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Objective 

Study the effect of Ca2+ on formation and protectiveness of FeCO3 on casing steel 
as well as its potential to facilitate localized corrosion. 

Experimental Setup/Details 

Parameters Condition 

Total / CO2 Pressure 1 / 0.52 bar 

Temperature 80°C 

Condition  Static 

Electrolyte 1 wt.% NaCl 

Initial [Fe2+] / ppm 10 ppm 

Initial [Ca2+] / ppm 0,10,100,1000,10000 

Initial pH* 6.6 (± 0.1) 

Material Carbon steel 1018 

Duration 4 to 7 days 

In the oil and gas industry, CO2 corrosion has been widely studied over several 
decades.  However, simulated conditions in the laboratory have typically 
employed pure NaCl electrolytes.  This overlooks the fact that brine chemistry of 
formation water is important due to the potential for cations dissolved therein to 
compete with Fe2+ in the formation of carbonate-type corrosion products and 
scale. In addition to changing the FeCO3 morphology, compositional 
heterogeneity within the scale will be expected. Brines usually have a high 
concentration of Ca2+ . Therefore, the system will be saturated with respect to 
CaCO3 precipitation and it will be deposited on a corroding steel surface. The 
presence of CaCO3 or mixture with FeCO3 would affect types of corrosion 
(uniform or localized). Results from this research will be applicable in CO2 
enhanced oil recovery (EOR) as well as injection of CO2 into deep saline aquifers 
for CO2 sequestration. The reported results are for a preliminary study relating to 
low pressure CO2 corrosion.  
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 Low pressure experiments will be conducted  to challenge formed 
FeCO3 by Ca2+ addition. 

 Experiments will be continued with high pressure CO2 (up to 100 bar). 

Thermodynamic Data at pH 6.6    

Conclusions 

 At low concentration (≤ 100ppm), Ca2+ didn’t have a significant effect          
on corrosion. 

 At high concentration (1000 & 10000ppm), Ca2+ increased the general 
corrosion. 

 At the highest tested concentration (10000ppm), Ca2+ caused localized 
corrosion.  

Future Work 

* Prior to FeCl2 & CaCl2 addition.  

SEM image of samples after Clarke solution treatment [ASTM G1] 
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Hypotheses 
 High concentration of Ca2+ results in compositional heterogeneity, this yields a 

less protective corrosion product scale. 
 High concentration of Ca2+ in the presence of aqueous CO2 will result in a 

casing surface covered by CaCO3, which is ~2 orders of magnitude more 
soluble than FeCO3. Due to the variable pH environments that will result when 
CO2 is injected, this CaCO3 layer won’t be as persistent and protective as FeCO3 
and there will be the possibility of severe uniform or localized corrosion. 

   

Condenser 

Reference electrode 

Working electrode 
Thermocouple 

Gas bubbler 
Lugging capillary 

Flat  samples 
Counter electrode 

pH probe 

1E-11

1E-10

1E-09

1E-08

0 20 40 60 80 100

K
sp

Temprature / °C

Ksp CaCO3

Ksp FeCO3

Ksp CaCO3

Ksp FeCO3

0.1

1

10

100

0 20 40 60 80 100 120 140 160

Fe
CO

3 
Sa

tu
ra

ti
on

 D
eg

re
e 

Time / hr

Fe2+ 10 ppm

Fe2+ 10ppm + Ca2+10 ppm

Fe2+ 10ppm + Ca2+100ppm

Fe2+ 10ppm + Ca2+1000ppm

Fe2+ 10ppm + Ca2+10000ppm

Fe2+ 10ppm

Fe2+ 10ppm + Ca2+ 100ppm

Fe2+ 10ppm + Ca2+ 1000ppm

Fe2+ 10ppm + Ca2+ 10000ppm

Fe2+ 10ppm + Ca2+ 10ppm

10 Days 

7 Days 

0.0

0.1

1.0

10.0

0 20 40 60 80 100 120 140 160

CR
  /

 (m
m

/y
)

