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Equilibrium Diagram

The assessed equilibrium phase diagram of the Cr-Ge
system is given in Fig. 1. The following stable phases are
present in the system:

® The liquid, L

e The terminal solid solution, (Cr), with a maximum sol-
ubility of approximately 11 at.% Ge at the peritectic
temperature of 1564 °C

® The terminal solid solution, (Ge), with a maximum
solid solubility of approximately 0.3 at.% Cr at the eu-
tectic temperature of 895 °C

® Cubic CrsGe, which decomposes peritectically at
1564 °C

® Tetragonal Cr;Ge;, which decomposes peritectically at
1262 °C and undergoes a polymorphic transformation
at 1002 °C

® Orthorhombic Cr,;Geg, which decomposes peritectically
at 1170 °C

® Cubic CrGe, which decomposes peritectically at 998 °C

® Tetragonal Cr,;G;y, which decomposes peritectically at
928 °C

Composition and temperature data of monovariant and
invariant phase equilibria are given in Table 1.

Table 1 Monovariant and Invariant Equilibria in the Cr-Ge System
Compositions of the Temperature, Reaction
Reaction respective phases, at.% Ge °C type
(Cr) + La CrsGe .o et 11 29 22.8 1564 Peritectic
CryGe + L2 CryGeg . oo i 251 47 37.8 1262 Peritectic
CrsGes + L2 CryGeg. oo oo 38.2 53 421 1170 Peritectic
CriGeg + La2CrGe oot 421 68 50 998 Peritectic
CrGe + L2 Cr1Ge g, oo oeee et 50 78 63.34 928 Peritectic
La2CrGeg + (Ge) .. et 85 63.34 99.7 895 Eutectic
L2 (C0) (@) ot e e s 0 1863 = 20 Melting
L a2 (Ge) (@) ot e 100 938.3 Melting
(a) From (Melt].
Fig. 1 Assessed Cr-Ge Phase Diagram
Weight Percent Germanium
0 10 20 30 40 50 60 70 80 90 100
2000 } 1 T ] T 1 T 1 T |, ]_l T 1 T ] T 1 T
a 66Zag
®  69Kal
18004 v 72Raw
L 4 78Kaw
©  B0God Microprobe
4 BOGod DTA
1600 3 L
s
£ 14004 L
o}
E
@
2. 1200 F
E
(3
[
10003 ~ 938.9% |
aCrsGe; || o a agsoc | 85 .95‘.'}3:
8004 ¢ qe (‘,: 3 K] (Ge)—=-
= = O
»® ¢ 5 Ll;g S a
600+ T T — T T T T T
0 10 20 30 40 50 60 70 80 90 100
Cr Atomic Percent Germanium Ge
A.B. Gokhale and G.J. Abbaschian, 1986.

Bulletin of Alloy Phase Diagrams Vol.7 No.5 1986

477



Cr-Ge

Table 2 Cr-Ge Experimental Liquidus Data

Temperature, Composition, Temperature, Composition,
° at.% Ge °C at.% Ge
1492............. 34 1038........ ... 65
1466............. 36 1008.............. 67
1420............. 37 989.......... ... 70
1395............. 39 968.............. 74
1343............. 43 938l 77
1309............. 44 931.............. 78
1271, 47 920.............. 80
1253............. 47 917, 82
1226............. 48 903.............. 86
1213............. 50 916 .............. 88
1175....... ... 52 920, ... 90
1163, .. 55 923 ... 92
1144............. 56 931.............. 94
1112............. 58 931.............. 96
1102............. 60 935.. ... 96
1069............. 62 934.............. 97
1050............. 63 936.............. 98
From [80God].

A complete determination of the Cr-Ge phase diagram
was carried out by [80God]. The purity of materials was
4N Cr and 4N Ge. [80God] synthesized their alloys in
alumina crucibles in an argon atmosphere, followed by
thermal treatments in sealed silica tubes. [80God} used
X-ray diffraction, electron microprobe, microhardness,
optical microscopy, and differential thermal analysis in
their phase diagram determination. In addition, they
used “Tammann stages” (i.e., the amount of microcon-
stituents) for determining the end compositions of the in-
variant reactions. The melting losses in the alloys were
determined by using spectrophotometric plasma emission
analysis.

