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distillation. ‘The" boiling * fange’ of - such a
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-laan The Hague;, The Netherlands, do hereby  The 'procéss accordin to the’ inyention ‘i
declare the invention for which we pray.that carried otit at elevated ‘temperature: and- pres-
- @’patent be granted to us, and the methed  sure and"* in sefice ‘of “hydrogen’ or’ &
g is to be .performed, to. be par-- hydrogen ¢ . Pure’ hydrogen may
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gas originating ‘i
plant: Such a ‘g
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or-piore by vol-
n practice it will
ydrogen' - containing
- catalytic“reforming
v Has'a high hydro-
tains -low-boiling
¢, methane; and a

*“The -present. invention .relates to’ a: process
* for; the "preparation of ] ubricating ol with'a-
-high-viscosity.index. .. .
15 - “Applicants have found that lubricating
‘ ‘high viscosity index can be pre~ -
-pare ) 5. mineral oil fractions
by conyerting, the. lattér -by means. of hydro
gen~in the ‘presence of¢ a.phosphorous
-7 ! iAgcording:to: the present irivention'a
the ‘preparation ‘of Iubricating of
ity. index. is .characterised, i

ing mineral oil fraction is.

below 350°C ilie

on 'is reduced, whereas at
ibove * 550°C cracking occurs
thiit ‘only & limited quantity
foduct s ‘obtained: A tem-
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and/or tungsten in. metallic, .

siilphidic form; and of phosphorous oxide sup-
30 ported. .on :a; catalyst - carrier consisting . of

refractory .oxide. ' Wl

~"* Suitable .

_ ‘starting materials for the ' process
.-the invention are high boiling
ydroca ixtufes, ‘e.g, heavy petroleum
35 fractions -heavy fractions obtained .by
pyrolisis:of ‘coal, bituminous shale or tar sand. -
Petroleum. fractions boiling at least. in:part * ‘ab
above the' boiling range. of lubricating oil.may -
ased: dvantage. As feed for the preésent -
s tiseis preferably. made of a distillate
recovered by vacuum distillation from
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oil per

however, to select a liquid hourly space
velocity between. 0.1 and 10 kg of
hour per litre . of catalyst.
A liquid hourly space velocity of less
0.1 kg/hour per litre of catalyst would require
an uneconomically large reactor for a given
degree of conversion, whereas a liquid hourly
space velocity of more than 10 kg per hour

" per litre of catalyst would give only a low

degree of conversion into the desired product.
The hydrogen/oil ratio is preferably between
100 and 5000 standard litres (litres at 1 bar
and at 0°C) per kg of oil. A very low H,/oil
ratio would adversely affect the life of the
catalyst, whereas a very high H,/oil ratio
would cause a considerable loss of pressure
over the catalyst beds, so that much energy for
compression would -be required for circulating
the hydrogen-rich gas.

The catalyst used in the process according
to the invention contains at least two hydro-
genative metal components, a carrier and
phosphorus. :

One of the metal components consists of
nickel and/or cobalt, and/or nickel and/or
cobalt compound; moreover the catalyst
should contain molybdenum and/or tungsten
andfor molybdenum .- and/or tungsten
compound. Important factors in this respect
are the quantity of hydrogenative metal com-
ponent expressed as a percentage of the total
catalyst, as well as the ratio between nickel
and/or cobalt on the one hand and molyb-
denum and/or tungsten on the othér. .

The metal component should preferably
not be used in too small quantities since this
would have an adverse effect on the desired
hydrogenerating action. A very high load of
metal component would cause the pores of the
porous catalyst support to become clogged in
such a manner that part of the surface of the
catalyst would be rendered inaccessible to the

material to be converted. It has now been

found that a catalyst containing between 3%,
and 169, by weight of nickel and/or cobalt
(hereinafter mentioned as the metals A) and
between 6% and 249% by weight of molyb-
denum and/or tungsten (hereinafter indicated
as the metals B) is pre-eminently suitable for
the proces according to the invention. For this
reason it is preferred to apply the above-men-
tioned percentages by weight of hydrogenative
metal components to the catalyst before using
the latter for the present process.

In a comparati

ve investigation of catalysts
which according to the present invention are
suited to be applied in the preparation of
lubricating oil with high viscosity index it has
been found that catalysts in which the: atomic
ratio of the metals A to the metals B is below
0.75:1 show a lower temperature requirement
and retention of aromatics and a higher
selectivity than catalysts with the.same content
of metals B but in which the atomic ratio of
the metals A to the metals B is above 0.75: 1.

An improved embodiment of the present

invention therefore consists in that a catalyst™.
is applied in which the atomic ratio of the+

metals A to the metals B is below 0.75: 1.

When using such catalysts the preparation
of lubricating oil according to the invention
is preferably carried out at a temperature of
375—425°C, a pressure of 100—200 kg/cm?,
a space velocity of 0.5—1.5 kg of feed per
litre of catalyst per hour and a hydrogen/feed
ratio of 500—2500 NI of hydrogen per kg
of feed. :

There is a special preference for catalysts
containing the metals nickel and molybdenum
or the metals nickel and tungsten. With regard
to the atomic ratio of the metals A to the
metals B, catalysts, in which this atomic ratio
is between 0.2:1 and 0.65:1, are preferred.

The amount of phosphorus applied to the
catalyst may likewise vary between wide
limits. It has been found, however, that the
activity of the catalyst depends on the per-
centage by weight of phosphorus present in
the catalyst. Good activity of the catalyst is
ensured by a phosphorous content of between
1% and 129% by weight, calculated as P,0,.
For this reason it is preferred to use a catalyst
having such a phosphorus content. More
preferably the phosphorus content is selected
between 29, and 9%, by weight calculated as
P,0; on the total catalyst and it has been
found that the maximum activity of the cata-
lyst is obtained at a phosphorus content
between 3% and 7% by weight, likewise cal-
culated as P,O, on the total catalyst.

