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Abstract

Bulk boronized graphite with different boron contents, GB-100, GB-103, GB-110 and GB
-120, were exposed to the high heat flux up to 6MW/m? for 120 seconds, in the electron beam
irradiation facility, ACT, of National Institute for Fusion Science. The sublimations of
boron and carbon contents were measured after the heat load tests. The maximum surface
temperature reached up to 2400 °C in a case of highest heat flux.

The sublimation amount both for carbon and boron were large for the bulk boronized
grapnite with large boron content. In the early stage of the beam irradiation, the boron
sublimation was dominated. Then, after most of the boron evaporated, the carbon sublima-
tion occured.

In order to confirm the boron sublimation, the depth atomic composition was measured
by using AES. In addition, the surface morphology after irradiation was examined by SEM.
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Table 1. Typical properties of carbon used for heat load experriment.
Specimen 1G-430U0 GB-100 GB-103 GB-110 GB-120
Isotropic Bulk Boronized Bulk Boronized Bulk Boronized Bulk Boronized

Apparent Density

(@/cnrd) 1.84 1.80 1.85 1.82 1.78
Boron Concentration

@t.%) 0 0 3.1 10.9 22.2
Coefficiment of Thermal
Expansion 5.0 5.7 5.3 49 4.6

(10-%/K)

Thermal Conductivity 100 54/26(//L)  33/26(//L) 35/28(//L) 33/23(s/1)

/mk)
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EFE—sBHPoEmMBENELE, 8) 3000 T RN
WA % B RO B R 5 MmO~ e © /6Mw,szB'1202
YLTR=5—L1, 4B, ZONSERE 5 SIS i 5
BTH, 600C B EnREE MET 22 a5 2000 p 1 WD ]
TE 2 EMBEOMMELO—PETFT.  E 1500 [ | ]
Fig. Lz K v v % 20 at. %iE4A L 72GB-120 E‘q: [ ]
DEMREDHHEILTH b WAHE 2, & 1000 - L ;
4, 6MW/m?® & L, BSEEE 0BME 2 spp Dol oo
L7z & 5 DiREZE L E R LT b, Kl 0 20 40 60 80 100
BT NoOBRREOEE D, 19 10 ERE Time (s)
TERREE T o7z, F72, BERHE Fig.1 Time dependence of suraface temperature of
e B OITER L 1700°CH & 2400°C GB-120 for various heat fluxes.
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Thotz, ZOMICBES NS %Mr% Time (s)

B2 E LT, HOm/e=18), C

(m/e=28), CO;(m/e=44) & U‘"}Ljé'ﬂj Fig.2 Time dependence of QMS Signal intensities
7K§5CxHy(m/e=15, 16, 27, 29 =) pi2g of m/e=11, 12 and 18, when GB-120 was
F b ALB 2%, = AL E ORI S % B irradiated by the heat flux of 6MW/m?.
W s LB L, $hbh, BEHIC

R 2R R RREELERSEEC B L, H.OFnm 2 o HERBNICIEE S Lz lzd &
FEZ b b, BHABROHONFIZHUIML 245, £V VBRI AL Tniz, Z
ORI RO RS CIBELIE B AT SERICEBEEN ., T, EREHNICHML -
Rarnyy Z ) FRHREFEZ LD, B He W zRu =¥ —2 3 BT L, BERM
W, & CIHLODWAYPEBEIN TR, /2, Ko v BELlaBs 2 58091 R o v 25X
Bzl EZLRBOBEIBEIN TP AERTYL, ERLRe itk 3H005y 5 )
YIRREMER L2 LI B, Fiz, HURET & BURE o BRI O IRBLIC BEAIMEIR A A S L7, il
Hi, BRHCRE T 2RI B 7wy 7 (100X 100X 70 mmP®) I A L ¢, E—2D 3> T4
Yamv Il EgoZIEICLBEFEZ LN DB, BHEIE, RAWKEB L UCO, COEELSMF T
7Ty I LIzl EARkE D,
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B A5 T 2y i ] 3 1 GB-110 ,' ]
SEL, 4..}’147%?:}){!17_&, ok 2 IR 2 1000 | o osim| :
LTHUHEL, @bz, = [ A 1G430U | ! ]
AT RT O REGB-100, GB-103, GB-110, .60 r ]
: ] ‘ g 50 /o — GB-1107
GB-120 £ VIG-430Un ERIZ 7 N 7 = . g ]
#1, 1313 1450 mg, 1450 mg, 1400 mg, Y o 25 S
1370 mgB & U 1470 mgTh - 72, % B, 0 2 4 6 8 10
SEOA C T TR Z LI & 2 B Heat Flux (MW/m’)

