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Abstract 

Waste lubricants are those samples of oils which have become unsuitable for their intended 

applications. They may be recycled through the use of refining process to achieve useful products. In 

this work the waste lubricants were regenerated using different methods involving bleaching earth 

obtained from local source and activated carbon from Enugu coal as bleaching agents. The waste oil 

was treated with acid and the resulting mixture decanted. Bleaching of the acidic oil was conducted 

with the different adsorbents. The bleached oil was neutralized with hydrated lime and then filtered. 

The characteristic properties of the oil were analysed and the highest values were recorded for the 

formulation involving acetic acid/activated carbon as follows; viscosity = 169.81cst at 40
0
C, S.G = 

0.882, flash point = 174
0
C, pour point = -12

0
C, water content = 1.58wt%. While the least values for 

the composite formulation were obtained from sulphuric acid/clay as thus; viscosity = 141.86cst at 

40
0
C, S.G = 0.866, flash point = 165

0
c, pour point = -16

0
C, water content = 2.31wt%. From the 

results obtained, it was observed that the deviation of the service properties of the oil from the 

standard specifications in all the methods employed is insignificant.  

 

Introduction  

Since the roman era, many liquids, including water, have been used as lubricants to minimize the 

friction, heat and wear between mechanical parts in contact with each other. Today, lubricating oil, 

or lube oil, is the most commonly used lubricant because of its wide range of possible applications. 

The two basic categories of lubricant are mineral and synthetic oil. Mineral oils are refined from 

naturally occurring petroleum or crude oil. While synthetic oils are manufactured poly-alphaolefins, 

which are hydrocarbon-based polyglycols or ester oils. Although, there are many types of synthetic 

oils, mineral oils are commonly used because of its availability and comparative advantage in terms 

of cost of production. In addition, it has a large body of data on their properties suitable for wide 

range of applications. 

 Lubricants are used in operation to separate moving parts in a system. They serve to protect 

rubbing surfaces and promote easier motion of connected parts. In the process, they carry the 

necessary functions of reducing friction and surface fatigue in addition to the removal of high build-

up of temperature on the contacting surfaces (Udonne, 2011). At elevated temperatures of the engine 

oil in service, the oil will be subjected to intense degradation and subsequent reduction in properties 

of the oil such as viscosity, moisture content, flash point, specific gravity etc (Bakare & Udonne, 

2013). Also during machine operation, the unguarded rubbing of contacting part leads to the 

formation of wearing out of the metal parts and deposition of dirts into the lubricating oil. In the 

same way, a lot of impurities are generated in the oil due to its subsequent oxidation and thermal 

degradation of the lubricant (Ihsa, Yusaf, & Rafat, 2013). These impurities contain unsaturates, 

aldehydes, phenolic compounds, alkanols, acidic compounds, and non-stable products of 

hydrocarbons. Other sources of contaminants include acidic fuel combustion exhaust gases and 
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nitrogen oxides absorbed by the oil as well as dust, fuel, water, gums and other products of additive 

degradation. The effect of these contaminants leads to a drop in performance efficiency of a 

lubricant. Therefore, this oil must be removed and changed from the automobile after a few thousand 

kilometers of driving due to these observed stresses from serious deterioration in service. The 

amount of lubricating oil that is collected annually in Nigeria and elsewhere from this source is very 

enormous. These large amounts of waste lubricants have a significant impact on both economical 

and environmental aspects. If discharged into land, water or even burnt as a low grade fuel, this may 

cause serious distortion to the ecosystem. On the other hand, the increasing demand for lubricants 

and the rapid depletion of fossil fuel reserve which provides feedstock for the production of 

lubricating oil in Nigeria has reinforced the need to explore or adopts ways of regenerating the waste 

oil (Eman & Abeer, 2012). This therefore calls for aggressive approach and articulated pattern of 

management to ensure safe utilization and disposal if need be.  

 Recent advances on this recovery reveal that there are many methods available for the 

regeneration of waste lubricants. One of these methods involves the use of activating agent as 

bleaching agent. The basic principles consist of the following processes: preliminary filtration of oil 

to sieve out dirts and other particulates, dewatering of the residual oil, acidification, 

sedimentation/decantation, bleaching, neutralization, filtration, and blending to specification. This 

process is tailored toward obtaining high quality yield of refined lubricants that possess high quality 

characteristics of viscosity, flash point, pour point, specific gravity, total acid number, etc.  

