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ISOPARAFFINIC BASE STOCKS BY DEWAXING
FISCHER-TROPSCH WAX HYDROISOMERATE OVER P/H-MORDENITE

BACKGROUND OF THE DISCLOSURE
Field of the Invention

The invention relates to a process for producing a premium, synthetic
lubricant base stock produced from waxy, Fischer-Tropsch synthesized
hydrocarbons. More particularly the invention relates to an isoparaffinic = . -
lubricant base stock produced by hydroisomerizing a waxy, paraffinic Fischer-
Tropsch synthesized hydrocarbon fraction and catalytically dewaxing the
hydroisomerate with a Pt/H-mordenite dewaxing catalyst. -

- Background of the Invention

* Current trends in the des_igh_ of automotive engines require higher quality
" crankcase and transmission lubricating oils having a high viscosity index (VI) .-
. and low pour point. While high VI's have typically been achieved with the use
of VI improvers as additives to the oil, additives are expensive and tend to -
undérgo degradation from the high engine temperatures and shear rates.
Processes for preparing lubricating oils of low pour point from petroleum
derived feeds typically include atmospheric and/or vacuum distilling a crude oil
to recover fractions boiling in the lubricating oil range, solvent extracting the
lubricating oil fractions to remove aromatics and form a raffinate, hydrotreating
the raffinate to remove heteroatom compounds and aromatics, followed by either
solvent or catalytically dewaxing the hydrotreated raffinate to reduce the pour
point of the oil. More recently it has been found that good qualify lubricating
oils can be formed from hydrotreated slack wax and Fischer-Tropsch wax.
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Fischer-Tropsch wax is a term used to describe waxy hydrocarbons

. produced by a Fischer-Tropsch h&drocarbon synthesis proéesses, in which a
synthesis gas feed comprising a mixture of H, and CO reacts in the presence of a
Fischer-Tropsch catalyst, under conditions effective to form hydrocarbohs. U.S.
Patent 4,963,672 discloses a process for converting waxy Fischer-Tropsch
hydrocarbons to a lubricant base stock having a high VI and a low pour point by
sequentially hydrotreating, hydroisomerizing, and solvent dewaxing. A
preferred embodiment comprises sequentially (i) severely hydrotreating the wax
to remove impurities and partially convert the 1050°F+ wax, (ii) hydroisomeriz-
ing the hydrotreated wax with a noble metal on a fluorided alumina catalyst, (iii)
hydrorefining the hydroisomerate, (iv) fractionating the hydroisomerate to
recover a lube oil fraction, and (V) solvent dewaxing the lube oil fraction to
produce the base stock. European Patent Publication EP 0 668 342 A1l suggests -
a processes for producing lubricating base oils by hydrogenating and then hydro- .
isomerizing a waxy Fischér—Tropsch raffinate, followed by dewaxing. The-
hydrogenating is performed without cracking to lower the hydroisomerization
temperature and increase the catalyst life, both of which those skilled in the art

- know are adversely eﬂ'ected by the presence of oxygenates and heteroatoms in .
the waxy feed. EP 0 776 959 A2 recites hydroconverting Fischer-Tropsch
hydfocarbons having a narrow boiling range, fractionating the hydroconversion
effluent into heavy and light fractions and then dewaxing the heavj fraction to
form a lubricating base oil having a VI of at least 150.

- SUMMARY OF THE INVENTION

A premium, synthetic, isoparafﬁxiic lubricant base stock having a high VI
and a low pour point is made from a high purity, paraffinic, waxy Fischer-
Tropsch synthesized hydrocarbon feed having an initial boiling point in the
range of from 650-750°F (650-750°F+), by hydroisomerizing the feed and
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catalytically dewaxing the 650-T50°F+ hydroisomerate with a dewaxing catalyst
comprising a catalytic platinum component, and the hydrogen form of mordenite
(hereinafter, “Pt/H-mordenite™). By lubricant is meant a formulated lubricating
oil, grease and the like. Fully formulated lubricating oils, made by forming an
admixture of one or more lubricant additives and the base stock of the invention,
have been found to perform at least as well as, and often superior to, formulated
lubricating oils employing either a petroleum oil or PAO (polyalphaolefin)

* derived base stock. By 650-750°F+ is meant that fraction of the hydrocarbbns
synthesized by the Fischer-Tropsch process having an initial boiling point in the
range of from 650-750°F, preferably continuously boiling up to an end boiling |
point of at least 1050°F, and more preferably continuously boiling up to an end

 point greater than 1050°F. A Fischer-Tropsch synthesized hydrocarbon feed
compnsmg this 650-750°F+ material, will hereinafter be referred to as a “waxy
feed”. By waxy is meant including material which solidifies at standard condx-
tions of room temperature and pressure. The waxy feed also has a Tgo-Tm

temperature spread of at least 350°F.. The temperature spread refers to the
temperature difference in °F, between the 90 wt. % and 10 wt. % boiling poi'nts |
of the waxy feed. The use of a dewaxing catalyst comprising Pt/H-mordenite i in
the process of the invention has been found produce higher yields of base stock _

~ at equivalent pour point, then is typically obtained with petroleum derived |
materials, such as hydrotreated slack wax.

