%44 % FH 3 B % Vol. 44 No. 3
2025 %8 A URANIUM MINING AND METALLURGY Aug. 2025

Cextrant 230 5 Cyanex 923 — T RZZFEH
SHHERNEZHAR

E 13\1’29%‘ ﬁ1’2’3,f§ﬂ£?ﬁ1’2’%£§il’z,fﬁi‘/}il’2’3,&ﬁfﬁ"1’2’3’4

(1. E B BE s VT RUBT O 52 Be AR5 k2 B 507 VI 7PH 388 3410005
2. P E R BT P A L AT SEBE M AR AR SA BT S BT L TP 880 3410005
3. M EBR AR M L2 B . B BT 2300265
4. EBHFBE AN AL 2T ST B B E K SR L AR KB 130022)

FEE . R Z 0 AE S R A T (2- 2 3 T R e B TR IREIR — (2-Z BE T B iR (05 Cextrant 230) 5 =%
B AL (RS Cyanex 923) ZICIR A 1A R LB B P A BUEL 1 3 144 . Xt L, RS A ST T Cextrant 230
PR RFEEL BN J) % . RO AT Bk BB SN TR EE | Lb A TR DA R FE ORI vk B LR R AR U
N E X HEBE R, 25 R R, Cextrant 230 L — 1K R Al Cextrant 230-Cyanex 923 IR &R R X Th'" 1
REHUA3 1) 52 A 2 BT ) R s 1 A S N A AL RIS R A TE KRR B HLAR A A 5 IR BE XS Cextrant 230
B ZR 1Y A B SR TG B R i % Cextrant 230-Cyanex 923 P AR F (19 A8 B R B A R HEVE s 08 T
5 TR 2R BB oAk B 2 B R R R M 56 &R L FE Cextrant 230 FL— & & il Cextrant 230-Cyanex 923 IR &1k &

Th'™ B ZEB R4 S B — G AT 36 S i

K 4 Cextrant 2305 Cyanex 923; JLiA & s WS f1 2 AL A
FESES: TL22; 0658.2 XHEFREM: A XEHS: 1000-8063(2025)03-0041-09

DOI: 10. 13426/j. cnki. yky. 2024. 12. 10

TR P TC ZR R 2 3 O 140, 5 424 .2 Th
g IR B AR S R A B UL P U AT R
U A AR TR S i e = B e e
T S 2 Bl 3 AR TR Y Al L T
I A IR AR Y R 2RI T R AR O 2
SR EL R E R R . BRYERE /B 25 HUR) P204
L P507 XJ &L B 1 1Y 45 & fe 1 K5, A HLAR HE L
RAEGFER  FEERA G H 7, KE Cytec &
A A9 = e 55 AR B (fR 5 Cyanex 923) XJ 4
BA RIFMAERGERE, H 5 )2 B2 2 BUR
6 5 2238 FH T 7 RV Sk R AR AR

AR LA B (2- 203k O 58 ) e i Y S il 1
T(2-LFECFHOBE (X5 Cextrant 230) % B 58

i BE: 2024-12-25; 8 E B8 : 2025-02-11

% 7E 25 PR M A T vh AR By 85 4, B B A HCE
R FEAR 5 I ROAAR AR AR 4T A A R R
BT EL B RIS AN . A I X EE RS T
Cextrant 230-Cyanex 923 " TLIR S R 5 Cex-
trant 230 B — K RAEELRR A FUh XS Th't = f
Wi B ZE ST B PR RE . TR A 1R R TR 28 BUE R E
MR 25 5 45 5 AL T Cextrant 230 L —f{K
R O TR M TR AE B B 5 Ak R 8
il 26 U B2 L IR 75 N3l ) 2 BE AT ST
WAL Bl 7 2 1 35 B 07 R AT B 7 LR
PR il v | RO R P s SR LR IR B ) i
2 E Rk Hoh fE B vk B
(4 R4 M AT R 4R R L RT O AT M R A B RO

