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An Irradiation Test of Heat-resistant Ceramic Composite Materials (2)
— Interim Report on Post-irradiation Examinations of the Second and
Third Preliminary Test : 98M-41A, 99M-30A —

Shin-ichi BABA, Makoto NEMOTO*, Shizuo SOUZAWA“, Masatoshi YAMAJI™,
Masahiro ISHIHARA*? and Kazuhiro SAWA
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(Received  August 11, 2005)

The Japan Atomic Energy Research Institute (JAERI) has been carrying out the
research on radiation damage mechanism of heat-resistant ceramic composite materials,
as one of the subjects of the innovative basic research on high temperature engineering
using the High Temperature Engineering Test Reactor (HTTR). A series of preliminary
irradiation tests is being made using the Japan Materials Testing Reactor (JMTR). The
present report describes results of post-irradiation examinations (PIE) so far on
specimens irradiated in the second and third capsule, designated 98M-41A and
99M-30A, to fast neutron fluencies of 1.0x10”m*([E>1MeV) at temperatures of
973-1173K and 1273-1473K. The PIE were conducted as the fundamental statistic
index of the diametral dimensions for irradiated specimen, irradiation induced

dimensional change rate and thermal expansion rate.

Keywords: Ceramics; Dimensional - Change; Thermal Expansion; c¢/c Composite;
~ SiC/SiC Composite; Irradiation Damage; Temperature Monitor; Annealing
Effect
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1. %4
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ER TR ERTTZE4F (High Temperature Test Reactor, HTTR) % AW e Bim LA
B9 B SRR ORED —2oTh 5 [MHEt T I v 7 AEEMBORS
BEREOZE] Ok, BHRMT X D ERIC HTTR IZ & 5 KRS % St
45 AT HH1 IS T AER 534 Bl B4 (Japan Material Testing Reactor,
IMTR)% iV TiTb Tz B FiEHABROERICOV TIBLTHRE VS h
T3, AERIFE_RRPE=ZRFBHADROPEBERZZELL 25D T
BH5o RFROBHAERICMHER L2 IMTR %+ + 72V ORBEHEHEF OV
THEEITHREOL =55, WS 2 5 Bk (Post Irradiation Examination, PIE) I BIFE b ¢
BEML TWBEIATHDPIEIFEL U TTEE(LERROABRERRIZONT
EHEL 7255, 48812 IMTR-F v b T RiCEffx iz L —F - BEBRlEEE L
W TR EBR G OBEERIZOVWTHL T — 2B T FETH 5o

AT L e R B RTEE R O RERERIT BT 5 IR R R O
SNTIE. —BRE XN TWBO O = 2 CIRBHEBT — 2 2% 8iH 5
S IBEHREMIC R &, BENaHEEABIL . . REESR
WBBEEE L ITHEROBER T 07 4 — 2O TOEKRGIHEIZ OV TD
IR 7, 5. A5 OF =22 o0 TEM o - FHMEIXF&RITO FTETD
5o
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2. FABHEEUR R O T e

F2UMRUOFEIRTHBHAABRCFEAL 2F+ T 1. T2 ZFh
98M-41A/99M-30A T Table 1 U 2 iIZ7RT & & I ftalBl AviEfm X 7, 2Rt
ABD S B RERRS SiC REAM BB DM 4 DRFEIZ > W TIZBEROIC R
BUIDT. T TIREET 205, WEREREZHE T2 L CHEREMRERIC
DV T EEEINCE W TERHAT 5L &9 5,

B2RABRF » 72V T REHRE % 973K(700°C ). 1073K(800 °C ) Kz O
1173K(900°C)D 3 FIKICK 3 L ek & 72> TH Y. 344 7 VRIS R
1763 W§FH] LT IS B3 P ER D 1173K S TH b 1 < 49 1x10%(m?, E>1MeV)
THo oo B3XWEERF + 72V OREREIL 1273K(1000°C). 1373K(1100°C)
R OF 1473K(1200°CY%& BHEL L= b DTy 544 7 VARIRGTRERE 2060 B,
TR I 2 WHBR L AR, 9 1x105(m?, E>IMeV) CTh - Feo FloAF +
TNV ERBRRET S - oy F ¥ T VSR O— BB LY
PIE DERER D U DOFR. FEES 1373K S ORAB Tl —Mok gL T
Wizo (RVF—A HEEERBAASE 7K, KV 5 —B&C: FM A,
F—D: ona=THRRABRA 3 AP 1 RK0HKEER) £ 0o R0 e
REETHY T LavHR,

3. MEEBTTR

2T O PIE 13 JMTR K v b 5 RIEEAICE W TiTbh -, BEETEREIRIE
B L — 4 — <VERIESS(LS-5000, F— T v RN E T - 120 1 RO R
TRy b7 REERR(EEE KR ERE)OFBHR T BITH Y (i) 7288, 1 [Blg
360" DARF—4 & 17 BICEEIEL. BERLEICOVWTOTTT 4 —LF
— 2 HRR L 720 BEAIEDKIEIZ HEOE V7 — (¢ Smm)EFEHAL /2o B
X H 113 25mm OHBERE % I U TIRIE U 72 o MZESSRIS IS & © 3~4.5mm &
AMT A - T R B R OO D 3 Fr & U ize AIERMRITE 2 IRT-HIEE
ARER D 3 BE IR DOBEIRF R (¢ 4.5~5.0 mm x length_15~20mm)&2 T & U 72,

NEBEEDRFITT Y # )V H A Z(COOLPIX800, = vE)% /-, EifRIX
74 X 1600x1200 O 2M E 7 &V T, EBIEMEIT JPEGUoint Photographic
Expert Group) 53 & U /=0 : | .

ZA AR I B AR DT 3 B (TMA-8310, FLAEEMBNE AV CHIEL 720 HIE
FMILEBRD S 1673K % Ty 10K/min. DFIEHE. EHIEANY 7 L0 2 REIE
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B 100ml/min 2 BT 3 FiEEOF — &%W%Ltmwcﬁviﬁ%mﬁﬁﬁﬁm
I TR0 BEIT T 10 '

4. JREEHEBER

41 BEENEOREAFHE

. Table 3~5 IZJASHER #&@%ﬁﬁﬁm%Tbto%ﬁdhﬁmﬁﬁ

IZOWTIEKERAT 50

(1) ¥ — mm$ﬁitm%m¥ﬂf\ﬁ@%@&ﬁ@@ﬁf%bfﬁmo

() PRME—F — & & K& XD TR HRISHIE S 5 Bl

(3) B — BINFAN DT — 5 OHT, T UED S 5. &b IE%IC
HBT 5l

(4) e R — %?Eﬁa%®¥%m&®#&2%LL%@@%%@@E$
J#. EXCEL OFTE TIIR B ax REMOEAL B LT, BEMICHT
BIEHEREERD B HERIL STD=V nZ *(Zx)// n(n-1) TH 5,

