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Synopsis :

Corrosion and stress corrosion behaviors of two types of 13Cr martensitic stainless steels,
C-Cr type (0.2%-13%Cr) and Cr-Ni type (0.02%C-13%Cr-3%Ni), were investigated in
CO2 and CO2+H2S environments. The 13Cr steels were resistant to CO2 corrosion at
low partial pressure of CO2. High partial pressure of CO3 (30 atm), however, increases
the corrosion rate of 13Cr steels at above 150°C. When a small amount of H2S is mixed
into CO2 environment, crevice corrosion resistance is greatly decreased. Susceptibility
to cracking was measured by the slow strain rate technique in CO2+H2S environment
and changes in the corrosion potential were measured during the test. The C-Cr type
steel reveals an active state in all these environments and its resistance to cracking is
inferior to the low alloy steel used. The Cr-Ni type steel reveals a passive state, but is

translated into an active state by straining. It is resistant to cracking.
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Corrosion and Stress Corrosion Behavior of 13 Cr Martensitic
Stainless Steels in CO,-H,S-Cl” Environment

Hayao Kurahashi, Yuji Sone, Kayoko Wada, Yeichi Nakai

BE
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Synopsis:

Corrosion and stress corrosion behaviors of two types of 13Cr martensitic
stainless steels, C-Cr type (0.2%-13%Cr) and Cr-Ni type (0.0295C-13%Cr-3%
Ni), were investigated in COp and CO;+H:S environments. The 13Cr steels
were resistant to COj corrosion at low partial pressure of COz. High partial
pressure of COz (30atm), however, increases the corrosion rate of 13Cr steels
at above 150°C. When a small amount of H,S is mixed into CO: environ-
ment, crevice corrosion resistance is greatly decreased.  Susceptibility to cracking
was meastred by the slow strain rate technique in COy+H,S environment and
changes in the corrosion potential were measured duting the test. The C-Cr
type steel reveals an active state in all these environments and its resistance to
cracking is inferior to the low alloy steel used. The Cr-Ni type steel reveals a

passive state, but is translated into an active state by straining. It is resistant

to cracking.
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Table 1 Chemical composition of steels used

(wt %)
L c|si|m|p S\CIINiMole
0.20 | 0.75 | 0.76 |0.010 0.004‘ B2l — | —| —
0.02 | 0.47 | 0.50 |0.020|0.005 12.8‘2.95 | =
0.23 | 0.29 48151 0.012,0.004 I.DG‘ — 10.600.034

Table 2 Tempering temperature and mechanical properties of

steels used

Steel II_\I{ZM Tef;r[:le;ing stiﬁﬁh sr{;ee?]sélti Elongation
eS| gty | gtfmm | (%)
Al 710 63.6 78.4 24.1
A A2 600 77.1 9.2 ‘ 18.8
Bi1 710 “s11 | o4z L 17.9
? B2 600 76.4 84.7 ’ 21.7
¢ | | e0 | 704 76.4 | 25.0

(2) CE®EBL, Ni&iEnl CGRE*>HRAET5 Lo (CAGBNM
&)

Chirens, At SUS420]L ohh, LT ony C-Cr %
13Cr $-MEe, BHIEC, Nigingicsb, LTohi G
Ni® 13Cr 5L, 7o C ik bBH & LT RS il
FREASH KO0SS ths, ARSIV C@ixy—2vAadi
TLOoRBF2HW L, B#MiERE 100k HHM%y 13mm ¥
THEEFRBEARY To 70, RO BLREN: & SRrtEL
Table 2 ="t A %10 B #{it & iz 600°C 3 L) 710°C ©
BR LIS, BAREIT T10°C MREH O EH 1,

2.2 BAERR

HiS # &%/ CO: P TtoBERB S+ —-t7v—7
EFHEVTEFY, 25°C vk 250°C BB cREORE s Lot CO
EADEEY #H~, AR 3t x28Wx50L (mm) O,
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Fig, 1 Specimen for crevice corrosion test
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Fig. 2 Specimen for SSRT test
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COy+H,S FHEI 51 5 AR E L LT 25°C oK
H:S %HE@%T&% COz+H; S5+ N; BE&HFA (QEE 1 G E) #5
AL 630 BHOBREY T ot 724K, CORBIUILS®
IR Y URE o pH {E% Table 3 i, HEBBHOEFIL
3.5% felkThBH, HfiF VI 0L 5% NaCl4+-0.5% AEfoAkE
Wa i, »oEmt NACE A h, Soft SSC thes
A v TRMOR HIC 2 M 2 Ao — e i & T
WELDTHE, k&% Tk CO, HS ounThbgEin
80°C o KRBHELT, BROHTAMEOMEY L nic
F i, il VI rEmo SSC#BcilH LT, 0%k
HToRBRBILT > Tokve RRBRINQTHE O3 X UL
ERBN LR CHD,

