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Due to a number of nontrivial physical properties, hydrogen solutions in the
palladium alloys with noble metals (Cu, Ag, and Au) have attracted the re-
searchers attention for many decades /1, 2/. The beginning of the latest and,
perhaps, most intensive outburst of interest in these systems can be dated
1974 when the solutions charged with hydrogen by implantation were found to
possess superconducting temperatures, TK’ up to 13 to 17 K that considerably
exceeded 2 maximum attainable value of T, %9 K for the Pd-H solutions /3/.
Unexpected phenomena, however, did not end here, and further experiments
have shown the effects observed in /3/ to be due to specific peculiarities of
thin hydrogen-containing layers forming in the process of implantation since
superconducting properties of massive homogeneous samples of the Pd-noble
metal-H solutions proved to be quite different. In particular, having been
synthesized under high hydrogen pressure, the Pd97Au3-H, Pd91 Au9—H /4/,
and Pd8 OAg2 O-H /5/ samples exhibited dependences of TK upon the H-to-metal
atomic ratio n which were close to the ’Ik(n) dependence forthe Pd-H solutions,
and the PdSOCu 40-H samples with n £0.6 possessed no superconductivity at
T 22 K /5/. But these findings, too, still did not exhaust the results, and at
high hydrogen pressure and elevated (X 150 to 250 0C) temperatures new phase
transformations accompanied by atomic ordering of metal sublattices of solid
solutions have been revealed in the Pd, Ag, -H /6/ and Pdg(Cu,-H /1/ sys-
tems. An X-ray examination of a single-crystal specimen allowed to draw the
conclusions /8/ that at Py =1.1 GPaand T = 300 °C the ordering of metal
atoms in the PdGOCu 40—H 2solu‘cion is of the CuAul (Llo) type.

The present work is undertaken in order to study the TK(n) dependences for

both disordered and ordered Pd-Cu-H solutions. The alloys with 10, 20, 25,
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30, 35, and 40 at% Cu are under study. The ingots were melted in an induction
furnace in vacuum from electrolytical Pd and Cu. After a 6 h homogenization in
vacuum at 930 °C and water quenching these ingots were rolled into strips

0.15 mm thick, then subjected to stress-relief annealing in vacuum at 930 °c
for 5 min and again quenched in water. The specimens in the form of discs of

4 mm diameter were cut out of these polycrystalline strips.

Hydrogenation of the samples was conducted by a 24 h exposure in hydrogen
atmosphere at fixed magnitudes of temperature (100 2 T = 300 0C) and pressure
(Py £ 8 GPa); the technique for compressing hydrogen is described in /9/.
Theztemperature and the pressure were measured with an accuracy to +10 °c
and +0.3 GPa, respectively. After the hydrogenation was completed, the high-
pressure chamber was rapidly cooled down to ~ -180 °c (this temperature
was low enough to prevent hydrogen losses from the Pd-Cu-H samples after
subsequent lowering the pressure down to atmospheric), then the pressure
was lowered and the samples were taken out of the chamber and later on kept
in liquid nitrogen. The hydrogen content of the samples was measured to an
accuracy of 5%; a detailed description of the technique is given in /7/. An
X-ray study was carried out by a phototechnique at T = -190 °c using a DRON-
2.0 diffractometer with CuK, radiation. The T
induction method at T 2 2 K,

Under normal conditions and a copper content up to ~ 45 at%, palladium

K values were determined by the

and copper form continuous disordered solid solutions with the f.c.c. lattice
/10/. According to /11, 12/, the copper alloying of palladium results in a
monotonic decrease in the critical temperature of the separation of the Pd-H
solutions into the two isomorphous phases, poor and rich in hydrogen, down to
room temperature for the alloy with = 35 at% Cu, and, thus, in the range of
high hydrogen concentrations, interesting for our purposes, the Pd-Cu-H
samples under study should be single-phase hydrogen interstitial solutions on
the basis of the starting disordered f.c.c. lattice of the Pd-Cu alloys (herein-
after referred to as the y-solutions).

