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ABSTRACT

Theextraction of cellulose from sisal fiber was done using the steam expl o-
sion technique. Four different stages of fiber such as steam exploded fiber,
bleached fiber, acid treated fiber and mechanically treated fiber were pre-
pared from sisal fiber to convert it into cellulose. The graft copolymer of
the cellul ose extracted from sisal fiber with acrylic acid was synthesized in
agueous solution using ceric ammonium ion asthe initiator. The prepared
extracted cellulose-g-acrylic acid monomer was characterized with the help
of analytical techniques such as FTIR, XRD, TGA and DSC studies. The
grafting phenomenon taking place between cellulose and the acrylic acid
was proved by Fourier transform infrared spectroscopy (FTIR). The XRD
pattern elucidates the change in crystallinity of the grafted polymeric
samples. Theresultsof TGA and DSC studiesindicate the enhancement of
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thermal stability of the polymer upon grafting.
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INTRODUCTION

Around 35 milliontonsof natural fiberswas har-
vested by thefarmerseach year from avariety of plants
and animals. Thiswasreported by thefood and agricul-
turd organization (FAO)Y. Thefiberswhichareobtained
naturdly fromtheplants, animasand minerdswastermed
asnatural fiberg?. The basic components which was
presentinthenaturd fibersarethecdlulose, ligninand
hemicdluloses. Sincethenaurd fibersmainly consst of
cdllulosiccomponentsthenatura fiberswasa sotermed
ascdlulosicor lignoce lulosicfibers. Inorder toremove
lignin-contai ning material's such as pectin, waxy sub-
gtancesand naturd oilscovering theexterna surface of

thefibrecell wal, chemicd treatment wasdonewith the
naturd fibers Thefactorswhichmainly influencetheprop-
ertiesof thecellulosicfibersarechemica composition,
internd fiber structure, microfibril angle, cdl dimensons
and defects, which differ from different partsof aplant
aswd| asfrom different plantg3.

Depending on thepart of the plant fromwhich cel-
lulosewasextracted, thefibersweredassfiedintothree
categories. They arethefruit fibers(cotton, cair, oil pam
etc.), emfibers(jute, banana) and lesf fiber (3sd, pine-
appleetc.). Thenatural fibers have better mechanical
performance and advantagesthan the synthetic fibers.
Themain advantages arethelow cost, better renew-
ability, biodegradability and aswell asmoreabundance.
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Most of theplant fibressuch ascoir, sisd, jute, banana
and pinegppleareused asaresourcefor industrial ma-
terial 94. Theplant fibers have been recognized asan
important sourceof fibrefor composites®d. Among the
variousnatura fibres, themost important fiber whichis
of particular interest wasthe sisal fiber. A sisal fiber
(SF), anenvironmenta friendly crop which belongsto
theAgavefamily (Agave Sisdina) wasastrong, stable
and versatilematerid having high specific strength and
stiffness, durability, ability to stretch, and resistanceto
deteriorationin saltwater”8.

The superior mechanica propertieswerefoundin
thefibershaving high crystallinity and cellulose con-
tent. The mechanical propertiesof the natural fibers
were determined with the help of type of cellulose
present init. Thisisbecause each typeof cellulosehas
itsown crystalineorgani zation. When sisdl fiberswere
modified with surfacetreatment, the mechanical prop-
erties was found to be improved®. The most com-
monly used chemical for bleaching and cleaning the
surfaceof plant fibreswasthesodium hydroxide. Due
to thisbleaching treatment thefine structure of thena-
tivecellulosel (native cellulose) waschanged into cdl-
lulosell (regenerated cellulose). The native cellulose
wastermed asthe crystalline cellulose whereas the
cellulose (I1) wastermed astheregenerated cellul ose.
Thecdlulosell refer to cellulose precipitated out of
solutions, generaly akali solutiong™?.

