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The phase equilibria have been established for three isothermal sections by
means of X-ray diffraction measurements.
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Der Dreistoff Chrom—Mangan—Kohlenstoff

Die Aufteilung der Phasenfelder wird fiir drei isotherme Schnitte auf Grund
rontgenographischer Messungen erstellt.

Introduction

Despite the fact that there are no technical alloys within the
chrominm—manganese—carbon system, the exploration is of interest
with respect to iron base superalloys. Newly developed aligned ferrous
alloys! containing chromium and manganese clearly have shown the
requirement for a more detailed study of the participating ternary
combination Cr—Mn—C. The binary systems, chromium-—manga-
nese?, chromium—carbon3, and manganese—carbon4, are rather well
known from constitutional analysis with the exception of the liquidus
lines in the Mn—C system around the high temperature e-phase. The
phase equilibria in general are more complex at the manganese rich
region because of the allotropy of manganese and the large variety of
manganese carbides. The mutual substitution of chromium and man-
ganese in the MyCy; and M,C; carbides (M for metal) has been
mentioned in literature®, however, only few data, e.g., lattice para-
meters, appear to be reported. Furthermore, there is some disagree-
ment concerning the stability of the hexagonal Mn,C, and its crystal
structure, whether there is a Cr,C; type present or just a related
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structure type occurring®. In a more recent study”’ no orthorhombic
split was found for Mn,C; and powder diagrams of Mn,C; and Cr,;C; are
virtually identical, ignoring the small difference in lattice parameters.
It should be pointed out that because of coincidence of characteristic
lines the decision on the basis of powder patterns only whether or not a
lower symmetry occurs, is somewhat ambiguous.

Experimental

Powder mixtures of the components Cr 99.95%, Alpha Ventron Corp., Mn
99%, Alpha Ventron Corp., and C Graphite powder, 0.2% ash, Union Carbide
Corp., have been arc melted in an inert atmosphere and the obtained buttons
were annealed for 170h at 1100°C, 170h at 1000 °C; and 340 h at 700°C in
evacuated quartz tubes. Results of the evaluated X-ray powder patterns are
shown in Table 1. These findings together with literature data of the binary
systems allow the establishment of isothermal sections which can be seen in
Figs. 1a-1c. The ternary system is dominated by the formation of a complete
series of solid solutions (Cr,Mn),C; obviously over the whole temperature range
(up to at least 1150 °C) and by the formation of an analogous series (Cr,Mn)3Cq

Table 1. Phase analysis of chromium—manganese—carbon alloys

Composiﬁon (at%) annealing temperature (°C)

Cr Mn C 700 1000 1100

24 72 4 x-Mn (8.935); a®  23/6; oo 23/6; o
23/6 (10.61,)

5 8 10 o-Mn (8.97,) o-Mn 5/2; 7/3 (13.905)P
23/6 (10.57,) 23/6 (10.58,) (v-Mn)

10 80 10 «-Mn (8.96,) | 23/6 (10.59;) o) 7/3 (13.914)P
23/6 (10.58;) 7/3 (y-Mn)

15 75 10 2-Mn (8.96,) «-Mn (8.96,) o®: 7/3 (13.92,)P
23/6 (10.59%) 23/6 (10.60,) (v-Mn)

20 70 10 2-Mn (8.95) «-Mn; o8 58
23/6 (10.60,) 23/6 (10.60,) 7/3 (13.92,)P

25 65 10 «-Mn (8.94,) «-Mn (8.93,); c* o
23/6 (10.62;) 23/6 (10.60,) 7/3 (13.95,)

45 45 10 . 23/6 o 23/6
23/6 (10.61,)

55 85 10 Crs.s. 23/6 23/6
23/6 (10.625)

65 25 10 Crs.s. 23/6 23/6

23/6 (10.63)

& Parameters of s-phase, the same as in binary Cr—Mn system.
b c-parameter almost unchanged (4.53 A).
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up to approximately 1000 °C. It is of interest to notice that the carbon rich
carbide Cr;C; does not dissolve any manganese (carbide). Similarly the
manganese carbides s, Mn,;C, and Mn;C; do not display any solubility for
chromium (carbide). The s-phase (CrMng) as most of the s-phases does not show
either a significant solubility for carbon, although the various forms of
manganese dissolve a considerable amount of carbon.

