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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 iubricating 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 fractidns
having varied viscosities, including ﬁhe 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
hqving a2 high viscosity index. 1In this process, a vacuum gas
oil fraction, a bright stock, wax of various types or a

mixture thereof is subjected to hydrocracking under high
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‘FIELD OF THE | NVENTION -~ Thi s i nvention relates to a process

for the production of a o ' | ow vi scosity lubricating base oi
havi ng a hi gh viscosity _ i ndex, together with a high quality
fuel oil mainly conposed _ of a mddle distillate.

BACKGROUND OF THE | NVENTI ON . I n general, when a |ubricating
base oil is produced from crude oil. the crude oil is first
subj ected to atnospheric distillation, and-the resulting
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catalyst, and a hlgh v1scosxty 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-48-439804, 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
appliéation".) Also, hydrocracking and isomerization of wax
and the like aslthe stock o0il 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—6464547 énd 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 aiso hydraulic fluid for construction machine
use.

However, production of a iow viscosity lubricating
base o0il 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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~.fractions having varied viscosities and vacuumdistillation

residual oil. The vacuumdistillation residual oil is subjected

‘t'o solvent deasphal ting, thereby renoving asphalt contents and
obtai ning a heavy lubricating oil fraction (bright stock). '

These lubricating oil fractions having varied viscosities,

I ncl udi ng the bright stock, are further subjected to sol vent.

refining, hydrofinishing, dewaxing and the like steps to

produce th%x%&%ﬂ %ﬂ hb@%%f&ét t'fgfﬁéﬁﬁs requlred in thghsE?@eﬁEher

hand, a hy rocrack Focess | s Known a process tor the

productlonr%&lglhgb@ﬂgan ng base oil haV|ng a high viscosity
|ndex In this process, a.vacuum gas oi

Also, since heavy oils such as vacuum gas oil
fractions, bright stocks and the like, various types of wax
or mixtures thereof are used as the stock o0il in the
hydrocracking process in the art, the viscosity index of the
lubricating oil fractions 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 7.5 mm?/s as a kinematic
viscosity at 100°C. |

In consequence, the hydrocracking process in the aft
aims at producing a lubricating base oil having a relatively
high viscosity and, therefore, is not suitable for the
production of a lubricating base o0il having a relatively low
viscosity and a high viscosity index.

In the case of the catalytic isomerization of slack
an, on the other hand, it is necessary to carry out a
pretreatment for the removal of nitrogen and sulfur
components by arranging a hydrofining step prior to the
isomerization step, because the isomerization catalyst is apt
to cause deterioration due to nitrogen and sulfur compounds
contained in the slack wax.

SUMMARY OF THE INVENTION
This invention contemplates overcoming the

-aforementioned problems involved in the hydrocracking process
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‘fraction, a bright stock, wax of various types.or .a mixture. SRR
thereof is subjected to hydrocracklng under hi gh tenpera- S - ture

and hi‘gh pressure conditions in the presence of a catal yst, and -
a*hi gh V|sc03|ty i ndex base oil is produced from i "the resulting
oil. ~ Exanples of the hydrocracking of heavy oil are

di scl osed, for instance, in JP-B-46-3267, JP-B-50-26561

JP-B-50- : 36442, P-B-51-15046, |P-B-51-41641, JP-B-54-21205.
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the Iike. (Tm%éﬁ¥fgﬁF¥%E%r§$i&5qgjprocess for the production of a low
viscosity lubricating base 0il having a high viscosity index,
which has a relatively low kinematic viscosity of 3.0 to 7.5
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 inventors of the present invention have condqcted
intensive studieé and found that a lubricating oil fractioﬁ
can be obtained together with a high quality fuel oil
consisting mainly of a.middle distillate by (a) using a
mixture of at leést one of a heavy gas oil fraction and a
vacuum gas oil fraction with a slack wax as a stock oil, (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 wviscosity of 3.0 to 7.5 mm%/s af 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
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' herein neans an "exani ned Japanese patent publ i cation", - and the

“term,"JP-A" as used herein means an "“unexam-ned publ i shed
Japanese patent application”.) Al so, hydrocr ack- ing and
I'sommi zation of wax and the |ike as the stock oil are ' di scl osd,
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, _ U S. Pat. No. 4,547,283, U S.
Pat. No. 4 9%6ﬂ¥%% g%%é%ment and a hyd:g)é5 h n reaLﬁent is

optionally applied.

In part;cular, the present inventors have dis;overed
a proCess'for producing a low viscosity lubricating base oil
having.a high viscosity index which comprises:

(A) subjecting a mixture of (a) at least one of a
heavy gas oil fraction and a vacuum gas oil fraction of crude
0il and (b) a slack wax to hydrocracking 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 craéked product into a fuel-oil
fraction.and a lubricating oil fraction by atmospheric
distillation, thereby producing a high quality fuel oil; and

(C) subsequently subjecfing 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 o0il having a high viscosity index, which has
a kinematic viscosity of 3.0 to 7.5 mm?’/s at 100°C, a
viscosity index of 120 or more and a pour point of -10°C or
less.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will now be described in

greater detail.
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Devel opnent of a | ow viscosity base oil having a high

The stock 0il to be used in the present invention is
desirably a mixture of 98% by volume or less of at least one
of a heavy gas oil fraction and a vacuum gas oil fraction
with 2% by volume.or more of a slack wax, although such is
not required. The heavy gas oil fraction and/or vacuum gas
oil fraction for use in the preparation of the above stock
oil desirably contains about 60% by volume or more of
diétillate components within a distillation.temperature range
of from about 350 to about 540°C, although such is not
required.

Thus, of the heavy gas oil fraction and/or vacuum gas
oil fraction, a fraction having a relatively low distillation
temperature is desirable for the production of a low
viscosity base 6il having a high viscosity index, because
such a fraction contains smaller amounts of aromatic
compounds and polycyclic naphthene compounds which have low
viscosity indexes. |

The slack wax, on the other hand, is a byproduct
formed during a solvenf dewaxing step in a process for the
production of lubricating base oils from paraffinic
lubricating oil fractions, which contains n-paraffin and
branched paraffins having a small number of side chains as
main components and a small quantity of naphthene compounds
and aromatic compounds. In consequence, though the
distillation temperature range of the slack wax for use in

the preparation of the stock oil is not particularly limited,
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vi'scosity index has-been call ed- for: in the area’of not onIy engi ne oil

but also hydraulic fluid for construction machine use. However ,
production of a | ow viscosity lubricating base oi | having a high
viscosity index is not easy because, when it is produced by the sol vent.
refining process in the art, the product is limted to certain.

| ubricating oil fractions from- specific high quality crude oil, and an

extremnel y ‘hi gh extractant ratio is required in the_solvent refining step.
?Lzoilig?CSarlous ;%%éﬁgfnRg; XQQQEQ%%Y Olkogrgg%cggity g%'%%%liéPCks and
for the production of a low viscosity base oil.

That is, a preferred Slack wax to be added to a heavy
gas oil fraction may have a kinematic viscosity of 3.0 to 5.5
mm?/s at 100°C for the production of a lubriéating base ‘0il
having a kinematic viscosity of 3.0 to 5.0 mm?/s at 100°C.

Also, a slack wax to be added to a vacuum gas oil
fraction may have a kinematic viscosity of 4.5 to 25 mm?/s at
100°C, preferably 4.5 to 9 mm?/s, for the production of a
lubricating base oil having a kinematic viscosity of 4.5 to
7.5 mm?*/s at 100°C.

In the hydrocracking step, the low viscosity index
aromatic compounds contained in a stock oil are converted
into monocyclic aromatic compounds, naphthene compounds and
pafaffin compounds having high viscosity indexes, while the
polycyciic naphthene compounds are converted into monocyclic
naphthene compounds and paraffin compounds, thereby improving
the viscosity index. As described above, a preferred stock
0il may contain smalle; amounts of compounds having low
viscosity indexes especially at high boiling points. 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 ViIb

metals such as molybdenum, tungsten and the like in an amount
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" ~.thereof-are used as the stock.oil in the hydrocracking process in the art,
the viscosity index of the lubricating -oil fractions produced by this
process is high in the case of a distillate having a relatively high

vi scosity, but the index is not so high when the fraction has arelatively
| ow viscosity of 3.0 to 7.5 mjerr]/s as a kinematic viscosity at 100 C

I n consequence, the hydrocracking process in the art ainms at producing a

| ubricating base oil having a relatively high viscosity and, therefore, is

not sui t abl ggf ggg}aegﬁgmcg! 28 bot L!;gfaé G i PASEN® bt hBYLDE Bnbebat Lygl Y

ow viscosity and a high viscosity 1ndex. S . |
group VIII metals such as cobalt, nickel and the like in an
amount.of_from ébout 0.2 to about 10% by mass.

This hydrocracking catalyst has both hydrogenation
and cracking functions and therefofe 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 reaction 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 énd
at a cracking ratio of about 40 to about 90% by wvolume,
preferably under a hydrogen partiél 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 énd at a craéking 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 leés 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 o0il cannot
generally be carried out, and therefore a low viscosity oil

having a viscosity index of 120 or more (3.0 to 7.5 mm%/s as
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In-the case of the catalytic:isonerization of sl-ack wax; -on the‘ot her hand,
It IS necessary to carry out a pretreatnent for the renoval of nitrogen and
sul fur conponents by arranging a hydrofining step prior to the

I sonmeri zation step, because the isonerization catalyst is apt to cause
deterioration due to -nitrogen and sul fur conpounds contained in the slack
wax. SUWARY OF THE INVENTION This invention contenpl ates
overcom ng the aforenmen- tioned problens involved in the hydrocracking

Process in , yinematic viscosity at 100°C) is hardly obtainable. Also,
while the cracking ratio can be higher than aboutl90% by
volume, the yiéid of the lubricating oil fraction becomes low
when the cracking iatio 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 well as
hydrogenation of aromatic compounds. Each fraction of the
fuel o0il fraction can be used as a high quality fuel o0il,
because its naphtha fraction has a high isoparaffin cohtent,
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
kineﬁatic viscosity. The vacuum distillation separation may
be carried out after a dewaxing step described below.

Since the thus obtained lubricating oil fraction has
a high pour point, a dewaxing treatment is carried out to
obtain a lubricating base o0il 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
- 9 -
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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-
hi gh viscosity index, which has a relatively | ow kinematic viscosity of 3
ta 7.5 mierr]/s at 100 C., a high viscosity index of 120 or nore and a
pour point of -10 C. or less, while sinultaneously producing a high quality
fuel oil mainly conposed of a mddle distillate. O her objects and
advant ages of the present invention will be made apparent as the
description t.he af orenenti oned

f h
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MIBK or the like solvent may also be used.

The sol;ent deﬁaxing 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. In this
instance, the slack wax byproduct can be reused in the
.hydrbcracking 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 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 guantity in the lubricating oil fraction.
In the case of furfurél refining by a rotary-disc counter-
current contact extraction appératus, 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 paft of the stock
0il counter-currently in the extraction column. In general,

the extraction temperature at the top of the extraction

- 10 -
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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 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, nlckel 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 of about 300 to
about 390°C and at an LHSV value of about 0.5 to about 4.0
hx-l.

