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TEHE o-FeO(OH)FI R Fe,05+ J744A Na,O-
A1,05-1.68Si0,°1.73H,0. #5785 £ 3NaAlSiO, NaOH.
ST FBERT TiO, — /KB4 4 AIO(OH) A =/K4H
£ AIOH); « 77 f F1 CaCO; . 45 KA M A
3Ca0-ALO5xSi0, (6-2x)H,0 ZEif b3 10 151§+ 4>
J& EE R HURES A M AR Je S A, PSR
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R, HAr, B AN A 2 R RS,
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(B[ A7 A 1 7R e )RR ER 7R e (32 2 e [ ™
FERIARE) . BN &M FFEE SR e b SRR =
PR, R RS RERIEA BN R R

1.2 MR

TR S E AR ] ZIE AL AR ERIK A,
WK, RN 0.005~0.075 mm )15 90%; HALER T
TR TR, BABORILERT, N 64.09~186.9
m?/g; HABTEFRU R : 25 2.7~2.89 g/em’, 7K & 82.3%~
105.9%, MO 91.1%~99.6%, ¥4 1200~1250 C, ¥4
PEFEL 17.0~30.0, FEKE 79.03%~93.23%"7,
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Table 1 Composition of red mud of aluminum oxide plant™® ¥
Mass fraction/%
Chemical Sintering Collaborative
. Bayer method
composition method method

Henan!™  Guangxi'® Shandong!” Guangxi®  Australia®  Turkey!"”  Greece!"! Greece!'”  Shandong!" Shanxil'¥
Fe,0; 10.63 24.39 28.030 31.84 29.82 36.94 42.68 44.60 9.02 6.66
ALO; 2231 16.99 22.846 22.62 21.69 20.39 25.09 23.60 6.40 9.18
CaO 20.46 30.80 1.078 8.58 1.79 223 9.05 11.20 41.9 38.09
SiO, 18.92 10.47 36.338 9.20 12.28 15.74 5.34 10.20 22.00 18.10
Na,O 5.72 0.74 8.864 2.16 5.19 10.10 1.99 2.50 2.80 4.00

2 FRENGREFA

IRIEII SR AR R T I SR e, T AERVF 2
FE KB TS BRI IR, B KPR EE A R A i
Tefa . HAlE AR ER A R H A A AR,
B/ e 4 1 e T AR P R SRR K R O R
FEE G5 RERIPOAL, 6 TR HOR I 90 2 B v 1 FR 2Rk
sRe b HTEUA R R H R A, B
JE SR RR AR R IR R B, 4R HE AR TR

2.1 FRRAET P RIEE AR i AR A

TRV T E N BRI LR . KIM 2R A
Ca(OH),-Na,COs i L FEHIE IR e By AR A N A
R ARG A 77 o B 52U R A AR, SRR
ARG B SNREHIET (LR EM R, Rk 25
s UK AR R, X AR 8 T S e
TRRMICEERIHEAR . thah, FRJeien] T A =5
ThEERRE,  UnRIEURL . 1o B S AR A R 2,
A PRI B AL SRR
Ak AT I BRER Sh T b TR T4 X ey
v T ARURAE R Tl Rk 0 B PV L, (LI SR T
(10375 Gl Bladt— 2 Ab BRI A, 7= AR (R 22 BE OB AR LI

22 FRRAEERIPFPHINEA

IREA SR TR, W TR ik
FILLRIR IR R, WnabBys /K. B8 s g R 12
79 0.1 mm PRV IR ER TR 8 IR, TEIR K
W, AHS ISR, MREEN, 5—ERE
RAWERIE G R HI15 RaERam R R, AT
F5KACEE . LI M ARYE iR HE Fe-Al-La = o4& AL
W £ R M R B R AR T E TR A5 R, RIS kR
BRCR, AWM EAN 74.07 mg/g. FRJE TR

A AFE SOp HoS %o R SCEEPIR FEHEA SRR UL
SO, JRCHEAT THTTL, RIURIL SO, Mid A% 3= 24
PEEARUR N, B R s o 5 R AR BN,
LR ERIE B BRI 2038 b R 520 73 FO PR PR
W R o G HT R, JRERLEE /N LERTIARA,
YE29 SO, MRS BAT SRR ey IRBRE K Jike
a7 B A

