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This report presents data of radiation resistance of commeréial
lubricating.oils. Data included are the radiation induced change of
properties such as kinematic viscosity, total acid number, flash peint,
pour point, specific gravity and color, and the results by instrumental
analysis such as gas analysis by gas chromatography, ESR spectra, infrared
spectra, mass spectra, and molecular weight distribution by liquid
chromatography.

Twenty-seven different kinds of cormercial lubricating oils including
mineral oils, a synthetic hydrocarbon o0il, ester lubricants, a polyether,
silicone oils, florinated cils and aromatic oils were irradiated with

OCo Y-rays at room temperature in a vacuum, in air and under bubbling
oxygen. The irradiation was carried out up to 30 MGy at a dose rate of

10 kGy/h.

Keywords: Radiation Resistance, Mineral 0il, Ester, Aromatic 0il,
Florinated 0il, Viscosity, Total Acid Number, Silicone,
Radical, Infrared Spectra, ESR Spectra, Mass Spectra,

Molecular Weight
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1., Introduction

The number of nuclear power plants is increasing and the
output power per unit is becoming larger. The necessity to
secure the safety and reliability of the nuclear power plants is
increasing, too. Organic materials used in the reactors, such
as wire insulating materials, paints, lubricating oils and
greases are required to maintain high reliable performance over
a long periocd.

The lubricating cils used in the plants are deteriorated by
radiation, heat, oxidation and mechanical degradation. Therefore,
the estimation of the radiation resistance of lubricating oils
is necessary to avoid a trouble in the operation of nuclear
power facilities where they are used.

In case of irradiation in air, the rate of oxygen diffusion
into o0il and that of oxygen consumption in o0il depend on the size
and the shape of irradiation vessels. Therefore, i1t is difficult
to compare the results obtained by different experiments.

Though the fact that radiation accelerates the oxidation of
lubricants and degrades their physical properties and performance
is well known, the effect of the irradiation atmcspheres for the
degradation of 0il is not clear yet. This report describes the
effect of radiation on twenty-seven different commercial
lubricating cils under three different irradiation conditions
such as in a vacuum, in air, and with bubbling oxygen. The data
contain the radiation-induced property change of lubricants
such as viscosity, total acid number, flash point, specific

gravity, pour peoint, color, and breakdown voltage measurement,
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and the results of instrumental analysis such as gas analysis
by gas chromatography, ESR spectra, infrared spectra, mass

spectra, molecular weight distribution by liquid chromatography.

2. Experimental
2.1 Materials

The lubricating oils tested are all commercial products as
shown in Table 1 and are used without any more refinement. The
abbreviations, %CP, %CN, and %CA used in Section 3 are the
percentage of paraffinic, naphthenic and aromatic carbon to the
total carbon of the oil. The percentage 3CH is usually
determined by ri-VGC method, but for the synthetic oils it was
calculated from the chemical structure of the sample.

Liguid paraffins P-80 and P-350 consist of paraffinic and
naphthenic hydrocarbons, In addition to these two types of
hydrocarbons, paraffinic neutral oil N-350 and N-500, and
naphthenic neutral oil contain aromatic hydrocarbons. Liquid
paraffin P-80 is the same grade as Blandol and Ramor (Witco
Chemical Co. ) and Primol 80 (Esso Standard 0il Co. ). Liqguid
paraffin P-350 is the same grade as Kaydol and Ramor 350

(Witco Chemical Co.) and Marcol 355 (Esso Standard 0il Co.).

Poly-a-olefin is a mixture of hydrogenated tetramer of l-decene.

2.2 Irradiation procedure and condition

The samples were irradiated with 60Co vy—-rays under three
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and the results of instrumental analysis such as gas analysis
by gas chromatography, ESR spectra} infrared spectra, mass

spectra, molecular weight distribution by liquid c¢hromatography.

2, Experimental
2.1 Materials

The lubricating oils tested are all commercial products as
shown in Table 1 and are used without any more refinement. The

abbreviations, %CP’ %CN, and %CA used 1n Section 3 are the
percentage of paraffinic, naphthenic and aromatic carbon to the
total carbon of the oil. The percentage %CA is usually
determined by ri-VGC method, but for the synthetic oils it was
calculated from the chemical structure of the sample.

Ligquid paraffins P-80 and P-350 consist of paraffinic and
naphthenic hydrocarbons. In addition to these two types of
hydrocarbons, paraffinic neutral oil N-350 and N-300, and
naphthenic neutrai 0il contain aromatic hydrocarbons. Ligquid
paraffin P-80 is the same grade as Blandol and Ramor (Witco
Chemical Co. ) and Primol 80 (Esso Standard 0il Co. ). Liguid
paraffin P-350 is the same grade as Kaydol and Ramor 350
(Witco Chemical Co.) and Marcol 355 (Esso Standard 0il Co.).

Poly-a-olefin is a mixture of hydrogenated tetramer of l-decene.

2.2 Irradiation procedure and condition

The samples were irradiated with 60Co yYy-rays under three
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different conditions at a dose rate of 10 kGy/h and at room
temperature,

For irradiation in a wvacuum, about 150 ml of the sample was
poured into the 400 ml glass ampule of 4 cm diameter and 40 cm
height as shown in Fig.l. The sample was bubbled with nitrogen
for one hour at the flow rate of 1.2 1/min to purge air solved
in the oil. Then the sample was evacuated to 5.2x10_2 Pa for
2 hours at room temperature, sealed off and irradiated with y-
rays. With this treatment before the irradiation, a total acid
number which is a good indicator for oxidation was not detectable
after irradiation for oils such as liquid paraffin, paraffinic
neutral oil, etc.

For irradiation under bubbling oxygen, 750 ml of the sample
was poured into gas bubbling bottle of 9 cm diameter and 31 cm
height, and then irradiated under oxygen bubbling at various
flow rate as shown in Fig.l. As seen in Figs.2 and 3, the
total acid number, viscosity change, flash point and specific
gravity remain constant above the oxygen flow rate of 250 ml/min.
The flow rate of oxygen into the oil is, therefore, determined
as 250 ml/min. The irradiation procedure is shown in Fig.l.

For irradiation in air, about 150 ml of sample in a 200 ml
beaker of 7 cm diameter and 9 c¢cm height was irradiated

stationarily in air.

2.3 Measurement of o©il property
Kinematic viscosity, total acid number by color-indicator

titration, specific gravity, flash point by Cleveland open cup,
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pour point and ASTM color were measured accerding to ASTM D445
(JIS K2283), ASTM D974 (JIS K2501), ASTM D1298 (JIS K2249),
ASTM D92 (JIS K2265), ASTM D97 ({(JIS K226%) and ASTM D1500,

respectively.

2.4 Instrumental analysis
2.4.1 Measurement of molecular weight distribution

Molecular weight distribution of the sample was measured by
liguid chromatography (Toyo Soda HLC-802A7}. The column used

was TSK-GEL (7.8 mm ID x 30 cm, 16,000 TR/ft).

2.4.2 Measurement of infrared spectra
The oxidated product was estimated from the increase of
absorption at 1720 cm_l measured by the infrared absorption

spectrometer (Japan Spectroscopy Co. A-302).

2.4.3 Measurement of ESR

Radicals formed in the irradiated oils at -196 °C were
measured by ESR spectrometer (JEOL type JES-FE 3X). The sample
was frozen with liquid nitrogen and evacuated to lO_3 Pa and
irradiated at —-196 °C with exposure rate of 3.21x102 Cc/kg.
After irradiation, ESR was measured at the same temperature.
Then the irradiated sample was bleached by sun-light keeping the
temperature at -196 °C and ESR was again measured (denote; after
photo bleach} at the same temperature. The G values of radical
yield were calculated by using the energy absorption coefficients.

2l1 ESR spectra were measured at the same gain except the spectra
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remarkably reduced by photo bleach.

2.4.4 Measurement of mass spectra

Mass spectra of the sample was measured by a DI (Direct
Inlet) method using a gas chromatograph double focussing mass
spectrometer (HITACHI Model M-80B). In the DI method a
sample is applied to the tip of the probe, which was heated under
the control of a computer and directrly inserted into the
ionization chamber. A molecule of vaporized oil was ionized

by electron impact at 70 eV.

2.4.5 Gas analysis by gas chromatograph

Each sample ( 1 ¢ ) was evacuated at 2.6:»(10_3 Pa in a Pyrex
glass tube with a break off seal. The samples were irradiated
with 60Co y-rays at a dose rate of 10 kGy/h to the dosage of 1 to
30 MGy. After irradiation the sample tube was connected to a
vacuum line as shown in Fig.4 ; the total pressure was measured
by the MKS-Baratron 210-capacitance manometer (dynamic range 0.1
to 133 kPa).. The gas evolved was analyzed by two gas
chromatographs (GCs). The operating conditions were as follws:
GC(I) was Hitachi Model 163 equipped with a thermal conductivity
detector. Helium was used as the carrier gas at a flow rate of
40.0 ml/min. Molecular sieve 5A ( 30 to 60 mesh ) was packed 1in
stainless steel column ( 3 m long and 3 mm diameter ). The
column was kept at 43 °C. The GC(II) was Yanagimoto GCG-550T
equipped witﬁ a thermal conductivity detector. Helium was used

as the carrier gas at a flow rate of 32 ml/min. Porapack S ( 80
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to 100 mesh )} was packed into stainless steel column {( 2.2 m long
and 3 mm diameter). The column was kept at 40°C. The GC(I)
was used for smaller molecules such as hydrogen, oxygen, methane,
and carbon monoxide and the GC{(I1) for carbon dioxide, ethane,
and ethylene. The G values ( number of gas molecules liberated
per absorbed energy of 100 eV )} were calculated by using the gas
composition, volume, temperature, and pressure of the gas in the

irradiated sample tubes.

2.5 Measurement of electrical property
2.5.1 Dielectric breakdown voltage (ASTM D877, JIS C2101)

The electrodes used were polished brass disks 12.5 mm in
diameter and 1.5 mm thick, with square edges. Voltage was
applied and increased from zero at the rate of 1 kV/s until
breakdown occurs as indicated by operation of the circuit-
interrupting equipment, and the value was recorded at 50 Hz.

If breakdown does not occur until 45.5 kV, the test would stop
after voltage retains 45.5 kV for 5 min. Voltage 1s calculated

as V = (V2 + V3 + V4 + V5)/4.
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in a wvacuum under bubbling oxygen

Fig.l Photograph for irradiation procedure.
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OIL NAME: Liquid paraffin P-350
>
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Fig.2 Effect of bubbling oxygen flow rate

on the change of properties for
Liguid paraffin P-350.
{total dose 1 MGy, dose rate 10 kGy/h)
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0IL NAME:Liquid paraffin P-350

0.89

0.68

R SR N
0 100 200 300 400 500

Oxygen flow rate {ml/min)

Specific agravity
(15/4°C)

]
0 100 200 300 400 500

Oxygen flow rate (ml/min)

Total acid number
{mgKOH/qg)

Fig.3 FEffect of bubbling oxygen flow rate
on the change of properties for
Ligquid paraffin P-350.
(total dose 1 MGy, dose rate 10 kGy/h)




JAERI-M 87-141

GC I

GCI

MKS BARATRON
210HS 1000




JAERI-M 87-141

3, RESULTS
3.1 Mineral oils
3.2 Synthetic hydrocarbon.

3.3 Esters

3.4 Polyether

3.5 Silicone oils

3,6 Florinated oils

3.7 Aromatic oils
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Mineral oils

3.1.1 Liguid paraffin P-80
3.1.2 Liquid paraffin P-350
3.1.3  Paraffinic neutral oil N-350
3.1.4 Paraffinic neutral oil N-500

3.1.5 Napnhthenic neutral oil
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OIL NAME: Liguid paraffin P-80

STRUCTURE OR FEATURE: Refined mineral oil
MOLECULAR WEIGHT: 330 (Average molecular weight)

6 6 m?/s at 100°C)

VISCOSITY at 40°C: 14.8x10°° m%/s (3.45x10°
VISCOSITY INDEX: 108 SPECIFIC GRAVITY(15/4°C) $ 0.849
TOTAL ACID NUMBER: 0.00 mgKOH/qg, FLASH POINT(°C): 204

COLOR: UNION 1(-) , ASTM LO.5

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Irradiation Dose | Specific Viscggigy ﬁ/no
gravity | nxl0 "m“/s
condition [MGy]| (15/4°C)| {40°C) (i100°C) (40°C) (100°C)
in wvacuum 1.0 0.848 16.09 3.658 1.09 1.06
3.0 0.848 21.12 4.385 1.43 1.27
in oxygen 0.05 0.843 14.75 3.436 1.00 1.00
bubbling 0.21 0.845 . 15.12 3.474 1.02 1.01
0.5 0.847 15.92 3.556 1.07 1.03
0.98 0.852 17.51 3.739 1.18 1.08
3.2 0.873 | 26.85 4.559 1.81  1.32
5.4 0.892 41.12 5.986 2.78 1.74
in air 0.05 0.843 14.60 3.434 0.99 1.00
d.5 0.844 15.24 3.516 1.03 1.02
1.0 0.84¢ 16.42 3.704 1.11 1.07
1.6 0.847 17.62 3.960 1.19 1.135
2.3 0.849 19.61 4.155 1.32 1.20
3.0 0.851} | 21.80 4.249 1.47 1.23
5.0 0.853 28.30 5.361 1.91 1.55
10.5 0.864 50.56 7.912 3.41 2.29
COMMENT

IRRADIATICON CONDITION

Dose rate; 10 kGy/h
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OIL NAME : Liquid paraffin P-80

PROPERTY CHANGE OF LUBRICANT QOIL BY TRRADTIATION

Irradiation| Dose |Viscosity| Total acid] Flash Color
number point
condition [MGy] {index [mgKOE/g] (°C) |uion . ASTM
in vacuum 1.0 112 0.00 204 1{(-) ..LD.5
3.0 118 0.00 184 1/2(-) L0O.5
in oxygen 0.05 108 0.10 196 1{-) L0L5
bubbling 0.21 106 0.49 190 1(=) L0.5
0.5 103 1.49 168 1{-) L0.5
0.98 100 3.44 1920 1(=-) 0.5
3.2 71 le.1 148 1(=) L0.5
5.4 85 29.0 150 1(=) 0.5
in air 0.05 110 0.01 200 1(-) LO0.5
0.5 110 0.04 194 1(-) L0.5
1.0 112 0.07 202 1{-) L0.5
1.6 102 0.31 188 1{-) L0.5
2.3 115 0.35 188 1(=-) L0.5
3.0 97 0.53 184 1/2{-} LO.5
5.0 126 0.58 182 2(=) L1.5
10.5 125 0.75 178 3(=) L2.5
COMMENT

IRRADIATION CONDITION

Dose rate;

lo kGy/h




JAERI-M 87-141

OIL NAME : Liquia paraffin P-80

PROPERTY CHANGE OF LUBRICANT QIL BY IRRADIATION

4.0

30F

n_/n_0 at 40°C
|

Change of viscosity

in
in

in

vacuum
air

bubbling oxygen

Total acid number {maXKOH/q)

COMMENT

JRRADIATION CONDITION

Dose rate: 10 kGy/h




JAERI-M 87-141

OIL NAME ! Ligquid paraffin P-80

PROPERTY CHANGE OF LUBRICANT QIL BY TRRADIATICHN

| l H 1 { ! i

0 1 2 3 4 5 & 7 8 9 19
Dose ( MGy )
Symbol:
O 1in vacuum

@ in air
in bubbling oxygen

COMMENT

IRRADIATION CONDITION

Dose rate: 10 kGy/h




JAERI-M 87-141

OIL NAME: Liguid paraffin P-80

MOLECULAR WEIGHT DISTRIBUTION (original sample)

1
4@
399 -
99 -
199 =
i
T T T T : i f } T g T T 1
1589 588 258
[COUNT]
FE/AT/VR 14133 JOE FILE |
SAMPLE HO. @ HENE: ] -1 SERIRL NO. 2841
CH.NG L METHOD 2
FEAK MO. |  ERSE
STRRT TGP EMD MH LI ne i
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PEGK NO. 2 VUALLEY
START ToP EHD MH Ml nZ [
237 za1@ 2495 3.549ZFE+DI 3.6T%TEE+RI J.669B8E+EI Z.ES9FTE+aZ
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STRRT T3P END Fi W Nz
c 2619 2195 2495 4. SE1FSE+AZ 5,BITESE+HI S.IQIL1GE+BZ
W 11.4 411.3 13.3 M MH Mz /il SREG
" a3z 53¢ 296 1.9z 1.82 7.2283ITE




JAERI-M 87-141

ODIL NAME: Liquid paraffin P-80
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JAERI-M 87-141

. OTL NAME - ﬁiquid paraffin P-80

[RRADTATTON COMDITICN

Temp.:~196°C Dose 11 kGy in Vacuunm

after irradiation

after photo breach

50

ESR CONDITION Sweep range{Gauss}:% 250 Power (pW): 1
Modulaticn wicdth (l00kHz,Gauss): 2 at -196°C

after irradiaticn after Photo breach

3.9 3.8




JAERI-M 87-141

CIL NAME - Liguid paraffin P-80

RADIATION-INDUCED GAS EVOLUTION

totla gas

Evolved gas {x10 % nol/q)

Dose { MGy )

G VALUES OF TEHE EVOLVED GASES

G(total gas) 2.8

G (H,) 2.6 .

G(CEy) 4.3x10_2

G(C,He) l.4xlO_2

G(C,E,) 1.7x10

AMOUNT OF TOTAL EVOLVED GASES (x10 2 mol/qg)
1 MGy 2.6
5 MGy 12.4
10 MGy 22.0

IRRADIATION CONDITION

in vacuum, dose rate;10 kGy/h




TAERI-M 87-141

OIL NAME: Liquid paraffin P-350

STRUCTURE OR FEATURE: Refined mineral oil

MOLECULAR WEIGHT: 400 (Average molecular weight)
VISCOSITY at 40°C: 66.29x107°% w/s (7.853x107° m?/s
ViSCOSITY INDEX: 78 SPECIFIC GRAVITY(1l5/4°C
TOTAL ACID NUMBER: 0.00 mgKOE/g, FLASH POINT(°C): 354

COLOR: UNION 1(-) , ASTM 1.0.5

at 100°C)

):0.883

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADTATION

Irradiation Dose >becific Viscggitg n/ng
condition [MGy] gravity nxLo m”/s
(15/4°C) (40°C) (100°C) (40°C) (100°C)
in vacuum 1.0 0.885 75.59 8.637 1.14 1.10
3.0 0.887 105.6 10.80 1.59 1.38
5.6 0.888 165.5 14.85 2.50 1.89
9.2 0.894 526.3 33.31 7.94 4.24
in oxygen 0.05 0.877 67.46 8.820 1.02 1.10
bubbling 0.21 0.879 68.22 B.648 1.03 1.10
0.50 0.880 74.95 8.877 1.13 1.13
0.98 0.883 86.32 9.469 1.30 1.21
2.9 0.920 212.1 14.38 3.20 1.83
5.3 0.951 587.1 22.74 8.86 2.90
9.1 0.998 2897 49 .33 43,7 6.28
in air 0.05 0.872 67.40 8.532 1.02 1.09
0.2 0.873 65.65 8.733 1.04 1.11
0.5 0.873 70.42 B8.618 1.06 1.10
1.0 0.874 75.41 9.236 1.14 1.18
2.3 0.876 85.06 10.31 1.28 1.31
3.0 0.889 105.2 10.60 1.59 1.35
5.0 0.883 153.7 14.88 2.32 1.89
7.5 0.887 275.3 22.42 4,15 2.85
10 0.902 531.8 30.71 8.02

3.91

IRRADIATION CONDITTION Dose rate: 10kGy/h

i23 —_



JAERI-M 87-141

OIL NAME : Liguid paraffin P-350

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Irradiation Dose Viscosity Total acid Flash Color
number point
condition [MGy] index fmgKOE/qg] {°C) union ASTM
in vacuum 1.0 82 0.00 214 1(-) LO.5
' 3.0 - 83 0.00 210 1(1/2) L0.5
5.6 88 0.00 212 1{(1/2) 1.0
9.2 96 0.00 194 2, 2.0
in oxygen 0.05 99 0.11 232 1(=) LO.5
bubbling 0.21 98 0.52 232 1(-) LO.5
0.5 90 1.52 230 1(-) 0.5
0.98 83 3.64 194 1(-) L0.5
2.9 47 22.2 150 1(-) 0.5
5.3 10 45.9 150 1(1/2) .5
9.1 21 84,1 140 1¢1/2) .5
in air 0.05 96 0.00 234 1(=) L0.5
0.2 99 0.01 234  L1(=) LO.5
0.5 92 0.02 244 1(-) LO.5
1.0 97 0.06 228  2(-) L.1.5
2.3 103 0.28 216 2(-) L1.5
3.0 80 0.31 206 2(-) 1.0
5.0 96 0.35 212 2(1/2) 2.0
7.5 99 0.386 214 3(1/2) L3.0
i0 85 0.76 202 4(-) 3.5

COMMENT

IRRADIATION CONDITION

Dose rate ; 10 kGy/h




JAERI-M 87-141

OIL NAME : Liquid paraffin P-350

PROPERTY CHANGE OF LUBRICANT QIL BY IRRADIATION

Change of viscosity n/no at 40°g
1

100 p—
90 -
80
70 -

Total acid number {(mgKOH/g)
|

i} 10 fo) ! o | ] | I, WS, W
0 1 2 3 4 5 6 7 8 9 10
Dose ( MGy )
Symbol: O in vacuum

COMMENT . .
S AVIR N 3 P 1n air

® in bubbling oxygen

IRRADIATION CONDITION

_25 —
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OIL NAME : wnigquia paraffin P-350

PROPERTY CHANGE OF LUBRICANT OIL BY TRRADJATION

>
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e
4N
-
U‘-...J
0]
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|95
3)
c
4
o)
-
0
a,
=
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i
—
=B
0 1 2 3 4 5 6 7 8 9 10
Dose { MGy )
Symbol: Q in vacuum
® in air
® in bubbling oxygen
COMMENT

IRRADIATION CONDITION

— 26—
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OIL NAME : Liquid paraffin P-350

PROPERTY CHANGE OF LUBRICANT OIL RBRY IRRADIATION

Total acid number (mgKOH/g)

-

30— —{z0 O
-

_ — [0

o}

| @]

N 0]

rd

- - >
Y

- — 20 o)
20#— _ g
o

B N T
-~ A

B ‘/ ] o
A== & fa¥ N A _J 10 ¢

T

0 100 200 300
Oxygen bubbling time (h)

Effect of bubbling oxygen in Liquid paraffin P-350,

O A unirradiated
® A irradiated (dose rare 10 kGy/h)

COMMENT

n/no at 40°C

IRRADIATION CONDITION




JAERI-M 87-141

OIL NAME: Ligquid paraffin P-359

DOSE RATE EFFECT

PROPERTY CHANGE OF

LUBRICANT OIL BY IRRADIATION

Dose rate Dose >Fecific 'Viscogitg n/n
[kGy/h] (mgy] FTavity nxld ° m“/s 2
(15/4°C) (40°C) (100°C) {(40°C) (l00°C)
in air
20 0.884 74.46 8.626 1.12 1.10
10 .0 0.874 75.41 9.236 1.142 1.18
3.0 1.0 0.885 74 .47 g.512 1.12 1.08
1.0 0.885 76.97 8.666 1.16 1.10
0.7 0.875 74.51 9.098 1.12 1.16
0.5 1.0 0.886 75.29 8.502 1.14 1.08
in bubbling oxygen
3.0 0.05 0.881 68.03 8.147 1.03 1.04
3.0 0.2 0.881 70.43 8.233 1.06 1.05
3.0 0.41 75.13 8.410 1.13 1.07
3.0 1.0 0.893 98.50 9.537 1.49 1.21
1.0 0.054 0.882 67.27 8.011 1.01 1.02
1.0 0.19 0.885 71.60 8.167 1.08 1.04
1.0 0.5 0.389 83.10 8.863 1.25 1.13
1.0 1.01 0.898 108.7 9.855 1.64 1.25