(5) D E—IEEREDEH

(6) RE—-XRLIL BT — & DB AEHESN AR & L Ty BB R D
MRS AED 5 VT FHERZBETHE L 2D, REFEDLE.
FER ) A AR S HR AT SR AIZ I - TV B Z L ZEBRL | E@ﬁkao
T3 L ZITHMNEHIZIR > TWA I L BZERL T 5,

(7) B — A5 DFIEE I T O O FRE R KT Ho EDEEILFITR
LR ADAENIEDHRANES B IERMFRRfEZ RO L &R L. ADEE

I EOFANEO BRSO I LB,

(8) HiFA — B AfH & B/ IMED %

(9) /N —FHAE R REF D /N D

- (10) FeK — AT REF DR A DE

(A1) (EHERHI(95.0%) — REPH O K EHER & W 5 FHEHE T 2 0Ba, /P
Y754 BKEE 95.0% DD & U XX EMEHEERHTHEET 50

IS DEKFEFHEDH A & & b FH L IER L U TRERZE RERT

TERIY BT, AHE R LE - B LR E2D TR,

(1) FEEREEOEZ FEMH THIRT 5 L. PEVWRIZRDO LS ICERES N
SiC,/SiC<& /5 M BER(HE S H - BER % & 10)<SICYSIC<C/IC  TH - =0 4481
'BEE % Fig1~104 iR T £ DT SIC/SICIT—R U TH O AR E L2 > T
B, SIC/SICRCICDEIBEFAMDRE NP ELIIRESRLS, &
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NIRRT ONBBEORRLEFARFRTH D E%k;ék%azmmﬁﬁ
N To

(2) C/IC EEMBD S B CX-270,CX-2702,CX-270G KU CX-2702G DFEHMEELF
77 T} (parallel_direction) & §&#{EHE 16 5 ) (vertical_direction) D &} 0D IR #E (R 2=
ZHELT B L. 2T D vertical HBHI parallel B D 4~10 fFE R L 1zo &
ODEEIIERT o7 4 = VORETII L VEELRTEE - TERN S 1=

_ DT H—HBORBM TS ROENMI L VBT —oDEMEEZ 5,
(3) CX-270(G) KRV 2702(GYDRE R O EEIXBEHREIZ L 59, LB LR

 BIEEERL 2. TSR E RS iARFEORBS SN E RO
EDHMNEFBIEAFRZAEZBTL TWB I LE2ERL TV 5, BEIC
& B FEFMIC OV TIE. RIBHBBICET A ERT 07 4+ — LT — 4
Pl EENRHERIIERL D - o 58, B—MB 2GR
BT —22EBRBL. T2 EET A2 TFTETH S, —H D C/C
MEIDEE 900°C IS #E TIX E v FR(PCC-2S) X ' PAN R(CCM-190)
& HICAMEDPERZ &7 b DO, 700°C/800°C ABUIR OB AR UAE
BB TH - 10

(4) FHHEEREIG-110)D 700°C MK DERE, REIZ 2 TAMETH - 205
800°C /900°C JESHHEIKIZIZ & A L TEMTH » 720 T DFEIZSEIEE, 11k
ZALH, BIARE EOREL BlE L SRFET 5 2 LITHIRL D - 120

42  MEHFHETEEEE
) RERET I v 7 AEEME
Bl E L TOE v F%7 = v N SR AN LM B (PCC-25).
@PAN =R B SRAE R L, ISR {EAALELH B CCM-190G/C), @PAN
RERHEE v S8 BEME,/ R RICEULELR BHCX-270G/C) D 3FEIF T, &
nbuéfzam@Aﬁﬂfbé @DOMBHZIIE vy FER EIIANIZT =
— LB &R EAMBHCX-2702/G)iz 2\ TH 4 & L 7o Fig.105~109
u%%hﬁ/%ﬁ%k?bto
FENCIEE U TE A5 Z L3, BHEELS S M O RN i h & < |
B/ REOWHRDIZIFLTIZTOEVIGET 3 Z LR ENT, 15,
BEHEZOTERIEIL 1673K £ TORBERAIERIZERL -0
Q) SICRES I v 7 AEAME
it & L TOSIC KT 86R1E SiC A MB(5%/10%SiCp/SiC). @
SiC fiHEIR (L SiC A4 &1 BH(HiNicaloceram/ HiNicaloceram- I )0 2 #88H T+
BEOMBHI 2R LEEMBI TH 5, FIBKIT Fig.105~109 IZ/R L 1=,
&ch?\%%E@Aﬁﬁuéfww%mﬁ%#wa\ B/ B0
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WA E SIZIET 505, SIiCHER{EEAMEIT 1473K ﬂ@%%{ﬁm B
FHgEDFENT, 2T 720
ZhM SR & MOINERERS SiC

B & 2RV R L U TOEF L B RI(G-110). QST

rﬁ%%Mﬂ@mmmmm\@ﬁ%ﬁﬁ%&C@3@ﬁf\_ﬂb®ﬁﬂd

4.3

)

)

INFTEHLOFHERL &b ICBBREET — 2 BRI N T 3
bDTHBo FERIT Fig.105~109 IZ/R U 720
INHOMBHIIZIE2 TORIRERAGTTIHET 5EHMEL S 2 L

Do F2o Sk E U T 1078K K OF 1175K D IBSHEEE SO E RS M

BB A BN, THIZLTHEEHIEERATS - /o

BulaR®E
B RKRORET — 213, FIRICEH L HEB SEEIC VLT, |
SHEEE / $6H, SHMERC S 7 M BINT Fig.110~144 1R Lo T OH TS
IBEE 1175K DOFER I3 AR % S8 A NiC L 57 — 2 WL T
1372 K REHBE RO —ERERFFIC K 2 AT v a2 A L
oo THUT SIC 72 EITHHT 5 REHEE € = & —RIROFEMHAE R O
B 7 = — VR OERILT RV F — E&%E%kbt%@f%b BIE.
fiEt %;@wr W3,
RERET I v 7 ZAEEAME(C/IO)
E v F % C/C O PCC-2S DEFZIREIHKIT Fig.110~114 1277 & 5 iZHEHERC
5 0 THY 0.3%(1673k) T db 5 75 MAHETEE /7 [7] T 0.8%(167T3K)IEE T &
5o BHHIREOEME L bIZENEFN 0.37%, 1.0%F2E F THMT 5 {H

