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Abstract

The paper summarizes the research progress on the fluid-lock phenomenon in natural gas wells
and its prevention and control methods, focusing on the mechanism of fluid-lock injury, the limita-
tions of the traditional methods of fluid-lock relief, and the current status of the research on new mul-
tifunctional fluid-lock relief agents. Liquid-lock phenomenon is a common problem in the process of
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natural gas extraction, which seriously affects the capacity and economic benefits of gas wells. In
recent years, significant progress has been made in the research and development of new anti-fluid
locking agents with the in-depth study of the mechanism of fluid locking and the development of
surfactant technology. The paper summarizes the characteristics of different types of fluid-locking
agents and their mechanisms of action, and puts forward prospects for future research directions.
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P 2 I Re AL HEF A 2 /mL WA/ g S InE/g IBARIR AR T /g
1 15 0.5 0.1 0.0002
2 15 0.5 0.2 0.0002
3 15 0.5 0.3 0.0003
4 15 0.5 0.4 0.0003
5 15 0.5 0.5 0.0004
6 15 (JE7K) 0.5 0.5 0.4503
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XFFEATEAG, SRR 0.25%, BEFLUTRERT R 12 /NS 5KERZZ[49] 558 5 TR HEFI AN E A BTk )
FESH RO R AT i LR LB EAT 1 VR, 8 R SR B LB AR I R e S = T T e AR
FRASHR @ v R 2 HRG G BUA IR TE R, R SOR R I L) S BB R K o
BIACR, (HRHEAZRFRNKR. AR 255730 KGR Al ik - (LA — 50 n] DAZE I A HE
Kol FUACIR A F, A K 70 5, BRI ARG B2, DR/ X SR AR P2 AN RIS, i R SR SO RE 6 BE I
Wyt S . RN, VEHERAL — AR A A D RE SRR T — 4k, AL T M AR RAR, 8D T 2R R Al
RPN &, BRAK T A AR .

4. &5ig

AR T IR AT TH ™ RE AN L TF R as (R H IL I8, FL B iR — B RAR U R A Wt 7t 34

DOI: 10.12677/jogt.2025.474071 636 Al RN


https://doi.org/10.12677/jogt.2025.474071

[ZE

Fho AICEER VAT RN (& SRR T i 1 5 R DL R A 22 ThRE A BT OB 7 B0IR, S AE
ARSI SRR SR AR S %

W LB SR ], A RIAAE AR SLBR P I B4R F04F IR G R, FRAS R IR <zl
SR REMER. ASRBUNE RS KRR RA AR, HAAERRE, wfERVEE A
PR TCIEIRNGE R AR . DRI, BIFACH AR AR MU R R A e U B i L ) S B o

MR, R T v 70 DR ELAIE S R K PR AT AR S T Ak T M RE ST, OB FU A . JLIE L e i
JRRMRGRNE, (bR, A RO A, Z5a22ih. PG AMRIL AL 55 2 DhRE 2570 i) R LA
, RV P E SRR FITE, R GITIERA L . B, W HE - SR R AT
R A3 EHE - YRR R BB IR, BrEYass: e HE - AR AR R AT e AL LR
FEARIR AR TSP AT -

ARG T AR R Rr 5 S AR AL, 8 AR PR I ik . B3 a ik S5 T
A T EEEM. FR, SRR T, ZIhEE RN ERE 7 BERRE, e SRRt
TR R AT

AR FETT 18] N B AR T — D IR BRI A PR RE . DUALZGRIIE DT, FRARAE T RRAS, I 7
FERRAGTAE SEBR LU IR IR 7E . BEAh, IEREIRANRRIBBLEE, 455 Je it iS40 BOR A BUE AN 7
%, AR IR A S HE A B AKYE . I RPN BOR BT AT N IR 7T, A7 B SEEURAR SO R A
MR, st e, JRIVTHITRBFMEA TG -

ELmEB
B 7T R A TR H (2023JHY S03)

&E ik

[11 B, Fi, LY, & TR B o XA FALEE LA B SCRTEN ). AL TR A, 2017, 36(12): 41-
43+57.

