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PROCESS FOR SEPARATING USED OIL 

BACKGROUND OF THE INVENTION 

[0001] 1. The Field of the Invention 
[0002] The present invention relates to used oil. More spe 
ci?cally, the present invention relates to a process for sepa 
rating impurities from used oil and for making the used oil 
suitable for use as a base material in making fuels or lubri 
cants. 

[0003] 2. State oftheArt 
[0004] Currently, a large amount of used oil is produced 
World Wide. The used oil may be from many sources, a com 
mon source being engine lubricants. Millions of gallons of 
used lubricant oil is generated annually from motor vehicles 
and from industrial users. The large number of automobiles, 
trucks, trains, boats, etc. Which are used for transportation, 
and the regularity With Which the engine lubrication should be 
changed, result in a large amount of used motor oils. It can 
easily be appreciated that a signi?cant amount of used oils are 
generated. 
[0005] In some instances, used oils have simply been dis 
carded. Some attempts have been made to create products 
Which absorb and hold the oil, alloWing a person to drain 
motor oil or the like into a container and then simply discard 
the container of oil. Discarded oil poses an environmental 
haZard as it can pollute the soil and groundWater. In many 
instances, pollutants in the soil and groundWater migrates into 
WaterWays and results in pollutes drinking Water. It can easily 
be understood that simply discarding used oils is not the most 
desirable alternative, especially When considering the 
demand for petroleum and the environmental risks associated 
With disposing the oil in a land?ll. 
[0006] Further attempts have been made to ?nd alternate 
uses for used oils, thus providing a more economically viable 
and environmentally friendly method of disposing of the oils. 
For example, used oils have been ?ltered and used as a loW 
grade burner fuel. While better than simply disposing of the 
oil, it Would be desirable to use the oil for a more economi 
cally valuable purpose. 
[0007] In ?nding Ways to process used oil and create a 
marketable product, several obstacles must be overcome. One 
obstacle is the composition of the used oil itself. Used oil is a 
complex substance, containing the lubricant oil, value added 
components such as additives, and undesirable compounds 
including heavy metals and toxic compounds. Used oils Will 
typically contain metals, carbon particles, lubricant additives, 
Water, antifreeZe, etc. In some used motor oil collection sites, 
the used oil may be collected With transmission ?uids, gear 
lubricants, antifreeZe, etc. Thus, the used oil collected is a 
mixture containing many impurities and additives or modi? 
ers. These components make it dif?cult to process or re?ne 
the used oil. 
[0008] A further dif?culty in processing used oil is that the 
overall process must be economical. If the process for sepa 
rating and purifying the used oil is too expensive, it Will result 
in a product Which can not be sold. A process for purifying 
used oil should cost less than the puri?ed oil is Worth after 
Wards. 
[0009] There is thus a need for an economical method for 
separating used oil Which removes the impurities and undes 
ired components from the used oil. There is a need for an 
economical process for separating a high quality oil base 
stock from the used oil. 
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SUMMARY OF THE INVENTION 

[0010] It is an object of the present invention to provide an 
improved method for separating used oil in to impurities and 
usable components. 
[0011] The invention utiliZes a mixture of polar and non 
polar solvents to separate the impurities from the used oil. 
After separating the impurities, the solvent mixture is sepa 
rated from the oil and is reused. The ability to reuse the 
solvent mixture alloWs the process to be economically viable 
and environmentally friendly. 
[0012] The invention alloWs for the processing of the used 
oil at loW temperatures and pres sures, reducing the equipment 
complexity and reducing the energy requirements for the 
process. 
[0013] These and other aspects of the present invention are 
realiZed in a process for separating used oil as shoWn and 
described in the folloWing ?gures and related description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] Various embodiments of the present invention are 
shoWn and described in reference to the numbered draWings 
Wherein: 
[0015] FIG. 1 shoWs a schematic diagram of a process of 
the present invention; 
[0016] FIG. 2 shoWs a process diagram of the present 
invention; 
[0017] FIG. 3 shoWs a process diagram of the present 
invention; 
[0018] FIG. 4 shoWs another schematic diagram of the 
present invention; and 
[0019] FIG. 5 shoWs another process diagram of the present 
invention. 
[0020] It Will be appreciated that the draWings are illustra 
tive and not limiting of the scope of the invention Which is 
de?ned by the appended claims. The embodiments shoWn 
accomplish various aspects and objects of the invention. It is 
appreciated that it is not possible to clearly shoW each element 
and aspect of the invention in a single ?gure, and as such, 
multiple ?gures are presented to separately illustrate the vari 
ous details of the invention in greater clarity. Similarly, not 
every embodiment need accomplish all advantages of the 
present invention. 