RN F 1. BEHEEE 1078K ORER A T 7 = — V3R BIBGZ 8]

wxhizs. INUANADORBEHEE DR TIIFAHEETH - 720

PAN % C/C ® CCM-190C/G I Fig.115~119 IZ/R T & H 12, SiEEc Y
1 DEBZIRRIZ 0.2%(16T3K) A T OMmD TN WIETH 555 MiEEE
75 18 TIEHI 2% (16 T3KNTE L 720 F 7oy RERRE DM E & dICHRR
DM BHEMIZE v F5R C/C LAKTH - =0 PAN R C/C DRFIFEWIT
%5 CX-270C/G % Fig.120~124 IZ/RF & H 1. CCM-190C/G & iZIFFIHR
DIFERETH > 2o =7~ 7 =/ —VEIRER C/C D CX-2702C/G I3 Fig.125
~129 TR U 1= & 51z, JEHERE 1003K DEHEREE S OB TRE 7 =
—VRESBE XN H, FOMORBHTIIBH L2 - 2o
SiC %t 7 3 v 7 REAMEHSIC/SIC) & Monolithic «a -SiC

SIiC iZIZBMEL, EAMBRICED 67, Ll L THRREE= 7 -2
ROFHRT 5 L on T 37, Monolithic a-SiC KU SiC K+
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D ERILEY SiC,/SIC 1T Fig.135~139 127" 3 & 9 IKIRE € = # — 22 R
NPz b5 REHREE 1300K DL EDBE AR ORBBIIMHA SN d - 12,
CHNIIEREEC & B KRB R TR R L EZZ o0 5, — 4.
SiC iR bR SiCySiC DIFE . Fig.130~134 1T 9 & 5 IZHEHERL 5 1]
RAFHEASNE < 5B L THI 0.5%16TBKREDBIREE TH - 120
(3) EHtE HEE T REAME

S & U T 05 1 RER(1G-110) K& O #E% 77 i B4R (GilsoCarbon) D i
BaRRIZ. Fig.140~144 127739 & 5 12 CibEO & ol U CTR— L Rz 5%
LRI NZ, N6 OSRAROBRERET — 2 X RHIEE
1078K DI5&E 1400K i g thig o Bl Sl s iz, Th
DRV RSHRE 1003K DBAITIT 1500K MHEICBg&Ent, /- 2
N& b BEWBFHEE 1321K DFA T Bl SoBRE L8 BB LA
Do T BHIY A2 Th - 720 & HIT. BHWIREHEE 1473K DIGAITIZ AT
DOFPHZE L W ESBE XN RS AR T 1300K [ED &
BB R BRI N0 FA—8%E 2 KM L 2AD 1 RKDHAIZI D
BRVGRALZDDTHY. SROBRFAFEETH 5,

5. ¥ §

(1) HTTR ZAWZiiEEZ I v 7 AEEWE O REEBEREOHEICE
T 52O IMTR % 0 TH 2 RO 3 IR TPl RBR B X iz,
I ARBR I B EE  973K~1473K. EH T HTFRE & © 1x10°m?,
E>IMeV)DRB G TERE N ZORTRERKD SICHRtET Iy
7 AEEME D PIE O—&TdH 5 BHRELT — & OEKRFHE. BH
FR TR R OB R E T~ |

(2) WBHBREROERKEDO T b EHMINILIERETH 2 1M F2E. RE
ROBEIZOWTEHI U 720 2 OREE. JRET AT O SMBBIERE R & FRRkIC
2 R JL C/C RO SiC/SiC 78 £ DRI B O FREER Z{E 13 . Monolithic o
-SIC RUSHERGALE LD bAEVZ LB ENIo Thoy MHETE
B 5 M OFRHI SRS H B D 4 ~ 1 O fEOBEERAEMEZ R L 120

(3) EXFEHEON. RERUEEIZOW TIMFEOHLBEE. 45 PAN
% CICIAMDIRY R 6Nz EEOAMITTEHMED S AMA~IERTR
LB LThHY. REOAMIIEENHRL D b THHEN K &
WZEEERLTWS, bbb, HABEOREZNES—E,/DhE0
ZENRREEZEZ OGNS, : : :

(4) WHEFETEELIE2~30fAbBRENSE 2. BHKRO C/C DB
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&, B/ B X HMRER T2 TIHE U SiC/SiC DB & 13RF 7 BiA
LRI TR L. MHER(ERI TGRS 5 2 LR & iz,

(5) SiC DA, AW REORFRE T —DRIVBFEHFIIENS L%
MR L fzo LU REHEEED 1300K 2882 5 £HTHRAR LTV 2 L
DARIB I Tzo ThDOD. BHEHORMAE BRI RIT 98B/
MREEZONS, BEOHEIIBEHREDOHEME & &I XaDE
WLEZ ONIBMENS L BEEN. C/C IIRBREDE G HHHH
%k%ﬁ?% &#%nénto ‘

G

AREBIERICH 120 F+ T RAVRINTE W TSP HEBRIF SIS L3}
FHEERK. FRER. ¥+ 72 VBUWECII RN L# - BiliE TIEsdi s
N—FEHEE TR, AT IR BRI TEFTERR OB R, RARSERTIE Ry
I ARROBERIZE AN S IRNEHN o T IISREL TRERZSHEERT

5HbDTH 5o

23 3k

1) BBE— o : [ ET I v 7 AEEMBORHEHER -8 1 KIRHER
(97M-13A) JREH 2B [ — | JAERI-Research 2001-028

Q) BIBE—. i : TR LS 3 v 7 AR O TS RER )
"JAERI-Tech 2005-002

3) BigfE—. i : [ RBREHERIEEA MR OBIRMARE L A ARZHiaHRAS
REMEE 117 BE2KCEF)1998 4 12 A 11 H '

(4) Big{E—. At : [ RSRMEAERLE SR O B IR AT Eizxﬁﬁﬁijjﬁé &
DAS(EEK¥)IS, 199945 3 A 22 H |

(5) BIBE— Ml : m@&c@AMﬂwﬂﬁﬁﬁwmﬁmﬁﬁLlmmﬁ%n%
L& BOKE(LEEKF)A38, 199 F3 A 22 H ,

6) FIB(E—. ftb : [ REEAMBORFFLNEEL . AAREFI¥ER KO
KRB TRIA)I3L, 1999 4E 9 A 10-12 H

(7) FEi5H{E —. i :[ IR/ SIiC REAM B OIS ET&E&&UﬂﬁﬁﬁﬁL
H A A A BIRRS KRS 117 ZRLCHM)1999 4 11 A 26 H



JAERI-Tech 2005-055

(8) BIGfE—. fi : [SiC/SiC HEMB D REFETEA(L L 2RE | AARE
FIIHE KORK(FEHRAF)H60, 2000 4£9 A'15-17 B

) BEE— b - [ RRRKRO SiC REEM B ORHF TR JELELE & 2R
ROWPHRERFNE N B AREES 2004 FEEERRSALEREKRF)2007,
2004 £ 9 H 5-9 H , ‘

(10) KB BIEEE - [ W O RBM BB @M - M B EHIER) | p.45-49.

