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ABSTRACT:  
 
The investigation of laboratory scale continuous reactive distillation process for the esterification reaction of acetic 
acid with iso amyl alcohol, catalyzed by the ion exchange resin is carried out. To overcome the equilibrium 
limitations, the products –viz, iso-amyl acetate and water are separated by distillation during the course of reaction. 
Approximately 3-m-tall column with reactive section packed with commercial catalytic packing (FENIXTM DM 
PAK), nonreactive section packed with wire mesh packing is designed and operated for this study. Iso-amyl acetate 
synthesis is examined with experimental runs on reactive distillation to study the behavior of reactive distillation 
system for various operating parameters such as feed flow, feed locations, reboiler duty, and molar ratio on the 
conversion and purity of product. Reasonably good agreement between the experimental and simulation results is 
realized. 
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[I] INTRODUCTION: 
 
Integrating reaction and separation processes, 
reactive distillation (RD) is presently being used 
as a unit operation to improve conversion of 
reactions that are equilibrium-limited. [1] The 
two commercial scale and most well-known 
products of RD technology are MTBE (methyl-
tert-butyl ether, a gasoline component replacing 
lead compounds) and methyl acetate (used for 
the production of photographic films). RD 
columns can overcome equilibrium limitations 
by removing the product out of the reaction 
zone and in turn forcing the reaction to complete 
conversion.[2] Moderately exothermic reactions 
are considered ideal to be carried out RD 

columns because the heat of reaction can be used to 
heat the column and thus drive separation. In this 
case the device makes ideal  
use of the energy produced in the reaction lowering 
environmental costs.[2,3] 
Esterification of iso-amyl alcohol and acetic acid 
for the synthesis of iso amyl acetate has been the 
model reaction for the present research studies in 
reactive distillation.[4] The alcohol is sparingly 
soluble in water and esters and water are almost 
insoluble. An additional feature is that the ester-
water-alcohol forms a ternary heterogeneous 
azeotrope, which is minimum boiling. Hence, in a 
typical RD column that consists of both reactive 



Production of Iso-Amyl Acetate in a Catalytic Distillation Column: Experimental Studies 
 

                                                          

 

 

 

Kiran D. Patil and Bhaskar D. Kulkarni                                                                                                                                                85 

and nonreactive zones, the heterogeneous 
azeotrope or a composition close to azeotrope 
can be obtained as the distillate product. 
Moreover, the aqueous phase that forms after 
condensation of the vapor is almost pure water. 
[5] It can be easily withdrawn as a product, and 
the organic phase can be recycled back as reflux. 
The pure ester, which is the least-volatile 
component in the system, is realized as a bottom 
product. One can conveniently separate water 
and enhance the conversion. iso-amyl acetate 
has been used in the industry as a solvent, and 
extractants, and polishing agent. It is used as 
artificial flavoring in banana-flavored bubble 
gums, as preservative in sodas and soft drinks as 
well as artificial scent for covering unpleasant 
odors [6] 
A laboratory RD experimental set up is designed 
and constructed to synthesize iso-amyl acetate 
from iso-amyl alcohol and acetic acid. The 
motivation and objectives for experimental 
investigations are, test the applicability of RD 
technology for iso amyl acetate synthesis, 
validate steady state simulation results obtained 
from Aspen plus  and examine the effect of 
operating parameters (such as feed stage 
locations, feed flow rare, reboiler duty, molar 
ratio of the reactants etc.) on conversion and 
separation of RD column. 
 
[II] PREVIOUS STUDIES: 
The literature on this reaction in a RD column 
may be broadly classified in two categories. The 
first one, which deals with recovery of acetic 
acid from aqueous streams while the second 
category, which is directly related to the present 
work, aims at the production of iso amyl acetate 
from pure acetic acid and iso-amyl alcohol.[4,5] 
The recovery of dilute acetic acid from 
wastewater streams is a major problem in the 
petrochemical and chemical industries 
[6,7].This includes the manufacture of cellulose 
esters, terphthalic acid, dimethyl terphthalate 
and reactions involving acetic anhydride. 
Among these processes, the process for the 
manufacture of cellulose acetate from 
acetylation of cellulose by acetic acid, acetic 