ELImETE A EET 7z, Fig.3

5:' " * “_,‘_Lj%w 3;)/) . jgm Fig.3 Weight losses of bulk boronized graphites
1= 30 B 0 SR IC 1Y 5 B i (GB-series) and 1G-430U versus heat flux,
Thbb#FEmmeznRT, 2MW/m? Bk after 30 sec electron beam irradiation.
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LIICHERBIKRESC -7, £ I2GB-120 0 6 MW/m? o BIT 2 ERELHEL B L <, 220
mgHAEFEL TV 5, ZIUIRE RN 1I5%LLEIC L HEET 5, FHERHNIG-430Un 4 mg & It
N3k, GB-120 WIEHICHEFELOTWMBTH 5 Z L350 5

EF b — 2B P OREIRE (2400C) THRa > DESAIEH 2%( 0PatThsrz L, Rurih—
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BRFCEDLDLHFLET B2, RlcRurn#ERICL2bneHEzbns, LrL, GBY ) —

Z DB R ﬁD/&E_U: —_mmtfw&mokmﬁ@ttf,@ LizKa>roni
I & 0 BIGREED D  ) B > TV B T
EHHEL BB, 1000 prrrerrrr :
Fig. 4iz, GB-110, GB-120 »#3fi»° % 800 | Heat Flux ; 6MW/m®
6MW/m* 0k 20 ERHSENET & - GB-120 o
— LI E R, GB-120 g 00F o ]
% 80 IBL LIS L 2o, ERMAH T 400 | s GBL110
MEEL RoN s, ZHUIFEE 2mme 2 - o /.
SEHCAHBCTLEN, F—ry bie . B 20p o e ;
BRTRELDOHFEL Go2l2dThH O LzciiT i
bo TOHEERC L, ERBIMEE 0 50 100 150
Mo L CRIZERFIL TH Y, RER Irradiation Time (s )
BE2400CIK B 2R & 2mmDREBC Fig.4 Weight losses of GB-110 and GB-120 versus
oY B EREEATIL, Ko BEEr&s irradiation time.
10%, 20%»GB-110, GB-120 iz %L <,

GB-110 0.03%/sec  (0.38 mg/(cm*® - sec))

GB-120 0.13%/sec  (1.75 mg/{cm?® - sec))

EZ iz, Lz -0, 2400CICIEED AT 5 &, GB-110, GB-120 {2 #1211 350 B, 150 #
TEE 2mmbBDRe I TRTERELTCLE) I b b, 2DT—Fh b, H2OMENDK
O RO R E DRBEDRR A 5 — N TH D00 T & 5,
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BFe—L2BE L 2H2EET L, BARO/NE 2 MW/m?, 30 B ok, 5 HEOR
BB SN L - hY, 4 MW/mE 30 i BW TIEERSERP LA LTz, #
TRED 2200CIC BT 2 R0 DEAEIFEPaTH DT L ##E 2 5 &, TTIO R > DHEFER
ETWRZErEZLNSE, 6 MW/m? DREHIC BT, & ICETE— L0 RBEHIEA
HIeBWTEBLL Tn b Z EXBESNR, EbiT, ZOESTRLBEL Tz, 72, &
TRV BENKRKECLDEY, ThbbERBMORE EDICKRE(BELL, —F, B
HEN LD > THTIEH T ) BB LN LD 572,

