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Influences of impurities of ferrous oxide and aluminum oxide on
oxidation rate of trivalent chromium and its mechanism
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Abstract: The influences of impurities of ferrous oxide and aluminum oxide on the oxidation rate of trivalent chromium
and its mechanism were systematically studied using the compounds synthesized in laboratory as the starting materials in
the calcium-free oxidative roasting process of chromite ore. The results show that the impurity of ferrous oxide has little
effect on the oxidation rate of the trivalent chromium. Ferrous oxide is first oxidized to form ferric oxide, and NaFeO, is
formed by the preferential reaction of ferric oxide and sodium carbonate, which can further act as the alkali and thus
maintain a relatively rapid oxidation rate of trivalent chromium during the whole roasting process of chromite ore. And
the impurity of aluminum oxide obviously hinders the oxidation of trivalent chromium. This is mainly attributed to the
formation of the complicated insoluble compound of MgO-(Cr,0;3)¢5(Al,03)s. In addition, the aluminum oxide readily
reacts with sodium carbonate to form sodium aluminate which is difficult to further react with MgO-(Cr,03)0.57(Al,03)¢.5
to form Na,CrQy, resulting in the decrease in the oxidation rate of trivalent chromium.
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Table 1 Chemical composition of chromite ore (mass fraction,
o)
Cr,0; ALLOs Fe,O5 Si0, MgO
41.42 22.95 22.29 4.24 8.63

The contents of Cr(VI) and Cr(Ill) in chromium-bearing
materials are presented as Cr,Os.
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Fig. 1 Influence of roasting time on oxidation rate of Cr(III)
in chromite ore (roasting temperature 1 273 K): (a) FeCr,Oy;
(b) MgO-Cr,03

A1203+N32CO3:2N3A102+C02 (3)
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i RAE RN, 45 R 2 A
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Table 2 Experimental results of reaction of Na,O-Al,O; and
MgO-Cr,0;

Molar ratio of Na,O-Al,Os to

Oxidation rate of

MgO-Cr,0; CI)/%
1:1 47.5
1:2 49.7
1:3 56.2

Roasting temperature 1 000 ‘C, roasting time 1.5 h.
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Fig. 2 XRD patterns of MgO(Cry03)0.5(Al,03)05 synthesized

at 1 423 K for 3 h and leaching residue of sinter obtained by

reaction of MgO-Cr,0; and Na,O"Al,O3 at 1 373 K for 10 h:

(a) Leaching residue; (b) MgO-(Cr,03)o5"(AL,O53)o 5

T — 2 N BT T, X MgO-
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Na,CrO4+(1/2)MgO- Al,05+(1/2)MgO+CO, (5)

MgO-(Cr;03)0.5:(A,03)p st Na,COs+O0,—
(1/4)MgOCr204+(1/2)Na20A1203+(3/4)Mg0+
(1/2)Na,CrO4+CO, (6)

MgO-(Cr,03)p.5°(AL,03)p 57Na,O-Fe,05+(3/4) 0=
Na,CrO4+(1/2)MgO-Al,O3+(1/2)MgO-Fe,05+
(1/2)Fe,05 (7)

MgO-(Cr,03)p.5°(AL,03)p 57Na,O-Fe,05+(3/4) 0=
(1/2)Na,CrO,4+(1/2)Na,O- Al,05+(1/4)MgO-Cr,O5+
(3/4)MgO-Fe,05+(1/2)Fe,05 )

MgO-(Cr203)0.5'(Al,03)0 57 Na,O- Al,O3+(3/4) 0=
NaZCrO4+MgO-Ale3+(1/2)A1203 (9)
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Fig. 3 Variation of Gibbs free energy change of reactions

(4)~(9) with temperature
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Table 3 Experimental results of reaction of MgO-(Cr,03)g5°
(A1203)0_5 and N3.2CO3

Molar ratio of Roasting  Roasting Oxidation

MgO-(Cry03)0.5(Al,03)5 temperature/  time/ rate of
to Na,CO; K h Cr(1l)/%

1:1 1373 1.5 60.13

1:1 1423 4 62.42

1:1.5 1373 1.5 98.20

1:2 1373 1.5 99.11

& 4 MgO«(Cr,05)05(AL0s)os 5 NayO-Fe,05 [ NS
4R

Table 4 Experimental results of reaction of MgO-(Cr,03)g5°
(Al;03)0.5 and Na,0O'Fe; 03

Molar ratio of Roasting  Roasting Oxidation
MgO-(Cry03)0.5(Al,03)5 temperature/  time/ rate of
to Nazo'F€203 K h Cr(III)/%
1:1 1373 1.5 26.83
1:1 1423 4 81.23
1:1.5 1373 1.5 57.34
12 1373 1.5 64.50

F5 MgO(Cry03)5(ALOs)g s 5 NayO-ALO; Jst W 556 45
Table 5 Experimental results of reaction of MgO-(Cr,03)g5°
(AL,05)0.5 and Na,O-Al,O3

Molar ratio of Roasting  Roasting Oxidation
MgO-(Cry03)0.5(Al,03)5 temperature/  time/ rate of
to NazO-Ale3 K h Cr(III)/%
1:1 1373 1.5 13.40

SR oA T ol a7 S T =M R A S oI U N s L A
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A
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XRD i
Fig. 4 XRD patterns of chromite ore (a), roasted chromite ore
(b) and MgO*(Cry03)0.5"(Al,03)0.5 ()
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