DETAILED DESCRIPTION 

[0021] The invention and accompanying draWings Will 
noW be discussed in reference to the numerals provided 
therein so as to enable one skilled in the art to practice the 
present invention. The draWings and descriptions are exem 
plary of various aspects of the invention and are not intended 
to narroW the scope of the appended claims. 
[0022] Generally, the invention uses a mixture of chemicals 
to separate impurities from used oil. Table 1 illustrates exem 
plary chemicals as may be used in the present invention. 

TABLE 1 

Dielectric Boiling 
Constant Dipole Point Density (g/cc 

Chemical: at 250 C. Moment O/C ratio (0 C.) at 200 C.) 

MEK 18.5 2.5 0.25 79.6 0.805 
Acetone 20.7 2.88 0.33 56.2 0.790 
Pentane 1.84 0.0 0 36.1 0.626 
Hexane 1.89 0.08 0 69.0 0.660 
Cyclohexane 2.02 0.0 0 80.7 0.778 
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[0023] The process described herein utilizes the properties 
of different solvents to separate the impurities from the used 
oil. Table 1 illustrates both polar and non-polar solvents. It 
can be seen that the polar solvents such as methyl ethyl ketone 
and acetone typically have some similar characteristics such 
as a high dielectric constant, dipole moment, and oxygen to 
carbon (0/ C) ratio. Similarly, the non-polar solvents such as 
pentane, hexane, and cyclohexane typically have loW dielec 
tric constants, dipole moments, and O/C ratios. For conve 
nience, the solvents Will be referred to herein simply as polar 
and non-polar solvents. 
[0024] The present invention utiliZes a mixture of a polar 
solvent and a non-polar solvent to separate the impurities 
from used oil. Without the use of solvents, the impurities in 
the used oil are dif?cult to separate from the used oil. The use 
of a polar/non-polar solvent mixture alloWs the impurities to 
be easily separated from the oil by gravity, ?ltration, etc. 
[0025] While not intended to be limiting of the present 
invention, it is believed that the solvent mixture used in the 
present invention both promotes some ?occulation or clump 
ing of the impurities in addition to disturbing the equilibrium 
that tends to hold the impurities in suspension in the used oil. 
[0026] Used oil can vary greatly in composition, and may 
often contain betWeen 20% and 40% oil, 10% to 40% addi 
tives, 10% to 15% Water, and 15% to 60% impurities. Used 
lubricant oil may often be collected together With used trans 
mission ?uid, hydraulic ?uid, antifreeZe, etc. Thus, the used 
oil may differ considerably for different collection locations 
or even for different times of collection from a particular 
location. The inventive process is advantageous as it can be 
used to process many different types of used oil Without 
signi?cant modi?cation. 
[0027] Turning noW to FIG. 1, a basic schematic diagram of 
a process for separating used oil 10 according to the present 
invention is shoWn. One of the samples of used oil 10 Which 
Was separated With the present invention Was tested and Was 
determined to include approximately 40.7% oil, 32.5% addi 
tives (such as the additives used in creating motor oil) 11.5% 
Water, and 15.3% impurities. The impurities Were solids, and 
included particulate carbon as Well as metals. An analysis of 
the impurities revealed that the metal content of the used oil 
impurities Was 11.5 ppm barium, 31.2 ppm copper, 9.8 ppm 
lead, 48.4 ppm molybdenum, 3.5 ppm vanadium, 424.0 ppm 
Zinc, 1410.0 ppm calcium, and 4.7 ppm manganese. As dis 
cussed herein, impurities refers to the solids present in the 
used oil. 
[0028] The used oil 10 is mixed With a solvent mixture 14. 
The solvent mixture 14 is a mixture of a polar and a non-polar 
solvent. It has been determined that the preferred mixture of 
solvents is about 5 to 15 percent non-polar solvent by volume, 
With the remaining 85 to 95 percent being polar solvent. It is 
believed that the solvent mixture Will Work With betWeen 2 
and 25 percent non-polar solvent and the remaining 75 to 98 
percent being polar solvent, but it is currently preferred to 
have betWeen 5 and 15 percent non-polar solvent in the sol 
vent mixture, and more preferred to have about 10 percent 
non-polar solvent. Although someWhat higher or loWer per 
centages of non-polar solvent in the solvent mixture 14 Will 
Work, the above ratio has been found to be more effective, 
With 10 percent non-polar solvent being particularly desir 
able. In many cases, pure polar solvent or a mixture With little 
non-polar solvent Will not mix Well With the used oil. Simi 
larly, pure non-polar solvent or too much non-polar solvent in 
the solvent mixture 14 Will mix Well With the used oil, but Will 
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tend to keep the impurities suspended in the liquid rather that 
separating the impurities from the oil. 
[0029] An important discovery of the present invention is 
that the above mixtures of non-polar solvent and polar solvent 
Will be fully miscible With the used oil, and Will also cause the 
impurities to separate from the resulting solution and there 
fore be easily removable from the solution. It has been dis 
covered that 100 percent polar solvents Will not mix Well With 
the oil, and that 100 percent non-polar solvents Will not effec 
tively separate the impurities from the used oil. 
[0030] According to the present invention, ketones are the 
preferred polar solvents. Acetone is the preferred ketone, as it 
has a good polarity and poWer as a solvent, and also has a 
reduced boiling point Which alloWs for reduced temperatures 
When removing the solvents from the oil. Aliphatic solvents 
are the preferred non-polar solvents, With hexane being the 
preferred chemical. Hexane is effective in making the acetone 
miscible With the used oil, alloWs the impurities to separate 
from the used oil, and has a reduced boiling point comparable 
With the acetone. 

