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ENHANCED RADIATION CROSSLINKING OF POLYMERS I,
THEORY

Chen Xinfang Tang Auchin

(Institute of Theoretical Chemistry, Jilin University, Changchun)

Zhang Yiqun Zhang Zicheng
(Changchun Institute of Applied chemistry, Academia Sinica)

ABSTRACT 1In this paper we have theoretically discussed two kinds of the ways
for enhancing radiation crosslinking of polymers, that is: (1) a second unit which cross-
links more easily is introduced into a linear polymeric chain, (2) a reactive polyfunc-
tional monomer is mixed with a linear polymer before irradiation. According to the first
model of enhanced crosslinking, the chain structure of the polymer can be described by

-+ AAAAABAAA::- -AAAABAAAAAA..-AAABAAAAAAA. ..
where A and B are the units which react at different rates. During irradiation three cro-
sslinking structures may be formed as follows:

—A— —A— —B—
1 l I
—A— —B— —B—
(1) (I (Im)

If the rates forming the structures of Type (1) and (II) are greater than that of Type
( I ), we say that B has an enhancing effect on the radiation crosslinking of linear poly-
~ mers with the main structural units of A. For instance, the radiation crosslinking of po-
lydimethylsiloxane containing some methylvinylsiloxane units is of this model. On the
basis of the elementary laws of probability, two general relations between. sol fraction
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and crosslink densmes are der1ved
S=EZWi(1-qs+0ap)*a(l -qp+qpp)*s ¢))

Q= EWx(l qA+qA(p)<x 1)XA(1 qB+qu,)<x 1Xg (2)

where W, is the weight fraction of i-mers of the initial polymers, X, and X;; are the nu-
mber fractions of A and B, q, and-g} are. the ‘number_ fractions of crosslinked units of
Type A and B, Sis the sol fraction, and @ is the probability that a crosslinked unit
selected at random links up with the finite chains through a crosslink bridge.

Considering the second model of enhanced crosslinking, for the mixture systems of a
linear polymer and a bifunctional monomer the radiation may induce the crosslinking
reactions of following two main types:
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where C—C is the bifunctional monomer, k,, and k4 are the rate constants of two di-
fferent crosslinking reactions. If k ,.>k,, the bifunctional monomer has an enhancing
effect on the radiation crosslinking of polymers composed of the structural units of A,
Those polymers, such as polyethylene, polydimethylsiloxane and others, mixed with a
reactive bifunctional monomer like ethylene glycol dimethacrylate can be irradiated to
crosslink in such a way. Regarding X; the ratio of the numbers of blfunctlonal groups to
that of the structural units. of polymers, then, Egs. (1) and {2) may also be applicable
to the second model. -
From Eqs. (1) and (2) three special cases of the molecular weight distributions of
initial polyrhers, nameiy uniform, Flory’s and Schulz-Zimm’s, are discussed.
_ KEY WORDS Enhanced crosslinking; Radiation cfosslinking; Crosslinking theory;
Sol fraction; Crosslink density; Yeild of ctqsslinking; Kinetics of crosslinking reaction.



