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urgent  task in the invest igat ion of the porous s t ruc tu re  of 
r e f rac to r i es .  
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INTERACTION BETWEEN CHROMITE AND 

M A G N E S I U M  OXIDE WHEN HEATED 

S. M. ZUBAKOV 
(Institute of Metallurgy and Benefication of the AS of the Kazakh SSR) 

A study was made ea r l i e r  of the react ions  in the solid 
s ta te  between Akkarga chromite  ore and magnes ium oxide in 
eh rome-magnes i t e  mix tu res  of the h e a t - r e s i s t a n t  type (1 - 3). 

When these  mix tu res  a re  fixed, complex diffusion pro-  
c e s s e s  develop at the contact points between the chromite  
and per ic lase  g ra ins  and form react ion edges (4). 

The pecul iar  zonality of the s t ruc tu re  of the h e a t - r e s i s t a n t  
ch rome-magnes i t e  re f rac tory  (5), which shows up as  the 
al ternat ion of the phase composit ion typical of chromite ,  
eh rome-magnes i t e  and magnes i te  composi t ions,  mus t  be 
taken into account when evaluating and studying its chemica l -  
minera logical  composition. In minealogieal  composit ion this  
r e f rac to ry  should be regarded  as a combination of chromite ,  
ch rome-magnes i t e  and magnes i te  brick.  

As initial raw mater ia l  for the invest igat ion we used 
Saranov and Kimpersay  chromite  o res  and chemically pure 
magnes iu m  oxide. The la t te r  was p r e - p r e s s e d  into com-  
pacts ,  f ired at 1600 ~ and ground down into two fract ions 1 - 0 
and 0.06 - 0 mm.  

The chemical  composit ion of the initial ma te r i a l s  is given 
in Table 1. The weight composit ion of the charge was 50% 
chromite  ore 1 - 3 m m  and 50% per ic lase  powder 1 - 0 mm.  
For purposes  of compar i son  we also prepared  a charge f rom 
f ine-ground ma te r i a l s  with a gra in  size l e s s  than 0.96 mm.  

The results of the investigation of the finely-ground mixtures 
may be important for the development of technology in the 
production of periclase-spinel brick. 

The mixtures were moistened with sulfite alkali with a 
density i. 12 and allowed to stand for a day. Specimens were 
pressed at 100O kg/cm2, fired at 1680 ~ for four hours in a 
mildly oxidizing medium. 

To gain an idea of the degree of variation in the chrome 
spinel composition during firing, the powders with a frac- 
tion finer than 30 microns were examined through a micro- 
scope against the light, and the number of translucent and 
non- t rans lucen t  c rys t a l s  counted. 

In the coa r se -g round  mix tu res ,  the chromite  g ra ins  were 
not f i rmly  linked with the per ie lase ,  which made it possible  
to separa te  them and examine them independently. The 
thoroughness  with which the chromite  g ra ins  had been sepa-  
ra ted  f rom the pe r ic lase  gra ins  surrounding them was 
checked under  the microscope.  

The r e su l t s  of the chemical  ana lys is ,  microscopic  and 
x - r a y  investigation of the eh rome-magnes i t e  spec imens ,  
and the chromite  and per ic lase  gra ins  separa ted  f rom the 
coa r se -g round  mix tures  are  given in Tables  2 and 3. 

When coa r se -g round  eh rome-magnes i t e  mix tures  are  
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CHEMICAL COMPOSITION OF INITIAL MATERIALS* 

TABLE 1 

Material 

Saranov chromite 
Saranov chromite 
Kimpersay chromite 
Kimpersay chromite 
Magnesium oxide fired 

at 1600 ~ 
Magnesium oxide fired at 1600 ~ 

Fraction, 
mm SlO 2 A120~ 

3--1 6,28 16,70 
0 ,05- -0  8,40 15, 12 

3--1 4,39 8,48 
0 ,06- -0  8,48 8,38 

I--0 0,20 0,40 
0,06--0 0,22 0,48 

CaO 

0,98 
1 , 7 8  
0,89 
I ,36 

1,18 
1,12 

C o n t e n t ,  % 

~'~iaO F e O + F % O ,  

15,11 19,04 
17 ,54  17,60 
16,81 13,92 
18,74 12,32 

98,35 Traces 
98,25 Traces 

Cr_~Oa Ignition 
Loss 

o9,6.  2,28 
35.57 4,00 
55.31 1,95 
47,55 4,37 

None None 
None None 

fired, the chromite grains are predominantly enriched with 
chromium and magnesium oxide, and become deficient in 
iron and calcium oxides, SiO2 and sometimes aluminum 
oxide. The Fe203:FeO ratio for Saranov ore increases from 
0.22 to 4.42, and for Kimpersay ore from 0.34 to 3.40. 

