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With increasing cost of raw materials and energy, there is an increasing inclination of chemical process industries toward new
processes that result in lesser waste generation, greater efficiency, and substantial yield of the desired products. Esterification is a
chemical reaction in which two reactants carboxylic acid and alcohol react to form an ester and water. This reaction is a reversible
reaction and the equilibrium conversion can be altered by varying the process parameters. Pervaporation reactor can enhance
the conversion by shifting the equilibrium of reversible esterification reactions. Polyvinyl alcohol-polyether sulfone composite
hydrophilicmembrane was used for pervaporation-assisted esterification of propionic acid with isopropyl alcohol.The experiments
were carried out in the presence of sulphuric acid as a catalyst at 50∘C to 80∘C with various reactants ratios. The esterification was
carried out for catalyst loadings of 0.089 kmol/m3 to 0.447 kmol/m3. The molar ratios of isopropyl to propionic acid used for the
experiment were 1 to 1.5. Maximum conversion was obtained for the ratio of 1.4. Also effect of other parameters such as process
temperature and catalyst concentration was discussed. It was found that the use of pervaporation reactor increased the conversion
of the propionic acid considerably.

1. Introduction

Esterification reaction is a classic example of an equilibrium-
limited reaction.The conversion is generally low due to limits
imposed by thermodynamic equilibrium. An ester and water
as byproducts were obtained from this reaction. Esters are
widely used in various process industries. It is necessary to
shift the position of the equilibrium to the ester side by either
using a large excess of one of the reactants (generally the alco-
hol).Theuse of a large excess of reactant increased the cost for
separation [1]. Pervaporation reactor shows potential alterna-
tive due to rate-controlled separation process and low-energy
utilization as compared to distillation. Further, pervaporation
can be operated at a temperature that matches the optimal
temperature for reaction with an appropriate membrane.The
last characteristic is mainly important for esterifications due
to temperature constraints [2].

Pervaporation membrane reactors have been studied for
esterification of acetic acid and ethanol [1], acetic acid and
isopropanol [3], oleic acid and ethanol [4, 5], tartaric acid and
ethanol [6], oleic acid and butanol [7], and valeric acid and
ethanol [8] with various acids or lipases as catalysts. In some
cases, the membrane itself is catalytically active [9].

There is increasing attention towards the use of mem-
brane processes to increase the yield of equilibrium-limited
reactions by selective elimination of a reaction product
[10].The review on PV separation of water-acetic acid mix-
tures and its important results are detailed [11]. Novel
poly(vinyl alcohol)-titanium dioxide (PVA-TiO

2
) mixed

matrix membranes prepared by incorporating nano-sized
titanium dioxide (21 nm) and titanium dioxide surface modi-
fied with polyaniline (PANI) into PVA and cross-linked with
glutaraldehyde [12]. Poly(vinyl alcohol) (PVA)-based nano-
composite membranes were prepared by coprecipitation of
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different amounts of Fe(II) and Fe(III) taken in an alkaline
medium and their pervaporation (PV) performances were
investigated to dehydrate isopropanol, 1,4-dioxane and tetra-
hydrofuran (THF) fromaqueous feeds containing 10–20wt.%
of water in isopropanol and 1,4-dioxane, 5–l5 wt.% of water
in THF [13]. Mixed matrix membranes of poly(vinyl alcohol)
(PVA), loaded with phosphomolybdic heteropoly acid (HPA)
and cross-linked with glutaraldehyde prepared by the solu-
tion casting technique. Pervaporation (PV) experiments were
performed to separate water–isopropanol feed mixtures [14].
Mixed matrix membranes of sodium alginate (NaAlg) and
poly(vinyl alcohol) (PVA) containing 5 and 10wt.% silicalite-1
particles were fabricated by solution casting method and
the cured membranes were cross-linked with glutaraldehyde.
These membranes were used in pervaporation (PV) dehy-
dration of isopropanol [15]. Mixed matrix membranes of
sodium alginate (NaAlg) were prepared by solution casting
incorporating 2.5, 5, 7.5, and 10wt.% of zeolite beta parti-
cles. The membranes thus prepared were cross-linked with
glutaraldehyde and tested for the pervaporation (PV) dehy-
dration of ethanol and acetic acid [16]. Filled mixed matrix
membranes (MMM) of sodium alginate (NaAlg) were pre-
pared by solution castingmethod andwere filledwith 4A zeo-
lite particles in varying compositions from 0 to 10wt% with
respect to weight of NaAlg polymer. Membranes were cross-
linked with glutaraldehyde and tested for pervaporation (PV)
dehydration of acetic acid and ethanol [17]. A very few work
has been available on pervaporation reactor for esterification
reactions of propionic acid with isopropanol. The reaction
studied for the application of pervaporation reactor is an
esterification of propionic acid with isopropanol to give iso-
propyl propionate and water:

C
3
H
6
O
2
+ C
3
H
8
O←→ C

6
H
12
O
2
+H
2
O. (1)

In the present paper, experiments were conducted for
esterification of propionic acidwith isopropanol coupledwith
pervaporation andwithout pervaporation. Also effect of vari-
ous parameters such as initial mole ratio of isopropyl alcohol
over propionic acid, process temperature, and catalyst con-
centration on the performance of pervaporation reactor was
discussed.

2. Experiment

2.1. Membrane. Polyvinyl alcohol-polyether sulfone (PVA-
PES) composite kind of hydrophilic membrane was used
in flat sheet module of pervaporation reactor (supplied by
Permionics Membranes Pvt. Ltd., India, size of test cell:
240mm × 180mm × 25mm, and MOC of test cell SS-316)
with active membrane area 0.0155m2.

2.2. Thermogravimetric Analysis (TGA). Thermal stability of
PVA-PES membrane was determined with SII Co. Exstar
TG/DTA (Japan). Thermogravimetric analyzer was used in
order to know their upper temperature limit. The sample
(6mg)was placed in an aluminumpan andheated over a tem-
perature range of 30 to 400∘C at a heating rate of 10∘Cmin−1.
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Figure 1:Thermogravimetric analyzer (TGA) analysis ofmembrane
of PVA-PES.

Feed tank

Test cell

Recirculating
(feed) pump

Fresh
water
inlet

Chiller

To vent

Vacuum pump

Permeate collector
and condenser

Figure 2: Typical diagram of pervaporation reactor (PVR).

The thermal stability was determined over temperature range
from 30–400∘C. In PVA-PESmembrane, the onset of thermal
decomposition started at 250.2∘C and decomposition ends
around 261.6∘C with melting point 256.4∘C as shown in
Figure 1 observed total weight loss was 30.3%. This shows a
high thermal stability of the PVA-PES membrane.

2.3. Apparatus. Esterification reaction and separation were
carried out in a laboratory-scale semibatch pervaporation
reactor supplied by Permionics Membranes Pvt. Ltd., India
(Figure 2). A vacuum of less than 8 mbar was generated with
a vacuumpump (Make: ILMVACGmbH;Model: Diaphragm
pump chem. Resistant, MPC 301Z). Cold water was supplied
from a chiller to condense the permeate water vapor. For per-
vaporation experiments, the flat sheet membrane test cell was
used. Recirculation pump was used (Make: Ravel Hiteks pvt
Ltd; Model: RH-P-120L) to circulate the retentate solution.

