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Experimental Study on Alkali Removal and Titanium Extraction
from Red Mud with Tartaric Acid by Bayer Process
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(1.School of Resources and Civil Engineering, Northeastern University, Shenyang 110819, Liaoning, China; 2.Guizhou
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Abstract; With tartaric acid as a leaching agent, an experiment was conducted to investigate the effects of different
leaching conditions on the leaching rates of sodium and titanium from red mud. The process parameters were optimized by
orthogonal experiments, and the leaching mechanism was then analyzed in combination with the study of leaching
kinetics and the properties of leaching residues. It can be seen from the leaching test and orthogonal experiment that with
tartaric acid at a concentration of 1.00 mol/L, leaching temperature of 90 °C , liquid-solid ratio of 8 ml./g, and leaching
time of 60 min, the leaching rates of sodium and titanium from red mud can reach 93.50% and 76.66% , respectively.
XRD analysis of red mud before and after tartaric acid leaching shows that the sodium in the leaching solution mainly
comes from cancrinite and sodium hydroxide in the Bayer process, while the titanium mainly comes from perovskite and
secondary titanium that dissolves and re-precipitates on the surface of red mud during the Bayer process. The leaching
kinetics analysis shows that both alkali removal and titanium leaching from red mud conform to an unreacted shrinking
core model, and the processes of alkali removal and titanium leaching are mainly controlled by interfacial chemical
reactions.
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Table 1 ~ Content of each component in red mud %
Ca0  ALO, S0,  Fe,0, TiO,  Na,0  HAh
24.62 23.67 21.24 18.66 5.21 0.54 6.06
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Fig.1 Effect of liquid-solid ratio on leaching rate
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Fig.2 Effect of tartaric acid concentration on leaching rate
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Fig.3 Effect of leaching time on leaching rate
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Fig.4 Effect of leaching temperature on leaching rate
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Table 2 Factors and levels of orthogonal test

KF A/(mol - L7T) B/C C/(mL-g™") D/min

1 0.50 80 4 50
2 0.75 90 6 60
3 1.00 100 8 70

®3 EXHEHER

Table 3 Orthogonal test results

o A B o D/ Na M
(mol - L") € (mL-g') min BHE% BFHE %

1 1 1 1 1 70.78 12.08
2 1 2 3 2 90.23 30.13
3 1 3 2 3 82.87 14.64
4 2 1 3 3 94.37 66.07
5 2 2 2 1 88.23 58.79
6 2 3 1 2 80.19 38.53
7 3 1 2 2 94.32 77.36
8 3 2 1 3 89.21 68.81
9 3 3 3 1 97.50 87.65
K, 243.88 259.47 240.18  256.51

K, 26279 267.67 265.42 264.74

K, 281.03 260.56 282.10 266.45

R, 12.38 273 13.97 3.31

k, 56.85 15551 119.42 158.52

k, 163.39 15773 150.79  146.02

ks 233.82 140.82  183.85 149.52
R, 58.99 5.64 21.48 4.17
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Table 4  Verification test results of optimum conditions

75 B2 % BRI R/ %
93.10 76.21
2 93.77 77.06
3 93.63 76.72
T 93.50 76.66
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Fig.5 XRD patterns of red mud before and after leaching
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Fig.6 Fitting curves of sodium leaching kinetics model
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Fig.7 Fitting curves of titanium leaching kinetics model

52 3LHk ( References) ;

(1] Fb=Mg, FEh, %, 55, AU P Buas A o 4 Jm BT L& R BLIR

LORB[T]. B2, 2023,41(2) :256-271.
DU Yunpeng, TONG Xiong, XIE Xian, et al. Current status and
prospect of comprehensive utilization of valuable metal resources such
as scandium in red mud[ J]. Journal of the Chinese Society of Rare
Earths, 2023,41(2) :256-271.

(2] WAUIER ZR6MG , sk, 5. b AR T iR e 2 AR BLIR T ].
AEEIERIERRT) , 2024(3) :69-75.

HU Minghui, QIE Zhipeng, ZHANG Xinhan, et al. Status of compre-
hensive utilization of red mud in the context of carbon neutrality[ J].
Nonferrous Metals ( Extractive Metallurgy) , 2024(3) :69-75.

