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ABSTRACT 
One of the pressing problems when using internal combustion engines is the formation of harmful gas emissions. 
The synthesis of environmentally friendly additives to automotive fuels is one of the most important directions in the 
development of the oil refining and petrochemical industries. The greatest distribution among additives increasing 
the octane number, alkyl tert-butyl ethers (ATBE) received. This study aimed to develop a synthesis technology for 
several promising tertiary esters with the number of carbon atoms in a molecule of 6-8: ethyl tert-butyl (ETBE); iso-
butyl-tert-butyl (IBTBE) and iso-propyl-tert-amyl (IPTAE). To prepare ethers, the process of interaction of 
isobutylene (i-C4H8) with aliphatic alcohols on acid catalysts is carried out. The synthesis of additives was carried 
out according to 2 schemes. As catalysts, standard gel sulfocationites and catalysts prepared based on the systems 
heteropoly acid (HPA) - aluminum oxide and HPA – natural zeolite were tested. It was found that the selectivity of 
the synthesis of ATBE on catalysts with HPA increases with an increasing number of carbon atoms in alcohol. The 
amount of gasoline additives varied from 1 to 12%. It was shown that the additives synthesized allowed to increase  
the octane number by several points, in some cases up to 20. The results obtained show a good acceptance of the 
studied base gasoline to the components of the prepared composite additives.  
Keywords: Automotive Fuels, Additives, Octane Number, Shankanai Natural Zeolite,  Heteropoly Compounds. 
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INTRODUCTION 
The formation of harmful gas emissions is one of the urgent problems when using internal combustion 
engines.1-5 Many studies have been done around the world to reduce gas emissions while maintaining 
engine performance. The functioning of modern cars requires the application of high-octane fuel with 
anti-knock properties characterized by motor octane numbers 92, 95 and 98. High anti-knock 
characteristics are achieved either by deep modification of gasoline using the processes of alkylation, 
isomerization and catalytic cracking or by introducing special high-octane additives into the fuel. Fuel 
producers have to take into account the fact that the requirements for fuel quality (total sulfur content, 
combustion completeness, lubricating properties of the fuel, and the content of aromatic compounds) are 
becoming more stringent.6-10 Also, the raw material base of oil refineries is deteriorating due to an 
increase in the share of heavy, sour crude oils in the total volume of refined oils. Poor quality raw 
materials need to be processed at various purification and catalytic processing plants.11-14 Therefore, the 
production of effective additives to improve fuel performance is becoming particularly relevant at present.  
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Elaboration and implementation of processes for the synthesis of environmentally friendly additives to 
automotive fuels is a priority for the development of the petrochemical industry. Among the well-known 
applied high-octane additives, alkyl tert-butyl ethers (ATBEs) are more widely used. The synthesis of 
ATBE is based on the reaction of the interaction of isobutylene (i-C4H8) with aliphatic alcohols in the 
presence of heterogeneous acid catalysts.11,15-19 A great need for i-C4H8 can be provided due to the 
isobutane-isobutylene fraction of a catalytic cracking unit of the KT-1 type at a refinery. Alternative raw 
materials for the synthesis of ATBE can also be agricultural products (for example, bioethanol) and 
alcohol-containing waste.20-24 The investigation of the alkylation processes of isobutylene with ethanol, 
isopropanol, propanol, isobutanol, n-butanol, pentanol-2, 3-methylbutanol-1 and pentanol-1 is very 
important.25-29 The use of ATAE (alkyl tert-alkyl ether) as gasoline components may be beneficial due to 
high values of the octane number >100, low toxicity of esters and the absence of the effect of exfoliation 
of water. Moreover, the number of carbon atoms in the molecule is 6-8, and the normal boiling points of 
these esters are in the range of 90-150°C, which is favorable for the operation of gasoline internal 
combustion engines. Also, in this case, the availability of relatively cheap raw materials of C2-C5 alcohols 
and C4-C5 isoolefins is observed.30-40 

This study aimed to develop a synthesis technology for a number of promising tertiary esters with the 
number of carbon atoms in a molecule of 6-8: ethyl tert-butyl (ETBE); iso-butyl-tert-butyl (IBTBE) and 
iso-propyl-tert-amyl (IPTAE). 

