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1. Introduction

When engineering a Carbon Capture and Storage site (CCS) local corrosion (pitting) of the injection pipe steel 

may become an issue when emission gasses from oxyfuel power plants are compressed into deep geological layers. 

This highly corrosive environment arises when the flue gasses, mainly composed of CO2, are injected into saline 

aquifer water. Immediately carbonic acid is formed causing corrosive attack of the injection steels [1],[2]. The 

influence of heat treatment on the local corrosion resistance was demonstrated in laboratory experiments at 60 °C 

and ambient pressure for three steels X46Cr13 (1.4034), X20Cr13 (1.4021) and X5CrNiCuNb16-4 (1.4543) under a

similar liquid corrosive environment as found at a geological onshore CCS-site in the Northern German Bassin.

2. Experimental

Samples 20x4-8x50 mm3: X46Cr13, (1.4034), X20Cr13, (1.4021), X5CrNiCuNb16-4 (1.4543). Heat treatment 

following routine protocols for the different steels: normalizing (785 °C – 850 °C), hardening (1000 °C quenching in 

oil or water), hardening and tempering at 3 temperatures (550°C – 755 °C). Experimental setup (figure 1): 60 °C,

ambient pressure up to 4000 h, CO2: 99.995 vol.-% flow rate 3 l/h brine (Stuttgart Aquifer, [3]: C a2+: 1760 mg/L,
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K
2+

: 430 mg/L, Mg
2+

: 1270 mg/L, Na
2+

: 90,100 mg/L, Cl
-
: 143,300 mg/L, SO4

2-
: 3600 mg/L, HCO

3-
: 40 mg/L).

Figure 1. Experimental setup of laboratory corrosion experiment.

3. Results and Discussion: Influence of heat treatment

Local corrosion (pit and shallow pit corrosion), is less predictable than surface corrosion and the choice o f 

appropriate heat treatment may prevent severe loss of base material. Normalised samples show the lowest corrosion 

rates -about 0.002 mm/year - obtained via mass gain method (figure 2). Samples that were hardened or 

hardened+tempered have corrosion rates about 0.005 mm/year determined after 6 weeks of exposure. 

Figure 2. Corrosion rate after 1350 hours of exposure to aquifer brine water at 60 °C and ambient pressure of 
X20Cr13, X46Cr13 and X5CrNiCuNb16-4 differently heat treated prior to exposure. 

A maximum intrusion depth of 35 µm for X20Cr13 and X5CrNiCuNb16-4 is found after 1400 hours of exposure. 

Pits on X46Cr13 do not penetrate as far as in the other steel samples. X20Cr13 and X46Cr13 the lowest intrusion 

depth (8-12 µm) after normalizing and hardening+tempering at 550 °C, while hardening+tempering at 755 °C is 

favourable for  X5CrNiCuNb16-4 (10 µm) (figure 3).
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Figure 3. Optical 3D-Surface-Scan (Fa. FRT) of the sample X5CrNiCuNb16-4 kept in the CO2-saturated brine 
for 14000 h after descaling with a typical penetration depth of approximately 18 µm.

The influence of heat treatment may also be determined by the amount of pits showing that heat treatment has no 

significant influence on the amount of counted pits per unit area. For X20Cr13 and X46Cr13 normalized samples 

and for X5CrNiCuNb16-4 hardening+tempering at 755 °C give the lowest amount of pits per m
2
. 

4. Conclusions

Pit growth cannot be calculated as easily as surface corrosion rates, because of its little predictability. Therefore it 

is not possible to give corrosion rates and lifetime predictions regarding pitting in CCS technology. Summarizing 

the kinetic results the heat treatment preferred to obtain the least corrosive attack is normalizing for X20Cr13 and 

X46Cr13. And for X5CrNiCuNb16-4 the combination hardening and tempering at 755 °C should be preferred. 

Detailed analysis of the different microstructures and di fferent sucseptabilites towards corrosion under CCS 

environment will be subject to future research.
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