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ABSTRACT

Cellulose, a linear polysaccharide polymer with numerous glucose
monosaccharide units is of enormous interest because of its applicationsin
biosorption, biomedical, packaging, biofiltration and biocomposites. In this
study the sisal fiber was prepared in four different stages such asthe steam
exploded fiber, bleached fiber, acid treated fiber and mechanically treated
fiber using steam explosion method. These stages were prepared to convert
itinto cellulose. The graft copolymerization of acrylonitrile onto the extracted
cellulose prepared from sisdl fiber wasdone using the ceric ammonium nitrate.
The grafting conditions were optimized by changing the concentration of
initiator and monomer. The characterization of the processed fibers and the
graft copolymer wasdoneusing FTIR, XRD, TGA and DSC studies. The FT-
IR results of the graft copolymer clearly indicate that grafting had taken
place between the acrylonitrile monomer and the cellulose obtained from
sisal fiber. The changein crystallinity of the grafted polymeric sampleswas
concluded from the XRD patterns. The results of TGA and DSC studies
indicate the enhancement of thermal stability of the polymer upon grafting.
© 2014 Trade Sciencelnc. - INDIA
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INTRODUCTION

Natural fibersaremainly composed of cellulose,
lignin and hemicellul oses components. Dueto these
components, naturd fibersareasonamed ascedllulosic
or lignocdlulosicfibers. Accordingtotheir origin, these
natural fibreswere classified. They aregrouped into
leaf: abaca, cantala, date palm, pineapple, sisal, ba-
nana; seed: cotton; bast: flax, hemp, jute; fruit: coi, oil
pa m. Among thesevariousnatura fiberstheflax, bam-
boo, sisa, hemp, jute, and wood fibresare of particu-

lar interestt¥, Physical and mechanica propertiesmainly
dependsonthesinglefibrechemica composition (Cd-
lulose, hemicdluloses, lignin, pectin, waxes, water con-
tent and other minors), grooving conditions (soil fea-
tures, climate, aging conditions) and extraction/process-
ing methods. Among them, the most influent parameter
for thevariability of mechanica propertiesisthegroov-
ing conditions Themain sructurd materid present within
the complex architectureof the plant cell wallsisthe
cdlulosewithvariouscontents. It isapolymer of poly-
b (1fi4)-D-glucose having a linear structure with
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syndiotactic arrangement!?. The parallel arrangement
of cellulosechainsproducesthebundles. Around forty
or morecellulosic macromolecules are present inthe
bundleswhich arelinked by hydrogen bonds. Through
the hydrogen bonded linkswith amorphoushemicellu-
losesand lignin. Thiswill confer stiffnessto thefibers
cdledmicrofibrilg3.

Crystallinemicrofibrilsare made up of cellulose
chainswhich are surrounded by anon-cellulosic ma-
trix, Varioustrestmentssuch asthe successivechemica
and mechanical trestmentswere used to extract high-
purified microfibrilated cdlulosefromthecdl. Thiswas
doneby the®™. Thebleaching agents such asthesodium
chlorite or hydrogen peroxideisadded mainly to the
lignocellulosic fibersto degradelignin content and the
reagent sodium hydroxideis used to solubilize pectins
and hemicellul oses. M echanical treetmentssuch asho-
mogeni zation |ead to homogeneous suspensions of mi-
crofibrils.

Sincethecellulosic fibers are are cheap, renew-
able, low indengity, and better processing flexibility, it
became so populart®. Farmers harvest around 35 mil-
liontonsof naturd fibersineach year from awiderange
of plantsand animal 7. Among many natua fibers, si-
sal isof particular interest. Sisal fiber belongsto the
Agavefamily (Agavessding), anenvironmentd friendly
crop. Itisastrong, stable, biodegradableand versatile
materia which has been recognized as an important
sourceof fiber for composited®. Sisal hasmoderately
high specific strength and stiffness, durability, ability to
stretch, and resistanceto deterioration in saltwater(®19,

