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RINGKASAN: Keberkesanan ZnC/2 H~04 dan KOH sebagai egen pengaktif
bagi menghasilkan karbon teraktifdaripada tempurung kelapa sawit dengan

kaedah kimia te!ah diteliti dengan menggunakan reaktor /apisan terbendalir.
Secara keseluruhannya H~04 didapati sebagai agen pengaktifan yang
paling sesuai bagi menghasilkan karbon teraktif dengan kaedah ini.

ABSTRACT: The effectiveness of ZnCl 2 , H3 P04 and KOH as activants in

the production of activated carbon from palm shell by chemical method using
fluidised bed reactor was studied. Results revealed that H3 P04 was the
most suitable activant for the production of activated carbon by this method .
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INTRODUCTION
Generally, there are two methods of producing activated carbon, namely by chemical and
physical methods. In the chemical method, the raw material is impregnated or soaked with
dehydrating agents and then subjected to high temperature treatment, normally between
400°C to 850°C. Whereas in the physical method, the process starts with carbonisation of the
raw materials and then followed by activation of char materials. The term chemical activation,
refers to carbonisation of raw materials after the addition of a chemical agent or activant. The
most successful activants used are zinc chloride, orthophosphoric acid, potassium carbonate,
potassium chloride, potassium hydroxide and salt of alkali metal barium and calcium. The
presence of certain inorganic substances in the raw material increases the pyrolysis yield
(Slayden et al., 1940). This suggests that the presence of inorganic impurities alters the
course of the reaction in pyrolysis, so that less of the tarry material is formed. The chemical
initiates the dehydration process that causes the material to be less accessible to the
depolymerisation process and so increases the overall yield of the product during the heating
process (Jagtoyen and Derbyshire, 1993a, Freeman et al., 1989). For example, zinc chloride
causes hydrogen and oxygen atoms in the materials to be stripped away as water rather than
as hydrocarbons or as oxygenated organic compounds (Hassler, 1974).
Freeman et al. (1989) studied the effect of inorganic salts during the pyrolysis process and
concluded that the chemicals promote the char forming reaction of cellulose during pyrolysis
at the expense of depolymerisation and tar formation leading to an increase in carbonisation
yield. Wigmans (1989) observed the phenomena where the high organic content raw material
resulted in a higher char yield in carbonisation process as compared with low inorganic content.
Kaldec et al. (1970) observed that the micropores and macropores of coconut shell activated
by zinc chloride at 650°C are bottle-shaped, whereas they were cone shaped using physical
activation. This is probably due to the mechanism of activation at 550°C to 650°C, whereby
the carbonised carbonaceous raw material is in plastic state. By thermal decomposition, the
released gases may form hollows in the plastic matter, from which they escape through small
passages and this may be the cause of the bottle-shape. Wilson (1981) used phosphoric acid
in producing activated carbon from low rank sub-bituminous and brown coal primarily not to
leach the mineral but to cross-link some of the coal component that improved the yield and
activity of carbon produced. Jagtoyen and Derbyshire (1993a) also postulated that the chemical
reagents promoted the formation of cross-links within the coal structure by ionic mechanisms
that lead to the establishment of a rigid, three-dimensional matrix that is less prone to volatile
loss and volume contraction during high temperature treatment. The cross-link will be less
amenable to further changes upon heat treatment. Besides that, the cross-link promotes
inhibition of shrinkage and increases the development of an extensive pore structure (Jagtoyen
et al., 1992).
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Hussein et al. (1996), claimed that the first chemical activation of oil palm shell was done by
them . The activant used was ZnCl 2 and the pyrolysis temperature was set at 500°C under an
inert flow of N2 gas for 3 hours. After that time N2 gas was replaced by flowing C0 2 gas for one
hour. They found that the carbonisation of oil palm shells impregnated with 0-15% ZnCl 2 solution
produced activated carbons that are essentially microporous. However, the introduction of
25% ZnCl 2 or more had modified the pores of the resulting activated carbon to include some
mesoporous structure. This must be due to the change of pore structure, i.e. the change in
pore size distribution and pore shape . The highest BET surface area obtained was
1500 m2/g for 40% of ZnCl 2 • The total micropore surface area increased as the percentage of
zinc impregnation solution increased and reached a maximum at about 10% of ZnCl 2 , thereafter
decreased as the percentage of ZnCl 2 increased.

