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ABSTRACT

A new method has been demonstrated for the extraction of cellulose from
waste Palm kernel cake using acid base treatment. The method was giving
19.19% of cellulose. The FT-IR of the extracted cellulose was shows the
present of the main functional groups at the expected range. Cellulose
extracted from waste Palm kernel cake was hydrolysed to glucose in 4 h,
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with 100 % of selectivity at 100 °C. The catalyst is stable during the hy-

drolysis.

INTRODUCTION

Palm kerndl (PK) isone of the abundant by-prod-
ucts. Itisproduced annualy inlarge quantities, about
1.9 milliontonsof PK isleft over by oil extraction pro-
cessfrom oil palmindustry!. Theseamountsaresig-
nificant enough to consider palm kernel cake ashio
resource of raw material sfor many industries. The uti-
lizing of thePK couldlead to produced cellulose, hemi-
cdluloseandlignin®. Hence, PK asdternative sources
for cdllulose production not only enhancesthe usage of
PKC. Itisaso ableto solvethe environment problem.
Sodium chloriteisamoderately strong oxidi zing agent
which used for extracting celluloseand does not intro-
ducethe possibility of heavy metal contamination.
Besides, acetic acid actively takespart in the hydroly-
sisof hemicel luloses. Thestrong oxidizing property of
sodium chloriteyieldspurecellulosewithnoligninre-
maningingde.

Until recently, mostionic catdystsweresynthesised
andusedfor different purposesinliquid solutions. These
ionicliquidswere showing very good catalytic activity
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compared with the commercial strong acidssuch as
H,S0,, HCI, and H,PO,, which havelimitationsdueto
atediouswork-up procedure and the necessity of post
neutralization of the strongly acidic medialeading to
production of undesired wastes. Therefore many chal-
lengesarefacing theresearcher regarding the charac-
terization and therecycling of theseionicliquid cata-
lysts. We haverecently reported the synthesisof anew
type of ionic catalyst in solid form with lessenviron-
mental concerns. Itisrecyclableand can be used for
the same purposes aswheretheionicliquidscatalysts
areused™,

Recently, anew technique has been devel oped to-
wardsthe production of second generation (2G) biofuds
without the use of expensiveenzymes®. Producing 2G
bioethanol from dead plant tissueisenvironmentally
friendly, butitisaso currently expensive becausethe
processthat is used today needs expensive enzymes.
Thegod isto produce bioethanol from cellul ose con-
taining waste plant parts. Celluloseisthemajor poly-
meric component of plant materid andisthemost abun-
dant polysaccharide on Earth. In nature, avariety of
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microorganismsareknown for producing aset of en-
zymescapableof degrading thisnormaly insolublepoly-
mer to soluble sugars, primarily cellobiose and glu-
cosel®. Ascelluloseisvery difficult to break down, it
cannot directly beused asafood source. Celluloseis
found everywherein naturein rich quantities, for ex-
amplein the stems of the corn plant, rice husk, and
pam fronds. If we can produce bioethanol from the
waste of PK, we have probably come along way to
make biofuel production more acceptable. Infact we
can now report about an entirely new molecular com-
pound, which can aso replace enzymesin thework of
breaking down celluloseto sugar for the production of
2G biofuds, following up ontheproceduresieading to
theearlier reported sulfonic acid compound®7.

MATERIALSAND METHODS

Raw materials

The chemica sused inthisstudy were Sodium hy-
droxide (Systerm, 99%), Nitric acid (Scharlau, 65%),
Cyclohexanol (Riedle-DeHaen, 99%), Cyclohexanone
(Riedle-De Haen, 99%), Dimethylformamide (DMF)
(Systerm, 99.5%), Dinitrosaycilicacid (DNS) (BDH,
99%), Glucose(BDH, 99%), Lithiumchloride(Sigma,
99%), Sulphuricacid (Poch, 95%). All chemica sused
wereAR gradeor of high purity and wereused directly
without further purification.

