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1 Introduction

Rare earth intermetallic compounds of Laves phases stoichiometry RT, are crystallized in two structur- -
al types: hexagonal C14 and cubic C15. For long time they have been a subject of particular interest in solid
state physics %7, Two main reasons were for this attention: (1) Scries RT, were very good physical mod-
els for wide theoretical and experimental study of this kind of materials; (2) many of these compounds and
alloys demonstrate extraordinary magnetic properties, for example, giant magnetostriction and giant mag-
netic anisotropy which are opening wide perspectives for their practical usages.

These objects are active absorbents of hydrogen, so there are studying their hydrogen absorption ™,

Unfortunately, not all rare earth elements can organize Laves phases C14 and C15 at ordinary condi-
tions of synthesis, Nevertheless this goal can be achieved by using of high pressure erystallization { 8
GPa), This method was designed in the Institute of High Pressures Physics of Russian Academy of Sci-
ences. 1t was developed by Dr. A, Tsvyaschenko U, In cooperation with his laboratory we have synthe-
sized intermetallic compounds of rare earth and 3d-transition metals and also alloys of pseudobinary systems
on their base. Even more, using this unique method of fabrication we have had possibilities to produce in-
termetallic compounds with the same chemical composition in two different structural modifications, i. e. to
make “artificial” polymorphism. In this feport we are delivering our results concerning fabrications of high
pressure phases in intermetallic compounds of stoichiometry RT, and in alloys of pseudobmary systems on
their base like R’ R,”T, and R(T’,..T”.); crystallized in structural types of Laves phases with cubic Ci15
and hexagonal Cl4 unit cells (Fig, 1), '

Both structures C14 and C15 are similar each other in reqpect of atomic coordmatlon and can be consid-
ered as two-sublattice system of R- and T- -atoms, ' '

We have had the. following goals: .(l)synthems of high pressure phases; (2)study of their phase com-
poéition, definition of atomic crystal ‘structures and parameters of unit cells; (3)study of their magnetic and

sorption properties; (4)building of phase diagrams for pseudobinary systems in coordinates “composition-
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Fig,1  Unit cells of hexagonal Cl4 and cubic C15 Laves phases

pressure”,
We have used as experimental methods: (1) X-ray diffractometry of polycrystals; (2)Magnetic meas-

urements; (3)M ssbauer spectroscopy. Experimental details could be found in [1, 9-117.
2 Structure and magnetic properties of intermetallic compounds RT,

After synthesis under pressure 8GPa we could fabricate intermetallic compounds YbFe,, NdFe,, Nd-
Co,, NdNi; , crystallized in structural type of cubic Laves phase C15 and intermetallic compounds YbMn,,
ErMn; . HoMn;, DyMn, and TbhMn; crystallized in structural type of hexagonal Laves phase C14 as well as
pseudobinary systems of alloys. on their base: Er., Tb,Mn;, Ho., Th, Mn,, Dy{Fe,,Mn,);, Th
(Fe;..Mn,),, Yb(Fe. Mn,),, Nd(Fe, Mn,),, Yb(Fe, ,Al,);, Nd{(Fe,,Co,);, Nd(Fe, Ni,);. '

Data concerning structure and temperatures of magnetic ordering is listed in Table 1.

Table 1  Crystallographic and magnetic characteristics of intermetallics RT;

RT; " Strusture afA /A vy, A T./K
ErMn, Cl4  5.273 8.632 51.72 25
HoMn, - C1s 7.518 - 53, 08 26
HoMn, Cl4 5.316 8.672 53. 05 27
DyMn, Cl5 7.553 - 53,94 39
DyMn, Cl4 5.346 8.733 53.96 37
TbMa; Ci5 7577 - 54. 47 10
ThMn; Cld 5. 349 8,779 54,38 - 43
YbMn, Cl4 5,230 8,513 50. 42 -
YbFe Cls 7.245 ~ 4754 541
NdFe, Ci5 7, 447 - 51.62 563
NdCoy c1s 7.309 - 18, 81 90
NdNi; Ci5 7,225 7 - 47. 14 16

