorption was a pseudo-second-order Kkinetic
equation better described metal adsorption by the PEC,
which meant chemisorption dominates the adsorption
process (Chen et al., 2004; Li et al., 2017). Langmuir was
the best fit for describing the adsorption process, which
illustrated monolayer adsorption dominant. The PEC was
preferential towards Pb?*>Cd*>Cu®". the adsorption
capacity from this experiment showed that it was good for
metal removal.

Table 3: Showing Optimum Conditions for Adsorption

PEC Types of Optimum conditions References
(adsorbe | mteraction | pH | Dosag | Tempe | Imtial | Time
nts) e(mg) | rature | concentr | (Ming)
(c) | ationfmg
PecCF | Natwal- |4 [ 130 30-100 |20 Lessa of
Natural al, (2011)
GL'CS | Natural 002 |- - 60 Jiang et al,
Natural (2019)
CMCP | Natwal- |- |- - - - (odiya et
AM al, 2018
(CD) | Natwal- |3 |- 25 - He efal,
synthetic 2017
MCC-g- yol- - 13 Thaoetal,
(AA-co 019
AN
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“Table 4: Showing Adsorption Capacities and pore-filling are the predominant mechanisms
of the PEC controlling the adsorption of heavy metal ions.
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ABSTRACT

The aim of this study is to simulate a Fluid catalytic cracking (FCC) Regenerator, of a refinery using the Fluent
Ansys.15 program. The commercial CFD code Ansys.15 was used for the Geometry, Meshing, model setup and
solving. The results showed that the carbon solid mass content (used to represent the coke) decreases from 0.39
to 0.18. There was a significant amount of carbon dioxide formed after burning of and the temperature of the
catalyst increased from 973K to 1570K which is a requirement for catalytic cracking inside the riser. There is
also increase in temperature with increase with more combustion, a confirmation of an exothermic reaction.
Model results were validated with both analytical and literature data, coke combustion, carbon monoxide and

carbon dioxide formed were in agreement.

Keywords: Computational Fluid Dynamics (CFED), Fluid Catalytic Cracking (FCC), Regenerator.

1 INTRODUCTION

Petroleum refineries are large industrial facilities
with complex processing units. The plant convert crude
oils and other input streams into refined co-products such
as liquefied petroleum gas (LPG), gasoline, jet fuel,
kerosene, diesel fuel etc.

Different refineries have their unique physical design,
operating  characteristics and economics. These
performance characteristics and design configurations are
determined by availability of funds for capital investment,
source crude oils, product quality requirements, demand,
environmental regulations and standard.

Refining involves several processes which includes
distillation, cracking, upgrading, treating, separation,
blending and utilities.

Cracking processes involves chemical reactions that break
large boiling point hydrocarbon molecule that have low
economic value into smaller, lighter molecules which are
blended after processing into gasoline, jet fuel, diesel fuel,
petrochemical feedstock and other high value light
products (Sadeghbeigi, 2012 ).

Cracking units form the important core of modern refining
operations, this allows for high yields of transportation
fuels and other valuable light products, provide operating
flexibility for maintaining light product output.

The cracking processes of primary interest are Fluid
Catalytic Cracking (FCC), hydrocracking and Coking.

53

The single most important refining process downstream of
crude distillation is the FCC, this is so in terms of both
industry-wide throughput capacity and its overall effect on
refining economics.

The process operates at a high temperature and low
pressure, it uses a catalyst to convert heavy gas oil from
crude distillation to light gases and other petrochemical
feedstock. In large transportation fuels oriented refinery,
FCC accounts for about 45% of all gasoline (Almeida,
2016)

The FCC has several pieces of equipment but the prime
focus of this paper is the regenerator.

The main function of the regenerator is to remove the
coke, coke comprises of mainly carbon, it may contain
from 3 to 12 wt-% hydrogen and a small amount of sulfur
and organic nitrogen molecules (Palmas and Johnson,
2013). Also in the regenerator with the spent catalyst is a
small fraction of hydrocarbon vapor that was not removed
from the stripping section (Sadeghbeigi, 2012). The
oxygen for the combustion of coke is from air which is
supplied by one or more air blowers. The air enters the
regenerator from the bottom through an air distribution
system. The design of the air distributor is important for
the unit efficiency and reliable catalyst regeneration
(Sadeghbeigi, 2012).

The regenerator usually operate in a turbulent fluidization
regimen and are characterized by two zones, the dense
zone in the lower part where there is high solid


mailto:abdullahialfa85@gmail.com

3" International Engineering Conference (IEC 2019)
Federal University of Technology, Minna, Nigeria

concentration and almost all coke is burned and the dilute
zone with lower concentration of solid particles which
was dragged to the top by the gas. The solid particles are
separated from the gas by a two stage cyclone.

Fluid flows are governed by partial differential equations
which represents conservation laws for the mass,
momentum and energy. Computational Fluid Dynamics
(CFD) software is widely used to solve these equations.
CFD provides a qualitative and quantitative prediction of
fluid flows by means of mathematical modeling,
numerical methods and software tools.

It also allows chemical engineers to maximize equipment
yield and enable petroleum engineers to devise optimal oil
recovery strategies.

Important works have been published in the area of CFD
simulation of FCC units. (Ahsan,2012) used commercial
CFD to predict the mass fraction profiles of gas oil,
gasoline, light gas and coke. (Sheng Chen et al, 2015)
focused on the feedstock injection zone in a FCC riser.
(Nazik et al, 2015) worked on the FCC regenerator of a
local refinery in Khartoum. Their predictions showed
good agreement with data and they captured secondary
flow phenomena.

The aim of this research is to model and simulate the
catalyst regeneration unit using the data of Kaduna
Refinery and Petrochemical Company, Kaduna Nigeria.
The simulated result will be analyzed and compared with
operational data from literature, analytical data and also
check the effectiveness of the unit.

2 METHODOLOGY
21 TOOLS

The FCC Regenerator is simulated using Fluent
Ansysl15 package. The FCC was simulated without a
cyclone or air grid. Coke (assumed as solid Carbon) reacts
with the oxygen in the air separately with an inflow of
matrix represented by pure solid Aluminium and Silicon.
The profiles for the velocity, pressure and temperature
were evaluated to access the performance of the
Regenerator.

22 METHODOLOGY
The CFD simulation involves four simple steps.
i Geometry: As shown in Figure. 1
Table i shows the actual dimensions of KRPC

Regenerator with the exceptions of the inlet and outlet
diameters.
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The Geometry has been divided symmetrically as shown
in Figure 2 (less meshing elements will be generated)

ii. Mesh (allows for discretization and solving
at nodes and elements)

iii. Setup for the data

iv. Solution setup before results is generated.

Mesh

The following named selections were applied and
mesh generated as shown in Figure. 3

1. Catalystinlet
2. Airinlet

3. Outlet

4.  Symmetry
5. Fluid

The following selections were made for the meshing
which are most suitable for this kind of turbulent process
and computational capacity of the computer used.

Size Function is set to Curvature

Maximum face size 0.1m

Inflation Programmed Controlled

Smoothing High

Body sizing is also inserted with element size of 0.1m
Other items are left at default values

Generated Mesh had the following statistics

Elements: 1593271

Setup

The following sequence was followed for setup
GENERAL

Scale: Made sure all dimensions are in meters
Check: For minimum and maximum values.
Solver Type: Pressure based

Velocity Formulation: Absolute

Time: Steady

Gravity: Checked
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Input the value of -9.81m/s? as the flow runs from the Outlet: Pressure outlet
bottom to the top in the y direction.

Symmetry: Symmetry
MODELS

Wall Material: Steel

Energy: Checked
Solution Method: Coupled

Viscous Model — k-epsilon (2 egn) This is suitable for
turbulent reactions SOLUTION

k-epsilon model — Standard The solution is initialized

. The calculation i ith 250 i i
Near-wall Treatment — Standard Wall Functions  calculation is run with 250 iterations

Species Model — Species Transport FIGURES AND TABLES

Reactions — VVolumetric

Turbulence-Chemistry Interactions — Eddy Dissipation
MATERIAL

Material Type: Mixture

The following were added from the fluent database
Aluminium solid Al<s>, Carbondioxide CO;
Carbonmonoxide CO, Carbon solid C<s>

Silicon solid Si<s>, Steel

These materials are the nearest elemental and compound

composition to the catalyst. 10.000 ()

REACTIONS 2.500 :
The following reactions were used Figure 1: Full Geometry
Reaction (1): C<s> + 050, —> CO
Reaction (2): CO + 0.50,—>CO;
Reaction (3): C<s>+ 0, ——> CO;

BOUNDARY CONDITIONS

i
Catalyst Inlet: Mass flow inlet E‘x \\
Turbulent intensity of 10% and mass fraction of 0.39 for 3 \
C<s> /

Other data for catalyst inlet is shown on Table 2.

N
\

Air Inlet: Mass flow inlet s o L

. R . 2,500 7.500
Turbulent intensity of 10% and mass fraction of 0.23 for

02

Figure 2: Symmetry of the Geometry
Other data for air inlet is shown on Table 3
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Figure 3: Mesh

Table 1. FCC Regenerator Dimensions

Table 3: Data for Air Inlet

Parameters Values
Mass flow rate (kg/s) 148
Pressure (kPa) 300
Hydraulic diameter (m) 1
Temperature (K) 473

Parameters

Length of regenerator (m) 12.45
Length of top section (m) 2.150
Length of middle section (m) 0.700
Length of bottom section (m) 9.600
Diameter of top section (m) 6.700
Diameter of bottom section (m) 6.000
Diameter of catalyst inlet (m) 1.000
Diameter of air inlet (m) 1.000
Diameter of outlet (m) 2.000

Table 2: Data for Catalyst Inlet

Parameter Value
Mass flow rate (kg/s) 288
Pressure (kPa) 240
Hydraulic diameter (m) 1
Temperature (K) 973

3  RESULTS ANDDISCUSSION

3.1 MESH INDEPENDENCESTUDY

Three (3) different mesh sizes were used for the solution,
the mesh densities used were 1.6M, 1.2M and 0.9M. The
results for the Carbon Solid Mass Fraction were the same
for the three cases as shown in figure 4 below.

The mesh with 1.6M elements was selected for a finer and
more accurate solution.

0.25
0.2
0.15
0.1
0.05

O T 1
0 1000000 2000000
MESH ELEMENTS

FRACTION

CARBON SOLID MASS

Figure 4: Plot of Mesh Independence Analysis
3.2 RESULTS AND DISCUSSION

The Results of the simulation and discussions are shown
below.

Figure 5 shows the residual plot at the end of iterations.
Figures 6a, b, c, d, e, and f shows the temperature, carbon
solid, carbon dioxide, carbon monoxide, velocity and
pressure contour profile respectively.

Details of the different component mass fractions,
temperature, pressure and velocity at different regenerator
heights (RH) are shown in tables 4 and 5 below.
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Figure 6b: Carbon solid profile
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Figure 6f: Pressure profile

Table 4: Regenerator Height RH and Components

Mass Fraction Data

6.5 0.24 0.00 0.1 0.00

7 0.24 0.00 0.1 0.00
7.5 0.23 0.00 0.1 0.00

8 0.23 0.00 0.1 0.00
8.5 0.23 0.00 0.11 0.00

9 0.22 0.00 0.11 0.00
9.5 0.23 0.00 0.11 0.00
10 0.23 0.00 0.1 0.00
10.5 0.23 0.00 0.1 0.00
11 0.23 0.00 0.1 0.00
11.5 0.23 0.00 0.1 0.00
12 0.23 0.00 0.1 0.00
12.5 0.23 0.00 0.1 0.00

Table 5: Temperature, Pressure and Velocity at Various

Regenerator Heights RH

RH | CARBO | CARBON CARBO | OXYG

(M) N M/F MONOXID | NDIOXI EN
E M/F DE M/F

M/F
0 0.00 0.00 0 0.23
0.5 0.00 0.00 0.01 0.22
1 0.32 0.00 0.05 0.00
15 0.34 0.00 0.03 0.00
2 0.36 0.00 0.02 0.00
2.5 0.35 0.00 0.03 0.00
3 0.32 0.00 0.05 0.00
35 0.23 0.00 0.1 0.00
4 0.23 0.00 0.1 0.00
4.5 0.24 0.00 0.1 0.00
5 0.24 0.00 0.1 0.00
5.5 0.24 0.00 0.1 0.00
6 0.24 0.00 0.1 0.00

RH | TEMPERATURE | PRESSURE | VELOCITY
(M) (K) (Pa) (mis)
0 474 747460 623
0.5 573 748157 618
1 1205 591475 5325
1.5 1107 463847 5981
2 1058 494388 6038
2.5 1123 489648 5656
3 1248 493142 4506
3.5 1707 491188 1531
4 1694 492182 1707
4.5 1674 496357 1841
5 1670 498044 1666

58




3" International Engineering Conference (IEC 2019)
Federal University of Technology, Minna, Nigeria

5.5 1672 492714 1561
6 1674 482522 1536
6.5 1680 475887 1522
7 1690 476792 1478
7.5 1704 482490 1427
8 1722 491093 1374
8.5 1744 503393 1302
9 1772 506586 1169
9.5 1736 497882 1142
10 1708 490784 1171
10.5 1708 487259 1134
11 1711 459866 1265
115 1711 323190 1806
12 1711 105834 2425
125 1711 17215 2606

Results from the tables above were further analyzed
using 2D plots for better interpretation.

The results from figure 7 below shows oxygen was
completely used up after reacting with carbon, also there
is a negligible amount of carbon monoxide after the
combustion. The result also showed the carbon monoxide
were mostly converted to carbon dioxide which confirms
it is a complete combustion (Sadeghbeigi, 2012).

The result also showed most of the carbon dioxide
were generated in the dense bed which is expected
because that is where most of the combustion take place.

0.40
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Figure 7: 2D Plot of Different Components Mass
Fractions at Different Regenerator Heights.

Figure 8 below shows a significant drop in carbon
content from dense bed where most of the combustion
reaction takes place. However, it can be observed that the
carbon content at the dilute phase is also high, this could
indicate there is a high flow of carbon content flowing out
with the flue gas.
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Figure 8: 2D Plot of Carbon Solid Mass Fractions at
Different Regenerator Heights.

Results from figure 9 shows a temperature increase in the
regenerated catalyst, this increase in temperature is a
major requirement for the cracking reaction in the riser
using the regenerated catalyst (Sadeghbeigi, 2012).

The result also shows more carbon dioxide is formed at
the same temperature where there is maximum coke
combustion. The result also showed as more carbon
burned there is a net release of energy which gives rise to
increase in temperature.
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Figure 9: 2D Plot of Components Mass Fraction at

Different Temperature.

Figure 10 below shows the different temperature
distributions at different heights of the regenerator, the
temperature increases at the point of mixing and
combustion of carbon with oxygen and remains almost the
same up to the top of the regenerator. This is expected as
most of the reactions inside the regenerator are
exothermic.
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Figure 10: 2D Plot of Temperature at Various
Regenerator Heights.

3.3 MODEL VALIDATION

The results of the flue gas outlet for the model were
validated by comparing them with analytical data and
literature data. The error margin of the carbon, carbon
monoxide and carbon dioxide mass fraction between
model data with analytical data is sufficient, also with
literature. Error from temperature, and pressure could be
as a result of different model assumptions and operational
data like hydraulic diameter.

The model data validation is shown below.

Parameter | Model | Analytical % | Literature
Data Data Erro
r (Sadeghbe
(Nazik et igi, 2012).
al 2015)
Temperatu 1711 1479 15 -
re (K)
Pressure 323 557 149 42 -
(Pa) 190
Velocity 1806 295.7 -
(m/s)
Carbon 0.23 0.23 0 <10%
Mass carbon
Fraction reduction
Carbonmo | 0.00 0.00 0 0.00
noxide
Mass
Fraction
Carbondio 0.10 0.13 23 | unspecifie
xide Mass d
Fraction
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4  CONCLUSION

The CFD simulation for the fluid catalytic cracking
regenerator has been done with data obtained from
Kaduna Refinery and Petrochemical Company Kaduna.
Ansys.15 CFD code was used for the simulation.

Results of simulation showed similarity with data found
from literature. The results also gave good results on
carbon conversion and temperature inside the regenerator.
The regenerated catalyst had an increase in temperature
which is needed for the cracking reaction in the riser.

Future work can be carried out on the model such as a
temperature variation to investigate the burning of carbon
and other operational bottlenecks such as catalyst attrition.
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ABSTRACT

Managing multiple stakeholders and maintaining an acceptable balance between their interests are crucial to
successful project delivery. Several factors impede the management of stakeholders for sustainable construction
projects. This study assessed 86 factors affecting stakeholder management which was sub grouped into 12 main
factors. The study employed the use of questionnaires. Data gotten was analysed using reliability analysis, Mean
Item Score and correlation matrix. The study found out that management, conflict and marginalization factors are
significant factors to be considered and improved upon in future construction projects.

Keywords: Construction, Factors, Management, Projects, Stakeholders

1 INTRODUCTION

Construction projects are traditionally divided into
series of operations undertaken by different individuals or
groups who may have different levels of interest in the
project (Heravi et al., 2015). Therefore, the process of
design and execution of construction projects constitutes a
complex system which involves collaboration and
negotiations among many stakeholders. Managing multiple
stakeholders and maintaining an acceptable balance
between their interests are crucial to successful project
delivery (Takim, 2009; Jurbe, 2014).

Disagreement among stakeholders during the
implementation of projects adversely affects the ability of
the management teams to deliver the construction project
within the time and allocated budget and expected degree
of quality. These disagreements are often caused by
inappropriate identification and management of the
different stakeholders involved (Olander and Landin,
2005).

Conflicting objectives among the project stakeholders
impede the achievement of best value in construction
projects (Aapaoja and Haapasalo 2014).). Karlsen (2002)
considered poor management of stakeholders to be a recipe
for potential and serious challenges that are often
associated with construction projects. These problems
include factors such as incessant change order in scope of
work, poor definition of work and scope, poor allocation of
scarce resources to projects, poor communication, conflicts
and controversies which are majorly the origin of delays
and attendant time and cost overruns.

Despite several contributions on management of
stakeholders in the construction industry, several studies
point towards critical success factors hence boycotting the
root problems that contribute to poor stakeholder
management (Jergeas et al., 2000; Chinyio and Akintoye,
2008; Olander and Landin, 2008; Yang et al., 2009; Jepsen
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and Eskerod, 2009; Li et al., 2011). Contributing factors
also appear limited in literature (Karlsen (2002), thereby
considering more in-depth studies to be done in this area as
stipulated by (Golder and Gawler, 2005).

Therefore a need arises to assess the factors that affect
stakeholder management on construction projects in
Nigeria.

2 METHODOLOGY

A Quantitative research approach was adopted for this
study. The scope of the study was limited to North Central
Nigeria and higher institutional construction projects were
the focal point of the study. Internal stakeholders within the
eight (8) sampled institutions in the study area were
selected wusing stratified and purposive sampling
techniques. 210 questionnaires were self-administered on
the respondents while 170 were returned giving an 81%
response rate which was very suitable for the study.

Data gotten for the study was analyzed using Mean
Item Score, reliability analysis and correlation matrix. The
results were discussed and conclusions were drawn for the
study.

3 RESULTS AND DISCUSSION

A reliability analysis was done to check the internal
consistency and reliability of the data. The Cronbach’s
Alpha coefficient of 0.70 (DeVellis, 2003) was used as the
indicator. Table 1 shows that the alpha value of 0.842 is
greater than 0.70 which suggest a very good internal
consistency reliability for the scale.

TABLE 1: RELIABILITY ANALYSIS

' Cronbach's
Cronbach's Alpha Alpha Based N of Items
0.836 0.842 10
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TABLE 2: FACTORS AFFECTING STAKEHOLDER
MANAGEMENT

TABLE 3: MANAGEMENT RELATED FACTORS

Table 2 showed the factors affecting stakeholder’s
management on construction projects. Management related
factors ranked first with a mean item score of 3.77,
followed by conflict management factors with a mean of
3.76. Next in line was communication factors and cost
factors with mean scores of 3.72 and 3.65 respectively.
This is in agreement with the findings of Aaltonen and
Kujala (2010) that conflicts have a resultant effect on
stakeholder management which affects the overall success
of a project. However marginalization factor ranked least
with a mean of 3.24. This particular factor adds
contribution to knowledge that agrees with Golder and
Gawler (2005) that gender is an important factor to be
considered in stakeholder management as this affects the
performance of a project.

The results in Table 3, 4 and 5 give a detailed
breakdown of the most significant factors that affect
stakeholder management which calls for attention for
future construction projects.
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Coding | Factors Mean std. Rank
Dev. Management Related Factors Mean | Rank

ocE | Management 377 | 067 1 Inadequate Planning, coordinating and
factors programming 392 | 1
Conflict lack of wide and deep knowledge /

COS | management 3.76 | 063 2 understanding of the concepts of
factors project and stakeholder management

COF Communication 3.72 0.61 3 by stakeholders 3.86 2
factors ]

MGF Cost factors 3.65 0.61 4 Poor feedback mechanism 3.77 3
Relationship Poor strategies to manage stakeholder

STE factors 3.65 0.67 5 responsibility 3.71 4
Contractual Lack of technical capacity and support

CMF factors 3.63 0.60 6 on the part of the stakeholders 3.69 5
Stakeholder .

STR requirements 3.61 | 061 7 stakeholder competencies 3.66 6
Organization

REF fac%c,rs 361 0.55 8 Decision making problems 3.66 7
Stakeholder

CTF Engagement 3.58 0.69 9 Difficulty in identifying stakeholders 3.50 8

MAR | Marginalization | 3.24 | 0.85 10 Lack of ability to understand the

implications of the project 3.55 9
non - existence of formal / systematic
process of project stakeholder

management 3.55 10
lack of knowledge about stakeholder
groups and their expertise 3.54 11

inability to clearly identify the attitudes
of stakeholders either positively or
negatively towards the project 3.53 12

The results in Table 3 showed the management
related factors that affect stakeholder management.
Inadequate planning, coordinating and programming, lack
of wide and deep knowledge / understanding of the
concepts of project and stakeholder management by
stakeholders, Poor feedback mechanism most affect
stakeholder management in management related factors
with a mean score of 3.92, 3.86 and 3.77
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TABLE 4: CONFLICT RELATED FACTORS

Conflict Related factors Mean | Rank

poor approaches in solving conflict and
controversies among stakeholders 3.86 1

poor implementation and non
adherence to conflict contract

condition by project stakeholders 3.84 2
Consequences of mismanagement of
stakeholders 3.67 3
different perceptions of the same issue

3.53 4
Analyzing conflicts and coalition
among stakeholders 3.33 5

The conflict related factors in Table 4 showed that
there are poor approaches in solving conflicts amongst
stakeholders which ranked 1% with a mean score of 3.86,
followed by poor implementation and non-adherence to
conflict contract condition by project stakeholders,
Consequences of mismanagement of stakeholders,
different perceptions of the same issue, and Analyzing
conflicts and coalition among stakeholders with mean
scores of 3.86, 3.84, 3.67, 3.53 and 3.33 respectively. The
findings agree with Olander and Landin (2005) and Jurbe
(2014) that disagreements amongst stakeholders can have
adverse effect on construction project as a whole.

TABLE 5: MARGINALIZED RELATED FACTORS

Marginalization Factors Mean | Rank
Poor incentives and benefits 3.73 1
influence of the stakeholders 3.52 2
Type of stakeholder (indigenous,

foreign, etc) 3.31 3
sensitivity of stakeholders 3.30 4
social and economic characteristics of

the stakeholder. 3.28 5
the position of the stakeholders in the

project 3.21 6
discrimination of gender 3.12 7
status of stakeholders 3.05 8
potentials of men and women in the

stakeholder group 3.05 9
gender inequalities 3.01 10
volume of allocation of task to men

and women 3.01 11
Gender differences 291 12

As seen in Table 5, poor incentives and benefits,
influence of the stakeholders, type of stakeholders,
sensitivity of stakeholders, ranked highest with mean
scores of 3.73, 3.52, 3.31 and 3.30 in that order. However,
volume of allocation of task to men and women, Gender
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differences ranked the least with mean scores of 3.01 and
2.91 respectively. These are new findings and are lacking
in the findings of Yogita (2016), hence call for
consideration for future projects.

TABLE 6: CORRELATION MATRIX OF FACTORS

Inter-1tem Correlation Matrix

M C C C R C S (6] S M
Factors G M (0] (0] E T T G T A

F F F S F F|R F E R
Mangem

0./ 0.l 0] 0] 0] 0] O0]0.

ent YWel| a| 3| 2| 2| 3| 2| 2]°?
factors
Conflict
manage 0. 0.0 0 0
ment 6 1 6 3 0.2
factors
Commu
S 0.| O. 0.| 0.] 0. 0] 0] 0
nication 1 0.1
factors 4 6 5 4 4 3 3| 3
Cost 0.| 0. | O 1 0.| 0. 0.|] 0.] 0. 0.2
factors 3 3 5 6 3 3 3 4 ’
Relation
. 0. 0. 0. 0. 0. 0. 0. | O
ship 2| 2| a| 6| Y| 6| a| a| 4|03
factors
conract | o | o f oo fo| ,fo]o]o|,,

2 3 4 3 6 7 41 3 ’
factors
Stakehol
der 0.1 0 0 0. 0 0. 1 0.| 0. 03
require 3 3 3 3| 4| 7 41 3
ments
Organix
ation 5 03 03 O?; AR Oé 04
factors
Stakehol
der 0./ 0. 0] 0] O] 0] 0] O 1|04
Engage 2 3 3 4 4 3 3 5 '
ment
Margina 0. 00| 0] 0| 0] O] 0]oO0 1
lization 2 2 1 2 3 3 3 4 4

Table 6 showed the correlation matrix of the variable
factors. 12 major factors were analyzed. From the result it
can be seen that the value of 1.0 is above 0.70 which was
used as the indicator. This implies that there is a strong
significant relation among the variables and that these
factors studied affect stakeholder management.

4  CONCLUSION

The study concluded that management related factors,
conflict, communication and cost factors have a significant
effect on the stakeholder management of construction
projects. However, a new contribution to knowledge is
being made on additional factor such as marginalization
factor which is lacking in other studies. These factors calls
for serious considerations for future construction projects.

In order to improve the management of stakeholders
on projects, the study recommended that a management
support group should be put in place to manage
stakeholders, adherence to conflicts contract conditions
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and consideration of gender in stakeholder analysis. These
will improve construction performance for future projects.

This study is part of a doctoral research and hence
further research in the aspect of developing a model that
will curb these factors assessed to enhance project success,
is in view. The researcher acknowledges the efforts of the
supervisory committee which contributed to the success of
this paper.
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ABSTRACT

This study investigated the effect of sawdust as partial replacement for Fine Aggregate in light weight concrete
production. Sawdust was used to replace Fine Aggregate from 0% to 40% in steps of 5%. 150 x 150 x 150mm concrete
cubes were cast for each replacement level, the concrete was cured and the compressive strengths were determined at
7, 21 and 28days curing period respectively. Increase in percentage of sawdust in concrete led to a constant reduction
in the compressive strength values with a corresponding reduction in weight. From the result obtained, 5% replacement
of Fine Aggregate with sawdust gave a maximum compressive strength 13.11 N/mm?2. It was however concluded that
the optimum replacement level of 5% can be used as plain concrete for blinding works.

Keywords: Bida, Compressive Strength, Light Weight Concrete, Sawdust

1. INTRODUCTION

The overall relevance of concrete in virtually all Civil
Engineering Practice and Building Construction
Works cannot be overemphasized (Adewuyi and
Adegoke, 2008). Concrete is a combination of cement,
aggregates and water, which are mixed in a right
proportion to arrive at the strength. The cement and
water react together chemically to form a paste, which
binds the aggregate particles together. The mixture
sets into a rock-like solid mass, which has
considerable compressive strength but little resistance
to tension (Agbede and Menessh, 2009). However, the
construction industry relies heavily on conventional
materials such as cement, granite and sand for the
production of concrete. The high and increasing cost
of these materials has greatly hindered the
development of shelter and other infrastructural
facilities in developing countries (Olutoge, 2010).
Scientists,
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Engineers and Technologists are continuously on the
lookout for new materials which can be used as
substitutes for conventional materials, especially
where their properties would enable their use in new
designs and innovative applications. There is also an
increasingly awareness of the need to re-use or recycle
waste. The growing concern of resource depletion and
global pollution has challenged many researchers and
engineers to seek and develop new materials relying
on renewable resources. These include the use of bye-
products and waste materials in building construction.
Many of these bye-products are used as aggregates for
the production of light weight concrete (Adewuyi and
Adegoke, 2008). The most widely used fine aggregate
for the making of concrete is the natural sand mined
from the river beds. However, the availability of river
sand for the preparation of concrete is becoming
scarce due to the excessive nonscientific methods of
mining from the river beds, lowering of water table
and sinking of the bridge piers among others, is
becoming common treats (Mageswari and Vidivelli,
2010). The Worldwide consumption of sand as fine
aggregate in concrete production is very high and
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several developing countries have encountered some
strain in the supply of natural sand in order to meet the
increasing needs of infrastructural development in
recent years (Divakar et al., 2012). Nonetheless,
accumulation of unmanaged wastes especially in
developing countries has resulted in an increasing
environmental concern. However, the increase in the
popularity of using environmental friendly, light
weight construction materials in building industry has
brought about the need to investigate how this can be
achieved by benefiting environment as well as
maintaining the material requirements affirmed in the
standards. Sawdust is an industrial waste in the timber

industry constitute a nuisance to both the health and
environment when not properly managed (Elinwa and
Abdulkadir, 2011). Wood sawdust wastes are
accumulated from the countries all over the world and
cause certain serious environmental problems and
health hazards. Generation of wood waste in sawmill
is an unavoidable hence a great efforts are made in the
utilization of such waste (Zziwal et al., 2006). Thus,
this research investigates the potential use of wood
sawdust wastes to produce a low cost and light weight
concrete for construction and engineering purpose.

2. MATERIALS AND METHOD
2.1 Sourcing of materials

The sawdust for this study was collected from a saw
mill point at Gidan Kwano, opposite Federal
University of Technology Minna, Niger State Nigeria.
The sample was carefully collected to avoid mixing
with the sand. The natural stones of maximum size of
20mm used as coarse aggregate were obtained from
Bida Niger state, Nigeria. Natural sand (having
smooth and more rounded particles) passing sieve
5mm used and was collected from a river bed at Gidan
Kwano road, Federal University of Technology
Minna, Niger State. For use in this concrete
production, it was ensured that the sand was clean,
sound and well graded according to requirement set by
BS812, 1990. Ordinary Portland cements (OPC)
conforming to BS12, 1996 was used.

Dangote was wused being the most widely
recommended material of its kind. Bags of the cement
were bought at a retail store in Minna, Niger State.
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The water which is used for mixing the materials was
obtained from a borehole at Gidan Kwano Campus
which confirmed to BS3148 (1980) requirements.
Therefore, the water is fit for drinking, free from
suspended particles and organic materials which might
affect hydration of cement.

2.2 Sample preparation

Prior to mixing of the concrete components, tests such
as specific gravity tests, moisture content, particle size
analysis, loose and compacted bulk density tests, water

absorption of aggregates were conducted on sand,
saw-dust and gravel. Fine aggregates, cement,
sawdust, and water were mixed to from a paste (on
which slump and compacting factor tests were
conducted) which used to fill the voids around the
coarse aggregates. A chemical process called
hydration occurred which transformed the semi- liquid
mass into a hard, strong engineering material. In this
investigation, sawdust was used as partial replacement
for the fine aggregate (sand). This work attempts to
establish that the mixture of cement, sand — sawdust
and gravel might have an equal advantage as the
standard mix of cement, sand and gravel. Both mixes
are in the proportion 1: 2: 4 (cement, fine aggregate
and coarse aggregate) respectively. Eighty one cubes
were cast with the same volume proportions. After
placing in 150 x 150x 150mm moulds, they were left
to set for 24 hours, and kept afterwards in a curing
tank. The cured samples were tested after 7, 21 and 28
days for compressive strengths in accordance with
BS1881, 1983.
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3.0 RESULTS AND DISCUSSION

Table 1: Physical properties of Constituent Materials

Properties Sawdust Sand Gravel

Loose bulk  density | 1.225 1.264 1.367

(g/cm?)

Compacted bulk Density | 1.414 1.415 1.488

(g/cm?)

