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Vapor—Liquid Equilibrium of Ammonia + Lithium Nitrate + Water and
Ammonia + Lithium Nitrate Solutions from (293.15 to 353.15) K
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Research Group on Applied Thermal Engineering-CREVER, Department of Mechanical Engineering, Universitat Rovira i
Virgili, Av. Paisos Catalans 26, 43007 Tarragona, Spain

The vapor pressure of ammontalithium nitrate+ water and ammonia- lithium nitrate mixtures was measured

by a static method from (293.15 to 353.15) K in ammonia mass fractions ranging from 0.2 to 0.6. The experimental
vapor pressure data were correlated with the temperature and the liquid-phase composition using an analytical
polynomial equation. The capability of the electrolyte nonrandom two liquid (E-NRTL) model to predict the
vapor-liquid equilibrium (VLE) of the ternary mixture was evaluated by comparing predicted and experimental
data of the ammonia lithium nitrate+ water solutions. The binary interaction parameters of ammérignium

nitrate needed for the prediction of ternary VLE were determined from binary experimental data.

Introduction nitrate ternary mixture. They obtained higher operation tem-

Nowadays, absorption refrigeration systems and heat pumpspe_ratures and importgnt efficie_ncy improvements _for the ternary
use water+ lithium bromide and ammonia water mixtures ~ Mixture compared with the binary, in refrigeration and heat
as working fluids. These working fluids have some drawbacks, PUMp applications. It was also remarked that rectification was
such as crystallization and corrosion problems, low-pressure @ Minor need, which increases the refrigeration capacity.
operation conditions for the lithium bromidewater mixtures, This work is part of a research project on absorption
and the need of rectification of the refrigerant vapor at the refrigeration cycles activated by low-temperature heat sources
desorber outlet for the ammoniawater mixtures. Alternative ~ as waste heat, or solar thermal energy. Thermodynamic proper-
working fluids, such as ammonig lithium nitratel 5 have been  ties, especially vapetliquid equilibria (VLE), are needed for
studied, to avoid the need of rectification. Besides this advan- the design of absorption systems. EhAfketudied the VLE of
tage, the refrigeration cycle using this mixture operates at lower the mixture for a water mass fraction in the absorbent mixture
desorber temperatures than those required by ammoniater. (lithium nitrate + water) of 0.25. The main objective of this
Nevertheless, the heat and mass transfer in the absorber arwork is to extend the database of vaptiquid equilibrium data
limited by the viscosity of the salt solutions. To overcome this available for different water contents in the absorbent lithium
drawback, Ehmke et &land Bokelmanhproposed the addition ~ nitrate + water mixture, in ammonia mass fraction and
of water to the binary mixture to be used in absorption heat temperature ranges of interest for refrigeration absorption
pumps. Later, Reiner and Zalt&$hproposed the use of the  Systems. Thus, the vapeliquid equilibrium of the NH +
ternary mixture for GAX systems as an alternative for the LINOs + H,O mixture was systematically studied in the
ammonia+ water systems. temperature range (293.15 to 353.15) K, in 10 K steps, for

Ehmké? studied the effect of water on the solubility and ammonia total mass fractions from 0.20 to 0.55. The water total
viscosity of the ternary mixtures and suggested an optimal water mass fraction in the absorbent solution was varied between 0.20
mass fraction between 0.20 and 0.25 in the absorbent mixtureand 0.30.

(LINO3 + H20). This author also determined and correlated Due to the complexity of the measurement of such mixtures,
the density and vapor pressure of the solutions with a 0.25 waterthe capability of the electrolyte nonrandom two liquid (E-NRTL)
mass fraction of the absorbent mixture. Bokelmareported model to predict the vapeiliquid equilibrium of ternary
experimental research concerning the performances of anmixtures was verified by comparing calculated and experimental
absorption heat pump. These data were reported by Mahago data. To predict the equilibrium of the studied ternary mixture,
in a study on new mixtures for absorption heat pumps in the vapor-liquid equilibrium data of the binary N+ LiNO3
frame of the Heat Pump Program of The International Energy mixture were needed due to the absence of values for interaction
Agency. Reiner and Zalta%h measured the densities and parameters NBLi*NO3~. Vaporliquid equilibrium experi-
viscosities of ternary mixtures with an ammonia mass fraction mental data of the binary Ng+ LiNO3 mixture available in