EXPERIMENTAL 
The production of ATAE is based on the alkylation reaction of isoolefins with low molecular weight 
alcohols (C1-C5) in the presence of catalysts. The process of obtaining ATAE consists of the stages of 
reagents and catalyst preparation; synthesis of esters and analysis of the obtained raw materials and 
purification of esters.  
Chemical reagents necessary for the synthesis of several ATAEs used as high-octane additives for motor 
fuels have been prepared and tested for the purity of raw materials. Alcohols (ethanol and isobutanol) 
were rectified and then refluxed over calcium metal for 3-4 hours to remove water. Then the mixture was 
distilled and directed for synthesis. Storage was carried out over calcined synthetic zeolites. The purity of 
the alcohol used in the synthesis is at least 99.7-99.8%. Isobutylene was obtained by dehydration of 
isobutyl alcohol in the alcohol dehydration unit mounted for this purpose. The process of dehydration of 
isobutyl alcohol was carried out in the temperature range 360-380ºC in the presence of a catalyst, which 
was used as aluminum oxide. The macroporous cationites KU-23 and KU-2 were used as catalysts.  
Preparation of the cationite was carried out commonly: it was loaded into a dividing funnel and treated 
with 10% hydrochloric acid solution for 6-8 hours. After that, the cationite was washed with distilled 
water until the reaction was neutralized and dried under vacuum at a temperature not exceeding 100ºC. 
For the synthesis of ATAE 2 options of the installation were mounted. Option 1: reactions take place in a 
thermostatic column through which the reaction mixture passes. The reaction mixture is in a three-neck 
flask, to accelerate the reaction, the process was carried out by heating and stirring. Option 2: the reaction 
product should be separated from the unreacted starting substances, and the latter should be returned to 
the reaction. In this case, a circulation-type installation is used.  
It was found that when using KU-23 and KU-2 cationites, the formation of by-products is significant. For 
this reason, the problem of separating the ether and cleaning it from unreacted alcohol and olefin was 
solved. For this purpose, at the first stage of isolation, a fraction boiling below the boiling point of alcohol 
and being an azeotropic mixture of alcohol and ether was distilled from the reaction mass. In the second 
stage, the alcohol was washed with distilled water, since all light alcohols in various degree dissolve in 
water much better than the corresponding esters. At the third stage, the ether was purified from unreacted 
olefin by blowing it with an inert gas under vacuum, followed by rectification of the ether. The purity of 
the ether after removal of olefins is not less than 99.0%. 
An experiment was performed to develop new acid catalysts for the synthesis of alkyl-tert-butyl esters 
(ATBE) with high yields and small amounts of by-products. Common gel sulfo-cationites of grades KU-
2-8 (State standard 20298-74) and KU-23P (Technical Conditions 2227-025-39659962-2003) were tested 
as catalysts. Also as catalysts, the systems heteropoly acid-aluminum oxide and heteropoly acid – natural 
zeolite synthesized in the laboratory were applied. 
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The catalysts were prepared based on modified natural zeolite from the Shankanai deposit (Kazakhstan), 
which has an acid-and heat-resistant crystal structure. Some acids (organic, heteropoly (HPA) and 
mineral) were used for zeolite modification. To remove Fe3+ ions, sulfosalicylic acid, citric acid (10% 
concentration), ethylene-diamine-tetra-acetic acid and its disodium salt EDTA (Trilon B, aqueous 
solution of 10% concentration) were applied. The treatment with complexones was carried out both in the 
case of natural (Nz) zeolites and in the case of hydrochloric acid-treated catalyst samples (HtrZ). The 
treatment of the catalysts with HPA was carried out to enhance the strength of the acid sites necessary for 
the reaction. The literature data about HPA application and description of catalysts based on HPA 
synthesized by us earlier is described in detail in the works.32-37,41,42  
EM pictures of catalysts were made using SEM and PEM with a spatial resolution of 1 and 10 Ǻ on the 
JSM-6X80 SEM series microscope.36,37 The calculation of the binding energies of elements was 
performed using C1S lines as an internal standard, the value of which was 284.8 eV. Figure-1 shows 
SEM photographs of one of the synthesized 10% PMo12-HPA/Nz catalysts.  
 

                                 
a                                          b                                              c 
Fig.-1: SEM Photographs of the Catalyst with Composition PМо12-HPA/ HtrZ. 

