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Synopsis 

The graft copolymerization of methyl methacrylate onto polyester fibers (PET) was investigated 
using tetravalent cerium as the initiator. The rate of grafting was found to increase progressively 
with the initiator and monomer concentrations up to 2.5 X 10-2M and 70.41 X 10-2M, respectively. 
The reaction was found to be catalysed by acid up to 15.0 X 10-2M. The graft yield increased by 
increasing temperature. The effect of addition of some solvents and thiourea on the rate of grafting 
was also investigated. A suitable kinetic scheme has been pictured, and rate equations have been 
derived. 

INTRODUCTION 

During the last decade much interest has been focussed on the modification 
of the properties of natural and synthetic fibers through graft copolymeriza- 
t i ~ n . l - ~  Out of several methods available for grafting the chemical initiation 
method has been found befitting for the purpose owing to the low degradation 
of the base polymer. Graft copolymerization onto polyester fibers (PET) has 
been accomplished either by radiation6-16 or chemical initiation m e t h o d ~ . l ~ - ~ l  
But since polyester fiber (PET) is a hard substrate containing no chemically 
reactive groups, very low graft yield has been obtainedzz in comparison with other 
fibers. 

Tetravalent cerium (Ce4+), a versatile oxidizing agent capable of reacting with 
almost all types of functional groups, has been extensively used for polymer- 
ization of a large number of vinyl  monomer^.^^-^^ On account of its high grafting 
efficiency compared to other known redox systems, this system has gained 
considerable importance in grafting vinyl monomers onto cotton and cellu- 
lose,33-4z silk,45 ~ o l l a g e n , 4 ~ , ~ ~  and n y l 0 n - 6 . ~ ~ - ~ ~  

Very recently, Nayak and co-workers have reported graft copolymerization 
of methyl methacrylate onto polyester fibers (PET) using some metal 
ions.zo~z1~51~5z This paper presents the results of graft copolymerization of methyl 
methacrylate onto PET fibers using tetravalent cerium as the initiator. 

EXPERIMENTAL 

Poly(ethy1ene terephthalate) (PET) fibers were supplied by J.K. Synthetics, 
Kota, Rajsthan, India, as a gift sample. Ceric ammonium nitrate (AR,BDH), 
H2S04 (AR, -18A4, BDH) and thiourea (AR, BHD) were used. Purification 
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of monomer, the method of graft copolymerization reaction, and the calculation 
of moisture regain percentage were carried out according to our previous 
paper.20 

RESULTS AND DISCUSSION 

The effect of the variation of monomer concentration on the graft yield was 
evaluated keeping the concentration of all other reagents constant. As evident 
from Figure 1, the graft yield increases progressively with increase of monomer 
concentration from 4.694 to 70.41 X 10-2M. Many factors attribute to this 
variation of graft yield with monomer concentration: (i) The gel effect, i.e., the 
increase of the viscosity of the medium due to the solubility of poly(methy1 
methacrylate) in its own monomer. Hence, besides hindering the termination 
of growing polymer chain radicals by coupling, the gel effect also causes swelling 
of the polyester fiber, thus assisting diffusion of monomer to the growing grafted 
chains and active sites on the polyester backbone, thereby enhancing grafting. 
(ii) The monomer molecules might form some types of charge-transfer complex 
with the polyester fibers which is favored only at high monomer concentration, 
thus activating the monomer molecules. This enhanced monomer reactivity 
also causes an increase in the graft yield. 

Effect of Initiator Concentration 

Figure 2 represents the effect of different concentrations of ceric ion on graft 
yield. From the figure it is evident that there is a progressive enhancement of 
the graft yield with increasing ceric ion concentration from 0.5 to 2.5 X 
10-2M. 

