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The purpose of present investigation was to study the e�ects of phase decomposition of the Cu0.4Mn0.3Ni0.3
alloy on its magnetic ordering. The single-crystal sample was examined by elastic neutron scattering before and
after �ve subsequent annealing runs. The results indicate that in small fraction of the quenched sample volume
there are two types of antiferromagnetic order: one of them AF1 of the long range, the other one of the short range.
Ageing induces phase decomposition which yields disappearance of AF1 long range order and increase of the volume
of new ordered phase. The results of the investigations of the aged sample indicate that regions of new tetragonal
phase exhibit antiferromagnetic ordering with magnetic moments of Mn atoms arranged as in the pure compound
MnNi but with unequal domain distribution. The intensity of magnetic component of super-structure re�ections
increases with the duration of ageing at lower rate than component due to atomic order.
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1. Introduction

Pseudo quasi-binary Cu1−2xMnxNix alloys are among
those known to harden in e�ect of decomposition which
results in atomic and magnetic ordering and tetragonal
distortion in one of the phases [1�3]. The early investi-
gation of these alloys [1] indicated that decomposition is
spinodal. However more detailed studies [2, 3] revealed
random distribution of new phase precipitates at the be-
ginning stage of decomposition indicating the nucleation
rather than spinodal mode of decomposition.
The atomically disordered Cu1−2xMnxNix alloy

of the fcc structure can be achieved by annealing at 1070�
1220 K and a subsequent quenching [1, 3]. Anneal-
ing at 670�770 K induces the decomposition into two
phases [1�3]. The new phase, of a lowered symme-
try tetragonal structure, is poor in Cu atoms and rich
in atomically ordered intermetallic compound MnNi.
The coexistent phase of the fcc structure is a solid so-
lution, rich in Cu atoms and poor in Mn and Ni.
The aim of present work was to determine the changes

in magnetic ordering of the Cu0.4Mn0.3Ni0.3 alloy
at the beginning stage of decomposition. The investi-
gation was conducted for the quenched sample and after
subsequent ageing runs. The expected atomic and mag-
netic structure of the ordered phase was that of the MnNi
compound [1�4]. The atomic structure of the MnNi com-
pound is known to be tetragonal P 4/mmm, and mag-
netic structure to be orthorhombic PCman or Camma.
PCman structure contains 4 atoms in unit cell: Mn atom
with spin in the [100] direction at (0,0,0), Mn atom with
spin in the [�100] direction at (1/2, 1/2, 0) and Ni atoms
with practically no magnetic moments at (1/2, 0, 1/2)
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and (0, 1/2, 1/2,). Camma structure contains 8 atoms
in unit cell: Mn atoms with spin in [100] direction
at (0,0,0) and (1/2,1/2,0), Mn atoms with spin in the [-
100] direction at (1/2,0,0) and (0,1/2,0), Ni atoms
with practically no magnetic moments at (1/4,1/4,1/2),
(1/4,3/4,1/2), (3/4,1/4,1/2), and (3/4,3/4,1/2) [5].

2. Sample and experimental method

The sample was a single-crystal of Mn, Ni and Cu
(30 at.% Mn, 30 at.% Ni, 40 at.% Cu) alloy in the form
of a cube with dimensions 1 cm × 1 cm × 1 cm. In or-
der to homogenize the sample it was annealed at 1170 K
and afterwards quenched by immersing in cold water.
The sample was then subjected to �ve subsequent runs
of annealing at 700�730 K: 0.5 h, 0.5 h, 1 h, 2 h, and 4 h.
The re�ections obtainable in the (100) and (110) scat-

tering planes were initially investigated in the quenched
sample by neutrons with λ = 1.5 Å. Similar measure-
ments were repeated after the last annealing. More de-
tailed measurements at (100), (110), (210) and (200)
were performed for the neutron wavelengths of 2.35 Å
in the temperature range 15�290 K before the �rst and
after every annealing.
The triple axis spectrometer (TAS) at the elastic mode

was used. The λ/2 contamination of the measured inten-
sities, estimated from pro�le measured on Al2O3 stan-
dard sample, was I(λ/2)/I(λ) = 0.00095 ± 0.00015 for
λ = 2.35 Å and I(λ/2)/I(λ) = 0.0023 ± 0.0003 for
λ = 1.5 Å.