DT T4 RETEYE -4 Xy 7 k&) 200349 A 30 H
(11) Price R.J. : “Annealing behavior of neutron-irradiated silicon carbide temperature
~ monitor”, Nucl.Tech 16, 536-542 (1972) '

(12) Hiroshige S. et al.:” Annealing behavior of neutron irradiated 3 -SiC”, J. Nucl.
Mat. 48(1973) 247-252

(13) T.Suzuki, et al.:”Recovery behavior in neutron irradiated S -SiC”, J. Nucl. Mat.
149(1987)334-340

(14) T.yano, et al.: “Microstructure and annealing behavior of heavily neutron-irradiated
B -SiC”, J.Nucl.Mat. 155-157(1988)311-314 _ |

(15) T.Suzuki, et al.: “Effects of sintering aids on the length change of neutron irradiated
SiC ceramics during annealing at high temperature”, J.Nucl.Mat.
165(1989)247-251

(16) Y. Yano, et al.: “A step-heating dilatometry method to measure the change in length
due to annealing of a SiC temperature monitor”, Nucl. Tech. 93(1991)412-415

(17) H.Miyazaki, et al.: “Effects of thermal annealing on the macroscopic dimensions
and lattice parameter of heavily neutron-irradiated silicon carbide”, J.Nucl.Sci.and
Tech 29(1992)656-663 ‘

(18) GW.Hollenberg, et al.: “The effect of irradiation on the stability and properties of
monolithic silicon carbide and SiCy/SiC composite up to 25 dpa”, J.Nucl.Mat.
219(1995)70-86 '

(19) T.Suzuki, et al.: “Neutron irradiation damage of silicon carbide”, Fus.Tech.
27(1995)3714-325

(20) GE.Youngblood : “Passive SiC irradiation temperature monitor” DOE/ER-0313/19
(1995)



JAERI-Tech 2005-055

Table] Irradiation samples for 98M-41A

PIEIER SEM/XMA ~HE,/CTE
1. BERRKE-RIFSH EEHRIA /~TE (nm) R/~ (mm)
SiChITF (B 3Z{bAk) A-(1) ¢ 5X35~45L (BEEEIRIZ144E)© :
IRFEHHE (bR v Z) A-(2) ¢ 5X35~45L (JEEIRIT LA%)
BRI (P Y-} Q6)  |A—(3) ¢ 5X 35~45L (JWEEIRIZ LA%E)
BREHE (0 {Y)-1"QE).  |A~(4) ¢ 5X35~45L (BB EEIkIC 14%)
RFEERHE OV A—-(5) ¢ 5X50~45L (JPEEINIT 1A M) B 2L
SLCHEHE (Shny) B-(1) ¢ 5X35~45L (3RBEIRIT1A4E)
S1CHk#HE (M=tnY) B~(2) ¢ 5X35~45L (W EIRNITLARE) 2L

AEHTAXS = 214

2. aVviRTy b

A-(1~5), B-(L, DX7/7 MEIR

2—1. RER

PCC-25-P ( A 3Z{bRR)

C-(1) ¢ 10X 2. 0t (3IBEERI= 2B EF)

C-(2) ¢ 5X20L (EEEIRIZ2MEE) A

CCM-190€ ( B A~k )
CCM-1906G (B Ai-K"v)

D-(1) ¢ 10X 2. 3t (W EEIKIZ2{E{E)
D-(2) ¢ 10X 2. Tt (IR ERI2{EE)

D-(3) ¢ 5X18. 5L (W EEIRIT2{E£E)
D-(4) $6X19, L QEERIZ2ER

PCC-25-V (B SE4BER)

E~(1) ¢ 9.6X2, 0t (3\EHZIZ2EE)

E-(2) ¢ 4. 7TX20L (3B EEIRIC 2B EE)

Vi Ky-F (RFEE)

F-(1) $10x3. 2t QIREERIC2MER) ©

CY~-270G (EEERSE)
C3-270 CREEIRE)
CX-2702 GREERRSR) *
CX~27026 GHEFER ) *

G—-(1) ¢ 10X 3. 8t (JEEERKIC2{EE)
G-(2) ¢ 10X 4. 2t (B EIRIZ2MEE)
G-(5) ¢ 10X 3. 0t (3MMEEIRIZ2AAET)
G-(6) ¢ 10X 3. 4t (BIEEERIT2AE)

6-(3) ¢ 5X16L(IRERIZ2EE)
G-(4) ¢ 5X1TL(3\BEEIRIZ 2@ %)
G-(7) ¢ 5X 15L(3MEEERIZ2{E4E)
G-(8) ¢ 5X15. 5L (IWEEIRIC2{E4T)

#5804y € 98/11/428 %K)

(C~CE2BE T ~ZIBAT3)
/INEE (5448)

(C~GE&2B 2ty -ITHAT D)

/NEE (481ED

2—2. SitH

Hi-Nicaloceram( B &<—)
Hi-Nicaloceram( H ZA<h—)
Hi-NicaloIl (BAh-4"Y)
Hi-Niealoll (B AH-K"Y)

H-(1) ¢ 10X 5. 5t (3WERIT2EE)
H-(2) ¢ 9.6XB5. 5t (SIBELLIT2EE)
B-(5) ¢ 10. 0 X 5. 2t (SWEEIRIT2EHE)

x.

8
X

H-(6) ¢ 9.8X%B5, 2t (JIBEEHIT2MEE) 6

H-(3) ¢ 4. 5 X 20L BB EEBIZ2{EEE) ||
H-(4) ¢ 4, TX20L (3 EEsgk Iz 2fE &) L
H-(7) ¢ 5. QX 19L (3R EEBRIT2ME ) ||
H-(8) ¢ 4. 8X19L B EEIKIC2A%E) L

Hitachi—X1 (B 3M{bER)
Hitachi-X2 ( H3Z{KER)

I-(1) ¢ 10X 6. 0t (SIREERIT2(EE)
1-(2) $10%6. 2t GIEERIC2ERE) x O

1-(3) ¢ 4. 5X 19L (3 EEIR I 21BIEE)
I-(4) ¢ 4. 5X18. 5L (3EBEEIRITHESE)

XLIXSiCRI 5%y AL M, I&2@E —ITBATS) | E~IAEEN -FATS)
X21XSiChrF10%5 Bk B Asgh ¢ 3648) /et (3648)

3. BEM .

=SiC (~¥nd) K-(1) ¢ 10X6. 5t BWEEIT2EE) x  [K-(2) ¢ 4. 5X18L IR EEIRIZ2ME )

