BIUKREN ) F 7 LB 7 —FRHE6 © 1 —24, 1986,
OB
Ty Zd—iz&B M) FraToR T
moA & E-E O E OB

BIIR¥ N F 7 L8ELy 55—
T930 Fih mLE3190

Tritium Processing by Getter Materials

Kenji ICHIMURA and Kuniaki WATANABE

Tritium Research Center, Toyama University,
Gofuku 3190, Toyama 930, Japan
(Received December 25, 1986)

Abstract

In the research and development of nuclear fusion, getter materials have been
widely applied to tritium processing and/or handling techniques such as evacuation,
recovery, storage, supply, purification, enrichment, and separation. Some getters have
been already developed and applied to tritium haldling as well as impurity control in
tokamaks. In this paper, we have descrided the present status of getter applications :
(1) plasma-vacuum conditioning, (2) storage-supply-recovery, (3) purification, enrich-
ment and separation, (4) removal and waste management.

The improvement of getter properties, however, is required so as to apply them to
a wider variety of the unit processes of the tritium handling techniques. It has been
pointed out that there is a need for investigations on (1) the activation-deactivation
mechanism, (2) absorption-desorption properties and mechanism, (3) durability and/or

reactivity against impurity gases, (4) isotope effect and (5) alloying effect.
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Fig. 1. Tritium processing in fusion devices.

2 TSXT—RTHE

2—1 FF3X7HNA

STy —HiE, BRI TS A ERNTOT T KPR, BEDS U ORE
EE B A 2 ) SHEERERRE L TEES AT, RS DT XER
EECTT AHENL T T ZPBES LR, RORDT T X OB EIE L %
BEE AT LT B, ZORBIRMER ORI & 5EFBED HOF A HH—ET
BY, b®B VA 7Y v TRy R i B2 Th 5, ZOMBERRT 57251,
Ti—7 7 v & BN ENTE 21573,

2



HAER - EER

TOBEIZED, VA7V IEEFLIUTELY, 77 XEBEEL T AEARE THIE
T ENEREE T, 2L TIi— 77 v o 2 B3 ERLEHETH 7, £DFH
iV DR L H B, Bz, FOEBEEELI0CREREICR LITEL LTV
HE—BERREGHT A LESH Lk, EEREEL D L RIBET Dk, BRNICEE
BEAEEL TS L OB LERE K22, BLUNYF7ARRDZZHIZ
13EESR 2 250~300CIcN—% > 7L AT E G b 2wl e ETH D,

CHLOREEAERT B 72510, HETIR Zr REED SV I 7y F—MFEHEINT
VBB ZDRENY - F —M T, KERKIZINZ T—BLRED & 5 LSRR
AL T L RE SHEREEARLNENLY LT, KRRGKOURE LM T8 TH
0, EFTTAEIEEE 12200 ~400°C & HEAYE AR HII LT L L LETIR X, ¥y I —
MOAEMBTIIT L )V F L2 BB LH0TE, pOEECEE - BRERELY
WEORIEHH B, )

2—2 SNIHF v —

Z WD Ty F—kFE LTI, SAES Getters #£) St101 (Zr84—All6wt%),
St707 (Zr70—V24.6—Fe5.6wt%) e EhE LN T b, TN Tlo, HBEEARERES &
D FSHAENE £ X LBHIFRIITH N T b Ao FERy .y S —DkFRB L U
— BRI A B IR E S (BERUEE) % Table 15212 §, 26 DKERIL, 7
5 — DT AE 2 50mm?, AP EE 4150+ 5 mg & L CHEENTEY, £72 Zr—Al

Table 1. Comparison of gettering characteristics of St101 and St707 for H, at room

temperature®?.
(H,) Hydrogen
Sorption Speed Sorption Capacity
Standard Low Standard Low
900" X 30sec 500° X 10min 900° X 30sec 500° X 10min
Zr84%-Al116% 100 29 100 3
Zr70%-V24.6%- 77 59 300 67
Fe5.4%
(CO) Carbon monoxide
Sorption Speed Sorption Capacity
Standard Low Standard Low
900° X 30sec 500° X 10min 900" X 30sec 500° X 10min
Zr84%-Al16% 100 13 100 25
Zr70%-V24.6%- 88 53 179 125
Fe5.4%
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Table 2. Parameters of Sieverts’ law and molar enthalpies for H, and D, solutions in St101, St707,
and Ti%®.

