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Synopsis :

A new 13Cr martensitic stainless steel with excellent resistance to CO2 corrosion and
good resistance to SSC has been developed and its application limit in oil and gas
environment of the new steel has been clarified. The CO2 corrosion rate of the 13Cr
steel is reduced with a decrease in C content and an increase in Ni content. The critical
CO2 partial pressure for this new steel is 5MPa at 150°C. The SSC resistance increases
with an increase in Mo content. The SSC resistance of 13Cr steel depends on hydrogen
permeability. This new 13Cr steel pipe proves to have excellent properties in a sweet

and slightly sour environment.
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Development of High Strength Martensitic Stainless OCTG

with Superior Corrosion Resistance
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A new 13Cr martensitic stainless steel with excellent resistance to CO, corrosion and good resistance to SSC has been
developed and its application limit in oil and gas environment of the new steel has been clarified. The CO, corrosion rate
of the 13Cr steel is reduced with a decrease in C content and an increase in Ni content, The critical CQ, partial pressure
for this new steel is 5MPa at 150°C. The SSC resisiance increases with an increase in Mo content. The SSC resistance of
13Cr steel depends on hydrogen permeability. This new 13Cr steel pipe proves to have excellent properties in a sweet and

slightly sour environment.
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PRI H 2 (CO,) BUET CHUN X S5 HEE & LTt em
AEOIZ, 7 AN A7 S (American Petroleum Institute: APD) ¢
WL Xh T 13%Cr fv A F 284 27 2L 28 (API-
13Cr) #db &, 13%Cr T IER 7@ CO, BaNs+H T4 h
L, ROFEEFARML TS,

L Lahis APK13Cr BT T, #HPOmIEH 150°CRL
B i CO, BaMaHhb L, IR 22 < 2y &0 s
& fz, H L G, 8 CO, BE, A RS T 28
fEtEodig L s 2 L T 0 . 13%Cr 85 TR CO, IRl
AL G THIEHEE B H>TEh, /-, Y2 CO, B
T# - T4 water injection iZ L T HS #8424, 500t
RIS IS B EhAMIFOBBLENIL Ty, HZS {CEEA
T AR b (Bib#E i bhi, sulfide stress cracking: S8C) 459
Mildp - TE TS, FH0H L. APIFI3Ce 8913 -7 fold SSC
LA A T, FO L5 REOMH s T, 220 £
AT L AT S S I F R LGSR R SR TE

* I’f&‘] o4 H2d | bR RAS

Fzo, L L, 220r HZOoMAF 2L A &3 dm Rl vl 4
HTBEOHHNEL, 2, ZAHE< A0 RNALD
AP-13Cr @& 22Cr R AT » v 28O T & h o i
LusiliH s ek g ft e,

CRGOERCH L, A CO, BN, @il SSC thatgL 8L
VHIR DT LT s FRAT L AEE HPSCr @A AR L
A

AT, 130 REE O M REI RN L SR E
DEFENS 200, i CO, BRME LURE SSC 41 L& ¢
Fo HP13Cr @8 O RERSE, I oI o e & 2,
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AT 13Cr FO@EIL, 74 MR TEERSMALS LG
iamf,ak CA—2F7 A4 bHHZFA 2 7554 FHISHET S, Zo
FNE T e T4 FHAOHNEEBNTHOIT, sgtokitico
BALIEFROA TS, C, Nildd —Z2F+ 1 FEIKICE.
Mo W7 74 MEERLETHD, K C 1L, Mo iFhi7F 05 7 «
I 4 FRIOEE{EET S0, Rl/iT A4 EELT NOENR
Fikw L, BLEOEZ & Fig. 2 15T,

22 XBGE

kM & LT, 13Cr & ~— 22 LI CfhL, Ni, Mo &5
ML 2o gt & B Ao, 2R S O B A Table 102754, @

|T'IH13£1"3r JEA S L ﬂi,’.ﬁf?ﬁb? A ERAT L AR 85

vy, CO, % 30MPa &2 L7z, AU 150 °C . SABRBEMIL
1680 T& 5., fklbiadk L0 APLISCr S8 & BF T okl L 72,
23 W co,EaH
4 NS A AR R s L TF SCC ARBRRSHE A Table 2 1Z{f+Tms

A APLIAC MW O RIS S Imm/y L ETHEOIZH L, K

RO iR E 005 mm/y LLFOMETH B, s
fif CO, MEAMAERLL, C 8% 001%~ 003% O T8
i CO, BRI iz nrok. £ Mo BIENEIO g
FEi3 005 mm/y ThH . 1% Mo BHZHE L TAE L TEH - a0,
APLLCr - TR IR s LAl & 406, CILH, Ni

