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Table 1 Main chemical compositions of red mud
JLE Al, O, Ca0  Fe,0, TiO, Na, O Si0,
i 20.49 2.46 48.01 5.77 9.14 14. 66
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Fig. 1 XRD patterns of red mud
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Fig. 2 Effect of H" concentration on the dissolution efficiency of
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Fig. 3 Effect of S/L ratio on the dissolution efficiency of Na in
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Fig. 4 Effect of stirring speed on the dissolution efficiency of Na
from red mud
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Fig. 8 XRD patterns of the leaching residue before and after sul-
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Table 2 The main chemical composition of the leached residue

JLE Na Al Si Ca
/% 0.60 9.60 1.54 2.17
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Fig. 9 Particle size distribution of red mud and the residue after
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and filter residue used as soil aggregates

B 12 FRURMeE O L B A A R (a) A S ds (b) FlAE 15 ds () Rl 15 d Rl k1Al
Fig. 12 The Rosa Chinensis planted for (a) 5 days, (b) 15 days, and (c¢) 15 days with the enlarged image

TR AR U6 A A A RL, B A 2RI B
1% IR et BRI B A2, R o
B RS , MR P53h J124 g5 1, T A% SR el A —
AALTRER RS B, G & 13 s o /KR itk U 1 s 1

L, f

WPAHEILE 3. SERFNT, 5 HLS0, VN 1.6 mol/
A 0. 47% . LI 0 75 T L% 8 K
W T AR



- 138 -

BRI S

2021 4E

c(H*)>=1 6mol/L

FEifR(AL Siet al)

B e B8 TR (Al et al)

B 13 SR YRS BRI A SRR TR
Fig. 13 Flow chart of red mud dealkalization leaching process
and filter residue used as building materials

&3 KU VLg% L

Table 3 The composition of cement and red mud residual
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AR IE 0.47 17.8 12.8 2.5

5 Fig

(1) fe A R = WA 245 14 4 : 0. 8 mol/L i iR, )& i
TR 298 K, iz B [E] 10 min,S/L b 1/4 ¢/mL, $if 358
i 300 /min, LR AT 15 90% LA Lo AL EE T AN
WA 1A 5 I R, i L g v (5 P 0 AR o R A
12 AT DA ol R R AT, A Tl P2 TR 1 5t 4 ) P 4 it
T,

(2) 832 50 B R WD, 12 AR B2 4 R 12 A 2o A
b PRI Y T B RSz P R R L AR
FEAYZ WS AL RE 9 16. 99 kJ/mol, XRD 73 7 45 A ik
SE, PRI LR T I R A e R A 5 A0 S BRI
SN A= SR BR S WU ) o, — BB T T A T R, o —
BB Bk TR R e UKL 1, A1) T o e RN IR 1Y i —
R, B R R S5 R R AT , AR 5 SR AT
— B HYBRIR SN, SXAEAL AT DL 2908 , 38 RE AR 84 B
TR ROV ATELRE

(3) BT LA B EIB IS, $2 th—Fh 2 RIRE
BT 25 ()2 H ¥ )E M 0. 1 mol/L ¥4/%E| 0.4 mol/L
BF A5 B A B Sy S R T DL AR T A (2) 2
HY ¥R BETR ] 1.6 mol/L I, F 4% 1 U8 ¥ v 84 &5 & 4y
0.6% , ] F T # I}, SR Y& A4 [ SR

S A :

[1] ZHANG Y, SHI Q,LUO M, et al. Improved bauxite residue dealkaliza-
tion by combination of aerated washing and electrodialysis [ J]. Journal
of Hazardous Materials, 2019. 364 . 682 - 690.

[2]LU F, XIAO T, LIN J, et al. Recovery of gallium from Bayer red mud

through acidic — leaching — ion — exchange process under normal atmos-
pheric pressure [ J]. Hydrometallurgy, 2018, 175.124 - 132.

[3] CHUN T, ZHU D, PAN J, et al. Recovery of Alumina from Magnetic
Separation Tailings of Red Mud by Na, CO, Solution Leaching [J]. Met-
allurgical & Materials Transactions B, 2014, 45(3) .827 - 832.

[4] WANG Q, YU H, BEN T, et al. Preparation of lightweight high —
strength thermal insulation and decoration integration porous ceramics u-
sing red mud [J]. Journal of the Australian Ceramic Society, 2019 91
-98.

