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Abstract 
The article is devoted to the study of esters of terminal dicarboxylic 
acids as antioxidant additives to diesel fuel. The aim of this work is the 
synthesis and study of asymmetric diesters, as well as complex ester of 
terminal dicarboxylic acids. A series of experiments was conducted on 
the synthesis of esters of terminal dicarboxylic acids (succinic, adipic 
and sebacic) with aliphatic (butanol-1, heptanol-1, octanol-1), aromatic 
(benzyl) and cyclic alcohols (4-methylcyclohesanol). Also, as a result of 
the esterification of adipic acid with ethylene glycol, a diester was 
synthesized, further based on it a complex ester containing 4 ester 
groups was obtained. The synthesized compounds were tested in the 
“ЛСАРТ” apparatus in accordance with GOST 9144-79 (temperature 
120°C, process duration 4 hours) as antioxidants for diesel fuel. It was 
found that the complex ester helps prevent precipitation and asymmetric 
adipic esters (diheptyl octyl, dibutyl octyl and dibenzyl heptyl adipates) 
reduce the amount of sediment from 5.9 mg/100 ml to 0.1 mg/100 ml, 
0.7 mg/100 ml and 1.5 mg/100 ml respectively. The physico-chemical 
characteristics of hydrofined diesel fuel with additives (dibutyl octyl, 
diheptyl octyl, dibenzyl heptyl and complex esters of adipic acid) and 
without them were studied. The results show that the synthesized 
complex and asymmetric esters of adipic acid can be used as additives to 
improve the antioxidant properties and stabilize diesel fuels 

Keywords: terminal dicarboxylic acids, diesters, asymmetric esters, complex ester,  
diesel fuel 

Introduction 

Nowadays, the problem of improving the quality of oil fuel has gained great significance in 
consequence of high international requirements for the environmental properties of fuels [1]. The 
main direction for the production of high-quality commercial diesel fuels is their compliance 
with the requirements of regulatory documentation. The quality of modern diesel fuels must 
meet the requirements of the European standard EN-590. A distinctive feature of a higher grade 
fuel is an improvement of ecological characteristics - a decrease in sulfur content, an increase in 
cetane number and enhancement of lubricity and temperature characteristics. All these factors 
taken together and individually reduce the toxic effects on humans and nature [2, 3]. The 
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requirement for sulfur content has been tightened (should not exceed 350, 50 and 10 ppm), a 
restriction has been introduced on the content of polycyclic aromatic hydrocarbons in diesel fuels 
(not more than 11% by mass), an increase in the cetane number is provided (from 45 to 51-58 
units). 

Hydrofined diesel fuel has high environmental indicators. However, as a result of the 

hydrotreatment process, a decrease in the content of sulfur and other heteroatomic organic 

compounds occurs which leads to a deterioration in the thermo-oxidizing properties and 

lubricating characteristics of diesel fuels. The reason for the deterioration in the lubricity of low-

sulfur diesel fuels is the removal of surface-active substances in hydrodesulfurization processes 

that can protect friction wear surfaces. Deep hydrotreating fuels as a result of the removal of 

natural antioxidants from them are significantly less resistant to oxygen oxidation and have low 

anti-wear properties, which negatively affects the condition of the car's fuel system and 

accelerates its wear, in particular, leads to a quick failure of fuel pumps. A decrease in the 

thermo-oxidative stability of fuels leads to an increase in the rate of oxygen absorption by these 

fuels, an increase in osmolability and precipitation and as a consequence, a reduction in their 

storage life [4-6]. The solution of the above problems can be provided by a combination of 

various additives, their rational dosing and optimal compounding of diesel fuel components [7]. 

Increasing environmental requirements for emissions of car engines and toughening the 

operating conditions of modern internal combustion engines require the use of various additives 

to motor fuel on an increasingly wide scale [8]. 

It is known that diesel fuel that meets the requirements of modern regulatory documents 

cannot be produced without the addition of additives for various functional purposes [9]. In 

recent years, a huge assortment of antioxidant, antiknock, cetane raising, antiwear, washing, anti-

stick, depressant, dispersing additives has been launched abroad. Such additives reduce the pour 

point and improve the low temperature filterability of fuels [10]. 

The purpose of this work is the synthesis and study of asymmetric diesters, as well as 

complex ester of terminal dicarboxylic acids (TDA) as antioxidant additives to diesel fuels. 

Experimental Part 

The synthesis of asymmetric diesters was carried out in two-step. At the first stage, a 

monoester was obtained, the mole ratio of acid: alcohol was 1: 1. The esterification process was 

carried out according to the following scheme: 

 

Scheme 1. The esterification reaction of terminal dicarboxylic acids with alcohols of various 

structures 

 n = 1, 2, 4;  R1 = CH2C6H5- , C4H9 -, C7H15-, CH3C6H10- 
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In the next step, the obtained monoester was esterified with an aliphatic alcohol at a mole 

ratio monoester: alcohol = 1: 2. The synthesis scheme is as follows: 

 

Scheme 2. The esterification reaction of the monoester of terminal dicarboxylic acids with 

aliphatic alcohols 

 n = 1, 2, 4; R2 = C7H15-, C8H17- 

The reaction proceeded in toluene in the temperature range 110-120°C; “ЦЕОКАР-2” and 

“КУ-2-8” were used as a catalyst. 

