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Fig. 5 Schematic diagram of experimental set-up of ris-

ing drop technique
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Table 1 Effect of interfacial area on extraction rate
a ¢ [Li*], (V/A) x 10 (de/dt) x 107 R x 10’
/em™ /s /(mol - L") /cm /(mol - L™ -s7h /(mol-cmf2 -s7h
2.06 0.031 465
3.65 0.049 186
25.94 3.855 1.176 4.534
5.25 0.066 186
6.97 0.089 757
2.09 0.031 725
3.68 0.048 898
25.50 3.921 1.128 4.423
5.25 0. 065 927
6.91 0.086 27
2.03 0.026 711
3.64 0.041 896
23.75 4.210 1.045 4.400
5.25 0.060 971
6.94 0.077 28
2.03 0.025 88
3.62 0.041 98
22.62 4.421 0.928 2 4.103
5.22 0.057 28
6.94 0.071 34

4.2 JKHEEIREXFEBUEEH R
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4 2.935 mol/L, /K AH#E ¥ B 7F 0. 974 3 ~
1.452 2 mol/ Lyl Fl i, TS24 28 e an 2 2 fir
Ro WEHAT LA H, Yl A — A B 17
Bl J12E S B KA R B RN, A LA
rR R B3 0 5 2 ] — 4k B KRR A T 3
1AL Bl A O B B3N, A LA AR
W FE I 5 U AL, de/de b [ 2 7K HF 45 V6 B 1)
HEINTRE N . BEE A R e B A R N, A
BUEE R K

4.3 KAEEKIR B X FE BN 2R B RS

[ HE SR @ 2 23.75 em ™', KR B v
B4 1. 345 mol/L M1 A5 #LAH TBP ¥k £ N
2.935 mol/L, 7K #H Bk ¥k FE £ 0.057 6 ~
0.123 7 mol/ LG}, Frid L g 45 R an sk 3 fr
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Table 2  Effect of concentration of lithium in aqueous phase on exiraction rate

Li* t [Li"], (V/A) x 10° (de/dr) x 107 R x 107
/(mol - L") /s /(mol - L") /cm /(mol - L' +s™) /(mol - em™ - s7")

2.16 0.032 33
3.63 0.049 73

0.9743 3.659 1.057 3.867
5.16 0.067 02
7.34 0.087 08
2.16 0.039 71
3.75 0.058 03

1.157 3.726 1.100 4.099
5.06 0.069 67
7.40 0.097 91
2.25 0.044 78
3.68 0.059 18

1.345 3.747 1.151 4.313
5.25 0.076 30
7.31 0.102 3
2.28 0.051 23
3.75 0.068 46

1.452 3.739 1.182 4.419
5.28 0.084 48
7.35 0.1116

MRELIEA T M(FeCly), XML BT Fe' " 5 ARG Li " SLAE I, DR Ik B 5 7K R 2k o B 11 344
HEHE FRRERONS, Sib K Fe'* F1 0, ANV B BERE N, AR HGE AR g R

|3 KOk B 0T B AR HIUH R 1) 52 )

Table 3  Effect of concentration of iron in aqueous phase on extraction rate

Fe** t [Li*], (V/A) x 107 (desdr) x 107 R x 10
/(mol + L") /s /(mol -+ L") /cm /(mol + L™ +s7™") /(mol » em™ +s7")

2.06 0.021 61
3.62 0.034 35

0.057 61 3.791 0.777 4 2.947
5.03 0.047 31
6.88 0.058 61
2.06 0.032 33
3.62 0.043 68

0.074 60 3.713 0.896 9 3.330
5.09 0.060 16
7.10 0.076 53
2.07 0.036 13
3.62 0.052 44

0.095 36 3.722 1.043 3.882
5.13 0.069 67
7.10 0.088 23
2.09 0.041 14
3.63 0. 060 22

0.123 7 3.755 1.210 4.544
5.28 0.076 88
7.16 0.103 4
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4.4 HHLHE TBP iR EX FEBUE X 500

A AN @ Ry 23.75 em ™" KA AR v
B 1. 345 mol/L A1 sk A &k Wk E N
0.095 36 mol/L, 5 #HLAH TBP ¥ 7 2. 201 ~
3.302 mol/L i i, AT #5352 86 25 S an 2 4 fr

