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Effect of Environmental Factors on Uniform Corrosion
Rate of BT80S-5Cr Anti-CO,/H,S Corrosion Casing

SHI Xiaoxia, LEI Ming, ZHAN Fei, QIANG Qiang, ZHANG Chengyuan
( Inner Mongolia Baogang Steel Union Co., Ltd., Baotou 014010, China )

Abstract: For simulation the corrosive working conditions of a certain domestic oil field, the corrosion test is condu-
cted with the high temperature/high pressure caldron and the weight loss method to investigate the effects of relevant env-
ironmental factors on the uniform corrosion rate of the BT80S-5Cr oil casing, including the test cycle, the temperature and
the CO, and H,S partial pressures. The results show that along with the extension of the test period, the uniform corrosion
rate of the test steel gradually decreases, and the decrease tends to be steady and slow; and the test period of 360 h is
the best test period for the BT80S-5Cr steel to measure the corrosion resistance under the simulated working conditions of
the said oil/gas field; with the increase of test temperature, the uniform corrosion rate of the test steel gradually increases;
the uniform corrosion rate of the test steel as tested at 100 C is 1.67 times that of the test steel as tested at 40 C; With
the increase of the CO, partial pressure, the uniform corrosion rate of the test steel gradually increases, and the uniform
corrosion rate of the test steel with a partial pressure of CO, of 1.0 MPa is 10 times that of the test steel free of CO,, along
with the increase of the H,S partial pressure, the uniform corrosion rate of the test steel gradually decreases, and the
introduction of trace H,S gas has a certain inhibitory effect on the electrochemical corrosion behavior of the test steel.

Key words: casing; BT80S-5Cr; corrosion rate; CO»/H,S

WIPRERES, CO, M HS B IWHEEW  WARGT =T LU 20, gt

RETPIFE AN BT, EAAMUAMIER TE 2R 172 BT &4 HS F1 CO,, JEHE
REGZTAR, THAETER R —Se G A5 2R,

STEEL PIPE Oct. 2024, Vol. 53, No. 5

i

BT P, RS E R AR ASFE S = HS
1 CO, A M., FRES H,S A1 CO, YA At &

AR (1984-) , 4o, i+, ERZTRE, 33N ENMAR RN =02 —, EESMAEMN)I

FIH AT R AR Mo SRORZ M AR TS i . B HUR G

W B 2024410 H 553 6%

NES

54



16 i3 55

Be. AR HLIX AER CO, BN Co, SMRIET
IR BT DT 5 | L A2 e - 85cf A 4 2B
JEME, HLS BR T i R A 2E AN, R fa R
W4 B 1A g, BRI HIC A1 SSC 45 7E[H]
& v B HoS AR EE CO, iR R, €O, 5
H,S L[/ FH T 0 b i 72 K HCHLBE T N A1 o TR 48
— N SRR, S0 CO/HLS JiF il i 8 28 %
B, FESAMBREMABENE, MR
PACHORAS K RME A 45, PR IR R 24
M. CO/HS 43 . . ClyeE & pH {H%,
XS K EEIVEA, 15 COyH,S JE ML 1434
%%, BT80S-5Cr /NI & M EHA A FHH =T
CO/H,S JE & FIMER , A SRR Py v 5
PO, AR B il e R A s, AR
AT R RE . CO, K HS 43 R 2R
X BT80S-5Cr JMEAF B 51 B i HOR A 52 M, A
BV . TO0E AN SRR AR S

1 R A *

WFFEXT 435 ©139.7 mmx7.72 mm FiA% BT80S
-5Cr L CO/H,S JE & A, MWy BAR b
AL 1,

R 1 BTS0S-5Cr RN FER D (M) %
C Si Mn P S Cr Mo A% Al RE

0.10 0.28 041 0.014 0.002 4.99 0.48 0.045 0.032 ififE

YIEL ©139.7 mmx7.72 mmx300 mm £ 1 37,
ST 40 mmx10 mmx3 mm BYJE 251, #
R =i T @6 mm (1 [FFLH T8 il i [
FER RS 6 DTSR UGB RITE, BERIK .
T MEFRE S BT TR L& . K4 JB/T
7901—1999¢ 4 JE@ MR SE I % 1 &) S b 4 iR i 9
%), R 10 L Sl e RS g TR T O0R S
R, TSR W 2 8 B AL i A5 L
2~3,