anhydride and sulfuric acid, is typically associated 
with a 35% w/w aqueous solution of acetic acid as 
a waste stream. Terphthalic acid process involves 
the concentration even up to 65% w/w if acetic acid 
in water (Brunt, 1992). The wood distillation 
contains much lower concentrations (1-8 % w/w) of 
acetic acid. [6] 
Kuo et al, discussed the use of adsorbents for the 
recovery of acetic acid from aqueous solution. Yu 
et al., suggested the use of bipolar membrane 
electrodialysis for the recovery of acetic acid from 
dilute wastewater.[8]  Bianchi et al, reported the 
use of esterification to clean industrial water from 
acetic acid using n butanol and 2-ethyl1-
hexanol.[11] Shi et al, proposed the use of SO2 for 
recovery of acetic acid from an anaerobic 
fermentation broth.[9] 
RD is promising and cost-effective method of 
separation for the recovery of dilutes acetic acid 
from its aqueous streams. Moreover, a value added 
product in the form of iso amyl acetate is produced 
during recovery of acetic acid by esterification with 
iso-amyl alcohol. An additional column will be 
required for the complete separation of iso-amyl 
alcohol and iso-amyl acetate. The column would 
not involve water since it has the highest latent heat 
and hence the energy costs would be minimized. 
[8] Iso-amyl acetate synthesis in RD column was 
studied using dilute acetic acid by Lee et al (2005), 
Saha et al, (2005).  Saha et al, (2000) have reported 
experimental results on the recovery of dilute acetic 
acid through esterification with higher alcohols 
such as n-butanol and iso amyl alcohol in a RD 
column using ion-exchange resin, Indion 130 as 
catalyst. [9] The different column configurations 
were studied by changing the reflux location, length 
of catalytic zone, and length of total column height 
to get optimal results.  The effect of various 
parameters for example, feed flow rate, feed 
location, reflux ratio, molar ratio of reactant, and 
effect of recycle of water was studied 
experimentally. Singh et al showed RD is 
promising tool for recovery of acetic acid from 
aqueous solution by reactive distillation. However 
all the experimental studies in reactive distillation 
column were based on recovery of acetic acid using 
RD.[5] 
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Chiang et al, presented comparison of coupled 
reactor/distillation column and reactive 
distillation for iso-amyl acetate synthesis. [8] In 
their work, they reported reactive distillation 
process is four times economical than coupled 
reactor/distillation based on Total Annual Cost 
(TAC). Singh et al, investigated theoretical and 
experimental aspects for production of butyl 
acetate by catalytic distillation. [11] An 
equilibrium stage based dynamic model was 
developed and steady states as well as dynamic 
simulation results were compared with their 
experimental results in RD column.  
Kloker et al, investigated the influence of 
operating conditions and column configuration 
on the performance of RD columns with liquid–
liquid separators for two different esters, namely, 
ethyl acetate and hexyl acetate. The investigated 
column set-ups were equipped with liquid-liquid 
separators for the distillate to separate water 
from the organic components. For the modeling 
and simulation of the RD columns, the rate-
based approach was applied.[12] 
Further Schmitt et al, presented comprehensive 
studies on the n-hexyl acetate synthesis by 
heterogeneously catalyzed reactive 
distillation.[14] RD experiments were carried 
out both in laboratory and semi-industrial scale 
with different catalytic packings. Several 
variants of a basic column set-up and the 
influence of the most important process 
parameters were studied. Additionally, phase 
and chemical equilibria and reaction kinetics 
were measured. In their work, predictions from 
stage models of different complexity are 
compared to the results of experiments and 
shown that based on a sound knowledge on 
reaction kinetics and thermodynamic properties, 
it is possible to successfully describe n-hexyl 
acetate synthesis in RD column. 
It is realized that the experimental data on the 
present  system, especially using pure acetic 
acid and iso amyl alcohol as feed to the column 
is limited and does not cover a wide range of 
operating parameters, such as reboiler duty, feed 
locations, feed flow rate, and molar ratio etc. 
Moreover, the column composition and 