Themost unstableform of cellulosewasthe cellu-
lose (1) and thethermodynamically stableformwasthe
cellulose(I1). An additiona hydrogen bond per glucose
residuein cellulosell makesthisallomorph the most
thermodynamically stableform™. Themodification of
propertiesof the polymerswas donein the polymeric
ageto get thetargeted applications™@. Amongthemany
methods of modification of polymers, graftingisoneof
the promising methods. Themainaim of thisstudy was
to evaluatethe extraction of cellulosefrom sisal fiber
(cellulose-11) using chemica and mechanica process.
Thefour different stages of fiberswere prepared such
assteam exploded sl fiber, bleached fiber, acid treated
fiber and mechanically treated fiber. The graft copoly-
merization of acrylic acid onto theextracted cellulose
wascarried out using CAN asaninitiator and the pre-
pared materia sare characterized.
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MATERIAL SAND METHODS

Materials

Themateria sused for the study includesfibers(col-
lected from local farms), NaOH (commercial grade),
acetic acid (commercial grade), sodium hypochlorite,
oxaicacid (commercia grade). Anaytical gradeceric
ammonium nitrate, acrylicacid and nitricacid were used.

Prepar ation of steam exploded fibers

About 30 gmsof fiberswere chopped into uniform
sizeof approximately 10 cm. Thefibersweretreated
with 2% NaOH (fiber toliquor ratio 1:10) in an auto-
claveand kept under 20 |b pressurefor aperiod of 1 h.
Pressurewasrdeased immediately. Thefiberswerere-
moved from the autoclave, and then the fibers were
washed inwater till they wererid of dkali. Thewashed
fibersweredlowed to drain off freefrom water.

Prepar ation of steam exploded bleached fibers

Thebleaching treatment of steam exploded fibers
was doneusing amixture of NaOH and acetic acid (27
and 78.8 g, respectively) and amixture of 1:3 sodium
hypochlorite solution. The bleaching processwasre-
pesated Six times. After bleaching, thefiberswerethor-
oughly washed indistilled water and dried.

Preparation of steam exploded fibers in acidic
medium

The steam exploded bleached fibersweretreated
with oxalic acid of varying concentrations (5%, 7%,
9%, and 11%) in an autoclavetill it attained apressure
of 201b. The pressurewasreleased immediately. The
autoclave was again set to reach apressure of 20 Ib,
and the fibers were kept under that pressure for 15
min. The pressure was released and the process re-
peated 8 times. Thefibersweretaken out, washed till
thewashingsno longer decolorized KMnO, solutionto
make surethat the washingswere freefrom acid*>4,

M echanical treatment of the processed fibers

Thefiberswere suspended inwater and under con-
tinuous stirring withamechanica stirrer of type RQ—
1.27 A and 8000 R.PM. for 4 h. The suspension was
keptinanovenat 90°Ctill it wasdry.

Preparation of grafted co-polymer
A required amount of cellulose (1g) was added
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to100ml of water with constant stirring to form aho-
mogeneous suspension. 1ml of monomer dissolvedin
20 ml of water was then added to that homogenous
solution. Theinitiator cericammonium nitrate (10 ml)
wasthen added to the above mixtureto initiate the po-
lymerization process. After al the addition wasover,
themixturewasheated to 70°C. Thestirring of the pre-
pared hot mixturewas performed usngamagnetic stir-
rer smultaneoudy. This solution wasthen pouredinto
excesssodium hydroxidesol ution to precipitatethegraft
copolymer. It wasthenfiltered, dried and weighed. The
grafting parameters, such asthe grafting percentage,
grafting efficiency, grafting yield were defined and cdl -
culated asfollows.

GE(%) =Wt of graft polymer/

Wt of graft polymer + Wt of homopolymer x100 D

GY (%) =Wg-Wi/ Wi x100 @)
GP(%) =Wpa/Wax 100 ©)
Where Wi =Wt of ungrafted polymer, Wpaor Wg =
Wi of graft polymer, Wa- Weight of monomer.

CHARACTERIZATION

FT-IR analysis

Thefour stages of sisal fiber and graft copolymer
wererecorded by Fourier transforminfra-red spectro-
photometer (FT-IR) using KBr pelleted sampleswith
Perkin Elmer 200 FTIR Spectrophotmeter.

Differential scanning calorimetry

DSC thermogramsof processed sisdl fiber and graft
copolymer weremeasured usingaDSC Q200V24.4
buildinstrument. Thetemperaturerangewasvaried from
30°C to 350°C with the heating rate of 10°C/min.

Thermal gravimetricanalysis

The samples prepared under different conditions
weretested ina TGA Q500 V20.10 Build 36 instru-
ment. Thetemperaturerangewasvaried fromroomtem-
peratureto 850°C with the heating rate of 10°C/min.

