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Abstract: Dealing with first corrosion screening experiments to predict the reliability and safety of Germanys first Carbon Capture and 
Storage site in the northern Basin of Germany, northwest of the Capital Berlin, laboratory experiments have been established to simulate the 
particular conditions at T=60 °C, highly saline aquifer water similar to “Stuttgart Aquifer”, but only at ambient pressure. With mounting 2 
independent full 2-grade titanium autoclave systems (running up to 250 bar and 300 °C) pressures up to p=100 bar are possible. In 2010 a 
specific corrosion chamber of 2-grade titanium working up to 100 °C, flowing aquifer water with different gas mixtures was designed to fit 
to a high cycle fatigue testing machine. Long term fatigue experiments simulating fatigue crack growth under corrosive environments will 
soon start. These experiments may not only help engineering a CCS site, but results can be used to improve the maintenance of geothermal 
energy  production sites, especially moved parts such as pumps and shafts. 
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1. Introduction 

In the oil and gas production carbon dioxide corrosion may 
easily cause failure of pipelines [1-7] and this problem will 
become an issue when emission gasses are compressed from 
combustion processes into deep geological layers (CCS Carbon 
Capture and Storage) [8,9]. Generally steels applied in pipeline 
technology precipitate slow growing passivating FeCO3-layers 
(siderite) [10-12,26,30,31] . First CO2 is dissolved to build a 
corrosive environment. Because the solubility of FeCO3 in water 
is low (pKsp = 10.54 at 25 °C [12,13]) a siderite corrosion layer 
grows on the alloy surface as a result of the anodic iron 
dissolution. In geothermal energy production the CO2-corrosion 
is sensitively dependent on alloy composition, environmental 
conditions like temperature, CO2 partial pressure, flow conditions 
and protective corrosion scales [10-23]. Engineering the on-shore 
CCS-sites little experience of the corrosion behaviour of the 
steels was available for the aquifer water T=60 °C / p=100 bar 
[24,25] . 40 °C to 60 °C is a critical temperature region well 
known for severe corrosion processes [4,6,7,19,20,26-29] . 

Corrosion phenomena are most likely at the interface between the 
caprock and the reservoir where the brine may be in contact with 
the injection pipe: if CO2 injected is into the aquifer it will not 
contact the aquifer water until near the bottom of the injection 
well, so internal corrosion will depend largely upon the source of 
the injected gas, its composition and the presence of water and 
dissolved salts. Here corrosion of the injection pipe in CO2-rich 
aquifer water (2) may be a possibility when at injection intervals, 
the aquifer water may flow back into the injection pipe and then 
form phase boundaries (3) (figure 1) [Pfennig IJoGGC]. 

Figure 1: Schematic drawing of possible corrosive attack of the bottom 
of a well at a CCS-site 

This work aims at the prediction of the reliability of on-shore 
CCS-sites at and recieving a better understanding of the corrosion 
behaviour of steels used for CO2-injections. 

2. Static corrosion experiments at ambient 
pressure 

Static corrosion tests at ambient pressure are carried out using 
samples made of thermal treated steel specimen with 8 mm 
thickness, 20 mm width and 50 mm length. A hole of 3.9 mm 
diameter is used for sample positioning. The surfaces are 
activated by grinding with SiC-Paper down to 120 µm under 
water. Samples of each base metal are positioned within the 
vapour phase, the intermediate phase with a liquid/vapour 
boundary and within the liquid phase. The brine (as known to be 
similar to the Stuttgart Aquifer: Ca2+: 1760 mg/L, K2+: 430 mg/L, 
Mg2+: 1270 mg/L, Na2+: 90,100 mg/L, Cl-: 143,300 mg/L, SO4

2-: 
3600 mg/L, HCO3

-: 40 mg/L) was synthesized in a strictly 
orderly way to avoid precipitation of salts and carbonates. The 
exposure of the samples between 700 h to 18000 h is disposed in 
a chamber kiln at 60 °C at ambient pressure (figure 2). Flow 
control (3 NL/h) at ambient pressure was done by a capillary 
meter GDX600_man by QCAL Messtechnik GmbH, München. 

