
Desalination and Water Treatment
www.deswater.com
1944-3994/1944-3986 © 2011 Desalination Publications. All rights reserved
doi: 10/5004/dwt.2011.2078

*Corresponding author.

27 (2011) 135–140
March

Pervaporation through composite membranes with plasma 
treatment of porous support

B. Villagra Di Carloa,*, Juan Carlos Gottifredia, Alberto Claudio Habertb

aInstituto de Investigaciones para la Industria Química, (INIQUI-CONICET), Universidad Nacional de Salta, 
Facultad de Ingeniería, Av. Bolivia 5150, c/p 4400 Salta, Argentina
Tel. +54 387 425 5410; email: betinadicarlo@gmail.com
bUniversidade Federal do Rio de Janeiro, Programa de Engenharia Química, 
COPPE, C.P. 68502, CEP 21945-970 Rio de Janeiro, RJ, Brazil
Received 4 June 2010; Accepted 29 July 2010

A B S T R AC T

Composite membranes were prepared in independent stages. First, a polyethersulfone (PES) 
support porous membrane was synthesized by the phase inversion technique; a plasma pre-
treatment of the substrate surface using argon was followed by activated support coating with 
a layer of hydrophilic polymeric mixture of poly(vinyl alcohol) (PVA, 75 wt.%) and poly(acrylic 
acid) (PAA, 25 wt.%). Finally, thermal treatment of the composite membranes to promote 
crosslinking of the coated polymer was undertaken. Morphology was examined by electronic 
microscopy (SEM) for both, support membranes and the polymeric blend layer. Contact angles 
(θ) were measured and surface free energy (γS) and adhesion work (Wa) estimated, to evaluate 
the effect of plasma and hydrophilic polymer coatings. From infrared spectra with horizontal 
attenuated total refl ectance (FT-IR/HATR), surface chemical composition of support membrane 
and incorporated hydrophilic groups, were analyzed. Composite membranes were investigated 
with water–ethanol (20/80 wt.%) mixtures performing pervaporation (PV) experiments at sev-
eral temperatures (30, 40, 50 and 60°C). The membrane showed good performance for separa-
tion of water from ethanol. Fluxes, selectivity (αwater/Ethanol) and permeation activation energy 
(EJi) are reported showing that the composite membranes were selective to water. Pervaporation 
separation index (PSI) (g m−2 h−1) increased continuously with temperature.
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1. Introduction

Pervaporation is a separation process with increas-
ing potential in several industries, particularly in biofu-
els production. A sorption-diffusion mechanism governs 
molecular transport through polymeric membrane and 
mass transfer rate grows linearly as dense membrane 
thickness decreases while mechanical resistance is 
affected in the opposite way. Therefore, pervaporation 
selective membranes usually need a suitable porous 

support to allow deposition of a dense polymeric fi lm 
to produce a stable composite membrane with required 
selectivity and mechanical properties [1].

Among other techniques a composite multilayer 
membrane can be prepared by coating fi lms of hydro-
philic polymeric materials on a porous supporting mem-
brane [2]. Thus, the fi lm thickness can be reduced up to 
the point where the supporting surface is completely 
covered by the coating material. Same criterion must 
be applied for each successive layer deposited over the 
previously synthesized porous membrane. On the other 
hand, mechanical properties may be adequate through 
the suitable choice of the support porous membrane, 
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