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SUMMARY 

This article describes the esterification of acetic acid with normal butanol, which 
results in n-butyl acetate, product with many industrial applications. It has followed the 
influence of certain factors (catalysts, catalyst concentration, experimental version, etc.) 
on the chemical process of esterification and found a very good yield under acid synthesis 
catalysts. 
Keywords: esterification; catalysts; esters. 

INTRODUCTION 

Esters, very important organic compounds are generally used as plasticizers, 
solvents, spray in perfumery 1, synthetic fragrances and also as precursors for a wide 
range of pharmaceuticals, agrochemicals 2, 3. 

They are obtained by esterification, which consists of a chemical reaction between 
with an acid and alcohol. Antagonist process is hydrolysis or saponification reaction and, 
together with the esterification form a system of reversible processes: 

 
 

Figure 1. General reaction of esterification 
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Esterification reaction is the most studied case on the application of mass action 
law in chemical equilibrium in fluid systems. 

Moving the balance is achieved either by using excess of one reactant or by 
removing reaction water or ester, where possible. Usually is best working with excess 
alcohol, as is easily removed from the system. Reaction water can be removed as azeotrope 
with alcohol or with benzene, toluene, xylene, etc. 

Esterification reactions occur in the presence of reaction catalysts 4-5. The 
importance of the esterification catalyst is highlighted by the effect they have on the 
esterification reaction 6. The catalyst used widely in the acetic acid esterification reactions 
are acid catalysts 7-8, ion exchangers 9, zeolites, metal salts 10, enzymatic catalysts 
11, etc.  

 

MATERIALS AND METHODS 

N-butyl acetate, product with numerous applications, is used to obtain synthetic 
perfumes, photographic films, and solvent for paints and varnishes, etc. 2 is obtained from 
acetic acid and n-butanol. To achieve syntheses different materials were used 12, their 
characteristics are presented in Tables I and II. 

 

Table I. Characteristics of raw materials used in the synthesis 
 

Nr.
crt. Characteristic Acetic acid Acid p-toluene 

sulfonic Sulfuric acid Toluene 

1 Appearance Liquid clear Crystals white Liquid oily Liquid 
colorless 

2 Molecular 
weight 60 172 98 92 

3 Density 
(g/cm3) 1.05 - 1.83 0.87 

4 
Boiling 

temperature 
(°C) 

118.5 140/20 mmHg 296.2 110.8 

5 
Melting 

temperature(°
C) 

16.6 106-107 10.97 Freezing 
-95 

6 Concentration 
(%) 99 98 96 99.5 
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Table II. Characteristics of alcohols used in the synthesis 

 
Nr.
crt. Characteristic Ethanol N-butyl 

alcohol 
Iso-amyl 
alcohol Benzyl alcohol 

1 Aspect Liquid 
colorless 

Liquid 
colorless Liquid clear Liquid 

colorless 

2 Molecular 
weight 46 74 88 108 

3 Density 
(g/cm3) 0.798 0.809 0.819 1.044 

4 
Boiling 

temperature 
(°C) 

78.3 117.9 128.7 205 

5 
Melting 

temperature(°
C) 

-114.1 -79.9 - - 

6 Refractive 
index 1.361 1.399 1.4044 1.5412 

7 Concentration 
(%) 96 97 98.5 95 

 
Esters obtained after processing and purification are characterized in terms of 

physic-chemical. Determine: 
boiling point (ASTM D 1078); 
density (ASTM D 891); 
refractive index;  
indicate acidity; 
ester value (according to EN14103). 
To determine the refractive index Abbe refractometer is used. 
Acid value is defined as the number of milligrams of potassium hydroxide required 

to neutralize the free acids in a gram of evidence (ASTM D 1613). 
N-butyl acetate is characterized according to ASTM D 4615-06).
 
ESTERIFICATION  
The experimental part presents various methods of synthesis based on direct 

esterification reaction of acetic acid with butyl alcohol in the presence of various catalysts. 
We use two experimental versions characteristic for the esterification process. The 

first process is used to achieve esterification of n-butyl acetate, benzyl acetate, isoamyl 
acetate. Enter alcohol, acetic acid and catalyst in the reaction flask fitted with a reflux 
refrigerant, and the mass reaction retreat for some time. Another alternative way of working 
is sustained elimination of reaction water from the system as azeotrope, with a entrainment 
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(toluene). 
Gross esters are processed by separation, neutralization and distillation. 
Reactions underlying acetic acid esterification are: 
 

 
 

 
 

 
 

 
 

Figure 2. Esterification reactions of acetic acid with different alcohols 

 

We followed the influence of certain factors (catalysts, catalyst concentration, 
experimental version, etc.) on the chemical process and found a very good yield for 
synthesis with acid catalysts: sulfuric acid, acid para-toluene. 

