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Abstract

Isobaric vapor—liquid equilibrium data are reported for binary and ternary aqueous mixtures containing LiCl ap@tZiofdl salt
concentrations between 10 and 50 wt.%. The measurements were carried out at 5.3, 9.3, 20, 40, and 101.3 kPa in a computer-controlled glas:
apparatus. Particular care was taken to ensure proper equilibration of the high-density, high-viscosity salt mixtures. The equilibrium data
spanning temperatures between 303 and 423 K were successfully correlated using the electrolyte model by Wang and Anderko [Fluid Phase
Equilibr. 203 (2002) 141-176].
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction dehydration window (between ca. 30 and 45wt.%). How-
ever, its drawback for the desiccation process is a relatively
Lithium is the first member in the |IA series of alkaline high cost. During the last decade several studies have been
metals and is very strongly hydrated in aqueous solutions carried out on the use of mixed salts with the objective to find
due to the small radius and high charge density of the lithium a stable, effective, and low-cost working fly&i3].
ion. Each lithium ion binds about three water molecules and  Extensive phase equilibrium data are available in the liter-
lithium halogenide salts exhibit high solubilities in water (ca. ature for the binary system LiCl +4® [4-11]. On the other
20 mol/kg HO or 45-50 wt.%])1]. The combination ofthese  hand, vapor-liquid equilibrium (VLE) data are much scarcer
properties makes the lithium salts prime candidates for regen-for aqueous solutions of divalent metals, such as Zr€i,0
erable absorbents in desiccant cooling and drying systemswhere they are mostly limited to water activity data at 298 K
The use of such systems for temperature and humidity control[12—16] This paper reports VLE data of binary and ternary
in large residential and commercial buildings has been underaqueous solutions of LiCl and Zn£ht high total salt con-
study and development in recent years. Particularly attractive centrations (10-50 wt.%) and temperatures between 303 and
for this process is the possibility of utilizing various types of 423K.
‘low grade’ heat sources for the regeneration of the desiccant
solutions, such as waste heat, solar energy or biomass fuels
[2].
Lithium chloride appears to be the most stable liquid 2. Experimental

desiccant with a high dehydration capacity and a wide
VLE measurements were carried out at 5.3, 9.3, 20, 40,

and 101.3kPa in a computer-controlled glass ebulliometer

* Corresponding author. Tel. +81 86 457 2603; fax: +81 86 457 2089, With the capacity of 500 cf(Fig. 1). The apparatus was
E-mail addresspetr@yayoi.mt.m-kagaku.co.jp (P. K. equipped with a pressure sensor (Model 215A, Paroscientific
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Fig. 1. Scheme of VLE apparatus used in this work: (A) boiler, (B) Cotrell
pump, (C) electric heater, (D) magnetic stirrer, (E) thermometer well, (F)
reflux line, (G) condenser, (H) jacket, and (I) sampling port.

Inc., Redmont, WA, USA) and a Pt-resistance thermome-

ter (Model 1502A, Hart Scientific Inc., American Fork, UT,
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Anhydrous LiCl (purity >99wt.%) and Zn@l (purity
>98wt.%) were purchased from Wako Chemicals Inc.,
Osaka, Japan, and used as received. Aqueous solutions of
the salts were prepared by weighing (LIBROR AEL-200 and
EB-3200H balances, Shimadzu Corp., Japan). Distilled and
deioinized water (CPW-100, Advantech Toyo Ltd., Japan)
was used for the preparation of the solutions. Considerable
amount of heat was liberated on dissolving the anhydrous
salts in water. Correspondingly, the dissolution process was
carried out in a water bath maintained at 293 K.

The salt solutions had a high density and viscosity (ca.
1.5g/cn? and 40 mPas, respectively, for the most concen-
trated solutions), and intensive circulation in the cell was
necessary to ensure the attainment of equilibrium in the ap-
paratus. The reliability of the measurement at high salt con-
centrations was verified by comparing our experimental data
for the binary system LiCl + biO with those in the literature
(Fig. 2.

Our P-T experimental data for the ternary system
LiCl+ZnCl, + H,0O at different mass ratios of LiCl:Zngl
are listed inTable 1 Considering the condensate hold-up in
the recirculation apparatus, the uncertainty in the reported
liquid compositions is estimated to be 0.6%.

3. Modeling

USA). The estimated uncertainty in the pressure and tem-3.1. Binary system LiCl+ bO

perature readings wais0.01 kPa andt0.05 K, respectively.
The pressure was controlled #60.1 kPa using a Ruska Se-

ries 7000 controller (Ruska Instrument Corp., Houston, TX,

USA).

Table 1
Experimental VLE data

For modeling of the experimental data we used the mixed
solvent electrolyte (MSE) mod§l7] as implemented in the
ESP simulator (OLI Systems Inc., Morris Plains, NJ, USA).