F2 BEITREMARETRETER  mgl
Na'+K'  Ca* Mg*  CI'  SOF HCO; fb/E pH{H
254 115800 5

37648 5784 945 69910 1 301

Rt iR e fE 2 v, AR RS 7B
N, BRE 4 h DLE, THEFIBUERZS, @ AR
RIS WA E, WA N, BREZENR

STEEL PIPE Oct. 2024, Vol. 53, No. 5

x3 RUEHRERY

KGR T/h R vC Peo/MPa Pips/kPa
120 70 0.5 10
240 70 0.5 10
260 70 0.5 10
720 70 0.5 10
240 40 0.5 10
240 100 0.5 10
240 70 0 10
240 70 1.0 10
240 70 0.5 0
240 70 0.5 100

AR, R NS R 2 B A B i 2R S ok

Y, RS K e . ALK . XU, B

Ja R RERE, RHAXD)IHERE G

JE Il

_ 8.76x10'x(M=M,)

- STD

K R —— JEMES, mm/a;
M — AT, g
M, — K5 WA i, g
S —— M B, cm?;
D — MR, kg/m's

R (1)

2 MEERRIH

IEE AR T Cr LA S BRI
45855 SCHEAE T RE T2 IR = P IR L BRI Y
JE& b= PR A X AR — AP T A PRV A . R
A BURAE B4 T = M B AT B2 RS B A1
IREERIREME, A [RRE AEAR [) sAN R A4 J3 i 58
TR k= IREEERE | PR S B AS & R
PRI RR 225+
2.1 6 A S 4% 5 JE s R (1

N [ 3 o S 4 P R 0 4 49 50 B PR 4
B 1(a) 7R o Z BT LABIETE 1 6 o 30 o 49 5 J el e
RGN J2 B TR e MR i e Y
AR, BEEHARE HX A — @ (R T A ik
PRI, 5 R hE AR T2, R RS
(91475 i b A T R R A PP B R IRAR S8R i A
BR. 7E CO, i Brh, RBYE H ] UE K FeCOs
JERR PRI, XA Cr RS SN SRR
A BT HELEERIESA Cr(OH),, 7E H,S B i
e, EHEIE A FeS, I, 7E CO, 5 HoS BT 1/



S 17

ol 7= 0 Rt ) S i 5 R 1 T o R R o R
FCr BB £ Cr(OH),, FeCO, fl Fe,S, 4
B L 1(a) AT AE Y, 358 53 120 h B,
G A 5] 8 i 2 0.35 mm/a, B
240 h B, X5 A0 s R 2958 0.22 mm/a,
AR TR F 120 h AR B0 3950 Dok R
KT 37.14%; R5JE) 360 h B, REEEH4 578 ith
BRI R 0.17 mm/a, AHECTREE B 120 h B9
N, WIS R T 51.42%, MR T
JEI3 240 h (FREEH, SRR T 22.72%,
H5) 68 bk R AR/ s B8 SR 720 h B, 3R
A RSl R A A 0.17 mm/a, X5 JE] 360~
720 h B, 5B AR A TR B A U 4
FIIER: , RIS 50 i o R kA%, e
360 h B, XA 25 B b AT VR R 00 I ik
WIS IR, R BT80S—5Cr 7E A% i1 < FH A4
T F(CO, 43 0.5 MPa, H,S 43H& 10 kPa, %
TRE 70 °C) e HL P R 9 fe ARG S 0 -

—~

o 04 =03
0.3
g é 02 //
=02 =
o Lo
0.1 ®)
H H
® 0 ® 0
120 240 360 720 40 70 100
R0 41/d WL/ °C

(a) 146
B 1 X5 EEAR A X SN SR ThiE R B 220

(b) 125l B 2]

2.2 GG XTI AR X 50 JE il 38 1) 5 i)
ARG B A5 T R0 Y 240 5 g %
F 1(b)Fs. ALLEH, RIIREN 40 Cif, {56
I IE R L) R 009 mm/a, J& TRMUSH, %
TR — AT ZBE . IR EE 70 CHY, K
BN A S R 240 0.22 mm/a, H450 i R
JERIIRE R 40 CHYR AN 2] I R G 2.44
fi5 s RIGIRIE 100 CHF, a0 3450 6 h R 24
70.24 mm/a, FHETIRBRE 70 CHIRERNILS)
JE U R = T 9.09% , ¥4 i il ok 3R 448 s A 48 ik
INo IARZE RN B B A3 b, IR BE T, — 7T
COYH,S SARTEA J5T H 0 95 A 5 R AR ) 1 T8 i iy
PEFTs Sh—TJ7 i, TR A RN AT R
PRHET FE A AT o DB il W BB 1A B 43 #T
TEEEXT T8 Cr TR ol B A0 2 i) = 38 1o 5 v J5 oy
FEMIECEE E | SRR /IN DA RO AR B B

