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Study on Radiation-Induced Degradation of Grease at High Temperature

II. Degradation Behavior

* *
Kazuo ARAKAWA, Takao S0DA , Tsuneo SASUGA+, Hiroshi NAKANISHI
* ® +
Tamio AKRADA , Tetsuya YAGL , Miyuki HAGIWARA+ and Tadao SEGUCHI

Ion Accelerator Engineering Laboratory
Takasaki Radiation Chemistry Research Establishment
Japan Atomic Energy Research Institute

Watanuki-cho, Takasaki-shi, Gunma-ken
(Received July 16, 1990)

This report presents the test results on thermal degradatiom, -radi-
ation degradation and radiation-thermal combined degradation of several
greases. The degradation test was composed of the following these dif-
ferent combinations; (1) the simultaneous aging by irradiation at higher
temperature, (2) the sequential aging by thermal aging after irradiation,
and (3) the inverse sequential aging by irradiation after thermal aging.
The radiation resistance of the greases was evaluated by changes in
penetration, in weight loss (amount of volatillized and/or evaporated
base o0il}, and in molecular weight of base oil. In the irradiation at
high temperature, the properties of all greases changed remarkably and
the mode of changes was roughly classified into twe types; (1) hardening
at an early stage of aging and (2) softening initially and then harden-
ing. It was confirmed that the hardening was caused by the evaporation
or crosslinking of the base oil, and the softening was caused by the
destruction of gel structure. The synagistic effect was found in the

radiation-thermal combined degradation.

Keywords: Grease, Radiation Resistance, Irradiation at High Temperature,
Radiation-Thermal Combined Aging, Penetration, Weight Loss,

Molecular Weight Distribution, Degradation Behavior
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&6 7 - AOKREHRERIC L B A 2 RE
PYRONOC.2 |  APL-700 RG-42-2
MGy %) 3R (mol/g) 1.3 x 10 |1.3x10* | 5.5 x 10-°
(2.9 cc/gy 1 (2.9 cc/B) (1.2 x 107 "cc/g)
71) ~ Z508/ MGy D RAER(em*) | 145 145 6
s LT HEESAR
BE (Moy) o | 10! 56 | 101 ] 201 ] 30.0
By S| A 200 | 257 | 264 | 254 215 | 213
"o 6 | 288 | 200 | 213 267 | 266
SRR % 0.0 | 011 1.z | 20 3.0 | 3.0
MEE 1000240 %) 0.0 | 0.0 0.0 | 0.0 0.0 | 0.0
PYRONOC. 2
BE (Wy) 0 | L1 32 | 63 0.2 | 20.0
& 1 91 | RiRAl 25 | 260 | 27 | 2% 286 | 234
R 28 | Zi3 | 306 | 31 350 | 304
R % 0.1 | L6 | 52 | 102 |2.0 |36
BEmE 1000240 % 0.9 ] 1.3 | 07 | 0.8 0.0 | 0.1
APL-700
SE (MGy) o | o 51 | 100 | 20.7
% 55 1 | AIRA 257 | 400 | 368 | 397 0
Al 262 | 393 | 41T | 4500w 0
SRS % 0.3 | 16| 69 | 1.8 :
MEE 100,240 %, 03 28| 1.2 | L1
SYNTHESO PATA
BE (y) o | 10| 58 | 105 | 200 | 300
5 | AR | o3 39 | 30 371 |
£ 3| 34 365 | 377 397 | 3%
] % 0.0 | 1.8 1 1.8 | 3.9 53 | T.1
M 100024k % | 23 | 09 09 | 08 0.4 | L7




&8 [ERAHERIC LB MRENL GBEE | 125C, H8F; 6.7kGy/h)