Water content (%) 7.79 6.19 1.57

Water absorption (%) | 14.95 13.55 5.07

Specific gravity 1.37 2.66 2.17

- ) ) Sawdust and that of sand are relatively the same,

Specific gravity value of 1.37 place the sawdust in the which makes the two material complimentary. Saw
same category as lightweight aggregate while the dust was found to have a greater water content value
specific of the sand and the gravel place them in the than sand with the difference in the region of 0.19%.
category of common rock group whose gravities range This, thus, will cause a reduction in the workability of
from 2.62- 3.00 (Neville, 2000). However, the loose the fresh concrete.

and compacted bulk densities for both
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Figure 1: Particle Size Distribution Curve for Saw dust
It can be seen from the particle size distribution that

the sawdust can act as sand and even as minerals fillers
by virtue of the distribution.
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Table 2: Result of Compressive Strength Test

% 7 Days 21 Days 28 Days
Replacement Curing Curing Curing
0 15.69 21.82 26.27
5 9.20 12.58 13.11
10 6.31 5.73 7.4
15 4.09 5.20 5.42
20 2.98 4.13 5.40
25 2.76 3.02 3.24
30 2.40 2.76 2.93
35 2.09 2.31 2.53
40 1.60 2.13 2.22
It is seen from Table 2 that for control cube, the REFERENCES

compressive strength increased from 15.69N/mm? at
7days to 26.27N/mm? at 28 days (about 10.58%
increment). This is equivalent to grade 25 concrete that
has a specified value of 25N/mm? (BS 8110, 1997).
The 10% replacement sample gave a value of
7.4N/mm? at 28days which is equivalent to grade 7
concrete that has a value of 7N/mm? specified for plain
concrete. It could also be observed that the weight of
the cube reduced from 8.5kg for 0% replacement to
7.53kg for 10% replacement at 28 days, which is about
20% reduction in weight. This is evident that presence
of sawdust in concrete hinders strength development
of cement, thus causing decrease in the compressive
strength.

4. CONCLUSION

From the results of the physical and mechanical
property test conducted, it was concluded that sawdust
is a light weight aggregate which is in agreement with
the work of Mageswari amd Vidivelli (2010) and thus,
could be used as partial replacement for sand in plain
concrete for blinding work.

However, to achieve best result in the use of sawdust
in concrete production, optimum replacement level of
5% is recommended. It is also recommended that
further works should be conducted with varying wi/c
rations to determine the optimum.
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ABSTRACT

The study assessed the quality of three major selected cement brands in Nigeria, designated as A, B and C. The
chemical composition, standard consistence and setting time and compressive strength of the cement were
determined. The percentage compositions of the major oxides of the brands are within the ranges stipulated by
BS EN 196-2:1995. The mineral compositions indicated that Cs;S in A and B were within the stipulated range for
general purpose cement, but for C, CsS is higher than the stipulated limit. On the other hand, C5S of C brand fell
short of the limit. The percentage compositions of C3A and C4AF were within the stipulated range for the three
brands. The initial setting time of samples were between 80 and 100 minutes. The compressive strengths of the
cements were 22.6 N/mm?, 21.43 N/mm?, and 24.28 N/mm? at 7 days; and 35.84 N/mm?, 36.88 N/mm?, and
34.22 N/mm? at 28 days respectively, these satisfied the requirements for high early strength (> 16.0 N/mm? at 7
days) and for normal strength development (> 32.5 N/mm? and < 52.5 N/mm? at 28 days) classes of cement. The
early highest strength observed in C was attributed to high percentage composition of C3S. At 28 days, B had
highest strength due to the significant high percentage composition of C,S which was responsible for high
strength at later age. Hence, this study established that the three brands are suitable for use in normal

construction works as they relatively comply with the relevant standards.

Keywords: Compressive strength, mineral composition, ordinary Portland cement, quality assessment.

1 INTRODUCTION

Concrete is an indispensable construction material and
employed in most infrastructure such as buildings and
roads (Cao, 2012). Cement is one of the major basic
constituents of concrete, others are aggregates and water;
it acts as a hydraulic binder in concrete. Cement chemistry
dictates the chemistry of concrete and influences the
quality of the concrete so produced with it (Taylor, 1997;
Olonade et al.,, 2015). The use of concrete in the
construction industry is widespread. Nigeria has been
witnessing massive infrastructural development in the
recent years where a lot of housing projects are springing
up with concrete structures. Despite this development,
many concrete structures have suffered from lack of
durability and have exhibited signs of distress even
though they are within their design life (Gambhir, 2013).

Structural failure remains challenging in our society
today, several efforts have been made in ensuring that
these failures are minimized. In recent years, Nigeria has
witnessed frequent cases of collapsed building; several
cases of such collapses are being recorded in many parts
of the country claiming several lives (Adegoroye, 2010;
Adewole et al.,, 2014). Omoniyi and Okunola (2015)
avered that the use of poor materials is the leading cause
of frequent collapse of buildings in Nigeria. However,
since cement is a major constituent in in concrete or
reinforced concrete (RC) for building construction and the
major role played by cement in ensuring structural
integrity of a building marks it out as the first culprit in
building collapse.
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One of the most important considerations to make
before embarking on the construction of a building is the
cement that would be used; the commonest type of
cement used across the world is Portland cement
(Omoniyi and Okunola, 2015). The primary reason for its
global use is its composition and essential characteristics
in the setting and hardening of the concrete, durability
when dry, fire-proof nature, effective protection of iron or
timber structures, ability to prevent corrosion, its use in
ships, tanks and bunkers. About 90 - 95% of Portland
cement is composed of four main cement minerals,
tricalcium  silicate (C3S), dicalcium silicate (C,S),
tricalcium  aluminate  (C3A) and tetracalcium
aluminoferrite (C4AF) with each of them playing different
roles in the hydration process that converts the dry cement
into hardened cement paste (Tennis and Bhatty, 2005).
About 5 — 10% of the remaining compositions are calcium
sulphate, alkali sulphates, unreacted calcium oxide,
magnesium oxide and other minor constituents left over
during the clinkering and grinding steps (Taylor, 1997;
Omoniyi and Okunola, 2015).

Olonade et al. (2015) averred that the quality of
cement may differ from plant to plant due to changes in
raw material properties, kiln temperatures, as well as
fineness upon grinding. These changes can significantly
affect the concrete properties, when different cements are
used. The quality information presently available on the
bag of different brands of cement as given by the
producers is not adequate to enable an assessment of the
behaviour of cement in a concrete mix. For instance,
setting behaviour of the cement is not highlighted on the
container of these cements. Recently, poor quality of
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cement has been implicated as one of the major causes of
incessant building collapses in Nigeria (The Nation
Newspaper, 2014). The need for regular sampling and
testing of cement becomes imperative. Hence, research in
this direction is not only timely but may also serve as a
basis for many contractors to select appropriate cement
for their construction works. Therefore, the present study
aims at assessing the quality of three major selected
cement brands in Nigeria by determining the chemical
composition of the locally produced cement brands; the
physical properties of the cement; and the compressive
strength of the cement.

2  METHODOLOGY

2.1 MATERIALS

The materials used in achieving the objective of the
study include potable water which was gotten from the
Civil Engineering Department, Federal University of
Technology, Minna. The water satisfied the requirement
outlined in BS EN 1008:2002 being colourless, odourless,
tasteless and free from organic matter of any type. The
fine aggregates used was river sand obtained from Minna.
It was sieved through 5 mm sieve to take away any
impurities and larger size aggregates in accordance to BS
882:1992. The three brands of Portland cement were
chosen and used based on availability and popularity,
these brands were designated as A, B and C samples
respectively. A bag of each of these cement brands was
collected from the retail shops of the cement dealers
around Minna, Niger State. This was to ensure that the
sample used is true representative of what most
construction sites use.

2.2 SAMPLE PREPARATIONS

2.2.1 Chemical composition of the cements

The cement samples were analysed to determine the
oxide composition of the cements. This was conducted at
the Chemistry Laboratory, Ahmadu Bello University,
Zaria, Kaduna State. The mineral compositions were
determined using X-Supreme 8000, an innovative X-Ray
Fluorescence analytical solution from Oxford Instruments.
The mineral compositions of the cement products were
evaluated from the oxide concentrations of the cement
using Bogue’s equation in accordance with ASTM C 150
as follows:

C48 = (4.071x % Ca0) — (7.600x % Si0, ) -
(6.718x % Al,05) —(1430x % Fe,05) (1)
~(2.852x%S0;)

C»S=(2.867x%Si0,) - (0.7544x % C5 ) (2)
C3A = (2650 % Al,05) = (1.692 x % Fe,05) 3)
C4AF =3.043x % Fe, 04 4
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When performing chemical analyses of Portland
cement, relationship existing between the percentage of
lime on one hand and the combination of silica, alumina
and iron oxide on the other are expressed in terms of Lime
Saturation Factor (LSF), Silica Ratio (SR) and Alumina to
Iron ratio (AF). These parameters were calculated from
oxide concentrations using (Sam et al., 2013; Alemayehu
and Sahu, 2013; Omoniyi and Okunola, 2015):

100(Ca0 +0.75MgO)

LSF = ®)]
2.858i02 +1.18AI203 +0.65Fe, 04
SiO2
SR=—— % (6)
AI203 + Fe203
AR — AI203 -
Fe203

2.2.2 Standard consistence of cement paste

The consistence test of the cement paste was carried
out according to BS EN 193-3:2005. 400g of cement
sample was weighed and spread out on a steel plate for
about 30 minutes to cool to the temperature of the mixing
room (27+5°C). 30% water content of the mass of dry
cement was added as a start. The mixture was mixed for
4+0.25 minutes by using a trowel to give a paste and was
immediately transferred into the mould laying on the steel
plate. The top of the mould was smoothened off as
quickly as possible with the aid of the trowel. The mould
and paste were placed under the plunger in the vicat
apparatus and the plunger lowered gently to contact the
surface of the paste. This material was released quickly
and allowed to sink into the paste. The scale reading of
the vicat apparatus was noted after 1 minute and recorded.
If the plunger penetrates to a point 5 to 7 mm above the
bottom of the mould, the water-cement ratio is taken as
the consistency, if not, a new water-cement ratio is taken
and the procedure repeated. The standard cement paste
was obtained using:

) Water consumed x 100
Percentage consistency = 8

Weight of the cement sample

2.2.2 Compressive strength test

Mortar was prepared from each sample in the ratio of
1:3 (cement:standard sand) with a water/cement ratio of
0.4 in accordance with BS 4550-3.4:1978 specification.
The mixtures were cast into 70.7 mm x 70.7 mm x 70.7
mm moulds and puddled for 27 times per specimen with a
puddling rod and the demoulded after 24 hours and were
marked for identification. This material was then
immersed in clean water for curing and later removed for
crushing after a 7, 14 and 28 days respectively. The
specimens were tested in accordance with BS EN 12390-
3:2009. The compressive strength was determined using
universal testing machine at the Department of Civil
Engineering, Federal University of Technology, Minna.
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3  RESULTS AND DISCUSSION

3.1 CHEMICAL COMPOSITION

The percentage oxide composition of the selected
brands of Portland cement determined by X-ray
fluorescence (XRF) spectrometry technique is presented
in Table 1. The results of the major oxide contents were
comparatively analysed against the compositional ranges
stipulated by BS EN 196-2:1995.

TABLE 1: CHEMICAL COMPOSITION OF THE SELECTED

compositions. Though the equation does not give the
exact mineral composition but it is still considered as
approximate representation of the mineral composition
and usually the values are quite close (Shetty, 2009;
Faleye et al., 2009; Sam et al., 2013; Omoniyi and
Okunola, 2015; Olonade et al., 2015; Aitcin, 2016). The
results obtained for the samples are presented in Table 2.

TABLE 2: MINERAL PERCENTAGE COMPOSITION

CEMENT BRANDS
Element A B C BS EN 196-2:1995
CaO 6527 6441 66.03 61.0-69.0
Si0; 20.68 22.14 1943 18.0-24.0
ALOs 5.54 496 582 26— 8.0
Fe; 05 291 2.87  2.69 1.5-170
MgO 1.06 1.23 2.07 0.5-40
Na;O 0 0 0 -
K20 0.6 0.67 0.24 0.2-1.0
SO; 223 2.16  2.88 02-4.0
P»0:s 0.09 0.09 035 -
TiO; 0.24 0.25 0.35 -
Mn,O; 0.04 0.04 0.18 -
Cr203 0.01 0.01 0.02 -
Zn0O 0 0 0.01 -
SrO 0.56 046  0.04 -

Mineral A B C ACI 225R-99
parameter
CsS (%) 60.81 50.36 69.98 40-63
CaS (%) 13.42 25.48 291 9-31
GC:A (%) 9.76 8.29 10.87 6-14
C4AF (%) 8.86 8.73 8.19 5-13
Total 92.84 92.87 91.95

The percentage compositions of CaO, SiO,, ALOs,
Fe,03, MgO, K,O and SOj; in the three brands are all
within the stipulated BS EN 196-2:1995 specification.
The chemical analysis also indicated the presence of other
minor oxides such as Na,O, P,0Os, TiO,, Mn,0;, Cr;03,
Zn0O, and SrO. Aitcin (2016) stated that the term minor
indicates only that their percentage is not very high but if
in high concentration may have significant influence on
the cement properties. The results of the major oxide
compositions are similar to that obtained by Olonade et al.
(2015) and Omoniyi and Okunola (2015) which were
found to be within the stipulated range given same
standard. The percentage mineral composition of the
cement was evaluated from the oxide concentrations using
Bogue’s equation; the standardized Bogue’s equations
given in ASTM C 150 were used to compute the mineral
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The percentage composition of C;S (tricalcium
silicate) in the cement samples A, B and C studied are
60.81, 50.36 and 69.98 % respectively. According to ACI
(1999), this compound exists in clinker in the impure form
known as alite. Alite is extremely complex and may take
on six or seven crystal forms and contain the elements
sulfur (S), sodium (Na), potassium (K), iron (Fe),
magnesium (Mg), and fluorine (F) in addition as trace
elements. The result showed that C3;S values for A and B
are within the 40 — 63% limit as stated in ACI 225R-
99:1999 for general purpose cement. However, C3S values
for C is higher than the stipulated range. Omoniyi and
Okunola (2015) avered that the hydration of CsS is
responsible for most of cement pastes strength,
particularly at early times.

On the other hand, the percentage composition of
dicalcium silicate (C»S) in A, B and C were 13.42, 25.48
and 2.91% respectively. The value of C,S for A and B are
within the limit as stated in ACI 225R-99:1999 for
general purpose cement while that of the C falls short of
the limit. C,S exists as belite with at least five crystal
forms; the different forms of belite, unlike those of alite,
differ greatly in performance (ACI 225R-99, 1999). The
compound has a very stable crystal structure that is
completely unreactive in water, and an excess of it
introduces impurities in cement compared to C3S (Taylor,
1997). Cs,S contributes slightly to strength at ages as early
as 1 or 2 days and significantly to 28-day strength. Tran
(2007) stated that C3;S and C,S react to form calcium
silicate hydrate gel (C-S-H = CaO-SiO,'4H,0) when
cement mixes with water, which is primarily responsible
for strength development.

The study also showed that tricalcium aluminate (C3A)
percentage compositions in A, B, and C were 9.76, 8.29,
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and 10.87% respectively. These values were within the
ACI 225R-99:1999 specification for general purpose
cement. C3A is largely responsible for setting of concrete
and the degree of heat generated within in the first few
days and may cause premature stiffening without
significant strength development (ACI 225R-99, 1999).
The hydration of C3A occurs very quickly to produce
calcium aluminate hydrate (C-A-H), which in return can
lead to rapid heat of hydration; the process consumes
water quickly and can often lead to flash set, which is
undesirable (Tran, 2007). Omoniyi and Okunola (2015)
expressed that Cs;A, in the presence of sulphate ions, can
harm concrete, by participating in expansive reactions that
can leadto stress and cracking.

Moreover, the percentage compositions of
tetracalcium aluminoferrite (C4AF) in A, B, and C were
8.86, 8.73, and 8.19% respectively. The obtained values
were within the ACI 225R-99:1999 specification for
general purpose cement. Though CsAF makes a smaller
contribution to the strength of Portland cement when
compared to other mineral; it is present because it
facilitates burning of the cement clinker and formation of
the strength-producing silicates (ACI 225R-99, 1999;
Olonade et al., 2015). C4AF reacts very similar to C3A
except it produces less heat of hydration and does not
cause premature stiffening (Tran, 2007).

The relationship existing between the percentage of
lime on the one hand and the combination of silica,
alumina and iron oxide on the other are expressed in terms
of Lime Saturation Factor (LSF), Silica Ratio (SR) and
Alumina to Iron ratio (AF). Each of these parameters also
influences performance of cement in a way and is often
used for control purposes (Alemayehu and Sahu, 2013;
Abdula and Khailany, 2015). The calculated LSF, SR and
AR are presented in Table 3.

TABLE 3: CALCULATED LSF, SR AND AR

Control A B C Abdula and
parameter Khailany
(2015);
Winter (2019)
LSF 99.43 93.59 107.04 90 —-98
SR 245 283 2.28 2-3
AR 1.90 1.73 2.16 1.3-25

A is within the range recommended by Abdula and
Khailany (2015) and Winter (2019) while that of B is
slightly higher and value for C is significantly higher than
the range. C might have surplus free lime that could not
combine with other constituents as indicated by their LSF
values being greater than 100%.

The values of SR (also known as the Silica Modulus)
obtained were 2.45, 2.83, and 2.28 for A, B, and C
respectively (Table 4.3). The normal range of Silica Ratio
(SR) was recommended to be between 2 and 3 (Abdula
and Khailany, 2015; Winter, 2019). The effect of the SR
is that if the SR value is less than 2, the burning process
becomes very easy although excessive liquid phase and
low strength cement will occur. However, if the SR value
reaches up to 3, the burning become very difficult and the
high strength cement is obtained. If the SR exceeds 3,
then no clinkerization process occurs at all (Taylor, 1997).
The SR values for all the samples are within the
acceptable 2 — 3 range recommended by Abdula and
Khailany (2015) and Winter (2019).

The values of AR obtained are 1.90, 1.73, and 2.16
for A, B, and C respectively (Table 3). The AR is used to
determine ratio of aluminum oxide to ferric oxide (Al,Os/
Fe;0;3). AR acceptable range is between 1.3 and 2.5
(Abdula and Khailany, 2015; Winter, 2019). The effect of
the AF is that if the obtained value is greater than 2.5, it
indicates an occurrence of high early strength, but if it is
less than 1.3, then this leads to low early strength and low
heat of hydration (Taylor, 1997, Abdula and Khailany,
2015). The AR values for all samples are within the
acceptable range.

3.2 SETTING TIME AND STANDARD
CONSISTENCE

Consistency of a concrete mix for a given mixture
design is important to achieving uniformity. The initial
setting time of the three samples lies in the range of 80 —
100 minutes while the final setting time occurs between
190 — 260 minutes as shown in Table 4.

TABLE 4: SETTING TIME AND STANDARD CONSISTENCE

LSF = Lime saturation factor, AR = Alumina ratio, SR =
Silica ratio

The LSF controls the ratio of alite (Cs;S) to belite
(C2S) in the clinker. A clinker with a higher LSF will have
a higher proportion of alite to belite than will a clinker
with a low LSF (Winter, 2019). In other word, it is the
ratio of the actual amount of lime to the theoretical lime
required by the other major oxides in the clinker; when
LSF > 100 % the ordinary clinker will always contain
some free lime (Alemayehu and Sahu, 2013). The LSF of
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Cement Initial Final Standard
Sample Setting Setting Consistence
Time (mins) Time (mins) (%)
A 80 265 30
B 100 240 35
C 90 220 31

According to EN 197 -1:2011 standards requirements,
initial setting time should be higher than 60 minutes. The
differences observed in setting times may be as a result of
the selective hydration of C3A and CsS in the samples.
The influence of C3S and C3A on setting and hardening of
fresh concrete is very crucial; an increase in the C3S and
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C;3A in cement could result into a rapid hardening. C;S is
significantly attributed to early setting and hardening as
well, C3A imposes the formation of AFt phases at fresh
state, leading to a rapid hardening of Portland cement
(Hewlett, 2004; Kim et al., 2016). Thus, the three samples
of cement are within the limits stated. However, no value
is specified for final setting time in EN standards but
Bundoo (2014) suggested that final setting times should
be less than 600 minutes. The standard consistence of the
samples A, B and C are 30%, 35% and 31% respectively
(Table 5). B would likely require more water to obtain
consistence mix than others for having highest standard
consistency value of 35% followed by C (31%) and then
A (30%). The can be explained as the CsS (tricalcium
silicate) of B is lower than that of A and C which might
exhibit lower heat of hydration compared to using A and
C.

3.3 COMPRESSIVE STRENGTH

Cement quality is typically assessed by its
compressive strength development in mortar and concrete;
this is important as it commonly represents the overall
quality of cements (Alemayehu and Sahu, 2013; Broni-
Bediako et al., 2015). The compressive strength of the
cements was determined at different curing ages of 7, 14,
and 28 days as shown in Figure 1.
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Figure 1: Rate of Strength Development for Various Cement Brands

At 7 days curing age with water cement (w/c) ratio of
0.4, the compressive strength of A, B, and C were 22.6
N/mm?, 21.43 N/mm?, and 24.28 N/mm? respectively.
The compressive strength of A, B, and C at 14 days are
28.40 N/mm? 2896 N/mm? and 2821 N/mm?
respectively. The compressive strength of A, B, and C at
28 days are 35.84 N/mm?, 36.88 N/mm?, and 34.22
N/mm? respectively. These satisfied the requirements for
high early strength (> 16.0 N/mm? at 7 days) and normal
strength development (> 32.5 N/mm? and < 52.5 N/mm?
at 28 days) classes of cement as stipulated by EN 197 -1.
The strength characteristics of the cement are as a result
of different cement mineral compositions. CsS, C,S, and
Cs;A are the principal strength-producing phases in
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Portland cement but the two calcium silicate minerals,
CsS and C;S, are largely responsible for the early strength
development and the long-term structural and durability
properties of hydrated cement (Taylor, 1997; ACI, 1999;
Olonade et al., 2015).

The proportions of these can be varied in the
manufacturing process and can change both the early
strength characteristics and the long-term strength;
increasing the proportion of C;S increases strength at ages
from 10 to 20 h through 28 days. On the other hand, C,S
contributes slightly to strength at ages as early as 1 or 2
days and significantly to 28-day strength. Its major effect
is to increase later age strengths (ACI 225R-99, 1999).
The long-term strength contributions of C,S are dependent
on extended availability of moisture. In the meantime,
C3A contributes principally to strength at 24 h or less, and
C4AF makes a smaller contribution to the strength of
Portland cement. It is present because it facilitates burning
of the cement clinker and formation of the strength-
producing silicates.

The result indicates that at 7 days, C has the highest
compressive strength (24.28 N/mm?) followed by A (22.6
N/mm?) while B (21.43 N/mm?) has the lowest, this result
can be justified be the amount of CsS present in each
sample (brand) meaning that increasing the proportion of
CsS increases strength at ages from 10 to 20 h through 28
days. As the curing age increased to 14, it was observed
that the strengths of the three brands are close meaning
that the amount of C,S is higher in A and B leveraging the
effect of CsS at later age; CsS increase later age strengths.
At 28 days, the effects of C,S was significant that B
exhibited higher strength but was at earlier age 7 days had
lowest strength.

4 CONCLUSION

The quality of three most commonly used cements in
construction industries in Nigeria was assessed based
mineral compositions, setting time and standard
consistence, and compressive strength. Based on the
outcome of the results, it is concluded that the percentage
compositions of the major oxides are within the stipulated
BS EN 196-2:1995 specification; the mineral
compositions of the cements satisfied the requirements
except that the tricalcium silicate (C3S) and dicalcium
silicate (C,S) in C are at variance with the standard; and
the control parameters of the cements are within
acceptable range, though the LSF of C was significantly
higher than the range leading to excess free lime.

The initial setting time of the three samples were
between 80 minutes and 100 minutes which satisfied the
specification given by EN 197 -1:2011standard; sample B
had the highest standard consistence value which would
likely require more water to obtain consistence mix than
the other two brands, this was as a result of the low C;S
which might exhibit lower heat of hydration compared to
A and B samples. The compressive strengths of the
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cements were 22.6 N/mm?, 21.43 N/mm? and 24.28
N/mm? at 7 days and 35.84 N/mm?, 36.88 N/mm?, and
34.22 N/mm?2 at 28 days, these satisfied the requirements
for high early strength (> 16.0 N/mm? at 7 days) and for
normal strength development (> 32.5 N/mm? and < 52.5
N/mm? at 28 days) classes of cement as stipulated by EN
197 -1:2011.

Hence, it is recommended that for rapid hardening
requirements such as in repair works and in cold weather
environments, sample C is recommended due to higher
percentage composition of C3S and Cs;A which are
responsible for rapid early setting and hardening. For
large concrete work such as earth dam and where low rate
of hardening is required such as hot weather, sample B is
recommended due to its lower percentage compositions of
CsS and C3A which are responsible for rapid early setting
and hardening and with higher C,S which is responsible
for later age strength. It is therefore recommended that

government agencies/parastatals such as Standard
Organisation of Nigeria and Nigerian Building and Road
Research Institute (NBRRI) implement effective

monitoring policies to control standard.

A conclusion should review the main points of the
paper and should state concisely the most important
propositions of the paper. It should state the author’s
views of the practical implications of the results.in
addition to the deductions that can be made from the
results. Do not replicate the abstract as the conclusion. A
conclusion might also elaborate on the importance of the
work or suggest applications and extensions.
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ABSTRACT

Concrete is a very variable composite since its material composition bear different properties depending on their
sources. This therefore makes mix design a laborious task. Design of concrete mixes using codes from different
countries are being done which results into several trials before acceptable mix compositions are arrived at. This
problem can be averted if tabular data and charts are developed from experimental data using our locally
available materials. In this study several mix ratios were considered with modification. Eventually the mix that
gave reasonable workability are 1:2:3, 1:2:4 and 1:2.5:4 with varying amount of w/c ratio of 0.5, 0.6, and 0.7
respectively. The physical properties of the aggregates were carried out to enable the computation of the mix
constituents. The slump and compressive strength of concrete were determined at 7 and 28 days respectively
after curing. Test result showed that, the compressive strengths at 7 days ranges from 11.35 N/mm? to 20.68
N/mm? and 28 days ranges from 14.76 N/mm? to 25.08 N/mm?”. The graphical data produced is capable of

conducting mix design of normal weight concrete.

Keywords: Aggregate, concrete, experiment, mix design.

1 INTRODUCTION

Concrete is one of the most important, versatile and
widely used construction materials worldwide; it is
extensively used in buildings, bridges, roads and dams
(Kalgal, 2019). Concrete is a composite material basically
comprising cement, fine aggregate, coarse aggregate,
water in a required proportion. The mixture (a workable
paste) when placed in forms and allowed to set, gradually
hardens over time and this hardening is caused by the
chemical reaction between the water and the cement
which results to concrete getting stronger with age
(Amsterdam, 2000). The strength, durability and other
characteristics of concrete among other things depends
upon the constituent materials, proportion of mix, method
of compaction and controls during placing (Shetty, 2009;
Somayaji, 2000).

Remarkably, the constituent materials of the concrete,
most especially the aggregates, are more often than not
locally sourced which may invariably fail to satisfy the
requirements of the commonly used British and American
Standards and be apparently considered unacceptable. In
this context, Gifford and Partners (1997) described local
materials as aggregates, cement or water which may be at
variance with the commonly used standards. They further
explained that these materials can often be used to make
good concrete provided due care is taken with the mix
proportioning and production. This indicates that nature of
the constituent materials is a crucial factor when
considering mix design in order to achieve good
properties of concrete (Mindess et al., 2003).

Moreover, the aggregates used in normal weight
concrete in most developing countries including Nigeria
are mostly natural aggregates (sand and gravel) which
come into being as a result of weathering, water
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transportation, sorting, and stacking as well as other types
of natural conditions (Zhang, 2011; Adewole et al., 2015).
Due to different sources with respect to geographic
locations, the aggregates may exhibit different physical,
chemical and mechanical properties different from
aggregates used in the regions where those standards
emanated from. The incessant collapse of building in
Nigeria and elsewhere resulting to loss of lives and
properties is at large blamed upon lack of adherence to
material specification/poor building material specification,
and poor concrete mix ratio (Adewole et al., 2015;
Kolawole, 2018). However, this situation can be curtailed
if proper and suitable mix design is considered in the
production of concrete production. Obtaining a good mix
design using the local materials requires adjusting the
commonly used standards before workable mixes can be
achieved. Hence, mix proportioning adjustment is
imperative so that structural failure could be avoided or
minimised. Therefore, this study is aimed at developing a
mix design guide for the appropriate mix ratios for normal
weight concrete structures using locally available
materials in Nigeria.

2  METHODOLOGY

2.1 MATERIALS

The materials used in the study were water, cement,
fine and coarse aggregates. The fine aggregate was natural
river sand gotten in Minna, Nigeria which was sieved
through 5 mm sieve according to BS 882:1992. The
coarse aggregate was gravel from a local Quarry in Minna
and was sieved through 20 mm sieve. The physical
properties of the aggregates such as particle size
distribution, specific gravity, bulk density, moisture
content and water absorption were determined in
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accordance with BS 812:1995. The water used was
potable water of drinkable quality which was obtained
from the Civil Engineering Laboratory, Federal University
of Technology, Minna, and considered to satisfy the
requirements of BS EN 1008:2002. The cement used was
Dangote ordinary Portland cement (42.5N) with specific
gravity of 3.15. The fineness modulus, coefficient of
uniformity C, and coefficient of curvature C. were
evaluated from the sieve analysis using the following
equations (Oyedepo, 2016):

D
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where Do is the particle diameter at 60% passing, D3o
is the particle diameter at 30% passing, and Djo is the
particle diameter at 10% passing.

PREPARATION OF SAMPLES

The mix design was conducted using absolute volume
method. Several mixes were considered and workable
mixes were identified. The mixes used in the work were
1:2:3, 1:2:4, and 1:2.5:4 at different water-cement (w/c)
ratio of 0.5, 0.6, and 0.7. The constituent materials
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computed were used to produce the require batch
quantities in accordance with BS 1881-125, 2013. Slump
test was conducted on the fresh concrete mixes in
accordance with BS EN 12350-2:2009. Cast mould of 150
mm x 150 mm x 150 mm dimension was used for the
production of the concrete cube samples. The mixing,
casting, curing and crushing of the concrete were done in
Civil Engineering Laboratory, Federal University of
Technology, Minna. The samples were cured for 7 days
and 28 days respectively, and compressive strength of the
concrete cubes was tested according to BS EN 12390-
3:2009.

3  RESULTS AND DISCUSSION

3.1 PROPERTIES OF THE MATERIALS

3.1.1  Particle Size Distribution of the Aggregates

The gradation of the aggregates (coarse and fine) as
determined by the sieve analysis is shown in Figure 1.
The results of the sieve analysis of fine aggregate are
shown in Table 1 as capered with British and American
Standards. The fineness modulus, coefficient of
uniformity C, and coefficient of curvature C. were
evaluated from the sieve analysis to adjudge the
fineness/coarseness of the sand.

-9 T 1
10 100

Sieve zize(mm)

—+—Finz azgragat=

—+— Cparse agzresate

Figure 1: Particle size distribution of the aggregates
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TABLE 1: SIEVE ANALYSIS OF FINE AGGREGATE COMPARED WITH BRITISH AND AMERICAN STANDARDS

Sieve size (mm) Sand ASTM C 33/C33M -8 BS 882:1992
(mass passing (%)) C M F

10.00 100 100 100 100 100
5.00 98.37 95 -100 89-100 89 -100 89-100
2.36 76.26 80— 100 60 - 100 65-100 80 -100
1.18 26.28 50 -85 30-90 45-100 70 - 100
0.60 8.54 25-60 15-54 25-80 55-100
0.30 2.75 5-30 5-40 5-48 5-70
0.15 0.6 0-10 0-15 0-15 0-15

C — coarse sand, M — medium sand, and F — fine sand

The Nigerian commonly used local fine aggregate
barely meets the requirements of ASTM C 33/C 33M —

8 and BS 882:1992 standards, and is classified as “C”
(coarse sand). The fineness modulus (FM) of the fine
aggregate is 3.87 indicating that the average aggregate
size is in between 0.6 mm and 1.18 mm corresponding to
the 3rd sieve and 4th sieve respectively. The coefficient of
uniformity C, and coefficient of curvature C. of the fine
aggregate were found to be 2.92 and 1.05 respectively.
However, the sand is considered to be poorly graded as it
fails to satisfy Cy > 6 and 1 < C. < 3 conditions (Holtz et
al. 2010) and 2.3 < FM < 3.1 grading requirements
(ASTM C 33/C 33M — ). On the other hand, the C,
and C. of the coarse aggregate were found to be 1.58 and
1.12 respectively; in the same vein, the gravel is poorly
graded having failed to satisfy C, >4 and 1 <C, < 3.

