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C H R O M I C  O X I D E  AS R E F R A C T O R Y  M A T E R I A L  

I .  S .  K a i n a r s k i i  a n d  E .  V .  D e g t y a r e v a  UDC 666.762.42.001.5 

The intensif icat ion of the t h e r m a l  p r o c e s s e s  in the me ta l lu rg ica l  and other  indus t r ies  makes  it  necessary- 
to use  new superduty  r e f r a c t o r y  m a t e r i a l s .  Ref rac to ry  oxides and the i r  compounds will r e m a i n  the pr inc ipa l  
m a t e r i a l s  for  the fo r e seeab l e  future  [1]. Among the new oxide m a t e r i a l s ,  ch romic  oxide, with its high mel t ing 
point, is a p r o m i s i n g  type.  R e f r ac t o r i ne s s ,  however ,  i s  not the only c r i t e r ion  of the sui tabi l i ty of a r e f r a c t o r y ,  
although it  is  an e s sen t i a l  one. A r e f r a c t o r y  ma te r i a l  mus t  p o s s e s s  ce r ta in  specif ic  p r o p e r t i e s  depending on 
the conditions of i t s  s e rv i ce .  

Chromic  oxide has  a corundumlike s t ruc tu re .  In i ts  na tura l  f o r m  it  is  known as eskolai te ,  a m in e ra l  in 
which some  of the C r  is subst i tuted by V 3+ and Fe  3+ . Eskola i te  m a y  occur  in ch romi t e s  in the f o r m  of a de-  
composi t ion  product  of a solid solution. 

The m o s t  impor tan t  ch rom i um  ore  is chromi te .  Chromium occurs  a lso  in red lead ore,  inwhieh it was 
f i r s t  d i scove red  in 1797, but it was  soon a f t e rwards  found also  in chromi te .  

Chromium f o r m s  s e v e r a l  oxides with oxygen. The stabil i ty of compounds of bivalent  ch romium is low; 
that  of de r iva t ives  of t r iva len t  ch rom i um  is  higher,  while the de r iva t ives  of hexavalent  ch romium a re  s table.  
Chromium is  t e t r ava l en t  o r  pentavalent  in only a few compounds and monovalent  in st i l l  fewer .  

The C r - O  s y s t e m  can be divided into two s y s t e m s  in accordance  with the oxygen content,  viz . ,  C r -  
Cr203 with a low,  and C r 2 0 3 - C r O  3 with a high, oxygen content. The f o r m e r  c o m p r i s e s  the compounds which are  
s table  at high t e m p e r a t u r e s ;  the la t ter ,  the compounds which a re  s table  at r e l a t ive ly  low t e m p e r a t u r e s .  

Chromium and Cr203 coexis t  a t  780-1300~ withot~ apprec iab le  mutual  solubili ty.  The solubil i ty of the 
oxygen in solid c h r o m i u m  at  1350~ is  0.1 at. % and d e c r e a s e s  with the t e m p e r a t u r e .  The C r - C r 2 0 3  sys t em 
was found to contain a phase  in the f o r m  of ch romous  oxide CrO, whichon heating to 967~ decomposes  and 
g ives  Cr203. However ,  this is  not the peak  t e m p e r a t u r e  at which chromous  oxide can exis t ,  i . e . ,  it is  often 
found in mol ten  s lag.  Expe r imen t s  have  shown that  at 1500~ CrO undergoes  d ispropor t iona t ion  to Chromic 
oxide and ch romium.  The composi t ion  of the eutectic (20% Cr ,  80% Cr203) with mel t ing  point 1660~ in the 
C r - C r 2 0 3  s y s t e m  is v e r y  s i m i l a r  to the m o l e c u l a r  composi t ion  of CrO. 

The phase  Cr304 is  s table  only at v e r y  high t e m p e r a t u r e s ;  at t e m p e r a t u r e s  below the Hquidus curve  it  
undergoes  d i spropor t iona t ion  to Cr20 s and CrO.  