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 mixture of 80% by volume of a heavy gas oil
fraction shown in Table 1 with 20% by volume of a light slack
wax shown in Table 2 as a stock oil, hydrocracking was
carried out under a hydrogen partial pressure of 110 kg/cm’G

at an average reaction temperature of 418°C, at an LHSV value

- 11 -
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studi es and found that a lubricating oil firaction can be obtai-ned together
with a high quality fuel oil consisting mainly of a mddle .distillate by
(a) using a mxture of at |east one of a heavy gas oil fraction and a
vacuumgas oil fraction with a slack wax as a stock oil, (b) -subjecting the
stock oil to a hydrocracking treatnent in the presence of. a hydroc- racking
catalyst to obtain a cracked product, and (c) subse- quently subjecting the
cracked product to an atnospheric distillation treatnent, and that a | ow

Vi Scosity bagey 954 RBUI el GNnYhEBREHY L1k MU £ NS0 S kEASE | 61
' the'presence of a sulfurized fbrm of catalyst which was
prepared by'supporting 3% by mass of nickel andlis% by mass
of molybdenum on an amorphous silica aluminé'carrier having'a
silica/alumina ratio of 10/90. By subjecting the cracked
product to atmospheric distillation, 16% by volume of a
naphtha fraction; 16% by volume of a kerosene fraction, 48%
by volume of a gas oil fraction and 26% by volume of a
lubricating‘oil fraction, based on the stock oil, were
obtained. The cracking'raﬁio was found to be 68% by volume.
The smoke point of the kerosene and cetane index of
the gas o0il were found to be 23 and 58, respectively. |
Next, the lubricating oil fraction was subjected to
solvent dewaxing using an MEK/toluene mixture solvent at é
solvent/oil ratio of 4 times and at a filtration temperature
of -21°C. The dewaxing yield was found to be 76% by volume.
When the thus dewaxed o0il was subjected to vacuum
distillation, a lubricating base oil having a kinematic
viscosity of 3.56 mm*/s at 100°C was obtained with a yield of
60% by volume based on the dewaxed oil. The thus obtained
lubricating base 0il showed a viscosity index of 131 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

- 12 -
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cosity of 3.0 to.7.5 nmjerr]/s-at- 100 'C., a viscosity index of 120 or nore
and a.pour point of -10[err]C. or less, can be obtained by subjecting the
| ubricating oil fraction to.a dewaxing treatnent, to which at |east one of
a solvent refining treatnment and a hydrofinishing treatnent is option- ally

appl i ed. In particular, the present inventors have di scovered a process
for producing a |l ow viscosity |lubricating base oil having a high viscosity
i ndex whi ch conpri ses: (A) subjecting.a mxture of (a) at |east one of a

heavy gas of fddod!agtion AREY A, YACYUSE 98569 het? 3Fd Ut U EfdifisghVoil

_rétid of 9,000 scf/bbl. By subjecting the cracked pioducf to
atmospheric disiillation, 9% by volume of a naphtha fraction,
7% by volume of a kerosene fraction, 41% by volume of a gas
oil fraction and 51% by volume of 'a lubricating oil fraction,
based on the stock o0il, were obtained. The crackiné ratio
was found to be 47% by volume.

The smoke point of the kerésehe and cetane index of
the gas o0il were found to be 22 and 56, res?ectively.

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 temperaturé
of -21°C. The dewaxing yield was found to be 72% by volume.

When the thus dewaxed oil was subjected to vacuum
distillation, a lubricating base oil having a kinematic
viscosity of 4.15 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 123 and a
pour point of -15°C.

EXAMPLE 3

Using a mixture of 90% by volume of a heavy gas oil
fraction shown in Table 1 with 10% by volume of a medium
slack wax shown in Table 2 as a stock oil, hydrocracking was
carried out in the same manner as described in Example i. By
sﬁbjecting the cracked product to atmospheric distillation,

15% by volume of a naphtha fraction; 16% by volume of a

' - 13 -
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“and (b) a slack wax to hydrocracking i'n the préséncé of " a hydrocracki ng -

catal yst conprising an anorphous . silica alumna carrier which contains
at | east one of the group VIb netal's in the periodic table and at |east
one of the group VIIl netals in the periodic table to obtain a
cracked product; (B) separating the cracked product into a fuel oi
fraction - and a lubricating oil fraction by atnospheric distilla-

tion. thereby producing a high quality fuel oil; and (C) subsequently
subl ect 10 {eckube €l LgcRl! 6535} 9Balhe or 3 YRPLID HLSA IR and ©
25% by volume of a lubricating oil fraction, based on the
stock oil, weré obtained. The cracking ratio was found to be
67% by volume. The smoke point of the kerosene and cetane
index of the gas o0il were found to be 23 and 57,
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 79% by volume.

When the thus dewaxed o0il was subjected to vacuum
distillation, a lubricating base o0il having a kinematic

.viscosity of 4.07 mm?/s at 100°C was obtained with a yvield of
90% by volume based on the dewaxed oil. The thus obtained
lubricating base 0il showed a viscosity index of 130 and a
pour point of -15°C.

EXAMPLE 4

- Using a mixture of 70% by volume of a vacuum gas oil
fraction shown in Table 1 with 30% by volume of a heavy slack
wax shown in Table 2 as a siock oil, hydrocracking was
carried out using the same catalysf as described in Example 1
under a hydrogen partial préssure of 110 kg/cm?G, at an
average reaction temperature of 418°C, at an LHSV value of
0.69 hr and at a hydrogen/oil ratio of 8,300 scf/bbl.

- By subjecting the cracked product to atmospheric
distillation, 15% by volume of a naphtha fraction, 15% by

volume of a kerosene fraction, 44% by volume of a gas oil

- 14 -
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refihing treatment and a hydrofini shing treatnent is optidnaliy

applied, thereby producing a | ow viscosity | ubri cating base oil having
a high'viscosity index, whi ch has a kinematic viscosity of 3.0 to 7.5
mierr]/s at 100 C., a viscosity index of 120 or nore and a pour

point of -10[err]C. or |ess. DETAI LED DESCRI PTI ON OF THE

| N\VENTION  The present invention will now be described in greater detail
The stock. oil to be used in the present invention is

fraction and 32% by volume of a lubricating oil fraction,
based on the stock oii,-were obtained. The cracking ratio
was found to be-67% by volume. The smoke point of the
kerosene and cetane index of the gas oil were found to be 23
and 57, respectively. )

Next, the lﬁbricating oil fraction was subjected to
solvent dewaxing in the same manner as described in Example
1. The dewaxing yield was found to be 62% by volume.

When the thus dewaxed oil wés subjected to wvacuum
distillation, a lubricating base oil having a kinematic
viscosity éf 4.13 mm*/s at 100°C was obtained with a yield of
50% by volume based on the dewaxed oil. The thus obtained
lubricating base oil showed a viscosity index of 124 and a
pour point. of -15°C. Also, a lubricating base oil having a
kinematic viscosity of 7.10 mm%/s at 100°C was obtained with
a yield of 35% by volume bésed on the dewaxed o0il. The thus
obtained base 0il showed a viscosity index of 141 and a pour
point of -15°C.

EXAMPLE 5 -

The lubricating oil fraction from the product of
hydrocfacking described in Example 4 was subjected to vacuum
distillation to obtain a distillate having a kinematic
viscosity of 7.21 mm?/s at 100°C with a yield of 40% by
volume based on the lubricating oil fraction. The thus
obtained distillate was subjected to furfural solvenf

refining by a rotary-disc counter-current contact extraction
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desirably a-mixture of 98% by volume or ‘l ess of at least one of .a heavy gas
fraction and a vacuumgas - oil fraction wth S >

apparatus using 2 volume parts of furfural based on 1 volume

part of the stock oil and at extraction temperatures of 135°C
at the extraction column top and 55°C at the column bottom.
The raffinate thus obtained with a yield of 97% by volume was
subjected to hydrofiniéhing. 'Hyd;ofinishing was carried out
uhder a hydrogen partial pfessure of 105 kg/cm’G, af an LHSV
value of 3.0 hr™ and at an average reaction température of
340°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 7.38 mm?/s at
100°C, a viscosity index of 142 and a pour point of -15°C.

When this base o0il was subjected to a UV stability
test, turbidity was not found in the oil for a period of 40
hours, 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 4 having a kinematic
viscosity of 7.10 mm?/s at 100°C 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.

- 16 -
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'~.2@6by’VOIune or nore of a slack wax, although suéh-iS'th.reqUIred. The
heavy ,gas oil fraction and/or vacuumgas oil fraction for use in the -
preparation of the above stock oil desirably contains about 60% by vol une

or nore of distil- late conponents within a distillation tenperature range
of from about 370[err] to about 540 C. , although such is not required.
Thus, of the heavy gas oil fraction and/or vacuumgas oil fraction, a

fraction having a relatively lowdistillation term
' o 'COMPARATIVE EXAMPLE

Using.a mixture'oil consisting of 70 volume parts of
a vacuum gas oii fraction and 30 volume parts of a bright -
stock both shown in Table 1 as a-stock oil kfraction having a
boiling point range of 370 to 540°C, 57% by volume),
hydrocracking was carried out using the same catalyst and
under the same reaction conditions employed in Example 1. By
subjecting the cracked product to atmospheric distillation,
32% by volume of a lubricating oil fraction was obtained.

The cracking ratio was found to be 68% by volume.

_ The lubricating oil fraction was subjected to
dewaxing in the same manner as described in Example 1. The
dewaxing yield was found to be 80% by volume.

Wheh the thus dewaxed oil was subjectéd to vacuum
distillation, a lubricating base oil having a kinematic
viscosity of 3.54 mm?/s at 100°C was obtained with a yield of
38% 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 113.

. - 17 -
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perature is desirable for the production of -a | ow viscosity. base oi

havi ng a hi gh viscosity index, because such a fraction contains snaller
amount $ of aromatic conpounds and pol ycyclic napht hene conpounds which
have | ow vis- cosity indexes. "~ The slack wax, on the other hand, is a
byproduct formed during a solvent dewaxing step in a process for the
produc- tion of lubricating base oils fromparaffinic |ubricating oi
fractions, which contains n-paraffin and branched paraffins having a snall

nunber of "side chains aspgmid £OPRAGPLSc:BA00E SEAI ANt Ly Of naphthene

conpounds and aromatic

Heavy Vacuum
: o . gas oil gas oil Bright

Stock oil _ _fraction fraction = _stock
Density (g/cm®, at 15°C) 0.898 0.924 0.931
Kinematic viscosity, 4.21 6.33 40.6
(mm?*/s, at 100°C) -
Viscosity index 92 85 84
Saturated hydrocarbons, 57 45 42

(% by mass, IP368-84)

Distillation characteristics,
(°C, ASTM D2887)

IBP 247 258 453
10% 343 344 523
20% 370 377 545
30% 388 401 _ 561
40%- 401 421 . 575
50% : 413 439 589
60% 424 456 603
70% 436 473 618
80% 451 491 633
90% 473 . 514 653
EP 563 575 737
- 18 -
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conbbuhdsj.InjConsequenée] t hough.the distillation tem perature range of

the slack wax for use in the preparation of the stock oil is not
particularly limted, a slack wax having a relatively |low viscosity is
desirable for the production of a |low viscosity base oil. That is, a

preferred slack wax to be added to a heavy gas oil fraction may have a
kinematic viscosity of 3.0 to 5.5 mjerr]/s at 100[err]C. for the
production of a lubricating base oil having a kinematic viscosity of 3.0 to

5.0 nmmjerr]/s at 100 C. Al so, a slack wax to be added to a vacuum gas
oil fraction may have ai%ﬂf%“ﬁichESQQEié¥ 8f 4+3ck033 Tﬂfﬁr]/s at 100
: _ | Light - Medium Heavy
Stock oil slack wax slack wax  slack wax
Density (g/cm®, at 15°C) 0.824 0.834 - 0.855
Kinematic viscosity, 3.86 4.96 7.98
(mm?/s, at 100°C) :
Viscosity index 168 170 155
Saturated hydrocarbons, 93 90 80

(% by mass, IP368-84)

Distillation characteristics,
(°C, ASTM D2887)

IBP 319 320 323
10% 396 421 447
20% 410 439 468
30% 418 448 480
40% 426 455 490
50% 432 462 500
60% 438 . 467 510
70% 444 472 521
80% 450 478 534
90% 458 486 554
EP 516 529 624

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 7.5
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 inventioh, while a high éuality fuel oil |
mainly composed of a middlé distillate is simultaneously

produced.

_ : - 19 -
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- C., preferably 4.5 to 9 nmm/s. for the production of a lubricating base oil
having a kinematic viscosity of 4.5 to 7.5 mRls at 100 C In the
hydr ocr acki ng step, the low viscosity index aro- matic conpounds contai ned
in a stock oil are converted into nonocyclic aromatic conpounds, naphthene
conpounds and paraffin conpounds having high viscosity indexes, while the
pol ycycl i ¢ napht hene conpounds are converted i nto nonocyclic. naphthene
conpounds and paraffin com pounds, thereby inproving the viscosity index.