of 0.04 and a water mass fraction of 0.605, the typical the literature are limited; therefore, it was also studied in the
composition for GAX systems. They also correlated these temperature range from (293.15 to 353.15) K, in 10 K steps,
properties with the temperature using the least-squares methodfor ammonia total mass fractions from 0.35 to 0.65, because of
In addition, the boiling point of this mixture was measured at the solubility problems for lower ammonia mass fraction.

atmospheric pressure. ) The vapor pressures of the different compositions of binary
In 196_39, Bothé? presented a comparative study b(_atvx_/een the (NH; + LiNO3) and ternary (NH + LiNO3 + H,0) mixtures
ammoniat water system and the ammoniawater+ lithium were measured using a static method, and the vapor and liquid
*To whom correspondence should be addressed. Fe&dé 977 55 96 91. compositions were calculated from the total initial composition,
E-mail: alberto.coronas@urv.net. the experimental pressure, and the temperature. Further, the
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equilibrium data were correlated using the polynomial equation Results and Discussion

proposed by Cacciola et .and f'na"y’ expenm(_antal "J!”d Experimental Results and Correlation&/apor pressures of
galculateg S?tsa were compared with those available in the the NH; + LINO3 + H,0 solutions were measured using a static
literature:.14: method from 293.15 to 353.15 K, at 10 K intervals, varying
the total ammonia mass fraction from 0.20 to 0.55, for three
values of the total water mass fraction in LiN&® H,O: 0.20,
Materials. Ammonia (Carburos Métgos, 99.98 %), lithium ~ 0.25, and 0.30. In addition, the vapdiquid equilibrium data
nitrate (Fluka,= 99 %), and Millipore water (resistivity lower ~ for ammonia+ lithium nitrate were determined at the same
than 18.2 M2) were used without further purification. temperatures for the ammonia mass fraction range 0.35 to 0.65.
The liquid-phase composition was determined using the

Equipment and Procedureshe vapor pressure of ammonia . . : o
+ lithium nitrate + water solutions was measured by a static Re_dl|ch—K|ster_eq_uat|on (eq 1) to calculate th_e activity coef-
cient of the liquid phase(), as a polynomial difference

method. The equipment and the measurement procedure wer% ;
previously described by Herraiz et’8land Salavera et al.It etween the amount-of-substance fractiogs (
consisted of an equilibrium cell, a differential pressure null ncl 5
transducer (DPT, Ruska model 2439-702), a differential pressure|n v, = Z’ XA (% — xj)”_z(mg —x)—
null indicator (Ruska model 2416-711), a precise pressure Sil= '

Experimental Section

controller (Ruska model 3891-801), and a double walled nc 5

thermostated bath of 0.403ncapacity filled with water. The - Z‘ XX An (5 — xk)”‘z[(2n = 1)x — xk]l (8}
temperature in the bath was controlled using two Haake 2&=fE

proportional temperature controllers with 0.1 K resolution, an
N3 unit for heating, and an EK90 immersion cooler. For the
measurement of the temperature, a digital precision thermomete
(Anton Paar MKT100) was employed. The standard uncertainty
of the temperature measured wa<.005 K, according to the
respective calibration certificate. The equilibrium cell was made
of stainless steel, with a volume of 166 €ritor the ammonia a2
transport, an auxiliary high-pressure stainless steel vessel of 149 Q= Z(M) 2)
cm® capacity was used. The pressure was measured by two Opj

digital pressure gauges: the 6222 Ruska unit for pressures up .