[66Zag! also carried out a complete determination of the
Cr-Ge phase diagram. The purity of materials was
99.98% Cr and 4N Ge. The Cr-rich alloys were synthe-
sized in alumina crucibles under an argon atmosphere,
and the Ge-rich alloys were prepared in sealed quartz
tubes. [66Zag] used optical microscopy, X-ray diffraction,
and differential thermal analysis for determining the
phase equilibria, but apparently they did not take into
account any melting losses.

[72Raw] carried out a limited study of the Cr-rich side of
the diagram in the temperature range 700 to 1300 °C.
The purity of materials used was 99.95% Cr and 3N Ge.
Alloys containing up to 27 at.% Ge were arc melted in
water-cooled copper crucibles, whereas alloys containing
more Ge were induction melted in pure alumina
crucibles. Both types were prepared under an argon at-
mosphere. The alloys were subsequently annealed in
sealed, fused silica tubes and examined by X-ray diffrac-
tion and metallography. [72Raw] did not determine the
liquidus or three-phase equilibria in the system, but they
conducted a structural analysis of the Cr-rich intermedi-
ate phases. The crystal structure (by X-ray diffraction)
and magnetic and thermoelectric properties of CrGe and
Cr,,Ge,s were studied by [78Kaw]. The purity of their
materials was 5N Ge and 5N Cr.

According to our assessment, the data of [80God] are the
most reliable to date, on the basis of the experimental
techniques utilized and the large amount of data gener-
ated. A comparison of the data of [80God] and [66Zag]

shows that there are a number of significant differences
between the two. One difference is in the invariant reac-
tion temperatures. Those given by [66Zag] are consis-
tently higher than those of |80God] in the Ge-rich side of
the diagram. The differences may be due to the fact that
[66Zag] used a Ge melting temperature that was approxi-
mately 25 °C higher than the currently accepted value.
When the standard melting point of Ge is used as a cor-
rection factor, the invariant reaction temperatures of
[66Zag] are close to those determined by [80God]. An-
other difference in the data of [66Zag] and [80God] is in
the liquid-solid compositions of the invariant reactions.
Also, [66Zag] reported that Cr;Ge forms congruently
from the liquid, in contrast to [80God], who showed it
to form peritectically. These differences may be due to
the rather speculative nature of the liquidus given by
[66Zag].

The data of [72Raw] at low temperatures agree fairly
well with those of [80God], particularly the solubility
limit of Ge in (Cr) and the range of homogeneity of
Cr3Ge. [72Raw] indicated that Cr;Ge, Cr;Ge;, and
Cr,,Geg (incorrectly reported as Cr,Ges) form congruently
from the liquid, in contrast to [80God], who indicated
that they form as a result of peritectic reactions. The dis-
crepancy may again be due to the speculative nature of
the liquidus and insufficient data in the study by
[72Raw]. [78Kaw] reported decomposition temperatures
of 998 and 935 °C for CrGe and Cr;,Ge,, respectively.
The decomposition temperature for CrGe is identical to
that reported by [80God], and that for Cry,Ge,q is very
close to 928 °C, as reported by [80God].

[69Kal] mentioned that CrsGe;, CrGe, and Cr,,Ge;q form
peritectically, in agreement with the findings of [80God].
The reported peritectic reaction temperatures were 1245,
995, and 925 °C, respectively, which agree quite well
with those of [80God]. The purity of materials used by
[69Kal] was 99.98% Cr and 99.98% Ge. [69Kal] utilized
metallographic and X-ray diffraction methods for phase
analysis and adiabatic calorimetry for heat capacity mea-
surements of the intermediate phases in the temperature
range 60 to 300 K.

