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STUDYINO THE OXlDATIO OF NIOBIUM BASE ALLOTS

By

- V. I. Grigorovioh and A. I. Deayurin

Published invostigations of the heat resistance of binary niobium base

tlloys showed, that during nxidation niobium alloys with 30-35 Zr1 are oxygen

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

that additions of titanium, vanadium, chromium and molybdenum rost effeotively

raise the scaling reeistanos of niobium E2]. In this conneotien it was decide

to investigate the oombined effect of alloying elements, increasing the resis anoe

to oxygen contamination, and additions, increasing ihe scaling resistance of io-

bium.

Investigated was the effect of additions (2-10%) of titanium, vanadium

chromium and molybdenum to an niobium alloy with 30% Zr on the kinetics of

oxidation and the diffusion oxygen contamination of the surface layer.

Table 1. Composition of investigated niobium base alloys

NO. 1&9 L nt ofalr0eeet Chemioa4. analysis dataF

0 (niobium) 0 (niobium)
12 0Z 29,6 Zr
3 30 Zr+2 T29,9Zr+,045T 31,3 Zr+ 1,04 Ti
4 30 Zr+5 T 30,3 Zr+2,65 Ti 3.i zr+ 3.0 T1
5 31 Zr+10 T 31,2 7+5,44 T1 31,8 Zr+5,5 TI

5 3') Zr+1O TI 29,9 Zr+1,11 3V8Z+5'T
r, 31)Zr+2 V 199Z+2,/t ',26 V7 30 Zr+5 V 30,3 Zr+2,82 V.' 3i
7 30 Zr+ 5V 3,11 V30 Zr+ 10 V .9,I Zr+5,77 V 4,8V9 30 Zr 29,9 Zr+i,3Cr 30,9 Zr + J ,i8 Cr
0 .30 Zr-±-2 Cr 30,3 Zr+2,88Ct 32, Zr+3,ir A

1t 30 Zr + 10 Cr 31,0 Zr+5,88 30,8SZr +, C
11 30 Zr+10 Co 29,6 Zr+2,075 Mo o,98 .o
12 30 Zr+2 Mo 29,6 Zr+5,I8 Mb 5,05 %to
13 30 Zr+5 .Io 29,8 Zr+7,2 Mo 7,7 .Mo
II 30 Zr + t0 Mo 29g.Zr+ 10,32 Mo 9,96 Mio
d 3) Zr-2 Ce 29,3 Zr+ 2,85 Ce

17 to Zr+ 10 T1 10, 3 Zr +5,4 Tf"i9 30Zr-O.o •,3zr+ 10,3 O 5,76 Tt
17 10 Zr + tItoTI

18 I~r~O~o ,S2r~iO3Mo9,94 Mto
19 10 Zr+ to Ti+ to .%o 10,3 Zr+3,4 TI+

5.4 T1 +10,9 %|to
. 0TI+i0. 5,4 Ti+10,8

.,1 IT+-.o •5,30 T1 + 21,6 I,

--- "- Here and further on oomposit on of alloys is glen in at. .

?TD-TT-63-1020/l+2
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It was Impt in mind, that ocrbined olloyina with two admitures Mny increase the

scalino resistonoe of niobium more effectivelython the ,,lloyina with one element

in tha var son aomts . .. .

The co.mposition of the investigated alloys is shon in table 1.

I &periman tat ion IMathod

::iobium base alloys wore malted out in form of small.incots w-oihing 35-40 aI
in cn arc furnace with a tungsten electrode, over a co..por,water cooled hearth in

an or-on atmosphere. To eliminate htcrogenoities ot the ingot the allcs were rome

'ted 6 times*

, Chemical ancl sip of the alloys (see dat:n in table 1) showed a slight discrepancy

betwiean the n~winal and actual content of allying admixtures. For the malting was

USd podered-matal niobium, which was first remelted to eliminate the spatter. . of

the motal at the tizr of smelting. In role of alloying materials was used zirconium:

iodide , elcctrolytic chrcmium, carbon tha.mal vanadium, chect molybdenum. 7he purl.

ty of the alloying materials and niobium is given in tab l 2.

Table 2. Chemical Composition of Initial 'aterials

M;aterial Content of admixturos, weicht %

(Nb+Ta)-99,78; TI-,06' F-0,07 ;.

j.Zirconium iodide DS-09
-5 DZ--0,7; 0<3.0-6: L<2.10- . Hf-

I0042; N,-0,006: Ni<0,001: 3<0,005;
-- - 4 .%,0<0.01: C< 0,05. Cd<$3-4 ". .. .

Cl,<OO)0-; Mn<0,0002; TI-0,003; v<
<0,u03: K< <3.0-: •Ca<0,03; W<,004:..

,Titum iodide Cu-0,00;.le-0,033; SI<0,05
-2

, TT1-09.7; INe-0,01: Alg-0.01t: a<0,02- ......
I -0,01; C-0,02- N,-0,03; Og-0.04;

;gr-0.02; Mn-0,00 C r-,03; NI-0,1 -.

FT--",6-1020/]2 2
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Tabl 2 , continucd

I.Carbon thermal vanadium V- 90,8: Fe-0,03; Os-0.030; Al-
0.019; C-0,48; S-0.04; N,-O,015;SI<o,0l: Sb, Sn, I, Cd, P<t. o10-4

<lcutrolytic chromium W,7% Cr

to - 99,7: NI - 0,M ReO-0,03;" ) SiO, - 0,002; C1 cao O + NigO,

-' "hected molyrbdonum
%

The study of the xidizability of nllcos was made on casted saMiles 15 =min

diamotors 6 rn hoirh, cut out frcm billets cstod in an arc furnace in copper casting.

molds and s.tbjectid to preliminary annoilina in a T77-2 vacuum furnace at a teiap-..

raturc of 15000 for n period of I hour*

Tho s.-nplcs wore oxId1 .cd in open air at temperatures of 500 and 10000 at expo-te Om "o

suras of 1,2,3,5,10 and 20 hours. Prior to oxidationf Lwere subjected to.

buffing and olcetro polishina with a roaentc*cnrosod of 150 cmP HP And 850 cm3 HV2 04 .

0:idation of samples at a t.pperaturo of 5000 was done in a tubular furnace in i

quartz vessels, at 10000 in a silit furnace and corundum crucibles. The vessels and
-I S.

cruciblcs worc lid covered. Tho tenperature on the samples was ccntrollod with an

accuracy of ± 50 with a platinnm-pitinum-rhodium thormocouple, situatcd near the

- sanrIos, and with the I.W2-28 millivoltnet r.

The oz-idizability ofthe samplos was determined by the total Cain (overweicht)Pi

ralative to the surface of the sample (in C/m2 ) and by the rate of oxidation within

20 hours (in a/m2 .h).

On species of nil alloys at room temperature was measured thahardness on the

T> device .ith a diamond pra.mid under a 20 1c load. . ansured was also hot ! ard; ns

* of the; alloys ot tcinporauros of 500 and 1000o on tha V 174-1 devi e @with n load--of -1

.... - .yCen conta .inatiin wris invistiantnd on all alloys vhich underwn

at a tcmpo.turo of 1000 for a period of' 20 hrs. Mhe depth of o:.'CGon cont. intion

PTD-TT6,.s1020/1+23



of the alloy was detorincd ~jthe method of meu~n thIi~rhrneso ld

Kpreparod Lroi~ sb1ehlves, r~airLincg -ft-er the o:-Adztion (cl-oned o1f .9cilea).

Prior to moisurina the raicro~ia',d.uisz the slides -aera zubjcctod to Oloctrolyt-10 poll'.

shing in a reaGent conz-iCtinjG of 1.50 cm3 j + -50 en3 1LV0 4

* >ae~croh-raness v:as mecasured from the tip of the mnicrosection to its Cator, using

the 11-IL3 device with a load of 100 C ard 10 -o-c::osura. As the deapth of o'ygoa

penetration into ho nlIcy was accaptoO the distance fron. the2 tip of the ricrooaction

to the point, whore microlhardn. c coincided with the initijl microhardno--3 of the

alloy. F'rom samples of a I lays, having undcroono tests at 10000 for 20 hirs, W.;S rCLIOOd

L scaling and vith the aid of a xicrcooner was measured the height of the romiinitg

* S=mPlo' 3o as to datermine thf of the occidizod ri'tal.