Thus, the invention relates to a process for producing a high VI, low pour
point lubricant base stock from a Fischer-Tropsch synthesized waxy feed by
first (i) hydroisomerizing the waxy feed to form a hydroisomerate and then (ii)
catalytically dewaxing the hydroisomerate to reduce its pour point by reacting it
with hydrogen in the presence of a dewaxing catalyst comprising Pt/H-
mordenite, to produce a dewaxate which comprises the base stock. The hydro-
isomerization is achieved by reacting the waxy feed with hydrogen in the
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presence of a suitable hydroisomerization catalyst and :preferably a dual function
catalyst which comprises at least one catalytic metal component to give the
catalyst a hydrogenation/dehydrogenation function and an acidic metal oxide
component to give the catalyst an acid hydroisomerization function., Preferably
the hydroisomerization catalyst comprises a catalytic metal component compris-
ing a'Group VIB metal component, a Group VIII non-noble metal component
and an amorphous alumina-silica component. Both the hydroisbmerization and
the dewaxing convert some of the 650-750°F+.hydrocarbohs to hydrocarbons
boiling below the 650-750°F range (650-750°F-). While this lower boiling
material may remain in the =hy(lroisomemte prior to dewaxing, it is removed
from the dewa_:xat,_e. Removal is accomplished by flashing or fractionation.
Dewaxing the'enﬁre”.l.lydroi.somerate means that a larger dewaxing reactor is
‘needed and more lower boiling material must be removed from the 650-750°F+ .
~ dewaxate, than if it was removed prior to dewaxing. The remaining 650-750°F+ _ |
| fdewaxate is typically fractionated into narrow cuts to produce base stocks of |
dlﬂ'enng viscosity, although the entire dewaxate may be used as a base stock, xf |
desired. By high VI and low pour point is meant that the entire 650-750°F+
dewaxate will have a VI of at least 110 and preferably at least 120, with a pour '
point less than -10°C and preferably less than -20°C. Thérefore, by lubricant
base stock is meant all or a portion of the 650-750°F+ dewaxate produced by the

process of the invention.

The dewaxing is conducted to convert no more than 40 wt. % and prefer-
ably no more than 30 wt. % of the 650-750°F+ hydroisomerate to 650-750°F-
material. In contrast to the process disclosed in U.S. Patent 4,963,672 referred to
above, due to the very:low or nil concentration of nitrogen and sulfur compounds
and the very low oxygenates level in the waxy feed, hydrogenation or hydro-
treating is not required prior to the hydroisomerization and it is préferred in the
practice of the invention that the waxy feed not be hydrotreated prior to the
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hydroisomeﬁzation_ Eliminating the need for 'hydroteaﬁng the Fischer-Tropsch
wax is accomplished by the use of the relatively pure waxy feed, such as is
produced by the siuny Fischer-Tropsch process with a catalyst comprising a
cobalt catalytic component and, in a preferred embodiment, using a hydro-
isomerization catalyst resistant to poisoning and deactivation by any oxygenates
that may be present.

BRIEF DESCRIPTION OF THE DRAWING

‘The Figure is a schematic flow diagram of a process useful in the practice-

of the invention.

- DETAILED DESCRIPTION

The waxy feed preferably comprises the entire 650-750°F+ fraction
formed by the hydrocarbon synthesxs process, with the exact cut point between :
" 650°F and 750°F bemg determmed by the pracutxoner and the exact end pomt R
. _prefcrably above 1050°F detemuned by the catalyst and process variables used
for the synthesis. The waxy feed may also contain lower boﬂmg matenal
(650-750°F-), if desired. While this lower boxhng material is not useful for a
lubricant base stock, when pi'ocessed according to the process of the invention it
- is useful for fuels. The waxy feed also comprises more than 90%, typically more
than 95% and preferably more than 98 wt. % paraffinic hydrocarbons, most of
which are normal paraffins, and this is what is meant by “paraffinic” in the
context of the invention. It has negligible amounts of sulfur and nitrogen
compounds (¢.g., less than 1 wppmy), with less than 2,000 wppm, preferably less
than 1,000 wppm and more preferably less than 500 wppm of oxygen, in the
form of oxygenates. The aromatics content, if any, is less than 0.5, more prefer-
ably less than 0.3 and still more preferably less than 0.1 wt. %. Waxy feeds
having these properties and useful in the process of the invention have been
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made using a slurry _Fischer-Tropéch process with a p_atalyét having a catalytic
cobalt component. In the practice of the invention, itis preferred that a sharry
Fischer-Tropsch hydrocarbon synthesis process be used for synthesizing the
waxy feed and particularly one employing a Fischer-Tropsch catalyst comprising
a catalytic cobalt component to provide a high alpha for pl_'odﬁcing tﬁe more
desirable higher molecular weight paraffins.

The (T9p~T1o) temperature spread of the waxy feed, while being at least
350°F, is preferably at least 400°F and mbre preferably at least 450°F, and may
range between 350°F to 700°F or more. Waxy feeds obtained from a slurry
Fischer-Tropsch process employing a catalyst comprising a composite of a
catalytic cobalt component and a titania have been made meeting the above
degrees of paraffinicity, purity and boiling point range, having Tio and Tg
temperature spreads of as much as 490°F and 600°F, having more than 10 wt. %
of 1050°F+ material and more than 15 wt. % of 1050°F+ material, with respec-
" tive initial and end boiling points of S00°F-1245°F and 350°F-1220°F. Both of
these samples corit_inuou'sly bo'il_'ed-= over their entire boiling range. The lo?er
boiling point of 350°F was obtained by adding some of the condensed hydro-
carbon overhead vapors from the reactor to the hydrocarbon liquid filtrate
removed from the -reaétor. Both of these waxy feeds were suitable for use in the
process of the invention, in that they contained material having an initial boiling
point in the range 6f 650-750°F, which éontinuously boiled to and end point of
above 1050°F, and a Tgo-T.o temperatlue spread of more than 350°F,