16-110

L-(1) ¢ 10X 4. 5t (3WEEB I 2 EE)

L-(2) ¢ 4.5 X 17L (W EsRIZ2AE)

IM-P (" WIF4D)
M=V G W94 1)

M-(1) ¢ 10X5. Ot (IWEIRIZ2[EEE) 8
M-(2) ¢9.6X5. 0t (WEIRIC2EE)

M-(3) ¢ 45X 16L(BBEHIZ2{ELE) ||
M-(4) ¢ 4. TX16L(GEEIRIC2ER) L

2t

HOPG N-€1) BX5X2 (I\WEERIC2EE)

' K~NE2BE M —IZiBAT B) | K~ME2BEI -IZHAT B)
JhEE (3078D AEF 448D

R '

L ¥ ¥ TNV 2EOREHFAFER ORK & 24600mm

L35,

LREEL, EAMI3EEFRIIRST 5, EEEER, FiE
B R O\ B EE SR D K40 (T00°C) . (800°C) BTR(900°C) &3, 1EEHBROES £1200mn, EEmuRE

0. 3K V" 9 Vi (B R. SICHR) /SEM/CTERCEF DSRAEER A 0 KB I BVEHEIC & U 48193,
3. 7v7 yO KEIATHEERH CREIRES 2HIFET S,
4 FEEFERICEET 385N, A-1~5),B-(1,2),C-(,2),D-(1~4),E~(1,2), F-(1), 6-(1~8), B-(1~8),

5.PIED 5 B, @v-JIXSEM,

I~(1~4),k-(1,2),L-(1, 2), M- (1~4), N~-(1)

_x_?"y FiXMA% ﬁ% To
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Table 2 List of irradiation Samples for 99M-30A capsule.
(99M-304)

PIEER SEW/XMA T
1. BifRME-RI TSRS - FHERIR/~HEE (am) BRI/ ~HE (nm)
SiCHIF (B 3z{bhk) A-(1) ¢ 5X45L (BEIZ1ERE) 8
IR FEHAHE (1=K vv2) A-(2) ¢ 5X45L BREIRICIFE)
IRSEREHE (417 Q6)  |A-(3) ¢ 5X45L (SIBERIZ1IA%E)
IRFEHE (" Y-} QE)  [A-(4) ¢ 5X45L (W EEIRITIRE)

3 0UZ), A-(5) ¢ 5X45L (SBEEIRIZ1A%E) © 2L
SiCHHE (=hmY) B-(1) ¢ 5X45L (3BEEIRITIA4E)
SiCHEHE (n=hny) B-(2) ¢ 5X45L (B LIz 14%E) 2L

, /NBFTAX S = 212
A-(1~5), B-(1, 2) X BB G

2. avRIy MF
2—1. RFER
PCC-2S-P(H3EfbRE) |c—(1) ¢ 10Xx2. 0t (GEEESRIZ2{8 &) C-(2) ¢ 5. 0X20L (38 BEIRI= 208 45)
CCM-190C(H AH —R ) [D-(1) ¢ 10X 2. 3t (IR EIKIZ2EE) D-(3) ¢ 5. 0X 18. 5L (NEEEIRIZ 28 4%)
CCM=190G (H AN —R ) [D-(2) ¢ 10X 2. Tt (W EEIRIT2{E &) D-(4) ¢ 5. 0X19. 5L(3IREERIZ2{E4E)
PCC-25-V (B S7{LER) E-(1) ¢9.6X2. 0t QEEERIZ2EE) E-(2) ¢ 4. 7X 20L (3B BRI 2 £8)
Vi Ky-b (BTHEE) F-(1) ¢ 10X3. 2t QEESRIC2EE) 6|kl

CX-270G GREERR) G-(1) ¢ 10%3. 8t (J|EEIRIZ2MA%E) G—(3) ¢ 5. 0X 16L (I|EEB I 2A )
CX-270 GR¥EERSE) G-(2) ¢ 10X 4. 2t BB EEIC2EE) G-(4) ¢ 5. 0X L7L (3B EBIZ2{AE)
CX-2702 (FREERR) G-(5) ¢ 10Xx3. 0t (W EEHIC2EE) G-(7) ¢ 5. 0X 15L (3251’@92&:2@@) A
CX-27026 GREER ) G-(8) ¢ 10X3. 4t (QW|WEERIz2{E =) G~(8) ¢ 5.0X15. SLABRERIT2EE)

(C~GE2ME 2Ry -IZAT D) (C~G%2ﬂﬂ B -ICHAT 3)
/NEE (5448) 7Nt (48{8)

2 — 2. SiCH v
Hi-Nicalo~II (AAH—4") {H-(5) ¢ 10X5. 2t (B EEBRIZ2ER) H-(7) ¢ 5.0 X 19L (3| EEBRIZ2(E %) |l

Hi-Nicalo— Il (H2h-K") |H-(6) ¢ 9.8X5. 2t (318 BEIZIZ 2A 45) H-(8) ¢ 4.8X19L (3&&%&:2@@; L
Hitachi-X1 (A3Z{ERR)  [I-(1) ¢ 10X6. 0t GIREIRIC2EE) 1-(3) ¢ 4. 5X19L GRERIZ2EE
Hitachi-X2 (HASIABEE)  |I-(2) ¢ 10X6. 2t (QIEEEIRIC2EE) x O |1-(4) ¢ 4. 5X18. 5LWEERIZ2MA%E)

XLIESiCREFB% 5y R (H, I&-2f@ &ty - AT 3) (H~I%-2ﬂ§1 BNy -ITBATB)

X21XSiCHIF10%5y Bl /INEH( 3648) /Nt (3648)

3. BERH '

a~-SiC(v ) K-(1) ¢ 10X6. 5t (MEEERIC2EEE) x  |K-(2) ¢ 4. 5 X 1SL (BEEEIRIZ208%)

I6~-110 v L-(1) ¢ 10X 4. 5t (3EEBRIZ2/E ) L-(2) ¢ 4. 5X 17L (S EEIRIZ 2R )
IR WA M-(1) ¢ 10X5. 0t (QUEEIRIZ2MEE) © |M-(3) ¢ 4. 5X16L (QWEERKIZ2EE) ||

IM-V G WF4E) M-(2) ¢9.6X5, 0t (3WEERIZ2E ) M-(4) ¢ 4. X 16L (SEEESRIC2ME ) L

HOPG : N-(1) 5X5X2 (3BEESRIZ2MEE) 2L

K~NE2BZ I -ZHATB) [ K~ME2B 2 -IZBATB)
7DEE (304ED /e (24

4. SerEiaetEATEr '

nEL6H-51C (I BTNID) |P- (1) 5 X5X 0. 3t (PIm L IRIC2ACEE)  |P-(2)2. 5X 2. 5 X 0. 3t (R B IR )

pZU6H-S1C (FIRAFNTDA) |P-(3) 5X5X0. 3t (2BEIT 240 f2) P-(4)2. 5X 2. 5X0. 3t (W BERIZ 240 5)

