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 ABSTRACT 

 

 
Chemical reaction is the most important phenomena in chemical engineering and Reaction engineering. The 

reaction kinetics of acetic acid with methanol presence of homogeneous catalyst or without catalyst both analyzed. 

Batch esterification of acetic acid was carried out at operating conditions, temperature from 303.15k to 323.15k, 

methanol to acetic acid molar ratio from 1:1. Reaction is 2nd order reversible reaction having Activation energy for 

the 27.72 kj/kmol and 20.18 kj/kmol for forward and backward reaction respectively. Homogeneous H2SO4 catalyst 

is used and activation energy for the 17.86 kj/kmol and 13.61kj/kmol for forward and backward reaction 

respectively. At 323.15k the conversion of acetic acid 0.58 and 0.63(with H2SO4 catalyst).scale up this reaction in 

continues stirred tank reactor (CSTR) at 323.15k the conversion of acetic acid 0.59 and 0.66(with H2SO4 catalyst).  

 

Keyword: - Reaction Kinetics, Activation Energy, Batch Reactor, Sulfuric Acid Catalyst, Continuous Stirred Tank 

Reactor (CSTR) 

 
1. Introduction  

Organic esters are widely used in the manufacturing of flavors, pharmaceuticals, plasticizers; and .many synthetic 

routes are available for obtaining esters, which have reviewed by Yadav and Mehta [1] Chemical kinetics deals the 

quantitative study of the rates at which chemical processes occur, the factors on which these rates depends and the 

molecular actions involved in reaction processes. Reaction constants & reaction orders both are very sensitive to the 

parameters on which it depends. So, one should be very careful in experimental work as well as in processing data to 

obtain a valid rate expression. [2] Chemical kinetics is the scientific foundation for the analysis of most chemical 

processes The prime significance of reaction rate expression is to provide a satisfactory framework for the 

interpretation and evaluation of experimental data and industrial scale up of the plant. As a general rule, elementary 

processes involve a transition between two atomic or molecular states separated by a potential barrier. The potential 

barrier constitutes the activation energy of the process, and determines the rate at which it occurs. When the barrier 

is low, the thermal energy of the reactants will generally be high enough to surmount the barrier and move over top 

products, and the reaction will be fast. However, when the barrier is high, only a few reactants will have sufficient 

energy, and the reaction will be much slower. The presence of a potential barrier to reaction is also the source of the 
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temperature dependence of reaction rates [3] Esterification is one of the most important reactions in chemical 

industry; and the relative reaction is usually conducted by using, in general, homogeneous acid catalysts [4].   

CH3COOH + CH3OH               CH3COOCH3+ H2O. In order to measure order of reaction and rate constant there 

are differential, integrated methods are available. The differential method of analysis deals directly with the 

differential rate equation to be tested, evaluating all terms in the equation including the derivative dC/dt, and testing 

the goodness of fit of the equation with experiment. The integral method of analysis always puts a particular rate 

equation to the test by integrating and comparing the predicted C versus t curve with the experimental C versus t 

data. If the fit is unsatisfactory, another rate equation is guessed and tested.[5] The goal of this work was to study the 

esterification kinetics of acetic acid with methanol in the presence of catalyst and in the absence of catalyst. The 

effect of the reaction temperature, the initial molar ratio of the reactants, the catalyst loading the esterification 

kinetics was studied 

 

2. Material and Methods 
 

2.1 Chemicals  

Acetic acid, methanol, sulfuric acid catalyst, phenolphthalein indicator  

 

2.2 Experimental procedure  

In the experiment, equimolar quantities of methanol and acetic acid charged to the reactor. The sample were 

withdrawn at regular time and analyzed for acetic acid concentration the reaction is carried out for sufficient time to 

reach equilibrium conversion. Same procedure carried out at 303.15K, 313.15K and 323.15K without catalyst and 

with catalyst (sulfuric acid) and find the kinetics of the reaction.  

