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Data of radiation effects on ceramic insulators were compiled from
the literatures and summarized from the viewpoint of fast neutron
irradiation effects. The data were classified according to the proper-
ties and ceramics. The properties are dimensional stability, mechanical
property, thermal property and electrical and dielectriec properties,

The data sheets for each table or graph in the literatures were made.

The characteristic feature of the data base was briefly described.
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l. Introducticn

Studies of radiation effects on insulators have been

vigorously performed for the development of fusion devices.
In fusion Devices, nonorganic insulators, most of which are
ceramic materials, are expected to be used for the components
at elevated temperatures. Organic insulators are expected
to be used for super-conducting magnet at low temperatures.

The properties of insulators under radiation have not
been well understood yvet as compared to those of metallic
materials. One of this reason is that insulators have not
been exposed to high radiation environments so far. However,
in a fusion device, insulators are expected to be used in a
environment in which the radiation level is much higher than
those in a fission reactor and 14 MeV neutrons have the main
contribution on damage in insulators. To know the property
changes under a fusion radiation environment is of great
importance in developing fusion devices.

In the present report, the data of radiation effects on
ceramics as organic insulators were collected from the litera-
tures to assess the current data base. This is thought to be
useful to clarify the research items and the future directions
in studying the radiation effects on insulators and in develop-
ing new ceramic insulators.

The environments and propérties of ceramic insulators in
a fusion device are briefly described in chapter 2. The data
base are summarized in chapter 3. The data sheets and the

literatures are shown in chapter 4 and chapter 5 respectively.
2. Environment and Properties of Ceramics in Pusion Devices

The environment which ceramics insulators encounter is
dependent on the location in fusion devices where they are
used. 1In a Tokamak reactor, insulators of torus structure,
limiter and lightly-shielded magnetic coil, which are not ex-
pected to be replaced in the half reactor life, should be

resistant to the cumulative radiation dose. On the other
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hand, windows of RF heating system and insulators of nuetral
beam injector are ready to be replaced, which should ke
resistant to the degradation during service.

An example of radiation environments on insulators is
shown in Table2-1 Almost all insulators are exposed to high
dose of radiation, especially to fast neutrons up to a dose above
1022 n/cm?, at a wide range of temperatures. In these environ-
ments, the degradation of ceramicds may results in a serious

problem, The properties which should he taken into account

are:
dimensional stability (swelling),
change of mechanical properties (fracture strength),
and decrease of thermal conductivity (related to
thermal stress)
when ceramics are used as structural materials. In the case

of the application as insulation materials,
change of electrical conductivity,
decrease of dielectric breakdown stréngth
and increase of dielectrig loss
should be assessed.

The effects of 14 MeV neutron irradiation on the above
properties in ceramics is one of ‘thé most important problems
to be clarified. This needs the fundamental knowledges of
the elementary process such as ionization and displacement

of lattice atoms in ceramics.
3. Data

The data collected from the literatures are summarized
in Table 3-1 to Table 3-9. The data were selected from the
literatures published in 1970-1985 which contained the data
in the form of tables or graphs. The main scope of the
survey in the literatures are listed to the application of
ceramics to fusion devices, to incore monitor cable insula-
tion in fission reactors and to SiC encapsulation of fuel
element in a high temperature gas cooled reactor. The data

on ceramic neutron absorber such as BygC and ceramic fuel such
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as U0, were omitted.

The data were classified according to the properties
described in chapter 2 and further classified according to
the species of ceramics. If the nature or trade name of
ceramics are giVen in the literature, these informations are
also shown in the Tables. For each data, radiation particle,
radiation dose, irradiation temperature and facility used
for irradiation are given in the tables. The data sheets
were made for each table or graph in the literatures, shown
in chapter 4. The number of the data sheet and the litera-
ture are given in the tables. The list of the literatures
are shown in chapter 5,

The brief description of the data base on each properties

are the following sections.,
3.1 Swelling (Table 3-1 to Table 3-3)

Swelling is expressed by the percentage of the volume
increase or decrease to the original volume of ceramics.
Swelling is measured by the density change or by the calcula-
tion from the measured void density and void number density
by using a transmission electron microscope. Most of the
irradiations were performed by using EBR-II except for those
in SiC. Als03 ceramics have been mostly examined while other

ceramics were examined less systematically.
3.2 Mechanical Property (Table 3-4)

Most of the strength data were obtained as fracture
strength by using three or four point bend test method after
irradiation. In the case of brittle materials, the proba-
bility of fracture is usually analyzed by the Weibul statis-
tics. In some literatures, the Weibul modulus was measured
on irradiated ceramics. SiC ceramics have been examined

while only a few data of other ceramics were found.
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3.3 Thermal property (Takle 3-5)

Thermal properties of ceramics in the literatures are
thermal conductivity (k) and thermal diffusivity (k).

These two values are related to each other by

k

K:m
Cpp
where p is the density and Cp the specific heat of the ceramic.
Most of the data are expressed by the ratio of k or « in ir-

radiated ceramics to those before irradiation.
3.4 Electrical Property {Table 3-6)

The measured values of the electrical property in the
literatures are electrical conductivity or electrical resis-
tivity. There are only a few data on the resistivity recovery
during annealing after irradiation in SiC and on the radiation

induced conductivity on Al;03.
3.5 Dielectric Property (Table 3-7, Table 3-8)

Several nonsystematical data were found. They are the
data of dielectric constant of irradiated Al,04 and S5iO; and
the data of the short pulse dielectric breakdown strength of
Al903, as shown in Table 3-7.

The measurement of loss tangent has been made on only

Al;03 and §i0O,, as shown in Table 3-8.
3.6 Miscellaneous (Table 3-9)

The change 0of lattice parameter by irradiation
has been reported 1in several literatures. The
data of He reemission from BeO and Al203 and optical absorp-

tion coefficient in Al,05 were found.
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Table 3-~1 Swelling data
IRRADIATION
MATERIAL DATA | REF
DOSE FACILITY | TEMPERATURE
: 1.2x1022 n/em? : .
B-sicC (£ >0.18 Mav) ETR 625, 1500°C | A-1 2
21 2
. 1.2x10 n/cm A=2
- c a
a-51i (E> 1 Mev) BFBR 200°C A2 1
21 2
. 1.2x10 n/cm A-2
NC-43 o
sicC 0 (E> 1 Mev) HFBR 200°C A3 1
21 2 : A-5
5.61 x 10 n/cm EBR-TT 377,602, A6 2
(E>0.1 MeV) 752°C a7
Al;04 sapphire
2.8x 1021 n/cm? .
(E>0.1 Mev) EBR-IT 740°C A-15 8
22 2
2.3x10 n/cm o
(E>0.1 Mev) EBR-II | 652, 827°C a-17 i 10
sC
2.2%1022 pn/ep? o
(E>0.1 Mev) EER-II | 407, 542°C a-4 3
4.1 %1021 h/cm? eror | 377, 602, A-5 4
(E>» 0.1 MeV) 752°C A=6
8.2x102l n/em?
L - n, o -
ucalox (E> 0.1 Mev) EBR-ITI 690 l_lOO C | a-11 5
8x 102l n/cm2
av] ° —
(E>0.1 Mey) ETR 70 325°(C A-12 5
8.2x 1021 n/cm2 A9
e EBR-TT | 690" 1100°C e 5
(E> 0.1 MeV)
- A-12
. 2.8x 1021 n/cm? : o
AD-995 (B> 0.1 Mev) EBR-IT 740°C A-15 8
2.3x 1022 n/cm2
EBR- 827° -
(E> 0.1 Mev) R-TT 652, 827°C | a-17 | 10
8.2x1021 n/cm?
- - oy, o —
AL-995 (E> 0.1 Mev) EBR-II | 6907 1100°C | A-11 5
4.8x 1021 nycm? 337, 602, A-5
- EBR-~ !
AP ?99x (E> 0.1 Mev) BR-TI 752°C A-6 4
4.8x1021 n/em? 337, 602,
Aveo (E>0.1 MeV) EBR-LT 752°¢C A-S | 4

SC:

single crystal
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Table 3-2 Swelling data
IRRADIATION
MATERIAL DATA | REF
DOSE FACILITY | TEMPERATURE
2,1 x 1022 n/cm2
(E> 0.2 MeV)
HFIR 157°C A-16 9
4. 22 2
Mgo 6x10 n/cm
thermal
2.1 %1022 n/em? o
(E> 0.1 MeV) EBR~TT 157°C A-17 10
6 x 1021 n/cm? 377, 602, A-5
(E> 0.1 MeV) EBR-11 752°C A-8 4
Y L0
273
2.8x 1021 n/em? o
(£>0.1 MeV) EBR-II 740°C A-15 8
21 2
Y50,+ 2.8x10 n/cm
2v3 - o -
1% 3r0, (0.1 Mev) EBR-TTI 740°C A-15| 8
Y04+ 6x 1021 n/em? EBR_IT 377, 602, A-5 4
10 % 2r0y (E> 0.1 MeV) 752°C A-8
s¢ 2.8x102 n/em?
Y210 - ° -
JAlg0, e (E>0.1 Mev) EBR-II 740°C A-15 8
. 2.8x1021 n/em? .
BeO Niberlox (E> 0.1 Mev) EBR-II 74¢°C A-15 8
Be0- 2.8x1021 n/cm2 : o
5qic (E>0.1 Mev) EBR-ITI 740°C A-15 8
4rp- stabilized 4.4x10%L n/cm? EBR-II 377,602, 1 .43 6
Y304 (E> 0.1 MeV) 752°C
: NC-132 2.8x 1021 n/cm? .
513N4 pe (E>0.1 MeV) EBR-II 740°C A-15 8
sc:; single crystal pc: . polycrystal

*7_;
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Table 3-3 Swelling data
IRRADIATION
MATERTAL DATA | REF
DOSE FACILITY | TEMPERATURE
sc 2.8x 1021 n/cm?
EBR-T11I @ -15
MgA1204 pc (E> 0.1 MeV) 740°C aA-1 8
sC 2.3x%x 1022 n/cm2
: - 2, 827° -
pe (B> 0.1 MeV) EBR-II 652, C A=-17 10
sC 2.2 x 1022 n/cm2
‘ - 4 42° A-4
oo (E>0.1 Mev) EBR-II 07, 5 C 3
2.1x1022 n/cm?
(E> 0.2 MeV)
pc HF IR 157°C a-16| 9
4.6x1022 n/cm?
thermal
2.8x 1021 n/cm?
i ~ON EBR-TI 740°C A-1 8
520N, pe (E> 0.1 MeV) >
2.8x 1021 n/em?
i - a0° A-15
Sialon (E>0.1 Mev) EBR-II 740°C 8
22 2
2.3x10 n/cm
i : EBR-TT 400, 550°C A-14 7
SiCo sC (E>0.1 Mev) BR
SiOz-—based 22 2
2.4x%x 10 n/cm
- 0, 550° -14
glass. (E>0.1 MeV) EBRR-IT 40 C a-1 7
ceramic
2.7x1022 n/cm2
) EBR-II 550°C A-14 7
(E> 0.1 MeV)
MACOR
16 18 2
1072, 1077 n/cm RTNS-TI RT A-18 | 11
(14 MevV)
sc: single crystal pc: polycrystal

w.84_
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Mechanical property data

| IRRADIATION
MATERIAL DATA | REF
DOSE FACILITY| TEMPERATURE
21 2
3x10<° n/cm 400, 650°C | A-19 1 12
, {(E>1 MeV)
. reaction-
52C bonded 21
8.1 x 1021 n/em?
730° A-27 4
(E>1 Mev) HFIR ¢ !
13 2
2'?;{21; V)e/cm s Linac ambient A=-20 13
self- €
bonded 20 2
2(;::12 Me?f)/cm BFBR ambient A-21| 13
21 2
a-SiC ° (; f iOMeV;‘/C’“ HFTR 730°C A-27| 14
1.2x 1021 n/cm? . A-22
(E> 1 MeV) HEBR 200°C A-23| 1
NC-430
21 2 ~24
l(; ’; 1OMeV?/cm HFER 200 1100°C 2_25 1
22 2
A1,0; sc 2E;>><éol MZ‘/]‘)’m EBR-IT | 407, 542°C | a-4 | 3
22 2
MgO 2(é f éoz MZ\/]?{“ HF IR 187°C A-16| 9
22 2
2.2x10 n/cm o
(E0.1 MoV) EBR-II | 407, 542°Cc | A-4 3
MgAl ;04 s
pc 22 2
2.1lx 10 n/cm
HF T ° -16{ 9
(E>0.2 MeV) R 1577¢ A
.2x 1022 2
SiNg pC Z(E’:é L Mrel‘/];‘m EBR-TI | 407, 542°C | A-4 | 3
22 n/em?
S0, sc 223};301 MZ\/")’“‘ EBR-II | 400, 550°C | A-281 7
Sio2"“based 22 3
glass zéféol M:\/]‘):m EBR-TT | 400, 550°C | A-28| 7
ceramic '
22 2
Zigféol Mr;é)cm EBR-IT | 400, 550°C | a-28| 7
MACOR
16 18 2
10 (5_411(31ev)n/cm RTNS-II RT A-26 11
sc: single crystal pc: polycrystal

