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_ This invention relates to improved procedure for prep 
aration of lubricating oils. 
' It has been known to subject lubricating oil stocks to 
treatment with hydrogen in order to purify them or con 
vert them into oils having improved lubricating prop 
erties. These known procedures have certain disadvan 
tages. For instance, some of these procedures have re 
sulted in poor yields of lubricating oil. Others have re 
sulted in lubricating oils of relatively low quality as corn 
pared with known methods of refining lubricating oils. 

This invention has for its object to provide improved 
procedure for preparing lubricating oils. Another object 
is to provide procedure for preparing lubricating oils 
whereby the foregoing diñiculties may be overcome. A 

.still further object is to provide improved procedure for 
preparing lubricating oils by treatment with vhydrogen 
whereby higher yields may be obtained. A still further 
object is to provide improved procedure for preparing 
ylubricating oils by treatment with hydrogen which will 
result in high quality lubricating oils. Other objects will 
appear hereinafter. 
These and other objects are accomplished by our in 

vention which comprises subjecting a crude lubricating 
oil stock which contains asphaltic materials and wax to 
vacuum distillation to separate an unpressable distillate 
and au undistilled residue which contains asphaltic ma 
terials. The undistilled residue is then deasphalted. The 
deasphalted portion is then combined with the unpressable 
distillate and the mixture is contacted with hydrogen in 
_the presence of a catalyst selected from a group consist 
ing of sul?ldes of a metal of the left-hand column of 
group Vl metals of the periodic system and a mixture of 
va sulñde of a metal of the left-hand column of group VI 
metals of the periodic system with a sulñde‘of a metal 
of the iron group. This contacting takes place at a 
pressure between about 2000 and 4000 p.s.i.,» at a tem 
perature between about 685° and 750° F., at a space 
velocity between about 0.25 and 2, the specific reaction 
conditions being selected within these limits to obtain 
extensive hydrogenation of aromatic hydrocarbons into 
naphthenic hydrocarbons. The hydrogen treated prod 
yuct is dewaxed. The dewaxed hydrogen treated product 
is subjected to vacuum distillation to separate a plurality 
of lubricating oil fractions having the desired SAE vis 
cosity. These fractions are then subjected to treatment 
with hydrogen in the presence of acatalyst selected from 
the group consisting of a sulñde of `a metal of the left 
hand column group VI metals of the periodic system, 
atsuliide of a metal of the left-hand column group VI 
metals of the periodic system mixed with a sulñde of a 
metal of the iron group, an oxide of a metal of the left 
hand column group VI metals of the periodic system, an 
oxide of `a metal of the iron group and mixtures of an 
oxide of the left-hand column group VI metals of the 
periodic system with an oxide of a metal of the iron 
group. This hydrogen treatment is carried out at a pres 
sure between about 500 and 1000 p.s.i., a temperature 
between about 500° and 600° F. and at a space'velocity 
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between about 0.5 and 4, the specific conditions selected 
within these limits being such that substantially all oleñns, 
dioleñns and color bodies are hydrogenated without caus 
ing substantial formation of lower boiling hydrocarbons 
by thermal-cracking or hydrocracking. 

In the following examples and description we have set 
forth several of the preferred embodiments of our inven- 
tion, but it is to be understood that they are given by way 
of illustration and not in limitation thereof. 