“Activity” in this specification means the
temperature required for obtaining under
given operating conditions (pressure, liquid
hourly space velocity, H,/oil ratio) and start-
ing from a given feed, a product with a pre-
determined viscosity index. The higher the
activity of the catalyst used the lower will be
the temperature required.

Although nickel, in combinaton with
molybdenum .and/or tungsten, as well as
cobalt in combination with either or both of
the latter metals, are suitable for use as one
of the two hydrogenating components of the
catalyst for effecting the conversion accord-
ing to the invention, the best results are
obtained by a -combination of nickel and
molybdenum. For this reason the use of a
combination of these metals is preferred.

In principle any refractory material may be
employed as carrier for the catalyst to be used.

. Suitable materials are for example alumina

(aluminium - oxide), silica, magnesia (mag-
nesium oxide), titanium oxide, zirconia (zir-
conium oxide), thoria (thorium oxide), boria
(boron oxide) and mixtures and compounds of
these metal oxides. _ :

It has now been found that the use of
alumina or a mixture of silica and magnesia-
as carrier material permits the preparation
of catalysts with a particularly good activity,
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-Comimiercial ‘alumina usually ‘contains. small

quanutles of impurities,”especially” silica and

sodium. It has been found. that alumina con-
taining between’ 0.5% and 39 by werght_of
silica and:up’to 0. 005% by weight of sodium-
is an-excellent carrier material for the catalyst:
Thrs alumina is therefore preferred. - x
.. If ‘the alumina - contains ‘more than. 005 %
by werght of: sodrum, the: sodium ‘content may
be reduced to' -the required, level by ‘ion
exchange with ‘a.solution of an amimonia salt.
“Of the ‘supports’ composed.. of. silica’ and
magnesia; :a’ mixture -of - between . 50% ~ and
90% by weight:of: silica :and . between 10%
and. 50% ‘by: weight of magnesia is' preferred.
-“In this specification the selectivity of a cata-~
st understood to‘inéan the yreld of lubri-
cating’ ‘oil- *a; specified:: viscosity mdex
which has.- been.-.-.,o tained. -under- given con-
ditions. (temperature, _pressure, liquid - hourly
space-velocity ‘and H,/orl ratio) with the aid
of the catalyst:in- -question, The stability of
catalyst is+ the ‘extent ‘towhich tle catalyst
retains-its’ activity durmg prolonged use' th
process accordmg to the invention.: g
“To further. increase ‘the: activity and: selec-
tmty of the ¢ alet ﬂuonn is added: thereto

6% by wexgh
re i énsk ~however, that the
selectivity: iof - the - catalyst iay. be: ‘adversely
affected. For this .reason. /it  is' preferred -to
add between 1% and 6% by W __1ght of
ﬂuo ine to the:catalyst. s 7.0 y
-The ‘catalyst miay:be: prepared in :
ner -desired," for example, y: 1mpregnat1ng the
carrier wrth one or.more ‘aqueons solutions.of
compounds-of the other components, followed

is-carried out-in-more ‘steps: the material may
bedried- and calcined,:if. desrred betw N the
suocesswe steps of impregnation.
Examples of - suitable: water-soluble com—
pounds .of - nickel, ‘cobalt;’ molybdenum, ‘tunig-
sten and phosphorus, which: can be applied
in the preparation .of the ;present. catalysts, are
nitrates, -chlorides, carbonates and. formistes
of mckel and ‘cobalt, ° ammomum molybdate,
ammonium _tungstate, ; phosphoric_ .- ‘acid,
ammonium phosphate” and ammonium hydro-
phosphate. In order: to:obtaina hrgher solu-
bility of these compotinds;.and for the
stabilization of the solutlons certain - com-
pounds, such as ammonium’ hydroxrde, mono-
ethanolamide and sorb1t01 may be'added ‘to
the “solutions. . cot e i
- As already 1nd1cated al a. pi
catalyst contains - a -carrier,: hickel, molyb—
denum and. phosphiorus: Such:a. catalyst can be

. prepared very convemently by impregnating
@ catalyst carrier with an’aqueous phosphoric py

acid solution, drying. the rmpregnated camer

i pregnatmg t-with an
nolybdate and:a ‘nickel
i 'ﬁmshed by

-can be' preparéd- by xmpregnatmn “with'an

aqueous -solution: containing both “a :phospho-

molybdate and a nickel'salt rather. than” with

two separate: solutic
phoric acid” and the
date and nickel salt.’

 ‘Accordingly; the-catalyst 'luch ‘are: uSed to
advantage “in the‘process- accordmg to ‘the
invention, are prepared-as follows:

A catalyst. carrie impregnated with an
aqueous solutlon of an ‘acid :or non-acid phos=
ickel salt,whereupon

ne contammg phos-
mpnsmg ‘a molyb-

the impregna
© As a nickel salt; use-is; referably made of
nickel hexamine:. drchlonde [(Ni(NH,)6]CL,),

" or nickel formate,. although any water-soluble

nickel ‘salt,” such"as .nickel : mtrate and mckel
chloride may be employed

As phosphomoly and. | acnd phospho-
molybdate’. "use - referably: ‘made
ammonium- 2-phosph S-molybate. and ac1d
ammonium: : 2-phospho<5-molybdate " réspec-
tively. These ‘substances have- respectrvely the

“Nouveau Trarte de
i 1959), edited by Paul
‘pages 913, 916 and 917
P .-olycatxons’-’ (1963) by

ge-1L
Although s “Pr fen'ed in-the: above—
descrrbed methods for the - ‘preparation’ of
] el salt ‘to the*cata-

phomolybdate andf ¢-acid 'phbsphomolyb—
ite; good results may also be obtamed by

tions; one contammg ‘the mckel salt and the
ter : phosphomolybdate
bdate:

oxidic: catalyst-_ carrier’ with ‘& solition " of
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ammonium-2-phospho-5-molydate . and/for
acid -ammonium-2-phospho-5-molybdate: and
a mickel salt, and by drying and calcining. of
the impregnated carrier.

