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Estimation of Permeance and Activation Energy for
Separation of Ethanol from Ethanol/Water Binary
Mixture by Pervaporation with PDMS Membrane
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Abstract- In this study pervaporation experiments were
conducted to study the permeation behavior of binary ethanol-
water mixture using polydimethyl siloxane membrane. The
effects of feed flow rate, feed composition, and feed temperature
were examined on permeation flux and separation factor. On
increasing ethanol concentration in the feed, permeation flux was
enhanced and separation factor was reduced; whereas
permeation flux and separation factor both were increased on
increasing the feed temperature and feed flow rate.

The solution-diffusion model (combination of Henry’s law of
sorption and Fick’s law of diffusion) is used to predict the
solution-diffusion-desorption steps with a driving force term and
a permeation term. The activity coefficient of ethanol and water
in the binary mixture was calculated with UNIQUAC model. The
activation energy of ethanol permeation was calculated by
Arrhenius relationship. Permeance of ethanol varied from 10.96
to 11.62 g/m®.h.bar, on increasing the ethanol concentration from
5-20 vol%. The activation energy for ethanol permeation was
found to vary from 5.77 to 4.13 kJ/mol when the ethanol
concentration in the feed was increased from 5% to 20 vol%.

Keywords: PDMS membrane, Pervaporation, Solution- Diffusion
model, Activation energy, UNIQUAC (UNIversal-QUAsi-
Chemical)

I. INTRODUCTION

thanol is an alternative green fuel that has received much

attention over the last few decades [1]. Ethanol
production from fermentation and the effects of its various by-
products have been widely investigated [2]. Compared with
traditional distillation, membrane separation technology has
emerged as an attractive method for the separation of ethanol-
water mixtures [3]. For example, pervaporation (PV)
separates ethanol-water mixtures efficiently at low operational
costs, as it is operated at low feed temperatures and pressures;
moreover no additional chemicals are necessary for separation

[4], [5].

Pervaporation is a membrane process, in which a phase
change takes place across the membrane. The liquid mixture
is brought in contact with one side of the membrane and the

permeate is removed as a low pressure vapor on the other
side. The driving force for mass transport over the membrane
is the chemical potential gradient created by applying a
vacuum pump on the permeate side to lower the partial
pressure of the feed liquid and thus lowering the chemical
potential of the permeate stream on the downstream side [6].

One of the most applied polymeric membranes for ethanol-
water separation is polydimethylsiloxane (PDMS) [2]. PDMS
exhibits high selectivity and permeability towards ethanol
because of its flexible structure and therefore, is preferred for
the removal of ethanol from water [7]. It is well known that
the pervaporation performance is not only dependent on the
properties of membranes, but also the process conditions such
as feed concentration, temperature, permeate pressure and
feed flow rate [8]. Though a number of researchers have
studied the effect of operation conditions on pervaporation
performance in terms of flux and separation factor; correlating
separation performance with temperature and intrinsic
separation characteristics of commercial PDMS membrane
remain to be an underexploited area of research [9]. Verhoef
et al. (2008) demonstrated the importance of taking the
combined effects of activity coefficient and saturation vapour
pressure into consideration while analysing the temperature
effect on a hydrophobic nanofiltration membrane (SolSep
3360) performance for separation of ethanol from ethanol-
water mixture [10]. The operating parameters affect the
apparent membrane performance of membranes in
pervaporation. Without using the permeance as a membrane
performance parameter, these effects may be simply
overlooked from the flux plots. Permeance is recommended
when comparing the separation performance of the
membranes, since it allows distinguishing the effect of the
nature of the membrane and the operating conditions [11].

