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mechanical properties and anti-corrosion properties of a new type of oil well pipe steel 00Cr9, which provides a theoretical basis
for the use of the new material. In terms of mechanical properties, according to GB/T228-2002 Metallic Material - Tensile Test-
ing at Room Temperature, the 00Cr9-110 grade steel samples (2) were tested for tensile strength and yield strength; referring to
API SPEC 5CT (2011 ), the materials (2 samples) were tested for the Charpy V-notch impact toughness (CVN absorption en-
ergy); and 00Cr9 pipe (00Cr9-110 grade) and martensitic stainless steel 13Cr were conducted for microscopy Vickers hardness
comparison test. At the same time, an experimental analysis on the threaded connection performance of 00Cr9 pipe was carried
out with the National Supervision and Inspection Center for Petroleum Pipe Quality. In terms of anti-corrosion properties, the
corrosion resistance against carbon dioxide (CO,) and hydrogen sulfide (H,S) was evaluated through the corrosion weight loss
test and anti-stress corrosion cracking (SCC) test under hydrogen sulfide environment. During the corrosion simulation experi-
ment, a magnetic drive reactor is used to simulate the actual corrosion environment. During the experiment, the speed of the ket-
tle is adjusted to drive the test piece to simulate the flow rate; the designed conditions for SCC test under normal temperature
and pressure are as follows: the solution is NACE A solution, the load is 80% of the actual yield strength, the temperature is
24 “C, the test gas is 0.1 MPa H,S, the test period is 30 days, and the method of loading strength includes C-ring and uniaxial
stretching. The research results show that compared with the conventional 13Cr pipe material, 00Cr9 material reduces the car-
bon content in the metal, refines the grain structure, homogenizes the impurities in the steel, and reduces the structural defects in
the metallography, such improving the mechanical strength and corrosion resistance properties of the oil well pipe, and greatly
enhancing the efficiency of on-site work. The tensile strength and impact toughness of this material meet the requirements, the
Vickers hardness (HV,=256) has slightly exceeded the standard hardness (specified as HV;<250), and the threaded connection
performance reaches the standard. The pitting corrosion rate in the low-temperature environment with CO, is very small, mainly
uniform corrosion, and the corrosion weight loss meets the requirements. The stress corrosion cracking sensitivity is high, and
sulfide stress corrosion cracking is prone to occur, so it does not meet the NACE MRO175 sulfur resistance requirements. It is
recommended to be used in downhole environment below 90 ‘C, with CO, and without H,S. At present, the price of 00Cr9 oil
well pipe is lower than ordinary 13Cr pipe. With large-scale application in the Bohai Sea area, the oilfield development costs can
be reduced. It is expected to replace the currently commonly used 13Cr oil well pipe in the Bohai Sea in the future.

KEY WORDS: 00Cr9; 9Cr; oil well pipe; mechanical properties; corrosion resistance properties
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BAEIR o B3 U7 S 02 ZEAE M B AR 3R 40 T
H, SEAEACRMEP, A 20 42 80 UK IT
G, BB A P Al AN R DL B BT AR AE
H AR %5 B R A QRTINS &8, Fl 2 K& Cr
B, RS F AR AN A L ELB e e ORI T
RN
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AR KT, SR AR BRI Ff AR 3 A< 1
KRB BOEAR , TR -G 3 s 58 8 TR e A
i

