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Fig.1 The grain size distribution map
of red mud from high-speed railway

®3 mEERARYR T EORLEE 3 A
Table 3 The main particle size distribution of
high iron red mud/%
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Fig.2 The high iron red mud suspension

magnetization roasting-weak magnetic

iron separation test process diagram
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Fig.3 The experimental results of

magnetization roasting temperature
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Fig.4 The experimental results of CO

concentration in magnetized roasting

FRIE I 4 306 45 5 nl %0, B 38 SR CO ¥k
FE ARG, ks i TFe A5 8] i 2 52 Bl 4 T
JE R AT ST TFe [MISCRAE CO ¥ 3 3
15% LA JG FF 46 F B, 1ifi TFe 507 76 CO R BE 8 3t
20% JG AR FEAR . 24 CO MREEH 15% $& 71 % 20%
B, 2k K5 B TFe ff i A 56. 15% 38 5 56. 42% , 1fif
TFe [ it 2 | )\ 84. 31% [ % 80. 41% ; P CO ¥
FERETE 15% J& , SO 38R AR, 3 B80S 8 4
BN LR BRI TFe [l iR AN 235 A ,
SEMR RS CO MR BE A 15% %5 k3 B v ik A e A ikt
AL SR o
3.3 mEb SRR R IE

TEIN BHEAL KT e AL H R 0. 3 m/s B baiit B
800 °C, i Jii S Ak CO VR Ry 15% , BB 40 B -
0.023 mm & HH 72. 00% , R e300 4 0. 20 T (1) 4%
T 3% B 2 Fios i A 25 GG A0 5 58 I 1] %] 3 B 2R
Ve IR SRR R 48— 59 RE R BRI AR RE i), 45 SR an &l 5
IR o

HRAE 5 A i a6 5 5 m 0, s e ek [ o) s 42k AR
e IR R R e — 55 G S R AR A 1 S i Ay Wk 3, Bl
DR S ST ] R A BB 4, K B TFe 5 o7 55 [
BTG RN RS PERT [ B 1 min ZEK
%2 min B, 8K W TFe 57 fy 55.84% $2 7+ &
56.32% ,TFe [a]it & 78. 81% F+ & 86. 39% , FHj



2025 4 10 J145 5 1) HETLR BRI R R AR b S R BRI 5 .53 -
563 o3 HUSREE 6 13t 5 0, BN 10 TFe Bl
/ U oo FES AU E O 2 B I TR MR, T B
_ " F T 154 B2 20 0 S S 1
\§ 56.0 o | &
E / NN L S5 kB 5 AR U B4 — 0.023 mm Bt
£l \\\-wE 72.00% I, RS 571 TFe i1y 56.32% , 4k 5 1

—a— TFe &

—o— TFelal i %
550 L L . .
1.0 1.5 2.0 2.5 3.0
REALSE BRIt A /min
B S @ikt aimss

Fig.5 The results of magnetization roasting

i
~1
w

~1
(=}

time test

S T PR SR A A P TR A ) e Ak R 90 v S R Y
o () BRAT™ 1] SRR R ) RE 0 5 [ B A, AT 2 T
PG TFe i (57 F1 TS 5 2R BRI B] 4 22 1 4 =
3.0 min B, #RKE0 1) TFe S |l 56.32% T &R
55.73% ,TFe [MJSCR Hy 86.39% [ % 76. 61, W A
AR ] I, 25 S 308 S Ak ik )5 i i
PEO )t B 5 ik 5L, AR 55 G PR FeO (I IX
) SR SRS 5 1 TRe i ORI SR R
Wi o DRI, T B PR AR R N B8] 2 2.0 miin, G P
RS BT R K 66. 74% , TFe ik 56.32% , TFe
[ 86. 39% .
34 BT EERE

TE N AR B AL 0. 3 m/s K BE I (1]
2.0 min B5BEIRE 800 °C IR RS A CO M E 15% .
WEESREE 0. 20 T By Z54F T 4% 18] 2 Jros i 8 2% 25 B
RE A 240 E T i ik i e DA S A 5 e — 5 T e
FEPRAYFZIE , Z5 R LK 6,