_.g_
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Table 3-5 Thermal property data
[RRADIATION
MATERIAL —{ ‘DATA : REF
DOSE FACILITY | TEMPERATURE
1.2x 1021 n/cme .
(E>1 MeV) HFBR < 147°¢ A=-29 1
o =SiC
21 2
. 8.1x10 n/cm
H o —
Sic (E>1 Mev) FIR 730°C A-30 14
8.1x1021 n/cm?
-430 0 -
NC (E> 1 MeV) HF IR 730°C A-30 14
2.5x% 1022 n/cm?
- L o -
(E>0.1 MeV) EBR-II 650 B27°C A-31 15
sC 21 B
2.8x10 n/cm? o
(E>0.1 Mev) EBR-ITI 740°C A-15 8
al,0 o
2¥3
2.5x 1022 n/cm2
CBR— o o -
jolss (E>0.1 MeV) EBR-TI 650" B27°C A-31 15
2.8x 1021 n/cm? .
ADD-995 (E>0.1 MeV) EER-IT 740°C A-15 8
2
sC 2.5% 1022 n/cm
EBR- 0 B27¢° -3
po (E> 0.1 MeV) R-I1 | 65 €Ay o
MgAl,04
sc 2.8%1022 n/em? o
pe (E> 0.1 MeV) EBR-ITI 740°C A-15 8
sC 2.5x 1022 n/cm? o
¥3A10 ¢ e (55 0.1 Mev) EBR-II 650 827°C A-31 15
2.8x 1022 n/cm? .
Y2073 pc (E>0.1 MeV) EBR-IT 740°C A-15 8
Y50+ 2.8x 1022 n/cm?
2¥3 - AQ0° -
7200 pc (E> 0.1 Mev) EBR-TI 740°C a-15| 8
22 2
\ 2.8x 10 n/cm R
Be0O-58iC pC (E> 0.1 MeV) EER-IT 740°C A-15 8
1016, 1018 n/cn?
— ! - -32
MACOR (14 Mev) RTINS-II RT A 11
- s . 5
. . 5x 10 n/cn
S:LO2 Vitreous (E> 1 Mev) A-33 16
11 2
Porcelain 2.1x10 n/cm neutron A-56 28
(14.3MeV) generator

sc: single crystal

pc: polycrystal
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Table 3-6 Electrical property data
IRRADIATION
MATERIAL DATE ¢ REF
DOSE FACILITY | TEMPERATURE
< 2x1020 n/cm2
< e -
E>1 Mev) HFBR 200°C A-34 | 13
< 21 2
1.2x10¢% n/cm HFBR | < 200,1100°C |a-35| 1
(E> 1 MeV)
sic NC-430
< 4 x1021 1'1/c:rn2
HF 47 ° - 4
(E> 1 MeV) BR 147, 1100°C| A-38 1
8.1 x1021 n/cm2 o
(E>1 MeV) HF IR 730°C aA-38 | 12
6.6x102%6.6 x 104
A-36
sC rad/s - A-37 17
1.5 MeV electron
Aly03 cable < 10° r/h - ambient A-39 | 18
< 3x1020 n/cm? o
-43
(E>0.1 MeV) 445°C A 20
MgO cable < 10° Rr/h - ambient A-40 | 18
Glass-
18 2
ponded %Exjg L ;/ 3’;‘ ORR A-41 | 19
MICA . - e
15 18 2
MACOR 1052, 107" n/em RTNS~II RT A-42 11
{14 MevV)
MgAl,04 < 3x1020 n/cn? 445°C A-43 | 20

(E> 0.1 MeV)

sc: single crystal
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Table 3-7 Di-electric property data

IRRADIATION
MATERIAL DATA | REF
DOSE FACILITY | TEMPERATURE
2x1022 n/cm? o
sC (E 0.1 MeV) EBR-I1 650, B27°C A-45 15
AD-995 € 2.5x10°7 n/em? 47, 95°c | A-44 | 22
(fast)
. < 2.,5x 1019 n/cm2 o
5102 Fused (Fast) 47, 95°C A-44 22

sc: single crystal
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Table 3-8 Di-electric loss data

IRRADIATION
MATERIAL DATA | REF
DOSE FACILITY | TEMPERATURE
5x10l7 n/c:m2
sC (14 Mev) _RTNS—II RT A-46 21
56 1x 1018 n/cm2
A1203 pc (fFast) LAMPF RT A-46 21
19 2
ADD-995 2.5x10°7 n/em 47, 95°c | a-44 | 22
(fast)
. 2.5x 1012 n/em2 .
8102 Fused (fast) 47, 95°C A~-44 22
sc: single crystal pc: polycrystal
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Table 3-9 Miscellaneous
IRRADIATION
MATERIAL DATA | REF
DOSE FACILITY | TEMPERATURE
. reaction- 3x1021 n/cm2 o
a-gic e (51 Mevs 450, 650°C |a-47 | 12
< 01 5 A-48
BeO sintered 2% 1097 n/em ETR 110v 1100°C | @ 23
(E> 1 MeV)
A-50
21 9
54N, ?EX;LS 1 ;23)“ EBR-TT 742°C A-52 | 25
21 2
‘:’Ex>lg N Eég‘;‘ EBR-TT 742°C A-52 | 25
Si5N20
20 2
<
BX(lanSt)n/cm STLOE < 327°C a-51 | 24
21 2
Sialon ‘;’Exjg N ;gr}“ EBR-TT 742°C A-52 | 25
BeO
21 2
. ¢ 1x10 n/cm A-53 | 27
21303 {(E> 0.8MeV)
Al203—8102
< 5.6x1016 /jop? a-54
Aly03 sc (5~15MeV p) a-55 | 28
1x1017 n/cm? A-54
2
Al90O3 sC (14MeV) RTNS A_55 6

SC:

single crystal
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4. Data sheets
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A-1
Materiat g-8iC Property Swelling 1/1
Irradiation | 1.2 x 1022 n/cm? (E > 0.18 Mev) ETR {(Idaho)
Condition 626°C, 1500°C
0.8 v Y L
MEAN IRRADIATION VOIDS
TEMPERATURE (°C)} OBSERVED
0.7k O 625 NO -
Fa 900 NO
\v] 1000 NO
C.6 - O 1050 NO n
® 1250 YES ,1250°C
o5 b & 1500 -
2 0
g .4 - -
8 1500°C
—
2]
E 0.3} -
ke
3]
2 J, 2 O 625°C’I v -
3 v
0.1 o 900-1050°C g .
1 Dl | 1 A1 1
0 2 4 [ 8 10 12 14
FAST NEUTRON FLUENCE x1021(N/CM2) (E>0.18MeV)
Expansion of B-silicon carbide as a function of
fast meutron fluence at 625°C to 1500°C,
Neutron Trradiation-induced Vvoids in R-Silicon Carbide
Reference| P. J. Price

J. Nucl. Mater. 48

(1973) 47
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Material{ o-SiC, SiC(NC-430) Property Swelling 1/1

Irradiation | | 5 1021 n/cm2 (E>1 MeV) HFBR (BNIL)

Condition

50 Tir2200°C
40
AV 16,30
Vo (%)
20
10 _III L A a-sintered SiC (Carborundum)
) O Reaction-bonded SiC (NC-430)
| 1 1 1 i i

0 2 4 6 8 110 12
Fluence (n/m2? x 1024 E>|MeV)

Swell’ing_%—‘i. va Fluence for NC-430 S1C and Sintered a-5iC
o

Ceramic Materials for Fusion Reactors

Reference| G. Hopkins, G. C. Trantina and J. Corelli

AP-1702, EPRI Research Project 992, Interim Report,
February 1981
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Material

a~SiC, SiC(NC-430)

Property Density

/1

Irradiation

1.2 %1021 n/cm? (E>1 MeV) HFBR (BNL)

Condition
Fluence (n/m2 x 1024 E >IMeV)
) 2 4 G 8 (0] 12 14
| I | | | ! |
\ N v
\ A a-sintered SiC
-0 "\\ o Reaction bonded SiC (NC-430)
\ T, € 200°C
\
-20
\
0 \
3.0 \\
) N\
~

. \~""-

""40 — Il ——

-50 -

Density changee '2-—6- va fluence for NC-430 SiC and sintered a-§iC

Ceramic Materials for Fusion Reactors
.G. Hopkins, G. C. Trantina and J. Corellil

Reference

AP-1702, EPRI Research Project 992, Interim Report,

February 1981
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Swelling

Material | MgAl,0,, A1203, Si3Ny |{Property Strength

1/1

Irradiation | 2.2 + 0.4 x 1022 n/cm? (E> 0.1 MeV)  EBR-II
- ° 542°C
Condition 407°¢C,
Swelling and strength changes after irradiation to 2.2:0.4 x 1026 n/m2
(£>0.1 MeV) st 680 snd 815K
Matertal Conditfon/ Volume Number of Strength, MPa
Irradiztion Charige, ¥ Bend Bar Samples and [Standard Strength
Temperature, K Daviation] Change, 3
Mgal0, ! cantrol - 5 145 [18] -
(sc)” 680 0.05 4 279 [28] +92
815 -0.1 4 254 [20) +75
Mga1,0, 2} control - 3 128 [ 2] --
(pc}" 680 =019 ] 179 14} © 438
815 -0.35 4 173 {16] +34
Maa),C, ) control . 5 11z [12) -
{pc} 680 -0.139 3 156 [12] ) +39
815 . -0.31 3 137 [17] +22
a0, ¥ contra) - 8 273 [80] --

(sc) 680 3.54 4 290 [43] +.6

B15 .37 4 333 [40] +22
myo, 5 contral - 7 302 [68) --

(s¢) 680 3.82 4 330 [22] + 9

815 3.28 4 286 [124] -5

S contral . 7 234 [20] --

(pc) [3:10] 1. q 195 [12] -17

als 1.9 4 218 [ 7] -6
SiC/grapnite 7 At 680 K, SiC swelled 1.47 vol% and graphite densified
~7 val %, resulting 1n nearly-complete delamination,

T The negative sign represents densification.

" (5c) - single crystal, (pc) = polycrystal.

Sources, impurity contents in wt ppm and other characteristics of test materials are:

1 Linde Division, Union Carbide Corp.; 100 S, 20 Fe, & B.

2) toradyne Inc.: 1000 Li, 200 Fe, 70 Ga, &0 Ca; ~99% dense.

3) Coors Porcelatin Co.; 1500 Li, 150 Fe, 40 5i, 30 Ca; gqrain size ~100um; ~100% dense; ~1% Alzﬂa-rich.

4 Tyco Laborataries Inc.; 100 Nb, 80 Fe, 15 Ni.

5) Linde Division, Union Carbide Corp.. 60 Fe, 50 Nb, 40 Mo.

E) Ceradyne Inc.; 20,000 My, 2G00 WY, 300 Fe, 200 8, 200 Ca; beta phase, with MgD present. This
ceramit was an experimental mater{al made from powders ball-milled with Al,05 balls to reduce
residual radicactivity. No attempt was made to optimize strength or control boundary phases.

7 Materials Technology Corp,: themfcally vapor-deposited staichiometric p-phase SIC on {sotropic
graphite of 18 um grain size and density 1.80 g/cc.

Structural Performance of Ceramics in a High-fluence
Fusion Environment
Reference{ F.W.Clinard,Jr., G.F.Hurley, L.W.Hobbs, D.L.Rohr and R.A .Youngman

J. Nucl. Mater. 122 & 123 (1984) 1386
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A-5
X Al703, Y203 .
Material Y504 2102 7r0; Property Swelling 1/1 ]
Irradiation 276 %1021 n/em? (E> 0.1 Mev) EBR-IIT
o 377°C, 602°C, 752°C
Condition
Neutron Macroscopic
Irradiation Fluence, n/em® Swelling,
Material Temperature, K (En>0.1 MeV) AVIV, %
Al O, 650 5.6 x 10%? 2.2
(Sapphire) 875 4.3 x 10% 2.0
1025 4,4 x 10%? 2.1
Alz04 650 4.1 x10% 1.5
(Lucalox) 875 3.7 x 10 2.3
1025 3.2 x 107 1.4
Al0, 650 4,8 x10% 1.9
(AD-999x) 875 4.0 x 10%* 2.1
1025 4,1 x10% 2.4
Y0, 650 {Moly. Corp. ) 6.0 x 10** 0.2
875 (Moly. Corp.) 5,1 % 10" (-0.1)2
1025 (Lindsey) 5.4 x10% -0.3
Y0s- = 875 3.3x10%? (0.0)2
10% ZrO, 1025 3,9x10% (0.1)2
(Yttralox)
8 Below level of significance.
Neutron Irradiation Damage in Al203 and Y303
Reference| F. W. Clinard, Jr., J. M., Bunch and W. A. Ranken

Conf. Proc. Radiation Effects and Tritium Technology for
Fusion Reactor, CONF-750989%, 1976, II-498
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Fluence at 875 and 102

SK.

