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ABSTRACT

Pyrolysis and characterization of Enugu coal as precursor for porous carbon

in the purification of

dye effluent was investigated. The coal sample was carbonized at four different temperatures (750,

800, 850, 900 °C) and then activated using three

different activating agents (potassium hydroxide,

hydrochloric acid and equimolar mixture of both activating agents). The activated carbon was

characterized in terms of ash content, pore volume and iodine number. The chara
carbon was then used in the purification of dye effluent and properties of the dye efflue

pH, density, biochemical oxygen demand (BOD),

cterized activated
nt such as;’

turbidity and total solids were analyzed before

and after treatment of the dye effluent with the activated carbon at 28 °C. Fn?m the results
obtained,the iodine number of the carbon produced by KOH activation was as high as 1098.17

mg/q, at a maximum pyrolysis temperature of 900

°C with HCl and equimolar mixture (KOH + HCI)

having 976.15 mg/q and 1073.77 mg/q respectively. The biochemical oxygen demand of the :!ye
effluent was reduced from 370 mg/dnr’ before treatment by KOH activation to 47.09 mg/dnmr at

900 °C carbonization temperature, indicating 87% reduction.
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INTRODUCTION

The importance and relevance of activated carbon to
an ever growing society cannot be overemphasized
considering its enormous uses. Its uses range from
liquid-phase to gaseous-phase  applications in
domestic, commercial and industrial  settings.
Activated carbon is produced from various materials
that are rich in carbon, particularly, coal, lignite,
wood, nutshell, peat, pitches, cokes etc. The
performance of activated carbon is indicated by its
adsorptive characteristics, which is derived from the
specific suface area, pore size and pore volume, of
the product (Kirk-Othmer, 2004). These physical
properties depend on the precursor used, the type of
activation employed and the activation process
conditions. The choice of precursor s largely
dependent on its availability, cost and purity, but the
manufacturing process and intended application of the
product are also important considerations. Basically,
the methods for preparation of porous carbons can be
grouped info two types, the physical activation
method and the chemical activation method (Patrick,
1995). The active agents used in chemical activation
process are usually KOH, ZnCl2 and H3PO4, H2504
etc., the active agents used in the chemical activation
method, suich as KOH, has dehydrating effect that
inhibits the formation of tar (Yasumasa, 1982; Takashi
et al, 19%), which helps to enhance the yield df
porous cabon and to decrease the activation
temperature compared with the physical activation
method (Kandiyoti et a/, 1984, Ahmadpour and Do,
1996). It & also quite easy for one to prepare high
Quality pomus carbons with well-developed pore
structure by chemical activation method. Coal is a
readiy a@mbustible black or brownish-black

sedimentary rock normally occurring in rock strata in
layers or veins called coal beds. The harder forms,
such as anthracite coal, can be regarded as
metamorphic rock because of later exposure 1O
elevated temperature and pressure. Coal is composed
primarily of carbon along with variable quantities of
other elements, chiefly sulfur, hydrogen, oxygen and
nitrogen (BS, 2004).

Coal based activated carbon originates from
coal that has undergone physical or chemical
activation process to create its activated carbon form.
During activation, it creates millions of pores at the
surface of the carbon thus increasing the total surface
area. Activated carbon pores can be divided into three
general sizes Micro-pores (diameter in the range of
less than 2 nm), Meso-pores (diameter in the range of
2 = 25 nm), and Macro-pores (diametar in the range
of above 25 nm). Coal based carbon has mainly meso-
pores and macro-pores and due W @S unique
distribution of pores diameter, coal based activated
carbon are very popular in the gas phase purification,
portable water purification industries, wastewater
purification industries and aquariumy/pond water
purification industries (IRWI, 2010). Wastewatar &
any water that has been adversely affected in quality
by anthropogenic influence. It comprises liquid waste
discharged by domestic residences, commercial

* praperties; industry, - andfor -agriculture and Can-

encompass a wide range of potential contaminants
and concentrations. In the most common usage, &t
refers to the municipal wastewater that contains a
broad spectrum of contaminants resulting from the
mixing of wastewaters from different sources (BS,
2004).
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ViU WOrk reports the HTonyss and charaderization of
O as precursor for porous carbon in the purification
of dye effluent. This was performed na the use of raw
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& Sample obtaned from Enugu coal mines, Enugu

Sle, Nigera. The coai sample was carbonized and
there after activated usng chemical activation with
Jfassum hydrovide (KOH), hydrochioric acd (HC)
2nd equimolar midire of KOH and HO as the
alvabon agents. The work s 2imed at producng
Gramudated Activated Carbon (GAC) with highly
Ceveloped pore structre, which is one of the best
Ommercal  proven methods for  removing  toxic
OrganeC Chenmicals, such as phenol, from wastewater

