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Abstract: Engine lubricants are viscous petrochemical products that are essentially formulated for the lubrication of moving parts
in an engine. With the declining production of fossil oil reserves, the need to recycle used lubricating oils arises more than ever.
Coincidentally, engine lubricant loses its properties and cannot be used as required. Hence, this paper comparatively studies the
treatment effects of the three months used lubricating oil (5W-30) with a binary solvent mixture [(methanol (70%)/n-hexane (30%)]
at a 5:1 solvent to oil mixing ratio with potassium hydroxide as a coagulant at 120°C and solvent expulsion for 30 minutes. The last
stage of clarification was achieved with the physical adsorption by analytical grade activated charcoal at 150°C for 1 hour and
centrifugation at 300 rpm for 1 hour, resulting in a reddish-transparent colored base oil. Eight selected physicochemical parameters
such as pH, specific gravity, dynamic viscosity, ash content, flash point, pour point, percentage water content, and metallic
compositions were evaluated with the fresh engine oil (FEO), three-month old engine oil (UEO), and the treated engine oil (TEO).
The results obtained at 95% confidence levels with respect to the entire parameters were significantly justified with the treatment
methods that generated 95.7% recovery. The approach has been demonstrated to be technically feasible, sustainable and

ecologically friendly.
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1.0 INTRODUCTION

Lubricant is being used in automobiles to overcome frictional
impact with wear, remove pollutants from the engine, and
operate as a cleansing, cooling, and anticorrosive agent. It
absorbs a variety of pollutants and other components from the
engine system over time, including metal particles of iron,
steel, copper, lead, zinc, and other barium compounds, sulfur,
water, dirt, burnt carbon, and ash'. Many additives are used in
engine lubricants to prevent unwanted properties, majorly as
oxidation inhibitors, pour point depressants, coloring agents,
anticorrosion agents, and many other classes. The existence
of the oil base material, as well as the nature and quantity of
pollutants in the lubricating oil as a result of operations, all
play a role in the recycling of spent lubricating oils.
Contaminants enter the system from both the outside air and
the engine'2.

Technically, engine lubricant is an important product needed
in the operation of the internal combustion engine but is
known to suffer degradation by temperature and other
chemical reactions. Most notably, oxidation and the
generation of reaction by-products such as organic acids,
ketones, and polynuclear aromatic hydrocarbons (PAHS)
result in a dark, viscous, and potentially carcinogenic
substance®. Heavy metals and hazardous chemical
compounds such as benzene, chlorinated solvents, poly-cyclic
hydrocarbons (PAHSs), polynuclear aromatic hydrocarbons,
and polychlorinated biphenyls (PCBs) are found in used
lubricating oils*.

Therefore, appropriate management of the used lubricants are
required to circumvent the adverse effects imposed on man
and his environment. Meanwhile, from an ecological point of
view, the combustion of expired lubricating oils is not
recommended, since such will pollute a volume of air
equivalent to that required by an average individual for the
length of three years®. Similarly, the adsorption of Cr and its
compounds released by burning used oil can cause some types
of cancer®. Because of the negative effects of improper used
oil management on the environment and human health,
options for regenerating these oils with the goal of producing
new lubricants and other petroleum-derived products must be
explored. The yield of lubricant or engine oils obtained from
re-refining used oils is higher than that obtained from virgin
crude petroleum refining, resulting in a reduction of
approximately 90% of the environmental impacts associated
with the production of petroleum-derived lubricant oils’.
Organizations, particularly those in major enterprises that
employ lubricants, use physicochemical techniques to remove
pollutants from spent oil at their own facilities. The restored
oil is then used in additional industrial applications such as
metal-rolling, gear lubricants, and cutting oil lubricants’.
Regenerated oil cannot be used in vehicles' engines or
gearboxes due to degradation, but this alternative offers the
advantage of decreasing losses in each processing step’.
Wasted lubricant management is a prevalent concern in many
African countries, especially Nigeria, where service stations
discharge a substantial volume of old engine lubricant®.
Several African countries have put in place policies and plans
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to manage the disposal of their used oil to protect the
environment. In this direction, there have been various
techniques such as acid-adsorbent treatment, vacuum
distillation, hydrogenation, solvent extractions, and natural
adsorbents for the reclamation of waste engine oil over time,
with each method characterized by some level of limitations
in either cost, sustainability, or environmental sustainability®-
9

Acid treatment, which is the addition of inorganic or organic
acids, has been exploited with the advantage of a rapid
decrease in pH of the waste oil matrix®. Ellela et al. 20150
and Krop et al., 2021 investigated the hybrid properties of
various mineral acids on natural adsorbents, as well as the
environmental downsides related with their use. The process
under vacuum is a low-pressure distillation method that
allows for the purification of chemicals based on boiling point
differences'?.