As described above, el HELE WA M | ndBYLEQR! BLEcSTBLLE i nAFRHALS Bha
.with reference to specific examplés thereof, it will be
apparent to one-skilled in the art that wvarious changes and
modifications can be made therein without departing from the

spirit and scope thereof.
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~ conpounds havi ng I ow viscosity indexes especially at hi gh b ' “ﬂl“u"- 
. In other words, the stock oil may ‘have a viscosity index asﬂ |m:mumlw -
possi bl.e, preferably about 85 or nore. es

L)

WHAT IS CLAIMED IS:
1. A process for producing a low viscosity lubricéting
base oil;having'a high viscosity index which comprises:

(A) subjecting a mixture of (a) at leaét one of a
heavy gas oil fraction and a vacuum gas oil fraction of crude
oil and (b) a slack wax.to hydrocracking in the presence of a
hydrocracking catalyst comprising an éﬁorphous silica alumina
cairief 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 prodﬁcing a high quality fuel o0il; 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 has
a kinematic viscosity of 3.0 to 7.5 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 stock
oil.for hydrocracking use is a mixture of 98% by Volume or
less of at least one of a heavy gas oil fraction and a vacuum
gas oil fraction containing about 60% by volume or more of

distillate components within a distillation temperature range
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-5- | " The hydrocracklng catalyst to be used in the pres
“inventign is a catal yst nade of an anorphous silica al um na nm“ IQLI!HH}I‘HHIII
whi ch contains at |east one of the group Vib netal s such as no anum)  *
tungsten and the like in an . amount of from about 5 to about 30% by nass,
and at | east one of the group VIII netals such -as cobalt, nickel and the

like in an anobunt of from about 0.2 to about 10% by nass.

of from about 370 to about 540°C and 2% by volume or more of
a sléck wax.

3. .A process accérding to claim 1, wherein said .
hydrocracking is carried out using a mixture stock oil
obtained by adding a slack wax having a kinemétic viscosity
of 3.0 to 5.5 mm?/s at 100°C to a heavy gas oil fraction, and
a lubricating base oil having a kinematic viscosity of 3.0 to
5.0 mm*/s at 100°C is produced from the cracked product.

4. A process according to claim 2, wherein said
hydrocracking is carried out using a mixture stock oil
obtained by adding a slack wax having a kinematic viscosity
of 3.0 to 5.5 mm*/s at 100°C to a heavy gas oil fraction, ana
a lubricating base o0il having a kinematic viscosity of 3.0 to
5.0 mm?/s at 100°C is produced from the cracked product.

5. A process according to claim 1, wherein said
hydrocracking is carried out using a mixture stock oil
obtained by adding a slack wax having a kinematic viscosity
of 4.5 to 25 mm’/s at 100°C to a vacuumlgas oil fraction, and
a lubricating base oil having a kinematic viscosity of 4.5 to
7.5 mm?/s at 100°C is produced from thg cracked product.'

6. A process according to claim 2, wherein said
hydrocracking is carried out using a mixture stock oil
obtained by adding a slack wax having a kinematic wviscosity
of 4.5 to 25 mm?/s at 100°C to a vacuum gas oil fraction, and
a lubricating base o0il having a kinematic viscosity of 4.5 to

7.5 mm?/s at 100°C is produced from the éracked product.
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'Th| S hydrocrack| ng cat al yst has both- hydrogenatlon and

functions and therefore is suitable for use in the producimmm“"l““"m“|“i
| ubricating base oil having a high viscosity index with a High ntddle s
distillate yield. - The hydrocracking reaction may be carried out under

a. hydrogen partial pressure of about 100 to about 140 kg/cnierr]G at an
average reaction tenperature of about 360 to about 430 C., at an LHSV.

val'ue of about 0.3 to about 1.5 hr[err], at a hydrogen/oil ratio of about

5, 000 t o-abqgut 1400 bl d a.cracki.n ati.o of. about 40 to about
90% by vol grre pr efef; l% 5%% dﬁ%cﬁ:ﬁ’er? ]; THeEeifesatd

hydrocracklng is carried out under a hydrogen partlal
pressure of about 100 to about 140'kg/anG, 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 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.

8. A process according to claim 2, 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 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.

9. A process according to claim 3, 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 molybdenum in an amount of

- 23 -
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about 105 to ‘about 130 kg/cnferr] G at "an average reaction 't
about 380[err] to about 425[err] C., at an LHSV value of abciym!g@“;“ﬂ”ﬂm”m
“about 1.0 hr[err] and at a cracking ratio of about 45 to abo oDy W s w
vol une. The cracking. ratio is defined as "100-(% by vol une of upper 360

C. fraction in the formed product)". Wiile the cracking ratio can be |ess

t han about 40% by volune, if it is less than about 40% by vol une,

suf ficient hydrocracking of the |ow viscosity index aromatic conpounds and

pol ycycl i ¢ napht hene canpounds contained in the stock ojl  cannot- generally

be carried SGP™ &RUENSr dCoREORTY AN iR FGSS #d nickel in an amdunt of

from about 0.2 to about 10% by mass.

10. A proceés according to claim 4, wherein said
hydrocracking is carried out under a hydrogen partial
pressure of about 100 to about i40 kg/anG, at an average
reaction temperature of about 360 to about 430°C, at an LHSV
vaiue 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 molybdehum 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.

11. A process according to claim 5, wherein said
hydrocracking is carried out under a hydrogen partial
pressure of about 100 to about 140 kg/anG,'atlan average
reaction temperafure of about 360 to about 430°C, at an LHSV
value of about 0.3 to about 1.5 hr! and at a cracking raiio
of about 40 to about.90% by volume, in the presence of a
hydrocracking cafalyst 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.

12. A process'according to claim 6, 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
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having a viscosity index of 120 or nore (3. 0to7.5 err]/s
- kinematic viscosity at 100[err] C) .is hardly obt ai nme ) Hmmm“u“ulullllmll
cracklng rati o can be hi gher than about 90% by vol une, the erFd bf % he'
| ubricating oil fraction becomes | ow when the cracking rati o exceeds about
90% by vol une. After the hydrocracking step is carried out, the resulting
'0il is separated into a fuel oil fraction and a lubricating oil fraction by
at nospheric distillation. In the fuel oil fraction thus obtained,

e S A A LA SO ASLPAASHER' FhEE Yol

fraction cag R Ut 5 to about 30% by mass and nickel in an amount of
from about 0;2_£o about 10% by mass. |
13. 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 atmoépheric
distillation, a lubricating base oil is produced by
subjecting said lubricating oil fraction to vacuum
distillation.
14. 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 atmospherié
distillation, a lubricating base oil is produced by
subjecting said lubricating oil fraction to vacuum
distillation.
15. A process according to claim 3, wherein after the
step of separating the cracked product into a fuel o0il
fraction and a lubricating oil fraction by atﬁospheric
distillation, a lubricating base oi} is produced by
subjecting said lubricating oil fraction to vacuum
distillation.
16. A process according to claim 4, wherein after the
stép 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
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‘as a high quality fuel oil, because its naphtha fraction.has
hi gh i soparaffin content, its kerosene fraction has a high snﬂw’lﬂunﬂmaﬂm““l :
"its gas oil fraction has a high cetane nunber. On the ot her
pocttion of the lubricating oil fraction nay be recycled to the

hydrocracking step, or it may be

subjecting said lubricating oil fraction to vacuum
distillation.

17. A process according to claim 5, wherein after the
step of éeparating 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.

18. A procéss according to claim 6, 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.

19. A process according to claim 7, wherein after the
step of separating the tracked product into a fuel oil
fraction and a lubricating oil fraction by atmospheric
distillation, a lubricating base oil is prodﬁéed by
sﬁbjecting said lubricating oil fraction to vacuum
distillation.

20. A process according to claim 8, 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 wvacuum

distillation.
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furt her subj ect ed to a vacuumdistillation step to separate u“l‘“"“l“ﬂ“lwmm
oil fraction having a desired ki nemati c Vi scosity. The vact -
di stil+ation separation may be carried out after a dewaxi ng *st &p nos

ggsﬁri bed bel ow. . Since the thus obtained lubri.cating oil fraction has a
I g '

21. A process according to claim 9, wherein after the
step of séparéting the cracked product into a fuel oil
fraction and a lﬁbricating oil fraction by atmospheric
distillation, a lubricating base oil is produced by
subjecting said lubricating oil fraction to vacuum
distillation.

22. A process according to claim 10, wherein after the
step of separating the.cracked product into a fuel oil
fraction aﬁd a lubricating oil fraction by atmospheric
distillation, a lubricating base oil is produced by
subjecting said lubricating oil fraction to vacuum
distillation.

23. A procéss according to claim 11, wherein after the
step of separatiﬁg 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.

24. A process according to claim 12, 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 produqed by
subjecting said lubricating oil fraction to vacuum
distillation.

25. A process according to claim 7, wherein said

hydrocracking is carried out under a hydrogen partial
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pour . p0| nt, a dewaxing treatnment is carried out to obtain a Hm nmm;“ll“”“l
base oil haV|ng a desired pour point..The dew axing.treatne m
carried out in a usual way, such as solvent dewaxi ng, catal ytfc Hewaxihg®
or.the like process. In the solvent dewaxing step, an MEK/toluene m xture

is generally used as a solvent, but benzene, acetone, MBK or the |ike

sol vent may al so be used. The sol vent dewaxi ng may be carried out at a
solvent/oil ratio.of 1 to 6 tinmes and at a filtration tenperature of about

-15 to about | O r. i h o] RQizAt e g@éed oi

to -10[err](?r€%g€%§céé 7#§H€ig@$ns§a%§é?£t§ges#§gk9{a’ gt &h av%%
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.

26. A process according to claim 1, wherein the stock oil

has a viscosity index of at least about 85.
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wax -byproduct: can be reused in the hydrocracking step. . - According to the
present invention, a sol vent refini'ng treatmept and/ or a hydroflnlshlng
treat nent may be applled to the dewaxi ng step. These application treatnents
arg carried out in order to inprove UV stability and oxidation stability of
the lubricating base oil, which may be effected by conventional Iy used
nmeans in the general lubricating oil refining step. That is, the sol vent
refining may be carried out generally using furfural, phenol

N-met hyl pyrrolidone or the Ii t. o200 aromatic conpounds,
especially polycyclic aronati é buupuunggygﬂigb beNjfﬁNln a small

A process for the production of a high viscosity

index, low viscosity lubrlcatlng base oil hav1ng a kinematic
viscosity of 3.0 to 7.5 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 subjecting a mixture stock oil of (a) at least omne
of a heavy gas éil fraction and a vacuum gas oil fraction and
(b) a slack wax to hydrocracking in the presence of an
amorphous silica alumina catalyst, separating the crgcked
product into a fuel oil fraction and a lubricating oil
fraction by atmospheric distillation, and subsequently
subjecting the iubricatihg oil fraction to dewaxing,
optionally applying at least one of solvent refining and

hydrofinishing.
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quant | trifis SRRedrS b Redis@d i ng oi | fraction. In "t Eﬂgﬁ“@ﬂ GUEET eral ré'mﬁ'ﬁam

by a-rot ercurrent contact extra at-us,, extraction is
“.carried I a tenperature gradient{ifh the extractipn| col um at
such a bout 0.5 to about 6 voIJnL o9 0CTo9%ur f uf al can

contact with 1 volune parit of the stock oil couhter-currentlylih the
extraction colum. In general, the extractTon|temperature at the top of the
extraction colum is about 60[err] t o about 1'0[err] C _and._t t enperature

ot AR B S B .

. 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 gquality fuel oil
mainly composed of a middle distillate.

| BACKGROUND OF THE INVENTION

Iﬁ general, when a lubricating base oil is produced
from crude o0il, the crude oil.is first subjected to
atmospheric distillation, and. the resulting residual oil is
furtﬁer subjected to vacuum distillation to separate various
lubricating oil fréctions having varied viscosities and
vacuum distillation residual oil. The vacuum distillation
residual oil is subjected to solvent deasphalting, thereby
reﬁoving asphalt contents and obtaining a heavy lubricating
oil fraction (bright stock). These lubricating oil fractions
having varied viscosities, including the bright stock, are
furthei 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. 1In this proéess, a vacuum gas

oil fraction, a bright stock, wax of various types or a

mixture thereof is subjected to- hydrocracklng under hlgh
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ol efin compounds and aromati c conpounds. Though the catal yst is not
particularly limted, the hydrofinishing may be carried out using an
‘al um na catal yst containing at | east one of the group VIb netals such as
nol ybdenum and the 16 JAN 1998 |ike and at | east one of the group VIII
metal s such as cobalt, nickel and the |like, under a reaction pressure
(partial pres- sure of hydrogen) of abouf 70 to about 160 kg/cnierr] G at
an average reaction tenperature of about 300[err] to about 390[err] C. and

at an LFEN’ggﬁggrg uggogﬁdohégﬁopggggaré'go%&&%&%ks in the presence of a
catalysﬁ, and a high viscosity index base oil is produced
ffom 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—Si-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-
6'3-258.984, 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, hydrocracking and isomerization of wax
and the like as the stock oil are disclosed, for inétance, 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 comstruction machine
use.

