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Thermal Properties of Chloroprene Rubber with %Co y-ray Irradiation
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Abstract : The thermal properties of chloroprene rubber (CR) with %Co 7 -ray irradiation has been investigated. The
prepared CR was irradiated up to 1000kGy radiation dose by Co™ y-ray and the radiation degradation of CR was
investigated by thermogravimetric analysis and differential scanning calorimetry. Dynamic mechanical properties
measurement and FT-IR observation are carried out as well. From these analyses results, the glass transition tempe-
rature(T,), decomposition onset temperature(DOT), oxidative induction time(OIT), the peak temperature of loss modulus
and mechanical tan 8 values were compared for the radiation degradation level of CR. The tendency between T, and
peak temperature of loss modulus and mechanical tand agreed well with radiation doses. Decomposition temperature,
OIT and DOT showed the same tendencies as increasing radiation doses. It was verified that these analyses are available
to estimate the degradation level of CR.

Key Words : chloroprene rubber, radiation degradation, thermogravimetric analysis, oxidative induction time, decomposi-
tion onset temperature
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Fig. 1. Main structural units of CR®

Table 1. Mixing contents of CR

(Unit : phr)

Composition Content

Gum 100

(Neoprene W; Dupont Co.)

MgO 4

Zn0O 5
Proceess Oil 10
Stearic acid 0.5
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Fig. 2. TG thermograms of 7 —ray iradiated CR (Heating rate
: 5C/min)
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Fig. 3. Glass transition temperatures of 7 -ray irradiated CR

(Heating rate: 5°C/min)
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Table 2. Peak variation of experimental absorption peaks and
standard peaks of y-ray imadiated CR and the
variation of these peak areas after normalization

IPeak areas of experimental peaks Normalized peak areas

Radiation| pegk | Peak Peak [Peak positioniPeak position
dose | position| position | position | 3380/  [(1655+1587)
3380 | 2915+2849 |1655+1587|(2915+2849)|(2915+2849)
Non-
cradiated| 2143 | 3169 | 2572 0.676 0.812
200 kGy | 14939 | 2671 6.12 5.593 2291
400 kGy| 18.736 | 2754 153 6.803 5556
600 kGy| 21.642 | 3.185 | 18742 | 6795 5.884
1000 kGy| 454 | 0567 403 8.007 7.108

WSS B, 400kGy o]de] FAMAZNAM FAY
Z7HE Holi glom, o] e AMIL ZAMIH
400kGy ool Xe 22 xdl uF o] 3sta W3l
7} g4 APHE g F5 5 A Frh
wheha, o|¢} 2 AME dAA AHEEHE F2
22y 359 Ut HAE S00kGy R ekl
A ATAR) g A2 AT F Ue A
oz Atgdh

4. 4 E

Mo W& @ HAHZ AHEEHE FR22Y
5] v Jhg: d3lol] o3 93l HEE EF
FEA A FAIG FEA 5 e d A E
=48 A5, 53 7144 547 FIIRATR
of £4¢ B3 o5 IUstgrh olg e BME

| Bds FRzod afe] 43 47 e

D) WA EA o] ZU1E4E 2RI B

AMdorMElsix|, X183 H4E, 200304

3

Jm

=

Fof At stankg oz e frEdoleEs
Feaigon, feldolere F4 A4 B2
2 2T SARAEY duiA] F4Ut RSk
L& wstet JA|skA

2) E222 3179 Al A3t gl
upel gdskea e sk o s Qlste] $F
HAadE, ASHEARL ZMEEE BT Ha
3k 73S vERiITE

3) B AollM 400kGy o)) FAMIFAA 4t
kol A Frkehe AL ditdez d#
2Rz 7o) WA ARE @17} 500kGy <!
At 2 RghE it

e 2 B QP AR AT
ALY D Bkl B4 =ik

1) D. W. Clegg and A. A. Collyer, “Irradiation
Effects on Polymers”, pp. 346381, Elsevier Sci-
ence Publishers Ltd., 1991,

2) F. Bouquet, “Radiation data for design and quali-
fication of nuclear plant equipment”, EPRI Report
Summary, No. S-1, pp. 3-1~3-34, 1985.

