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CORROSION TECHNIQUES

L i c h t i , K.A. S.

OSIR, I n d u s t r i a l D iv i s ion
Bag,

d i r e c t use of geothermal f l u i d f o r power or heat generation 
the of uhich are t o conditions

encountered i n the f ie ld , Tho primary corrosive chemical i n tho
f i e l d s a t and a t ere H end CO ,w i t h the

o f H S a t being higher than tha t
corroaion is done the t o the

o f the higher H levol.
data on corrosion corrosion fat igue t o

corroaion cracking end hydrogan 

t o obta in

Thio paper mainly w i t h urad t o obtain information
these include coupon corrorometer probes,
Other methods used t o corrosion

on corrosion rater.  
and hydrogon
w i l l a l r o be

CORROSION RATE DETERHINATION

Currant o f obtaining corrosion date ere out l ined in Table

f igu re r
1.
oncountered uith spec i f i c methods i n geothermal environments.

t o 10 rhow o f equipment t o monitor corroeion end ind icate
obtained i n wet low pressure (125

tab le provides o f disadvantages

. wetness).

2.1 EXPOSURE O f COUPONS

The o f metal coupons t o corrosion
by i n weight ( f i gu re 1) is e accepted f o r
corrosion end has been used e t (2) (3 ) and e t

(4).
or a record o f corrosion from successive Short;

o f 2 t o 16 permit e study o f protect ion given by f i lms
i n i t i a l l y extmnded o f f o r non-

uniform p i t t i n g and phase corrosion t o occur.
Exposed coupons provide for i d e n t i f i c a t i o n of corrosion

matellographic o f both corrosion and corroeion productr.

Experiments can be designed t o provide e i the r s ing le

f i g u r a 2 o f coupon loss
on a carbon s tee l a f t e r three periods in wet pressure

of protect ive f i l m e t soma a f t e r 13 weeks should
be noted. The unexpectedly h igh mater ia l  a f t e r 52 coincided uith
changing corrosion (from iron t o  i r o n  oxides and other

containing end shown t o be t o o f p i t t i n g

coupon o f coupons d is tu rb the end result.
be

f o r corroaion more

Tho

,
Although nearly a l l corrosion r e t e can be by the

Evaluation lengthy and

'



2.2 PROBES

The corrorometer o f a r tha t
e l e c t r i c a l o f the f ree ly corroding

element o f a probe.
increasing probe resistance mater ia l l o s t by corrosion.

are i n Figure 3, and a p l o t o f
resu l t s f o r carbon i n i n 4.

prober ere i n carbon and types 304 316
i n e welded form,

provided i n or form ahown i n
(in both steam and condensate) which favourably uith coupon weight

data have been obtained f o r carbon Tho f u l l y
f i l l e d (maximum temperate o f t o be

f o r geothermal

corrosion r e t e can be calculated from
Several

Other
.

2.3 HYOROGEN PROBES

Corrosion of carbon s t e a l i n H containing environment.
i n the formation of atomic hydrogen through.
and hydrogen By providing e c o l l e c t i o n on the
o f a corroding pipe or by exposing a closed ended tuba o f carbon s tee l the
volume o f l i be ra ted hydrogen can be col lected and recorded.
probe and c o l l e c t i o n unit are i n Figure 5. A p l o t o f
volume col lected time f o r probe exposed i n wet i o

i n f igure
qua l i t a t i ve corrosion information only.
changes I n the environment end can be used monitor
chemical variations. The method l i m i t e d t o carbon stee ls o f t h e i r
h igh (compared t o hydrogen

A hydrogan

.
Tho hydrogen probr method t y p i c a l l y

Tha however sens i t ive t o

2.4 TESTS

A t o provide l i q u i d
dominated geothermal environments evaluated a t Auckland Un ive r r i t y (7)
and o f this will be undmrteken a t
l i m i t a t i o n o f the recommended usee three in-line probes o f the

mater ie l i o t ha t a f luid conduct iv i ty required for occurata
corroeion Very low ra te r em observed for

i n co ld t o be beyond tho
o f instrument.

The major

STRESS RUPTURE TESTS (6)

Notched t e s t are in e s t a t i c rig
Figure 7) f o r t o geothermal corroaion
cracking or hydrogen induced cracking nay occur.

ere cur ren t l y under a t in var ie ty o f end
condensate a c r i t i c a l which
no fracture i n a mxpooure Figure e

sect ion through a notched exposed i n
for corroaion product formation c l e a r l y ahown

o f the d i d not fracture
under

Turbine r o t o r and blade

2.6 CORROSION TESTS

corrosion fat igue ere loaded
bending type conducted i n

data i n t o



...

e
endurance l i m i t s up t o 10 cycles.
used t o fat igue the specimens i n a i r and Figure 10 gives a ser ies o f
resu l t s f o r turb ine stools.
i n geothermal steam t o tha t i n provides o f s u s c e p t i b i l i t y
t o corrosion fatigue.