Since the oxidation potential of ceric ion is very high and the polyester fiber 
has no pendant groups to be easily oxidized, it is probable that the free radicals 
on the polyester fibers are created as a result of interaction of the metal ion with 
the fiber matrix. Hence it is possible to suggest the following reaction mechanism 

[fl MA] X f02m 

Fig. 1. Effect of [monomer] on graft yield [H+] = 7.5 X 10-2M, time = 6 h; temperature = 7OOC; 
materiakliquor = 1:lOO; (0) [Ce4+] = 0.5 X 10-2M; (A) [Ce4+] = 1.5 X 1W2M, (0 )  [Ce4+] = 2.5 X 
lO+M. 
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Fig. 2. Effect of [Ce*+] on graft yield: [H+] = 7.5 X 10-2M; time = 6 h; temperature = 7OOC; 
materia1:liquor = 1:loO; (0) [MMA] = 23.47 X 10-2M; (A) [MMA] = 46.94 X 10-2M; ( 0 )  [MMA] 
= 70.41 X 10-2M. 

for graft copolymerization of methyl methacrylate onto polyester fibers, using 
Ce4+ as the initiator: 

k d  
PET + Ce+4 - PET. + Ce3+ + H+ 

Initiation: 

(where PET = polyester fiber, M = monomer) 

Propagation: 
k P  

PET-M. + M + PET-Mz 

I kP 
PET-Mn-l + M + PET-Mn 

I 

Termination: 
k t  

PET-Mn + PET-Mm -+ polymer 

Applying the steady state assumption both for [PET.] and [PETM;], the rate 
expression may be derived as follows: 

= kd[Ce'+] [PET] - ki[PET'] [MI = 0 
d[PET*] 

dt 
kd [Ce4+] [PET] [PET.] = 

ki [MI 

d[PET-Mnl = ki[pET.] [MI - kt[PET-MnI2 = 0 
dt 
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2 
[MIX f Q  M 

Fig. 3. Plot of R, vs. [MI. 

or 
[PET.][M])1/2 = (2 [Ce4+][PET]) 1/2 

R, = k,[PET-M,][M] 

or 

R, = k, (?)'I2 [Ce4+]1/2[PET]1/2[M] 

Hence the fact that the plot of R, vs. [MI (Fig. 3) and R, vs. [Ce4+]1/2 (Fig. 4) 
are linear supports the above reaction scheme. 

Effect of Acid Concentration on Grafting 

The effect of acid concentration on the graft copolymerization reaction was 
studied by changing the concentration of sulphuric acid from 1.5 to 15.0 X 10-2M. 
The result shows that the graft yield increases with the acid concentration (Fig. 
5). Since the oxidizing ability of ceric ion is largely affected by the acid con- 
centration, it is probable that at higher acid concentration a large number of free 
radicals are produced which increase the percentage of grafting. 

LCe47Y, 
Fig. 4. Plot of Rp vs. [Ce4+]1/2. 
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Fig. 5. Effect of [HzS04] on graft yield: [MMA] = 46.94 X 10-2M; time = 6 h; temperature= 
7OOC; materialliquor = 1:10& (0 )  [Ce4+] = 2.0 X lo-2M, (A)  [Ce4+] = 2.5 X 10-2&f; (0) [Ce4+] = 
3.0 X 10-2M. 

Effect of Temperature 

The graft copolymerization of methyl methacrylate onto polyester fibers was 
studied by varying the temperature from 50°C to 70°C. The data indicate that 
the graft yield progressively increases with the temperature (Fig. 6). This may 
be attributed to the following factors: (i) enhancement of the swellability of the 
fiber, (ii) increase in the mobility of the monomer and initiator, (iii) higher rate 
of diffusion of monomer and initiator from the solution phase to the fiber phase, 
and (iv) higher rate of initiation and propagation of the graft. All the above 
factors specially (i), (ii), and (iii) in a cumulative way affects the enhancement 
of the graft yield. 

From the Arrhenius plot of log Rp vs. 1/T (Fig. 7), the overall activation energy 
was computed to be 6.2 kcal/mol. 

