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ABSTRACT

This study is concerned with the investigation of the adsorption proper-
tiesof acrylic acid grafted poly(ethylene terephthal ate) fibers by the use of
Fe(111) ionsin aqueous solutions. | nfluence of pH, graft yield, contact time,
concentration of the ion, and reaction temperature on the amount of ion
adsorbed upon reactive fiber were investigated. The time in which the
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adsorption reached to the equilibrium value was determined as 1h. It was
observed that the adsorbed Fe(l11) ion upon acrylic acid grafted
poly(ethylene terephthal ate) fibers could be recoveredinacidic media. The
fiber could also readsorb Fe(l11) ions without losing its activity.
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INTRODUCTION

Municipal wastewaters such as sewer and indus-
trid drainage contain toxic heavy metas. Theremoval
of heavy metalsfrom these waters hasbeen ahighly
important issuein recent years. Active carbon, metal
oxides, peanut skins, wool, and cottoni>! have been
used as adsorbentsfor adsorption of heavy metal ions.
Reactive polymersare another group of materiad sthat
areused inthe selective extraction of meta sfrom aque-
ous solutiong® ¥, In particul ar; thefibrousreactive ma-
terialshaveavery high adsorption capacity dueto their
very largesurfacearea. That iswhy thesemateridsare
asowiddy utilized in enzymeimmobilization®% and
removal of various gases'*4, Thereare mainly two
waysto preparereactive fibers-namely, the exchange
of the existing groups on the fiber with other reactive
groups having higher adsorption ability**>!5! and graft-

ing of variousvinyl monomersupon thefiber by graft
copolymerization*¢-18. Polypropylenefibers grafted
withacrylicacidi®.

And poly (ethyleneterephthaate) fibersgrafted with
methacrylic acid® are examplesof such applications.
Graftingimprovesthe adsorption capacity of fiber sg-
nificantly by forming many reactive groups upon the
polymer chains.

Thisstudy isconcerned with theremova of Fe(l11)
ionsfrom the aqueous sol utions by the use of acrylic
acid grafted poly (ethyleneterephthal ate) fibers.

EXPERIMENTAL

Thepoly (ethyleneterephthdate) (PET) fibersused
(28filaments) were supplied from SASA Co.(Adana,
Turkey). Thefiber samples, prepared assmall bundles
(0.15-0.01g), were extracted with acetonein Soxhl et
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devicefor hand driedinair. Benzoyl peroxideBz,0,)
wasrecrygtdlized fromamethanol/chloroform mixture
twiceanddriedinvacuum. Acrylicacid (AA) wasdis-
tilled at 30°C using acolumn filled with copper wires.
The fixed pH solutions were prepared by the use of
0.1IM KCI-HCl, 0.1M CH,COOH- CH,COONga,
and 0.1 M KH ,PO4-K PO4 buffer solutions.

Graft copolymerization

Graft copolymerization experimentswere carried
out in 100mL Pyrex tubes. Appropriate amounts of
Bz,0, solutionin 5 mL acetone and monomer were
added to the polymeri zation tube contai ning the fiber
sample, and they were made up to 50mL with deion-
ized water. The mixturewas placed in athermostated
water bath adjusted to the grafting temperature. The
fiber samplesremoved from the system after the poly-
merization processwere washed in boiling water for
4h, changing thewash water at |east threetimes. The
sampleswerefindly extracted in Soxhlet with methanol
for 8hand dried. Thegraft yield was ca culated gravi-
metrically from the difference between thewei ght of
thegrafted and ungrafted fibers.

Adsor ption procedure

A volumeof a30mL Fe(l11) ion solution at an ap-
propriate concentration at fixed pH was added onto
AA grafted PET fiber ina100mL Erlenmayer. Themix-
turewasgtirred throughout the experiment at 25°C. The
solution wasfiltered and the Fe(l11) ion concentration
of thefiltrateswas measured by the atomic absorption
spectroscopy. The adsorption capacities of the AA
grafted PET fiberswere cal culated by the use of fol -
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lowing expresson:
q=(C,-C)V/m

Here, qistheamount of adsorbed Fe(l11) ion onto
unit mass of theAA grafted PET fiber(mmol g?). The
C, and C, arethe amount of Fe(lll) ionintheinitial
solution and the agqueous phase after the adsorption
procedure(mmol L), respectively. V isthetotal vol-
ume of the agueous phase, and mistheweight of the
AA grafted PET fiber. TheFe(l11) ion adsorbed upon
AA grafted PET fiber wasrecovered by treating with
30mL 1M HNQO3for 1h, then andyzed by the method
mentioned above.

RESULTSAND DISCUSSION

Theé ectron spinresonance(ESR) studiescarried
out on PET revealed that there formed two types of
radical (seel, Il structure), whose structuresaregiven
below!?223 : (radicals 11l and IV have been produced
fromradica | and | after reaction with acrylic acid).