Although ‘an active catalyst may even be
obtained by means of only one impregnation
with the appropriate solution of nickel salt
and ammonium - -2 - phospho - 5 - molybdate
and/or acid ammonium - 2 - phospho - 5 -
molybdate, it is preferred, in order to obtain
even more active catalysts with a higher con-~
tent of nickel, phosphorus and molybdenum
to repeat the impregnation several times, the
impregnated carrier being dried between two.
successive impregnation ' steps. To- obtain an
excellent catalyst three impregnations will be
a rule be sufficient while if, depending on the
concentration of the impregnating solution,
impregnation is repeated more than 10 times,
this may involve the risk of too large an
amount of nickel, phosphorus and/or molyb-

denum being applied. to the catalyst, resulting

in the clogging of the pores of the carrier.
For this reason the number .of impregnating
steps is preferably between 3 and 10.

In between the sticcessive impregnations
and after the final impregnation the catalyst
is dried. This is preferably effected. .for
between 0.5 and .5 hours at a temperature
between 100°C and 250°C. :

As noted previously, the catalyst preferably
contains fluorine. This element may be
applied to the catalyst by any suitable method.
For this purpose it is preferred to impregnate
the catalyst with a solution of hydrogen
fluoride, ammonium . _
ammonium bifluoride. These components have
the ‘advantage that they do not leave behind
less desirable cations such as Na, K and Ca
ions on the catalyst after calcination. .

The. catalyst is completed by calcination.
This treatment is preferably carried out at a
temperature between 450°C and 850°C, for
between 0.5 and 5 hours. .

After calcination, the phosphorus and the
metals, viz, nickel and/or cobalt and molyb-
denum and/or tungsten, are probably present
in the catalyst in the form of oxides, although
the possibility cannot be excluded that they
have combined, at least in part, with the
catalyst carrier. : : :

It has been found that, in the catalytic con-
version of heavy hydrocarbon mixtures to
lubricating oil by means of hydrogen, better
results can be obtained if the catalyst .is
previously sulphided, by which process . the
metal oxides are converted, at least in part,
to the corresponding metal sulphides.

For - this reason it is preferred to use a
sulphided catalyst. - - :

Sulphiding of the present catalysts may be -

carried out according to the well-known sul-
phiding methods for catalysts. Sulphiding may
be effected, for instance, by treating the cata-
lysts with a sulphur-centaining gas such as a

fluoride and/or -

mixture of hydrogen and hydrogen sulphide,

a mixture of hydrogen and: carbon disulphide™ .

or g mixture of hydrogen and a mercaptan,
such as butyl mercaptan. S

A, very good and hence preferred sulphiding
method consists in contacting ‘the catalyst at
a temperature. of between 250°C and 450°C,
a pressure’ of between 30 and 70 bars, an
hourly space velocity of between 1 and 10
kg of oil per hour per litre of catalyst and a
hydrogen/oil ratio of between- 50 and 500
standard litres of H, per kg. of oil with an oil
which contains sulphur compounds, preferably
with- a gas oil which contains sulphur com-
pounds,  This treatment is- preferably -given
in the same reaction vessel in which the
hydrogenative conversion to .lubricating oil
is carried out. . _ .

Once the catalyst has been sulphided, the

“starting material for the production of lubri-

cating oil with a high viscosity index is intro-

duced into the reactor at a suitable tem-

perature, pressure, hourly space velocity and

H,/oil. ratio and .passed over the catalyst

whichi is- preferably ‘present in one or more

geds of particles with a size between 0.5 and
min.

After passing through the reactor the
reaction product is cooled and separated.into
a hydrogen-rich gas and a liquid product.

The hydrogen-rich- gas is preferably
recycled, at least in.part to the reactor. The.
liquid - product contains hydrocarbons boiling
below the boiling range of lubricating oil and
hydrocarbons boiling with the boiling range
of lubricating oil. _

. The hydrocarbons boiling below the boil-
ing range of lubricating oil are preferably
separated from the higher boiling residue by
fractional distillation.. The: cut point of this
distillationx is preferably so chosen that the
higher boiling residue has an initial boiling
point in the range between 350°C and 400°C.

In addition. to excellent lubricating com-
ponents this residue normally contains paraf-
fins which solidify at a. slightly reduced tem-
perature and thus have an adverse effect on
the pour point of the desired lubricating oil.
In order to prepare a useful lubricating oil
of lubricating oil component from the residue,
it is therefore preferred to dewax this residue,
thus separating slack . wax therefrom. This
treatment can-be carried out in any manner
desired. The dewaxing is preferably carried
out by means of a 'mixture of methylethyl-
ketone . and toluene at a temperature between
~-10°C. and —40°C and a volume ratio of
solvent to oil between.1:1 and 10:1. - -

The dewaxed residue has a high viscosity
index, for example, a viscosity index between
100 and 140, depending on the conditions
under which the hydrogenative conversion of
the starting material took place.

For this reason it is -.eminéntly suitable for
use as multigrade lubricating. oil or multi-
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‘below the luboil boiling range from the hydro-
isomerization efflient is suitably effected by
fractional - distillation or flash - distillation.
Othier separatton methods may, however, be
use

The dewaxmg of the poruon boiling  in the
luboil boxhng range obtained from the hydro-
isomerization effluent may be carried out in

-any conventional way. Dewazing with the aid

of a solvent is suitably used. In this operation

a waxy feed is dissolved in an organic solvent -

and the solution is then cooled to crystallize
the wax, which is separated by filtration off
the solvent/wax mixture. Suitable solvents for
this operation are- liquid propane, benzene,
toluene, methylethylketone, and mixtures of

methylethylketone and one or more aromatics.-.

