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Post-Irradiation Experiments on Physical, Thermal and Microstructural Properties
of Neutron-Iradiated Ceramics(II)

Toyohiko Yano*

Succeeding to the report on the post-irradiation experiments conducted in the previous year, this
is a summary report on the post-irradiation experiments of physical, thermal and microstructural
properties of neutron-irradiated various ceramics, which are expected to be applied to the in-core
materials of an Advanced Fast Breeder Reactor in near future. Four candidate ceramics, AlO3, AN,

SiC and Si3N4 were fast-neutron-irradiated up to a fluence of 3.9x1026n/m2, different irradiation
conditions from the previous report specimens, in the CMIR-4 rig in the JOYO experimental fast reactor
in JNC. The following observations were performed: (1) Microstructural observation by means of
transmission electron microscopy, (2) Measurement of swelling, (3) Measurement of thermal diffusivity
by a laser-flush method, (4) Recovery of swelling by isochronal annealing, and (5) Recovery of thermal
diffusivity by isochronal annealing. Obtained main results are summarized as follows.

Macroscopic length changes by neutron irradiation of Al203 and AIN were measured to be 1.8-
2.0% and these of SiC and Si3N4 to be 0.2-0.4%, respectively. Thermal diffusivities of all irradiated

materials degraded to 0.03-0.05cm?/s, irrespective of materials which had large difference before
irradiation. Microstructural observation of irradiated materials by TEM revealed that Al2O3 contained
high-density loops, microvoids in grains, and microcracking along grain boundaries, AIN contained
high-density loops and microcracking along grain boundaries, SiC contained high-density loops, and
Si3N4 contained loops lying on the planes parallel to the c-axis, respectively. Macroscopic length of
Al03 and AlN started to recover at around 800° or 1100°C, respectively, irrespective of irradiation
temperature, and reduced quickly. Macroscopic length of SiC recovered gradually from near the
irradiation temperature. SisN4 showed no recovery in macroscopic length within the present
experimental conditions. Thermal diffusivity of these ceramics gradually increased at around irradiation
temperature or slight higher temperature, and reached more than 70%, about 1/3, or 1/10 of the pre-

irradiation values in SiC, Si3Na4, or AIN after annealing at 1300°C for 1 h, respectively.

This work has been performed under the contract between Japan Nuclear Cycle Development Institute
and Tokyo Institute of Technology.

* Research Labratory for Nuclear Reactors, Tokyo Institute of Technology
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3.11 RHNCX 3%k :

XA 70XA—F =X DPELIBRBBROES L ALY VS DEZEIICR T, LD
TOTA4A 7 VEBBIVREINEO—BEIRL. B, ALYV 72et8+5i1CY
72oT, BERMOESIIBRICE WlIEEN-fEE L, 7-. XEOEL DB (22)
PWOPRVDT, BL{HEEN-D DX, BEMDI G, o LIKEL,

&3 AL ¥ IHEER

= BE | BiEE | RENES * BHEES ARXLY Y7 | ALY T *
(n/m?) () (mm) (mm) (%) (%)
A1203 | 39x10% | 585 15513 15.791 1.79 1.87
3.9x10% | 585 15525 15.796 1.75 1.81
3.7x10% | 735 15515 15.820 1.97 197
3.7x10% | 735 15519 15.822 195 1.96
SiC 3.9x102% 585 14521 14.579 0.40 043
3.9x10% | 585 14518 14.576 0.40 0.40
3.7x10% | 735 14519 14,570 0.35 0.32
3.7x10% | 735 14516 14.567 035 0.36-
Si3N4 3.9x102%6 585 15.510 15.563 0.34 0.35
3.9x10% | 585 15.506 15.563 0.41 041
3.7x10% | 735 15524 15551 0.17 0.23
3.7x10% | 735 15.528 15.551 0.15 0.18
AIN 3.9x10% | 585 14.498 14.776 1.92 1.93
3.9x10% | 585 14.490 14.767 191 2.05
3.7x10% | 735 14.506 14.766 1.79 1.85
3.7x10% | 735 14512 14.769 177 1.79

