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Following is a translation of the article "Dl'agrauzia
plavkost! sistery Ti-Cr-Mo" (English Version above) by
N. B. Grxmi-Grzhi'iaylo and V. G. Gro,,tova in Doklady instituta
•r~et~al~ur~zii i:-eni A. A. Baykov (Works of the Institute of :7etallurgy
imen: A. A. Baykov), No. 5, Production Yietallurgy, Physical Meta-
llurgy and Physicochemical Methods of Iesearch, ,:oscow, 1960,
pages 145-150.

A characteristic peculiarity of the components of the triple
Ti-Cr-Mo system is their chemical activity at high temnperatures.
Metallic molybdenum, stable in air up to 4000, forms the oxide
moo03 above 6000. Titanium possesses great affinity with oxygen and
nitrogen. Interacting with them, it forms limited solid solutions
and compounds. It follows from the phase diagram of Ti-0 (1) and
Ti-N (2) that oxygen and nitrogen considerably raise the temperature
of the polymorphoua'V '(3 conversion of titanium, expanding the area
of existence of the a-phase. Hydrogen also dissolves in titanium,
considerably lowering the temperature of its polymorphous conversion
(3, 4).

The Ti-Cr system (Fig. 1, I) has been investigated by a
number of authors (5-11). It has been established that in the priLiary
crystallization process 0-titanium and cnromiua form a continuous
series of solid solutions. On the solidus curve a minimum melting
point is 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
TiCr 2 and has a c)bic face-centered lattice of the "9gCu 2 type with
period a = 6.929 A. Farther investigations (12, 13) have revealed
a high-temperature modification of the compound TiCr 2 with a lattice
of the MgZn2 type.

The high-temperature modification, having a 'hexagona!. lat-tice
(a = 4.922 KX, c = 7.945 KX, c/a = 1.614) exists above 13000, while
the low-teraperature one with a cubic face-centered lattice (a = 6.929 0) j
occurs at temperatures below 10000. In the interval 1 0 0 0 - 1 30 0  the

1 co-existence of the two modifications is possible.
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decreasing te;raur ad does not exceed-. C.E& at 600; at tý'is
tai~perat'ire, tire boundary betwieen the zh.aze areas tCflj nC:- ear

ic:-ra;`-ic irnvost-gatlons of alloys (17)' 'ýrdi ne.ror -
have! siolmr t'*at titanilx.1 increases the -fi o
latt~ice, bct no linear de'ner'dence of tuihe T~er.o - o c;si
is otcer1.ed. I'n the T~rac'o'-rephs of ailcys wi tbU 6,7', u'i )§>1
addlti~or,ýý lines appear, the nature (-,'L whi1ch- has no4 been seaizd
byr h ai;Lt!h-ors. Because of the extre;..e slo-vnej:; off tlý di--`- on
processes at ten:~r.-ature3 below 6000 the alloys of th-.e Ti->ýc syste.--
nave not been1 studied by the classic nethods of ryýico-chon.ý._ cal
anal~ys is an-x consecpuent-ly th-ere isn cra rty that no conv_ýrs:on
tal~es n1ace In the solid state at- lower telilierat-tres. ASI o:o,,n by
~.study of' the Hall cons3tant (18), the for-.atior.L fro.:, t'.e 3o'.ic.

SO iutions of chomical compou-nds having the compoSition /1-:o.
Ti','o or Tiiio 4 is riossible in the system.

in the C-r--o syster, (Figr. 1, il)(19-21) in tne so-lid state
thl-e alloys form~ a coatinuous series of oi s)t n te

SQL cus "line a -,.in-AxxtT1 is observeJ at L,00 ard a- 251 Io c _.i~c,.:.
1'he'iolt,7g ýOcint Of' airci.I:- is lY7~.IrzvestiF atiori (2Ž!:)

estat.-iish~ed t"I!e presence o-L a f, 11 ;r phoujs conversicn, of cr
at 1'300, .ehlle the iaeltin- roi~nt of' rure choi.is 'l-.t"
Wi~t:ri the presen~ce of a pcly-,,orphsus conver-c ancrcLun h
diagrar. of Cr-!,o given in (21) cannot be regarded as contlýetc?, anl
ach'ilticnal ir~vsstifg:aticns are r:1-qnirei` to rcofine it.

>Nor'K (23) gives data or, the therm~al analys-is in thQ irnvýýt_
gation o--. thie CrX-Yo syste~m. The results of the therr:al arnp-ysi-s
show that the riiniirux on thae liqui-dus curve is observed at a

LreIperature (18,SOO) and with a higher chror.-ium content (about ''



180% by wbight). In the solid state there are a ni.ber of points
whrch are -apparent!'.,i con . ted with the conjersion in the solid
state. These data agreef earlier works (24).

