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Abstract

Jon irradiation experiment was carried out to elucidate behavior of microstructural
change of neutron-irradiated B,C and SiC. The materials used in this investigation are
hot-pressed boron carbide pellets made of carbothermic reduction method and those of
magnesiothermo reduction method. The SiC specimens used in the present investigation
are the B-SiC fabricated by the CVD method. The specimens were irradiated with He
and C ions having 15 MeéV and 25 MeV respectively, to the fluences of 0.43 to 11 x
10%/cm® and 0.8 to 8 x 10'/cm” at temperatures from 413 to 760°C. After irradiation,
the microstructure of specimens were analyzed by transm1sswn electron m10roscopy
(TEM).

The results of TEM analysis for B,C which is made of magnesiothermo reduction
method indicated that precipitates of iron rich micro crystals often existed at triple
points of grain boundaries. On the other hand, B,C made of carbothermic reduction
method has relatively uniform microstructures with little or no prec:1p1tates of ion rich
micro crystals. After helium ion irradiations, almost all of B C crystals changed into
amorphous- strufture. Further more, it was observed a number of iron rich- micro-
crystals and network structures of He bubbles dispersed in the B,C matrix. The defect
structure and helium precipitates behavior in the ion irradiated B,C differed from
those of neutron irradiated materials since there were no black spots nor lenticular
bubbles as usually. observed in the neutron irradiated boron carbide. This is caused by
the difference in the displacement damage rates between ion ifradiation and the neutron
irradiation. - : :

When TEM observatlon was camed out for SiC specimens 1rrad1ated w1th carbon
ions, little or no change in microstructure occurred. There was no amorphous phase in
the SiC crystals "When the ion irradiated SiC was annealed at 600°C, little or no
microstructural change was observed. It was found that SiC had a stable structure
against ion irradiations.

This work was performed under the contract with Japan Nuclear cycle Development

fstitute, o R _ _

Contract Number:12C1791

JNC Liaison: Akihiro Kitanoi (International Cooperation and Technology Development
Center, Tsuruga Head Quarter Office)

*The Wakasa Wan Energy Research Center
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L1 BRALER U RO FHT R

AL TR (BC) imBiFhlEEsE e LCERSTLTEY ., PRI
LRI, HEBEORFEMELEFERT S I X TLEERERTHS, 1
K. BC DRTY 27, B SHEME S PIHEE < BIlRSh TS, L
MDLRBD, TeE X THEH) THEAShTWE B L7V ATHERERT
W% B,C DREFEBIOT-FERD L, AU Y, ~) TAKH, Bk
DENFREL LICERDZZEREbATWS, L EHICLS BC 2Ly
FDAZY 277 b NI IS EEENT, REMBIMEEREH O L CEERERE
IRBB, XBAEBIC L o Th, A=Y 7 b UNTE (L & Bt oRisk, ok
FRR & OEMREZ EEMICH LT LGy, 20D, BC XY v
TRIVHEC LB OMBOBEREALMCTIZ LREEL R 3B,

RiEm v (B,C) Xm@a (2850°C), BE, R&EWhiETRIUNE. &iE
TOLFRILERER EOBNHE 2L, EFFOPEFRIUEL LTEH
EhTWd, Ll BFIRFETI'B (n,e) "LIRIENEL S,

1B +1n="Li+*He + 2.6MeV

ZDORIIIEBDONT U LEER L, FHETRENOETL & bITRIREFIZA~
VU LT ADERPEMT 5 LICkd, TORBR, BEEREBERO~NL Y b
D THVWLNTWARIERVRIZAZY VFEEL, EHITANVTATZAD
—EWIEIA Ly FhLAMRICEEENR D, TRbL, XY U IRAY TADK
IS EFRIREDEMERET HRELERICR>TWS, T, ~U DA
DERILRACT U FER OWMAEPLEMEEROB T RLEICKRES PIbLBLE
LT ah, RBEIC X 5 EBEIEELOBRR»DITRARANRELELE
ShTn3,

® HeAkpgkéRxY 7

Stoto DHFFE[S)IZ L 5 &, He RDOER A I = X L IZRFFFHIC He HFEH




RFICERMICERE S, BRBECRTIMH~A70r T v 7 3BAEDRRA
& 72% (Intra-granular micro-cracking) , 1500°CEATF Cix, R U > 7L 150
X 102 ®cap/m® F TITMABEEIT LB UTHM L, B,C DRSS 96% TR
BEY100X102%cap/m® D & &, A Y 7Y 10~20%THYH A=Y 7K
RBEEFLR2VWERESL TS (R1-128) . £, BEIRAE?D 1500°C
U LOBEIE. BLOERIES TR, FHRbICER~f7arsFy s
BEL, Rby MTAEERE D TRARMBRENS L HRESI TV,