JAERI-M 87-141

OIL NAME: Liquid paraffin P-350

DOSE RATE EFFECT

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Dose rate Dose Viscosity Total acid Flash Color
number peint :
{kGy/h] [MGy] index [mgKOE/qg} (°C) unicn ASTHM
in air
20 1.0 84 0.07 218 1(-) L0.5
10 1.0 97 0.06 228 1(-) L0.5
3.0 1.0 81 0.13 225 1(=) L.0.5
1.0 1.0 85 0.31 204 1(=) L0.5
0.7 1.0 96 0.26 232 1(=) 1.0.5
0.5 1.0 78 0.55 230 1(-) LO0.5
in bubbling oxygen
3.0 0.05 64 0.47 220 1(-) L0.5
3.0 0.2 81 1.10 214 1(-) LO0.5
3.0 0.41 76 206 1(=) L.0.5
3.0 1.0 64 6.25 196 1(-) L0.5
1.0 0.054 81 0.14 218 1(=) LO.5
1.0 0.19 76 0.98 218 1(-) LO.5
1.0 0.5 73 4.44 212 1(=) L0.5
1.0 1.01 56 11.4 180 1(-) L0.5




JAERI-M 87-141

OIL NAME: Liquid paraffin P-350

DOSE RATE EFFECT

(mgKOH/qg)

{in air, total. dose 1 MGy)

=0~ Totala acid number

Ll

10°

COMMENT

10

Dose rate ( Gy/nh )

-~ Change of viscosity

n/no at 40°¢°C

IRRADTATION CCONDITION
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OIL NAME: Liguid paraffin P-350

MOLECULAR WEIGHT DISTRIBUTION

(original sample)
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JAERI-M 87-141

OIL NAME: Liguid paraffin P~350
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OIL NAME: Liquid paraffin P-350
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Infrared spectrum ( 10 MGy in air)

COMMENT

IRRADIATION CONDITION




JAERI-M

OIL NAME : Liquid paraffin P-350

B7-141

RADIATION-INDUCED GAS EVOLUTION

O total gas
I H2
= 0 CH4

@ C H6

2
@ CZH

=
wn

4

Evolved gas (x10_4 mol/qg)
0 5

0 1 2 3 4 5 6 7
Dose ( MGy )
G VALUES OF THE EVOLVED GASES
| G(total gas) 2.8

G (H,) 2.7

G (CH,) 5.1x10

G(C,Hg) 1.7x107%

G(CyH,) 1.4x107%

AMOUNT OF TOTAL EVOLVED GASES (x10™ % mol/c)

1 MGy
5 MGy
10 MGy

COMMENT

2.7
10.7
17.8

10

- IRRADIATION CONDITION

in vacuum, dose rate:

10 kGy/h




JAERI-M 87-141

QIL NAME: Paraffinic neutral oil N-350
STRUCTURE OR FEATURE: Mineral oil

MOLECULAR WEIGHT: 400 (Average molecular weight)

VISCOSITY at 40°C: 72.99x10°° m?/s (8.665x10 ° m2/s at 100°C)
viscoszTY INDEX: 89 SPECIFIC GRAVITY(15/4°C): p.gg>2
TOTAL ACID NUMBER: 0.00 mgKOH/qg, FLASH POINT(°C): 244

COLOR: UWICN 1(-) + ASTM 10.5 .

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Specific Viscosity

Irradiation Dose ' e 3 n/mg
condition [MGy] gravity nx1lo m/s
(15/4°C) {40°C) (100°C) (40°C) (100°C)
in vacuum 1.0 78.93 9.596 1.08 1.11
3.0 0.885 94.87 10.98 1.30 1.27
5.6 0.884 140.3 15.47 1.92 1.79
9.0 0.889 233.4 21.07 3.20 2.43
in oxygen 0.05 0.884 74.08 9.169 1.01 1.06
bubbling 0.21 0.885 78.84 9.460 1.08 1.09
0.50 0.889 B7.78 9.932 1.20 1.15
0.98 0.894 100.3 10.56 1.37 1.22
1.1 0.892 99.79 10.59 1.37 1.22
2.9 0.895 117.2 11.78 1.6l 1.36
3.2 0.906 153.0 13.38 2.10 1.54
4.4 0.900 137.3 13.06 1.91 1.48
6.1 0.925 . 272.5 18.41 3.73 2.12
9.0 0.935 402.9 22.23 5.52 2,57
10.6 0.952 502.9 33.86 12.4 3.91
in air 0.05 0.885 89.72 10.48 .22 1.21
0.2 0.880 78.07 9.462 1.07 1.08
0.5 0.880 78.97 9.693 1.08 1.12
1.0 0.883 80.17 9.693 1.10 1.12

IRRADIATION CONDITION

Dose rate; 10 kGy/h




JAERI-M 87-141

OIL NAME : Paraffinic neutral cil N-350

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADTATION

Specific Viscosity

Irradiation Dose -6 2
nx1l0 m /s

condition [MGy] gravity

n/nO

{15/4°C) (40°C) (100°C) (40°C) (100°C)
in air 2.3 0.884 95.17 10.87 1.30 1.25
3.0 0.887 106.7 11.009 1.4%6 1.28
5.0 0.891 134.5 13.84 1.84 1.60
7.5 0.889 198.1 18.06 2.71 2.08
10 0.895 213.1 19.09 2.92 2.20
30/~ O in vacuum
i Q in air _
— ® in bublling oxygen
> N
™
o L
2 L
o 20
E L
N »
@
& L
&
ﬁ e
&
o 10—
.,—' [
4]
(U -
—
m - L ]
i
g F
‘/1 I T '-----‘L—rr—-l-—g""—.._‘ 4 & A‘
0 1 2 3 4 5 6 7 8 9 10
Dose { MGy )}
COMMENT

TRRADIATION CONDITION

Dose rate; 10 kGy/h
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OIL NAME : paraffinic neutral oil N-350

PRCPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Irradiation Dose Viscosity Total acid Flash Color
number point
condition [MGy] index [mgKOH/g] (°C) union ASTM
in vacuum 1.0 98 0.00 252 2{(1/2y L2.5
' 3.0 87 0.00 234 4 L4.>
5.6 114 0.00 208 6(-) 6.0
2.0 106 0.00 196 7 8.0
in oxygen 0.05 98 0.16 248 2(1/2y L2.0
bubbling 0.21 96 0.79 246 4 (=) L3.5
0.5 91 1.94 246 4(1/2y L5.0
0.98 85 4.18 240 6 L5.5
1.1 87 4,32 180 8{=-) L7.5
2.9 87 4,47 226 8 8.0
3.2 78 14.8 210 8 8.0
4.4 87 12.4 116 8 8.0
6.1 69 24,1 170 8 8+
9.0 59 -30.8 170 8 8+
10.6 48 53.9 170 8 8+
in air 0.05 89 0.02 244 1(-) L3.5
0.2 97 0.03 244 2(-) L1.5
0.5 100 0.03 242 2(-) L1.5
1.0 101 0.02 - 240 4 (=) L3.5
2.3 98 0.16 246 5(-) L5.0
3.0 87 0.38 244 5 5.5
5.0 99 0.20 228 6 (=) 6.0
7.5 1900 0.12 222 7{=) 7.0
10 100 0.26 238 8 - 7.5
COMMENT :
%CP = 64, %CN = 31, %CA = 5,
%CP = fraction of carbon atoms in paraffinic chain,
3Cy = fraction of carbon atoms in naphthenic ring,
%CA = fraction of carbon atoms in aromatic ring.




QIL NAME :

Paraffinic neutral oil

JAERI-M 87-141

N—=350

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Change of viscosity
ﬂ/no at 40 °cC

Specific gravity
(15/4°C)

(°C)

Flash point

o .

[

0 1 3 4 5 6 7 8 9 10
Dose { MGy )

/&_——(/

.

0 1 3 4 5 6 7 8 9 10

240
220
200
180
160

140

i | l ]
0 1 3 4 5 6 7 8 9 10
Dose { MGy )
Symbol:

O in wvacuum
® in air

® in bubbling oxygen
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OIL NAME:Paraffinic neutral oil N-350

DOSE RATE EFFECT

PROPERTY CHANGE OF LUBRICANT

OJL BY TIRRADIATION

Svecific

Viscosity

Dose rate Dose . e 3 n/no
[kGy/h] [MGy] FTavity nxld © m"/s
(15/4°C) (40°C) (100°C) (40°C) (100°C)
in air

20 .0 0.883 126.7 9.645 1.74 1.11

10 .0 0.883 80.17 9.698 1.10 1.12

3.0 .0 0.881 84.79 9.907 1.16 1.14

1.0 .0 0.881 83.94 9.900 1.15 1.14

0.5 .0 0.882 85.20 10.03 1.17  1.16




JAERI-M 87-141

OIL NAME: Paraffinic neutral oil N-350

DOSE RATE EFFECT

PROPERTY CEANGE OF LUBRICANT OIL BY IRRADIATION

Dose rate Dose Viscosity Total acid Flash Color
number peint
[kGy/h] [MGy]  index [mgKOE/g] (°C) union ASTHM
in air

20 1.0 20 2.89 254 3(1/2) L3.0

10 1.0 101 0.02 240 4 (=) L3.5

3.0 1.0 95 0.08 248 4{-) L4.0

1.0 1.0 96 0.16 250 4 (=) 3.5

0.5 1.0 97 0.27 246 4(-) 4.0




JAERI-M 87-141

OIL NAME : Paraffinic neutral oil N-350

PROPERTY CHANGE OF LUBRICANT OIL BY TIRRADIATION

DOSE RATE EFFECT
(in air, total dose 1 MGy)

(mgKOH/q)

A L1t 111 l i | S I T

-O- Total acid number
|

103
Dose rate ( Gy/h)

COMMENT

10~

n/no at 40°C

“*Change of viscosity

IRRADIATION CONDITION
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Paraffinic neutral oil N-350
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OIL NAME: Paraffinic neutral oil N-350

Wave Number {em™)

3600 2000 1600 1200 800
I T T T i ] T

N-350
Criginat

19 MGy in
Bubbling Oxygen

The infrared spectrum of paraffinic neutral oil
N~350

COMMENT

IRRADIATION CONDITION
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. OTL MAME ¢ Parafinic neutral oil N-350

[RRADTATION CONDITION

Temp.:-196°C Dose 11kGy in Vacuum
after irradiation
after photo breach :
ESR CONDITION Sweep range{Gauss):i 50 Power {uW):

Modulation width{100kHz ,Gauss): 2 at -196°C

after irradiation after Photo breach

GIR-1
— 2.9 2.0,
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OIL NAWE Paraffinic neutral oil N-350

RADIATION-INDUCED GAS EVOLUTION

COMMENT

O total gas
12 o
o @ H2
~ 10 O cH
é 10 4
= ® C.4
s 8 c2 6
Io 2H4
" 6]
5 4
o)
o 10
o 2 %100
3 i
m 0 1 2 3 4 5 6 7
Dose { MGy )
G VALUES OF TEE EVOLVED GASES
G({total gas) 1.4
G(Hz) 1.3
G(CH,) 3.9x%10
G(C,H) 9.7x10_
G(C,H,) 2.4x10
AMOUNT OF TOTAL EVOLVED GASES (x10~% mol/q)
1 MGy 1.4
5 MGy 7.4
10 MGy 14.1

IRRADIATION CONDITION

in vacuum, dose rate; 10 kGy/h
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OIL NAME: Paraffinic neutral oil N-350

BREAKDOWN VOLTAGE

Measurement ' Breakdown voltage (kV)
times ofiginal 1 MGy 5 MGy 10 MGy
1 (Vl) 45.5 34.4 23.8 4.0
2 (Vz) 45.5 26.5 38.7 5.9
3 (V3) 32.4 27.5 42.0 9.0
4 (V4) 37.5 28.7 36.4 9.3
5 (V5) 33.2 29.9 35.3 16.3
average (V) 37.2 28.2 38.1 lOfl
COMMENT

IRRADIATION CONDITTION
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OIL NAME:. Paraffinic neutral oil N-500

MOLECULAR WEIGHT: 45¢Q (average melecular weight)

VISCOSITY at 40°C: 93.54x10°° m?/s (10.76x107% wl/s at 100°C)

VISCOSITY INDEX: 9§ SFECIFIC GRAVITY(15/4°C}:O.888
TOTAL ACID NUMBER: 0.01 mgKOH/gy, FLASH POINT(°C): 260

COLOR: UNION 1x1/2(-) ASTML1.O .

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Irradiation Dose Specific Viscggitg n/no
condition [MGy] gravity nx10 m-/s
(15/4°C) (40°C) (100°C) (40°C) (100°C)
in vacuum 1.0 0.881 191.1 11.45 1.08 1.06
3.0 0.886 115.9 12.48  1.24 1.16
in 0.05 0.887 100.1 10.9¢6 1.907 1.01
bubbling 0.21 0.891 104.2 11.34 1.11 1.05
oxygen 0.5 0.892 115.9 11.95 1.24 1.11
0.98 0.894 134.3 12.78 1.44 1.19
1.1 0.897 132.3 12.40 1.41 1.15
2.5 0.907 175.5 14.91 1.88 1.39
3.3 0.912 207.5 16.29 2.22 1.51
in air 0.65 0.886 96.11 10.91 1.03 1.01
1.0 0.886 102.3 11.48 1.09 1.07
1.4 0.886 102.4 11.38 1.09 1.06
2.3 0.889 112.8 12,29 1.21 1.14
3.0 0.887 125.9 13.17 1.35 1.22
5.0 0.892 153.8 15.03 1.64 1.40
7.5 0.897 212.,4 19.05 2.27 1.77
10 0.897 263.9 22.34 2.82 2.08

COMMENT: next page

IRRADIATION CONDITION

Dose rate; 10 kGy/h
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OIL NAME

* Paraffinic neutral oil N-500

FROPERTY CHANGE OF LUBRICANT OIL BY TRRADIATICN

Irradiation Dose Viscosity Total acid Flash Color
number point
condition [MGy] index [mgKOE /gl {°C) union ASTM
in vacuum 1.0 100 0.01 258 3(1/3) L3.5
3.0 99 0.01 240 5 5.5
in 0.05 93 0.12 262 2(1/2) L2.0
bubbling 0.21 94  0.62 262  4(1/2) L4.5
oxygen 0.5 91 1.78 260 5 L6.0
0.98 83 3.43 210 6 L6.5
1.1 81 3.90 252 L7.0
2.5 81 44 .6 124 8.0
3.3 78 14.47 242 8.0
in air 1.0 98 0.02 2¢0 3 L3.0
2.3 99 0.16 248  4(1/2) L4.5
3.0 98 0.17 264 5(-) 5.5
5.0 98 0.18 234 6 (=) 6.0
7.5 101 0.24 224 7(-) 7.5
10 103 0.45 204 8 (- 7.5
COMMENT
%CP = 65, %CN = 28, %CA = 7.

%CP =fraction of carbon atoms in paraffinic chain,
¥Cy =fraction of carbon atoms in naphthenic ring,

%CA =fraction of carbon atoms in aromatic ring.

IRRADIATION CONDITION

Dose rate; 10 kGy/h
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OIL NAME: Paraffinic neutral oil N-500
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Change of viscosity
n/no at 40°cC

260

240

{°C)

220
200}

Flash point

Total acid number
(mgKOH/g)

e = —i t 1 L I [ !YL
0 1 2 3 4 5 6 7 8 0] 10
Dose ( MGy )
>
it
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>
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Ove ° ?
Ny [
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Dose ( MGy )

Symbol: ' '
O in vacuum, ® in bubbling oxygen, @ in air.
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011 MAMF: Paraffinic neutral oil N-500

MOLECULAR WETIGHT DISTRIBUTION (criginal sample)

=
a
5
4¢3 -
I96
= 1es A
: a7
k)
159 ~ +
- e}
a i T ¥ } } } ! T . . ‘ ; |
ELE] 2998 2508
[COUNT]
859797 13147 JoE FILE 1
SRMPLE ND. @ Hamg: 2- 2 SERIAL NO. B43%
CH.HD 1 METHOD 2
PEAK MO, 1
ITERT END MK My nz L
c 1938 2378 6,ZEBISE4BI 5.4F45TE+RZ 4.73112E482 6.43455E+02
u 14.7 T4.92 Ml T Mz M HRER ARERX
" 1342 3e7 1.4 1.84 D.AB2GAE+RS 96, 4G
FEAX MO, 2  URLLEY
STRRT TP END MM g Nz My
¢ 2378 2488 2435 3.E6PSOE+E2 3.6TSESE4BI 3.68535E+82 I.67564E402
T z4.3 B5. 4 T.4 Ml MZ M RREA ARERY
" 337 Te 225 1.88 1,89 5.28178E+8T 3,52
TOTAL
FTART TOP 50 N My iFs M
€ 1385 223 2495  £.115TIE+BZ £.39547EBZ 6.66954E+62 £.595456+82
u 14.7  457,9 3.4 Mg M MZ M AREA RRERX
" 1242 856 236 1.8 1.84 S.3ILATE-R4 100, A0
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OIL NAME: Paraffinic neutral oil N-500
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Infrared spectrum ( original )




JAERI-M 87-141

COIL HAME Parafinic neutral oil N-500

[RRADTIATICN CONDITION

Temp, :—196°C Dose 11kGy in Vacuum

after irradiation

after photo breach

ESR CONDITION Sweep range (Gauss):: 250 Power (uW): 1
Modulation width{(100kHz,Gauss): 2 at -196°C
GIR-] after irradiation after Photo breach
3.1 2.0
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OIL NAME Paraffinic neutral oil ¥N-500

RADIATION-INDUCED GAS EVOLUTION

14 — O total gas
12 |- ®E;

O CH,
10 = o C,H,

@ C.H

[0 0]

276

ey

N

Evolved gas (X10—4 mol/q)
(w2}

G VALUES OF TEE EVOLVED GASES

G(total gas) 1.4
G(Hz) 1.3 >
G(CH4) 4.0x10_3
G(c2H6) 9.7‘xlO_3
G(C254) _Z.?xlo
AMOUNT QF TOTAL EVOLVED GASES (x10 mol/qg)
1 MGy 1.4
5 MGy 7.0
10 MGy 14

OMMENT

IRRADIATION CONDITION

in vacuum, dose rate; 10 kGy/h
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OIL NAME: Naphthenic neutragl oil

STRUCTURE OR FEATURE: Mineral oil
MOLECULAR WEIGHT:400 (Average molecular weight)

6 6 r%/s at 100°C)

VISCOSITY at 40°C:95.45x10°° m%/s (7.949%10°
VISCOSITY INDEX: 9 SPECITFIC GRAVITY(15/4°C): 0.932
TOTAL ACID NUMBER: 0.00 mgKOH/q, FLASH POINT(°C): 192

COLOR: UWION 2x1/2 , ASTM L2.0 .

PROPERTY CHANGE OF LUBRICANT CIL BY IRRADIATION

Specific Viscosity

Irradiation Dose . 6 2 n/Ny
condition [MGy] gravity nxl0 = n7/s
(15/4°C) (40°C) (100°C) ({40°C) (100°C)
in vacuum 1.0 0.932 105.4 8.446 1.10 1.06
3.0 0.933 124.8 9.289 1.31 1.17
5.6 0.936 169.2 11.03 1.77 1.39
in 0.06 0.931 98.03 B8.281 1.03 1.04
bubbling 0.25 0.936 116.4 8.658 1.22 1.09
oxygen 0.5 0.942 164.0 9.934 1.72 1.25
1.0 0.950 240.4 11.92 2.52 1.50
in air 1.0 0.933 105.7 8.432 1.11 1.06
3.0 0.934 116.4 9.360 1.22 1.18
10 0.941 344 .8 16.76 3.61 2.11
COMMENT
3C ; 43, 3Cy 7 40, 3C, 17.
%CP: fraction of carbon atoms in paraffinic chain,
%CN= fraction of carbonr atoms in naphthenic ring,
%CA= fraction of carbon atoms in aromatic ring.

Commercial name; SUN 500N (Sun Qil Co.)

IRRADIATION CONDITION

Dose rate; 10 kGy/h
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QIL NAME : Naphthenic neutral oil

PROPERTY CHANGE OF LUBRICANT OIL BY TRRADIATION

Irradiation Dose Viscosity Total acid Flash Color
number point

condition [MGy] index [mgKOKH/g] (°C) union ASTM
in vacuum 1.0 11 0.00 194 L1.5
3.0 10 0.00 188 1.5
5.6 7 0.00 188 2.5
in 0.06 19 0.14 198 L3.0
bubbling 0.25 -2 0.59 202 4.5
oxygen 0.5 -28  2.55 188 L6.5
1.0 -44 5.73 166 8.0
in air 1.0 9 _ 0.00 194 L2.5
3.0 27 0.38 184 3.0
10 8 0.19 190 L4.5

=

Change of viscosity
n/no at 40°C
NoWw

Dose ( MGy )
O in vacuum
P in air

® in bubbling oxygen.

JRRADIATION CONDITION

Dose rate; 10 kGy/h

_55 —



OIL NAME

JAERI-M 87-141

Naphthenic neutral oil

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Specific gravity
(15/4°C)

® in air

® in bubbling oxygen

0.94 — o
09552 - v
-l [ I I 1 | i i
0 1 2 3 4 5 6 7 10
Dose { MGy )
i
o
-
o)
QAGZOO
S0 g v -
n - .
1] ] 1 I_L ]
—
= 0 1 2 3 5 6 7 10
Dose ( MGy )
u
o
Q
=]
5 -
(S )
~
TR
A O
U 5
9 o
E
— [ |
o] '—’ g — b J
3 5
o 0 12 3 4 5 6 7 10
Dosge { MGy )
Symbol: QO in vacuum

IRRADIATION CONDITION




OIL

JAERI-M 87-141

NAME: Naphthenic neutral oil

MOLECULAR WEIGHT DISTRIBUTION (original sample)

r
12l

wr
™
438 -
299 4
= )
285 -
129
LI s e e ——
1589 ol 2 1s 23089
[COUNT]
36/87/98 1511 JOB FILE 1
SAMPLE MNO. 5] NHME 3 3 -O SERIAL NO. AR4a2
CH.ND 1 METH3D 2
FEAK NO. 1 BRSE
START TorP END MN Ml Mz MU
[nd 13835 2355 2495 4. 343T1E+B2 4. 46TETE+B2 4. GASAIE+EE 4. 46TESE+BD
U 4.5 4g93.5 293.3 M /MN MZ /MW ARER RREEAX
M @12 4979 295 1.3 1.83 6. 95213E+684  1BR, AR
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OIL NAME: Naphthenic neutral cil
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Infrared spectrum ( original )
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. 0TL MAME : Naphthenic neutral oil

IRRADTATION CONDITION

Temp.:-1%6°C Dose 1lkGy in Yacuum

after irradiation

after photo breach

ESR CONDITION Sweep range (Gauss) :% 350 Power (uW): 1
Modulaticn width{l100kHz,Gauss): 2 at -196°C

after irradiation after Photo breach

3.1 1.9




JAERI-M 87-141

OIL NAME : Naphthenic neutral oil

RADIATION-INDUCED GAS EVOLUTION

14

<

3 12k O total gas
=] .hz
T 1lor 0 CH,

= @ C,H

X gl 274

o C2H6

Evolved gas
o

G VALUES OF TEE EVOLVED GASES

G(total gas) 9.4x10" 1
G (H,) 8.5%10 +
G(CH,) 3.5x10 2
G (C,H,) 3.0x107°
-3
G(CyHy) 2.1x10

AMOUNT OF TOTAL EVOLVED GASES : (x10” 2 mol/g)

1 MGy 0.9
5 MGy 4.9
10 MGy 9.8

COMMENT

IRRADIATION CONDITION

in vagcuum, dose rate 10 kGy/h

— 60 -
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3.2 Synthetic hydrocarbon

3,2.1 Poly-a-olefin
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QIL NAME: Poly-a-olefin

STRUCTURE OR FEATURE: Synthetic lubricant

MOLECULAR WEIGHT: 560 ( Average molecular welght)

VISCOSITY at 40°C:17,26x10 ° m%/s (3.947x10°° m2/s at 100°C)
VISCOSITY INDEX: SPECIFIC GRAVITY(15/4°C): o.g20
TOTAL ACID NUMBER: 0.00 mgKOH/g, FLASE POINT(°C): 23g

COLOR: UNION 1(-)

ASTM 1.0.5

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Specific Viscosity

Commercial name; PAOL-40

Irradiation Dose 6 3 n/no
condition [MGy] 9Tavity nxlo ° m7/s
{(15/4°C) {(40°C) (1006°C) (40°C) {(100°C)
in 0.06 0.821 17.31 3.909 1.00 0.99
bubbling 0.22 0.821 17.40 3.834 1.01 0.97
oxygen 0.48  0.825 17.72 3.866 1.03 0.98
1.0 0.831 18.43 3,941 1.07 1.00
in air 1.0 0.819 17.16 3.925 0.99 0.99
3.0 0.825 18.60 4.131 1.08 1.05
5.0 0.827 21.36 4.627 1.24 1.17
10 0.835 32.88 6.372 1.90 1.61
>y
L)
-
n o
Qo
0o
o=
ISITRNR S =
W © 1.0
° = Lf ! { ! ! ] : ] |
8> o 1 2 3 4 5 6 7 9 10
b2
E Dose ( MGy )
© @ in air, ® in bubbling oxygen.
COMMENT :

{Bray 0il Co.)

