CRVECRN Y o5 TR Vol.44 No.3
2026 4F 3 H Environmental Engineering Mar. 2026

DOI:10. 13205/j. hjge. 202603003
W, EARAE B A, S L TRl B 5 Ak SR AL B S B Y R K AR R PR Y SR L], FRER TORE,2026,44(3) :30-45.
YANG F, WANG Z H, DAI G Q, et al. Progress on ozone mass transfer enhancement mechanisms in membrane contactor reactors and

their applications in textile dyeing and finishing wastewater treatment[ J |. Environmental Engineering,2026,44(3) :30-45.

JB2 5 fik RO 25 TR AL R B AR S ALE] 5 PP S R K AL 2

oM EREY BEEY Fenr atka

(1. WPV B TR AWy e 4 bR 4 5 5236 55, i 3100185 2. | 508 Koy BB Rl % 5 TR b, i
2002405 3. Wil T K A S YR E R T #H TR oL Bt 310018)

B OERAAMBAENNLEEARLAEN AT R LAECNEA R T R2AE A EROEOMA, B
BB # (membrane contactor reactor, MCR) B M A MR LA A AW, TEF RO R AL R L2, FEERAET S L
CRFHEERG EETE MR AR ETREEFR AL T LT RME . RLLER T MCR ¥ 2 & 7 AL
HWA R R NET REF R IE G oF = 4 RS #A B B A, AT T B A R4 M (3L K % PTFE/PVDF
W) T AB(ARRE B EEZ pHE) R REA N B AERRE R AL EZEAE, PR T MCRA 7 5 K K
AEFEFEHBEBE ENHT CRERERNNE AR, AREN . RUEHNMCRAARAGRRER Z KLt
REAETLES~10M, KBBAA T T LB a5 B85 585 K WEE R GRR LA 0 £ R ER K T
TMFERRY. RE BUARTAFERARERNTR-TWEB-RAKBE N Z i L6 EAHMERRIT BE )
VI EZEABECNRER NN BT ETABEANERSBAAEERAME P RAEGIAREF ML
FRAGRGEIIN T EETE , AMCR-EATZN T RN ARBEERKESHAEE,

KGR R A R R 5 B A 5 B K ROAL AR 5 A AL 3

Progress on ozone mass transfer enhancement mechanisms in membrane contactor reactors and their

applications in textile dyeing and finishing wastewater treatment

YANG Fan'?, WANG Zhenhua'*, DAI Gaogi'®, LUO Jinming”, YU Deyou'*"

(1. State Key Laboratory of Bio—based Fiber Materials, Zhejiang Sci—-Tech University, Hangzhou 310018, China;
2. School of Environmental Science and Engineering, Shanghai Jiao Tong University, Shanghai 200240, China;
3. Engineering Research Center of Ecological Dyeing and Finishing Technology (Ministry of Education) ,
Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: Ozonation is an effective advanced treatment technology for textile dyeing and finishing wastewater; however, its
large-scale application is primarily constrained by its intrinsically low ozone mass transfer efficiency. Membrane contactor

reactors (MCRs) can significantly enhance ozone mass transfer by constructing microscale gas-liquid interfaces, offering
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advantages such as high mass transfer efficiency and the absence of secondary pollution. Nevertheless, issues including
membrane fouling, high material costs, and poor operational stability still limit their engineering-scale implementation. This
study systematically reviewed recent advances in the mechanisms of ozone mass transfer enhancement in MCRs. The
principles of gas-liquid interfacial mass transfer and the design characteristics of hollow fiber membrane contactor
configurations were introduced. The regulatory effects of membrane material properties (e.g., the selection of hydrophobic
PTFE/PVDF) , operating parameters ( gas-liquid flow rates, transmembrane pressure, and pH), and mass transfer models on
the volumetric ozone mass transfer coefficient were critically analyzed. Furthermore, the application efficiency of MCRs in
textile dyeing and finishing wastewater treatment was evaluated, with particular emphasis on efficient dye removal, organic
malter mineralization, and decolorization. Research demonstrated that optimized MCR systems could increase the volumetric
ozone mass transfer coefficient by 5~10 times compared with conventional bubble column processes, thereby substantially
enhancing the kinetics of pollutant degradation. However, challenges such as membrane fouling-induced flux decline,
bromate by-product formation, and cost-benefit optimization remained to be addressed. Finally, future research directions
were proposed, focusing on the rational design of multifunctional composite membranes integrating antifouling properties ,
corrosion resistance, and low cost; the elucidation of interfacial reaction mechanisms through coupling with intensified fields
such as high-gravity and electrocatalytic processes; the development of intelligent parameter regulation systems based on
process modeling; and comprehensive techno-economic and environmental risk assessments at the pilot scale. These efforts
will provide theoretical support and technical guidance for the engineering application of MCR -ozone processes.

Keywords: membrane contactor reactor; ozone mass transfer; textile dyeing and finishing wastewater; mass transfer

mechanism; wastewater treatment
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Table 1 Mass transfer of different membrane modules at

approximately the same liquid velocity™’

JIEE A Ak d/mm L/m V,/(m/s) Ke\p/(m/s) K, /(m/s)
a-ALO; 7.8 0.340 0.011 2.15x107  3.78x10°°
PVDF 2.6 0.203 0.010 3.96x107°  6.39x10°°
PDMS 1.6 0.200 0.084 1.16x10°°  7.64x107°
PVDF 0.5 0.260 0.012 4.17x10°  1.07x107°
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Figure 1  Typical ozone membrane contacting configurationm:
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Table 2 Comparison between MCR and several conventional
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Table 3 Comparison of different membrane module types
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Figure 3 Schematic diagram of the coiled catalytic membrane reactor
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Figure 4 Schematic diagram of the mass transfer process in the hollow

. 43
fiber membrane contactor
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