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ABSTRACT

The graft copolymerization of acrylic acid(AA) onto commercial acrylic
fibers(PAN) has been studied using azobis(isobutyro)nitrile(AIBN) as an
initiator. AA grafting initiated by radicalsformed from thermal decomposi-
tionof AIBN. Inthisstudy, the effects of monomer and initiator concentra-
tion, time and temperature reaction on the grafting yield have been inves-
tigated. The optimum conditions for this grafting reaction were obtained
with an AA concentration of 1.67M, an AIBN concentration of 0.0097M, a
reaction temperature of T=85°C and with reaction time of 60 minutes. The
fiber structure has been investigated by different experimental techniques
of characterization such as Fourier transform infrared spectroscopy(FT-
IR), calorimetric analysis(DSC), thermogravimetric analysis(TGA), scan-
ning electron microscopy(SEM) and aso in this study has been investi-
gated the physical and mechanical properties. The thermal analysis data
showed that increasing in grafting yield, decreases the thermal stability of
fiber. Grafting al so affected dightly the fiber morphology. The experimen-
tal data of mechanical properties show clearly that by increasing of graft-
ing yield, max extensionwill decreased.
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INTRODUCTION

Themodification of polymershasreceived much
attention in recent years. Among all the methods of
modifications, graftingisoneof thepromising methods.
In principle, graft copolymerization is an attractive
method to impart avariety of functional groupsto a
polymert, Grafting reaction invol ves the copolymer-
ization of monomer onto the polymer backbone. The
formation of copolymersof various synthetic and natu-
ra polymersviagraft copolymerization hasbeen ex-

tensively studiedi>*4. Among synthetic fibers, acrylic
fibers seem to beimportant fibers because of their po-
tential goplicationsinmany industries®. Acrylicfibers
are synthetic fibersmadefrom apolymer withaweight
average molecular weight of ~100000. To be called
acrylic, the polymer must contain at least 85%
acrylonitrile(AA) monomer. Typica comonomersare
vinyl acetateor methyl acrylate. Thepolymer isformed
by freeradica polymerization. End usesof acrylicfi-
bersinclude swesaters, hand-knitting yarns, rugs, aw-
ning, boat coversand asaprecursor for carbon fiber. It
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dyesvery well and hasexcellent colorfastness. Itisre-
silient, retains its shape and resists shrinkage and
wrinkles. Acrylicisresistant to moths, oils, chemicals
and isvery resistant to deterioration from sunlight ex-
posure. Grafting of PAN fibersregardingto itsinten-
sveeffectsonfiber propertiessuch astherma stability,
swelling characteristics, physica and mechanical be-
havior, hasbeen consdered asone of the most impor-
tant techniquesfor PAN fiber modification. Vinyl mono-
mers such as acrylic acid, methacrylic acid and
acrylamide can be grafted onto PAN fibers by chemi-
cd or radiation initiation. Chemica methodsaremore
advantageous, regarding to lower deteriorationinthe
main polymer chains. Thisresearch reportsthegrafting
of acrylic acid(AA) onto PAN fibers by the use of
azobis(isobutyro)nitrile(AIBN).Inthisresearch, theef-
fectsof variousexperimenta conditionsongrafting, such
asinitiator and monomer concentrations, polymeriza-
tion timeand polymerization temperaturewere system-
aicdly studied. Inaddition, grafted acrylicfiberswere
characterized for thermal and morphological proper-
ties.

Inthisresearch could be conserved gpproximately
thethermal transition of acrylic fiber showed in DSC
thermograms up to 10 % of grafting yield but decom-
position temperature of acrylic fibersdecreased.

Grafting reaction was carried out by dight changes
inmorphologica surface of fiberscompared with other
researchesinthisfiel d®21,

MATERIALAND METHODS

Reagents, solutions

TheAA usedinthiswork weresupplied by Merck
Co.(Germany). PAN fibers(3.3 dTex) wereobtained
from Polyacryl Co. (Iran), and AIBN was obtained from
Merck Chemicd Co. (Germany). Acetone, methanal,
dichloromethanewereall of anaytical gradeand aso
supplied by Merck Chemical Co.

EXPERIMENTAL
Theexperimentswerecarried out usng multifila-

ment PAN fibers. The sampleswere prepared assmall
hank(2+0.01gr)soxhlet-extracted for 3h with dichloro
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methane, and dried at ambient temperature.

