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Abstract—Methyl methacrylate has been grafted onto wool and silk using the redox system peroxydi-
phosphate/tartaric acid. The alkali solubility falls with increased grafting,

INTRODUCTION

Grafting of side-chains to proteinaceous materials
offers an attractive technique for improving the
properties of the materials [1,2]. Vinyl graft copoly-
merization onto wool and silk has been studied exten-
sively using a variety of methods. Chemical methods
have attracted considerable interest [2-4].
Peroxydisulphate has been extensively used as a

K

water soluble initiator in emulsion polymerization [5]
but peroxydiphosphate (PP), P,O% ", which is isoelec-
tronic and isostructural [6] with peroxydiphosphate,
has received relatively little attention until Edwards et
al. {7] recognized this ion as a free radical initiator.
Hariharan and Meenakshi [8] reported the polym-
erization of vinyl monomers using PP as the initiator.
This communication presents the results of a study of
the graft copolymerization of methylmethacrylate
(MMA) onto wool and silk using the redox system
consisting of PP with tartaric acid (TA).

EXPERIMENTAL

The reaction was carried out according to our previous
communications [3, 4].

The alkali solubility of wool was tested in an aqueous
solution of 0.1 N NaOH for 1 hr at 657 using a wool liquor
ratio of 1:100. The intrinsic viscosity of poly(methyl meth-
acrylate) was calculated using a single point method as
described by Valles et al. [9]. Use was made of the equa-
tion

[1] =9.6 x 1073 M°¢°,

The percentage of graft uptake was calculated as fol-
lows:

. increase in weight of sample
o, Grafting — ——roooe 11 WeIght ol samp

- - x 100.
dry weight of original sample

RESULTS AND DISCUSSION

The natural fibres, wool and silk, contain thiol,
amino and hydroxy groups. Free radicals are gener-
ated by abstraction of hydrogen from these groups.

In the presence of TA, PP decomposes to yield
HPOZ~, PO}?~ and TA radicals as shown below.
These free radicals might participate in direct abstrac-
tion of hydrogen from the fibre back-bone to create
macroradicals capable of initiating grafting.

ky .
TA + P,0%" :—‘complex]—> TA® + PO,*" + HPO}-
slow

2TA + P,Of™ —2TA' + 2HPO; .

An alternative possibility might be that H,POj,
O’H and HPOY  radicals, produced during the reac-
tion as shown below, interact with the groups present
in the fibre back-bone producing macroradicals which
initiate grafting.

K
H,P,03” + H* =H,P,05 :
slow

H;P,05—— H,PO; + HPO,"
H,PO, + H,O=H,PO, + "OH;
HPO;™ + H,0 =H,PO, + 'OH.

Initiation
k; .
wFaw — s WF'w
H
ki
wF'ww 4+ M ——— wWFM'

Where « F . represents the reactive group in the fibre

H

back-bone (ie. wool or silk) M the monomer,
«F"w and «FM"« the corresponding radicals.

The plots of the 9 grafting vs PP concentration are
shown in Fig. 1. The concentration range studied was
from 50 x 107* to 120 x 10" * mol/l for wool and
silk respectively and thereafter decreased.
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Figz 1.(A) Wool; (B) silk. [TA] = 0.04 mol/l;

[MMA] = 0.4694 mol/l; Temp. = 50°. Material:Liquor

= 1:100. x [PP] = 50 x 10~ *mol/l;O[PP] = 60 x 107

mol/l; A [PP] =80 x 10"*mol/l; @ [PP] =100 x
10"* mol/l; A [PP] = 120 x 10~* mol/l.

With increase of PP concentration up to the men-
tioned value, a large number of H,PO;, O'H and
HPO,  radicals are produced and interact with the
fibre backbone giving rise to free radicals at several
sites, so facilitating grafting. At higher concentration
of PP, there is a fall in graft yield because some of the
free radicals formed can terminate the grafted chain.

The rate of grafting was investigated by varying the
TA concentration from 0.01 to 0.04 mol/l. The graft
yield increased with increase in TA concentration.
This may be attributed to the fact that, with increase
in [TA] more free radicals are produced and may
produce more grafting sites thereby increasing graft
yield.

The rate of grafting was also studied for [MMA]
from 27.98 x 1072 to 103.27 x 10”2 mol/l. The %
grafting increased with increasing monomer concen-
tration. The 9 grafting increased with temperature,
The grafting was also conducted using modified forms
of wool. The order of the graft yield was, reduced
wool > oxidized wool > unmodified wool > cross
linked wool.
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Table 1. Effect of grafting on alkali

solubility
Graft Alkali solubility

(%) %)
Nil 76

84 21
120 20
153 18
187 15
207 14

Table 2. Effecting of grafting on molecular

weight
Graft _ .
(VA M, x 1073 DP x 1073
185 446 445
216 547 5.46
389 5.67 5.66
569 6.38 6.37

Alkali solubility and the molecular weight of the iso-
lated poly(methyl methacrylate) of grafted wool

It is observed that the alkali solubility decreases as
the percentage of grafting increases (see Table 1) and
the average molecular weight increases with increased
grafting (see Table 2).
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