954 45 1Y
2025 4£2 A

FEA RS
China Nonferrous Metallurgy

Vol. 54 No. 1
Feb. 2025

o

(2% I SRR |

5lcagst skl BEGS, KEE, 4. A5 A SR R A B s BRI e [T ] R A (6 4 ,2025,54(1) 1129 - 137.
ZHANG Xiaolei, LYU Guozhi, ZHANG Ting’ an, et al. Experimental study on the treatment of high-iron red mud by calci-
fied biomass transformation method[ J]. China Nonferrous Metallurgy, 2025 ,54 (1) ;129 - 137.

il 1 A 00 L B 5 AR R I 0 B 5

ROE? aEE T RER B R

(L ARAER A 6@, 17T
2. ZR R IVET A SR S F I E AL, LT L

(i %]

110819;
110819)

FRF Fe,0, 7 ALO, & F A4 5, B AT A L LA LD ERIC R AR S DREEL

FR M, AARN AR EBME ST BA SRR, RN A5 A M R 45 A R A 38 G4k
R, FEE L LA FRR P HRET EREFEAR M BB TR, FRAT 24
o TP IRERE BASA LA T A B AL BT NSRS R AR R R R dh R B A8 P
8945, R T KN BB £ R R R JE 280 °C 3 AR E 240 o/ L A A& A FEAF: ks =1
20RE 4L R AT L h 89 5T, Rk T S AL A BEGkT E N R S, Fe, 0,38 R £ & X 7T A% 3|
98.13% ,Na, O #= Al, O, th & 55| T ik 88.27% #= 86. 61% ;4| M A5 A My R Rk TREFRREA
P RES T An gk KA B AR G 6 M AR Y] AT ik B B AR 8G9 BLAR TR 48 2R, A S Sk e 0GR R W A 2 A A
KA, BB AR G A9 AR AR 48 ARER 09 RIE TR XA A 2, AL T A R0 B F AL, SE LA TR AL

A
[ e ] Jskdhil; R, S bR %, K F; B4s
[ FEH2KE]  TF821; X758 [ SCHkFR &GS ] [ &S]

DOI:10. 19612/j. enki. ¢n11-5066/tf. 2025. 01. 015

0 35

IR YR A B0 Tl A ™ 2o o v 7 A G T AT
W, AR LR SR A, S B 21 e
REUHACR o FRER AR A 4 — K, 4Bk
—F LB A A R E A RSO T,
R RIS 1S LRI . R

[ Wi H 93] 2024-07-10 [ {37 H 1] 2024-08-19

(SR H 9] 2024-08-20 [ Ml H 1] 2025-02-01

[H—1EH ] /N (1999—) , 5 Bl - fF 52k, 25207 1 D
FERRIA 4

LEfifE# ] BEEB981—) 5 #f, LA S0, EZAFME
MEIA S AREEUA & RIS A f S S AR Zh 4 TT
I AT o

1672-6103(2025)01-0129-09

R AR AR P B T R SR R, Y it AR AR e Y
SRR IR N 15% |, 1536 [ 7 Je 2545 ) AR
6%, [ 2017 AR, T [ ARAE LR K % Ve
i gy, R BB K R s o H TR E R e
M RISk 4 12t

FEHE LR T A BERE IR R IF IO S,
i ELm A, HFE A S w4 b
SEAER R 90% L FEEE RV JR T kR
Ve, W MILEME 2%, 20 M A PR, HOR AR R A
& Fe,05 AL, 04 .8i0, \TiO, f1F= & (# L0 &,
Fe, 04 1 Al O, & AT X408, W4 T i 0 ok
50% , TR LA & U (A e . 2 FL R
1B, P2t ARt T 28 & g gs & Ay
SR VR iy e s v B S B s s g A I



- 130 - ¥ R I SEFASIR

5, de R R a0 e 3 T 4R ot ()R [l e o 8 P 4
PR & B EA M &R, AR Ue R Aok H
FRECT o AR kAR U I i Ak 14 vk A
T -k m T2 AR BT 2, U
KRR 4 i 0 8 8 d TRk R AR L T
TRRE 2% A v 22 | 4 B T R
— SR, X T AR RE A R SOR R kAR e
A T TR T MR T 75

AW FURHER b5 )2 P T, B AT R
Az AR ORI AR AR B AR YR O ) 2 Ok R
T Wi s IR A BRI R . A2
YRR R R KRR RS, =
B ICE K C H.O N S FI K4, HEiEY
JEAE T 7 P = R 3 o b 2 R (A
YIS A R A ) o A ) K A T o LA iR
i o ) T = (R ) LA ™= (i) /<A
PR (— AR R RS L MY
J 3K — I 24 AT A B R T G2 i o R B = MR 34
S HAEEEM.

