
*6 0

0 * ~~ARMED$ERVUCS 11OHIICAL INFORMATION ACENCY
PARUNGWN HALLSTAVW
ARLINGTONJMARCINIA

U11CL1 E

i Best Available Copy



- -' V.

'4 x--.-----� -' -�-� �--'-- - -� -� - -� -

- � - -� -

9 i A - --- I

- � --- - I

-1
4'

-' -�-- - - -- - a
- - - -- - - -

- -. - - - -� C * -

�LJA: i�e� 3�e� or ctbez �wr�s. seci-�
ca�!c� �r c�c� -ta �e ase� �cr �t �zrpcW

� fri a �' � zisted� -

�era 4 4 ez�, teJ,-S�

- * cb�5�zo� � � tŽe- f�c� t�at �eGo1e1!i
- � �j 1�are � � � in�y -

V.1

� **� �**�-� � *****�g S c�.Va.....S, **?� I��*t

... � as I�- azr� -�- 2eeis� � ' �_ or �-y -

- - - -� cr � �z�t!c�, or ece�� ar� X��tS
c�- �-�.iss- � �ee, � �r sei a� - -

- - � i�t1� t�7*t �v j� � ixs��- -2be z�I*ted.
- - - -- I

'a -

a-
- -- a--

6

4 - -!

*

* -a -�

S - -e *

- -e - -.

- - a

- --- 4

a- *- .-



S1170/1iV

TECHNICAL DOCUMENTS LIAISON OFFICE
* UNEDITED ROUGH DRAFT TRANSLATION

DIACTM Mci AnD S=i MERE= OF ALIDT 01P TM

31: V. V. Dmon, L It. Ivamcya I. .Siak

Ragisis Pages: 17

SDE:IzvwstU&y r-amii Imak S3M - Otdoloul.-e T~kb--
niab*akik lank - hbtaflnrgiya I ToPlivuog Mr. 49
1960, pp. 143-149-

"c~~~~~~~ ~ ~ ~ po.w 7w n-af =4 -0u =.mu,



NE-S OF T•E ACADEMf OF SCIEES OF TO OSSR, DEPARTaXT OF

THCIICAL SCIECES

-. A.M, AND FM S. - No. 1.13M

ST.UCI•UP DIA..GP.X- AND S099 PROPM O -A OF MOYOF THE SYSM

by

*• V.V. Baron, K. R. Ibanova, E. k. savitskiy

(90oscow)

"-ne purpose of the present paper is the determination of the

structure diagram aWd investigation of certain properties of alloys

of? the systenm "b-LEo-V.

The structizze of zhe binary systems Nb-:-op Nb-V and Ro-V has
..--

t-een invest:igatd Ivy ereans of =etal•grophic and x-ray analysjs

- in al- these syste=-s we observe a ized interfusibility

:.' the cozponents in the lizuid and solid states. 2i;e study of the

""orier-t.es of individual alloys of these systems yielded better

results with regard to strength and high-tenperature corrosion

-e is:znce than the original method (ý-8). There are b.-.dlYAd--t=

-. -:' -.-.÷ .•roter�ies of al-oy3 of the system Wb-io-V. The tern-r-.i

'U7
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structure diagram of the alloys of this system has also not been

plotted as yet. Owing to the presence in the binary systemi Nb-Mo,

N-R-V, ilo-V of a continuous se7ies of solid zolutions, and in vie,&

closeness
of the ziv-.az of atomic radii and tlic 1dentity of their crystall]ine

solubi-
stz.uctlure*, it could be assumed that there is an .un-" -ed szIU2Ml

lity also in the ternary systen ?Ib--o-V.

"Nevertheless, tie determination of this szructure diagram and

-• s-ud;y of the vroperties of these alloys is of the greatest

--- "nterevt since they =ay constitute the basis *f a heat-resisting

h!Ah-temperzature corrcsion-resistaDt mate-ial.

"l"-i[ - order t-o study the structure -- d propertLies of alloys of the

:-- -erna-y systez- N•b--io-V , we smelted 29 aliov5 of the ternary

- sy-Sz- -,-nai 2S of the binary system- wkich had already been studLed

7. .-n rnetirs of varying purity. For the blending of the alloys we

used neta-cera1ic nioblum_ (purity degree 99.91) and =olybdenru

-- °_-Oe 99?..?99) as well as carbothernic v4nd&d=i (purity

. ".eo-: 99.-.) containing 0.06% C and 0-.0% S. The rest were me-

- -dixtures g gases. .he alloys were smelted in an P-c

=.e errrinent tungsten electrode on a water-cooled

"7-- in -edi*-- of purified he~iu- Facn alloy v- -T

- -. --- a -- -. .- -
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.jected to fLive-told remelting (with rolling over) in order to

obtain a hoxogen.ous compositior The alloys thus obtained were

-weighed and compared bt weight with Ae theorectical composition

oI" the charge; if the loss of weight did not gceed 0.3 to 0.,4%1

-... a chemical analysis was not carried out. In all the other *ases

"_-- the alloys 4 subjected to chemical analysis. The alloy cog-po-

_. s!ions are shown in the taole.