to 130 kPa and up to 1 MPa and the 6222-750 Ruska for where p. and pn are values of the gst!mated and measured
pressures up to 5 MPa. The pressure uncertainties wéx@5 pressure andsp, is the standard deviation. The vapor phase
kPa for pressures lower than 130 kBa0.3 kPa for pressures ~ Nonideality was modeled using the Redligkwong equation-
lower than 1 MPa, and: 0.6 kPa for higher pressures. The of-state_. The calculations were carried out using the Aspen
components were weighted on a Mettler balance (Mettler Properties softwaré. , -

Toledo PR2003DR) with a precision ef 103 g, and the The root-mean-square relatlye deviations were 0.0QZ % and
vacuum was provided using a high-vacuum pump (Vacuum- 0.0003 % for the ternary and binary systems, respectively. The

brand RZ2/HP40B) with its ultimate pressure in the 48Pa vapor pressure and quuid-phgse composition at gach temperature
range. for the ternary and binary mixtures are shown in Tables 1 and

. . . . o 2, respectively.
. The first step in preparing thg solutions of ammoidthium Thepexperi%ental values of pressupg&kPa), temperaturel(
nitrate and ammonia- lithium nitrate+ water was to load the K), and liquid-phase mass fractiom) of the NHj (1) + LINO3

equilibrium cell with lithium nitrate and then dry it in the oven (2) mixt : . : 3
. ure were correlated using a polynomial equation similar
for at least 24 h at 108C. Then, it was degassed by several to that proposed by Cacciola etidl.

cycles of heating at 10%C and vacuum extraction. Next, the

The adjustable parameteks of the Redlich-Kister equation
depend lineally on the temperature and were regressed from
the total initial composition, pressure, and temperature using
the Deming algorithm?® to minimize the objective functio®
defined as

corresponding quantity of water was added, for the case of the 3

ternary mixture, and the equilibrium cell was connected to the Biv\/'l

transducer. Three absorbent solutions (LIN® H,0) were 3 .=

prepared with a water total mass fraction of 0.20, 0.25, and In(p/kPa)= % Aw, + T 3)
0.30. =

The equilibrium cell with the mixture LIN@+ H2O prepared  The values of the adjustable paramet&randB; are shown in
was frozen with liquid nitrogen, and then the incondensable Table 3, and the root-mean-square relative deviation is 0.8 %.
gases were extracted using the vacuum pump. Next, ammonia p—T—w data for the ternary mixture NH1) + LiNO3 (2)
was introduced in the cell from the auxiliary stainless steel + H,0 (3) were fitted to the same equation, whéeand B;
vessel. The exact quantity of ammonia introduced was deter- gre polynomial functions of the water mass fraction as shown
mined weighting the auxiliary stainless steel vessel. The filling in eq 4.
process was done slowly, heating the auxiliary vessel and
maintaining the cell frozen. Finally, the cell was slowly heated, 2 . 2 .
and the sample was stirred to achieve a complete mixing. A= Zaijw3 B = Z)buws fori=0..3 4)

The sample composition was changed by adding ammonia a a

successively to the cell. The ammonia total mass fraction varied The values of the adjustable parametgrandb are shown in
from 0.35 to 0.65 for the binary and from 0.20 to 0.55 for the  Taple 4, with the root-mean-square relative deviation being
ternary mixture. 0.77 %.

The methodology adopted was previously validated for similar ~ Figures 1 and 2 show the comparison of the pressure values
mixtures by Salavera et &l. calculated using the RedlietKister equation (eq 1) and the
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Table 1. Experimental Vapor Pressurep and Calculated Mass Fractionw for NH 3 (1) + LiNO 3 (2) + H20 (3)