Zi!.a-a1t.~fcousjy was invootigatod the tiicrostruct-Uro of tha oxygon contILminated

* 3aycr, which shmied, that the 12ayor of the contaminated matal in all alloys, containirt'

zirconiuma,is sharply limitod -as result of catcr s'rcua dfonce of cont =ia-

tod and uzzontariinatod metal. The exception here wzas pure niobium.

The vizible depth of oxygcn penetration in the allcys coincides with/~2~

* determined by the rdcvoha daess method. This offorod the -ossib±1ity' to d.-.ziza

on many alloys of oxy~en panatration into the alloy by the direct rd~crosoo~.

p ic method after otching with a rocoant consisting of 150 = H + 850 cm3 H2L'O4 ,
&cporimontal Results

1oaueont of hardnoss of annealed alloys at roam temper o s iod, that 1ll1

* mg of niobium concsidorably raises tho/i. Unalloyed nlobiunF-a hardnoss of

1,FO IIV'ur~its, tho introduction of 307. Z' incroasod sama by almost double,

Cc~aplox alloying of niobium with 3O,' Zr and a~nixtu-res of titanium,vanladiwns

* cbror.ium aad ~t~~~in the araounts of fro-a 2-l0/s resultIs in an additiocalI roinw

for-, t.cft of tbo alloy (fi.l), while alloyinC wlith titanivm only :-,liChtly ricad

* .Ti3-T2I'.63..020/1+2



the hardne.5 of tha olloY, and tho introd.uct iun of chriuiu'-9 van1iditua :2nd lbd m

).eacls to conniiornbla rimforcc.nlt. At a 1.O, Cr.% C~~t 2a

followod by '; aad Ico. iicbilui1 alloys v~itli 10,;1 Z:' .md 10"10 'I'i or mnolybd-InuT, hand

hardrness of 253 and 235 IN tt rairoctivelyo

Hadnoss of~ niobium alloys ;;itn 10," 'A an d 10-20;'Q 1.;0 (20-21), as wall as the

hLirdno-- of the alloy NUth a 10,' Zr adaixtura (7JO.19) variad bolV4an 303-3 23 Vickers

Tho -csuls o' maasurin- huL~nz at 500 ad L 0000 of a.r aiobiuza and its

alloys,' .rC -ivo-i ia table 3 for tho puXrposo of aStixmti-I thoir h t resistance

%ihariso iii tcm;oratitra to 5000 the harlnccs of niobiumn rcF--aifl pr-Icticall')

unc.-,.t,-d. A f'urt-hno rise in tcmporatiro to 10000 lcad.3 to a rdJuction in hardness

to '.kr'z,i~invu of 30,"* Zr to thoaniobium rzi-ses hot ha.-dnac.99cso CO5.aidZ, abl~y.

Additionzil alloying of tho binary alloy_____________

i:jtii additions (2-10,:,) of titaniumvana-

diumsch-roaiu.- or raolybdoinum. furthor rises 0

tho hoat ro sstnarc of alloys at 500 0 *At

a temprature of 10000 additions (2-5%) of 32

titanium, v-ani~diujm or cbxmnium to the bin~a

ry niobiuma alloy With 3059 Zr practically

do not raise its 'nard~nessThn most offea

tive increasea in hoat rcsictance of the Fi Z.lChnn~o in hnadnss of bina-ry nir)
bium alloy viith 3W4, Zr depondi .g3 upon the

binairy alloy is offorod by m a.sdi~tion content of alloying adni-xtyro titanium,
va-nndiumchraniur andi molybdenuim- i-I-wrd

or xnolybdoram, an increase of which in floss lI-v; b-coatant of adrIixture, .

tho bi-nLiry- rnobiuxa alloy ;ih301' ar noticaably r .isos hot h-'dnass of tho alloy -it

. 1

]T~): i'63-0 Q/.+25



Table 3, I1irdnens of Niobiun Alloys
-aa itlon of alloy Co , itio n of -lloy

at*% k!-jm2 at.% k/
at at at at

00005 9 e .. .. .. .. .... .. 5poo 10000
Niobium 3

153 83 -30 Zr 30.8 1464) Zr ......... -5, 130 Z- + 2Cr . 14

30 Zr + 2 Ti 2..0 t31 1 30 Zr + 5 Cr ..... 09 60
30 Zr + 5 T . .. . .. 2 IG $ 330 Zr + 10 Cr .. . .. 309 134
30 Zr + 0 T ... .. 265 I39 130 Zr -+- 2 .0e ..... 342 t4930 r± I 2291 139 30 Zr + 5 NMo ( 7 168
30 Zr+2 V 293 If'9 30 lotMoj29 ~
3OZr+5 I . ..... 3 1 50 30 Zr + 0 Me ..... 292 !

-r .. 342 220

It shculd be pointed outthot with a ri-

so in tomperatura to 5000 there is only

a slight drop in the hardness of the in

vestigatod alloys, but a rise in tempera-

ture to 1000" results in an essential

drop in hardnss,

Oidation of,," in air at 5000,

as shown by fiC.2,occurs by the linear

law, which, ,that the forming

/
woak and porous oxide layer does not pro-

tact against, The formation of

such a rorous oxide layer on niobi leads Ol j 5 /0 15

to greater rates of oxidation (of the or

der of 22 b/m2 .hr) even at 500 0, as is avi-

dent from data given bolo. The addition
Fig.2.Change in gains at 500O depending

of 30 Zr sharply raises scaling resis- upon exjosure time. 1-niobium'. 2--i.1+307, Zr;
- - 30,; z.r + 102 Ti. U- i...b-tjn hrs.

tance as roult of forrition of a protac-,

tiva oxide layer, and the oxidation/ acquir. th* form of parabolb in fIg.3

-F-T-T-63-1020/1I2 6
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are given the results of tasting the oxidation. of alloys at 5000. As is evident, sea-

lina resistance of the binary niobium alloy with 30% Zr rises already d additions

of 2% of allcyinG elements, an increase in the comtent of those elements to XDY

leads to a further rise in oxidation resistance. A certain deviation from this rule

appeared on alloys with vanadium, whore the incroaso in the vanaeium content from

5 to 10% resulted in a small rise in the oxidizability of the alloy. The intersoo-

tion of gain curves Qt smrll exposures, apparently, is due to thf alight difference

in the oxidation of alloys and very small gins, which decreases the iccuracy of de'.

te 1 2ifltion. .,

The parabolic nature of gain curves at 5000 points toward the protectiveness bf

the oxide layer, forming on the alloys. On samples of ternary alloys after one hour

of oxidation at a temperature of 5000 was formed a dense polished oxide layer, well

preserved even after a 20-hr test. The film on the niobium alloy with 30% 7r after

a 20 hr test acquired a whitish deposit.

Composition of alloys Rate of oxidation Co iposition of alloys Rate Of oxidation
at.% of Ni alloys on air at.% of Ni 011072 in air

at. 5000 tm2. -r at S00a ,&A';hr
Niobium

22,35 30Zr tOV 0,38730 r .. : : ., ..' .2 3 r 2C ,9
30 3Zr-'2 TI . . . . . 0,409 30 Zr+S Cr. . 0,33730 Zr 5 T .. .. . 0,375 30 Zr- + 1'r, . . .0,297
30 Zr-.... T ..... .. 0,339 •30 Zr-2 Me...... 0,4t
30Zr+2V ...... 0,334 .30 Zr-5 Mo . . 0,400

30 .r . Y ' . j ... 0,341 |30 Zr-- + 7 oM .. 0,3v7

* The outer appearance of certain species after 20-hr oxidation at 5000 is shown

in fig0*4.On pure niobim already after one hour of testing is formed a white, oxde a

d filmwuhich peels off during the cooling of the sample. Further o:idation leads tO

repetition of this processo Alloying of niobium with 30% 2) lead:i to the formation

o a densee polished oxide filmewhich bosses even more strongor upon the introduo

sroo L t'Lt 'OP to ir

7T. .T.-63,1020/l4'2 ,
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tiom of titaniuz, vanaidium# chromium, and molybdemnu admixture a.