_ The charge stock to the first hydrogenation treatment 
may be any lubricating oil stock such as a lubricating oil 
distillate, vacuum reduced crude, cylinder oil stock, etc. 
It may be derived from any crude which contains lubri 
cating oil components such as crudes derived from 
Pennsylvania, Texas, California, Venezuela, or Kuwait. 
While a charge stock may be employed which contains 
only a single lubricating oil viscosity grade, we prefer 
to employ a charge stock which contains a plurality of 
lubricating oil viscosity grades or a wide range lubricat 
ing oil stock. We also prefer to utilize a charge stock 
to the first hydrogen treatment which has been de 
asphalted or which is relatively free of asphalt. This is 
desirable since the asphalt will not only lower the life 
of the catalyst by increasing the rate of coke deposition 
but also produces products of lower V.l. Any lube oil 
charge stock may be used which has a Saybolt viscosity 
at 100° F. lof between about 150 and 3000. A charge 
stock having a viscosity within this range usually need 
not be treated to remove any of its components prior to 
the first hydrogen treatment unless it contains large 
amounts of asphaltic materials as discussed above. Thus 
it is not necessary to solvent extract the charge stock 
with materials such as phenols, furfural, etc. As a matter 
of fact it is a distinct advantage of the present invention 
that materials which are removed by such solvents are 
converted in the iirst stage of the process into valuable 
lubricating oil components. The charge stock may be 
treated to completely or partially remove wax com 
ponents prior to treatment in the ñrst stage. However, 
it is an advantage of the present invention, except with 
charge stocks which contain excessively large amounts 
of wax, that dewaxing may be applied to the charge stock 
after theufirst'hydrogenatiou treatment. Thus it has been 
found thatseparation of the wax components is facili 
tated by the hydrogen treatment. This, apparently, is 
due to the presence of materials formed during the hy 
drogen treatment. This mode of operation is especially 
useful in connection with unpressable lube oil fractions 
and residuums. Wax-like materials are not formed to 
any substantial extent during the hydrogen treatment so 
that if a charge stock containing no wax components or 
no harmful amounts of wax components is employed, it 
will be unnecessary to dewax after the hydrogen treat 
ment. However, with a charge stock which contains un 
desirable amounts of wax, it is advisable to dewax in 
known mannerV either before or after, and preferably 
after, the hydrogen treatment. _Such dewaxing may be 
accomplished by any conventional procedure such as pre 
cipitating the wax in the presence of a mixture of ben 
zene and acetone, a mixture of toluene ̀ and methyl ethyl 
ketone or cooling followed by filtering in a filter press. 
It is also advantageous, although not necessary, to degas 
the charge stock to the first stage hydrogen treatment 
_in order to remove absorbed oxygen and water. This 
may be accomplished by subjecting it to reduced pressure, 
The conditions for the first hydrogen treatment are 

selected within the above described ranges to result in 
hydrogenation of the aromatic hydrocarbons into naph 
thenic hydrocarbons. As a general rule temperature and 
space velocity are interchangeable. Thus the extent of 
hydrogenation of the aromatics using a lower space veloc 
ity and a lower temperature may >be equal 'to thatch 



tained by using a higher space velocity with a higher 
temperature. Alternatively an equal degree of hydro 
genation of aromatics may be obtained by using a fixed 
temperature and a lower space velocity or by using a 
fixed space velocity and a higher temperature. >The con 
ditions should be selected within the ranges described 
above to obtain hydrogenation of <aromatics without ex 
cessive hydrocracking into lower boiling products. How 
ever, the hydrogenation of aromatics cannot be accom 
plished without some hydrocracking into lower boiling 
components. These lower boiling components in many 
cases have valuable lubricating oil properties when sub 
jected to the subsequent procedures of our invention. 
For optimum results we prefer to employ in the first stage 
hydrogen treatment a pressure between about 2000 _and 
4000’p.s.i., a temperature between about 685° and 750° 
F. and a space velocity between about 0.25 and 2. The 
hydrogen is recycled in amounts between about 1000and 
20,000 s.c.f. per barrel of charge and preferably between 
about 2000 and 10,000 s.c.f. per barrel. Y 1 
The product from the first hydrogenation treatment, 

after dewaxing, if this is advisable, is then subjected to 
vacuum distillation to separate the desired lubricating oil 
viscosity grades. This distillation also results in removal 
of fractions formed during the first stage hydrogen> treat 
ment which have little or no lubricating oil value. This 
vacuum distillation may be carried out in known manner. 
Thus any conventional vacuum or steam distillation used 
to obtain lubricating oil fractions may be employed. The 
pressure or partial pressure of the oil vapors (steam 
added) utilized in the vacuum or steam distillation is 
usually between about 1.0 and 20.0 mm. Hg. No matter 
what lubricating oil charge stock is employed in the 
first stage hydrogenation, a plurality of viscosity grade 
lubricating oils will be present in the product from the 
ñrst stage and may be removed as separate fractions dur 
ing the vacuum distillation. 