X-ray diffraction

The X-ray diffraction patternsweretested by an
X-ray scattering SHIMADUZ XD-DI Diffractometer
using Ni filter Cu Ka radiation source (A=0.154nm),
Set at scan rate = 10°/min, using avoltage of 40kV and
acurrent of 30 mA.

RESULTSAND DISCUSSION

Effect of initiator and monomer concentr ation

Figure 1 and Figure 2 showsthe effect of cericam-
monium nitrate concentration and acrylic acid concentra:
tion on thegrafting parametersof cellulose-g-acrylic
acid respectively. From the Figure 1, itis evident that
when thetota volume, reaction temperature, timeand
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Figure?2: Effect of acrylic acid concentration.

pH arekept constant, by varying the CAN concentra
tions, thegrafting parametersinitialy increasessgnifi-
cantly reaching amaximum value, and then decrease
dightly™,

Inagrafting point of view, theinitid incressingtrend
may bedueto thefact that in acertain CAN concen-
tration rangethe CAN attacksthe characteristic group
(OH) of cdlulose backbonedirectly, and creastesagreat
ded of grafting sites, which will initiatethe grafting9.
But when the CAN concentration exceeds a certain
value, increased freeradical concentration resultsin
serioushomopolymerization. Inadditiontothis, an ex-
cessof CAN will acceleratethe oxidation of radicals
by CAN and the propagating chainwill beterminated.
Thesewill lead to the decreasein the grafting param-
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eterd. Thedeclineof grafting parametersmay also
be dueto the enhanced chance of thetransfer reaction
tomonomer. Alsoasimilar typeof resultswasobserved
by changing themonomer (AA) concentration. At first
it showsanincreasewithincreaseinacrylic acid con-
centration but thereafter decreases. Theinitial increase
in grafting may be dueto the reason that most of the
monomer isutilized by theavailablefreeradical. But
the grafting rate does not exceed beyond the optimum
monomer concentration. Thismay be dueto thefor-
mation of more homopolymersascompared to the graft
copolymer at higher monomer concentration. More-
over, dueto homopol ymerisation, viscosity of thereac-
tion medium increaseswhich creates hindrancein the
movement of the free radicals towards active sites,
thereby resultinginlessgraft yie d8.,

FT-IR spectral analysis

Figure 3(a-€) shows the FT-IR spectra of four
stages of fibersand graft copolymer. TheR spectraof
the steam expl oded fibers (Figure 3(a)) showsapromi-
nent peak at 3445.81 cmr® corresponding to OH
dretching. A peak at 2923.91 cm* correspondsto CH,
stretching!*¥. The peak obtained at 1628.20cm-1 was
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due to C = O stretching. The peaks at 1168.18 cnr
11110.98 cmr* and 1058.61 cn? correspondsto C-O
stretching, C-H in plane bending and C-O-C stretch-
ing respectively. A smilar type of resultswas observed
in stage-2, stage-3 and stage-4(Figure 3(b-d)). On
comparing the FTIR spectrd resultsof steam exploded
fiberswiththe other stagesit wasfound that theareaof
the peak at 1628.45 cnr! was found to increase suc-
cessvely. Theincreasein pesk intensity at 1628.45 cmr
tin sisal fiber is due to the bonded acetyl group'®!.
From the successive increase in the area of peak, it
was concluded that the cellul ose content has beenin-
creased in mechanical treatment of processed fibers
(stage-4) withtheremovad of lignin; hemicellulosesetc,,
Thegrafted co polymersthus prepared were charac-
terized by FTIR spectral studies. The FTIR spectraof
graft copolymer (Figure3(e)) (cdlulose-g-acrylic acid)
showed the peaks corresponding to the groups present
inthefour stagesof fiber and acrylic acid monomer.
These additiona peaks confirm that the grafting had
taken placeeffectively.