UU

V /3

.5 6 5;"It I a

FiS.3 Change in gains at 5000 of the binary niobium, alloy with 300' Zr, addi
tiona ily aloyo with 2-10% titanium, vanadium, chromium or molybdenum in rola -
tion to exposure time, 1-0%V; 2.~f%; 3-5%; 4-!7%g 5-10%; *-gain; b-time/hzr.

Fia'4;0iter view of samples after oidation at 5000 for 20 bree.
1-niobium; 2-Ml+30% zr; 3-11b+30%,zrx+ 10% Ti.

In fia.5 are given the rates of oxidation of tho investigated alloys in relation

to the cmontnt of the alloyin- adm'ixture. Introduction into the binary alloy of 2%

4titanium.9 vanadium, chromium or molybdenum results in a shiarp reduction in rate ofr

cccidation at 500. Aditions of V and Cr 'are sowhat mor3 affective thin titanium
4

* and inolybdemzn additons. Ain increase in titatniumschrcium and molybdenum. content

't6 746% promotes a further Ireduction in tha rate of oxidation, and a rise iinvana.

diumcontent to 5-10 at;% results in an incraase in tho rate of oxidation.

7fD-T-63a1020/1428
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45 0

m " v.. 1000

I

Fia*5.1ates of oxidation at .5000 of the __.... _ ,,,_
binary niobium alloy with 30% Z' dopending 5
on the content of titaniumvanadiumschro .O1 j A 10 u
mium or molybdenum adm t ure.a-rate of

. oxidation ,/m .hr i b-content of adm ixture,

'.*' Figo6Chango in aiMs at 10000; 1-niobium
, Aloying of niobium vi bh 30% rcises 2-Nb+30%Zr; 3-Nb+.90%* +l0%T j 4-M+430%

Zr+70bio ?,Tl0%Zr1000o+l0%I; a-sais
.its scaling rosistance by 45 timesand thobm!,time.hre
addition of 10% It to this alloy increases its stability in comparis&n with niobium

by approxImately 60 times (sea fiG.2). Additions of ra.w.iing investigated elements

cet almost as effectively.

In fis'6 are given results of h oxidation of niobium at 10000, which I
hmsh that niobium oxidizes extremely intensively, but by the parabolic law; SuchI

a nature of niobium oxidation is, possibly, due to the calcination of niobium Pont-!
oxide at 10000, which prcmotes the appearance of a certain protectiveness of this

thickened. layer.

The addition of 30% somewhat reduces the rate of oxidation, ihich* however.

, mains-very high, as is evident from the data given below, 4

.. In fig.7 are given results of tostinj the coddation of alloys at 1000°.Up to 10%
---- 2

* additionsof titanium and chrcmiun up to 5% of vanadium and up to 7% of molybdon

considorcblv, improve the scaling resistance of the binary n.obium 30% 2-

'T, . "-63T"020/,+2 9
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Table p o e 222

C0,oattion of alloys Rate of oxidation Composition of hNb alloys R-to -of oxida-
0to1  of I'b alloys in air atoZ tion of Mb alloys

at l00009o/W 2 .hy in air at i000

',o4i. . 220,9 30 Zr+2 .,o . . . . . 038,3

-30 Zr . . . . . .. 5.. 0, , Zr + 5 .to ..... 30,3
30OZr+2 TI . . . . . 0162,9 0Zr +to IO .... 39.5
3o Zr+5 TI ..... 4 ,6 30 Zr+2 Ce . 200,2
30 zr+ ,o Ti ... . . 25,8 0 sZr+ to TI ....... 10,3
30 Zr+2 V ..... 03,5 't OZr+IO Mo . 81,5

S30 Zr+SV ...... ,oZr+10 ,+ ot, 10,4
30 Zr+10 V. . . . . 230,2 1I0T- .0 ..TI. + 1I,5o
30 ZrJ-2 Cr . . . . . 133,9 i. TI + 20 No... 143.0
3o Zr+5 Cr ... " t Z,zr + 7 Mo . . . .8,9
30 Zr + to Cr ... .. 57,8

It should be pointed out, that alreody additions of 2% titaniumochroniWUm.Tana -

dium and molybdenum load to a rise in scaling resistance of the allC7.Loss effeotl-

ve in this respect is the effect of chronium. .A increase in molybdenum content to i

more th= 7% and vanadium to more thn 5% noticeably raises the oxidizability of th

alloys ,.
210- ,/ ,/ Results of oxidizing the remaining invest-

2600 igated alloys at l000* are presanted in

figo8. Most intensiTely oxdidf b

oo200 alloy with 30 at.% of Z and 2 at.% Co.
/foo- t

:10An increase in molybdenum content from 10

to 20% in the Nb allay with 10% TL(curvbi,

* ,oojand )doas not improve scaling resistance*

10Complex allcyina of Nb with 10% Zr, 10% !Di
10,0s /1/,

'00and l0%IiNo (curve 6) offers the best re-

. . sult in cunmprison with other. alloysshown in.

A .20 4 4

Fi,eSeChan.a in gains at 10000 of cl 3.
lox alloyed niobium alloys in relation to'

* oz7rpoeumro time. a-Cain; b-tim.ho. .

a.dd explanations ".....

* T01, )L STCP HER~E

FTD.TTL'.63-l2/l42 10
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26~.26M

/100 2

/co Iw

3000 000

is 2500leIs

Joe I 1,00 9u
lop *1000

:6,20 -201

see 1000

*115

2020 M

/a1 1 413 '25 1 1 10 ..sjJ

Fi-pCag i nn i 10000 of'tho bina oyN 11V'ith 30 Zvs
4 - oddtionally ll1od 'with 2-10% titaniun, vanadium, chroiume or molybdomm depning

upor. thea xpoauro time .3 2J
10%; 2r2:4 3-5%; 4.-07; 5'.1O%

agn. l m/hr'.
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Tooccvx:so rxcaoin V:ic fcolin: c.r -n~ of .,iobium uon its aluloy

i.,. in well, cvident frcui fic.6, ,iicro scl~ r.s'.: cf :.iobium and tila binaxy

iobiuw 1AloY xith 30 ait /? - is civn -.t 2.000' 4-:, cc-t.-ricon vith th:i bast alloyss

hW'vinr- cn initaL~zi rcjns .:.,onZ; all tlh. tcatcd cc:npositionus. -,y ilcryi C_ is possible

to con;idarably increcasa th.: . cali:,O rcsistance of 'ND at l0000 .11mc bozat alloyY hn3

a sc:liaC resistanci 15 timcs hi~hcr thin niobiuma.

rm f1tnr a~or.oof s.Laaplc-s of

t03tod ai] ioys af tor 20 hro of exposure at

10000 ioIs ,n in f iC;.9. 71i niobium so 2

plc with a dizumotor of 15 -:a nn2l 6 m.a in 200-

hcir~ht in cem~lctoly oYxi*.izcJ artorF M

atost. Tho Ntb alloyi iith 30' Zr i.- ccxatec

with a thick briGht-yollow cruckinag film 70V

A rn-ijority of qinjplcs of tcstad alloys has

a thick cracking; and poalinwg oxido film.20

As the contont of socond alloyinG olemont 10

in tho bina-ry niobium alloy "idt", 30"'0 Zr 6'O

incr-zasos tho tnickMCC3 of tho oxide lay-

or dccroaaos. Tho oxceptirin horo is the Jt
niobium alloy sample with 30 at.,' Zr arid

10 at.', V, which o::Idi'zos mro intcnsivoly. 1

DarinC tho o::idation on th, niobiuaa alloy O9 Z 5, 9

snaplo.3 iith 10,1?'7 and 107 Tias wall as
1iC.l0.C1hnGo in rato of oxidation at

on the niobium alloy vith 00"; Zr zind r,, lO00- of th,: bin.,ry 1~b+30/;, Zr alloy in rolla.
tion. to tteountent of :AlloyinCg titanium,

V io formed ai thin peclinC off oxido fimv -fl3(liuml. drxi~anrl Inolybdc-nXM 4ciiturms.
a - rateU o f oi d at i C/j 2 .hr; b',.dt :ur a

The niobium allcy ,ith 3C; .r and 10-7 1o content ateZ

7T -A,-)---,63-lC)20/.+2 :13



i3 covered with a Clu'lSo r-plIn.- o:1.dc f iLra~crnckin,g nyaor h ~3o h
niobiuM!

sarn~lo. On th/ 'alloyr with 30rQZ Z r and ?% 1Io, a~ iell :z on th1z niobium alloy

with 10,1 r, 10,' 1.o ind1i0f Tit mho ii~ ni'aii j.Jin3, iz, formend n thin dnso non-pool

ing oxiJdo 1jor of rayish-stcel color. The cuter appoarance of the sarpics is in

Cood 3grocnont with alloy oxidation curves, h.- vinc- parabolic nature.

