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ABSTRACT
The esterification kinetics of acetic acid with isopropanol in the
presence of sulfuric acid as a homogenous catalyst was studied with
isothermal batch experiments at 60, 70 and 80°C and at a different
molar ratio of isopropanol to acetic acid. Investigation of kinetics of the
reactionindicated that the low of molar ratio is favored for esterification
reaction, this is due to the reaction is catalyzed by acid. The maximum
conversion, approximately 60.6% was obtained at 80°C for molar ratio
of 1:3 acid: alcohol. It was found that increasing temperature of the
reaction, increases the rate constant and conversion at a certain mole
ratio that is due to the esterification is exothermic. The homogenous
reaction has been described with simple power-law model. Arrhenius
equation has been applied to found kinetic constants dependency
temperature. The activation energy is found to be 740.5 kJ /mol.
Keywords:Alcohol; Catalyst; Esterification; Kinetic; homogenous.

1- INTRODUCTION

Esters are important classes of chemicals have many applications in
a variety of areas such as solvents, plasticizers, pharmaceuticals and
intermediate for many industries. They are also used as emulsifiers in
the food and cosmetic industries. Several synthetic routes are available
for obtaining organic esters, most of which have been briefly reviewed
by Yeramian et al (1968). Fatty acid esters are used as raw materials for
emulsifiers, oilingagentsforfoods, spin finish and textiles, lubricants for

*Staff member chemical engineering department faculty of engineering Tripoli University Libya
** Staff member chemical engineering department faculty of engineering Tripoli University Libya
**% Staff member Higher Institute of Comprehensive Profession, Gharian, Libya

AL.-OSTATH

ISSUE @ Autumn 2017



plastics, paint and ink additives and for mechanical processing, personal
care emollients, and surfactants and base materials for perfumes.

They are used as solvents, co-solvents, and oil carriers in the agricultural
industries Chakrabarti and Sharma (1991). The esters of bio-based organic
acids fall into the category of benign or green solvents and are promising
replacements for halogenated petroleum-based solvent in a wide range
of applications. The ester is commonly used as artificial flavoring such as
pineapple flavoring in beverage, as a solvent in perfumery products and
as a plasticizer for cellulose. Ethyl butyrate is one of the most common
chemicals used in flavors and fragrances. It can be used in a variety of
flavors: orange (most common), cherry, pineapple, mango, guava,
bubblegum, peach, apricot, fig, and plum. Industrially speaking, it is also
one of the cheapest chemicals, which only adds to its popularity. Esters are
compounds of the chemical structure R-COOR, where R and R are either
alkyl or aryl groups. The most common method for preparing esters is to
heat a carboxylic acid ,R-CO-OH, with an alcohol, R- OH, while removing
water that is formed Oliveira et al. (2010). The limiting conversion of the
reactants is determined by the equilibrium. The equilibrium constant
of esterification reactions have values almost 1-10, which implies that
considerable amounts of reactants exist in the equilibrium mixture. This
problemisin practices surmounted by continuousremovalallthe products
- especially water — from the reaction mixture through distillation. (Tang
et al.2003) studied the process which contains sulfuric acid as catalyst
(homogenous reaction) using a reactive distillation column with an
overhead decanter and stripping column. High pure ETAC product was
obtained and all the outlet streams met product and environmental
specification ( Majid et al.2008).The reaction rate is enhanced with added
catalyst. Homogeneous and heterogeneous acids act catalytically in the
esterification, because the limiting step in the reaction mechanism is the
pretention of the carboxylic acid (Neil, 2004). This reaction is reversible,
forming ester in the forward reaction and hydrolysis of ester occurs in
the backward reaction. Efficient homogenous catalysts are mineral acids,

AL OSTATH

ISSUE @ Autumn 2017



such as H2S04, Hl and strong organic acids. The equilibrium composition
is a weak function of temperature. A common method of operating
equilibrium limited reactions is to use an excess of one reactant in order
to increase the conversion of the limiting reactant (Ismail et al. 2001, Maris
and Jorgen, 2006).

2- EXPERIMENTAL WORK

The acetic acid was esterification with isopropanol alcohol at different
temperature 60,70 and 80 C and different ratio between the acid and
alcohol in presence of

C 2 H4 as homogenous catalyst for the reaction to get the best results for
the temperature and ratio between the acid and alcohol, also to get best
results for the conversation. The overall reaction between the isopropyl
alcohol and acetic acid over a sulpheric acid is as follows:

(Sulfic Acid )
Acetic Acid+Iso propanol 44— Isopropyl Acetate+Water)

(1) C2H4
CH3 COOH+C3H70H €&} )))CH3 COOC: H7+H20

The rate at which the esterification reaction occurs is dependent upon
several factors, including temperature, pressure, catalyst, mole ratio of
reactants, and “Structure” of reactants.