 In this work, the regeneration of waste lubricant was carried out using different formulation 

involving activated clay and carbon as bleaching agents. A comparison of the performance 

characteristics of the refined oil with virgin base oil was investigated. The activated clay from Uzo-

Uwani and activated carbon from Enugu Coal were employed in this work based on their high 

adsorptive capacity, as reported by Echegi & Aneke (2015), and Ibemesi & Achife (1990). This 

effort is further aimed at harnessing the potentials of available local raw materials towards 

optimization of their industrial utilization. 

 

Methodology  

 

Materials and method  

Materials: the following materials were used in this work: 

1. Used/waste lubricating oil and virgin base oil: 

The waste lubricant was collected from used oil dumps in a car mechanic workshop at Abakpa Nike 

Enugu. The oil was used by saloon car at a distance of 3000–3500 km. While its corresponding 

virgin based oil, 20W–50 grade was procured at motor mechanic village, Coal Camp, Enugu. 

2. Sulphuric acid, acetic acid and other chemicals: 

They were sourced at Conraw Chemicals Nig. Ltd, Presidential Rd, Enugu, Nigeria. 

3. ActivatedCarbon:  

The activated carbon was produced from coal obtained from Onyeama Coal Mine, Enugu, Nigeria.  

4. Clay:  

It was obtained from Umulum- Umumbo in Uzo Uwani L. G. of Enugu State, Nigeria. 

 

Method 

(1) Activation of Coal: The carbonization and activation of coal were carried out in line with the 

method described by Echegi & Aneke (2015) as follows. 
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Pre-carbonization Treatment: 50g of coal sample obtained from Onyeama mine in Enugu was 

ground with a shock crusher and grinder. The ground coal was dried in an oven at 90
0
C for 24 hours 

and sieved to a mesh size 500µm. 

 

Carbonization of Coal: 20g of the sample was further crushed to a size of 200-400µm and placed in a 

retort vessel and put into a heating furnace. It was heated in absence of air at a temperature of 600
0
C 

for 1
1
/2hours. The sample was allowed to remain in the furnace for 4 days where it was cooled to 

room temperature. 

 

Activation: The carbonized coal sample was re-crushed to 150-200µm particle sizes and placed in a 

galvanized vessel. 0.8M H3PO4 was added to the sample in the ratio of 0.15 to 1 part of the coal 

sample and the mixture was added 10ml of water in similar ratio. The mixture was stirred vigorously 

for 20 minutes using a magnetic stirrer. 

 The mixture was then heated to 650
0
C under high pressure in a furnace for a period of 

5hours. Later, the sample was allowed to cool to room temperature and washed with distilled and de-

ionized water to remove excess acid. The pH was adjusted between 6 and 8 using 0. 5M NaOH. The 

product sample was dried in an oven at a temperature of 105
0
C for 1

1
/2 hours and stored in air-tight 

container for usage. 

 

(2) Activation of Clay: 200g of 200µm sized clay were mixed thoroughly with 400ml of 30 wt% 

H2SO4 in a 2-litre round bottom flask equipped with a condenser and a thermometer. The flask and 

its content were heated in a heating mantle under reflux for 3 hours at 110
0
C. The mixture was then 

filtered under suction and washed with distilled water till the clay was acid free. The clay was then 

dried in an oven at 150
0
C for 2

1
/2 hours and reground to the 200µm size for use in the bleaching 

studies. 

 

Regeneration of Waste Lubricant  

(A) Pretreatment of Waste/Used Oil  

1.0 litre of the oil was measured out and poured into a filter cloth placed in a funnel mounted on the 

flask. During the filtration process impurities such as sand, dust, metal chips, particles were retained 

in the residue while the filtrate was collected as clean waste lubricant  

 

(B) Acid Treatment 

 The clean used oil was heated to 250
0
C in a hot plate for 30 minutes to drive off water and volatile 

matters in the oil. Later, it was cooled to room temperature. Then 20ml of acetic acid was added to 

200ml of the oil in beaker and thoroughly mixed with a stirrer for one hour. Later, it was transferred 

to the bucker of the centrifuge and centrifuged at 3000 rpm for 15 minutes. The mixture was 

decanted into a separating vessel and allowed to stand for 24 hours. Two layers formed were 

separated as a clear reddish lubricant at the top and sludge at the bottom. The sludge was removed 

from the bottom of the separating vessel. The same procedure was repeated by using 98% 

concentration of sulphuric acid.  

