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A [Following is a translation of the article !'Diagramma- 
sostoyaniya sistemy V-La1' (English version above) by 

* 

Ye. M. Savitskiy, "Z.V. Baron, and Yu. E. Yefimov- in 
Doklady Instituta Metallurg:!! imeni A.A. Baynova (Works of 
tne Instutute of Metrlurgy imeni A.A. Baykova), No 5, Pro- 
duction Metallurgy, Physical Metallurgy, and Physicochemi- 
cal Methods of Research, Moscow, i960, pages 166-173]- 
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Pure metallic vanadium has become more available for In- 
vestigation Only quite recently, so that the structure"of 
its alloys has not been sufficiently studied. . There is an- 
absolute lack of data on the physicomechanieal properties- and 
the phase diagrams of vanadium wi'th the rare-earth metals. 

The present work was undertaken with the purpose of con- 
structing a phase diagram of the V~La alloys.  For this, use 
was made cf mlcrostructural, thermal and, for certain alloys. 
radioyraphlc analyses; and the hardness,, micro-baroness and 
plasticity under compression of 23 alloys of vanadium wich 
lanthanum were measured.'                           . 

• The basic materials used wore carbothermal vanadium 
(99-3g V) and 9ö-5m pure lanthanum.  The vanadium contained 
'the following basic admixtures:  0.25$ C. 0,02$ N, 0.228$ P 
and not mere than 0.2$ metallic admixtures: lanthanum 0.04; 

. Fe, heavy metals (Pb, Cd, 31., So) less than 3 • 10 ~4$; 
A remainder, the sum of rare-earth elements, chiefly cerium.' 

* The alloys were melted in an arc furnace with a 11 on-con- 
sumable tungsten electrode on a water-cooled copper bottom 

Emuni atmosphere (0.5-at) after evacuation to 10 "^ mm 
of mercury and flushing of the furnace with helium.  Before 
melting each alloy, a getter of titanium iodide was melted 
up for additional purification of the inert gas.  The charge 
of PO g consisted of small' pieces of vanadium"and lanthanum. 
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^he latter, before being weighed, was carefully cleaned 
witrTether of the oil in which it was kept.to protect it 
from oxidation, and stripped of the surf act oxide^ film or._ 
l,n c+r,er>p'y  stone.  To secure uniform composition throughout 
thV"VVioSr./each alloy was subjected to a quadruple reciting 
The .quality of the melts was checked by measuring tne hara- 
neFS of the control sample of titanium iodide.  This method 
-Is""very sensitive, since the hardness of titanium depends >~ 
-vftVgreatly uPon the ox^en anä nitrogen content in it vl; . 

To obtain alloys with low lanthanum content, iless *,nan 
0 op. a binder (2.5$ La) was first prepared, wni.ch aiter_ 
chemical analysis was then introduced into tne pure vanacxur 

nip chemical analysis of the alloys obtained is snown in 
rnsn{e 1. Some alloys (up .to ty£ La) after quadruple melting 
WP«l51 pc-n-eo in the arc furnace into molds for srnaxl roos o., 
square cross-section (10 x 10 mm.) by means of a special 
hearth. .• ■ 

i 

The  allovs  containing more   than 0.¥/o La  oxidized  very 
gv^ffiy  in" air.     Hence,   the  samples were  kept  in  vacuum 
ohl.*'°The  alloys with a'smaller  lanthanum content did not 
oxidise at room temperature. 

[Text continues on page 4.] 



Table 1 

Composition of Alloys of Vanadium with Lanthanum 
and Thermal-Analysis Data      _  

v <-;0CTaB CnilSBOD, %   ^ 

©JIüü; 
IUHXTC 

La 

no XJtKff- 
MecKowy 

La 

100 — 

«0,0 0,1 
99,8 0,2 
Ü9.7 0,3 
90,6 0,4 
5)9,5 0,5 
Hfi.3 0.7 
09,0 1,0 
98,5 1,5 
97,0 3,0 
96,0 4,0 
{»5,0 5,0 
'.»3, ft 6,5 
85 15 
80 20 
70 30 
65 35 
50 50 
40 eo 
10 90 
5 95, 
0,5 99,5 
„_ 100 

0,07 
0,14 
0.23 
0,37 
0,47 
0,77 
0,80 
1,3 
2,54 
3,89 

TeMnepa- 
■rypa co- 

•jiuayca. °C 

1880 
S844 
1785 
1752 
1710 
1680 
1684 
1678 
1680 
1688 
1680 

1672* 
1680* 

1684» 

