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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 (b) 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
Neimeng 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
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ATULVEH, ARUE A SO A o B A
AL . SRR AL B B AR T R

res TP AR AR iR U P R B A R SRR A

ER

Physical Properties Index Value Evaluation
Specific surface area/(m*g ") 64.09-186.9 >>>Clay (10-25)
Particle size/mm 0.075-0.005 >>>Clay (<<0.002)
Porosity ratio/% 2.53-2.95 >Clay (0.69—1.78)
Water-holding Capacity/% 79.03-93.2 >>>Clay (<<42)
Specific gravity/(kN-m ) 2.8(2.7-2.89) > Clay
Moisture capacity/% 80(82.3—105.9) >>>Clay (<<30)
Degree of saturation/% 91.1-99.6 Complete saturation
Cation exchange capacity/(mg'g ") 25-35mg/100 g Destabilization
Density/(kgm ) 2700—2900 >Clay (1490—1900)

e N CESE b e A R S-S A 5 %

Table 4 Main chemical composition of red mud from different countries and regions (mass fraction, %)

Major chemical composition

Country Producing place Ref.
Fe,0; SiO, AlLO; CaO Na,O TiO,

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 4.29 [20]
Canada ALCAN 31.60 8.89 20.61 1.33 10.26 6.23 [21]
Hebei 4.30 48.30 23.0 4.10 0.10 0.80 [22]
Jiangsu 59.30 9.10 16.20 2.10 0.20 8.20 [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 PACA Region 59.10 5.90 12.80 5.40 3.80 10.40 [28]
Veotia 41.65 9.28 15.83 10.53 2.26 473 [29]

Greece
Agios Nikolaos 44.60 10.20 23.60 11.20 2.50 5.70 [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 9.20 [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 14.30 28.10 5.20 9.80 7.70 [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]
UK 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/ Isother.m Kinetic Adsorptlon
ollutants  treatment concentration/  surface . pH  adsorption model capacity/ Ref.
P (mg'L™") area/(m>g") model (mg'g™)
Pseudo-
RM-vinasse-co- 25-500 73.00 25 ~50 F .reundhch se(fond-ord.er (48]
hydrothermal isotherm and intraparticle
diffusion model
Langmuir Pseudo-
RM-HC1 100-500 23.80 25 5.0-7.0 . & second-order 16.43  [49]
isotherm del
Pb(1) mode
RM-HCl-iron Langmuir Pseudo-
) 50 49.44 - 60 "8 second-order  27.02  [5]
oxide coated isotherm
model
. . Pseudo-
RM-colloidal =, 55 37.32 25 50  LAneMUIr o ondoorder 56497 [50]
silica-NaOH isotherm
model
Langmuir Pseudo-
RM-HCI 50-500 23.80 25 5.0-7.0 . & second-order 4.96 [49]
isotherm
model
Cu(1l) RM-HCI _ Langmuir _ _ 1
boiled 192 30 33 isotherm [51]
RM-FeCls- _ Langmuir  Pseudo-first-
CTAB 201.2 35 6.0 isotherm order model 221 [52]
Langmuir Pseudo-
RM-HCI 10-100 23.80 - 5.0-7.0 . & second-order 16.43  [49]
isotherm
model
RM-600 C 2550 26.50 20 20 Langmulr Pseudo-first- _ [53]
roasted for 2 h isotherm order model
Cr(Il)/
RM-H,O
C VI 232
(VD treat-500 C - 108.00 30 2.0 - - 35.66  [54]
roasted for 3 h
. . Pseudo-
RM-HCI-80 © 100 - 25 20  LANEMUIT o ondoorder  25.64  [55]
oil bath for 3 h isotherm
model
. Pseudo-
RM- 5-400 15.28 40 . Freundlich o dorder 521 [56]
granulation isotherm
model
RM-graphene - 25 60  Langmuir - 12.598  [57]
composite isotherm
Cd(II)
. 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 [59]
Pseudo-
RM-Fe Freundlich
Mn(1I) modified 95 28 6.0 isotherm second-order 56.81 [60]

model
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Table 6 Removal of inorganic anions by red mud

2.3 FRREBRKDIHAEF

HTARRDSHRKENEEALD NGRS
ALY, — LSk E R TS e T DO 5
oo VUERMEMZS S L. BAT, WE2HE%ETD
TAHI TR I I AR AL BT 1 Bk, BAE & B IR
KBRS LK, HAHRBE LR 6
Fiose WHTRTRUAEL, JRie kK AbBEAA BT LA 2%
WL BRTICHIBA RS 7o 55T R R S K A HEAL R
XA R TEHL B 8 5 ) 5 BR LB o