[3] AGATZINI-LEONARDOU S, OUSTADAKIS P, TSAKIRIDIS P E,
et al. Titanium leaching from red mud by diluted sulfuric acid at
atmospheric pressure [ J ]. Journal of Hazardous Materials, 2008,
157(2/3) :579-586.

(4] PRl L, PRICAESF. AP FEHE R PR R T B
FCRPFELT]. R 540, 2024,42(6) < 1146-1156.

SHAN Xinke, HUANG Kui, LU Yuanhuan, et al. Selective leaching
of scandium and yttrium from Bayer red mud by citric acid[ J]. Jour-
nal of the Chinese Society of Rare Earths, 2024,42(6) :1146-1156.

[5] PRIHUTAMI P, SEDIAWAN W B, ASTUTI W, et al. Effect of tem-
perature on rare earth elements recovery from coal fly ash using citric
acid[ J]. IOP Conference Series: Materials Science and Engineering,
2020,742( 1) :012040.

[6] ALKAN G, YAGMURLU B, CAKMAKOGLU S, et al. Novel ap-



146 7o TR 545 &
proach for enhanced scandium and titanium leaching efficiency from hing and kinetics study for separation of iron and scandium from red
bauxite residue with suppressed silica gel formation[ J]. Scientific Re- mud[ J]. Mining and Metallurgical Engineering, 2019,39(3) .81-84.
ports, 2018,8:5676. [14] AR ERERER 5. Tl db IR S5 b B R v P 53—k

[7] JIANG T, SINGH S, DUNN K A, et al. Optimizing leaching of rare JRH[ )], TRRZEEMR, 2017,39(4) :487-493.
earth elements from red mud and spent fluorescent lamp phosphors WANG Jie, ZHANG Qin, QIU Yueqin, et al. The first principles of
using levulinic acid[ J]. Sustainability, 2022,14(15) ; 9682. the crystal structure and active sites of calcite[ J]. Chinese Journal of
[8] UJACZKI E, ZIMMERMANN Y, GASSER C, et al. Red mud as sec- Engineering, 2017,39(4) :487-493.
ondary source for critical raw materials; Purification of rare earth ele- [15] Z=R,Z2H4S, IVEW. B E 4 NaA 83T 0 K Hoxt 45 58 1
ments by liquid/liquid extraction[ J]. Journal of Chemical Technolo- B RS ]. ok BbaE i), 2022,7(5) :604-614.
gy & Biotechnology, 2017,92(10) :2683-2690. LI Kun, LI Chunquan, SUN Zhiming. Preparation of NaA zeolite
(9] URINE, ENLF 6, 45, TE28 256 e A R S Ak St 0 i with fly ash and its adsorption properties for lead ions[ J]. Journal of
?ﬂ{’{?&ﬂ’)[ﬁ]q&]:*i[ J1. HTHARETT R, 2022,51(8) :86-88. Mining Science and Technology, 2022,7(5) :604-614.
LIU Lihui, WANG Liping, HE Haina, et al. Optimum of zinc oxide recy- (167 2k, THs, FERIAT, 2 FEE W RIB AT 2B AT Rdh f12
cled process from waste zinc oxide catalyst by orthogonal experiment|[J]. WESE[I]. BB TR, 2024,44(3) :111-115.
Technology & Development of Chemical Industry, 2022,51(8) :86-88. HUANG Kui, DING Yan, TANG Qiheng, et al. Leaching behavior
(10 RWERC, 75 5. RRREL i AR UE S PSO7 ARA I RITTILSZ A9 and kinetics of scandium and yttrium from Bayer red mud[ J]. Min-
THIFELT]. TRRSEEEOR, 2021,53(4) :240-246. ing and Metallurgical Engineering, 2024,44(3) ;111-115.
ZHU Xiaobo, WANG Tao, LI Wang. Experimental study on recovery [17]  SeWF 3KE ARSI ZE T AR E SR E T8 Na* K 105
of Y by acetic acid leaching from red mud and solvent extraction by SRR )], B0 TR, 2024,44(3) :86-90.
P507 from leaching solution[ J]. Advanced Engineering Sciences, . . . o
2021,53(4) :240-246. CHAI Ye, ZHANG Qin. Dissolution characteristics of heavy metal
o ) ions and Na*, K* in red mud influenced by different environmental
[11] JIANG T, SINGH S, DUNN K A, et al. Optimizing leaching of rare
carth clements from red mud and spent fluorescent Jamp phosphors u- factors[ J]. Mining and Metallurgical Engineering, 2024,44(3) :86-90.
sing levulinic acid[ J]. Sustainability, 2022,14(15) :9682.
[12] LIZL,XIEZH, DENG J, et al. Leaching kinetics of rare earth elements SIRAS X LE, T4, F A, F. A5 AL B BRI RS
in phosphoric acid from phosphate rock[J]. Metals, 2021,11(2) :239. FRGLLI]. & A2, 2025,45(4) :141-146.
[13] Tulg e B, 2. RIRTPRmREErEE Bk s Lsh h LIU Wenbao, DING Rui, LI Weichao, et al. Experimental study on alkali