57.5 92
~_
57.0F \ i

—

& 5651 ><
ﬂﬂ 56.0
& sssi 1
——TFe.jqa
55.0 s

Or —o— TFe A%
54.5

g 0B
TFe Rl /%

jeisd
=

~
N

]
8]

64 68 72 76 80
EZ0E -0.023 mm S 5= /%

6 SRR A e A
Fig.6 The grinding fineness test results of

roasted sample

I A0 EE , AT 1) TFe i (7 4k S5 5 5 48 T
R, TARRS 1Y TFe [ 8 ) MR B2 AR, X S 1l T
VA A R 3 20 ik PR R ORI 38 ) A AR ) A
MITRURAE A T, PR i 7 40 32— 0. 023 mm
EHN 72.00% |
3.5 Sk RIAE

TEIN G ARG e AL R 0. 3 m/s A% g I []
2. 0 min JEEERJE 800 C iR RS AR CO W 15% |
BT -0.023 mm & 72.00% W &8F, #%E
2 7 AR 2 45 55 T e 3 iR X v B R e TR S Ak
i~ S5 WG R ERAR R R R, S5 R LR 7

—
5721 . lgs
< 5681 8
& -80 &
U 5641 =
<1 =
© 175 5
= 56.0 =
—— TFe& & 70
556 -
— TFelElLlﬁzi
55.2 65
010 0.15 020 025 030
W TR EIT

B7  SSmiktg s i R
Fig.7 The field strength test results of weak

magnetic separation

HRR 7 Sk 9L R, 25 0 9 S
WA, BRRE B H TFe 3035 87 W 115 , 70 B6ORS B f0
TFe IR IUETH 5 TR R 5, Sk
R RE 0. 25 T I, Bk (1) Il B 5 F
G (RIS TRe S ObSE T, ELF IR I Ho
K, H1 56. 14% WE 5 5. 61% . 44 % 1RG5 (1)
TFe (i 5 8 U 3¢, 6 5 55 6 46 19 % b 94 5
0.25T,

3.6 NEBHL IS -BROE ST

TEIR L REAL A B AL B 0.3 m/s 5 KE R i)
2.0 min F5EEIE 800 °C A RS R CO e 15% |
BN EE - 0.023 mm & Bt 72. 00% . 35 B 15 2 9
0.25 T WIZ&LE T, F2 P 2 7% WU REHEAT D]
Yo SR VERR I EIR B0 6 5 Bk FE 1 AT 270 24



.54 . v EH A & L& A BHRIE

M, A S Bk AR U © DN 3 g A R 8 — S G e k™ 4
AREGAIFTIE S A FEME, 25 R 3k 4 3RS
R4 AR N AR b - S W R
Bkl g si R %
Table 4 The verification test results of high iron
red mud “ Flash Magnetizing Roasting-low

intensity magnetic separation” /%

HIZe 4 5385 SRR, m kR e 4 B i AL
Ribe — 55 ke kT T2 AL BE, AT R AT R R
67.69% TFe &R 56. 21% | [MIWCEH 87. 45% 1Y)
PRER A, 2R TFe &40 24.26% , 1] HIA Al
FRERERK YR S BT R AR Ve v R L 5
UE T R B AR BRI e - S AR T el
ATk S ml AR, O [ A% 26 2 R AR TR 1) 7 b AR )
MR EHAR S

N R TFe & TFe [H]ii % 3.7 . A B A 4 43
Yo 67. 69 56.21 87. 45 ) Ej‘ﬁff H "ﬁ?ﬂ BERHE 5T 47 L
O 55 75 B D A I
B % 5 50 - - S BRI K S 08 26 P T 7 5 R 0
A A 4
JE IR 100. 00 43.51 100. 00 ﬁ*ﬁ,ﬁ*ﬁén%m@ 8,
RS WBRES ZI0R AR (K0
Table 5 The multi element analysis results of selecting iron tailings ( mass percent) %
3% Al O, Si0, Fe, 0, TFe TiO, K,0 Na, O Ca0 MgO Yol
S 32.33 11.26 34. 66 24.26 5.43 0.19 1.58 8.09 0. 40 5.27
L ——— A-HIBLRS: B-TEEED; C-ALO;
________ D-FREED": E-FERE": F— 18
H-J5 i Ik A A i s
T 30F T-KBER G KK A
= L-=7KER 40 s M—1B%KT;
) A
;E 2ol et N-E4h
LE\‘: ) £
5 — JRURIR
i 10F ---- KERERE
=
E
=
-100 (I) l(l)(] 2([]0 3([]0 460 5(;0 ()(I)O 700