Target RM Initial . 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 g second- 112 [71]
isotherm
order model
. . Pseudo-
Nano-crystalline 10 154-206 25 _ Langmuir - ond- 134-196 [72]
RM akaganeite isotherm
order model
RM-treated Freundlich Bangham’s
H,0,-Znalginate 1-8 - 30+1 6.0 . pore diffusion - [73]
beads isotherm model
Fluoride
Fe-Al-La trimetal
adscflr}l;(z:imfeesared Langmuir Pseudo-
it prep 10 371.47 25 6.6-7.0 & second- 7407 [74]
by iron and isotherm
; . order model
aluminum leaching
from RM
nano-crystalline .
. L P -first-
akageneite 10 211 25 7.0 iiﬁng gﬁgi;izi 27.8  [75]
extracted from RM
Freundlich Pseudo
RM-modified ri isoth i
modifiedrice 5 186.95 25 _ Isotherm/ o nd- 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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BeAh, R EERS. B 8. SRS YR
WIEA R BRBE R A o X EE 2 1T DL K H
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R B T R
232 R LR
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IR AE /1, HARVE R AR A = KA 7 R
R TR EE RN . BRIEWARTE R ER #AL
HAT LA LU N BA TR 1) KE HERER
R FATE R IE L e 7], @=SOH, , AHIF F
26 2) SRER AT LLA T AN A S ILA, 2
14 &8 E A A ) R B R, T RS PR U
B KB Fo L ZESR FIBIR R AR VR 1 Fe A
Al, 35 L2’ VR A # % 1 T Fe-Al-La =048
AN LAY Zeta AL, £04D

HiE A XPS Hi oA, F BRI 7 1E T
I B FRUAN B A g s 5], [FIB Foak ] AR R
K —OH KA T .
233 R LRV

e — PRI EIEES B TR . V2 WU E X S
JRAKACERHEAT T RIFE, TR X 1 FH 730 Ab B fie
JIKIAT T WFFE. PEPPER 2155 M AR i Y
B, BT —PE R AR A B Ao e i A Bt
B, AT AR5 MR B AR B, X A B A 52
TR IR ) 52, X VH BRI B A R C A+
MR . APPR S R APE K R AEE T X, IR ER 1
KA S SR s

H3;AsO4+H,0—> H,AsO, +H;0", pK,=2.19 9)
H,AsO; +H,0—> HAsO. +H;0", pK,=6.94  (10)
HAsO? +H,0—> AsO} +H;0", pK,5=11.50  (11)

LR FCAESE, 16— T N K pH 7T AR
R FE R, X AT RE BRI pH T LARR AR FR 3L
IR b 2 18] (0 5 S BT R, ] LA St A
TRUBFT R AR PN, SEBURRI KR . BEAh, #
% 0 R e M LR S 5 PR AR A e R gk e 220,

2.4 FRBEBIKFEHISEY
241 FRUCFHEMR PR 22 B HLTG G

H T A WG R EA R rfa et FFeEmis
PVEFIBE B & AR, KRR A BT
Gyt I EL . — BRI G R le 5 At A )
REREME SRR, B FAS B 10 S 770
IRUCHEAT SR B A B 344 . H T R AR
SN IR AR 25 BRoK P AR A HLY R L 2510
T 3 b v B A A iR U AR AR 1 TR LA 2 AR AL 5R
BT IR FE IS, TR RN AR T 2
BRAK IR ST R o« 2 AT RHE & 1 Re A
(—OH. —N=, —NH—AI N), &mtRmH
(102.24 m%/g), FEHIPILEM . MEITHRIN LR
FHRT V) pH, TERRPESAR T RS SF IR I 25
MR m . HRBRMLHE 3 B B s e e
MR 51 SZELA - AYDIN 255V F B FesOy/ 7RI 4IK
FORL B AK IR NV B, R %
pH=6.0, FMEHEMEAN 3 g/L, 25°C, W 60 min,
LA™ B T Ao R PR AL
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BHLYR B A m AR A b, Sxtd
AIREEIE BN ™ R, T BRIk S AT
AR IKAR IR B 1E B IR R T R, AR 2 = H AL
TR AR HE B AR B K R R Bkl . ZHANG
25 IS P IR V% A 6 45 92 i Ve TR B L6 % A 4 46
Jokl, HWPAEE R, URER N, A
SEPTEM BRI R, AT DLIE I % F R 5 38 5 BH 51 G
BHE 2 BRAE ST TG AR TE XS FLAE SR 4 d 4R (1)
W B SR ANTA], FLAE LRI B I R TGS AR, 45
B SR R B R R W G R . L AL ER AT 40 N R
e 1) PHES TGk 1E B A (— N IAEAE AT i 5
T2 e 55 % B R T R AR AE ELAE s 2) Sekb b
ZUIE I SR 5 R PR R AR
242 HARREMAT LBREIE D