Chromous  oxide thus exis ts  in the C r - C r 2 0 3  s y s t e m  in e v e r y  case  in the f o r m  of a d ia tomic  gaseous 
molecu le .  I t  m a y  occur  in significant  quanti t ies  in s lags  that  have in te rac ted  with a ch romous  me ta l  by analogy 
with si l ica,  which is me ta s t ab l e  in the solid phase  and s table  in mol ten  slag.  F o r  example ,  in me l t s  of the 
C a O - M g O - A 1 2 0 3 - C r 2 0 3 - S i O  2 s y s t e m  a l a rge  p ropor t ion  of the ch romium occur s  in the f o r m  of i ts  lower  ox- 
ide. The p ropor t ion  of bivalent  ch rom i um  i n c r e a s e s  with the deg ree  of reduct ion of the mel t .  

The content of ch romous  oxide in the me l t  i n c r e a s e s  with a reduct ion in the amount of f e r rous  oxide, i .e . ,  
ch romous  and f e r r o u s  oxides a r e  antagonist ic .  Bivalent  ch romium occurs  in apprec iab le  amounts  in acid 
s lags,  and its p ropor t ion  d e c r e a s e s  with an i n c r e a s e  in the bas ic i ty  of the s lag.  

The content of ch romous  oxide in c h r o m i u m  slag depends on the m a t e r i a l  with which the s lag is in con- 
tact .  The contact  zone of c h r o m i u m  slag with s tee l  contains CrO as well  as  FeO and MnO. The contact  zone of 
the s lag with a i r  contains Cr20 ~ (Fe203, Mn203); consequently,  CrOand  Cr203 a re  p resen t  in ch romium slag [2]. 
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TABLE 1. C h a r a c t e r i s t i c s  of 
Chromic  Oxides [3] 

Oxide 

Cr,O. . 
r 
ErOs 
CrsOz= 
Cr$O=l 
CrO~, 906 
CrO,' 

,.~ Ei I ~ 2 "  

I 
171,99 28,06 [ 
68,00 10,53 [ 

219,9~ 42,89 [ 
151,9~ 28,18 ~ 
83,99 i 17,15 
451,97 121,821 
751,96 244,94 
98.49 34,20 
99,99 i 35,46 

[ Melting 
[ point (M) or 
[ decom. . 

6,13 
6,46 1727 *M 
5,13 
5,21 2330 M 
4,90 477 D 
3,71 547 D 
3,07 367 D $ 
2,88 237--277 " 
2,82 188M 

*According to [6] the mel t ing  point 
of CrO is  1640~ 
t E skolai te .  
$ The in te rva l  of exis tence .  

The ex is tence  of an individual solid phase  of CrO has  not been substant iated,  whereas  Cr304 may  be a 
s table  h i g h - t e m p e r a t u r e  phase .  Or thos i l ica te  of bivalent  ch romium Cr2SiO 4 is a known compound, on the other  
hand, and f o r m s  a solid solution with fo r s t e r i t e .  

I t  i s  known that  a cubic s y s t e m  of the oxide Cr30 exis ts ,  but it has  not been iso la ted  in i ts  pu re  fo rm.  I t  
is  fo rmed  by reducing  ch romic  oxide with meta l l i c  t i tanium,  vanadium,  and z i rcon ium and by oxidizing ch ro -  
m i u m  powder  with wa t e r  vapo r  at 600~ in the p r e s e n c e  of a l a rge  amount of hydrogen [3, pp. 64-68; 4, pp. 
5-24; 5, pp. 241-254]. 

Chromic  oxide i s  the bas ic  phase  and is  of i n t e re s t  as r e f r a c t o r y  m a t e r i a l .  When heated  in a i r ,  meta l l i c  
ch romium burns  rap id ly  and f o r m s  chromic  oxide, which is insoluble in wa t e r  and acids .  Chromic  oxide is  a 
g r e e n  o r  d a r k - g r e e n  powder;  when produced at a high t e m p e r a t u r e  it has  a meta l l i c  g l i t t e r  and is  black,  but it 
tu rns  g reen  when the powder  is  t r i t u ra t ed .  

With r ega rd  to the mel t ing  point of chromic  oxide, opinion is divided, poss ib ly  because  it  v a r i e s  as  a r e -  
sult  of the pa r t i a l  reduct ion of C r  3+ to C r  2+ , which lowers  the mel t ing  point. The mel t ing  point appea r s  to lie 
between 2265 and 2330~ 

The t rue  theore t i ca l  dens i ty  of C ]:203 is  5.23 g / c m  3, while the densi ty of the synthesized m i n e r a l  is 5.215 g/  
cm3; the mic roha r dnes s , *  about 3200 k g f / m m  2 and the Mohs hardness ,  8.5; the syngony is  hexagonal  and the mean  
index of re f rac t ion ,  2.50; ch romic  oxide contains 68.42 wt.~ Cr  and 31.58 wt.% O 2. 

