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Following is a translation of the article "Diagramma had
plavkesti sistemy Ti-Cr-Mo" (English Version above) by
N. B. Grum~Grzhimaylo and V. G. Gromova in Doklady instituts
metallurgii imeni A. A. Baykov (Works of the Institute of Metallurgy
imeni A. A. Baykov}, No. 5, Production Metallurgy, Physical Meta-
llurgy and Physicochemical Methods of Research, Moscow, 1960,
pages 145-150. '

A characteristic peculiarity of the components of the triple
Ti-Cr-Mo system is their chemical activity at high temperatures.
Metallic molybdenum, stable in air up to 4009, forms the oxide
¥o0, sbove 600°. Titanium possesses great affinity with oxygen and
nitfogen. Interacting with them, it forms limited solid sclutions
and compounds. It follows from the phdse diagram of Ti-0 (1) and
Ti~-N (2) that oxygen and nitrogen considerably raise the temperature
of the polyuorphous @@ {2 conversion of titanium, expanding the area
of existence of the&-phase. Hydrogen also dissolves in titanium,
%onsi?erably lowering the temperature of its polymorphous conversion

3s 4)e

The Ti~Cr system (Fig. 1, I) has been investigated by a
“mmber of authors (5-11). It has been established that in the primery
crystaliization process P-titanium and chromium form a continuous
series of solid solutions. On the solidus curve a minimum melting
point 1s observed for alloys with a content of about 50% Cr by weight.
When the temperature is lowered, there is a decomposition of the
solid solution with secretion of an intermetallic compound.

The question of the composition of the compound has been
solved in different ways by various investigators (5-7). According
to radiographic data (7) the compound corresponds to the formula
TiCrp and has a cpble face-centered lattice of the MgCu, type with
periocd a = 6,929 %. Further investigations (12, 13) have revealed
& high~temnperature modification of the compound Tilry with a lattice
of the Mgin, type.

The high-temperature modification, having = hexagonal -1attice
(8 = 4.922 XX, ¢ = 7.945 KX, c/a = 1.614) exists above 1300°, while
the low-temperature one with a cubic face-centered lattice {a = 6.929 X)
occurs 2t temperatures below 1000°. In the interval 1000-1300° the
co-existence of the two modifications is possible.
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i In stabilizing the f-phase of t‘taninm, chromivm lowers t;hemI
temperature of its polymorphous conversion. In the titanive
rich area of the Ti-Cr system a eubtectold conversion ﬁ“}ﬁy*f
TiCr, is observed. Acco”&ln& to the data of (7) the eutectoid
roint is Qeterm1ne¢ et 660° end 13 at. % Cr. The divergences in
the temperature of the evtectoid conmversion, the composition of the
evtectoid point and tﬁa solubility of chromium in®-titenium at
different temperetures are apparently to be explained by the different
degrees of contamination of the alloys with oxygen and nitrogen, ——
and ave also, as shown in (14), the consequence of too slow a cooling
of the alloys in hardening.

In the Ti-Mo system (Fig. 1, II (15-17) titanium end moly-
bdenum form between esch other a continuous series of solid sclutions.
Increasing the molybdenum content ”os*“t” in a cantinaous rige in the
welting point of alloys. Molybdemym, 1ik kromium, lowers the
t@ruparutar@ of the polymerphous a2 p conv'ﬁrsion of tltc.n m and
increazes the stability of the Bmphase.

The solubillty of molybdenum in tpccfnvhaua 1ncreas with
decreasing temperature and does not exceed 0.8% at 600° his

amperature, the boundary between the phase areas (& + ) GC Tuns pear
>
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5% Mo,
wwdiographic investigations of alloys (17) hardened from 800°
have showvn that titanium increases the pericd of the molybdenun
lettice, but no linear dependence of the period wpon the composition
is cheerved. In the radiographs of aliuys with 60 70, €0 and 90% Mo
additionsl lines appear, the nature of which has not been ascertained
by ihe auwthors. Because of the extrene slowness of the diffusion
processes at temperatures below 600° the alloys of the Ti-Mo systenm
have not been studied by the classic methods of physico-chemical
analvsis and conseguently there is no ceriainty that no conversion
tekes place in the solid state at lower temperatures. As shown by
s study of the Hall constant (18), the formation from the solid
solutions of chemical cowpovpd% having the composition TizMo,
iBLO or Tlu0| is possible in the sybtem.
In the“Cr-lo system (Fig. 1, I7I) (19-21) in the solid state
&lloys form a continuovs series of solid solutions. On the
c;idus line a winimun is observed at 1700% and a 25% to content.
selbing point of chremium is 1770°. Investigation (22) h
biished the presence of a polymorphous conversion of chrom;un
£300, while the melting point of pure chromium is fixed at 19200,
. the pressnce of a polvmernhons conversicn in chromium, the phese
dai agrwv of Cr-lo given in (21) cannot be regardsd as complete, and
a@ditiou&7 investigations are raquired to refine it.
Work (23) gives data on the thermal anslysis in the investi-
gaticn of the Cr~Mo system. The results of the thermal analysis
shov that the minimun on the liquidus curve is observed at a higher '
5 temperature (18600) and with & higher chromium content {(about —
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80% by weight). In the solid’ state there are & nurber of points

7

which are -apparently connected with the conversion in the solid

. state. These data agree with earlier works (24).

