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Using X-ray and neutron diffraction analysis, transmission
electron microscopy. dilatometry and magnetic susceptibil-
ity measurements. the erystalline and magnetic structures in
the NiMn intermetallic compound alloyed with Ti were
studied. Tt is shown that the driving force for the marten-
sitic transformation is of non-magnetic nature.

1 Introduction

Recently, considerable attention has been devoted to inves-
tigations of the thermoelastic martensitic transformations
in the Cu-based alloys. 1t has been found that some unusual
mechanical, elastic and thermal properties of these alloys
are closely reluted with thermoelasticity first ohserved by
Kurdjumov and Khandros in 1949 [ 1]. The thermoelasticity
phenomenon is well known in ordered alloys with B2 struc-
ture: CuZn, AuCd. NiTi. NiAl ete. [2 to 4]. These alloys
undergo a Zener-type transition [rom the soft bec struciure
with high frequency entropy to the low energetic close
packed structure at temperatures usually exceeding 400 K.

In contrast, the transformation in some B2 ordered Mn-
based alloys with Au. Pd. Pt Ir, Ni seems to be more
complicated [5 to 9], In these intermelallic compounds
antilerromagnetic ordering is accompanied by a tetragonal
distortion of the parent cubic structure. So the transforma-
tion from the high temperature B2 structure to the low
temperature L1, structure is observed in the vicinity of the
Neel point (73 ). As a rule, the Ty value is high in these
alloys and can vary from 300 K in MnAu [8] to 1000 K in
NiMn [7]. The tetragonal distortions in these alloys are also
high and can reach 5 to 6 %. These distortions are belicved
to be attributable to a reversible phase transition of the
martensitic type [7, 8. This mechanism was reported for
disordered Mn (Ni. Cu. Ga. Ge) alloys with fee/fet trans-
formation [ 10]. However, the mechanism of transformation
in intermetallic compounds exhibiting antiferromagnetism
is uncertain at present because systemalic examination of
dependable crystalline and magnetic structure data com-
bined with magnetic property anomalies 15 missing. This
work presents such a study.

NiMn was chosen because antiferromagnetic interactions
are most pronounced m this intermetallic compound. The
high transformation temperature of this alloy, however, is
not favourable for the experimental procedures but it de-
creases by Ti. Al, V. Cr additions [11]. NiMn was alloyed
by Ti in the present work. In addition. alloying of NiMn
can lead to a modification of the tétraganal L1, martensitic
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structure 1o a more complex monoclinic one [ 12]. Therefore,
the correlation between cryvstalline and magnetic structures
is important for an understanding of the nature of the
transformation.

2 Experimental Methods

Alloys were prepared by induction melting in an argon
atmosphere, starting from high purity materials. The chem-
ical compositions in the present work are denoted 1n at.”
The ingots were homogenized at 173K in an L\’.il’..‘llﬂlfd
tube during 10 h and water quenched.

Dilatometer measurements ol rectangular slabs of a size
of about | mm » 4 mm x 20 mm were carried out at a rate
of 10 K/min during heating and cooling. X-ray and neutron
scattering measurements were performed using powder
specimens, The X-ray diffraction study was made using
Fe-Ka radiation. Neutron scattering measurements were
performed using a Curran diffractometer at a 10 MW re-
search reactor in Karpov's Institute of Physic and Chem-
istry in Obninsk (Russia). A Pb monochromator was used
to select a neutron wavelength of 0.128 nm. The powder
specimens were enclosed in a thin-walled Ti-Zr can of
10 mm diameter. The composition of Ti-Zr alloys was
close to a so-called “zero-muatrix” which does not show
fundamental Bragg peaks because the scattering lengths of
Ti and Zr are similar in absolute value and opposite in sign.
Transmission electron microscopy (TEM) investigations
were carried out using a TESLA BS-340 electron micro-
scope operated at 120 kV.