The hydrogen form of mordenite, or H-mordenite as it is known, may be
prepared by ion exchanging the alkali metal form with a hydrogen precursor
such as ammoma, followed by calcining, or it may be converted directly to
H-mordenite using an acid, such as HCL. H-mordenite of itself and composited
with one or more noble metals such as platinum, is commercially avaﬂable.
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Platinum is a preferred noble metal and therefore a dewaxing catalyst
specifically comprising platinum and H-mordenite is preferred. In addition to
the catalytic metal component and the H-mordenite component, the catalyst may
also contain one or more metal oxide components, such as those commonly used
as catalyst support materials, including one or more molecular sieves. Such
materials may include, for example, any oxide or mixture of oxides such as silica
which is not catalytically acidic, and acid oxides such as siiica-alunﬁﬁa, other
zeolites, silica-alumina-phosphates, titania, zirconia, vanadia and other Group
MIB, IV, V or VI oxides. The Groups referred to herein refer to Groups as foun_d
in the Sargent-Welch Periodic Table of the Elements copyrighted in 1968 by the
Sargent-Welch Scientific Company. The noble metal component or compoﬁents _

" may be composited or mixed with, deposited on, impregnated into or onto,
occluded or otherwise added to ene or more of the other catalyst componq_i_ts,
including the H-mordenite, either before or after they are all mixed together and
extruded or pilled. The noble metal or metals may also be ion exchangeﬂ with
the hydrogen in the ion exchange sites of the mordenite, as is well know_n; Itis B
preferred that the one or more catalytic noble metal components be compo.sited_'
with, supported on or ion exchanged with, the mordenite itself. The noble metal
loading, based on the combined weight of the H-mordenite and noble metal, will
range from about 0.1-1.0 wt. % and preferably from 0.3-0.7 wt. %, with the
noble metal preferably comprising Pt. Another noble metal Pd, :may be used, in
combination with the Pt. The dewaxing may be accomplished with the catalyst
in a fixed, fluid or shurry bed. Typical dewaxing conditions include a tempera-

* ture in the range of from about 400-600°F, a pressure of 500-900 psig, H; treat
rate of 1500-3500 SCF/B for flow-through reactors and LHSV of 0.1-10,
preferably 0.2-2.0. Asis shoivn in Example 3 below, the combination of the
Pt/H-mordenite dewaxing catalyst with the hydroisomerized waxy feed of the
‘invention resunlted in a lower pour point at a given conversion level, than the
same catalyst with a petroleum oil derived waxy feed. “This is uhexpected.
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Both the waxy feed and the lubricant base stock produce_d from the waxy
feed by the process of the invention contain less heteroatom, oxygenate,
naphthenic and aromatic compounds than lubricant base stocks derived from
petroleum oil and slack wax. :Uqlike bésg stocks derived from petroleum oil and

slack wax, which contain appfeciable amounts (e.g., at least 10 wt. %) of cyclic

hydrocarbons, such as naphthenes and ard_matics, the base stocks produced by
the process of the invention co:_npxise at least 95 wt. % non-cyclic isoparaffins,
with the remainder normal paraffins. The base stocks of the invention differ

~ from PAO base stocks in that thé aliphatic, non-ring isoparaffins contain

primarily methy] branches, with very little (e.g., less than 1 wt. %) branches
* having more than five carbon ;aioms. “Thus, the composition of the base stock of
the invention is different from one derived from a conventional pétroleum oil or

* slack wax, or a PAO. The -ba'sé stock of the invention comprises essentially

(2 99+ wt. %) all saturated, paraffinic and non-cyclic hydrocarbons. ‘Sulfur,

| nitrogen and metals are present m amounts of léss than 1 wppm and are not

" detectable by x-ray or Antek Nitrogen tests.’ ‘While very small amounts of .
 saturated and unsaturated ring structures may be present, they are not 1dent1fiable .

" in the base stock by presently known analytical methods, because the concentra-
tions are so small. While the base stock of the invention is a mixture of various
molecular weight hydrocarboné; the residual normal paraffin content remaining

~ after hydroisomerization and dewaxing will preferably be less than 5 wt. % and
more preferably less than 1 wt. %, with at least 50 % of the oil molecules
containing at least one branch, at least half of which are methyl branches. At
least half, and more preferably at least 75% of the remaining branches are ethyl,

' with less than 25% and prefefably less than 15% of the total number of branches
having three or more carbon étox?ns'. The total number of branch carbon atoms is
typically less than 25%, preferably less than 20% and more preferably no more
than 15% (e.g., 10-15%) of the total number of carbon atoms comprising the
hydrocarbon molecules. PAO oils are a reaction product of alphaolefins,
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t_ypically 1-decene and also comprise a mixture of molecuies. However, in
contrast to the molecules of the base stock of the invention, which have a more
linear structure comprising a relatively long back bone with short branches, the
classic textbook description of a PAO base stock is a star-shaped molecule, and
particularly tridecane typically illustrated as three decane molecules attached ata
central point. PAO molecules have fewer and longer branches than the hydro-
carbon molecules that make up the base stock of the invention. Thus, the
molecular make up of a base stock of the invention comprises at least 95 wt. %

'. nén—cyclic isoparaffins having a relatively linear molecular structure, with less |
than half the branches having two or more carbon atoms and less than 25% of
the total number of carbon atoms present in the branches. Because the base
stocks of the invention and lubricating oils based on these base stocks are
different, and most often superior to, lubricants formed from other base stocks, it
will be obvious to the practitioner that a blend of another base stock with at feast
20, préferably at least 40 and more preferably at least 60 wt. % of the base stock
of the invention, will still provide superior properties in many most cases, - |
_althougli toa _lésser degree than only if the base stock of the invention is used.
Such additional base stocks may be selected from the group consisting of (i)a
hydrocarbonaceous base stock, (ii) a synthetic base stock and mixture thereof.
By hydrocarbonaceous is meant a primarily hydrocarbon type base stock derived
from a conventional mineral oil, shale oil, tar, coal liquefaction, mineral oil
derived slack wax, while a synthetic base stock will include a PAQ, polyester
types and other synthetics.

