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Abstract

For the isotropic graphite currently used in large fusion devices, vacuum engineering,
thermal-mechanical properties and the interactions with hydrogen ion were investigated.
For this purpose, eighteen graphite samples were gathered from seven major graphite
companies in Japan. It was predicted that the vacuum and the thermal-mechanical prop-
erties were superior for high and low density graphites, respectively. However, we could
not find this relation. The vacuum property was superior in low density graphite if the
production method and the final treatment were same. The thermal-mechanical property
depended on the production method. By the experiment of hydrogen ion irradiation, the
change of surface state and the hydrogen trapping were studied. The reguired conditions for
the graphite were discussed based on the obtained results.
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IHBOBEAND, SEHEEMEIE-BEER TS URRKBER RS L7 7 AvRFRD
KEIEASCHCSRTE L, FOREGNL, VI A<V — 3 &2— (Primary Limiter)? & 7 —
~— 241 (Armor Tile)® th 5, REOXE +» =2, £7 1 v + III DoubletIIl) i@k
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TAF ISEHEOBMME LREL T 50, 2L 2M4BHME & U TEREMi2T - T& )
RIpE T, SBRAMBOMEECBET AR AT, DV THEZETEREN R L OKEA 4
v BATEENT O TR B,

2. HLBRMVHIOEE

Mal S B OE BB & U T, HlBBHARE (VB T A9 QB BB S i3 <
NTWBEEELRE OIS TENOESL A —» —mbIBEL T bok, REZERELS
HEEzOMRESY Table LR+, 8 el L LT« 0EZX(0.1mm, 0.2mm, 0.5mm, 1.0 mm,
10.0mm) b0 %A%z, FHEAECI VB REIOLOTHE -, ThbORSHHEOE
EAEREFERLIUTOSHFRHENRLEAREDLLDTH D, —F, ELLEFEINEFEE
MEES (YPD-K: 4.0, G1950S: 1) b & h T\ 5, EHHOE O KERFE (sostatic
Pressing) ek 24 0Th b, IEEHFEOE-OIXE—LF 4 v 27 Molding) iwk hfEb iz
DTHBH, ZhboBAFEOYMEEL Table 2 1iRk3,

NEFBEILL.6 05 2.0 DB, —BEEEASGERE, K7 - () v KX
OHr A7 1 (BIE) 2hB s, (8- T, AEETHPEEII T IVEECKFET b0 LE
2bb, 7IX=A~ADTYOBA XA HITIE, BB T 5 X< BH I, Bouvit
MBS iR 7 2k (Outgassing) 29hE W EEE LV, ¥/, 79 XDz sxAF —
FACADRE A T5 V94 27 Vv (Reeycling) 2537, 7oh ONCEED L ORHY
B ad < T 51y, REHE S (RIEBEETE)  Table 1. Product names of graphite materials and

PUNE L AT S s, RS IC R the companies.
TPV 5o ARBRE L LTESDT, 1B Company name Product name of graphite
BEDDL b Y F v aD kBl ¢, K5 | Ibiden Co. %?Zg—mm

FHEBEMEL felFhEis b icw, BEdAsE | Nippon Steel Chemical Co.| #880, #781

FENREE IR bOREZETERRES, | Tokai Carbon Co. G1950, G347S
W IR S BT BRI A A A3 ¢ [ ¥ N
15 O&T%&@m%%ﬁ?<hf 5ET [ 1ovo Carbon Co. ﬁg%f%%%g
FENTH, LT UE ZOFISIEA SIS - T T c SO=830U. 1SO—6300
e e . _ oyo Tanso Co. . ’ ;
Fro BEND G EEEMSIIAE <, KK 1G-110U
Hitachi Chemical Co. PDX -80S, PDX—60S

BEEBIEL 0B, A, MEERSD
BB v AL B2 Nippon Carbon Co. EFG262, EFG301
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IS DVEBIEMC IR RET B 2 L b o) REHIB LI OF AL T8 3B
LSBT o, BMEPEELEEL LSBT AERKD O, MBI E L LTilE

