HWAHAK KONGHAK Vol. 35, No. 3, June, 1997, pp. 329-337
(Joumnal of the Korean Institute of Chemical Engineers)

&b EEH0IM EHPNAO| 2Jst IWEQ} LW 24 0|29 F&HY
OlYAI' - HMT - YBT - BB
Folhekz 23 seze)

AR 82w}
(1995 8y 289 A<, 1997d 34 119 A=)

Extraction Equilibrium of Cobalt and Nickel Ions from
Acid Leach Solutions with EHPNA

Sung-Sik Lee', Sung-Kyun Jeon, Jong-Gyu Yang and Bong-Geun Kang*
Department of Chemical Engineering, Dong-A University, Pusan, Korea

*Department of Information and Publishing, Pusan Junior College, Pusan, Korea
(Received 28 August 1995; accepted 11 March 1997)

® %
A A el A2 DYEQ) A o] 20] F:2YYL Fapr] Y5l 4 2 11]°' EHPNAZ#4] Co(NO:),-Acids
(HC], H,S0,)-H,0, Ni(NO;),-Acids(HCl, H,SO,)-H,0712] 323432 AYsjo] 222293} 2238 A2 74

Aow, 7} g o] &3} 3EA|9] £ CoR, 2HR, NiR, 4HRo| Stk 34 3R 04T Abg-Ae] dedshy Sxq)
BFEE T3] Si3ted 348 Aol SAo2RE] AYPHO 2 AL equi-a(H0) data 24 £29] FFYET Az
&l 7:[Co(NO,)], 1:[Ni(NOy).], Y.(HCI), Y.(H,SO)& Mckay-Perring method 24 Tach FFFEE AL Log
Dultsno®t Log Diltenso®] 5% EolAIS FAloll 8k mgon], A1gole] Je ST g A9)s}m Modified Mckay-
Perring methodel] 213} o) 2313} A @gke] 7pa & U sleict.

Abstract— Extraction equilibrium formulations were studied for the distribution coefficient of cobalt and nickel ions
from acidic leach solutions by using 2-Ethylhexylphosphonic Acid Mono-2-Ethylhexyl Este(EHPNA) dissolved in n-hep-
tane at 298 °K. The extration equilibrium constants, K., of cobalt and nickel by EHPNA were investigated and they were
different from each other that by DEHPA. Complex form of cobalt and nickel in the organic phase was CoR,-2HR, NiR,
4HR. With metal extraction processes, considering that the activity is one of the basic parameters in characterizing the solu-
tion itself, the mean activity coefficients of solutes, y.[Co(NO),], Y«[Ni(NOs),], v:(HCI), v.(H,SO,) in aqueous mixed elec-
trolyte solutions were calculated by Mckay-Perring method and its modified form using the equi-water activity data of
those solutions experimentally determined. The mean activity coefficients had an effect on extraction curve and experimen-
tal results agreed with well those calculated by Modified Mckay-Perring method on extraction profiles except at low acid
concentrations.
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Fig. 1. Schematic illustration of an apparatus used for the trans-
piration experiment.

A © N, gas cyliner H : Water bath

B : Cooling aid(methanol) I : Heating element

C : Cooling aid(dry ice) J : Dehydrating tube(CaCl,)

D : Mass flow control unit K : Dehydrating tube[Mg(Cl0,),]
E : Pre-saturator L : Dehydrating tube(CaCl,)

F : Saturator M: Dehydrating tube(silica gel)
G : Magnetic stirrer
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Fig. 2. Extraction of cobalt and nickel ions at constant concentra-
tion of extractant.
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Fig. 3. The effect of extractant concentration on extraction equili-
brium of cobalt and nickel ions from various acids.
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Table 1. The values of water activity of the aqueous solution system
of Co(NQ,),-HC1 determined by a transpiration method at