In the event that sulfur-containing lubricating oil 
charge stocks are employed, the sulfur compounds will 
be converted to a large extent into hydrogen sulfiderdur 
ing the first stage hydrogen treatment. During the vac 
uum distillation any small amount of hydrogen sulñde 
remaining dissolved in the lube oil fractions will be re 
moved as a gas by the vacuum producing system. 
The lubricating oil fraction or fractions separated in 

the vacuum distillation step is or are then subjected to a 
second treatment with hydrogen. Since the first hydro 
gen treatment converts aromatic hydrocarbons to _lube 
oil components, it is unnecessary to remove them as by 
solvent extraction. Therefore, with the exception of wax 
removal, there need be no treatment between the ñrst 
hydrogen stage and the vacuum distillation and no treat 
ment of any kind between the vacuum distillation and 
the second hydrogen treatment. The conditions utilized 
in the second hydrogenation step are selected within the 
ranges described above to obtain substantially no hydro 
cracking or conversion into lower boiling products. Y The 
objective is to hydrogenate olefins, diolefins and color 
bodies without thermal or other decomposition. We pref 
fer to employ a pressure between about 500 to 1000 p.s.i., 
a temperature between about 500° to 600° F. and a space 
velocity between about 0.5 and 4 in the second hydro 
genation treatment. Hydrogen is recycled at the rate of 
between about 300 and 8000 s.c.f, per barrel and prefer 
ably between about 500 and 2000 s.c.f. per barrel of 
oil. As with the first hydrogenation treatment, tempera 
ture and space velocity are interchangeable in obtaining 
the desired result, i.e. hydrogenation of olefins, diolefins 
and color bodies with minimum or no hydrocracking. 

Both hydrogenation stages may be carried out by pass 
ing the charge stock either upwardly or downwardly 
through a fixed bed of the catalyst. If desired, the cata 
lyst may be suspended as ñnely divided particles in the 
lubricating oil stock and passed through the reactor. 
This has the disadvantage that filtration to remove cata 
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l lyst is required. We prefer to employ a ñxed bed‘of 
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catalyst and up~flow of the charge stock through the 
catalyst bed. 

Hydrogenation catalysts which promote hydrogenation 
of aromatic hydrocarbons to a_ high degree are well 
known. Any such catalyst having a high activity for this 
reaction may be employed in the first hydrogen treat 
ment. Suitable catalysts are sulñdes of metals of the left 
hand column of group VI metals of the periodic system 
either alone or mixed with sulfides of metals of the iron 
group. Specific examples of such catalysts are tungsten 
disulfide, a mixture of tungstenrand nickel sulfides, and 
a mixture of tungsten and cobalt sulfides. We prefer 
to employ a mixture of tungsten and nickel sulñdes in 
which the nickel to tungsten atomic ratio is between about 
2 and 4. A similar atomic ratio for the tungsten and 
cobalt sulñde mixture is desirable. These catalysts may 
be supported on porous carriers such as activated alumina, 
silica alumina, etc. However, we prefer to utilize these 
catalysts without supports. Thus the active components 
may be pelleted or otherwise shaped into the desired 
catalyst size and used as a catalyst in this form. 
The catalyst used in the second stage hydrogenation 

may be any hydrogenation catalyst having a high activity 
for hydrogenation of oleiins. Such catalysts are well 
known. Examples of suitable catalysts for this treatment 
are the sulfide catalysts used in the ñrst stage of hydrogen 
treatment, oxides of metals of group VI, left-hand column 
of the periodic table, oxides of metals of the iron group 
and mixtures of oxides of metals of group VI, left-hand 
column with oxides of metals of the iron group. We 
prefer to employ as catalysts mixtures of cobalt and 
molybdenum oxides, nickel and molybdenum oxides, plat` 
inum or a mixture of nickel and tungsten oxides. These 
catalysts are preferably supported on porous carriers such. 
as activated alumina, “Alfrax” and kieselguhr, magnesia" 
or pumice. The catalysts mentioned for the first and sec 
ond stage hydrogen treatments have a long life. This is 
especially true of the sulfide and cobalt-molybdenum 
catalysts which may be used for periods of several months 
to several years. l 

In the accompanying drawing we have illustrated dia‘ 
grammatically apparatus in which our process may be 
carried out. 

