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Fig. 1 Invariant Points in Cr-Fe-Ni Ternary System from [4], [5] and [7]
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Table 1 Aliotropes of Iron

Temperature Crystal Pearson lattice
range, °C Symbol structure designation

1536-1392 ............ dFe bee cl2

1392-911.............. vFe fee cF4

911 and below ........ aFe bee cl2

Cr. The element is bece below its melting point. The
melting point itself is somewhat uncertain: its high
value, approaching 1900 °C, and the reactivity of the
element have made the exact magnitude difficult to
determine. A careful review of the original literature of
[2] places the melting point at a mean of 1878 + 22 °C.
Sclid solutions in chromium are denoted a’. When the
bee solid solutions in iron and chromium are con-
tinuous, as is the case over 1000 °C, the symbol « is
used. Claims for allotropy in chromium have been pub-
lished from time to time and are reviewed by {Pearson].
However, the balance of the evidence leaves little doubt
that the structure is bee at all temperatures below the
melting point.

Ni. The element is fcc below its melting point (1453 °C)
and has a ferromagnetic Curie temperature of between
352 and 360 °C [1]. Solid solutions in nickel are given
the symbol v and are continuous with solid solutions in
fee iron.

Binary Systems

The diagrams for the Cr-Fe, Cr-Ni and Fe-Ni systems,
which are presented separately in this issue of the Bul-
letin, rely on [Hansen], [Elliott] and [Shunk], with in-
formation from more recent investigations also being
considered in their construction.

Ternary System

The long-standing importance of Cr-Fe-Ni in ferrous
metallurgy has resulted in the constitution of this alloy
system being one of the most thoroughly investigated
among iron ternary systems.

Early work is summarized in a very comprehensive
metallographic survey by [3]. The range defined by the
Fe corner, 30 wt.% Ni, and 60 wt.% Cr was identified
and mapped out for C contents of 0.05-0.5%. Four solid
phases were identified as follows:

e Solid solutions
y fec based on yFe and Ni
a bee based on o Fe

1]

o bee based on Cr

¢ Intermetallic phase
B: a hard, brittle, and non-magnetic phase (sub-
sequently identified as o), and derived from the
Cr-Fe edge. The ‘B phase’ did not form at Ni con-
tents above about 10% nor above 900 °C but did
oceur over a very wide range of Cr contents. Reac-
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Fig. 2 Liquidus Projection of Cr-Fe-Ni System from [4], [5] and [7]
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From [Rivlin/Raynor], 1980.
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tions forming B were sluggish. The general picture
given by [3] is essentially correct, apart from the
absence of a low-temperature limit to the stability
of the B-phase. Later work is devoted to pin-
pointing phase-boundary positions.

Surveys of the liquidus and solidus by [4-7] show that
a transition from peritectic to eutectic equilibrium oc-
curs as compositions change from the Fe-Ni to the Cr-
Ni edge. A univariant reaction line may be drawn from
the Fe-Ni peritectic (L + 8 = ) to the Cr-Ni eutectic
(L = a' + v). On the Fe-Ni side of the line a gradual
slope to the Fe-Ni edge is found. On the opposite side,
the liquidus rises steeply to the Cr-Fe and Cr-Ni edges.
Solidification reactions form vy and .

Semi-quantitative measurements of the extent of the
g-phase by [8, 9] confirm that the intermetallic com-
pound o plays no part in the melting equilibria and that
it does not form at Ni contents above about 12%. A
congruent transformation of o to o between 900 and
1000 °C is reported, i.e., the ternary o-phase is stable at
higher temperatures than in the binary Cr-Fe system.

Invariant points are summarized in Fig. 1.

Quantitative measurements of the isotherms from 1300
to 650 °C and approximately at 550 °C by [10-20] are in
general agreement on the identity of all phases (see also
“Crystal Structures” in the Cr-Fe, Cr-Ni and Fe-Ni
Systems). Discrepancies in the location of the phase
boundaries mainly revolve around the sluggishness of
reactions forming o and the effects of cold work and
alloy purity. At low temperatures the a-, a’- and
o-phases are found toward the Cr-Fe edge while the

v-phase dominates the Ni-corner. The upper tem-
perature limit of o is at about 950 °C [17, 18] while the
solid phases in equilibrium between 950 °C and the
melting point are y and o (where a is a continuous solid
solution between o Fe, 8 Fe, and o').