The periclase grains are mainly enriched with iron oxides, 
and to a lesser extent chrome and calcium oxide SIO2, and 
are depleted in magnesium oxide. The number of oxides 
migrating in them (CaO, SIO2, FeO + Fe203, Cr203, A1203) 
is 20.02% for Saranov ore, and 10.61% for Kimpersay ore. 

The variation in chemical composition of the chromite- 
perielase grains when the chromite magnesite mixtures are 
fired is due, on the one hand, to oxidation of the chrome- 
spinel iron oxide into ferr ic oxide, and, on the other to dff- 

fusion processes of an exchange nature at the separation 
boundaries of the components. 

The active diffusion of Fe203 into the perielase from the 
chromite is apparently not only due to the reaction involving 
substitution of magnesium oxide for chrome spinel ferrous 
oxide, and oxidation of ferrous into ferric oxide, but also to 
the strange behavior of iron oxides at high temperatures. 
At 1385 ~ and constant oxygen pressure, the pure ferric ox- 
ide dissociates and is turned into Fe304 (8). 

As distinct from certain other spinels, magnetite con- 
tains free electrons. The Fe 3+ ion may diffuse as a biva- 
lent ion, and then be reconverted to the original state by 
attracting one electron. The iron ions are able to occupy a 
tetrahedral position as well as a octahedral position in the 

TABLE 2 

CHEMICAL COMPOSITION OF CHROMITE AND PERICLASE GRAINS, % * 

Materials Cr,O a AltO, Fe,Os FeO MgO SiO, CaO 

Saranov chromite grains: 
after firing . , 57,63 I0,89 7,00 1,56 20,12i 2,55 0 ,25 
natural ore . . . . . .  41,62 14,49 3,72 16,27 15,97 6,70 1,23 

Difference +16,01 - -3 ,60  + 3 , 2 8  --14,71 + 4 ,  I5 + 4 ,  15 - -0 ,98  

Periclase grains: 
after firing 3,89 2,64 8.40 79,94 3,29 1,84 
before firing 0,00 0,57 0,O0 98,08 0,22 1,13 

Difference + 3 , 8 9  + 2 , 0 7  + 8  40 - -18 ,14  + 3 , 0 7  +0 ,71  

Kimpersay chromite grains: 
after firing 59,19 8,6~ 8,11 2,38 20,11 0,88 0,55 
natural ore 54,99 8,5~ 3,56 10,35 17,01 4,43 0,90 

Difference + 4 , 2 0  +0,1C + 4 , 4 5  - -7 ,97  + 3 , 1 0  - - 3 , 5 5 - - 0 , 2 5  

Perielase grains: 
after firing 1,30 0,70 1,51 0,7( 89,47 2,16 2,17 
before firing 0,00 0,57 0,00 0,0C 98,0S 0,22 1,13 

, , 

Difference 

* All c o m m ~  are equivalent to a dec imal  polnt~ 

+ 1 , 3 0  + 0 , 1 3  +1 ,51  +0,7C - -8 ,6 t  + 1 , 9 4 + 1 , 0 4  



222 Interaction Between Chromite and Magnesium Oxide When Heated 

PHASE COMPOSITION OF FIRED CHROME MAGNESITE MIXTO~RES 

No. of 
mixture Composition of mixtures Results of microscopic and x- ray  investigation 

1 

TABLE 3 

Saranov chromite grains separated from 
coarse-ground mixture (50% chromite 3 -  2 
mm and 50% magnesium oxide 1 - 0 ram) 

Per ic lase  grains  in contact with chromite 
(mixture 1) 

Per ic lase  grains  after t rea tment  in 20% 
NH4CL** 

Per ic lase  grains after t rea tment  in 20% 
HCL. 

Kimpersay chromite and per ic lase  
grains  ***, separated from coarse-ground 
mixture. 

50% Saranov chromite,  50% per ic lase  
<0.06 mm. 