BEE&WH: BERELSTRIRTE (2022YFC2905201) ; H B &L Ph & 4F A A #6236 TR0 H (2022NQRC001) 5 TG 4
A &R0 H (20243BBG71021,S20251609) 5 VLG 45 “ W T 7 (JXSQ2020101005) 5 85 M 17 Bk F; 1
R H (2022CXRCI671) 5 8 M 1 “ I8 X 2 0678 2 W AH AT BRI H (GZSQZG202301018)

E—1EEE N Q998 ), o, LRI A B+, FEMNFIREIE S

BEMEEE N TBREA99—) B ILVEEM A L B R, FENFERIER S,

BEAHLSF (1975

LB RTIN L 0, EENFAOERRE.



42 s

% F A4 K

K )2 B e B E WA Y Th' A IS ) 2% &2
TR B — AU R Bl P503-HNO, {4
F M N1923-H, SO & & IR A 1 R A UL 19 3 1)
ST A A . 2B SR ) T AL E A T kA
3% T Cextrant 230-Cyanex 923 - JGIE & Fil Cex-
trant 230 BL— K RTEER R WL X Th'™ 1Y 2
Bl 12 HLE S B T A ORI 4 AL L R A DX
DY T

1 RB S

RFIFn{L 2
EERF . 2K B Cextrant230(>95 % , A< 1

1.1

EFELGEN

AR T

MRS 2 A 6D s 22 B Cyanex 923 (>>95%,
2 [ Cytec/A T s AR EL (=>99. 99 %) s R AL
R EDTA R H B4k (>95%) - HI BB L N Ik
PR DU i E B, 389k A Br 4

A HUAH « FREGE A8 RS I B e b, B 45 .
ThCL, A% £ W : FRIBGE £ Th(NO,), « 5H, O, 115
T KGN AFS 1 &8 NaOH % . fff Th' 522Ut
WA Th(OHD, » o 38, Ve B W pH b 50
Th(OH), M Eh FR s A, JRIRR R B B 45

F B 2 I R P (R SE 2%, EKS-
101, & 1) B & 45 B T & S 6 3 0 (i ]
HR £, Analytik Jena PQ9000),

] AR R ik
f HiEREs

A WU BERE 1
——

HHLAH
s

Lidi]

\@H*&u

e
TKAH

B 1

Schematic diagram of constant interfacial cell with laminar flow
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Fig. 2 Effect of stirring speed on the extraction rate

SR B el 5 B0 8 5 40 P B T AR OGPk L 2
Wik Al T BB TR G 4 O B s ] B
XL JE AR 1) Marangoni 200 . T P
FHF R B A B A g R v Ao ok gy 22 5L |/
AT PR AR AR SR W] R AE T i A% 3, XY B
R IR B B AT B BRI 2) 7 R
ARFSTT o i A5 5 T I T2 3 6 R O A7 4 o ) 5
M), 7 1O S5 A o {5 3) Ak 2% 1 T 5 ), oK 36 B
i A 0 FFILR 245 1) A BRI B ) A A 5 TSR 4 T
TET S, DT 7 A v i TR BEL S . R, TR E R X
HESUEN GRS A ISPl e i
HLEE
2.1.2 RMEBEMNZEBEZRNHIE

— P Ml 5 AE O R RO TR A RE (B <

20 kJ/mol, # Wik 2 )8 T ¥ ®Wo =l % E, >
42 kJ/mol, #& Wik B J& T Ak 2 S B A s A
20 kJ/mol<<E,<<42 kJ/mol, # il B J§ T 1k %
SR HOE A R 8 1gk,-1 000/ T il
L RERAA B JE 20 X (20 12) 7 Bie]
PAFAEW L E, 85 R LA 3, 7E Cextrant 230
AR gk, -1 000/ T HHERYRPREZ N 0. %
B 52 107 Y P88 % 4 BT 38 TG Yl 2 5 T, X 5 T
RO 5T 45 B — 3% | 7E Cextrant 230-Cyanex 923
TRA A Z b, A2 U AR SO0 R 1 T T e
WROREERAZTDH E N 14. 74 KJ/mol, /N F
20 kJ/mol, 3 B Cextrant 230-Cyanex 923 1B &
RN R B WP 20 Th' Mo e T3 1
P

