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Synopsis

Hydrogen absorption properties of two titanium-rich wuranium
alloys, UTiz and UTi4, were studied in order to prepare and identify
the recently found ternary hydride. They slowly reacted with hydrogen
of the initial pressure of ]OSPa at 873K to form the ternary hydride.
The hydrogenated specimen mainly consisted of the pursued ternary
hydride but contained also U(or UOZ), TiHX, and some transient
rhases. X-ray powder diffraction and Electron Probe Micro Analysis
proved that it was the UTi H, with the expected MgCu, structure,
though all the X-ray peaks were broad probably because of inhomogene-
ity. This compound had extremely high resistance to powdering on its
formation, which showed high potential utilities for a non-powdering

tritium storage system or for other purposes.

T. Introduction

Hydrogen absorption-desorption properties of uranium is suitable
for a tritium storage. Uranium easily absorbs hydrogen of 10° Pa

below 500K to form UHg. The desorption pressure of UH3 is adequately

low for holding tritium at a room temperature ( lower than 10"3Pa at
298K ) and sufficiently high above T700K. Further, in a pressure-
concentration isotherm below 700K, a plateau spans nearly whole

region of ooncentration.l) These are the reason why uranium is domi-
nantly used for tritium storage.

Uranium, however, disintegrates into fine powder on hydrogena-

tion.z) It causes high pyrophoricity3) and high possibility of con-

tamination. The powdering is directly related to the much volume
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expansion on hydrogenation. The holes occupied with hydrogen in Ul 4
are by far larger than those of any other binary hydride. The volume
expansion ratio on hydrogenation (AV/V) is 0.76 and also the larg-
est.

Searching a non-powdering or low-powdering tritium storage
material, hydrogen absorption-desorption properties of several urani-
um compounds and alloys in some binary systems, U-Ti, U-Zr, U-Al, U-
Si and U-Fe, have been studied by the authors.4_6) lfigh resistance to
powdering or low pyrophoricity was expected for a compound which
hydrogenated without forming UHg4. However, in all the cases, UH3 was
formed as a main phase on hydrogenation. [n only U-Ti system, unusu-
al ternary hydride formation was also observed.S) A Ti-rich ternary
hydride was observed altogether with UH3 in the hydrogenated UzTi,
although there is no binary compound other than UzTi. The ternary
compound was temporary identified to be UTigHx of MgCu, type struc-
ture by the X-ray powder diffraction of some multi-phased specimens
where the main phase was U or UHjg.

In the present paper, hydrogen absorption properties of the Ti-

rich alloys ——1:2 and 1:4 in U:Ti—were examined to obtain the

specimen of a single phase and to identify it accurately.

IT. Experimental

The U-Ti specimens were prepared by argon plasma-jet melting.
Starting materials ( a block of U of 99.8% purity and Ti wire of
99.9% purity) were melted three times by turning the upside down for
homogenization. The obtained alloys were used as the specimens with-
out annealing not to promote the grain growth of UzTi phase.

The apparatus used for measurements of hydrogen absorption
properties is shown in ref 6). Temperature, pressures and volume was
measured to determine hydrogen concentration. Hydrogen absorption of
each specimen was examined at various temperatures between 673K and
973K under the initial hydrogen pressure of 10°Pa. On the hydrogenat-
ed specimens, X-ray powder patterns were observed and microscopic

phase study was performed by EPMA(Electron Probe Micro-Analyzer).

ITI. Results and Discussion

1. Hydrogen absorption processes
Because of no annealing, the specimens were initially considered

to consist of nonequillibriated three phases; U, Ti and U,Ti. Here Ti
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was expected to be hydrogenated to TiHX by a rapid reaction. There-
fore, the ternary hydride (written as UTinHm below) was probably
formed from UsTi or from TiH, and U by the following reactions:

nlioTi + (m/2)H,y = UTi Hp + (2n-1)U (1)

U+nTiH, + {(m—nx)/Z}Hz = UTi H, (2)
Here, UTinHm cannot be formed above 973K because it shows the decom-
position pressure over 105Pa at 973K.6) On the contrary, below 673K,
the formation of UHg disturbs the UTi H, formation. These were the
reasons why the above-mentioned temperature range was preferred.

