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[ Abstract] Under the condition of CO,/H,S coexistence, the possibility of pipeline corrosion increases sharply, so the selection of ma-
terials for gathering and transportation pipelines is very important. If the pipe material grade is lower. It will seriously affect the normal
production of the pipe; if the pipe material grade is higher, it will cause a waste of economic costs. In order to make the selection of ma-
terials for gathering pipelines under the conditions of CO,/H,S coexistence more reasonable, a new method for selecting materials for
gathering pipelines was proposed on the basis of the prediction model of CO,/H,S coexistence corrosion rate. The steps of the new method
were these as follows. calculated the uniform corrosion rate of the material, the corrosion rate should meet the control value of the corro-
sion rate in the National Association of Corrosion Engineers( NACE) standard (less than 0. 076 mm/a), and determined the material of
the gathering pipeline under the CO,/H,S coexistence system based on the design life of the pipeline, remaining strength and economic
evaluation. Taking the gathering and transportation pipeline of an oil field as an example, the material selected by the new method was
consistent with the experimental result, which verifies the accuracy of the new method. The new method of material selection for gathering
and transportation pipelines can effectively reduce the cost of pipe material selection on the premise of ensuring the safe operation of gath-
ering and transportation pipelines, which is beneficial to ensure the safety and economy of gathering and transportation pipelines.

[ Keywords] CO,/H,S coexisted; corrosion mechanism; corrosion model; gathering pipeline; material selection; economic benefits

IR KR AR R R L S MATF Nzl SSEERM RN EES  WILEREENA
Fz—1, ﬂﬂ%’iﬁ‘ﬁ%ﬂﬁ* A CO,/H,S Sk, Eﬁlifﬁﬁa]_%ﬁ%iﬁﬁi%ﬂ@%
WXt 4 A s ™ A ok I A Al — Lt W% B — CO, W5 —F BT 1Y)
BeHFmD AL E KBk, b2 x4 B ZETET L De Waard T & i A5 80 Ky BERE

i B . 2021-01-15; &iTHHA: 20210820

EEWA . EHEKARPEESE(51674212)

F—1EE. B Nh(1992—) ,JB DUK, RN HAEAFRA . BFSE DT ] i A B i 5B, E-mail : zhaozs0829@ 163. com,
CIEEEE . BE(1970—) 55 DU, BN A B, WS D5 ) A S Il 5 B4 . E-mail : liaokxswpi@ 163. com,

¥ s M HE . www. stae. com. cn



(R S 5 Y NI T N

13314

Science Technology and Engineering

2021,21(31)

P T AR AR R B N B M Ok,
75 015 A T KR S AT bR HE SY/T 5329—94
15 [ 6 ol TR D P 2 B 1 NACE 0775—2005 $2
T COo, JEMIAEE T IMES kA B, #7F Co,/
H,S HAE &M T, — R A 1SO 15156 1 AR 28
ST —l A TR F 5 i Ak SR 5T 1 M
LY NACE MR 0175 ¢ F& M i FH 28 55 o B a7t £ 4 1z
FIFF LR F7 I Tl IT 2200 42 8 ) S5 vfie 1) | BEAT TR
BARCA &WAM BR 85, 1207 78 T DAP ik 45
R A AR S A I TR IR T B A B BE, (H X
TR T 0055 25 ST e e R, il A5 e R A b 5 4 2 A
T 8 AN B R AR TE AR AL s v 1 L R
b BB TB BT T A RS US4 s B DA
R0 VEVE M, foe 200 5 45 T8 M 5, B R — F
CO,/H,S JLAF 5 T M B M T
1 CO,/H,S EEFEL£EFTHIE IR

A LSS
1.1 By

TR CO, FI H,S Xt 4 45 18 35 A i A8 ok,
SR, 7KORH 55 45 s 2 T %) 422 = 50 b R B )5 1) 28
. R H,S SURRIEMIE L co, SMEY 3 £,
8 H,S 5= A IR FLAR IR 559 24 3 %5, i H. €O,
Ji oty = R — AR AR 1 2R Al 8 ol R A s B A
BB Y] N 7 R 1 BB =) FeCO, 14 Yok 336 R
54 A EIE R R R -/INBEAR ™, DT N 38 45 3 1Y
JER, H,S BR T 5 R AL A S 2T R R L
%4 (hydrogen induced cracking, HIC) FlG L4 N 71
JEE I 24 (sulfide stress corrosion cracking ,SSC) %5,