3.1.2  Physical and mechanical properties

The results of the specific gravity, bulk density
moisture content, and water absorption of the materials
are presented in Tables 2 and 3. The specific gravities of
the fine aggregate, coarse aggregate and cement were 2.7,
2.85 and 3.16; both aggregates satisfied the acceptable
limits of natural aggregate range. The bulk densities of the
materials are within the range suggested in the literature
and the ratios of loose (uncompacted) bulk density to
compacted bulk density of fine and coarse aggregates are
0.92 and 0.87 respectively, the values are within the range
0.87 to 0.96 suggested by Neville (2012). Thus, the
materials (aggregates) are suitable for the production of
concrete. In addition, the moisture content and water
absorption of the aggregates are within the acceptable
range.
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TABLE 2 SPECIFIC GRAVITY AND BULK DENSITY

Aggregate Specific Zhang Bulk Zhang
gravity (2011) density (2011)
(kg/m?)  (kg/m3)
Fine 2.7 26-28 18659 1450-1700
Coarse 2.85 26-29 17317 1400-1700

TABLE 3 MOISTURE CONTENT AND WATER ABSORPTION

Aggregate Moisture ACI Water ACI
content  (2007) absorption (2007)
(%) (%) (%) (%)
Fine 0.4 0-10 22.45 10-20
Coarse 1.7 02-2 0.65 0-4

3.2 WORKABILITY OF THE FRESH CONCRETE

All mixes were tested for workability using the slump
test and the results are presented in Table 4. The slump
was 70 mm, 85 mm, and 100 mm at mix proportion of
1:2:3 for w/c 0.5, 0.6, and 0.7 respectively; 75 mm, 95
mm, and 110 mm at mix proportion of 1:2:4 for w/c 0.5,
0.6, and 0.7 respectively; and 85 mm, 100 mm, and 120
mm at mix proportion of 1:2.5:4 for w/c 0.5, 0.6, and 0.7
respectively. A similar pattern of slump was observed as it
increases with an increase in w/c ratio from 0.5 to 0.7 for
all the mixes.
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TABLE 4 SLUMP OF THE CONCRETE

Mix ratio Water/cement Slump (mm)
(w/c) ratio

1:2:3 0.5 70
0.6 85

0.7 100

1:2:4 0.5 75
0.6 95

0.7 110

2:2.54 0.5 85
0.6 100

0.7 120

It was also observed that the slump increases as mix
proportion changes from 1:2:3 to 1:2:4 and further
increases at 1:2.5:4. Bhatt et al. (2006) classified slump as
very low workability (< 25mm), low workability (25 — 50
mm), medium workability (50 — 100 mm), and high
workability (100 —175 mm). The slump values obtained
fall is in the category of medium to high workability from
70 mm to 120 mm. The obtained slump is suitable for
normal weight concrete as this requires fresh concrete of
medium workability (Bhatt et al., 2006).

3.3 CHARACTERISTIC STRENGTH

The compressive strength is a major parameter for the
structure design and the indicator for the quality
assessment of concrete (Zhang, 2011; Broni-Bediako et
al., 2015). The compressive strength of the concrete was
determined at curing ages of 7 and 28 days for all the
mixes as shown in Figure 2. The maximum strength
obtained at 7 days curing age with various mix
proportions is 20.68 N/mm? (1:2:3), 21.54 N/mm? (1:2:4),
and 20.50 N/mm? (1:2.5:4). At 28 days, the maximum
compressive strength is 25.08 N/mm? (1:2:3), 22.07
N/mm? (1:2:4), and 18.19 N/mm? (1:2.5:4). The mix 1:2:3
has the maximum compressive strength 25.08 N/mm? of
all mixes at 28 days and w/c ratio of 0.5.

The comprehensive strength increases for all the mixes
as the curing age from increased 7ays to 28 days. In
contrast, the strength exhibited a downward shift as the
mix proportion changed from 1:2:3 to 1:2:4 and further at
1:2.5:4. It was further observed that the strength of all the
mixes decreases with increase in w/c ratio indicating that
more water in the concrete weakens it. It is clear that the
use of a lower w/c ratio of 0.5 in the samples was more
effective in terms of strength than a higher w/c ratio of 0.6
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and 0.7; this could be attributed to relatively low moisture
content and water absorption of the aggregates used. This
result is in agreement with what was obtained by
Mallikarjuna et al. (2013); Choi et al. (2015); and Otunyo
and Jephter (2018).

(=]
=

— ¥ 1:2:3(7 dayz)
— 4 1:2:4(7 dayz)
31 — - 1:2.5:4 (7 days)

—— 1:2:3 (28 days)
—— 1:2:4 (28 dayz)

—+— 1:2.5:4 (28 days)

Compressive strength (N/mm?)

o T T T T T
0.45 0.5 0.53 0.6 0.65 0.7
w/c ratio

Figure 2  Variation of comprehensive strength with w/c ratio at
different mixes

The comprehensive strength increases for all the mixes
as the curing age from increased 7ays to 28 days. In
contrast, the strength exhibited a downward shift as the
mix proportion changed from 1:2:3 to 1:2:4 and further at
1:2.5:4. Tt was further observed that the strength of all the
mixes decreases with increase in w/c ratio indicating that
more water in the concrete weakens it. It is clear that the
use of a lower w/c ratio of 0.5 in the samples was more
effective in terms of strength than a higher w/c ratio of 0.6
and 0.7; this could be attributed to relatively low moisture
content and water absorption of the aggregates used. This
result is in agreement with what was obtained by
Mallikarjuna et al. (2013); Choi et al. (2015); and Otunyo
and Jephter (2018).

3.4 MIX DESIGN GUIDE: COMPUTATION OF
Mix CONSTITUENTS

An evaluation of the experimental data was performed
to provide a mix design guide for the appropriate mix
ratios for normal weight concrete structures using locally
available materials in Nigeria as shown in Figure 3. This
provides real-time information on the strength and
workability of the concrete produced with locally
available materials if the w/c ratio changes by tracing the
corresponding compressive strength and slump on the
plots for the w/c ratio.

It is required to compute mix proportion for concrete
with slump of 90mm. Figure 3 (a — c) is capable of giving
the following mix constituents.
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Figure 3

1) Using Figure 3 for 90 mm slump
a) w/c=0.63, for 1:2:3
b) w/c=0.57, for 1:2:4
c) w/c=0.53, for 1:2.5:4
Further Figure 3 gives the target compressive strength
at 28 days as

a) 22 N/mm?
b) 21.5 N/mm?
c) 18 N/mm?

Hence, the graphical data developed from
experimented results are useful paradigm in expressions
for a quick determination of a required major properties in
mix design. At a glance, one may tell a required w/c ratio
that can give a specific walkability and strength at a
determined mix ratio.

4 CONCLUSION

An evaluation of experimental data was carried out in
the study to provide a mix design guide for appropriate
mix ratios required for normal weight concrete based
Nigeria locally available materials. The following are
drawn from the study:
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0.7

Evaluation of mix ratios 1:2:3, 1:2:4, and 1:2.5:4 at different curing days

The aggregates (fine and coarse) are within the
recommended standard but poorly graded.

The physical and mechanical properties of
aggregates within the recommended standard and
therefore suitable for concrete production.

The slump values obtained fall is in the category
of medium to high workability from 70 mm to
120 mm.

The mix 1:2:3 has the maximum compressive
strength 25.08 N/mm? of all mixes at 28 days and
w/c ratio of 0.5; the strength increased for all the
mixes as the curing age increased from 7 days to
28 days. In contrast, the strength of all the mixes
decreases with increase in w/c ratio.

The study was able to develop mix design guide
which can provide real-time information on the
strength and workability with various mix ratios if
the w/c ratio changes.

The graphical data developed in this work is
capable of providing the mix constituent of
concrete.
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ABSTRACT
Soil improvement methods often target strength gain as one of the key parameters to be considered. Negative

environmental issues associated with conventional (i.e., cement, lime, bitumen, etc.) soil improvement methods
prompted researchers to the discovery of microbial induced calcite precipitation (MICP) technique. An A-4(3) lateritic
soil was treated with Sporosarcina pasteurii (S. pasteurii) suspension density up to 2.40 x 10° cells/ml. The soil was
prepared at different moulding water content and compacted with reduced British Standard light (RBSL) and British
Standard light (BSL). Specimens were permeated with cementation reagent to initiate the MICP processes before being
subjected to index and strength tests. Peak unconfined compressive strength (UCS) values of 2,011 kN/m? and 2,232
kN/m? for specimens prepared at -2 % moulding water content relative to optimum when compacted with RBSL and
BSL energy, respectively. However, UCS values decreased with increase in S. pasteurii suspension density and
moulding water content relative to optimum for the compactive efforts considered. It is recommended that S. pasteurii
suspension density of 1.20 x 10° cells/ml be used for the improvement of lateritic soil in the construction of liners and

covers in municipal solid waste (MSW) containment systems.

Keywords: Cementation reagent, Compactive efforts, , Lateritic soils, MICP, Sporosarcina pasteurii .

1 INTRODUCTION

The improvement of the engineering properties of soil is
one of the major professional tasks to every civil engineer
involved in engineering practice that has to do with soil
(Sotoudehfar et al. (2016). Targeting strength gain is also
one of the reasons why a particular method of soil
improvement for engineering use is adopted. Unlike
manufactured products, some soils have to be improved to
meet the engineering specifications for the intended use,
this is because they come with some deficiencies due to the
geologic processes the soil has undergone during formation
(Jayanthi and Singh, 2016). Several soil improvement
methods documented in the literature have negative
environmental related issues and therefore not sustainable
(Faurel and Laloui, 2011). The search for a sustainable soil
improvement method led researchers to the discovery of a
novel and innovative method called microbial induced
calcite precipitation (MICP). This emerging and active
research area has recently prompted researchers to engage
in multi-disciplinary studies that involve civil engineering,
microbiology, chemical engineering and chemistry
(Whiffinetal., 2007; van Paassen et al., 2010a&b; Hamdan
et al., 2011;2016; Dawoud et al., 2014; Achal and Pan
2014; Feng and Montoya, 2016; ljimdiya, 2017; Osinubi et
al., 2017; 2018; 2019 and Mujah et al., 2019).
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MICP is a natural biologically motivated process that
makes the use of ureolytic bacteria to hydrolyse urea thus
producing calcite and related carbonate ions (Mujah et al.,
2016). According to Reichle (1977), microorganisms
constitute 70 - 85 % of biotic activity within soil systems.
It is also pertinent to state that microorganisms relate with
the immediate environment through enzymatic action, and
nearly two-third of the results of such interaction are calcite
minerals or other related minerals that have the needed role
for cementation (Xu et al., 2017).

According to The discovery of MICP technique has
provided engineers with the idea to look at soil not only as
an engineering material nevertheless as an ecosystem in
which the engineering properties of soils can be enhanced
(Mujah et al., 2017). In MICP, calcite (CaCOs) is the
product of a two-stage chemical reaction (see equations (1)
and (2)) responsible for improving the soil properties
through bio-cementation and bio-clogging.

CO(NH,), +2H,0 — 2NH,+ + CO52- 1)

Ca?* +C052- —>'CaC0y (2)

In equation (1), urea is hydrolyzed by the urease positive
bacteria breaking it into ammonium and carbonate, while
in equation (2) the product of the hydrolyzed urea, in the
presence of calcium source yields to calcite as a precipitate.
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The study focused on the comparative evaluation of the
strength developed in compacted lateritic soil treated with
S. pasteurii suspension density up to 2.40 x 10° cells/ml
using the RBSL and BSL energy to be used as a liner and
cover material in MSW systems.

2 MATERIALS AND METHODOLOGY

2.1 MATERIALS

Soil: The soil used in this study was collected using the
disturbed sampling technique.at depths of between 0.5 m
and 3.0 m from Abagana (Latitude 6°10'15° N and
Longitude 6°58'10" E), Anambra state, Nigeria. It is a
lateritic soil classified as A-4(3) according to AASHTO
soil classification system.

Bacteria: The type of bacteria used in the study is S.
pasteurii,which is commonly found in soil. The urease
positive bacteria is rod-shaped, spore-forming and Gram-
positive was cultured and grown from the lateritic soil
sample.

Cementation reagent: The cementation reagent is
composed of 20 g Urea, 10 g NH4CI, 3 g Nutrient broth, 2.8
g CaCl; and 2.12 g NaHCOg; per litre of distilled water,
which has been used in several studies (e.g., Stocks-Fischer
et al., 1999; Dejong et al., 2006; Al Qabany et al., 2011,
Park et al. 2014; Venkata et al. 2016; Tirkolaei and Bilsel,
2017). In all the cited studies, 3 g/l of nutrient broth was
added to the cementation reagent because it is the most
viable amount for survival of bacteria (Sharma and
Ramkrishnan, 2016).

22 METHODS

Urease production: The ability of the test organism
inoculated on urea agar slant incubated at 37° C for 24
hours to break down urea agar slant which allows the
culture media to become alkaline in nature and change of
colour to red-pink that indicates the test organism to be a
urease positive

Bacteria cell suspension density: The suspension density
of bacteria cells was changed in stepped suspensions of
McFarland standard 0.5, 2, 4, 6 and 8 (i.e., equivalent to 0
/ml, 1.5 x 108 /ml, 6.0 x 108 /ml, 1.2 x 10° /ml, 1.8 x 10° /ml
and 2.4 x 10° cells/ml, respectively). The determined
volume of organisms added to the soil was one-third (1/3)
of the pore volume as reported by Rowshanbakht et al.
(2016). Individual pore volumes were determined for each
compactive effort used.

Index properties: Natural moisture content, specific
gravities, Atterberg limits and sieve analysis were
conducted in accordance with tests procedures specified in
BS 1377: 1990.
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Compaction characteristics: Compaction of specimens
was conducted in accordance with the guidelines specified
in BS 1377 (1990) to compute the required parameters.
Two compactive efforts were used namely, reduced British
Standard light (RBSL) and British Standard light (BSL).
The RBSL compaction is the energy resulting from 2.5 kg
rammer falling through a height of 30 cm onto three layers,
each receiving 15 blows, while for BSL compaction each
layer receives 27 blows.

Preparation of specimen: 3000 g of the crushed air-dried
soil sample passing through BS No. 4 sieve was thoroughly
mixed with moulding water content in the range -2 % to +4
% relative to optimum moisture content (OMC) with each
having 1/3 of its pore volume as the S. pasteurii suspension
density. This mixture was kept in sealed polythene bags
and cured for 12 hours at 24 + 2°C to enable the proper
distribution of the microorganisms held unto the soil
surface before compaction using the RBSL and BSL
energies described above. Compacted specimens were
percolated with cementation reagent in three circles each
with 2/3 of their pore volume, as earlier described, to
initiate the MICP process.

Unconfined compressive strength (UCS): The test was
conducted according to procedure described in BS, 1377:
(1990). The treated specimens were prepared at moulding
water contents of -2 %, 0 %, +2 % and +4 % relative to
OMC and compacted with RBSL and BSL energies. The
compacted specimens were cured for 24 hours in the
moulds before extrusion and trimming as well as curing for
another 24 hours in the laboratory at temperature of 24 +
2°C. After the second curing period, the specimens were
kept in sealed polyethene bags for another 24 hours
(making a total of seventy-two (72) hours curing period)
before testing at a regulated strain of 0.02 %/min. Samples
used had a height to diameter ratio of 2:1. The average of
three (3) crushed specimens was recorded and used for the
computation of the unconfined compressive strength.

Microanalysis: Microanalysis using scanning electron
microscope (SEM) was conducted on both the natural and
treated lateritic soil to investigate the changes in
morphological features owing to the development and
distribution of calcite links on the inter particle surface in
the micro-structure of the soil. The test was carried out
using Phenom World Pro desktop SEM with a software tool
that could programme data collection and duplicate
analysis. The specimens were positioned on an electrically
powered tilt and rotating specimen holder which was
regulated by a dedicated motion regulator which initiates
an infinite 360° turning with a pseudo-eucentric tilting
adjusted focus oscillating from 10° to 45°, which allows the
creation of exact size and information from micro and nano
fibre samples (Phenom World, 2017).



3" International Engineering Conference (IEC 2019)
Federal University of Technology, Minna, Nigeria

3 RESULTS AND DISCUSSION

Urea hydrolysis is a common and straight forward method
used in MICP; its effectiveness in the conversion of the
chemical reaction into calcite is over 90% in less than 24
hours (Al-Thawadi, 2011; Mujah et al., 2017). The result
of urease test conducted on the test organism is shown on
Plate I, for a microorganism to be used in MICP when the
ureolysis method adopted, it is required that the organism
must be urease positive (i.e., ability to secret the urease
enzyme). The pink colouration observed on Plate |
indicates that the test organism is urease positive. Its
reaction with urea in the cementation reagent results in the
precipitation of calcite which is the required product for
MICP process.

Plate I: Urease test on micro-organism

Index properties of the natural and treated lateritic soil:
The index properties of the natural and S. pasteurii treated
lateritic soil are shown in Table 1. The fraction passing No
200 sieve is 36 % (see Figure 1), with silt and clay contents
of approximately 22 % and 14 %, respectively. The soil is
classified as A-4 (3) according to AASHTO soil
classification system (AASHTO,1986) and SC according
to Unified Soil Classification System, USCS (ASTM,
1992). X-Ray Diffraction (XRD) analysis of the sample
shows that the dominant clay mineral is kaolinite whose
peak are indicated by arrows (see Figure 2), which is a
stable mineral. The oxide composition of the soil also
summarized in Table 2 indicates that the soil is lateritic
with a silica - sesqueoxide ratio value {i.e., SiO, /(Al.O3 +
Fe,O3)} of 1.64 which lies between 1.33 and 2.00 for
lateritic soils as recommended by Bell, (1993).

Table 2: Oxide composition of the natural lateritic soil

TABLE 1: PROPERTIES OF THE NATURAL LATERITIC SOIL

Property Quantity
Natural Moisture Content (%) 11.3
Percentage Passing No. 200 36.0
Sieve (Wet Sieve)
Liquid Limit (%) 44.0
Plastic Limit (%) 21.6
Plasticity Index (%) 22.4
CEC (Meq/100g) 5.50
Specific Gravity 2.62
AASHTO classification A-4(3)
USCS SC
Colour Reddish-brown
Dominant Clay Mineral Kaolinite
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Figure 1: Particle size distribution curve of the natural soil
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Figure 2: X-ray diffractogram of the natural lateritic soil.

Oxide SiOz A|203 Cao Ti02 VzOs CI’203 F8203 MnO CuO ZTOZ LOI Total
Concentration | 56.5 | 19.00 | 0.33 | 2.89 | 0.061 | 0.051 | 15.41 | 0.075 | 0.056 | 0.290 | 4.54 | 99.20
(%)
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Atterberg limits: Atterberg limits (i.e., Liquid Limit (LL),
Plastic Limit (PL) and Plasticity Index (PI)) are used to
evaluate the plastic behaviour of soils in connection to the
amount of water content in the soil as it transits from solid
to liquid phase. The variation of Atterberg limits with S.
pasteurii suspension density is shown in Figure 3. The LL,
PL and PI values generally decreased from 44.0 %, 21.6 %
and 22.5 % for the natural soil to minimum values of 38.0
%, 16.0 % and 17.8 %, respectively, at S. pasteurii
suspension density of 2.40 x 10%ml. It is pertinent to state
that decrease in Pl value is desirable for any method
adopted for the improvement of soil for engineering use.
The results obtained suggest that the current method
employed for soil improvements in this study is therefore
appropriate Soon et al., (2014).

o=l PL LL =—o—PI

45
40
35
30
25
20
15
0.0E+00 6.0E+08 1.2E+09 1.8E+09 2.4E+09

S. pasteurii suspension density/ml

Moisture content (%)

Figure 3 Variation of Atterberg limits of lateritic soil with
S. pasteurii suspension density

Effect of moulding water content on unconfined
compressive strength

The change in unconfined compressive strength (UCS) of
lateritic soil with moulding water content for varying S.
pasteurii treatment is presented in Figure 4A-F. Generally,
UCS values decreased with increasing moulding water
content regardless of the S. pasteurii suspension density or
compactive effort considered. All the specimens of the
natural soil satisfied the recommended minimum strength
requirement of not less than 200 kN/m? for liners (Daniel
and Wu, 1993). At S. pasteurii suspension density of 1.50
X 10%ml, specimens compacted with RBSL energy
satisfied the recommended minimum strength requirement
at moulding water content of 19.6 %, while all specimens
compacted with BSL, satisfied the requirement at the
moulding water contents considered. At S. pasteurii
suspension density of 6.0 x 10% /ml the strength
requirement was satisfied by specimens prepared at
moulding water contents of 19.8 and 19.0 % for RBSL and
BSL compactions respectively. At S. pasteurii suspension
density of 1.20 x 10%ml the strength requirement was
satisfied by specimens prepared at moulding water contents
of 18.6 and 18.9 % for for RBSL and BSL compactions,
respectively. At S. pasteurii suspension density of 1.80 x
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10° /ml the strength requirement was satisfied by
specimens prepared at moulding water contents of 18.5 %
for RBSL compaction, while all the specimens prepared
using BSL energy satisfied the strength criterion. Finally,
at S. pasteurii suspension density of 2.40 x 10° /ml the
strength requirement was satisfied by specimens prepared
at moulding water contents of 19.6 % for RBSL
compaction, while all the specimens prepared using BSL
energy satisfied the strength criterion for the use of the
material in the construction of liners.

The observed trend could probably be attributed to the
existence of large volume of voids in soils compacted with
lower energy than at higher energy. This enhanced the
percolation of the cementation reagent which interacted
with S. pasteurii and resulted in the deposition of higher
amount of calcite precipitate at the particle-particle
surfaces of the soil. This increased the inter-particle
bonding among the soil particles and consequently
improved the strength and stiffness of the soil. Higher
strength gains were recorded for all treated soil at lower
moulding water content, but decreased with increasing
moulding water content irrespective of the S. pasteurii
suspension density and compactive efforts used. The
presented results are in agreement with the findings
reported by Dejong et al. (2017).
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Figure 4: Variation of unconfined compressive strength
with moulding water content for varying S. pasteurii
- P suspension density: A= natural soil, B= 1.50 x 108, C=6.0
' x 108, D =1.20 x 10°, E= 1.80 x10°, F = 2.40 x 10° cells/ml.
2 2400
& &E‘ 2200 P Effect of S. pasteurii suspension density on strength
25 o IR - | |
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O 1400 o it . A
- = 1200 \\ lateritic soil with S. pasteurii suspension density is shown
= %D 1o in Figure 5A-D. Peak UCS values of 2,011 kN/m? and
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S S0 density of 1.20 x 10° cells/ml for specimens prepared at -2
> 0 T % OMC and compacted with RBSL and BSL energy,
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Moulding Water Content (%) IEI
A typical strength improvement trend shown in Figure 5A
and 5D for BSL compaction recorded the highest and
lowest UCS values of 2,232 kN/m? and 120 kN/m?,
respectively, at S. pasteurii suspension density of 1.20 x
| ——BSL —e—RBSL 10° /ml is used to explain the percentage gain in strength.
The strength improvement ratios of 392.03 % and 375.92
2200 % were recorded for RBSL and BSL compaction,
ER o respectively. The observed trend could probably be due to
i iggg \~§ higher voids within the soil compacted at -2 % OMC
s £ 1200 \\ enabled the formation of calcite that bridged the soil
g Z 10 particle surfaces and consequently resulted in higher UCS
9 < o ~ values of the specimens. This result is in agreement with
2 2 200 e—Ix 3 the findings reported by Cheng and Cord-Ruwisch (2012)
€2 0 ' as well as Cheng et al., (2013).
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Figure 5 Variation of unconfined compressive strength
with S. pasteurii suspension density for specimens
| D ————— | pre_pared at varying moulding water content relative to
optimum: A= -2% OMC, B= OMC, C= +2% OMC D =
+49 .
% 1400 /\ /» 4% OMC
o “E 1200 r/ / Scanning electron microscopy: The micrographs for
g > 1000 / specimen treated with S. pasteurii suspension density of
8 = 800 / 1.20 x 10° cells/ml for RBSL and BSL compactions is
o é) 600 3 shown on Plate Il. The effectiveness of calcite precipitate
{..E qu 200 bridging phenomenon among soil particles responsible
S B 0.00E+006.00E+081.20E+091.80E+092.40E+09 factor for strength gain through bio-cementation is
5 S. pasteurii suspension density/ml depicted. (_)n Plate_ I!a tiny granulated substance_s suspected
to be calcite precipitates can be observed, while on Plate
IIb the soil particles are not visibly connected by calcite
precipitate. Furthermore, it can be observed (see Plate lla
& b) that the precipitated calcite did not completely fill the
voids within the compacted soil. This could probably be the
——BSL +2%0MC  —l— RBSL +2%O0MC | reason for the higher gain in strength recorded for BSL
compaction than RBSL compaction. The results show that
2 s00 X higher strength gain was recorded through calcite
ﬁ 700 RN precipitate bridging of soil particles without necessarily
& E 600 N filling all the voids within the soil matrix. This is in
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Plate 11 Micorgraphs of specimens treated with S. pasteurii
suspension density of 1.20 x 10° cells/ml at x1500
magnification: a = RBSL compaction b = BSL compaction

88



3" International Engineering Conference (IEC 2019)
Federal University of Technology, Minna, Nigeria

CONCLUSION

The results of the study carried out show that higher
strength gains were recorded for specimens prepared at
lower moulding water content, but decreased with
increasing moulding water contents irrespective of the S.
pasteurii suspension density and compactive efforts used.
Peak UCS values of 2,011 kN/m? and 2,232 kN/m? were
obtained at S. pasteurii suspension density of 1.20 x 10°
cells/ml for specimens prepared at -2 % OMC and
compacted with RBSL and BSL energy, respectively.

RECOMMENDATION

It is recommended that S. pasteurii suspension density of
1.20 x 10° cells/ml be used to treat A-4(3) lateritic soil
compacted with BSL energy to be used as liner and cover
material in MSW containment system.
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ABSTRACT

An unprecedented urban population growth create the needs for the development of more urban infrastructures. In
order to meet these demands, vegetated areas are converted to non- vegetated areas such as asphalt and bricks which
has the ability to absorb heat and the later release it. This change in land use and land cover has increased the land
surface temperature. A number of studies have demonstrated the impact of land use and cover on land surface
temperature. Moreover, there is need to quantify the extent to which temperature has increased so as to identify areas
where measure needs to be addressed. In this study, integration of remote sensing and geographical information
system (GIS) was employed to evaluate the effect of rapid urban growth on land surface temperature in part of Katsina
State, Nigeria. The result shows that urban land development raised land surface temperature by more than 17°¢
between 1999 and 2017. This study has demonstrated that the direct effects of urban land use and cover changes on
one environmental element can have indirect effects on others. Therefore, planting of trees and vegetation should be

encouraged to reduce the increase in surface temperature

Keywords: Effects, Urban growth, Surface Temperature, Remote Sensing.

1 INTRODUCTION

Since 1950 there has been a huge worldwide
increase in the percentage of population living within
cities (Kaya, et al., 2012). Approximately, 59% of the
world's population currently lives in urban areas, and this
Figures are further expected to increase especially in the
developing countries where the fraction of the population
that live in cities is comparatively lower than the
developed countries (Kaya, et al., 2012). In the near
future, it is expected that the global rate of urbanisation
will increase the world urban population up to 67% by
2030, as urban agglomerations emerge and population
migration from rural to urban suburban areas continue
(Kaya, et al., 2012). The first fifty years of the 20th
century witnessed unprecedented urbanisation in Nigeria.
The urban population in Nigeria over the last three
decades according to Alkali (2014) has been growing
close to 5.8 percent per annum. In fact, the population of
the urban centres in Nigeria constitute about 48.2 per cent
of the country's total population and projections indicate
that more than 60 per cent will live in urban centres by
year 2025 (Alkali, 2015). Studies have shown that, in
Nigeria, there are more than 840 urban centres and more
than 10 cities with populations of over a million (Ayedun,
Durodola & Akinjare, 2015).

In Katsina, land use and land cover patterns have
undergone a rapid change due to accelerated expansion
over the years. Urban growth has increased tremendously
and extreme stress to the environment has occurred.
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Katsina has been growing rapidly owing to favourable
socio-economic, political, and physical factors.

The low values of albedo, vegetative cover, and
moisture availability in combination with the presence of
high levels of anthropogenic heating have given rise to a
phenomenon known as the Urban Heat Island (UHI)
effect. Hence, urban areas generally act as islands of
elevated temperature relative to the natural areas
surrounding them (Sailor, 1995) cited in (Lo & Quattrohi.
2013). The main cause of the Urban Heat Island is the
modification of the land surface through urban
development with the use of materials that effectively
retain heat. As population increases, they tend to modify a
greater area of land and have a corresponding increase in
the average temperature (Rail, 2014). Urbanisation, on the
other hand, negatively affects the environment due to
pollution modifying the physical and chemical properties
of the atmosphere and the soil surface. UHI is considered
to be a cumulative effect of all these impacts. It is defined
as the, rise in temperature of any man-made area (Kaya et
al, 2012).

The integration of remote sensing and geographic
information systems (GIS) have been widely applied and
recognized as a powerful and effective tool in detecting
urban land use and land cover change (Ehlers, Jadkowski,
Howard and Brostuen, 1990; Treitz, Howard and Gong,
1992; Harris and Ventura, 1995) cited in Saleh (2016).
Satellite remote sensing collects multispectral, multi
resolution and multi temporal data, and turns them into
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information valuable for understanding and monitoring
urban land processes and for building urban land cover
datasets. GIS technology provides a flexible environment
for entering, analyzing and displaying digital data from
various source necessary for urban identification, change
detection and database development (Weng, 2015).

Many researchers have previously embarked on
studies investigating the relationship between urban
growth and surface temperature in major cities over
Nigeria, such as; Suleiman and Tanko (2018) and Tanko
et.al., (2017) in Kano metropolis; Tyubee and Anyadike
(2013) in Makurdi, Benue State, Nigeria; and Zemba et.al,
(2016) in Jimeta, Adamawa State, Nigeria. In Katsina
state, one study which did very well in assessing urban
growth and micro climate was that of Gide (2012), and
the study used conventional climatic data as well as
population figures for over 40 years in establishing the
relationship between the air temperature and urban
growth. The work of Gide (2012) was lacking in terms of
GIS/Remote Sensing techniques. This study thus is aimed
at filling that gap by using the GIS/Remote Sensing
techniques in studying the same phenomenom. The study
therefore aims to assess the effects of urban growth on
surface temperature in parts of Katsina State, Nigeria with
the objectives of evaluating the Land use/Land cover
changes in the study area and analyzing the effect of
urban growth on Surface Temperature in Katsina State.

1.1 THE STUDY AREA

The study area is Katsina state, Nigeria and it is located
between latitude 12°30'N and 13°15°N, and longitude
7°31'E and 8°00’E. It has a tropical Continental type of
climate that is hot and dry for most of the year with
maximum day temperatures of about 38°C and the
minimum temperature of 22°C (Abdulkadir I., 2016). It
has an average rainfall of about 800mm. The vegetation is
dominated by fine-leaved Acacia species and their
associates such as baobab and their likes. (Danbuzu,
2012).

2 METHODOLOGY

In evaluating the Land use and Land cover changes
in the study area. Landsat satellite imageries of 1999,
2007 and 2017 were utilized to get the land use and land
cover classification which is necessary for detection of
LULC changes as a result of urbanisation activities from
1999 to 2017. The classes considered include:-

Vegetation, Built-up area, Bare soil and water bodies.
Each of these classes have a colour identifier.
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Vegetation - Green

Built-up Area - Red
Bare Land - Brown.
Water bodies - Blue

The area coverage of each of their classes for
each of the year under concern was estimated in Km? in
order to ascertain the spatio-temporal changes.