[0031] In achieving an appropriate mixture of solvents, 
other solvents such as toluene or acetonitrile Were used. Tolu 
ene and acetonitrile Were not highly effective in separating the 
impurities from the used oil 10. Other ketones and aliphatic 
solvents are expected to Work. A disadvantage of using other 
ketones or aliphatic solvents is that these Will typically have 
higher boiling points than acetone and hexane. An undesir 
ably high boiling point results in a high temperature When 
separating the solvent from the used oil. Overly high tempera 
tures may encourage further cracking or degradation of the 
used oil 10. 
[0032] The used oil 10 and solvent mixture 14 are mixed in 
a vessel 18 in a desired ratio. Typically, about 15 to 50 percent 
used oil 10 and about 50 to 85 percent solvent mixture 14 is 
used. Thus, the resulting mixture of used oil 10 and solvent 
mixture 14 may typically contain betWeen 2 and 13 percent 
non-polar solvent, betWeen 42 and 81 percent polar solvent, 
and betWeen 15 and 50 percent used oil. 
[0033] The mixing of the used oil 10 and the solvent mix 
ture 14 causes the impurities to separate from the used oil and 
settle out as sediment rather than being held in suspension. 
Thus, in a vessel 18, a liquid phase 22 having solvent mixture 
14 and used oil 10 (less impurities) and a sediment phase 26 
having largely impurities With some solvent mixture and used 
oil are formed. The sediment phase 26 is collected into a 
container 30 and the liquid phase 22 is collected into another 
container 34. 
[0034] Turning noW to FIG. 2, a process diagram for sepa 
rating used oil according to the present invention is shoWn. 
FIG. 2 illustrates the basic process of FIG. 1 and includes 
additional processes necessary for economic viability of the 
process, such as recycling of the solvent mixture 14. Common 
system elements such as pumps are not shoWn, but are under 
stood to be necessary and are Within one of skill in the art. As 
such, the above discussion of the invention also applies to 
FIG. 2. 
[0035] The used oil 10 and solvent mixture 14 are mixed 
together. A mixer 38 may be used if desired to mix the used oil 
and solvents. The used oil 10 and solvent mixture 14 are then 
introduced into a vessel 18. SloW mixing of the contents of the 
vessel 18 may be achieved by a mixer 40 to speed up the 
liberation of the impurities from the used oil. If the impurities 
are separated from the oil and solvent by a settling process, 
the mixer 40 Would operate at a sloW speed to not impede the 
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settling process. A sediment layer 26 and liquid layer 22 are 
formed. The liquid in the vessel 18 including the liquid layer 
22 includes processed oil (used oil having the solid impurities 
separated therefrom), additives, Water, and solvent mixture 
14. Because of the volume of solvents necessary for process 
ing the used oil 10, it is desirable to recover the solvents. Thus, 
the liquid layer 22 may be passed to a distillation column 46. 
The distillation column 46 may be used to separate the oil and 
additives 34, Water 54, and solvent mixture 14. 
[0036] It Will be appreciated that the polar solvent used in 
the solvent mixture 14 Will absorb the Water from the used oil. 
If the Water is not removed from the solvent mixture, the 
solvent mixture 14 Will become diluted and lose the ability to 
separate the impurities from the used oil. The oil and additives 
34, Water 54, and solvent mixture 14 may be separated in the 
various stages of a single distillation column, or may be 
separated in tWo distillation columns if desired. 
[0037] The sediment layer 26 may be WithdraWn from the 
vessel 18. As the sediment layer 26 Will contain some liquid 
(oil and solvent mixture), it may be desirable to pass the 
sediment layer 26 through a ?lter 42 to separate the impurities 
30 from the liquid 62 contained therein (Which is the same as 
the liquid 22). The liquid 62 may be combined With the liquid 
layer 22 to separate the oil and additives 34, Water 54, and 
solvent mixture 14. 
[0038] As solvents such as acetone and hexane are more 
expensive than oil or gasoline, it is important to recover and 
recycle the solvents to achieve an economically feasible 
operation. Thus, the amount of solvent mixture 14 remaining 
in the impurities 30 and the oil and additives 34 should be 
minimized. Additionally, the amount of the solvent mixture 
14 lost in the Water 54 should be minimized. As the solvent 
mixture 14 Will still function With some Water contained 
therein, it may be more important to leave some Water in the 
recycled solvent mixture than to lose some solvent mixture in 
the Water 54. 

