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Abstract— A model by Cruz and Renon was extended to concentrated mixed strong electrolytes-mixed solvents
systems. Calculation was simplified by using solvent volume instead of system volume. Also a systematic method was

developed for the determination of parameters applicable to mixed electrolytes-mixed solvents systems.

Comparison of calculated activity coefficients of electrolytes and of standard Gibbs free energy of solution with ex-
perimental values showed good agreements for NaCl-Methanol-Water, KCl-Methanol-Water and NaCl-KCl-Water

systems.
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Table 1. Ionic properties

Li+ Na+ K+ Cl-

1, /1010 m 240 184 130 1.81
r’,/10-10 m 3.79 328 279 181
/1010 m 291 266 254 0

0:/10-3m3 mol-! 9.8 -8.0 -6.6 -3.6

The second suffix in r], W or A, designates water or
methanol, respectively.
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Table 2. Binary parameters
NaCl KCl
a/10'10 m 4.80 4.10
Z + w/kJ mol-1 120.0 83.57
Giw 2992 .4200
Z £ 4/kJ mol-1 160.7 128.0
G, .3080 .4200

NRTL Parameters for water(W)-methanol(A) are
Z]/VA =.5373 kJ mol'l, ZAW'z -.3040 kJ mol‘l,GWA =.8280
and GAVy’: 1.085
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Table 3. Comparison of calculated activity coefficients with experinental values at 298.15 K

RMS No of Cone. i

System Dev.** Data Pt. M(;]alﬁzg;llge Ref. InfoG;r\r,g;lon
NaCl-Water 015 29 0.001-6.00 (18] A
NaCl-10 MeOH*-Water 019 5 0.04-0.20 [20] B
-25 MeOH-Water 021 9 0.075-2.369 [19] C
-20 MeOH-Water 017 5 0.04 -0.20 (20] B
-30 MeOH-Water 016 5 0.04-0.20 [20] B
-40 MeOH-Water 018 6 0.04-0.20 (20] B
-50 MeOH-Water 010 5 0.04-0.20 20] B
-50 MeOH-Water 032 9 0.050-1.579 (19] C
-60 MeOH-Water 013 6 0.04-0.20 (20] B
-75 MeOH-Water 059 7 0.025-0.248 (19] C
-90 MeOH-Water 018 6 0.04-0.20 [20] B
-90 MeOH-Water 031 9 0.001-0.316 [19] C
KCl-Water .007 26 0.001-4.50 (18] A
KCl-10 MeOH-Water .001 6 0.04-0.20 (20] B
-10 MeOH-Water .055 13 0.0016-3.875 [21] B
-20 MeOH-Water 103 5 0.04-0.20 [20] B
-20 MeOH-Water 074 11 0.0185 -2.864 [21] B
-30 MeOH-Water 025 14 0.0065-2.129 [21] B
-40 MeOH-Water .003 5 0.04 -0.20 [20] B
-40 MeOH-Water .008 12 0.0039-1.511 [21] B
-50 MeOH-Water 028 12 0.0018-1.006 [21] ;
-60 MeOH-Water 062 12 0.0020-0.646 [21] B
-60 MeOH-Water .005 6 0.06 -0.20 [20] B
-70 MeOH-Water 033 12 0.0020-0.373 [21] B
-80 MeOH-Water 029 12 0.0021-0.211 [21] B
-80 MeOH-Water 005 6 0.04-0.10 [20] B
-90 MeOH-Water 058 10 0.0021-0.116 (21] B
KCl-MeOH 076 10 0.0021-0.0707 [21] B
NaCl-KCl-Water 021 33 1.0-5.0% [22] A

0264

A;7+* B; molality vs AE, AE? , C; molality vs AE,* 10 MeOH =10 wt% Methanol, etc, '*[2’,‘(1n)’{,w/)'m,)z/N]“2

# total molality, ## Average of RMS deviation.

sistEst M2TH X435 198941 82
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Table 4. Comparison of present model with others’

. Present Other Investigators’ Results
System RMS Dev.” Filtted Prop. RMS Dev. Ref
NaCl-Water 0.015 ] 0.002 Cruz and Renon [7]

[ 0.0015 Pitzer [1]
KCl-Water 0.007 4 ¢ 0.015 Cruz and Renon [7)
NaCl-MeOH-Water 0.023 ri 0.061** Rastogi and Tassios [11]
NaCl-KCl-Water 0.021 ] 0.001 Pitzer and Kim [9]

* overall standard deviation 13 aquous systems, **
#1Z(In VCalc/)'m)Z/M]UZ, ## average of RMS dev.

. . *
average relative error in y 4
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NOMENCLATURE

a : distance of closest approach between op-
posite charged ions [m]

D : dielectric constant of electrolyte solution
[J-lsz-l]

D° . dielectric constant in vacuum [1.113x107'°
JICPm™)

D : dielectric constant of solvent [J'C?m™]

e  : charge of an electron [1.602 x 107'°C]

GE . excess Gibbs energy [Jmol™]

AG® : standard Gibbs energy of solution [Jmol™']

G : NRTL parameter [-]

I © ionic strength [moldm™)

I, : ionic strength [molkg™]

k . Boltzmann constant [1.381 x 1073JK]

K . reciprocal of Debye length [m™]

N, . no. of moles of component j per kg solvent
{mol]

N, : Avogadro’s no. [6.022 x 10%mol]

Ng @ defined by Eqn (12) [mol]

N : defined by Eqn (11) [mol]

r : saturated cavity radius [m]

: Stokes radius for cation and Pauling radius
for anion [m)]
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—

: parameter in Eqn (24) [m]

R : gas constant [8.314 JK 'mol™]

T : absolute temperature [K]

v : volume per kg solvent [dm’]

Y’, Y” : volume fraction defined by Eqn (25) [-]

z : NRTL parameter {Jmol™]

z : charge no. of ion [-]

) : Hasted depression [m’mol™']

i : chemical potential [Jmol™']

A : activity coeff. defined by Eqn (14)

Subscripts

A : solvent A (methanol)

B : Born term

DH : DebyeHiickel term

M : cation of electrolyte MX

MX  : electrolyte component

i : chemical species

ij : interaction of solvents i and j

+ij  : interaction between an electrolyte whose ca-
tion is i and solvent j

L . component or jon i in solvent j

+i,j : electrolyte whose cation is i in solvent j

i, ki : ref. to component i when solvent changes
from Kk to j

Superscripts

* : infinite dilution reference state

° . pure reference state
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