K AR A AN 2T A R A SRR 38
TR 25 R IE B, 76 & R K G514 R
YR JEMFETMEIRSE T iR IR Fe, Oy & 0171, JE
FTERRE 25T 7K A 1) 361 A 7= 40 3 B 4 A 4,
EPEAERME R R P RO L AL S
OH ™ 52 07 DA T A7t 1 Ui 125 1 38 it S i 5 2 R
ALY T A M BRAE R A5 B2, XoF bE TR
FFAEKFIT 20% NaOH ¥ P FPAS [RI A 3R T 1 405 fie
TG0, & BUREFEAETRE T2 V8 1 B A 7K e i o i A
TR, IR U S B R R LA 1, — A 8 ] AE B
PESAE T oAb A v A i B S I R T

H1F FORFE AT AT FERRE: A5 1 T 24 th LA 5l
JEE A it B SR T, ASIF 9 DAZE W 5 ( KA FF) AR
SRR ST A AT Ak A ) o RV A B R R AR U L 7
SEARE AR 2R SBR[ 2
RS R U B B s T R R RN AR AL A R A A L
1], 5 B BEAE A 00 7 ER AR, [ s o S Ak 1Y
R PV A A 25 . S HERAM B, ik
Wy S B TR B — T U R R (00RO, TE AN Bl
AR A A 7= 2R i St b AR ) X —
TE T T AR R B AR U AR I IR T B Ak
il B B R PR AR e SR AT T, TR R A A A AL
Vs B P [ 5) 2 5 TR R R R BN T, e

i R RS B Ja AR e SR A,
oA W TR T R AR A R ARG B 1A R A Al
AR R HAB PR 57 15 5y, ik i ) e A 21
RRHR ARG ARER 0B B 2R U8 , I FH e 5 32 vl SE B
PR el BT LIS TS5 98, R B2
FEAR T Tl A B O R BT 5 e, 4R i 1
BRI LRSI R A B B AR TR BT IR T R
A 1 AR

1 ks
L1 R R# 5

TR JFURL : AR e T PR A AR T ik
AL BRTL A =K B0 A 015 2 1w Bk R e, EA T T
A S 13 2R AR /N T 0. 15 mm AR AR AR 8. X
BRI RHEAT X ERATIHX X S DO U
PR BT, XREF 73 45 58 WL 3% 1, XRD [ 3 &%
SEM [ 75| WL 15 2,

R 1 EPoRUe EEA R (R )
Table 1 Main chemical composition of high-iron

red mud( mass percent ) ¥

W4y ALO,  Si0, Na,0 TiO, Fe,0; CaO0  MgO

e 241 636 315 575 57.1 213 0.38

1—Fe,0,;
R 2

1 2—AIOOH;
3—FeOOH;

: 4—1.08Na,0+ ALO, - 1.68Si0,* 1.68H,0;
5—Ti0,;

TR

B 1 mgoRje XRD &
Fig.1 XRD pattern of high-iron red mud

ML AT RUA 1086 BT AR 8 Hh Bk A g
EERALNIAE 40% DAL, BRAD B R 60% , & —
MR R B — BRI AIET 1 i) LA i85 o
1R BRI TR Y T ZE AR O ARk, — K BER Ay, Bk
FIOKEEARTR N s AT 2 7 HH BRAR 10 28 Bk ek R
PRER FIT AU ] , 25 Fh AUk 1 SR B G B, A K



2025 4E2 A4 1 1

S/ A - AR U TR A B e R PRI B 5 - 131

L era—
50 pm

Si Kal

| a— |
50 pm
Al Kal

B2 AFBCREECT B2 T A A% ou R 20 K

Fig.2 Distribution of red mud mineral phase and elements under different magnifications

&, — R BRI I

T P FH 9 A 1 RS TORAS 1, A4 TR A
WCBJORF S AR A% 3t B 0, o PR AR ML X AT R4 7
BE AR A s KL T4 (60 °C) #E = 24
b JBCH S 0 o RO A2 /N T 0. 25 mm s 356 T H 119
Pz G S R AL A, SRS 10 23 i 4l [ 25 4R A
G A R A A o
L2 Re7mk

ARG M B RS A 2 32 (A5 AL A ) o e
T3k ) b B Bk AR U , 5 56 SN E | S I ] A=
Yy 5 R B A SR LS S A 2R AR R T
HRERAT IR S L B S A S A [ WA R R