Muna et al. 2017 vacuum distillated waste lubricating oil after
the processes of dehydration and filtration, raising the carbon
chain number from C10-C15 to C20-C25%. Similarly,
Myung-soo et al. 2008 were able to achieve a 95% treatment
level with vacuum distillation of waste engine oil with crude
atmospheric  distillation residue!®. There was also a
comparative outcome of high-grade base oil by Eman and
Abeer (2013) between vacuum distillation (84%) and solvent
extraction (78%).

Hydrogenation remains a chemical condition that happens
when molecular hydrogen reacts with another substance or
element in contact with an active catalyst, such as platinum,
nickel, or palladium, to decompose or stabilize organic
compounds®®. Similarly, Batov et al. (2018) concentrated on
heavy oil waste processing, which combines oil waste
pretreatment with subsequent hydro conversion processing in
the presence of extremely effective ultrafine catalysts under
approximately optimum circumstances®’. Another method for
separating complex compounds is liquid-liquid extraction,
otherwise regarded as partitioning and solvent extraction8-1%
This method uses two immiscible phases, typically water and
organic solvent, to isolate metal complexes or mixture
compounds depending on the relative solubilities between the
liquid phases. A novel blend of solvent extraction and
activated alumina was conducted by Osman et al., 2017 with
significant treatment and efficiency?. Rashid et al 2013, in
the same vein, achieved the best results with the composite
solvent as they explored the comparative treatment of waste
engine oil with the single solvent (propane) and the composite
solvent (butanol-propane & butanone)®. Solvent extraction
and adsorption were confirmed to be more successful
processes for recycling waste lubricating oils in the findings
of Durani et al., 20022, Mariana et al., 2019%, and Kamal &
Khan, 200922, Osman et al. 2017 investigated blends of at
least two solvents with activated alumina as an adsorbent,
with the defined oil-solvent ratios resulting in greater
treatment yields?®. Mohammed et al. 2013 investigated the
use of adsorbent materials, which included almond shell,
eggshell, walnut shell, and locally prepared acid activated
clay, with an impressive outcome?*,

Hydrocarbon solvents, such as stabilized liquefied petroleum
condensate, can also be utilized to lower the lubricating oil's
carbon residue, asphaltene, and ash content?®, Because of their
ability to establish hydrogen bonds, Khan and Kamal (2009)
discovered that solvents can be classified according to
Burrel's categorization, which claims that alcohols are high-
performance solvents while hydrocarbons are low-capacity
solvents®. Activated charcoal remains an adsorbent that has
been shown to be technically active in the removal of a range
of organic molecules from water, and 0il?®.

Because it is a very porous substance with a wide surface area
for pollutants to adsorb to, it remains a good adsorbent?. It is
made from carbon-rich materials, including wood, coal, and
other substances that are burned at high temperatures between
600 and 900 degrees Celsius to produce charcoal powder?,
Because of its adsorption capacity, activated carbon is useful
for recovering used engine oil. The work by Temple et
al.,2020 used the bark of the Anacardium Occidentale tree to
make activated charcoal for recycling spent engine oils with
significant results in terms of flash point, viscosity, water
content, fire point, and pour points at the end of 6 months?®°.
Riyanto et al. (2018) adopted 1-butanol and potassium
hydroxide as solvents and precipitators, respectively, to
investigate the effects of metallic treatment on discarded
lubricating oil with activated carbon. They affirmed that the
waste lubricating oil treatment by the adsorption method
using activated carbon significantly remediated the level of
metals with the exception of Pb and Fe¥®. Abdulkareem et al.
2014 employed distillation method in association with acid,
activated clay and charcoal comparatively with the pre-
treatment process on Mobil and Total engine lubricants in
order to improve their reuse properties®:. Water content,
specific gravity, kinematic viscosity, viscosity index, flash
point, pour point, sulphur content, and heavy metal
concentrations were all measured in the fresh, used, and
treated oil. The sulphur of both brands of oil samples was
clearly below the detectable level, but that of the used oil
samples was detectable, as it was demonstrated that the
general treatments were able to improve the features of the
used oil samples after treatment. The distillation/clay and
activated/charcoal procedures were found to be the most
effective (80%) in terms of oil recovery following treatment®,
Another interesting scenario, was where Ammar (2005)
achieved an activated carbon of good quality prepared from
spent lubricating oils using an oxidation condensation process
with 2 weight % of (CoCly, ZnCl, & FeCls) with the stream
of air or oxygen at 350°C for (12, 24 & 36) hrs, followed by
removal of uncarbonized materials under reduced pressure.
The carbonization, activation, purification, and drying
processes eventually yield a good quality activated carbon
with an oxidation rate of 2% FeCI3 for 36 hrs®. In this
context, the restoration of spent (3-month) engine oil using
co-solvent and activated charcoal was conducted in addition
to the comparative physicochemical evaluations against the
same brand of virgin (new) engine oil sample at standard
conditions.
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2.0 MATERIALS AND METHODS

