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1. Introduction 

We report a generic synthetic route to prepare
polymer-silica hybrid membrane with tunable
porosity and surface properties. First, a macro-
porous polymeric membrane is prepared using
immersion precipitation technique. Subsequent
encapsulation of the polymer matrix with a continu-
ous silica layer, substitutes the surface properties of
the polymer by the silica layer. This enables the use
of the rich spectrum of silica functionalisation tech-
niques. Hydrophilization and hydrophobization to
control wetting properties of the macroporous
hybrid membrane are evaluated. 

2. Results and discussion

Copolymer ethylene vinyl alcohol with an
average of 27 mol% ethylene (EVAL 27) and 44%

(EVAL 44), respectively and polyethersulphone
(PES) were used for membrane preparation. The
membranes were characterized by scanning elec-
tron microscopy (Fig. 1), IR, pure water fluxes,
contact angle measurements, pore-size distribu-
tion, density measurements, streaming potential,
etc. 

In the Stöber [1] silica spheres grow in a solu-
tion supersaturated with silicate species resulting
from the hydrolysis and condensation of TEOS.
To prepare a hybrid silica polymeric membrane,
we performed the Stöber synthesis in the pres-
ence of the macroporous polymeric membrane as
a polymeric template. The presence of silica on
the membrane surface, independent of the chemi-
cal nature of the substrate, is confirmed by SEM
(Fig. 2), IR, XPS, TGA analysis, density, contact
angle measurements and streaming potential. For
example, for PES membranes we find x  = –1.7
mV whereas for PES-T-G the zeta potential has
dropped to –4.9 mV, consistent with the presence
of silica species on its surface. 

The silica on the membranes contains surface
silanol groups that react easily with silylating
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agents in the form of a silane-coupling agents
(SCA). As a proof of principal, we performed
several surface modifications of hybrid silica-

polymeric membranes to obtain a variety
of functionalities. Hydrophobic, 1H, 1H, 2H,

Fig. 1.  SEM micrographs of membrane – before silica
deposition: a – EVAL 27-T; b – EVAL 44-T; c – PES-T.
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Fig. 2.  SEM micrographs of membrane – after silica
deposition: a – EVAL 27-T; b – EVAL 44-T; c – PES-T.
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2H-perfluorooctyltrichlorosilane (FTEOS) and
octadecyl alcohol (C18) and hydrophilic ami-
nated (3-aminopropyl tri-methoxysilane (APS)
functionalities were introduced on the hybrid
silica-polymeric membranes. The presence of the
coupling agent onto the membrane surface was
proven by XPS, confocal microscopy, streaming
potential, contact angle measurements, etc. 

3. Conclusions 

We have shown that alkaline hydrolysis of
tetraethoxysilane inside various polymer matrices
leads to coverage of the polymer surface with an

amorphous silica layer. The silica allows subse-
quent functionalization with hydrophobic as well
as hydrophilic silane coupling agents as confirmed
by a variety of characterization techniques. The
properties of the thus functionalized macroporous
structure are independent of the type of the starting
polymeric membrane substrate that merely pro-
vides the architecture of the pore structure without
affecting the substrate chemistry. 
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