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Abstract

Deep coalbed methane (CBM) wells in the Fukang area of Xinjiang face severe tubing corrosion and
casing damage due to the synergistic effects of high salinity, high CO: partial pressure, and complex
flow fields. Through extensive field surveys (73 wells), systematic fluid analyses (30 wells), down-
hole coupon testing (5 wells), and multi-scale laboratory characterization, this study identifies the
spatio-temporal patterns of corrosion failure. The results indicate that high produced-water sa-
linity (7278.66~18,922.74 mg/L) and elevated CO: partial pressure (0.16~0.99 MPa) are the pri-
mary environmental drivers of electrochemical corrosion. Microscopic analysis of the corrosion
product film reveals a “competitive adsorption-chemical dissolution” mechanism, where Cl- and

HCO; synergistically compromise the integrity of the FeCOs scale. Furthermore, a macro-failure

mode characterized by a “erosion-corrosion-scaling” triple dynamic coupling was elucidated for the
perforated and deviated sections below 780 m. Using Gray Relational Analysis (GRA), the influence of
various factors was quantified: flow field shear stress (~40%) > Cl- concentration (~35%) > COz partial
pressure (~15%) > scale layer inhomogeneity (~10%). By correlating corrosion rates and pitting
depth with electrochemical parameters ( /, R, ), a four-tier corrosion risk assessment model was

corr ?
established and an integrated “Material-Chemical-Monitoring-Management” precision protection sys-
tem was developed. The system’s engineering efficacy and economic viability is obvious.
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BRIZBR SRR > 1500 m)/2 38 ] eI 4 14 e 2 i AR5 R SR SO R (1 B B A0s 1] - o B2 B
B IXAE NP E R X, BRI IER. AR, R REERA ‘. mik. ST, R COy b
JE7 2RI RAE, SR AR B SIRSE RUR,  EH2) TR AT ROT R .
FEERNIX 73 HA=Ibdr, B G LRk 43.8% (32 H); BB B H: S BUME I OA 7 ST R AR 1)
32%0LA by F IR R R S BU BT R 30%, BRI Iy 3 N H o BEAN, AE 24 TR
ROEH, T1%H9H S W R B AR S T3 1 5 K 8 AT B A ¥ BB %

[El A Ah 2 AT AU COL P ETTIE 1) 2 kgt Wl T 570, COx b JEk . CIREZSERIR
XHE IR R FIFEm, AR T A WIRZESEE BT BOR[3] [4]. SRT0, BH0 R RERZ BZ SRR
SRTES R R E, BT FUUAAAE € AL Xt L3 2 7K Hh 2 s i () 41 PRSI 8 e 0 i Aok
WS FERIOHLEBENT AR N s RS TR b ob il B G505 =F A 122 EHLH] S E BTl
B AP BORZ R RS M “IE” g, XMELOEMN B RX SR ZER R B FRER
ZA B E[5]-[8].

XA R Z SR S B (SR PR TAE R,  DLERERZ BRSO R, R BT - &
GRSEIG - WOWSRAE - B 4T WA S ER BT, BT RASILIZEEE SR MERE, R
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Grb s B X YR il R B 2 A A U S 2 I R GRHIE s S A KGR T, B bk - Bl
- 45YR7 ZEANG TR N 2R 1) A s A, A g DU e KU DY S A TR A AZ O DO AT
—AR7 KEUEBI TR R, SEILN “HEBhALE 7 B C R IRSHERDE IIRAR A

