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Effect of a magnetic field on Ni-Pt alloys
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Magnetic properties of Nil „Pt alloys were studied in both the disordered and ordered states for
x =0.25, 0.35, 0.44, and 0.50. DiFerent magnetic fields were applied in the range from 0 to 800 Oe for
the disordered state and from 0 to 10 kOe for the ordered state under the zero-field cooling condition
with the temperature range from 5 to 400 K. For x =0.25 and 0.35 alloys, a ferromagnetic moment was
observed in both the disordered and ordered states for the whole magnetic-field range. In the ordered
state, an unusual behavior of the magnetic moment was observed, which is independent of magnetic
field. For the x =0.44 alloy, a ferromagnetic moment was observed in the disordered state, but peculiar
results were observed in the ordered state. A weak ferromagnetic moment appeared at 0 and 10 Oe mag-
netic field but from 50 up to 1000 Oe magnetic field, an antiferromagnetic-type feature is seen, where the
antiferromagnetic-paramagnetic transition temperature T& decreases monotonically with increasing
magnetic field. Further, from 1200 Oe up to 10 kOe, the paramagnetism is evident. Hysteresis-loop data
and the curve of the inverse of the magnetic susceptibility confirmed antiferromagnetism in the alloy.
This is the first observation to our knowledge for such a change under an applied magnetic field in the
binary alloys. For the x =0.50 alloy, a ferromagnetic moment in the disordered state and a clear
paramagnetic moment in the ordered state were observed for the whole magnetic-field range.

I. INTRODUCTION
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FIG. 1. Partial atomic phase diagram of the Ni-Pt alloy sys-
tem.

3d ferromagnetic metal-based alloys are technological-
ly important because of their favorable mechanical prop-
erties and peculiar magnetic moment. In recent years
work has been done on the magnetic properties for sys-
tems such as Ni-Rh, Ni-Mn, Fe-Pt, Co-Pt. ' In the
Ni-Pt alloy system, work on magnetic properties and spa-
tial order had been done by Cadeville, Dahrnani, and
Kern. They determined a partial magnetic phase dia-
grarn for this alloy system. Though they observed the
disappearance of the magnetic moment in the ordered
state of Ni& „Pt alloys between x=0.44 and 0.60, they
did not study detailed magnetic properties in this alloy
system. On the other hand, in the Ni-Pt alloy phase dia-
gram, there are two ordered structures below the order-
disorder transition temperature, T~. Figure 1 shows the
partial atomic phase diagram, where L12-type (Cu3Au)
and Llo-type (CuAu) ordered structures exist in the com-

position ranges from x=0.18 to 0.35 and from x=0.36 to
0.75, respectively. Llo is a layered structure along the c
axis with tetragonal symmetry but L1z has a cubic sym-
metry. Above Tz, Ni-Pt has the fcc structure in the
whole composition range. Ferromagnetism occurs at
361 C for pure Ni and its transformation temperature
gradually decreases with increasing Pt content up to
about x=0.27, where the transformation temperature is
100'C. Dahmani, Cadeville, and Bohnes measured the
temperature dependence of atomic relaxation times for
both the ordered and disordered states in the Ni-Pt sys-
tern. They observed an important slowing down effect in
the vicinity of the order-disorder phase transition. There
are no other reports on magnetization for the Ni-Pt sys-
tern.

It is, therefore, of great interest to understand the
effect of applied magnetic field on the magnetic moment,
both in the ordered and disordered states, in the Ni-Pt al-
loy system. In this paper, we present our experimental
data, which were taken from both the ordered and disor-
dered states at different applied magnetic fields and
without magnetic field under the ZFC condition. In
some cases hysteresis-loop curves will also be presented.
New and peculiar results were observed in some samples,
where the spin and magnetic moment changes with ap-
plied magnetic field.

