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Studies on crystal structure, superconducting and magnetic properties of hydrogen solid solutions 
in the Pd-Ni alloys with 5, 20, 40, 60, and 80 atyo Ni are presented. For solutions on the base of 
alloys containing 20 to  80 at56 Ni the phenomenon of dissolution in poor and rich nickel phases 
IS revealed. Hydrogenation of the samples is performed at hydrogen pressures up  to 7 GPa and 
temperatures up to  350 "C. 
I/13YYeHbI I-rpHCTaJIJIHYeCKaR CTPYKTyl)a, CBepXIIpOBOJIRWHe H MarIiHTIIbIe CBOfiCTBa 
TBepJIhIX paCTBOpOB BOHOpOJIa B cnjIaBax Pd-Ni C 5, 20, 40, 60 H 80 atyo Ni. O6~apy-  
If;eIIo EiBzeHme pacnana pacTBopoB Ha 6a3e cnnaBoB, conepxawmx OT 20 TO 80 atyo Xi, 
Ha o6eweHHyro B 060raLUeHHyIO HmEeneM (Fa3~.  rmnpHposaHme o6pa3uo~ npo~onmnoc~> 
11pM HaBjIeHHRX BoJIopoaa xo 7 GPa ti TexnepaTypax Do 350 "c. 

1. Introduction 
In  recent years much attention has been focussed on the superconducting propertier 
01 hydrogen solid solutions in palladium alloys, and a number of new results are of 
interest (see, for instance, review [I]). When treating the data in question, hydrogen 
was implied to  be an interstitial component of the alloys that occupies interstices in 
the f.c.c. metal lattice and only increases its parameter. It seemed somewhat disturb- 
ing, however, that the superconducting properties of these Pd-Me-H solutions 
charged with hydrogen by different techniques (implantation, electrolytically, 
under high pressure) were sometimes found to differ drastically. Research into one 
of the systems of solutions of this type [ 2 ] ,  Pd-Cu-H, charged with hydrogen under 
high pressure, has shown [3] that a t  0.5 GPa 5 P H ,  5 2 GPa and T > 220 "C 
there occurs an irreversible phase transformation accompanied by a tetragonal 
distortion of the f.c.c. metal sublattice and, most probably, caused by its atomic 
ordering. 

A new phase transformation revealed in the Pd-Cu-H system suggests that for 
other Pd-Me-H systems as well a structural investigation, particularlv, in con- 
junction with studies on other physical properties, may yield some interesting results. 
The Pd-Ni-H system seemed to be promising for such an investigation because of 
the cardinal difference among the concentration dependences of the temperature of 
transition into the superconducting state, T,, obtained for this system in cases of 
sample hydrogenation by implantation [ 11 or electrolytically [4] and under hizh 
pressure [5, 61. The alloys with 5 ,  20, 40, 60, and 80 atyo Ki are under study in the 
present work. 

2. Expcrirnental 
The ingots were melted in an induction furnace in vacuuni from electrolytical palla- 
dium and nickel. After a 10 h homogenization a t  1100 "C and water-quenching, these 
ingots were rolled to strips m 0.1 mm thick, then subjected to stress-relief annealing 
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in vacuuni a t  1100 "C for 5 niin and again quenched in water. The saniples were c u t  
from these polycrystalline strips. 

Hydrogen compression to  pressures of FZ 2 GPa was performed in "piston-cylinder"- 
tvpe chambers, to pressures of FZ 7 GPa in "toroid"-type chambers by the method 
suggested in [7]. Petrol was used to create a hydraulic gate. The temperature in those 
chambers was measured with an accuracy to f2 and & l o  K, respectively, and the 
pressure to kO.03 and k 0 . 3  GPa. Measurements of the electrical resistance \\ere 
conducted by a conventional four-probe technique. the Curie points 'v( ere deterniincd 
by a differential transformer method [8 ] .  