Theseradical stescan be created either by thedi-
rect interaction of theinitiator withthefibersor by the
transfer reaction betweentheactivehomopol yAA chans
and PET fiberg?+2¢1, AA molecules are added to the
activesitesinsuccessontoformAA grafted PET mol-
eculesasfollows: Typell PET radicalsare knownto
be predominant?. Therefore the AA grafted PET
samplesused may besaid to bemainly of structurelV.
It has been known that the metal ion adsorption of re-
activefiberswaschanged with thepH of solution*”:2-2,
Tofind theoptimum pH vaue, fiber sampleshavingthe
highest graft yield(13.2%) were subjected to the ad-
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Figurel: Thechangeof theadsor ption amount of Fe(l11)
ion adsorbed upon AA grafted PET fibers with pH
(Graft yield, % 13.2; Fe(l11) ion concentration, 0.25mmol L-;
contact time, 3h; temperature, 25°C)
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Figure2: Thechange of amount of Fe(l11) ion adsor bed

upon PET fibers, grafted with different amountsof AA,

with time(Graft yields: 13.2%; 8.8%; 3.6%; 0.0% PET. Tem-
perature: 25°C; pH, 5)
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Figure3: Theeffect of Fe(l11) ion concentration on the

amount of Fe(l11) ion adsorbed upon AA grafted PET fibers
Graft yield, 13.2%; pH, 5; contact time, 3 h; temperature,
25°C

sorption experimentsintheFe(l11) ion solutionsat vari-
ouspH values(Figure1). It was observed that thein-
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TABLE 1: TheChangeof Fe(l11) lon Adsor ption upon AA
Grafted PET Fiberswith temperatureGraft yield, 13.2%; Fe
(111 ion concentration, 2.5mmol L%; pH, 5; contact time, 3h

Temperature (°C) q (mmol g}
20 1132
40 1.107
60 1.080

crease of thepH of agueous Fe(l11) ion solutionfrom 4
to 6 caused asignificant increasein theamount of ad-
sorption and reached themaximum vaueat apH vaue
of 5. Theexperimentswerecarried out a pH 5, where
the highest adsorption was obtained.

Atlow pH vaues, the high hydrogenion concen-
tration at theinterfacerepd positively charged themeta
ionse ectrostatically and preventstheir gpproach to the
fiber surface. Therefore, thelower adsorption values
wereobserved at lower pH values, asseeninfigure 1
(29 the effect of theamount of AA grafting and contact
time on the adsorption of the Fe(l11) ion wasinvesti-
gated at 25°C, keeping all other conditions constant.
Theresultsare plotted in figure 2. As seen from the
figure, the Fe(l11) ion adsorption of AA grafted PET
fibersishigher than that of pure PET fiber. Whilethe
equilibrium concentration of the pure PET fiber was
0.025mmol g, thisvalueincreased up to 0.118mmol
gtfor 13.2% AA grafted PET fiber. This showsthat
AA grafting convertsthe PET fiber intoahighly effec-
tivefibrousreactive material that can be used for the
adsorption of Fe(ll) ions compared with pure PET
fiber. The Fe(111) ion adsorption of thefiber showsa
rapidincreasewith theamount of AA grafting at first,
then dowsdown and reachesan equilibriumvaue. The
timefor reaching the adsorption equilibriumisapproxi-
mately 1hfor each grafting value. It was observed that
theequilibrium adsorption valuewas0.118mmol gtin
13.2%AA grafted fibers. Theincreasein adsorption
amount with the graft yield may be attributed to the
increaseinthe carboxyl groupsinsertedin fiber struc-
ture by graft copolymerization. The carboxylic acid
groupsinAA grafted PET fibersareresponsiblefor the
interaction between the fiber and the metal ion. The
electrons of carboxyl are strongly pulled toward the
oxygen atoms, and the carboxy! carbon becomes poor
inelectrons. Fe(l11) ionsact ase ectron acceptorsand
are coordinated to the electron-rich oxygen atoms of
the carboxyl groups.
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Fromfigure3, byincreasingin Fe(l11) ion concen-
tration increased the adsorption amount.

TABLE 1revealstheeffect of temperatureon the
adsorption of Fe(111) ionsupon AA grafted PET fibers.
Thetable showsthat when aFe(l11) ion concentration
of 0.4mmol L or higher isemployed the amount of
Fe(111) ion adsorbed uponthereective PET fiber at20°C
ishigher than that of 60°C. Thisprovesthat the com-
plex formed with Fe(111) ionsand the carboxyl groups
upon the fiber at lower temperatures is much more
stable.

CONCLUSION

Our resultsshow that AA grafted PET fibershavemuch
higher Fe (111) ion adsorption capacity than pure PET
fibers. It was al so seen that the adsorption capacity
increased with thegrafting yield. Thetimeto reach the
adsorption equilibrium wasfound to be approximately
1 h and independent of graft yield. It wasalso found
that AA grafted PET fibers can be used as an active
adsorbent for Fe(111) ionswithout losing their activity.
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