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FUSTBILITY DIAGRAY OF THE Ti-Cpr-ro SYITEN

~USSR-
Following is a translation of the article "Dlajrarma -
plavkosti sistemy Ti-Cr-Mc" (English Version above) bty
N. B. Grum-Grzhinmaylo and V. G. Growova in Doklady instituta

metallurgii imeni . Bayxov (Works of the Institute of letallurg:
imeni A. A. Baykov), No. 5, Producticn Metallurgy, Physicel Feta-
llurgy and Physicochemical Methods of lesearch, Moscow, 1960,

pages 145-150.
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A characteristic peculiarity of the components of the triple
Ti-Cr-Mo system is thelr cherical activity at high temperatures.
Metallic molybdenum, stable in air up to 4009, forms the oxide
o0, above 600°. Titanium possesses great affinity with oxygen and
nitfFogen. Interascting with them, it forms limited solid solutions
and compounds. It follows from the phase diagran of Ti-0 (1) and
Ti-N (2) that oxygen and nitrogen considerably raise the temperature
of the polymorphoua'ai’-ﬁ conversion of titanium, expanding the area
of existence of thed-phase. Hydrogen alsc dissolves in titanium,
%onsi?erably lowering the temperature of its polymorphous conversion

3, L— .

The Ti-Cr system (Fig. 1, I) has been investigated by &

‘number of authors (5-11). It has been established that in the priuary
crystallization process B-titanium and chromium 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 temperaturs is lowered, there is a decomposition of the

solid sclution 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 cybic face-centered lattice of the Mglu, type with
period a = 6,929 ﬁ. Further investigations (12, 13) havVe revealed
a high-temperature modificaticn of the compound TiCr; with a lattice
of the MgZn, type.

The high-temperature modification, having a lexagonal lattice
(a = 4.922 KX, ¢ = 7.945 KX, c/a = 1.614) exists above 1300°, while
the low-teriperature one with a cubic face-centered lattice (a = 6.929 X)
occurs at temperatures below 1000°. In the imterval 1000-1300° the

| ]

‘co-existence of the two modifications is possible. _J
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‘ In stabilizing the f-phasc

temserature of its polyuorchous sie

rich area of the TiaTr syster a euteciold conversion ;2«:‘3@ +
TiCr, is observed, Accomdirs to the deta of (1) itre estestoid
rornt Lo oweter ired st (000 snd 1% ot. - Or. T viver oroon T
tLﬁ ter poratura of o entectold corversion, ‘he ocagoniniol of U

utectold point ang tie solublliity of crrurlw. In®-vitant-w &t
dl-ferent tenperatnres are arcarently to be explained by wne diflerent
- degrees of conlacinaticn of tie alloys wit! oxyron ani nitvuﬁen, -
and are alse, as shown i (14), the cousequence of veo slaow & cooling
of the alloys ii hardening.

In the ¥o srstem (Fig. 1, II (19-17) titaniw. and
bdzream Porn hotwsesn eacn otrher z continucus serles ol scollid soiubtiomI.
vaereasing tie o denur coutant rcsults fnoa sortivatus rist Inowaa
meliing o of alloys. Yolyous 1y like ohroria, lownre the
tenperature of tre polvmorphous a2 B conversion of titeriw. and

increases the stabilily of the B-phaze.

The solubility of mclybderwu in the L -uhase increazes wits
decreasing teiperature ard does not exceed C.&5 at 600%; «t iiis
tauperature, the beundary between the phase areas (& 4 ﬁ)foc Tuns pear
255 Mo,

orrarhic investizations of alioys (l*‘}
have shown ¢t titanium increases tle pm“*cﬁ ci the
lettice, Hat no linear dercnuence of tie veriod unon
is onserved. In the radiographs of a,lcys w*ur 6J
additiona. lines appear, the nature of which has nou A
Ly the avthors, Because of the exireie slowness of the diffusion
processes at temperatures below 600° the alloys of the Ti~lic systen
iave nol been studied by the clessic rmethods of physico-che:r. cal
ana.ysls and consequently there 1s no certainty trat no convcrsion
iakes vlace in the s01id state at lower temperatures. Az shown by
& study of the Hall constant (19), the formation from tle solid
ﬁolution: ol chenical CU;POU&QS raving the composition ii,lto,

}10 or Tiilo, is pessible in the system.
In the"Cr~l'o system (Fig. 1, 1I7) (19-~l) the sclid state
FRI

)

o(D

the alloys fornm e conulnuous series of selid asc i s, On the
seil’dus line a winiran is observed at 17C0% ard & 25 :
The meliing peint of ehrcenium is 1770P.  Investigatic
gstenlished itie proscnce ci & polzyuorphous conversic: i
t 1c309, while the melting point cf pure chropiws is Tixex st 11209,
i 7

0oz

L e

tn the rresence cf a pelynorphous conversicr in chromiun, the odlsse
& Cr-t.o given in (R1l) cannot Ho regarded as connlete, awn

of h
f>
additicnal irvestigaticns are roguirsd te refire it.