IRRADIATION CONDITION

Dose rate

10 kGy/h
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OIL NAME i Poly—a-olefin

PRCPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Irradiation Dose Viscosity Total acid Flash Color
number point

condition [MGy] index [mgKOE/g] (°C} union ASTM
in 0.06 122 0.12 208 1{-) L0O.5
bubbling 0.22 113 0.75 194 1(~) LO.5
oxygen 0.48 111 2.13 182 1(=) LG.5
1.0 108 5.51 160  1(-) LO.5
in air 1.0 © 126 0.07 200 1(-) 0.5
3.0 126 0.44 164 1(-) LO.5
5.0 137 0.55 150 1(-) L0.5
10 149 1.09 192 1 1.0

0.84
0.83 w___,__——————""“—"—__ﬂﬂr
——'—_-——_o——______
&w_ ? ! L ! | I ] ! l |
0 1 2 3 4 5 6 7 8 9 10

Specific gravity
(15/4°C)

Dose ( MGy )

.
a0
5
200
o ®
o — 180
p
; 160 4 | ! L | |
5 6 7 8 9 10
( MGy )
M
Q
Q
£
=5 —_
2 o
T
T o
-~ O
SR
55 -
?‘« I i\ L ! I I 1 |
U
& 0 1 2 3 4 5 6 7 8§ 9 10
Dose ( MGy )
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0IL NAME:Poly-a-olefin

'MOLECULAR WEIGHT DISTRIBUTION

{original sample)

L9a9 -
= sga A
=
=
e
E —f I;}T_—Alhj
1538 7898 2568
[COUNTI
BESBTSA5 17109 JOB FILE 1
SRNMFLE NO. 9 Nang: 1-3 SERIAL MO. GE45
CH.HO 1 METHOD 2
PEAK ND. L ERSE
STRRT TR EHD PN M MU
C 1338 2856 IBFS T.TIDIPE+G2 T,TEISZE+ET 7. 7.TEITIE+ED
i 8.8 217,09 194,3 MM M2 M RREEY
N 153 736 583 t.al 1.91 5 16,12
PEAK NG, 2  LGLLEY
START TP END M oty z ]
c 2675 2125 2228 6, 14842E4B2 £, 15PS2E+AZ 6. 1E6STE+AT 6. 15740E<a7
M tH4.3 11t4.d 27.5 M MM MZ M RRER ARESX
H €29 Bi4 515 1,88 1,88 4.45147E+04 7B,z
PERK MO. 3 BRSE
START T0P ENE M Mud Nz M
c 2028 2416 2495 I.TATEBESAT I.E@S42E4+@2 3. 854995483 3.80941C548%
Y 7.8 33.%2 7.5 MY M MZ Ml AREA RREQX
M 515 ZES 298 1.a1 1.a1 I, 23ILIE+AT 5.67
TOTAL o
START TaF END M i Nz
C 1938 Z125 2435 B, 1TLS4E4AT 5, 28741E«32 6, 4252RE4A2
y 35.9 11lid.1 7.5 ML TN Mz M ARES
M 1168 614 295 1,83 1.82 5. T4G4BE+0a
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OIL NAME:Pely-a-olefin
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Infrared spectrum ( original )
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. OIL WAME : Polv-g-olefin

{RRADIATION CONDITION

Temp.:~196°C Dose 1ikGy in Vacuum

after irradiation

after photo breach

ESR CONDITION ~ sSweep range(Gauss):t 250 Power(uW): 1
Modulation width(100kHz,Gauss): 2 at -196°C

GIR-] after irradiation after Photo breach

4.4 4.2
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CIL NAME : Poly-a-olefin

RADIATION-INDUCED GAS EVOLUTION

o

~ -

g total gas
=

— Hz

<

I 20 CH
o 4
—

b

)

s

o

o 10

O

>

—

O

&

B3

G VALUES OF TEE EVOLVED GASES

G(total gas) 2.4
G(K,) 2.3
-2
G (CH,) 4.8x10
G(C,E,) 2.8x107%
26 -
G(CyH,) 1.5x10
AMOUNT OF TOTAL EVOLVED GASES (x10™% mol/q)
1 MGy 2.4
5 MGy 12.2
10 MGy 24.4

COMMENT

.in vacuum, dose rate 10 kGy/h

IRRADTIATION CONDITION




3.3

Ester
3.3.1
3.3.2
3.3.3

3.3.4

3.5.5

JAERI-M 87-141

Di-Z2-ethvlhexyl sebgcate

Di-2-ethylhexyl adipate

Pentaerythritol ester

Tricresyl phosphate

Trioctyl pheosphate
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OIL NAME: Di-2-ethylhexyl sebacate

STRUCTURE OR FEATURE: - . _
ROOC(CH2)8COOR, R.C4H9(C2H5)CHCH2

MOLECULAR WEIGHT 426

VISCOSITY at 40°C: 11.43x10° % m?/s (3.211x107°% n?/s at 100°C)
VISCOSITY INDEX: 137 SPECIFIC GRAVITY (15/4°C): 0.918
TOTAL ACID NUMBER: 0.00 mgKOH/qg, FLASH POINT (°C): 234

COLOR: UNION 1(-) ', Aas™ LO0.5 .

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Specific Viscosity

Irradiation Dose - P! n/ng
condition [MGy] gravity nxl0 m~/s
{(15/4°C) (40°C) (100°C) (40°C) (100°C)
in vacuum 1.0 0.920 14,18 3.684 1.24 1.15
3.0 0.928 21.43 4.869 1.87 1.52
5.5 1.01 41.28 7.809 3.61 2.43
9.0 1.01 114.4 16.94 10.0 5.28
in 0.05 0.921 11.57 3.200 1.01 0.997
bubbling 0.23 0.922 11.57 3.223 1.01 1.00
oxygen 0.5 0.923 12,24 3.298 1.07 1.03
0.99 0.927 13.11 3.423 1.15 1.07
1.08 0.929 13.51 3.438 1.18 1.07
1.7 0.934 15.13 3.694 1.32 1.15
in air 0.05 0.918 11.66 3.250 1.02 1.03
0.2 0.919 11.96 3.322 1.05 1.03
0.5 0.920 12.54 3.392 1.10 1.06
1.0 0.923 14.11 3.707 1.23 1.15
3.0 0.932 22.76 5.017 1.99 1.56
5.0 0.940 43.11 7.767 3.77 2.42
7.5 0.943 80.68 12,19 7.086 3.80
10 0.968 160.7 20.23 14.1 6.30

IRRADIATION CONDITION

Dose rate 10 kGy/h
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OIL NAME Di-2~ethylhexyl sebacate

PRCPERTY CHANGE COF LUBRICANT OIL BY TRRADIATION

Irradiation Dose Viscosity Total acid Flash Color
number point
condition [MGy] index [mgKOKH/qg] (°C) wunion ASTM
in vacuum 1.0 154 5.04 144 1(-) L0.5
3.0 158 11.5 118 1(=) L0.5
5.4 163 20.4 110 1 L0.5
9.0 162 25.4 78 1(1/2)} L0O.5
in 0.05 150 0.62 240 1(~) LO.5
bubbling 0.23 153 2.49 236 1(-) L0.5
oxygen- 0.5 - 147 5.40 224 1(-) L0.5
0.99 142 15.6 200 1(-) LO0.5
1.08 135 17.4 148 1(=) LO.5
1.7 135 28.1 124 1(-) LO.5
in air 0.05 158 0.67 234 1(-) LO.5
0.2 159 1.78 208 1(-) LO.5
0.5 153 2.99 208 1{=) L0.5
1.0 160 6.49 170 1(=) 1.0.5
3.0 155 12.7 154 1(-) LC.5
5.0 151 16.9 180 1(-) LO.5
7.5 147 19.6 224 1(1/2) 0.5
10 146 27.5 130 1(/2) L0.0O
ey 14 in vacuum
Bo  12f in air
0o
10— - i
Eég in bubbling oxygen ©
o
&
u
0 o
-
U
o =
g
e , ; ]
5 -
0 2 3 4 5 8 9 10
Dose ( MGy )




JAERI-M 87-141

OIL NAME: Di-2-ethylhexyl sebacate
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OIL NAME : Di-2-ethylhexyl sebacate

PROPERTY CHANGE OF LUBRICANT OIL BY TRRADIATION
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(h)

Effect of bubbling oxygen in Di-2-ethylhexyl sgebacate.

Oxygen bubbling time

QO A unirradiated

(dose rate 10 kGy/h)

@® A irradiated

IRRADIATION CONDITION




GIL NAME

JAERI-M 87-141

Di-Z-ethylhexyl sebacate

DOSE RATE EFFECT

PROPERTY CEANGE OF LUBRICANT OII. BY IRRADIATTON

Dose rate Dose Specific Viscogitg n/n
[kGy/h] [MGy] 9Tavity nxl0 ° m“/s 0
(15/4°C) (40°C} (100°C) (40°C) (100°C)
in air
20 1.0 0.920 13.82  3.584  1.21  1.12
10 1.0 0.923 14.11 3.707 1.23 1.15
3.0 1.0 0.923 14,26 3.663 1.25 1.14
1.0 1.0 0.923 14.16 3.656 1.24 1.14
0.5 1.0 3.923 13.61 3.617 1.19 1.13
in bubbling oxygen
10 0.05 0.921 11.57 3.200 1.01 1.00
10 0.23 0.922 11.57 3.223 1.01 1.00
10 0.5 0.923 12.24 3.298 1.07 1.03
10 0.99 0.927 13.11 3.423 1.15 1.07
3.0 0.05 0.917 11.54 3.190 1.01 0.99
3.0 0.26 0.920 12.20 3,180 1.07 0.99
3.0 0.53 0.922 12.33 3.340 1.08 1.04
3.0 1.0 0.927 13.46 3.514 1.18 1.09
1.0 0.05 0.919 11.34 3.197 0.99 1.00
1.0 0.23 0.920 11.76 3.275 1.03 1.02
1.0 0.5 12.39 3.320 1.08 1.03
1.0 1.1 0.929 14.09 3.509 1.23 1.09
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OIL NAME: Di-2-ethylhexyl sebacate

DOSE RATE EFFECT

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Dose rate Dose Viscosity Total acid Flash Color
number point -
[kGy/h] [MGy] index [mgKOH/g] (°C) union ASTH
in air

20 1.0 148 5.23 176 1{=) L0.5

10 1.0 160 6.49 170 1{-) 0.5

3.0 1.0 149 15.3 176 1(-) .0.5

1.0 1.0 151 6.27 182 1(=) LO.5

0.5 1.0 159 6.96 182 1(-) LO.5

in bubbling oxygen

10 0.05 150 0.62 240 1(-) LO.5
10 0.23 153 2.49 236 1(-) L0.5
10 0.5 147 5.40 224 1(-) LO.5
10 0.99 142 15.6 200 1(-) L0.5
3.0 0.05 149 0.01 212 1(=) L0.5
3.0 0.26 130 3.47 208 1(=) 0.5
3.0 0.53 151 7.69 186 1(-) LO.5
3.0 1.0 147 15.4 170 1(-) LO.5
1.0 0.05 157 0.97 210 1(-) L0.5
1.0 0.23 157 3.82 . 208 1(-) L0.5
1.0 0.5 146 8.00 178 1(-) 0.5
1.0 1.1 131 17.4 158 1(-) L0.5
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OIL NAME Di-2Z2-ethylhexyl sebacate

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

DOSE RATE EFFECT
( in air, total dose 1 MGy)
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Dose rate ( Gy/h )

COMMENT

7~ Change of viscosity
n/no at 40°C

IRRADIATION CONDITION
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OIL NAME: Di-2-ethylhexyl secbacate

MOLECULAR WEIGHT DISTRIBUTION (original sample)

]
I
1596 — e
1335 -
g k|
558 —
1 2
by
1 Ea ]
, - . A
4 T ] | T } i i T : : |
1509 20@3 2599
[CoUNT]
BESBTAHE 13139 Jag FILE 1
SAMPLE HO. B8 NEME: 4 -1 SERIAL HO. B94a
CH.N2 1 METHGD 2
PEGK HO. 1 BASE
STRRT TP EHND L] Ml NE Ll
C pel4- 1 2188 2268  5.TS13GE+02 S5.THCOSE+GZ S.TTITHE+@Z S.TBAEIE40T
u 3.4 1472.7 7.8 Ml ST MIS M RREA BRESRY
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TOTAL
STRRT Tap END MN My Mz mL
C 2995 2155 24598  S_EETIIE+AZ S.T1IT®E+@2 5, T4044E+82 S.TLISFE+AT
] .4 1d47IL9 I.56 P PN PE Mt AREA RREGX:
| 3.1 579 314 1.481 1.81 5.31453E+84 180, A4
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Di-2-ethvlhexyl sebacate

OIL NAME
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1
]

0IL NAME

Di-2-ethylhexyl sebacate
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. OIL MAME : pDi-2-ethylhexyl sebacate

IRRADTATION CONDITTON

Temp.:=186°C Dose 10.8 kGy in Vacuun

after irradiaticn

after photo breach

50

ESR CONDITIOHN Sweep range (Gauss):+ 250 Power{uW): 1
Modulation width{(l100kHz,Gauss): 2 at -196°C

GIR-1 after irradiation after Photo brezach

4.0 2.1g
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011 NAME. Di-2-ethvlhexvl sebacate
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The mass spectrum of DPi-2-ethylhexyl sebacate.
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CIL NAME Di-2-ethylhexyl sebacate

RADIATION-INDUCED GAS EVOLUTION

O total gas
§l4—- 0H2
— [ CH4
g 12 .

0] C2h4

=t

|o 10 P C2H6
—

y A CO
~ 8

[4)]

m

o6

3

2

a4

2

= 2

0 1 2 3 4 5 6
Dose ( MGy )
G_VALUES OF THEE EVOLVED GASES
G(total gas) 1.5
G(H,) 9.9x10 *
G(CH,) 2.6x10 2
G (CO) 3.4x10° 1
G(Co,) 1.5x10° 1
AMOUNT OF TOTAL EVOLVED GASES (x1g
1 MGy 1.5
5 MGy 7.3
10 MGy 14.0

9
. 2
C E,) 2.7%x10
6 -3
CoEy) 5.7x10

IRRADTATION CONDITION

in vacuum, dose rate 10 kGy/h
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OIL NAME: Di-2-ethvihexyl adibate
STRUCTURE OR FEATURE: ROQC(CH

2) 4CO0R,  R:C kg (C,Hg ) CHCE,~
MOLECULAR WEIGHT: 370

VISCOSITY at 40°C:7.616x10 ° m2/s ( 2.328x107° mz/s at 100°C)
VISCOSITY INDEX: 126 SPECIFIC GRAVITY(15/4°C):0.930
TOTAL ACID NUMBER:0.00 mgKOH/g, FLASH POINT(°C):214

COLOR: UNICN 1(-) y ASTM LO.5 .

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Specific Viscosity

Irradiation Dose _ 26 3 n/my
condition [MGy] gravity nx10 m”/s
B (15/4°C) (40°C)y (100°C) (40°C) (100°C)
in vacuum 1.0 0.932 9.093 2,595 1.19 1.11
3.0 0.937 13.25 3.290 1.74 1.41
4.8 0.941 20.05 4,320 2.63 1.86
in 0.05 0.931 7.779  2.324 1.02 1.00
bubbling 0.23 0.933 7.783 2.350 1.02 1.01
oxXygen 0.5 - 0.935 8.337- 2.439 1.09 1.05
0.99 0.940 8.931 2.465 1.17 1.06
in air 0.05 0.929 7.504 2.414 0.99 1.04
0.2 0.931 7.940 2.389 1.04 1.03
0.5 0.931 8.284 2.397 1.09 1.03
1.0 0.934 89.301 2.627 1.22 1.13
3.0 0.944 i5.13 3.625 1.99 1.56
5.0 0.953 26.94 5.197 3.54  2.23
7.5 0.959‘ 45 .36 7.456 5.96 3.20
10 0.959 88,75 11.58 11.7 4,97

IRRADIATION CONDITION

— 82 —
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QIL NAME : Di~-2~ethylhexyl adipate

PROPERTY CHANGE OF LUBRICANT OQIL BY IRRADIATION
Irradiation Dose Viscosity Total acid Flash Color
number point
condition [MGy] index [mgKOKE/qg] (°C) union ASTM
in wvacuum 1.0 121 5.31 108 1(-) LO.5
3.0 119 11.80 108 1(-) LO.5
4.8 125 16.48 1006 1(-) 1.0.5
in 0.05 114 0.69 200 1¢(=) L.0.5
bubbling 0.23 122 3.34 198 1 (-) LO.5
oxygen 0.5 107 8.26 L€8  1(-) LO.5
0.99 98 15.4 144 1¢(-) L0.5
in air 0.05 157 0.88 206 1(-) LO.5
0.2 125 2.14 196 1(-) LO.5
0.5 110 3.70 166 1(-) LO.5
1.0 120 7.22 174 1(-) LO.5
3.0 126 15.1 144 1{-) LO.5
5.0 126 20.0 136  1{(-) LO.5
7.5 129 " 23.9 118 1(1/2) L1.0
10 120 31.2 116 1(1/2) L1.0Q
By
i)
-
O 12 - o
o)
%g 10 —
E 8~
" o
0 & il Q/o
[ony
0~ - .
o=
& 1g20—% ! 1 [ l ! | ! I
0 1 2 3 4 5 6 8 9 10
Dose { MGy )
Symbol:
C in vacuum, ® in air, @ in bubbling oxygen.

_83._
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OIL NAME: Di-2-ethylhexyl adipate
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OIL NAME: Di-2-ethylhexyl adipate

MOLECULAR WEIGHT DISTRIBUTION

{original sample)
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1539
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r TeS 294
TETAL
START EHD
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EaB
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0IL NAME: Di-2-ethylhexyl adipate
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. OTL NAME : Di-2-ethylhexyl adipate

[RRADIATION COMNDITION

Temp.:-126°C Dose  10.8kGy in Vacuum

after irradiation

after photo breach

ESR CONDITION Sweep range (Gauss):+ 250 Power (uwW): 1
Modulaticon width(100kHz,Gauss): 2 at -1896°C
GIR-] after irradiation after Photo breach
3.5 2.0
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OIL NAME: Di-2-ethylhexyl adipate
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CIL NAME Di-2-ethylhexyl adipate

RADIATION-INDUCED GAS EVOLUTION

&
.
g 16 total gas
= H
2
T 14 - CH,
(]
% 12 |- Colly
. C2He
g 10 CO
o
o
5 8 2
s
—
S
[Ea]
4
2
-
o 1 2 3 4 5 6§ 7 8 9 10 11
Dose  ( MGy )
G_VALUES OF THE EVOLVED GASES
G(total gas) 1.7 G(C,H,) 3.7x10 2
G (H,) 9.3x107 % G(C,H,) 9.7x10”%
G (CH,) 3.7x10 2
G (CO) 5.4x10° 1
G(Co,) 1.8x10° 1
AMOUNT OF TOTAL EVOLVED GASES (x10 % mol/g)
1 MGy 1.8
5 MGy 8.6
10 MGy 17.4

COMMENT

IRRADIATION CONDITION

in wvacuum, dose rate 10 kGy/h
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OIL NAME: Pentaervthritol ester

STRUCTURE OR FEATURE: C {CH.,00CR) R:C,HE

ar 4Hg (C

2 oHg) CE=-

MOLECULAR WEIGHT:640

VISCOSITY at 40°C:42.97x10°° m?/s (6.162x10°° m2/s at 100°C)
VISCOSITY INDEX: 85 SPECIFIC GRAVITY(15/4°C): o .964
TCTAL ACID NUMBER: 0.00 mgKOH/g, FLASH POINT(°C) :240

COLOR: UNION 1(-) , ASTM 10.5 .