MATERIALS AND METHODS

Experimental rig
Figure 1 shows the production rig of activated carbon using N2 gas as an activation medium .
The fluidised bed reactor was made up of 70 cm internal diameter, 830 cm height and thickness
of 3 mm stainless steel 316. The reactor distributor was made up of perforated plate with
1 mm diameter and fixed with a stainless steel mesh at the top. The reactor was heated by an
electrical furnace that was regulated by the temperature controller using a K-type thermocouple.
The gas preheater consisted of an electrically heated coil of stainless steel 316 tube of 6.35
mm diameter and 1 m height. Function of the preheater was to heat up the fluidising gas
before entering the reactor, hence minimising the temperature variation in the reactor.

Activated carbon production
Palm shell from Tenera species, which varied widely in size, was used as the sample in this
study. The shell was crushed in jaw crusher and then mechanically sieved for 4 hours in order
to get a good separation of the sizes. In this work, shell in the range of 1.4 to 2.0 mm was used
to produce activated carbon.

Impregnation: The crushed shell was impregnated with different activants, namely ZnCl 2 ,
H3 P0 4 and KOH . For ZnCl 2 impregnation, 100 grams of the crushed shell was transferred into
1000 ml flask. 25 grams of ZnCl 2 and 200 ml of distilled water were then added. For H3 PO 4
impregnation , 200 ml of 25% H3 P0 4 was added to 100 grams of the crushed shell.
Mass ratio of KOH to the shell of 0.25: 1 was used in KOH impregnation . For all impregnation,
the slurried mixtures were then heated to 85°C for 5 hours with constant stirring using electrical
heater. The supernatant liquids were filtered using a vacuum pump and the impregnated shell
dried overnight at 105°C.
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Activation:The dried impregnated shell was placed in the fluidised reactor and it was heated
to the desired temperature for 3 hours with nitrogen gas as the purge gas. The reactor was
then cooled to room temperature under nitrogen flow. The ZnCl 2 activation products were
washed first with three portions of 0.1 N HCI under constant stirring, followed by hot water
washing until chloride free. The conductivity of spent water was used as an indicator for the
completion of washing process. The product was vacuum dried, followed by oven drying at
105°C overnight and the product obtained was weighed at room temperature to determine the
yield obtained. For H3PO4 and KOH activations, the products were washed with hot water and
finally with few portions of hot distilled water until the conductivity of the washed water was
almost equal to that of the distilled water. The products were then heated at 105°C overnight
and the products obtained were weighed.
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Figure 1. Activated carbon production rig
Activated carbon characterisation: Surface area of the activated carbons produced were
determined by Micromeritics 2360 at -196°C using nitrogen gas. Surface area reported in this
study was based on BET equation.
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RESULTS AND DISCUSSION
Figure 2 shows the yield obtained for the different activants used. Generally H3 P04 and ZnCl 2
produced higher yields than KOH activation. At lower activation temperature range of 550°C
to 650°C, ZnCl2 produced a slightly better yield than the other two activants. The results obtained
show an agreement with the findings of Chin-Chin Wu et al. (1997), Shafizadeh (1975), Nacco
and Aquarone (1978) and Bevia et al. (1984). Chin-Chin Wu et al. (1997) produced activated
carbon from extrusion cooked grain, i.e. extruded corn and breading using H3 P04 , ZnCl 2 and
alkali salt, KOH within the range of activation temperature of 400°C to 900°C.
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Figure 2. Yield versus activation temperature of different activants

