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ABSTRACT

In the present study, graft copolymerization of methyl methacrylate (MMA), acrylic acid (AA) mixture onto
poly(ethylene terephthalate) (PET) fibers was carried out in the presence of benzoyl peroxide( Bz,0,) as an initiator
.The modified PET fibers was used for the removal of an acidic dye( EAR), from aqueous solutions via batch
technique .The factors controlling the adsorption process were also investigated. The fibers was characterized by
scanning electron microscopy (SEM) , specific surface area (BET) , cation exchange capacity (CEC) and point of
zero charge ( pH o). The best results for removal of dye were recorded (pH=4.0, t=30 min, adsorbate
concentration=170 mg / L, adsorbent dose=0.2g).The adsorption data were fitted by Harkins-Jura isotherm and
Intra-particle diffusion kinetic models, as well. On the other hand, the results of thermodynamic parameters and
activation energy emphasi zed that the process was physi sorption, endothermic and spontaneous.
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INTRODUCTION

The treatment and disposal of dye-contaminated emader is one of the most serious environmentablpros
faced by the textile, dying, printing, ink and telh industries. Dyes are known pollutants that oy affecting
aesthetic merit but also reducing light penetratomd photosynthesis and some are considered toxicesen
carcinogenic for human health.[1]The removal of dfiom wastewater were reported by different meshd¢a-
7]Adsorption is one of the most economical methadréEmoving of dye contaminations. [8,9] Some redears
were reported removal of water pollutants by the ab polymeric fibers. Essentially this is relatedtheir fast
kinetic adsorption, low activation energy and rengyable easily.[10-20]n our previous works, the graft
copolymerization of PET by the mixture of MMA/AA ithe presence of B®, were reported.[21,22] The aim of
this study was the evaluation of useability of MM -grafted-PET fibers for removal of an acidic dgAR) from
agueous solution through batch technique.

MATERIALS AND METHODS
PET fibers (stretch ratio 2, 30 filaments, 110dTegre purchased from Textile Department of Amir Kab

University and Technology (Tehran). They were csitsenall hank (0.1+0.01 g), Soxhlet —extracted forwdth
acetone and dried at60n vacuum oven. MMA and AA were provided by BDH.@f England and were used
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after purification. MMA was washed three times ws% NaOH , dried over Cag] and finally distilled in vacuum
at 46°C. AA was vacuum distilled over a columnefillwith copper wires at 30°C. B2 was purified twice from
the ethanol-chloroform (65%vol. ethanol) mixturedagried in vacuum desiccator. The acidic dye (EAR)s
purchased from Institute for Color and TechnololyS(T) (Iran). All of reagents and solvents werehhjirity and
supplied by Merck Chemical Co. and doubly distilleater used in all experiments.

Grafting procedure: Grafting was achieved in 100 mL Pyrex tube. Theyparization tube containing the 0.1g
PET fiber, monomers (AA 30% - MMA 70% = 0.1 mol/L%5 mL doubly distilled water, 5 mL acetone conitag
4.0 x 10° mol / L Bz,0, was added. The mixture was placed into the wattr &t the fixed temperature (363K). To
provide various grafting products, the operatiorsve@acomplished in the range of 20-70 min. The rexho¥
undesirable homopolymers was done by doubly dstiater 24h water at room temperature, and tolaeatone
mixture for 6 and 8h, respectively .Then the fibeese oven dried at 323K for 48h and weighted .plaeent of
grafting was calculated gravimetrically:

G(%) = Wy— Wo/ Wy x100,
Where , W and W are the weights of the grafted and ungrafted Rls, respectively.

Adsorption studies: Adsorption experiments were accomplished using @flthe grafted fibers with 20 mL dye
solution (75mg/Ljn the 250 mL Erlenmeyer flask at the fixed agdatspeed (150 rpm). After desirable time, the
solution was filtered by filter paper (Wattman N@)4and then centrifuged for 10 min at 3000 rpme &malyzing

of dye in solution was fulfilled using a Uv spegihmtometer (Shimadzu 1208) at a maximum adsorb&a8a(n).
The amounts of dye adsorbed (mg/g) onto graftestdilvas calculated using the following equation:

g=(G-C)xV/m,

Where, q is the amount of adsorbed dye on grafteer fmg/g), G and C are the initial and equilibrium dye
concentrations (mg/L), V is the volume of the siolnt(L) and m is the mass of grafted fiber samedi(g).

RESULTS AND DISCUSSION

Characterization of adsorbent: The specific surface area of grafted PET fiber watermined from nitrogen
adsorption isotherm according to BET method usiggi@antochrome Autosorb instrument. It was fountdaequal
to 0.414n¥g. This value is very negligible for investigatioh adsorption process according to surface amed, a
probably adsorption imputed to the reaction betwesactive groups (-COOH, -COOGHwhich attached from
monomers to the PET chains and dye molecules. iCatkehange capacity (CEC) was determined according
copper ethylene diamine complex and saturatingdojusn acetate methods. [23,24] The results of egthods
were the same, and CEC determined (29.5 mg/g 06188q/100g). The point of zero charge {pHof reactive
fibers measured at pH 3 — 9 .As shown in Fig .1 gt of zero charge was determined 6.2.[25] Swrfa
morphology was investigated using JEOL-JEM-100 Ckicroscope. As shown in Fig 2 (a, b, ¢) by adtorpof
dye onto PET fiber, heterogeneity was increasedtamgurface of fiber observed very rough.