LiCl+H O binary system ZnGH H,0 binary system

LiCl+ZnGl+H20 LiCl+ZnCl, + H,O

ternary systef ternary systef
LiCl  ZnCl, P(kPa) T (K) LiCl  znChb P(kPa) T(K) LCl ZnCh P(kPa) T(K) LCI znCh P(kPa) T(K)
(WE.%) (Wt.%) (WLY%)  (WL.%) (Wt.%) (Wt.%) (WE.%) (Wt.%)
10 0 1013 376.30 0 30 108 37627 43 57 1013 37462 167 33 200 33942
10 0 400 351.60 0 30 40 35179 86 114 53 30968 167 33 400 35568
10 0 200 335.45 0 30 20 33569 86 114 200 33562 167 33 1013 38047
20 0 1013 382.77 0 40 108 37986 86 114 400 35138 250 50 200 34750
20 0 400 357.17 0 40 40 35510 86 114 1013 37664 250 50 400 36432
20 0 200 340.81 0 40 20 33874 129 171 53 31239 250 50 1013 39000
30 0 1013 394.47 0 50 108 38514 129 171 200 33819 334 66 200 35904
30 0 400 368.38 0 50 40 35970 129 171 400 35498 334 66 400 37750
30 0 200 351.47 0 50 20 34326 129 171 1013 38108 334 66 1013 40420
0 50 93 32665 171 229 53 31712 417 83 199 37623
171 229 200 34418 417 83 400 39433
171 229 400 36117 417 83 1013 42079
171 229 1013 38665
214 286 53 32596
214 286 200 35456
214 286 400 37186
214 286 1013 39845

2 LiCl:ZnCl, mass ratio=0.75.
b LiCl:ZnCl, mass ratio = 5.
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Fig. 2. Vapor-liquid equilibrium in the binary system LiCl+©8 at salt
concentrations 10, 20, and 30 wt.%. Empty symbols: literature[dafel |,
full symbols: experimental VLE data (this work); lines: MSE model.

The model for the excess Gibbs energy consists of three
terms:

GE _ GER GER GI\E/IR
RT ~ RT = RT RT

@)

The long-range contributionGER, is expressed by the
Pitzer—Debye—Hckel term,

Gir (Z” ) AAcl I+ p1/?
B i
RT p Y il + o197

)

wherely is the ionic strengthl, = 1/22x,~zi2. For aqueous
solutions, the long-range term does not contain any adjustable
parameters.

The short-range contributiom}ER, is given by the stan-
dard UNIQUAC term[18]. The middle range ternGE,,R, is
represented by a symmetrical second virial coefficient-type
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Fig. 3. Mean ionic activity coefficients in the binary system LiCl #3Has
a function of the salt molal concentration. Symbols: literature [2a23}
lines: MSE model. Alllines an> 6 are extrapolated. Only two middle-range
parameters for LVCI~, by;+,c- andey;+,c- in Eq.(3), are necessary at a
single temperature. The results are obtained by fittirz% data<ed and all

three temperatures using four parameté?é bf}), cﬁ?), ong

Table 2

Model parameters for the system LiCl + ZnGiH,0

Parameters for solids

Parameters for aqueous

complexes
AG ¥

Binary parameters

(calmo1K—1)

AGC}-
(calmol1)
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(calmol1)
—63486.5
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ij

(1)
ij
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ij
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ij

b;

@
ij

b}

(0)
ij

b,

70.464
33.461
24.456
40.019

—895121
—1772517
—2353299
—2644367

ZnG(s)

63.723
79.497

ZnCl

-0.112711 0
—221.3743 ZnGl(aq)
—126.9201
—212.5515

0

0 683046

—507.5484 3386339
—1923864
—1367001

0.123183

0

—0.5216043 0

—74.444

Li*/Cl-

ZnGi1.5H,0

—90961.3

—2391367

Zn?*ICI~

ZnGl-2.5H,0
ZnGl-3H,0

—0.2712924 0

ZnCI*/CI—

—0.3174097 O

—0.7854023 0

ZnCly(aqg)/ClH
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Fig. 4. Properties of the binary system Zp&€IH,O as a function of the salt concentration. (a) Water activity at 298 K. Triangles: experimentfl élata
(b) isobaric VLE data. Symbols: experimental VLE data (this work). Lines: MSE model.
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Fig. 5. Solid—liquid equilibria in the binary system ZnRGiH,0. Symbols:
experimental datf24]; lines: MSE model.

expression
E
% - (Z ”") D> wixjBy(L) 3)
where
Bjj = bjj +cij exp(—\/Ier—0.0l) (4)
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The new MSE model has been applied to both aqueous
and non-aqueous mixed solvent electrolyte systems, ranging
from infinite dilution to molten salts or pure acifi9]. The
model parameters are obtained by simultaneous regression
of phase equilibrium, enthalpy, and heat capacity data. The
parameters in the middle range expression are usually most
effective for correlating of electrolyte systems.

In the case of the binary system LiCl ©8, two middle-
range parameteis; andcj were sufficient for completely
describing the system at isothermal conditions. For correlat-
ing data at different temperatures, the following temperature-
dependence of the parametbjsandc; was used

@

b
(0) (1) ij
b,‘j = bij +bij T+ T (5)
©, (1 ok
1
cij= ¢ +¢ T+T] (6)

In the final model, four parameters (i.eg.)), cl(;)) and ei-
therbl(}), cl(jl) or bl@), cl(?)) were fitted to the literature data
[4-11,20-23]and our VLE dataTable 1. In Fig. 3, only
the mean ionic activity coefficients at molal concentrations,
m< 6, were correlated. The MSE model correctly predicted
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Fig. 6. Correlation of experimental VLE data for the ternary system LiCl + Zr®,0 system at various salt concentrations and LiCl:Zznss ratiosR—T
projection). (a) LiCl:ZnC} =0.75; (b) LiCl:ZnCp =5.0. Symbols: experimental VLE data (this work) and lines: MSE model.
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Fig. 7. Correlation of experimental VLE data for the ternary system LiCl + Zr€l,0 at various salt concentrations and LiCl:Zp@hass ratios{— x
projection). (a) LiCl:ZnC} =0.75; (b) LiCl:ZnCp =5.0. Symbols: experimental VLE data (this work) and lines: MSE model.
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