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ABSTRACT 0F THE DISCLOSURE 
A process for the refining of lubricating oils by solvent 

extraction of a lubricating oil fraction from paraffin base 
crude to form an intermediate viscosity index lubricating 
oil stock, dewaxing the intermediate viscosity index lubri 
cating oil stock and solvent fractionating the dewaxed 
stock to produce a high viscosity index lubricating oil stock 
and a low viscosity index lubricating oil stock. The inter 
mediate viscosity index lubricating oil stock may be 
finished prior to solvent fractionation by acid treating, 
clay contacting or hydrotreating. The solvent employed 
in the solvent refining step may be furfural and the solvent 
employed in the solvent fractionation step may be N 
methyl-Z-pyrrolidone. 

BACKGROUND OF THE INVENTION 

In the manufacture of lubricating oils from crude 
petroleum a number of processing steps are required to 
incorporate the desired characteristics in the finished 
lubricating oil products. These characteristics inlude a 
selected viscosity range, and depending upon the quality 
level, high viscosity index, low pour point, light color, 
stability, and resistance to oxidation. Stocks for lubricat 
ing oil manufacture are separated from crude petroleum 
by vacuum distillation. Typically, several fractions of dif 
ferent boiling range are produced thereby providing frac 
tions of different viscosity ranges. The vacuum distillate 
is then treated by solvent extraction to produce a lubri 
cating oil stock of improved viscosity index, i.e., to pro 
duce an oil which exhibits relatively little change in Vis 
cosity with change in temperature. The vacuum distil 
lates and solvent refined distillates have a relatively high 
pour point due to the presence of wax. Typically, wax 
is removed to produce low pour point lubricating oil 
stocks by the solvent dewaxing process. Improved color, 
stability, and resistance to oxidation are imparted by 
finishing treatments which may include such Well known 
process steps as acid treating, clay contacting, or mild 
hydrogenation or a combination of such finishing treat 
ments. The solvent refining process also improves the 
stability of the lubricating oil stock by virtue of the sepa 
ration of polar compounds and polynaphthenic type ma 
terials. 

In the solvent extraction process, the oil to be treated 
is contacted with a selective solvent which exhibits the 
desired selectivity for at least one component of the hy 
drocarbon charge and the solvent is at least partially irn 
miscible under the conditions of contact in the contacting 
zone with the hydrocarbon mixture. Solvents which may 
be employed, for example, include furfural, N-methyl-Z 
pyrrolidone, nitrobenzene, liquid propane, liquid sulfur 
dioxide, beta-beta-dichloroether, phenols, and other 
various well known organic and inorganic selective sol 
vents. 

In the solvent dewaxing process, the wax bearing oil 
is mixed with a solvent having substantially complete sol 
vent action upon the oil component of the wax bearing 
oil charge and substantially no solvent action upon the 
wax contained therein at dewaxing temperatures of about 
l0 to -30° F. Such a solvent comprises, for example, a 
mixture of aliphatic ketones such as acetone, methyl ethyl 
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ketone, methyl isobutyl ketone and an aromatic hydro 
carbon such as benzene, toluene, or a mixture of benzene 
and toluene. A number of other solvents are known which 
are useful for effecting separation between a hydrocarbon 
oil and wax including hydrocarbons less viscous than the 
oil, for example, naphtha, gasoline, pentanes, butanes, 
propanes, or mixtures thereof and certain hydrocarbon 
derivatives such as dichloromethane, methylene chloride, 
chloroform, and ethers. 

In the use of mild hydrogenation as a lubricating oil 
finishing step, it is preferred to employ a catalyst such as 
nickel sulfide-tungsten sulfide, molybdenum sulfide, and 
cobalt molybdate. The hydrogenation step is conducted 
at temperatures within the range of about 400‘ to 750° F. 
and preferably within the range of about 500 to k650° F. 
Pressures of about 100 to 100G p.s.i.g. are employed, pref 
erably of about 200 to 600 p.s.i.g. Liquid hourly space 
velocities of about 0.1 to 3.0 volumes of oil per volume 
of catalyst are employed and preferably about 0.5 to 2.0 
v./v./hr. A hydrogen consumption of about 50 to 200 
cubic feet per barrel of charge stock is employed. Suit 
ably recycle hydrogen rates vary within the range of 
about 100 to 1000 standard cubic feet per barrel of charge 
and rates of about 100 to 500 s.c.f./ bbl. are preferred. 