T I T e e SO 4 Y B B R AT ARG A
B8 B e 4 e 0 AT AT IS o R SO OB (R Bk
FRUE EARFEFF EALES LA K NaOH #53) #4¢ if—7E
P EE A R e S 2, T SO E , B e i 518
BB R, TR SR 5 e X PEGE AV HUK, LI
T RE T IR R AL, o S B L RE 3k 3 2% A )5 T
AN IR B SO I ] FE A, Z Rl A
Ve BRSO ARV A, e 128 50 “C LU HATIF R
W2 N JE T2 0 MPa J5 5 il T RN 8. 25
R oA TR A TR SR A8 Ao P 3 2 A A AR S B AL
PEAT IR0 B Kk 250, P B [ AH 45 FLA B
MG LT, 505 00 e U Jt i HEATAG N

1o ER AR UE IR BRI S A A A SR s o L

RV R SRR (1) o
_n-n

“=TN )

X n Fon 3 5k B P AR Fe (D) 1Y
i, mol; N i aRleH Fe( ) Ay, mol,

ARUEH BN IR A A R S R E I XSSO
AT IR 1 S AT, 8L A0 BRI R AR DL
HK(2)M,

(A/S) 1 — (A/S)
n= (X;S)W ; (2)
s (A/S) e TN CAS/S) 73930 1y 2 8 F e B s o
AIFERE L o
1.3 RAIERE

AR A AR W B A B A AR e P B AR R
AR B k0 A B 45 Ak 5 RN IR k0 AH 09 2 )
B

P R R R A AR P, TR A K
(Ca0) ,Ca0 2§ S TE/K s fif £l Ca(OH),, IR
P SERE IR R AR AN & A A ) & B0 (3) - (5)
JIT 7S B o

Na,0-Al,0,-1.7Si0, 2. 3H,0 +3Ca(OH) ,—
3Ca0-Al,0,-1.7Si0,-2. 6H,0 +2NaOH +1. 7H,0
(3)
Na,0-Al, 0, -1. 7Si0, -3H,0 +3Ca(OH), +Fe,0, +aq—
3Ca0-Fe,0, 1. 7Si0,2H,0 +2NaAl(OH), +aq (4)




2132 - i H & b & SafASMMR

Ca0 + Fe,0, + AI(OH),; +Si0;” + H,0—
Ca; (Fey Al 15),(510,) 6 (OH) 5, + OH™ (5)
H1 TR A A AR A7 TR B0 AT AR A 2 o )
A PRI 2 A A (4) 3R B, I 2B iRk A 41
HiAT(Cay (Fey ALy 13),(Si0,) s (OH) 5 4) o
IRIEF I ARERET (Fe, O5) BEAES OH™ A R
PR B AS Fe(OH) - BT RN ILA(6) - (7)
Fe,0, +20H™—2FeO, +H,0 (6)
FeO, +2H,0—Fe(OH), (7)
JEF S BIEIA  AHL  AEEE RRENER
ST R K I E R S R A B R
EFHUER T ST 2 A AR , T — 20 S R 1
B EUR T, 8 PR AR T (H ) BEIL R
Fe (OH), MTlii & J Fes O, B 7 1 Jy i L 5K

(8> - (9)0
RCHO + OH™ —>RCO0 "~ +2H- (8)
Fe(OH), +H-—Fe,0, + OH" (9)

2 REE R
2.1 BEXBH®RFRERSHREREEKNZIE

i BE 55 9 A D A P A o B R A Ky
T IE Y RO R IR . 75 NaOH JRk
240 g/L ML E] T h A AR = 14 (e
Ho) R FE 401 (mL:g) ESEELL 2.5 i HEFE 3 300
v/min fAPF T, B L X8 2 270 ~300 °C,
AN RIS B A S AL A BRI B Y
SN ZER LA 3 -5,

i
1—Fe,0,
2—Fe,0,
1 1
1 1
1 1 -
s ln AA‘ L A U0 (f.

