PRODUCTI ON OF- LUBRI CANT BASE O LS THIS I NVENTION rel ates to the przgtﬁ)cm%(n &
“of |ubricant base oils. It relates in particular to a process for prd g
a waxy product suitable for the production of lubricant base oils, and to a
process for treating a waxy product to 5 produce a dewaxed product
suitable for use as a lubricant base oil. According.to a first aspect of
the invention, there is provided a process for producing a waxy product,

whi ch process conprises hydrotreating g feedstock conprising a 10

Fi scher-Tropsch wax and a petrol eum based waxy distillate, to produce a
range of hydrogenated products; and recovering a waxy. product fromthe
range of hydrogenated products. By 'Fischer-Tropsch wax' is neant a wax
obtai ned by the so-called Fischer-Tropsch process. The Fi scher-Tropsch 15
process includes converting a synthesis gas conprising mainly hydrogen and
car bon nonoxi de, to hydrocarbons. The conversion is effected by contacting
the synthesis gas with a Fischer-Tropsch catalyst, normally an iron or
cobalt based catalyst, in a fixed bed or a slurry bed reactor 20 - under
either low or high tenperature Fischer-Tropsch operating conditions.

In this manner ] r : r vi/ng different boiling
ranges, i s obt aﬁ%%ﬁ%sﬁaﬂ%%?#yhen recovered, eg by neans
of distillation, from this hydrocarbon m Xture. The

THIS INVENTION relates to the production of lubricant base
oils. It relates in particular to a process for producing
a waxy product suitable for the production of lubricant
base oils, and to a process for treating a waxy product to

produce a dewaxed product suitable for use as a lubricant
base oil.

According to a first aspect of the invention, there is
provided a process for producing a waxy product, which
process comprises hydrotreating a feedstock comprising a
Fischer-Tropsch wax and a petroleum-based waxy distillate,
to produce a range of hydrogenated products; and recoyering
a waxy product from the range of hydrogenated products.

10

By ‘Fischer-Tropsch wax’ is meant a wax obtained by the
so-called Fischer-Tropsch process. The Fischex-Tropsch
process includes converting a synthesis gas comprising
mainly hydrogen and carbon monoxide, to hydrocarbons. The
conversion is effected by contactiﬂé the synthesis gas with
a Fischer-Tropsch catalyst, normally an iron or cobalt
based catalyst, in a fixed bed or a slurry bed reactor
under either low or high temperature Fischer-Tropsch
operating conditions. In this manner, a mixture of
hydrocarbons'having different boiling ranges, is obtained.
The Fischer-Tropsch wax is then recovered, eg by means of
distillation, from this hydrocarbon mixture. - The

Fischer-Tropsch wax typically has a composition wherein

15
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about 80% by volume thereof has a boiling point higher than



»

25 Fi scher-Tropsch wax typically has a conposition wherein about 80% by
vol unme thereof has a boiling point higher than 2 550[err] C at nospheric
equi val ent tenperature (' AET'). Thus, for exanple, the Fischer-Tropsch wax
may have an ASTM D2887 gas . chromatography sinulated distillation range
I n accordance with Table 1. 5 TABLE 1: Fischer-Tropsch wax

(simulated distillation according tozASTM D2887) %of f (by vol unme)
[err]C Initial boiling point

430 10 10
510 30 570 50 : ' 610 The
term petrol eum based waxy distillate' is known in the art It thus
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5 TABLE 1: Fischer-Tfopsdh wax (simulated distillation

according to ASTM D2887)

% off (by volume) °C
Initial boiling

point 430

10 10 510

30 570

50 610

The term ‘petroleum-based waxy distillate’ is known in the
art. It thus means a waxy distillate obtained by
15 physically separating a suitable crude oil |using
atmospheric and vacuum distillation. Suitable crude oils
are so-called ‘lube crudes‘. Typically, the crude o0il can

be a Middle East crude o0il, a North Sea crude oil,
African crude oil.

or an
Thus, for example, the petroleum-based

20 waxy distillate may have an ASTM D2887 gas chromatography
simulated distillation range in accordance with Table 2.
TABLE 2: Petroleum-based ‘'waxy distillate (simulated
distillation according to ASTM D2887)
¥ off (by volume) °C
25 Initial boiling . '
point 255
10 344
30 397
50 ) 432
30 70 ' 463
90 511
Final boiling point 579




20 waxy distillate may have an ASTM D2887 gas chromat ography si mul at ed

distillation range in accordance with Table 2. TABLE 2: Petrol eum based
waxy distillate

(simulated distillation according to ASTM D2887) % of f
(by volune) - [err] C 25 Initial boiling point
255 10 ' 344 30 397 50
432 30 70 _ 3 463 90
511 Final boiling point 579

3 The vol unetric proportion of
Fi scher-Tropsch wax to petrol eumbased waxy distillate in the feedstock may

be between 5:95 and 50: 50, preferably between 5:95 and 20:80. The
hydrotreat ment fgy i L\hdétimedrg%gsﬁgant hgef epelséREK-Propsc Nvdix  to
hydr ocr acki ng stagg; The hydrocCrac 'G%_ng pbe gLfe te t € tenpg*gture
of 300[ err] C t PaERLeyp-hased s firtidats 08| Ee) deedsfock ppy

120- 160 bar ( g) ; batwgen |96 @axdt 50k5Q; guefexaiiliy’ be2b@epab 9%, apd efrdlh] vy
100- 175 .

The hydrotreatment may include hydrocracking the feedstock

5 in a hydrocracking stage. The hydrocracking may be

effected at a temperature of 300°C to 410°C, preferably
350°C to 400°C; a pressure of 120-160 bar(g); a hydrogen
partial pressure of 20-200 bar(g), preferably 100-175
. bar(g); a hydrogen to liquid ratio of 200-2000:1 “h?: and a
10 liquid hourly space velocity (‘LHSV‘) of 0,2-2 h7l,
The recovery of the waxy product £rom the range of
hydrogenated products produced may include distilling, in
a distillation stage, the range of hydrogenated products to
obtain, as a bottoms fraction, the waxy product. Thus,
15 typically, the products obtained from the distillation
stage may be in accordance with Table 3.

TABLE 3: Distillation Stage

Carbon range Mass %
Cl'C4 1’3
C5-Ci5 -20-30 _ .-
C15-Cag ' 35-40
C28-Cyqo 15-25
>40 5-15

25 The bottoms fraction, ie the C,,, fraction, is thus the waxy

product.

The bottoms fraction or waxy product from the distillation
stage may then be subjected to dewaxing, eg solvent

dewaxing, in a dewaxing stage, to recover a dewaxed
30 product.



bar(g); a hydrogen to liquid ratio of 200-2000:1 mm[err], and a 10
Fiquid hourly space velocity ('LHSV') of 0,2-2 h[err]. The recovery of
the waxy product fromthe range of hydrogenated products produced may
include distilling, in a distillation stage, the range of hydrogenated
products to obtain, as a bottons fraction, the waxy product. Thus, 15
typically, the products obtained frofithe distillation stage may be in

accordance with Table 3. TABLE 3: Distillation Stage Carbon range
Mass% Cl err] -

] . 1-3 20 er,r]-Clerr]
do Corr]- O ofBFe20PSEORAg iocpopppond Sspect of, sHe dnveRkiphy | there
15-25 (Jerr] 1s provided a prgcess2for treabingt aowsxyr profiuat, i whith C>40
fraction, ist
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yLhen_be subjected to Jewaxing,.eg _solvent
dewaxi ng, in apgéma%?nékggiﬁga F5°We559epr8£8§ﬁaﬁgﬂ°§ ing tg the first
S aspect of the invention, ‘to obtain a dewaxed product
suitable for use as a lubricant base oil.