Liquid Solution. Experimental liquidus points tran-
scribed from the graphical data of [80God] are given in
Table 2. The liquidus was reported to be accurate to
+10 °C at compositions lower than 30 at.% Ge and to
+5 °C at compositions greater than 30 at.% Ge. However,
those limits may be somewhat doubtful because the melt-
ing temperature of pure Cr has been determined with an
accuracy of only =20 °C.

Solid Solutions, (Ge) and (Cr). The maximum solid solu-
bility of Ge in (Cr) is approximately 11 at.% at the peri-
tectic temperature of 1564 °C, as reported by [80God]. In
contrast, [72Raw] reported a value of 8 to 9 at.% Ge, and
[66Zag] indicated a much lower value of approximately
5 at.% Ge as the maximum solubility. Because the values
reported by [72Raw] and [66Zag] were obtained by ex-
trapolation, the data of [80God] are preferred in this
evaluation. The solubility data of various investigations
show fairly good agreement at lower temperatures, as
shown in Fig. 1. The solubility decreases to about 4 at.%
Ge at 700 °C.

Cr;Ge. This intermediate phase is the richest in Cr. The
phase equilibrium data of several investigators for Cr;Ge
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Table 3 Data on Cr-Ge Intermediate Phases

Cr-Ge

Formation Reaction Homogeneity
Phase temperature, °C type range, at.% Ge Comment Reference
CrgGe e 1527 Congruent 21.82 to 26.36 (a) [66Zag]
1500 Congruent 21.78 to 24.7 (b) [72Raw]
1564 Peritectic 20.5 to 25.1 (c) {80God]
(0 1250 Peritectic 35.45 to 37.27 (d) [66Zag]
1395 Congruent Nil e [72Raw]
1262 Peritectic 37.41 to 38.2 (c) [80God]
1245 Peritectic e (e) [69Kal]
CrpGeg ot 1160 Peritectic Nil R (66Zag]
1170 Peritectic Nil (f) {80God]
1250 Congruent Nil {g) [72Raw]
CrGe e 1025 Peritectic Nil (h) [66Zag]
998 Peritectic Nil (f) [80God]
995 Peritectic Nil S [69Kal]
998 (j) [78Kaw]
CrGerg oo 955 Peritectic Nil (a) [66Zag]
925 Peritectic e (b) [69Kal]
935 [78Kaw]
928 Peritectic Nil (c) [80God]

(a) At 1250 °C; decreased to about 1.8 at.% Ge at 800 °C.
peratures. (d)Range stable at lower temperatures.
the compound.
neity range.

(b) At 700 °C; range stable at lower temperatures.
(e) Homogeneity range not mentioned.
(h) Also reported the melting point of Ge to be approximately 25 °C higher than the standard.

(c) Preferred; range stable at lower tem-
(g) Incorrectly ascribed the formula Cr,Ge; to
(j) Did not report reaction type or homoge-

(f) Preferred.

are summarized in Table 3. As mentioned above, the data
of [66Zag] and [72Raw] are somewhat speculative at tem-
peratures near the liquidus. On the other hand, [80God]
investigated the liquidus more thoroughly, using several
experimental technigues. Consequently, the findings of
[80God] are preferred in this evaluation.

Several investigators [66Zag, 72Raw, 80God, 80Kol] de-
termined the crystal structure of Cr;Ge to be cubic.
[80Kol] studied the magnetic susceptibility of the phase
(see “Magnetism,” below). [75Sur] measured the heat ca-
pacity of CrsGe as a function of temperature, and [80God]
determined the latent heat of fusion (see “Thermo-
dynamics,” below).

Cr;Ge;. The data of three investigators [66Zag, 72Raw,
80God] for this phase are summarized in Table 3. The
data of [80God] are preferred for the reasons mentioned
above. The data of [69Kal] are also included in Table 3.
[69Kal] did not mention either the experimental tech-
nique used or the range of homogeneity of the phase.
[58Par], [72Raw], [66Zag], and [80Kol] determined the
crystal structure of the phase to be tetragonal. [80Kol]
studied the magnetic susceptibility of Cr;Ge; (see
“Magnetism,” below). [75Sur] measured the heat capacity
of Cr;Ge; as a function of temperature, and [80God]
determined its latent heat of fusion (see “Thermody-
namics,” below). [80God] reported an allotropic transfor-
mation of this phase as 1002 °C and measured the latent
heat of transformation. The crystal structure of the high-
temperature form is unknown.