One of the effective techniquewhich wasused to
improvetheinherent propertiesof naturd fiber wasthe
graft copolymerization™. Inthegraft copolymerization
process the branched copolymer was formed by co-
vaently attachingthesdechan graftstotheman chain
of the polymer backbone. The grafting phenomenon
introducesalarge number of functiond groupsand struc-
tures onto thefiber surface*?. Graft copolymerization
of different monomersontolignocdluloscmateridshas
been carrid out recently to enhancethe properties. For
examplegrafting of acrylonitrile onto pineapplelesf fi-
berswasdoneto improvetheir thermal properties™?
and acrylamideonto sisal fiber wasdoneto improve
their moistureabsorption*4. One of themost frequent
vinyl monomer used for grafting wasthe acrylonitrile

Macromolecules « m——

monomer. Thiswasmainly duetoitshigh grafting effi-
ciency and easy hydrolysable naturetointroduce var-
ied subsequent derivatives™.

Thecurrent work isaiming to modify extracted cel-
lulose using grafting phenomenon. At first thefour dif-
ferent stagesof treated fiberswere prepared from the
ssd fiber such assteam exploded sisdl fiber, bleached
fiber, acid treated fiber and mechanically treated fiber.
Cdllulosewasextracted after the chemical and mechani-
cal process. Then the cellulose graft acrylonitrile co-
polymer was synthesized using cericammonium nitrate
(redox initiator) in nitric acid medium. The optimum
conditionsfor thegrafting wasinvestigated by changing
theamountsof initiator and acrylonitrilemonomer. Fi-
nally the prepared final graft copolymeric productsare
characterized.

MATERIALSAND METHODS

Materials

Thesisal fiber was collected from loca farmsand
the chemicalssuch asNaOH, acetic acid, sodium hy-
pochlorite, oxalic acid, cericammonium nitrate, acry-
lonitrileand nitric acid was obtained from Central Drug
House Pvt Ltd. All the above chemical sused were of
andytica grade.

Prepar ation of steam exploded fibers

About 30 gm of sisal fiberswerechoppedinto uni-
form szeof approximately 10 cm. Thento thechopped
fiberstakenin abeaker, the 2% NaOH (fiber toliquor
ratio 1:10) solution was added. It wasthenplaced inan
autoclave at a pressure of 20 Ib for aperiod of 1 h.
After aperiod of 1 hour, the pressure was rel eased
immediately. Thefiberswereremoved from the auto-
clave, and thenthefiberswerewashed inwater till they
wererid of alkali. Thewashed fiberswere allowed to
drain off freefrom water.

Prepar ation of steam exploded bleached fibers

Thebleaching treatment of the steam exploded fi-
bers was done using a mixture of NaOH and acetic
acid (27 and 78.8 g, respectively) and amixtureof 1:3
sodium hypochloritesolution. Thistreatment wasthen
repeated for Six times. After bleaching processisover,
thefiberswerethoroughly washed indistilled water and
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dried.

Preparation of steam exploded fibers in acidic
medium

Different concentrations of oxalic acid (5%, 7%,
9%, and 11%) was added to the the steam exploded
bleached fiberstakenin an autoclavetill it attained a
pressure of 20 |b.After it attains a pressure of 20 b
immediately the pressurewasreleased. Theautoclave
was again set to reach a pressure of 20 Ib, and the
fiberswere kept under that pressurefor 15min. The
pressurewasrel eased and the processrepeated 8times.
Thefibersweretaken out, washed till thewashingsno
longer decolorized KMnO, solution to make surethat
thewashingswerefreefrom acid(67,

M echanical treatment of the processed fibers

Theacidically treated fiberswas suspended inwa:
ter and then stirred well using amechanical stirrer of
type RQ—1.27 A at a speed of 8000 R.P.M. for 4 h.
Thesuspensonwasthenfindly keptinanovenat 90°C
till itwasdry.