[2] SKEEED, FEMAE, ZKCF, & SR SURUESH B RS RIHEREVEAN[I]. v E AL, 2023, 40(3): 401-407.

[3] Xiong, C.M., Cao, G.Q., Zhang, J.J., Li, N., Xu, W., Wu, J., ef al. (2019) Nanoparticle Foaming Agents for Major Gas
Fields in China. Petroleum Exploration and Development, 46, 1022-1030.
https://doi.org/10.1016/s1876-3804(19)60259-4

[4] ZERE, KA, SR, % KARSIFHICR AR HEN SRS R[], BHEILST, 2015(25): 68-70.

[5] & Bk, SiRee. mil e skl = UCR i A R BR R IS M-SR A A R IR MR AT [T]. BRIRAL T, 2023,
44(1): 11-17.

(6] S, XIEME, Brak, . 75 B4 KR E SRR T 2R 7], WAk, 2024, 50(7): 9-12.

[71 Li, Y., Wang, Y., Guo, G., Wang, K., Gomado, F. and Zhang, C. (2018) The Effect of Fluorocarbon Surfactant on the
Gas-Wetting Alteration of Reservoir. Petroleum Science and Technology, 36, 951-958.
https://doi.org/10.1080/10916466.2018.1458110

[8] Chang, W., Hu, W., Wang, X., Gu, X., Chen, S. and Chen, G. (2024) Study on an All-in-One Foaming Agent with
Corrosion Inhibition for Air Foam Flooding. Tenside Surfactants Detergents, 61, 158-169.
https://doi.org/10.1515/tsd-2023-2574

[9] FHBA. T a0 G SR AL S HI]. AL TR, 2024, 43(6): 99-103.

[10] k¥ HAHIEHEA BT M AL 77 R S B L [D]: [l 22008 30, FEER: BRI, 2021.

[11]  EH. PLRESIHRBSE RIaEs S AT, T EA A TARE S B, 2024, 44(17): 147-149.

[12] [AIWH, MR, PRokoE. NFEBTRESE R L EHAR AR RISEAREEUF, 2013, 7(5): 26-29+78.

[13] #MGEGE, Bk, Mk, 5. 75 A S RIS Z AR B i hl o PR VEAN (9] Aiik T, 2024, 53(6): 878-883.
[14] Wang, Z., Fu, X., Guo, P., Tu, H., Wang, H. and Zhong, S. (2015) Gas-Liquid Flowing Process in a Horizontal Well

DOI: 10.12677/jogt.2025.474071 637 Al RN


https://doi.org/10.12677/jogt.2025.474071
https://doi.org/10.1016/s1876-3804(19)60259-4
https://doi.org/10.1080/10916466.2018.1458110
https://doi.org/10.1515/tsd-2023-2574

(ZE

[15]
[16]
[17]
(18]
[19]
[20]

[21]

[22]
[23]

[24]
[25]

[26]

[27]
(28]

[29]

[30]
[31]

[32]
[33]

[34]
[35]
[36]

[37]

[38]

[39]

[40]
[41]
[42]

[43]

with Premature Liquid Loading. Journal of Natural Gas Science and Engineering, 25, 207-214.
https://doi.org/10.1016/j.jngse.2015.05.003

FHE, B5R. RAMSHEZHRBUGE RIERREART ] A TR B, 2024, 40(5): 53-59.

B, WH- K EDIBE R-Zh— AR S D]: (2208 ). #2782 i K, 2023.

WA, I SRS LSRR, < b TR, 2024, 43(3): 69-75.

JEE, EiE, RORIE, & S E IS UE IR ARD]. B EA AL TR R, 2023, 43(12): 189-192.
MRfF R, 23, XaaT, &, 25 R H X SRS o A R BEAR[I]. Ahik TR, 2019, 38(5): 54-60.