*94 2 VBBIC L Y EIE S hiE
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SEONEMTERZIZT A4 7 VIRE OREMICIZIZHIS L TVRE 2, bFNIT/HhI v,
CHIRAEEDRNICE S LEZ LN, LTOZRICBWTI, HEROLKE 2@#mE
THRIG A 7 VBBIC I 20EEEZ. AT Y 7OREZRETSH L EXERRITEKRSE
TOWEEEFE o

312 ALY vZOEHE

(1) BREHEEF585C. BBATE3.9X 10200/ m2D AR [ 53 E)
Al203, AIN, SiC, SisN4aREDER 7 = — VIC X 3 R ESBb 2 F N FRE1~4I27- T

Al1203 (H1) 1Z800CF T, EEOTtiz v, ZhULOBEENT7T=—IVIZINE
WICEHSE (G 25D, 1100 CULETIIZOREFRR/N S 2 PHESRMNT 548
M5 L7235, BEROE I TIRAIEL TR, ISEEGIEEIL. BSHEE (585T)
Y. HoRilEh o,

AIN (E02) iZ400CEFCHEL-BATREIBEL LIV, ZhULOWEITITE
ehol, ZAMIBO TEBETH o, 28, 400CE TR, EfLiTRD LN
Polz.

SiC (E3) 13500CHHE X W EIEABT Y. 7= — VIREO LR L ICIZIZERAI
BEBITT. 1300C T, KA HEE L7125, LB ORE SICIIEEL Ty iz,
200CEF THOEEBETOELIL, QIELORELBDNS,

SisNa (B4) iF. AT ¥ 3O ERTRE L, ZNREATEMD EH ZIT Vv,
700 CUE THhTRICHA T 2 HIIED b hids, £RORERIZDT I THo72, ¥
7=, 1200CULETHOTIL2EBEREERL

(2) BBEHEREET735°C. HRETE3.7X1026n/m2DHF 0 BIEEH)
Al203, AlN, SiC, SisN4RBDERE7 = — VIC X 2 B S E{L 2”5 ~8ITR T,

Al,03 (E5) i%. 900 CHHE ¥ THESDELHERY bhewds, TN LOBREDT
SV X D ARARDEEE R L7, 1300CTid, URRESRRET T 2EElH) . B
S OMEICIZEE L Ty, IUREKIEREIE. RBIHRE X D 200CEER, o,

AIN (E06) 1. 1000CHHE ¥ TREXOEIZEL, 1100CU LT =— ViREEIZ X
D &I L. 1300C T, BHRIOMEICIZEE L Twitv,

Sic (K7) 1. 500CHHE X Y P840, 1200CE T 7 = — ViRED LA ICHVE
WA IUE L7225, 1300CTRE{EDTRICEk oz, CORITORFERIL, ALY ¥
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TRIK ORTHEGEBETH o7, BEORMEREIR, BHHEE GREME) b, B
DICEVIEETH o 7=,

Si3N4 (B8) i, 7=— W2k 2 REELIIEOTEAITH Y, 800CLETRRIET

Z2EMHAED N2, 1300CTHIRLALEE L2 o7 F7-. 1200CHETHT
PLRBEER L. 2hd, B4ERFETH o7,
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2‘50 L] L} L l L} L] L l 1 L] L] | 1 1] fl 1 L] L] I 1 L4 L] I L] L] { ' ¥ ) L)
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2.50 rvvevlr v oo Ty

r L3 Ll 1§ l L] 1] l- [ 1] 1 1] I L 1 4 L g ' [ ] L L]
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3.2 WiEEEE

3.2.1 AlO3

(1) 3.9x10%6n/m?2, 620CHREHAE OBLEHEE
K9-12123.9x 10%%n/m?2 . 620 CRHEABOETFEMBEEEERT.

BEROBEERONINS, —HORTFERIIH > TRRI IV INELTNE I L
Wohd, £, TXRTORFICESROIY PSS IEEBINS, BRZ2ETFEK
10-111CHE, &5 K RMENEHICKEA S TWBBETRS NS, F11IZiE, RFO1Hm
WEFILEBEANWARDOA N SAMEAI NS XA MNCEET AL ITEEIIERL
TWBZENbns, MI2QIWRULEEETIEEBETFTRIZ, EHEL TWAI EML, /AT
RO M IR N, clilici o TERLUEMNzRT REBEDNS (Youngman et
al.[2], Clinard et al.[3])) ., F/REELEC, ETRBR2ZT52D, REOXREA
SEL, B TIECRELB I EBBEERINE. ZOREOBEIL. FEOHMICHE
HRCREINE EEZI NS, ZOEFHREIIODVWTIR, RBCLDTTIREEEN
TWwa4],

(2) 3.7x10%6n/m2., 727 CHRHFHAE OEEEERE
[13-1613.7x10%5n/m2 ., 727CRHRBOBFEMBEFEEZTT .

