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Table 1 Chemical composition of titanium concentrate ( mass ratio) %
WA TiO, TFe FeO Fe, 0, Si0, MnO Na, 0 MgO AL,0, S Ca0
T 49. 16 34.26 38. 46 6.24 0.772 0. 82 0.1 3.022 0.321 0.195 0. 095
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Table 2 Granularity composition of titanium concentrate

REE L/ wm 150 ~ 180 61 ~ 150 48 ~61 38 ~48 25 ~38 <23
i /% 25.63 49. 65 10. 39 12. 34 1.95 0.04
40001 N .
0 o—HKBT 2 R 51HS
o i e : 405
A—F < ALY
4‘32(20007 V*ﬁ:\ZIE 2- 1 Er%%ﬂﬁki’[‘tj}*ﬁ‘ ‘ ]
s 2,101 AR IR A AT XS ) 2H R 5

1000

0

B 1 PR MARLLR

Fig.1 Phase composition of titanium concentrate
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Fig.2 The original sample and the titanium concentrate phase obtained by oxidation at different temperatures

without air supplement were analyzed
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Table 3 The main mineral phase composition of the original sample and the titanium concentrate obtained by

oxidation at different temperatures without air supplement were analyzed (mass percent) %

W/ C Bk 230N P Exava) M ERINA b G e o 2iva)
L (R ) 86.07 3.66 0. 00 0.19 2.26 1.46 1.95 1.45 0.90
700 84.36 1.56 4.37 0.22 1.25 0.26 1.28 2.49 1.03
800 85.92 1.31 3.69 0.47 1.47 0.22 1.55 1.47 1. 06
900 84. 66 2.75 3. 86 0.48 1.44 0.25 1.30 2.10 0.93
1 000 84.94 1.85 3.66 1. 04 1.42 0.12 2.00 1.82 0.78
1100 85.34 1.70 3.12 2.19 1.36 0.07 1.18 2.27 0.82
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BRER A A2 (3) BT S BE, JE R A ZE IR EE M Fe, 0,50 F1



.22 v E A E LS

LHAFEF LT A

4Fe,0,-FeO + 0,—6Fe, 0, (1)
4FeTiO, +0,—2Fe,0, +4Ti0, (2)
FeTiO, + Fe,0,—FeTiO, - Fe, 0, (3)

biE AACIRE T, LA S Wi n e
T R | T DR R A A o i A O B 4 2T
A BN R TR RERR SR S ), A P R
(600 ~ 1100 °C) R GeHH MR, F o3 EKIN A 2 ) HL 6
TERRERZE R I ME AT GO B SRR A1 T T Bt
il R SSRGS I RE R ER 0 ), SO A1 )8 T 1E 38 4
R EPIREE W R RERRERT W) 3 3 OISR A,
IZRRERREARTEA K 7225 SR T IR AR /)N

R A R R, AR R R, T 700 ~
1100 C %Ak 80 min [ 551 T, FALBR AN &,
XF 1100 °C 2 1200 C F i FeO-Fe, 0, -TiO, —Juik
FAAEHAT 00T, Z5 R ILE 3, K] 3 FeO -Fe, 0, -
TiO, i = JoR R S5V AH B T & 4, 76 1100 °C
F 1200 CHA 13 PMHIX, Bl 3(a)s2 1100 C FeO-
Fe,0, —TiO, i = Jo4 7 55 1 i A 141, BRRF A2 i U
FAAT (2) X ZARARDCA (1) X (BT + Fe, 05)
(3) X (M WA + Fe,TiO,) ; =HHIXA (4) X (K
V5 M + Fe, TiO, + Fe, 0,), (5) X (FeTiO, +
Fe,TiO, + Fe,0,) ,(6) X (FeTiO, + Fe,0, + TiO, ) ,

& 3(b) & 1200 C FeO-Fe,0, -TiO, i) = oIk
R HAIIE A7 4E 5 1100 CHIRIAYAIX (1) -
(3),(4) = (6) MHXIHZR, B (7) - (13) HiAHIX,
HAMX BRI EWAE, (9) - (11) M X AEFEER

FeO

Ti0, 09 08 0.7 06 0.5 04 03 02 0.1 Fe0,
YImR L
(@) 1100 °C

MKW, PUAHIX.(13) FF7EA FeTi, 05 . TiO, 5 Fe, 05,
AT WO A7 AE (0 e A e B ™ B pe 25 IR

TEAKNFE A KT 1100 °C % 4L 80 min Y 551
T, L TiO, , FeO K Fe, O, 3K it, H & & 70 % N
47.66% A0.95% K 4.29% FIAGH E ALY AHAE R 3
(a) b T =AHIX (6) , BRERT A B 4L, AL AR
PFRCRANH B 7EANFE 25501 200 °C A Ak 80 min 1Y
ZMEF LA TiO, \FeO K Fe, 0, K1, Hfr &4 5k
34.06% 0% }% 64. 19% ,ERK5 0 E AP HHAE R 3 (b)
AR (13) LR AR BB AR, BB 7E 1 200 °C B
B  B AR BCR SAT
2.1.2  FhFRES AR R 2R AL 5 )

K H MLA650 H s ) o A SO B 7 i e %
1 200 °C#hFeas AR A — 22 B 8] I B9 A A i R
FEO3 T RESR T DA LI 4, Hoh I 4 (a) - (d) J2
TRATS B B A 0 [ 22 RS BE R 1 200 °C 45 Be it [A]
80 ~ 260 min (B JF 60 min) BIF FHLH L, 59 W25
TR 4,

MLA F3#7 2% B, BAORS 0 48 %h 70 25 R AR i e
&, &R Y B YR SRR S S 4, Bk
AT Y EER WA A WA 58 2(a) BT
FHEL, SRR RERRD BRINAT Sle A B H At 35 B i
AR R Eh 0 AR T 2K, BT B TR O AR ER T 5 AR
B,