FAWFGE R, 2T R A, AT N
B U h %3 BT S 2= A — A BB, il
JEE U 55 FRIR . N 7 e R R R 1 ok A ), H
R DL Tl 55 R S R EERROE L. 00Cr9 AR
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RS, BRE RS R AR AR 4 A 4L 4L
fn R A Cr SR & B A Z ik 25, nT AR Ik
AR LB Ik, NSt AR et O S A A R LA 2k F)
rm AR AL Cr o R & & V-l , oIk A R 1k b 7]
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()45 TR LA P BB DU X, X6 T2 A Aok %) ol S 360 2% 1 2 4 7
TECXTE R ANk, LUK by 4 1 b 22 B ARV L
IRAEEREE T A S AT g, X FUZH PRS2 4N Y 13Cr 45
MEEAT He A o ZRZS BB 5 D) O 2 R R AL B T2
X5 T A R R AR5 1, P B I 3k T - B A ) X
FEASTR) T AbFRS O RE i o NSZEG S5 0T, Piffiam
FEJ T, EHEMAAR 00Cr9 &M EIREE (917,
847 MPa ) MPFTHIMEE (992, 943 MPa) ¥y T 274
MSEEREs S (i RSB E 35k 723.5 MPa, Hrhiss i
SEXISR 775 MPa ) XFF DIk, SR AT
IR FE B AR IR S AT K, 2B S 0 R 5T SR o Xt
00Cr9 4 J5T J5 4 25 A28 1 AS TR Ul il Ab B T 25 ) s
DI AT T O B 408 B o SCHR AR 78 T B 2 3K Py
2%, IFEEUE 13Cr AT L. [RIEHER X R I
B FHEIR S T AR o W B ARG 56 O X
W B SR SGE SR REREAT T B W . PR RS SCRE X T
00C9 #EHE CO, PRI i i 5T 5 453 26 SE 3G AT HoS B
B T YU B I RS ER AT T AT, SCOh SRy
KT CO, sy EFE, 44k TS50 Rl J38 i T &
DML, NS muE/R T 00Cr9 M EFE CO,
R RAT R, TE HaS IREE 06 k45
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00Cr9 MR 5% FF & 25 B8 S FEAR A 4 N TS G
M 2o [ B i A D Bl Al BEL Y B A A AR e R (A
Cr. Mo, Ni, Al %0 ) A FE AT FE A % if
WHERICE (it Cu. Si. Mn 205 ) KR
BEIPT CO,. HyS. CI'. HRYJErhPERE . X RERY N4
SAEE, BRAE T RS H Y, SRR T A,

FEACA B S e, s AL TR &, IR
FAWE LR T, TR B 4 2N
(IZ5F . 00Cr9 MR I & i /N T 0.03%, A&+
Tk E AL, v LA D BT R ) AT, Do
Cr23C6 ALY I BRIV & A AT, AT e T %%
BIXTERL, R EIBE & A BB, [FEE,
T 00Cr9 ARk & AL, # A EE ., T LLAEY
SIUINE R E Y, RIS A RE )t . SRk
55 65 b A T s I 1) B A 3% 1T 23 T8 i — J2 & 8% 1 B4k
FEE, (SR 4 B S5 DA A R . A SRR
TFZE 120~180 ‘CJa, 00Cr9 A Hh2s & A BiAlifk e & 4%
TERT, XA EIL AT IE . FEARIAEE b, Bl
FOIE h— SRR i g, BE R, BRI 2
(R R s T TR B T i 25 B TR G A Al A S R AP
00Cr9 &4 F1 T [CARANEE I 13Cr fb 2 X T L L ER 1,

x1 FMXEEH (00Cr9 EM D REAREW 13Cr) HEENFAHS

Tab.1 Chemical composition of 2 kinds of experimental pipes (00Cr9 pipes and martensitic stainless steel 13Cr) %
FE Al b B C Si Mn S P Cr Ni Mo Cu
00Cr9 0.045 0.29 0.9 0.011 0.019 9.26 0.4 0.19 0.35
13Cr 0.03 0.4 0.4 0.005 <0.005 13 5.4 1.9 0.03

2 00Cr9 71ZtE e M

A E AT 00Cr9 A T e 5 BE b A EA T
JreE PR RE DT TR 56, I 55 A S b o HE AT X EE
Bro MRAEIMEE RER = ERESE, TR T
W rh e A R G R R S M RE I T
T PEA

21 KBWABTKRTE

PRI S % GB/T 228—2002 ( & @M R =R
PR Ee 77 ) U9 Xt 00Cr9-110 4944 1 a1 R ke 1
TTPehrom g | Jm AR AR eI, v S8 kS
GB/T 229—1994 ( 4 )& & Lol 11 whdi ik oy ik )
XAk B ek DA T 000 A o AR 03X SR FH A Al 4
PEATINE , In#Em R 1 kg BEGEREMRERITER
A A B BT R AR O AT I, SR IR AR
API RP 5C5 ( £ MM H L PN B IP HEREVE LR ) 58
3 )]1&[12]O