The Pd-Xi-H samples aimed a t  further investigation at  atmospheric pressure 
were produced by exposing a t  fixed values of hydrogen pressure (YH, 5 7 @Pa) and 
temperature (200 "C 5 T 5 350 "C). The high-pressure chamber was then rapidly 
cooled. the pressure lon ered to atmospheric, the saniples were reiiioved from the cham- 
ber and later on kept in liquid nitrogen. I n  case of the "piston-cylinder"-type chamber 
the quenching was done down to FZ -20 "C, and in case of the "toroid"-type chamber 
down to FZ -50 "C (such quenching has been shown to be sufficient to prevent 
hydrogen losses from the proper saniples a t  atmospheric pressure). The hydrogen 
content in the samples was determined with an accuracy of 5% by deconiposing 
them into nietal and iiiolecular hydrogen in a pre-evacuated container of known 
volume a t  T 5 500 "C. 

The magnetization of the samples was measured with 5% error in a pulsed magnetic 
field up to  5 T by the induction method [9] in the temperature range 4.2 to  200 K .  
the pulse duration being FZ 0.01 s. Samples for the magnetic measurements were 
coiiples of strips 6 x 1 x 0.2 mm3 in size, the total weight being FZ 20 mg. An X-ray 
study was carried out by a phototechnique a t  T = 90 K using a DRON-1 diffracto- 
meter with CaKcc radiation, the samples being in the forni of discs m 5 mm in dia- 
meter. The temperature of transition to the superconducting state was determined 
by the induction method. 

3. Results and Discussion 
The phase diagrams of the Pd-H and Ni-H systems are similar. Both the systeiiis 
reveal in the T-lJH2 diagrams a line of isomorphous phase transformation, y1 2 yz. 
ending in a critical point, the (PHJcr value for the Ni-H system being higher than 
that for the Pd-H system by approximately three orders of magnitude [ lo  to 121. 
Nickel and palladium form continuous disordered solid solutions with f.c.c. lattice 
1131. It was shown in [6] that a t  room temperature the pressure of the y1 4 y2 transi- 
tion increases nionotonously with nickel content of the alloys from YH, FZ 1.8  kPa 
for the Pd-H solutions to FZ 0.6 GPa for the Ni-H solutions. The data of the present 
work agree with these results of [6] and demonst>rate that as palladium heing doped 
with nickel, the line of the y1 y2 transformation is found to be shifted rigidlv towards 
higher pressures. 

3.1 Electrical Tesistance of Pd-Ni alloys under high hydrogen presstcre 
The isotherms presented in Fig. 1 were taken during stepwise increase and decrease 
in pressure with an exposure in each point for a certain period of tinie, AT, up to the 
termination of the temporal resistance drift, R(T),  caused by the diffusional nature 
of the formation of Pd-Ni-H solid solutions. There are final values of R given in 
Fig. 1. As one can see from the figure, all the R(PIT,) isotherms plotted possessed 
distinct anomalies corresponding to the y1 + yz and yz --+ y1 transitions. 

The shape of the R(PE,) dependences for the Pd-Ni alloys under study reniainctl 
nearly unchanged with temperature varying within 100 "C 5 T 350 "C. At 
T 2 250 "C typical values of AT were 30 min in the ranges of the y1 -f yz and 
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Fig. 1. Electiical resistance isotherms (T = 280 "C) of 
Pd-Xi alloys in hydrogen atmosphere. (1) 100, (2) 80, 
(3) 60, (4) 40 styb Ni. 0 increasing pressure, o decreasing 
pressnrc. R, is the resistance of the samples under normal 
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2.1 ' can be found in Fig. 2. 
19 The T-PH, phase diagram of the Pd&i,,-H 

sys-ten1 (Fig. 2) apart from the curve of the 
''70.4 0.6 0.8 10 12 1.4 1.6 18 yI s y z  transforniation, has a line of Curie point,s, 7', 

