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ABSTRACT

In this study the chemical grafting of 2-hydroxypilapethacrylate / acrylic acid (2-HPMA/AA) mixtusato poly (
ethylene terephthalate ) fibers using benzoyl pdeX BzO, ) as a radicalic initiator in aqueous media was
investigated. The use of 2-HPMA as a comonomeeasad the amount of AA introduced to the PET fibprto
42%, while the grafting of AA fibers alone gave Igraft yields. Optimum condition of grafting wadetenined to
be [Bz0,] = 4.0x10°mol/dnt, [monomer mixture] (20% AA+80% 2-HPMA) = 0.2molRjrtremperature = 9Q
and time = 60min. With an increase in the graftingld, moisture regain and dye ability with acidicd basic dyes
increased. The grafted fibers were characterized thigrmo gravimetric analysis (TGA), scanning eleatr
microscopy (SEM) and Fourier transform infrared (RJ.
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INTRODUCTION

Poly (ethylene terephthalate) (PET) structure idrbghobic and high crystalline in nature and do cwotain
chemically reactive groups. Graft copolymerizatisnone of the best methods for improving of unddse
properties of PET. Vinyl graft copolymerization onPET fibers could be initiated by chemical or editin
methods. [1-11] Chemical methods have more advantagas regardation of the main polymer. The gwftif
monomer mixture onto PET fibers generally resuita synergistic effect. There are a few researcheke grafting
of monomer mixture onto PET Fibers. [12-20] The figi@opolymerization of AA [2,3,7] and 2-HPMA[5,6]
individually onto PET was reported, but using adpinmixture of (2-HPMA/AA) is not available in tHierature.
This article reports the grafting of 2-HPMA/AA mixe onto PET fibers by the use of Bgz. The characterizations
of grafted PET fibers were investigated by TGA, S&MI FTIR spectroscopy.

MATERIALS AND METHODS

The PET fibers (stretch ratio 2, 30 filament, 17Gex ) were provided by Amir Kabir University and chmology(
Iran). They were cut as small hank (0.15+0.01ghkzix— extracted with acetone and dried at52-HPMA and
AA were purchased by Merck (Germany) and afterfimation by vacuum distillation were used. Bg( Merck)
was recrystallized twice from the mixture of metblachloroform and dried in a vacuum dessicator. gdlvents
and reagents were supplied by Merck and doublylldstwater was used in all experiments. The béSiationic
Brill Red X-5GN) and acidic (Erionyl Yellow) dyesere purchased from Institute for Color and TechgpldCST)
Iran.
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Grafting procedure

Grafting was carried out in a 100 mL pyrex tubeeTgolymerization tube containing the PET fiber spen
(0.15+0.01q) , appropriate amount of the monomedumg and 18 mL doubly distilled water was placedmater
bath(Lauda D40S , Germany) , and kept there for iBumm. Then 2 mL acetone containing the required
concentration of B#D, was added. The volume of the mixture was placad m water bath at the firm
polymerization temperature. After desirable tintee fiber specimen was taken out. The removal ofesindble
homopolymers and solvent were accomplished withbodistilled water and soxhlet-extracted withutehe-
acetone mixture for 8 and 24 hour, respectivelye $ample was dried in vacuum atC50rhen the percentage of
grafting (G%) was computed as follows:

1)G (%) = (W, — Wo) / Wpx100
Where, Wand W, are the weights of the grafted and ungrafted R&Jpectively.

Dying procedure

The fiber samples (grafted and ungrafted) were dyiéd 1.5 g/dmi Erionyl Yellow A 36-01(acidic dye) and 2.0
g/dn? Cationic Brill Red X-5GN (basic dye) at®@0for 120 min in water bath. Dye ability was detared by the
use of Shimadzu UV-1601-PC spectrophotometiraf 346nm) and ( 513.5nm) , respectively.

Determination of moisture regain and diameter

The PET fibers with various percents of graft yielere immersed in 65% sulphuric acid with densit§.@75 g/10
*dm? for 24 hour. Then they were oven dried at@@hd were kept in desiccator oveORfor 1 hour and weighted.
The percentage of moisture regain was computedllasvé:

2) Moisture regain (%) = (W~ Mg) / Mgx100

Where, M, and M, denote the weights of fibers in wet environmert dry fibers, respectively. The fibers diameters
were measured in three different regions by a KyMiaolux-11 microscope at a magnification of 1000x

Characterization methods

The FTIR spectra of 2-HPMA/AA grafted PET fibers relerecorded using a Bruker Equinox FTIR
spectrophotometer with KBr disks. The SEM photogeapf grafted and ungrafted fibers, coated wittdgelere
accomplished using a Philips XL30 scanning electrooroscope. Thermogravimetric analysis of the rBbeere
carried out with TGA V5.1A Dupont in helium atmogpé at the flow rate of 200 mL/min between 25804 a
heating rate of 10.

