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ABSTRACT 

Butanol Esterification is one process which has industrial importance. Many catalysts are tested and developed 

towards the process. In the present study, a catalyst which derived from solid waste was tested for the process. Na-

Bentonite is one catalyst which derived by successive thermal treatment and NaOH treatments of bentonite clay and 

calcination at 600°C. The various parameters studied for the process are, Temperature- 343,353,363 and 373K, Pressure-

1bar,Mole ratio of alcohol to acid - 2,3,4 and 5, Catalyst loadings- 0.5%,1%,1.5% and 2% by weight of reaction mixture. 

The reactions were carried till the equilibrium was achieved (no change in the composition of two successive samples). 

The thermodynamic parameters of the process were determined as ∆S° = (-0.0088) kJ/gmol-K, ∆H° =  (-6.2636) kJ/gmol-

K, ∆G° = (-3.6412) kJ/gmol-K. The conversion was more at lower temperatures but was achieved at higher reaction times, 

which confirms the exothermissivity of the esterification process. Effect of all the parameters i.e. Temperature, Mole ratio 

of reactants and Catalyst Loading was studied and analyzed. 
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INTRODUCTION 

Butyl acetate is a solvent with a fruity banana aroma that is used in a variety of household and industrial 

formulations. It is a low viscous compound, having high miscibility with other solvents and low miscibility with water. It 

has many applications in various chemical processes. It was used in Paints and lacquer industries. It was also used in 

photography and leather processing processes. Butyl acetate was prepared by the esterification of butanol with acetic acid 

in liquid phase system using strong acid catalysts like H2SO4, HNO3 and HCl or heterogeneous catalysts like Ion exchange 

resin, Sulphated zirconia or Alumina supported Tungsto-phosphoric acid etc. [1]. There are some limitations in using the 

homogeneous catalysts for the process, due to which, the technology is being shifted to heterogeneous catalysis in availing 

the post reaction benefits. The heterogeneous solid catalysts are non-corrosive, easy to separate from the reaction mixture 

and a variety of reactor types and configurations can be adopted on industrial scale. They can also be used repeatedly over 

prolonged periods of time without any difficulty in handling and storage [2]. Amberlyst 15, Dowex 50, TULSION T-62, T-

63, T-66MP, (Ce(S2O8)2/SBA-15, NH4Fe(SO4)2·12H2O) and oxide (MoO3/SiO2) are some heterogeneous catalysts used for 

the reaction. Most of the catalysts listed above are having industrial applications and are expensive, so it is proposed to 

develop the catalysts which are derived from solid waste materials and can be availed for low cost. Clays are the 

compounds which available abundantly in nature, hence one type of clay namely bentonite was adopted for our study. It is 
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modified by thermal and chemical treatments techniques to improve the activity. 

LITERATURE REVIEW 

Emine Sert et al[3]has studied the adsorption and kinetic parameters for Butanol– Acetic acid esterification 

system catalyzed by Amberlyst 15. The kinetics was investigated by testing four different reaction mechanisms to obtain 

the kinetic expression. The Eley–Rideal ER (I) model explained the experimental data successfully for the reaction and the 

activation energy was found to be 45.4 kJ/mol. Amrit Pal Toor et al [4]  have studied the kinetics of esterification reaction 

between Acetic Acid and alcohols n-Butanol and iso-Butanol catalyzed by Ion Exchange Resin in a stirred batch reactor in 

the temperature range of 351.15 K to 366.15K.The activation energies of the reaction with n-Butanol and iso-Butanol are 

found to be 28.45 kJ/mol and 23.29 kJ/mol respectively. M.A.Suryawanshi et al [5] have studied the kinetics of 

esterification reaction for the synthesis of butyl acetate. A Pseudo homogeneous model was employed to fit the 

experimental data. The activation energies for forward and backward reactions are reported as 45.6 kJ/mol and 23.9kJ/mol 

respectively. J.M.Shakoor et al [6] have studied the reaction kinetics of Acetic acid and n-Butanol reaction catalyzed by 