SMIEITTEIE /(KA +m™)
B8 JEIRJE IR 2
Fig.8 The magnetic curves of original red
mud and roasted samples

HRARE1E] 8 W] 1, H& A b 5 o 8 Ak e R 1Y B
iR S5 MR R OC R . B SINIL Y
96 3 A SN, DR 8 R R B A 7 1 AR AR AN B
F X RUE IR e BAT S5 BEVE s TR Be e AE S MG 71
PRI WG RE ThE R B —RE (T B T
T ARG ) B, R T AR, 3X R W et e 3
R L
3.8 EFRikRSIEGH MRS

H 75 5% e BRI 8 TR R A 5 s D AR AR Ak
X IR e L K e I 25 A T AR ik ke EA T XRD 3
B AIERA A WA A, 0 A 4 R AN TR 9 Ik 6 B .

M9 53 6 By BT 45 R T A, IR TFe

20/(%)
B9 JEIRE SRR #Y XRD Jp 4y
Fig.9 The XRD analysis of raw red mud and
roasted sample

iRy 43.51% R4 T2 VL R (#8) 8 1y I8 A7
TE, HI3 A 305 97.63% s ML Z T, N g AL ik e
FE TFe fii iy 48. 61% , 8k W) T 2 LRG0 A IE
LAFTE, WG 5 Wk B & 20 P11y 95.60% .
W AT DATSER v kol Y0 A DN SR A % J it e v S 3
TERE YRR AR AL, B SS R VE R O (48) R H0E
[a] 38 SR SR A P B RE R AT, AN AR AR XRD 43 b4k
KRB, T —IK A =K A 5 — K A Gt
DN TG A e 0 K B 72 SRy S8 A AR T A 3 4 2010
FHERD™ DL S BN T S 0 W I R A W) AR AL 2 ik
W 5 WA PIms v 22 5 00 R, O IS S 55 B % A



2025 4E 10 A4 5 1

FhTLR S - BRI Y8 IR R A e — 58 e kIR T 5 - 55

RO JELER AL A ITER %

Table 6 The results of iron chemical phase analysis in roasted samples /%

RERRER P AYBR Bt

GIHTRE SH WD PR BRI RO RO ek s ek
‘ G/ % 0.19 0.28 42.48 0.12 0. 44 43.51
JRAE I A ) o 0. 44 0. 64 97.63 0.28 1.01 100. 00
- S/ % 46. 47 0.22 1.35 0.13 0. 44 48.61
o YA B/ Yo 95. 60 0.45 2.78 0.27 0.91 100

JEBERE P I A LS B8 T AR
3.9 FRiRREL SRR RHLE

R85 e DA il AR e — S i R IR 4 R 5
JEIRYE BRI AR I3 A 45 R LA S SRR e s e et
PERFAE AT AE R, AT LA i B 8 i o (38 Bk
L NBE Y v vy s u it ale SN 'R 8 7R U 0 AR S 2
P AR POASBRY (D 25 P 0L 7E BB 380 i 0
FE IR QIA B RN EE I, CO ) i (48) Bk R THi
PRI, 5 AR () R 3 v S B, A RS R AT
Fe,0, % CO,;@CO FEFK ARSI, SMZ 1 Fe*

O—Fe0, @—Fe0,
AO © O B O %L(R/vng)
(a
o 0o o o ol e
CO(ad) CO(ad)
20ad)
O O O] coGas O Of ®|coGas
2 e
. OCO(gl) ® Coed
. e o © (102(;32
o 0 o o of e
CO,(e)

