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PRELIMINARY STEAM TABLES FOR NaCl SOLUTIONS

THERMODYNAMIC PROPERTIES
OF THE COEXISTING PHASES AND

THERMOCHEMICAL PROPERTIES
OF THE NaCl COMPONENT IN

BOILING NaCl SOLUTIONS

By JOHN L. HAAS., JR.

ABSTRACT

Preliminary steam tables that give the thermodynamic data for the co 
existing liquid and gas and that give the thermochemical data for the NaCl 
component in the liquid for the system H«0-NaCl are given for liquid con 
centrations between 0 mol NaCl/kg H20 and halite saturation at temperatures 
between 80° and 325° C. The tables were calculated from parametric equa 
tion of state.

INTRODUCTION

The tables assembled present the thermochemical properties of 
aqueous NaCl in the vapor-saturated liquid phase and the thermo 
dynamic properties of the coexisting liquid and gas phases for the 
H20-NaCl system as follows :

partial molal volume of NaCl in the liquid,
partial molal entropy of NaCl in the liquid,
partial molal enthalpy of NaCl in the liquid,
molal volume of the liquid,
molal entropy of the liquid,
difference between the molal entropy of the liquid and the

molal entropy of the gas, 
molal entropy of the gas, 
molal enthalpy of the liquid, 
difference between the molal enthalpy of the liquid and the

molal enthalpy of the gas, 
molal enthalpy of the gas.

Bl



B2 PRELIMINARY STEAM TABLES FOR NaCl SOLUTIONS

The data are tabulated for liquid compositions from 0 mol 
NaCl/kg H20 to halite saturation at temperatures from 80° to 
325° C. As an aid in using the tables, the vapor pressure and the 
density of the liquid are also given. These tables complement the 
steam tables prepared by Haas (1976) in which the physical 
properties of the solutions and the thermochemical data for H20 
are tabulated.

The tables presented here are preliminary. The functions upon 
which they are based represent a reasonably complete analysis of 
the available data through 1971. Improvement can be made when 
measurements and analysis are completed on the volumetric prop 
erties of vapor-saturated and vapor-absent liquid at high tempera 
tures and at concentrations of more than 30 wt percent NaCl. Be 
cause there is an immediate need for the contained data, they have 
been made available in this preliminary form.

The tables are given as an aid in geochemical and engineering 
studies related to the geothermal energy program of the United 
States. Support for this work has come exclusively from the U.S. 
Geological Survey's geothermal research program.

UNITS, SYMBOLS, AND CONSTANTS

UNITS AND SYMBOLS IN TABLES AND TEXT

The chosen units in the tables for temperature, pressure, and 
density are °C, bars, and g cm- 3 , respectively. These are the same 
as those used in several widely referenced steam tables (Bain, 
1964; Keenan and others, 1969). The partial molal and the molal 
entropy, enthalpy, and volume are given as J mol~ 1K~ 1 , J mol" 1 , 
and cm3 mol" 1 , respectively, because these units are most used in 
thermodynamic calculations. Both weight percent and molal (mol 
NaCl/kg H20) scales for units of sodium chloride concentration 
are widely used in engineering and geochemical research. Both 
scales are used here to achieve the maximum use of the tables.

The quantities, their symbols, and the associated units used in 
this text and in the tables are as follows:

Quantity Symbol Units

activity a
fitted parameter in the activity B kg H20/mol NaCl

coefficient function (eq 12) 
fitted parameter in the activity C (kg H20/mol NaCl) 2

coefficient function (eq 12)
heat capacity at constant pressure Cf J mol^K"1 
density d g cm"a 
dielectric constant for pure H20 D 
molal free energy G J mol"1
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Quantity Symbol

molal enthalpy H 
equilibrium constant K 
mole fraction of NaCl N 
pressure p 
generalized thermodynamic quantity Q 
molar gas constant R 
temperature t

T
molal volume V 
molecular weight W 
concentration of NaCl in the liquid x 
Debye-Hiickel limiting slope a 
fitted parameter in activity coeffi- ft

cient function (eq 12) 
activity coefficient 7 
number of moles of ions per mole v

of NaCl in solution

Units

J mol'

J mol-'K"1

degrees Celsius, °C
kelvins, K
cm" 8 mol"1
g mol"1

mol NaCl/kg H20 (molal)
(kg H.O/mol NaCl)*
(kg H.O/mol NaCl) 1'4

kg H.O/mol NaCl 
moles Na+ + moles Cl" per 

mole dissolved NaCl

In the text and the tables, the following superscripts are used:

SUSolrt Connotation

G The superscripted quantity is an attribute of the gaseous 
phase.

