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Table 1 Chemical composition of high-iron red mud
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Table 2 Main components of anthracite coal
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Table 3 Main components of ash in anthracite coal

(' mass fraction) %
5%y Al, O, Si0, Ca0O TFe
o 45.51 45.32 2.97 3.17

1.2 AEREREE
AR WA 2 Fros 8 T8 5 1) v 2R ok e
i) RS, BEJE T IR S R S, 1
i

TR Rlid 5

v v
BN kR

i G+ I 7

v
ST <— PoRH o

—EY W

W AT
B2 Simsilm e Al

Fig.2 Flow chart of laboratory experiments



44 - v E A & %A BEIZE

e = el N VL G R R s I S I = 1 B i i
JFOBHO T Zeadab Ji, Bk 5 0 i 78 2 5 22 09 4E
T AR AT AR i A 2 v iR R S AT
MUK Je AL, TSI T = kAR U 1 2R £ i 30 R
EALFI A, SR =M E S T IRE B | FChR
EC BRRE (B R A S R M A AL 0 HU D) | Ak
B VS T DA B I 2 O Ak [l WS i i Sy
ISR X E IS %

R B R BT IR R JE Y, HoR 2R
K3 s, iRl 5y i TR R g MU R 5
HOTER I AP A I B0 ZR G RV 2R IAUAE R G855 4 3R 4
A, HATUER I P A TS SPZ 160 Y| PN B S 4l A
A TR X AE S A S g A A o (8 FH A5 35 AR922 #Y
SRR AN R A (IR YE B 200 ~ 2 500 °C) X
FE AL TN

MM R 5%
AL

Et };‘gﬁ% et THRERS B
YaR St ka4

e S =
2R P Cw

| = ot

o B e FihtE

3 ik Ry R EE
Fig.3 Schematic diagram of the vortex

reduction furnace

SEE AR R R A Y R R T A R B AH
i SO, BAAR R R 5 LS (1), I AR e
W ARG R R L

(a) RS

e Y
(b) HBRis &

Fe,0, +3C =2Fe +3CO 1 (1)

1.3 HiiemRE

TR 7E S E AT O A L T T R R
Tt s A S iy o 6, 3k e kb ik Sk P BH T 3 RS
SR ORI T AR 10 7 v, TR R
IR Bk JRARIERRE I T (E4) ,
R FIRER A BT B it il B iR 4 7 = ik
55, g A FRARURN 4 ( AR 160 em, 155200 cm) |
R AR S IR HIL TR FE TRBHIL 0T SRR
JEERPLEE, S e 2ok Bk IR BHS R il ) 2K 4]
RERR R, I HUR S ER AT 280 KT Bt s | 2K AT Y
SR ALK AN Ttk , AR T ek R AT

AR e R A SR I, TR 7R A T Kb
BHE R IRl i 3E g AT . S S B N TR, 7R
A R R AR SR, AR R s LR B
Wk s 2 TR R R shim iR P R &, 24
R 125 vemin ' 5, FH AR ShOIUREFLEE AT 0
Bl I R TR Al S A i R T iR
whEE . R R R WK 5 s, B ROV S5 WA
HATEERE BRI BT, B 2R R R E

2 R G5
2.1 EWEXWHER

S F A A I R I N AR R L 500 °C(BE
B 11 ARSI E] 30 min 3£ 54 5K 125 /min B
FE 1.0 RARES AN I o A AR U I 1 10% , etk
RIS SAFT, B AR e H 2k TR Ky 98. 78 % 17
2.2 HiRiIRIEER

FE R YN Al A it A v 50 2 v SR i 2k

FEEME e A BT SRR, IRy T ERE

B

(c) He il Bk AT

4 PRI BRI
Fig.4 Preparing pellets process of high-iron red mud



2024 4F 4 A58 2 My

ZEIGE KA BRORYE IR T Rl R Bk il R - 45 -

(a) b TR S HE

(b) i A A o = A e B

5 iRt ad AP Ko SRl AR e IR

Fig.5 The photograph of the pilot-scale vortex reduction furnacea and the vortex in

vortex reduction process

JEASCR AR % i R Bk R b R B BC Al L Ry
1.3:1, RATMA KR 7 A m8E 2= 1.0, 2K H
TV A SR AR A B R, 08 0 R A B TN Y
10% .