& 10

LTl AR Y 23 O N Fe, O §7HE, 280 fl s
B AR Fe 0,5 TN O°7 ISNZY L,
5 COFEHIA L CO, AN 2% s @RI — i BRI A
PEAT , B ANIT ] A JZ HE i, e 2 0RE S8 ik JRU AR
JICHE R ORI 1T 5 B e BR AR T 5 R ) £ A
FHEAY, W I (3)—(5) , Bk aR U8 Ak (48) Bk
WA SOV ) i i UL 10

CO + 0’ =CO0, +2e (3)
2Fe’* +2e =2Fe* (4)
4Fe,0, + Fe’* +2e =3Fe,0, (5)
| €O D co
(@] C&ad). z(a) COz(gd) [ ] o 2(%)
ole|® o 0|0
CO(ad)
O| ® | ®| (O Gas ® (0 O (.
o' e|® o o O
410(:1(])
© (}&(;ld). C()gid) e o
ol el o o|®
CO,e) CO, ()

1o BR AR VR DN S A e S ST AL s T

Fig.10 The reaction mechanism diagram of magnetization roasting of hematite (limonite) iron ore

4 g

AHIE ST LA R B E AR T e ks e o R,
R TN R AR A6 - 59 R Rk BOAR HEA T B8 U )
FRALHE G R R R IR 2 T R T 22450, I X
R IR U AR ) B AGAT A AT TR IR T
B Je A RT e i RN HLER, 15 3 AR E 24518,

1) TFe §hih 43. 51% 1) = 2k R Ye e s e i b
B 0.3 m/s KB 800 C JE HEES[E] 2. 0 min
CO Y 15% JEW 41)% —0.032 mm & & 72% .59
fi e 58 0. 25 T (A T 347 N3 AL 5 e — 55
TR A B RGBT 7 ZE R 67.69% | TFe i fii
56.21% |a|Uk % Hy 87.45% ; JBH 7%k 22.51% ,
TFe fhfih 24. 26% , A Tl 2 /K U, SE3E 1 AR e

f R EZE A M

2) 3l i A5 A B, A DN A b e R v AR
Jer S R R A (A8 ) BRB B RE 16 B A Oh o 1 P 1Y
RERRA, Rl 3R> — K B =K B 5 — KB
ABKIFAE Ty AL O, , T A1 9% B 4047 BBk LA K
BARER SF KA I YR A A O, i R
SRR PR HoR A R B K, D 5
30 R J58 7R 08 H A il ARG B85 T JEA

3) m AR R R (1) KA G A s e LB 2 2L
J3:CO 5 R R (48) BRE™ R Fe’* KN, A A
Fe’* ,Fe’ Yy Fe' 2 N A LR k0™ Fe 0,5 412 1Y
Fe?* FIeE 3 2 A% 45 0 1) 9 2 Fe, O, 9K, &
RS T A R Fey 0,5 NJZE O°7 [ 8MNEY
i, 15 CO PEHA R CO, AW 2 o



- 56 -

+_H

& 5 &

(7]

E=3CN
FRAAR. FEE AR IR AR S5 TR S A B0 A 77 v R SR
[J]. G m 15,2024 ,40(4) .67 - 72.
WANG Songlin. Practice of using bayer process red mud to replace
sintering process for high-iron content ore in alumina production
[J]. Sustainable Mining and Metallurgy 2024 ,40(4) :67 -72.
WANG SX, JIN H X, DENG Y, et al. Comprehensive utilization
A critical review [ J]. Journal of
Cleaner Production, 2020, 289(11) ;125 - 136.
WK, BB, 28 6, S5 ARie Bk AR BRI BR AT S IR
R[], hE A 4 R R, 2023, 33 (11); 3879 -
3899.

PAN Xiaolin, LU Zhongyang, WU Hongfei, et al. Research status

status of red mud in China:

and prospect of iron and aluminum recovery technology from red
mud[ J]. 2023, 33
(11): 3879 -3899.

kR, A, T, 55 SRR T A 4 e R URSE SR B
RBEE[T]. P R 24,2023 ,41(2) :256 -271.

