(6Zr) and (aZr) Terminal Solid Solutions

The melting point of 8Zr and the SZr « aZr allotropic
transformation temperature are 1855 and 863 °C, respec-
tively [Massalski]. The maximum solubility of Bi in (6Zr)
is about 15 at.% [64Ham)]. The peritectoid transforma-
tion temperature of (5Zr) to (aZr) is about 900 °C [63Bad,
64Ham]. It is shown at 901 °C in Fig. 1 as in [Metals], be-
cause the SZr « aZr transition temperature in [64Ham]
was assumed to be 862 °C. The solubility of Bi in (aZr) at
the peritectoid temperature is about 4 at.% [63Bad,
64Ham].

Crystal Structures and Lattice Parameters

Crystal structure and lattice parameter data for Bi-Zr
phases are given in Tables 2 and 3, respectively.

Thermodynamics

According to emf measurements, the activity coefficient
of infinitely dilute Zr solution can be expressed as: Inyz, =
5.190 - 7631/T for T = 750 to 1000 K [79Leb].
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The Br-In (Bromine-indium) Syjstemﬁ

By H. Okamoto
ASM INTERNATIONAL

Equilibrium Diagram

In-Br phase diagrams were proposed by [61Wal] and
[62Mor] for the composition range between 50 and 75
at.% Br. Although the assessed In-Br phase diagram (Fig.
1) is based on the data of [62Mor] because of the larger
number of data points used to determine the diagram, the
disagreement between [61Wal] and [62Mor] is minor.
Five intermediate phases exist in the In-Br system—
InBr, InsBry, IngBry, InBry, and InBrs. Special points of

the assessed diagram are given in Table 1. The existence
of InBr, InBrs, and InBr3 was known early in this century
[04Thi].

(In) Terminal Solid Solution

The melting point of In is 156.634 °C [Melt]. In(L) and
InBr(L) are immiscible [62Mor].

InBr

The melting point is 280 [61Wal] or 285.2 °C [62Mor].
The latter value is accepted in this assessment.
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insBr7
The congruent melting point of InsBry is 234.6 °C
[62Mor]. {65Bra] confirmed the existence of this com-
pound by determining the crystal structure, and the
“IngBrs” in [61Wal] corresponds to this phase.

ingBry
The peritectic melting temperature of IngBr7 is 199.2 °C
[62Mor]. The composition is displaced to 63.4 at.% Br

from the ideal position of 63.6 at.% Br, apparently due to
vacancies at the In lattice sites. [61Wal] considered

InyBry to melt congruently at 201 °C.
L < InaBr7 + InBrz Eutectic Reaction

The eutectic point was reported at 65.3 at.% Br and 180
°C [61Wal] or 65.4 at.% Br and 185.7 °C [62Mor]. The
disagreement of 5.7 °C in the eutectic temperature is ex-
ceptionally large, comparing the data sets of [61Wal] and

Fig.1 Assessed In-Br Phase Diagram
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Table1 Special Points of the Assessed In-Br Phase Diagram
Compositions of the Temperature,
Reaction respective phases, at.% Br °C Reaction type
LeIn . iccceceerecerccecvnaees 0 156.634 Melting point
Len) +InBr....necincininnns ~0 0 50 ~156 Eutectic?
LeInBr...in 50 285.2 Congruent
LeInBr+IngBrqy.....ccecvvinvnnnnn. 58.2 50 58.3 234.3 Eutectic
LeIngBry..nnien 58.3 234.6 Congruent
L+ IngBroeIngBrg.. ... 63.7 58.3 63.4 199.2 Peritectic
LeIngdBrs+InBre ..cocooviinvivnnncnnne 65.4 634 66.7 185.7 Eutectic
LeInBro. ... 66.7 197.1 Congruent
LeInBro+InBrg..oovvvnvcnnennnns 66.8 66.7 75 196.0 Eutectic
LeInBrg....ciiienieencreeenees 75 419.7 Congruent
Bro(@) e Lo 100 59.10 Boiling point
L Br.eeeeeccrrer e 100 -7.25 Triple point
Table2 In-Br Crystal Structure Data
Composition, Pearson Space Strukturbericht
Phase at.% Br symbol group designation Prototype Reference
(IN) oo, 0 tI2 Idfmmm A6 In [Kingl]
InBr ... 50 oC8 Cmem B33 TII [560Ste]
IngBro...coecienieenen, 58.3 tP192 P49212 .. [65Bral
IngBri..iniiiiiene, 634 - e [61Wal]
INBra...oeeeceeeeieee, 66.7 [04Thi]
InBra..coooocieeeieciienns 75 .- [04Thi]
Br) e, 100 oC8 Cmeca Cl [Massalski]
Table 3 In-Br Lattice Parameter Data
Composition, Lattice parameters, nm
Phase at.% Br a b c Comment Reference
(TN o, 0 0.32512 0.49467 [Pearson3]
InBr .o 50 0.446 1.239 0473 [50Ste)
IngBrq oo 58.3 1.322 3.727 [65Bra]
In4Br7 ............................. 63.4 ves cee ves
InBrg..ccovceceiiceiiinn, 66.7
InBrg...ocooeccvmneccinnceas 75
(BE) o 100 0.668 0.449 0.874 At-150°C [Kingl]

[62Mor]. The result of [62Mor] is accepted in Fig. 1, be-
cause it is based on 18 well-defined data points (for clar-
ity, not all points are shown in Fig. 1).