 

 

 
Fig:-2.1 Experimental setup 

 
2.3 Analysis  
The acetic acid concentration was determined by titration of reaction mixer sample with solution NaOH using 

phenolphthalein as an indicator.  

 

 

 

2.4 Kinetic model  

 

Esterification of Acetic acid with Methanol is given as  

 CH3COOH + CH3OH               CH3COOCH3+ H2O     ………….. (1) 

Assume second order reaction  A + M               E + W  …….………..(2)  

                                                        

With the restriction that CA0 = CM0  and CE0 =CW0 

 

-rA =  -dCA/dt  = CA0 dXA/dt  =K1CACM –K2CECW   ………………….….………(3) 
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       = K1C
2
A0 (1-XA)

2 
 – K2(CA0XM )

2
 

 

Where A, M, E, and W refer to Acetic Acid, Methanol, Methyl Acetate and Water, respectively.  

At the equilibrium, -rA = 0 . Hence, from the above equations, we find the fractional of A at the equilibrium 

conditions by  

  K = (CEe CWe) / (CAeCMe)  = X
2

e / (1-Xe)
2 
 …………………………..(4)      

                   

 And the equilibrium constant by 

 

              Ke = k1/k2    …….(5)                                                     

Combining the above three equations, in terms of the equilibrium conversion, we get  

 

dCA/dt   = K1 CA0[(1-XA)
2 
-  (1-Xe / Xe)

2
 X

2
A ] ……………………...(6)                 

                           

With conversions measured in terms of XAe, this may be indicated as second-order reversible reaction which, on 

integration, gives  

 

     
             

      
    = 2 k1(1/XAe – 1)CA0 t  

 

  

 
 

Fig:2.4.1  Typical kinetics plot for the effect of temperature on un-catalyzed reaction  at 303.15K &313.15K 

&323.15K 

 

 

 

 

R² = 0.995 

R² = 0.9967 

R² = 0.9905 

-0.5

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

0 20 40 60 80 100 120 140 160

(x
ae

-(
2

X
ae

-1
)X

a)
/(

X
ae

-X
a)

 

Time (min) 

At 313.15 K At 323.15 K At 303.15 K



 Vol-3 Issue-3 2017    IJARIIE-ISSN(O)-2395-4396   

5162 www.ijariie.com 601 

 
 

Fig:2.4.2  Typical kinetics plot for the effect of temperature on catalyzed reaction  at 303.15K &313.15K &323.15K 

 

 

3. Result 

 

Temperature 

K 

K1 

L mol
-1

 min
-1

 

K2 

L mol
-1

 min
-1

 

303.15 0.0557 0.0345 

313.15 0.0859 0.0497 

323.15 0.1100 0.05656 

Table-3.1 reaction rate constant for un - catalyzed reaction 
 

 

 

Temperature 

K 

K1 

L mol
-1

 min
-1

 

K2 

L mol
-1

 min
-1

 

303.15 0.1024 0.0408 

313.15 0.1303 0.0487 

323.15 0.1588 0.0569 

Table-3.2 reaction rate constant for catalyzed reaction 
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3.1  Temperature and Reaction Rate:  

 

We can examine the variation of the rate constant with temperature by an Arrhenius’ law relationship. 

K =A exp (-E/RT) 

This is conveniently determined by plotting lnK versus 1/T. 

 

 
 

Fig:3.1 un- catalyzed  forward reaction activation energy 
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Fig: 3.2 catalyzed forward reaction activation energy 

 

 

 

 

 

 

 

 

 

 
Fig: 3.3 catalyzed backward reaction activation energy 

 

 

 

4. CONCLUSIONS  

The esterification reaction between methanol and acetic acid is conducted in reactor with sulfuric acid as a catalyst. 

The experiment result shows that as the temperature increases the reaction rate increases. Reaction is 2nd order 

reversible reaction having Activation energy for the 27.72 kj/kmol and 20.18 kj/kmol for forward and backward 

reaction respectively. Using Homogeneous H2SO4 catalyst activation energy for the 17.86 kj/kmol and 

13.61kj/kmol for forward and backward reaction respectively.  
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