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The re la t ive ly  low mel t ing  point of  c h r o m i u m  (about 1900~ o f f e r s  scope for  using superduty r e -  
f r a c to ry  m a t e r i a l s  fo r  the c ruc ib l e s  and cas t ing  molds  for  smel t ing  c h r o m i u m  and i ts  al loys.  F i r s t  a t -  
t empts  to eas t  h igh-pur i ty  c h r o m i u m  ingots in c e r a m i c  c ruc ib les  showed, however ,  that the meta l  is  con-  
t amina ted  by i ts  reac t ion  with the r e f r a c t o r y .  

The sea rch  fo r  superduty m a t e r i a l s  s table to a c h r o m i u m  mel t  has been the subject  of a l a rge  volume 
of exper imenta t ion  [1-6]. The published data  a re  highly cont rad ic tory .  Some worke r s  r ecommend  c ruc ib les  
of  ZrO 2 [1], BeO [2], and ThO 2 [3] for  smel t ing  ch romium.  T e s t s  have been c a r r i e d  out [4] also withA1203, 
MgO, CaO, ce r ta in  sp ine ls ,  and graphi te  as ma t e r i a l  for  the smel t ing  c ruc ib le .  

In recen t  y e a r s ,  synthetic methods have yielded new m a t e r i a l s  of high r e f r a c t o r i n e s s  so that an in-  
vest igat ion of the i r  s tabil i ty re la t ive  to a c h r o m i u m  mel t  is re levant .  

The need for  such an invest igat ion is  re in forced  by the fact  that the l i t e r a tu r e  contains a lmos t  no in-  
fo rmat ion  about the in te rac t ion  with r e f r a c t o r i e s  of a c h r o m i u m  me l t  containing am alloying additive i~ the 
f o r m  of r a r e - e a r t h  me ta l s  (REM) like A1, Ti ,  Z r ,  Hf, V, Nb, and Ta. The addition of these e lements  to 
e lec t ro ly t ic  c h r o m i u m  is  known [7, 8] to improve  the heat  r e s i s t ance  and l o w - t e m p e r a t u r e  plas t ic i ty  of the 
meta l .  

The r e f r a c t o r y  m a t e r i a l s  used in the expe r imen t s  were  powders  of oxides (A1203, ZrO2, MgO, and 
BeO), c a rb ides  (TiC and ZrC) ,  bo r ides  (TiB 2 and ZrB2) , and s i l ic ides  (MoSi 2 and ~5Si3). The mel t ing point 
of  these  m a t e r i a l s  is  above 2000~ Having r ega rd  to the s t rong  influence of contaminants  on the chemica l  
and the rmodynamic  s tabi l i ty  of these m a t e r i a l s ,  the expe r imen t s  were c a r r i e d  out with powders  of m a x i -  
mum puri ty .  The powders  cons is ted  of 20~ grain size f rac t ion  1-10~, 30-4(F0 f rac t ion  10-30~, 20-30% 
frac t ion  30-50~,  10-15% frac t ion  50-100~,  and about 10% f ract ion c o a r s e r  than 100~. 

The powders  were  used for  s l ip -cas t ing  o r  molding c ruc ib les  of a capaci ty  up to 1 kg molten chromium.  
The c ruc ib l e s  were  f i red  at 1850-2000~ a f te r  which the i r  poros i ty  was 4-8%. 

The smel t ings  were  c a r r i e d  out in a l a b o r a t o r y - s i z e  induction furnace in purif ied argon. The charge  
cons is ted  of e lec t ro ly t ic  hydrogen- re f ined  ch romium of grade ERKh containing not more  than 0.006% N, C, 

Fig. 1. The m i c r o s t r u c t u r e  of ch romium smel ted  in 
c ruc ib les  ofBeO (a) and ZrO 2 (b). x200.  Reflected light. 
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T A B L E  1. C h a r a c t e r i s t i c s  of  the I n t e r a c t i o n  of C h r o m i u m  with R e f r a c -  

