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Process Optimization of Reducing Ilmenite Using Carbon
ZHANG Shiju, LIU Songli, XIE Jinyang
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Abstract ; The compositions of ilmenite concentrate in Panxi Area are complex, and its properties are
special. In order to explore the mechanism and obtain effects of carbon content, temperature and ba—
sicity on carbothermal reduction of ilmenite concentrate, the starting reduction temperature, metal
content and metal metallization rate were calculated by HSC Chemistry 6. 0 software. The results in—
dicated that the reduction rate of metal gradually increased with the increase of temperature ; the car—
bon content showed a great influence on carbothermal reduction ; the temperature of starting reduction
gradually decreased as the increase of carbon content. The increase of basicity had little effect on
metal iron recovery, but had great effect on titanium and vanadium. When the temperature was 1 600
°C, the basicity was 1, and the amount of carbon was 14% , the recoveries of iron, titanium and va—
nadium were the highest, which were more than 99% , 0.0147% and 25.5% , respectively.
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AS" =SAS" (LER) - SAS" (RUBH)) (2)
AG’ = AH® — TAS’ (3)
K’ =exp( = AG*/RT) (4)
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6Fe,0; + C=4Fe;0, + CO,(g)

AG, =13.219 -0.292 2T kJ/mol (6)
2Fe;0, +C =6Fe0 + CO,(g)
AG, =148.73 -0.216 3T kJ/mol (7)
2Fe0 + C =2Fe + CO, (g)
AG, =94.294 —0.127 8T kJ/mol (8)
FeO +CO(g) =Fe +CO,(g)
AG, = —12.943 +0.022 1T kJ/mol (9)
3Fe,0; + C =2Fe;0, + CO(g)
AG, =66.699 —0.232 17 kJ/mol (10)
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Fe;0, + C =3FeO + CO(g) 6.0 Z M Reaction Equation FBTTE A5 R0
AG, =134.45 0. 194 2T kJ/mol (D) 1 TO, Bk C 3R B AT [ AR ACT 5%
FeO +C=Fe + CO(g) IR LT
AGy =107.24 -0.149 9 kJ/mol (12) 3Ti0, +C = Tiy O + CO(g)
Fe; 05 +3C =2Fe +3C0(g) NG, =222.72-0.200 8T kJ/mol (19)
A6, =326.34 -0.506 77 kJ/mol (13) 2Ti0, +C =Ti, 0, + CO(g)
3Fe; 05 +C0(g) =2Fe; 0, + €O (g) A, =217.83 0. 184 4T kJ/mol (20)
AG, =53.48 -0.060 17 kJ/mol (14) Ti0, +C = Ti0 + CO( g)
Fe; 04 + CO(g) =3Fe0 +C0, (g) AG, =243.13 0. 174 6T kJ/mol (21)
AG, =14.273-0.022 17 kJ/mol (15) Ti0s +2C =i +2C0(g)
2C +0,(g) =2C0(g) AG, =616.19 ~0.349 9T kI/mol (22)
AGy = -275.24 -0.172 7T kJ/mol (16) Ti0, +3C = TiC +2C0( g)
N C+C0.(g) =2C0(g) AG, =432.32-0.335 57 kI/mol (23)
5 e =120.18—0.1721Tki/m?1 (17) S AR Ti N T AE Bt (24) ~ 3t
M Fe TEA LT C AAFERATRER LR . (26) HOIZ I -
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‘ £ =8. 1524 -0.009 8”]/‘2"1 ‘ (18) AG, = —183.88 +0.014 4T kI/mol (24)
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(¥ PRECC R U Origin ARAF22 i HUIAT, 45 SR AN ] 1 AG, = —47.676 +0.019 37 kI/mol (25)
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50
of - AGy = -98.53 +0.033 9T kJ/mol (26)
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_ b : Igﬁ REAR SO
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£ of iy AG, =208.06 -0.151 77 k/mol (27)
< 4wl —e—(18) Ti; 05 +2C =3TiO +2CO(g)
r A, =506.68 -0.323 17 kJ/mol (28)
R N i e S Tis 05 +8C =3TiC +5C0(g)
R A, =1074.2 -0.805 8T kJ/mol (29)
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RN 600 ~ 1 600 °C i, 53 HSC Chemistry
6.0 24 Reaction Equation BH A S AR
Bl C RS A AR AGT 5 R R Y
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V,05 + C=2VO0, +CO(g)

AG, = =74.725 -0.127 6T kJ/mol (30)
2V0, +C=V,0; +CO(g)
AG, =35.756 - 0. 145 6T kJ/mol (31)
V,0; +C=2V0 + CO(g)
AGy =200.96 -0. 174 4T kJ/mol (32)
VO +C=V+CO(g)
AG, =259.22 -0. 162 8T kJ/mol (33)
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1, BN A A R 4 A2 <7 B S A

VC\VZC,ﬁ@ﬁHT.
V+C= VC
AG, = -99.737 +0.011 77 kJ/mol (34)
2V+C=V,C
AGT = —111.14 +0.013 8T kJ/mol (35)

LS L AL TE R I s T e
TR
V,0; +5C =2VC +3CO0(g)

AG, =519.93 -0.476 5T kJ/mol (36)
VO +3VC =2V,C +CO(g)
AG, =336.16 -0.170 5T kJ/mol (37)

VO +V,C=3V +CO(g)
AG, =370.36 -0. 176 6T kJ/mol (38)
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PRIHAE 1152 CHT, SRR hffead s, KO (36) A
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Tl B f— B A TR O (32)
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o
RN 600 ~1 600 °C B, BORE #3548
T e & A AN R B .
2Ca0 + C =2Ca + CO, (g)
AG, =827.63 —0.223 7T kJ/mol (39)
Ca0 +C=Ca+CO(g)
AG, =473.91 -0.197 97 kJ/mol (40)
Ca0 +CO(g) =Ca+CO,(g)
AG, =353.73 -0.025 8T kJ/mol (41)
Ca+S=_CaS
AG, = —482.38 +0.048 5T kJ/mol (42)
MgO + C =Mg + CO(g)
AG, =439.51 -0.201 67 kJ/mol (43)
2MgO + C =2Mg + CO, (g)
AG, =758.83 -0.231 1T kJ/mol (44)
MgO + CO(g) =Mg + CO,(g)
AG, =319.33 -0.029 57 kJ/mol (45)
Si0, +C =Si + CO, (g)
AG, =461.97 —=0.174 9T kJ/mol (46)
Si0, +2C0(g) =Si +2C0,(g)
AG, =341.79 —=0.002 8T kJ/mol (47)

ALO; +3CO(g) =2A1+3C0,(g)
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AG, =825.86 -0.071 4T kJ/mol (48)
AL O; +3C =2A1 +3C0(g)

AG, =1186.4 -0.587 6T kJ/mol (49)

MnO + C =Mn + CO(g)

AG, =231.8-0.165 5T kJ/mol (50)
MnO +CO(g) =Mn +CO,(g)

AG, =111.62 +0.006 67 kJ/mol (51)
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