H AT AR i 2i e F T BOR B FEVE )iz, (24T
ARBEIE B I TAVACAE K, KEARRHER, A
BERF R RGE ORI, R T AR R 2R At 2 A2
DRl Blt, ZREHIEMREA IR AL BEH AR H AR
KV, IR AR A AR, RIS BURFHES) S5 Ak B 5
R 5 SR &5 R ROR AT R T K L T AR e A1 2
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WG ERR KRN HE e, ENSMIRT
e T2 RS a RcE M &M T, &S
FEFEHZ R TL Lo SRR BUA I & R4 LAk
B2 A5 A KERRER G . o, B —F
ERIMA TR, EHTh &S R, UK
JRFAGIE AL T 8, SR fEfsam e
PUSEIEEPCREY, B, WRBIRGTIRE —
SE MR ESCEGAME. B . shEE R, AR
FRUE SRR, AR KRR 0. BkIEN,
PR, B €M TN E .

3.1 MIRREHEW SRR

Bt of 75 U HR AR AR T [ UL 7 9 3 A B R TR
e BRESEBTE, FAKZEREM. RIEH TR
MR E IR MRS, VONEEGS. TER, A%
K 692 AR ) ALOSPY, B NaOH Ak
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IRERA T, B miRResE T2, WIARERE.

R 1970 48, B AN gl it 1 heaiihes & Rk
AR T 2P, RUE. B AR NayCOos G
BEWE, 800~1000 C NIk J5ikess, 19 ZIkG4H4: ™ i,
65 C/K¥Z 1 hJG, 89%MEaBIZH, REFHEH ARG
frE . KUMAR 265047508 . #2R 5 Na,CO; IR A
JaRh, RS IEMGE CO, BT IRIRIL 7, HBkelalli
ALO;. e B T R B R, R T
— PP BRI SIS R AR T . FEARIE N
BERR AN CaO FRIG T S Bk A, & HHAE JE A &R
18553, i ALOs KA 2 AH I S A i 12Ca0-7ALOs,
T NayCOs W, MM IS Na,COs IR AR
F AP FREL ALOs o 2= ZE SN R 41 KA NayCOs
(VR & JFORHE 1030 “C R RHTIE R RS, 13 2K Al be st
FEARTE 85 CHsbHA H 25 min, 83.12%MI4EEHER H
JREEE ALO; /EEE N5 CaO 1 Na,CO; M A Al AT
WM EE, SR M ALO; i, St
FRYEF ) 2Ca0-Si0, . CaO-TiO, M Fe,0 5-H,0 25 A%
PERRIE 7P B o e It AR F B N
Na,0-A,0;-28i0, +2Ca0=

Na,O-ALO;-Si0,+2Ca0-Si0, 1)
2Ca0 +S8i0,==2Ca0-Si0, 2)
CaO +TiO,=Ca0-TiO, 3)
CaO +Fe,03=—=Ca0-Fe,0; 4)
CaO +2Fe,0;=—Ca0-2Fe,03 %)
Al,05+Na,0-Fe,0;—=Na,0-Al,0; +Fe,0; ©6)

LI ZWH 70 R BURR 45 IR FE AR AN I =5t ALO; [7]
WCRF IR RIIFEN . m e a5 iR 2 (1323 K)o KRFEAIC
ALO; BB, [ i 300 I A s o & ] DL 2k
ALO; R, RALBES: % 1F 5, ALO; [l Al ik
89.71%. LI Z5R B BRFR I S5 RS B8 IR AR T8 AT
W, RGN ER AT 1Y 55 o8 i BR AR R TE 1,
MR T R S4an =2 . R, ZWFm X
S ERATT S RS TR R AR A R B AT ST O, R
FEEN(Nay 75Al) 758102504 AT NaAlSiO) AT 58, %
kR mAaMA LA NERRN. DA
6%Na,CO3 Fll 6%Na,SO, i, AR [FISCR ATIE 98.6%.

