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VI SCOs! TY*1 FI ELD OF THE I NVENTION This invention relates to a' cess

for-the production of a |ow viscosity lubricating base oil having a high

V|368§|ty i ndex, together mnth a high quality fuel oil mainly conposed of a
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PROCESS FOR PRODUCING LOW VISCOSITY LUBRICATING BASE OIL
HAVING HIGH VISCOSITY INDEX

FIELD OF THE INVENTION

This invention relates to a process for the
production of a low viscosity lubricating base oil having a
high viscosity index, together with a high quality fuel oil
mainly composed of a middle distillate.

BACKGROUND OF THE INVENTION  --

In general, when a lubricating base o0il is produced
from crude oil, the crude oil is first subjected to
atmospheric distiliation, and the resulting residual oil is
further subjected to vacuum diétillation éo separate various
lubricating oil fractions having varied viscosities and
vacuum distillation residual 0il. The vacuum distillation
residual oil is subjected to solvent'deasphalting, thereby
removihg asphalt contents and obtaining.a heavy lubricating
oil fraction (bright stock). These lubricating oil fractions
having varied viscosities, including the bright stock, are
further subjected to solvent refining, hydrofinishing,
dewaxing and the like Steps to produce the lubricating base
oil of interest.

On the other hand, a hydrocracking process is known
as a process fér'the production of a lubricating base oil
having a high viscosity index. In this process, heavy oils
such as vacuum gas oil fraction, bright stock and.the liké

are subjected to hydrocracking under high temperature and
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BACKGROUND QF THE | NVENTION I n general, when a lubricating base oil is
produced fromcrude oil, the crude oil is first subjected to atnospheric
distiltation, and the resulting residual oil is further subjected to vacuum
distillation to separate various lubricating oil fractions having varied
viscosities and vacuumdi stillation residual oil. The vacuumdistillation
residual- oil is subjected to solvent deasphalting, thereby renoving asphalt
contents and obtaining a heavy lubricating oil fraction (bright stock).

high pressure conditions in the presence of a catalyst, and a
high viscosity index base o0il is produced from the resulting
oil. |

Examples of the hydrocracking of.heavy oil are
disclosed, for instance, in JP-B-46-3267, JP-B-50-26561, JP-
B-50-36442, JP-B-51-15046, JP-B-51-41641, JP-B-54-21205, JP-
B-54-31002, JP-B-57-17912, JP-B-62-5958, JP-A-48-49804, JP-A-
63-258984, JP-A-64-6094, JP-A-3-197594, JP-A-3-223393 and the
like. (The term "JP-B" as used herein means an "examined
Japanese patent publication”, and the term "JP-A" as used
herein means an "unexamined published Japanese patent
application".) Also, hydrocrécking and igomerization of wax
and the like as the stock oil are disclosed, for instance, in
JP-B-57-17037, JP-B-60-22039, JP-A-50-92905, JP-A-51-146502,
JP-A-52-136203, JP-A-1-223196, JP-A-1-301790, JP-B-4-503371,
JP-A-4-226594, U. S. Patent 4,547,283, U. S. Patent
4,906,350, EP-A1-0464547 and the like.

Development of a low viscosity base 011 having a high
viscosity index has been called for in the area of not only
engine oil but also hydraulic fluid for construction machine
use.

However, production of a low viscosity lubricating
base 0il having a high viscosity index is not easy because,
when it is produced by the solvent refining process in the
art, the product is limited to certain lubricating oil
fractions from séecific high quality crude o0il, and an
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‘These lubricating oil fractions having vari ed vi scosities, including the
bright - stock, are further subjected to solvent refining, hydrofinishing,
‘dewaxiTig  and the |ike steps to produce the lubricating base oil of
interest. O the other hand, a hydrocracking process is known as a process
for the production of a Iubrlcatlng base oil having a high viscosity index.
In this process, heavy oils such as vacuumgas oil fraction bright stock
and the |like are subjected to hydrocracki ng under high tenperature and high
extremely high extractant ratio is required in the solvent
refining step.

Because of this, the aforementioned hy&rocracking
process has been developed and put into practical use only as
2 process for the production of low viscosity lubricating
base oils having high viscosity index from mineral oil
materials. However, since heavy oils such as vacuum'gas oil
fraction, bright stocke and the like are used a¥ the stock
oil in the hydrocracking process in the art, the viscosity
index of the lubricating oil fraction produced by this
process is high in the case of a dlstlllate having a
relatively high viscosity, but the index is not so high when
the fraction has a relatively low viscosity of 3;0 to 5.0
mm?/s as a kinematic viscosity at 100°C.

In consequence, the hydrocracking process in the art
aims at producing a lubricating base oil having a relatively
high'viscosity and, therefore, is not suitable for the
production of a lubricating base oil having a relatively low

viscosity and a high viscosity index.

SUMMARY OF THE INVENTION

This invention contemplates overcoming the
aforementioned problems involved in the hydrocracking process
in the art. It is accordingly-an object of the present
invention to provide a process for the production of a low
viscosity lubricating base oil having a high viscosity index,

which has a relatively low kinematic viscosity of 3.0 to 5.0
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-piesSu}é conditions in the presence of a catalyst, and a high viscosity
i ndex base oil is produced fromthe resulting oil. Exanples of the
hydroctatking of heavy oil -are di-scl osed,. for instance, in JP-B-46-3267,
JP- B:50- 26561, JP-B-50- 36442, JP-B-51- 15046, JP-B-5141641, JP-B-54-21205,
JP- B-54-31002, JP-B-57-17912, JP-B-62-5958, JP-A-48- 49804, JP-A-
63- 258984, JP- A4-6094, JP-A-3-197594, JP-A-3-223393 and the |ike. (The term
"JP-B" as used herein nmeans an "exam ned Japanese patent publication”,
mm?*/s at 100°C, a high ?iscosity index of 120 or more and a
pour point of -10°C or less, wﬂile simultaneously.producing a
high quality fuel oil mainly composed of a middle distillate.

Other objects and advantages of the present invention
will be made apparent as the description progresges.

With the aim of achieving thé aforementioned objects,
the inventors of the present invention have conducted
intensive studies and found that a lubricating ®il fraction
can be obtained together with a high quality fuel oil
consisting mainly of a middle distillate by (a) using at
least one of a heavy gas oil fraction and a light vacuum gas
oil fraction as a stock oil which containé about 60% by
volume or more of distillate components within a distillation
temperature range of from about 370 to about 480°C as well as
about 50% by mass or more of saturated hydrocarbons, (b)
subjecting the stock oil to a hydrocracking treatment in the
presence of a hydrocracking catalyst to obtain a cracked
product, and (c) subsequently subjecting the cracked product
to an atmospheric distillation treatment, and that a low
viscosity base o0il having a high viscosity index, which has a
kinematic viscosity of 3.0 to 5.0 mm?/s at 100°C, a viscosity
index of 120 or more and a pour point of -10°C or less, can
be obtained by subjecting the lubricating oil fraction to a
dewaxing treatment, to which at least one of a solvent

refining treatment and a hydrofinishing treatment-is

optionally applied.
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and the term"JP-A" as used herein neans an "unexam ned published" Japaneses
patent application”.) Also, hydrocrack- ing and isonerization of wax and
.the like as the stock oil .are disclosed,.for instance, in JP-B-57-17037,

JP- B- 60- 22039, JP- A-50-92905, JP—A—51-146502, JP- A-52- 136203, JP-A-

1- 223196, JP-A-1-301790, JP-B4-503371, JP-A-4-226594

In particular, the present inventors have discovered
a process for producing a low viécosity lubricgting base o0il
having a high viscosity index which comprises:

(A) effecting hydrocracking of a stock oil of at
least one of a heavy gas oil fraction and a light vacuum gas
oil fraction, the stock oil containing about 60% by volume or
more of distillate components within a distillation
temperature range of from about 370 to about 480°C and about
50% by mass or more of saturated hydrocarbons, in the
presence of a hydrocracking catalyst comprising an amorphous
silica alumina carrier which contains at least one of the
group VIb metals in the periodic table and at least one of
the group VIII metals in the peribdic table to obtain a
cracked product;

(B) separating the cracked product into a fuel oil
fraction and a lubricating oil fraction by atmospheric
distillation, thereby producing a high éuality fuel oil; and

(C) subsequently subjecting the lubricating-oil
fraction to a dewaxing treatment, to which at least one of a
solvent refining treatment and a hydrofinishing treatment is
optionally applied, thereby producing a low viscosity
lubricating base oil having a high wviscosity index, which has
a kinematic viscosity of about.3.0 to about 5.0 nm?/s at
100°C, a viscosity index of 120 or more and a pour point of -

10°C or less.
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REPLACEMENT SHEET -2- U.S. Pat. No. 4,547,283, U S. Pat. No. 4,906,350, .
EP- A1- 0464547 and the |ike. Devel opnent of a |low viscosity base oil having
-a high viscosity index has been call.ed for in the area of not only engine
gil but also hydraulic fluid for construction machi ne use. However,
production of a |ow viscosity lubricating base

DETAILED DESCRIPTION OF THE INVENTION

The pfesent invention will now be described in
greater detail.

In the present invention, the saturated hydrocarbon
content is a value measured in accordance with a liquid
chromatographic technique, namely the IP method (iP368—84j.

Of the heavy gas oil fraction and/or light wvacuum gas
oil fraction, a fraction having a relatively lo¥ distillation
temperature is desirable for the production of a low
viscosity base oil having a high viscosity index, because
such a fraction contains smaller amounts of aromatic
compounds and polycyclic naphthene compouﬁds which_have low
viscosity indexes. In the hydrocracking step, the low
viscosity index aromatic compounds contained in a stock oil
are converted into monocyclic aromatic compounds, naphthene
compounds and paraffin compounds having high viscosity
indexes, while the polycyclic naphthene compounds are
converted into monocyclic naphthene compounds and paraffin
compounds, thereby improving the viscosity index. As
described above;\preferred stoék 0il may contain smaller
amounts of high boiling point compounds having low vi§cosity
indexes. In other words, the stock oil may have a viscosity
index as high as possible, preferably about 85 or more.

The hydrocracking catalyst to be used in the present
invention is a catalyst made of an amorphous silica alumina

as a carrier which contains at least one of the group VIb
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‘0il having a high viscosity index is not easy because, when it is produced
by the solvent refining process in the art, the product is l[imted to '
:certaln T'ubricating oil fractions fron1spe0|f|c high quality crude oil, and
an extremel y- high extractant ratio is required in the solvent refining
step. Because of this, the aforenentioned hydrocracki ng pro- cess has been
devel oped and put into practical use only as a process for the production
of low viscosity lubricating base oils having high viscosity index from

mneral oil materials.

metals such as molybdenum, tungsten and the like in an amount
of from about 5 to about 30% by mass, and at least one of the
group VIII metals such as cobalt, nickel and tﬁe like in an
amount of from about 0.2 to about 10% by mass. This
hydrocracking catalyst has both hydrogenation and cracking
functions and therefore is suitable for use in the production
of a lubricating base oil having a high viscosity index with
a high middle distillate yield. T

The hydrocracking reaction may be éarried out under a
hydrogen partial pressure of about 100 to about 140 kg/cm?G,
at an average reaction temperaturé of ébogt 360 to about
430°C, at an LHSV value of aboﬁt 0.3 to agout 1.5 hrt, at a
hydrogen/oil ratio of about 5,000 to about 14,000 scf/bbl and
at a cracking ratio of about 40 to aboﬁt 90% by wvolume,
preferably under a hydrogen partial pressure of about 105 to
about 130 kg/cm’G, at an average reaction temperature of
about 380 to about 425°C, at an LHSV value of about 0.4 to
about 1.0 hr! and at a cracking ratio of about 45 to about
90% by volume. The cracking ratio is defined as "100 - (% by
volume of upper 360°C fraction in the formed product)"
While the cracking ratio can be less than about 40% by
volume, if it is less than about 40% by volume, sufficient
hydrocracking of the low viscosity index aromatic cqmpounds
and polycyclic naphthene compounds contained in the stock oil
cannot generally be carried out, and therefore a low

viscosity oil having a viscosity index of 120 or more (3.0 to
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‘However, since heavy oils such as vacuumgas oil fraction, bright stocks
and the like are used as the stock oil in the hydrocracking process in the
art,” the viscosity index of the lubricating oil fraction produced by this
process is high in the case of a distillate having a relatively high
viscosity, but the index is not so high when the fraction has a relatively
| ow viscosity of 3.0 to 5.0 nmjerr]/s as a kinematic viscosity at 100 C. In
consequence, the hydrocracking process in the art ains

5.0 mm*/s as a kinematic viscosity at 100°C) is hardly
obtainable. Also, while the cracking ratio can be higher
than about 90% by volume, the yield of the lubricating oil
fraction becomes low when the cracking ratio exceeds about
90% by volume.