AEEESE . IIEFE X BT80S-5Cr Hit CO/H,S Ji& i A=45 3457 Ji Dl s 2 () 2 1)

HET S AL B R % 7E 40~100 CIXH], X
IR R 40 CRY, RO IRBEAI AR, e
A TR HIGH B AR X300, aURE R T LA b2 J
N R ARG o MR TR, S B
P, e, T AR R Bl ) T
TESNE, FESFECRFTTR X =R Cr SXE AT
JgFEHH , RIG IR 40~150 CR, B IR THE
1Cr J2 3Cr ¥J5)JF iy 2 5e T s e ek g g, ik
U5 I BEAE 80 CAAT I, J& ki 8 38 B B KAH
13Cr JE5 ol 28 5 0] B Yk B ) T i T B M R, Cr 1
S I R TR R AT ok e ) O o I
ks, ELHEIREFE CO, I HEREE IR EEXT SCr A4
JEhERE R R, I 40~150 CRY, B
FHIRPER TR, 5Cr 4G Tk REA S ST i J5 PR A1
Hyfash, IR EETE 90 CAATIT, JE hiE Rk 3
KM, SRS R A —3
2.3 CO, 43 HXHa B0 AR 1) 50 JE sk 2R 1) 5 il

AN CO, o A N R0 80 2450 Jig e %
B 2(a)im . FTLAEH, CO, 43R 0 B, iX504N
W5 JE 220 0.04 mm/a, LA, REN KR
BRMA bR, FEEIEH 10 kPa B HS T
BRLAB P E R CO, 43N 0.5 MPa B, (564K
W5 JE s 20 022 mm/a, FHET CO, 23 EH
0 MBS PRI T 4.5 £%; CO, 0k
1.0 MPa B, RXER N4 5] JE 1l H 282 0.41 mm/a,
AT CO, 43 E R 0.5 MPa (IR IEY, 341750 Jif foh okt
YR T 86.36%. BEE CO, - EAYE M, 5
B S)JE hd R . EITAEURESE T IR N8O
F1 3Cr JHAENFE CO, K BRI S T A R] CO,
YRR R, 25 R, Tt N8O SR
IR AR 2 3Cr HPIRA 44, CO, J3 FEfEBR ,
TFFE X 52 A 6 Pl R . Zhang 45U B SERR S A
J& AT R EE L CO, Ay R MR, W TR HLCO, Al
HCOy (M BB, & A BT () pH (EARAR, A1
(I8 bl ™ B . Guo ZEIHFSY 2Cr 7E CO, JE 1 PRES
R E AT A, $EH CO, R R TR) pH {H,
PEMSZM & Cr SN MOE S . SR, 20055t
7% X100 HIAF 76 M PR i CO, JE AT M B,
ISR B 40 CHIE T, Bl CO, s RMBGm, #
BRI RO, PR, G R B
CO, 43R FIBE T REAG . R BT SS9 T i 2%
BRI CO, 20X 3Cr BB s, s
CO, M FER T, @ ph R ETHE SR BRI 1l

WO 2024 4F 10 A 4B 53 &4 510



18 i3 55

L, COy 73 H RS AA RS 75 AN [R] 4 185 Tk PR S50 75
FIR—FEISS IR, MRIRBEERE N A FR R R
B A SRR i, A A T o A2 BB
AR LY Pl i s 2R, T ELIE P M AT
FSZ RN A5 5, WEFE CO, 43 HXT Bk ik
PRI 5 25 S PR IRBE T OLAE &

T2 045 e 04

:E 0.36F 503

g 027+ g

= =902

t; 0.18F %

= | 0.1

2 000 ="

