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ON THE THEORIES OF SOLUBILITY OF CROSSLINKEb
POLYMER INDUCED BY IRRADIATION

KWEI Tsu-Tong anp WANG Tsou-SHING

1. Some theoretical considerations about the controversy between Charlesby’s and
Tang’s theories concerning the solubility of crosslinked polymer induced by irradiation are
given. Based on Charlesby’s definition of the sol fraction, calculations were carried out
for the polymer with initial molecular weight distribution (MWD) of the Flory type by
method of direct summation; when 4—0, Charlesby’s formula of solubility was obtained:

— 1 .
(L+ 7 — y8)”
and for the polymer with initial MWD of the Schulz type:

1 a
Yse1 =

P .
(1+1__LS>H l+a

a a

S =

+

2. We introduced four parameters concerning the internal structure of crosslinked
polymer, namely;

g(s) = 2o of crosslinked units in sol
no. of total units ?
p(s) = no. of molecules in sol |
no. of total units
y(s) = _lg_‘).’ y(g) = q— q(s).
p(s) p — p(s)

where g is the crosslinking density, and p, the fracture density.

Due to the fact that the statistical theory of random crosslinking induced by radia-
tion is really a continuation of the gelation theory of three dimensional polycondensa-
tion, the molecular weight of the gel molecule should approach infinity. It is there-
fore suggested that the necessary condition for formation of gel molecule must be

Y(_g) =2; ré =2,

Based on the process of gel formation as well as the distribution of crosslinking
units and fracture units in sol, we obtained p(s)>pS, and 4(s)=45*<gS.

By analysing the distribution of new crosslinking units in the crosslinked polymer,
we obtained a kinetic formula for gel formation:

1 as

S(1—35) dq

3. From the above discussion of the mechanism and kinetic formula of gel forma-
tion, together with some considerations on the gel structure, we proved that Charlesby’s
definition of sol fraction is the reasonable one, and his solubility formula is obtained

= the wt. average chain length of crosslinked polymer molecule in sol.
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when g—0. From the solubility-dose formula,
f(S)=s++5 =242,
: ¢R <

it is seen that f(S) is a linear function of 1/R, which is valid only for a restricted range
ot dose. For an ordered linear polymer, the statistical theory of random crosslinking is not
suitable, and therefore, the results obtained by using the above equations may require
some modification. '