[5] CHUN S, H RAI, M NISHIYAMA, et al. Using Organic Matter with
Chemical Amendments to Improve Calcareous Sodic Soil [J]. Communi-
cations in Soil Science & Plant Analysis, 2007. 38(1): 205 -216.

[6] YIRR, CAO W. Current Situation and Prospect of Comprehensive Utili-
zation of Red Mud [ J]. Applied Mechanics & Materials, 2014, 522/
523/524.811 - 816.

[7] DAVRIS P, BALOMENOS E, PANIAS D, et al. Selective leaching of

rare earth elements from bauxite residue (red mud), using a functional-

ized hydrophobic ionic liquid [ J]. Hydrometallurgy, 2016, 164,125 —

135.

HE H, YUE Q, QI'Y, et al. The effect of incorporation of red mud on

the properties of clay ceramic bodies [ J]. Applied Clay Science, 2012,

70(DEC. ) :67 -73.

[9. ] KANG S P, KWON S J. Effects of red mud and Alkali — Activated Slag
Cement on efflorescence in cement mortar [ J]. Construction & Building
Materials, 2017, 133:459 -467.

[10] KANFMAN, E N., LITTLE M H. , SELVARA]J PT. Recycling of FGD

gypsum to calcium carbonate and elemental sulfur using mixed sulfate —

—
oo
[}

reducing bacteria with sewage digest as a carbon source [ J]. Journal of
Chemical Technology & Biotechnology, 2010. 66(4) . 365 —374.

[11] ZHU X, LI W, GUAN X. An active dealkalization of red mud with
roasting and water leaching [ J]. Journal of Hazardous Materials, 2015,
28685 -91.

[12] CHEN L B, ZHANG Y F, ZHANG Y. Dealkalization of red mud gener-
ated in alumina production by sub — molten salt process under atmos-
pheric pressure [ J]. Chinese journal of process engineering, 2010, 10
(3):470 -475.

[13] ZHAO B L, HONG X L, MENG M L. Effects of cooling method on re-
moval of sodium from active roasting red mud based on water leaching
[J]. Hydrometallurgy, 2017, 16792 —100.

[14] LUO M, QI X, ZHANG Y, et al. Study on dealkalization and settling
performance of red mud [ J]. Environmental ence and Pollution Re-
search, 2016, 24(2) .1 -9.

[15] U ROHDE, F RUTHE, PG JONES, et al. Formation and Structure of
the First 7 — Aza — 1 — phosphanorbornadiene Complex [ J]. Ange-
wandte Chemie International Edition, 2010. 38(1/2) . 215 -217.

[16] LUO M, Y REN, J TONG, et al. Study on dealkalization and settling
performance of red mud [ J]. Environmental Science & Pollution Re-
search International, 24(2) : 1794 —1802.

[17] WANG Y , ZHANG T A , LYU G , et al. Recovery of alkali and alu-
mina from bauxite residue (red mud) and complete reuse of the treated
residue [ J]. Journal of Cleaner Production, 2018, 188 (1) ;456 —465.

[18] JIAO J, LANG L, RUOHUA L, et al. Preparation and thermal perform-

ance of binary fatty acid with diatomite as form — stable composite phase

change material for cooling asphalt pavements [ J] , Construction and

Building Materials, 2019, 226(30) : 616 — 642

BORRA C R, PONTIKES Y, BINNEMANS K , et al. Leaching of rare

earths from bauxite residue (red mud) [J]. Minerals Engineering,

2015, 76:20 - 27.

[20] HONG L C, TING W, YANG K, et al. Technology conditions and

mechanism discussion of sodium and iron extraction from red mud by

[19

[t}

acid [J]. inorganic chemicals industry, 2016, 1. 44 —48.



H1H

WY AR DRI SR R B S 2 R RIS

- 139 -

[21] HUANG K, LI Y F, JIAO S Q, et al. Adsorptive removal of methylene
blue dye wastewater from aqueous solution using citric acid activated red
mud [J]. Zhongguo Youse Jinshu Xuebao/Chinese Journal of Nonfer-
rous Metals, 2011, 21(12) :3182 -3188.

[22] ALHARTHI A I, HARGREAVES J S J, PULFORD I D, et al. Hydro-
carbon cracking over red mud and modified red mud samples [ J]. Sus-
tain. Metall. 2016, 2. 387 - 393.

[23] UZUN D, MUSTAFA G. Dissolution kinetics of iron and aluminium
from red mud in sulphuric acid solution [ J]. Indian Journal of Chemical
Technology, 2007, 14(3) ;263 —268.