to r i e  s 

Mek Thicknes~ 
Crucible of con- 
material No.* mmtaCtz~ 

Crucible erosion Neocrystallization 

Contamination of 
[surfac.__~e layer o f _  metaI 

Icon: I content, 
~tamm~ % lant I wt.o/, 

1 <0,5 Insignificant 03 I 0,02--0,03 
AI~08 4,0 Very severe* R~O a AI 0,01 

02 [ 0,26 

MgO 1 4,0 Very severei Spinel of type N I 1.10 - s -  
MgCr204 [ 2.10 -s 

I <1,0 Insignificant Not noted Zr 0,016 
ZrO, 00: 0,03 

2 4,0 Very severer R20 s ~0 ,3  

BeO 

TiC 

TiB2 

ZrC 

BN+B~C 

btoSi~ 

WsSia 

I 

2 

I 1 
2 

1 

<0,3 Quite insignificant 

3,5 [Very severe~ 

1,0 Slight 

1,5 Slight 

1,5--2,0 

<0,5 Quite insignificant 

<0,5 The same 

2,5--3,0 Severe 

5,0 

5,0 

1,5 

Very severe~ 

Very severed 

Severe 

Not noted 

R~Oa 

Mutual solubility 

Mixed Y, La, Ti, and Cr 
borides of types C h-  
TiB z and CrzTiB 4 

No interaction 

2hromium carbides, 
borides, and nitride 

Solid solutions, binary 
and ternary silicides 

Solid solutions, binary 
and ternary silicides 

Chromium carbides 

0 2  

02 

C 

B 

B 

C 

C 

Si 

Si 

0,01 

~0,14 

0,08--0, 1 

~0,12 

N0, I 
..... i 

~0,02 

0,023----0,03 

~ 0 , 1  
N0,1 

N2,0 

~ 0 , 1  

*Melt No. 1 consisted of 100%c Cr, melt No. 2 of 100% Cr + 1% (on 100%)Y(La). 
1"The crucible was destroyed. 

and O; and REM of a p u r i t y  of  not  l e s s  than 99.7%; The  m o l t e n  m e t a l  r e m a i n e d  in the c r u c i b l e  fo r  5 min .  

The  s u i t a b i l i t y  of  the m a t e r i a l s  c o n c e r n e d  fo r  the f a b r i c a t i o n  o f  c r u c i b l e s  and c a s t i n g  m o l d s  f o r  
c h r o m i u m  and i t s  a l l o y s  was  a s s e s s e d  f r o m  the d e g r e e  of  the r e a c t i o n  of  the c h r o m i u m  m e l t  with the r e -  
f r a c t o r y ,  and f r o m  the m e c h a n i c a l  ( p r i m a r i l y  duc t i l e )  p r o p e r t i e s  of the c a s t  m e t a l .  T h e s e  p r o p e r t i e s  a r e  
h igh ly  s e n s i t i v e  to c o n t a m i n a n t s .  

The  d e g r e e  of  the r e a c t i o n  of  the m e l t  with the c r u c i b l e  m a t e r i a l  was  d e t e r m i n e d  by x - r a y  and p e t r o -  
g r a p h i c  a n a l y s e s  of  the r e f r a c t o r y  and c h e m i c a l  and m e t a l l o g r a p h i c  a n a l y s e s  of  the s u r f a c e  l a y e r  of  the 
ingot .  The  t h i c k n e s s  o f  the  c o n t a c t  zone was  d e t e r m i n e d  by i n s p e c t i o n  and p e t r o g r a p h i c  a n a l y s i s .  

The  m e c h a n i c a l  p r o p e r t i e s  o f  the c a s t  m e t a l  we re  e x p r e s s e d  in t e r m s  o f  the c o l d - s h o r t n e s s  t e m p e r a -  
t u r e  T s ,  the h a r d n e s s  Hv, and  m i c r o h a r d n e s s  H~. 

The  c o l d - s h o r t n e s s  t e m p e r a t u r e  T s was  r e p r e s e n t e d  by  the l o w e s t  t e m p e r a t u r e  a t  which a s p e c i m e n  
m e a s u r i n g  1 • 4 • 30 m m  wi l l  be  d e f l e c t e d  90 ~ in a t h r e e - p o i n t  be nd ing  t e s t .  In c a s e s  where  the b r i t t l e n e s s  
w a s  so high tha t  s p e c i m e n s  fo r  the T s t e s t  cou ld  not  be  p r o d u c e d ,  the p l a s t i c  p r o p e r t i e s  we re  a s s e s s e d  
f r o m  the H~ and H v v a l u e s .  An i n c r e a s e  in the h a r d n e s s  by 25-30  k g / m m  2 c o r r e s p o n d s  to an a v e r a g e  i n -  
c r e a s e  by 50~ in T s.  