W5 EM . 7E CO,/H,S AR R T, H,S 18
CO, JEM PR R/ FeS 2RI BFIAIE AL 2>
Ep AT ol 3 (R R D ) T8 v 1 Ik B 2 R
PR (EARPEHD) 1) Kvarekval 251" Ak H,S
TR L CO, 3, g 20 de K B AR ik s 1L S
B B DL HL,S S R e PRt
H,S & & 1 22 /D J& FI Wi ik S 4 R R ARk s . — it
HKeidi, 7F CO,/H,S RGHRYE CO, Ml H,S B3t
B, B o B R R mE 1 Rt 3
CO, H,S Gk Py /Py s =1 000 ~5 000 Hi, Ji ik
FEYIEH FeS [ FeCO, F4A5M)

CO, JBA— R KA S LB 20

€Oy, +H,0—=—=H,C0,,, (1)

M, +2e——H,, (pH <4) (2)

2H2CO3<aq> +2e_4>H2(g) +2HCO3_(aq)(4S
pH <6) (3)

2HCOy,) +2e”——H,, +2CO§<'“q) (pH=6) (4)

co /P _
Y \

V2

! S

co,

H S Mk 3 H,S/CO, b 7 fi ke CO A %

Bl 1 CO,/H,S AN[EGH AR T B s R &R
Fig. 1 Corrosion control factors under different

partial pressure ratios of CO,/H,S

Fe(a)%Fef;D +2e” (5)
H,S N — R I kL

H,S,, +e"——H, +HS_, (6)
HS(,, +e ——H{, +S{., (7)
Fe“)*’Fef:q) +2e” (8)
Fe., +H,S,——FeS  +H, (9)
Fe ., +H,S ., ——FeS, _,, +H, (10)

1.2 HmEZX

SCMAE AE TE o EE N E A CO, M H,S
i IR R pH 4%, Perdomo %5 HFSE T AE
A CO, I H,S AR EREEH, APT 51 X52 il API
5 L B 241 NaCl P S AT R, IR & BRPETE
FEMY H,S Zr RN B CO, B4 F T DL & g b ik
oL PR s RS RS T 110S MTE 5
H,S Fl CO, 5L M A7 Ry, 45 /3R W, 4 H,S
A3 EART 9 MPa I, JE (s R BE H,S 43 1K B3 in i
TFE, 2B 9 MPa B, i #4538 19 ik, Pessu
S NS 12 7 B R SE T T X FeS B 1 5 i 72
i Hd co, il H,S R AR Z He ok 9 1, fF5E i
Bifi 25 R B TR A CO, BIATAE , FeS Bifi 25 Bt [ fi6 4
FEMiMERL, U8B 52 0 o A2 DL H,S & it oA £ Zhang
IS T BN R B AT T R
WIBE A it 3G, BB TE H,S/CO, s & T 1
JEE PR RN, RS CO,/HLS SRR,
JEE S AR 2 CO, JE AR, Nizami ™ B 5%
FEUH pH 252 M 5 ek 1 SC R 3R (HR IR BT
B pH A L H,S A1 CO, k2 A, Smith
AT F Y F R B 5 HLS 43 TR A2 B 45 g b = iy
HEAOTE B, IR T ) 2 1 B 45 18 T 8 b = W e A8 1Y)
W B2, FESEPREE ST B BEM o, FEH & CO,
FH,S W43 AR, 7AW pH , [H 33X REAL G0 1Y Ve A1

¥ s M HE . www. stae. com. cn



2021,21(31)

B A COL/H, S S AAF T S A S L B R )5 vk S o

13315

PRRSE, PRI 232 b TR 2%
2 EREEERMIHEIE

R T BAE M LB AR 2%, 7E CO,/H,S
AT 0 J o T A R0 28T ) BTt B R — Tl (0 4
W EEM IS, EXSIE ML T, A AR
M T PO o | T ol 25 [ NACE A ofE v i) 15
J& b R A PEHIE (/N T 0.076 mm/a) | &5 A4
T 75 i RIS b 5 1 0 4% i BE, DA e 48 % T
W, AW EE ML, PR PR

(1) R TEM FPIE, £ CO,/H,S HAF R K
i i4E CO,/H,S W IR AEAL pH, 456 brifE
I1SO 15156 A1 AKIR R TAlhb——Im S RH HT
TSI AT RL) B AN & 440 SCC 3
B AR R A X, AR 2 AR 3 AR e T
LS TR AL G &M,

