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ABSTRACT 

A flow-through high-pressure electical conductance cell was designed and constructed to 
mea?ue limiting molar conductames and ion association coostan~ of dilute aqueous 
solutions with high precision at high temperatures and pressures. The basic concept of the cell 
employs the principle developed af the University of Delaware in 1995, but overall targets 
higher temperatures (to 600°C) and pressures (to 300 MPa). At present the cell has been 
tested by measuring aqueous NaCl and LiOH solutions (IO” to 10” mol.kg”) to 40X and 
~33 MPa with good results. 

Ih’TRODUCnON 

In aqueous solutions all electrolytes tend to associate at high temperatures and low solution 
densities. Knowledge of the association constants is important in interpreting the 
thermodynamics of ion-ion and ion-water interactions in solutions from sub- to super-critical 
conditions where the thermodynamic pmperties of electrolytes undergo dramatic changes. 
Conductance data not only provide a basic understanding of the behavior of electrolytes 
under extreme conditions, but also yield information relevant to gcochemical systems, the 
chemistry occurring in water/steam cycles in power plants, nuclear waste disposal, and 
supercritical water degradation of organic wastes. 

During the past 30 years elechical conductance measurements of aqueous electrolyte 
solutions, such as alkali chlorides and hydroxides [l-S], were carried out at ORNL utilizing a 
static high-pressure cell to conditions of SOOT and 400 MPa. The major disadvantages of this 
design are its limited accuracy at lower densities (p < 0.4 gem”), due to the high intrinsic 
conductance of the cell, and the inherently large temperature gradient along the vertical axis 
of the cell. These effects coupled with the high residence time of the solutions in the cell and 
auxiliary tubing, limited the concentration range that concentration.s as low as I@’ mol,kg-‘, at temperatures 306 - 400% and at pressures up fo 

28 MPa However, this apparatus was not designed to operate at temperatures > 4OO’C and 
higher pressures. The oew cell reported here was adapted from the existing static pressure 
vessel and will even~ally serve to provide precise conductance measuremcnt( to 600°C and 
300 MPa. 





digital resolution of ztO.Ol”c. The two outer zones of the furnace are controlled via standard 
K-type sheathed thermocouples, which are connected directly to the two remaining output 
devices. The performance of the system is such that stable temperatures are observed for long 
time periods with a maximum uncertainty in the reading of +O.O2”C at 400°C. Currently 
pressures up to 40 MPa are obtained by means of nitrogen gas supplied from a 40 MPa gas 
cylinder to the receiver pressure vessel and hence also into the void volume between the inner 
PVRh tubing and the inner walls of the Udimet vessel. Lo the future, pressures above 40 MPa 
will be reached using an air-driven diaphragm pump in conjunction with a hydraulically- 
operated intensifier. Pressure is currently controlled by two back-pressure generators 
(Tescom) and monitored by strain-gauge transducers, which are connected to a dual channel 
digital readout gauge (Precise Sensors). The accuracy of the pressure measurements is M.I% 
of full scale. Pressure fluctoations controlled by the two back pressure regulators all about * 
0.1 MPa, resulting in resistance changes of about 0.4% at 300°C. The electrical resistance is 
measured with a Wayne Kerr 6425 Component Analyzer. 

The experimental procedures are also described in detail in ref. 7. Deionized water contained 
in a glass reservoir heated to co. 55 “C under a purge of argon is used as carrier solvet& 
whereas the solution is delivered to the sample loop by a commercial solvent delivery pump. 
Note that at pressures >5 MP4 the loaded sample loop is pre-pressurized to the equivalent 
pressure in the cell by means of a hand pump, thereby avoiding thermal shocks to the 
insula~r (sapphire or mtile). The flow rate at temperatures ~300°C is 0.05 rnL.ti- doring~ 
measurements and 0.15 &min-’ at temperatoms >3OO”c. For each sample series, the 
resistance of the solvent water was measured fust before the measurement of sample 
solutions at frequencies fmm 0.5 to 10 kHz and extrapolated (resistance verses the reciprocal 
square root of frequency) to int’iiite frequency by a simple linear regression. 

The concenhated stock solutions of NaCl (ultra pure, 99.999%, Baker) were prepared using 
conductivity water and stored in polyethylene bottles under argon and all weights of the stock 
solutions were corrected to vacuum conditions. The stock solutions of LiOH were prepared in 
the same manner as described in ref. 5. The conductivity water used in the preparation of the 
stock solutions was obtained by bobbling argon through distilled, deionized water for at least 
30 minutes yielding a specific conductance of 1 to 4 x 10.’ Siemenscni’. Dilute solutions 
were prepared by adding aliquots of the concentrated stock solution from polyethylene 
syringes to “confumed,” conductivity-grade water under agron, as mentioned previously. A 
series of sample solutions in the concentration range of Io”to IO” mol.kg-’ was prepared by 
consecutively adding stock solution to the most diluted sample solution. 

The cell constant at 25°C is approximately 0.2 cm’ as determined by measuring the resistance 
of lo4 to IO” mol.kg-’ KC1 solutions and calculated according to equations given by Justice 
[8], adjusted to the ITS90 scale. The exact value of cell constant is dependent upon the 
specific dimensions of the elecmde assembly. Molality was converted to molarity using 
density data forKCl at 25°C calculated from rhe partial molar volumes of KC1 at 25°C [9]. 
Cell con.stanb obtained at 25°C from six to seven samples were in agreement to within 
*0.2%. The cell was then heated to 4OOoC (30 MPa), and allowed to cool to 25X 
whereupon the cell constant was generally observed to change less than 0.3%. The cell 
constant is corrected for the thermal expansion of sapphire (or mtile) and platinum (less than 
0.1% at 400°C). 
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Fig. 4 Comparison of & valua of (a) for NaCl, : Ho et a/. [Z] (0). this study (a), 
Zimmermanec~I. [6](O), Gmszkicwiczand Wood[l7] (e), and Noyes [I91 (=); 
and (b) for LiOH, : Ho and Palmer [S] (ok this study (e), Coni et al. [ZO] (A). 
and Wright ef al. [Z I] (“) a~ functions of temperature and density at corresponding 
conditions. 



c:,. c ~---S&W ~flog KA of (a) far NaCI, : Ho PI 421 (v), this study (A), 
,.“..____ m et al. [6] (0) Gwzkimiu and Wood [17] (*), and P&on et aLI Cm); 
d (b) for LiOH, : Ho &Palmer [S] (0). this study (0). Corti et al. [20]9), and 
right et al.[ZI] (a) as functions of temperature and density at wrrcspondlng 


