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Experimental Study on Phase-Separation and Stepwise Recovery
for a Refractory Hematite-Magnetite Ore
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Changsha 410083, Hunan, China)

Abstract; The finely disseminated hematite-magnetite ore with a TFe grade of 34.31% from Hunan was taken in a
research, and a process of rough grinding followed by low intensity magnetic separation ( LIMS) was adopted to separate
magnetite from hematite. The roughing concentrate was then subjected to regrinding and two-stage cleaning to obtain
magnetite concentrate. And the obtained LIMS tailings were then subjected to regrinding, high intensity magnetic
separation ( HIMS) and reverse flotation for purification, generating hematite concentrate. Based on condition tests, a
whole-process test was carried out, producing a magnetite concentrate grading 62.08% TFe at 22.75% recovery, and a
hematite concentrate grading a 65.22% TFe at 47.87% recovery. The total iron concentrate was obtained grading 64.17%
TFe at 70.62% recovery, and the contents of harmful elements P and S were lower than 0.05%. It is shown that this
processing technique can achieve comprehensive recovery of hematite and magnetite through staged grinding and the
separation between magnetite and hematite. The produced concentrate has its indicators up to the follow-up requirements
for iron-making raw materials.
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recovery ; high intensity magnetic separation ( HIMS) ; reverse flotation
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Table 1 Chemical composition analysis of raw ore %

TFe Si0, ALO; Ca0 Mg0 K,0 Na,0 ¢ P S

3431 38.77 4.44 1.57 1.14 1.02 0.32 0.062 0.45 0.015
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Table 2 Iron phase analysis of raw ore

L i (R /% AR/ %
I (R ) B ik 25.11 73.17
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SRR A 2R 3 Frn, TR TR () 2k
IR &84 R 35.99%F1 11.16% . kAW ¥4
P ik 31.05%, 1 (4) =tk FZhia KA %S
P Py o BEL = AR, Beak, (F2) B
JRAT T m IR E] 2.32% , R 0T fe kG H ik A ZAE T,

WG R B — AL T 0.026~0.15 mm Z [a] HURL AT

15034 mm, KESPREERE LA FIERDIRAE 300 A e K
AT NIRRT IR YR I A R e A A S AT
H AP AR R GeIR e I R B ~ AR R YR, i HL R
R LIRS, B R A AR 2 A A 5

x3 BETTYWAR(RESE)

Table 3 Mineral composition of raw ore %
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Table 4 Particle size distribution of target minerals
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Table 5 Liberation degree of target minerals

(7] HEAANR % PR+

Ak % !
P2 >3/4  3/4~1/2 172~1/4 <l1/4  HAE/%
B 74.02 11.26 7.09 3.98 3.65 85.28
HEH 4514 12.16 5.31 8.46  28.93 57.30
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Fig.1 Basic flowchart for test
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Fig.2 Effect of grinding fineness on roughing by LIMS
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Fig.3 Effect of magnetic field intensity of LIMS on roughing
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Fig.4 Effect of regrinding fineness on magnetite separation
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Table 6  Effect of magnetic field intensity of LIMS for

cleaning on magnetite separation

W BAS SR /T TFe §41/ % Pl BT/ %
0.08,0.04 64.85 37.86
0.10,0.05 63.12 44.00
0.15,0.10 62.85 49.55
0.20,0.15 60.31 51.73
0.25,0.20 57.83 53.44
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Fig.5 Effect of magnetic field intensity of HIMS for roughing
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Fig.7 Effect of regrinding fineness on hematite separation
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Fig.8 Closed-circuit test flowchart of reverse flotation
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Table 7 Test results of closed-circuit reverse flotation
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Fig.9 Whole-process flowchart of a closed-circuit test
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Table 8 Whole-process closed-circuit test results

TR AR TR/ % TFe fh1vi/ % TFe [AI0%/ %
WA NG 12.62 62.08 22.75
IR HE 25.28 65.22 47.87

KT 37.90 64.17 70.62
e 27.53 12.86 10.28
R R 19.82 15.84 9.11
LR 14.75 23.34 9.99
BEY 62.10 16.30 29.38
Ry 100.00 34.44 100.00
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Table 9  Chemical composition analysis of iron concentrate %

FEERARR TFe  Si0,  ALO;  CaO  MgO p S
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FEW KR 6522 3.14 087 0.026 032 0.007 0.03

R AEW™ TFe Sh AV 62.08% ,Si0, %1 6.14%,
BERFP.S FEHH 0.001%.0.07% ; 5 F W5
B, FEES BT Y AR (78% ~80%) , & /b i
(W) TR (1% ~10% ) , TEORABERE™ G280 k™
KA EmT Y, a0 Yk A% =B gl A 5,
YK TFe ShAL 65.22%,Si0, &4 3.14% , A %
Z&BP .S AN 0.007% .0.03% ; & JE# 1) 3 E
N AR R BEREERET, AT 90% ~92% ; ik
AT YA =B GIeA 5,