The following items were obtained: used (3 months) and new
synthetic Mobil 5W-30 engine oil, analar grade activated
charcoal, glass beakers, thermometer, conical flask,
separating funnels, measuring cylinder, evaporating dish,
vacuum filtration  system, laboratory centrifuging,
temperature programmed heating mantle, pycnometer, flash
point tester, analar grade methanol, n-haxane, magnetic
stirrer, potassium hydroxide.

2.1 Pretreatment of the used lubricating oil sample.

The used (3 months) 5W-30 lubricant sample was heated to
130°C to boil out emulsified water and some of the gasoline
diluents. It was left to settle for a day at room temperature
before being filtered to overcome suspended solids®.

2.2 Treatment with a composite solvent (methanol/n-
hexane).

500 ml of the pretreated engine oil was mixed with a
composite solvent of 70% methanol and 30% n-hexane at a
solvent to oil ratio of 5:1, and then 3 g of potassium hydroxide
according to Adewole et al., 2019 was added as a coagulant.
The mixture was thoroughly stirred for about 30 minutes and
then heated at 60°C under atmospheric pressure to remove
light hydrocarbons through solvent extraction.

The mixture was thereafter allowed to settle in a separation
flask for 24 hours and then heated at 120°C to remove the
solvent from the mixture3.

2.3 Treatment with Activated Charcoal.

450 ml of the prepared engine oil obtained from the oil-
solvent mixture was reacted with 20 g of activated charcoal at
150°C for 1 hour. The heated mixture was allowed
undisturbed for 2 hours at room temperature to allow for
gravity settling and was then filtered under vacuum with
subsequent centrifugation at 3000 rpm for an hour, obtaining
a dark red transparent base o0il%.

2.4 Physicochemical characterization of the used (UEQ),
fresh (FEO) and treated oil (TEQO) samples

The pH?, specific gravity®®, dynamic viscosity®’, ash®, flash
point®, pour point®, water content* and metallic
compositions were conducted accordingly*.

2.5 Percentage recovery

After a chemical process, percent recovery calculates the
proportion of an original substance that is recovered.
Purification reactions are a good example of this. It also
determines how effective they are. Percent recovery refers to
the quantity of a product acquired following its formation and
purification. The accuracy of the chemical reaction can be
determined using the percent recovery®.

Percentage recovery = Amount of substance recovered on purification (ml) X 100

Amount of substance originally taken (ml)

3.0 RESULTS AND DISCUSSION

3 months used Mobil
synthetic
S5W-30 motor oil

e 5W-30 motor oil

.
i
=

Co-solvent (methanol-nhexane)
and activated charcoal treated
Mobil synthetic

Figure 1. A. Fresh Mobil 5W-30 synthetic motor oil
B. Used (3months) Mobil 5W-30 synthetic motor oil
C. Treated 5W-30 synthetic Mobil motor oil
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Table 1. Selected physicochemical parameters of fresh (FEO), used (UEQ), treated (TEO) Mobil synthetic 5\W-30 motor oil samples