[24] TUNCUK A, CIFTLIK S, AKCIL A. Factorial experiments for iron re-
moval from kaolin by using single and two — step leaching with sulfuric
acid [J]. Hydrometallurgy, 2013, 134/135.80 - 86.

[25] BORRA C R, BLANPAIN B, PONTIKES Y, et al. Recovery of Rare
Earths and Major Metals from Bauxite Residue (Red Mud) by Alkali
Roasting, Smelting, and Leaching [ J]. Journal of Sustainable Metallur-
gy, 2017, 3(2) :393 —404.

[26] JIAO J, YaANQING T, RUO H L, et al. Synergy Effect of Attapulgite,
Rubber, and Diatomite on Organic Montmorillonite Modified Asphalt
[J]. Journal of Materials in Civil Engineering, 2019, 31 (2):
04018388. 1 —04018388. 8.

[27] ZHANG Y, HU Y, SUN N, et al. A novel precipitant for separating

lithium from magnesium in high Mg/Li ratio brine [ J]. Hydrometallur-
gy, 2019, 187.125 —133.

[28] EDWIN C. Microscopical and elemental FESEM and Phenom ProX -
SEM — EDS analysis of osteocyte — and blood vessel — like microstruc-
tures obtained from fossil vertebrates of the Eocene Messel Pit, Germany
[J]. Peerj, 2016, 4(5).

[29] KONG X, LI M, LI X, et al. Acid transformation of bauxite residue;
conversion of its alkaline characteristics [ J]. Journal of Hazardous Ma-
terial, 2017, 324 . 382 -390.

[30] SAHU M. K, PATEL R K J R A. Removal of safranin — O dye from a-
queous solution using modified red mud [ J]. Kinetics and equilibrium
studies. 2015. 5(96) : 78491 -78501.

[31] LIXF, YEY Z, XUE S G, et al. Leaching optimization and dissolu-
tion behavior of alkaline anions in bauxite residue [ J]. Transactions of
Nonferrous Metals Society of China, 2017, 28(6).

[32] XUES G, WU Y J, LIY W, et al. Application of industrial waste to
alkaline regulation of red mud [J]. Journal of central south university,
2019, 26(2) : 268 —288 (in Chinese).

[33] LANCIA A , MUSMARRA D , PEPE F | et al. Characteristic times for
limestone particle dissolution in the production of gypsum from the wet
flue gas desulfurization process [ J]. Environmental Science & Technol-
ogy, 1994, 28(6) :1031 —1036.



- 140 - TR 5 A 2021 4

Dealkalization of Red Mud by Mild Acid Leaching and Comprehensive Utiliza-
tion
HU Guangyan

School of Minerals Processing and Bioengineering , Ceniral South University, Changsha 410083, China

Abstract ; Strong alkalinity is the key factor restricting the comprehensive utilization of red mud and acid leaching is an ef-
fective method for the dealkalization of red mud. Most studies have focused on the recovery of metals in this extreme alka-
line waste by strong acid leaching, ignoring the dealkalization and stabilization of red mud with low concentrations of acid.
In this study, the leaching behavior of Na in red mud with low concentration of sulfuric acid was carefully investigated and
the effects of sulfuric acid concentration, liquid — solid ratio, stirring speed, leaching temperature and leaching time on
red mud dealkalization were investigated. The results show that treatment with an acidic solution at pH 1 removed 17. 84%
of Na. Greater than 60% Na was leached by an acidic solution with H"* concentration of 0.5 mol/L, resulting in a rela-
tively simple leaching liquid treatment process. And the pH of the leaching residue was 8.5 which slightly alkaline so the
residual RM could be used as soil aggregates. Under the optimal conditions of H* concentration 1.6 mol/L, solid - liquid
ratio 1/4 g/mL, stirring speed 300 r/min, leaching temperature 298K and leaching time 10 min, the dissolution efficiency
of Na reached at 94.70% , leaving only 0. 6% Na in the residue, which makes it possible to meet the demand of applica-
tion for construction materials. We also investigated the sulfuric acid leaching kinetics. The results show that the sodium
leaching process is mainly controlled by the product layer diffusion model and the apparent activation energy of the leac-
hing process is 16.99 kJ/mol in low concentration sulfuric acid medium. XRD analysis shows that calcite reacts with sul-
furic acid to form calcium sulfate microsoluble substance is the main reason for the formation of product layer. Based on
the above results, a new multistage acid leaching process was proposed, which laid a foundation for the comprehensive uti-
lization of red mud.
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