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Tbt niobium-carbon eysteii h%* bean determined by I-ray  and 
met all©graphic examination of ainterad and arc-caat alloye. Two earbtdaa 
ex ist I has atonal Nb?C with a U nit ad ran** <?f homogeneity, and cubic KbC 
with • solubility  range fro* 0.25 to  10.2? weight par cant carbon. Dilute 
alloy* free** by eu tectic  reaction at 2?)0*C. Th# so lub ility  of carbon in 
niobium la 0.00 a t th* eutectic temperature, but thie decreases rapidly 
with temperature. Netallographlc tridence Indleatea a p e rltec tle  rtactlon 
between malt, Nb^C, and KbC| alloys rich e r In carbon than KbC free s t by 
eutectic reaction.

•  Rasaarch N etallu rg ist, Armour Reaosrch Foundation 
of I llin o is  In a titu te  of Tachnoloey
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weerjH-cAKK* sum*

Koaney f*. E llio tt

■ m a O H
|  The carbidee of niobium Koto boon investlasted with regard to 

number, formula, crystal struc tu re , and rantrt of homogeneity. A conprehen- 
• i f t  review ho* recently boor. published by Harmon (l)  • too intermediate 
phiM i, toch with a solubility range, a rt accepted! an hexagonal aubcarblde,
Mb?C |  and the coble KbC. Tht smiting point of KbC ha a boon found to bo 
3^00* •  3800*0 (? ,3 ). Goldschmidt (U  published a compI»to phase diagram 
showing a aingle carbldo and a melting temperature of 1950*C for niobium*
Tht aolld ao lub lllty  of carbon In niobium haa boon determined aa 0.0025 weight 
par cent (5).

Brawr ot a l. {*>) in i t ia l ly  determined th* homogeneity ranges 
of Nb?C and HbC aa U.3? to 5*96 and 8,52 to ll.Uia weight par cent carbon, 
respectively . In a re determination by drauer and Lesaer (6) the la ttic e  
conatanta wort revised upward and homogeneity lim its of U»U5 to b,06 and 
8.28 to 10.51 weight per cent carbon established for Kb C and NbC, respectively .

A coup lata phase diagram haa been determined by Pochon e t a l .  (?). 
Salient features of thla date ruination are (a) a low so lub ility  of carbon in 
niobium, varying from 0.03 weight per cent at the eu tectic  temperature to 
laas than 0.01 weight per cent a t  room temperature? (b) a eu trc tie  fre tting  
nac tio n  a t  2335#Ci ^  —> Mb## ♦ tfb?C? (c) a p e ritec tic  reaction at

3265*Ct L ♦ NbC — > Hb^C. The so lu b ility  ranges of the compounds Wars not 
checked? the values orig inally  repo rt'd  by Hrauer (5) were incorporated into 
the diagram th a t waa constructed.

KXPKKIMSNTAL PROGRAM 
A llo y

The nature of the niobium-carbon system necessitated three 
aeparate techniques to be employed In the production of alloyat (a) arc malt* 
lng of niobium with a na tter a lloy  to  product the store d ilu te  alloys?
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(b) sin tering of niobium powder with Ursj+lach to pro&jc% alleys for l-ray  
examination! •*** («) a re-melting of liA U itd compact# for ia«ce*t ctroe taro*
1* the  h igher eerbon regia*. g;

*U «pt« to prod*** i l lo y i  in the range 6-1* per cent carbon by 
ore malting niobium with spectrographit graphite rod* were unsatisfactory 
becauM *f tx c fo th i  lot m s  of carbon by vaporisation. A 6 per cent carbon 
**• to r alloy mu produced by *weh a technique, crushed to  •  boast ****** ansa, 
and ***d to  propsr* alloys fro* 0 4  to f«f per cent carbon. A 1.5 per eont 
carbon alloy  was used to produce ths vary dilute carbon alloys. 2* a l l  eases, 
electron-gun-re fined niobium na ta l low in In to ra tl t ia l  cent ant Mil tied lit 
the alloy preparation.

For tha prodaotlon of alloys containing or o r $ par cant carbon, 
a sintering technique m i  employed. Nominal competitions were pro pa rad fro* 
niobium powder and lampblack. Niobium powder via supplied by either H um  or 
Shieldalloy. Tha former typo was contaminated with hydrogen aa evidenced by 
a body-can tarod cubic pat Mm of NbN which diaappaarad on annealing at 
re la tive ly  low temperature# in raeuuii. Tha Shieldslloy was a higher grade 
product containing a m i l  amount of ra il dual carbon fro* tha* reduction 
procasa. Monsanto No. 10 lampblack was used throughout.

