
The graft copolymerization of acrylic acid/methyl methacrylate (AA-MMA) onto
poly(ethylene terephthalate) fibres has been studied using benzoyl peroxide
(Bz2O2) as an initiator. The use of MMA as a comonomer increased the amount of

AA introduced to the PET fibre up to 60% while the grafting of AA onto fibres alone gave
low graft yields. This synergistic effect was found to be at its highest when an AA-MMA
mixture having 30% AA (wt.) was used. The grafting increased the diameter and moisture
regain of the fibres. The results of dyeability with the disperse dye suggested the diffu-
sion into the fibre structure was moderately difficult when the graft yield reached 15-16%.
The decomposition temperature values obtained from thermogravimetric analysis (TGA)
showed that the thermal stability of poly(ethylene terephthalate) fibres decreased as a
result of grafting.
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Poly(ethylene terephthalate) (PET)
fibres have poor chemical activity
due to their high crystalline structure
and lack of reactive functional
groups. Graft copolymerization is
one of the effective methods for
improving undesirable properties

such as low moisture regain, difficul-
ty in dyeing, and poor antistatic
properties due to its high crystallini-
ty, hydrophobicity, or for furnishing
PET with new properties. It is gener-
ally thought that as a result of graft-
ing. The essential fibre properties of
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the PET backbone are not affected but that the fibres
acquire new properties, which depend upon the
monomer and or monomers, grafted. Vinyl monomers
such as acrylic acid [1-3] methacrylic acid [4] and acry-
lamide [5] can be grafted onto PET fibres by chemical
[1,3,4,5] or radiation [2] initiation. Radiation grafting is
easy to control, however, it gives a low radical yield
and there is a problem of degradation of PET. Chemi-
cal methods are more advantageous as regards degrada-
tion of the main polymer. The grafting of monomer
mixture onto PET fibres generally results in a synergis-
tic effect. The monomer that cannot be grafted onto
PET fibres alone at higher graft yields can be intro-
duced into the PET structure to a significant extent
using a comonomer [6-8].

This paper reports the grafting of acrylic acid/
methyl methacrylate (AA-MMA) mixture onto PET
fibres by the use of benzoyl peroxide (Bz2O2).

EXPERIMENTAL

Material
The MMA and AA used in this work were supplied by
BDH Co. of England. PET Fibres (stretch ratio 2, 30
filaments, 110 dTex) were obtained from SASA Co.,
and Bz2O2 was obtained from Merck Chemical Co.,
Darmstadt, Germany. Sodium hydroxide, calcium chlo-
ride and the solvents (methanol, chloroform, acetone
and benzene) were all of analytical grade and also sup-
plied by Merck Chemical Co..

Approach
The experiments were carried out using multifilament
PET fibres (30 filaments). The samples were prepared
as small hank (03±0.1g) soxhlet-extracted for 6 h with
acetone, and dried at ambient temperature.

Benzoyl peroxide (Bz2O2) was recrystallized twice
from the methanol-chloroform mixture and dried in
vacuum. Acrylic acid (AA) was vacuum-distilled over
a column filled with copper wires at 30oC. Methyl-
methacrylate (MMA) was washed three times with 5%
NaOH, dried over CaCl2, and finally distilled in vacu-
um at 46oC. AA and MMA, freshly distilled throughout
the study, were kept in the dark.

The effects of various experimental conditions such
as initiator and monomer concentrations, temperature,

and monomer mixture ratio were investigated.
A PET fibre sample was placed in a 100 mL poly-

merization tube containing the required concentrations
of monomer and initiator in 5 mL acetone. The volume
of the polymerization mixture was made up to 50 mL
with distilled water and then the mixture was immedi-
ately placed into a water bath at the polymerization
temperature. After the desired polymerization time, the
fibre sample was taken out of the tube and washed with
water and soxhlet extracted with benzene for 8 h. Final-
ly, the sample was dried until it maintained a constant
weight [3,9,10].