(2) B i A8 18 M BB Pl R AL MRl O,/
H, S A7 A JE ph T A 0 20 S-53S TRl A ok 1 J5 ok
R A I JE T E RN T 0. 076 mm/a, 1T
BAKH

£

Inr =C—ﬂ+av+0.67[1—exp(P

' RT H,S
2
InP,, + b( InPy, )" +cInPy g +dInP
(11)
A
65 0.3 kPa
SSC 1X
55
SSC 0. SSC 2K
Z 45
SSC 3[X
35
25
0.1 1 10 100 1000
P, JkPa

B2 BFIIR A 4 9 SCC Y PRI ™ B 72 32 1Y) DX 45k

Fig. 2 Areas of environmental severity of carbon

steel and low alloy steel SCC

100 'C

Lol 0 uul L uul
100 1000 10 000
(P P, J/kPa

co, ' HS

K3 A A RSO pH Y E
Fig. 3 Determination of in-situ pH value under

production conditions

K(ID)H.Clab.c.d WEEIE, E RTELHE,
J/mol ;R ﬁ‘j%ﬁgﬁﬁ, T %YEE,K; PHZS A H,S o
J&,MPa; P, 4 CO, 43, MPa;v A TAGHE , m/s

(3) SRS T T T A5 BE A3 AT, AR X508 ik
PIRTHE T, DAAE 6 o i R 3fe L1 75w, 115 ik
THFA A R A 6 b JEE B, 220 W66 J8 ol )2 1 7R 2k g
HR e A BE JEE A 7 08 B B2 ORI e B JEE 401 2K AN R R
T BEJE I 12.5%

(4) BT, F A I R AR S AT7 Mk A o
SY/T 0042—2002 B J& il T FE 28 351158 5 1) Wi i)
VR IAT 2T AN

LEA AT DL S5 e B s L R
P AR F S B M 0,

3 ARG

3.1 EWEEMRYIE

S AR E Y TSN ER 1 PR
BT R SR 168.3 mm x 5.6 mm, £k % K &
5.0 km, MG 1SO 15156 .55 2 #h5 . Pi A SRR |
G AN, FEAT 58 5 8 3 A A I B 4, mT 3k
MR BRAN ARG 89, %25 18 ph 3R 45 54 7] BE
FEE SCC () SCC HLHEA R IR . Rt AE
PR BRI (0 15025 B TH RN A v 7 2 B4 17 1 3t 45
STl Y v/ p S

®1 EERTREH
Table 1 Some gathering and transportation conditions

T/ YT %
(mes~')  H,S Co,

TN RE/C ES/MPa

BUETER 60~120 0.1~1.5 1~5 0.1~0.2 10~20

TR AN B A 4 B0 & A2 SSC AR TR 1 3 355 il ™
RS H,S /3 A ey pH A 3¢, HIE 2 #4711
o MRYEARSER ™ E AR .SSC 3 X >SSC 2 X >
SSC 1 IX >0 X,

LSRR H,S 0 3 kPa, A= 410F
SRR EAL pH AR R 3 W 5E, Py + Peo, N
303 kPa, MJEA; pH 254 3.6, H4E H,S 7 e Fil &
A7 pH , B S A 8 PR M AR 1 ™ E AR & T SSC
3 X, HL, SR E M T IR SCC 3 IXEFT e+,

FR A 6 T R85 ) ™ AR SCC 3 IX A THiF
AN A MR, ek 2 higM i, £
HTE I8 kB A DU 2R,

NACE MRO175/ 180 15156—3 HiE T — Mk 5 [G
ERANE AR B AR H,S Ko &
0.1 bar,pH /MK 3.5, 300 RIIAEMNEIETHR
#E AISI 3041 SF9FIEE 55 & 50 A 4 3161 A FIAA AL,

¥ s M HE . www. stae. com. cn



B R 5 TR

13316 Science Technology and Engineering 2021,21(31)
*x2 HFATEMERENMR
Table 2 Materials used in acidic environments
gl bR i FRE BRI ik
GB 3087 10,20 ry A s e
4N GB 6479 10,20 SSC1 ~3 X f; ’;@:ZZ%
GB5310 206 A LREGR
FRYEFREE S 25 1245,1290,1360 S SSCI X ~ 3 X
GB/T9711.3 SSC 1 X ~SSC 2 X, T SSC 3 X it
FRPERREE ] S 25 1415, 1450 4%k PN .. ’ . =
SRS T4 SSC T WA, RS
T A B LUK X42 F| X-52 402K SSC 3 X 7= i B /K- PSI2 Bk EME
B4 API Spec SL SSC 1 X ~SSC2 X SSC 3 X Juj itk
KA &W pec X356 ¥ X-65 F1% s5C X - S5C X, HT X 3
7Pt SSC ¥
GB/T 3077 35CrMo XA 48 SsCl ~ 3 X e

