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Terminology

Corrosion is the reaction of a material with the environment,
which causes changes of its properties.
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Theory
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Aspects

Not every corrosion reaction causes a
Corrosion Damage

/' T

Impairment of environment

Impairment of functionality
of a structural member

» stability

» load bearing capacity
» flexibility

» tightness

» visual effect

Q> corrosion damage causes
direct and indirect following costs.
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Theory - System Property
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Types

> Uniform Corrosion

> Intercrystalline Corrosion
» Localized Corrosion

» Pitting Corrosion

» Crevice Corrosion

> Bimetallic Corrosion

» Microbiologically Induced Corrosion
» Stress Corrosion Cracking
» Torsion Induced Corrosion Cracking
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Types - uniform, localized (pitting)

%/“\
R. BaBler, *@ Der

=" Geothermie

Kongress
2018

- Corrosion Workshop, November 27th 2018 in Essen 8



Corrosion < BAM

Underneath coatings

-

GfKorr, Schadensatlas 2006 auf http://www.corrosion-failures.com
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Failure Cases Reportd from Iceland

il | > Broken at 1600 m
{' Severely corroded

» Corrosion rates above acceptable
limits for K55, T95 and 13Cr

» Superaustenite, Superduplex and Ni-alloys all
measured with corrosion rates below the
acceptable limit

> Superaustenite and Superduplex least
affected by corrosion

Karlsdottir et al. Corrosion Testing Down-Hole in Sour High
Temperature Geothermal Well in Iceland, NACE Corrosion Conf. 2013

R. BaBler, ¥ ’\giémeme - Corrosion Workshop, November 27th 2018 in Essen 10

Kongress
2018



Testing < BAM

specimen
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Assessment

‘Appearance Measured Value Threshold

no

Suitability
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Testing

Visual and Massloss Basing Parameters

» Corrosion Types

» uniform and localized corrosion

» crevice corrosion as well as
» stress corrosion cracking

> Temperatures

> below

> above boiling point
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Electrochemical Methods

> Potential Measurements

» Free Corrosion Potential (OCP)
» Redoxpotential

> Potentiodynamic Measurements

» critical pitting potentials
» repassivation potential

> Potentiostatic Measurements

» anodic polarization (crevice, pitting)

> Impedance Spectroscopy

> layer properties
» electrode processes
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Potentiodynamic Measurements - Critical Potentials

good repassivation ibehavior //—\\ ﬂ
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Electrochemical Corrosion Investigations € BAM
Impedance Spectroscopy
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Testing

Materials

> C-Steels
> P23MnCrTi5/1 (Grade L 80)
> P29CrMo44/V1 (Grade Q 125)

> Cr-Steel
» 25CrMo4 (A29)

> Ni-Alloys
» NiCr23Mo16Al (2.4605)
> NiMo23Cr8Fe (2.4710)

< BAM

» Stainless Steels

> X1NiCrMoCu32-28-7 (1.4562)

» X2CrNiMnMoNbN25-18-5-4 (1.4565)
> X2CrNiMo-22-5 (1.4462)

» X2CrNiMoCuWN25-7-4 (1.4501)

» X2CrNiMo17-12-2 (1.4404)

» Ti-Alloys

» TiMo0.3Ni0.8
> TIAI6SNn2Zr4Mo6
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Geothermal Waters
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Materials Suitability — Exposure Tests
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Materials Suitability — Exposure Tests, Crevice Corrosion

— X1NiCrMoCu32-28-7 (1.4562) X2CrNiMnMoNbN25-18-5-4 (1.4565)
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Materials Suitability — Exposure Tests, Stress Corrosion Cracking

X1NiCrMoCu32-28-7 X2CrNiMnMoNbN25-18-5-4
(alloy 31, 1.4562) (alloy 24, 1.4565)
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Materials Suitability — Electrochemical Tests - OCP
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Materials Suitability — Potentiodynamic Electrochemical Tests - CDP
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Materials Suitability — Electrochemical Tests — Crevice Corrosion

©0
o
o

- m--alloy 31 [—

700 +——

=23
o
o
L
|

600 1 =

500 - —

400{—— .

300 A

200

Current density i [HA/cm?2]

100

75 100 125 150
Potential E, mV [SHE]

."6 “uwv “
5 300 R T = e e R P e S T o
©
&= 200
c
()]
= 100
=
=
QO o : : ‘ . : : ; ; .
-50 25 0 25 50 75 100 125 150 175 200 225 250
— Potential E, mV [SHE]
f/j‘ N
R. BaBler, "W Der e - COrrosion Workshop, November 27t 2018 in Essen 24

Kongress
2018



Results < BAM

Materials Suitability — Electrochemical Tests — Potential Survey
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Freauencv in Hz

Results
Mechanical Properties

mummum“__ - T

—Frequency

—\Voltage

Voltage in mV

02:24 11:16:48 11:31:12 11:45:36 12:00:00 12:14:24 12:28:48 12:43:12

Time

M. Wolf - Eurocorr 2012
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Results
Materials Suitability

> Carbon-Steel

in low-saline brines:

» uniform corrosion below the threshold value -
» susceptible to localized corrosion (pitting/crevice corrosion at 150 and 175 °C)
» slightly susceptible to crevice corrosion at 100 °C

Y suitable with strong limitations

in high-saline brines:
» uniform corrosion above the threshold value
» susceptible to localized corrosion (pitting/crevice corrosion at 150 °C)

& not suitable

Necessity,
Q> of using high-alloyed materials Q;
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Materials Suitability

> Duplex-Steel (1.4462) and Superduplex (1.4501)

in high-saline brines
» susceptible to localized corrosion (crevice, pitting)
% not suitable

in low-saline brines
» no signs of any kind of corrosion

% suitable

> Superaustenite (1.4562)

in low-saline brines: ._
» no sign of any kind of corrosion
& suitable 1.4501

in high-saline brines:
y susceptible to localized corrosion (crevice, pitting) at 150 °C
y slightly susceptible to crevice corrosion at 100 °C

b, suitable with strong limitations 1.4562

[ BaBler et al. NACE Corrosion

@ Conf. 2009 - 2013
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Results
Materials Suitability

> Ni-alloy (2.4605)

in highly saline brines:

» Nno signs of corrosion
% suitable

> Ti-alloys

in highly saline brines:

» no signs of corrosion
Y suitable
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Results
Summary

Highly saline geothermal brines require
high alloyed materials,
for safe long-term operation!
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