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Sorption of Isotopic Water (H,O, D,0)
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Abstract

Recovery and storage of tritiated water is one of the important problems for the
safe handling of large amounts of tritium, because it is anticipated that a considerable
amount of tritium becomes tritiated water once tritium is introduced into the handling
system. From this viewpoint, we have studied the absorption/desorption phenomena of
water (H,O and D,O) for the Zr-V-Fe getter (5t-707, SAES Getters) by means of mass
analyzed thermal desorption spectroscopy, X-ray photoelectron spectroscopy, and
secondary ion mass spectrometry.

The absorption rate of water vapor changed linearly with exposure pressure.
The activation energies and frequency factors were determined as E, (H,O) =1.8 kcal/
mol and u (H,0) =2.1 cc/sec-cm? (projected area), and E,(D.0) =2.7 kéal/mol and
1 (D;0) =4.0 cc/sec-cm? (projected area), respectively. Only hydrogen molecules(H,

or D,) was desorbed when the getter was heated after exposure to water. The

desorption obeyed second order kinetics with respect to the amount of water
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absorption. The activation energies and frequency factors were the same as those
observed for desorption of hydrogen after hydrogen exposure. The XPS analysis
made it clear that the surface mainly consisted of metallic Zr and V; a part of them,
however, was oxidized due to exposure to water. In the SIMS measurement, ZrOD+*,
VOD*, VOD*,, and OD~ peaks appeared after exposure to D,O vapor. The intensities
of these peaks and intensities of the oxide peaks of Zr3ds,, and V2ps,, decreased as the
exposure temperature increased.

It was concluded that: (1) the rate determining steps for the absorption and
desorption were the surface decomposition reaction of adsorbed water molecules or
hydroxyl groups and surface association reaction of hydrogen atoms diffused to the
surface from the bulk; (2) both Zr and V work as active sites for absorption where the
Zr-site plays a more important role than the V-site; and (3) the Zr-V-Fe getter is

suitable for the recovery and storage of tritiated water as well as tritium gas.

1. ¥ E

BRESRICEBREE TR, IMCG/M* b RAKBE N ) F Y AMEREAZY, Lk
2T, REMNFVLADRLIBOBEMOBILBLELRTH S, ZOBE» S, #
RBLZ:MVF 7L 2RERERL, BREMEZSCHERT 2 MR UOME ORI E
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v —MERINTERY, fIBETR N FILAKERDOACENTHY, »OFEES
HEBHEWZ L, BETHRIELEAT 2 EMIMET 3 I L RUKRABOD L 2 %D
MBS DH 2P, Mif, BERY 7RAZME L THEINELZ2OY v 5 —13, RERTAE
FEOAC L TRELHTEELEBL, 2L TFHAELED TELOT, M) F v ADME
IN—FFEHE L THOERTH 5,
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M) THY, AREMBIIHT 2 FEAEIMEL EEOREERSITLH 10 Torr,
B) Y, EHEREEIIED TKE W (Sre==1ccsececm?(getter)) ¥, & 512, WEK—
BEEROVEL THHIMEL I WEOBEE > TED, MU F 7 AT RADEH— i —
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DIz, REN)FULRBOEBETI N F VAT ADAE ST MY F 7 AkO BN
DOEEIHERLREL LR > T2, 20X REBA» S, FHETIH Zr-V-Fe v ¥ —i2
& B RDOBE — BB R CRIMESIREH S iz T 52012, HO KU DO Ol —
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2-1 EERURE

AwkEE% Fig. 1 1tRT, AEBRAT VVARBMOA A V7Y —DOBEEZERTH
D, AR I —AF Ry TRUES —RGFR 7 THRE N, TOBREELEE 5 X
10°Torr L FTTH 2% FHOLERB-AY—-YT, #FEREESWFE

(Extranuclear, Quadrupole Mass Filter) THIET& 3, &8, ZOMNERNEESH
B EEDOB-AY— YT IVRIELTH 3,

Zr-V-Fe % v # — |3 SAES Getters #D St-707 T, #DSEHEKIZ Zr=70, V=24.6,
KU Fe=54wt% Th 5, FRALLAEKIZ, ZOREREIVRAI VI VERICERL
RYVRRDOBOT, ThE 5XI0mm? 2o L. ZOHEEHF 1213 45mg OZr-V-Fe
BHEEATVS, 28, JOASNOLRERE, Ar F¥RAEAVWLBEEZEREETO
BET #Eiz & D, 05m?/gt RS TW3BY,

o—() | — 110

FFig. 1. Schematic diagram of apparatus

1. Manipurator, 2. X-ray source, 3. Quadrupole mass spectrometer, 4. Cylindrical millor
analyzer, 5. Sample holder, 6. lon gun, 7,8. Variable leak valve connected to gas inlet
system, 9. Turbomolecular pump, 10. Sputter ion pump

BAIIRG KR ZEERTG L, F7EAX Merk #8199 . 75% 01 oo NMR Bk 57
EELUTERL, BRSWEHZ L 2 T i, BAERKRTOTHAIZCO(L
0.1%), 0:(==0.1%), N2(~0.4%)EUHDO(<0.1%)T, EAELKTIZCO(<0.1%), Oa(==
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Fig. 2. Thermal desorption spectra of D, for the activated getter exposed to D,O of 4x10-7
Torr

------ for 30 min at 25°C, — for 60 min at 300°C
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SOBEEA N PV LD ARSRERES S/Pdt L LTRDZ 2 L03TE 3, 55, 25°CH:
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I I I T
] | 1 1
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Fig. 3. Changes in the amount of D,0O absorption with exposure time at a

constant pressure of 4 x10-"Torr
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Y, EREEICHIGT 2. ALY v ¥ —0 BT OER (A3 EM ; projected
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Fig. 4. Dependence of the absorption rate on D,0 pressure at 300°C
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Fig. 5. Arrhenius plots of absorption rate constants for H,O and D,O
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2 2 N '
X(a) —> X(s)
+
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Fig. 6. Schematic reaction pass for water absorption
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Fig. 7. Comparison of D, desorption spectra after exposure at 300°C for 30 min with those of
calculation using the kinetic parameters for D, desorption®
Pp2o=4X10""Torr(1), 2X10"Torr(2), and 6X10 *Torr(3)
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Fig. 8. Changes in the XPS spectra of Zr3d, V2p, Ols, and Cls with exposure to D,O vapor of
4x1077 Torr for 30 min
(1) after activation at 700°C for 10 min
(2) after exposure at 25°C
(3) after exposure at 300°C
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Fig. 9. SIMS analysis of getter surfaces before and after D,0 exposures at 25 or 300°C
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Fig. 10. Changes in surface composition of Zr, V, and O with exposure time at 25 or 300°C
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