Percent graft yield was calculated from the increase
in the weight of the original 

PET after grafting:

graft yield (%) = (1)

Where w1 and w2 denote the weights of the original
and grafted PET, respectively.

To determine the moisture regain of the fibres, the
fibres with various percents of graft production were
placed in sulphuric acid of 65% with density of 1.275
g/mL for 24 h. Then the fibres dried in 100oC, and
finally they were placed in vacuum desiccator and over
P2O5 one hour and weighted. Then the percent of mois-
ture regain was calculated by the following equation :

Here M0 stands for the weight of dry fibres and Mn for
the weight of fibres in wet environment.

The fibre diameter was measured by electronic
microscope at a magnification of 1000x from at least
five different regions of each sample.

Dyeability of fibres was investigated by the use of
dispersion dye including a pyridine structure (Figure 1).
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Figure 1. The dye molecular structure.
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To do this, 8 * 10-4 g of dye was dissolved in 50 mL of
a mixture of acetone and benzene (65% vol. acetone),
and a calibration curve for concentration of dye was
drawn by the use of UV-visible spectrometer in λmax
(413 nm) (Figure 2). The amount of 0.1 g of fibres with
various percents of graft products was placed in labora-
tory tubes, and then 8 * 10-4 g of dye, 3 * 10-4 g of
biphenyl as a carrier and 50 mL of distilled water were
added to the tubes. The tubes were placed in a water
bath in 85oC for 1 h. After that the fibres were washed
with 50 mL of solvent and the dye was extracted. Final-
ly the amount of dye was measured by UV-visible spec-
trometer in λmax.

Apparatus 
The samples were characterized by thermogravimetric
analysis (TGA) (Linseis L81) in He atmosphere at the
flow rate of 200 mL/min., between 25oC and 800oC and
were uniformly heated at a 10oC/min. heating rate, by
Fourier Transformation Infrared (FTIR) (Perkin-Elmer
model 1710 spectrophotometer), and the fibre diame-
ters were measured with a Kyowa Microlux-11 micro-
scope at a magnification of 1000x.

RESULTS AND DISCUSSION

Our results showed that if acrylic acid (AA) is used as
a monomer, the maximum graft production is 5%, and

for methyl methacrylate (MMA) is 39% while the mix-
ture of these two monomers in 70% of MMA by
weight, has maximum yield (60%) (Figure 3). This is
because the activity of MMA is higher than that of AA
and the probability of grafting MMA monomer onto
PET structure is higher than that of AA. Besides, the
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Figure 2. Calibration curve for disperse dye.
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Figure 3. The grafting yields of AA, MMA, and AA-MMA.

Mixture concentration of AA-MMA mixture is 0.1 mol/L, time,

2 h, temperature, 85°C, [Bz2O2] = 4.0 * 10-3 mol/L.
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Figure 4. Effect of Bz2O2 concentration on the grafting yield.

The concentration of 30% by weight AA containing AA-MMA:

0.1 mol/L, time: 2 h, and temperature: 85°C.
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solvent of AA is water, and in aqueous environment,
the quantity of AA homopolymer is greater than that of
MMA generally speaking, the monomers with greater
side chain have more activity.

By increasing the concentration of the initiator
from 0.001M to 0.004M, and fixing the other variables
such as temperature, time of reaction, concentration
and percent of the mixture of monomers, grafting yield
increased at first and then decreased (Figure 4). Since
the number of radicals increased as a result of increas-
ing the concentration of the initiator, the number of
active sites in PET chain became greater, and the
copolymerization and homopolymerization reactions
increased as well. Also the extra increasing of Bz2O2
concentration causes the rate of terminal reactions to
increase. 

When the temperature was increased, the grafting
yields and rates of reaction increased. In a temperature
higher than glass transition temperature (Tg) (70oC) of
PET, the PET molecules went afar from each other and
were inflated. So, the flexibility of the PET chain
increased and made the grafting yield becoming
greater. In addition, the diffusion to PET and the rate of
dissociation of the initiator increased.