' As those skilled in the art know, a lubricant base stock is an oil possess-
ing Iubricating qualities boiling in the general lubricating oil range and is useful
for preparing various lubricants such as lubricating oils and greases. Fully
formulated lubricating oils (hereinafter “lube o0il”) are prepared by adding to the
base stock an effective amount of at least one additive or, more typically, an
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“additive package containing more than one additive, wherem the additive is at
least one of a detergent, a dxspersant, an anhoxxdant, an antxwear additive, a pour
point depressant, a VI improver, a friction modifier, a demulsifier, an anti-
foamant, a corrosion inhibitor, and a seal swell cgntrol additiv}e. Of these, those
additives common to most formulated lubricaﬁng oils include a detergent, a
dispersant, an antioxidant, an antiwear additive _anﬂ a VI improver, with the
others being optional, depending on the intended use of the oil. An effective
amount of one or more additives or an additive package containing one or more
such additives is admixed with, added to or blended into the base stock, to meet
one or more specifications, such as those rehtmg to a lube oil f_or'sn internal

~ combustion engine crankcase, an automatic u'ansmissioxi, a turbine or jet,
hydraulic oil, etc., as is known, Various manufacturers sell such additive

- packages for adding to a base stock or to a blend of base stocks to form fully
formulated lube oils for meeting performance specx__ﬁc_at_lons required for

. different applications ot intended uses, and the exact identity of the various

. additives present in an addmve pack is typlcally mamtamed as a trade secret by |

. the manufacturer. Thus, addmve packages can and oﬁen do contain many
different chemlcal types of additives and the performance of the base stock. of
the invention with a particular addmve or additive package can not_ be predicted
apriori. Thatits -performancc differs from that of conventional and PAO oils

-with the same level of the same additives is itself -prcof of thc chemistry of the
base stock of the invention being different from that of the prior art base stocks.
Fully formulated lube oils made from the base stock of the invention have been
found to perform at least as vsen-as, and often superior to, formulated oils based
on either a PAO or a conventional petroleum oil derived base stock. Depending
on the application, using the base 'stock of the invention can mean that a lower

‘concentration of additives are required for a -gisren performance level, or a

lubricant having improved performance is produced at the same additive ievels.
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Dunng hydroisomerization of the waxy feed, conversion of the 650-
750°F+ fraction to material boiling below this range (lower boiling material,
650-750°F-) will range from about 20-80 wt. %, preferably 30-70% and more
preferably from about 30-60%, based on a once through pass of the feed through
the reaction zone. The waxy feed will typically contain 650-750°F- material
prior to the hydroisomerization and at least a portion of this lower boiling
material will also be converted into lower boiling components. Any olefins and
oxygenates present in the feed are hydrogenated during the hydroisomerization.
The temperature and pressure in the hydroisomerization reactor will typiéally
-range from 300-900°F (149-482°C) and 300-2500 psig, with preferred ranges of
550-750°F (288-400°C) and 300-1200 psig, respectively. Hydrogen treat rates .
may range from 500 to 5000 SCF/B; with a preferred range of 2000-4000
SCF/B. The hydroisomerization catalyst comprises one or more Group VIII

“metal catalytic components, and preferably non-noble metal catalytic =~
"cbmponent(s), and an acidic metal oxide component to give the catalyst Both a
hydrogenation/dehydrogenation function and an acid hydrocracking function for
'hydroisomexizing the hydrocarbons. The catalyst may also have one or more o
Group VIB metal oxide promoters and one or more Group IB metal com'p'ox.xénts., _
as a hydrocracking suppressant. In a preferred embodiment the catalytically
active metal comprises cobalt and molybdenum. In a more preferred
embodiment the catalyst will also contain a copper component to reduce
hydrogenolysis. The acidic oxide component or carrier may include, alumina,
silica-alumina, silica-alumina-phosphates, titania, zirconia, vanadia, and other
Group IL, IV, V or VI oxides, as well as various molecular sieves, suchas X, Y
and Beta sieves. It is preferred that the acidic metal oxide component include
silica-alumina and particularly amorphous silica-alumina in which the silica
concentration in the bulk support (as opposed to surface silica) is less than about
50 wt. % and preferably less than 35 wt. %. A particularly preferred acidic
oxide component comprises amorphous silica-alumina in which the silica
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and other materials as binders may also be used. The surface area of the catalyst
is in the range of from about 180-400 m®/g, preferably 230-350 m?g, with a
~ respective pore volume, bulk density and side crushing strength in the ranges of
0.3 to 1.0 mL/g and preferably 0.35-0.75 mL/g; 0.5-1.0 g/mL, and 0.8-3.5
kg/mm, A paxﬁcularly-prefelfed hydroisomerization catalyst comprises cobalt,
molybdenum and, optionally, copper components, together with an amorphous
 silica-alumina component containing about 20-30 wt. % silica. The preparation
- of such catalysts is well known and documented. Hlustrative, but non-limiting
" examples of the preparation and use of catalysts of this type may be found, for
" example, in U.S. Patents 5,370,788 and 5,378,348, As was stated above, the
~ hydroisomerization catalyst is most preferably one that is resistant to deactiva-
- tion and to changes in its selectivity to isoparaffin formation. 1t has been found

" that the selectivity of many otherwise useful hydroisomerization catalysts willbe

- changed and that the catalysts will also deactivate too quickly in the presence of

“sulfur and nitrogen compounds, and -alsd oxygenates, even at the levels qf ftthe L

- materials in the waxy feed. One such example comprises platinum or other =~
noble metal on halogenated alumina, such as fluorided alumina, from which the

"~ fluorine is stripped by the presence of oxygenates in the waxy feed. A hydro-
isomerization catalyst that is parﬁcularly preferred in the practice of the