 

As a result of calcination of the catalyst, PW12-HPA is transformed into a highly dispersed state, in which 
the PW12-HPA particles have specific catalytic and adsorption features. It seems the appearance of 
nanostructures and the presence of a large number of strong acid sites leads to an increase in the reaction 
activity of the 10% PW12-HPA / Nz catalyst. 
A detailed study of the zeolite surface using the PEM BP method showed the presence of stable cluster 
structures (1-2 nm) partially embedded in the zeolite volume. These clusters are uniformly distributed 
over the surface of the zeolite and are available for reagents (Fig.-2a). The frequently repeated bands in 
the pictures belong to the clinoptilolite crystal lattice. In BP PEM photo of thin PМо12-HPA/ HtrZ 
catalyst bed the different areas of various shapes, sizes, contrasts were detected (Fig.-2b). According to 
previous microanalytical experiments on an EDAX spectrometer, the such spots have the same 
compositions and were identical with PW12-HPA.36,37,41,42 
 

           
                               a                                                                                     b 

Fig.-2: BP PEM- Photographs of the Catalyst PМо12-HPA/ HtrZ:  
Resolving Power- a-1cm = 20nm; b-1cm = 200nm. 



 
  Vol. 13 | No. 4 |2085-2091| October - December | 2020 

2088 
ADDITIVES FOR AUTOMOTIVE FUELS                                                                                                                                 L.R. Sassykova et al. 

RESULTS AND DISCUSSION 
Methyl-tert-butyl ether (MTBE), ethyl-tert-butyl ether (ETBE) and isobutyl-tert-butyl ether (IBTBE) 
were synthesized using the above catalysts. The effects of the ROH alcohol structure, the type of catalyst, 
and the process conditions (temperature, reagent ratios, and feed methods) on the degree of conversion of 
the starting substances and the selectivity of ATBE formation were studied. Thus, the highest selectivity 
for the formation of ATBE is achieved on industrial sulfonic cation exchangers KU-2-8 and KU-23P (75-
90%) compared with PMo12 - HPA/Al2O3 and PW12 - HPA/Al2O3, on PMo12 - HPA/Nz and PW12-
HPA/Nz under the studied conditions is less selective (75-80% and 50-60%, respectively). 
It was found that the selectivity of the synthesis of ATBE on catalysts with HPA increases with an 
increasing number of carbon atoms in alcohol. The maximum selectivity is achieved by feeding isobutyl 
alcohol; when loading the PMo12-HPA/Al2O3 catalyst, the IBTBE yield is 19%. It was also noted that 
HPA/Al2O3 has greater stability over time.  
Based on the starting materials and reaction products of the synthesis of ethers and most ATBEs, new 
octane-additive compositional additives of the BI, BIE, BEM, IE and IBTBE series have been created. 
Table-1 shows the antiknock properties of AI-92 base gasoline in the presence of a BI series composite 
additive based on isobutanol, determined by the standard method on an octanometer. The amount of 
additive was varied in the range of 1-12%. The increase in the octane number increases and the increase 
in the octane number varies proportionally depending on the amount of additive. For example, gasoline 
containing 10% BI additives shows an increase in the OR of 6.9 and 8.1 according to MM and RM, 
respectively. 
 

Table-1: Antiknock Properties of Gasoline (AI-92) - Composite Mixtures (BI). Octane Rating (OR) for Original 
Gasoline AI-92: Motor Method (MM) 83.6; Research Method (RM) 92.6 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table-2 shows the antiknock properties of AI-92 gasoline in the presence of another composite additive - 
BIE, prepared from iso-butanol and ethanol. 

 

Table-2: Antiknock Properties of Gasoline-Composite Mixtures in the Presence of 5 and 10% (Vol.) BIE 
Composition, Determined by the Standard Method on An Octanometer.  OR for Original Gasoline AI-92: MM- 

83.6; RM- 92.6 
Additive The amount added to gasoline antiknock composition, % (vol.) 

5.0 10.0 
OR 

MM Increasing 
OR 

RM Increasing 
OR 

MM Increasing 
OR 

RM Increasing 
OR 

AI-92 with a composite additive: 
BIE-2 87.5 3.9 97.5 4.9 90.9 7.3 101.2 7.6 
BIE-3 87.7 4.1 97.7 5.1 91.7 8.1 102.0 8.4 