Dowex 50 catalyst. The best temperature for the reaction was reported as 90oC and the activation energies for the forward 

and backward reactions are calculated as 52.9 kJ/mol and 39.9 kJ/mol respectively. Cong Yu Feng [7] studied the reaction 

conditions and kinetics for synthesizing n-Butyl Acetate using different catalysts consisting inorganic salt like 

(Ce(S2O8)2/SBA-15, NH4Fe(SO4)2·12H2O) and (MoO3/SiO2). The experimental data are in agreement with the 

quantitatively analytical conclusions drawn from the calculated data. S.S. Dash et al [8] have studied the Esterification of 

Acetic acid with n-Butanol over Manganese Nodule Leached Residue (MNLR) which shows highest catalytic activity with 

76.6% conversion and 100% selectivity towards n-Butyl acetate. The esterification reaction follows first order kinetics with 

respect to acid and zero order with respect to n-Butanol.  

From the above literature it was observed that the most of the catalysts listed are having industrial applications 

and are derived from precursors which are expensive to use. So it is proposed to design and develop catalysts which are 

derived from solid waste materials, which will be cheaper in cost and can be produced renewably from the waste materials. 

Clays are compounds which available abundantly in nature, were not used for the butyl acetate production process so far. 

So an attempt was made to prepare and use the catalysts derived from solid wastes. 

THERMODYNAMICS 

Thermodynamic study will reveal the feasibility of a process under specified operating conditions. To evaluate the 

thermodynamic parameters of butanol Esterification process, it is proposed to carry the reaction in the vicinity to the 

standard temperature i.e 298K and at atmospheric pressure. The range of temperatures considered was 303- 333K. Alcohol 

to Acid ratio of 6 was maintained for all the reactions and catalyst amounts of 2% by weight of the reaction mixture were 

taken. The reactions were carried till the equilibrium was attained and the data was presented in Table.1. 

The equilibrium constant (K) can be calculated by 

 

Where [BA]- Concentration of Butyl Acetate, [W]- Concentration of Water, [B]- Concentration of n-Butanol, [A]- 
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Concentration of Acetic Acid. 

The values of K at the operating temperatures are calculated and presented in Table.1. The values of K decreasing 

with increasing temperatures, which reflects the exothermissivity of the Esterification process and favored by lower 

temperatures. 

Table.1: Equilibrium Concentrations of the Components at Various Temperatures 

Temp 
(K) 

Initial Concentrations 
Time to Achieve 
Equilibrium(Hr) 

Equilibrium Concentrations 
Equilibrium 

Constant 
(K) 

N- 
Butanl 

Acetic 
Acid 

N- 
Butanl 

Acetic 
Acid 

N-Butyl 
Acetate 

Water 

Gmol/Lt Gmol/Lt Gmol/Lt Gmol/Lt Gmol/Lt Gmol/Lt 
303 2.112 13.105 5.50 0.1086 9.34 2.08 2.01 4.121 
313 2.056 12.981 4.50 0.1171 9.85 2.10 2.155 3.923 
323 1.987 12.561 2.75 0.1109 9.78 1.91 1.991 3.504 
333 2.105 12.975 2.50 0.1056 10.94 1.87 2.059 3.334 

In the vicinity to room temperatures the relation between K and T is given by 

                                                            ------------------------            --------------- (1) 

Where ∆S° - Standard Entropy Change (kJ/mol-K) 

∆H° - Standard Enthalpy (kJ/mol-K) 

R-Universal gas law constant (8.314*10-3 kJ/mol-K) 

T- Absolute temperature (K) 

Fitting the experimental data into the form of equation (1) was shown in Figure.1 

 

Figure 1: LNK Vs 1/T Plot for the Experimental Data for the Evaluation of Thermodynamic Parameters of the 
Reaction 

From the above plot, 

y=753.39x-1.0613  -----------                                                             ----------------- ------------- (2) 

By comparing equations (1) and (2) 

∆S° = (-0.0088) kJ/gmol-K, ∆H° experimental = (-6.2636) kJ/gmol-K 
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(∆G°) experimental =   ∆H° -T ∆S° =   -3.6412 kJ/gmol-K, which is negative and confirms the exothermissivity of the 

reaction. 

(∆H°) theoretical    = ∆H° products - ∆H° reactants = -3.67kJ/gmol-K 

∆H° experimental and (∆H°) theoretical are found to be accurate with a maximum error of 5 %. 

