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Recovery of Acetic acid by Membrane using Vegetable oils

Pranjul Chaurasiya! Ashwani Gaur? Sumit Prajapati® Ashutosh Mishra*
1234Department of Chemical Engineering
1234pr, Ambedkar Institute of Technology for Handicapped Kanpur-208024, India

Abstract— An attempt has been made to recover acetic acid
from aqueous solutions using supported liquid membrane
(SLM) technique. A flat sheet polytetrafluoroethylene
(PTFE) supported membrane impregnated with vegetable oils
was tested for transport of acetic acid. The permeation of
acetic acid was studied by varying the experimental
conditions namely strength of stripping phase, stirring speed
and selection of LM. The oils tested for acetic acid transport
included sunflower oil, coconut oil, palm oil and peanut oil,
among which, sunflower oil gave best results with
permeability of 2.86 x 102 m/s against a stripping solution of
strength 0.1 N. After 4 h, 100% transport of acetic acid of
initial concentration 0. 01 M was observed.
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I. INTRODUCTION

Wastes from various industrial sources have been an
important environmental issue in recent years and the need to
treat these wastes has gained much attention. Many industries
generate organic wastes, of which carboxylic acids constitute
a significant fraction that can be recovered and reused. The
use of recycled waste streams has the benefit of reducing the
raw material requirement and thus reduces the cost. Acetic
acid is one of the most important organic pollutants
discharged from industrial sources. The primary sources of
acetic acid include manufacture of cellulose acetate, aspirin,
camphor, semi chemical pulping of wood, explosives, and
other processes that use acetic acid as raw material or solvent
and wastes from petrochemical industries. Depending on the
nature of process, the acetic acid concentration varies in
wastewater range from 0.1 to 5% by weight. If discharged
into water bodies, such waste will contribute to an increase in
oxygen demand. The number of products that can be reached
by chemical transformations of this simple organic acid is
surprising. Hence recovery of acetic acid is of paramount
importance. There are many methods available for the
separation of acetic acid including solvent extraction,
distillation, adsorption, pervaporation, and ion exchange.
Solvent extraction is the most common method of acetic acid
recovery and the use of trioctyl phosphine oxide, tributyl
amine and tributyl phosphate, and butyl acetate has been
investigated.

Liquid membrane technique is a novel method of
separation that provides a means to recover and recycle metal
ions and organics and have been proved to be quite successful
in comparison to solvent extraction where the two steps
(extraction and stripping) are reduced to a single step in LM.
The various configurations of LM include bulk liquid
membrane (BLM), emulsion liquid membrane (ELM),
contained liquid membrane (CLM) and supported liquid
membrane (SLM). Among these, SLM system offers the
following process advantages over traditional techniques of
separation: (i) low capital investment and operating cost, (ii)
energy efficient, (iii) capable of treating variety of elements

and compounds and selecting individual settings with high
degree of effectiveness, (iv) environmentally safe and no
harmful by-products are released which require additional
treatment, (v) selective extraction of target substances,(vi)
minimal loss of extractant, (vii) low LM requirement, (viii)
simple to operate and easy to scale up. However, the use of
liquid membrane techniques has not been employed for acetic
acid recovery but its use in recovery of various other organic
compounds such as phenol using methyl isobutyl ketone,
trioctyl amine sulphate and n-decanol as liquid membranes
has been investigated.

The use of SLM using trioctyl amine as LM for the
recovery of organic acids has been studied. The use of SLM
techniques using toxic and synthetic liquids pose
environmental and safety concerns. The use of vegetable oil
as LM for the recovery of textile dye and phenol has been
studied. Vegetable oils are naturally occurring and easily
available that is non- hazardous, non-toxic, cheap and
renewable that can be used in SLM as a novel and greener
LM. The present paper presents the experiments performed
during the investigation of the efficiency of vegetable oils as
LM for the recovery of acetic acid from aqueous solution.

Il. METHODOLOGY

Commercially available vegetable oils were used as liquid
membranes. The vegetable oils used for the study included
sunflower oil (Supreme, India), coconut oil (VVD Gold,
India), peanut oil (SVS, India) and palm oil (Ruchi Gold,
India). The acetic acid solution used for the study was
prepared from 99.7% pure acetic acid (Merck, India).
Commercially available poly tetrafluoroethylene (PTFE -
Teflon) membrane obtained from Fluoropore, Bangalore, was
used as the support material for the study. The PTFE support
was 47 mm in diameter, 0.45 ['m pore size, and 15.0 [Im
thick. The concentration of acetic acid was determined by
titrimetric  analysis using sodium  hydroxide and
phenolphthalein as indicator. A hydrophobic PTFE support
impregnated with vegetable oils served as the liquid
membrane. The support was soaked in vegetable oil
overnight. Excess oil was allowed to drip for a few seconds
at the start of the experiment after which it was sandwiched
between two silicon O-rings that was placed between the two
cells of the apparatus as illustrated in Fig. 1. The volume of
each cell of the apparatus was approximately 200 mL. The
contact area on the membrane was 11.34 cm2. Aqueous
solutions of acetic acid and NaOH were used as feed and
stripping solutions, respectively. The feed side of the
apparatus was covered with aluminium foil to prevent loss of
acetic acid as vapours. The feed and strip phases were stirred
continuously using magnetic stirrers to avoid concentration
polarization at the membrane interfaces and in the bulk of the
solutions. The transport studies were carried out at a
temperature of 27 [1 11]1C. The experiment was monitored for
8 h, during which, at regular time intervals of 1 h, the acetic
acid concentration in the feed phase was monitored by
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titrimetric analysis. Transport of acetic acid was calculated by
determining the permeability and percentage of transport.
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Fig. 1: Schematic representation of SLM apparatus for
acetic acid recovery

A. Permeability (P)

Permeability is the measure of quantity of a solute transported
through a specific area of a membrane surface in a given unit
of time.
==Vf In ([C]t/[C]0) (m/s)
At
where A = area of the membrane (m?), Vf = volume of the
feed solution (m3), [C]0 = concentration of acetic acid at zero
time (mg/L), [C]t= concentration of acetic acid in the feed
phase at time t (mg/L), t = elapsed time (s).
B. Transport (T)
The transport of acetic acid from the feed phase to the strip
phase was calculated using the following equation-
Transport = Co - Gt x 100(%)
Co
where CQ = initial concentration of acetic acid in the feed
phase, Ct = concentration of acetic acid in the feed phase at
time t.