2.3 CO.+HS BRICETIEHBATINRER

HeS % &1 BB i3 13Cr @0 SSC g <59,
CO:z+HaS BIET © SSRT (Slow strain rate test) 3EA% 1T 2 oo
FEC AR ORBA OBARRAL (B 2PEL, HBRAOER
i@ FRL L, BBLFOBIRE Fig. 2 Wi, 988

Table 3 Test conditions for immersion test in COz+HaS environment

T [t | e | e commsiion Gam e
(°C) (wt9%) I ) > CO (ppm) | ELS (o) pH Testing Peried
coy HuS N2 2

1 80 3.5 o 0 1.0 air 0.4 o 6.0

I 25 3.5 1.0 0 0 550 ) 5.0

m 25 | 3.5 0.7 0.007 Bal. | 880 21 | 52

v 25 3.5 0.7 0.07 Ral. 880 210 4.9 | 720h (30 day)

v 5 3.5 0.7 0.3 0 880 904 7‘ 4.7

VI 25 | 3.5 0 1.0 0 0 3 000%2 ‘—. 5.0

VI*» 2'37””71 50 | 0 1.0 0 0 30000 | 3.9

*1> NACE condition (0.59 Acetic acid addition, initial pH 3.0)
#2) Measured value at the end of test was about 2 900 ppm
*#3) pH was measured at the end of test
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Fig. 3 Effect of temperature on corrosion rate for low alloy
steel and 13Cr steels in sweet environment
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Table 4 Effect of crevice on corrosion rate for 13Cr steels in
a immersion test under a pressure of 30atm CO; gas
at 150°C for 72 h

(mm/year)
A (C—Cr) 1 B (Cr—Ni)
Creviced ‘ Crevice free I Creviced I Crevice free
1.36 ‘ 1.47 ‘ 0.04 l 0.05
10

-
o
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—
=
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Corrosion rate (mm/vear)

= i
10 Fo; =30 atm
i 3.5 9 NaCl 1
1 1 1 1 1
0 50 100 150 204 250

Temperature {°C)

Fig. 4 Effect of temperature on corrosion rate for low alloy
steel and 13Cr steels in sweet environment
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Fig. 5 Effect of H,S partial pressure on corrrosion rate of low
alloy steel and 13Cr steels in COp+H;S environment at
25°C except air open condition {80°C}
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Photo 1 Overall appearance of flat specimens after 720 h ex-
posure in CO;-H:3-Cl~ environments at 25°C
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Table 5 Test results of crevice corrosion

Environmental test condition
- Test result
Terg:ligm- NaCl Gas composition (atm}
(°C) (%) | Pooy | Pups | Py, | C—Cr |Cr—Ni
80 3.5 | 0 0 |10ar|x x{a A
80 s5 | 100 | 0 |OOC OO
25 3.5 ‘ 0.7 | 0.007| Bal |O OO O
25 3.5 0.7 0.07 Bal. x x| O O
25 3.5 0.7 0.3 0 X X[ A A
25 5.0 | 0 ‘ 1.0 o |— —|— —
(O: no crevice corrosion S
A shight erevice corrosion
% :  heavy crevice corrosion
-1 general corrosion
Frog{atm) 0.7 0.7 0.7
Hislatm) 0.007 0.07 0.3

{C-Cr)

AT IS Chd

Photo 2 Overall appearance of creviced specimens after 720 h
exposure in COz-HS-Cl™ environments at 25°C
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tx CO: DAOTREL hErLAFHT 5,

DECHBEEARBOELEY Table 5 i, A floRBRONH
% Photo 2 w73, A #niRER 0 HS HES 007 SEL ki
frh L BB EARETIMERTRLTE Y, HS iRk &
S beTHECED - bitbh B, —H, B L HS sy
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Fig. 6 Stress-strain curve and change of corrosion potential
during SSRT test for low alioy steel in 3.5% NaCl solu-
tion saturated with 100% H,S gas
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Fig. 7 Stress-strain curve and change of corrosien potential
during SS5RT test fof Cr—Ni steel in 3.59% NaCl satu-
rated with 100% H,S gas
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Fig. 8 Effect of HoS solubility on the degree of embrittlement
measured by SSRT test in COz+H:S environment
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