Fiuence (10%' n/em?, E,>0.1 MeV)

Volumetric Swelling of Al20s as a Function of Neutron

875 & 1025K data

5 T 7
Avco .
0 4~ AD999x m
% AD999b X
© Lucalox &
g 3| Teco Sapphire &
(%]
=
o2
E
2
s,L X
| |
00 l 2

6 7

Fiuence (10°' n/em?, E_>0.1 Mev)

Volumetric Swelling of A1;0, as a Function of Neutron
Fluence at 650K. Data from Fig. 1 are Shown for Comparison,

A-6
Material | Al,0j Property Swelling 1/1
Irradiation 2’h6:<1021 n/cm2 (E> 0.1 MeV) EBR-II
o 377°C, 602°C, 752°C
Condition
6 T T T T T
1025K 875K
5L Avco . o
AD999x ] o]
3 Lucolox * o
é 41~ Teco Sepphire 4 A -
g3 -
@
¢ |
b
[N -
] ] 1 1 1
00 I 2 3 L) S5 6

Neutron Irradiation Damage in Al;03 and Y303

Reference| F. W. Clinard, Jr., J. M. Bunch and W. A. Ranken

Conf. Proc. Radiation Effects and Tritium Technology for
Fusion Reactor, CONF-750989, 1976, II-498
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Material

Al,03

Property Swelling 1/1

Irradiation
Condition

377°C,

27 6x1021 n/em?2 (E> 0.1 Mev) EBR-II

602°C, 752°C

Dimensional Change per
Unit Fluence % /102 n/em?

Temperature for Sapphire Irradiated to Neutron Fluences from 4.3 to
5.6 x 10* n/em® (E > 0.1 MeV).

-
|
\
\
-t
\
]

o
|
\

”~
~~  c-oxls (length)

e
o2 ~ —
¥
] — a-oxls (diometer)
0. !"‘ — —
T —— —
i-_‘ - S %
T

0.0 | l | 1 |

%500 600 T00 800 800 1000 oo

Irradigtion Temp, K

Dimensional Change per Unit Fluence versus Irradiation

Neutron Irradiation Damage in Al,05; and Y,;04

Reference

F. W. Clinard, Jr., J. M. Bunch and W. A, Ranken

Conf. Proc. Radiation Effects and Tritium Technology for
Fusion Reactor, CONF-750989, 1976, II-498
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A-8
Material Y203 Property Swelling 1/1
Y,045 =10 % 2r0; '
Irradiation| 276 x102l n/ecm? (E> 0.1 MeV) EBR-II
Condition 377°C, 602°C, 752°C

T ! 1
1OF Yitralx 0% N B0 €90 -
Moly.Corp. = ] o/
¢ 0.8~ Lindsey & & s/ -
| /
@
o /
g 0.6“ / —
g
© /~Fine grain alumina
T 04| / (B75K-1025K)
3 /
6o
o ———t-— Hh——L—
—0.2 I I ] ] t + !
0 i 2 3 4 5 6 7

Fluence {I0°' n/cmz, E,> 0.l Mev)

Diametral Change of Y;0, Made from Moly. Corp. and

Lindsey Powders and Y20,-10% ZrO; (Yttralox) versus Neutron Fluence.
Data from Fig. 1 are Shown for Comparison.

Neutron Irradiation Damage in Al;03 and Y03

Reference

F. W. Clinard, Jr., J. M. Bunch and W. A. Ranken

Conf. Proc. Radiation Effects and Tritium Technology for
Fusion Reactor, CONF-780989, 1976, II-498
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Material Al,04 Property Swelling 11

Irradiation | 4.4 x 1021 n/cm?2 (E>0.1 Mev) ETR
Condition 60 - 20°C

4 T l 1

s I COORS AD~-995, 13 um

a 11 WESGD AL-995, 23 ym

o III GE OPAQUE LWCALDX, 6 pum

o IV GE TRANSLUCENT LUCALDX, 25 pm
3 N SPECIMENS EXAMINED METAL-

LOGRAPHICALLY, NO GRAIN-
BOUNDARY SEPARATION WAS
FOUND TO BE PRESENT

ORNL ETR
ASSEMBLY ORNL ETR ASSEMBLY 41-46
| 41-44 Na
23 N4N

VOLUME {NCREASE (%)
n
N

ASD N ):‘_2%_——-
2, \'&( - ‘c/‘li:—‘ :Z \
Ty }J&V'a/cﬂ 20 o

oA o>
O\ was
LA
° 21
0 1 2 3 4 {¥x40°') §

FAST-NEUTRON FLUENCE (n/cm?, >0 Mev)

Volume Increase of four commercial types of
alumina Irradiated at low temperature {60 to
96°C} in the ETR in two ldentical assemblies.

Charactariatics of Commercia) Aluminz Producls

Avarage
Bulk Graln Total Major Lmgparities® {wt%)
Denal Bize impuritias®

Type of Alumina® Bource {g/cm {um) (wih) Mg Bi Fa Other

1, Coars AD-9U3 Coore Porcslain Co. 3.08 13 0.43 0.1 .08 0.06 Cu, .08
Cr, 0.1
0, Wesgg AL-005 Wostern Gold and 3.56 33 0.35 0.l 0.1 0.03
Platinum Co,

1L, GX opague Lucalox General Elecirlc Co, | 3.81 [ 0.06 0.02 | 0.007 { .01 | NI, 0.00
IV, GE translucenl Lucilox | Gensral Elactrie Co. 3.5 1] 0.4 0.08 | 0.02 5.00)

*All specimens of the same lype ussd in the irradiation program were of the samas balch.
Wummary of specirographie analysss performed by C. Feldman and Aana M, Yoakum, Ouk Ridge National Labaratory,
Anaiytical Chemisiry Divislon.

Fast-Neutron Damage to Polycrystalline Alumina at Temperatures
from 60 to 1230°C

Reference| G. W. Keilholtz, R. E, Moore and H. E. Robertson

Nucl, Technol, 17 (1973) 234
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Material | Al,03 Property Swelling

Irradiation| 8 x 1021} n/cm? (E> 0.1 Mev) ETR
Condition 70 v 325°C

8
I T 1 1 |
0 {{0-325°C SHORT-TERM ETR IRRADIATION 41-24
7 I~ o 110-325°C LONG-TERM ETR IRRADIATION 41-23 .
* 70-50°C LONG-TERM ETR IRRADIATION 41-37

o |2 SINGLE CRYSTAL-WILKS, o7 o/ 150°C}
_ G GRAIN-BOUNDARY SEPARATION PRESENT 7
IS N GRAIN-BOUNDARY SEPARATION ABSENT /o
wi 5 .,
W 4
W 2
[ ™ ~/ ®G{SEVERE)}
Q /e
Za4 ——
w 110-325°C
= b
= ol .
o 3 7
> qa &

Q V, -
2 e LY
LSRN T
W.Q_D 7 ¥
\ o5 N N
0
0 { 2 3 4 5 6 7 (x102")

FAST-NEUTRON FLUENCE (n/cmZ, >01 Mev}

Volume increase of alumina of type IV after irradiation at low temperatures,

Charactaristics of C lal Alumlps P
Avarage
Bulk Graia Tolal Major Ympurities® {wtl}
. Daus Bias Impuritisa®

Type of Alumina® Bource &fem {sm) {wth) Mg 8L o Other

1, Coors AD-#S Coors Parcelain Co. 3.6 [} 0.42 0.1 0.08 0.08 Cu, 0.08
Cr, 0.1
o, w.lq AL-085 Wasiera Gold asd 158 3 0.26 N} 0.l 2.0
Platinum Co.

I, GE opagus Lucalox Ganeral Elsctria Co. 3.0 ] 0.08 0.02 | #.007 | 0.01 Ni, 0.00
iV, GE translucant Lucalon | Gensral Elactric Co. 186 % Q.14 0.0 | 0.0z | 0.003

*All specimans of ihe sama Lype usad in 1he irradlalioa program ware of Lha sams balch.
Mummary of speclrographic anaiyasa periormed by C. Peldwan and Aosa M. Yoakum, Ok Ridgs National Laboratory,
Asalylcal Chamlairy Divialon.

Fast-Neutron Damage to Polycrystalline Alumina at Temperatures
from 60 to 1230°C

Reference| G. W. Keilholtz, R. E. Moore and H. E. Robertson

Nucl, Technol,. _1_7 (1973) 234
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FAST~NEUTRON FLUENCE (n/cm@ v+ >01 MeV)

Charucieristics of Commaercial Alumina Products

A-11
Material | Al,04 Property Swelling 1/1
Irradiation | 8.2 x1021 n/cm? (E> 0.1 MeV) EBR-II
Condition 690 v 1100°C
] | T |
4o | ® 1COORS AD-995, 13 um
™ & 1l WESGO AL-995, 23 pr
© Il GE OPAQUE LUCALOX,6 pm 930°C
e IV GE TRANSLUCENT LUCALOX, 25 pm 4 A
& GRAIN-BOUNDARY SEPARATION PRESENT 790°C
8 |- N GRAIN-BOUNDARY SEPARATION ABSENT
750°C 4| ||s80°¢C j)
o =]
b5 EBR-IT 9I0°C . . a
¥ 6 ASSEMBLY 0-1 ﬁ
3 {690-750°C) wrovc [ e E]
2 G Tioec |* I o
iy " s WN “oN HOO°C g
34 & L o8 hd | {41-39) __|
= s VoG | GRAIN-VOLUME INCREASE| | o
a //C/ N ETR ASSEMBLY
No® 41-38 (580-1070°C) | o°N
2 N
1Hoo°c SN
{41-38) &
° 21
0 § 2 3 a 5 6 7 (x402Y

Volume increase of four commercial types of alumina after irradiation at high temperatures in the long-
term ETR assembly and the EBR-II assembly.

Average
Bulk Gralo Total Major Impuritios® (wih)
Denui Bize lampuritiss®
Type of Alumina* Bource (&/em (pm) {wi%h) Mg &l Fe Other
I, Coors AD-#95 Coors Porcelain Co, .68 13 0.42 .l 008 | 0.08 | Cu,0.08
Cr, 0.1
0, Wesgg AL-93% Western Gold and 3.8 13 0.26 0.1 0.1 r .0
Platipum Co.
I, GE cpaqua Lucalox Gaasral Electriz Co. .0 L ] c.08 0.0 | 0.007 | 0.01 Ni, 0.0}
IV, GE tranalucent Lucalox | General Rlactric Co. .08 16 0.14 0.08 | 0.02 | 0.003

*All specimens of the sama typs uped in the irradiation program wera of tha same balch.

"ummary of spectrographic analyses psriormed by C. Feldman and Anna M. Yoakum, Cak Rudge National Laboratory,

Asnalytical Chamistry Diviakox.

Fast-Neutron Damage to Polycrystalline Alumina at Temperatures
from 60 to 1230°C

Reference

G. W. Keilhotz,

R, E., Moore and H.

E.

Robertson

Nucl. Technol. 17 (1973) 234
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7

A-12
Material{ Al,05 Property Swelling 4/4
Irradiation| 4.2 x1021 n/em2 (E> 0.1 Mev) ETR
Condition 400 ~1230°C
7 T | T u T
& 1 COORS AD-99%5, 43 pm i230°C
& J1 WESGD AL-995, 23 pym g
€ | ° III GE OPAQUE LUCALOX, 6 pym A
® IV GE TRANSLUCENT LUCALOX, 25 pm J
* SINGLE CRYSTAL - WILKS, e/ o/ (650°C) / sso'c g
5t G GRAIN-BOUNDARY SEPARATION PRESENT
ES N GRAIN-BOUNDARY SEPARATION ABSENT /
3 $80°C Fg T950°C
a 4 G I
(] . T a
S =1
Z 1070°C 5/150.; __4\
£ woec s6 S N
jus ] - A;Y’-‘ N
)
(=] M N é L rs
> © ala aoN,‘G;GJO'C\
2 1] ¥ ot :
[} & foi0*C 100%C
400°C . t . N
GRAIN-VOLUME INCREASE AN
1 e ry
»
»
0 24
o] Q5 1.0 1.5 20 25 30 35 4.0 (x10°")

FAST=NEUTRON FLUENCE {n/cm?Z, >0.1 MeV})

Volume increase of four commerclal types of alumina after irradlation at high temperatures in the short-

term

ETR assembly.

Charactaristics of Commercial Alumina Producta

Avarage
Bulk Graln Tatal Major Impurities® (wit%h)
. Denail Bize Impuritiagh

Type of Alemina® Bource {g/cm {um) (wt®) Mg 5L Fo OLher

1, Coors AD-905 Coors Porcetaln Co. 3.688 13 0.42 0.1 0.08 0.04 Cu, 0.0
Cr, 0.1
n, th? AL~005 Waatern Gaold and 3.86 13 .28 g1 a1 ' 0.03
Plaunum Co,

I, GE opaque Lucalox General Elsctriz Co, N [} 0.08 0.02 | 0.007 | 0.01 Ni, 0.01
IV, GE transtucent Lucalox | General Elsciric Co. .98 28 0.14 .08 | 0.82 | 0.001

“All léeclmenl of the same type used In the Lreadiation progratn wers of the same baich,

¥Summary of spectrographle analysos performasd by C. Feidman and Aong M, Yoakwm, Oak Ridge Natlonal Laboratory,

Analytical Chomistry Divislon.