WETHE O S EM{G % Fig. 512RY, ZHudRo o BEE 20 at. % onGB-120 mEmEZE T, #n 7
H(@EETRT, (0)6 MW/m?, 30 secli#1%, ()6 MW/m?, 50 secl#if 140 L ¢, (b) & ()l 441
WrLERERL TH 5, BEMIKE LA, BAPRIICHREL 2EESA LN, 72, M
MOEELKRE ko7, T EREL VAR L WH» B L 2L nEsFZoNE, 2
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(b)

Fig.5 SEM photographs of GB-120.
(a) before irradiation.
(b) after irradiation; 6MW/m? 30 sec.
(c) after irradiation; 6MW/m? 60 sec.

DEIZIEF I FHITHRIRIL L 72, 6 MW/m?, 50 B UL EoBET T, FRFICE 100 pm Pl
FzEEPIERE N2, ZHIZRE LD ERL 2WES O ICEHE L 2l kAR D,

ZD L) NI RS TH HIG-0UTIFEEEINTY, REREN S 5 2GBY ) — X T
PAEY (W

3.5 HERZEIL

F— 2 BFHIEEE A, 0B FROMBE ST L 72, GBI ) — X0k Tk 2 MW/
m?, 30 BOEESTE 52 72 o MBS RIS R S B bid e 5 72, A MW/m?, 30 iz BnwT
B EHORRHOR T 3L TEREL Twizds, ERFROIIEFEICAL VI ErLELZ B EN
HoRa AIHFNEE L k- eFELbNE,

Fig. 613, 6 MW/m? o # iz 51) 2 GB-120 SEMH O R o > BEDSATTH 5, i E
FE— LTS S DBRBITHE T 2, AWEDIEZ (F 2mmTh - 725, BFEHE L 272127 <
o Twd, 30 WIS Tz 0.2 mm, 60 IRE T 0.6 mmAZEIEL T3, REHORRT
IFRe L 20at.% E NI E TIIIZT—E TH - 129%, WEBRIZARLED R o > BEH R
L7z, 60 LIRS % L 7285401 ,ﬂﬂ$ Ko i3 BEI Ly, 2, Ko
R SEFET S E L LI, MEFICAE L ) RAEICHEEL CETEBELLZZEZRL TS
72, BHENLTIZL L FORMOED S Ra AL L TWB I Ehbho7z, RO &
A MO Ra > DM 5, BEICTHNR o o FEL T, £ L300
BELWETHOERBANELFERIZ RO > ERICL LD EA%8, FNLURIIRELETHIE
BIRPOKE G E DB LI b b oz,
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Ko BAERE, GBy—x (GB-100, GB-103, GB-110, GB-120) ¥ & *% 521G
-430ULz 4 L, 2 ~ 6 MW/m? DD # R % 30~ 120 BHERBE L 72, R ERE ORSREIR R
O BRI RS, EnREEHCH LT 1700T (2 MW/m?), 2200C (4MW/m?) B LU
2400C (6 MW/m?) ¥ 7%t 572,

BRI, Ko BE, BREE Ebic#ALL, I Ro Y BEDOEHWGB-120 Tl #dk
RO KREL b EABMICERBOEIRE Lo T2,

F—T c BFSHHELD, BEZOBEE HFEMEERSAEZ KD, BLRo v HEFEL b2
DG o1z, 6 MW/m? DmZ, A%< E L BABI0ME TREL L TR ERL, 20K
HA— KR PERL TW 2 e by oz,

SEMEEIZ & ) M BOREIE L N, BARHKE BRI AROMRE 2 ES 1L
BT Mgl otz, Fh, RHRIIERERD L &EHICEBLL Tz,
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