2.2 LIHHER
221 HHEE

Pk B (tensile strength ) &4 J& 76 ff hir A 54
TR EIRERE ST, FAEMB E KIS B AR T 4T
J1o AP E M — MR R W, HJw iom /N T
500 MPa, 7= 5 B2 RIS /o7 98 B2 A0 45 M ISR R (M)
. -5 (Mn-Mo) &R . #-% (Cr-Mo) &. Hi-4H-
Bl (Mn-Mo-V) &R . #-Hi-%1 (Cr-Mn-Mo ) & . #%-
Hi-41- ( Cr-Mn-Mo-V ) R KA S SN, HiE
JIR 35 B £ 500~900 MPa 22 [H] , 17 8 /5 588 B A5 A4 1) etk ik
SR E KT 900 MPal'™, UTAESR, Ry T R R R R P RR
P9 B YU eL b ¥ B 1 JF 2 ( Sulfide Stress
Cracking, SSC) TERE, ™% PRI 1 i Mo B2 1Y & M
YOI R FEREAL, A 55 TR E S 6 R 0], 2
= TR TR PR B P SSC PERE.

LT 2 AR, BB 1R R IR EE N 917
MPa. HifiidkE N 992 MPa, iRk 2460 i IR 5 EE
847 MPa . HLHi58 N 943 MPa, ¥l API SPEC 5CT
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(2011) FRdEM LG, P10 ARZLIMA R (b g
SR HE IR SR AR 758~965 MPa Z [H] , Hhi i om i kK
F 862 MPa, MEHEXT LRI A, 00Cr9-110 LA
B4 JeE AR 558 FEE AT 55 FEE H AT A PR UEELR
222 mEHFH

MAIMES R 22 T g 0, Ptk 2R E
BRPEREZ — o PIMEW MW L BB R E—i, 2%
1) $59) 4 1T HE 2% 5 BH 1 W7 24 = 4R ) E 2 . APT SPEC
SCT (2011) FrufEXT H40, J55, K55 $HZF N8O
K1 REERE LV IEE D b EPE( CVN IYRE
WA RN SK . [RIRE, O T 2 i e o B v B A 1 4l
FHPERE NN TS R, B AN AN 77 T GRAE e
A4 WA AL B e p JE A b, KRB T R
FEIMER AN, LA T 20 PR 85 X A1 R K )
PEER . X 00Cr9-110 WA B IEAT T whils
PEREIN K, LT 2 MR (S 1#RI S 24 ),
s M R 25 S 43900 R 146 T AT 152 J X [ API
SPEC 5CT (2011 ) krifE, 00Cr9 4 i s P At ik
JEELR
223 MWE

fl I BT 00Cr9 45 MR PG AR 55 4
13Cr #xFEE, JFXA TR . B T Bioc
KA R Z BN CBR 2 UTHINAN ) T4 F 25,
WA B ICR B D BT R BE A L& P iR BOC R
SIS PRL, 55| R AW 3B, A T
EVEREANE FHVEBESZ 2, DRI awb 257 M 422 i o 75
i, DUGRIE ZA I . BT R A T A T A
TERRE P B AR AT I ) 2 B, 2B A AR Y, (A S
M1 22PEREAN 2] o H AT 3 A N B 0 2R 5 R A
APl e P Py R SIS R A A 3 T LA A9
PEREIE G T, PRI 20T i b Wi i SR

TE A P AR B G L BT R A s AR AR K
(<0.02% ). HH 1SO 15156 % ( HV,<250 )
A AR AR (HV,<290 ) B8 FE AYHLE , 00Cr9-110
(HV,=256) il 13Cr ( HV,=305 ) B4k [CRE 84 91
PR .
2.2.4 MBYEREMERE