II. EXPERIMENT

Four polycrystalline samples were prepared by melting
99.999% pure Ni and 99.99% pure Pt using an arc-
melting furnace in an argon atmosphere. Subsequently,
the alloys were remelted nine to ten times to homogenize
the specimens. The sample ingots were cut into two
different shapes; a rectangular shape for magnetic mea-
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surement with dimensions of 6X4X3 mm and a strip
shape which was cut from thin rolled sheet for x-ray
Debye-Scherrer experiments. After heat treatment of the
samples above T~ to remove strain, the lattice parameters
of the quenched specimens in the disordered state were
measured with an x-ray Debye-Scherrer camera using Cu
Ka radiation. The specimen compositions were deter-
mined with an accuracy of +0.3 at. %%uobycomparison
with the lattice parameter versus composition relation.
The four compositions were determined as x=0.25, 0.35,
0.44, and 0.50 in Ni& Pt alloys. The compositions of
the alloys were selected in such a way that they will cover
two different regions of ordered structure. In Fig. 1, ar-
rows and dots indicate the positions of the four different
compositions in the phase diagram. For magnetic mea-
surements, all the samples were annealed separately in
evacuated silica tubes at 1000'C for 4 days, 900'C for 1

day, and 850'C for 5 days successively and quenched by
dropping into ice water. It was confirmed by x-ray exper-
iments that the state of the specimens was disordered. A
superconducting quantum interference device (SQUID)
was used to determine the following magnetic parame-
ters; (I) spontaneous magnetic moment, Mz(T, ); (2)
ferromagnetic-paramagnetic transition temperature, T, ;
(3) magnetic susceptibility at the transition temperature,
y(T, ); (4) the deviating temperature (from the Curie-
Weiss law), To; (5) temperature, T, from the Curie-
Weiss law of inverse of the susceptibility curve where the
straight line touches the horizontal axis; (6) Curie con-
stant, C; and (7) the effective number of Bohr magneton,

p,z. All the data were taken in the temperature range
5 —400 K with and without applied magnetic field. Four
different magnetic fields of 0, 100, 400, and 800 Oe were
applied at low temperature after zero-field cooling (ZFC).

Next heat treatment was done for all the four samples
separately in evacuated silica tubes at 500'C for 15 days
continuously and then slowly cooled down at room tern-
perature within the next 5 days to obtain the ordered
state of the specimens. For the x=0.35 sample, heat
treatment was done from 350'C due to the low value of
Tp. To confirm the ordered state of the specimens, x-ray
Debye-Scherrer experiments were conducted, where the
c/a ratio was observed to be 0.944 and 0.940 for the
x=0.44 and 0.50 alloys, respectively. These results are in
good agreement with literature values of 0.942 and 0.939,
respectively. Superlattice peaks confirmed the specimen
with x=0.25 is perfectly ordered. Magnetic measure-
ments were done in the ordered state and all the magnetic

parameters were determined, using the ZFC condition in
the temperature range from 5 to 400 K with and without
magnetic field. Different magnetic fields were applied in
the range from 0 to 10 kOe at low temperature after
ZFC. In three samples, a hysteresis-loop experiment was
done at different fixed temperatures with the applied
magnetic field in the range from —3 to +3 T to confirm
their peculiar magnetic properties. In addition to the
magnetic properties of the disordered state, we have
determined the antiferromagnetic-paramagnetic transi-
tion temperature, Tz, and the paramagnetic Curie tem-
perature, S, from the ordered state of the same x=0.44
sample.

III. RKSUI TS AND DISCUSSION

A. Disordered state

Figures 2(a) —2(d) show the magnetic moment, M
(emu/g), versus temperature, T(K), plots (warming
curves) at H=O and 800 Oe for x=0.25, 0.35, 0.44, and
0.50 in Ni, Pt, alloys, respectively. Figures 2(a) and
2(b) indicate clear ferromagnetic-type magnetic moments
and the nature of the magnetic-moment curves are simi-
lar for both cases. Spontaneous magnetization sharply
vanishes just after T, in the zero magnetic field (H=O
Oe) condition. It is clear that below T, each specimen
shows ferromagnetism and above T, they show
paramagnetism. The fatness of spontaneous magnetiza-
tion against temperature decreases with increasing mag-
netic field. At a magnetic field of 800 Oe, a decrease of
spontaneous magnetization with decreasing temperature,
starting from T„wasobserved for both alloys. All the
curves of Figs. 2(c) and 2(d) show the ferromagnetic-type
magnetization. The change of magnetic moment around
T, becomes smooth with increasing applied magnetic
field. This fact means that the paramagnetic interaction
is getting preference over the ferromagnetic interaction.