Howéver, production of a low viscosity lubricating
base o0il 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 éertain lubricating oil

fractions from specific high quality crude oil, and an
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The foll ow ng exanples are provided to further illustrate the

present invention. It is to be understood, however, that

. '_-3-
extremely high extractant ratio is required in the solvent
refining step.

Also, since heavy oils such as wvacuum gas oil
fréctions, bright stocks and the like, various types of wax
or mixtures thereof are used as the stock oil in the |
hydrdcracking process in the art, the viscosity index of the
lubricating oil fractions produced by this ?rocess 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 7.5 mm?/s as a kinematic
viscosity at 100°C.

In consequence, the hydrocracking process in-the ait
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.

In the case of the catalytic isomerization of slack
wax, on the other hand, it is necessary to carry out a
pretreatment for the removal of nitrogen and sulfur
components by arrahging a hydrofining step prior to the-
isomerization step, because the isomerization catalyst is.apt
to cause deterioration due to nitrogen and sulfur compounds
contained in the slack wax.

SUMMARY OF THE INVENTION
This invention contemplates overcoming the

afdrementioned problems involved in the hydrocracking process
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t he exanples are for purpose of illustration only and are not to be
construed to limt the scope of the invention. Unless otherw se indicated,
all parts, percents, ratios and the |ike-are by weight.

EXAVPLE | Using a m xture of 80% by volunme of a heavy gas oil fraction
shown in Table 1 with 20% by volume of _a light slack wax shown in Table 2
as a stock oil, hydrocracki.ng was carrred out under a hydrogen parti al

pressure of 110 kg/cnR2G at an average reaction tenperature of 418[err] C,

at in the art. It is accordingly an object of the present

invention to provide a process for the production of a low
viscosity lubriéating-base oil having a high viscosity index,
which has a relatively low kinematic viscosity of 3.0 to 7.5
mm?/s at 100°C, a high viscosity index of 120 or more and a
pouf,point of -10°C or less, while simultaneously producihg 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 inventors of the present invention have conducted_

intensive studies and found that a lubricating oil fraction
can be obtained together with a high gquality fuel oil |
consisting mainly of a middle distillate by (a) using a
mixture of at least one of a héavy gas oil fraction and a
vacuum gas oil fraction with a slack wax as a stock oil, (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 7.5 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 oneof a solvent
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an LHSV value of 0.69 hr[err] and at a hydrogen/oil ratio of 9,000

scf/bbl, in the presence of a sulfurized formof catalyst which was
Pprepared by supporting 3% by mass of nickel and 15% by mass of nol ybdenum
on an anor phous silica alumna carrier having a silica/alumna ratio of '
10/90. By subjecting the cracked product to atnospheric distillation, 16%
by volume of a naphtha fraetion, 16%%y volune of a kerosene fractlon 48%
by volune of a gas oil fraction and 26% by volume of a lubricating oi

fraction, b%?e:@ioz?:gnyé \%%%%ﬁ&&oéﬁd 4ehGaPBEIhISH 1 nd & LAGHEAW fALT O was

found to be
optionally 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) subjecting a mixture of (a) at least one of a
heavy gas oil fraction and a vacuum gas oil fraction of crude
0il and (b) a slack wax to hydrocracking 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).séparating 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 lubrlcatlng oil
fraction to a dewax1ng 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 ha#ing a high viscosity index, which has
a kinematic viscosity of 3.0 to 7.5 mm?/s at 100°C, a
viscosity index of 120 or more and a pour point of -10°C or
less. | |

DETAILED DESCRIPTION OF THE INVENTION
The present inventibn-will now be described in

greater detail.
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v
The snoke point of the kerosene and cetane index of the gas oil were found
to be 23 and 58, respectively. Next, the lubricating oil fraction was
subj ected to solvent dewaxing using an MEK/toluene m xture solvent at a
sol'- wventloil ratio of 4 tinmes and at a filtration tenperature of
-21[err] C The dewaxing yield was found to be 76% by volune. Wen the thus
dewaxed oil was subjected to vacuum distillation, a lubricating base oi
having a kinematic vis- cosity of 3.56 nmjerr]/s at 100[err]C. was

obtained with a yiel qrl o 3% Wi ddBe 3s8d 20 the PRt Yrdventtod s
desirably a mixture of 98% by volume or less of at least one
- of a heavy gas gil fraction and a vacuum gas oil fraction
with 2% by volume or more of a slack wax, although such is
not required. The heavy gas oil fraction and/or vacuum gas
oil fraction for use in the preparation of the above stock
0il desirably contains about 60% by volume or more of
disfillate components within a distillation.température range
of from about 370 to about 540°C, although such is not
required. .
| Thus, of the heavy gas oil fraction and/or vacuum gas
oil fraction, a fraétion having a relativeiy 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.

The slack wax, on the other hand, is a byproduct
formed during a solvent dewaxing step in a process for the
production of lubricating base oils from paraffinic
lubricating oil fractions, which contains n-paraffin and
branched paraffins having a small number of side chains as
main components and a small quantity of naphthene compounds
and aromatic compounds. In consequence, though the
distillation temperature range of the slack.wax for use in

the preparation of the stock oil is not particularly limited,
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| ubricating base oil showed a viscosity index of 131 and a pour point of
-15 C. : EXAVPLE 2 Usi ng the sane stock oil and
catal yst used in Exanple 1, hydrocracking was carri-ed out under a hydrogen
partial pressure of 110 kg/cnRG at an average.reaction tenperature of
395[err] C., at an LHSV value of 0.69 hr[err] and at a hydrogen/oil ratio
of 9,000 scf/bbl. By subjecting the cfacked product to at nospheric
distillation, 9% by vol une

a slack wax having a relatively low Viscosity is desirable
for the production of a low viscosity base oil.

That is, a preferred slack wax to be added to a heavy
gas oil fraction may have.a kinematic viscosity of 3.0 to 5.5
nm?/s at 100°C for the production of a lubricating base oil
having a kinematic viscosity of 3.0 to 5.0 mm?/s at 100°C.

Also, a slack wax to be added to a vacuum gas oil

fraction may have a kinematic viscosity of 4.5 to 25 mm?/s at
100°C, preferably 4.5 to 9 mm?/s, for the production of a
lubricating base oil having a kinematic viscosity of 4.5 to
7.5 mm?/s at 100°C.

In the.hydrocracking step, the low viscosity indexl
aromaticlcompounds contained in a stock oil are conyerted
into monocyclic aromatic compounds, naphthene compounds and

jparaffln compounds having high viscosity 1ndexes, while the
polycycllc naphthene compounds are converted 1nto ‘monocyclic
naphthene compounds and paraffin compounds, thereby improving
the viscosity index. As described.above, a preferred stock

" 0il may contain smaller amounts of compounds having low
viscoeity indexes especially at high boiling peoints. 1In
other words, the stock oil may have a viscosity index as high
ae 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 ohe of the group VIb

metals such as molybdenum, tungsten and the like in an amount
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of a naphtha fraction, 7% by volunme of a kerosene fraction,

41% by volune of a gas oil fraction and 51% by vol une of

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 iﬁ
the production of a lubricating base oil having a high
viscosity inde# 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 reaction 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 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'valuelof 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 pplycyclic
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 7.5 mm?/s as
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a | ubricating oil fraction, based on the stock oil, were obt ai ned. The

cracking ratio was found to be 47% by vol une. The snoke point of
the kerosene and cetane index of the gas oil were found to be 22 and 56,
respectively. Next, the lubricating oil fraction was subjected to
sl vent dewaxi ng using an MEK/tol ueng m xture solvent at a sol- vent/oil
ratio of 4 tinmes and at a fudltration~tenperature of -21[err]C The

. dewaxing yield was found to be 72% by vol une. When the thus dewaxed oi

was subj ected v :
J S a &gne%g%gglviscosity at 100°C) is hardly obtainable. Also,

while the crackihg ratio can be higher than about 90% by
volume, the yie-ld of the lubricating oil fraction becomes low
when the cracking ratio exceeds about 90% by volume.

After the hydrocracking step is ca:ried'out, the
resulting oil is separated into a fuel oil fraction and a
lubricating oil fraction by atmospheric distillation. In the
fuél 0il fraction thus obtained, desulfurization and
denitrification are completed.sufficiently, as well as
hydrogénation of aromatic compounds. Each fraction cf the
fuel oil fraction can be used as a high quality fuel oil,
because its naphtha fraction has é 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 co
separate a lubricating oil fraction having a desired
'kineﬁatic viscosity. The vacuum distillation separation may
be carried out after a dewaxing step described below.

Since the thus obtained lubricating oil fraction has
a high pour point, a dewaxing treatment is carried oﬁt to
obtain a lubricating base oil having a desired pour point.
?he-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
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distillation, a lubricating base oil having a kinematic vis- cosity of
4.15 mmjerr]/s at 100 C. was obtained with a yield of 65% by vol une based
on the dewaxed oil. The thus obtained 1ubricating base oil showed a
viscosity index of 123 and a pour point of -15[err]C

EXAMPLE 3 Using a m xture of 90% by volunme of a heavy gas oil fraction
shown in Table | with 10% by volune ¢ a nedium slack wax shown in Table 2
as a stock oil, hydrocracking was carried out in the sane manner as

descri bed indﬁ%%%%& is generally used as a solvent, but benzene, acetone,
MIBK or the like solvent may also be used. |

The SOl;ent dewaxing may be carried out at a
solvent/oil ratio of 1 to 6 times and at a filtration
temperature of about -15 té about -40°C, in order to set the
pour point of the dewaxed oil to -10°C or below. In this
instance, the slack wax byproduct can be reused in the
hydrocracking step.

According to the_preéent 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 lub;icating base oil, which may be
effected by conventionallylused 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 counter-
current contact extraction apparatus, extraction is carried
out by setting a temperature gradient in the extraction
co;umn at such a gradient that about 0.5 to about 6§ volume
parts of furfural 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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1; By subjecting the cracked product to atnospheric distil- [lation, 15% by
vol une of a naphtha fraction, 16% by volune of a kerosene fraction, 49% by
volume of a gas oil fraction .and 25% by vol une of a |lubricating oi

fraction, based on the -stock oil, were obtained. The cracking ratio was
found to be 67% by vol une. The snoke point of the kerosene and cetane index
of the gas oil were found to be 23 and ff7, respectively. Next, the

| ubri cating oiI fracti on was subjected to sol vent dewaxing in thef sanme

- S8 R A I R R SRR SR
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 aﬁ
least one of the group VIb mefals 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/anG, at an average reaction temperature of about 300 to
about 390°C and at an LHSV value of about 0.5 to about 4.0
hr-t.

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, ail parts, percents,
ratios and the like are by ﬁeight.
- EXAMPLE 1

Using a mixture of 80% by volume of a heavy gas oil
fraction shown in Table 1 with 20% by volume of a light slack
wax shown in Table 2 as a stock oil, hydrocracking was
carried out under a hydrdgen partial pressure of 110 kg/cm’G,

at an average reaction temperature of 418°C, at an LHSV value
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distillation, a lubricating base oil having a kinematic vis- cosity of 4.07
mierr]/s at 100 C. was obtained with a yield of 90% by vol une based on the
dewaxed oil. The thus obtained |ubricating base oil showed a viscosity

i ndex of 130 and a pour point of -15 C. EXAMPLE 4
Using a m xture of 70% by volunme of a vacuumgas oil fraction shown in
Table 1 with 30% by vol une-of a heavy]@Iack wax shown in Table 2 as a stock

oi |, hydrocracki ng
of 0.69 hr! and at a hydrogen/oil ratio of 9,000 scf/bbl, in

the presence of 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 atmoépheric distillation, 16% by volume of a
naphtha fraction, 16% by volume of a kerosehe fraction, 48%
by volume of a gas oil fraction and 26% by volume of a
lubricating oil fraction, based on the stock oil, were
obtained. The cracking ratio was found té be 68% by volume.

The smoke point of the kerosene and cetane index of
the gas oil were found to be 23 and 58, respectively.