A high-temperature induction furnace was constructed for the. 
sintering operation*. A achamatic dr a win* of tha fin a l daalfn la shown In

i

figure l .  Temperature# up to 3U$0#C hart bean attained  with th is equipment. 
Tha aysU* la evacuated beforehand and flushed with argon twice. An argon 
atmoaphara la maintained during operation.

Powder aggregates fo r  compacts war* thoroughly a llied  by mortar
and paatla and than ware ball-m illed  overnight. Half-inch diameter c o m e ts
ware then p resM d. Preliminary chemical analyaea indicated * tendency for
tha briquettes to carburise. To minimise tha deviation fro* tha nominal
OMposltlon, compacts ware wrapped in 0.001 in . niobium f o i l .  The elnterlng
operation consisted of a fiva-minute hold a t *000#C. The temperature was
followed during tha haat-up time. At approximately 130O*C there was a sudden
•volution of heat as a resu lt of tha exothermic formation of tha carbide.
The sample would suddenly a t tain  a temperature estimated to be ?000*C. I t  la
questionable that the subsequent hold a t  2000*C waa needed to sin ter the 
specimen.
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$*#•#» pf m&am in arc «r U \W 0  ****** eos**.ft# art
i» t •# **rUr-4» as ift j report n* alloy* f « t  *t©*4*i and * r* j* jie . iy
tb la  u  boat**# tt*  nartwaa } i tlmatty aMoRiaall? m  in* »in**ra*

A tm m iy  of arr-«aat *n«y* i * 5» Tabt* ! f  f*n>mw r'
* ilit iM tr  mi« lytad e«*eiiU aM « fttaniaal «r.*tjrin war* «*4# %y ataodawi 
o*s*»u#Uo* Wf*ni<*ua* in M ta i th# ressU in# Qftj St aitlser *>if»a4 *r U*
*oWmm drum m ed mAt r  (nom  aonditioft*. At f« rj low ttw ln tl carbon U t* i» 
tn* alloy* hata **tr*4 carbon on *re sa lt in* . 1> *4 on tfc#
botla t h t  Us* niohtu* ar It} n* aioe* contain* m tid ia l aarfe* tvf m i*  ofdar 
of na#rit k*«. Alloy* contalntu* nor* iron 1 * #  p*r am\ carbon hawa • 
tandsney to 1*** carbon by *ap©ri*#tl«m oft arc a tltln c*

Boat TrMtmmt
r rocod .r*a # r *  **rrl#d out at u tp o r tt t ir t*  up 1* 

? W * c . At l?nr?* on* w #t  on **•<“■* ted n t l i u n r *  f^ma**# wa* *«pl«y*d#
Speclnsm war* m potNM  in o nolyb<Str»ai wire Kootpot d*rtn« 
iluanehinr I t  a ffaeud  by t l lm i tw  Uu contact# «f th* haslrat t© drop to <h* 
water-cooled hearth of the ruroaca, At lfO0* end W * C  Us* tr** tin*  tinea 
war* th r tr  hoar, respectively , 9*loo t*:CC*C# apeeiswn#
w*re encapsulated in Vycor or p**ru tobaa and hoot treated in rea l ataoc*- | 
hootod tub* furnace*,

X-Ray Kxarlnation
Sintered powdarad e©apart* worn c rashed to -100 ♦ eea* for 

X-ray povdar pattern d#t*rain«t\> r ». Straunaninetyp* caper** ’ 
dlaneUr w n  need throughout with nlelc# l - f i l te r e d  copier f  * rad ia tion .

nrratyngTATioH or data

§ ^ . ^ 5 1
Th* solid so lu b ility  of cartoon In nlofelua *t eiavated iwoptroiuro* 

1* fo r  in axceia of th a t previously reported. Alloy* containing C.6G par cant 
carbon and les* riv* natallographie * r lvV»r.r* of b*in| aiftyla*phi*o# a t  # lavaUd 
tORporaturaa. On miboa^uant coolin* to roan t**g»raturaf Mb̂ C p re c ip ito u s . 
This is  illu s tra ted  by Flruros 2 to 6 . Tb# fia ld s  of th*st photos bar* »**n 
salaetad to show the aa-east j;raln itn jc tu ra . Precipitation Hb̂ C doos not
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UfU# HfglmmtmlM & ftm** **%**■• &**%* wM initM  «N 4*-
U«#*t*d V  1 r*l«H **'f M «*r h **I*o of th# pN iip tiltifiig  *b^Sl th# bmU  
■ '* - r 1 •#**# m  p^*f0m(AHA plan** OMMd 40* RM* tlX*Am iU»]P«

4* •  *«#y fl«* f f i r . r t u u ,  afeili ri*b«r p ra ta *  lin?*^
«f * / .  AnUlU «w **• *l#**t*rf l i f l t l l ^ l t l  *0*0*0 *tj<? V  

iyi» i» t4 iw  (f\r*r+  74.