[21] have obtained experimental results for the me-
chanical properties over a wide composition range and
reviewed them in the light of previous work on the
phase equilibria. In addition, they analyzed the system
by means of a series of polytherms taken at constant
iron contents from 10 to 90 wt.% Fe (see also [5] for a
similar approach). An extensive survey and bibli-
ography of the physical metallurgy of corrosion-
resistant alloys comprising the Cr-Fe-Ni system may
also be found in [22].

Liquidus and Solidus

The major contributions are contained in [4], [5] and
[7]. The main regions were surveyed by [5] using ther-
mal and dilatometric analyses from the Cr-Ni edge up
to 95 wt.% Fe. A liquidus surface with an univariant
line running from the Fe-Ni peritectic to the Cr-Ni eu-
tectic was established, with a gradual slope on one side
up to the melting point of Ni. The purity of the alloys
was not very high; the silicon content was sometimes in
excess of 1% though in most cases of the order 0.1%. [7]
surveyed the same area and gave a very similar surface
using materials carefully selected for purity: i.e., elec-
trolytic Fe, selected shot Ni, and either thermit or elec-
trolytic Cr. Alloys were made by melting under H, and
analyses showed insoluble matter, Cr,0; < 0.75% and
Si < 0.16%. Thermal analyses were accurate to =5 K
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Fig. 3 Solidus Projection of Cr-Fe-Ni System from [4], [5] and {7]

From [Rivlin/Raynor}, 1980.

and the solidus measurements were supplemented by
metallographic examination of annealed and quenched
samples. The results from [5] and [7] are broadly in
agreement but in some cases with discrepancies of the
order 20 K.

The investigations of (4] are confined to the Fe corner
in a region bounded by 21 wt.% Ni and 33 wt.% Cr
and combine microprobe-analysis measurements of
quenched specimens with supplementary thermal anal-
yses. Purities are not specified precisely: ‘technically
pure’ iron, electrolytic nickel, and electrolytic chro-
mium. The results agree fairly well with previous work
but show an ‘S’ bend on the projection of the univar-
iant line.

Figures 2 and 3 combine data from [4], {5] and [7]. The
detailed presentation of {4] encourages a favorable com-
parison with that of (7], the contours of which have been
adjusted accordingly. In many instances, no experi-
mental points exist to define the precise location of con-
tours, which are indicated, therefore, by dashed lines.
As far as possible, the ternary surface was made con-
sistent with the accepted binary constitution at the
edges of the diagrams but anomalies remain: see for
example, the Fe-Ni edge, which disagrees with the 1470
°C contour. Liquidus and solidus temperatures are
quoted for three alloys by [23}, which exceed those
predicted by Fig. 2 and 3 by 10 to 55 K according to
composition.

The liquidus in [6] and [7] has a minimum in the uni-
variant reaction line located at a temperature just be-
low 1300 °C and at 49 wt.% Cr-8 wt.% Fe-43 wt.% Ni.

The minimum, corroborated by solidus experiments, is
described as a ‘depressed binary eutectic point’ and was
represented by [7] as a reaction in which solid solution
is of the same composition as the liquid with which it is
in equilibrium. The possibility that it is an invariant
eutectic reaction requires four phases, one liquid and
three solid, but only two solid phases occur along the
univariant valley line, y and o (the separate phases «
and o' exist only at lower temperatures). An alterna-
tive interpretation discussed in [7] postulates the devel-
opment of a critical tie-line at the minimum (see [24]),
and this interpretation is adopted in the representation
of the solidus in Fig. 3.

Isothermal Solid Sections

The phase boundaries defining equilibria between the
four solid phases «, o', v and o have been the subject of
quantitative investigations from 1300 to 650 °C. A se-
lection is given in Fig. 4 to 6. Estimated boundaries for
550 °C have been reproduced in Fig. 7,

There is qualitative agreement among most publica-
tions as to the number and structure of phases present
and their approximate composition limits at different
temperatures. The influence of the o-phase upon equi-
libria in the solid is the crucial factor. The stability
limits of o are not well defined even in the binary Cr-Fe
system, where the low-temperature eutectoidal trans-
formation was established for the first time in 1957. The
discrepancies between different papers for the com-
position limits of the g-phase in the ternary system are
due largely to different experimental conditions [10-14,
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Cr-Fe-Ni

At 1100 °C; from [20].

From [Rivlin/Raynor], 1980.

