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Abstract : Petroleum is an essential natural resource used as the source of energy and raw material for almost all industries. It is also 

a non-renewable resource and not easily accessible in most cases. Today, as the global petroleum, reserves are becoming increasingly 

scarce due to the rapid industrialization, the price of petroleum and products used petroleum as base materials will inevitably escalate 

and negatively impact on our economy. Moreover, the environmental impacts associated with petroleum exploration have increasingly 

become critical issues of global concern. In order to conserve petroleum resource and reduce petroleum drilling, the regeneration of 

petroleum-based materials for beneficial reuse and the utilization of renewable resources as base materials to substitute petroleum are 

two necessary actions toward a sustainable earth. Lubricants, either mineral-based or synthetic made, are the products derived from 

petroleum and developed through tribological research are essential elements for modern industries to perform not only for lubrication 

of moving parts in machines, engines, and vehicles; but also for many other functions, such as cooling, noise and vibration reduction, 

cleaning, corrosion protection, and power transfer. However, lubricants require change after long service because the various 

impurities generated from the operation may degrade the efficiency of lubricant and significantly contaminate lubricant. On the other 

hand, used lubricant also contains a significant amount of heating value. Hydrocarbon compounds in used lubricants can be 

regenerated into either lubricant base materials or an energy source. The regeneration of used lubricants has enormous benefits, 

including minimizing hazards, reducing waste, protecting the environment, conserving natural resources, and creating an energy 

source as the energy shortage is becoming a global problem. 

_________________________________________________________________________________________________________

Research Background 

The topics covered in this dissertation include green tribology, 

lubricant science and technology, environmental protection, 

energy source conservation and hazardous waste management by 

transforming used petroleum-based lubricants into an 

economically completive energy source, and overview of bio-

based lubricants developed from renewable resources, such as 

plant oils. Lubricant derived petroleum has played a significant 

role to improve efficiency as well as to reduce material loss for 

almost all industries throughout human history. According to 

2019 Freedonia report, the worldwide consumption of lubricants 

is expected to increase 1.6 percent per year to 10.7 billion gallons in 

2019. Only about two billion gallons of used lubricants are 

recycled around the world. Many researches have confirmed that 

used petroleum-based lubricants collected from oil-exchange are 

slow in degradation, highly toxic to human health, fauna, and flora. 

The used petroleum-based lubricant risk assessment as well as 

the environmental impacts associated with used petroleum-

based lubricants have been reviewed and discussed in the 

following chapters. On the other hand, used petroleum-based 

lubricants are rich in hydrocarbon compounds, which can be 

regenerated by proper treatment technologies into lubricant base 

materials or economical energy sources after impurities are removed. 

Thus, the regeneration of used lubricants not only minimizes 

hazards and reduces waste, but also protects the environments as 

well as conserves energy and natural resources. However, many 
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conventional technologies used today may create other 

environmental problems, such as inefficient use of energy and 

chemicals as well as the generation of harmful wastes during the 

process. In order to make this practice truly practical and valuable, 

the system design must be environmentally sustainable and 

economically feasible. One of the major objectives of this 

research is to develop a green technology which is capable to 

convert used lubricants into an economically completive energy 

resource based on the principles of green tribology and sustainable 

design. 

Research Objectives 

In addition   to the major objective as mentioned earlier, other 

objectives of this research are enumerated as follows: 

 Assess human health and environmental impacts associated 

with used petroleum-based lubricants.Evaluate the 

conventional technologies currently used for the regeneration 

of used lubricants. 

 Develop a new technology for the regeneration of used 

lubricants based on the principles of sustainable design. 

 Design a reliable method to quantitate the impurities in used 

lubricant samples. 

 Design a reliable method for quantification of hydrocarbon 

compounds in used lubricant samples. 

 Design a reliable analytical method for the efficient use of 

reagents in the newly developed technology. 