In modern petroleum refining technology, high viscosity 
index products are manufactured from high viscosity in 
dex base oils from parafiinic crude oils plus the addition 
of Viscosity index improvers. These viscosity index im 
provers are organic polymers, and they are inherently 
shear unstable. Desirably in the manufacture of premium 
high viscosity index products having high Shear stability, 
it is preferred to use a relatively high viscosity index base 
oil with a minimum amount of viscosity index improver. 
However, the refiner also has a demand for products, of 
a high viscosity index but not requiring maximum shear 
stability. Accordingly, the refiner needs a process to pro 
vide flexibility in the manufacture of high viscosity index 
lubricating oils some of which have high shear stability 
whereas others do not require this characteristic. Ac 
cordingly, it is an objective of this invention to provide 
a method of manufacturing a plurality of viscosity index 
grades of lubricating oil. It is a further objective of this 
invention to manufacture a plurality of grades of lubri 
eating oil in high yields in the simplest and most eco 
nomical way. 

SUMMARY OF THE INVENTION 

In accordance with the process of this invention, a Wax 
distillate such as is produced by the vacuum distillation 
of a paraffin base crude oil is treated by a process in se 
quence comprising solvent reñning, dewaxing, and sol 
vent fractionation. The solvent fractionation is a second 
step of solvent extraction in which both the raffinate and 
extract are finished lubricating oil stocks. When employ 
ing acid treating, clay contacting, or mild hydrogenation, 
steps usually referred to as “finishing” steps, the finish 
ing step is applied to the dewaxed primary refined oil 
product prior to fractionation in the second solvent ex 
traction step. An intermediate VI grade product may also 
be produced by withdrawal of a portion of the primary 
refined oil as such product. 

In the primary extraction step, any of the solvents re 
ferred to above may be employed. However, it is pre 
ferred to employ furfural or N-methyl-Z-pyrrolidone. Op 
erating conditions are selected to produce a primary raf- 
finate having a dewaxed viscosity index of about 85 to 
100 and preferably about 90 to 96. When employing fur 
fural as a solvent, extraction temperatures within the 
range of about 150 to 225° F. and preferably about 170 
to 200° F. are employed. Solvent dosages within the range 
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of about 150 to 600 percent are employed in order to 
provide the desired VI level. When N-methyl-2-pyrroli 
done is employed as solvent, solvent extraction temper 
atures within the range of 140 to 210° F. are employed 
and preferably within the range of 150 to 200° F. with 
solvent dosages within the range of 100 to 500 percent 
and preferably 150 to 400 percent. 
The primary rañ'inate is dewaxed to produce a lubri 

cating oil fraction having the desired pour point. If de 
sired, the dewaxed oil may be subjected to a linishing 
treatment for color and stability improvement as described 
above. The intermediate viscosity index stock is then sub 
jected to a secondary solvent extraction or solvent frac 
tionation to separate two lubricating oil fractions, the 
secondary ratiinate having a viscosity index of at least 
100 and preferably about 105 to 125 and the secondary 
extract having a viscosity index of about 70 to 95. In the 
secondary extraction process it is preferred to employ 
N-methyl-Z-pyrrolidone as solvent since this solvent is 
capable of splitting the' charge into two -íinished lubricat 
ing oil fractions without degrading the color or stability 
of the extract fraction. Since the oil charged to the re 
extraction step is already a dewaxed and finished oil, the 
separation effected in the re-extraction step may be car 
ried out at high temperature, low dosage and at low se 
lectivity conditions. The ability to use much higher tem 
peratures than are usual with N-methyl-Z-pyrrolidone 
comes about because refined oil charged to the re-extrac 
tion step is much less miscible with the solvent than the 
wax distillates from which they are derived. The higher 
temperatures in turn allow lower solvent dosages to be 
used. Generally, the extraction temperatures in the re 
extraction step are not less than 10° F. nor more than 