LI 20t el AR si A R, RS LR ER 1L
D5 R AR FEENE AR TR 4L, B FUIELE K Si0, AN &
0 x X AGFIRRERAL S, BA T2 1 Fros.
F AR AT, 5 R8T R 1) Na,O-ALO5:
xSi0,+(6-2x)H,0 ¥4k 3Ca0- Al,05:xSi0,(6-2x)H,0,

Red mud Lime

Calcification

Hydrogarnet CO,
Carbonation

[ ]
NaOH  Al(OH), Ca,Sio, CaCo,

Recycling Al

B 1 BRI 75 BT RE P A
Fig. 1

| Production of cement |

Flow diagram of Al recovery from red mud by

calcification-carbonation method

PR AT NayOs 285, Jlit CO, BRERIL i, 77
W1 CaSiOs. CaCO; F1 AI(OH)s; ARG T 4 F Bl P %
MR, SR130) ALO; B3 49.4%. FRVEBRl 3%
%4> A CaCO; Fl CaSiOs, HuHME Na,O F&fk, TN
0.16%, I TKIA ™, SEnARRFHZ.

JAEEER — R TG AR S — AR S, 18
el e R (BRI e b 2 i B BR A3k AT R
WG VE N B A BV R R A g, T ELYH AR K B RRIR,
PEAERAR, R IRIG Y. SRR, BRVEENK
FRAEREAC, S, N ALOs+6H —2AI"+3H,0,
HAWATE.

EFEMAEPTR S IRIZ L ALOs, J5HE R
WEHRUKEETFTREXAFLE, WEERM
ALO;+6HCIH+9H,0=2[Al(H,0)s]Cls. 43 H LAA [ 8% [
Eb. #hERIKFE . BIRIRFE . WfiE. R HT AN ALO,
BHRATIE, FRBERNZERN: HRRIKE 6
mol/L, #HR(mL)5/RVE(g) MR E L 4:1, BRIZIEE
109 C. KA R IR, AR ALO, 1 KR
HFE N 89.00%. SAYAN Z5USF R IR B4R, il
IR R FEAS RO A R T IR T SR, 153
ALO; R H 5 T 2R AR M — B Al B2 5w
R BIUONTEFE 12 IR BRIRFE . VI L A5 B
TEE, fE90 ‘C F{#H 4 molV/L BRI 4 h, FELL
4 0.04, BREICE Ty 96.82%, FLAHRHER B AERIK FE K
U, PR BRI AN K

PEPPER 25 4 Fhi WIEHLERIZ BURYE H 1)
R DUE R AR B i = 0 B, R TR
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RIS R — SRR P T RO I S A,
A& IR R R IR AR . Ak, MDA #1 FE i
B TERIIR Y, VERRIER IR 7 2 B HE IR SR AR VA A 1)
ZE, DUONARNE T — /KSR AR = /KAR A M, BRkE
R AN KRR« BRARTEIX IR 57 HH AR I SR EIOR A X
AN, AR IX IGURIE T AN [F A AH Al R e 28 J0 IR H
TOHT, WAEARIR T YRR AT LA TR IR AT A
HEAT — SE L (TR . VACHON £5B95F 57 % F A AL
AR, WEER . M ERAERR, SheiR A it
AT ARG o R A R RN B R AR L 2:1 32 AR,
IIAGRER 5 pH M 1.5, 13 B 45 8 Mk FE o 13.53 g/L,
96% I B R . 5 pH N 1.0 ) H,SO, 12 A L,
TRAIR B RN AR ESCE, (T A PR
ME, WHIEEF R ZE.

X AR SR B AU Hh AR B T LA R LI TEHLIR
B, AT AR LR S B, HLAAR SR A R iR i2 H R
FRHIFEE — MK R, HTHREEWME, HRLE
R THFE R BRI AR IR R i R R, 22 I b B 4%
1 e PR FEH G BRI AT AL BRI, A Refr &gk
R RMELE . WA &R BRI RIS, 1w LA
FITALEE . PIE5BYSRF] NaOH 7% k325 [ 0 ik e v
ALO;, 7E 230 °C. 2h. BlJELL N 6 MIZKHT, ALO,
MRS R AT IR 79.22%, Z R et bLaT % 2] 0.39,
B ESRJE R ) NapO 5, v R4 = @3k,
NFEHE AR E R ARG T — %%, ZikEk
CEFAHLEATR SR S RS, BRI 7R A R,
REMREH ALO, ¥ T2 H 4t 7 HB k4

e A1 USCFS 21 fR) 65 0 3o b B in T AT o) A ke
A, wEAER . B, RESMESRSE, AT Tk
JR K B AT K AR RO ) & AL R R T T Tk
AR, s R BRI A i BE S AR . T e
AR LT 455

