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Fig. 1 Effects of aqueous pH on Er't extraction rate (a) and oil mass concentration (b) in raffinate
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Fig. 2 Effects of stirring speed on Er*t extraction rate (a) and oil mass concentration (b) in raffinate
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Table 1 Test factors and levels of response surface method

7K 1 ko) 3
KA pH  BEPEEEE/ (e min~h) AHLVA 2 Vo)
k(=D 2.5 130 3.5+ 1
(o) 3.0 140 41
w1 3.5 150 4.5+ 1

% Fl Box-Behnken Design 3, PAZEE 5 min A
Er’" 2% 5 15 min J5 443 W Tl T R 45K
A A i SO (B A7 7 TET AR AL . PP 4 SR A - AR G
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1. 2% Span 80479 ¥ 531 Jhy A HLAH 3547 e 1oz 1 AR
Bk, 5 R L% 2,



+ 392 -

TAr T

2025 4F 6 H

x2 MEEBALLEER

Table 2 Experimental results of response surface method

Fe 11 X2 x3 E/% o/(mg+ L™
1 3.0 140 41 82.2 4.70
2 2.5 150 4] 88.1 5.51
3 3.0 130 3.5 1 86. 8 0.15
4 3.0 140 41 81.1 1.19
5 3.0 140 431 79.5 1. 39
6 3.5 130 431 94.9 2.22
7 3.5 150 41 97.4 22.12
8 3.0 140 41 85.2 0.79
9 3.0 150 4.5+ 1 89. 8 8. 87
10 3.5 140 3.5 1 98. 3 18. 36
11 2.5 140 4.5+ 1 74.1 3.26
12 3.5 140 4.5+ 1 95.1 2.56
13 3.0 130 4.5+ 1 76.3 2.80
14 2.5 140 3.5+ 1 82.6 2.0
15 3.0 150 3.5+ 1 90. 8 19. 25
16 3.0 140 41 83.8 4.10
17 2.5 130 41 73.4 0.12
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Fig. 4 Comparison between predicted and

actual values of Er*" extraction rate
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Table 3 Results of variance analysis and significance
test for response surface regression model of Er**

extraction rate
WH  CPHFM AmE ¥F OFMHE P{H IR 2 e

E 956.73 9 106.3 30.22 <C 0.0001 *x

x 570.19 1 570.19 162.1 <C0.000 1 *%

k) 151. 28 1 151.28 43.01 0. 000 3 *%
X3 68. 34 1 68.34 19.43 0.003 1 *x
x1x2 37.72 1 37.72 10.72 0.013 6 *

x1x3 6.95 1 6.95 1.97 0.202 7

xoxs  22.97 1 22.97 6.53 0.037 8 *
xf 61.85 1 61.85 17.58  0.004 1 *x
x} 21.49 1 21.49 6.11 0.042 7 *
x5 7.5 1 7.5 2.13 0.187 7

E 24.62 7 3.52
KA 4,57 3 1.52  0.304  0.8223
iR 20.05 4 5.01

S 981.35 16

x, P<C0.05, 3 ; »« . P<<0.01. M 3.

2% 3 AT P<<0. 000 1,5 B A6 0 5 A7 % ot
B M 5 R UTHAS B 3 (P=0. 822 32>0. 05), %
WA LG R R P AT AL 21 2 s
a2 RPEST AR Y 5 3 S A B (P<<0.01),
21 X9 Ty s x5 R 5 W 38R 35 (0. 01<TP<C0. 05),
2y x5 2k RS IR YN i 38 (P>>0. 05) 5 i F{E AT 1,3
ANHEZEX EX AR R W UT R 20 > >y
RIZKAH pH> i FE B > M (Va2 V)

MR 3 THE AR bR iR 222 1. 88, I ME
8584, A R E K218, W KR K R =
0.974 9,84 J5 R*=0.942 7, il R*=0. 893 5,
R* /3K 0.974 9, F W52 bRAA 5 H0 4 = W] £ 7E
S A DG L U B AR LS T T M A5 R R X
Er*" ZEBCR W52 s P8 805 R R BN R* () Jr 2%
ZWEWIHAE 0. 2 JEIN . HLFH 17, 784 6, K BiZ
RN off B e . A T 22 HT RN ErYT AR
RUA 2 AW W AHEAEH . BKAE pH 5 58 4
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Fig. 5 Response surface plot (a) and contour plot (b) of effects of aqueous pH and stirring speed on Er’* extraction rate
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Fig. 6 Response surface plot (a) and contour plot (b) of effects of stirring intensity versus
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Table 4 Results of variance analysis and significance test of response surface regression model of oil mass concentration
it H -5 i F R B2 ¥75 F {8 P{H B E
18 781.53 9 86. 84 30.09 < 0.000 1 ®%
Xy 147.73 1 147.73 51.19 0.000 2 %
X2 318. 28 1 318. 28 110. 28 <2 0.000 1 *%
X3 61.92 1 61.92 21.45 0.002 4 *%
x1a2 52.65 1 52.65 18. 24 0.003 7 %
x1x 72.77 1 72.77 25.21 0.001 5 *%
X223 42.42 1 42.42 14.7 0.006 4 *%
vt 15. 46 1 15. 46 5.35 0.053 9
x5 41.52 1 41.52 14.38 0.00 68 *%
x4 20. 28 1 20. 28 7.03 0.0329 *
B2 20.2 7 2.89
AU 6.95 3 2.32 0.699 4 0.599 6
afi % 2 13.25 4 3.31
sl 801.73 16