1000°C & 1200°CHESRIZHEA 1000°C & 1200°CHEIIZHEA
BB R  |Q-(1) 50X 15X 2 (BB EIRIZ 3% 4E) | Q— (2)20 X2 X1 (QEEBRIT30K )
53RN /Bt (980 , g7 B /et (90%%)
TR

¥ v TN EEOREHEASIROR S 249600m L BE L. BRI S RERRICEST 5, REEFEE, FE
BRI OEIE BRI D R4y (1000°C) . (1100 C))Sw(1200°c)k'§‘6° 1HEROE & 239200mn, ER33mE

ELT3, mEFEFRARIIIXIM (n)ZBEL T3,

2. VK ¥ bt (TR, S1CR) /SEM/CTERE O BRAER M1 0 R BBl ~HEIC & W 23153,

3. BSHINEoRIMEEEICES2%FET 5,

4. FEEFERCEE T 5 8EE. A-1~5),8-(1,2),C(1, 2),D-(1~4),E-(1,2),F~(1), 6-(1~8), B~ (1~8),

I-(1~4),K~(1,2),L-(1, 2), ¥-(1, 2), N—(l)
5. n/pBI6H-SiCiX1000°C & 1200°C D 2 $EIFk D A ERE T B,
6.PIED 5 H, @vJIXSEM, xv7I3XMAZ T,
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HL_No.1_Upper_700C

HL_No.1_Center_700C

HL_No.1_Lower_700C

&KX 46053

BN 45789
h{E 45935
BIEE 45943
8L 2.96E-05
BHTESE 4592779
EAE(EEE 0005444
ZFERE -0.03253

SEE -0.52846

Fig.1 Profile in diameter of the irradiated specimen at 700C
for SiC particle(5%) reinforced SiC composite .
(5%SiC_particle/SiC)
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Fig.2 Profile in diameter of the irradiated specimen at 700C
for SiC particle(5%) reinforced SiC composite .
(5%SiC_particle/SiC)
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Fig.3 Profile in diameter of the irradiated specimen at 700C
for SiC fiber reinforced SiC composite .
(HiNicaloceram_parallel)
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Fig.4 Profile in diameter of the irradiated specimen at 700C

for SiC fiber reinforced SiC composite.
(HiNicaloceram_parallel)
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Fig.5b Profile in diameter of the irradiated specimen at 700C

for monolithic & =SiC. (Hexaloy)
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Fig. 6 Profile in diameter of the irradiated specimen at 700C
for monolithic @ -SiC. (Hexaloy)
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Fig. 7 Profile in diameter of the irradiated specimen at 700C
for carbon fiber reinforced carbon composite .

(CX-270G_vertical)
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Fig. 8 Profile in diameter of the irradiated specimen at 700C
for carbon fiber reinforced carbon composite .
(CX-2702_vertical)
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Fig. 9 Profile in diameter of the irradiated specimen at 700C
for carbon fiber reinforced carbon composite .
(CX-2702G_vertical)
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Fig.10 Profile in diameter of the irradiated specimen at 700C
for carbon fiber reinforced carbon composite .
(CX~270_vertical)
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Fig.11 Profile in diameter of the irradiated specimen at 700C
for carbon fiber reinforced carbon composite.
(CCM-190G_vertical)
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Fig.12 Profile in diameter of the irradiated specimen at 700C
for carbon fiber reinforced carbon composite .
(CCM-190C _vertical)
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Fig. 13 Profile in diameter of the irradiated specimen at 700C
for SiC fiber reinforced SiC composite.
(HiNicaloceram_vertical)
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Fig.14 Profile in diameter of the irradiated specimen at 700C
for carbon fiber reinforced carbon composite .
(CX~-2702_parallel)
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Fig.15 Profile in diameter of the irradiated specimen at 700C
for carbon fiber reinforced carbon composite.
(CX-2702G_parallel)
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Fig.16 Profile in diameter of the irradiated specimen at 700C
for near—isotropic graphite.
(GilsoCarbon _vertical)
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Fig. 17 Profile in diameter of the irradiated specimen at 700C
for carbon fiber reinforced carbon composite.
(CX~270G _parallel)
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Fig. 18 Profile in diameter of the irradiated specimen at 700C
for SiC fiber reinforcement SiC composite.
(HiNicalo—II _vertical)
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Fig. 19 Profile in diameter of the irradiated specimen at 700C
for carbon fiber reinforcement carbon composite.
(CCM-190G_parallel)
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Fig.20 Profile in diameter of the irradiated specimen at 700C
for carbon fiber reinforcement carbon composite.

(PCC-2S_parallel)
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Fig. 21 Profile in diameter of the irradiated specimen at 700C
for carbon fiber reinforcement carbon composite.

(CX-270G_parallel)
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Fig.22 Profile in diameter of the irradiated specimen at 700C
for carbon fiber reinforcement carbon composite.
(PCC-2S_vertical)
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Fig.23 Profile in diameter of the irradiated specimen at 700C

for SiC particle(10%) reinforcement SiC composite.

(10%SiC_particle/SiC)
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Fig24 Profile in diameter of the irradiated specimen at 700C
for SiC fiber reinforcement SiC composite.
(HiNicalo—II _parallel)
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Fig. 25 Profile in diameter of the irradiated specimen at 700C
for SiC fiber reinforcement SiC composite.
(HiNicalo— 1T _parallel)
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Fig.26 Profile in diameter of the irradiated specimen at 700C
for isotropic graphite. (IG-110)
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Fig.27 Profile in diameter of the irradiated specimen at 700C
for isotropic graphite. (GilsoCarbon_vertical)
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Fig.28 Profile in diameter of the irradiated specimen at 700C
for near—isotropic graphite. (GilsoCarbon_parallel)
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Fig29 Profile in diameter of the irradiated specimen at 700C
for isotropic graphite. (IG-110)
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Fig.30 Profile in diameter of the irradiated specimen at 700C
for near—isotropic graphite. (GilsoCarbon_parallel)
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Fig.31 Profile in diameter of the irradiated specimen at 700C
for SiC fiber reinforcement SiC composite.
(CCM~190C_parallel)
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Fig.32 Profile in diameter of the irradiated specimen at 700C
for carbon fiber reinforcement carbon composite.

(PCC—2S_parallel)
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Fig.33 Profile in diameter of the irradiated specimen at 700C
for carbon fiber reinforcement carbon composite.

(PCC-2S _vertical)
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Fig.34 Profile in diameter of the irradiated specimen at 700C
for SiC fiber reinforcement SiC composite.

