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Aliquat 336 2y FHES 75 B 7 — 2N RE RS T M, an[ A336 ] [P507 ] [ A336 ][ P204 ] [ A336 ][ C272] .
[A336][€302].[A336][ CA-12] [ A336 ][ CA-100 ] , IR iX I8 B 19 M A B & P R AT 0T 5T, A
BENAFREROHLERE T eSS PLE ., R A IBOR 18 7RO A v, R B T e A AR ICRE ) ik
PRV OF HL ARG AT BRI #E ™ 0 A SCIRE T B A [ A336 ][ P507 ] 43I #E HCL Al HNO,
ARt Se () AACI, %556 1 /KRR IEE A6 BGH F1ER BT 770 v B2 25 PR 3% Se () A Uk BE A4 52 ), ik
— 583 1 [ A336 ] [ PSO7 J AUk - AHLEE, I 9 K MR & i 1 708 Se (D) i mt s dfit 17 B 3%
filf o

1 SLEREssy

1.1 {¢EEFkH

iCAP 6000 7 L JEA 5 45 25 TR R 1 R G (ICP-AES , 3£ [ Thermo A F]) 3 =3 He I BL G Ak B
(Aliquat 336, 730474l , 92 [E Aldrich A F]) ; ZEHGH 2- 238 O IERRER 2- £ KL CL LR (P507 ) (7% FH SR A FR
o)) SR KON B /K RE (D) i #8 W BC ) < B RE, O (ZHJE > 99. 9% ) % T-¥k HCI Bk HNO,
H R, A KB KB E A .

1.2 BFRE[A336][P507]ByH &

Foe BESCHR[ 11 ] 530 4 B8 74 [ A336 ][ P507 ] : B 112. 36 g Aliquat 336 % F 500 mL £:7818 43 11
SENE, LT R . RRE R INA 6.39 ¢ & @4, TR 125 mL 22808 19 SN, 76 50 °C )
N3 h iR, F FIREBOIR S, T 50 CHiidk 4 h, 4 [ A336 ][OR] (OR: (CH,),CHO ™), ¥ 1%
VS URAE 4000 r/min (A5 F T 2.0 10 min, BRis & ALANDTIE . FEUEW H A 500 mL 25 857K, IR %
30 min, #FT/KMHI4 [ A336 ] [OH ], 7E[A336 ][ OH] Hifin A 62.48 g P507 (Hirh n([A336][OH]):
n(P507) = 1. 1:1) BFIAEHAE 50 CR I FE 12 h W5 IS i s & A, & 5 T AH % B AH T80 °C
2000 Pa T e i T SN E oK 15 2] [ A336 ][ P507 ]

1.3 ZIHAHE

Sc( D) FZEHC: 435I H 1 mL 3T IEPEGERY [ A336 ] [PS07 ] 5 4 mL (&4 Sc( 1) M /KAH T
P AT O TE R 3R 2 T 20 ming, AR5 4R35 30 min, 2500 3 min , RS 040 @ AR
TKAB AT HL B, TR 220805 T RS B MU T AR L B TR B Ay b (D) FIZEHCR (E/ % ) ()3
N {1l

V. ¢ —c.
DZVOX c. (1)
¢ —¢
E/% = —— x 100 (2)

Sl e BN BT T £ B T RIS (mol/L) e, 27 3R 6 W R 185 16 7 4 v
(mol/L) ,V, KRV, 2 AT BRI
2 HPR51he
2.1 k18 HCI R A5, HNO, 3R B o 3 BRGS0

