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Abstract-Para-tertiary-butylbenzoic acid is produced by oxidizing p-tert-butyltoluene with air. P-tert-
butylbenzoic acid is a colourless crystal and an important organic intermediate. It is mainly used for the prepa-
ration of fine chemicals, cosmetics, resin additives, nucleating agent, anticorrosive additive, polyethylene stabi-
lization additive. In the present work, p-tert-butylbenzoic acid is produced by oxidizing p-tert-butyltoluene with 
air and with acetic acid as solvent, cobalt acetate as catalyst and sodium bromide as catalyst initiator in an auto-
clave. Thermochemistry calculations reveal that the oxidation reaction of p-tert-butyltoluene is feasible and is 
exothermic in nature. Equilibrium constant of the reaction indicate that the reaction is irreversible. The optimi-
zation of the reaction parameters such as reaction time, temperature, catalyst loading, and solvent quantity has 
been carried out in an autoclave and the reaction mixture analyzed using gas chromatograph. The results indi-
cated the conversion is increased with increase in weight ratio of reactant to solvent, catalyst concentration and 
temperature. The reaction kinetics showed that the reaction follows pseudo first order reaction. The activation 
energy for the reaction is 24463.94 J/mol. The optimum conditions for the oxidation reaction are 130oC, 1:3 
weight ratio and 5% of catalyst with respect to reactant weight. 

Key Words: p-tert-butyltoluene, p-tert-butylbenzoic acid, acetic Acid, Sodium Bromide,Cobalt acetate, auto-
clave, gas chromatography. 

1 INTRODUCTION                                                                     
p-tert-butylbenzoic acid is a substituted benzoic acid. 
It is used as a process regulator in polymer industry 
for producing alkyd and polyester resin. p-tert-
butylbenzoic acid could improve the colour and life 
service of alkyd resins as well as shortens the drying 
time. It is also used for the production of anti oxidant 
in metal cutting emulsion, rust inhibitors in resin coat-
ings and lubricating oil and as a stabilizer. p-tert-
butylbenzoic acid is mainly produced by oxidizing 
para-tert-butyltoluene with air or any gas containing 
oxygen as its composition. Nowadays, p-tert-
butylbenzoic acid is widely used as a commercial 
product in developed countries. The commercial pro-
cesses for oxidation of p-tert-butyltoluene to corre-
sponding carboxylic acid is available in America, chi-
na, Japan etc. Several processes are reported for prepa-
ration of carboxylic acids by oxidation of toluene or 
toluene substituted on the nucleus. The oxidation sys-
tems include selective vapour phase oxidation under 
high temperature electrochemical oxidation and liquid 
phase catalytic oxidation under mild condition [1]. 
The conversion of vapour phase oxidation is 97%, 
whereas the yield of the product is about 62.4%. The 
yield of electrochemical oxidation is extremely poor 
(about 30%) and the process results in excessive elec-
tricity consumption [2]. The catalytic oxidation of p-
tert-butyltoluene to p-tert-butylbenzoic acid under at-
mospheric pressure and high pressures were studied. 
The yield of p-tert-butylbenzoic acid at atmospheric 
pressure is 89% and under high pressure 95% yield is 
obtained [1]. In the present work the process for oxi-

dation of p-tert-butyltoluene to p-tert-butylbenzoic 
acid is developed. 
 
2. Material and Methods 
 
2.2 Materials: 
p-tert-butyltoluene, acetic acid, Cobalt acetate and So-
dium bromide are supplied by SD Fine Chemicals, 
Hyderabad, India. Zero air cylinder is used for the 
supply of oxygen. Other reagents used in the present 
work are all of analytical grades and are used as re-
ceived. 
2.2 Methods: 
 
2.2.1 Calculation of Gibbs free energy and heat of 
Reaction: 
It is very important to know the thermochemistry of a 
reaction to evaluate the process before an actual exper-
iment is performed. The Gibbs free energy and the en-
thalpy of reactions are calculated. 
Gibbs free energy and heat of oxidation reaction are 
calculated from Joback group contribution method [3]. 
The calculations show that thermodynamically the re-
action is feasible and it is exothermic reaction. The 
Gibbs free energy of the reaction is -511.01KJ/mol. 
This shows that the reaction is thermodynamically 
stable. The reaction is irreversible. The standard en-
thalpy of reaction shows that the reaction is exother-
mic in nature. The standard enthalpy of the reaction is 
-564.82KJ/mol. 
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2.2.2 Experimental Procedure: 

 
The liquid phase catalytic oxidation of p-tert-
butyltoluene to p-tert-butylbenzoicacid in acetic acid 
media is a typical aromatic hydrocarbon oxidation 
process. The oxidation of p-tert-butyltoluene experi-
ments are carried in a Parr autoclave reactor. The au-
toclave is of 100ml capacity. The experiments for oxi-
dation of p-tert-butyltoluene are carried in semi batch 
mode. The air is continuously fed to the reactor and all 
other reactants are charged into the reactor before 
start-up of the reaction. 