The specif ic  heat  of ch romic  oxide at  25~ is  28.38 c a l / m o l e ,  deg C. The coefficient  of l inear  expan-  
sion o v e r  20-1400~ is  9.6 �9 10 -6 ~ -1. 

In combinat ion with the oxides of a l a rge  n u m b e r  of other  me t a l s ,  ch romic  oxide g ives  a compound of the 
type of spinel  MeO 'Cr203 .  

The C r 2 0 3 - C r O  3 s y s t e m  c o m p r i s e s  a l a rge  number  of known phases  (Table 1). 

Heating causes  CrO 3 to decompose ;  the composi t ion  of the decomposi t ion  p roduc t s  depends on the t e m -  
p e r a t u r e  and p r e s s u r e .  The va lence  of the ch romic  oxide d e c r e a s e s  with an i nc r ea se  in the t e m p e r a t u r e .  

Heat ing of CrO 3 at s tandard  p r e s s u r e  gives CrO2.~06 at  237~ at  a t e m p e r a t u r e  sl ightly above 250~ this  
oxide is  decomposed  to Cr8021 and oxygen. 

When CrO 3 is  heated  to 275~ it  f o r m s  Cr8021, which decomposes  at 367~ and gives  Cr5012 and oxygen. 
A fu r the r  i n c r e a s e  in the heat ing t e m p e r a t u r e  of CrO 3 r e su l t s  in the fo rmat ion  of Cr5012 as  the decomposi t ion  
product ;  this  oxide decomposes  at  547~ to Cr203 and oxygen. 

*Vickers  p y r a m i d .  
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T A B L E  2. B i n a r y  S y s t e m s  wi th  C h r o m i c  Oxide* 

Second com- 
ponen~in 
sy~em 

CAO(2625) 

Binary compound 
in system ~f 

SiO~ 
(1728) 

CaCr~Oa 
(217o) 

Eutecfics of system 

CrsO 3--CaCrsO 4 

CaCr~O,--CaO 

l Apptox. Trap of the 
CrzO ~ con- | . 
tent lneutec-t eutectlc, 
tics, wt~ % | qC 

! 

85 I " 2100 
! 

50 1 1930 

Two immiscible liquids 
containing 33-90 mole 

%sich 

MgO MgCr~O 4 CrsOs--MgCr~O 4 80 :~ 2090 
(2825) (2400) MgCr~O4 - -  solid solu- 33 $ 2350 

of MgO with MgCr204 

Fe~O8 Continuous series of 
(1730) solid solns, (Fe, Cr)zO 3 --  - -  - -  

Al2Oa (2045) The same (A1, Cr)20~ --  - -  - -  

ZrO~ None CrsO3--Zr02 66 2090 
(27oo) 

TiO2 CrsTi30 ~ Cr~O 8--CrsTi20 v 64 1880 
(1870) (1980)  Cr~Ti$O~--TiO2 4 :~ 1760 

None --  2200 

*The m e l t i n g  p o i n t  of c h r o m i c  oxide  i s  2330~ 
,*The m p ,  ~ i s  s t a t e d  in  p a r e n t h e s e s .  

$Sta ted  con t en t  in m o l e  %. 

T h e  h e a t i n g  of C r O  3 to  a m o d e r a t e  t e m p e r a t u r e  (400-500~ at  a h igh  p r e s s u r e  (200-600 a t m  o r  h ighe r )  
r e s u l t s  in  the  f o r m a t i o n  of C r O  2. T h i s  oxide  h a s  a r e g i o n  of h o m o g e n e i t y  wi th in  the  c o m p o s i t i o n  l i m i t s  
Crt.88_2.18. In  a i r  a t  477~ o r  h i g h e r  C r O  2 d e c o m p o s e s  to  Cr203 and oxygen  [3, pp .  64-68;  7]. 

T h e  h e a t i n g  of  C r O  3 thus  r e s u l t s  in  the  f o r m a t i o n  of a s e r i e s  of o x i d e s  wh ich  con t inue  to  d e c o m p o s e  wi th  
a f u r t h e r  i n c r e a s e  in  t he  t e m p e r a t u r e  and in  the  end f o r m  c h r o m i c  ox ide .  