Referring to the drawing, numeral 2 indicates a vacuum 
still into which a lubricating oil stock such as a topped 
crude is introduced through conduit 4. The topped crude 
is distilled to remove three distillates and a bottoms fracf 
tion. The first distillate constituting heavy gas oil is re 
moved through conduit 6. Pressable distillate is removed 
through conduit 8 yand may be used to prepare a lubri 
cating oil in conventional manner. On the other hand 
this pressable distillate may be treated in accordance with 
the invention either with or without filter pressing to rc 
move wax. Unpressable distillate is removed through 
conduit 10 and a bottoms fraction is removed through 
conduit 12. , _ 

This bottoms fraction is treated to remove. asphaltic 
materials in unit 14. This may be accomplished in 
known manner by precipitation in the presence of ma 
terial such as propane introduced through conduit 15. 
Precipitated asphaltic substances are removed through 
conduit 17. The bottoms fraction freed of asphalt fiows 
through conduit 16 and is combined with the unpressable 
distillate flowing through conduit 10. A mixture of fresh 
hydrogen and recycle hydrogen flowing through conduit 
18 is combined with the mixture of deasphalted bottoms 
and unpressable distillate. This mixture is heated to ap 
proximately reaction temperature in heater 20 and is then 
introduced by way of conduit 22 into reactor 24. This 
reactor contains a fixed bed of catalyst active for hy 
drogenation of aromatic hydrocarbons and as the mixture 
of hydrogen and lube oil charge stock ñows therethrough, 

, it contacts the catalyst and the reactions described above 

75 take place. 

AAM 
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The eñluent ñows through conduit 25 into high pres 
sure separator 26 where hydrogen is separated and recir 
culated via conduits 28, 30 and 18. A small amount of 
make-up hydrogen is introduced through conduit 32. The 
liquid from high pressure separator 26 flows through con 
duit 34 into low pressure separator 36 where gases such as 
methane, hydrogen sulñde, etc. formed during the reac 
tion and soluble in the lube oil stock at high pressure are 
given olf at the lower pressure. These gases are removed 
through conduit 38. The lube oil stock then flows through 
conduit 40 into dewaxing unit 42 where the wax is sepa 
rated and removed through conduit 44 as a result of pre 
cipitation in the presence of a solvent introduced through 
conduit 46. The solvent and oil mixture from dewaxer 
42 flows through conduit 48 into stripper 50 where the 
solvent is removed by steam introduced through conduit 
52. The mixture of steam and solvent is removed 
through conduit 54 and sent to a solvent recovery system 
(not shown). The lube oil stock then flows through con-` 
duit 56 into still 58 Where the lube oil stock is subjected 
to distillation under vacuum. A light distillate is re 
moved through conduit 60 and may be used as light lubri 
cant or turbine oils, etc. Three lube oil fractions of pro 
gressively increasing viscosity are removed through con 
duits 62, 64 and 66. Of course the number of lube oil 
fractions removed will vary depending upon the charge 
stock and the number of fractions desired. These lube 
oil fractions are sent to storage vessels 68, 70 and 72 re 
spectively. 
The lube oil fractions thus separated are then sepa 

rately subjected to the second hydrogenation treatment. 
In the event that the lightest lube fraction is to be treated 
first, valve 74 is opened and the light lube oil fraction 
ilows through conduit 76 into heater 78 after mixing with 
fresh hydrogen introduced through conduit 80 and recycle 
hydrogen introduced through conduit 82. The mixture of 
light lube oil and hydrogen is heated to about reaction 
temperature in heater 78 and then ñows upwardly through 
reactor 84. Reactor 84 contains a catalyst active for hy 
drogenation of olefins. Here the reactions described 
above take place in the presence of a fixed bed of hydro 
genation catalyst. Since the catalysts which promote hy 
drogenation of olefins also promote hydrogenation of 
dioleñns and color bodies, these materials are also con 
verted or removed during the second stage hydrogenation 
treatment. 
The reaction products are removed through conduit 86 

and flow into high pressure separator 88 where the hy 
drogen is separated and recycled through conduit 90. 
The lube oil then flows through conduit 92 into low pres 
sure separator 94 where any small amount of light gases 
present are removed through conduit 96. The finished 
lube oil product is then removed through conduit 98. 
The individual lube fractions ín reservoirs 70 and 72 