L The superscripted quantity is an attribute of the liquid
phase.

- (bar) The overscored quantity is a partial molal quantity of the 
component indicated by the subscript, in the solution.

0 The superscripted quantity is an attribute of the chemical 
species in the standard state.

* The symbol is a generalized symbol representing the super 
scripts G and L above.

In the text and the tables, the following subscripts are used:
Subscript 

symbol Connotation

The subscripted quantity is a partial quantity for the 
component H20.

The subscripted quantity is a partial quantity for the 
component NaCl.

The subscripted quantity is an attribute of the pure sub 
stance HsO.

The subscripted quantity is a measure of the difference in 
the thermochemical property between the compound in 
its standard state and its component elements in their 
standard states.

FUNDAMENTAL CONSTANTS USED IN CALCULATIONS

The Committee on Data for Science and Technology (1973b) of 
the International Council of Scientific Unions gives the molar gas 
constant^ as (8.31441 ±0.00026) J



The Commission on Atomic Weights (1972) gives the follow 
ing atomic weights:

H (1.0079±0.0001) gmol- 1
0 (15.9994±0.0003) gmol- 1
Na (22.98977±0.00001) gmol- 1
Cl (35.453±0.001) gmol- 1

From these atomic weights the molecular weights of the com 
ponents are:

H2O W1 =(18.0152±0.0005) gmol- 1 
Nad W2 = (58.4428±0.0010) gmol- 1

EMPIRICAL CONSTANTS USED IN THE TEXT AND CALCULATIONS

The following list gives the constants for the equations pre 
sented in the text. The equation numbers and constants are as 
follows:

Equation 9:
go = 1.895555 XlO3 
g!=-1.944135 
g2 =-7.343150 XlO7 
g3 =-9.938067 XlO3

Equation 16:
Bo = 4.43570 XlO- 2 
#! = 2.14240 XlO- 4 
£2 =-1.21582xlO- 6

Equation 17:
C0 = 4.86989 XlO- 3 
Ci=- 6.65184 XlO- 5 
C2 = 1.69534 XlO- 7

Equation 18:
For temperatures at and below 100°C the constants are the 

following:
0o = 0.980075
01 = 0.707654 XlO- 2
02 =-2.97433 XlO- 5

For temperatures above 100°C the constants are the following:
00 = 1.64801
ft =-2.83246 XlO- 3
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VAPOR PRESSURE AND DENSITY OF THE VAPOR- 
SATURATED LIQUID PHASE

The functions for the vapor pressure and density were given in 
Haas, 1976. They are not repeated here because there has been 
no change.

THERMOCHEMICAL DATA FOR NaCl IN THE VAPOR- 
SATURATED LIQUID PHASE

SYNOPSIS OF THE THEORETICAL APPROACH

An attribute of steam tables is that differences in the energy 
content between two states of matter can be calculated by simple 
subtraction of the data in the tables. The ease in calculation re 
sults from all values in the tables being given as the energy dif- 
ference between the state of the compound at temperature and 
pressure and the reference temperature and reference pressure. 
For H20 in the NaCl-H2 0 system such values were comparatively 
easy to derive because the thermodynamics for the pure component 
H20 had been established (Bain, 1964; Keenan and others, 1969). 
It only remained to determine the appropriate departure that dis 
solved NaCl would cause relative to the pure H20 system.

For the NaCl component, no approach has been established. 
First, a reference state must be chosen. In this set of tables, the 
chosen reference state is the hypothetical ideal NaCl solution of 
unit molality at the ice liquid vapor triple point for pure H2 0.

With the reference state established, calculation of energy dif- 
ferences between any arbitrary temperature, pressure, and com 
position and the chosen reference state can be made. The approach 
used here is as follows:

1. The partial molal volume of NaCl was obtained from a den 
sity temperature composition function for the vapor- 
saturated NaCl liquid phase.