Effect of Solvents 

Solvent plays a vital role during the process of grafting. The graft copoly- 
merization was carried out in the presence of a number of water miscible organic 
solvents. The order of reactivity so far as the percentage of grafting concerned 
is as follows (Fig. 8): 

acetic acid > methanol > dimethyl formamide > 
chloroform > formic acid 

Similar observation has been reported by Nayak and co-workers51 in case of 

rlmE I N  HRS 
Fig. 6. Effect of temperature on graft yield: [Ce4+] = 1.5 X 10WM, [H+] = 10.5 X 10-2M; [MMA] 

= 46.94 x 10-2M; materiakliquor = 1:100; temp: (0 )  50OC; (0) 60°C; (A)  70°C. 
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.9 3.0 
yT x Id 

Fig. 7 .  Arrhenius plot. 

grafting methyl methacrylate onto polyester fibers using permanganate ion as 
the initiator. 

Effect of Redox System 

The effect of redox system on the graft copolymerization was studied by 
changing the thiourea concentration from 0.5 to 5.0 X 10-3M, keeping the con- 
centration of all other reagents constant. The graft yield was found to increase 
with the thiourea concentration up to 2.5 X 10-3M, after which it declines. This 
effect of thiourea on graft yield could be attributed to the following reasons. 

Initially, a t  lower concentration of thiourea, some isothiocarbamido radicals 
(R.) are formed as a result of the interaction of Ce4+ with thiourea, which might 
participate in the initiation of graft copolymerization reaction, thus enhanc- 

0 / O -  

- 
f l m E  IN H R S  

Fig. 8. Effect of solvents on graft yield: [Ce4+] = 2.0 X 10-2M; [H+] = 7.5 X 10-2M; [MMA] = 
46.94 X 10-2M; materiakliquor = 1:loO; solvent = 10% v/v; temperature = 7OOC; (0) solvent = acetic 
acid; (A) solvent = methanol; (0 )  solvent = dimethylformamide; (0) solvent = chloroform; (A) 
solvent = formic acid. 
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ing graft yield as illustrated by: 

+ 
\ 
/ 

NH2 NH2 

H*N NH2 
c-s + ce3+ %-SH + ~ e 4 +  - 

/ 

(R') 

PET + R' - PET' + RH 

PET' + M - PET-M' 

But a t  higher concentration of thiourea, a large amount of isothiocarbamido 
radicals are formed which might participate in homopolymerization of methyl 
methacrylate thus decreasing the graft yield. 

Effect of Different Monomers 

The graft copolymerization onto polyester fibers (PET) was carried out with 
different monomers, out of which methyl methacrylate was proved to be the best 
monomer for grafting since higher percentage of grafting is obtained. The order 
of their reactivity, as observed from graft yield is 

methyl methacrylate > methyl acrylate > 
styrene > butyl acrylate > ethyl acrylate 

The higher percentage of grafting obtained with methyl methacrylate than 
other monomers might be due to the presence of methyl group at  the site of the 
vinyl group which stabilizes the free radicals by hyperconjugation. 

Moisture Regain 

The percentage of moisture regain was found to increase with the percentage 
of grafting. Polyester fibers are highly hydrophobic in nature and the moisture 
content of the fiber is low (0.45% at  20°C and 65% rh) under normal conditions 
of temperature and humidity. Grafting with methyl methacrylate not only 
brings about the opening of the structure to a certain extent but also increases 
hydrophilicity of the fiber as a result of the introduction of the polar groups, i.e., 
an ester group into the fiber matrix. This shift in the hydrophobic nature is 
responsible for the enhancement of the moisture regain with increasing the 
percentage of graft yield. 

The scheme is financed by C.S.I.R., New Delhi, by Project No. 2(135)/79-EMR.II. One of the 
authors (A. K. P.) is thankful to C.S.I.R. for a Junior Research Fellowship. 
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