 

(C) Bleaching  
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100ml of acidic oil was measured into a beaker and placed in a thermostatic bath maintained at a 

temperature of 110
0
C. 5g of activated clay (about 6wt% of the oil) was measured out and put into the 

oil. The mixture was continuously stirred for 10 minutes. However, in this case, the temperature was 

maintained at the range of 120
0
 – 130

0
C. Later the bleaching oil was subjected to neutralization. 

Similar procedure was adopted for the bleaching process using activated carbon.  

 

(D) Neutralization/Filtration 

50ml of 10% NaOH solution was measured out and mixed with the bleached oil in a separating 

funnel and allowed to stand for 30minutes without agitation. The alkaline phase which was formed at 

the bottom was removed while the upper layer consisting of oil was subjected to washing with 20ml 

of hot water for 2 times. Finally, the sedimented oil was filtered using a filter cloth. The yellow clear 

base oil was collected as filtrate while the sludge was discarded.   

 

Analysis of Oil Samples 

The properties of used oil, virgin oil and regenerated oil samples were evaluated from standard 

methods of testing and characterization of hydrocarbons as recommended by ASTM (2004).  

 

1. Specific gravity (ASTM D941-55): The ASTM D941-55 was employed for the determination 

of specific density of the oil samples as follows. The mass of the empty 25ml specific bottle was 

weighed. The bottle was filled with oil and weighed again. Finally, oil was removed from the bottle, 

thoroughly cleaned and refilled with water and the overall weight noted. 

 

2. Flash point (ASTM D92): 20ml of the regenerated oil was measured into a beaker. The 

beaker was positioned on the bunsen burner with thermometer inserted vertically into the oil sample. 

The burner was heated until the temperature started to increase gradually. The test flame was lighted 

and brought at intervals of 15 seconds to the surface of the oil sample. When the oil was ignited and 

continues to burn for 10 seconds, the thermometer reading was noted. The test was repeated for the 

samples of virgin oil and used oil. 

 

3. Pour point (ASTM D97): 20ml of the oil sample was measured into glass container and 

placed in a cooling thermostatic bath maintained at temperature of -10
0
 to -20

0
C. After a period of 30 

minutes, certain paraffin wax began to solidify and separate out in crystalline form. Later as the 

temperature was decreased, it reached a point where the oil sample stopped to flow. This temperature 

was noted. 

 

4.Viscosity (ASTM D445): 20ml of sample of regenerated oil was measured out and put into the 

Viscometer. The Viscometer and its content were put into the holder and inverted into the constant 

temperature bath maintained at 40
0
C. 10 minutes was allowed for the oil sample to attain the bath 

temperature. While at 15 minutes, the sample attained the temperature of 100
0
C. The oil was allowed 

to flow by gravity. The efflux time was noted as it flowed from upper meniscus mask. The test was 

repeated using samples of virgin oil and used oil. 

 

5. Moisture content:  The method as described in ASTM D280 was used in the determination of 

the moisture content of the various samples of oil. A clean empty proclaim dish was oven dried at 

110
0
C, cooled in a desiccators and weighed. 10g of a given oil sample was weighed out and put in 
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the porcelain dish and the overall weight recorded. The porcelain and its content were heated to 

110
0
C for 1hour in a hot plate and then oven dried to a constant weight. The percentage moisture 

content was evaluated from the loss in weight of the specific oil sample.    

 

6. Total Acid Number (ASTM D664):   10g of the oil sample was weighed into 250ml conical 

flask. 50ml of ethanol was weighed into another conical flask. 2 drops of phenolphthalein were 

added to the flask containing the ethanol and mixture heated to 40
0
C. Later, the solution was 

neutralized by subsequent addition of 0.5N KOH solution. The neutralized alcohol was then added to 

the weighed oil and heated mildly to 30
0
C for 15 minutes. The heating was accompanied by 

thorough stirring to ensure complete extraction of the acid by the alcohol. Again, the mixture was 

added 2 drops of phenolphathalein and allowed to cool to room temperature for 20 minutes and 

titrated with 0.5N KOH solution. The total acid number, TAN was evaluated from the equation 

below. 

 

TAN = 56.1 x NV 

         W 

N = Normality of alcohol solution 

V = Volume of KOH solution 

W = Mass of Oil sample 

 

Results and Discussion 

The characteristics of the regenerated lubricating oils using bleaching earth and activated carbon as 

bleaching agents were investigated. The results are discussed under the following properties of 

lubricants. 