E 1
2.303R T

lgK =— +C, (12>

[ m Cextrant 230
L4 Ce-xtram 230-Cyanex 923 -

————= =
- = 3—0.04x—3.36

y=—0.77x—0.85

lgk

312 316 320 324 328 332 3.36
1 000/T

B3 REEBEXMZEBEZRMNEZN

Fig. 3 Effect of reaction temperature on extraction rate

g8 L, DUA T Cextrant 230 Ba—{K R M
ER IR A BT AR UL 19 3l g 2 BIL B Ak 2 N A
il , M Cextrant 230-Cyanex 923 RS 1K R 7K B4t
FR Bl g 2 LB ) T T HAEE
2.1.3 ERERXNFEIERKNZN

5 ] 2 B A2 8 A 2 S g — A R AR TE T AR
ST ECE AR OK AR ECA HLARD 3l R 50 %8
B A (ko) 5 I BB A/ V) Z Y & &, AP
A T A B R N R AR XS, D logk,, KT A/V
PER 2 T 6 1 B 2R 0, B A2 HUEE 0K
2 Vo BT R A Y 52w, U] 45 AR A O R AR
TEVRAE s 25 BT 006 1 L 4 i A b Jit o5, HO 52 OE
oA 2 1 56 2, WO 458 Ak 2 SO A= A T AR A
I 22 WOGH o 7 5 4 8 8 7 A S B C A
Jof R AR ) R AN 2R B B A IR R R



% 38 E- 4

, % :Cextrant 230 55 Cyanex 923 /4K & ZRAL A R H FAH R 45

ELZANTE A 8, D0 A IRk AR A B TR AR A
P I A2 N TR A R L B T AR R A
TR WK 4, 7T LLA W, 7 Cextrant
230 B — 1K & 1 Cextrant 230-Cyanex 923 JE &
R F r, Th'™ (1 2 B R B A AN 52 L 5 i FRUR
L 52 , logk. X A/V AEE B ELG B4 RHR Y

N0, RUITEIX 2 K Z b 38 BN 1 4 7 A0 B
KAHETERA
=24
= Cextrant 230
57 ® Cextrant 230-Cyanex 923
=30
«<® y=—0.068x—3.22
oh L} = —
T =33 o - °
¢ )=020x-342
_36 -
_39 L 1 1 1 1 1 1 ]
0.04 008 0.12 0.16 020 024 028 032
AV

B4 Lk SEREREENEMm
Fig. 4 Effect of specific interfacial area on

extraction rate

2.2 EREERFE
Fr ik 2B ] Cextrant 230 Fi1/8{ Cyanex 923
Ti'*ﬁ?i‘?*?&*ﬁ’%iﬁ%?ﬁﬁ%EX&%%EP‘@EE%M
B RGN Ay B RN AL
SHRERNL 3 % 5 ARG A CL e B3 £
A I 5 L HE S R R B R A IR T
SR 5~& 6, TEAEARFR i, 25 HUH 2 bl
ZEHUGAA CL e JBE 14 1 I 2 1 1 K, AR R I
] S %6, AR e — A ok B AR R I A A
T e BEARAR LA Lk, 43 1% 1gC(C Ry 2 U v
B, mol/L) A1 Ig[ ClI” J/EK , # Cextrant 230 ¥
— I FR L 1k 18Ccmm 250 F 1gk,-1g[ C1T ] &
i 26 1 L R 43 5 ok 0. 94 A1 0. 28, Bl Cextrant
230 77 A CL Y S BE K o390 0. 94 Fi10. 28
1r Cextrant 230-Cyanex 923 1R & 1K & W, lgk..-
18C centrant 230 + 18k 00" 18Cyunex 925 18R -1g[ C1 ] F MM
LRI ARSI R 1.00,0.47.,0. 39, KRG
Z ¥ Cextrant 230 437 F, Cyanex 923 4> F Al Cl™
14 SR BB R 1. 00,0, 47,0, 39, FTLAE Y,
Cextrant 230-Cyanex 923 IR 1K & & H 1 X
R A AL, 86) KT Cextrant 230 B — K R 4%
2H 43 [ LR B A (1. 22), 2 BH Cextrant 230-

