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Abstract – It has been established the possibility of waste 

mineral engine oil regeneration with thermooxidative method. 

The influence of temperature, pressure and process duration 

on the basis of regenerated engine oil has been explored. It 

has been suggested the using of thermooxidative oil 

regeneration with absorption and hydrogenation methods. 
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While using the engine, transformer, industrial oils the 

accumulation of oxidation products, contaminations and 

other impurities are possible what reduce the oil quality. 

Contaminated oils must be substituted by clean oils for 

reaching an acceptable effect
1
. Waste oils are burned as a 

fuel or regenerated for saving valuable raw materials, what is 

economically profitable. For renewal  qualities of waste oils 

the different technological operations are used which are 

based on physical, physico-chemical and chemical processes 

and consist in processing waste oils for removing 

condemnations and aging products. As technological 

processes the following methods are used: mechanical (for 

removing water and solid impurities), thermal (vacuum 

distillation), physico-chemical (coagulation, adsorption). If 

there is no required meaning of operating qualities of 

regenerated oils, then chemical methods are used with more 

complicated equipment, reagent and accumulation harmful 

for environment wastes
2
. 

It is explored the possibility of restoration technical and 

operational qualities of waste engine oils mixture. 

During the research it was defined the influence of 

temperature, pressure, oxidant exploitation and duration of 

the process on the operational qualities of regenerated oil. 

According to the optimal conditions that were provided 

the regenerated oil was got, what can be used as a 

constituent of basic oils for getting lubricants.  

I. The starting materials 
In this paper, as original waste petroleum oil was used 

waste mineral engine oils obtained from service 

inspection. For her, it was found: kinematic viscosity     

ν50 = 21,38 mm2/s, ν100= 5,38 mm2/s; viscosity index 

(VI) 122; acid number (AN) 6,98 mg KOH/g; 

saponification number (SN) 116,24 mg KOH/g; ester 

number (EN) 109,26 mg KOH/g. 

II. Method thermooxidative process  
of regeneration of waste oils 

The installation consists of a reactor unit, compression 

system and air cleaning, cooling and trapping gaseous 

reaction products and devices for regulating and 

measuring temperature, pressure, expenditure etc. 
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Fig. 1. Scheme of laboratory installation 

1 – reactor 2, - refrigerators, 3 – electric motor, 4 – seal,  

5 – thermocouple, 6 – tube, 7 – rotameter, 8 – adsorber,  

9 – receiver, 10 – compressor, 11 – manometer, 12 – 

valve, 13 – laboratory autotransformer 14 – electric 

heater,  

15 – balloon with nitrogen, 16 – to collect the gas balloon 

 

To set the optimal conditions for regeneration method 

thermooxidative mineral waste motor oil necessary to 

examine the impact of several factors: temperature, 

duration of oxidation, pressure that will allow us to apply 

it to the regeneration of waste oils.                          

III. Influence of temperature on the process 
of thermooxidative regeneration  

of waste motor oil 
Is well known that most of oxidative processes take 

place subject to the action of light or temperature effects, 

and therefore obligatory task is to study the effect of 

temperature on the process of  waste oil regeneration 

thermooxidative method.  

 

aldehydes → acid

Paraffinic hydrocarbons, 

naphthenic series, aromatic 

hydrocarbons with long side 

chains

acid → hydroxy acid →  

→ asphaltenes acid  → carbenes

ketoacids → condensation products

ketones → condensation products

(asphaltenes, carbenes)

alcohols + acid → esters

alcohols + hydroxy acid → esters acid

alcohols → acid 

Fig. 2. Scheme of the main changes in the oxidation of hydrocarbons to molecular oxygen

peroxides

 

Fig. 2. Scheme of the main changes in the oxidation  

of hydrocarbons to molecular oxygen 
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Fig. 3. Influence of temperature on technical - operational 

parameters of regenerated engine oil 

 
As you can see from the results shown in the table. 1 

with a gradual increase of temperature decrease viscosity, 

acid, ester numbers and saponification number. The least 

mentioned acid number reached 200 ° C and amounts to 

1.41. This can be explained by the fact that the waste oil 

after using accumulated a significant amount of reactive 

primary products of oil oxidation (organic acids, hydroxy 

acids, aldehydes, ketones, resins, etc.), which are actively 

involved in the processes of oxidation, polymerization 

and seals. As a result, the flow of these processes leads to 

formation of seal products (asphalt-tar), and their removal 

during vacuum distillation reaction mass reduces the 

value of kinematic viscosity and VI.  

Initial saponification number of high value, compared to 

the acid number indicates that basic part of acid is bound 

that when determining the acid number not interact with 

alkali. Reducing the value of this index indicates that 

during the thermooxidative regeneration bound acid 

converted into resin. 