temperature profiles, which helps to explain some 
important results, have not been reported in the 
previous studies. Hence it is decided to conduct 
experimental runs on RD column using pure acetic 
acid and iso amyl alcohol as feed for the synthesis 
of iso amyl acetate and examine the performance of 
RD column for various operating parameters on 
conversion and purity of product. 
2.1 Industrial Importance of iso-amyl Acetate: 
  Iso-amyl acetate has been used in the industry as a 
solvent, and extractants, and polishing agent. It is 
used as artificial flavoring in banana-flavored 
bubble gums, as preservative in sodas and soft 
drinks as well as artificial scent for covering 
unpleasant odors [6,7] It is also used in large 
quantities in artificially pear- flavored food articles 
as additive in cigarettes, and as a solvent for tannins, 
nitrocellulose, lacquers, celluloid, and camphor. It 
is also used to manufacture celluloid cements, 
water proof varnishes, artificial silk, leather or 
pearls, photographic films, bronzing liquids and 
metallic paints, perfuming shoe polishes and dyeing 
and finishing textiles. [7] 
2.2 Why Reactive Distillation?  
Esterification of iso amyl alcohol and acetic acid 
for the synthesis of iso-amyl acetate has been the 
model reaction for the present research studies in 
reactive distillation. The alcohol is sparingly 
soluble in water and esters and water are almost 
insoluble. An additional feature is that the ester-
water-alcohol forms a ternary heterogeneous 
azeotrope, which is minimum boiling. Hence, in a 
typical RD column that consists of both reactive 
and nonreactive zones, the heterogeneous azeotrope 
or a composition close to azeotrope can be obtained 
as the distillate product. Moreover, the aqueous 
phase that forms after condensation of the vapor is 
almost pure water. [9, 11]  It can be easily 
withdrawn as a product, and the organic phase can 
be recycled back as reflux. The pure ester, which is 
the least-volatile component in the system, is 
realized as a bottom product. One can conveniently 
separate water and enhance the conversion. 
The two reactants, acetic acid and iso-amyl alcohol, 
are intermediate boilers, whereas the products, 
water and amyl acetate, are low and high boilers 
respectively. As iso-amyl acetate and water are the 
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heaviest and lightest boiling substances 
respectively in the quaternary system, they can 
be continuously removed from the reaction zone 
in a RD column so that high conversions can be 
achieved, thus RD an attractive process for 
producing iso-amyl acetate. That’s why 
reactions (1) are well suited for reactive 
distillation.                                                          
However, the large boiling temperature 
difference between the reactants can be 
unfavorable from the reactions point of view.  

OHCH-COO-HCOH-HCCOOH-CH 23115
k

1153 +→←+

(1)     
Since the self-catalyzed reaction is rather slow, 

reaction (1) is commonly catalyzed using strong 

inorganic acid, like sulfuric acid, or strongly 
acidic ion exchange resins. Most of previous 
researcher has used acidic cation exchange 
resin, for example Amberlyst 15 [8] Purolite 
CT- 175 [6,9] 

 

Table 1 Boiling points of the components 

Components Boiling points ( oC) 
Acetic Acid 118 

Iso amyl Alcohol 137.8 
Iso amyl acetate 148.8 

Water 100 
 

The physical properties of the components in iso 
amyl acetate synthesis is given in Table 1.   If 
we want to increase the conversion towards iso-
amyl acetate, we have to remove water 
efficiently during the course of the reaction. 
Water forms ternary azeotrope with iso amyl 
alcohol and iso amyl acetate that boils at 93-95 
0C [9] Since this azeotrope is a minimum 
boiling azeotrope, instead of pure water one gets 
distillate compositions close to the ternary 
azeotrope.   The azeotrope can be either 
homogenous or heterogeneous. If on 

condensation of the vapors, the liquid forms two 
phases, the azeotrope is called as heterogeneous 
azeotrope.  
In the present system, the azeotrope is 
heterogeneous and forms two liquid phases on  
condensation. The aqueous phase is almost pure 
water and organic phase that consists of mainly iso 
amyl acetate and iso amyl alcohol can be recycled 
back to the column through reflux. Hence, ideally 
in a batch reactive distillation mode if one starts  
with stoichiometric mole ratio  in the reactor , at the 
end of experiment, the system should contains only 
iso amyl acetate in the reactor if the losses of iso 
amyl alcohol and other components with the 
overhead aqueous phase are negligible. [9] 

Table 2 Physical Properties of the components in iso-
amyl acetate Synthesis [10] 

 
(III) EXPERIMENTAL WORK: 
 

