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Abstract
To address the issue of cleaning composite fouling on reverse osmosis (RO) membranes in
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underground coal mine high-salinity water treatment systems, this study compared the effects of
two different cleaning methods—the traditional method (alkali wash-acid wash) and the optimized
method (acid wash-alkali wash-acid wash)—on the membranes. The first-stage RO system in the
water treatment membrane concentration system at the Nantun Coal Mine was selected for testing.
Both methods were applied, and changes in membrane recovery rate, inter-stage pressure differ-
ence, and water production were observed before and after cleaning. The results showed that after
cleaning using the optimized method, the recovery rate of the first-stage RO system met design re-
quirements and was significantly higher than that achieved with the traditional method. Taking into
account the high hardness and organic content typical of high-salinity water in coal mines, this study
explores an improved sequential cleaning principle: first, acid washing is used to remove inorganic
scale, facilitating the removal of organic matter during alkali washing; then, a second acid wash re-
moves residual alkali solution and prevents the reformation of scale. This method significantly ex-
tends the intervals between membrane cleanings and can serve as a reference for similar high-sa-
linity water treatment projects.
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Table 1. Influent index range of primary RO system
F 1. —R RO RGHKIBITEE

75 HEK$E bR FeAR i HAE 75 HEK$E bR EistaeA il 2K (YA
1 pH 6.5~8 - 7 2 0.02 mg/L
2 RS S 3500~4500 us/cm 8 M <1 NTU
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3 COD <10 mg/L 9 Si02 15~18 mg/L
4 S E 700~800 mg/L 10 DS 2900~3200 mg/L
5 5 T 180~200 mg/L 11 k& 200~250 mg/L
6 B A 65~75 mg/L 12 SO 1650~2200 mg/L
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Table 2. Evaluation indicators of chemical cleaning under two modes
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Table 3. System performance metrics for the two medicated wash modes
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Figure 1. Comparison of recovery rate before and after chemical cleaning under two modes
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Figure 2. Differential pressure changes before and after chemical cleaning in two modes
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Figure 3. Cost comparison of cleaning agents for two modes

3. PSR AT AT

5. &ig

BEXTEN /K S RS AR, SR “PRVE - B0k - BV =B WY, "R —4Z RO &
SRR BYIIRBCTHE 70%, WETRBCREZFM TS “k - mRie” k.

DAY RS P B2 . SE BRIV RBRTHUINZE, BE M WEa ;AR A Rk R AL
SRR e s B Y IRBR e 25 B R AR BB S e 4l N5 0, T8 3 “ 2 RRIE . RSB .

AT BE TR RIER T BETHBE A, 198 257003 ) DL R sl b S SE e B, R ARBF I 22 R AN T
FERLFH AT, D & Kb R 4 RO (CaCOs MgCOs S5 TEHL B A WU i ) A 255 e 7 T
HA 28R

SEEk
(1]  BERAE, ZepE, 25k, 25 FRERT 7 HKAA I ARPR S RED]. FREHEERR, 2021, 49(1): 11-18.
[2] ZX, FHH. RBIFEKIE R T E K AEE 5 R[], 3§55, 2026, 42(2): 150-152.

[31 HIUKR, Jeffery Zhang, FkfiEtd, & A I N AR B SISE K75 BB TE[T]. BERFHEEOR, 2021, 49(4):
103-110.

(4] ZEEEMS. SRR B AR SIS IE RS AT 9 KR ERE RERT AU [D]: (2200830 BRI T K%, 2024,

DOI: 10.12677/aep.2026.168134 1342 IR AT


https://doi.org/10.12677/aep.2026.168134

i

bl

=3
N

[7]
(8]
(9]
[10]

(11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

A, (R, BN, & 0 IHKRIBE RGPS AR SPEIELHIT]. LR E2ER, 2024, 46(6): 1004-1011.
KR UE, Fhag, REEM, S5 IReUME RS RIBIE EAET I KN 3R AL B o 1) N R BAR G B AT [T]. SR
), 2025, 50(S2): 1093-1100.