—7# . Maruyama 5 OWFFE[2]TiX, 1140° C CHRBEER 130X 102 °cap/m?
DEMT B,V y MITBERMHEA R Hiu, 80X102°cap/m® T He B
BOSEABRERE Ty 7 OREPREIND LHFEINTND, BRIEE
1000°CEL T CTEBEE 80X 10%%cap/m® A TOHAIL, A=V 731X 8.6%,
100 X10%°cap/m®* THY (K 1-2) \ A=Y U IRIIMFREOLRITLY T
BRHEMPRD LD, £z, He RERBODLZ VL vy FOBEIRATY 73
KEWZ PR SN, BRIERESNTA 707 5 v 7 BER L He A
REENBERATY VIFRETHSB,

@BV

RHETD B,C Ly hoBREIX, BETH 30W/(m-K)C, BEDLFIC
VBT D, ZhidB,C OBVEENHANR 7+ ) VLK ABEETHL L
ERLTWS, BRZ21T L. BYREEIMET L., BREEEHRK 30X10%°cap/m®
T 2~3W/(m-K) L7225 (H 1-3), B EEEOFKREIX Maruyama [2] &
Froment[4] DEEH TIZIE—HK L T3, ZOREHEEDKTIX, FHFRIIC
L ORERRICcA 20Ty 7 FOROMBELAZ L, HEEEDRE
FEFDENICL Y, BT+ VEBEBELLI LD EHEEENATVES,

@Li DAERK

Stoto DFME[3]TIE, HERIZI VAL S Litd B,CHEABTFERELEL
TRV END, AV IR rns Ty 7 DRERICELRNEEND,
Li ORFFOBBEIIFHL . B,C Ly "M LIERTHOT, BiEitkT s
ELiBPTHHEARH LN, BEFFEOREE~V Yy FTRE OB EIX




MhEL, PWREFTERLTWAREEESRLy b TIILIVEERENEL 2B
ZERBHERLTNA,

1.2 FRAbI 4 BT REHRE

RALEER (SiC) IR LV ETFRNEEL2 4754 U CatlIT 5 2 2 D1
EE=F—L LTERESR TS, L) bfFRE Lz SiC DEED
FRSHEE & RMEEE BRI DV TIR, FIEZFICL > TR—%T5 205 #
FEELRNWEWIHmELH Y, BREBEET=F - LTOFA%OFEME
EE>TWRWORERTH S, BBEFERICBIT2FMEORET—5%
EREIC BFTiT 5 7 I b (BRI OBV MELEE = # — B L ShTWB 28, B
ESIC IR AHETEEEOEVBHEET=F—BBLh TR, F0
Te®, AR TITIERE AN a4 3 RBEICE Y SiC FITRFRMEEEAL,
ERRTHRMEOREBLEEA D =X LEZHLMNITB I LIZX Y. SiC ORFHE
EE=f—t LTOFREOEBNBRNEITO L EENL T 5, BICHERE
LD rE AREEICOWTOFREZFELNCTEZ LREETH B,

1.3 WrEEERY

AR TIE. BESEOHBOER 244 BHEEZAWT, BHARETORK
bR UFE (B,C) LBRIET A% (Si0) OWMHMBEELSLEHLMCT S, i,
BUEIZ X 5 B,C HGiEE DR L B kX —BEIC L 28ER L EFH LM
THZLICLD ML S REEEICRIETRELEET D OEMER %
/3,

£, SiICHEFFREEFHFORERETC=F—¢ LTERA SN T3, SiC
DERKE & EEZEIZ OV TR RHER R IR THARY, 20D, RHFE
THEAFBINT XY SiC Rz FRIEEEAL, £T 3 RMBOREL EE
AN=ALERTTL.SIC ORFRET =¥ — L TOFREOERBNMRELES,
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F2E ERFE

2.1 #E

(1) B,C BLUSIC R B

B,C#EEHI. BERIETEHFRASHIC L VREBTETELNE BCHKRER
B LTS SNtk e, 75 2 COGEMA T XV = 7RV 7 ABT
ETHRESNEBCHRICL DRy M bBBR L b0 2 BIEE AV TIT
ST, BIER THATY] b2V BB ERTERSh TV AHIEERT
MR & RSETH B,
SiC 13 CVD #TERE S M7z B - SiC C, HERF (BF) THEShEZHOTH
5, BB THREET=F—L LTHEAINTWS SiC iX CVD =TSN 8 -
SiC ThH 2. RERTHREED CVD i TER &N B - SiC ## A LTz,
TN BLBIUSICHEIO A, "BBHEE, BEROFMER 2.1ITRT,
iz, Mg BT LRIRBITBCHEROTRSITHRER 22 & 23177,