Altered chrome spinel crystals ;  fors ter i te  and glass (2- 3%) 
present  in bond. Judging by color, chrome spinel crystals  
have heterogeneous composition; substantinl development of 
magnesium spinels ,  while fe r r i chrome picatite (about 20%) 
is secondary. 

Optic constants of fors te r i te  normal,  grain s ize 5 -  20 microns.  
Glass is color less  with N = 1. 537 or brown in color with N = 
1. 552 - 1. 574. 

X-ray photographs show al tered chrome pieatite* and hematite 
lines. 

Per ic lase  of non-uniform color, f rom dark brown (52% grains) 
to light yellow and color less  with N = 1. 737 (20% grains).  

Mean per ic lase  crystal  size 40 microns,  20 microns  p re -  
dominating. 

Individual per ic lase  grains contain magnesioferr i te  c rys ta ls  
f rom 1 - 5 microns.  

Fe r s te r i t e  and glass present  in proportion 5 - 7%. Fors te r i t e  
crys ta ls  f rom 5 -  30 microns,  20 microns  predominating. 

X-ray photographs show per ic lase  with lattice parameter  4.20 
and spinel. 

62.6% magnesium oxide lixiviated; two types of spinel, for -  
s ter i te  and glass present  in extract  residue.  One spinel r e m -  
iniscent of magnes io- fer r i te  in color and crystal  shape, the 
other  more  complex in composition and possibly has formula 
(Mg, Fe2+) (Fe, Cr, A13+)204~ crystal  size 1 - 3  microns.  

X-ray photographs shows spinel and si l icates  with MgO ~ n .  SiO 2. 

Spinels with different crystal  coloring. X-rays  showed two 
types of spinel. 

Mineralogical composition and micros t ruc ture  to great  degree 
s imi la r  to mixture 1. 63% translucent  grains  in chrome 
spinel compared with 31% in natural ore.  Fors te r i t e  and 
glass  in chromite grains 2 - 3%, fors ter i te  crystal  size 5 - 30 
microns ,  18 microns predominating. Per ic lase  part  forms 
5 - 6% fors te r i te  and glass ,  fors ter i te  crystal  size 5 - 15 
microns.  When treated with 20% NH4CL + NH3H20, 70.1% 
magnesium oxide lixiviated f rom per ic lase  grains.  

Mixture mainly consists  of al tered chrome spinel and different 
colored per ic lase .  Secondary spinel and fors te r i te  consider-  
ably developed as new minerals .  Most chrome spinel (83% 
grains) t ranslucent ,  coloring var ies  (from ruby-red  to light 
yellow) and  non-uniform even in fine crys ta ls .  Non-homo- 
geneous per ic lase  with coloring from dark brown to light 
yellow and more rare ly  color less .  Per te lase  crys ta ls  size 
30-  80 microns,  40 microns  predominating. Secondary spinel 
has peculiar dark yellow coloring with N :~ 1.78, and i r regu-  
larly shaped crysta ls  f rom 2 to 3 microns.  Fors te r i t e  p re -  
dominates and glass present  (10 - 13%). Fors te r i t e  crys ta ls  
are  color less  with normal refract ive indices. Fors te r i te  
crystal  size 5 -  40 microns~ 20 microns predominating. Not 
more  than 1% monticellite discovered with normal crys ta l lo-  
optic constants and merwinite with ~ = 1. 718, ~ = 1. 708. For  
glass N = 1. 522 ~ 1~ 552. 

* There is a certain shift in the lines in the powder patterns compared with natural chromite ore. 

** By the Gladysheva and Zubakov method (7). 

*** Degree of regenerat ion of chrome spinel during firing and structure of reaction edges in per ic lase  was studied f rom 
specimens of chemically pure magnesium oxide, into which individual chromite grains were  pressed .  These specimens 
were used after firing to make polished and t ransparent  sections.  
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T A B L E  3 

PHASE COMPOSITION OF FIRED CHROME MAGNESITE MIXTURES (Cont'd) 

No. of 
m i x t u r e  Compos i t ion  of m i x t u r e s  R e s u l t s  of  m i c r o s c o p i c  and x - r a y  i nves t i ga t i on  

P e r i c l a s e  g r a i n s  a f t e r  t r e a t m e n t  with 
20% NH 4 CL. 

P e r i e l a s e  g r a i n s  a f t e r  t r e a t m e n t  with 
20% HCL. 