FEAERUS o i, #RE T HCL L HNO, We J 48 Se CI) A 3 TR 19 36 W, AL 1 AT LA B, 7
[ A336] [ PSO7 ) BEHHAF B HCI s HNO, B HONEAN, Se (T AYREIRCRARAT 35 F W, P2tk i — 6
SR TS A [ A336 ] [ PSO7 | 4EUA R 7647 Se( 1) 5 HCL 5 HNO, 3G % ™, Bty HCl
sl HINO, B OB 47 22 R S0 HLRTER 17 Se () 548 B0 530 Se T 943 B He Bt
R RN T e UL L AT AR £ H ) > 1 mol/L i, Se () & HNO, Fp e ff 22 HU 5 B2
B HCL A e AR, CL A NOS S R SE, A K A X 3 BOA S0 . 1 1Kk AL
(=363 KI/mol) AT NOJ 1Ak ALAE ( - 314 kI/mol) T i R 5 $K — 55 9 5014, 2050 i 4
(P 2) P50, 1194 em ™ I8 B T A336 ) [ PSOT] i) P—0 RURRHG W21 3k, 72 AR IRA Tl
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Fig. 1  Effect of the HCl or HNO, concentration on the Fig.2 IR transmittance spectra of different systems
extraction of Se( ) a. [A336][PS07]; b. [A336][P507]-Sc (Il ) in HCI
c([A336][P507]) =0.02 mol/L ¢;(Sc(T)) =5.08 x medium; ¢. [ A336][ P507]-Sc( 1) in HNO; medium

10 ~* mol/L

2.2 EEFRERIRM

T SRR A336 ] [ PSOT J A IUAR R AL, AL SE BRI 5 ik e T o0 i o I 3 R iR T
Se (1) f) 73 B bE S A UMk B2 19 5 28 o BB 5 Gk B2 (93485 Ok, Se (D) #4973 g Fe o 3 K 7 HCL Al
HNO, &R, Sc (D) 1 1g D %I lg e ([ A336 ][ P507 ]) ) ELERIARERS N 2. 8 BEMAZE AR &

[A336][ P507 ] Sc (1) Akt b 2 321, 18 .
B SNBSS BFEN0 B TR A336 ] [ P204 175 o,
HNO, A ZE B Eu (1) (462 = — 50, L4f "

BERINBERS (1) 32 b DL 24 [ A336 ] [ P204 ) 2E B -
Eu( 1) 95 %2 3 %2 A HUR 9 P=0 5 Eu(NO,), S 10
T 4 4 A P, 9F HLAS K R HNO, 1 ¥ 5 -

0.006 mol/Li}, 245 ¥y iy Eu (1) B AT LA gk 56 42 06F

AT K o A& AR B0 Fh AT LUILER 245 HILAE T 1Y 3

Se( 1) 7R X F s ¥ B2 79 HCL B¢ HNO, 58 42 )L %~ g . ey S " g
Ko XAIBEIE Ky Sc () TR A M - on R 5+ 'g e([AS36]PS0T])
/N, B Y 5 [ A336 ] [ P507 ] v iy e o7 5 141 B3 AEHUR M X AE B Se (1) YR

LS  HEEES YN S BRI % M 4  Fig 3 Effect of the extractant concentration on the
PR TR A A8 BCi i o BT 2 BT g iy exiraction of SeCI)
Se(Cl), [PS07],-(3 —n)[A336][PS07] (n=1,2 ° ([A336][P507]) =0.02 mol/L, ¢(HCl) =2.4 mol/L,
%3) ’5 Cuo %“2] B 1 T 0B g ¢(HNO;) =2.7 mol/L, ¢;(Sc(Il)) =5.08 x 10 ~* mol/L
o TEREMGE R b, [A336 ] [P507 ] iy P=0 5 P—OM H. 55 G+ 5Sc (1) RAAEH, BEAF7E P=0 5
Se( 1) # 1  ( P=0=Sc) , W f£ 7£ P—O 5 Sc (M) M EHAF M ( P—0-+Sc ), 55 P=0--Sc # I,
P—0-+-Sc WVERMEFHE U A5 W) BMARE , 136 2 T 3Se (1) ARMERL S22 TRy T2 5 1A
2.3 ERATFR B X ZEER B9 R4 0E