[0039] FIG. 3 shoWs an alternate equipment con?guration 
for according to the used oil separation of the present inven 
tion. The process is similar to that of FIG. 2, With the primary 
difference being that the vessel 18 has been eliminated and 
the entire mixture of used oil 10 and solvent mixture 14 are 
passed through the ?lter 42. The ?lter Will separate the impu 
rities 30 from the liquid stream 66 Which includes the oil, 
additives, Water, and solvents. The liquid stream 66 is then 
passed to the distillation column 46 and separated as dis 
cussed. 
[0040] For the used oil tested, the impurities separated from 
the oil Were about 15.3 percent of the used oil by Weight, and 
contained solid carbon and metals as described above. Prior 
to processing, the used oil Was dark broWn and opaque in 
appearance, likely due to the carbon particles in the oil. After 
processing according to the above methods, the recovered oil 
consisted of the oil and additives, and Was a lighter broWn 
color and Was transparent. 
[0041] One advantage of the methods discussed above for 
separating impurities from used oil is the ability to perform 
the same Without requiring elevated temperatures and pres 
sures. If acetone and hexane are used as the polar and non 
polar solvents, the mixture of solvent mixture 14 Will effec 
tively separate the impurities from the used oil 10 at room 
temperature and pressure. It is appreciated that processes 
requiring elevated temperatures are generally more dif?cult 
and costly to construct and operate, While system Which can 
operate at atmospheric pressure and loWer temperatures are 
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simpler to construct and operate. These systems require less 
complex equipment, and may use a simple heating source 
such as steam. 