T/IK Wi Wo p/kPa T/IK W1 Wo p/kPa T/IK W1 Wo p/kPa
293.12 0.1994 0.6383 10.71 313.11 0.2005 0.5954 32.96 333.10 0.5959 0.3027 1678.5
303.17 0.1995 0.6381 17.75 323.10 0.1997 0.5962 49.88 341.95 0.5965 0.3021 2090.0
313.07 0.1996 0.6379 28.13 333.09 0.1993 0.5966 73.57 293.11 0.1993 0.5547 14.49
323.13 0.1988 0.6389 42.88 343.11 0.1991 0.5966 106.01 303.26 0.1997 0.5541 24.07
333.08 0.1983 0.6393 63.39 353.13 0.1991 0.5963 149.0 313.10 0.1987 0.5553 37.11
343.09 0.1980 0.6395 91.45 293.11 0.3021 0.5224 42.35 323.13 0.1987 0.5551 56.78
353.16 0.1979 0.6394 129.08 303.27 0.3024 0.5219 67.75 333.13 0.1985 0.5552 83.81
293.06 0.2990 0.5590 36.35 313.13 0.3017 0.5226 102.06 343.10 0.1987 0.5547 120.95
303.30 0.2993 0.5586 58.74 323.09 0.3012 0.5229 150.3 353.08 0.1986 0.5545 169.4
313.08 0.2990 0.5589 89.06 333.13 0.3004 0.5236 215.1 293.10 0.3006 0.4838 47.20
323.09 0.2981 0.5597 131.43 343.17 0.2997 0.5240 300.4 303.11 0.3001 0.4843 74.02
333.09 0.2978 0.5599 189.6 353.12 0.2988 0.5247 407.4 313.11 0.2991 0.4851 111.70
343.12 0.2974 0.5601 266.5 293.14 0.3975 0.4514 121.85 323.11 0.2981 0.4861 163.3
353.09 0.2970 0.5603 364.8 303.22 0.3975 0.4513 184.0 333.11 0.2970 0.4870 232.3
293.08 0.3982 0.4799 113.52 313.19 0.3974 0.4513 268.0 343.10 0.2962 0.4877 322.8
303.16 0.3972 0.4808 170.2 323.14 0.3970 0.4516 378.4 353.16 0.2952 0.4884 438.6
313.07 0.3971 0.4808 248.1 333.13 0.3961 0.4522 520.3 293.08 0.3981 0.4169 131.22
323.09 0.3967 0.4810 352.5 343.14 0.3951 0.4529 698.7 303.15 0.3986 0.4164 198.6
333.11 0.3965 0.4811 488.9 353.14 0.3939 0.4538 917.5 313.18 0.3983 0.4166 288.7
343.11 0.3959 0.4815 660.2 293.11 0.4452 0.4140 192.9 323.10 0.3976 0.4171 405.8
353.15 0.3948 0.4824 869.9 303.18 0.4460 0.4131 286.0 333.10 0.3966 0.4179 556.5
293.08 0.4475 0.4406 184.9 313.12 0.4456 0.4133 405.9 343.10 0.3954 0.4188 745.6
303.16 0.4476 0.4405 273.3 323.14 0.4449 0.4139 561.3 353.07 0.3942 0.4197 977.8
313.12 0.4479 0.4401 3915 333.10 0.4440 0.4145 756.5 293.13 0.4491 0.3814 210.6
323.08 0.4471 0.4407 541.4 343.09 0.4429 0.4153 998.4 303.18 0.4493 0.3811 309.2
333.09 0.4466 0.4411 734.3 353.11 0.4416 0.4163 12915 313.07 0.4485 0.3818 435.1
343.14 0.4458 0.4417 974.0 293.11 0.5003 0.3740 300.4 323.10 0.4474 0.3825 599.5
353.11 0.4448 0.4425 1262.0 303.14 0.5000 0.3743 429.3 333.08 0.4464 0.3833 806.1
293.09 0.4995 0.3989 286.8 313.17 0.4991 0.3750 595.6 343.07 0.4451 0.3843 1060.7
303.08 0.4996 0.3987 412.9 323.17 0.4981 0.3757 806.0 353.13 0.4436 0.3854 1370.6
313.08 0.4987 0.3994 574.9 333.13 0.4971 0.3765 1066.6 293.09 0.5023 0.3441 317.8
323.08 0.4977 0.4003 780.9 343.12 0.4958 0.3775 1383.7 303.15 0.4994 0.3465 4452
333.09 0.4967 0.4011 1038.7 353.16 0.4948 0.3782 1768.3 313.13 0.4986 0.3470 616.0
343.07 0.4955 0.4021 1351.9 293.10 0.5492 0.3358 412.4 323.10 0.4978 0.3477 831.8
353.17 0.4943 0.4031 1734.3 303.15 0.5486 0.3362 578.4 333.08 0.4970 0.3482 1101.3
293.07 0.5508 0.3578 406.5 313.11 0.5478 0.3368 788.1 343.19 0.4960 0.3490 1432.7
303.14 0.5498 0.3587 572.1 323.12 0.5471 0.3374 1052.6 353.13 0.4952 0.3495 1826.2
313.13 0.5483 0.3600 7815 333.16 0.5463 0.3380 1379.0 293.08 0.5478 0.3132 420.5
323.13 0.5469 0.3612 1045.9 343.10 0.5455 0.3385 1769.8 303.19 0.5483 0.3127 592.3
333.14 0.5455 0.3624 1371.7 293.07 0.5968 0.3022 521.5 313.13 0.5484 0.3127 807.2
343.12 0.5439 0.3637 1764.3 303.30 0.5972 0.3018 728.9 323.10 0.5479 0.3130 1074.6
293.07 0.2005 0.5955 12.65 313.16 0.5968 0.3021 980.0 333.11 0.5480 0.3128 1408.1
303.15 0.2007 0.5953 20.91 323.09 0.5961 0.3026 1292.4 343.09 0.5483 0.3126 1809.6