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Specific Viscosity

Irradiation Dose ) P ﬂ/no
condition [MGy] gravity nx1d m"/s

(15/4°C) (40°C) (100°C) (40°C) (100°C)
in vacuum 1.0  0.980 51.05 6.951 1.19  1.13
3.0 0.978 74.22 8.846 1.73 1.44
4.7 0.980 129.9  13.17 3.02  2.14
7.9 '0.985 241.0 21.05  5.61 3.42
in 0.05 0.967 43.99 6.244 1.02 1.01
bubbling 0.23 0.973 45.53  6.271 1.06 1.02
oxygen 0.5 0.972 47.72  6.452 1.11  1.05
0.99 0.977 52.04 6.599 1.21 1.07
in air 0.05 0.967 43.43  6.107 1.01 0.99
0.20 0.967 44.50 6.353 1.04 1.03
0.5 0.968 47.34  6.560 1.10  1.06
1.0 0.972 53.05 7.047 1.23 1.14
3.0 0.983 90.10 9.882 2.10 1.60
5.0 0.987 156.4 14.17 3.64 2.30
7.5 0.988 258.6  19.32 6.02 23.14

10 1.001 326.8 28.65 7.61 4.65

IRRADIATION CONDITION
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CIL NAME : Pentaerythritol ester

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Irradiation Dose Viscosity Total acid Flash Color
number point
condition [MGy] index [mMgKOK/g] (°C) union ASTM
in vacuum 1.0 20 5.89 166 1(=) LO0.5
3.0 S0 13.2 158 1(-) LO.5
4.7 95 19.9 142 1¢1/2y 0.5
7.9 103 25.9 116  2{-) 1.5
in 0.05 g4 0.34 252 1{=) L0.5
bubbling 0.23 79 1.39 212 1(-) LO.5
oxygen 0.5 79 3.14 198 1(-) L0.5
0.99 69 6.97 156 1{-) LO.5
in air 0.05 80 0.49 246 1(=) L0.5
0.2 87 1.65 220 1(-) L0.5
0.5 86 3.19 220 1(-) L0.5
1.0 86 4.91 182 1(-) L0.5
3.0 86 14.5 162 1(-) LO.5
5.0 86 - 19.0 150 1(-) L0.5
7.5 83 24.0 132 1¢(1/2y 0.5
10 119 29.1 132 1(1/2) Li1.0
>
+J
-
no
[+
=) 80
a /
o 80 LIS
Oc? ' : o2
2.0
D~
= L“?oa—*?"——r——’4?'~—"” ! 1 | ]
i::: 0 1 2 3 5 6 8 9 10
Dose (- MGy )

IRRADIATION CONDITICN

Dose rate 10 kGy/h
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OIL NAME: Pentaerytheitol ester

Specific gravity
(15/4°C)

Flash point (°C)
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OIL NAME: Pentaerythritol ester

DOSE RATE EFFECT

PROPERTY CHANGE OF LUBRICANT OTL BY IRRADTATION

Dose rate Dosé Specific Viscogitg n/n
[kGy/h] (MGy] 9Favity nxlo ° m“/s 0
(15/4°C)  (40°C) (100°C) (40°C) (100°C)
in air

20 1.0 0.970 51.95 7.046 1.21 1.14
10 1.0 0.972 53.05 7.047 1.23 1.14
5.0 1.0 0.971 53.84 7.133 1.25 1.16
1.0 1.0 0.971 52.61 7.105 1.22 1.15
0.5 1.0 0.971 51.71 6.950 1.20 1.13
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0IL NAME: Pentaerythritol ester

“DOSE_RATE EFFECT

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Dose rate Dose Viscosity Total acid Flash Color
number point :
[kGy/h] [MGv] index [mgKROR/qg] {°C)}) wunion ASTM
in air
20 1.0 g1 5.75 196 1(-) L9.5
10 1.0 87 4,91 182 1(-) LJ.5
5.0 1.0 87 5.55 194 1(=) L0.5
1.0 1.0 91 5.43 196 1(=-) LO0.5
0.5 1.0 87 4.11 226 1(-) L0.5
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OIL NAME iPentaerythritol ester

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADTATICN

DOSE RATE EFFECT
(in air, total dose 1 MGy)
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AjTsoosta 3o sbueyp sx

) N 4 ©
e
K
1 i
< o — o
- —
< O -
2« e — &
-~ ~
< o -
I N N N I I
o o~ w0 ™ o ~ o

) D
(b/Hodbu) Isqunu PIOE TRIOL (Om
COMMENT
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Dose rate

IRRADIATION CONDITION




JAERI-M 87-141

OIL NAME: Pentaerythritol ester

MOLECULAR WEIGHT DISTRIBUTION (original sample)
'nl
T
< B
1588 -
i
S 1883 -
SEE -
: s =
4 w .
1 ™ ]
AN, AN
i T T T f I T T " T ' 1
1598 2885 2Eag
[COUNT T
g6/97793 16131 JOE FILE &
SAMPLE WO. @ NRHE: 5-0 SERIAL HO. BRag
CH.MT 1 METHOD 2
PERK NO. 1  BASE
CTRRT Tap ENE MH My MZ
c 2E45 2895 2205  6.56172E+EZ E.S7B34E+GZ £.5FATTE+EZ
u 24,8 1355.7 22,5 M HZo RRER
M 757 556 Sz 1.8 1,84 £.E2T44E+D4
FERK MO. 2 MALLEY
START TP EHD FIK M Mz MU
c 2295 2za8 II8@  4,SEI4TVE+B2 4,.5TI134E4+EZ 4, SREEEE+FA2 4, S7i33E+0T
u 22.% 22,3 17.4 Mid o MH MZ AP RFER AREAN
M 5i3 451 485 1. 68 1.60 2.9831%9E+e3 4,15
PEAK MG, 3 BASE
STRRT TiF END MH M nI |
e 2368 2414 495 T.643I5OE+52 3.5490EE+82 I.6T4T5E+402 I.S40EEE+ED
i 17,4 34,8 12.4 PR MZA MU ARER AREA%
h 463 355 298 1,69 1.80 Z.EEE4FELDT 3.5
TATAL
STRRET ToF EMD MK Mz My
¢ 2648 2895 2495 £.26811E+02 Z £.45955E~AZ £, 382835402
U 4.8 1856.7 1Z.4 MM ARER ARERX
i TET A58 295 1,82 TLIBIAIE+B4 10969




OIL NAME:

JAERI-M 87-141

Pentaervthritol ester
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JAERI-M 87-141

OIL NAME: Pentaerythritol ester
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JAERI-M 87-141

CIL NAME Pentaerythritol ester
RADIATION-INDUCED GAS EVOLUTION
18 O
— total gas
O 16 =
2 x:
B 14}~ CHy
?; C,Hy
= 12 C H,
10 co o
o co
O-‘ 2
3 T
gy 4
5 sl
9
5 ® x1i0 -
4 b=
A
2= L) 2 ] — =T
() /‘. . il'
e Lt 199 I e
0 1 2 4 5 6 7 8 10
Dose ( MGy )
G VALUES OF TEE EVOLVED GASES
G(total gas) 1.9 G(C,H,) 2.2x10
G (H,) 8.0x10 T G(C,H,) 3.2x10
G(CH,) 2.9x107 1
G (CO) 7.5%10 *
G(C0,) 2.7x10" %

AMQUNT OF TOTAL EVOLVED GASES (x10~ % mol/q)

2
3

1 MGy 2.0
5 MGy 9.8
10 MGy 17.7
COMMENT
IRRADIATION CONDITION
in vacuum, dose rate 10 kGy/h




JAERI-M 87-141

CIL NAME: Tricresyl phosphate

STRUCTURE OR FEATURE: O=PfO@-CH,] ., @:benzene ring
MOLECULAR WEIGHT: 368

VISCOSITY at 40°C:21.73x10 ° m?/s (3.689x10°° m%/s at 100°C)
VISCOSITY INDEX: 5 SPECIFIC GRAVITY(15/4°C):1.178
TOTAL ACID NUMBER:0.01 mgKOH/g, FLASH POINT (°C): 252

COLOR: UNION 1(-) , ASTM LO.5

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADJATION

Irradiation Dose Osrecific Viscggitg n/ng
conditicn [MGy] gravity nx10 m”/s
(15/4°C) (40°C) ({(l100°C) (40°C) (100°C)
in vacuum 0.93 1,186 30.15 4.591 1.39 1.24
2.8 1.184 53.68 6.300 2.47 1.71
5.4 1.192 101.4 9.880 4.67 2.68
in 0.05 1.178 21.98 1.01
bubbling 0.21 1.178 23.50 3.811 1.01 1.03
oxygen 0.46 1.184 25.44 4.082 1.08 1.11
0.91 1.188 29.51 4.388 1.35 1.19
in air 0.05 1.182 22.09 3.751 1.02 1.02
0.2 1.182 23.26 3.805 1.07 1.93
0.45 1.182 26.17 4.154 1.20 1.13
0.9 1.184 31.06 4.510 1.43 1.22
2.8 1.192 60.15 6.544 2.77 1.77
7.0 1.259  198.2 13.16 9.12 3.57
9.3 1.236 412.3 19.56 19.0 5.30

IRRADTIATION CONDITION
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JAERI-M 87-141

OIL NAME : Tricresyl phosphate

PROPERTY CHANGE OF LUBRICANT OIL BY TRRADIATION

Irradiation 5ose Viscosity Total acid Flash Color
number point

condition [MGy} index [mgKOE/q] (°C) union ASTM
in vacuum 0.93 37 9.69 214 4 L4.0
2.8 43 31.4 192 3 LE8.OD
5.4 68 49.8 226 8 8.0
in 0.05 0.86 250 2{(1/2) L2.0
bubbling 0.21 5 S 3.73 250 3(-) L2.5
oxygen 0.46 14 - 7.07 248 3(1/2) L3.5
' 0.91 11 12.9 236  4(1/2) L4.5
in air 0.05 106 0.69 246 1(-) ..0.5
' 0.2 0 2.49 246 1(-) L0.5
0.45 15 6.44 224 2(-) L1.5
0.9 13 12.4 238 2(-) 1.5
2.8 32 31.0 238 4 (=) 3.5
7.0 34 59.4 228 8(-) 7.0
9.3 24 63.8 228 8(-) 8.0

18
o4 16
)
-
SQ’ 14
(]
0o 12
0
a 10
=
1] 8
W
0 o [
jan
U~ 4
gf
e 2
K
|
Symbol:

O in vacuum, @ in air, ® in bubbling oxygen.

—101—



JAERI-M 87-141

OIL NAME: Tricresyl phosphate
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JAERI-M 87-141

OIL NAME: Tricresyl phosphate

MOLECULAR WEIGHT DISTRIBUTION (original sample)
15
[
Fy
[
4330 —
3085 -
- ]
Z zoae
1893
4 i
P -
] 5
1 I — I — T L
15a@ 258 2598
[EOUNT
56/B7/83  13:39 JOB FILE 1
SAMPLE ND. @ NRME: 7 -1 SERIAL ND. @947
CH.HE 1 METHOD 2
PERK MO. 1 ERAE
START TP END M M M M
c 2185 1145 2208 5,89FITEAE2 T.YE4PSE+ED 5. F1O5TESE2 S.FE4R4E4B2
u 2.4 45,3 33.9 0 miemn MZ BREA AREA%
n B4l so8 534 1,58 t. 58 5.84853E+02  B.35
PERK N3, 2 URLLEY :
STRAT TP END Mhy MU nz M
c 2288 2258 2495 4,B1975E+07 4,Q2402E+02 4.0ZIRTESRT 4, BZ490E+52
U 33.3 4333.9 4.1 M~ MZe MU RREA RRER%
" 534 485 238 1,89 1. @8 1.6TASIESBS  99.65
TAP EHD MM Mig nz
2364 2495 4,03424E+87 4, 0T14TE+ED 4, 0IG4TERT
43939 43,1 MMM MZ M ARER
4ps 238 1.8 1. 98 1. ETEIEE+ES
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OIL NAME: Tricresyl phosphate
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JAERI-M 87-141

0IL NAME : Tricresyl phosphate

[RRADIATION CONDITION
Temp.:-196°C Dose 107.1kGy in Vacuum

after irradiation

after photo breac

ESR CONDITION Sweep range (Gauss):z 100 Power (uW): 1
Modulation width (100kHz,Gauss): 2 at -196°C

after irradiation after Photo breach

0.54 0.24
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O0IL NAME: Tricresyl phosphate
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JAERI-M 87-141

CIL NAWME : Tricresyl phosphate

RADIATION-INDUCED GAS EVOLUTION

o
~
~
Q
&
v total gas
i —
c "2
— o CH4
]
I S
CO
g 2
g 3
—
g
g 2
1

G VALUES OF THE EVOLVED GASES

G(total gas)  6.1x10 2
G (H,) 4.9x1072
G(CH,) 2.9x107 3
G(co) © a.1x1073
G(CO,) 3.9x10""
AMOUNT OF TOTAL EVOLVED GASES(X10‘6 mol/q)
1 MGy 6.5
5 MGy 31
10 MGy 53

COMMENT

IRRADIATICON CONDITION

in vacuum, dose rate 10 kGy/h
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CIL NAME: Trioctvl phosphate

STRUCTURE OR FEATURE: O=P{OR)3, R:(CH3)2CH—(CH2)5—

MOLECULAR WEIGHT: 434
VISCOSITY at 40°C: 7.664x10° ¢ m%/s (2.209x10"° mZ/s at 100°C)
ViSCOSITY INDEX: 90 SPECIFIC GRAVITY(15/4°C):O'928
TOTAL ACID NUMBER: 0.01 mgKOH/g, FLASH POINT(°C): 200°C

COLOR: UNION 1 (-) ; ASTM 10.5 .

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Specific Viscosity

Irradiation Dose _ 5 3 n/ng
condition [MGy] gravity nxl0 m"/s
(15/4°C} (40°C) (100°C) (40°C) (100°C)
in wvacuum 1.0 0.931 9.618 2.615 1.25 1.18
3.0 0.945 17.34 3.970 2.26 1.80
5.7 0.945 33.81 6.780 4,41 3.07
in 0.05 0.9390 7.841 2.261 1.02 1.02
bubbling 0.23 0.933 8.183 2.342 1.07 1.06
oxygen 0.5 0.936 9.120 2,524 1.19 1.14
0.98 0.941 10.38 2,729 1.35 1.24
in air 0.05 0.928 7.759 2.238 1.01 1.01
0.2 0.929 8.187 2.294 1.07 1.04
0.5 0.930 8.518 2.409 1.11 1.09
1.0 0.934 9.929 2.624 1.30 1.19
3.0 0.946 17.77 3.970 2.32 1.80
7.5 0.971 127.,2 16.16 16.6 7.32
190 0.980 313.1 30.12 40.8 13.6

IRRADIATICN CONDITION
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OIL NAME : Trioctyl phosphate

JAERI-M 87-141

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION
Irradiation Dose Viscosity Total acid Flash Color
number point
condition [MGy] index [mgKOK/g] {°C) union ASTM
in vacuum 1.0 105 10.6 154 1(=) L.0.5
3.0 128 33.1 184 1(=) L0.5
5.7 164 53.1 116 1(-) L0.5
in 0.05 94 4.62 206 1(-) L0.5
bubbling 0.23 99 4,82 188 1(=) L0.5
oxXygen 0.5 102 10.6 160 1(-) LO.5
0.98 102 21.1 144 1(-) L0O.5
in air 0.05 93 0.92 200 1(=) L0.5
0.2 85 2.58 202 1(-) L0.5
0.5 101 5.38 194 1{-) LO.5
1.0 94 10.1 184 1(=) LO.5
3.0 121 26.2 156 1(-) LO.5
7.5 135 64.5 186 1 L1.5
10 179 ©78.8 150 2(-) L1.5
L ]
40 —
>~1 —
4_} —
- O -
u o 30—
Qo . -
O = .
m —
o C
> 20—
% éj - °
~ -
8\C L
& IU;—
E L
o
3 C
| oG il 1 ! ! ! |
] 1 2 3 4 5 6 8 g 10
Dose { MGy )
Symbol:
O in vacuum, ® in air, ® in bubbling oxygen.
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JAERI-M 87-141

QIL NAME: Tricctyl phosphate

Dy
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Q 1 ]
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TR
o~ 0.83¢ o—-? 1 | ) } ! u ] I 1
Q .
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Dose ( MGy )
é‘ﬁ 2
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R J
i 1 i
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)
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g O in wvacuum
m o
. ® 1n air
ﬁ ® in bubbling oxygen
o}
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JAERI

OIL NAME: Trioctyl phosphate

-M 87-141

MOLECULAR WEIGHT DISTRIBUTION

(original sample)

=
&

g

T
[T
i)
s
4
P
[ | 1 ] | | f i ' T —
1589 2889 2593
[COUNT
S5SETA99 0 123128 Jog FILE 1
SHMPLE WO NRME: 7 - 2 SERIAL MO, 8942
CH.MNO 1 METHOD 2
PEAK HNO. 1 BASE
START TOP END MM M Mz L
[ 2135 2198 2353 5.414B1E+82 5.41880E+02 5.40335E+092 S.418TEE+H2
U 27.3 1432,5 2.5 Mg~ P M2 M RREA AREAY
| 5E2 T42 4@% 1.8 1.688 3.96482E+04 ST, 64
PERK MD. 2 VUBLLEY
STRRT TaP END MM My Mz ML
o 2358 2485 2493 3.6485SE+BZ I, 64983E+02 I.E6S848E4B7 3.64957E+52
[V} 32.5 £8.5 34.5 Ml /Hh MEe M0 ARED RREAY
M 4p3 3@ 796 1.@8 1.86 9. 5FRI4E+AT 2,36
TaTAL
STRART TOF EHD Mu MY Mz M
c 2135 2158 2495 S.3TES1E+BZ B.3FTHBE+A2 S.39SI0E4AZ S5.3I7TEAE+az
U 27.38 t@22.8 Fe.5 MMM MZ M ARERA AREAY
M (323 543 29 1.80 1.06 4.96044E+84 103,08
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OIL NAME: Trioctyl phosphate
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JAERI-M 87-141

OIL NAME : Trioctyl phosphate

TRRADTATION CONDITICN
Temp.:-196°C Dose 10.8kGy in Vacuum

after irradiation f

after photo breach

ESR CONDITION Sweep range{Gauss):% 250 Power (pW): 1
Modﬁlétion'width(lOOkHz,Gauss): 2 at -196°C

after irradiaticn  after Photo bresach

4.8 4.9
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OIL NAME: Trioctyl phosphate
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JAERI-M 87-141

CIL NAME : Trioctyl phosphate

RADIATION~INDUCED GAS EVOLUTIGN

18 O
- total gas
o 16 - 1
> 2
C
£ 14 CH4 q
T C2H4 - O 0 x10
D o
? 12 C2H6
10 co a
! CO2 d =10
C: (]
8 (]
8 O
5 a
— 61 »
o 1
Z
4 ) XlO‘
2 ._ L A
~ 4 A
b % 00 e — — i
0 1 2 3 4 5 6 7 8 g 10 11

G VALUES OF THE EVOLVED GASES

G(total gas) 2.6 G(C,H)  1.7x1077
G (H,) 2.3 . G(C,H,)  8.3x107
G (ClH ) 8.2x10
G(CO) 3.9x1072
G(CO,) 1.9x10 %
AMOUNT OF TOTAL EVOLVED GASES (x10™% mol/q)
1 MGy 2.6
5 MGy  10.4
10 MGy  19.1

COMMENT

IRRADIATION CONDITION

in vacuum, dose rate 10 kGy/h.
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2.4  Polyether

3.4,1 Poly propylene glycol
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OIL NAME: Poly Dropylene glycol

'STRUCTURE OR FEATURE: n-Bu{OCH ~CE (Cli,) } OH

2
MOLECULAR WEIGHT: 3000
VISCOSITY at 40°C:123.3x107° m?/s (21.90x107% m2/s at 100°C)
viscosITY INDEX: 206 SPECIFIC GRAVITY(15/4°C): 1 ggp2
TOTAL ACID NUMBER: 0.04 mgKOH/g, FLASH POINT(°C): 53¢

COLOR: UNION 1(-) , ASTM L.§.5 .

PROPERTY CHANGE OF LUBRICANT QIL BY IRRADIATION

Specific Viscosity

Irradiation Dose n/no

condition [MGy] 9Favity nxlo”™® m/s
(15/4°C) (40°C) (100°C) {(40°C) (100°C)
in vacuum 1.0 ~ 1.007 228.1 36.49 1.85 1.67
3.0 1.013 873.8 112.8 7.09 5.15
3.2 caked
in 0.05 1.003 120.2 20.61 0.98 0.94
bubbling 0.23 1.011 102.9 17.06 0.84 0.78
oxvgen 0.5 1.020 73.46 0.60
0.99 1.036 44,77 0.36
3.0 1.051 19.92 3.814 0.1s 0.17
4.8 1.070 12.32 3.514 0.10 0.16
9.0 1.08%9 6.915 2.750 0.06 0.13
in air 0.05 1.006 135.0 23.19 1.09 1.06
0.2 1.006 157.5 26.22 1.28 1.20
0.5 . 1.008 177.3 28.57 1.44 1.30
1.0 1.010 215.6 32.70 1.75 1.49
3.0 1.018 162.5 57.23 1.32 2.61
5.2 1.028 2295 180.6 i8.6 8.25
7.5 1.034 3557 267.1 28.8 12.2
10.5 caked
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OIL NAME Poly propylene gliycol

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Irradiation Dose Viscosity Total acid Flash Color
number point
condition [MGy] index [mgKOE/g] (°C) wunion ASTM
in wvacuum 1.0 211 0.08 228 (=) LO.5
3.0 231 0.15 228 1(=) L0.5
3.2 caked
in 0.05 197 1.24 216 1(-) L0.5
bubbling 0.23 181 5.65 154 1(-) LO2.5
oxygen 0.5 17.5 112 1(-) LG.5
0.99 28.2 88 1(-) L0.5
3.0 64 68.8 108 1(-) L9.5
4.8 179 111 76 1(-) L0.5
9.0 327 139 96 1(-) LO.5
in air 0.05 203 0.07 222 1(-) L0.5
| 0.2 203 0.08 222 1(-) LO.S
0.5 201 0.15 212 1(-) L0.5
1.0 197 0.32 220 1(-) LO.S
3.0 167 1.18 198 1{(-) L0.5
5.2 197 1.¢28 312 1(=) LD.5
7.5 214 3.18 388 1(-) L0.5
10.5 caked
COMMENT

IRRADTATION CONDITION
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OIL NAME: Poly propylene giycol

(15/4°C)

Specific gravity

Change of viscosity n/nO at 40°C

Symbol: O in vacuum, @ in air, ® in bubbling oxygen.
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OIL NAME: ©Proly propylene glycol
240 L
0 \\-o_.__,____o_
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Q 1 2 3 4 5 6 7 8 9 10
Dose ( MGy )
Symbol: O in vacuum, ® in air, ® in bubblina oxygen.
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JAERI-M 87-141

0“_ NAME :poly propylene glycol

PROPERTY CHANGE OF LUBRICANT COIL BY TIRRADTIATION

Do0F 3E OU/u AlTsoosTa JO =bueyn sz

v

| | |

!

|
u/l

30

COMMENT

10—

(B/HOMbW) Isqunu pIde Telul -O-

400

300

200

190

)

Oxygen bubbling time
Effect of bubbling oxygen in Poly propylene glycol.

