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Abstract

Safe handling and/or processing techniques, consisting of storage, supply, recov-
ery, isotope separation and so on, are indispensable for research and development of
thermonuclear fusion reactors. Nonevaporable getters have wide applicability for
those kinds of processings. From this viewpoint, we have studied activation processes,
absorption and desorption of hydrogen isotopes including isotope effect by using Zr-
alloys as a model system. It was found that the kinetic isotope effect on the absorption
process was considerably large for the Zrg;Niz; getter. On the basis of this observation,
we studied the enrichment/separation of hydrogen isotopes. It was observed experi-
mentally that a mixture of hydrogen and deuterium (H :D=57:43) changed its
composition to H : D=53: 47 by passing the mixture gas through Zrs,;Ni,; column held
at liquid nitrogen temperature. Namely, deuterium was enriched in the gas outflow
from the column. Similar results were observed with computational simulation using
the experimentally observed rate constants for hydrogen and deuterium, indicating

that the present simulation is fairly reliable. Further simulation revealed that hydrogen
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isotope mixtures such as H: D=1:1 and D: T=1:1 change their composition to H:
D=1:9 and D: T=1:4, respectively, in the outflow gas with passing those gases
repeatedly in the column at liquid nitrogen temperature. This indicates that hydrogen
isotope separation is possible by application of the kinetic isotope effect. The present
method has high potentiality because of it is safe, economical and simple to operate as

well as having high separation efficiecy.
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Va= ki * pto (1)
ka=va » exp(—E,/RT)
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Fig. 1. Arrhenius plots for the absorption rate constants of hydrogen isotopes: (a), Zrs; Vss Fe,
and (b), Zrs;Nis,.
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Table 1, Summary of activation energies and heats of absorption for hydrogen isotopes'? .

Term AE (absorption) AE (desofption) —AH (absorption)

Material H: D. T H: D: T H:. D. T,
Zrs5;VisFey 0.01 0.01 ~— 28.0 28.6 29.3 28.0 28.6 29.3
Zrs; Nigs 0.63 0.86 0.99 29.6 30.0 -— 29.0 29.1 -

(in unit of [kcal/mol])
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Fig. 2. Schematic illustration of the appara-
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tus used for separation experiments:
the symbols in the block diagram

correspond to Eq.(1) to (7) in the text.
20



Ir REE7 v 5 —IT & 2KBENIEO T8 - BiF

TATYVAHEOLEFAMOEE L L, BB, KERMNERSSEOHEKIE - 0BSE
ZeIEBEICH O [T 7 N EEE 204758 (ULVAC, MSQ-150A) THISE L 72,

1—2. RERFE

vy —#iE, oI b800°CTISHEEMET 2 Z LIz X D EELL 72, Bt
%, DS LAOTEANCH BEE, BB D Zr-V-Fe ¥ v ¥ — DK H iz kE L EKED
BexkirB L% 6 Torre ¢ (800Pa ) B S &7 ZOKRRRMEDOEBHY v —%
FR»O800CETB L ZIMTRHREBL, WHEBEL TER[EELEREY 7 LBELT, £
BB (BER) HOY v 7 — RS 8T, MDY 7 A0 EFHRfIB L U TFHREIT
DERATEROKRRMAEERIZ, ZRhZRANVTENLTHFY 7L, BESHS
WEOEELIz, &7z, DT L 5E-TETRAIOY v ¥ —zEIN SN 2EERE
HOAKRRMGEHER S BIRICEEL 2. 28, NEBEEMTSRIC L D EEL -S40k
R L BEAROKERMUAHEMZ, H: D=57:43Tho7%, ZOK, HEEMNBOKER
It T 2BEIRH,, HDB XU D DWTHEFAUTH B & L7z, SEEERTIIHR
D Zr-Ni 27U 7= 28D 7 23 RAEEREBE (—196°C) & L7z,

)
< Feg a One Through
T
N
+ N
a
N N
) T

Fig. 3. Mass spectra of H,-D, gas mixture before and after the once through gas transport in
the separation column with Zrg;Nis; getter held at liquid nitrogen temperature.

21



EUEE - BH 5% NEE - TRE=RE

4, RRCEER

Fig. 3 3 ERBIOMAEY v ¥ —hr o s s N KRFEESREB L O, 58L 7
LrEBOLBOBRESEEEESNBTHEL BRO—BITHE, A7 +VITEH,,
HD BX U D, sBHl &z, LW AREREEM/e)BETAONZ /NS R E—T 1}, BN
DBESAHETHS H.0, CORXRZEIZDTHS, BB, TOAZ M AHTIREREK
FOBBEHRTEE, MO X312, BRARERIEEY 7 L% B2 A1ESEED H.> D.
THEDITHL, 8L T LBABTIE Ho<D: £ B> TED, H#L 7 22887 55
BTEREEMETD H, & D, OEEEENYPEL T3, 20X LT, ERAIOHEEH
FuZ—ipo N T LR BLTCTREIOEREY v ¥ -2 TOBE[E2BEL 121,
EUNAY v & — R OARRMVAHER 2 BEZoEE2 B0 CHEL 2%, H: D=53:47
Thotio DT EIE, BN T ANTIBREEDOREOAENEARL D HIRES
h, TOBRTHEDOS v § —PEAEPBEINTVLEZEETRL TV,

A CHER L Zr RESY v & —OKERAKICH T 2 B8 BHBED/ N7 A —5 —id
BAzDTY, IhiEAVTARE-BARRBIVEAEZE -V FVLARORBERMICE
F B KRR B - BiE S EEY I 2 v — v 3 Y TFHEL 72, BT, AERAGE
DIt REET v — IV BRSO 2BOFERY I 2 v —yvayoFflicon
T2, &8, UTIRTHERZBOT, AT v & —» 5 ORRAMEDHIEHE
E% Qe [Torre £+s7'] (HB Wi [Pac£+s7')), HBERY v —OHSEES Ss [¢-
s, ERAY v —DHEEER Se [£57!], BEav I3 A% C[L0s7'], B
LU BEY 7 LNDEN% P [Torr] (b5 w3 [Pa)) & L7 (Fig.2),

BRI B U 2 EHEA Y v ¥ —(Zr-V-Fe)» 5 0 & 2 AKRRN, i (i=H. HD,
D:, HT, DTB L UT.), O#HEE(Qr(1))IX, &Y v —FhIEEINL T3 K
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Fig. 4. Examples of computational simulation for hydrogen isotope speration using Zrg,Niss
getter column held at liquid nitrogen temperature for : (a) H,-D, (H:D=1:1) and (b) D,
-T, (D: T=1:1) system.
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