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STUDYING THE OXIDATION OF NIOBIUM BASE ALIOYS

By
(fw——~ Ve I. Origorovich and A. I. Dedyurin

Published invostigationa of the heat resistance of bdbinary niobium base

r LT

e Y Ty

elloys showed, that during oxidation niodbium alloys with 30=35% 2! are oxygen

contaminated to a relatively low degree [1]. In this connectioa it is known,

-
»
Fula

that additions of titanium, vanadium, chromium and molybdenum most effectively

e

raise the soaling resistance of niobium [2]. In this connecticn it was decide
to 1n§aetigate the combinod effeoct of alloying elements, inoreasing the resisfance

to oxygen contamination, aﬁd additions, increasing #he scaling resistance of pio-

O ) 1)

e
1

bium,
Investigated was the effeot of additions (2-10%) of titanium, vanadium
chromium and molybdenum to an niobium alloy with 30% Zr on the kinetios of

L_g;idation and the diffusion oxygen contamination of the surface layer.

Table 1, Composition of investigated niobium base.alloys

ggm,%g], ggntow Chomica. analysis data
AT, m_(m‘ volght. %

T T YR T TN

0 (niobium) niobium)
{
> 1302 - 29,6 2r : -
3 |30ze4+2Ti §gg §r+1.045'n 31,3 Zr 41,04 Ti
4 (302 45T s r+2,65TH 31,4 Zr +3,0 TI ¢
5 |ozeqtom 12 7r145,44 T1 31,8 Zr 4-5,5 Ti -
6 |3 zZe+2v . 209 Zr 4,11 VO 1,26 V X
7 |s0zZe45V ' N3Zr+2,82 V. 3,41 V .
8 130ze410V ',"; 2r+3,77 v 4,8 V" i
o [30zer2cr N u+L G 30,9 Zr 41,18 Cr 8
10 |30 2r+5 Ce 3 Zr 42,88 Cr 32,4 Zr 43,1 Cr 0
11 |30 2e 10 Cr 31,0 Zr 45,88 Cr 30,8 Zr 46,5 Cr i
12 130Zr+2 Mo 20,8 Zr +2,075 Mo 1,08 Mo o
13 |30 Zr 45 Mo 29,8 Zr +-5,18 Mo 5.05 Mo - )
T 9 » Mo 1
15 |30 Zr4-7 Mo 29,8 Zr 17,2 Mo 7.75 Mo b
( 15 |30 Zr -+ 10 Mo 20,8.2¢ 410,32 Mo 9,08 Mo <
10 |30 Ze—2 Ce [ 29,3 Zr 12,85 Co "
17 |10 Ze £ 10 T 10,3 Zr 5,4 TI ' sem - -
18 |10 2e 410 Mo L 9,82 Zr 4- 10,3 Mo 9'94 Mo 3 .
‘ 19 |10 2r + 10 TI410 Mo 08 At e ]
5,41 TI+10,8 Mo~ . ;
2 £10 M
ﬁ‘_;‘: 'lg';ié_.'_,gn: . . 5,36 TI+21,68 Mo .

= Here and further on oompooition of alloys is gien in at. %.
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It vas kopt in mind, that coibined olloying with two admixtures may incroase the
scaling resistince of rd.obium moro cffoctively,than the zlloying with ono olement
1" tha wry sano amounts.

"' The compos 1tion of thc 1nvcstigatcd alloys is shown in table 1,
| E:cperim 4at fon Mathod

: iobium baso alloys wore melted out in form of small. ingots woighing 55-40 g '
'fn zn are fwrnace with a tungsten olcc.rodo, ovar «a coiperyvaber cooled hearth, in
Za argon atmosphere, To eliminate h-«tcrogcnoitios of the ingot the allqys were rome.‘r
'ted 6 times, | |
! Chemdcal analysis of the alloys (scc dat: in table 1) showed a slight discrepancy
:bctwocn the néminal ad actual contont of allqyinrr adrmixtures. For the molting was ,

used powdercdenetal niobium, which was f:!.rst remoltod to olirdnate tho spattoriag of

‘the motal «t tho timw of smelting. In rolo of alloying materials was used -uconium
l

10dide , clcetrolytic chromium, carhon thumal vanadium. cheet molybdenum, The puri,-
) s . . ]

]

'ty of the alloying mterdals and niobium s given 4a tblo 2, l

‘Tble 24 Chomical Camposition of Initinl Matorials

baterial cor.tout of admixturos, woicht %

/, Mobiun in small bars
(Nb+'l‘a)—99.7%; 1&16-90,06: Fe—0,07; .

2.Zirconium iodide ) , ;‘ !
E 5 5 054'2"913.7_ on 310 '60<1-z ’Ho"o'os ‘ 5 e
s E, M= NSO Slows — !

Gt Bl | L
Jﬁtaniuﬂ 1od1de s Cu—0 oox. o —0,03%; s<<' 0,05 <Ok 1-
- | -r'l—goo;l. Fo—0.08: Mg —0.01; Al<802' S
o ‘ jx.-o ,002; Mn — 0,06; Cr—0,013; NI — 0,15 R
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P e Table 2 , continued
‘I.Carbon thermal vanadium —99,86; Fe — 0,0{3: 0, —0, mb Al— . ‘WM_

' oow C—0,48; ' S—0,04; Nj—
1< 0,01; Sb, Sn, Di, Cd'p'<1’go-ao 0"""

DR . & MRy A A" Y PR

99,7¢, C
LTlectrolytic chromiun . o Ve
]
; " M0o—99,7; NI—0,004; ReOy—
! S10,— 0,002 cacn Ca0 o+ MgO 0.0%:

T, ¢

S Te '8

» L -.

b hected nolybdenum
| i

The ctudy of the oxidizability of allqys was made on casted samples 15 rm in

&

“diamotor. 6 m heigh, cut out from billcfs ¢astod in an arc furnace in copper castijng.
| ‘
‘molds and subjectad to preliminary annonl:!.na in a TVW=2 vacuum furnace =t a tenpe~

Y I

‘rature of 1500° for a poriod of 1 hour, '
{ H
! f {
The samplos ware oxidized in open air at tcmporaturss of 500 and 1000° at expo=

(-] (] ]

surcs of 1425355410 and 20 hours, Frior to oxidation/ wore subjected to !

1Y 1P

‘wuffing and olcctro polishing with s roagnnt.cmyosod of 150 cmd HF and 850 omd H,S0;,
I

C:zidation of somples at a tomporaturo of 500° was done in a tubular furnace in,

¥ p

'q_uartz vossols, at 1000° in a silit i‘urnacg. and corundum crucibles, The vessels and

MRS AT MNP P

cerueibles wore 11d covered, The tcnporatu'rc on tho samples wecs controllod with an

'cccuracy of £ 5% yith a platim-plutinumprhodium thomocouplc. situatcd neayr the E
'sm‘ rles, and with the MP-28 millivolhnotor. !