We have summarized spontaneous magnetization,
M (Ts, ) and y(T, ) at T, in Table I for all four samples.
In Table I, we see that the ferromagnetic spontaneous
magnetization, Ms (emu/g), shows a continuous increase
with increasing magnetic field. The M& values for the
x=0.25 and 0.35 alloys are almost the same, but slightly
lower values were observed for the x=0.44 and 0.50 al-
loys. We also see that the magnetic susceptibility y
(emu/g Oe) decreases with increasing applied magnetic
field for all four specimens. Both the g values and rn&

TABLE I. Ferromagnetic spontaneous magnetic moment, M&(T, ), and susceptibility, g(T, ), at
different applied magnetic fields for all four samples in the disordered state.

Applied x =0.25
magnetic y(T, )

field Mz( T, ) (emu/g Oe)
(Oe) (emu/g) X 10

x =0.35
X(T. )

M~( T, ) (emu/g Oe)
(emu/g) X 10

x =0.44
X(T. )

Mz( T, ) (emu/g Oe)
(emu/g) X 10

x =0.50
X(T.)

M&( T, ) (emu/g Oe)
(emu/g) X 10

0
100
400
800

0.30
3.10
9.20

10.00

31.0
23.0
12.5

0.09
3.00
9.10

10.00

30.0
22.8
12.5

0.46
2.50
7.50
9.20

25.0
18.8
11.5

0.40
1.60
4.80
5.50

16.0
12.0
6.9
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values tend to decrease with increasing Pt content for the
different applied magnetic fields. Pure Ni is strongly fer-
romagnetic but pure Pt is paramagnetic. Therefore, the
alloys of the Ni-Pt system have a tendency to show a de-
crease of the ferromagnetic moment with increasing Pt
content.

Table II presents the values of T„TO,T, C, and p, ff
for all four samples in the disordered state. The 400-Oe
data were used to calculate all the values in Table II ex-
cept for T„which was taken from the zero applied mag-
netic field curve. The value of T, is almost constant with
applied magnetic field but continuously decreases with in-

creasing Pt content in the alloys. The values of T, listed
in Table II are in good agreement with Ref. 4 values.
The inverse of susceptibility (1/g) versus temperature
curve was plotted to calculate To and T . A continuous
decrease of To with increasing Pt content was observed
except for x=0.50. The value of T was observed which
decreases continuously with increasing Pt content. The
positive sign of T for all cases indicates that the fer-
romagnetic interactions have more inAuence on the Ni
spin bonds in the crystal and that the inhuence decreases
with increasing Pt content in the alloys. To calculate the
Curie constant, C, and the effective number of Bohr mag-
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TABLE II. All the values of T„Tp,T, C, and p,z for all four samples in the disordered state.

x value
in Ni& „Pt„

0.25
0.35
0.44
0.50

T.
(K)

370+5
255+5
140+5
90+5

Tp
(K)

385+5
325+5
235+5
310+5

T
(K)

378+5
276+5
170+5
152+5

C
(10 emu/g Oe)K

5.32
4.22
3.34
1.94

0.206
0.184
0.164
0.119

neton p,~, C=y(T —T, ) and p, ir=[3Ck~/N]lp~ were
used, respectively, where the value of y was taken from
the higher-temperature region (T ) TD). The constant
values kz, N, and pz are the Boltzmann constant,
Avogadro's number, and Bohr magneton, respectively.
The values of p,& in pz decrease with increasing Pt con-
tent, indicating that Ni has a higher magnetic moment
than Pt.

B. Ordered state

Figures 3(a)—3(d) show the magnetic moment versus
temperature plots (warming curves) at H=O, 400, and 2
kOe for x=0.25, 0.35, 0.44, and 0.50 in Ni, Pt„alloys,
respectively. We have observed different characteristics
of the magnetic moment in the ordered state from those
for the disordered state. Figures 3(a) and 3(b) indicate a
ferromagnetic-type magnetic moment for x=0.25 and
0.35, respectively. An unstable magnetic moment ap-
pears in the ferromagnetic part of the magnetization

curve starting from the 100-Oe applied magnetic field.
This instability increases with increasing magnetic field.
At high magnetic field (400 Oe and above), a peak
developed near T, for the x=0.35 alloy, indicating the
tendency for a change of magnetic moment from fer-
rornagnetic to antiferromagnetic-type. This type of
change was not observed in the disordered state of the
same alloy.