C h r o m i u m  t r i o x i d e  C r O  3 is  the  a n h y d r i d e  of  c h r o m i c  ac id .  I t s  c o l o r  is  d a r k  r ed ,  and i t  i s  r e a d i l y  d i s s o l v e d  
in  w a t e r  to  g ive  c h r o m i c  (H2CrO 4) and d i c h r o m i c  (H2Cr20 7) ac id ,  which  a r e  known on ly  in  so lu t ion .  C h r o m i c  

t r i o x i d e  i s  h i g h l y  t ox i c  and a v e r y  p o t e n t  o x i d i z e r .  

T h e  e x p l a n a t i o n  l i e s  in  t he  f ac t  tha t  c h r o m i u m  t r i o x i d e ,  which  m e l t s  at  180-202~ d e c o m p o s e s  at  an i n -  
c r e a s i n g  r a t e  wi th  an i n c r e a s e  in  t he  t e m p e r a t u r e  and g i v e s  off oxygen .  M o r e o v e r ,  C r O  3 can  e x i s t  a l s o  in  the  

g a s e o u s  s t a t e .  

At  r o o m  t e m p e r a t u r e  o r  when l i gh t ly  h e a t e d  C r O  3 i s  a l m o s t  s t a b l e  in a i r  b e c a u s e  c r y s t a l l o c h e m i c a l  con -  
v e r s i o n s  w i l l  not  r e a d i l y  d e v e l o p  at  a low t e m p e r a t u r e .  

C h r o m i c  ox ide  i s  t h e r e f o r e  the  only  n e a r - s t a b l e  ox ide  in the  C r - O  s y s t e m  at  t e m p e r a t u r e s  be low 1600~ 

and oxygen  p r e s s u r e s  be low 1 t e c h n i c a l  atm| 

In  h i g h l y  o x i d i z i n g  c o n d i t i o n s  c h r o m i c  ox ide  m a y  d i s s o l v e  e x c e s s  oxygen  bu t  c h r o m i c  ox ide  of a n o n s t o i -  
c h i o m e t r i c  c o m p o s i t i o n  canno t  b e  p r o d u c e d  a t  a p r e s s u r e  a b o v e  1 t e c h n i c a l  a rm [8, pp.  127-130] .  

C h r o m i c  o x i d e s  a r e  t h e r e f o r e  s e n s i t i v e  to  c h a n g e s  in  the  c o m p o s i t i o n  of  t he  e n v i r o n m e n t  and in  the  t e m -  
p e r a t u r e .  A c h a r a c t e r i s t i c  f e a t u r e  of c h r o m i c  ox ide  i s  t ha t  i t  r e a c t s  both  wi th  oxygen  and wi th  g a s e o u s  o r  
s o l i d  r e d u c i n g  a g e n t s ,  a f ac t  which  s o m e w h a t  l i m i t s  the  s c o p e  f o r  u s i n g  c h r o m i c  ox ide  r e f r a c t o r i e s .  

Of c o n s i d e r a b l e  s i g n i f i c a n c e  f o r  the  u s e  of c h r o m i c  ox ide  as  a r e f r a c t o r y  a r e  the  c h a r a c t e r i s t i c s  of the  

s y s t e m s  which  i t  f o r m s  wi th  CaO,  MgO, F e O ,  Fe203 ,  Fe30r  A1203, TiO2, ZrO2,  and SiO 2. 

The  d a t a  in  T a b l e  2,  w h i c h w e r e e o m p i l e d f r o m  [3, pp .  9 9 - 1 0 1 , 1 1 8 - 1 2 0 ,  135-136,  140-144] ,  show tha t  a l I  
b i n a r y  c o m p o u n d s  in  b i n a r y  s y s t e m s  wi th  c h r o m i c  ox ide  have  a h igh  m e l t i n g  po in t .  
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In  nonoxidizing conditions ca lc ium ch romi t e  CaCr204 f o r m s  in the s y s t e m  with CaO and undergoes  ~ a  
modif ica t ion  at  1570~ with a s imul taneous  3% i n c r e a s e  in volume.  In  oxidizing conditions at a low t e m p e r a -  
t u r e ,  not only ca lc ium ch romi t e  i s  f o rm ed  but also c a l c i u m c h r o m a t e  CaCrO4 as a r e su l t  of the oxidation of the 
ca lc ium chromi te ;  this p r o c e s s  is accompanied  by a la rge  inc rease  in volume.  The ch romate  is not s table  and 
decomposes  at 1060~ 