'tV  OU *4* fin*wv iU«y» 10*004 to 0. IJrt j>#r **m mmimX **rt*m) 
m m  mmaft* m i  XWPQ t m  JS -i^« t 7 ftp** *M )  iw tif ,
tmpwXM+Xf* V  *H*«f! t*  l i a b i l i t y  wa* i*t*ct*d.

*r*#iif* of dftgloto alloy* U  %/ tha m ine t ic
u«* i i^^gg  "*• flfcyp * (|Lg* * v  oofi*o of p m r n m m tm im  t»  * 

thru*** 1* loflNMMiis th i* . 8 m t t  *l»w or» » « i** tU  nloteiy* in a
wat-Tig «f *h-*fe?C #4t*etU» 4 honag*!1**#* aotortJU itrneturi It th an  In 
Ft**r« jo, At th# carton contact of 41* alloy i w r t t i t i ,  tfcor* 1» on 
iatr*oolng of pro*««tootic

lx»nina*lon of the arc-oa*t, high-carton alloy* *hown In Fifur** 16 
and P  U k U m i  a# rrlian r*  of an «ut*ctie m oction tototait Ifc?C ind ObC. 
All^y* in  ihi* eoNpeoltlon r«fif« ar« *#ry 1 ffooofomoouf In th# ore-coot oU to. 
TV «t e m it motor* of f t f u r t  11 fir#* oirldotco of V l t t U t n  of SbyC on prior 
I1C. TV*# nb**rrationo Mpport th* p trit* e tlc  no notion L ♦ tfbC -4 Xt»C i t  
roportod by Pooton i t  i l .  (7)

Arr-cwit Hb?C tovwlop* typical Wldoaywt I t  ton panam a, u  *hc%rn 
in Flgor*# 16 and P .  A po**lbl# m tionaU tatlon cf this I t  th* precip ita tion  
of MbC on prof*r*nttal rl«n«< of KK,C. b  U  di«cu***d in th* f e l M n |  
• lo tio n , Nb?C don not *xt«t «t th* ito lc h io m tric  coapoaition at Unur 
t*np?r*tur*«. At *l**ftg*i Unp#ratur*s th# eoopootllon ran** probably 
astond* to th* atolchiom» tr ie  coapoaltton. On no ting*  HbC 1* r*J#<-Ud, 

t ic lh f  th*** characteristic  atrlatio iw .

i t  carbon content* hlfh*r than th i »oiublUiy ration of KbC, th*r* 
U  an M tactle  b « tw n  KbC and yraphlta, aa shown in Flruna* 17 and 19. Th* 
•u tic tlc  coRpoaitlon la gr*at*r than 11*.V  weight p«r cant carbon.
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S o lu b ility  U nit# of NbtC m t  *bC ho** boon **t«bU*h»d by l*nay 

dlffr*m <*t w u « 4 * . *«U’ H M tu m  tt*w i  content tonal ran** and * w m ll*
lug ; * t * m l r u  taria tt< at. In *11 inabonir** Om f o  doublet m » MbblMd a*4 
eberp 1] # f lm 4  in the I te k -r tf iie U lR  v*fton, iftdlMUn* th a t e<«|MtiHl«ml 
n r l i i u *  *f tM ilfttv rM  c<*f*<U w » « la « r« ';

Sate pr#t*mtt4 1* Table U  IrwHeaU that «•* ooluft JU ty U n til «f 
U» bat**** $.10 and f«D  vticM p»r <*nt ration . The#* n « i i r i « i  *rt 

•nob mr» r*»tricU d then *Uh»r M l of i^ b ltiM I t»t« by brewer *M H« 
ci*w>i k»ri ($|6)» Thwt co«fxmttlcna » n  carbon d tfleU m  tH h  r#af»*«i U 
etol«Mu«*trl< Nb?C (6*07 Might pnr eoni W teft)*  Th* I t ** 41ffrectten 
Put U rn of lfe?C la recorded lit TUI* t i l*

tep e rin a n u l data of UtU<« perenelero of KtoC to  o function of 
enelyoed cavhon ooRpooltle* or* iw o r i t» 4  In fl«ur* *0. Thee* 4»U ImHcoU 
* eo lab ility  of carbon extending fro* #•?$ te  10.f< M ight per coni. The 
‘if f  notion IM tU i of NbC 1* giro* U  Table I t .