O A unirradiated
® A irradiated

(dose rate 10 kGy/h)

IRRADIATION CONDITION
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JAERI-M g87-141

OIL NAME: Poly propylene glycol

DOSE RATE EFFECT

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Dose rate Dose Spec%fic ViSszitg ﬂ/ﬂo
[kGy/h] [MGy] gravity nxld m°/s
{(15/4°C) (40°C) (100°C) (490°C) (100°C)
in air
20 1.0 1.007 208.¢6 31.93 1.69 1.46
10 1.0 1.010 215.¢ 32.70 1.75 1.49
3.0 1.0 1.014 198.1 30.14 1.61 1.38
1.0 1.0 1.009 184.7 27.69 1.50 1.26
0.5 1.0 1.011 167.5 25.33 1.36 1.16
in bubbling oxygen

10 0.05 1.003 120.2 20.61 .98 0.%4
10 0.23 1.011 i02.9 17.06 0.84 0.78

10 0.5 1.020 73.46 0.60

10 0.99 1.036 44 .77 0.36
3.0 0.048 1.002 109.2 19.18 0.89 0.88
3.0 0.19 1.010 81.10 14.00 0.66 0.64
3.0 0.48 1.026 42,73 8.137 0.35 0.37
3.0 1.05 1.053 22.01 5.001 0.18 0.23
1.0 0.048 1.005 107.6 12.92 0.87 0.59
1.0 0.21 1.020 70.55 11.54 0.57 0.53
1.0 0.49 1.036 30.49 6.672 0.25 0.30
1.0 1.0 1.079 26.31 4,248 0.21 0.19
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JAERI-M 87-141

0IL NAME: Poly propylene glycol

DOSE RATE EFFECT

PROPERTY CHANGE OF LUBRICANT OTIL BY IRRADIATION

Dose rate Dose Viscosity Total acid Flash Color
number point :
[kGy/h] [MGy]  index [mgKOE/g] (°C) union ASTH
in air

20 1.0 198 0.25 216 1(-) L0.5

10 1.0 197 0.32 220 1(=) L0.5

3.0 1.0 194 0.70 208 1(-) LO.5

1.0 1.0 188 1.25 202 1(-) LO.5

0.5 1.0 185 2.32 208 1(~) L0.5

in bubkkling oxygen

10 0.05 197 1.24 216 1(-) L0.5
10 0.23 181 5.65 154 1(=-) LO.5
10 0.5 17.5 112 1(-) L0.5
10 06.929 28.2 88 1{-) L0.5
3.0 . 0.048 198 2.82 218 1{-) L0.5
3.0 0.19 143 13.3 128 1(-) L0.5
3.0 0.48 168 38.1 114 1(-) L0.5
3.0 1.09 la2 91.4 96 1(=) LO.5
1.0 0.048 115 3.14 208 1(-) L0.5
1.0 0.21 158 23.2 146 1(-) L0.5
1.0 0.49 185 80.9 94 (=) 0.5
1.0 1.0 50 114.5 74 1(-) L0.5
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JAERI-M 87-141

OIL NAME Poly propylene glycol

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION
DOSE RATE EFFECT

Y

( in air, total dose 1 MGy )

Ds0F 3B OU/U A3TS0DSTA IO abuqu;;

o0 [~ o Ta] =t [ap! [ — o
r—; — — — — i — — —
| | | | i | | i |
.
< -
[an] o o [l
COMMENT - ~ —_ o
(b/Ho¥Mbur) I9qunu pIDE [BIOTL ~O-

104

10°3

( Gy/h )

Dose rate

IRRADIATION CONDITION
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JAERI-M 87-14%

OIL NAME: Poly propylene glycol

MOLECULAR WEIGHT DISTRIBUTION (original sample)

199
305 -
S zan 4
185 -
R
f 1
[COUNTS
GEUTSEE 1T:4B JOE FILE 1t
SAMFLE MI. @ WanE: 6 -0) SERIAL NO. @846
ZH.ND 1 METHOD 2
PERK N2, 1  BASE
TRRT TP END MM iy Mz M)
c 1555 1745 1990 4.866TSE+ET {.2B587E404 9, I9520E+04 1. 28S05C4me
u -12.8  457.% 7.3 MM MZ AT BREA RREA%
" 79BSaT 6375 225 z.48 7.0 4.BBITZE+@4. 91,47
FEAK NO. 2 URLLEY
STRRT Tap END MK Mhi mis
e 1398 2418 2495 4, 4463TE402 4.Z6GI1E+0T 5. IETIAEA0D 4. SCIIAC+E2
Y 17.9 21,4 23.5 Mid 7 HH SE SREA ARERY
M gas 385 225 1.82 1,11 4.7871BE+a3 .93
THTAL
START TP END HH M mz Ay
o 1555 1745 2485 2,57S12E+BT [.18163E+@4 9359018404 1, 101520+64
W -12.9 4578 29.5 B Mz AREA RREA%
r3e5a7 BETE 296 5,27 g.e3 5.35244E+B4 190,08
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JAERI-M 87-141

OIL NAME: Poly propylene glycol
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Infrared spectrum ( 3 MGy in bubbling oxygen )
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JAERI-M 87-141

. OIL WAME :  polyv propylen glvcol

[READIATION CONDITION

Temp.:-196°C Dose 10.7kGy in Vacuum

after irradiation

after photo breach

ESR CONDITION  Sweep range (Gauss):t 1gg Power (uW): 1
Modulation width (1CQ0kHz,Gauss): 2 at ~196°C

after irradiation after Photo breach

3.6 2.75
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JAERI-M 87-141

3,5 Silicon oils

3.5.1 Di-methyl silicone

3.5.2 Pentaphenyl trimethyl trisiloxane
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JAERI-M 87-141

OIL NAME: Di-methyl silicone

STRUCTURE OR PFPEATURE: (CH3)3Si+OSi(CH3)2]nOSi(CH3)3
MOLECULAR WEIGHT: 1400

VISCOSITY at 40°C: 232.5x10°° m?/s (96.01x10"° m?/s
TOTAL ACID NUMBER: 0.00 mgKOK/g, FLASH POINT(°C): 326

COLOR: UNION 1(-) , ASTM L0.5 .

at 100°C)

VISCOSITY INDEX: 432 SPECIFIC GRAVITY(15/4°C):0.978

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Specific Viscosity

0.5 gelation

Irradiation Dose ‘ NP n/ng
condition [MGy] IFavity nxld = m"/s
{(15/4°C) (40°C) (100°C) (40°C) (100°C)

in aacuum 0.05 0.985 297.5 123.8 1.28 1.29
0.2 1.075 1345 534.9 5.78 5.57
0.5 gelation

in 0.005 0.971 234.4 97.06 1.01 1.01

bubbling 0.02 0.974 237.1 99,41 1.02 1.04

oxXygen 0.03 0.973 243.3 100.9 1.05 1.05
0.05 249.7 103.4 1.07 1.08
0.06 0.979 247.3 100.9 1.06 1.05
0.12 0.980 277.4 114.0 1.19 1.19
0.18 0.982 313.7 128.0 1.35 1.33
0.2 391.6 162.3 1.68 1.69
0.27 0.980 491.0 198.4 2.11 2.07
0.5 gelation

in-air 0.05 0.978 274.2 115.0 1.18 1.20
0.2 0.979 810.0 332.7 3.48 3.47

IRRADIATION CONDITICN
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JAERI-M 87-141

OIL NAME :

Di-methyl silicone

PROPERTY CHANGE CF LUBRICANT OIL BY IRRADIATION

Irradiation Dose Viscosity ‘Total acid Flash Color
number point

condition [MGy] index [mgKOE/g] (°C} union ASTM

in vacuum 0.05 441 0.02 336 1(-) LD.5
0.2 503 - 0.02 332 1(-~) LO.5
0.5 gelation |

in 0.005 433 0.11 342 1(-) LO.5

bubbkling 0.02 437 _ 0.086 344 1(-) LO.5

oxygen 0.03 435 0.10 342 1{-) LO0.5

) 0.05 435 0.11 346 1(-} ©LO.5

0.06 431 0.22 336 1(-) LO.5
0.12 436 0.36 334 1{-) LOD.5
0.18 438 0.48 328 1(-) TL0.5
0.2 450 0.32 341 1(-) LO.5
0.27 453 0.18 344 1(-) LO0.5
0.5 gelation

in air 0.05 441 ~0.03 354 1{(-) LO0.5
0.2 483 0.06 356 1{(-) LO0.5
0.5 gelation

n/n0 at 40°cC

Change of viscosity

] ] i ] J

Q 0.1 0.2 0.3 0.4 0.5
Dose ( MGy )

Symbol; O in vacuum, @ in air, @ in bubbling oxygen,
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OIL NAME: pi-methyl silicone

1.06

—_—

[a]

e
I

1.00 —~

Specific gravity
(15/4°C)
o
]

8_%.' i | J | J

0 0.1 0.2 0.3 0.4 0.5
Dose ( MGy )

o

+
] o
O
Of“\
~
©
|
e -
¢
. I | | L |
0 0.1 0.2 0.3 0.4 0.5

Dose ( MGy )

b— .

4

H e
2
5~ L
SR -
o R )
O -
DX [
:‘éj B .q.
s = L
46, 05&: r a | ] _]
=

0 0.1 0.2 0.3 0.4 .5

Dose ( MGy )

Symbol; O in vacuum, @ in air, @ in bubbling oxygen.
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JAERI-M 87-141

OIL NAME: Di-methyl silicone
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Infrared spectrum ( original )

o
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JAERI-M 87-141

_OIL MAME @  Di-methvl silicone

[RRADIATION CONDITICH
Temp.:-196°C - - Dose 10.45kGy in Vacuum

after irradiation

after photo breach

20

ESR CONDITION  Sweep range (Gauss):: 100 Power{uW): 1
Modulation width(l00kHz,Gauss): 2 at -196°C

GIR-] after irradiation after Photo breach

1.2 1l.15
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JAERI-M 87-141

CIL NAME : Di-methyl silicone

RADIATION-INDUCED GAS EVOLUTICN

= total gas
mz

~

—

o)

£
<p

I

o

,_|

"

1

)

e

o

o

o

&

—

o)

5

]

0 0.2 0.4 0.6 0.8
Dose { MGy )

G VALUES OF TEE EVOLVED GASES

G(total gas) 2.3
G (H,)  6.3x107t
G(CH4) 1.4
. ~1
G(C2H6) ?.OxlO
AMOUNT OF TOTAL EVQOLVED GASES
1 MGy 2.3x10_4 mol/qg

COMMENT

IRRADTATION CONDITION

in vacuum, dose rate lo kGy/h.
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JAERI-M 87-141

QIL NAME: Pentaphenyl trimethyl trisiloxane

STRUCTURE OR FEATURE: CH,Si () ,-081i (9) (CH,)-0Si (9) ,CH,
MOLECULAR WEIGHT: 546 @:benzene ring

VISCOSITY at 40°C: 59.45x10°° m?/s (7.229x107° m2/s at 100°C)
ViSCOSITY INDEX: 74 | SPECIFIC GRAVITY(15/4°C): 1.090
TOTAL ACID NUMBER: 0.00 mgKOH/qg, FLASE POIKT(°C): 244

COLOR: UNION 1(-) » ASTMT1.0.5

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Irradiation Dose >Peciflc Viscgéitg
condition [MGy] gravity nx1l0 n“/s
(15/4°C)  (40°C) (100°C) (40°C) (100°C)

in vacuum 2.7 1.094 70.90 £.610 1.19 1.19
6.0 1.094 83.90 9.420 1.41 1

8.6 1.095 97.18 10.3% 1.63 1.44

15.98 1.140 183.6 15.69 3.26 2.17

28.6  1.108  509.3 27.95  8.57  3.87

in 1.0 1.093 61.82 7.736 1.04 1.07

"bubbling 3.0 1.094 67.20 8.157 1.13 1.13

oXygen 9.0 1.107 96.16 9.902 1.62 1.37

17 138.4 12.07 2.33 1.67

26 1.126 220.5 14.90 3.71 2.06

in air 1.0 1.098 60.99 7.769 1.03 1.07

3.0 1.094 65.87 8.228 1.11 1.14

9.3 1.095 84.72 9.530 1.43 1.32

19 1.108 128.6 12.28 2.16 1.70

28 1.106 318.9 23.23 5.36 3.21

IRRADIATTION CONDITION
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OIL NAME - Pentaphenyl trimethyl trisloxane

JAERI-M 87-141

PROPERTY CHANGE OF LUBRICANT OIL BY TRRADTIATION

Irradiation Dose Viscosiﬁy Total acid Flash Coloer
number point
condition [MGy] index [mgKOH/g] {°C} wunion ASTM
in vacuum 2.7 91 0.00 258 1 0.5
6.0 86 0.00 262 1(1/2) 1.0
8.6 86 0.00 250 1(1/2) 1.0
15.9 79 0.00 198 3 2.5
28.6 75 0.00 190 4(-) 4.0
in 1.0 86 0.56 262 2(~) L2.0
bubbling 3.0 86 1.07 258 3(1/2) 3.0
oxygen 9.0 77 8.80 266 6{-) Le.5
17 69 17.9
26 50 25.4 168 7(=) 7.0
in air 1.0 89 0.25 268 1(=) LO.5
3.0 92 0,23 254 i¢(1/2) l.0
9.3 87 0.20 252 2(1/2)y 2.0
19 83 0.25 244 3 3.0
28 91 . 0.42 252 4(1/2) 14.5
o
I
@O
o
§2>,80 -
.,_|q‘17-0"_
> g 6.0 - .
U 5.0 — o
C 240
o~ 3.0 o
g 2.0 =
1.0 '
5 fd | L1 | [ | | [ l ! A

Symbol: O in vacuum,

10

Dose |

® in air,

MGy )

® in bubbling oxvagen,

30

IRRADIATION CONDITION
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JAERI-M 87-141

OIL NAME : Pentaphenyl trimethyl trisiloxane

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

e

4+

-

5

2¥9)

0w 1.2

IL'BII-(I)IEJ_JO& e o ¢—o0°-
e
8“!1111|1|!!-|!ll1
ol

w 0 10 20 30

Flash point
(

p
@
Q
E
5
o

o
T~
-~ D
O C
oI
- E
Q-
_E). ]el L | -1 Oo_l_
= .

0 10 20 30
Dose { MGy )
Symbol: G in vacuum, @ in air, @ in bubbling OXYOgen.

IRRADIATION CONDITION
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OIL NAME:

JAERI-M

87-141

Pentaphenyl trimethyl trisiloxane

MOLECULAR WEIGHT DISTRIBUTION

{original sample)

o
4398
°
2069
Y
-
™
| | | I | ' I
1509 Za@a 2588
LOTUINT ]
28,8782 (2194 JOB FILE 1
SAMFLE ND. B MRME: 8 - 2 SERIGL NO. 9838
CH.NO 1 ETHED 2
PEAK M. 1  BRSE
STRRT ToP END ¥ Ml nZ M
c 2119 2225 23865 5.1249358+02 S.I322BE+BZ S.13932E+482 5.13I213E<82
u 41,2 5434.3 33.5 b TIN Az RRER AREFY
e 634 512 41 1.83 1.08 2.19545E+65 99,52
PERK MD. 2  BASE
STRRT TYP END N bl Mz M
C - 23E5 Z405 24%3  3.89651E+02 3.68379E+0T 3,69300E+02 IT.E8097SE+GT
i 33.5 B2.6 27.3 0 MM Mz M ARER ARERX
rn 481 I69 296 1,89 1,88 L.81133E+6T - @, 48
TOTAL
STRRT ToP END MH My Nz [
C 211@ 2225 2495 S.119418+37 5.1253RE+02 5.13434E+@82 S.12529E+02
Y 41.%  543a.3 7.3 MY /TN M2 AREA ARERY
M 674 512 296 1.89 1.88 2.11557E+05  19@, 0@
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JAERI-M 87-141

OIL NAME: Pentaphenyl trimethyl trisiloxane

i
2.0 25 3.0 4.0 5.0 6.C 70 80 5.0 100
: [N [ S T | L||'|l|"'r“\'["\\“I'f‘="F 11
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: i I " I : i L i : - : L
5000 7406 4000 3600 3200 ZBUG 2400 2000 1900 1800 170D 1600 500 1400 1300 1200 1100 1000 800 200 Y00 60D 500

Infrared spectrum (original)
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4300 40C0 3500 3200 2800 2400 2000 1900 1800 1700 1620 1500 1400 1300 1200 1100 1030 900 BO0 700 60C 500 400 33r.?ﬂ'

Infrared spectrum (30 MGy in bubbling oxygen)
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JAERI-M 87-141

OIL NAME : pentaphenyl trimethvl trisiloxane

IRRADIATICN CONDITION

cuaum

Temp.:-126°C Dose 107.8kGy in Va
after irradiation
after photo breach
ESR CONDITION Sweep range (Gauss):% 250 Power (pW): 1

Modulation width(l0CkEz,Gauss): 2 at -1%6°C

after irradiation after Photo breach

0.22 0.14
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JAERI-M 87-141

OIL MAME: Pentaphenyl trimethyl trisiloxane

" -~
- ]
— il
1400 ] a
': T
1 ] ;
— e -
1 I o
4 al o
S0 ‘ <
3 i )
= o
4 — ™
] [ 2 # =
__ !
o oy ! ! i
1 bl :: ” - -t’; i
] T , o TF H
i Ll
u] rn”rr'lrltn'n'ul |IIJIIIIEIrI|II+I=T!'ffl|LIIL|l11\[Er[|| SRS NN NN EEESEEEREEREE il
u 100 oo Z0u 400 so0 E00 Ta0 Sl
( original )
~
o
-
100 7]
E *50
] T - 10
7 (=]
4 [+l
. =)
1 -
50
] 12
] -
7 - & & [
] « =3
J e} L [}
] ¢ -
; b © »
] 4o
4 1] [N
1 v
o — i -
+— o -—
-
Ll I.“..l
O ~prirpE AL A ‘;,‘ T T e pPrTTTTTTTT T 0
0 100 Z00
X10

( 30 MGy in bubbling oxygen)

- The mass spectrum of pentaphenyl trimethyl trisiloxane.
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JAERI-M 87-141

OIL NAME: Pentaphenyl trimethyl trisiloxane
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The mass spectrum of Pentaphenyl trimethyl trisiloxane.
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JAERI-M B87-141

CIL NAME : Pentaphenyl trimethyl trisiloxane

RADIATION-INDUCED GAS EVOLUTION

7 F O total gas
— ® i
6L go
- | 0 CH4
& @ C,H
5 276
T
©
—
B 4

Evolved gas
[\

Q 10 20 30
Dose ( MGy )

G VALUES OF TEE EVOLVED GASES

G(total gas) 2.7:»;10—2
G (H,) 1.6x10 2
G(CH,) 1.1x1072
-4
G(C2H6) 1.2x10

AMOUNT OF TOTAL EVOLVED GASES (x10~° mol/q)

1 MGy 3.0
10 MGy 27
30 MGy 74

IRRADTATION CONDITIQN

in vacuum, dose rate 10 kGy/h.
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JAERI-M 87-141

OIL NAME: Pentaphenyl trimethvl trisiloxane

BREAKDOWN VOLTAGE

Measurement Breakdown voltage (kV)
times original 1 MGy 5 MGy 10 MGy
i (Vl) 45.5  45.5 45.5 45.5
2 (V2) 45.5 40.8 45.5 43.8
3 (V3) 36.9 45.5 45.5 41.8
4 (V4) 45.5 45.5 45.5 26.9
5 (V5) 45,5 45.5 45.5 44.3
average (V) 43.4 44 .3 45,5 39.2
COMMENT

IRRADIATION CONDITION
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3.6

JAERI-M 87-141

Florinated oil

3.6.1 Polychlorotrifluoroethylene
3.6.2 Trifluoropropyl methyl polysiloxane

3.6.3 Perfluoropolyether
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JAERI-M 87-141

OIL NANME: Polychlorotrifluoroethylene

STRUCTURE OR FEATURE: fCCIF-CF,}
MOLECULAR WEIGHT: 900

VISCOSITY at 40°C: 49.66x10 0
VISCOSITY INDEX: =203
TOTAL ACID NUMBER: 0.02 mgKOH/g, FLASH POINT(°C):

COLOR: UNION 1(-) , ASTM L0.5 .

m%/s (4.536x10 %m%/s at 100°C)

SPECIFIC GRAVITY(15/4°C): 1.928

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Specific Viscosity

Irradiation Dose _ 26 % n/my
condition [MGy] gravity nxl0 m"/s
(15/4°C) {(40°C) (100°C) {(40°C) (100°C)
in vacuumn 0.85 . 1.930 63.87 5.187 1.29 1.14
in 0.04 1.945 55.89 4,758 1.13 1.05
bubbling 0.2 1.940 51.60 4,588 1.04 1.01
oxygen 0.42  1.937 46.27 4.274 0.93  0.94
0.85 1.937 40.88 4,078 0.82 0.90
in air 0.04 1.95¢6 51.36 4.637 1.03 1.02
0.17 1.953 54.76 4.698 1.10 1.04
0.42 1.953 58.54 4,968 1.1i9 1.10
0.85 1.937 68.16 5.343 1.37 1.18
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JAERI-M 87-141

OIL NAME : Polychlorotrifluoroethylene

PROPERTY CHANGE OF LUBRICANT QIL BY IRRADIATION
Irradiation Dose Viscosity Total acid Flash Coleor
number point

cendition [MGy] index [mgKOH/g] (°C) wunion ASTM

in vacuum 0.85 -153 .34 1(-) L0O.5

in 0.04 -199 2.26 (=3 L0.5

bubbling 0.2 -2008 8.42 1(-) LO.5

oxygen 0.42 -256 16.4 1(-) L0.5
0.85 -241 28.1 1(-) 1.0.5

in air 0.04 -189 0.36 1(-) 0.5
0.17 ~207 0.77 1{-) L0.5
0.42 -1l67 1.26 1(-) LO.5
0.85 =152 2.18 1(~) LO.5

COMMENT

IRRADIATION CONDITION
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JAERI-M 87-141

OIL NAME :Polychlorotrifluorcethylene

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION
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COMMENT

Symbol: O in vacuum, ® in air, ® in bubbling oxygen.

TRRADIATION CONDITION

Dose rate 10 kGy/h.
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JAERI-M 87-141

OGIL NAME: Polychlorotrifluorocethylene

MOLECULAR WEIGHT DISTRIBUTION (original sampie)
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JAERI-M 87-141

OIL NAME: Polychlorotrifluoroethylene
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JAERI-M 87-141

OIL MAME : Polychlorotrifluorcethylene

[RRADTATTION CONDITION
Temp.,:-196°C Dose 97.6kGy

in Vacuum

after irradiation

— u

after photo breach

ESR CONDITION ~ Sweep range (Gauss):% 500 Power(uW): 1
Modulation width {(100kHz,Gauss): 2 at -196°C

GIR-1 after irradiation

after Photo breach

1.5

0.92
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JAERI-M 87-141

OIL NAME: Polychlorotrifluoroethylene
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The mass spectrum of Polychlorotrifluoroethylene.
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JAERI-M 87-141

OIL NAME: Trifluoropropyl methyl polysiloxane

STRUCTURE OR FEATURE: (CH3)3Si—O{Si(CH3)(C2H4CF3+O+nSi(CH3)3
MOLECULAR WEIGHT:

VISCOSITY at 40°C:150.4x10_6 mz/s (27.07x10_6 m2/s at 100°C)
ViSCOSITY INDEX: 218 SPECIFIC GRAVITY(15/4°C): 1.251
TOTAL ACID NUMBER:O. 02 mgKOH/g, FLASH POINT({°C):

COLOR: UNION 1(-) , ASTM L0.5.

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Specific Viscosity

Irradiation Dose _ 26 3 n/my
condition  [MGy] 9Favity nxl0 " m"/s
(15/4°C) {40°C) (100°C) (40°C) (100°C)
in vacuum 0.05 ~ 1.245 156.62 L 27.92 1.04 1.03
0.2 1.245 169.3 30.21 1.13 1.12
0.4 1.245 185.3 33.06 1.23 1.22
6.9 1.245 266.3 46.40 1.77 1.71
2.3 gelation
in .05 1.2490 149.8 27.00 1.00 1.00
bubbling 0.1 1.242 148.5 27.05 0.99 1.00
oxygen 0.28 1.241 146.9 26.45 0.98 0.98
0.45 1.248 148.3 26.57 0.99 0.98
in air 0.06 1.248 155.1 27.80 1.03 1.03
0.20 1.246 l66.4 29.61 1.11 1.09
0.46 1.248 194.4 33.74 1.29 1.25
0.9 . 1.258 278.5 45.70 1.85 1.69
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JAERI-M 87-141

OIL NAME : Trifluoropropyl methyl polysiloxane

PROPERTY CHANGE CF LUBRICANT OIL BY IRRADIATION

Irradiation Dose Viscosity Total acid Flash Color
. number point

condition [MGy] index [mgKOH/g] {°C} union ASTM

in vacuum 0.05 218 0.52 1(-) LO.5
0.2 221 3.05 1(-) LO0.5
0.4 225 6.14 1(-) LO.5
0.9 235 14.1 1(-) LO0.5
2.3 gelation

in 0.05 218 1.58 1(-) LO.5

bubbling 0.1 220 2.56 1(-) LO.5

oxygen G.28 217 9.04 1(-) LO.5
0.45 217 13.7 1(-}y LO.5

in air 0.06 219 1.62 1(-} LO.5
0.2 220 3.91 1(-}y L0.5
0.46 221 7.12 1(-} LO.5
0.9 224 16.2 1{(-}y LO0.5

COMMENT

IRRADIATION CONDITICN
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JAERI-M 87-141

OIL NAME

* Trifluoropropyl methyl polysiloxane

PROPERZLY CHANGE OF LUBRICANT OIL BY IRRADIATION
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Symbol: O in vacuum, @ in air, @® in bubbling oxygen.