The oxidizability ofthe samplos vas dotcrminod by thoe total gain (owrwoight),‘,
'ralative to the surface of the scmplo (1n ¢/oP) and by the rate of oxidation within

20 hours (in g/m2.hr), ‘ '

i i : ,

‘ On speeles of all alloys at room temperature ves rmoasured thchardness on the :.
1 i

T"’ dovice vith ¢ diamond pyromid under a 20 kg load, Measured was also hot h:.u'dnet's1

LTI T A T@T S S YT,

j
of tho:alloys ot temporatures of 500 and 1000° on tha VIM-1 devi:ze with a losd-of -

1 . ‘fﬂﬁm
L) —2 Guygen conta inatiin was fnvestigatad on all alloys which undervon

at a .cﬁpo:r,turc of 1000° for a period of 20 hrs. 'mc dcpth of o*:/aon contnnln'rh ion

& . -
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'of the alloy vas detoridned g the laethod of messuring the pdcerohardness on slides,
prepared fron sunple holves, remaining aftar the oxidation (cl-oned of scales).
Prior to moeasuring the microhardrass the slides were subjected o olaecirolytie pold-
shing in a reageat coazicting of 150 CIPHR + &s0 e’ 82504.

+derohardness was noasurod frau the tip of the micrcsecction to its center, using
i_the RT3 device with a load of 100 g und 10 csoceuilosure. 2SS the depth of axygon

penotration into he cllay was accoptod tha distance from the tip of ths nicrozection

to tho point, where microhardm.cg coincided with the initisl microhardness of the
'alloy. Fram samples of alloysshaving undergone tests at 1000° for 20 hrs, w.s removal

ks scaling and with the cid of a micrametor was mcasurod the hoight of the romaining
la

éamplo, 50 as to determine the of tho axidized natal,

Sirmltoncously was investigated the microstructure of tho oxygen contaminated
i;:wor. which shoved, that tho layer of the contaminated motal in all alloys, containing
zirconium,is sharply lirited 23 result of mrcater siructural differonce of contunina-

|
‘tod and uncontaminatod motal. The excoption here was pure niobfum,

t (:]
The vicible depth of oxygen ponotfration in the alloys colncides with

;dotamincd by tl;c rzucrotha dnoss mothod, This offorod the poseibility 4o dstsrmina
-on many alloya/-ém‘;;t oxygen penotration into the alloay by the direct microsco~
:pic nothod after otching with a reesgont consisting of 150 KR + 850 e HQSOI‘.

: - Ecxperimontal Rasults

Loasureneont of hardmoss of annealed alloys at roam Yemporaturo showed, that alley
. st

ing of niobium considerably raises the . Unalloyed niobiun/ . a hardnasa of y

150 I'v ‘'units, tho introduction of 30% Zx increased sama by almost doubla,
 caaplex alloying of niobium with 30% or and almixtures of titanium,vansdium,
chromfum and molybdeilwa in tho cnounts of froa 2-107 resulis in an additioral ro{ne

for: rent of tho alloy (fig.l), vhile alloying with titaniuvm only slightly rises

FIDeTT=b3=1020/1+2 4
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the hardness of the 2lloy, cond the iatroduction of chraaiwi, vanadiua ond weolybdeum
o o dve {9
leads to concidorable rainlorceciient, A¥ a 105 admixturs coentant moct Cr,

followod by ¥V and lio, Terumary nicbiun alloys with 10,7 2 and 162% T or molybdonum had

a hardress of 258 and 289 v unita reazoctively.

iardness of niociwm alloys with 107 4 aud 10-207 lio (20-21), as well as tha
Lardnoss of the alloy with a 107 Zr admixture (Ho,19) variod boiwoen 303-323 Vickers
wnits,

The results of measuring hot hwansss al _SOQ and 1000° of pure aiobiunm .md_its
alloys croe iven ia tabtle 3 for the purrose of estimating thoir hant resistance,

With a rise in temporature to 50()° the hardness of rniowiva rermains practically
uncha.ged. & furthor rise in temporature to 1000° loads to a reduciion in hafdnass
to 83 kg,/rmz.. sdditvion of 5007 2r to the niobium raises hot hardiess considocably.

Mditional) alleying of the binary alloy

L0

M
¥

with additions (2-1037) of titaniur,vana-

qt
diumgchroniuz or molybdenum further rises 0L

the hoa% raesisiance of allays at 5009.At ‘%0

a temperature of 1000° additions (2=5%) of ;|

titaniun, vanadium or chranium to the bina !J-‘J‘/

ry niobium alloy with 304 2xr practically 200 L L N
' q s 5 . N/
do not raice its hardness,Tho mcst effec
tive increass in hoai resistance of the Fig.leChango in harduess of binary nio

bium alloy with 307 Zr depondi g upon the
binory alloy 1s offered by m adiition content of alloying adm ixtyre titanium,
- vanadium,chraniun and molybdenum, a=-Iard

of molybdemum, an increase of which in noss Hv; bwcontont of adrdxture, 7,

tho blaary niobiws alloy with 303 Zr notfceably raises Lot ha~dness of the alloy at

A

1000%,

PTD-TT-(3-1020/142 5
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Table 3, lardness of Niobium Alloys

e r—— ——— . - ——— - S — e — ———

s S - - Lt e e e . ) R . .
. . . . . . . L . p . s Ry T

“Comsposition of allay  H.rduoss Go.osition of alloy Ilirdnocs
atel kofol at % kp/rm2
at at at at
5002 2000° o ...._..500° _1000°
Hitobium I30 Zr410 V
s - r+10V L. , :
L e ,:,.3 ||3o Z-+2Cr. .. ... 38 146
V2Zr+2Ti. .. ... 20 | 134 W 2r45C .. ... 38 160
Nz ST .. ... 25 | 1os 3 Ze+10Cr. . . .. 319 134
02 +10TE. . ... : 201 | 439 [30Zr42Mo . . .., 3i2 149
WZF2V ... ... : w3 | i | '30 Zr+5 Mo . . . . . g; ;ﬁ
3OZI‘+5 Voo, ... - \5—}5 130 I 30 Zr +10 Mo. . ... . . 342 2é0
It shculd be pointod out,thot with a ri- t —
‘se in tompercture to 500° there is only N
a slight drop in the hardness of the in “aor-
vestigated alloys, but a rise in tempera- _:
ture to 1000° results in an essential s00f-
. B 7
drop In hardness, [
iobi N
O:ddation of, in air at 500°, C
i B 200~
as shown by fige2,0ccura by the linear [
at "
law, which/, ethat the forming i
l X
. 00 |+
weak and poroug axide layer does not pro- -
o [ '
toct againat, e The formation of [ '
. L
|
such a porous oxide layer on niobium leads

to greater rates of oxidation (of the or
dor of 22 g/m?,hr) even at_500°, a9 15 ovi-

dont from data givea belowe. Tha addition - S :
Fige2eChange in gains at 500° depending

of 307 Zr sharply raises scaling resis- upon ax;osure time, l-niobium: 2-ib+307 Zrj
3":&) 501_'; VA 4 10% ™. G-g-‘lil&...b-ti,m‘ hra.

