5 4 UrraaT A
2025 4 8 H Multipurpose Utilization of Mineral Resources « 129 «

B — AR A T R B B0 R — B S
Wk, E5, BEL, TR, §KE

(ERMEARZF

FeRBENKEELEESIUE, R

100083)

FEE: N7 LB R R AR A A B A S R I s R A, AT T IR T B ROE R — Wik T Bk

FE HOSIGTT R, B TR RN 30 R A R o0 R A R R
BBk A4 B ZE N 28.65% S HNE] 73.11%; BREEM 0 B4nF| 1.2, BEERPFE)E

M 1000 C FE#] 1150 C,

HEREY] BEIRE

WA IS BEAS, SRR N 76.52%; BRE] Na,CO; HI &M 2% N2 8%, & S 1R 1] <6 J& A 3 56 1 n

JEBEAR, SRR 74.36%; A8 AT [ R E ACER I8 IR, B B A 0 SN E] 60%,

I JFER A 1)

EIEAFIGINGE G, BRI E N 83.64%. FETREN 0.6. Na,CO; FIEN 4%, 31 [ P& B #e L v 20%.
LY 1100 'C LRI A4 30 min, 8BS ERA B AL E N 83.64% . K L In R ER HIEAT IR0 ik, 7E
BERRLEE /N T 0.03 mm, #3738 A 100 kA/m I, fEIE SRS SR BRI ﬁ%ﬁcﬁ*%%ﬂﬂj 50.81%-

78.36% 1 48.81%. H1 T <&@ BRBURL IO RT AL/, S EORET 7 3Rk [0 i B 4 i 11K,

BRBIRL AR AR H o

REIE: mEEERDT, WIS, BRI Wik

ST 5T AT SE L& R

doi:10.12476/kezhly.202311280622

PESES: TDISI  XEIRESH: A

SIAtE: B, £, B, 5%
129-135.

XERS:

= RE A TR B B R — ARSI D). B A

1000-6532 (2025) 04-0129-07

I FH, 2025, 46(4):

ZHU Minjin, WANG Guang, YI Qingshan, et al. Limonite-hematite composite high-phosphorus iron ores

by direct reduction and magnetic separation[J]. Multipurpose Utilization of Mineral Resources, 2025, 46(4):

129-135.

2022 IR B AR IMEAF I T 80%,
B A KR T 0, S8R A A 2 T
N> B AR A M 2 R R A, A [ S AR AT
ket fEX B LT, R I A L B
P, o] DU S SR A I A B, (R R
S ED AN R R RE 97% M %R T
LN 30% DL R IR S ALk A, Hoh A A e ik
IR ARERT AR 2 R AR 45 | HURE
TEARZ N RIS, mBEEy 2 —FiEE KW
SRS AR, MRS AEERL
Bzt EIEYFEE. REFEHEY EERIEY
FE, fEEIE 745100, 205 4 EE A IR
I 14.86% . =Bk IS ERE, Hik

WFSHET: 2023-11-28

EEE N PRI (1996-) ,

MRLERRA, 4% 5380 skl A 8 s w
YL A AR, (AR S N, s
U IR J7 M A 25 BRI, [ P A0 e i kA ik
Wtk TOREMS T, HATH %A ik,
Wik R HE WA — HR A (HRER
EF AR AL SR EME DL B, AR AR
W R R T AR, XT&%VF”E’KC
KEVRE R BEALRT B T 20T LA SRS 1 2k i A
(] — Wik T Z Rk, %Equlf%uu{ii)(@o H
FEIE IR — W3k & — PPN A R Ak BT
A s AR A e B A R AR Bk el L 20, AR
K, W BT b [F) 3 ROX W 32 B B KIS, W
TR I T AR s SR AR IR @ IR SR ), ARERS

o WA, R RN LR W

BIEEE: £ (1985-) , 5, EIEEZ, TENFIRBIGE T


https://doi.org/

« 130 - W eRa A

2025 4

I BIRNFT SR FERR, L RENE AR TR
BRER D™ EL 4504 JRUId R v 34 JE 703 R i KA i
A R A AR B R IE SR R R PR R
BAAER, RABERECR -T2, 4R%
W, SRS 25% BOJR SR AR A <8 Bk di b i
Mo REENCR WIS, A7 RAF PRk B CR o
ASCUAREAR — o R RUR S A R R 9 7t
KR, LB ARG R A, BB B
Fre Oz B IR RL, SR B A R — ik ik
FoR, BEFCIRBE . BRBE . VRN RO R 5 TR 3
X BT S R B B AL SR AT N IS,

HRICIE SRR I GRS USRI K
MAEEE TR TZSHMRA RIS

1.1 KR RH

SLI6 i K Y B4 — AR 26 L BRI AL 2
SFTEER I 1. WK 1 AT, W A AR, 0
Fe M ALARAC, FEMIKA K7 Sio, ik 18.99%,
HUGE ALO,. CaO 1 MgO, HE fihEELER
S. P& EEE, MLLEHEMTHE.

x1 BT HEREFESH B %
Table 1 Chemical analysis of ore samples
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Fig.1 XRD pattern of the ore
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Table 2 Analysis of anthracite and urban hydrocarbon waste

industries
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Table 3 Composition of urban hydrogen waste raw materials
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Fig.3 Metallization ratio of reduction pellets at different
temperatures
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Fig.4 Metallization ratio of reduction pellets at different
alkalinity
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Fig.5 Metallization ratio of reduction pellets at different
Na,COj; contents
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Table 4 Analysis of magnetic separation concentrate indices

TFe MFe Porg  gkiElE eEfek

49.99 24.40 50.81 78.36 48.81
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Limonite-hematite Composite High-phosphorus Iron Ores by Direct
Reduction and Magnetic Separation

ZHU Minjin, WANG Guang, YI Qingshan, WANG Jingsong, XUE Qingguo
(State Key Laboratory of Advanced Metallurgy, University of Science and Technology Beijing, Beijing
100083, China)

Abstract: In order to achieve the efficient utilization of a certain limonite-hematite composite high-
phosphorus iron ore, experimental research was conducted on the preparation of iron concentrate based on a
direct reduction-magnetic separation process. The results indicate that with an increase in temperature from
1 000 °C to 1 150 °C, the metallization ratio of the reduction pellets increased from 28.65% to 73.11%. With
an increase in alkalinity from O to 1.2, the metallization ratio of the reduction pellets initially increased and
then decreased, reaching a maximum of 76.52%. As the dosage of Na,COj; in the pellets increased from 2%
to 8%, the metallization ratio initially increased and then decreased, reaching a maximum of 74.36%. When a
portion of the reducing agent was substituted with municipal solid waste, as the substitution ratio increased
from 0 to 60%, the metallization ratio of the reduction pellets initially increased and then decreased, reaching
a maximum metallization ratio of 83.64%. With an alkalinity of 0.6, Na,CO; dosage of 4%, municipal solid
waste substitution ratio of 20%, reduction temperature of 1 100 °C, and reduction time of 30 min, the
metallization ratio of the pellets after reduction reached 83.64%. The previously reduced pellets were
subjected to grinding and magnetic separation. With a grinding particle size of less than 0.03 mm and a
magnetic field intensity of 100 kA/m, the concentrate yield, iron recovery rate, and metallization ratio after
magnetic separation were 50.81%, 78.36%, and 48.81%, respectively. Due to the relatively small size of
metallic iron particles, there is an overall lower concentrate yield and recovery rate. Further research on
achieving the growth of metallic iron particles is crucial to address this issue.

Keywords: high-phosphorus iron ore; mineral phase structure; direct reduction; magnetic separation
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