fH, (EPa) ---+ for the yl-phase (t,hey,-phase is paramagnetic in t'hc 
t,eniperature and pressure range studied). In a n  

inert niediuni the Curie point of Pd,,Ni,, alloy increases approximately linearly with 
pressure, the slope being (dT,/dP)iI, w 2.0 K GPa-l [14]. A considerable and niono- 
tonous decrease of the Curie point of the alloy in hydrogen atmosphere is, thus, caused 
by an incrcrease of the hydrogen solubility in the y,-phase of the Pd,oNi,,-H solution 
a t  increasing pressure (at T = 100 "C and P I ] ,  = 0.2 GPa the concentration of the 
solution reaches the hydrogen-to-metal atomic ratio n == 0.05 f 0.03). The drift 
time for the Curie point of the Pd6,Ni,,-H y,-solution did not exceed 15 to 20 iiiin 
after changing the hydrogen pressure. 

As a whole, i t  can be said that the phase diagrams for the Pd-Ni-H solutions in 
question are completely analogous to those for Xi-H [12] and Pd-H [lo] solutions. 
Further investigat'ion has shown, however, that in Pd-Ni-H solutions there occur 
phenomena that are not observed in Ni-H and Pd-H solutions: in case of the alloys 
with 20, 40, 60, and 80 atyo Ni exposed a t  T 2 250 "C and PB, > ( P H ~ ) ~ ~ + . ~ ~  (this 
region is shaded in the T-P", diagram of the Pd,&,-H system, Fig. 2 )  over time 
periods exceeding considerably the period required for their saturation with hydrogen, 
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19  A Fig. 3. Time dependences of electrical resistance of Pd-Ki 
alloys a t  T = 350 "C and PIT?  = 2 GPa. ( 1 )  80, (2) 60, 
(3) 40, (4) 20 ato/, Ni. R, i s  the resistance of the samples 

1- ;-< ---A' ~ A * w - * y y ~ ~ k ~  - .  . .. i' under normal conditions 
, Y /  + /  cr 

there appears a relatively slow temporal drift of resistance. The drift rate increased 
and decreased with temperature. Typical R ( z )  dependences a t  350 "C and PII, = 
2 GPa are given in Fig. 3. The curves were obtained as follows: the samples were 
preexposed at  PH, = 2 GPa and T = 200 "C up to  the termination of the temporal 
resistance drift (AT% 1 h), and the temperature was then increased to 350 "C in a 
jump-like manner. 

The anomalous behaviour of electrical resistance seemed most probable to be due 
to new irreversible phase transformations taking place in the solutions under study. 
As to the temperature m 250 "C at  which the transformations start and which depend- 
ed weakly on both pressure and coniposition of the Pd-Xi alloys, its magnitude is 
likely to be determined by kinetic reasons. 

3.2 X-vay data 

At first we studied the constitution of the Pd-Ni-H samples which underwent no 
irreversible phase transition a t  high temperatures and were to be ordinary y-solutions. 

All the Pd-Ni-H samples subjected to an X-ray study in the present work were 
exposed t o  T w -20 "C for some minutes in the course of manipulations a t  atmos- 
pheric pressure. This temperature was low enough to brake the hydrogen exchange 
between the samples and the environment but, a t  the same time, it was high enough 
for redistribution of hydrogen within the samples to occur and their phase composition 
to come to an agreement with the metastable (i.e. a t  a fixed total content of hydrogen 
in the solution) T-c diagram during these some minutes (see [lo, 151). According to  
such diagrams, a t  atmospheric pressure and T & -20 "C the Pd-H and Ni-H 
samples with 72:', < n < n y  consist of a mixture of the yl- and y,-phases of concen- 
trations n y  and nFn, and those with n 2 n z n  constitute single-phase solutions 
(for Pd--H solutions n y u  0.008, nen m 0.6 (see [lo]), and for Ni-H solutions 
d~'' Q 0.02, n:" m 0.7 [IG]). Thus, to treat the data obtained a t  atmospheric 
1~essiire correctly we needed investigating such a separation for the Pd-Ni-H solu- 
tions under study. 