- invention comprises a composite of both cobalt and molybdenum catalytic
components and an amorphous alumina-silica componént_, and most preferably
one in which the cobalt component is deposited on the amorphous silica-alumina
and calcined before the molybdenum component is added. This catalyst will
contain from 10-20 wt. % MoO, and 2-5 wt. % CoO on an amofphous atumina-
silica support component in which the silica cbntent_ ranges from 10-30 wt. %
and preferably 20-30 wt. % of this support component. This catalyst has been
found to have good selecl:ivitir reten_ﬁ(_in and resistance. to deactivation by
oxygenates, sulfur and niirogén compounds found in the Fischer-Tropsch
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produced waxy feeds. The preparation of this catalyst is disclosed in US Patents
5,756,420 and 5,750,819, the disclosures of which are incorporated herein by
reference. It is still further preferred that this catalyst also contain a2 Group IB
metal component for reducing hydrogenolysis. The entire hydroisomerate

formed by hydroisomerizing the waxy feed may be dewaxed, or the lower

boiling, 650-750°F- components may be removed by rough flashing or by

fractionation prior to the dewaxing, so that only the 650-750°F+ components are
~“dewaxed. The choice is determined by the practitioner. The lower boiling

components may be used for fuels.

While suitable Fischer-Tropsch reaction types of catalyst comprise, for )
example, one or more Group VIII catalytic metals such as Fe, Ni, Co, Ruand ..
Re, it is preferred in the process of the invention that the catalyst comprisea

‘cobalt catalytic component In one embodiment the catalyst comprises B

catalytically effective amounts of Co and one or more of Re, Ru, Fe, Ni, Th, Zr,

'Hf, U, Mg and La on a suitable inorganic support material, preferably one which
B comprises one or more refractoxy metal oxides. Preferred supports forCo
' containing 'céﬁlysts comprise titania, particularly. Useful catalysts and their - -
-~ preparation are known and illustrative, but nonlimiting examples may be found,
for example, in U.S. Patents 4,568,663; 4,663,305; 4,542,122; 4,621,072 and
5,545,674. In a slurry hydrocarbon synthesis process, which is a preferred
process in the practice of the invention, a synthesis gas comprising a mixture of
H, and CO is bubbled up as a third phase through a slurry in a reactor which
comprises a particulate Fischer-Tropsch type hydrocarbon synthesis catalyst
dispersed and suspended in a starry liquid comprising hydrocarbon products of
the synthesis reaction which are liquid at the reaction conditions. The mole ratio
of the hydrogen to the carbon monoxide may broadly range from about 0.5 to 4,
but is more typically within the range of from about 0.7 to 2.75 and preferably
‘from about 0.7 to 2.5. The stoichiometric mole ratio for a Fischer-Tropsch
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hydrocarbon synthésis. reaction is generally about 2.0, but in a sturry hydro-
carbon synthesis process it is typically about 2.1/1 and may be increased to
obtain the amount of hydrogen desired from the synthesis gas for other than the
synthesis reaction. Shurry process conditions vary somewhat, depending on the
catalyst and desired products. In the practice of the invention, it is preferred that
-the hydrocarbon synthesis reaction be conducted under conditions in which little
or no water gas shift reaction occurs and more preferably with no water gas shift
reaction occurring during the hydrocarbon synthesis. It is also preferred to
conduct the reaction under conditions to achieve an alpha of at least 0.85,
- preferably at least 0.9 and more preferab_ly at least 0.92, so as to synthesize more
- of the more desirable higher mqiecular weight hydrocarbons. This has been
achieved in a slurry process using a catalyst containing a catalytic cobalt
-component. Those skilled in the art know that by alpha is meant the Schultz-
Flory kinetic alpha. Typical conditions effective to form hydrocarbons c_'o'm:plis-_' _
~ ing inosﬂy Cs, paraffins, (e.g., Cs+-0m) and preferably Cyo. paraffins (and more
preferably Cz.) in'a slurry hyd;ocaljbqn synthesis process employing a ca_.talyst_f_. : |
. comprising a supported co]_:al';-compol;:ent.include,_for example, temperafures_, L
“pressures and hourly gas spa#e ?el_o,ci;ies in the range of from about 320-600°F,
- 80-600 psi and 100-40,000 V/hr/V, expressed as standard volumes of the
gaseous' CO and H, mixture (O°C,' 1 atm) per hour per volume of catalyst,
respectively. The hydrocarbons which are liquid at the reaction conditions are

removed from the reactor using filtration means.

