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Table 1 Annual output of red mud in some countries (mt/year)

China Australia Brazil India Russia America Canada
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Fig. 1 Red mud production in China(a) and red mud
utilization and utilization rate in China(b) (2011-2018)
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Table 2 Red mud production in Chinese provinces in 2018

Province Alumina Red Mud Proportion/
production/Mt  production/Mt %
Shandong 25.62 37.15 35.32
Shanxi 20.24 29.35 27.90
Henan 11.63 16.86 16.03
Guangxi 8.17 11.84 11.26
Guizhou 4.22 6.12 5.81
Yunnan 1.39 2.02 1.92
Chongqing 0.74 1.07 1.01
Inner
Mongolia 0.38 0.56 0.53
Sichuan 0.07 0.10 0.10
Anhui 0.07 0.09 0.09
Total 72.53 105.16 100
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Table 3 Basic physical properties of red mud

Physical Property Red mud Comparative evaluation
Specific surface area/(m?g™!) 64.09-186.9 10-25
Particle size/mm 0.075-0.005 <0.002
Porosity ratio/% 2.53-2.95 0.69-1.78
Water-holding capacity/% 79.03-93.2 <42
Moisture capacity/% 80(82.3-105.9) <30
Degree of saturation/% 91.1-99.6 Complete saturation
Cation exchange capacity/(mg-g™!) 0.25-0.35 Destabilization
Density/(kgm™) 2700-2900 1490-1900
R4 ANEEZONHLX R 32 24 2 B 7y
Table 4 Main chemical composition of red mud from different countries and regions
Country Producing place Mass fraction/%% Ref.
Fe20s SiO2 ALOs CaO NaxO TiOz
Australia Queensland 36.48 14.88 23.53 1.83 9.41 6.84  [19]
Brazil Alunorte 45.60 15.60 15.10 1.16 7.50 429  [20]
Canada Arvida Quebec 31.60 8.89 20.61 1.33 10.26 6.23 [21]
Hebei 4.30 48.30 23.0 4.10 0.10 080  [22]
Jiangsu 59.30 9.10 16.20 2.10 0.20 820  [23]
China Shandong 19.17 18.48 9.87 27.31 3.57 3.18 [24]
Shanxi 20.32 22.66  23.52 14.60 11.80 3.63 [25]
Henan 16.70  20.38 23.32 11.40 7.38 5.15 [26]
Guangxi 6.96 26.80  24.03 15.58 7.15 3.42 [27]
France Alteo Gardanne 59.10 5.90 12.80 5.40 3.80 10.40  [28]
Greoce Veotia 41.65 9.28 15.83 10.53 2.26 4.73 [29]
Agios Nikolaos 44.60 10.20  23.60 11.20 2.50 570  [30]
India Tamil Nadu 49.00 9.91 20.80 1.92 4.11 - [31]
Italy Porto Vesme 35.20 11.60 20.00 6.70 7.50 920  [32]
Iran Jajarm 22.17 13.00 13.98 24.25 2.01 7.17 [33]
Korea Samho-eup 31.20 18.99  25.50 2.39 13.85 6.79  [34]
Youngam 34.90 1430  28.10 5.20 9.80 770 [35]
Spain San Cibrao 37.00 9.00 12.00 6.00 5.00 20.00  [36]
Turkey Konya 41.20 15.10  23.95 2.00 9.50 4.00 [37]
United Kingdom Burntisland 46.00 5.00 20.00 1.00 8.00 6.00  [38]
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Table 5 Removal of heavy metal cations by red mud (RM)
Target RM Initial . Specific Temperature/ Isothe@ Kinetic Adsorptlon
ollutant treatment concentration/  surface . pH  adsorption model capacity/ Ref.
P (mg-L™!)  area/(m>g™) model (mg-g™h)
Pseudo-
RM-vinasse-co- 25-500 23.00 25 ~50 F .reundhch se(fond-ord.er (48]
hydrothermal isotherm and intraparticle
diffusion model
Langmuir Pseudo-
RM-HCI 100-500 23.80 25 50-7.0 8 second-order 1643  [49]
isotherm
Pb** model
. . Pseudo-
RM-HCl-ron 50 49.44 - 60  AMEMUI o ondorder 2702 [5]
oxide coated isotherm
model
. . Pseudo-
RM-colloidal =, 50 37.32 25 50  CANEMUI o ondorder 56497  [50]
silica-NaOH isotherm
model
Langmuir Pseudo-
RM-HCI 50-500 23.80 25 50-7.0 8 second-order 4.96 [49]
isotherm
model
Cu?t RM-HCI _ Langmuir _ _
boiled 192 30 33 isotherm [31]
RM-FeCls- _ Langmuir  Pseudo-first-
CTAB 201.2 35 6.0 isotherm order model 221 [521
Langmuir Pseudo-
RM-HCI 10—-100 23.80 - 50-7.0 8 second-order 16.43  [49]
isotherm
model
RM-600 'C 2550 26.50 20 20 Langmulr Pseudo-first- _ [53]
Cr/ roasted for 2 h isotherm  order model
Cr6* RM-H202
treat-500 C - 108.00 30 2.0 - - 35.66  [54]
roasted for 3 h
o . Pseudo-
RM-HCL-80 © - 25 20 LAnemur - ondorder  25.64  [55]
oil bath for 3 h isotherm
model
. Pseudo-
RM- 5-400 15.28 40 _ Freundlich — hdorder 521 [56]
granulation isotherm
model
RM-graphene - 25 60  Langmuir - 12.598  [57]
composite isotherm
Cd2+
. Pseudo-
RM-500 © 200 32.77 20 6.0 - second-order 4295  [58]
roasted for 3 h
model
RM-iron oxide Freundlich  Intraparticle
activated 0.4 20 6.0 isotherm  diffusion model 0.7 [39]
. Pseudo-
Mn* RM.-Fe 95 - 28 6.0 F.r cundlich second-order  56.81  [60]
modified isotherm