Additions of varicus alloyin- alcmonts to the birnry alloy ehhneo the color of

tho oxido film C::idis on alloyis, alloycd with titaiiunthivc a dirty whito color.

The brw:nish color of o;,;dcs is characteristic for alloys afloyod. with vanmdium.

Alloys allcyod with clircriium, in proportion to its chaivjo in contcnt~chnreg the co-

lori of oxides fraa briCghtly to dirty groon * AlloyinG with raolybdwn~ -dds a brig~ht

L-clsh color to tho oxidas.

In fiG.J.0 arc shown the ratos of oxidiation. of the niobium alloy With 30 at,% Zr

in rolition to the contrnt of titaium., vanadium, chromaiun and molybdenum admixtures. -

Additions of 2,7 titanium,4 vanadi= or rolybdcnum sharply reduce the rate of olloy oxd.

dation. The affoat of Cr is zmuch woaKor* Up to a .5% contont the offeot of titaniua,

vanadium and molybdcnum on the rate of oxidation of the binary alloy is approximn.tely

Aloswith Vanadium ndmixt'axcs roveal a sharp riso in the rate of oxida.

tion at a vanadium cozitent of over 5%,, alloys with molybdenum adxixturos - at a oon-

K tent of more than ' An incroaso in the/~ contont leads to a continuous roe.no-

tion in tho rato of wcidationt more intansivio,th-!r in case of Cr admixtures,

ulccultz- of rmeasurinZ th-i microhnrdnes of nlloys nftnr a 20 hxs exposure at

10000 arc Civcn in fi-.ll. A chanCo in microhardnso frcn the cd~o torinrd the conter

of puxo niobium samplos (curvo 9) *ifld of the binary niobium nlloy with 30"Z Zr (curve

3) rhous, thc--t the decpth of o.:yconi pcnatr:.tion into thc 11b r- achieo 495 rm, but the

4 lloyinC; of' niobium with 3Q*' Zr by nd.-iL-:t-Ltrcs of '11, Cr or V l Vontic pth of a:ycz

pcflctration pr ;cticalLy unchan(e-d. D-,pths of owtyCcn penettration for :-lI aloya are

Frn-cr- 631-1020/'1+2 1-4



civcz in t21c 4 al-nd co-1.tit-uto zobout 0.3 : .~.1- A- Vc'%C..tic, L-- .'Arri cntnnt

in rniobiu.i zlloys to 10,'0 1o-id to incrcc 11- t* . dith of o.yo pm% n-tration,

T~e4 7-t:l of C- --31n c-t 72Liofl *' Lw of 1 'tal L,.ymr hich
cunwxrtC6 into. Secala

c.-oiiho of'.ioic'.zmcss ofCo. ij-oziticli of 1~ I]ly ap* 6j1n-1
C.-..C* i ~ -n of~t Tjcl0y2 of

Z.tof --.ctal 1,yor of uiotA~ lay@a'
io convc'-rtcd in pc no ccnvtcrtod

t r..t. to scale~rzr -nrz, into scale

iob ium 0Z±0C

30 3Zr .*O . , 06 30 Zr +'i 20 Nb 0,30 -0,06
30 Zr-4 2 Ti.......0,33 -0.1 3 r+2No..... 03 02

(,39 30 Zr ~5 Mo . 0 .. C, 5 +0O,08
.30Zr+STi.. .... . 0,,, -0,0r±7 Mo 0,35 1

34 .1 10) Tri..... .5 -i0, 30 Zr +10 Mto ..... 0,42 +0,01C
.30 Zr -4-2 V. . . . . . ... 0.0,1 Ti. .. 0,51
'30 Zr + .. . ± .. 0,14 10 Zr + 10 kt ..... 07

329 0 Zr4 10 %......00 1 '.ozr-, t 'i-+-to mo 0.35 -

30 Zr.': C0 V.. .. .... 4,0 -0.21 to Ti + 20 Mo ..... 0,30
309 Zr j, (r . . . .~ . o 201'

7-io c idation of' tha L2.loys is cha.cxrized by tuo jrocaosz:pcnatr;ition, of

o; Zocn into thc igotal an~d o::idation , t'urf'ace l--yor of the raotaJ. xith tho f'orzaa-

tion of z-c-lc, In fi-*012 arc i'cnth co..bincdt Crzj hn of' o;-yeon nuactrrition depths

into 2,ic iaotal2 -Ini 1acr Of' tho MOtal,'ihiCh coavcrtod into scalo wi5thin. 20 hrs at

* 10000. (1,on~fdifl, up)on, the contcnt of' a2.loyin(; :idraixturo to tVi- binvn.'y 1,b alloy 'iiith

3101- 7r. It ij evj~cnt f'rcia tho &r; hs~th*iit thc r~ls thro / Iayor iihic'

*into scale, th- ,'catcr is Vic dcpt'h of' rcnxtration of' the oxyacn- theoaxception a.re

r .l11ys w~it, chI':x.Ium,in -.. itch thc depth of' o~v'~an panctratioz irn tjo0,.OfCo upon th')

cbLcidujl atdiai;-tuxo to 'tho 'bja..ry ;,.1ory rcriins daiost cor-qt':!nt,ifl s':ita of' the reduc-

tion~~±cnosoof' the rLiotal lLyor,;'hich coavcrtcd into zcals. An nr-a in Li,

Cr and lb contcnt f'rci 2 to 10 .nri thn contcnt of V to 11,lc 3~ to a 'oucticm ini

tlv th,1cmor- of' thc- m~otai.].l yxhc tr-".for- into scala.

In fiC.13 is !,hcmn tho initiul !Ac .otruetura of' the niolitbi ailloy w~ith 3y4' '7x,

.przc-ii,1Ca solid, riobiwn b.s colution rit *1 il soiarj4.iona alounL; 4he Graein

15S
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Fit;. 1.OCh 7o in ol-ZYon doj.th Icnct4ClrtirL (1) conO in the Jaye,- of tho metal :
-- ~ nch r~for~ -,:to scale (2) on the bimw:ry 1-bL+'2O Zr ollmy dcnend.inZ upon tho

coatont of aloying tit~mitcag waudium, chrunium arvi molybdonun Odx.aixtuire8
4 ~a-dopth in Laa; liatJ 1.yor, Laa; c-adodtux'o....at.x.