This was achieved using model developer in
ERDAS imagine 14 software. All bands of the satellite
images with the exception of thermal and cloud bands
were stacked together into a single image for each of the
years put under concern using the maximum likelihood
algorithm which is expressed as:

PW) = Yym=1PCW/ p 1)
Where:

N = Number of classes

Pw = Normalization constant to ensure that
[yl mi=1P (W)

PWwhi) = Likelihood function.

P (i) = Priori  information, that is the

probability the class occurred in the study area.

Thermal bands of the satellite images for the
years put under concern in this study were imputed into
ERDAS together with their tabular information of gain
and bias obtained from the Landsat METADATA files.
The Digital Numbers for each image was converted to
radiance, radiance to reflectance, reflectance to emissivity,
emissivity to corrected surface temperature, and finally to
Land Surface Temperature (LST). Temperature values
were converted from degree Kelvin (K) to degree Celsius
(°C) by subtracting 272.15 from the Kelvin value, which
is the conversion rate from Kelvin to Celsius.

In analyzing the effect of urban growth on LST in Katsina
State, a regression analysis was done with urban growth
values as independent variable and LST values as
dependent variable in order to obtain the statistical effect
of urban growth on LST in Katsina State. The regression

model is expressed as:-
Y = a+bx 2)

— (NEXY-EX)EY))
b B (NY X2—(E X)2 ®)
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a - > Y_Z(Z X)) @)
Where:

X and Y are the variables

b = the slope of regression line

a = the intercept point of the regression line
and the y axis

N = number of values or elements

Y = second score

Xy = sum of the product of first and second
score

X = sum of first scores

»Y = sum of second scores
yx2 = sum of square of first squares.

3 RESULTS AND DISCUSSION

The first part is on land use/land cover classification and
evaluation of land use/land cover maps respectively. The
second part is on land surface temperature distribution
while the third section is on the relationship between
surface temperature and land use/land cover. The results
are presented in form of maps and statistical tables;

“* ) a1z
. |/

. N g
g e\ ; 3 P X

o~y T
12 s ¢ /,’7‘ gt ) Lacana 12+ 4500

AL ?' i .| EE Bust-up Area
12°azon t"’” ) - —— 7| - wvater 12" 420N

[ Vegetation
o szas LA 1 S P [ Bare soil

TOOT OOt F190T | TZIOT | TII0T  TSS0T  TI00T | Tas0T  THI0T  ToIoT

ERTIY - | 13t 180N

o J-)-—’
— 2

2 Legend [la o
B Euit-up Area
27| . Water

W Vegetation
(] Bare soil

70T TO0T SOt Tt T30t TO0 LA S S e Y

Figure 2: 2007 Land use/cover classification map of the
study area
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31 LAND USE LAND COVER MAPPING

Land use land cover maps for the three years of
the study area were generated and presented in Figures 1,
2 and 3.

3.2 LAND USE
CLASSIFICATION

LAND COVER

Table | summarises the total area for each land
use land cover class across the study area and the
corresponding percentages of the total.

TABLE I: LAND USE LAND COVER STATISTICS

Years 1999 2007 2017
Land use | Area Area Area Area Area Area
class

km?) | (%) | (km®) | (%) | (km®) | (%)

Built  up | 94.3 3.2 165.5 55 580.3 19.4
area

Water body | 22.8 0.8 18.2 0.6 12.7 0.4

Vegetation | 470.11 15.7 715.3 239 641.9 215
Bare soil 2401.8 | 804 2090.0 | 70.0 1754.1 | 58.7
Totals 2,989.0 | 100.0 | 2989.0 | 100.0 | 2989.0 | 100.0

The land use/land cover classification for 1999
for TM satellite image (Figurel) indicates that most of the
study area was under Bare soil accounting for 2401.8 km?
(80.4%) followed by vegetation which occupied 470.1km?
(15.7%), while built up area and water body amounted to
94.3km? (3.2%) and 22.8km? (0.8) respectively.

The image classification result generated from
2007 Landsat ETM+ (Figure 2) shows that Bare soil still
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remain the major land use land cover but with a decrease
to 2090.0km? (70.0%) of the total area. Vegetation has
increased to 715.3 km? (23.9%), this change in Vegetation
during the period under review was probably due to
afforestation programmes funded under the European
Economic Commission/Katsina  State ~ Government
(EEC/KTSG) afforestation project in the State from 1999
to 2017, which mainly involved the planting of trees for
shelter belts and wind breaks as well as private woodlots
on communal land. Built-up area in this year has
increased to 165.5 km? (5.5%). Water body has also
decreased to 18.2km? (0.6%).

Result generated from 2017 Landsat 8
operational land imager (OLI) image (Figure 3) showed
that the dominant class is Bare soil, even though it has
decreased slightly to 1754.1km? (58.7%). Vegetation
decreased to 641.9km? (21.5%) while Built-up area
increased significantly to 580.3 km? (19.4%) and water
body has also decreased to 12.7km? (0.4%).

33 ACCURACY ASSESSMENT OF IMAGE
CLASSIFICATION

Evaluation of classification results is an
important process in satellite image classification
procedure. This is necessary to ascertain the level of
correctness and reliability of the classification output.
Kappa satisfied index which provides a more rigorous
assessment of classification accuracy was also computed
for each classified map. The Kappa coefficient expresses
the proportionate reduction in error generated by a
classification process compared with the error of a
completely random classification. Tables II, 1ll, and IV
shows the accuracy assessment results for the years of
1999, 2007 and 2017 respectively.

TABLE Il: ERROR MATRIX OF 1999 IMAGE
CLASSIFICATION

TABLE I1I: ERROR MATRIX OF 2007 IMAGE
CLASSIFICATION

Built | Water | Vegetation | Bare | Kappa | P.A | UA
up body Soil
Area
Built up 0 2 2 96 0.95 93% | 96%
area
Water 89 7 4 0 0.85 87% | 89%
body
Vegetation 3 90 1 6 0.87 | 90% | 90%
Bare soil 10 1 88 1 0.84 | 93% | 88%
Overall classification accuracy =91%
Overall kappa statistics = 0.88
TABLE IV: ERROR MATRIX OF 2017 IMAGE
CLASSIFICATION
Built | Water | Vegetation | Bare | Kappa | PA | UA
up Body Soail
Area
Built area 1 4 10 85 0.80 83% | 85%
Water 91 4 6 0 0.88 86% | 91%
body
Vegetation | 8 77 5 10 0.71 90% | 77%
Bare Soil 6 1 85 8 0.80 81% | 85%

Overall classification accuracy = 85%
Overall Kappa Statistic =0.79

Generally for the three images, the producer accuracy of
bare soil (81%) was lower than other classes. This is as a
result of error due to omission and misclassification to
built-up area, water body and vegetation. The overall
classification accuracy was 85% while the Kappa
coefficient was 0.79.

3.4 LAND USE LAND COVER CHANGE
TABLE V: LAND USE LAND COVER CHANGE

Build | Water | Vegetation | Bare | Kappa | P.A | UA
up Body Soil
Area
Built of | 5 2 3 90 0.87 91% | 90%
Areas
Water 4 86 10 0 0.81 81% | 86%
body
Vegetation | 91 5 0 4 0.88 90% | 91%
Bare soil 1 13 81 5 0.72 86% | 81%

Overall classification accuracy =87%
Overall kappa statistics =0.83
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STATISTICS
Year 1999-2007 2007-2017 1999-2017
Chang | Growt | Change | Growt | Change | growt
e h (Km?)( h (km?)( h
(km?) | (%lyr) | %) (%lyr) | %)
(%) (%lyr
)
Built up | 71.2 8.9 414.8 25.2 486.0 28.1
area (71.8) (252.7) (506.2)
Water -46 (- | -0.3 55 (-] -33 -10.1 (- | -2.7
body 2.50) 33.3) 50.0)
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Vegetati | 2452 | 65 734 (-] -10 | -1718 | 20

on (52.2) 10.0) (-36.9)

Bare soil | - 16 | -3359( | -16 | 6477 | -14
3118- 16.1) (-26.9)
12.9

According to Table V, from 1999 to 2007, built-
up area and vegetation increased by 71.2km? (71.8%) and
245.2km? (52.2%) respectively, while water body and
Bare soil decreased by -4.6km? (-2.5%) and -311.8km? (-
12.9) respectively. This may be due to the increase in
population which may have increased the number of built-
up areas. Similarly, during the second period between
2007 to 2017 water body decreased by -5.5km? (-33.3%),
vegetation by -73.4 km? (-10.0%) and Bare soil -335.9km?
(-16.1%), However, the built up area increased by
414.8km? (252.7%). In general, between 1999 and 2017
water body, vegetation and Bare soil decreased by -
10.1km? (-50.0%), -171.8km? (-36.9%) and -647.7km? (-
26.9%) respectively. While built up area increased by
486.0km? (506.2%).

The annual growth rate in built up area as
determined by the land use and land cover change
statistics was 8.9% from 1999 to 2007, 25.2% from 2007
to 2017 and 28.1% for the entire period of 1999 to 2017.
This implies a dramatic urban growth and change in the
morphology of the study area and to an extent, this was as
a result of increase in housing and infrastructural
development such as health, educational and other socio-
economic reasons. On the other hand water body showed
an annual reduction rate of 0.3% from 1999 to 2007, 3.3%
from 2007 to 2017 and overall annual reduction rate of
2.7% for the entire study period of 1999 to 2017.
Similarly, vegetation showed an annual increase of 6.5%
from 1999 to 2007, but from 2007 to 2017, an annual
reduction was experienced at a rate of 1.0%, and 2.0% for
the entire study period of 1999 to 2017. Bare soil
decreased annually at the rate of 1.6% from 1999 to 2017,
16.1% from 2007 to 2017. This result corroborate with the
findings of Abdulkadir (2009) in which he used geomatics
technology to analyze the pattern of spatial growth in
parts of Katsina state.

In general, the land use land cover change
statistics in Table V showed that increase in built-up areas
mainly emanated from the conversion of other land use
and land cover especially vegetation to built-up areas
during the period under review (1999 to 2017), as a result
of rapid urban growth within the study area. Besides the
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land use land cover change statistics image classification
result and visual assessment gives a general insight into
the magnitude of the defined classes across the landscape
and changes observed.

3.5 LAND SURFACE TEMPERATURE
VARIATION IN THE STUDY AREA.
TABLE VI: STATISTICS OF LAND SURFACE

TEMPERATURE
Years 1999 2007 2017
Maximum 24.55 39.11 42.59
Minimum 13.31 25.87 29.47
Mean 20.00 32.27 37.13

From Table VI, it could be seen that the maximum value
of surface temperature (ST) in 1999 was 27.9°C while the
maximum value was 25.0°C in 2007, the maximum and
minimum ST values increased drastically to 30.9°C and
28.0°C respectively. The ST continued to increase in 2017
with a maximum value of 33.0°C and a minimum value of
31.0°C. From this study, the mean values of ST in 1999,
2007 and 2017 were 20.40°C, 29.48°C and 32.91°C.
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3.6 SURFACE TEMPERATURE OF LAND USE
LAND COVER TYPES

Table VII; Shows the average value of surface
temperature (C) for each of the land use/cover in 1999,
2007 and 2017.

TABLE VII: AVERAGE SURFACE TEMPERATURE
('C) STATISTICS OF LAND USE/COVER TYPES

Class 1999 ('C) 2007 | 2017 (C)
(©)

Built up 19.07 32.87 | 36.14

Farmland 20.19 31.94 | 38.15

Vegetation 16.03 28.08 | 33.41

Bare land 21.81 34.40 | 39.55

From Table VII, it is obvious that bare land
exhibits the highest surface temperature (21.8°C in 1999,
34.40°C in 2007 and 39.55°C in 2017), followed by
farmland (20.19°C in 1999, 31.94°C in 2007 and 38.15°C
in 2017). In 1999, 2007, and 2017 the values of ST
exhibited by built up are 19.07°C, 32.87°C and 36.14°C
respectively. The lowest values of ST in this study are
exhibited by vegetation (16.03°C in 1999, 28.08°C in 2007
and 33.41°C in 2017).

From 1999 to 2007, the surface of built-up areas,
farmland, vegetation and bare land in the study area
increased by 13.80°C, 11.75°C, 12.05°C and 12.58°C
respectively. Similarly, during 1999 and 2017 the surface
temperature of built up, farmland, vegetation and bare
land appreciated by 3.27°C, 6.20°C, 5.33°C and 5.16°C.
This represent a general increase in surface temperature of
built up, farmland, vegetation and bare land by 17.06°,
17.96°C, 17.74°C respectively during 1999 and 2017.
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It is evident from Table VII that vegetation had
shown considerably low ST during the three period
because dense vegetation can reduce the amount of heat
stored in the soil and surface structure through
transpiration.

4  CONCLUSION

For the past 20 years, parts of Katsina state has been
experiencing accelerated urban growth. This study has
demonstrated how Landsat data can be used to evaluate
the effect of urban growth on surface temperature in parts
of Katsina state, Nigeria. Remote sensing and GIS were
combined to examine the effect of urban growth on
temporal variation of surface temperature. Findings from
this study revealed that there is a general decline in
natural surfaces, and an increase in developed surfaces
from 1999 — 2017. The resulting GIS analysis shows that
built-up area is increasing at an annual average range of
5.1%, and surface temperature has gone up by more than
17°C during the study period. If the built-up areas
continues to increase at this rate, and vegetation continues
to decline at an annual rate of 0.8%, ST will be on a very
high scale in the near future and this may bring about the
formation of the urban heat island over Katsina.

4.1 RECOMMENDATIONS

The variation in surface temperature of the identified land
use/cover types in parts of Katsina state suggest that urban
growth is a major factor responsible for land
transformation in the study area. The increase in rate of
surface temperature has its attendant effect on both the
environmental and the health of residents. Therefore,
planting of trees and vegetation in and around the study
area should be encouraged to minimize the increase in
surface temperature of the land use/cover types which
may also affect the mean surface temperature of the study
area. Future research works should be focused on
integrating GIS and satellite remote sensing with high
spectral, spatial and temporal resolution at the local scale
to develop urban environmental monitoring models.
Moreover, research works should draw attention to urban
land use modeling and techniques integrating socio-
economic data and GIS tools to predicting future pattern
of change. Focus should be given to the effect of urban
growth and growing impervious surfaces as well as water
pollution and stress.
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ABSTRACT

In view of the pollution of underground water, economic loss, decrease in agricultural productivity of soil, poor animal
and human health caused by contamination of soil with used and unused motor oil, this study was conducted for the
bioremediation of used motor oil contaminated soil using palm bunch ash (PBA) as stimulant in twelve treatment cells
labelled T1 to T12 and kept at room temperature. D-optimal design of response surface methodology with one numerical
factor (PBA) and a categorical factor at two levels (5% and 10% pollution) was employed to generate ten experimental
runs for the biostimulation process. In this study, the bioremediation potential of the ash was evaluated for a period of
ten (10) weeks by taking samples from each of the treatment cells for weekly analysis of Oil and Grease Content (O&G)
and Total Heterotrophic Bacteria Count (THBC) at two-week interval. After ten (10) weeks, the results showed Ti, T,
T3, Ta, Ts, Ts, T7, Ts, To, T1o, T11, and T12 exhibited 86.5%, 100%, 79.2%, 74.5%, 95.5%, 79.2%, 100%, 99.4%, 99.0%,
63.0%, 88.0%, and 58% oil and grease degradation, respectively. The biodegradation data were fitted to zero, first and
second order kinetic models and the biodegradation constant (k) and half-life (t1) values were obtained. The R? values
showed that the first and second order kinetic models fitted the experimental data. Comparing the results of the error
analysis of the studied kinetics, it was found that the first order kinetic model best fits the degradation of used motor oil
in all the treatment cells. It was also observed that the THBC in all the treatment cells followed the batch growth culture
of microorganisms. From the results of this work, it can be concluded that the application of PBA stimulates the growth
of microorganisms that enhanced the consumption of used motor oil in the soil. Thus, can be applied to develop an
environmentally safe, robust, and economically viable treatment strategy for oil contaminated soil.

Keywords: Biodegradation, biostimulation, palm bunch ash, kinetics, used motor oil.

There are many ways of remediating contaminated soil

1 INTRODUCTION which includes physiochemical and biological methods

Pollution specifically, with petroleum and petroleum
products has been acknowledged to be one of the most
severe problems affecting lives of citizens and financial
prudence of nations to which it quietly and undetectably
spills mostly in mechanic workshop in Nigeria (Emmanuel
et al., 2015). These oil spills are caused by used motor oil
which is brown-to-black oily liquid due to the additional
chemicals (such as chlorinated biphenyls,
chlorodibenzofuran, lubricate additives) that are build up in
oil after undergoing high temperature and pressure inside a
running engine (Abdulsalam et al., 2012; Agarry and
Ogunleye, 2012; Abdulyekeen et al.,2018).

The Release of persistent, bio accumulative and toxic
chemicals (benzene, toluene, ethylbenzene, xylene and
polycyclic aromatic hydrocarbon) caused health and
environmental hazards. These pollutants find their way into
plant tissues, animals and human beingd by the movement
of hazardous elements in the environment (Ebenezer,
2013). Soil polluted with spent and fresh motor oil create a
solmn effect on plant tissues, soil componrnts, and its
microorganisms, human and other animal health (Stephen
and ljah 2011; Adu et al., 2015).
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(such as bioremediation) although the physical and
chemical methods are expensive and less efficient than
biological methods (Bijay et al., 2012; Abdulyekeen et al.,
2018)

Bioremediation is the process of degrading pollutants
in the environment by autochthonous or allochthonous
microorganisms such as bacteria and fungi or plants to
damage, destabilise, detoxify hazardous materials in soil or
render them inoffensive by using them as their carbon and
energy source (Anjana et al., 2014; Ebenezer, 2013;
Abdulyekeen et al., 2018).

Contamination of soil through oil spills is the primary
global concern today, and it has caused severe hazard to our
health, lower ground water usage, environmental problems,
causes economic loss (through bad products in our
agricultural activities) by reducing the agricultural
productivity of the soil (Bijay et al., 2012).

Many efforts have been made to reduce environmental
pollution by using agricultural wastes for treating used
motor oil polluted soil (Abdulsalam et al., 2012;
Abdulyekeen et al., 2016; Abdulyekeen et al., 2018;
Abdulyekeen et al., 2019) but there is little research on the
use of palm bunch ash as stimulant for the treatment of used
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motor oil polluted soil. Palm bunch ash is obtained from
empty fruit bunch of Elaeis Guineensis palm tree species.
Although the empty fruit bunches are normally thrown
away, they have been found to be a source of Potassium
Carbonate and Potassium Hydroxide (Yelebe et al., 2015).

The aim of this research work is to compare the
biostimulation potentials of palm bunch ash for the
remediation of used motor oil contaminated soil as well as
to obtain the kinetic model that best fits the experimental
data obtained.

2 METHODOLOGY

21 SAMPLE CHARACTERIZATION

The analyses carried out on the contaminated soil and
the PBA included the pH, total organic carbon, the
phosphorus and nitrogen contents. The method adopted for
each of the analyses is given in Table I. Also for soil, in
addition to these parameters measured, the initial
concentration of the oil and grease was determined.

2.2 DETERMINATION OF OIL AND
GREASE CONTENT OF THE SOIL

The gravimetric method was used to determine the oil
and grease content as described by (Chang, 1998). 5.0 g of
the UMO polluted soil was weighed and transferred in to
test tube after which 5.0 ml of n-hexane was added, and the
mixture was agitated vigorously for 5.0 minutes. The
mixture was allowed to settle and was decanted into a 50
ml beaker whose weight determined as w1 in grammes. The
procedure was repeated three times to bring the total
solvent to 20 ml; the mixture was left open in the laboratory
for 24 hours for the n-hexane to evaporates completely. The
weight of the beaker after evaporation was weighed as w-
in grammes. The oil and grease content was calculated
using (1) and the percentage oil & grease removal was
calculated using (2).

TABLE I: METHODS USED FOR DETERMINATION OF

PHYSICOCHEMICAL AND MICROBIAL PROPERTIES
DETERMINATION

Parameter Method Source

pH Moisture adjustment in Ebenezer, 2013

1:1 (weight of soil to
volume of water)
followed by agitation of
the mixture prior to pH

Measurement
Moisture content | Drying method based on Motsara & Roy,
moisture loss per dry 2008
weight
Phosphorous Spectrophotometry Abdulsalam et al.,
content 2012

Nitrogen content Kjedahl method Abdulsalam et al.,
2012
Total organic Titrimetry Walkley & Black,

carbon 1934
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O&G(ppm):%xlo6 )

Where, W = weight of soil sample taken.

Ya(%):%xloo

' )
where
Ci = initial concentration of O&G in ppm
C: = concentration of O&G in ppm at a particular
bioremediation time

2.3 DETERMINATION OF TOTAL
HETEROTROPHIC BACTERIAL COUNT

The enumeration of the total bacterial count present in
the treatment cells was determined by the spread plate
techniques. The sample from each of the treatment cells
was subjected to serial dilution which was plated on
nutrient agar (NA) oxoid and incubated at 28+2°C for 24
hour and plate that yields count between 30 — 300 colonies
were counted (Agarry, Owabor, & Yusuf, 2010).

3 RESULTS AND DISCUSSION

3.1 RESULTS OF CHARACTERIZATION

The physicochemical properties of the used motor oil
contaminated soil and palm bunch ash is presented in Table
Il. The higher the oil & grease, the higher the organic
carbon whose oil and grease content was above the limit
(500 mg/kg) set by the Nigeria Ministry of Environment
(Abdulsalam et al., 2011). Nitrogen and phosphorous
content were also determined and presented in the Table II.
The pH (6.6 and 6.9) for 5% and 10% respectively were
within the acceptable limit of 5.5 - 85 for effective
bioremediation by Vidali (2001).
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TABLE II: PROPERTIES OF THE USED MOTOR OIL
AND PALM BUNCH ASH

Type of analysis Palm bunch | 10% Pollution | 5% Pollution

ash -

Soil

pH 12.3 6.9 6.6
Nitrogen (ppm) 3.7 25 1
Phosphorous 2551.35 1156.76 1135.14
(ppm)
Total organic | 12 135 7.8
carbon (%)

3.2 OIL & GREASE CONTENT (O&G) FOR EACH
OF THE TREATMENT CELLS

The result of the residual O&G is given in Figure I.
From the figure, it can be seen that degradation occur in
each of the treatment cells. The control (T11 and Tip)
undergo natural attenuation for the ten weeks’ remediation
period. Therefore, this result shows that the palm bunch ash
increases the rate of the bioremediation.

m\Week 0 =Week 2 Week 10

120000
100000

Week 4 mWeek 6 =Week 8
80000
60000

0 L |._ ||||h.. 'I L II L h“

40000
20000

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 T11 T12
Treatment cells

Oil & Grease Content (pp[m)

Figure I: Variation of Oil & Grease (ppm) with Bioremediation Time
(week)

3.3 TOTAL BACTERIAL COUNT RESULT

Figure Il illustrates the bacterial growth profile in the
treatment cells. It was noticed that the bacterial growth
profile followed the batch growth culture of microorganism
with lag, exponential, stationary, and death phases. All the
treatment cells followed a similar trend of lag phase, the
period of adaptation to new environment and it lasted for
one week. Between weeks two to six, it followed a similar
pattern of the exponential phase, the period of maximum
used oil consumption. Stationery phase was followed for a
period of one week (between weeks six and eight) after
which it was followed by death phase and this could be due
to nutrients exhaustion or secretion toxic substances.
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Figure I1: Variation of Total Bacterial Count with Bioremediation
Time (week)

3.4  KINETIC MODEL TESTING AND HALF-LIFE
STUDY

Kinetic modelling was performed using zero, first and
second order kinetic model equations to estimate the
biodegradation rate of the pollutant in the used motor oil
contaminated soil. The integral method is used for the
degradation of the model equations. Equation (3a and 3b),
(4a and 4b) and (5a and 5b) are zero, first and second order
kinetic models respectively, whose summary of their plot
is given in Table 11 (Abdulyekeen et al., 2018)

C,=—Kkt+C, (3a)
InC ,=—k;t+InC, (4a)
1 1
—=k, +— (5a)
0 CAO
C:AO
= 3b
STk, (3b)
t = 0.693 (4b)
ok,
t —L (5b)
% CAOkl
Were Ca being the residual concentration of the oil and
grease (mg/kg),

Cao as the initial concentration of the oil and grease
(mg/kg) at week zero,

t is the bioremediation time (week),

ko (mol.dmiweek™), ki (week™) and k, (kgmg*week?)
as the bioremediation constants for the zero, first, and
second order kinetics.

TABLE 1l GIVES THE KINETIC MODEL TESTING
RESULTS FOR ALL THE TREATMENT CELLS.
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Zero First Second
Sample ko tue R2 ks tue R? ks tye R?
T 82857 | 6 0.8406 1.215311 0.570346 0.9797 0.000006 1.602564 | 0.9703
T2 5360 4 0.7909 1.522875 0.455157 0.9982 0.00007 0.297619 | 0.8419
Ts 70286 | 9 0.8297 1.166724 0.594097 0.9495 0.000006 1.736111 | 0.9968
Ta 64857 | 7 0.8319 1.142707 0.606583 0.9378 0.000003 3.546099 | 0.9925
Ts 38629 | 6 0.8177 1.356218 0.511088 0.9932 0.00004 0.568182 | 0.8582
Ts 71143 | 7 0.8381 1.168476 0.593206 0.951 0.000003 3.472222 | 0.9957
T, 5600 4 0.7569 1.652352 0.419491 0.991 0.00004 0.520833 | 0.8365
Ts 4670 6 0.7487 1.669794 0.41511 0.9911 0.000003 6.410256 | 0.6541
To 3720 6 0.771 1.549605 0.447306 0.9791 0.00004 0.595238 | 0.6004
Tio 55714 | 8 0.8629 1.105503 0.626997 0.9322 0.000003 3.623188 | 0.9738
Tu 40857 | 6 0.8233 1.236024 0.560788 0.9691 0.00004 0.5 | 0.9845
T 53714 |9 0.8049 1.087846 0.637174 0.8749 0.000003 3.333333 | 0.9284

Marquardt’s percentage standard deviation (MPSD)
3.5 ERROR ANALYSIS RESULTS

The use of the classical (correlation coefficient- R?) to 2

find out best kinetic model for experimental data only MPSD =100 1 i (Cexp —Ce) ®)
measures the difference between theoretical data in linear p-n4 C
plot and the experimental data but not the error in the

kinetics curve as observed by El- Grandy et al. (2011). Due

to the resulting bias from linearization, the first and second ~ Where n is number of parameters within the equation, p is
order kinetic models were compared using three error  the number of data points. Cexp is the experimental data
functions given by (6), (7) and (8). and Cea is the calculated data using the kinetic models.

The sum of square error (SSE)

exp

The results of the three-error function analysis
p (presented in Table 1V) shows that first order kinetic
SSE= Z (Cexp —C. ).2 (6) model best fit the experimental data which is in line with
Y the results obtained by several researchers (Agarry and
Latinwo, 2015; Agarry and Oghenejoboh, 2015; Agarry et

The hybric fractional error function (HYBRID) al., 2012; Abioye et al., 2012).
100 b (C _C )2 TABLE IV: RESULTS OF ERROR ANALYSIS FOR FIRST
HYBRID = z exp cal (7) AND SECOND ORDER KINETIC MODEL
p—Nniz Cop ,
Sample Sum of square errors Hybrid Fractional Error MPSD
First Second First Second First Second
T1 212175910.8 10851183155 144499 5245787.364 3801.304 22903.68
T, 12311233.15 3907057065 16377 8317496.414 1279.742 28840.07
Ts 276746102.9 24217687.16 209531 17399.40447 4577.459 1319.068
Ta 266914161.6 88791064.07 207662 88745.87862 4556.994 2979.025
Ts 9475384.766 4784593056 20913 5507333.998 1446.128 23467.71
Te 248746653 37995464.94 198638 28709.18168 4456.887 1694.378
T7 13758428.87 3487196019 29803 7798922.902 1726.35 27926.55
Ts 22186982.69 3406012253 40503 4173632.874 2012.524 20429.47
Ty 13524616.22 2341434236 31906 3563560.268 1786.234 18877.39
Tio 166469775.7 160589267.4 132964 134231.2935 3646.425 3663.759
Tu 61723579.69 2582044523 95090 2832738.538 3083.666 16830.74
T 318217747.4 951313744 220680 932092.8587 4697.661 9654.496
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4 CONCLUSION

This research work has investigated the biostimulation
potentials of palm bunch ash for the remediation of used
motor oil contaminated soil. There was degradation of oil
and grease in the whole treatment cells. Although, the
application of palm bunch ash has successfully enhanced
the degradation of the oil and grease in the polluted soil.

The correlation coefficient (R?) of the kinetic study
(zero, first and second order) showed that bioremediation
process followed the first and the second order kinetics.

The results of the error analysis showed that first order
kinetics model best fits this experimental data.
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ABSTRACT

The application of risk management is a critical stage for any spacecraft project to achieve required components
and system functionality for a successful mission, a risk management plan is high-level accounts and descriptions
of risk concepts for any satellite mission to be successful. This research article investigates the application of

criticality analysis and risk priority number

analysis for communication satellite payload components by

following industry standard and using MIL-STD-1628, MIL-STD-1629A termed as military standard and the
ECSS-Q-STD-30-02C termed as European Cooperation for Space Standardization for space product assurance in
conducting analysis of risk and determining mitigation techniques and also determined the sample correlation

coefficient of criticality of components and risk priority.

Keywords: Correlation, Payload, Project, Risk, Satellite.

1 INTRODUCTION

The utilization of space technologies has increased
substantially, bringing with it, a share of benefits, ranging
from early environment and disaster threat detection and
warnings, climatic changes, metrological forecasts,
geographical information system (GIS), as well as
enhanced communication (Spagnulo, 2013). A satellite
system performs these multifaceted functions because of
its design which consist of two functional areas, the Bus
Systems and the Communication Payload Systems as in
figure land figure 2 respectively.

Bus SYSTEMS

MECHANICAL

Deployment

Structural Systems 3
¥ Mechanisms

Thermal Systems Propulsion Systems

ELECTRICAL

Telemetry, Tele-
command and
Communication Systems
(TTC)

Power Generation,
Control and Distribution
System

Attitude Control Systems
and Sensors

Fig. 1: Components of the functional areas of a
satellite system. (Source: (GVF Training & MahdiBagh
Computers PVT. Ltd., 2008)
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COMMUNICATIONS PAYLOAD

COMMUNICATIONS SYSTEMS

Multiplexers &

g Filters
Demultiplexers

Receivers

Power Amplifiers Gain Control Switching Matrices |

ANTENNAS

Fig. 2: Components of the functional areas of a
satellite system. (Source: (GVF Training & MahdiBagh
Computers PVT. Ltd., 2008)

While the Bus system consists of all the elements that
support the communication payload, the communication
payload provides support for all the functional aspects of
the mission for which the satellite is launched (GVF
Training & MahdiBagh Computers PVT. Ltd., 2008)

The increased utilization of space technologies
necessitated an increased need for space research and
explorations. Consequently, satellites are launched into
space for either communication or environmental
monitoring for disaster. Satellites have different
functionalities, determined by their locations in space.
Excerpts from existing literature (Braun, 2012; Stanniland
& Curtin, 2013) suggest that Low Earth Orbit (LEO)
satellites are used for navigation, space missions, and low
latency communication, the Medium Earth Orbit (MEO)
satellites, while performing the same function as the LEO
satellites, are differentiated by the distance from the earth,
and the Geostationary (GEO) satellites are commonly
used for communication purposes.
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Satellite has been recognised as driver for national
growth and sustainable development, access to reliable
and adequate geospatial information (GI) according to
Akinyede and Agbaje (2006). The recognition of this
fact, may have prompted the Nigerian government to
initiate  moves, the NIGCOMSAT-1, a Nigerian
Communication Satellite Project (Zhicheng et al., 2006),
aimed at addressing the problem of communication, seen
as one of the greatest setbacks to the socio-economic
development of the country, particularly in the areas of
rural telephoning, broadcasting, tele-education, tele-
medicine, e-government, e-commerce and real-time
monitoring  services  (Chukwu-Okoronkwo,  2015).
Boroffice (2008) noted that the NigComSat-1 project was
to provide a platform for capacity-building and the
development of satellite technology for the level of
transformation in the telecommunication, broadcasting
and broadband industry in Africa, as well as prospects
increased businesses in rural and remote regions through
access to strategic information.