TECHF L T 5,
B—BEL L TRIAMEHIE L CAEVEROBIC I b a3 b, HERED 7D I (3B
_ [k
D=2 (D

PRE Tl hdia b, 22T, kR BEVGEE, p WEERE, ¢ 3B TH D, B0 D ik
BF1em?/s TH Y, SREBHETHBA Vv a i Agdd, 257 v L AR TH2 B 2T E
<, BUEHRT R Th5, Lavl, BT s AHEL L ET 4 27 7> s VERCE L
ThY, B—BEOFmMEEIL2,000~3,000C s e RENZERLTLEH, TANEREEIER
WX OIEpMEE, BEAZ S v 2y ST HEREELD D, FHIREO LA, Q & ASERK,
t R AR E S5 &,
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THEZHR5D BEARED AAEL B I0NTEL b DT, BEL EBICH 2R+
WWBMEER kK E L i hidiebiny, BEOHBMARBEK R VT, iKY I 2 —1HAR
HREGCOT, Bfio bk offizsbrallinizdiuinsine, BRECE EEEO 2 5 v
F V7Y, BUEEEER A (3.8—6.5) X107/K & /N &, BRBERAR G ENLHE HED
i EFHEEND, UL, B LR TIC &2 (C+SIO T a—7 4 v 7 LB ETEEEOE
WIRBBRBT 2 5 v RV IBEL B,

BERRAOARE & L C5 R Do, FEMRIRE, R EL 5 2 b TR D, 8 100 kg/cm?® 55 1,000
kg/cm? xS - TWb, b A~ 7 BB CE Y 7 A~BRATIBE B—BRra>7ERG =
LB NBRIN, AULASEE IOy 7Y V7R 0 ERNME S, BHRME AR TL
FOBENEZOND, MTFE— AV P IEBINNVRLEBRTH B2, R/ NEx 4400
em PEFLTF) AV, LY E— R THEROEEL S EDBTEL S,

BHRCKEAAVHAR LSS, Ay 2 ) VIR OVRERFN S S A=l &R 5,
i, B oRENY S00C DI LSy 2 YV v AR D, A 2 VOB TREI B I BD
ZDANRy ZY)VIRIIIOBEEL S KEVWDT, 77 R <= DERHBREZHETEN 0 Tk,
MR BEOBREIBML th, ZORDEPNE—ELAN 1 7L THTRLERD S, T, K
FAAVRIIC L D, BEARIOKEL 7 v T ENBEBEPCRAKEOH TR Eh Y H4E
T, KEAFA VDL Sy V7 EN5EEREIUMBIC L b EDBREDEE TRILKE I &
NBDIHIZDNTHRR 5B,

BB o0& B A S0 A Uic &1 1,000 ppm BE, ~r X VILEART A L
PPM IS T ENTEZ, B AKREYDETEE CILT 7 X~hoGBAMS 2 0.01~0.
1%L T T 0B S5, 77 X< L AERBP R DAy 29 v 7 BEBEE LTS
726, 1,000 ppm OMETL TS EE L bNEM, BLENIDLSEET IO TTE BETEL
MEHLOHFE XV THLE DD, Fppm L TabMBERR-THA S,

INECKRE N » =<7 THEAINCELEBHMHOL <L XKE POCO ##o AXF-5Q th -
7o &, EPRID B A — 5 — AURHE Loy v 7 AXF-5Q F EE S EEAYE L TED,
REDOKIKMEEBITHATES LD THD, #£-TC, L {FARGRT I HETZIHE
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Table 2 177 L 7= 36530k & 0 POCO # AXF-5Q 1ot L C, WESZER & Xe ORFERR
BT IV H W BRI 2RI/ L7 SRF (L S (30 RSB £ 0 > 2, Fig. 1ic SRF
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Fig. 1 Block diagram of apparatus for surface area
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CA thermocouple Fig. 3 Relation between apparant
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Sample i
preparation ! T T 7 T T T
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Somple tube I | furnace ° 5 05 10 ol 05 10
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Fig. 4 Changes of specifie surface area as a function
of thickness

Fig. 2 Apparatus of thermal desorption
spectroscopy (TDS)
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A m T - o, PIERERER S 13 BET tkimTk®, Se & i 7obh HERMEM & ¥ (Surface
Roughness Factor, SRF) &, HEE W Y b o HsEmis (S/W) #EH L,

BRI b O ABEORELFig 2 R L Th L AENESEE (Thermal Desorption
Spectroscopy, TDS) %V TiT o7z, BEIZERL THLOEZEE Y 2X10°PallTicL, %
DEFSE T 10C/min OEIETEE S 1,000C T TIE L 7o, fiH 7 < A UEBRE &5