IRRADIATION CONDITION

Doge rate 10 kGy/h.
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JAERI-M 87-141

OIl MNAME: Trifluoropropyl methyl polysiloxane
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JAERI-M 87-141

. OTL NAME ¢ 7riflucroproovl methvl polysiloxane

TRRADTATION CONDITION »
Temp.:=-196°C Dose 9.9kGy in Vacuum

after irradiation

after photo breach

ESR CONDITION Sweep range {Gauss) :+250 Power{uW): 1
Modulaticn width{1Q0kHz,Gauss): 2 at -196°C

GIR-] after irradiation after Photo bLreach
).

3.4 3.1
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JAERI-M 87-141

0IL NAME: Trifluoropropyl methyl polysiloxane
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The mass spectrum of Trifluoropropyl methyl polysiloxane.
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JAERI-M 87-141

OIL NAME: Perfluoropolyether

COLOR: UNION 1(-)

MOLECULAR WEIGHT: 3000

VISCOSITY INDEX:114

, A

STRUCTURE OR FEATURE:CFBO{CF(CF

STM

3)

-CF2—0+X+CF20+yCF

VISCOSITY at 40°C:82.16x10 ° mz/s (10.63x10

X1y =
t

3
10:1

m2/s at 100°C)

SPECIFIC GRAVITY(15/4°C):1.893

LO.5

TOTAL ACID NUMBER:0.00 mgKOH/g, FLASH POINT(°C):

PROPERTY CHANGE OF

LUBRICANT OIL BY IRRADIATION

Specific

Viscosity

Irradiation Dose _ 6 3 n/ng
condition [MGy] gravity nxl0 m"/s
{15/4°C) (40°C) (1l00°C) (40°C) {100°C)
in vacuum 0.05 1.887 79.61 - 10.35 0.97 0.97
0.2 1.882 73.90 10.05 0.90 0.95
0.42 1.880 67.64 9.690 0.82 0.91
0.85 1.893 79.25 9.824 0.96 0.92
in 0.05 1.883 80.18 10.54 0.98 0.99
bukbling 0.1 1.879 77.17 10.66 0.24 1.00
oxygen . 0.25 1.883 68.64 9.456 0.84 0.89
0.42 1.878 61.69 8.654 0.75 0.81
in air 0.05 1.892 81.54 10.58 0.99 1.00
0.2 1.894 81.12 10.75 0.99 1.01
0.42 1.894 30.28 10.28 0.98 0.97
0.85 1.885 64.30 9.167 0.78 0.8¢6
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JAERI-M 87-14¢

OIL NAME Perfluoropolyether

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Irradiation Dose Viscosity

Total acid Flash

Color

number
condition [MGy] index [mgKOH/g] union ASTHM
in wvacuum 0.05 113 0.90 1(-) L0.5
0.2 118 3.28 1(-) LO.5
0.42 124 5.74 1(=) LO.5
0.85 103 6.14 1(-) 1L0.5
in 0.05 116 1.92 1(-) LO.5
bubbling 0.1 124 3.39 1(-) L0.5
oxygen - 0.25 116 10.7 1(-) L0.5
0.42 113 14.2 1(=) LO.5
in air 0.05 114 0.99 (=) 0.5
0.2 118 2.26 1(-) L.0.5
0.42 110 5.48 1(-) L0.5
3.85 120 31.6 1(-) L0.5
COMMENT

IRRADIATION CONDITION
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JAERI-M 87-141

OIL NAME : Perfluoropolyether

PROPERTY CHANGE OF LUBRICANT OIL BY TRRADIATION

n/no at 40°C

(15/4°C)
il
L ]
1
K\\;

Specific gravity Change of viscosity

0 0.3
Dose ( MGy )
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COMMENT Dose ( MGy )

Symbol: QO in vacuum, @ in air, @ in bubbling oxygen.

IRRADIATION CONDITION

Dose rate 10 kGy/h.
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JAERI-M 87-141

OIL NAME: Perfluoropclyether

DOSE RATE EFFECT
PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Dose rate Dose Specific Viscogitg n/n

[kGy /h] (Mey] 9Tavity nxld ° m“/s 0
(15/4°C) (40°C) (100°C) (40°C) (100°C)

in air

8.5 0.85 1.885 64.30 9.167 0.78 0.86
2.6 0.85 1.882 65.58  8.39 0.80 0.99
0.85  0.85 1.883 64.46  8.14 0.78  0.77
0.43  0.85 1.884 66.05  8.49 0.80 0.80
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JAERI-M 87-141

OIL NAME: Perfluoropolyether

DOSE RATE EFFECT

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Dose rate Dose Viscosity Total acid Flash Color
_ number peint
[kGy/h] (MGy] index [mgKOK/qg] (°C) union ASTM
in air
8.5 0.85 120 31.6 1(-) LO.5
2.6 0.85 104 13.32 1{(-) 1L0.5
0.85 0.85 92 15.76 1(-)y LO.5
0.43 0.85 98 30.50 1(-} LO.5
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JAERI-M 87-141

OIL NAME: Perfluoropclyether

DOSE RATE EFFECT

( in air, total dose 0.85 MGy )

COMMENT
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TRRADIATION CONDITION
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JAERI-M 87-141

OIL NAME: Perfluoropolyether
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JAERI-M 87-141

. OIL pMAME : pPerflucropolvether

[RRADIATION CONDITION

Temp.:—-1%6°C - - Dose 9.3kGy in Vacuum

after irradiatio

after photo breach

50

FSR CONDITION  Sweep range(Gauss)::250 Power(uW): 1
Modulation width (100kHz,Gauss): 2 at -186°C

after irradiation after Photo hreach

3.4 3.1
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JAERI-M 87-141

OIL NAME: Perflucropolyether

o
o
100 =
3 » =
:l -
3 *30
] T
3 r~
F 0
1 D
‘- o
] oo
50 7 o 2
b o0
] w
E o =
] " @ -
3 a s ®
r o o o7 N
; 1 g |8 & B¥ g
: AL L A
0 Ll L llj ':”-,],.J.!,I,I,]LI..'.!I, bl J Jl.}l.._l_l],fl,,,.,;.,u.h..l,.,
a] 100 200
X190

( original )

The mass spectrum of Perfluoropolyether,
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3,7

JAERI-M 87-141

Aromatic oils

3.7,

3.7,

9

Dialkyl benzene

Mono-aolkyl diphenyl ether C-14
Mono-alkyl diphenyl ether C-16
Mono-alkyl diphenyl ether C-18
Di-alkyl diphenyl ether C-16
m- (m-Phenoxyphenoxy)diphenyl
Pentaphenyl ether

mix-Alkyl diphenyl ether

mix-Phenoxyphenoxy diphenyl

.10 mix-Poly phenyl ether
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JAERI-M 87-141

CIL NAME: Dialkv] benzene
STRUCTURE OR FEATURE: R-@-R, R:alkyl C-12, @:benzene ring.

MOLECULAR WEIGHT:400

VISCOSITY at 40°C:37.30x10 0 m?/s (5.704x107% m2/s at 100°C)
VISCOSITY INDEX:90 SPECIFIC GRAVITY (15/4°C):0.890
TOTAL ACID NUMBER:0.00 mgKOH/g, FLASH POINT(°C):208

COLOR: UNION 1(-) y ASTM LO.5

PROPERTY CEANGE OF LUBRICANT OIL BY IRRADIATION

Specific Viscosity

Irradiation Dose . 26 3 n/ng
condition [MGy] 9dravity nxlo = m"/s
{15/4°C) (40°C) (100°C) (40°C) (100°C)
in vacuum 0.2  0.880 29.35  4.900 1.03  1.00
0.5 0.880 30.46  5.070 1.07 1.04
1.0 0.889 37.30  5.704 1.30 1,17
3.0  0.891 41.61 6.125 1.45 1.25
5.5  0.891 43.48  6.596 1.52  1.35
9.0  0.894 55.37  7.946 1.94 1.62
| 20.5  0.907 228.5  20.15 7.99 4,12
in 0.05 0.890 29.00 4.892 1.01 1.00
bubbling 0.23 0.890 29.61  4.944 1.04 1.01
oxygen 0.5 0.830 30.93 5.109 1.08 1.04
0.98 0.893 32.90 5.219 1.15 1.07
2.9  0.898 38.10 5.556  1.33  1.13
4.4 0,903 43,60 6.033 1.52 1.23
9.4 0.914 67.23 7.715 2.35 1.58
18 148.7 12.11 5.20  2.47
28 0.957 365.5 20.31 12.8 4.15
in air 0.05 0.886 28.56 4.864 1.00 0.99
0.2 0.887 29.14  4.886 1.02 1.00
0.5 0.887 30.00  5.090 1.05 1.04

IRRADIATICN CONDITION
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JAERI-M 87-141

OIL NAME : Dpialkyl benzene

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADTIATION

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Specific Viscosity

Irradiation Dose n/n
ravity 10_6 2/s 0
condition [MGy] 9 Y nx m :
{(15/4°C) (40°C) (100°C) (40°C) (100°C)
in air 1.00 - 0.893 31.56 5.187 1.10 1.06
3.1 0.891 42.91 6.256 1.50 1.28
5.0 0.892 41.08 £.303 1.44 1.29
7.7 . 0.894 47.37 6.855 1.66 1.40
10.5 0.898 56.09 7.580 @ 1.96 1.55
20 0.9209% 122.1 12.94 4,27 - 2.64
30 0.914 268.0 21.20 9.37 4,33
COMMENT

IRRADTATION CONDITION
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JAERI-M 87-141

OIL NAME Dialkyl benzene

PRCPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Irradiation Dose Viscosity Total acid Flash Coler
number point
condition [MGy] index [mgKOH/g] {°C) union ASTHM
in wvacuum 0.2 83 0.42 206 1{(1/2y L1.0
0.5 89 0.77 208 2(-) 1.5
1.0 88 0.42 218 2(1/2) L2.0
3.0 90 0.37 208 3 L3.0
5.5 103 0.19 188 5 5.5
9.0 110 10.10 172 6 6.5
20.5 102 0.11 170 7 7.0
in 0.05 86 0.17 206 2(~) 1.5
bubbling 0.23 85 0.34 206 3(1/2) 2.5
OXygen 0.5 89 0.65 206 4{-) L3.5
0.98 83 1,24 2006 4(1/2y L2.0
2.9 71 3.00 208 5(-) Le.0
4.4 74 4,18 198 6(-) L6.5
9.4 71 9.19 145 6(-) L6.5
18 59 20.3
28 52 35.5. 142 7(-) 7.0
in air 0.05 87 0.05 218 1(1/2) ©l1.0
0.2 84 0.14 208 2(1/2) L2.0
0.5 95 0.22 206 3(1/2) L3.0
1.0 91 0.14 214 4 _ 4.0
3.1 92 0.17 206 7{=-) 7.0
5.0 100 ¢.13 218 4 4.5
7.7 99 0.16 214 4 4.5
10.5 97 0.35 208 5(-) L5.0
20 99 0.22 206 5(-) L5.0
30 94 0.32 208 5 6.0

IRRADIATICON CONDITION

Dose rate 10 kGy/h.
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0IL NAME:

JAERI-M 87-141

Dialkyl benzene

Change of viscosity
n/ngat 40°C

Total acid number
(mgKOK /)

15

10

Symbol:

COMMENT
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0 10 20 30
Dose { MGy )

O in vacuum, @ in air, ® in bubbling oxygen.

IRRADIATION CONDITION

Dose rate 10 kGy/h.
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JAERI-M 87-141

OIL NAME: pialkyl benzene
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Symbol: O in vacuum, @ in air, @ in bubbling oxygen.

COMMENT

IRRADTATION CONDITION
Dose rate 10 kGy/h.
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JAERI-M 87-141

OIL NAME: Dialkyl benzene

MOLECULAR WEIGHT DISTRIBUTION {original sample)

o
™
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s w—— Ry e ——
1 T I T T T T T Y T T T 1
1500 ZHEE Z=aa
[CAUNT2
QESATSE? 13137 IR FILE ¢
SAMPLE MO, 9 HeME: & - O SERIAL NO. 2643

CH.HNO L METHOD 2

PERK NO, 1 BR3E

STHRT TaFP EMD M
> i%ce 2175 2258 S.R4BRAE+EE 5.
L 33.5 332.8 27a. % M
i gLz SEx 431 1.81
PEAK MO, 2 URLLE"Y
STRRT ToP EMD M 1]
C 2250 22935 2493 4.Z667VSE+B2 4.T9963E+B2
U 278,93 3vs5.83 43.3 MM MEZS M
M 451 455 295 1.e1 1.a1
TOTAL
ZTRRT Tor EMD MM Mid nZ il
C 1368 2175 24935 S.18264E+@2 S.29977E+D2 D.4I1FELIE+DT 5.23F7SE+AZ
U 33.4 332.3 43.3 MW 1N ME M RRER AREAX
il i@z o958 296 1,82 1.82 1.10235E+85 188,88
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OIL NAME: Dialkyl benzene

o
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. OIL MAME : Dialkvl benzene

[RRADTATION CONDITION
Temp.:=186°C Dose 11kGy in Vacuum

after irradiation

after photo breach

ESR CONDITION Sweep range (Gauss) :% 2509 Power (uWw): 1
Modulation width (100kHz,Gauss): 2 at -196°C

GIR-] after irradiation after Photo brezch

2.3 1.1
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OIL NAME: Di-alkyl benzene
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The mass spectrum of di-alkyl benzene.

o
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CIL NAME : Dpialkyl benzene

RADIATION-INDUCED GAS EVOLUTION

G

~

S O total gas

26 | - o
T @ H2

235 - O CH4

x -

= O C. U

i b 274

| C2H6

Evolved gas
b 98]

H

G VALUES OF TEE EVQLVED GASES

G(total gas) 5.2x107%

G (H,) 4.6%1071

G (CH,) l.5x10:§

G (C, k) 1.3x10

G (C,H,) 7.7x10"3
AMOUNT OF TOTAL EVOLVED GASES

10 MGy 5.4x10 2 mol/g

COMMENT

IRRADIATION CONDITION

in vacuum, dose rate 10 kGy/h.
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CIL NAME: Mono-alkvl diphenyl ether C-1u

STRUCTURE OR FEATURE: R-@-0-¢, R:alkyl C-14, @:benzene ring.
MOLECULAR WEIGHT: 366

VISCOSITY at 40°C:18.61x10 ° m?/s (3.924x10°° m?/s at 100°C)
VISCOSITY INDEX:104 SPECIFIC GRAVITY(15/4°C):0.938
TOTAL ACID NUMBER:0.00 mgKOH/q, FLASE POINT{°C):242

COLOR: UNION 1(-) , ASTM 1L0.5

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Specific Viscosity

Irradiation Dose _ e 3 n/ng
condition [MGy] gravity nx10 m”/s
{15/4°C) (40°C) (100°C) (40°C) (l00°C)
in vacuum 1.0 0.905 20.83 4,012 1.12 1.02
2.8 0.939 22.80 4,349 1.23 1.11
4.8 0.943 26.12 4,720 1.40 1.20
8.3 0.948 35.63 5.790 1.91 1.438
22 0.9%62 136.7 15.31 7.35 3.90
in 0.05 0.939
bubbling 0.21 $0.939 18.80 3.818 1.01 0.97
oxygen 0.5 0.939 19,23 3.917 1.03 1.00
0.98 0.940  19.95 3.963 1.07 1.01
2.9 0.946 24.03 4,489 1.29 1.14
9.0 0.962 43,32 6.197 2.33 1.58
18 0.983 116.1 11.35 6.24 2.89
27 1.011  357.1 20.64 19.2 5.26
in air 0.5 0.941 18.93 3.867 1.02 0.99
1.0 0.941 19.61 3.948 1.05 1.01
3.0 0.943 22.02 4,200 1.18 1.07
5.0 0.944 26.21 4,730 1.41 1.21
10.5 0.945 32.58 5.467 1.75 1.39
20 0.957 64.39 8.673 3.46 2.21
30 0.963 121.9 13.15 6.55 3.35
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OIL NAME + Mono-alkyl diphenyl ether C-14

PROPERTY CHANGE OF LUBRICANT QIL BY IRRADIATION

Irradiation Dose Viscosity Total acid Flash Color
number point
"condition [MGy] index [mgROE/qg] (°C) union ASTM
in vacuum 1.0 80 0.00 204 2(=) L.2.0
2.8 96 .00 208 3(-) 2.5
4.8 97 0.00 196 3(1/2) 4.0
8.3 103 0.00 176  3(1/2) 4.0
22 115 0.00 1¢c4 & 6.0
in 0.05 0.06 228 1(-) L0.5
bubbling 0.21 87 0.12 228 2(1/2) L2.0
oxygen 0.5 95 0.30 204 3 L3.0
0.98 88 0.61 200 4(-) 4.0
2.9 96 2.83 222 5 5.5
9.0 85 8.47 188 7{=) 6.5
18 80 21.9 160 6 6.0
27 59 31.8 158 7 7.0
in air 0.5 93 0.05 238 1{-) 10.5
1.0 92 0.07 228 1{(1/2) L1.0
3.0 88 0.12 220 2 Li.5
5.0 97 0.20 206 2(1/2) L2.0
10.5 103 0.23 208 3(=) L2.5
20 107 0.65 200 4 (=) L3.5
K1¢ 102 0.74 224 3(1/2) L4.0
COMMENT

IRRADIATION CONDITION
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OIL NAME : Mono-alkyl diphenyl ether C-14

PROPERTY CHANGE QOF LUBRICANT 0IL BY IRRADIATION

Sy s
It 30_
-
we =
Qo |
Do
n = —
- oy L— Ve
S 20 o
p |
fe] L
o '© |
o
o b
b 10 —
= -
o =
L |
35 +—
E'; o/
E 30 —
= 25—
o
Ag 20 ¢
5 ¢
U\r15~——
TESE 10
g T [
= 5 f— o
Oﬁ ’ ’ ' u | 1 1 A 6 1 . 5—
0] 10 _ 20 30
Dose { MGy )

Symbol: O in vacuum, @ in air, @ in bubbling oxygen.

IRRADIATION CONDITION

Dose rate 10 kGy/h.
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OIL NAME : Mono-alkyl diphenyl ether C-14

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

>
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s} —~ S
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3\* — / O
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Dose ( MGy )

30

240

220
IR
o
e
& w 200
by
e —~—
0]
5
o 180
160
0 10 20 30
Dose { MGy )
COMMENT

Symbol: O in vacuum, @ in air, ® in bubbling oxygen.

JRRADIATION CONDITION

Dose rate 10 kGy/h.
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OCIL NAKE Mono-alkyl diphenyl ether C-14

RADIATION-INDUCED GAS EVOLUTION

T I © total cas
ot e
N
+ 2p 0OcHy
|
%: : O C2H4
E [ oc,m
fa¥
0 co
21
o
Q
&
-
[®]
=
) g2
-7 % ¢ 7 8§ 9 10
Dose ( MGy )
G VALUES OF TEE EVOLVED GASES
G(total gas)  2.6x107 7% G(C,H,)  4.2x107°
G (H,) 2.3x10° 1
G (CH,) 5.5%x107°
G (CO) 1.2x1074
) _3
G(CH,) 4.5x10
AMOUNT OF TOTAL EVOLVED_ GASES
4
10 MGy 2.6x10 mol/g

3

IRRADTATION CONDITION

in vacuum, dose rate 10 kGy/h.
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OIL NAME: Mono-alkyl diphenyl ether C-16

STRUCTURE OR FEATURE:R-@-0-@, R:alkyl C-16, @:benzene ring.
MOLECULAR WETGHT:394

VISCOSITY at 40°C:21.21x107° m?/s (4.261x10°° m2/s at 100°C)
VISCOSITY INDEX: 105 SPECIFIC GRAVITY (15/4°C): g.934
TOTAL ACID NUMBER:0.00 moKOH/g, FLASH POINT(°C):230

COLOR: UNION 1(-) r ASTM LO.5 .-

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Specific Viscosity

Irradiation Dose ‘ e 3 n/ny
condition [MGy] grav1ty nxi0 m/s
(15/4°C) (40°C) (100°C) (40°C) (Ll0Q°C)
in vacuum 1.0 0,935 22.94 4.474 1.08 1.05
3.0 0.936 26,18 4,937 1.23 1.16
5.3 0.937 29,13 5.377 1.37 1.26
9.0 0.942 40.72 6.625 1.92 1.55
18 0.949 82.48 10.90 3.89 2.56
in 0.05 0.933 21,42 4,478 1.01 1.05
bukbling 0.21 0.933 21.65 '4.320 1.02 1.01
axygen 0.5 0.934 21.89 4.305 1.03 1.01
0.98 0.935 22,51 4,333 1.06 1.02
2.8 0.940 27.60 4.799 1.30 1.13
4,3 0.945 32.74 5,439 1.54 1.28
9.2 0.958 55.92 7.482 2.64 1.76
17.5 . 153.6 13.15 7.24 3.09
27 0.952 445 .,9 25,44 21.0 5.97
in air 0.5 0.933 21.84 3.968 1.03 0.93
1.0 0.9346 22.57 4.394 1.06 1.03
3.0 0.936 25.72 4.852 1.21 1.14
5.0 0.940 29.55 5.203 1.39 1.22
16.28 0.946 61.54 B.542 2.90 2.00
20.91 0.952 97.56 11.R7 4,60 2,74
30 0.956 172.0 17;27 8.11 ° 4,05
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OIL NAME : Mono-alkyl diphenyl ether C-16

PROPERTY CEANGE OF LUBRICANT OIL BY IRRADIATION

Irradiation Dose Viscosity Total acid Flash Color
number point
condition [MGy] index [mgKOE/qg] {°C) union ASTM
in vacuum 1.0 106 0.00 230 1(1/2) L0O.5
3.0 114 0.00 228 2(1/2) 2.0
5.3 120 0.00 212 3 3.0
9.0 116 0.00 206 4 4.0
18 119 0.00 180 5 5.0
in 0.05 123 0.08 222 1(-) L0.5
bubbling 0.21 156 0.11 224 2(=) 1.0
oxygen 0.5 102 0.23 222 3(-) L2.5
0.98 97 0.46 - 222 4(~) L3.5
2,8 90 2.40 248 5(-) L5.5
4.3 100 3.90 234 6(-) L6.0
9.2 94 8.10 200 7{(-) 6.5
17.5 73 16.3
27 73 '27.9 170 8 7.5
in air 0.5 56 0.02 244 1(-) L0.5
1.0 103 0.07 232 1(1/2) L1L.O
3.0 111 0.10 230 2(=) Ll.5
5.0 106 0.23 218 2(1/2) L2.0
le.28 110 0.62 216 3{(1/2) L3.0
20.91 108 0.62 208 4 (=) L3.5
30 108 0.78 234 4(-) 3.5
COMMENT
IRRADIATION CONDITION
Dose rate 10 kGy/h.
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OIL NAME : Mono-alkyl diphenyl ether C-16

PROPERTY CHANGE OF LUBRICANT OIL BY TRRADIATION

R J
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Total acid number
(mgKOH/g)

. ‘ )
o 19 20 30
Dose ( MGy )
COMMENT
Syrmbel: QO in vacuum, ® in air, @ in bubbling oxygen.