.

York: (23) gives data on the therwal analysis in the investi-
gation of the Cr-io system. The results of the therral analysis
show that the minimw. on the liquidus curve is observed at a iighur |
l_g rmperature (1850°) and with a higher chrorium content {about -
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l 80% by weight). In the sclid state there are s nwber of points “1
which are -apparently cor~ ted with the conversion in the solid

state. These data agrec  earlier worss (24).

The triple syste sr=}Mo has not been sufiiciently investi-
gated, 1In (25) a lirdt. . crea of wlloys with & nieh titaniun
content has been ctidicd (o the tenmersiiorsn intecvel ootwoen 00

and 1320¢, The phase pourdariss nave nsen Jdeter Lod by Ua rovae

metric method (20), the apulication of whic. is favoravle weco.se

- Cf the presence of an extensive erea of ithe B-vhase. Characteristice—
of the Ti-Cr-}Mo systen in the titanium~rich area i: tne repression
of the eutsctoid reaction P& &+ TiCry taking place in the dual
systew Ti-Cr, and ihe enlargement of the area of B + TiClr,. The
vork pives the iscihermal cross-sections at 600, 550 and 700°, the
isotnernms of the B-surface, the lsctierms of the P (B + TiCr2)
surface and the vertical sections witi contents of 4 and % lo,
4 and 8% Cr and 90, 80 end 70% Ti. The seliduz surface has been
constructed the isotherms cf the surface of incipiert melting of
the area investigated have been represented.

Works (27 and 28) sre devoted to the study of the mechanical
preperties of various triple and quadruple alloys. The literature
contains references to unnublished works (12) concernins the elloys
of the Ti~Cr-Mo systen,

It can be secen from a reviev of tse litsrature tha* nc
complete investigation has been :mde of the triple system Ti-Cr-Mo.
The pr=~~snt work is devoted to the study of the interacticn of the
comperents in the triple system Ti-Cr-l'o aml the constructicn of
8 pnase diasranm of threm.

The diagram of tle fusibility of the system studied was
investigated for 2 days; 5 days for the molybdenu base. Hom
genization completely eliminated ligquation in the comuvosition.

The microstructure of the elloys was investigated after
verious regimes of thernal treatment. To ascertain the structure
of the alloys of the iriple system Ti-Credc from the aspect of tke
chromiun and molybdenum angles, electrolytic etching was applied
in 5% oxalic and 27 hydrofuoric acid, respectively. To etch the
titanivm-angle alloys a reagent of the follcwing cormposition was
used: 60 parts of glycerine + 20 parts of concentrated nitric
acid + 20 parts of hydrofluoric acid,

Some characteristie microstructurss of alloys are shown
in Fig. 2. The alloy with 55% (by weight} Ti, 367 Cr and 9 ¥o
after hardening from 1200° has the structure of a solid titanium
solution. The microstructure of ihe two-phase alloy consisting
of a nixture of P-titanium and TiCr, is shown irn Fig. 2, b.
According to the X-ray analysis data, the TiCrp after hardening
from 1200° is fourd in two modifications: cubic face-centered
and hexagonal. Fig. 2, ¢, d, e, shows the microstructures of alloys.

|_ghich are one-pnase after hardening from 12009, In the alloy with —i
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{ 15% (by weight) Ti, 68% Cr and 17% Mo, decomposition of the solid

chrocnivm solution wilh secretion of TiCr

ning from 9002 (Fip, 2, £},

2 is observed afier herde-

iable 1
@ Bec no muxre, % Temneparypa Z Bec no muxte, % f 'reunepafypl

™ | cr | Mo %) oaasacunn. *c cr | Mo nanneuny,
5 90 5 41835 40 40 20 1508
10 80 10 1812 40 30 30 1575
10 S0 40 1865 40 20 40 1662
ppol o e by 0 | 10| w0 1820
20 635 15 1670 50 40 10 1450
20 50 J 1675 50 30 20 1520
20 40 40 1745 30 20 30 1615
20 35 45 1825 50 10 40 1645
20 30 50 1825 60 30 10 1480
20 20 69 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 9 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 |- 50 10 1480 85 10 5 1615
85 S 10 1685
90 9 o 1670

Legerd: 1. Weight by charge, ¥ 2. Melting point © C
3. Weight by charge, $ 4. Melting point ©C
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Figure 2
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1. The solidus surfsce of the Ti~Or-ifv is constructed; the
solidus surface corresvends to the formation of a continuous series
of solid soluticrns.

2. Trpe decorniosition of the soli. scivtions vith stcretion
of the che:nical compound Tilr., whleh takes places ir the dual cysilen
e Ti-Cr, is &lso observed in tie trirle system Ti-Cr-Mo.