The dewaxing of the portion boiling in the
luboil boiling range of the hydroisomerization
effluent is preferably carried out with a mix-
ture of 40 to 60 parts by volume of methyl-
ethylketone and 60 to 40 parts by velume of
toluene, at a temperature in the range of from
—10°C to —40°C, the volumetric ratio of
solvent to 011 being in the range of from 1:1
to 10:1.

The slack wax obtained in the second
dewaxzing ftreatment is advantageously
recycled to the hydroisomerization zone.

The dewaxed oil has a very high viscosity
index, ranging from 140 to 170, depending
on the hydroisomerization conditions. There-
fore it can excellently be applied as a multi-
grade luboil or as multigrade luboil com-

- ponent.

The dewaxed residue may also be separated
by vacuum distillation into a plurality of
luboils or luboil components with very high
viscosity indices. and mutually. different vis-
cosities. These luboil components may be used

for the production of excellent multigrade

luboils by blending them with each other or-
with other luboil components.

In order to simplify the process the hydro-
cracking treatment- and the. hydroisomeriza-

‘tion are advantageously carried out over the

same -catalyst,. which. comprises—as has

already been mentioned hereinbefore~—nickel-

and/or cobalt, molybdenum and/or tungsten,
phosphorus and preferably fluorine deposited
on a refractory oxidic support.

This catalyst may be present in two
reactors, the hydrocracking being carried out
in the first reactor and the hydroisomerization
in' the second.

It is also possible to carry out the hydro-
cracking and the hydroisomerization in the
same reaction vessel. In this way only one
reactor is needed and a con51derab1e improve-
ment - in the economy of the process- is
achieved.

As has already been mentioned herelnbefore
the non-converted slack-wax, which- has been
separated from the hydroisomerization pro-
duct can be recycled to the hydroisomerization

reactor in-order to be converted mto lub01l
with a very high viscosity index.

In case the hydrocracking treatment and the
hydroisomerization - take place in the same
reaction vessel, the slack wax separated from

70

the- hydroisomerization product is preferably

passed together with the highboiling mineral .- —

oil fraction to-this reaction vessel and to sub-
ject the blend of high boiling mineral oil
fraction and slack wax t¢"a combined hydro-
isomerization/hydrocracking treatment.

The invention will now be further -eluci-
dated by means of the followmg Examples.”

: EXAMPLE 1

A catalyst A for the hydrogenative con-
version of heavy hydrocarbon oils to lubri-
cating oil with a high viscosity index. was
prepared-as follows:

250 g of particles obtained by extrusmn,
with a diameter of 1.3 mm and consisting of
alumina, were impregnated for 20 hours at
a temperature of 22°C with a solution of 15.5
ml of 859% phosphonc acid (H,;PO,) in 241.5
ml of water.

The impregnated carrier was subsequently
dried for 2 hours.

After this period, a solution of 93 g of
ammonium paramolybdate in 270 ml of water
-was mixed with a solution of 118 g of nickel
hexamine dichloride in a mixture of 160 ml

75

95

of water and 11 ml of 279% ammonium -

hydroxide.
The dried catalyst catrier was impregnated

-three times for 10 minutes at a temperature of

22°C with the solution of ammonium para-
molybdate, nickel hexamine dichloride and

100

ammonium - hydroxide described above, the - -

carrier being dried between the impregnating
steps,; each time for 2-hours at 200°C. After
the final impregnating step, the impregnated
carrier was dried for 16 hours at 120°C and
calcined for 2 hours at a temperature- of
650°C.

The catalyst thus prepared had the follow-
ing composition: —

Alumina (A1,0s)

" Phosphorus pentoxide (P Os) 4.
Molybdenum oxide (MoOs) 20
Nickel oxide-(NiO) 10

-~ EXAMPLE 2_
A catalyst B for the hydrogenative con-

-version of heavy hydrocarbon oils © lubri-

cating -oil’ with a high viscosity index was-
prepared in the following manner:

116 g of ammonium 2-phospho-5-molyb-
date were dissolved in 395 ml of water to
which 100 ml of 279, ammonium hydroxtde
had been added.

117 g of nickel hexamme dichloride were
dissolved inn 800 ml of water to which 20 ml
of 27% ammonium hydroxide had been
added. The phosphomolybdate solution and

- % by wetght
66 '

105

110

115 -

120 --

125




:":1,3342,'?'4“99
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£ '_ . ‘Phosphorus . pentomde (P,O.,)

30

35 °.

%.250. g of alumma extrudates; whlch ei‘c
-~ identical to the glununa extrudates -used in
Exam| ¢

- 10 minttes with| . .
. taining the phopho:polybdate, the -nickel 1

a mg composmon

_-aperues ;

. Specific gravity 20/4 0.907 -
45

'_dmons i e N

1 "gequmtly mixed together

ne dlchlonde and ammornium: hydrox-
'Ihts 1mpregn,au0n was. repeated six-times,
I p,xegnated carrier dried ‘between
i ,J,geps, each time at, ZDO°C for 2 hours.
Afrer the final impregnation, the “carrier

was' dried . for 2 hours it. 120°6 and. subse-
quent[y calcined for 2 hours-at 650°C.

+.The catalyst ‘thus prcduced had the follow-

umina (AL a)

¢ Molybdenum oxide (MoOs)
N:ckl oxide (NiO)

EXAMPLE 3 '
A catalyst C was prepared by i nnpregnatmg

_ - & quantity of 150 g of qatalyst B for:'1 hour
25 hy
: ﬂuonnated catalyst was subsequently dried for

- 12, hours at 120°C angd: calcmed for 2 hours ‘at
S §s0sC. -

at ,20°C with a ‘mixture,
ydrogen " fluoride . and. ﬁ

of 11 ml of 40%
ml of water. The

Catalyst C had the followmg comp;' uon

Alumma (Al,O,o,) - '
-:Phosphorus pentoxide (P:05)
Molybdenum oxide (MOO,,)
Nickel oxide (NiO) ,
Fluorine - (F)

: A res1dua1 oil fraction obtained from. a
North African crude oil and ide@phalted by.
- means ofra liquid; propane was used;to, test’
-the activity, the selectivity and the stabxhty of
. catalysts A, Band C.