Extraction of cellulosefrom palm ker nel

Pam kernel used in thisstudy was collocatefrom
AL-Muthanna palms in south of Irag. The PK was
washed with distilled water, and then driedin an oven
at constant temperature. Theoil from PK wasremoved
by using soxhl et extractor with n-hexanefor 6 h. The
extractive-free sampleof PK wasdried inan oven at
60 °C for 18 h and stored in refrigerator before usel.
Thecdlulose wasextracted fromfreeoil PK by using
acidified sodium chloritesolution. 3.3 g of oil free PK
was mixed with 100 mL of 7.5 % aqueous NaOH so-
[ution. The mixturewas stirred for 1 h at room tem-
perature. The pre-treated PK was then filtered and
washed with 95 % ethanol and ditilled water repesat-
edly twiceto removethebase. Thehemicellulose-free
PK wasthendriedinovenat 60 °C for 24 h. 2.0 g of
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hemicellulosesfree pam kernel was mixed with 100
mL distilled water, 15mL glacial acetic acid and 2 g of
sodium chlorite. Themixtureisstirredfor 2hat 75°C.
Theresiduewasfiltered and washed with 95 % ethanol
and digtilled water™®. Thisstepwasrepesated twice. Smi-
larly, thewashed palm kernel isdried in oven at 60°C
for 24 h. Thismethod gave about 0.95 g (19.19 %) of
cdlulose

Catalytic hydrolysisof celluloseprocedure

Thecdlulosehydrolysiswascarried out inthelig-
uid-phaseina50 mL round bottom flask equipped with
magnetic stirrer and water condenser. 20 mL of DMF,
0.2 gof LiCl, 1.0 mL of water and 0.18 g cellulose
(which extracted from PK) were separately transferred
to theround bottom flask containing 0.2 g of theam-
monium sulphate. Thehydrolysistemperaturewasfixed
at 100°C. Thehydrolyssmixturewasrefluxedfor 4 h.
A 0.5mL portion of the clear hydrolyte solution from
thereaction mixturewastransferredinto avial and 2.0
mL of deionized water wasadded. Tothissolution, 2.0
mL of DNSreagent and 2.0 mL of 2.0 N NaOH were
added and the mixture wasincubated in awater bath
maintained at 90 °C for 5 min!’*, The DNS reagent
was prepared according to alUPAC method*2. The
reagent blank sample was prepared with 2.0 mL of
deionized water, 2.0 mL of DNSreagent, and 2.0 mL
of 2.0 N NaOH, and heated similarly to the other
samples. Then the absorbance was measured at 540
nm, againgt the reagent blank, and glucose concentra-
tionsin the solutionswere estimated by employing a
standard curve prepared using glucose. The catalytic
activity with different mass of catalyst (50, 100, 150,
and 200 mg), different temperatures (80, 90, and 100
°C), and different solvents, (i e. 1-butanal, cyclohexanal,
and cyclopentanone), were studied by usingthe same
procedure as described above.

RESULTSAND DISCUSSION

FT-IR spectral analysis

FT-IR spectraof theextracted cellulosefromwaste
PK compared with that of standard cellulose were
shownin Figure1(a, b). They are showed strong ab-
sorption at 3460-3421 c whichisattributed to O
H stretching vibration. Thisabsorption bandiscom-
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Figurel: TheFT-IR of thecdlulose. (a) Purecelluloseand (b) celluloseextracted from PK

posed of two vibrationslocated at 3285 cm* (attrib-
uted tointermolecul ar hydrogen bonds) and 3335 cnt
(attributed tointra-molecular hydrogen bonds)™. The
O-H vibration of the pure cellulose shows absorption
band located at 3344 cm™. The absorption bands at
2918 cmrt and 2891 cm! are attributed to C-H sym-
metric and asymmetric vibrations. Thevibration band
at 1649 cmr? in both samples is due to the O-H of
water. The presenceof thisband indicatesthat there-
maining water mol eculeswere strongly bonded to cel-
lulose macromol ecul esviahydrogen bonding. Thevi-
bration at 1429 cm™ inthefresh celluloseisdueto the
—CH,~ group. This absorption band was observed at
1460 and 1425 cm™. Thevibrationat 1163 cnrisas-
sgnedfor the C-O—C stretching which appears almost
simultaneously withthevibrationlocated at 991 cm?
(attributed to B-linkage that present in the structure of
cellulose). Thevibration located at 1161 cmt onthe

purecellulosespectrumisassigned to the anti-symmet-
ric bridge C-O—C stretching vibration!*!. Thevibra-
tion band shiftedtobe 1112 cm inthe PK spectrum.
From the FT-IR spectra, most of the bands of the ex-
tracted cellul ose are match well with that of the stan-
dard cdllulose. Thisindicatesthat thecellulosewas suc-
cessfully extracted from thewaste PK and that suffi-
cientremovd of ligninand hemicdluloseswasdonefrom
the used raw biomass.