TEAC G AR b, FRA A0 22 IO F A2, PR, AR SCIE 23 5T 5E 1 78 HCL A 5T P in A ] 4 B2
(1) NaCl A K7 HNO, A J5t P IS ) 76 B2 F) NaNO, % [ A336 ] [ PSO7 ] 288 Se (1) HY#Z0 , 5 5% an &l 4
7R o #E HCL A Birp AR ANA NaCl i, ¢ (HC1) =2. 4 mol/L,Sc(Il) ALY 40% , AIET 4 7T LUIF
JA NaCl LLJ5 , Se( 1) fZEBCRER AT 40% ; 76 HNOL A i HF £ i A NaNO, i, ¢ (HNO, ) =3.2 mol/L,
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Se(IN) HYZEIARL) N 33% , i NaNO, LU, Se () BYAEIRA YT 33% o YRR A9 BB RIS,
M B Se () AAEBCRERIE AT I, X UL W ER BT AR AEAS S0 v 0 2 O B A — 2 I e dEAE . B
EERTRI B AN, % Se () A A SE 0 55 Zhang %5 52t 1 50T 590 %0 08 1 38 T B2 2 —
B o

60 0.6
*— NaCl E e Sc(Il)-HCI
C >— NaNO, o Se(TTN-HNO,
= 04F 3
& S0 b
g |
= a
° E‘) 0.2F
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g F °
4 ok
30 1 1 1 1 1 1 1 —0.2 1 1 1
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Fig.4  Effect of NaCl or NaNO, on the extraction of Fig. 5  Effect of temperature on the extraction of
Sc(1I) Sc(1I)
c([A336][P507]) =0.02 mol/L, ¢; (Sc(T)) =5.08 x ¢([A336][P507]) =0.02 mol/L, ¢(HNO;) =2.52 mol/L,
10 ~* mol/L, ¢(HCl) =2.4 mol/L, ¢(HNO;) =3.2 mol/L ¢;(Se(1)) =5.08 x10 ~* mol/L, ¢(HCl) =2. 45 mol/L

2.4 REHZIG

TE I8 7E (4 7K AR R EZ | A8 IBGRI % B2 1 26 6, B0 9 17 T Xk 26 BUR B2 00, 08 17 A [l il JEE (298 ~
323 K) FHY D R, BA lg D Xf 1000/ T AR &, Z5 2R 0K S Bis o BEAE R B350, Se (L) 9 73 FiE PRI
PGS REHP ARG S AH AT H van't Hoff J5 KA, Sz i R385 A Bl AE AG FE7E AS R 5 (4)
(S MG .
- AH

e D = 30srr + ¢ (3)

A R AR FEE()/ (mol-K) ) ,C HHE, HHEE(AG) 5 (AS) 435 LA -
A =-RTln K (4)
AS = L;AG (5)

SRIFHPS 22 H RT3 1 o, [A336 ][ P5O7 J7EXT Se( D) ARG R AH <0, X1 IS AEHL
TR TSN , R WIE AR N S8 & A UM I A T

F1 FEE Sc(Il) WARNFESH
Table 1 Thermodynamic functions of Sc( IIl')

Different media AH/(kJ+mol ~") AG/(kJ-mol 1) AS/(J-mol '-K™1)
HCI -33.2 -0.55 -109.5
HNO, -36.1 -0.41 -119.8

2.5 [A336][P507]%F Se( ) FIEE#H L E FRIEZFE

ASCHFSE T WA A336 ] [ PSO7 ] #F HCL FTHNO, 4 Bt Hox) Se (1) FIH B # + 85 Ak £k .
B HLAESE 0. 02 mol/L [ A336 ][ P507 ], K AHJ& 5. 08 x 10 ™" mol/L ) Sc( ) La( M) Nd(II) .
Eu( M) YCID) . Yb( ) A1 Lu( ) MRS 9, #HLL O/A =1:4, WK 6 AT LIAEH, %F T [ A336][ P507],
bt HNO, ¥ BE M 0. 2 mol/L 34K F] 1 mol/L,Sc( ) AIZEHR M 99. 5% T [&F 79. 9% |, T 1F 3% AR FE
TN, ZEBGAXT B 1 B F AR R 05 & HCL I EE A 0. 2 mol/L 34K F] 1 mol/L,Sc (1) 1)
I 96. 8% FEAIRE] 78. 5% | i %t HoB M 1 85 F I 2L BUE AW L Z W AT, WKL 6 mTLIAR i, R
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BAIG, Se (D) 5 HEH + 1 - AR BT, BridAE Se( D) S5HEM -/ s e b, e .
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=