After the hydrocracking step is carried out, the
resulting oil is separated into a fuel oil fraction and a
lubricating oil fraction by atmospheric distillation. In the
fuel oil fraction thus obtained, desulfurization and
denitrification are completed sufficiently, as wéll as
hydrogenation of aromatic compounds. Each fraction of the
fuel oil fraction can be used as a high quality fuel oil,
because its naphtha fraction has a high isoparaffin content,
its kerosene fraction has a high smoke point and its gas oil
fraction has a high cetane number. |

On the other hand, a portion of the lubricating oil
fraction may be recycled to the hydrocracking step, or it may
be further subjected to a vacuum distillation step to
separate a lubricating oil fraction having a desired
kinematic viscosity. The vacuum distillation-separation'may
be carried out after a dewaxing step. Dewaxing treatment of
the vacuum gas oil fraction is carried out to obtain a
lubricating base oil having a desired pour point. The
dewaxing treatment may be carried out in a usual way, such as

solvent dewaxing, catalytic dewaxing or the like process.
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‘at producing a lubricating base oil having a relatively high viscosity and,
therefore, is not suitable for the production of a lubricating base oi
'haV|ng*a'reIat|ver low'viscosity and a high viscosity index. SUMVARY OF
THE | NVENTI ON Thi s invention contenpl at es overcom ng the aforenen- tioned
probl ems involved in the hydrocracking process in the art. It is )
accordingly, an object of the present invention to provide a process for

the production of a |ow viscosity

In the solfent dewaxing step, an MEK/toluene mixture
is generally used as a solvent, but benzene, acetone, MIBK or
the like solvent may also be used. The solvenf dewaxing may
be carried out at a solvent/oil ratio of 1 to 6 times and at
a filtration temperature of about -15 to about -40°C, in
order to set the pour point of the dewaxed oil to -10°C or
below. 1In this instance, the slack wax byproduct can be
reused in the hydrocracking step. .

According to the present invention, a solvent
refining treatment and/or a hydrofinishing treatment may be
applied to the dewaxing step. These application treatments
are carried out in order to iﬁprove uv stébility and
oxidation stability of the lubricating base oil, which may be
effected by conventionally used means in the general
lubricating oil refining step. That is, the solvent refining
may be carried out generally using furfural, phehol, N-
methylpyrrolidone or the like as a solvent to remove aromatic
compounds, especially polycyclic aromatic compounds, which
remain in a small quantity in the lubricating oil fraction.
In the case of furfural refining by a rotary-disc counter-
curfent contact extraction apparatus, extraction is carried
out by setting a temperature gradient in the extraction
column at such a gradient that.about 0.5 to about 6 volume
parts of furfufal can contact with 1 volume part of the stock
0il counter-currently in the extraction column. In general,

the extraction temperature at the top of the extraction
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| ubricating base oil having a high viscosity index, which has a relatively
| ow ki nematic viscosity of 3.0 to 5.0 mmjerr]/s at 100 C., a high viscosity
i-ndex ©f 120 or nore and a pour point of -10 C or |ess, whi | e
si'mul t aneously producing a high quality fuel oil nalnly conposed of a

m ddle distillate. O her objects and advantages of the present invention
w Il be made apparent as the description progresses. Wth the aimof”

achi eving the aforenenti oned objects, the

colpmn is about 60 to about 150°C and the temperature at the
bottom is lower than the column top temperature by about 20
to about 100°C. |

The hydrofinishing is carried out in order to
hydrogenate olefin compounds and aromatic compounds. Though
the catalyst is not particularly limited, the hydrofinishing
may be carried out using an alumina catalyst.containing at
least one of the group VIb metals such as molybdenum and the
like and at least one of the group VIII metals such as
cobalt, nickel and the like, under a reaction pressure
(partial pressure of hydrogen) of about 7Q to about 160
kg/cm’G, at an average reactioﬁ temperatu£e of about 300 to
about 390°C and at an LHSV value of about 0.5 to about 4.0
hxl,

The following examples are provided to further
illustrate the present invention. It is to be understood,
however, that the examples are for purpose of illustration
only and.are not to be construed to limit the scope of the
invention. Unless otherwise indicated, all parts, percents,
ratios and the like are by weight.

EXAMPLE 1

Using a heavy gas oil fraction éhown in Table 1 as a
stock oil, hydrocracking was carried out under a hydrogen
partial pressure of 110 kg/cm’G, at an average reaction
temperature of 408°C, at an LHSV value of 0.69 hr:! and at a
hydrogen/oil ratio of 9,000 scf/bbl, in the presence of a
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inventors of the present invention have conducted intensive studies and

found that a lubricating oil fraction can be obtained together with a high

quallty fue

oil consisting mainly off a mddle distillate by (a) using at

| éast one of a heavy gas oil fraction and a |light vacuumgas oil fraction
as a stock oil which contains about 60% by vol une or nore of

sulfurized form of catalyst which was prepared by supporting
3% by mass of nickel and 15% by mass of molybdenum on an
amorphous silica alumina carrier having a siliéa/alumina
ratio of 10/90.

By subjecting the cracked product to atmospheric
distillaﬁion, 15% by volume of a naphtha fraction, 16% by
volume of a kerosene fraction, 51% by volume of a gas oil
fractioﬁ and 24% by volume of a lubricating oil-fraction,
baged on the stock.oil, were obtained. The cracking ratio
was found to be 73% by volume. The smoke point of the
kerosene and cetane index of the gas oil were found to be 22
and 54, respectively. . '

Next, the lubricating oil fraction was subjected to
solvent dewaxing using an MEK/toluene mixture solvent at a
solvent/oil ratio of 4 times and ét a filtration temperature
of -21°C. The dewaxing vield was found to be 79% by volume.

When the thus dewaxed oil was subjected to vacuum
distillation, a lubricating base o0il having a kinematic
viscosity of 3.94 mm?/s at 100°C was obtained with a yvield of
65% by volume based on the dewaxed oil. The thus obtained
lubricating base oil showed a viscosity index of 129 and a
pour point of -15°C.

EXAMPLE 2

Using the same stock oil and catalyst used in Example

1, hydrocracking was carried out under a hydrogen.partial

pressure of 110 kg/cm?G, at an average reaction temperature
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distillate conponents within a distillation tenperature range of from about
370[err] to about 480[err] C. as well as about 50% by mass or nore-of
Saturat ed hydrocarbons, (b) subjecting the stock oil to a hydrocracking
tfeatment in the presence of a hydrocracking catalyst to obtain a cracked
product, and (c) subsequently subjecting the cracked product to an atno-
spheric distillation treatnent, and that a | ow viscosity base oil having a
hi gh viscosity index, which has a kinematic viscosity of 3.0 to 5.0

100[ e C., a viscosity index of
mierrl/s atofog£7£él at an LHSV val%e of 0.69 hr! and at a hydrogen/oil

ratio of 9,000 scf/bbl.

By subjecting the cracked product to afmospheric

distillation, 8% by volume of a naphtha fraction, 6% by

' volume of a kerosene fraction, 42% by volume of a gas oil
fraction and 51% by volume of a lubricating oil fraction,:
based on the stock oil, were obtained. The cracking ratio
was found to be 46% by volume. The smoke point--of the
kerosene and cetane index of the gas o0il were found to be 22
and 54, respectively.

Next, the lubricating oil fraction was subjected to
solvent dewaxing in the same ﬁanner as degcribed in Example
1. The dewaxing yield was found to be 78% by volume.

When the thus dewaxed o0il was subjected to vacuum
distillation, a lubricating base oil having a kinematic
viscosity of 4.01 mm?*/s at 100°C was obtained with a yield of
75% by volume based on the dewaxed oil. The thus obtained
iubricating base 0il showed a Viscosity index of 122 and a
pour point of -15°C. .

.. EXAMPLE 3

The lubricating oil fraction from the product of
hydrocracking described in Example 1 was subjected to vacuum
distillation to obtain a distillate having a kinematic
viscosity of 3.91 mm’/s at 100°C with a yield of 65% by
volume based on the lubricating oil fraction. The thus

obtained distillate was subjected to furfural solvent
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© 120 or nore and a pour point of -10 C or |less, can be obtained by :
subjecting the lubricating oil fraction to a dewaxing treatnent, to which
“at 1east one of a solvent refining treatment and a hydrofinishing treatment
i*'s option- ally applied. In particular, the present inventors have
di scovered a process for producing a |low viscosity lubricating base oi
havi ng a high viscosity index which conprises: (A) effecting hydrocracking
of a stock oil of at |east one
refining by a rotary-disc counter-current contact extraction
apparatus using 2 volume parts of furfural based on 1 volume
part of the stock oil and at extraction temperatures of 120°C
at the extraction column top and 52°C at the column bottom. |
The raffinate thus obtained with a yield of 98% by volume was
subjected to hydrofihishing. Hydrofinishing was carried out
under a hydrogen partial pressure of 105 kg/cm?G, at an LHSV
value of 2.5 hr! and at an average reaction temperature of
330°C in the presence of an alumina catalyst on which cobalt
and molybdenum were supported. The oil thus formed with a
yield of 99% by volume was subjected to dewaxing under the
same conditions described in Example 1.

The lubricating Sase oil thus formed by these
treatments showed a kinematic viscosity of 4.00 mm?/s at
100°C, a viscosity index of 129 and a pour point of -15°C.

When this base oil was subjected to a UV stability
test, turbidity was not found in the oil for a period of 50
hours or more, and precipitation did not occur for 50 hours
or more, thus confirming the excellent UV stability of the
base oil. In this connection, when a UV stability test of
the lubricating base oil obtained in Example 1 was carried
out without subjecting it to the furfural refining and
hYdrofinishing treatments, the geriod for the generation of

turbidity was found to be 10 hours, and the period for the

generation of precipitation was found to be 20 hours.
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of a heavy gas oil fraction and a |ight vacuumgas oil fraction, the stock
oi |l containing about 60% by volune or nore of distillate conponent s W thin
a distillation tenpera- ture range of from about 370[err] to about 480[err]
C’ and about 50% by mass or nore of saturated hydrocarbons, in the presence
of a hydrocracking catal yst conprising an anor- phous silica alum na
carrier 'which contains at |east one of the group VIb netals in the périodic
tabl e and at | east one of the group VIII netals in the periodic table to

obtain a
COMPARATIVE EXAMPLE

Using a vacuum gas oil fraction shown in Table 1 as a
stock o0il (fraction having a boiling point rangé of 370 to
480°C, 47% by volume; saturated hydrocarbons, 51% by mass),
hydrocracking was carried out using the same catalyst and
under the same reaction conditions employed in Example 1. - By
subjecting the cracked product to atmosﬁheric distillation,
31.1% by volume of a lubricating oil fraction was obtained.
The cracking ratio was found to be 66.0% by volume.

Next, the lubricating oil fraction was subjected to
dewaxing in the same manner as described in Example 1. The
dewaxing yield was found to be 68.9% by vélume.

When the thus dewaxed o0il was subjected to vacuum
distillation, a lubricating base oil having a kinematic
viscosity of 3.99 mm?/s at 100°C was obtained with a yield of
55% by volume based on the dewaxed oil. This lubricating
base 0il showed a pour point of -15°C, but it had a low

viscosity index of 114.
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cracked product; (B) separating the cracked product into a fuel oi

fraction and a lubricating oil fraction by atnospheric distillation,

"t hereby producing a high quality fuel oil; and (C) subsequently subjecting
the lubricating oil fraction to a dewaxing treatnment, to which at |east one
of a solvent refining treatnent and a hydrofinishing treatnment is option-
ally applied, thereby producing a | ow viscosity lubricating base oil having
a high viscosity index, which has a kinematic

Table 1: Properties Of Stock 0il

Heavy - Vacuum
gas oil gas oil
Stock oil fraction fraction
Density (g/cm’, at 15°C) 0.891 0.919
Kinematic wviscosity, 3.94 6.86
(mm?/s, at 100°C)
Viscosity index 95 84
Saturated hydrocarbons, (% by 60 48
mass, measured by IP368-84)
Distillation characteristics,
(°C, measured by ASTM D2887)
IBP . 242 ; ' 255
10% 336 353
20% 364 387
30% : 381 410
40% 393 429
50% 405 446
60% 415 463
70% : 426 481
80% 439 501
90% 459 525
EP 530 584

Thus, as is evident from these results, a low
viscosity lubricating base oil having a high viscosity index,
which has a relatively low kinematic wviscosity of 3.0 to 5.0
mm?/s at 100°C, a high viscosity index of 120 or more and é
pour point of -10°C or less, can be produced by the process
of the present invention, while a high quality fuel oil
mainly composed of a middle distillate is simultaneously

produced.
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viscoéity'of about 3.0 to about 5.0 nmmjerr]/s at 100[err]C. a - -4-
viscosity index of 120 or nore and a pour point of 10[err] C or |ess.
DETAILED DESCRIPICN OF. THE | NVENTI'ON :

While the invention has been described in detail and
with reference to specific embodiments thereof, it wiil be
apparent to one skilled in the art that varioué changes and
modifications can be made therein without departing from the

spirit and scope thereof.