The static susceptibility was determined using a Faraday
method at applied fields up to 8 kOe. The susceptibility as
a function of temperature of quenched specimens (3 mm in
diameter, S mm long) was measured first during cooling
from rocm temperature to 15 K, then during heating rom
15 to 500 K. Measurements were performed in & cryostat
under Alowing helium vapour at low temperatures and in an
electric microfurnace with an argon atmosphere to prevent
oxidation at high temperatures. The rates of heating and
cooling were equal to 3 K/min,

3 Structure

To study the alloying effect on the NiMn structure three
different types of Ti additions were used: substituting for
both Ni and Mn with Ti. substituting for Ni with Ti.
substituting for Mn with Ti but not verified on the atomic
scale (based on stoichiometric balances of the sublattices).
In all cases, alloying of NiMn by Ti leads to remarkable
changes in the X-ray diffraction patiern.
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liig. |, X-ray powder diffraction profiles for NiMn({ Ty alloys (see
text lor details).

Figure 1 presents the diffraction pattern for NiMn(Ti)
alloys with nearly equal Mn and Ni content. Like equi-
atomic NiMn, NiMn(Ti) containing 0.5 % Ti shows fct
structure with some asymmetric diffuse broadening of the
(200) and (111) peaks. With increasing Ti content the'(111)
and (110) reflections rémain essentially unchanged but the
(220), (022) and (311) angular positions shift. Al the same
time the (200) and (002) peaks disappear and a number of
additional peaks appear in the 50 to 70 and 100 to 120
ranges of 2@. Thus the 8 structure of NiMn martensite 15
modified by Ti addition although some symmetry elements
of the initial structure are inherited, The modified structure
of NiMn(T1) is called 0" in the present work. The 8 dif-
fraction pattern is observed with only small variations in
NiMn(Ti) contamimg 5 to 15 % Ti. If the Ti content exceeds
15 %. the §" diffraction pattern is substituted lor the bee
one, containing weak (100) superstructural reflections indi-
cating that the bece structure is ordered. Thus the f—#6
transformation in the alloys containing 15% Ti seems to
take place below room temperature. This was directly
proved by an X-ray study at 173 K (see Fig. 1. A diffrac-
tion profile of the 8 phase similar to that ohserved in (5 1o
15) % Ti alloys was found after cooling. Alter heating to
room temperature the § pattern was fully restored. This
indicates that =8 as well as reverse §'— [} translormation
are of martensitic type.

The diffraction patterns of the & and [} phases in alloys
with constant Mn content (when Ti replaces Ni) exhibit a
behaviour close to thal described above. The B pattern is
substituted for the f NiMn(Ti) one at a Ti concentration of
about 12 7%. In addition, the (200). (220) and (311) peaks of
the fee structure with @ = 0.3855nm have been found in
Niz, , Mng,Ti, allovs with x = (5 to 12). Taking into con-
sideration that these alloys contain a lot of manganese. the
fcc phase is probably v-Mn related. To prove this hypothe-
sis alloys with Mn conients between 52 and 55" were
additienally examined. The intensity of the fee (220) peak

in comparison with (' peaks has been found to increase
with increasing Mn content. The effect is similar but not so
pronounced when the Ti content increases. This 15 in good
agreement. with the supposition that the y phase in the
alloys is Mn-hased. In the alloys with x = (12 to |5). the v
phase coexists with J-NiMn(Ti). Il x =(12 to 15). the vy
phase pattern is substituted for another complicated diffrac-
tion profile. Analysis of the angular positions and intensi-
ties of the peaks shows that the structure s C19 with lattice
paramelers close to the ones in the intermetallic compound
Mn,Ti [13]. So the alloys in this composition range possess
a heterophase structure in which NiMn(Ti) (m 8 or [
allotropic forms) can coexist with the y phase or with the
Mn, T1 intermetallic compound.

The behaviour of the alloys where Ti replaces Mn (with
constant Ni content) is the same as described above. These
alloys exhibit heterophase structures too, but the second
phise was identified as Ni;Ti.