The dewaxing may comprise solvent dewaxing of the waxy
product.

Preferred solvent combinations for dewaxing lube feedstocks
10 such as waxy distillates, waxy raffinates, waxy
hydrocracker residues and the corresponding distillate

fractions are a methyl ethyl ketone/toluene (’'MEK/T’) and

a dichloro-ethene/methylene chloride (‘Di/Me’). This MEK/T

or Di/Me can be used for dewaxing the waxy product;
15 however, MEK/T is preferred.

The mass proportion of dichloroethene to methylenechloride
in the MEK/T solvent is between 40:60 and 60:40,

and may,
for example, be about 50:50.

The mass proportion of waxy

product to solvent may be between 1:2 and 1:12, preferably
20 between 1:3 and 1:10.

The dewaxing may comprise mixing the waxy product in liquid
form with the MEK/T solvent; cooling the mixture to a sub-

ambient dewaxing temperature, with solid wax crystals

forming, and with the dewaxing temperature depending on the

25 pour point which is required for the dewaxed product or the
lubricant base oil; and'separating, in a separation stage,
the wax crystals from a mother liquor comprising dewaxed
oil as the dewaxed product and spent solvent. The
separation stage may, in particular, comprise a filter

30

stage having at least one filter, eg a rotary filter, with
the mother liquor or main filtrate thus passing through the
filter and the solid wax crystals remaining as a wax cake
on the filter. The process may include washing, in a



4 Thus, according to a second aspect of the invention,
‘process for treating a waxy product, which process conprises dewaxing, in a
dewaxi ng stage, the waxy product obtained fromthe process according to the
first 5 aspect of the invention, to obtain a dewaxed product suitable

for use as a lubricant base oil. The dewaxing may conprise solvent dewaxing
of t-he waxy product. Preferred sol ventSconbi nations for dewaxing | ube

f eedst ocks 10 such as waxy distillates, waxy raf fi nates, waxy
hydr ocracker. residues and the corresponding dlstlllate fractions are a
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I ng on the
stripping.

there is provided a

In the washing step, sufficient wash solvent may be used so

that the mass proportion of waxy product initially used to
wash solvent is between 1:1 and 1:2.

10

The dewaxing temperature may be between -5°C and -32°C, for

example between -12°C and -27°C. The dewaxing temperature

as set out hereinbefore, dependent on the pour point which

is required for the resultant or corresponding lubricant
base oil.

15

For example, to produce a base oil with a pour
point of -9°C, the corresponding dewaxing temperature is

higher than the dewaxing temperature required to achieve a
pour point of -18°C.

20 The dewaxed product thus obtained is suitable for use as a

lubricant base oil, and the Applicant has surprisingly

. found -that the lubricant base oil has a viscosity index
(*VI‘) of 145 or higher, so that it is suitable for use as

a super high viscosity index ('SHVI‘) lubricant base oil.

25 The invention naturally extends to a waxy product when
produced by the process according to the first aspect of
the invention, and to a dewaxed product, when produced by

the process according to the second aspect of the
invention.

30 According to a third aspect of the invention, there is

provided a lubricant base oil which comprises a dewaxed
product, as hereinbefore described.



25 pour poi nt ‘which is required for the dewaxed product or the

Jubricant base oil; and separating, in a separation stage, the wax crystals
froma nother |iquor conprising dewaxed oil as the dewaxed product and
spent sol vent. The separation stage nmay, in particular, conprise a
filter 30 . stage having at |east one filter,

t eg a rotary filter, with
the nother |iquor or nai n.f-i'l-;tf-rate t h8s passi ng through the filter and the

solid wax crystals remaining as a wax cake on the filter. The process may

i nclude washing, 1in a 5 washing step, the wax cake with fresh MEK/ T

mxture as a deserddmgeto, a ofunth naspecknef f the dnyertion. akberpeds
sol vent. The
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washing step and fromt
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re-using the rEesy erper(?‘@(ﬁtveﬁ tﬁ/:i{‘ﬁ?in ?F@ m bR i :}byé{é\%ée t:ng(‘:’%veray of
the spent sol vigrdstockheowprésing b\Fischer-Giropsichi waxgand  metizalieym and

stripping. |ngigedaaiy'digtsiagalficient wash solvent may be used so 10
that the mass proportion of waxy product initially used to wash solvent is

between 1:1 and 1:2. The dewaxing tenperature nmay be between -5[err]C and
-32[err]C, forThe lubricant base oil may thus have a VI of 145 or higher.

The invention will now be described by way of example with
reference to the accompanying flow diagram of a process
according to the invention for producing a dewaxed product,
10 and with reference to the subsequent non-limiting example.
In the drawing, reference numeral 10 generally indicates a

process according to the invention for producing a dewaxed
product.

The process 10 includes a crude oil flow line 12 leading
into an atmospheric distillation stage 14 comprising an
atmospheric crude distillation tower. An atmospheric
residue flow line 16 leads from the stage 14 to a vacuum
distillation stage 18 comprising a vacuum distillation

tower. A vacuum gas oil or waxy distillate flow line 20
leads from the vacuum distillation stage 18.

15

20

A synthesis gas flow line 22 leads into a Fischer-Tropsch

reaction stage 24. The stage 24 comprises a fixed or

slurry bed Fischer-Tropsch reactor operating under high or
low temperature and using an iron-based or cobalt-based
25 Fischer-Tropsch catalyst. A hydrocarbon flow line 26 leads

from the stage 24 to a distillation stage 28 comprising at

least one distillation tower. A Fischer-Tropsch wax flow

line 30 1leads from the distillation stage 28 to a
hydrocracking stage 32 comprising a hydrocracker. The flow
30 line 20 leads into the flow line 30.



exanpl e between -12[err]C and -27[err] C. The dewaxi ng tenperature as set
out herei nbefore, dependent on the pour point which 15 Is required for
the resultant or correspondi ng |lubricant base oil. For exanple, to produce
a base oil wth a pour point of -9[err]C, the correspondi ng dewaxi ng
tenperature i s higher than the dewaxing tenperature required to achieve a
pour point of -18[err]C. 20 The deWaxed product thus obtained is
suitable for use as a lubricant base oil, and the Applicant has
surprisingly found-that the |ubricant base oil has a viscosity index ('VI")
of 145 or hi ghe® h¥grpRarbeRr produqt: ddne Bérleads ofirom dhechylrghratkingity
it ndex (' SHVI 'zj Isldalgiecanttdsasaieizlillféion sthye iaavaambﬁsﬂteg lacﬁhb&sexq%ﬁ@ds
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ase 0i iC

qﬂﬂ$4'§ﬁ§ a dewaxed product, ‘as herei nbefore descri bed. 6
According to a fou aspect of the invention, there is

It will be appreciated that, in the process 10, only the
most important, as regards the present invention, f£flow
lines and processing stages are shown. In practice,
ancillary reaction stages and additional flow lines will
naturally be present. Thus, for example, prior to the
crude oil line 12 entering the atmospheric distillation
stage 14, it will typically pass through at least one heat
exchanger stage, a desalting stage and a furnace.
Additional flow lines which can be present are flow lines
such as kerosine, diesel and atmospheric gas oil withdraw
lines from the atmospheric distillation stage 14.