%, P<C0.05, B3 ; . P<<0.01.Mt B3,

A2 4 A1 . P<<0. 000 1,158 BRI FLAT B 58 110
B R B B3 (P=0. 599 6=>0. 05) , % B
BRI AR R s PAE AT, 20 v v w0y 2
T2y s M 2 AR AR FH I BT S R R e i
B35 (P<<0.01),a5 520 B3 (0. 01<<P<C0. 05) , a1 %
Wi A 25 (P=>>0. 05), H1 F BRI %0, 3 A~ 2 X
TR BRI 2, =y >y » BV 3 > K
A pH=>H L (V2 V),

MR 4 AR I AR IR 22 1. 70, X {E R
5.85. 8 % RN 29. 06, ML RELR* =0. 974 8,1
5 R*=0.942 4, i R*=0.835 4, R* mik

0.974 8, FBASCBRE 5 WU 2 8] 17 75 % % 1 41
M RS RPAT R/ 5 22 2B W78 0. 2
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Fig. 8 Response surface plot (a) and contour plot (b) of effects of aqueous pH and stirring speed on oil mass

concentration of raffinate
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Fig. 9 Response surface plot (a) and contour plot (b) of effects of aqueous pH versus

phase ratio (V4 : V) on oil mass concentration of raffinate
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Fig. 10 Response surface plot (a) and contour plot (b) of effects of stirring intensity and

phase ratio (V, : V) on oil mass concentration of raffinate

ZE b e AL T 22508 KA pH=
3.5 B FEHE 130 r/min, ML Vit V=4 1, %
T2 %M T, 2B 5 min B, Ef % B 0] 3k
95. 42 %0 ZEAW M BT EE VR BE S 1. 68 mg/ L, Tl il
H5REE R 5 .

3 i

K H Span 80-P507 & & 0 @& &4 % Wi +
Er’™ 3 2k 5 PR 2% 5 56 R0 e 0 T8 3 B G Ak i
AR KA pH=3. 5, i B 130 r/min, /K
WAL Va2 Vo=4+ 1, FEZMRA KM T HER
5 min, Er'" ZHCR A IK 95, 42 % AP i
EWE N 1. 68 mg/L, it Design-Expert 13 KX
PERTAT Er® 2 B3 R AL A i v i o o vk R Y [ml
VALY (1 S0 5 a5 {8 i W) & BE S B, R
Span 80 M A BEA R B 1k FLAL B 5 &k A=, A 45
VEFTHIT RS, . 3200 7T Sl 335 5] A B0 2 IO 448k
— R BB L FLAC R AT R T

Sk

[1] HOSSAIN M K, RAIHAN G A, AKBAR M A, et al
Current applications and future potential of rare earth
oxides in sustainable nuclear, radiation,and energydevices:a
review[ ] ].ACS Applied Electronic Materials, 2022,4(7):
3327-3353.

[2] DUTTA T,KIM K, UCHIMIVA M, et al. Global demand
for rare earth resources and strategies for green mining[ J].
Environmental Research,2016,150:182-190.

(3] 2R %08 B, BEJS A2, 45 5 ) 40 2 300 et 7 1 1 I8 3R T 5

[4]

[5]

[6]

(7]

[8]

(9]

[10]

[J]. A G )8 QR - 2016(9) - 10-12.
LI Feng, TANG Qiming, YANG Qihua, et al. Influence
factors on stability of copper extractant [ ] ]. Nonferrous
Metals,2016(9) :10-12.
LIU K, WANG Z, TANG X, et al. Extraction of yttrium
using naphthenic acid with different acid numbers [ ] ].
Separation Science and Technology, 2016, 51 (17 ).
2804-2814.
LIU J, ZHAO Y, WANG Z, et al. Review on micro-
mechanism of forming emulsification during rare earth
extraction by acidic extractants[]]. Journal of Rare Earths,
2023. DOI:10. 1016/j. jre. 2023. 12. 009.
B, P507-Span 80 {4 28 3 B 4 5 72 B i 43 7 AH LA
JAVLRIRTSELD]. 3 & « 7 & BT K%, 2023,
HUSSEIN M A, MOHAMMED A A, ATIYA M A.
Application of emulsion and Pickering emulsion liquid
membrane technique for wastewater treatment:an overview
[J]. Environmental Science and Pollution Research, 2019,
26(36):36184-36204.
SHOKRI A, DARAEI P, ZERESHKI S. Water decolorization
using waste cooking oil: an optimized green emulsion liquid
membrane by RSM[]]. Journal of Water Process Engineering,
2020,33. DOI:10. 1016/j. jwpe. 2019, 101021,
ROSLY M B, JUSOH N, OTHMAN N, et al. Effect and
optimization parameters of phenol removal in emulsion
liquid membrane process via fractional-factorial design[ ] ].
Chemical Engineering Research and Design, 2019, 145.
268-278.
R, 95 HLM%E 3248 1L 4F. Span 80-3% 4¢-D; EHPA-H, O
RGBT MR AT ok A S AF ST L) . b A 3
2016,11(6):619-623.
YAO Shengyu,JIANG Qihui, GONG Fuzhong,et al. Study