RIS R P IR AR AR 5 TR, BRETIR PR
TS AR A0 P 22450 1 7 A 1 38 U A5 T a2 9 1R
o B PEA I A e TRH AE, E R A AR  h RE A
AN, Gt IR AR 2 T B A . e

TRk sE Ak S AR IR A R 30 min J& , 45 1R BRI

(a.b) BE LRI

PR THEPE I T RO e b A s s 1A 80 3 s
ZW s 5 B e A SRR E R R A S A
P AR, GEed MBS e A i 6 fras
GEHE T T K B TR I 2 DL A A I
0I5 TR R R BT B, DR
Ja R 2 ¥ T3 FCHe BV A A 3R i 1 o AR PR B
[, 1N AR A BRK 2220t 24 h A RER AN 2 =
BERIRE 48 205, W) A SR B R AT B | A
RN A= i

Bl 6 wethitfIRRa A
Fig.6 Photographs of the casting processand pigiron

MRS A R B R TN S ER, B R
i AR FEBOREAT X 3 T BRURE e A L /5,
W LA AT ARSI, 15 D R R T i3,
HANE 7 B g mIeR = 1 - 8 5 Ak IR T
Rk

1 & 7 AT, Bl 0 D ] (A 8, 4k R 4
WA . FEIRJEIE ] A O ~ 10 min B, 42 A1 )i 2% 44
hne e 7638 JE B E] 5 10 min B, 4% BICR B 4055

2T 86. 43% 5 43k S EI A 15 min B, 2k B B li%
PREETF IR T 95.29% 5 43R JE A A 15 min 4%
SERGIME] 30 min J5 , B0 [RLKCR AU ZNIE S8 N, 15
B 97. 12% , 145 U0 IH IR I 44 fl S T v iR e Y
H a0 AT R 8 381 S0 56 25 (R B0 35 R, 7 3 TR B
(847 15 min B, 2k IR E 2238 2 T 3 K EE,
B T KA AR IR



. 46 - T EAE %A

RBEIZE

BRIn /%

1 1

1
0 5 10 15 20 25 30
i JE ) /min

B 7 3 S [ X R [ i B i

Fig.7 Effect of reduction time on iron recovery rate

2.3 FRIKEE £HH

X 30 S A R AT Ak 2% A3 A T, Ao A 45 2R n
#4 PR,

HH % 4 R, R I Al SR g = AR i A
BRI RN B 1Y) B B ARG, W R KO A Ak I A
L03 B ZR 38 IR A5 3] A 4 K AT DB 42 AR R A R
B, AR R RS WK S, R TRe & #1X
R 0. 28% , 15 BH 155 i 44 fal v LA R TE] A i i P gk
EAMA T Na #5800 0. 725% |, f56 @b AL -
FRAL T el B A o

&4 EEABRRA Y (BT

Table 4 The chemical compositions of reduced pig iron ( mass fraction) %0
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Table 5 Chemical composition and content of

slag( mass fraction) %

)%y CaO Al, O, Si0, TiO, TFe Na

“HE 39.63 28.92 13.71 6.74 0.28 0.725

Kl 8 ik i XRD 4r#rah R, 4Rz, LR
s A R S 4R B A (CaAl, Sio, ) | BR R 5
(CaTiO,) FIEE A1 ( NaAlSiO, ) , 33 id B w5 8k ok e 78 1%
DA Tl 3 I 3 A v R - S A AN 2 3 A, R AR
(R AR I 25 DLES A 0 TE SAEAE il S i v 5 350
PR RSN AR A ASAAT LLE S B R O e