 Develop a new system based on the newly designed technology 

as well as the principles of sustainable design in a continuous-

flow fashion. 

 Promote the utilization of renewable resources that will 

ultimately reduce the consumption of petroleum and the 

problems associated with oil drilling; and encourage 

sustainability. 

enclosed space (sorting shop); high temperature - heating 

microclimate (co-reeling shop); eye strain; industrial noise; the 

tightness of the working day of workers (86-90%), the forced 

position of the body of workers, microbial air pollution in the 

working area. It is also known that a complex of occupational 

factors contributes to the development of chronic diseases of 

the oral cavity, such as hypertrophy of the tonsils, sub atrophic 

diseases of the oral mucosa, inflammation of periodontal 

tissues, carious and non-carious lesions of hard tooth tissues. A 

study of the epidemiology of dental diseases conducted in 

many countries of the world indicates significant differences in 

the prevalence and intensity of dental caries, periodontal and 

oral mucosa diseases, and the decisive role in the development  

OIL TECHNOLOGY 

MOTOR OILS  

Motor oil, or engine oil, is an oil used for lubrication of 

various internal combustion engines. While the main function 

is to lubricate moving parts, motor oil also cleans, inhibits 

corrosion, improves sealing and cools the engine by 

carrying heat away from moving parts. Motor oils are derived 

from petroleum and non-petroleum synthesized chemical 

compounds used to make synthetic oils. Motor oils are today 

mainly blended by using base oils composed of hydrocarbons, 

poly alpha olefins (PAO), poly internal olefins (PIO), 

thus organic compounds consisting entirely 

of carbon and hydrogen. The base oils of some high-

performance motor oils contain up to 20 wt% of esters 

.Lubricating oil creates a separating film between surfaces of 

adjacent moving parts to minimize direct contact between 

them, decreasing heat caused by friction and reducing wear, 

thus protecting the engine. In use, motor oil transfers heat 

through convection as it flows through the engine by means of 

air flow over the surface of the oil pan, an oil cooler and 

through the build up of oil gases evacuated by the Positive 

Crankcase Ventilation (PCV) system.  

Functions of Motor Oil 

 Lubricate 

 Increases efficiency, slows wear 

 Cool 

 Antifreeze only cools the upper engine 

 Corrosion Protection 

 Stop/hinder oxidation & acid build up  

 Clean 

 Stop deposit formation & hold particles in suspension 

History of motor oils 

 Lubrication dates back to Egyptian times 

 The first motor oils arrived around 1900 

 In 1972 Amsoil started selling the first API rated 100% 

synthetic motor oil for internal combustion engines 

Grades and viscosity 

 The Society of Automobile Engineers in the USA took on 



Paper Title: - REGENERATION OF USED PETROLEUM-BASED LUBRICANTSAND BIOLUBRICANTS BY A NOVEL GREEN AND 
SUSTAINABLE TECHNOLOGY 

 ISSN:-2581-6934 |Available at :www.jidps.com | pp :(10-18) 
12 

the task of setting the standards for engine oil. They made 

the decision to compare and define lubricating oils by 

viscosity. Viscosity, in lay terms, is how easily a liquid 

pours 

 Single grade 

 Multi grade 

 Turbine grade 

 Viscosity is measured by the remarkably accurate method 

of pouring oil through a known size hole and measuring 

how long it takes to come out. The result of this is known 

as kinematic viscosity.  

OIL TERMINOLOGY 

The Science of Synthetic Oils 

The main difference between synthetic motor oil and 

conventional motor oil is found in their molecular structure. In 

a mineral oil, the 

molecules come from organic, natural materials. Synthetic oils, 

on the other hand, were created by scientists in a lab which 

have uniform molecules. 