FRIIG H Rt A A AR LizfidTa s EAoh B,

SCC A%k Tl Mo BERMETE X7 0.75% Mo S8i2&0 T SCC 4
Bleiahs, 4, 1% Modlid, C. NiEiZaaho 4 SCC itk
NLZid iz, 2032080, B SCC MEEMRITE 1% @ Mo FM
ML THEAEI LML E, i, APL3Cr %It BL T E SCC
BRA LA a0, ZTHiEZRREREELRLE-nEEL0h
=

fim?) CO, BT oML, Crig{itmEmahiso s — 4
1 FELUTETT S, LT, C &KL 2RRMT LAt
BAYAPLI3Cr 8512 lbmTha <, TOEBERO A Y — FRIG
FFEh TAEELT LR A, £ Crixftrbinva, i
WA CrRAEL RS, EROT /- PRSI 23T

VAR ARD, LT, CEBREFEHAT LAKEEH 2E
g b ARy 1 S g LEEILRS

Fig. 3 12, CO, 14 ﬁmﬁ%t LT A#E APL13Cr $858 00 ferfi s
Bk LS RO EPMA MiZ L 3 LE M AT, iR
& CO, 5TEA 30 MPa. JRUED 150°C D RIT T fr &0 7 58HT
H D, APLI3Cr B TILIT X 49 25 um OB R ER A BIE X h i
AL, A SR M N5 um LIEFIZEG, F0, 0

Table 2 Crevice corrosion test and SCC test resulls

! S5C

B 12mm M E TICAE, 1000°C T40min f£§%, EHob AR S Crevice corrosion
MUK, MELIZEDIEORE AR, Steel T \_'7 (mm/y) U-bend
i COMathd, T2 aREBE LU U i IEfhh A : 0.036 NC
(SCO) afBRIC L DAL /=, T EREAREIL, LRMOINTIh Y B | 0.024 NC
A G ER L - 3mmt X 25 mmw X 50 mm] DR Aoy, F U C 0.023 NC
TEHIL L s T Y EMERT LR - by L - THRICERL, D 0.028 NC
W CO, KT REVE AR fOM R A 5 5 L 7 S0 R0 (mm/y) Ta¥ E 0.050 - C )
L7, Udhd SCC B, MO RIS & 2mmt X 10 F ' o027 C
mmw X 75mmi OREES AL . UM T o k%, A — b APL13Cr 1.152 CoNe
b= Fplr@nt U, kBRI Fhd 209 NaCl Rigi* NC: No crack, C: Crack
Table 1 Chemical composition of stecls tested
{mass %)
Steel "-f—f——-7_7_,,_,_,_7_7_7_7_7_7_ C T Si Mn Cr Ni Mo
A 0015 | 045 045 | 129 29 | 0w
B 0.010 0.44 0.46 129 3.9 0.94
— C ' 0.020 0.46 | eas 133 A0 ows
D 0.0:30 0.46 0.45 | 120 5 40 l 10O
I E 0015 0.45 0.45 ‘ 128 39 -
o F 0025 0.46 0.46 13.3 1.1 ] 0.74
APHISCr Lo | ose 060 31 | - -
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Fig. 3 Distribution of Fe, Cr and Ni on the cross section of

corrosion product in CO, environment

PROBEERWIZE FeldiZ L AES TN TR ST, O RIEL

TWA, ELi0, AMOBRRfEMDIZE N OBLIRES S hi
Ly,
TORE FTORITEDFIRIRIES & 2 8 R i A

rJ%wW<N1i%@mﬂ%ﬁﬂMJM£T*”$éiﬁ ST E
4. ZhE, CEBOERESSDIC Fe BEEAER ENT,
Al L O 209 EPMA 2L B iR e —Fd 5, Nildg
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B fr e EPMA BEAT Tl Ni 77 fII3RER 2 i - 4, Ni
it Cr %1 ﬁTém:bwfuzﬁ%mmmW@ﬂwml*ﬁ
EPHOENTHAI LG, BREAAFIL TVWSIREEL S LH
AbRA,

LAaLaas, L 2 Rl Ea T A A4 G S OB
HEBTHEEEALCKEIE, BLUAROERICEAED
LhEDG . AL APLI3CT ST & OB RGO BRI
LB RYRTEA L, BRARKIGEEDEICH H el igh, X
S TAMEMA AR EDIE . IR C I X 245 Cr 80Ky
ME, AU FRIEHFA FOMAMIL PR L NEVEELS
s,