Hydrolysisof cellulose over ammonium sulphate
catalyst

The ammonium sulphate was used to hydrolyze
celluloseinaliquid-phasereaction. Various parameters
were eval uated to optimize the hydrolysisconditions
onthefully completed cdlulosehydrolyss, such asthe
effect of hydrolysstime, massof catayst, temperature,
and solvent effects.
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Figure?2: Thehydrolysisof cellulose over ammonium sul-
phateasafunction of thehydrolysistime

ied to optimizethe mass of the catalyst and theresults
areshowninTABLE 1. It wasobserved that the maxi-
mum hydrolysiswasreached to 99% over the 200 mg
wasused. Theother masswasgivelessthanthisresuilt.
Therefore 200 mg of catalyst was chosen asthe opti-
mum massof catalyst.

(¢) Influenceof hydrolysistemperature

Theéeffect of temperatureon thehydrolysisof cel-
luloseto glucose over ammonium sul phateisshownin
TABLE 1. Thehydrolysisincreased when thereaction
temperature was increased from 80 to 100 °C. The
hydrolysiswasca. 99 % at 100 °C. Thisclearly indi-
catesthat the using of ammonium sulphateismore ef-
fectiveto promotethehydrolysisof cellulose.

TABLE 1: Theeffect of different parameter son the hydrolysisof celluloseto glucose over ammonium sulphate. Thereaction
wasrun over 4hoursat 100°C of hydrolysistemperatureand 200 mg of catalyst mass

Parameters Variants GlucoseYied (mM %)
50 43
Variation of ammonium sul phate Mass (mg) igg 8‘;’
200 99
100 929
Variation of hydrolysis temperatures (°C) 90 85
80 60
DMF 99
Variation of solvent effectsin LiCl Cyclohexanol 78
Cyclopentanone 70

(@) Influenceof hydrolysistime

Theeffect of hydrolysistime on the hydrolysis of
celluloseto glucoseover homogenous ammonium sul-
phate (NH,),SO, isshownin Figure 2. Thehydrolysis
was carried out with 200 mg catalyst ussngaDMF/
LiCl asasolvent a 100 “C. Thehomogeneousammo-
nium sul phate showed 99 % of glucoseat 4 hand then
the hydrolysiswas decreased dueto the hydrolysis of
glucoseitself. Thehydrolysisof celluloseover anmo-
nium sul phate was reaching the optimum after 4 h of
hydrolysistimeafter which it decreasesdueto the hy-
drolysisof theglucoseto other products. The selectiv-
ity of thehydrolysisof celluloseto glucosewas 100 %
a thefirst 4 h of thehydrolyss.

The hydrolysis conditionswere 200 mg catal yst
mass, 100 °C hydrolysis temperature.

(b) Effect of catalyst mass
Different amount of ammonium sul phatewas stud-
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(d) Influence of the solvents system effects

Inthisstudy itisfoundthat thecdlulosewashighly
solubleinDMF and cyclohexanol containingLiCl. This
issimilar to previousfindings studying other catal yst®.
Theeffect of the solvent on thehydrolysisof cellulose
over ammonium sulphatewasshownin TABLE 1. The
hydrolysis was studied over different solventsi. e.,
cyclohexanol, cyclohexanone, and DMF All these sol-
ventscontainLiCl.

Thechlorideionisplayingavitd rolein thesolubil-
ity of cellulose. Themetd ionsaretightly linked withthe
carbonyl group of DMFwhilethechlorideionsareleft
unencumbered. Thereby Cl-ishighly activeasanu-
cleophilic base and playsamajor role by breaking up
theinter- and intra-hydrogen bondg*®. Thiscould make
thehydrolysisof cellulosemuch easier.

CONCLUSION
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Cellulosewas hydrolysissuccessfully from PK by
using acid basetrestments. Theextraction of cellulose
from PK wasfound to be 19.19%. The FT-IR clearly
showed the presence of OH, C-H, C=0 absorption
bands at the expected range. Theammonium sulphate
was used to hydrolyze of celluloseto other glucose at
100 “C for 4 h. The catalytic activity of the catalyst
reaches 99 % of the glucose from cellulose and the
selectivity was 100%. Thecatdystissmpleand stable
duringthehydrolyss.
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