7 075 10 100 = 0 10 100

CO, % [i/MPa
(a) CO, 5T R

H,S% [ti/MPa
(b) HS 4R

B2 CO, H,S 9 EXHKIE R 51 E hiE R A

2.4 H,S 3 H I 44 5 o S R 5 M)

ANTA] H,S 43 2514 B0 A 14 350 5 J6g b sk 2
& 2(b)Fs, ATRVEH, HS 43R 0 B, iRX504K
PIAs)JEs R 2k 0.38 mm/a, AR I AR & A= 0
H1 AL 22 Sl R 2R 0.5 MPa 19 CO, JE M 5, HS
3 FER 10 kPa B, 56 5K 3% 50 J8 (il 2R 24 2 0.22
mm/a, FHET H.S 73R O (0060 A9 35 50 J6 il
LT 42.11%; H,S 73R 100 kPa i, X505
W5 JE R 200 0.21 mm/a, FHEET HS 43R
10 kPa BRI XA ) S Tl SR BEAIR T 4.54%, 342
JE ik R TR, ERE IR TR, B
H,S AR5 A0 89 F Ak 2 T A T A — 2 1Y
HIVEI . RIS R E, 1E CO, 5 HS
HLEZRMT, CO, TEWAHT SN 1Y Fe e &AM
FFJ%BJZ FGCO3, st E(&‘*EEPL? FGCO3 fi@ibﬁ?
FONFRER FeS,, TEWAHT, FeS, W EXTE T
FITERSRLE] T BRI, HLS XFFTET
500 5 iR B — 32 BP0 IR . Masamura KU
Srinivasan S ZEUSIHFSY T CO, /H,S TEAFT 4 JEg b 45
ML GERE, M HS 3 E<6.9x107° MPa ivf,
L CO, i, WEET 60 CHF,
H FeCO; BEFIPRIPEREDE , 5 HS AT, Y
H,S 73 JE KT 6.9x10°° MPa i 43 Fp 4 it . H
Pooo/ Pins =200 B, B4 B} 3R 1 23T MU BUR Y FeS,
JiE, A IR R 2 Puo /Pis<<200, JE 1 LA
HS @ £, —BSEMRREREA S —)Z
FeS, &, MR MYIE W 2s BT BA R AF R 47 1 Y
FeCO; PR AR, A ME R ZEH FeS fl FeCO,
FE e e B AR R E o

STEEL PIPE Oct. 2024, Vol. 53, No. 5

3 & i

(1) CO, %3 JE 0.5 MPa., H,S 43 JE 10 kPa. iz
GO EE 70 CRIBUB AR T, Bl i i 1 A9 4
K, RIS AI SR R AR TR AR, e SR A E
360 h, HAJE ARG TR, S E R W
RN FEIZ IR G T (TR il

(2) CO,%rJE 0.5 MPa., H,S 43 JE 10 kPa. iz
59 SR 240 h B IAEE T, Bl I 14
fer, TR AN A S ek R e 0 B TR 100
CH SN J b BRI B 40 Cii i 345)
JE TR 2.67 £, JEEE X345 6 b R S 2
KHEL,

(3) HS 43 10 kPa, 5 E 70 €. X5
JAIA 240 h BB MAEE T, BEE CO, /A
hn, IR A R s ERE N, CO, SR 1.0
MPa, 4 F CO, 50 E N 0.5 MPa BYIREEH, #175)
JERHCRIE S T 86.36%, JEANT CO, HYI IR A
SRR 10 £ .

(4) CO, 43 0.5 MPa, R E 70 °C. %
Ji 3 240 h BEEUSEPIAEE T, BEAE HS 43 R A3
hn, IR AN A S R AR, o HLS SRR
S AN A A 22 A T oA — o AR I E R

SE 30k

(1] Bk, B, FRKL, &5 iACH P COYHS JE kS

PP EORRBF IR (1], MRS, 2009, 25(1D) 0 119~
122.
GENG Chunlei, GU Jun, XU Yongmo, et al. Research
progress on COy/H,S corrosion and protection technique in
oil and gas fields[J]. Material Reports, 2009, 25(1) :
119-122.

[2] sk#E, T, 0T, . 3Cr 3 CO, Al HaS JE ik
RINMEE I AT ]. TR, 2006(3) : 5-8.
ZHANG Zhonghua, HUANG Ziyang, SUN Yuanning, et
al. Development of 3Cr series oil pipes with good CO, and
H.S corrosion resistant properties[J]. Baosteel Technology,
2006(3) : 5-8.

[3] FRik, bk, BFfE, % IR T HS/ICO,
JE AT LS (1], P AT RS54, 2005, 20(5)
66.
WANG Chengda, YAN Milin, ZHAO Xinwei, et al. Re-
search progress of H,S/CO, corrosion in oil and gas develo-
pment[J]. Journal of Xi’an Shiyou University, 2005, 20
(5): 66.

(4] FIDZE, femk, FRGE. CO, Mfiit HS AFRM T



S 19

[5

[6

[7

]

]

]

(8]

(9]

N8OS HLBL I Ay JE A7 [T, J sk 5 B4, 2007,
28(7) : 357-360.

ZHOU Weijun, YAN Milin, WANG Chengda. Corrosion
behavior of anti-sulfide tubing steel N8OS in environment
containing carbon dioxide and trace hydrogen sulfide [J].
Corrosion & Protection, 2007, 28(7): 357-360.
e, JikiE, RAE. HS/CO, MHIAE A
WEgEsk e (J]. TR 24 BesA A, 2010, 19(1) @ 59—
65.