10

15

In use, the atmospheric distillation stage 14 and the

vacuum distillation stage 18 are operated in conventional
fashion to obtain a petroleum_based waxy distillate which
is withdrawn along the flow line 20. Similarly, the
Fischer-Tropsch reaction stage 24 and the distillation
stage 28 are operated in known fashion, to obtain a
Fischer-Tropsch wax which is withdréwﬁ.aléﬁg the flow line
25 30. The Fischer-Tropsch wax and the petroleum based waxy

distillate are blended in a volumetric ratio between 5:95

and 20:80 to produce a feedstock which is fed into the
hydrocracking stage 32.

20

The hydrocracking stage 32 is
typically operated at a temperature in the range 380°C to
400°C; a hydrogen partial pressure of 100-150 bar(g); a

hydrogen liquid ratio of 750:1 to 1500:1 m*; and a LHSV of
0,5-1 h™31;

30

to produce a range of hydrogenated products,
which are withdrawn along the flow 1line 34 to ‘the
distillation stage 36.



pro.vi ded a lubricant base oil which conprises a dewaxed waxy product
:obtai ned fromthe hydrotreatnment. of a feedstock conprising a

Fi scher-Tropsch wax and a petroleum S based waxy distillate. The

| ubricant base oil may thus have a VI of 145 or higher. The invention wl]l
now be described by way of exanple with reference to the acconpanying fl ow
di agram of a process according to theginvention for producing a dewaxed
product, 10 and with reference to the subsequent non-limting exanple.
In the drawi ng, reference nuneral 10 generally indicates a process
according to tig tﬁ&er&s@rnflahgéoé 85RY % JeHexednBoOBE Jﬁ% duess 10
I ncl udes a crude | fl I'1 ne L g an at

o eric
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slurry bed Fisg ctar erat in ugig_g gh or | ow t enper at ure
and using an Irgggggég &&d%lggaalg% glg‘e8§2§ 20 |é er-Tropsch catal yst. A
hydrocarbon flow |ine 26 leads fromthe stage 24 to a distillation stage 28

conprising at The hydrocracker residue or waxy product passes to the

dewaxing stage or unit - 40. In the dewaxing stage 40, the

residue is mixed with a solvent comprising methyl ethyl
ketone and toluene in a wmass ratio of 50:50, with the mass
ratio of residue to solvent being between 1:3 and 1:10.
The resultant mixture is cooled to a sub-awbient dewaxing
temperature which depends on the pour point. which is
required for the resultant dewaxed product or lubricant

base oil. The solid wax crystals formed during cooling are
separated, eg in rotary filters,
which comprises dewaxed oil,
spent solvent.

10

15

from the main filtrate
ie a dewaxed product, and
The wax cake on the filter washed with a
wash solvent comprising MEK/T in a 50:50 mass ratio. Spent

solvent is separated from both the washed solid wax cake
and the dewaxed residue,

distillation and stripping.

20

eg by means of multistage

Sufficient wash solvent is
used such that the mass ratio or proportion of waxy-product
or fresh feed to wash solvent is between 1:1 and 1:2. The
dewaxing temperature is from -12°C to -27°C.
product is withdrawn along the flow line 42.

25

The dewaxed

The Applicant has surprisingly found that the dewaxed
product obtained from the process 10 can be used as a super
high viscosity index (‘SHVI‘) lubricant base oil having a
viscosity index (‘VI‘) of 145 and higher. Lubricant base
oils are generally produced by physically separating crude
oils (‘’lube crudes’) using techniques such as distillation,
solvent extraction and dewaxing processes. The products
obtained are normally high viscosity index (‘'HVI‘)

30

35 base.



| east one distillation tower. A Fischer-Tropsch wax flow line 30 |eads

‘from the distillation stage 28
a hydrocracker. The flow 30

line 20 leads into the flow |line 30.

hydr ocar bon .product line 34 | eads fromthe hydrocracking stage 32 to a

distillation stage 36 conprising at

| east one distillation tower. A

to a hydrocracking stage 32 conprising

7 A

hydr ocr acker residue flow Iine 38 | ead® fromthe distillation stage 36 to a

dewaxi ng stage
the stage 40. |
| mport ant,

5 40. A dewaxed product w t hdrawal
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industry has been using SHVI base oils,

produced £rom
hydrocracker residues.

Hydrocracking, hydrogenation and
hydro-isomerisation have been used to hydrotreat waxy

distillates to produce base oils with a VI in the range of

120-135.

15

20

25

30

The dewaxed product obtained from the process 10 can thus
be used as an SHVI lubricant base oil. It is well known
that the VI of any lubricating oil is a function of its
kinematic viscosity at 40°C and its kinematic viscosity at
100°C. Therefore an increase in the VI of any lubricating
oil is highly desired since it has the advantage of

enabling the lubricating oil to be used over a wider
temperature range.

It would have beeﬁ expected to those skilled in the art
that the highly paraffinic Fischexr-Tropsch wax would easily
crack to gasoline under conventional hydrocracking
conditions. However, the Applicant has surprisingly found

that the presence of aromatics in the petroleum based waxy

distillate shields or protects the paraffin components in

the Fischer-Tropsch wax from interacting with the
hydrocracking catalyst.

The invention was illustrated by using analytical data of
dewaxed hydrocracker residues produced with and without
addition of Fischer—Tropsch wax to the hydrocracker feed as
hereinafter described. An increase of 10-25 VI points,
when Fischer-Tropsch wax has been added, shows the largely

n-paraffinic Fischer-Tropsch wax conversion to hydrocarbons
with a SHVI base oil quality.



In use, the atnospheric distillation stage 14 and the vacuumdi stillation
stage 18 are operated in conventional 20 fashion to obtain a petrol eum
based waxy distillate which is withdrawn along the flow |ine 20.

Simlarly, the Fischer-Tropsch reaction stage 24 and the distillation
stage 28 are operated in known fashion, to obtain a Fischer-Tropsch wax

whi ch is wthdrawn along the flow |ingg25 30. The Fischer-Tropsch wax
and the petrol eum based waxy distillate are blended in a volunetric ratio
bet ween 5:95 and 20:80 to produce a feedstock which is fed into the

hydr ocr acki ng $t ag@mpster prRag¥g®r obpgedi 9§ sthejefnactionatjion|of dpbeat ed
at a tenper at urdisyillaeesapgem 3B FHanr 1,:6a1@ vtuum d480feLat {on ardixgr @aan
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hydr ogenat ed prﬁ

others, a hydr ocra Sr'alrrg?ssg:%] %%?‘ RU'8t ghﬁéhl?#gz{ifqgﬁlifae@egt%tﬁgo d%lctan

whi ch is withdraverageongft 0¥ | of |the Bgdrocracked products remaining
unreacted and in the wvacuum residue - not cracked or
isomerised to lower boiling hydrocarbons. However, this
vacuum residue wax can successfully be recycled to the
hydrocracker feed. This is a further advantage and desired
feature required for SHVI base oils, as cracking of the wax
to lighter products would result in a higher VI base oil.
The Applicant has therefore further surprisingly found that
a hydrocracker residue derived from a combined feedstock of
Fischer-Tropsch .wax and a waxy distillate contains
lubricant type hydrocarbons boiling at higher temperatures
and having higher viscosities than lubricant oils produced

from a ‘pure’ waxy distillate based hydrocracker residue,
20 as is evident also from Table 3.

10

15

Ring structured hydrocarbons serve as solubilising agents-
for decomposition products which may be formed during the
use of the finished lubricating oil. In blending a
Fischer-Tropsch wax, which does not contain ring structured
hydrocarbons with a petroleum-based waxy distillate, it was
expected that the combination of Fischer-Tropsch wax and
petroleum based waxy distillates would result “in
insufficient ring structured hydrocarbons in the resultant
waxy product. However, it was surprisingly found that the
30 dewaxed product contained sufficient ring-structured

hydrocarbons to serve as solubilising agents for

decomposition products which may form during the use of the
finished lubricating oil.