SN TEST FRESH ENGINE OIL USED ENGINE OIL TREATED ENGINE OIL
PARAMETER (Standa (3 months)
ISTRUN | 2FDRUN | 3®DRUN 15T RUN 2N RUN 38D RUN 15T RUN MDRUN | 380 RUN
pH 78 76 7.6 59 6.0 59 6.9 6.8 69
2 Specific Gravity 07010 0.7009 0.7010 0.8952 0.8855 0.8856 0.6632 0.7011 0.6621
@25° C(g/mi)
3 Dynamic 59.55 59.56 59.56 26.57 26.66 26.65 57.57 5763 57.56
Viscosity (Pa s)
@ 25°C

4 Ash % 1.09 1.08 1.08 1.18 1.17 1.18 1.06 1.06 1.05

5 Flash Point °C 200.00 195.00 199.00 136.00 135.00 136.00 196.00 197.00 157.00

6 Pour Point oC -7.9 -8.0 -1.9 -29.8 =287 -29.7 -1.5 -7.8 -1.9

7 Water % 5.00 4.62 5.01 1550 16.02 16.02 4.52 4.51 4.52

Metallic Composition (ppm)

8 Fe 0.98 098 0.97 95.55 96.47 95.55 1.04 1.03 1.04
El Cu 0.26 0.25 0.26 20.08 15.85 15.85 032 0.31 0.32
10 Pb 4.83 4.84 4.83 604.51 605.21 604.91 361 3.60 3.61
11 Cr 0.17 0.17 0.17 1.27 1.32 1.33 0.15 0.15 0.15
13 Zn 1516.25 1516.26 1516.25 1724.1% 1725.21 172521 1621.02 1620.03 1621.02
14 Ca 120017 1200.17 1200.16 130021 130021 130021 1167.03 1166.04 1166.04

Table 2. Descriptive statistics of selected physicochemical parameters of fresh (FEO), used (UEO) and treated (TEO) Mobil
synthetic 5W-30 motor oil samples

Parameter SLEEEas e mEaniakue 2oalCanidencellzevEl Highest value Lowest value
FEO UEO TEO FEO UEO TEO FEO UEOQ TEO FEO UEC TEO
pH 7.7 59 6.9 0.3 0.1 0.1 8.0 6.0 7.0 7.4 5.8 6.8
SG (g/ml) 0.7009 | 0.3888 0.6755 0.0001 0.0138 0.0552 0.7010 0.9026 0.7307 0.7008 0.875 0.6203
Dynamic Viscosity | 59.55 26.63 57.59 0.01 012 0.09 59.56 26.75 57.68 59.54 26.51 57.50
(Pas)

Ash (%) 1.08 1.18 1.06 0.01 0.01 0.01 1.09 1.15 1.07 1.07 1.17 1.05
Flash Point (°C) 19933 | 13567 196.67 143 143 143 200.76 137.10 198.10 197.90 13424 195.24
Pour Point(*C) -8.0 -29.7 -1.7 0.3 0.1 0.5 -1.7 -29.6 -7.2 -8.3 -29.8 -8.2

% water 4.88 15.85 452 0.55 0.75 0.01 543 16.6 4.53 433 15.1 451

Fe (ppm) 0.98 95.86 1.04 0.01 148.71 142 0.99 97.18 1.05 0.97 94.54 1.03

Cu(ppm) 0.26 19.93 032 0.01 0.34 0.01 027 20.27 033 0.25 19.59 0.31

Pb(ppm) 483 605.01 3.61 0.01 0.43 0.01 484 605.44 3.62 482 604.58 3.60

Crippm) 0.17 1.31 0.15 0 0.08 0 0.17 1.39 0.15 0.17 123 0.15

Zn(ppm) 151625 | 1690.14 | 1620.69 0.01 148.71 142 151626 | 1838.85 | 1622.11 | 154143 | 1690.14 | 161927

Ca(ppm) 120017 | 130021 1166.37 0.01 0 142 1200.18 130021 1167.79 120016 1300.21 116493
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Figure 2. Physicochemical characteristics of fresh (FEO), used (UEO) and treated (TEO) Mobil synthetic 5W-30 motor oil
samples.
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Figure 3. Metallic evaluations of fresh (FEO), used (UEO) and treated (TEO) Mobil synthetic 5W-30 motor oil samples.