This . 011 fractxon had the followmg pro—

Vlscosxty at99°C: 328c¢S
Viscosity . index (Vg ASTM—-
. after dewaxing at —19°C: 77 .

. Yield : of: dewaxed oil -after dewaxm at..""

—19°C: 892% by-weight.

and C .:under._ the follawmg reaction: .con-

- Pressure: 140 bats absolute

"1-per litre of catalyst . -

Hydmgen/oxl ratio: . 1000 stan’dard htres of
- H, per kg of oIl

- three catalyst

_ the three:

mple. 1, werg | subseq tly tmpregnated for -

_ to obtam the

' - %bywelght

“temperature’ had: to.

~in:40-ml’ of ‘water.:
"mckel formate 28

_ Quantmes of this ollr_fractmn were passed -
“over thee identical- béds’ of the. catalysts ‘A, B -

“Hourly space velocity:. 1 kg of oil pe: our :

- During. the. catalyu comersmns over. the
s the ten:

‘trolled in suach, mafner: that th‘w products of

by means of a

(50/50) in the ratio .of three parts by volume

~of mixture to ‘on part-by‘ volume of oil at a

°C.
Ip turés’ were required
enuoned résults: |

temperature _of -
The following

for catalyst A

60

65

mixtuté “of . methylethylketone ~and - toluene

70

75

At .these‘temperatu the followmg yxelds

_of dewaxed oil thh V_IE of 130 and an

oil fractlon ‘used as “starting material were
obtained:

- for cataIyst B
for camlyst

From the;foregomg it.is evxdent that phos-
phoms-contammg catalyst display a very
good activity and selectivity for the produc—
tion of lubricating oil-with a very high vis-
cosity index and .that these properties can be
firther improved by.. prepanng the . catalysts

with ™ the "aid of ammomum—Z-phospho-S-'
~.. molybdate and adding .fluorine thereto.

The three catalysts A, B and C also have
an excellent stablhty{fTh1s was borne out by
the fact that during the first 700 hours the

ténance of the “desired viscosity index
VIg=130, whereas after 700 hours and up to
‘the end of the - expenments described above,
i.e:- after 1100: hours, the temperature could
‘be kept constant tg
;(VIE-—130) at all times,

imolybdate atid 11 ¢ amimonium phosphate
a'solution of 22 g of
40 ml 25% NH,0OH
addition -of -water to
ution’ was . applied for a
.regnatlon of 100 g of 1.5 mm
alimina extrudates’ (pore ‘yolume: 0.62 ml/g;

spec:ﬁc surface area: 219-°m?/g; silica con-

- itent . 1,4%w). The, nnpregnated alumina was
dried at 120°C for :two. hours and ‘calcined at -

500°C for three houirs,

chieve the desired result’

80

85

95

¢ ‘increased. by approxi- . -
mately 2°C’ per, 100 ‘hours to ensure main-

100

105

of - ammoniun. hepta-'!-'

110

115
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Catalyst A _

A solution of 28:19 g of (NH,).HPO, in
60 ml of water and a solution of 92.9 g of
ammonium heptamolybdate in 335 ml of
water were combined. To this solution 100 ml

of 259% NH,OH and a solution of 120.55 g

of nickel chloride 6 aq i a mixture of. 300
ml of water and 233 ml of 25% NH, OH
were successively added. The resulting solu-

tion (1028) ml was applied for a six-step -

impregnation of 250 g of the same alumina
extrudates 'which were used for the prepara-
tion of catalyst I. The impregnation was
effected by immersing the alumina extru-
dates into the afore-mentioned solation five

- times for ten minutes. After each immersion

the alumina was filtered off and "dried at
120°C for two. hours. After the fifth
immersion the remaining quéntity of impreg-
nating liquid amounted to 140 ml. With this
liquid the alumina extrudates were impreg-
pated for the sixth time. After the sixth
impregnation the alumina was dried at 120°C
for two hours and calcined at 650°C for
three hours. ' '

Catalyst B. =~
This catalyst was prepared in completely
the same way as catalyst A, but starting

0 from a different carrier’ material (1.3 mm

alumina extrudates with a pore volume of
0.67 ml/g and a specific surface area of 221
m*fg). N

. Catalyst C

A solution of 64.8 g of aluminium hepta-
molybdate. in 80 ml of water and a solution

of 19.4 g of NH,),HPO, in 80 ml of water

were combined. To this solution a solutioc™:
of 84.4 g of nickel chloride 6 aq in 70 ml
‘monoethanolamine was added. - After the '
‘addition of water to obtain 320 mi, this

solution was divided ‘into two equal portions

-which were applied for the impregnation of

"175 g of the same alumina extrudates - that

were used for the preparation of catalyst I
The impregnation was effected in two steps,
each with a portion of the afore-mentioned
solution. After each impregnation the alumina
was dried at 120°C for two hours and cal-
_cined at 500°C for three hours.

S : " Catalyst D
‘While heating an adding dropwise 30 g’
of 30% H,0., 64.8 g of ammonium hepta-
molybdate were dissolved in 60 ml of water.
After cooling to room temperature the solu-
tion was combined with-2 solution of 103
g of nickel nitrate 6 aq and 18 g of 88%
phosphoric acid in. 200 ml of water. The
resulting solution was divided into two equal
- portions which were applied for the impreg-
nation of 175 g of the same alumina extru-
dates that ‘were used for the preparation of
_catalyst I. The irapregnation was effected in
two steps, each with a portion of the afore-
mentioned sohition. After the first impregna-
tion the alumina was dried at 120°C for two
hours. After the second impregnation the
alumina was dried at 120°C for two hours and
calcined 'at 500°C for three hours. '
The composition of the catalysts is given
in Table A. Catalyst I is a catalyst according
to the present selection invention.

