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ABSTRACT

Activated Carbons (ACs) are widely used as adsorbents for purification,
separation and recovery purposes. The potential of AC in the removal of
heavy metals such asLead, Cadmium, Cobalt and Iron fromindustrial efflu-
ents is currently receiving a global attention without much consideration
for the characterization and synthesis method due to their high adsorptive
power. Empty Fruit Bunches (EFBs) contribute a greater percentage of
solid waste and consequently become an environmental problem in palm
oil producing area. These Empty Fruit Bunchestested positive as a poten-
tial raw materialsfor AC production. However, the best production method
is not yet established. Various methods of activated carbon production
and the effect of these methods on agricultural waste specifically EFB were
understudied in this article. Suggestions were made based on the identi-
fied problemsand finally, Empty Fruit Bunchisrecommended for useinthe
production of activated carbon to reduce its effect as environmental pol-
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INTRODUCTION

Increasesin waste matter generation caused by ex-
pans on of human activity poseacontinuousgrowingin
environmenta pollution and contamination. Among the
solid wastethat iscontributing to thisproblemisempty
fruit bunches (EFB). EFB isawaste material obtained
from oil pam after remova of theseeds. It iscompose
of 50% cellulose, 25% hemicelluloseand 25% lignin.
Thecompostion of FEB whichiscarbonbasehasmade
it agood candidate for activated carbon production.
Therearecurrently alarge number of studiesregarding
the use of several agricultura wastesto produceAC.
Most of them focus on the use of waste material's of

considerablerigidity, such asthe shellsand/or stones of
fruitslikenuts, peanuts, olives, dates, almonds, apri-
cotsand cherries, however, wastesresulting fromthe
production of cereals such asrice, coffee, soybean,
maizeand corn aswell asolive cakes, sugar caneand
sugar beat bagasse, coirpith, oil-palm shell (from ail-
palm processing mills) and various seed wasteswere
aready used. Thepreparation of AC from these mate-
rials hasbeen made using both physica activationand
chemical activation. In a study by loannidou and
Zabaniotou™! an extensive revision regarding AC
preparation from agricultural residueswas made and
theeffectsof different parametersregarding activation
proceduresarepresented in TABLE 1. Effort ismade
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inthiswork to study the application of EFB inthe pro-
duction of activated carbon so asto exploit itspotential
asacarbonsource. Thiswill inturnaddressits prob-
lem asasolid wasteand environmenta pollutant. Acti-
vated carbonsare materialswith high surface areaand
complex pore structure resulting from physical or
chemica activation processes. Thestructure of an acti-
vated carboniscomposed of poresclassifiedintothree
groups, namely micropores, mesopores and
macropores. Micropores usudly account for over 95%
of thetota surface areaof activated carbons. Thevol-
umesof themicroporesrangefrom0.15upto 0.6 cm?®
g*. Conventiond activated carbonsaretridisperse, hav-
ing all threetypes of pores present withintheir struc-
ture. Adsorb-ate mol ecul es penetratethrough thewider
poresand into the micropore structure. Activated car-
bon can be produced from different raw carbon re-
sourcesranging fromindustrial waste, agricultural and
at timeshiomass. Theseincludemateriaslikelignite,
peat, coal, and biomass resources such aswood, saw-
dust, bagasse, and coconut shell§™. Activated carbons
arewidely used asindustria adsorbentsfor separation,
purification, and recovery processesduetotheir highly
poroustexture and large adsorption capacity(’1523,

Toxic heavy metal contamination of the environ-
ment isasignificant worl dwide problem and conven-
tional methodsfor removing toxic metalsfrom con-
taminated water include chemica precipitation, chemi-
cal oxidation or reduction, ion exchange, adsorption,
filtration, membranetechnol ogies, and evaporation re-
coveryl131617202l These methods are highly expen-
sive and the material s used sometimes haveresidual
effect onthefina product. Hence, application of acti-
vated carbon on removal of heavy metalsisreceiving
global attention.

EMPTY FRUIT BUNCHES

Generdly, PAmoil industry crestesalmost 14 mil-
liontonnesoil pamempty fruit bunches(EFB) per year.
Empty fruit bunches (EFBs) (Figurel) isawaste after
the seedsareremoved from oil palmfresh fruit bunch
(Figure2), anditiscontributingalot to solid wasteand
hence causesenvironmentd pollution. Inther raw sate,
EFBsare both fibrous and wet’?. At present, thebio-
massiseither |eft at the plantationto provide organic

nutrientstotheoil pdmtreesor burnedillegdly or used
assolidfue intheboiler to generatesteam or electricity
at themillg*¥, EFB hassignificant potential asaraw
material to produce activated carbonl¥.