Figure 2: Experimental set-up of static laboratory corrosion experiment 
at ambient pressure 

Typical corrosion scales on the casing steel 42CrMo4 are 
presented in figure 3. The scale growth increases with increasing 
exposure time revealing a complicated multi-layer scale mainly 
consisting of siderite. 
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Figure 3: Cross section micrographs of 42CrMo4 after 4000 h of 
exposure to CO2-saturated saline aquifer environment at 60 °C and 
ambient pressure 

 

3. Static corrosion experiments at high 
pressure 

Static corrosion tests at 100bar are carried out using samples 
made of thermal treated steel specimen with 8 mm thickness, 20 
mm width and 50 mm length. A hole of 3.9 mm diameter is used 
for sample positioning. The surfaces are activated by grinding 
with SiC-Paper down to 120 µm under water. Samples of each 
base metal are positioned within the vapour phase and within the 
liquid phase (figure 4). 

 
Figure 4: Experimental set-up of static laboratory corrosion experiment 
at 100 bar. 

 

 

 

Figure 5: Surface micrographs of 42CrMo4 after 4000 h of exposure to 
CO2-saturated saline aquifer environment at 60 °C and 100 bar. 

Typical corroded samples of the casing steel 42CrMo4 are 
presented in figure 5. The scale growth is much slower at high 
pressure with supercritical CO2 in a closed autoclave compared to 
the open system at ambient pressure with its excess oxygen. 

 

4. Dynamic corrosion experiments at ambient 
pressure (HCF) 

High cycle fatigue testing under the influence of corrosive 
media will be done in special designed corrosion chamber for a 
high cycle fatigue testing machine using round high cycle fatigue 
samples (figure 6). First tests started in September 2011. The 
endurance limit of the materials under highly corrosive 
influences (CO2-saturated flowing saline aquifer water) can be 
established and the fatigue corrosion mechanisms are analysed 
leading to the prediction of the reliability of materials in 
engineering CCS sites. 

 

 

 

 

 

 

Figure 6: Set up for high cycle fatigue testing of steel samples under 
exposure to CO2-saturated saline aquifer environment at 60 °C and 
ambient pressure. 

The maximum number of cycles for X46Cr13 exposed to 
CO2-saturated saline aquifer water (here 12,5 x 106 cycles to 
failure) is reached at stress amplitudes as high as 173 MPa. The 
fatigue strength of the material in non-corrosive conditions of 
285 MPa is reduced significantly due to corrosion. For all 
samples tested above 170 MPa stress amplitude localized 
corrosion ("pitting" or pit corrosion) is the cause for failure. 90% 
of the samples show typical multiple cracks emanating from a 
central pit of approximately 0.2 mm length. Crack initiation is a 
consequence of locally induced pit corrosion phenomena 
resulting in intercrystalline corrosion. No typical fatigue strength 
exists under corrosive conditions and passive corrosion fatigue 
may be identified as failure cause.  

 

5. Conclusion 

Laboratory experiments have been established to simulate the 
particular conditions at T=60 °C, highly saline aquifer water 
similar to “Stuttgart Aquifer”, but only at ambient pressure. With 
mounting 2 independent full 2-grade titanium autoclave systems 
(running up to 250 bar and 300 °C) pressures up to p=100 bar are 
possible. In 2010 a specific corrosion chamber of 2-grade 
titanium working up to 100 °C, flowing aquifer water with 
different gas mixtures was designed to fit to a high cycle fatigue 
testing machine. Long term fatigue experiments simulating 
fatigue crack growth under corrosive environments will soon 
start. These experiments may not only help engineering a CCS 
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site, but results can be used to improve the maintenance of 
geothermal energy production sites, especially moved parts such 
as pumps and shafts. Besides the mechanical data, the corrosion 
kinetics such as surface corrosion, pit corrosion and shallow pit 
corrosion are measured via weight loss method and 
metallographical analysis. Thermodynamic calculations give a 
first impression of the stability of the precipitation phases and 
detailed microstructural analysis helps interpreting the corrosion 
mechanisms. The results obtained may be used to recommend 
actions to secure the borehole integrity during and after the 
injection phase. 
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