3.2 MR EUWEREI R

R TRV AR & B AR YE I 4%~12%1. ¥
AR R EAT EWSCR PR 715, 200 KiZah &
BG4

ERCAG 5PN 5% « (= A AR A5 1100 C
NIERIRELE, 1550 C AR, BTk 0 RE AN T 7K
DV R RS SR SRJETE 90 CF
F 30%H,SO4 3= HIrid, B HRERRE, @ SO, ik
R =Mk, 5%[ D2EHPA #EX, 10%Na,CO; &R
JREE, IR ARG 153 B T 8 0 & 1 BRI R
84.7%. IR LR KRR I E#E, A EE
LI BN R BUER B, TR R AT e S R IS A B AT

HVER) TIOSO,4. PIGA 25PN IRUE . B A K FIBKER
VIR A BERE, 800~1000 C NiEATIR R Be4h, 132K 4H
JREET= i, 65 C/AKIZ | h SRV i, HBETHLE >
B, MR MG, SR RS E] 73%~79%, B
WL ZWE 2 fioR.

KASLIWAL Z"5 7 —FE S8R+ Tio, [
Tk, SRR AR, IS BB NS ki,
BT & MARIS S IR BN RS B, KRR
H 5 TiO, [N 36%, KrkefaGmE] 76%. JRHE &
SRR fo R PR R S « RN, TR 10%~12% (1 35%
B RAELEN ALO; AR, ANV T-#6 SRR 7
B E . IR B2 BR ALOS M1 Si0, 3R4341
FELFI TiO,. BRERENKTHRAE ALO; Btk /K itk
FRR 5N (Na,CO5+ALO;—>2NaAlO,+CO,), SiO, ¥4k Ky
IKIEPETERZ S (NayCO4+Si0,—>Na,0- Si0,+CO,), TiO,
AL NAKFRH(Na,COs+ TiO,—>Na,0-TiO,+CO,) AN F
FoK, BB D E R TR PO H S F
FRENIZ DR 1S B & SR AR B e, FIRER IR LI = &
JE Bl E, b B ER AR IS I UTIEMILE 700 CHREBE
3~4 h; T BRERERAE RS BRI 2 o f A, KRG
ERTCHEA 75%~80% R (E/KIRE H, I FIEK 5 BT 4 B
i,

K SR 1) S 3 — RO K AR VR e 45 B 25k R
WS, FRRTEFEE, FRETRRRH. BRkiE
Ab, BRI . AR BRI AR IR
TRVETE 1= E BT TiOSO4. Aly(SOy)s-

Red mud

|
— Coal+Ca(OH),+Na,CO;,
Reducing
(80561_15658(1)5@ ) Pig iron Slag
i
Clinker

e
H,O0 leaching

65°C,1h Magnetic fraction

Magnetic /
separation of slag X

Dissolution slurry H.S0,
|
Alumina
production

Non-magnetic fraction

Residue Titanium sulface solution

|
| Hydrolysis, filtration, roasting |

|Recycling titanium (73%-79%) |

B2 Kk AR EER
Fig. 2 Flow diagram of Ti recovery from red mud by

pyrometallurgy
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Fey(SO4)s ZFIAEIR 1) CaS04. H,Si04 %5 . ME 1124
FEET BRI AR e AL A TR T, SR
AL, 508 3 AN BL. 5B B2 7 B B S kL
R PITORLR AR RN, 2 Bl A R N %, TiO, 1)
R R . 8 B R I RO R A AL
FVRT I =04 B Y O FLRR, 5 R0k Y 3
TORL R A RN, 32 H I R LB R il S =
B TE B IA Evs V re adk HT BEL2E 1 J0RE PN BRI AL, 5
M) 3= B ph IR 7 2 Sk P A A AR [ A v N S
R A hoE ,  EEL A L o AR s, Bl
PRTHEBE (IR T 3G IS, % O R T8 BB A ik, B R IR F
P PADIRAS . AGATZINI-LEONARDOU 25140175 4
JE R SR MR RS G HE AR Ve HH R, T AN AT
VDA . S8 I AT RIS Vet s, e IR R T (R
WP, R [E i L) I 32 B FOAH B o 7Rt
%M, BIEWE 3 mol/L, IEFE 60 C, [EREL 5%,
ER RIS 2R IA F 64.5%