BEBOERTH S, M1305, 1) RULERBERRE. BRI IV INRAST
WAN, BRIZPRERD, LD AL, R RIZERMLAERBRKREZRL TVWD EIA0%
Mo, =, RFHICD., N1 ROAERLICHATEEI N, AITRORMEEL (
1) ORBELDEWVWELDE, FoMoHE (1) ORBERKETH o,

HEeEKICEBERIIM L EoEMBEREDINS O T A M OREIIYoungman et
al.[2], Clinard et al.[BIOWMEIFEHTEULTWBEIENS, N5 DEMIFET.
IN—H—Z Y 8)b=1/3<10I1>TH V., QOODEIFEEL TWBEEEZ5ND,
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9 AlbO3M3.9x1025n/m?2, 620 CRFABOEFEMBEETE

0.2 pm

10 AlsO3mM3.9x1026n/m2, 620CHEHFEOEFEHEEE
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E o

-8

11 AloO3M3.9x1020n/m2. 620CHBEHFE D EFIEMEEER

K12 AlpO303.9x10%5n/m?2 . 620CHREHE OE T HEMEER
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1 pum

K13 Al203%3.7X10%6n/m2 . 727 CRREIERE D E FIEMIEEE

AN

=~

0.2 um
14 Al203MD3.7X10%6n/m?2 |, 727 CHRHRBOETHEMBEER
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0.1 pm

K15 AlbO3?m3.7x1020n/m2 ., 727CHEHFEE OB TEMEEER

K16 AloO3M3.7x1026n/m?2, 727TCRENFHBOETEMETE
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3.2.2 AIN

(1) 3.9x1026n/m2, 620CHREHRE DEREE
K17-20iCAIND3.9x 1026n/m2, 620CHRERE OEFHMEEE 2 RT,

K17-1813, EERDEETHD. Z<ORRIC, 79V IBEREINTNWDS Z E8HHM
B, ZL, AU TORFEICERTSEEZ O NS, M19-20&0, BTFRICIIS
BOWMZRERKE GV —T) NEAINTED, 22OV TE, RIZET.

(2) 3.7x10%6n/m?2, 727CHRHERBOHERR
K|21-24ICAIND3.7x 1026n/m2, 727°C RERHE OETFEMETESRT,

BEROERTHZK21-22&L0, (1) EFEKE, ORI Sy IABRIN T
BT ENNB, M23-245 1D, BHBREHIIZIER IR WK TFREBICE BEE T
BRENTNE Z LR35, K23-24DBENMEREGB LT, EE5 OLIFTOWED, 6]
N5, 10-20nmiBE DK TREERETF R — 75 (0001) HIRERINTWS Z E5%
MB, IMTRT2.4x10%4 n/m2, 470CTHRE LERBHIZEAR, BAL— 7O Thik
ENTENTERENDS, OB —TDOIN—H =2 FUIE1/200001]EHE ST
W3[5, ZDEN, K1 RIZSODEZABRINTVARN,
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17 AIN®3.9x1026n/m2. 620 CHBHRBOEFHEMEEE

218 AIN®3.9x10%5n/m? ., 620 CHBHNABOETFHEMEEE
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0.1 pm

SEH

10 nm

20 AIND3.9X102%6n/m? ., 620 CHBEERBOBETFHEMEEE
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1 pm

21 AIND3.7X1026n/m? . 727 CHRHERBOEFHEMBEEE

0.2 pm

;i\b

H22 AIND3.7X10%26n/m?2 . 727 CREHBOBTFEMREES
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0.1 pm
23 AIND3.7X10%6n/m?2 | 727C BEsEOE FEMEE R

AIND3.7X102%06n/m2 . 727 CRRSREOEFHEMBEEE
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3.2.3 SiC

(1) 3.9x10%26n/m?2, 620CHRHERL OEREEE
K25-281zSICM3.9x10%6n/m?2 ., 620 C RN R O EFHEMESEEET.