DU Yunpeng, TONG Xiong, XIE Xian, et al. Current status and

The Chinese Journal of Nonferrous Metals,

prospect of comprehensive utilization of valuable metal resources
such as scandium in red mud [J]. 2023,41(2): 256 —=271.
TR, AT, BT %‘%fﬂijﬁﬁa*’fﬁﬂﬁbﬁﬁﬁﬁﬁﬁ’%@é
SSEPFART)]. A OB (L) ,2024(5) 144 -
152.

ZHANG Wanyue, YU Jianwen, HAN Yuexin, et al. Chemical
occurrence state of aluminum and a novel approach for separation
of aluminum and iron in in high iron bauxite residue [ J].
Nonferrous Metals ( Mineral Processing Part), 2024 (5). 144 -
152.

U. S. Department of the Interior, U.S. Geological survey. Mineral
commodity summaries 2021 [ R]. Reston: U. S. Geological
survey, 2021.

ZENG Yijun, ZENG Kui, QUAN Xuejun, et al. Recovery of iron
from red mud-rice husk briquettes by microwave roasting[ J]. The
Chinese Journal of Nonferrous Metals, 2024, 34 (5). 1702 -
1711.

SN BT T SRR S AR
H{oh4:,2023,52(2) ;104 —115.

WU Xiaohua, LI Wenfei.

MM EARLT].

Path analysis of high-value utilization of
iron-rich red mud from Guangxi alumina refinery [ J]. China
Nonferrous Metallurgy,2023,52(2) .104 - 115.

WIGE, = S, B4, 55 e R R e R A R A - S R B K T
L] ARAE KRB (A SRRIAERR) L2021 ,42(3) 1414 - 421.
LIU Xiao, GAO Peng, LYU Yang, et al. Recovery process of iron

from high-iron red mud through suspension magnetization roasting-

[10]

[11]

[12]

[13]

[15]

[16]

[17]

[18]

[19]

BIHETE
low intensity magnetic separation technology [ J ]. Journal of
Northeastern University ( Natural Science) , 2021, 42(3) . 414 -

421.
I, 25, E T FE R R B T2 MEBOR AR 5 6
JLT]. A% £ ,2022,36(3) :39 -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.
YUAN S,LIU X, GAO P,et al. A semi-industrial experiment of
suspension magnetization roasting technology for separation of iron
minerals from red mud [ J]. Journal of Hazardous Material,
2020,394 . 122579.
LIU Xiao, GAO Peng, YUAN Shuai, et al. Clean utilization of
high-iron red mud by suspension magnetization roasting [ J ].
Minerals Engineering, 2020, 157 106553.
FETCAL, SRR, R, . — iR AL R Be A e 8 R R o Y
ZEA R . CN202310853290.3[ P]. 2023 - 11 -03.
DU Wuxing, ZHANG Jiangiang, MA Junwei, et al. A
comprehensive utilization method for magnetic roasting of red mud
iron tailings ; CN202310853290. 3[P]. 2023 —11 -03.
ZHOU Guotao, WANG Yilin, QI Tiangui, et al. Toward
sustainable green alumina production; a critical review on process
discharge reduction from gibbsitic bauxite and large-scale
applications of red mud[ J]. Journal of Environmental Chemical
Engineering, 2023, 11(2) : 109433.
LIU Xiao, HAN Yuexin, HE Fyu, et al. Characteristic, hazard
and iron recovery technology of red mud-A critical review[ J].
Journal of Hazardous Materials, 2021, 420 126542.
YUAN Shuai, LIU Xiao, PENG Gao, et al. , A semi-industrial
experiment of suspension magnetization roasting technology for
separation of iron minerals from red mud [ J]. Journal of

2020, 394 . 122579.
YU Jianwen, LI Yangfeng, LYU Yang, et al. ,

Hazardous Materials ,
Recovery of iron
from high-iron red mud using suspension magnetization roasting
and magnetic separation[ J|. Minerals Engineering, 2022, 178 .
107394.

LIU Xiao, GAO Peng, YUAN Shuai, et al. Clean utilization of
high-iron red mud by suspension magnetization roasting [ J ].
Minerals Engineering, 2020, 157 :106553.