Fig. 4 High-Temperature Isotherms of Cr-Fe-Ni System

At 1000 °C; from [20].

17, 18]. No single publication can claim a definitive
phase diagram for the Cr-Fe-Ni system in the solid
state. In the following sections, adaptations have been
made from the more reliable papers in drawing a set of
self-consistent isotherms.

Isotherms from 1300 to 1000 °C (Fig. 4)

Solid-phase equilibria between 1300 and 1000 °C are
determined solely by the co-existence of v (fee) and o
(bee). At 1300 °C a careful microscopical measurement
by [16] was made of the o/ (a + vy) and (o + v) /v
boundaries using alloys of moderately high purity, an-
nealed in vacuo for periods of 3-114 h (generally over
50 h) and water quenched. Figure 4 shows that the
extrapolation of the (a + v) /v boundary agrees fairly
well with the Cr-Ni edge.

Data for the boundaries at 1200 to 1000 °C are reported
in [5] and [17-20]. The early work of [5] is vitiated by
the relatively low purity of the alloys and the isotherms
at 1200, 1100 and 1000 °C (Fig. 4) rely mainly on [19]
and [20].

[20] prepared ternary diffusion couples from high-
purity metals by annealing in vacuo under argon to
equilibrium at 1200, 1100 and 1000 °C. The interface
compositions were measured by a standardized
microprobe-analysis technique. Deviations from true
equilibrium compositions of the interphase boundaries
are claimed to be less than 1% because of prolonged
heat treatment. The duration, however, was not speci-
fied and no mention was made of phase identification.
Nevertheless there is excellent agreement, where tem-
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Fig. 5 isotherm of Cr-Fe-Ni System at 900 °C from [8], [14], [17] and [19]
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From [Rivlin/Raynor], 1980.

Table 2 Solvus Tie-line Intercepts for o/ (y + «)
and v/ (y + o) Boundaries: Microprobe
Analyses of Equilibrated Specimens [19]

Composition, wt.%

of(e+y) Y/ (v + )
Temperature, °C Fe Cr Fe Cr
1204 ...l 0.0 70.0 0.0 47.0
8.5 64.0 10.0 42,5
(22.8 57.0 20.0 39.0)a)
26.2 51.6 29.8 36.0
35.6 46.5 38.2 33.0
1260 .................. 0.0 64.0 0.0 48.0
7.6 58.8 8.1 44.0
16.6 53.8 18.0 40.0
(27.0 48.5 28.0 35.0)a)
38.0 42.4 38.0 33.0

(a) The figures for these intercepts are inconsistent with the smooth
graphical presentation given in [19] and may include a misprint.

peratures coincide, with the isotherms in [19]. The lat-
ter determined solid solubility in vy at 1260, 1204, 1093,
982, 899 and 816 °C by metallographic examination of
high-purity alloys that had been cold worked and an-
nealed to equilibrium (up to 1000 h at the lower tem-
peratures). Data at 1204 °C have been combined with
data at 1200 °C from [20] in Fig. 4. Isotherms at 1100
and 1000 °C (Fig. 4) rely entirely on [20]. It is
unfortunate that the differences in annealing tem-
peratures used in {19] and [20] prevent direct
comparison of compositions in every case. However,
compositional variations with temperature are entirely

consistent with the trend observed in Fig. 4 where the
two-phase (o + v) field widens as the temperature falls.

[19] made use of microprobe analysis to determine tie-
lines at 1260 and 1204 °C, where the grains of individu-
al phases had grown to a size sufficiently large for this
technique. The data are given in Table 2. Tie-lines by
[20] are given in Table 3. Note that the latter also deter-
mined tie-lines at 920 °C but they consider their figures
to represent the (a + v) phase range, whereas it is be-
lieved that the o-phase is stable to at least 950 °C at the
relevant compositions (see below). These figures are not
included in Table 4.

Isotherms from 900 to 650 °C (Fig. 5 and 6)

The o-phase in the ternary Cr-Fe-Ni system has
an upper temperature limit that is higher than in the
binary Cr-Fe system. According to [18], it may be lo-
cated at 950 to 960 °C on a section of constant com-
position at 50 wt.% Fe. The 440 °C eutectoidal trans-
formation, which represents the low-temperature limit
of the binary Cr-Fe o-phase presumably extends into
the ternary system but the boundaries are unknown.