~TABLE A
Nickel - Molybdenum . Phosphorus -
content, content, " content, ‘Nickel/
Catalyst gat/100 g gat/100 g gat/100 g molybdenum
No. . ALOs - ALOs ALOs © - atomic ratio
I .0.12 0.21 2.6 0.57:1
A - 0.20 0.21 . 2.6 ' - 095:1
B - 020 021 2.6 . 095:1
- C -0.20 - -0.21 26 - 095:1
D -0.20 0.21 26 - 0.95:1

Hydrocracking Experiments
The temperature requirements, retentions
of aromatics and selectivities of the catalysts
mentioned in: Table A, relating to the pre-
paration of a lubricating oil -with initial boil-

“ing. point of 375°C and VI of 128 after
‘dewaxing, were compared on the basis of an
‘experiment carried out under the following

circumstances.

Feed: propane-'deasphaltéd- short residue
obtained after vacuum distillation of a
cErude oil originating from the: Middle

ast. A e

© VI of the de-asphalted oil after dewazing
at—20°C: 81 - .

Sulphur content: 2.5 %W :
Nitrogen content: 780 gdpm:
Aromatics content: 100 mmol/100 g
Pressure: 150 kg/cm? - :
Space velocity: 111%h*
Hydrogen/oil ratio: 2000 nl1* -
Catalyst bed: 100 ml

The catalysts were crushed to a particle size

. of 0.5—1.4 mmi and tested in sulphided form.
Sulphiding was carried. out .by treating the
catalysts for -five hours' with' a mixture of

40

4

‘50

55

65

70

95

- 100

105
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o r\/a pressure
5; :,:

5. . Applied

e Tatio! of 7

Dewaxing was caniéd

Temperature Selecuvxty

catalyst

Tempemmre 440°C 5:'--
ressure:’ 140 bars absolute

. .;-‘.Hydrogen/slack wax ' ‘ratio:

Aromatlcs " Retentio
““content, . aromiatic
mmol/100 g

ooty
40 . g
i 32‘ ) REE

Vi 210°F,
20K,

101000010
Lowbin

The fractmn ‘boiling below 400°C consti-
tuted 569% by weight ‘of th¢-hydrocracking
product. Tt ‘was separated- off-from the’ hydro-
cracking product by fractional * distillation:”

The fraction - boiling'‘above 400°C" (44%
wt) was:dewaxed with the 'aid. of ‘a mixture of

60

65

50 parts: by -volume of “methyl” -ethyl: ‘ketone
and 50 parts by volume ‘of toluéné at a tem-

perature: of —27°C. " The solvent/oil ratio
was 3:1. During the’ ‘déwaxing 12% b w_elght
of slack waxwas separatéd off. The luboil
thus obtained :had a v1sc0s1ty

VIg (ASTM—~D 2270) of 130.°
- The yield of this luboil was 32% by wexght '

calculated  ‘on'- the -~ basis-~of - the-’ ongmal
deasphalted residual oil fraction. =
The slack wax- obtained in" the dewaxing

was then catalytmally hydroxsomenzed apply- '

ing the following conditions:

Temperature: 340°C
Pressure: 140 bars absolute-

1ndex

70

E]

80

_Space velocity: 0.81 kg of s_lack wax per

hour per litre of catalyst - . .-

12660 htres
(N.T.P.) of hydrogen per kg of slack
waz. ,

The hydtoxsomenzauon catalyst comamed

'17%. by weight, ‘tungsten,’ 9%  by". “Weight
‘nickel and 2.5

%. by Welght ﬂuonne deposited
on a siupport: comprising’ 26%; by wexght
alumina; “the remainder- -being’ -silica.” This
catalyst has been sulphunzed by passing sul-
phur-containing -gas "oil ' th

hours at the followmg ndmons

Temperature 350°C N
Pressure: 50 bars absolute * '
.'Spaoe vélocity: 1 kg of 011 per hour per
htre of camlyst

ereover urmg 36

95

+ 150 litres’ (NTP)
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By fracuonal drstlllauon the fraction boil-
ing below' 400°C was separated from' the
hydroisomerization product. The yield of resi-
due boiling above' 400°C was 49.4% by
weight calculated on the basis of- thé hydro-
isomerization feed. This residue was dewaxed

at ~—27°C with the aid of a mixture. of
methyl ethyl ketone and toluene (50/50), the
solvent/oil ratio being 8:1. *

The yield of dewaxed luboil ‘was 24.9% by
we1ght calculdted on’ the basis of the hydro-
1somenzat10n feed. -

This luborl has the followmg properties:

Viscosity index (VIE, ASTM—D 2270)
158 .

Kinematic viscosity at 38°C: 30.60 cS

Kinematic viscosity at 99°C: 5.97.cS.

: Comparative Experiment

A deasphalted residual oil fraction of the
same origin and compos1t10n ds. the material
used in Example 6 is dewaxed .at .—27°C
with the aid of a mixture of methyl—ethylke-
tone and toluene (50/50),:the solvent/oil ratio

‘being 3:1. In this operation 14% by welght

slack wax is separated .

This slack wax is hydrorsomenzed at the
same conditions and with the aid of the same
sulphurized catalyst as mentioned in Example
6.

The fraction boiling above 400°C of the
liquid hydroisomerization product i is dewaxed

in the same manner as menmoned in Example
6.

The yield of luborl is: now 20% by weight -
.calculated on the ~hydroisomerization feed.

The luboil thus obtamed ‘had the followmg
properties:

Viscosity index (VIz,- ASTM—D, 2270):
100 -

Kinematic v1scosrty at 38°C: 2953 cS

Kinematic v1scos1ty at 99°C: 16 89 ¢S

EXAMPLE 7
A slack wax of the same composition as that

-obtained in the first dewaxing treatment of

Example 6 ‘was hydroisomerized with. a
catalyst ‘'which was identical with the hydro-
cracking catalyst used in Example 6.