At the tin*  ohan tho pmoent irm ntlgation  mo bell*  perforeed 
th# U tooi dot# of tit# »©lab ility  ilo ito  « f  lft>C (6) nor* unpebllabad, Con* 
eequeotly U» ofcorp diaegrtaeent of th* present dew , both e» to  eonpoeiUoii 
l ln lto  oM U tile#  p tr iM itr ,  *Uh ttreuer *o original eerk n r*  point! of 
concom. Kotro of fo r t  wao eafandtu to v e rify  the proeant d a ta . Th*** tr*
In cloao agr***ar ' - b n u t r 'i  revlaad dale .

I t  mm ccnolderod that tha eoaq^ieiUon llnU  of 10*75 par cant 
carbon repretentad tho aqullibrlu* of J0OO*C end that ate ichloiao t r ie  Kbt m i s 
oklotout ot t**p*returea noor th* graphite outectic or a*H tnr l aaapo rnu re .
A portion of orc«caat Ingot that contained NbC and NhC-grophlte eu tectic  «** 
pro pa rod for X-ray exaelnetlon. Tht U ttlo o  parameter of the NbC m i  idee* 
t lc a l  to tho max lira* notability  U n it del* ruined In th« tin  Wring «xi*rlJMif*te. 
Such an arc-coat optcleen represent* the u ltlM to  In ^oanohlho fro* tht *oU«n 
o taU . Sine# tho X a  doublet of tho back-rof laction Un»o M t raool?*4 and 
aharp. I t  con ho ooouMOd that tht NbC lo hoo»<onoou»• No w ttaU m rai11 4ata 
doi*onatraU proclpltotlon of graphlU fro* th t XbC. I t  lo th tr tfo ra  tndlca* 
tlva  that 10,25 P*r r *«t rtproaonto tho tru* ooluhility U n it of NbC.

» « * O U «  I t I U l f M  t O U M b M ' O k  O* ‘ \  \  * *  0  » I i «* \  * t r u  t  •  4  •  I I C M M D t O l '
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Oft ik* «f  * m r * tin* «.i * * if*? % |
ira w r  *«Nft ifttuftr (*) i» m  ityfiliNMiiifttf * 4  * ^ * m * i* & m  fr*m  n  

| Mftftft fc» W*C *m ftt-S*/; * J*r*t-ifc? 4  HftftUr
|  l a  tin* ******* $mm m  <4 M*fc • ******

iftUftftfc
ffcft •**%#< U« \*mvmr*\*r* m*  4*i#mv*»*4 fty fw4j>*#»ai aatUftt 

I  %m**i*m* In IdN* fwNMHrt ***** In Hc*ro I* Us* *«a»i*iai yw jwr ftftfc* ftllftf
M# ftftftft ftteft IN  *4t«tfUt * 1 U> Nk4 mrt*4 «* ft m U f  •  l  in **#■■/

|  Wft W jf d ilaU  ftllftfftl

Hftftftft m, tVlftf Mr* xriry*< m  u » U l «  f a l l  •*& iM*fwrV*4 t*
M*ft *rfti*itft i**4*|'Wr I ;  tftMftlftft V$f*« r«ft|ft«l» Mf* to ld  for Tim

( «.;.'"v,’ ; 1 ;.f . l: '1'*-'". •- ’’• V. ” ; *.* . ' * ■ ,;■;’;■/ " :?\VV V ' f.-> V. ,' ......
I t iM ti i l& tf tr i* '*  iMk$«r«v >f« W**U* *f%&• f »  wift-ri# •»« *»**u#4 fw

*
rlwlftl* •!«*• *f w U iif t , ( f m r  t» t in  m  «f W vU I m , m lfrm m m  t>-il **vr 

|  « r tm  M r *  * a » 4 , I M *  * * •  t f t p m u e i l  • !« !« #  U *  f t o M t i *  .in  t f t #  «w*4jt*i**«ft*