1
10 20 30

7000 - .
6000~ 1-Ca ALSIO,
5 000k 2-CaTi0),
) 3-NaAlSiO,
iy 4000
Juss)
™ 3000 5
1 1
2000 3 I
13 11
1000f 1 sl fi 20,
il 123 Tt A1E do il 5 1911
0 | | |
40 50 60 70 80 90
)

0
20/
8 ILJEREEH) XRD
Fig.8 XRD results of the reduced slag

AR R i R K e Rk A B A 4y, SR EL T
CaO WIFEHHFIA

D1t TRl i), & e mIC s 175. 4 ke, %
A=A K 330. 7 ke, U £ 36. 7 kg, i A
Al J, B 23R A% 38 IR 807. 7 kg, & & 291. 2 ke,
FRE 1 JT 8 A T K 3 D T | e R AR AR 2B v
T BRORE 58 07 S5 LA SN et B 2 A<
(4R 2 LU SR AR AN 0 T8 =X B 2 76 0 2 ok b, vl 3 ik
R, AR KA R T R A B LA
8: 3, %I 45 SR Tl ML R, FH 157 (A 1k 3
Rl &l

3 ZhEipnEE

AR SCAE S0 %8 o AR R I8 T s i s
Bl b, AT T i R, R Tl iR T IR
ATEE R B T R AR,

1) SR AR N, 2t i B s, 5%
S S PR 5 30 SRS AR Ak SR T G | T 4 i
2, 2 B SORAR AT

2) it 38 JE [R]85 A, 4k Tl A3 3 3 1
A JEETE] 2 30 min B, 2k BHSCR IR F] T 97.12%
B A5 30 R A Bk v i RN A TR AR ARARG 403
SRR AR R E A 103 IZEK

3) i JEUiE H AR S A AR B A KR &S AN
B, nlHF A=K Ak,



2024 4F 4 A58 2 My

2R CAE . B IRE IR

\‘2‘—'\-1 I
OILMT

A JER R Y KR - 47 -

e B AR e T U R S P ORI i R

A8 b R MU R AL T A S s = 2% A ) T 5
B BRI R UL BT IRAL R T . H s R e i
DL s D s 6 R Y I B A A 5, B — A

B )i

SEUUE BOTIRE, ARk L i 1 Bt A 2 U

PE SIS IURE GRS AT R, IR KRR
EIZBARTH N AR TR RE T .

(1]

(2]

(3]

(4]

(5]

[6]

(8]

(9]

[10]

E=3CN
LIU Wanchao, CHEN Xiangqing, LI Wangxing, et al.
Environmental assessment management and utilization of red mud
in China[ J]. Journal of Cleaner Production, 2014, 84. 606 —
610.
KHAIRUL M A, ZANGANEH ], MOGHTADERI, B. The
composition, recycling and utilisation of Bayer red mud [ J ].
Resources, Conservation & Recycling, 2019, 141, 483 -498.
PPy, BT, Ak, . RIRLES AP SBR[ ]. B
RIFT SR, 2020(15) : 75 -76.
LUO Dan, LI Zilong, DU Qiu, et al. Research progress on
comprehensive utilization of red mud[J]. Technology Innovation
and Application, 2020 (15); 75 -76.
KLAUBER C, GRAFE M, POWER G. Bauxite residue issues:
II. options for residue utilization [ J]. Hydrometallurgy, 2011,
10811 -32.
GRAFE M, POWER G, KLAUBER C. Bauxite residue issues:
Il. Alkalinity and associated chemistry [ J]. Hydrometallurgy,
2011,108: 60 —79.
LI X F, ZHANG T A, WANG K, et al. Experimental research on
vortex melting reduction of high-iron red mud ( bauxite residue )
[J].
2022, 109155 - 162.
WISCER. [ AR A7 e T ik M I []. & w1,
2016, 1(9) . 17 -21.
YAN Wenqing.
stockpileings and applications [ J ]. Metal Mine, 2016, 1(9):
17 -21.
FIAHAT, SREEZE, X, 45, R TR S FREE Y
SMR[)]. SRR TR, 2009, 9(S1) : 459 - 464,
NAN Xiangli, ZHANG Tingan, LIU Yan, et al. Main categories