TEL M COp JE IS, De Waard-Milliams #7 J F 5 SAE 1E FRASKE 32 F T T0000 RRAR B 28 2 Ji ke
A, H ORI M2 R B R RS, FETINIREE . pH KRS T [5] [6]. 2R,
IZAR AL & TR L (TDS < 10,000 mg/L) RIS L= 52 (1) 8 M AL, % T+ B B IX Pt sy TDS(H]
1%~19,000 mg/L)Fl & C1I”-HCO; A7 kA 56, G AR S s il . T CI-i5 3 ik, 22 ) A
T T LA SRS A CLif i 5 4 W PR IR 3R THT B AL JBE, (EEH T FeCOs PRI “ SE 4R I - TH 405 ”
TR ) s AR AL o CEFRSH NS vl Iy T, Efird 252 H A BE T BY U N A3 ALK I S BT D
565 b= A RSB SRR DR B, (R 78 43 2% RS AL J LT TR A (S FL B ERL B 5 Z AR M B A A 7] 8]
EIRFARHIE T A SRR BT A SO SR B R R

2. RI@RSHRAE

BT IX HAREZ kD R0 Ll HERAREOR, HRimER, AR S s LRt 7
BN JIELEAE9]0 X 30 ARG AR R G 500, 45 Rk 1 for.

Table 1. Typical ionic composition of produced fluids and gas components in DCM wells in Fukang area

F 1. BERRBRESAHRFHRAEFEBSSAES

ZH Ju AP HAE £ =9

AL 7278.66~18922.74/9302.6 mg/L JE A TR B AR AR

cr SEHIMH 2995 mg/L FERIEE T, B LIR
HCO; FI{E 3698 mg/L FEAITE T, Mg
Ca2* 86~152 mg/L SN 2535 i 3 S5 35 )2 M
CO2 47 JE 0.16~0.99 MPa DRSO B DR 3R
KA NaHCO;3 - Samt, EJE A dE R A

X ERRERT X A5 73 VAP T VR 40T, SR EX 15 RS IURRAE 25 57 (1 SR, RGURAE ™ H K AF
JES PR35 7 ) B R BOE AT PR (T e i . %7 L) . 7E FSL64. FSL74. FK28-2L. FKI8-1L. FK20-
TL HSCEEFE A, 058 N8O A PL10 WARiEREF, FH T IR4 .

SR FH Davis-Stiff f RIHE K02 (SD A ERNE TR CaCOs FI CaSO, SEYR A 10]. i ik 26 5 2 WL 35
SIHERH GB/T 23258-2020 [11]. MOWIESR 574 4 b R FI 4t L 7 S 485 12] . CHIG60E Hi b2 T4 3
BEATEN 155130 SR MM 2 W s, Tk R/ wlE 1 s .

3. RMEBEHES SSHXHME
3.1. RMHNZESHSEFRERFRE

AR R S T AT e 2240, R SR, AL R LATRAR S B N AR, S
JRKHIRITE R “ AT - B W R OS] 2())o SHIALIR 0 Lo A R A A Y B R JB Tt s A X, 2R
PRAHWT 7 MR, i BT U0 ) SE BRI b M, B S CIR AN B R ARIE A ik — 38 PR & 2R 20 (K 2(b))
WEAT IR K e 1 B A AT A J= 0 st ™ 2, AE RS AR N S kA Tk - T 7 SR (1K 2(c)) . Bl
VRIT-55 4 P K 175 AT S 7 S e R o R o e e
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Figure 1. Multi-scale integrated research framework (field investigation — laboratory experiments — theoretical analysis)
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Figure 2. Corrosion characteristics identified from field operating data. (a) Production string of tubing pump: tubing coupling and
sucker rod; (b) Production string of jet pump: central tube thread and central tube collar; (c) Production string of progressive cavity
pump: sucker rod and rotor fracture
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3.2. EERHMAMHBIEEM

XPEFENIX 32 HEFIFRIRMNE . MR RINESHOAT RSBS00, 4R BRERIET
P110 HHEE 5 RIE 90.6% (29/32), 1 N80 EEAL 5 9.4% (3/32). XJHLHH [F— iR B S BB
1 P110 BERFE, FIEM Loy EEUGE B 1.8~2.3 %, 1fi R, [EHAK 40%LL E(18 3(c)), FZE M TIERIAE
YIS (e % A B AR S b gt — 2D TBOK . B RRIR 2 E AP W R B I “P110 M A
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Figure 3. Comparative corrosion behavior and failure analysis of P110 Casing in the build-up section and perforated interval
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33. BHER, RRESEUFSENERXEK