The Pd-Ni-H samples ainied a t  the given series of measurements were produced 
by exposing at fixed Plt2 and T 5 350 "C during 1 h, that was sufficient for hydrogena- 
tion of the Pcl-Ni alloys to  be completed, but was much less than the period of time 
required for the phase transformation to occur, observed in the y,-solutions on the 
base of alloys with 20 to 80 a t% Ni (see, for instance, Fig. 3). The X-ray study has 
shown that the Pd,,Ni,,-H, Pd,,Ni,,-H, and Ni-H solutions with 0.2 Y L  & 0.6 
consist of a mixture of the two phases with a f.c.c. metal lattice, their parameters, a .  
denoted with closed circles in Fig. 4, being independent of the hydrogen content in 
the sample. In  case of the samples with 11 2 0.6 no lines of phases with sinaller U-value 
 ere observed on X-ray patterns. 
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Fig. 4. Parameters a of the f.c.c. metal sublattice for 
different phases of Pd-Ni-H solutions a t  T = 90 K and 
atmospheric pressure. v initial Pd-Ni samples, II after 
exposure a t  T = 200 "C and PH, = 2 GPa for 5 11, o af- 
ter exposure a t  T = 350 "C and P H ,  = 2 GPa for 10 11 
((1) phases poor in nickel, (2) rich in nickel), A the same 
samples after annealing in vacuum a t  T = 300 "C for 
2 ((3) phases poor in nickel, (4). rich in nickel), 0 phases 
of concentrations n y  and h (see text) 

Pd content (of,%) 

AS is seen from Fig. 4, the snialler values of a-parameters for the two-phase samples 
are close to  those for corresponding alloys with no hydrogen. It is reasonable to 
assume them to be parameters of y,-phases of composition n y  , whereas greater 
parameters to relate to  y,-phases of composition RE". The a ( r z y )  and a(n2")  values 
obtained for the Ni-H solutions are in line with the data of [12, 161. 

TO evaluate the changes in a-parameters of Pd-Ni-H y,-solutions with hydrogen 
concentration, a series of samples was prepared by exposure a t  PIT,  = 2 GPa and 
T = 200 "C for 2 h. Their parameters, a200, are shown with squares in Fig. 4. The 
hydrogen concentration in the alloys with 0,5, 20, 40, 60, 80, and 100 atyo Ni was 
f i  = 0.99, 1.03, 1.12, 1.20, 1.16, 1.21, and 1.09, respectively. The a200-values obtained 
fur the Pd-H and Ni-H y2-solutions of the concentrations mentioned are in line with 
the data of [17] and [12]. 

The above results enabled us to go on to  elucidating the question what happens 
to  the Pd-Ni--H y,-solutions in the process of a prolonged exposure in hydrogen 
atmosphere a t  T 2 250 "C. For this purpose a number of samples were produced by 
exposing at T = 350 "C and PH, = 2 GPa for 10 h. The data of X-ray investigation 
of such samples are denoted in Fig. 4 with open circles. According to  these data, the 
samples based on nickel, palladium, and Pdg,Ni, alloy were ordinary y,-solutions, for 
which aZoo > a350 > a(.?") (the c ~ ~ ~ ~ - v a l u e  for the Ni-H solution is not shown in 
order to  simplify the figure). A decrease in a350-value compared to a2O0 is due to the 
fact that a t  Pli2 = 2 GPa the hydrogen solubility in all the metals under study is 
smaller a t  350 than a t  200 "C. 

