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Abstract 

The scientific literature on the methods of purification of oil distillates 

obtained from petroleums has been studied. Scientific results on methods of 

purification from multinucleated carcinogenic aromatic hydrocarbons have 

been studied. Selected solvents for the purification of oil distillates from 

aromatic hydrocarbons, including ion-liquid type solvents, cleaning methods 

using adsorbents, hydrogenation, including hydrotreating, hydrocracking, 

hydrofinishing methods, acid-contact cleaning methods were analyzed. 

Suitable methods for obtaining quality mineral base oils, mineral white 

medical and white oils for the food industry have been compared. The use of 

ion-liquid type solvents, N-methyl pyrrolidone for the production of mineral 

white oils from petroleum distillates has been shown to be beneficial. It has 

been shown that multi-stage hydrotreating and hydrogenation methods are 

more expedient for obtaining mineral white oils from distillates of sulfur 

petroleums. In order to obtain white mineral oil from sulfur petroleums, the 

mixing ratios of the distillates must be carefully selected depending on the 

amount of sulfur in the petroleum distillates. On the other hand, the possibility 

of using isoparaffinization and hydrocracking processes in the production of 

medical white mineral oils and mineral white oils for the food industry has 

been identified. Research in the scientific literature shows that the use of a 

mixture of low-sulfur and low-paraffin base petroleums is more beneficial for 

the production of white mineral oils. At the same time, it was determined that 

the basis of AMG-10 hydraulic fluid can be obtained by extraction 

aromatization from the distillate of “Neft Dashlary” and “Balakhany” oils 

Keywords:   mineral oil distillates, selective solvents, adsorbents, hydrocracking, 

hydrogenation, hydrotreating, white mineral medical oil, white mineral food 

oil, ionic fluids, hydraulic fluid, engine oils, mineral base oils 

At present, the requirements for lubricants and engine oils used in modern equipment, 

hydraulic fluids continue to tighten. In this case, it is difficult to obtain oils that meet these 

requirements on the basis of oil distillates. 

One of the most convenient ways to obtain quality base oils based on oil distillates is the 

use of selective solvents [1]. Note that the selectivity of solvents depends on a number of factors. 

The authors [1] used a mixture of dimethylsulfoxide, N-methylpyrrolidone (N-MP) and N-MP 

with ethylene glycol as extractants as solvents and it has been found that N-MP oil distillates 
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containing up to 40-50% ethylene glycol can be used to purify carcinogenic polycyclic aromatic 

hydrocarbons. 

The co-authors [2] investigated the possibility of involving Osa oil in the production of 

base oils according to the SN classification. The object of study was the fractions obtained from 

2 oil mixtures, separated at 395-440 and 440-495°C (separated by ASTM D2862 and D5236 

methods). The first oil mixture had the following composition (%):  

- Western Siberia – 42; Kamenniy Log – 36; Osa – 22.  

The second oil mixture (%): 

- Western Siberia – 65; Osa – 35. 

Oil distillates were purified with phenol in three stages by the Nash and Hunter methods. It 

was found that when phenol is taken in the ratio of 1.9: 1 ÷ 3.2: 1 for raw materials, the values of 

the oil obtained vary widely, and the composition of oil mixtures should be taken into account as 

an important factor in this change. It is noted that the fraction obtained from the first oil mixture 

boiling at 440-495°C - phenol: raw material ratio 2.7: 1, the fraction obtained from the second oil 

mixture phenol: raw material ratio 3.2: 1 responds to the requirements of the SM classification 

according to the viscosity index. However, the amount of sulfur at the lower limit of the 

requirements is still 1.2-1.7 times higher than the norm. 

M.J. Ibrahimova and co-authors [3] studied the possibility of purification of a distillate 

obtained from a mixture of low-paraffin Azerbaijani oils with a viscosity of 8,5mm
2
/s at 100°C 

with morpholine formiate. Morpholine formiate ion liquid in relation to distillate taken in a ratio 

of - 1: 1; 2: 1; 3: 1 and 4: 1. Purification in the mol ratio of 1: 1, 1: 2 and 4: 1 was carried out in 

the temperature range of 60-90°C, in the mol ratio of 3: 1 in the range of 60-160°C. It was 

determined that the best result is obtained when the ratio of solvent : distillate mass is 3: 1, 

temperature 80°C, contact time 3 hours. Thus, the yield of raffinate is 87.6%, the viscosity index 

is 84.2, the freezing point is minus 2 degrees. The authors also found that morpholine formiate is 

a better selective solvent than furfural, which is traditionally used as a selective cleanser. 