The net percentage recovery = The volume of the TEO X 100

The volume of the UEO

=430.7 X 100=95.7%

450

The methanol/n-hexane co-solvent system with activated
carbon assisted adsorption treatment on the 3 months used
450ml of 5W-30 synthetic motor oil is depicted in Figure 1.
Clearly, the possibility of reclaiming the used engine or
lubricating oil to a level of 95.7% (438.7ml) using an
economically viable and sustaining method is practically a
possibility. The fresh (FEO), used (400ml, UEO) and treated
engine oil (TEO) samples of the brand 5W-30 synthetic motor
oil was physiochemically evaluated at room temperature in
triplicate

(Table 1). The pH, which dictates the acidic and alkaline
nature of the sample oils, illustrated the alkaline condition of
the FEO, which erodes and degrades with time in its active
state through the engine system into an acidic by-product,
possibly due to the degree of corrosion by the action of
hydrogen ion (H*) concentration*. Technically, pH is an
essential determinant of how corrosive an oil is getting, which
means that at some point, the pH begins to drop more rapidly,
indicating that the oil needs to be changed*.

In Table 2 and Figure 2, FEO is considered the standard. The
average mean values of UEO and TEO show some significant
differences at a 95% confidence level, with the highest and
the lowest values. These results also indicated that the
hydrogen ion (H*) activity of the FEO, UEO, and TEO at a

95% confidence level cannot be greater than 8, 6, and 7 and
cannot be less than 7.4, 5.8, and 6.8 respectively. The specific
density of the lubricant is the proportion of the lubricant’s
mass to its absolute volume*. According to Table 2 and
Figure 2, the oil was classified as having a higher specific
gravity with the UEO and a relatively similar specific gravity
with the TEO. The 95% confidence limit established the
highest and least points with FEO, UEO, and TEO. The
treatment process on the UEO (0.8888 g/ml) reduces the
specific gravity value to 0.6755 g/ml (TEO) when compared
to the value with FEO (0.7009 g/ml). The maximum value of
0.7302 g/ml and the lowest level of 0.6203 g/ml at a
confidence level of 95% were statistically estimated. With the
degree of the flow resistance between layers of the fluid,
viscosity is also a dependable and crucial quality assurance
characteristic of lubricating oil. A high viscosity indicates a
significant resistance to flow, while a low viscosity shows a
low resistance to flow*”. The lubricant’s viscosity varies with
temperature (inverse relationship) and pressure (direct
relationship), improving the load carrying capability of the
engine oil. These characteristics allow the engine oil to be
used in heavy engines. Dynamic viscosity, in particular, is a
representation of the fluid's intrinsic resistance to movement
due to internal friction“®,
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Table 2 reveals the viscosities (dynamic) of the FEO
(standard), UEO, and TEO at 250°C. This could imply that
viscosity will be reduced with increased usage of the lubricant
(UEO) in terms of age and mileage. Hence, the reduction in
the flow of resistance with the engine lubricant will result in
a higher wear rate, reduced engine life, as well as increased
maintenance costs*. However, the treatment process elevated
the viscosity of the UEO (26.63 Pas) significantly with the
mean average values of TEO (57.59Pas) in a relative
magnitude to the FEO. When the lubricating oil is completely
burned, the remaining solid is called ash, and it shows the oil
purity?.

The ash percentage content with the UEQO shows the degraded
nature of the oil sample. However, the adopted treatment
processes were able to significantly achieve some levels of
control (1.06%), with the oil sample having the highest and
the lowest values at a 95% confidence level. The ash content
of the UEO (1.18%) was treated to 1.06%, with a maximum
level of 1.07% and a minimum of 1.05% at 95% confidence
levels. The flash point index of an engine oil can be defined
as the temperature point where the vapor above the oil ignites
momentarily with the introduction of an ignition source50.
This is quite different from pour point, which refers to the
temperature level where the vapor above the oil ignites
without an ignition source, as both parameters are reflections
of the fire resistant and volatility characteristics of the
lubricant50. The flash and pour points also confirm the level
of adulteration of the 0il51. Results on Table 2 show that the
flash and fire points of the spent engine oil were reduced with
an increase in time usage and mileage. Lubricants with low
flash points that are below specification can cause a variety of
engine problems, including crankcase explosions, as well as
low lubricity due to high volatility, which can lead to engine
wear and tear30. They also have limited rheological
properties owing to excessive volatility, which can result in
engine wear and tear. Results in Table 2 showed that the
treatment approaches increased the flash point index of the
spent engine oil (135.670C, upgrading it to the level of FEO
at 196.670C). A maximum value of 198.100C and the least
value of 195.240C were achieved. The average mean value
with the UEO (135.670C) and the TEO (196.670C) declares
the highest value of 198.100C (TEO) and the least at
195.240C at 95% confidence levels. Also, the pour point

index of the spent oil after 3 months of usage is obviously
above the standard value (FEO).