In  case of samples based on alloys with 20, 40, 60, and 80 atyo Ni the situation was 
quite different. They proved to consist of three phases with f.c.c. metal lattices. The 
value of the parameter a for one of the phases lay bctween the values a(7t,",in) and 
@o for a corresponding alloy (these points are connected with the solid line in Fig. 4) 
and coincided with the a350-value for the same alloy charged with hydrogen a t  PH, = 
= 2 GPa and T = 350 "C for 1 h. Thus, one of the three phases observed in the in- 
vestigated samples was a residue of the Pd-Ni-H y,-solution which had not enough 
time to transforni into a new phase state during the exposure a t  PH, = 2 GPa arid 
T = 350 "C. The parameters a of the other two phases depended weakly on the 
concentration of the starting Pa-Ni alloys and corresponded to the a350-parameter 
for palladium containing a few atomic percent of nickel (these points are linked with 
dashed curve 1 in Fig. 4) and that for nickel (curve 2 ) .  

In  the light of these data, the most probable process occurring a t  a prolonged 
exposure of the alloys with 20 to  80 atyo Ni a t  7' 2 250 "c and PH, > ( P H ~ ) ~ ~ + ~ ~ ,  is 
believed to  be a dissolution of hydrides of these alloys to a hydride of nearly pure 
nickel and a hydride of palladium with some atomic percent of nickel. The kinetics 
of the dissolution, however, remains relatively sluggish even at 350 "C, as is seen 
already froni the curves of electrical resistance presented in Fig. 3. The kinetics inertia 
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is confirined by a X-ray examination as well. For instance, a detectable amount of 
the y,-phase of the Pd,,Ni,,-H solution was retained in the samples even after ex- 
posing them a t  PH, = 2 GPa and 7' = 350 "C for 48 h. 

A considerably lower diffusion mobility of the metal atonis in the Pd-Ni-H solu- 
tions coinpared to that of hydrogen atoms proved, on the other hand, to be useful 
to confirm, in addition, the dissolution of these solutions at  high pressure and increased 
temperature. An annealing in vacuum for 2 h of the samples on the base of the alloys 
with 20, 40, 60, and 80 atyo Ni. produced by exposure at  Pn, = 2 GPa and T = 
= 350 "C for 10 h,  resulted in a complete extraction of hydrogen from them, hut the 
sairiples retained their three-phase nature. The phases which in the presence of 
hydrogen had a2O0 > > a(.:") were found to have now parameters LC coinciding 
with those for corresponding Pd-Ni alloys with no hydrogen (7J in Fig. 4). The values 
of the parameters which we used earlier to ascribe to phases poor in nickel (curve 1 
in Fig. 4) decreased to those for such alloys with no hydrogen (curve 3). The same 
happened in the case of the phases considered to be hydrogen solutions on nickel h s e  
(curves 2 and 4, respectively). 

2.fter a further annealing of these samples in vacuum a t  T > 400 "C the allogrs, 
as revealed by the X-ray examination, recovered the single-phase homogeneous state 
with starting valucs of parameters of their f.c.c. lattices. The recovery of this initial 
state occurred also after plastic deformation of the dissolved saniples with no hydrogen 
a t  room temperature. Such a behaviour of the samples demonstrates the fact that 
under nornial conditions the dissolution to phases rich and poor in nickel is not an 
eyuilibriuni property of Pd-Ki alloys themselves. It is the triple Pd-Ni-H solutions 
with a high hydrogen content which are found to dissolve. 