25

The invention is further illustrated by the following
35 non-limiting example.



S Typically, the distillation stage 36 conprises a 40mm I D colum with
:Sul zer (trademark) packing (about 650mm hi gh), operating under a vacuum of
5-10 nbar(a). The hydrocracker residue or waxy product passes to the

dewaxi ng stage or unit 40. In the dewaxing stage 40, the 10 residue is
m xed with a solvent conprising nmethyl ethyl ketone and toluene in a nass
ratio of 50:50, with the mass ratio dfl residue to sol vent bei ng between 1:3

and 1:10. The resultant m xture is cooled to a sub-anbi ent dewaxi ng
t enmper ature whi ch depends on the pour point.

which is 15 required for
the resul tant EXesMPE®E r oduct or lubricant base oil. The solid wax crystals
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111trate wi oh Ror et AU’ CReciicl WS Kpkhuel Cuithorh, (el "

sol vent. The wistdiddate tfaedstiock, wasgshydrgtoeagedo in a \hydrognagking

conpri si ng MEK/grodess MuitQ meRe g;adi&rac‘i&e@ wagl donk i &apdicH ebdlleom

both the she ' n e ' nmeans of

mul ti st ag%/adi s'?’f ??%‘lf%o'n r?é:%iséﬁ P%p'ﬁf’égg &%‘ﬁé@ﬁfﬁgﬁ?@%ﬁ%m i s used
such that the mass rRgackion gepperatvneof waxy- product3®®5C - 385°€resh feed
to wash solvent is dedden phrtidllpessdBe dewaxi ng s pardgyre is from
-120C to -270C. The?a&ﬁ/axed ﬁp})?anduct ?s gn t hdrawn al onq_ztotbe 1f I gyv line 42.
The Applicant has s % %9% }J‘Ig&}ﬁdr?ﬁ P the dewaxed

procfugi"ﬂobt ai ned from
the process 10 can beH8¥ed as a super 0,75 h

10 The hydrocracking reactor was a fixed bed reactor.
Hydrogen and liquid flow was from the bottom upwards.
Liquid feed and hydrogen entering the reactor were

preheated by ‘passing through a layer of glass beads placed
beneath the catalyst bed.

15 The reactor was electrically heated in three separately

controlled zones with the preheat section in the bottom,
and the catalyst section in the middle zone. Temperature
measurement was done by means of five evenly spaced

thermocouples inside the catalyst bed and a sixth couple
20 inside the preheating zone.

The catalyst was presulphided in situ using C;;-Cy3
paraffins spiked with dimethyl disulphide .to yield .a

) sulphur content of about 2, 0%. Duiing presulphidation the
temperatﬁre was slowly increased up to 232°C at a hydrogen

25 pressure of 140 bar. The temperature was kept constant at
232°C for a further two hours after which it was slowly
increased to 315°C. The temperature was held at 315°C for
two hours before the feed was introduced and the

temperature increased to the operating temperature of about
30 390°C.

The analysis of the hydrocracked hydrocarbons without the
addition of a Fischer-Tropsch wax, ie petroleum-based waxy
distillate on its own (Sample A) and with addition of a



30

hi gh viscosity index ('SHVI'")

| ubri cant base oi

havi ng a viscosity

index ('VI,) of 145 and higher. Lubricant base oils are generally produced
by physically separating crude oils ('lube crudes') using techniques such

as distillation,

35
havi ng a VI

oils for the car

waxy distill afPschdetidpgadh ivhx S{

sol vent extraction and dewaxi ng processes.

obt ai ned are normally high viscosity index ('HVI') base.
in the range of about 951205.

The products

9 oils

The devel opnent of mnultigrade

i ndustry necessitated the production of
oils with a significantly higher V.

Hydr ocr acki ng crude oi l

based

| ubri cant base

5

; : . , Sahdi&anB! ol APLT 1Y sutmr888 Qase
oils. Since thgﬂggrL¥ 1970's the lubricant I ndustry has been using SHV
base oils, pro 0| .Y om hydrocracker residues. Hydrocracking,
hydrogenation and hydro-isonerisation have been used to hydrotreat waxy 10
distillates topRERAUEE %‘?ﬁ.ﬂﬂcﬁl%@aaoylll é&:&é&ﬁ‘ai]l?éw%ﬁrolzﬁ%éﬁé- The
dewaxed product obtained fromthe process can thus bé used as an SHV
| ubri cant base—ail Lt is well known that the \ of any Lubricati ng oil is
a function of jts 15 Ki nematic viscosity simgDo( sasipléq lsampleti|c
vi scosity at A B Cc
Feedstock _
S Waxy distillate (vol %) 100 - 90 20
Fischer-Tropsch wax (vol %) 0 10 10
Reactor temperature (°C) 390 390 394,5
Hydrocracked products
_ Density @ 70°C (kg/m3) | 793,7 | 798,9 798,5
10 Kinematic viscosity
@ 100°C (mm?/s) | 4,569 - -
Flashpoint (PM) (°C) 222 230 226
Pour point (°C) 36 45 48
Wax (%) 17,4 31,5 27,1
15 Simulated Distillation (ASTM
2887)
Initial boiling point (°C) 379 376 373
2% (°C) 386 383 382
5% . (°C) 392 390 389
20 10% (°C) 398 397 396
30% (°C) 417 422 420
50% (°C) 435 453 448
70% (°O) 459 507 494
90% (°C) 499 >635 616
25 95% (°C) 517 >635
98% (°C) 534
Final boiling point (°C) 558 _-
Noack volatility (GLC) (% wt) 10,7 8,2 8,8
These results show clearly that the addition of 10% (by
30 volume) of a Fischer-Tropsch wax to the 1lube waxy
distillate, results in an increase of wax content in the
corresponding hydrocracked bottoms. Also, the simulated
distillation of the hydrocracked hydrocarbons shows that
the blended samples produce hydrocarbons boiling above
35

635°C which are not present in the hydrocarbons produced
from the 'pure’ waxy distillate.



1000C. Therefore an increase in the VI of any lubricating oil is highly
‘desired since it has the advantage of enabling the lubricating oil to be
used over a wi der tenperature range. 20 It woul d have been expected to
those skilled in the art that the highly paraffinic Fischer-Tropsch wax
woul d easily crack to gasoline under conventional hydrocracki ng conditions.
However, the Applicant has surprisingl§$ found that the presence of
aromatics in the petrol eum based waxy 25 distillate shields or protects
the paraffin conponents in the Fischer-Tropsch wax frominteracting with

t he hydrocracki sgleehtl \Wdwaxing | Ragentdaprieds obt usin atthe byydsocwacked
anal ytical data OG- er residues produced with and w t hout
30 additionhgprggégﬁgﬂg?%%psgﬁi%éi to the hydrocracker feed as

her ei nafter- descri bed. An increase of 10-25 VI points, when Fischer-Tropsch

wax .-has been adgggdersh@iwinde the’ JBiguid Pavaddyl | Préalits cheithlT apssblvent
conversion to hy,

program based éﬁ&@ﬁ§5$32§¥¥%h§F§%§E¥}“?§E§°§§%?§Fﬁ%‘§g'Ffbn%g éﬁﬁ?ggﬁgﬁé
vacuum di €t i | | atiespesature\gorresponding to a desired pour point of the
resultant dewaxed product or lubricant base oil. The solid
wax crystals which formed during cooling were separated
from the main filtrate in rotary filters, and the wax cake
on the filters washed with fresh Di/Me solvent, ie wash
10 solvent. Solvent, from both the solvent containing wax and
the main filtrate, was removed by a multistage distillation

and stripping process to produce a solvent free slack wax

from the wax and a dewaxed oil from the filtrate. The
recovered solvent was recirculated within the dewaxing
15 stage. ’