g 40F —e— HNO,-Sc(1l)
g —o— HNO,-RE(IIT)
e 20k —— HCI-Sc(ITT)

—— HCI-RE(III)

0.2 0.4 0.6 0.8 1.0
Concentration of HNO, or HCI/(mol - L")

6 ArilE HNO, A sk HCL Ao Se 1) FILE R LIRS PR ZEI
Fig. 6 Extraction of the mixture of Sc( Il ) and other REs( Il ) in HCl medium or HNO; medium

RE represents La( Il ) , Nd(Il), Eu(Il), Y(II), Yb(I) or Lu(Il), ¢([A336][P507]) =0.02 mol/L, [RE]; =
5.08 x 10 ~* mol/L.

4 & ik

AR GEMITE T 1E HCL B HNO, A i P 2 IR AR A ORI [ A336 ][ P507 JXf Se (1) pyAE 1L, 7EAI
R BEZRAE T X Se (D) AYZEBURE J7 LA e, BR AR FE /D o TR S XS A PR B2 TR R W, Bt 7R R 32 9 346
A Se (D) BYZEMRESIFEAR o 1h T Se (D) 7R A f LT3 b BReiA A , ik — 25 he 1 [ A336 ] [ PS07 ]
& HCL 2HNO A B A I Se () A HLEE, #3 3) HAS S W 25 My 5 e B A BT AR Al 75 T A
SSE AR 242500 A5 R AR USROS, 2 TR S IO o A7 591 e JEE X6 A6 A 52 i I, [ A336 ] [ P507 ] AR
PRF A ERAT5 NaCl FINaNO, iy AT Se () A A BUA — & M AE o 7270 B Se (D) A e +
BT S A R R TR R AT ZEIBORIXT Se () FH e M 4 B 1A B i 0 AR
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Extraction of Sc( Il ) Using a Bifunctional
Ionic Liquid [ A336 ] [ P507 |

SHEN Lu“", CHEN Ji"* , DENG Yuefeng"
(“State Key Laboratory of Rare Earth Resources Utilization , Changchun Institute of
Applied Chemistry , Chinese Academy of Sciences ,Changchun 130022 , China ;
*Graduate School of the Chinese Academy of Sciences , Beijing 100049 , China)

Abstract Extraction of Sc (I ) from HNO, medium and HCl medium using a bifunctional ionic liquid
extractant [ A336 |[ P507] was investigated. The results show that the extractability of Sc ( Il ) by
[ A336 ][ P507] is high at low acidity. The extraction efficiency of Sc( Il ) decreases when the aqueous phase
acidity increases from 0.5 mol/L to 4 mol/L. The extraction mechanism was investigated. The extracted
complex of Sc( Il ) is different from light REs due to the smaller radius of Sc( Il ) and the competitive effect
of P—0O and P=0. The extraction efficiency of Sc( lll ) is enhanced with the increase concentration of NaCl
or NaNO; in the aqueous phase. Thermodynamic functions of the extraction reaction demonstrate that the
extraction of Sc ( Il ) is an exothermic process. Extraction of other rare earth ions at low acidity by the
extractant is negligible suggesting that [ A336][ P507 | has potential in industrial applications of Sc ( I )
extraction and separation over other rare earth ions.

Keywords [ A336][ P507 ] ;extraction;Sc( Il ) ;hydrochloric acid medium and nitric acid medium
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