AR HOE FE((CR |, mm/a) 5 8 IR A BE (1, )R K R [14], WX (1):
M-I

CR=—"5"xK 1)
n-F-p

Hodr, M BRI BE R 5T 5(55.85 g/mol), n NHRT EFE (I 2), F NIEHLHEH %1(96,485 C/mol), p AN
M (7.85 g/em?), HEL K AT HEE R E0(3.1536 x 104, B cm/s B A mm/a)) [14], @A RKBR
P 27 M 5 K B A 53 4 2 TR P 8 R R o

BEEHARN, ERATHN CR~0.0116x1,, o SEFRE BT PRS2 =Y o5 . Jail pH 205 R &
S, 1, 5O VRIS 0P 2 U AR I AR AR 2R [ 15]. JE T S VA IR IR S b LAk A 2
K291, 5 CR), BATERIEFA 3 HT(E 4(a)), BEIZE AKX CR~0.049x 1, +0.007 (R*=0.968).

R 0.049 BE K THIRE 0.0116, RTERFSLBRIFOL T, ALK S wie (1 % B JEF i 1) ] R
R P~ W R AN 58 S R4 VE T MR [ 1610 BEAh, #AL FEBE R, 51 o 2R 5 8 2% i o (1 4(b)), AR AR

Table 2. Corrosion coupon data and electrochemical parameters of representative wells

2. ARUAERBHBESBELFESH

H5 & i 2 (mm/a) L,y (WA/ecm?) R, (kQ-em?) IR K PR PE () FE USRI

FSL64 0.32 5.89 0.85 13.96 g o)
FK28-2L 0.22 3.42 1.52 23.95 e R Rl
FKI8-1L 0.05 0.98 8.76 8.30 I 1k
FK20-7L 0.11 1.85 4.23 10.80 G
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Figure 4. Quantitative correlation between corrosion rate and electrochemical parameters. (a) Average corrosion rate versus

corrosion current density; (b) Average corrosion rate versus polarization resistance; (c) Relationship between pitting depth and

electrochemical parameters
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34. GIRSEHMNZERES SNEYN

X NS 4 B BEYR )2 54T XRD 5 EDS 40#, 25 R BRI A G2 A FeCOs GEERAT) BIAT I
( 5(a)). FEJEM™ E () FK28-2L F, i3]/ 8 Fe;04 (BIH A, R D MIEASEINE[17]. )2
FAEYIR, Ca Fe. O L& 2ZRECE IR A (K] 5(b)). 15 Ca/Fe JE T LRI, 767 55 5 i 1 X 35(>80%),
Ca/Fe HLIL 4.2:1 (W1 FK20-7L), TMi7E7 5K, 249K HHIXIK, Ca/Fe LLBFZ 1.8:1 (41 FSL64), HJn
F Cl TR R W E AR, IRIERIEEN 3~5 f5(5E 3).

5 2 R AL 5 BT K, &4, 8% H Ca/Fe WL CaCOs =SRG2, ReH PG
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Figure 5. Relationship between scale composition, structure, and corrosion behavior. (a) Comparison of typical scale XRD
patterns: “FK20-7L (compact)”, “FK28-2L (fractured)”, and “FSL64 (mixed)”; (b) Elemental surface mapping of mixed scale
cross-section by EDS; (c¢) Three-dimensional morphology of under-deposit pitting reconstructed by LSCM; (d) Vicious cycle

of corrosion coupled with unfavorable scaling
& 5. FRmS . BHSEMITARNXKES . () BENEE XRD {EEXLE “FK20-7L (B3)” . “FK28-2L (348)”
M “FSL64 CRE)” ; (b) 'RAIEESEE EDS TRESNT; (o) | TAMMMN=HRILSCM EH); (d) “Bi- T