The available data concerning the behaviour of superconducting properties of hydro- 
gen solid sohitions in Pd-Ni alloys containing up to w10 atyo Ni are in line with 
each other [ I ,  4 to 61 : over this concentration range the replacement of palladium 
by nickel causes a monotonous decrease in the niaxiniuni attainable temperature, 
Ti:, of transition of Pd-Ni-H solutions to the superconducting state from ~ 8 . 8  K 
for palladium to w l  to  2 K for the alloys with nickel atomic fraction xx, R 0.1. 
For the alloys with a higher nickel concentration no such an agreement is observed. 
The studies on the Pd,,Ni,, alloy charged with hydrogen by implantation a t  helium 
teniperature [ l ]  and on the Pd,,Xi,5 alloy hydrogenated electrolytically a t  T w 200 K 
[4] have shown them to possess no superconductivity a t  T 2 1.1 K. The r w d t s  
obtained in the case of hydrogenation of Pd-Ni alloys under a high hydrogen pressure 
and room temperature [5, 61 were quite different: on the dependence !Z'r(xxl) a deep 
minimum at  x ~ i  w 0.1 was followed by a maximum ( T f :  m 10 K) a t  xK, w 0.2, and 
then the TI" values decreased sharply. It should be noted that the Tk(w) dependences 
for the alloys with x r ,  w 0.2 exhibited a chaotic behaviour [6]. In  the light of the 
arguments of the previous section, a divergence in the data of [ l ,  41 and [5, 61 can 
be straightforwardly explained if one assumes that in the Pd-Ni-H y,-solutions with 
xxi  2 0.2 investigated in [5, 61 there occurred a dissolution to  phases rich and poor 
in nickel, and that the jumps on the temperature dependences of electrical resistance, 
registered in those works, corresponded to  the transition of the nickel-poor phases 
to the superconducting state. 

The dependences T,(n) for the Pd-Ni alloys with 5 ,  20, and 40 atyo Ni derived in 
the present paper are given in Fig. 5 .  The Pd-Ni-H samples were produced hj- ex- 
posing for 10 h at PE, 5 7 GPa and T 350 "C (with the exception of solutions on 
the base of Pd,,Ni,, and Pd,,Ni,, alloys with maximum n-values, see below). Typical 
dependences A (T) of the signal of disbalance of an ac hridge in the range of transition 

3.3 Superconductivity 
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Fig. 6. Snperconducting temperature Tk vs. hydrogen 
content ?a for hydrogen solutjons in Pd-Ni alloys with o 
5,  0 20. and u 40 atyo Ni. The symbols with arrovs 
stand for samples possessing no superconductivity a t  
T 2 2 K. The half-blackened symbols concern samples 
whcre dissolution to  phases poor and rich in nickel mas 
observed. Dashed line represents the T,(n) dependence 
for the Pd-H solutions [I1 

to the superconducting state for the Pd,,Ni,-€I solutions are denionstrated in Fig. 6. 
Relatively narrow steps on the A (1') dependences corresponding to such a transition 
are indicative of a homogeneous hydrogen distribution over the volume of the samples. 
The Tk-values were estimated by locations of the midpoint of these steps. 

As is seen from Fig. 5, the Tk(n) dependence for the Pd,,Ni,-H y,-solutions is 
markedly shifted in respect to a similar dependence for Pd-H solutions (dashed line) 
towards higher n-values. At T 2 2 K no transition to the superconducting state has 
been observed for the Pd,,Ni,,-H and Pd,,Ni,,-H y,-solutions (empty symbols in 
Fig. 5). Thus, our data for the Pd-Ni-H y,-solutions having undergone no separation 
to  nickel-poor and nickel-rich phases agree with the data of [l,  4 to 61 and contradict 
the data of [ 5 ,  61. 

A surprising result was the absence of superconductivity a t  T 2 2 K in case of 
Pd,,Ni,,-H and Pd,,Ni,,-H samples dissolved to phases rich and poor in nickel (half- 
blackened synibols in Fig. 5), for even by the most understated estimates among the 
samples under study there were to  be found such ones for which the hydrogen concen- 
tration in the nickel-poor phase was sufficient to  make it a superconductor with 
Tk> 2 K. This effect might be due to  suppression of superconductivity in particles 
of the nickel-poor phase by the surrounding paramagnetic medium owing to  their 
small sizes. 