 

Viscosity: Viscosity is the most important consideration in choosing lubricating oils. The strength of 

the oil firm is approximately proportional to its viscosity which determines the thickness of the layer 

of oil between the metallic surfaces in reciprocal movement (Eman & Abeer, 2012). From Table of 

results it was observed that the used/waste oil has lost its viscosity value. This may be due to 

contamination resulting from thermal degradation effect of molecular constituents of the base oil 

(Ihsa et al., 2013).  During oil operation, the heat generated will increase the temperature of the 

system leading to oxidation and decomposition of high molecular base oil as well as additives. 

Subsequently, the oxidative constituents may polymerize into oxidative products, deposits and 

varnishes thus creating a variation in viscosity and other properties (Bakare & Udonne, 2013). The 

restoration of this viscosity value was partly achieved through regeneration processes with suitable 

activating agents. From the result obtained, the method of regeneration using acetic acid-activated 

carbon recorded the highest value of 169.81cst, representing 57% improvement from that of the 

waste oil, followed by acetic acid-clay method; while the least value was obtained from using only 

sulphuric acid as the activating agent in the regeneration process. This may be attributed to the 

higher destructive effect of the acid on the oil. The regenerated oils were more viscous than the waste 

oil because of the structural reformation of the base oil, conversion of contaminated impurities by the 

acid and removal by the clay or activated carbon (Ihsa et al., 2013). 
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Results of Tests Using the Various Refining Methods  

  Oil characteristics 

S/N Method  Viscosity  Flash 

p

o

i

n

t

  

(0C) 

Pour 

p

o

i

n

t

 

(
0

C

)

  

Specific 

gravity 

Water  

content   

(wt%) 

TAN  

(mgKOH) 

(g) 
at 400c 

(cst) 

At1000C 

(cst) 

 

1 Pretreated Oil + H2SO4 + 

mixing  

132.97 13.46 157 -20 0.870 2.86 0.77 

2 Pretreated Oil + CH3COOH 

+ mixing  

137.09 13.29 161 -18 0.875 2.52 0.64 

3  Pretreated Oil + H2SO4 + 

mixing + clay + 

centrifugation  

141.86 14.56 165 -16 0.866 2.31 0.61 

4 Pretreated Oil + CH3COOH 

+ mixing + clay + 

centrifugation  

158.54 14.02 169 -14 0.881 1.98 0.51 

5 Pretreated Oil + H2SO4 + 

mixing + Activated 

carbon + 

centrifugation  

153.13 14.95 164 -15 0.874 1.86 0.63 

6 Pretreated Oil      + 

CH3COOH + 

mixing  + 

Activated carbon  

+ centrifugation  

169.81 16.07 174 -12 0.882 1.58 0.54 

7 Virgin oil  184.23 18.64 192 -10 0.895 0.21 0.11 

8 Used/Waste oil  108.17 12.78 127 -28 0.926 10.64 2.80 

 

 

Flash point: The flash point is the minimum temperature at which an oil-vapour-air mixture 

becomes inflammable. The flash point of engine oil is a measure of the degree of contamination 

(ASTM, 2004). From the results, the flash point of the waste oil decreased to 127
0
C from the value 

of 192
0
C of the virgin oil counter- path. The decrease after the service operation may be due to the 

contamination with oxidized products and degraded light ends of oils. Thus, after undergoing 

combustion and oxidation at high temperature of the combustion engine, the oil breaks down into 

component parts which include some light ends (Udonne, 2011, and Eman & Abeer, 2012). The 

analysis of the result of oil samples regenerated from these identified activating agents revealed that 

all the samples exhibited commendable fit that are comparable to the virgin oil. However, the 

sulphuric acid-mixing recorded the least value of 157
0
C. The highest value of 174

0
C obtained from 

acetic acid-activated carbon-mixing may be attributed to the high structural reformation of the oil 

during regeneration probably due to less destructive effect of activating agents on the composition of 

the blended constituents.    

 

Pour point: It refers to the minimum temperature at which a lubricant continues to flow. The virgin 

and waste oil produced pour point of - 10°C and -28°C respectively. For the regenerated oil samples, 
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there is a variation in the values obtained from different activating agents ranging from -20°C for 

sulphuric acid to -12°C for acetic acid. During service, the long aliphatic chains attached to the 

aromatic rings are separated and cracked as a result of oxidation. The oxidation such as aldehydes 

and ketones have a low pour point as is the case in used/waste oil. These light fraction ends of the oil 

are removed and thus thereby improving the pour point value (Ihsa et al., 2013, and Rahman, 

Siddiquee, Samdani & Kabir, 2008). The highest value recorded by sulphuric acid as activating agent 

may be due to its relative higher rate of removal of oxidation products and contaminants. 