3. Results and data analysis

The expected fcc structure of the quenched alloy was
veri�ed by elastic scattering of neutrons with the wave-
length λ = 1.5 Å. The maximum intensities of the ob-
served re�ections are presented in Fig. 1a. The Bragg
re�ections expected for the fcc structure were found.
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A lattice constant is a = 3.659 ± 0.001 Å (T =
295 K). In addition, we observed super-structure re�ec-
tions of di�erent (close to Lorentzian) shape and intensity
two orders of magnitude lower. More detailed investiga-
tion for neutrons with λ = 2.35 Å of the intensity dis-
tributions at (100), (110) and (210) re�ections revealed
their complex nature. The (100) and (110) re�ections
can be described as a sum of two components: Gaus-
sian and Lorentzian. For both quenched and aged sample
the sum of Gaussian and Lorentzian was �tted to the data
with the least square method. The key parameters ob-
tained for both functions in the process of data �tting
were the intensity maximum AG and AL, the correspond-
ing value of scattering vector lengths |QG| and |QL| and
the width of a distribution FWHMG and FWHML.

Fig. 1. (a) Intensity at maximum of the fcc Bragg re-
�ections (open circles) and additional super-structure
re�ections (�lled squares) versus scattering vector, mea-
sured at 295 K before sample annealing. Fits for
structural and superstructure re�ections: solid line �
log10(Imax) = 6.2−0.26|Q|, dashed line � log10(Imax) =
4.3 − 0.28|Q|, respectively. (b) Intensity at maximum
of the fcc Bragg re�ections (open circles) and maxi-
mum of Gaussian (�lled squares) and Lorentzian (open
squares) components of super-structure re�ections ver-
sus scattering vector, measured at 295 K after 8 h
of sample annealing. Fits for fcc and superstructure
(Gaussian and Lorentzian component) re�ections: solid
line � log10(Imax) = 6.2 − 0.32|Q|, dotted line �
log10(Imax) = 4.7−0.21|Q|, dashed line � log10(Imax) =
4.2− 0.22|Q|, respectively.

The measurements with neutrons of λ = 1.5 Å per-
formed after 5 sequential annealing runs of the total time
8 h con�rmed the complexity of the superstructure re-
�ections. Maximum intensities of the fcc re�ections and
of the components of superstructure re�ections are shown
in Fig. 1b for the sample after annealing.
Examples of the intensity distributions for (100)

and (110) re�ection measured with neutrons of λ =
2.35 Å at 15 K are shown in Fig. 2 for the sample af-
ter 4 h of annealing.

Fig. 2. The intensity distributions of neutrons scat-
tered elastically on the Cu0.4Mn0.3Ni0.3 sample at 15
K for (100) re�ection (a) and for (110) re�ection (b),
for the sample after 4 h of ageing . Circles � experi-
mental points, solid line � �tted result, dotted line �
Gaussian component, dashed line � Lorentzian com-
ponent. The spectrometer resolution is marked with
a horizontal bar.

Temperature dependence of the intensity of the Gaus-
sian and Lorentzian components of (100) and (110) re-
�ections in the quenched sample is presented in Fig. 3.

Fig. 3. The temperature dependence of the intensity
of Gaussian and Lorentzian components of (100) re-
�ection (a), and (110) re�ection (b), for the quenched
sample.