2. The partial molal free energy of NaCl in the hypothetical ideal 
1-molal liquid as a function of temperature and pressure 
was obtained.

3. The dependence of the partial molal free energy of NaCl with 
composition at constant temperature and pressure was ob- 
tained.

4. The dependence of the partial molal free energy of NaCl with 
pressure at constant temperature and composition was ob 
tained.



B6 PRELIMINARY STEAM TABLES FOR NaCl SOLUTIONS

5. Then, using the relation

82=   1+Fj ?-  (1)

the partial molal entropy at temperature, pressure, and com 
position was calculated.

6. The partial molal enthalpy of NaCl at temperature, pressure, 
and composition was obtained from

(2)
Each of these steps is described in further detail in the follow 

ing sections.

PARTIAL MOLAL VOLUME OF NaCl IN THE LIQUID

The partial molal volume of NaCl in the binary liquid system 
is given by equation 3.

(cm'mol- 1 ) (3)

where VL is the volume of the liquid containing a total of one mole 
of molecules. The term NL is the mole fraction of NaCl in the 
liquid phase and is given by equation 4 in terms of x, the molality 
of the solution, c

W =     -      (4) 
1000/17! + x

Wl is the molecular weight of H20. The molal volume VL of an 
x molal liquid of density d is given by equation 5.

d 1000/Wi + a;

The partial molal volume of NaCl, Ff , was obtained by using 
equations 3 through 5, given here, the equations for density of 
the liquid phase in the preceding report (Haas, 1976, equations 7 
through 10) , and standard analytical techniques.

Figure 1 shows the partial molal volume of NaCl in the liquid 
at constant composition. The contour interval is 5 wt percent NaCl.

THE PARTIAL MOLAL FREE ENERGY OF NaCl IN THE LIQUID

Figure 2 shows graphically the route which was taken through 
temperature-pressure-composition space to obtain the partial 
molal free energy at an arbitrary temperature, pressure, and com 
position (point D) from the reference state at 0.01° C (point A).
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FIGURE 1. The partial molal volume of NaCl in the liquid phase for vapof- 
saturated NaCl solutions from 0 wt percent to halite saturation between 
80° and 325° C. The contour interval is 5 wt percent NaCl. The stippled 
zone was calculated by the extrapolation of the functions given in the text.

Steps 2, 3, and 4 in the synopsis above correspond to the segments 
AB, BC, and CD on the figure.

Step 2 of the approach, given in the section entitled "Synopsis 
of the theoretical approach," involved the derivation of a partial

molal free energy function for aqueous NaCl, AG 2 (AB), in the 
hypothetical ideal liquid solution of unit molality, that is, in the 
solute standard state, relative to the reference-state partial molal

free energy at the triple point where G2 is defined to be 0.0 
J mol" 1 . 1 To accomplish this, consider here the interrelations be 
tween free energy, temperature, pressure, entropy, enthalpy, heat 
capacity, and partial molal volume. By using equations 1 and 2 
and the relation between enthalpy and heat capacity, equations 6 
through 8 were derived.

1 As used in this report, the reference state for a chemical species is an arbitrarily chosen 
single point on the temperature, pressure, and composition scales which is taken as the 
zero point for the energy scale. That is. the thermochemical parametei's of free energy, 
enthalpy, and entropy are defined to be zero at this point. In contrast, as used here (and 
also as in many applications in aqueous chemistry), the standard state for a dissolved com 
pound in H^O is taken as the hypothetical ideal liquid solution of unit molality at the 
temperature and pressure of the vapor-saturated pure H^O liquid. In this standard state, 
the partial molal free energy, enthalpy, and heat capacity of the dissolved compound is the 
same as that for the infinitely dilute real solution. The advantage of a standard state .in 
aqueous chemistry is that it allows correlations of properties as a function of composition 
at constant temperature and pressure, whereas a reference state is necessary when correla 
tions or calculations in temperature-pressure-composition space are being made.
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FIGURE 2. Temperature pressure concentration diagram for the vapor- 
liquid coexistence surface of the H20 NaCl system between 80° and 325° 
C. The surface is contoured both in temperature (50° intervals) and con 
centration (1-molal intervals). The concentration contours are truncated by 
the focus of the three-phase coexistence liquid vapor halite at high con 
centrations. The blank vertical plane between 250° and 300° C represents 
an arbitrary isotherm upon which lie the points B, C, and D and the heavy 
solid lines connecting them. Steps 2, 3, and 4 of the chosen approach repre 
sent the temperature pressure composition paths AB, BC, and CD, re 
spectively, along which partial molal free energy functions were sought. 
The combination of these functions then gives the partial molal free energy 
of NaCl at the arbitrary point D relative to the reference state at A, the 
triple point of pure H20.