Bulletin of Environmental Contamination and Toxicology,

Domestic and international tailings storage

of red mud and its environmental impacts[ J]. The Chinese Journal
of Process Engineering, 2009, (S1) . 459 —464.
SMUE, RH, IMEE, 55 RIBLEFI T BUIR AR T].
4@ I, 2019(6) ; 38 —44.
WU Shichao, ZHU Lixin, SUN Tichang, et al. Red mud
comprehensive utilization status and outlook [ J]. Metal Mine,
2019(6) ; 38 —44.

RUYTERS S, MERTENS J, VASSILIEVA E. The red mud

accident in ajka ( hungary ) : plant toxicity and trace metal

bioavailability in red mud contaminated soil[ J]. Environmental

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[22]

Science & Technology, 2011, 45(4): 1616 - 1622.

W, AT A0 I e T e 0 e Ak S A ok 3
MER[I]. FHERHT SR, 2017, 14(9) : 163 - 164.

YANG Ping, WU Weinan. Analysis of the emergency response to
the Hungarian red mud spill and implications for China [ J].
Technology and Innovation Herald, 2017, 14(9) : 163 —164.
WANG K, DOU ZH H, LIU Y, et al. Summary of research
progress on separation and extraction of valuable metals from
Bayer red mud [ J].
Research, 2022, 29. 89834 —89852.

AGRAWAL S, DHAWAN N. Evaluation of red mud as a

Environmental Science and Pollution

polymetallic source-a review [ J]. Minerals Engineering, 2021,
171 107084.

JBE, R K, AL, AE. AR iE R By U [RLOR T
WREHERELT]. fETHERE, 2018(9) : 3599 -3608.

GU Nianhan, GUO Tengfei, MA Shicheng, et al. Progress in the
extraction and recycling of iron from red mud [ J]. Chemical
Industry and Engineering Progress, 2018(9) : 3599 —3608.

LIU Z, LI H. Metallurgical process for valuable elements
recovery from red mud: a review[J]. Hydrometallurgy, 2015,
155 29 -43.

SADANGI J K, DAS S P, TRIPATHY A, et al. Investigation
into recovery of iron values from red mud dumps[ J]. Separation
Science and Technology, 2018, 53 1 —6.

IR, REJCMI. sRELVE- FkE S T AR R kY
WrFE[)]. AAEemEpEE TR, 2010, 1(5) : 52 -54.

HU W, XIONG D H. Study on iron ore recovery out of mineral
processing tailing and smelting tailing by magnetic-gravity process
[J]. Nonferrous Metals Science and Engineering, 2010, 1(5) :
52 -54.

TEHLL. R TR Sl i B B 1 R AL MDA oA D8 v 2k 1 il g AT 5
[J]. VLVEAE4)E, 2000, 14(4): 15 -18.

GUAN J H. On recovering Fe from red mud with SLon vertical
ring and pulsating high gradient magnetic separator[ J |. Jiangxi
Nonferrous Metals, 2000, 14(4) . 15 - 18.

B 2555, B0 FEHR AR IRk T U BOR B0 5T 5 1
HMILI]. A @84 ,2022,36(3) 139 -42.

QIU Feng, LI Lei, WANG Ning. Research and application of the
technology of extracting iron from red mud by Bayer process[ J].
Nonferrous Metallurgical Equipment,2022,36(3) :39 —42.
ZHANG R, ZHENG S, MA S, et al. Recovery of alumina and
alkali in Bayer red mud by the formation of andradite-grossular
hydrogarnet in hydrothermal process[J]. Journal of Hazardous
Materials, 2011, 189(3) . 827 —835.

YANG Y, WANG X, WANG M, et al. Recovery of iron from red
mud by selective leach with oxalic acid[ J]. Hydrometallurgy,
2015, 157 239 -245.

FErPRE, m A . R R e R A M )R TR [)]. A6
Hi4TAE,2015,31(3) :17 - 19,38.