4 iR

1) K5 A TFe Sh 7 34.31% , 8k F 2 LUk
(48) B B AP AR, ok DLREE I U7 78 kA 7
WEE A RO B (H) =B KA g
1, (R BEIRASE,

2) LW Yo A R BIR | 0GB o A R
KL D) A, KA o A A B 20 ik M B R, R R
TR R B TR . AR R FR R AN
JE-0.037 mm R Y 76% AR FEE 4 -0.025 mm
B 7 90% %~ , & W BRI K13 T TFe & {7
62.08% I3 22.75% (W RER ARG 0 Lh K TFe i o7
65.22% MR 47.87% (TR ARG, A 1115 2 B Aok
W TFe i~ 64.17% , [FIFIK F] 70.62% , 4 F 425
P .S E A%, vIVE R B R

5 2% UK ( References)

BRI, RO, SO AR XU SR P ER AT AL R R R
JERBRIT[)]. TRREA, 2025,47(4) :862-874.
CUI Zhifeng, SHANGGUAN Fangqin, MA Wenlue, et al. Discussion

(1]

on the future development trend of China’ s iron and steel industry un-
der the background of double carbon[ J]. Chinese Journal of Engineer-
ing, 2025,47(4) :862-874.

SUL RS, T, 55, P E S O & SR IE A [T]. H R
BPE, 2024, 70(3ET] 1) . 111-112.

WU Qi, QIU Weiwei, JIANG Tuo, et al. Exploration and develop-

ment of iron mines in China and the supply and demand situation[]J].

Geological Review, 2024,70(S1) :111-112.

JBEHRER , R OTER RS SERAT M AR S S X SR < [ B
JRH[T]. A4, 2025,35(3) :1-15.

YIN Ruiyu, SHANGGUAN Fangqin, CUI Zhifeng. Research on low-car-

(3]

bon development strategies in steel industry: Review and prospect [ ] ].
China Metallurgy, 2025,35(3) :1-15.

E, M e, e, REOE MR S R IR A eI
[J]. W TR, 2020,40(2) :60-62.

WANG Tao, XIAO Jinxiong, LONG Yan. Beneficiation of refractory
mixed ores of magnetite and specularite from Anhui[ J]. Mining and
Metallurgical Engineering, 2020,40(2) ;60-62.

SRk, B, gL, A5 JEME SR B R — R I e
5[], &JRT I, 2024(7) :99-103.

ZHANG Bin, CHEN Xue, ZHANG Lin, et al. Study on magnetic
separation-gravity separation-flotation combined beneficiation test for a
refractory iron mine[ J]. Metal Mine, 2024(7) ;:99-103.
R, =R R MONR AF. BN R e i R [T ]
A, 2021,37(11) :125-129.

HUANG Wusheng, YUAN Qidong, LIN Xiaofeng, et al. Experimen-
tal study on beneficiation of a foreign hematite ore[ J ]. Modern Min-
ing, 2021,37(11) :125-129.

SRAHN, PRk, AR, SR PY R SRR PSR e e
WFE[T]. BIR TR, 2022,42(4) :64-66.

ZHANG Zugang, XU Jilong, WANG Qiulin. Upgrading concentrate
from mineral processing of Mexican sulfur-bearing iron ore[ J]. Mining
and Metallurgical Engineering, 2022,42(4) :64-66.
2R, G AR AR, A SRR A R i R o T 1K
I, WA TRE, 2019,39(4) .47-49.

LI Peiyu, GAO Peng, XU Donglin, et al. Preconcentration of coarse
lean hematite ore by wet high-intensity magnetic separation for tailings
discard[J ]. Mining and Metallurgical Engineering, 2019,39(4) ;47-49.
R IR AN, AE. AR R B R B SRR (], 9
TIPS FI, 2024,44(3) :16-26.

WU Yu, ZHANG Ying, LI Xiaokang, et al. Advancements in stud-

[9]

ying the flocculation flotation of fine minerals[ J]. Conservation and
Utilization of Mineral Resources, 2024 ,44(3) ;16-26.
BRIRORT, SR/ R, A PR AR R K R S [T ]
EJRA I, 2024(2) :1-24.
HAN Yuexin, ZHANG Xiaolong, GAO Peng, et al. Development
and prospect of iron ore processing technologies in China[ J]. Metal
Mine, 2024(2) :1-24.
FRRIG, EH ), M A BRSO S R g
K1) WRTA, 2022,42(6) :71-73.
YUAN Chenguang, HUANG Zili, XIAO Shuo, et al. Experimental

[11]

study on reverse flotation of high-intensity magnetic separation tailings[ J].
Mining and Metallurgical Engineering, 2022,42(6) ;71-73.

SRR IR B, Xk sk 7Rk T RS H 2 A A & AR oK
mARFR[)]. &b 1A, 2026,46(2) :89-94.

SUN Dayong. Experimental study on phase-separation and stepwise recovery for a
refractory hematite-magnetite ore [ J ]. Mining and Metallurgical Engineering,

2026,46(2) :89-94.