FEANFEZS S S0 T S84, 3T A B MR Bk ™

FeO

TiO, 09 08 07 0.6 05 04 0.3 02 0. Fe0,
7 e
(b) 1200 C

BB IX  (2) -L; ZHIX (1) -L + Fe, 05, (3) =L + Fe, TiO, , (8) —L + FeTiO; , (10) =L + FeTi, 05, (12) =L + TiO, ; =4HX ; (4)-L +
Fe,TiO, +Fe, 05, (5)-FeTiO; + Fe,TiO, + Fe, 05, (6)-FeTiO; + Fe, 0, +Ti0, , (7) -L + FeTiO, + Fe,Ti0, , (9) -L + FeTi, O5 + FeTiO;, (11) -

L + FeTi, O5 + TiO, ; PUAAIX : (13) =L + TiO, + Fe, 0, + FeTi, O,

B3 FeO-Fe,0,-Ti0, = oAk 2 25 P &l

Fig.3

Isothermal equilibrium phase diagram of FeO-Fe, 0, -TiO, ternary system
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Table 4 The main mineral phase composition of titanium concentrate obtained by different oxidation time

under the condition of original sample and supplementary air ( mass ratio) %0
W) /min - BRARERDT  BRBkE e TP Eana) izka) AT ) RINF gkA
A 0.00 86. 07 3.66 0. 00 0.19 2.26 1.95 1.45 1.46 0.90
80 93. 66 0.00 0.00 1.75 2.06 0.78 0.49 0.61 0.00 0. 00
140 91.26 0. 00 0.00 1.63 3.41 0.70 0.72 0. 96 0.00 0. 00
200 90. 08 0. 00 0.00 1.67 3.33 0. 80 0.34 0. 80 0.00 0. 00
260 92.53 0.00 0.00 1.57 2.66 0.92 0.36 0. 86 0.00 0. 00
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Fig.4 The mineral phase of ilmenite concentrate obtained by different oxidation time under the

condition of original sample and supplementary air
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Fig.5 The microstructure analysis of titanium concentrate obtained by oxidation at different temperatures

under the condition of original sample and no air supplement
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Table 5 Energy spectrum analysis of different mineral phases in titanium concentrate (atomic ratio) %

Point (] Ti Fe Mg Si Al Ca Na Mn
1 52.32 5.34 38.19 1.67 0.81 0.39 0.12 — 0.43
2 55.78 19.12 22.97 0.83 0. 66 0.56 0.08 — —
3 60.76 3.48 8.97 2.13 12.18 4.29 4.77 2.59 0.83
4 52.15 27.48 20. 37 — — — — — —
5 57.38 6.13 36.49 — — — — — —
6 56.26 4.14 7.15 2.58 20.31 1.31 7.36 — 0.89

7 59.35 4.72 35.93 —
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Fig.6 The mineral intergrowth relationship in ilmenite concentrate obtained at different oxidation
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Table 6 Energy spectrum analysis of different mineral phases in titanium concentrate (atomic ratio) %

Point 0 Fe Mg Si Ca Mn v
1 53.28 17. 00 25.56 4.16 — — — — —
2 53.50 4.52 6.22 2.46 21.99 7.87 2.14 0.87 0.43
3 51.07 13.76 5.11 0.77 14. 46 13.22 0.91 — 0.71
4 60. 75 34.28 4.43 — — — — — 0.54
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Intergrowth relationship of minerals in titanium concentrate obtained by different oxidation

time under the condition of air supplement
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Study on the change of main mineral phase in the pre-oxidation
process of low calcium and high magnesium titanium concentrate
XIAO Jian'*, MA Lan"?, YANG Shaoli'*, GAO Jian’, LI Junhan'?, CHEN Guangrun'’, WU Enhui'~
(1. College of Vanadium and Titanium, Panzhihua University, Panzhihua 617000, China;
2. Vanadium and Titanium Resource Comprehensive Utilization Key Laboratory of Sichuan Province,
Panzhihua 617000, China;
3. Pangang Group Research Institute Co. , Ltd. , Panzhihua 617000, China)
Abstract; Aiming at the problem of low calcium and high magnesium in titanium concentrate in Panxi area, this
paper uses air supplement and no air supplement to pre-oxidize the titanium concentrate. The mineral composition
and microstructure of the roasting products of titanium concentrate with different roasting temperature, roasting time
and atmosphere were analyzed by MLA mineral analysis system, and the material characteristics were discussed on
this basis. The results show that under the condition of no air supplement, the magnetite in the titanium concentrate
is oxidized to hematite, which is dissolved with the unoxidizedilmenite to form titanium hematite, which has a solid
solution separation structure. With the increase of roasting temperature, the proportion of intergrowth minerals of
ilmenite increases, the proportion of monomer decreases, and the degree of dissociation becomes worse. Under the
condition of adding air, the rutile formed by the first crystallization is in his shape, and the particle size is about 6
pm. The iron-brookite formed by post-crystallization is self-shaped and semi-self-shaped, and the particle size is
about 10 wm. Iron brookite encapsulates mineral particles such as rutile, with granular embedded crystal structure,
and its dissociation effect is poor. After the oxidation roasting of titanium concentrate, the grain boundaries and
pores formed between the minerals improve the metallurgical kinetics and thermodynamic conditions. In contrast,
the effect of supplementary air oxidation is better than that of non-supplementary air oxidation. The suitable
oxidation roasting parameters are roasting temperature of 1 200 °C and holding time of 80 min.
Key words: Panxi titanium concentrate; low calcium and high magnesium; oxidation roasting; mineral analysis;

phase transition; embedding features; material properties