298°K
m(HC) m{Co(NOy),] p(H;0) a(H,0)
[mole/kg] [mole/kg] [atm] [
0.480 0.120 0.0309 0.9817
0.880 0.220 0.0304 0.9658
1.280 0.320 0.0300 0.9533
1.640 0.410 0.0296 0.9408
1.960 0.490 0.0289 0.9200
2.280 0.570 0.0283 0.9000
2.880 0.720 0.0271 0.8625
0.400 0.200 0.0309 0.9833
0.760 0.380 0.0306 09717
1.060 0.530 0.0300 0.9558
1.400 0.700 0.0296 0.9400
1.660 0.830 0.0291 0.9258
1.960 0.980 0.0287 0.9117
2.440 1.220 0.0279 0.8575
0.340 0.340 0.0308 0.9808
0.590 0.590 0.0304 0.9658
0.830 0.830 0.0299 0.9517
1.080 1.080 0.0295 0.9366
1.290 1.290 0.0290 0.9233
1.520 1.520 0.0284 0.9025
1.950 1.950 0.0291 0.8625
0.240 0.480 0.0308 0.9792
0.420 0.840 0.0303 0.9633
0.580 1.160 0.0297 0.9450
0.740 1.480 0.0292 0.9292
0.900 1.800 0.0287 0.9125
1.050 2.100 0.0282 0.8958
1.330 2.660 0.0271 0.8625
0.160 0.640 0.0308 0.9800
0.260 1.040 0.0304 0.9658
0.350 1.400 0.0298 0.9492
0.460 1.840 0.0295 0.9383
0.550 2.200 0.0287 0.9123
0.640 2.560 0.0280 0.8917
0.820 3.280 0.0267 0.8492
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Table 2. The values of water activity of the aqueous solution system
of Ni(NO,),-HC1 determined by a transpiration methods at

298°K
m(HCI) m[Ni(NO,);] p(H,0) a(H,0)
[mole/kg] [mole/ke] [atm] []
0.400 0.100 0.0308 0.9801
0.840 0.210 0.0305 0.9714
1.200 0.300 0.0300 0.9557
1.600 0.400 0.0293 0.9323
2.000 0.500 0.0286 0.9091
2.400 0.600 0.0276 0.8788
2.800 0.700 0.0265 0.8431
0.250 0.125 0.0309 0.9828
0.700 0.350 0.0304 0.9655
1.000 0.500 0.0296 0.9421
1.300 0.650 0.0289 0.9189
1.600 0.800 0.0280 0.8918
1.850 0.925 0.0275 0.8753
2.400 1.200 0.0266 0.8476
0.200 0.200 0.0311 0.9877
0.530 0.530 0.0302 0.9621
0.750 0.750 0.0298 0.9472
1.000 1.000 0.0290 0.9221
1.200 1.200 0.0281 0.8937
1.400 1.400 0.0277 0.8804
1.800 1.800 0.0265 0.8422
0.100 0.200 0.0309 0.9816
0.340 0.680 0.0304 0.9681
0.500 1.000 0.0296 0.9428
0.700 1.400 0.0289 0.9208
0.800 1.600 0.0283 0.8994
1.000 2.000 0.0274 0.8712
1.200 2.400 0.0262 0.8336
0.060 0.240 0.0311 0.9900
0.200 0.800 0.0303 0.9636
0.300 1.200 0.0299 0.9508
0.400 1.600 0.0292 0.9279
0.500 2.000 0.0282 0.8966
0.600 2.400 0.0275 0.8733
0.750 3.000 0.0262 0.8329
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_9&—‘}’—5] 3‘5‘% %‘léﬂﬂ %ﬁg’] %7§°‘l CO(Noa)z, Ni(Nos)z, HCIQ’]
FF FEE ASeS Fig 6-8¢l) 7H7 vrehgict.

3 A A EYNA FEd} dagde] ol & A4S, &
Al BF BEE ASYES Mg o, Bt de Al v,

Table 3. The concentration of solutes for the equi-a(H,0) value in
the aqueous solution system of Co(NO,),-H,SO, determin-
ed by the isopiestic method at 298 °’K

m(,S0,) m[Co(NO,),] m(H,S0,) m[Co(NO,),]