3 Phase diagrams of pseudobinary systems Er,.,Tb,Mn, and Tb,,Ho,Mn,

Alioys of pseudobinary systems Eri Th,Mn; and Tb;,, Ho, Mn; have been synthesized under normal
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pressure and under pressures 1, 2, 3, 4, 5, 6 and 8 GPa,

According to data of X-ray analysis of synthesized alloys in systems can be formed either single phase
Structurés Cl4 or Cl15 or two-phase regions with mixture of Cl4 and C15, It depends on composition and
pressure of synthesis. Phase diagrams of the systems Er., Tb,Mn; and Th,,Ho,Mn, in coordinates “compo-

sition-pressure” are shown in Fig. 2.
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Fig, 2 Phas:gagrams of pseudobinary systems Er;, Th,Mn; (a) and Tb)f:;-lo.an ()

From the Fig, 2 it can be seen that in the system Er. Th,Mn, at pressures higher than 8 GPa elloys of
all compusitions 0<Zx<<1 are isotypic to hexaganal Laves phase C14 and are organizing continual series of
solid solution of Er and Tb atoms in R-sublattice of structure C14, v '

The region of alloys which are isotypic to cubic Laves phase C15 is limited by the composition and by
pressure, It can be found at concentration Th z = 0, 3 at normal pressure. If the pressure becomes higher
then this region shrinks. Single phase regions with structures C14 and C15 are divided from each other by
the mixture of two-phases C14+C15.

In the systém Thb,.,Ho, M, at low pressure there is continual series of sclid solutions of atoms Ho and
atoms Th in R-sublattice of cubic Laves phase C15. At high pressures continual series of solid solutions are

forming in R-sublattice of hexagonal Laves phase C14 in whole range of composition 0<(z<C1.

4 Phase diagrams of pseudobinary systems Dy(Fe,.Mn,)., Tb(Fe,,
Mn,); and Yb(Fe,.Mn,).

Alloys of pseudobinary systems Dy{Fe, ,Mn,}, and Tb(Fe, ., Mn,), were synthesized under the pres-
sures up to 8 GPa, Phase diagrams of pseudobinary systems Dy(Fe.  Mn,); and Th(Fe¢ .Mn, ), are shown
on the Fig, 3 '
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Fig.3 Phase diagrams of pseudo-binary systems Dy(Fe;..Mn, ), (a) and Th(Fe; ,Mn, ). (b)

From_the Fig. 3 it can be seen that in the system Dy(Fe; Mn, ), under pressures less than 2 GPa in

whole range of concentrations 0<_x<(l all alloys are single phase with structure C15. Fe and Mn atoms are
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forming continual series of solid selutions in 3d-sublattice of C15,

At higher pressure in the region enriched by Mn (0. 08<C = <1} in the system are forming hexagonal
Laves ;;hase Cl14. It divided from the region of cubic pﬁase CI15 hy the two-phase region C144-(C15,

Phase diagram of pseudo-binary system Th(Fe;, Mn,); is similar to phase diagram of pseudo-binary
system Dy(Fe,,Mn,},.

From these phase diagrams it can be scen that in both systems in regions with high concentration of
Mn at high pressure hexagonal phases C14 exist, It means that we have gotten artificial polymorphism.

Phase diagram of pseudo-binary system Yb(Fe,.Mn, ), is shown in the Fig. 4.

3
l Yb(Fe, Mn),
e S B R e R L B L
i 1
t ] . . %
. | L}
6,- B e =
1 1 “
g S 1 § 9
g . \ N
Y T = S U Sy Vi
4 '
I- ’ \ 4
4  ecu ~
aEm=- Aciscld Tme-- s s
| B}
" 1 | 1 E 47 I L 1 1 ' 1 1 1 1
0.0 02 0.4 06 08 10 0 01 02 03 04 05 06 07 0B 09 1
x x
Fig.4 Phase diagram of pseudo-binary system Fig.5 The conventration curve Vi, for the system Yh
Yb(Fel,, Ml’l,)z ) (Fe,., Mn“ )z

In this system we also have limited regions of phases C14 and C15 divided by the region of their mix-

ture C144-C15.
On the Fig. 5 it is presented the curve of dependence of volume V¢, from the concentration z in pseu-

do-binary system Yh(Fe,,Mn,); synthesized under pressure 8GPa.
It can be seen that substitution of Fe atoms by Mn atoms leads to monotonous but non-linear growth of

V.. with “plato” corresponding two-phase region, The same dependences demonstrated alloys of systems

Dy(Fe, ,Mn, ), and Th{Fe,,Mn,),.

