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Direct Observation of Transition and Transformation Processes
of Polymers under High Pressure

Tetsuo TAKEMURA

Department of Applied Science, Faculty of Engineering,
Kyushu University, Fukuoka 812, Japan

A PSPC (position sensitive proportional counter) X-ray system was employed to directly observe the phase

transition process of polyethylene and phase transformation process of poly (vinylidene fluoride) at high pressure

and high temperature. X-ray diffraction measurements performed with a heating rate of 5°C/mini. have revealed the

detail of DTA thermograms in polymers under high pressure.
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Fig. 1 The apparatus of micro differential ther-
mal analysis under high pressure.
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Fig. 2 A schematic diagram of the high pressure
and high temperature X-ray diffraction meas-
uring system with a PSPC X-ray probe.
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Fig. 3 Diffraction patterns of Polyethylene.
(i) shows the diffraction pattern near 26 = 20°.
The counting time is 1.02 sec..
(ii) shows the diffraction pattern near 20 =

35°. The counting time is 52 sec..
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Fig. 4 Melting process of Folded -chain Crystal
of Polyethylene under 5§ kb by DTA thermo-
gram and corresponding X-ray diffraction pat-
tern with the same heating rate (5°C/mini.).
The end of bold line in DTA thermogram of
right hand side shows the temperature taken
diffraction pattern of left hand side.
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Fig. 5 Melting process of Poly(vinylidene fluo-
ride) under 3.5 kb by DTA thermogram and
corresponding X-ray diffraction pattern with
the same heating rate (5°C/mini.). The end of
bold line in DTA thermogram of right hand
side shows the temperature taken diffraction
pattern of left hand side.
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Fig. 6 Melting process of Poly(vinylidene fluo-
ride) under 4 kb by DTA thermogram and
corresponding X-ray diffraction pattern with
the same heating rate (5°C/mini.).
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Fig. 7 The X-ray diffraction patierns observed
at 4000 kg/cm® and at different annealing
times (no. 2 to no. 7). No. 1 shows the X-ray
diffraction patterns of a starting sample ob-
served at 4000 kg/cm? and room temperature.
No. 8 shows the X-ray diffraction pattern of
the sample annealed for 6 hours at 4000 kg/
cm? and 278°C, which was observed at 4000
kg/cm? and room temperature.

ZHOENT CEL2DEEICE TN EOREME £X
mEHCCHEL, T8 OE (N) OREELERLE
NHFig. 8TH 3, BMBMEE KV & I— I EiRDHE
EibBzw, TheBE—gNLEz <l IERNEN
BEZ2EEECRO B Z EHTE B, Fig. 9IC IR
T BERFE ST, SRR N8I3 SRR o #
ERBIOBRIZH N, BT AL X —I13#30keal /mol
THDBILhhr b,

300
(MIN)
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Form II structure in the sample, during the
annealing processes at 4000 kg/cm2 and at
the temperatures of 240, 250, 265, 272, 275
and 278°C.
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Fig. 9 Temperature dependence of the relaxa-
tion time, 7, for a crystal transformation from
Form II structure to Form 1 structure at
4000 kgfcm?,
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