The X-ray study has shown that actually only y -solutions form in the
Pd900u1 O-H system (as well as in the Pd-H system) in the temperature and
pressure range investigated in the present work, whereas at TZ 150 °C the

solutions on the base of the alloys with 2 20at% Cu undergo an irreversible
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and atmospheric pressure for the initial Pd-Cu
alloys (+ ) and for the Pd-Cu-H samples obtained
=0 by 24 h exposure at PH =2 GPa and 100 °C (a);
2
300 °%c {0, e ) (the hydrogen content of the samples
8-, was (at% Cu-n at 100 °C/n at 300 OC): 0-0.99/0.98;
i 10-0.94/0.92; 20-0.81/0.81; 25-0, 71/0. 78;
30-0.69,/0. 72; 35-0.70/0. T2; 40-0.57/0.55). For

381 N~ the y-samples parameters a of the f.c.c. cell

) | | (+, A, 0) are shown; for the y'-samples par-
om0 N W ameters a (0 ) and c ( @ ) of the f.c.t. quasi-cell
Gufaff)—>  are given

T L Fig. 1. Parameters of the metal lattice at -190 °c

phase transition followed by tetragonal distortions of their metal lattices, i.e.
ordered solutions are formed (henceforth y-solutions). To illustrate the ob-
served effects, the X-ray data for the y - and §'-samples obtained at PH2 =

=2 GPa are presented in Fig. 1. It should be noted that while the X-ray photo-
graphs of the PdGOCu 40-H }'-samples contained a considerable number of
superstructural lines in additiontothe basic ones of the f.c.t. lattice (see / /),
only one (the strongest) of the superstructural lines, (110), could be seen in

the photographs of the Pd65Cu35-H 3'-samples, and even the basic lines, in-
cluding those of {111} type which do not split at tetragonal distortions of the
lattice, were significantly broadened in the photographs of the y'-samples with
still lower copper concentration, The broadening of the diffraction lines along
with the decrease in the degree of the lattice tetragonality (Fig. 1) with decrease
of the copper content of the Pd-Cu-H ¥’ -samples is in accordance with the con-
clusion /8/ that the ordering of the metal atoms in the Pd-Cu-H solutions con-
forms to the PACu stoichiometry. Considerable broadening of the { 111}-type
linees for the y' -samples on the base of the alloys with 20, 25, and 30 at% Cu
is indicative of their concentration inhomogeneity arising in the process of the
ordering.

A noticeable broadening of all the lines was also observed in the X-ray
photographs of the y -samples on the base of these alloys obtained by exposure
under high hydrogen pressure and T =100 OC, the linewidths increasing when
the interval of the exposure increased from 24 to 72 h. This broadening' was ap-
parently due to a concentration inhomogeneity of the samples arising at initial

stages of the ordering process (at high hydrogen pressure and T =100 OC the



K188 physica status solidi (a) 81

10 Fig. 2. Dependences of superconducting tran-
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T Characterizing the studied samples taken
as a whole, it is worth noting that the increment of the volume of the Pd-Cu-H
solutions (both y- and y'-ones) with the hydrogen concentration was in good
agreement with the "universal" dependence suggested in /13/ to describe the
data for a great number of hydrogen ¥ -solutions in various palladium alloys
(this dependence, corrected in the concentration interval 0 7$nR1 using the
most reliable data of /14/ for Pd-H solutions, is given in /4/). The magnitudes
of ¢/a ratio for the 3" ~-samples varied depending upon treatment conditions
under high hydrogen pressure within the limits 0.995 to 0.985 for the alloys
with 20 and 25 at% Cu; 0.995 to 0.97 - with 30 and 35 at% Cu; 0.97to 0.94 -
with 40 at% Cu.

