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ABSTRACT

The granular activated carbon is produced from coconut shell. The pilot plant
initially carbonizes the raw coconut shell to produce charcoal. The crushed charcoal
is then converted to activated carbon. Factors that are affecting the activation
process such as iime of activation and size of particles forming the bed are varied.
The characteristics of the activated carbon produced are delermined by using
standard tests and a scanning electron microscope is used to determine the surface
siructures. The results show that the pilot plant is ablte lo produce a good quality
activated carben from agricuitural waste,



INTRODUCTION

The agricultural sector in Malaysia produces abundance of agricultural wastes such
as coconut shell. This byproduct has not been put into beneficial use by the planters.
The unused coconut shell can be turned into activated carbon. In this way the income
of the planters ean be increased as well as making use of a waste product.

Activaled carbon is an amorphous form of carbon which is specially treated to
produce a very large surface area ranging generally from 300 and 2,000 m2/g.
This large surface area means that the internal pore structure has been highly
developed. It is this structure that provides activated carbon with the ability to
absorb gases and vapors from gases, and dissolved or dispersed subtances from
liquids. Present technology demands a very large production of activated carbon
with appropriate characteristics {ar each applicaticn. From a generzal point of view
an activated carbon to be used in any of the most common applications {adsorbents,
calalyst support, etc) must have adequate adsorpiive capacity, mechanical
strength, chemical purity, etc. Furthermore, all these specifications should co-
exist with a low production cost.

In addition to a knowledge of the adsorptive behaviour of an activated carbon, it is
often desirable to have information as to other properties that can influence the
utility and value of an activated carbcn. This resesrch studies the characteristics
of the activated carbon produced from UTM pilot plant and also the influence of
factors that are affecting the activation process on the characteristics.

EXPERIMENTAL PROCEDURE

The activation process was carried oul at 800G ©“C by using the fuidsed bed
technigue. Steam was used as the fluidizing as weil as the oxidising madium. Sizes
of the coconut charcoal forming the bed were varied as follows: 2.37 - 4.0 mm,
4.0 - 475 mm and 4.75 - 6.70 mm. For gach particle size range of bed the time of
activation was varied from 18 to 80 minutes. The activaled carbon produced was
then analysed.

The proximate analysis on the activated carbon was carried out following the
procedures of British Standard BS 1018, part 4; 1973. The proximate analysis
determined the amount of moisture, volatile matter and ash, fixed carbon was
obtained by difference. The adsorption tests using solution of methylene biue were
based on the Malaysian Standard MS 873: 1984 and iodine adsorption performance
was based on JWWA K113-1085,

A sorption analyser was used to determine the surface area of the activated
carbon. A mixture of an adsorbate (nitrogen) and an inert gas (helium) was passed
through a glass cell containing the sample. At liquid nitrogen tempsralure heiium
would not adsorb while nitrogen would physically adsorb on all surfaces.The amount



of nitrogen adsorbed at varicus partiai pressures can then be used to calculate thi.
surface area.

The surface structures of the activated carbon were viewed through a scanning
elactron microscope.

RESULTS
The results obtained were displayed in the form of 1ables and graphs.

The proximate analysis of the activated carbon with initial size ranga of 4.0 - 4.75
mm and 60 minutes activation time is given in Table 1, Table 2 and Figure 1 show
the variation of the fixed carbon content with time of activation when the

activation process was carried out at a temperature of 800 OC,

Methyiene biue adsorption mlfg versus time of activation is given in Table 3 and in
Figure 2. An increase in activation time causes an increase in methylene blue
adsorption. Adsorplion by smaller size activated carbon (2.37-4.0 mm) is higher
than by a bigger size activated carbon (4.75- 6.7 inm). Figure 3 shows the kinetics
of maethylene blue adsorption. The figure gives the relation between the percentage
of methylene blue adsorbed with time. A comparison is made with a commercial
activated carbon named Malbon R4 W10, Maibon R4 W10 is a powdered activated
carbon made from wood charcoal,

Table 1:Proximate analysis of activated cazviien wih initial size 4.0
- 475 mm and 80 minutes activation timc

Komponen %
Moisture 8.45
Ash . 0.39
Volatife matter 5.69
Fixed carbon 87.47
Jumlah H‘I—OO.OS

Table 2: Filxed carbon content of activated carben versus time of
actlvation



flxed carbon,%

Time of
activation initlal size {(mm)
{minutes) 237 - 4.00 475 - B.70

4] 88.0 87.0

18 89.4 87.9

30 89.9 88.2

37 - 80.2 88 4

45 90.5 88.6

60 90.7 89.8
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Figurei: The variniion of fixed carbon whth fimer of scvation.
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Floure 2: Mothylene blua adsorpiion wersue llme of gctlvetion,

Table 3: Methyiene blue adsorpﬂon pertarmance versus fime of
activation.