Dewaxing conditions:

Feed:solvent 1:7 kg/kg
Feed:wash solvent 1:2 kg/kg
Dewaxing temperature -26°C
20 The analytical data of the dewaxed hydrocracked products is

shown in Table S.



devel oped to conpare the yield structure of different commercially
avai |l abl e hydrocracker residues. Cal culations 5 usi ng the conputer
program showed that the addition of a Fischer-Tropsch wax to the waxy
distillate resulted in an average of 10% of the hydrocracked products
remai ni ng unreacted and in the vacuumresi due - not cracked or isonerised
to.lower boiling hydrocarbons. Howewgf, this 10 vacuum r esi due wax can
successfully be recycled to the hydrocracker feed. This is a further

advant age and desired feature required for SHVI base oils, as cracking of
the wax to |i gfABLEpSeduBSbivent| deweesad thydroarackkedr prbdhatse oil. The

Applicant has therefore further surprisingly found that 15 a

hydr ocr acker rE;1hnr1haﬂﬂnﬂrﬁﬁﬂmnﬁrﬂnmﬂmﬂﬂa# Feedstopk—of—Frgctret psch
wax and a whaxy distillate contains |ubr| &Pleyps _eﬁmaoiling
at hi gher tenp«ratures and_havi ng_hi gher_viskosi®i eslthal | ubric8nt_pils

produced from § pide® ocka Xy ﬂ&ﬂ&béfé&l&@sed hydrocr acker regi due, 2
as is evident 3yl dBcidhbee3. R ng stTyupt bredobydjocagdpong seggre @s
sol ubi I'i si ng agerilscHey-Tiopaahowaki on progejcys wbi chinayiwe flor el diring

the use of th |r||aned—fubrrtatTT@r1n+——-*1T1ﬂ1aﬂh rycirer=fr¢psch
wax, which does ’15‘9’|’7|¢1§c!'1't:’?-'ucturi‘g)e 5 390 hyldr 38 bdnd3%i Bh {a
pet r ol eum based_wd ERWHﬁEﬁ Y&te. it was &Xpedted thail the corbinatiod of
Fi scher - Tr opscH yéwaxed medrdd@idkegbased waty distifllates fwould result
I n products 796,5 797,0 797,8
Density @ 70°C (kg/m3)
10 Kinematic viscosity 21,34 24,76 23,52
@ 40°C (nm?/ &)
Kinematic viscosity 4.608 5,195 | 4,988
@ 100°C (mm?/s) | 135,4 | 146,3 | 143,1
vi o --15 -15 -15
15 Pour point (°C) 82.6 68.5 72,9
Yield (% wt) ! ‘ !

As indicated hereinbefore, to compare the yield structure
of different commefcially available hydrocarbon residues,
a computer program, which takes into account the

20 fractionation of lube distillates from a full scale vacuum
distillation unit, was used.

Table 6 shows, as determined by the computer programme, the
change in lubricant distillate distribution by addition of
Fischer-Tropsch wax to the hydrocracker feed (sample B and
25 C) in comparison toﬁ the distillate distribution of a

hydrocracker residue produced with ‘pure’ waxy distillate
(sample A). -



i nsufficient ring structured hydrocarbons in the resultant waxy product.
However, it was surprisingly found that the 30 dewaxed product
contained sufficient ring-structured hydrocarbons to serve as

sol ubilising " agents for deconposition products which may form during the
use of the finished lubricating oil. The invention is further illustrated
by the foll ow ng 35 non-limting exdmple. EXAMPLE 1 A

Fi scher-Tropsch derived wax bl ended with a waxy distillate feedstock was
hydr ot reat ed i n T&BlEd6ocr hukihgapr obiessi leite. diserhpdeben acki ng was done in

a bench scale 5 reactor, operatlng under t he follomnng COﬂdItIOﬂS
Reacti on tenper TL ure 390terrt+C+—395fe JS\/ ni gcu anti al
pressure - 140 bar () Fwdrogen I|qU|d eampde ample.| Samp 9(:1
m[err] LHSV 75 Hrerr] 1@ ‘Th&
hydr ocr acki ng rQﬁﬁkad'ﬁ9ar°@raéké§ tsreactor Hydrogen jand |iqyid
flow was from t heedaeittion apwar ds. UI and dgwydrjogeng entlering the
react or were pr¢imaicaddny 2passi ng through a Iapea7ob g aas,bea;sszaced
beneath the cat qlBsictied. 3 29,0 22,2 22,1
Fraction 4 28,1 20,9 21,1
Fraction § 15,1 16,4 16,6
Vacuum residue 0 13,3 “12,9

SHVI base oils which can be produced by the present
10 invention are summarised in Table 7.

TABLE 7: SHVI base oil properties

Sample | Sample | Sample
A B C

Basic Grade HC4
Kinematic viscosity

@ 40°C (mm?/s) | 17,16 | 16,04 16,4
15 Kinematic viscosity
@ 100°C (mm?/8) | 3,97 3,8 3,85
VI 130,6 | 130,5 | 129,8
Pour point (°C) -15 -15 -15
Noack volatility (GC) (% wt) 15,5 15,5 15,5
20 Yield (% wt) 60 50 50

Basic Grade HC6
Kinematic viscosity

@ 40°C (mm2/s) | 31,35 | 32,36 | 32,68
Kinematic viscosity
25 @ 100°C (mm2/8) | 5,97 6,3 6,3
Vi 138,8 149 146,6
Pour point (°C) -15 ~-15 -15
Noack volatility (GC) (% wt) 6,5 6,5 6,5
Yield (% wt) 40 30 28
30 Vacuum gas o0il - Yield (% wt) - - 4
Vacuum residue - Yield (% wt) - 20 18

Two types of SHVI base oils are typically produced:
* HC4 - Kinematic viscosity @ 100°C 4 mm?/s
* HC6 - Kinematic viscosity @ 100°C 6 mm?/s



15 The reactor was electrically heated in three separately controlled
zones with the preheat section in the bottom and the catal yst section in
the m ddl e zone. Tenperature neasurenment was done by nmeans of five evenly
spaced t hernocoupl es inside the catal yst bed and a sixth couple 20

i nside the preheating zone. The catal yst was presul phided in situ using
Jerr]-Cerr] paraffins spiked withig nethyl disulphide to yield a

sul phur content of about 2,0% During presul phidation the tenperature was
slowy increased up to 232[err]C at a hydrogen 25 pressure of 140 bar.
The tenperat ur These kage edhstare prodRedeby] Catonmadistitiatiom dbthe

after which it caespndingn6yassesattes OIdL [ fsodiRed el d
SRRl e R 8 e
390[ err] C. The hdigliegsi ¥Iof (414 )hy dr dox athed ai;aife)cexampkewﬂlfenet ike no

addi tion 9f a RgiEHes h X; e I aéf% at
its own (Sanpl elAi) aen-Efeotp:E&atﬁ?t |ng eo,? Hee rfgeb i scher rg‘gg% %'Lsx the’

(Sanples B and sBgPRR2 =N zf:ere not added to the waxy
d:.st:.llate blend. However, it was surprisingly found that

SHVI base oils produced by this feed combination to the
hydrocracker, have a higher VI (10 to 25 points) than
10 hydrocracked base oils produced from waxy distillates only.