The hydrogen absorption properties of the UTiy alloy is shown in
Fig.i. The specimen rapidly absorbed 3.4H/UT14 at the initial temper-
ature; 973K. Though the further absorption was too slow for an exact
estimation of its speed, the highest tendency to absorption was
observed at 873K during the temperature scanning between 923K and
773K. The reaction was expected slow at the temperatures lower than
773K. Before the scanning, TiH, was tried to decompose at 1073K, but
it ended in failure. Kept at 873K for 4 davs, hydrogen was gradually
absorbed till the <concentration reached 8.7H/UTi4 and finally
IO.SH/UTi4 was attained. In the temperature range, the maximum hydro-
gen concentration 1is 8H/UTi4 without UTinHm formed, because U can
absorb no hydrogen and Ti can absorb 2H/Ti at most. Therefore, the

observed process was considered to be the formation of UTi H.

P / 104Pa
©
H/UTis

5
T 1102°C

Fig.1l History of the hydrogen absorption by UTi4 alloy.
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Figure 2 shows the absorption process of UTi, alloy. It was
firstly kept at 873K and gradually absorbed hydrogen after an initial
rapid absorption. The absorption for about 6#0h made equitlibrium at
the concentration of 4.6H/UT12. By the following cooling down to
673K, much faster absorption was obhserved and the concentration
reached 5.4H/UTi2. The change in the pumping speed can be explained
as follows: At 873K, UTi, H, phase was formed from the other phases
through the diffusion of metal and hydrogen atoms, and at 773K and
673K the already formed UTi Hy absorbed hydrogen additionally only by
hydrogen atom diffusion.

Both alloys showed high resistance to powdering on hydrogena-
tion, and especially UTi, was much more resistible than UTi,, per-
haps depending on the absorption history. The UTi,; was only
cracked but not disintegrated, while almost no crack was observed on

the UTiy,. This resistance will be discussed later.

81'1'1' ™ T T T T T T | B I S R —| T T
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<—UTizHs;
<—UTioHs 4
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Fig.2 Transitions of pressure and temperature during hydrogen absorption by UTiz.
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2. Identification of the phases in the hydride

le 1 sh s bserved
Table shows observe Table 1 Observed phases in the X-ray

phases in the X-ray diffraction diffraction patterns of hy-
patterns of hydrogenated speci- drogenated U-Ti alloys.
! - —

mens . The unknown peaks which Phase i UTigHg 4 i UTigHyq 4
should be attributed to UTi_H T . ;

nom UTi H. | Very Strong| Very Strong
were listed on table 2. Each alpﬂa4j ! Weak No
specimen had the UTi_H_ phase as Uo, | No very Weak
specimen ha ° n'm P TiHy ]’ No Very Weak

a main phase but didn’t consist

of a single phase. UTigHg 4 had

U phase, UTighyg, 5 had U0y and 1,00 5 Gbserved %-ray patterns of

TiH, phases also. All the peaks UTi, H, and thg calculated
were broad so that the FWHMs were zﬁﬁgg;@?ortﬁ1§%‘of MgCup
about 0.4°. It probably shows a -
significant deviation in the d/nm h k1 [(obs)} Ilcal)
lattice constants due to the 0.491 1 1 1 37 44
difference in the hydrogen con- g:gg% g ? ? 188 133
centration or to the residual 0.246 2 2 2 4 7
distortion. Though it is diffi- - 400 - 5
cult to distinguish weak peaks g:igi Z g é ;g ég
because its broadness, the 0.164 {3 33, 511 50 29
calculated pattern of UTiyH, with 3:121 g g ? ?é 28
MgCugy structure was fitted with _ 4 4 2 N 0
all the unknown peaks except one 0.134 6 2 0 22 15
weak peak just below the (111) O'EBO 2 Z g }8 1%
peak. The unfitted peak will be - 4 4 4 - 1
discussed later. 0.119 (551, 711 3 3
iare 3 (m-@) smew we | Q148 Ez e e

EPMA images of [Hﬁ2H5‘4; (a)SEM
image(x500), (b)SEM image(x5000),
(c)U(Mg) image (x5000) and (d) Ti(Ka) image (x5000). Figure 4 (a)
and (b) show the SEM images of UTi4HIO.5( (a)x500 and (b)x5000).
Both specimen consisted of three phases of different tones —white,
gray and black, though the phase distribution in each specimen was
much different from that in the other. The X-ray analysis of
UT12H5.4, which is illustrated also in Fig.3(c) and (d), clarified
that the white part is U, gray is UTinHm and black is TiHX. In the
case of UTijH;, 5, the sizes of the phases were too small for the
resolution of X-ray analysis. However, the same distinction is
considered to be allowed because of the same contrast, and it is
reasonable that the black phase(Tin) has a larger fraction than in
UTigHg 4.
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Fig.3 EPMA images of hydrogenated UTi, specimen. (a)SEM image {x500), (b)SEM image
(x5000) (c)U(Mq )} image (x5000) and (d) Ti(Kq) image (x5000).