2526130 NG LB ROBEETH B, SICHFHIC EHEE DR /RIGAEA X
NTWBZENLNB, IR T 7 ORERRDLNIEWN, £, R ROREHRD
S5V, H27-28DEEROEHEN S, BELIANICHEEL EBREY. BEEICHEE

?é&%%?%hf%\ﬁ&»~7ﬁﬁ&?é:&ﬁﬁ#écBSE®%EK%M(M1
HICFET 5,

(2) 3.7x10%6n/m2, 727CHRERE OBERHEE
29-321zSIC?M3.7x 10%6n/m2 , 727 CHRHHE OEFEMEETE%ERT,

EROREIT, (1) LFARTHS. R29-30IEHBEMERROERTHS . K30-321F
QUIDEIZ TR AN SR LS OT, (LIDEERMIERE LTHEEINS, EE
RV BEICHFET 50%, TNEXDIH A BERORMIZLZ EBbNBAV NS
ANDBREI NG, H31-3213, MAMECEHTH D, BERHEERETEHMIC, &
B WIIRE R ST, RO M I X MRRBIN, ThEIEEESILENCRE
L7eBTRBERM ) — T ERKRTSH 5(7,8]. T DEBALIL—T ON—H—AXZ bVl
/31113 TH Y, {111} HEREETS. BUEENBD THEWO T, — TR HEE
ALTWS, 50, BEOBRBRBEMEFALTNS ZENTFHEN, I5R5H
UWBF AW ETDH 5.
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K25 SiC?3.9x10%6n/m2, 620CHRHZE O ETFEMESE

K26 SiC?D3.9x10%6n/m?2., 620CHRHBEOEFEUEEE
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K27 SiC?M3.9x1026n/m2. 620CHRHZE OETFHEMEER

28 SiC?M3.9x10%6n/m2. 620 CHREHE OEFHEMBETHE
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BMEEE

DEF

[

Il
|

%Et

. 727C B

x1026n/m?2

7

%29 SiCD3

tORTIHRMIEETE

X2

7

B30 SiC?M3.7x10%%n/m2, 727°C &t
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50 nm

K31 SiCM3.7x1026n/m2. 727C B RE OEFHEMEEER

K32 SiC?M3.7x1026n/m?2 ., 727C BHHE OEFEMETE
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3.2.4 SigNy

(1) 3.9x10%6n/m2, 620°CHEHRE OB E
B133-361CSigN4D3.9x 1026n/m?2 . 620CREHE O ETFEMESEE 251,

H%ﬁ\ﬁ%%QgﬁTﬁéoﬁ?@%%@ﬁo%@bt%@%k%ﬁﬁ?#%ﬁél
&\$ﬁ%fmht@®t5£vﬁX&iED\#EbﬁéwﬁﬂﬁﬁﬁﬁTéztﬁb
Do (ZOBEETEAPHIRIRIATVEEHS) . SENOBFRICIFENIY 5 X ~
PE—IZ A TWB I ENHDNBHN, BREICITZD L 27232 NI X MIR SN,
B@%%Kﬁ%ﬁﬁ%%bﬁf%%bkﬁ%ﬁwﬁﬁébbToGMM)EK£EK§
&@mém(<mmm&&ﬁ%ﬁéh1m5:aﬁﬁ@5°ﬁﬁ\ﬁW@ﬁ4Pﬁﬁ%
éhﬁmoit\Eﬁﬁﬁﬁﬁﬁ%bfmé%é%ﬁ%éhto&@M@¢%¥%%@%
L TOREREO THRFHERENZ Y, . BEEFE2HE LTV 0.
Youngman and Mitchelll9] 2\ T 5. SHEBRINMES. T BEMOFRIR
%m\&Bkiofﬁﬁéhk%wtﬁbfﬁwamtoEﬁ,%@@%ﬁﬁu\ﬁﬁ
ﬁ@ﬁﬁﬁﬁonEWﬁ\%?ﬁﬁﬁﬁﬁﬁém\%hﬁ#ﬂ%ﬁ?@ét?ﬁéh