- 3
tance as rocult of forrmation of a protgc-

S ) IIQE/ .
tive oxide layer, and tho oxidation acquire the form of parabolan, In fige3

I Q

”F;Eﬁiibéj-IOQO/l*Q 6
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are given the results of tosting the axidation of alloys at 500°, As is avidont, sca-
ling resistance of the binary niobium alloy with 30% Zr risos already o additions
iof 2% of alloying olements, an increase in tho comtent of these elemonts to L%
.loads to a furthor rise in oxidation resistange, A certain deviation from this rule
'appoarod on alloys with vanadium, whore the increase in the vanadium content from

5 to 10Z resulted in a smll risc in thc oxidizability of the allay. 'I'ho intersece
l

tion of goin curves ot smrll o.tposuros. upparontly. is due to thr alight difference
1n the oxidation of alloys and very small going, vhich decreases the accuracy of de-
:tcm:lationo | o ‘
‘ The parabolic nature of gain curves u:t 500°.points' toward the protoctiveness of

[ :
tho axide layer, forming on the allqys. On samples of ternary alloys after one houx

of oxidation at a temporature of 500° was formed a donse polished oxide layer, woll
i l
‘Proserved oven after a 20=hr tost, The film on the niobium alloy with 30% 2x aftor

| P ‘
|a 20 hr tost acquired a whitish deposit, | ’

| ¥

Composition of allays Rate of oxidation Composition of olloys Rate of oxidation

ateX of Ni alloys on air ate.% of Ni alloy in air

* at _500°%, g/me.hr at_500°, z/m 5. '
m°bim i . |

S 22,38 ' 02410V ... e 0,387 '
. 302?......-.- 0.5?-8 N 302?+2C!"&.--- * 0.33’5 :
' 30 Zr - 2T .. ¢ o 0 0._409 : 3OZI'+5CP“. e e 0,337

30 7r-1-5 T ..., 0,375 30 Zef160P 0 o s 0,297

0Zr-10TL, ..., 0,339 .. ' - 430 Ze-2 Mo, , . 0,411

307.r-§-'._!v e e e 0,334 : (30 Ze5Mo . .. 0,400
| 3 Zy-.-,ﬂ'. b o e 0,341 02r+7Mo . oo 0,347 ,

B ' !
X The outer appearance of certain epocios after 20«hr oxidation at 500° is ehonn

in fig.l;.On pure niobium already after om hour of testing is formed a whito m:ich

¢ ﬁ:l.n.which peols off during the cooling of tho sample, Furthor coc:idation louds to =

ropotition of this process, Anoying of n:lobimn with 302 2r leads to the formntion

ot a donse, polishod oxide f£ilmywhich bocama even more strongexr upon the 1ntroduo-_
| 0 [ N

L A VU - - . . . ‘e e e e e e e maee e e m s Aem e .

57’0!’ !IL”( STOP HIPRE

_.JTD-T1-63~1020/1+2 1

- rd L IR 4 - , I - '.
T .ﬁ DA
-* - 4 -



IR
]

4 ; '

:':{ ; é;fu‘:: UNE OF TEXT .

o | }

1‘. H . )

:\: ' h ' *

“‘ tion of titanium, vanadium, chromium and molybdonum admixtures,

i Z ;;7, )

.‘ ’ : .
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s ‘ Fige3eChango in gains at 500° of tho binary niobium alloy with 305 Zr, uddi-;
, tionally allayed with 2-10% titanium, vanadium, -chromium or molybdemm in rola=- !
} tion to exposure time, l=0%; 2=2%; 3-5%: L=7%; 5-10%; a=gainj betime/hyr, !
| . . |
- ’F' "‘ ' :
" <t g - - |
: cm}ﬁ fiio T g ? . ;
:.: ﬂ% » ;-“ ‘-; LY ) "d':'."-'f- '
’ . : SR
g FEPR{ILEEMEEL ORI D |
b"' . l &‘ % !
; | o i |
- .-P)‘ S .

C:‘ l . . ‘ ! ‘ “ 3 !
' ! ‘FigeloOuter viow of samples after oxidation at 500° for 20 hrsy :
L4 l-niobiums 2«Ib+30% 2r; 3«1b+30%2r + 10X T4, .

- ! ) f ]
> In fige5 are given tho ratos of oxidation of the investigated alloys in rolation
b, i X
b , :

- to the content of the alloying admi.xturo. Introduction into the binary alloy of 2% .
b

¢ titanimn. vanadium, chromiun ox molybdomm results in a sharp reduction in rnto oﬂ‘ N
5 cc:idation at 500°, Additions of V and Cr m somowhat mors affective than tit;n_i‘t‘ﬁn
g '

[ and molybdomm additionse. An incrcase in titatnivm.chrmuum and molybdenum contont v
( 'to 7-16z promotes a further reduction in the xate of oxidation, and a rise tn° vanae
'.: 1 -
- ‘ddum ccntont to 5-10 ate? rosults in an 1noroaso in tho rato of oxidation, ‘
?":: T T T T T T S o8 et D Srop HERE
L TmeTieGsmioeo/1ee '8
¥
4 4 o LN J'.‘ : *"-{."}f\

LRy 1‘;\' "
v‘\‘.‘ (o -*;"e.C

.', Vv -.\_-_;... . .',..\ X ,'c L L.' L -:‘,.?_\--' ", . ‘.-\ » o » N w
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FigeSe.Rates of axidation at 500° of the
binary niobium alley with 30% 2x doperding : :

on tho contont of titanium,vanadium,chro K ACANE SN S 0 20
mium or molybdonm adnixcturesa=-rate of | : :

oxidation g/mPehr; becontont of admixture !
at.%. : f

; . FigebeChango in gaims at 1000°; l-niobium
. Alloying of niobium with 30% 2r rcises 2«-Nb+30%2r; 3=Nb+30%2r +107Ti; 4~-Nb+30%

24700 N+10ZZ0+10Mo+108 T ; a~gaim |
'its scoling resistarce by 45 timos.and thobetimohy,

nddition of 10 T4 to this olloy incroasoa its stability in comparislm with nd.obiuni
by approximatoly 60 times (sco fige2)e Additions of remaining investigated olemnts
tact almost as offectively. . . _

In £1g,6 aro given results ofﬁm/thn mdc}aéion of niobium at 1000° which

show. that niobium oxidizes oxtrcmo]y intionsivahr. but by the parabolic law, azch

u nature of n:lobium oxidation is, possibly. due to tho calcination of niobium pont-

oxide at 1000°, vhich praomotes tho appoarume of a cortain protectivenecss of this

'thickened. layere ; ‘
I [
Thc addition of 30%Z Zr somowhat roducos the rate of oacidation, uhioh. howovor. )

5-——~ vy

mmina vory high, as is evidoat from the data givon bolom R

- In"fige7 are given results of tosti*rz the addation of alleys at 1000°,Up to 10%

iy §i Gl it et ot M 2L LA ErGoLY I RRRENENCRENES

ndditiona of titanium and chromium, up to 5% of vanadfum and up t» 7% of molybd

onum
4 ;_..---_... ! et l
e considorably improve tho scaling rosiatanco of tho binary n{obium uith 308 2re
g SICP P CRERALL R

1 .. FTD-TT=63=1020/1%2 9.
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Table, pace 222

1

1 AAASAAR N
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Cmpgaition of alloys Rate of oxidation Coamposition of Nb alloys Rate.of cdda-~
ates of b nlloya in air at.% tion of Ib alloys
at 1000°,a/m? in air at 1000°