[0042] Acetone has a boiling point of about 55 degrees 
centigrade and hexane has a boiling point of about 65 degrees 
centigrade. Thus, the distillation of a mixture of these sol 
vents and oil mixture may be achieved using steam or heated 
Water as a heat source, and the condensed solvents Will typi 
cally be at a temperature of about 60 degrees centigrade or 
loWer, and may be directly recycled into the system. It is 
believed that a slight elevation of temperature, such as may be 
achieved by recycling the condensed solvents, may add to the 
speed or ef?ciency of separating the impurities from the used 
oil. In such a situation, the mixture of used oil and solvents 
may have a temperature of about 40 degrees centigrade. Pre 
venting heat loss from the condensed solvents and preventing 
heat loss from the system in general may reduce the amount of 
energy required to distill the processed oil and solvent mix 
ture to separate the oil, Water, and solvent mixture. 
[0043] Turning noW to FIG. 4, another basic schematic 
diagram of the inventive process of the above ?gures is 
shoWn. The used oil 10 is mixed With a solvent mixture 14. As 
discussed above, the solvent mixture 14 is a mixture of polar 
solvents and relatively non-polar solvents. It Will be appreci 
ated that, While discussed herein as a mixture of a single polar 
solvent and a single non-polar solvent, the present invention 
may function equally Well using tWo or more polar solvents or 
non-polar solvents. A mixture of hexane and pentane may be 
used, for example, to adjust the boiling point of the solvent 
mixture. 

[0044] An important discovery of the present invention is 
that the solvent mixture 14 is fully miscible With the used oil 
1 0, and Will cause the impurities to separate from the resulting 
solution and therefore be easily removable from the solution. 

[0045] The mixing of the used oil 10 and the solvent mix 
ture 14 causes the impurities to separate from the used oil and 
settle out as sediment rather than being held in suspension. 
Thus, in a vessel 18, a liquid phase having solvent mixture 14 
and used oil 10 (minus the impurities) and a sediment phase 
having largely impurities With some solvent mixture 14 and 
used oil 10 are typically formed. The sediment phase is col 
lected into a container 30 and the liquid phase is separated in 
a separator 46 and the recovered oil is collected into another 
container 34. The solvent mixture 14 from the separator 46 
can be recycled back to vessel 18. As discussed, various 
processes such as distillation may be used to separate the 
solvent mixture 14 from the regenerated oil. 

[0046] As discussed above, the used oil 10 Will often con 
tain signi?cant amounts of Water. Distillation may thus be 
advantageous to not only separate the solvent mixture 14 
from the regenerated oil, but to separate Water Which has 
accumulated in the solvent mixture 14. The removal of the 
Water from the solvent mixture 14 alloWs for reuse of the 
solvent mixture 14. 

[0047] Turning noW to FIG. 5, another process diagram of 
the present invention is shoWn. The diagram illustrates the 
basic process of FIGS. 1 and 4 and includes additional equip 
ment, such as using a mixer 40 in the vessel 18. SloW mixing 
has been found to be advantageous as it may accelerate the 
separation of the impurities from the mixture of used oil 10 
and solvent mixture 14. To increase the production rate, the 
system can have multiple separators, typically distillation 
columns 46A, 46B or the like. 
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[0048] The used oil 10 and solvent mixture 14 are mixed 
together. The mixture of chemical(s) and used oil are then 
introduced into a vessel 18. SloW mixing of the contents of the 
vessel 18 may be achieved by a mixer 40. Typically, a sedi 
ment layer and a liquid layer are formed. The liquid in the 
vessel 18 includes processed (regenerated) oil (used oil hav 
ing the solid impurities separated therefrom), additives, 
Water, and solvent mixture 14. Because of the volume of 
solvent mixture 14 necessary for processing the used oil 10, it 
is desirable to recover the solvent mixture from separators 
46A and 46B and recycle it back into vessel 18 for processing 
additional used oil 10. The regenerated lubricant oil is col 
lected in the container 34A and 34B. 
[0049] The sediment containing the impurities may be 
WithdraWn from the vessel 18. As the sediment Will typically 
contain some liquid (oil and solvent mixture), it may be 
desirable to pass the sediment through a post-treatment unit 
such as a ?lter to separate any liquid from the impurities. The 
liquid is typically recycled back into vessel 18 and the impu 
rities are collected in container 30. 
[0050] In order to be environmentally friendly and eco 
nomical, it is important to recover and recycle the solvent 
mixture. Thus, the amount of solvent mixture 14 remaining in 
the impurities and the oil and additives should be minimized. 
[0051] Prior to processing as described in reference to the 
above ?gures, the used oil 10 Was typically dark gray and 
opaque in appearance, likely due to the metal, carbon par 
ticles, and soot in the oil. After processing according to the 
above methods, the regenerated oil, Which consisted of the oil 
and additives, Was a lighter broWn color and Was transparent. 
[0052] One advantage of the methods discussed above for 
separating impurities from used oil is the ability to perform 
the same Without requiring elevated temperatures and pres 
sures. The mixture of chemical(s) 14 Will effectively separate 
the impurities from the used oil 10 at room temperature and 
pressure. It is appreciated that processes requiring elevated 
temperatures are generally more dif?cult and costly to con 
struct and operate, While a system Which can operate at atmo 
spheric pressure and loWer temperatures are simpler to con 
struct and operate. These systems require less complex 
equipment, and typically require less energy. 
[0053] The separation of solvent mixture 14 from the 
regenerated oil may be achieved using steam, heated Water, 
electrical heating, or many other heat sources. The condensed 
solvent mixture recovered from the separators 46A, 46B Will 
typically be at a temperature of about 50 degrees centigrade, 
and may be directly recycled into the system. 
[0054] It Will be appreciated that the temperature required 
for recovering oil from the used oil may depend someWhat on 
the composition and properties of the used oil, and the polar 
and non-polar solvents Which are used. 
[0055] There is thus disclosed an improved method for 
separating and recovering used oil. It Will be appreciated that 
numerous changes may be made to the present invention 
Without departing from the scope of the claims. 
What is claimed is: 
1. A method for separating impurities from used oil com 