PRODUCTION OFACTIVATED CARBON

Activated carbons are prepared by either physical
or chemical activation®d. Physicd activation required
suitabl e activating agent such as oxygen, steam, and
carbon dioxide but steam and CO, are commonly
used?4, while chemical activationinvolvesimpregna
tion of carbonaceous materia with dehydrating agent
prior to activation. The chemical agents used inthe
chemicd processarenormaly adkali and dkdineearth
metal containing substancesand some acidssuch as
KOH, K,CO,, NaOH, Na,CO,, ZnCl,, MgCl, and
H_PO 2. The raw materials are either source from
agricultura (TABLE 1) or industrial waste. However,
dueto the abundance of agricultura waste, their low
economic va uecombined with high percentage of car-

—, Natural Products
A ndian ﬂowwal



116

Use of empty fruit bunch as a potential raw material

NPAIJ, 7(3) 2011

Reviaw

bonwith low ash content hasenriched their potentid as
araw materia for activated carbon when compared to
industrial waste. Mostly waste from wood industries
congtitutethemajor industrial wastes usedin the pro-
duction of AC. Dueto their particular porous charac-
teristics, woody materials arevery relevant and chal -
lenging raw materialsto prepare AC, mainly for the

adsorption of solutesintheliquid phasd®. Thewaste
fromwoody materia s of different typessuch as cedar,
fig, oak, aswell as from tropical trees have aready
been used to produce activated carbon by either physi-
ca or chemicd activation. Variousreportson the use of
woods and other agricultural wastesasraw materias
for AC arepresentedin TABLE 2.

TABLE 1: Preparation of activated car bonsusing agricultur al wastesasraw material by physical activation

Activation Agent

Raw Material : Y Relevant | ssues Reference
-Physical activation-

Steam activation more effective than CO2 activation.

Cherry stone  Steam, CO2 Surface area: 1200m2 -, [19]
Microporosity was obtained using both agents.

Corn cob Steam, CO2 Surface areas of 1315m2 g_1 could be reached. (6l
Corn stover activated carbons; there is no linear relationship

Corn stover Steam between activation time and BET surface area. However, [9]
activation burn-off of and activation time appear to relate in alinear
manner for the activated carbons produced from corn stover char.

EEB co2 The activated carbon produced from empty fruit bunch at 800°C [1,2]
showed a good adsorption capacity for phenol removal. '
Both activation burn-off and Brunauer—Emmett-Teller (BET)
surface area appear to exhibit alinear relationship with respect to

Oat hulls Steam activation time of oat hulls. Oat hull is better than corn stover as [l
araw material for the production of activated carbon.

Olive cake Steam The best AC was obtained activating for 68 min at 1095 K. [3]

Wanut shel  CO2 The best activation was at 800 1C, 2.5 h, and CO2 flow rate of [29]

100 cm3 min_1. Surface area: 1064.2m2 g-.

TABLE 2: Preparation of activated carbonsusing agricultur al wastesasraw material by chemical activation

Activation Agent

Raw Material X A Relevant I ssues Reference
-Chemical activation-

Activation time showed no significant effect on the pore
structure. Maximum surface area and pore volume were

c aped KOH Obtained using: impregnation ratio of 5:2 and carbonization [25]
temperature of 750 1C.
Characteristics could be easily controlled by varying H3PO4

rC]:S;Zee bean H3PO, impregnation ratio. High impregnation ratios yielded essentially [4]
mesoporous carbons with high surface areas and pore volumes.
High-surface area (about 1400m2 g_1) and microporosity was

Corn cob ZnCl2 obtained using the following conditions; 175% (w/w) ZnCl2, [27]
773K for pyrolysis, 0.5-1.0 h for soaking time.
lodine number increased with increasing activation

. temperature. Impregnation ratio increase caused an oscillation

Date pit H3PO, in the iodine number. lodine number varied in average [10]
710% for al particle sizes used.

ced q Pre-treatment with H202 positively influenced porous

and ?trsv;t?gvi ngs CO;, (H,0, PT) development, probably due to the elimination of surface [18]
complexes produced during the activation step.

Osk wood o, The Ionger_the duratl_on of activation, the greater was [30]
the adsorption capacity.
AC with asurface area of 1150m2 g_1 and pore volume of

Teak sawdust Steam 0.43 cm3 g_1 was obtained. [12]
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CONCLUDING REMARK

Empty fruit bunchesduetoitschemica composi-
tion has been found to be a good candidate for the
production of activated carbon using either physica or
chemica activation. Thiswill control theillegd disposd
of the EFBsand therefore protect the environment.
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