ST )], HR TR, 2019,39(3) .81-84.
NING Lingfeng, HE Dewen, CHEN Wei, et al. Sulfuric acid leac-

removal and titanium extraction from red mud with tartaric acid by bayer

process[ J]. Mining and Metallurgical Engineering, 2025,45(4) :141-146.

(358 140 D)

(3]

ZHANG X, GAN X, E Q, et al. Ameliorative effects of nano-seleni-
um against NiSO,-induced apoptosis in rat testes [ J ]. Toxicology

Mechanisms and Methods, 2019,29(7) :467-477.

TR, TR, AL SR GG R B R 5 O BB AR A U T

T[], #EEk, 2021,35(3) :193-197.

WANG Caixia, ZHANG Rui, WANG Shuang, et al. Protective effects of
nano-selenium on nickel-induced renal cell apoptosis in rats[J]. Journal
of Toxicology, 2021,35(3) :193-197.

ZE 2N N4 A BRI T R RG M/ N FET OB (]
Hib, 2020,50(2) :168-171.

LI Jing, LI Jigang, SUN Dongdong, et al. Development of flooded
type Ni-MH battery for railway passenger car[ J]. Battery Bimonthly,
2020,50(2) :168-171.

MR, B , At pH(EDGH /K BRI LB B 5T ]
Tk K58, 2005,36(5) :17-19.

CHEN Yuhui, TAO Tao, YU Jian. Effects of pH value on removal of iron
and manganese from groundwater[ J]. Industrial Water & Wastewater,
2005,36(5) :17-19.

PIASECKI W, SZYMANEK K, CHARMAS R. Fe?* adsorption on iron
oxide; The importance of the redox potential of the adsorption system| ] ].
Adsorption, 2019,25(3) :613-619.

HIE 3K 3 A I A MG G d B R Bk PRk ()],
WA R, 2021(3) :114-119.

[10]

[11]

SHEN Yafang, ZHANG Wen, HAO Baichuan, et al. Research pro-
gress in chemical removal of iron in hydrometallurgy[ J]. Multipurpose
Utilization of Mineral Resources, 2021(3) :114-119.
TREEL, kg A MDA RLBR R BRORS ) 7 2 iR IR o [0 ]
MR E4LIE, 2017(21) :6-7.
ZHANG Jiankai, ZHANG Jiaquan, LUO Qingtang, et al. Experimen-
tal study on the method of refining crude nickel sulfate[ J]. World
Nonferrous Metals, 2017(21) :6-7.
R ALBRRRER AR 20 T ZHE [T ]. il TR, 2018(5) :52-56.
WU Xiaoli. Study on purification of crude nickel sulfate[ J]. Copper
Engineering, 2018(5) :52-56.
DFEHE BEC, ik, F. AARLPERBRERS
B[], BRI, 2023,43(2) :97-101.
MA Baojun, LUO Guanwen, ZHAN Huanwu, et al. Removal of iron and

BRI

cobalt from nickel sulfate mixture solution by oxidation with chlorine[ J ].

Mining and Metallurgical Engineering, 2023,43(2) :97-101.

SIAARN . $%4, THEA, ALE, ¥, RANR ERS AR B R4S
Peym R[], & A T4, 2025,45(4) ;137-140.
JIANG Xuexian, WANG Lusen, ZHU Wenyun, et al. Application of

oxidative precipitation for iron removal in refining nickel sulfate[ J]. Mining

and Metallurgical Engineering, 2025,45(4) ;137-140.