•a rttn  ijriiM  u  fti f|P0*C, tftfftftlftftl tmmm  vftperfftM t r m  IN  a»ft«ft|*ftr9 
fftimlAft •  il$«l4 m  %bm 4 %r* «M fe ll*  4 i r*i«rt*4 *>y ft*f*r»«* t* IN  **uh>M* f 
tft IN1 tftrUlMft«e*rf»*n ftjrftla* U «t **4 4* 414 * 4  int#rf«r« *llfe Uni

4fttftf*l**Uft«*.) • l lt t lf  Uftl ft* 1111* ftftU ftf* ftftWMNftftft in fftklft ¥* I 
T N  e f tU ^ rf tU c m  tM N W f tN '*  i w  ?<*£*«»  ft m t U f l f e l*  M m U i f t  i i f *  & m r * * 4  |  

ftftlncUft M lU ift i f t f f t f t l  «r«. ttaftft 4*U *#14(1 ft *ii*ft ft# HJ© 5 |0*C.

ktumpt» M» «N»ft«vr* ifc* ftwi«*tl# ban*ftr*V4r» of IN' m*i*ftrfti*n*
M U eiie *»r* i»i« iftiicffttiory* I f te o rn tM  ftftu A U lflN  m ih  ft (m #  «9wk 

;• iftrUtry# <i>U*4} t*yr«»*ur t»U. *n «atiftNMM r%r<# *4*\A#r in4 le*u  \M% if tii 
»•n *r* i *r* 1ft ft|iftrftftl«ftt#l>

i« ftViftftptft ft*?* nft4* to wrifjf IN wi^tU4 t««|Miriiiiv» *t 
f®r th« jn r i lw tu  m ttU m .  |

f  < H'» ^ < q v f t) lU |y  <>f ^*M-.  .

S p n  w l»r4*a ft* 114 ftftt *hJUty of iftrtooft Ift n l* M «  >*• bftoft 
*orlfi*4 \y  41 roct •ft}*rift»nWl tv ifttn tt*  Hftftftft ftf aM*1 «  »h##l 0»0|ft In* 

vck wftrt pftok*4 Uftiftljr Mi IftaifitUftlt «ml h»U fo r f t fw « i  nliwt*« »' UM 
1900*i 7O0Q*f 1100* |  ana 1100*0 in IN  fwftftftft 4ft4«rllMKl In Hfftfft U loftier*
• ta r t  Mi ftft9HveU*4 ftftftftftll/ wllb th* *14 of i^llefti ryr<MH«*r. II  1*
••IliiftUd that Ihft l*ftpftrftlurt m » N ld  ccr»#l*nl vllMft « t*n<-4t»rr»ft ran«ft*

|  Aftftftftft U i t t | < «  . CM >il<NftM <M ffttHWftiftftt
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I cubic eonocarblde with •  wide range of so luh ility  
from 8.J5 to 10,2$ weight per coni carbon.

2* The 0 0 114 solubility of carbon is  0.60 Might per 
Ottit i t  the eutectic taupe r s tu r t .  TM« so lub ility  
(tocrtiM i rapidly to 0.10 i t  1600*C,

) •  Diluta carbon alloys f w i i  i t  ??)0*C by eutectic 
N M U n i

H.5JK ■*> "b0.80»: * * 2 C

U* KaUllog raphic orldonco Indicates the existence 
of tho peritectic  rotetIon L ♦ KbO —> Kb?C «t 
90M undetermined Uaporaturo,

$• Alloy* richer In carbon than tho HbC phats flee ts  
by tho outectic reaction l  —> NbC ♦ Graphite i t  
t  teepenature of approximately }2$0*C,

IgggHHE222!!
Tho author wishes to  taproot h it  approolatlon to tho United States 

Atonic Btoergy Commission fo r sponsorship of th is  investigation under contract 
number AT(ll-l)-£l5 and for permission to publish. Appreciation i t  due 
Dr. Arthur 0. Httcalfe fo r f ru i tfu l  discussion and to Mr. Ralph loaenfeld and 
Nr. Ronald Vlbel for th e ir  endeavors In ths experimental investigation.
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TABU X

AftOMEIXED MOBIUK-CARBOE ALLOTS

Boitlna 1 Composition Anaiyatd Composition
w/o C w/o C

Arc«Malt»d from Nloblua and Ml s ta r  Alloy

0.005 o .b u
0 . 01C 0.035
0.015 0.023
0.020 0.029
0.025 0.031
0.030 0.035
0.035 O.OltO
0.10 o .n
0.25 0.26
0.50 0.52
0.75 0.60
0.85 0.86
1.00 0.95
1.50 1.50
2.00 2.00
2.50 2.31
3.00 2.96
3 .SO 3.38
Ii.50 U.31
5.S0 5.27