As heterophase allovs are not interesting for the present
work. we will concentrate mainly on homogeneous alloys.
The - and 6-NiMn(Ti) structures will now be described in
more detail. For the LI, structure, the (111) peak repre-
sents diffraction from close packed (basal) planes: (220)
and (022) peaks refer to planes which are perpendicular Lo
basal planes. As these peaks remain unchanged upon alloy-
ing (see Fig. 1). the 8 structure is believed to possess the
same basal planes as 8-NiMmn On the other hand. the (200)
and (022) peaks correspond o planes tlted from [111] by
about 355°. Thus the intensities ol these peaks depend
strongly on the stacking sequence of the basal planes. In the
L1, structure it is ABCABC... . It can be supposed that the
stacking sequence in NiMn{ T1) exhibits another type. This
supposition is confirmed by TEM examination. Figure 2
shows TEM diffraction patterns for NiMn(Ti) with various
Ti concentrations. There are extra reflections along the
111 direction which divide the <111 distance intwo 8, 5, 4
equal parts m alloys contaming 54, 7.8, 9.8% Ti. respec-
tively. So the period of atomic layer stacking seems to be 8.
5 and 4 layers depending on the Ti content

On the basis of these TEM results the X-ray profiles ol a
O-NiMn(Ti) may be fully interpreted. Let us consider the
NiMny, . Tl alloy. for instance. [t is useful o assume the
orthorhombic unit cell (Fig. 3). The lattice parameters a. b,
¢/L (parameter ¢ is determined through L. the number of
atomic layers in the cell) can be calculated as 0.4417,
0.2679. 0.2134 nm, respectively, from the 2@ paositions of
the (222). (220) and ¢022) peaks in L1, terms. In terms of
the orthorhombic cell these peaks are (00.21). (02.0) and
{ 31.0), respectively, The TEM dillraction detects a period in
basal plane stacking of 5. According to | 14] these structures
consist of two kinds of fragments which are different in
the direction of the interlayer shift (ABCABC... and
ACBACB...) with stacking laults among lragmenis. There
are only three variants of stacking with period 3 which are
denoted as (41), (32),, (2111), in the Zhdanov notation

Fig. 2a to e Electron difiraction
patterns of the O phase in (@) Ni; -
Mnyg, sTise: (B) NiyMng o Tia g
() NigyeMny- Ty .. Zone axes cor-
respond 1o [1'10] of ‘the fer lattice,
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Fig 4a10e. Experimental X-ray powder diffraction profiles of the
' structure in (a) N, Mn;, Tiy, and mlcu]aiud patlerns [or

S-lavered stacking: (b) (41); (2) (2111),: (d) (32);. (e) A more
a.CCL'lf:lll:: pattern for (32): stacking with a 5hear »aluc cqual o
0.375a.
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[14]. where the numbers in the brackets indicate the amount
of lavers in every fragment periodically repeating in the
structure. The number 3 out of the brackets indicates that
the respective Sequence repeats 3 times in one unit cell.
Calculated diffraction patterns (or every variant as well as
experimental profiles are represented in Fig. 4a to d. The best
agreement with experimental data is seen for the (32), variant.

From the formal crystallographic point of view. the unit cell
of the {32), structure consists of 15 layers with stacking
sequence ABCACBCABACABCB... . More careful analysis
requires us to be taken into account that the A parameter
(shift value between neighbouring layers) can deviate from
Lain ordered close packed structures. In fact. the X-ray study
shows that the ( 31.15) peak in the vicinity of 20 = 1327 is split.

This indicates a small monoclinic distartion of the or-
thorhombie cell due to an irrational 4 mlue In the case of
the (32), structure, the equation 4 = — ic - cos ff follows
from lattice geometry (see Fig. 3), Assummg £=909, 4is
0.375a (in ordered close packed structures 4 deviates always
from ia because atomic sizes are different). The diffraction
pattern of the (32); structure corrected with the help of the
A parameter is shown in Fig. 4e. An excellent agreement with
the experimental profile can be seen.

A number of @-NiMn(Ti) structures were examined in
this way. It has been found that the stacking sequence
variation can be expressed as (10); —(353);—(32); »(22)
with Ti increasing from 0 to 5% (Fig. 5). The (53), and
(32), structures are weakly monoclinic, but (22) is a perfectly
orthorhombic structure because opposite stacking faults
balance each other. So the effect of Ti on the B-NiMn
structure can be summarized as follows: T1 addition leads to
correlated stacking faults appearing at decreasing periodic
distance as the Ti concentration increases.

