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thermal conductivity, heat capactiy and enthalpy of NaCl solutions. More 

detailed information on these properties of NaCl solutions is obtained from 

"Viscosity of Aqueous NaCl Solutions From 0°C t o  150°C" (Ref. 3), 

"Establishment of A Computer Database on Geothermal Properties of Aqueous 

NaCl , KC1 and CaC12 Solutions" (Ref. 4),  "The Volumetric Properties of 

Aqueous Sodium Chloride Solutions From 0" to 500°C a t  Pressures up to  

2000 Bars Based on A Regression of Available Data i n  the Literature" (Ref. 5) , 
"Thermal Conductivity of Aqueous NaCl Solutions" (Ref. 6), and "Thermodynamics 

of Electrolytes. 8. High-Temperature Properties, Including Enthalpy and Heat 

Capacity, With Application to  Sodium Chloride" (Ref. 15). 

Aqueous Electrolyte Database 

The aqueous electrolyte database (AED) contains over 1000 records 

covering mainly publications for the time span 1929-1978 on the following 

major basic properties: viscosity, density, enthalpy, thermal conductivity, 

so lubi l i ty ,  electric conductivity, free energy and activity. While a number 

of electrolytes are covered, the records largely pertain t o  NaCl , KC1, and 

CaC12. The descriptive cataloguing and indexing procedures used t o  encode 

and store the bib1 iographic records are those o f '  the International Nuclear 

Information System (INIS) (Ref. 7) .  Typical bibliographic records i n  a 

condensed output format are shown i n  Figure 1. 

The bibliographic citations i n  Fig.  1 contain information on the 

documents including author, author 

journal or other reference source and descriptors. The descriptors are 

taken from a thesaurus of controlled vacabulary terms, and together w i t h  

other selected data elements provide for  a number of indexes, e.g., author, 

t i o n ,  t i t l e  of the document, 

author aff i l ia t ion,  subject, journal and descriptor frequency count, which 



a -  

. 
are machine-generated via our adaptation of BDMS (Ref. 7).  An example of 

these indexes i s  the author- 

As can be seen, the index contains the author name, t i t l e s  of a l l  

ations by the author i n  the database and record numbers of a l l  

to basic properties, mainly covering the time span from 1929 t o  1978. 

Records are added t o  the f i l e  on a continuing basis to include both recent 

t ive data. The BDMS 

data retrieval and a ated indexes to the documents 

C 
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Correlations equations are developed for use i n  interpolating the 

experimental values over a wide range of concentrations , temperatures and ... 
0 

pressures, They may be based on theoretical or empirical cons1 

w i t h  the basic idea t o  reproduce the experimental data as closely as 
P 

possible, Correlstion equations are used t o  generate tables of smoothed 

- _  
'* 

A comprehensive search of the pub1 ished 1 iterature for NaCi viscosity 

data was made coyering' the tim 

copies of the original publications were assembled using the following main 

sources for 15 terature references : The U. S. Department of Energy Te 

Information Center's RECON System which includes the following databases: 

Energy Data Base, Water Resources Abstracts and Engineering Index (COMPENDEX) ; 

Chemical Abstracts; the Jnternational Critical Tables; and relevant journals 

and reports. A substantial amount of new data on viscosity was made available 

by Kestin and co-workers (Ref. 8, 9).  

pan from 1929 to 1977. All 

1 

The data selected for correlation from a larger l i s t  were the reported 

experimental values and d id  not  include either smoothed or calcul 

All data were converted where necessary to the 1 2 C  scale of a 

t o  the g/cm3 basis for density, to centipoise for viscosity, from molar to 
e 

molal concentrations, and from relat ive ' to  absolute viscosity values. The 
(. needed water viscasi 

International Conference on 

the results of the E i g h t h  

The following empirical equation developed from this data was found 
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convenient for interpolation to 30 MPa and 150°C: 

n = C 1  + cp exp(ct1T) t c3 exp(a2m) t c4 exp(a3T t a4m) ( 1  1 

where 

11 = viscosity, cp 

T = temperature, O C  

m = concentration, molality 

~1 = 0.0495166 

~2 = 0.60346 

~3 = 0.09703832 

~4 I= 1.025107 
.. 