The followmg condmons were . apphed

: Temperature 400°C
Pressure: 140 bars absolute -
Space velocity: 0.80 kg of slack wax per
hour per litre of catalyst
Hydrogen/slack wax. ratio: 1. 780 htres
(N TP) of H, per kg of slack wax.

-The fraction borhng below 400°C was

‘separated by fractional distillation from the

hydroisomerization product. The yield of
residue boiling above 400°C was 61.2%, by

welght calculated on the. basis of the hydro—
isomerization feed. ~K0
This residue was dewaxed at —27°C with,_?

the aid of a mixture of methylethylketone and
toluene (50/50), the solvent/oil ratio being
8:1. The luboil yield was 36.7%, by weight
calculated on the hydroisomerization feed.
This Iuboil ‘had -the following properties:

65

Viscosity index (VIg, ASTM—D 2270):
Kinématic viscosity ‘at 33°C: 28.10 ¢S

Kinematic viscosity at 99°C: 5.60 cS. 70

WHAT WE CLAIM IS:— :

1. A.process for the preparation of a lubri-
cating .oil with a high viscosity index, charac-
terized in that a high boiling mineral oil
fraction is contacted at elevated temperature
and pressure, in the presence of hydrogen,
with a catalyst consisting of nickel and/or
cobalt .and. ‘molybdenum and/or tungsten, in
metallic, oxidic and/or sulphidic form and of
phosphoms oxide supported on a catalyst
carrier consisting of refractory oxide. .

2. A process according to claim 1, charac-
terized in that the high boiling mineral oil
fraction is a vacuum dlstlllate boiling between
350°C and 550°C. :

3. A process according to claim 1, charac-
terized .in’ that the high boiling mineral oil
fraction is a-deasphalted residual oil.

4. A process according to one or more of
the preceding claims, characterized in that
the temperature is between 400°C.and 500°C,
the pressure between 100 .and 200 bars, the_
hourly space velocity between 0.1 and 10 kg
of oil per hour per litre of catalyst and the
hydrogen/oil ratio between 100 and 5000
standard litres of hydrogen per kg of oil.

5. A process according to one or more of
the preceding claims, characterized in that the
catalyst contains between 3% and 169% by
weight of nickel and/or-cobalt.

6. A process according to-one or more of

75

80

85

90

95

100

" the preceding claims, characterized in that .

the catalyst contains 6 to. 249% by weight of
molybdenum and/or tungsten.:

7. A process according to. one or more of .
the preceding claims, characterized in that the
catalyst contains between 1% and 129, by
weight of phosphorus calculated as P,O;.

8. A process -according to one or more of
the preceding’ claims, characterized in that the
catalyst contains between 2%, and 99% of
phosphorus calculated as P,O;. '

9. A process according to one or more of
the preceding claims, characterized in that the
catalyst contains nickel.

10.- A process according to one or more of
the . preceding claims, characterized in that
the catalyst contains molybdenum. - _

11. A process according to one or more
of the preceding claims, characterized in that

105

110

115

120
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By fractional distillation the fraction boil-
ing below 400°C was separated from the
hydroisomerization product. The yield of resi-
due boiling above 400°C was 49.49 by
weight calculated on the basis of the hydro-
isomerization feed. This residue was dewaxed
at —27°C with the aid of a mixture of
methyl ethyl ketone and toluene (50/50), the
solvent/oil ratio being 8:1. '

The yield of dewaxed luboil was 24.99% by
weight calculated on the basis of the hydro-
isomerization feed. '

This luboil has the following properties:

Viscosity index (VIg, ASTM—D 2270):
158 .

Kinematic viscosity at 38°C: 30.60 ¢S

Kinematic viscosity at 99°C: 5.97 .cS.

. Comparative Experiment

A deasphalted residual oil fraction of the
same origin and composition as the material
used in Example 6 is dewaxed at.—27°C
with the aid of a mixture of methyl-ethylke-
tone and toluene (50/50), the solvent/oil ratio
being 3:1. In this operation 14% by weight
slack wax is separated.

This slack wax is hydroisomerized at the
same conditions and with the aid of the same
sulphurized catalyst as mentioned in Example
6

The fraction boiling above 400°C of the
liquid hydroisomerization product is dewaxed
in the same manner as mentioned in Example
6.

The yield of luboil is now 20% by weight
calculated on the hydroisomerization feed.
The luboil thus obtained had the following
properties:

Viscosity index (VIz, ASTM—D 2270):
100

Kinematic viscosity at 38°C: 295.3 cS

Kinematic viscosity at 99°C: 16.89 S

EXAMPLE 7
A slack wax of the same composition as that
obtained in the first dewaxing treatment of
Example 6 was hydroisomerized with a
catalyst which was jdentical with the hydro-
cracking catalyst used in Example 6.
The following conditions were applied:

Temperature: 400°C

Pressure: 140 bars absolute

Space velocity: 0.80 kg of slack wax per
hour per litre of catalyst

Hydrogen/slack wax ratio: 1.780 litres
(N.T.P.) of H, per kg of slack wax.

The fraction boiling below 400°C was
separated by fractional distillation from the
hydroisomerization product. The yield of
residue boiling above 400°C was 61.23/ by

weight calculated on the basis of the hydro-
isomerization feed.

This residue was dewaxed ar —27°C w1th€

y

the aid of ‘a mixture of methylethylketone and
toluene (50/50); the solvent/oil ratio being
8:1. The luboil yield was 36.7%, by weight
calculated :on the hydroisomerization feed.

This Iuboil ‘had the following properties:——

Viscosity index (VIg, ASTM—D 2270):
155

Kinematic viscosity at 38°C: 28.10 cS§

Kinematic viscosity at 99°C: 5.60 cS.

WHAT WE CLAIM 1S:—

1. A process for the preparation of a lubri-
cating oil with a high viscosity index, charac-
terized in that a high boiling mineral oil
fraction is contacted at elevated temperature
and pressure, in the presence of hydrogen,
with a catalyst consisting of nickel and/or
cobalt and molybdenum and/or tungsten, in
metallic, oxidic and/or sulphidic form and of
phosphorus oxide supported on a catalyst
carrier consisting of refractory oxide.