REIR" BB

Table 3. XRD patterns and EDS elemental analysis of typical scale deposits
7 3. XRD i&E# EDS B2 HTLE

CalFe JA Tt 2 REg®E TR, BKSAM 3 FEM

P ERIH - ‘
(XRD) (EDS) HH (%) (F/mm?) (nA/em?) FE (um)  TEZE (mm/a)
FK20-7L CaCOs, FeCOs 42:1 85 <1 12 8.5 0.08
FK28-2L  CaCOs, FeCOs, FesOs 3.1:1 60 6 4.8 23.9 0.21
FSL64 CaCO0s, FeCOs 18:1 45 12 6.5 14.0 0.31

O R A BAB(LSCM)X G R IESUHEAT =4 A1) 5(c)), R INRLGR IR AR CE IR A% (1 s i

B B FRRRUT Fe2 5 ¥ CO;™ 4 & A2 iU FeCOs, H4h i (il XRD F & 9 71 4550l 3 LL
ERDIRE CaCOs ik 30%~50%, FEEZHM L L. XA RN CHZAIRBUETE, SRk

JRIFR Ik, T2 1 E AL AR (P 5(d)) G530 B Pt By S35 (0 XU RN ™, LS M R 35 J= A B0
JR I SN R SRR A
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4. RHVIENBERITSEWL
4.1. EH LE-CO, thEE AV B FF

B RER SR IR I bR B L RE 5 8 CO» A RS R L2 A2, L BRItz kT
B AR 2 R 6). AR AR TR VAT, 26 P S0 1 25 A Ve kP 0 4 B 48 FEL L R, )
(18], WURIUEHE, WOER AE, =1, -R,» R, MG EOKEFEMFBE A T, ket 1, 7Lk

FOR[19]. [N, &8 TR es 1 BN =) Fe? FITE S A3, FRR T BRI, 1283t T &R
N( Fe — Fe** +2¢ )IFHF 43T .

Teor (gaven) | 1 Leor(uavcn?)
90 490
T/ I 80-90
- 80
80T M 60-80
- 60
40 1 40 [140-60
[ 20-40
20
2 M <20
1.
0] 0
7000 10000 P..(MPa)

' CO:
13000 16000 =

Figure 6. Synergistic effects of high salinity and CO: partial pressure on corrosion current density
E 6. SH KES CO: o EX @ kA RA i EBUE
CO, ViR T 7K A BUBRIR ( CO, (aq) + H,O = H,CO, ), A 45 5 Al i [H,CO; | = Ky - Py, » Ky
R F R R AE BRI AAF T (~50°C), K, #9745 0.035 mol/(L-MPa). % P, =0.7 MPa Itf, #if: [H,CO, |
A[IK 0.0245 M. HoCO; K 3t — AR 58 7= 4) HCO; A&t HY B A R H) M 2 Ak 770, 308 i e B
(2H,CO, +2¢~ — 2HCO; +H, & 2HCO; +2¢~ — 2CO3™ + H, )3 e R % FE 5 v, B2 4 B il 5/ 207
I, & P, BELERARAE 1R LA AR AL TR, RO 2 1 BN S R =
BTl R e A, 1 BN SZ BB RS R [21] R s 0 32 SRR IR A5 FH A
BLII(H T 4), Wi Fro, EESRTHBAMR B (5 C ), B R 280 0T 40 25 3 08 D R 8 SR AR 1) o5 K-
S f(4-C)o IR AFTDS (7000~19,000 mg/L)F P (0.2~1.0 MPa)2HL & 5 A ) 5 A AR P S B 2
PHEAT 2 eAR MDA, 15 RIL 50 Y R AL A0 (2):