(2) 3.7x10%6n/m2, 727°C BHERE OBLZREEE
BI37-40IZSigN4?D3.7x 1026n/m2 , 727C BNRB OEFEMEEE 5nT,
2RIZ (1) &ﬁﬁmﬁ%%%bkoﬁ%WéﬁKmﬁﬁwﬁﬁﬁimbTmto%mm

EEREOBRTHS, (1) KOPPKRESRoLEMNBEING, - OEMIL. KT
HEBONBY, BIEMIT2ED TS EIATH B,
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0.2 pm

K33 Si3N4M3.9X1026n/m2 . 620 CEB B OB FIEMEEE

0.1 pm |

34 Si3N4M3.9X10%6n/m?, 620 CHBERAB OEFHEMESE







JNC TJo400 99-012

20 nm

35 SisN4?3.9x1020n/m?2 . 620 CHRHZHE OE FEMESE

36 SigN4?3.9x10%26n/m2, 620CHRNRB OETFEMBEEE
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0.2 pm

37 SiaN4®3.7X10%6n/m2 . 727C BHEILOBFEMEEE

2 . ; 0.1 pm .
38 SisN43.7X10%6n/m? ., 727C BERMOBFHEMBEEE
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39 SisN4?®3.7X10%26n/m2 . 727C BEEBOEFEMBEEE

40 SiaN4?3.7X10%26n/m?2 ., 727C BERFHOBFEMSREE
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3.3 BILEEER
3.3.1 BT X 2 g0k

RUCBH G & BB 2R RBHM 2, A—2BCHELLERORT.

&4 RIBEROWEE

A | RBits | REEE | REB§M O | BEMORIE | £bX (%) | kKBS
m/m?) | (C) | BEBE | BHE (/) B &
(cm?/s) (cm2/s)*
Al203 | 0.5 1026 377 0.118 (WEAEE) - 0.107
SiC |o05x1026 | 377 0.410 0.0458 -88.8 0.418
05X1026 | 377 0.410 0.0483 -88.2 0.418
Si3N4 |05x1026 | 377 0.258 0.0417 -83.3 0.232
0.5X1026 | 377 0.258 0.0382 -84.7 0.232
AIN |05x1026 | 377 0.986 0.0326 -96.7 1.198"
0.5X1026 | 377 0.986 0.0335 -96.6 | 1.198"

B4 7 VBBOREEROMEEILRE ~H#%0.6680/g - & L,

FAIRT X 92, PRFRHIC X 2R8IBEROBSE, WTFhoHEHBWTHF LY,
BELDENICHWEZR LZAINKEBW T, FIKETOESWRIKEV, AlRO3EF L, &
EARE (FYRZ)VVT) LIk )ilkoTBY, XUy FOEEZEDOD T izhol
DT, WETE ol T, S3NFEH I 2@ BAEL T, FHREMICHNEED
REPRBO ORI, Ay 5 —F 4 7THEETELOT, WEL T2 READHEOM
EWIBEL T 2VOT, WEBEICETOREEZ5250b Lk, BFHEEL
2L, T, BEORBTIRIO L ) 2B IREMRBO oo 7-0 T, BEEIIARH
ThHbo T WELZ2EOREEDBRNCIZSINGFAB LB X, ZLA YR o7z, Si3Ng
FRHIOWTIHEIAR L-BRICX2EEz2 6015,

FBRHEM OBIEBRORNEEIZ. FERBIUY A 7 VB TOREIC X Y AINERE,
e ( —ﬁbf‘l‘f:o
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3.3.2 8B 7 —— )iz X 2 RILHEBOLL

(1) BHHREE377C, RHER0.5x 1025n/m20#E O B 28
AIN,SIC,SigNg MBI OFR T = — )V ic X 5 RIEBROE(LZR41-43IT5R T,

AINDRIEHER (H41) 1Z700CHIEETELL AN oA, THELETh TR
(E) %IBU®, Z5I, 800CL,ETAMERL A, 1300CHT =— T &> T
b, REHOEDDTAICI0%DME L ARSI o,

SICOEIEER (K42) 3. 500CHHEE TLELah o/t ZhBl L TR & ICEHE

ﬁ;ﬁb\ #IT1200CUA L TEIEEMNAE <. 1300CTiE. KBHDEDKO0 % DEER

SiaN4DEPEHE (K43) 13, 400CHEE TE Lokt ENL L THRAICE

?’E‘?’RL\ 1300C T, RBHOEOWA0%DEERL. SICEMYULEELERL

(2) REHERESTTC. REHE0.5x1020n/m2oRE 0% 7 ——IVICXKBESIEL

AIN,SIiC,SisNg BB OZH 7 —— Nk 3 EX L2 H45-48ITR Y. RLHRZH
FELEREBOK2MMO BEXOE{E 7Ty A4V OA—F —TRELEDBOTH
0. BIEBEIRS.I2ERLETFT—FCERTELL BV, FoEmIIBETES L
Bbhz, £, BEMOENRRLZED, BHOFSRAATSS.