There are three basic parts to synthetic motor oil 

 The base oil 

 The carrier oil that disperses those powdered performance 

additives throughout the base oil 

 Performance additives, which come in powder form 

 Pour Point Depressants 

 Viscosity Index (VI) Improvers 

 Detergents & Dispersants 

 Anti-Foam & Anti-Wear Agents 

 Oxidation & Corrosion Inhibitors  

 

 

 

 

 

Fig:1 Polyolefin and Synthetic oil 

Synthetic oil disadvantages 

 Synthetic oils cost around 6 to 10 times the price of 

conventional motor oils.  

 Synthetic oils will clean out the deposits that may be 

holding a weak seal together. This could lead to an engine 

oil leak that may cause myriad safety problems and cost 

you a lot of money to fix as well.  

 Synthetic oils are not recommended in automotive rotary 

engines.  

 Synthetics do not hold lead in suspension as well as 

mineral oil, thus caution is advised when the engine is run 

on leaded fuel. As an example, leaded fuel is still 

commonly used in aviation  

Introduction to Tribology 

Tribology is a new science formally defined by a committee of 

the Organization for Economic Cooperation and Development 

in 1967. Trobology is the combination of science and 

technology in solid mechanics, surface engineering, fluid 

mechanics, thermodynamic, heat transfer, materials science, 

rheolgy, physic, chemistry, and applied mathematics (Bhushan, 

2002).Friction and wear resulting from inadequate lubrication 

on the interacting surfaces in relative motion may cause a 

significant loss in energy and materials or even a permanent 

damage. The main objectives of green tribology are to save the 

energy and materials and enhance the environment and the 

quality of life (IET, 2009). The Institution of Engineering and 

Technology has defined green tribology as the science and 

technology of the tribological aspects of ecological balance and 

biological impacts. Today green tribology is becoming an 

essential concept and knowledge for all modern industries, 

ranging from manufacturing to aerospace program, in order to 

optimize the energy efficiency as well as minimize the 

environmental impacts and the loss in materials. The 

geometrical structure of metal surfaces as well as the concepts 

of friction, wear, lubricants, and lubrication in tribology are 

significantly important in the formulation of lubricants and the 

selection of lubricant materials and will be presented in this 

chapter. Lubricants, either petroleum based or synthetic made, 

are the products derived from petroleum and developed through 

tribological researches to perform not only for lubrication but 

also for many 
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other functions, such as cooling, noise and vibration reduction, 

cleaning, corrosion protection, and power transferring 

(Khonsari, et al., 2008). 

Topography of the Metal Surfaces 

The investigation of topography of metal surfaces in nano- and 

microscale is essential for understanding the effects of friction 

and wear on metal surface as well as the functions of lubricant 

between two sliding parts in relative motion. 

Surface Texture 

The surface of metals and alloys is impossible to be completely 

smooth. A variety of irregularities and deviations of geometrical 

structure are naturally formed on the surface of metal and alloys 

as a result of 

 

 

 

 

 

 

 

forming process (Whitehou  e, 1994; Thomas, 1999; Bhushan, 

2002). Figure 3-1a shows the surface texture of an engine 

cylinder in microscale. Figure 3-1b shows that the surface of 

engine cylinder is still rough after UV treatment. 

Figure 2: SEM Image of Engine Cylinder Surface: a) The 

Original Surface Texture, b) Surface Texture after UV 

Treatment. 

Geometrical  Structure 

The geometrical structure on the surfaces of metals and alloys 

can be generally classified into: 1) roughness, 2) waviness, and 

3) lay as illustrated in Figure 2. The total surface profile is the 

sum of roughness profile and waviness profile (Tarr, 2009; 

Khonsari, et al., 2008). 

Figure 3: Characteristics of Metal Surface Layers 

Metal Surface Layers 

The metal surface consists of various layers with different 

thickness depending on the production process, the temperature 

applied, and the degree of oxidation (Gatos, 1968; Haltner, 

1969; Buckely, 1981; Bhushan, 2002). Figure 3 illustrates the 

typical layers on the metal surface. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Typical Layers on Metal Surface. 

