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P.39 Neutron reflectivity study of the polyamide active layer of reverse osmosis membranes for water desalination  
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Reverse osmosis (RO) membranes are extensively used for domestic and industrial water desalination and 

purification processes [1,2]. Over the past decades, membrane performance has evolved markedly and size 

discrimination between species has improved yet maintaining economically attractive productivities [3]. Despite 

considerable performance gains, our fundamental understanding of membrane transport mechanisms and the 

interplay between membrane nanostructure and performance remains limited and progress has been largely 

empirical. Most membranes designed for molecular and ion separations in liquids, namely RO and Nanofiltration 

(NF) membranes, comprise a support polysulfone (PSF) layer and a coating in highly cross-linked polyamide (PA, of 

various architectures) which acts as the active layer for separation [4]. The physical-chemical and structural 

characteristics of this active layer are thus critically important in controlling the membrane permeability as well as 

its selectivity. Neutron reflectivity has unique potential is discriminating the molecular structure of the ultrathin 

active layers (typically 5-100 nm) and determine the effect of hydration and ageing of RO membranes. Furthermore, 

neutron contrast variation allows the selective elucidation of components within the membrane, providing unique 

insight into the chemistry of interfacial polymerisation and transport mechanisms. 

We present a structural study of the PA active layer as function of both reaction conditions (time and monomer 

concentration) and hydration. The fully aromatic PA active layer is fabricated as a thin film at a liquid-liquid 

interface via interfacial polymerization (IP) of m-phenylenediamine (MPD) and trimesoyl chloride (TMC). In order to 

fabricate nm-smooth films, we follow a procedure that our team has developed earlier, which employs a nano-

strand permeable support layer [5, 6]. Based on this process, we produce exceptionally well-defined thin films 

(~10nm) by controlling reaction time and reaction stoichiometry. After the thin film is formed and its support 

removed, it is the transferred onto Si wafers for neutron reflectivity. Our data indicate that the membrane 

composition is homogeneous along the direction normal to the surface, and finding is compatible with a mechanism 

for IP which proceeds through “cluster formation”.  
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