A S RID) B ONIR T, SR A AL S A
EAGE, BT IR, RMEE . WE AR
B [ B R R TiO, AL IR . T8 ERIRIKE 30%.
R HHRFE 80 C. WIE EL 7:1 44 F ¥ 60 min J&,
FT 3 8 5k TiO, MhAIA 24%, RJe48. k. 45, &
LR T BRI o TRITIEY AT T e B S R
PEIRIZ T2, M TRAETE&M: kR s
mol/L hFRIRIZ, fiEk 58k, $80 8, SEIREH 92%
IR, K=, RHBIRGKAERIRERE, Bk
iR 95%, [FICE AN 91%, T GB 1076-93
(] BAO1-02 [1)—Zfho 2550 SRR F VR R R
PNTRTeEhERR E Hp R AR, B T IRARESE . R
I E] 95 R ST )R AR I B X BRIR HH 2R IR e, T
ERETZN: BRI 1.4:1, 300 °C, BRMRASIE] 2 h,
ARWE B 10:1, BFE] 1~1.5 h, kAR HZRIE 97%,
JRERASE N 29.9 /L.

Ak, AT A IREEL. ZHU %Pk
DB R AT IR BRI R AT B R RIS . I
AHE 6 AE T, AR, WLy 9:1 BRI [El
W 79%: IO S%ATRRER, VR Loy 5:1 BRI =]
WAL B 82%. P AN SEAFAH IR, SRR E 5 K
B, F 7 mol/L Bilg n] AT 82%MIEK I %, (HAn
N SY%FFE IR G A T B 5 mol/L [IBRER, RIAT R AN
Al CARRACARBRIR BT, i ELnT AR b, X T
PR IR AT LAME RS R AR B VA RS . Wi
B 715 AR AL R IR IS AR F AR L 1 Y R
Bl N S%ATIERR W] AR RE, R mR
MIE AT, AR TRINR L

SAYAN 5 7 75 Y ik Bh i B HE [R1UR TiO,,
RIN TiO, ¥ BN 20%, Ji DR 2 188 P 357 140 20 A 2050 B
] AU AR, 3O R N SR THAR, IR nT s
BEAMASE H 20 TiO, 12 H ) 32 2 PR 25 2 BR VR FE A i
J& . TSAKIRIDIS 2P 7R e i e 4198 HH i ) 2lifk
T, HZERGEER, REMRRIBET TE N Tio,
K AR  ZEHU N Cyanex272+H1 %%, #i HCI(3 mol/L)
XA KA NUAHZEATEERL, R A 10%MgO FAF N+
SR, I AR DT VR RISER G KR R, AR AR SE
RBERTTER, BT R SR A 0.3%.

AR, R ER AR PR B ik, A TR
FEKINAERE, — B RS KSR IR ., 5k
B, fEHE T AT I R R AR
FERAELI I LT, #EY B E I
e Ml FE 3 U 5 B R (R R . MRV R R AS 1 4k
AT AR E K, TiO, A A e v Tk
B SRL, MIRAIE AR T, IR TR TR
i TR A R SO Ak P KB i b T TP,

3.3 MIREHEBERIE

AUBTERREPE S ERRmNAS 2 —, WHE
[ Py Ah 5ot AR R R T v R B R TR KRR
&\ BIFRENER &R,

Wl E T i, MRS RSN ik AR
BHTHEEDN TS, RILET/REPAIR S E2Z, B
Mo b E, RIS B et iR R R T, X4y
IR RLEEA T 20 5 P AT S I ), B Rl AT A
52.34%.