The materials and equipment employed in this work
nCuce  among  others hydrochionic  acid,sodium
Swosutphate, potassium hydroxide, teraoxosuiphate (vi)
add , dye effluent,dessicator, hotspot fumace, electric
it m meter Al the

rade.In  this

m Enugu Coa
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50 C was read 2g; Ous was then diosed o

carbonize for 2 howrs. The carbonized samples were

= 0
0en remowed and aiowsd D aool 0 the desiccator o
room temperature. The procedure was repested for
e remaneing e samgees wiach were divided inio
- - - >

three 50 g sampies each bt 28 dfferent carbonization
temperature of 800 “C, 850 °C and 900 °C (Alenia of
af, 2003

Chemical Activation

Three different activating agents were used and these
nciude; potassium hydrosade (KOH), hydrochionic aod

(MO} and egiumoiar mixture of both activating agents.

Table 1.0 Resuilt of Proximate Analysis

L
Baages o Envmrmarey Sances v b e Teoges 8070, Juve, 2083

The carbonized coal samples at 750 °C were carefusl,
mﬂﬁglﬂ@,iﬁ.ﬂﬂﬂmw
madture of KOH and HCL The impregnating ratio of
&bvated carbon o acthvating agent used was 2:1
The content of the beaker was thoroughly mixed using
2 stimer until there was uniform mixture. The mixture
was then transferred to a crucible and the crucibls
was placed in the fumace. The temperature of the
funace was raised at an increment of 15 *C/min unti
2 final activation temperature of 600 °C was reached
and the sample was left for one hour in the furnace.
The activated coal sample was then codled 2¢ room
iemperature in the desiccator, and washed with
hydrochionic acd and thereafter with distilled water to
a pH of 6 - 7, and then dried in an oven 2t 110 °C for
Uwee howrs (Adeleke of al, 2007).The abowe
procedure was repeated a2t different carbonization
temperatures of 800 °C, 850 °C and 900 “C. The final
products (activated coal sample) were ket in
different air tight polyethylene bags and labeled A, B,
C and D actording to the carbonization temperature
750 °C, 800 “C, 850 °C and 900 °C respectively. Finally
characteristic properties of produced activated carbon
such as ash content, pore wvolume, iodine number
were determined. The activated carbon was used o
treat effluent using Standard procedures as described
by (Adsieke et al, 2007, Dunn and Benson, 2003:
Samwel, 2005). The dye effluent was characterized
before and after treatment with the produced
actvated carbon sampie.

RESULTS

The proximate analysis results of moistre content
ash content, wolatiie content and fixed carbon are
presented in Table 1.0 respectively. And Table 20
shows the properties of activated carbon 2t different
admating agents and t(emperatwres. The
CharaCtenstics properties of dye efiuent before and
after tesbment are shown in Tabies 3.0 and 40
Vihie Tabie 5.0 showed the resufts of biochemical
oxygen demand after treatment. Figures 1.0 and 20
represent the effect of carbonization temperature on

Parameters (%)

“Coal sample

(Adeleke et a, ;

Mosstire content 8o
Ash content 73
Volatie matter 435
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Tabiﬁmrtlm of Activated Carbon at Different Reagents and Tomuaratces

Activatin
et 9 :‘:;j:z:;st i () Ash (c;f/u;tt‘m Pare volume lodine number
Plbwch (4] m g!g
228 8.5 {1.68 780,92
. 9.5 0.74 902.94
A 11,0 0.83 1098.17
750 9.5 0.57 497.84
800 0.0 0.60 536,88
fj;;)g 11.5 0.67 73212
12.0 5 '
KOH + HCI 750 8.5 060 S61.29
800 9.0 0.66 73212
850 10,0 0.72 805.33
90() H O 81 1073.77
Table 3.0 Charactenstlcs of Dy:_ Effluent befure. Treatment
Parameters Dye effluent
pH AR . SEamee
Turbidity (NTU) 90.00
Temperature (°C) . 28.00
Density (g/ml) 1.16
Total solids (mg/dm™) 160.00
BOD (mg/dm ™) 370.00
Appearance darkish blue
Odour uf'f'ﬂ:n.’.,ivc:

Table 4.0 Characteristics of__ye Effluent after Treatment

Activating Pyrolysis pH Denslty Total Turbidity Temperature

agent temp.(°C)  (g/em’) solids (mg/dm’)  (NTU) °C)

KOH 750 9.78 1.13 50.23 80.57 28
800 9.52 1.10 45.10 79.61 28
850 9.23 1.07 42.03 78.12 28

1 900 8.98 1.05 38.17 77.09 28
4 HCI 750 9.97 115 53.00 82.00 28

800 9.91 112 50.09 80.04 28
850 9.86 1.08 47.45 79.11 28
900 9.66 1.08 46,98 78.03 28

