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Fig. 1 Particle image velocimetry device (a) and interfacial polymerization reactor (b)
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Fig. 2 Optical images of the interfacial polymerization process of polyamide films at different time points (a). high-speed

camera captured dynamic states at the interface (b) and velocity fields during the film formation process (c)
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Dynamic observation and microscopic mechanism investigation of
interfacial polymerization in polyamide films

WANG Ruoyuan, YANG Tianxiang , ZHANG Huishu, ZHAQO Song

(School of Chemical Engineering and Technology, Tianjin Key LLaboratory of Membrane Science
and Desalination Technology,State Key Laboratory of Chemical Engineering
and Low-Carbon Technology (Tianjin University), Tianjin University, Tianjin 300072, China)

Abstract; This work employed particle image velocimetry (PIV) to conduct real-time dynamic observation
of the interfacial polymerization process during polyamide film formation. Based on hydrodynamic
analysis, morphological characterization and separation performance, the research systematically elucidated
the microscopic mechanism of film formation and their impact on the structure and properties of the
membranes. The findings revealed that the interfacial polymerization process of polyamide film could be
divided into three critical stages: monomer diffusion-reaction, Marangoni regulation, and film self-
inhibition, each exhibiting unique hydrodynamic behaviors. A significant correlation was observed between
water permeance and salt rejection of the polyamide composite membranes and the film formation process.
The study clarified the intrinsic relationship between hydrodynamic behavior and film formation, providing
theoretical support for the optimization of preparation techniques and performance regulation of polyamide
composite membranes.

Key words: polyamide films; interfacial polymerization; particle image velocimetry; hydrodynamics; per-

formance optimization
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high-temperature carbonization (500 ~ 800 ‘C) were employed to successfully develop PAN-based
asymmetric porous carbon molecular sieve membranes. A combination of characterization techniques was
applied to systematically investigate the evolutionary mechanisms of chemical structures, carbon
microstructures, membrane morphologies, and pore architectures during thermal treatment. Experimental
results revealed that oxidative pretreatment induced the formation of a ladder-type cross-linked network
structure within molecular chains, effectively mitigating pore collapse during carbonization. The resulting
carbon membranes retained the three-dimensional interconnected pore channels inherited from the
precursor polymer membrane. The disordered and loosely stacked carbon layers facilitated enhanced gas
molecule permeation. The PAN-derived porous carbon membrane carbonized at 800 °C exhibited an
exceptional O, permeance of 1 166 GPU with an O,/N, selectivity of 1. 10, surpassing the theoretical
Knudsen diffusion limit. This work validates the feasibility of PAN as a cost-effective support layer
material and provides experimental insights for developing high-performance hollow fiber composite carbon
membranes.

Key words: carbon molecular sieve membrane; polyacrylonitrile; asymmetric porous membrane; gas sepa-

ration membrane