Although the contribution of satellite systems has been
substantial, Bargellini and Edelson (1977) noted that
satellite communications systems will continue to expand
because traffic growth forecasts indicate the need for
greater communications capacity.  Consequently, the
financing of communications satellite has grown from a
government organised, privately operated venture, to
regulated and competitive part of the economic
infrastructure. However, one critical factor confronting
the satellite communication industry is the risk of damage,
resultant disruption to service and liabilities due to
collision as result of derelict satellite (Pelton et al., 2017).

The planning, building, launching, financing, and
operating a communication satellite is a routine business
for long term investment and its require a high up-front
capital expenditure with a start-up period of 2 years, with
a large number of high investment risk factors (Pelton et
al., 2017). The effect of a satellite failure, in terms of cost
and multiplier effect is huge, as noticeable in Zhicheng et
al. (2006) containing an account of the failed
NIGCOMSAT-1, which was de-orbited due to Electrical
Power Subsystems defect in the Solar Array Drive
Assembly (SADA), and replaced with NIGCOMSAT-1R.

The risk and cost associated with satellite failures like
the NIGCOMSAT-1 is huge and by far outweighs the cost
of carrying out a risk assessment of the space project. In
the NIGCOMSAT-1 failure cited above, although the
satellite was replaced at no cost to the Nigerian
government, there were chances of collision with other
satellite in the adjacent orbital slot when if it were not de-
orbited. Even with the de-orbiting, the resulting space
debris posed another risk for other satellites in orbit. To
avert all these risk factors, the need for adequate and
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thorough risk analysis of critical components and risk
priority analysis before satellite launch become crucial.

Fales (1984) observes that given the fact that the
development and production programme for satellite
communications terminals are affected by a variety of
risks from both satellite and terminal development, an
understanding of the effect and impact of these risks on
the terminals becomes a crucial step towards mitigating
the overall system risk. Risk analysis of a communication
satellite should provide an insight into risk areas with a
view to designing a good mitigation strategy, identify
areas where management reserve can be committed early
to risk reduction activities, and determine the appropriate
level of management reserve (Fales, 1984), as shown in
table 1.

Inferences from existing studies is that the above,
requires the development of a risk management plan to
take account of risks by identifying, and conducting
analysis, following the root cause of each risk and the
consequences of each risk and providing mitigating plans
(Gamble, 2015; Gamble & Lightsey, 2014; Gamble &
Lightsey, 2015; Gamble & Lightsey, 2016)

TABLE 1: STEPS IN RISK MANAGEMENT PLAN

Main Step Sub-steps
A.Risk 1.Review the mission concept of
identification operation

2.ldentify root causes

3.Classify priority of risk

4.Name responsible person
5.Rank likelihood (L) and
consequence( C ) of root cause
6.Describe rationale for ranking
7.Compute mission risk likelihood
and consequence values

8.Plot mission risks on L-C chart

B.Determine 1.Avoid the risk by eliminating
mitigation root cause and/or consequence
techniques 2.Control the cause or

consequence
3.Transfer the risk to a different
person or project

4.Assume the risk and continue in
development

Plot the mission risk values on an
L-C chart at life-cycle or design
milestones to see progress

C. Track progress

Table 1: Steps of Risk Management Plan. Source: Gamble
(2015)
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A risk may be assessed either qualitatively or
quantitatively. Risk management process utilizes rating
scales for each of the risk factors with impact, likelihood,
and time frame (National Research Council (U.S.), 2005).
The impact of a risk event can be to cost, schedule and
technical performance. Qualitative risk assessment
provides relative values of the likelihood of occurrence
and potential consequences of each risk, in general
qualitative risk assessment method would be adequately
for making risk management decision. Quantitative risk
assessment which is usually undertaken for high, critical,
or unmanageable risks as determined through the
qualitative risk assessment is aimed at establishing the
amount of contingency to be included in the estimate for
the risks undergoing this assessment, such that should the
risk(s) occur, there would be sufficient budgeted amount
to overcome the extra expenditure (Srinivas, 2019). This
is possibly because quantitative methods require more
precise analyses and understanding of the risk or
allocation of resources for risk reduction (GOES, 2013).

Although Meyer (2015) notes that quantitative risk
analysis is less common in risk management of projects
due to insufficient data about the project to perform this
analysis of risk quantitatively, the practice of quantitative
risk methods would be appropriate to the schedule, budget
and risk forbearance of communication satellite mission
and will result in more informed knowledge and more
successful communication satellite missions.

The results from quantitative risk and reliability
analysis were an important input into decision making
during design process. These results provided ways to
compare relative risks and to inform the decision makers.
Key programmatic decisions that were influenced by the
risk assessment results in the satellite industry include;
choice of Crew Launch Vehicle (CLV), choice of
propulsion system, choice of lunar mission mode,
elimination of unnecessary radiation shield and definition
of acceptable risk in a space mission.

However, the approach for this work was to contribute
to the risk analysis of communication payload in order to
make improvement in the payload system under analysis,
which was based on reliability of the payload components
by combining both criticality and risk priority number
analysis compared to other works which were based on
quality, safety, control or depending on the purpose for
the FMEA. By including the quantitative risk assessment
into the design process effectively blend the performance
and risk within time and budget constraint were achieved
(Dale, 2005).
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2 METHODOLOGY

This research utilized both qualitative and quantitative
research approaches. A purposive sampling, a non-
probability sampling technique, that focuses on a
particular characteristics of a population of interest, thus
enabling answers to research questions. Team of
engineers from different background in satellite industry
participated to come up with the decision on the
parameters of the Risk Priority Number (RPN) of each
component. Tables related to each of these parameters can
be found in the associated standards (ECSS-Q-ST-30-
02C, 2009) (European Cooperation for Space
Standardization (ECSS), 2009).

Table 2 shows the charting of failure effects severity
to the performance of a satellite communication payload.
“Severity classification category shall be assigned to each
failure mode and component according to the failure
effect.

TABLE 2: THE FOUR SEVERITY LEVELS OF
FAILURE AS DEVELOPED BY MIL-STD-1628

Cat
egory

Effect Criteria

4 Catastrophic Failure mode capable of
causing complete components,

system and mission lost.

3 Critical Failure mode capable of
component damage, system
degradation that could reduce
the  performance of the

components or the system.

Failure that could cause
components damage, system
damage that are not critical. It
will lead to delay or loss of
availability.

2 Major

1 Minor Failure that would not
cause components damage,
system degradation but could
lead to unscheduled

maintenance.
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2.1 FAILURE MODE EFFECT CRITICALITY
ANALYSIS (FME(C) A) APPLICATIONS FOR
COMMUNICATION SATELLITE PAYLOAD

TABLE 4: SUGGESTED RATINGS FOR THE SEVERITY OF A
FAILURE MODE.

Effect Severity of | Rank
In line with the FMEA procedures of identifying eff ect
the failure modes for each components of the system, it | None Noeffect 1
was essential to itemize failure modes for each component | Very minor Very minor | 2
after decomposing the system into block diagram. The effect on product
system design, assembly, and installation can provide the or system
information needed for the failure modes for each unit performance
component of the system (Harland & Lorenz, 2007). Minor Minor effect on | 3
product or
The effect on the functional condition of the system
component under analysis caused by the loss or performance
degradation of output shall be identified so the failure | Low Small effect on | 4
mode effect will be properly categorized” (MIL-STD- product
1629A, 1980) (Department of Defense United States of performance.
America, 1980). The product does
not require repair
Quantitative risk analysis data shortage gave room for | Moderate Moderate effect | 5
organizations to come up with standards of requirement to on product
meet up their needs, the military standard 1628 term as performance.
MIL-STD- 1628. (Liu at el 2013) came up with some The  product
ratings on failure occurrence, detection and severity as in requires repair
table 3, table 4 and table 5 respectively below. These | Significant Product 6
tables are used for computing and analysing the failure performance s
mode severity, occurrence and detection for the degraded.
communication payload components risk analysis. Certain functions
may not operate
Major Product 7
TABLE.3: SUGGESTED RATINGS FOR THE OCCURRENCE OF A performance is
FAILURE MODE severely affected
but  functions.
Probability  of | Possible failure | Rank The system may
failure rates not operate
Extreme Product is| 8
Nearly <1 in 150,000 1 inoperable  with
impossible loss _of primary
Remote 11in 150,000 2 function.  The
Low 1in 15,000 3 ?r)llgtem " is
Relatively low | 1 in 2000 4 : perapie
- Serious Failure involves | 9
Moderate _ 1 !n 400 5 hazardous
Moderately high | 1in 80 6 outcomes and/or
High 1in20 7 noncompliance
Repeated failures | 1in 8 8 with government
Very high lin3 9 regulations  or
Extremely >1in2 10 standards
high(failure Hazardous Failure is | 10
almost hazardous, and
inevitable) occurs  without
warning. It
Adapted from (Liu et al., 2013) suspends
operation of the
system  and/or
involves
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noncompliance detect a potential
with government cause of failure or
regulations subsequent failure
mode
Adapted from (Liu et al., 2013) Very remote Very remote chance | 9
the design control will
detect a potential
cause of failure or
TABLE 5: SUGGESTED RATINGS FOR THE DETECTION OF A subsequent failure
FAILURE MODE mode
Absolute Design control does | 10
Detection likelihood of | Rank uncertainty not detect a potential
detection by design cause of failure or
control subsequent failure
Almost certain Design control  will | 1 mode. Or there is no
almost certainly detect design control
a potential cause of
failure or subsequent Adapted from (Liu et al., 2013)
failure mode
Very high Very high chance the | 2 22 ANALYSIS
design control  will
detect _potentlal 1. Criticality Analysis
cause of failure or . L
subsequent failure Critical components are foc_used on criticality number
mode as a result of multlpl_ymg severity nu_mber_ and occurrence
- - number of each failure mode. Criticality number for
High ng_h chance the 3 failure mode usually ranks the potential of components
design - control W.'” risk of failure which is centered on the component failure
detect fa £ _pl)otentlal mode occurrence and consequence of the failure effect as
gsg::qugnt al ufrae”utr)er shown in table 6 below using the MIL-STD-1628 to
mode determine the severity of failure mode of each component.
Moderately high | Moderately high | 4 TABLE 6: PAYLOAD COMPONENTS CRITICALITY NUMBER
chance the design COMPUTATION
control will detect a
potential ~ cause of Part Failure | Severity | Occurre | Criticalit
failure or subsequent Name Mode Number | nce y
failure mode Number | Number
Moderate Moderate chance the | 5
design - control W.'” Receiver Components
detect a potential
cause of failure or
subsequent failure
mode -
Low Low chance the design | 6 Input . Opening | 3 ! 3
control will detect a Wav_egw of )
potential cause  of de Filter | connectio
failure or subsequent ns
failure mode
Very low Very low chance the | 7 Input Stage Components
design control  will
detect a potential
cause of failure or
subsequent failure Low Input 4 1 4
mode Noise signal  to
Remote Remote chance the | 8 Amplifier | down
design  control  will converter
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(LNA)

distortion

Unstable
input
signal to
down
converter

tube or
cathode

CAMP Failure of | 4 1 4
transpond

er

Down Converter

Oscillator

Disorder
in the
performan
ce of
down
converter

Fixed
Amplifier

Interruptio | 2 1 2
n of the
output
signal  of
down
converter

PLL

Frequency
intermissi
on or
disorder
of output
signal

Variable
Attenuator

Interruptio | 2 1 2
n of the
output
signal  of
transmitte
r

Mixer

Power

loss in
output
signal of
mixer/
increase in
the level
of
unwanted
signals

Low
isolation
between
the
openings

High Power

Amplifier

TWTA

High
output
power

Output
power loss

Failure of
TWTA
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Components with criticality value of four (4) shows
tendency of high concern in the system, from this it shows
that high power amplifier and low noise amplifier
component in the system are critical in the functioning of
the satellite communication payload system. To avoid risk
of failure of these components is to make provision for
redundancy of the active components of the payload as
mitigation measures.

2. Risk Priority Number (RPN)

RPN method uses three rankings to come up with an
RPN value and these rankings are the probability of the
failure-mode occurrence (O), the severity of its failure
effect (S) and the probability of the failure being detected
(D). These three are measured on a numerical scale and
then multiplied with one another to get the RPN value for
each component in the system as shown in table 7.
Components with a high value of RPN signified that, the
component has high risk of failure.
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TABLE 7: RISK PRIORITY NUMBER COMPUTATION

TABLE 8: COMPONENT CRITICALITY AND RISK
PRIORITY VALUES

Part Name | Failure Mode O|S |D|RPN
Receiver Components
Input Opening of |3 |7 |5 |105
Waveguide | connections
Filter
Input Stage Components
Low Noise | Input signal todown |5 |7 |3 | 105
Amplifier converter distortion
(LNA) Unstable input | 4 |9 1 36
signal  to down
converter
Down Converter
Oscillator Disorder in the |2 |9 |2 |36
performance of
down converter
PLL Frequency 3|7 2 42
intermission or
disorder of output
signal
Mixer Power loss in output | 2 | 7 2 28
signal of mixer/

increase in the level
of unwanted signals

Low isolation | 2 | 7 5 70
between the
openings

High Power Amplifier

TWTA High output power 4 (10 |1 |40
Output power loss 3110 |1 |30
Failure of TWTA |3 |10 |1 |40
tube or cathode

CAMP Failure of (3|7 |1 |21
transponder

Fixed Interruption of |4 |7 |28

Amplifier output signal of
down converter

Variable Interruption of the |2 |5 |5 |50

Attenuator | output signal

From the RPN analysis it’s found that input filter,
LNA, mixer has higher value of risk priority and translate
to higher chances of risk failure.

3. Correlation Analysis

To establish the association between criticality of
component (reliability) and component failure risk
priority. Component criticality value is the independent
variable while component risk priority number is the
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Transponder | Components | Risk
Components | Criticality Priority
Number
Input 3 105
wave guide
filter
Low 4 105
Noise
Amplifier 1
Low 4 36
Noise
Amplifier 2
Oscillator 2 36
Phase 2 42
Lock  Loop
(PLL)
Mixer 1 2 28
Mixer 2 2 70
TWTA1 3 40
TWTA 2 4 30
TWTA3 4 30
CAMP 4 21
Fixed 2 28
Amplifier
Variable 2 50
Attenuator
Criticality and Rizk Priority Mumber

Criticality Yalue
s 2 8 H

1126

Rizk Priority Nunber

0
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3 RESULTS AND DISCUSSION

From the analysis of criticality of components using
MIL-STD-1628 for the analysis, it shows that Low Noise
Amplifier and High Power Amplifier components has
critical value (4) four, and it means that at single point
failure of these components would result to catastrophic
severity effects on the satellite system and this might
result to the total loss of signal from the payload and the
mission would be at risk of failure.

While the RPN analysis, considering the suggested
ratings adopted by Liu et al in their research and the
ECSS-Q-STD-30-02C of space product assurance failure
modes. The result shows that the input wave guide filter,
Low noise amplifier, mixer and variable attenuator has
high value of risk priority number 105,105,70, and 50
respectively. Some components with high criticality
values like low noise amplifier of input stage component,
High Power Amplifier components’ has low value for risk
priority number. In essence, these components with high
RPN value signified high priority of risk

Theoretically, it would be that high critical
components should have high risk failure priority and the
correlation coefficient should be strong. The factors
responsible for that not to happen in this study, is that
some components with high severity rankings have low
detection and occurrence rankings while some
components with lower severity rankings with higher
value of detection and occurrence rankings and this would
definitely have higher value of risk failure priority when
these rankings are multiplied out.

The result of the correlation coefficient shows a weak
association with a value of r = 0.0488 between critical
components and risk of failure, it would be expected that
components with high criticality value should have strong
association with risk priority of failure.

4 CONCLUSION

Considering single point failure mode of the
communication payload components in Table 2, from the
four severity level of failure developed by MIL-STD-1628
and components with failure effect of causing complete
component, system and mission lost has criticality value
of (4) four. Components such as low noise amplifier of
the input stage, high power amplifier components are of
high criticality values as a result of the criticality analysis
of the sample data collected for the study as shown in
table 6 and it implies that any failure of these components
would bring about mission lost.
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To avert or mitigates the effect of single point failure
of these active components, a redundancy or back- up
components should be incorporated in the design such that
at the event of failure of any active components the back-
up components would take active position to prevent total
system failure.

The risk priority number, is similar to the criticality
number, the difference is in computing for the criticality
number to determine the critical components only the
severity of failure and probability of failure occurrences
are considered while in the risk priority number both the
probability of failure mode, severity of failure effects and
the probability of failure detection are computed.

Table 7 shows that components with high value of risk
priority number are of high chances of failure, similar to
criticality number. While performing correlation analysis
to ascertain the association of criticality number and risk
failure priority number, it shows a no correlation.

The study demonstrated that critical components are
not necessary the components with high risk failure
priority, in as much as components with high critical
value are kept in watch likewise components with high
risk failure priority number.
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ABSTRACT

The paper is aimed at characterization and grading of South Eastern Nigeria grown mangifera indica in accordance
with British Standard 5268 (2002). The specimens used in the experiment were obtained from Oluluofo in Alor
Anambra State, South Eastern Nigeria. The samples were carefully selected, personally sliced into 600mm length and
300mm width for easy transportation in its green state. Samples were seasoned naturally for six months and prepared
in accordance with British Standard 373(1957). The following laboratory test were carried out: bending parallel to the
grain, tension parallel to the grain, tension perpendicular to the grain, compression parallel to the grain, compression
perpendicular to the grain, shear parallel to the grain, moisture content and density. In accordance with British
Standard 5268 the moisture content of 12% values were determined by adjusting the laboratory experiment of physical
and mechanical properties of the timber specie. The analyses of the result were done statistically and computation of
basic and grade stresses were done using experimental failure stresses. The result obtained from grade bending stress,
density and mean modulus of elasticity shows that, mangifera indica can be graded and assigned to strength class C24
(softwood) . It can be used for cladding, decking, flooring, panelling, furniture and cabinets but cannot be used for

load bearing structures.

Keywords: Characterization, Grading, Nigeria grown timber, Soft wood, and Three point bending.

1. INTRODUCTION

. The use of timber as a structural material has been dated
over centuries ago, due to its availability in nature. Timber
refers to wood in the form that is suitable for construction
of carpentry, joinery or for reconversion for
manufacturing purposes (Aguwa, 2010). There is high
demand for timber as a building material. From building
construction to furniture making, timbers have numerous
uses. These uses have made timber an important building
material.

Timber as a structural material serves various purposes
which include bridge construction, beam, trusses, girder,
piles, deck member, retaining structures and railways
slippers.

Different wood species have different strength
characteristics. And also within a species these
characteristics may vary. Therefore, in practice, a
classification system of strength classes is used (Jamala,
et al., 2013). The strength of a timber depends on its
species and the effects of certain growth characteristics
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(Yeomans, 2003) therefore there is need to determine the
physical and mechanical properties of each timber before
it is used as structural materials in construction.

Grading of timber species is the process of grouping a
timber with similar properties. Different species of timber
used in construction can be grouped into two, softwood
and hardwood. Softwood is the timber from conferral
trees, they are gymnosperms, its leaves are needle like in
shape, less dense, light in color, create more branches or
shoots, they are usually wood from cones and
occasionally nuts. Soft wood are used for home wood
working projects , used for cladding, decking, flooring,
paneling, structural framing, beams poles, bench tops,
furniture and cabinets. Hardwoods are obtained from
deciduous trees. They are basically angiosperms; the
fibers are quite close and dense, normally these are dark
coloured woods, durable and last for several decades.
They are used for load bearing structures like railway
sleepers and bridge beam.
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Timbers as a natural product are not excluded from defect.
A defect is any irregularity occurring in or on the timber
which may lower its strength, durability, utility value or
diminish its appearance. Defects may be 'natural’ which
occur whilst the tree is growing, or ‘artificial' as a result of
poor conversion, seasoning or handling after felling.
Natural defects like Knots occur where branches have
grown out of the tree trunk. Seasoning is the process of
adjusting the moisture content of the wood, which can be
achieved through exposing the felling timber to dryness
within a given period of time or by the use of kiln to
achieve its reduction in moisture content, during
seasoning of timber, exterior or surface layer of the timber
dries before the interior surface. So, stress is developed
due to the difference in shrinkage. In a perfect seasoning
process, stress is kept minimum by controlling the
shrinkage. The process of cutting a fell timber into
different market sizes is known as conversion of timber.
Artificial defects can occur in a timber as a result
improper cutting or machine notches during conversion.

Nigeria is one of the countries that have timber in surplus
quantity (Jimoh and Aina, 2017). There is need to
determine the strength properties and grading of our
locally grown timber species so as to aid in choosing a
timber that is free from defect and suitable for a specific
construction, and also reduce the high rate of demand of
concrete and steel in construction. Construction activities
based on these locally available raw materials are major
steps  towards industrialization and  economic
independence for developing countries. This explains
huge interest and considerable intellectual resources being
invested in understanding the mechanical or structural
properties of the Nigerian timber (Aguwa and Sadiku,
2011). The demand for timber is unlimited as it continues
to increase rapidly in Nigeria.

Mangifera indica is a large, evergreen tree with a dark
green, umbrella-shaped crown; it can grow from 11-46
metres tall. The long bole can be 0.7-1.5 metres in
diameter. Mostly planted in south eastern part of Nigeria,
and north central. There is need to determine the physical
and mechanical properties of mangifera indica since it is
locally grown and used as structural materials in
construction. Some timber strength properties listed in
British Standard or European code were based on timber
obtained from trees in those areas and the laboratory tests
were conducted there (Aguwa, 2010). The determined
properties like density, grade bending stress and mean
modulus of elasticity were used for grading and assigning
strength class according to international code (British
Standard 5268 part 2, 2002).

The aim of this study was to characterize and grade South
Eastern Nigeria grown mangifera indica timber in
accordance with British Standard 5268 (2002).The
specific objectives were to collect, season, prepare
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samples of mangifera indica, determine its physical and
mechanical properties according to British Standard 373
(1957) and to grade mangifera indica timber specie in
accordance with British Standard 5268 (2002).

2. METHODOLOGY

The materials used in this study were obtained from
mangifera indica tree at its green condition sawn to size
200mm x 450mm x 4500mm and were reduced to 100mm
X 300mm x 600mm for easy transportation to university
of llorin for seasoning, preparation and testing.

PREPARATION OF TEST SPECIMENS IN ACCORDANCE WITH
B.S 373 (1957)

Test specimens were seasoned for six months to attain
equilibrium moisture condition at Department of Civil
Engineering Laboratory, University of llorin, Nigeria.
Natural seasoning method was adopted in line with
Aguwa (2010). Thirty (30) samples each were prepared
for six different laboratory tests which include three point
bending strength parallel to the grain, shear strength
parallel to the grain, tension strength parallel to the grain,
tension strength perpendicular to the grain, compressive
strength parallel to the grain, compressive strength
perpendicular to the grain, natural moisture content and
density according to BS 373 (1957).

DETERMINATION OF PHYsicAL AND MECHANICAL
PROPERTIES.

Physical and mechanical properties were determined on
the prepared samples in the Laboratory of university of
llorin, Kwara State using Universal Testing Machine
(UTM), Testometric M500-100AC of 300kN capacity.
Thirty (30) samples of each of the following test were
carried out three point bending strength parallel to the
grain, shear strength parallel to the grain, tension strength
parallel to the grain, tension strength perpendicular to the
grain, compressive strength parallel to the grain,
compressive strength perpendicular to the grain, total of
one hundred and eighty (180) samples were carried out
according to BS 373 (1957) including natural moisture
content and density. In each set of the tests, failure loads
were recorded for computation of failure stresses, mean
failure stress, standard deviation and coefficient of
variation. The corresponding load deformation graphs
were plotted automatically.

STRESSES AT 12% MOISTURE CONTENT.

Failure stresses for bending parallel to the grain,
tension parallel to the grain, compression parallel to the
grain, compression perpendicular to the grain and shear
parallel to the grain were adjusted to values at 12%
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moisture content in accordance with BS 5268 (2002).
Equation (1) was used for the adjustment.

FM12 = FW + o(W — 12) (1)
Thus
FM12= failure stress at 12% moisture content,

w=experimental moisture content in (%), FW =
experimental failure stress, ¢ = correction factor (Bending
= 0.05, compression = 0.04 and shear = 0.03).

MODULUS OF ELASTICITY AT 12% MOISTURE CONTENT

Based on three points bending test, Equation (2) from
the strength of materials applied to straight beams was
used, in conformity with lzekor et al. (2010).

L3
Thus
ELS3 is the three point bending modulus of elasticity, £ is
the distance between the two supports (280mm), e is the
width of the beam (20mm), h is the height of the beam
(20mm) and k is the slope of load deformation graph that

. P - .. .
is — . Minimum modulus of elasticity was determined

with Equation (3) which shows the relationship between
mean modulus of elasticity, Emean and the minimum
modulus of elasticity, Emin.

Emini £ 2.330 3)
mnimum = cmean —
VN

Thus
N is the number of specimens, o is the standard deviation.

MODULUS OF ELASTICITY AT 12% MOISTURE CONTENT

Moduli of elasticity at experimental moisture content
were adjusted to values at 12% moisture content in
conformity with BS 5268 (2002). The adjusted values
were computed with Equation (4).

Emiz — Emeasured 4
M = 14 00143(12 — ), )
Thus
E measured = the modulus of elasticity at experimental

moisture content, Em12 = Modulus of elasticity at 12%
moisture content and U = experimental moisture content.

DETERMINATION OF MOISTURE CONTENT

The pieces used for moisture content determination
were from failed tested specimens. The samples were
weighed and initial mass were recorded as M; which
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represent masses of wood pieces before the oven dried.
The samples were reweighed after oven dried at a
temperature of 103+ 2°C to a stable mass which were
recorded as M, (final mass). The average mass of the
species were recorded to determine the masses (M, and
M,) used for moisture content value.

c=ML-MZ ooy 5)
T M2 ”

Thus

M, (kg) =initial mass (mass of timber and moisture
content)

M, (kg) = final mass (mass of timber alone) that is mass
after oven dried.

DETERMINATION OF DENSITY

Five samples of the timber with size
20mmx20mmx20mm were used for the determination of
the density in accordance with BS 373 (1957). Density
was calculated using Equation (6).

p= ;; (6)

Thus

m= the mass of the specimen, v = volume of the specimen

DENSITY AT 12% MOISTURE CONTENT

The densities computed from test results in kg/m?
were adjusted to values at 12% moisture content in
accordance with BS 5268 (2002). Equation (7) was used
for the adjustment.

3 (1-05wWw-12)

12 = 1 7
p pw 100 , (7)
Thus

pl2= density at 12% moisture content in kg/m3, pw =
density at experimental moisture content, w=

experimental moisture content in percentage (%).

BASIC AND GRADE STRESSES

Basic stresses for bending, tensile, compressive, shear
parallel to the grain, compressive stress perpendicular to
the grain, were calculated from failure stresses. Equations
(8) were used for the computation. Various grades
stresses at 80%, 63%, 50% and 40% values respectively
were calculated according to BS 5268 (2002).
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®

Thus

fb = Basic stress, fm = mean failure stress at 12%
moisture content , 6 = standard deviation of failure stress,
kr =reduction factor and kp = modification factor= 2.33,
Kr for bending , tension and shear parallel to the grain =
2.25. Kr for compression parallel to the grain = 1.4 while
Kr for compression perpendicular to the grain = 1.2.
fg80= fb80%, fg63=th63%, fg50=fh50%, fh40=fh40%.

3. RESULTS AND DISCUSSION

Table 1 shows the mass of five samples of size
20mmx20mmx20mm for mangifera indica, the mean
mass and mean density at experimental moisture content
are equally shown in the Table 1.

TABLE 1: SAMPLES MASS AND MEAN DENSITY

SAMPLE NUMBER MASS(g)  DENSITY (kg/m®)
1 6.6 825

2 6.7 8375

3 76 950

4 6.9 862.5

5 6.8 850

MEAN 6.92 865

Table 2 presents moisture content results of five (5)
samples each of the following test: Bending parallel to
the grain, tension parallel to the grain, compression
parallel to the grain, compression perpendicular to the
grain and shear parallel to the grain on mangifera indica
samples and the average moisture content of the
experiments.

TABLE 2: NATURAL MOISTURE CONTENT OF MAGINERFA
INDICA

Test M1 M2 MC
specimen initial mass of  final mass of ~_ M2 — mlo/
timber before timber after T om2 0
oven oven
drying(g) drying(g)
Compression 40.6 36.2 12.154
parallel to the
grain
Compression 342.7 272.9 25.577
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perp. to the

grain

Tension 62.7 53.4
parallel to the

grain

Tension 94.7 69.4 36.45
perpendicular

to the grain

Bending

parallel to the 337.8
grain

Shear 20.9 19 10
parallel to the
grain

MEAN

17.415

280.6 20.38

20.330

Table 3 shows modulus of elasticity of five (30) samples
at experimental moisture content, sample 12 have the least
modulus of elasticity 8292.802 N/mm? while sample 22
with the highest value 15473.257 N/mm? The summary
graph of bending test that was used for modulus of
elasticity computation was used to confirm the samples
with the values.

TABLE 3: MODULUS OF ELASTICITY AT NATURAL MOISTURE
CONTENT

SAMPLE NO M.O.E. (N/mm?)
1 10100.617
2 13702.312
3 13391.999
4 10095.912
5 10413.145
6 13218.253
7 12011.994
8 12070.981
9 11147.251
10 8337.247
11 9381.749
12 8292.802
13 8953.258
14 13877.897
15 9451.386
16 14345.333
17 9282.586
18 11784.363
19 9929.698
20 9342.541
21 10881.638
22 15473.257
23 11223.954
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24 9670.227
25 11437.090
26 9847.927
27 13313.685
28 8814.105
29 7013.942
30 3856.050
MINIMUM 3856.050
MEAN 10688.773
MEDIAN 10256.881
MAXIMUM 15473.257
STANDARD DEVIATION 2422.420
C.ORV. 22.663

Figure 1 (graph of Load on Y- Axis against Deflection on
X-Axis).The graph shows the relationship between load
and deflection of Timber beams (mangifera indica) under
static bending load. Loads were applied at a constant
speed of 0.11mm/s until the materials failed. These graphs
confirm timber as an elastic structural material which does
not undergo plastic stage of deformation (Aguwa, 2012).
It was observed that deformation increased as load on the
beam increased until elastic limits were reached.

100
90
80 -
70 -
60
50 == Series2

40 =¢=—>Seriesl
30

20

10
O __‘I T T T T 1

DEFLECTION (mm?)

LOAD (N/mm?)

Table 4 shows modulus of elasticity and density of
mangifera indica timber at 12% moisture content.
mangifera indica properties are comparable with those
timbers in strength class C24 because it has density of
865kg/m*®, mean modulus of elasticity 10688.773N/mm?
that is within the range of C24 in BS 5268 (2002). Based
on these results mangifera indica belongs to timber
strength class C24.
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TABLE 4: MODULUS OF ELASTICITY AND DENSITY OF
MANGIFERA INDICA AT 12% MOISTURE CONTENT

MODULUS OF ELASTICITY ~ VALUE
(N/mm?)

EMINIMUM (N/mm?) 3856.050
EMEAN (N/mm?) 10688.773
DENSITY (Kg/m®) 865

table 5 shows basic stresses of mangifera indica at 12%
moisture content calculated from mean failure stresses and
standard deviation of failure stresses. basic stresses
calculated were basic bending stress parallel to the grain,
basic tensile stress parallel to the grain, basic compressive
stress parallel to the grain, basic shear stress parallel to the
grain and basic compressive stress perpendicular to the
grain.

TABLE 5: VALUES GOTTEN FROM BASIC STRESSES OF
MANGIFER INDICA AT 12 % MOITURE CONTENT.

TYPE OF STRESS VALUE
BENDING PARALLEL TO 70.6685
THE GRAIN (N/MM?)

TENSION PARALLEL TO 51.2605
THE GRAIN (N/MM?)