(6)

(7)

.= -T- (8)

Internal consistency demands that any free-energy function 
must satisfy the above relations and the available data for the 
hypothetical ideal 1-molal solution. The available data were
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evaluated, subject to the.above constraints, by use of a com 
puterized algorithm described by Haas and Fisher (1976).

The data used in the evaluation are as follows. For the partial 
molal volume of dissolved NaCl, the function given in the previous 
section was used. Data for the relations between halite and dis 
solved NaCl and for dissolved NaCl, all in their standard states, 
were taken from the following references:

Reference

Committee on Data for 
Science and Technology 
(1973a).

Likke and Bromley (1973) __ 
Criss and Cobble (1961) __ 
Gardner and others (1969) __ 
Liu and Lindsay (1972) ____

Data type

Si (298.15K)

AG». i (298.15K) 
o

Op, 2

A//°[halite=:NaCl(aq)] 
AH°[halite=NaCl(aq)] 
log K°[halite=NaCl(aq)]

Number Tempera-
of ture

observa- range
tions (°C)

1

1

7
13
3

10

25

25

80-200
0-95

114-200
75-300

Stull and Prophet (1971) _ CP, S, (Hr-H ) [halite] Tabulated data,
100° intervals,

25-727.

The partial molal free energy of the hypothetical ideal 1-molal 
solution as a function of temperature is given by equation 9; the 
constants are tabulated in the section entitled "Empirical con 
stants used in the text and the calculations."

&G 2L (AB)=g0 (T-T In T-273.16 + 273.16 In 273.16)
-5r 1 (2l2 -273.162 )
-flf 2 (l/2r-l/2x273.16)
-03 (r-273.16) (Jmol- 1 ) (9)

The procedure of Haas and Fisher (1976) uses 25° C (298.15K) 
as the reference temperature. Therefore, the free-energy function 
has been corrected to reflect the shift in the reference temperature 
to 0.01° C (273.16K) for use here.

Step 3 of the chosen approach for deriving the thermochemical 
functions requires the description of the change in the free energy

with concentration, AG 2J (5C), at constant temperature and pres 
sure. This dependence is given by equations 10 and 11.

(10)
(11)

where R is the molar gas constant and a2 and y are the activity 
and activity coefficient, respectively, for the dissolved NaCl at 
point C relative to the standard state, the hypothetical ideal 1-
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molal solution, point B. Liu arid Lindsay (1972) gave the follow 
ing equations for the temperature and concentration dependence 
of In y at the vapor-saturation pressure for pure H20.

ln y = ~ aXA + 2Bx + -Cx2 (12)
2

B, C, and £ are second-order polynomials in temperature and « 
is the Debye-Hiickel limiting slope :

1
13/2 

  ̂ ^  (13)
|~2.33752-104 T lA         
L DT J

The term d0 is the density of pure H20 and, for use in this calcula 
tion, d0 is described by :

do = 1.00157 - 1.56096   W~*t - 2.69491   10-°i2 (g cm- 3 )
(14)

The term D is the dielectric constant for pure H20 as given by 
the Akerlof equation :

5321 '
+233.76-0.9297 T + 1.417  10- 3 7T2 -8.292-10-T3 

T
(15)

The functions for B, C, and /J are, respectively,

(16)
(17)
(18)

The constants Bit Cit and fa are given in the section entitled "Em 
pirical constants used in the text and calculations."