Texnepa- 
Typa 3IKH- 
Bnayca,aC 

1880 

1870 
1870 
5808 
1808 
1730 

TeMiiepa- 
rypa oopa- 

SOBABBfl 

7 ) 
TeMcepa- 

rypa o6pa- 
80B35IHH 

3-TBepRoro «-TBepaoro 
pacTsopa,   pacTBopa, 

°C  I   C 

900 
898 
895 
887 
890 
890 
890 
887 
8S5 

710 

700 
700 
707 
700 
700 
700 

685-700 
675 

Legend:     (1)   Composition 
of alloys fo 

(2) By charge     (3) By Chemical 

(5)   Liquidus (6)   Temperature 
T'pmnpT'Rt-nT'p of  formation 

(it) Soiirius 
temoerature     Temperature    of format: 

of p -solid 
solution 

(7)  Temperature 
of formation 
of c< -solid 
solution 
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"*  Samples were  cut  out   of     $ -layer  of allocs, 

IIWESTXGATIO^C^J^^OSTiilJCTORE  ADD MICROS'IPUCTURE   0? ALLOYS 

Lecrnrn-onicp ami microscopic  arstyErrc  ra-.?ealed  laminati on 
of   ceo   cast  alloys  ooncaroinrc  iron n  to  93A   Lüt;ih3:.ui.:  it.to 
two  sharply  separated  layers;     a      ^-lamina,   rich in  vane- 
diunp   arid  an    cX-lamina,   rich  in  lanthanum.     The     >m~lamina_ 
contains   considerable  quantities  of  the   softer  second  chase, 
lying mainly along  the  boundaries  of  the  polyhedral  grains. 

cop-ebaped  light-colored   inclusions. 
'Ich  in  vanadium and  not  connected with  the  basic   structure,, 
re   sometimes   observed   (pig.   1), 

V'Äv: 
jt&SBxci ?y:y:'!mfc P*a *■.'■•*&&■■■: if ?$§(;.;, .* ";€#- * n»lp rjrivi? Ifeiilt 5,% ^m 

% 
*&• 

i.-C- 
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PLy. 1. nionostructure of Alloy (xIOO) of Vanadium w: 
Lanthanum (pO^ V, 5Cpt La) from Area of La mine 
(Roasted State, Etching; HP '•*- ppn HNOq): 

Itil:£LiL± A-  °;!-' y -lamina;  B.  of o(-lamina? 
0.  Boundary between two laminas of alloy. 



rasroä 

1 -/*■'   C^'V'. *'£'■• 

,Kure £,    Micro structure of Alloys  (X 100) &ieh  in    Vanadium, 
in Roaaiöd ;)iate  (2t eh in g; HF * HKO3} 

.0 i   ij»^.;i:   Lici 

ConxiriaQd next pace,, 



Figure 2* bontixiüed:    e) 1.3$ Laj and f) 3*89$ La. 

In  the  alloys  containing less  than  kp La,   no  laminstior 
Is  observed.     These  alloys  are   two-phased  in  the  cast  stat 
No traces  of  liraination were  detected eithermlrr examining 
the macrostructure and microstructure  of  the  alloy with 
nfLa 

s. x u ex 

s c r u c L ur w o i 

of all the alloys In evacuated 
did not change the 800° 

Homogenising roasting 
rtz ampules for 100 hours at 8~~   ,   -.. 

the alloys, except for the alloy with 0.07% 
ecame one-phase (Pig. 2.b) . 

Thus, in the vanadium-lanthanum phase diagram there is 
a wide area of nori-mlscibility in the liquid and solid states 
The boundary of this area on the vanadium side lies between 
k  and pS La, and on the lanthanum side between 93 a'nci 99-5!» 
La.  The presence of a clear dividing line between these 
two layers after roasting indicates the absence of interme- 
diate phases between them (see Fig. l).  The roasting of 

.st two-pnase a 5 Hoy s ncn in vanaaium resulted in 
coagulation of the small inclusions of 
the \ 
(Pig. 2,   c-f; 

he seeona prase a long 
the boundaries of the grains of .the solid vanadium solution 

From a comparison between the microstructure of the alloy 
with 0.07$ La and those of vanadium and the alloys with a 
larger lanthanum content it may be assumed that the soiu- 

I 



ü'iEUT 3; Microstructure of Alloys (X 100) %e!i in Vanadium, 
1x5 Annsaled State (Etching HF + 5% HKO3; Anneal- 
ing Temperature Indicated, in Parentheses). 

Legend; a) 0M La (1100°); b) 0.1^ La (1100°); 

c) 0.1*$ La (1500°); d) Q.2J% U (1500°); 

[Continued next page»] 
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Figure 3.    Continued: e) 0.3?$ La (1500°);    f) 0.1*$ La (I6500); 

g) 0.37^ La (1650°); and h) 0.47$ La (1650°). 

billty of lanthanum is vanadium at room temperature is about 
0.1$ La. Roasting the alloys rich in vanadium at 1100° for 
100' hours results in a certain growth in the grain and 
further coagulation of the second phase,. 