Parameters of Sieverts’ law

P, Pa;g Pam¥Kg. TK AH Range of validity

System A B Kcal/g at H P (Pa) T (K) Reference
St 101/H, 2.28 —7000 —16.0 10+—10* 673—873 13

2.87 —7340 —16.7 10-3—~10° 750—1050 14

2.70 — 7280 —16.6 107'—10? 773—1073 present work
St 101/D, 3.18 —7296 —16.6 1073—10° 750—1050 14

2.78 —7220 —16.5 1071 —10? 773=1073 present work
St 707/H, 3.14 —6250 —14.2 10-%~10"'673—1173 10

2.68 —6116 —13.9 10-'—10? 773—1073 present work
St 707/D, 3.0 —6327 —14.4 10-'—10? 733—1073 present work
Ti/Hg 1.675 —5287 —12.05 10-¢—10"" 623—1073 10

1.08 —4700 -10.7 107 —10? 773—1073 present work
Ti/D, 1.764 —5244 —11.95 10-5—10"" 623—1073 16

0.92 —4340 —9.9 1071 —102 773—1073 present work
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log P=A+log ¢*+B/T
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TPC ¥ 8T Bl 72 5 7o v s, Fig. 1459 (2550°C T H, 8 & U D, »F g5 E & B E
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NDKEFHHE L IBREDORFRERT Z DD &, g Hy /51707
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IzoWTFEb L Tv b, Sieverts Bl 5511 § / l,’/
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TATEER] - L A

TSTA Tl RG T EEEHIBRAE - 3T & 11, Table 3. Separation factors of various metal

99% LA L o K FERALE AR H T
3, ZOHEMINLT, £RELUEE—K
FEROGHI ZNE TIZE LRI T
27490,

KEEDENOFMEL L &R (&8 HED
SEHRRE T OSBRSS, H—D M Tt e,
H—THTIE Bq &T 5L, RRNTERZN
5.

@eq = ((D)/(H)) sona/ ((D)/(H)) gas

Bea=({(T)/(H)) soua/ ((TI/(H)) gas
72, I aeqd BeaDBRIL, Bigeleisen®®
iz & E—ixiz

InBeq=1.4Inaeq
Th b, feq \2BT 2EEEN—H %4, Table
3VITRY., RIRENSB LT, 0.5~ 2
DEHTELN TS, 1 IZENESRIH b
NT o8 - BHESTELRCZ L E2EKRT 5,
EEREB T, 1LY REVEAIIEEME,
1 & /RS CBEIIFARCTHE - BHEINS
kit s, Ik, EFRBRICEDFE
KEEIZ, IE - 88 L RO RGMERNEL
5Zkizk b, ZOFHERENTESEIZD
WU, RIERE SIREKREEORENL, M
BT & ORE A ITO TV B,

—F, Gl BEDI2HDL ) —DDHHE
ELT, BEAED LI BBBRDRER
BIERARRI R ORI B %, 4 HFIZ DV T,
KRERAB N Z B & UFEHILRIG 2 £
T2L, BELTBRETHVESLG S, LD
L, WE&RIEmELTH), FELES
W, EBELIANLIY Yy 5 —DEERIIEL
e R % R L 72 KRR B A 1208 L T
W5, BiZiE, Zr—V—Fe &%~ ¥ —nK
FEREARIC T 2 HEREE (IREEBEEE)

-hydrogen systems®?.

metal . mixture of

*R.E. ! misch-

rare-metals

(Ce50%, La27%., Nbl6%, Pr5%, and

other rare-earth metals 2%)