RESULTS AND DISCUSSION

The effect of monomer mixture ratios on the graftirg

Investigation of the effect of monomer mixture oation the grafting was carried out at different wetos of AA
and 2-HPMA. As shown ifrig.1, when AA was grafted onto PET fibers, the maximgnafting yield was reached
to 6.8%. The use of 2-HPMA as an individual monosteswed 23.5% grafting percentage. The graftintgyieas
extensively depend on the monomer mixture ratio, the best condition was recorded (42%) at a (28%80%2-
HPMA). [13-18]

Effect of initiator concentration

With an increase in the initiator concentratiomfr@.0x10° to 4.0x10° mol / dnt the grafting yield increased. This
is attributed to increasing of the number of raldiand the active sites in PET structure. Althoutiiie, excess
increase in the initiator causes increase in tevimg polymer chains and combination reactions asa resultant
of these reactions, the percentage of graftingedsas. Other researchers were reported the sanies (6, 13, 14]
Fig.2

Effect of time and temperature

The results of the effect of temperature and tim¢he percentage of grafting were showirig.3 As shown in this
figure, by increasing of the temperature ( highwemntglass transition of PET ) and time, the flditipiswell ability

and of the PET chains increase. The optimum timregfafting was recorded 60 min. After this time,edto

homopolymerization reactions in solution the visgosf system was increased and this was made laibiiimg

effect for diffusion of active radicals onto PETaafs. [10, 11]
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Characterization of the fibers

The results obtain from FTIR spectrum of graftedrHibers showed some changing as regards to uegr&ET.
Respectively, the adsorption bands at 2967 and 8a7Gire related to alcoholic —OH group of 2-HPMA anétimc
—OH group of AA. These new peaks confirm that, BT fibers were grafted by both of monomers. [31%),
Figs.4, 5

As shown inFigs .6, 7 with an increase in grafting yield, the fibersusture showed a heterogeneous structure and
their surfaces observed so rough. [6, 11, 13] a ddiowed that, the decomposition temperature offitlers
decreased after modifying. The thermal decompasimnperature of raw PET (38pwas decreased to (35Pat
42.0% grafted yieldFigs .8, 9

These results confirm that, the grafting of monomedure onto PET backbone. [3, 6, 14, 15]

Moisture regain and diameter

With an increase in the grafting yield, the wates@ption capacity increased and at 42% of grdfbe, it reached
to 2.25%. This is attributed to the hydrophilic gps of —-OH and —COOH in 2-HPMA and AA structuresiciih
grafted to PET backbone.[10,11,13,14]

The diameter of PET fibers showed an increasinm fio44x1G mm (ungrafted fiber) to 2.43xF0mm (grafting
percentage 42%)

The results of moisture regain and diameter dreladed inTable.1

Dye ability

Dye ability of the grafted fibers with Erionyl Yellv A36-01 and Cationic Brill Red X-5GN showed agrgasing
as regards to ungrafted fibers. Dye ability of ghafted PET fibers with acidic and basic dyes iasesl to 3.15 and
2.35 mg (dye)/g (fiber) at the 42% of the graftigigld (20%AA+80%2-HPMA), respectively. These values
emphasize that the interaction of the —OH grou@-bfPMA with acidic dye and —COOH group of AA witlatic
dye. Results presentedTiable.1

Mechanical properties of fibers

Instron vibromat set was used for determinatiothef mechanical properties, such as tensile straggulus and
tenacity. In all experiments, the distance of jamvphonograph was selected 20 cm and the rateoofyetion was
20 mm/min. The results of the mechanical propentiese presented ifable.2. Some reductions in mechanical
properties were observed, but these quantitiestdlracceptable. [20]

45 -
40 -
35 -
30 -
25
20
15
10

Graft yield (%)

0 20 40 60 80 100 120
AA (%)

Fig 1.The grafting yields on AA/E 2-RMA and A AA2-HPMA mixture (IAA/2-HPMA]=0.2mol /dm® , Time=2h,
Temperature=90C , [Bz,0,]=4.0x10%*mol/dm?)
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Fig2. Effect of BzO, concentration on the grafting yield ([AA/2-HPMA] (20 wt% AA) = 0.2mol/dn? , Time=2h , Temperature=9€ )
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Fig3. Effect of temperature and time on grafting (‘ yex, (M)7& , (A )8E,( x )oT
([AA2-HPMA] (20 wt% AA) =0.2mol/dm *, Time = 2h , Temperature = 9€ , [Bz;0,] = 4.0x10°mol/dm?)