I11. RESULT AND DISCUSSION

The vegetable oil being hydrophobic in nature allows the
selective transport of acetic acid through it from the feed
phase to the strip phase. Acetic acid is transported across the
membrane from the feed phase form, that is, acetate. This
requires that the pH of the feed phase is lower than the pKa
value of acetic acid, which is 4.76 (at 251C). At pH above
4.76, acetate ion is formed, which cannot permeate through
the LM. The pH of the feed phases of 0.1 M, 0.05 M and 0.01
M concentrations of acetic acid was found to be 3.23,3.65
And 4.05 respectively. These pH values are lower than the
pKa value of acetic acid, enabling permeation of acetic acid
across the membrane. The effect of initial concentrations of
acetic acid in the feed phase on the percentage of transport is
shown in Fig. 2. The liquid membrane used for the study was
sunflower oil and the stirring speed was maintained at 600
rpm in all experiments. The percentage of acetic acid
transported through the SLM was found to decrease with
increase in concentration of acetic acid in the feed solution,
whereas, the absolute concentration in the strip side was
found to increase with increase in initial concentration with
respect to time. This indicates that a higher concentration of
acetic acid in the feed phase leads to a larger molecular

gradient across the membrane. The decrease in transport may
also be due to maximization due to the saturation of
membrane pores with acetic acid molecules causing a build
up of the layer on the membrane surface thus preventing its
transport the effect of the strength of NaOH on the transport
of acetic acid is shown in Fig. 3. The transport of acetic acid
across the SLM could depend on the strength of the receiving
phase. The acetic acid molecule should be completely
removed from the membrane phase. If not, the membrane
phase becomes saturated with the acetic acid molecule, this
may cause a decrease in the permeation rate. The strength of
the stripping solution was varied from0.01 N to 0.1 N. The
strength of the stripping solution influences the permeability
of the liquid membrane. The higher the concentration of
NaOH, greater was the permeability of acetic acid. For 0.1 N

NaOH solution, the permeability was found tobe 2.86 X 102
m/s, indicating better transport. For higher concentrations of
NaOH, the membrane stability was poor indicated by the
change of pH in the feed and strip phases. This may be due to
hydrolysis of the vegetable oil used leading to poor stability
of the system. Hence, 0.1 N NaOH is recommended as
stripping solution for further studies. Experimental runs in
which the support was impregnated for 30 to 45 min were not
successful as the membrane was unstable and overnight
impregnation is necessary to obtain a stable LM system.
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Fig. 2: Effect of initial concentration of feed solution on
transport of acetic acid.
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Fig. 3:Effect of strength of stripping solution on acetic @
transport.

A. Effect of stirring speed

The effect of stirring speed in the feed phase and receiving
phase was studied in order to obtain uniform mixing so as to
minimize the aqueous boundary layer for effective
permeation. The stirring speed wasvaried from 500 to 800
rpm. The permeability of acetic acid was found to be better at
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a stirring speed of 600 rpm. The transport of acetic acid
increased from 500 to 600 rpm, beyond which the rate of
transport dropped. This could be due to turbulence caused at
higher stirring speeds causing the oil to dislodge from the
pores of the support.

B. Effect of vegetable oils

The oils that were studied included sunflower oil, coconut oil,
peanut oil and palm oil. The transport of acetic acid was
carried with 0.1 N NaOH strength, but a drastic increase in
the pH of the feed solution was observed for coconut oil and
peanut oil. So the strength of stripping solution was
maintained as 0.05 N for studying the effect of vegetable oils.
Sunflower oil was used, and 100% transport of acetic acid
was observed in 6 h . The use of coconut oil and peanut oil as
LM gave a transport of 91% and 80% in 8 h. Palm oil was
also used for the study, but no transport was observed. This
may be due to the presence of compounds in the oil that may
interfere with the transport of acetic acid.

C. Reuse of supported liquid membrane

The stability of the Teflon-sunflower oil system was evaluated
in terms of longtime experimental runs. The system was
found to be stable for four consecutive experiments, of 4 h
each, without re- impregnation of the support with oil. The oil
may get dislodged from the pores of the support with repeated
use, thus affecting transport. The time period for which the
PTFE support was allowed to soak in oil was also a factor in
determining membrane stability. Overnight impregnation of
support was required for better stability of membrane.
Experimental runs in which the support was impregnated for
30 to 45 min were not successful as the membrane was
unstable.

IV. CONCLUSION

It was determined that 0.1 N NaOH solution was found to be
optimum for the recovery of acetic acid at a stirring speed of
600 rpm. Higher concentrations of NaOH lead to hydrolysis
of triglyceride and hence making the liquid membrane
unstable. Among the vegetable oils studied, sunflower oil
gave the best results. Naturally occurring vegetable oils can
be used instead of synthetic organic chemicals in recovering
acidic and alkaline hydrophobic molecules such as amines,
phenols, etc. It can thus be concluded that vegetable oils offer
a greener, natural, non-toxic and economical route as liquid
membranes for recovery of acetic acid with NaOH as
stripping reagent
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