Fig.4 SEM images of hydrogenated UTii specimen, (a) x500 and (b) x5000.
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As above, UTizH5_4 has also TiHX phase of comparable amount to
U, though it could not be observed by X-ray diffraction because Ti
has much lower atomic scattering factor for X-ray and the strongest
peak of TiH_ can be masked by 310) peak of UTdoH . UTi4H10_5 had
TiH, of comparable amount to that of UTinHm while U is little. From
these results of the EPMA and the X-ray powder diffraction, UTinHm is
considered to be UTisz of MgCuz structure. In the lattice, metal
atoms are located at the following sites belonging to the space group
Fd3m (No.227):

80 in 8(a) at 1/8 1/8 1/8; 7/8 7/8 7/8.

16Ti in 16(d) at 1/2 1/2 1/2; 1/2 1/4 1/4;

/4 1/2 1/4; 1/4 1/4 1/2.

3. High resistance to powdering on UTiZHm formation

High resistance to powdering observed on the hydrogenation of
UTiz and UTi4 is considered to be closely related to the crystal
structure of UTigH,. In the structure, Ti atoms make half-filled fcec
lattice with a half of the lattice constant(0.426nm). Ti atoms are
arranged in a fcc lattice also in 6TiHX, and the lattice constant
for TiHl.gz is known to be 0.454nm, while that for TiHy g was 0.442
in this study. Such a similarity enables the smooth phase transforma-
tion which can explain the high resistance to powdering.

One possible chain of the smooth transformation was inferred as
follows: First, U atoms diffuse into TiHX lattice and changes places
with Ti atoms. Then, the U atoms move to the proper positions in
UTisz absorbing H atoms into their preferred sites. In this case,
Til—xeH » in which some Ti atoms were changed with U atoms, can be
observedlas a transient state. In Fig.3(b), if more precisely distin-

guished, there are five phases of the different tones. The white

phase can be divided into two phases blight one and dark one. And
the phase of another kind which is darker than the main gray phase is
observed mainly around the black phases. The last phase 1is probably
the Tiy U H_.

The cry;tal structure of the T_i]_XUXHy cannot be clarified here,
but the unindexed X-ray diffraction peak just below the (111) peak
of UTipH, is attributable to it. Assuming as an example that U atoms
occupy the face centered positions of the cubic of the two-hold
lattice constant of Tin, the indexed peak is just fitted by the
secondly strongest peak, (111), of it, while the strongest peak of
(222) is just masked with the (311) peak of UTioH, .

Another effect for the resistance is the low volume expansion at

UTisz at the UTisz formation. The molar volume of UTiZHm was calcu-
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lated to be 46.7cm3/m01 and that of UTiz alloy was to be 33.7cm3/mol
from the elements’ molar volume, from which the expansion ratio
(AV/V) was calculated as 0.39. It 1is 1larger +than that for Tin
formation (0.24) but about half of that for UH4(0.76).

Such a2 high powdering resistance as has never reported on any
other wuranium compound showed high potential wutilities of UTigH,,
though the further examination is needed in order to clarify the
hydrogenation mechanism. It can be used for a non-powdering tritium
storage system if hydrogen pumping speed is improved by, for example,
optimizing its shape. Tt also will be utilizable as a fission reactor

fuel, though many other properties of it must be examined hereafter.

IV. Conclusions

UTj2 and UTi,; slowly reacted with hydrogen of the initial pres-
sure of 105Pa‘ at 873K to form the ternary hydride, UTiZHm. The
hydrogenated specimens mainly consisted of the pursued ternary hy-
dride. X-ray powder diffraction and Electron Probe Micro Analysis
proved that it was the UTigH with the MgCu, structure expectedly,
though the specimens were not of a single phase but contained also
U(or UOZ), TiHX, and some transient phases, and all the X-ray peaks
were broad probably because of the inhomogeneity. This compound had
extremely high resistance to powdering on its formation, which showed
high potential use for a non-powdering tritium storage material or

for others.
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