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Activities of the Constituents in FeQO+Cr,0;-MgO-Cr,0;-MgO-+Al,O; Spinel Solid Solution
Mitsutaka Hivo, Ken-ichi Hicucni, Tetsuya Nacasaka and Shiro Ban-va

Synopsis : The activity of iron chromite in solid FeO-Cr,0;-MgO-+Cr,0,-MgO-Al,O; spinels, saturated with (Cr,AD ,Q;, was
determined at 1573 K, by the equilibrium of iron dissolved into liquid silver in the spinel crucible with CO-CO, gas
mixture, to clarify the thermodynamic properties of chromium ores used in ferrochromium industry.

The phase relation between (Cr,Al) ,0s and FeO-Cr,05-MgO-+Cr,0;-MgO- Al,O; spinel phase was studied, and the
solubility of (Cr,AD,Q; in FeO-Cr,0s-MgO-Al,0;, MgO+Cr,0,-MgO-ALO; and FeO+Cr,05-MgO-*Cr.05-MgO-

Al,O; spinel phases was found to be small.

The activity of FeO+Cr,0, in FeO*Cr,0;-MgO-Cr,0s-MgO+ Al,O; spinel solid solution coexisted with (Cr,Al) .0,
shows negative deviation from ideality. It was observed that the spinel solid solution took regular solution behavior, and
a-function of each pseudo-binary in FeQ+Cr,0;-MgO*Cr,0,-MgO- Al,O; system was determined as follows ;

@ re0-Cri0s-Mg0- A0 = — 92,000 ,
@ Mgo-Cr105-Mg0-Atz0, = — 30,000 (J).

Key words : iron chromite ; magnesium chromite ; alminium chromite ; spinel; FeO*Cr,03-MgO-+Cr,0,-MgO- AL O; ; solid solu-

tion ; activity ; thermodynamics.
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Fig. 2. Relationship between logh, and logN:. in
liquid silver equilibrated with (Cr,Al),O,
saturated FeO+Cr,0,-MgO-Al,O; system
compared with that in Cr,0; saturated FeQ-
Cr,0;, FeO+Cr,0,-MgO-Cr,0; system at
1573K after Hino et al.®.
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Table 1. Experimental result in FeO+Cr,0;-MgO-AlO; spinel solid solution saturated with (Cr,Al),O; at 1573K.

%C0, in liquid Ag

spind phase CrAD,0, phase

Heat No.{in CO-CO,{  Fe Cr
gas mixture |(mass ppm) (mass ppm)

Nee | Neo Moo, Nup Nayo, Neco-coo, Bro-cyo, dmgoao| 4167 Noyo, fcyo,

A

1903 292 265 9.5
1904 292 256 57

0.00050 | 0.24 0.31
0.00049| 0.11 0.18
2001 15.10 28 0.4
2002 3.00 406 n.o.

0.00005{ 0.12 0.19
0,00078 1 0.38 0.42

024 021 054 0.229 0.154 1.638 045 0.50
038 033 029 0.123 0514 1616 0.18 027
037 032 031 0.082 0.487 1616 0.18 028
0.10 010 0381 0.529 0.017 1661 078 071
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Fig. 3. Phase relation in Cr,0;-FeO-+Cr.0,-MgO-
Alea_A1203 System at 1573K.

n.0. : not observed * : lattice constant

------- FeO-Cr20:- MgO-Cr20:

——— calculated
15
10 T
amgo-A203
[ :13 ‘-._‘
N\~ 8Fe0-Cr203 /"
& & osf o
< g <] ,,/
30
02} VAN
0 s

10 08 06 04 02

0
FeO Cr20: MgO-Al20s

N Feo-cre03

Fig. 4. Activity of FeO+Cr,0; in FeO+Cr,0;,-MgO-
Al,Q; system at 1573K.
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Table 2. Phase relation in MgO-+(Cr,Al1),0;-
(Cr,Al),O; system at 1573K.

spinel phase (Cr,AD),0, phase
HeatNo.| Ngo, Nup Nago, «ax)s’ Nego,

MACI 041 052 007 1.661 0.78
MAC2 029 051 020 1642 0.51
MAC3 015 048 037 1.608 0.08

* : lattice constant
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Fig. 5. Phase relation in Cr,0;-MgQO-+Cr,0,-MgO-
Al;05-Al,0; system at 1573K.
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Table 3. Experimental result in FeO+Cr,0,-MgO- Cr,0;-MgO-+Al,0,

(Cr,Al),O; at 1573K.
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FeO
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M FeO Crz0s - MgO Al0s

Fig. 6. Phase relation in Cr,0;-FeO-Cr,0,-MgO-
Cr,0;-MgO- Al,0;-Al,O; system at 1573K.
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system saturated with (Cr,Al),O, at 1573K.

08
(MgOlo5(Cr2 0305

AR % (Cr,Al ,O:88F1DFe0-Cr,0,-MgO-+ (CryAl, _y) ;04
BE2LRENEREF LT, LILXhCTIdME L LT,

AR D & 5 12FeO+Cr,0,-MgO-Cr,0,~-MgOQ- Al,O,#E 3 ¢
RPDFeOCr,0;DENVGRPIR->T v 5, WTFRORT
b FeO Cr,0; DifE&E IZRaoultf| » 6 K S  BRBF LT
b, ZORMBORREI, BHRTHE L 2Cr,082MFe0-
Cr;0,-MgO-Cr,O, REFEMERFD b D b, ko (Cr,Al,0,
#LHIFeO-Cr,0,-MgO+ ALO, REIEMEF D b DDz H v,

spinel solid solution saturated with

%CO0, in liquid Ag spinel phase (Cr,Al), O, phase
Group | Heat No. | in CO-CO, Fe Cr Nee | New Neno, Nugo Nayo, Neeocro, Breo-cro; | 4116 Neo, 8cgo
gas mixture| (mass ppm) (mass ppm) ? ’ (A) : ’
2302 296 ’ 72 74 0.00014 | 0.10 042 040 009 020 0.102 1665 086 0.78
4A 2301 3.00 162 7.0 0.00031 | 024 044 025 008 049 0.281 1672 097 095
X=0.8| 2304 296 345 113 0.00067 | 0.38 049 010 002 080 0.611 1673 099 098
2201 3.00 126 114 0.00024 | 0.10 033 040 0.18 0.19 0.124 1642 052 054
4B 2401 296 230 no. 0.00044 | 024 038 025 014 049 0.383 1671 095 0.92
X=0.5| 2202 3.00 390 114 0.00075 | 0.39 047 010 003 0.79 0.676 1.672 097 095
2402 297 174 no. 0.00034 { 0.10 023 039 028 020 0.119 1.623 027 0.38
4c 2303 2.96 242 68 0.00047 | 024 036 024 015 050 0.237 1644 053 054
X=0.2| 2403 297 448 n.o. 0.00086 | 038 043 010 009 0.79 0.768 1672 097 095
n.0. : not observed * ; lattice constant

22
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Fig. 8. Comparison of the observed activities of
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MgO+(CryAl; _4),0O; system saturated with
(Cr,Al),O; and those estimated by regular
solution model at 1573K.
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