EXPERIMENTAL 

Materials Used 

Butanol and Acetic acid (both >99 weight% purity) were procured from Sigma-Aldrich and used as received. 

0.5N NaOH solution was prepared and was standardized against 1N Oxalic Acid solution. The catalysts were prepared 

from solid waste materials and some characteristics of them are presented in the later sections.  

Catalyst Preparation and Characterization 

Bentonite clay was thermal treated in a furnace at 600oC for 8hr, the resulting powder was ground well to 20/40 

mesh size. 1g of powdered bentonite clay was added into a conical flask which contains 50 ml of 1M NaCl solution. The 

suspension was stirred well for 16hrs and then filtered. The solids were washed well with distilled water till the complete 

removal of chloride ions. The contents were allowed to dry in an oven at 100oC. The characteristics of the catalyst, namely 

XRD, SEM and FT-IR images were presented in  the following Figures 2,3 and 4. 

 

Figure 2: XRD Pattern of Na/Bentonite Catalyst 

 

Figure 3: SEM Image of Na/Bentonite Catalyst at Various Magnification Levels 
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Figure 4: FT-IR Image of Na/Bentonite Catalyst 

Reaction Studies 

The Esterification of butanol was carried in a batch reaction process. REMI make Rota-Mantle was used for 

heating and stirring of the contents. A 500ml 3-neck RB Flask was taken and placed in an oil bath and a reflux condenser 

was arranged with cooling water supply. A thermometer was arranged at one neck of the flask and the third neck was 

provided with a dummy for charging of reaction components (check figure 5) 

 

Figure 5: Experimental Set Up Used for Reaction Studies 

Initially the pre calculated amounts (by weight) of acid was taken into the flask and was heated upto the reaction 

temperature. In another flask calculated amounts of alcohol was taken and heated. After attaining the specified 

temperature, alcohol and catalyst material was added to the reaction mixture, the magnetic stirrer was turned on and the 

instant was noted as time 0 (t=0). The reaction was allowed to proceed and the reaction mixture of volume 2ml was 

collected and analyzed for every 15min of time interval. The reaction was proceeds till the equilibrium was attained (i.e, 

equal concentrations of the two successive samples). In a typical run 104.9g (100ml) of Acetic acid was taken in the RB 

Flask and was heated to 80oC. In another flask 42.7g (48ml) of alcohol was taken (such that mole ratio of alcohol to acid is 

1:3) and heated to 80oC. 2.952g of Na/Bentonite catalyst was added such that the catalyst loading will be 2% by weight of 

the reaction mixture. After attaining the specific temperature, the alcohol was transferred to RB Flask, the magnetic stirrer 

was switched on at a speed of 800rpm to eliminate the mass transfer effects and the instance was read as time 0 (t= 0).  2ml 

of the sample was collected for every 15 minutes of time interval and titrated against 0.5N NaOH solution. The list of 

various parameters considered for the study was presented in Table.2 
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Table 2: List of Various Parameters Considered and Their Range 

Parameter Range Studied 
Temperature (oC) 70,80,90 and 100 
Pressure (fixed) 1 bar 
Mole Ratio ( Alcohol to Acid) 2,3,4, and 5 
Catalyst Loading ( by wt% of reaction mixture) 0.5,1, 1.5 and 2 
Rotational speed 800rpm 

 

Analysis of Products 

The liquid samples were titrated against 0.5N NaOH solution. The reported amounts of acetic acid values are 

converted into butanol terms based on the stoichiometric equation. Selected samples were also examined by using a GC-

MS (GC-911, Mak Analytica India Ltd.) equipped with TCD detector. A 2m long packed column filled with Porapack-Q 

with hydrogen gas as carrier at a flow rate of 20ml/min. Butyl acetate was used as internal standard. Injector and detector 

temperatures were maintained at 200oC and 150oC respectively. Oven temperature was maintained isothermally at 240oC 

for 4 minutes.  The retention times of all the individual components were confirmed by the respective authentic samples.   