KOH + HCI 750 10.01 1.14 51.03 83.02 28
800 9.98 1.10 49.06 81.92 28
850 5.95 1.10 48.91 78.88 28
900 9.90 1.06 47.30 78.98 28

Table 5.0 Results of Biochemical Oxygen Demand after Treatment

Activating Pyrolysis BOD :

agent temp. (°C) (mg/dm”)

KOH R e 60.54
800 56.61
850 50.12

900 47.09
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Figure 1.0 Effect of Carbonization Temperature on Iodine Number ~~ """~ "
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Figure 2.0 Effect of Carbonization Temperature on BOD Moo e
DISCUSSION agent for the preparation of high-porosity carbons

The results of the proximate analysis performed as
shown in Table 1.0 revealed that raw coal sample is
bituminous in nature (Adeleke et a/, 2007;). From
Table 2.0 it can be seen that the ash content
increased from 8 % to 11 % for a corresponding
increase in pyrolysis temperature from 750 °C to 900
°C for KOH as an activating agent. While the ash
content of HCl as activating agent increased from 9.5
% to 12 % for a corresponding increase in pyrolysis
temperaturé from 750 °C to 900 °C. And the ash
content of the equimolar mixture (KOH + HCI)
inareased from 8.5 % to 11.5 %. The referencad ash
content ranges from 8-12 % (BS, 2004). For
production of activated carbon, it is an advantage if
. . the ash_contegt is as low as possible (Alenka et al,
2003). Therefore KOH with lower range of ash content
(8 % to 11 %) has characteristics of the best
activating agent for coal sample. While HCl with the
highest ash content of 12 % is not a good activating
agent for coal sample. At higher carbonization
temperature more ash is formed, therefore increasing

the amount of ash content. The result presentad in

Table 2.0 showed that KOH is a suitable activating
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from coals. The iodine number and the pore volume of
the carbon produced by KOH activation was as high as
1098.17 mg/g and 0.83 cm’/g, respectively, at a
pyrolysis temperature of 900 °C, the iodine number
and the pore volume of the activated carbon produced
by HCI activation was as high as 976.15 mg/g and
0.75 cm’/g, respectively and for KOH + HCl activation
was as high as 1073.77 mg/g and 0.81 cm/g (Tanzi,
2001). The table also revealed that for each activating
agent, the iodine number increased appreciably with
increase in carbonization temperature. This is SO
because the surface area of the activated carbon is
improved greatly by temperature, thereby increasing
the rate of adsorption of iodine into the we

result presented in Table 3.0 above, t
that the dye effluent is highly alkaline
12.59 which confunnedwm




: Paul
Biological and Environmental Sciences Journal for the Tropics 8(2), Jufie, 2011

‘o
Y,
I&;r;@:ﬁm&e of the dye effluent became a little
alt;ter s ait; e oﬂ’_enswe odour_ was totally removed
ol ent with the activated carbon. The
ik re remained constant at about 28 °C which
was due to the fact that, the analysis was carried out
at room temperature. The temperature is within the
minimum  acceptable range for wastewater, for
example < 37 °C (EPA, 1997).
The results obtained as presented in Table
4.0 showed that the pH reduced from 12.59 before
treatment to a range of 9.78 to 8.98 for KOH used as
the activating agent. It was also observed that the pH
reduced from 9.78 to 8.98 as a result of increase in
pyrolysis temperature from 750 to 900 °C. For HCl as
activating agent the pH reduced from 12.59 before
treatment to a range of 9.97 to 9.66 as a result of
increase in pyrolysis temperature from 750 to 900 °C
while for the equimolar mixture of KOH and HCI as
activating agent, pH decreased from 9.78 to 8.98 as a
result of a corresponding increase in pyrolysis
temperature from 750 to 900 °C. The pH values
obtained showed uniformity to some extent with the
standard of pH ranging from 5.5 to 9.0 (EPA, 1997).
From the analysis carried out KOH as the activating
agent showed a better reduction in pH, with a
minimum pH of about 8.98 which was less alkaline
when compared to the pH of dye effluent before
freatment.

The results obtained from the experiment as
presented in Table 4.0 showed that the initial density
of the dye effluent sample reduced from 1.16 g/cm’
before treatment to a minimum value of about 1.05
g/cm?’ for KOH used as the activating agent, indicating
that some of the dissolved solids had been adsorbed
onto the surface of the activated carbon thereby
reducing the mass of the wastewater sample and
consequently a proportional decrease in the density of
the effluent. Consequently the density of HCI used as
an activating agent decreased from 1.16 g/am’ before
treatment to a minimum value of about 1.08 g/cm’
while for equimolar mixture of the activating agent
(KOH + HCI), the density reduced from 1.16 g/cm®
before treatment to a minimum value of about 1.06
g/cm’. Finally, it was also observed that for KOH as

. the activating agent, the density of treated dye
! effluent decreased from 1.13 to 1.05 g/cm’ with
increase in pyrolysis temperature from 75Q to 900 °C.
While for HCl and equimolar mixture of activating
agent, the demsity of treated dye effluent decreasecji
from 1.15 to 1.08 g/om’ and 1.14 to 1.06 g/cm
respectively, for a corresponding increase in pymi\(sis
temperature fram 750 to 900 °C, potassium hydroxide
as activating agent has a- higher iodine mmber_of
about 1098 mg/g which implied a higher adsorption
rate, thereby reducing the density of dye effluent
better than HO and equimolar mixture of KOH and
HCL.