Time / hr

Fe2+ 10ppm

Fe2+10ppm + Ca2+10 ppm

Fe2+10ppm + Ca2+100 ppm

Fe2+10ppm + Ca2+1000ppm

Fe2+10ppm + Ca2+10000ppmFe2+ 10ppm + Ca2+ 10000ppm 

Fe2+ 10ppm + Ca2+ 1000ppm 

Fe2+ 10ppm + Ca2+ 100ppm 

Fe2+ 10ppm + Ca2+ 10ppm 

Fe2+ 10ppm 

5

5.2

5.4

5.6

5.8

6

6.2

6.4

6.6

6.8

7

0 20 40 60 80 100 120 140 160

pH

Time / hr

Fe2+ 10 ppm Fe2+ 10ppm + Ca2+10 ppm

Fe2+ 10ppm + Ca2+100ppm Fe2+ 10ppm + Ca2+1000ppm

Fe2+ 10ppm + Ca2+10000ppm

Fe2+ 10ppm Fe2+ 10ppm + Ca2+ 10ppm

Fe2+ 10ppm + Ca2+ 10000ppm

Fe2+ 10ppm + Ca2+ 1000ppmFe2+ 10ppm + Ca2+ 100ppm

Fe2+ 10ppm Fe2+ 10ppm + Ca2+ 10ppm

Fe2+ 10ppm + Ca2+ 10000ppm

Fe2+ 10ppm + Ca2+ 1000ppmFe2+ 10ppm + Ca2+ 100ppm

Fe2+ 10ppm + Ca2+ 10000ppm 

Fe2+ 10ppm + Ca2+ 1000ppm Fe2+ 10ppm + Ca2+ 100ppm 

Fe2+ 10ppm + Ca2+ 10ppm Fe2+ 10ppm 

0.1

1

10

100

1000

10000

0 20 40 60 80 100

Sa
tu

ra
ti

o
n

 D
e

gr
e

e

Temprature C

[fe2+]=10ppm [Ca2+]=10ppm [Ca2+]=100ppm

[Ca2+]=1000ppm [Ca2+]=10000ppm

[Fe2+] = 10ppm [Ca2+] = 10ppm [Ca2+] = 100ppm 

[Ca2+] = 1000ppm [Ca2+] = 10000ppm 

Fe2+ 10ppm + Ca2+ 100ppm 
Fe2+ 10ppm + Ca2+ 1000ppm 

10 20 30 40 50 60 70

In
te

ns
ity

2Ө

Fe2+10ppm + Ca2+10000ppm

Literature FeCO3

Literature CaCO3

Literature Ca(Fe,Mg,Mn)(CO3)2 

Fe2+ 10ppm + Ca2+ 10000ppm

Literature FeCO3

Literature CaCO3

Literature Ca(Fe,Mg,Mn)(CO3)2

6 Days 

Fe2+ 10ppm + Ca2+ 10000ppm 

Literature FeCO3 

Literature CaCO3 

Literature Ca(Fe,Mn,Mg)(CO3)2 

10 20 30 40 50 60 70

In
te

ns
ity

2 Ө

Fe2+10ppm + Ca2+10ppm

Literature FeCO3

Literature CaCO3

Literature Ca(Fe,Mg,Mn)(CO3)2 

6 Days 

Fe2+ 10ppm + Ca2+ 10ppm 

Literature FeCO3 

Literature CaCO3 

Literature Ca(Fe,Mn,Mg)(CO3)2 

Literature CaCO3

10 20 30 40 50 60 70

In
te

ns
ity

2 Ө

Fe2+10ppm + Ca2+100ppm

Literature FeCO3

Literature Ca(Fe,Mg,Mn)(CO3)2 

Literature FeCO3 

Literature CaCO3 

Literature Ca(Fe,Mn,Mg)(CO3)2 

Fe2+ 10ppm + Ca2+ 100ppm 

7 Days 

Literature FeCO3

Literature CaCO3

Literature Ca(Fe,Mg,Mn)(CO3)2 

10 20 30 40 50 60 70

In
te

ns
ity

2Ө

Fe2+10ppm + Ca2+1000ppmFe2+ 10ppm + Ca2+ 1000ppm

Literature FeCO3

Literature CaCO3

Literature Ca(Fe,Mg,Mn)(CO3)2

Literature FeCO3 

Literature CaCO3 

Literature Ca(Fe,Mn,Mg)(CO3)2 

Fe2+ 10ppm + Ca2+ 1000ppm 

10 Days 

10 20 30 40 50 60 70

In
te

n
si

ty

2Ө

Fe2+ 10ppmFe2+ 10ppm

Literature FeCO3Literature FeCO3

5 Days 

Fe2+ 10ppm 

Literature FeCO3 


	Slide Number 1