Significance of Friction and Wear 

Friction is the resistance force against the interface motion 

between two adjacent surfaces. Friction exists in engines or 

machines may lower energy efficiency, generate tremendous 

amount of heat, cause severe wear on moving parts, and 

increase the operating costs as a final result. Two types of 

friction are greatly concerned in tribology: 1) sliding friction 

resulting from the interactions of two sliding surface, such as 

adhesion, deformation, and ploughing; 2) rolling friction, also 

known as rolling resistance, as a result of the interaction 

between two rolling surfaces, such as adhesion and deformation. 

Energy loss as a result of rolling friction for a ball bearing in 

operation can be calculated by the equation (Jenzurski and 

Jendzurski and Moyer, 1997; SKF, 2005; Khonsari and Booser, 

2008): 

Energy loss = 2π(n/60)M  

where 

n: bearing running speed (rpm) 

M: bearing frictional moment (Nmm) 

M= 0.5dµP (2.2) where 

µ: coefficient of friction for the bearing d: bearing bore diameter 

(mm) 

P: bearing load (N) 

As previously discussed in the section, the surface of metals and 

alloys are not completely smooth. Wear is a form of damage as 

a result of high friction on two rough surfaces in relative 

motion. Wear may increase noise, vibration, surface stresses, 

and fatigue damage (Khonsari and Booser, 2008). 



Paper Title: - REGENERATION OF USED PETROLEUM-BASED LUBRICANTSAND BIOLUBRICANTS BY A NOVEL GREEN AND 
SUSTAINABLE TECHNOLOGY 

 ISSN:-2581-6934 |Available at :www.jidps.com | pp :(10-18) 
14 

LUBRICANT SCIENCE AND TECHNOLOGY 

This overview of tribological science, such as lubricant origin, 

composition, functions, manufacturing technologies, and 

classifications. As previously discussed, friction can 

significantly reduce the efficiency of machines and engines as 

well as cause a significant loss in materials and energy. Thus, 

lubricant plays a significant role for all modern industries in 

controlling friction and wear, improving the operation 

efficiency, and reducing the operating cost resulting from the 

loss in energy and materials. It is estimated that the worldwide 

consumption of lubricants is expected to increase 1.6 percent 

per year to 10.7 billion gallons in 2012. Only about two billion 

gallons of used lubricants are recycled around the world (The 

Freedonia Group, 2009). This section focus on the review and 

discussion in lubricants made of petroleum- based oils, mineral 

oils and synthetic long-chain hydrocarbons, which are the most 

popular lubricants used today. 

Lubricant Functions and Types 

The principal function of lubricants is to minimize friction and 

wear. The other functions of lubricant include: 

Noise and Vibration Reduction 

Noise and vibration results from friction between two sliding 

metal surfaces in contact can be minimized by lubricant film 

bonded on the metal surfaces. 

Cleaning and Suspending Agent 

Lubricant can act as a cleaning agent to prevent potentially 

harmful products such as varnish and lacquer, from depositing 

on the surface of pistons or cylinders in engines. Lubricants can 

protect machines and engines from cutting damages by acting as 

a medium to suspend hard and sharp impurities, such as metals 

from tear and wear of moving parts. 

METHODOLOGY 

Production of Lubricant Feedstock from Crude Oils 

The first step in the production of mineral base oils is to obtain 

lubricant feedstock from crude oil as previously discussed. 