Table 2. Experimental Vapor Pressurep and Calculated Mass Table 3. Coefficients of Equation 3 for the NH; (1) + LINO 3 (2)
Fraction w for NH 3 (1) + LINO 3 (2) System

TIK Wy p/kPa TIK Wi p/kPa coefficient value coefficient value
293.15 0.3492 43.01 303.12 0.4966 347.6 AdkPa 4.99x 1P Bo/kPaK -1.79x 10°
303.13 0.3487 68.32 313.15 0.4959 491.3 A/kPa 8.85x 10t By/kPaK —223x%x 10*
313.14 0.3478 104.25 323.15 0.4949 675.3 AlkPa ~1.98x 1(? B./kPaK 6.13 x 10*
323.09 0.3467 153.5 333.08 0.4935 903.5 AJkPa 1.35x 10 By/kPak —452% 10f

333.10 0.3452 218.9 343.15 0.4917 1186.5
343.08 0.3438 304.0 353.08 0.4897 1522.5

353.06 0.3420 209.4 293.09 05466 362.8 Table 4. Coefficients of Equation 4 for the NH; (1) + LINO 3 (2) +

H>0 (3) System

293.14 0.3981 80.67 303.15 0.5451 511.6
303.14 0.3986 126.30 313.10 0.5432 700.3 coefficient value coefficient value
313.09 0.3978 188.5 323.14 0.5407 936.4
32311  0.3968 273.1 333.13 05378  1223.7 aookPa 1.19x 10t boo/kPaK —4.02x 10°
333.09  0.3953 383.2 34315 05345  1567.6 aiokPa 2.77x 104 byo/kPaK —2.43x 10°
343.08 0.3934 523.9 293.12 0.5986 502.4 aokPa —8.13x 10t boo/kPak 8.45x 10°
353.10 0.3913 699.3 303.10 0.5971 695.1 agokPa 4.66x 10 bso/kPaK —7.46x 10°
293.09 0.4460 140.4 313.10 0.5947 936.4 agi/kPa —2.34x 107 bo1/kPaK 2.48x 104
303.11 0.4465 213.1 323.11 0.5921 1235.0 ai/kPa 6.93x 102 b./kPaK —5.09% 10*
SlioEE B0 Bme Sk Wi m; dm e e
- - : : : . kP A48x 1 kPaK -2. 1
33316 04408 5866 30315 06471 8516 Zﬂkpg _15 6f§ 1832 g“;kPgK 7 ggi 12
343.13 0.4378 7775 313.10 0.6457 1139.5 agkPa 9.39¢ 101 b‘flkpaK o a8x 10°
353.15 0.4341 1007.2 323.11 0.6442 1496.8 1 ‘ -9 pl 1 " faox o
293.07  0.4975 239.5 33317 06426  1932.6 alkPa —5.13x1 baa/kPak 182x1
- _ _ asJ/kPa 1.58x 108 bso /kPaK —1.54x 10?
empirical correlation (eq 3) as a function of the temperature,
for different ammonia compositions. The results for the binary ammontalithium nitrate mixture
In Figure 3, the vapor pressure data calculated with the were compared to the experimental data reported by Aggafwal.
correlation are compared with those reported by EHfhia The rmsd obtained was 6.9 %, with a maximum deviation of