From Table 4.0 the initial value of the ttotal
solids of dye efluent obtained to be 160 mg/ dm’ was
reduced to a minimum value of 38.17 mg/ dv’, which
impfied that an adsorption ratio of about 76 % of the

‘biochemical oxygen demand obtained revealed that
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total solids was achieved. The effect of temperature
on the treated dye effluent sample showed an inverse
proportionality relationship as presented in Table 4.0.
with KOH wused as activating agent, as the
temperature increased from 750 to 900 °C, the
amount of total solids in the dye effluent decreased
from 50.23 to 38.17 mg/ dm’. These results obtained
showed that some of the total solids were adsorbed
and therefore indicating the efficacy of the coal based
activated carbon produced. Potassium hydroxide as an
activating agent showed the best reduction of total
solids of 38.17 mg/ dm’ while those of HCl and
equimolar mixture (KOH + HCI) were 46.98 mg/ dm’
and 47.3 mg/ dm’ respectively. This was so because it
had better iodine number of 1098.17 mg/g
corresponding to a well developed surface area (Yusuf
and Sonibare, 2005).

As shown in Table 4.0 the turbidity of the
dye effluent of 90 NTU was reduced to a minimum
value of 77.09 NTU, by KOH used as activating agent.
The minimum value obtained was as a result of KOH
producing an activated carbon having larger
micropores which was able to adsorb the larger
molecules of the dye effluent than the smaller
micropores activated carbon produced from HCI and
equimolar mixture (KOH + HCI). Increase in pyrolysis
temperature from 750 to 900 °C caused a decrease in
the value of the turbidity from 80.57 to 77.09 NTU for
KOH activating agent. The turbidity values of HCI and
equimolar mixture (KOH + HCI) decreased from 82 to
78.03 NTU and 83.02 to 78.98 NTU respectively, for a
corresponding increase in pyrolysis temperature from
750 to 900 °C (Madukasi et a, 2001). Turbidity is a
measure of the extent to which light is either
absorbed or scattered by suspended material in water,
but it is not a direct quantitative measurement of
suspended solids. Both the size and surface
characteristics of the suspended material influence
absorption and scattering. Clarity of water is usually
measured by its turbidity.

The results of the BOD obtained for KOH as
activating agent for four different temperatures of
750, 800, 850 and 900 °C are tabulated in Table 5.0.
This was used to test for the biochemical oxygen
because KOH as activating agent had the best rate of
adsorption with a higher iodine number of 1098.17
mg/g.The values of biochemical oxygen demand
obtained were found to decrease from 60.54 to 47.09
mg/dm’with increase in pyrolysis temperature from
750 to 900 °C. The acceptable biochemical oxygen
demand values for textile effluent ranging from 30 to
100 mg/dm’® when compared with the values of

the treated dye effluent had standard biochemical
oxygen demand values (BS, 2004). Biochemical
oxygen demand is a sum parameter and the amount
of oxygen required to oxidize organic matterprwent
in the water biochemically. Therefore, bioct _
oxygen demand is an indirect measure |
concentration of organic contamiie water
and Benson, 2003).
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Figure 1.0 shows the effect of carbonization
temperature and activating agent on the lodine
number of coal based activated carbon, The lodine
number is an important characteristic of activated
carbon. Activation by KOH from Figure 1.0 showed the
best plot with higher iodine number, activation bry
equimolar mixture of KOH and HCI showed the secord
best plot as against that of activation by HCI, This is
due to the fact that the potassium hydroxide present
in the equimolar mixture (KOH + HCI) increased its
efficiency. The figure also revealed that for each
activating agent, the iodine number increaserd
dppreciably  with  increase in  carbonization
temperature. This is so because the surface area of
the activated carbon is improved greatly by
temperature, thereby increasing the rate of adsorption
of iodine into the well developed pores of the
activated carbon. Figure 2.0 shows the effect of
Carbonization temperature on the biochemical oxygen
demand (BOD). The figure shows that the biochermical
oxygen demand decreased with increase in the
Carbonization temperature of the activated carbon,
indicating that at higher carbonization temperature
more of the oxygen contained in the wastewater was
adsorbed by the activated carbon. Judging from the
fact that activation by KOH has the best adsorption
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