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ABSTRACT: This paper aims to clarify the corrosion applicability of string materials for high-temperature and high-pressure
gas wells in South China Sea and guide the selection of field string materials. The corrosion rate of different materials in well-

bore under high temperature and high pressure environment is analyzed by using high temperature and high pressure kettle cor-
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rosion test instrument, and the corrosion morphology of samples after corrosion test is analyzed by using scanning electron mi-
croscope and energy spectrum analyzer to evaluate the corrosion applicability of pipe string materials in different wellbore en-
vironments. The results show that: at 150 ‘C, the corrosion rate increases with the increase of partial pressure, and decreases
with the increase of Cr content. The corrosion rate of P110 steel reaches 0.3511 mm/a, which belongs to serious corrosion; at
180 °C, there are different degrees of local corrosion on the surface of three kinds of materials, and the pitting corrosion degree
of 13CrS -110 sample is higher than that of other materials. The pitting pits tend to extend inward. Therefore, in the high tem-
perature and high pressure CO, environment in the South China Sea, the increase of Cr content improves the corrosion resis-
tance of the materials, and with the increase of the partial pressure of CO,, the solubility of CO, in the solution increases, which
increases the material corrosion; under the high temperature of 180 ‘C, the pitting corrosion exists in 13CrS-110 steel, 15Cr-110
steel and 15Cr-125 steel, but 13CrS-110 steel has the risk of cracking. Cracking risk assessment should be carried out before
field application. In view of the string material selection for high temperature and high pressure gas well containing CO,, ac-

cording to the wellbore temperature, pressure and CO, partial pressure distribution, the design can be carried out in sections so
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that the development cost can be reduced on the basis of ensuring the integrity of the wellbore.

KEY WORDS: CO, corrosion; high temperature and high pressure; South China Sea; gas well containing CO,; Cr steel
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LIARE IR PR

I Rl T CO A AR I ok i PR PR A <17 -

4.01%, A% H,So HITFARRIHREL=HEMFT, I
fAREE . K1 J COy oy TR A ANE], PR o A4 A
AP, AT A R AR N
TR . ISR R . JEJ) . COy a3 At
WILERBEE T 2. 12, 25 MPa =/ CO, 23R &14F,
IR 150, 180 C MM B0, 1HE M AR R

TR 28 R AP T R R 0 25 PR AP

®2 ZTRARMILEHEHS
Tab.2 Experimental scheme and conditions

WWE/C CO, 43 HE/MPa epe

oo o S SH— 150 2,12,25 P110, 13Cr, 13CrS
JEhIE I, ARSI 7 S5 S A AR 2. R S— 150 > FPv——
BRI FERBE, B ATHLZ K O B L W 3, i il
®3 EMMRKFER S R LE
Tab.3 The chemical composition and mineralization of simulated formation water
BT K'+Na"  Cca** Mg* cr SOF HCO; COF R eE KA
e /(mg- L) 7348 29 8 6400 114 9805 / 22929 NaHCO;

W AR A A TR %) v vl s FE A R I sh 42
BRI (S I W DA N v = o S 1L S IR
FrK, BT, Wi BAR RSy, JfFReE, AT
PEF A o N e el AR, DA R R R
RN, FEARR 2~ h BRA, 57
% 150, 180 C. RJammliE A 2. 12, 25 MPa ) CO,

R, BIREAR RS SR 88 MPa, SLH45 R
Ja, WU WM, R R R RS A BT RS
TEMLMIBR R S B W 2 2~3 min, BEAT ARIAL
L, 2Z )5 Iz K bt , & T J0K IR IR 3~5 min
K, 2 H)e - RFAR i, il B R T
JE b R

BB E
R A8 e R AR
B ——D—
Eﬂﬁﬁﬁ 1]
. 4\o<o<o<.< o‘,OOE
N, | |HS| |cO,| |cH, * % e
% °
[ ] [ ]
.‘v >o>.>o>.4..’£|
\\\ /// ARSI
(D P N N i
B e IR sh &
Fig.1 High temperature and high pressure circulating flow kettle
o EBEBNH FEH A 0 S A 00 S E RO BUR T WA T

2.1 #&E#Hl150°CITR

SCE RN 2 s, I 2a AT, 150 'C 4%
T, BEE CO, 4y FRAYHEIM, AP 4R 1k
RGN X R FHE A8, <A
H CO, 3k BB I TR, (75 L8 ok o ST 4 Uk
ANy WA, BEE SRR, WK CO, i
HEONWIRE O, (AR A4 RH I ok %R i 38 i i AN
Wrsg it e 2b FroR . X ARRAR S,
2 AW, BEEMR Cr S ass N, ARk e b
FRRWIFFAC . X EH T Cron R Saaim, e

o I ek R0

ZSH AR PL10 AW, 13Cr A9, 13CrS 4Nk kE
FE PR M TSR AN P 3 R 4 s o ARSI ER S
Hi, CO, 43K 2 MPa 45/, P110 #4F1 13Cr #XiAE
FMAFAE S, 13CrS AN RE 26 1 I e A S b
M5 12 MPa 44 F, P110 9F1 13Cr B3 RE 2 1w M1y
AR, B E phAE B B, 13CrS ANIRAE R T A AETE
FUAEB A 25 MPa 54T, P110 891 13Cr A9 59 JiE ik
BORA R TS, H P10 Bl Em BT
JRFRIEE pmAE B, 13Cr B9, 13CrS AN REF A H B
SIS fEREREE R, CO, 40K 2 MPa &1F F



- 18 -

2021 41 A

P110 BF1 13Cr BIAME R A AEZE S BIE AL, 13CrS Y
AR T WA SIS ; 12 MPa 2504 F, P110 4K
A 13Cr A 3a0RE 2 i U] BT A de A s il O, 13CrS
BRI A I ; 25 MPa 51T, it Bk
BERUOKE] 200 f5005%, KB P110 AR 1 H B0

0.16 |
0.14 |
0.12 | B3
0.10 |
0.08 |
0.06 |
0.04 |

& HE R/ (mm-a™)

0.02
0.00

13Cr-L804K

50 pm

13Cr-L804N

B3 BA-P110
[mm 13Cr-L80
E513CrS-110

CO43fE/MPa
a S Hl

WAL, A RS, 13Cr B R A AR
AL, 13CrS AR R I BEA H LR LR

2.2 1E#1180°CILR
SLIEE RN 5 Fron o mE S AR, il 180 C

035 |
~030 |

‘sv

0.25
E/ 0.20

BB RH-P110
[mm 13Cr-L80
E=313CrS-110

2 25
CO,43H:/MPa
b WA

B2 PLIO4H. 13Cr4K. 13CrS WA, WARJE hhid
Fig.2 Corrosion rate of P110 steel, 13Cr steel, and 13CrS steel: a) gas phase; b) liquid phase
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Tab.4 Material design and construction scheme of a block in South China Sea
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