90 Fi scher-Tropsch wex "

TABLE 4: Anal ytical data of hydrocracke Ili"ﬂ m]‘ i"mgp Sanpl e
Sanple A B C Feedstock 5 [ t '
100 90 M !‘ gs WP S THis SHeey NAs ﬁEN.

10 Reactor tenperature ([err] O 390 390 94 5 RE M@
Hydr ocracked products Density [err] 70[err]C (kg/mferr]) 793,7
798, 9 798,5 10 Ki nematic viscogigty [err] 100[err]C

(mjerr]/s) 4,569 _ _ Flashpoint (PM ([err]©
222 - 230 226 Pour poi nt ([err] QO 36 45
48 \W\ax (% 17,4 31,5 27,1 15

Si mul at ed Di st idlztmeon (ASTM 2887) Initial boiling point ([err] O 379
376 373 2% ([err] O 386 383 382
5% ([err] O 392 390 389 20 . 10%

([err]C) 398 1. 397 A pr@@3086r producing a waxy produet!] Whichil7
422

422 420 508%ocess com:zr:.se ydrofg&%‘f:r‘%c)asoﬁf%tocfg foéﬁ%ising %.48
([err] Q) 499 Fischex-Frop Jc% Ja_g and a petypleum-based waxy distillate,
([err]C) 5 517 to produce a rang@of hydrogenated products; and recovering

a waxy product from the range of hydrogenated pi‘oduct_:s .

2. A process according to Claim 1, wherein the

volumetric proportion of Fischer-Tropsch wax to

petroleum-based waxy distillate in the feedstock is betweeﬁ
10 $:95 and S0:50.

3. A process according to Claim 2, wherein the

volumetric proportion of Fischer-Tropsch wax to petroleum
based waxy distillate is between 5:95 and 20:80.

4. A process according to any one of Claims 1 to 3
1s inclusive, wherein the hydrotreatment includes
hydrocracking the feedstock in a hydrocracking stage at a
temperature of 350°C to 400°C;
bar(g) ;

a pressure of 120-160
a hydrogen partial pressure of 100-175 bar(g); a
hydrogen to liquid ratio of 200-2000:1 m 3, and a liquid

20 hourly space velocity (‘LHSV') of 0,2-2 h™l,
S. A process according to any one of Claims 1 to 4
inclusive, wherein the recovery of the waxy product from
the range of hydrogenerated products produced includes
distilling, in a distillation stage, the range of
25

hydrogenated products to obtain, as a bottoms fraction, the
waxy product.

6. A process for treating a waxy product, which

process comprises dewaxing, in a dewaxing stage, the waxy

product obtained from the process according to any one of

This Sheet Has Been Rerlaced
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98%

wax to the lube waxy distillate, results |n an |ncrease of wax
content in the correspondi ng hydrocracked bottons. Al so, the sinulated
distillation of the hydrocracked hydrigarbons shows that the bl ended
sanpl es produce hydrocarbons boiling above 35 635[err]C whi ch are not
present in the hydrocarbons produced fromthe 'pure’ waxy distillate.

Sol vent dewaxi fg-a#s chr ticedSoudmcdmsine, hykiy oobtiskad &y dewasedopxradnct
follows: After siitaidd iFor! ugei &8sV xMuBFsiit piideh o150l vent (MEK/T), the

m xture was cool ed down to a dewaxing 5

e volatility (G0 (%4 o nmnrmnummmum e DN

clearly that the addition of 10% (by 30* ¢

desired pour point of the resultant dewaxed product or.lubricant. base oil.
The solid wax ctystals wh chrécessdadeordingodia nGlagme Gepaheredinf ke t he

main filtrate 'dbﬁaﬁ&ﬁfg’ of kher ﬁax? 6&1?06‘% Se8NcbRtabtl
\év'of Ce];],[ ei%ntDl a{ I\/EIF%&%%%E(: nt h&i’xe Waa:.clln oroethené/ thylsenechlorj:ii m:?xture

10

15

20

25

30

(‘Di/Me’) as a solvent.

8. A process according to Claim 7, wherein the mass

proportion of dichloroethene to methylenechloride in the

Di/Me solvent is between 40:60 and 60:40, and wherein the

mass proportion of waxy product to solvent is between 1:2
and 1:12.

9. A process according to Claim 8, wherein the mass

proportion of waxy product to solvent is between 1:3 and
1:10.

10. A process according to any one of Claims 7 to 9

inclusive, wherein the dewaxing comprises mixing the waxy
product in liquid form with the Di/Me solvent; cooling the

mixture to a sub-ambient dewaxing temperature, with solid

wax crystals forming, and with the dewaxing temperature

depending on the pour point which is required for the

dewaxed product or the lubricant base oil; separatlng,
a filter stage,

in
the wax crystals from a main filtrate

comprising dewaxed oil as the dewaxed product, and spent

solvent so that the solid wax crystals remain as a wax cake
on the filter; and washing, in a washing step, the wax cake
with fresh Di/Me mixture as a wash solvent,
solvent free slack wax and spent solvent.

to obtain

11. A process according to Claim 10, which includes

recovering the spent solvent from the washing step and from

the main filtrate, and recirculating the recovered solvent

within the dewaxing stage.

This Sheet Has Been Reﬂ!aced ;
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the main filtrate, was renoved by a k| ! ati P .
process to produce a solvent free sl Il\m mm) ﬂ |Wax ' _ 8EEN
fromthe filtrate. The recovered sokvent ma% recl kcul at dd wi t RERLAGED

dewaxi ng 15 stage. Dewaxi ng conditions: Feed: sol vent 17

kg/ kg Feed: wash sol vent 1: 2 kg/ kg Dewaxi ng tenperature -26[err]C
20 The anal ytical data of the dewd®ed hydrocracked products is shown in
Tabl e 5. 14 TABLE 5: Sol vent dewaxed hydrocracked products Sanpl e
Sampl e Sanple A B Ee t 0 hyd crac?in Waxy distillate
(% 100 1240 8o RrogEss: eﬂ?’féc?%?(&ﬁ‘%@ ERaiR” f,or Elaim 1, 5
10 5 Hydr oMhediging dzgdihe washing step,3smfficiegbowashigselgent is

t enperat ure used so thher Ehé)mddy\PeiporLdbACHBCHERY BRBBHAS initially.
796, 5 797,0 u7s%7d Q:-o wash solvent is between 1:1 and 1:2.

S 13. A process according to any one of Claims 10 to 12

inclusive, wherein the dewaxing temperature is from -5°C to
-32°C. '

14. A waxy product, when produced by the process
according to any one of Claims 1 to 5 inclusive.

10 15. A dewaxed product, when produced by the process

according to any one of Claims 6 to 13 inclusive.

le6. A lubricant base oil which comprises a dewaxed
product accoxding to Claim 15.

17. A lubricant base oil which comprises a dewaxed

15 waxy product obtained from the hydrotreatment of a
feedstock comprising a Fischer-Tropsch wax and a petroleum
based waxy distillate.

18. A lubricant base o0il according to Claim 16 or
Claim 17, which has a VI of 145 or higher.

20 19. A novel process for producing a waxy product,
substantially as described and illustrated herein.

20. A novel process for treating a waxy product,
substantially as described and illustrated herein.
21. - A novel waxy product, substantially as described

25 and illustrated herein.

22. A novel dewaxed product, substantially as

_described and illustrated herein.