Cr,,Ge;. [66Zag] reported this phase to form peritecti-
cally at 1160 °C. This agrees fairly well with the data of
[80God], who reported formation of the phase through a
peritectic reaction at 1170 °C. The data of these investi-
gators show no range of homogeneity for the phase.
[72Raw] incorrectly identified Cr;;Ges as Cr;Ge;, and
they reported that the phase melts congruently. The data
of various investigators are listed in Table 3. The crystal
structure of this phase was determined by several inves-
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tigators [66Zag, T41sr, 72Raw, 80God] to be orthorhom-
bic. [80God] also determined the latent heat of fusion of
the phase (see “Thermodynamics,” below).

CrGe. Several investigators reported that this phase
forms peritectically [66Zag, 80God, 69Kal]. [78Kaw] re-
ported the formation temperature of the phase as 925 °C,
but did not indicate the type of reaction. The tempera-
tures reported by (80God], [69Kal], and [78Kaw] are in
good agreement, whereas that reported by [66Zag)] differs
substantially (Table 3). For reasons mentioned above, the
data of [80God] are preferred. The crystal structure of
this cubic phase was determined by [66Zag], [78Kaw],
[80Kol], and [80God]. The magnetic susceptibility of the
phase as a function of temperature was measured by
[80Kol] (see “Magnetism,” below). [69Kal] measured the
heat capacity of the phase as a function of temperature,
and [80God] measured its latent heat of fusion (see
“Thermodynamics,” below).

Cry,Gey,. [66Zag], [69Kal], and [80God] determined that
this phase forms peritectically {(Table 3). [78Kaw] also
measured the formation temperature of the phase, but
did not mention the type of reaction. The temperatures
reported by {69Kal], [78Kaw], and [80God] show good
agreement, whereas that reported by [66Zag] differs con-
siderably. The crystal structure of the tetragonal phase
was determined by several investigators [66Zag, 80God,
80Kol, 67Vol, 78Kaw]. The magnetic susceptibility of the
phase was measured by [80Kol] (see “Magnetism,” be-
low). The heat capacity of the phase was measured as a
function of temperature by [69Kal], and the latent heat
of fusion was determined by [80God] (see “Thermody-
namics,” below).

Crystal Structures and Lattice Parameters
The preferred crystal structure and lattice parameter