Thermogravimetricanalysis
The TGA thermal behavior of (a) steam exploded
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Figure3(a) : FT-IR spectraof steam exploded fiber s(stage-1).
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Figure3(b) : FT-IR spectra of steam exploded bleached fiber s(stage-2).
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3428.14

292361
1627.14
116038
1110.62
1069.25
861.22
77185
T
667.58
47593

1382.73

3500

3000 2500 2000 1500 1000 500
Wavenumbers (cm-1)

Figure3(e): FT-IR spectra of graft copolymer.

e, [\l@Cromolecules

A Jndian Journal



34 Synthesis and characterization of graft copolymerized acrylic acid MMAIJ, 9(1) 2013

Full Peper —==

100 1.0
- A -
S B.521% ‘ﬂL
. ] b
200C ™~ \

- | £1.03% Los §
= =
= (=]
o o
z
- | _:2.

40 ‘\ ~0.4 t

M ]
e T
1‘“"‘-;
104 -0.2
04— e ———L00
30 a0 150 M0 270 330 390 450 510 50 630 G40 7an £10
Temperature ("‘C} Uniwers al W45A TA Instrume
10
1004 I"'“"--- A
—_H_'_'_—‘—-—-—-__H_\\\\
\ 0.8
BD \
74.19%
60 0.6
E
@
=
40 + - 0.4
i
20 e
0 | X P O T T T T T T 0.0

30 90 150 20 270 330 390 450 510 570 630 690 750 810
TE:’T‘IpEratL]I'E {“C:] Uniwersal w354 TA last
Figure4(a) : TGA of steam exploded fibers(a) Sage-1; (b) Sage-2.

Macromolecules
;4¢7Wnﬂamm€




MMAIJ, 9(1) 2013 PN.Sudha et al. 35
= Fyll Poper
100 ——fem— —————-.\ 20
a4 \\\
80| \
l“. L 1.5
70 \'.
60 - /\ #059% E
2 504 \ L10 &
= i
a0 \ 2
=
| fa)
30| i
L 0.5
20 R
i \\\\_\x 7A71%
114 s ) 957T%
| 3 3500
T | S Pt T Bt e et i e P ) et e e e e | T 0.0
3@ 90 150 240 270 330 330 45D K10 570 630 €S0 750 €10
Temparature (°C) Universal V.54 TA Instruments
| A | 1.49
' —_ ]
95 - "‘x\\
85 -
JE |
65 0.9
= g 8334%
Eﬁ 1
=
| 0.49
—_— |
; ; : ; = =1 _0.0v

330

T T
390 450

T
510
Temperaturs [°C)

T
570

T
810
Uriversal V454 TA Inst

T T
630 6490 750

Figure4(c) : TGA of steam exploded bleached fiber s(a) in acidic medium (stage-3); (d) in mechanical treatment (stage-4).

——r—, \@Cromolecules

A Tudian Yowrnal



36 Synthesis and characterization of graft copolymerized acrylic acid

MMAIJ, 9(1) 2013

Full Peper ==

= T

~—— | 5465%

——
330

80
Temperature (°C)

e — il 5,
750 810

Universal V4.5A TA Inst

——T
450 510

Figure4(e) : TGA of graft copolymer.

fibers(stage—1), (b) steam exploded bleached fibers
(stage—2), (c) steam exploded fibers in acidic medium
(stage-3), (d) mechanical treatment of the processed
fibers(stage-4), (€) graft copolymer (cdlulose-g-Acrylic
acid) wererepresented intheFigure4. Thefour stages
of fibersshowsthree decomposition stageswith thema-
jor weight loss of 88% takes placeintherangeof 240°
—420° C at Tmax =400°C derived from derivatogram,
whereasgraft copolymer (Figure4(e) showstwo stages
of decompositionwith mgor weight lossof 35.25%in
the range of 200° - 390° C at Tmax = 350° C. The
Tmax of chitosan have appeared to bearound 400° C
inthepureformand at 350° C in the grafted form. The
differencein degradation temperature confirmsthat upon
grafting of AA onto cellulose somechemica changesin
the structure of chitosan takesplace?®. The TGA ther-
mogram of steam exploded fibers (Figure4-a) shows
that around 94.83% of the samplehad disintegrated at
theend of theexperiment leaving behind 5.169 % of the
sampleasaresdue. Thesmdl amount of resduesinthe
fibersafter chemo-mechanicd treatment may bethere-
sult of removad of non cellulosic materialsduring these

Macromolecules

treatments?. The TGA thermogram of the graft co-
polymer (cdlulose-g-Acrylicacid) showsthat themaxi-
mum weight |oss occurs at the temperature range of
200°C to 350°C. Around 67.822% of the sample was
disintegrated in 850°C leaving behind 32.178 % of the
sampleasaresidue. On comparing Figure (4 €) with
Figure (4 ), it was concluded that the graft copolymer
wasfound to bethermally more stable. Thiswas con-
firmed fromtheamount of graft copolymer remained as
residue at the end of the experiment, and the various
decomposition temperatures.