QMS)THH L, TDS 2~z + % B, HEOSSMAITT 2HSEE, 5L 0QMS o
BRIV TENBEIL ) oo r ABEERD 7,

Fig. 3 m& AR STE L ERBOBMREY R T, HEERIE0.4m*/g /b 1.34m?/g
EIRFIBIC 7 » TV B, SREF Of11800~2700 & 725, 2 EEE L HERMEOBGREAL » —
B = DFRBHE DG TR TR B &, DEBEPREVELEARL A R2EANDH B, Th
EENKE b OBRKILOEEIPEL D, KA L RE2rbThHELEELLND, K
WK A-3 B X O E-2 it L CE S R E 2 B8, LEERS &0 L 5T 50~ Fig.
LRl THB LN OBESES L EbIE L, 0.5 mm A ETCig—E L ns, Bad
EECHERTAREMBOERES e U ETH B0, HHR FFERHR S 3 800~2700 &£ 27z T
I

TDS iz X % # A& R S, el & 21k Hy, HoO, CO, CO, Th B &Ebhinte, &
i, 22 v, CHy (m/e=26,27,28,29,30), CsH, (m/e=37,38,40,41,42,43 40 D ALK
F, BIOKRBELL - B s m/e=31(CH,OH $HLIc, BEARZ P ADAZ -~V
BLUSBEGEE RO VEFEL T, Bl 2,000CTa sy v A ALEY L, 261K
2,000C By A LI A-3 &, BB L C2 R~ 5L, FEOIFAKEERE
R 2HDE KD o Foe T, A-3MBD R~ Ftim/e=28 KR LT 27,29 Ak & <, m/e=
44 R LT 39,41 k&, LasL, C-2Titm/e=28 /e=44 DvRE Ie(HE D » Tlvte, &
DX IEES R L OB X b, PABRHORE L A2 PASHBRD Z L2
Do T2,

WIZRE L A —Hh -~ OBEOCR LB, B-1, B-2, B-3 & L tRkoi H,, H,O0 o TDS x~2

— T
o (@) - P s . _
Ha ] F H0 g * 10 X108 &
gl I . e 15 ®0H, Jis ¢
£ 1 1® - o
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2 Soany £ 8
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SO I G SRS 8
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0 200 400 600 800 1000 o ] 200 400 €00 800 Q0 E Q
Temperature (°C) Temperature (°C) / E
. . O 1 1 o
Fig. 5 Thermal desorption curves of H,(a) and H,O(b) 0 0.5 1.0 1.5
- . - . £ 2
from isotropic graphites with heat and halogen Specific Surface Area (m7%g)
treatments Fig. 6 Relation between specific surface
sample: B-1{p=1.91 :S/W=0.84 m?*/g) area(S/W) and amount of gases

B-2(p=1.78
B-3(p=1.75

1S/ W=0.54 m?/g)
1S/W=0.44 m*/g)

desorbed from graphite with heat
and halogen treatment
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bk Fig S 18R, 2B 2,000CTowm 7V A 2% Lch DTH Do KFEL 3 2DRE}
&3 500C, 700CHHmIcliifie — 27 % b b, KOERMO e — 27 3FEHT L b 255 600C i
e — 2 2 d - T B, KK, Kis L O—B(LRSE, BRI oW, R 1
@ DIRERE L Taofe, RERREREZ2 AHOREIC O VTR b, i, BTAE
BHEEESIRE LB ONTHEAL TV ZEbbhroie (Fig. 6), HBOEX#Z 2 T
HEA =27 P AR E LR, BB b B EIM ) OiBRESAE b Lbbhst,

LLEDERS G, HREhaEE R B 25T 258, BEOEVLONREELL, L
L, BIEZE TS A L TR LERD S,

4. KFA 7 BEEES

HOAKRED 27 75 XA<BR T, F—8150 107 /cm?s L Lo FRIZZ HEh5,
FDFFA=D=FAF - 1355100eV L EEE 2 S5 PR T ©— & ASTE S X O o IR
ERGTHE 10keV YLD 75 A= TCHHEEE—BICMBETHA S, - T, BIOMWE & KEA
AV EDOHAEER*HLMCL TR DELD D, TOBPHOD, KEROKEA A v E—a
BAHZ ENTEL ECR 14 VvIRLRETEUEL, BaAdhEhcx U CHREER 1T - 1o, g,
#F v IBE O BERFEE OWREE & BEBRICHIE S5 7 A DWW TN,

ECR lon Source Differential Pumping System

[2nd Electrode
90° Sector Magnet
Microwave
2.46 GHz
-
I l ]
Coolant N
O)Gear Pump
Sample
= Heat / Faraday Cup
Exchanger /
ool Particle Collecting Main
oolng i - Maonipulotor
Water Manipulator nipulatol

Sample Storing
Manipulator

Thermocouple

Sample Heating
Main

Power Supply
Chamber.