In Figs. 3(c) and 3(d), we have observed completely
different characteristics of magnetic moment in the or-
dered state compared with those for the disordered state.
In Fig. 3(c), a very weak ferromagnetic moment without
any spontaneous magnetization was observed at zero
magnetic field, but at 400 Oe, the antiferromagnetic peak
exists. At 2 kOe, a weak paramagnetic moment appears
with complete disappearance of the antiferromagnetic
peak. This is the first time we have observed such a pecu-
liar type of change of magnetic moment in a binary alloy
system, where spin direction and the nature of the mag-
netic moment changes with magnetic field. Figure 3(d)

TABLE III. Ferromagnetic spontaneous magnetic moment, Mz(T, ), and magnetic susceptibility,
y(T, ), for x=0.25 and 0.35 in Ni& „Pt alloys and the antiferromagnetic-paramagnetic transition tem-
perature, Tz, M(T, ), and susceptibility, y(T&), for the x=0.44 alloy and M(T5), and y{T&}for the
x=0.50 alloy in the ordered state. T5 means the temperature at 5 K.

Applied
magnetic

field
(Oe)

x=0.25
X(T )

Mz( T, ) (emu/g Oe)
(emu/g) X 10

x =0.35

M, (T, )

(emu/g)

y(T, )

(emu/g Oe)
X 10-'

x =0.50
X(T5)

Mz( T, ) (emu/g Oe)
(emu/g) X 10

0
100
400
800

2 K
10 K

0.32
2.10
2.30
2.30
2.30
2.30

21.00
5.80
2.90
1.20
0.23

0.35
1.70
1.80
1.90
2.00
1.70

17.00
4.50
2.40
1.00
0.17

0.18
1.35
5.80

12.00
30.00

133.00

13.50
14.50
15.00
15.00
13.30

Applied
magnetic

field
(Oe)

TN

(K)

x=0.44
M{T,) X{&x}
(emu/g) ( 10 emu/g Oe)

0
10
50

100
400
800

1 K
2 K

10 K

42
40
30
20
12

0.110
0.310
0.120
0.042
0.040
0.170
0.320
0.500
0.820

7.00
6.50
4.80
3.50
3.45



51 EFFECT OF A MAGNETIC FIELD ON ¹iPt ALLOYS 3591

0. 0.5

0.4-
0.3

0.2-
0.1

0

H=O Oe

0.4

03

0.2

0.1

0

H=O Oe

~. . . . I . I

0

o cP

H=400 Oe
0

1 .-
H=400 Oe

O
'~M

C
OQ
c5

o

0 0
o

a. . . . a. . . . s. . . . s. . . . s%t~a

2 '.- o m~o
4, ~o+ m q

o
0

H=2 KOe 0
0
o
0 .0'

2 .-

o

~o WQodb

H=2 KOe
o
0
o0

0.

0.08
0

0

0.04
0

0

H=O Oe

o
0 IM — - ~

0 ~ . ~ . I . I I ~ I

G 100 200 300 400

Temperature, T (K)

0.0003

0.0002 .
'-

o

0.6001

0

0 '''' *'

0 100 200 300

Temperature, T (K)

H=O Oe

40G FIG. 3. dc magnetic moment,
M, vs temperature, T, plots in
the ordered state for (a) x=0.25,
(b) x=0.35, (c) x=0.44, and (d)
x=0.50 in Ni& Pt alloys.
Different magnetic fields were
applied at low temperature after
the ZFC condition (warming
curves).