This Sheet Has Been Replaced




Density O 70[err]C (kg/n{err] iC ViscoSity

21,34 24,76 23,52 [err] 40[err]C “m ml!llmllgi rﬂ{?err] -m P%M@MA&BEEN
vi scosity 2 4,608 5,195 err FEPLACED :
135,4 146, 3 143,1 VI
-15 15 Pour poi nt ([err] O 82,6 68,5 72,9
Yield (%w) As inddeated hereinbefore, to conpare the
yield structure of different comercially avail abl e hydrocarbon residues, a
conputer progggm Wwhi chy RS daonaseodil  tA@@tant ia) 1y G aaat:wﬂeaf | ube
distillates froa: %ull ﬁgﬁ vaquun1d|stlflat|on unit, "'was used. Table 6
shows, as det &P ﬁ% programme, the change in lubricant
distillate distrlbutlon by addltlon of Fischer-Tropsch wax to the

hydr ocracker feed (sanple B and 25 C) in conparison to the distillate
di stribution of a hydrocracker residue produced with 'pure' waxy distillate
(sample A). 15 TABLE 6: Lubricant distillate distribution Sanple Sanpl e
Sanpl e ' :

-.'This Sheet Has Been Replaced




A B C Dewaxed hydrocracked products Fraction 1

0 0 0O Fraction 2 27,8 27, 2 27,2 5
Fraction 3 29,0 22,2 22,1 Fraction 4

28,1 20,9 21,1 Fraction 5 15,1 16, 4 16, 6
Vacuum r esi due 0 13,3 12,9 SHVI base oils

whi ch can be produced by the present 38 i nvention are sunmarised in
Table 7. TABLE 7: SHVI base oil properties Sanple Sanple Sanple A B
C Basi ¢ G ade ] err]C

(mjerr]/s) 1?E§85bgigﬁ0?% £h§39§h§§ Bﬂ%ﬁ Rﬁﬂ%n&tic Vi scosity 237,
[err] 100[err]C Agsggggl 3,8 3,85 VI

130, 6 130, 5 129, 8 Pour poi nt ([err]© -15 -15
-15 Noack volatlllt (&0 (% wt) 15,5 15,5 15,5 20 Yield

(% wt) 60 puggess fop maduadngde aHCOWaRKY\enREPGUGE scoonpyis@s

40[err]C hydrotr'eat:[ﬁ@ﬂa?rﬁde/d%):ocﬁlcéﬁpri&?ng?@. Fi®bthe? -Tropsch wax
and a petroleum-based waxy distillate, to produce a range
5 of hydrogenated prodﬁcts, and recovering awaxy .product:

from the range of hydrogenated products. '

NO SUITABLE FIGURE



Ki nemati c viscosity 25 @ 100[err] C (mjerr]/S) 5, 97

5,3 6,3 VI 138, 8 149 146, 6 Pour
poi nt ([err] O -15 -15 -15 Noack volatility
(0 (% wt) 6,5 6,5 6,5 Yield . (% wt)

40 30 28 30 Vacuumgas oil - Yield (% w) - -
4 Vacuumresidue - Yield (%w) . - 20 18 Two types of SHVI
base oils are typically produced: * 1/HC4 - Ki nematic viscosity @
100[err] C 4 mmferr]/s * HC6 - Kinematic viscosity @100[err]C 6
mierr]/s 16 These base oils are produced by vacuumdistillation of the
correspondi ng hydrocracker residue. The HC6 oil produced wth the

Fi scher-Tropsch wax addition is of a-significantly higher VI (>145). In
t he above exanple there is no 5 difference in the VI on HC4A base oils

produced as the corresponding n-paraff ins were not added to the waxy
distillate blend. However, it was surprisingly found that ‘SHVI base oils
produced by this feed conbination to the hydrocracker,{fpave a higher VI (10

to 25 points) than 10 hydr ocr acked base oils prodyced from waxy
distillates only. ' /(y
1? 32
]
E—.P ' -
16 34
‘ 20 !
18 L | ), 136
38
Y
22 . 26 a0
. . Yy o 1

24 28 —a
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17 CLAINS 1. " A process for produtn ng a I ch pro

i nckudes hydr ocracki ng a feedstock corrprl Si ng”mgulmﬂ IﬂlHHmh wax a a
petrol eum based waxy distillate, 5 he vol wretrr1 6 pfoportion of

Fi scher-Tropsch wax to petrol eum based vvaxy distillate being between 5:95
and 50:50, and with the hydrocracking bgyng effected at a tenperature of
300[err]Cto 410[err]C and at a pressure of 120 bar(g) to 160 bar(g), to
produce a range ofrRyds ogenated 10 products; and recovering a waxy
product fromthe range of hydrogenated products. 2. A process
according to Caim1, wherein the volunetric proportion of Fischer-Tropsch
wax to petrol eum Based waxy dixsicelsbatferi profuciredat weky i producieenwisi€@® and

15 20:80. 3. process AiREDERSS h rdbﬁﬂhéOackééabtacﬁﬁcéaﬁﬂiBl
wherein the hydr ogégggépgr%ggfgewzj%ea?n%t goﬁfé"% effe%t d in a [Hc_) %aé:kl ng

stage at a tenperaftre of R ArsE
pressure of 500- 1¥thathg) volumgtaisg@soportion tof I}Tlcﬁﬂ rr%{t-‘PBSQh WE0-2X900: 1
mlerr] , and a | pgturdlémHdagsedpaaeyyedixtilyatel B8YnYy et@edn? si[9sr rgnd

50:50, and with the hydrocracking being effected at a
temperature of 300°C to 410°C and at a pressure of 120
bar(g) to 160 bar(g), to produce a range of hydrogenated

10 products; and recovering a waxy product from the range of
hydrogenated products.

2. A process according to Claim 1, wherein the

volumetric proportion of Fischer-Tropsch wax to petroleum

based waxy distillate in the feedstock is between 5:95 and
15 20:80.

3. A process according to Claim 1 or Claim 2,
wherein the hydrocracking of the feedstock is effected in
a hydrocracking stage at a temperature of 350°C to 400°C;
a hydrogen partial pressure of 100-175 bar(g); a hydrogen

20 to liquid ratio of 200-2000:1 m 3, and a liquid hourly space
velocity (’LHSV’) of 0,2-2 h™%.

4. A process according to any one of Claims 1 to 3
inclusive, wherein the recovery of the waxy product from
the range of hydrogenated products produced includes

25 distilling, in a distillation stage, the range of
hydrogenated products to obtain, as a bottoms fraction, the
waxy product.

5. A process for producing and treating a waxy
product, which process includes hydrocracking a feedstock
30 comprising a Fischer-Tropsch wax and a petroleum-based waxy
distillate, with the wvolumetric proportion of Fischer-
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4. A process according to any one of Clains 1 to 3 |ncI

wheré&in ‘the recovery of the waxy product fromthe range of hy Hﬂglﬁwj |||I|“II|
products produced includes 25 distilling, in a distilla

the range of hydrogenated products to obtain, as a bottons fraction, e
waxy product. 5. A proceéss for pgoducing and treating a waxy
product, which prmchnc&me&ohygé@%p@d&l Besadf Gﬁi@t OgksB8P1late C%ths' ng
a Fischer-Tropsch v&e%e%nd agpetr g&urgl(gase v&lax%mg tiéll l.at e ﬁ{};ﬂ 2}

vol umetric propor tion et PiS2hard TFopSet St 8YPEY TR UM RS89 maxy
distillate being IRAfReERIS 85 %n&e%eﬁﬁur@ndoﬁm ﬁﬁoi%etﬁydrlééﬁa@ndwgatbeang
effegt e((:l ;at a t enpeeatsute @f ﬁ@Obef(d;)CttoolédOc{aa:r(lg])C 66 hrafdueePs ESfidget odf
120 bar(g) tg 160 <@Z a y. at

product s; recoverllﬁﬂda V\g?y dr o%ﬁ%%Ffo%ng e ra w?xg g%(g e%’at%r m the
products; and dewa’iﬁ‘}?& °FrP TPSFARFAY RuCYyEts 1 ?‘ya’f)‘-\fftﬂjuéfl PyAewsiast i ng
t he waxy product vitdyea shéweixy, pyodict by castsaqriagothé¢ waxgf ptdeusmxy th
product to the SolyehhBatNGAS ¥R mdsd Aokt lon dIRDYLY AR 14

a dewaxed product |tail for use as |candt base L
process accordi ng TR EGCaVAPE, e’vﬂ‘%rb&tﬁ’ef’ﬁe :2 and 1:12, thereby to obtain
10 a dewaxed product suitable for use as a lubricant base oil.
6. A process according to Claim 5, wherein the
solvent is a dichloroethene/methylenechloride (’Di/Me’)