Next, the lubricating oil fraétion was subjected to
solvent dewaxing using an MEK/tolﬁene mixture solvent at a
solvent/dil ratio of 4 times and at a filtration temperature
of -21°C. The dewaxing yield was found to be 76% by volume.

When the thus dewaxed oil was subjécted to vacuum
distillation, a lubricating base o0il having a kinematic
viscosity of 3.56 mm?/s at 100°C was obtained with a yield of
60% by volume based 6n the dewaxéd oil. The thus obtained
lubricating base 0il showed a viscosity index of 131 and a
pour point of -15°C.

EXAMPLE 2

Using the same stock oil and catalyst used in Examplé

1, hydrocracking was carried out under a hydrogen partial

pressure of 110 kg/cm?G, at an average reaction temperature
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v
#9-_ was carried out using the sanme catal yst as described in

- 13

of 395°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 diséillation, 9% by volume of a naphtha fraction,
7% by volume of a kerosene fraction, 41% by volume of a gas
oil fraction and 51% by volume of a lubricating oil fraction,
based on the stock oil, were obfained. The cracking ratio
was found to be 47% by volume.

The smoke point of the kerosene and cetane index of
the gas oil were found to be 22 and 56, respectively.

Next, the lubricating 0il fraction was subjected to
solyeqt_dewaxing using.an MEK/toluene mixture solvent at a
solvent/oil ratio of 4 times.and at a fiitration temperature
of -21°C. The dewaxing yield was found to be 72% by wvolume.

When the thus dewaxed oil was sﬁbjected to vacuum.
distillation, a lubricating base oil having a kinematic
viscosity §f 4.15 mm?/s at 100°C was obtained with a yield of
GS%Iby volume based on the dewaxed oil. The thus obtained
lubricating base oil showed a viscosity index of 123 and-a
pour point of -15°C.

EXAMPLE 3

Using a mixture of 90% by volume.of a heavy gas oil
fraction shown in Table 1 with 10% by volume of a medium
slack wax shown in Table 2 as a stock oil, hydrocracking was
carried out in the same manner as described in Example 1. By
subjecting the cracked product to atmospheric distillation,

15% by volume of a naphtha fraction, 16% by volume of a
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Exanpl e 1 under a hydrogen partial pressure of 110 kg/cnferr]G at an
average reaction tenperature of 418[err] C, at an LHSV val ue of 0.69
hr[err] and at a hydrogen/oil ratio of 8,300 scf/bbl. By subjecting the
cracked product to atnospheric distil- lation, 15%.by vol une of anaphtha
fraction, 15% by volune of a kerosene fjpaction, 44% by volune of a gas oi
fraction and 32% by vol une .of a lubricating oil fraction, based on the
stock oil, were obtained. The cracking ratio was found to be 67% by vol une.

The snoke f th
to bZ 23 aggllgFoosreé%t %e.‘{(qer Osene ﬂ]g bcyetgg uxlngdg.)ff gf ggheog.eisfoactlorne Jno&md

25% by volume of a lubrlcatlng oil fraction, based on the
stock oil, weré obtained. The cracking ratio was found to be
67% by volume. The smoke pbint of the kerosene and cetane
index of the gas oil were found to be 23 and 57,
respectively. |

Next, the lubr;cating oil fraction was subjected to
solvent dewaxing in the same manner as described in Example
1. The dewaxing yield was found to be 79% by volume.

When the thus dewaxed oil was subjected to vacuum
distillation, a lubricating base oil having a kinematic
viscosity of 4.07 mm?/s at 100°C.waé obtained with a yield of
90% by volume based on the dewaxed oil. The thus obtained
lﬁbricating base oil sho&ed a viscosity index of 130 and a
pour point of -15°C.

EXAMPLE 4

' Using a mixture of 70% by volume of a vacuum gas oil
fraction shown in Table 1 with 30% by volume of a heavy slack
wax shown in Table 2 as a stock oil, hydrocracking was
carried out using the same catalyst as described in Example 1
under a hydrogen partial préssure of 110 kg/cm?G, at an
avérage reaction temperature of 418°C, at an LHSV value of
0.69 hr! and at a hydrogen/oil ratio of 8,300 scf/bbl.

- By subjecting the cracked.product to atmospheric
distillation, 15% by volume of a naphtha fraction, 15% by |

volume of a kerosene fraction, 44% by volume of a gas oil

CEPLACEMENT SHEET
st ol T

Sheet Has Been Replaced

-19 0CT 1996
: ||II|I|| M




Next, the lubricating oil fraction was subjected to solvent dewaxing in the
sanme nmanner as described in Exanple 1. The dewaxing yield was found to be
62% by vol une. When the thus dewaxed oil was subjected to vacuum
distillation, a lubricating base oil having a kinematic vis- cosity of 4.13
mierr]/s at 100 C. was obtained with a yiLeld of 50% by vol ume based on the
dewaxed oil. The thus obtai-ned Iubrlcatlxs base oil showed a viscosity

i ndex of 124 and a pour point of -15 C Also, a lubricating base oil having

o DTS SR, B2 B! k., e Aot segedivh 2
based on the stock oil, were obtained. The cracking ratio
" was found to be.67% by volume. The smoke point of the
kerosene and cetane index of the gas oil were found to be 23
and 57, reépectively.

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 62% by volume.

| When the thus dewaxed oil was subjected to vacuum
distillation, a lubricating base oil having a kinematic
viscosity éf 4.13 mm?/s at 100°C was obtained with a yield of
50% by volume based on the dewaxed oil. The thus obtained
lubricating base oil showed a viscosity index of 124 and a
pour point of -15°C. Also, a lubricating base oil having a
kinematic viscosity of 7.10 mm?/s at 100°C was obtained with
a yield of 35% by volume based on the dewaxed oil. The thus
obtained base oil showed a viscosity index of 141 and a pour
point of -15°C.

EXAMPLE 5

The lubricating oil fraction from the product of
hydrocracking described in Exampie 4 was subjected to vacuum
distillation to obtain a distillate having a kinemaﬁic
viscosity of 7.21 mm?/s at 100°C with a vield of 40% by
volume based on the lubricating oil fraction. The thus
obtained distillate was subjected to furfural solvent

refining by a rotary-disc counter-current contact extraction
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The thus obtai ned base oil showed a viscosity index of 141 and a pour point
of -15 C EXAMPLE 5 The lubricating oil fraction
“fromthe product of hydroc- racking described in Exanple 4 was subjected to
vacuumdi stillation to obtain a distillate having a kinematic viscosity of
7.21 nmm2/s at 100[err] C with a yielil@ of 40% by vol une based on the
| ubricating oil fraction. -The thus obtained

apparatus using 2 volume parts of.furfural based on 1 volume
part of the stock oil and at extraction temperatures of 135°C
at the extraction column top and 55°C at the column bottom.

' The raffinate thus obtained with a yield of 97% by volume was .
subjected to hydrofinishing. Hydrofinishing was carried out
under a hydrogen partial pressure of 105 kg/cm’G, at an LHSV'
value of 3.0 hr? and at an average reaction temperature of
340°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 dewdxing’under the

- same conditions described in Example 1.

' The lubricating base oil thus formed by these
treatments showed a kinematic viscosity of 7.38 mm?/s at
100°C, a viscosity index of 142 and a pour point of -15°C.

_Whén this base o0il was subjected to a UV stability
test, turbidity was not found in the oil for a period of 40

- hours, 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 0il- obtained in Example 4 having a kinematic
viscosity of 7.10 mm?/s at 100°C was carried out without
subjecting it to the furfural refining and hydrqfinishing
treatments, the period for the generation of turbidity was
found to be 10 hours, and ﬁhe period.for the generation of

precipitation was found to be- 20 hours.

3 This Sheet Has Been Reﬂlaced




distillate was subjected to furfural solvent refining by a rotary-disc
counter-current contact extraction apparatus using 2 volune parts of
‘furfural based on 1 volune part of the stock oil and at extraction
tenperatures of 135 C. at the extraction columm top and 55[err] C, at the
colum bottom The raffinate thus obtained with a yield of 97% by vol une
was subj ected to hydrofinishing. Hydrdfinishing was carried out under a
hydrogen partial pressure of 105 kg/cnRG at an LHSV value of 3.0 hr[err]

and at an average reaction t enper s, ﬁ“ﬁk&hﬁﬂEthe presence of an
al um na catal yst on which cobalt anﬁﬁ#%§§§§%nunrmere—supported. The oi
thus- Using a mixture oil consisting of 70 volume parts of
a vacuum gas oii fraction and 30 volume parts of a bright -
stock both shown in Table 1 as a stock oil (fraction having a
' boiling point range of 370 to 540°C, 57% by volume),
hydrocracking was carried out using the same catalyst and
.under the same reaction conditions employed in Example 1. By
subjecting the cracked product to atmospheric distillation,
32% by voluﬁe_of a lubricating oil fraction was obtained.
The cracking ratio was found to be 68% by volume.

The lubricating oil fraction'wés subjected to
dewaxing in the same manner as described in Example 1. The
dewaxing yield was found to be Bb% by volume.

When thé thus dewaxed o0il was subjected to vacuum
distillation, a lubricating base o0il having a kinematic
viscosity of 3.54 mm?/s at 100°C was obtained with a yield of
38% by volume based on the dewaxed o0il. This lubricating
base oil showed a pour point of -15°C, but it had a low

viscosity index of 113.
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. 10 - fornmed wth a yield of 99% by vol une was subjected to
18 .

Table 1: Prdperties 0Of Stock 0il (1)

Heavy - Vacuum
. gas oil gas oil Bright

Stock oil fraction fraction stock
Density (g/cm®, at 15°C) 0.898 0.924 0.931
Kinematic viscosity, 4.21 ' 6.33 40.6
(mm?/s, at 100°C)
Viscosity index 92 _ gs - . 84
Saturated hydrocarbons, 57 45 42

(% by mass, IP368-84)

Distillation'characteristics,
(°C, ASTM D2887)

IBP 247 258 - 453
10% 343 344 523
20% 370 377 545
30% 388 401 561
40% 401 . 421 575
50% - 413 439 589
60% . 424 456 603
70% 436 473 618
80% | 451 491 633
90% | 473 514 653
EP 563 575 737
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dewaxi ng under the same conditions described in Exanple The | ubricating
base oil thus fornmed by these treatnents showed a ki nematic viscosity of
*7.38 mierr]/s at 100[err]C., a viscosity index of 142 and a pour point of
-15 C.© Wen this base oil was subjected to a UV stability test,
turbidity was not found in the oil for a period of 40 hours, and _
precipitation did not occur for 50 hours or nore, thus confirmng the.
excel lent WV stability of the bastoil. In this connection, when a W
stability test of the lubricating base oil obtained in Exanple 4 having a

kinematic viscosity of wmahie 2 Properties Of Stock 0il (2)

Light Medium Heavy'

Stock oil- - slack wax slack wax slack wax
Density (g/cm®, at 15°C) . 0.824 0.834 0.855
Kinematic viscosity, 3.86 4.96 7.98
(mm?*/s, at 100°C)

Viscosity index 168 170 155
Saturated hydrocarbons, 93 | 90 80

(% by mass, IP368-84)

Distillation characteristics,
(°C, ASTM D2887) '

~ IBP 319 320 . 323
10% 396 421 447
20% 410 439 468
30% 418 448 480
40% 426 455 490
50% 432 462 . 500
60% | 438 467 510
70% 444 472 521
80% 450 478 534
90% - 458 486 554
EP 516 529 624

Thus, as ié:evident from these results, a low
viscosity lubricating base oil having é high viScosity index,
which has a relatively low kinematic wviscosity of 3.0 to 7.5
md/s at 100°C, a high viscosity index of 120 or more and a
pour point of -10°C orx less,.can be produced by the process
of the preéent invention, while a high quality fuel o0il

mainly composed of a middle distillate is simultaneously

produced.
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7.10 mmferr]/s at 100 C. was carried out without subjecting it to the
furfural refining and hydrofinishing treatnments, 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. _
COMPARATI VE EXAMPLE  Using a m xt F oil consisting of 70 volune parts of
a vacuumgas oil fraction and 30 volune parts of a bright stock both shown
in Table 1 as a stock oil (fraction having

While the invention has been described in detail and
with reference to specific examples thereof, it will be
apparent 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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a boiling point range of 370[err] to 540[err] C., 57% by vol

hydr ocracki ng was carried out using the sane catal yst and untl“l“lf“ll"l““ll”““l
reaction conditions enployed in Exanple 1. By subjecting the crafked ™ % ~
product to atnospheric distilla- tion, 32% by volunme of a lubricating oi
fraction was obtained. The cracking ratio was found to be 68% by vol une.