Alotaibi, M.B.B., Nasralla, R.A.A. and Nasr-El-Din, H.A.A. (2011) Wettability Studies Using Low-Salinity Water in
Sandstone Reservoirs. SPE Reservoir Evaluation & Engineering, 14, 713-725. https://doi.org/10.2118/149942-pa

Ghosh, P. and Mohanty, K.K. (2018) Novel Application of Cationic Surfactants for Foams with Wettability Alteration
in Oil-Wet Low-Permeability Carbonate Rocks. SPE Journal, 23, 2218-2231. https://doi.org/10.2118/179598-pa

TR, BRI FN SR T TR [D]: (L2601 3], 5 8t EA (R R), 2021.
KA, T, FISCHE, . RS ANE R A B R TR T Ak I A B R[], AR IR, 2016, 23(5): 141-
143+158.

ZRE . AT SRR B I E S PR ], FPAMEEYR, 2019, 24(6): 65-69.

VR, BEAKI, AT, 25 DL OB A E PR T /R WIS MEFIT R [0). A S RARAAR T, 2017,
46(5): 55-58.

Lopez, G.M.C., Myers, M.B., Xie, Q., ef al. (2021) Wettability Alteration Using Benzoxazine Resin: A Remedy for
Water Blockage in Sandstone Gas Reservoirs. Fuel, 291, Article ID: 120189. https://doi.org/10.1016/j.fuel.2021.120189

RER. BRI E PR ER A D] [l FA08 ). KK KA MR, 2007.

SXREE, TEB, SN, SRR Si02 BRI A CEE R MR BILERD]. B 5 5, 2015, 32(6):
5-10+103.

TR, T, ZEEIR, & A EEG K IBUR 1 55 5 Y R 1 68 Al R R AL ()], AR S R, 2020,
32(11): 1960-1966.

JEIRLE. RIB SRS Y S E A B R 7 [D]: [ 244018 30 #IM: KITRE, 2024.

BT, 75 AR T 5 A a3 AR 0 1 R 5 38 PR VTN SR [D]: [0 ). F % 78 2840 T K2,
2023.

TR, P REEE R A SR R e K SR )]. &SR Z, 2023, 46(4): 95-100.

Takahashi, S. and Kovscek, A.R. (2010) Wettability Estimation of Low-Permeability, Siliceous Shale Using Surface
Forces. Journal of Petroleum Science and Engineering, 75, 33-43. https://doi.org/10.1016/j.petrol.2010.10.008

O, FLBE, BEE, & BT AR R RS S IR T S [I]. SIS SEIER, 2011, 28(5): 1-4+8+95.
FEVE, VRO, BREE, . PGS EERSUTAIRET 7T[I]. BRIRAL L, 2018, 39(4): 58-62.
Jin, J., Wang, Y., Ren, J., Nguyen, A.V. and Nguyen, T.A.H. (2016) The Effect of Fluoropolymer on Wettability Alter-

ation of Sandstone at Elevated Temperatures. Journal of Surfactants and Detergents, 19, 1241-1250.
https://doi.org/10.1007/s11743-016-1866-z

Jin, J., Wang, Y., Wang, K., Ren, J., Bai, B. and Dai, C. (2016) The Effect of Fluorosurfactant-Modified Nano-Silica on
the Gas-Wetting Alteration of Sandstone in a CH4-Liquid-Core System. Fuel, 178, 163-171.
https://doi.org/10.1016/j.fuel.2016.03.040

BENFE, JOdRAE, XUPRHE, 4. M5 EH St =il v i A s S RPN ], R a4k THERE, 2020, 21(4):
1-5.

WiSCER, Bk, R, S HEVEHRE R RE T2 ], S B R4 ThrdE 5 5, 2020, 40(20):
6-8.