data are summarized in Tables 4 and 5. Our preference is
based on the completeness of each investigation and the
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Table 4 Cr-Ge Crystal Structure Data
Struktur-
Homogeneity, Pearson Space bericht Proto-
Phase at.% Ge symbol group designation type Reference
[ 0 cl?2 Im3m A2 W |Kingl]|
CrsGe o 20.5 to 25.1 cP8 Pm3n Al5 Cr,;Si |80Kol|
CrsGes oot 37.41 to 38.2 32 I14/mem D8, W;Si, {80Kol]
CrGes .o 42.1 oP76 Pnam e Mn,,Gey | 741sr]
CrGe oo 50 cP8 P23 B20 FeSi |80Kaol|
CrGela) oo 63.34 e P4n2 e Mn,;Siy [80Kol]
LGB L 100 cF8 Fd3m A4 C(diamond) [Kingl]
a) Tetragonal.
Table 5 Cr-Ge Lattice Parameter Data
Composition, — Lattice parameters, nm -——
Phase at.% Ge a b c Reference
L) 2 0 0.28847 [Kingl]
OB o 20.5 to 25.1 0.4631(1) e {80Kol]
L0 37.41 to 38.2 0.9410(7 0.4783(5) [80Kol]
CitGe oo e e 421 1.3171 1.5775 0.4939 [74Isr]
CrGe o 50 0.4796(9) .. [80Kol]
O 10 + v e e 63.34 0.579(1) 5.187(30) [80Kol]
G e e 100 0.56574 .- [Kingl]
Fig. 2 Mean Atomic Volume as a Function of Table 6 Enthalpy of Mixing of Cr-Ge Alloys
Ge Content in Cr-Ge Phases Enthalpy Enthalpy
Composition, of mixing Composition, of mixing
at. fraction (—Anix H), at. fraction (—ALi H),
23 Ge kJ/mol Ge kd/mol
o L [ [80God] " 0936 ............. 1.171 0624 ............. 8.033
O [80Kolj Ve 087 ...l 1.924 0598 ............. 10.125
» s 0844 ............. 2.928 0569 ............. 10.25
< 21 b P 0.768 ............. 3.932 0554 ............. 11.798
g 1 Pd ‘l 0.735 ............. 6.151 0498 ............. 12.844
2 /’ 0679 ............. 6.652 0462 ............. 14.184
g 1B , 0.664 ............. 7.865 042 .. .ooiiinn. 15.481
o
£ ” CrGe/B Cry,Gee From [79Shl].
15 -
2 CrsGes
3] »
£ ®r CrGea Thermodynamics
12 Cr.Ge The enthalpies of mixing of Cr-Ge alloys at 1773 K and
L . | | | in the range 42 to 93.6 at.% Ge were measured calori-
11 %0 30 40 50 60 70 80 gi)l metrically by [79Shl] (see Table 6). In the present evalua-
Cr Ge tion, a third degree polynomial was fitted to the data of
Composition, at. % Ge [79Shl]; the resulting equation representing the integral
molar enthalpy of mixing as a function of composition is
A.B. Gokhale and G.J. Abbaschian, 1986. as follows:

range of experimental techniques utilized. No major dif-
ferences in the studies of various investigators were
found. The lattice parameters generally were found to
vary in the third digit, and the space groups, when as-
signed, were in agreement.

The mean atomic volumes of the intermediate phases
were measured by [80God] and {80Kol]. Their results
show excellent agreement and are plotted in Fig. 2 along
with the atomic volumes of the components. The mean
atomic volume increases with increasing Ge content. Ac-
cording to [80God] and [80Kol], this could be interpreted
as an increase in the Cr-Cr distance with increasing Ge
concentration.

AmixH = Xgo (1 = Xge) (—148.97 + 256.02 X,
—123.43 X2,) kJ/mol
where X, is the atom fraction of Ge.

The enthalpies of mixing calculated on the basis of this
equation showed excellent agreement with the data of
[79Shl]. The equation indicates the enthalpy of mixing
in the liquid to be: (a) exothermic, (b) nonsymmetric
with respect to composition, and (¢) with a maximum of
17.5 kd/mol at 30 at.% Ge.

The excess entropy of mixing was assessed by using this
enthalpy of mixing expression and the experimental solu-
bility data of [80God]. The excess entropy of mixing was
represented by a third degree polynomial as follows:
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Fig. 3 Heat Capacity of Cr-Ge Phases as a Function of Temperature
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A.B. Gokhale and G.J. Abbaschian, 1986.

Table 7 Experimental and Calculated Forma-
tion Temperatures of Cr-Ge Alloys

Formation temperature, °C

Phase experimental calculated
CryGe oo 1564 1565
CrsGes oovvviei e 1262 1324
CrisGeg ..o 1170 1229
CrGe ... ..o ... 998 1094
CrGeg oo 928 941

Note: Experimental temperatures determined by [80God]; calculated
temperatures from present thermodynamic modeling.

S = Xge (1 — Xgo) (—95.48 + 147.88 X, — 70.06 X2,)
J/mol-K
where X, is the atom fraction of Ge.

The equation indicates the mixing process to be nonran-
dom. The excess Gibbs energy of mixing appears to be
positive over the entire temperature and composition
range of liquid stability, indicating a positive departure
from Raoultian behavior. It should be noted that the en-

thalpy and excess entropy of mixing have been assumed
to be temperature independent.