IRRADIATION CONDITION
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OIL NAME - Mono-alkyl diphenyl ether C-16

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Specific gravity
(15/4°C)
= DO
R 8
\}
A%
R
O
' @
o
@
o
=

0] 10 20 30
Dose ( MGy )
L J
0
240 |
— o
[
[+
220
13
o
S 200
0,
o
0
T 180
[s
|
0 10 20 30
Dose { MGy )
COMMENT

Symbol: © in vacuum, @ in air, @ in bubbling oxygen.

IRRADIATION CONDITION
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OIL NAME: Mono-alkyl diphenyl ether C-16

2.0% 3e Jusu
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Oxvgen bubbling time
Effect of bubbling oxygen in mono-alkyl diphenyl ether.

O A unirradiated

® A irradiated
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OIL NAME: Mono-alkyl diphenyl ether C-16

DOSE RATE EFFECT
PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATTION

Dose rate Dose Specific Viscggitg ﬂ/ﬂs
[kGy/h] [MGy] gravity nxld - m“/s
(15/4°C) (40°C) (100°C) (40°C) (100°C)
in air

20 1.0 0.937 22.72 4.406 1.07 1.03

10 0.98 0.935 22.51 4.333 1.06 1.02
5.0 1.0 0.935 22.62 4.411 1.07 1.04

1.9 1.9 3.937 22.85 4.439 1.08 1.04

0.7 1.0 0.934 22.12 6.345 1.04 1.49

6.5 1.0 0.936 22.80 4.442 1.0%7 1.04

in bubbling oxygen

10 0.05 0.933 21.42 4,478 1.01 1.05

10 0.21 0.934 21.65 4,320 1.92 1.01

10 0.5 0.934 21.89 4.305 1.03 1.01

10 0.98 0.935 22.51 4.333 1.06 1.02

10 2.8 0.940 27.60 4,799 1.39 1.13

10 4. 0.945 32.74  5.439  1.54 1.28
3.0 0.65 0.935 22.33 4.333 1.05 1.02

3.0 1. 0.935 22.92 4,385 1.08 1.03

3.0 5.15 0.938 24.62 4.637 1.16 1.09

1.0 0.5 21.84 4,283 1.03 1.01

1.0 1.03 0.935 22.62 4,388 1.07 1.03

1.0 1.53 0.936 23.48 4,482 1.10 .1.05
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OIL NAME: Mono-alkyl diphenyl ether C-16

DOSE RATE EFFECT

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Dose rate Dose Viscosity Total acid Flash Color
number . point
[kGy/h] [MGy]  index [mgKOK/q] (°C) union ASTM
in air
20 1.0 103 0.05 220 1{1/2) L1.0
10 0.98 97 0.46 222 4 (=) L3.5
5.0 1.0 103 0.07 236 1(1/2) L1.0
1.0 1.0 104 0.08 242 2(=) L1.5
0.7 1.0 268 0.27 226 2(-) Ll.5
0.5 1.0 105 0.42 240 2(1/2) L2.0

in bubbling oxygen

10 0.05 123 .08 222
10 0.21 156 0.11 224
10 0.5 102 0.23 222
10 0.98 97 0.46 222
10 2.8 g0 2.40 248
10 ' 4.3 100 3.90 234
3.0 0.65 100 0.45 218
3.0 1.0 98 0.65 222
3.0 5.15 103 2.06 214
1.0 0.5 101 0.30 232
1.0 1.03 101 0.58 222
1.0 1.53 101 0.54 214

6(-)
3(1/2)
4 (=)

4

3

4 (=)
4(1/2}

L0.5
1.0
L2.5
L3.5
L5.5
L6.0
3.0
L4.0
4.0
2.5
L3.5
5.0

— 190 —




JAERI-M 87-141

OIL NAME: Mono-alkyl diphenyl ether C-16

DOSE RATE EFFECT
( in air, total dose rate 1 MGy )

1.1
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m L

i
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1o}
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O
“’ 9
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= 0.0

N "
¢ 10 10
Dose rate ( Gy/h )

COMMENT

n/no at 40°C

IRRADIATION CONDITION
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OIL NAME: Mono-alkyl diphenyl ether C-16

Ly

MOLECULAR WEIGHT DISTRIBUTION (original sample)
w
™
™4
3080
2053
1299
ui =
iy —
= -
] i)
I i I ] ) | ' i T
1709 2689 2529
CCOUNTI
8787789 14115 JOE FILE i
SEMPLE MO, @ nare: 10 - 1 SERIAL MO, 2059
EH.NG 1 METHID 2
PEAK NJ. I BRSE
START TOP SHE M nw ne My
2@i0 Z855 2128 F.17126E+32 7.19430E+82 7.21TZOE+B2 7. 1943%5E+482
42,8 =7y 43.3 Y HZ M ARER AREAX
533 26 621 1.8 1.88 §.26217E+82  2.5§
PERK MO, 2  UALLEY
STRRT TOP EMD MN M ME nu
2128 2215 2368 5.18B71E+B2 5.1%46DE+H2 5.20032E+82 5. 19458E+67
43,3 3t1s.4 45.3 Mo MM IR GRER AREAL
821 528 403 1.08 1.00 1.39653E+85  93. 46
PERK NR. 3 VRLLEY
STERT TOR END v Mt LH MU
2360 2418 24%5  3.647R4E+E2 I.658I9E+AI 3.66851E+G2 3.65830E+6Z
45.3 59.4 73,9 Mid /M MZ MW ARERA AREAX
4853 365 296 1,88 T 1.33934E403 B. a5
TOTAL
START TR END A iy nz MU
2618 2215 249% 5, 176@PE+D2 5.19152E+827 S5.20626E+82 S.19151E+32
42.6  3114.9 389 Y Mz ARER aREAY
83 sz@ 238 1.88 1,88 1.41838E+85 108,88
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Mono~alkyl diphenyl ether C-16

OIL NAME
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OIL NAME: Mono-alkyl diphenyl ether C-16
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. OTL MAME : wMono-alkyl diphenyl ether C-16

[RRADIATION COMDITICHN
Temp.:-196°C Dose 112kGY in Vacuum

after irradiation

after photo breach

ESR CONDITION Sweep range (Gauss) :% 5g5p Power {uW): 1

Modulaticn width(100kHz ,Gauss): 2 at -196°C
GIR-1 after irradiation after Photo breach
1.1 0.9
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OIL NAME:

JAERI-M 87-141

Mono-alkyl diphenyl ether C-16
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The mass spectrum of mono-alkyl diphenyl ether C-16.
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0OIL MAME: Mono-alkyl diphenyl ether C-16

197

1003

787

S0

{ 30 MGy in vacuum )

The mass spectrum of mono-alkyl diphenyl ether C-16.
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OIL_NAHE ! Mono-alkyl diphenyl ether C-16

RADIATION-INDUCED GAS EVOLUTION

AMOUNT OF TOTAL EVOLVED GASES (x10 % mol/g)

10 MGy 3.2
20 MGy 7.6
30 MGy 13.0

COMMENT

14
Ej O total gas
— - T
212 ® 1‘12
‘:Ir (] CH4
ol0 = B
Q 0 C2h4
Z ® C,E,
w 8
g}
o
5 6
U]
-
g
0 4
jWa]
2
|
0 10 20 30
Dose { MGy )
G VALUES OF TEE EVOLVED GASES
G(total gas)  3.2x10° % G(C,E,)  5.1x10°
G (K,) 2.9x10 *
G(CH,) 5.1x107°
G (CO) 9.7x10 >
iy Etd —_3
G(C, k) 2.9x10

3

IRRADIATION CONDITION

in vacuum, dose rate 10 kGy/h.
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OIL NAME: Mono-alkyl diphenyl ether C-16

BREARKDOWN VOLTAGE

Measurement Breakdown voltage (kV)
times original 1 MGy 5 MGy 10 MGy
1 (Vl) 45,5 16.9 45 .4 45.5
2 (V2) 39.1 30.6 43.0 45.5
3 (VB) 40.7 17.6 45.3 33.1
4 (V4) 45.5 13.0 45.5 40.1
5 (V5) 40.0 28.4 45.5 38.7
average (V) 41.3 22.4 - 44.8 39.4
COMMENT

IRRADIATION CONDITION
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OIL NAME: Mono-alkyl diphenyl ether C-18

STRUCTURE OR FEATURE: R-@~0O-¢, R:alkyl C-18, @:benzene rina.
MOLECULAR WEIGHT: 422

VISCOSITY at 40°C: 26.27x107% m%/s (5.023x107°% n?/s at 100°C)
VISCOSITY INDEX: 119 SPECIFIC GRAVITY{15/4°C): §.929
TOTAL ACID NUMBER: 0.00 mgXOH/g, FLASHE POINT(°C): 252

COLOR: UNION 1(-) , BASTM L0.5 .

PROPERTY CHANGE OF LUBRICANT QIL BY IRRADIATION

Specific Viscosity

Irradiation Dose ﬂ/no

condition [MGy] gravity HXlO“6 mz/s
(15/4°C) (40°C) (100°C) (40°C) (100°C)
in vacuum 1.0 0.921 28.56 5.324 1.09 1.06
2.8 0.930 33.74 5.867 1.28 1.17
4.8 0.931 40.27 6.640 1.53  1.32
8.3 0.935 56,92 8.580 2.17 1.71
19.3 0.951 373.2 35.08 14.2 6.98
in 0.05 0.926 26.27 5.035 1.00 1.00
bubbling 0.2 0.927 26.80 5,080 1.02 1.01
oxygen 0.5 0.928 27.40 5,173 1.04 1.03
0.98 0.924 28.61 5.409 1.09 1.08
2.8 0.933 34.97 5.721  1.33 1.14
9.0 0.951 69.58 ~ 8.895 2.65 1.77
18 0.970 182.7 16.34 6.95  3.25
27 0.992.  605.6 33.94  23.1 6.76
in- air 0.5 0.927 27.09 5.156 1.03  1.03
1.0 0.927 28.01 5.274 1.07 1.05
3.0 0.935 32.73  5.862  1.25 1,17
5.0 0.933 38.59  6.567 1.47 1.31
10.5 0.936 53.65 8.194 2,04 1.63
20 0.946  137.2  15.49 5.22  3.08

30 0.951 269.6 24,68 10.3 4.91
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JAERI-M 87-141

OIL NAME : Mono-alkyl diphenyl ether C-18

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Irradiation Dose Viscosity Total acid Flash Color
number point
condition [MGy] index [mgKOK/qg] (°C) union ASTM
in wvacuum 1.0 121 0.00 234 2(-) L1.5
2.8 117 0.00 230 2(1/2y 2.5
4.8 119 0.00 200 3(1/2y 3.0
8.3 125 0.00 192 4 L4.5
19.3 137 0.00 174 6 6.0
in 0.05 120 0.04 252 1(-) 0.5
bubbling 0.2 119 - 0.15 240 2(~) L2.0
oxygen 0.5 120 0.32 240 3(-) L3.0
0.98 126 0.70 240 4 (=) L4.0
2.8 103 2.42 : 240 5 5.5
9.0 101 : 9.17 188 6(1/2) 6.5
18 93 18.7 160 6 6.5
27 87 28.4 _ 164 7 6.5
in air 0.5 122 0.03 252 1{-) LO.5
1.0 122 0.03 242 1(1/2) L1.0
3.0 123 0.11 242 2(=) L1.5
5.0 124 0.13 236 2(1/2) L2.0
10.5 123 0.22 218 3(-) L2.5
20 117 0.50 - 228 4(-) L3.5
30 116 0.67 232 4(-) 3.5
COMMENT

IRRADIATION CONDITICN
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JAERI-M 87-141

0IL NAME

Mono-alkyl diphenyl ether C-18

PROPERTY CHANGE OF LUBRICANT

OIL BY TRRADIATION
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Dose { MGy )
COMMENT
Symbol: O in vacuum, @ in air, @ in bubbling oxygen.

IRRADIATION CONDITION

Dose rate 10 kGy/h.
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OIL NAME

JAERI-M 87-141

Mono-alkyl diphenyl ether C-18

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

1.00—

098

(15/4°C)

0.96—

0.92+°

st /ﬂ///o—

Speéific gravity

240

(°C)

220
200 |—
180 |-

160 -

Flash point

COMMENT

10 20 30
Dose { MGy )

Symbeol: O in vacuum, @ in air, ® in bubbling oxygen.

IRRADIATION CONDITION

Dose rate 10 kGy/h.
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JAERI-M 8§7-141

OIL NAME: Monoc-alkyl diphenyl ether C-18

MOLECULAR WEIGHT DISTRIBUTION

{original sample)
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LEOUNTY
B5/ET/B% 16104 JOB FILE 1
SRMPLE NO. @ warE: 10 - 4 TERIAL NO. 2952
CH. MO 1 METHED 2
PEAK MO. 1  BASE
START TaP END M Mz my
c 225 zpes 2148 &, © 6. TAISSEFAZ 6. TSEG4E+BD £, T4ISSE4ET
u 27, 151.6 23,3 Pl PN HZ MY arEa ARERS
M > P 536 1,88 1.6 6. 17339E+03 4,55
PERK MO. 2 VALLEY p
< EITART TaP EHD HH i nz o
C 2148 2258 2365  4,89GTIE+@Z 4,90519E+BZ S.DI0AME+ET 4. 00517E+BZ
T 29,3 2978.% T84 M M It ARER BREAX
M 596 431 amy 1.29 1.28 1.19207E+65 94,96
PEAK MG, I UALLEY
START TOP END MK F Mz MU
c 23635 2485 2495 3.E6T@IAC+82 I.65GS1E+BI I.ETEA4E40Z 3.66B5GE+R2
Y 25,4 55.3 1.8 Py Mz ARER RREAX
H 481 369 298 1.8 1,28 1.35579E+83 1.1@
TP END oM Mg M
FFEL T4PE 4. 34E3IRE+PZ 4, CROSIE+AZ 4, 96352E+02
2572,9 1.5 M MZ M arEan
451 2% 1,31 1,81 tag. #@
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JAERI-M 87-141

OIL NAME: Mono-alkyl diphenyl ether C-18
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JAERI-M 87-141

OIL NAME: Mono-alkyl diphenyl ether C-18
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( 30 MGy in bubbling oxygen )
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The mass spectrum of mono-alkyl diphenyl ether C-18.
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JAERI-M 87-141

CIL NAME : Mono-alkyl diphenyl ether C~18

RADIATION-INDUCED GAS EVOLUTION

—
o

o

Evolved gas (X10_4mol/g)

G VALUES QF TEE EVOLVED GASES

G(total gas) 5.6x107 "

G (1,) 5.3x107 1

G(CH,) 8.0x10 >

G (C,Hg) 3.0%107°

G(CyH,) 9.7x10"3

AMOUNT OF TOTAL EVOLVED GASES (x10™% mo1/q)

10 MGy 5.2
20 MGy 8.6
30 MGy 10.8

COMMENT

IRRADTATION CONDITION

in vacuum, dose rate 10 kGy/h.
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JAERI-M 87-141

OIL NAME: Di-aulkyl diphenyl ether C-16

STRUCTURE OR FEATURE:R-g-0-¢-R, R:alkyl C-16, @:benzene ring.
MOLECULAR WEIGHT:618

VISCOSITY at 40°C:84.79x10™° m?/s (11.33x107°% m?/s at 100°C)
VISCOSITY INDEX:123 SPECIFIC GRAVITY(15/4°C):5.905
TOTAL ACID NUMBER:0.00 mgROH/g, FLASH POINT(°C):294

COLOR: UNION 1(-) , ASTM 1L0.5 .

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Irradiation Dose OJPecific Viscggitg n/Mg
condition [MGy] gravity nxld m"/s
(15/4°C)  (40°C) (100°C) (40°C) (100°C)
in vacuum 1.0 - 0.906 91,91 12.19 1.08 1.08
3.0 0.902 107.9 13.80 1.27 1.22
5.9  0.904  146.5 16.84 1.73 1.49
9.4  0.909 203.3 22.20 2.40 1.96
20 0.909 2255 155.2 26.6. 13.7
29.1 gelation
in 0.05 0.900 87.14 11.37 1.03 1.00
bubbling 0.21  0.900 88.59 11.65 1.04 1.03
oxXygen 0.5 0.901 91,27 11.8% 1.08 1.05
0.98 0.903 96.39 12.38 1.14 1.09
2.9 0.905 118.8 13.74 1.40 1.21
9.0 0.924 249.6 15.34 2.94 1.35
18 0,948 930.5 51.95 11.0 4.59
27 0.979 5623 130.1  66.3 11.5
in air 0.5 0.901 90.72 11.87 1.07 1.05
1.0 0.904 91.00 11.97 1.07 1.06
3.0 0.902 108.6 13.61 1.28 1.20
5.0 0.914 133.0 15.60 1.57 1.38
10 0.912 193.7 20.66 2.28 1.82
16.3 0.916 248.6  33.67 2.93 2.97
20 0.929 856.9 63.33 10.1 ° 5.59
30 0.927 3699 218.5 43.6 19.3
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JAERI-M 87-141

OIL NAME : pi-alkyl diphenyl ether C-16

PROPERTY CHANGE OF LUBRICANT CIL BY IRRADIATION

Irradiation Dose Viscosity Total acid Flash Color
number point
condition [MGY] index [mgKOH/g] {(°C) union ASTM
in vacuum 1.0 114 0.00 292 1(-) LO.5
3.0 128 0.00 258 2(=) L1.5
5.9 124 0.00 278  3(1/2) 3.0
9.4 132 0.00 188 4 3.5
20 175 0.00 178 5 5.0
29.1 gelation |
in 0.05 119 | 3.03 286 2(-) L1.5
bubbling 0.21 122 0.18 286 2(-) Ll.5
oxygen 0.5 122 0.35 286 2(1/2) 12.5
0.98 123 0.75 280 3(1/2) L3.0
2.9 113 2.69 278 4 (=) L4.0
9.0 38 12.7 180 5 5.5
18 104 25.8 160 6 6.0
27 88 44.1 160 7 7.0
in air 0.5 122 0.00 288 1(-) LO.5
1.0 115 0.00 286 1(-) L0.5
3.0 124 0.05 280 2{(-) Lt.5
5.0 122 0.21 292 2{-) L1.5
10 126 0.16 286 2(1/2) L2.5
20 139 0.23 234 4(-) L3.5
30 179 0.34 248 4 (-) 4.0
COMMENT

IRRADIATION CONDITION

Dose rate .10 kGy/h.
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JAERI-M 87-141

OIL NAME : Di-alkyl diphenyl ether C-16

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

o
i
-
n o
Qo
0o
[
-
S
©
H
o ©
=
D
o) e
a
©
et
o
?; [
~
) 40 —
o
et =
o
E
- 30—
u
q) — .
g w0l
o
- -
B
-
®
-
g O%Oﬁoé :Oé L — é A & L ] 1 ;
0 10 20 30
Dose { MGy )
COMMENT

Symbol: O in vacuum, ® in air, ® in bubbling oxygen.

IRRADTATICN CONDITION

Dose rate 10 kGy/h.
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OIL NAME : Di-alkyl diphenyl ether C-16

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

0.98(- o

(15/4°C)
T

096

094

.92 —

Specific gravity

(°C)

Flash point

COMMENT

Symbol: O in vacuum, O in air, @ in bubbling oxygen.

IRRADIATION CONDITION

Dose rate 10 kGy/h.
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JAERI-M 87-141

OIL NAME: Di-alkyl diphenyl ether C-16

MOLECULAR WEIGHT DISTRIBUTION

-
(=]
o
1599
T 10673
o]
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'
pA 2 9
- [y}
A A
A B A A e
1538 2989 25483
[COUNTI
BE/RT/B9  15:24 JOoB FILE 1
SANPLE NO. A Wane: 1Q - 2 SERIAL NG. 94851
CH.NO L NETHCD 2
PEAK NO. LI BR5Z
3TRRT TP EHD MM Ml n HY
o 1785 1895 1965  1.66949E+@3 1.77BS1E+93 1.30904E+83 1.7I851E+93
v 13,5 1a7.2 85.3 MM MZ/m AREA AREAX
] 3552 1428 1342 1.84 1.95 4,29556E+93 3.89
PERK N, 2  URLLEY
START TOP EMD HN mw nz "
o 1995 1g5@ 198%  1.B7IISE+Q3 1.09899SE+83 1.BSF14E+93 1.98995E+83
v 35.3 373.9 35.3 /N MEZ M RREA AREA%
n 1322 1959 9tz 1.81 1.91 1.61224E+R4  14.58
PERK NO. 3  URALLEY
START Top END ik rw nz ny
c 1955 2940 2155 7.54837E+92 7.STISEE+AD V.E@EE5E+92 T.57I52E+82
v 5.9 1397.4 3.4 MM nz/Me BREA AREAX
] 912 787 579 1.4 1.88 8.72110E+@4  79.88
PEAK NO. 4  BRSE
START ToP END HN [ MZ ru
c 2155 2785 2255 . 28948E+02 5,29321E+02 5.29652E+97 5.29379E+82
v 9.4 57.4 5.3 i/ N MZMW AREA AREAX
n 579 529 487 1.08 1.02 1.98797E+03 L.8@
PERK NO. S  BRSE
START ToF END M tl Mz nv
c 2365 2495 2495  3,672TIE+D2 3.67B12E+402 3.6BI28E+AI I, ETHILESDD
v 3.4 2%.9 7.9 M/ MN HZ/ MW AREA AREA%
n 491 369 295 1.89 1.98 7.T6GREE+S2 2.78
TOTAL
START TP EMD M 1] nz n
C 1785 2[4 2495  7,93991E+92 8.35634E+22 9.32934E+92 8, 3E53LE+02
] 12,5 1397.4 T.a 19/ MN Rz ARER QREA%
M 3852 5T 295 1.9% 1.88 1.19393E+05 100,89

{original sample)

—212—




JAERI-M 87-141

OIL NAFE: Di-alkyl diphenyl ether C-16
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CQIL HAME Di-alkvl diphenyl ether C-16
TRRADIATICH CONDITION
Temp.:-1936°C Dose 10.8kGy in Vacuum

after irradiation

an LAY

after photo breach

Sweep range (Gauss) :Z 250 Power (pW) s 1

ESR CONDITION
Modulaticon width (100kHz ,Gauss): 2 at -19&°C

after Photo breach

6iR-1 after irradiaticn
1.6 1.35
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CIL NAME ;Di-alkyl diphenyl ether C-16
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JAERI-M 87-141

CIL NAME : Di-alkyl diphenyl ether C-16

RADIATION-INDUCED GAS EVOLUTION
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(5/Tom 5 0TIX) seb paaTOoAd

G_VALUES OF TEE EVOLVED GASES

G(total gas) 4.8x10~l
G (E,) 4.7x1077
G(CH,) 1.5x10°2
G (C,H) 2.2x10°3
) -3
G(C H,) 4.9x10

AMOUNT OF TQTAL EVOLVED GASES (x10™ % mol/q)
10 MGy 6.6
20 MGy 14.6

COMMENT

20

( MGy )

10

Dose

IRRADTIATION CONDITION

in vacuum, dose rate 10 kGy/h.
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O0IL NAME: m-(m-Phenoxyphenoxy)diphenyl

STRUCTURE OR FEATURE: $-¢-0-@-0-¢, @:benzene ring.
MOLECULAR WEIGHT:338

VISCOSITY at 40°C:124.0x107° m?/s (7.473x10°% n?/s at 100°C)
ViSCOSITY INDEX: -104 SPECIFIC GRAVITY(1:/4°C): 1.162
TOTAL ACID NUMBER: 0.00 mgKCH/g, FLASH POINT(°C): 258

COLOR: UNION 1l(-) , ASTM LO.5 .