3.1  Materials and Catalysts 
 

Acetic acid (99.8%) and iso amyl alcohol (99%) 
were purchased from Merck India Ltd., Mumbai, 
India, iso amyl acetate (> 99% purity) 
 purchased from sd. Fine Chemicals Ltd., Mumbai, 
India. In the reactive section of RD column, 
TULSION–T-63 MP, cation ion exchange resin 
(courtesy Thermax India Ltd.), properties resemble 
with Amberlyst-15 (Rohm Haas, USA) is used as a 
catalyst. In reactive section, FX PA-DMTM, 
structured packing; supplied by Fenix process 
Technologies, Pune, India for RD is used. 
Immobilization of the heterogeneous catalyst inside 
the reactive section of the column can be achieved 
by structured packings. This packing is made of 
sheets of packing.  
HYFLUX structured packings corrugated wire-
packings are high efficiency and low pressure drop 
packings. Catalyst particles of 0.5 to about 1.3 mm 

Comp. CAS NO MW Chemical 
Formula 

Density 
(gm/cc) 

BP 
(oC) 

Vapor 
density 
(Air=1) 
(gm/cc) 

Vapor pressure 
(mm of Hg) 

Acetic 
Acid 

64-19-7 60.05 CH3COOH 1.05 118 2.1 
11 mm Hg @ 

20o C 
Iso amyl 
alcohol 

123-51-3 88.15 
C5C11OH 

 
0.813 132 3.04 

2 mm Hg @ 20o 
C 

Iso amyl 
acetate 

123-92-2 130.1 C5H11COOCH3 0.88 143 4.5 
4 mm Hg @ 20o 

C 

Water 7732-118-5 18 H2O 1 100 - 
17.5 mm Hg @ 

20o C 



Production of Iso-Amyl Acetate in a Catalytic Distillation Column: Experimental Studies 
 

                                                          

 

 

 

Kiran D. Patil and Bhaskar D. Kulkarni                                                                                                                                                88 

can be fixed between the sections (non-catalytic 
sections), HYFLUX structured packings (High 
efficiency, low-pressure drop distillation 
packing) supplied by Evergreen Technologies, 
Mumbai, India is used.  
 

3.2  Apparatus:  
The simulation studies on the present test 
system is also conducted and indicated that this 
option can be promising than conducting the 
entire reaction in a reactive distillation column. 
The present work is aimed at performing an 
experimental investigation on a reactive 
distillation column operated in such a mode. 
The experimental setup of a laboratory scale 
reactive distillation consists of 2.75-m-tall 
distillation column of inside diameter 50 mm 
that operates at atmospheric pressure is used is 
as shown in Figure.1. The reboiler (capacity, 2 
lit) is heated with the help of a heating mantle. 
(capacity, 2kW). The non-reactive rectifying 
and stripping sections are packed with wire 
mesh packing supplied by Evergreen 
Technologies, Mumbai, India. The number of 
theoretical stages per meter (NTSM) is 6 for 
reactive section and for nonreactive section 10 
NTSM is used. 
   

 
 

Figure.1 Experimental Setup for Continuous RD 
Column [15] 
 

The middle reactive zone is packed with structured 
packing supplied by Fenix process  
Technology, Pune, India (FENIX DM Structured 
Packing for RD) embedded with T- 63, ion 
exchange resin (Thermax India Ltd) as a catalyst. 
The stripping section is 1 m tall, reactive section 1 
m, and rectification section 0.75 m tall in height 
respectively. A proper insulation (with asbestos 
sheet and ropes) to minimize the heat losses to the 
surrounding. Two separate peristaltic pumps (0.1- 4 
lph) are used to transfer the liquid from the two 
separate feed tanks to the different feed locations 
on the RD column.  In the condenser, two 
immiscible phases are formed, an aqueous phase i.e. 
almost pure water and an organic phase containing 
water, amyl alcohol and amyl acetate. The feed is 
preheated before introducing it to the column. 
Phase separator with the condenser is used to 
provide reflux to the column and to continuously 
withdraw water formed during the reaction. 
Thermometer wells are provided at different 
locations in the column to measure these 
temperatures (Position 3- Position 9, in Figure.1)  
    
 

3.3 Types of Packings used in RD Column: 
    In the following section brief discussion on type 
of packings used for both reactive and non-reactive 
sections of RD column is given. 
 

