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Abstract: Based on the conversion rate of trivalent chromium at the late stages of the chromite lime-free roasting,
Na,CO; roasting of the chromium residues obtained by roasting the chromite ore with Na,CO; with the conversion rate of
70% was used as raw materials. The phases and chemical composition of chromium residues were analyzed firstly, the
effects of roasting process conditions such as roasting time, roasting temperature and the amount of Na,CO; and CaCOj3
addition, on the Cr conversion rate were further investigated. The mechanism of reoxidation of trivalent chromium at the
late stages of roasting process was studied. The results show that the main phase of the chromium residues is
MgCro4Fe; 404 spinel, and some sodium silicate and silicon aluminate phases, such as NaSiAlO; and
Mg, sNagSijpAljpOyg also exist in the chromium residues. During the roasting process of chromium residues reacting with
Na,CO3, the conversion rate of trivalent chromium of chromium residues is only 50%—60%, due to low utilization of Na"
that resulted from the formation of sodium silicate and sodium silicon aluminate phases. The conversion rate of trivalent
chromium increases to 84.7% when the CaCO; is added into the roasting process of chromium residues, the sodium
silicate and silicon aluminate reacts with Ca to generate high melting point calcium silicate salt phases, such as
Ca,Fe; ;Mg 4Si(40s. Therefore, the concentration of Na™ is improved and the chromium transformation is promoted, and
the conversion rate of trivalent chromium increases at the late stages of roasting process.
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Table 1 Elemental composition of South Africa chromite and

chromite residue obtained by XRF analysis

Oxide Mass fraction/%
Chromite Residue
Cr,04 45.64 14.48
Fe,0; 28.24 34.69
Al,O4 12.01 13.49
Si0, 1.51 10.58
Na,O - 15.90
MgO 10.51 7.72

e 1 Al 4, SR 2t in Na,CO, b ka4,
G AR T 45.64% % 2R TR 14.48%,
G 28.24% FTHAE 34.69%, Na fil Si 7Eid
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Fig. 1 XRD pattern of chromium residue obtained by roasting

chromite with Na,CO;
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Table 2 Composition analysis of chromium residue
Mole fraction/%
(0] Na Mg Al Si Ca Cr Fe
4 56.00 2.50 10.13 6.93 3.11 0.70 4.06 16.19
B 50.03 5.84 3.80 13.57 10.51 1.19 3.45 11.11
C 57.07 94 22 1284 1229 0.75 131 4.3
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Fig. 2 SEM images of chromium residue obtained by roasting

chromite with Na,COs: (a) All particles; (b) Individual particle
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Fig. 3 Effects of roasting temperatures (a), times (b), CaCO; addition (c) and alkali addition (d) Cr conversion rate of chromium

residue
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Fig. 4 Effect of CaCO; addition on Cr conversion rate of
chromium residue: (a) Without addition; (b) Theory alkali
roasting; (c) Theory alkali and 2%CaCO; roasting; (d) Theory
alkali and 20%CaCO; roasting
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Fig. 5 XRD patterns of chromium residue pretreated by HCl
solution (a) and its residue washed with stoichiometric alkali

ratio roasting (b)
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Table 3 Composition of chromium residue washed with HCI

Oxide Mass fraction/%
Na,O 0.65
Al,O4 4.88
Fe,05 52.09

Si0, 1.68

MgO 15.71
Cr,04 21.83

CaO 0.28
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Fig. 6 SEM images and EDS spectra of chromium residue pretreated by HCI solution (a) and its residue washed by stoichiometric

alkali ratio roasting (b)
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