0.2 .
-'

a
V o o

H=400 Oe

0.008

0.006 p

0.004

~ ' ~ ~ I I I '
~

H=400 Oe

0 0.1
o
0
0

c5
0 6

o
o

Q.4 - o
0

o
0.2 '-

0
0
0

H=2 KOe

0.04

0.03 e

0.02

0.01

H=2 KOe, '

0
0 100 200 300 400

Temperature, T (K)

0
0

I ~ I ~ I l ~ I I ~

100 200 300 400

Temperature, T (K)

(d)



DILIP KUMAR SAHA AND KEN-ICHI OHSHIMA 51

shows a magnetic moment for the x=0.50 alloy. We
have observed a clear paramagnetic moment for this alloy
in the ordered state although a ferromagnetic moment
was observed in the disordered state for the whole range
of magnetic field. To discover where the antiferromag-
netic peak appears and where it disappears for the
x=0.44 alloy, we have taken a series of magnetic moment
data for extra applied magnetic fields as shown in Fig. 4.
We see that even at 10 Oe, a weak ferromagnetic moment
exists having larger moment value than that for zero ap-
plied field at 5 K. At 50 Qe, a weak antiferromagnetic
peak appears at 42 K, though a decrease of ferromagnetic
moment at 5 K was observed compared with the value of
10 Oe. At 1000 Oe, the peak shows a perfectly
antiferromagnetic-type moment like Pd-Mn alloys.
Above 1200 Oe, there is no existence of an antiferromag-
netic moment.

All the data for the ordered state of the four samples
are summarized in Tables III and IV. In Table III, we
see that the spontaneous magnetic moment Mz at T, in
emu/g is almost constant for the whole magnetic field
range for x =0.25 and 0.35 alloys. This is peculiar
behavior for the ferromagnetic moment because normally
the magnetic moment increases with increasing magnetic
field. As the ferromagnetic spins of Ni atoms are thought
to be frozen due to the ordering process, Ni spins do not
respond with magnetic field and we have observed con-
stant magnetic moment with magnetic field. For x=0.44
and 0.50 alloys, we have observed a much lower magnetic
moment M ( T5 ), in the ordered state than that for the
disordered state, where T5=5 K, starting temperature.
The x=0.44 and 0.50 alloys have no T, due to the ab-
sence of a ferromagnetic moment (Table IV). But certain
cases for the x=0.44 alloy exhibit an antiferromagnetic-
paramagnetic transition temperature, T&, and that value
decreases from 42 K down to 12 K with increasing mag-
netic field from 50 to 1000 Oe. So we have summarized
M( T5) and g(T& ) for the x=0.44 alloy and M( T5 ) and

y( Tz ) for the x =0.50 alloy instead of Ms( T, ) and y( T, ).
The magnetic moment at 5 K first increases then de-
creases and again increases with increasing magnetic field
for the x=0.44 alloy. For x=0.50, a continuous increase
of moment with increasing magnetic field was observed at
5 K although the absolute values are very small. A con-
tinuous decrease of magnetic susceptibility was observed
with increasing magnetic field for x=0.25 and 0.35 al-
loys, but for the x=0.44 alloy, magnetic susceptibility,
y(T~), decreases slightly with increasing magnetic field.
For the x=0.50 alloy, almost constant susceptibility
g(T5) was observed with increasing magnetic field. This
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is a good example of a paramagnetic moment in the
x =0.50 alloy.

Table IV shows the values of T„TQ,T„,C, and p,~ for
all samples in the ordered state. The 400-Oe data were
used to calculate all the parameters except for T, ( T, be-
ing taken from zero applied magnetic field data, by
definition). Similar trends of decrease of T, with increas-

TABLE IV. All the values of T„T0,T„O,C, and p,& for all four samples in the ordered state.

x value
in Ni& Pt

0.25
0.35
0.44
0.50

T.
(K)

355+5
225+5

TQ

(K)

370+5
305+S

245+ S

270+5

T.
(K)

365+5
250+5

0
(K)

