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Table 1 Chemical composition of the sample
Na,0 MnO ALO, SiO, P,0, K,0 CaO TiO, S Fe,0,
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Fig.1 XRD pattern of the red mud
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Fig.2 Effect of microwave power(a) and material quantity(b)
on temperature rise of red mud
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Fig.3 Effect of microwave power (a) and material quantity
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Table 2 Response surface method factor level coding
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Table 3  Test design scheme and results

BB WRIRE ks
PETHEX /W PIEHEX Jg TR X /min
1 300.00 40.00 6.00 48.81
2 1 100.00 40.00 6.00 86.86
3 300.00 60.00 6.00 34.19
4 1 100.00 60.00 6.00 93.55
5 300.00 40.00 18.00 90.17
6 1 100.00 40.00 18.00 93.48
7 300.00 60.00 18.00 94.58
8 1 100.00 60.00 18.00 95.26
9 27.28 50.00 12.00 4.00
10 1372.72 50.00 12.00 98.69
11 700.00 33.18 12.00 93.55
12 700.00 66.82 12.00 92.17
13 700.00 50.00 1.91 34.41
14 700.00 50.00 22.09 98.87
15 700.00 50.00 12.00 98.61
16 700.00 50.00 12.00 98.61
17 700.00 50.00 12.00 98.61
18 700.00 50.00 12.00 98.61
19 700.00 50.00 12.00 98.61
20 700.00 50.00 12.00 98.61
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Table 4 Model fit analysis of response design
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RS ESPSY il 1.445x10° 1 1.445x10°
L5 5774.96 3 1924.99 8.93 0.001 0
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ZIRJ752F1 2131.09 3 710.36 99.37 <0.000 1 I
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2 A 14.68 0.626 2 0.556 1 0.396 7 5563.53
2 H A 13.02 0.7612 0.650 9 0.424 1 5310.86
Rt 2.67 0.992 2 0.9853 0.933 5 613.51 A
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Table 5 Variance analysis of response surface quadratic
model

TEKE CTHAM AME ¥ FlE  Prob>F

Model 9 150.65 9 1016.74  142.23  <0.000 1
X4 2798.17 1 279817 39143  <0.000 1

X, 0.065 1 0.065 9.034x10°  0.9262
Xs 2976.72 1 2976.72 41640  <0.000 1
XX, 23.39 1 23.39 3.27 0.100 6
X Xs 1210.81 1 1210.81 169.38  <0.000 1
X,X; 1040 1 10.40 145 02556 S T ——
Xy, 121371 1 121371 169.78  <0.000 1 7K 28 S i
Xp 5063 1 5063 708 00238 4 BOKESE STMERLL
X3, 1127.84 1 112784 157.77  <0.000 1 Fig.4 Comparison of predicted response and test values for
Bz 71.49 10 715 dehydration rate
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(b) Effect of the interaction of microwave power and time on the rate of red mud dewatering
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Fig.5 Response surface of microwave power, drying time, material quantity and their interaction on dehydration rate of red mud
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Table 6 Optimization process parameters of regression model

WOkThEE WRVE) TARERE PR, BOKE /%
W g c min TME S
700 50 100 12 98.58  97.95

3 4

(D 347 TR0 R AR e MR TH T Rt 9t
S 4 R R AR R TR E R 5 R Th R R L,
kL5950 8 A VR YA TR SR T ¥
D, WRLEL . IS A) X Ak U B 7K 22 1 52 il
AL T SRR GBKRZ AECEER, g5 0%
B, U T e VR - HgR B ) F 71 Y Bt 7K 2 1 s
Wi EC A B I 2

(2) BRAF IR V5 T8 A Ve e 7 T e A4 T
SBH: WO TEREREE N 100 °C, BIlTh® N 700 W,
YIRLE N 50 g, THREFTEIDN 12 min I, 2R U6 i
IKEEA 97.95%, SEARITIINME (98.58%) BN .

B X Hk

(1] R, RIF, IMA R, 55 JRVe S5 & A RTBUIR & e 2

(7). &JEH7111, 2019(6):38-44.

WU S C,ZHU L X, SUN T C, et al. Comprehensive utilization
status and prospect of red mud[J]. Metal Mine, 2019(6):38-44.
[2] 2= LA, AT, 227, &5 FRUe SR IRIWSOR) FRIF 7 3 Jé B
JEH[J]. #it, 2020, 41(6):97-107.

LI Y W, FU X H, LI L, et al. Research progress on
comprehensive recovery of bauxite residue: a comprehensive
review[J]. Chinese Rare Earths, 2020, 41(6):97-107.

[3] ZHANG J Z, YAO Z Y, WANG K, et al. Sustainable
utilization of bauxite residue (Red Mud) as a road material in
pavements: a critical review[J]. Construction and Building
Materials, 2021, 270(8):121419.

[4] MICHELLE P B, LUCAS F A, LARISSA S R, et al.
Evaluation and application of sintered red mud and its
incorporated clay ceramics as materials for building
construction[J]. Journal of Materials Research and Technology,
2020, 9(2):2186-2195.

[5] Z=5cifs, JRdRml, W ik, 5. JRUe B AR K e R e e
K rase a7 J]. 22408, 2022(2):5-9.

LI X H, SUZN, XIE X S, et al. Study on the effect of red mud
admixture on the performance and microstructure of cement
concrete[J]. Light Metals, 2022(2):5-9.