 

Specific Gravity: From the obtained, the specific gravity of the used oil is higher than those of the 

virgin and regenerated oils. The results for the virgin and used/waste lubricating oils are 0.895 and 

0.926 respectively, while the values of those regenerated oil samples obtained by various methods 

range from 0.870 to 0.882. The high value of specific gravity of used oil may be due to the presence 

of oxidation products, metals and contaminants. The used engine oil specific gravity increases with 

the presence of increasing amount of solids in the used oil (Fox, Pawlak & Picken, 1991). In order to 

optimize the engine performance and exhaust emission, lubricant density must be controlled within a 

fairly narrow range (Forsthoffer, 2011). The specific gravity of contaminated oil could be lower or 

higher than that of its virgin base oil depending on the type of contaminant. If the oil was 

contaminated due to fuel dilution and or water originating from fuel combustion in the engine as well 

as accidental contamination by rain, its specific gravity will be lower than that of the virgin base 

oilcounter path (Eman & Abeer, 2012). Similar trend of results on specific gravity of the oil was 

exhibited by virtually all the methods employed in this regeneration study. However the activating 

agent of acetic acid produced the best performance characteristics when compared to virgin oil.  

 

Water Content: There was a substantial increase in water content after the lubricant has been put 

into service. From the result, the water content of the virgin oil was obtained as 0.21% while the used 

oil recorded a value of 10.64%. This wide variation may have emanated from reactions taking place 

during the oil usage such as combustion, oxidation, condensation, neutralization as well as free entry 

water from atmosphere and leaks (Ogbeide, 2010).  The treatment of the used engine oil imparted 

positively on this property and produced a significant improvement. The composite formulation 

involving acetic acid composite performed better than the sulphuric acid counterpart with the 

recorded value of 1.58% as its best performance. Under, similar conditions, the composite 

formulation involving sulphuric acid gave a value of 1.86%. The variation may be due to increased 

reactions from oxidation, condensation etc as stated earlier on. The water and sediment content of 

engine oil are significant factor in the assessment of efficacy of lubricant mainly due to its effect on 

additives such as oxidation inhibitors, rust inhibitor, viscosity improver etc, that lead to the wears 

and tears of engine in service. However, introducing additives to the regenerated oil minimizes the 

ratio of water to sediment to an optimum value of zero mark (Kannan, Mohan-Kumar, Sakeer-

Hussain & Deepa-Priya, 2014). This is one of the underlying factors that is intended to be achieved 

in the regeneration of waste lubricant. 

 

TAN: As shown in Table above, the TAN of the used oil is measured to be 2.80, a value that is much 

higher than the TAN of the virgin oil evaluated as 0.11. This may be due to the presence of organic, 

inorganic heavy metallic salts, ammonia salts, resin, water and corrosive materials which emanate 

from the oxidation process that occurred at elevated temperatures in the engine (Bakare & Udonne, 

2013). 



IMT  INTERNATIONAL  JOURNAL  OF  THE  ARTS  AND  SCIENCES, VOL. 1 NO. 2 
 

178 
 

 As engine oils are subjected to high temperatures, the process of oxidation occurs, which 

leads to the formation of organic and inorganic acid.  Secondly, the presence of oxygen and 

hydrocarbon which make up the base oil in most engine environments leads to another form of 

reactions with the formation of carbonyl- containing products. These products subsequently undergo 

further oxidation to produce carboxylic acids and precipitation of sludge (Ihsa et al., 2013, and Fox 

et al., 1991). A review of the results shows that the TAN values of the various oil samples 

regenerated from different methods were improved upon. The best result was obtained from the 

acetic acid – clay method with TAN of 0.51. This is closely followed by acetic acid - activated 

carbon method with a value of 0.54.  While the highest value of 0.77 was recorded for the method of 

sulphuric acid - mixing. This result which indicates relatively higher proportions of acidic 

compounds after regeneration may be attributed to the increased conversion of oil materials to 

organic acids, sludge etc by the sulphuric acid. 

 

Conclusion 

The research has shown that waste oil can be regenerated by using these cheap and available local 

raw materials in Nigeria. The results of oil characteristics obtained are comparable to that produced 

using conventional bleaching agents. The regenerated oils have the potentials to be reused in car’s 

engines after adding the required additives. The formulation involving the composite bleaching 

agents of glacial acetic/activated carbon has an edge in quality assessment over others. Nevertheless, 

the values of service properties obtained from other sources of regeneration did not differ much from 

the standard specifications of lubricant. The recycling of waste oil will reduce the environmental 

degradation from this identified source and also improve on the rapid depletion of crude oil reserves. 
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