' 40° F. below the temperature at which the mixture of 6 
volumes of N-methyl-Z-pyrrolidone and 4 volumes of the 
charge oil became completely miscible. A preferred ex 
traction temperature is about 15 to 30° F. below the 
above detined miscibility temperature. At these tempera 
tures, the solvent dosage may be varied to produce the 
desired final high VI level over a range of yields. The 
solvent dosage in general is in the range of about 100 to 
800 volume percent with dosages in the range of 200 to 
500 volume percent being preferred. 

lDESCRIPTION OF THE DRAWING 

Oil charge, for example, a vacuum distillate from par 
atiin base crude oil is passed through line 11 to primary 
solvent contactor 2. In primary solvent contactor 2, oil 
is contacted in countercurrent flow with a selective sol 
vent, for example, furfural introduced into contactor 2 
through line 3. Contactor 2 may be any countercurrent 
liquid-liquid contacting apparatus such as a column 
packed with Raschig rings or a rotating disc contactor 
which effects multistage countercurrent contacting. The 
solvent and constituents extracted from the oil charge pass 
downwardly through the tower and are withdrawn as ex 
tract through line 4. Treated oil rising through contactor 
2 containing some dissolved solvent is withdrawn from 
the top of the tower as rañinate through line 5. Extract 
in line 4 is passed to solvent stripper 7 wherein the sol 
vent is stripped from the dissolved constituents of the oil 
charge. Extract free of solvent is withdrawn through line 
8 and recovered solvent is returned to solvent contactor 
2 through line 3. Rañinate in line 5 contains some sol` 
vent dissolved therein and is passed to solvent stripper 9 
for recovery of the dissolved solvent. Recovered solvent 
is withdrawn through line 10 and combined with the sol 
vent in line 3 to supply the solvent passed to solvent con; 
tactor 2. 

Treated oil free of solvent is withdrawn through line 
11 and passed to dewaxing step 12. Lubricating oil stocks 
produced from wax distillates have relatively high pour 
points due to the presence of wax. Accordingly, in de 
waxing step 12 wax is separated from the remaining lu 
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4 
bricating oil stock by a process such as solvent dewaxing. 
In solvent dewaxing the wax bearing oil is admixed with 
a solvent which has substantially complete solvent action 
upon the oil component of the waxy oil charge and sub~ 
stantially no solvent action upon the wax contained there 
in at a dewaxing temperature of about +10 to -30° F. 
Such a solvent comprises, for example, a mixture of 50 
percent methylethyl ketone and 50 percent toluene. Wax 
separated from dewaxing step 12 is withdrawn through 
line 13. Dewaxed oil having a pour point of -20 to +20“ 
F. is withdrawn through line 14. The viscosity index of 
the dewaxed oil in line 14 is within the range of about 85 
to 100 and preferably within the range of about 90 to 96. 
Dewaxed lubricating oil stock in line 14 is then passed 

to Afinishing step 17 if processing is required to improve 
the color, stability, or oxidation resistance of the lubri 
cating oil stock. Finishing step 17 may comprise clay 
contacting, acid treating, or mild hydrogenation. Treated 
oil from finishing step 17 is discharged through line 18. 
Since the oil in line 18 is an intermediate viscosity index 
lubricating oil which has been finished, it is suitable for 
use in blending some grade of lubricating oil and a por 
tion may be withdrawn for such use through line 19. 
At least a portion of the oil in line 18 is passed to sec 