The  s a m e  as  m i x t u r e  4 but  with addi t ion 
to K i m p e r s a y  ore .  

X - r a y s  show p e r i c l a s e  and sp ine l .  

31.5% p e r i c l a s e  l i x iv i a t e s ,  18% binds  du r ing  f i r i ng  into m a g n e -  
s i an  compounds .  Amoun t  of f o r s t e r i t e  and g l a s s  about  30%. 

X - r a y  shows  sp ine l ,  r e l a t ed  by u s  to (Mg, Fe  2+) (Cr,  A1, 
Fe  3+)2 04 . 

M i n e r a l o g i c a l  compos i t i on  and m i c r o s t r u c t u r e  to g r e a t  ex t en t  
s i m i l a r  to m i x t u r e  4. Amoun t  of n o n - t r a n s l u c e n t  g r a i n s  of  
c h r o m e  sp ine l  kept  up to 26%, f o r s t e r i t e  and g l a s s  9 - 11%. 

s p i n e l s ,  w h e r e a s  the  Cr3+ ion, fo r  e x a m p l e ,  i s  u s u a l l y  r e -  
s t r i c t e d  to an  a c t a h e d r a l p o s i t i o n .  T h i s  b e h a v i o r  on the  
pa r t  of the  componen t s  on the  s e p a r a t i o n  s u r f a c e  i s  a p p a r -  
ent ly  one of the  chief  r e a s o n s  fo r  u n e v e n  d i f fus ion  of the  
ox ides  in the  " e h r o m f t e - p e r t e l a s e "  s y s t e m .  

Di f fe ren t  k inds  of d i f fus ion  by ox ides  in c h r o m e - m a g n e -  
s i t e  r e f r a c t o r i e s ,  m i x t u r e s  of  c h r o m e  sp ine l  and m a g n e s i u m  
oxide,  and sp ine l s  have  a l so  been  e s t a b l i s h e d  by o t h e r  r e -  
s e a r c h  work  (9, 12, 13). 

When hea t ed  in the  s y s t e m s  M g C r 2 0 4  - F e 3 0 4 ,  the  Fe 3+ 
ions  d i f fuse  m o r e  r ap id ly  t han  the  Cr3+ ions ,  and in the  

sp ine l ,  i t s  c o m p o s i t i o n  can  be d e s c r i b e d  by the  f o r m u l a  
(Mg2+) (Cr,  A1, Fe3+)204,  in which  m o l e c u l e s  of  the  two 
s p i n e l s  M g C r 2 0 4  and MgA1204 will  p r e d o m i n a t e .  The  m a g -  
n e s i o - f e r r f t e  h e r e  i s  s e c o n d a r y .  

T h e s e  c h a n g e s  in the  chem~Lcal -minera logica l  compo s i t i o n  
of the  c h r o m e  sp ine l  have  an  ef fec t  on i t s  co lo r ing ,  and a 
sh i f t  in the  c h r o m e  p ica t i te  l i nes  can  be  noted in the  Debye 
powder  p a t t e r n s .  

J u s t  a s  for  m o s t  n a t u r a l  c h r o m i t e  o r e s ,  the  c o m p o s i t i o n  
of the  c h r o m e  spinel  sol id  so lu t ion  in the  c h r o m e - m a g n e s i t e  
m i x t u r e s  a f t e r  they  have  been  f i r ed  can  be d e s c r i b e d  by the  

(0,246 - -  0,624Fe 2+ -{- 0,322 - -  0,759Mg 2. )(0,208 - -  0,544AI 3+ -1- 0,414 - -  

- -  0,732Cr 3+ q- 0,012 - -  0,108Fe 3+ )294. (,A) 

s y s t e m  FeA!204  - A1203 the  A13+ ions  move  m o r e  rap id ly  
t han  the  Fe3+ ions  (14). 

In c h r o m e  sp ine l  the  e l e m e n t s  Mg - Fe  2+ and  A1 - Cr  - 
Fe3+ a r e  l iab le  to v e r y  e x t e n s i v e  i s o m o r p h i c  r e p l a c e m e n t  
in v iew of the  n e a r n e s s  of  t h e i r  ionic  rad i i ,  s i m i l a r i t y  in 
p a r a m e t e r s  and c r y s t a l  l a t t i ce  s t r u c t u r e  of  the  s p i n e l s  in 
t h e m  (9, 10, and 11). 

