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7Tne purpose of the present paper is tic determination of the

structure dizgras and investigation of certain properties of alloys

ol the system Ho-Yo-V.

Tne stiructure of the birnary systezs Nb-¥opy Kb-V ani #o-V h=s

(A | .
W .l 'l."

0
o

e
cer investizztss by c—ezns of zetal]‘gryphic znd x-r2F analysis

OO

Ve,

in 21: these syste=s we otserve azsz.haited interfusidbiiicy

]
!
Kl

tne cosponents in the 1lisuid 2ni solid statese. The study oi the

prooerties of individuzl 2lloys of these systexs yielded better

AN a

resulis with regsrd to strength arnd high-texperzture corrosion

any

istznce than the original zethod ((-8). There are hardljcat

€ 0 8 V'8
() o

¢
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-n¢ oroperties of 21ioys of the systez Wb-lo-V.
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structure diagraz of the allcys of this systexz has aiso not been
plotted 2s yet. Uwing to the presenmce in the birary systex Nb-¥o,
¥o-v, io-V of a continuocus sepizs of solic sclutions, and in vies

closepess
of the xXevmsx of atozic radii =nd *h= identity of thelr crystallime

solubi-
ctureg, it could de assumed theti tnere is an uniirited smiwiikk
1ity aiso in the ternary systen Kb-¥o-V.
Hevertneless, the determ=ination of this structure diasram amd
ne stuiy of the propsrties of these alloys is of the greatest
v constitute the basis »f a heat-resisting
razture corrcslion-resistapt ozterisi,
i¥ tne stricture zrd proverties of zliors of the
o-Ho-V , %e szelted 29 zldoys of the ternary
*zich had alrezdy been studied
ing purity. For the blending of the ziloys we
eraz=ic niobiur {purity degree 97.9°) and —olybienum
a a
92.39°)} 25 weil as carbef}hersic vénddsu= (purity
23.:%) contzining Oyeéi C 2ni 0.05% S. Tne rest were re-
riylures :zni gases, The z21loys were smeited in z2; =re

resnent tungsten electroie on =z wz2ter-cogled

~gdiur of purified heliur. T2cn
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- 3 -
jected to five-fold remelting (with rolling over) in order to
otzain a horogensous compositiong The alloys thus obtained were
reigned =nd compared by weight with Mee theorectical coxposition
oi the charge; if the ioss of weight did not ceed 0.3 to 0.4%,
2 cherical zn2lysis was not carried out, Iz all the other eases
seCas-

The zllovs @y subjected to ckemical analysis. Tne zlloy coepo-
sizions are shesn in the taople,

11 of the 21loys were et grapnicaliy investigated in

Dl

anreaked niobiuz
2 cast and state. Etching of the z2llowys by mkuiwriuwm and

v;;a:nr w2s effected by z =ixture of hyéroiluoric acid and
nitrous 4, whiie etching by =olybdenur was carrisd out wita a
q‘.&.;u, &=,
-ixture of nitrous znd sulfuric acids. -fe'im? Teagents we
selected ifor the alloys of ternary systexzs: for the niobjius and
gnzgle they consisted of mixtures of hydirofiuoric and
charzcterized by a varying ratio of tneir co=ponents,
for the molybdenus angle the: consisted of various =ixtures
of nitrous ard sulfuric acids.
21} #xx of the cast alloys of tne systems Kb-lop¥y Nb-V zrd

To-¥ hsd ronophase :tructures s%-.' - to the straocture of an =:ioy

50% %b and 505 V in the cysten ¥b-V3 60% ¥o ani L0% V in

4Li- 117041
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- systex No- V and with 89.7Z %o and 10.3% Mo in the systen Hb-Yo >
= (?igs. 1, a b, ¢ ). ::

A~ Tae cast alloys of the ternary systez also had s mopophaee

N siructure, but —@st of thex revezled 2 dendritic ligquatiorn {Figz. 1,

Ly
A%
~ W£

. 3, 2,f ).The =) 0ys were subjected to z protracedd il at

iy -
::_: 1000° dur:ng 200 hours. Investisation of the =ictostrretire of 7::2

. wualll

»‘-. the e 2110y stoved thzt the alloys of binary ani terpary

ahh'y,

é:-- s¥sters were rpaorhase 2nd that z depdritic structure was hardiy j:;:
-:_:_: Zetectadle in thez (Fig. 1, g, h, 1 ). -:E-
_.:_ For =11 the allpys of the ternary systez zni tne ihree binary
::.: svste=s} the so‘i:i\és tesperatures were cezsured. The detersinz-

L}
‘l

~ion wis carried ocut with the Srop zethod ©y sealing the occening

2.7 o 9.8 iz§ azeter ard 2.5 to 3 == in depth) on the specizen
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Tiz. 1 . ¥icrostructure of binary ari termayy z1loys of the
sy¥sien Kb-¥o-V, cast (a—#) and ssll@d at 1CC0° during 202 ncurs
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T
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>

ty and properties of ¥p-¥o, Yo-V, and

3

£ the fusibility ii

2

pure a@s@s: ®¥o, ¥b, V, Zr, Ti and ¥i. The T=ble

B
dztion rate =gzfcc hour.
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déus curves O

ee binary syste=s, It =ust be pointed out that the trend of
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-V and

ibrated for
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with the difference that in the Wb-V systW temperature