ondary solvent contractor 20. Solvent contractor 20 may 
be the same type and operated in a manner similar to 
that described in connection with contractor 2. The func 
tion of solvent contractor 20 is to fractionate the lubri 
cating oil stock into a high viscosity lubricating oil frac 
tion and a low viscosity index lubricating oil fraction. 
This fractionation is done by a solvent extraction tech 
nique. However, since both the extract and rañinate frac 
tions are intended for use in lubricating oil products, it is 
necessary that the solvent selected be a highly eíiicient 
solvent to achieve sharp fractionation and it must also 
effect fraction without degrading the quality of either the 
rañinate or extract fractions. Accordingly, it is preferred 
to use N-methyl-Z-pyrrolidone as solvent in the secondary 
sol-vent contactor. Solvent is introduced into contactor 20 
through line 21. Extract is withdrawn through line 22 
and passed to solvent stripper 23. In solvent stripper 23, 
the solvent is recovered as distillate through line 24 and 
returned through line 21 to contactor 20. Low VI lubri 
cating oil having a VI within the range of about 65 to 95 
and preferably 78 to 92 and a pour point within the range 
of about -10 to +20° F. is removed from the bottom of 
stripper 23 through line 25 and is discharged as product. 
Rañinate from contactor 20 containing a small amount of 
dissolved solvent is discharged through line 27 and passed 
to solvent stripper 28. In solvent stripper 28, the small 
amount of dissolved solvent is withdrawn through line 
29 and solvent free high VI lubricating oil fraction is with 
drawn from stripper 28 through line 30. The high VI 1u 
bricating oil has a viscosity index in excess of 100 and 
preferably within the range of about 105 to 125 and a 
pour point of about -10 to +20. 

In the process illustrated in the figure, only a single 
iinishing step is needed. Optionally finishing step 17 may 
follow fractionation in secondary solvent contactor 20. In 
this case, it is necessary to separately treat each of the 
high VI, low VI and intermediate VI products in separate 
finishing steps or to treat each of the fractions as separate 
batches in the finishing facilities. 

DESCRIPTION ̀ OF THE PREFERRED 
EMBODIMENTS 

In an example of the process of this invention, a wax 
distillate is solvent extracted with furfural using a dosage 
of 230 volume percent and an extraction temperature of 
180° F. to produce an SAE 20 grade lubricating oil stock. 
The furfural refined oil is then dewaxed using methylethyl 
ketone-toluene as a solvent at a filtration temperature of 
0° F. to produce an oil having a pour point of +5° F. 
The dewaxed-furfural refined oil is then decolorized by 
hydrogen treatment at 200 p.s.i.g. and 550° F. in the pres 
ence of a cobalt-molybdenum catalyst. The resulting inter 
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mediate viscosity index lubricating oil has the following 
tests: 

Gravity, API ______________________________ __ 30.4 

Flash, COC ° F. ___________________________ __ 435 

viscosity, SUS at 210° F. ___________________ __ 54.4 5 
VI _______________________________________ __ 90 

Color, Lovibond (6 inch cell) _______________ __ 45 
Pour, ° F __________________________________ __ +5 

The intermediate viscosity index lubricating oil stock is 10 
then fractionated by countercurrent contact with N-meth 
yl-Z-pyrrolidone using a dosage of 200 volume percent sol 
vent and a contacting temperature of 220° F. 
The raliinate from the N-methyl-2-pyrrolidone frac 

tionation comprises a high VI oil and the extract com- 15 
prises a low VI lubricating oil stock. Tests and yields of 
the two fractions are as follows: 

High vI Low v1 
lubricating lubricating 

oil stock oil stock 20 

Gravity, API ............................ __ 32.0 26. 0 
Flash, Coo, ° F ______ -- 435 435 
Viscosity SUS at 210° F -_ 52.0 55.0 
V _ _______________ __ __ 10a 75 

Color, Lovibond (6” cell) __ 45 75 
Pour,° F _______________________________ _- +10 +5 25 
Yield, vol. percent basis, intermediate VI 
on ______________________________________ __ 45 55 

The high VI lubricating oil stock is suitable for manufac 
ture of premium lubricating oils having high shear sta 
bility. The low VI lubricating oil stock is suitable for in~ 30 
clusion in those products normally made from unextracted 
oils Where the change in viscosity with temperature is not 
critical to performance. 