/’
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The present invention will now be described in greater detarf. Tn the
present invention, the saturated hydrocarbon con- tent is ﬁ"ﬂﬂﬂﬂ' ﬂﬂ
‘in accordance with a | i quid chro- matographic technique, u“mm

mét hod (1P368-84). OF the heavy gas oil fraction and/or |ight *vatuuf gh

oil fraction, a fraction having a relatively low distillation tem perature

I s desirable for the production of a |ow viscosity base oil having a high
vi scosity index, because such a

WHAT IS CLAIMED IS:
1. A process for producing a low viscosity lubricating
base o0il having a high viscpsity index which coﬁprises:

(A) effecting hydrocracking of a stock oil of at
least one of a heavy gas oil fraction and a light vacuum gas
~0il fraction, the stock oil containing about 60% by volume: or

more of distillate components within a disti;lation
temperature range of from about 370 to about 480°C and about
50% by mass or more of saturated hydroéarbons, in the
presence of a hydrocracking catalyst comprising an amorphous
silica alumina carrier which contains at least one of the
group VIb metals in the periodic table and at least one of
the group VIII metals in the periodic table to obtain a
cracked product;

(B) separating the cracked product into a fuel oil
fraction and a lubricating oil fraction by atmospheric
distillation, thereby producing a high quality fuel oil; and

(C) subsequently subjecting the lubricating oil
fraction to a dewaxing tréatment, to which at least one of a
solvent refining treatment and a hydrofinishing treatment is
optionally applied; thereby producing a low viscosity
lubricating base-oil having a high viscosity\index, which has
a kinematic viscosity of about.3.0 to about 5.0 mm?/s at

100°C, a viscosity index of 120 or more and a pour point of

-10°C or less.

/ —
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fractlon contains snaller ampunts of aromatic conpounds and ol

napht hene conpounds whi ch have | ow vis- cosity |ndexes |[ “jﬂ
"hydrocracking step, the low viscosity index aromatic c in
a’stock oil are converted into nonocyclic aronmatic conpoun s naphthene
conpounds and paraffin conpounds having high viscosity |ndexes while the
pol ycycl-i ¢ napht hene conpounds are converted into nonocyclic naphthehe
conpounds and par- affin conpounds, thereby inproving the viscosity index.

As
2. A process according to claim 1, wherein said

hydrocrackihg is carried out under a hydrogen partial
pressure of about 100 to about 140 kg/cm?G, at én average
reaction temperature of about 360 to about 430°C, at an LHSV
value of about 0.3 to about 1.5 hr! and at a cracking ratio
of about 40 to about 90% by volume, in the presence of a
hydrocracking catalyst containing molybdenum in an amount of
from about 5 to about 30% by mass and nickel in‘an amount of
from about 0.2 to about 10% by mass.

3. A process according to claim 1, wherein after the
step of separating the cracked product into a fuel oil
fraction and a lubricating oil.fraction bé atmospheric
distillation, a lubricating base oil is produced by
subjecting said lubricating oil fraction to vacuum
distillation.

4. A process according to claim 2, wherein after thé
step of separating the cracked product into a fuel oil
fraction and a lubricating oil fracfidn by atmospheric
distillation, a lubricating base oil is produced by
subjecting said lubricating oil fraction to wvacuum
distillation.

5. A process according to claim 2, wherein said
hydrocracking is carried out under a hydrogen partial
pressure of about 105 to about 130 kg/cm’G, at an average

reaction temperature of about 380 to 425°C, at an-LHSV value

_
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desertbed'above preferred stock oil may contain smaller anDunts
bai | i ng .poi nt conpounds having | ow vis- cosity i ndexes““‘“m ‘ﬂl the
st ock .oi | may have a viscosity index as high as possib out

85 or nore. The hydrocracking catalyst to be used in; the present |nvent|on
is a catal yst made of an anorphous silica alumina as'a carrier which
contains at |east one of the group VIb netals such as nol ybdenum tungsten

and the like in an
of about 0.4 to about 1.0 hr! and at a cracking ratio of

about 45 to about 90% by volume.

6. A process according to claim 5, whereiﬁ-after the ..
step of separating the cracked product into a fuel oil
fraction and a lubricating oil fraction by atmospheric
distillation, a lubricating base oil is produced by
subjecting said lubricating oil fraction to vacuum
distillation. .

7. A process according to claim 1, wherein the stock oil
has a viscosity index of at least about 85.

8. A process according to claim 2, wherein the stock oil
has a viscosity index of at least about 85.

9. A process acCording to claim 3, wherein the stock oil
has a viscosity index of at least about 85.

10. A process according to claim 4, wherein the stock oil
has a viscosity index of at least about 85.

11. A process according to claim 5, wﬁerein the stock o0il
has a viscosity index of at least about 85. |
12. A process according to claim 6, wherein the stock oil

has a viscosity index of at least about 85.

\ |
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anount of from about 5 to about-30% by mass, and at | east one of the group
VIt .metals such as cobalt, nickel and the like in an anount of from about
0.2 te about 10% by mass. This hydrocracking catal yst has both _
hydr ogenati oh and cracki ng functions and therefore is suitable for use in
the production of a lubricating base oil having a high viscosity |ndgx_mnth
a high mddle distillate yield. The hydrocracking reaction may be carried
out under a hydrogen partial :pressure of about 100 to about 140

ABSTRACT OF THE INVENTION
A process for the production of a high viscosity

index, low viscosity lubricating base oil haviné a kinematic
viscosity of 3.0 to 5.0 mm?/s at 100°C, a viscosity index of
120 or more and a pour point of -10°C 6rnless, while
simultgneously producing a high quality fuel oil, which
includes using at least one of a heavy gas oil fraction. and a
light vacuum gas oil fraction as a stock oil that contains
about 60% by volume or more of distillate components within a
distillation temperature range of from aboﬁt 370 to about
480°C and about 50% by mass or more of saturated
hydroéarbons, subjecting the stock oil to:hydrocracking in
the presence of an amorphous silica alumina catalyst,
separating the cracked product into a fuel oil fraction and a
lubricating oil fraction by atmospheric distillation, and
subséquently subjecting the lubricating oil fraction to
- dewaxing, optionally applying at least one of solvent

refining and hydrofinishing.

[ THIS SHEET Ras BEmN
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de03190 ¢
kg/cnferr] G at .an average yeaction tenperature of about 360 to about
430[err]C., at an LHSV value of about 0.3 to about 1.5 hr[err], at a

hydrogen/0|l rati o of about 5,000 to about 14,000 scf/bbl ap |
Fati o of -about 40 to about 90% by vol une, preferably under ?H§d§§ é§§§ ﬂﬂm
An_av

partial pressure of about- 105 to about 130 kg/cnferr]G at
reaction tenperature of about 380 to about 425[err] C, at an LHSV

PROCESS FOR PRODUCING LOW VISCOSITY LUBRICATING BASE OIL
HAVING HIGH VISCOSITY INDEX

FIELD OF THE INVENTION

This invention relates to a process for the
production of a low viscosity lubricating base oil having a
high viscosity index, together with a high quality fuel oil
mainly composed of a middle distillate.

BACKGROUND OF THE INVENTION

In general, when a lubricating base oil is produced
from crude oil, the crude oil is first subjected to
atmospheric distillation, and the resulting residual oil is
further subjected to vacuum distillation to separate various
lubricating oil'fractions having varied viscosities and
vacuum distillation residual oil. The vacuum distillation
residual oil is subjected to solvent deasphalting, thereby
removing asphalt contents and obtaining a heavy lubricating
oil fraction (bright stock). These lubricating oil fractions
having varied viscosities, including the bright stock, are
further subjected to solvent refining; hydrofinishing,
dewaxing and the like steps to produce the lubricating base
oil of interest.

On the other hand, a hydrocracking process is known
as a process for the production of a lubricating base oil
having a high viscosity index. In this process, heavy oils
such as vacuum gas oil fraction, bright stock and.the like

are subjected to hydrocracking under high temperature and
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REPLACEMENT SHEET -5- value of about 0.4 to about 1.0 hr[err] and at a

tracking ratio of about 45 to about 90% by vol une. The cra
defined as "100 - (% by vol une of upper 360[err] C. fracti ﬂ*ﬂgdﬂﬁéTﬂﬂ¥h5§EN
product)" Whi-l e the cracking ratio can be | ess than about |{40% bRERIAGEDE,

if it is less than about 40% by volunefasufficient hydr ocr atkimg of (he 1 ow
vi scosity index

high pressure conditions in the presence of a catalysf, and a
high viscosity index base oil is produced from the resulting
oil. |

Examples of the hydrocracking of heavy 6il are
disclosed, for instance, in JP-B-46-3267, JP-B-50-26561, JP-.
B-50-36442, JP-B-51-15046, JP-B-51-41641, JP-B-54-21205, JP-
B-54-31002, JP-B-57-17912, JP-B-62-5958, JP-A—48-49804,.JP—A—
63-258984, JP-A-64-6094, JP-A-3-197594, JP-A-3-223393 and the
-like. (The ferm "JP-B" as used herein means an "examined
Japanese patent publication”, apd the term "JP-A" as used
herein means an "unexamined published Japanese patent
application".) Also, hydrocracking and isomerization of wax
and the like as the stock oil are disclosed,.for instance; in
JP-B-57-17037, JP-B-60-22039, JP-A-50-92905, JP-A-51-146502,

 JP-A-52-136203, JP-A-1-223196, JP-A-1-301790, JP-B-4-503371,
JP-A-4-226594, U. S. Patent 4,547,283, U; S. Patent
4,906,350, EP-A1-0464547 and the like.

Development of a low viscosity base oil having a high
viscosity index has been called for in the area of not only
engine oil but also hydraulic fluid for construction machine
use.

However, production of a low viscosity lubricating
base oil having a high viscosity index is not easy because,
when it is produced by the solvent refining process in the
art, the product is limited to certain lubricating oil

fractions from specific high quality crude oil, and an
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aromati c conpounds and pol ycyclic naphthene conpounds contained in the
Stock- oi | cannot generally be carried out, and therefore a | qupESSHESTtAS BEEN

oil having a viscosity index of 120 or nore (3.0 to 5.0 nn{err]/shgﬁpgAca)
ol ho

Ki nematic viscosity at 100 C) is hardly obtainable. Al so, whil
cracking ratio can be higher than about 90% by vol une, the yield of the

| ubricating oil fraction becones | ow when the cracking ratio exceeds about
90% by vol une. After the hydrocracking step is carried out, the resulting

extremely high extractant ratio is required in the solvent
refining step.

Because of this, the aforementioned hydrocracking
process has been developed and putfinto practicai use only as
a process for the production of low viscosity lubricating
base oils having high viscosity index from mineral oil
haterials. However, since heavy oils such as vacuum gas oil
fraction, bright stocks and.the like are used as the stock
oil in the hydrocracking process in the art, the viscosity
index of the lubricating oil fraction produéed by this

~Process is high in the case of a distillate having a
relatively high viscosity, but the index is not sb high when
the fraction has a relatively low viscosity of 3.0 to 5.0
mm?/s as a kinematic viscosity at 100°C.

In consequence, the hydrocracking process in the art
aims at producing a lubricating base oil having a relatively
high viscosity and, therefore, is not suitable for the
production of a lubricating base oil having a relatively low
viscosity and a high viscosity index.