4 Atomic and Magnetic Ordering

The transformation behaviour of Mn-based alloys is well
known to depend strongly on interactions of magnetic
moments localized on the manganese atoms [10]. In equi-
atomic NiMn. the structural  — 8 transformation is accom-
panied by long-range antiferromagnetic order in {001} planes
of the @ phase [15]. Tt seems important to study what kind
of magnetic structure should be obtained as a result of
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Fig. 5. The wvariation of stacking sequence with increasing Ti
content. Projections on the 01.0 martensite plane are shown in
monoclinic terms. The sequence is marked as (100, (333, (32),
and (22) 0 the Zdanov notation [14].
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Fig. 6. Neutron powder diffraction of (a) the [| phase in
Niga M Tiset (b)) Nig Mng, Tigs: (¢} the 00 phase in
Nigs Mgz Tyu. (d) Caleulated pattern for the 6 structure with
(32), stacking. The structural { fundamental) peaks are shown by
lines and (he superstructure peaks are shown by arrows. Only most
intense peaks are indexed.

the structural change from 8 to 8. A comparison ol the
allotropic B. 0 and €' forms of NiMn(Ti) by neutron
diffraction 1s appropriate. As the atomic scattering factor of
Ni for neutrons is positive ( + 1.03) bul those for Mn and Ti
have u negutive sign ( —0.37 and —0.38. respectively) [ 16].
superstructural reflections in ordered structures may be
more intense than fundamental ones. and atomic and mag-
netic order parameters can be calculated with higher preci-
sion. Figure 6a shows a diffraction profile of f-NiMn(Ti)
where strong (100), (111), (212) superstructural peaks and
weak (110), (200) and (211) fundamental peaks are present.
No magnetic peaks have been found.

The quantitative analysis of intensities. taking into ac-
count the appropriate structure and Lorentz polarisation
factors. shows that atoms with negative atomic scattering

factor occupy sites 1 (Mn sites), see (Fig. 3), and atoms
with positive ones occupy sites 2 (Ni sites). The order
parameters listed in Table 1 are near 1. It can be noticed
that compositional disordering in alloys containing
(Ti + Mn) > 50 has not been observed. This may be due
to vacancies present in Ni sites. So we have to conclude that
Ti atoms occupy Mn sites in the NiMn lattice. This is not
surprising in view of the strong interaction between Ti and
Ni atoms in infermetallic compounds.

The neutron diffraction pattern of 6-NiMn containing
0.5 % Ti 15 similar to those of equiatomic NiMn reported in
[15, 17] (Fig. 6b). In accordance with LI ordering, intense
superstructure reflections (001), (110). (201, (T12), (221)
(310) are abserved. Also (100), (017). ( 102) magnetic reflec-
tions are present indicating long-range magnetic order
which is believed to be the same as the layered antiferro-
magnetic type recognized in pure NiMn [17]. Using stand-
ard intensity analysis one can calculate the atomic order
parameter to be about | and the magnetic moment on the
Mn site 1o be 3.8 4 0.2u,. which are close to those in

equiatomic NiMn.

Another situation has been observed in alloys containing
about 10% Ti which assume the & structure. Neutron
diffraction shows a complicated profile which is certain to
be a superposition of a number of lines (Fig. 6¢c). Weaker
structural peaks are located in exact agreement with the 0
long-pertod structure described above (Fig. 6d). Also. the
more intense superstructural peaks can be fully explained if
it is assumed that the type of ordering in (00.1) basal planes
is analogous to that in {111} basal planes of B:NiMn as
shown in Fig. 3. The calculated superstructural patiern,
assuming that Mn sites are occupied occasionally by bath
Mn and Ti atoms and Ni sites are occupied by Ni, is

indicated in Fig. '6d by arrows. A combination of funda-

mental and superstructural peaks results in good agreement
with the experimental profile.

On the other hand, no additional magnetic peaks or
magnetic contribution to superstructural peaks have been
observed. This proves that in contrast to 8-NiMn(Ti) long-
range magnetic order is absent in the alloys with 0 struc-
ture:

Thus, the change rom the =0 10 the ff ==& type of
transformation with increasing Ti content leads to a consid-
erable change in magnetic interactions in Ni-Mn-Ti al-
loys. This is confirmed by magnetic susceptibility
measurements on dlloys with 0" or I structure at room
temperature. In the falloys, the susceptibility shows a very
complicated temperature dependence. For instance, the
curve for Mn,, Nig (Ti s can be divided into 3 different
temperature ranges (1 to IIT in Fig. 7). (1) From I3 to
200 K. In this range. the susceptibility exhibits a monotone
increase with decreasing temperature and corresponding
decrease without any hysteresis on heating, This behaviour
1s attributed to a paramagnetic phase with large negative

Table 1. Relation between ( 100) superstructural (F,, ) and (110) “structural™ (fundamental) (£, ) diffraction lines of the B structure in
NIMn( Ti) and caleulated long-range order parameters of dtomic order (4).