model




164 hEA ORI

202241 H

HRAERE, WE A, HLPliE. FHlsl. R
25 A BRI 4162 KAZARK 55850 H e
PR, R KR GEA BT R B 25 RR
B, Pb> R B I A5 52 v — B TR R0 kr P 4
RIPEf], AELEXS Po> IR sTRkt R B
T 40.8%. FREMGIA “PHESF-n” AHEAEH
31.2%. VUVENEH] 25.4%M4R 4 [N 2.6%.

AT TR R, ARV I KA EE AL R AT LA 20
F % K AR B 7. NADAROGLU 25051 F i
AR K H ) Cu?*, R Cu® 1] LS 758
& B E AR TR T R R 57 R Aer A AR A
TSR Cu 1 2Bk . IR EBHRI A FeCls -
INJEdE = SRR BN AR YR AT e M AR B,
W2 BATLEE Sy S0P 7 U 3R THT #2225 (Si-OH s o-FeOOH I
B-FeOOH) UL K 5 7% A &R 7 FIR TR G 1 771, 839
IR B (i 52 T AR E I 5 ) A 2 TR (1 A 4
B S Cu? A 2L B
222 ESRVER )2 BRI

FHRBFLR T, ARie Pk MR I S 2 £ Br
TS B R A1, QL ZEIRF 7L T PRl
5] 7= 1 A8 (BRA A1 BRB)XI /K A1 Cr ) L BRHLEE
553, BRB [ Fe;O3 1 ALO; & &1 T BRA,
XCrTH R BR AR A . A, HABRE A
(40.80%~87.85%)~ i A4 4 45 5 % (4.04%~20.28%)
RIFR A A545%(6.60%~33.72%) & Cr 78 778t 1 ()
RS, R, RA 0.50%~2.60%[1 Cr’ it S5k
FREET MGG, RIS ERE RER T,
IR BRK A Cr LB T DAHEI 20 .

1) FRie BRI EE R B, AT LA et
SN, KA KR AR, KA A R DTE - h2F
TR
Cr¥*+CO0;” +H,0—Cr(OH)**+ HCO; (1)
2Cr(OH)**— Cr, (OH)3" ()
Cr(OH)**+ Cr, (OH)** + CO?” +H,0—

Cr,(OH)]" + HCO; (3)

2) MR BKIER PR, Crr ez 5 7R
P ) FexOs 1 AL O3 K AE M, A2 | CasAlsCroO1s,
(Si, A1);04, Fe(Cr, Al),04, FeCr>Si3012, MgCro 1Fe; 904
1 MgCro4Fe; 604

3) {EBAVIXML S min 2 )5, 53R 1)FE AL,

FerOs #k 4 5 Cr’* e s

Cro' b Crr a8 ttkg, KM Crf e
IR TR R pHe MRETFER I, Cr¥'7E pH
9 2~5 B LA HCrO, R RAELE), B pH 13
hn, HCrO, %4k~ CrO; . b4k, 7EMK pH T,
FRRF IR 1L, Al Cré LARH B 7R bl AR iR
Wb o Cro ] LLUE N Cr, SR )5 IE L iie fl4s
HRPIFRE Cr'.