There are two major distillation processes involved in the 

production of lubricant feedstock (Pirro, et al., 2001; Audibert, 

2006). First, crude oil is fractionated under atmospheric 

pressure by an atmospheric distillation unit (ADU) into various 

fractions, such as hydrocarbon gases, gasoline, kerosene, diesel 

fuel, and gas oils, based on the differences in their boiling 

point.The remaining heavy compounds are continually 

fractionated by a vacuum distillation unit (VDU) into lubricant 

feedstock. 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Simplified Schematic Diagram of ADU Process 

 

 

 

 

 

 

 

 

 

 

Figure 6: Simplified Schematic Diagram of VDU Process 

Separation technology is the most popular method used today 

for producing mineral base oils around the world. Lubricant 

feedstock generated through ADU and VDU still contains 

various amounts of asphaltenes, resins, and wax, which are 

required to be removed. The first process in separation 

technology is deasphalting. Propane deasphalting is commonly 

used to separate asphaltenes and resins from wax based on the 

difference in the solubility of propane and the solubility of 

asphaltenes and resins. The deasphalted feedstock is called 

waxy raffinate, which is a long-chain hydrocarbon compounds 

(e.g. C38 and plus) which are continuously refined by the 

several different processes into mineral base oils (Pirro, et. Al., 

2001; Speight, 2007; Lynch, 2008).  Aromatic hydrocarbon 

compounds in crude oils are the undesirable compounds for 

making lubricants as discussed earlier. The second process in 

separation technology is furfural extraction which is used to 

remove aromatic compounds. The third stage is used to remove 
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wax in feedstock. Methyl ethyl ketone (MEK) is commonly 

used for wax removal. The last stage of separation processes is 

hydrofinishing or clay treatment. Traditional clay treatment has 

been gradually replaced by hydrofinishing because the later 

process is cost effective and simple. Below we illustrates a 

simplified process flow diagram of the separation process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Simplified Flow Diagram of Separation System. 

Conversion Technology 

The processes in conversion technology include 

hydrogcracking, hydrodewaxing, and hydrofinishing. The 

concept of conversion method is totally different from 

separation process. Instead of taking out aromatic hydrocarbons 

from feedstock, hydrocracking unit (hydrocracker) catalytically 

cracks aromatic hydrocarbons and converts them into saturated 

paraffinic hydrocarbons in the presence of hydrogen and high 

pressure (3000psi). Hydrodewax is followed by hydrcracking 

to catalytically convert waxy n-paraffins into iso-paraffins in 

the presence of hydrogen.The last process in conversion 

method is hydrofinishing, which involves the saturation of the 

remaining unsaturated hydrocarbons and the recovery of 

hydrogen from the first two processed. The simplified flow 

diagram for hydrogen conversion technology. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Simplified Flow Diagram of Conversion System 

It is very difficult to characterize used lubricants because the 

composition of used lubricants varies widely with the type and 

age of vehicles or machines, the service life of lubricants, the 

collecting places, and operating conditions. Impurities found in 

used lubricants may significantly affect the functions of 

lubricant and reduce the performance of engines or machines. 

The common impurities found  in  used lubricants are 

enumerated as follows: 

 soot particles generated from frequent combustion of fuel; 

 large soot aggregates irreversibly transformed from soot 

particles; 

 large soot gel networks resulting from the interaction 

between dispersants in lubricant and soot aggregates; 

 PAHs generated from the incombustible low-molecular-

weight of aromatic hydrocarbon compounds; 

 trace metals from the source of lubricant base oils, crude 

oils; 

 metallic fragments from wear and tear of moving parts in 

engines or machines; 

 oxidized metals from the corroded metal fragments in used 

lubricant; 

 sand and dirt from collection places and during transit 

between collecting places; and 
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 water and moisture introduced into used lubricant by blow 

by vapors in the air,  the leakage of the cooling system of 

vehicles, and the combustion of fuels 

 In each used lubricant sample before and after the 

treatment process. 

 Solvent for Hydrocarbon Compounds Recovery 

 Utilizing the non-polar organic solvent to dissolve non-

polar hydrocarbon compounds in used lubricants is 

considered as a logical and feasible approach for 

hydrocarbons recovery. However, since PAHs in used 

lubricants are not 

the target compounds for recovery in the study, the aromatic 

solvents have not been selected for this process. Experimental 

results have confirmed that hexane (C6H14), as illustrated in 

Figure, is the most effective solvent used for hydrocarbons 

recovery because: 

 It is inert to the dissolution condition. 

