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ABSTRACT

Agricultural and industrial wastes are generated in huge quantitiesin Irag
and other countries. Generally they are not reused or recycled. The aim of
this study wasto extract cellulose from different agricultural and industrial
waste sources as (rice husk, waste office paper and sugar cane) viafast and
simple technique. Cellulose amounting (17.4%, 20%, and 18.2%) were
extracted from these sources respectively. It can be concluded that the eco-
friendly procedure employed in this study for extracting different cellulose
sourcesis very efficient for obtaining good yield of cellulose. The powder
X-ray diffraction and FT-IR were used to characterizethe extracted cellulose.
In terms of crystallinity and structure behaviours, a comparison with
standard cellulose was made and the results showed that the extracted
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material wascellulose.

INTRODUCTION

Thedepletion of fossil fuel resourcesand there-
sulting adverse effectson the global environment and
climateare of major academic, economic and political
concern worldwide. One alternativeisto develop a
series of novel chemical processes based on renew-
ablefeedstock, typicaly biomassand biomass-derived
chemicadY. Biomassgenerdly refersto organic mate-
rialssuch aswood, grass, dgae, agricultural cropsand
their resi duesand wastes, induding someanima waste?.
Any materidsrichin cellulose, hemicdluloses, andlig-
ninarecommonly referred to aslignocel lulosic biom-
ass¥l. For example, wood, grass, paper, and agricul-
tural residueslike corn stover and sugarcane bagasse
aretypical sourcesof lignocellulosic biomass. Nowa-
daysthe environmentd benefitsof biomass/agricultura
wastes associated with the producing of solid, liquid
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and gaseousfuelswhich is attracting wide attention.
Variousforms of agricultural wastes energy are con-
sumed al over theworld. Suchwasteprovidesaclean,
renewable material sourcethat could dramatically im-
provethe environment, economy and energy security!l.

Ricehusk (RH) isoneof themain agricultura prod-
uctsintheworld. Burning of RH at ambient atmosphere
leavesaresidue, called ricehusk ash®. RHA isagreat
environment threat causing damageto land and sur-
rounding areawhereit isdumped. Therefore, commer-
cid useof RH anditsashisthealternativesolutionto
disposa problem.

Sugarcanebagasse hasd so attracted increasing at-
tention dueto higher biomassyiel dg® Sugarcane ba-
gasse, abyproduct of the sugar production industry,
consistsof callulose43.6%, hemiceluloses 33.8%, lig-
nin 18.1%, ash 2.3% and wax 0.8% on adry weight
basig”. It isan abundant source of lignocel lulosesthat
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can be hydrolyzed to yield fermentable sugarsfor the
production of value added bio-productssuch aslactic
acid, thusincreasing theeconomy of the process. Other
applications of sugarcane bagasse arethey are sources
of animal feed, energy, pulp, paper and boards®.

Waste paper isan attractive cdllulosic resourcefor
sugtainable production of transportation fuelsand chemi-
calsbecauseit isan abundant and problematic waste
that can be obtained at alow or perhaps negative cost.
Waste paper contains 40-55% cellulose, 25-40 %
hemicelluloseand 18-30%lignin®.

InIrag (oneof the developing countries), the use of
agriculturd wasteisanew scienceand hashighinterest.
Theagricultural wastescan be used inthe production of
chemicasandliquid fue §'%. Thesewasteshaving high
volatilematter content, may find their possbleutilization.
Ascomparedtobiofuel, agriculturd wastesa so contain
high oxygen and easy rel ease of volatilematter inacom-
bustor!™. All these characteristicsof agricultural wastes
have beenfound to havealargeinfluence ontheburn out
timeof blendsof agricultural wastes. Theagricultura
wastes produced inaparticul ar period of theyear pose
potentid pollution problems. Therefore, anefficient utili-
zation of such agricultura wastesisof great importance
not onlyfor minimizing theenvironmenta impect, but also
for obtainingahigher profit2.

The present study aimed to extract cellulosefrom
different wastes (rice husk, waste office paper and sug-
arcane) viafast and simpletechnique. The extracted
cellulose, aspolycarbohydrate, aswell itshydrolytic
product glucose can be used in various academic and
industrid applications.

MATERIALSAND METHOD

Thechemicalsand theraw materials

The chemicalsusedin thisstudy were sodium hy-
droxide (Systerm, 99%), nitric acid (Scharlau, 65%),
Cdlulose(Riedle-DeHaen 99%), Sulphuric acid (Poch,
95 %). The RH was collected from a rice mill in
Samawah, Irag. All other chemicasusedwereAR grade
or of high purity and were used directly without further
purification.