 

(1) Non-reactive Section Packings  

 

Figure 4 Hyflux Packing for Non-reactive Section of     
               RD Column [15,16] 
 
 

HYFLUX packings (High efficiency, low-pressure 
drop distillation packing) supplied by Evergreen 
Technologies, Mumbai, India is used for non-
reactive section of reactive distillation column. 
HYFLUX is a family of structured tower packings, 
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which are particularly useful when a moderate 
to large number of theoretical stages have to be 
accommodated in a limited height of the tower. 
The actual photograph of Hyflux packing is 
shown in Figure 4 
The open structure formed due to the proprietary 
lay of the filaments, the unique stitches 
employed and the special crimping and plying 
form tortuous channels for liquids which can 
continuously combine, divide and recombine for 
optimum mixing and contact with vapor. This 
results in intimate mixing between vapor 
passing upward through the controlled 
interconnecting passageways and the thin film 
of liquid flowing down the capillary wire 
network of the packing. The unique interaction 
results in high mass transfer rates (maximum 
separation efficiency) while maintaining low 
resistance to flow (low P/ theoretical stage). 

 

Table 3 Technical Data specifications for Hyflux                
               Packings [16] 

 

  HETP  ≥  100 to 200 mm in production 
columns 
 ≥     75 mm in pilot/laboratory stills  

  NTU/meter  ≤ 10 in production columns 13 in 
pilot/laboratory    
    stills  

  P/ 
theoretical 

  0.05 - 0.75 mm Hg. plate 

  Vapor load   0.2 - 2.75 F factor m/s 

  Liquid 
load 

  ≤ 0.7 m 3 /m 2 h 

  Liquid 
holdup 

  3 to 8% w/w 

 

(2) Reactive Section Packings: Simultaneous 
chemical reaction with distillation of the product 
(or one of the products), is highly desirable 
whenever it is feasible in the process technology. 
However, designing the column packing 
demands special treatment because the catalyst 
volume fraction is a variable parameter 
depending on the specific reaction and the 
process.  
The catalyst was encapsulated vertically 
between layers of structured packing up to the 
designed height of packed bed placed within the 
distillation column. 
 

 
 

Figure 5 FX PAK-DMTM: Packing for RD, Catalyst Embedded 
Packing (15,17) 
 

FX PAK-DMTM structured packings for RD 
supplied by Fenix Process Technologies, Pune, 
India is used and actual photographs are shown in 
Figure 5. 
3.4 Operating Procedure: 
The column reboiler is initially filled with feed 
mixture and heating is started with desired boil up 
rate. It takes about 20-25 minutes for vapors to 
reach to the top of RD  column.  Once the reflux to 
the column begins, the two feed streams are 
introduced with feed preheater on. The feed 
temperature is typically in the range of 75-850C. 
Every one hour temperatures from different 
locations (Position 3 to 9, in Figure 5.1) of RD 
column are recorded. Similarly every one hour, 
samples from reboiler are withdrawn for analysis. 
At steady state the samples from different locations 
are withdrawn and analyzed to get steady state 
composition profile. The temperature profile and 
outgoing stream compositions from top and bottom 
of RD column are measured and recorded. The time 
required to achieve the steady state in present 
experimental set up varies between 6 hrs to 9 hrs 
depending on the operating parameters used. 
3.5 Analysis: 
Gas chromatography is used for the analysis of the 
different samples from the different locations of 
reactive distillation column. Acetic acid, iso amyl 
alcohol, iso amyl acetate and water are analyzed 
using gas chromatograph (Model C-911, Mak 
Analytica India Ltd.) which is equipped with 
thermal conductivity detector (TCD). The samples 
are analyzed Porapak Q with hydrogen as carrier 
gas at a flow rate of 5 × 10-7 m3/s. The injector and 
detector were maintained at a temperature of 493K 
and 423K respectively. The oven temperature is 
maintained isothermally at 513K to get the best 
resolution in less time.  
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The results obtained by GC are confirmed by 
independent titration using standard sodium 
hydroxide (NaOH) solution using 
phenolphthalein as indicator. The reliability of 
the titration method is confirmed with the help 
of analysis of standard samples containing iso 
amyl acetate to ensure the hydrolysis of ester 
does not takes place during the course of 
titration. The analytical relative uncertainty is 
<5%, which is good enough within the 
acceptable limits. 
3.6 Details of RD Experiments: 
Table 4 shows the experimental results obtained 
under different operating conditions. The steady 
state experimental temperature and composition 
profiles for representative run (Run # 10) is as 
shown in Table 5 and 6 respectively.     The 
typical steady state experimental temperature 
and composition profile in RD column for Run 
No # 10 is as shown in Figure 7 and 8 
respectively. 
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Figure 7 Steady State Temperature Profiles  
(Run No 10) 
  (Reactive Section, Position 5 to 7 on RD Column) 
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Figure 8 Steady State Composition Profiles  
(Run No. # 10) 
 (Reactive Section, Position 5 to 7 on RD Column) 