JAERI-M 90-133

RG-42-2
SRR (h) 0 | 192 | 390 837 1625
it (Moy) o | 13| 26 5.6 | 10.9
5 x5 | RiEH 240 | 240 | 237 | 26 101
i® A %6 | 283 | 263 | 245 154
SRS % 0.0 | 01! 06 | 1.3 1.8
BMEWEE 100,240 % | 0.0 | 0.0 0.0 | 0.0 0.0
ERAL % 00| 36| 42 | 62 | 127
PYRONOC. 2
SRR (h) 0 | 12| 31 | e 1817
@i (MGy) 0 | 1.3 25 45 | 12.2
5150 | ASRA w5 | s 18 | 290 B,
B A 278 | 307 | 38 | 398 Bt
o % ot 06l 22 | 2.4 -
ibrE 100 0,24 h % | 0.9 | 0.0 | 0.0 | 0.0 0.0
RERES % 0.0 | 37| 56 | 7.8 | 17.0
APL-700
SKERTE () o | 192! 377 | 33 675
e (Wy) 0 | 13| 25 | 4.4 45
£ R | AR 257 | 365 | 307 | 281 279
"o 22 |4500v | 4500v | 4500v | 433
SRR % 0.3 | 05| 06 | 36 -
BedrE 100,24 h % | 0.3 | LO . 0.0 | 0.0 0.0
FRHKL % 0.0 | 25! 43 | 6.1 6.3




JAERI-M 90-133

#9 RESLHCERIC L S RE L GURERE ;) 150°C, HEH | 6.TkGy/h)
RG-42-2

RERWER (h) 0 242 370 830 1677 | 2220
BE (My) 0 1.6 2.5 5.6 11.2 | 14.9
£ 59 | RIRA 240 | 25T 220 173 5% | 37
B oA .| 26 | 25| 203 | 2001 56 | 37
s % 0.0 | 0.4 0.7 2.2 3.2 | 3.4
B 1000,24h % | 0.0 | 0.0 0.0 0.0 0.0 1 0.0
BRL % 0.0 | 4.6 7.1 | 121 | 5.7 | 28.6
PYRONOC. 2
SRERTERT (h) 0 242 370 535 1913
BE (M) 0 1.6 2.5 3.6 12.8
Hop 3| FEA 225 | 225 129 104 EHL
RO 2713 | 382 435 406 &ill4
i A % 0.1 | L6 1.7 1.8 -
BEENE 1000240 % | 0.9 | 0.0 0.0 0.0 0.0
ERHEL % 0.0 | 8.1 8.5 | 121 -
APL-T00
BRI (h) 0 242 370 535 702
SR (M) 0 1.6 | 2.5 3.6 4.7
£ 5 9 BE | AR BT 299 273 114 89
RO 262 | 4500v 466 296 264
ERERE % 0.3 | 1.1 2.2 3.3 3.3
BT 100 T.24 h % | 0.3 | 3.2 0.0 0.0 0.0
TR&s % | 0.0 | 6.9 7.6 | 11.8 13.0
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%9 (g )

SYNTHESO PATA
el (h) 0 388 784 1913
e (Moy) 0 2.0 5.3 12.8
5190 | RA 323 | 208 203 156
e A 334 | 4500v 4500v 412
i 1.3 % 0.0 | 0.8 0.9 1.9
M 100 .24 h % 2.3 0.0 0.0 32.4
BB % 0.0 2.6 4.7 9.0
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F12 AFHHBE L UREBECERIC BT 25 & HDEELP S OFGTH
RHEfE: B HEL 50 %

SoH) KRB (C) | bk aBE (h)
RG-42-2 125 100000 <
150 1760
175 3%
200 50
PYRONOC. 2 s 9000
150 2630
175 3%
200 100
APL-T00 5 1000 >
150 700 >
175 200 >
200 150 5
S RRIE (C) 50 # A T 100 %M
L LiHE OGy) | ELcBE (M)
RG-42-2 RT 50 < 50 <
125 7.9 10.9
150 4.9 7.2
PYRONOC. 2 BT, 21.2 2.1
125 1.6 2.4
150 15 i.5
APL-T00 R.T. 1> 17>
125 15 15
150 1.0 1.0
SYNTHESO PF‘H'A R.T. 30 < 30 <
150 1> 2>

() RT. 3=EA
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Liquefaction
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(d)
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/24 PYRONOC?2 7Y — RDEBOS TESHOEL
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(2.5MGy), (d} [@F%1k 150 °C, 535 h (3.6 MGy).
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