AIBN wasrecrydtdlized fromtheethanol anddried
invacuum.AcrylicAdd (AA) wasvacuum-distilled over
acolumn filled with copper wiresat 30°C8.AA freshly
digtilled throughout the study, waskept inthedark. The
effectsof variousexperimenta conditionssuchasini-
tiator and monomer concentrations, temperature and
timeonthegrafting yield wereinvestigated. A PAN fi-
ber samplewas placed ina100ml polymerizationtube
containing the required concentrations of monomer and
initiator in 5ml acetone. Thevolumeof thepolymeriza
tion mixturewasincreased to 50ml with distilled water
andthenthemixturewasimmediady placedintoawater
bath at the polymerization temperature. After thede-
sired polymerizationtime, thefiber ssmplewastaken
out of thetube and washed with warm distilled water
and then washed with acetone and methanol mixture
for 3h. Findly, the samplewasdried until it maintained
aconstant weight("89, Percent graft yield was calcu-
lated fromtheincreaseintheweight of theorigind PAN
after grefting:

Graft yield (%) = [(W2-W1)] / W1x100 1)
Where W1 and W2 denote the weights of the original and
grafted PAN, respectively.

Fiber characterization
FT-IR

To evauatethe chemica changesof fiber structure
modified by grafting treatments, Fourier transforminfra
red technique(FT-IR) using aNicolet Nexus 670 spec-
trometer was employed. The spectraof PAN surfaces
before and after grafting from 500 to 4000 cnrt were
recorded.

Thermal analysis

The caorimetric measurementsweremadewitha
DSC 2010 TA differential scanning caorimeter inadry
nitrogen atmosphere, and the decompositiontempera:
turevalueswere a so by thermogravimetric analysis
(TGA) weredsoinvestigated.

Physical and mechanical properties

Thephysical and mechanical propertieswerein-
vestigated and measured by tensiletester. Thedistance
of jawswas 20cm and the speed of increasing of jaws
length was20 mm/min.
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The surface morphology of ungrafted and grafted
fiberswasinvestigated by scanning electron micros-
copy. Detailed images of PAN fibers surfaces were
obtained usng SEM (PhilipsXL30). The SEM samples
were gold-sputtered before observations.

RESULTSAND DISCUSSION

Effect of AA concentration

Theeffect of acrylic acid concentration on grafting
yiddispresentedinfigure 1. Theexperimental results
show that thegrafting yid dincreaseswhentheAA con-
centrationisincreased upto 1.67M and then decreases.
Infact, increasing AA concentrationincreasesthenum-
ber of short chainsand thusfavorsthediffusion of the
polymer into thefiber. However, it can be noticed that
the grafting yield does not exceed 32%.Thisis prob-
ably dueto the saturation of radical sitespresent onthe
fibersby chainsgrowing progressively. Beyondthevadue
of 1.67M, adecreaseinthegraftingyieldisobserved.
Thismay bedueto high homopolymer formation (ter-
mination by recombination or dismutation) inthereac-
tion. Aboveresultswerein good agreement with other
reportg10.14,

Effect of AIBN concentration

Theeffect of azobis(isobutyro)nitrileconcentration
ongraftingyield wasstudied at different AIBN con-
centrations. Theseresultsareshowninfigure?2. Itis
seen that increasing the AIBN concentration up to
0.0097M leadsto asgnificant enhancement in grafting
yidd, reaching 34.43%.Further increasesinAIBN con-
centration decreasesgrafting yield. From grafting point
of view, theincrease of AIBN concentration actssimi-
larly AA concentration. We proposethesimilar expla:
nation mentioned previously. Similar resultswerere-
ported for grafting acrylic acid/methyl methacrylateon
polyethyleneterephthalate(PET) fibersand grafting
acrylic acid on poly(ethyl eneterephthal ate) 23,

At higher AIBN concentration, an abundance of
freeradicalsisexpected. Asaresult, participation of
thefreeradicalsin atermination processwith growing
polymer chainsand PAN macroradicals, would befa-
vored over grafting, thusdecreasingit.
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Figurel:Variation of thegraftingyield vs. AA concentr a-
tion. [AIBN]=0.0061M , temper atur e 85°C, time 60min
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Figure2: Variation of thegraftingyield vs. AIBN concen-
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Figure3: Variation of thegraftingyield vs. temperature
reaction.[AA]=1.67M, [AIBN]=0.0061M, time60min

Effect of reaction temperature

Theeffect of temperatureon thegraftingyieddwas
studied and represented infigure 3.

Grafting yieldisaffected by temperature. Infact,
anincreaseupto 85°C increases the grafting yield. This
can berdated to theincrease of theinitiation and propa
gationratesof graft copolymerization, theswellability
of PAN fibers, and themobility of thereactive species.
But beyond 85°C, the grafting yield decreases. Prob-
ably thisisbecauseat higher temperatures, higher com-
bination rates of monomer are obtained increasing
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4D creased grafting yield. Similar observationsfor grafting

= 35 methacrylic acid onto PET using benzoyl peroxide
2 (BPO) asinitiator have been reported™.