Basically, an increase in the pour point factor of a lubricant
indicates the temperature point where the lubricant ceases to
flow is fast and easily achievable, especially in tropical
regions such as Nigeria, where it consequently prevents the
engine from starting52. The estimation of the pour point with
the UEO (-29.70C) was remediated to the point of -7.70C
(TEO), which is also the highest against the standard (FEO).
Results from Table 2 also show the percentage water content
of the used lubricant increases with age and has values above
the standard (FEO).

Fundamentally, water can have access to the lubricating oil
through leakages from different parts, such as the engine
coolant, oil cooler, and steam heating line53. The activity of
moisture in the lubricating oil causes a lot of damage to
engines. For instance, water oxidizes the base oil to form
oxides, which further react with more water to form corrosive
acidic substances54. Water can also lead to fractures caused
by hydrogen release, which ultimately leads to pitting,
etching, and fretting in bearings55. Water promotes corrosive
microorganisms. Accumulated water causes condensation in
the crankcase, resulting in oxidation of the 0il56. However,
the hydrophilic nature of the activated charcoal reduces the
water content in the spent engine oil to acceptable levels30.
The average mean value of the TEO at 4.52% against the UEO
of 15.85% shows a remarkable outcome from the treatment
processes, with the highest value of 4.53% with a UEO of
6.6% and the minimum point at 4.51% with a UEO of 15.1%
at a 95% confidence level. The average mean values of the
selected metallic components (Fe, Cu, Pb, Cr, Zn, and Ca),
the highest and the least values at 95% confidence level are
all declared in Figure 3 and Table 2.

Similarly, the average mean value of the TEO against the
UEO is also Moreover, the levels of the selected metals were
significantly predominant in the UEO sample and were
eventually treated (TEQ) as declared in Figure 3. Used engine
oils include a wide range of metal concentrations that are
introduced indirectly during usage through wear metals and
lead through leaded gasoline. The category of natural
surfactants and diluents applied to the fresh lubricant, storage
and management measures all influence the magnitude of the
pollutants in the fresh oil. The table below summarizes the
possible sources of metallic contaminants in the
engine/lubricating o0il%’.

Table 4. The Potential sources of metals in fresh (FEO) and used (UEO) engine/lubricating oils
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Metal FEO UEO
Iron (Fe) Iron bearing catalyst Crankshaft, engine block wear
and engine body damage
Copper (Cu) Copper bearing anti-oxidant and catalyst Some alloy bearing bushing,
and seal wear.
Lead (Pb) Lead salts anti-wear Leaded gasoline and alloy
bearing wear
Chromium Chromium bearing catalyst Piston rings and seal wear
(Cr)
Zinc (Zn) Anti-wear and anti-oxidation additives; Unspecified engine wear
Zinc bearing catalyst.
Calcium (Ca) Calcium salt detergents Unspecified engine wear

Activated carbon or charcoal has been identified as an anti-
wear additive which is capable of restoring the
physicochemical characteristics to acceptable
specifications®®. The water content of the used engine
lubricant will also be remediated to acceptable limits due to
its hydrophilic nature against the activated charcoal. It also
has the ability to inhibit wax formation in used engine oils at
elevated temperatures owing to its capacity to reduce the pour
point of the spent engine oil, thereby protecting engines from
start-up issues®,

It was also established that it has the ability to restore the fire
and flash points of engine oil by adsorbing contaminants and
volatile hydrocarbons responsible for its reduction, thereby
saving the engines from damage such as crankcase explosions
as well as other hazards®. Generally, engine oil consists of
98% base oil and 2% additives. The base oil specifically does
not get degraded but only gets dirty as the refining process
isolates the contaminants and the additives®. The quality of
the used oil is eventually refined to be close to its original
quality.

4.0 CONCLUSION

The environmental risks and threats posed by the
indiscriminate discharge of old engine lubricant are serious
enough to warrant immediate attention, necessitating the
development of scientifically tested and proven methods for
recycling spent oil. Because of the growing use of
automobiles and other engines that are maintained by engine
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