Unlike ca lc ium chromi te ,  the magnes ioch romi t e  MgCr204 in the Cr203-MgO s y s t e m  is s table  during hea t -  
ing in a i r .  Magnes ium ch roma te  MgCrO 4 decomposes  at 525-645~ and f o r m s  magnes ioch romi t e .  

The Fe2Oa-Cr20  ~ s y s t e m  f o r m s  a continuous s e r i e s  of solid solut ions of the oxides.  At high t e m p e r a t u r e s  
the Fe20 ~ d i s soc i a t e s  and the s y s t e m  is  conver ted  to the t e r n a r y  type F e O - F e 2 0 3 - C r 2 0 ~ .  

A continuous s e r i e s  of solid solutions of the oxides f o r m s  a lso  in the s y s t e m  of Cr20 a with AI203. A d i s -  
continuity occu r s  at t e m p e r a t u r e s  below 800~ 

The s y s t e m  Cr20 a with ZrO 2 is  the s imp le s t  one with a h i g h - t e m p e r a t u r e  eutect ic  [32 p. 141; 62 pp. 466- 
467]. 

With Cr20 a the compound Cr2Ti20 ~ in the Cr2Oa-T iO 2 s y s t e m  f o r m s  a h i g h - t e m p e r a t u r e  eutect ic  at a 
t e m p e r a t u r e  above 1200~ 

The l imi t ing  solubi l i ty  of t i tanium oxides with ch romic  oxide at 1300-1900~ i s  5 mole  %. Ti tanium ions 
a r e  p r e sen t  in a solution in the t e t r ava len t  and t r iva len t  s tate,  which gives  a nons to ich iomet ry  which is  p robab ly  
of the type of cat ion vacanc ies .  With up to 20 mole  % excess  TiO~ a solid solution is  f o rmed  toge ther  with 
ch romium t i tanate  Cr2TiOs, and with up to 50 mole  % TiO x ch romium dit i tanate Cr2Ti20 ~ is  fo rmed  as well  as 
t i tanate  [9]. 

No compounds or  solid solutions a re  fo rmed  in the Cr2fi h - S i O  2 sys t em.  The region of liquation in this 
s y s t e m  is  l a rge .  Over  the t e m p e r a t u r e  range  1720-2200~ solid ch romic  oxide and a solution exis t  side by 
side, but above 2200~ the s y s t e m  f o r m s  two solutions [3, pp. 143-144; 6, pp. 112-114]. 

Two-componen t  s y s t e m s  with Cr203 a r e  highly r e f r a c t o r y  because  the mel t ing  point cf the b inary  c o m -  
pounds in these  s y s t e m s  l ies  within 1980-2400~ and the b inary  eutect ic  within 1760-2350~ 

A s u m m a r y  of the u l t imate  t r i ang le s  in t e r n a r y  sy s t ems  with ch romic  oxide i s  given below [3]. Note 
that  mos t  of these  s y s t e m s  have not been invest igated in depth. 

System with 
chromic oxide 
CaO, bigO 
CaO, FeO 
CaO, Fe2Oa 
CaO, AlaOa 
CaO, SiO 2 

CaO. ZrO~ 
CaO, TiO~ 
MgO, FeO 
MgO, Fe~O~ 
MgO, AlcOa 
MgO, SiO~ 
MgO, ZrO~ 
MgO, TiO~ 
FeO, SiO 2 
FeO, TiOz 
FeO, ZrO~ 
FeO, Fe~O a 
Fe~Oa, AlcOa 
Fe~Oa, SiO~ 
Fe~Oa, TiO~ 
Fe~Oa, ZrO~ 
Al~Oa, SiO. 
AlcOa. TiO~ 
AlcOa, ZrO~ 
ZrO v SiO~ 
ZrOa, TiO~ 
TiOv SiO~ 