A c c o r d i n g  to Rai t  (9), the  compos i t i on  of c h r o m e  sp ine l  
in m o s t  c h r o m i t e  o r e s  f r o m  the  l a r g e s t  d e p o s i t s  in the  wor ld  
can  be d e s c r i b e d  by the  g e n e r a l  f o r m u l a  RO �9 R203 and the  
fol lowing m o l e c u l a r  v a l u e s :  

Af t e r  the  m i x t u r e s  have  been  f i r ed ,  the  c h r o m e  sp ine l  
c o m p o s i t i o n  of the  Saran_or and  K i m p e r s a y  c h r o m i t e  o r e s  
i nves t i ga t ed  by the  a u t h o r  can  be d e s c r i b e d  by the  fol lowing 
m o l e c u l a r  f o r m u l a e  2 : 

f o r m u l a  RO , 11203. In o r d e r  to ve r i f y  w h e t h e r  o r  not  the  
r a t io  R203 :RO is  cons t an t  in c h r o m e  sp ine l  fo r  c h r o m e -  
m a g n e s i t e  c o m p o s i t i o n s  a lone ,  we s tud ied  the  v a r i a t i o n  in 
c h e m i c a l  c o m p o s i t i o n  of K i m p e r s a y  c h r o m i t e  g r a i n s  when  
f i r ed  in d i f f e ren t  f o r m s  of c h r o m i t e - c o n t a i n i n g  m i x t u r e s :  
c h r o m e - s p i n e l ,  c h r o m e - o x i d e  and c h r o m e - s i l i c a t e .  

The da ta  in Table  4 show tha t  when  al l  the  c h r o m i t e -  
conta in ing  m i x t u r e s  a r e  f i r ed  t h e r e  i s  a c o n s i d e r a b l e  v a r i a -  
t ion in the  c h e m i c a l  c o m p o s i t i o n  of the  c h r o m e  sp ine l .  
N e v e r t h e l e s s  a s  d i s t i nc t  f r o m  c h r o m e - m a g n e s i t e  c o m p o s i -  
t i ons ,  the  R 2 0 3 : R O  ra t io  in the  sp ine l  does  not  r e m a i n  c lose  
to uni ty ,  bu t  r i s e s  f r o m  1 .169  to 1. 777. On accoun t  of an  
e x c e s s  of s e s q u i o x i d e s ,  the  c h r o m e  sp ine l  compos i t i on  of 
t h e s e  m i x t u r e s  can  be d e s c r i b e d  by the  f o r m u l a  n �9 RO �9 
R203  �9 m �9 R203 .  It shou ld  be pointed  out  tha t  the  g r e a t e s t  
a m o u n t  of R203 a c c u m u l a t e s  in the  c h r o m i t e  g r a i n s  in con-  

(0,043Fe 2+ q- 0,957Mg 2+ )(0,716Cr 3+ q- 02,02A13+ -q- 0,082Fe3+)204 (B} 

and  (0,061Fe 2+ q- 0,939Mg e+) (0,738Cr 3+ -}- 0,165A13+ q- 0,097Fe 3+ )204 (C) 

F r o m  c o m p a r i s o n  of f o r m u l a e  A, B and C it i s  c l e a r  tha t  
when  c o a r s e - g r o u n d  c h r o m e  m a g n e s i t e  m i x t u r e s  a r e  f i r ed ,  
the  c h r o m e  sp ine l  i s  c o n s i d e r a b l y  e n r i c h e d  with m a g n e s i u m  
and c h r o m i u m  oxides  and b e c o m e s  deple ted  in f e r r o u s  oxide.  
D i scoun t ing  the  s m a l l  f e r r o u s  oxide con ten t  in the  c h r o m e  

2 
Calcu la ted  f r o m  da ta  in  Table  2. 

t ac t  with  the  ox ides  (A1203, C r 2 0 3 ,  Fe203 )  , and the  l e a s t  
quan t i ty  in t hose  in con tac t  with  the  m a g n e s i u m  m i n e r a l s  
( M g C r 2 0 4 ,  MgA1204 and 1Vlg2SiO4). 