-

e g e i s

» g[meghr
S oblum Po220,9 0Z4+2Mo .. 08,5 '1
i Mzr " & 8 8 s ® LI 157'4 30 zl‘+5 .“o " o 8 & o 30'3
02 4+2TH 0w 62,9 30 2r410 Mo. . . . . 39,5 , .
302"*.5.‘“l LI B 40'6 302"*‘20’ * 4 e 0 e 206.2 \ ‘
- 02e+10TH . .00 258 | 0Zr+10TH ... s 40,3 l ‘
o . 0Zr4+2V.iieen 63,3 10 Zr-+-10 Mo, , . . 81,5 ! ;
~ 2S5V 34,1 {10 Zr 410 Ti 3 10 Mo, 16,4 : :
. k'\J zf+’0 V oo e 230,2 ‘10 T‘+ O Mo, ... o 1:)"5 ,'
| : 0 Zr42Cr ... 13,9 10 Ti4-20 Mo . . . . 143,0 : ;
- ‘ 30 Zr45Cr o 000 111,6 30 Zr+-7Mo ... .. 12,9 | :
N 30 Zr4+10Cr o v ... 57,8 ; . | | ,
’ ‘ N e - H |
. It should be pointod out, that already additions of 2% titanium,chramium,vana. !
; diun and molybdenum lecad to a rise in scaling resistance of the alley.lLoss sffectl.
S 3 : . i
' vo in this respoct is the effoct of chromium, An increase in molybdemum content to :
moro thm 7% and vanadium to more thm 5% noticoably raises ths o:d.d:lznb!.li.ty of tho
- 200 ~
g ,anoys. 2000 b ‘
' i 2800 Rosults of oxidiz:lng the remaining invest-
: i 2600 igatod alloys at 1000° ars prosonted in ’l
; |
e 2¢00|
5 - 00 21248, Most intensively oxidized/ ~ M,
" 2000 allay with 30 ate% of 2r and 2 at.% Coo |
L ! 1800
: 1600 {m increase in molybdemum content from 10 !i
.09 to 20% in the Mb alloy with 103 T4(oueved'2
. : 1200 f .
. 1000} and 3>doas not improve scaling resistance,’
Za' Complex alloying of Nb with 107 2x, T0Z T4
o : ;
s : ;
400 s e} and 10% Mo (curve 6) offers tho hast re~ |
. \
’ . s ”2 == ' sult in comparison with othar allaya.shwn in *
i"‘ .. 7 a |
;‘_ Rt J 6 . ’” .20 fig.e. g et
r  FigeBeChange in gains at 1000° of cam : 3 e ] -
' lox alloyed niobium alloys in relation to : !
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The effectivena:s of im{‘casir‘.g the zealin: recisvancs of aiobium upon its alloy
irg 12 well cvident fran figz.6, vicro sc:ling resintzics of tiobiwa and the binary
ciobiwa alloy vith 30 at 72 x is glven ot 10209 40 conrardoon uith the best alloys,
hoving shown ifnbiun gedns mong all the tested coupositions, 3y alloyl g 13 possible
to considerably increasa th: rcaling resistance of ib at 1000°,The best alloy has
Ia sc:lizg resistanca 15 tincs higher than niobium,

The emiar an,oaruaicoe of sumples of

2“‘/‘ - =
testod alloys aftor 20 hre of exposure at
1000° 13 £huin 10 £ige9e The niobiwa sam 220
ple with a dizmotor of 15 =1 amd 6 ma in 200~
sweh
height is cemiletoly oxd “ized aftor/ 780)-
a teat, The Ib alloy with 307 Zr is coated 160

vith a thick Wwight-yollosd cracking film,
) %g
A majority of smaples of tested alloys has

120}
a thick cracking and pooling oxide film,

A8 thie content of socond alloying clemont 100

in tho binary niobium alloey i th 30% Zr sok-
incriasos tho thickneas of tho wride lay- 60
or dccroasos, Ths oxception horoe {s the

o

niobiun alloy sample with 30 ate? Zr and
27

10 at,% V, which o:idizes rore intonsivoly,

} gl-.—1 1 ”%I
During tho oxidation on the nioblum alloy g 2, 5 . 7,

saaplea with 2047 and 1073 74,03 voll a3 ’

- p i 10,Chanpo in rate of oxidation at

on the niobium alloy with 367 2r and 5% 1000 of the bin.ry id+3047r clloy in reéla-
: tion to tkogontont of alloying titaniumg '

YV is formcd a thin pecling off axide filmevinadium, chratica ead molybdenim admixzturae,
_ a=rate of oxidat ica.g/mz.'nr; beadmisture

The niobium alloy vith 3C3% 2x cnd 107 Mo contont ated,

TTD=T»63=1020/142 13
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{39 covered with a doise non-pocling oxide film,cracking only alenpg tie eCroa of the
sarple, On the fobd alloy uvith 307 2r and '7% I'o, ac well 25 on th: nicdiun alley
vith 10% 2x, 107 1o and 10 T4, shoving mini‘awi gdng, is formed a thin deuse non-paol
ing o:ido layer of gruyishesteel color, The outer appearznee of thovsamplcs is in
good agrocmient vith alloy oxidation curves, having parabolic nature,

| AMditions of varicus olloying olcrnents to the binary slloy chmnge the color of
tho orida film, C::id23s on alloys, ulloycd with titaniunmy,have a dirty whitoe color.

Tho brovnish color of orddca 4s charactoeristic for alleoys alloyed with vanadiwa,
'Allcys alleoyod vith chraajun, in proportion to 1ts chaige in content,change the co.
lor of oxdidoes framu brightly to dirty groon o Alloying with nmolybdonum cdds a bright
:arcish color to tho oxides.

| In £13,10 are shown the rates of oxidation of the niobium allay with 30 at.% Zr
in rolation to the contrnt of titanjum, vanadium, chromium and molybdenun admixtures,
;\dditiqns of 2% titanium, vanadium or niolybdcnum sbarply reduce the rate of alloy oxi-
dation, Tho offoct of Cr is much woakers Up to a 5% content the offest of titanium,
'vanadium and molybdenum on the rate of éxtdation of tho binary alloy is approximately
. o Alloys with vanadium ndmixtures revoal a3 sharp rise in the rate of exida-
tion at a vanadiun contont of over 5%, alloys with molybdsnun admiztures - at a con-
;ccrxt of nore than 73, An increaso in the contont lcads to a contim;ous rodug-
tion in tho ratn of oxidation, more intonsive,than in cass of Cr admixtures,

| Results of measuring the microhardness of alloys nfter a 20 hrs exposurae at
:1000° aro ¢lven in figell, & chango in microhardness froam the cdge toward the conter
of pu:é niobiunm samplos (curvo 9) and of the binary niobium alloy vith 3077 7x (curve
8) shoy?s, that tho depth of onygon penotrition into the I roaches Le5 mm, but the

alloying of nioblum with J0;7 ¢ by odnlztures of i, Cr or V l:aaves the depth of acygon

pcm:tr:'tion preoetically uncharped. D:rpths of aygen penctration for all slloys arae
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civen 4n t:%le 4 2nd constitute cbout 0.3 = 0445 imne & reductica Lo irconiun content
in niobiwi 21lays to 107 leads to an incrocso ia thi. depth of o.ygen pan-tration,

1o Le Drrth o of Comon Deneteation ot Mfclaers of Liptz)l Layor rhich
conyverted iato :calo

Co.pozition of .lloy diith iciness of Co positicn of alloy dept:  Tielinoes of
ute of netal loyor cteie of Lotal layver
pone  ccaverted in rene cenvertad
tret, to scale,om trat into socale
rm r . mm
Jiiobiun o 7
- 502 P 4.5 —0.04 30 Zr+10Cr L. ... 0,30 —0,08
- 7: _-'_ ; 1."‘ ...... o,.\sa _0" 30 _7.r+ 2Mo .. ... 0,'311 -0,25
BANYA 2T ... L. 0,39 ’ 07r--5M0 ... .. 0,45 4.0,68
SRS T Y —0.% (30Ze+17Mo . .. .. 0,35 40,04
W Zeq 0 Ti L 0,45 10,93 30 Ze 10 Mo. . . . . 0,42 1.0,01¢
Y SEASEENES I Il B A S "
oS L 0,41 el 10 7r 10 Moo . ... 0,70 —
gg ;:* {U(f' ----- 0,07 “3'2; 10 7r 4 10 Ti 410 Mo 0,35 —
-tr ..., 4 TTVes o .
Mz s e 33‘2 —~0,14' l' Wh+20Mo. . ... 0,30 -