3) P. E. Mallon, W. J. McGill, and D. P. Shillington,
“A DSC study of the crosslinking of polychloro-
prene with ZnO and MgO”, J. Appl. Polym. Sci.,
Vol. 55, p. 705, 1995.

4) R L. Clough and K. T. Gillen, “Stabilizer additives
in ionizing radiation environments under oxidizing
condition”, Polymer Degradation and Stability,
Vol. 30, Issue 3, pp. 309~317, 1990.

5) C. M. Dick, J. J. Liggat, and C. E. Snape, “Solid
state 13C NMR study of the char forming
processes in polychloroprene”, Polymer Degradation
and Stability, Vol. 74, pp. 397~405, 2001.

6) B. ivan, J. P. Kennedy, S. S. Plamthottam, T.
Kelen, and F. Tudos, “Characterization of polychl-
oroprenes and cationically modified polychloro-
prenes by thermal dehydrochlorination”, J. Polym.
Sci.: Polym. Chem. Ed., Vol. 18, p. 1685, 1980.

7) Y. Miyata and M. Atsumi, “Spectroscopic studies
on the initial stages of thermal degradation of
polychloroprene”, J. Polym. Sci.: Part A:Polym.
Chem., Vol. 26, p. 2561, 1988.

69



#7I%. ol

8) D. D. Jiang, “Thermal degradation of cross-linked
polyisoprene and polychloroprene”, Polymer Deg-
radation and Stability, Vol. 68, pp. 75~82, 2000.

9) P. Budrugeac and E. Segal, “Thermal degradation
of polychloroprene rubber under isothermal and
non-isothermal conditions”, Journal of Thermal
Analysis, Vol. 53, pp. 441~447, 1998.

10) 452, “ddsgaaddH-(8a71emdy,
AHATE HFRIA], No. %6 d=HA-1d76,
pp. 445~601, 1996.

11) o] & 9] 3¢, “TGAE o8& 7tanZelo el
o WA g3t b, Atdetdsta A, AlisA
A23%, pp. 50~55, 2003.

12) M. Celina, J. Wise, D.K. Ottesen, K.T. Gillen, and
R.L. Clough, “Correlation of chemical and mech-
anical property changes during oxidative degrada-
tion of neoprene"”, Polymer Degradation and Stabi-
lity, Vol. 68, pp. 171~184, 2000.

13) R. M. Kell, B. Bemnett, and P. B. Stickney,
“Transition behavior of polychloroprene and poly-
chloroprene/styrene-butadiene blends”, J. App.
Polym. Sci., Vol. II, ISSUE No. 4, pp. 8~13, 1959.

14) P. P. Kundu, D. K. Tripathy and S. Banerjee,

70

H RyE

“Studies on the miscibility of blends of polychio-
roprene and poly(ethylene-methyl acrylate) copoly-
mer”, Polymer, Vol. 37, pp. 2423 ~2431, 1996.

15) F. Delor, J. Lacoste, J. Lemaire, N. Barrois-Oudin
and C. Cardinet, “Photo- and thermal ageing of
polychloroprene: Effect of carbon black and
crosslinking”, Polymer Degradation and Stability,
Vol. 53, pp. 361 ~369, 1996.

16) L. Woo, A. Khare, H. P. Blom, C. Sandford, and
S. Y. Ding, “Application of the oxidative induction
test to depolymerizing systems”, Thermochemica
Acta, Vol. 367-368, pp. 113~118, 2001.

17) Y. S. Cho, M. J. Shim, and S. W. Kim, “Thermal
degradation kinetics of PE by the Kissinger
equation”, Material Chemistry and Physics, Vol.
52, pp. 94~97, 1998.

18) C. Y. Park, “Cure behaviour, compression set and
dynamic mechanical properties of EPDM/NBR
blend vulcanizates”, Polymer, Vol. 25, No. 2, p.
233, 2001.

19) F. Bouquet, “A review of equipment aging theory
and technology”, EPRI Final Report, No. NP-1558,
pp. 744~77-51, 1980.

Jound of the KIS, Voi. 18, No. 4, 2003