are individually treated in the same manner as described 
in connection with the lighter lube oil fraction in reser 
voir 68. Alternatively if it is desired to produce the final 
lube oil fractions simultaneously, a separate reaction sys 
tern for the final hydrogenation treatment may be pro 
vided for each of these lube oil fractions. While we have 
described the operation with three lube oil fractions, a 
larger or smaller number of fractions may be treated in 
the same manner. In some cases the lighter lube frac 
tions are more refractory than the heavier fractions and 
where they are treated inthe first stage in admixture with 
heavier fractions, it may be advantageous to partially re 
cycle them from vacuum still 58 to the first hydrogen 
treatment in reactor 24. Alternatively the treatment in 
the first stage reactor 24 may be adjusted within the more 
severe portions of the reaction ranges disclosed above to 
result in complete conversion to lighter lube oil portions. 
This may result in a somewhat greater conversion of 
heavier lube oil into lighter ends but they will be removed 
>in the subsequent distillation. 
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EXAMPLE 

A blend of 67 percent by volume Ordovician unpress 
able distillate and 33 percent by volume Ordovician de 
asphalted residuum ywas subjected to treatment in a first 
hydrogen treating stage at a temperature of 705° tov 
715° F., at a pressure of 3000 p.s.i.g., and at a space 
velocity of 0.5 volume of charge per volume of cata 
lyst per hour by passing the charge stock upwardly to 
gether with hydrogen through a catalyst comprising a 
mixture of nickel and tungsten sulñdes in nickel to 
tungsten atomic ratio of 1.44z1. The hydrogen was cir 
culated at a rate of 5000 s.c.f. per barrel of charge. The 
resultant product was dewaxed -to a 0° F. pour point 
with toluene-methyl ethyl ketone solvent. The dewaxed 
product was then subjected to vacuum distillation under a 
.pressure of 5 mm. Hg Iand a light fraction constituting 
14 percent (based on the original charge) and boiling 
between 450° and 725° P. was removed and discarded. 

' Three lubricating oil fractions having viscosities of SAE 
10,'25 and 50 oils were removed in amounts of 28 per 
cent, 27 percent and 18 percent respectively (based on 
the amount of the original charge stock to the ñrst hydro 
gent treatment). The properties of the charge stock, 
of the product from the first hydrogen treatment and of 
the product from the dewaxing are given in Table I. 
The SAE 10, 25 and 50 fractions separated as de 

scribed in the preceding paragraph were then separately 
subjected to treatment with hydrogen in the presence of 
a cobalt molybdate catalyst supported on alumina. The 
temperature in each of these hydrogenations was 525 ° F., 
the pressure 1000 p.s.i.g., the space velocity 1, and hydro 
gen >was circulated at a rate of 2500 s.c.f. per barrel. 
The properties of the charged fractions to the second 
hydrogenation and of the products formed in the second 
hydrogenation are given in Table II. ' 

Table I 

After First After De 
Charge Hydrogen Waxing 

Treatment 

Gravity. “API ............... _- 25. 1 32. 2 31. 4 
Viscosity: 

100 ........... _.. 65 155 203 
10 _________ __ 72. 8 46 48 

Viscosity Index 99 135 125 
umher. . __ 14.1 2. 1 3. 3 

Percent Aromat 14. 6 3. 0 4. 0 
olor ........... -_ -3.5 (dil.) 1.0 1.75 

Carbon Res.-- 0,7 0.01 0.01 
Neut. No _ _ _ _ _ _ _ . _ _ _ _ _ _ _- 0. 04 0.01 0.01 

Pour Point, degrees _____________ _- +90 +90 0 
Yield (based on original oil), per- . 
cent 99, 6 87 

Table II 

SAE 10 SAE 25 SAE 50 

Before After Before After Before After 

Gravity, °API-___. 31. 6 31. 7 31. 1 31. 2 29. 1 29.3 Vlscosrty: 
100 155 155 317 317 l, 180 l, 180 
2l0____. 43. 8 43. 8 55. 3 55.3 105. 1 105. 1 

Viscosity In -_ 111 111 110 110 107 107 
Ig Number ....... _- 3.4 2. 6 3. 7 2.3 3. 4 1. 9 
Percent Aromatics.- 4. 5 4. 5 3. 5 . 3. 5 1. 0 1. 0 
Olor ............. _- 1. 75 <1 2. 25 <1 3. 25 2. 00 