Differential scanningcalorimetry

Figure5 representsthe DSC curve of (8) steam ex-
ploded fibers(stage—1), (b) steam exploded bleached
fibers(stage-2), (c) steam exploded fibersinacidic me-
dium (stage-3), (d) mechanical treatment (stage-4) of
the processed fibers, (€) graft copolymer (cellulose-g-
Acrylicacid) respectively. Broad endothermic pesksare
observed a varioustemperaturesindicating thecrystal -
lization of processed Ssd fiber and graft copolymer. The
DSC curveof steam exploded fibers(Figure5-a) shows

Au Tudian Yourual
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that the glasstransition temperature was observed at
170°C. Two sharp and broad endothermic peaks are
obtained at 82.77°C, 240°C showing the recrystallizaion
process of steam exploded fiber at different tempera-
tures. Theglasstransition temperaturewasfound to be
180°C in the case of graft copolymer prepared using
theextracted odlluloseand acrylicacid monomer. A broad
endothermic peak was observed at 76.05°C. On com-
paring the DSC curve of graft copolymer (Figure5(€))
(cdlulose-g-Acrylic acid) with team exploded fibersit
was observed that the glasstrangition temperaturewas
shifted to ahigher valuefor thegraft copolymer. From
theaboveresultsit was concluded that the addition of
themonomer to extracted celluloseincreasesthe ther-
mal sability. Thehigher the Tgthebetter will bethelong
termthermd stability of amaterid.

XRD diffraction studies

TheXRD spectraof (a)steam exploded fibers(sage
—1),(b) steam exploded bleached fibers (stage —2), (¢)
steam exploded fibersin acidic medium (stage-3), (d)

mechanically treated processed fibers (dage-4), () graft
copolymer (cdlulose-g-Acrylicacid) wasshowninthe
Figure 6. The XRD of steam exploded fibers shows
threedistinct sharp pesksat 15°, 22°, 40° which indi-
caesthreecrysdlineformsare present infiber. Wheniit
issubjected to further treatments such asbleaching, fi-
ber inacidic medium and mechanicd trestment only two
crystalineformswere observed at around 16° and 23°.
Thisindicatesthat the bleached fiber, acid trested fiber
and mechanicaly trested fiber aremoreamorphousthan
raw fiber. Alkali trestment isreported to reducethepro-
portion of crystallinematerid presentinplant fibres, as
observed by several researchers?*24, The XRD of the
grafted cellulosewith acrylic acid showstwo sharp dis-
tinct peaksat around 21°, 42° indicating that two crys-
tallineformsare obtained on grafted copolymers. The
appearance of peak again around 20°, 40° indicates
that the processed fiber (cellulose) undergoes grafting
with themonomer acrylic acid. Inthe XRD spectrum of
graft copolymer, it’s observed that diffraction intensity
of the broad peak at around 42° was obviously weak-
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ened indicating that the crysta linity of the chitosan de-
creased after modification.

CONCLUSION

Graft copolymerizationisoneof themost atractive
techniquewhichisusedtowidenitsapplications. More-
over, graft copolymerization isused to attach various
functiona groupsand to control hydrophobic, cationic
and anionic propertiesof grafted chitosan. The effect
of monomer and initiator on grafting parameters has
been reported. With increasing the concentration of the
monomer aswd | astheinitiator thegraft yield decreases
dueto theformation of homol polymer formation. The
evidenceof grafting hasbeen ascertained fromthe FTIR
spectra. Thechangesin crystalline natureand thein-
creased thermd stability of the extracted cellulosedue
to polymerization were confirmed using X-ray diffrac-
tion patternsand TGA and DSC results respectively.
Thistype of work could encourage the synthesisof new
grafted polymers, wheresomefunctionality isrequired,

for specific purposes.
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