WO)  (molekg]  [moleke] T [moleskg]  [molerke]
099%  0.000 0170 0968 0000 1661
0.036 0.134 0.224 1213
0.068 0.098 0.358 0.937
0.085 0.068 0.503 0.663
0.091 0.046 0.619 0.446
0.095 0.032 0.685 0.301
0.107 0.020 0.752 0.201
0.112 0.000 0.850 0.000
098  0.000 0743 0960  0.000 2010
0.061 0.619 0.111 1.592
0.128 0.528 0372 1.258
0.179 0367 0.563 0.852
0.257 0.308 0.682 0.638
0.303 0210 0.793 0.399
0.351 0.130 0.890 0301
0.388 0.000 1.038 0.000
0.978 0.000 1.290 0.950 0.000 2.316
0.140 0.991 0.256 1.856
0.256 0.748 0.481 1.407
0.358 0558 0.682 1.066
0.424 0.368 0.843 0.771
0.498 0.262 0.989 0.497
0.552 0.149 1.111 0.281
0.602 0.000 1.255 0.000
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Table 4. The concentration of solutes for the equi-a(H,0) value in 3 : : .
the aqueous solution system of Ni(NO,),-H,SO, determined
by the isopiestic method at 298 °K
m(H;S0,)  m[Ni(NO),] m(H,S0,) m[Ni(NO;),]
a(t.0) [mole/kg]  [mole/kg] a(H,0) [mole/kg]  [mole/kg]
4
0.992 0.000 0.465 0.953 0.000 2.102 = ’ .
0.029 0.395 0.177 1.778 -~ B
0.049 0.346 0.286 1.581 :9: ’
0.069 0.298 0.396 1.389 K]
0.091 0.253 0.498 1.197 e
0.131 0.164 0.613 1.005 o R
0.155 0.110 0.722 0.803
0.174 0.054 0.828 0.606
0.207 0.000 0.991 0.303 m(ColON,) (mol/xe)
. X X . 2
1.169 0.000 ---2.0
0.982 0.000 1.021 0.941 0.304 1.961 =-=3.0
0.091 0.813 0.410 1.780 1 2’ é "
0.142 0.711 0.524 1.599
0.185 0.616 0.639 1.409 m(HC1) (mol/kg)
0.229 0.521 0.745 1.201 Fig. 6. Calculated mean activity coefficient of Co(NO;), in the aque-
0278 0.412 0.852 0.996 ous solution of Co(NO,),-HClI at 298 °K.
0.328 0.317 0.990 0.750
0.376 0.209 1.138 0.503 . .
0415 0.103 1.283 0.253 , (Ni(NO,),) (mol/kg)
0.470 0.000 1.437 0.000 / 0.2 —;5
0.973 0.000 1.477 0.905 0.835 1.855 30
0.096 1.255 0.952 1.696
0.188 1.089 1.078 1.541
0.282 0.877 1.191 1.355 " ]
0.377 0.694 1.321 1.183 o
0.427 0.597 1.438 0.991 g
0471 0.501 1.602 0.755 £ .
0.571 0.301 1.768 0.511 i <
0.663 0.100 1.940 0.259 = -
0.720 0.000 2.130 0.000
1 1
| L
2 3 4
m(HC1) (mol/kg)
0 S N zi Q o Fig. 7. Calculated mean activity coefficient of Ni(NO;), in the aque-
=T AT =] ous solution of Ni(NO,),-HCI at 298 °K.
- 2.0 r ; .
1
: A) B
2 Ni(NO,),-H,S0,-H,0
=1 2 Co(NO,),~H,50,~H,0 ) 18 i
1.0 N
‘m (ien) (‘“’V‘ ":) B(HC1) (mel/kg
-2 - -20 -y
0.90 0.95 1.00 TTUR2 ‘}'3"‘513
a(H,0) (-) 3 o :

1 2 k]
r (Co(NO,),) (mol/kg) m(Ni(NO,),} (mol/kg)

Fig. 5. Relationship between b and a(H,0) values of the aqueous

solution of M(NO,),-H,SO, at 298 °K. Fig. 8. Calculation mean activity coefficient of HCl in the aqueous

solution of M(NO,),-HCl at 298 °K.
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0.12 :
m(Co(NO,),) {mol/kg)
..... 0.1 ——l_z
------- 0.5 ----1.5
--0.8 ---1.8
0.09 —1.0 —=—2.0
N
;)
o
Z
o 0.06 -
e
]
+
~
0.03 |- .
0.00 L
1] 1 2

m(H,S0,) (mol/kg)
Fig. 9. Calculated mean activity coefficient of Co(NO;), in the ague-
ous solution of Co(NO,),-H,SO, at 298 °K.
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SRl B4 B8 S5t BT 3 o 1.[CoNO,)
s 1.[NI(NOY,] FHEE A hehdon, B89 FErt du
F449] 571 271k Wl viehdek o)) Sakgalel vt
Z7hek 4o Smol BAgle] YAsseh