LI Zhanwei, FAN Hongyuan, WU Hua. Research progr-
ess of H,S/CO, corrosion on pipelines material[J]. Journal
of Henan University of Urban Construction, 2010, 19(1) :
59-65.

YIN Z F, ZHAO W Z. Corrosion behavior of SM 80SS tube
steel in stimulant solution containing H,S and CO,[J]. El-
ectrochimica Acta, 2008, 53: 3690-3700.

BRI, RE, SREEIS, AR Cr #97E HLS/CO, BRE
TR AT R AFSEL) ] MR TR, 2009(10) = 20-26.
LV Xianghong, ZHAO Guoxian, ZHANG Jianbing, et al.
Corrosion behavior of low Cr steel at the simulated H,S/
CO, environments[J]. Materials Engineering, 2009 (10) :
20-26.

BHEE, BEAN, EF, L REPUREE Y HS/ICO,
JE AT ABESE[T]. MERBE S A4, 2010, 22(7) : 23-
28.

LV Xianghong, ZHAO Guoxian, WANG Yu, et al. Study
on H,S/CO, corrosion behaviors of low-Cr acid resistant
casing steel[J]. Journal of Tron and Steel Research, 2010,
22(7) : 23-28.

il i, XIBEE, AR, 5. WX =R Cr B8 AT
ISR [)]. S B, 2017, 38(5): 391-394.
HE Lian, LIU Xianyu, SONG Xuncheng, et al. Effect of
temperature on corrosion behavior of 3 kinds of Cr steel

[J]. Corrosion & Protection, 2017, 38(5): 391-394.

[10] F#4, BEA, B, % co, BB iR} 5Cr

TE P PERER R IR (1], RSB, 2010, 31(5)
365-368.

DONG Hui, ZHAO Guoxian, XUE Yan, et al. Effect of
temperature on corrosion resistance of 5Cr steel in carbon

dioxide corrosion environment[J ]. Corrosion & Protection,

2010, 31(5): 365-368.

[11] EF[, sksksm, FaEM, 6. NSO M 3Cr il NFE CO,

1

¢

= iy
B

[12]

[13]

[14]

[15]

[16]

[17]

[18]

5 R 22 % BT80S-5Cr $i COo/H.S Ji 1h 545 241/ 5 o 3 R A S i)

YRINFR T B AT N [T ], S B, 2015, 36
(8): 5-10.

WANG Ke, ZHANG Yonggiang, YIN Zhifu, et al. Cor-
rosion behavior of N80 and 3Cr tubing steels CO, flooding
environment [ J ]. Corrosion & Protection, 2015, 36(8) :
5-10.

ZHANG G A, ZENG Y, GUO X P, et al. Electroche-
mical corrosion behavior of carbon steel under dynamic
high pressure H,S/CO, environment[J]. Corrosion Science,
2012, 65: 37.

GUO S, XU L, ZHANG L, et al. Corrosion of alloy st-
eels containing 2% chromium in CO, environment [J].
Corrosion Science, 2012, 63: 246.

B, TG, ARG, S X100 A LE IS T
[ CO, B IAT T[T ]. #INTTZ, 2022, 51(18) -
58-62.

LI Meng, WANG Jiawei, ZHU Zhibo, et al. Study on CO,
corrosion behavior of X100 steel in crude oil environment
[J]. Hot Working Technology, 2022, 51(18): 58-62.
MR, HEE, AH&, % mIRERAET Co,
Sy NS 3Ce BB PR AYRZ M [T ]. HIERAT ST A4, 2018,
30(7): 7-11.

ZENG Dezhi, DONG Baojun, SHI Shanzhi, et al. Effect
of CO, partial pressure on corrosion of 3Cr steel in high
temperature steam environment[J]. Journal of Iron and
Steel Research, 2018, 30(7): 7-11.

O, RS, N, SFIMEEAE CO, F1 HS
PRI R LB (], Al 5 RS, 2005,
34(3): 213.

JIANG Fang, DAI Haigian, CAO Xiaoyan, et al. Study
on the corrosion mechanism of oil casing when CO, and H,S
coexist[J]. Chemical Engineering of Oil and Gas, 2005,
34(3): 213.

MASAMURA K, HASHIZUME S, SAKAI J, et al. Po-
larization behavior of high-alloy OCTG in CO, environment
as affecied by chlorides and sulfides[J]. Corrosion, 1987,
43(6) : 359-368.

SRIDHAR Srinivasan, RUSSELL D Kane. Experiment
simulation of multiphase CO,/H,S system[]J]. Corrosion,

1999, 14: 1168-1182.

ks Hi: 2024-03-15)

W E 2024 4F 10 H 25 53 55 51