COMPRESSION PARALLEL 21.1435
TO THE GRAIN

COMPRESSION 226.1115
PERPENDICULAR TO THE

GRAIN

SHEAR PARALLEL TO THE 9.8349
GRAIN

Table 6 shows basic stresses parallel and perpendicular to
the grain as well as grade stresses at 12% moisture
content. mangifera indica has grade bending stress of
18.096N/mm? which is comparable to range of grade
bending stress of strength class C24 listed in Table 8 of
BS 5268 (2002).

TABLE 6: VARIOUS STRESS FOR MANGIFERA INDICA AT 12%
MOISTURE CONTENT.

TYPE OF STRESS VALUE (N/mm?)
MEAN FAILURES BENDING ~ 70.252

STRESS PARALLEL TO THE

GRAIN

BASIC BENDING STRESS 18.09
PARALLEL TO THE GRAIN

STANDARD DEVIATION OF  12.676

FAILURE BENDING STRESS

PAR. TO GRAIN

GRADE BENDING STRESS 14.477

(80%) PARALLEL TO THE
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GRAIN

GRADE BENDING STRESS
(63%) PARALLEL TO THE
GRAIN

GRADE BENDING STRESS
(50%) PARALLEL TO THE
GRAIN

GRADE BENDING STRESS
(40%) PARALLEL TO THE
GRAIN

MEAN FAILURES TENSILE
STRESS PARALLEL TO THE
GRAIN

BASIC TENSILE STRESS
PARALLEL TO THE GRAIN

STANDARD DEVIATION OF
FAILURE TENSILE STRESS
PAR.

TO GRAIN

GRADE TENSILE STRESS
(80%) PARALLEL TO THE
GRAIN

GRADE TENSILE STRESS
(63%) PARALLEL TO THE
GRAIN

GRADE TENSILE STRESS
(50%) PARALLEL TO THE
GRAIN

GRADE TENSILE STRESS
(40%) PARALLEL TO THE
GRAIN

MEAN FAILURES COMP.
STRESS PARALLEL TO THE
GRAIN

BASIC COMPRESSIVE
STRESS PARALLEL TO THE
GRAIN

STANDARD DEVIATION OF
FAILURE COMP. STRESS
PAR. TO GRAIN

GRADE COMPRESSIVE
STRESS (80%) PARALLEL TO
THE GRAIN

GRADE COMPRESSIVE
STRESS (63%) PARALLEL TO
THE GRAIN

GRADE COMPRESSIVE
STRESS (50%) PARALLEL TO
THE GRAIN

GRADE COMPRESSIVE
STRESS (40%) PARALLEL TO
THE GRAIN

MEAN FAILURES COMP.
STRESS PERPENDICULAR
TO THE GRAIN

BASIC COMPRESSIVE
STRESS PERPENDICULAR
TO THE GRAIN

11.40

9.048

7.2384

50.844

4.625

17.355

3.7

2.915

2.3125

1.85

20.727

9.098

3.429

7.27

5.73

4.55

3.64

225.695

-3.536
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STANDARD DEVIATION OF 98.686
FAILURE COMP. STRESS
PERP. TO GRAIN

GRADE COMPRESSIVE -2.8288
STRESS (80%) PERP. TO THE
GRAIN

GRADE COMPRESSIVE -2.227
STRESS (63%) PERP. TO THE
GRAIN

GRADE COMPRESSIVE -1.768
STRESS (50%) PERP. TO THE
GRAIN

GRADE COMPRESSIVE -1.4144
STRESS (40%) PERP. TO THE
GRAIN

MEAN FAILURES SHEAR 9.585
STRESS PARALLEL TO THE
GRAIN

BASIC SHEAR STRESS 0.1501
PARALLEL TO THE GRAIN

STANDARD DEVIATION OF 3.968
FAILURE SHEAR STRESS
PAR. TO GRAIN

GRADE SHEAR STRESS 0.121
(80%) PARALLEL TO THE
GRAIN

GRADE SHEAR STRESS 0.094
(63%) PARALLEL TO THE
GRAIN

GRADE SHEAR STRESS 0.075
(50%) PARALLEL TO THE
GRAIN

GRADE SHEAR STRESS 0.060
(40%) PARALLEL TO THE
GRAIN

Table 7: shows the summary results of the experiment for
grading of maginfera indica in accordance with BS 5268
(2002). According to BS 5268 (2002), strength class may
be assigned to a specie, if its characteristic value of grade
bending stress and mean density equal or exceed the value
for that class giving in Table 8 of BS 5268-2 (2002) and
its mean modulus of elasticity in bending equal or exceed
95% of the value given in that strength class. Based on
these criteria, maginfera indica was assigned to strength
class C24 due to its grade bending stress parallel to the
grain of 14.477N/mm? mean density of 865kg/m* and
mean modulus of elasticity of 10688.773N/mm-. This is
in agreement with strength class C24 listed in BS 5268-2
(2002) of grade bending stress of 7.5N/mm? and above,
mean density of 420kg/m®.

TABLE 7: STRENGTH CLASS FOR MAGINFERA INDICA
ACCORDING TO TABLE 8 BS 5268-2 (2002) .

GRADE STRESS OF BASIC 14.477
BENDING PARALLEL TO
THE GRAIN (80%) (N/mm?)
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DENSITY (kg/m®) 865
MEAN MODULUS OF 10688.773
ELASTICITY (N/mm?)

MINIMUM MODULUS OF 3856.050
ELASTICITY

STRENGTH CLASS C24

4. CONCLUSION

Maginfera indica is softwood (C Class) of C24 strength
class according to BS 5268 (2002) with poor Engineering
properties and cannot be used for a load bearing
structures.

RECOMMENDATION

Having successfully characterized and grade this specie,
maginfera indica timber can be compared with other
species on international basis; hence this timber is
recommended to engineers to be used according to its
strength class. Further research can be carried out on
characterization and grading of mangifera indica by
comparing Euro code and British code.
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ABSTRACT

This study is on the Characterization of Palm Kernel Shell as Lightweight Aggregate in Concrete Production. The tests
conducted were sieve analysis, water absorption test, bulk density, specific gravity to characterize aggregate and
compressive strength. A design mix ratio of 1:3:5 and water-cement ratio of 0.65 were adopted for both PKSC and
NWC (Control). Cubes (150mmx150mmx150mm) were cast and cured for periods of 3, 7, 14, 21 and 28 days and
their compressive strengths were determined. The 28 days average compressive strength of PKSC was found to be
19.75N/mm?, while that of control was found to be 23.28N/mm?. The Specific gravities of crushed stone, and Palm
Kernel Shell were found to be 2.62 and 1.32 while their bulk densities were 1755 and 632 kg/m3 respectively. Water
absorption capacity of palm kernel shell was found to be 21.50%, while that of crushed stone was found to be 0.23%
for 24hrs. In conclusion, palm kernel shell possess some characteristics of lightweight aggregate and could be used for
structural lightweight concrete for small load bearing structures where compressive strength is not a major factor. It

reduces the cost of construction, pollution associated waste disposal and enhance infrastructural development.

Keywords: Characterization, Compressive Strength, Concrete, Lightweight Aggregate, Palm kernel shells

1 INTRODUCTION

Palm Kernel Shell (PKS) is an inert, bio-renewable,
non-toxic, abundantly available, stiff, corrosion resistant
and a light weight organic solid waste by-product from
processing of red oil from palm nuts. Palm kernel shell
can also be defined as hard, carbonaceous and organic by-
products of the processing of palm oil fruit (Alengaram,et
al., 2010). In the same vain, Palm Kernel Shell Concrete
(PKSC) is a concrete in which palm kernel shell serves as
coarse aggregate replacing the granite or normal
aggregate.

Concrete in the other hand, is defined as the
artificial material resulting from a carefully controlled
mixture of cement , fine and coarse aggregates and water,
which when set or hardened form the shape of the
container or form work that later turn to a solid mass
when cured at the suitable temperate and humidity
(Alawode et al, 2011).

Attempts have been made by various researchers
to reduce the cost of concrete constituents and hence total
construction cost by investigating and ascertaining the
usefulness of materials which could be classified as
agricultural or industrial waste. One of these wastes is
palm kernel shells which are by-product of red oil
producing company. PKS are hard stony endocarps that
surround the Kkernel and the shells come in different
shapes and sizes. They are light and naturally sized; they
are ideal for substituting aggregates in LWC construction.
Being hard and of organic origin, they will not
contaminate or leach to produce toxic substances once
they are bound in concrete matrix. Normally, the shells
are flaky and of irregular shape that depend on the
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breaking pattern of the nut. PKS are available in large
quantities in palm oil producing countries in Asia and
Africa. Malaysia alone produces nearly 4 million tons of
PKS annually and this is likely to increase as more
production is expected in the near future.

The research work carried out by Shafigh et all,
on the new method of producing high strength palm
kernel shell concrete have shown that palm kernel shell
incorporated concrete possess ductility property, unlike
normal aggregate concrete that fails without warning or
notice. Another advantage of using palm kernel shell
aggregate over normal granite coarse aggregate in
concrete is cost and waste reduction which lead to the
production of a cheaper structural light weight concrete
and a cleaner environment.

Most coarse aggregates from quarries are very
expensive and the operations that lead to the production of
those aggregates pose danger to human being and his
environment. In order to alleviate the incessant increasing
demand for low cost and environmental friendly
construction materials, while strengthening economic
growth and competitiveness the use of palm kernel shell
concrete (PKSC) becomes eminent in construction
industries.

Moreover, Palm kernel Shell (PKS) is an ideal
construction material for light weight concrete because of
its excellent properties such as; non-toxic, inert, bio-
renewable, readily available, strong, stiff , light weight,
and corrosion resistant (attach ,2012).

In Nigeria, states that are considered to be
largest producers of palm oil are Akwa- Ibom, Edo, Imo,
Ondo, Bayelsa, Cross River and Delta. There are millions
metric tons of palm kernel shell in open places in those
states in Nigeria constituting nuisance and negative
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impact on the environment. Some accumulate water for
breeding of mosquitoes, while others also block water
ways by clogging the local drains.

The high cost of production of coarse aggregate
and the impact of the production processes on the
environment have necessitated the replacement of coarse
aggregate with palm kernel shells to produce concrete
whose quality and standard satisfied the requirement of
light weight concrete which can eliminate potential
ecological disaster. High and continuous increase in the
cost of construction is one of the major challenges the
construction industries are facing. Great numbers of
developmental projects are wholly dependent on some
factors of production which is the cost of materials
(Anthony 2000). In the light of this, Shetty (1999)
affirmed that the price of concrete elements primarily
depends on the cost of materials and labour. In every
given volume of concrete, aggregates contains up to 70 to
80 %, according to Alexander et all, (2005) this means
percentage of aggregate in concrete is of considerable
important. The use of agricultural and industrial by-
products has now become major important alternative to
the use of granite that causes noise pollution during
manufacturing according to (Falade et al, 2010).

Palm Kernel Shell (PKS) is agro-waste materials
from oil mills, the disposal of (PKS) is an environmental
problems of concern. The scarcity and high cost of
aggregate is a great set back in terms of time and cost of
construction, since aggregate forms the largest percentage
of the content of concrete.

The use of agricultural wastes as aggregate in
concrete has a lot of engineering potential and advantage
especially in low-cost non-load bearing light weight
concrete, where compressive strength is not important and
also reduces the cost of construction greatly.

Earthquakes have been reported to occur in Abuja
the city of Nigeria partly due to chipping production from
the natural stone deposits. The continuous exploring of
crushed granite for concrete in construction industries will
also deplete the natural stone deposits and this will affect
the environment negatively and cause a lot of imbalance
in the ecosystem. The impact of aggregate production
processes on environment and the proper disposal of palm
kernel shell called for Civil engineering concern.
Production of palm kernel shell (PKS) waste continuously
endanger the environment by causing pollution, blocking
of water ways and constitute nuisance in terms of its
disposal. Palm kernel shell can be utilized as lightweight
concrete to alleviate the high demand of aggregate and at
the same time serve as a safe and proper way of palm
kernel shell waste disposal. This research work will look
into characterization of palm kernel shell aggregate for
production of concrete in large volume for industrial use.

Abdullah (1984) was among the first researchers
on palm kernel shell as light weight aggregate (LWA). He
submitted that it is possible to replace completely the
normal weight aggregate (NWA) with palm kernel shell.
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Okafor (1988) work on the mechanical
properties of palm kernel shell concrete (PKSC) and
proved that similar to normal weight concrete (NWC),
water to cement ratio (w/c) is one of the important factors
affecting the mechanical properties of palm kernel shell
concrete (PKSC).

Also, from the work of Alengaram et all (2010)
on the investigation of physical and mechanical properties
of different sizes of palm kernel shells as light weight
aggregates (LWA) and their influences on the properties
of palm kernel shell concrete (PKSC) submitted that the
28days compressive strength ranges from 21 to 26MPa.
In the work he also shows that palm kernel shell consists
of about 65 to 70% of medium size particles in the range
of 5 to 10mm.

Acheampong et al, (2013) conducted a
comparative study of the physical properties of palm
kernel shells concrete (PKSC) and normal weight concrete
(NWC) using different cement types and reported that the
density of the palm kernel shell concrete was about 22
percent lower than that of the normal weight concrete for
all the cement types. But here the same cement type will
be used to characterize the aggregate.

A research carried out by Neville (2000)
concluded that the use of palm kernel shell as a material
of construction could have other advantages in concrete
other than serving as light weight concrete. He further
submitted that some of the usefulness is the reduction in
the density of the concrete, which in other hand reduces
the total dead load of the construction process, and the
form work is also subjected to lower pressure than it will
be if normal or heavy weight concrete is used.

In the same research, an assessment was carried
out on the performance of palm kernel shells as a partial
replacement for coarse aggregate in asphalt concrete
production. Falad also carried out investigation on palm
kernel shells and submitted that palm kernel shells are
suitable for aggregate in lightweight concrete.

The aim of this research work is Characterization of
palm kernel shell (PKS) as Lightweight aggregate for
concrete production.

Some of the objectives are to determine the physical
properties of palm kernel shell concrete such as water
absorption test, bulk density, specific gravity test and
sieve analysis and to determine the compressive strength
of palm kernel shell concrete.

2 METHODOLOGY

(1) Palm Kernel Shell: Palm Kernel shells which serve
as coarse aggregate for this research work is sourced from
a local palm oil producing community of Ibagwa-aka in
Ighoeze South local government area of Enugu State
Nigeria. Preparation of palm kernel shell is done by
soaking the sample overnight in the detergent to remove
all the oily dirty from the sample. After that, the shells
were washed and sundried in the open air. Pre-treatment
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was done to remove impurity such as oil coating and mud
from the shells. In order not to reduce the performance of
cement because of the presence of detergent, it was
ensured that the sample is well-rinsed before sundry. After
sundry the sample was kept in airtight water proof sacks.

(11) Cement: Ordinary Portland cement (Dangote) with
specific gravity 3.0 was used. The cement conforms to the
requirements of BS EN 197 (2011). The bags were
observed to ensure they are airtight from the company and
free from every moisture and fluid. The cement used for
this research was sourced from Dangote mini-cement
deport minna Niger state of Nigeria.

(1) Water: A portable water supply from Federal
University of Technology Minna was used for the
experiment. In fact, the water was drinkable and
conformed to BS 3148 (1980).

(IV) Fine aggregate: The fine aggregate for this
research work is naturally occurring clean river sharp sand
(fine aggregate). They were sourced from Chanchagan
River in Minna Niger state. It was ensured that the fine
aggregate conformed to BS 812 (2002) for Testing
Adggregates.

(V) Coarse aggregate: The coarse aggregate for this
research work is Crushed Granite sourced from one of the
on-going construction site within Federal University of
Technology Minna. BS 812 (2002) that deals with
“Testing Aggregates” was used in carrying out laboratory
tests on the aggregates. The crushed granite was found to
have maximum aggregates size of 8mm, specific gravity
of 2.62, and a fineness modulus of 4.36. Subsection

2.1 CONCRETE MIX DESIGN (BS METHOD)

The method of mix design applied here is in
accordance to the method published by the Department of
Environment, United Kingdom (1998). From the design
the quantities of different concrete constituents and mix
ratio were arrived. The mix ratio was 1:3:5.while the
quantities of concrete constituents were calculated using
w/c ratio of 0.65.

2.2 SPECIFIC GRAVITY TEST The specific gravity
of the materials was carried out in accordance with the
specification of ASTM C 127, (2007). For this research,
the specific gravity was carried out on both the fine
aggregate and coarse aggregate to determine their strength
and quality. Table 1 and 2 show the results.

2.3 SIEVE ANALYSIS

Sieve analysis was carried out on both the fine and
coarse aggregate to determine their gradation and particle
distribution of aggregate particle size. It was ensured that
the experimental procedures conformed to the
requirements of ASTM 136 (2003).
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2.4 SLUMP TEST

Fresh concrete is said to be workable only when it can
easily be placed, compacted, transported and casted
without segregation. In this research, the slump test
procedures were carried in accordance to BS 1881: Part
102: (1983).

2.5 WATER ABSORPTION TEST

The specimens were dried in an oven for periods of
1hr and 24hrs, and then placed in desiccator to cool.
Immediately, upon cooling the specimen were weighed.
The materials were also emerged in water at room
temperature for 24hrs. The specimens were removed
patted dry with a lint free cloth and weighed. The test was
done in accordance to BS 1881—Part 122 (1983).

3 RESULTS AND DISCUSSION

The summary of the comparison of physical properties
of the constituents materials used for the research work is
shown in Table 1 The properties include the specific
gravity, bulk density, water absorption test and sieve
analysis. The coefficient of uniformity (Cu) and the
coefficient of curvature (Cc) were arrived at through the
sieve analysis.

Specific gravity has to do with estimation of voids in
aggregates. From Table | it can be observed that the
specific gravity of palm kernel shell is lower than that of
crushed stone which serves as aggregate for the control
concrete here. The high porosity of palm kernel shell is
responsible for the low value compare with that of
crushed granite which is higher. This implies that for any
given mix design, the palm kernel shell concrete would
contain a much higher volume of coarse aggregate than
the normal weight concrete if batching by weight is
adopted. It also indicates that the specific gravity of palm
kernel shells fall within the ranges of Lightweight
concrete. Hence, it can be deduced that Palm kernel shell
aggregate can be regarded as light weight aggregate
though it has low specific gravity.

The bulk density values for crushed stone and palm
kernel shell in table | shows that the value for crushed
stone fall within the range of bulk densities for normal
weight aggregates according to ASTM C 330 (1999)
while that of palm kernel shells lie within the range of
bulk densities for lightweight aggregates. Hence, palm
kernel shells fulfill the requirement for lightweight
aggregates.

Also, from the results of sieve analysis for the
aggregate, it can be deduced that the aggregates are well
graded. This is because the value of coefficient of
curvature, Cc for both crushed stone and palm kernel
shells lie between 1 and 3 which satisfy the requirement
of ASTM 33, (2003).
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TABLE 1: PHYSICAL PROPERTIES OF CEMENT
AND AGGREGATES

observed that the compressive strength of palm kernel
shell concrete and normal weight concrete is directly

Property Cement Sand PKS Granite depends on the unit weight of the concrete. The higher the
unit weight the higher the compressive strength. It is of
Bulk Density(kg/mq) - 1737 632 1755 important to note that, the compressive strength of palm
Compressed kernel shell concrete also depends on the density, the
higher the density the higher the compressive strength, it
Bulk Density(kg/md) - 1610 566 1680 is one of the most important variables to consider in the
Uncompressed design of concrete structures. The results show that the
average compressive strength of 19.75 N/mm? at 28 days
Specific gravity 3.0 272 132 262 curing fall within the limits of previous research findings
that the compressive strength of palm kernel shell
Water absorption (%) <1 11 <1 concrete ranges from 5 to 25 N/mm? by Okafor (1988).
(1hr)
: TABLE 3: COMPRESSIVE STRENGTH OF PKSC
Water absorption (%) <1 215 <1
24h AND NWC
(24hrs) Curing age Average Compressive strength
Fineness  modulus 266 380 436  (Days) (N/mm?)
(FM) PKSC NWC (CONTROL)
Coefficient of 6.10 120 144
Uniformity (Cu) 3 11.51 12.34
Coefficient of 128 210 092 ' 14.13 15.60
curvature (Cc) 14 15.61 16.21
. . 21 17.72 19.63
From Table 2, it can be seen that the average density
of palm kernel shell concrete fall within the range of  2g 19.75 23.28

structural lightweight concrete and this indicate that palm
kernel shell concrete can be used as structural lightweight
concrete in accordance with the requirements of ASTM C
330, (2004).

TABLE 2: AVERAGE DENSITIES OF PALM
KERNEL SHELLS CONCRETE (PKSC) CUBES

CURING AVERAGE DENSITY OF
AGE PKSC CUBES (Kg/m?®)

(DAYS)

3 1770.49

7 1692.94

14 1756.36

21 1789.63

28 1746.96

Table 3 shows that both the compressive strength of
palm kernel shell concrete (PKSC) and that of normal
weight concrete (NWC) which serves as control in
research increases with the age of curing. It can also be
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4 CONCLUSIONS

From this research the results of the experiments
conducted on the physical properties of palm kernel shell
aggregates (PKSA) have shown that palm kernel shells
possess some characteristics of lightweight aggregates and
can be used as aggregates for production of lightweight
concrete.

Similarly, from the results of the mechanical
properties of Palm kernel shell concrete, comparable
strength properties and structural characteristics similar to
that of normal weight concrete has been observed.
However, it can be concluded that the Palm kernel shell
concrete is reliable and can be used as lightweight
concrete because it has shown some properties that are
similar to normal weight concrete with respect to
compressive strength, though lower than that of normal
weight concrete.

While recommending the use of palm kernel shell
aggregates for mass concrete both in small scale concrete
work and industries where concrete strength is not a major
factor. It is necessary to intensify more efforts on research
to reduce the density of palm kernel shell concrete without
compromising the strength in order to produce high and



3" International Engineering Conference (IEC 2019)
Federal University of Technology, Minna, Nigeria

medium strength concrete. Further studies can also be
conducted with other design mix and water cement ratio
to further evaluate their influences on concrete strength
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ABSTRACT
Very Low Frequency Electromagnetic (VLF EM) and Vertical Electrical Sounding (VES) geophysical methods were

used to investigate the competency of kilometer 37 Minna — Zungeru road, Latitude 9°38'37" N to Latitude 9°39'06" N,
Longitude 6°16'09" E to Longitude 6°15'20" E and altitude 682 feet to 597 feet. The study is aimed at investigating the
causes of road failure other than the constructional factors that were generally believed. Two VLF — EM traverses
which are 1.22 km long were established by the sides of the road segment, which cut across the unstable, fairly stable
and stable portions. In these traverses, readings were taken at 20 m interval with SCINTEX ENVI VLF. The data were
further filtered, analyzed and plotted with Karous Hject filtering. The inphase and quadrature were plotted against the
distance which reveals the conductive zones (positive peak of the raw real). 16 VES were acquired with ABEM SAS
1000 tarrameter along the two traverses. These VES were sounded at the positive peak of the raw real VVLF plot using
Schlumberger array electrode spacing of 100 m. Geological sections were produced from the iterated VES curves
produced with Winresist. The geoelectric sections revealed three geological layers which are the top soil, weathered
layer and the fresh basement. The resistivity and depth of these layers ranges from 14 to 98, 81 to 990 and 1184 to 12,
940 Qm 0.5 to 3.2, 1.6 to 39.4 and 3.5 m to oo respectively. The geological factors responsible for the road failure
susceptibility are based on clayey subgrade beneath the road pavement, water fluctuation in the saturated zone and

lateral inhomogeneity.

Keywords: Vertical Electrical Sounding (VES), Very Low Frequency (VLF)

1 INTRODUCTION

The usage of road has arrested the attention of all
stakeholders in the maintenance of Nigeria highways. The
problem is apparently more precarious on cut sections of
roadways within the Precambrian basement complex
terrain of the country (Oladapo et al., 2008).

It has not only caused a setback to Nigerian economy but
it has also led to loss of lives and properties in millions of
Naira annually.

Since there is a very strong positive correlation between a
country’s economic development and the quality of its
road network, a country’s road network should be
constructed in an efficient way in order to maximize
economic and social benefits (Ighodaro, 2009).

However, in an attempt to unravel causes of persistent
failure of roads across the country, various researchers
have identified chiefly the underlying geological
conditions among the other factors to be responsible for
this mishap (Momoh et al., 2008; Oladapo et al., 2008;
Adiat et al., 2009). It therefore becomes imperative to
investigate the subsurface geology upon which a road
structure is to be founded rather than having recourse to a
post-construction investigation and remedies.
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11 Causes of Road Failure

There are several factors responsible for the failure of
roads. These include geological, geotechnical, road usage
and constructional practices and maintenance (Ajayi,
1987).

1.1.1 The geological Factors Influencing Road
Failure Include; Geological structures (near surface
linear features), lateral or lithological heterogeneity in
competency of sub-surface, thinning out of faces,
presence of cavities and existence of ancient stream
channels and shear zones

Other factors are: poor soil compaction; can be
difficult to obtain if roads are constructed on poor soil
(flooded areas and soil with high clay content). High
water table and poor base; An area subjects to
fluctuation of ground water table, ground water always
settle there. The high water table may be responsible for
the settlement. If the base for the pavement section is
improperly installed, then the pavement section will lack
the required strength. Also, if a base fails, water can
penetrate the pavement section and get into the sub-grade,
causing the sub-grade to fail. Poor compaction; If the
backfill on the utility trenches is not properly compacted,
then the trench can be expected to settle. If the sub-grade
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of the road is not properly compacted, then settlement can
be expected along the road. Extensive compaction test
have to be conducted through the life of any road project.
Poor Construction; The Professional construction
Engineer of a road is responsible for the determination of
appropriate pavement section. In some cases, failure of
the soil cement base is the main reason for the road
failure. Ties have simplified this process by developing
standard pavement sections to be used in their localities.
Construction in Wet Season; When the soil conditions
are extremely wet, proper compaction is very difficult to
obtain therefore, de-watering is extremely important
during trench excavation. Poor Construction Methods;
Poor construction methods manifest when the contractor
installing the utilities and preparing the road for paring is
not experienced. Shortcuts and failure by some
contractors to proper bed lying and backfill utilities are
also another poor construction method. Adequate
inspection during cement base preparation is of a
paramount need.

1.2 Location and Description of the Study Area
The study area is located at Tudun Wada village of Bosso
Local Government area of Niger State, North Central of
Nigeria.

The road portion under investigation lies on Latitude
9038'37" N to Latitude 9039'06" N and Longitude
6016'09" E to Longitude 601520" E and altitude 682 ft to
597 ft. This portion of the road under investigation is
about 1.22 km long. The road portion starts from 37 km to
35.78 km from Minna and 23 km to 24.22 km from
Zungeru which falls between Beji and Tudun Wada
(figure 1).
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J
-
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Figure 1: Geological map of Niger State showing the

study area.
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2 METHODOLOGY

2.1 Instrumentation and Field Procedure.

The equipment used for measurement are ABEM SAS
1000 Digital Resistivity Meter, Garmin etrex10 GPS,
Compass clinometer, Measuring tapes, Electrodes,
cutlasses, harmer and Scrintrex Envi.

The methodology employed in the study involves very
low frequency electromagnetic (VLF-EM) and the
electrical resistivity methods. The electrical resistivity
method utilizes schlumberger vertical electrical sounding
(VES) which entails vertical probing of the sub-surface.
The array utilizes electrode spacing for variable depth
mapping which will be carried out at both stable and
failed segments of the roadway.

These methods were employed to determine sections of
the road with anomalous and also with the view of
detailing the subsurface geoelectric sequences, mapping
subsurface structural features, lithology, water saturation
and delineating bed rock relief as a means of establishing
the possible causes of the road failure.

The traverses covered both failed and stable segments of
the roadway established parallel to the road pavement and
extend above 1200 m in length (figure 2).
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Figure 2: Data Acquisition map of the study area

2.2 Geophysical Methods

2.2.1 Electrical Resistivity Methods

In the electrical resistivity methods electric currents are
generated artificially and are induced into the ground. The
resulting potential differences are measured at the surface.
In artificial field method of electrical prospecting, the
voltage measured between the potential electrodes is the
sum of the contribution of the entire earth material from
various depths. The wider the spaces between the
electrodes, the deeper the depth of investigation. The
factors influencing the resistivity of the earth (Archie,
1942) are:
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i. Porosity
pr=a@d™.S"p, @)
F= pr - a (2)
Pw a"

where:

pr, is the formation resistivity (2m)

@, is the porosity

S, is degree of fluid saturation

pw, is the saturating fluid resistivity (a measure of
saturating fluid concentration) (Qm), and a, m, and n are
constants peculiar to the rock type.

ii. Degree of fluid saturation;

iii. Nature of pore fluid,;

iv. Nature and size of grains making up the matrix;
V. Degree of weathering and fracturing; and

vi. Degree of compaction and consolidation

2.2.2 VLF-EM Method

The VLF method has an excellent and simple tool for
reconnaissance mapping of conductive mineralized
bodies, water bearing fracture and delineation of saline
water intrusion to fresh water zone. It is used in this study
to delineation possible conductive zones (low resistivity
Zones).

2.2.2.1 Factors Affecting the VLF-EM Survey

The factors affecting the VLF-EM survey are:

i The orientation of high tension power lines:
Parallel electric power lines are capable of distorting the
VLF-EM signals but perpendicularly oriented overhead or
underground power lines are suitable.

ii Time: Radio waves utilized by VLF-EM
equipment are very effective in the early hours of the day
but the signals tend to be distorted as the evening
approaches.

iii Equipment: The equipment must be held steady
and horizontal while measurement is in progress.

1\ Depth of penetration: It can only be used to
detect near surface conductors.
v VLF-EM method: The method is totally

dependent on an appropriate transmitter
(Telford et al., 1990).

operation

2.3 Presentation and Interpretation of VLF-EM
Data

The raw real and the real imaginary components of the

VLF-EM data were filtered and processed with Karous

Hjelt software. The processed data were presented as

VLF-EM anomaly curves obtained by plotting the inphase

(raw real) responses against the station positions.
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The prominent VLF-EM anomalies were deeply
considered as typical of the top linear features. Example is
Basement fractures (Palacky et al., 1981).

From the VLF-EM anomaly curves only the real
components of the VLF-EM data were processed for
guantitative interpretation despite the fact that both the
real and the quadrature components of VLF-EM data were
recorded. This is because signals from the inphase
components (real components) are usually more
diagnostic of linear features than the quadrature
component (Amadi and Nurudeen, 1990).

The raw real (inphase) curves were used for the
interpretation because they transform every genuine
inflexion points of the real anomaly to positive peaks
while reverse inflexions become negative peaks
(Olorunfemi et al., 2005).

The VLF-EM data was also inverted to produce a 2-D
model section of the subsurface. This 2-D section reveals
the nature of the conductive portions, the depth and the
nature of the conductive zones using Karous and Hijelt,
software.

2.4 Presentation and Interpretation of VES Data
The VES data were presented as depth sounding curves
obtained by plotting the apparent resistivity (pa) against
the current electrode spacing (AB/2). The WINRESIST
software was used to generate computer iterated result
from the interpretative results of partial matching
technique. The interpretation results were finally used to
construct 2-D geoelectric sections which shows the
thickness of the layers and the apparent depth of the over
burden. The depth and the thickness of the Basement
Complex were considered as infinity.

3.0 RESULT AND DISCUSSION

The profiles are quantitatively interpreted to provide
locations of conductive zones and zones of anomaly (the
inflation points between the inphase and quadrature)
which could be of further interest in investigation (figure
3b) (Nabighian, 1982; Adiat et al, 2009; Reynolds, 1997).
Profile 1

There are points of positive high peaks in the VLF plot
(figure 3). These positive peaks of the raw real are points
of high conductivity which are indicative of the weak
zones, fractures or cavities which serve as conduits for the
passage of underground water and thus quicken the failure
of the road. The plot indicates the conductive areas at 180,
450, 760, 1050, and 1210 m (figure 3a and 3b).

These portions of linear conductive bodies are also
observed in the Karous-Hjelt filter plot of 2-D inversion
geosection (figure 4) which shows pockets of conductive
bodies. They are delineated in this plot by the red and
fairly red colour (180, 450, 760, 1050, and 1210 m). The
large conductive body at 620 to 780 m is inferred to be
either a large portion of clay material or a cavity.
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Vertical Electrical Sounding (VES) were taken at the
points of positive peaks of conductive zones to delineate
the nature of the conductive materials imbedded in it.
Seven VES points were established on this traverse at 0,
180, 450, 600, 750, 1050 and 1120 m which are the points
of the positive peaks in the raw real VLF plot (figure 3a).
The data generated were used to produce geoelectric
sections that delineate 3 zones of variations in resistivity
and thickness values which are top layer, weathered layer
and fresh basement of various thicknesses.