Cyanex 923 1A 4 2 X 4L B 7 ) 2 IR AT 1E B

[F) 41
=320 )
- B y=0.94x-2.16
%28 1=0.47x-2.58 i
S5 —3.36F
=1.00x—1.80
—3.44}
m Cextrant 230
o thAE{k Z-Cextrant 230
—3.52} A ‘rjj Zrtﬁi? Cyanex923

-1.7 =16 =15 —14 —I3 —]2 —]I
1gC

B 5 FEERFRE N FEEGEE A
Fig. 5 Effect of extractant concentration

on extraction rate

) = Cextrant 230
® Cextrant 230-Cyanex 923
=320
y=0.39x=3.30
& —324r 1=0.28x—3 31
-3.28}
-3.32 1 1 1 1 1 )
0.0 0.1 0.2 0.3 0 0.5
Ig[CI]

6 CliREXNEREENIM

Fig. 6 Effect of ClI™ concentration on extraction rate

A P 25 BU ] Cextrant 230 1 Cyanex 923 43
T EAIMNE -, 2. 5 5R 446, I
B i P %5 B Cextrant 230 F1 Cyanex 923 WA
AW AN LA $R R AE O s 4 A LA 4y
AT AL B R AR B, S T O B ) 2 A R IE
Sk — B G AR R At 4 A AN AR B AR K R R
JE (0. 5~1.5 mol/L) . % 58 MR & X} 7 U R 1)
L 25 R ULE 7, AEAS AR R AR O R
B 7K AH TR T2 1 384 DTN 2 A /) A R Ay 36 1]
MR, DL gk, ¥ lgl HT 1/ B, 7 Cextrant
230 BA—{K & I Cextrant 230-Cyanex 923 B &
A&, lgk,-lgl H™ ]3¢ & il 4 iy B 53 51 K
—0. 06781 —0. 13,3252 0. F WK AH AR BE X A B
R LR e, M H Cextrant 230-Cyanex 923 1R
GR RN BT 1 ZE HUGE JT [ Cextrant 230 L —14k
RER,



46 4

% F A4 K

—2.881 m Cextrant 230
® Cextrant 230-Cyanex 923

—3.06
) y=—0.067x—3.24

g 3Ur o === a
o= \*.\.\H

340}k y=—0.13x—-3.31

—3.60F

-03 —-02 —0.1 0.0 0.1 0.2
Ig[H']

B7 BRENEBEENHMN

Fig. 7 Effect of HY concentration on extraction rate

25 Bk, Cextrant 230 B — K RIEFH R A
JEr A Th'" A 28 BUE R 7 fE
Rr = k[ Th'" ] [Cl” ]**® [ Cextrant 230",
(13)
Cextrant 230-Cyanex 923 1B & 1K & 1& £ i@
A B E ZEEC Th i A BGE R T i
Ry = k[ Th™ J[CI" ]*% &
[ Cextrant 230 " [ Cyanex 923>, (14)
2.3 FAZFEFEXEDN
2.3.1 B—{FKRZFEEYLEEN
Cextrant 230 & 2 I\ ER R A it 26 BUEE 1 )
JI 2 U A b 2 B 45 ] AR T 2 SO 05 78
Th{,, +4Cl, + 4Cextrant 230, ==
ThCl, « 4Cextrant 230, . (15)
R R 225 565 7K AH 27 R A% IR B A AR (5 15) , 4 D
HAEH 2 122 LB (R 16) . L E /R Cextrant 230,
ky FeR N A
k

d

Lo =—=Lw. (16)
k.,
AR P 7 Al 152 12
ky e [L] =—Fk_y [Llw 17
FE % 2.0 mol/L HCL iy ThCL # & . ThCI" J&
FEMWEAEYS

k

1
Th*" + ClI- == ThCI*", (18)
k
—1
PG Cextrant 230 MERERA B HZEHL Th' ' Ak
J12 HE RS R ThCl, « 4Cextrant 230, #LA7K

ISR S IO Ay 4 il A0 R I AR M Bl g <A BB

k.
ThCI* + L, —> ThCI" « Lo, #8JR. (19
k.
’I‘h(:l%L . L(a) + L(a> — Thclgv . Lg(a) ’ (20)
k