Step 4 of the chosen approach for deriving the thermochemical 
functions requires the description of the change in the partial

molal free energy with pressure, AG 2 (CD), at constant tempera 
ture and composition. Basic thermodynamic principles state that 
the pressure dependence of free energy is :

-dG = V-dp (19) 
Therefore,

V2 dp (20)
Po

where p0 and p are the vapor pressures of H20 and of the liquid 
solution, respectively. The dependence of the partial molal volume 
of dissolved NaCl with pressure in the vapor-absent liquid is un 

available, but the change in V2 with pressure is small relative to
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the total magnitude of this correction. Therefore, by neglecting

the pressure dependence of V2 , equation 20 can be approximated 
by

&G% (CD) = V2 (Po~p) (21)

In summary, the partial molal free energy of aqueous NaCl at 
an arbitrary temperature, pressure, and composition relative to 
the reference state at 0.01 °C is given by summing equations 9, 
11, and 21.

G2 =*G2 (AB)+*G2 (BC)+*G2 (CD) (Jmol- 1 ) (22) 
Figure 3 shows the partial molal free energy of NaCl in the 

liquid at constant composition. The contour interval is 5 wt per 
cent NaCl.

THE PARTIAL MOLAL ENTROPY OF NaCl IN THE LIQUID

The partial molal entropy at an arbitrary temperature, pres 
sure, and composition was calculated using equation 1:

 +v>- (i)
10.00

0.00
i

_ 10.00

^  »

si- 20.00

: -30.00

-40.00
75.00 100.00 125.00 150.00 175.00 200.00 225.00 250.00 275.00 300.00 325.00 

TEMPERATURE, IN DEGREES CELSIUS

FIGURE 3. The partial molal free energy of NaCl in the liquid phase of 
vapor-saturated NaCl solutions from 0 wt percent to halite saturation be 
tween 80° and 325° C. The contour interval is 5 wt percent NaCl. All con 
tours between 5 wt percent and halite saturation are systematic. Below the 
5 wt percent contour, there is a reversal in the free-energy function so that 
the partial molal free energy of aqueous NaCl at infinite dilution lies above 
the partial molal free energies of NaCl at greater concentrations. For de 
tails, one is referred to the tables. The shaded zone at concentrations greater 
than 30 wt percent and at temperatures greater than 300° C contains data 
.that were calculated by the extrapolation of the functions given in the text.



The term was obtained, analytically, from equation 22

above; the term V2 was obtained from equation 3; and the term 
'dp/'dT was calculated in the manner described in the section en 
titled "Enthalpy difference between the gas and the liquid at con 
stant liquid composition," of the preceding report (Haas, 1976).

Figure 4 shows the partial molal entropy of NaCl in the liquid 
phase at constant composition. The contour interval is 5 wt per 
cent NaCl.

The surface depicted on figure 4 is complicated as can be seen 
by the crossover of the concentration contours as temperature de 
creases. For details, the reader is referred to the appropriate 
tables. The erratic behavior of the contours near 110° C is due to 
the use of two sets of constants to fit the empirical term ft in the 
activity coefficient equation (eq 12). This will be discussed fur 
ther in the section "Recommendations for research."

THE PARTIAL MOLAL ENTHALPY OF NaCl IN THE LIQUID

The partial molal enthalpy of NaCl was calculated from equa 
tion 2 using the previously computed entropy and free energy :

| 100.00
LLJ
^

g 50.00
^  
oz.

^ 0.00
GO
LLJ

O

I -50.00

i-100.00

j-150.00

i-200.00
75.00 100.00 125.00 150.00 175.00 200.00 225.00 250.00 275.00 300.00 325.00 

TEMPERATURE, IN DEGREES CELSIUS

FIGURE 4. The partial molal entropy of NaCl in the liquid for vapor-saturated 
NaCl solutions from 0 wt percent to halite saturation between 80° and 
325° C. The contour interval is 5 wt percent NaCl. The inflection near 
110° C is due to the use of two sets of constants to describe the fitted con 
stant /? in the activity coefficient equation. The surface is complex. Most 
of the change in the partial molal entropy with change in composition oc 
curs between 0 and 5 wt percent. For details, the reader is referred to the 
tables.
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Figure 5 shows the partial molal enthalpy of NaCl in the liquid 
phase at constant composition. The contour interval is 5 wt per 
cent NaCl. The erratic behavior in the contours near 110°C are 
due to the use of two sets of constants to fit the empirical term 
ft in the activity coefficient equation (eq 12). This will be dis 
cussed further in the section "Recommendations for research."