The most suitable time for copolymeriazation reac-
tion was 40 min. After this time, the viscosity of envi-
ronment increased because of homopolymerization
reaction in system, and this made an inhibition of dif-
fusion to PET chain (Figure 5).   

The polymerization reaction was carried out by

various concentrations of the monomer. Maximum
yield of grafting was obtained at 0.1M of the monomer
(Figure 6).

By increasing the yield of grafting, the fibres
gained much more moisture, and in 58.9% of graft pro-
duction, it reached 1.15%. This property of uncopoly-
merized PET fibres was about 0.4%. Because of the
existence of the polar group of COOH in AA structure
grafted to PET chain, the ability of absorption of water
increased (Table 1). 

When the yield of graft production was increased,
the diameter of fibres changed from 2.56 (uncopoly-
merized fibres) to 3.096 mm * 10-2 (grafted production
with 58.9%) (Table 2).
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Figure 5. Effect of temperature and time on the grafting yield.
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mol/L, [Bz2O2]: 4.0 * 10-3 mol/L.
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Figure 6. Effect of monomer mixture concentration on the

grafting yield. Concentration of AA in AA-MMA micture, 30%,

[Bz2O2]: 4.0 * 10-3 mol/L, time: 2 h, and temperature: 85°C.
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Table 1. The variation of moisture regain with grafting percent.

Grafting yield (%) Moisture (%)

0.0

5.0

11.6

40.7

58.9

66.9

75.0

0.4

0.46  

0.50

0.65

1.15

1.17

1.20
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The results obtained from FTIR spectrum of PET
showed a peak at 3300-3450 cm-1 region related to OH
group, and a peak about 1770 cm-1 related to C=O and
RCOO groups. These peaks showed that the AA and
MMA molecules have been grafted to PET fibres.

The results obtained from DTA method of thermal
stability of fibres showed that the thermal decomposi-
tion temperature for AA grafted to PET was 333.43oC.

By increasing the degree of copolymerization, the flex-
ibility of the fibres increased and thermal stability
decreased. The AA molecules can form hydrogen bond-
ing, so the thermal stability of AA is more than that of
MMA. Thermal decomposition temperature of 58.9%
of the mixture of monomers grafted to PET decreased
to 280.69oC. So, by comparing the thermogramas
shown in Figures 8-10 with each other, we can con-
clude that by increasing the percentage of the grafted
copolymerization, the thermal stability decreases. In
addition, the monomers that can form hydrogen bond-
ing produce homopolymers that can be easily dissolved
in water. These monomers form fewer side bonds with
PET fibres. The produced copolymers have higher ther-
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Grafting yield (%) Diameter of fibre (mm × 10-2)

0.0

5.0

21.2

40.7

58.9

75.0

2.560

2.672

2.772

2.776

3.096

3.187

Table 2. The variation of diameter of PET fibres with grafting

yield percent.

Grafting yield (%) Fibres/dye (g/g)

0.0

5.0

21.2

40.7

58.9

0.52

1.04

0.72

0.38

0.4

Table 3. The variation of disperse dye with percent of grafting

yield.

Figure 7. FTIR Spectrum of AA-MMA mixture  (30% AA, 70%

MMA) grafted to PET fibre.
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Figure 8. Thermograms of AA grafted to PET fibres (3.7%).
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Figure 9. Thermograms of MMA grafted to PET fibers (30%).
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Figure 10. Thermograms of AA-MMA mixture (30% AA- 70%

MMA) grafted to PET fibres (58.9%).
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mal stability. These copolymers are significant in
industry.

PET Fibres do not contain chemically reactive
groups. Hence, this material cannot combine with the
dye s cations and anions. So, the dyeability of PET
fibres was investigated by the use of a disperse dye.
The results showed that by increasing the percentage of
grafted products, their dyeability increases to 5%-graft-
ed product and then it decreases. So the amount of dye
diffusing to PET fibres, does not react with these fibres.
When the percentage of grafted products increase, the
number of free sites through which the dye diffuses to
the fibres decreases. So, only the physical dyeabaility is
possible in these copolymerization products  (Table 3). 