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Irradiation Dose SPecific Viscggitg n/ng
condition [MGy] gravity nx19 w/s

(15/4°C) {(40°C) (100°C) (40°C) (100°C)
in vacuum 0.9 ~1.163 122.4 7.493 0.99 1.00
2.7 1.163 133.3 7.751 1.08 1.04
5.4 1.162 150.5 8.110 1.21 1.09
B.5 1.163 159.4 8.696 1.29 1.1%
19 1.166 258.0 10.22 2.08 1.37
29 1.169 424.8 12.87 3.43 1.72
in 0.9 1.163 129.86 7.611 1.05 1.02
bubbling 2.7 1.163 138.1 7.792 1.11 1.04
oxygen 8.2 1l.164 171.3 8.548 1.38 1.14
17 234.0 9.612 1.89 1.29
26 1.173 352.4 11.41 2.84 1.53
in air 0.9 1.168 125.5 7.648 1.01 1.02
2.8 1.163 130.5 7.690 1.05 1.03
9.5 1.163 162.3 8.240 1.31 1.10
18.5 1.165 227.2 9.779 1.83 1.31
28 1.165 285.3 10.67 2.30 1.43
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OIL NAME

JAERI-M 87-141

m- {(m-Phenoxyphenoxy)diphenyl

PROPERTY CHANGE

QF LUBRICANT OIL BY IRRADIATION

Irradiation Dose Visceosity Total acid Flash Color
number point
condition [MGy] index [mgKOH/qg] {°C)}) union ASTHM
in wvacuum 0.9 -97 0.00 256 1{(=) I.0.5
2.7 -106 0.00 256 1¢(1/2y 1L1.0
5.4 -115 0.00 252 3(1/2) 3.5
8.5 -89 0.00 262 2(1/2) 2.0
19 -154 0.00 250 5 5.0
29 -182 1 0.00 248 7(-) 7.0
in 0.9 -106 0.21 258 3(1/2) L3.0
bubbling 2.7 -113 0,34 268 5 5.5
oxygen 8.2 -125 1.54 248 8{~) 7.5
17 -160 2.97
26 -197 6.23 254 3 8.0
in air 0.9 -92 0.02 262 1{=) LO.5
2.8 -102 0.04 262 1(1/2) 11.0
9.5 -132 0.04 256 2(1/2y L2.5
18.5 -137 0.04 256 4 (-) L4.0
28 =163 0.04 256 4(1/2) L5.0
™
3
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“8 o 20 m@t/./__———/'o..-
- _.._-ﬁ o..____——-"'_._-—-—_:-:_'_
v~ loB8-0——°
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o) [ | i l ] I ] [ J I i ] [ l
. I
5 0 10 20 30
Dose { MGy )
Symbol: © in vacuum, @ in air, ® in bubbling oxygen.
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JAERI-M 87-141

OIL NAME: m- (m-Phenoxyphenoxy)diphenyl
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Symbol: O in vacuum, @ in air, ® in bubbling oxygen.
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JAERI-M 87-141

OIL MAME: m-(m-Phenoxyphenoxy)diphenyl

MOLECULAR WEIGHT DISTRIBUTION

{criginal sample)

I
-+
- el
dE@E —
; 4
TRAR
1 v
Bl
- Lax]
™
e
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B6/92/29 13820 Jog FILE 1
SAMPLE MD. @ HAME: {1-1 SERIAL MO. edes3
SH.ND 1 METHOD 2
FEAK MO, 1 BREE
STRET TOF EnD ITH Hid MZ M
LN 28595 2158 €. SOIVIE+EI 6.7899TE+B2 6. 0ST11E+B2 &, B8R 1E+62
L 14.3 12t.5 15.2 hU Bl HE Mg ARER AREERY
T4E 331 o4 1.684 1.ad S.TRITRE+RT 1.58
PEQK ND. 2 BRSE
STRRT TOF EHD MM Ml Nz ML
2385 2435 2495 J.43JE4E+B2 T, 438B3E+R2 3. 442T4E+02 3. 43802E+Q2
1] 1a.2 Z138.6 2.9 Mig MM MZ /M) BREH REERY
il 4B J45 296 1,689 1. 68 1.91248E+25% ]
TaF EMD MM i Mz
24735 2435 J.458512E+82 T.4578EE+RZ 3.S5SSIBE+GZ
3138.6 9E.9 MU/ MN Mz HRER
Z4S 96 1.81 1.82 1.,94942E+8%
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OIL NAME: m~ (m-phenoxyphenoxy)diphenyl
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. QIL MAME : m—{m-Phenoxyphenoxy)diphenyl

[RRADIATION COMDITION
Temp, : —196°C - Dose 107kGY in Vacuum

after irradiation

after photo breach

FRTITTE T e

ESR CONDITION Sweep range{Gauss):% 250 Power{uw):
Modulation width (l00kHz,Gauss): 2 at -19&6°C

after irradiatiocn after Phote breach

0.11 0.046

GIR-]
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OIL NAME: m- (m-Phenoxyphenoxy)diphenyl

4F2E .
SAMPLE HO. ¢ 5 SCAM NO. : 1%30 TIME<MIND: 0.0
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The mass spectrum (DI) of m-{m-phenoxyphenoxy)diphenyl
(original)
COMMENT

IRRADIATION CONDITION
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OLL_MNAME: m- (m-Phencxyphenoxy)divhenyl
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The mass spectrum of m-(m~phenoxyphenoxy)diphenyl

( 30 MGY ip. vacuum)
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CIL NAME m- (m-Phenoxyphenoxy) diphenyl

RADIATION-INDUCED GAS EVOLUTION

le [~
e O total gas

'314 — ® H2
NG B 0 CH4
~12

o]

E
O

P10

o

—l

=

~ 8

w

i

o6

T

S

ro4

c

&

=

0 10 20 30
Dose { MGy )
G VALUES OF THE EVOLVED GASES

G(total gas)} 5.0x10_3
G (H,) 4.3x10 3
G (CH,) 5.8x107%

AMOUNT OF TOTAL EVOLVED GASES (x10 °

mol/q)
10 MGy 5.2
20 MGy 10
30 MGy 16

COMMENT

IRRADIATION CONDITION

in vacuum, dose rate 10 kGy/h.
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- 0IL NAME: ™ (m-Phenoxyphenoxy)diphenyl

BREAKDOWN VOLTAGE

Measurement Breakdown voltage (kV)
times original 1 MGy 5 MGy 10 MGy

1 (Vl) 45.5 42.6 45,5 .45.5
2 (V2) 45.5 36.1 43.4 39.4
3 (V3) 45.5 45.5 43.7 45.5
4 (V4) 45.5 45.5 42.1 45.5
5 (VS) 45.5 45.5 45.5 44.5

average (V) 45,5 43.2 43.7 43.7

COMMENT

IRRADIATION CONDITION
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QIL NAME: Pentaphenyl ether

STRUCTURE OR FEATURE: §-0--0-~O-@-0-@, @:benzene ring.
MOLECULAR WEIGHT: 446

VISCOSITY at 40°C: 286.0x10 % m?/s (12.65x107° m?/s at 100°C)
ViSCOSITY INDEX: -62 SFECIFIC GRAVITY(15/4°C):1.200
TOTAL ACID NUMBER: 0.00 mgKOH/g, FLASH POINT(°C): 282

COLOR: UNION 1(-) , ASTM L0.5

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Specific Viscosity

Irradiation Dose . 25 3 n/nO
condition [MGy] gravity nxlo m"/s

(15/4°C) (40°C) (100°C) (40°C) (100°C)
in vacuum 2.5 1,201 333.9 13.83 1.17 1.39
5.2 1.203 420.6 14.86 1.47 1.17
8.0 1.203 514.2 15.96 1.80 1.26
18 1.212 1186 22.52 4.15 1.78
in 0.8 1.197 309.3 12.97 1.8 1.03
bubbling 2.7 1.198 354.6 13.80 1.24 1.09
oxygen 9.0 1.205 612.8 17.06 2.14 1.35
17 1321 23.90 4.62 1.89
25 1.210 3204 33.22 11.2 2.63
in air 2.8 1.198 330.0 13.40 1.15 1.06
9.2 1.194 451.1 15.10 1.58 1.19
19 1.203 761.1 18.87 2,66 1.49
1.80

28 . 1.208 1255 - 22.81 4.39
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OIL NAME Pentaphenyl ether

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Symbol: O in vacuum, ® in air, ® in bubbling oxygen.

Irradiation Dose Viscosity Total acid Flash Color
number point
condition [(MGv] index [mgKOKE/qg] {°C)}) union ASTM
in wvacuum 2.5 -61 0.00 300 7 7.5
5.2 -90 0.00 290 8 8.0
8.0 -110 0.00 298 8 8.0
18 -171 0.00 284 8 8.0
in 0.8 -71 0.24 316 5{~) L5.5
bubbling 2.7 -78 0.95 310 7(=) L7.5
oxygen- 9.0 -126 3.57 284 8 8.0
17 -169 6.69 8 8.0
25 -266 13.2 262 8 8.0
in air 2.8 -73 0.06 300 4 L4a.5
9.2 -102 0.31 288 7(-) 6.5
19 -136 0.36 306 7(-) 7.5
28 -183 0.59 8 8.0
>y
i)
.SU -
3o 10_—
=
n =n »
-— —
P |
o 51— .
“6 < B /.O’o/0
IS : __ﬁd?5==::::::::;'
E?C loe—D l J
G ] | 1 | | I ] | L ] |
L
L 0 10 20 30
Dose { MGy )}

IRRADIATION CONDITION

~ 228 —




JAERI-M 87-141

OIL NAME Pentaphenyl ether

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

o
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_ —

E'E\Iﬂb;~q’ ——— 0
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2 0 1o 20 30
Dose { MGy )

-E’ ]

“e| SOOP& o) °

Dr‘\

D agpar @ S

% F ! i I ! f ] ! l J I | L O | | [
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Dose ( MGy )

“
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g o 10—

’UE 8 ®

78 .
e

© g gom;& : : @ﬂl : - + 6«J Pt i

L E =

©

g 0 10 20 30

B Dose { MGy )

Symbol: O in vacuum, @ in air, ® in bubbling oxygen.

COMMENT

IRRADTATION CONDITION

Dose rate 10 kGy/h,.
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OIL NAME: Pentaphenyl ether

MOLECULAR WEIGHT DISTRIBUTION (original sample)

2]
4 byl
ZEAR -
5308 -
Z 4000 -
b -
T ] | 1 | | | | | T T | 1
1504 el ] 2599
CCOUNT]
/9797 1TI1ZIT7 JGB FILE 1
SAMPLE MO, 9 HAME: 11 - 2 SERIAL NO, 9854
CH. MO 1 METHAD 2
PEAK NJ. 1t BASE
START TGP END Py I Mz _ MU
C 2238 229% 2495  4.53161E+82 4. 53617E+@Z 4,54042E+92 4, SIE16E+E2
] 45,6  A541.5 2%.7 Py oMb MZ Ml RREY RRERAY%
M 587 455 2HE 1,688 1,98 3.31@5TE+ES 106,84
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OIL NAME: Pentaphenyl ether
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. 0IL NAME : pentaphenyl ether

TRRADIATION CONDITION
Temp.:-1396°C Dose 106 .5kGy . in Vacuum

after irradiation

ETIATA N .

after phdto breach

ESR CONDITION Sweep range (Gauss):x 250 Power {(uW): 1
Modulation width (100kHEz,Gauss): 2 at -1386°C

after irradiation after Photo breach

0.12 0.048
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CIL NAME: Pentaphenyl ether

JAERI-M 87-141
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OIL NAME: Pentaphenyl ether
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( 30 MGy in wvacuum )

The mass spectrum of pentaphenyl ether.
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CIL NANME : Pentaphenyl ether

RADTATION-INDUCED GAS EVOLUTION

E} O total gas
- ® E

Q

o4 2
T

[

<3

b

ro

Evolved gas
et

G VALUES OF THE EVOLVED GASES

G(total gas) 6.6x10_3
G (H,) 6.1x107°

AMOUNT OF TOTAL EVOLVED GASE&(XlO_6

mol/qg)
10 MGy 8.0
20 MGy 20
30 MGy 39

COMMENT

IRRADIATION CONDITION

in vacuum, dose rate 10 kGy/h.
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OIL NAME: mix-Alkyl diphenyl ether

STRUCTURE OR FEATURE: R-g-0-@, R-@-0-@-R*¥  R:alkyl C-12,14.
MOLECULAR WEIGHI: 428

| VISCOSITY at 40°C:55,15x10 *m?/s (8.399x10 0n?/s at 100°C)
VISCOSITY INDEX: 125 SPECIFIC GRAVITY(15/4°C):0.900
TOTAL ACID NUMBER:0,00 mgKOE/g, FLASH POINT(°C):226

COLOR: UNION , ASTM .5 .

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Irradiation Dose OSPecific Viscggitg n/My
condition [MGy] gravity nxlo m"/s
{15/4°C) {(40°C}) (lo00°C) (40°C) (100°C)
in 1.27 0.906 63.11 -9.393 1.15 1,12
bubbling 2.94 0.908 75.53 10.05 1.37 1.290
OXYygen 6.02 0.918 107.5 12,12 1.95 1.45
10.16 3.931 183.1 16.67 3.32 1.98
in air 0.98 0.901 59.70 8.882 1.08 1.06
2.93 0.903 67.63 9.760 1.23 1.16
5.66 -0.904 8§1.93 11.00 1.49 1.31
9.8 0.909 121.8 14.38 2.21 1.71
COMMENT
mix. ratio R-@-0-8 : R-@-0~@-R = 58 : 42

@:benzene ring
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OIL NAME : mix~Alkyl diphenyl ether

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

COMMENT

Dose

( MGy )

Symbcl: & in air, @ in bubbling oxygen.

Irradiation Dose Viscosity Total acid Flash Coloer
number peoint
condition [MGy] index [mMgKOK/g] {°C) union AST
in 1.27 129 0.17 258 3.0
bubbling 2.94 115 3.66 246 4.0
oxygen 6.02 104 7.21 193 4.0
10.16 96 7.69 183 5.5
in air 0.98 125 0.03 234 1.5
2.93 126 0.05 250 L2.90
5.66 122 0.12 224 2.5
9.8 119 0.23 214 3.5
o
i)
L
o°4
0o
[
- 3
&
W 2
c o©
jo—
o~ 1
o
g
©
o
&)

IRRADIATION CONDITION
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OIL NAME: mix-Alkyl diphenyl ether

0.930

o

.920

.910
.900 .

{15/4°C)
o

o

Specific gravity

260

(O

240
220

200

Flash point

=
o

(=]

Total acid number
(mgKOH/qg)

Symbol: @ in air, ® in bubbling oxygen.
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OIL NAME: mix-Alkyl diphenyl ether

BREAKDOWN VOLTAGE

Measurement Breakdown voltage (kV)
times original 1 MGy 5 MGy 10 MGy

1 (Vl) 24,7 45.5 45.5H .m46.;.m“

2 (Vz) 15.2 38.9 45.5 43.7

3 (V3) 27.1 34.5 45.5 45.5

4 (V4) 20.1 43.9 45.5 45.0

5 (V5) 27.5 45.5 45.5 38.2
average (V) 22.5 40.7 45.5 43,1
COMMENT

IRRADIATION CONDITION
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mix-Phenoxyphenoxy diphenyl

STRUCTURE OR FEATURE: [(JJ° 0 %0 00 0 10 0@ oL

MOLECULAR WEIGHT:338

VISCOSITY at 40°C: 190,0x10 ° n?/s (8.100x10 ®m?/s at 100°C)
VISCOSITY INDEX: -210 SPECIFIC GRAVITY(15/4°C): 1.17
TOTAL ACID NUMBER:0.00 mgKOH/g, FLASH POINT(°C): 240

COLOR: UNION ; ASTM 0 .

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Specific Viscosity

mi

Irradiation Dose _ e 3 n/ny
condition [MGy] gravity nx10 m"/s
(15/4°C) (40°C) (100°C) (40°C) (100°C)
in 0.83 ' 1.17 194.5 8.113 1.02 1.00
bubbling 3.0 1.17 202.6 8.232 1.07 1.02
oxygen 5.4 1.17 216.6 8.586 1.14 1.06
9.43 1,17 259.7 9.080 1.37 1.12
20 1.17 368.8 10.47 1.92 1.28
27.5 1.17 585.5 12.27 2.98 1.52
in air 0.92 1.17 191.9 8.181 1.01 1.01
2.77 1.17 204.7 8.270 1.02 1.03
5.27 1.17 210.5 8.330 1.11 1.03
9.62 1.17 235.9 8.731 1.24 1.08
20 1.17 302.4 9.530 1.59 1.18
27.6 1.17 467.8 11.41 2.34 1.42
COMMENT
ix. ratio

000 - llrﬁi"“EJ"OT:J : [0 00 =60:30:10,
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OIL NAME : mix-Phenoxyphenoxy diphenyl

PROPERTY CHANGE OF LUBRICANT OII BY IRRADIATION
Irradiation Dose Viscosity Total acid Flash Color
number point
condition [MGy] index [mgKOE/q] (°CY union ASTM:
in 0.83 -220 0.21 246 2.5
bubbling 3. —-226 0.22 262 5.0
oxygen 5. ~218 0.54 254 6.5
9.43 ~253 0.89 240 7.5
20 -293 2.85 248 8.0
27.5 -393 5.28 202 D8.0O
in air - 0.92 =206 0.00 244 1.0
' 2.77 -226 0.02 254 2.0
5.27 -233 0.02 - 248 2.0
9.62 -243 0.06 258 3.5
20 -283 0.08 240 5.0
27.6 =333 0.24 228 6.5
>
o
noe O
0o
O <
w
B
e I'U3
Y o
=
0 =1
X
b
T
6 0 5 10 15 20 25 30
COMMENT Dose ( MGy )
Symbol: @ in air, @® in bubbling oxygen.
IRRADIATION CONDITION
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OIL NAME: mix-Phenoxyphenoxy diphenyl

~y
e
T~ 1.18

o

5%, 1.17 o -9 »—
Ol3
_3:11.16 ' |
o 1.15 : ' l

3 0 5 10 15 20 25 30
o

i Dose ( MGy )

i8]

o

-

Q

Gy

S

0 -

- 0 5 10 15 20 25 30
8 Dose ( MGy )

=

Total acid number
(mgKOH/q)
b

0 5 10 15 20 25 30
Dose { MGy ) '

Symbol: & in air, ® in bubkling oxygen.
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OIL NAME:mix-Polyphenyl ether

STRUCTURE OR FEATURE:mix-Phenoxyphenoxy diphenyl (4P2E) +
Mono-alkyl diphenyl ether C-18,

MOLECULAR WEIGHT: 380
VISCOSITY at 40°C:42.00x107° m”/s (5.600x10 °m?/s at 100°C)
ViSCOSITY INDEX: 50 SPECIFIC GRAVITY(15/4°C):1.04
TOTAL ACID NUMBER:0.00 mgkol/g, FLASH POINT(°C):i2s4

COLOR: UNION s ASTM ) .

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Irradiation Dose °CPecific Viscggitg n/my
condition [MGy] gravity nxld m~/s
(15/4°C) (40°C) (100°C) (40°C} (100°C)
in 0.85 °~ 1.04 43.75 5.701 1.04 1.02
bubbling 3.07 1.04 48.31 6.053 1.15 1.08
oxygen 5.55 1.04 54.63 6.340 1.30 1.13
9.69 1.05 68.10 7.250 1.62 1.29
20.57 1.06 125.4 9.808 2.99 1.75
28.35 1.07 326.8 1a6.77 7.78 2.99
in air 1.05 1.04 43,13 5.608 1.63 1.00
2.87 1.04 46.51 5.880 1.11 1.05
5.88 1.04 53.53 6.420 1.27 1.15
10.44 1.04 61.32 7.030 1.46 1.26
20.57 1.05 94.66 8.930 2.19 1.59
©28.44 1.05 197.0 13.59 4.69 2.43
COMMENT

mix, ratio

mix-Pheﬁoxyphenoxy diphenyl : Mono-alkyl diphenyl ether= 50:50
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OIL NAME : mix-Polyphenyl ether

PROPERTY CHANGE OF LUBRICANT OIL BY IRRADIATION

Irradiation Dose Viscosity Total acid Flash Color
number point

condition [MGy] index [mgKOE/q] {°C} union ASTM

in 0.85 51 0.25 248 2.5

bubbling 3.07 65 0.34 254 5.5

oxygen 5.55 42 1.97 252 6.5
9.69 48 3.81 242 7.0
20.57 28 8.50 230 7.5
28.35 18 ©13.10 216 D8.0

in air - 1.05 64 0.02 252 1.0
2.87 50 0.03 258 1.5
5.88 52 0.08 248 2.0
10.44 58 0.12 234 2.5
20.57 53 0.53 248 3.5
28.44 44 .90 248 4.5

> 7.0 |

as

oo 6.0

& 5.0

Nl >

5 ® |

Ul 04'0

°Z 3.0

gc

2 2.0

g 1.0

)] ' ] I ]

0 5 10 15 - 20 25 30

COMMENT Dose ( MGy )

Symbol: ® in air, @ in bubbling oxygen.

IJRRADTIATION CONDITION
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OIL NAME: mix-Polyphenyl ether
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Symbel: @ in air, @ in bubbling oxygen.
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O]L NAME : mix-Polyphenyl ether
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4, Conclusion
Data of bulk properties and instrumental analysis were
compiled for radiation irradiated oils. Characteristic changes

in bulk properties are as follows:

(1)

(4)

Almost all kinds of lubricating coils increase their
viscosity during irradiation irn vacuum, in air, and with
bubbling oxygen except poly propylene glycol,
polychlorotrifluorcethylene, trifluoropropyl methyl

polysiloxane, and perfluoropolyether.

The viscosity of poly propylene glycol,
polychlorotrifluoroethylene and trifluoropropyl methyl
polysiloxane increases during irradiation in vacuum and
decreases with bubbling oxygen. The viscosity decrease
of trifluoropropyl methyl polysiloxane is lower than poly

propylene glycol and polychlorotrifluorcethylene.

Perfluoropolyether is decomposed by irradiation. and specific

gravity and viscosity decrease under each condition.
Di-methyl silicone has an inferior radiation resistant
ability and solidified at low dosage under each irradiation

condition,

All kinds of the o0ils except di-methyl silicone show

remarkable increase of total acid number with bubbling
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(6)

(7)

(8)

(9)

(10)

JAERI-M 87-141

oxygen. Esters and florinated oils except
polychlorotrifluoroethylene increase their total acid

number in vacuum and in air.

Hydrocarbon oils have higher radiation resistant ability

than the o0ils having polar group.

The lubricating oils having aromatic constituent show

remarkable discoloration by irradiation.

It is clarified that synthetic aromatic lubricating oils
are much more stable for irradiation compared with petroleum
oils, as they show smaller change of viscosity and total

acid number during irradiation.

The viscosity change of synthetic aromatic oils irradiated
in vacuum or under bubbling oxygen below 10 MGy is not
remarkable. But over 10 MGy the difference among oils is

apparent.

Aromatic oils having alkyl group have lower radiation
resistance than polyphenyl ethers. The more the number of
alkyl group is or the more the carbon number of alkyl

group is, the larger the change of viscosity and total acid

number by irradiation is.

Polyphenyl ethers have excellent radiation resistant
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ability, especially m- (m-phenoxyphenoxy) diphenyl is the most

stable for irradiation and oxidatibn.

The lubricating oils irradiated under bubbling oxygen show
remarkable degradation compared with irradiation in vacuum

and in air.

The behavicor of oils irradiated in air at the dose rate of
10 kGy/h 1is similar to that in vacuum and different that

with bubbling oxygen.
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