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Abstract

Based mainly on results obtained in our laboratory recent developments of mechano
chemistry of polymers are surveyed. The definition of the mechano-chemistry as well as the
differences among chemo-mechanical system and chemorheology are mentioned. Mechano-
radicals were defined as free radicals produced by mechanical actions and several examples of
mechano-radicals are cited. It was found that there is a critical degree of polymerization for
the production of mechano-radicals. Conditions, in which mechano-radicals are identified as
primary products by mechanical excitation, are discussed. Among the mechano-radicals ob-
served from various polymers only polypropylene mechano-radicals alone satisfied the con-
ditions and were identified as primary products of the main-chain scissions induced by
mechanical actions. Several molecular models, including our own, for fractures of solid poly
mers are critically compared. It was discovered by comparing X-rays profiles before and after
the fracture that crystalline transformations of both polyethylene and polypropylene were
induced by long- time ball-milling. These transformations were reversibly recovered by heat-
treatment at temperatures below the melting temperatures of crystals. Both degrees of crys-
tallinity and size of crystallites were reduced after the milling and these reductions were
irreversible even after heat treatment. It was concluded from ESR studies that polypropylene
mechano-radicals were produced and trapped on the fresh surfaces which were generated by
the fractures simultaneously.
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<“————tie molecule > broken bonds
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l crystallite

a b c

Fig.2 Peterlin model. Stress is concentrated on the tie molecule at
its maximum stretching (b) and results in a chain breaking
(c). Bold arrows indicate shear directions.

Zhurkov Model

l [ g scission
R,
e =, L H U e ~Ry+CH=R2~
H or
R,
T I ‘ ~Ry+ CH=R~
Chain break ® R;or Ry RH and RH
~ RpRpr : .
CHR-CH-Ry)

Fig. 3 Zhurkov model. A chain break produces a pair of radical (R.-
and R.-), which abstract hydrogens from adjacent polymers
to produce two radicals ~Ri-CH-R,~, which undergo 8-scis-
sion to regenerate Ry-and R,-
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10 15 20 25 30

Fig.5 X ray diffraction patterns of polypropylene

(a) before and (b) after milling at 77K for
20 hours. (c) is the profile after a heat
treatment of the fractured sample at 38lk
for 24 hours.

10 20
Fracture Time (Hours)

6 Changes in crystallinity of polyethylene

with milling time : filled circles represent
milling at 77K and half-filled ones milling
at 293K.
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Fig.8 Reactivity of the PP radicals with oxygen Fig.9 Isothermal decays of the PP peroxy radi-

. filled circles mean mechano-radicals, cals at 313K : filled circles represent
open circles do radicals generated by y- mechano-radicals, open ones do radicals
irradiation. ESR observations were done generated by y irradiation. ESR obser-
at 77K. vations were done at 77K.
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