—47+5
—168+5

C
(10 emu/g Oe) K

5.59
4.01
2.50
2.03

0.212
0.179
0.142
0.127
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ing Pt content were observed for x=0.25 and 0.35 alloys,
like those for the disordered state. But almost constant
values of T, with applied magnetic field were observed
for both alloys. The x=0.44 and 0.50 alloys have no T,
due to the absence of a ferromagnetic moment. We have
observed slightly lower T0 values for x=0.25, 0.35, and
0.50 alloys in the ordered state compared with the disor-
dered state. But a slightly higher value of Tp was ob-
served for the x=0.44 alloy in the ordered state com-
pared with the disordered state. T is positive for
x =0.25 and 0.35 alloys but negative for x =0.44 and 0.50
alloys, and is called the paramagnetic Curie temperature,
0, with values of —47 and —168 K, respectively. This is
a good example of an antiferromagnetic-type moment, for
the x=0.44 alloy, like Pd-Mn. For the x=0.50 alloy,
the value of 0 is —168 K in the ordered state compared
with the disordered-state value of 152 K ( T„).This nega-
tive and higher value of 0 indicates that the sample con-
tains a Hat area of paramagnetic moment in the disor-
dered state. Due to different types of magnetic moment
in the ordered state, C=g(T T, ) was c—onsidered for
x=0.25 and 0.35 alloys, but C =g(T+0) and C =yT
were considered for x=0.44 and 0.50 alloys, respectively,
in calculating the C value. For all cases, the value of y
was taken from the higher temperature region ( T ) To ).
The same disordered-state equation was used for all sam-
ples to calculate the p,z value. The value of C and p,z are
almost the same both in the ordered and disordered states
for the x =0.25, 0.35, and 0.50 alloys. But for the x =0.44
alloy, lower values of C and p,& were observed in the or-
dered state compared with the disordered state.

C. Hysteresis loop (M-H curve)

To confirm the peculiar antiferromagnetic and
paramagnetic moments in the ordered state of the

x =0.44 alloy, we have performed a hysteresis-loop exper-
iment at four different temperatures (5, 20, 40, and 100
K) within the magnetic field range from —3 to +3 T.
The sequence of applied magnetic field was from 0 to +3
T, then from +3 T back to 0 again, from 0 to —3 T, then
from —3 T back to 0. Figure 5(a) shows some
hysteresis-loop . (for 5, 40, and 100 K) plots for the
x=0.44 alloy. The nature of the loop for 5, 20, and 40 K
is an antiferromagnetic type with a weak ferromagnetic
moment. Marchukov et al. have recently measured M-
H curves of Ca2Fe205 at 20 K, this system showing an
antiferromagnetic-type moment with a weak ferromag-
netic moment. Their data are very similar to the present
data for 20 and 40 K. At 100 K, the loop is just like a
paramagnetic type. The anomaly in the low magnetic
field region for 5-K data is due to the presence of a fer-
romagnetic moment at low temperature, and its peculiar
change with magnetic field (see data in Table III). For
the x=0.25 and 0.50 alloys, another two sets of loop data
were taken to compare results with those for the x=0.44
alloy, which were shown in Figs. 5(b) and 5(c), respective-
ly, at temperature of 90 K with the same applied magnet-
ic field range and sequence as was used for the x =0.44 al-
loy. Good agreement was observed with the
ferromagnetic-type loop for x=0.25 alloy and with the
paramagnetic-type loop for x=0.50 alloy. The peculiar
shape for the x=0.25 alloy is due to the fixed value of
magnetic moment with increasing magnetic field.

D. Partial magnetic phase diagram

Figure 6 shows the partial magnetic phase diagram
which was constructed from the present SQUID data. In
the atomic disordered state, the ferromagnetic-
paramagnetic transition temperature, T„decreases
linearly with increasing Pt content in the alloys. In the
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FIG. 5. Hysteresis-loop (magnetic field
versus moment) plots in the ordered state for
(a) x=0.44, (b} x=0.25, and (c) x=0.50 in
Ni, Pt alloys.
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FIG. 6. Partial magnetic phase diagram of Ni-Pt alloys using
a SQUID both from atomic disordered and ordered states. (~ )

Atomic disordered state data, (0) atomic ordered state data.
Inset: magnetic-field dependency phase diagram for the x =0.44
alloy.

atomic ordered state, a new phase was observed for the
x=0.44 alloy, where the phase transition occurs with ap-
plied magnetic field. An antiferromagnetic-paramagnetic
phase transition was observed between the applied mag-
netic field of 50 and 1000 Oe. The antiferromagnetic-
paramagnetic transition temperature, T&, is also linear as
shown in the inset of Fig. 6. This is a completely new
phase in the binary alloy system. Extrapolation of the
line indicates that the T~ value for the 1200-Oe magnetic
field is 6 K. Our starting temperature was 5 K, so we
could not see any antiferromagnetic peak in the plot for
the 1200-Oe magnetic field. The extrapolated line indi-
cates that the zero value of T& occurs for a magnetic field
of 1400 Oe.