BIE-4 87.8 4.2 97.8 5.2 92.2 8.6 102.6 9.0 

Additive OR Increasing OR 
MM RM MM RM 

AI-92 with a composite additive 
BI-1 84.1 94.0 0.5 1.4 
BI -2 84.8 94.8 1.2 2.2 
BI -3 85.3 95.3 1.7 2.7 
BI -4 86.2 96.2 2.6 3.6 
BI -5 87.2 96.9 3.6 4.3 
BI -6 87.5 97.5 3.9 4.9 
BI -7 88.4 98.3 4.8 5.7 
BI -8 89.1 99.1 5.5 6.5 
BI -9 89.7 99.7 6.1 7.1 
BI -10 90.5 100.7 6.9 8.1 
BI -11 91.6 101.9 8.0 9.3 
BI -12 92.6 103.0 9.0 10.4 
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BIE-5 88.0 4.4 98.0 5.4 93.2 9.6 103.7 11.1 
BIE-6 88.4 4.8 98.3 5.7 93.8 10.2 104.3 11.7 
BIE-7 89.4 5.4 99.4 5.6 94.9 10.9 105.2 11.4 
BIE-8 89.9 5.9 99.9 6.1 96.0 12.0 105.8 12.0 
BIE-9 90.2 6.2 100.2 6.4 97.3 13.3 106.6 12.8 
BIE-10 90.9 6.9 101.2 7.4 98.4 14.4 107.5 13.9 

 
The data in the Table-2 demonstrate that this compositional additive also helps to increase the octane 
number of AI-92 gasoline. The studied octane-adding compositions were added to base gasoline AI-92 
with OR = 83.6 (MM) and OR = 92.6 (RM) in an amount of 5-10% (vol.). The increase in OR depends 
both on the amount of additives and on the ratio of components in it. Moreover, with an increase in the 
proportion of ethanol, OR grows proportionally. Compositions in which the proportion of ethanol is 
higher than the fraction of iso-butanol and other components are more effective.  
With the addition of isobutyl-tert-butyl ether in an amount of 1% to AI-92 gasoline, the increase in the 
OR of gasoline is 7-8 points. The octane number of AI-92 base gasoline increases even more with the 
addition of the IE series composition, where IBTBE and some associated products of its synthesis are 
additional components (except ethanol and isobutanol). Increasing the octane number was equal to 20. It 
was revealed that gasolines containing 5 and 10% additives BIE, IE and IBTBE in terms of detonation 
resistance and other physicochemical characteristics fully satisfy the requirements for AI-96 automobile 
gasoline. A series of composite additives were prepared that were synthesized based on MTBE, ETBE, 
ethanol and isobutanol. A satisfactory increase in the base grade of AI-92 gasoline was also achieved 
here. It should be noted that the identified trends with an increase in the RR of gasolines are observed 
when adding the composite additives for A-80 gasoline created in the laboratory, in particular when 
adding a composition of the BIE series determined by the standard method on an octanometer (Table-3). 

 

Table-3: Antiknock Properties of Gasoline (A-80)-Composition Mixtures in the Presence of 5 and 10% (Vol.) BIE 
Composition. OR for Original Gasoline A-80:MM- 76.7; RM- 79.6. 

Additive Amount of Anti-knock Composition added to Gasoline (A-80), % (vol.) 
5.0 10.0 

OR 
MM Increasing 

OR 
RM Increasin

g OR 
MM Increasin

g OR 
RM Increasing 

OR 

A-80 with a composite additive: 
BIE-2 84.6 7.9 94.6 15.0 87.5 10.8 97.5 17.9 
BIE-3 84.7 8.0 94.7 15.1 88.9 12.3 98.7 18.1 
BIE-4 84.7 8.0 94.7 15.1 90.0 13.3 100.0 20.4 
BIE-5 85.4 8.7 95.4 15.8 90.3 13.6 100.5 20.9 
BIE-6-2 85.0 8.3 95.0 15.4 90.5 13.8 100.7 21.1 
BIE-7 85.7 9.0 95.7 16.1 91.7 15.0 102.0 22.4 
BIE-8 86.0 9.3 96.0 16.4 92.7 16.0 103.1 23.5 
BIE-9 87.0 10.3 96.6 17.0 93.8 17.1 104.3 24.7 
BIE-10 87.2 10.5 92.2 12.6 95.4 17.7 105.5 25.9 

 
CONCLUSION 

The article is devoted to the synthesis and examination of additives for automotive fuels. They were 
prepared according to 2 schemes; catalysts were synthesized on the base of natural zeolite Shankanai 
(Kazakhstan) and heteropolyacids (HPA). The effects of alcohol structure, the type of catalyst, and the 
process conditions (temperature, reagent ratios, and feed methods) on the degree of conversion of the 
starting substances and the selectivity of ATBE formation were studied. With the addition of isobutyl-
tert-butyl ether in an amount of 1% to AI-92 gasoline, the increase in the octane rating of gasoline is 7-8 
points. Application of the synthesized additives allowed to increase the octane number by several points, 
in some cases up to 20 and using offered composite additives, it is possible to produce gasoline that meets 
the requirements of regulatory documents. 
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