Fast~Neutron Damage to Polycrystalline Alumina at Temperatures

from 60 to 1230°C

Reference

G. W. Keilhotz, R. E. Moore and H. E. Robertson

Nucl. Technol._iz {1973} 234
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A-13
Material| Zr0, (stabilized) Property Swelling 1/1
Irradiation| ~ 4.4 x 1021 n/cm? (E> 0.1 MeV) EBR-II
Candition 377°Cc, e02°C, 752°C
Irradiation Conditions and Swelling Values
for Stabilized ZrQ, Samples
Lrvudiation
Sample No. temp. (°K) Fluence (x 10~ p/cmht AVIV (%)
1* 650 4.4 0.21=0.12
2 650 33 0.2120.12
3 650 2.8 0.10£0.26
4* 875 2.5 1.45+0.04
5% 875 3.8 1.76=0.26
6* 1025 2.8 —-0.050.09
*Also ovaluated by TEM. tE,>0.1 MeV,
_ T T 1 T T
g 2o IO L -
2 € mol% 'ra 0, -
_:: // \\
wg L5 // \ -
# = / \
— o / \
.g " el ” \‘ -
% . / \
a2 2 / \
W o g5 —
g2 / \
2 g / \
8 } 1
1
E oFb——————————————— }-— ——
:
=esE y | b | ]
€00 700 80O 900 000 WO
IRRADIATION TEMP, [K)
Swelling of stabilized ZrO, afier irradiation.
Neutron-Irradiation Damage in Stabilized Zr0Op
Referencel F. W. Clinard, Jr., D. L. Rohr and W. A. Ranken

J. Am. Ceram. Soc. 60

(1979) 287
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A-14
. 5i0p .

. . Swellin Hardness 1/1
Material Si0y-based Glass Ceramic Property gr /
Irradiation| ~ 2.7 x 1022 n/cm2 (E>0.1 MeV) EBR-IT
Condition 400°C, 550°C

Swelling and Hardness Results

Sample T, °C) 101022 n/ca?), E>0.1 Mev aV/ve (%) Hardness,* kg/um?

Infracil 400 2.4 ~1.4 583 (526)

Infracil 550 2.5 =-1.1 621

Macor 550 2.7 1.1 475 (267}
DH 400 2.3 1.5 507 (320}
DH 550 2.7 0.7 443
Dl 400 1.9 3.0 . 695 (347)
D1 550 2.2 2.1 537
Dl 400 2.2 2.8 545 (375)
nJ 550 2.5 2.0 498
ReX, ceramic 400 2.0 0.8 575 (544)
ReX, ceramic 550 2.1 1.0 b24
ReX, glass 400 2.2 -0.4 527 (470)
ReX, glass 530 2.3 ~0.7 574
* Numbers in parentheses represent unirradiated values.
Ceramic Compositions, wt.X
Sample 5102 A1203 Pl 53205 !203 Zr0. 120 Hgfz L120 9205 Co0 InG Bad Ne o
Macor# 52.0 13.0 15,0 === 9.0 — 9.0 =t — —_— — m,— . -—
DH 60.5 —-  13.5 2.0 —— == 15 100k =— = e eem e o
D1 61,7 == 13,8 -— —— e 1LB 10.6 emm eem o emm e o
D 58.8 — 12.3 1.9 —-— 1.9 15.1 10.1 — — —— —_— - —
HRB6B4CO0 60.0  ~—  ——= - ——— mem e aee 9.0 —- 0,5 == 28.5 =
KSO11-A 46,2 9.5  m— — —— e - - === 2.0 ~— 32.2 4L.B  4,p
KeX 1.8 5.1 — — 3.2 = 4.8 -— 12.6 2.5 == = — —_—
—_ e —— m—— eem mme e —— 2.5 e e e

Infracil 100.0

# Fluorine is added at 6.3 wi.XI to substitute with oxygen.

Neutron Irradiation Effects on Si0O2 and SiOp-based Glass

Ceramics

Reference

D. L. Porter,

M. R. Pascucci and B. H. Olbert

J. Nucl,

Mater.

103 & 104

(1981) 767
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Material

Al203,MgAl O4,Y3Al 012 Swelling,
Y203,BEO,SJZ.3N4,Sia on- Property Thermal diffusivity

Irradiation| 2.8 x1021 n/cm? (E 0.1 Mev) EBR-II

Condition 740°C
Volume Swelling and Thermal Ditfusivity Reduction
of Oxides after lradiation® :
Thermal
Volume dilfusivity
Material Type aweling (%) reduction (%)
Sapphire Single crystal (0001) 1.6 45
Sapphire Single crystal (1012) " v
ALO, (Ad 995)  Polycrystal 1.9 53
MgAl0, Single crystal o1t 8
SJ)in:l Polycrystal 0.3 45
WALO0 Single crystal 0.0 62
Y3ALO,, Polycrystal 0.2 54
Y10, Polycrystal 0.1 24
Y30,-1Zr0, Polycrystal 0.3 1
Be0-58iC Polycrystal 3.3 &0
Niberlox Polycrystal " i
*2 & x 107 picm? (E.>0.1 MeV) at 1015 K (740°C). tBelow leve) of significance.
tEstimated starting vabue,
Volume Swelling and Thermal Ditfusivity Reduc-
tion of Nitrides and Oxynitnides after Irradiation®
Thermal
Volume diffusivity
Material swelling {%F) reduction (%)
Si;ON, 0.0 68
Si;N, NC-132) 0.4 52
SizN,’ 0.3 53
Sialon 0.5 31
*2.8x 10" aem*{£,>0.1 MeV) st 10135 K (740°C). tApproximaie density 3.1
Description of Materials lrradiated
Material Description. Major impurities {ppm*®)
Al;O, Single crystal (1012) 60 Fe, 50 Nb, 40 Mo
A0, Single crystal (0001} 80 Fe, 15 Ni, 100-Nb
Al,0, (Ad-995) Polycrystal® 2000 Mg, 2000 Si, 1000 Ca
MgAlLO, Single crystal (111)* 100 Si, 20 Fe, 1-10Ca
MgAl0q Polycrystal 400 Si, 100 Ca, B0 Na
Y3AlsOy Single crystal a1y 10 §i, 10 Fe, 1-10Ca
Y ALO: Polycrystal 2-6000 Si, 300 Ca, 300 Mg
SiyN, (NC-132)  Polyerystal** 5300 WC, 6000 Mg, 2500 Fe, Al
SiNg Polycrystal™ 2% Mg, 2000 Al, 1800 C
Sialon (2S;Ny: Al O5: AINY+ 5 wit% Y,0,# 400 Fe, 300 Mg, 200 Ca
SiON; Porous p01¥cryslal*‘ 5000 Ca, 2000 Al, 2000 Fe
Y10, Polycrystal'' <500 Zr
Y;0:-1Z10, Polycrystal' 9000 Zr, 80 Al, 50 Si
BeO-3SiC Pc;gc:ysml-dispcrscd sic" 5.1% SiC, 5000 Al, 400 B
Niberlox BeO polycrystal-dispersed
second phaselt 2,39% Al, 2.9% Si, 1000 Mg
*Measured by LASL Analytical Chemistry Group. 1Tyco Laborataries, Inc., N.H. tLinde Div., Union Carbide
Corp., New York, N.Y. §Coors Porcelain Co., Gokden, Colo, [Los Alamios Scientific Lab, Los Alamos, N.M.
*sNorton Co., Worcester, Mass. 11Ceradyne, Inc., Santa Ana, Calif. $3). M. Wimmer, Air Force Maicrials Lab,
Wright-Patierson AFB, Ohio. §§ National Beryllia Corp., Haskell, N1
Swelling and Thermal Diffusivity Changes in Neutron-
Irradiated Ceramics
Reference| G. F. Hurley and J. M. Bunch

Ceramic Bulletin 59 (1980) 457
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A-16
. Swelling,
. . 1i/1
Material| MgO, MgAla04 Property | o hanical properties /
Irradiation | 2.1 %1022 n/cm? (E> 0.2 MeV) 4.6 x1022 n/cm? (thermal)
Condition HFIR 157°C
Strength of Mg0 and MgAl,0, by Diametral Compression Tests.
Samples Irradiatéd to 2.1 x 1026 n/m? En>0.2 MeV.
Sample Control, Mpa (No.) Irradiated, MPa {No.) Change, MPa (%)
Mg0-1 23.1 1.0 (6) 25,9 £+ 1.1 (3) + 2.8 (123
Mg0-2 25.6 + 1,1 (3) 31.6 + 0.6 (3 + 6.2 (24)
MgAl,0, 127  + 4 (6) 152  =+11 (9) +25 (20)
Characterization of Trradiated Materials
Material Source Arull Major Impurities Grain Size
Density Wt. Percent
MgO-1 Pegussa 75 .3 Fe, 1.2Ca, 1.7 81, .8 Al See Text
Mg-25
Mg0-2 Honeywell 79 .08Fe, .3Ca, .08Si, .02al See Text
M-30
MgAl,0,~1 American 94 .01Fe, .0lCa, .04S1 10 um
Lava
Material Vol. Swelling, %
Mg0-1 2.6
Mg0-2 3.0
MgAleL* 0.8
Structural Properties of MgO and MgAl;04 after Fission
Neutron Irradiation near Room Temperature
Reference{ G. F. Hurley, J. C. Kennedy and F. W. Clinard, Jr.

J. Nucl. Mater. 103 & 104 (1981) 76l
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Material| MgO, Al203, MgAl204 Praperty Swelling 1/1

Irradiation | 2.3x1022 n/cm2 (E> 0.1 MeV) EBR-II
Condition 157 v 827°C

Leradiation p clers and ed swelling
Sample Neutron fluence Estmated Irradiation Swelling
{(>0.1 MeV), dpa temperalurc {vol %)
(X1W0*nm™) (K} (T/T,)
pc MO (1) PR 30 430 0.14 2.6
pec M0 (2) A 30 430 0.14 10
5¢ Al O, 003* 0.5 430 019 -
03 3 1015 0.44 1.7
08 3 925 0.3% 27
08 8 1100 0.47 kR
1.2 12 925 .39 32
1.2 12 1100 0.47 s
1B 18 925 0.39 33
1.8 18 1100 047 39
22 12 925 0.39 4.0
22 22 1100 0.47 432
23 ’ px] 925 0.9 4.1
2.3 23 1100 0.47 44
pc AL;O, a3 3 1015 0.44 1.9
1.2 12 915 0.39 EX
12 17 00 047 60
1.9 19 925 0.39 s
1.9 19 100 047 6.5
2.3 : 23 925 0.3% 35
13 23 1100 047 6.5
s MgAl,0, % 3 1015 042 «<0.1
08 8 925 0.38 0
13 23 925 0.38 )
2.3 13 1100 0.46 0
pe Mgal 0, (1) 0.3 3 1015 042 04
2.3 23 925 038 0.2
2.3 23 1100 0.46 1.6
pe MgAl,0, (2) PR 30 430 018 08
* 02 MeV,
Materials wsed in the preseat sudy
Maicrial Source Major impurilics (wi ppm) Grain uze  Fracuon
{pm) of theo-
reLical
density’
pe MgO (1) Degusas Corp. 17000 S 12000 Ca BOOOAJ 3000 Fe 14, 28" 07N
pe MgO (2) Honeywell, Int, 3000 Ca 00 Fe B0 5 300 Al 1,25 any
x AL, Linde Division
Union Carbide Corp. 40 Fe 50 Nb 40 Mo
e Al;O, Tyco Laboraiories,
. Inc. 100 Nb 80 Fe ES Ni
pe A0, Coors Porcelnin Co
Ad 9935 W00 Mg 2000 Si 1000 Ca 2 097
. MgAl, 0, Linde Division
Union Carbide 100 5 20 Fe B 5Ca
pc MgA) O, (1) Reaction
mistered 400 5i 1060 Ca 80 M kLY ) 0 Fe 0.3 >0.99
pc MpAlL O, (2)  American Lawva
Corp. 400 Si 100Fc 100G 10 0.54

* Bimodal grain size distribution
¥ Dicnaity deibezately kepi low for ancther study.
a = single arysal, pe = polycrysual.