 

RESULTS AND DISCUSSION 

In the laboratory it has been developed syntheses of acetate from acetic acid and 
various alcohols in the catalytic presence of inorganic and organic acids and in the presence 
of some metallic catalysts. We followed the influence the type of catalyst had on the 
esterification reaction of acetic acid with butanol. 

We have also studied the influence of catalyst concentration on the esterification 
reaction. And we observed the influence of organic acid on the esterification reaction with 
butanol in the catalytic presence of various acid catalytic. 

 
Influence of operating mode 
There have been made synthesis of butyl acetate using two different experimental 

versions, without removing reaction water from the system side (synthesis A), respectively 
with continuous water removal reaction (synthesis B). Summary of B uses as coach toluene. 
Molar ratio acetic acid: butanol is used in the synthesis of 1: 1.7. The concentration of 
catalyst used is 0.1% of acid component. Esterification time is 60 minutes. 
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Data are presented in Table III. 
 
Table III. Data obtained and experimental conditions 

 

Nr.
crt. 

 
Acetic acid:butanol 

Molar ratio 
Synthesis version 

 

Catalyst 
APTS 
[%] 

Reaction 
temperature 

[ºC] 

Duration 
reaction 
[min] 

Conversion 
[%] 

1 Synthesis version A 0.1 Reflux temp. 60 75 

2 Synthesis version B 0.1 130 60 87 

 
The graph in Figure 3 shows the yield depending on the way of synthesis. 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Conversion variation depending on synthesis version 

 

It is illustrated in the figure that higher conversion is obtained when using 
synthesis version B. That is, when working with entrainment - toluene and the reaction 
water is removed from the system. 

 
Influence of alcohol in the esterification reaction of acetic acid 

Syntheses were conducted in which was used as alcoholic component: ethyl 
alcohol, n-butyl alcohol, isoamyl alcohol and benzyl alcohol. Molar ratio acetic acid: 
alcohol is 1:1.7. Esterification catalyst used is H2SO4 96% concentration. H2SO4 
concentration used is 0.1% reported to acid component (acetic acid). Reaction time is 
dependent on the type of alcohol used.
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The results are presented in Table IV. 
 

Table IV. Reaction conditions and results 
Nr.
crt. 

Molar ratio 
acetic acid :alcohol 

Catalyst  H2SO4 
[%] 

Reaction  
time 
[min] 

Conversion 
[%] 

1 acetic acid : ethyl alcohol 
1 : 1.7 0.1 60 85.2 

2 acetic acid : n-butyl alcohol 
1 : 1.7 0.1 60 75.9 

3 acetic acid : isoamyl alcohol 
1 : 1.7 0.1 90 69.2 

4 acetic acid : benzyl alcohol 
1 : 1.7 0.1 240 52.4 

 
The results are represented in the graph in Figure 4. 
There is a decrease in conversion with increasing number of carbon atoms from 

alcohol, and with embranchment of alcohol. 
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Figure 4. The influence of type of alcohol on the conversion of acetic acid 

When benzyl alcohol is used as alcoholic component, esterification yield with 
acetic acid is lower, although the response time is four times higher than in other cases. 

 
Influence of molar ratio acetic acid:n-butanol 

An excess of n-butanol acetic acid favors the esterification of n-butyl acetate. Figure 5. 
show the molar ratio acetic acid: n-butanol and the reaction time on conversion of acetic acid. The 
conversion increases with increasing molar ratio of acetic acid: n-butanol and with increasing time 
of esterification. Good results are obtained at a molar ratio acetic acid: n-butanol to 1: 1.7. And in 
terms of reaction time good conversions are obtained after 6 hours of esterification. 
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Figure 5. Variation of conversion depending on the molar ratio of acetic acid: n-butanol 

 
Influence of catalyst type 

To see the influence of different catalysts on esterification reaction of acetic acid 
with butanol synthesis were performed in the presence of an entrainment of reaction water 
resulted which is toluene. Working temperature is around 130ºC. Reaction time is 60 
minutes. Catalysts used are: concentrated sulfuric acid, hydrochloric acid, p-toluene acid 
and tin acetate. Reaction conditions and results are presented in Table V. 
 

Table V. Reaction conditions and results 

Nr. 
crt. 

Molar ratio 
acetic 

acid:alcohol 

Catalyst 
[%] 

Reaction 
time 
[min] 

Temperature 
[°C] 

Toluene 
[%] 

Conversion 
[%] 

1 1 : 1.7 H2SO4 
0.1 60 130 50 90 

2 1 : 1.7 HCl 
0.1 60 132 50 75 

3 1 : 1.7 APTS 
0.1 60 130 50 87 

4 1 : 1.7 Ac2Sn 
0.1 60 135 50 70 

where: APTS = p-toluene-sulfonic acid 
Ac2Sn = tin acetate, Sn(OCOCH3)2 
Experimental results on the effectiveness of the catalysts mentioned in the 

esterification reaction of acetic acid with n-butanol are shown in Figure 6. 
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Figure 6. Influence of catalyst type on conversion of acetic acid. 