The lubricating oil fraction was subjHcted to dewaxing in the sanme manner

as described in Exanple 1. The dewaxing yield was found to be 80% by

“vol une. When the thus dewaxed oil was subjected to vacuum
WHAT IS CLAIMED 1IS: -

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

(A) subjecting a mixture of (a) at.least one of a
heavy gas oil fraction and a vacuum gas oil fraction of crude
oil and (b) a slack wax to hydrocracking in the presence of a
hydrocracking catalyst comprisihg an amorphoué 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 pericdic 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
optionally applied, thereby producing a low viscosity
lubricating base oil having a high viscosity index, which has

- a kinematic viscosity of 3.0 to 7.5 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 tq claim 1, wherein said stock
oil for hydrocracking use is a mixture of 98% by'volume or .
less of at least oﬁe of a heavy gas oil fraction and a vacuum
gés oil fraction containing about 60% by volume or more of

distillate components within a distillation temperature range
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distillation,.a lubricating base oil having a kinematic vis-
mierr]/s at 100[err]C was obtained with a yield of 38% by vo mm ﬂi"mnllll
t He dewaxed oil. This lubricating base oil showed a pour point

but it had a low viscosity index of 113.

22
of from about 370 to about 540°C and 2% by volﬁme or more of
a slack wax.
3. A process according to claim 1, wherein said
hydrocracking is carried ou£ using a mixture stock oil
obtained by adding a slack wax having a kinematic Qiscosity
of 3.0 to 5.5 mm?/s at 100°C to a heavy gas oil fraction, and
a lubricating base oil having a kinematic viscosity of 3.0.to
5.0 mm?/s at 100°C is produced from the cracked product.
4. A procesé according.to claim 2, wherein said
hydrocracking is carried out using é mixture stock oil
obtained by adding a slack wax having a kinematic viscosity
of 3.0 to 5.5 mm?/s at 100°C to a heavy gas oil fraction, and
a lgbricating base oil having a kinematic viscosify of 3.0.to
5.0 mm?/s at 100°C is produced from the cracked product;
5.. A process according to claim 1, wherein said
hydrocracking is carried out using a mixture stodk oil
obtained by adding a slack wax having a kinematic viscosity
of 4.5 to 25 mm?/s at 100°C to a vacuum gas oil fiaction, and
é lubricating base oil having a kinematic viscosity of 4.5 to
7.5 mm?/s at 100°C is produced from the cracked product.
6. A process according to claim 2, wherein said
hydrocracking is carried out using a mixture stock oil
obtained by adding a slack wax having a kinematic viscosity
of 4.5 to 25 mm?/s at 100°C to a vacuum gas oil fraction, and
a lubricating base o0il having a kinematic viscosity of 4.5 to

7.5 mm*/s at 100°C is ,produced from the cracked product.
| REPLACEMENT SHEET
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TABLE 1 . | + Proverties ot stock ot (| NN Y VRN
23

7. . A process acéérding to claim 1, wherein said
hydrociacking is carried out under a hydrogen partial
pressuré of abo;t 100 to about 140 kg/anG, at an average
réaction temperature of about 360 tolabout 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 cétalyst 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 abbut 10% by mass.

8. | A process according fo claim 2, wherein said
hydrocracking is carried out under a hydrogen partial
pressure of about 100 to about 140 kg/cm’G, at an average
reéction 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 rétio_
of about 40 to about 90% by voiume, in the presence of a
hydrocracking catalyst containing moiybdenum 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. |

9. A process according to claim 3, 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 molybdenum in an amount of
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Heavy Vacuum | gas oil
S vaeeion o TGN

Density (g/cnferr]. at 15[err] C - 0. 898 0.924

Ki nemati c viscosity. 4.21 6. 33 40. 6 (nn{err]/s at
100[err] Q) Vi scosity index 24 92

Sat ur at ed hydrocar bons, - 57 45 42 (% by nass

| P368- 84) :

from about 5 to about 30% by mass and nickel in an amount of

- from about 0.2 to about 10% by mass.
10. A proce;s accoxrding to claim 4,.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 ébout 1.5 hr! and at a cracking ratio

of about 40 to about 90% by volume, in the presence of a
hydrécracking 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.
11. | A process accprding to claim 5, wherein said
hydrocracking is carried out under a hyd:ogen 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 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.

12, A process according to claim-s, 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 hxr™! and at'a cracking ratio

of about 40 to about 90% by volume, in the presence of a
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?4$t ilation gggr acteri szggs (1([)0e/:r] C,. ASTM D2887) | BP 3H“I“I mI“ “I“ "IM |“|

S23
388
575
424
618

20%

- 50%

: 370 377 545 ©30% ™
401 561 40% - _ 401 421
: 413 439 : 589 60%
456 603 - 70% ' 436 - 473
25 '

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 io about 10% by mass.

13. A process accordiné 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 lubricating baée 6il is produced by
subjecting said lubricating oil fraction to vacuum
distillation.

14. A process according to claim 2, wherein after the
step of separéting the cracked product into a fuel oil
fraction and a lubricating oil fraction by atmospheric
distillation, a lubricating base o0il is produced by
subjecting said lubricating oil fraction to wvacuum
distillation.

15. A process according to claim 3, 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 oi} is produced by
subjecting said lubricating oil ffaction to vacuum
distillation.

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

distillation, a lubricating base oil is produced by
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Stock G 1 (2) l'i ght Medi um Heavy
5t ock oil Sl ack wax sl ack wax sl ack wax

T 26

subjecting said lubricating oil fraction to vacuum
distillaﬁion.

17. A process according to cl&im 5,.wherein after the
step of separating the cracked product into é fuel oil
fraction and a lubricating oil fraction by atmospheric
distillation, a lubricating base oil is produced_by
subjecting said lubricating oil fractioh to vacuum
distillation.

18. A process according to claim 6, wherein after the
step of separating the cracked prodﬁct into a fuel oil
fraction and a lubricating oil fraction by atmospheric
distillation, a lubricating base o0il is produced by
subjecting said lubricating oil fraction to vacuum.
distillation.

19. A process according to claim 7, wherein after the
step of separating the éracked product into a fuel oii
fraction and.a lubricating oil fraction by atmospheric
distiliation, a lubricating base o0il is produced by
subjecting said lubricating oil fraction to vacuum
distillation.

20. . A process according to claim 8, wherein after the
step oflseparating 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'fractioﬁ to vacuum

distillation.
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“100[err] C) Viscosity index 168 170 *
Sat ur at ed hydr ocar bons, - - 93 90 80 (% by rrass.
| P368- 84) Distillation characteristics, ([err]C ASTM D2887)
| BP - 319 27 320 323 - 10%
396 421 447 :
21. A process according to claim 9, 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 séid'lubricating oil fraction to vacuum
distillation.

22. A process accordlng to claim 10, 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 o0il is produced by

subjécting said lubricating oil fraction to wvacuum
distillation.

23. A process according to claim 11, wherein after the
step of separating the cracked product into a fuel oii.
fraction and a lubricating oil fraction by atmospheric

distillation, a lubricating base oil is produced by

"subjecting said lubricating oil fraction to vacuum

distillation.

24. A process a;cording to claim 12, 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 o0il is produced by
subjecting said lubricating oil fraction to wvacuum
distillation.

25. A process according to claim 7, whe:ein said

hydrocracking is éarried out under a hydrogen partial
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*490 50% . 432 . 462 500* 66%*"

438 467 510 70% ' 444 472
521 80% 450 478 - 534 90%

458 486 554 EP 28 516 529
624 '

pressure of about 105 to about 130 kg/cm?G, at an average
reaction temperature of about 380 fo about 425°C,_at an LHSV
value of about b.4 to about 1.0 hr! and at a.cracking ratio
of about 45 to about 90% by volume.

26. A prdcéss according to claim 1, wherein the stock oil

has a viscosity index of at least about 85. -
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PROCESS FOR PRODUCING LOW VISCOSITY LUBRICATING BASE OIL
HAVING HIGH VISCOSITY INDEX

ABSTRACT OF THE INVENTION

A process for the production of a high viscosity
index, low visc;sity lubricating base oil having a kinematic
viscosity of 3.0 to 7.5 mm?/s at 100°C, a viscosity index of
120 or more and a pour point of -10°C 6r less, while |
simultaneously producing a high quality fuél oil, which
includes subjecting a mixture stock oil of (a) at least one
of a heavy gas oil fraction and a vacuum gas oil fraction and
(b)Y a slack wax to hydrocracking in the presence of an
amoxrphous 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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Thus, "as i
oi | havi ng
Vi scosity

120 or nor
process of
conposed o
i nvention

exanpl es thereof, it wll lvqs_@mq,[ggm@\mclpﬁs

various changes and nodi fi c3d{A9ESG HIGH VISCOSITY INDEX

FIELD OF THE INVENTION

This invention relates to a process for the production of
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 basc oil of interest.

" On the other hand, a hydrocracking process is known as
a process for the production of a lubricating base oil havmg
a high viscosity index. In this process, a vacuum gas oil
fraction, a bright stock, wax of various types or a2 muxture

~ thereof is subjected to hydrocracking under high tempera-

ture 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 }xscd
herein means an “examined Japanese patent publication”,
and the term “JP-A" as used herein means an “unexamined
published Japanese patent application™.) Also, hydrocrack-
ing and isomerization of wax and the like as the stock ail 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. Pat. No. 4,547,283, U.S. Pat. No. 4,906,350, EP-Al-
0464547 and the like. :
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c.;sme be made therein without departing fromthe spirit and scope thereof.

- 13 -

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 extremely high
extractant ratio is required in the_solvent refining step.
Also, since heavy oils such as vacuum gas oil fractions,
bright stocks and the like, various types of wax or mixtures
thereof are used as the stock oil in the hydrocracking process
in the art, the viscosity index of the lubricating oil fractions
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 3.0t0 7.5
. 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.

In the case of the catalytic isomerization of slack wax, on
the other hand, it is necessary to carry out a pretreatment for
the removal of nitrogen and sulfur components by arranging
a hydrofining step prior to the isomerization step, because
the isomerization catalyst is apt to cause deterioration due to

-nitrogen and sulfur compounds contained in the slack wax.

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 7.5 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
inventors of the present invention have conducted intensive
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What is clained is:

1. A process for producing a lubricating base oil

-.V\:hich has a kinematic viscosity of 3.0 to 7.5 mierr]/s at 100 C. a
viscosity index of 120 or nore and a pour point of-10[err]C.  or less, said
process conpri sing: - (A) subjecting a stock oil which is a mxture of
(a) 98% by volune or less of at |east one of a heavy gas oil

fraction and a vacuumgas oil fraction (_:_or}'t_ai ni ng about

or nore of distillate conmponents within

range of from about 370 to

studies and foupd that a lubricating oil fraction can be
obtained together with a high quality fuel oil consisting
mainly of a middle distillate by (a) using a mixture of at least
one of a heavy gas oil fraction and a2 vacuum gas oil fraction
with a slack wax as a stock oil, (b) subjecting the stock oil
to a hydrocracking treatment in the presence of a hydroc-
racking catalyst to obtain a cracked product, and (c) subse-
quently 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 vis-
cosity of 3.0 to 7.5 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 2 hydrofinishing treatment is option-
ally applied.

In particular, the present inventors have discovered 2
process for producing a low viscosity lubricating base oil
having a high viscosity index which comprises:

(A) subjecting a mixture of (a) at least one of a heavy gas

oil fraction and a vacuum gas oil fraction of crude oil
and (b) a slack wax to hydrocracking 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 producing a low viscosity
lubricating - base oil having a high viscosity index,

60% by vol une

a distillation tenperature

which has'a kinematic viscosity of 3.0 to 7.5 mm?s at
100° C., a viscosity index of 120 or more and 2 pour
point of ~10° C. or less.

