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5(a) Mo-C (17 At% C) X1000 5(b) Mo-C (19 At% C) X1000

Mo + MOZC Eutectic Primary MoZC and Eutectic

Figure 5. Micrographs of Samples in the Mo + Mo C Eutectic Region.

B. THE DISORDERING REACTION IN Mo C

DTA -runs on slightly substoichiometric alloys revealed a
sharp thermal arrest at temperatures around 1400°C (Figure6); however,
the thermal behavior changes abruptly, as either stoichiometric or substoichio-
metric compositions are approached, or the carbon content of the alloys is
further reduced. Thus, while the arrests in the alloys containing 32.5 and
32.7 atomic percent carbon are very well defined, the corresponding thermal
effects in the alloy at 31.9 atomic percent carbon are smaller and occur

more gradually and, furthermore, indicate the initiation of a second reaction
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Alloy: Mo-C (32.8 At% C), Homogenized at

Collective Recrystallization of the Mo C(a) + Mo C(B) Decomposition Structure at 1350°C.
1350°C,

Figure 15,

2000°C, Reequilibrated for 30 Minutes at

and Quenched.
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Collective Recrystallization of the Mo C(a) + Mo C(B) Decomposition Structure at 1350°C.
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Figure 15,
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Figure 17. Coexistence of MoZC(u) and MOZC(ﬁ) in the Alloy
Series Quenched after Equilibration at 1350°C.

(Hexagonal Indices)

Proof for the existence of MOZC as a single, homogeneous
phase at temperatures above 1430°C was finally established by equilibra-
tion of a sample series at 1700°C followed by rapid quenching in tin. The
X -ray patterns of this alloy series showed only the undistorted modifica-
tion and a continuous, although unexpected, variation of the cell-dimension
with the carbon content (Figure 18). The metallographic examination also

revealed only a single phase.

The eutectoid (pseudomonotectoid) decomposition of the

MOZC(B)—phase, indicated by differential thermal analysis to occur in the

26
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X100

num + Graphite Diffusion Couple

ry
| o}
z
=

Q.

(14 Minutes at 2300°C,

Cooled at 14°C per

Mo C with Molybdenum Precipitations

o Disproportionated During Cooling
D M C(p I 2 5 .EV‘Y.‘.I.-‘I!\ of v '.\‘H.‘\:’

'he microstructure of the compositions lying between that of the eutectoid
and the interface Mo C-— w-\‘m(ll 1s characterized by heavy, unidirectional

from the hyperstoichiometric dimolybdenum car -

=X
precipitation on n-MoC 1

-X
bide formed during cooling (Figures 22 and 23). The

present in the various diffusion zones was also rmed by X-ray diffractior
analvsis of the mechanically separ 1ted reaction lavers.



Figure 21. Zone B-C of the Diffusion Couple Shown in X400
Figure 20.

Gaps (Black) are Due to Differential Thermal Expansion
During Cooling

Figure 22. Zone C and D of the Diffusion Couple Showr X400
in Figure 20,



X600
Figure 23. Zone D-E from the Sample Shown in

Figure 20.

Unidirectional Precipitation of q—MoCI _, from Hyper-
stoichiometric Mo C(B)(D), and Pdrtidlf‘y Decomposed
n-MoC, _x(E). )

C. MELTING AND HIGH TEMPERATURE HOMOGENEITY
RANGE OF MoZC

Towards higher temperatures. the width of the homogeneous
range of the MoZC—ph.xs > increases. The phase cxtends from 26 to 34.4 At% C
at the Mo + Mo C eutectic temperature, and to approximately 36 At% C at
2510°C, the temperature of the reaction isotherm M()ZC(,';) t “_M”Cl-x‘ Pre-
cipitation of molybdenum from alloys containing less than 30 atomic percent
carbon occurs very rapidly and could not be prevented in our experiments,
nevertheless, the high temperature phase boundaries could be delineated
fairly accurately by the appearance of the microstructures following quench-
ing (Figure 24). Precipitation of q—Mn(Il_x from the hyperstoichiometric
(>34.5 At% C) carbide also appeared to be fast, and alloy compositions beyond

approximately 34.7 At% C were not retained single-prased.
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The eutectoid composition was located at 39 + 0.5 At% C by
chemical analysis as well as by metallographic inspection of tin-quenched
alloys (Table 4). In conjunction with the eutectoid disproportionation of the
n—MoCl_x phase it may be worth noting that although the initiation of the
decomposition reaction (Figure 29) appears to be a comparatively rapid
process, fairly long annealing times at subeutectoid temperatures are neces-
sary in order to complete the reaction, i.e. to decompose the n—MoCl_x
phase completely. The presence of small amounts of n-phase in the lower
temperature (>1600°C) annealing and quenching experiments presented in

Table 4 have therefore, to be interpreted as risihg from kinetic effects.

X1000
Figure 29. Mo-C (38 At% C), Cooled at 20°C per Second
from 2500°C.

Incipient Decomposition of n-MoC, _ into Mo C and
Graphite. o
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Figure 32. Summary of Differential-Thermoanalytical
Studies in the Molybdenum-Carbon System.
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Figure 33. Mo-C (41 At% C), Cooled at 40°C per Second X250

from 2300°C.

Subgrain Decomposition of a-MoC

X-ray Analysis: n-MoC

42

- 1-X )
- Little a—MoCl_x and MOEC.







Figure 34(a) 2550°C X1000
u-MoC1 2 and Small Amounts of Excess Graphite.

Striae Show Incipient Decomposition.

Figure 34(b) X1000
Alloy Reequilibrated at 1720°C and Quenched.
r]-'MOCI_X (Initial Stages of Decomposition), and
Excess Graphite at the Grain Boundaries.
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Figure 34(c) X1000
Alloy Reequilibrated at 1600°C, and Quenched.

Decomposition Structure of n-MoC, _- Note Agglomeration

of Graphite at the Grain- and the Subgrain Boundaries.

Figure 34. Microstructures in 2 Mo-C (43.8 At% C) Alloy After
Quenching from 2550°C (a), 1720°C (b), and 1600°C (c).

to establish a more definite answer, diffusion couples consisting of n-MoC, _
and graphite were prepared and allowed to interact for 15 minutes at

2330°C and 2480°C, respectively. The choice of n-MoC, _ as base com-
ponent in the couple, instead of molybdenum, was given preference, since
the rapid diffusion rates in the lower-carbon phases generally prevented

the a-MoGC, phase from growing into a layer of sizeable thickness.

45







In all samples prepared and studied, a clearly distinct
reaction zone of a-MoC, - had formed between the n-phase and graphite
(Figure 36). Although the interface between both phases turned out to be
quite irregular and partially interleaved, the individual grains are clearly
distinguishable by their characteristic decomposition structures (Figure 37).
Combining this experimental evidence with the results of the DTA and the
melting point studies, we may regard the existence of a small, but finite

concentration gap between both phases as established.

X25

Figure 36. Diffusion Couple n-MoCI_x (39 At% C) + Graphiie After
15 Minutes at 2480°C.
Zone A: q-MnC‘_x, Partially Decomposed.
Zone B: a-MoCl_x, Decomposed into q-MoCl_x and Graphite.
Zone C: Graphite.
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