Ro IWFRAAT LI Y BEH A HLA TBP # % 1Y
&, AR AR R IO, 33 R A TR KR 4% R
th M (FeCl,), — & R IF LT, 3 A HLAH
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Table 4 Effect of TBP concentration in organic phase on extraction rate

[TBP]** ! [Li*], (V/A) x 10° (de/dt) x 10° R x 10
/(mol - L") /s /(mol - L") /cm /(mol + L™ +s™") /(mol - em™ - s7")

2.05 0.025 64
3.61 0.027 19

2.201 3.709 1.198 0.443 2
5.27 0.029 01
7.15 0.031 78
2.04 0.040 54
3.66 0.044 11

2.568 3.715 1.844 0.685 1
5.26 0.046 94
7.16 0.050 05
2.04 0.052 82
3.68 0.057 57

2.935 3.747 2.748 1.030
5.25 0.062 18
7.1 0. 066 65
2.12 0.058 00
3.66 0.063 77

3.302 3.739 4.026 1.505
5.27 0.070 05
7.13 0.078 20
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Table 5 The comparison of experimental and calculated values of the extraction rate

[Li*], [Fe™], [TBP], R, x 10’ R x10° RMSE/%
/(mol + L") /(mol - L") /(mol - L") /(mol  em™ +s7') /(mol + em™ - s7")

0.9743 0.095 36 2.935 3.867 3.796

1.157 0.095 36 2.935 4.099 3.077

1.345 0.095 36 2.935 4.313 2.561

1.452 0.095 36 2.935 4.419 2.332

1.345 0.057 61 2.935 2.945 2.513

1.345 0.074 60 2.935 3.331 2.538

1.345 0.095 36 2.935 3.882 2.561 1.544

1.345 0.1237 2.935 4.544 2.586

1.345 0.095 36 2.201 4.451 5.428

1.345 0.095 36 2.568 6.836 1.246

1.345 0.095 36 2.935 1.030 2.561

Fe’* +4Cl-——[FeCl, ],
Li* +[FeCl,] ——Li[ FeCl, ],
Li[ FeCl, ] +2TBP ——Li[ FeCl, ] -2TBP,

TR TBP 2 HCEE iy 2ok A8 v, 75 2 A
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e M(FeCly) , xH, 0y, X g i T Fe'*
HHEMHE FILAERM S, &M HEE 18
Fe® A I 5 55 00 Bt 5 S0 300 A R T 52
FEER I pI 7K i TBP X Li ™ LA AR ) 2R K
mTHESBHET (H BRI, 0 Mg |
Na® K" 55, TEARZEIUA R, hy T 4242 vm vk
FERY Cl” W T AE KA P im A — 2 & 1
MgClL,, A T 4 Fe’ ' [ K it i 25 m AGE it 1Y
HCL, X AER I A T Li ™5 H A4 Mg 32
5 Fe’ BILAERINE

K TR 2 T 3l 1 2 ST, R
SV AR B ) A5 N T o A WL AR
P TRy B b, KA HT LT
Mg® " 4 & A= REBUR I, #5 A R IR A5 7 4
LiFeCl, -2TBP & A (1) A% HRUSZ N % A6 UGS 3 2 A
TTHR Y, AR 2 7K AH AR X 2 HRUHUR (19 BT AR 2 58 42
(), T K AR A% AN A HLAH TBP Y o1 ik R A3 — 3
a5, 3w WA B T e = WA AR T2
AIBFFERT , SR T B A PR B 4 e 4 Y 2 B3, B2

SR PR T34 fioh EL B BEAS IR B APIR A 78
S 38 B ) o A, kAR AN AU Y
RN, b LA LT FER 23 Mg (FeCly ), -
2TBP Je A iy B 1 S R, XA 7 85 T 3
TS RN T G R 22 571

i

5 44
TBP—fiff b AT A6 AR 2 DR T8 5 7K v 4%
B R s S 2o a5 R AR

1) 38 A b 5 o AR X A G SR () 5 ), A
IBEE LA o 93 K, 2 G R R 3
K, A TBP %< B i B 1 5 18T X 45§
KA

2) AKAHER A B vk B RN LA TBP v Ji
WA 5T 45 SR 2R B, A HILAH Hh ) 2R Tk B R o 7K A
R B B AN LA TBP B (14 16 K i
B

3)25 CHY, TBP—ifi fb 5 b 44 22 D i i
IK A B () B0 32 R RN
R — 1 208 x 10—9[Li+ ]1.221 [ F63+ }0.03767 [TBP]S.S% ,
Hovp sz 86 (8 R 3T S A O AR IR 2R
1.544% ,

S %3 H:
(1]

Somrani A, Hamzaoui A H, Pontie M. Study on lithium
separation from salt lake brines by nanofiltration (NF) and

low pressure reverse osmosis ( LPRO) [ J]. Desalination,



$2

ZETT G WRIR T IR A MR ) B K b AR 3l ) R 57

(3]

(4]

(5]

(6]

(7]

(8]

2013, (317): 184 - 192.