Ultimate triangles 
CaCr~O4--Cr~O3 --MgCr~O4 
CaCr ..O4---Cr~,O3 --FeCr~O 4 
CaCr~O4--Cr203--Fe~O3 
CaCr~O 4--Cr~Oa--CaA112019; CaAI~ 20~ ~--Cr203--AI203 
CaSiO--Cr2Oa--SiO~; Ca~Si 20~--Cr203-4EaSiOa; 
Ca2SiO 4---Cr203--CaaSi20~; CasSiO 4--Cr~O3--CaCr20 4; 
CasSiO 4---CaCr~O 4--Ca aSiOs; CasSiOs--CaCr204---CaO 
CaCr~O 4--Cr~Oa--ZrO2 
CaTiO3--Cr~O a--Cr2Ti20~; CaTiO3--Cr 203--CaCr204 
FeCr~O 4--Cr2Oa--MgCr~O 4 
MgCr~O 4--Cr2Oa--Fe20 a 
MgAI20 4--Cr~Oa--AlaOa; MgAI~O 4--Cr2Oa--MgCr~O 4 
MgSiO 3--Cr20.~--SiO2; MgSiOa--Cr2Oa--Mgf.r20 4 
MgCr~O ~--Crs6 s--ZrO s 
MgCr~O ~--Cr~O 3--Cr~Ti~O 
FeCr~Oc-Cr~Oa--SiO ~ 
FeCr~O ~--Cr~Oa--Cr ~Ti~O v 
FeCr~O ~--Cr~O,--ZrO~; FeCr~O~--ZrO~--FeO 
FeCr20 i---Cr20~--Fe~O a 
Fe2Oa--Cr~Oa--FeAIOa; FeA1Oa--Cr~Oa--Al~O~ 
Fe~Oa--Cr~Oa--SiO ~ 
Fe~Oa--Cr~Oa--Cr~TiaO~ 
Fe~Oa--Cr~Oa--ZrO~ 
AI~O a--Cr~Oa--Al~Si~O~ ~; SiO~--Cr~O~--AlaSi.O~ a 
Cr~Ti20~---Cr~Os--AIzTiO~; Al2Oa--Cr2Oa--Al.'TiO ~ 
Al~Oa_CrzOa__ZrO~ 
ZrSiO ~--Cr~Oa--SiOa; ZrSiO~--Cr~Oa--ZrO a 
Cr~TiaO~ --Cr~Oa--ZrO~ 
Cr~Ti~O~ --TiO~--SiO~, CrzTiaO~--Cr~Oa--SiO~ 

In the t e r n a r y  s y s t e m s  cons idered  h e r e  the ch romic  oxide coex is t s  with other  oxides and the i r  b inary  
compounds because  t e r n a r y  compounds cannot f o r m  with ch romic  oxide. 
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Systems containing silica are  characterized by a large region of liquation. 

Ternary  euteetics have been determined in the following systems: CaO-Cr203-SiO2 [containing 3 (1418~ 
and 7 (1407~ wt. ~c Cr203]; Mg-Cr20~-SiO2; MgO-Cr203-ZrG2 (1860~ FeO-Cr203-SiO 2 (1155~ F e O -  
Cr203-ZrO2 (1325~ A1203-Cr203-SiO 2 (1580~ 1 wt.% Cr203); a~l Cr20~-TiO2-SiO 2 (1527~ Thus the 
known te rnary  eutectics occur mainly in systems with silica and in some with zirconia. 

The melting temperature  of the eutectic i s  lowest in systems with ferrous oxide together with SiO 2 or  
ZrO 2. 

Ternary  solid solutions* were four~l to occur in many of the systems concerned here.  The CaO-Fe203-  
Cr203 system contains several  s.t. Ca (Cr, Fe)204 which occur also in oxidizing conditions in the C a O - F e O -  
Cr203 system. 

In the CaO-A1203-Cr203 system the compound CaA1204 dissolves readily in CaCr204, butnotvice versa.  
Ternary  s.1. form in air in the CaO-Cr2Oa-ZrO 2 system accompanied by partial oxidation of the Cr~O 3. 

Limited s.l. have been found to exist in the CaO-Cr203-TiO 2 system. 

At a low oxygen partial pressure  the MgO-FeO-Cr203 system contains s.1. of spinels (Mg, Fe)Cr204. 