It was found that with increasing temperature the 

transformation of primary oxidized products in seal 

products. A further increase in temperature is not 

desirable because of its increasing more product 

accumulates seal and ultimately be close to the process 

conditions of the process of thermal cracking of 

hydrocarbons. Therefore, these research optimum 

temperature thermooxidative regeneration was selected 

200 ° C. 

IV. Influence of duration on the process  
of thermooxidative regeneration  

of waste motor oil 
It is known that the duration of the reaction has weighty 

significance level of influence of temperature. Duration 

oxidation of motor oil in the engine combustion is an 

average of a few months to a year or more depending on 

the operating conditions of the vehicle. During this 

period, there is a constant converting hydrocarbon oils 

into products of oxidation: acids, hydroxy acids, resin. It 

is therefore necessary to establish the optimal duration 

thermooxidative regeneration process in which oil could 

be, to transform primary products of oxidation and 

polymerization seal products, remove them as sediment 

(residue) and get regenerated mineral motor oil with 

satisfactory performance. 

 

 
Fig.4. Influence of duration on technical - operational 

parameters of regenerated engine oil 

 

As seen from the results given in Table 2, with 

increasing duration of the decrease kinematic viscosity, 

acid, ester numbers and saponification number. The 

least mentioned acid number achieved duration of 3 

hours. and amounts to 1,32 mg KOH/g. This suggests 

that the increase for the duration of the constant 

temperature and pressure leads to conversion motor oil 

aging products (acids, hydroxy acids, ketones, 

aldehydes, resin additive decomposition products, etc.) 

to seal products (asphalt, tar, etc.). Created sealing 

product, including asphalt-resinous substances soluble 

in oil, and regenerative removed by vacuum 

distillation. With increasing duration of the process 

observed increase in seal products and sludge.  

This once again confirms the fact that during the 

regeneration of waste oil thermooxidative oils 

primarily involved in the processes of oxidation, 

decomposition, polymerization and seal products 

"aging" motor oil. The growth duration of the process 

has to be a limited to a certain limit, due to process 

efficiency and reducing oil loss in its regeneration.  

According to the results given in the Fig. 4, we can 

see that with increasing duration of the process 
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observed values improve operational performance 

motor oil regenerated. But further increase duration of 

process will lead to the desired changes oils 

components that have not changed over the duration of 

the use of motor oil. 

V. Influence of pressure on the process  
of thermooxidative regeneration of waste 

motor oil 
It’s known that pressure has a significant influence 

on the course of chemical reactions in liquid and gas 

phases. Increasing pressure will promote better contact 

with the oxidant and waste oils directly accelerate the 

process of regeneration. 

 

 
 

Fig.5. Influence of pressure on technical - operational 

parameters of regenerated engine oil 

 

As we can see from the results given in Table. 3, the 

pressure has big importance on the process of 

thermooxidative regeneration of waste motor oils. This 

is confirmed by changes in viscosity reduction ester 

and acid number and saponification number. At the 

same time extracting oil regenerated from the reaction 

mixture by vacuum distillation was observed increase 

in waste residue. This fact suggests that due to 

excessive pressure is more fully dissolving oxidant in 

the thickness of the oil that enhances the conversion of 

primary products of oxidation condensation products. 

At the same time it was found that the change in 

pressure oxidant will intensify process only in 

homogeneous phase. In this case thermooxidative 

regeneration process most probably will take place in 

the liquid phase and less likely at the interface. 

Conclusions 
Investigated the process of thermo-oxidative recovery of 

certain operating properties of waste motor oil. 

Researched the influence of the main factors of process 

control (temperature, duration, pressure) on qualitative 

indicators of regenerated oil. Established that satisfactory 

values operational indicators of petroleum oil has 

regenerated 200 °C, duration of 3,0 hours and pressure of 

2,0 MPa. Regenerated petroleum oil provided that 

additional processes of cleaning can be used in various 

industries. 

References 
[1] Shashkin P.I., Bray V.I. The waste oils regeneration  

M.: Chemistry, 1970: 307 

[2] Boichhenko S.V. Rational using of hydrocarbon 

fuels: Monograph. K.: NAU, 2001: 216 

[3] Chaika O. H. Ekotekhnolohiia utylizatsii vidprat-

sovanykh olyv: Dys.  kand. tekhn. nauk: 21.06.01. – 

Natsionalnyi universytet " Lvivska politekhnika". - 

L., 2007. – 137 s. 

[4] Mitkov B.V., Boltianskyi V.M., Mitkov V.B., 

Mykhailov O.V. Reheneratsiia vidpratsovanykh olyv 

z metoiu yikh povtornoho vykorystannia / Pratsi 

TDATU. – Vyp. 11, T.6. – S. 159-165. 