SUMMARY OF THE INVENTION

This invention contemplates overcoming the
aforementioned problems involved in the hydrocracking process
in the art. It is accordingly-an object of the present
invention to ﬁrovide a process for the production of a low
viscosity lubricating base oil having a high viscosity index,

which has a relatively low kinematic viscosity of 3.0 to 5.0
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oil is separated into a fuel oil fraction and. a lubricating oil fraction by
at nospheric distillation. In the fuel oil fraction thus igl ydr HAS BEEN
desul furization and denitrification are com pleted suff}icien "pr wel |
as hydrogenation of aromatic conpounds. Each fraction of|_the £ o
fraction can be used as a high quality4TueI oi |, because its napht ha
fraction has a high isoparaffin content, its kerosene fraction has a high
snoke point and its gas oil fraction has a high cetane nunber.

mm?/s at 100°C, a high viscosity index of 120 or more and a

pour point of -10°C or less, whiie simultaneously producing a
high guality fuel o0il mainly coﬁposedlof a middle distillate.

Other objects and advantages of the presént invention
will be made apparent as the description progresses.

With the aim of adhieving the aforementioned objects;
the_inventors of the present invention have conducted
intensive studies and found that a lubricating oil fraction
can be obtained together with a high quality fuel oil
consisting mainly of a middle distillate by (a) using at
least one of a heavy gas oil fraction and a light vacuum gas
oil fraction as a stock oil which contains about 60% by

- volume or more of distillate components within a distillation
temperature range of from about 370 to about 480°C as well as
about 50% by mass or more of saturated hydrocarbons, (b)
subjecting the stock oil to a hydrocracking treatment in the
presence of a hydrocracking catalyst to obtain a cracked
product, and (c) subsequently subjecting the cracked product
to an atmospheric distillation treatment, and that a low
.viscosity base oil having a high viscosity index, which has a
kinematic viscosity of 3.0 to 5.0 mm?/s at 100°C, a viscosity
index'of 120 or more and a pour point of -10°C or less, can
be obtained by subjecting the lubricating oil fraction to a
dewaxing treatment, to which at least one of a solvent
refining treatment and a hydrofinishing treatment.is

optionally applied.
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On the other hand, a portion of the lubricating oil fraction may be
Tecycled to the hydrocracking step, or it nmay be further subjected to.a

vacuumdi stillation step to separate a lubricating oil frdctHi®9rcHIEYI kS SEEN
«desired kinematic viscosity. The vacuumdistillation separatlonRgpM“gg

carried out after a dewaxing step. Dewaxing treatnment of the—vactumgas—ott
fraction is carried out to obtain a | ubricating base oil having a desired
pour point. The dewaxing treatnment may be carried out in a usual way, such
as sol vent dewaxing, catalytic

In particular, the present inventors have discovered
a process for producing a low viscosity lubricating base oil
having a high wviscosity index which cbmprises:

(&) effecting hydrocracking of a stock pil of at
least one of a heavy gas oil fraction and a light wvacuum gas'
oil fraction, the stock o0il containing about 60% by volume or
more of distillate components within a distillation
temperature range of from about 370 to about 480°C and about
50% by mass or more of saturéted hydrocarbons, in the
presence of a hydrocracking catalyst comprising an amorphous
silica alumina carrier which contains at least one of the
group VIb metals in the periodic table and at least one of
the group VIII metals in the periodic table to obtain a
cracked product;

(B) separating the cracked product into a fuel oil
fraction and a lubricating oil fraction by atmospheric
distillation, thereby producing a high quality fuel.oil; and

(C) subsequently subjecting the lubricating oil
fraction to a dewaxing treatment, to which at least one of a
solvent refining treatment and a hydrofinishing tréatment is
optionally applied, thereby producing a low viscosity
lubricating base oil having a high viscosity index, which has
a kinematic viscosity of about.-3.0 to about 5.0 mm?/s at
100°C, a viscosity index of 120 or more and a pour point of -
10°C or less.
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dewaxi ng or the |like process. In the sol vent dewaxi ng step, an MEK/tol uene
m xture is generally used as a solvent, but benzene, acetone, MBK or the
i ke solvent may al so be used. The sol vent dewaxi ng nmay Sr&g@ﬁ~9g@;ﬁxm
solvent/loil ratio of 1 to 6 times and at a filtration te atli about
-15[err] to about -40[err] C, in order to set the pour pojnt_offtfhe

oil to -10[err] C. or below In this iﬁstance, t he sl ack wax byproduct can

be reused in the hydrocracking step.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will now be described in
greater detail.

Iq the present invention, the saturated'hydrocarbon
content is a value measured in accordance with é liquid |
chromatographic technique, namely the IP method (IP368-84).

Of the heavy gas oil fraction and/or light vacuum gas
oil fraction, a fraction having a relatively low distillation
temperature is desirable for the production of a low |
viscosity base oil having a high viscosity index, because
such a fraction contains smaller amounts of aromatic
compounds and polycyclic naphthene compounds which have low
viscosity indexes. In the hydrociacking stép,'the low
viscosity index aromatic compounds contained in a stock oil
are converted into monocyclic aromatic compounds, naphthene
compounds and paraffin compounds having high viscosity
indexes, while the polycyclic naphthene compounds are
converted into monocyclic naphthene compounds and paraffin
compounds, thereby improving the viscosity index. As
desc;ibed above, preferred stock oil may contain smaller
amounts of high boiling point compounds having low viscosity
indexes. In other words, the stock oil may have a viscosity
index as high as possible, pfeferably about 85 or more.

The hydrocracking catalyst to be used in the present
invention is a catalyst made of an amorphous silica alumina

as a carrier which contains at least one of the group VIb
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According to the present invention, a solvent refining triijE@TL a'E~
ep

hydr of i ni shing treatnent may be applled to the deMHX|ng S

application treatnments are carried out in order to inproveée—tM.s ﬁfpy and
oxidation stability of the lubricating base oil, which may be effected by
- 6-

7

metals such as molybdenum, tungsten and the like in an amount
of from about 5 to about 30% by mass, and at least one of the
group VIII metals such as cobalt, nickel and the like in an
amount of from about 0.2 to-about 10% by mass. This
hydrocracking catalyst has both hydrogenation aﬁd crackind-
functions and therefére is suitable for use in the production
of a lubricating base oil having a high viscosity index with
a high middle distillate yield. |

The hydrocracking reaction may be carried out under a
hydrogen partial pressure of about 100 to about 140 kg/cm?G,
at an.average reactioﬁ temperature of about 360 to about
430°C, at an LHSV value of about 0.3 to about 1.5 hr-!, at a
hydrogen/oil ratio of about 5,000 to about 14,000 scf/bbl ana
at a cracking ratio of about 40 to about 90% by volume,
preferably under a hydrogen partial pressure of about 105 to
about 130 kg/cm’G, at an average reaction temperature of

about 380 to about 425°C, at an LHSV value of about 0.4 to

-about 1.0 hr'! and at a cracking ratio of about 45 to about

90% by volume. The cracking ratio is defined as "100 - (% by
volume of upper 360°C fraction in the formed product)".

While the cracking ratio can be less than about 40% by
volume, if it is less .than about 40% by volume, sufficient
hydrocracking of the low viscosity index aromatic compounds
and polycyclic naphthene compounds contained in the stock oil
cannot generally be carried out, and therefore a low

viscosity oil having a viscosity index of 120 or more (3.0 to
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conventionally used neans in the general |ubricating oil rergpﬁgqngpfgﬂgiﬁbﬂ
That is, the solvent refining may be carried out generally 4 ‘fh?,ﬂ”gl, '
phenol, N-nethyl pyrrolidone or the Iike as a solvent to renpve ar GHaS Y
conpounds, especially polycyclic aromatic conmpounds, which remain 1n a
sral | quantity in the lubricating oil fraction. In the case of furfural
refining by a rotary-di sc countercurrent contact extraction apparatus,
extraction is carried out by setting a&enperature gradient in the
extraction colum at such a gradi ent tha-

5.0 mm?/s as a kinematic viscosity at 100°C) is hardly
obtainable. Also, while the cracking ratio can be higher
than about 90%_by volume, the yield of the lubricating oil
fraction becomes low when the cracking ratio exceeds about
90% by volume.

After the hydrocracking step is carried out, the
resulting oil is separated into a fuel oil fracﬁion and a

" lubricating oil fraction by.atmospheric distillation. 1In the
fuei oll fraction thus obtained, desulfurization and
denitrification are completed sufficiently, as well as
hydrogenation of aromatic compounds. Each fraction of the
fuel oil fraction can be uéed as a high quality fuel oil,
because its naphtha fraction has a high isoparaffin éontent,
its kerosene fraction has a high smoke point and its gas oil
fraction has a high cetane number. .

On the other hand, a portion of the lubricating oil
fraction may be recycled to the hydrocracking step, ox it may
be further subjected to a vacuum distillation step to
separate a lub;icating oil fraction having a desired
.kinematic viscosity. The vacuum distillation separation may
be carried out after a dewaxing step. Dewaxing treatment of
the vacuum gas oil fraction is carried out to obtain a
lubricating base oil having a desired pour point. The
dewaxing treatment may be carried out in a usual way, such as

solvent dewaxing, catalytic dewaxing or the like process.
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part of the stock oil counter-currently-in the extractlo co

general, the extraction tenperature at the top of the extwact] IAEDmM i s
about 60 to about 150[err] C and the t%nperature at the bottomis | oWeFr
than the colum top tenperature by about 20[err] to about 100[err] C The
hydrofinishing is carried out in order to hydrogenate ol efin conpounds and
aromati ¢ conmpounds. Though the catalyst is not particularly limted, the

hydrofini shing may In the solvent dewaxing step, an MEK/toluene mixture

t about 0.5 to about 6 volume parts of furfural can contgcy; "F¥:ﬁﬁ§ﬁ¥%§]

is Qenerally used as a solvent, but benzene, acetone, MIBK or
the like solvent may also be used. The solvent dewaxing may
be carried out at a.solvent/oil ratio of 1 to 6 times and at
a filtration temperature of about -15 to about -40°C, ‘in
order to set the pour point of the dewaxed oil to -10°C of
below. 1In this instance, the slack wax byproduct can be
reused in the hydrocracking step.

According to the present invention, a solvent
refining treatment and/or a hydrofinishing treatment may be
applied to the dewaxing step. . These application treatments
are carried out in order to improve UV stability and |
oxidation stability of the lubricating basé 0il, which may be
effected by conventionaily used means in the general
lubricating oil refining step. That is, the solvent refining
may be carried out generally using furfural, phenol, N-

- methylpyrrolidone or the like as a solvent to remove aromatic
compounds, especially pblycyclic aromatic compounds, which
remain in a small quanﬁity in the lubricating oil fraction.

In the case of furfural refining by a rotary-disc counter-
current contact extraction apparatus, extraction is carried
out by setting a temperature gradient in the extraction
column at such a gradient that.about 0.5 to about 6 volume
parts of furfural can contact with 1 volume part of the stock
oil counter-currently in the extraction column. In general,

the extraction temperature at the top of the extraction
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be carried out using an alumina catalyst containing at |east.one of the
group--VIb netals such as nol ybdenum and the |ike and at |ef8iS 9mEETORAS heEN
group VIIl metals such as cobalt, nickel and the |ike, unfder aﬂﬁﬂﬂééﬁm
pressure (partial pres- sure of hydrogen) of about 70 to ‘abeut

kg/cnerr] G at an average reaction tehPerature of about 300[err] to about
390[err] C and at an LHSV val ue of about 0.5 to about 4.0 hr[err]. The
foll owi ng exanples are provided to further illustrate the present

invention. ¢b1dmnt £sbepyRdeEst 28dapBave8iped M3l the temperature at the

bottom is lower than the colqmn top temperaturé by about 20
to about 100°C. '

- The hydrofinishing is carried out in order to
hydrogenate olefin compounds and aromatic compounds. Though
the catalyst is not partiéularly limited, the hydrofinishing
may be carried out using an alumina catalyst containing at
least one of the group VIb metals such as molybdenum and the
like and at least one of the group VIII metals such as
cobalt, nickel and the like, under a reaction pressure
(partial pressure of hydrogen) of about 70 to about 160
kg/cm’G, at an average reaction temperature oif about 300 to
about 390°C and at an LHSV value of about 0.5 to about 4.0
hrt.

