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Abstract

Hydrogen absorption alloys are widely used for tritium handling, such as its
storage, supply and recovery. For such application, it is of paramount importance
that the equilibrium dissociation pressure (P.,) of metal tritide be very low at room
temperature and the temperature reaching P., of 1atm, (T,am), not be too high.

Thus, the thermodynamical properties related to the heat of formation of Zr-Ni
deuteride instead of tritide were studied so as to find the best material. The
composition of the Zr-Ni alloy used in this study was Zr,N1i,,, which was characterized
by X-ray diffractometly. The Zr,Ni,,, activated in advance, was exposed to a given
amount of deuterium at room temperature, and then the deuteride was heated stepwise
to 300°C. Each temperature was kept constant for adequate time till P., become
constant. The data for both P., and temperature were arranged by the van't Hoff

equation:
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£n P,=(AH/RT)—(AS’/R).

Values of —AH"=24~25kcal/mol[D,] and —AS°=33~34cal/mol[D,]+ deg were
obtained when atomic composition of deuteride was in the range from Zr,Ni,;D, to
ZrgNi; D;.  From these values, P, at 20°C and T,am were obtained as 10-5~10-7 Pa
and ca. 450°C, respectively. The deuteride did not ignite even when exposed to the
atomosphere at room temperature nor did it take on the from of a fine powder.

These results thus show Zr,Ni;, to be a preferable material for storage-supply-

recovery of tritium gas.
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Fig, 1. Schematic diagram of the experimental apparatus.

. Quadrupole mass spectrometer H, Rotary pump

. lonization gauge Reservoir

. Sputter ion pump Sample tube
Aluminium chamber Cold trap

. Capacitance manometer D, cylinder
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Turbo molecular pump
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Fig, 2. Mass spectra of D, gas used (A) and residual gas in the experimental apparatus (B)
measured with the quadrupole mass spectrometer.
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Table 1.Sample deuteride prepared from Zr,Ni,;.

v * InE*%
Run number Amozll:r’latl f)zri?/sr(;g)tlon Atomic Ratio** Char%Ie)dGIi;;;lo
2
Run1 4.1X10? ngNi'llDO.SA 1.9%
Run 2 8.3%x10° ZryNi;; Dy, 3.8%
Run 3 2.1x10° ZryNiy; Dy, 9.3%
Run 4 3.8x10° ZryNi;; Dy 16.9%

% ) Total amount of absorption of deuterium
% % ) Assuming that each of the constituents of the all of reacts with deuterium
stoichiometrically
% % % )Maximum atomic ratio=Zr;Ni;; Dy,
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Fig, 3. Logarithmic plots of equilibrium
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Table 2, Summary of observed AH® and AS®

. : —T — —
Run number | Atomic Ratio | . mol : D,) | (keal/mol : deuteride) | (cal/mol - deg : Dy)
Run1 ngNinDo.s4 21.6 15.7 24.3
Run?2 Z1eNi; Dy 24.7 17.9 32.7
Run 3 ZroNi,, D, 24.3 17.6 33.9
Run4 ZryNi D, 19.6 14.2 33.3

which equilibrium pressure become 1 atm.

Table 3, Calculated equilibrium pressure at 20°C and temperature at

. . | Equilibrium Pressure Temperature
Run number | Atomic Ratio (at 20°C) (reaching at 1 atm)
Run1 ZrgNi,; Dy 54 1.6x107%Pa 616°C
Run 2 ZrgNi, Dy, 5.3%X107"Pa 482°C
Run 3 ZrgNiy, D, 1.9%x10"°Pa 443°C
Run 4 ngNi11D4.9 4.6X10_3Pa 3160C
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Fig. 5.Phase diagram of Zr-Ni system(Ref.10).
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Fig. 6, X-ray diffraction spectrum of the alloy sample (ZryNii,).
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LEEC, KRB EHREICRT L Bl T 0l 0-geoa 8.1
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<0.1 0.0582 3.5
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EHEXRFOMBEIL DV TRE T 2 Z L DEETH S, i, ERFEOSE»SE LS
&y BE THBRLEFHGOHTEECHET 27— —2BERT I LELNH 2,
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~10PaTh D, X, 1 [REDQFEEMT 252 /- DI LERIBEEIZH440~480°C L
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