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Abstract

Pure Ti is adopted as a material for ducts and bellows at the proton accelerator 3 GeV-RCS in J-PARC project,
because of its small residual radioactivity. We intended to apply vacuum firing to reduce the hydrogen content in the

Ti. The firing at temperatures higher than 550°C was effective in reducing the hydrogen content in the Ti.

At the

same time, we have measured the mechanical properties because grain growth leads to decrease in mechanical strength.
Even after treatment at 750°C for 8 hr, the decreases in tensile and yield strength were so small (~10%) that we have

no anxiety about the reduction of mechanical strength.

Based on the above results, to reduce the hydrogen content,

the Ti bellows and ducts for the RCS have been vacuum fired at 650°C for 8 hr and at 750°C for 8 hr, respectively.

BZEBULHE U 7eF & 3 D5 KRR

1. [FLE®HIC

BRAEREE) L T 5 J-PARC RCSM D 3% 24 e oD [ R
R T A ME TH D, iR CHEEEELHE L7
FH DB — 2 BRI LTV z72d EhE L7=5]
ERBICOWTHET D, BEERBJEHEHRT DN
D —ABINEEF 7 MIHT X o 2HNTWD,
RO —ZXBIOEREY 7 N T A BT 57
¥, BELZSEVLER L A O MR A B 6 e L=P
L2 L, BIRCTEZEHLEYT S Z & THRESET D
WF B OMELT — 2 RARE LTV, 3I9ER
B i L7-, AEA TR, DR S RERH & H
DT IS L DE, 2) EZEEVLELE 058 FE 21
NZOWTC, 3) B CHE i L 7= BVILERE O fE Sl 2%
IZ2OWNWThAILD,

2. HERDESR

2.1 WA DR ER U (i

F 1V ICHRBEE, BB, IRV #EEZRT, WA
TlE, BULHEEE OEMNT L AR OO F — ¥
RS TH 2L, BLOMEEM S EY RS
DFENZ X DiENE B DT80, — KOG EE )T
meEEATMICRBRFZ00 ML, BT, 8§
600mm, P17 X300mm, & X0.3mm T, FOHMED~
Uy TCHEERL, BitRkoRicyy—U L
77 WIZEMRICR > T-2TE, ~Y vy 7 TRl
EHELERLIES, Sfomx 2 —K—HEELE
iz, ECERZEMROWRE U A Y —HEN T
T—EIZRBR A BRI T L=,

HEEM L, FiF & o DTR27T0C (F% U 1fE) B L
ASTM G2 (F# »2fE) TH D, TR270C L ASTM G2

! E-mail: suganuma.kazuaki@jaea.go.jp

@® JE #E 5 [ (L:Longitudinal) & B £ 5 [\
(T:Transverse) ZNE N3 &1k >~ M & L, TR270C
EASTM G2IZ oW T, #nEn2ty b, g4ty b
%650°C, SIFfMOEZEEGLEE 7=, B 1355k
D&M HAUSI3BER & LTz, SIiERBR I,
Instron5567 % L 7=,

2.2 Wehf 7R B M (i

b DRI,
IZ ¢ 16mm 0> TB340H

FEEmOBIEIC S iz, HEEhr
(FH2Ff) #HEHA L,
TB340HIZ D\ TlE., 750°C. SHFH D EZZENLIE 2 L
TW5a, BT, RBEO LM OB EH O
JEARIZIN T U7=ikB & L7z, TB340HIZfEH L7zt
ERR 13 B T34 LFT-1R30VC H 5.

F1 : 2 00RBROIEM
RS bt

PEEH TR270C, ASTM G2 TB340H
(77 )

ARk | > A e 5567 Ut TR
LFT-1R30V
SR JIS13B a8

¢ 7Tmm, L=15mm

A — R 0. 5mm/min 0. Imm/min

-346-



Proceedings of the Sth Annual Meeting of Particle Accelerator Society of Japan
and the 33rd Linear Accelerator Meeting in Japan (August 6-8, 2008, Higashihiroshima, Japan)

3. HERIER

BLBRMICH T 2B 2 B 7N K 5 EW

X 1IZTR270C D B ZELER 70 L D3RR - & Al by &
- RIE ST R & B A T ORER T &3, TR270CIX
FFIAIDEN TR £ TOMNITENH TV, EA
7 1) DR 00 U 23 R L R < 72 0 R OV & I L€
W5, —J7, EIEDT ORI 5 £ TH—
WO T W=, AR L 7= o Rl 135 T,
BIIESN D Z & THESRINVBIIN S 7z, [X21CAST™
G2DOEZEBILBE 72 L OFRER - & Ml S 72 R AT 5 W)
EEAA ORI ZRT, ASTM G2 TIX5I8ED Z
LI L BAERHOEBIITBR SN2 o T,

X31ZTR270CD F DBV L DN E ST 7
Z 7 %ot RAIZASTM G20 JF M DENIZ K AR
Lo 7T 7 24, TR2T0CTIRELE Fih) & EA
VAL NG S FNIAKOE R (X i RONDX ERAYI o R = e
IZo X0 LT, ASTM G2 TIXE 4 7 T
FEAR S L S 472, TR270C & ASTM G2 /7 & % .
B A2 T Fmic L2 0WRR LT,