David R E, Aniruddha J, R. Edwin G. Phase field kinetics
of lithium electodeposits [ J]. Journal of Power Sources,
2014, (272) . 581 -594.

Lin F, Xu Xi,Miao S,et al. The potential dependent elec-
trochemical impedance spectroscopy and lithium diffusion
kinetics of LiFePO, [ J]. Solid State Tonics, 2014, (265) :
49 -54.

Naumov A V, Naumova M A. Modern state of the world
lithium market[ J]. Russian Journal of No-Ferrous Metal ,
2011, 51(4): 324 -330.

Sun J,Dong Y, Kong C. Manufacture of sodium-free lithium
chloride from salt lake brine[ J]. Separation and Purification
Technology,2014, (136) :309 —313.

Zhao 7,Si X, Liu X, et al. Li extraction from high Mg/Li ra-
tio brine with LiFePO,/FePO, as electrode materials[ J].
Hydrometallurgy ,2013, (133) .75 - 83.
ARERL, KRR ALPE. W E R T AR [ T]. ML
FuEE, 2013, 32(1): 13 -21.

PR B B ER R 0 LIRS S A HLEAFSE [ D] L
AU A BT BB ,2012.

[11]

[12]

[14]

[15]

Yang X, Wang X,Wei C,et al. Extraction kinetics of tanta-
lum by MIBK from pulp using Lewis cell[ J]. Hydrometal-
lurgy, 2013, (132) :34 - 39.

Wang Y, Li Y, Li D,et al. Kinetics of thorium extraction
with di - (2 - ethylhexyl ) 2 - ethylhexyl phosphonate from
nitric acid medium [ J]. Hydrometallurgy, 2013, (140) :
66 -70.

I I P K A AR AR R LR ST [ D] i AR R
BT K2 ,2001.

BRFHIATE, JFEIER, B2k, 55 @Ay - BE R R
B AE AR BRI B J 25T [T ] 2= TR, 2008, 36
(9):1-3.

i, 5 AR T, S BRI T AR S O 2
JELJ]. KEfk T, 2012, 26(6) :5 -9.

PNBUDE, L, AR DGAT , S5 50 80 10 7K 2 CHR 0 R AL B
R[], MU, 2011, 27(3) 1439 —444.
TRIEHE , DR, 25 0, A5 BRIR =T IR AN sk
R AL T[T ], JEHLER Tl ,2012,44(3) 112 -
15.

JEIGEL, ZE WA, SR R R, A T R TR IR o R R R
HILJ]. 46T 8k, 2013,25(10) ;1613 - 1624.

Extraction Kinetics of Lithium from the Salt Lake

Brine with Tri-butyl-Phosphate
LI Hui-fang'”, LI Li-juan' ,SHI Dong', LI Jin-feng”, SONG Fu-gen' ,NIE Feng',
JI Lian-ming' , PENG Xiao-wu'"
(1. Qinghai Institute of Salt Lakes , Chinese Academvy of Sciences, Xining, 810008, China;
2. Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences, Shanghai, 200032, China;
3. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract ; The kinetics of the extraction of lithium from salt lake brine system with Tri-butyl-phosphate

has been investigated by the means of Rising Drop Method. Parameters affecting the mass transfer mecha-

nism, including the interfacial area,lithium concentration, ion concentration and TBP concentration were

studied. The experimental result showed the extraction reaction occur in interfacial area,and the rate e-

quation of extracting lithium determined by non-slope analysis was R = 1.208 x 10" [ Li* ]"*

[Fe’* 177 [ TBP]>™. The root mean square error of the experimental and calculated values of the ex-

traction rate constants was 1.544 x 107"

Key words : Lithium ; Tri-butyl-phosphate ; Extraction ; Kinetics