—3

k

1

ThCE" « Ly, + Lo, == ThCI" « L, s (21)
k
»
k

ThCE' « Ly, + Lo, == ThCE" « Ly, (22)
kfs

k

6
ThCP*" « Ly +CI" == ThC" « L, » (23)
k

6

k

ThCE" « Ly, +CI" == ThClf « L., (24)
k

—7
ké%

ThClj . 141(;,) +C1 S ThCl] . 14,1(;,) [} (25)
k

—8

k

9

ThCh . 141(“) — ThCl1 . 14,1(0) ° (26)
k

R e 2 C19) Dy T R 5 il A5 R B S5t A A
HT G AE S 1 LUF 7 FE

AT prher I [, @D
% =k [Th" J[CI ] —
ko [ThCP" ] — £k, [ThCI’" ] [Llw . 28
AR SRl dLThCP 1/de = 0,0
[ThCI ]7 kfl Jsz I:L]m) ° (29)
¥R CORAR QDI 153
_dLTh] _ ks [THUJLCE L]0 (g
de k4R [Llow '
R ko >k, [Al, » BB 7 AT LS R
AT AR e qrer L., D
t b
¥RXADRARKXGD
—% = K’ [Th* J[Cl J[L],,» (32)
: _ kikoka
L K = P

g O (19 520 32) (A A3 I A H
T TR N — G 1Y G FE . SO R Y
AN TR AT BE S H T A S 4 S N B A7 A T SR Y
2.3.2 thEIZEEEHHED

Cextrant 230-Cyanex 923 ) [6) % UK &R 2
WU B 2 05 R
Tht, +4Cl,, + 2 Cextrant 230, -+ Cyanex 923, ——=

ThCl, « 2Cextrant 230 » Cyanex 923, o

(33



% 34

I B ,% .Cextrant 230 5 Cyanex 923

AR ARFERAEGERI N FZFR 47

RG22 Lk B3l g2 2520 R st (39)

FC40) [) Sy f ) A0 B, T A D Bp [ 26 B RY 2
AR RS
kdl
L(O) ‘:L(n> ’ (34)
k dl1
de
B(o) ‘—B(n) ’ (35)

d2

L. #/~ Cextrant 230,B #E /R Cyanex 923,
o R AR P 1 1R 1

kai [14](0) =k [L]m) ’ (36)

ke [Bliow = k-wr [Blw > (37)
kl

Th'" + ClI- == ThCI*", (38)
k

—1

ks
ThL () -+ 2L(1) —— ThCI*" . Lz(ﬂ) ’ (39

k.
ThCIP" « 1, o, + By, —> ThCP" « 1, « By, » (40)
k

4
ThCF" « 1, « By, +Cl == ThCE" « L, « By, » (41)
kﬂ
k}
ThCE" + 1, « By, +Cl == ThCl{ + L, « B, » (42)
k
5
k(&
ThClj . 142 M B(a) +Cl = ThCll . I/)_ . B(a) ] (43)
kfs
k?
ThCh ° 142 . B(w — ThCh . 142 M B(o) ’ (44)
k77
[ i m] 5
— AL ok, CTHCP JILT (Bl (45)
3+
AUTRCES — , frn Jer 31—
ko, [ThCI"]—k&, [ThCIF [L1%, . (46)
o by [Th*" J[Cl ]
ThCP* ] = SL—t 0 2 47)
LT ) = T T
B ADRARK 45 B, 153
_d[Th] _
dz
kiksky, [Th JLCL J[LT*[B]w (48)
]3 _'_}’2 I:I ](1) °