The triple system Ti-Cr-Mo has not been sufficiently investi-
gated, In (25) a limited sres of alloys with a high titanium
centent has bsen studied in the temperaturs interval betwsen 550
and 13000, The phase boundaries have been determined by the para-

" metrie method (26), the epplication of which is favorsble because

of the presence of an extensive ared of the B-phase. Characteristic—
of the Ti~Cr-Mo system in the titenium-rich area is the repression
of the eutectoid reaction ?Ej’@§+ TiCrs teking place in the dual
system Ti~Cr, and the enlargement of the area of B + TiCrg.v The
vork gives the isothermal cross-sections at 600, 650 and 700°, the
isotherms of the B-surface, the isotherms of the ﬁ (3 4+ TiCr2)
surface and the vertical ssctions with contents of 4 and &% Yo,

L ard 8% Cr end 90, 80 and 70% Ti. The solidus surface bas bsen
constructed the isotherms of the surface of incipient melting of

the ares investigsted have been represented.

' Works (27 and 28) are devoted to the study of the mechanical
properties of various triple and quadruple slloys. The literature
contains references to unpublished works (12) concerning the alloys

£ the Ti-Cr-Mo system. '

It can be seen from a review of the literature that no
couplete investigation hes been mede of the triple system Ti-Cr-to.
The pressnt work is devoted to the study of the interaction of the
components in the triple system Ti-Cr-Mo and the construction of
a phase diagram of them,

The dlagram of the fusibility of the system studied was
investigated for 2 days; 5 days for the nolybdenunm base. Homo-
genization completely eliminated liquation in the composition.

The microstructure of the slloys was investigated after
verious regimes of thermal treatment. To ascertain the structurs
of the alloys of the triple system Ti-Cr-Me from the aspect of the
ehromimn and molybdenum angles, electrolytic etching was applied
in 5% oxalic and 2% hydrofucric acid, respectively. To eteh the
titaniun-angle alloys a reagent of the following composition wes
useds 60 parts of glycerine + 20 parts of concentrated nitric
acid + 20 parts of hydrofluoric acid.

Some characteristie miercstructures of alloys are shown
in Fig. 2. The alloy with 55% (by weight) Ti, 36% Or and 9% Mo
efter hardening from 1200° has the structure of a solid titanium
solution. The microstructure of the two~phase alloy consisting
of a mixture of P=titanium and TiCr; is shown in Fig. 2, b.
According to the X~ray analysis data, the.TiCrp after hardening
from 1200° is found in two modifications: cubic face-centered
and hexagonal. Fig. 2, ¢, 4, e, shows the microstructures of alloys

|_uhich are one-phase after hardening from 1200°, In the alloy with ~=
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l 15% (by weight) Ti, 68% Cr and. 17% Mo, decoxrpoeltlon of the solid
chromivm solution with secretion of T10r2 is observed after herde-

ning from 900° (Fig. 2, f).

Table 1
@ Bec no muxte, % Temneparypa } Bec no muxte, % }Q Temneparypa

7| or | me (LIS nmanmeEEd *C ETRIETRE naanncEaR, °C
5 L)) 5 -1835 4 | 4 | 20 4508
40 8 1 140 4812 40 30 30 1575
10 50 40 4865 40 20 40 1662
POl o B o 5 | 10 | 50 1820
20 65 15 - 4670 50 40 10 1450
20 50 30 1675 50 30 20 1520
20 40 40 4745 50 20 30 1615
20 35 45 1825 50 10 40 4695
20 30 50 1825 60 3G 10 1480
20 20 €9 1800 60 20 20 1585
20 0 t 70 - 2420 60 10 30 1687
30 60 10 1553 70 25 5 £503
30 50 20 1575 70 15 i5 1585
30 40 30 1627 70 5 25 1743
- 30 30 40 1670 80 15 5 1548
30 20 50 4780 80 10 10 1620
a3 10 60 1878 80 5 15 1680
.40 |- &0 10 1460 85 10 5 1615
85 5 10 1685
490 ) 5 41670

legend: 1. Weight by charge, ¥ 2. Melting point
3. Weight by charge, $ 4. Melting point
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Figure 2




T CONCLUSIONS | i

1. The solidus surfece of the Ti-Cr-Mo 1s constructed; the
solidus surface corresponds to the formation of a continuous series
of solid sclubions.

2. The decomposition of the solid solutions with secretion
of the chemical compound TiCr,, which takes places in the dual system
e Ti=Cr, is also observed in the triple system Ti-Cr-lMo.

Fig. 2. Microstructures of the alloys of the system (x200).
(a1l percentages by weight)

a. 55% Ti, 36% Cr, 9% Mo, hardened from 1200°, solid solution of
B-titenium;

b. 40% Ti, 50% cr, 10% Mo, hardemed from 1200°, B-titanium and TiCr,;

c. 15% Ti, 68% Cr, 17% Mo, hardened from 1200°, solid solution of
chromium;

d. 40% Ti, 20% Cr, 40% Mo, hardened from 1200°, solid solution;

e, 10% Ti, 10% Cr, 8074 Mo, hardened from.lEOOo, solid solution of
molybdenum; :

. 15% Ti, 68% Cr, 17% Mo, hardened from 900°, decomposition of

solid chromium solution with secretion of TiCrz.
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