A phase diagram was calculated on the basis of these ex-
pressions for the enthalpy and excess entropy of mixing,
and the Gibbs energies of fusion for the pure components.
The calculated diagram showed a fair agreement with
the experimentally determined diagram. In particular,
the caleulations correctly predicted the formation of the
intermediate phases through peritectic reactions, as well
as the presence of a eutectic between Cr ;Gey and (Ge).
The predicted and experimental formation temperatures
for the intermediate phases are listed in Table 7.

The Gibbs energies of fusion for the pure components
were calculated as follows:

AweGor = 7598.68 + 143.52 T + 7.7655 x 1072 T'*
~ 2132 TInT - 835 x 10° T-! J/mol
ApsGee = 32938.8 + 2343 T + 3.678 x 1072 T2
- 7761 T In T J/mol

where T is in K.
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Table 8 Thermodynamic Properties of Chromium Germanides

Enthalpy of Entropy of
Heat capacity formation formation
(C,(298)), (A H(298), (A; 5(298)), Latent heat of
Phase J mol - K J/mol J/mol - K transformation(a), kJ - mol Reference
CriGe ..o 24.07 4325 26.0 1548 + 2.5 |75Sur|
CriGey .o 25016 4720 29.6 83713 [69Kal|
CrynGes .o 8.37 + 1.3
CrGe . oo 25.16 4810 30.6 879 £ 1.3 |69Kal|
CriGepa oo 25.16 4880 31.7 10.46 + 1.3 |69Kal|
CrsGes oo e e e 1.26(b)
Note: The entity for a mole is an atom.
a) The latent heat data are from [80God). (b) Allotropic transformation.
Table 9 Magnetic Susceptibility of Cr-Ge Phases
Atomic Molecular
susceptibility, susceptibility,
Temperature X, x 108 X, x 108
Phase range, K Method Result emu/ér atom-O, emu/g-mol - O, Comment
Cry oo RT e e 3.6 187.23 e
CryGe .........oil. 100 to RT Sucksmith balance Pauli paramagnetic 1.94 150.75 (a)
CrsGey ...l 100 to RT Sucksmith balance Pauli paramagnetic 2.9 282.33 (a)
CrGe.................. 4.2 to 300 Faraday balance Paramagnetic 6.78 853.56 (b)
300 to 800 Modified Sucksmith
balance
CrnGey o oovveviennnnt 4.2 to 420 Magnetometry Ferromagnetic 24.17 4303.05 (©)
GeY o RT -0.12

Note: RT = room temperature. From [80Koll.

(a) Susceptibility is independent of temperature.
viates from the Curie-Weiss law below 150 K. The deviation may be ascribed to small amounts of residual Cr;;Ges.

(b) Obeys the Curie-Weiss law above 150 K and de-
(e) Curie temperature, T = 91 K.

Fig. 4 Variation of Characteristic Tempera-
tures, 0p, of Chromium Germanides
400
[69Kal]
350 p-
X
;‘ 300 [~
3
[
2
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2
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& 200
150 ] ] 1 i ]
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Temperature, K
1 = CrGe, 2 = Cr;Ge, 3 = Cr,,Gey,.
A.B. Gokhale and G.J. Abbaschian, 1986.

The heats of fusion and heat capacities for the pure com-
ponents used in the calculation are from [77Bar].

The heats of the peritectic transformations were deter-
mined by [80God] using differential thermal analysis,
and are listed in Table 8. The heat capacity of Cr;Ge was
measured by [75Sur] in the temperature range 5 to 300 K
using adiabatic calorimetry. The heat capacities of

Cr;Ge;, CrGe, and Cr;;Ge g were measured similarly by
[69Kal] in the temperature range 50 to 300 K. [69Kac]
further calculated the characteristic Debye temperatures
for the three germanides as a function of temperature.
The heat capacity data are plotted in Fig. 3. The plot of
Debye temperature as a function of temperature is shown
in Fig. 4.

The standard entropies and enthalpies of formation for
the intermediate phases, calculated by extrapolating the
measured heat-capacity data to absolute zero, are listed
in Table 8.