LU Zhongke, GAO Jianyang. Process test of valuable metals



.48 - T E A E S A ABIE

extracting in high iron red mud[J]. Energy Saving of Nonferrous magnesium phosphate cements modified by red mud [ J].
Metallurgy ,2015,31(3) :17 -19,38. Construction and Building Materials, 2020, 231,117 —131.

[23] SAMOUHOS M, TAXIARCHOU M, PILATOS G, et al. [27] k&, FH T, TR0, 4. — w2k os e 18 i g Ji
Controlled reduction of red mud by H2 followed by magnetic WIS B KR AL B T % . CN109913604B[ P]. 2019.
separation[ J]. Minerals Engineering, 2017, 105 36 —43. ZHANG Ting’an, WANG Yanxiu, DOU Zhihe, et al. A method

[24] GOSTU S, MISHRA B, MARTINS G P. Low temperature for direct cementation of high-iron red mud by eddy current
reduction of hematite in red mud to magnetite[ J |. The Minerals, melting reduction alkali removal and iron extraction;
Metals & Materials Society, 2017 ; 67 -73. CN109913604B[ P].2019.

[25] Egt, E#Em, XL, & 3T HEE RS0 58k ac e 27 [28] LI Xiaofei, ZHANG Ting'an, WANG Kun, et al. Research on the
ARAREHIE)]. B4EE, 2013(1) . 19 -22. advantages of vortex smelting reductionof high-iron red mud
WANGHong, WANG Qingsong, LIU Jiang, et al. Experimental (bauxite residue) [J]. Russian Journal of Non-Ferrous Metals
research on comprehensive utilization of the high iron red mud 2022, 63(6): 731 -737.
based on direct reduction and melting by RHF iron bead [29] WANG K, LIU Y, DOU ZH H, et al. A novel method of
technology[ J]. Light Metals, 2013, 1:19 —22. extracting iron from high-iron red mud and preparing low-carbon

[26] LIUY T, QIN Z H, CHEN B. Experimental research on cement clinker from tailings[ J]. JOM, 2022,74 . 2750 —2759.

Pilot test of recovery of iron from high-iron red mud by vortex smelting reduction
LI Xiaofei'*, ZHANG Ting’an'">”’ | LYU Guozhi'*, WANG Kun'*, WANG Song'~*
(1. School of Metallurgy, Northeastern University, Shenyang 110819, China;

2. Key Laboratory of Ecological Metallurgy of Multimetal Intergrown Ores of Ministry of Education, Shenyang 110819, China;
3. CHINALCO Southeast Materials Institute ( Fujian) Technology Co. Ltd. , Fuzhou 350002, China)

Abstract: The iron oxide content of high-iron red mud is more than 30% , which is an important source of iron
resources. In order to realize the large-scale, resourcefulness, and harmless utilization of high-iron red mud, a
pilot-scale experiment on vortex smelting reduction of high-iron red mud was conducted in this paper on the basis of
laboratory research. The pilot study achieved good resultswith the use of industrial reagents instead of analytically
pure laboratory reagents. The iron recovery was 97. 12% under the experimental conditions of the experimental
temperature of 1 500 °C , the carbon ratio of 1. 3, the holding time of 30 minutes, the stirring speed of 125 r/min,
the alkalinity of 1. 0, and the amount of calcium fluoride was 10% of the amount of calcium oxide. The content of
P and S in the pig iron was low, which can meet the requirements of the national standard LO3 for steelmaking. The
main phases in the reduction slag are gehlenite, calcium titanate, and nepheline, which are effective components
for cement clinker production. The pilot-scale experiment on vortex smelting reduction of high-iron red mud can
provide relevant data for large-scale industrial applications and has great guiding significance. Currently the
production is in intermittent mode. In the future, continuous charging, continuous slagging and iron production can
be realized by designing a continuous reaction unit.

Key words: high-iron red mud; vortex smelting reduction; pig iron; pilot study; red mud consumption; resource

utilization