Mn Ni Ti Fooi Foml Foe s calculated

at% ars at' experimental caleulated for [rom experimental
s=1 data

4 309 177 4.17 4.18 1.00

438 424 138 7.00 7.46 0.97

434 42.0 146 B.14 1.76 1.02

Z. Metallkd. 86 (1995) 5
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Wo 200 300 400 500
T.K
Fig. 7. The temperature dependence of magnetic susceptibility in
Niga My Ty, Three regions correspond to (1), a4 ) (H)
and B (1) states

exchange interaction. (IT) From 200 to 300 K. In this range,
a drop of susceptibility on copling is observed. Comparing
the cooling and heating curves, small hysteresis can be
notced. This kind of temperature dependence is atributed
to materials undergoing a thermoelastic martensitic trans-
formation. (1) Above 300 K. Heating lcads to a decrease
of susceptibility in accordance with a Curie-Weiss depen-
dence. The obtained results prove that the §— & structural
transformation in NiMn(Ti) alloys is accompanied by a
change of the magnetic state change from strong paramag-
netism ( f phase) to weak paramagnetism with large nega-
tive exchange interaction (0 phase). This conclusion can be

supported by a calculation of the magnetic energy param-
cters for both phases on the basis of the reciprocal suscepti-
bility as a function of temperature.

As mentioned previously, the temperature dependence of
susceptibility in the [ state is close to the Curie-Weiss law
which allows to determine the magnetic interaction param-
eters: paramagnetic Curie temperature (77) and magnetic
moment per atom in the P state (M). The calculation of the
moment is possible if the number of atoms in which mo-
ments are located is known. In this case. Ni as well as Mn
atoms may be magnetically active. Therefore we have ex-
amined two variants, [first, assuming that the magnelic
moments are localized in manganese atoms only and, sec-
ond. assuming that the moments located both in Mn and
Ni atoms]. (It is impossible Lo distinguish these two variants
by neutron scattering on polycrystals. This will be tested in
the future on single crystals.) The calculated parameters are
listed in Table 2. The B structure is seen to be strongly
paramagnetic with relatively high 7, and large values of the
magnetic moments, However, a pronounced drop of 7 and
M is observed as a resull of the B —8 transformation. In
the © state, the susceptibility may be described by the
Curie-Weiss law, too. if the T, value is accepted to be
negative. This is in good agreement with the above supposi-
tion that the  phase is weakly paramagnetic with a large
negative magnetic exchange mteraction. It should be noted
that the Curie-Weiss approach with negative T, 1s also
exactly correct for the alloys which exhibit the 8" structure
at room temperature and above (up to 200 K).

It can be concluded that the parent B phasg is strongly
paramagnetic in the Ni-Mn -Ti system. The martensitic
phase is a layered antiferromagnet and the martensitic 8
phase is weakly paramagnetic. Thus, the role of magnetic

Table 2. Mugnetic interaction parameters in NiMn(Ti): paramagnetic Curie Point (7,) and magnetic moment (/1) per alom assuming that
these are located on Mn atoms only (M, ) and both on Mn and Ni atoms (Mg, . <)

| M Ni Ti " o
atta at at.’
T_ -""'I.\.h- ,‘[\h- i I f”'ﬂ.. "‘I\.Tn ~) M, A,
K g K Ha Hi K K
451 450 5.9 - 72 1.99 .41 358 322
438 138 260 5.29 3.7) —48 2.96 2.07 186 252