--11. of the alloys were -er ap-•ically investigated in

a Cast a.M- state. Etching of the alloys by zkubhme and -

"v/fli-'i- was effected by a -mixture of hydrofluoric acid and

nitrous acii, z-hile etching by -olybdenum was carried out with a

- :xture of n~itrous and sulfuric acd'~ecigreagents we

selected for the Alloys of ternary systems: for the niobitu and

. nkiu. qngle they consisted of -mixtures of hyd-rofluoric and

-- nitrous acids characterize-d by a varying ratio of their components,

"7:.-.ie for the r-olybdenum angle the:. consisted of various mixtures

of ni-trous and sulfuric acids.

All 9=i of the cast alloys of the systens Nb-Moy1fIb-V and

"'o-y r.-'d ronophase :-tructures h- to the structure of an cL.Lioy

.0" 5 7o and 505 V in the systen Nb-V; 60% HLo ani L034 V in the

---.1170/1

0 14 A



system go- V and vith 89.7% f an 10.3% No In the system NIb-!Io

(Figs. 1, ab, c)

Th-e cast alloys of the ternary system also had a =^"OVI

structure, but =0st of t-hem revealed a dendritic liquation (Fig. 1,

* m

d, e,f ).The aloys were suobJected to a protrac~i df at

10000 during- `e0 hours. investi;a=tion of the milerostructure of

-. the 4W&W alloy showeed that the alloys of binary and %ternary

syste-s were rWnonhase and that a dendritic structure was hardly

-- etectable in them (Fig. 1, g, h, i

For all the alloys of the ternary sysrer- ani the tree binary

SVstructurthe but t erperatures were eeasured. The deterto o .In s-

On Wh s carlieod out with the dtoPth ethod by sealing the ozening

(n. e7 -s 0.8e i oeter and 2.5 to 3 e in depth) on s te speciren

- i~ta:e ors of smal ro:s & x L St 10 Eza in size clamped by tuagesten

electro-ies an conce irt wae-coe copper ba~nds.

.7 -Z

2--C

sa-----h -- i-dust--* .rat.........e..e.-s.ed. hder-: ...--

.......- s . rie ou. . , it.h *Zo --eCho bysai•th •_~
S. . mCm
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- 1 * !�icrostr�eture of binary and teraa�y alloys of the

s's te� �b-�o-V, cast (a# and at 1OOO� di�ring ?O� �c�ans
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~~~7 Curve of, -uibl -&y• an- proerie of• IIDý90 ,.!•",,t.•'.h ' ; ..

!*- alos H-6*xk rnllh g/m # Y
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Jib, VZT n J h al

4,.

"~ I

I 

I

, ,- . - , . .-

---- g-g. 2. Curves of _-usibiliy ai properties on tio-ko, cu-rs

2~~~ ~, sbwteso!s me

-"'"*•V=ios 3zu•xZ Bziel tzx-• ke • ~v
-.- -- " LV /H i

-be 
poi- dation rate i/hm hote.

"- - . •e temperat12e was measured by z-an~s of an optical pyro~eteY

=--'"cailbrated for pue :- •o, W-b, V, Zr, Ti and lii. The •able

i.teteuperates and the fusibility- cu'ves
•'-':-"of three binry. syste-S. It uust be pointed out that the trer•i of

%"e solid6us curves of the fusibility ii .grars of the systems Wb-

" " nd o- is si-- jar to the one obtmined earlier (1-?",

-- .n.-

'.7.
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.. t~winw1YtYm tempera ture -

""-' with the difference that in the mu-V $J t

is somewhat lower a corffespods to 17200 uaich is due to the b"

fact that in the present vwk we used carbotbermical instead

tlealcilm-theraical vin•di2%- In the !ib--o system, sin•irum

temDeratures differ sornewhat from those obtained earlier with

•-. carbotherm ials and amount to 2290*thus corresponding to

4',- alloys containing 30 and 4501 IYofen the go-V system, all thne

so1lAjEvs temperatures are higher than taose established earlier,

ALB
7 •, when we used alu-inum-ther"-ic un4diu-- with a purity degree of

"95.5 4 which contained many admixtures.