DETAILED DESCRIPTION OF THE
" INVENTION
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dc'l"'{xlc present invention will now be described in greater
tail. '

'I:he stock oil to be used in the present invention is
desirably a mixture of 98% by volume or less of at least one
of a heavy gas oil fraction and a vacuum gas oil fraction with




abou‘t 540[err]C and (b) 2% by volunme or nore of a slack wax having a
ki nematic viscosity of 3.0 to 25 mmferr]/s at 100[err] Cto

hydr ocracki ng which is carried out under a
of about 100 to about 140 kg/
tenperature of about 360[err]

about 0.3 to about

about 90% by -volune. in the presence of a hydrocracking
catal yst conprising an am)rphous silica alum na car-

hydr ogen parti al
cm G at an average reaction -
to about 430[err]C. at an LHSV val ue of

pressure

1.5 hr[err] and_a & cracking ratio of about 40 to

rier which

contains at |east ordfdly yalumgrasuporelof arslack wax, although sueleisidti odi ¢ tabl e
and at |east one of required.dthe hdawvy gas oil fraction and/or vacuum gas oil

- monocyclic aromatic compounds, naphthene compounds

fraction for use in the preparation of the above stock oil
desirably contains about 60% by volume or more of distil-
late components within a distillation temperature range of
from about 370° to about 540° C., although such is not
required.

Thus, of the heavy gas oil fraction and/or 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 compounds
and polycyclic naphthene compounds which have low vis-
cosity indexes.

The slack wax, on the other hand, is a byproduct formed

" during a solvent dewaxing step in a process for the produc-

tion of lubricating base oils from paraffinic lubricating oil
fractions, which contains n-paraffin and branched paraffins
having a small number of side chains as main components
and a small quantity of naphthene compounds and aromatic
compounds. In consequence, though the distillation tem-
perature range of the slack wax for use in the preparation of
the stock oil is not particularly limited, a slack wax having
a relatively low viscosity is desirable for the production of
a low viscosity base oil.
That is, a preferred slack wax to be added to a heavy gas
oil fraction may have a kinematic viscosity of 3.0 to 5.5
mm?/s at 100° C. for the production of a lubncatmg base oil
having a kinematic viscosity of 3.0 to 5.0 mm?/s at 100° C.
Also, a slack wax to be added to a vacuum gas oil fraction
may have a kinematic viscosity of 4.5 to 25 mm?%s at 100°
C., preferably 4.5 to 9 mm?%s, for the production of a
lubncaung base oil having a kinematic viscosity of 4.5t0 7.5
mm?/s at 100° C.

In the hydrocracking step, the low mcosuy index aro-

matic compounds contained in a stock oil are converted into

and paraffin compounds having high viscosity indexes,
while the polycyclic naphthene compounds are converted
into monocyclic naphthene compounds and paraffin com-
pounds, thereby improving the viscosity index. As described

above, a preferred stock oil may contain smaller amounts of
_compounds having low viscosity indexes especially at high

boiling points. In other words, the stock oil may have 3
viscosity index as high as possible, preferably about 85 or
more. _
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mat;al‘s in the periodic table to obtain a cracked product'; (B) separating

the cracked product into a ftel oil fraction and a lubricating oil
fraction by atnospheric distilla- tion. thereby producing a high
quality fuel oil; and (C) suhsequently subjecting the lubricating oil
fraction to a dewaxing treatnent, to which at | east one of a sol vent
refining treatnment and a hydrofini shingbtreatnent, is optionally

appl i ed, thereby producing a lubricating base oil which has a kinematic
viscosity of 3.0 to 7.5 merr]/s at 100[err] C., a viscosity index. of

120 or nore and 2 i hyBcckily chllifh" dobe sel B 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

kg/cm®G, at an average reaction temperature of about 360°
to about 430° C., at an LHSYV. value.of about 0.3°t0.about.1.5

. hr™', at a hydrogen/oil 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
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 7.5 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 resuiting
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 REPLACEMENT SHEE_:-
compounds. Each fraction of the fuel oil fraction can be used i
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

16 JAN 1998




2. A process according to claim1. wherein said hydroc- racking is carried

out using a mxture stock oil

obt ai ned by addi ng a slack wax having a

ki nematic viscosity of 3.0 to 5.5 mmferr]/s at 100[err] Cto a heavy gas

oil fraction.

and a lubri- cating base oil

havi ng a Kinematic viscosity of

3.0 to 5.0 mmferr]/s at 100[err]C. is produced fromthe cracked product.

3. A process according to claiml. wherei® sai d.hydroc-
out using a m xture stock oil

ki nematic viscosi t yghedsubt@tdd 1dRIVE

7.5

The vacuum distillation separation may be carried out after
a dewaxing step described below. .

Since the thus obtained lubricating oil fraction has a high
pour point, a dewaxing treatment is carried out to obtain a
lubricating base oil having a desired pour point. The dew-
axing 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 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. In 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 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, 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 that
about 0.5 to about 6 volume parts of furfural can contact
with | volume part ot 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 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 pres-
sure of hydrogen) of about 70° to about 160 kg/cm?G, at an
average reaction temperature of about 300° to about 390° C.
and at an LHSV value of about 0.5 to about 4.0 hr™'.

racking is carried
obt ai ned by adding a slack wax having a _
[Urh YisllafiOR s&p'tbGeparate ¥acuum gas oi |

fraction, and a | ulihkahingbiPRaGIH haVifly b R8sifediRERRIE Gistbsigosi ty of 4.5 to
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mﬂéri]/s at 100[err]C is produced fromthe cracked product.
according to claiml1, wherein said hydroc- racking is carried out in the
presence of a hydrocracki ng catal yst containing nol ybdenumin an anount of

fr om about

-7 -

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 mixture of 80% by volume of a heavy gas oil
fraction shown in Table 1 with 20% by volume of a light
slack wax shown in Table 2 as a stock oil, hydrocracking
was carried out under a hydrogen partial pressure of 110
kg/cm>G, at an average reaction temperature of 418° 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 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,
16% by volume of a naphtha fraction, 16% by volume of a
kerosene fraction, 48% by volume of a gas oil fraction and
26% by volume of a lubricating oil fraction, based on the

- stock oil, were obtained. The cracking ratio was found to be

68% by volume.

The smoke point of the kerosene and cetane index of the
gas oil were found to be 23 and 58, 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 yield was found to be 76% by
volume. ' _

When the thus dewaxed oil was subjected to vacuum
distillation, a lubricating base oil having a kinematic vis-
cosity of 3.56 mm?/s at 100° C. was obtained with a yield of
60% by volume based on the dewaxed oil. The thus obtained
lubricating base oil showed a viscosity index of 131 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 395° 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, 9% by volume

4. A process

' REPLACEMEMT SHEET

16 JAN 1998

s mumnd

S




- 14 - REPLACEVENT SHEET | 5 to about

30% by mass and nickel in an anount of from

about 0.2 to about 10% by mass.

process according to claim2, wherein said hydroc-
racking is carried out in the presence of a hydrocracking
cat al yst containing nol ybdenumin an anoung of from about
5 to about 30% by nass and ni ckel in an amount of front
about 0.2 to about 10%

process according to
% 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 47% by
_ volume.

The smoke point of the kerosene and cetane index of the
gas oil were found to be 22 and 56, respectively.

Next, the lubricating oil fraction was subjected to solvent
dewaxing using an MEK/toluene mixture sotverit at a sol-
vent/oil ratio of 4 times and at a filtration temperature of
-21° C. The dewaxing yield was found to be 72% by
volume. _

When the thus dewaxed oil was subjected to vacuum
distillation, a lubricating base oil having a kinematic vis-
cosity of 4.15 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 123 and a
pour point of —15° C,

EXAMPLE 3

Using a mixture of 90% by volume of a heavy gas oil
fraction shown in Table 1 with 10% by volume of a medium
slack wax shown in Table 2 as a stock oil, hydrocracking
was carried out in the same manner as described in Example
1. By subjecting the cracked product to atmospheric distil-
lation, 15% by volume of a naphtha fraction, 16% by volume
of a kerosene fraction, 49% by volume of a gas oil fraction
and 25% by volume of a lubricating oil fraction, based on the

-stock oil, were obtained. The cracking ratio was found to be
67% by volume. The smoke point of the kerosene and cetane
index of the gas oil were found to be 23 and 57, 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 79% by volume. |

When the thus dewaxed oil was subjected to vacuum
distillation, a lubricating base oil having a kinematic vis-

r@ﬂwﬁgﬂgm 7%.by veJume of a kerosene fracuon,6'

5. A

A

.cosity of 4.07 mm?/s at 100° C. was obtained with a yield of
90% by volume based on the dewaxed oil. The thus obtained
lubricating base oil showed a viscosity index of 130 and a
pour point of —15° C.

EXAMPLE 4

REPLACEMENT SHEET
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Using a mixture of 70% by volume of a vacuum gas oii
fraction shown in Table 1 with 30% by volume of a heavy
slack wax shown in Table 2 as a stock oil, hydrocracking



racking is carried out in the presence of a hydrocracking
cat al yst contai ning nol ybdenumin an anount of from about

5 to about 30% by mass and nickel in an ampbunt of from

about 0.2 to about 10% by nass. '

process according to claim1l, wherein after the step

of separating the cracked product into a §uel oil fraction and
a lubricating oil fraction by atnospheric distillation, a |ubri-

cating base oil is o) ' i saj uby i ; j |
fract ?on to vacuu v@'lg s&ﬁ%{top r%&my e shifhe @Jtzﬂyh i ,&%{Hf%alg 8. A
process accor di ngwg"‘ep h 2ncehet é}Yf?’%&ﬁ“erPaf‘PPé Efc(%é‘.m 2
of separating the S§/SEkbY 3hARIYEREE ﬁ?ﬁugnf'ﬁ%nl‘mfmiﬁ,]@i & &hd
an LHSYV value of 0.69 hr™ and at a hydrogen/oil ratio o
8,300 scf/bbl. -
By subjecting the cracked product to atmospheric distil-
lation, 15% by volume of a naphtha fraction, 15% by volume
of a kerosene fraction, 44% by volume of a gas oil fraction
and 32% by volume of a lubricating oil fraction, based on the
stock oil, were obtained. The cracking ratio was found to be
67% by volume. The smoke point of the kerosene and cetane
index of the gas oil were found to be 23 and 57, 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 62% by volume.
When the thus dewaxed oil was subjected to vacuum
distillation, a lubricating base oil having 2 kinematic vis-
cosity of 4.13 mm?/s at 100° C. was obtained with a yield of
50% by volume based on the dewaxed oil. The thus obtained
lubricating base oil showed a viscosity index of 124 and a
pour point of —15° C. Also, a lubricating base oil having a
kinematic viscosity of 7.10 mm?®/s at 100° C. was obtained
with a yield of 35% by volume based on the dewaxed oil.
The thus obtained base oil showed a viscosity index of 141

and a pour point of -15° C. :

. EXAMPLE 5

~ The lubricating oil fraction from the product of hydroc-
racking described in Example 4 was subjected to vacuum
distillation to obtain a distillate having a kinematic viscosity
of 7.21 mm?%/s at 100° C. with a yield of 40% by volume
based on the lubricating oil fraction. The thus obtained
distillate was subjected to furfural solvent 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 135° C. atthe | peoi ACEMENT SHEET

extraction column top and 55° C. at the column bottom. The | ———-- -I
raffinate thus obtained with a yield of 97% by volume was 16 JAN 1998
subjected to hydrofinishing. Hydrofinishing was carried out J

under a hydrogen partial pressure of 105 kg/cm’G, at an
LHSYV value of 3.0 hr~! and at an average reaction tempera-
ture of 340° C. in the presence of an alumina catalyst on
which cobalt and molybdenum were supported. The oil thus




a lubricating oil

) fraction by atnospheric distillation. a lubri-
cating base oil is produced by subjecting said Iubrlcatlng oil -

fraction to vacuumdistillation.
process according to claim3. wherein after the step
of separating die cracked product into a fuel oil fraction and

a lubricating oil

fraction by atrTDspherTCIQil'stlllatlon a lubri-

cating base oil is produced by subjecting said |ubricating oil

fraction to vacuumdi stillation
process according tiormediwithia yield of 99% vqlnglcswg.'psub]ected to

of separating the odewaxing pndetuthe samieoconditions des¢ribedaint Exampled
fraction by atnospheric distillation, a |ubri-

a lubricating oil

The lubricating base oil thus formed by these treatments
showed a kinematic viscosity of 7.38 mm?'s at 100° C., a
viscosity index of 142 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 40 hours,
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 4 having a kinematic viscosity of
7.10 mm?/s at 100° C.-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 mixture oil consisting of 70 volume parts of 2
vacuum gas oil fraction and 30 volume parts of a bright
stock both shown in Table 1 as a stock oil (fraction having
a boiling point range of 370° to 540° C., 57% by volume),
hydrocracking was carried out using the same catalyst and
under the same reaction conditions employed in Example 1.