Preparation of grafted co-polymer

About 1 gram of cellulose was added to 100ml of
water and stirred well to form ahomogeneous suspen-
gon. 1ml of acrylonitrilemonomer dissolvedin20ml of
water wasthen added to that homogenoussolution. The
initiator cericammonium nitrate (0.5gof CAN in 10ml
of IN HNO,) wasadded intheabovemixturetoinitiate
the polymerization process. After al theaddition was
over, theabovemixturewasheated to 70°C. Simulta-
neoudy thedtirring of that mixturewasperformedusinga
magnetic stirrer. It wasthen stirred for aperiod of ap-
proximately 30 minutes. After atime period of 30 min-
utestheabove sol ution was poured into excesssodium
hydroxide (2N) solution. Findly, the obtained graft co-
polymer preci pitatewasthenfiltered, dried and weighed.
Thegrafting parametersincluding thegrafting efficiency
(GE), graftingyield (GY) and grafting percentage (GP)
were systematically evaluated asafunction of various
initiator and monomer concentration*®. Thegrafting pa
rameters can berepresented in equations (1)-(3)

GE (%) =Wt of graft polymer/ Wt of graft polymer
+ Wt of homaopolymer x100 (@]
GY (%) =Wg-Wi/ Wi x100 )

—== Py Paper
GP (%) =Wpa/Wax 100 ©)
Where Wi =Wt of ungrafted polymer, Wpaor Wg =
W1 of graft polymer, Wa- Weight of monomer.

Characterization

The FT-IR spectraof chemicaly and mechanically
treated sisal fiber and graft copolymer were recorded
by Fourier transforminfra-red spectrophotometer (FT-
IR) using the Perkin Elmer 200 FTIR Spectrophotom-
eter. DSC thermograms of processed sisal fiber and
graft copolymer were recorded using a DSC Q200
V 24.4 build instrument. Thetemperature rangewas
chosen between 30°C to 350°C with the heating rate
of 10°C/min.TGA andysisof thesamplesprepared un-
der different conditionswas done using TGA Q500
V20.10 Build 36 instruments. Thetemperaturerange
was changed from room temperature to 850°C with
theheating rate of 10°C/min. TheX-ray diffraction pat-
ternsweretested by an X-ray scattering SHIMADUZ
XD-DI Diffractometer using Ni filter CuKa radiation
source (A=0.154nm), set at scan rate = 10°/min, using
avoltageof 40kV and acurrent of 30 mA.

RESULTSAND DISCUSSION

Effect of initiator and monomer concentr ation

By keeping the other variables such astempera-
ture, timeand conc. of cdlulose asconstant, the graft-
ing of acrylonitrilemonomer onto extracted cellulose
was done using various concentration of initiator and
monomer separatel y9.

The concentration of the ceric ion, and the sub-
strate playsanimportant rolein theformation of aver-
agenumber of grafting sitesper backbone molecul €224,
The changes observed inthe grafting parametersof cd-
lulose-g-acrylonitile by changing theinitiator and a
monomer concentration separately was showninthe
Figureland Figure2. From the Figure 1 it is evident
that thegrafting parameters sharply riseswithincreas-
inginitiator concentration upto acertain vaueand there-
after declines. Theinitid increasewithincreasein CAN
concentration wasduetoincreasein theactivefreeradi-
casonthe cellulose backbone at which the monomer
can begrafted. These activefreeradicalsin the pres-
ence of monomer generate more number of graft co-
polymers. Thedecreaseingraftingratio after 0.8 g ceric
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ion concentrationwasmainly dueto thetermination of
thegrowing grafted chainsby excessof cericions. Also
asimilar typeof resultswas observed by changing the
monomer (AN) concentration wichwasshowninFig-
ure2. Atfirgt it showsanincreasewithincreasein acry-
lonitrile concentration but thereafter decreases.