Bi% k> k [AL  FE L R 7 B2 AT L
e
_dlTh] _
dr

ky k}kg

[Th"™ JLCl JLLF[Ble » (49

R 36) Fl (3O A A (49157
A e e e T ILT (B - (50)

dr
5 4 klkafikilde
, K" = fakekekanks
Ak [V

e 25 2 (39) AL (400 #E T i 192X (50) 55
T A B Y T R 7 R Al b — B0y Ul B R IR
B o SO PO 25 S A RE 2 T A7 7 A 5 4 1
F4 2 WS BT 2K

3 it

o

A R B IO Y B L A TR AR L AR TR v
JERREE CL WREESE T, RAEM I T Cextrant
230 5 Cyanex 923 " JCIR & 2 BUIK R M Cex-
trant 230 B — AP R AEEL R A BT b % BE B T
(AL BBl T3 24T A o GE WA L B8 - I A B0 E
— AT 3R R O R R gl 2R A A A
LA A IS 1 07 B4y A Ry = ke [Th'' ]
[ClI” 1%* [[Cextrant 230" [ Cyanex 923 ™'
Ry= ke[ Th*" J[Cl™ ]>*[ Cextrant 230 "%,

A R F b e i 26 R R R ),
Cextrant 230 H— KR ML 4, 2 K
F I A6 WU N 458 A0 R 18 e A AR A AR R A
PUAHA A |

S & Uk :

(1] AoslE, gk gk, b gh B¢ I8 JF & £ ik ¢ [ 4% g
R A (], A% Tk, 2016 (1) :32-36464.
LIN Shuangxing, ZHANG Tieling. Accelerate the
exploitation of thorium resources to promote the
sustainable development of nuclear energy in China
[J1. Chinese nuclear industry, 2016 (1):32-36 + 64
(in Chinese).

[2] B S 7l 0] A% EF Ch#30), 2019,
40(12) . 1-4.
LIAO Wuping. Precious radioactive element: Thori-
um [ ] ]. Chinese Journal of Chemical Education,
2019,40(12) :1-4(in Chinese).

[3] LUJ,WEI Z,LI D,et al. Recovery of Ce (IV) and
Th (IV) from rare earths (III) with Cyanex 923
[J]. Hydrometallurgy,1998,50(1) ;: 77-87.

(4] A ER, TR EEE, 55, Cextrant230 X 9 ik 4ili 5
LR OB R LR I I B R BRLT DL P EA
% ,2023,41(1):178-186.
SU Jie, KUANG Wanggiang, KUANG Shengting, et



48 4 F & % 44 K
al. Selective removal of thorium and iron from selec- netics of neodymium(IID from chloride medium in
tive hydrochloric acid leach solution of bastnaesite the presence of two complexing agents by
by solvent extraction using Cextrant 230[J]. Journal D2EHPA using a constant interfacial area cell with
of the Chinese Society of Rare Earths,2023,41(1): laminar flow [ J ]. Hydrometallurgy, 2016, 161:
178-186 (in Chinese). 160-165.

[5] Z#a¥y JPEEE . BT, Cextrant 230/ 5% 2 5% [14] SALEH M I.BARI M F,JAB M S, et al. Kinetics

[6]

[7]

L8]

[9]

[10]

[11]

[12]

[13]