Arc-Msittd Sintarad Compacts

5.0 lu58
6.0 6.33
7 .0 6.81
a.o 7.86
9.0 8.27

10,0 9.32
12.0 10.30
lli.O 12.69

as Hi.12

I I N O U I  t l t l t t C M  I O U N D 4 1 I O N  Ol  » V l  l H  O  l * i n U M u H  O f  t t ( M » O l O « l



TABU; II

SOUJBILin UK1T3 or Kb:C

K l l O f ,

«/o Carbon
P a tto m o  o f  P haao (a) 

Do too  to d  V la u a l l j

U t t l o o  C o n a ta n ta  Wb̂ C • • «
C| A o ,  A e / a

luftO Hb 4 Kb?C

l . f l ? Mb 4 lfb2C U.9S5U ) .U h 7 1.591
5.28 Mb 4 MbpC L.9S53 3.111*9 1.591

5.1*3 Mb 4 Nb?c fc.95Uo 3 .U 5 3 1.590

5 .6 ) Mb2C 1i .9620 ) .U 7 e 1.592

5 .8 ) Kb2C 4 MbC U.9663 3.119,, 1.592

5.8? Mb2C 4 MbC l*.96?8 3 .U 7 2 1.592
6.10 Kb2C 4 MbC

t i H o u i  a t s i A i C M  ( o u n o a i i q n  or I U I N O K  i H \ »1 t VJ t  c Of

-  11 -
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TABUS I I I

nrrHtpuKBt spacing

OF HKXAOOKAl CliSSE-PACKED ffluC PHASE

hkl 1*

In Equllibrluit
with Mb♦ *■

d, A

Slngla-phase
5.63*0

In Equilibrium 
with NbC

100 K 2.678 2.676 2.682
002 M 2.161 2.155 2.1*71*
101 S 2.3U9 2.350 2.361
102 M 1.816 1.820 1.B2L
no N 1.593 1.552 1.558
103 M 1.1*01* 1.105 1.1*11
?00 V 1.315 1.31*6 1.31*9
112 M 1.316 1.316 1.321
201 N 1.298 1.299 1.302
ooli V 1.235 1.238 1.21(0
202 V 1.163 1.183 1.186
10I* w 1.121* 1.12$ 1.127
203 V 1.01*3 X.oUU 1.01*6
210 VW 1.018 1.019 1.021
211 M 0.998U 0.998I1 0.9998
i l l K 0.9687 0.9696 0.9713
212 w 0.91(23 0.91(26 0.91U1
105 V 0.9293 0.9310 0.9318
201* VW 0.9117 0.9127 0.9137
300 V 0.6987 0.899U 0.9002
213 M 0.8670 0.8682 0.8688
302 H 0.81(51 0.81(57 0.81(63
006 VW 0.8252 0.8268 0.8271
205* M 0.7986 0.7995 0.8002
303* W 0.789li 0.7908 0.7911
12U* K 0.7873 0.7*81 0.7886
220* M 0.7790 0.7793 0.7798

c ‘*.951.0 1u 9620 1*.9663
a 3.U53 3.1178 3.119,,
c/a 1.590 1.592 1.592

Lines used for n u k in g  least-squares solution of parameters 

6 •  strong, K •  medium, VI ■ weak, VW • Tory weak .

A I M O U I  a i l K A t C K  f O U N D M i O N  o *  I I I  I N O I S  i U l T I f U T C  O f  T I C H N O t O G V
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TABU IV

IWTERPUNAR SfACIBU 

OF FACE-CENTERED CUBIC NbC PHASE

h k l t
In  Equilibrium

w ith  Nb,C
•  <

d , A

In  Equilibrium  
w ith Q raphlta

6 . ;

111 s 2.5li3 2.56U
200 s 2*209 2.221
220 s 1.562 1.576
311 s 1.331* 1.315
222 M 1.277 1.287
loo H 1.107 1.116
331 8 1.016 1.025
120 S 0.9910 0.9991
u 22 S 0.90U3 0.9121*
511/333 5 0.8533 0.8602
UiO S 0.7836 0.7902

♦
■o U.l*3?7 l*.l*70

* S •  s tro n g , H •  m d iu a

4 Extrapolated to 0 -  90*

M S I  A n e w  r O U N D A t l O M o r  I M I N O I S  I H S M I U K
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TABU V