The triple systr -r-No has not been sufficiently investi-
gated. In (21) a Tirit , -ca of va!_ys -ith a na±. titarUi,,
cor 'ternit ., beein t 4dc -. t ........ . ,
and 13: 00. The ph.-e h,.•.cari.,s 1:VC •.•n c . - ., C.:-
metric method (26), the applicatiLn cf ýdeic is fsiorvaae 'jccc.J,;
of the presence of an extensive area of the B-phase. Clharacteristic-
of the Ti-Cr-Mo systen in the titaanium--rich area i4 tne rezress2on
of the eutectoid reaction f O2+ TiCr 2 takinp place in the dual
sysVe,., Ti-Cr, and the en".renent of the area of • + Ti•r 0 . The
w;ork Cives the isotherm,_l _ro.s-setIons .. at biOO, '350 and 00°o, the
)s,•otneLms c~f the V-airface, the *._oc-tiermzs of the. (p + Ti:rW"
surface and the vertical sec lon-i witi, contents, of 4 and ", 1-0,
4 and SM; Cr and 90, 80 and 70." Ti. Theo solidu2 surface has been
constructed the isotherms cf the sLrface of incipient meltiýnr of
the area investigated have been represented.

Works (2'7 and 28) are devoted to the study of the mechanical
properties cf various triple and quadruple alloys. The literature
contains references to unpublished works (12) concerning the alloys
of the Ti-Cr-No system.

* It can be seen fron a review of t.-e ilterature that no
complete investigation has been ,-.ade of the triple system ' i-Cr-•o.
The pr,-,-snt work is devoted to the study of the interaction of the
comuonents in the triple system Ti-Cr-Yo ani the construction of
a phase dia.-ram of them.

The diagran of the fusibility of the systein studied was
investigated for 2 days; 5 days for the molybdenmu base. Hom2o-
genization completely eliminated liqut.ion in the coraoosition.

The microstructure of the alloys was investigated after
various regimes of therral treatment. To ascertain the structure
of the alloys of the triple system Ti-Cr-No £ron the aspect of the
chromium and molybdenum angles, electrolytic etching was applied
in 5% oxalic and 21 hydrofuoric acid, respectively. To etch the
titanium-angle alloys a reagent of the follc-wrng composition was
used: 60 parts of glycerine + 20 parts of concentrated nitric
acid + 20 parts of hy-drofluoric acid.

Some characteristic microstrictures of alloys are shown
.n Fig. 2. The alloy with 555 (by weight) Ti, 36% Cr and 9,." eo
after hardening from 12000 has the structure of a solid titanium
solution. The mincrostructure of the two-phase alloy consisting
of a miixture of P-titanium and TiCr 2 is shown in Fig. 2, b.
According to the X-ray analysis dati, the TiCr 2 after hardening
from 12000 is found in two modifications: cubic face-centered
and hexagonal. Fig. 2, c, d, e, shows the microstructures of alloys

Lghich are one-phase after hardening from 12000. In the alloy with _
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15% (by weight) Ti, 68% Cr and 1'7% Mo, decormposition of the solid
chromium solution with secretion of TiCr 2 is observed after harde-
ning fromr. 9001 (Fir. 2, f).

~j)~CDOUNTS ~Teamnep&Typa r ow~e% '7Temnepaiypa
T1 Cr IMo¶Z DJSJeMR r MO

"5 90 5 1835 40 40 20 1508
to 80 10 1812 40 30 30 1575
10 50 40 1865 4 20 40 1662
t0 30 60 1905
t0 20 70 2100 4 0 ,A-) 1820
20 65 15 1670 50 40 to 1450
20 50 30% 1675 50 30 20 1520
20 40 40 1745 z0 20 30 1615
20 35 45 1825 50 10 40 1695
20 30 50 1825 60 30 10 1480
20 20 61) 1900 60 20 20 1585
20 10 70 2120 60 10 30 1687
30 60 10 1553 70 25 5 1503
30 50 20 1575 70 15 15 1585
30 40 30 1627 70 5 25 1713
30 30 40 1670 80 15 5 1548
30 20 50 1780 80 10 10 1620
30 10 60 1878 80 5 15 1680
40 550 10 1460 81 1 0 5 1615

85 5 10 1685
90 5 5 1670

Lege-rd: 1. Weight by charge, % 2. Melting point 0 C
3. Weight by charge, % 4, Melting point 0 0
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1. The solidus srface of the Ti-Cr-44o is constructed; the
solidus surface correspcnds to the for:-.atdoir of a corti,,uous series
of solid sol..utiocns.

2. The deco:z•os:T.on of t se soll s.i t½c: '.t.i cc.tior
of the che- ,ical cornfound TiCr 2 , whcLch takes u1aces in t.e za! :y!em
Ti-Cr, is also observed in th6 triple system Ti-Cr-Mo. -

Fig. 2. Microstruotures of the al]oys of the sy-t-er Ix 00).
(all pcrcerta•res by weight)

a. 55% 'Di, 36, Cr, ?f Mc, hardened from 3200 °, solid soliuricr of
B- titanium;

b. 40C Ti, 50S cr, 1. VIc, hardened fron 12000, P-titaniur, and 1,Cr 2 ;
c. 15% Ti, 6R% Cr, 1r,- Mo, hardened frorm 1200O, solid solution of

chrordwa;

d. 4C•, Ti, 20% Cr, 4(Y% Mo, hardened from 12000, solid solution;
e. 10% Ti, 1ý0 Cr, 8W% Mo, hardened from 12000, solid solution of

molybdenirn;
f. 15% Ti, 68% Cr, 17?' Mo, hardened from 9000, decomposition of

solid chromiumn solution with secretion of TiCr2.
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