prising: 
selecting a used oil; 
selecting a polar solvent; 
selecting a non-polar solvent; 
mixing the used oil, polar solvent, and non-polar solvent; 

and 
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separating solid impurities from the mixture of used oil 
polar solvent, and non-polar solvent. 

2. The method of claim 1, Wherein the mixing step com 
prises mixing the polar solvent and non-polar solvent into a 
solvent mixture and thereafter mixing the solvent mixture 
With the used oil. 

3. The method of claim 2, Wherein the mixing step com 
prises mixing the polar solvent and non-polar solvent to cre 
ate a solvent mixture having betWeen 5 and 15 percent non 
polar solvent and the balance polar solvent. 

4. The method of claim 3, Wherein the mixing step com 
prises mixing the polar solvent and non-polar solvent to cre 
ate a solvent mixture having about 10 percent non-polar sol 
vent and about 90 percent polar solvent. 

5. The method of claim 2, Wherein the method comprises 
mixing the solvent mixture and used oil to create a mixture 
having between 15 and 50 percent used oil and betWeen 50 
and 85 percent solvent mixture. 

6. The method of claim 1, Wherein the polar solvent is a 
ketone. 

7. The method of claim 1, Wherein the polar solvent is 
acetone. 

8. The method of claim 1, Wherein the non-polar solvent is 
an alkane. 

9. The method of claim 7, Wherein the non-polar solvent is 
hexane. 

10. The method of claim 1, Wherein the mixture of used oil, 
polar solvent, and non-polar solvent comprises betWeen 2 and 
13 percent non-polar solvent, betWeen 42 and 81 percent 
polar solvent, and between 15 and 50 percent used oil. 

11. The method of claim 10, Wherein the non-polar solvent 
is hexane and the polar solvent is acetone. 

12. A method for separating impurities from used oil com 
prising: 

selecting a polar solvent; 
selecting a non-polar solvent; 
mixing the polar solvent and non-polar solvent to form a 

solvent mixture; 
selecting a used oil having solid impurities therein; 
mixing the solvent mixture With the used oil to form a used 

oil mixture; and 
separating the solid impurities from the used oil mixture so 

as to form a processed oil mixture. 
13. The method of claim 12, Wherein the method further 

comprises separating the solvent mixture from the processed 
oil mixture so as to recover the solvent mixture. 

14. The method of claim 13, Wherein the method further 
comprises using the recovered solvent mixture to treat addi 
tional used oil. 

15. The method of claim 12, Wherein the step of separating 
the solid impurities comprises alloWing the impurities to 
settle out of the used oil mixture. 

16. The method of claim 12, Wherein the step of separating 
the solid impurities comprises passing the used oil mixture 
through a ?lter. 

17. The method of claim 12, Wherein the polar solvent is a 
ketone. 

18. The method of claim 12, Wherein the non-polar solvent 
is an alkane. 

19. The method of claim 12, Wherein the polar solvent is 
acetone and Wherein the non-polar solvent is hexane. 

* * * * * 