Effect of initiator

Graflting parametarns

| 1.5
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Figurel: Effect of initiator concentration
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Figure2: Effect of monomer concentration

Theinitial increasein grafting may bedueto the
reason that most of themonomer isutilized by theavail -
ablefreeradical. But thegrafting rate does not exceed
beyond the optimum monomer concentration. Thismay
be dueto theformation of morehomopolymersascom-
pared to the graft copolymer at higher monomer con-
centration. Moreover, dueto homopolymerisation, vis-
cosity of thereaction medium increaseswhich creates
hindranceinthemovement of thefreeradica stowards
activesites, thereby resultinginlessgraft yie d.

FT-IR
Figure 3(a) representsthe FT-IR spectraof steam
Macromolecules

exploded fibers(stage-1), Figure 3(b) representssteam
exploded bleached fibers(stage-2), Figure 3(C) repre-
sents steam exploded fibersin acidic medium (stage-
3), Figure 3(d) represents mechanically treated pro-
cessed fibers (stage-4), Figure 3(e) represents graft
copolymer (celulose-g-acrylonitrile). The FT-IR spectra
of thesteam exploded fibers(stage-1) Figure 3(a) shows
a prominent peak at 3445.81 cmr?, 2923.91 cm?,
1628.20cm?, cm® 1168.18 cm?, 1110.98 cmrt and
1058.61 cm'* corresponding to OH stretching, CH,
stretching®, C = C gtretching, C-O stretching, C-H in
plane bending and C-O-C stretching respectively. A
similar typeof resultswasobservedin (stage-2) Figure
3(b), (stage-3) Figure 3(c) and (stage-4) Figure 3(d).
On comparingthe FTIR spectral results of steam ex-
ploded fibers (stage-1) with the other stages (stage-2,
stage-3, stage-4) it wasfound that the areaof the peak
at 1628.45 cmt was found to increase successively
which may be dueto the bonded acetyl group’??. From
the successiveincreaseintheareaof peak, it wascon-
cluded that the cellulose content hasbeenincreased in
mechanica trestment of processed fibers (stage-4) with
theremoval of lignin and hemicelluloses. Thegrafted
copolymersthus prepared were characterized by FTIR
spectral studies. The FTIR spectraof graft copolymer
(cdlulose-g-acrylonitrile) Figure 3(e) showed the peaks
corresponding to thegroups present in thefour stages.
In addition to the abovepeaks, a medium band was
also observed at 2120 cm-1 corresponding to the ni-
trilegroup (CN). Theseadditiona peaksprovethat the
grafting had taken place effectively.

Thermogravimetricanalysis

The TGA thermogram details of 4(a) steam ex-
ploded fibers(stage-1), 4(b) steam expl oded bl eached
fibers(stage-2), 4(c) steam exploded fibersinacidic
medium (stage-3), 4(d) mechanical treatment of the
processed fibers (stage-4), 4(e) graft copolymer (cel-
lulose-g-acrylonitrile) wererepresented inthe Figure-
4. The TGA thermogram of steam exploded fibers
showsthat theresidual temperature of the samplewas
found to be850°C. Around 94.83% of the sample had
disintegrated at the end of theexperiment leaving be-
hind 5.169 % of the sample asaresidue. The small
amount of resduesin thefibersafter chemo-mechani-
cal treatment may betheresult of removal of non cel-
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Figure3(e) : FT-IR spectraof grafted co-polymer (cellulose-g-acrylonitrile)

lulosic materialsduring thesetreatments®!. The TGA
thermogram of thegraft copolymer (Cellulose-g-acry-
lonitrile) Figure4(e) showsthat the maximum weight
lossoccursat thetemperaturerange of 200°C to 450°C.
Around 46.447% of the samplewasdisintegrated in
840°C leaving behind 53.543 % of the sample asa
residue. On comparing Figure-4(e) with Figure4(a), it
was concluded that the graft copolymer wasfound to
bethermally more stable. Thiswas confirmed from the
amount of graft copolymer remained asresidue at the
end of the experiment, and thevarious decomposition
temperatures.