CONCLUSION

- Our experimental results showed that single AA graft-
ing with (Bz2O2) remained at a very low level of 5%.
However, the addition of MMA as comonomer was
observed to have a synergistic effect on the introduc-
tion of AA monomers into the PET fibres. The use of
MMA as a comonomer is an alternative way of inser-
tion AA into the fibre structure.

- Optimum grafting conditions were obtained by taking
the initiator concentration as 4.0 * 10-3 M, monomer
concentration as (AA 30% + MMA 70%) at 90oC for
40 min.

REFERENCES

1. Okoniewsko M., Sogka J., and Ledakowicz S., Chemical-

ly induced graft copolymerization of acrylic acid onto

polyester fabrics. I. Kinetics investigation of grafting, J.

Appl. Polym. Sci., 35, 1241-1249 (1988).

2. Rudoi V.M., Sidorova L.P., and Kabaniv V.Ya.,

Hydrophilicity of polyethylene modified by radiochemi-

cal grafting of acrylic acid, Polym. Sci. USSR, 30, 376-

404 (1988).

3. Osipenko F. and Martinovicz V. I., Grafting of acrylic acid

on poly (ethylene terephthalate), J. Appl. Polym. Sci., 39,

935-942 (1990).

4. Sacak M., Sertkaya F., and Talu M., Grafting of poly(eth-

ylene terephthalate) fibres with methacrylic acid using

benzoyl peroxide, J. Appl. Polym. Sci., 44, 1737-1742

(1992).

5. Sacak M. and Pulat E., Benzoyl-peroxide initiated graft

copolymerization of poly(ethylene terephthalate) fibres

with acrylamide, J. Appl. Polym. Sci., 38, 539-546 (1989). 

6.Valgiu I. and Stannet V., The radiation-induced grafting of

vinyl monomers to poly(ethylene terephthalate) fibres.

Part I. Styrene, J. Macromol. Sci. Chem., A 78, 1677-1685

(1973).

7. Hebeish A., Shalaby S., and Bayazeed A., H2O2 -Induced

graft polymerization of acrylic acid/styrene mixtures on

poly(ethylene terephthalate) fibres, J. Appl. Polym. Sci.,

27, 197-209 (1982).

8. Trivedi M., Metha P.C., Rao K.N., and Rao M.H., Gamma

ray-induced graft copolymerization onto cellulose, J.

Appl. Polym. Sci., 19, 1-14 (1975).

9. Sacak M., and Oflaz F., Gra, Grafting of poly(ethylene

terephthalate) fibres with acrylic acid using benzoyl per-

oxide, J. Appl. Polym. Sci., 50, 1909-1916 (1993).

10. Sacak M., Bastug N., and Talu M., Azobisisobutyroni-

trile-initiated graft copolymerization of methyl methacry-

late onto poly(ethylene terephthalate) fibres, J. Appl.

Polym. Sci., 50, 1123-1129 (1993).

11. Pradhan A.K., Pati N.C., and Nayak P.L., Grafting vinyl

monomers onto polyesters fibres III. Graft copolymeriza-

tion of methyl methacrylate onto poly(ethylene terephtha-

late) using potassium: permanganate-oxalic acid redox

system, J. Appl. Sci., 27, 2131-2138 (1982).

12. Kale P.D., Lokhande H.T., Rao K.N., and Rao M.H.,

Grafting on polyester fibres, J. Appl. Polym. Sci., 19, 461-

480 (1975).

13. Arstan M., Yigitoglu M., S,anli O., and U” nal H.I, Kinetics

of swelling assisted grafting of 4-vinyl pyridine onto

poly(ethylene terephthalate) fibres using a benzoyl peox-

ide initiator., Polym. Bull., 51, 237-244 (2003).

Archive of SID

www.SID.ir