Neutron Irradaition Damage in MgO, Al203 and MgAl204
Ceramics

Reference| F. W. Clinard, G. F. Hurley and L. W. Hobbs

J. Nucl. Mater. 108 & 109 (1982) 655
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Material | MACOR Property

Density

Irradiation 1016 1018

’

14 MeV n/cm2  RTNS-II

Condition room temperature

Density changes in irradiated MACOR,
Sample Number Normalized Density
fluence of samples density range change,%
(n/m?)
con:ﬁal 3 1t.00008 2 —mmeme

1022 ‘ 2 0.9999 - 1.0002  —-=ew-
i0 2 1.0005 - 1.0010 +0.05 - 40.1

14 MeV Neutron Irradiation Effects in MACOR Glass Ceramic

Reference

J.D.Feowler,Jr., G.F.Hurley, J.C.Kennedy and F.W.Clinard,Jr.

J. Nucl. Mater.

103 & 104 (1981) 755
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A-19
. sic Fracture strength
, . 1/1
Material (reaction-bond SiC) Property ~Young's modulus /
Irradiation | 3% 102l n/cm? (E> 1 Mev)
Condition 400, 650°C
o 380
E
3 320 Mechanical properties of irradisted silicon carbide.
= o0 450*C
,’_:. 280 4650°C Lrradiation histery Fracture strength
Z 240 P el
3 s - Nominal Temp  Mean Standard Young's
G 200 /* ~ dose *C) strength deviation  modulus
¥ 6o g (nfem?) (MN/m?)  (MN/mP)2) GN/m?)
=3 rd
= g
g 120 ' As rec’d — 341 69 393
E‘ gola 1 " 1 1 & L 1 i i 1oy pdan n=130
: iz 3 4 5 & 7 8 % 10 30 1.1x 10%° 400 170 28 339
DOSE, n/cm? 1 1020 ) n=12
. . . _ 33 % 10*" 500 168 57 358
Fracture strengths of reaction-bonded SiC as a function =12
of irradiation. . 6.0x10%° 400 198 a8 369
n=31
10 x 10%® 450 233 33 in
"=
20
<00l 30x 10°° 4758 201 33 313
" n=12
F 390 a430°C 1.1x 10%* 700 214 64 —
<} . &6 630*C n=10
g oy - - 3.3 % 102° 00 130 40 3st
3 370 - :-———"‘_"'—}_‘ n=12
$ / 6.0x 10°° 650 207 38 373
" 360 /l n=10
2 350 - 30 % 0% 660 240 27 377
g ae 7
340
T S VR S TP ) 1 = number of samples.

4 5 6 T e 9 o 30
DOSE, n/em? x 1020
Young's modulus of reaction-bonded SiC s a function
of irradiation.

Irradiation Damage in Reaction-Bonded Silicon Carbide

Reference| R. B. Mattews

J. Nucl. Mater. 51 (1974) 203
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Material Norton NC-430)

5iC (self-bonded SiC,

Property

Fracture strength /1

Irradiation
Condition

52 MeV e~ (RPI 100 MeV electron microwave linac)

Electron energy = 52 MeV
Flux =2.3% 10 7¢/m? -5

Linac test results for silicon carbide

Mean fracture strength = 266 MPa (38.6 ksi)
Weibull modulus = 4.0

} omitting samples 3 and 4

Sample Time-to-failure Ibs at kgm at Fracture Fracture

(s) failure failure strzength strength
(ksi) (MPa)

1 508 254 11.5 335 231

2 632 31.6 14.3 42.7 298

3 246 12.3 5.58 16.2 ) 112

4 984 49.1 223 64.79) 452

5 541 27.1 12.3 35.7 249

6 574 28.7 13.0 37.8 264

7 726 365 16.6 48.1 336

8 368 184 8.35 24.3 170

9 692 34.6 15.7 45.6 319

a) Sample subjected to temperature greater than 1673 K (1400°C).
b) Sample subjected to unusual history: (a) loaded to 24 Ibs (10.9 kg) with beam on; (b) load held constant
for 15 min with beam on: {c} beam off-test restarted; (d) Beam on-load applied to failure.

Radiation Damage in Silicon Carbide and Graphite for
Fusion Reactor First Wall Application

Reference; R. A, Matheny,

J. C,

Corelli and G. G. Trantina

J. Nucl, Mater.

3

{1979} 313
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A-21
. 5iC (self-bonded SiC :
ial ! Fracture str th 1/1
Mater Norton NC—430) Property eng /
Irradiation | 5 1019, 2x1020 n/m? (E>1 MeV) HFBR
Condition
Silicon carbide, three-point bend, average of 10 specimens
Dose T=298K T=1473K Average
sample width
Time-to- Mean fracture  Weibull Time-to- Mean fracture  Weibull Strength —
-faiture  strength medulus Hailure  strength modulus degradation  (in.) (m) x 10°
(s} —_ (s} — exponent
{MPa) (ksi) (MPa) (ksi)
Unirradiated 19.2 268 389 6.8
: 1164 270 39.2 141
48 281 402 112 217 0.1000 0.2540
2x108%a/m? 179 250 362 14.0
(£ > 1MeV) 1188 276 40.1 14.1
48 270 39.2 10.2 242 0.1002 0.2545
2x10%n/m®  14.0 198 284 60 01008 0.2560
(£ > I MeV) 1062 248 359 1.6 ’ ’
@ SILICON CARBIDE 2958 K
8 © GRAPHITE (298 K}
4
L l 1
[ 1 H
FLUENCE. o/ m? x 1074(E > 1 MeV)
Weibutl modulus vs. neutron flucnce for graphite and
silicon carbide at room temperature.
Radiation Damage in Silicon Carbide and Graphite for
Fusion Reactor First Wall Application
Reference| R. A. Matheny, J. C. Corelli and G, G. Trantina

J. Nucl. Mate.r 83 (1979) 313
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Material SiC (NC-430) Property Fracture strength

Irradiation | . . 421 n/cm? (E>1 MeV) HFBR (BNL)

Condition

300 NC-430 SiC, T,=1200°C 1435

—4290

it,r,t:l’lIIClv"C. Matheny et al

o7
orirr,§200°c.

X Tery1100°C

Fracture Strength (MPa)

2\ Matthews Data

) 1 I 1 1 1 14.5
IOOO 10

Fluence (n/m2 x 1024 E>IMeV)

Mean fragtur Etren%th vs fluence of EC-AJO SiC at 1200°¢.
Also 1ncfude is data by Matheny et a

Fracture Strength {(KSI)

Ceramic Materials for Fusion Reactors

Reference| G. Hopkins, G. C. Trantina and J. Corelli

AP-1702, EPRI Research Project 992, Interim Report,
February 1981
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A=-23
Material a-81C Property Fracture strength 2/3
rradiation
1 1.2 %102 n/cm? (E>1 Mev) HEFBR (BNL)
Condition
o-S$1C Carborundum Co.
WJ 1 = 1200°C
{ali edges chamlered)
1.2510% Tnscm? E>1Me¥
0 |-
SU —
i’ 0 |-
4
v W |
£
< 20 ).
W -
‘09 ! 1|o >
Flyence (nlcnz [>1heT}
Mean fracture strenpth vs fluence of sintered a-SiC at 1200°C
Ceramic Materials for Fusion Reactors
Reference| &. Hopkins, G. C. Trantina and J. Corelli

AP-1702, EPRI Research Project 992, Interim Report,
February 1981
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A-24

Fracture strength

Material | a-SiC, SiC (NC-430) Property (Weibull modulus)

3/3

diation
Irra "l 1.2x%x1021 n/em? (E>1 MeV) HFBR (BNL)
Condition
oNC-430, T, {200°C (Matheny et al
ONC-430, T, £200°c
< o
\ @NC-430, T,  X1100°C
. \ asintered, T, £200°C
;' o
1'.3---%~__‘
i
ida
3 N
~
&
N, e — A
Il
et —— % n
Fiowmes, = 192 'a/nd (B 1M
Welbull Modulus vs Fluence for NC-4)0 SiC and sintered oc-S5iC
Ceramic Materials for Fusion Reactors
Reference| G. Hopkins, G. C. Trantina and J. Corelli

AP-1702, EPRI Research Project 992, Interim Report,
February 1981
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Reference

A-25
Material | sic (NC-430) Property Fracture strength 11
Irradiation
e 1.2 %1021 n/cm? (E> 1 Mev) HFBR (BNC)
Condition
60 | o
RO-§1C (anncaled at 1200°C/10 mio)
4 Jrradiated (1.2:1025n/n2)
50 | @ Unirradiated ‘£
% " _.-’“" \
11 I et S —— - \
i 1
- \\ T
% 10 i
3 ? i
\
b
20
A )\ :
lo 9 o L p 5 s T
" 2 b4
4
0 b " . N N N i
0 200 400 6c0 800 1000 1200
(-]
ATS( c)
Mean Ffracture strength (measured at 231°C) wvs thermal shock temperature
of Irvadiated (1.2X10%5n/m? E>1MeV) and Unirradiated NC-430 SiC
Ceramic Materials for Fusion Reactors
G. Hopkins, G. C. Trantina and J. Corelli

AP-1702, EPRI Research Project 992, Interim Report,
February 1981
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A-26
Material MACOR Property Flexture strength 1/1
Irradiation 1016, 1018 14 MeV n/cm2 RTNS-IT
Condition room temperature
Flexure strength test results for MACCR.
Sample  MOR¥* Ro. of Standard Weibull
fluence (MN/w*) samples deviation
(n/o?) (Hm/mz) m %
control 104 24 3.7 27.7 107
1029 107 13 4.0 24,9 110
1022 109 14 4.0 28.0 110
*MOR=Modulus of Rupture
14 Mev Neutron Irradiation Effects in MACOR Glass Ceramic
Reference

J.D.Fowler,Jr., G.F.Hurley, J.C.Kennedy and F.W.Clinard,Jr.

J, Nucl. Mater., 103 & 104 (1981) 755




JAERI-M 86-127

aA-27
Material siCc {NC-430), o-51C Property Fracture strength 1/1
Irradiation| 1.2 %1021 n/em? (E>1 Mev) EFBR (BNL) £ 1l47°C
Condition 8.1 %1021 n/cm? (E>1 Mev) HFIR (ORNL) = 730°C
Summary of Fracture Strength Results for Reaction-Bonded Siliconized Silicon Carbide®
Fluence Irradsation Fracture Fracture
(10 n/m?) temperaiure emperaiure srength Weibull Number of
(E>=>1 MeV) (K) (K) {MPa) modulus samples
0 298 26814 16.8 10
0 1473 270219 14.1 10
0.2 403 298 25021 14.0 10
0.2 403 1473 276=17 14.1 10
2 403 298 198+ 34 6.0 10
2 403 1473 248230 1.6 10
o 1473 231217 15.6 12
o 1473 257420 .0 14
4 = 473 1473 208+2] 10.1 14
4 1373 1473 20114 78 15
12’ < 473 1473 22916 15.7 14
o 1473 234x14 17.7 13
3.6 413 1473 22834 6.20 11
7.6 413 1473 20014 11.7 11
ot 296 27919 9.54 20
93! 1013 296 11624 < 9.54 16
0 1013 232221 11.5 15
g1 1013 1013 N4z 7 14.6 7
81 1013 1473 185=17 9.76 8

*NC-430, Nores Co.
made of reaction-bonded $iC with =0.3 w1% narural boron dopant. Das of Ref. 11.

 Worcester, MA_ 'These samples had three machined surfaces and one as-fired surface. TThese samples had four machined surfaces. ¥Ihese samples were

Summary of Fracture Strength Results for Sintered Alpha Silicon Carbide®

Fluence Lrradiation Fracrure Fractute
(30 o/m?) temperanane temperature srengih Weibull Number of
(E>1 MeV) X) {K) (MPa) modulus sampies
0 1473 487 6.3 5
4: = 473 1473 236 69 3.(51 lg
12 = 473 1473 152+ 46 3. 1
o 1473 476103 3.59 10
16 413 1473 455 4l 9.80 12
1.6* 413 1473 372x 55 6.18 11
0 296 400+ 50 5.57 18
g7 1013 296 265+ 32 5.57 13
Y 1013 695x 77 7.19 11
13 1013 1013 245+ 9 23.8 5

with ~0.5 wi% natural

*Carborundum Co., Niagara Falls, NY . "These sampics had three achined surfaces and one as-fired surface. "These samples were commercially sviilable and were siniered

boron. YData of Ref. §1.

Mechanical, Thermal, and Microstructural Properties of
Neutron-Irradiated SiC

Reference

J. C. Corelli, J. Hoole, J. Lazzaro and C. W. Lee

J. Am, Ceram. Soc. 66 (1983) 525
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.. |5102 Thermal Expansion
Material Si0-based glass Ceramic‘”vperty Fracture Toughness

Irradiation| ~ 2.4x1022 n/cm? (E 0.1 MeV) EBR-II
Condition 400°C, 550°C

Thermal Expansion and Fracture Toughness

Samplu at107toc 1y, (25-450°C) Ke Om/=¥/2y T, (°0) ¢t (1072 n/cm?)
Infracil 0.99 —— -— —_
Infracil 1.05 —— 400 2.4
Infracil 0.91 - 550 2.5
ReX, gplass 9.41 NAX —_— —
Re¥, glass 9,36 1.0 400 2.2
ReX, glass 9.75 1.2 550 2.3
ReX, ceramic B.95 2.1 —-— ———
ReX, cetamic 9.37 1.1 400 2.0
ReX, ceramic 9.67 1.5 550 2.1

* K, could not be measured in this way due to opening of latersl vent cracks.