g ] Effect of reaction time

G 25 Grafting yieldincreaseswith anincreasein reaction

i . . time. Thegraft copolymerizationyieldincreasestoa

10 9 70 mimg® 10 maximum va ueafter 60min of reactiontime(seefigure

4). Similar observationswerereported such asgrafting

Figure4:Variation of thegraftingyield vs. timereaction. . . .
[AA]=1.67M, [AIBN]=0.0061M, temper atur e85°C acryl_l caci d/rr_lethyl methacrylate on PET fi b_ers and
grafting acrylic monomers such as acrylamide and
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Figure6: Infrared spectrum of grafted PAN fibers
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Figure7: DSC ther mogram of ungrafted PAN fibers
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Figure9: TGA thermogram of ungrafted PAN fibers

glycidyl methacrylate on polyamidefibersusing other
initiatorg11516.17,

FT-IR spectroscopy

ThelR spectraof PAN fibersbeforeand after graft-
ing areshowninfigure5 andfigure 6. Theseresults
reved clearly the grafting reaction with the gppearance

TGA
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) TerT:.[:)er at: re(°(‘:5
Figure10: TGA thermogram of grafted PAN fibers(10.63
% graftingyield)

TGA
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Figure1l: TGA thermogram of grafted PAN fibers(17.46
% graftingyield)

of anew bond, located at ~1709cm?, characteristic of
the carboxylic acid (-COOH) group of AAS,

Moreover, spectroscopy of grafted fibersindicates
also anincrease of the peak intensity of the carbonyl
group asafunction of thegraftingyield.

Differential scanningcalorimeter (DSC) analysis

Scanning was carried out from 25°C to 300°C un-
der nitrogen atmosphere at ahesating rate of 10°C/min.
The DSC thermograms of ungrafted and grafted
fiber(are presented infigure 7 and figure 8) showed a
littlechangesinthermal transitions. Butitisclear that
theinterpretation of DSC thermogramsof acrylicfibers
isvery complicated because of including other comono-
merssuchvinyl acetate with unknown massfractionin
structureof commercid acrylicfibers.

TGA analysisresults

Thethermal behavior of ungrafted fiber and poly
AA-grafted fiber wasexamined by TGA analysisun-
der nitrogen atmosphereat aheating rate of 10°Cmin™.,
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Figure12: SEM photograph of ungrafted PAN fibers

Figurel13: SEM photograph of grafted PAN fibers(17.46%
graftingyield)

TABLE 1: Mechanical and physical test resultsof ungrafted
and grafted PAN fibers

M ax
extension(%)
Ungrafted fibers 24.89
Grafted fibers (10.63 % grafting yield ) 20.12
Grafted fibers (17.46 % grafting yield ) 18.17

Fgure9, figurelOandfigurellillusratetheexperimenta
TGA curvesbeforeand after grafting reaction.

By increasing thedegree of graft copolymerization,
the thermal stability decreased. Thermograms of
ungrafted and grafted fibersindicatethat thermal de-
composition temperatures of thefibers decrease after
grafting treatment. Similar results have been obtained
by grafting of acrylic acid/methyl methacrylate mixture
onto PET fiberg'219,

Mechanical and physical propertiesresults

The experimental results obtained by the series of
mechanical and physical tests made on the ungrafted
and grafted PAN fibersare presented inTABLE 1. By
increasing of thegrafting yield decreaseinthemax ex-
tension was noticed. Probably thisis because of the
decreasein nitrilegroup content and changesresulted
inmolecular structure of ungrafted fibersthrough radi-
ca copolymerization.
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Surfacemor phology of theungrafted and grafted
fibers

The effect of AA grafting upon the surface mor-
phology of fiber wasinvestigated by SEM. The SEM
photographsof pure (ungrafted) fiber and 17.46 % poly
AA-grafted fiber at amagnification of 1500 are shown
infigurel2 and figurel3. Asitisclear, it hasbeen oc-
curred somelittlechangesin the morphol ogy of thefi-
ber but photographs demonstrated that the surface of
17.46% poly AA-grafted acrylic fiber was as smooth
and homogeneous as that of pure fiber. This can be
related to lower grafting yidd dueto thechemicdly and
physically bonded poly AA on thefiber!®,

CONCLUSION

Inthisstudy, thegrafting of acrylicacid (AA) mono-
mer onto PAN fiber was performed by free-radica po-
lymerization usngAIBN asaninitiator. Themaximum
graftingyid dwas 34.43%. Theoptimum conditionswere
1.67M acrylic acid concentration, 85°C temperature
and 60 min reaction time. The chemical changes of
modified PAN fiberswereexamined by FT- IR. DSC
measurements showed and a'so TGA measurement
showed the decreasein thermal stability. In terms of
mechanical properties, experimentd resultshaveshown
decreaseinfina extensonwithanincreaseof grafting
yield. Grafting aso affected dightly thefiber morphol-
ogy. Thisisassumed to establish strong interactions
between acrylic fiber and polymer by meansof physi-
ca and chemicd bonds, but by 17.46% of graftingyied
little changesin fibers surface can be observed.
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