The very small and independent of temperature Gaus-
sian component of (100) re�ection is probably the con-
tamination from (200) re�ection for λ/2.
The intensity of Gaussian component for the (110) re-

�ection is large and strongly decreases with temperature.
The character of the temperature dependence of the in-
tensity of Gaussian component of the (110) re�ection
indicates its magnetic origin and ordering temperature
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below 300 K. The width of this component of (110) re-
�ection is close to the resolution of the spectrometer,
proving the long correlation range of magnetic ordering.
The absence of magnetic (100) re�ection, and intensity
relation of (110) and (201) indicate the AF1-type mag-
netism in some (small) fraction of the sample.
The intensity of Lorentzian component decreased a lit-

tle with increasing temperature at both (100) and (110)
re�ections in similar way. The Lorentzian contribu-
tion was about four times wider than the resolution
of the spectrometer suggesting short range ordering of an-
other type in some small sample regions.
After annealing the Gaussian and Lorentzian compo-

nents of superstructure re�ections are placed at slightly
di�erent positions indicating tetragonal distortion
of the structure of the new phase. In terms of the tetrag-
onal structure the Gaussian components of �rst 5 su-
perstructure re�ections are (001), (110), (201), (112)
and (221) and the Lorentzian components are (100),
(011), (102), (211), and (122).
Lattice parameter of the main part of the sample ob-

tained from the (200) re�ection does not change. Tetrag-
onal distortion of the new phase increases with age-
ing duration according to the expectations. At room
temperature tetragonal distortion comes to the value
c/a = 0.9800 ± 0.0006 after 8 h of annealing. In com-
parison, for intermetallic MnNi the reported tetragonal
distortion is larger � c/a = 0.942 [6]. The values of lat-
tice parameters a and c obtained from (110) and (011)
are consistent with that from (100) and (001) re�ections.
The positions of the Gaussian component of re�ections
(001), (110), (112) and (221) are consistent with posi-
tion of atomic super-lattice re�ections and the positions
of Lorentzian component of re�ections (100), (101), (211)
and (122) are consistent with positions of magnetic re�ec-
tions in pure MnNi compound [5]. We can assume that
the origin of the Gaussian component is atomic ordering
and the Lorentzian component is magnetic.
The intensity of Gaussian and Lorentzian components

of the super-structure re�ections increases with the total
time of annealing, as shown in Fig. 4 for (100) and (110)
re�ections measured at 15 K.

Fig. 4. Intensity of Gaussian and Lorentzian com-
ponents of the super-structure re�ections measured
at 15 K: (a) for (100) and (b) for (110) re�ections, versus
time of sample annealing.

The intensity ratio AL(100)/AL(101) of the �rst mag-
netic re�ections is ≈0.6 and ≈0.75 for measurements af-
ter 1�4 h and 8 h of annealing, respectively. For the
PCman and Camma structure of MnNi compound de-
scribed in [5] this ratio equals 1 in the single-crystal
sample with equal probability for di�erent magnetic do-
mains. The relation A(100)/A(101) < 1 is not permitted
for equal domain distribution for other magnetic struc-
tures considered in [5], however it is permitted for PCman
structure with unequal domain distribution.

4. Conclusions

The investigations of the quenched sample have shown
that quenching which aimed to prevent the initiation
of the phase decomposition was probably insu�ciently
quick hence the quenched sample is not completely ho-
mogeneous. Two types of magnetic order are observed
in very small parts of the sample volume. The �rst
type is long range antiferromagnetic order, and the other
one is short range antiferromagnetic order. After ageing
the long range order AF1 disappears.
After ageing the long range antiferromagnetic or-

der disappears. Di�erent positions of Gaussian and
Lorentzian components of the superstructure re�ections
of the new phase formed during the sample decomposi-
tion allowed (in analogy to intermetallic MnNi) to assign
the Gaussian � the atomic and to the Lorentzian �
the magnetic origin. The intensity ratio A(100)/A(101)
of the �rst magnetic re�ections indicated the PCman
structure with unequal probability of domain orientation.
Preferable domain orientation may be connected with
strains induced by tetragonal distortion of new phase
precipitations in the fcc matrix. Inhomogeneous distribu-
tion of precipitations with 3 possible orientations of c axis
(1 or 2 preferable directions observed in di�erent parts
of single crystal samples) in Cu1−2xMnxNix alloys [3] can
induce additional preferential axis.
The intensities of all of the components increase with

time of ageing suggesting the similar growth of the vol-
ume fraction of the ordered phase. However the inten-
sity of the magnetic component decreases after �rst 0.5 h
of ageing.
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