The Figure is a schematic flow diagram of an integrated hydrocarbon
synthesis process which includes the hydroisomerization and dewaxing of the
waxy feed useful in the practice of the invention. Referring to the Figure, a
shurry hydrocarbon synthesis reactor 10 containing a three phase sturry 12 inside,
has a gas distribution plate 14 at the bottom of the slurry for injecting synthesis
gas from the plénum area below and liquid filtration means indicated as box 16,
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immersed in the shury. The synthesis gas is passed ii_ito the reactor via line 18,
with the slurry liquid, which comprises the synthesized hydrocarbons that are
liquid at the reaction conditions, continuously withdrawn as filtrate via line 20
and the gaseous reactor effluent removed overhead as tail gas via line 22. The
filtrate is passed into a hydroisomerization unit 38. In the reactor, the H; and
CO of the synthesis gas react in the presence of the particulate catalyst to form
the desired hydrocarbons, most of which comprise the slurry liquid, and gas
reaction products, much of which is water vapor and CO3. The circles in 12
represent the bubbles of synthesis gas and gas products; while the solid dots
represent the particniate Fischer-Tropsch hydrocarbon synthesis catalyst. The
- gaseous overhead comprises water vapor, CO,, gaseous hydrocarbon products,
unreacted synthesis gas and minor amounts of oxygenates. The overhead is
passed through respective hot and cold heat exchangers 24 and 26, in which itis
cooled to condense a portion of the water and hydrocarbons, and into re;spective__
hot and cold separators 28 and 30, to recover condensed hydrocarbon ﬁtjuids._
Thus, the gas overhead is passed via line 22 through a hot heat exchanger 24 to
éondense out some of the water vapor and heavier hydrocarbons as liquid, with
the gas and liquid mixture then passed via line 32 into separator 28, in which the
water and liquid hydrocarbbns séparate’ from the remaining gas as separate liquid
layers. The water layer is removed via line 34 and the hydrocarbon liquids
removed via line 36 and passed into the hydroisomerization unit 38, along with
the filtrate from filter 16. The separated hydrocarbon liquid from the hot
separator 28 contains hydrocarbons which solidify at standard conditions of
roonxﬁnnpennuneand;ntsﬁne,and:ueumeﬁﬂzw;nutofﬂu:wmxyfbedﬁoﬂm:_
hydroisomerization unit 38. The uncondensed gas is rethoved from separator 28
and passed via line 40 through cold heat exchanger 26, to condense more water
and lighter hydrocarbons as liquid, with the gas and liquid mixture then passed
via line 42 into cold separator 30, in which the liquid separates from the
uncondensed gas as two separate layers. The water is removed via line 44 and
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~ the hydrocarbon liquid via line 46 and into line 48 The uncondensed vapors are
removed via line 50. Hydrogen or a hydrogen-contammg treat gas is passed into
the bottom of the hydroxsomenzatxon unit via line 52. The hydroisomerization
unit contains a fixed bed 54 of a dual fu_ns_mon hydrm_somenzanon catalyst. The
downcoming hydrocarbons are hydroisomerized and the mixture of hydro-
* isomerized hydrocarbons and gas is removed from the r.éa_ct,or via line 48 and
passed, along with the lighter hyd_r_ocarbons from line 46, into a fractionator 56,
in which the lighter components are separated as fuel fractions, such as a
naphtha fraction removed via iine 58, and a jet/diesel fuel fraction removed via
line 60, with the unreacted hydrogen from 38 and hght hydrocarbon gas
" removed as tail gas via line 62 The heavxer hydroxsomerate comprising the
desired hydrocarbons boiling in the lube oil range which have an initial boiling
. point in the range of from 650-750°F, is removed from the bottom of the
_fractionator via line 64. Thus, in thls embodxment, the lighter portion of thé o
2 hydtmsomerate is separated from the lube oil matenal before dewaxing.. Thls _
greatly reduces the load on bgth the dewaxx_ng unit and subsequent vacuum pipe
-still. The lube oil ﬁacﬁon is ,ga;ssed via line 64 into a catalytic dewaxing umt 66, E
- which contains a fixed bed 68 of a dewaxing catalyst comprising Pt/H- |
‘mordenite. Hydrogenora hyﬂrogen-containing treat gas is passed into 66 via
line 70, and reacts with the hydrolsomemte to reduce its pour point and produce
a dewaxate comprising a premium lubricant base stock, which is removed, along
with unreacted hydrogen and gas products of the dewaxing reaction, via line 72
and passed into a vacuum pipe still 74, via line 72. As is the case with the
hydroisomerization, the catalytic dew#xing also results in some of the base stock
matesial being cracked into lower boiling material, to form a light fraction. In
the vacuum pipe still, the light fraction is separated from the dewaxed base stock
and removed from the unit via line 76, with the dewaxed lube oil base stock
removed from the unit via line 78. While only a single stream of base stock is
shown for convenience, more typically a p_lurélity of base stocks of different



WO 00/14184 - . PCT/US99/19533

-17-

i; 4 it .
viscosity are prodnced by the vacuum fmctlonanon ‘Unreacted hydrogen and

light hydrocarbon gases are removed overhead via line 80.

The invention will be further understood with reference to the examples
below. In all of these examples; the Too-T}y temperature spread was greater than
- 350°F.

EXAMPLES
' Example 1

Fxscher-Tropsch synthesized waxy hydrocarbons were formed in a shury
reactor from a synthesis gas feed comprising a mixture of H, and CO having an
H, to CO mole ratio of between 2,11-2.16. The sluny compnsed paﬂ:cles ofa .
Fischer-Tropsch hydrocarbon synthesls catalyst comprising cobalt and rthenium
supported on titania dispersed in a hydrocarbon shury liquid, w1t_h the synthesis
gas bubbled up through the shurry. The shrry liquid comprised hydrocarbon

products of the synthesis reaction which were liquid at the reaction conditions. -

.. These includéd a temperat&re of 425°F, a prcssure of 290 psig and a gas feed
linear \}elocity of from 12 to 18 cm/sec. The alpha of the synthesis step was
greater than 0.9. The waxy feed, which is liquid at the reaction cbnditions and
which is the slurry was withdrawn from the reactor by filtration. The boiling
point distribution of the waiy feed is given in Table 1.