We chose to malntaln as constant the following factors:

- Temperature 60 70 and 80C

- Pressure: atmospheric.

- Catalyst: sulfuric acid.

- Catalyst loading 1, 2 ml.

- Mole ratio of reactants: 1:1, 1:3, 2:1, and 3:1.

Procedure

- The Experiment setup is shown in Figure (1).

-The ratios between the acid and alcohol wear putted in ﬂask

-The flask was heated till the required temperature 60 70 and 80 C.
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-At the constant required temperature 1 and 2 ml of H 2 SO4 was added
the flask.
-In the same time 9 ml of distilled water was added to 1 ml of mixture.
-The mixture was titrated with standard solution of sodium hydroxide in
present of phenolphthalein as indicator.
-The volume of sodium hydroxide was estimated:
(N1 V1) NaoH=(N2V2 ) acid

(3)
N1 =0.5N of standard NaoH solution.
V1 = volume of NaOH was used .

N2 = concentration of acid .
V2 =1ml of acid.

3. RESULTS AND DISCUSSION

Calculation of the Rate

Figure (2) Shows the relationship between time and concentration of acid,
alcohol and ester at a temperature of 600C and use 2 ml of catalyst and
a 1:1 ratio of acid to alcohol .The results was obtained from table and the
slope was estimated from the relation between the concentration of acid,
alcohol ,ester and time . Figure (3) shows the relationship between time
and concentration of acid, alcohol and ester at a temperature of 80o0C and
use 2 ml of catalyst and a 1:1 ratio of acid to alcohol.
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alcohol, and ester versus time at 60C alcohol, and ester versus time at
80C
Figure (4) shows the relationship between time and concentration of acid,

alcohol and ester at a temperature of 80 C° and use 2 ml of catalyst and a
1:3 ratio of acid to alcohol.
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Figure (4) The concentration of acid, alcohol, and ester versus time at 800C

Effect of Temperature

It was found that increasing the temperature of the reaction, increases
the rate constant and conversion at a certain mole ratio of reactants that
is due to the esterification reaction is exothermic; therefore the increasing
the temperature increase the rate of reaction. This observation is well
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agreed with investigation reported by (Robert et al.1997 and Ismail et
al. 2001). For example; the increase in temperature gave an increase in
rate constant and conversion from 0.047 and 44 % at 600oC to 0.051 and
46% at 70C to 0.053 and 60.6 % at 800C molar ratio of acid: alcohol the

increase of conversion during reaction at molar ratio of 1:3
as shown in Figure (5).

Effect of acid and alcohol concentration
It was also found that the highest values of conversion were obtained at
the lowest studied molar ratio of acid: alcohol, shown in Figure (6) that

is due to the reaction is catalyzed by an acid, therefore the use of excess
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Figure (5) The Effect of Temperature Figure (6) The Effect of

Effect of catalyst loading

Figure (7) explains the effect of the concentration of catalyst, note the

greater the concen” .

45 T
40
£ 35 £
g 30 !f
E 25
E 20 el ] H2S04
-~ 15 -
5] ! I e 2 250
10
5
]
o 50 100 150
Time, min

Figure (7) The Effect of Catalyst Loading
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Calculation of the Activation Energy
Arrhenius Law expresses the temperature dependency of

k=ko exp(-E)/RT)
£) 4
RT
Where ke = frequency factor, E = activation energy, and R = gas constant.
Let the reaction is second order (semi-molar), acidzcalcohol
Then,

C

-r acid=4c¢ acid =kcacid
(5)

By integration

Cacid°-Cacidt_ ¢ (g)
C acid® Cacid,t

By using regression analysis of Equation (6) gets a straight line passing through origin,
the slope of which gives the value of k at different temperature. Equation (4), a plot
of — In k versus 1/T, at constant acid and alcohol concentrations, gives a straight line
with a slope of (-E/R) as shown in Figure (8). The study on the effect of temperature
is very important for homogenous catalyzed reaction as this information is useful
in calculating the activation energy for this reaction. The activation energy for the

esterification reaction based on the initial rate is found to be 740.5 kJ/mol.
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4- CONCLUSIONS

Reaction kinetics was studied acetic acid esterification with isopropanol
using sulfuric acid as a catalyst and makes interaction in different
temperatures 60, 70, and 80°C at different molar ratios of alcohol to
acid. It is found that the greater the proportion of alcohol the larger the
transition to be up to 60.6 % at a temperature of 800C, the ratio of 3:1,and
a catalyst 2 ml. The interactions at each case draw a relationship between
the time and the concentration of the acid to alcohol. The average speed
of thereaction and the expense of productivity are calculated and account
activation energy is found to be at 740.5 kJ /mol
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