RS

A i 8 I8 A T W) 45 SRR 1.245NS  35CrMo
2Cr13 316L.,
3.2 EHMTEMRNBRERITE

HRAE CO,/H,S HAF B b U AR 7Y | 315345 3]
1.245NS .35CrMo . 2Cr13 3161 14 Ji& filt 8 28 43 Wil Hy
0.189 0.0.024 5.0.012 4.0.000 3 mm/a, BT
1245NS AYJEME Rt T 0.076 mm/a, AN HEFTE
EHEE A,
3.3 EREEMRAREBEELSHT

RS T DT — PR 25 4F 7R3 5 il
PRI T, TH 3 AT 20 4 Fp b 5T 09 5 ol JE 5 43 ) A
4.725.0.6125.0.310 0.0.007 5 mm, HT [245NS
F4) B8 b JE B R L T RETEL A 12. 5% , AT LAERE
3.4 ZFHEM

TEREI 10 4F N RT3 BL T 40045 1, JC 44 2%
FH AN RS b R e 1 25 W B 2 s AT 2 (A 4t
P+ W B BRI E A B HOAE M R+
B EM RGN — IRERA 4 B b
JE i — kMR FHANER 3 iR,

T 22T 40 M, 1245NS 35CrMo . 2Crl3 3161 4
Fhobh 3R ) B 2% 1 0 )2 221 228 442 1 145 J1 TG,

LEE T LA F 455 35CrMo £X TG 16 2 MJE Tl 3
R TS I SR, I RE AL AR B T B
FHELR

R T BRI I B IR A, R AR R S
FTHIE, SCYRBF 5T 40 93 oA 1245NS 35CrMo ,2Cr13 |
316L, iXFER 55 50 mm x 10 mm x 3 mm,%ﬁﬁ

R3 AMMRER

Table 3 Four material costs

P45 T E 1245NS  35CtMo  2Crl3 316L
1 293191 5 5 5 5
2 A o/ T 0 170 175 340 881
3 LA/ TG 51 53 102 264
4 BA/ T T 221 228 442 1145

73 mm (9 EFL, % ] 400 #.600 # 800 #1000 #.
1200 #PAE HAT B , 43 A FH A v Bk R0 RS 25 7 i
V=R R i NG B ¢ e S R I S DA = Y=
FEBNARNIZE (5 L) AT E NBHISEE, K 4 BF
INo SEERIRE N 120 °C,JE 1N 1.5 MPa, i A
5 m/s,H,S P340k 0. 2% , CO, Yl 45
BN 20% , JE A R 25 8 oK, SER TR A 7 d,
J& b R A 2

87 600(m, — m,)
corr = pSt
A (12) o, FIRFEE A mm/a;m, HAEEE
PR B, g m, AIEREIE Ph AT R, g0 IR RN ih
SN E]  hyp AR ERAIR %, o/ em’ 5 S iR
Fy MR, em®,

TRE S DS 09 22 OB S L S s, i ok
FEWMFE 4 o, WE S FFE 4 d, 0] LI E
1245NS FRIfIA — J2 55 ) 3 1l = 1y, T ok 1 3 Oy
0.189 0 mm/a, KT 0.076 mm/a,35CrMo F[HIA —
JE B i W, B R 0,024 5 mm/a,
2Cr13 URE R 1A 1 ™= 320, 3161 X0 3% 1 JiE 1k
BTk, SRR, T T b SR A AT

(12)

v

|E ERhFRHL Wik
- HEEE

------- L SRR
| mESE

——1— BRRE

L ——umwss

P4 i s R SN 42 1 14

Fig. 4 Schematic diagram of high temperature-pressure reactor

¥ s M HE . www. stae. com. cn



2021,21(31)

B, A5 CO,/H, S JEAFAAF T S T8 e b A7 i v

13317

o3
L245NS 35CtMo 316L S mm
5 RRIE s i  WUEA

Fig. 5 Macromorphology of the sample after corrosion
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