F8 5 Aad §99 v, (LSOREE B4} e ¥ =
b 2% dg A A dehten, 2599 $t 74 g
wh2 A Zasiiet.

wg T Al e HE BEE ASRSE F59 B
57}y Fagae) $57} FE A9 3599 B 74 ot
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o} ol VA £ AaEs] A4, (S0 Wbt ol =7
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Fig. 10. Calculated mean activity coefficient of Ni(NO,), in the aque-

1
m(H,50,) (mol/kg)

ous solution of Ni(NO,),-H,SO, at 298 °K.

0.08 |- m (.80} (mel/kg) 4 o008}
e §1Y —1.2
~~~~~~~~ 0.5 1.5
«--0.8 ~—-1.8
- 1.0 .
0.00 L 0.00 L
0 2

1 1
m(Co(NOy),) (mol/kg) m(Ni(NO,),) (mol/kg)
Fig. 11. Calculated mean activity coefficient of H,SO, in the aque-
ous solution of M(NO;),-H,SO, at 298 °K.
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% o]£2] BujAl$, D2 #AAAQ A (13)lA HE BE= AS
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3
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7504 -
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Y ___
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H 250 4
Fig. 12-15614 0] 23t Dy 4] (22)-(25)ell 2J3ked Al4bsigdond,
AR SNl A g2 Co(NOs),, Ni(NO,),, HCI, H,S0,8] H7 &
E5 AS5gke 2424 o) Debye-Huckel[28]3% Davies theory[22]2

1 1 T
O Experimental data
— modified Mckay
-Perring
--- Mckay-Perring
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~~~~~~~~ Davies
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71HC1

Fig. 12. A comparison of the experimental and calculated distribu-
tion coefficient of extracted cobalt ions by EHPNA at Co-
(NO,),-HCI-H,O system.
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-2F -Perring T
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Fig. 13. A comparison of the experimental and calculated distribu-
tion coefficient of extracted nickel ions by EHPNA at Ni-
(NO,),-HCI-H,0 system.

AAke}sL, 3489 W= Mckay-Perring method[19)2} Modified Mckay-
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o Ate] FE AlSghe] o AR Dgho] 84 o)29] sl
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Fig. 14. A comparison of the experimental and calculated distribu-
tion coefficient of extracted cobalt ions by EHPNA at Co-
(NO;),-H,SO,-H,0 system.
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Fig. 15. A comparison of the experimental and calculated distribu-
tion coefficient of extracted nickel ions by EHPNA at Ni-
(NO,),-H,SO,-H,0 system.
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(4) Debye-Huckel, Davies, Mckay-Perring 72] 57 Modified Mckay-
Perring method 2 A41Y HF SFE AFHEL 35 Ao 35
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et Atk 4k Ao Je B=E A9)skmi Modified Mckay-
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AL871E

: constants

: function of a(H,0)

: constants

: distribution coefficient of metal
: extractant, EHPNA [mol//]

: coefficients
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K :thermodynamic equilibrium constant for solvent extraction

K. : extraction equilibrium constant

m; : molality of solute i in the mixed solution [molal concentration]

MR : metal-HR complex [mol//]

M : concentration of metal ions in the aqueous phase [mol//]

M, :molality of solute i having equi-a(H,0O) as the mixed solution
[molaf]

X :number of additional molecules of extractant in extracted
species

y; :ratio of molality of solute i to the total molality m of solutes

a2jojA 2Kt

Y. :mean activity coefficient of solute i

T'., :mean activity coefficient of solute i having equi-a(H,0) as the
mixed solution

v :number of ions formed by dissociation of the solutes

SIAx}

aq :aqueous phase

ex :extraction

i :solutes of aqueous electrolyte solutions

M :metal

org : organic phase
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