Turbomolecdlar Pump

Fig. 7 Schematic representation of ECR ion irradi-
ation apparatus

Fig. 7w ECR 4 # ViIEDOHE AR L Th b, 2.45GH, o~ 1 7 e - cETHEMEZ X 0 &
BEDT S A<h 20, SIHLEBETAF Y EMEL Thbes & —<7 %y P TREAAV
DAHREFET S, 4.5keV O HY A4 v e — 2T 0.1 mA/om®* OBRBEELBLZ ENTED,
HMEHRE A-3 1t 4 5keV o HY 14 v - 2% BH LB oREHEOELE Fig. 8 iwmnid,
FRHOERTEI HIROERLY BAh b, BRTIXW H/em® o4 2175 &, AiE-7
Honme —2a VICL D AZERBUTL %, 500C TORHF T, B kMOIEEAELRD
N e b, DNERMMPAREET 5, SR ORELECREAE LD KT L BLFEA v 2
ViRl EELLRB,

HFRE A-1 3 L T A-3 120U T, 4 X 10" H/em? o BHE I » 2 % FEBEEEE I T
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(b)

.5 keV H 4 x10'°H/cm? 500 °C

Fig. 8 SEM photographs of A-3. a) unirradiated.
b) irradiated at room temperature (1.5KeV
H, 4x10* H/cm?). ¢) irradiated at 500C
(1.5 KeV H., 4%x10'* H/cm?)

L7z, Fig. 9 ic Hy, Offifft 2 =27 + v &7RT, €= Z7EEFHE0CTHH, KEDL 7 v 7EIX
MEL S 2X10"H/cm? Ch oo, /T, F T v 7EBIHABOBEICKELEEZDBRS,

A1 A3
107 — T T . 1077 T T T T
[ m/e=2 W ] m/e=2 &dnd%cb
3 - - m -
(Hz) s . (Hz)
- oo ® - - 00 -
oo o00” Cae %ot
8| ° N 8| hed =
200 t & s n (R i O Ood;P S
< ° 7 < B i
== ..?émw. I M o’
> [ e i > Lo L) ° ]
g oo @ _c' 'o0g2?™”
S 10% °© 1 gSi0° o ]
i= il ] e [ o ]
£ I ] g5 [ " ]
_— - - L - .. <
2 9 o
g2y r - ksl o dl
@ ol 1 PioL -
»oor i 1 o ]
= ¢ @ unirradiated 5 5 7 =t @ unirradiated e
e] O 1.5keV 4xI0"7H/m (&) o 1.5 keV 4xIO|9H/cm2 |
ot L I L I ot L L L L
6] 200 400 600 800 1000 [0} 200 400 600 800 1000
Temperature (°C) Temperature (°C)

Fig. 9 TDS spectra of m/e=2 from A-1 and A-3. @ :unirradiated
o :irradiated (1.5KeV H, 4x10' H/cm?)
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Al A3
07 - ; ; . . 107¢ - T ;
m/e=15 1 I m/e=15 ]
(CHg) (CH4) . "
— r T l — i o o 7
o8- o ° . o 08 P .
~ L ° © bl ~ i o e}
<L r ) ° 1 <€ o o
- I o ° = I o °
> P, °© > o
B 0 i e % o 1% T &o" ° )y
o (3
2 0% .'-.19@.«&0' %e0g Q’d, k 2 0°F o o Cosny oo &
Sl T I
o od" ° ° 1 Q o ..J’. % ':ocoo
S I ° el 2 [ &
40 ° | {10 ° E
1g°L- 10 0%
w N ° n ° ]
= @ unirradiated B = F e o unirrodiated E
c L5keV 4x10®H/iem? ] :
O 1.SkeV 4x10 7 H/em - F o 0 15keV 4x10PHAmE
‘O‘” L 1 ' L lo‘" 1 1 3 I
0 200 400 600 800 1000 0 200 400 600 800 1000
Tempercture (°C) Temperoture {°C)

Fig.10 TDS spectra of m/e=15 from A-1 and A-3. @ :unirradiated
O :irradiated (1.5 KeV H, 4x10* H/cm?)

Fig. 10 1= CH, o3 BBl A <= 27 b A RIRT, W& & $#550C T — 7 &4 2, CH, DBk
B 6x10¥CHy/cm? Th v, BEEHIC 5 v 7 ENIKED 5 by 12% 08 2 2 v OI-CHi
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