5 The structure and crystal characteristics of alloys in pseudo binary
systems Nd(Fe,.Co,),. Nd(Fe,,Ni,),, Nd(Fe,,Mn,),, Yb(Fe.,Al),
synthesized under the pressure 8 GPa

Alloys of pseudo-binary systems Nd(Fe,,Co, ), » Nd(Fe, . Ni,),, Nd{Fe,.,Mn,):, Yb(Fe, Al ), with
structures of Laves phases C14-C15 were synthesized only under the pressure 8 GPa. '
According to X-ray studies in the systems Nd(Fe,.Co,); and Nd(Fe, .Ni, ), we could get single phase

samples with structure C15 in whole fange of concentration 0<C x <C1.
In the system Nd{(Fe ., Mn,}; cubic Laves phase C15 we could get under the pressure 8 GPa only for the

concentrations 020, 51,
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Fig.6 The congentration curve ¥y, for the systems Nd(Fe,,Co,)z(a), Nd(Fe, :NizJ; (b) and Nd(Fe, Mn,); (c)

Curves for volume V;, vs concentration x for systems Nd(Fe,, Co,);, Nd{(Fe, Ni, ), and Nd(Fe,.
Mn, ), are shown on the Fig, 6. It can be seen that with the growth of concentration of Co or Ni component
in the systeins Nd(Fe,.Co,);and Nd(Fe,, Ni.); volume V, monotonously decteases. In the system Nd
(Fe,.,Mn, ); with the growth of concentration of Mn the volume V. monotonously increases, So, it is pos-
sible to modify inter-atomic distances and inter-atomic interactions by the combination of different metals in
multi-component Laves phases,

The situation is more complicated in the system Yb{Fe, ,Al),. Thg synthsis under pressure 8 GPa
provided the fabrication of intermetallic compounds YbFe;and YbAl, with cubic structures C15. But in al-
loys with intermediate constitutions the region of solid solution of Al in 3d-sublattice of YbFe, exists only
up to = 0.3. It means that Al atoms can substitute only 30% of Fe atoms. In turn, Fe atoms can substi-
tute in 3d-sublattice of intermetallic YbAl, only 25% of Al atoms.

In: the middle region of concentration 0. 40=<_z=<C0. 65 in the system Yh(Fe,,Al), the new phase with
hexagonal structure C14 is formed. It divided {rom the Laves phases C15 by the two-phase regions,

On the Fig. 7 it is shown the concentration curve Vi, for the system Yh(Fe, ,Al,), It can be seen that
volume V. grows from 47.53 A® to 61. 14 A%, forming two “platos”, corresponding two phases regions.
We can conclude that the high pressure synthesis provides solution some problems of metal physies: (1)
forming of new polymorphic crystal modifications in well-known intermetalllic compounds RT; ; hexagonal
high pressure phases Cl4 in cubic Laves phases C15 HoMn,, DyMn,, TbhMn, and others; (2)forming of
Laves phases in rare earth termetallics RT, with R = Yb and Nd: YbFe;, YbMn,, NdFe;, NdCo,, Nd-

Niy; (3){orming on base of new or polymorphic modifications of intermetallics RT; pseudo-binary systems
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like as R*,,R,”T, and R(T? ., T".},, providing to modify structural parameters and physical and chemical

properties of these materials. We will give some examples of the using of these possibilities.