[had bl J
Sl
PNV REAT AN

is somewhat lower and corresponds to 1720° whick is due to the
fact that in the present work we used carbothermical instead

o 8-
imczlcium-thernical v‘n‘di’- . In the Nb-¥o sysies, sinirun
temperzatures differ corewhat fror those obtained earlier ¥itk
sartotnercic materials and amount to 2230° ,thus corresponiing to
alloys containing 30 ani 45° l!o&ln the ¥Yo-V system, all tThe
sont{és temperatures are higher thzn those estabiishe? earlier,

o &
shen we useé 2lusinum-therzic v&n‘diu:. with 2 puriiy degree of

95.5$f-thich conizined many admixiures.

The relting points of the alloys of the termaly svsten are
21so shoxp in the Tzble. The structure disgram for He-ilo-V is
piotted on the basis of measuréents of the melting points of
aansaked
alloys and investigations of the picrostructure of cast and «illg®
Elloys.f?igure s snows the prcjections of solid‘ius isoterzs on
concentration triangle of the system Wp-Yo-V snd the fusibility
diagra=s of binary systess, The zelting points of ternary systex
z1loys drop from alloys containing great guantities of rolybdenun
a a

(2868 2450°) towards alloys containing great quantities of véné-

s3u- {13060°).
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ly dropping as the vln‘diu

3 m V°!b.
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tio,
temperatyrs curves on the plotted
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8
=
3

« Projection of

Th¢ trerd of solidiu
A\

2

eriznzle (weight, % ) o° the Nb-Y¥o-V system and fusibility dia-
o—
85, 75, 60, 45, 30 and 15 § weight (Fig. 42) and a copstant nio-

grass of bdinary systems

Fis.
vertical sections with 2 constant content of molybdenum ejualling

bium content equalling 55, 40, and 25 weight (Fig. 4b) revezls

the presence in the ternary system of an uninterrapted series of

~0ii4 solutions: the curves are gr

U ol e e ey
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ccntent increases.

annsaof
Tne cast ani «P 2110ys were tested for Brinell hardness

2
- ™mPR-250 device with a siress of 250 g/ and a t2ll

.n ?—‘igg? (for the binary systems zlso in Fig. La,b).For the

‘22131 sections of the ternary syster =entioned. The hardness
s 27ter RGP =t 1CG5° during 200 ncurs dropped con-
ior soze ziioys fax by Bore than 103 units. The hardness

z
z=zounted to 11li tc 10;/:5:« . T:1is r13ie it possible

col3 into z trin fcil z2nd even draw it into 2 wire,

rEERTNEn Cis¢, witncu: interredizate @R, 3irary niobiu= zlloys

zpd Z..% ¥V, underxent colé ireatment success—

=

zxry z2n~ ternmary clicys ch-nged in accordances

formztion of zn iminterrupted series of solid sclutics
entire rznge of concenirzticns. Hardness Gf ternary alloys

oo
on sections rhich zre parallel to tke niobium-vénfdiuz side,

*ih 2 constiznt colybdenus content, 1s expressed by convex curges
o~ a8
the hzardness numbers increase as the v‘n‘diu: content
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I, Verticzl sections of Nb-Mo-V systen with constant zolvidenur
nisbiure content and alioy progerties; %\-— ore¢nell nardénecs,

3 7 - oxidation rate, =gfc=" hour.
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= the

Bardness variation of alloys with constan

S
3
7o

Xxrmex hardness of Xb-¥o-¥ systex aiicys.

=, 2iloys based on nicbiu~ were the softest

N

m
L=
K
(4
n
Q
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[l
egual

A

0.

nardness increase takes place approxi=ztely in the centr:i:

L S A D

8
g
b
3
i
&
I
<
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A
§
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8
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V- e TR T

oI the di=

iu= content (Fiz. 4b) is expressed ty sizimr curves.

Allo¥
20‘5
lines of egual hzrdness shown in Fig. 5 it can be seen that the
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¥e inkestigated the oxidizability of all wae ternary alloys

.
o7Ee

apd corresponding tizary alioys at 1000 to 1200°. For tais purpcse

¥e toox gppecinmens ;.5x4.5x10 to 8 ar, They were claced irntc por-
celain crucibles, whicn were calcinated beforehand to a2 comstant
%eight, and were neld in the furnace with air at tezperatures

rancing froxz 1000 to 1200° for one hour. The specirzens were

%eizhed xme sepsrately and tocether with the crucibles, srior

o

L
¥

to apd after holdingz. The oxidati>n rate mas determined by over-

reight and by weight loss, the latier procedure teilrg —ore con-

a o
venient for z2iioys rich ir zolybdeaus ard v‘n&iiua sizce their

AN P L AL )

ﬂdvG:,
oxides are volzatile. The oxices 2nd <EENgw were mecoved rechaniczily:

.o g O
£)¥)

v
A

by scrzping of. znd polishing with paper. ihe resuliis zre shoxn

L4

QAR Jay

in the Table zn3 ip Pigs. 2, 2

Se

investigations n=zve shoxn that alloys with 4.7, znd 6.7 £

#xxeight Yo zs ¥zll as zlloys coniaining 4.6 ani §.62 weight V hzve

Al
I DA R
N, l*“l"l"'.“.‘.ll’l

y P ro
the lorest oxidation walgis at 1000° (by overweignt and by weight

icss). In the case of alloys containing large cuantities of zolyb-
o a
denuz 2pd wénédium, the oxidaticn rate increzses corsijerzbly. Soze-

SR O LD e

H
ol

=ht1 lower is the oxidizability of alloys with &0 and 752 weighi ¥

LR

it is still corparatively high (?ig@f 7). oxs

¢ (15 . NUTRA)
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~ke Bo-V systea does not change substantially and remaiss very
high both at 1000 and 1200® since ob the surface of most ¥o-¥V

21loys unstable low-melting oxides are formed,
oxidation
At i2090°, the 3lloys with the higzhest degree of zawrssism
Tesistance were found to be niobium alloys with 15.4% weight Yo

*rd Z.4% weight V. is the rolybederum and vapadium content grew,

oxidation
xarrasiem resistance decreased considerablyg The increased zawwax

IMMHND
AN NN
Ay

ANy

oxidation resistance observed in niobiux slloys containing csmall

”A
“uzntitises of zolybdemnANnadiun is apparently due to the capacity

i A
'

g
T IY

of the zbove 2lloying elerments to sutstitute the niobiuvn atoxs in

,
0
sl

]
al 141 of

tre oxide file= Xb,0,. thus ixproving its mechanic stabiiity. an
/2\/5\-

increase in the molybienux and vanadiue contaat results in zn

vy
hil

acrupt deterioration of 4aaticn resistance since the propective

I D INY
Lo

b 4
%
-~
2
¥
g
ALY
-4
-d
o
-
1
pim
r
A Y

fil=s lose their stable properties beczuse of the teginning for-

ool

——e3

=2l of liguigd oxides of these retais, Thus, for <xaxple, in

¢dda

2lloys containing 25% weight ¥, at 1000° a liquid corponent appears

T DG
. !'if"v“i ’.-"O.l'(.

]

in the oxide fil=, It should be noted that oxidizability of bimary

o
TR 2ol Ll L M)

2lloys containing over z0f weight molybdenuz and from 18 to 55¢

2 LUK
U R

!/

-ht vznaidiuz is better at 1200° than 2t 1000',th1ch #ay voesceinly

£ ips result of the thickening of the filw at increasing te-perz-
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tures,

Te investigated the mxtiizstism oxidizability of all the
A
ternary zlloys (Table, Pig. ia, b). Of all the alloys invest!.gated,/p

riobites zlloys with 5% No, 2.8% ¥ and 5% o , 5[65 V shcwed the
nignest oxidztion resistance at 1000° and 1200°.
Atterzion should be dsveted to tke 20t that 2n izpoved Ligh-
«hhariae
tenperziure corrosion resistance of ternary niobium z]lloys was

rate
1so been observed that the oxidaticn mekm of termar

W
Jood
Yud
Q
n
L]
ot
ot
i
)
™
"

«1loys 1s occasionzlly higher at 1000° than at 1200%

Qéng}._gs_;_gna. On the kxsxX basis of investigationgof xicrostruc-
turgg of czst api amnezled zlloys, thetr hardress and the deterpinz-
tion of their zelting point, we plotted the structure diazrar of
ih2 systes Eb-¥o-V and checked the corresponiing binary systez,
ed eariler, against zmetz)k of identiczl purits.

e est:ztiished che existance in the Nb-¥o-¥ of an interrupted
zone of solii solutions.

Fe rlotted the isothu,g’ curves of solidéus texperatures which

zeltins point of ailoys <rovp (fros 2550 to 1820°) as
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ne sxtxiiam oxidizabiiity we foun:
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inary
H
€se

fa3

in

Yo and 55 V
coroosition of

tion

ozposi
tely 5%

-
<

%Z ¥V . Noreover,
£ i

t 1002° -~ slloys with approxi:
(o]
Received on ipril 1st, 19%€0-

znolosically most e:fective.

-

V3 1ﬁﬁi}nary systexs - 21loys

inz ¢
Lz

solid solutions. Chances in high-

-~
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-
&

2
2

hzrdness (105 to 220 kg/mm ).

st hish-temperature corrcsiocn resistance

Wi

hich
2 15.4%
inz on any such factors.

investigating

tn

=
=

zng ternary alloys corresponded to the propsrties
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A3l the other alloys »ith zigh molybdenmx and vznadiv= content

s
by
%
s
i
5
:
5
:
d
:
%
L
3

riobivn z11cys wiitn tke fol.o=
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texperature corrosion resistance as a resuit of the cozposition
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