WANG Ruofeng, YUAN Shuai, GAO Peng, et al. Application of
suspension magnetization roasting as technology for high-efficiency
separation of valuable iron minerals from high-iron bauxite.
2022. 32

Transactions of Nonferrous Metals Society of China,

(7): 2391 -2402.



2025 4F 10 %455 FhTLR S - BRI Y8 IR R A e — 58 e kIR T 5 - 57

Flash magnetizing roasting-low intensity magnetic separation process
for preparing iron concentrate from high-iron red mud

DU Wuxing'?, GUO Xin'?, ZHANG Jianqgiang'”, ZHANG Zhiyong'*, ZHANG Nan'”

(1. Zhengzhou Non-ferrous Metals Research Institute Co. , Lid. , CHALCO, Zhengzhou 450041, China;

2. National Aluminum Smelting Engineering Technology Research Center, Zhengzhou 450041, China)
Abstract; Iron minerals in red mud mainly exist in the form of hematite, limonite and goethite, and the iron
recovery rate of direct magnetic separation is low, and it is difficult to obtain high-quality iron concentrate. The
suspension magnetization roasting process has significant advantages in the extraction of iron ore resources. On the
one hand, suspension roasting can ensure the reaction efficiency of fine-grained red mud;on the other hand, the
flash magnetization roasting time is short, the magnetization effect is good, and the energy consumption is low. In
this paper, the red mud (Fe,0; 62. 15 wt% ) from an enterprise was used as raw material, and it was treated by
flash magnetization roasting-low intensity magnetic separation process. The effects of process parameters on the iron
separation effect were investigated, and the reconstruction behavior of the phase in red mud and the reaction
mechanism of magnetization roasting were discussed by characterization analysis. Under the conditions of
fluidization speed of 0. 3 m/s, temperature of 800 “C , roasting time of 2. 0 min, CO concentration of 15% , grinding
fineness of — 0.032 mm content of 72% and magnetic separation field strength of 0.25 T, the yield of iron
concentrate was 67. 69% ( TFe 56.21% ), the recovery rate was 87.45% , the tailings yield was 22.51% ( TFe
24.26% ) , which could be used to prepare cement. The results of characterization analysis show that the weak
magnetic hematite (limonite) in the red mud is directional reduced into strong magnetic magnetite during the flash
magnetization roasting process, and some diaspore, gibbsite and diaspore are dehydrated into Al,O,, while the
gangue minerals such as quartz and rutile do not change. The main mechanism of magnetization roasting is that CO
reacts with Fe’* on the surface of hematite (limonite) to form Fe’* | and Fe’* reacts with Fe’* to form magnetite
Fe,0,; the outer layer of Fe** and electrons diffuse to the inner layer of Fe,O, through lattice vacancies; after
lattice reconstruction, it is transformed into magnetite Fe;O,. The inner layer of O,diffuses to the outer layer and
reacts with CO to form CO,, which is continuously removed.
Key words: high-iron red mud; flash magnetizing roasting; low intensity magnetic separation; mineral phase

reconstruction ; iron ore concentrate; reaction mechanism

~IDNIPNIPIP LN IPNIDNID NI~ ID TIPS ~IDID~IP TP IDNIDNIDNID I ~ID I ~IP TN NIDN I ID I ~ID T ~IINP™

PEEEZ TR GEAGERTETERIZGRE

U H L E REE TR A BRA R ETT A G R RG A 0 Jm S P BOA FRZ 7] 54 R 416
BReM HF ARG .

I H 2 E N E A R R BRI BOF- 65 R AR A BRA R SR ) BB 1
JERLHT, A SR R + V15 + 518 + R + N R ERJT 5E Oh i v R Ml A 7 R R IR IR
R RGPt Yy B & 0 T RRAE AT B AR S

Yok, 1200 H A ) A% 0 SO, B BN “ AR A5 il R ™ 1) & AT K AR, ] iy B B2 0 5 e 1
PR A E M B , IR N T2 A HORORIERAR 15 F 1 AR R St 4 A HR P[] IR 22 5
A P AR, 5 ST L IR A B R AR R T

(BERBRIE . T EEAE)



