ISSN 1005 -2763 FLMREFE H A6 K FSH 2026 % 8 A
CN 43 -1215/TD MINING R & D, Vol.46,No.8 Aug. 2026

/s

ETHRNFESTHSRFEKRBBY RE
TR -SRI BRI R

RYUR R Wk G, 2 A AR R

(LA E A s B s e il rhoey . e RET 0710525
2L B RS AR AR B I TSR A, e fRET 071052)

BE.ALE LU PHEST AL EHAEY S b AmM. 5574V 28 % O L2, FAME» LR E L, EALIL
GRAER B, TREBEAFARMERT SALHEAEATHHAMBEOALBRER, RATHEZ ST OIS AR L5428
BT REBRE KA TRAENT AR L EIAERLE., RARELR -BARS I LA ZZ ARG F dd A5t
FARERE R PR W BIR AT W R AT A AR R RIS B RBE 1623 KRB E 120 min,C/O & R it
2.0, 8% 5% 85 mT, RHEEAMH T .ERFHWEBILFEX 78.9/%,&%%#4_\@&, 1 e A gk WK 5 3 4 89.08 % A= 88.39% .
AE 7 TIO, & ixfe TiO, @I 5 3 A 36.67 % F= 71.88% , ik 4 35 47 ?d%o

KB AL BH ARFGFT R oM KA R B 5K

RESES:TDI25.7 XEkFRIZAD : A X EHS:1005-2763(2026)08 —0316 —09

Experimental Study on Deep Reduction and Iron-Titanium Separation of
Titanium-Bearing Hematite Rough Concentrate Based on Thermodynamic Analysis
Zhang Kaixi'*, Wei Gang'*, Tian Jiangtao"*, Ge Yangyang'*®, Wang Su'*, Cao Yueming'*, Li Mengle'
(1.Hebei Geological Experiment and Testing Center, Baoding, Hebei 071052, Chinaj;
2.Hebei Key Laboratory of Mineral Resources and Ecological Environment Monitoring, Baoding, Hebei 071052, China)

Abstract: Hematite is the main associated mineral in a rutile ore deposit in Hebei Province. The rutile particles are fine and
intergrown with or enclosed by hematite. Conventional magnetic separation has poor separation effect, making it difficult to
achieve effective separation of iron and titanium. Reduction roasting has been proven as an effective technological approach for
achieving efficient liberation of fine-grained iron ores from associated gangue minerals. A mineral quantitative automatic analysis
system and scanning electron microscope (SEM) were adopted to clarify the mineral composition, element distribution and
other information of the samples. The combined process of deep reduction and magnetic separation was adopted to treat the
titanium-bearing hematite rough concentrate. Thermodynamic calculation was used to simulate the reaction behaviors of iron
minerals and gangue minerals during the reduction process. The optimal experimental conditions were determined as follows:
reduction temperature of 1 623 K, reduction time of 120 min, C/O molar ratio of 2.0, and magnetic field intensity of 85 mT.
Under the optimal conditions, the metallization rate of reduced products reaches 78.94%. The total iron grade and total iron
recovery of iron concentrate are 89.08% and 88.39% , respectively. The TiO, grade and TiO, recovery of titanium concentrate
are 36.67% and 71.88% , respectively, showing favorable mineral processing and smelting indexes
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Table 1 Main chemical composition intitanium-bearing

hematite concentrate %
TFe TiO: SiO» Al; O3 CaO MgO S
58.85 9.33 3.53 0.91 0.08 0.11 0.01

1.2 FWEREK GRERS

KW W) % 125 43 B A CMILAD X 25 8K o 2k ML RS
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Table 2 Equilibrium distribution of iron in

titanium-bearing hematite concentrate

) /% Fe &1t/ % miH %/ %
DN 86.805 64.56 98.87
(RN 0.125 62.75 0.14
Eava] 5.051 4.00 0.36
WA 0.005 46.55 0.00

Wk 0.127 62.33 0.14
4 0.002 30.43 0.00
Hut) 3.137 7.74 0.44
LN 0.121 24.87 0.05

Bk BA A 0.023 7.52 0.00
CiRawa) 0.017 6.03 0.00
e f1 0.004 20.42 0.00

S SE WK AT ) 4.432 0.00 0.00
HAlr 0.151 0.00 0.00
ait 100.000 56.68 100.00
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Table 3 Equilibrium distribution of titanium in

titanium-bearing hematite concentrate

] TR/ % TiO, H#/% R/ %

IR 86.805 7.01 55.72
(2R 0.125 1.35 0.02
ExAwEl 5.051 94.49 43.70
& mA 0.134 0.00 0.00
Hutk 3.137 1.94 0.56
AREEKAT Y 4.597 0.00 0.00
HoAth 0.151 0.00 0.00

it 100.000 10.92 100.00
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Table 4 Particle size distribution of major minerals in

titanium-bearing hematite concentrate

¥ 9%/ mm A BLE 53 A %4

DN/ EAval
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Fig.2 Relationship between standard Gibbs free energy change
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and reduction temperature for carbon-oxygen reactions
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Fig.3 Relationship between standard Gibbs free energy change

and reduction temperature for reduction reactions of iron oxides
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Fig.5 Variation curves of equilibrium phase composition

with reduction temperature
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rate of reduction products
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Fig.12 Effect of reduction time on the beneficiation indexes
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