WCHEEFENLMENFEAEESRE.
Cd* 5| i /KI5 e 5 B 5] R 70 (1 o9, FIH 75
PEBKFp Ca M ARWAEE T Z . YANG
25 88 ) RS AL AR TR R B K R ) Cd? s [RI SR i
SREREGEAN XPS X CA* R PIHLEEREAT T b TR
FRAEARIE B Cd* af Loyl 6 Fh: /KM Cd* s &
TN Cd*t IR & Cd . BERE &
Cd*. AWL4EG CA IR Cd* . ilid e 7
ZEUHT, WU IR TR PR IR Cd* 3 ZE LR AR A
WEED CE L IR A CE M E F 4
CA HITEAFAE « FIH XPS #E— B 34T 40 Hr vl LK
W, CA AP TNATEN Na" RAEB T
. ML, CAFIE SRR F—OH Fl—O0 AL
WEBRIRE AY)(—OCdOH), =23l Cd( 1)K %=k,
i H AN ZEECRE &R A R T4 e Cd(ID)r)
W B Ao
223 AR

Bh(Mn) & NS T 5 L B TT R, @ik
FET M2 U 20 APk = A Bk, KA B T ik
FE Mn? 206 B = A iR I LTS . KAUR
SEIOTR B IGEAL T2 A0 HE AR Y8 LA R Min( 11 25
BraE . XRD Al XPS S5 HRERH, T HKE A
%5 TR KR M2 )25, KA IINBRVE TR
Iy, B . SR, BEE pH F R, KIEA
SIE KR FERAERES Mn? EA 456 B4
o HbAh, SRIPUIE PR 45 6 2 BRER 10 = 2R,
Mn?* 2 1EARJE R T TE B MnzO4 F1 MnCOs. LI 45150
FA 06 7RI A A B 751 Ak R R A R /K R ) Min?* o
FEERELH], Mn( 1D)FIR PR b 7 B g 7%
FRYeFHH 0—C—O0. Si—O—Al 1 Fe—O %f Mn?*
FOWR B SR . B rT L, A A Ak
/AR AR T R R M Ay . TR S
PIRAFLE Mo il Mn*, H Mn*. Mn*" Al Mn*JEE



H32 B 1M

S, S5 FIRIZRYE ZBRK s Qe R Sk Ji 165

IREEA 12:38:50, X R BN B AE AR JE B Mn? &8t
FAL R Mn* F1 Mn*t, H Mn* 2 7RJE R = B
.

23 FRRERRKBENBEET

H TR S A KE &8 S DR A
A, —REE I B TS el OB B 1L
e, VUEMRMZ S LR HEl, WE2OHRMESD
THRIRIR Ve B A AL B R I B 7 IR0K, Bad &

F6 SRRERTHIE T

Table 6 Removal of inorganic anions by red mud

BRI K . & SR A& R 7K, HOAH DA 78 S5
F 6 FRle T, IR 6 n LRI, FRleE/KAab #EAL
BEAT DA Rt £ BR AL B+ 3 Rk e 5t
IK AL BEAL RS AN [F] TCATLBA & (1) 25 BRALEE .
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o BEA KR E B FRAAS W I Al 55 Y5 i i1 O
Hai e, ZeroK b i aas 15 bk ok bl B 2200781 ik

Target RM Imtlal. Specific Temperature/ Isothe@ Kinetic Adsorptlon
ollutants treatment concentration/ surface area/ . pH  adsorption model capacity/ Ref.
P (mgL™)  (mg") model (mgg™)
Freundlich ~ Pseudo-
RM-polypyrole 1-25 102.24 25 2.0-5.0 isotherm  second-order 115.7 [68]
RM-neutralized- ) 80.63 50 4.0 - - 19262  [69]
acid activated
Phosphorus 116 oxide derived Langmuir Pseudo-first-
B gmuir Pseudo-first.
from RM 3/10 70 isotherm  order model 1209 [70]
Langmuir Pseudo-
RM-HCl activated ~ 50—500 29.63 30+1 2.0 -ansm second- 112 [71]
isotherm
order model
. . Pseudo-
Nano-crystalline 10 154-206 25 _ Lamgmuir o ond- 134-196 [72]
RM akaganeite isotherm
order model
RM-treated . Bangham’s
; F lich oo
H>0»-Znalginate 1-8 - 301 6o [froundlich oo diffusion - (73]
beads isotherm model
Fluoride
Fe-Al-La trimetal
adsc?r%(i:;m:ieesared Langmuir Pseudo-
it prep 10 371.47 25 6.6-7.0 ~nem second- 7407 [74]
by iron and isotherm
: . order model
aluminum leaching
from RM
nano-crystalline .
. L P -first-
akageneite 10 211 25 7.0 iiﬁgﬁ: ;ﬁtﬁ;iii 278 [75]
extracted from RM
Freundlich Pseudo
RM-modified ri isoth i
modifiedrice 5 186.95 25  Isotherm/ o ond- 5923 [76]
Arsenic straw biochar Langmuir order model
isotherm
polymeric/inorganic
hybrid sorbents . Pseudo-
F lich
based on red mud 0.05 - - 7.0 r eundlic second- - [77]
. isotherm
and nanosized order model