T TR T 92 M / X B e S AR 1 L W2 IR [T ). 1oz
b2 ,2022,39(12) :1927-1936.
LI YanlLing. KUANG Shengting, LIAO Wuping.
Extraction of Thorium(IV) using Cextrant 230/an-
ionic surfactant sodium bis (2-Ethylhexyl) sulfosuc-
cinate/n-heptane microemulsion[ ]J]. Chinese Journal
of Applied Chemistry,2022,39(12):1927-1936 (in
Chinese).
YANG X J,ZHANG Z F,KUANG S T,et al. Re-
moval of thorium and uranium from leach solutions
of ion-adsorption rare earth ores by solvent extrac-
tion with Cextrant 230 [ J ]. Hydrometallurgy,
2020,194.
LU Y C,ZHANG Z Z,L.1 Y L,et al. Extraction and
recovery of cerium(IV) and thorium(IV) from sul-
phate medium by an a-aminophosphonate extractant
[J]. Journal of Rare Earths,2017,35(1) :34-40.
WANG H, KUANG S T, LIAO W P. Synergistic
extraction and separation of thorium from rare
earths in chloride media using mixture of Cextrant
230 and Cyanex 923 [J]. Journal of Rare Earths,
2024,42(4) :759-767.
ISLAM F,BISWAS R K. Kinetics of solvent extrac-
tion of metal ions with HDEHP—II Kinetics and
mechanism of solvent extraction of V(IV) from a-
cidic aqueous solutions with bis-( 2-ethylhexyl )
phosphoric acid in benzene[ ] ]. Journal of Inorganic
and Nuclear Chemistry,1980,42(3) :421-429.
HORNER D E,MAILEN J C, THIEL S W,et al.
Interphase transfer kinetics of uranium using the
drop method, lewis cell, and kenics mixer[ J]. In-
dustrial & Engineering Chemistry Research,1980,
19(1):103-109.
MA M,HE D S,WANG Q Y,et al. Kinetics of eu-
ropium (III) transport through a liquid membrane
containing HEH (EHP) in kerosene[ ]J]. Talanta,
2001,55(6):1109-1117.
YANG X L,WANG X H,WEI C,et al. Extraction
kinetics of tantalum by mibk from pulp using lewis
celllJ]. Hydrometallurgy,2013:34-39.
YIN S H,LLI S W,ZHANG B, et al. Extraction ki-

[15]

[16]

[17]

[18]

(19]

[20]

[21]

[22]

[23]

of lanthanum (III) extraction from nitrate-acetato
medium by Cyanex 272 in toluene using the single
drop technique[]]. Hydrometallurgy,2002,67 (1) :
45-52.

LIU X Q.KONG F,LIAO J L,et al. Extraction ki-
netics of uranium (V1) and thorium (IV) with tri-
iso-amyl phosphate from nitric acid using a Lewis
cell[J]. Journal of Radioanalytical and Nuclear
Chemistry,2014.302(3) :1069-1076.

FREL A= fE . )2 o B 4E I . CN219711 [P
1995-05-17.

WANG Y L.,WANG Y B,ZHOU H Y.et al. Ex-
traction kinetics of mixed rare earth elements with
bifunctional ionic liquid using a constant interfacial
area cell [ J]. RSC Advances, 2017, 7 (63):
39556-39563.

SATPATHY S, MISHRA S. Kinetics and mecha-
nisms of solvent extraction and separation of La
(IID and Ni (1) with DEHPA in petrofin[ ] ].
Transactions of Nonferrous Metals Society of Chi-
na,2019,29(7) :1538-1548.

PEI ] N.ZHOU J W.,JIANG F,et al. Kinetics a-
nalysis of the forward extraction of cerium(IIDD by
D2EHPA from chloride medium in the presence of
two complexing agents using a constant interfacial
area cell with laminar flow[J]. Green Processing
and Synthesis,2018,7(4) :380-386.

WANG Y L,LTIY L,LID Q,et al. Kinetics of tho-
rium extraction with di-(2-ethylhexyl) 2-ethylhex-
yl phosphonate from nitric acid medium[]J]. Hy-
drometallurgy,2013,140:66-70.

LIU J J,WANG W W.,LI D Q. Interfacial behavior
of primary amine N1923 and the kinetics of thori-
um(IV) extraction in sulfate medialJ]. Colloids
and Surfaces A-Physicochemical and Engineering
Aspects.2007,311(1/3) :124-130.

B S DEHHAMP B HATT £ 9 09 & 005 16 i &
FEL A48 b i B 5 LD, &0 b B Rl 4
AR 2019.