RESULTS AND DISCUSSIONS 

Reaction studies of a process will reveal the effect of various parameters over the progress of the reaction. The 

parameters listed in Table.1 were taken up in the present study. Prior to the reaction studies, It is proposed to check the 

mass transfer effects over the reaction. The reaction was carried out at four different rotational speeds 600,800,1000 and 

1200 rpm by maintaining the other parameters at fixed levels, i.e; Temperature- 80oC, Pressure-1 bar, Mole ratio of 

reactants (Alcohol to Acid)-4, Catalyst Loading-2% by weight of reactants. From figure.6 it is observed that the rotational 

speeds above 800rpm have no specific effects on the net conversion of n-Butanol, which indicates the nullifying rotational 

speed effect over the speeds of 800rpm. So, it is proposed to carry the entire study above to 800rpm in order to eliminate 

the mass transfer effects on the reaction.  

 

Figure 6: Effect of Rotational Speed on the Conversion of N-Butanol at 80 Oc, 1bar with Mole 

Ratio of 4 and Catalyst Loading of 2% by Weight of Reaction Mixture 

Effect of Temperature 

Temperature is one important parameter which has considerable effect on the chemical reactions. The effect of 

temperature was studied in the range of 70-100oC for 1: 3 mole ratio of reactants and 1% catalyst loading by weight of 

reaction mixture and was presented in Figure.7. From the above figure it is observed that with increasing the temperature 
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the conversion levels are decreasing, rightly exhibiting the exothermissivity of the reaction. At higher temperatures the 

equilibrium conversions are achieved in lesser time intervals in comparison to lower temperatures. At temperatures beyond 

to 90oC, there is no effect of temperature that pronounced. So, it is concluded to carry the reaction at that specific 

temperature, i.e, 90oC.   

 

Figure 7: Effect of Temperature on the Conversion of N-Butanol with 1:3 Mole  

Ratio and 1% Catalyst Loading 

Effect of Mole Ratio 

Four different mole ratios are considered for the study, i.e; 1:2, 1:3, 1:4 and 1:5 (acid to alcohol ratios) and the 

resulting plot was shown in figure.8 at 90oC and 1% of catalyst loading. From the figure it was observed that, increasing 

mole ratios has positive effect towards the butanol conversion, but at the time intervals of 150 min and above, there is no 

considerable effect of the parameter towards the conversion terms of butanol. With mole ratio of 3, After the reaction time 

of 150 min, the conversion of the reactant was not increased in proportion to number of moles. So mole ratio 1:3 was 

chosen for the further studies of the reaction.  

 

Figure.8: Effect of Mole Ratio on the Conversion of N-Butanol at 90oc, 1bar and 1% of Catalyst Loading 

Effect of Catalyst Loading 

The experiments were conductied for varying catalyst loadings of 0.5%,1%,1.5% and 2% by weight of the raction 

mixture, temperature of 90oC, mole ratio of 1:3. As the reaction was carried at agitations speeds above to 800rpm and as 

the mass transfer effects were eliminated, the reaction rates are highly influenced in the presence of the catalysts and its 

loadings which reflected in Figure.9. with increase in catalyst loading the conversion levels are increased upto 1.5% and 
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then at 2% loadings there is no much increment in terms of conversion.  

 

Figure 9: Effect of Catalyst Loading on the Conversion of N-Butanol with 

Temperature of 90 Oc, 1bar and 1:3 Mole Ratio 

CONCLUSIONS 

The esterification reaction of Acetic acid with n-Butanol was carried over Na/Bentonite catalyst in a batch reactor. 

The thermodynamic parameters of the process were determined as ∆S° = (-0.0088) kJ/gmol-K, ∆H° =  (-6.2636) kJ/gmol-

K, ∆G° = (-3.6412) kJ/gmol-K. The conversion was more at lower temperatures but was achieved at higher reaction times, 

which confirms the exothermissivity of the esterification process. The effect of temperature, molar ratios and catalyst 

loading on the overall rate of reaction were investigated. A stirrer speed ≥ 800 rpm was found sufficient for eliminating the 

mass transfer effects. The conversion of alcohol increased with increasing the temperatures, mole ratio and catalyst 

loading. Temperature of 90oC, 1:3 mole ratio of alcohol to acetic acid and 1.5% catalyst loading were suitable for better 

conversion terms. 
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