InBr2

The congruent melting point of InBry is 197.1 °C
[62Mor]. Due to limited data, the type of melting is not
clear in the diagram of [61Wal].

InBrs

The melting point of InBrg is 436 [26Kle] or 419.7 °C
[62Mor]. The latter value is accepted.

(Br) Terminal Phase

The triple point and boiling point temperatures of Brg are
-7.25and 59.1 °C, respectively [Massalski].

Crystal Structures and Lattice Parameters

In-Br crystal structure and lattice parameter data are
summarized in Tables 2 and 3, respectively. The struc-
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tures of InBr and InsBr; are known. [40Bro] attempted
to determine the Br-Br interatomic distance in InBrs, but
because the crystal structure is uncertain, a few different
values were reported to be possible.
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The Cl-In (Chiorine-Indium) System

By H. Okamoto
ASM INTERNATIONAL

Equilibrium Diagram

The assessed In-Cl phase diagram (Fig. 1) is based pri-
marily on the works of [63Pal], [68Fed], and [87Dmi].
The data of [58Cla], [66Cha}, and [77Saf] are in reason-
able agreement (Fig. 1). The intermediate phases existing
in the assessed diagram are (1) fInCl and oInCl; (2)
In3Cly; (3) fIngCl3 and alngCls; (4) InsClg with a possible
polymorphic transition; (5) fInClg and aInCly; and (6)
InCls. Special points of the assessed diagram are given in
Table 1.

(In) Terminal Solid Solution

The melting point of In is 156.634 °C [Melt]. In(L) and
InCI(L) are immiscible [63Pal]. The monotectic temp-
eratureis 216 °C [63Pal].

BInCi(red) and «InCli(yellow)

Two modifications exist in solid InCl, with a transition
temperature of 120 °C [66Ber]. Syntectic melting point of

InClis 212 °C [87Dmi]. [64Fed] and [68Fed] proposed di-
agrams with a congruent melting point at about 225 °C.
Because a critical data point in a diagram of [68Fed] does
not agree with the tabulated value, the result of [87Dmi]
is accepted.

On the Cl-rich side of InCl, [63Pal] observed a monotectic
reaction at about 254 °C (see data points in Fig. 1). How-
ever, [568Cla] and [68Fed] observed the L/(L + IngCly)
liquidus in the same composition range. The latter rela-
tionship is shown in Fig. 1. The L « SInCl + In3Cly eutec-
tic point is 50.5 at.% Cl and 210 °C [87Dmi].

In3Cla

The peritectic melting point of IngCly is shown at 265 °C
in Fig. 1, based on thermal arrest data given by [63Pal]
and [68Fed]. However, [63Pal] considered this tempera-
ture to correspond to a polymorphic transformation of an
unknown compound (In,Cl,).

Table 1 Special Points of the Assessed In-Cl Phase Diagram

Compositions of the Temperature,
Reaction respective phases, at.% Cl °C Reaction type
LeIn. e 0 156.634 Melting point
Le(In) + fInCl......ccccovvvvviniiicvcinnnnnne ~0 0 50 156 Eutectic
Li+LoefInCl ... ? 50.24 50 212 Syntectic
BInCle aInCl........ccoviiiiiiiiiiinnn, 50 120 Polymorphic
L gInCl + IngCly.....ccccvvvmviinnicncnnn, 50.5 50 57.1 210 Eutectic
L + «IngCly e IngCly ...cvonernnnnnnene, 55 60 57.1 265 Peritectic
L BIngCly ..o, 60 325 Congruent
L + BIngClg e alngClg ..o 57 60 60 302 Peritectic?
BIngClg e L + alngClg ....c.cocoeveuvnnnnns ? 63 60 284 Catatectic
L + alngClg e fIngClg ......c.concuennnnene. 64.5 60 64.3 258 Peritectic
BIngClg e aIngClg......ooovneeniiircnnee. 64.3 224 Polymorphic
L« 8IngClg + fInClg ..o, 65.8 64.3 66.7 236 Eutectic
L + InClge fInCly.......ccoonnivvinnincnnnnn, 66 15 66.7 239 Peritectic
PInClg @ alnClg........ccoeiviniicnicrcrinnen 66.7 186 Polymorphic
LeInClg...iiiiiiiiiinne, 75 580 Congruent
Cla(g) « Clga(L) ..o 100 -100.97 Boiling point
LeClo e 100 -34.05 Triple point
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