Taa addation of the ulloys is characterized by tuo processostpenatration of
o.\/gon into the uotal and aridation ?u,rfaco layor of the motal with tho forma-
tion of cealee In Ti3,12 are giwven thc cc-:,.bincd cranhs of orxygen penciration depths
%into thec netal und larer of tho motal,vhich convertod into =ccle within 20 hrs at
1000°, depending upon the content of ¢ :1loying adnixture to t'x‘ binary ib alloy with
20,3 Zx. It 1o cvilent fraa tho praphs,thst the cmallest the Llayor whicl?mnl
into scale, tha orcater is the depth of penctration of the oxygen: the oxception are
clloys wuith chraziunm,in which the depth of oxygon ponctratica in dependence upon tho
chrudw ediadcture to Sho bincry alloy reiuins alnost const:nt,in enito of the roduc-
tion thdcknoss of the notal lyyor,which coaverted into scale, An incr~:gse in T4,
Cr and Mo conteat fraa 2 to 107 ond the content of V to 5% lcuds to a reductiom in

11: z ‘iCx’:DG n3 Of th- 112 hdl lu}'ol‘.u.llC]. tnu}l)lu‘ 113 b"to uCu].O.

In fige13 19 obhown thoe initial niicrouiructuro of the niobium alley with 3v;¢ Vi

representing a solid, rniobiwa buse zolution with small soparations along the grain
L
FrO-Ti=0,~1020/142 15
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Figs12.Ciunge in o.grgon depth penctraticn (1) and in the layer of 4+he metal
which trunsformed into scale (2) on the binary I+20 Zr olley depending upon the
coatont of allaring tituniun, venudiunm, chrusmium and molybdenun adi:ixtures
a=dopth in ma; bemsial luyor, aj c=adrdxturc,..satee

Alloying tids alloy with titaniwn andholybdenum adrdxtures reluces samewhat the
. ) ha
nunber of those separations; but in case of alloying with V and Cr admixtures

nwaber rise conslderably. The general nature of the ulcroziéructuroe rorzins here

unchanged,

FTD~T1=63-1020/1+2 17
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f1ped3s T.dticl microstructurcs of «llays (X 590)

- 1 + 302 Zr; b=l + 307 Zx + 103

PTD-TT-03=1020/1+2 18
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Ono hours annealing of allays at 1500° led %o the formation of a substructura
in the interlor of large crains,originating during the solidification of the ingots.
»A study of thr microstructurs of a contaminated layer shoved, that in the case of
unnlloyed metal the contamination layer reprosents a solid oxygon solution in niobium
.(fig.lhn). Alloyil}g of niobium with 303 o (figel4b) sharply 'ch:.\ngos the microstrue-
;turo of the }ayor.contamimtod vith oxygens the layer acquires a lamellar structure
iand 13 divided into two sub laysrs = gray (with a more dispersion structure) cnd a
!‘origh’c ons (with loss disporsed ; .ai%-uoh.tro).' I.ntroducti;m into the niobium
:* 30% 2 alloy of admixturos of 2-10% T, V, Cr, or Mo doos not noticoably change
tho structuroe af the layor,contominated with oxygen, The lamellar structure of the
m:idizod laurer. reminding of an eutectold, is clonr]y oxprossed at grcater mngnifi-.
cationa (£ige15)e . ' ' :
' Ivaluation of Invostiga‘b‘ion Resultsl ]
! .

! .
Ithnt of transiont motals of the III~VI groups, change lawvfully in proportion to the .

Structural charactoristics and propertics of metals of IV-VI periods, especislly

increase in their valonce, Thoso metals have body=-contorod cubieal structufea due to
tho prosence in ions of an outer filled pesubshell, consisting of six electrons

oriented orthogonally., In caleium, strontium, lanthamm , titanium,zirconium and haf
| : '
njium tho body conotord cubical modification is stoble in the range of high tempora

1

tures; in scondium and such a stm‘ctwcc-can bs found close to the mslting

‘poins, :
Vsth an inercase in the wvalence of tho motal frem 1 $o 6 as result of aopara-

ti.cm of a1‘.l. of all volent eloctrons and 1ncroaso :ln excessive nuclear charge the me ~

‘$alllc rodius descroasos continuous '.ly ,(tablo 5)e This is observed in sorioa from

potasaiwn t0 chrom.ttm. from/
[ S —2

By thc same rule docreasea also the ion radius.corresponding to highor val.noo or .

to moly'bdonum and froa cosium to tungstm.

sranaition to thoy - anion of all valont elootronss In view of tho aos that the

FTD=TT=63=1020/142. 19 -




attraotion of difforont in sizn cherpged ions leads téthoir drawing closer,than the
reaction of cations with electron gos in lattico .oi' the motal, ofi‘éotiw {on ra-<
dil appour to de snaller thon the correspending metal radiie |

Thaoks to a rise in the numbor of soparating olocirons ond reducticn in ion dimon-
'sions.lcadi.ng to a rise in clectron gas denalty in IVfVI periods in direction fram
;lcrt to right'frun I to VI group, is cobscrvod a continuous intensification of the
motal bond and a rise in strongth/ thebodyecontored cubicul structure (lattico)s
This 13 o:pressod on one hand.:ln fho riso in moliing point,bodling poin% and heat ,
’oontont at molting point, and, on che o‘fhor hand, it proamotes a rise in such mochanical
strongl:h chara toristioes of thao lattico, as olasticity modulus, hardnoss, ultimate |
°1:rongth otc (sea tablo 5)e Such an increase in strangth of body contorsd atruc'buro
I:I.‘.'L'cm alkall motals to metals of tho VI group-chranfum, molybdomum and h,ingston- and' |
also duri:p the transition to much heavier motals in groups IV-VI 18 of onornous im.
"portonoo for tho dovelopmont of heat rosistant alloysHeat resistance of metals riaoé
i direction fram tho I to the VI graup and with the inoroasé in ataufe voight Wi thin
';g.'cupe IV=VI, 80 that tho most hoat rosistant among the transiont motals appear to |
‘po niobium, antalun, molybdomum and tungaton. Hones 1t is ovident, ospeoially, alac;:
:tho faot, that the reinforcemmt of niobium and its allays with 308 2 by the formﬂén
pf solid solutions appears to bo more effo:ctivo.whon pontavalent vanadium and 'ho:m-;
vilont chrantum and molybdomm are introduceds as comparod with allaying with totra-
valent {itanium, i ‘
' But tho heat Yesistcnce and above all the oxidizability of transisnt motals re-
vcal ontircly diffornt laws, Let us discuss the thormodynamic proportics of highor
;:f;(;o; 401' tronsiont rotals of IIT-VIT @.'oupa (table 6). Judgiag by thedr hcu'ba of
formti‘m por ono bond vwith O, atom, by tho moalting and boiling points, these oxidos

boccmo noro stablo 1 21 diroction from risht to left (i‘ran the VII to thc IIT group)
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g th

y in/ is conncctled with an increczse in tho metallic nature of tho elenient
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low nolting and woak hichor oxides; same of thoze diffur in addition by high volati-

lity (l’oOS, \103. Ro2)7). This appears to be the mxin reason for low heoat resiztance
of tho most high melting metils, on account of which they raquire protective coatings,

uiobium. like tantalum, has ruch moyre durszble and high melting highor wxi’es, and
effeoti

alloying appears to po a aufficiontly .moans of increcasing thoir hoat

;rosist ange qualitios,

Tho motal can be hoatyros:lstant. if in the subsoquont series ¢.' its oxidos, orie
ginat:lng layor by layer on the surface in the prosess of oxidatian, there would be

at loast one sufficioently strong oxide to form a dancy protective layer, Tho high

t

hoa'c rosistanco of chromium is due to the formation of a £ilm of the Crzoa c%mpwt )
;combi.ning heat of formation with sufficient high moliings Still higher