magnetite
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JEREA XPS 04T, $Et P EBRHLERG R A iE
FELAT PRV PR AR B A i B 5], [ B B3 ] DA
FRIe R —OH KAEE 735,
233 G EBRALER

TR — RS IESE TR . V2T IEE R &

JRKACEEREAT TRIFAT, IR 4 I A b 2 A
JRKHEAT T #F5E. PEPPER 25N it MRy i X
B, BT TR AR AR ARATR IS R
MV B FRIAR L, 3 R B 7 A 52 9 T R R )
Wi, X AP TR R o CURUR 7 1R . iR £
SRR KR AETETE S, BIER 3R I /K S S T

H3AsO4+H20—> H,AsO, +H30", pKa=2.19 Q)
H,AsO, +H,0—> HAsO; +H30", pKo=6.94  (10)
HAsO:” +H,0—> AsO; +H30", pKs=11.50  (11)

Z RO TCUESE, £ Vu B N IR pH 7T LR
R LR, XA RERAELIRAY pH AT AR FE 5L
AR & 2 18] (R SE 4P W PRE T, PRI, T L 5
TR TR A i BRI, BRI Bk . EAh, #H
R TR AT 3 A7 P A S e R Bk A L I 4 520,

24 FRERIKBPEHNISEY
241 FRUHER A EBRA NG R

HT AV EA RIFrfEtE. Fenis
JVEANBE V) EE & SR SRR, BRI A LG
G B . — e AN AR AR S AR
& 2GR AR, B R AN IR R e 7R o5 e
AT RO SR I BB LTS Y. B R SR AR 8 JE T Bt
MEF:BRK AR R A HLGYRL. LI A58 a@ itk
N B R R 5 R B AR b 1 TR A A 2 E A R AR S
T AR SR, R AR B A R T 25 Rk
H AT IR o R ARG ==& 1R B g H1(—OH.
—N=—. —NH—F N%), &1t RmH102.24
m%/g), FE ML AR BT XSRS TR T
F R RBUR TN pH, FERRYESAE T WA ISR
M EBRFER . AR ER EE R R 75
P AER B 5] SEFLE - AYDIN 25835 #47 Fe;0u/
IRRAK IR 2 K R BRIV B, s R R 2%
fF)9: pH=6.0, MEHLME N3 g/L, 25 C, W
60 min, MEHHIE Hofw 32 EE AR

AHLYRL A mE AR A R, SXHE
ARG A A ™ B, T BRAR Gk B AT
Al K AR IR B I8 B S T RE e, A AR 2 2 E A IT
TR 7R U6 FE B A4 B B K g Gk, ZHANG
S ISR FH R 1 A8 285025 7 Ul T P 7L 8 S R 45 55
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gekl, HBFRSERKH, MR SN, 5
SEFRTEM BRI, ] DUIE I F I 5] 1 5 B B -
BHOEBREE ST TS BRI FLA SR A2 S 2R 11
W B RCRAN TR, L8 S P I B 3 R A TG AR,
X0 235 S R R B R IR e R o LR B L3 T 43
WA 1) BHES TGk o IE B fuf (— N (4778 v]
Tt B AR ¥ 5 R B R R T AR AT AH BLAE A s 2) ekl
HH ) U B S R B ) B R AR I
242 HARRIEMEAF EBREIIG D

B 1R FH 2RIl S5 B 55 22 B A LS e 2 4,
— LRI S AR TE A R U A R DLE o v
AMNRBEBAE NG 3. 7R v LU T4 B 7
IR AT BAHSE B LA JLA: 1) AR &R FE N
SJBEAY, 1 FeOs. ALO;. TiOz. SiO2. CaO
Al Na, OB, RHE LTI 7T, Fe O3 A1 TiO, EL4
Bt e S AL B AR AT HLTS e A SO RHBE8T, i
4k, Fea03/ TiOo*81, Fe 03/ ALOBL, Fil Fey03/Si0,Y
1) S o3 445 S 7 H 0P BILTS e 0 e 1) Dl A4k
VEfRRE 1. 2) ARVBEA F 5 MFLIR G M AN = i b
KA, FHAEBERNEEREEIITEY, M
[[igfeid s 3 ye N

