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Table 1 Extraction of Co( II) and Ni( II) by three classes of acidic

organophosphorus extractants
ganophosph tractant

[11]*

Extractant X'X?*P(0) OH" 5K o
No. 20g V)
Class x! X2 Co Ni Co-Ni
1 n-CgH 70 n-CgHi;0 -~ 1,04 1.22 - 4.33 - 4.57 0.24
2 X!'= X2= RO i-CgH 7,0 i-CgH 70 - 1.12 1.52 ) - 6.13 0.71
3 s-CgH 170 s-CgH 70 - 1.44 1.84 - 5.82 — —
4 n-CgH 7 n-CgHi70 - 1.83 1.29 -5.55 - 6.35 0. 80
5 n-CgH 7 i-CgH 170 - 1.87 1.44 - 5.66 - 7.13 1.47
6 n-CgH 7 s-CgH 70 -2.03 1.60 - 5.85 - 7.63 1.78
7 i-CgH 7 n-CgH;0 - 1.87 1.77 - 5.62 - 6.98 1.36
8 i-CgH 17 i-CgH 170 - 1.91 1.92 - 5.87 - 8.16 2.29
9 Xl= R, i-CgH 7 s-CgH 70 -2.07 2.08 - 6.27 - 8.91 2.64
10 X2= R’ 0 s-CgH 17 n-CgHi;0 - 1.99 1.68 — 5,97 - 7.34 1.57
11 s~ CgH 17 i-CgH 170 -2.03 1.83 - 6.15 - 8.61 2.46
12 s-CgH 17 s-CgH 70 -2.19 1.99 - 6.28 - 8.62 2.34
13 cCeH 4 n-CgHi70 - 1.93  1.48 - 5.66 - 7.20 1.51
14 - CeH i-CgH 170 -1.97 1.63 - 5.64 - 7.93 2.29
15 cCeH 4 s-CgH 70 -2.13 1.79 - 5.81 - 8.06 2.25
16 i-C3H 7 n-CioHosO - 1.82 1.41 — 5.62 - 6.91 1.29
17 n-CgH 7 n-CgH 7 -2.62 1.36 - 5.80 — —
18 X'z xX2= R i-CgH 7 i-CgH 7 -2.70 2.32 - 6.00 - 8.08 2.08
19 S‘C8H17 S‘C8H17 - 2 94 2 14 - 592 - 9 95 4 03

Organic phase: extractant( heptane) 0. 1 mol/ L; aqueous phase: M** 0.01mol/ L, NaySO, 0.25mol/ L;
phase ratio (O/A) = 1: 1; shake time 30 min; temperature( 25 £1) C
* _i'C8H17 _CH2CH( C2H5) C4H9; S'C8H17 _CH( CH3) C6H13; C'C(,Hll —cyclohexyl
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Table 2 Extraction of Co( II) and Ni( II) by three classes of acidic

organophosphorus extractants with octyl”

Extractant lgK o
No. 20 AV
Class R Co Ni Co~Ni
1 n-CgH 7 - 1.04 1.22 4.89 -4.92 0.03
2 (FO) 28( O) OH i~CgH 17 ~ 112 1.2 -537 -570  0.33
4 n-CgH 7 - 1.83 1.29 5.62 - 5.82 0.20
8 R(RO) P(0) OH i-CsH 17 191 192 6.44  -7.77  1.33
17 n-CgH 7 -2.62 1.36 6.24 - 7.44 1.20
18 R,P(0) OH i-CgH 17 2.70 2.32 7.36 -9.24 1.88
Organic phase: various concentration of extractant in toluene; aqueous phase: Co( II) or Ni( II) 10~ 6~ 1073 mol/L,
NH4NO3 0. 3mol/ L; temperature (25 *1) C
=3 AR T JEES[ R'(R20) P(O) OH| 2 HL Co( IT) AT Ni( IT) 12
Table 3 Extraction of Co( II) and Ni( II) by monobutyl esters of
octylphosphonates [ R'(R*0) P(0) OH]''*
Extractant lgK o
No. 20g AV
R R? Co Ni Co Ni
20 n-C4Hy - 1.69 1.26 - 5.13 - 5.70 0.57
21 n-CgH 17 i-C4Hy -1.73 1.30 - 5.17 - 5.75 0.58
22 s-C4Hy - 1.97 1.54 - 5.80 - 6.73 0.93
23 n-C4Hy -1.73 1.74 - 5.66 - 6.69 1.03
24 i-CgH 7 i-C4Hy - 1.77 1.78 - 5.80 - 6.86 1. 06
25 s-C4Ho - 2.01 2.02 - 6.59 - 8.31 1.72
26 n-C4Hg - 1.85 1.65 - 5.80 - 6.76 0.96
27 s-CgH 17 i-C4Hy - 1.89 1.69 - 5.69 - 6.97 1.28
28 s-C4Ho - 2.13 1.93 - 6.17 - 8.16 1.99

Organic phase: extractant( heptane) 0.5 mol/ L; aqueous phase: CoSO4 or NiSO4 0.2 mol/ L, pH =4;
phase ratio (O/A) = 1: 1; temperature (25 £1) C