Figure 3 shows the surface area produced by the activated carbon. At 750°C, the surface area
of ZnCl 2 activation resulted in an almost equivalent surface area of that of H3 P04 and KOH.
However, the activated carbon produced using H3 P04 developed the highest surface area
under test condition. It is clear that the surface area developed by ZnCl 2 activation was much
lower than that of H3 P04 , and KOH activations at temperatures lower than 700°C. This finding
was in accordance with Bansal et al. (1988) who stated that the optimum temperature for
ZnCl2 activation is around 700°C. Referring to Figure 2, the higher yield produced by ZnCl 2
activation at the temperature range of 550°C to 650°C was diminished by the lower surface
area values obtained.
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Figure 3. Surface area versus activation temperature of different activants
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Figure 4 shows the pore volumes of the activated carbon produced. The pore volume increases
with increase in activation temperature for all activants. The pore volume of ZnCl 2 activation
increases from 0.18 to 0.24 cc/gram with increase in activation temperature from 550°C to
650°C. The pore volume increases further to 0.43 cc/gram with activation temperature of
750°C. For H3 P04 activation, the pore volume increases from 0.29 cc/gram to 0.43 cc/gram
with the increase of activation temperature from 550°C to 750°C. Meanwhile, the pore volume
of the KOH activation increases from 0.29 to 0.41 cc/gram with increase in activation
temperature from 350°C to 750°C. The pore volumes of the KOH and H3 PO4 impregnation are
almost identical. The ZnCl 2 impregnated activated carbon shows a lower pore volume at lower
temperatures but at 750°C the pore volume is higher than that in KOH activation.
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Figure 4. Micropore volume versus activation temperature of different activants

Figure 5 shows the ratio of micropore volume, V mic to the total pore volume V101 that indicates
the proportion of mesopores and macropores present in the activated carbon . At all activation
temperatures, almost 98% of the pores in the KOH impregnated activated carbon are made
up of micropores, indicating very low mesopore content. A similar finding was obtained by
Jagtoyen and Derbyshire (1993a, 1993b) in their KOH impregnated coal activated carbon.
However, the ratio of Vmic to V101 for ZnCl 2 and H3 PO 4 showed a very pronounced decrease at
the activation temperature of 750°C, indicating the increasing development of mesopores and
macropores.
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Figure 5. Ratio of micropore volume, Vmic to total pore volume, V101 against activation
temperature of different activants
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Activation of carbonaceous material impregnated with ZnCl 2 resulted in the dehydration of
cellulosic material. During the activation process, charring and aromatisation of the carbon
skeleton occurred as well as the creation of pore structure as reported by Cartula et al. (1991)
and Rodrigurez-Reinoso and Molino-Sabio (1992) . At a high concentration of ZnCl 2
impregnation followed by drying before activation, they concluded that some of the ZnCl 2 in
the external part of the particle widened the porosity by localised decomposition of the organic
matter, therefore creating mesoporosity and macroporosity. The results shown in Figure 5
agreed well with the finding of Rodrigurez-Reinoso and Molino-Sabio (1992). A similar
mechanism could be applied for the H3 P04 impregnated carbon.
Comparing H3 P04 and KOH, activated carbon produced by ZnCl 2 activation requires washing
with HCI to remove the excess ZnCl 2 so as to make the pores accessible for adsorption. On
the contrary, H3 PO 4 impregnation requires only hot water washing. It was found to be sufficient
to rid the H3 P04 from the activated carbon . Meanwhile, during KOH impregnation, excessive
foam formation was observed in the slurry and it posed a problem for over spilling and much
of the activant was lost. From overall yield, surface area, impregnation process and coupled
with relatively low cost, H3 P0 4 is selected as the most suitable activant for activated carbon
production by chemical method. As reported by Laine el al. (1989), H3 P04 was also found to
be the most suitable activant for chemically produced activated carbon from coconut shell.
Referring to Hussein et al. (1996) , the carbon produced by them posed higher surface area
compared to the finding of this research even though the activant used was ZnCl 2 • This is due
to their advanced activation as mentioned above.

CONCLUSION
The overall yield and surface area results coupled with the relatively low cost is conclusive
proof that Hp04 is the most suitable activant for chemically produced activated carbon from
oil palm shell.
KOH impregnated activated carbon is made up of micropores, indicating very low mesopore
content throughout the range of activation temperature. However, activation with ZnCl 2 and
H3 P04 showed a very pronounced decrease of microporosity toward high activation temperature
denoted by the increasing development of mesopores and macropores.
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