X
B 1 1 1 1l 290C
AL A A ;
1 1 1 209
dy AILJ. Lok il

1 1 5
_1,__.@2 LIRS zoe
1 I — I T |

10 20 30 40 50 60 70 80 90

3 AR T B ALE XRD K35
Fig.3 XRD pattern of transition slag at different

reaction temperatures

M3 FIE 4 B]HT, Fe, O I A5 50 it 5
FYIMAS, 270 C I, XRD P A 4 35 B4 S U 2

270 280 290 300

4 X IRERA I R AR
Fig.4 Effect of temperature on reduction rate

of hematite

87r Sy ]
—u— ALOJE A
—o— Na, O¥F 3
86
—_— -
R85
=
Re g4t o
l/
83
[
82 1 1 I

270 280 290 300

B S AE OB T BB AR I R
Fig.5 Dissolution rates of sodium alkali and

alumina at different reaction temperatures

Fe, 0,1 Fe, O, (14 FIE U5 ; Bl R B (9 T 57, Fe, 05 1Y
FRIEIEZE I 2K , Fey O, R AR 06 W2 35 T, Ul B 45 1k
AW R B R B o R T AR YR T R Rk
W R RERR AR 2, ZEARIR AR T AR e oK & aE4R
FRENVE R R A, 3 BOA IR M &R T 5 ARk
LA TE Y s BEE TR TH 8, K B RSB R AN A H 1
R D K i g U I B AN T 7, 280 °C
F1290 CHY, Fe, 0, i Ji R £ T 2 90% LA L 5 i 2 4k
227}, Fe, O, 38 JFL % 7E 300 °C B3k 93.8% , & 3
XRD [E3% -3 BEIE I , 280 °C Fll 290 °C 3% T Y Fe, O,
ARG R AR — 2, T AE 300 °C ), Fey O, FFAIE I
BETE . A, HE S A, AR ROV R
BEJG , ARV AL AR I I R AR AN B IR BE ) T
ARk, 752830 45 40 A ) Joe Ak 6 L )5 1) s v A el 5
HIE0.4% ~0.6% Z [a; X J& I hy bt 4 I FE 1 Ft



2025 4E2 A4 1 1

S/ A - AR U TR A B e R PRI B 5 - 133 -

i, R P ) — KB AT A E & K K A RERR IR
BAAE AL SRR E R KA AT A A

Kl 6 AR T R AR T AL Rl SEM [, i
BER T, B 8 Hh AT A — A ) 2R R i AR )/
HREEAL . 75270 C i, B B rp 15 A /D i BROE d

(e) 290 C '

A i R 58 A A D /T (A Y 31 R T v 2 280 °C
I AR R RER A SR R C AR e R . AL,
1ok g AR T E 2 VA W AN 28 R I R, S BUA R i
SR R BOE K BRI, ZREHIE, ISR
Yy S A B T il B IV 16 5 280 °C

(d) 300 “C

6 AFL RN AR R R Y SEM K]

Fig.6 SEM images of red mud transition slag at different reduction temperatures
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Experimental study on the treatment of high-iron red mud by

calcified biomass transformation method
ZHANG Xiaolei'”, LYU Guozhi'*, ZHANG Ting’ an'”*, RAN Xuan'~
(1. School of Metallurgy, Northeastern University, Shengyang 110819, China;

2. Key Laboratory of Ecological Metallurgy of Multimetal Intergrown Ores of Ministry of Education, Shenyang 110819, China)
Abstract: The content of Fe,0, and Al,O, in red mud is relatively high. At present, there are some problems in
the treatment process, such as low recovery rate, high cost and single metal element recovery. In this paper, based
on the strong reducibility of biomass under alkaline conditions, the high-iron red mud was treated by calcified
biomass transformation method. The effects of various process parameters on the reduction process of hematite in red
mud and the dissolution process of sodium alkali and alumina were investigated. The main conclusions are as
follows. The hematite in the red mud is transformed into magnetite through the transformation of calcified biomass
into magnetite into the transformation slag, and some iron is used as isomorphism to replace the aluminum in the
hydrogarnet to generate the iron-hydrogarnet; under the conditions of reaction temperature 280 °C , caustic alkali
concentration 240 g/L, biomass addition amount of straw: hematite =1:2, liquid-solid ratio 4: 1 and reaction time 1
h, hematite was transformed into magnetite and entered the transformation slag. The maximum reduction rate of Fe,
O, could reach 98.13% , and the dissolution rates of Na, O and Al, O, could reach 88.27% and 86.61%
respectively. The phase ratio of magnetite and iron hydrogarnet in red mud transformation slag can be controlled by
calcified biomass transformation method, so as to achieve the ideal effect of alkali removal and aluminum
dissolution, and create favorable conditions for the magnetic separation and recovery of subsequent iron. At the
same time, the low alkali, low aluminum and low iron content after magnetic separation can be obtained.

Key words: high-iron red mud; corn straw; calcified biomass transformation method ; hematite ; magnetite