WANG L S, YU Y, HUANG X W,et al. Thermo-

dynamics and kinetics of thorium extraction from



% 3 8 I E ,% .Cextrant 230 5 Cyanex 923 — UK 2 FRAWE R /) SR 49

sulfuric acid medium by HEH(EHP) [J]. Hydro- [28] CHEN Z.,WANG Y D. Solvent extraction kinetics
metallurgy,2014,150:167-172. of Sm(11D, Eu(1ID and Gd(I1) with 2-ethylhexyl

[24] DANESI P R. The relative importance of diffusion phosphoric acid-2-ethylhexyl ester [ J ]. Chinese
and chemical reactions in liquid-liquid extraction Journal of Chemical Engineering, 2018, 26 (2).
kinetics[ J]. Solvent Extraction and Ion Exchange, 317-321.

2010,2(1) :29-44. [29] ZEBROSKIE L,ALTER H W, HEUMAN F K.

[25] PIER R D,RENATO C,CHARLES F C. The ki- Thorium complexes with chloride, fluoride, nitrate,
netics of metal solvent extraction[ ]J]. Critical Re- phosphate, and sulfate[J]. Journal of the American
views in Analytical Chemistry,1980,10(1) :1-126. Chemical Society,1951,73(12) :5646-5650.

[26] YU J F.JI C. Interfacial chemistry and kinetics- [30] PELEG M,NORMAND M D,CORRADINI M G.
controlled reaction mechanism of organo-phosphor- The arrhenius equation revisited [ ]J]. Critical Re-
ic acid mixed extraction systems[]J]. Chemical Re- views in Food Science &. Nutrition,2012,52(9) .
search in Chinese Universities,1992,(2) :224-226. 830-851.

[27] WANG Y G,YUE S T,LI D Q,et al. Kinetics and [31] DIETZ M L,FREISER H. Role of the interface in
mechanism of Y(III) extraction with CA-100 using a the kinetics and mechanism of nickel extraction
constant interfacial cell with laminar flow[ ] ]. Solvent with certain halogen-and alkyl-substituted 8-quino-
Extraction and Ion Exchange,2002,20(3) :345-358. linols[J]. Langmuir,1991,7(2) :284-288.

Mass Transfer Kinetics of Thorium Extraction with Mixtures of
Cextrant 230 and Cyanex 923
WANG Hui"?, GAO Di"**, HUANG Yabin"?, KUANG Wangqgiang"?,
KUANG Shengting"**, LIAO Wuping"***
(1.Institute of Material and Chemistry, Ganjiang Innovation Academy, Chinese Academy of Sciences,
Ganzhou 341000, China;
2. Institute of Rare Earths Material and Chemistry, Jiangxi Institute of Rare Earths, Chinese
Academy of Sciences, Ganzhou 341000, China;
3. School of Rare Earths, University of Science and Technology of China, Hefei 230026, China;
4. State Key Laboratory of Rare Earth Resource Utilization, Changchun Institute of Applied Chemistry,
Chinese Academy of Sciences, Changchun 130022, China)

Abstract: The kinetics of thorium extraction from hydrochloric acid medium by a binary mixed system
of di(2-ethylhexyl) (2-ethylhexyl)aminomethylphosphonate (Cextrant 230) and trialkylphosphine ox-
ide (Cyanex 923) was investigated using the laminar flow constant interfacial cell method. For com-
parison, the kinetics of thorium extraction by the Cextrant 230 single system was also studied. Sys-
tematic investigations were conducted on the effects of stirring rate, temperature, specific interfacial
area, extractant concentration, acidity, and chloride ion concentration on the extraction rate. The re-
sults show that the extraction regime is deduced to be chemical reaction-controlled for the sole Cex-
trant 230 system and diffusion-controlled for the mixture system, respectively, and the extraction re-
action occurring at the bulk phase would be the rate-determining step. The thorium extraction rate is
barely affected with temperature variations in the sole Cextrant 230 system, but increased in the mix-
ture system, with an activation energy of 14.74 kJ/mol. The concentration of chloride and extractants
linearly related to the extraction rate indicates that the extraction of Th'" both in the sole Cextrant
230 system and mixture system is a pseudo first-order reversible reaction.

Key words: thorium; Cextrant 230; Cyanex 923; binary system; extraction kinetics; chloride medium
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