The synthesis of complex ester was carried out step by step. In the first step, diglycol 

ester of adipic acid was obtained, which was further esterified with caproic acid. The general 

synthesis scheme is as follows: 

 

Scheme 3. Synthesis of complex ester of adipic acid  

The reaction was carried out in a three-necked flask equipped with a mechanical stirrer, 

reflux condenser, thermometer and Dean-Stark trap. The end of the reaction was determined by 

the acid number and the amount of water released. 

TDA esters have been tested in diesel fuel as antioxidants. For this purpose, esters of 

various structures of terminal dicarboxylic acids in an amount of 0.004% were added to diesel 

fuel. Oxidation processes proceeded in the “ЛСАРТ” apparatus in the presence of a copper sheet 

at a temperature of 120°C for 4 hours (GOST 9144-79). The research results are shown in Tab.1. 
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Table 1. Antioxidant properties of esters of terminal dicarboxylic acids 

№ Ester 
In diesel fuel without 

additives, mg/100ml 

The amount of 

precipitate, mg/100ml 

1 

 

5.9 1.5 

2 

 

“____” 0.7 

3 

 

“____” 0.1 

4 

 

“____” 5.0 

5 

 

“____” 4.2 

6 

 

“____” 0.3 

7 

 

“____” 13.0 

8 

 

“____” 9.1 

As can be seen from the data Tab. 1, asymmetric esters of adipic acid compared to 

sebacic and succinic acids show higher antioxidant properties. For example, the amount of 

precipitate after the oxidation process for dimethylcyclohexylheptyl ester of various TDA 

decreases in the following order: 

НООС(СН2)8СООН > НООС(СН2)2СООН > НООС(СН2)4СООН 

The results show that the amount of precipitate in the molecules of asymmetric esters of 

adipic acid containing a cyclic radical is higher. Asymmetric esters, including aliphatic radicals, 

demonstrate high antioxidant properties. So, for example, the amount of precipitate in dibutyl 

octyl and diheptyl octyl adipates decreases from 5.9 mg/100 ml to 0.7 mg/100 ml and 0.1 

mg/100 ml, respectively. The complex ester obtained on the basis of adipic acid also has high 

antioxidant properties. 
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The physico-chemical parameters of the hydrotreated diesel fuel itself and in the presence 

of additives were also studied. Cetane numbers are calculated according to equations I and II 

[11]. 

Equation I 

C.n. = (ν20 + 17.8)  1.5879÷ 20

4d  

Equation II 

C.n. = 52 – 324  ( 20

4d – 0.83) 

where ν20 – kinematic viscosity of diesel fuel at 20
0
С; 

20

4d  – density of diesel fuel at 20
0
С. 

The addition of esters as antioxidant additives does not affect the physico-chemical 

properties of diesel fuels [12]. The results of the data are presented in Tab. 2. 

Table 2. Physico-chemical properties of hydrotreated diesel fuel in the presence of additives and 

without them 

Indicators 
No 

additives 
Sample I Sample II Sample III Sample IV 

1. Density at 20
о
С, kg/m

3
 846.0 847.3 847.3 847.5 847.8 

2. Kinematic viscosity, mm
2
/s      

At 20
о
С 5.42 5.79 5.90 5.73 5.86 

At 40
о
С 3.40 3.50 3.60 3.46 3.53 

3. Closed cup flash point,
о
С 75.8 75.1 72.8 72.7 74 

4. Aromatic hydrocarbon 

content, % 
16.0 15.6 15.8 16.0 16.0 

5. Fractional composition,
 о
С:      

Start of boil 200 198 197 199 197 

50% distils at temperature 276 274 275 274 273 

96% distils at temperature  

End of boil 

343 

356 

340 

351 

340 

352 

340 

353 

340 

354 

6. The value of the cetane 

number, calculated 
     

according to equation I 43.63 44.21 44.42 43.75 44.15 

according to equation II 47.14 46.39 46.39 45.52 45.20 

7. Thermal oxidative stability, 

amount of precipitate, mg/100 

ml of fuel 

5.9 0.7 0.3 1.5 0.1 

Sample I – dibutyl octyl adipate, sample II – complex ester of adipic acid, sample III – dibenzyl 

heptyl adipate, sample IV – diheptyl octyl adipate. 
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Conclusion 

Thus, as a result of research it was found that to increase the stability of fuels to 

oxidation, it is most appropriate to use complex and asymmetric adipic acid esters. The results 

indicate that these esters can be used as effective antioxidant additives to fuels in order to 

increase their storage stability. 
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