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Introduction

The need for new, clean, renewable sources of energy has 
become a global issue due to the depletion of fossil fuels, 
e.g., oil, coal, and natural gas, the increase in oil prices,
the generation of greenhouse gases and other air pollutants 
such as SO2 in aggravating global warming [1–3]. Bioetha-
nol is an alternative green energy to petroleum-based fuels. 
As an example, an alternative fuel for cars containing a 
mixture of 85 % bioethanol and 15 % gasoline (E85) used 
in the United States. Its octane value, which is higher than 
that of gasoline, is one of the most important factors in its 
superiority that leads to a lower amount of carbon dioxide 
emissions [4–6]. The allowable amount of water in fuel-
grade ethanol is <1.26 wt%, whereas typical ethanol con-
centrations in fermentation broth range from 1 to 6 wt% for 
lignocellulosic feedstock and 8–14 wt% for starch-based 
feedstock. Because of toxicity of alcohol on yeast cells, 
ethanol derived from biomass must be concentrated [7]. 
Distillation is a common method to purify ethanol from fer-
mentation. However, its drawback is that it extracts ethanol 
up to the azeotropic point of 95 wt%, which is not suitable 
for combustible fuel applications (ethanol concentration 
>99.5 wt%) [8]. Distillation is energetically expensive 
owing to the batch operation of the fermentor, low glucose-
to-ethanol yield, and no reuse of salts and microorganisms 
[4]. Pervaporation is considered as a promising candidate 
to replace conventional distillation, especially for dilute 
solutions [9, 10]. Particular applications of pervaporation 
include separation of mixtures containing isomers, com-
pounds with close boiling points, and mixtures containing 

Abstract  Composite membranes, with a supporting 
layer of polyethersulfone (PES) and different active lay-
ers based on poly(dimethylsiloxane) (PDMS), were pre-
pared to perform pervaporative separation of ethanol from 
water. Two approaches were adopted to enhance the etha-
nol selectivity of PDMS by: (1) evaluation of the effects of 
PDMS viscosity of two different grades and (2) the incor-
poration of new hydrophobic silica in the active layer. First, 
the structural morphology of support and active layers of 
the composite membranes was characterized. AFM images 
were evidence of the nodular structure of the membrane 
surfaces. Mean pore size and pore size distribution of PES 
layer, mean nodular size of PDMS layer, and their sur-
face roughness and water contact angle were determined. 
The relationship between these structural properties and 
the pervaporation performance of composite membranes 
has then investigated. The effects of operating parameters, 
feed concentration and temperature on the membrane per-
formance indicated that increasing the feed temperature 
improved PDMS/PES membranes pervaporative efficiency. 
Based on the results obtained, it was found that PDMS 
viscosity influenced the pervaporation performance; low-
viscosity PDMS had a greater separation factor and greater 
permeation fluxes than high-viscosity PDMS. Moreover, 
silica-filled membranes improved the separation factor and 
enhanced the ethanol flux relatively.

 * Jalal Barzin
j.barzin@ippi.ac.ir

1 Biomaterials Department, Iran Polymer and Petrochemical 
Institute, Tehran, P.O. Box: 14965/115, Iran

2 Chemistry and Chemical Engineering Research Center 
of Iran, Tehran, P.O. Box: 14968/13151, Iran

https://link.springer.com/article/10.1007/s13726-015-0387-3

http://crossmark.crossref.org/dialog/?doi=10.1007/s13726-015-0387-3&domain=pdf