Ceramic Compositions, wt. 2

Sample 5102 ;1.1203 Mo AIZOS 3203 Zroz KZD !‘(gi‘z 1.120 ?205 cod 2nD  Bal N.zo
Hacor# 52.0 15.0 150 -—- 5.0 === 9.0 ——-* -— — e— e e —_—
TH 0.5 _ 13.5 2.0 —_ _—— 13.5 10.4 — —_— —— == —— —
bI 61.7 — 13,8 --—- ——— - 131.E 10.6 -—_— _— — — — ——
Dl 58.8 - 12,3 1.% -—— 1.9 15.1 -19.1 -—r— — —_— ;—— —
HR66B+COD  60.0 —-— - ——— — - —— = 3.0 2—(—) 0.5 ;;—2 2".: ‘—.;
MS5011-A 46.2 9.5 —— —_— —-— ——— —— e —-—- . — . -8

ReX 1.8 5.1 -— - 3.2 - 4.8 == 12.86 2.5 =—= =-— - —_—
Infracil 100.0 —_ - — -— _— == _— -— 2.5 =— 2 @@o—-— -—

# Fluorine is added at 6.3 vi.X to substitute with oxygen.

Neutron Irradiation Effects on $5i02 and Si0Op-based Glass
Ceramics

meermme D. L. Porter, M. R. Passucci and B. H. QOlbert

J. Nucl. Mater., 103 & 104 (1981) 767
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A-29

Material| a-8iC, SiC (NC-430) Property Thermal conductivity 1/1
Irradiation | 1 5 41021 pn/em2 (£>1 Mev)  HFBR (BNL}
Condition

1.0

0.8

o 85-51C (emnesled atr 1700°C fov 10.min.)
A SA-5IC {ammaaled atf 1100°C for 10 mis.)
x osl 0 sa-SiC {unanmaated)
1 §
0.4t
H%
0.2 .
° 4 ] 11 7Y
Vloance, 1007 4a/al, (20 1ReY)
Relative thermal conduc:ivity. }:L" (measured at T}.,'ZJ €) vs Fluence
[+]
for HC~430 SIC and Sintered a-5iC
Ceramic Materials for Fusion Reactors

Reference] G. Hopkins, G. C. Trantina and J. Corelli

AP-1702, EPRI Research Project 992, Interim Report,
February 1981
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Thermal diffusivity vs temperature for (A) siliconized 5iC,
(8 sintered o5-5iC sintered with ¢.5 wi% natural boron, and (C) siliconized
SiC doped with 0.3 wi% "B, showing effect of anncaling.

A-30
Material| siC (NC=-430), a-8iC Property Thermal diffusivity 1/1
Irradiation | 1.2 x102Y n/em? (E>1 MeV) HFBR (BNL) g 147°C
Condition 8.1 x 1021 n/em? (E>1 Mev) HFIR (ORNL) ~ 730°C
50
” -
- x5
=0 . SIKTERED Scl (0.5 wrl May, 3}
i
w0l NC-430 SILICONIZED 56C {Ne Boron) " ¥ INIRRALIATED
\ & [RRADIATED
',‘ . UNIRRADIATED AKNEALED 30 mix 900°C (1173K)
60 b . IRRADIATED
' ANNEALED 30 mtn 900°C {1173K) % - 4 IRRADIATED
X MHEALED 30 wiw 1200°C (147363
\ +  IRRADIATED
s N ANNEALED 30 min 1200°C {1473K) » IRRADIATED
“. - IRRADIATED - - ANNEALED 30 min 1590%C (17730)
Y ANNEALED 30 min 1500°C [1773K) - I~
40 \ = to = 7,640%%2, B+ 1 Kew)
T Nt [#e3.6210 4 n/m?, E>1er) \.‘:f
< wl N U
5 . \\\{“~¢_
n o . . s ar-
w .“-,‘.-\\
——— (A) i
e
gt 0 vy )b .
0 200 400 600 800 oo T(*C) 10
o 73 sy s W33 1un 1k T'\.\-\k,_,______, ®)
l 1 1 1 t ! | | 1 | |
] 200 400 600 200 100 1%
] (1) 673 523 1073 1273 TR

Mechanical, Thermal, and Microstructural Properties of
Neutron—-Irradiated SiC

Reference

J. C. Corelli, J. Hoole, J. Lazzaro and C. W. Lee

J. Am. Ceram. Soc. 66 (1983) 529
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Material [ A1503, Mgal,04, Y2A1507 2 | Property

Thermal diffusivity

Irradiation
Condition

v 2.5%x1022 n/cm? (E> 0.1 MeV)

EBR-IT

(o) SINGLE CRYSTAL
Al,Oy

10ISK

o
s

1HOCK

|

Y
105K 525 & II00K

-

| {c) SINGLE CRYSTAL

50

100 (b} ALO,

ICISK
{1I00K

et Ry e
—  —y

S25K

100r (d) Mg Al,0,
b \ -
S~ 925K
50 ==

Y4Al O,

50 HOOK

PERCENT OF ORIGINAL THERMAL DIFFUSIVITY REMAINING

925K
0! A
4] l 2

{e) SINGLE CRYSTAL 100

S0 925K
(1) Y4AL0,,
1

| d
——

0
o | 2

NEUTRON FLUENCE {x1022n/cm2) (Ep>0.! MeV)

Decrease in RT thermal diffusivity (approximately pro-
portional to thermal conductivity) ¢v & function of
irradiation tempeyature and fission neutren fluence for

several ceramics.

The Inorganic Insulator Program at LASL

Reference

F. W. Clinard, Jr. and D. M. Parkin

USDOE Report No. CONF-801237, 1981, Pl17.1
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Material MACOR

Property Thermal diffusivity

Irradiation
Condition

16 18

10°°, 10%® 14 Mev n/em?  RTINS-1T

room temperature

Thermal diffusivity changes in MACOR,

Sample Number of Thermal
fluence samples diffusivity
{(n/m?) {notmalized)
Control 5 1 (4.5 x 1077 mn?/s)
1020 4 0.998
1022 2 0.978

14 MeV Neutron Irradiation Effects in MACOR Glass Ceramic

Reference| J.D.Fowler,Jr.,

G.F.Hurley,

J.C.Kennedy and F.W.Clinard,Jr.

J. Nucl.

Mater,

103 & 104 (1981) 755
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Material Silica Property Thermal conductivity 1/1

Irradiation 5x1019 n/em (B> 1 Mev)
Condition

T T T r - T T

[ NEUTRON IRRADIATED  «]
VITREOUS
" SILICA

s
<
»

—
o
[
)
{

-
S
»

- ¥ o .
= 3 11 -

107 3 °
L N L
VA
4
10-5 PRI W —t P N
01 10 10 100

THERMAL CONDUCTIVITY A{T)iwatt emi'k™)

TEMPERATURE [KELVIN)

. Thermal conductivity of neutron irradiated
silica.

Thermal Conductivity of Neutron-Irradiated Silica

" [Reference} A. K. Raychandhuri and R. O. Pohl

Splid State Communication ﬁ_ (1982) 711
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A-34
] SiC (self-bonded SicC, i L 11
Material | norton NC-430) Property Resistivity /
Irradiation | 5 1519+ 2 %1020 n/ecm? (E>1 MeV) HFBR (BNL)
Condition
( K)
473 ET3 873 73 1273 1473 T3
10 T T J T T T
SILICON CARBIDE
5| [NORTON NC43D)
10—
5 =
£ DOSE = 2 x 1023n/ m? {E > 1 MeV)
?
£10
£
= 5
®
E
=
-
; 107.—
g . DOSE = 2 x 102%n/ m {E > 1 MeV)
%)
172}
3
10—
st
1 A 1 1 A i 1 i | i 1 " 1 1
0 200 400 600 800 1002 1200 1400
ANNE ALING TEMPERATURE {°C)
Isochronal annealing{600 s at eac.h temperature) ,
resistivity ratic vs. annealing temperature for gsilicon carbide
rRadiation Damage in Silicon Carbide and Graphite for
Fusion Reactor First Wall Applications
Reference| R, A. Matheny, J. C. Corelli and G. G. Trantina

J. Nucl, Mater. 83 (1979) 313
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Material| 8i

C (NC-430) Property

Resistivity

HFBR (BNL)

Irradiation | § 5. 1921 [ /cn2 (£ > 1 Mev)
Condition | 556 1100 °c

105 = .
NG -43D 5iC
Tirr £ 200°C

o12x10% ¥ nsm? £ IMev
8 4x0 n/m% E¥ MV
© 2210 n/m2 E> IMev
[ 2:!025nfm!,E) I WeV

.. T i06°C

! I

|dr t- s L 1 [ 14
293 493 €93 B93 1093 1293 14583 .

Anneoling Temperciure (*X}

Figure 9

Resistivity Ratio, plpo. vs Annealing Temperature for RC-430 SiC

Irradiated at S$200°C and 1100°C. The Two Lowest Fluences are data of
Matheny et al ?10). (Samples kept at esch temperature 10 min.)

Ceramic Materials for Fusion Reactors

C. Trantina and J. Corelli

Reference| G. Hopkins, C.

AP-1702, EPRI Research Project 992, Interim Report,
February 1981
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A-36
Material | 21203 (single-crystal)| property Conductivity 1/1
Irradiation| 1.5 MeV electron (BNL Dynamitron)
Condition 1 nA electron beam = 2.2 x 102 rad/sec

: T T A T L T =
E UNDOPED LINDE =
C A),04 ]
L m
i -
e o .
- -
E - -
> s 4
=
£ ool ]
(%] o 3
g F 3
I 3
- ~
1070 -
o 4 66%10% rod wec!
- ® 66%10% rod wec-
- * 662107 rod sac-!
ol 1 1 1 1 s 1
06 10 14 |B 22 26 30 34
4003k

Temperature dependence of the RIC for the

undoped Linde Al, Oy sample.

T T T
UNOOPLD MELLER
a150,

7
L]
3

5

T T T

st

w

T T T T

CONQUCTWITY (R cm™

s 66 200" ot e
» 6§ %0 rod a0c!
* 66 %107 rod sac)

T T 1T 7T1oy

L 1

o0F 10 T4 I8 FI 6 30
oo? ko
Temperature dependence of the RIC for the un-

doped Meller Al, Oy sample at the dose rates indicated.

Radiation-induced Conductivity of A1203: Experiment and

theory

Reference

R. W. Klaffky,

B, H. Rose, A. N. Goland and G. J. Dienes

Phys. Rev. B 21 (1980) 3610
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Material | Alp03 (single-crystal)| Property Conductivity 1/1

Irradiation | | ¢ y.¢ electron (BNL Dynamitron)

Condition

18 - Y T T T T T
- LINDE AI,Oy
- 0.004 wt % Cry0y)
[l
TE -
g B
a -
=
= Q
s 0%
- C
['s) -
=3 o
o -
=
(=] o
o
L ° -t
1ot _ -
: - =
o Z
- s 56,6 ni0%ad sac! e
- o 86.6x103rod sact <
s o e66x10%rad sac”’ B
L 1 1 1 1 ) I—
06 1.0 1.4 1.8 22 26 30 34

4 voxh
Temperature dependence of the RIC for the
0.004-wt.%-Cr,0Oy-doped Linde Al, Oy sample.

Radiation-induced Conductivity of Al;03: Experiment and
theory

Reference| R. W. Klaffky, B. H. Rose, A. N. Goland and G. J. Dienes

Phys. Rev. B 21 (1980) 3610
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A-38
Material| SiC (NC-430) Property Resistivity 1/1
Irradiation | 1.2 x1021 n/cm? (E>1 MeV) HRBR (BNL) < 147°C
Condition 8.1x10%1 n/cm? (E>1 Mev) HFIR (ORNL) ~ 730°C
. a 4xi0® n/mE{E > 1 Mev) T, 21373 K
1o 012x10** n/miLE >t Mev) T, 5 473 K
D8 X1 n/mELE>1 Mev) T, 51013 K
st
Siliconized SiC
2}
10~
=1
2}
[l
& st :
a
2
108
sl
2
W0
15
4 ] !
I
P 1 L ] L ] )
o200 400 600 [1:1] 1000 1200 400 1600
Annealing Temperoture | K)
Relative resistivity vs annealing temperature for siliconized SiC;
sample was held ot each lemperature for 10 min, and resistivity was
measured at 296 K.
Mechanical, Thermal, and Microstructural Properties of
Neutron-Irradiated SicC
Reference

J. C. Corelli, J. Hoole, J. Lazzaro and C. W. Lee

J. Am. Ceram. Soc. 66 (1983) 529
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Material | Al1,0; insulated cable |Property| Electrical Conductivity |1/1

Irradiation Y-ray, < 10 R/h, 20~800°C
Condition

LILELE T T 1 T 1]
200 800 00 300 oo 2
-— TJemperature [*C]

R
w0t \\
\ * 0RA"
n'L * 10°R.A
|y a 410°RA"T
3 * W'R.AT
. 'U *
n‘ .
&
2
w2
<
- 2
L]
S
107 O

0 \

-1 ] I ! 1 i L
10 as ! 15 2 2.5 2 15

— 10" 7

Conduclivity as a function of temperature for a |.5 mm
AlL;Oy insulated cable.