AINDREES 25/ (H44) 3400CHETDFN RO L. = 5ic. 800CTLLETH

BITEA L2t 1000CELE TRz i Tho /. H6icRL3.7x1026n/m2,
735C DIBATHEL T, KDEENSRLICEGMBEE>TVEKSIHLENS,

SICORBEX 2L (45) 13, 500~600CHE CRRAULZEHERSND DO,
FNYUETRL CEREERLE. B3BLXURTICRUCBHRON LTS < REBEDE
Wik, FERRZEEEMRSENS.

SisNgOFREEXZML (H46) 1. BRI SHRLITEDZRL. 1300C{HE TREA
BAAkEEBERNRES N, ZBE100CHOER., REXHD FEYORBEEEZS
N3, M4BLUESICBIT 2 BEBNKLES < BEREbEVRE TR, 7ML
ZEXQEAIRIEEAE DS NN, K46DRE TIZ., iz DEERN S EEL
BEOTVNBRESIKERIN. Bi-kEmERLTVS.
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Table 1. Change in thermal diffusivity of SiC, SigN4, AIN and Al20g3 _induced by
neutron irradiation(0.5x1026 n/m2 at 377°C)(T71).

Table 2. Thermal diffusivity against isochronal annealing temperature of SiC
irradiated to a fluence of 0.5x1026 n/m?2 at 377°C(T71).

Table 3. Thermal diffusivity against isochronal annealing temperature of SigNg
irradiated to a fluence of 0.5x1026 n/m?2 at 377°C(T71).

Table 4. Thermal diffusivity against isochronal annealing temperature of AIN
irradiated to a fluence of 0.5x102% n/m?2 at 377°C(T71).

Table 5. Swelling of SiC, SigNg4, AIN and AlgQOg irradiated to a fluence of 3.9x1026
n/m? at 585°C(T63) and 3.7x1026 n/m2 at 735°C(T67).

Table 6. Change in macroscopic length against isochronal annealing temperature of
SiC irradiated to a fluence of 3.9x1026 n/m?2 at 585°C(T63) and 3.7x1026 n/m?2 at
735°C(T67).

Table 7. Change in macroscopic length against isochronal annealing temperature of
SisNy irradiated to a fluence of 3.9x1026 n/m?2 at 585°C(T63) and 3.7x1026 n/m?2 at
735°C(T67).

Table 8. Change in macroscopic length against isochronal annealing temperature of
AIN irradiated to a fluence of 3.9x1026 n/m?2 at 585°C(T63) and 3.7x1026 n/m2 at
735°C(T67).

Table 9. Change in macroscopic length against isochronal annealing temperature of
AloOg irradiated to a fluence of 3.9x1026 n/m2 at 585°C(T63) and 3.7x10%6 n/m2 at
735°C(T67).

Table 10. Change in macroscopic thickness against isochronal annealing
temperature of SiC, SigN4 and AIN irradiated to a fluence of 0.5x1026 n/m? at
377°C(T71).



Table 1 Change in thermal diffusivity of SiC, Si3N4, AIN and Al203 induced by neutron irradiation
(0.5x10E26 n/m2 at 377C)(T71).

Sample Fluence irradiation Thermal Change
(10%%n/m?) temperature diffusivity (%)
—____————._—_JC—L—————————_——_‘“—(E—-ELS—-)———____———
SiC(Unirradiated) - - 0.410 -
T71-1 0.5 377 0.0458 -88.8
T71-2 0.5 377 0.0483 -88.2
SisN4(Unirradiated) - - 0.250 -
T71-1 0.5 377 0.0417 -83.3
T71-2 0.5 377 0.0382 -84.7
AIN(Unirradiated) - - 0.991 -
T71-1 0.5 377 0.0326 -96.7
T71-2 0.5 377 0.0335 -96.6
Al,O4(Unirradiated) - - 0.118 -
T71-1 0.5 377 -* -
T71-2 0.5 377 -* -

*not determined
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Table 2. Thermal diffusivity against isochronal annealing temperature of SiC irradiated to a fluence of 0.5E26 n/m2 at
377C(T71).