PIGA ZP27E 1993 SEH- H T KIELE A RIR Y
BRERERI T2, B ARTE . I AR FIBRR ANV & S 1
IR keSS . 19BN Be 2™ a7 KR BRER, )8
JE ¥ BB 4y B, HEVEST4)E 1480 °C A
93%~94% %k & AL RN AE Bk o TUA SN FE R AR TR
HEAT VR P28 IR — R R $ B S 58, R T R R R (4
)~ UNINFIE(Ca0) EJFIRE . RIS E] . B4
JEE VG 37 58 5 TR B R A A ity (SR [l S 3 F s i
FITAS BRS04 AL 91.23%, BRIBIER A 93.13%.
LI YA 58 7 e 4h 15 R X 7% e S A A JiR 4143 1H B
] . 3Fey0;+#CO=2Fe;0,+C0O,, Fe;0,4CO=3FeO+
CO,, FeO+CO=Fe+CO,, (1/4)Fe;0,+#CO=(3/4)Fe+
COyIX 4 NN HMEN 1, [P PR
FEYEH], MIEEMT 1273 K, CO #1 CO, 3447, =
T 1273 K B, CO KR T CO K, AR TiL)5
L. BeAh, TEER LA RS FEF, Fey05+Na,CO=—
Na,O-Fe,0;+CO,, Fe,0O3+Ca0O=—=Ca0O-Fe,05;, 2CaO+
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Fe,0;=2Ca0Fe,05 1X 3 MR KAE . BRERHHEL
EERE AR R, ARITRR . Bk, N
Begh Ak LU R R AT RE 2 10 Fe,05 IB B, RIS
Fe,0;+3C=2Fe+3CO /i £ . Ui E T 1053 K i,
M Fe,O5 EERIIHIL S5 [ LA S T2k A A R T A
ARG, AT LUE it R, &
ARk o

LT 2008 Wi N B 2638 R s Beab LR 8, B BT
WA A A N B e Rk, AT EE
W . BT T AN Bk & SR AR AR % 4y 25
R BIREI, IINENER S REVERE T IR 83.7%18
£ 90.2%, AR AIELEIER A 92.1%F2 5 F) 95.0%. il
T I J5 AR RGO 5 A R R I o B AR A v, A
ARG, TEERPR R, 4Rk (R Rk 40 Fn
B ALEZTR, IMNENEE, &R EEUR LR R S
R, XART )G SR 5 4R B I 43 75
ol ZE S OV S A T R B AR TR AR — AR
PR )G —IE R MR R M 0735, 7E 2RI A ks #0
CaO ZJEFH & EraiEkA], 2 BB IR A iR s o
BAYIE R e R k. I RURE e AL B N — &
BOTMFAEE . F58. BIEhSE, AIIRm L B
R E BRI TR IR . TR I SR I R R N e
IR, 2GR W 45 04 1 Se A i L B AR
SRIGPOX LA B e, X P R BERTEL
RE M BRI,

IhAh, BN POR F SUA B T VR B 2 R TR R
B, AR S — R I LR A S S N
AP A INF, IR =P AR NHLCL %2
oA, FREN HCL S57RUEH I Fe,O5 VL. A2 i)
FeCl; [13 /5 315 °C, 7 400 ‘C AT 5L AT LL7E 438,
BARFER, R FeCly WA tUscd jm i gk B,
B a2 7R Ve S EALEICEL 1:0.65, KFREIRE 400 C,
REREIS ] 120 min,  SZ56 50 IF 5 158k 10 B CR A
79.6%.

KIEVE S SR AE B AN TR 72, eV B
BRI LA R T2, KREBwE 3 iR, 2
RS THFER R, FEEAR, SRS LA
R BRI, SRR 4 (0 77 1k DUk 52 21067
YANG %P5 T SRR H AR TR ECEk, R IE i
JLYTVE, EBEVEVE AT DTIE vT LA R 43 & B
T 5 BRI P L B Fe(C04)s" e, Ik X
NYIEREINER M. B TZ0E 4, FRIZH
IR, F CaCOy ¥z K pH AT % 3.51, W LAYLIE
B, JERE CaCy04.2H,0 Fl Fe(OH), IMPTIEY) . DLTE

Vi) Fe(OH); 1] LAE BV ARAE & F HCI-CaCl,
IV . SRJETE 80 CRHEHE, /7Y pH & 3.0~4.0,
AR Fe(OH); MIEWRH FRUTIE K. ¥ pH TR
3.52 FFidEVIIEY, 750 CHUE 3 h, BRN4iER
98.44%] Fe,03 =4

Red mud+reducing agent+additive

|

Blast furnace or electric furnace
roasting reduction

Crushing grinding
Magnetic separation
[
' |
Magnetic fraction Non-magnetic fraction

Recycling other
valuable metals

High temperature melting

1

Pig iron

B3 JOREYRe ek
Fig. 3 Flow diagram of Fe recovery from red mud by
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Fig.4 Flow diagram of Fe recovery from red mud by Oxalic acid leaching
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Table 2 Summary of metallurgical process for valuable elements recovery from red mud