TN, T, Y, & Wi HKIEZFHOR T 2% se Bt T[], 4AKHEK, 2024, 60(2): 85-90.

AR, EA, FREEM, . BT I KB ARIRE R[] DlKALIE, 2024, 44(9): 1-8.

WoR, BREYL, VERRE, . D HOKIRE URIBIE RGN EIE Y], BEIRE IR, 2025(5): 126-128.
FE, WIGE, MR, S Kl HEG KB RS RO TS YL AR AT S ARBE[T]. Talk/KARHE, 2024, 44(11):
188-193.

e, AR IE K A3 S 1B I B G R DT )], BOR 513, 2024, 31(7): 85-88, 92.

SR K, 2%, RHZE, 5. — Mg &AL I 7 T4 B 5 3 5 5048 A 0 3 e 7 v [P b B A,
CN120132613A, 2025-06-13.

Liu, Z., Cao, J., Li, C. and Meng, H. (2017) A Review on Cleaning of Nanofiltration and Reverse Osmosis Membranes
Used for Water Treatment. Desalination and Water Treatment, 87, 27-67. https://doi.org/10.5004/dwt.2017.21002

Wang, H., Wang, L., Li, E., Dai, R. and Wang, Z. (2023) Efficacies and Mechanisms of Different Cleaning Strategies

for NF and RO Membranes in a Full-Scale Zero Liquid Discharge System. Journal of Water Process Engineering, 56,
Article 104308. https://doi.org/10.1016/j.jwpe.2023.104308

Wang, Z., Ouyang, R., Zhang, G., Wei, C., Ji, S., Li, Q., et al. (2026) Reverse Osmosis Membrane Cleaning Optimization
from Textile Dyeing Wastewater Reuse Applications. Membranes, 16, Article 29.
https://doi.org/10.3390/membranes16010029

Ang, W.S., Tiraferri, A., Chen, K.L. and Elimelech, M. (2011) Fouling and Cleaning of RO Membranes Fouled by
Mixtures of Organic Foulants Simulating Wastewater Effluent. Journal of Membrane Science, 376, 196-206.
https://doi.org/10.1016/j.memsci.2011.04.020

TSN, AT, SHEIE, & SR KBRS IE RS S BRE VSR IR AT AL [I]. RIA4L T, 2019, 48(6): 1392-1396,
1412.

Bk, THR, F#R8 —M5ERRBKRIBESGENIEE AP HE%EF], CN116747714A, 2023-09-
15.

DOI: 10.12677/aep.2026.168134 1343 N RI R Y


https://doi.org/10.12677/aep.2026.168134
https://doi.org/10.5004/dwt.2017.21002
https://doi.org/10.1016/j.jwpe.2023.104308
https://doi.org/10.3390/membranes16010029
https://doi.org/10.1016/j.memsci.2011.04.020

	煤矿高盐水中反渗透膜化学清洗顺序的优化研究
	摘  要
	关键词
	A Study on Optimization of Chemical Cleaning Procedures for Reverse Osmosis Membranes in High-Salinity Coal Mine Water
	Abstract
	Keywords
	1. 引言
	2. 工程概况与水质条件
	2.1. 工艺流程
	2.2. 一级RO系统配置
	2.3. 进水水质特征

	3. 实验材料与方法
	3.1. 污染判断与清洗时机
	3.2. 清洗药剂与配方
	3.3. 清洗方案
	3.3.1. 传统模式(碱洗–酸洗)
	3.3.2. 优化模式(酸洗–碱洗–酸洗)

	3.4. 评价指标

	4. 结果分析
	4.1. 两种清洗模式的清洗效果对比
	4.1.1. 回收率恢复情况
	4.1.2. 段间压差与产水量变化

	4.2. 清洗机理分析
	4.2.1. 煤矿高盐水的污染特性分析
	4.2.2. 优化顺序(酸–碱–酸)的机理优势
	4.2.3. 传统模式(碱–酸)的不足分析

	4.3. 清洗效果对系统运行的影响
	4.3.1. 清洗周期
	4.3.2. 膜寿命预期
	4.3.3. 清洗药剂成本


	5. 结论
	参考文献