1,,, =025-(TDS/10000)" (P, )" +0.1 )

corr

Hrr, TDS AN mg/L, 1, AN pAlem?. BERIREURIR, B, KITTHBCE(0.48)M T TDS (0.32),
RILE B FRFAE N, COy 73 B2 BRI IR S R 3R, (Him i LB A L5t T ARARRE i “ Ruitg” 3R5,
PRI TR 5 ok LA TR 22 B — R R R ) 1.5~2.8 £i5[22]

4.2. CI'#{EF FeCOs {RIPERAI RN A E AL
XPTEANF] CIE(1000 mg/L 5 5000 mg/L)¥E K A B FeCOs B #E4T 8 FIB-SEM WL22(14 7(a)+
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RD 43#1 (1 7(c)ion, BEE CUIRETFE, FeCOs FATHIE(104 ShTH) 5 SE(FWHM) M 0.28°3%

& 0.45°, 4 Scherrer A THE[23], HRM R F M 45 nm J/NZE 28 nm, KL, G T %, BREEHY

%o N R RO AT B A S B TR R S G ICP-OES) /0 d, RIS CIFREL R Fe2 il E

FRA CIFABE T ) 2.3 1% XU TR A CLRESS S5 R i Fe TR AT VA YE M0 48 &4, i [FeCl]” 8K [FeCl, |

FoR ] fai e A (3):

FeCO, (s)+2CI" + H* —[FeCl,]" + HCO; 3)

g BIR b, CUBEER FeCOs M “TadMR Mt - (257 O FE, VERWE 7(d)fR. H,
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Figure 7. Microscopic mechanisms and characterization of Cl™-induced degradation of the FeCOs protective film. (a) Cross-
sectional FIB-SEM image of FeCOs film under low CI™ concentration (1000 mg/L); (b) Cross-sectional FIB-SEM image of
FeCO:s film under high CI™ concentration (5000 mg/L); (c) XRD patterns of FeCO3 under different Cl™ concentrations (around
the (104) plane); (d) Degradation of the protective film through Cl -induced “competitive adsorption-chemical dissolution”

[ 7. CUREHR FeCOs fRIPIREIRMMAN B SRAE . (a) F.COs BREUE FIB-SEM [& - {§ CI (1000 mg/L); (b) FeCO; IR
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4.3. “Hph- B - SiR” ZENSHEABNEAERUNE

10 B R 2S5 L SIE R B R RUR M I(E) FET(C) 453HS) = /M RS A 4 R,
JERL “E-C-S RI=7 [24] Mfid @Ik iR SRS, B ik S B B B RF SR KT B B AR, (RIS RELAS 17
FUE R YR 2 R R [25]. B IR(C) S 45 3R(S) B A A E R BRINTER, H A8 M. Fe — Fe™ +2e”
R Fe2 BT, H5HMF I COT 544 i FeCOs YLTE[26] «

X L ERAS S BEINBY Y77, 15 'S CaCOs 4535 LA —H A 5000, 45 R (E 8(a)), 414 IMEHK
HIMAERZA 14245, H21216, H3M 1.8 5. 4 4 kR R AR R E &R, ik
2T = HE AN P RO RS R T AT A B — B R R R

DAI 32 IR “ L5 RAURED AFE RS HITH, B S R R A BT 4 HimsiY)
I CUMREE. CO 4 ey Ca?IKJE. IRJEARE, Wi Bl TENWAL B tFEF A2 THE B R
SREUS R R (T R B O B oRBR ) T, [27], THEE R 4 fis. &I, #iasdd) 7158k
FE % =1(0.89),  HXTERG R A i K, HAIRGE CIIKEE(0.83).
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Figure 8. Triple coupled effects of erosion, corrosion, and scaling. (a) Comparison of corrosion weight loss under different
coupled laboratory simulation conditions; (b) Dynamic coupling cycle and relative weighting of “erosion-corrosion-scaling”
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Table 4. Weighting of influencing factors based on grey relational analysis
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Figure 9. Implementation flowchart of the “Four-in-One” targeted protection system based on a four-level risk assessment
framework

B 9. ETRETRTNE “TRI—iK" $FERTF R L RIZE

DOI: 10.12677/jogt.2026.482033 290 Al RN


https://doi.org/10.12677/jogt.2026.482033

B 2%

(2) HARLEMANHT: 7225 XA F S Bz AL MRl - 255707 dA, 7R e s ik
T R R B ) R SR M B A TR B 2GR INE T &, TERL “APRILID - Z20iFR R IC - FRAL S e 2R R - XU
REET PAEREABRIAR.