FH 20 A1 2V,

3 ZHRITHE
R 1~ 3 P & 2B E 1gK o 1%
5301 MBI OCRA

IgK o = PZ0p+ XU+ h (4)
Xf 0o F1 SOREAT om0 M . 3T 4
HEARPT RGN RE Q& FHEE L Je—LEHH
I B RE 2 M fa b — il 51 T3 5

2 5 Bl vl W, 4 41190V 20 B B B A5 K
-(CL) #152)99% DL L, R IgK o X =0 Fl

SO OCHE & R S R 3 1 . ke, X TR
PERE R ZE R A H Co( 1) A1 Ni( 11) M4 &,
SNE B AR OC R A FE A O 1) . AR AR X P oG
A, B I 4 A R R DT R, Bt
A] BE D I AZ A5 A T e — R A 1t 20 26 B0
Co M Ni ] Koy JFH, #H T AlgK. B
19K o(Co) — 1gK o( Ni) TfUH%%E T Co-Ni 194
B REL B( Co/ Ni) BT 1B, PTLL, Mtk
H B AER RIEATYIE T ComNi 43 55 R4k . 1X
X TR R Co Ni 2 AR — E fa
FEXM.

M 5 Pros Rl R PF ¢ IR 50T LLE



« 142 - o E A 4R IR

1999 % 3 H

R4 ARPACER LT RN B 00 FIAE [N Z K 0

Table 4 Electronic effect parameter O¢ and steric effect parameter Uof related substituents

Substituent i-C3H5 c-CeHpy n-CgH 7 i-CgH 7 s-CgH 7 n-Ci,H,50
Oy - 13080 gttt o3ttt g 35ttt g gyttt g, 50t
Y 0. 76! 0. 87! 0. 68! 1. 16! 1.07'Y 0. 654
Substituent n'C4H90 i"C4H9O S‘C4H9O n‘C8H17O i‘C8H17O S'C8H17O
0o - 0.38 - 0.42 - 0.66 - 0.5 _ .56t g, 72011
v 0. 5814 0. 621141 0. 8614 0. 6114 0.76'14 0. 92014l
£S5 Co( II) M Ni( II) I 1gK o 55 =0 F1 SV JCLR M [F] 43 B &5 51
Table 5 Results of dualistic linear regression analysis for
1gK o (Co or Ni) with Z0gand U
No. Data M etal P ¥ h R 3 F  n CLI%
source
1 Table 1 Co 0.332 - 0.648 3.98 0.754 0.288 10.5 19 99
Ni 1.49 - 1.60 1.88 0. 890 0.601 26.7 17 99
2 Table 2 Co 0.715 - 1.15 - 2.80 0.999 0.0589 557 6 99
Ni 1.29 2.12 - 0.99 0.993 0.252 101 6 99
5 Compounds Co 0. 858 -0.583 -3.15 0.873 0.135 16.0 13 99
4~ 16
in Table 1 Ni 2.35 - 2.06 0.427 0.916 0.340 26.1 13 99
4 Table 3 Co 0.926 — 1, 27 -1.93 0. 960 0.146 35.1 9 99
Ni 2.41 - 2.35 1.50 0.991 0. 140 162 9 99

* R —Multiple correlation coefficient; s —Residual standard deviation; F —Function for the test of regression signifi-

cance; n —Number of points in the set; CL —Confidence level of the correlation
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Fig. 1 Dependence of 1gK  on 2V of
substituents in Co and Ni extraction by various

structures of monoalkyl alkylphosphonate
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Table 6 Results of unitary linear regression analysis
for IgK «( Co or Ni) with XV

No. Data source Metal ¢ h r s n CL/ %
Compounds Co - 0.874 -4.35 - 0.829 0. 148 13 99
5 4~ 16
in Table 1 Ni - 2.86 -2.87 - 0.882 0. 381 13 99
6 Table 3 Co - 1.63 - 3.05 - 0.933 0.173 9 99
Ni - 3.30 - 1.41 - 0.946 0.311 9 99
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STRUCTURE OF ACIDIC ORGANOPHOSPHORUS
EXTRACTANTS AND THEIR EXTRACTION
BEHAVIOURS FOR CO( 11) AND Ni( 1I)

Xu Qingren
Shanghat Institute of Organic Chemustry,
Chinese Academy of Sciences, Shanghai 200032, P. R. China

ABSTRACT The correlation relationships between the logarithm of apparent extraction equilibrium constants lgK
and the electronic effect parameter 20gpas well as the steric effect parameter ZUof the substituents in extractant molecules
were examined by linear regression analysis method in the extraction of Co( II) and Ni( II) from sulfate solutions by vari-
ous kinds and structures of acidic organophosphorus extractants. The results indicated that the correlation relation coin-
cides with the linear free energy relationship ( LFER) . This relationship can be applied to predict the IgK ., of Co or Ni
and their separation factor B( Co/ Ni) with this kind of extractants, and thus possesses some directive sense for the design

of new highly effective Co-Ni separation extractants.

Key words Co( II) Ni( II) linear free energy relationship ( LFER)
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