— mixture. '

7. A process according to Claim 6, wherein the mass
15 proportion of dichloroethene to methylenechloride in the

Di/Me solvent is between 40:60 and 60:40.

8. A process. according to Claim 6 or Claim 7,
wherein the mass proportion of waxy product to solvent is
between 1:3 and 1:10.

20 9. A process according to any one of Claims 6 to 8
inclusive, wherein the dewaxing comprises mixing the waxy
product in liquid form with the Di/Me solvent; cooling the
mixture to a sub-ambient dewaxing temperature, with solid
wax crystals forming, and with the dewaxing temperature

25 depending on the pour point which is required for the
dewaxed product or the lubricant base oil; separating, in
a filter stage, the wax crystals from a main filtrate
comprising dewaxed o0il as the dewaxed product, and spent
solvent so that the solid wax crystals remain as a wax cake

30 on the filter; and washing, in a washing step, the wax cake
with fresh Di/Me mixture as a wash solvent, to obtain
solvent free slack wax and spent solvent.
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solvent

i's a dichloroethene/ nethyl enechloride ('Di/M'") mxtur

A process according to Claim6, wherein the mass 15 propod
di chl oroet hene to nethylenechloride in the Di/Me solvent is be
and 60:40. 8. A process. according to Caim6 or Caim

t he mass
9.

proportion of waxy product to gelvent is between 1:3
A process. accor dingriceeany acterdingCltai raabmt ©, 8whileh

A

7, wherein
and 1:10. 20
Ush¥Budes

wherein the dewaxipg,¢ B %ﬁé grgeﬂeﬂgow&eﬂ%sgp%%ghag%lg@éa dnBOoF A th

the D/ Me solventt Ccoo0
tenperature, witht88ITR{E

xture to,a su

tenperature 25 witlejpenthenglegaxihe gage.point which is requir
dewaxed product or the lubricant base oil; separating, in a fi

t he wax cry als froma main filtrate co Si d ed oil as the dewaxed
SRS CFR

product,
cake 30

i ncl uded

spentisol vent AoPTHESH RC
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ed for the
| ter stage,

12 PENF IR L0max

on t hwhéréiry ; imnthevassivigg shep, mﬁmegtepashheohmtcai@
with fresh Di/ M gkygusse tﬂx%tatﬂasrhbsﬁéﬂp\tﬁﬁbrti&lwﬁbﬂysﬁd&fﬁt fineeisi
wax and spent SOlvgn& to waé% solvent 1énﬂ% %ggnafqprdlng EO d ai

im 9, |ch

12. A process according to any one of Claims 9 to 11
10 inclusive, wherein the dewaxing temperature is from -5°C to

-32°C.

13. A waxy product, when produced by the process

according to any one of Claims 1 to 4 inclusive.

14. A dewaxed product, when produced by the process
15 according to any one of Claims 5 to 12 inclusive.

15. A lubricant base oil which ‘comprises a dewaxed

product according to Claim 14.

16. A lubricant base o0il which comprises a dewaxed
waxy product obtained from the hydrotreatment of a

20 feedstock comprising a Fischer-Tropsch wax and a
based waxy distillate.

petroleum

17. A lubricant base o0il according to Claim 15 or

Claim 16, which has a VI of 145 or higher.

18. A novel process for producing a waxy

product,

25 substantially as described and illustrated herein.

19. ' A novel process for treating a waxy

product,

substantially as described and illustrated herein.
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recovering the spent solvent fromthe washing step and fromt [

filtfate, and recirculating the recovered solvent within the i%ﬁl'%!llﬂ"lll"l“l
stage. 5 11. A process according to aim9 or d ai C ing
in the washing step, sufficient wash solvent is used so that the nass:

proportion of waxy product initially useghto wash solvent is between 1:1

and 1:2. 12. 20A process naeldr Wiy predasy, AidsebnCiai IP & WRsétinda

i ncl usive, wherein_ the, gde g tepperature is from-5ferr]Cto -32[err]C
13. A waxy product, en produced by the process according to any one
of Claims 1 to 4 inclusive. 14. A dewaxed product, when produced by

t he process 15 2laccordi g tmowly areattdC predudt,t o skbsitaakusive. 48.
A lubricant base @ek-pihch mr‘lhﬁg%&‘ﬂf%%ggnproduct according to daim

14. 16. A lubricant base ol I ch conprises a dewaxed waxy product
obtained fromthe hydrocracking of a feedstock 20 conprising a
Fi scher-Tropgsch wa@%.and a petlublreécanthdseet whky slisttiahtab®ly wig desbeibed

vol unmetric propor Gh@ni of udt SR hedéPPsch wax to petrol eum based waxy

distillate being between 5:95 and 50:50. 17. A lubricant base oil
according to Caim15 or 25 Claim 16, which has a VI of 145 or higher.
18. A novel process for produci ng a waxy product,
\\./':
—/
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i | lust.rated herein

* A nawel waxy produgt, §@ amﬁda
described and illustrated herein, A novel waxe produ
substantially as described and- il I ust rated herein.
| ubricant base oil, substantially as described and iljl ust rat ed her ei n.

10. A process according to Claim

recovering the spent solvent from the washing step and from
the main filtrate, and recirculating the recovered solvent
within the dewaxing stage.

5 11. A process according to Claim 9 or Claim 10,
wherein, in the waching step, sufficient wash solvent is
used so that the mass proportion of waxy product initially
used to wash solvent is between 1:1 and 1:2.

12. A process according to any one of Claims 9 to 11
10 inclusive, wherein the dewax:.ng temperature is from -5°C to

NS vt . =30200
13. A waxy product, when produced by the process

according to any one of Claims 1 to 4 inclusive.

14. A dewaxed product, when produced by the process
15 according to any omne of Claims 5 to 12 inclusive.
15. A lubricant base oil which comprises a dewaxed

product accoxding to Claim 14.

16. A lubricant base oil vhich comprises a dewaxed
waxy product obtained from the hydrocracking of a feedstock
s 20 comprising a Fischer-Tropsch wax and a petroleum based waxy
distillate, with the wvolumetric proportn.on of Fischexr-

Tropsch wax to petroleum-based waxy distillate being
between 5:95 and 50:50.

17. A lubricant base oil according to Claim 15 or
25 Claim 16, which has a VI of 145 ox higher.
18. A novel process for producing a waxy product,
. substantially as described and illustrated herein.
\\-..
\ 19. A novel process for treating a waxy product,
\_\ substantially as described and illustrated herein.
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