The mechanism of mass transfer of permeate across non-
porous polymeric membrane include two stages: sorption of
liquid, and its diffusion through the free volume of the
polymeric material [8]. Many models have been proposed to
predict the mass transfer process, such as solution diffusion

www.rsisinternational.org
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KINETICS OF BIOETHANOL PRODUCTION USING SACCHAROMYC ES CEREVISIAE
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ABSTRACT

In the present work, an attempt was made to expla@otential o5. cerevisia&-35 for fermentation of glucose
to produce ethanol in batch culture. Effects ofapaeters, such as initial inoculum loading in thegeof 5-40 gL dry
cell weight (DCW) and glucose concentration (in thage of 5-26% by weight) were investigated. Maximethanol
yield and volumetric productivity were obtainedimiculum loading of 20 gt DCW and increased marginally at 40gL
DCW. With increased initial sugar concentrationluwoetric productivity was increased and the maxinpnaductivity of
10.46 gl*.h' was obtained with 13% sugar concentration at 4dntesponding to 94% of the maximum theoretical
possible conversion. At high sugar concentratibitgh productivity was obtained up to 10 h, corresping to 6.9 and 5.9
gL*h™ at 20% and 26% initial glucose concentrationg)eetvely. The high productivities obtained witle theast, even at
20-26% sugar concentrations, implies the robustobfise yeast strain and potential for its indastuse. Furthermore, in
order to understand the kinetic behavior, the drpental data was fitted into a kinetic model basedmodified Monod
equation to predict the inhibitory effects of etbhand glucose on fermentation performance. A MAB®program was
employed to estimate the kinetic parameters inmioelel. High B and low RMSE values supported good agreements

between experimental data and model predictions.
KEYWORDS: Bioethanol, Dry Cell Weight, Fermentation, Kinetidé4onod EquationSaccharomyces Cerevisi¥e35
INTRODUCTION

In the last few decades, fossil fuel reserves as¢ depleting due to the increased usage of tratagipm fuel,
which is also raising environmental concerns duthéoincreased particulate and greenhouse gasssiens. This has led
to intensive research for green alternative fualshsas bioethanol and biodiesel. It has been esidndat U.S. could
produce 284 billion liters of cellulosic ethanolrpear by 2030, more than half of today's U.S. tiasademand (RFA,
2015). The most economical and widely used metlmodHe production of ethanol involves fermentat@fnsugars by
yeast,Saccharomyces cerevisiak is the choice organism for sucrose and stérabed ethanol industries. In order to
efficiently produce ethanol, specific growth raseigar consumption rate, volumetric productivityhaetol yield, and
ethanol tolerance must be on higher side for aoniganism (Zabed et al., 2014). However, the seleaif a particular
industrial strain is usually based on historicabugrds, rather than scientific and hence suboptiimatheir purposes

(Steensels et al., 2014). Industrial processes$yrase the best performing strain. Therefore, themill a lot of scope to

www.iaset.us edit@iaset.us



International Journal of Environmental Research and Development.
ISSN 2249-3131 Volume 4, Number 4 (2014), pp. 387-394

© Research India Publications
http://www.ripublication.com/ijerd.htm

Bioethanol Production in Membrane Bioreactor (MBR)
System: A Review
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Abstract

World is facing not only atmospheric pollution but also climate
changes as consequences of the use of petroleum fuels and progressive
depletion of non-renewable energy resources. Therefore, biofuels as
ethanol derived from biomass through fermentation are becoming more
significant. The concentration of ethanol in the fermentation broth can
range from 1 to 15 wt% depending upon the source of biomass and
hydrolysis process. The water content of ethanol in broth must be
reduced from 85 to 99 wt% to less than 1.3 wt% water to produce fuel
grade ethanol. Distillation is the traditional technology for the recovery
of ethanol from these dilute biomass fermentation broth which needs a
high amount of energy. As an alternative, pervaporation is a membrane
separation method that can be coupled with fermentation to remove
ethanol from the fermentation broth continuously. Combining
fermentation with pervaporation in addition to water and energy
savings, will also reduce product inhibition by keeping the ethanol
concentration in the broth low and simplify downstream processing as
the ethanol recovered will be more concentrated. Overall, this review
paper demonstrates that membrane bioreactor can serve as a highly
selective, cost and energy saving technology in the bioethanol industry.

Keywords: Bioethanol, MBR, Pervaporation, Fermentation.

1. Introduction

The global production of bioethanol showed an upward trend over the last 25 years
with a sharp increase from 2000. Worldwide annual production capacity in 2005 and
2006 were about 45 and 49 billion litres, respectively and total output in 2015 is
forecast to reach over 115 billion litres. Brazil was for a time the largest bioethanol