Effect of pH: The effect of pH upon adsorption of dye was deteedifrom 2.5 to 10.0. As shown in Fig .5 The
optimum pH for removal of dye was found to be ADhigher values of pH, insoluble dye starts préatpg from
the solution. At low pH values, the hydrogen and dg the sorption sites were competed to each.q2&r

Effect of contact time: The effect of contact time on adsorption was stidiem 10 to 120 min at the fixation
condition of other variables (pH = 4.0, solutioume = 20 mL, T = 298 K, graft percent = 75 %, atieot =0.1
g, adsorbate concentration= 75 mg / L, and shakatg = 150 rpm).. As shown in Fig.6 a rapid adsompt
observed at 10 min and completed at 30 min. Aftes time, the rate of adsorption levelled off. Ti@ximum
removal was 7.80 mg/g and it was reached in 30 [2if].

Effect of adsorbent: With an increase of the reactive fibers from 0@%0 0.20 g, the adsorption amount (q)
increased to 8.6 mg / g. This is related to theease in adsorbent weight whereas the amount oflzate did
not increase significantlyThis is related to the reactive groups (-COOH, -@Mg) which attached to the PET
structure after grafting of AA and MMA. [13,14] F©y
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Effect of adsorbate concentration The effects of different concentrations of dye alsorption were studied in
this phaseFor this aim, different concentrations dye, in the range of 75-200 mg Avere prepared and test:

at pH = 4.0, solution volume = 20L, T = 298 K, graft yield = 75 %, adsorbent =@d, and shaking rate = 150
rpm. The best result was determdrie be 16.5 mg/g for 170 mg/L aqueous solutkig.8

Fig.1. Determination of the point of zero charge

pot Magn  Det WD ———————— 20m
1260Kkv 40 1000x SE 133
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Fig.2. SEM images of (a) ungrafted fibers (b) graéd fibers (75%) (c) grafted PETfibers containing dye at 1000x magnificatior
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Fig3. Calibration Curve of Erionyl Blue Fig 4.The Structure of Erionyl Blue
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Fig.5. Effect of the pH on the adsorption odye onto 0.1g Fig 6. Effect of time on the adsorption apH=4.0
modified PET fibers ( [dye]= 75mg/L, Time =120min, agitation rate = 150 rm, T = 298K, solution volume = 20 mL)
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Fig.7. Effect of adsorbent amount on the adsorptic ~ Fig8. Effect of dyeconcentration on the adsorptiol
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Adsorption kinetics: Three models were investigated in order to exolfie adsorption kinetics of dye onto
adsorbent[ 28-31]: Formula for these models are:

Lagergren's pseudo-first order: Lng(-gq) =Ln g.— K,
Ho's pseudo-second order: t A4 / K, ° + t/ g
Intra-particle diffusion: q = K. t2 + |

Where ¢ and q denote the amounts of metal adsorbed (mg/g) atilmdum and at time t(min). K1/min) and
K2(g/mg.min) are the rate constants of pseudo-firde and pseudo-second-order models, respectival.a
constant value of intra-particle-diffusion equatamd identify the boundary layer thickness betwadsorbate and
adsorbent and Kis the rate constant.In Ho's pseudo-second-oraeleminitial adsorption rate is equal to h =.K
.. Kinetics studies were accomplished at the fixeddition of the other variables (T = 298K, [dye]L60(mg/L),
grafted fibers = 0.1g, pH= 4.0, solution volumeGrAL, shaking rate = 0.0). As shown in Fig. 9-11 dablel.the
best fitness was observed in the pseudo-second arttk Intra-particle diffusion equations. Pursutmtthese
models the correlation coefficients were found &éovery high, and can be used to describe the atitsonprocess.
This fact may be ascribed to a chemical interadbietween adsorbate with the functional groups odifrex! PET.

0.2 y=0.102x + 0.148 ~ 10 y=0.620x + 6.419
5 y =-0.010x +0.231 = 5 R?=0.998 N 9 R?=0.999
' 2_ 1S 0
& 0.1 R?=0.983 51 / E g /
5 0+ . . £ 0 . . 7 74 .
0 20 40 = 0 20 40
> t 1/2 ( min 1/2)
t(min) t(min)

Fig 9. Pseudo - first order kinetics Fig 10. Pseudosecond order kinetics Fig11l. Intra - paitle diffusion kinetics

Table 1.Adsorption kinetic parameters

Pseudo-first-order kinetic model
d(mg/g) | Ki(1/min)
1.260 0.010

Pseudo-secondrdkidetic model
a(mg/g) | Ke(g/mg.min)
9.804 0.070

Intra-particle-diffusion kinetic el
Ka | R?
0.998 0.620 6.419

0.983

990.9

Adsorption isotherm:The adsorption equilibrium data were studied adiogy to five isotherms: Langmuir,
Freundlich, Temkin-Pyozhev, Dubinin — Radushkevarid Harkins-Jura. These equations are given asifsi|