The 900 °C isotherm (Fig. 5) has been adapted from the
data in [8], [14], [17] and [19]. The dashed lines repre-
sent modified boundaries from {14], which are correct
in principle but have been adjusted to agree with
well established data for the ternary system and for
the binary edges.

The isotherm at 800 °C (Fig. 6) was first outlined by [8].
X-ray and microscopical work by [10], [17] and [18] with
alloys which had been subjected to prolonged anneals
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Fig. 6 Low-Temperature Isotherms of Cr-Fe-Ni System
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Table 3 Solvus Tie-line Intercepts for a/ (v + «)
and v/ (v + «) Boundaries: Microprobe
Analyses of Diffusion Couples [20]

Composition, wt.%

o/ (a+y) v/ (v + )
Temperature, °C Cr Ni Cr Ni
1200 ... ... 18.8 3.8 16.6 4.8
22.0 4.6 18.6 7.3

26.7 7.5 21.8 11.2

35.0 11.8 26.8 19.0
37.1 13.1 27.8 21.2

1100 ... 40.0 12.5 28.2 21.3
34.7 9.1 24.0 17.0
29.8 6.9 e ..
25.0 59 17.8 9.5
19.5 2.1 14.8 3.9
53.9(a) 14.4(a) 31.8(a) 32.7(a)

1000 ............... 33.0 5.5 21.6 12.7
34.7 7.1 e e
4.5 8.7 26.8 21.2

50.2 10.6 27.2 291
48.2 114 285 27.3
50.5 10.9 29.4 26.5
47.7 10.6 28.0 27.5

21.0 1.8 16.5 3.5
25.8 34 19.8 5.3
304 4.8 20.7 10.6
36.7 6.7 24.0 14.9
41.4 8.9 25.5 19.6

64.9 10.6 324 38.6
65.6 10.1 32.3 40.1
59.1(a) 10.8(a) 30.6(a) 32.3(a)

(a) Results for two-phase alloys.

Table 4 Experimental Information on o/ vy
Equilibrium in Cr-Fe-Ni System [33]

Composition, wt.%

o/ (e + ) Y/ (v +a)
Temperature, boundary boundary Refer-
°C Cr Ni Cr Ni ence
850 .......... 24.89 2.33 18.26 5.16 34
22.51 1.72 17.60 4.13 34
22.70 1.63 17.98 421 34
16.55 4.88 14.10 1.19 34
17.79 4.99 15.15 1.18 34
1000 .......... 36.4 7.7 23.6 16.1 35
28.3 6.3 19.9 8.6 35
33.7 8.9 24.8 15.7 35
1200 .......... 26.7 6.3 19.3 89 35
30.7 9.8 24.4 14.8 35
1300 .......... 24.0 8.1 194 11.0 35
35.5 154 28.8 21.5 35
1345 .......... 16.1 3.2 149 4.1 36
1350 .......... 19.6 6.8 17.1 9.0 36
26.3 9.9 21.8 13.7 36
21.3 9.1 18.6 12.1 36
1400 .......... 9.1 2.1 8.4 3.4 36

and intermediate cold work provided a set of boundaries
for Fe-rich alloys. The y + « + o triangle and the two-
phase field (« + ) in Fig. 6 are due to [10]. The location
of the v/(y + o) boundary is in excellent agreement
with [17]. The partial v/ (o’ + v) boundary of [10] may
be extrapolated to meet the Cr-Ni edge at a composition
of 36 wt.% Cr, quite consistent with the value of 39 wt.%
Cr for the accepted binary system. The remaining

Provisional

Fig. 7 Estimated Boundaries of Cr-Fe-Ni
System at 550 °C from [11]

Measured apex from intersection ef
(y+ a)/(a+ v+ o)withy/(y + o)is 11.5 wt.% Ni and
15.5 wt.% Cr. From [Rivlin/Raynor], 1980.

boundaries, shown as dashed lines, have been adjusted
from the work of [8] to agree with the binary edges
Cr-Fe and Cr-Ni.

At 650 °C the phase equilibria (Fig. 6) have been the
subject of many studies [8, 10-13,17,18]. They + o + o
triangle is well defined by [10] and {11]. The boundaries
of the two-phase regions (a + +y) and (¢ + ) are taken
from [11] and are preferred to those of [8] on the grounds
of higher alloy purity, length of heat treatment, and use
of intermediate cold work. The a + <y boundaries are in
good agreement with those of [12].