(3) EHALOH: KA E AN TARGEASER B O B AR g A S A i )RR T -
AT - FCRVAL - FFEi” EaBiisis, FRpiy st e & T e g, BEFERATE
G S TR A

E B FEDX BRI H 1 12 00 a5 AS (5] XU S5 0 PR SR b gh AT 17 o3 18 /N A I 5E S Tl ik . &5
RER, —HREH0 FSL64) K P2 & ruiE 2 M 0.32 mm/a F£Z 0.12 mm/a BLF, I8 58.7%; =X
R s A5 A KA RS T S BN AR T RIS ZEAE MV MRS, P IR 2R B B HE R 3~6 AN H ik
LKZE 1S ANHB b BB EIERAR TR 42.1%. BT SEMEIR SRR T HERIE S, 50 X B P35 25
BRI 28.3%. NHZEREW, 2B RBINEIT N CHGHM” ) “FHaimps” o W K
EH B CREHERTET AR,

6. &t

AHF S IR R R SIS B 1 Sebr TR, LR RRRERESIEAN R, R RS0
Wi, FEHLWT:

(1) BERERZSHEMAR L2 “Hmi 0 - Cl- - & COy o K7 (55 “H ki - BIE
BB PIEAERAR S EH MR, RAGHERR RENN =2 R MERRI R, & CI-AsT
“SEPIIN - AR DLEIIR FeCOs fRIPIETERENE, 25 Km0 s A S B OUL B A2 o 3l AR €K%
BRREMNT, ML VPAL T 5 B SR AR B, oA 8 U1 J) ORBEFEE 0.89) 1 CI-IRE (SREXE 0.83)1¥ 51
BRAET T H o

(2) FET 1, PR R R P TR bR, A 57 T 3 FH T B R DX R O 28 b LR 3 A5 TEAN AR
I DA AR A T DU — ARG HER R R o IR SE IR AN 0SSO Y (10 2 S 1oy 6 T B e IX U s IR
(5 TDS. NaHCO; /KM, P, =0.16~0.99 MPa . FFi > 780 m FISFLAERIBY, A H b5 5
BAE P LU F TR E— DI, thAh, AFTRIZH E R 5 DR, e SRR OGRS 12 DR 18 A
H o BEARRUSRIGEE & I 5 R B UAFAE « 1 4510 AR5 RV S Ja 0 1 303 B AR 3 m DA,

Ko 550
E&ME

CHT R 2B AURAF LI 5 T R R B BRI T ( “ WX RHEUR FETHRIT END IR E R AUl 2 R
HER T ZHARBIE) A% IH (2023LQ01005).

SE

[11 Z¥71, Tz, ZME, 5 REEERBRIT R RS BRER, 2016, 41(1): 24-31.

[2] Li, X.Z., Wang, Y.H., Jinag, Z.S., et al. (2016) Progress and Study on Exploration and Production for Deep Coalbed
Methane. Journal of China Coal Society, 41, 24-31.

[3] Cao, Y., Zhang, J., Zhang, X., Liu, S. and Elsworth, D. (2022) Micro-Fractures in Coal Induced by High Pressure CO2
Gas Fracturing. Fuel, 311, Article 122148. https://doi.org/10.1016/j.fuel.2021.122148

[41 ¥, W&, TEFR, & WEE CO2 BB a7t ). & EE S P24k, 2024, 44(5): 1134-1144.