The investigation of the micorstructure of the alloys 
rich in lanthanum required special methods of preparing 
slides, which were polished on a cloth moistened with alco- 
hol and were photographed immediately after preparation and 
etching (1-2 minutes).  However, this did not always produce 
good-quality, photos. Examination of the microstructure of 
alloys rich'in lanthanum did not give positive results owin^ 



to the presence In the lanthanum of admixtures forming 
enrobe"with it.  The structure of these alloys can only 
be"ludP^d from the data on the thermal analyses and their 
properties 

To determine the limit of solubility of lanthanum in 
vanaöJ-um/in the solid state phase micros true tural. analysis 
wa's^ernployed.  The roasted alloys with a lanthanum content, 
un to If,  were keot in a vacuum and heated by passing a 
„:,v,-'^-,f. i-hroa^h them at 1100, 1500 and l6p0° for 10 nours, 
1 hour and 30'*'minute a, respectively, and were annealed^from 
--h^s^ t^maeratnrea in water on a special installation for' 
dPte^mi^'vitr'the melting point and annealing refractory alloy; 
T«~.e?oliä solution was fixed In alloys containing up üO^ 
O.^'i La'at 1100% up to 0.37^ La at 1500% up to 0.+&  ^ 
at lcp0c (Pie. _3). 

At these temperatures the alloys with larger lanthanum 
content"were two-phased.  The microstructural_phase jina- 
Ivsl s data indicate an increase in the solubility of lan- 
thanum In vanadium with Increase in temperature. 

THERMAL ANALYSIS ■ 

■'jr-.e melting noint of the refractory alloys rich in vana- 
"'ternained by the drop method with the aid of an 

entice 1 pvrometer In a vacuum on the above-mentioned instax-^ 
lation. L the samples were heated by passing a current tftrougr 
thPT: fvom an 03U-40 transformer.  Trie pyrometer was-grao- 
uated under like-tyne conditions by melting points of cne  ^ 
wvr-e  metals (nickel", titanium and zirconium).  Tee ineipienc 
r,T^on ^oint was fixed by the aopearance of a drop in the  ^ 
deorc^Bion'of the samole xi/h  -lA), the end temperature of 
pM-io- at the monierst of the breaking of contact in tne meU- 
In-Vof the samples at the place of weakened section,  The 
thermal analysis data are given in Table 1. 

The introduction of up to 0 .]¥p  lanthanum into the yana- 
oium results in a sharp lowering of the incipient fusion^  . 
Ddnt of allovs (from i860 to 1680°),  further increase in 
tV lanthanum" content does not change this.  Tne beno in ^ 
tn^ EoHhs curve corresnonds to the maximum soluoxiity oi 
i^-^hwrurr ir vanadium at 1680° .  The liquidus line also 
ri-o>n-; wUh increase in lanthanum content, and at a content 
ofTV'i%La the melting point is 1680% which corresponds 
to their monotectie equilibrium.' 

The thermal analysis of the alloys rich in lanthanum was 
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•done on a Kurnakov pyrometer with the use of a starboard 
platinum-olatinorhodium thermocouple in evacuated quarts 
amnules ("see Table 1), The alloys were cut up into small 
pii^es and out into the quartz ampules, from which the air 
was numoed out. Then they were heated to 1100°, whereupon 
onl%the o<-lamina melted in the alloys containing from 30 
to 9556 La, while the refractory 3  -lamina (leoO } remame<: < wv 

In the solid state'.  The conversions undergone by the «^ . 
.-lamina were recorded while cooling at a'.rate of 5° a minute, 
"TWO bends are observed en each of the cooling curves ob- 
tained, which were recorded not less than two times for each 

0      alloy^  The first bend on the cooling curve for pure lan- 
t-ha-'um, at 88h°. corresponds to its melting point.  For all 

-,       the alloys, the'first bend is observed at 890% which appar- 
^      ently corresnonds to'the formation of a solid lanthanum 

solution by «natectic reaction.  The second bend., observed 
on the cooling curve of lanthanum of the given degree of 
puritv at 675% corresponds to its polymorphous conversion, 
which"coincides with the data in the literature (1).  In 
allocs containing from 30 to 95^ La, the second bend is de- 
tected at 700°; in alloys with 0.5$ V the beginning of the 
bend of the curve is at 685% the. end at 700°". Triese^ tem- 
peratures correspond to the conversion in the solid state of 
the cubJ c-  face-centered lattice of the   ß-solid lanthanum 
solution into the hexagonal lattice of the &> -solid solution 
by anatectic reaction: tf+  -£<£Z e<.  ThU3j the vanadium 
raises the temoerature of the polymorphous conversion of 
the lanthanum by 25% and the melting point by 5 •  Tne low- 
temperature conversion of lanthanum (about 300..), whicn 
takes place according to the literature data (2, 3),- 'was not 
detected by us. 