M H O U I

DETERMINATION OT Mb-Nb^C 

EUTECTIC TEMPERATURE

Sample
O bserved Tem perature,

•c O bservation

Nb-tfC 2300 Melted

Nb-l*C 2200 Not Melted

Nb-l*C 2250 Melted

Nb-l*C 2215 Not Melted

Kb-IJG 2230 Not M elted

CALIBRATION*

Metal , A ccepted M.P*, *C* O bserved M .P,, #C

P t 1759 ♦ 1 X7U0

Pt 1769 J  1 1755
Hh I960 ♦ 3 1950

Rh 1960 ♦ 3
me

1950

* 191*8 T em p e ra tu re  S c a le

I I U t a C M  f O U N p U i O H  O » I l l ' M O l i  1 N $ V 1 T U T c 0 » t l C M K O t O O *

-  Hi -
C u J  P l t i
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LIST t f  ILUBTHATIOW

Picure No.

• 1 Schematic Diagram of High-Temper* tu rs  Induction Pum ace

2 Mb-0,01£C. Ae ottfb* Hb.C p re c ip i ta te  in niobium s o lid  
so lu tio n . X 2S09 atchcd.

3 N b-O .lljK . As cast* Kb C p re c lp i ts te  In niobium so lid  
so lu tio n . X 250, niched.

k Mb-0.?6SC. As c a s t .  Kb̂ C p re c ip i ta te  in niobium s o lid  
s o lu tio n . X 250# etched;

$ Nb-C.$2*C. As c a s t .  Kb C p re c ip i ta te  In niobium s o lid  
s o lu tio n . X 250, etched.

6 Nb-0.60JKC« As c a s t .  Nb.C p re c ip i ta te  in  niobium s o lid  
so lu tio n . X 250, etched.

7 Nb-0.60*C. Annealed 1800"C 20 minutee. Spheroidtied 
NbgC in  n lobl m  so lid  s o lu tio n . X 250, etched.

8 !fb-0.88*C. As c a s t .  P ro -eu tec tic  niobium in  m atrix  o f 
Kb-Nb^C e u te c t ic .  X 250, e tch ed .

9 Nb-0.95XC. As c a s t .  P ro**utectlc  niobium in  m atrix  o f  
Nb-Nb^C e u te c t ic .  X 2$09 e tch ed .

10 Nb-l.£0*C. As c a s t .  Nb-Nb?C e u te c t ic .  I  2 5 e t ched .

U Nb-2.O0fC. As c a s t .  P ro -e u tec tic  Nb-C in m atrix of 
Nb-Nb^C e u te c t ic .  X 2509 e tch ed . *

12 Nb-2.311tC. As c a s t .  P ro -eu tec tlc  Nb C in matrix of 
Nb-N b^C.eutectic. X 250, e tch e d . 2

13 Nb-3*38SC. Ae c a s t .  P ro -eu tec tlc  Nb.C in m atrix of 
Nb-Nb^C e u te c t ic .  X 250, e tch ed .

U Nb-l.3ldtC. As c a s t .  P ro -eu tec tic  Nb-C in  m atrix of 
Nb-Nb-C e u te c t ic .  Evidence o f p e r i te c t ic  re a c tio n .
X 250; e tch e d .

U N O U l  K t U I O  ( O U N D M i O N  O* H H N O U  I N I M T U M  O f  V f C M N O t O G *
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U5T c r  ILJJJ3TRATIOKS

(continued)

Figure Wo.

1$ Nb-l*,$8jC, As c a s t .  P ro -eu tec tlc  Hb?0 . U * t tra c e s  o f
Mb-KbjC e u te c t ic .  J  250, e tched . *

16 K b-6 ,33# . As c a s t .  Kb̂ C with KbC, X 250, e tched .

17 Hb-6,60fC. Ab  c a s t .  Kb?C with KbC. X 250, e tched .

18 Hb«12.7£C. As cast*  P ro -eu tec tic  KbC in  HbC-Graphite
e u te c tic . X 500, unatched.

19 Kb-li^.lXC, As c a s t .  P ro -eu tec tic  KbC in  NbC-Oraphite
e u te c t ic .  X 500, unetched.

20 la t t ic e  Param eters of KbC Phase.

21 0.0L6 in .  Kb sh ee t carburised  a t  2200*C, X $0, e tch ed .

22 O.OU6 in .  Kb sh ee t carburised  a t  2000*C. X 50, e tch ed .

23 0,01*6 lit. Mb sh ee t carburised  a t  1800*C. X 50, e tched .