(HiNicalo— Hr_vertical)
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Fig.35 Profile in diameter of the irradiated specimen at 800C
for SiC particle(5%) reinforced SiC composite .
(5%SiC_particle/SiC)
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Fig.36 Profile in diameter of the irradiated specimen at 800C
for SiC particle(5%) reinforced SiC composite .
(10%SiC_particle/SiC)
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Fig.37 Profile in diameter of the irradiated specimen at 800C
for monolithic & —SiC.(Hexaloy)
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Fig.38 Profile in diameter of the irradiated specimen at 800C
for SiC particle(5%) reinforced SiC composite .

(10%SiC_particle/SiC)
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Fig.39 ‘Profile in diameter of the irradiated specimen at 800C

for monolithic @ -SiC.(Hexaloy)
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Fig.40 Profile in diameter of the irradiated specimen at 800C
for SiC particle(5%) reinforced SiC composite .
(5%SiC_particle/SiC)
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Profile in diameter of the irradiated specimen at 800C

for SiC fiber reinforced SiC composite.
(HiNicaloceram_vertical)
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Fig.42 Profile in diameter of the irradiated specimen at 800C

for carbon fiber reinforced carbon composite.
(CX-270G_parallel)
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Fig.43 Profile in diameter of the irradiated specimen at 800C
for carbon fiber reinforced carbon composite.
(CX—2702G_parallel)
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Profile in diameter of the irradiated specimen at 800C
for carbon fiber reinforced carbon composite.

(CCM-190C _vertical)
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Profile in diameter of the irradiated specimen at 800C

for near—isotropic graphite.
(GilsoCarbon vertical)
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Fig.46 Profile in diameter of the irradiated specimen at 800C
for carbon fiber reinforced carbon composite.
(PCC-2S_parallel)
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Fig.47 Profile in diameter of the irradiated specimen at 800C
for SiC fiber reinforcement SiC composite.
(HiNicalo~II _vertical)
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Fig.48 Profile in diameter of the irradiated specimen at 800C

for SiC fiber reinforcement SiC composite.
(HiNicalo—II _parallel)
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Fig.49 Profile in diameter of the irradiated specimen at 800C
for carbon fiber reinforced carbon composite.

(PCC-2S_vertical)
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Fig.50 Profile in diameter of the irradiated specimen at 800C

for carbon fiber reinforced carbon composite.
(PCC-2S_vertical)



JAERI-Tech 2005-055

HL_No.17_Upper_800C

HL No.17 Center 800C

VN

=/
R{E
A
S
HilTFEE

RIE

5.1628
4.8701
5.056
5.1218
0.007547
5.035201
0.086875
-0.37176
-1.32089

Fig.51 Profile in diameter of the irradiated specimen at 800C
for carbon fiber reinforced carbon composite.

(CX~2702_parallel)
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Fig.52 Profile in diameter of the irradiated specimen at 800C
for carbon fiber reinforced carbon composite.

(CX-270G_vertical)

__65‘_



JAERI-Tech 2005-055

HL No.19 Upper_800C

v

®BAX 50882

=/ 48511
hifE 49477
BAEE  4.9052
480 0.005792
HiiFEH{E 4962642
ZAEFZE(E 0.076106
ZEE 0.187905

RPEFE -1.44253

Fig.53 Profile in diameter of the irradiated specimen at 800C
for SiC fiber reinforcement SiC composite.

(HiNicalo—II _vertical)
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Fig.b4 Profile in diameter of the irradiated specimen at 800C
for carbon fiber reinforced carbon composite.
(CCM~190C_parallel)
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Fig.55 Profile in diameter of the irradiated specimen at 800C

for near—isotropic graphite.
(GilsoCarbon_parallel)
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Fig.56 Profile in diameter of the irradiated specimen at 800C

for isotropic graphite. (IG=110)
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Profile in diameter of the irradiated specimen at 800C

for isotropic graphite. (IG-110)
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Fig.58 Profile in diameter of the irradiated specimen at 800C
for SiC fiber reinforced SiC composite.
(HiNicaloceram_vertical)
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Fig.59 Profile in diameter of the irradiated specimen at 800C
for carbon fiber reinforced carbon composite.
(PCC~2S _parallel)
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Fig.60 Profile in diameter of the irradiated specimen at 800C
for carbon fiber reinforced carbon composite.
(CX-2702_vertical)
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Fig.61 Profile in diameter of the irradiated specimen at 800C
for carbon fiber reinforced carbon composite.
(CCM-190G_parallel)
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Fig.62 Profile in diameter of the irradiated specimen at 800C

for carbon fiber reinforced carbon composite.
(CX-270_vertical)
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Fig.63 Profile in diameter of the irradiated specimen at 800C

for near—isotropic graphite.
(GilsoCarbon_parallel)
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Fig.64 Profile in diameter of the irradiated specimen at 800C

for near—isotropic graphite.
(GilsoCarbon_vertical)
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Fig.65 Profile in diameter of the irradiated specimen at 800C
for SiC fiber reinforced SiC composite.
(HiNicaloceram_parallel)
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Fig.66 Profile in diameter of the irradiated specimen at 800C
for carbon fiber reinforced carbon composite.
(CCM-190G_vertical)
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Fig.67 Profile in diameter of the irradiated specimen at 800C
for carbon fiber reinforced carbon composite.

(CX-2702G_vertical)
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Fig.68 Profile in diameter of the irradiated specimen at 800C
for carbon fiber reinforced carbon composite.
- (CX-270_parallel)
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Fig.69 Profile in diameter of the irradiated specimen at 800C
for SiC fiber reinforcement SiC composite.
{HiNicalo—II _parallel)
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Fig.70 Profile in diameter of the irradiated specimen at 800C
for SiC fiber reinforced SiC composite.
(HiNicaloceram_parallel)
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Fig.71 Profile in diameter of the irradiated specimen at 900C

for monolithic o —-SiC .
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Fig.72 Profile in diameter of the irradiated specimen at 900C
for SiC particle reinforced SiC composite(10wt_%SiC).
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Fig.73 Profile in diameter of the irradiated specimen at 900C
for SiC particle reinforced SiC composite(5wt_%SiC).
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Fig.74 Profile in diameter of the irradiated specimen at 900C
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Fig.75 Profile in diameter of the irradiated specimen at 900C
for SiC particle reinforced SiC composite(5wt_%SiC).
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Fig.76 Profile in diameter of the irradiated specimen at 900C
for SiC particle reinforced SiC composite(10wt_%SiC).
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Fig.77 Profile in diameter of the irradiated specimen at 900C
for 2—dimensional carbon/carbon composite.
(PCC-2S_parallel)
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Fig.78 Profile in diameter of the irradiated specimen at 900C
for 2—dimensional SiC/SiC composite.