6 Sorption and magnetic properties of intermetallic alloys

We have studied the sorption of hydrogen and deuterium by the alloy Dy(Fey, s Mng 524 crystallized in

two polymorphic modifications C14 and C15,
According to X-ray data the alloy Dy(Fe, o Mn, ;)2 synthesized under normal pressure has the cubic

structure C15 with parameters; g = 7.536 A and V., =53.5 At

The same alloy synthesized under the pressure §
GPa has the hexagonal structure C14 with parameters:a 62 (’24 !
=5.319 A, c = 8,692 A and V;, = 53.2 A’ o c1s C15 7
After introducing of H and D in samples of alloy Dy 58 cls cu ”/C]S
{Feyo; My o; ); were found their structural c¢rystal pa- o 56 V"
rameters and amount of quantities of H and D. Experi- ;;:54 ‘)"' T
mental data are shown in Table, 2. 52t o
From the data of Table, 2 we can see that sorption 30 ¢ ,/‘—'-.1'/
of H and D by the alloys in two modifications C14 and 8 &”l
C15 lead to growth of volume V, more than 20%. In % 50z 04 0.6 0.8 1.0

hexagonal modification H and D are incorporating less  Fig.7 The concentration curve Vi, for the system Yb
active than in cubic modification, but absorption of H in (Fey AL,

both cases is higher than absorption of D.

Table 2 Number of atoms H and D and dilatation AV/V en formulz unit of atleys
Dy(FEﬂ,og Mﬂq 95 )z X,. (X-HorD)

Structure b'¢ n AV/V. %
Cl4 H 4. 1(2) 23(2)
C15 H 4. 6(2) ' 28(2
Cl4 D 3.2(2) 22
C15 D 3. 8(23 254D

Mosshauer spectra of polymorphic modifications and their deuterids for alloy Dy (Fey o Mny 5 ), are
shown on the Fig. 8. '

According to the calculation of M ssbauer spectra for Dy (Feg s Mn, o), D, there are additional dou-
blets, They relate with organizing of groups ®3d-metal-deuterium”. Relative intensity of this additional
doublet in spectrum of alloy Dy(Fe, 4 Mng 550213, with the structure C15 is higher than relative intensity of
additional doublet in spectrum of alloy Dy(Fe; o Mng g5, D, with the structure C14, It means that sorption
of deuterium by hexagonal phase C14 less than cubic phase C15. It can be explained by using of crystailo-
graphic point of view, Fe atoms in structure C14 occupy only one of two non-equivalent positions-T. Mn
atoms occupy the positions T, Deuterium atoms concentrate near the Mn atoms, so sorption of D atoms
in C14 less than C15,

The second sample is concerning the magnetic properties of the system Yh(Fe, Mn,),. It is known

Ml that intermetallic compound YbFe, has point of magnetic compensation on the curve “magnetization vs
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temperature”. It means that YbFe, has ferromagnetic
structure,

We studied field dependences of magnetization for
alloys of system Yb (Fe_, Mn,), for 0 X 20, 4,
Curves of these measurements are shown on the Fig,
9. It was done at room temperature for X=0.1,0. 15,
0.2,0.3,8. 4.

It is casy to see that all curves demonstrates the
typical behavior except for z=0.2 . Much more clcar
it can be seen on curve M; . vs concentration where a-
nomaly like A\—point is present (Fig, 9, cut—off),

More essential anomalies demonstrate curves of
temperatﬁre dependences for M, (Fig, 10}, We can
see on those curves points of compensation.

We have found that points of magnetic compensa-
tion Twy, in alloys of the system Yb(Fe,,Mn,), de-
pends on composition by very complicated way and
curve of concentration dependence for T, demon-

strates anomaly like positive A-point {Fig. 11).
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Fig. 9 Field dependences of magnetization for atloys
of system Yb (Fe,.. Mn, ); (cut-off: dependence

magnetic moment M;, vs concentration)
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Fig. 8 M ssbauer spectra of polymorphic modifications

Cl4 and C15 and their deuterids for alloy Dy
(Feo_os Ml'la. v )2

Fig. 10 Curves of temperature dependences for
magnetic moment M, , for YhFe, (cur-
off - fragments of curves for M;, (T
for x = 0.3 and 0. 4)
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We have concluded that there are not simple ferrimagnetic
structure in alloys of system Yh(Fey, Mn, ), with z >0, 1.
Alloys with = = 0. ] may have [errimagnetic structure and
Mn can be considered as simple non-magnetic solvent. More
higher concentration of Mn leads to the forming of different
local arrangements and changes the character of magnetic in-
teractions. So in this case simple [errimagnetic model is un-
acceptable for analysis of concentration dependences for com-
pensation pointst' .

We can conclude that high pressure synthesis of alloys
provides the wide perspectives (o creation of new materials.
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