The MgO-Fe203-Cr203 system can form s.1. Mg(Fe, Cr~204, while s.1, Mg(A1, Cr)204 with mp 510~ 
form in the MgO-A1203-Cr203 system. 

In MgO-Cr203-Si202 and MgO-Cr203--ZrO 2 systems the s.1. occupy a small region, while in the MgO- 
Cr203-TiO 2 system a continues ser ies  of s.1. is formed between the phases MgCr204 and Mg2TiO4, and limited 
s.1. between MgTi205 and Cr2TiO 5. 

In te rnary  sys tems that contain FeO and Cr203, s.1. are  formed if the third component is TiO 2 (between 
FeTi205 and Cr2TiO 5) or ZrO 2 (very limited ones) but no s.1. are formed when the third component is SiO 2. 

A cor~inuous ser ies  of spinel s.1. of Fe30 a and FeCr204 which do not decompose on cooling was deter-  
mined in the FeO-Fe203-Cr20  ~ system. 

The s.1. determined in the Fe203-Cr203-A120 ~ system cover an extensive range and decompose at about 
1500~ and when the proportion of Cr20~ is smaller  than 30 wt.%. The region of t e rnary  s.l. contracts with a 
decrease  in the temperature .  

The Fe203-Cr20~-TiO2 system contains ve ry  numerous s.1. In the phase Cr2Ti207 two or  three chro- 
mium atoms may be substituted by iron atoms; in phase Fe4Ti3012 up to 15 mole ~ of the Fe203 is substituted 
by Cr20 s. 

In the A1203-Cr203-SiO 2 system limited s.1. of chromic oxide (up to 10 wt.% Cr20 ~) are formed in mul- 
lite at 1600~ 

Limited s.1. are  formed also between A12TiO 5 and Cr2Ti207 in the A1203- Cr203-TiO 2 system. The limiting 
solubility of the second compound in the f irs t  does not exceed 6-7 wt.%, while that of the f irs t  in the second is 
about 35 wt.% [10]. 

In the Cr20 ~ --ZrO2--SiO 2 system the s.1. form very  small regions, one of which adjoins the Cr20 ~- ZrO 2 
side near angle Cr20 ~ and another adjoins the SiO2-ZrO 2 side at angle ZrO 2 [3, p. 236; 11, pp. 294-295]. 

C O N C L U S I O N S  

The art icle deals with chromic oxide and other oxides of chromium and with the systems which chromic 
oxide forms with other oxides and which are of importance in the production and application of refractor ies .  
In most systems Cr20 ~ coexists with the other oxides and their  high-melting compounds. 

Ternary  compounds with chromic oxide are  absent in these systems, andternary eutectics are rare;  the 
binary eutectics are character ized by high melting points. The systems contain large regions of solid solutions 
between the oxides and thei r  highly re f rac tory  compounds. 

These are the factors which render chromic oxide a promising material  for  the production of superduty 
ref rac tor ies .  

*The te rm Wsolid solution(s) w is henceforth abbreviated to s.1. 
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Lightweight refractories with good strength and heat-insulation properties can be produced by the foam- 
ing method from lean fine-dispersion aluminosilicate compositions with a stabilizing additive [1, 2]. 

Experiments carried out at the Ukrainian Institute of Refractories provided evidence that this method 
can be used with good results also for the production of lightweight aluminosilicate filler of low apparent den- 
sity in a production cycle of 2.5-3.0 h in place of 3 or 4 days. 

The present writers carried out laboratory-scale technological investigations and experiments in the 
production of a lightweight f i l ler  in granular form from secondary kaolin by the foam method. 

The granules are used for the manufacture of heat-insulation concrete, ramming compounds, fired and 
unfired lightweight products, and heat-insulation filler. 

In contrast to the known production technology for lightweight refractories from a foamed lean compo- 
sition, the lightweight granular fi l ler is produced from foamed kaolin clinker without added grog by a method 
which includes a stage in which the foamed composition is subjected to a high-speed heat treatment. 

In the proposed method [3] a slip is prepared from kaolin and converted to stable foam which is next 
plasticized and then coagulated and granulated by rapid high-temperatttre drying after which the granules are 
subjected to high-speed firing. 

The composition is plasticized by adding aluminum sulfate or alum. The hydrolysis of fllese salts pro- 
duces a change in the pH of the medium and results in the formation of colloidal aluminum hydroxide, which is 
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