X1 :

2 : ABREIH#

(ASTM G2)

250

200

a1
S

= (MPa)
S

(4]
o

g
s
y
g

10 20 30 40 50 60
HTE %)

X3 : TR27T0OCOHadAt 7> S EL Y
H3 R B o B X 2E N

0
-10

O 9@ ® BB OFI

500
ASTH 62
400
n;j 300 : §
200 —oo—EEHM 3 JP
i —masm |} {
® 5
100 &
® Q
® %
0 ® S E
-10 10 20 0 40 50
HY %)

X4 : ASTM G2O M 76
v 438k A o e X 5 &

3.2 FLZERMLEAE DR & O

£ 2 IZTR270C, ASTM G2, TB340H( WLFH i FE L B
FES ONDA & 73, TR270C T, 650°C 0 ELZ2 R
AVBRIZ X 0 RIS TIDBBIEEEIIM L TW D, 0. 2%t
FE30%F EWAD LTWD, HONKIE E A EZER
Roiieinote, Fi-. JEIES A, BEAA G RO
TE50°CDELERIZ L 0 B R R BLAL 7=, ASTM G2°T
I, 650°C D B ZEEIVER C o Kt 71, 0. 2% /. fif
COENENT, 1 ZEAEBBRALNR T,
TB340H CTl%., &KW F1. 0.2%M oz Fn <+
OO DB R S T-, HONF20%IE EHEIN L Tuz,
FNENDMEEIISONY BT v 7 PIciif#ish
el RKIS1, 0.2%0M /1, HOVERL LEDbED L,
TR270C (F % > 1Ff) O KIGTI. 0. 2%1 /1 LAFM X
HMENT-EOHPE THo7-, KE5ITEHKSEVEE
THEZEHSLH L 72 TB340HDIRE L IS /10O n 7 5
7 BT,

-347-



Proceedings of the 5th Annual Meeting of Particle Accelerator Society of Japan
and the 33rd Linear Accelerator Meeting in Japan (August 6-8, 2008, Higashihiroshima, Japan)

x2 . ARG R
B 2B L 650°C _ SHFMH] 750°C _ SHFMH
F51H] w0, 2% A RO w7 (0. 2% A3 RO i Nt 0. 2%im 77] O
MPa MPa % MPa MPa % MPa MPa %
(MPa) (MPa) (%) (MPa) (MPa) (%) (MPa) (MPa) (%)
L 229 109 58 241 78 60 - - -
TR270C
T 239 159 38 251 138 38 - - -
L 410 266 44 409 258 39 - - -
ASTM G2
T 404 302 35 400 311 33 - - -
TB340H 378 278 40 - - 330 240 47
400 4. FEO
250 ‘ p— | J-PARC RCSODR 11— XR0K 7 R DI E 72 2 i T
» f - DB RERBR A Eh L7z, A (TR270C B L
300 yd . ASTM G2) TiE. HEatH 25 akBR 2 B Y i 51
N 4 ) CHRHERM NS A3 . TB3A0HIC £ 5 ABR T,
S : T50°C I D L ZE BL B 22 FE 0 L . BREE DR R 13
Z00 fosknE : 0% T, +0RMETH -7, ZHERKIL T,
R 150 : ——RZRLE (750°C) § ERICBWT, Xa— X I650°C8MEEl. #7 hB &
20 : 7 5 o DILT50°C R D FLZSBUNLER % Fffi L 7=
100 | g
50 | f f .
N R e B I
-10 10 MZXO(%) 30 40 50 WF & o ORI 2 KIR T & o TR

X5 : BLE DA B L DR B
PEDEVY (TB340H)

3.3 ffish DB

X| 6 (2. TB340H (F & L 2ff) DOEZZEGLEL L
ET50CSHEM D EZEHME 2 LI i 2 ~d,
750 C O EZEAMIIC L DRI RE <RE L TW
60

S =4 .-_5;, b Kz 506G
e R el .
{1 __\_"' o] 3

' 0. 0lam/di v

6 kg OBIEE

IR 7E &2 E L, 5IERRBRICHT- - T, HEF
TEEEEMEE, BRE T LR, ez
WCIHAHTEE £ Lz, B UL, BlERRICHT--
T, R 1HE . Rl SBFZEBIR M, o) 1T,
FTHERKICIHHDEE E L, BREOBERILH
7o T, BT JIRERE. R DR T, EERSC
FK, MEETHIK, SAEBK, EE K, T
BWEORGHEELRICZHAOZTEE E Lz, 208
ZRAEY LTBILH L BT ET,

SE 3wk
[1] iy B A%. “Accelerator technical design report
for J-PARC” , KEK-report 2002-13(2002).

“Reduction of hydrogen
IVC-17/1CSS-13, July 2-6,

[2] N.Ogiwara, et al.,
content in pure Ti” ,
2007

-348-