#F 2.1 B4C B LV SICHE OB

YBRWGE| ®mE | EREE

Eow SR ~Hi(mm) (wt%) | (g/em3) (%)
B.C BERfE Mg#Erh 12.2¢x1 90 2.39 96.9
B.C M A Cw HEARIERER, 12.659x1 40 2.35 95.0
B.C COGEMA Mg #5545 12.20x1 47.8 2.40 97.3
B,C (b A L) {ARERESR 15x15x1 40 2.34 94.7
B,C MbACw) (HIRESES | 15x15x1 40 2.36 95.5
SiC SVD-SiC FHPEHRE 16x15x 1 3.19%

* SCHME




F2.2 IRV LBTEB.COTEM
COGEMA#H: DKK
= ; e B.CHERER | BaCHR | “BJCHIR | “B.CHERNE
“Big#EE  (atomic.%) 47.8 47.8 18.4 90. 2 90. 2
2B (WT. %) 70. 8 77.0 77.9 76.7 76.9
2C (WT. %) 22.4 21.1 21.6 22.4 22.2
B/ Clh 3. 60 4,16 4.01 4.07 4.12
20 (WT. %) 6. 20" — 0.28 0.31 -
2N (WT. %) 1.07 — 0.13 0.23 —
i
B:0, (WT. %) 2,57 0.01 — — 0.01
Mg (WT. %) 0. 67 0.01 — < 0.01 | < 0.01
Fe (WT. %) 0.07 0.02 0.02 0,03 < 0,01
Ti (WT. %) < 0.01 0.01 0.01 < 0.01 < 0.01
C1 (ppm) < 25 < 25 < 25 < 25 < 25
F {ppm} < 5 5 5 < 5 < 5
Co (opm) 7 2 4 < 2 < 2
Cu (ppm) 36 < 4 < 4 < 4 < 4
Mn (ppm) 180 83 2 4 2
Na (ppm) 8 < 2 < 2 < 2 < 2
R () 0. 99 — — 4.42 —
teFEHE (/) 14.71 — 2. 65 2.95 —

s COGEMAHENZ, DKKHLY Mg, MnBEREERS, EhEEEADRoMnBERE N,

s COGEMA#BOLSIE : 2B+ 2C+20+EN2100L 2201, BEOCHSIHBESERBRLTWS LD &

Bbh s,




2.3

RFETEB.COITESH

> kNo. c2
L] H

¥ OB E w T @&
BEMEE (V%) 39. 0 6" 40. 2
£B (WT%) 77. 9x1. 0 77. 4
£2B+2C (WT%) 299. 0 99. 2
B/ Clh 4. 0+0. 2 4. 03
B:0s (WT'%) =0. 10 0. 01
Fe (WT%) 0. 80 0. 06
T i (WT%) £0. 10 <0. 01
cl {(ppm) Cl+F <25
F (ppm) = 100 < 5
Co (ppm) = 50 6
Cu (ppm) 1000 4
Mn (ppm) < 100 2
Na (ppm) £ 100 2

* [HAUw] FEEAB,.CRLVy MAKE




2.2 A A RE

AV RFIIERB=ANVE RV F—DZ T AINERZ L TICA A
BEAT—RAVAT AEBERAWCITo, UTFTRAZERTHAWESY V7 2008
BROWICA U EAEE VAT AOERERIZ OV THEAT 3,

Z 5 AIERS
FRETRNFX—WRE F—DF 7T AMERL, V= FNVET
OZ RBIESR S X7 AOKREIER THE 7 v har~OAHEE
@, FoRAX—NERE L CHEMTHEICER T30 0EE !
LWV H ZoDRAMER STV, i
FZ—=IFNVEEIX MV ThV, EETRAF—iL HT 10MeV, He* T
16MeV DiE 4> C, N* R EOZTREA A OIERFRETH D, 7NV ALE
BOBMEOAF L E—A 5 BE7 LRTE 2D,
ANERLT DT RN F— 3R 2-4 IR THETERICBIRT 3 2 ¢ R T&E B,
ZIT, RFIXF—IFNVEE SMV B, WEERBEIR b L bRER CH
DEZRLTVE, 2T, Y7 u bar AFICEL T, ¥ 27 A0ER
HO THERELRZITV., CHICERT B Lichkd, WEERRIT ATV
HAZRNSHAA MY v 7HRNTITo TV E R REE—AZINET 554
ZUT AMERE O ICRET AWEERBIX. A—Rr 73 ANV EAVE T
FANVAFY o= FRICLDWEERBEREL TV A,

(3) E—Aat

O BH=Z1, 2~0HEH%
FUTANDRFEL & 2~ kT 3 v —AtARITR 2-5 IRT, ZHBM
HER S AT ADRHE2 CIXI H | He*. C**0# 355 25 MeV BED=
INE—DA F U — ARBNBETETH S,