SHI S5 PIR H # b BT ARl b AT o, DARR A
KR . SRR, St sRle L R dh 7R e A
BAF AL PERE, AL, TE 350 CREHEM IR R
BT B RE AR E . A ARV G AL
PEAE A4 v 35 B IR Dy EL 3R T BRI 485 5 B PR
AL HE TR H AR5 G P 0 W B E T e iE S
fif o SAHU Z5P2ER FRE A BT 3K Co By AN
INRE AR, Hoke A T R 0 P R AL B A
20 mg/L FR0 A R WERLADL I /K 7E pH M 9.0, AL
BINEN 0.08 ¢/L FIZAF T, J6lf 150 min J5, [%
fifrZem] AR 3] 97.21% o H ' fhe A0 P B4 ey 14 Ji ERT T
AeAs H Tk 7Oeil S B2 B M 5,
BRAR T AR ReE. PTARE, REMNA
7] 4ab 21 77 22 {3 5 I e BE A AL R ) PR RE 1
w1, BREUMHE AR VR AL IR T P AR R AL A

7 U A AR B b A A0 TR B A SR IR A
#s, FARBRRR, AR T & g
JERE. SR, JR U AR PR 5 R R R e 1 AN RE S
JE TSR, il AL T 24 e Ue i A0 71
ItERE. BRI, &M RUE TRAL BR B AR 2 o lfe s 1k

(RIES UL TN
3 FRMRE

TRV — R iz SRR 25 3R
WS, g FLRLH T K AR s e it £ B By
HRE S AR DU TR Bk R s Qe 3 252
REFEARI =R B, FERAHRRE
FLIVEER, X Rh 2 LA AT LASR (I 2 PR B A2
MIHE PR BAT T AP IR RE 1o HL, ARie
AE% e AN/ R 8, XERKEH
fds el LUE B 1A e @ 12 A AT
Ve T R AR JE R T . 5=, FRIERRNK
PRIAEEI) pH, FEBRVESRME T, ARJeRim S BEKR
BT, ATIRHE AR FHRA B 15 4L 2 18] (1
IR S] . 104, JRVEAERARER J7 1) L RIRE TR S8
TRUCAE RIS YA B 5 17 BA RO 71, T RASEE)
CARIR IR B b, B 22 40 FT AT Ak S8 == it 7T ff
BRI 3T — 2R 0] 1) R A i R -

1) B IRAGR TR AL B R, R B e 1A
PR, [ 2xiE oKk pH Thi, BRI S — ik
A B B Al S D7 VR R = R S SR A TR A
EC - ynF

2) H R AR FE b 8 A R AR iR 2 K Ak
BRPRL, B R AR A AR [ WSO PR3 £
SE QAT DRI A 1A it 2 R — NI T A

3) e AR B R K 5 AT fE b A i 1A Bk 5 A e
NG R EAR IR 7Y, R AME S SR e H A
FIKAEBERCR, IEEHIE AR A L7, Kthe
R JE N EE I TN R

4) JRUEXT SNSRI R BRI AN S, 2
Bt suid RSB R — 5 R £k, MZuEE
TS RR ZIBE TR D
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Research progress on removing pollutants from water by red mud

YI Long-sheng, MI Hong-cheng, WU Qian, XIA Jin, ZHANG Bing-hang

(School of Minerals Processing and Bioengineering, Central South University, Changsha 410083, China)

Abstract: Red mud, as a solid waste produced in the aluminia refining process, contains abundant metal
oxides/hydroxides and has rich pore structure and high specific surface area. After simple modification, it can be
used as a low-cost water treatment material to effectively remove pollutants from water. Meanwhile, it can achieve
the purpose of “treatment of wastes with wastes” and has promising application prospects. In recent years, the use
of red mud to remove pollutants from water has attracted wide attention. In this paper, the source, composition, and
properties of red mud were analyzed, and the modification and activation methods and the underlying mechanism
of red mud were also introduced in detail. The application studies of red mud to remove pollutants were listed, and
the corresponding removal mechanisms were expounded. Finally, on the base of previous studies, the shortcomings
and future development trend of using red mud to remove pollutants in water were put forward.

Key words: red mud; adsorption; catalytic degradation; heavy metal ions; inorganic anions; organic pollutants;

removal mechanism
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