2L Solid S o lu b i l i ty  of Carbon in  K loblun.

25 Hi obi un-Carbon Phase D lagraa.

)
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I
i

A

A Optical Flat Sight Glass
8 Glass Bell Jar 
C Formica Gate
0 Neoprene Seal
E Water Cooled Copper Heat Shields 
F Sight Hole 
G Induction Coil 
H Fire Brick
1 Vycor Cylinder
J Grophite Retainer 
K Grophite Susceptor 
L Thermax Insulating Material 
M Water-Cooled Copper Pedestal 
N Vacuum -  Gas Inlet

FIG. 1 SCHEMATIC DIAGRAM OF H IG H-TEM PERATURE INDUCTION FURNACE 
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x MO Etched

FIG. )
Nb-0 !I%C A t  cast
Nb.C p r e c i p i t a t e  in niobium solid
solut ion.

X MO  Etched
FIG 4

N b -0 . i6 % C .  A t  c a s t .
N b .C  p r e c i p i t a t e  in niobium solid 
•olution.

08:) P20
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X 450 El < bed

Ml. »
Nb-O M H C  Aft «R«t
N b,C  p re c ip i t a t e  In niobium ea l td
solution.

X 450 Etched

FIG. 6
Nb O 6<)%( A* c««l
NblC  p re c ip i t a t e  in niobium solid
solvit ton.

X 450 Etched

no 7
Nb-0 b t ) % C  Annealed l » 0 0 ‘C 
40 minu te*  Sphero idu  ed-Nb.C  
in n iob ium solid solut ion.

663 P*>
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(.

H m s

X 250
FIG. a

Kb-0.88% C. A* cant 
P ro -eu tec tic  niobium 
Nb-Nb^C eu tec tic .

X 250
FIG. 9

Nb-0.95% C. A ecee t 
P ro -eu tec tic  niobium 
Nb-Nb^C eu tectic .

X 250
n o . io

Nb - i . 50%C. Ae cast 
Nb-Nb^C eu tectic .

C83 t22

Ftched

in m a trix  of

Etched

in m a trix  of

Etched

ARF 2120-4



x  250 Etched
FIG 11

Nb-2.00%C. At cast.
P ro -eu tec t ic  Nb X  in m a tr ix  of 
Nb-Nb^C eutectic.

X 250 Etched
FIG U

N b-2.31 %C. Ae cast
P ro -eu tec tic  N b X  in m a tr ix  of
Nb-Nb^C eutectic.

X 250 Etched
FIG. 13

Nb - 3. 3 fl%C. A«least.
P ro -eu tec tic  N b X  in m a tr ix  of 
Nb-Nb^C eutectic!

2:i
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X 250 Etched

t

EC 
I 
I
[

!

F IG  M

Nb-4. 34^C As caat. 
P ro -e u te c tic  Nb .C in  m a tr ix  of 
N b -N b X  e u te c tic . Evidence of 
p e r ite c tic  re a c tio n .

X  250 Etched

F IG . 15

Nb-4. 58%C. As casl 
P ro -eu tec tic  N b ,C . 1 ast traces 
of Nb-Nb^C cut ecu

250 Etched

F IG . 16

Nb-6. 33%C. A i  c u t .  
Nb2C w ith  NhC.

\

f o:v,
A R F 2120-4



X 500 ^ Unetched
FIG  18

K b-12. 7%C. A s c a s t.
P ro -eu tec tic  NbC in NbC-Graphite 
eu tectic .

FIG. 19
N b-14.1% €. A t c u t .
P ro -eu tec tic  NbC in N bC-Graphite 
eu tectic .

X 500 Unetched

ARF 2120-4
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4.472

4.468 10.25

4.464

4 .4 6 0

4.448

Phases Present 
O NbC 
•  NbC + Nb,C

4.436

Per Cent Carbon

FIG 10 LATTICE PARAMETERS OF NbC PHASE
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X SO etched
T I G .  21

0 046 in . Nb sheet c a rb u r ia ed  at 
2200*C.

X SO Etched
TIG 22

0 046 in Nb shee t.ca rb u rised  at 
2000 *C .

X SO Etched
FIG. 2)

0 .046 in. Nb aheet c a rb u r is e d  at 
1800*C.

083 027
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13
X

FIG 14 SOLID SOLUBILITY OF CARBON IN NIOBIUM
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2500
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Grophite
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FIG  iS  N IO B IU M -C A R B O N  PHASE D IAG R AM
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