Z. Metallkd. 86 (1995) 5

Fig. 8a 1o f. TEM micrographs show-
ing the types of martensite couphng
viriants and corresponding diffraction
patterns in Ni, ,Mn,, . Ti.,. (a) and
(b) A/C. (c) and (d) A/D: (e) and (D
AjB.
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interactions decreases when the B—6 transformation is
replaced by the p— 0 one. In the latter case, the chemical
interaction s clearly more important than the magnetic

one.
5 Microstructure

The morphology of #-NiMn( Ti) has been studicd by TEM.
Typical micrographs and corresponding electron diffraction
patterns which illustrate the features of the ©° martensitic
phase in the alloys with (53); structure are shown in Fig. 8,
The microstructure 1§ similar to that ebserved in the binary
intermetallic compound NiMn by Adashi and Wayman
[18]. The & martensite crystallites form three main coupling
variants consisting of plates with habit planes parallel to the
1011}, 1100}, [155] parent plancs. Every martensite crystal
contains internal twins of high density with twinning planes
00,1} in monoelinic terms which correspond o {111}
planes in fcl terms. The above morphology is typical for
alloys with a thermoelastic martensitic transformation [19].

Figure 9 shows a high resolution electron micrograph of

one martensitic variant. We can sce the irregular character
in the distribution of stacking faults. This corresponds to
the X-ray and electron diffraction patterns indicating a
pronounced peak broadening in this alloy.

As in the case of the fct=(53); structure transition, the
variation from (53); to (32); structure is not accompanied
by a change of martensite morphology. This allows us 1o
conclude that the (10), —(32); transition occurs as a result
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Fig. 11, Dilatometer curves of NiMn(T1) alloys with various Ti
content.

350

Fig. 9 tleft). High reselution eleetron m-
croscopy image showing periodic stacking
faults nside  martensite  vanant i
Wiy Mg Tizy.

Fig. 10 (right). Mixed martensite mi-
crostructure in Nig , Mng, -Tig .

ol stacking faults appearing in fet-martensite. Their density
increases and the correlation in their location becomes
more pronounced with increasing Ti concentration.

In contrast, the (32), —(22) transition iIs not permanent
and there is 4 concentration range where these phases can
coexist. Figure 10 shows a mixture of martensitic phases
possessing (32). and (22) structures. [n this case, marten-
sitic crystallites of different types penetrate each other. and
the morphology becomes far less regular.

6 Transformation Temperatures

The transformation points in NiMn(Ti) were studied using
dilatometry. Figure 11 shows typical dilatometer curves for
the alloys with nearly equal Ni and Mn contents. The
bending points can be ideniified with the transformation
start and finish temperatures. In accordance with the X-ray
examination mentioned in Sect. 3. transformation tempera-
tures decrease with imcreasing Ti content. Also a permanent
decrease of the thermal hysteresis from 60 K at 2.6 % Ti to
20K at 9.9 % Tiwas observed. The hysteresis of 10 to 40 K
is attributed to the establishment of thermoelastic equi-
librium between martensitic and parent phases durmg shear
transformation. This fact. combined with microstructural
results reported in Sect. 3. allows us to suggest that the
B— 0" transformation 1s 4 thermoelastic one, at least in the
alloys containing 7.6 to 9.9% Ti. and we can use the
estimation of the equilibrium temperature 7, between
martensite and parent phases cstablished by Tong and
Wayman [20]: T, =(M, + A,)/2. The values of transforma-
tion temperatures. thermal hysteresis and estimated 7, are
listed in Table 3.

It is known for Hume-Rothery [} phases that the stability

al the bec structure is a function of the electron concentra-
tion per atom (see. e.g. [21]). In the NiMn(Ti) case, the
equilibrium temperature exhibits a linear dependence on the
(s +d) electron concentration (Fig. 12). An extrapolation
Lo ¢/atom = 8.5 gives a value T, = 990 K which agrees with
the data concerning P phase stability in equiatomic NiMn
221, Also shown in this figure are the 7, values calculated
from experimental data obtained for binary nonstoichio-
metric NiMn [ 11] and ternary NiMn( Al) [23]. It is seen that
all 7, values for NiMn-based alloys can be fitted by one
lincar dependence in the range of 8.20 to 852 e/atom. At
values below 8.20 efutom. deviations between NiMn(Ti)
and NiMn(Al) have been observed. This is related to the
special electronic structure of nonstoichometric NiMn and
is @ problem Lo be clarificd by bund structure calculation in
future.
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Table 3. Transformation temperatures M,. M, and thermal hysteresis A,. A, and estiated equilibnum temperature 7, between [} and (i

structures m NiMni Ti).