The identity and distribution of the solid phases at low
temperatures have been very carefully surveyed by [9]
using X-ray diffraction results from a large number of
alloys slowly cooled from 900 °C. While the results can-
not be described as equilibrium, they are consistent
with the above picture and may be used to rationalize
equilibrium data.

The precise limits of the o-phase in the ternary system
are still uncertain. A narrow homogeneity range is pro-
posed at 900 °C and below 10 wt.% Ni (Fig. 5). At lower
temperatures this range expands to include the Cr-Fe
edge (Fig. 6). At lower temperatures still (possibly
about 500 °C) one would anticipate a low-temperature
limit analogous with that for the Cr-Fe edge. The diffi-
culty of ascertaining true equilibria in this range is
attested by the results of [11], whose isotherm at 550 °C
(Fig. 7) is only an estimate because strain-free alloys
annealed for over 12 months gave diffuse X-ray diffrac-
tion patterns.

At higher temperatures, for example 800 °C and above,
the advantage of more rapid reaction is offset by the
influence of impurities such as silicon which accelerate
o formation and increase the proportion of o-phase,
thus displacing the v solvus towards lower chromium
contents (13, 15]. A not dissimilar effect is caused by
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Fig. 8 Isothermal Sections of Cr-Fe-Ni
System from [11]

40 40
\
]
1150% N 1 \1050°
o N
< ] X
N R 30 &
< %
¥ 500"\ %
- 850"
. 800°
60 750 20
650°
30 40 50
Ni,wt-%% —
y+o+a'
- 7
at 850°*C and below y+o y+a

areas above
Y boundaries
contain Y+Q

at 1150°*C and 1050*C

From [Riviin/Raynor], 1980.

the metals aluminum and titanium (17, 18]. A slight
displacement toward higher chromium contents by
0.3 wt.% C has been reported by [14]. The isotherms in
Fig. 4-6 are self-consistent when analyzed using poly-
therms taken at constant iron compositions (10 to 50%).
The extent of the v solvus as studied by [17] and [18] is
similarly self-consistent (Fig. 8) and in good agreement
with {10] and [11]. However, the boundaries in Fig. 8
should be regarded with some caution. The silicon con-
tent was 0.3%, which is high when compared with that
in {10] and (11], where the alloys contained silicon in
amounts of 0.01% or less. With regard to the location of
the vy + ¢ + o' triangle, [17] used only a limited num-
ber of alloys. Furthermore, [19] were unable to repeat
an etching technique used by [18] to distinguish o’ and
o. For these reasons, the location of the vy apex shown in
Fig. 8 is somewhat doubtful.

Thermodynamic Reviews

Direct measurements of basic thermodynamic data for
ternary Cr-Fe-Ni alloys may be found in [25]. A study
of liquid—vapor equilibria [26, 27] has been presented in
the form of ternary activity diagrams from which it is
concluded that Cr evaporates from Fe-rich melts at
least twice as quickly as from Ni-rich melts. Computer
calculations of the ternary system are based largely on
data for the binary edges and for the components. A
close coincidence of calculated and experimental « /vy
boundaries is reported by [28] at 1550 K (1277 °C) and
1373 K (1100 °C). Sections from 1700 K (1427 °C) to 923
K (650 °C) have been calculated by [29, 30], and the
results indicate close correspondence between calcu-

Cr-Fe-Ni

Table 5 Atomic Sizes of Elements

Crystal Lattice spacing Closest interatomic
Element structure at 20 °C, nm distance, nm
Fe.......... bee 0.28664 0.24823
Cr.......... bee 0.28846 0.2498
Ni.......... fee 0.35238 0.24919

Table 6 Lattice Spacings of Cr,_,Fe,Ni;
Alloys [37]

Composition Lattice Density,
Cr, at.% spacing, nm gem™3
O e 0.35561 8.61
5. 0.35561 8.52
100 ... 0.35543 8.51
141 .. 0.35538 8.50
200 ... 0.35547 8.47
241 e 0.35587 8.43

lated isotherms and direct measurements of ternary
alloys. Differences are described as no greater than the
discrepancies between different sets of experimental
results for binary edges.

Recently, the o /v boundaries have been recalculated
by [20] at 1073 to 1473 K (800 to 1200 °C). A comparison
at 1373 K (1100 °C) with their microprobe-analysis re-
sults (Table 3) shows close agreement.