The data of the measurements on the TK(n) dependences for the Pd-Cu-H
solutions are presented in Fig. 2. As is seen from the figure, at the attained
hydrogen concentrations both the T- and 3*' -samples based on the alloys with
40, 35, and 30 at% Cu possessed no superconductivity at T 22 K, Typical de-
pendences A (T) of the signal of disbalance of an ac bridge in the range of
transition to the superconducting state for the Pd75Cu25-H and PdQOCu1 O-H
samples are demonstrated in Fig. 3. The large width of the steps of the A (T)

dependences for the Pd75Cu25-H solutions is likely due to their concentration
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1 Fig. 3. Temperature dependences of the
signal of disbalance Aof an ac bridge in
the range of transition to the supercon-
ducting state for (1) PdgoCu1 O-H

7 -sample, n = 0.94;

2) Pd75Cu25-H 7 -sample, n = 0.94

0 I S B s n (3) PdqgCu, -H p'-sample, n = 0.86.
Tm—- 4, is the magnitude of the signal for

Aldy
&
T

samples in the normal state

inhomogeneity mentioned above (the A(T) dependences for the Pdm)Cu2 O—H
samples were of similar character). The TK values presented in Fig. 2 were
estimated from. the step midpoint locations. One can see from Fig. 2 that the
TK(n) dependences for the PdQOCuIO-H y -samples as well as for the
PdaOCuzo—H and Pd Cuy.-H ¥ -and 7'-samples are close to the TK(n) de-
pendence for the Pd-H solutions /15/.

Thus, one can ascertain that the replacement of palladium for copper as
well as for other noble metals, silver /5/ and gold /4/, results in no essential
changes in the TK(n) dependence of the Pd-H Z‘—solutions in the case of sample
hydrogenation under conditTions close to thermodynamical equilibrium ones .
What is more, within the liTmits of experimental error this TK(n) dependence
remains the same even for the ordered Pd-Cu-H y'-solutions.

Concluding the authors would like to express their thanks to K. A. Pere-
sada and V., A. Zavyalova for their kind assistance in conducting the experiments
and to V.G. Glebovskii who melted the Pd-Cu alloys.

References

/1/ ¥.A. LEWIS, Platinum Metals Rev. 26, 20, 70, 121 (1982).

/2/ E. WICKE and H. BRODOWSKY, in: Topics in Applied Physics, Vol. 29,
Ed. G. ALEFELD and J. VOLKLS, Springer-Verlag, 1978 (p. 73).

/3/.B. STRITZKER, Z. Phys. 268, 261 (1974).

/4/ V.E. ANTONOV, T.E, ANTONOVA, I.T. BELASH, E.G. PONYAOOVS-
KII, and V.I. RASHUPKIN, phys. stat. sol. ‘a) 77, K23 (1983).

/5/ V.E, ANTONOV, I.T. BELASH, E.G. PONYATOVSKII, and V.I.
RASHUPKIN, Zh. eksper. teor. Fiz., Pisma 31, 451 (1980).

/6/ V.E. ANTONOV, T.E. ANTONOVA, 1.T. BELASH, and E.G. PON-
YATOVSKII, Fiz. Metallovi Metallovvdenie, in the press.



K190 physica status solidi (a) 81

/7/ V.F, DEGTYAREVA, V.E. ANTONOV, I.T. BELASH, and E.G. PON-
YATOVSKII, phys. stat. sol. (a) 66, 77(1981).

/8/ V.F. DEGTYAREVA, V.SH. SHEKHTMAN, and N.I. NOVOKHATSKAY A,
Kristallografiya, in the press.

/9/ E.G. PONYATOVSKII, V.E., ANTONOV, and I.T. BELASH, Proc. 8th
AIRART{19th EHPRG Conf., Vol. 1, Uppsala (Sweden), 17 to 22 August
1981 (p. 80).

/10/ M. HANSEN and K. ANDERKO, Constitution of Binary Alloys, McGraw-
Hill Publ. Co., Inc., New York/Toronto/London 1958,

/11/ T.B. FLANAGAN and D.M, CHISDES, Solid State Commun. 16, 529
(1975).

/12/ D. FISHER, D.M. CHISDES, and T.B. FLANAGAN, J. Solid State Chem.
20, 149 (1977).

/13/ B. BARANOWSKI, S. MAJCHRZAK, and T.B. FLANAGAN, J. Phys. F 1,
258 (1971).

/14/ J.E. SCHIRBER and B. MOROSIN, Phys. Rev. B 12, 117(197%).

/15/ B. STRITZKER and H. WUHL, see /2/ (p. 243).

(Received October 3, 1983)