[6] Liu W C, Yang J K, Xiao B. Application of Bayer red mud
for iron recovery and building material production from
alumosilicate residues[J]. Journal of Hazardous Materials,
2009, 161(1):474-478.

[7] %% FRHERJ &S BRI AT 5 (D). BW: B
BB K%, 2018.

CHANG J. Research on comprehensive recovery of aluminum
and iron from red mud by bayer process[D]. Kunming:

Kunming University of Science and Technology, 2018.


https://doi.org/10.1016/j.jmrt.2019.12.049
https://doi.org/10.1016/j.jhazmat.2008.03.122

* 180

W E A

2025 4

[8] BE IR, BEEME, T 77, RE AR H AR BRI SRR T AR
BT 0 P-4 AR, 2018(6):139-143.

XUE Z, XUE Y H, WANG L. Study on the hydrochloric acid
leaching process of aluminum and iron from Bayer process red
mud[J]. Multipurpose Utilization of Mineral Resources,
2018(6):139-143.

(9] B&AF R, £ 2 55, SAEURT, 55, MIRUE b Il Wi it 7 it fie
(7). B 745 R H, 2021(5):9-16.

LUMY, WANG Z Y, DAI H X, et al. Research progress of
recovering scandium from red mud[J]. Multipurpose Utilization
of Mineral Resources, 2021(5):9-16.

[10] ZEfis, 0t 20303, &6 FRURERERECAR BT R BUIR 5 e
H[I]. BA, 2020, 29(6):87-93.

LI B Q, XIE X, JI C C, et al. Research status and prospect of
titanium extraction technology from red mud[J]. Mining and
Metallurgy, 2020, 29(6):87-93.

[11] R FH. AR DAV R 5o e BAGE JR BOR BT FE (1], 7
FELEEr R, 2011(2):37-40

GAO J Y. Technological research on direct reduction of
obsolete red mud in alumina industry[J].
Utilization of Mineral Resources, 2011(2):37-40.
[12] SRAkZE, XN, 152 . B B & TR S AR RS T8
Tz A (0], 42 AR, 2009, 37(1):8-10.

ZHANG J J, ZHAO M G, XU Y G. Application of novel
combination dryer in nickel concentrate drying[J]. Chemical
Engineering (China), 2009, 37(1):8-10.

Multipurpose

RU S H, ZENG H, FANG Y X, et al. Effect of microwave
drying and hot air drying on quality of Jin Xuan tea[J].
Chemical Industry
31(10):2183-2186.
[14] BERES, A AE AR, BUBhE, 55, BOR I 028 - UK &
T EWTT]. MR, 2018, 47(5):952-955.

HENG Y X, ZHENG X X, YIN Z Y, et al. Study on the

microwave vacuum-hot air combined drying process of

and Engineering Progress, 2012,

polygonatum sibiricum[J]. Applied Chemical Industry, 2018,
47(5):952-955.

[15] B% 0, MEM, IR, 55, WO HORIER BH 2% 55
Yiva 4R IR [J]. W5 48, 2019, 44(10):1094-1107.
MA A Y, ZHENG X M, SUN C Y, et al. Application of
microwave technology in mineral metallurgy and material
preparation[J]. Chinese Journal of Rare Metals, 2019,
44(10):1094-1107.

[16] XUHk, BCTE, ¥ =i, 5. otk AR e 3= 2k 1At
(1], AE4 80, 2019, 42(6):6-10.

LIUL, WEIG T, XIN Z W, et al. Study on the enhancement of
iron leaching from red mud by microwave heating[J]. Non-
metallic Minerals, 2019, 42(6):6-10.

(17] XU Te, R, B A, 55 J T w7 T2 e 250 H
BT A PR T2 ). 7 255 R, 2021(6):59-65.
LIU C L, ZHOU L L, XIA J P, et al. Optimization of high-

efficiency leaching of titanium from coal gangue with response

[13] 23R4T, WG WE, J7 i, 5. B )5 R F XTI xo) 4 7
2 SRR (0] 4 THERE, 2012, 31(10):2183-2186.

surface method[J].
Resources, 2021(6):59-65.

Multipurpose Utilization of Mineral

Optimization Study on the Microwave Drying of Red Mud Using Response
Surface Methodology

ZHENG Xuemei, RAN Maokang, LUO Dengli, MA Aiyuan

(School of Chemistry and Materials Engineering, Liupanshui Normal University, Guizhou Provincial Key
Laboratory of Coal Clean Utilization, Liupanshui 553004, Guizhou, China)
Abstract: As a kind of industrial waste from aluminum production, red mud is rich in valuable metal
elements and has high comprehensive utilization value. The effects of microwave power and material
amount on the temperature rise behavior of red mud were investigated. The results show that the heating rate
of red mud is directly proportional to the microwave power and inversely proportional to material amount.
Based on the single factor experiment, the optimization experiment of response surface method was carried
out. The effects of microwave power, material amount and drying time on the dehydration rate of red mud
were investigated respectively. The mathematical model between each factor and dehydration rate was
established, and the optimization process parameters of response surface of microwave clean drying red mud
were obtained: Control of microwave drying temperature was 100 °‘C, microwave power was 700 W,
material quantity was 50 g, drying time was 12 min, dehydration rate of red mud was 97.95%, and the model
prediction was similar (98.58%). The results laid a certain experimental foundation for the resource
utilization of red mud.

Keywords: Red mud; Microwave drying; Dehydration rate; Response Surface
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