The following éxamples are provided to further
illustrate the present invention. It is to be understood,
however, that the examples are for purpose of illustration
only and are not to be coﬁstrued to limit the scope of the

" invention. Unless otherwise indicated, all parts, percents,
ratios and the like are by weight.
'EXAMPLE 1

Using a heavy gas oil fraction shown in Table 1 as a
stock oil, hydrocracking was carried out under a hydrogen
partial pressure of 110 kg/cm?G, at an aﬁerage reaction
temperatﬁre of 408°C, at an LHSV value of 0.69 hr: and at a

hydrogen/oil ratio of 9,000 scf/bbl, in the presence of a
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the exanples are for purpose of illustration only and are_not to be
construed to linmit the scope of the invention. Unless oth ﬁHﬂﬁgH
all parts, percents, ratios and the like are by weight.
heavy gas oil fraction shown in Table 1 as a stock oi
carried out under a hydrogen parti al ﬁFbssure of 110 kg/cn{err]G, at an
average reaction tenperature of 408[err] C., at an LHSV value of 0.69

hr[err] and at a
' sulfurized form of catalyst which was prepared by supporting

3% by mass of nickel and 15% by mass of molybdenum on an
amorphous silica alumina carrier having a silica/alumina
ratio of 10/90. |

By subjecting the cracked product to atmospheric
distillation, 15% by volume of a naphtha fraction, 16% by
volume of a kerosene fraction, 51% by volume of a gas oil
fraction and 24% by volume of a lubricating oil ffaction,
based on the stock oil, were obtained. ‘The cracking ratio
was found to be 73% by volume. The smoke point of the
kerosene and cetane index of the gas oil were found to be 22
and 54, respectively.

Next, the lubricating oil fraction was subjected to
solvent dewaxing using an MEK/toluene mixture solvent at a
solvent/oil ratio of 4 times and at a filtration temperature
of -21°C. The dewaxing yield was found to be 79% by volume.

When the thus dewaxed o0il was subjected to vacuum
distillation, a lubricating base oil having a kinematic
viscosity of 3.94 mm?’/s at 100°C was obtained with a yield of
65% by volume based on the dewaxed oil. The thus obtained
lubricating base oil showed a viscosity index of 129 and a
pour point of -15°C. |

EXAMPLE 2

Using the same stock oil and catalyst used in Example

1, hydrocracking was carried out under a hydrogen.partial

pressure of 110 kg/cm?G, at an average reaction temperature
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hydrogen/oil ratio of 9,000 scf/bbl, in the presence of a.sulfurized form

of catalyst which was prepared by support- i ng 3% by mas .
by mass of nol ybdenum on an anor phous silica al um na car TEIS RHEENHGA d
silica/ alumina ratio of 10/90. By subﬁecting the cracked prodBRERLA oB
at mospheric distil- lation, 15% by vol of a napht ha fraction, 16% by

vol unme of a kerosene fractlon 51% by volune of a gas oil fraction and 24%
by volune of a lubricating oi | fraction, based on the .

of 397°C, at an LHSV value of 0.69 hr'! and at a hydrogen/oil

ratio of 9,000 scf/bbl.

By subjecting the cracked product to atmospheric

distillation, 8% by volume of a naphtha fraction, 6% by

' volume of a kerosenelfraction, 42% by volume éf a gas oi1 
fraction and 51% by volume of a lubricating oil fraction;
based on the stock oil, were obtained. The cracking ratio
was found to be 46% by volume. The smoke point of the
kerosene and cetane index of the gas oil were found to be 22
and 54, respectively.

Next, the lubricating oil fraction was subjected tb
solvent dewaxing in the same manner as described in Example
1. The dewaxing yield was found to be 78% by volume.
| When the thus dewaxed oil was subjected to vacuum
distillation, a lubricating base oil having a kinematic
viscosity of 4.0l mm?/s at 100°C was obtained with a yield of
75% by volume based on the dewaxed oil. The thus obtained
lubricating base o0il showed a viscosity index of 122 and a
pour point of -15°C.

EXAMPT.E 3

The lubricating oil fraction from the product of
hydrocracking described in Example 1 was subjected to vacuum
distillation to obtain a distillate having a kinematic
viscosity of 3.91 mm?/s at 100°C with a yield of 65% by
volume based on the lubricating oil fraction. The thus

obtained distillate was subjected to furfural solvent
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stock oil

vol ume. The snoke point of the kerosene and cetane index

,- were obtained. The cracking rati o was found to _@
*éf&g HAS e “J

were found to be 22 and 54, respectively. Next, the |ubr catlrﬁb:P ALED
fracti on was subjected to sol vent dewaxi ng using an MEK/ t©I'uene m xture

solvent at a sol - . 13

refining by a rotary-disc counter-current contact extraction
apparatus using 2 volume parts of furfural based on 1 volume
part of the stock oil and at extraction temperatures of 120°C
at the extraction column top and 52°C at the column bottom.

The raffinate thus obtained with a yield of 98%'5y volume was
subjected to hydrofinishing. Hydrofinishing was carried out

under a hydrogen partial pressure of 105 kg/cm?G, at an LHSV

- value of 2.5 hr™' and at an average reaction temperature of

330°C in the presence of én alumina catalyst on which cobalt
and molybdenum were supported. The oil thus formed with a
vield of 99% by volume was subjected to dewaxing under the
same conditions described in Example 1.

The lubricating base o0il thus formed by these
treatments showed a kinematic viscosity of 4.00 mm?/s at
100°C, a viscosity index of 129 and a pour point of -15°C.

| When this base oil was subjected to a UV stability
test, turbidity was not found in the 0il for a period of 50
hours or more, and precipitation did not occur for 50 hours
or more, thus confirming the excellent UV stability of the
base oil. 1In this connection, when a UV stability test of
the lubricating base oil obtained in Example 1 was carried
out without subjecting it to the furfural refining and
hydrofinishing treatments, the period for the generation of
turbidity was found to be 10 hours, and the period for the

generation of precipitation was found to be 20 hours.
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vent/oil ratio of 4 tines and at .a filtration tenperatur. e
hi! Sd%kké%?eﬁf[\% tI‘E‘-

dewaxing yield was found to be 79% by vol une. Wen the t

subjecﬂed to vacuumdistillation, a |ubricating base oil: haV|d©§&*%¢ enat c
vis- cosity of 3.94 mmierr]/s at-100[err] C. was obtained Th a yield of

65% by vol unme based on the dewaxed oil

The thus obtained |ubricating base

oil showed a viscosity index of 129 and a pour point of-15[err] C

14

COMPARATIVE EXAMPLE

Using a vacuum gas oil fraction shown in Table 1 as a
stock oil (fraction having a beoiling point range of 370 to |
480°C, 47% by volume; saturated hydrocarbons, 51% by méss),
hydrocracking was cafried out'using the same catalyst and
under the same reaction conditions employed in Example 1. By
subjecting the cracked product to atmos?heric distillation,
31.1% by volume of a lubricating oil fraction was obtained.
The cracking ratio was found to be 66.0% by volume.

Next, the lubricating oil fraction was subjected to
dewaxing in the same manner as described in Example 1. The
dewaxing yield was found to be 68.9% by volume.

When the thus dewaxed oil was subjected to vacuum
distillation, a lubricatinj base oil having a kinematic
viscosity of 3.99 mm?/s at 100°C was obtained with a yield of
55% by volume based on the dewaxed oil. This lubricating
base o0il showed a pour point of -15°C, but it had a low

viscosity index of 114.
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EXAMPLE 2 Using the sane stock oil and catal yst used in
hydr ocracki ng was carried out under a hydrogen partial pr
kg/cnferr] G at an average reaction tenperature of 397[erf] C.
value of 0.69 hr[err] and at a hydrogen/oil ratio of 9,000 scf/bhbl. By
subj ecting the cracked product to atnospheric distil- lation, 8% by vol une
of a naphtha fraction, 6% by vol une ofism kerosene fraction, 42% by vol une

of a gas oil fraction

Table 1: Properties Of Stock 0il

Heavy Vacuum
: gas oil '~ gas oil
Stock oil fraction , fraction
Density (g/cm®, at 15°C) 0.891 0.919
Kinematic viscosity, 3.94 6.86
(mm?*/s, at 100°C)
Viscosity index . ' 95 . 84
Saturated hydrocarbons, (% by 60 48
mass, measured by IP368-84)
Distillation characteristics,
(°C, measured by ASTM D2887)
IBP 242 ' 255
10% 336 353
20% 364 ' 387
30% 381 410
40% 393 429
50% 405 446
60% 415 463
70% 426 481
80% 439 501
950% 459 525
EP 530 584

Thus, as 1is evident from these results, a low
viscosity lubricating base oil having a high viscosity index,
which has a relatively low kinematic viscosity of 3.0 to 5.0
nm?/s at 100°C, a high viscosity index of 120 or more and a
pour point of -10°C or less, can be produced by the process
of the present invention, while a high guality fuel oil
mainly composed of a middle distillate is simultaneously
produced.
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Wwere obtained. The cracking ratio was found to be 46% by 'val ume. RTHeE
poi nt of the kerosene and cetane index of the gas oil were
and 54, respectively. Next, the lubricating oil fraction was subjected to
sol vent dewaxing in the same manner as described in Exanple 1. The dewaxing
yield was found to be 78% by vol une. When the thus dewaxed oil was

subj ected to vacuum d| stillation, a lubricating base oil having a kinematic

and 51% by vol ume of a lubricating oil fraction, based on %ng?m‘&k' oi:l" o

While the invention has been described in detail and
with reference to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes andl
modifications can be made therein without departing from.the

spirit and scope thereof.
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cosity.of  4.01 mierr]/s at 100[er] .C was obtained with-a yi eld of 75% by :
vol unme based on the dewaxed oil. The thus obtained |ubric H U-base--e+d—-..
showed a viscosity index of 122 and a pour point of-15[erf . SEAANPL BB
The lubricating oil fraction fromthe product of hydroc- racklﬁﬁvd@aﬁrlbed
in Exanple 1 was subjected to vacuumdistillation to obtain a distitTTate—
havi ng a kinematic V|sc05|ty of 3.91 merr]/s at 100 C w a yield of 65%

o e i B

WHAT IS CLAIMED IS:

1. A process for producing a low viscosity lubricating
base o0il having a high viscosity index which comprises:

(R) effécting hydrocracking of a stock oil of at
least one of a heavy gaé oil fraction and a light vacuum gas
oil fraction, the stock oil containing about 60% by volume or
more of distillate components within a distillation
temperature range of from about 3f0 to about 480°C and about
50% by mass or more of saturated hydrocarbons, in the
presence of a hydrocracking catalyst comprising an amorphous
silica alumina carrier which contains at least one of the
group VIb metals in the periodic table and at least one of
the group VIII metals in the periodic table to obtain a
cracked product;

(B) separating the cracked product into a fuel oil
fraction and a lubricating oil fraction by atmospheric
distillation, thereby producing a high gquality fuel oil; and

(C) subsequently subjecting the lubricating oil
fraction to a dewaxing treatment, to which at least one of a
solvent refining treatment and a hydrofinishing treatment is
optionally applied, thereby producing a low viscosity
lubricating base oil having a high viscosity index, which ha§
a kinematic viscosity of about.3.0 to about 5.0 mm?/s at
100°C, a viscosity index of 120 or more and a pour point of

-10°C or less.
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based on the lubricating oil fraction. The thus obtained ﬂiﬂStSH{EE&t BASVEBEN
subj ected to furfural solvent refining by a rotaty-disc count iEpEAEREN
contact extraction apparatus using 2 volune parts of fuf

vol une part of -8- the stock oil and at extraction temperattres of

et o I

L

2. A process according to claim 1, wherein said
hydrocracking is carried out under a hydrogen partial
pressure of about 100 to about 140 kg/cm’G, at an average
reaction temperature of about 360 to about 430°C, at an LHSV
value of about 0.3 to about 1.5 hr™! and at a cracking ratio
of about 40 to about 90% by volume, in the presence of a
hydrocracking catalyst containing moiybdenﬁm in an amount of
from about 5 to about 30% by mass and nickel in an amount of
from about 0.2 to about 10% by mass.

3. A process according to claim 1, wherein after the
step of separating the cracked broduct into a fuel éil
fraction and a lubricating oil fraction by atmospheric
distillation, a lubricating base oil is produced by
subjecting said lubricating oil fraction to vacuum
distillation.

4, A process according tb claim 2, wherein after the
step of separating the cracked product into a fuel oil
fraction and a lubricating oil fraction by atmospheric
distillation, a lubricating base oil is produced by
subjecting said lubricating oil fraction to vacuum
distillation.