24 ENATORERERBIUMEN

DO AT AR IIIMA T, WMOEBMTIES £E LT C,
Ni, Mo &Y &#EEL T, ¥ — 4L AR THIESSImm (3
1/27%, BIE645mm OMELREL . TOMHRMEL AL /-, ME
1277 95 kai (650 MPa) grade (2% L Ao, Hedebt: LT, LA
), SHETIHL grade 123%8 L 72 APL13Cr 8858 4 Hivv/-, {6346
FOLFHIE 4 Table 3 1277,

CO, B iRBR I EAEHE O BIT a2 5 R L 22 3t
X 25 mmw X 50 mml DREENF . 20% NaCl HEO A —- b oL —
THUIRWL, 03~3.0MPa O CO, 8 X428, 100~200C
PCHIE L, Td T B T I LD iF . kBRI RO BRI
WA L EIOM M (mn/y) 2 FAL 1 CO, R & AR
L.

CO, BfRERM T4 Fig 4 (OR4. #ilfE. Co, e TOR#E

Table 3 Chemical composition of pipes
(mass %)

Fipe T | € : Si Mn | Cr 71 Ni | Mo
HP13Cr 0.025 0.25 0.46 13.1 I 4 0 1.0
API-13Cr 0.20 I 0.23 0.44 13.0 - -
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Fig. 4 €0, corrosion test results of HP13Cr and APL13Cr pipes
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AB,

3 it SSC HICEN 2 WMEDHFE

31 BARDERS

13Cr FEEO SSC D A H = LA EAMIZIKERAETH S,
£REL, FOLITILAIKS 6 BETAMAN B, TOLS i
SSC LA L5103 Mo AT AR RERK IV LI 8,
BlUmlatsdgdsl 02 5 aE L, £IT
HP 13Cr S5 oomf SSC Phadd 2 2 & as, @f SSC it &
RS A S RIFT AETR L REN TORELFAE L.

32 HELFE

{itzk#1E HPL3Cr BT O & ~— 2z L, C. Mo, Ni #%{t
A VR A R L FR S ORI E Table 4 (20T
BN 12 mm JEE TIEMEH . 1000°C T 40 min MIER, “BEHOMA
LR ML AT, RO A,

SSC iABRIZ . NACE-TM 0177-90 method A" DB 2 T 40
MHMBRIZHER L Tir - A, AT, 5% NaCl + 05%
CH,COOH J##%i- CH,COONa %ML T plI28~45{ZHM LT
LA, JOFEWEC 0.1 MPa 0 1-25% H,S + CO, »37 » 2D
GHRAMG L ARG EHER L2 AERN 4 24°C T30d =L
Fo. fIfihes J2LE 100% SMYS (specified minimum yield strength) &
L7,

AREOMRERCIRIIT O AEORE, BEIUARERAILRKE
TEEHC S ETEOELMET 2 1INT, KEEHAT I
7, BERCRMEA UL A REBIRO A 5 e b KE0E T
EHOELOMIZRER 4054, BEH» AL T 3 REET
- FAEE LTHbEL 2.

AFEIROR NI BIER A 05% HS0, + 0.1% SCINHY), ks L
T, 00mA/an @ A — Fllifiae #2489 AL T
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Table 4 Chemical composition of steels tesled

steel . c s

(mass %}

o N Mo

e - ] G L 4 Cur B
- G ' i 0 027 - ()2‘3 ().4_6 L 13. i o 3 f1,'0 I (.99 - )
| H { 0.027 0.25 ] (.45 13.1 4.0 2.04 -
HP13Cr [ } 0.026 0.2% .40 13.0 h. : 1.06 -
0.026 0.25 0.45 13.1 0.0 207 : -
K 0.025 B “:,‘Z,:E, | ~ 13.0 A ) 4.0 1 1.98 E 2 L

0.5% CH,COOH i % CH,COONa {2 T pH28~45 12 HWFEL .
0.1 MPa 1~10%H25+C()‘ T Y AMBEHALRALENE
M U A, aRERNTLE 1mm, RFEERWEH oML 7em? &
L,

33 i SsCHt

SSC T Bi¥§ Cu, Ni, Mo OGRS S Fig, 5~7 {229, Fig. 5
IR E D, A% 206 5% 0 Ni BB SSC s 4 G x
Aot UL Fig 83T 2912, 1% &6 2% ~0 Mo Mt
IZd Dl SSC Mkt LA, pll 30 & A 0d pH3B8 D& FIZE L
Tidm SSC P iR EAEES A0 A, plH3.2~-35®
T Mo IR E 8 bW, £74- Fig 71I0RYV LS
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Fig. 5 Effect of Ni Content on the resistance 1o S5C
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Fig. 6 Effect of Mo content en the resistance 1o S5C
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Fig. 7 Effect of Cu content on the resistance to S5C
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Fig. 8 Effect of vield strength on the resistance to S5C
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Fig. 8 {Z.v¥ ., 110ksi grade 13 95 ksi grade |ZJE-~C pH 3~4 03
PHCRT SSC HACO FL A, ZhSOaiWa o, fif S8C P4
L #5I0E Mo iR AR 2 & AT Th a2 LAatha s,