BPAR, B, P&, % TUECP S IHEHERHCRREARD]. RIS, 2020, 40(4): 85-90.

s S AR HE- B R — AR N SR FE[D]: (LA 5], T2 AR, 2021.

Zhang, Q., Wei, X., Liu, J., Sun, D., Zhang, X., Zhang, C., et al. (2012) Effects of Inorganic Salts and Polymers on the

Foam Performance of 1-Tetradecyl-3-Methylimidazolium Bromide Aqueous Solution. Journal of Surfactants and De-
tergents, 15, 613-621. https://doi.org/10.1007/s11743-012-1342-3

ZoEE, RE, B8 & HBR S SaHE AT ], b TEOR 5Tk, 2024, 53(12): 13-18.

DOI: 10.12677/jogt.2025.474071 638 Al RN


https://doi.org/10.12677/jogt.2025.474071
https://doi.org/10.1016/j.jngse.2015.05.003
https://doi.org/10.2118/149942-pa
https://doi.org/10.2118/179598-pa
https://doi.org/10.1016/j.fuel.2021.120189
https://doi.org/10.1016/j.petrol.2010.10.008
https://doi.org/10.1007/s11743-016-1866-z
https://doi.org/10.1016/j.fuel.2016.03.040
https://doi.org/10.1007/s11743-012-1342-3

[ZE

[44]
[45]
[46]

[47]

[48]
[49]

AR, Bfde, 22N, & KRS ZMBEHER 1T k5 et 7). 4101, 2021, 50(12): 2788-
2792.

Mpelwa, M. and Tang, S. (2019) State of the Art of Synthetic Threshold Scale Inhibitors for Mineral Scaling in the
Petroleum Industry: A Review. Petroleum Science, 16, 830-849. https://doi.org/10.1007/s12182-019-0299-5

A, XA, SORML, S5 WHER R BEYE B R R FT[T]. RARR L, 2005(S1): 89-91+3.

Dong, J., Dong, S., Miao, Z., Wang, Q., Li, Y., Qu, C., et al. (2022) Development of a High Efficient Compound Sur-
factant for Foam Drainage in Gas Wells. Petroleum Chemistry, 62, 1047-1054.
https://doi.org/10.1134/s0965544122090134

R, RAKE, FE, & AR BT R R TN SRR AL T]. AR, 2017, 24(5): 218-219.

FKERZE, THE, Kk, & [SESIrmIARMIEREE S AR AR RS R, AWtk T, 2021, 50(12): 1349-
1356.

DOI: 10.12677/jogt.2025.474071 639 Al RN


https://doi.org/10.12677/jogt.2025.474071
https://doi.org/10.1007/s12182-019-0299-5
https://doi.org/10.1134/s0965544122090134

	天然气井液锁防治及化学处理技术研究进展
	摘  要
	关键词
	Research Progress on Liquid Lock Prevention and Control and Chemical Treatment Technology for Natural Gas Wells
	Abstract
	Keywords
	1. 引言
	2. 液锁伤害
	2.1. 液锁伤害研究进展
	2.2. 液锁伤害机理
	2.3. 液锁伤害及防治方法

	3. 解液锁剂
	3.1. 解液锁剂分类
	3.1.1. 表面活性剂
	3.1.2. 有机硅
	3.1.3. 纳米材料

	3.2. 解液锁剂作用机理
	3.2.1. 降低表面张力
	3.2.2. 改变岩石润湿性

	3.3. 氟碳材料
	3.4. 泡沫排水研究现状
	3.4.1. 泡排剂特点
	3.4.2. 泡排剂类型
	3.4.3. 井底积液的产生及危害
	3.4.4. 泡沫排水原理

	3.5. 多功能一体剂研究现状
	3.5.1. 泡排缓蚀
	3.5.2. 泡排阻垢
	3.5.3. 泡排低乳化


	4. 结论
	基金项目
	参考文献