5. A process according to claim 2, wherein said
hydrocracking is carried out under a hydrogen partial
pressure of about 105 to about 130 kg/cm’G, at an average

reaction temperature of about 380 to 425°C, at an-LHSV value
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extraction colum top and 52[err]

thus obtained with a yield of 98% by vol une was subjected_t

hydrof|n|sh
pressure of
aver age rea

R MR

catal yst on which cobalt and nol ybdenugh were supported. The oi

re of 330[err]

ng was carried out under a hyqpsgsH
at an LHSV value of 2.5 hr|
Cin the pres

C. at the colum bottom The raffinate

Eﬁﬁaﬁﬁﬁ ﬁCtN
rr] apePlACER

N a un1na
t hus forned

with a yield of 99% by vol ume was subj ected to dewaxi ng under the sane
condi tions described in Exanple '

of about 0.4 to about 1.0 hr! and at a cracking ratio of

‘about 45 to about 90% by volume. '

6.

A process according to claim 5, wherein after the

step of separating the cracked product into a fuel oil

fraction and a lubricating oil fraction by atmospheric

distillation, a lubricating

subjecting said lubricating

distillation.

7. A process according
has viscosity index of at
8. A process according
has a viscosity index of at
9. A process according
has viscosity index of at
10. A process according
has viscosity index of at
11. A process according
has viscosity index of at
12. A process according
has viscosity index of at

base oil is produced by

oil fraction to wvacuum

to claim 1,
least about
to claim 2,
least about
to claim 3,
least about
to claim 4,
least about
to claim 5,
least about

to claim 6,

least about
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1. The lubricating base oil thus formed by these treatnents s , ‘b g
ki nematic viscosity of 4.00 nmerr]/s at 100 C., a Vi sc05|tym\$|(ﬁé‘¥a:— f 2€2§
and a pour point of -15 C When this base oil was subjected }to a W&TLkﬁ
stability test, turbidity was not found in the oil for a pe
or nore, and preC|p|tat|on did not occur for 50 hours or nore, thus -
confirmng the excellent UV stability 2% the base oil. In this connection

when a UV stability test of the lubricating

PROCESS FOR PRODUCING LOW VISCOSITY LUBRICATIONG BASE OIL
HAVING HIGH VISCOSITY INDEX

ABSTRACT OF THE INVENTION

A process for the'production of a high viscosity ’
index, low viscosity lubriéating base oil having a kinematic
viscosity of 3.0 to 5.0 mm?*/s at 100°C, a viscosity index of
120 or more and a pour point of -10°C or less,.while
simultaneously producing a high quality fuel oil, which
inéludes using at least one of a heavy gas oil fraétion and a
iight vacuum gas oil fraction as a stock oil that contains
about 60% by volume or more of distillate components within a
distillation temperature range of from about 370 to about
480°C and about 50% by mass or more of saturated
hydrocarbons, éubjecting.the stock oil to hydrocracking in
the presence of an amorphous silica alumina catalyst,
separating the cracked product into a fuel oil fraction and a
lubricating oil fraction by atmospheric-distillation, and
subsequently subjecting the lubricating oil fraction to
dewaxing, optionally applying at least one of solvent

refining and hydrofinishing.
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A aLo 1\a0 -\
base oil obtained.in Exanple 1 was carried out w thout subjecting it to the
furfural refining and hydrofinishing treatnents, the period for the
generation of turbidity was found to be 10 hours, and the period for the
generation of precipitation was found to be 20 hours. COVPARATI VE EXAVPLE
Using a vacuumgas oil fraction shown in Table 1 as #/s{®8k qil (fracti-es——
havi ng a boiling point range of 370[err]_t? 480[err] C., 47%]|bREPDAGEMENT SHEET
saturated hydrocarbons, 51% by
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PROCESS FOR PRODUCING LOW
VISCOSITY LUBRICATING BASE OIL

HAVING HIGH VISCOSITY INDEX

FIELD OF THE INVENTION

This invention relates to a process for the production of a

low viscosity lubricating base oil having a high viscosity

. index, together with a high quality fuel oil mainly composed
of a middle distillate.

BACKGROUND OF THE INVENTION

" In general, when a lubricating base oil is produced from
crude oil, the crude oil is first subjected to atmospheric
distillation, and the resulting residual oil is further subjected
to vacuum distillation to separate various lubricating oil
fractions having varied viscosities and vacuum distillation
residual oil. The vacuum distillation residual oil is subjected
to solvent deasphalting, thereby removing asphalt contents
and obtaining a heavy lubricating oil fraction (bright stock).

. These lubricating oil fractions baving varied viscosities,
including the bright stock, are further subjected to solvent
refining, hydrofinishing, dewaxing and the like steps to
produce the lubricating base oil of interest.

On the other hand, a hydrocracking process is known as
a process for the production of a lubricating base oil having
a high viscosity index. In this process, heavy oils such as
\J -~ vacuum gas oil fraction, bright stock and the like are
subjected to hydrocracking under high temperature and high
pressure conditions in the presence of a catalyst, and a high
viscosity index base oil is produced from the resulting oil.
Examples of the hydrocracking of heavy oil are disclosed,
for instance, in JP-B-46-3267, JP-B-50-26561, JP-B-50-

36442, JP-B-51-15046, JP-B-51-41641, JP-B-54-21205,

JP-B-54-31002, JP-B-57-17912, JP-B-62-5958, JP-A-48-

49804, JP-A- 63-258984, JP-A-64-6094, JP-A-3-197594,

JP-A-3-223393 and the like. (The term “JP-B" as used

berein means an “examined Japanese patent publication™,
mdtheuex;n"JP-A"asusedhereinmeans an “unexamined
published Japanese patent application™.) Also, hydrocrack-
ing and isomerization of wax and the like as the stock oil are
disclosed, for instance, in JP-B-57-17037, JP-B-60-22039,
JP-A-50-92905, JP-A-51-146502, JP-A-52-136203, JP-A-
1-223196, JP-A-1-301790, JP-B-4-503371, JP-A-4-226594,



mas”s), hydrocracki ng was carried out using the sanme cat a-
the sane reaction conditions enployed in Exanple 1. By subjleQEPIPCEMEST SHEET
cracked product to atno- spheric distillation, 31.1% by vollure—et—= ;
| ubricating oil fraction was obtained. The cracking ratio fiund to be

66. 0% by volume. Next, the lubricating oil fraction was sul)j g¢ct & JANJaB

axing in the same manner as described in Exanple 1. The de I ng_vield was
found to be 68.9% by vol une. ' -2 -

Lo

K.

USS. Pat. No. 4,547,283, U.S. Pat. No. 4,906,350, EP-Al-
0464547 and the like.

Development of a low viscosity base oil having a high
viscosity index has been called for in the area of not only
engine oil but also hydrautic fluid for construction machine
use. -

- “However, production of a low viscosity lubricating base

 oil having a high viscosity index is not easy because, when
it is produced by the solvent refining process in the art, the
product is limited to certain lubricating oil fractions ﬁ?m
specific high quality crude oil, and an extremely high

extractant ratio is required in the solvent refining step.

Because of this, the aforementioned hydrocracking pro-
cess has been developed and put into practical use only as a
process for the production of low viscosity lubricating base
oils having high viscosity index from mineral oil materials.
However, since beavy oils such as vacuum gas oil fraction,
bright stocks and the like are used as the stock oil in the
hydrocracking process in the art, the viscosity index of the
Iubricating oil fraction produced by this process is high in
_the case of a distillate having a relatively high viscosity, but

the index is not so high when the fraction has a relatively low

viscosity of 3.0 to 5.0 mm?/s as a kinematic viscosity at 100°
C. S
In consequence, the hydrocracking process in the art aims
at producing a lubricating base oil having a relatively high
 viscosity and, therefore, is not suitable for the production of
N a lubricating base oil having a relatively low viscosity and

a high viscosity index.

SUMMARY OF THE INVENTION

This invention contemplates overcoming the aforemen-
tioned problems involved in the hydrocracking process in
the art. It is accordingly, an object of the present invention
to provide a process for the production of a low viscosity
lubricating base oil having a high viscosity index, which has
a relatively low kinematic viscosity of 3.0 to 5.0 mm?*/s at

' 100° C., a high viscosity index of 120 or more and a pour
point of —10° C. or less, while simultaneously producing a
. high quality fuel oil mainly composed of a middle distillate.

Other objects and advantages of the present invention will
be made apparent as the description progresses.

With the aim of achieving the aforementioned objects, the



Wien the thus dewaxed oil was subjected to vacuumdistilla

100[err] C. was obtained with a yield of 55% by vol une bas
oil. This lubricating base oil showed a pour point of -15]

_ | ENT SHEET
lubricating base oil having a kinematic vis- cosity of 3.9P wg-s——a{--—

had a | ow viscosity index of 114.
- 3 -
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inventors of the present invention have conducted i intensive
studies and found that a lubricating oil fraction can be
obtained together with a high quality fuel oil consisting
mainly of a middle distillate by (a) using at least one of 2
heavy gas oil fmcuonandahghtvacuumgas oil fraction as
a stock oil which contains about 609 by volume or more of
distillate components within a distillation temperature range
of from about 370° to about 480° C. as well as about 50%
by mass or more of saturated hydrocarbons, (b) subjecting
the stock oil to a hydrocracking treatment in the presence of
a hydrocracking catalyst to obtain a cracked product, and (c)
subsequently subjecting the cracked product to an atmo-

spheric distillation treatment, and that a low viscosity base .

— oil having a high viscosity index, which has a kinematic
viscosity of 3.0 to 5.0 mm?/s at 100° C., a viscosity index of
120 or more and a pour point of ~10° C. or less, can be
obtained by subjecting the lubricating oil fraction to a
dewaxing treatment, to which at least one of a solvent
refining treatment and a hydrofinishing treatment is option-
ally applied.

In particular, the present inventors have discovered a
process for producing a low viscosity lubricating base oil
having a high viscosity index which comprises:

(A) effecting hydrocracking of a stock oil of at least one
of a heavy gas oil fraction and a light vacuum gas oil
fraction, the stock oil containing about 60% by volume or
more of distillate components within a distillation tempera-
ture range of from about 370° to about 480° C. and about

o : 50% by mass or more of saturated hydrocarbons, in the

~ ‘presence of a hydrocracking catalyst comprising an amor-
phous silica alumina carrier which contains at least one of
the group VIb metals in the periodic table and at least one
of the group VIII metals in the periodic table to obtain a
cracked product;

(B) separating the cracked product into a fuel oil fraction
and a lubricating oil fraction by atmospheric distillation,
thereby producing a high quality fuel oil; and

(C) subsequently subjecting the lubricating oil fraction to
a dewaxing treatment, to which at least one of a solvent
refining treatment and a hydrofinishing treatment is option-
ally applied, thereby producing a low viscosity lubricating
base oil having a high viscosity index, which has a kinematic
viscosity of about 3.0 to about 5.0 mm?%s at 100° C., a




~9- TABLE 1 Properties O Stock Q| Heavy = Vacuum gas ¢i REPLACERIEN®I SHEET
St ock oil . fraction fracti on Densi|t y—tgfcmperriat
15[err] ©C 0. 891 0.919 Kinematic viscosijty

3. 94 6.86 (mjerr]/s, at 100[err]C) 16 JAN 1998
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" viscosity index of 120 or more and a pour point of ~18°-€
or less.

DETAILED DESCRIPTION OF THE
INVENTION

The present mvenuou will now be described in greater
detail.

In the present invention, the saturated hydrocarbon con-.
tent is a value measured in accordance with a liquid chro-
matographic technique, namely the IP method (IP368-84).