Magnetism

A partial magnetic study of the Cr-Ge system was re-
ported by [83Boo] (Fig. 5). Using neutron diffraction mea-
surements, they studied the stability of paramagnetic
and antiferromagnetic states as a function of tempera-
ture for alloys in the range 0 to 20 at.% Ge. The bound-
aries delineating the different regions in Fig. 5 are only
approximate, due to insufficient data. [83Boo] showed
that in this system, the commensurate phase (indicated
as AF0 in Fig. 5) is stabilized above 0 K by the addition
of approximately 1 at.% Ge.

[80Kol] carried out a detailed magnetic and structural
study of the intermediate phases in the Cr-Ge system,
The purity of materials was 5N Cr and 5N Ge. They used
X-ray photoelectron spectroscopy, X-ray and neutron dif-
fraction, electron spectroscopy for chemical analysis, and
magnetometry. Their results on magnetic susceptibility
are summarized in Table 9, and the data are plotted in
Fig. 6. They indicated that Cr;Ge; and Cr;Ge are Pauli
paramagnetic, whereas CrGe and Cr;;Ge;y obey the
Curie-Weiss law above 200 and 280 K, respectively. The
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Fig. 5 Magnetic Phase Diagram of Cr-Ge System
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From [83Boo]. A.B. Gokhale and G.J. Abbaschian, 1986.
Fig. 6 Temperature Dependence of Magnetic Susceptibility of CrGe Phases
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(a) CrsGe and Cr,Ge. (b) CrGe. () Cry;Gey. {Continued. . .) A.B. Gokhale and G.J. Abbaschian, 1986.
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(a) Cr;Ge and Cr,Ge. (b) CrGe. (¢) Cr,,Ge,,.

Fig. 6 Temperature Dependence of Magnetic Susceptibility of CrGe Phases {Continued)
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latter finding is supported by the studies of |78 Kaw]| on
the magnetic susceptibility of Cr,,Ge,,, which indicate
that the intermediate phase obeys the Curie-Weiss law
above 250 K.
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The Si-Y (Silicon-Yttrium) System
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By A.B. Gokhale and G.J. Abbaschian
University of Florida

Equilibrium Diagram

The assessed Y-Si equilibrium diagram (Fig. 1) is based
on the work of [61Lun], who determined the phase equi-
libria by X-ray and metallographic methods. The purity
of the starting materials was not specified. According to
[61Lun], the system is characterized by: three eutectic re-
actions, which occur at 13, 41, and 82 at.% Si and 1260,
1710, and 1215 °C, respectively; and four intermediate
phases, YsSis, Y5Si,, YSi, and Y;Si;. Y5Si; and Y5Si; melt
congruently at 1850 and 1840 °C, respectively, and YSi
and Y,Si; form through peritectic reactions at 1835 and
1655 °C, respectively.

In addition, (61Lun] mentioned that the oY to BY trans-
formation in the presence of Si involves a “peritectic-
type” reaction. It is likely that the transformation is a
metatectic (inverse peritectic) reaction, as in the Ge-Y
system [72Sch]. However, the solid solubility of Si in (Y)
is very small, as discussed below. Thus, in the absence of

direct experimental confirmation, the reaction has been
omitted from this evaluation.

The equilibrium diagram proposed by [61Lun] has been
modified by these evaluators as follows:

The liquidus is indicated as being uncertain in Fig. 1, be-
cause the X-ray and metallographic techniques utilized
by [61Lun] would not yield accurate liquidus data. An al-
lotropic transformation for Y;Si; is shown at 450 °C
[59Perl]. (In his review, [61Gsc] modified the system in a
similar manner.)

In addition, «YSi, and 8YSi; are included. BYSi, forms
peritectically at 1520 °C {60Bin] and undergoes an al-
lotropic transformation to aYSi, at 1250 °C [72May].
There is some controversy about the existence of these
phases.

{61Gsc] indicated that the lattice constants for aYSi, de-
termined by [59Perl] and Grinthal (quoted by [61Gsc]),
are practically the same as those determined by [61Lun]
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