Table.; 1

Wt. % Boiling Point Distribution of
Fischer-Tropsch Reactor Waxy Feed -

| IBP-500°F oo
| 500-700°F 28.1
700°F+ 70.9

1050°F+ _ 6.8 -
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Example 2 -

The waxy feed produced in Example 1 was hydroisomerized Without
fractionation and therefore included the 29 wt. % of material boiling below
700°F shown in Table 1. The waxy feed was hydroisomerized by reacting with
hydrogen in the presence of a dual function hydroisomerization catalyst which
consisted of cobalt (CoO, 3.2 wt. %) and molybdenum (MoOs, 15.2 wt. %)
supported on an amorphous silica-alumina cogel acidic component, 15.5 wt. %
of which was silica. The catalyst had a surface area of 266 m %/g and a pore _
volume (P.V.y20) of 0.64 mL/g. This catalyst was prepared by deposmng and
calcining the cobalt-compone;it on the support priof to the deposition and calcin-
ing of the molybdenum component. The conditions for the hydroisomerization

3 are set forth in Table 2 and were selected fora target of 50 wt. % feed conver-
sion of the 700°F+ ﬁ'actmn which is defined as:

: _700°F_+ Conv. = [l-(wt. % 7oo°F_+_ in p_rodnc_t)_/(wt. % 700°F+ in feed)] x 100

" Table2
| Hydrdisom'cﬁzation Reaction Conditions
Temperature, °F (°C) | 7T13(378)
H, Pressure, psig (pure) . 1 725
H; Treat Gas Rate, SCF/B | 2500
LHSV, vivih 1.1
Target 700°F+ Conversion, wt. % 50

As indicated in the Table, 50 wt. % of the 700°F+ waxy feed was converted to
700°F- boiling products. The 700°F- hydroisomerate was fractionated to recover
fuel products of reduced cloud point and freeze point.

Table 3 shows the pmper_tiés of the 700°F+ hydroisomerate.
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Table 3
F, Wt. % Boiling Point Distribution by GCD and
Pour Point of the 700°F+ Hydroisomerate Fraction
| BP-320 0
320-500 . 0
} 500-700 1.6
700-950 86.8
(730°F+) | (783)
950+ 116
Pour Point, °C 2
KV @ 40°C, cSt 26.25
| kv @ 100°C, cSt 5.07
VI 148

Comparative Example

~ An Arab light atmospheric resid Qvas'ﬁ'acﬁohated to remove the heavy
 back end, leaving a 700-1026°F feed having the properties shown in Table 4. |
This feed was catalytically dewaxed in the upflow reactor and over the PVH-
mordenite catalyst of Ethﬁle 3 to reduce the pour poinf, but with more severe
conditions. The H; pressure was 1350 psig with a nominal treat gas rate of 5000
SCF/B at 0.5 LHSV and':temperéture of 570°F. The dewaxing results are also
shown in Table 4.
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Table 4
| Catalytic Dewaxing Results for Hivac Cut Feed (700-1026°F)
| ' Total 700-860°F 860°F+
Yield on feed, wt. % 100 362 389
Feed KV at 40°C, cSt 26 '
100°C, cSt 5
VI o8 |
Pour Point, °C 29 27 43
700°F+ Dewaxate yield 77.1 393 329
on feed, wt. % _
KVatd0°C,cSt 415
100°C, cSt 5.7
VI 78
PourPoint,°C  ~ ‘18 -1 " 29

The dewaxate was fractionated to scparate the lighter fuel fractions produced in
thie reactor from the Arab Light 700°F+ dewaxed base stock whose lowte_x_npera_- o
ture properties are given in Table '6, along with the properties of the F-T wax o
‘base stock prepared according to the process of the invention from Example 3

below.

Example 3

The 700°F+ hydroisomerate shown in Table 3 was catalytically dewaxed
using a 0.5 wt. % Pt/H-mordenite catalyst to reduce the pour point and form a
 high VI lubricating base stock. In this experiment, a small up-flow pilot plant
unit was used. The dewaxing conditions included a 750 psig H; pressure, with a
nominal treat gas rate of 2500 SCF/B at 1 LHSV and a temperature of 550°F.
The dewaxate product exiting the reactor was fractionated using the standard
15/5 distillation to remove the lower boiling fuel components produced by the
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dewaxing and the 700°F+ product subjected to Hivac distillation to obtain
narrow cuts, with low temperature properties measured on the 730-950°F and
950°F+ portions. The results are summarized in Table 5.

Table 5
F-T Waxy Hydroisomerate Catalytic Dewaxing Results
| Reactor Temperature, °F | 550
Yields, wt. % ' '
Ci-Cs : . 113
| Cs-320°F 9.1
320-730°F ' ' > 1.3
730-950°F 59.9
950°F+ 184
Total Yield ) . | 783
| 730-950°F -
' Pour Point, °C _ -26
KV at40°C,cSt 1727
KV at 100°C, cSt _ 396
Vi o 127.3
950°F+ )
' Pour Point, °C 7
KV at 40°C, cSt 80.19
KV at 100°C, ¢St 11.90
vI 142.5
Total 700°F+ Base Stock (dewaxate)
Pour Point, °C -15
KV at 40°C, cSt 22.76
KV at 100°C, ¢St 4.83
VI 138.1
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- The properties of the Fischer-Tropsch base stock prepared according to he
process of the invention are compared with those of the lube oil base stock
derived from the Arab Light feed in Table 6. . -

Table 6

Comparison of Catalytically Dewaxed 700°F+ Base Stocks
F-T Waxy HI Arab Light Feed

| Dewaxing Temp., °F 55 570 Base
Stock Yield, wt. % 783 77.1
| Pour Point, °C 15 ' 18

VI : ' 138 78

The properties of the two base stocks shown above, clearly demonstrate ..
 that without hydrotreating, the Fischer-Tropsch wax hydroisomerate catalytically

dewaxed over the Pt/H-mordenite dewaxing catalyst, according to the process of -

 the invention, yields a high VI and low pour point base stock, having a lower

pour point and higher VI than the conventional, petroleum oil derived lube oil o

fraction, at about the same feed conversion level. Further, petroleum based base |
stocks are usually dewaxed as a plurality of specific, narrow fractions or cuts of
the 650-750°F+ material to optimize the base stock yield of each specific cut.
The data presented herein demonstrate that this procedure is unnecessary when
using the process of the invention with Fischer-Tropsch waxy feeds.