[S1 Yang, T., Xu, L., Wang, J.C., ef al. (2024) Research Progress on CO2 Corrosion and Protective Counter Measures for
Oil Casing. Journal of Chinese Society for Corrosion and Protection, 44, 1134-1144.

[6] Liu, W., Wan, L.P., Guan, B., Sun, Z., Lu, X. and Guo, Y. (2024) Study on Corrosion Law of Coiled Tubing in High

DOI: 10.12677/jogt.2026.482033 291 Al RN


https://doi.org/10.12677/jogt.2026.482033
https://doi.org/10.1016/j.fuel.2021.122148

J 2 S5

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]

CO:z Gas Field. AIP Advances, 14, Article 035205. https://doi.org/10.1063/5.0187777
KIS, BEEAH KK SKESIAHTD]: -4 30, dbat: JE R K250, 2026.

Zhu, W.P. (2026) The Quality and Quantity Dynamic Analysis of Producing Water from Coalbed Methane Field. China
University of Geosciences.

WRAR, B, B, & IREHZE U2 SOE SRS RIS 5 R T [ ——AS R 2 M AR 2K
i XPORBII]. BEOREIERIAR, 2025, 53(3): 1-18.
Xu, F.Y., Zhen, H.B., Li, S.G., et al. (2025) History and Development Direction of Iterative Upgrading of Deep Coalbed

Methane Reservoir Reconstruction Technology: Taking the Daji Block in the Eastern Margin of the Ordos Basin as an
Example. Coal Science and Technology, 53, 1-18.

e R R T R AR B S T 2 N R HE N S [D]: [ 2 AR ). MR IR, 2023.

Yan, S.Y. (2023) Study on Dynamic Mechanical Response and Permeability Enhancement Mechanism of Coal under
High-Pressure Gas Impact. Henan Polytechnic University.

Fu, Y., Yuan, W., Xu, Z., Zhao, R., Wu, Y., Zheng, H., et al. (2023) Geological Adaptability of Deep CBM Fractured
Horizontal Well in SLN Block. Frontiers in Earth Science, 11, Article 1127995.
https://doi.org/10.3389/feart.2023.1127995

Zhang, L., Yang, L., Wang, Z., Zhang, C., Meng, W. and Ren, S. (2021) Experimental Study on Scaling and Adhesion
Characteristics in Water-Producing Gas Wellbore. Natural Gas Industry B, 8, 252-266.
https://doi.org/10.1016/j.ngib.2021.04.004

Kreinovich, V. (2021) Visual Knowledge Discovery and Machine Learning Springer, Cham, Switzerland, 2018. Journal
of Intelligent & Fuzzy Systems, 40, 5753-5755. https://doi.org/10.3233/jifs-189730

Chen, L., Dong, B., Liu, W., Wu, F., Li, H. and Zhang, T. (2022) Failure Analysis of Corrosion Products Formed during
COz Pre-Corrosion of X70 and 3cr Steels: Effect of Oxygen Contamination. Engineering Failure Analysis, 140, Article
106529. https://doi.org/10.1016/j.engfailanal.2022.106529

Shrestha, S. (2016) Chemical, Structural and Elemental Characterization of Biosorbents Using FE-SEM, SEM-EDX,
XRD/XRPD and ATR-FTIR Techniques. Journal of Chemical Engineering & Process Technology, 7, 1-11.
https://doi.org/10.4172/2157-7048.1000295

BT, AR, ) 5, 4. CI-F1 HCO3-%f N8O 4NBHAK HAL AT Mt R FH (D], TARERFE 2R, 2012, 34(12):
1385-1390.

Zhao, B., Du, C.W., Liu, Z.Y ., et al. (2012) Synergistic Effect of Cl-and HCO3- on the Anodic Electrochemical Behavior
of N80 Steel. Chinese Journal of Engineering, 34, 1385-1390.