S.A. Antonov and co-authors [4] studied the group chemical composition of the fraction 

obtained from a mixture of sulfur oils, boiling at 360-450°C, viscosity at 100°C, 4.47 mm
2
/s and 

refining from its purification with N-methyl pyrrolidone. It was determined that paraffin-

naphthenic hydrocarbons were 60.5% (by weight), light, medium and heavy aromatic 

hydrocarbons were 5.1%, 3.0% and 27.36%, respectively, and resinous compounds were 4.1% in 

the distillate. 

The composition of raffinate obtained by purification with N-methyl pyrrolidone is as 

follows: paraffin-naphthenic hydrocarbons 77.9%, light, medium and heavy aromatic 

hydrocarbons, respectively 3.4; 8.4 and 9.2%, the amount of resinous substances was 1.1%. As 

can be seen, the distillate is dominated by heavy aromatic hydrocarbons, which are released in 

large quantities during the purification process. It was also found that the light aromatic 

hydrocarbons of the raffinate, unlike the distillate, do not have the structures of pyrene, 1,2-

benzantrasene and 3,4-benzphenanthrene. 

The authors [5] investigated the possibility of extraction purification of petroleum distillate 

with ionic-liquid composition based on aniline and morpholine at a temperature of 100°C with a 
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viscosity of 18.0 mm
2
/s. Distillate with the following parameters was taken for the study: 

viscosity at 100°C - 18.0 mm
2
/s; viscosity at 40°C - 311.63 mm

2
/s; viscosity index - 45.65; 

density - 919.9 kg/m
3
; refraction at 20°C - 1.5125; acid number - 0.966 mg KOH/g; freezing 

temperature - minus 3°C. 

Ion-liquid based on aniline and morpholine taken in a ratio of - 1: 1; 0.5: 1; 0.25: 1 

according to the raw materials, cleaning was carried out at a temperature of 40, 60 and 80°C. The 

cleaning was carried out within an hour. 

When aniline formiate ionic liquid is taken as an extractant and the ionic liquid is taken in 

a ratio of 1: 0.25 by weight, the yield of raffinate is 88.0% (by weight). The viscosity index of 

the obtained raffinate is 13.4 mm
2
/s at 70, 40° C and 160.9 mm

2
/s at 100°C. 

The authors [6] investigated the possibility of purifying transformer oil distillate in the 

presence of N-methyl pyrrolidone acetate ionic liquid. The boiling point of the distillate was 

between 245-400°C, the total amount of aromatic hydrocarbons was 20.5%, the freezing point 

was minus 57°C, the density was 882.0 kg/m
3
, the acid number was 1.9 mg KOH/g. The 

extraction temperature was 40-80°C, the mass ratio of the extractant to the raw material was 1.5-

3.5: 1, the contact time was 1.5-2.5 hours. The following optimal parameters of purification were 

determined: extractant: distillate mass ratio 2.0: 1, extraction temperature 60°C, contact time 2.5 

hours. The obtained raffinate was then treated with gumbir (5.0% by weight of gumbir was 

refined) at 120°C for one hour. It was determined that the residual content of aromatic 

hydrocarbons in raffinate is 9.2%. The obtained oil meets all the requirements for T-1500 

transformer oil. 

A.A. Gayle and co-authors [7] studied the extraction capabilities of C6-C8 arenas from a 

mixed reformiate with triethylene glycol-sulfolan-water extractant. Triethylene glycol-sulfolan-

water mass ratio is about 38.4; 57.5; 4.1%. Saturated hydrocarbons in the refinery obtained from 

refining were 95.03%, arenes in total 4.97%. A.A Shepalov, E.S Kotlova, A.S Novoselov and 

A.A Shalashova [8] studied the current state of white oil production in foreign countries and the 

Russian Federation (based on data until 2018). According to them, the world produces more than 

1.5 million tons of white mineral oil a year, which is used in the chemical, pharmaceutical, food 

industries, perfumes and cosmetics. 