 It is relatively economical. 

 Most importantly, its boiling point, 156.2˚F (69˚C), is 

relatively low compared to other non-polar solvents so that 

it can be recycled at a lower temperature. 

 It can be recycled and reused indefinitely. 

 

 

 

 

 

Figure 9:  Molecular Structure of Hexane 

Solvent for Purification 

Using hexane alone cannot settle the suspended impurities in 

used lubricant sample after used lubricant sample mixed with 

hexane as shown in Figure. 

 

 

 

 

 

 

 

 

 

Figure 10: Hexane Could Not Settle the Impurities in Used 

Lubricant. 

According to the theory of solubility and polarity as stated in 

Table 5, non-polar solutes are less likely to dissolve in polar 

solvents. Therefore, using polar solvents to control the 

suspended soot gel networks is a logical approach based on 

their incompatibility. Experimental results have confirmed that 

Dimethyl ketone (DMK) is the most effective polar solvent, 

which is capable to flocculate and settle impurities in used 

lubricants as shown in Figure. 

 

 

 

 

 

 

 

 

 

 

Figure 11: Impurities in Used Lubricant Are Settled by 

DMK 

DMK is a polar solvent with the formula (C3H6O) and has 

many advantages over other organic polar solvents. 

 It is relatively economical. 

 It is miscible with hexane. 

 It is inert to the dissolution condition. 

 Water is soluble in DMK so that water in used lubricants is 

simultaneously removed during the purification process. 

 Its boiling point, 132.8˚F (56˚C), is relatively low so that it 

can be recycled at a lower temperature. 

 It can be recycled and reused indefinitely. 

This dissertation presents the preliminary study of feasibility 

and effectiveness in  

1) The binary solvent process, which is a newly developed 

technology used for lubricant purification and hydrocarbon 

compounds recovery under atmospheric process and room 

temperature;  

2) The binary system matrix, is developed to enhance the 

efficiency of the binary solvent process; and  
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3) The Cold-Stage Energy Conversion (CSEC) System is a 

novel continuous flow system capable of regenerating used 

lubricants as well as rejuvenating used solvents, which operates 

under atmospheric pressure at a relatively low temperature. 

 

Figure 11: Purification Efficiency of Binary Solvent Process 

for Used Mineral-Based Lubricant 

 

Figure 11: Purification Efficiency of Binary Solvent Process 

for Used Synthetic Lubricant 

The efficient use of organic solvents is one of the major 

requirements for the binary solvent process because using 

excess amount of solvents is neither environmentally friendly 

nor economically favorable. In order to minimize the use of 

solvents in the process, the binary system matrix was designed 

to determine the most effective mixing ratio in the binary 

solvent process for solvent/solvent in solvent mixture as well as 

solvent mixture/used lubricant. The binary system matrix has 

been demonstrated as a promising analytical method to 

conclude the most effective mixing ratios that work for all used 

lubricant samples. 

Conclusion 

Lubricants, either mineral-based or synthetic made, are the 

products derived from petroleum and developed through 

tribological researches to perform not only for lubrication but 

also for many other functions, such as cooling, noise and 

vibration reduction, cleaning, corrosion protection, and power 

transferring. However, the contamination of various impurities 

generated from the operation of machines or engines can 

significantly degrade the efficiency of lubricants and alter the 

composition of lubricants. Each year over two billion gallons of 

used lubricants are generated around the world. Because the 

disposal of used lubricants is becoming a global concern, the 

study of the potential impacts of used lubricants to human 

health, animals, plants, and the environment is very important 

in raising public awareness to properly handle used lubricants 

in order to prevent this hazardous waste from releasing to the 

environment. The analysis of used lubricants composition, the 

evaluation of the biodegrability and toxicity of used lubricants, 

and the assessment of relative risk of used lubricants to human 

health and ecosystems have been reviewed and discussed in 

this dissertation.  
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