AfJ.rnC -tis Ollory With ti-Ldnun2 -rj1olybdon=nanxue rc.kcos sovwat the

nivibcr of thlose sepo:arations;- but i cine of a11oyLnC .jjtj V anld Cr adc-Li-tix.o/A' >

nu.anbr rizo corLjidc -obly. Thoc Ccnural =,,Vuxo of tho Ldic 'oZtructuxo rc~u-ina here

uncb~vnged.
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One hours annealing of alloys at 5000 led to the formation of a substructure

in the interior of large ,rainssorieintina during tho solidification of the inaots. 4

A study of t microstructure of a contaminated layer showed, that in the case of

unalloyod metal the contamination layer- represents a solid oxyGon solution in niobium

(fig.14a). Alloina of niobium with 30%1 2: (fie.1lb) sharply chanaos the microstruo-

ture of the layaercontaminated with o.Vgens the layer aocuires a lamellar structure

and is divided into two sub layers - grcty (with a more dispersion structure) and a

briaht one (with less dispersod &astoturo). Introduction into the niobium

* 30% 2W alloy of admixtures of 2-10% Tie V, Cr, or 1-b does not noticeably change

the structure of the layoreontaminated with oxygen. The lamellar structure of the

oxidized layer, reminding of an eutectoid, is clearly expressed at Src:ater magnifl-;

cations (fig.15).

FMvnluation of Investig ton Results

Structurol characteristics and properties of metals of IV-VI periods, especially

that of transient metals of the III-7I groups, change lawfully in proportion to the:

increase in their valence. Those metals have body-centered cubical structures due to

the presence in/~kj'ions of an outer filled p-subshe2l, consisting of six electrons

oriented orthogonally* In calcium, strontium, lantham n , ti'tanium,zirconium and haf-

nium the body oonoterd cubical modification is stable in the range of high tempera

turas; in soandium and / _-auch a structure can be found close to the melting

point*
''ith an in r aso in the valence of the metal frn 1 to 6 as result of separa-

tion of all of all vlent electrons and increase in excessive nuclear charge the mi-

tallic radius descreasos continuousply (table 5.This is observed in aortes from

* poyasum to chromium, frao .t o molybdonum and frata cesium to tungsten.

Dy the s rule decreases also the ion redius oeorrespondine to higher valence or

transition to the anion of all valont elootrona. 7 view of the feat that the

'TD-TD-63-1020/1+2. 19



II

attraction of different in sian chrded ions leads tothoir drawing closcrothan the

reaction of cations with electron Cas in ittioo of the motal, effective ion ra-

dii oappoar to bo smaller thz: the corresponding metal radii;

ThAilm to a rise in the number of soparatina electrons and reduction in ion dimen-

sionsleading to a rise in electron gas donaLty in Ir-Vi periods in direction fran

left to right from I to VI group, is obs,'rvod a continuous intensification of the

metal bond and a rise in strongh/ thebody-contered cubicttl structure (lattice)*

This is e:arcssod on one hand in the rise in molting pointboilina poin and heat

content tt molting point, and, on 'chc other hend, it promotes a rise in such mechanical

strength ohari toristios of the lt ticc, as elasticity modulus, hardnos , ultimate

strength etc (sea table 5). Such an increase in strength of body conterod structure

frc alkali metals to metals of the VI Croup-chrocrum, molybdnmn and t,'nsten- and

also duri:g the transition to much heavier metals in groups 1T-VI is of enormous im-

portance for the devolo nont of heat resistant alloysHeat resistance of metals rises

in dirctiom frca the I to the V grcup and with the increase in atamic weiaht within

gr ps IV-VI, so that the most hoot resistant among the transient metala *appear to

be nlobium tantalum, molybdem= and tungsten. Honc~, it is evident, espeoiallye also

the faoe, that the reinforceomt of niobium and its allcys with 30% Zr by the formation

of solid solutions appears to be more effectivewhen pentavalant Yo',diu and 'ho=-

vlont cxca ium and moleybdrm are introduced, as cozpored with ll4cring with tetra-

valent itani ,

But the heat resistcance and above all the oxidizability of transient metals re

veal entirely diffornt laws. Let us discuss the thermodynamic proporties of higher

orciden of trmsient metals of nIl-VIZ Groups (table 6). Tudagfa by their heats of

for stic per one bond with 02 ataaq by the molting and boiling points, those oxides

become mre stable ia direction from right to left (fr= the VII to the 117 Group),

.?PD.TT-63-1020/l.2 20
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K Vicri'olyn .Ic pic t. ~ics o' o oido3 c- r rx int T , sL,-

5,,'1~~10 viol CI0, j MnO,

la of for~tion- I 3b. 7 15,0 112, 7 1,0 1. 4-7.5 ig, tI+2,b,; 24.8±2,5

-ti' point C-12) 67-
Doilinr, point, 0 

-o 2227 PA8a~CI.. Pacrnal

t2__0±1.0_________ 17.2±2.5I 7
Oie..Y1O2 Z/rOg Nb:OsI MOOS1  TcsO,

ab'o151.f)±1,5 1t)7±1 ,2 W~,7+2,0 194t5 38,0±4,

2420 21430tID 795 120

0:) 430Q I 1100 310

I, --,n±2,5 12, 1 ±, 1 32,84-0.2 18,6±0,3i 44,0±2,5

Oxido a*** LnO a 0 m1o, TagOA wo, lc20,

1 1,513,0 133L-0, 5 07,8±2,0 G6,740.5 42.4j1'0

,isabOo 2320 27')') t870 1473 298

L4200 1850S 362

- 14.2±0,1 34,2±0,4 i19,9±0,2i 49,5±0j,t

At othecr coidition.3 bcing ucjui.i/ hh IolcdL tht rich l;33 the o:'.3r~on

atom in luh,:' tho cQ.tpc;vund* t1,-ho .C;c, ' T:- .ber of o:-yjon ata-a por

."cta1 otr a An~ incrawio in tio :trcnath of hi!-hor oddoki in 1owrr.-d diroction with

in/ is conncted vith run i nom.s in tho tiallic naturm of tho ',ionr't

at an inxroaso in its atctui nixibor. Thio6 lia ~ O in ti ljC- Y' th-It thm,* least dur

ablc 'i~hcr uo.idos cro --p zso.:z by ',- --o.t *Aih ~m ~t of V.71 ind VII

*',k n ;onn!crsn~r yn -"?tIr~fl - t'.' cn..n . , 1Jrt

11:int rcois3t-iat tr.':n.,-icnt icn3 nol2'blnx. un;tn-'mr mi2 for. I' most
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l0w Moltineg anL weak hi hor oxides; saao of tos differ in adlition by high volati-

lity 016030 W03 , 102 )7 ) This appo.rs to be the min reason for li heat resistance

of the most high melting mctdls, on account of .hich they require protective coatinrso

diobium, like tantalum, has ruch more durable and high molting hidier oxillos, and

allqing appears to be a mfficiontly 'L oans of increasing their heat

resistano qualities.

The metal can bo heat resistant, if in the subsequent series c2 its oxidos ori-

gLnatina layer by layer on the surface in the process of oxidation, there would be

at least one sufficiently strong oxide to form a dnn protective layeor The hijh

heat resistance of chromium is duc to the formation of a film of the Cr2 0^co p~n,.

combining .et of formation with sufficicnt high malting. Still hiehr/

proporties are possessed by Cr2 03 *Fe0, Cr 2%03Ni0 types of spinel and others. By stu*"

dying the thcrmodynamic quaities of intcrmadiatG o:idos of niobium ,vanadium and

other transient motals it becomes evident that much stronge_! are ordinarib not higher

but lotier oxides, nymly, monoxides Nb0, V0, IOsesqui oxides C 203 and others (tab-

le 7). ' onoxides of transient metals possess, as a rule, a simple st)ucture of the

NaCI typo, clearly expressed metallic proporties,prooting a/ bond with the

luttico of/'Wvery mtal, and the ability to reinforce by being alloyed with other'

motAls. Evidently, the effective mothod of increasInC the effectiveness of the pro-

tective IThO layer can be the alloying of niobium with such elements (mntols)owhich

have the same outer electronic ion configaration. as does niobium, they possess the

body centered cubical structiure and contribute by their volent electrons. Tn viow of

the fact, that the ratio r°' rimo = 2,0 is unfavorable for the formation of a NCI

type structure Nb0 has up to 259 of oxygen vacancies, and the introduction of motals

with smnllor ion 'radii, than in niobium, will promoto a rise in e,-cnsty and in the

protcctivenoos of the monooxide layer, From this view point titanium, vznadium,ohr

7T.mDr.63.1020/l+2 25



TaiUri ap"~ MICAbdovx, zeloetod in/ :.dditione t; ioblu~i A~Icy wiith 30,. r

.ap~~ozrod to ho. .o2t pers-retive. A furthcr y of nrc"n th.: rcsistance uoy

lio ini diroction of forr.'.tion or (t'-u !bc:- .- Inol3 c :Thc0, VO 1 Cr O3 .',12 ) r-o-

noo:ides.