'jr

PARTIAL MOLAL THERMOCHEMICAL PROPERTIES OF 
NaCl IN THE GAS PHASE

The available experimental data for the concentration of NaCl 
in the gas phase do not permit the estimation of the partial molal 
quantities of NaCl in the gas phase.

-20 -

-40 -

-60 -

-so -

75 100 125 150 175 200 225 250
TEMPERATURE, IN DEGREES CELSIUS

275 300 325

FIGURE 5. The partial molal enthalpy of NaCl in the liquid for vapor-satu 
rated NaCl solutions from 0 wt percent to halite saturation between 80° 
and 325° C. The contour interval is 5 wt percent NaCl. The inflection near 
110° C is due to the use of two sets of constants to describe the fitted con 
stant /? in the activity coefficient equation. The shaded area contains data 
that were calculated by the extrapolation of the functions given in the 
text.
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THERMODYNAMIC DATA FOR THE PHASES IN THE 
H2O-NaCl SYSTEM

The molal properties of the liquid and gas phases in the H 20- 
NaCl system can be calculated readily from the thermochemical 
data for NaCl that were formulated here, and for H20 that were 
given in the preceding report (Haas, 1976). The formulation is 
identical for all molal quantities:

'Q= (l N*)Qi+N*Q* (23) 

where Q is the quantity of interest (volume, entropy, enthalpy) 
and N* is the mole fraction of NaCl in phase $. In the liquid 
phase, the mole fraction of NaCl was calculated from the con 
centration by using equation 4. In the gas phase, the available data

28.00

18.00
75.00 100.00 125.00 150.00 175.00 200.00 225.00 250.00 275.00 300.00 325.00 

TEMPERATURE, IN DEGREES CELSIUS

FIGURE 6. The molal volume of liquid solutions in the HoO-NaCl system from 
0 wt percent NaCl to halite saturation between 80° and 325° C. The con 
tour interval is 5 wt percent NaCl. As is obvious from the crossing of 
contours, the surface is complex. For details, the reader is referred to the 
tables.
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do not permit the estimation of the mole fraction of NaCl with 
any precision. However, the mole fraction of NaCl in the gas is 
small, being less than or equal to 10-° in most of the tempera 
ture pressure composition space covered in this report. There-

ci f1
fore, the quantity N Q 2 was neglected, and the thermodynamic 
properties of the gas were assumed to be the same as the ther- 
mochemical properties of pure H^O at the temperature and pres 
sure of the solution.

Figure 6 shows the molal volume of the liquid phase. The con 
tour interval is 5 wt percent NaCl.

Figures 7 and 8 show the molar entropy and the gas at com 
position of NaCl in the liquid. The contour interval is 5 wt per 
cent NaCl contained in the liquid phase.

RECOMMENDATIONS FOR RESEARCH

In the preparation of these preliminary steam tables, several 
areas where one can improve the precision and accuracy were

Liquid + Gas

140.00

1120.00
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:*:

§100.00
s
cc.
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£ 80.00
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J 60.00
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I 40.00
UJ

o 20.00

0.00
75.00 100.00 125.00 150.00 175.00 200.00 225.00 250.00 275.00 300.00 325.00 

TEMPERATURE, IN DEGREES CELSIUS

FIGURE 7. The molal entropy of the gas and the liquid phases in the H-0- 
NaCl system from 0 wt percent NaCl to halite saturation in the liquid 
phase between 80° and 325° C. The contour interval is 5 wt percent NaCl 
in the liquid. The shaded area contains data that were calculated by the 
extrapolation of functions given in the text. The bunching of the contours 
between 300° and 325° C is most probably due to an artifact in the equa 
tions which is exaggerated when the partial molal entropy of aqueous NaCl 
is calculated.
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FIGURE 8. The molal enthalpy of the gas and the liquid phases in the H^O- 
NaCl system from 0 wt percent to halite saturation in the liquid phase be 
tween 80° and 325° C. The contour interval is 5 wt percent NaCl in the 
liquid phase. The shaded area contains data that were calculated by the 
extrapolation of functions given in the text. The bunching of the contours 
between 300° .and 325° C is most probably due to an artifact in the equa 
tions which is exaggerated when the partial molal enthalpy of aqueous NaCl 
is calculated.