- "By subjecting the cracked product to atmospheric distilla-

tion, 32% by volume of a lubricating oil fraction was
obtained. The cracking ratio was found to be 68% by
volume.

The lubricating oil fraction was subjected to dewaxmg in

the same manner as described in Example 1. The dewaxmg-.

yield was found to be 80% by volume.

When the thus dewaxed oil was subjected to vacuum |

distillation, a lubncanng base oil having a kinematic vis-
cosity of 3.54 mm?s at 100° C. was obtained with a yicld of
38% 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 113,

10. A

p————eint
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cating base oil is produced by subjecting said |ubricating oi

fration to vacuumdistillation. 11. A process

according to claim5, 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 subjectlng sai d Iubrlcatlng oi |l -
fraction to vacuumdistillation. 11 12. A
process according to claim®6, wherein after the step
of separating the cracked product inhg i%g oil fraction and
a lubricating oil fraction by atnosp B Lstillation, a lubri-
cating base oil is produced by ﬁwméﬁ;¢ﬁmx§an@)lubrlcatlng oil -
Heavy Vacuum .
gas il gas oil Bright

Stock oil ~ fraction . fraction stock

Deasity (g/em®, at-15° C.) 0.898 0.924 0.931

Kinematic viscosity, ’ 421 6.33 40.6

(mm?/s, at 100* C)

Viscosity index /] 8s 84

Saturated hydrocarbons, 57 45 42

(% by mass, 1P368-84)

Distillation characteristics,

(“C.. ASTM D2887) |

IBP 247 258 453

10% 343 : 34 523

20% : 370 n 545

30% 388 401 561

40% 401 421 575

50% 413 439 589

60% 424 456 603

0% - 436 473 618

80% 451 491 633

0% 473 514 653

EP 563 575 737

TABLE 2
Properties Of Stock Oil (2)
Light Medium Heavy -

Stock oil ) slack wax stack wax  slack wax

Density (g/cm®, at 15° C.) 0.824 0.834 0.855 -

Kinematic viscosity, * 3.86 496 7.98

(mm?/s, at 100° C.)

Viscosity index 168 170 155

Saturated hydrocarbons, 23 90 80

(% by mass, IP368-84) ' )

Distillation characteristics, REPLACEMENT SHEET

(°C.. ASTM D2387) '

IBP | 319 320 323 16 JAN 1998

10% 396 421 447

20% 410 439 468

30% 418 448 480

40% 426 455 490

50% 432 462 500

60% 438 467 510

70% 444 472 21

0% 450 418 . 54

'90% . 458 436 554
EP 516 529 624




frabt]on to vacuumdi stillation. 13. A process according to clai m 4.
wherein said hydro- cracking is carried out under a

hydrogen partial pressure of about 105 to about 130 kg/cnferr]G at an
average reaction tenperature of about 389[err]
to about 425[err] C. at an LHSV val ue of about
0.4 to about 1.0 hr[err] and at a crackiggléagi o]

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 7.5 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 high quality fuel oil mainly
composed of a middle distillate is simultancously produced.
While the invention has been described in detail and with
reference to specific examples thereof, it will be apparent 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 7.5 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) subjecting a stock oil which is a mixture of (a) 98%
by volume or less of at least onc o1 a heavy gas oil
fraction and a vacuum gas oil fraction containing about
60% by volume or more of distillate components within
a distillation temperature range of from about 370° to
about 540° C. and (b) 2% by volume or more of a slack
wax having a kinematic viscosity of 3.0 to 25 mm?/s at
100° C. to hydrocracking which 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
= 15 hr! and at a cracking ratio of about 40 to about
- 90% by volume, in the presence of a hydrocracking
catalyst comprising an amorphous silica alumina car- —~ee——- —
REPLACEMENT SHEET
FER

rier which contains at least one of the group VIb metals | REFLALEN

in the periodic table and at least one of the group VIII _

metals in the periodic table to obtain a cracked product; 16 JAN 1998
(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 producing a lubricating
‘base oil which has a kinematic viscosity .of 3.0 to 7.5
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 hydroc-
This Sheet Has Been Reﬂlaced




- 15 -

the stock oil

= 15 hr™! and at a cracking ratio of about 40 to about

- 12 -

Thus, as is evident from these results, a low viscosity
lubricating base oil having a hxgh viscosity index, which has
a relatively low kinematic viscosity of 3.0 to 7.5 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 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 examplcs thereof, it will be apparent to
one skilled in the art that various-changes and modifications
can be made therein without dcpamng 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 7.5 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) subjecting a stack oil which is a mixture of (a) 98%
by volume or less of at lcast onc o1 a heavy gas oil
fraction and a vacuum gas oil fraction containing about
60% by volume or more of distillate components within
a distillation temperature range of from about 370° to
about 540° C. and (b) 2% by volume or more of a slack
wax having a kinematic viscosity of 3.0 to 25 mm?/s at
100° C. to hydrocracking which 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

: ; REPLACEMENT S
45 to about 90% by vol une. 14. A process according to cl ai Ilm ln mm““l

has a viscosity index of at |east about

90% by volume, in the presence of a hydrocracking
catalyst comprising an amorphous silica alumina car-
rier 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;

REPt ACFN‘FMT QHEET
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(B) separating the cracked product into a fuel oil fraction
and a [ubricating 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 3.0 to 7.5
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 hydroc- This Sheet Has. Been Reula

(T
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racking is carried out using a mixture stock oil obtained by
adding a slack wax having a kinematic viscosity of 3.0t0 5.5
mm?s at 100° C. to a heavy gas oil fraction, and a lubri-
cating base oil having a kinematic viscosity of 3.0 to 5.0
mm?/s at 100° C. is produced from the cracked product.

3. A process according to claim 1, wherein said hydroc-
racking is carried out using a mixture stock oil obtained by
adding a slack wax having a kinematic viscosity of 4.5 to 25
mm?/s at 100° C. to a vacuum gas oil fraction, and a
lubricating base oil having a kinematic viscosity of4.5t0 7.5
mm?/s at 100° C. is produced from the cracked product.

4. A process according to claim 1, wherein said hydroc-
racking is carried out 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.

5. A process according to claim 2, wherein said hydroc-

racking is carried out 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.
- 6. A process according to-claim- 3, whereirt said-tiydroc-
racking is carried out in the presence. of a hydrocracking
catalyst containing molybdenum in an amount of from about
S to about 30% by mass and nickel in an amount of from
about 0.2 to about 10% by mass. |

7. 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.

8. 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. 4

9. A process according to claim 3, wherein after the step
of separating the cracked product into a fuel oil fraction and 16 JAN 1998
a lubricating oil fraction by atmospheric distillation, a lubri-
cating base oil is produced by subjecting said lubricating oil
fraction to vacuum distillation. _ :

- 10. A process according to claim 4, 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. .
- 11. A process according to claim 5, wherein after the step

of separating the cracked product into a fuel oil fraction and

REPLACEMENT SHEET
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a lubricating oil fraction by atmospheric distillation, a lubri-
cating base oil is produced by subjecting said lubricating oil
fraction to vacuum distillation.

12. A process according to claim 6, 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.

13. A process according to claim 4, wherein said hydro-
cracking 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 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. -

14. A process according to claim 1, wherein the stock oil
has a viscosity index of at least about 85.
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Thus, as is evident from these results, a low viscosity
lubricating base oil having alngh viscosity index, which has
a relatively low kinematic viscosity of 3.0 to 7.5 mm?/s at
100° C., a high viscosity index of 120 or more and a pour
pomtof-lO‘C.orless.canbcpmducadby:heprocessof
the present inveation, while a high quality fuel oil mainly
composed of a middle distillate is simuitaneously produced.

While the invention has been described in detail and with
- reference to specific examples thereof, it will be apparent to
one skilled in the art that various-changes and modifications
anbemdethaunm:houtdepmng&omzhcspmtand

. scope thereof.
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What is claimed is:
1. A process for producing a lubricating base oil which has
a kinematic viscosity of 3.0 to 7.5 mm?s at 100° C., 2
viscosity index of 120 or more and 2 pour point of ~10° C.
or less, said process comprising: .
(A) subjecting a stock ail which is 2 mixture of () 98%
by volume or less of at least one ot a heavy gas ail
- fraction and a vacuum gas ail fraction coataining about
60% by volume or more of distillate components within
a distillation temperature range of from about 370° to -
about 540° C. and (b) 2% by volume or more of a slack
wax having a kinematic viscosity of 3.0 to 25 mm?/s at
100° C. to hydrocracking which 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 comprising an amorphous silica alumina car-
rier which contains at least one of the group VIb metals
in the periodic table and at least one of the group VI
metals in the periodic tabie to obtain a cracked product;

(B) separating the cracked product into a fue! 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 producing a lubricating

_ base oil which has a kinematic viscosity of 3.0 to 7.5
mm?/s at 100° C., a viscosity index of 120 or more
a pour point of -10° C. or less. _ '

- 2. A process according to claim 1, wherein said hydroc-
racking is carried out using a mixture stock oil obtained by
adding a slack wax having a kinematic viscosity of 3.0t0 5.5
mm?s at 100° C. to a heavy gas oil fraction, and a lubri-
cating base oil having a kinematic viscosity of 3.0 to 5.0
mm?/s at 100° C. is produced from the cracked product.
3. A process according to claim 1, wherein said hydroc-
racking is carried out using a mixture stock oil obtained by
adding a slack wax having a kinematic viscosity of 4.5 to 25
mm?s at 100° C. to a vacuum gas oil fraction, and a
lubricating base oil having a kinematic viscosity of 4.5t0 7.5 :
mm?/s at 100° C. is produced from the cracked product. 04 MAY 1998

4. A process according to claim 1, wherein said hydroc- .

racking is carried out in the presence of 2 hydrocracking
catalyst containing molybdenum in an amount of fromabout Lo .. oo
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5 to about 30% by mass and nickel in an amount of from
~ about 0.2 to about 10% by mass.

S. A process according to claim 2, wherein said hydroc-
racking is carried out in the presence of 2 hydrocracking
catalyst containing molybdenum in 2n amount of from about
5 to about 30% by mass and nicke! in an amount of from
about 0.2 to about 10% by mass.

6. A process according to- claim- 3, whereitt said-tiydroc-
rackmg is carried out in the presence of a hydrocracking
catalyst containing molybdenum in an amount of from about
5 to0 about 30% by mass and nicke! in an amount of from
about 0.2 to about 10% by mass. )

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

. fraction 0 vacuum distillation.

8. 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.

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

- 10. A process according to claim 4, wherein after thc step

- of separating the cracked product into a fuel oil fraction-and
a lubricating oil fraction by atmospheric distillation, a {ubri-
cating base oil is produced by subjecting said lubricating oil
fraction to vacuum distillation.

-11LLA process according to claim S, wherein after the step
of separating the cracked product into 2 fuel oil fraction and
a lubncanng oil fraction by atmospheric distillation, a lubri-
cating base ail is produced by subjecting said lubricating oil
fraction to vacuum distillation.

~ 12. A process according (0 claim 6, wherein after the step
of separating the cracked product into a fuel ail fraction and
a !ubncanng oil fraction by atmaspheric distillation, a lubri-
cating base oil is produced by subjecnng said lubricating oil

REFLAL. <t ~ fraction to vacuum distillation.

il : 13. A process according to claim 4, wherein said hydro-
: cracking is carried out under a hydrogen partial pressure of

04 MAY 1998 - about 10S 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
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of about 43 to about 90% by volume. -
14. A process according to claim 1, wherein the stock oil
has a viscosity index of at least about 8s.
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ABSTRACT

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

A process for the production of a high viscosity index, low
viscosity lubricating base oil having a kinematic viscosity of
3.0 t0 7.5 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 subjecting
a mixture stock oil of (a) at least one of a heavy gas ail
fraction and a vacuum gas oil fraction and (b) a slack wax
to hydrocracking in the presence of an amorphous silica
alumina catalyst, separating the cracked product into a fuel
oil fraction and g 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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