the ternary mixture with a water mass fraction of 0.25 in the 18 %. The existence of a good agreement for low temperatures
lithium nitrate + water mixture. The maximum deviation can be pointed out, but the deviation increases with the
obtained was 7.1 % and the rmsd was 2.3 %. temperature.
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Figure 1. Comparison of calculated pressure using the RedliGister
method and the polynomial equation of the N{) + LiNO3 (2) system:
+, w1 = 0.35;0, wy = 0.40; A, wi = 0.45;0, wy; = 0.50; x, wy = 0.55;
O, wiy = 0.60; |>, wy; = 0.65; —, calculated pressure using eq 3.
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Figure 2. Comparison of calculated pressure using the Redii¢ister
method and the polynomial equation of the Nf) + LINO3 (2) + H,O
(3) system withwo/ws = 3:1: +, wy = 0.20;<, wy = 0.30; A, wi = 0.4;
O, wi = 0.45; x, wy = 0.55; 0, wy = 0.55; —, calculated pressure using
eq 4.
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Figure 3. Total pressure of Nki(1) + LiNO3 (2) + H20 (3) at different
temperatures fow,/ws = 3:1. Experimental data presented by Ehrike:
+, 293.15 K;<©, 303.15 K; A, 313.15 K;0O, 323.15 K;|>, 333.15 K;®,
343.15 K;O, 353.15 K;—, calculated pressure from eq 4.

Vapor—Liquid Equilibrium Prediction. Thermodynamic
Model. The E-NRTL model was used to predict the vapor
liquid equilibrium of the ammoniat- lithium nitrate + water

ternary mixture. This activity coefficient model was proposed
by Chen et af%2!for electrolyte systems. The model is based

Table 5. Parameters of Equation 5 for the NH (1) + LiNO 3 (2)
System

parameter value

Ci3 —2.143x 10
Ca1 —6.675x 10°
D1y/(T/K) 1.458 x 10*
D31/(T/K) —9.219x 1(?
Eis 3.679x 1(?
Es1 1.194x 10

assumption which states that the distribution of cations and
anions around a central molecular species is such that the net
local ionic charge is zero. On the basis of these assumptions,
the model expresses the excess Gibbs energy as a sum of two
contributions: one contribution due to the long-range-iam
interactions (calculated using the Pitz&ebye-Hiickel modet?)

and the other, the short-range contribution, related to the local
interactions between all the species (calculated using the NRTL
modef3).

The different equations that shape the E-NRTL model have
been studied in different work8;21.24.2%herefore, in this paper,
the parameters needed for the studied mixture; MHl+ H,0
(2) + LINOg3 (3) are presented. These are short-range binary
interaction parametersi, 721, 713, T31, T23, andrsy), representing
the interaction energy between the liquid species, and the
nonrandomness factore, o3, andoks).

An advantage of the local composition models is that the
interaction parameters between two species in a binary mixture
are the same in a multiple component mixture. This means that
the vapor-liquid equilibrium of multiple component mixtures
can be determined using the interaction parameters between the
different species of the mixture, which can be obtained from
the vapor-liquid equilibrium experimental data of the binary
mixtures.