‘proporties are possessed by Cr203~Foo. Cra0gelNi0 types of spinel anl others, By stue
| . . -
dying tho thermodynamic qualitlies of intermodiate o:ides of nicbium 4vanadium and

othor transiont motals it bocomes ovidont that rmeh sironger aro ordinarilly not higher

but lover oxidos, numly, monoxides NbO, VO, IMO,sosqui oxides Grp03 and othors (tab.
le e Nonox <1des of transiont motals possess, as a rule, a simplo stfacturo of the '

l

NaCl typo, clecarly exprossod motallie proporties,pronoting a bond with the ‘
Lluttice of/ very metal, and tho ability to roinforce by being alloyed with othex'
! ' 1
mtala. Evidently, the effectivo method of increasing the effoctiveness of the pro«

'toctivc b0 layer can be tho alloying of niobium with such olomenis (metals),which

.havo the same outor clectronis ion confipuration, as does niobium, they possess the
body contorod cubical structure and contribute by their valent cloctrons, In‘viow of

the fict, that the ratio r°: T = 240 i3 unfavorable for tho formation of an Nacl

e |

typo structuro NbO has up to 25% of oxygen vacancies, and tho introduction of motals

vith amnllor fon redii, than in niobium, uill promote a riso in dengity and in the

prof&tivmosr- of the monouxide layex, From thia v!.ow point titanium. Vo nmuun.ohro'

.;.~,

[ 3 . ,;l = H:
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riun and molybdemen, selactad iny ~dditions 4o th: niobiun slley with 305 x

apueared to be.iost pers:ecti}'e. A further w oy of increasing the hest resistance may
1{a 4n diroction of forration of cur:ble s inels botwean IO, VO and Cr203, ,“1203 r:ow
noo::ides,

Cf the cherun alleyin: clonenta vonadiws ond molybdcaunt form vi ith niobium conid.
nous acrdces of solid sclutions from rood temper.tura to Laolting poing, with a ninds
ivmoon the ligquidus and seolilus curves, Zivconiwn andl titanium in the r n-<g of hich
temperaturos (ebove 1000° wnd €09° rospectivoly) also feorir v ith nichbiun couiinuous
serics of solid solutions, since their hish tomper ture beto-modificaiivis arov fg90e
norphic reletive to the structuro of niobiwi, and tho ratio of atomie radii zlso
appeaxs to bo favorablo,

At temperaturces belar indleated in alleys of tho Ith=Ir, (b=TH i stem thore vl
rolymorphis conversions, dus to the uppear:-nce of conr  + hoxagonil alphaephnse,
2ircoriun statilizes the hich taiporature hata-phase and the rmolerately hsrdened (in
air) niodiwn 21lay with 307 Zr has the siructure of beta=solid soluticn, Chranium,

;:s woll 28 niobiun, rossessss body centers? cubical structure, but the differance in
atéale redi’, excacding 157, lccds to tho limitstion of solid scluticn zonses and to
the appearince of a IbCrp cor-npound;

Additions of 2-107; vanadium, molybhdenuz, titanium or chraniwa to the niobium al-
loy vith 207 7r, apperently, proniots a rise ia stability of tho colid sclution with
toly eonvered cubleal siructure. Consclidation of the tronaioat m:tal base golld solu-
tion, ez ndohlun tass, as rosult ofthe afect of ~llaying v1ith other traneient me

t;.ls.;' Ce(euirconium, 4itaniun, vinadivm, chromiun andmolydbdenym, 45 due to a gorins
U308, and zheove 211 to the vilenco of the lloying tronsiont metal, to the dirmuacion
of 1ts ztam, ciructura of outer electircn shells, congeniz-ticn of 2l-ctron gas ote,

The vilucs of :temic roddd of $he wrod trensicnt rotals wwe Cuslis Ih <1,407%

FT=T7- A1 -1020/142 26
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Zr - 1,603 T4 = 1,47; Mo - 1,40; V= 1,36; Or - 1,28 &,

of niobium with elemends, forming with i% solid 3olutions, as shown
by theory, is in dependdnoe upon the atomic radius of the allaying element and
the amount of admixture.

Alloylig of niobium with zircenium stren,gtho_ns same as result of considerable dif
fsrence in atomic radii, Subsaquent alloying of she solid/ "~ of the alley (Ib +
30% Z¥) with olemanté. feruing v1th niobium solid solutions, shows, that additions
of Cry V oand !o dc best strangthen the binary allqy. The obtainad results can be sx-
plained by the cirengthening of the crystalline niobium lattice and of the niobiume
zirconium 111lqy as result of the difference in 2tamic radii of niodbium and alloying
adnixture, Chrcmitm, the atadce radfus of which is mch smeller, than in niobium,
causes also a considerable rise in tonucity as result of mmximum distortion of the
crystalline lottioe,

Atcale radii of titaniwm and niobium are approximately identieal, consequently
titaniws ulloying of the binary clloy leads only to a sligh$ rise in hardness, An
increase in the amount of Cr, lio or V in s0lid soluticn leads to a rise in hardness
(sse Tig.1),

An incroase in hor hardness of the Ib + 30%Z2r alloy at 500 and 1000° 4in coupari-
son uith tho niobiwa, arparcntly, can also be explalned by the presence of the degree
of d4stortion of the niobium lattioe as result of the difference of stomic redii, and
‘also by tha presenee of valance of the alloying elemen$ (see table 3),

By conparing the ;raphs of gains in theprocess of exfdaticn st 500° 1% becanes:
Widonf, that all ternary allays have ahown approximately fdensfcal gaisn nftor 20 .
hours ;f expoeuro, It is therofore difffcult to separste out the best alloy.,mt 134

reen be msnsioned that at 2% additions to .e binary alley maximum increass 1o cxided

rtion résistance 1s offered by vamdium. A% 5 and 10% allegring udm.’.ztwo the but roL

0

STOP iy STOP HERE
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suls iz chown Yy Gr, The difforeace in guins in ull alloys constitutes 1-2 c/mz. conw
gacuontly it can bo said, $h:t under given conditions the ctabLility of cll investie
getod clloys is approzmimitely of the coane order of maznitude, The bast 2lloy in these
conditions arpears to bo the ono vhicy offers a durk protectice Tilm,
Whot fesiing the ouidizability of lloys at 1000% took pluco « shurp division of
the bogt/
¢1loys vith respoct to stability, G:uin analysis shows, that/ offect on an in-
cro.se of scalins resisiunce of the binary ol loy, within the linits of the investi-

txat
catol ave admitures of 107 T, 703 Mo and 57 V. The sirongest effect

o the ineracsoe in sealing rosistunce of the binary alley is mroduced by an admixiure