[5] M.P. Andriishyn, Ya.S. Marchuk, S.V. Boichenko, 

L.A. Riabokon Haz pryrodnyi , palyva ta olyvy: 

monohrafiia. – Odesa: Astroprynt, 2010. – 232 s. 

[6] P.H. Dryhulych, A.V. Pukish, M.P. Shpek Perspek-

tyvy vdoskonalennia zakonodavstva u sferi povod-

zhennia z vidkhodamy  u naftohazovomu kompleksi 

Ukrainy / Naftova i hazova promyslovist. – # 3. – 

2012. – S.55-58. 

[7] Stankovskyi L., Molokanov A.A., Cherednychenko 

R.O., Dorohochynskaia V.A. Koahuliatsyia 

otrabotannыkh smazochnыkh masel kak sposob ykh 

podhotovky k vakuumnoi perehonke // Myr 

nefteproduktov. Vestnyk neftianыkh kompanyi. – 

2012. – #9. – S. 30-35. 

[8] Stepanenko N.V. Hurets L.L. Reheneratsiia 

motornykh olyv pryrodnymy sorbentamy // Suchasni 

tekhnolohii v promyslovomu vyrobnytstvi: mat. II 

Vseukr. Mizhvuz. nauk.-tekhn. konf. – Sumy: 

SumDU, 2012. – Ch.2. – S. 85.  

[9] Butovskyi M.Э. Puty utylyzatsyy otrabotavshykh 

motornыkh masel // Khymyia y tekhnolohyia toplyv 

y masse. – 2009. – # 1. – S. 53-57. 

[10] Shkolnykov V.M., Hordukalov A.A., Yuzefovych 

V.Y., Petrosova M.R. Analyz zarubezhnыkh 

podkhodov k probleme utylyzatsyy otrabotannыkh 

nefteproduktov // Myr nefteproduktov. Vestnyk 

neftianыkh kompanyi. – 2004. – #1. – S. 36-40.  

[11] Isah, A.G., Abdulkadir, M., Onifade, K.R., Musa, U., 

Garba, M.U., Bawa, A.A and Sani, Y. Regeneration 

of Used Engine Oil / Proceedings of the world 

Congress on Engineering. – Vol. 1, 2013. 

Lviv Polytechnic National University Institutional Repository http://ena.lp.edu.ua



 

INTERNATIONAL YOUTH SCIENCE FORUM “LITTERIS ET ARTIBUS”, 24–26 NOVEMBER 2016, LVIV, UKRAINE 435 

[12] M.S. Bezovska, Yu.V. Zelenko, L.O. Yaryshkina, 

L.V. Shevchenko Rozrobka zahalnoi skhemy 

reheneratsii vidpratsovanykh olyv zaliznyts / Visnyk 

KhNTU. – #1 (40). – 2011. – S. 32-36. 

[13] O.H. Chaika, I.M. Petrushka, Yu.O. Malyk,  

Yu.A. Chaika Aproksymatsiini zalezhnosti protsesu 

reheneratsii vidpratsovanoi motornoi olyvy / Visnyk 

Natsionalnoho universytetu «Lvivska politekh- 

nika». – #726. –2012. – S. 265-269. 

[14] Paniv P. M. Oksydatsiina nekatalitychna ochystka 

priamohonnykh hasovykh fraktsii: Dys. kand. tekhn. 

nauk: 05.17.07. – Natsionalnyi universytet " Lvivska 

politekhnika" .-L., 2002. – 136 s. 

[15] Serhiy Pysh’yev, Olexander Lazorko and Michael 

Bratychak  Oxidative Processing of Light Oil 

 Fractions. A Review // Сhemistry & Chemical 

Technology. – 2009. – Vol. 3. – № 1. – Р. 1-5. 

[16] Rыbak B.M. Analyz nefty y neftyproduktov. – M.: 

Hosudarstvennoe nauchno-tekhnycheskoe yzdatelstvo 

neftianoi y horno-toplyvnoi lyteraturы, 1962 – 347 s. 

[17] Chernozhukov N.Y., Krein S.Э. Okysliaemost 

myneralnыkh masel / N.Y. Chernozhukov,  

S.Э. Krein – Hostoptekhyzdat, 1955. – 385 s. 

[18] Эmanuэl N.M. Tsepnыe reaktsyy okyslenyia 

uhlevodorodov v zhydkoi faze / Эmanuэl N.M., Denysov 

E.T., Maizus Z.K. – M.: Nauka, 1965. – S. 291. 

[19] Lazorko Oleksandr Ivanovych Rozroblennia osnov tekh-

nolohii oksydatsiinoho znesirchuvannia dyzelnykh 

fraktsii: Dys… kand. tekhn. nauk : 05.17.07. – L.:   
Lvivska politekhnika, 2010. – 204 s. 

 

Lviv Polytechnic National University Institutional Repository http://ena.lp.edu.ua


