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Abstract:

New martensitic stainless steel pipes (HP13Cr, UHP15Cr) with excellent CO2 corrosion resistance and good sulfide stress
cracking (SSC) resistance have been developed and those application limits in oil and gas environment of the new steels have
been clarified. COz corrosion resistance is rewarkably improved with higher Cr and lower C content of the steel. The critical
temperature of HP13Cr under the high CO2 environment is 160°C and that of UHP15Cr is 200°C even with high strength of YS
over 861 MPa. The SSC resistance is improved with the addition of Mo. These new martensitic stainless steel pipes are proven

to have excellent properties in sweet and slightly sour environments where conventional API-13Cr stainless steel pipes are not

applicable.

1. ®¥8

MR A (COp) BREE T CHH SN A M4 HHE &
LCHREMZ DI, 74U A A4S (American
Petroleum Institute, AP) THMEILI N T2 13% Cr %
JNVT YA PAT VLA (APFI3Cr) 7% %o 13%
CriEXBENTH COBEMEZAFET LI LD, TOF
FLAE L B L T 5 Y,

L2 L7535, APF3Cr $il4 Tid, 7 DBz 100°C
VLB 5 L EERHIL L, CO2 0 HEIC X o TS
27 %% Y L) M S - 720 JAE, RIFFTRFED
HRILICE DR ->C, &, B CO: ), B Cl REEZE
T AEEEOH L WAIEAHIIM L TH Y, 13% Cr#i%E T
i CO: BEMUNATHTHALEHED L hoTE F
72, HHICIE CO BB TH->TI I+ =540V 3
YTk o THiMbAKFE (HS) BETLHE, HbHVITK
W6 HS B ENLMAORFELWMLTED, HS I
BRI 2 EDLDIL (RALYIS )b h, sulfide stress

cracking, SSC) 2SME & 2o TETWhH, TRITH L,
API13Cr S5 12 145 220if SSC A i 2 T e P, 2o
X9 RBEOMMICHB VT, 22Cr ROMA T v L AW
HroFTNY EoEmaEMErHHshTEr2% L
L, 22Cr Z=MAT ¥ VA SIZLEY Lo ENEH
TAHENELL, o, BERICTMHFICLERHE L M
ERTNERSHRW0, TAMPKIBICELS 2L E 0
MDD 5720 ZD72%, APL13Cr #i55 L Lo fik
AL, 72, 2MATF Y VAHICHRTY =X F TV
A b O LA SIS OB OMVWELDL D - 720

INBOFERITH L, W COz BEM, MY SSC % % i
L7 LWl O~ VT U4 FRAT VL ASETH 5
HP13Cr §li%%, B XU, UHPI5Cr % % % L 720
REE T, VT A PRAT VL AGE O &
WCRIZTERERTFLAEETEOLELZHS LT, it
CO:2 B EMEDB X OiF SSC 4 % i) k. X & 7> HP13Cr %%, B
X OY, UHP15Cr %5 0 B FsRAE, 36 OV 2 o0 58 FI T g il
P2 R %,



i £EVE V2B QP S 5 Cre S

2. HP13Cr sEE DB
2.1 BEREODEZH

13Cr #4513 100°C LN O BIRIZ B W TEN 2 CO2 I
fMEERT, LA L, 100°C Z#iz 2B BV TIT A
BREREL, & CO PERBETIIMEHICHALL RS,
T/, BC BETE, ILENRET LAV S, €2
T, 13Cr S O FHIZ 38 S 70 WA EE 22 ST CO2 BREE A Il
HE L LCTHPISCrH1 1% %, 3512, it COz AT
AT 7 — M % 10 b X472 HP13Cr-2 145 % B S8 L 72
BRSO 5 —7 >y b & DTFITRT,

(1) i CO £ 150°C TRl ] B
(2) M SSC P : HaS : 0.01 MPa, pH4.5 T SSCJs4:7 L
(3) YU AAX YTt A THEEHE

it COz ML IIAETLRKDOBMPARTH 5, 18
M CO BEZICB Wi am &tz L8512, KC
fbHL<IE Cr, Ni OBEIEMTH S "o F72, LN
I L& 5I12E, MoiRASERTH %, 22T, Fik
FOEZHEF, EHRENLEO-OIZCEEY TIFTNI
ZEHRML, WAEMELHEDDII Mo Z2iRINTAZEEL
72