Figure 3 compares t h  

from Equati 

concentrations. Data - 
deviation of e entire temperature, pressure and concentration 

r 

- .. 

to 2% and i s  o f  the following 
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= 1 - (2.3434 x - 7.924 x 10W6T + 3.924 x lO'8T)S + aP 

'H2O (2) 
(1.06 1 0 9 ~  x 10-8T + 1.2 x 10'10T2)S2 

- 

= 1 - (2.3434 x - 7.924 x 10W6T + 3.924 x lO'8T)S + aP 

'H2O (2) 
(1.06 1 0 9 ~  x 10-8T + 1.2 x 10'10T2)S2 

where 

S = NaCl concentration, % by weight 

hp  = Thermal Conductivity of NaCl Solutions 

'H20 = Thermal Conductivity of Water 

T = Temperature, "C 

The equation applies over the range 2OoC t o  33OoC, and a t  concentrations 

between 5 % ~  (.9m) and 2 5 % ~  (5.7m) NaCl . 
Additional information on thermal conductivity of NaCl solutions is 

contained i n  Reference 6; data on the thermal conductivity o f  water is 

contained i n  Thermophysical Properties of Matter, Vol. VII, Thermal 

Conductivity (Ref. 17). 

Density of NaCl Solutions 

Density data have been compiled t o  temperatures of 770'C and t o  

pressures of 2700 bars (270 MPa) for  

data values are currently contained 

A series of publications issued 

density and volumetric data for NaCl 

Geological Survey (Ref. 5, 11, 12). 

selected NaCl solutions. Over 1300 

n this AED f i le .  

- .  

as preliminary steam tables containing 

solutions is provided by the U.S. 

The -USGS report Bulletin 1412-C * 
contains extensive tables of smoothed density data covering temperatures t o  

500°C, pressures t o  2000 bars 

NaCl solutions t o  8.0 molal (extrapolated). 

- 
(200 MPa), and concentration of 

t 
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Y 

orrelation expra eveloped for the specific volume of 

aqueous NaCl solutio 

concentrations 5 % ~  (5.7m) The mathematical expression developed 

O°C, pressures t o  350 kg/cm2 (34.3 MPa) , and 
'1 

. , (Ref, 13). 

Enthalpy and Heat Capacity of NaCl Solutions 

The aqueous electrolyte data banks contain over 850 tabulated enthalpy 

olutions. Over 500 of these data values 

changes. The remaining data are 

xtrapolated standard s ta te  enthalpies 

a t  in f in i te  d i l u t i o n .  The data 

available in t h e  f 

been converted t o  a common se t  o f  u n i t s  

f tables, punched cards or magnetic tape. 

apacity of NaCl sol 

as t  quarter of  1978. 

1 



uses this equation to generate smoothed values for the thermodynamic 

functions was added to  our database. 

correlated values for enthalpy and heat capacity o f  aqueous NaCl solutions 

based o r t h i s  equation will be used i n  the final tabu1 on of the aqueous 

electrolyte database for NaCl . 
Summary and Conclusions 

I t  is expected that  the smoothed 
. 

I 

In summary, a data center containing bibliographic and numerical data 

has been established t o  provide evaluated basic energy data on aqueous 

electrolyte solutions t o  elevated temperatures and pressures. Eva1 uated 

data originate from documented experimental values from which a correlation 

expression useful i n  interpolation and machine ca 1 ation is  devel oped 

Tables of smoothed values are  generated from the correlation expression. 

The data are obtained from various sources including cooperative exchanges 

w i t h  other data centers. 
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Figures 

Figure 1. Example pr in tout  from aqueous electrolyte database. 

* Figure 2. Typical printout o f  author index. 

Figure 3. Plot o f  the measured experimental values for NaCl viscosity 

compared w i t h  those calculated from the correlation as given 

by Equation 1. 

Figure 4. Dis t r ibu t ion  of available data on the enthalpy o f  NaCl solutions. 

(a) The pressure-temperature, surface showing vapor saturation ’ 

pressures for lines of constant composition (0, and 6.011). 

(b )  The temperature concentration surface showing the saturation 
* 

concentration limit as a function of temperature (solid line). 
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