W
of 73 o woduced in half the gein in couprrison uith 103 T8, and 53 V cdnixtures;

furthertiore,4€ pronotes the formation of a dense oray; = . oxzide layoer,

‘ A rice in orxicizability of ternary alloys with an increase in v.n"di‘énﬁ%d r20~
pbdenu.m adiadcture o abovo optirawm . kes plice as rcsglt of i‘to mation of/

'J205 and I-Zo03 oxidene OF «ll the investigotod ulloys 7 ong vwas found to bo a-
quatcrnsry niobium alloy vith 107 2r, 107% TL und 107 lio, vhish showod minirmm gain
«n3 exeellont swrefaco stato affor 20 hoursof testing «t 1000°,During oxidation on
thic 2llqy is formed a thin donse ér-ay non=-paaling oxzide layer, Tho romcining alloys
chowod lass catisfactory

| A comporison of rutes of orddation of the investipgated ternary, with the
of oxidotion of binary »1lays (by literaiure sow.'ces‘) is ziven in tadlo 8, As is.
cvident, 307 udditions of Zr to bunary nfobium/tit:niwy, wiobium/1olybdonum and nic-
viw/ehroaiwa alloys lead to a considerable improvement in senling resistance of the
ulloys; an ozeopiion loro aro niobiun/vanadium alloys,307 Tr addis ions 1o which do
not L ;pmvo the scaling recistconce,

Tha nature of tho rafe of oxfdation curves of tho investigatod ternary alloys

coimidos qualitatively vith the coivresponding rate of oxidation curves Lfor binary

FIDTTw(5=1020/142 29
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alloyse lowcver, in teraary alloys the minirum ru to on cllqys with venadium shiftoed
fro 10 to 57, .nd in ulloys with Mo = frea 5 to 7%

Table 8¢ Comp.ring rates of oxidation at 1000° of torrary alloys (in_accore
d:unee with data of this repert) ond b:!.’x. ry «llqys (by literature data) \'}J)

Coaposition of cllayy, 4 ° | Rato of oxidaion Tinc of exposure
) :’/ "_.hl' . - 111'

iobium[l 2] 242 ’

"iobium , 229,9 20
hb+35 zr L[] * . L] L] . . . ll’ . 3m
Nb+30Zr v o ey 25,5 >
NS TH. o v ¢ 0 v 66 o

H A 157,0

N30 Zr+5 Th. . . .. . 0's :
NbD+410TIH . v v 0 6 0 o o s 7 10
 Nb+30 Ze 440 Ti . . . . . £2,2 1 10
Nb+5v ctonoouol-" 46 . 10
Nb - v Zr+5 V.... : . ’ 55,2 10
. Nb‘:", 10 V L T A oi 35'0 . ’ 1.0
Nb-4-30 Zr4+10V .. ... 2005 10
ND5.Cre v v v o wv v ooy 281
Nb-+-30 Zr--5Cr. . . . . . 176,8 g
ND410Cr v v v e v e 262 ' s
Nb-p30 Zr4-10Cr . . . .. 108,2 . s
Nb+5 .‘ll) ooooooo P ,16 ) 20
Nb +30 Zr+5 .\10 s e o o a° 36'3 20
' Vb"' lU \Io o o 8 o & & & o o lOl 5
\b+30 zr-zo Mo. .... 78,4 p

/Anmﬁ; ‘oimry alloys uith 307 A r-~<]uced tho depth of oy gon cont..x.imtion. in
alloye with -titanium by 1=0,2 1m, and in binury «llays with chrontun, venadivm and
rolybdonum by appro:inmately {two times, In publishsd. data the niobium 21loy with 354
.m shoved a depth of contanination of the 6rder of 0,09 13 vhilo investigations

have revenlaed,thut tw depth of oxygon conta mj_nation on the niobium + 304 2r alloy

’oquuls 0433 M,
rf he investigated l..lloys tho depth of conturn im"ton 1ios betwoen 0.3 - 0.2; rm,
A;;‘}sg‘.r’p reduction in the deopth of conturinition on the Iib + 307 7x and 103 V alloy
33 due to greater rate of o:idation, ot whieh *he proceczs of motal couversion into

o:ddo ia rmeh £aster than ths proeccss of contomdnation ,An inerease in the alloying

P TDw55-1020/142 _ 30




cdrditure slows doun the procass of metal conversion into oxide, os result of formi-
tion of uore protective o:xide films, uhich comsanuently muy ciuss a risg in l-yer
contamin~tion depth, On the invectipated wlloys «ftex * : of the oxldes is
revealed o daric sub loyer, which does not separate frea the s:mplé, the siructuro

of which hus not finally exzplzined, According with the cmnouncerient of one of the

authors,thils is a mizcbuwre of IO wnd ub20~ oxides, othars assume the prosence of an

orionted I‘!b205 with a c’cviw:’.ov fronn the s¥oichionotric conposition. haen picclin.ﬂ

| the ricroccopic szctions the sublayer remaining on the samples hos well conducted

current, which indicates ite sufficiat meinllic nature,

Ca allays, hoving shosn g:cellent oxidation resistance, auftsr removal of the
lose

fadhering thin gruy oxide film was also detected = dark sublcyer. it the exposure ‘aime

inecracses the rate of 2llqy oxidation decreases, although on the 2lloys ie formed

'a eracking peeling off ozids film, which c-rnot serve as adequate protection, This

the rate of alloy aridation, most likely,can be produced also by the

ing o:ide £ilm, the sloving dowa of the rate of oxidation ir, appavently, 4

‘oi’fors basis to asaunoe, that the mocoss of o::idizing niobiun alloys, appa_rently.- is

controllod by the proporties of the subloyer. A cortuin effect on the reduction of

a £ 'the

oxides , vhich tock placa on many clloyse

O::idction of 4ho metal, apparently, takes place on the subleyereoxide boundary,

vecause the mark loft on the sample, was well preoserved oa the oxide film and was

‘not covared oy recetion proiucts, thue indicating the diffusion of oxygen into the
depth of the metal, On the cudloyor=oride boundary t:los ploce the formation of Iﬁ:zo_s
type oxide cf this or any other modificotion, as result of oxyger diffusion through

tho S;ciae £11n «nd diffusion of nichiun fons through the mblayer. Ca alloys, hewing

0

choun good results and being ccated durim oxddation by a gray dense thin non-pasl

~influenced -

;.130 by t‘—xc cx'owth in o:ddeluyarx thiclmess. Tho o:cidation proccss in this case s

FTD=TT=063--1020/1+2 - 91
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conirolled Ly the sublayer and by the groving avility of 4he surfece l:zyei' as well.
Destruction of ordde layers on sanplss of 2:1lays takes place basieal
1y as rosult of origination in the film of internnl stresses, as result of creater
voluactric Ilbgos cocfficiont, On the cylindrical surfacs of the sample as rosult of
oxide film growth originate tonsile sirezses, leading to radial eracks, On the f.acea
of the sample the o:xide layer is by one side firmly connected with themetal, hindey
‘i'ng its growth, vhich moy cause caupression siresses in plane, parzllel to the faca,
‘As the o:dde layer grows the increasing magnitude of th - se stresses leads to 'shearing
of the axide layers along these surfaces. Allqying may impart to the oxide layer a
‘creatcr nechanjcal sirength, plusticity, and also change the volurmcirie coéfficient

‘of the forming oxido, Formation of such oxide £ilms results in a considerable- rise

iin sealing resistance of the alloy.