Annealing Temp. (C) Thermal Diffusivity (cm?/s)
Unirradiated T71

no annealing(24.5 C) 0.410 0.0458
100 0.413 '0.0458
200 0.429 0.0456
300 0.432 - 0.0457
400 0.431 0.0457
500 0.0482
600 0.431 0.0520
700 0.0569
800 0.428 0.0631
900 0.0715
10C0 0.431 0.0836
1100 0.1046
1200 0.437 0.1423

1300 0.444 0.2641
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Table 3. Thermal diffusivity against isochronal annealing temperature of Si3N4 irradiated to a fluence of 0.5xE26 n/m2 at
377C(T71).

Annealing Temp. (C) Thermal Diffusivity (cm?/s)

. Unirradiated T71

no annealing(24.5 C) 0.258 0.0417
100 0.266 0.0418
200 0.266 0.0414
300 0.266 0.0415
400 0.264 0.0418
500 0.0441
600 0.266 0.0468
700 0.0495
800 0.267 0.0516
900 0.0544
1000 0.267 0.0585
1100 0.0677
1200 0.263 0.0791

1300 0.27 0.0985
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Table 4. Thermal diffusivity against isochronal annealing temperature of AIN irradiated to a fluence of 0.5E26 n/m2 at
377C(T71).

Annealing Temp. (C) Thermal Diffusivity (cm?/s)
Unirradiated T71

no annealing(24.5 C) 0.986 0.0326
100 0.988 0.0328
200 0.981 0.0326
300 0.986 0.0324
400 0.995 0.0329
500 0.0334
600 0.989 0.0345
700 0.0361
800 0.991 0.0395
900 0.0501
1000 0.989 0.0618
1100 0.0783
1200 0.941 0.0923

1300 1.052 0.1024
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Table 5. Swelling of SiC, Si3N4, AIN and Al203 irradiated to a fluence of 3.9E26 n/m2
at 585°C(T63) and 3.7E26 n/m2 at 735°C(T67).

Z10-66 00¥6[L ONI

Sample Fluence Irradiation Length(mm) Swelling Swelling'1
(10%%n/m?) temperature before*1 after (%) (%)
()

SiC-1(T63) 3.9 585 14.521 14.579 0.40 0.43
SiC-2(T63) 3.9 585 14.518 14,576 0.40 0.40
SiC-1(T67) 3.7 735 14.519 14.570 0.35 0.32
SiC-2(T67) 3.7 735 14.516 14.567 0.35 0.36
Si3Ns-1(T63) 3.9 585 15.510 15.563 0.34 0.35
SizN,-2(T63) 3.9 585 15.506 15.563 0.41 0.41
SizN,-1(T67) 3.7 735 15.524 156.551 0.17 0.23
SizN4-2(T67) 3.7 735 15.528 15.551 0.15 0.18
AIN-1(T63) 3.9 585 14.498 14.776 1.92 1.93
AIN-1(T63) 3.9 585 14.490 14,767 1.91 2.05
AIN-2(T67) 3.7 735 14,506 14.766 1.79 1.85
AIN-2(T67) 3.7 735 14.512 14.769 1.77 1.79
Al,03-1(T63) 3.9 585 15.513 15.791 1.79 1.87
Al,0;-2(T63) 3.9 585 15.525 15.796 1.75 1.81
Al,03-1(T67) 3.7 735 15.515 15.820 1.95 1.97
Al,0;-2(T67) 3.7 735 16.519 15.822 1.97 1.96

g o NBIBOREE



Table 6. Change in macroscopic length against isochronal annealing temperature of SiCirradiated to a fluence
of 3.9E26 n/m2 at 585C(T63) and 3.7E26 n/m2 at 735C(T67).