(dil.) 
Pou Point d es 0. 0g 0. 0(1) 0.401 0.12 0. 03 r , eg're _ 5 5 5 
Carbon Res ______ __ <0. 01 <0. 01 0. 01 0.01 0.410 0753 

We claim: 
1. The process for preparing an improved lubricating 

oil from a crude lubricating oil stock which contains 
asphaltic materials and wax which comprises in combina 
tion subjecting the lubricating oil stock to vacuum dis 
tillation to separate an unpressable distillate and an un 
distilled residue which contains asphaltic materials, de 
asphaltíng the residue, combining the deasphalted residue 
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with the unpressable distillate, Icontacting the combina 
tion of deasphalted residue and unpressable distillate 
with hydrogen in the presence of a catalyst selected’from 
the group consisting of a sulfide of a metal of the left 
hand column of group VI metals of the periodic system 
and a mixture of a sulñde of a metal of the left-hand 
column group VI metals of the periodic system with 
a sulfide of a metal of the iron group at a pressure 
between about 2000 and 4000 p.s.i., at a temperature 
between about 685° and 750° F., `at a space velocity be 
tween about 0.25 and 2, the specific reaction conditions 
that are used being selected within these limits to re 
sult in extensive hydrogenation of aromatic hydrocarbons 
into naphthenic hydrocarbons, dewaxing the hydrogen 
treated product, subjecting the hydrogen treated and de 
waxed product to vacuum distillation to separate a plu 
rality of lubricating oil fractions having the desired SAE 
viscosity and separately subjecting these fractions to 
treatment with hydrogen in the presence of a catalyst 
selected from the group consisting of a sulfide of a metal 
of the left-hand volumn, group VI metals of the periodic 
system, a sulfide of a metal of the left-hand column 
group VI metals of the periodic system mixed with a 
sulfide of a metal of the iron group, an oxide of a 
metal of the left-hand column group VI metals of the 
periodic sytem, an oxide of a metal of the iron group 
and mixtures of an oxide of the left-hand column group 
VI metals of the periodic system with an oxide of a 
metal of the iron group at a pressure between about 
500 and 1000 p.s.i., a temperature between about 500° 
and 600° F. and a space velocity between about `0.5 
aud 4, said conditions being selected within these limitsY 
so that substantially all ole?ins, diolefins and color bodies 
are hydrogenated without causing substantial formation 
of lower boiling hydrocarbons by a member of the group 
consisting of thermal cracking and hydrocracking. 

2. The process for preparing an improved lubricating 
oil from a crude lubricating oil stock which contains 
asphaltic materials and wax which comprises in corn 
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bination subjecting the lubricating oil stock to vacuum 
distillation to separate an unpressable distillate and an 
undistilled residue which contains asphaltic materials, de 
asphalting the residue, combining the deasphalted residue 
with the unpressable distillate, contacting the combina--l 
tion of deasphalted residue and unpressable distillate with 
hydrogen in the presence of a nickel sulfide-tungsten 
sulfide catalyst at a pressure between about 2000 and 
4000 p.s.i., at a temperature between about 685° and 
750° F., _at a space velocity between about 0.25 and 2, 
the specific reaction conditions that are used being se 
lected within these limits to result in extensive hydro 
genation of aromatic hydrocarbons into naphthenic hy 
drocarbons, dewaxing the hydrogen treated product, sub~ 
jecting the hydrogen treated and dewaxed product to 
vacuum distillation to separate a plurality of lubricating 
oil fractions having the desired SAE viscosity and sep« 
arately subjecting these fractions to treatment with hydro~ 
gen in the presence of cobalt oxide-molybdenum oxide 
catalyst at a pressure between about 500 and 1000 p.s.i., 

' a temperature between about 500° and 600° F. and a 
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35. 

space velocity between about 0.5 and 4, said conditions 
being selected within these limits so rthat substantially all 
olelins, dioletins and color bodies are hydrogenated with 
out causing substantial formation of lower boiling hydro~ 
carbons by a member of the group consisting of thermal 
cracking and hydrocracking. 
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