Nevertheless, from our point of view, the most probable cause responsible for the 
appearance of superconductivity in the Pd-Ni-H samples with X N ~  2 0.2 studied in 
[5 ,  61 seems to  be the dissolution with precipitation of particles of the phases poor in 
nickel. Indeed, the y,-solutions of hydrogen in alloys with X N ,  2 0.2 do not possess 
superconductivity a t  T 2 2 K even a t  the n-values exceeding considerably those 
reached in [5, 61 (see Fig. 5). But it is difficult to expect, a t  the same time, that one 
niore new transformation may occur in those solutions at  high hydrogen pressure and 

Fig. 6. Temperature dependences of the signal of disbal- 
ance A of an ac bridge in the range of transition t o  the super- 
conducting state for Pd,,Ni,-H solutions with (a) n = 0.96 and 
(b) 1.04. A, is the magnitude of the signal for samples in the 
normal state 
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room temperature. Tn any case, our experiments have shown that the exposure of the 
PdBoNi2, and Pd,,Ni,, alloys, pre-charged with hydrogen a t  an increased temperahre, 
a t  YH, = 7 GPa and room temperature for 48 h resulted neither in a change of the 
phase coniposition of the solutions formed a t  an increased temperature nor in the 
appearance of superconductivity (it is just the manner used to produce samples with 
a maximum hydrogen content, the data on superconductivity of which are presented in 
Fig. 5). 

3.4 Magnetic measurements 

The last that we are going to  consider in our work is the effect of hydrogen on the 
magnetization of Pd-Ni alloys. The Pd-Ni-H samples were produced by exposure 
for 2 h a t  T (= 300 "C and P H ~  2 GPa. The X-ray examinations of the samples 
thus obtained have revealed no dissolution of the ?,-phases to  the nickel-rich and 
nickel-poor phases. Thus, only ordinary y-solutions were under investigation. I n  
[18] it has been shown that the behaviour of the magnetic properties of Pd-Ni alloys 
is well described by equations of the theory of weak itinerant ferromagnetism [19, 201. 
Tn the present work we have used these equations to treat the experimental data 
for the Pd-Ni-H samples. 

Ferromagnetic ordering in the Pd-Ni alloys arises a t  a nickel concentration of 
2.5 at?;, further the Curie points, T,, and the spontaneous magnetization, a,, a t  
7' = 0 K increase nionotonously up to  TF = 631 K and 06 = 0.616p,/atoin 
121, 181, where ,ug is the Bohr magneton. The Pd,,Ni,, and Pd,,Ni,, alloys have been 
chosen for investigation. The oo(n) dependences for these alloys are exhibited in Fig. 7 .  
In  full analogy with that done for theNi-H solutions in [16], in the present work for 
the Pd,,Ni,,-H and Pd,,Ni,,-H solutions it has been shown that a t  atmospheric 
pressure their y,-phases with hydrogen concentrations down to n:* are found to be 
paramagnetic a t  T 2 4.2 K, and the samples with a, + 0 consist of a ferromagnetic 
y,-phase of concentration ny and a paramagnetic y,-phase of concentration n:". 
Thus, the hydrogen concentration a t  which the a,(n) dependences, being approximate- 
ly linear in the (yl + y2) two-phase regions, intersect the a, = 0 axis is n?. As is 
seen from Fig. 7 ,  the n g n  values estimated in this way for the PdBoNi,,-H and Pd,,Ni,,H 
solutions are close to those for the Pd-H (.en rn 0.6 [l]) and Ni-H(n2" rn 0.7 [16]) 
solutions. 

Conchiding we note that the suppression of ferromagnetic ordering on introducing 
hydrogen to Pd-Ni alloys is in agreement with the prediction of the rigid d-band 
rnodel that earlier proved to  be a good one to describe the magnetic properties of 
hydrogen solid solutions on the base of f.c.c. and h.c.p. alloys of 3d metals (see [15]). 

Fig. 7 .  Spontaneous magnetization 0, at T = 0 K in dependence 
on hydrogen content n in Pd8,Ni,, ( 0 )  and Pd,,Ni,, (0) alloys. 
The magnetization is given in punlatorn of the Pd-Xi alloy 
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