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A B S T R AC T

Pervaporation is a promising method to recover bio-alcohols from fermentation broths because 
of its high energy-saving potential. A silicalite membrane was prepared and applied to the 
pervaporation separation of 1-butanol, 2-propanol, ethanol and acetone from dilute aqueous 
solutions. In feed solvent concentrations in the range of 0.5−5.0 wt.%, the solvent fl ux of ethanol, 
2-propanol and acetone increased with the increase of feed concentration, whereas 1-butanol 
fl ux was not greatly infl uenced by the feed concentration. In contrast to other solvents, the 
separation factor for 1-butanol solution decreased with the increase of feed 1-butanol concen-
tration. This is because 1-butanol concentration in the permeate did not increase along with 
the increase of the feed 1-butanol concentration due to adsorption saturation. The solvent fl ux 
increased with the increase of separation temperature for all the solvents. The separation factor 
of 1-butanol and 2-propanol increased with the increase of separation temperature in the range 
of 30−60°C, while the separation factor of acetone and ethanol was not greatly infl uenced by the 
separation temperature. Silicalite membrane shows higher selectivity toward 1-butanol solu-
tions than silicone membrane when the feed concentration is low and the temperature is high.
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1. Introduction

Utilization of renewable and non-edible biomass 
resources greatly contributes to reducing dependence on 
fossil resources, and as a result will lead to the reduction 
of CO2 emissions related to global warming. Of particu-
lar interest are bio-alcohols such as ethanol and butanol, 
which can be used both as liquid fuels and as feedstock 
[1]. Bio-ethanol is generally produced at a concentra-
tion of about 10 wt.% from fermentative sugars such as 
glucose and sucrose, while bio-butanol is generally pro-
duced at below 2 wt.% [2,3]. Butanol has some merits over 
ethanol, e.g., high energy density, miscibility with diesel 
fuel, and a low vapor pressure [4]. Moreover, butanol-

producing bacteria can ferment pentoses such as xylose 
and arabinose, which originate from cellulosic biomass [2] 
and cannot be converted into ethanol by natural yeasts. 
Therefore, establishing an effi cient methodology for pro-
ducing bio-butanol has been a recent focus of research [5]. 
Low butanol concentration solutions are generally refi ned 
by distillation. However, distillation for this application 
is energy-ineffective. For example, the energy require-
ment for purifi cation of butanol from 5 to 790–810 g/l 
was calculated to be 24.2 MJ/kg-butanol [6] when steam 
stripping distillation was used. This value corresponds to 
about 70% of the heat value of butanol.

In order to overcome this problem in the purifi -
cation process, other separation methods, including 
adsorption and gas-stripping, have been applied and 
evaluated. Among the separation methods applied to 
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