Valuable Metallurgical Recovery

Process parameters and lack of technology Reference
element process rate

Red mud+coal+lime+sodium carbonate, sintering(800—1000 ‘C), H,O
leaching(65 “C, 1 h), return to Bayer process for aluminum recovery, magnetic
recovery of iron, hydrolysis and calcination to recover titanium and high energy
consumption, high production cost, waste gas generation

89% [32]

Pyrometallurgy

Red mud+sodium salt (6% Na,CO; and 6% Na,SO,) + coal powder, calcined at
98.6% 1050 °C, magnetic separation, 25%H,SO, leaching, 30 C, [35]
L/S=10:1, 30 min and high energy consumption

Al

89.00% HCI leaching: 6 mol/L, L/S=4:1, 109 C, 60 min and high acid consumption,
. (]

Hydrochemical refractory waste

79.22% Red mud+NaOH, 230 C, 2 h, the ratio of alkali to mud being 6 [31]

Red mud+dolomite+coke, smelting(1550 C), 30%H,SO, leaching slag,
84.7% 5%D2EHPA extraction, 10%Na,COj; stripping, hydrolysis, 1000 ‘C calcination [43]
and high energy consumption, waste gas pollution

Pyrometallurgy
76% HCl leaching: 363 K, L/S=10.3:1, Na,CO; roasting residue: 1423 K, [44]
T ’ 115 min, high acid consumption and high energy consumption
i
Concentrated sulfuric acid reacting with hydrochloric acid leaching
97% residue(acid hydrolysis): 300 C, 2 h, L/S =1.4:1; H,O leaching: L/S =10:1, [48]
Hydrochemical 1—1.5 h, high acid consumption and corrode equipment
2% 5 mol/L H,SO4+5% citric acid leaching, L/S =5:1, 90 “C, 60 min and high cost [5]
’ of organic acid
M ti
agne. ¢ 52.34% Magnetic separation and low recycling efficiency [53]
separation
Reduction-magnetic separation of iron: red mud-+coke+CaO, reduction
temperature(1250 ‘C), reduction time(60 min), grinding time(20 min), magnetic
P tall 93.13¢9 . . 54
Fe yrometallurgy & field strength(111.44 kA/m) and high energy consumption, generating waste (541
gas
98.44%
Hydrochemical  (purity of As shown in Fig. 4, high acid consumption, refractory waste liquid [57]
F 6203)
Red mud + concentrated sulfuric acid, calcined at 200°C for 1 h, (NH,4),SO,
>90% leaching, D2EHPA extraction, stripping, oxalic acid precipitation, calcination [66]
and crude Sc,05
98%H,S0, of 34 mL added, curing temperature of 260 ‘C, ripening time of 60
Pyrometallurgy ~ 91.06%  min, H,O leaching(L/S =4:1), complicated filtration and process, no subsequent [67]
separation after leaching
Sc Red mud+Na,COs3, Na,B,0;, sintering at 1100 °‘C for 20 min, hydrochloric acid
93%+5%  leaching, ion exchange, solvent extraction and high energy consumption, high [68]
resin cost

HCI leaching, P204+sec-caprylic alcohol+kerosene extraction, removing
impurities and stripping, TBP+sec-Caprylic alcoholtkerosene extraction,

92.25% . o . o - o [71]
) adding tartaric acid and ammonia after stripping, calcination and high acid
Hydrochemical consumption
20% Nitric acid leaching: 0.5 mol/L, L/S =50:1, 25 °C, 24 h and high acid (73]

consumption, refractory waste liquid

L/S: ratio of liquid to solid.
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Progress in valuable metal element recovery and
utilization of red mud—A review

WANG Lu', HAO Yan-zhong', HAO Zeng-fa’

(1. College of Science, Hebei University of Science and Technology, Shijiazhuang 050018, China;

2. Hebei Fulinyuan Water Treatment Agent Limited Company, Shijiazhuang 051430, China)

Abstract: Red mud is the solid powder waste generated in the process of alumina extraction by bauxite and a strong

alkali residue. Mass accumulation of the red mud causes serious pollution to the environment. Red mud not only can be

used as raw material as a whole, but also contains a variety of valuable metal elements. Therefore, the comprehensive

utilization of red mud has important practical significance. The research status and existing problems of extraction of

valuable metal elements such as Al, Fe, Ti and Sc from Bayer red mud were reviewed. At the same time, the development

direction of red mud comprehensive utilization was prospected.
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