The  r e s u l t s  of  the  i n v e s t i g a t i o n  of  the c h e m i c a l  s t a b i l i t y  of the r e f r a c t o r y  m a t e r i a l s  r e l a t i v e  to a 
c h r o m i u m  m e l t  a r e  s e t  out  in T a b l e  1. The  s t a b i l i t y  to the ac t ion  of  a m e l t  of  u n a l l o y e d  c h r o m i u m  w a s  
found to be  h i g h e s t  fo r  c r u c i b l e s  f a b r i c a t e d  f r o m  BeO and Z r C .  
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T A B L E  2. T h e  D u c t i l e  P r o p e r t i e s  o f  t h e  C h r o m i u m  a n d  I t s  A l l o y s  

Melt Ductile Ductile 
Crucible material properties ucib Melt properties 

 v.kg/ _ =  ,kg/ No.* Cz " lematerialNo. * 

~s' ~ [mm2 tTs, C mm 2 

"Cold" crucible 
The same 

AlcOa 
AI~O8 
M~o 
ZrO~ 
ZrO 2 
BeO 
BeO 
BeO 

1 30 
2 10 

5O 
2 - -  
! 20 
1 90 
2 - -  
1 30--35 
2 -= 
3 

125 
115 
120 
136 
132 
120 

13~L1142 
126 
130 
I35 

I 

TiC 
TiB 2 
TiB 2 
ZrC 
ZrC 
BN@B4C 
MoSi2 
WsSi3 
C 
C 
C 

m 

~100 
>250 
>200 
>200 
>250 
>200 
>200 

*Mek No.1 consisted of 100% Cq melt  No.2 of 100% Cr + t%(on 100%) La, melt No.3 
100%Cr + 1% (on 100%) y. 

220 
227 
400 
132 
128 
460 
142 

of 

137 
192 

Petrographic and x-ray analyses showed that the contact layer of the crucibles of MgO, B4C + BN, 
TiC, TiB2, MoSi2, and WhSi 3 contained new phases of the spinel type and carbides, nitrides, silicides, and 
borides of chromium. The oxygen, nitrogen, carbon, silicon, and boron content of the surface layer of the 
ingots had increased and the volumetric concentration of these contaminants had also increased. An un- 
expected phenomenon was the considerable decrease in the concentration of dissolved nitrogen in ingots 
smelted in crucibles of MgO. 

An investigation of the mechanical characteristics of the cast chromium showed that contaminatior~ 
of the metal with impurities and nonmetallic inclusions (Fig. I) results in much degraded ductility (Table 
2). The ductility was satisfactoiT only for ingots of chromium smelted in Ben crucibles. The hardness of 
chromium smelted in the MgO crucible was lower in spite of the vigorous interaction of the metal with the 
crucible, the explanation evidently being the fact that the solid solution was devoid of nitrogen and the 
matrix had been alloyed with MgO particles. The beneficial effect of MgO on the ductility of chromium has 
been reported elsewhere [9]. 

The addition of rare-earth metals to the chromium as deoxidizing agents results in a sharp increase 
in the interaction of the metal with the refractory as a result of the increase in the chemical reactivity of 
the melt, more particularly whe, the melt contains more than 0.5 wt.% REM which is obviously above the 
solubility limit and creates conditions which favor direct contact between the REM and the refractolW as a 
result of phase separation in the melt. Most crucibles were destroyed under these conditions, the exceptio~ 
being the crucibles of zirconium carbide. 

An analysis of the composition of the contact layer showed that the rare-earth metals reduce A120% 
ZrO2, MgO, and Ben although thermodynamic calculations show that a redox reaction is unlikely in this 
case. The fact that A1203, ZrO2, MgO, and Ben are reduced by rare-earth elements was observed also 
in smelting steel deoxidized with REM [10]. 

The high resistance of zirconium carbide to the action of a Cr--REM melt can be explained o~ the 
grounds that the free energy of the formation of the components is significantly higher than for Cr2~C~ and 
Y(La)C, and that the solubility of the components in the molten chromium is insignificant [II, 12]. The 
ductility of ingots of chromium and of chromium--REM alloys smelted in crucibles of ZrC is nevertheless 
not satisfactory (see Table 2). 

The refractory materials investigated here are therefore unsuited for the fabrication of crucibles 
for smelting chromium to which an REM has been added for the purpose of deoxidizing the metal and in- 
creasing its heat resistance. Published data [13, 14] suggest that crucibles fabricated from REM oxides 
might be suitable. The most suitable crucibles for smelting unalloyed chromium are those made of Ben 
and Al20 3 as well as crucibles of ThO 2 [3]. 
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