"The r-elting points of the alloys of the terp2.-y system are

- -_also 
shown in the Table. The structure diagram for Wie-L'o-V is

-lotted on the basis of measurezzents of the melting points of

alloys and investigations of the nicrostruct1-e of cast and

- aloys...igure 3 shows the proections of sol i isoterrs on

concentration triangle of the system N.-Mo-V and the fusibility

Qa"diaag s of binary systems. The melting points of ternary system

a',-. . alloys drop from alloys containing great quantities of molybdenum

- a--

a-,. ' 
(Iae 21500) towards alloys containing great quantities of vjnj-

-'-'•-i-" i -(I-=-a-j

aUT (i1%00).

..- = -. o
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"gam lof biayllIs --o -O- i -
-I

Mt

Thf. ?.roeetlo of solide tweausocurve on the pel~atted

• ~vertical sections with a constant content of molybdenum *qualJlinc

[•-- -- 85, 75p 6o, 4.5, 30 and 15 % weight (FLig. 4R) and a constant nio-

:--•-2""•- n •the. presence in the ternary system of an -jnint~rrupted series of

.- •.-.•.-o.oil.' solutions: the cures are gr •" dropping as the v~n~di'•r
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zcn':ent innreases.

The cast and &00alloys were tested f or Brinell hardness
"'°" 2

---- h :- ,.-M%250 device with a stress of 250 ikg/m and a ball

a.ia-ezer of Szzi 5 7--. Me results are she-n in the table and also

"--g ; (for the binary systems also in Fig. 4a,b).ror the

r- .-e: 'i-zal Sections of the ternary syster mentioned. The hardness

i- alloys after 0 at 10-00 during 3W hcurs dropped con-

s 2. :er U..ly for soze alloys fI= by bore thian 103 'units. The hardness

f n-ob!•a m_-ounted. to 11; to I0 /rn . T-is z7t-e it Dossible

-c roll it coli into a thin foil and even draw it into a wire,

"rrkxvhen ca-sr, =ithbut inter=ediate *M . Binary niobium alloys

con 4-inin- L .71ý Yo and 2.M7 V, 'underwent cold treatment success-

-h:e ardness of binary anm ternary alloys chDmed in acco,?aflcem

"£rv t-h the £ormation of an i•nter-rupted series of solid solutic-Is

.. over tne entire range of concentrations. Hardness of ternary alloys

- -:y..on sections rhich are paralel to the niobiL-yinidiu side,

constant rolybdena= content, is expressed by convex curwes

-: ..... ; the hardness nubers increase as the vinidiuu content

-. inc-ez::-s,4W - --- ' their opti-al i.agnit'ude and then decrease.
:- ." -.-.

I•:1T.&.. .

i ll- - - - - - - - - - - - - - - - - - - - - - -
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U1loy.-s cointaining 32.2% No; 26.3% Vv 41.3% 31b, have the greatest

2
--ardness (Gl0 kc/m ). Bardness variation of alloys with constant

n:o,,bi=u content (Fig. 4b) is expressed b7 slcarm curves. Fro= the

!ines of equal hardness shown in Fig. 5 It can be seen that the

-- U14 hardness increase takes place approxkately in the centr:d

- r o• the diagram. Alloys based an niobiu- were the softest

J~oys.

'2-"4

-i.. Lixe~o-f equnal kazm hardness of lb-No-V system- alloys.

0-4

1.o.

5.o
. - ao

.* -
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ire intestigatpe the oxidizability of all tae tern-y alloys-

and corresponding bhL•a -a 1loys at 1000 to 1200". For this purpose

we took ppecieW4.5x4.z.xlO to 8 w. They were placed inte por-

celain crucibles, which were calcinatel "beforehand to a constant

weight, and were held in the furnace with air at ten-peratures

ranging fro- 1000 to 1200G for one hour. The specimens were

weighed ass separately and together with the crucibles, Prior

to and after holding. The oxidat!23,n rate mas determined by over-
•-4

.eighth an! by. reight loss, the latter procedure beinr =ore con-

venient for alloys rich in =olybdeaui, and vini-I since thieir

oxides are volatile. The oxlJzes and were znved recht cally:

by scraping of-- and polishing with paper. 2he results are shown

in the Trable and in Figs- 2, 4.

The investigations have shown that alloys with 4.7. and 6.79

*weight Yo as well as z-1loys containing L.6 aid S.6% weight V have

the_ lowest oxidation v at 10000 (by overweight am by weight

loss). In the case of alloys containing large quantities of _olyb-

deni- and tbnidiu, the oxidation rate cr•-_-Teaes considerably. Some-

. lower is the oxidizability of alloys with 60 and 75z weight V.