 
   Figure 8 shows the mole fractions of acetic acid, 
iso amyl alcohol, iso amyl acetate and water in the 
liquid phase. As seen from Figure 8, composition of 
0.993 of iso amyl acetate at bottom and 0.9845 of 
water at top of RD column were achieved.  
 

 
 

In this figure, position 5 to 7 represents the reactive 
stages on reactive distillation column. Position 5 is 
feed location for iso amyl alcohol and position 7 is 
feed location for acetic acid. In the reaction zone 
(Position 5 to 7), iso amyl alcohol is consumed, and 
as a result, its mole fraction decreases. The 
extremely low concentration of water in the 
reactive zone helps reaction to proceed near 
completion. Position 7 and 8 shows the transition 
between the reaction and stripping zones in the 
column. In the stripping zone, iso amyl acetate and 
iso amyl alcohol are being separated, resulting in 
the higher concentration of iso amyl acetate in the 
bottoms. High mole fractions of iso amyl acetate 
are obtained in the liquid phase. 

Sr. 
No. 

Measurements Value Units 

1 Feed Flow Rate ( acetic acid) 0.03200 kmol/hr 
2 Feed Flow Rate ( iso amyl alcohol) 0.03500 kmol/hr 
3 Mole ratio, acid/alcohol 0.5384 - 
4 Reboiler duty 1.12 kW 
5 Feed Location: 

 
(position on RD  column) 

iso amyl alcohol on position 5  (above reactive zone) 
 

acetic acid on position 7  (below reactive zone) 
6 Reactive section on RD column Position 5 to 7 
7 Conversions in terms of acetic acid 99.50 % 
8 Bottom product  Composition ( mole fractions)  iso amyl acetate = 0.993 - 
9 Top product compositions  ( mole fraction) Water = 0.9845 - 

10 Purity of  bottom product 98.15 % 

Table 4 Details of RD Experiment (Run No. # 10) 
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The composition at position 3 is not shown here 
because of formation two phases, viz. organic 
and aqueous phase. The results of the runs 
conducted after reasonable gap, under otherwise 
similar conditions, are reproducible, indicating a 
minor loss in catalytic activity over the period of 
experimental runs on RD column.  The reaction 
zone is located at the middle of the column and 
is comprised of position 5 to 7 on the RD 
column. A smooth temperature profile is 
observed in the reactive zone where the catalyst 
is located. In this region, the temperature profile 
is extremely important because temperature 
extremes in this region can accelerate 
deactivation of the catalyst and thereby, 
decrease its performance. 
 

In all the experimental runs, the temperature 
range in the reactive zone is 120-130 0C. 
Sufficiently high temperature ensures reaction to 
be at the chemical equilibrium and driven by 
distillation. The temperature is below the limit 
set by the manufacture for the thermal stability 
of the catalyst (135 0C).  The larger 
temperatures in the bottom are due to the 
presence of iso amyl acetate, which has a 
significantly higher molecular weight, and thus, 
a higher boiling temperature. (147 0C) 
 

 
3.7 Effect of Various Operating Parameters: 
In this section, effect of various operating 
parameters on conversion and separation is 
presented to assess the optimum performance of 
RD column. 
 

(a) Effect of Feed Flow Rate: 
  The residence time for the reactants inside the 
reactive zone is strongly influenced by the feed 
flow rate. The experiments are performed for 
different feed flow rates over the wide range of 
0.0175 kmol/hr to 0.07 kmol/hr (1 lph to 4 lph). 
It is observed that better results are obtained at 
lower flow rates due to large residence time 
offered under this condition. shows that, 
although the conversion and purity levels in 
each case are high, slightly better results are 
achieved at lower flow rates, due the sufficient 
residence time offered under this condition. 
 

