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t o monitor the plant or to guide the selection
of materials and operating conditions i n the design plant.
number of methods have successfully used to measure corrosion rates
in geothermal they include weight-loss method, the

(resistance probe), the hydrogen probe, stress corrosion
rigs and other methods Electrochemical techniques have
been widely used, although they appear t o be quite
advantage of methods is that they provide a direct
measurement of the corrosion rate and it is possible to distinguish
between active corrosion and passivation of the metal surface.

Corrosion testing geothermal systems normally carried out

A

We have a research project using electrochemical and
related methods t o determine the mechanism of corrosion of steel and
other metals i n geothermal fluids from the Broadlands field.
paper some of our i n i t i a l findings.

This

CAL PHASE

Corrosion equilibria may be represented by or
diagrams over the temperature range of interest.

diagrams indicate the thermodynamic limits of stability of a metal i n
relation to its ions and solid corrosion products, such a s oxides and
sulphides, as a function of and equilibrium potential of the
chemical reaction.

These

By coupling potential-pH diagrams with corrosion potential data,
it is possible to predict likely corrosion products o f

combinations.
with actual corrosion products.

The predicted products can in many cases be

In constructing potential-pH diagrams, it is usual to calculate
the free energy change of a t the temperature of interest.
The free energies of formation for species i n the reaction a t elevated
temperatures are evaluated using a knowledge of the free energies of
formation, entropies and heat capacities of the substances involved.

Geothermal equipment usually involves iron alloys in contact with
fluids containing sulphide species and are a t temperatures up to 573
Various potential-pH diagrams for the system a t elevated

have been published.
publications produced a se t of diagrams applicable to Broadlands.
These diagrams are based on equations derived by
and Robins.

We have assessed these
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FIGURE 1: for System at 298 K

The conditions selected apply to cold condensate at
the Broadlands Corrosion Test
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A for the system is shown i n Figure
1.
condensate chambers a t the Broadlanda corrosion tes t rig.

This diagram has been constructed for the conditions of the cold
.

I n non-aerated condensate for example, the corrosion potential w i l l
l i e the region of metal and l ine which represents the
discharge of to
near neutral it would be predicted thata sulphide of approximately
this stoichiometry likely to be the corrosion product.
consistent with the of Mckinawite on steel
in this medium as found from

Since the stable species

The atability o f strongly dependent on temperature.
region of s t a b i l i t y i n the diagram markedly
w i t h increasing temperature to the ertent that does not appear
573 A t above 473 K the region also but

and also to thermodynamically stable to 573

Its

STANCE

electrode and an electrode and the resulting
change of potential of the test electrode measured against a
reference electrode. A l l three electrodes made

metal, but they must be insulated one another.
polarisation resistance related to the corrosion current

technique involves applying a current I a tes t

The observed

R

is a parameter derived from the kinetics of the electrode reactions;
for carbon steel a t B 0.025 V. The corrosion rata, defined
the rate of of metal assuming corrosion,
is given by the following expression for carbon steel

the surface area of the test

that the relatively
of condensates (0.02 gave rise t o error due to the
electrolyte resistance the electrodes.
come by designing the electrode probe so that the configuration between
the t es t and reference electrodes was
difficulty that the prerence of a film of corrosion product on the
metal surface may cause an extra resistance the circuit, leading
to an underestimate of the corrosion rate. But cases the

rate will be proportion to the amount of
film, and w i l l the measurement of
rate

This problem was over-

Another possible
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We have found tha t the resistance probe
performed satisfactorily results comparable
to weight-loss measurements.
corrosion rate directly from a single reading on a probe which
permanently inserted into geothermal

have by DSIR.

ELECTROCHEHICAL SAT ON

Cyclic are useful in predicting the.
passivating behaviour of alloys environments,
particular wi th regard to so-called active regions of

a metal w i l l undergo dissolution, passive regions when
covered by a protective film, and f i l m region8

during which the film by further reaction.
technique involves following current to a

varying potential difference controlled between the electrode
and a reference electrode.

It has the advantage of giving the

Fie ld t r i a l s a t

60

40

2: of Fa Geothermal

0.032 0.003

solution was saturated rate

Note the apparent linearity the high current region an
artefact of the to the conductivity of the
solution. problem can be corrected for by
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A cyc l i c of pure i ron i n a simulated geothermal
The potent ia l is swept fromf l u i d a t 295 K is shown i n Figure 2.

-1.3 V measured agains t a sa tura ted calomel reference electrode. This
potent ia l lies i n t h e region of hydrogen evolution as evidenced by t h e
la rge cathodic (negative) current , As t h e potent ia l becomes
posi t ive , the hydrogen evolution current decreases. Eventually, a
posi t ive current is obtained probably as a r e s u l t of Fe dissolution.

subsequent arrest in the current associated with t h e formation
of a film on the elect rode surface.
and t h i s f a c t coupled with t h e higher current a f t e r t h e po ten t i a l is
reversed ind ica t e s t h a t p i t t i n g has taken place.
observed extensively on t h e elec t rode surface on examination under the

. The form of corrosion which would be found on exposing
steel t o t h i s medium would depend on t h e corrosion potent ia l ;
-0.2 V p i t t i n g would occur.

The current then increases sharply

Fine p i t s were

AC IHPEDANCE TECHNIQUE

po ten t i a l to the elec t rode and its complex impedance with a
phase sens i t i ve detec tor .
capacit ive components of the impedance over a wide range of applied
AC frequencies.
e l ec t ro ly t e  r e s i s t ance ,  t h e amount (from the
capacitance), and t h e corrosion r a t e (from the res is tance
method is known to be a useful method for corrosion
but it has not been widely applied.
application to the of metals i n geothermal media.

A more sophis t ica ted electrochemical method to apply an AC

It is poss ib le to obtain t h e r e s i s t i v e and

From t h i s data one can determine separa te ly the

Thio

We are invest igat ing its
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