Methylene blue adsorption {mli/g)
Activation time
Initial size range {mm)
{minutes}
2.37-4.00 4.75-6.70

0 148 148
18 162 ' 180
30 176 166
37 . 180 169
45 187 175
60 200 185
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Flgure J: Adscmplion kinotics of mothylena blue,

Table 4 and Figure 4 show the performance of iodine adsorption versus time of
activation. Activated carbon with the smallest initial particle size gives the highest



adsorption compared with a bigger size activated carbon. The pH value of =
aclivated carbon produced is alkaiine and is in the range of 7.5 - 9.5. The phB valu
is not affected by time of activation or the initiai size of activated carbon particles

Table 4: lodIn adsorption performance Vs time of activation

lodine adsorption (mgryg)
Time of
activation initial size range (mm)
{(minutes) 2.37-4.00 4.00-4.7¢ 4.75-6.70
0 110 110 10
18 200 193 185
25 222 214 207
30 233 225 219
37 248 2440 234
45 262 253 245
60 282 268 i 262
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Figure 4: Iotine adsorpion performances versus Vime of scitvellon.



Figure 5 gives the variation of speciflic surface area with time of activation and
initial size of activated carbon particles. Figures 6 - 9 shows the surface
structures of coconut charcoal and activated carbon produced as viewed under a
scanning electron microscope. Micropores can be seen cleatly at the surface of the
activated carbon as compared with the surface of the charcoal.
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Figure 5: Speeific surfecs ares iy wrsius time of activetion.

Figure 6: Result after carbonization process. No significant pores
existed.
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DISCUSSION

As deduced from the result of Table 2, the fixed carbon content increases as the
time of activation is increased. The small increment in fixed carbon content shows
that the carbonization carried out was able 1o remove most of the volatite matter
present in the raw material. The removal of the volatile matter was then continued
in the activation process. The low ash content is an interesting feature of these
activated carbons.

The adsorption of methylenea blue and iodine increases with time of activation. This
phenomenon is refated to the increase in surface area when tlime of activation is
increased. A longer activation time causes the walls between pores being oxidised
and the pores already existed increased in size as well as opening pores that are
blocked by volatile matter in the raw material. A smaller size charcoal particles
give a higher surface area. This may be due to the steam being able to penetrate
better and produce potss on the smaller carbon as compared to a bigger size
carbon.

At the initial stage of the adsorption process there are many empty pores con the
outside surface of the activated carbon. When thase pores have been filled the late
coming molecules have to find new location inside the carbon. The findings requires
the movements of molecules through small and turtuous channeis. The phenomenon
explains the rapid initial adsorption followed by a siower adsorption rate as shown
by Figure 2. For contact time less than 5 minutes, rate of adsorption for the 3
samples of activated carbon are very rapid. after 10 minutes, a 60 minutes
activation time carbon has adsorbed 83 % 0.005 g/l methylene blue solution as
compared to 75 % adsorbed by a 37 minutes activation time activated sarbon.
HEnce activated carbon produced by a longer period of activation have a better
adsorption performance.

The internal structure of activated carbon appears to include a connecting network
of irregularly shaped gaps and crevites in the carbon. The smaller size aperiures
are called micropores and they provide most of the surface area on which
adsorption occurs. The larger aperiures are called macropores. Macropores
provide passageways through which adsorbable molecules can more readily reach
interior micropores.

CONCLUSION

The research finds that the fixed carbon content, specific surface area and
adsorption performance of the activated carbon produced by UTM pilot plant varies
directly with time of activation and varies inversely with bed particls size. As a
whole the pilet plant is able to produce a good quality granular activated carbon
from agricultural waste.



FURTHER RESEARCH WORKS

Studies are now being planned to use other agricultural wastes that lay abundance
as raw materials 10 produce activated carbon. These materials are palm kernel
shell, rice husk, wood chips, cocoa shell ete,
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