Fig. 2. Microstructures of the elloys of the s
{all percentases by weight)

a. 55% Ti, 364 Cr, 95 Mc, heriened from 1200°, sclid soluiicn of
B-titanium;

be 407 Ti, 505 cr, 10% Ve, hardened from 1200%, p-titaniun and TiCr,;

c. 159 Ti, 68% Cr, 17% Mo, hardened from 1200°, sclid solution of
chromium;

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

e. 10% Ti, 10% Cr, 807 Mo, hardened from 1200°, solid solution of
molybdenun;

f. 15% Ti, 68% Cr, 17% Mo, hardened from 900°, decomposition of
solid chremium soclution with secretion of TiCri.

LITERATURE
1. ZIZ. Bumps, H. Kessler, M. Hansen: a, A3tl, 45, 1953,

2. A. Palty, H. iargolin, J. Nielsen: TIransg. AZM, 46, 1954.
3. A. ¥Yejuillan: J. Inst. let,, 78, 1950-1951,

4e N. Allen a. oth: Met, Treat, a, Drop Forg., 20, No. 93, 1953.
5. R. Vogel a. B. Wanderott: Arch. EisentMttenwegsep, 14, 1940,
6 . i [ K . MGQ\ﬁ.ll&n H St }".e Iy 79, 1951 [

7. P. Duweza I, L. Taylor: Trans, A. 3, M., 44, 1952,

8. P. J. Van Thyne, H. D. Kessler a. M. Hansen: Irans. AS!, 47,
1952.

9. V. N, Yeremenko: Questicns of Metallogrephy and Thermal
Treatment. Trudy In-ta ghern, met, AN USSR, &, 1954.

10. w. ROStOker. J. i\'et., 4(2)’ 1952‘

11. F. B. Cuff, N. J. Grant a. C. F. Floe. J. Met., 4(8), 1952.

12. Unpublished Research Armour Hesearch Foundaticn.

13. B. W. Levinger. J. Met., 2, 1953,

14. Y. K. McQuillan. J. Inst. Met., 22(9), 19%4.

15. W. Kroll. L. Met., 29, 1937.

-7 -




TS

”
‘e

18.
19.

-

P. Duwez. J. Met., 3(9), 1951. 1
M, Hansen, E. L. Kamen, H, D. Kessler a. D. J. McPherson.

J. Met., 3(10), 1951.

N. V. GruneGrzhimaylo, V. G. Gromova: Zh. reorg. khinii, No. 10,
1957,

R. M, Tarke &. A. J. flerzige. Fival! Lo oru on ileat Reolisiior
Metels for Ges Turbine Parts CTuroniws-Eose Alloys. Cliimax
¥olybdsmu:. Co., N. D, R. C=0. S. R. D. Hec. 6547 Jan. 21, 1948.
Trzebiatowski, Ploszek a., Lobzowsxi. X-Ray Analisis of Chro- =
miun-Molibdenur and Chromium-Tungsten Alleys. An. Chem., 19,

No. 2, 1947.

Met. Hndb., 194E.

D. S. Bloom, J. ¥W. Putnan a. N, J, Grant. Melting Peint erd
Transfomnation of Pure Chromiun. Trarns. AJ-xE, 194, 1952.

D. S. Bloom a. N. J. Grant Trans. &70tkE, 200, 1954.

J. W. Putnam. R. D. Potter a. N. J. Grant. Trans. aAcl, 43, 1951,
R. P. Eliiot, R. W. Levinger a. W. Restoker, J. let., Noverber,
1953,

‘A. G. H. Andersen a. E. R. Jette. Trans. ASL, 24, 1936.

C. M. Craighead, 0. W. Simmons a. L. W, Eastwood, Trans. Anmer.
Inst, ¥in., Met. Eng. 188, 195C; J. Met., 2(3), 1950.

F. He Brace a. W. J. Furford. Titanium Symposiun M. 3. 0ffice
of Naval Research, 132, 1942. "Met. Progr.", 55(3), 1945;

Ind. Eng. Chem., 42(2), 1950

M. Pirani a. H. Alterthurn. Electrochen, 29, 1923.

G. A. Meyerson, G. V. Semscnov, . M. Borisov: zZav. lab,,

No. 2,.1933.

LJE5002 5 _J




FOR REASONS OF SPEED 4ND ECONOMY

THIS REPORT HAS BEEN REPRODUCED

ELECTRONICALLY DIRECTLY FROM OUR
CONTRACTOR'S TYPESCRIPT

THIS PUBLICATION WAS PREPARED UNDER CONTRLCT TC THE
UNITED STATES JOINT PUBLICLTIONS RESEARCH SERVICE
A FEDERAL GOVERNMENT ORGLNIZ..TION ESTABLISHED
T0 SERVICE THE TRANSLATION AKD RESEARCH NEEDS
OF THE VARIOUS GOVERNMENT DEP..RTMINTS