Differential scanning calorimetry

Figures 5(a) representsthe DSC curvedetails of
the steam exploded fibers (stage-1), and Figures 5(b)
representsthe DSC curvedetallsof the steam exploded
bleached fibers (stage-2), Figures 5(c) representsthe
DSC curvedetailsof thesteam explodedfibersinacidic
medium (stage-3), Figures 5(d) representsthe DSC
curve details of the mechanical treatment of the pro-
cessed fibers (stage-4), and Figures 5(e) representsthe
DSC curvedetailsof thegraft copolymer (cellulose-g-
acrylonitrile) respectively. The observed results of the
DSC curve of the steam exploded fiber (Figure 5a)
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Figure5(b) : DSC curveof steam exploaded bleached fibre

indicatethat the glasstrangition temperaturewasfound
tobe 170°C. Two sharp and broad endothermic peaks
are obtained at 82.77°C, 240°C showing the
recrystallizaion processof steam exploded fiber at dif-
ferent temperatures. Theglasstrans stion temperature
of the graft copolymer prepared using the extracted
celluloseand acrylonitrile monomer was observed at
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Figure5(c) : DSC curve of steam exploded fibrein acidic
medium
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Figure5(d) : DSC curve of mechanically treated processed
fibre

200°C. A broad endothermic peak was observed at
93.05°C. On comparing the DSC curve of graft co-
polymer (cdlulose-g-acrylonitrile) with sleam exploded
fibersit was observed that the glasstrangtion tempera-
turewas shifted to ahigher valuefor the graft copoly-
mer. From the aboveresultsit was concluded that the
addition of themonomer to extracted cdlluloseincreases
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thetherma stability. The higher the Tg, the better will
bethelong term thermal stability of amaterial.

XRD diffraction studies

The XRD spectra of (a) steam exploded fibers
(stage-1), (b) steam exploded bleached fibers (stage-
2), (c) steam exploded fibersin acidic medium (stage-
3), (d) mechanically treated processed fibers (stage-4)
and (e) graft copolymer (cellulose-g-acrylonitrile) was
shownintheFigure 6. The XRD of steam exploded
fibers showsthreedistinct sharp peaksat around 15°,
22°, 40°. Thisobtained peak Figure 6(a) confirmsthat
thethreecrystalineformsare present inthefiber. Only
two crystalline forms were observed at 16° and 23°
when it was subjected to further treatments such as
bleaching, fiber in acidic medium and mechanicd treat-
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Figure6(a) : XRD spectra of sseam exploded fibre
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Figure6(c) : XRD spectra of steam exploded fibrein acidic
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ment wichwasshown in Figure6(b), Figure6(c), Fig-
ure6(d). Theseresultsindicate that the bleached fiber,
acidtrestedfiber and mechanically trested fiber aremore
amorphousthanraw fiber. Severd researchersobserved
that thetreatment by the alkali wasreported to reduce
the proportion of crystalline material present in plant
fiberd®21, The XRD of thegrafted cellulosewith acry-
lonitrile shows broad peak at around 40° which indi-
catethat achangein crystalinity (amorphous nature)
was observed in the grafted copolymers wich was
showninFigure6(e).

CONCLUSION

Based on the results observed in this paper, we
concludethat ceric ammonium nitrate wasfound to be
aneffectiveinitiator for grafting acryl onitrile monomer
onto celluloseextracted from the s sd fiber under awide
range of experimentd conditions. Theresultsfromthis
study also indicatethat the grafting level was affected
by theinitiator and the monomer concentrations. The
FT-IR study of the samplesprovidesastrong evidence
for grafting. The changesin crystallinenature and the
increased thermal stability of theextracted cdllulosedue
to polymerization were confirmed using X-ray diffrac-
tion patternsand TGA and DSC results respectively.
Cdlulosegrafted acrylonitrilehave many gpplications.
Among them, heavy metd and dyeremovd fromageous
solutions arethe prominent ones.
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