Of the heavy gas oil fraction and/or light vacuum gas oil
fraction, a fraction having a relatively low distillation tem-
perature is desirable for the production of a low viscosity

_ base oil having a high viscosity index, because such a

~ fraction contains smaller amounts of aromatic coxnpounds
and polycyclic naphthene compounds which have low vis-
cosity indexes. In the hydrocracking step, the low viscosity
mdexaromauccompoundsconmnedmastockoﬂm :
converted into monocyclic aromatic compounds, naphthene
compounds and paraffin compounds having high viscosity
indexes, while the polycyclic naphthene compounds are
converted into monocyclic naphthene compounds and par-
affin compounds, thereby improving the viscosity index. As
described above, preferred stock oil may contain smaller
amounts of high boiling point compounds having low vis-

cosxtymdexes In other words, the stock oil may have a

viscosity index as high as possible, preferably about 85 or

more. : : )

- The hydrocrachng catalyst to be used in the present
invention is a catalyst made of an amorphous silica alumina

(% " as a carrier which contains at least one of the group VIb
metals such as molybdenum, tungsten and the like in an
amount-of from about 5 to about 30% by mass, and at least
one of the group VIII metals such as cobalt, nickel and the
like in an amount of from about 0.2 to about 10% by mass.
This hydrocracking catalyst has both hydrogenation and
cracking functions and therefore is suitable for use in the
production of a lubricating base oil having a high viscosity
index with a high middle distillate yield. -

The hydrocracking reaction may be carried out under a
hydrogen partial pressure of about 100 to about 140
kgh , at an average reaction temperature of about 360°
toabout430°C at an LHSV value of about 0.3 to about 1.5
brt, at a-hydtogenloil ratio of about 5,000 to about 14,000
scf/bbl and at a cracking ratio of about 40 to about 90% by
volume, preferably under a-hydrogen partial pressure of
about 105 to about 130 kg/cm’G, at an average reaction
temperature of about 380° to about 425° C,, at an LHSV
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value of about 0.4 to about 1.0 hr™* and at a cracking ratio
of about 45 to about 90% by volume. The cracking ratio is
defined as “100 - (% by volumc of upper 360° C. fraction in
the formed product)”. While the cracking ratio can be less
than about 40% by volume, if it is less than about 40% by
volume, sufficient hydrocracking of the low viscosity index
aromatic compounds and polycyclic naphthene compounds
contained in the stock oil cannot generally be carried out,
and therefore a low v:scosxty oil having a viscosity index of
l200rmore(3Qt050 Isasahncmaucvxscosxtyat
100° C.) is hardly obtainable. Also, while the cracking ratio
can be higher than about 90% by volume, the yield of the
lubricating oil fraction becomes low when the cracking ratio
exceeds -about 90% by volume. .

After the hydrocracking step is carried out, the resulting
.oil is separated into a fuel oil fraction and a lubricating oil
fraction by atmospheric distillation. In the fuel oil fraction
thus obtained, desulfurization and denitrification are com-
pleted sufficiently, as well as hydrogenation of aromatic
compounds. Each fraction of the fuel oil fraction can be used
as a high quality fuel oil, because its naphtha fraction has a
high isoparaffin content, its kerosene fraction has a high
smoke point and its gas ox] fraction has a high cetane
number.

On the other hand, a portion of the lubricating oil fraction
may be recycled to the hydrocracking step, or it may bc
further subjected to a vacuum distillation step to separate a
lubricating oil fraction having a desired kinematic viscosity.

*The vacuum distillation separation may be carried out after

a dewaxing step. Dewaxing treatment of the vacuum gas oil

. fraction is carried out to obtain a lubricating base oil having
a desired pour point. The dewaxing treatment may be carried

out in a usual way, such as solvent dewaxing, catalytic

‘dewaxing or the like process.

In the solvent dewaxing step, an MEK/toluene mixture is
generally used as a solvent, but benzene, acetone, MIBK or
the like solvent may also be used. The solvent dewaxing may

" be carried out at a solvent/oil ratio of 1 to 6 times and ata -

filtration temperature of about —15° to about —40° C,, in
order to set the pour point of the dewaxed oil to ~10° C. or
below. In this instarice, the slack wax.byproduct can be
reused in the hydrocracking step.

. According to the present invention, a solvent refining
treatment and/or a hydrofinishing treatment may be applied
to the dewaxing step. These application treatments are
carried out in order to improve UV stability and oxidation
stability of the lubricating base oil, which may be effected by
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530 ' 584 Thus, as is evident fromthese results, a |
| ubricating base oil-behaving a high viscosity index, whiqd

relatively low kinematic viscosity of 3.05¢ 20 mierr]/s
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conventionally used means in the general lubricating oil
refining step. That is, the solvent refining may be carried out
generally using furfural, phenol, N-methylpyrrolidone or the
like as a solvent to remove aromatic compounds, especially

polycyclic aromatic compounds, which remain in a small

quantity in the lubricating oil fraction. In the case of furfural
refining by a rotary-disc countercurrent contact extraction
apparatus, extraction is carried out by setting a temperature
gradient in the extraction column at such a gradient tha-
t.about 0.5 to about 6 volume parts of furfural can contact
with 1 volume part of the stock oil counter-currently in the
extraction column. In general, the extraction temperature at
the top of the extraction column is about 60° to about 150°
C. and the temperature at the bottom is lower than the

. column top temperature by about 20° to about 100° C.

The hydrofinishing is carried out in order to hydrogenate
olefin compounds and aromatic compounds. Though the
catalyst is not pamcxﬂarly Hmited, the hydroﬁmshmg may
be carried out using an alumina catalyst containing at least

_one of the group VIb metals such as molybdenum and the

like and at least one of the group VIII metals such as cobalt,
nickel and the like, under a reaction pressure (partial pres-
sure of hydrogen) of about 70 to about 160 kg/cm>G, at an
average reaction tempezature of about 300° to about 390° C.
and at an LHSV value of about 0.5 to about 4.0 hr™'.

The following examples are provided to further illustrate

the present invention. It is to be understood, however, that
the examples are for purpose of illustration only and are not

- to be construed to limit the scope of the invention. Unless

otherwise indicated, all pans perceats, ratios and the like are
by weight.
EXAMPLE 1

Using a heavy gas oil fraction shown in Table 1 as a stock
oil, hydrocracking was carried out under a hydrogen partial
pressure of 110 kg/cm?G, at an average reaction temperature
of 408° C., at an LHSV -value of 0.69 hr! and at a

hydrogenloil ratio of 9,000 scf/bbl, in the presence of a

- sulfurized form of catalyst which was prepared by support-

ing 3% by mass of nickel and 15% by mass of molybdenum
on an amorphous silica alumina carrier having a silica/
alumina ratio of 10/90.

By subjecting the cracked product to atmdspheric distil-
lation, 15% by volume of a naphtha fraction, 16% by volume
of a kerosene fraction, 51% by volume of a gas oil fraction
and 24% by volume of a lubricating oil fraction, based on the
stock oil, were obtained. The cracking ratio was found to be
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73% by volume. The smoke point of the kerosene and cetane
index of the gas oil were found to be 22 and 54, respectively.

Next, the lubricating oil fraction was subjected to solvent
dewaxing using an MEK/toluene mixture solvent at a sol-
vent/oil ratio of 4 times and at a filtration temperature of
~21° C. The dewaxing yicld was found to be 79% by
volume.

When the thus dewaxed oil was subjected to vacuum
distillation, a lubricating base oil having a kinematic vis-
cosity of 3.94 mm?/s at 100° C. was obtained with a yield of
65% by volume based on the dewaxed oil. The thus obtained
lubricating base oil showed a viscosity index of 129 and a
pour point of ~15° C,

EXAMPLE 2

Using the same stock oil and catalyst used in Example 1,
hydrocracking was carried out under a hydrogen.partial
pressure of 110 kg/cm?G, at an average reaction temperature
of 397° C., at an LHSV value of 0.69 hr™ and at a
hydrogen/oil ratio of 9,000 scf/bbl. -

By subjecting the cracked product to atmospheric distil-
lation, 8% by volume of a naphtha fraction, 6% by volume
of a kerosene fraction, 42% by volume of a gas oil fraction
and 51% by volume of a lubricating oil fraction, based on the
stock oil, were obtained. The cracking ratio was found to be
46% by volume. The smoke point of the kerosene and cetane
index of the gas oil were found to be 22 and 54, respectively.

Next, the lubricating oil fraction was subjected to solvent

- dewaxing in the same manner as described in Example 1.

The dewaxing yield was found to be 78% by volume.
When the thus dewaxed oil was subjected to vacuum

distillation, a lubricating base oil having a kinematic vis-

cosity of 4.01 mm?/s at 100° C. was obtained with a yield of

75% by volume based on the dewaxed oil. The thus obtained
lubricating base oil showed a viscosity index of 122 anda

pour point of -15° C,
EXAAMPLE 3

The lubricating oil fraction from the product of hydroc-
racking described in Example 1 was subjected to vacuum

&sﬁnaﬁontoobtainadisﬁnatehavingaldnemaﬁcviscosity
of 3.91 mm?s at 100° C. with a yield of 65% by volume
based on the lubricating oil fraction. The thus obtained
distillate was subjected to furfural solveat refining by a

- rotary-disc counter-current contact extraction apparatus

using 2 volume parts of furfural based on 1 volume part of
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the stock oil and at extraction temperatures of 120° C. at the
extraction column top and 52° C. at the column bottom. The
raffinate thus obtained with a yield of 98% by volume was
subjected to hydrofinishing. Hydrofinishing was carried out
under a hydrogen partial pressure of 105 kg/em®G, at an
LHSYV value of 2.5 hr™! and at an average reaction tempera-
ture of 330° C. in the presence of an alumina catalyst on
~ which cobalt and molybdenum were supported. The oil thus
formed with a yield of 99% by volume was subjected to
dewaxing under the same conditions described in Example
1. .
The lubricating base oil thus formed by these treatments
~ showed a kinematic viscosity of 4.00 mm?/s at 100° C., a
viscosity index of 129 and a pour point of ~15° C.
~ When this base oil was subjected to a UV stability test,
turbidity was not found in the oil for a period of 50 hours or
more, and precipitation did not occur for 50 hours or more,
thus confirming the excellent UV stability of the base oil. In
this connection, when a UV stability test of the lubricating
base oil obtained in Example 1 was carried out without
subjecting it to the furfural refining and hydrofinishing
treatments, the period for the generation of turbidity was
found to be 10 hours, and the period for the generation of
precipitation was found to be 20 hours. .

COMPARATIVE EXAMPLE

_ Using a vacuum gas oil fraction shown in Table 1 as a
— - stock oil (fraction having 2 boiling point range of 370° to
480° C., 47% by volume; saturated hydrocarbons, 51% by
mass), hydrocracking was carried out using the same cata-
lyst and under the same reaction conditions employed in
Example 1. By subjecting the cracked product to atmo-
spheric distillation, 31.1% by volume of a lubricating oil
fraction was obtained. The cracking ratio was found to be
66.0% by volume.

Next, the lubricating oil fraction was subjected to dew-
axing in the same manner as described in Example 1. The

- dewaxing yield was found to be 68.9% by volume.

When the thus dewaxed oil was subjected to vacuum
distillation, a lubricating base oil having a kinematic vis-
cosity of 3.99 mm®/s at 100° C. was obtained with a yield of
55% by volume based on the dewaxed oil. This lubricating
base oil showed a pour point of ~15° C,, but it had a low
viscosity index of 114,
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TABLE 1
Properties Of Stock Oil
Heavy Vacuum
' gas oil gas oil
Stock ail fraction fraction
Density (g/em®, at 15° C.) 0.891 0.919
Kinematic , 34 . 6.86
(mm?/s, at 100° C) .
Viscosity index 95 84
- Saturated hydrocatbons, (% by 60 - 48
mass, measured by IP368-84) a
Distillation characteristics,
(°C.. measured by ASTM D2887)

N mBp 242 255
10% 336 353
20% 364 387
30% 381 410
40% 393 429
50% 405 446
60% C 415 463
70% 426 481
80% 439 501
90% 459 525
EP 530 584

Thus, as is evident from these results, a low viscosity
lubricating base oil having a high viscosity index, which has
a relatively low kinematic viscosity of 3.0 to 5.0 mm?/s at
100° C., a high viscosity index of 120 or more and a pour
point of ~10° C. or less, can be produced by the process o1

. the present inveation, while a high quality fuel oil mainly
~ | ‘composed of a middle distillate is simultaneously produced.

While the invention has been described in detail and with
reference to specific embodiments thereof, it will be appar-
ent to one “skilled in the art that various changes and

- modifications can be made-therein without departing from
the spirit and scope thereof. :

What is claimed is: .