Extraction of cellulose
Different typesof wastes(rice husk (RH), waste
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office paper and sugarcane) were chosen as sources of
cdlulose& asillustrated below.

Extraction of calulosefrom RH

RH was used asasourceof cellulose. TheRH was
washed twicewith water and dried at room temperature
for 24h. Aweight (35g) sampleof thecleaned RH was
stirred with 700 mL of nitricacid (1.0 M) at room tem-
peraturefor 24 h, and washed with distilled water. The
wet material wassubsequently dried in anoven at 100
°C for 24 h. The rice husk treated with acid was weighed
thentransferredintoal.0 L plastic container. To purify
thecdllulose by removing silicaand ligninfrom RH fi-
bres, 500 mL of sodium hydroxide (1.0 M) solutionwas
added. Then the solution was stirred for 24 h at room
temperature. It wasthenfiltered using suction filtration.
Thedark brownfiltrate (sodiumslicatesolutionwith lig-
nin) waskept inacovered plastic container. The solid
wasfiltered and washed severa timesusing distilled
water. The solid was treated with an alkali solution (NaOH
6.0 M) for 6 h. Thesolid wasthenfiltered to beused for
cdluloseextractionandthefiltratewastitrated with acid
at aroomtemperature using sulphuricacid (5.0 M) un-
der continuousgtirringuntil constant pH intherange of
5-6 was reached. The resulting suspension material was
then separated by vacuumed filtration and washed roughly
withdigtilled water. Thismethod gave 6.0g of cdlulose
(17.14%) from RH. Scheme 1 summarizesthemethod-
ology of theextraction of cellulosefrom RH.

Extraction of celulosefrom waste paper

Waste paper was used astheraw material for ex-
traction cellulose by asimpleand economic method.
Waste paper was collected from waste boxes of the
officesinAL-MuthanaUniversity. Waste paper (5.09)
wascut into small pieces, and mixed with sodium hy-
droxide solution (7.5%) inaplastic contai ner equipped
with stirrer. The mixturewas stirred for 6 h thenfil-
tered. Thefiltratewastitrated againgt sulphuricacid (5.0
M) solution until the pH reached 5.0. After separating
the mixture, the solid waswashed with distilled water
and dried at room temperature. Scheme 2 showsthe
methodol ogy of celluloseextraction from waste paper.
Thismethod gave about 1.0 g (20.0%) of cellulose.

Extraction of cellulosefrom sugar cane
Sugarcane bagasseisthe second most commonly
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used nonwood plant material for paper productionin
many partsof theworldi*3. Theannual production of
sugarcanethroughout theworld exceeds 54 milliontons
ondry basig*. Sugarcanewascollected fromthefarm
of sugarcane factory in Maysaan governorate, lrag.
Extraction of cellulosewas carried out according to the
method!*®. Sugarcanewas cut into small pieces, and
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ricehusk (RH)
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(7.5%) for 6h
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The extracted cellulose was weighed.

driedfor 1 week at room temperature. After drying the
sugarcanewas grinded to powder. A weight of 22.0g
waswashed with distilled water and left in 600 ml of
water for 24 hand thenfiltered and dried at room tem-
peraturefor another 24 h. Sodium hydroxide solution
(0.25 M) was added in a plastic container equipped
with stirrer. Themixturewas stirred for 18 h and then
filtered. Thefiltratewasnaurdized withnitricacid (20.0
%). After that the mixturewasfiltered and washed with
distilled water until thefiltratedid not turnto pink when
phenonaphthal ene and drop of NaOH were added to
it. Scheme 3 showsthe methodol ogy of cellulose ex-
traction from sugarcane. Thesolid wasdried at 105°C
for 3h. Thismethod gave 4.0 g (18.2 %) of cellulose.
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RESULTSAND DISCUSSION

Cedlulosewasextracted from waste RH, waste of -
fice paper and sugarcane using new simple method
(Scheme1, 2, and 3). Dueto the structural complexity
of the polycarbohydratespre-treatment isrequired to
disrupt the structureof lignocel luloses materials. The
akali treetment of RH and waste paper make cellulose
soluble dueto the formation of sodium salt*61" and
separated it from other condtituents. Whiletheacid neu-
traization regeneratestheinsol uble cellulose with modi-
fied structure process of pure cellulose. Theextracted
cdlulosewas characterized using FT-IR and XRD pat-
tern, which were compared either with the standard
cdlulose, or withtheliterature