4f he chCorun -.!lLyi- c 1Y*.cnt3 v-.n-Aiu;1 n'r.,l ol'x'.lcnu-i f orm id th niobium Conti.

nuous noric-s of solid solutions frc: r'occ tt~poi,. Vura to LQltin- point, ivith a iiini-

;-m on th-c lijiu Y n O11h cu::vcn. ZLconiiun ain! titz'.nium In thr r n-,- of hiL~h

-& -r .turo3 (Ibove 10100j -ad 6000 ro joctivoly) al~ o fori., i:ith iiicbitui con Wlnuous

oorics of ooli :olutionz, f rinco thoir hi~h to::qipr..ture c-- ;csxA ~ is o-

nor,-hIc rel:tivo to the s:tructu~ro of niobiua, .3nd tho ratio of aoAcradii -.Iao

.:,oars to be favorablo.

At tcri>.-r-'.turcs bolai indtic t'i in -iloys of tho fl-ZTh-Ti ,--stcm thoro .,r-j

poly-morphis corivcrsoris, due to the appeair:nco of comr + hoxa~oflil -aph3-phase.

* Zirconium stil-,.lizes the high tc;.;p.srature bn)ta-phase and tie mo'eratoly hirdenod (in

* i)niob)!iur A~lcry !:th 3:O-f Zr ha-s tlve structure of bot:)-solid solution. Chraium,

as well ns niobiwa, rossonnas boly centaroA- cubical structure, but the difforcnce in

* alt~aic rcdi, o:zcaodino 1.5'(i iczts to the Ii.-it~ ion of solid scluticn zones and to

the a.-po.-r-nce of a 'ICr 2 cmtPotr.d*

*Addit-ions of 2-l~rs vr;n~.ii, rnolh nuua, tit.-.nium or chraniun to thr, riobium Al-

loy -,ith 3 O ' :zr, aiqpzzontly, 'lc-,oto a riso i st:lbility of the colid sclution withr1 :o1:.' c:).-ercd cubic:al Structure. Concli,t'ion of the tr na-ii'nt rn~ta1, base eolid solu-

* tionj , ~ Q'lnba.a, nz -c-ult ofthic o'foct of - o~ !ith other tran!?ient ma~

tc1~qp ,,C,'Azrcon'u;a, titaniurm, v-mn-d^tum, chrc hura in(Im-Uyb,J,:ujm, is (lug to I Sorion

o , ,nl. Th'Lovo --!l to the v~2.enco of th-) --llCIYI7,"- o5on rv t o the Mmairvn

*of It.5 zwm ztructu-ro off out= oleotron Aiolls, cunc nt-Itici of ali1-Ctroni (;s etc.

The V:luc..j Of _4ton.ic r-.Iri 4Of tho ec tr,,isicnt -.utl -,j ' -1 1%7;

r T7-- T -2Z9/1+2 -26
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a 1,60; Ti - 1-47; 140 - 1.40; V- 1,36; ci - 1,28

[of niobtum with elements, forminG with it solid jolutions, as shown

by theory, is in f leparn4z e upon the atomic radius of the allcying elemens and

the amount of admixture,

Alloyi-, of niobium with zirconium strengthens aam as result of considerable dif "

ference in atciuic radii. S3)ubsequent alloarng of the solid/" of the allloy (MT +

30% Zr) with elawants, fcruiin .:ith niobium solid solutions, shows, thnt sdditiona

of Cr, V and 1*o 4o best ntrangthen the binary allIC. The obtained results can be sx-

plained by the L*rengtheninC of the crystalline niobium lattice and of the niobium-

- zirconium illc' as result of the differenoe in atmic radii of niobim and alloying

*.dzixture. Craaium, the ntcirdc r:idius of Ahich is much smaller, than in niobium,

* causes also a considerable rise ir tenjcity as result of maximnum distortion of the

crystallin l.)ttio

Atonic radii of titanium aid niobium are approximately identioal, consequently

titanium ullayine of the biairy 2l1oy leads only to a slight rise in hardness. An

increase in th( .. ount of Cr, -1o or V in solid solution leads to a rise in hardness

(see fic.1)

An incr,)v.-e in hr hardness of the ITh + 30%Z alloy at 500 and 10000 in caa, arl-

son iuith the niobium., ,1,'.-rcntly, can also be expleined by the presence of the deglee

of distortion of the niobium lattice as result of the difference of atcmic radii, and

also by thi presence of v.lance of the alloying element (see table 3)9

By co.pnring the ,raphs of "Ins in theprocess of oxidation at 5000 it becamsa

evident, that all ternary allcya have stioin apprxoimtel3 Identical gaisn after 20

hO rs 9f exposure, It is therefore difficult to separate a the best alley.,But it

rem lemzntione4 that at /, additiona to .i binary alloy maximum inoweaae In oxdvr

tion r 4 istanoe is offered by vanadumD. At 5 and 10% qIl1rng adnatuse the t esa jrL

',TOP ti STOP iiE -F
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!;u~1,%" i:s "ham n o. ".,11 Jifforona in GuU~ in AlilJloyso cormtUtutos 1-2 -/za2 p con

uaqcuotfly it can be naid, th. t under -ivoii conditionz thD vt.Wo1l.ty of ell investi-

C;-tc alloys ic _-,jro:Atnwtcly of tViar~ o :dor of ran~itiado, Tho boot jiloy in theso

comn-it-Temn.- a'ea to be thui ono whic4 offers a dark -.rototico film,

Whalestn th =Vzbl~ of .' hays at 10000 tookz ,L.a ".SL4 division of
the bui/

. .hlliys iith ropcoct to st~iilty. G.-in oalv4sis shcms, tht/~ offect on an in-

cre~xen oZ soilin- resist-anoo of tC binary 2.Loy, within the 1 ini s of the iflvosti.

-.to1 w cmrni:tures of 10/% R, 7" M.O and 5f V. 71% stronc,,,eat affect

oni thc incror.3o ini .cnliri; rosistance of the binairy alicy in rvoxkuocd by ana ndzixturo

of 7 ', roducie in halif the canin Ccuap:trison vith 10% Ti., :i' 5% V r.&id:turos;

Putc~oci -v~cotcs the fovin~tion Of a ense C~y m~ide Layer.

1k rive in o:.-iizabilit7 of ternary ni1oys with an increase 4n v.naditum and rno-

lybdonum adi-aicuro to cibovo optir&S P;-kes 13ce~ reslt Of fo"'n::,tiOn

'7205 and 1-:003 Ocidc. Of J.1 thr. inv tiJG1C;tod illoya one i'flR found to bo 4-

qjuatcrnzary niobium zU.loy vith 10,20 Zx, 10%, Ti and 10% 1-o, vzhi~h shod rainixrwa gain

,jnl oi=!.].ent sux'face state after 20 hoursof toaitina ,-t 1000'0 9D2in6, o::idation on

thic allcy iz forrmed a thin dense C,;rsy non-pooline ox~ide layer, The rcnmininc: alloys

c'iUmod, loss ctisfactorytm VI1u

A comp.rison of ratoo of oxidation of the invastirpted ternaryl' 1 .iith the

/Caflociation of bin-iry :-LUays *(by literture -sources ) is Ziven in t::blo 8. As is.

cvident, ^30% :addiltions of Zr to bunary niobium'tit:niurag , niobiun/ziolybdon.m and nio-

bivjVchrcr.iiu1 olloys load to a considerable imaprovainent in scalinCg rosistance of the

al1c's; an o::conovion :loro aro niobiuri/v.andium :,.lloys,3O%@ Zr addiitions to which do

not :Lpravo the scalina reacistcne.