Pedrosa, F. and Andrade, C. (2017) Corrosion Induced Cracking: Effect of Different Corrosion Rates on Crack Width
Evolution. Construction and Building Materials, 133, 525-533. https://doi.org/10.1016/j.conbuildmat.2016.12.030

Fix, D., Skorb, E.V., Shchukin, D.G. and M6hwald, H. (2011) Quantitative Analysis of Scanning Electric Current Den-
sity and pH-Value Observations in Corrosion Studies. Measurement Science and Technology, 22, Article 075704.
https://doi.org/10.1088/0957-0233/22/7/075704

KB, e, £, ST RN I AW [R5 b & 4 ot et R[], b ISR I AR, 2024, 36(6):
36-48.

Liu, Z.Y., Cao, X.Q., Wang, S.L., et al. (2024) Research Progress in Synergetic Corrosion and Protection of Pipelines in
Oil and Gas Production Environment. China Surface Engineering, 36, 36-48.

Liu, J.,, Wu, Y., Yan, Y., Wang, F., Zhang, G., Zeng, L., et al. (2025) Preparation and Performance Study of Graphene
Oxide Doped Gallate Epoxy Coatings. Materials, 18, Article 3536. https://doi.org/10.3390/mal8153536

Sulaiman, M.S., Abd Rahman, M.F. and Adam, A.F.M. (2023) Variance of Total Dissolved Solids and Electrical Con-
ductivity for Water Quality in Sabak Bernam. International Journal of Electrical & Computer Engineering, 13, 2259-
2269. https://doi.org/10.11591/ijece.v13i2.pp2259-2269

b, 3Cr MR IR B /K MR P ) % S M e 7E[D]: (AL 24001 3C). P22 T 2 @ 3RHE K2, 2021.

Yang, Z. (2021) Study on Preparation and Performance of Super-Hydrophobic Film on the Surface of 3Cr Steel. Xi’an
University of Architecture & Technology.

F0E. &REEMERHE L RAENL CO2 IR VERENT TT[D]: (ML), KFF: HHMOK, 2023.

Wang, M.C. (2023) Preparation of Metal Composites and Their Electrocatalytic CO2 Reduction Performance. Jilin Uni-
versity.

DOI: 10.12677/jogt.2026.482033 292 Al RN


https://doi.org/10.12677/jogt.2026.482033
https://doi.org/10.1063/5.0187777
https://doi.org/10.3389/feart.2023.1127995
https://doi.org/10.1016/j.ngib.2021.04.004
https://doi.org/10.3233/jifs-189730
https://doi.org/10.1016/j.engfailanal.2022.106529
https://doi.org/10.4172/2157-7048.1000295
https://doi.org/10.1016/j.conbuildmat.2016.12.030
https://doi.org/10.1088/0957-0233/22/7/075704
https://doi.org/10.3390/ma18153536
https://doi.org/10.11591/ijece.v13i2.pp2259-2269

	新疆阜康深层煤层气井腐蚀机理与防护研究
	摘  要
	关键词
	Corrosion Mechanisms and Precision Protection Technologies for Deep Coalbed Methane Wells in Fukang, Xinjiang
	Abstract
	Keywords
	1. 引言
	2. 区域概况与研究方法
	3. 腐蚀失效特征与多参数关联规律
	3.1. 腐蚀时空分布与管柱类型特异性
	3.2. 套管腐蚀失效的强选择性
	3.3. 腐蚀速率、点蚀深度与电化学参数的定量关联
	3.4. 结垢与腐蚀的空间耦合与双重效应

	4. 腐蚀机理的耦合解析与量化
	4.1. 高矿化度-CO2协同腐蚀宏观电化学机制
	4.2. Cl−破坏FeCO3保护膜的微观界面机制
	4.3. “冲蚀–腐蚀–结垢”三重动态耦合效应及其量化权重

	5. 精准防护技术体系构建与现场验证
	6. 结论
	基金项目
	参考文献