FT-IR analysisof extracted cellulose

FT-IRisuseful for severd typesof andysssuchas
identify unknown sampl esthrough absorption of func-
tional groups, to confirm the acidic nature of samples,
determinethequality or consistency of asampleand
determinethe amount of componentsinamixture®,
FT-IR of theextracted cellulosefromwaste RH, waste
office paper and sugarcane compared with that of stan-
dard cdluloseasshowninFigure 1. The FT-IR spectra
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of extracted cellulosefromwaste RH, waste office pa
per and sugarcane showed strong absorption at 3450 -
3425 cmr whichisattributed to O-H stretching vibra
tion. Thisabsorption band iscomposed of two vibra-
tionslocated at 3285 cm? (attributed to intermol ecul ar
hydrogen bonds) and 3335 cm? (attributed to intra-
molecular hydrogen bonds). The pesk absorbanceband
at 2918 and 2850 cmt isattributed to—C—H symmet-
ric and asymmetric vibrations. The O-H vibration of
the pure cellul ose shows absorption band located at
3353 cm™. The vibration band at 1649 cm* in all

samplesisdueto the O-H of water. The presence of
thisband indicatesthat the remainingwater molecules
were strongly bonded to cellulose macromoleculesvia
hydrogen bonding. Thevibration at 1429 cmrt inthe
purecelluloseisdueto the—CH— group. This absorp-
tion band shifted to 1446 in both spectraof waste pa-
per and sugarcane, whilethewaste RH showed differ-
ent bandsat 1512, 1461, 1425 cmr* which are attrib-
uted to the methylene groups. Thevibration at 1163
cnmrtisassigned for C-O—C stretching which appears
amost smultaneoudy with thevibrationlocated at 983
cm? (attributed to B-linkage that present in the struc-
tureof cellulose). Thevibration located at 1161 cm™?
on the standard cellul ose spectrum isassigned to the

Cellulose from Paper

Celluse from RH .‘
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Figurel: TheFT-IR measurementsfor purecelulose, extracted RH cellulose, wastepaper celluloseand sugar canecellulose
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anti-symmetric bridge C-O—C stretching vibration™.
Thevibration band shifted to 1112 cm™ in RH spec-
trum, 1116 and 1124 cm* in both waste paper and
sugarcanerespectively. Fromthe FT-IR, most of the
bands of the extracted cellulose are match well with
that of thestandard cellulose. Thisindicatethat thecd-
lulosewas successfully extracted from thewaste RH,
waste paper and sugarcane and that sufficient removal
of ligninand hemicelluloseswas donefrom the used
raw biomass

Powder x-ray diffraction (XRD) of extracted cel-
lulose

X-ray powder diffraction (XRD) isarapid analyti-
ca techniqueprimarily used for phaseidentification of
acrystallinemateria (e.g. mineras, inorganic com-
pounds) and can provideinformation onunit cell di-
mensions®, The X-ray diffractogramsof theextracted
cellulosein the present study isshownin Figure 3.2.
Different peaksareobservedinal sasmplesat 2 Theta
16, 22.6, 27, 34.7 and 39. These are characteristic of
thecrystd polymorphsof cellulose. Thepesk at 2 Theta
16 correspondsto the (110), crystalographic peaksat
2 Theta 22.6 and 34.7 correspond to the (002) and
(102) planes, respectively. The peak at 2 Theta 39 cor-
respondsto the (004) planes. Thecrystallinity index
obtained from X-ray diffractogramsfor the extracted
cellulosewasfoundto be42.3and 47.7 respectively.
All these data arein agreement well with the litera-
tures?23, During the aggregation forming the mi-
crofibrils, redignment of monocrystalsmay occur, lead-
ingtothefurther increase of crystalinity of microfibrils
obtained inthiswork.
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Figure2: TheXRD for extracting RH cellulose

CONCLUSION

Utilization of waste biomassasrenewableresource
for energy and chemicashasthepotentia to contribute
to acleaner environment. It can reduce the need for
foss| fuelsand chemica products, whilereducingthe
environmental pressures associ ated with the disposal
of waste materials. Agricultural wastesand biosolids
containlargequantitiesof lignocellulosic congtituents
could be converted to val ue-added products. Through-
out thecurrent study cellulose which has many indus-
trial and medica applications, wasextracted efficiently
from threetypes of waste (Rice husk, sugarcane and
waste office paper). Rice husk, sugarcane and waste
office paper asasourcefor cellulosewasused inan
attempt to utilize this unwanted wastes productsfrom
thericemillingandindustry. TheFT-IRand XRD dlearly
show that the method which followed inthiswork to
extracted cellulose could giveacdlulosewith proper-
tiesin agreement well with thepure cellulose.
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