34 KEHHEHICRITAETEDDE

WA NG S 2w ERUE RS
’i<$’f'\€§‘h4!“$».fiﬂln_bf AL 794 FALOIEE . WA
O ARSHERAR B AV X B D, Fig. 9 D REMURIT HET S
FILEOFE LT, Cu, Mo, N ORISR ENRERE AL P &
HAHMESSH S, AL, Cu. NI, Mo @offigiz kb, A#H
DU R AMA 2T X126 D, R RERoORMIIC i a - T AREL
BUREAME 3 2 SR B ER TR 0", Fe B0l

Sl oo BT 2 AR
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0.025C. 13Cr steel
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Hydregen diffusion coeflficient I, fem'/s)
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Mo, Ni and Cu contents {mass%)

Fig. & Effcets of alloying elements on hydrogen diffusion coefficient
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HHEEZORTVL, BHEO 30 MOKERNRFERIT 4~
510 “em*/s FEETH D . Mo, Ni Oy HPI13Cr ##d 137K 340
FEAVRE , KFEORAER LA E L, F0dRA 5 L HPL3Cr #40
RIEAY. & A RS d =R

35 HBEADEKERAILRITT Mo EIRBEHOERE

afule> &5 17, HP13Cr #d0 KERAL BRI IZILAE#M. 550
i3 APL13Cr $A5 12 E~ Ty, & - T, HPL3Cr 8o Eh - md
SSC fMd, @ AORERZAFNFT 2Lk 282005,
FIT, 1% Mo i (G#) X2% Mo 8l (H#) %W~
ORERARTERMITHG L, RIRENTFS Mo ROBEL 5N
(L7,

Fig. 10 (7, pH 3.5, IS 0.01 MPa M50 1T 5 KK 5%
EAlEEERE AT, 1% Mo ST, AFFEEBEM L &G
KN A AEEE A7, TAIERNBIEEATRE SN A
BAALTHDIEEL OGRS, —H, 2% Mo MO ALBHEE L
B uA TIREZ D, ThllERP LA, THIE Mo BEMCZ L
HEAEEEEGRIIEZEOEELL NS,

Fig. 11 i pH3.0, HS 0001 MPa @& F12 513 5 K E 5
JERESSRAR T, IORMETE. 1% Mo $. 2% Mo #itiZ kR
EHE I RAEI EL S (T O TRESER L
7, CONEENE {RFEIEIEAVER L A GEMFC BT AILAT#EO
KEEHEFSHE T L Td. ZTHI & H HPI3Cr EiZid
pH3.0 D&M TIE Mo RiZAPH &, MRS EST,
WOHE TP ET L TWA I LA RL TS, TUHA T,
pH 3.0 D51 TiX HP13Cr S JERTIZEL Y SSC RS M AR L, B

60
= 0.025C-13Cr-4Ni steel
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FFig. 10 Hydrogen permeation rate test result
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Fig. 11 Hydrogen permeation rate test result
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Fig. 12 Hydrogen permeation rate test result
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O, BEME LA ALAY, HEOA2LOKREDRAS G
ABILEAERLTHWHLEAGNRS,

B oI 45 HPI3Cr St pH30 2812 Aoy Tid
pH 1T L At K ERE C ER T2 L1208 » T, #7-1&
BrLHHETETHS I LMNBEL I,

4 FED

(1) HPI3Cr @iid APL13Cr 8 & L& LT, @ CO, I Arkiz i,
&0 CO, AT, FRTCHIHTEETH 5. HPI3Cr @O Eh
Bt CO, PEiE, (@) CIRIC Z O REIRGH - FH 4 F 2k
%5 Cr Bib¥aisb 422 L, () Criibosbic Lok
Iz47%h4 Cr /23N 328, (© &R, & CO, I P TA
A ALERGH X0 Ni O E DERRIGAIIA s 5 C
FILRBTSEELORD,
(2) 13Cr B SSC M Lizid, Mo SIEP LA TH S,
Cu K, Ni & Nb HMdi SSC rEic®Eae 1 a0,
Mo @it SSC M b Ridmf kK ZERMSEIC LS, 10,
110 ksi grade @iif SSC PEid 95 ksi grade (2 <T84 T
BLLomio 3% @i CO, M, & LURE SSC HIzEh
I C- 13Cr - Ni- Mo %:¢> HP13Cr S # % L 7.
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