* FECKANIGAL PROPERTIES 

Figure 4 shows the data on hardness and plasticity of 
J roasted alloys under compression.  Small additions of lan- 

thanum produce an increase in the hardness of alloys owing 
to t->-.e formation of a solid solution and then a dispersion 
secretion of the second phase.  Here the plasticity, remain- 
in» constant in the limits of the solid solution (0.1% La,, 
diminishes sharoly with the anpearance of the second pnase _ 
in the alloys, clearly confirming the limit of solubility of 
lanthanum in vanadium detected by tsicrostructural pnase ana- 
lysis.  With a further increase in the lanthanum content, tne 
bin-dress aradually diminishes, and the plasticity increases, 
which is apparently to be explained by the increase m tne 
quantity of the softer second phase. 

■10-• 



Upon passage into the area off lamination ' ("'l--5$ La) the 
hardness of the lamina of the \  --solid solution continues 
to diminish evenly to.a certain limit (200 kg/sq ram), which., 
bep;in:jj rnr with 20n> La. does net change with an increase in 

The hai'oness of the iamirra of the 
CK -solid soluti« drop 6 r i'om pm  i-tg/eo XUiiX        J_   *-*■ i a t s s t .). r >v 

10 kg/sq mm, which remains unchanged up to 99-5/» 201; na to 4 

La.  The hardness of the  ex, -solid solution of the alloys - 
is somewhat greater than that of pure lanthanum (37• '1 kg/sq 
mm)., which confirms the oresence of a certain solubility of 
vanaaium in iantnanura, 

"0 0,5 , 1,0 IJ 

Content of La, °p 

Flam h.   Prooerties of alloys of vanadium with lanthanum 
,, j-,., +. 

Hardness HK ;  2. pias' £ :ieity under compression p Q 

v   U-","   cnirnv.-^fnry-? f\T     *> U^, T'/QTc; A ~I u v X      O .i. J. 1C ^ ~ •.-' -t VTV -U     ri i« ri. i-i I. O -u fc_- 

The :<~rayirg of alloys containing 0.23 and 1.3$ La was_ 
done from powders in an RKI) chamber on copper radiation with 
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lattice. Because of the blurring of the radiograph lines, 
no^DT'ecjee measurement of the parameters of the lattice 

ntative value of the lattice parameter of 
V-solid  solif lOi 

V-J3 S     11-a '.J'C . i. ii 
the saturated  ^ 
dium lattice parameter^(X-raying was 
conditions) is a ■-.  3-032 \{ 
lanthanum Into the,solid solution result 
crease of the vanadium lattice parameter 

n  a   -  3-037 « .'ne   vaiia- 
■^P     RS 

032  £,     Thus,   the   introduction 
c G r c a i x)  Xn* 

A comparison between the radiographs of. lanathanum ana 
the alloys slso confirms the presence i'o  the alloys of a 
lanthanum-base solid solution'.  Dissolving vanadiunr In la; 
thenan results In a certain distortion of the lanathanuny 
lattice (c/a ~ 6.016 for lanthanum, 6.020 for the alloys; 

The chase diapeam of the alloys of the vanadium-lan- 
thanum system constructed by us from the entirety of the 
experimental data is given in figure ^. 

t,V 
,   / 

11 
™!I W 

\ 
\ 

~4 
mo\ 

§   LC 
\ riss 
t 

830 

ks 

m 
7S3 

700°,     g^ilfs 

SOU 

FlK t>. Phase diagram of the Vanadium-Lanthanum Alloy; 
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CONCLUSIONS 

2 

I 

1. A phase diagram of V-La has been cons true ted., 
2. A nice area of lamination in the liquid and solid 

tenures Et a unmocectic temperature of löbo0 from 4-3/' to 
99--99 S3f> lantha"urn. 

3. Lanthanum and vanadium form areas of limited .solid 
solutions ,  The limit of solubility of lanthanum in vana- 
dium at 20° is about O.lfh ..With increasing temperature, 
the solubility of lanthanum in vanadium grows, res.chi.nn a 

^ m-m The solubility or vanadium m maximum \. u . n> 
cs< - and  & -lanthanum is less than 0 .frm V and also in- 

creases with rising temperature.  N 

4, j\   lanthanum-base  ß-solid solution is formed by 
ana-nectin reaction zh+V?^ £ uöti>90og  the  of -solid 
solution by anateatic reaction $ "*" *-' fp? <X     at 700'- . 

n. Small auditions of lanthanum considerably increase 
the hardness of vanadium, without lowering its plasticity 
in the limits of the solid solution. ■ . 

6.  Alloys of vanadium with lanthanum containing over 
O.^-OffS lanthanum bv weight are not stable in air. 
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