
Fabrication of Three-dimensional Metal oxide Porous Membranes from 
Multi-layer Block Copolymer Templates 

Block copolymers (BCPs) are considered promising materials for various membrane applications 
ranging from ultra-filtration for water treatment to protein separation due to their ability to self-assemble 
into highly ordered structures with uniform pore size and high pore density. Typically, the pore’s size and 
surface interactions are controlled by the BCP chemistry. However, simultaneous control over both 
properties is difficult to achieve. In particular, controlling the three-dimensional (3D) structure of the pores 
through the BCP chemistry is considered a major challenge. 

In this study, we aim to tailor the 3D structure of ultrafiltration membranes by precise layer-by-
layer fabrication of block copolymer-templated metal oxide porous layers. Poly (styrene-block-methyl 
methacrylate) (PS-b-PMMA) was used to create BCP films with vertically-oriented polystyrene cylinders. 
Sequential infiltration synthesis (SIS), an atomic layer deposition based technique that enables selective 
growth of metal oxides inside the polar domains of BCP, was used to grow Al2O3 inside the PMMA 
domains of the BCP films. The metal oxide growth was followed by polymer etching, resulting in block 
copolymer-templated metal oxide porous structure. Structural characterization was performed by scanning 
electron microscopy (SEM) (figure 1a) to probe the surface structure and analyze the resulting membrane 
pore size distribution. The double layered structure was imaged by scanning transmission electron 
microscopy (STEM) to visualize the 3-D pore structure by using high angle annular dark field (HAADF) 
(figure 1b) and bright field (BF) (figure 1c) STEM tomography. The judicious selection of the BCPs 
molecular weights and SIS processing conditions enabled us to separately tune the pore size of each layer. 
This layer-by-layer technique will allow control over pore size as well as surface chemistry, providing tools 
for fabricating efficient membranes for separation. 

 

 

 

 

 

 

 

Figure 1 – Micrographs of a double layered aluminum oxide membrane from a) SEM b) HAADF STEM c) BF STEM 
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