Following the conversion to butyl acetate according to the esterification catalyst 
used, we can see that good values are obtained using 96% sulfuric acid and p-toluene acid. 
The preferred acid is p-toluene, although the conversions are lower due to much lower 
corrosion of the organic acid. 

 
Influence of catalyst concentration

We followed the influence of catalyst concentration on the esterification of acetic 
acid with n-butanol. Esterification reaction takes place at temperatures of 130ºC. Reaction 
entrainment is toluene. Toluene is separated from reaction water and is recirculated in 
reaction flask. Esterification time in all these reactions is 60 minutes. Molar ratio acetic acid: 
butanol used in the reaction is 1: 1.7. Catalyst used is p-toluene and the concentrations used 
vary between 0.05% - 1%.  The concentration of catalyst is calculated in weight percentage 
against the quantity of acetic acid used in the reaction.  

The results are presented in Table VI. 

 

Table VI. Reaction conditions and results 

Nr.
crt. 

Molar ratio 
acetic acid 
:alcohol 

Toluene  
[%] 

Temperature 
[°C] 

Time of 
reaction 
[min] 

Concentration 
of catalyst 

APTS 
[%] 

Conversion 
[%] 

1 1 : 1.7 50 130 60 0.05 73 
2 1 : 1.7 50 135 60 0.1 87 
3 1 : 1.7 50 130 60 0.2 89 
4 1 : 1.7 50 135 60 1 92 

The influence of catalyst quantity on conversion of acetic acid is shown in Figure 7. 
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Figure 7. Variation of conversion depending on concentration 
 

It appears that as increasing concentration of the catalyst (p-toluene-sulfonic acid) 
used in the reaction increases the conversion of acetic acid, but at high values the growth is 
not spectacular. Therefore, we use concentrations lower than 0.1% - 0.2% weight to the acid 
component which gives good values of the conversion of acetic acid. 

Esters obtained by synthesis have been processed and the results are presented in 
Table VII. 
 

Table VII. Physic-chemical properties of esters derived 
 

Nr.
crt. Characteristic Ethyl 

Acetate 
Butyl 

Acetate 

 
Isoamyl 
Acetate  

 

 
Benzyl  
Acetate 

 

1 Appearance liquid 
clear 

liquid 
clear 

liquid 
clear 

liquid 
clear 

2 Smell agreeable agreeable pears fruity floral 
(Jasmine) 

3 Molecular Weight 88 116 130 150 
4 Boiling temperature (°C) 77.1 124-125 140-145 213 
5 Density (g/cm3) 0.90 0.883 0.876 1.05 
6 Refractive index - 1.395 1.400 1.523 
7 Melting temperature (°C) -83.6 -76.8 -78.5 -51.5 
8 Flash temperature (°C) -4.4 22 25 90 
9 Acid value (mg KOH/g) 0.01 0.02 0.01 0.02 
10 Ester value (mg KOH/g) 636.1 482.3 430 372 
11 Ester content (%) 99.77 99.72 99.64 99.46 
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IR spectrum of esters – which confirm esteric structure 

 

Figure 8. IR spectrum of n-butyl acetate 

 

 

Figura 9. IR spectrum of l isopentyl acetate  (isoamyl acetate) 
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Figure 10. IR spectrum of ethyl acetate 

 

CONCLUSIONS  

There have been made synthesis of butyl acetate using two types of experiment. 
Experimental version with the elimination of the water with toluene gives the highest 
conversions. The one in which is used total reflux gives conversions less than 75%. 

p-toluene-sulfonic acid catalyst used gave good results (87% conversion) for 
esterification of acetic acid with n-butanol. 

Excess alcohol used is high, the molar ratio acid: alcohol was 1: 1.7. 
Alcohol is recovered by distillation from the system. Reaction time in this case was 

60 minute. Best conversions are obtained when we use 96% H2SO4 as catalyst. 
As you increase the concentration of catalyst (APTS) the conversion of 

esterification reaction of acetic acid with n-butanol also increases, but at high values the 
growth is not spectacular. It is therefore preferred to use a concentration lower than 0.1% - 
0.2% weight component to acid, which gives good conversions. 

When using more alcohols for the esterification of acetic acid, there was a decrease 
in conversion with increasing number of carbon atoms in the molecule of alcohol. If alcohol 
is benzyl alcohol, which contains aromatic nucleus the conversions are even lower. 

Esters obtained after processing and purification are characterized in terms of 
physic-chemical analysis using conventional methods.
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