Mn Ni Ti Phuses 4l M, M, A, Ay T Hysleresis
atl% atYa at 203 K K K K K K K
499 475 2.6 o 820 770 820 895 835 56
453 49.9 4.8 1) K00 695 775 855 830 SR
437 47.1 5.2 o 6495, 635 T4 760 25 &l
473 451 7.6 f 600 535 555 620 6l 20
45.1 450 9.9 [\ 495 355 3858 525 510 I8
424 438 138 B 275 190 205 295 285 23
521 453 26 B+ 778 735 815 40 805 7
544 40.8 48 0+ 565 320 563 620 390 45
51.8 430 52 04y 635 fs 650 695 663 6l
449 5 451 54 04y 670 603 680 745 705 63
30.0 425 7.3 8+ 520 475 503 S50 535 29
54.5 37.9 7.6 04y 410 355 390 445 420 23
3.9 40.3 7.8 B 4y 495 445 475 515 s05 22
47.8 427 9.5 0 4y 4355 373 413 480 465 28
49.7 40.3 98 0+ 345 30s 330 370 355 2%
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Fig. 12. The (5 + d)-electron concentration (¢/atom) dependence
on T for NiMn-based alloys: @ NiMn(Ti) ©
NiMn [11], + NiMn(Al) [23].

7 Concluding Remarks

The data and their analysis reported above allow us t
make some conclusions about the mechanism of structural
transformation in binary and ternary NiMn-based alloys.
Ti addition in small concentrations induces stacking
faults which are weakly spatially correlated. Increasing Ti
content leads to an increase of the stacking fault density
and stronger correlation among them. As a result. the
lattice loses the initial L1, symmetry und long period struc-
tures are observed. A similar situation is likely for NiMn
with Al addition [11] and in Mn-rich NiMn [24] alloys.
Corresponding to the structural variation. the magnetic
state is changing from antiferromagnetism in the 8 structure
to weak paramagnetism in the 8 structure, Following a
widespread point of view, the drving force for the transfor-
mation in Mn-contaiming intermetallic compounds is the
ordering of magnetic moments localized on Mn atoms. A
structural transformation from cubic to tetragonal phase is
considered to beé a result of the magnetic transformation.
However. our data contradict this view because we deal
with the f—0" transtormation which is not accomplished
by a significant change in the magnctic state. Therefore. it

Z. Metallkd. 86 (1995) 3
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seems that the structural transformation in NiMn takes
place first, and long-range magnetic ordering takes place in
the tetragonal structure only. This is in agreement with the
latest NiMn band structure calculation [25]. It was shown
that the f—98 transformation is close to a classic Zener
transition from a soft structure with high frequency entropy
to a low-energy close packed structure.

The sharp suppression of antiferromagnetism can be
related to the high density ol correlated stacking faulls.
The magnetic structure in eguiatomic NiMn 18 known
to consist of Ni and Mn layvers with antiferromag-
netic coupling within the Mn layers (Fig. 13). As the
basal planes are tilted by angles ol about 557 from the
Mn layers, stacking laulls destroy the antiferromagnetic
layers, We suppose that the magnetic ordering disappears
mainly lor this reuson. Additionally. some effect of the
nonmagnetic Ti atoms on the magnetic exchange interac-
tion and on the soft distance of magnetic order cannat be
excluded.

The existing opinion thal the magnetostructural trans-
formation in the NiMn intermetallic compound is close to
those in the disordered Mn-based allovs {tMn - Ni, Mn - Cu,
Mn-Ga, Mn  Ge) is evidently wrong, The transtormation
in NiMn s rather similar to that in CuZn. AuCd. NiTi.
NiAL This corresponds well to the known thermoelastic
transformation behaviour in the NiMn-based alloys. A
favourable condition for thermoelasticity 15 known to be a
high degree of atomic order in the parent and martensitic
phases. High values of the long-range order purameters
were found m NiMn(Ti).

pasal plane

Mr - Sita
{5k 11

N| -Site
iSite 21

Fig. 13 Magnetic NiMn structure aecording o [17], Magnetic
moments are mdicated by arrows.
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