VLF measuromes
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Figure 3a: VLF raw real plot
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Figure 3b: VLF raw real and filter real excel plot

Karous-Hjelt filtering
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Figure 4: 2-D Karous Hjelt plot

*  VIV'— V7V’ are points of correlation.
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The top soil has a range of 18 to 62.6 Qm except VES
stations 3 which has resistivity of 984 Qm and a
thickness of 1.3 m. These ranges of resistivity depict clay
and sandy clay with an average thickness of 1.3 m. The
variation in the estimated overburden thickness and
resistivity ranges from 0.7 to 43.9 m and 7.59 to 991 Qm
respectively. There is an indication that weathered
basement was encountered in all the VES locations at a
very shallow depth (figure 5). The fresh basement was
encountered in all the VES points except VES station 6
and 7 where fresh basement is not delineated. The
resistivity of this basement range from 1114.5 Qm to
6,977.1 Qm. The clay content of the overburden and the
weathered layer constitute the major cause of the road
failure as investigated.

Table 1 : Summary of VES data traverse 1

APPARENT
CURVE RESISITIVE THICKNESS DEPTH INFERED
VES LAYERS TYPES (Qm) (m) (m)  LITHOLOGY
1 L) 23 73 Topol (@)
12 A 1873 66 89 Westherad layar
3 202 Fresh Basement
T 0% 11 T Topsol @)
1 2 A 816 36 47 Smivdsy
3 70902 Frazh Basemant
Top ol (Bamdy
1 A o8.4 13 13 day)
7 oz 2864 8.7 100 Waatherad layer
3 15503 Feash Basement
Top soil (Sandy
1 H 1217 12 12 ds)
oy 59.8 3.0 41 Cly
3 1684 Feath Basement
1 175 76 15 Top ol (A=)
2 A 112 40 65  Smdydsy
3 1189.8 Feash Basement
1 E3Y; 0% 05 Topol @m)
6 2 5 162 43 51 Westherad layar
3 837 Wastherad layer
71 %9 19 18 Topsol @)
2 i 1374 07 117 Wastharad layer
3 9902 Wasthersd layer




3" International Engineering Conference (IEC 2019)
Federal University of Technology, Minna, Nigeria

VES3 380m VES4 121om VESS5 170m VES6 410m  VEST

LEGEND
[ mopsoi
I westhered Layer
I reshsasement

750 | 1050 1120

VES1 VES3
0.0m g7
£
£10.0m
g
3
200m
30.0m
40.0m
50.0m
60.0m
70.0m
80.0m
90.0m
100.0m
1 I
180
Horizontal Distance (m)

Figure 5: Geoelectric section of profile 1

Tranverse 2

The plotting of the VLF raw real data and the distance
generate a VLF signature which depict high and low
conductive areas. The positive peak of the raw real shows
the conductive zones which are zones of weakness,
fracture or cavity. These areas are indicated on the VLF
plot at distance 80, 240, 400, 450, 700, 830 and 1150 m
(figure 6). There is a very high conductive body observed
at 700 (figure 6). This is inferred as either fracture or a
fault or an intrusion of a conductive body. This portion of
the road experienced a major failure.

The Karous-Hjelt filtering was used to invert the VLF
data to 2-D geosection model that shows the conductive
bodies in various sizes and depth. The conductive zones
are red colour while the low conductive areas are shown
as green to deep blue colour (figure 7.). The high
conductive zone identified at distance 700 m in the raw
real VLF plot is inferred either as a fracture or an
intrusion of a different body.
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Figure 6: VLF raw real plot
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Karous-Hjelt filtering
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Figure 7: Karous-Hjelt plot 2

*  V1V!—V9V® are points of correlation.

Nine VES points were established at the inflection points
of positive peaks of the raw real VLF plot at distance 0,
100, 250, 400, 650, 700, 800 and 1150 m in the W-E
direction of the traverse, and the data were used to
produce a geoelectric section (figure 8). The geoelectric
section shows the variation of resistivity and thickness
values of the subsurface layers and this provides the
information of the geoelectric sequences with the
penetrated depth. The constructed geoelectric section
revealed the presence of four geoelectric layers. These
layers are: the top soil, the weathered layer, partly
weathered (fractured basement) and the fresh basement.

The top soil has resistivity value ranging between 3.3 and
50.9 Qm, except in VES 6 which has the resistivity of
150.85 Qm. These resistivity values correspond to clay,
clayey sand and sandy clay. The top soil is majorly
characterized by relatively low resistivity values (less than
80.5 Qm) suggesting weak zones that are capable of
affecting the road stability. The weathered and partly
weathered layer is characterized by resistivity ranging
from 144.1 to 267.4 Qm and its thickness varies from 1.4
to 78 m. This low resistivity corresponds to clayey sand
and sandy clay as most predominant. This relatively low
resistivity is inimical to the stability of the road structure.
It should be stated that this low resistivity values may be
attributed to water saturation in these weathered zones.
The basement has resistivity ranging from 1717.1 to
9616.6 Qm with thickness variation from 5 m to infinity.
The depth to bedrock of the overburden is generally
shallow. This also constitutes to the failure of the road.
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Table 2 : Summary of ves data traverse 2
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Figure 8: Geoelectric section of profile 2
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3 CONCLUSION

The VLF Geophysical method was used to delineate the
presence of near surface linear features such as sinkholes,
cavity, faults, contact zones and conductive zones. It is
however, important to state that limitation of the software
used in processing the VLF data in the exaggeration of the
probing depth particularly when the traverse is long (the
longer the traverse the more the depth is exaggerated).
Consequently the depth obtain from the VLF EM
interpretation was not used.

Table 1 and 2 show the summary of the interpreted VES
results of the study locations which were used to generate
the geoelectric sections (figure 5 and 8). These suggest
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three scenarios; the first is that the area is underlain by
three geological layers which are the top soil, weathered
layer and basement. The second is the weathered layer
which occurs as the second layer at a shallow depth to the
surface. The presence of the weathered layer can also
undermine the stability of the road if not properly
handled. The third scenario is that the study area is
characterized by the occurrence of fresh basement at a
very shallow depth (figure 8).

3.2 Recommendation

1 Clay formation is not a good engineering
material for road sub base.

2 Lack of provision of drainages of the high way
could obstruct the stability of the road.

3 There should be proper excavation of conductive
materials in any road pavement.

4 Sinkholes that are detected should be filled with

high resistivity materials.
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Abstract

This study reports the experimental investigation on the suitability of waste glass as partial replacement for fine
aggregate in concrete made using Bida natural aggregates (BNA). Glass is widely used in our daily lives
through manufactured products such as sheet glass, bottles, glassware, and vacuum tubing. It is an ideal material
for recycling. The increasing awareness of glass recycling speeds up inspections on the use of waste glass with
different forms in various fields. Mix ratio of 1:2:4 batched by weight with water — cement ratio of 0.55 was
used. The percentage replacement varied from 0% to 40% at 5% intervals. Slump test was conducted to assess
the workability of the fresh concrete. The compressive strengths and densities of cured concrete cubes of sizes
150mm x 150mm x 150mm were evaluated at 7, 21 and 28days. A total of 81 concrete cubes were cast and
tested. It was observed that an increase in the percentage replacement of fine aggregate with waste glass reduces
workability, density and compressive strength. The compressive strength and density vary with days of curing.
The findings of this study indicated that the optimum replacement percentage of waste glass with conventional
fine aggregate was 20%. However waste glass can effectively be used as fine aggregate replacement (up to
40%) without substantial change in concrete strength.

Keywords: Bida Natural aggregates, Concrete, Fine Aggregates, Recycling, Waste glass

1.0 INTRODUCTION has a comparatively low tensile strength and for
structural application it is normal practice to either
incorporate steel bars to resist any tensile force
(reinforced concrete) or to apply compressive
forces to the concrete to counteract this tensile
forces (pre-stressed concrete). Concrete is also used
in conjunction with other materials for example it
may form a compression flange of a box section,
the reminder of which, steel (composite
construction) is used structurally in building,
foundation, column, beams, slabs, shell
construction, bridges (Shabana et al.,, 2011).
Concrete occur in both fresh and hardened state. Its
fresh state must undergo proper workability,
consistence, setting, handling placing,
transportation and compaction for it to be
satisfactory. This fresh concrete solidified and
hardened after placement and develops strength
over time (Bartos et al., 2002). Concrete can be
consider to be an artificial stone made by binding
together the particles of relatively inert fine and
coarse materials with cement paste.

Concrete is a man-made composite, a major
constituent of which is natural aggregate such as
gravel and sand or crushed rock. Alternatively,
artificial aggregate such as blast furnace slag,
expanded clay, broken bricks and steel shots may
be used where appropriate. It is obtained by mixing
cementitious material, water and aggregate (and
sometimes admixtures) in required proportion. The
mixture when place in form and allowed to cure
hardens into a rocklike mass known as concrete.
The hardening of concrete is cured by chemical
reaction between cement and water and continues
for a very long time and consequently the concrete
grows stronger with age (Bamigboye et al., 2015).
The hardened concrete may be consider as an
artificial stone in which the void of larger particles
(coarse aggregate) are filled by the smaller particle
(fine aggregate) and void of fine aggregate are
filled with cement. The cementitious material and
water forms a cement paste which in addition to the
filling of the void of fine aggregate coats the
surface of fine and coarse aggregate together to
form a compact mass (Bamigboye et al., 2015). In
its hardened stage concrete is a rocklike material
with high compressive strength while in its plastic
stage it can be easily moulded into virtually any
shape. It may be used as an architectural advantage
or solely for decorative purposes. Normal concrete

Glass is a transparent material produced by
melting a mixture of materials such as silica, soda
ash, and CaCOs at high temperature followed by
cooling where solidification occurs  without
crystallization. Glass is extensively used in our
lives through manufactured products such as sheet
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glass, bottles, glassware,
and vacuum tubing. Glass is an ideal material for
recycling. The use of recycled glass saves lot of
energy and the increasing awareness of glass
recycling speeds up focus on the use of waste glass
with different forms in various fields. One of its
significant contributions is the construction field
where the waste glass was reused for concrete
production. The application of glass in architectural
concrete still needs improvement. Several study
have shown that waste glass that is crushed and
screened is a strong, safe and economical
alternative to sand used in concrete. During the last
decade, it has been recognized that sheet glass
waste is of large volume and is increasing year by
year in the shops, construction areas and factories.
Using waste glass in the concrete construction
sector is advantageous, as the production cost of
concrete will go down. The amount of waste glass
is gradually increased over the years due to an
ever-growing use of glass products. Most of the
waste glasses have been dumped into landfill sites.
The land filling of waste glasses is undesirable
because they are non-biodegradable, which
makes them environmentally less friendly. There is
huge potential for using waste glass in the concrete
construction sector. When waste glasses are

reused in making concrete products, the
production cost of concrete will go down
(Topcu and Canbaz, 2004). Crushed glass or

cullet, if properly sized and processed, can exhibit
characteristics similar to that of gravel or sand.
When used in construction applications, waste
glass must be crushed and screened to produce
an appropriate design gradation. Glass crushing
equipment normally used to produce a cullet is
similar to rock crushing equipment, it has been
primarily designed to reduce the size or density
of the cullet for transportation purposes and for
use as a glass production feedstock material, the
crushing equipment used is typically smaller
and uses less energy than  conventional
aggregate or rock crushing equipment
(Egosi,1992).

2.0 MATERIALS AND METHODS

2.1 SOURCING OF MATERIALS

Cement: in this work, ordinary Portland cement
(OPC) was used. Cement is a kiln-dried and finely
pulverized mixture of natural materials. The
cement most commonly used for structural concrete
is the ordinary Portland cement (OPC), other types
of cement available include; Rapid- hardening
Portland cement, Portland- Blast furnace cement,
Low-heat Portland cement, sulphate-resisting
cement, super-sulphate cement and High- alumina
cement (Neville, 2000).

Typical Portland cement are mixture of Tricalcium
silicate (3Cao0.Sio,), Dicacium Silicate (2Cao0.Sio,),
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Treicalcium Aluminates
(4Cao0.Al,03), and Tetracalcium Alumino ferrite
(4Cao.Al,03Fe,05), in varying proportions. In
addition to the main compounds listed above there
exist minor compounds, such as magnesium oxide.
(MgO), titanium dioxide (TiO,), manganese oxide
(Mn,03), potassium oxide (K,0), sodium oxide
(Na,0); they usually amount to not more than a few
percent of the mass of cement (Neville and
Brookes, 2008).

Fine Aggregate: Aggregate passing B.S sieve 5mm
are termed fine aggregates. Fine aggregates
generally consist of natural sand, or crushed stone
sand or crushed gravel with most particles smaller.
The natural sand can be classified as coarse sand,
medium sand and fine sand in accordance to Table
4 (B.S 882-103.1).

Coarse Aggregate (Bida Natural Aggregate): The
coarse aggregate used for this study was obtained
from Bida town. It passes through sieve size 20mm.

2.2 METHODOLOGY

In order to study the effect of waste glass as
partial replacement of cement on the strength of
concrete, 81 cubes of size 150 mm x 150 mm
x 150 mm were cast with different percentage
of demolished waste glass ranging from 5% to 40%
and 0% as the control. An effort has been made
here to compare the strength of cubes made up with
different percentage of demolished waste to the
respective strength of conventional concrete at
the end of 7, 21 and 28 days of moist curing and
to have an idea about the optimum percentage of
demolished waste which does not affect the
strength  of recycled concrete considerably.
Similarly, fine aggregate was also partially
replaced by waste glass and only cubes were cast
and tested after 7, 21 and 28 days for mix of 1:2:4
at a w/c of 0.55.

3.0 RESULTS AND DISCUSSION

Table 1.0: Physical properties of Aggregates

Properties Waste Sand Gravel
Glass

Loose bulk Density 1.53 1.96 1.34
(glem?)

Compacted bulk Density 1.65 1.8 15
(g/lcm?)

Moisture content (%) 5.09 8.26 6.42
Specific Gravity 2.43 2.61 2.59
Water Absorption (%) 12.39 13.78 4.89




3" International Engineering Conference (IEC 2019)
Federal University of Technology, Minna, Nigeria

120

100

o]
o

Percentage passing
(%0)

20

0.05 ] 0.5 ) 5
Sieve size (mm)

Figure 1.0: Particle Size Distribution for Waste Glass

Specific gravity value of 2.43 placed the waste glass in the same category as lightweight aggregate while the
specific gravity of sand and the gravel were 2.61 and 2.59 respectively, both fall within the acceptable natural
aggregates range of 2.0 — 2.6 (BS EN 1097-6, 2013). However, the compacted and loose bulk densities of waste
glass are 1.65 and 1.53 respectively. Waste glass is found to have a lesser water content compared to the fine
sand which in turn reduces the workability of fresh concrete.

Table 2 presents a summary of compressive strengths obtained utilising waste glass aggregate in concrete
production.

Table 2.0: Compressive Strength Results (N/mm?)

% Replacement 7 Days 21 days 28 Days
0 15.61 15.97 16.61
5 15.10 14.93 16.56
10 13.93 14.34 1551
15 13.75 14.30 15.41
20 13.35 13.55 14.12
25 13.3 13.54 13.90
30 12.58 13.40 13.80
35 12.45 13.10 13.20
40 11.87 11.73 12.10
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Figure 1.0: Compressive strength of concrete against percentage replacement of waste glass at 7, 21 and 28 days

It is observed from Table 2.0 and Figure 1 that for
control (0% replacement), there is a minimal
increase in compressive strength as the curing age
increases. 7 days curing age has a compressive
strength of 14.01 N/mm? while 28 days curing age
has a compressive strength of 14.12N/mm? The
compressive strength however kept increasing as
the percentage replacement level increased from
5% to 20% replacement level of waste glass with
fine aggregate at the 7, 21 and 28 days
replacement, after which a gradual reduction in
strength was observed until the 40% replacement
level. The results for the 28 days curing prove that
waste glass can be used as a substitute for fine
aggregate in concrete production, with the optimum
strength obtained at 20% replacement of Fine
aggregate with glass. This result is in line with that
of Srivastava et al. (2017).

4.0 CONCLUSION

It can be seen from the results of this study that
replacement of conventional fine aggregate with
waste broken glass in the production of concrete for
the construction industry would result in structures
with reasonable structural characteristics. The
following conclusions were drawn from the study:
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While using waste glass as fine aggregate
replacement, 28 days strength was found to
slightly increase at 5-10% percentage replacement
levels when compared to the control. A similar
trend was observed in the variation of properties
such as workability, unit weight and compaction
factor of concrete with an increase in the
percentage replacement of fine aggregate with
waste glass.

Hence, Waste glass can effectively be used as fine
aggregate  replacement, with the optimum
replacement level of 20%.

Waste glass is a reliable material that could be used
in concrete to lower the amount of glass being land
filled. The recycling of glass into aggregate
applications is an economically feasible and
environmentally friendly approach in tackling the
problem of landfilling usually encountered with
broken waste glass.

There exists a potential reduction in the cost of
concrete production by replacing fine aggregate
with waste glass.

Concrete containing glass as fine aggregate should
be placed in applications where cracking and high
strength are not of importance.
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ABSTRACT

The construction industry in Nigeria has been witnessing serious collapse of buildings resulting from the qualities of
materials used in their construction. This continuous collapse necessitates the need to investigate some of the materials
used in the production of the building components in order to ascertain their appropriateness. This research thus
investigates the compressive strength of concrete produced using fine aggregate from different locations in Minna. Fine
aggregates were obtained from Chanchaga, Maikunkele, Bosso, Lapai Gwari and Garatu areas of Minna and subjected
to series of tests namely: sieve analysis, Specific gravity, bulk density, moisture content, and water absorption. Concrete
samples were produced using the mix ratio 1:2:4 and the water/cement ratio of 0.6. These samples were subjected to
both the slump test and compressive strength test. For each of the fine aggregates, nine cubes of concrete (150mm X
150mm x 150mm) were cast, cured and tested at 7, 14 and 28 days. The results obtained for the mean compressive
strength of the concrete produced shows that they all have mean strength greater than 20N/mm? with fine aggregate
from Chanchage having the highest mean of 25.17N/mm?at 28days of curing. Thus all the fine aggregates could be used
in the production of structural lightweight concrete but for structures that require higher strength, the fine aggregate

from Chanchaga is recommended

Keywords: Building collapse, concrete, fine aggregate, compressive strength.

1 INTRODUCTION

Concrete is one of the most popular artificial
construction material on earth (Thandavamoorthy, 2014)
and the most widely used construction material in Nigeria
(Tsado, 2013). It is a composite material with natural
aggregate as a major constituent. Traditionally, concrete is
made up of cement, aggregate (coarse and fine) and water
in an appropriate ratio which hardened up to form a
rocklike mass (Gideon et al, 2015). This constituent has
various influences on the strength of the concrete (Deodhar,
2009). Also, the strength, stiffness, and fracture energy of
concrete for a given water/cement ratio depend on the type
of aggregate used in its production (Abdullahi, 2012). Its
quality could be impaired if the materials used in its
production are not of good quality.

The collapse of buildings has been traced to many
factors one of which is the qualities of the materials used
during construction (Ayininuola and Olabisi, 2014, Ede
2010). The qualities of concrete depend on the type of
cement, water, and aggregate used in its production. Since
aggregate (coarse and fine) occupy up to 70 -75% of the
concrete volume (Talbot and Richart, 1923), its quality
need to be ascertained. The aggregates in concrete are of
two types namely fine and coarse aggregate. The aggregate
with size less than or equal to 5mm is termed fine aggregate
while that with size above 5mm is termed coarse aggregate.
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All aggregates for concrete works should be composed
of hard particles and free of any amounts of clay, loam, and
vegetable matter. The major characteristics of aggregates
that affect the strength, durability, and workability of
concrete are cleanness, grading, hardness, and shape.
Usually, the aggregates are stronger than the concrete from
which they are made. A coating of dirt or dust on the
aggregate will reduce the strength of concrete because it
prevents the particles from properly bonding to the mortar.
A well-graded aggregate mix is essential to obtaining an
economical concrete of good quality. If poorly graded,
even clean, sound aggregates will require excessive water
for workability, resulting in lower strength, or the mix will
require an excessive amount of cement to develop a given
strength.

Fine aggregate is one of the important constituents of
concrete which contributes to the stability of the concrete
produced (Gupta and Gupta, 2014). Various types of fine
aggregates are being used in concrete production. The type
of fine aggregate used changes the geometric properties of
cement paste, and affect not only the shell formation during
heat treatments but also the properties of concrete
(Abdullahi et al., 2017).

The fine/coarse aggregate ratio will influence the
packing of concrete. It also influences the workability of
concrete in the fresh stage. Increase of the sand to coarse
aggregate ratio can lead to an increase of cohesiveness
but reduces the consistency. Increasing the sand/coarse


mailto:%2Aaminulai.hammed@futminna.edu.ng

3" International Engineering Conference (IEC 2019)
Federal University of Technology, Minna, Nigeria

aggregate ratio of concrete has proven to be the most
effective measures for improving its cohesiveness (Li,
2011).

The commonly used fine aggregate in Nigeria is
popularly referred to as sharp sand which may be sourced
from the river or natural deposit. This is because of its
tested nature which conforms to the British standard codes
specifications. In Nigeria, especially Minna, sharp sand as
fine aggregate used in construction are obtained from
different locations but the location which gives the best
quality of concrete is yet to be ascertained.

Production of concrete with fine aggregate from
different locations in Minna will reveal the one that is most
suitable for concrete work. Thereafter, in a construction
project, the location of most suitable fine aggregate will be
guaranteed and prevent usage of substandard material in
the construction project so as to reduce the problem of
collapsed structures.

2 METHODOLOGY
The approach of this study was to investigate the

properties of the fine aggregates and fresh concrete and the
compressive strength of the hardened concrete that is
produced with it. Different concrete mixes were produced
by using the fine aggregates from five different locations in
Minna while using a uniform mix ratio 1:2:4 and
water/cement ratio of 0.6. Nine cubes (150mm x 150mm x
150mm) were cast for each of the fine aggregates (BS
1881: Part 108:1983). These cubes were cured by
completely immersing them in water for 7, 14 and 28 days
(BS 1881: Part 111:1983).

21 MATERIALS
The materials described below were used for this study;

2.1.1 ORDINARY PORTLAND CEMENT

The cement used for this study is Ordinary Portland
Cement (OPC). It was bought from a cement store beside
Yellow house, Gidan Kwano, Minna, Niger State and
conforms to BS EN 197-1 (2011) requirements.

212 AGGREGATES

The coarse aggregate used in the study was obtained
from a quarry shop along Gidan Kwano to Kpakungu road.
It was found to have conformed to PD  6682-1:2009+A1
(2013) as it was retained on BS sieve 5mm while the fine
aggregates used also conformed to the specification of PD
6682-1:2009+A1 (2013) and passes through BS sieve
5mm. The samples of fine aggregates were obtained from
the following five locations; Chanchaga, Maikunkele,
Garatu, Bosso and Lapai Gwari within the region of Minna,
Niger State.

All the aggregates were moisture-free before being used
for concrete production.
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213 WATER

The water used for the study was obtained from the
borehole near the Civil Engineering Laboratory at the Main
Campus, Gidan Kwano, Federal University of Technology
Minna, Niger State. It conformed to BS EN 1008 (2002)
specifications.

2.2 EXPERIMENTAL INVESTIGATIONS

The investigations include tests on all the fine and
coarse aggregates, the fresh concrete and also the hardened
concrete. The following tests were carried out on the
aggregates used in order to determine their prOperties.

i. Specific gravity,(Gs): This is the ratio of mass
(weight in air) of a unit volume of material to the
mass of the same volume of water at the same
temperature. This test was carried out on the fine
and coarse aggregates in accordance with BS EN
1097-6 (2000). The specific gravity is calculated

as
_ iy — iy 1
GS = G )~ i) @)
Where,

W1 = Weight of vessel ()

W2 = Weight of vessel plus sample (g)

W3 = Weight of vessel plus sample plus water (g)
W4 = Weight of vessel plus water only (g)

ii. Bulk density: This is the weight of a given
material required to fill a given volume of
container. It is also a measure of how dense or
closely packed a sample is. The bulk density of a
sample depends on the particle size distribution,
the shape of particles and how densely the
aggregate is packed. It is expressed in kilogram
per meter cube (kg/m®). Bulk density could either
be compacted or un-compacted (loose) bulk
density. The test was carried out on the fine and
coarse aggregates in accordance with BS EN
1097-3 (1998). The bulk density of the un-
compacted and compacted is calculated from:

iy, — Iy

Un-compacted Bulk Density = (2

w

Compacted Bulk Density = 5= 3

W
Where:
W1 = Weight of mould (g)
W2 = Weight of mould plus un-compacted sample (g)
W3 = Weight of mould plus compacted sample (g)
V = Volume of mould

iii. Water Absorption: This is the increase in mass of
aggregates due to the penetration of water into the
pores of the particles during a period of time.
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Water absorption is determined by measuring the
decrease in mass of a saturated and dry sample
after oven drying for 24 hours. Water absorption
is expressed as a percentage of dry mass. This test
was carried out in accordance with BS EN 1097-
6 (2000). It is calculated as:

Water Absorption = "2—"2 x 100 (4)

Iitg iy
Where:
W1 = Weight of container (g)
W2 = Weight of container plus sample (g)
W3 = Weight of container plus wet sample (g)
W, = Weight of container plus oven dry sample (g)

iv. Moisture content (Mc): This is the amount of
water that can be removed from a soil sample
when it is dried at a temperature of 105°C. It is
expressed in percentage as the relationship
between the water content in the sample to the
weight of the sample when it is completely dry.
This test procedure was done on the fine and
coarse aggregates in accordance with BS EN
1097-5 (2008). It is calculated as:

Mc = 27" % 100 (5)
Wits — iy

Where:

W1 = Weight of empty can (g)

W2 = Weight of can plus sample (g)

W3 = Weight of can plus oven-dried sample (g)

V. Porosity: This is the amount of void present in an
aggregate. it affects the bond between the
aggregate and cement, the resistance of concrete,
freezing, and thawing and, chemical stability of
the aggregate (Neville and Brooks, 2010).
According to Neville (2010), higher durable
concrete can be achieved through aggregate with
lower porosity.

AU =0 C CCCCCeaeiCeeeeeul

PorOSity (%) = l - 0 (eeeceecceecccccceecuuecceeceuucciceee OX 100 (6)

Vi. Particle size distribution (sieve analysis): This test
commonly referred to as gradation test can simply
be summarized as the process of dividing a sample
of aggregate into fractions of the same particle
size. The test was carried out in accordance with
BS EN 933-1 (2012).

The slump test was done on the fresh concrete to
determine its workability in accordance with BS EN
12350-2 (2009) while the compressive strength test was
done on the hardened concrete in accordance with BS EN
12390-2 (2009) and BS EN 12390-3 (2009).
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3 RESULTS AND DISCUSSION

This research aim at identifying the most suitable fine
aggregate for concrete production in Minna and its
environs. Here, the result of the physical properties of the
fine and coarse aggregates as well as the workability test
(slump test) done on fresh concrete mixes and the
compressive strength test on the hardened concrete cubes
at different curing ages are presented.

31 PROPERTIES OF FINEAND COARSE
AGGREGATE

The particle size distribution curves of the fine and
coarse aggregates are present in Figure 1. It showed that all
the fine aggregates fall within a fine sand fraction with that
obtained from Chanchaga being the most well graded. This
shows that it requires less quantity of cement and water and
is thus more economical and produce higher strength
concrete, lower shrinkage and greater durability (Shetty,
2012). The coarse aggregate curve reveals medium gravel
aggregate
100
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Figure 1: Particle size distribution of Fine and Coarse
Aggregate

The results of the physical properties of the fine
aggregates are as presented in Table 1 below.

The specific gravity of fine aggregates obtained from
Lapai Gwari, Garatu, Maikunkele, Chanchaga, and Bosso
are 2.58, 2.67, 2.63, 2.66 and 2.70 respectively. All the fine
aggregates are within the standard range of 2.6 — 2.7 except
that of Lapai Gwari. The specific gravity of the coarse
aggregate (2.64) is also within the standard limit of 2.6 —
3.0 (Neville, 2010).

The results of bulk density for fine aggregates showed
that all of them are in conformity with the standard limit of
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1300-1800 kg/m3. Also, the coarse aggregates bulk density
is within the standard limit of 1500-1700 kg/m?.

The results obtained for the porosity of the fine
aggregates as shown in table 1 are 5.7%, 1.2%, 9.5%, 7.2%
and 0.8% for Chanchaga, Maikenkele, Bosso, Lapai Gwari
and Garatu respectively while the porosity for the coarse
aggregate is 5.14%. The percentage porosity of these
aggregates falls within the range of 1% to 15% (Neville,
2010). The lower values of porosity obtained for the
aggregates specified that the aggregates can make a highly
durable concrete (Neville, 1987). with fine aggregate from

24.08% respectively for Garatu, Lapai Gwari, Chanchaga,
Maikunkele, and Bosso while that of coarse aggregate is
1.40%. This indicates a high water tolerance for the fine
aggregates with Chanchaga having the tendency of
absorbing more water than the others. Meanwhile, there is
low water tolerance for the coarse aggregate.

The results of moisture content tests for the fine
aggregates are 0.151%, 0.013%, 0.121%, 0.038% and
0.5045% for Garatu, Lapai Gwari, Chanchaga,
Maikunkele, and Bosso respectively while that of coarse
aggregate is 0.504%. These are within the standard ranges

Garatu having the lowest value.
The results of water absorption test for the fine
aggregate are 28.54%, 26.68%, 28.91%, 28.19%, and

(Neville, 2010).

TABLE 1: Summary of the properties of fine and
Coarse Aggregate used in the study

Properties Bosso Maikunkele Lapai - Gwari Garatu Chanchaga Coarse
Aggregate
Specific gravity 2.70 2.63 2.58 2.67 2.66 2.64
Bulk Un-compacted 1545 1404 1444 1511 1388 1551
density
(kg/m?) Compacted 1708 1421 1556 1523 1472 1635
Water absorption (%) 24.08 28.19 26.68 28.54 28.91 1.40
Porosity (%) 9.5 1.2 7.2 0.8 5.7 5.14
Moisture content 0.089 0.038 0.013 0.151 0.121 0.504

slump for all the fine aggregates which indicate uniformity
in the mix. The slumps are also classified as medium slump
which indicates a highly durable and workable concrete
except for Maikunkele with a slump of 30mm which is
classed as low.

32 WORKABILITY TESTRESULTS
(SLUMP TEST)

The slumps obtained for the concrete made with the fine
aggregates types are as shown in table 2. The nature of the
slumps obtained during the experiment revealed a true

TABLE 2: Slump test result of concrete made from different fine aggregate types

Fine aggregate . Water/ cement P Slump Slump Type of
source Trials ratio Mixratio "y Avg.slump Value slump

1 0.6 1:2:4 75

Lapai-Gwari 75 75 True slump
2 0.6 1:2:4 75
1 0.6 1:2:4 32

Maikunkele 30 30 True slump
2 0.6 1:2:4 28
1 0.6 1:2:4 44

Bosso 42 40 True slump
2 0.6 1:2:4 40
1 0.6 1:2:4 45

Chanchaga 45 45 True slump
2 0.6 1:2:4 45
1 0.6 1:2:4 42

Garatu 40 40 True slump
2 0.6 1:2:4 38
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3.3 COMPRESSIVE STRENGTHTEST
RESULTS

The results for the compressive strength test of
hardened concrete for a constant mix ratio (1:2:4) and 0.6
water/cement ratio for 7, 14 and 28 days curing of concrete
made from fine aggregates obtained from Lapai Gwari,
Maikunkele, Bosso, Chanchaga and Garatu are as shown in
Figure 2

The highest value of compressive strength was obtained
for concrete made with the fine aggregate obtained from
Chanchaga for all the days of the concrete curing.