—75, W7 =PRI L Tid 13Cr R 145 0 SSC D # 7
S A LFERINIIARERETH 5. 72721, ToENI
JLEED B384, BRIk 5. T2, it SSC %1 1 &
EHITIE, HPICRATARERZ RS ELZ L, BX
O, LA ZS%BTAI LD 2 NP EETH S, IS
LEDIEET S EILEND pHAMET L, AFEORAIME
HEINE, 22T, WY 7 —H2EEHETHITF, 51
Mo RMEZ HIF B EWHRTH 5,

LI AT, 13Cr ZOHEIE, 7= T4 MERITE R
ZAE, BB TH—ATF A4 MHFICTFLE 7254 b
MAM T 5, SOFNVEY 754 MO I, B
TIYHOKT, WEEDOHBIIIORDLIEFMSEN TV 5,
C, NildA—A7FH A4 MEBEILHE Mold7 =74 MEK
LHETHY, IKCAL, MoimIET VY 7 =54 MDA
KRS 5720, HINT v A% ZE L TNiRINEZ
FEL7ze Y Eo#Ez % Fig. 1I1IRT,

2.2 EEERFE
fitzkAt & LT, 13Crfiz N—2 & LT CIEL, Ni

Resistance to

CO, corrosion Lowering of C

Resistance to Addition of Ni

pitting
Addition of Mo
Hot workability

Fig.1 Concepts of alloy design
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Table 1 Chemical composition of steels tested for HP13Cr-1

(mass%)

Steel C Si Mn Cr Ni Mo

A 0.015 0.45 0.45 12.9 2.9 0.97

B 0.010 0.44 0.46 12.9 3.9 0.94

C 0.020 0.46 0.45 13.3 4.0 0.99

D 0.030 0.46 0.45 13.0 4.0 1.00
E 0.015 0.47 0.45 12.8 3.9 -

F 0.025 0.46 0.46 13.3 4.1 0.74
API-13Cr | 0.20 0.56 0.6 13.1 - -

Table 2 Chemical composition of steel tested for HP13Cr-2

(mass%)
Steel C Si Mn Cr Ni Mo
G 0.027 0.25 0.46 13.3 4.0 0.99
H 0.027 0.25 0.45 13.1 4.0 2.04
I 0.026 0.25 0.46 13.0 5.0 1.06
J 0.026 0.25 0.45 13.1 5.0 2.07
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Table 3 Corrosion and SCC test results

Steel Cm{;ﬂq‘};;m scc
A 0.036 NC
B 0.024 NC
C 0.023 NC
D 0.028 NC
E 0.05 C
F 0.027 C
API-13Cr 1.152 NC
NC: No SCC, C:SCC
Corrosion Base
Base metal Corrosion product metal

produclt
T
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Fig.2 Distribution of Fe, Cr, and Ni on the cross section of
corrosion product in CO2 environment
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Fig.3 Effect of Mo content on the resistance to SSC
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Fig.4 Hydrogen permeation rate test result
20

0.025C-13Cr-4Ni steel
5% NaCl solution
15+ H,S:0.01 MPa
pH4.0/4.5

1%Mo, pH4.0

10+ 2%Mo, pH4.0
¥

Hydrogen permeation rate (#A)

5F 1%Mo, pH4.5
2%Mo, pH4.5
0 , A
0 20 40 60 80 100
Test duration (h)
Fig.5 Hydrogen permeation rate test result
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Table 4 Chemical composition of steel tested for UHP15Cr

(mass%)
C Cr Ni Mo Cu
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CCI (CO, corrosion index: Cr+0.65Ni+0.6Mo+0.55Cu) (%)

Fig.6 Effect of alloying elements on CO: corrosion rate
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Fig.7 Effect of temperature on tensile properties
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Fig.8 COg corrosion test results

Table 5 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 -
UHP15Cr 0.03 0.22 0.28 14.7 6.3 2.0 1.0
13Cr 0.20 0.23 0.44 13.0 - - -
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Fig.10 SSC test results for UHP15Cr
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