Th 3 n~itur of tho r ;to of o.:idAvIion curvs of the ixivortiCatoi, t'rrL-iry illoys

cojtnoidog qu:;iativaly vith th: Cocs~cond-'n- rate of oxidation c:urvos :Cor binary

yTD,.-T-t6 -1020/1,+2



.1e4?S. ~A Iowa~,iLt~l? ~1c' 2 ~nrx rato on~ Alcyz witi, v :n.-dAta r-if tad

f2' 10 to 5-i.nd in z.lloys vith No - fromn 5 to 7%.,

TC,i0 C. Ccn.:rina of 0r Idaton. zt 10000 of teri,.rv all1oys (in -icco.
d--nco uwith dati. of t1ii rui-crt)' :d bi..ry AICrjs (by literaturc data) [1])

Can.'ocitjon of -.llcys-% Rlito of o::idn3;ion1 Tina of excposure

,.iobium 1,21 242
A!iobium 229,9 20

Nb +35 Zr .. .. .. ..... 30 5
.Nb+30 Zr. 245,5 5.
Nb + 5 T1 .. .. .. ............. 57,0 5
Nb -!-30 Zr + 5T1 92,6 5
,Nb +to T1.. .. ... .... 77 10

..Nb +30 Zr +10 Ti 42,2 10

Nb +5 V 46to
Nh --3 Zr+5 V : .. ... .455,2 10
Nb- by....... 35,0 to
Nb ~30 Zr +i tov.....299,5 10

Nb + 5'Cr.. .. .. ........... 281 5
Nb + 30JZr±5Cr . .176,6 .5

Nb + 10Cr ......... 262 5
Nb +30 Zr 10Cr 106,2 .5

Nb+-5 Mo .... 46 20
N b+ 3OZ r+ 5 %o . .36,3 20
Nb 10 No .. .. .. .. ........ 10
Nb+3oZ~1 z-tomo..... 78,4

of binary aflocys v~ith 30% Zr raduced the derth of o:qgon contcinwtions In

all1Vj- with -titanium by 1-0,2 iMM, .-nd in bina~ry 21 1cs with chroraiumvinadim and

riolybdanum by a:pro::iritoly tWo ti1mes* In Publirhad data the. niobium Al1oy with 351.

,z shotiod a dcpth of contanin.-ition of thec o-der of. 0.05 rr.Is vhi).o inVestit;A ions

licvo rove.-1.od,tiitt tho d, pt!) of o.:qrron cont:riinzation on thc niobium + 30% 7 2 lloy

oaiua1s 0.33 MMS

lIn VIM inve.-tOi~atoO u3.1oys tho depth of contxdr.ition lias between 0.3- 0.4 rtn.

jsuaxp reduction in the depth of cont-Imr~ition on the 1"10 + 30;;% ?X axid 10% 7 iii1oy

je s duc to ;rctcr rate of o::bdation, vt wihich *hc prooo,-s of natacn Czfvorsiof Into

o:;ido io rxuch f.istcr th.-n 'Uhi: pm~ccas of cent.-x1nifton *A% increaso in itho :,tlc~in

i?-$10201+230



i~a:tu~e MISw daln, the pos.ofntJ convarsion. into o::ido, zis result of forial-

tlonl Of Lloro protective o-xi:(lo fi-j'n, .ihch cons-o.-ue ntly M~y cIIIS0 Z. ris-3 in 1-,Yor

cont:i Th-~tion dcj'th. On the invecti-nted alloys -fe/l-O tho o'-ds is

roe:'1ed c, daek sub 1oyers which docs not sopar:ate frc;.l t'- s amplov the strucitro

of 'ahich h :s not finallyr c:,p1 inod, Accordi:2Z vith thle -:mouncomeint of one of the

-,uthorajs,hi-. is Q ir:L~r- Of :r0O and 1b2 O5 oxides, oth.irs assiline the presence of anl

orionted 1"'25with a deoviation f.-on tho stoichnian trio coipoition."Itn piec1ing,

the riicroscopic sections thc- sublaycr rern;ininc on tho saumples hos well conducted

cur.ent, i..hich indicates its suffici.cnt raetn1lic n-t'ure,

Can illcrjs, hi-vinr, show-n o::cellent oxidation resistances z-,fter removal of the

fa-derin.- thin Cr~ o:r:ide filrm vw s also detected a dark sublzyer. A..the exposure tirme

incrac-,sos tho rate of 3-llq oxit3J~ution doorecises, -1thouch on the .'Iloys is formd

a cracking peolinZ off o.:-ida film, a'c -.nnot serve a~s adequate protection. This

offors basis to asaimo, Thtthe process of o:PidizinC niob5.un iAlloys, rippnrentlyj is

controlled by the proportie3 of 'the sublzqer. A cortain effect on the reduction of

the rate of *alloy o::idat. on, riont likel'yoc"- be pDroducod -.lso by hl

o.-cdcs 9 %ihich tsook placa. on marr allc7so.

O.-idation of tho mctnl, nppare nt31y, takJpes place on the~ sublayer-oxido boundary,

beciuse the mar1 loft on thc sa-mple, wsas well preserved oii the oxi'de film and was

not covored by renctL-ioil proatucts, thus in-ic.-tin(g the diffusion of ox.ygen into the

depth of the rnote.-. On the ::u')Il;,yor-o.xide bound.ary t-.keas place the formnation of 20

type oxide ofL this or -Iny otho. mrlif icationl, as recult of oxygen dif.fusion through

the oxide filra ind diffuzion of niobiui ions throuh the aibl.-iyer. On. allciysg h-Tina.

* ahoun Good results and being ocateC~ duri;Lg, Oxidation by a Cray dense thin non-pool

ine o.-xide film, theI Aaliina dowhli of thi rate of oxidation irs npp-,.ently, I'

clso by the jgrowth in o-:didelayor thic'kness. Tho o.ci'dation proccss in this o.190 is

FT>TT-~..lO2/l31.



controlled by the subl ,or and by the growin? ability of the suffco L1yer as will*
,t,, . /nygeti, ted/

a Dostructio. of o:idc 1].ycrs on s,1raDlGs of f llcjs t~tkos place bnsicnl

ly as result of origination in the film of interrl stresses, as result of creater

. vol=.mctric b2i0 5 coefficient. On the cylindrical surface of the sa.ple as result of

doxid film rowth oriCinzate tensile stro, ses, leadina to radial crncks. On the faces

* of the sccple the o:-ide layer is by one side fir-mly connected with themetal, hinder

I .i ne its Growth, which may cause compression stre ,ses in plene, parallel to the face.

As the o: .dc layer grows the incr.asinZ, magnitude of th,se stresses lends to shearing

of the oide layers along these surfaces. Allcying ray impart to the oxide l'yer a

Creatcr mechanical strength, plsticity, and also change the volum-otric coefficient

of the forming oxide. Formation of such oxide films results in a considerable rise

in scaling resistance of the alloy.

*~Ogen contamination of niobium and allcys on niobium basis takes placemost

-1 likely, -s oxygen diffusion from the/ into the metal* The oxygen

J. contaminated metal layer, represents a solid solution of o-yLon in niobium. The addi-

tion of 30%. Zr impart to the contaminated metnl layer a lamellar typo structure, which21 o~onneote d/ ..