The complete thermodynamic treatment has been carried out
using the Aspen Properties software, which has integrated an
extensive database with properties and parameters of mixtures
and pure components. For the thermodynamic treatment of the
experimental data, the equilibrium reaction of ammohiwater
and the total dissociation of lithium nitrate were taken into
account. No other reactions, for LiOH formation, were consid-
ered. Thus, the interaction parameters of ammonia/water (
721, andaz) and water/lithium nitratetgs, 732, andops) were
found in the Aspen database but not those of ammonia/lithium
nitrate @13, 731, andayg) that were obtained from our experi-
mental VLE data.

Data Regressioninteraction parameters between ammonia
and lithium nitrate were calculated from the binary experimental
data (pressure, temperature, and total composition). Following
the suggestion of Moch et # for electrolytes with nonaqueous
solvent, we fixed the value of the nonrandomness fagigas
0.1. The binary interaction parametars and 73; depend on
the temperature as follows:

Deas (-7 T
TcaB™ Cca,B+ _lel + Eca,B[ T +1In T_ 5)
re

where the subscript ca refers to electrolytéNO;~ and B refers

to the NH; molecule.C, D, andE are adjustable coefficients,
and the temperature is expressed in Kelvin. The value of the
reference temperaturd™®) is 293.15 K. Therefore, for our
regression, the adjustable coefficients &g, Csi1, D13, D3y,

Eis and Ez;. For the minimization of the objective function,

on two fundamental assumptions: (a) the like-ion repulsion carried out by the maximum likelihood, the Deming algoritm
assumption which states that the local composition of cations was used. The parameters obtained by regression are shown in
around cations is zero and (b) the local electroneutrality Table 5, and the corresponding rmsd value was 0.8 %.
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Figure 4. Comparison of calculated pressure using the RedliGister
method and predicted pressure using the E-NRTL model of the(MH+
LiINO3 (2) + H20 (3) system fomp/ws = 3:1: +, wy = 0.20; O, wy =
0.30;4, w; = 0.40;0, w; = 0.45; x, w; = 0.55;0, wy = 0.55;—, predicted
pressure using the E-NRTL model.
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Figure 5. Relative deviation between the calculated pressure using the
Redlich—Kister method and the predicted pressure using the electrolyte-
NTRL model.

Vapor—Liquid Equilibrium Prediction. Using the regressed
parameters from the experimental data for the ammenia
lithium nitrate mixture and those included in the Aspen
Properties database for the other binary mixtures, the vapor
pressures of the ammoni& lithium nitrate + water mixture
for the compositions experimentally measured have been
determined in the same temperature range from 293.15 K to
353.15 K. The rmsd value between the calculated data using
the Redlich-Kister equation and predicted data using the
E-NRTL model was 10.4 %.

2007

for three absorbent compositions (LiN& H,0), with the water
total mass fractions of 0.20, 0.25, and 0.30. In addition, the
vapor pressure of ammonia lithium nitrate was determined
from 293.15 K to 353.15 K, at 10 K intervals, for an ammonia
total mass fraction from 0.35 to 0.65. The equilibrium liquid
and vapor compositions were determined using the Redlich
Kister equation for activity coefficients of the liquid phase and
the Redlich-Kwong equation of state for modeling the vapor
phase nonideality. Vapor pressure, temperature, and liquid-phase
composition were correlated using an empirical equation.
Calculated and measured data showed a good agreement.
The E-NRTL model was used to predict the vapbquid
equilibrium of the ammonia- lithium nitrate+ water solution
using interaction parameters of the binary ammaonikthium
nitrate, lithium nitratet water, and ammonié water mixtures.
The interaction parameters of the binary ammonidithium
nitrate were regressed from the experimental data of the binary
mixture. The comparison of the results with the experimental
data shows that E-NRTL is suitable to predict the vagmuid
equilibrium of this mixture in the range of temperatures studied
and in the range of ammonia compositions from 0.25 to 0.55.
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