From the values obtained for compressive strength, the
concrete can be classified as lightweight concrete. The
standard recommended in BS 1881: Part 116: (1983) and
Barry (1999), indicates that a 28 days compressive strength
range of 17.5N/mm?to 34N/mm?is specified for structural
lightweight concrete, depending on factor such as
aggregate grading, mix proportioning, and water/cement
ratio. According to Neville (2010) concrete attain over 60%
of their 28days strength at the age of 7 days; the
compressive strengths obtained from concrete produced
with all the fine aggregates were in conformity with this
theory. Also, the graph showed that the compressive
strength of concrete increase with curing ages.

26

18

Compressive Strength (N/mm?)

0 7 14 21 28 35
Curing Age (Days)

—&— Bosso —&— Maikunkele Lapai-Gwari

—&— Garatu Chanchaga

Figure 2: Compressive strength of concrete produced with
fine aggregate from different locations

142

4 CONCLUSION

From the results obtained from the assessment of the
compressive strength of concrete using fine aggregate
obtained from different locations in Minna, the following
conclusion can be drawn.

e The fine aggregate from Chanchaga is better
graded in particle distribution than the other fine
aggregates. Thus concrete produced from this will
have better qualities than the others.

e  The physical properties of fine aggregate obtained
from different locations (sources) in Minna have
varying values with most falling within the
recommended standards. The specific gravity
values ranges between 2.58 — 2,70, the bulk
density from 1388kg/m?® - 1708kg/m?, the water
absorption from 24.08% - 28.91%, the porosity of
0.8% - 9.5% while the moisture content ranges
between 0.013 - 0.151.

e The fine aggregate from different locations in
Minna produced concretes of different
workability with constant mix ratio, w/c ratio, and
coarse aggregate properties.

o All the fine aggregate used in the study produced
concrete with mean strength greater than
20N/mm? with the fine aggregate obtained from
Chanchaga having the highest mean compressive
strength (25.17N/mm?) at 28days of curing.

It then means that all the aggregates could be used in
the production of structural lightweight concrete but for
structures that require high strength, then the fine aggregate
from Chanchaga is recommended.

ACKNOWLEDGEMENTS

The authors acknowledge the support of all the
technical staff in the Civil Engineering Laboratory, Federal
University of Technology Minna. We would also like to
acknowledge the effort of all the undergraduate students
that assisted with the experimental work.

REFERENCES

Abdullahi, M. (2012). Effect of aggregate type on
Compressive strength of concrete. International
Journal of Civil and Structural Engineering, 2(3), 791-
800, ISSN 0976 —4399 (online)

Abdullahi, M., Yakubu, A., & Aguwa, J. |. (2017).
Compressive Strength of Concrete made from Natural
Fine Aggregate Sources in Minna, Nigeria. Arid Zone
Journal of Engineering, Technology and Environment,
13(6), 734-742. ISSN: 1596-2490 (Print), ISSN: 2545-
5818 (Electronic)

Ayininuola, G. M., & Olalusi, O. O. (2004). Assessment of
building failures in Nigeria; Lagos and Ibadan case



3" International Engineering Conference (IEC 2019)
Federal University of Technology, Minna, Nigeria

study. Africa Journal of Science and Technology
(AJST) 5 (1), 72-78.

Barry, R. (1999). The Construction of Buildings:
Foundations, Walls, Floors, Roofs - Vol 1, 7t Ed.,
Blackwell Science Ltd, Oxford, UK.

BS EN 197-1 (2011). Cement. Composition, specifications
and conformity criteria for common cement. British
Standard Institute, London, U.K.

BS EN 933-1(2012). Tests for geometrical properties of
aggregates. Determination of particle size distribution.
Sieving method. British Standard Institute, London,
U.K

BS EN 1097-3 (1998). Tests for mechanical and physical
properties of aggregates. Determination of loose bulk
density and voids. British Standard Institute, London,
U.K

BS EN 1097-5 (2008). Tests for mechanical and physical
properties of aggregates. Determination of the water
content by drying in a ventilated oven, British Standard
Institute, London, U.K

BS EN 1097-6 (2000). Tests for mechanical and physical
properties of aggregates. Determination of particle
density and water absorption. British Standard
Institute, London, U.K

BS EN 12350-2 (2009). Testing Fresh Concrete — Slump
test, British Standard Institute, London, U.K.

BS EN 12390-2 (2009). Testing hardened concrete.
Making and curing specimens for strength tests. British
Standard Institute, London, U.K

BS EN 12390-3 (2009). Testing hardened concrete,
Compressive Strength of Test Specimens. British
Standard Institute, London, U.K.

BS EN 1008 (2002). Mixing water for concrete -
Specification for sampling, testing and assessing the
suitability of water, including water recovered from
processes in the concrete industry, as mixing water for
concrete. British Standard Institute, London, UK.

Deodhar, S. V. (2009). Civil Engineering Materials, 6™
Edition. Khanna Publishers, Sarak, Delhi India. ISBN
81-7409-163-7.

Ede, A. N. (2010). Building collapse in Nigeria: the trend
of casualties in the last decade (2000 - 2010),
International Journal of Civil and Environmental
Engineering, 10(6), 32-42.

Gideon, O. B., Ede, A. N., Egwuatu, C., Jolayemi, J.,
Oluwa, O., & Odewumi, T. (2015). Assessment of

143

compressive strength of concrete produced from
different brands of Portland cement, Civil and
Environmental Research, 7 (8), 31-38. ISSN 2224-5790
(Paper) ISSN 2225-0514 (online)

Gupta, B. L., & Gupta, A. (2014). Concrete Technology,
Standard Publishers Distributors, New Delhi, India.

Li, Z. (2011). Advanced Concrete Technology, John Wiley
and Sons, Inc., New Jersey USA.

Neville, A. M., (2010). Properties of Concrete. John Wiley
and Sons Inc., London, UK.

Neville, A. M., & Brooks, J. J. (2011). Concrete
Technology 2" Edition. Pearson Education Limited,
London, UK.

PD 6682-1:2009+A1:2013, Aggregates. Aggregates for
concrete. Guidance on the use of BS EN 12620. British
Standard Institute, London, U.K.

Shetty, M. S. (2012), Concrete Technology, Theory and
Practice, Multicolour Illustrative Edition, S. Chand and
Company, New Delhi, India.

Talbot, A. N., & Richart, F. E. (1923). The Strength of
Concrete and its Relation to the Cement, Aggregate and
Water, Engineering Experiment Station, Bulletin 137,
University of Illinois.

Thandavamoorthy, T. S. (2014). Feasibility of making
concrete from soil instead of river sand, ICl Journal
April — June 2014, 1 - 6.

Tsado, T. Y. (2013). An investigation into structural
strengths of laterized concrete. Extract from,
https://staff.futminna.edu.ng-journal



https://staff.futminna.edu.ng-journal/

3" International Engineering Conference (IEC 2019)
Federal University of Technology, Minna, Nigeria

Response Surface Optimisation of the Adsorption of Cu (I1) from
Aqueous Solution by Crab Shell Chitosan

*Babatunde E. O, Akolo S. A? Ighalo J. 0® & Kovo A. S*
L3Chemical Engineering Department, University of llorin, P. M. B. 1515, llorin, Kwara state, Nigeria.
*Prudent Energy and Services Limited, Bulk Petroleum and Gas Terminal Oghareki, Oghara, Delta state, Nigeria.
*Chemical Engineering Department, Federal University of Technology, P.M.B. 65, Minna, Niger state, Nigeria

* Corresponding author email: babatunde.eo@unilorin.edu.ng, +2348060265818

ABSTRACT

Adsorption of Cu (Il) from aqueous solution by crab-shell derived chitosan was evaluated and optimised by
response surface methodology alongside comparison with commercial chitosan. The commercial and locally
developed chitosan was found effective in removal of copper (Il) ion from aqueous solution and the results of the
copper ion percentage removal was 99.57% for locally produced chitosan and 99.80% for commercial chitosan at pH
of 6.0. Optimum metal uptake (99.57%) was observed at pH 4.75, 120 minutes equilibration time and dosage of 2
0/50ml. The monolayer adsorption capacity of the commercial and locally developed chitosan was 1.44 mg/g and 1.49
mg/g respectively. The isotherms modelling indicated that the Langmuir isotherm was the best fit. The kinetics for the
adsorption of copper, onto chitosan was best described by a pseudo-second-order kinetic model. It has been shown that
chitosan are excellent precursors for the removal of copper from aqueous solution and consequently for its use in

remediating polluted industrial effluents.

Keywords: Adsorption, Chitosan, Crab shells, heavy metals, Optimisation.

1 INTRODUCTION

Environmental pollution by discharge of
industrial waste into water streams is a major problem
because of the toxic nature of industrial waste. Among
various industrial wastes, heavy metals are of great
concern because of their bioaccumulation and non-
biodegradable nature (Bailey, Olin, Bricka, & Adrian,
1999). Methods of metal ion removal include filtration,
chemical precipitation, adsorption, electrode position and
membrane systems or even ion exchange process. Among
these methods, adsorption is one of the most economically
favourable and a technically easy method (Karthikeyan,
Rajgopal, & Miranda, 2005).To remove trace levels of
heavy metal ions, adsorption by natural occurring
materials is one of the most effective and low cost
methods (Bailey et al., 1999). Numerous materials have
been studied for use as adsorbent for the removal of
copper from aqueous solutions. They include fish scales
(Das, Bhowal, & Datta, 2016; Eletta & Ighalo, 2019),
cabbage leaves (Kamar, Nechifor, Nechifor, Al-Musawi,
& Mohammed, 2017), Terminalia catappa L. fruit shell
(Hevira, Munaf, & Zein, 2015), tea leaves (Ghosh, Das, &
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Sinha, 2015), Pine bark (Cutillas-Barreiro et al., 2014)
and many others.

Recently many statistical experimental design
methods have been utilized in chemical process
optimization (Gratuito,Panyathanmaporn, Chumnanklang,
Sirinuntawittaya, & Dutta, 2008). Design of experiments
is a very useful tool as it provides statistical models,
which help in understanding the interactions among the
parameters that have been optimized. Response surface
methodology (RSM) is one of the experimental designing
methods which can surmount the limitations of
conventional methods collectively (Olmez, 2009).
Response surface methodology is a combination of
mathematical and statistical techniques used to determine
the optimum operational conditions of the process or to
determine a region that satisfies the operating
specifications (Alam, Muyibi, & Toramae, 2007). The
main advantage of response surface methodology is the
reduced number of experimental trials needed to evaluate
multiple parameters and their interactions (Karacan,
Ozden, & Karacan, 2007). RSM has also been reportedly
used in the optimisation of adsorption process (Garg,
Kaur, Sud, & Garg, 2009; Ghosh et al., 2015; Kumar &
Phanikumar, 2013; Madala, Mudumala, Vudagandla, &
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Abburi, 2015; Mandal, Mondal, Mondal, Mukherjee, &
Mondal, 2015; Olmez, 2009). In this study, bio sorption
of Cu (II) from aqueous solution by crab-shell derived
chitosan was evaluated and optimised by response surface
methodology alongside comparison with commercial
chitosan.

2 METHODOLOGY

2.1 COLLECTION OF SAMPLE

Crab shell was obtained from Lagos lagoon
(Nigeria). The crab was washed with tap water to remove
possible foreign materials present (dirt and sands). The
commercial chitosan was from Sigma-Aldrich in
Germany (purity >99%).

2.2 PREPARATION OF REAGENTS

The major chemicals used during experimental
work include Sodium hydroxide (NaOH), sodium
hypochlorite (NaClO), copper sulphate pentahydrate
(CuS0,.H,0) and Hydrochloric acid (HCI) and they were
all analytical grade (purity >99%).Sodium Hydroxide,
hydrochloric and copper sulphate solution of different
concentrations was prepared by dissolving calculated
quantity of these chemicals in distilled water. The desired
concentration of metal ion was freshly prepared from the
stock solution. Copper (Il) sulphate pentahydrate
(CuS0O,4.5H,0) was used as the source for copper stock
solution. The solution was prepared with deionized water;
the copper (1) stock solution (1000 mg/L) was made by
dissolving 3.916 g of 99% CuSQ,.5H,0 in 1L deionized
water. Samples of different concentrations of copper (1)
are prepared from this stock solution by appropriate
dilutions.

2.3 PRODUCTION OF CHITOSAN

Isolation of chitosan from crab shell wastes
involves four traditional steps; deproteinisation (DP),
demineralization (DM), decolourization (DC), and
deacetylation (DA). The wet crab was washed and dried
followed by grinding and sieving to a particle size of 750
pm, and then placed in a plastic bottle for storage at
ambient temperature until used. Deproteinisation (DP)
was then carried out on the crab shells. Four hundred
grams of crab shell was place in a solution of 3.5% NaOH
(wiv) for 2 h at 65°C, solid: solvent (1:10, w/v), then the
solid was separated from the liquid and washed with
distilled water until absence of colour in the medium
which represents the absence of protein. The next step
was to demineralise the shells. The deproteinised shell
was placed in 1 N HCI for 30 minutes at room
temperature, solid: solvent (1:15, w/v). Subsequently, the
liguid was decanted and the solid was washed with
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distilled water until neutral pH, the remaining was dried at
50 °C for 12 h and the product was chitin. The chitin was
decolourized with 0.315% sodium hypochlorite (NaOCI)
(w/v) for 5 minutes at room temperature solid: solvent
(2:10, wiv) was poured into the vessel containing the solid
and the suspension was agitated until the pigmentation of
the solid disappeared. The white solid (chitin) was washed
and dried at 50 °C for 12 h in the oven. The deacetylation
of chitin was carried out by mixing chitin with 50%
NaOH for 30 min at 121°C, solid: solvent (1:10, w/v). The
mixture was washed with distil water several times to
remove residual sodium hydroxide, until pH 7 was
achieved. The chitosan was dried in an oven at 50 °C for
18 h.

2.4 DESIGN OF EXPERIMENTS

The experimental design for optimization of
Cu(ll) adsorption was done by applying Response Surface
Methodology (RSM), categorical factor of 0 was engaged
to optimize the adsorption parameters. The design was
composed of three levels (low, medium and high, being
coded as (-1, 0 and +1) and a total of 30 runs were carried
out to optimize the level of chosen variables. Design
Expert (Stat-Ease, Inc., version.7.0.0 Minneapolis, USA)
software was used for statistical data analysis. In order to
investigate the effect of various independent process
parameters such as initial concentration (x1), pH (x2),
adsorbent dose (x3) and contact time (x4) on percentage
removal of Cu (Il), batch experiments were conducted
based on the central composite design (CCD).

2.5 BATCH ADSORPTION STUDIES

Batch adsorption studies were carried out at
room temperature using 250 mL conical flasks with 50
mL of the working Cu(ll) ion solution of different
concentrations ranging from 20 to 30 mg/L on a magnetic
stirrer at 300 rpm in view of the results from previous
work (Liu & Cheng, 2009). The influence of pH (3.0-6.0)
(The pH of each solution was adjusted by adding either
0.1 M of NaOH or HCL solution.), Cu(ll) concentration
(20-30 mgL™), contact time (45-120 min), adsorbent dose
(1.0 -2.0 g/50 mL) were evaluated during the present
study. Samples were collected from the flasks at
predetermined time intervals for analysing the residual
Cu(ll) concentration in the solution. The adsorbate was
removed by filtration through Whafmann filter paper. The
residual concentration of Cu (Il) was determined by
atomic absorption spectroscopy (AAS).The experiments
were performed in duplicates and the amount of Cu (Il)
ions adsorbed in milligram per gram was determined by
using the following mass balance “Equation (1)”

g = Co=tl? &)

m
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Where C, and C.are Cu (Il) concentrations (mg/L) before
and after adsorption respectively, V is the volume of
adsorbate in litre and m is the weight of the adsorbent in
grams. The percentage removal of Cu (Il) ions was
calculated from the following “Equation (2)”

(%) Removal = ¢ x 100 o)

3 RESULTSAND DISCUSSION

31 RESPONSE SURFACE PLOTS OF ADSORPTION
FACTORS

The ultimate objective of the design used in this
study was to find out the significant effects of the process
parameters viz., initial concentration, pH, adsorbent dose
and contact time on the removal efficiency of Cu (II). The
response surface and contour plots were used to
investigate the effect of all the factors on the responses.
The 3D response surface plots are useful in investigating
both the main and interaction effects of the factors. These
figures also show the estimated Y parameter as a function
of the normalized factor variables, the height of the
surface represents the value of Y. A steep slope or
curvature in a factor shows that the response is sensitive
to that factor. A relatively flat line shows insensitivity to
change in that particular factor great influence on the
removal of Cu(ll), initial metal concentration has less
effect on the responses compared to other factors.
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Figures 1(a-b): Interaction between adsorbent dose (x3)
and initial concentration (x1) on Cu (II) removal, a-
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Figure 2(a-b): Interaction between contact time (x4)
and initial concentration (x1) on Cu (Il) removal, a-
response plot, b-contour plot.
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Figure 4(a-b): Interaction between contact time (x4)
@) and adsorbent dose (x3) on Cu (Il) removal, a-
response plot, b-contour plot.
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Figure 3(a-b): Interaction between pH (x2) and initial
concentration (x1) on Cu (1) removal, a-response plot,
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Figure 6(A-B): Interaction between pH (x2) and
adsorbent dose (x3) on Cu (Il) removal, a-response
plot, b-contour plot.

The response and contour plots in fugures 1 to 6 elucidate
the relationship between the factors and how they affect
the removal of copper from aqueous solutions. Figures 1
reveals that copper removal increases with increasing
adsorbent dose and initial copper concentration does not
have any efffect on this trend. Figures 2 also reveal that
copper removal increases with increasing time and initial
copper concentration does not have any efffect on this
trend. Figure 3 reveals that copper uptake is optimum at
about pH 4.75. The relationship of pH and metal uptake is
not affected by initial copper concentration. Figures 4
reveals that metal uptake is maximum at the highest
values of equilibration time and adsorbent dosage
respectively. Figure 5 and 6 reveals that contact time and
adosrbent dosage does not have any effect on the
relationship between pH and metal uptake respectively. It
can be surmised that metal uptake was maximum (99%) at
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pH 4.75, 120 minutes equilibration time and dosage of 2
g/50ml.

3.2 EFFECT OF CONTACT TIME ON ADSORPTION OF
COPPER ION

The relationship between contact time and the
percentage removal of copper ion from solution using
commercial and locally produced chitosan (pH - 6, Mass
of chitosan = 1 g, initial concentration = 30 mg/L, and
Agitation Speed 300 rpm) are shown in figure 7.
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Figure 7: Effect of contact time on both commercial and
locally developed chitosan

The contact time represents the time necessary
for the adsorption process to reach equilibrium. For each
sample the adsorption capacity was studied as a function
of time. During short contact times, adsorption was fast
due to the availability of plenty of active sites on the
adsorbent surface. As the active sites were occupied,
adsorption slowed down and finally an equilibrium stage
was reached. The adsorption reached equilibrium at short
contact time which was due to the availability of active
sites on the adsorbent surface which was indicated by the
fiber metric image measurements and pore histogram in
figures 8 (a-b) and 9 (a-b). As the active sites were
occupied, adsorption slowed down and finally an
equilibrium stage was reached. It is evident that
percentage metal ion removal reached equilibrium at
within 40 minutes for Cu (Il) for both commercial and
locally produced chitosan from crab shell after which
further increase in time did not bring about any further
improvement.
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Figure 8 (a-b): Fibermetric Image and Pore Histogram
of local developed chitosan

Figure 9 (a-b): Fibermetric Image and Pore Histogram
of commercial chitosan

3.3 EQUILIBRIUM ISOTHERM MODELLING

Equilibrium isotherm are essential for describing
the mechanism of adsorption, the equilibrium data of Cu®*
ion were subjected to five different adsorption isotherm
models: Langmuir, Elovich, Temkin Freundlich and
Dubinin-Radushkevich. The model constants are
summarized in Table 1.

TABLE 1: Equilibrium isotherms parameters for Cu®*
adsorption on chitosan

B 0.02488 0.00495
R’ 0.810 0.983
Elovich
Qm(mg/g) 0.0301 0.00502
Kg (L/mg) 0.0000 0.0000
R’ 0.9006 0.9915
Dubinin-Radushkevich

Kaa(mMol?/kJ?) 2.290 x 10° -

E (kJ/mol) 0.59 -

R’ 0.9901 -

Parameters Locally Commercial
developed chitosan
chitosan
Langmuir
a(mg/qg) 1.4435 1.4900
b (L/mg) 92.491 3728.56
R 0.000361 0.0000
R® 0.9999 0.9999
Freundlich
1/n 0.008 0.003
Ke 1.45 1.48
R® 0.998 0.985
Temkin
Ar (L/g) 4.297 441
by (x10°) 99.58 500.52
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The Langmuir and Freundlich isotherm models
predict the adsorption data better than Elovich and
Temkin because high correlation coefficients (R%> 0.99)
were obtained at a higher confidence level. The
Freundlich constants K and 1/n for Cu?* were found to be
1.49 mg/g and 0.003 for commercial chitosan and 1.45
mg/g and 0.008 for locally developed chitosan
respectively. The values of 1/n are between 0 than 1 for
both the adsorbents, which indicate normal adsorption.
The low 1/n suggested that any large change in the initial
concentration Cu®* ions would not result in a change in
the amount of Cu®* adsorbed by the chitosan. According
to the values of the correlation coefficient (R?), the best-fit
isotherm model was the Langmuir isotherm model follow
by the Freundlich model. The Elovich modelling of the
experimental data also indicate chemisorption took place.
High correlation coefficients were observed when the data
were fitted to this model especially for the commercial
chitosan and this also suggested that the adsorption of
Cu?* occurred by chemisorption. The Temkin model had
the lowest value of correlation coefficient, which
suggested that this model was not the best description of
Cu®* ion adsorption onto locally developed and
commercial chitosan. However, the model did indicate
that Cu* is an exothermic process, since B > 0 for both
commercial and locally developed adsorbents. The
numerical value of mean free energy E calculated from
Dubinin—Radushkevich (D-R) isotherm model was 0.59
kJ/mol. If the value of E lies between 8 — 16 kJ/mol, the
process is said to follow chemical ion exchange while E <
8 kJ/mol then the process follows physical adsorption
(Horsfall, Spiff, & Ai, 2004). In the current study the
biosorption process of Cu (Il) onto locally developed
chitosan follows physical adsorption.

34 ADSORPTION KINETICS

The data on the dependence of adsorption
capacity on time were used for kinetic analysis. The
results of the fitted data show that pseudo-second order
kinetics model vyielded linear plots compared to the
pseudo-first-order reaction model, which is significantly
scattered (non-linear).
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Table 2. Kinetic parameters for Cu®* adsorption on
chitosan

Parameters Locally Commercial
developed chitosan
chitosan
Pseudo first order
gecal (mg/g) 1.042 1.096
geexp (mg/g) 1.4735 1.4965
ki (min~1) 0.085 0.104
R® 0.0323 0.4965
Pseudo second order
gecal. (mg/g) 1.4728 1.4993
geexp (mg/qg) 1.4735 1.4965
k,(g/mgmin) 66.02 10.35
R® 0.999 0.999

Also the theoretical (calculated) value of g, of,
pseudo-second-order reaction model, are closer to the
experimental value of g, for instance, the calculated value
of Cu? onto local chitosan was 1.4728 mgg™ which is in
closed agreement with the experimental value of 1.4935
mgg™ compared to Cu?" of pseudo-first-order reaction
model, with calculated valued of 0.1042 mgg™ which
differ greatly from the experimental value of 1.4735 mgg
! Also the calculated value of Cu* onto commercial
chitosan was1.4993 mgg™ which is in closed agreement
with the experimental value of 1.4965 mgg™ compared to
Cu?* of pseudo-first-order reaction model, with calculated
valued of 1.096 mgg™ which differ greatly from the
experimental value of 1.4735 mgg™ these fact suggest that
the adsorption of Cu** by commercial and locally
produced chitosan from crab shells follows the pseudo-
second-order reaction model which rely on the
assumption that chemisorption is the rate-limiting step. In
chemisorption the heavy metals stick to the adsorbent
surface by forming a chemical usually covalent bond and
tend to find sites that maximize their coordination with
the surface (Yusuff, Popoola & Babatunde, 2019).

5 CONCLUSION

A detailed batch experimental study was carried
out for the removal of copper (ll) from aqueous solution
using commercial and locally developed chitosan. The
commercial and locally developed chitosan was found
effective in removal of copper (Il) ion from aqueous
solution and the results of the copper ion percentage
removal was 99.57% for locally produced chitosan and
99.80 for commercial chitosan at pH of 6.0. Optimum
metal uptake (99.57%) was observed at pH 4.75, 120
minutes equilibration time and dosage of 2g/50ml. The
results obtained from isotherms adsorption studies of Cu
(1) ions by being analysed in five adsorption models,
namely, Langmuir, Freundlich, Elovich, Temkin and
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Dubinnin-Radushkevich. ~ The isotherms  equation
indicated to be best fitted to the Langmuir isotherm
equation under the concentration range studied. The
kinetics for the adsorption of copper, onto chitosan was
best described by a pseudo-second-order kinetic model.
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Abbreviations

C, initial concentration of metal ion in the liquid phase
(mg/L)

Ce equilibrium concentration of metal ion in the liquid
phase (mg/L)

K, rate constant of pseudo-first order adsorption (min—1)
k, rate constant of pseudo-second order adsorption
(g'mg—1-min—1)

K £ Freundlich isotherm constant is in (mg/g)

b Langmuir isotherm constant (L/mg)

m amount of chitosan membrane (g)

n number of experimental data

g adsorption amount (mg/g)

ge adsorption amount at equilibrium (pseudo-second order
equation constant) (mg/g)

a maximum adsorption capacity (Langmuir isotherm
constant) (mg/g)

g: adsorption amount at time t (mg/g)

t time (min)

V volume of the solution (L)

K is the Elovich equilibrium constant (L/mg)

K is the Dubinin-Radushkevich constant (kJ2/mol)
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ABSTRACT

The Algebraic structure of a block hybrid Runge-Kutta Type Method (BHRKTM) for the solution of initial value
problems was analysed. The coefficients of the first order Runge-Kutta Type Method (RKTM) of the Butcher table
was applied to prove to the second order RKTM. The method of linear transformation and monomorphism was
employed to substantiate the uniform order and error constant for the first order BHRKTM and the corresponding
extended second order BHRKTM. Two equations evolved that satisfied the Runge-Kutta consistency conditions of

second and first order respectively. The Algebraic structure was carefully retained during the transformation.

Keywords: Implicit, Initial Value Problems, Linear Transformation, Monomorphism., Runge-Kutta Type

1

INTRODUCTION

A linear transformation (Homomorphism) can be
defined as when a function T between two
vector spaces T: V — W preserves the operations
of addition if v, and v, €V then

the extension to higher order Explicit Runge-
Kutta Nystrom (RKN) was considered and
results obtained showed an improvement over
conventional Explicit Runge-Kutta schemes. The
Implicit Runge-Kutta scheme was however not
considered. Yahaya and Adegboye (2013)

T, +v,) = T(vy) + T(v,) 1) derived an implicit 6-stage block Runge-Kutta
And scalar multiplication if veV and reR, then Type Method for direct integration of second
T(r.v) = rT(v) @) order (special or general), third order (special or

Agam (2013).

A homomorphism that is one to one or a mono is
called a monomorphism.

The monomorphism Transformation preserves its
algebraic structure and the order of the Domain
into its Range.

Butcher and Hojjati (2005) laid another strong
foundation by extending the general linear
method (GLM) to the case in which second
derivative as well as first derivative can be
calculated. They constructed methods of third
and fourth order which are A-stable, possess the
Runge-Kutta stability property and have a
diagonally implicit structure for efficient
implementation to solve any initial value
problem of ordinary differential equation.
Okunuga, Sofoluwe , Ehigie and Akanbi
(2012)presented a direct integration of second
order ordinary differential equations using only

general) as well as first order initial value and
boundary value problems. The theory of Nystrom
was adopted in the reformulation of the methods.
The convergence and stability analysis of the
method were conducted and the region of
absolute stability plotted. The method was A-
stable, possessed the Runge-Kutta stability
property, had an implicit structure for efficient
implementation and produced at the same time
approximation to the solution of both linear and
non linear initial value problems.

METHODOLOGY

Let T be a linear transformation which is
continuously differentiable on a set of ordered
three- tuple vector € R? as follows
Vi=(x+chy+X5oa;T(v).y +

E)_(pllCl_t Runge-_Ku'Fta Nystrom (RKN) method o aijT'(vj)) €R3 3)
with higher derivative. They derived and tested T(V) = h(y' +35_, a;:T'(v) @)
various numerical schemes on standard andl =y J=rRUS Y

problems. Due to the limitations of Explicit
Runge-Kutta (ERK) in handling stiff problems,
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2.1

T,(Ui) = hf(x + Cihry + Z?:laijT(vj)'y, +

¥5o1ayT (v))) = hmy

That is,
m; = f(x +cihy+ i aijT(vj)'y, +
¥5-1aT (v))

®)

(6)

Then the Transformation T:R3 —» R is a well

defined monomorphism:
Proof
Let u, veR defined by
U= (x+chy +X5-a;T(u) y; +
Yj-1ayT ()
V=@x+chy, +X5, aijT(vj),yé +
?:1 aijT'(vj))
TW+V)=hy, +y,+
Saray (T W) +T'(v)  (9)
By the definition of T on R3
h(yi + Zio1ayT'(w)) + Ay +
Y5o1a,T (v))=TW+V) (10)

T(U +V)=TW) +TV) (11)
T(k.U) = k.T(V) (12)

Hence T is a homomorphism
Now we show that T is 1 — 1
Let u, veR3 with

T(w) =Tw) (13)

By definition of T, we have
h(y; + X521 a;T'(w)) =h(y; +

Y510, (v) (14)
Since

T(u) = T(v) then T(uj) =T(v;) and
T'(w) = T'(v) (15)
vy, =y, and x; + c;h = x, + ¢c;h

thatis x; = x; (16)
Hence U =V ()]

()

Thus T is 1 — 1 & a monomorphism from R3 —

R

Remark: The necessity for the above proposition
is to ensure that the algebraic structure and the
order do not change during the transformation.

FIGURES AND TABLES

Consider the Butcher Table 1 and Table 2
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Table I: Butcher Table for K=2

0 0 0 00
1 o 8 -1 5
2 9 24 72
8 2 4
2 0 9 3 9
10 -1 1
0 9 6 18
10 -1 1
0 3 6 18

Table 11: Butcher Table for second order for K=2

0 0 0 0 0 0 0 0 0
1 o & -1 5 37 —41 29
2 9 24 72 108 144 432
8 2 4 52 -2 8
2 0 9 39 0 57 9 27
10 -1 1 23 -2 5
1 I — it - =
0 9 6 18 0 27 9 54
10 -1 1 23 -2 5§
0 — - = 0 = = =
9 6 18 27 9 54

3 RESULTSAND DISCUSSION

The table satisfies the Runge-Kutta conditions for solution
of first order ode since

D Xjoraj =¢ (18)
(i) 55y by = 1 (19)

We consider the general second order differential equation
in the form

y' =6y, y(x0) =¥y (x0) = o (20)

y'=f), v=0xyy) (21)
T(Vl) = T(x + Cih,y + 23::1 aUT(V}) ,y’ +

YjaaT (V) , (22)
=h(y' +Xle1a; T' (V) =h (y + Xj, a; hmy) (23)
T'(V;) = hmy (24)
T(V,) = 0 (25)

T(V,) = h(y +Shm, — —hm; +—hm,) (26)

T(Vs) = h(y + ?hm2 - éhm3 + 1—18hm4) (27)
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T(V,) = h(y + ghm2 + %hmg + %hm4) (28)
m; =T' (V) = f(x + cihy + ¥3o, a;; T(V;), v +
ST (1)) @)
1 1 , 37 41
.Zlgz — f(x + E};,y + Ehi/l + Ehzsrn2 — mhzﬂh +
amz ma Y Shmy — thms + 2 hmy) (1)

ms =f(x+h;y+hy'+§hzm2 —§h2m3 +

5 ' 10 1 1
§h2m4;y +- hm, ——hms +—hm,)  (32)

my = f(x+ 2h;y + 2hy’ +¥h2m2 —§h2m3 +
%h2m4; y + ghm2 + ghm3 + ghm4) (33)

The direct method for solving y" = f(x,y,y) is now

Yn+1 = Yn + 01 T(V1) + b,T(V3) + b3T(V3) + b, T(V,)
(34)

' h?
Yn+1 = Yo + hyn + 5(461712 — 24m; + 5m,) (35)

Yns1 = Y