In the Russian Federation, the obsolete acid-contact method is used to obtain white mineral 

oil, and it has several stages: acid purification with sulfonating agent, contact purification of oil 

with bleaching clay; filtering. This method takes 10-15 days to get the finished product, 

depending on the number of stages of acid refining and the quality of the oil obtained. It should 

be noted that this method is not only efficient but also environmentally friendly. 

In other countries, the production of white oil is organized by a number of hydrocatalytic 

processes: hydrocracking, hydrotreating, hydrofinishing, hydrogenation, catalytic paraffinization, 

isoparaffinization. During the application of these processes, the yield of the target product 

increases, environmentally hazardous products are not obtained, the final product becomes a 

better product, the process is quite compact. 

The Atlantic Richfield Company has patented a two-stage hydrogenation scheme for 

petroleum distillates to obtain white oil. The patent states that in the first stage, a sulfur-resistant 
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hydrogenation catalyst is used, which contains 4-10% sulfide and 10-30% of VIB subgroup 

metals (Cr, Co, W) and one of the iron subgroup metals (Fe, Co, Ni) or in the form of oxides. 

The process is carried out at a temperature of 315-430°C and a pressure of 10-34 MPa.  

In the second stage, a catalyst consisting of a carrier aluminum oxide and 0.1-3.0% 

palladium is used. The conditions of the second stage are as follows: temperature 450-650°C, 

pressure 10-34 MPa. Product yield is 90.0%. 

A patent obtained in 2001 states that a three-stage hydrocatalytic process has been 

developed to obtain white oil, without the need for initial extraction and acid purification. The 

first stage of the process is carried out in the presence of a nickel-molybdenum catalyst at a 

temperature of 340-380°C, a partial pressure of hydrogen of 10-12 MPa, and the goal is to 

reduce the amount of aromatic hydrocarbons in the raw material to 7-10%. The second stage of 

hydrogenation is carried out at a temperature of 320-370°C, the partial pressure of hydrogen is 

18-20 MPa, and as a result, the amount of aromatic hydrocarbons is reduced to 1%. It is noted 

that the process is carried out in the presence of a nickel-molybdenum catalyst. The third stage is 

carried out in the presence of a platinum catalyst and under the most severe conditions (partial 

pressure of hydrogen 17-20 MPa, temperature 230-290°C), resulting in a white oil suitable for 

the food industry. 

Exxon Mobil has developed and patented a three-step process to obtain high-quality white 

oil from petroleum distillates for the food industry. In the first stage of the process, the raffinate 

obtained by selective purification undergoes hydrotreating in the presence of a continuous 

catalyst in sulfur and hydrogen gas. The second stage is carried out at a temperature of 40-500°C 

at a pressure of 0.7-20 MPa, in the presence of a hydrogenation / desulfurization catalyst, and a 

product with completely sulfur-free and low aromatic hydrocarbons is obtained. The catalyst of 

the hydrogenation stage contains group VIII metals (platinum, palladium), promoted by Re, Cu, 

Ag, Au, Sn metals, zeolites, aluminum, silicon, magnesium, boron oxides are used as carriers. 

In the third stage, the product of the second stage is hydrogenated in the presence of a 

nickel catalyst to obtain white edible oil. 

A process has been patented to obtain medical white oil. The technological process is to 

reduce the amount of aromatic hydrocarbons and sulfur, nitrogen compounds in the hydrocarbon 

feedstock. Metals of groups VI, VIII, IX or X are used as catalysts in this form in the form of 

sulfide, in the form of inorganic carriers, such as aluminum oxide, silicon oxide and their 

mixtures. 

The hydrotreating process is carried out at a temperature of 149-538°C and a pressure of 

0.446-34.58 MPa. After fractionation, the product undergoes the second stage of hydrotreating 

under the same conditions. In one variant of the process, the hydrotreated product is 

hydrocracked on the catalyst, followed by isodeparaffinization on the catalyst. After 

isodeparaffinization, the product is hydrofinished. 

The authors developed a technology for the production of white oil by working with 

mineral oils liquid regenerating complex and aluminosilicate adsorbent. They noted that white 

oil is a carrier of aluminum chloride and zinc oxide in the liquid phase and does not participate in 

the formation of complexes with undesirable components of the oil. In the study, a complex 
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based on white oil aluminum chloride and zinc oxide obtained by purification of petroleum base 

oil with hydrogen peroxide was used. Aluminum chloride together with zinc oxide form 

complexes with donor-acceptor interactions with resinous compounds, aromatic hydrocarbons, 

sulfur compounds. 