In the  m i x t u r e  m a d e  f r o m  c h r o m i t e  and Fe 2 03 ,  the  f e r r i c  
oxide content  in the  c h r o m e - s p i n e l  r e a c h e s  25 .2  mo le  %, 
wh ich  i s  not  found in n a t u r a l  c h r o m i t e  o r e s  f r o m  the w o r l d ' s  
l a r g e s t  depos i t s .  The  a u t h o r ' s  da ta  t a l ly  with Sokolov 's  
c o n c l u s i o n s  (6) tha t  the  m a x i m u m  i r o n - o x i d e  con ten t  in 
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Material 
in contact 

with Cr203 
chromite 

MgAI~O3 
Al~O3 

MgCr~04 
Cr~O~ 
Fe..O3 
SiQ 

Mg2SiO~ 32,5 
MgO 35,7 

* All commas ,1re 

CHEMICAL COMPOSITION OF KIMPERSAYI CHROMITE GRAINS 

35,7 
36,5 
38,5 
47,1 
22,6 
33,7 

TABLE 4 

kl~O, 

8,3 
10,6 
6,3 
3,6 
4,6 
7,2 
8,2 
7 ,8  

Chromite grains 

IN DIFFERENT MIXTURES, MOLE, %* 

Chrome spinel substance 

e203 

7,0  3 ,0  142,1~ 2,'w [ l ,3 ~ 39,0 
7,1 2,4 14o,] I 2,5 I 0.9 I 39,5 
5,4 2,0 ~ J , 5 1 2 0 [  L3 [41,3 
6,2 2,7 135.3~3.61 1.5153,0 
:1,7 3 ,6  ] 4 1 , 1 [  4 ,7  I 1,7 ] 26,1 
7,2 5,5 ]37,41 8,0] 1,0 ] 43,0 
6,1 3,7 143,11 5,2 I 1,2 [39,0 
4.6 

equivalem to a decimal point, 

~ ~ [ - - - - - ~  R203 
AI20 ~ Fe20 ~ FeO MgO RO -- 

l 
9,0 7,6 3,2 41,2 1,252 

1],5 7,8 2,6 38,6 1,427 
6,8  5 , 8  2 ,2  43,9 1,169 
4 .0  7 . 0  3 ,0  33,0  1,777 
5,4 25,2 4,3 39,0 1,561 
9,2 9,2 6,9 31,7 1,590 
9,8 7 ,3  6.2 37,7 1,278 
8,t r 3,1 47,8 0,960 

chrome-spinel  may reach 25 mole %. Sokolov considers 
that in the cation part  all the chrome and alumina are iso-  
morphically replaced by Fe 3+ and the formula takes the form 
R 2+ Fe 3+ �9 I(Cr, A1)204] -5. In the author 's  opinion, Fe 3+ can 
not be part  of the complex anion composition since the com- 
plex Fe3+ ion has an excellent form (Fe 3+ O2}-1 , for example 
magnetite Fe2+ (Fe 3+ O2 ) 2-1. 

The diffusion p rocesses  and the reactions taking place 
when coarse-ground chrome-magnesi te  mixtures are f i red 
lead to the formation of a number of new phases in the per i -  
clase reaction zone, to wit: magnes io- fe r r i t e  MgFe 204, 
spinel (Mg, Fe2+) (Fe3+, Cr, A1)204, fors te r i te  with 20 
micron crys ta ls ,  and glass.  

The formation of fors ter i te  and two types of spinel in the 
reaction edges is confirmed by microscopic  and x - ray  an- 
alysis.  The magnes io- fer r i te  crysta ls  are  detected under 
large magnification within the large per ic lase  grains;  the 
total amount of magnes io- fer r i te  in the mixtures in not more 
than 8 - 10~. 

Apart f rom the iron oxides, a small  quantity of chrome 
and aluminum oxides diffuse to the per ie lase  f rom the Sarany 
and Kimpersayi  chrome spinel, and these oxides probably 
dissolve in the magnes io- fer r i te  and form a more  composite 
spinel. 

It should be taken into account that the principal molecule 
in this spinel is MgFe204, and the MgCr204 and MgA1204 
are of secondary importance. 

When ehrome-magnesi te  mixtures are  fired, the process  
of recrystal l izat ion in the per ic lase  is apparently speeded up 
on account of diffusion of the iron oxides f rom the chromite 
into the per ic lase ,  the formation of magnesioferr i te  and 
solid solutions of it with the per iclase.  Thus, in the coa r se -  
ground mixture made of Sarany chromite,  the mean pe r i -  
clase grain size increases  f rom 8 to 40 microns ,  compared 
with control specimens made of pure magnesium oxide. In 
fine-ground chrome-magnesi te  mixtures the mean per ie lase  
grain size increases  within more or less  the same limits as 
in the reaction edge of the coarse-ground mixtures.  