Langmuir isotherm: €g. = CGJ/qm+1/Ka. Gn

Freundlich isothrm : Lnge = Ln{& 1/n LnG

Temkin isotherm: g= a+By Ln C,

Dubinin — Radushkevich isotherm: LagLn g, - 2B.RT.Ln (1+1/¢)
Harkins —Jura isotherm: 4for (B/A) — (1/A log Q)

As shown in Fig 12-16 and Table2.experiments weoomplished at different temperatures (298, 3133281K).
The R values show that Freundlich and Harkins-Jura nwofitsl well with experimental data. These resueniify
that the surfaces of reactive fibers are roughtatdrogeneous and can be efficient on multilaysogation. [32]

10 y=0.075x + 1.715 4 y = 0.400x + 0.636
) R2 =0.986 o R?=0.993
e g8 £ i
E‘y 0 T T T 1 0 T T T 1
° 0 20 40 60 0 2 4 6
Ce(mg/L)
LnC,

Fig 12. Langmuir isotherm ( T= 298 K ) Fig 13 . Freundlich isotherm (T = 298 K)
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Fig 14. Temkin — Pyozhev isotherm (T =298 K) Bi15.D-R isotherm (T=298 K)

Table 2Adsorption isotherm constants

Fig 16. H-J isotherm (¥298 K)

Langmuir constants Ka(L/mg)| dm(mg/g) R?
Dye (298K) 0.043 13.330 0.986
Dye (313K) 0.057 12.980 0.987
Dye ( 328K) 0.069 12.980 1.000

Freundlich constants | Ke(mg/g)| n(L/mg) R?
Dye (298K ) 1.890 2.500 0.993
Dye (313K) 2.400 2.830 0.991
Dye (328K) 2.830 3.120 0.985

D-R constants qm(mg/g)| B(mof/kF) | R?
Dye (298K) 11.380 2.443 0.959
Dye (313K) 11.450 1.896 0.953
Dye ( 328K) 12.060 1.748 0.996

Temkin constants a(mg/g) Bo(L/mg) R?
Dye (298K) -2.897 3.057 0.980
Dye ( 313K) -1.566 2.847 0.977
Dye ( 328K) -0.683 2.723 0.996
Harkins-Jura constants A B R’
Dye (298K) 30.300 2.060 0.998
Dye (313K) 38.460 2.110 0.999
Dye ( 328K) 47.620 2.190 0.948

Thermodynamic studies The following equations were used to calculat thermodynamic parameters for the

adsorption process:

Kd =de/ Ce

AG°= -RT LnKd

AG°=AH’- T AS®

LnKd = - AH’ / RT +AS° / R

In above equations, s the equilibrium constant, T is the temperafiitg R is the gas constamtH® andAS’ are
the change of enthalpy and entropy and by the dfelfan't Hoff plots were determined. Results présdrin Fig.17
and Table.3

1/T.103 2.35 y=-0.329x + 3.339
2 _
0 | | | | @ 2.3 R*=0.977
[
> = 225
< s 31 32 33 34
y=-0.936x+1.736 2.2 : .

R%Z=0.929

-1 3 3.2 3.4

15 \ 1T. 103 (1/K)

Figl17. Vant Hoff plot for thermodynamic parameters Fig18. Arrhenius plotof Lng—1/T
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Table 3 . Thermodynamic Parameters at Different Temeratures

T (K) | A (k3/mol) | AS° (kd/mol K)| AG® ( kd/mol)
298 0.0078 0.014 4291
313 -4.507
328 4.723

The low value of thé\H® demonstrates the physisorption is much moreiplesand the process is endotherfiic
The AS® identify increased disorder at the adsorbentlution interface during the adsorption of dye. Mehile,
during the adsorption of dye onto PET fibers theedfiom degrees increase. The negative quantitia&af show
that the adsorption process are thermodynamicallyorbble and spontaneous. The amountsAG® for
physisorption were reported between -20 _ 0 kJ[B4]l.

Effect of temperature on adsorption: Determination of the activation energy was compuigcthe Arrhenius
equation. From the dependence of Ln q versus héTattivation energy was determined (2.735 kJ/iigl)L8. The
low quantity of B emphasize the adsorption process is so easy.3H]5The desorption activation energy was
calculated according to the following equation:

Eq=AH + E, , K computed 2.743 kJ/mol. This value is negligibld desorption process is so easy.
CONCLUSION

The results of the present study showed that PENHMA/AA is a drastic adsorbent for the removal ofediyom
aqueous solutions. Isotherm and kinetic studiesvelldhat the adsorption equilibrium of dye onto ified fibers
is well explained by the Harkins-Jura and Intrastipke diffusion models. The quantities afG°, AH® and E
purposed the adsorption of dye onto reactive PEAr$i was physisorption and spontaneous
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