(Hi_Nicalo—II _parallel)
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Fig.79 Profile in diameter of the irradiated specimen at 900C
for 2—dimensional SiC/SiC composite(Hi_Nicalo—parallel).
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Fig.80 Profile in diameter of the irradiated specimen at 900C
for near—isotropic graphite. (GilsoCarbon_parallel)
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Fig.81 Profile in diameter of the irradiated specimen at 900C
for isotropic graphite(IG-110).
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Fig.82 Profile in diameter of the irradiated specimen at 900C
for near—isotropic graphite. (GilsoCarbon_parallel)
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Fig.83 Profile in diameter of the irradiated specimen at 900C
for 2-dimensional carbon/carbon composite.

(Gilso-Carbon_vertical)
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Fig.84 Profile in diameter of the irradiated specimen at 900C
for isotropic graphite(1G-110).
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Fig.85 Profile in di.ameter of the irradiated specimen at 900C
for 2-dimensional carbon/carbon composite(GilsoCarbon_vertical).
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Fig.86 Profile in diameter of the irradiated specimen at 900C
for 2-dimensional carbon/carbon composite.
(PCC-2S _vertical)
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Fig.87 Profile in diameter of the irradiated specimen

for 2—dimensional carbon/carbon composite.
(PCC-2S _vertical)
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at 900C
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Fig.88 Profile in diameter of the irradiated specimen at 900C
for 2-dimensional SiC/SiC composite(Hi_Nicalo—II _vertical)
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Fig.89 Profile in diameter of the irradiated specimen at 900C
for 2-dimensional SiC/SiC composite(Hi_Nicalo_vertical).
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Fig.90 Profile in diameter of the irradiated specimen at 900C
for 2—-dimensional SiC/SiC composite(Hi_Nicalo—II _parallel).
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Fig.91 Profile in diameter of the irradiated specimen at 900C
for 2-dimensional SiC/SiC composite(Hi_Nicalo—parallel).
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Fig.92 Profile in diameter of the irradiated specimen at 900C
for 2-dimensional carbon/carbon composite(CX-270G_parallel).
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Fig.93 Profile in diameter of the irradiated specimen at 900C

for 2—dimensional carbon/carbon composite.
(CCM~-190C _parallel)
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Fig.94 Profile in diameter of the irradiated speéimen at 900C
for 2—dimensional carbon/carbon composite(CX~2702G_parallel).
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Fig.95 Profile in diameter of the irradiated specimen at 900°C
for 2-dimensional carbon/carbon composite.

(CCM~-190G _parallel)
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Fig.96 Profile in diameter of the irradiated specimen at 900C
for 2—-dimensional carbon/carbon composite.
(CX-270_parallel)
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Fig.97 Profile in diameter of the irradiated specimen at 900C

for 2—dimensional carbon/carbon composite.
(CX-2702_parallel)
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Fig.98 Profile in diameter of the irradiated specimen at 900C
for 2—-dimensional carbon/carbon composite.
(CX-2702_vertical)
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Fig.99 Profile in diameter of the irradiated specimen at 900C
for 2—dimensional carbon/carbon composite.
(CX-270G_vertical)
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Fig.100 Profile in diameter of the irradiated specimen at 900C
for 2-dimensional carbon/carbon composite(CCM-190C_vertical),
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Fig.101 Profile in diameter of the irradiated specimen at 900C
for 2-dimensional carbon/carbon composite(CX~270 vertical).
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Fig.102 Profile in diameter of the irradiated specimen at 900C
for 2-dimensional SiC/SiC composite(Hi_Nicalo-vertical).
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Fig.103 Profile in diameter of the irradiated specimen at 900C
for 2-dimensional carbon/carbon composite(CCM-190G_vertical).
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Fig.104 Profile in diameter of the irrédiated specimen at 900C
for 2-dimensional SiC/SiC composite(Hi_Nicalo—II _vertical)
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Bl i i~ v V| Hz s 2 7N L 5 107 7=4b f
2 =a- b Y| N | mke/st AVIREu—4 A 107" 7 r a
F #H ., & #H|c A A | Pa| N/m? N - v b )
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T, BHEHR|7 » M W Is 5 W Gal 1. %®1—513 EBRLFR] H5K EHER
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Ty y ABE | eryIARC | Gal=1cm/s? =10~ m/s® BB R2OH 7 7Y KRS QT
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2 1Ci=3.7x10"B °
" v 7 2| x| Im/m ' o 4. ECHIMEFLIEHTH bar, barnbk
b ﬂ'_f ﬁE‘, ~ 7 v wv| B s! 1 R=2.58%10 C/kg . .
a 2 U [MEOEA | mmHg 2&2D4 573
w i % R®|7 v 4| Gy | Jke 1 rad=1c¢Gy=10"Gy —IARTOS
B B 4 B|v-~wi| S J/kg 1rem=1c¢Sv=10"?Sv °
# u #
71| N(=10°dyn) kgt 1bf FE [ MPa(=10 bar) kgf/cm? atm mmHg(Torr)| 1bf/in®(psi)
1 0.101972 0.224809 1 10.1972 9.86923 7.50062 x 10° 145.038
9.80665 1 2.20462 #1| 0.0980665 1 0.967841 735.559 14.2233
4.44822 0.453592 1 0.101325 1.03323 1 760 14.6959
t # 1Pa.s(N.s/m?)=10P(£X7X)(g/(cms)) . 1.33322 x 107 | 1.35951 x 107* | 1.31579 x 107° 1 1.93368 x 102
BEEE  1m%/s=10°St(X b — 7 R) (ecm¥/s) 6.89476 x 107* | 7.03070 X 1072 | 6.80460 x 10 51.7149 1
| J(=10"erg) kgf*m kW< h cal Gt&#) Btu ft » Ibf eV 1cal = 4.18605 J (&%)
3
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% 3.6x10° | 3.67098 x 10° 1 8.59999 x 10° 3412.13 2.65522 x 10° | 2.24694x 102 =4.1868 J (ABHE SR
;;¥ 4.18605 0.426858 | 1.16279 x 10°° 1 3.96759 x 1073 3.08747 261272x 10"  pgmz 1 PS (LES)
B 1055.06 107.586 2.93072 x 107* 252.042 1 778.172 6.58515 x 10?! =175 kgf-m/s
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160218 x 107" | 1.63377 x 107 | 4.45050 x 1072%} 3.82743 x 107 | 1.51857x 107%*| 1.18171 x 107" 1
Ji5 Ba Ci % Gy rad i} C/kg R & Sv rem
5t P & &
1 2.70270 x 107! w 1 100 & 1 3876 u 1 100
fig & 2 2
3.7 x 10% 1 0.01 1 2.58 x 107 | 1 0.01 1
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