Hydrides T(C) B
TiH, 350 0.67
TiVH,s 40 1.18
TiCrH, 36 40 1.54
TiCr,H, ¢ —20 2.01
TiCr;H, .4 0 2.03
TiCrMnH, ;, —20 2.05
TiCrMnH, ., 0 1.80
TiMoH, ;; 40 1.61
TiMoH, 06 40 1.61
TiMo,H, o —20 1.87
TiMnH, g 40 1.37
FeTiH, g 0 0.92
FeTiH, 0 0.95
FeTiH, . 40 1.0
Feos TiMny . H, 67 40 1.0
TiCoH, ... 40 0.85
TiNiH, ., 40 0.74
VH,es 210 1.10
VHo.ss 30.6 1.40
VH, 0 1.91
VH, 0 1.96
VH, 28.0 1.72
VH, 28.2 1.70
VH, 28.2 1.77
VH, 28.2 1.77
VH, 45.2 1.61
Mg,NiH, 325 0.46
Mg,NiH, 251 0.48
LaNisHe, 0 1.25
LaNi;Hge 79—30 1.23
LaNi;He, 27.7 1.12
LaNisHee 47.0 1.09
R. E. Ni;Hg_6* 0 1.29
R. E. NisHg_6* 0 1.29
Vo.sCroH, 28.4 1.66
ZrNiH; 27.6 1.05
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aps=((D)/(H)) our/ ((D)/{H)) npur =1.3
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DA BIBMETERLN S, —F, Zi—Ni &£ TE, WEOFEEILT AL X —B L UHRE
BT 1z FALARSh R A b L (Fig. 25), fas DiEE L TRIRFHETIIF 3, MAEREET
I8N K E LESHIFTE 5,
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ZEFN L) F 7 LOBREFME LT, BBETIE, MERE—ELvX27-0—7
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LAKDOPHEAEIZZRICE W THENE, RetRERFEMLIIVI LV, 72, £
V¥ S— L — TR BEEBINDED, Z0L EEPWENHENRECT ) FTLA
KHKRBICHEL, FORESREVNENSEVHBLE L5, —H, 7 F—HOERALEZL
Lo, BUEEICHE  BEEN TR - AETIERFH» S M) F7 a2 EES
OBIREYICRB—RET S 2 LIIRETH B, 2720, BREERLZ YD F7LKER
PERACIRE L, »ORLICIEET 52 LI3TRETH b, ZoaR %, Fig 24 I27R7.
KESWEA Yy §— & LT, Slcmk~7 Zr—Ni(St199) 2 A 72354, #94.6Torr(0°C
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Fig. 24. Schematic diagran of a system for gettring water vapor.
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80mg (K). g (7 F—) DKERIMWBE11L5°Y, L7722 - T, $125Kg » Zr—Ni &
EEHCNE, IBETLD PV F T LKELBETLZEDTEL, BB, ZORET
F—DERIIMH0LH[TH), i) /U L» NG Z LIz b, 2612, Zr—Ni &%
NEIBIZBIT 2 KREFESEIR, FLi2E~N72 Zr—V—Fe S I3IZEHRE BHEEED
90%, ZFEiRfHE T#1072Torr . Fig.15) T&HL (&<, IF@M L L TLENRHMELZHL
Twd, TNLEDY F—HHz L B+ ) F7 LBE—REREHMI, BREZOTMMSIZ
Mt AT AKDE L, H5CIFKERAEKIZHNT 5 EBRFRGERE - DFREL SI2 L) —
ROERASEFINS, £72, FERERICE VU, 1008, 103BHRENRBIZL
AREEEZD L, AT LEL TOWMAMNED 5 ILEEIHRTRERETHS 9,
—%4, iEE, FEWYr Sz LB3BEFH» LD ) F 7 LBREBRMOBEL 4 &
LT 2979, Miller 5 (3" f@HOT 2 F 1L v &FEAK (CH,C=C—-C=C—-C.H;,
CsH;C = CCH,CH,OH) % fiv», 10~500ppm (#254Ci/cm3~1.2mCi/cm?®) & T,# %
%6 ~48BETo8y 7 7T FURLETHETE R Z L EREL Tk, 72/5L, A
By F—MROTHIZHUD L ) F 7 LB/ TH b, BESRNY Y 5 —H
DFRANETFREA D 5TV 5599,

TR L BN ERM 7 F— 2L D ERH M) F 7 LOBREREMIL, Weichsel-
gartner’? 12 L > TLEE XN T2, FHFOBFE2 SMEMEIZEALS Mz E N T n

Table 4. Criteria for assessing solid organic getters®”.

Soldi Organic Getter, SOG, samples
1 2 3 4 5 6 7 8 9
absorption of H, moles 2 1 6 3 2 4 1 1 2
absorption of H, ml/g 18 8.5 |25 24 8 10 6 — 18
absorption of H, relative to SOG 1 =1 1 0.45{1.4 |1.3 |0.44]0.55]0.33} — 1
absorption of H, within 10 17 7 25 24 8 10 3 — 15
—after flushing120 h 6 4.5 (2.5
290h 6 4 1 nat jet tpsted
600h 6 - -
“log-time”percentage 30 50 4
relative cost (1 Kg SOG 1=1) 1 3.6 [12.5] 7 200 | 500 5 14 5

%%, Table 4 0k 5 ZEGAEMY Y » 5 —EBREL T b, ZOHRY 5 — 2 Al
&, #2 nCi/cmd niE F ThETE 5 (Fig25), ZHBELEL ) F 7 LiBE1X, Ay
S—HENERAEIZE D TwBLNEEZLNTWS, Lf:f)*‘o\'(, BEIZNT 5EE
RS2 M) F D LADELEDEIZDWT, 2 LICWEVWLETH S,
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11a°-» | Table 2| MEW  TFH52RH| Ti/Hg Ti>H2
HLOR2WMEN S5 BE 773=1073 773-1073
HLOWM2ET>»3 588 733-1073 773-10173
BREN TFhodBH 10 16
17*-y* | Table 3| &M Hho 288 TiVH TiVH
4.5 4.15
=8 > 5 98H TiMoH TiMo H
2.99 2 2.9
22 -] FThoTBRE 79-30 29-30
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