It is understood that various other embodiments and modifications in the
practice of the invention will be abparent to, and can be readily made by, those
skilled in the art without departing from the scope and spirit of the invention
described above. Accordingly, it is not intended thﬁt the scope of the claims
appended hereto be limited to the exact description set forth above, but rather
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that the claims be‘.!c?(;hslmed as encompassing all of the features of patentable

. novelty which reside in the present invention, including all the features and
embodiments which would be treated as equivalents thereof by those skilled in
the art to which the invex_xtion pertains. B
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1. A process for producing an isoparaffinic Iubricant base stock which is
obtained by (i) hydroisomerizing a waxy, normal paraﬁmc hydrocarbon fraction
having an initial boiling point in the range of 650-750°F obtained from a
Fischer-Tropsch hydrocarbon synthesis process to form a hydroisomerate having
an initial boiling point in said 650-750°F range, (ii) catalytically dewaxing said
hydroisomerate by reacting it with hydrogen in the presence of a catalyst
comprising a catalytic platinum component and a hydrogen mordenite
component to reduce its pour point and form a dewaxate which contains
hydrocarbons boiling above and below said 650-750°F range, and (iii) removing |
said lower boiling material from said dewaxate to form said base stock.

-24-

CLAIMS:

2. A process according to claim 1 wherein said waxy feed is obtained
from a sharry Fischer-Tropsch process.

3. A process according to claim 2 wherein said waxy feed comprises at

least 95 wt. % normal paraffins and said base stock comprises at least 95 wt. % .

non-cyclic isoparaffins.

4. A process according to claim 3 wherein said shury Fischer-Tropsch
process employs a hydrocarbon synthesis catalyst comprising a catalytic cobalt

component.

5. A process according to claim 4 wherein said hydroisomerization
comprises reacting said waxy feed with hydrogen in the presence of a
hydroisomerization catalyst having a catalytic metal component and an acidic
metal oxide component and both a hydroisomerization function and a
'hydrogenaﬁonldéhydrogenaﬁon function.
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6. A process according to claim 5 wherein said waxy feed also contains
hydrocarbons having an initial boiling point below said 650-750°F range.

7. A process according to claim 6 wherein said waxy feed has an end
boiling point of at least 1050°F and continuously boils from said 650-750°F
through to said end point. ‘

8. A process according to claim 5 wherein said waxy feed also contains
hydrocarbons having an initial boiling point below said 650-750°F range.

9. A process according to claim 5 wherein said waxy feed has less than 1
wppm of nitrogen compounds, less than 1 wppm of sulfur and less than 1,000
wppm of oxygen in the form of oxygenates. .

10. A procéss according to claim 9 wherein said hydroisomerization
catalyst is resistant to deactivation by oxygenates.

11. A process according to claim 1 wherein said waxy feed has a Tgo-Tyo
temperature spread of at least 350°F.

12. A process for producing an isoparaffinic lubricant base stock from a
synthesis gas comprising a mixture of H; and CO which comprises;

(a) reacting said mixture of H, and CO in the presence of a Fischer-
Tropsch hydrocarbon synthesis catalyst containing a catalytic cobalt component
in a slurry comprising a hydrocarbon slurry liquid, said catalyst and gas bubbles,
at reaction conditions effective to form high purity, mostly normal paraffinic,
waxy hydrocarbons, at least a portion of which are liquid at the reaction
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conditions, comprise said shury liquid and have an initial boiling point in the
range of 650-750°F, a Too-T}o temperature spread of at least 350°F, and wherein
said paraffins comprise mostly normal paraffins;

(b) reacting at least that fraction of said waxy synthesized hydrocarbons
which have an initial boiling point in said 650-750°F range with hydrogen in the
presence of a dual functional hydroisomerization catalyst to form a hydro-
isomerate comprising hydrocarbons which have an initial boiling point in said
650-750°F range and below said 650-750°F range;

(c) catalytically dewaxing at least that portion of said hydroisomerate
having an initial boiling point in said range to reduce its pour point by reacting it
with hydrogen in the presence of a catalyst comprising a hydrogen mordenite
componaﬁ and a catalytic platinum component to form a dewaxate comprising
hydrocarbons having an initial boiling point above and below said range, and

(d) recovering at least a portion of said dewsxate having an initial

boiling point in said range as said base stock.

13. A process according too claim 12 wherein said waxy synthesized
hydrocarbon fraction having an initial boiling point in said 650-750°F range
reacted with hydrogen in step (b) has an end point of at least 1050°F.

14, A process according to claim 13 wherein no more than 40 wt. % of
said hydroisomerate having an initial boiling point in said 650-750°F range is
converted to hydrocarbons having an initial boiling point boiling below said
range during said dewaxing.
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15. A process according to claim 14 wherefnsald hydroisomerization
. catalyst comprises a Group VIII non-noble metal catalytic component and an
acid support.

16. A process according to claim 15 wherein said catalyst also includes a
Group VIB catalytic metal component. -

17. " A process according to claim 16 wherein said hydroisomerization
catalyst comprises a cobalt and a molybdenum catalytic metal component and
said support comprises alumina-silica having no more than 30 wt. % silica.

18. A process according to claim 12 wherein said hydroisomerization
catalyst is prepared by adding and calcining said cobalt component prior to
adding said molybdenum component.

19. A process .éccording to claim 12 wherein said hydroisomerate is
fractionated to remove at least a portion of the hydroisomerate having an initial
boiling point below said 650-750°F range prior to said dewaxing and wﬂaeiﬁ _
dewaxate having an initial boiling point below said 650-750°F range is removed
ﬁom the total dewaxate to form base stock. having a VI of at least 120 and a
pour point less than -10°C .