Investigation of Mineral Insulated Cables Exposed to High
Temperature and Intense Gamma Radiation

Reference|l H. Bdck and M. Suleiman

Nucl. Inst. Methods 148 (1978) 43
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A-40
Material [ MgO insulated cable Property | Electrical Conductivity 1/1
radiation
Irradiat Y-ray, < 106 R/h, 20~800°C
Condition
L ) 1 L) T T T
200600 400 300 200 00 20
- Jemperafure [’(;]
10"
T 0RA!
0Tl
Lol
£
'U
e &,
=
£
e g
o
[
S
n-ﬂ I
0"
Lolat | 1 | § I J
03 ! 15 2 25 3 15
— o]
Conductivity as & function of temperature for & | mm
MpO insulated cable.
Investigation of Mineral Insulated Cables Exposed to High
Temperature and Intense Gamma Radiation
Reference| H. Bock and M., Suleiman

Nucl. Inst. Methods 148 (1978) 43
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Material

Glass-bonded mica P

roperty Electrical conductivity

Irradiation

Condition

v 108 n/em? (0.1

MeV) ORR

1
w

=

e,
®

Conductivity (17(ohm-m))

-1

188 kHz

|

18 kHz

18@ Hz

/////”ﬁh‘“‘haifllii____
[l 1 L ] 1 1 l

la
86 128

9515 2B4 248 288
Temperature (K)

Electrical conductivity of glass-bonded mica control sample

below room temperature.

—-B

Frequencies of measurement are indicated.
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—
|
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z
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—
]

1 kHz

0,
®
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Conductivity (l/(ahm-m))

—
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|

l

| | 1 L 1

o,

80 128

Temperature

248 280

(KD

160 b-451%]

Electrical conductivity for glass-bonded mica sample irra-

diated to 1022 fast n/m?,

Frequencler are indicated.

Electrical Conductivity of Neutron-Irradiated Glass-bonded

MICA Insulator from 80-

800K

Reference

J. D. Fowler, Jr.

DOE/ER-0113/1, August 1

982, P. 57
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Material

MACOR Property Electrical conductivity 1/1

16
Irradiation| 1077, 10

18 14 Mev n/cm2  RTNS—IT

Condition room temperature
T {*C)
650 400 300 200150 100 S0 30
I | S — T
10 F -

E 0®

[}

c

Y- -7

e 10

Z

o )

O -

S0

0O

z

O

© "

ol il
1.2 1.6 20 24 28 32
000/ T (K)™!
Electrical conductivity of MACOR.
Lines are fits to controls; pointe are data
for samples irradiated to 10 2 14 MeV n/m2,
14 MeV Neutron Irradiation Effects in MACRO Glass Ceramic
Reference

J.D.Fowler,Jr., G.F.Hurley, J.C.Xennedy and F.W.Clinard,Jr.

J. Nucl, Mater, 103 & 104 (1981) 755
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Material

A1203 r MgAl,0y Property | Electrical conductivity

Irradiation

< 3x1020 n/c:m2 (E>0.1 MeV)

Condition 445°C
\\\QQ. gy
'.::""“-’."-.::-h'#
..-l
+r
_u‘l_u
Bt 1 s
r——t
¥
-4
10~ 4//,#*?"“"—\ a r .
N o d AN L . L
1" |-
Lol Lot i triast Lt 1l 1. L Ll1lggin L
1’ 0" &f. neuons/ cm?
Electric conductivity o of plasma-de~
posited materials vs dose &f of fast neutrons.
a) Al,0; (o fractionation); b) MgAl,04 c)
30 :70 solid solution; d) Al,O; (< 40 um frac-
tion}),
Electrophysical Properties of Plasma~Deposited
Refractory Oxides under Reactor Irradiation
Reference V. M. Ivanov, G. M. Kalinin, V. F. Kuzovitkin, S. P. Sklizkov,

N, V, Markina, V. V. Sarksvan and V. A. Skobeleva

Inorg. Mater, 17 (1981) 1203
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A-44
. Si0>p Loss tangent, Density 1/1
Materiall 4-a1,03 (coor AD-995) Property | gielectric constant
Irradiation| & x]_Ol7 n/cm2 (fast) Brookhaven Reactor 95¢C
Condition 2.5 x10L° n/cm? (fast) Sterling Forest Reactor 47°C
Changes in dielectric constant ¢, dissipation factor tané, density,
and cell constants upon irradiation with fast neutrons.
Fused Silica
Irradiation .
(neutrons tans Density Density
per cm?) € (1074 (g/cm?)  change (%)
Unirradiated 3.8 +0.1 0.240.1 2.196 0
6 X108 3.7+0.1 0.230.1
2107 3.74+0.1 0.40.1 e s
6 X107 3.720.1 6.0+0.5 2216 +0.94
2 X10w 3.6+0.1 14041 2,238 +1.95
5 X100 3.630.1 ©18.01 2.241 +2.05
a Alumina .
Irradiation Density
{(neutrons tans LCell constants change
per cm?) < (10 a (A) e (A) (%)
Unirradiated 9.2 £0.1 0.3+0.1 4,757 +0.002 12978 +0.002 0
6 X 1018 9.240.1 03=+0.1
2 X1 90401 05401
6 X107 89401 4.0:£0.5 4.759£0.002 12.984 +0.002 —0.28
210 B.430.1 204025 4.7591+0,002 12.996-0.002 --0.38
510w 83401 1.020.25 4.75910.002 12,997 -+0.002 —0.39
tan & was measured at 1 MHz
Room-Temperature Dielectric Properties of Fast-Neutron-
Irradiated Fused Silica and o Alumina
Referencel{ J. B. MacChesney and G. E. Johnscn

J. Appl. Phys. 35 (1964) 2784
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A-45
Material | Al;05 (single crystal) | Property Dielectric strength 1/1
Irradiation | ~ 2x1022 n/cm? (E> 0.1 MeV) EBR-IT
Condition 650°C, 827°C
g3 e 1 I I
Q
< {4 SINGLE-CRYSTAL Al,0,
2 i
o - ]
S\—‘a _____ ._D.._E_‘_I.____.._.__o.o..__._..___.&___ uuuuu k_
w (o] OOo 0
dg (| © UNIRRADIATED R
52 ® |RRAD AT 925 K
E a IRRAD. AT 1100 K
% o L I ! L]
| 2 3 4 5
10 10 10 10 10
EFFECTIVE NO. OF PULSES TO BREAKDOWN
RT, short-pulse dielectric breakdown strength of Alp03
before and after elevated-temperature irradiation to
~2 x 1026 n/n? (E > 0.1 MeV).
The Inorganic Insulator Program at LASL
Reference} F. W, Clinard, Jr. and D. M. Parkin
USDOE Report No. CONF-801237, 1981, P1l7.1
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ated with high-energy neutrons.

ated with 14-MeV neutrons,

A-46
. Al,03 (single-crystal
‘ : s t e 1
Material and polycrystalline) Property Los angent 1/
Irradiation | 5x10Y7 n/cm? {RTNS-II)
Condition 1x1018 n/cm? (LAMPF)
2 T I T T T
'é.r— 22 2
-
z
& sl .
g 10 n/md
8
2+ -
- 5110'% arm?
G AND CONTROLS _
1 } ) ! |
2 5 6?2 5 15 2
FREQUENCY {Hz}
Loss tangents for polycrystalline MZOB irradi-
2ted with fast neutrons.
2 T T T T T [ T I T T 1]
; T lozz n/mz i ; '6 \J/-
3 E
Z st 2510 n/m? z st -
S * e "3 52102 nsm?
v g N
g L S o .
10'% a/m?
10 5110 n/m? iy —
1 1 1 ] L | | ] 1 Es
2 ' 5 0% 2 2 5 It 2 5w oe
FREQUENCY (Hz) FREQUENCY {Hz)
Loss tangents for singte crystal A1203 {rradi- Loss tangent of single crystal A1203 frradi-

Radiation-Induced RF Loss Tangent and Thermal Stress
Calculation for Ceramic Windows

Reference

J.

D. Fowler, Jr.

J.

Nucl. Mater.

122 & 1

23

(1984) 1359
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A-47
Material SiC (a-81C) Property Lattice parameter 1/1
Irradiation 3x 1021 n/cm2 (E>1 MeV)
Condition 450, 650°C
I—-l
TN
*2 y092f g
v 7
X somel
[
e 3-084—{(
3080 N
a 1 v,
2 sieof }/—*—}————‘ !
»
I
15 140}
(=
L)
15120}
'5'000’§ i 1 s I . 1 i n i N I
¢ I 2 3 4 = & T B 9 0 30
DOSE, n/em2 x 1DE9
a-SiC lattice parameters as a function of irradiationat 450°C.
3096
B e —
*< 3092
g o f
% 3088}
g 3-084-1
3080 1 kY 1 . L i 1 A 1 1 A U ——
15 lBOL {
I5170 s
~l |5 160+ /§
v }
% 15140+
<t
S msiz0h /
15100 f " - 1 " N L : L 1 A e
o | 2z 3 &4 % & T &8 9 0 30
DOSE, nrem? x 1020
&-SiC lattice parameters as a function of irradiationat 650°C.
Irradiation Damage in Reaction-bonded Silicon Carbide
Referencel R. B. Mattews

J. Nucl. Mater.ﬂ (1974) 203
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A-48
Material| BeO Property Lattice parameter 1/1
Irradiation | < 2x1021 n/cm?2 (E>1 Mev) ETR
Condition 110, 650, 1100°C
Results of X-ray Diffraction Examination of BeQ Irradiated at 110°C*
Fast-Neutron | Fast-Neutron
BeO Dose Flux .
Type | (>1 MeV) (>1 MeV) Aa/as aAc/ce aAV/V,
(n/em®) | [n/{em® sec))
(x 10™) < 10") (+ 0.0001) | (x 0.0003) ] (z 0.0003)
v 0.4 0.0 £.0010 0.0100 0.0120
1 0.7 1.7 0.0012 0.0256 0,0280
v 1.0 2.4 0.0013 0.0298 0.0324
1 1.0 2.4 0.0013 0.0326 0.0352
Fast-Neutron | Fast-Neutron
» | BeO Dose Flux Temp. b
Experiment Type| (>1 Mev) (>1 MeV) C} Aafa, Ac/eo AV/V,
t/em") | [n/(cm® sec))
x 10% x 10™ {£ 0.0001) {(+ 0.0003) | (+ £.0003)
41-9 v 0.8 1.0 650 0 0.0150 0.0150
41-9 1 0.9 1.1 650 0 0.0158 0,0158
41-9 1 1.7 21 650 0.0001 0.0140 0.0142
41-9 v 1.1 2.1 650 o 0.0226 0.0226
41-8 v 1.3 0.8 650 0.0001 0.0152 0.0154
41-8 n 1.6 " 1.0 650 0 0.0114 0.0114
41-8 n 1.8 1.1 650 0 0.0205 0.0205
41-8 i | 1.9 1.2 650 0 0.0191 0.0191
41-8 o 2.0 1.3 650 0 0.0194 0.0194
41-8 1 2.9 1.8 650 0 0.0212 0.0212
41-8 v 4.3 2.7 650 0.0004 0.0209 0.0217
41-8 1 4.5 2.8 650 0.0005 0.0204 0.0214
41-9 1 0.7 0.9 1100 0 0 o
41-8 v 0.8 1.0 1100 0 0 0
41-8 v 1.9 2.4 1100 0 0.0019 0.0019
41-8 1 1.9 2.4 1100 0 0.0034 0.0034
41-8 o 1.0 0.6 1100 0.6001 0.00156 0.0018
41-8 v 1.8 1.1 1100 0.0001 0 0.0002
41-8 v 3.2 2.0 1100 0 0.0028 0.0028
41-8 1 34 2.2 1100 0,0001 0 0.0002
*Llattice parameters were calculated from measurements of the 21.1 and 21.0 reflections
of Ni Ko x radiation from BeO compacts irradiated in Experiments 41-8 and 41-9, which
were ground to a fine powder.
"Irradiation times of Experiments 41-8 and 41-9 were 1.59 X 10" and 7.95 x 10%sec,
respectively.
bThe fractional volume increase AV/V, was calculated from the equation aV/Vy = 2 Aa/ae
+AC/Cn.
Irradiation Damage to Sintered Beryllium Oxide as Function
of Fast-Neutron Dose and Flux at 110, 650, and 1100°C
Reference| G. W. Keilholtz, J. E. Lee, Jr. and R. E. Moore

Nucl. Sic. and Eng. 26 (1966) 329
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A-49
Material BeO Property Lattice parameter 1/2
Irradiation | < 2x1021 n/cm? (E>1 Mev)  ETR
Condition 110, 650, 1100°C
OPEN SYMBOLS - VOLUME INCREASE FROM DIMENSIONAL
MEASUREMENTS
SOLD SYMBOLS - VOLUME #CREASE CALCULATED FROM
LATTICE PARAMETERS
| LOW DENSITY (=2.7 g/em¥)
SMALL GRAIN SIZE {= 17 u)
o 11 LOW DENSITY (= 2.7 g/em®)
LARGE GRAIN SIZE (= 34 n)
o 11 HIGH DENSITY (= 2.9 9/em3)
SMALL GRAIN SIZE (= 25 u}
v ry HIGH DENSITY (=29 g/tm3)
LARGE GRAIN SIZE (= 74 u)
t  SINGLE CRYSTALS
7 ]
T~ 10
6 N L
b
| FROM DIMENSIONAL : T |
2 5= LeasuREmENTS OF CALCULATED FROM
w BeO COMPACTS ol ¢ /7 AERAGE LATTICE PARA-
d 4 [ 4 METER EXPANSIONS IN
] POWDERED COMPACTS (241 AND)|
g 210 REFLECTIONS, Ni~ .
2, RADIATION ) i
: AN
et
§. 2 4 %_/—1
,ﬂf//, =T CALCULATED FROM
{ 7 DENSITY MEASUREMENTS OF -
SINGLE CRYSTALS
o | | ]
C 01 02 03 04 05 06 07 08 (0%
FAST-NEUTRON DOSE (n/cme, > 4 Mev)

Volume increase of i-in. BeO compacts
and single crystals irradiated at 110°C vs fast-neutron
dose.