As the grain size increases ,  the specific surface increases  
and so does the imperfection of the crystal  s t ructure  in the 
surface layers ,  which creates  more favorable conditions on 
the separation borders  for material  to be t ransfer red .  

As opposed to coarse-ground chrome-magnesi te  mixtures ,  
fine-ground mixtures lack free iron oxides, there  is less  
unbonded magnesium oxide, the per ie lase coloring is more 
uniform on account of more even distribution of iron oxides 

in it, and +.he chrome spinel grains are  l ighter in color. 

The active occurrence of diffusion p rocesses  and reac -  
tions in fine-ground mixtures leads to the formation of a 
more uniform phase composition of the chrome-magnesi te  
re f rac tor ies ,  and this fact must  have a substantial effect on 
their  technological propert ies .  

CONCLUSIONS 

The resul ts  obtained f rom the study of p rocesses  occur-  
ring when chromite ores f rom the Sarany and Kimpersayi  
deposits reac t  with magnesium oxide in coarse-ground and 
fine-ground mixtures fired up to 1700 ~ and slowly cooled 
suggest the following. 

In the coarse-ground mixtures (chromite with 1 - 3 mm 
grain size and per ic lase  1 - 0 ram) diffusion p rocesses  of an 
exchange nature occur at high temperatures .  F i r s t  of all, 
iron oxides and si l icates diffuse f rom the chromite grains 
into the per ic lase ,  and then magnesium oxide diffuses f rom 
the per ic lase  into the chromite.  

The variation in chemical composition of chrome spinel 
when fired is accompanied by a change toward lighter color 
and a considerable shift in the Debye power patterns on 
account of incipient rear rangement  of the chrome picatite 
crystal  s tructure.  The chrome spinel composition is de- 
scr ibed by the formula RO �9 R203. 

More important changes in the composition are  observed 
with it is f i red in mixtures of chromite and spinel, oxides 
and si l icates  in which the spinel has the formula n �9 RO " 
R203 �9 m " R203, and ratio R203:RO varies  from 1. 169 to 
1. 777. 

The diffusion of oxides f rom the large chromite grains 
to the per ic lase  leads to the formation of new compounds in 
the reaction zone: magnesioferr i te ,  composite spinel, for -  
s ter i te  and glass.  

As the per ic lase  moves away f rom the chromite grains it 
changes its color f rom dark brown to color less ,  and the r e -  
fractive index correspondingly drops from N > 1.78 to 
normal.  

In fine-ground mixtures (chromite and per iclase less  
than 0.06 mm) the reactions are  more complete and sintered 
material  of more  homogeneous chemico-mineralogical  com- 
position is formed compared with hea t - res i s tan t  chrome-  
magnesite par ts ,  for which a peculiar zonality of s t ructure 
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and sharp  heterogeneous  in composit ion a re  natural .  

The principal  phases  a re .  Altered chrome spinel with 
he terogeneous  c rys ta l s ;  magnes ian  spinels  predominat ing 
(MgO �9 Cr203,  and MgO " A1203 ) , and fer ruginous  spinels  
MgO �9 Fe203 and FeO �9 R203 being presen t  in very  smal l  
quanti t ies.  

Pe r i c l a se  with normal  cubic c rys ta l  latt ice p a r a m e t e r s  
and variable re f rac t ive  index. 

The new compounds formed a re  secondary  spinel with the 
fo rmula  (Mg, Fe 2+) Fe 3+ Cr, AI)204; the MgO �9 Fe203 in it 
is  considerably  more  developed than MgO �9 Cr203 and MgO. 
�9 A1203, which are  the bas i s  of the a l tered chrome spinel 
during firing; fo rs te r i t e  and g l a s s  with single monticel l i te  
and merwini te  c rys ta l s .  
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SPINEL-BONDED MAGNESITE BRICK WITH INCREASED 
REFRACTORINESS-UNDER-LOAD 

YE. V. IVANOV, YA. M. MINSKIY AND Z. M. BELYAYEVA 
(Ukrainian Scient i f ic -Research  Institute of Refractories)  

The s tandard  magnes i te  brick made by the tTMagnezW' 
plant has  low heat  r e s i s t ance  and r e f r a c t o r i n e s s - u n d e r - l o a d  
which means  that i ts life in meta l lurgica l  furnaces  is reduced. 