These authors carried out the purification of oils in two stages: in the first stage at a 

temperature of 75°C, the ratio of the complex to oxide was 0.25: 1; in the second stage, the 

temperature was 85°C and the oxidation ratio of the complex was 0.2: 1.0. 

It should be noted that the formation of HCl in the process, the regeneration of the 

complex, the use of an additional 10% adsorbent for oil and a total yield of 63.4% indicate the 

low economic efficiency of the process. 

The authors [9] developed a process involving ionic fluid to form the basis of AMG-10 

hydraulic oil. For refining, the oil was separated from the “Neft Dashlary” field and the fraction 

boiling at 222-313°C was taken. The density of this fraction at 20°C is 849 kg/m
3
, the irradiance 

coefficient is 1.4770, the ignition temperature in open furnace is 104°C, the kinematic viscosity 

is 2.13 mm
2
/s at 50°C and 133.6 mm

2
/s at minus 50°C, freezing point minus was 73°C and the 

content of aromatic hydrocarbons was 12% by weight. 

Ionic liquids were prepared on the basis of formic acid, acetic acid and N-methyl 

pyrrolidone, and cleaning was carried out at different temperatures and in certain proportions of 

the distillate with ionic liquid at different times. 

It was determined that complete de-aromatization was obtained when ionic liquid based on 

N-methyl pyrrolidone and acetic acid was taken in a ratio of 2.5: 1 by weight with respect to the 

distillate, at a temperature of 60°C for 2 hours. 

S.G. Aliyeva [10] studied the possibility of obtaining AMG-10 hydraulic oil base by 

selective hydrocracking process. Catalyst SQK-1 was used as a catalyst, the process was carried 

out at a temperature of 300-360°C at a pressure of 3-4.5 MPa, the feed rate was 0.5-1.5 hours
-1

. 

After selective hydrocracking, the freezing point of the hydrogenation product was minus 72°C. 

Then, for aromatization, the QR-3 catalyst was carried out at a temperature of 240-280°C, a 

pressure of 4.0-4.5 MPa, and a feed rate of 0.3-0.5 hours. The amount of sulfated aromatic 

hydrocarbons was 0% after the process. 

The obtained hydraulic fluid meets all the requirements for the basis of AMG-10 hydraulic 

fluid. 

We have studied the oil fractions of oil from the Western Absheron fields with boiling 

points of 300-350 and 350-500 °C [11]. It was determined that the content of aromatic 

hydrocarbons in these fractions is 22-24%. Two-stage purification was carried out using a 300% 

solvent to reduce the amount of aromatic hydrocarbons in the fractions to 10%. 

The authors [12,13] studied the possibility of obtaining base oils from petroleum fractions 

of Balakhany oil using a combination of acid contact and adsorption methods. 

As an adsorbent, a mucous gel (GOST 3956-76) with a grain size of 5-7 mm and a specific 

surface area of 10-1000 m
2
 / g in an amount of 10-30% was used. 

The second adsorbent contained 54-61% SiO2, 14.8-21.6% Al2O3 montmorillonite-

bentonite and 10-40% adsorbent. The oils obtained by both processing methods were found to be 
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resistant to an induction period of sludge formation of 30 hours. 

The article [14] indicates that M-8 base oil can be obtained from Baku oils in a combined 

way with a yield of 90%. 

 

Conclusions 

1. Acid-contact production of mineral base oils is mainly environmentally unfavorable. Thus, 

the effective use of sour goudron obtained as a by-product is difficult. The process is long-

term. 

2. Quality mineral base oils can be obtained from oil distillates of Baku oil using ion-liquid 

type solvents. 

3. The basis of high-quality hydraulic fluid AMG-10 can be obtained by cleaning the boiling 

fraction of “Neft Dashlary” oil in the temperature range 222-313°C with ionic-liquid type 

solvent. 

4. Multi-stage hydrogenation process (hydrotreating, hydrogenation, hydrofinishing) is suitable 

for obtaining mineral white oil based on distillates of sulfur oils, white oil for food industry. 

5. The available methods of purification of petroleum distillates of various oils of Azerbaijan 

are proposed. 
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