-) is, possibly, /-ith the separation of dissolved oxygen in fo of zirconium

,nd niobium oddes. alcyinC of niobium with 30% Zr sharply red ces the rate of metal
into oxide, and Also considerably reduces i of o:.xygen diffusion in

metalas rosult of which in the cont.:inited layer is prouced -such a concentration

" of oxygn,w.ihich o:xceads its solubility lMiit in the given alloywhich, naturally,

leads to separation of niobium oddes and oxides of the -illcin s element in for of

flakes, rceblina an eutectoid. Allcys without zirconilum or with a lesser content

. of s . have .ifter o::idntion a sharply outlined contxninated layer, the structure

of Aihich is not /aaI but hpresonts a solid solution with soparetions.
S". To ine¢-ase hc ;cAling resistance of niobium the lli:'g should be done by

Si .T.-T' ,.- Q -0l+2



t~Uh ::tro, hich would iscuro iu thiq i:,titiL1 i-alxya t of o:*:ilclion the cre-'ionl of

a ~otatio h:~trci~t.Zt o::ido layar with nw~sibly wi-.'r .:IIzber of vaccancios,

It w-found th.at protectivc p::cide 1ayers "r? Droduccd by aidxai:.-turos of eleme.nts with

sillior ion r-rdii the n in niobium (0,69 9 )q* ni.nv~1y, v ,nndiwra (0.4 1) b ioydnw

(o,62 R );.ind chz'w'iun. (0.35 -R). Mzre is noca-3ary tL-o t .ko into conr-iVorationt the solu-

bility of the illwinC; elemeont in the o~cide of the basic me'taMl and the

otcbility of tUhe o:i.dc of the -11oyinS element.

If it is nssxnmed, that the rate of niobium oxida-tion is limited by the diffusion

of oxcpao through the ilbO raonos:ido films, thcn the /ain~roblem ap ezrs t4o be a rcduc-

tion in defectiveness of this ox:idcl in w~hichn about 25% of/ re~1 not occupied by

much 1lr-or oxyPcn ions "nd -.r)ovr to bc Tacanciass f.cilitat-in- wwcon diffusior

to the mtal. S uch a j-oority of iNhO Lattice is 07uos a.',parent3.y , t-o thu unusually lar-

03 ratio of anion cnd cation raii rodr,, 2, which lies beyond the limit, favoring

the formation of 1TaC1 tpo stwuctures*

Mhe 11O monooxcide has the NTacl ty-Va structure with Parameter a = 4;203 R, corms

pondin(, to the doubled sum of ion raili (0,69 + 1,3;2 =2,61% ). by its structuro it

p-otcrs to be stable only alter roraoval fapart of o.-yeen -to.w;hioh reduces stress

and lattice distortion,. OubstUitution in sutch a lattice a pairt of niobium ions by ions

of mtal.s witb saillor ion dimension, but with wery same and improved outer i-kliLij

rities, offerc the possibil.ity of fi'Lline up thc vaca.ncies with o:ren ions,

Con o unl atnugwnadtam (in srall a.Mounts) ,chroniua Lind mo.

j4'bdemnm pzomote the obtairrar't of a more dense ai-d more pro tective raonooxide

f'ilm uith loic'r number of v1%c:ncies; such additions do off actively roise the? rcalina

01 rostst-fcoe of niob-um and its allcjs with zirconiua. A cortiin fuvorAle effect of
-3

ziJrconivum, hcxinc a zVea"ter ion rodius, th.n niobium, is due, a:.,-arontl, Ito. the

ofits dio::ido, which appea7rs on the surfa-ce of tlio -,16oy at sufficient
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ly ',,izh =irconxium concentration. rox, tho/ZfZ/L-aa roascns ci comr a~a tivey hich Vtrxa-

Olium andl rzolybdIcrua contcnt Ccc:Lccares tho scalizir razist'nco of aiob5.ua z,- ro' ult of

nl)_o, r fco of' unslU.bja nv tur,4 "V05 andU 1:003 o:idlcs. In ccraiplc::. alloys the -ffect Of

V..urious fa ctors is nui mro difficult to be tl-ken 'into consiclaration.

CofllFJ ions

l. Invcs:tiCit(' was the f 7 jtOf cadditions of zllqyinr, ale:r.(ants - titcfliVxm,

cl'hraiua zrnd molyvbdenu=m- in qunatities of f^rcra 2 - 10 at,, on the sc -in&,- ro:.istal0O

and&u o:.gean cont..,zimition of binary I-1lacy offliobiumi with 30 at.!. of 7zr.

The invcstiC~ction was conducted ct torkporatures of .500 and 10000 with heatin - in

the air c'nd of1 3,9 5, 10. and 20. hours.

2. 0::id: tion of niobium a'. 5000 follows thelinoar Liu and is ch-iracterized by vary

hirh rates of oddation, or the order of 2P Wmh'r, Alloyin,7 of niobium with 30% Zr

.raises its scaling resistan-ce -,t '000 by more than 40 times. kldilwional allayina of

the M.+ 30jZR1 vith a~ictures of 2-10% titanium, vc.nadim, chroni~ or molybdcliim

increases Vic scal.irLS resistance of the Aally at 5000 by l,*5 tims as comporae, with

thic binary ulloy.

3. Unllcod niobiwu at 10000 his ,,n extrcmely hic~h ratc of o.::idntiofl'evuallina

230 r,/=Fhr.* IThroeuction of 30 it% of Zr redluce 20-hr pain frccu 4600 to 3150 dr?

i.e. C. totA~ of 1.5 times. 4Aditional aloyin , of the Mb+3015 7x alloy with acdmixtuv

vas of 2-10% Ti cnd Or conridcrable raises its clnGrcsist:%neo *.ditions of no"

lybdam~i rin 7 and 5 nt % respectively incrorieo the :c~,in,- resist~o

of thc lrb+30% ZX, but ait aflyrthor increase in their concentra-tiLon thc scalina Xesiz.-

-4

l'. qyinC of niobiun with *20,0 Zr decri..:ses than dapth of o:qrofl ponetration fo:?

90 hm, Ct 10000 fron 1.5 rma to 0.2 3 rn' isdit5.ornal clloinC oftho binary alloy wijth

adrixturcs ol. titvnium, vwn-dium, acr1ium a-nd molybdcnurzA only Calitly chirtaes the
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dc!)thn of w:;-con Don&.t rati on.

.5. in 'Wile pm c07n of t 5000 on niobium is foriod rorou-~ white0 Scnle*

Aditton of 30" 7xr leorls to Ith!C frzm.I,tion, Ji:c o:idation of ! a r po

do i1%yer, 4vmition:-.l biar alloy wI- it anun *-aita p~tctixoi

cnd rxlbdonum brinar prn.ticly no clivingos to t1-c outer i7o-r.rrio of the o.::i'e

6. At 10000 Lin~d 20-hi' tw:::.osuro -; niobitra sarmple vith 3 di~imetcr of 15 1-m and

.5 ra. in hciCh'L o::idI: s~ entirely,. On rc.riinn v. ~ j L~fre hc c~ct<sae

,.!ith the incroc'so in content of the third cfoin lement in th'. niobium + 30,i, ?.r

llc~r, thc thicknez of tho mi~do film docromses.

Literiture

1, CT."irm, .I1p R.I.7--ffe, Tr-nmsAk---5.256--298, 1959
2. C.T.35.ms 3.I*1otals 10, ITo.59 34 0, 1958
3. V.YU~jur.flo7,n*i; C.V~ioynor. Structu'c of ?Nota3.s ind UloysI.iltalurzd~lt,1959
4. G.Boliyl Mistalolvhimiya, Izdvat.IokovskoCo Go.sud.rstvannoio tUniver s.tetai1960

6. 'UI~baschmy~ski, 2v,-s.E.L.Iotall1urC~ica1 Thocrmoclo~ictr-',ry,London, 1958 3 ad*-
7. I.Vlioi. Cac iser, The rzochoai stry for Otoolmaikina, vol .lJI:us s--,chusets * 3960

-4

m -,-3.020/1+2 315



DlSfR1.1,-L'J0N LIST

DEPARD4T OF DEFUNSE Nr. Copies IMAJOR AIR cOMMiMJDS Nr. Copies

AFSC
SCFDD 3.
DDC 25
TDBTh 5

HEADQUARTEPS USA.F TD B D P 2
TDGS 1

IAFCIN-3D2 1 AEDO (AEX)1
ARL (ARB) 1ASD (ASFA) 2

- OTHER AGEN1CIES

-CIA 
1

*NSA 6
DIA 4

IAID 2
OTS 2
AEC 2
PWS 1
NASA 1
ARMY (F.STC) 3
NAVY 3
NAFEC1

RAND1
AFCRJJ (CR.xLR)1

FTD-T-L-63-102O/1+2 37