Irradiation Damage to Sintered Beryllium Oxide as a Function
of Fast-Neutron Dose and Flux at 110, 650, and 1100°C
Reference| G. W. Keilheltz, J. E. Lee, Jr. and R. E. Moore

Nucl. Soc. and Eng, 26 (1966)

329
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A-50
Material| peo Property Lattice parameter 1/1
Irradiation | < 2x1021 n/cm? (E>1 MeV) ETR
Condition 110, 650, 1i00°C
#1100°C  LOW DENSITY (£2.7 g/em®) 1 LOW DENSITY (22.7 g/cm®)
0650°C | SMALL GRAIN SIZE (=17 4) SMALL GRAIN SIZE (=17 u)
*100°C | LOW DENSITY (%27 g/em*) jf LOW DENSITY (=27 g/cm®)
0 650°C ' LARGE GRAIN SIZE (= 34 u) LARGE GRAIN SIZE (=34 u}
» 1H00C - WGH DENSITY (=29 q/cm’) o m HIGH DENSITY (=29 q/cm!'l
5 650°C " SMALL GRAIN SIZE {=25 u) SMALL GRAN SIZE (= 25 p)
¥ U00°C ., HWIGH DENSITY (=29 g/om®) v gy HIGH DENSITY (=29 g/cm™)
v650°C Y LARGE GRAIN SIZE (=74 ) LARGE GRAI SIZE (=74 u)
7 4 T 1
F~HO0*C
3 i ¢
/f #s :
Es / 1,13, AND 111 - 650 °C o vt I
2 / v Q 4q ——'"""_—._-_- 2 4
a o &
: /// * L & " m T
= -’--
£ s ) V=400 A~ | w3—1 AT .
A e — 2 1 at 1 2
2 “/., =1 T § g 2| ot e
/ ]l]-!i%/,—-" :-
1 "1 u -n | -
] A [1-#00 %
o
o l 0 1 2 3 a  (r0?

¢ 02 04 06 08 10 12 44 6 (2402

FAST-NEUTRON DOSE (n/cmi, >1 MeV)

Volume increase of 1/2-in. BeO specimens
irradiated at 650 and 1100°C in short-term experiment
41-8 (7.95 x 10° sec) vs fast-neutron dose.

FAST-NEUTRON DOSE {n/cm2, >t Mev)

Volume {ncrease of 1/2-in, BeO specimens
irradiated at 1100°C in long-term experiment 41-8 (1.6%
»107 sec) ve fast-neutron dose.

Irradiation Damage to Sintered Beryllium Oxide as a Function
of Fast-Neturcn Dose and Flux at 110,

650, and 1100°C

Reference

G. W. Keilholtz, J. E. Lee, Jr, and R. E. Moore

Nucl. sSic, and Eng. 26

(1966) 329
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Material

SipgNo0 . Property Lattice Parameter 1/1

Irradiation
Condition

1017 3 %1020 fast n/cm? SILOE (CENG)

< 327°C
a’a.
1006
1004
|oo?

wol, b/b.

-

ol

\\,

1000 r'k. c/c.

0994

0996 _

0994

0992

100 \\V /V.

0388

0996 l

0.994 \\\\\\\Hﬁ““Luih_thqh“ri
0.992

Dose [n/cm’)
0 50 oo 150 x 10"

Relative lattice parameters and unit-cell volume change of or-
therhombic SikN; O with fast neutron irradiation,

‘Variation of the Lattice Parameters of SijsN0 with Fast

Neutron Irradiation

Reference

M, Billy, J. C.'Labbe, A, Selvaraj, G. Roult and L, Cartz

J. Am. Ceram. Soc. fz_(l979) 540
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Material| sisN, Sialon Property Lattice parameter 1/1°

Irradiation 3x102L n/cm2 (F>0,]1 MeV) EBR-ITI

Condition 742°C
Material Major Phase Impurity Phases
Norton SizNy B-S13Ny a-Si3Ny
S1,0N;
Mg0
Ceradyne SijNy B-SiNy, Mg0
51,08, 51,00, B-514Ny,
sicC
Lattice Parameter Changes
Aa/a, Ab/b be/c
S51,0N» 4+0.,17% -0.172 -0.26%
Si3N,2 +0.022% - +0.01%
Si3N,b -0.08% — 0
Sialon -0.172 -- +.162

dNorton NC-132
bCeradyne

X-ray Analysis of Internal Strain in Neutron-Irradiated
Silicon Nitride and Oxynitrides

Reference| g, F, Hurley and F. H., Cocks

USDOE Report, DOE/ER-0113, Nov. 1981, 2.3
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Material | BeO, Al704, AL,04~S51 P Helium liberation
1 Al203, 715043510, roPerty | gelium migration

Irradiati '
rradiation | o 53 4 141021 n/cm? (E=0.8 MeV)
Condition

Concentration of Helium in Stored Vacancies In Different Specimens after Lrradla-
tion in a Reactor

i Neutron Coocon. of [Conen. of
T Chemical composition, mass % Noclear reaction [HiCACE(ER m:ndj" helium, storedvacan,

- ] 0.8 MeV), s1om/e clesperl
g {0 10 |Fey0,] Ca0 | ByOp | Mp0 | LIO newrr, /e’ emp., T featculationlem?[12-14]

Bel 1 - *Be(n, 2)'LI 8- 10 ~ 75| 1,44-10* 2,88 {01

*De (n, 2n)2¢He

GB-1[or.07| o, 92| 0,08 0.0 YO D2 — - 8 (m, a}'Li 1,26 ipee - 100 6.4 10" 1,15-10%

i 1,0-108! i,22.400 9,2-10%

MG-2 {60,041 21,102( 0,4 | 2,32 | 1.67 |24 ] — B (a, «)'Li 1,26 105 ~ 100 | 9,38 1010 §,15-10%

{01000 1,06 101 9,210

L-24 47,5 |49,67]200 jo81 ] — | T2 0,5 | 'Li{r, a¥H 1,28 e ~ 00 | 2.52.100 1,151

1,0-10%1 3,881 9,2-10=

Activation Energy for Migration
of Hellum in Different Irradiated Ceramic

Specimens
Speci- |Acuvation ea- |Annealing Fluence, 10*
men rgy. eV temp., ‘C nawutrons £re
Re0 n,1—0,3 100—250 8,0
0,6-0,8 400— 500

E MG-2 0,1—0,3 100— 300 1,28
- 0,5—1,2 350500
- 0,3 100—300
) 0,514 350--500 10,0

. GB-T 0,1—0,6 100—300 1,26

E’ 0,5—1,0 400— 600
] 0,1—0,4 1N0—300
] 0,4—10,6 400— G600 10,0
ol L-24 0,4—0.5 100—300 1,26

© 0,8—1,2 500— 700

g 0,25—0,5 100— 300
= 1,0-1,3 500—700 10,0

£ AN 0,1—0,2 100—300 1,26
2 6,5—0,8 200— 400
= 0,25~1,0 600-—~B00 12,0

[-]
B Note, Temperature of BeO irradlation~ 75°C;
4 ‘\J T T TP S | for the remaining materials studied ~100°C.

! n LIy 00 a9’ e
Temperature, "C

Flg. 3

Temperature dependence of the rate of liberation of helium out of
ber‘yIllum oxide, irradiated to a fluence of 6. 102 (@) 7.10% (©); and 1.2-
10% (A) neutrons/cm?, The annealing rate was 5°C/min,

Helium liberation from Irradiated Ceramic Materials

Reference| A. Vv, Khudyakov, GB, Shchekina and A, N .Lepikhov

Sov. At. Energy 52 (1982) 173
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stray light.

A-54
. . Optical Absorption
Material A1203 (single crystal) Property Cgefficient P 1/2
Irradiation 5~ 15 MeV proton (LASL Tanden Van de Graff)
Condition 14 MeV n RTNS (LLL)
Optical Absorption vs. Particle Energy
Energy Fluence Optical Atlﬁ' Coeff. Ratio of Abs.
{(MeV) {cm?2) {(ecm 7) to Fluence
In QOut
5 2 6.75 x 1015 24 3.6 x10 1°
* -
9 6 5.6 x 1016 55.8 1.0 x 10 13
12 9.5 2.1 x 1016 37 1.8 x10 13
16 -15
15 13 2.1 x10 30.5 1.5 x 10
14MeV n 1 x 1017 1245 1,24 x 10715
¥ Estimated

*%This may have underestimated by ~30% because of spectrophotometer

Al203

High Energy Proteon Simulation of 14-MeV Neutron Damage in

Reference

D. W. Muir and J. M. Bunch

Fusion Reactor,

IT-517

Conf. Proc. Radiation Effects and Tritium Technology for
CONF~750989 (1976)
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Material| Al,03 (single crystal)|Property (égf;%gaiiié\iiorptlon 2/2

Irradiation| 5+ 15 MeV proton
Condition 14 MeV n RTNS (LLL)

I T 1 T

q,r-u-—-— [Livy)
3 0T wremd, )00 W]

L

Optical Absorption Coufficlent (o'} (neutron datel

Optical Absorption CoufPiciowt (cr"){ prolon dote)

- ¥ [ ) [)
Proton Erergy V]

Optical Absorption of Sapphire Irradiated and Measured
at Room Temperature.

Porcent Coler Mumaining
Bom 2 £ 8

Temperaturs (K)

Isochronal Annealing Curves for the Three Principal
Absorption Peaks of sapphire

High Energy Proton Simulation of 14 MeV Neutron Damage in
AloC3

Reference| D. W. Muir and J. M. BRunch

Conf, Proc., Radiation Effects and Tritium Technology for
Fusion Reactor, CONF, 750989 (1976}, II-517
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A-56
Material Porcelain Property Specific heat 1/1
Irradiation | 14.3 Mev n (Neutron Generator)
Condition 8.4, 16.8, 21.0x1010 n/cm?2
Speci
p::_TM Pre irr. ¢p 0.2083
Post irr. tp 0.1848
\
\_'— —_— e — ——
1 1 t '
Specimen wr. cp 0.200
Mo-2 Post irr. ¢p D.188
£
Iy M — ——
R m— e et e
-E Pre wr. cp 01256
& | Specimen Postirr. cp 02266
e No. 3
[ —— e e ———
4 . . 1
Specimen Pre wr. cp O 1826
No. £ Post irr. tp 0.1926
[ 1 - 1 .
o 100 300
Termperature [*C]
Specific heat curves of porcelain
specimens No.1,2,3 and 4 before
and after irradiation with Composition of the prepared por-
16.8 x 1010 n/cm? celain bodies
Body Raw materials inwt.-%
No. Feld- Quarz Alumina Sinal  Aswan
spar kaolin  clay
1 20 v - 30 20
2 20 25 - a5 20
3 20 - 20 40 20
Investigations on Porcelain and Fast Neutron Effects
Reference| W. A. Fattach and D. §. El-Alousi

Sprechsaal 115 (1882) 1113
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6. Summary

A data base of radiation effects on ceramic insulators
was made by collecting the published literatures. As the
study of radiation effects on ceramics is now in progress
and many kinds of properties should be examined, the data
base is thought to be insufficient for getting a sound under-
standing of radiation effects and for optimizing ceramic
materials to fusion application. As compared to the data
base of metal, the amount of data on ceramic materials is
found to be much less.

The effort for extending the data base and studying the
fundamental process of radiation damage in ceramics would be

important.