R4l ) 5 T R o e W ARG 6 O B ARG T i
L MAT H WL 2, SERGER AR SN AE b IS
HS R BRG B B R B G . 14, 2#RE e DT
R T REB L R YR MRS . 3#.
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Tab.2 Threaded connection performance test

S I
s AVE PR e oo SIS
(N-m)  Jeminy I B
1# 2800 5~10 1 1 SHELL
24 2800 5~10 4 1 Type 3 4
3# 2800 5~10 6 1 Ak
44 2800 5~10 6 1
3 00Cr9 Br & g M
3.1 XWAHARKFE
311 BEHMREHMELE

JE b A DL 5 56 2R T 3 SR 8l S 48 SR AU 52 B
JE o T L PRI, 4 14 TR e RN B R A A B
7 AN 1 R o Herp B e B A 2R AR IR U 9
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) W s IR R 5
|
=" <!
m NG
£ patiEn E:
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Fig.1 Schematic diagram of working principle
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WA BT e B b, SE 5 R v o 1 Y 4 A e Y
Bl BEAPLI

RIRUB P S A5 o s, O B R R TR Tl ™= ),
FIH 5 #F B 53%%5% ( Scanning Electron Microscope,
SEM ) 4317 2 & 1l = Wy OB S, IF R FH e 73 A
{¥ ( Energy Dispersive Spectrometer, EDS ) 437 Ji&
FEIICE R i, SRR X AT ( X-Ray
Diffraction, XRD ) 4-Hr i il =1 oc R4k & fh 27,
T B8 GB/T 181752000 ["*H- 53 aURF J65 ok Joft £ 461 2 5ok

%‘zrcorﬁ
_ 8.76x10% x(my —m,)
- S-t-p

rCOIT

K reon MIBTRIE , mm/a; mo 5 HTEFE
B, g; m o AERIGIAFERE, ¢; S HHEZIRA R
AL, em?; p JRFEMRH B BE , g/em®; ¢ R SCBb T
i, h,

S SR IR 3,

®3 BHEEXBEH

Tab.3 Corrosion weight loss test conditions

CO, s/ i/

s EE/C S AR SRR U
MPa (m's)
1# 60 NaCl(30.7 g/L), CaCl,(1.67 g/L), NaHCO;(0.83 g/L), Sl o I
i 90 ! 1.3 120 MoClL(0.85 g/L), NaySO4(1.78 g/L) (3L 00Cr9 B4
NaCl(58 g/L), CaCly(6.3 g/L), KCI(1.2 g/L), MgCl 00Cr9 538 API
3# 150 5 0.5 168 (0.2 g/L), LiCI(0.06 g/L), NH;CI(0.3 g/L), Na,SO,

(1 g/L), NaF(0.04g/L)

13Cr X o528

R 2K HE ASTM G1—2003 i i 1y il
B\ T I AL BT AR E SO ALY ) U, 3 A S
Y 2AF R, AT iaRE B4 T ol E AE+10% 1%
ZIEEN . N T RS R, BRI, —
A 3 AN FEATIRFE o HT AL SEER AR 00CT9 #4 ik
P28, XFEE 60 °CHl 90 “C R W JE h i #1841 M o
553 AN HCSEIR RN T E APL 13Cr iRk, AR
FEZ 150 'C L BT COL 43 % HERK T SCa i i | BE
IR, AU T T WA AR rhad 72
312 HSIHETHMANEMAR (SCC) LI

PEREAY H IR H N S JE 1 FF 24 ( Stress Corrosion

Cracking, SCC) FH it L s57F: NACE A %
W, BN 80% PR Miksm s, WRBEER 24 C, S
SRR HoS (43 0.1 MPa ), SZESEIAAT 30 K,

43935 FH 00Cr9-80 M4 . 00Cr9-110 X% DL Ji
i AP 13Cr MARMEAT I P 245258, g i i)y
K ALHE C IEI S B R A

32 ZWHER

321 EBMBREMAILE

JE Pl B 25 R L 4,
K4t NACE RP0775—20052% ) A k- 34 Ji fodn ke

%4 00Cr9 #1#} 60/90 CIEIHAERLK &R
Tab.4 Corrosion weight loss test results of 00Cr9 materials under 60/90 C