Oygen contomination of niobium and allays on niobium basis tokos place,most
:like]y, as . tof oxygen diffusion from the o. 111111:0 the metal, The oxygen
fcon-hc.minatcd netal layer. represonds a solid solution of oiygen in niobium, The addf-
’tion of 30% Zx imparttto the contominated metal layer a lamellar type structure, which
is, possibly, ‘o with the scparation of dissolved oxygen in formm of zirconiunm
v::nd niobium ,oxddes. Allgring of niobiun with 30% 2x sh:rply‘ red?cés thle rete of metal
/ﬂmm{nto oxide, ond zlso considerably reduces;  of oxygen diffusion in
netalyas Mesult of which in the cont:nimted layer is pr‘oducea .suech a conceniration
of oxygen,vhich o::éeocls its solubility lindt in the given alloey,which, naturally,
:lcads _1:0 separation of niobiun oxdides and oxides of ths ullaying element in form‘ of
:;?vi;l-c.c'as;rcsembling an eutectoid. Allays withou‘c zirconiwn or wﬂ:h a lesser coz_xteht -
.of geme have after oxidation a sharply outlined ccntanminated layer, the atructﬁra
of uhich is not bub bepresonts a solid solution with separsiions,

To iacvrage the fealing resistance of niobium the nllejing should be done by

PTD-T7-63-1020/1+2 32




ruach alinditures, vhich would assure in the initicl momnt of oxidation the crention of

a provective heat resictont osdde layor with possibly smaller umber of vacancios,

It war found that proteciive pxide layers ure produced by admi:turos of cloments with

smaller fon radii then in niobiun (0,69 R), namoly, vanadfvm (0.4 2), rolybdenwn

(O 62 R Yund ehrotun (0.35 ). Tore s necorsary to tike into con~1dorabion the solu~
odynamic

‘oilit‘y of the allaying oclement in %he oxide of tho basic medal and the S

stubility of the o:dde of the 2lloying element,

If it 1s assumed, ithat the ratoe of niobium oxidation is limited by the diffusion

: i

of oxycen through the MO nonoxide film, then tha problem appeczirs to be a reduce

: t %

vion in Qefectivencss of this oxidec, in vhich about 257 of ¢ not ocecupied Uy
much larger oxygen Jons und appoar to be <racancies, fzcilitciing oxygen diffusior

to the metal, Such a porosity of b0 lattice is due, auparently, to tho unusually lare
g8 ratio of anion ond cation radif ro/rm = 2, vhich lies »beyond the limit, favoring

the formation of iTaCl type structures,
z

The IHO monooxide has the 11aCl typs structure with paroneter a = 4,203 %, corres

|
ponding to the doubled sum of fon radii (0,69 + 1,32 = 2,01% ), by its structure it
ap"oxcs to be stuble only after romoval of a 'mrt of oxygen atoms,whieh reluces ercss
and latiice distortion, Substifution in such a lattice a part of niobium fons by fons
éf rotels with soallor ion dimension, but with very same and improved outer p-simils
ritico, offers the possiuility of filling up thc vacancies with o:qygen ions,
Consoquently . titaniun, vonadium (4n snall -umountsj.chrotaiﬁnl and mo .
iybdomm pronote the obtairment oi‘ a riore dense and more protective monooxide
film vith lover number of wva c..ncios such additions do effectively raise the sealing
z‘;lés"'.éu‘aa? ¢ of niob'um and its allgys with zirconiwa. A cortain fuverable ai‘fé?otm of

zirconium, having s groctor fon rodius, thon nfobium, is due, azporently, to the

of 1ts diozide, which appecrs on the surface of tho alloy ot sufficiont

L A
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1y Mizh zirconiun conconiration, For *he fm.‘:/smo reascng a comparatively hizh vance
diun and molybderaua content decrezstes the sealing resistance of aioblum as rorult of
aprecrznce of unsindle natural VEO.S and I-Io03 oxides, In camuple: alloys the :ffectd of
various foetors is.much more difficult to be taken into consideration.
Conclusions
) effeot va;agiyg,

le Investipated was the / - of sdditions of clloying olements - tituniwn, .
chraawa =nd molybdenum~ in quontities of froa 2 = 10 ate? on the sc:ling rocistance
cnd axygen contnmination of binary alley ofniobium with 30 ateZ of 7Zre

The investigation was conducted ot temperaturcs of 500 and 1000° with heating in
the air ond — of 1, 3, 5, 10 und 20 hours,

2, O:idztion of niobium at 500° follows thélinear lqw and is characterized by very
high rates of oxidation, or the order of 28 3/1;2.]11‘. Alloying of niobiwn with 307 2r
.raisos its scaling resistance st 500° by more than 1,0 times. Additional allayirig of
‘the o+ 307ZZR with admixiures of 2-107 titanium, vonzdiwr, chromium or molybdemm

{aereases the sealing resistance o2 the olloy at 500° by 1,5 times as compored with
“the binsry alloy. '
| Se Unulloyed niobium at 1000° has an extrenioly high rate of o::idatioﬁ.équalling
230 c/ihr, Tatroduction of 30 ated of Zr reduces 20-hr gain fram 4600 to 3150 /vl
31_.0. o tot:l of 1.5 times, 4dditicnal alloying of the IM+307 Zr alllcy wvith cdniziue
wos of 2-~107 T4 «nd Cr concideradle raisges its scaling resistance, ‘dditions of 110w
1ybdonum and ,v 2 %0 7 and § ot & respectively inerease the senling resistance |

of the i+30% Zr, but at o fyrther increcse in thelr concentretion the scaling resise:

e Aloying of nicbiwn with 307 Zr docracses the depth of oxygen penctration for
20 hrs ot 1000° froem lj.5 rm to 0,33 ran, Additional clloying oftha bincry alloy uith
'édi‘ni:c*h;.rcs of sitonium, vonadiuwm, ehranfum ond molybdenun only slishily chuuges the
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1t
i
depths of o:pen penciration,
oxidation :
Se¢ Tn the ptcens of a2t 500° on niobiwn is foraoed .. rorous whi%e scale.

Addition of 307 " leads o the formatfon durirpg osdda%ion of o Aark proiaciive oxie
f

do luyer, Addition:l nlloying binary alloy .r*u hot aniuﬂ. vanadiun, chroniun

and riclybdenmun  brings practically no changes $o hc outer o cuorance of %ho oxi'e

{iln,

-y e

6. 4t 1000° und 20-hr e:gosure = niobiwm sarplo with a diqme ucr oi‘ 15 1m and ,"-’-“

5 2 in height oxidizes endirely, On remiining cllaqys is formed a thick erockinz scalae.: tr
“ith the inercase in content of the third zlloying eclenment in the niobium + 307 Z
allqy, the thickness of the o:ide film deersases, '%
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DISTRIEUTION LIST

DEPARTMENT OF DEFENSE Nr. Copies MAJOR AIR COMMANDS

AFSC
SCFDD
DDC
TDBTL
S TDBDP
HEADQUARTERS USAF 705D
{AEY)
AFCIN-3D2 1 AEDC (A
ARL EARB) 1 ASD (ASFA)

OTHER AGENCIES

CIA

NSA

DIA

AID

0TS

AEC

PWS

NASA

"ARMY (FSTC)
NAVY

NAFEC

RAND

AFCRL (CRXLR)
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