Annealing Temp. (C) Length (mm) Change(%)

| ) T63 T67 T63 T67

annealing(24.5°C)  14.579 14.567 0.399 0.331
100 14.576 14.567 0.379 0.331
200 14.574 14,565 0.365 0.317
300 14.575 14.563 0.372 0.303
400 14.573 14,565 0.358 0.317
500 14.573 14.565 0.358 0.317
600 14.567 14.562 0.317 0.296
700 14.564 14.560 0.296 0.282
800 14.560 14.558 0.269 0.269
900 14.555 14.553 0.234 0.234
1000 14.549 14.549 0.193 0.207
1100 14.545 14.547 0.165 0.193
1200 14.542 14.545 0.145 0.179
1300 14.540 14.544 0.131 0.172
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Table 7. Change in macroscopic length against isochron

al annealing temperature of Si3N4 irradiated to a fluence
of 3.9E26 n/m2 at 585C(T63) and 3.7E26 n/m2 at 735C(T67).

Annealing Temp. (C) Length (mm) Change(%)
T63 T67 T63 T67
no annealing(24.5°C) 15.563 15.551 0.342 0.174
100 15.561 15.551 0.329 0.174
200 15.559 15.550 0.316 0.168
300 15.558 15.548 0.310 0.155
400 15.558 15.549 0.310 0.161
500 15.562 15.549 0.335 0.161
600 15.560 15.549 0.322 0.161
700 15.560 15.549 0.322 0.161
800 15.556 15.549 0.297 0.161
900 15.556 15.548 0.297 0.155
1000 15.553 15.547 0.277 0.148
1100 15.552 15.547 0.271 0.148
1200 15.554 15,545 0.284 0.135
1300 15.554 15.547 0.284 0.148
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Table 8. Change in macroscopic length against isochronal annealing temperature of AIN irradiated to a fluence
of 3.9E26 n/m2 at 585C(T63) and 3.7E26 n/m2 at 735C(T67).
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Annealing Temp. (°C) Length (mm) Change(%)
L T63 T67 T63 T67
no annealing(24.5C) 14,767 14.769 1.86 1.81
100 14.766 14.765 1.85 1.79
200 14.765 14.764 1.84 1.78
300 14.762 14,762 1.82 1.77
400 14.763 14,765 1.83 1.79
500 . 14.764 . 1.78
600 . 14.763 . 1.77
700 . 14,763 . 1.77
800 . 14.764 . 1,78
900 . 14.763 . 1.77
1000 ) 14.758 . 1.74
1100 . 14.750 i 1.68
1200 . 14.703 . 1.36
1300 . 14.604 . 0.68

*. not obtained due to break of the specimen



Table 9. Change in macroscopic length against isochronal annealing temperature of Al203 irradiated to a fluence
of 3.9E26 n/m2 at 585C(T63) and 3.7E26 n/m2 at 735C(T67).
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Annealing Temp. (C) Length (mm) Change(%)
Te3 T67 T63 167
no annealing(24.5C) 15.791 15.822 1,792 ~ 1.979
100 15.792 15.821 1,799 1.972
200 15.790 15.821 1,786 1,972
300 15.790 15.819 1,786 1.959
400 15.792 15.821 1,799 1,972
500 15.792 15.821 1,799 1,972
600 15.791 15.820 1,792 1.966
700 15.794 15.820 1.811 1,966
800 15.791 15.821 1.792 1.972
900 15.744 15.812 1,489 1.914
1000 15.675 15.767 1.044 1.624
1100 15.633 15.674 0.774 1.025
1200 15.608 15.618 0.612 0.664

1300 15.583 15.5685 0.451 0.451




Table 10. Change in macroscopic thickness against isochronal annealing temperature of SiC, Si3N4 and AIN
irradiated to a fluence of 0.5E26 n/m2 at 377C(T71).

Annealing Temp. (C) Length (mm)
- sic SI3N4 AN

no annealing(24.5°C) ~ 2.020 2.043 2.013
100 2.019 2.038 2.014
200 2.019 2.037 2.012
300 2.020 2.037 2.012
400 2.019 2.036 . 2.010
500 2.021 2.035 2.010
600 2.022 2.034 2.010
700 2.017 2.033 2.010
800 2.015 2.032 2.009
900 2.013 2,031 2.007
1000 2.013 2.030 2.005
1100 2.013 2.029 2.005
1200 2.010 2.027 2.005

1300 2.009 2.023 2.004
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