Within the two-phase field (Cr,Mn})sCq and (Cr,Mn);,C; chromium and
manganese distribute fairly equally in contrast to the equilibria between the
metal solid solutions and the carbides. As is expected from the high stability of
the chromium carbides the tie-lines correspond to a much higher amount of
manganese in the metal phase rather than in the carbide. At the manganese rich
side the «-modification stable below ca. 900 °C definitely shows up at 1000°C
(quench and anneal), that means the stability of the «-Mn solid solution
increases with chromium and carbon. This behavior is consistent with the fact
that the s-phase does not dissolve any carbon and obviously narrows the
homogenous region.

Results and Discussion
The «-Mn Solid Solution

Carbon increases the lattice parameter of «-Mn almost independent
of temperature up to 8.97, A8 a value which is close to 8.970 A for
10at%, C and 5aty, Cr. For such a composition «-Mn solid solutions
coexist with (Cr,Mn)y;Cq. At the same amount of carbon, however, with
increasing chromium the lattice parameter is found to be: a = 8.944 A.
As chromium alone surprisingly diminishes the «-Mn parameter?, the
interstitial effect by carbon at 700°C is almost (a = 8.93;A) and at
1000 °C fully compensated (a = 8.93; A). This anomaly, shrinking by
manganese/chromium substitution does not occur with the extended
carbide solid solution, where larger lattice parameters are always found
for the chromium rich side as expected from the atomic size of
manganese and chromium respectively. At 1100 °C the findings at the
binaries are already contradicting and because of the high reactivity of
manganese with the surrounding material it could not be decided
unambiguously which of the high temperature forms of manganese is
present. At least one can exclude a-Mn at this temperature, while the y-
modification is most likely present.

Extended Carbide Solid Solutions

Lattice parameters of the continuous solid solutions (Cr,Mn )esCg and
(Cr,Mn);C; will be published elsewherel; in Table2 lattice parameters
for the coexistent, carbides are listed for alloys with 25 at%, C. It should
be mentioned that samples of composition 75 aty; Mn and 25 aty; C after
anneal at 700 °C mainly consisted of Mn;;C, (¢ = 7.491; ¢ = 12.019A in
agreement with literature data®7). It might well be that the Mn;Cy
carbide decomposes at lower temperature.
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At 1000°C the MgCy carbide starts to become unstable on the
manganese rich side. At this temperature a small miscibility gap might
already occur, which is taken into account in Fig. 1b although the
lattice parameter of an alloy with 5 at% C and 10at%, Cis 10.589 A, very
close to that for MnysCs. No manganese/chromium substitution takes
place in the «-Mn carbide, while the manganese cementite MnyC

Table 2. Lattice parameters of the coexistent MyCy and M;Cy carbides

Cr Mn C(at%) a(MyCy) a ¢ (M;Cy) anneal (°C)
18.75 5625 25 10.59, 13.90; 4.5% 700
10.59 13.89 4.534 1000
375 375 25 10.61, 13.95, 4.53, 700
10.60, 13.94, 4.53, 1000
56.25 18.75 25 10.61; 13.98, 4.53, 700
10.63, 13.97, 4.52, 1000
750 — 25 10.65, 14.014 4.53, 700
10.665 14.01, 4.534 1000

reported to be stable around 1000 °C.does not show up at all. Besides
the narrow temperature region of existence, one can assume that
chromium destabilizes furthermore, this carbide. On the other hand,
Mn;C, still appears to be stable at 1100 °C inasfar as a fairly large
three phase field consisting of MnyCy, M;C; and very likely y-Mn has
been observed. A narrow three phase field (Mn;C, +¢+y—Mns.s.)
must be present, as indicated in Fig.1c. The equilibrium: gra-
phite + CrsC; + M;C; does not change very much for the inspected
temperatures, as can be seen from the lattice parameters of the
M;C; carbide. The approximate composition was found to be
Cr.59Mn_;gC;, shifting to a somewhat higher Mn/Cr ratio for the
higher temperature.
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