noted. The most obvious place for improvement is the description 
of In y, the activity coefficient for aqueous NaCl. Use of several 
equations to describe ft in the activity coefficient function (eq 12) 
is acceptable as long as the derivative is not needed. However, this 
was not the situation in these steam tables where entropy is cal 
culated from equation 1:

-r 

T K  > (1)

The term was obtained from equation 22 as follows :

2 (AB) ^ (CD) (24)

The taking of the partial derivative for the first term is ther-

modynamically sound, because AG,' (AB) was evaluated using 
equilibrium constants, entropies, heats of solution, heat capacities, 
and partial molal volumes. Whereas the function is empirical, the 
function and its partial derivatives are consistent with thermo- 
dynamic theory.
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Not so for the second term 3AG (BC) foT. When Liu and Lind- 
say (1972) evaluated the osmotic coefficient and activity coeffi 
cient data, no constraints were imposed except that the Debye- 
Hiickel limiting slope be obeyed. An improved evaluation of In y 
using the available heats of solution of halite and the heat capaci 
ties of aqueous NaCl would eliminate the obvious discordance in 
the data at about 110°C as shown on figures 4 and 5.

The other problem is the density and therefore the partial molal 
volumes of H 20 and NaCl. The available experimental data for 
the H20   NaCl system at temperatures above 100°C are poor. 
Apart from imprecise experimental methods, most experimental 
techniques involved the use of equipment that was corroded by 
the brine. The reported densities included the effects of dissolved 
H2 and metal ions. Improvement in this area entails the remeasure- 
ment of densities in the H20   NaCl system with an experimental 
design that is both highly accurate and free from corrosion.

TABLES FOR NaCl SOLUTIONS

Tables 1 through 28 give the temperature, pressure, and the 
density of the liquid at constant composition and 5° intervals be 
tween 80° C (or at the 5° interval just above halite saturation) and 
325° C. The partial molal quantities of volume, entropy, and 
enthalpy for NaCl in the liquid are given. The third part of the 
tables gives the molar volume of the liquid and the molar entropy 
and molar enthalpy of the liquid and the gas that coexists with 
the liquid.

Tables 3, 6, 10, 13, 17, 21, and 26 give data at 5, 10, 15, 20, 25, 
30, and 35 wt percent NaCl, respectively. The other tables give 
the data at intervals of 0.5 mol NaCl/kg H20 (molal) .

Tables 29 and 30 give the same data but at the given concentra 
tion on the halite saturation equilibrium between 80° and 325° C. 
Table 29 is in concentration units of wt percent NaCl and table 30 
is mol NaCl/kg H2 0.

The tables were calculated by using the functions that are given 
in the preceding section. The data contained in parentheses were 
calculated by extrapolation of the functions beyond their range.

A detailed analysis of the accuracy and precision of the tabu 
lated data is not possible in this preliminary report. Haas (1976) 
discussed the accuracy of the vapor pressure, density, and volume 
data for the liquid and[ the gas and of the partial molal quantities 
for Ha O (#!,<$!, and Vi) in the liquid and the gas. In preparing 
this report, the following additional equations have been used:
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Equation Property Source

(9) AG2 (A£) This report.
(12) In 7 Liu and Lindsay (1972)

Assuming that the JANAF data for halite (NaCl[c]) are with 

out error (?), the maximum error in AG 2° (AB) is 200 J mol- 1 . 
For the activity coefficient equation, Liu and Lindsay (1972) gave 
no estimate of either the accuracy or precision. However, an anal 
ysis of the graphical data which they supplied indicates that the 
maximum error in the activity coefficients is less than 0.003.

Even having this information, an estimate of the error in the

partial molal quantities for NaCl in the liquid ( V2 , H2 , and S2 ) 
cannot be made because these properties were calculated in part 
by the partial differentiation of equations 9 and 12, above, as well 
as other equations cited by Haas (1976).

In the tables, data are given that have as many as six digits. 
This is particularly true for data for entropy and enthalpy where 
most of the value represents the relative difference in the property 
between T and 0.01 °C and only a minor part of the value is due to 
change in concentration. The number of digits reported in the 
tables is governed by the need to have a reasonable resolution in 
the property when small changes in concentration or temperature 
are considered.
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