 

 

Figure 1.  Experimental Setup 

The reaction temperature and pressure are maintained 
in the reactor as per conditions. In the oxidation of p-
tert-butyltoluene, acetic acid is used as a solvent, co-
balt acetate as catalyst and sodium bromide as a cata-
lyst initiator. Different sets of experiments are carried 
out by varying the temperature, catalyst concentration 
and weight ratio of acetic acid to p-tert-butyltoluene. 
In reaction air pressure is maintained constant and 
temperatures are varied from 110oC to 130oC. The cat-
alyst concentration is varied from 5-10% of PTBT. 
The weight ratio of p-tert-butyltoluene to acetic acid is 
varied from 1:2 to 1:5. After completion of the reac-
tion the reaction mixture is discharged from the reac-
tor and is cooled to room temperature. After cooling, 
the desired product will separate out as crystals that 
are washed with water and then dried at 80oC for 2hr.  

2.3 Analysis: 
Samples are collected at different time intervals during 
the course of the reaction. These samples are analysed 
by Gas Chromatography (GC-2010) using FID detec-
tor. The identification of reactant and product is 
through the known retention time of the pure authentic 
samples.  
 
3. Results and Discussion 

In gas-liquid reactions the reactant gas must enter the 
liquid phase for reaction to occur. The mass transfer 
resistance and the resistance of chemical reaction step 
need to be included in the overall rate reaction.The 
general rate expression for mass transfer with reaction 
is as follows [4]. 
 
   

 
 

          
                               

Where the mass transfer coefficient and diffusivity of 
the reactants are necessary for calculation of the over-
all rate of the reaction. The diffusivities are calculated 
by using Wilke-chang equation. The mass transfer co-
efficients are calculated with the help of general di-
mensionless correlation. 

 
3.1 Effect of catalyst on conversion of P-tert-
butyltoulene 
 
In the oxidation of p-tert-butyltoluene reaction the ef-
fect of catalyst concentration is studied keeping all 
other parameters constant and the results are presented 
in Figure 2.  
 
 
 
 
 
 
 
 
 
 
 
From the Figure 2, it is evident that the conversion of 
p-tert-butyltoluene increases with increase in the cata-
lyst concentration. 
 
3.2 Effect of Temperature on conversion of p-tert-
butyltoulene 
 
In order to determine the effect of temperature on the 
conversion of p-tert-butyltoluene the reactions are car-
ried out at 110, 120, 130 and 140oC temperatures. 
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Figure 3: Effect of temperature on conversion of 
PTBT to PTBBA at 1:3 weight ratio at 5% catalyst and 
10 bar pressure. 
 
The results are presented in Figure 3, it is observed 
that as the temperature of the reaction is increased the 
conversion of p-tert-butyltoluene also increases. The 
experimental data at different temperatures show that a 
maximum conversion of 75% is obtained at 130oC. 

 
3.3 Effect of weight ratio p-tert-butyltoluene to sol-
vent on conversion of p-tert-butyltoluene: 

 
In order to study the effect of weight ratio on the con-
version of p-tert-butyltoluene, experiments are con-
ducted at 1:2, 1:3 and 1:5 mole ratios of PTBT to ace-
tic acid and the results are given in Figure 4. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Effect of solvent quantity on PTBT conver-
sion 
From the experiments, it is observed that as increasing 
the weight ratio of P-tert-Butyltoluene to acetic acid 
the conversion of P-tert-butyltoluene increases. 
 
3.4 Calculation of activation energy: 
 
Arrhenius plot is drawn for calculation of activation 
energy of the reaction. The plot is of lnk v/s 1/T is as 
follows. 
 
 
 
 
 
 
 
 
 

 The activation energy of the reaction is 24491.88J 
mol-1 

4 CONCLUSION 
In the present work p-tert-butylbenzoicacid is pro-
duced by oxidizing p-tert-butyltoluene with air and 
with acetic acid as solvent, cobalt acetate as catalyst 
and sodium bromide as catalyst initiator in an auto-
clave. The optimization of the parameters is studied. 
The maximum conversion of p-tert-butyltoluene is 
75% and the weight ratio of p-tert-butyltoluene to ace-
tic acid is 1:3.  The present process is an economical 
process developed for producing p-tert-
butylbenzoicacid and it is going to be commercialized 

 
NOMENCLATURE 

               Liquid hold-up 
               Specific Interfacial area 
              Volume of liquid 
              Gas-liquid interfacial area 
              gas hold-up 

    Gibbs free energy of formation at 298.15K, 
KJ/mol 

     Enthalpy of formation at 298.15 K, KJ/mol 
            Conversion of reactant 
          Gas phase mass transfer coefficient 
          Liquid phase mass transfer coefficient 

              Liquid film enhancement factor 
            Concentration of reactant 
           Henrys constant 

              Rate constant 
R              Real gas constant 
A              Pre-exponential factor 
T               Temperature 

           Diffusivity 
PTBT        p-tert-butyltoluene 
PTBBA     p-tert-butylbenzoic acid 
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