2. A process according to claim 1, charac-
terized in that the high boiling mineral oil
fraction is & vacuum distillate boiling between
350°C and 550°C.

3. A process according to claim 1, charac-
terized in that the high boiling mineral oil
fraction is a deasphalted residual oil.

4. A process according to one or more of
the preceding claims, characterized in that
the temperature is between 400°C and 500°C,
the pressure between 100 and 200 bars, the
hourly space velocity between 0.1 and 10 kg
of oil per hour per litre of catalyst and the
hydrogen/oil ratio between 100 and 5000
standard litres of hydrogen per kg of oil.

5. A process according to one or more of
the preceding claims, characterized in that the
catalyst contains between 39 and 16% by
weight of nickel and /or cobalt.

6. A process according to one or more of
the preceding claims, characterized in that
the catalyst contains 6 to 249 by weight of
molybdenum and/or tungsten.

7. A process according to one or more of
the preceding claims, characterized in that the
catalyst contains between 19 and 12%, by
weight of phosphorus calculated as P,O,.

8. A process according to one or more of
the preceding claims, characterized in that the
catalyst contains between 2% and 9% of
phosphorus calculated as P,O;.

9. A process according to one or more of
the preceding claims, characterized in that the
catalyst contains nickel.

10. A process according to one or more of
the preceding claims, characterized in that
the catalyst contains molybdenum.

11. A process according to one or more
of the preceding claims, characterized in that
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elow ‘a“temperature - in
50°C ‘and 400°C -are
duct of ‘the catalytic
nid that the: higher

N\ 12. A process ‘according fo' ‘clai
" characterized in that the.. alumina . co
5 - between 0:5% and 3% by weight of s

; ‘at:most-0.005%, by weight of sodiut

8- according  to:  claim:™ 4,

at. the ‘dewaxing’is effected
ixture:of ‘methylethylketone
ture bétween:—10°C
ume “ratio of solvent

Cth
obtsined by oxida
mainly- of' between -

ng:to one or more of
clamms, -chardcterized ‘in that
i catalyst containing at least
- from ‘the group formed
least one metal B
ap: : formed: by molyb-
and-also: phosphorus’ on
ier;: the: atomic ratio of
metals -B being below

4. A process according to.
the preceding claims, characterized
15 is“made of .2 catalyst prepared by
nating jer
e

wding “to claim 26,
catalyst is used in
sthe metals A to the

5. A process acc
claims 1 to713, characteriz

talyst carrier with as aqueous
osphomolybdate: and /or. of ‘an

25 ‘@
phomolybdate and a nickel salt, and

and calcining the impregnated carrier. =
.16 A process according to:claimy 14°0r 15, p

30 characterized 'in that .the nickel-salf used is °
- nickel. hexamine dichloride ¢ ¢ 1hicks rmate.
- 717 A process according’ to ‘cliim
characterized in that ‘the ph
gk

space - velocity  of
litre of catalyst per
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id 2 hydroge
drogen pér kg L
529 A process according to one or more of
.. claims 24 1o 28, characterized in- that the
A5 or . slack wax obtained in the dewaxing treatment
‘phospho- is ‘catalystically isomierized in the presence of
2-phospho-5- a hydrogen-containing gas and that a luboil

+): 6H,0]. having a very high viscosity index is obtained
by dewaxing the hydroisomerizate.

30. A process according to claim 29,
characterized .in -that the ‘hydroisomerization
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om 50 :'to. 200 bars absolute, a space
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ture and/or a compound of silica and alumina, merization are carried out with the same cata-
‘alumina and BF,, silica and magnesia, silica lyst. - . A~
alumina and zirconia, alumina and P.Os, 39, A process according to claim 38 s
: or comprises a clay, which has been activated characterized in that the hydrocarcking treat- ~35
5 with acid, or a zeolite. ment and the hydroisomerization are carried .
34, A process according to any one of out consecutively in the same reactor. .
claims 29—33, characterized in that the 40, A process according to claim 38 or 39,
hydroisomerization ‘catalyst contains 1 to 6%, characterized in that the feed for the hydro-
by weight of fluorine. . cracking treatment consists of .a blend of 2 40
‘10 35. A process according to claim 29, high boiling mineral- oil fraction and of
characterized in that the “hydroisomerization slack wax obtained by dewaxing the portion
catalyst contains 3 to 18% by weight nickel, of the product of the hydrocracking treatment
6 to 24% by weight molybdenum, 1 to 6% andfor of the jsomerization treatment which -
by weight fluorine and 2 to 99 by weight boils within the boiling range of luboil. | 45
15 of P,0; deposited on a support consisting 41. A process for the preparation of lubri- -
entirely or substantially of alumina. - - ~ cating oil with a high. viscosity index accord-
36. A process according to claim 29, ing to claim 1, as hereinbefore described with
characterized in that the hydroisomerization special reference to Examples 4 and 5.
catalyst contains platinum, alumina and 1 to . 42. A process for the preparation of lubri- 50
'20 6% by weight fluorine. © cating oils with a very high viscosity index
37.” A process according to any one of acording to claim 29, as hereinbefore
claims 29—36, characterized in that the por- described with special reference to Examples
tion boiling within the boiling range is 6and7. S
separated by fractional distillation or 43. Lubricating oils with- high viscosity 55
. 25 distillation from the effiuent of the hydro- indices, whenever prepared by the process
isomerization zone and is dewaxed, the slack according to one or more of the preceding
wax thus obtained being recycled at Jeast in claims.
part to the hydroisomerization zone. R. C. ROGERS,
" "38, A process according to any .one of Chartered Patent Agent,
30 claims 29—37, characterized in that the Shell Centre,
" hydrocracking treatment- and the hydroiso- London, S.E.L.