2.4. Esterification. Analytical grade chemicals were used in
the esterification reaction. The CAS number, source, and
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Figure 3: Comparison of experimental results for propionic acid
conversion (𝑇 = 80∘C; 𝐶

𝐶

= 0.358 kmol/m3; 𝑅 = 1.4; 𝑆/𝑉 =
15.19m2/m3): with PV () and without PV (◻).

grades of the chemicals used are as follows: propionic acid
(CAS 79-09-4, Qualigens 99%), isopropyl alcohol (CAS 67-
63-0, Qualigens 99%), and Sulphuric acid (CAS 7664-93-9,
Qualigens 99.9%). All the chemicals were used without any
further treatment. Esterification experiments utilized the
equivalent mole of propionic acid (500mL) and isopropyl
alcohol (510mL), giving a mole ratio of isopropyl alcohol
to propionic acid as 1 : 1. Experiments were carried out with
sulphuric acid as a catalyst. The water was removed by apply-
ing vacuum on the permeate side. Permeate was condensed
and collected in round bottom flask.

2.5. Analysis. The permeate composition and the amount
of product (isopropyl propionate) in reaction mixtures were
obtained by titration with 0.125N NaOH. Few titration was
performed in triplicate and results were obtained in the range
of ±3%, which is acceptable.

3. Results and Discussion

Esterificationwith andwithout pervaporationwas carried out
in a laboratory-scale pervaporation reactor. Effect of various
parameters such as process temperature (50–80∘C), initial
mole ratio of isopropyl alcohol over propionic acid (1–1.5),
and catalyst concentrations that were varied from 0.089 to
0.447 kmol/m3 on the performance of pervaporation reactor
was carried out. The results are discussed in further section.

From Figure 3, it was found that pervaporation enhanced
the conversion more than without pervaporation. In case of
pervaporation, considerable enhancement was observed and
the conversion was increased from its equilibrium value of
66% to 87%using a PVA-PESmembrane.Thismembranewas
themost selective one for water transport ofmembranes used
in this work [18], if the removal of water is indeed the major
mechanism for the enhancement of yield.

Catalyst concentration may be an alternative way to
accelerate ester production [19]. In view of this, the cat-
alyst concentration was varied from 0.089 kmol/m3 to
0.447 kmol/m3.The experimental results for conversion of
propionic acid during pervaporation process over various
catalyst concentrations were presented in Figure 4. It can be
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Figure 4: Effect of change in catalyst concentration on conversion
of propionic acid (𝑇 = 80∘C; 𝑅 = 1.4; 𝑆/𝑉 = 15.19m2/m3): 𝐶

𝐶

=
0.089 kmol/m3 (◻), 𝐶

𝐶

= 0.179 kmol/m3 (×), 𝐶
𝐶

= 0.268 kmol/m3
(l), 𝐶

𝐶

= 0.358 kmol/m3 (♢), 𝐶
𝐶

= 0.447 kmol/m3 ().
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Figure 5: Effect of change in ratio of initial reactants on con-
version of propionic acid (𝑇 = 80∘C; 𝐶

𝐶

= 0.358 kmol/m3; 𝑆/𝑉 =
15.19m2/m3): 𝑅 = 1 (◻), 𝑅 = 1.2 (×), 𝑅 = 1.3 (l), 𝑅 = 1.4 (♢), 𝑅 =
1.5 ().

seen that the conversion is increasing with catalyst concen-
tration. At higher concentration of catalyst, the percentage in
conversion is also increasing but not with much significance
(<5%). Hence, catalyst concentration of 𝐶

𝐶
= 0.358 kmol/m3

is optimal.
Figure 5 depicts the effect of initialmolar reactant ratio on

the propionic acid conversion. The reactant ratio was varied
from 1 to 1.5 for fixed values of the other parameters. The
higher conversion was observed for higher ratios. It can be
found that 𝑅 played a part in reaction rate but exerted no
effect on kinetics of PV [20].

4. Conclusion

Experiments for esterification of propionic acid with iso-
propyl alcohol coupled with and without pervaporation
were carried out. The performance of pervaporation reactor
was analyzed by studying effect of various parameters such
as temperature, catalyst concentration, and reactant ratio.
Using pervaporation reactor considerable enhancement was
observed and the conversion of propionic acid was increased
from its equilibrium value of 66% to 87% using a PVA-PES
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membrane.The presented data can be extended for study and
design of pervaporation reactor for similar kind of reactions.
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