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Corrosion Performance of Steels in Deep Oil and Gas Wells and
New Corrosion Resistant Oil Country Tubular Goods
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Abstract:

CO3 corrosion and sulfide stress cracking (SSC) in production environment and stress corrosion cracking (SCC)
in non production environment are major problems in oil and gas production. COz corrosion resistance and SSC
have been improved by the addition of Cr and Mo respectively. New martensitic stainless steel pipes (HP13Cr,
UHP15Cr) with excellent CO2 corrosion resistance and good SSC resistance have been developed to further
improve the performance. The applicable conditions of the new steels in oil and gas environment have been
established. These new martensitic stainless steel pipes have been proven to have excellent properties in high

temperature (100-200°C) sweet and slightly sour environment.
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Fig.1 Polarization curve of steels in COz environment and N2
environment
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Fig.2 Effect of Cr content on COz corrosion resistance of steel
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Table 1 SCC test results of HP13Cr-1 in packer fluid

environment

Number 1 2 3 4 5 6
Solution CaCl, CaBr, CaCl, | CaBr,
Oxygen Anmonium bisulfite Sulfur free
scavenger
Corrosion . . .
inhibitor Sodium thiocynate Amine based
Temperature | 149°C | 93°C | 149°C | 93°C | 149°C | 93°C
Results* 3/5 5/5 3/5 0/5 0/5 0/5

* Number of failed specimens/Number of test specimens

1 mm
—_
(11.4 ppg CaCl,, SCN-, HSO;~, 149°C, 74d)

Photo 3 Example of cracking observed in packer fluid
environment
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Table 2 Chemical composition of pipes

(mass%)
C Si Mn Cr Ni Mo Cu
HP13Cr-1 | 0.025 | 0.25 | 0.46 | 13.1 | 4.0 1.0 —
HP13Cr-2 | 0.025 | 0.25 | 0.40 | 13.0 | 5.1 2.0 —
UHPI15Cr | 0.030 | 0.22 | 0.28 | 14.7 | 6.3 2.0 1.0
13Cr 0.20 0.23 | 044 | 13.0 — — —
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| 20% NaCl solution

[ CO,: 3 MPa
| 13Cr

—
(=)

HP13Cr-1

0.1

Corrosion rate (mm/y)

Temperature (°C)
Fig.3 COz2 corrosion test results of HP13Cr-1

JFE $i#t No. 17 (2007 4E 8 H)



FOREEM S - A AT B B £ & R A

0.1

Open: No Failure
Closed: Failure
10% NaCl solution @
100% SMYS

(95 ksi) o9
720 h

0.01

T

0.001

T

H,S Pressure (MPa)

0.000 1 . . + .

1 2 3 4 5 6
pH

Fig.4 SSC test results for HP13Cr-2

Table 3 SSC test condition

Test H,S Test
Test method solution Temperature Pressure | duration
NACE-TMO0177 | ., o
Method C 5% NaCl 25°C 0.01 MPa 720 h
Table 4 SSC test results of UHP15Cr
Number pH Applied stress Results
| 45 100% SMYS | No Crack, No Crack
’ 85% SMYS | No Crack, No Crack
5 5o 100% SMYS | No Crack, No Crack
’ 85% SMYS | No Crack, No Crack
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