on dilational viscoelasticities of interfacial film of Span 80-



444 B0 3 SKAKER - 45 : Span 80-P507 1 5 A B £ Bis 1k FL AL LK AF 5% .+ 397 -

decane-D; EHPA-H; O emulsion liquid membrane system tailings with magnesium sulfate [ J ]. Transactions of
[J]. China Sciencepaper,2016,11(6):619-623. Nonferrous Metals Society of China, 2021, 31 (1):

[11] LIU J, ZHANG X, ZHANG N, et al. Preventing 288-296.
emulsification during rare earths solvent extraction by the [16] SU W R,CHEN J,JING Y. Aqueous partition mechanism
addition of Span 80 to enhance the interfacial stability of of organophosphorus extractants in rare earths extraction
the P507 oil droplets [ J]. Separation and Purification [J]. Industrial & Engineering Chemistry Research, 2016,
Technology,2025. DOI:10. 1016/j. seppur. 2024, 128755, 55(30):8424-8431.

[12] LIUJ,ZHAO Y X, WANG Z R, et al. Review on micro- [17] LUO,J] Q, WAN Y H. Effects of pH and salt on
mechanism of forming emulsification during rare earth nanofiltration-a critical review[ J]. Journal of Membrane
extraction by acidic extractants [ ] |. Journal of Rare Science,2013,43:18-28.

Earths,2025. DOI:10. 1016/j. jre. 2023. 12. 009. [18] YIN,S H,LIN G,LI S W,et al. Application of response

[13] XA FEFRBEF. S — R I FEBGS R AL surface methodology for optimization of parameters for
VR IB AR 2 19 5 75 : CN202311071661. 9[P]. 2023-11-24. microwave heating of rare earth carbonates [ J]. High

(141 RYTAE GRALH A KL . AR BE A e 0 1 8 o 1k 4 T Temperature Materials & Processes, 2016, 35 (8):

eI P EA @ EE . 2024,34(2) :625-639. 813-820.
WU Jianghua, ZHANG Duchao, YANG Tianzu. Selective [19] OSKOUIE S F G, TABANDEH F, YAKHCHALI B, et al.
extraction and separation of low-concentration light rare Response surface optimization of medium composition for
earth ions[ J]. The Chinese Journal of Nonferrous Metals, alkaline protease production by Bacillus clausii[ J]. Biochemical
2024,34(2) :625-639. Engineering Journal ,2008,39(1) :37-42.

[15] FAN B,ZHAO L S,FENG Z Y,et al. Leaching behaviors [20] FE &I, Span 80-P507 il #5 & R A WU L8 fY B 5T D], 7
of calcium and magnesium in ion-adsorption rare earth B S TORE, 2024,

Preventing Emulsification During Process of Rare Earth Solvent Extraction with
Span 80-P507 System
ZHANG Qiulu,LIU Jie, WANG Zhirong,XUE Zhixiao, LI Qianting, GAO Li,ZHANG Jiaqi

(School o f Environmental and Municipal Engineering ,Qingdao University of Technology ,
Qingdao 266520,China)

Abstract: Solvent extraction is one of the main methods for rare earth separation and purification, but
emulsification often occurs in industrial production due to improper control of process conditions. In
order to solve the problem,the extraction of rare earth with the surfactant Span 80 as the regulator,
P507 as the extractant and kerosene as the diluent was studied. The effects of aqueous pH, stirring
speed and water-oil phase ratio on the extraction rate of Er*" and the mass concentration of oil in the
raffinate were investigated, and the process parameters were optimized by response surface method.
The optimization results show that under the optimal conditions of aqueous pH=3. 5, stirring speed of
130 r/min and water-oil phase ratio of 4 ¢ 1 for 5 min,the extraction rate of Er'" can reach 95.42%,
and the oil concentration in the raffinate is only 1. 68 mg/L. The predicted value is in good agreement
with the experimental results. The addition of Span 80 can effectively prevent emulsification, and the
regulation effect is obvious.

Key words: P507; Span 80;rare earth;solvent extraction;emulsification;response surface method