Table 1. The variations of diameter, moisture regai and dye ability with the percentage of grafting

Grafting yield | Diameter | Moisture regain| mg(acidic dye)/| mg( basic dye)/
(%) (mmx10?) (%) g(fiber) g (fiber)
0.0 1.44 0.42 0.28 0.24
15.3 1.75 117 1.26 0.96
28.0 212 1.86 2.39 1.68
42.0 243 2.25 3.15 2.35
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Fig 4.FTIR spectrum of ungrafted PET fiber
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Fig5. FTIR spectrum of 2-HPMA/AA grafted PET fiber

Table 2. Mechanical properties of the fibers

Grafting yield (%) | Tensile strain (%) Modulus (gf/tex)| Tenacity (gf/tex)
0.0 73.13 -13.75 40.12
9.5 70.83 -3.87 38.99
15.3 70.63 -3.63 35.84
42.0 61.46 -2.87 33.60
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Fig6. SEM micrograph of ungrafted PET fiber
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Fig7. SEM micrograph of AA/2-HPMA mixture (42% grafted) onto PET
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Fig8. Thermogram of ungrafted PET fiber
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Fig9. Thermogram of AA/2-HPMA mixture (42% grafted) onto PET
CONCLUSION

The experimental results showed that, using ohtbaomers concurrently causes a synergistic effethe grafting
yield. Optimum condition for grafting were recordexbe [Bz0O,] = 4.0x10° mol / dn?, [AA / 2-HPMA] (20%
AA+ 80% 2-HPMA) = 0.2 mol / drh) temperature = 9C, time = 60 min. It was identified that, with acrease in
the grafting yield, moisture regain, diameter aryg @bility with acidic and basic dyes increasedwieer, the
mechanical properties of the fibers decreasedtheirt levels are still acceptable.

REFERENCES

[1] Sanli O., Pulat E J.Appl.Polym.Sci1993,47 , 1.
[2] Osipenko F., Martinovicz V.J J.Appl.Polym.Sci.990,39, 935.

566
Pelagia Research Library



Fariborz Azizinezhad Euro. J. Exp. Bio., 2014, 4(1):560-567

[3] Sacak M., Oflaz F.J.Appl.Polym.S¢i1993,50 , 1909.

[4] Abdel-Bary E.M. , . Sarhan AA, Abdel-Razik HHJ.Appl.Polym.Sci1988 35, 439.
[5] Azizinezhad F. Asian.J.Chem2011, 23(2), 809.

[6] Azizinezhad F. Asian.J.Chem?2011, 23(2), 839.

[7] Okoniewski M. , Sogka J. , Ledakowicz S.Appl.Polym.Sci1988, 35, 1241.

[8] Valgiu I., Stannet V, J.Macromol.Sci.Chemi973,A78 , 1677.

[9] Trivedi M., Mehta P.C., Rao K.N., Rao M.HJ.Appl.Polym.Sci1975,19, 1.

[10] Sacak M., Bastug N., Talu M1,Appl.Polym.Sci1993,50 , 1123.

[11] Arslan M., Yigitoglu M., Sanli O., Unal H,IPolym.Bull 2003, 51 , 237.

[12] Hebeish A., Shalaby S., Bayazeed AAppl.Polym.Scil 982,27, 197.

[13] Celik M., Sacak M.J.Appl.Polym.Sci]1996 59 , 609.

[14] Azizinezhad F., Talu M., Abdouss M., Shabani ivan. Polym. J2005,14(1) , 33.
[15] Arslan M.Korean.J.Chem2010,27(3), 991.

[16] Coskun R.Eur.Polym.J, 2007 ,43, 1428.

[17] Coskun R., Sacak M., Karakisla M.Appl.Polym.S¢i2005 97 , 1795.

[18] Yigitoglu M., Arslan M.,Polym.Bull,2007,58 , 785.

[19] Ahmadpanahi H., Abdouss M., Ghiabi F., Motiiti Shoushtari A.M J.Appl.Polym.ScP012,124 , 5236.
[20] Khoshkbarchi M.K., J.H.Verd,996,35 , 2735.

567
Pelagia Research Library