3 2-4 F T MERONERT & XX —B LU —AER

A A T RAF— E— LR
biE3 1~10 MeV DC:100 pA (FXR)
NV A L 1~15 mA
~Y A 1.5~15 MeV DC:50 pA (H&K)
R 2.5~25 MeV DC:50 pA (F&X)
2SNV A 0 0.1~0.3 mA

#F 25 BHEELL2NREINIE—LRNVF— L ERE

A A& E— ARV F—(MeV) BAE—AERMDC : pA)
BE=E1 WBE=E2 Rit=1 BE=E2
H* #3~34 #¥3~10 5 100
He® ¥W3~5  H3~15 1 50
cer #3~~68 H3~25 2.5 50

b, Zo7 amEsRE AW TUTo e BERBROEELEMIEUTOLEBY T,
A ZREBB—EE R 2-6 IR T, Fio. TRIM 1Tk B4 A BEOFER
RE¥K 2.3~2.8 FTRT,

cAFVFE . He™E/px oY

- TRAVF—: 15MeV He*. 25MeV C*

- FREHEE . 4183°C~760C

- BFERSKNE : 4.3X1014~1.13 X 1015i0on/em2




* 26 A4 VBRHRE—E
Ll S TRAF—| BIE | R BHE (RARE

F TR AF| EMeV) | ®a) | (s} |10%Gon/em®)| (°C)
#3-1|BaC | TbALw) EES | He* 15 2.2 | 1000 3.54 472
#3-2 | B4C [COGEMA Mg 874 | He? 15 2.2 | 1000 3.54 479
#3-3 | B4C | EALFE Mg BTdt | He* 15 0.27 | 1000 0.43 442
#3-4|B4C | TbA L) ZHES | He* 15 0.27 | 1000 0.43 444
#3-5| B4C [COGEMA Mg #7cd: | He* 15 0.27 | 1000 0.43 413
#5-1|B4C | TbALw ) ERES | He™ 15 0.27 | 1000 0.43 453
#5-2| B4C | THb A Lw] RER | He™ 15 3.5 | 2000 11.3 760
#1-4| SiC [HEfE& He? 15 0.27 | 1000 0.43 471
#7-1|B4C | T AL w] BHES | He* 5.2 Fik | -
#7-2{B4C| THA L) HEER | He 5.2 2.8 | 500 2.25 553
#7-3| B4C | TBA U] HHER | He 5.2 2.8 | 500 2.25 548
#7-4| SiC [CVD-SIiC FERFE | He* 5.2 2.8 | 500 2.25 570
#7.5| SiC [CVD-SiC FEERE | He 5.2 2.9 | 500 2.25 558
#7-2| B4C | THA L) HZHES c* 25 1.2 | 500 0.48 556
#7-4| SiC [CVD-SiC HFR#=E CcH 25 1.2 | 500 0.48 561
#90.1| SiC [CVD-SiC ek c* 25 0.5 | 2000 0.8 525
#9.2 | SiC |CVD-SiC HREERE Cc+ 25 1.5 | 600 0.72 536
#9-3| SiC |[CVD-SiC HirR#E o 25 0.4 | 250 0.08 480
#0.4| 8iC |CVD-SiC EEERSE c* 25 FaE | .
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2.3 ZRMEFHMGERBOER

(1) 7uxBy btk

BEFRMEIC L AWEBAREZTHI D, Z7uAhy MEIZL VR B
Lk, 7020y MEOHELE 2.7 17T |

a) RE OB

BRFEHORE L BERARILF VE 2EENFR 227 mm BI2H Y 13,
0%, =F =N, Tk M TEBFEESETO., O TEZEBEZITV,
ABHIME LTV 28AI 2 22t iRy B,
b) BEtDRESE

2 B DOBEHT Petro-Epoxy-154 (BE(LiEiAE) 2By #EESRHNL
EERD ISRV EDES, I=FATOTRHITMEL., 100CHFY b7
L— N, 92 FREINER L Ovmsh LEEs+ 5,

c) GIEr

BELERBE TNV a—VEREY v 7 A TARIZEEL., BERICRLT
EEIZHN O, mMmOEITEY HT,

d) BIRuTE

T L7 BB 2B 7 AR T A a—LVIRIESEY v 7 A TEE L. 35|
D&1TH. BREHNZEBOEZIIN100um LT3,

e) F4LTAMI

GATAN #BUBET 4 VTN T T4 v F— %W BB L% & 5T 5
BAEHRIE S 138 40 ~ 50umE$ 3,

£) MY SRS

AEHE I BHEFICHEL . BT WD, B 3mm., R 1L.bmmD A F
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