Resea rch  ca r r ied  out by the Ukrainian Institute of Ref rac-  
to r ies  has  shown the possibi l i ty of increas ing  the r e f r ac to r i -  
n e s s - u n d e r - l o a d  by adding or using magnes i te  containing up 
to 3% SiO 2 and 2% CaO (1). Ref rac tor ies  manufac tured  f rom 
this  magnes i t e  show high densi ty,  constant  volume at high 
t e m p e r a t u r e s  and high r e f r a c t o r i n e s s - u n d e r - l o a d  (above 
1800~ but a re  not spall ing res i s tan t ,  

Resea rch  has  shown that if a lumina is  added to magnes i te  
mix tu re s  a spinel bond is obtained during firing which in-  
c r e a s e s  the the rmal  r e s i s t ance  of the br ick (2). 

The spinel is formed more  completely at high t e m p e r a -  
t u r e s  and also depends on the d i spe rsed  s tate  of the a lumina 
used.  Microscopic invest igat ion of commerc ia l  a lumina 
af te r  prolonged grinding in a ball mil l  shows that it cons i s t s  
of la rge  aggrega tes  of the nature  of tens  of mic rons  in s ize.  
Hence the normal  pract ice  of adding alumina to the charge,  
grinding it together  with magnes i te  to a g ra in  s ize  of l e s s  
than 60 mic rons  and fir ing the par t s  at 1650 ~ for s ix  hours ,  
did not produce the requi red  effect. The r e f r ac to ry  became 
fr iable and the r e f r a c t o r i n e s s - u n d e r - l o a d  decreased .  

Taking it into account that the react ion rate  in the solid 
phase i n c r e a s e s  as  the react ing component g ra in  s ize  de-  
c r e a s e s  (3, 4), when developing technology for the manufac-  
tu re  of magnes i t e  r e f r ac to r i e s  with a spinel bond and in-  
c r eased  r e f r a c t o r i n e s s - u n d e r - l o a d  and the rmal  r e s i s t anc e  
we used  a v ib ra t ion -c rushed  a lumina with a g ra in  s ize  of 

l e s s  than 2 mic rons .  The c rushed  a lumina was added to the 
f ine-ground charge component with joint grinding (in the 
given case  mixing) with magnes i te  of the chemical  compos i -  
tion in %: 2.94 SIO2, 1.07 A1203, 1.5 Fe203,  2.00 CaO, 
91.83 MgO, and 0.56 other impur i t ies .  

The joint gr inding (mixing) was conducted in a ball mill  
until the res idue  on a 0.06 m m  me sh  was not more  than 10%. 
The mixture  was mois tened  with su l f i te -ce l lu lose  liquor in 
the proport ion of 1% dry weight. For  the laboratory t e s t s  
the mois tu re  content of the mix tu re s  was 3 - 3.5% and the 
g ra in  s ize  as follows: 20% 1 - 0.5 ram, 80% finer  than 0.5 
ram, including 40% l e s s  than 0. 060 ram. 

Cylinder shaped- spec imens  36 m m  in d iameter  and 50 m m  
long were p r e s se d  on a hydraulic  p r e s s  at 1000 k g / e m  2, 
dried until a res idual  mo i s tu re  content of 0.5% and fired in 
an oi l - f i red kiln at 1650 ~ for s ix  hours .  

The proper t ies  of the f ired spec imens  a re  given in Table 
1. For purposes  of compar i son  we give the f igures  for 
specimen~ made without pregr inding of the alumina.  The 
heat  r e s i s t ance  was de termined for the spec imens  by heating 
in a muffle kiln up to 900 ~ for 15 minutes  and then cooling 
them in running water .  

Pe t rographic  invest igat ion showed that spec imen  No. 2 
cons is ted  of m a x i m u m  size per ic lase  g ra ins  - 0.25 m m  
gra ins  0.08 - 0.12 m m  predominated.  Here and there  they 
were combined into i r regular ly--shaped aggregates  0 .4  - 1.8 
m m  in size.  Most of the pe r ic lase  g ra ins  showed pronounced 
cubic cleavage. The ref rac t ive  index was 1. 740 - 1. 750 for 
per ic lase .  The bond between the per ic lase  g ra ins  was rep-  