IV. SUMMARY

The main purpose of this study was to understand the
effect of applied magnetic field in both the ordered and
disordered states for four alloys of x=0.25, 0.35, 0.44,
and 0.50 in Ni, Pt . DifFerent magnetic fields were ap-
plied in the range from 0 to 800 Oe in the disordered
state and from 0 to 10 kOe in the ordered state under the
ZFC condition within the temperature range from 5 to
400 K. The following remarkable results were observed
from the study.

(1) For x=0.25 and 0.35 alloys, a ferromagnetic mo-
ment was observed in both the ordered and disordered
states for the whole magnetic-field range. In the disor-
dered state, a continuous increase of magnetic moment
was observed with increasing Inagnetic field for both al-
loys, which indicates normal magnetic behavior. But in
the ordered state, an almost constant magnetic moment
was observed with increasing magnetic field after 100 Oe
for both alloys. Due to this independent Inagnetic mo-
ment with magnetic field, we have observed a peculiar
shape in the hysteresis loop for the x=0.25 alloy. This is
completely unusual behavior for magnetic moment in the
alloys. The disordered state has the fcc structure but the

ordered state has the L12-type structure for these two al-
loys. In the ordered state, the ferromagnetic spins of Ni
atoms are probably frozen due to the process of ordering.
Therefore, the Ni spins do not respond to magnetic field
and we have consequently observed this unusual constant
magnetic moment with magnetic field. Structural efFects
might also be considered in gaining an understanding of
this anomaly.

(2) For the x=0.35 alloy, in the ordered state, at high
magnetic field, a peak was observed near to T, which in-
dicates the tendency to change the magnetic moment
from a ferromagnetic to an antiferromagnetic type. In
the atomic phase diagram of the ordered structure, al-
though the x=0.35 alloy exists in the L12 phase region,
nevertheless the position is very near to the border line
between L12 and Llo structures. The peak near T, is
probably due to that structural effect.

(3) For the x=0.44 alloy, in the disordered state, a fer-
romagnetic moment was observed for the whole range of
magnetic field, although very peculiar results were ob-
served in the ordered state. At 0- and 10-Oe magnetic
field, a very weak ferromagnetic moment is observed,
without any spontaneous magnetization. But at 50 Oe
magnetic field, a weak antiferromagnetic peak appeared
at 42 K with the coexistence of a weak ferromagnetic
peak. Up to 800-Oe magnetic field, the antiferromagnetic
moment increases and the ferromagnetic moment de-
creases with increasing magnetic field. At 1000-Oe mag-
netic field, a perfectly antiferromagnetic moment appears
with complete disappearance of the weak ferromagnetic
moment. Above 1200 Oe, only a paramagnetic moment
is present with complete disappearance of the antiferro-
magnetic peak. Hysteresis-loop data and the negative
value of the paramagnetic Curie temperature, 8,
confirmed the antiferromagnetic moment in the alloy, in-
dependently. But, it is difBcult to give a theoretical inter-
pretation of this peculiar magnetic phase change with
magnetic field. Lower magnetic moment in the ordered
state is responsible for the Llo layered structure. The
present new data of magnetic phase transition with mag-
netic field for the x =0.44 alloy with help to establish new
considerations in magnetism.

(4) For the x =0.50 alloy, a ferromagnetic moment was
observed in the disordered state but a clear paramagnetic
moment was observed in the ordered state for the whole
magnetic-field range. Though a much lower magnetic
moment was observed in the ordered state with the order
of 10 emu/g, the moment still exists. Hysteresis-loop
data and the value of 0 proved that the ordered state is
perfectly paramagnetic for the x=0.50 alloy. L10-type
ordered structure is probably responsible for this type of
change.
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