B 1R FH 2RI S8 B 551 22 B A LTS e 2 4,
— LRI FUIL AR TR TE A R U i A 7R DLE o v
ARG NS I . AR AT DU & AL
MR UEZS BN LA D) AR SR FEER
&EEAAY), 1 Fe,05. ALOs. TiO,. SiO,. CaO
A Na,OP, MRIBLAFIIIFIFE, Fe,05 F1 TIO, OO
W R S ML R AR AT LTS A RO SRR,
4, Fe,05/ TIO,™. Fe,05/ ALOS™ | 1 Fe,04/8i0,""
1) S 0T 445 0 S 7 HA 6P BILTS G AR S 1R O i A %
filtfe 715 2) ARl BA 3w LR 45 b R i 1 LR

R, AR E R & KRG WIS LA, i
R HE P AR AR

SHI 25 # A X R e EAT ik, DABR AR
KPR, g5RERW, SRR R e A
BAF A ERE, RSN, 7E 350 CREEEM AR e R
A BT RE AR M AR AR YR B fEAL
P BE R4 v 5 R R Dy B 3 T AR 45 5 FE PR
KARHE T B AR5 G B I 16 S E A
SAHU 2R FIZ BHA S T 113k Co M AR
HEMEL IR I T I W A AR . 20
mg/L L A WAL K AE pH 9 9, fEALFIBEI
H50.08 g/L, Yl 150 min 5, FEMEAT LIS
97.21%. OBk 1 BEHE /5 1 S5 IR mT B2 el T s
THAESHHE -GBS, BERTEEHE
HHRETRER . PIARM, FREMAR LT e
R AR R AL R RE, BN, R AR YR
HEAL TR T P B AR AL

7 U FE A A TR B Tk A A0 7R B AR SRR IR A

OLHs, IR TR W Al A2 il 26 fHE A7) F) 7 A iR
Blo SRT, FRURIEME AT R AR E PEAS REH 2
TAVESR, UEHIZRE FALEE T 2] LR s e R
WFIRITERE . PRI, B AhRJE HUAL BB K 7R T
FEAEALFAR R BT T T 16 o

3 HipMRE

TRUENEN—FRIR iz MR, B 23RS
IR A PR FE M, K H BT T /K AR b5 Be i) £ o
HAH R AR LU T LBk hi5 3
TERMEFESRRR =PRI . 5k, RERA
GAA 2 SLIN G, IX 0 2 FLES R m] LS 3t 25 Fh R
frsi, MIMEZRJERA T BUFIIE N EE . BEAh,
TR F W e E ALY &R EANY), XS
KA 75 Gy ml DU B 750, SR TG
AFEGTHE ST AR BHE AR R M. 735k, HREs
SRR pH, FEBRVEZRAE T, AReRis
PR KR AT, AT AR e M 75 et 2
] B IR S o 14 ARYEAE K AL ER TS ) _E IR ST
ARUE SEARYBAE K5 Geia BT ) BRI ), /T
CASEIL BRI R B b, (B2 Bt T4k T5ede =
TR BRI SR — AR5 [ R s ok 1) AR
MR FRJE BRI, HRTRE AR, R &
EROKAE pH T, PRI S48 — MR H i 2
T ER SR R AL — A EE T 5 2) H
HITFRIRIE PP A PR R A A A AR R 2 K A B B, (H
TR DR LE S RSO P TR SR B 2, BT fg ok
AR AR — MR E L 3) ARk
JR 7K I T RE H — F ] A% R 4 e A2 Dy e I ] 44 R
FH, PIAMLE S SR SRR K AL SR
EH RO RE LA, RBERSE N EE
RO TE N 2R s 4) AR B A0TSR L BRALER A
e, ZHWHTUE RIEREAE RIS R Lk, X
EI R b SN U NI Wi ST
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aqueous solution by visible-light-driven photocatalytic

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: With the continuous development of society, water pollution is becoming more and more serious, and
the removal of pollutants in water has attracted widespread attention. The use of solid waste to treat wastewater is a
promising method. Red mud, as a bulk mining solid waste, contains rich metal oxides/metal hydroxides, and has
well-developed pore structure and high specific surface area, which can be used to remove pollutants from water.
In recent years, the use of red mud to remove pollutants from water has attracted wide attention. This paper
analyzes the source, composition, and properties of red mud and introduces the modification and activation
methods and the underlying mechanism of red mud. Application case studies for pollutants removed by red mud
are listed, and the removal mechanism is expounded. Finally, on the basis of previous studies, the shortcomings and
future development trend of using red mud to remove pollutants in water are put forward.

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

removal mechanism
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