2.7

9 i l l u s t r a t e s the apparatus

Comparison of a materials performance

l i s t e d ea supplementery i n Table 1 are conaidered
essent ia l t o promote be t te r Understanding of the corrosion processes.
I f corrosion data ere obtained i n the absence o f this type o f add i t i ona l
analysis, the a b i l i t y t o p red ic t corrosion behaviour i n s i m i l a r but
d i f f e r e n t cannot be developed.
a l l oys would be required i n new environment.

Cost ly re tes t ing o f selected

3.0 CONCLUSIONS

With the number of proven corrosion monitor ing methods
the a b i l i t y t o  i d e n t i f y eu i tab le construct ion materials or t o monitor
corrosion i n ex is t i ng  p lan t  is grea t l y improved.
monitor ing method or combination o f methods may however prove t o be
d i f f i c u l t task.
probes hydrogen probes together with coupons metallographic and
long term corrosion evaluat ion may provide e l l the desired corrosion r a t e
information about a p a r t i c u l a r environment when no s ing le method would y i e l d
sa t i s fac to ry  resu l t s  i n a s i m i l a r time period.
must be considered t o obta in comprehensive corroeion data Cor very c r i t i c a l
pa r ts such as turb ine blades and rotors.
c o l l e c t i v e ac t ion from a team o f research s c i e n t i s t s and t o g ive

Select ing the best

The o f complementary methods such as

Every appl icable technique

In many cases t h i s requires

an u n i f i e d approach t o the corrosion monitor ing problem.
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BRIEF OESCRIPTION

Long term exposure
o f metal coupons.
Monitor change
weight.

Changing resistance
due t o corroding
metal elements.

Volumetr ical ly
measures hydrogen
gas l ibe ra ted by
corrosion reactions.

s ion  ra te  by
chemical po la r i sa t ion
resistance method.

Testing the sus-
c e p t i b i l i t y of r o t o r
and blade stee ls
t o st ress corrosion
crack .
Compare fat igue
performance o f
turbine blade and
r o t o r s tee ls i n
geothermal f l u i d s
t o tha t i n

236,

Test a l l materials.
Can be i n a remote
s i te . Accurate and
comprehensive
s ion i nformat
Actual corrosion r a t
can be obtained i n
short time.
uous record o f
corrosion rate. 
Good warning means

a sudden change 
i n e system. Con-

record o f
the corrosion.
Instantaneous
measure of corrosion
rate. Provides
rapid o f
environments and
material.
Indicates allowable
st ress levels.

Indicates
a t i o n fat igue

due t o
geothermal
environment.

Charac
spec i f i c environ-
ments for compara-
t i v e purposes.

TAELE CORROSION TECHNIQUES

Optical-Sem-(Tem)
Microscopic
examination o f
corrosion and
corrosion products.
Potent ia l
Diagrams. Establ ish

describing

Reveals form and
and type o f
corrosion. Suggests
h is to ry o f
corrosion.
Indicates stab le
corrosion products.
Suggests possible
corrosion
mechanisms.

Coupon
Exposure

Corrosomet e r

Hydrogen
Probes

Elect
chemical

Stress
Rupture Teats 

Bend
-Selected

Corrosion
fat igue
Test

Supplementary
Methods

Chemical
Analyses

Corrosion
Product
Anal

Aetallographic
Examination

Theoret ical
Evaluation

concen-
t ra t ions o f
corrosive species
and corrosion
products.
X-Ray, Edax, and
Electron
probe. I d e n t i f y
major corrosion
product species.

0ISAOVANTACES

Long evaluat ion period
Requires in tens ive
labour. Mu l t i p le .
exposures o f ten

Can not  d is t inguish 
type o f corrosion.
Limited mater ia l choic
High cost. Requires 
d a i l y
Can not  d is t inguish 
type o f
Useful for carbon
s tee l only. Requires

monitoring,
Applicable only t o
l i q u i d dominated
environments where the
conduct iv i ty o f the
f l u i d s is suitable.

Requires in tens ive
labour. Sensit ive t o
minor chemical ,

changes.
Test i s sensi t ive t o
exposure

Sensit ive t o sampling
and analyses
techniques. Requires 
expertise.

Limited equipment
a v a i l a b i l i t y .
Sensit ive t o
sampling and analyses
techniques. Requires 
expertise.
Limited Equipment
a v a i l a b i l i t y .
Requires expertise.

Results general ly
apply t o e q u i l i b r i a 1
conditions only.
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