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Abstract

The coulostatic measurement is a fast speed electrochemical test method. By this technology,

analyzing A E(t)— T curves recorded under coulostatic perturbation, the solution resistance R,,

resistance of coated film Rf, capacity of coated film Cf, Polarization resistance Rp and double layer

capacity Cd are obtained. The resistance variety of 0.05N KC1 is measured from room temperature

up to 255 'C under saturation steam pressure.

1. INTRODUCTION

On-line monitoring refers to the continuous ( or near-continuous ) real-time measurement of

water chemistry parameters or corrosion data in an operating power plant system. Both water

chemistry monitoring and corrosion monitoring are extremely useful. Utility personnel use real-time

monitoring of water chemistry parameters or corrosion to assure water quality, provide a warning of

plant equipment malfunction or failure, facilitate process control, optimize maintenance and repair

schedules, and improve corrosion control in nuclear power plants, reduce costs, and increase

efficiency, assure safety operating of nuclear power plants. High temperature on-line monitoring of

conductivity is one technology of chemistry monitoring and corrosion monitoring. In nuclear power

plants, a lot of corrosion problems of construction materials depend strongly on water chemistry, such

as pH, conductivity(or resistance of solution aqueous), oxygen content and impurity concentration. In

general, the conductivity is measured, but the sampled water must be cooled down to room

temperature under lower pressure, and the measurement might be continuous, but this method is very

difficult to accurately measure electrical conductivity of high temperature solution aqueous.

The theory of strong electrolyte conductance was first developed by Debye and Huckel „

Onsager perfected the kinetic theory to obtain the limiting conductance equation in 1927. It is

known that the equation of electric conductivity of low concentration solution has -iU^ form J

A= A 0 - SC1/2 + EClnC + higher order terms

where C is solution concentration, A 0 is the limiting equivalent conductance, S and E are
coefficients depending on dielectric constant D, temperature T, viscosity r|, electric charges Q and
mobilities co of the solvent. For some simple electrolytes, the conductance was cumputed by Pitts }

Fuoss and Onsager , Fuoss and Accascina« For the aqueous solution with more chemical
compositions, it will be very difficult to compute the conductance of electrolyte.

The facts in our work have confirmed that on-line monitoring of the conductance of high

temperature solution aqueous is useful. By on-line monitoring of electric conductivity of solution, the

273



water qualities can accurately be determined, and the effect of impurities on corrosion of material can

well be estimated 9 At present, there are mainly two methods for on-line monitoring of electric

conductiviting, one is on-line monitoring of voltage at elevated temperature up to 150 'C . and the

other is the measurement of alternating current resistance by electrochemical technology at elevated

temperature up to 300 °C ,

The coulostatic technology is also a fast speed electrochemical measurement method, it can be

used in the measurement of high temperature conductivity of solution aqueous.

2. THEORETICAL

The coulostatic method is that a small amount of charge is supplied to double layer capacity of

the electrical conductivity electrodes, the aqueous solution resistance can be obtained by recording

and analyzing E(t)-T attenuation curve under coulostatic perturbation, it is a fast, sensitive

electrochemical method, it is especially fit to measure higher aqueous solution resistance, In this on-

line monitoring test, a general equivalent circuit used for measurement of aqueous solution

resistance is shown in Figure 1.
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Figure 1. The general equivalent circuit for aqueous solution resistance,

in the above Figure 1, those parameters mean:

Rp: Polarization resistance

Cd: Double layer capacity
Cs: Standard capacity
R,: aqueous solution resistance
if: Faraday current
ic: Charging current

The whole current in the circuit is

i(t) = -Cs[d <j) (t)/dt]= Cd[d A E(t)/dt]+ if
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To active-polarized systems, there is an equation as fellow

if=iC0ITexp[ 2.303 A E(t)]/ba - iCOT exp[-2.303 A E(t)]/bc

where icorr is corrosion current density, ba and bc are Tafel slopes for anodic and cathodic reactions,
respectively, and A E(t) is the over-voltage.

In accordance with Kirchhoff s law, cjj (t), overvoltage at time t is

(t) = A E(t)

when t = 0, c|> (0) = Vs, A E(0) = 0.

-Csd(t)/dt]

Vs is overvoltage within capacity Cs before the test. For a system in which the electrode is passivated,

the equivalent circuit is more complex than Figure 1, the resistance of coated film Rro and capacity of

coated film Cf must be considered.

3. EXPERIMENTAL AND RESULTS

Figure 2 is coulostatic test circuit. It includes three parts, one part is a high quality charge,

composed of direct current power and high steady capacity; one is cell (or electrochemical autoclave),

Figure 2. A simple coulostatic test circuit for monitoring of conductance. WE, working electrode;

RE, reference electrode; CE, counter electrode; C, high steady capacity; OA, operational

amplifier.

the working electrode and reference electrode is both platinum, counter electrode is Inconel-690; third

part test signal amplifier, and test data recorder and data treatment.
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In the monitoring of solution aqueous conductivity, it is necessary that a interface-friend

software have compiled. There are a fit software and A/D D/A transfer interface, these are installed in

a microcomputer (586). The monitoring for conductivity of aqueous solution is convenient and simple,

and the measurement time is sometimes shorter than 1 second. When the conductivity is measured, it

is not necessary to add electrical signal between both of the conductivity electrodes as potential, so

the outer signal disturbance is reduced. Although the equations will get more for passived electrode

system, it is yet convenient and fast to on-line monitoring of electric conductivity of solution aqueous

by micro-computer.

By this coulostatic electrochemical measurement method, we have monitored the resistance of

KC1, its concentration is 0.05N at elevated temperature from 25 *C up to 255 "C with saturation

oxygen in autoclave. The experiment results at 25 "C are as follow

When the test temperature is elevated, the resistance value of solution aqueous is shown in Figure
4. The resistance of KCI solution straightly drops with temperature going up, and the electric conductivity
will directly rise. When the test of monitoring of solution conductance known is finished, or by



calculating the conductance value measured, the conductivity cell constant will be obtained. Using a
standard electric conductivity cell which cell constant is known, the on-line monitoring of electric
conductivity can be carried out. Because the test is finished in no-flowing loop, the dissolved oxygen
content affects the resistance of test solution aqueous.

4- CONCLUSION

An on-line monitor to determine electrical resistance of aqueous solution at elevated temperature up
to 255 *C was developed. The electrical resistance of KCI is reduced with test temperature elevation. The
coulostatic technology is a fast speed electrochemical test method, during the measurement, it is not
necessary to add between both of electrodes. It is entirely possible to be used to on-line monitor the
electrical conductivity of aqueous solution.
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