1. A process for producing a lubricating base oil which has
a kinematic viscosity of 3.0 to 5.0 mm?®/s at 100° C, a
viscosity index of 120 or more and a pour point of -10° C.
‘or less, said process comprising: " This Sheet Has Been Replaced

(A) effecting hydrocracking of a stock oil of at least one

of a heavy gas oil fraction and a light vacuum gas oil Illl |
fraction, the stock oil containing about 60% by volume
or more of distillate components within a distillation
temperature range of from about 370° to about 480° C.
and about 50% by mass or more of saturated hydro-

\THRS SHEET HAS BEEN\
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in the periodic table to obtain a cracked product; (B) s*p—arr-aﬁ-rrg
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- TABLE 1
Properties Of Stock Oil'
‘Heavy Vacum

: gas ol gas ail
Stock ail i _ fraction fraction
Deasity (g/cm®, at 15° C.) 0.891 0919
Kipematic viscosity, ' 394 6.86
(mm?/s, at 100° C.)
Viscosity index 95 8
- Sanrrated hydrocarbons, (% by &0 48
mass, measured by 1P368-84)
Distillation characteristics,
°C., measured by ASTM D2387)

. M2 . 255
10%. 336 353
20% 364 387
0% : 381 - 410
40% ' 393 429
50% 405 446
60% 415 483
70% . 426 481
80% _ 439 508
90% ' 459 525
EP . 530 534

Thus, as is evident from these results, a low viscosity
lubricating base oil having a.tngh meomtymdex,wmchhas
a relatively low kinematic viscosity of 3.0 to 5.0 mm?¥/s at
100° C,, a high viscosity index of 120 or more and a pour
point of ~10° C. or less, can be produced by the process of
the present invention, while a bxgh quality fuel oil mainly
‘composed of a middle distillate is simultaneously produced.
While the invention has been described in detail and with
reference to specific embodiments thereof, it will be appar-
ent to one "skilled in the art that various changes and
- modifications can be made therein without departing from
" the spmt and scope thereof. .
What is claimed is:
1. A process for producmg a lubncaung base oil which has
a kinematic viscosity of 3.0 to 5.0 mm?*/s at 100° C., a
viscosity index of 120 or more and a pour point of -10° C,

"or less, said process comprising: :
(A) effecting hydrocracking of a stock oil of at least one
of a heavy gas oil fraction and a light vacuum gas oil
fraction, the stock oil containing about 60% by volume
or more of distillate components within a distillation
temperature range of from about 370° to about 430° C.
and about 50% by mass or more of saturated hydro-

* This Shee'_c_ H'IS Been Re laced




about 5.0 mferr]ks at 100[err]C., a viscosity index of 120
pour point of -I0[err] € or less. 2. A process according t

wher el cking is carried out under a hydroge o
pressﬂmnllﬂumn”ﬂmmno "about 140 kg/cn{err] G at an averagg | edchilon %70
tenper atur®e df &bodt 360[err] to about 430[err] C., at an L val ue of

about 0.3 to about 1.5 hr[err] and at a tPactking ratio of abpul=2a0"t0o about

90% by volume, in the presence of a hydrocracking catalyst céntaining

ol ybdenum in an " carbons, in the presence of a hydrocracking catalyst
comprising an amorphous silica alumina carrier which
contains at least one of the group VIb metals in the
periodic table and at least one of the group VIII metals
in the periodic table to obtain a cracked product;

(B) separating the cracked product into a fuel oil fraction
and a lubricating oil fraction by atmospheric distilla-
.tion, thereby producing a high quality fuel oil; and
(C) subsequently subjecting the lubricating oil fraction to
a dewaxing treatment, to which at least one of a solvent
refining treatment and a hydrofinishing treatment is
optionally applied, thereby producmg a lubricating
base oil which has a kinematic viscosity of about 3.0 to
Y about 5.0 mm?/s at 100° C., a viscosity index of 120 or
more and a pour point of ~10° C, or less. -
2A process according to claim 1, wherein said hydroc-
racking is carried out under a hydrogen partial pressure of
about 100 to about 140 kg/cm®G, at an average reaction
temperature of about 360° to about 430° C., at an LHSV

_ value of about 0.3 to about 1.5 hr™* and at a: crackmg ratio
of about 40 to about 90% by volume, in the presence of a
hydrocracking catalyst containing molybdenum in an
amount of from about 5 to about 30% by mass and nickel in
an amount of from about 0.2 to about 10% by mass.

3. A process according to claim 1, wherein after the step
of separating the cracked product into a fuel oil fraction and
a lubricating oil fraction by atmospheric distillation, a lubri-
cating base oil is produced by subjecting said lubricating oil
fraction to vacuum distillation. .

~ 4. A process according to claim 2, wherein after the step
of separating the cracked product into a fuel oil fraction and
.a lubricating oil fraction by atmospheric distillation, a lubri-
cating base oil is produced by subjecting said lubricating oil
fraction to vacuum distillation. -

. 8. A process according to claim 2, wherein said hydroc-
racking is carried out under a hydrogen partial pressure of
about 105 to about 130 kg/cm®G, at an average reaction
temperature of about 380° to 425° C,, at an LHSV value of
about 0.4 to about 1.0 hr™! and at a cracking ratio of about
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45 to about 90% by volume. .
6. A process according to claim 5, wherein after the step  This Sheet Has Been R

ace
of separating the cracked product into a fuel oil fraction and
a lubricating oil fraction by atmospheric distillation, a lubri- " ,"'" m, m I"’
cating base oil is produced by subjecting said lubricating oil
fraction to vacuum distillation.
7. A process according to claim 1, wherein thc stock oil
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has a viscosity index of at least about 85.

8. A4xoassammmhngtocmnnxanMummthesumkcm
has a viscosity index of at least about 85.

9. A process according to claim 3, wherein the stock oil
has a viscosity index of at least about 85.

10. A process according to claim 4, wherein the stock oil
has a viscosity index of at least about 85.

11. A process according to claim §, wherein the stock oil
has a viscosity index of at least about 85.

12. A process according to claim 6, wherein the stock oil
has a viscosity index of at least about 85.

Th1s Sheet Has Been Replaced
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; A process according to claim2, wherein after the step of separating the
cracked product into a fuel oil fraction and a lubricating oil fraction by
atnospheric distillation, a lubri- cating base oil is produced by

subj ecting said lubricating oil fraction to vacuumdistillation. 5. A
process_according to claim2, wherein said hydroc- racking is carried out
under a hydrogen partial pressure of about 105 to about 130.kg/cnierr] G at

an average reaction -9 -
' 2l2jak
TABLE 1
Properties Of Stock Oil
' Hea.:iyl Vacuum
gas gas all

Stock ail fracrion frzcton
Deasity (g/em’, a2 15° C) 0891 0919
Kinematic viscosity, - 394 6.86
(mm?fs, st 100° C.)
Viscosity index 95 84
- Samrated hydrocarbens, (% by _ 60 43
mass, measured by IP363-84)
("C.. measured by ASTM D2887)
Bp 242 255
10% : 336 3is3
20% 364 387
0% 38 410
40% 393 429
50% 40s 446
60% 415 4683
70% 426 431
80% 433 501
EP - S30 534

Thus, as is evident from these results, a low viscosity
lubricating base oil having a high viscosity index, which has
a relatively low kinematic viscosity of 3.0 to 5.0 mm?/s at
100° C,, a high viscosity index of 120 or more and a pour
point of ~10° C. or less, can be produced by the process or
the present invention, while a high quality fuel oil mainly
composed of 2 middle distillate is simuitaneously produced.

While the invention has been described in detail and with
reference (0 specific embodiments thereof, it will be appar-
ent to one “skilled in the art that various changes and

- modifications can be made: therein without departing from
_the spirit and scope thereof.
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tenperature of about 380[err] to 425[err] C., at an LHSV val ue of about 0.4
tb about 1.0 hr[err] and at a cracking ratio of about 45 to about 90% by
volunme. 6. A process according to claim5, wherein after the stepef—"""
separating the cracked product into a fuel oil fraction an ' \“ﬂ“\ :
oil fraction by atnospheric distillation, a lubri- cating Emm“‘m“ M
produced by subjecting said |ubricatimgd®il fraction to va Lomos "
distillation. 7. A process according to claim1, wherein the stock oil

zﬂm is claimed is: )

- A process for producing a lubricating base oil which

3 kinematic viscosity of 3.0 to 5.0 mxiz/s at 100° cha:
Viscosity index of 120 or more and a pour point of ~10° C.
or less, said process comprising:

(A) effecting hydrocracking of a stock oil of at least one
of 2 Beavy gas oil fraction and a light vacuum gas oil
fraction, the stock oil containing about 60% by volume
or raore of distillate components within a distillation
lemperature range of from about 370° to about 480° C.
and about 50% bv mass or more of satirated hydro-

carbons, in the presence of a hydrocracking catalyst
comprising an amorphous silica alumina carrier which
contains at least one of the group VIb metals in the
periodic table and at least one of the group VIII metals
in the periodic table to obtain a cracked product;

(B) separating the cracked product into a fuel oil fraction
and a lubrcating oil fraction by atmospheric distilla-
tion, thereby producing a high quality fuel off; and

(C) subsequently subjecting the lubricating oil fraction to
a dewaxing treatment, to which at least one of 2 solvent
refining treatment and a hydrofinishing treatment is
optionally applied, thereby producing a lubricating
base oil which has a kinematic viscosity of about 3.0 to
about 5.0 mm?/s at 100° C., a viscosity index of 120 or
more and a pour point of —10° C. or less.

2. A process according to claim 1, wherein said bydroc-
racking is carried out under a hydrogen partial pressure of
about 100 to about 140 kg/cm*G, at an average reaction
temperature of about 360° to about 430° C., at an LHSV
value of about 0.3 to about 1.5 hr™* and at a cracking ratio

of about 40 to about 90% by veolume, in the presence of a
hydrocracking catalyst containing molybdenum in an
amount of from about 5 to about 30% by mass and nickel in
an amount of from about 0.2 to about 109 by mass.

3. A process according to claim 1, wherein after the step

of separating the cracked product into a fuel oil fraction and
a lubricating oil fraction by atmospheric distillation, a lubri-
cating base oil is produced by subjecting said lubricating il
fraction to vacuum distillation. :
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has-a viscosity index of at |east about 85. 8 A process according to claim

2, wherein the stock oil has a viscosity index of at |east about

| east about 85. 10. A process according to claim4,

t about 85 -9—A—
oL ST e s ek oL
or

oil has a viscosity index of at |east about 85. 11. A proce
claim5, wherein the stock oil has-aiyiscosity index of at |east about 85.

4. A process according to claim 2, wherein after the step
of separating the cracked product into a fuel oil fraction and

.2 lubricating oil fraction by atmospheric distillation, a lubri-

cating base ail is produced by subjecting said lubricating oil
fraction to vacuum disrillation.

5. A process according to claim 2, wherein said hydroc-
racking is carried out under a hydrogen partial pressure of
about 105 to about 130 kg/cm®G, at an average reaction
temperature of about 380° to 425° C., at an LHSY value of

‘sbout 0.4 to about 1.0 hr™! and at a cracking ratio of about

45 to about 90% by volume. _
6. A process according to claim 5, wherein after the step
of separating the cracked product into 2 fuel oil fraction and
a lubricating ol fraction by atmospheric distillation, 2 lubri-
cating base oil is produced by subjecting said lubricating oil
fraction to vacuum distillation.
7. A process according to claim 1, wherein the stack oil
has 2 viscosity index of at least about 85.

8. A process according to claim 2, wherein the stock oil
has a viscosity index of at least about 85. :

9. A procsss according to claim 3, wherein the stock ofl
bas a viscosity index of at least about 85.

10. A process according to claim 4, wherein the stock oil
bas a viscosity index of at least about 85.

11. A process according to claim 5, wherein the stock oil
has a viscosity index of at least about 85.

12. A process according to claim 6, wherein the stock oil -

bhas a viscosity index of at least about 85.
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12. A process according to claim6, wherein the stock oil has a viscosity
~ndex of at | east about 85.

- 12 -
ABSTRACT

PROCESS FOR PRODUCING LOW VISCOSITY LUBRICATING BASE OIL
HAVING HIGH VISCOSITY INDEX

A process for the production of high wviscosity index, 1low
viscosity lubricating base oil having a kinematic wviscosity of
3.0 to 5.0 mm*/s at 100°C., a viscosity index of 120 or more and
a pour point of -10°C. or less, while simultaneously producing
a high quality fuel oil, which includes using at least one of a
heavy gas oil fraction and a light vacuum gas oil fraction as a
stock oil that contains about 60% by volume or more of distillate
components within a distillation temperature range of from about
370 to about 480°C. and about 50% by mass or more of saturated
hydrocarbons, subjecting the stock oil to hydrocracking in the
presence of an amorphous silica alumina catalyst, separating the
cracked product into a fuel oil fraction and a lubricating oil
fraction by atmospheric distillation, and subsequently subjecting
the lubricating oil fraction to dewaxing, optionally applying at
least one of solvent refining and hydrofinishing. o
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