Calculations for solid-phase boundaries v/ o, based on
experimentally determined activities in the solid state,
may be found in [31] for the Fe corner. For the Ni corner,
an investigation has been made of activities at 1500 K
(1227 °C) using the Knudsen effusion method and mi-
croprobe analysis to measure the compositions of sam-
ples and condensed layers [32].

[33] investigated the thermodynamics of solution mod-
els of the a- and y-phases in iron alloys. In the instance
of the Cr-Fe-Ni system, reasonable agreement is
found between the computer-generated isotherm at
1477 K (1204 °C) and the experimental tie-lines of
(19] (and Table 2). Experimental data for the o /vy
equilibrium quoted in [33] from unpublished sources
{34-36] are reproduced in Table 4. Agreement with
the authors’ recommended isotherms at 1300, 1200 and
1000 °C (Fig. 4) is quite good.

Lattice Spacings and Crystallography

All three elements have very similar atomic size,
according to [Pearson] (see Table 5).

The solid phases in the ternary system, «, o', v and o,
are all derived from the respective binary alloys: no
ternary compounds have been found. Only the y-phase
has been systematically studied for the influence of
heat treatment and composition on the lattice spacing
which varies between 0.357 and 0.358 nm [10, 11].

The effect on ordering by substituting Cr for Fe in the
FeNi; superlattice has been correlated with Young’s
modulus, density, electrical resistivity, and saturation
magnetization [37-40]. Neutron diffraction showed
that chromium, in common with many other metallic
elements, reduces the long-range order parameter (40].
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A redistribution of atoms during low-temperature
aging was interpreted in terms of a change from long-
to short-range ordering [37]. Lattice spacings and den-
sities for Cr.Fe,_.Ni;, read from a small graph in [37],
are given in Table 6. Lattice spacings for evaporated
samples of o, ¢ and v in ternary alloys may be found in
(411 and [42]. The a-phase is reported by [41] to extend
over a very wide composition range in the ternary sys-
tem that includes the Ni-Cr edge (confirming a
theoretical prediction by [43] for the latter binary
system), but the experimental conditions for its
formation suggest it to be metastable, at least at
temperatures of practical interest, and its bearing on
the phase equilibria of the ternary system will not be
considered further.
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The Cr-Fe (Chromium-iron) System

51.996 amu

Chromium and bcc iron dissolve in all proportions from
Cr to Fe. The a and 8 allotropes of Fe unite at over 12
wt.% Cr to form a continuous bcc solid solution, adFe,
stable at all temperatures up to the solidus. Con-
sequently, the range of the fcc y-phase is restricted. The
element Cr is a stabilizer for adFe but not yFe.

The phase diagram in Fig. 1 shows a simple liquidus
and solidus which passes through a minimum at 1510
°C and about 18 wt.% Cr. Systematic measurements
[1, 2] of the liquidus and solidus, up to about 30 wt.% Cr,
are in excellent agreement. The data from (1] have been
used in Fig. 1. Liquidus data at higher chromium con-
tents are from [3]. [3] also gave liquidus and solidus
data at all compositions from iron to chromium. How-
ever, the freezing range reported by [3] is wider than
that found in either [1] or [2] ~ a fact attributed to
insufficient annealing before heating-curve thermal
analysis [4] ~ and his data for the chromium-rich soli-
dus are not included in Fig. 1.

The equilibria at low temperatures (below 800 °C) are
governed by the o-phase [Hansen], [Elliott] and
[Shunk]. The o-phase is known to form congruently
from a at 820 °C and 48 wt.% Cr, according to [Elliott].
At lower temperatures a eutectoidal decomposition to «
and o’ takes place. The sluggishness of all reactions
involving the o-phase has made its bounding tem-
peratures and compositions a matter of some dispute.
From a review of existing experimental information,
combined with thermodynamic calculation of Gibbs
free energy differences at low temperatures, [4] submit
that the true eutectoid temperature is as low as 440 +
20 °C. In Fig. 1 the diagram of these authors is used in
defining the low-temperature equilibria. It is conceded,
however, that owing to the very small differences in
Gibbs free energy between the competing phases, met-
astable a and o’ can easily form at the expense of o at
over 440 °C.

The data for the y-loop (Fig. 2) are taken from [5]. The
fall in the yFe — oFe transformation temperature as Cr
is added to Fe is well established by [Hansen], and the
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55.847 amu

Fig.1 Cr-Fe Phase Diagram
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