S.itfough it Is still co-mparatively high Ong& r). z -. b'-

-. _ ... __-:.: - -.. --7 -7
- - - - -- --%- ~ . - - * -- * - - - - --- - - -- - - - - - - - - - - - - - - - - - - -

.~ ** a ~ -'~ - - - - - - ~ * - -a76
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he11-V s~sten does not chne substantially and real, very

high both at 1000 and 12000 since ab the surface of awtt M0_V

alloys unstable low-meltin, oxides are forged.

-At 2000theoxIdaticca
At 1200 h alloys with the highest degree or mwmt

re-sistance were found to be niobiimn alloys with 15.,6 wfeight ro

2r~d 2.,0; weight V. Aýs the molybmdema and vanadium content grew,
Oxidation

mums resistance decreased considerably6The increased mzz

-~~ oxidatiOn resistance observed in niobium alloys cnann ni

:uantillies Of molybdenus~ibazadium is apparently due to the capacit

of te aoveallOYing eles ets to substitute the niobiu-n atozs In

thne oxide fj~v- nq thus =iroving its mechanic stabzlt.A
%y5\ t= O.;ty.-;

increase in the molybilenum and vanadiiM cornzat results I~n an

abrupt deterioration of OxIdaticn resistance Since the propective

filrs lose their stable Properties because of the beginnijn for-

::'-'-- Of liquid oxid-es Of these zretals. Mmu, fur example, in

a211 0Ys contaIning9 25% weight V, at l000* a liquid coeponent appezars

in the oxi-de flln. It should be noted that ozdiablty of b~nary

O-ios con taining over 20% eight mO'lybderun and Ir~ 18 to 55f

-h~n vana-lium. is better at 312001, than at l000*,Uhich may DcSsibly

-h ze result of the thickening Of the film at increasing te~pera-

__-Z -,9
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tures.

.Te Jnlestigated the a 1zd o abIlity of all the

ternary alloys (Table, Fig. 4a, b). Of all the alloys investigatedi-

fniobiYi alloys with 5f No, 2. 8-; V and 5% _o , 51•% V shc¢eed the

fligflesL oxidation resistance at 10000 and 12000.

- -A"tten-ion should be deroted to the fact that an impoved Ligh-

renverature corrosion resistance of ternary niobium- alloys was

•- observed- at a lower alloying percentage than in the case of binary

- r ate 4F
alloys. it has also been observed that the oxidaticn x of ternarya-t

Sd !loys is occasionally higher at 10000 than at 120006

"Cone •3sons. On the t± basis of 1nvest' -atiozWof gicrostruc-

ture of cast and aimealed -lloys, thefr hardness and the deterfi-a-

tion of t-her melting point, we plotted the structure diagran of

the system ..b--Ho--V and checked the corresponding binary system,

irn..est-lr.. earlier, agaimst =eta%] of identical purity.

Te estz brished Che existance in the Nb-la-X of an interrupted

zone of sol0 solutions.

Te plotted the isothera curves of solii texperatures which

s -h nt the -•-etin= point of alloys .ropp (from 2550 to 1S8OW) as

.7-5

.7.

-,.-m --- "- • " 1"-' * '-
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tt-;fr vand4i.L contLmt Increases.

alloys of the niobium angle were characterized by the lowest

hardness (105 to 220 krg/rn.

z..ttr investigating the mbaltm oxidizability we found that

- -;noaliy± ±t = th e highest higL-teuxpesrature e-on-cs ion resistance

w-ýre niolbi= alloys with the foL-ozixig co-tuosition: in hinary

Y-s zems f-t 10000 - alloys with approxitrately 5i Me and 5% V; at

120-0 - -rithn 1V 15.4 '10 and 2.~V; it~nr ytes-aly

with 5-f !-!b, 2-5 V and 5% N~o, 4VK4- V . 3,reover, these

xift= alloys turned out to be tecnnological-y most e: £ecti-je.

A-1.3 the other alloys zith nigh zolybdenv= and vanadium content

h;ý.d high oxidiation rates.

The change In hardness as a result ell'~ c0wpositiof of

binnar7y an- t ernary alloys corresponded to the properties characteri-

e-n-- uin-4terrupted series ol" solid solutions. Changes in high-

4 te=:nerature corrosion resistance as a result of the cozsposi :ion

were not dependiing on any such factors.

R~eceived on ;.pril Is t, 9

- W
a.7
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