RE/C Wi /(ms ™) i Ffidk/e  JEMER/(mmal) S 447 o o R /(mm-a )

1# 0.0013 0.0315

60 0.0300
. 24 0.0012 0.0284
3% 0.0024 0.0552

90 0.0544
4# 0.0023 0.0536
S# 0.0021 0.0494

60 0.0486
00Cr9 s 6 0.002 0.0477
' TH 0.0028 0.0664

90 0.0663
8# 0.0028 0.0662
o# 0.2300 1.1881

150 0.5 104 0.2374 1.1993 1.2081
1# 0.2437 1.2369
124 0.1043 0.5269

13Cr 150 0.5 134 0.1038 0.5331 0.5221
144 0.1005 0.5063
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Z/NF 0.025 mm/a NEHME, HEE 0.025~
0.12 mm/a NP EEJE I, #AAE 0.13~0.25 mm/a H ™
HEh, HRIE 0.25 mm/a UL ™5 JE i, 00Cr9
MEE 60 CHES MBI IR, S35 il R
(0.0300~0.0486 mm/a ) J& T HEEJE Ik, /NFAIMAT
A SY/T 5329—2012 {5 A itk /K K B 748 A
KAy Rrdr ) PR g MEE (0.076 mm/a), PHHIZ
BRLE T 60 TH CO, BYJEhEREE . 00Cr9 #1RHE
90 C S sh A RS v, S35 1 1hos . 0.0544~
0.0663 mm/a ) tHJ& TR, NTHEME, EH
T 90 TH CO, ME AL . 75 150 C ol A& A 5E
W, REREE S S5 U R R AR S, Hoae i

¢ Jm#E N J1 807 MPa

T HUEM, BORE T 150 T CO, 1) h BREE
FERXF BRZH Y 13Cr MOBHE 150 °C 3l 288 ph 31 5%
B2 JE ol 2k 0.5221 mm/a, [FAE)R TH™ &
JEM, ARIEHT 150 CTH CO, EMHAEE ., T H
AT, 00Cr9 A EHE T/ T 90 CHY & CO, 1Y
W,

3.2.2 H.SIFETH SCC XL

SRR R IR S an 1 2 AR 3 BR, BT A
AR 2L, UL 00Cr9 SN YN 71 J Pl AU
A 2 1SO 15156/NACE MRO175 B3k, RNiE AT
A HyS T8,

2 00Cr9-110 b4 SSC 5240 f5 1 ARE (1 2 WU 53
Fig.2 Macro morphology of the 00Cr9-110 sample after the anti-SSC experiment: a) loading stress:
871 MPa; b) loading stress: 772 MPa; c¢) loading stress: 807 MPa

a f#kNL Hy 552 MP

b Jin#X R 71 741 MPa

3 00Cr9-80 b1t SSC 94 stk 1 22 WLIE 5t
Fig.3 Macro morphology of the 00Cr9-80 sample after the anti-SSC experiment: (a)
loading stress: 552 MPa; (b) loading stress: 741 MPa

13Cr T SSC SLEG 55 S S ma 4 W L& 5, ke
FMIEHUE 4 Frs. I 13Cr ilFEW 2, Ui

13Cr SR ) B P B e v, 5 A PRI

x5 SREAENEREERMENET
M ABMEEER
Tab.5 Stress corrosion test results of martensitic stainless
steel in acidic environment at normal
temperature and pressure

H,S IRX Sy Wi

Jo i " H N
Y s
13Cr 85%J 10% 3.5 W 3d

K4 ERHAEEMN 13Cr 5L SSC S5 il 25 T 5
Fig.4 Macro morphology of martensitic stainless steel
13Cr after anti-SSC test

HRE AT SCSL G0 25 ] IASH , 76 PALt ) HoS 85
', 00Cr9 M1 13Cr ¥R 124, 1o 7 J ioh A Jae: w5
AN /2 1SO 15156/NACE MRO175 B3k, A& T&
A H,S T8,
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