(b) Effect of Reboiler Duty:  

In the present system, the relative proportions of 
organic phase and aqueous phase in the top product 
decides the reflux ratio and it is not a variable. The 
only operating variable that can make significant 
impact on the separation and reaction is the boil-up 
 rate. Hence, it is decided to study the effect of boil-
up rate on conversion over a wide range 0.8 –1.6 
kW for excess alcohol in the feed. Figure 9 shows 
effect of reboiler duty on conversion of acetic acid 
and purity of bottom product. As it can be seen 
from the figure that, there is no major effect of 
change in boil-up rate on the conversion of acetic 
acid and purity of the product and conversion is 
more than 99%. 
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Figure 9 Effect of Reboiler Duty on Conversion of 

Acetic acid and Purity of Bottom product 

It is observed that as a boil-up increase, the amount 
of alcohol, which is excess in the feed, increases 
the conversion of top product. As anticipated, the 
time required to attain the steady state is more for 
lower boil-up rate. 
(c) Effect of Feed Location: 
The present work is performed keeping in mind the 
evaluation of best choice for feed location. The 
experiments are performed with different feed 
locations on RD column, i.e. above the catalyst bed, 
middle of catalyst bed, and below the catalyst bed. 
(Position 5 to 7 is the reactive zone, See Figure 1)  
From experiment it confirms that for a typical run if 
we introduce acetic acid on position 7 (below 
catalyst bed) and iso amyl alcohol on position 5 
(above catalyst bed), conversion and purity of the 
product were substantially higher (99.37%), 
whereas for a typical run, conversion and purity 
decreased to 90.45% and 88.28 % respectively 
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when acetic acid is introduced at position 
5(above catalyst bed) and iso amyl alcohol at 
position 6. (Middle of catalyst bed) 
Also it is observed that, if we reverse the feed 
location for acetic acid and iso amyl alcohol, 
conversion and purity of product is realized only 
65.45% and 70.28% respectively. Therefore it is 
suggested that heavy reactant (iso-amyl alcohol) 
is fed from the top of the reactive zone (Position 
5) and light reactant (acetic acid) is fed from 
bottom (Position 7) of the reactive zone. Thus 
provides countercurrent flow of liquid and vapor 
in RD column.  
 

(d) Effect of Molar Ratio:  
The experiments are carried out using different 
molar ratio of acetic acid to iso-amyl alcohol. 
The molar ratio of acetic acid to iso-amyl 
alcohol is varied from 0.33 to 1.85.  For a 
typical run , for this molar ratio of 1.85, only 
65.40% conversion of acetic acid is realized, 
where as for other run  for molar ratio of 1, 
78.90 % conversion of acetic acid is observed. It 
is observed that optimum molar ratio of acetic 
acid to iso-amyl alcohol is found to be 0.5384 
for higher conversion and purity of product. 
 
 

 (IV) CONCLUSION: 
A Laboratory RD column (diameter, 50 mm, 
height approximately 3 meter) is designed and 
operated for iso amyl acetate synthesis from 
esterification of iso amyl alcohol and acetic acid. 
All the relevant process parameters such as feed 
flow, feed location, reboiler duty, molar ratio of 
reactants etc, with their effect on conversion and 
purity are examined. 
  In summary, the experimental results generated 
on laboratory RD column demonstrate that it is 
feasible to obtain high purity of iso-amyl acetate 
via RD. It is suggested that one should use 
acetic acid as limiting reactant. However, it may 
be noted that large excess of iso-amyl alcohol in 
the feed may also be undesired as one could get 
impure iso amyl acetate as the bottom product 
or loose iso amyl alcohol from the top of RD 
column through the aqueous phase. The best 
position for the introduction of the feed is at the 
top of reactive zone for iso-amyl alcohol 

(Position 5) and below reactive zone for acetic acid 
(position 7). The optimum molar ratio, of acetic 
acid to iso-amyl alcohol is determined as 0.5 for the 
adopted configuration and experiments are 
conducted at or very close to this molar ratio. 
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