EXAMPLE II 35 

In this example, the intermediate VI oil of Example I 
is fractionated with N-methyl-Z-pyrrolidone employing a 
solvent dosage of 300 volume percent and a contacting 
temperature of 220° F. The following lubricating oil stocks 
are produced: 40 

High VI Low VI 
lubricating lubricating 

oil stock oil stock 

Gravity, API ............................ __ 31.8 30.1 45 
Flash, C00, ° F. ............... ._ 430 435 
VI ________ __ -_ -_ 115 e7 

Pour ° F _________________________________ _. +10 +5 
Yield, vol. percent basis, intermediate VI oil- 10. 0 90. 0 

EXAMPLE III 50 

In the example, a light solvent neutral oil having a 
Viscosity equivalent to an SAE 7 grade oil is made by 
furfural refining, solvent dewaxing, and finishing. The 
neutral oil is then re-extracted using N-methyl-Z-pyrroli 
done at 200° F. and 315 percent solvent dosage. The in- 55 
termediate VI lubricating oil fraction from furfural re 
fining and the high and low VI lubricating oil fractions 
produced by fractionation with N-methyl-Z-pyrrolidone 
have the following tests and yields: 

60 
Inter 

mediate VI High VI Low VI 
lubricating lubricating lubricating 

oil stock oil stock oil stock 

Gravity, API ............... _ _ 31. 5 33. 8 27. 9 
Viscosity, SUS 210° F ______ _- 42. 8 42. 5 43. 0 
V __________________________ __ 9e 111 87 
Yield vol. percent basis, inter 
mediate VI oil ............ ._ 100 38 62 

6 
EXAMPLE 1v 

In this exam-ple, a Wax distillate 40 useful in the 
manufacture of SAE 40 grade lubricating oils is extracted 
with furfural at a solvent dosage of 450 volume percent 
and a temperature of 210° F. to produce a 60 volume 
percent yield of a lubricating oil fraction having a de 
waxed VI of 90. The resulting 90 VI lubricating oil frac 
tion is then fractionated using N-methyl-Z-pyrrolidone at 
a solvent dosage of 400 percent and at a refining tem 
perature of 200° F. to produce a yield of 33 percent raf~ 
finate having a VI of 100 to 66 percent yield of extract 
having a VI of 85. 

EXAMPLE V 

In this example, the charge stock of Example IV is 
treated with N-methyl-2-pyrrolidone at a solvent dosage 
of 270 percent and a temperature of 200° F. to produce 
a yield of 40 percent of a 95 dewaxed VI intermediate 
grade lubricating oil. The resulting intermediate grade 
lubricating oil is then fractionated with N-methyl-2-pyr 
rolidone at a solvent dosage of 400 and a refining tem 
perature of 200° F. to produce a 50 percent yield of raf 
finate having a VI of 100 and 50 percent yield of extract 
having a VI of 90. 

I claim: 
1. A process for the production of lubricating oils of 

improved properties which comprises treating a vacuum 
distillate derived from a parafiin base crude oil with a 
selective solvent in a first extraction zone forming a first 
rafiinate and a ñrst extract, dewaxing said first rafiinate 
forming a first lubricating oil stock having a pour point 
of -10 to +20° F. and a viscosity index of 85 to 100, 
hydroñnishing said first lubrication oil and treating at 
least a portion of said first hydrofinished lubricating oil 
stock with N-methyl-Z-pyrrolidone in a second extraction 
zone forming a second raflinate comprising a second lubri 
cating oil stock having a pour point within the range of 
about -10 to +20° F. and a viscosity index in excess of 
100 and a second extract comprising a third lubricating 
oil stock having a pour point within the range of '__-10 to 
+20o F. and a viscosity index within the range of about 
`65 to '95, the temperature in the second extraction zone 
being between 10° F. and 40° F. below the temperature 
at which a mixture of six volumes of N-n‘iethyl-Z-pyrroli 
done and four volumes of charge oil become completely 
miscible. 

2. The process of claim 1 in which the second extrac 
tion zone temperature is between 15° F. and 30° F. below 
the miscibility temperature. 
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