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PROCESS FOR THE PREPARATION OF HIGH ACTIVITY CARBON MONOXIDE HYDROGENATION CATA-
LYST AND THE CATALYST COMPOSITION OBTAINED

BACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

This invention relates to a process for the preparation of novel, highly
active catalysts for conducting carbon monoxide hydrogenation reactions,
especially Fischer-Tropsch reactions. It also relates to the catalyst, to the
process utilizing the catalyst, and to the product of such process; particularly to
the production of waxy paraffins of high quality from synthesis gas.

BACKGROUND

Reactions involving the hydrogenation of CO, e.g., Fischer-Tropsch
(F-T) synthesis to produce hydrocarbons, are complex and produce many stages.
As a consequence, this necessitates the use of multicomponent, polyfunctional
catalysts; catalysts constituted of a supported catalytic metal, or metals,
component, e.g., an Iron Group metal such as cobalt, which may be modified or
promoted with an additional metal, or metals, €.g., thenium. (Periodic Table of
the Elements, Sargent-Welch Scientific Company; Skokie, Illinois Copyright
1979). Reaction occurs between the feed components, on contact with the
catalytic metal, or metals, component and its oxide, reduction of the oxide
(which may be reduced only with difficulty), and support component.
Knowledge of these reactions is largely empirical, requiring the accumulation
and correlation of large amounts of experimental data covering various para-
meters including not only the composition of the catalyst but also its method of

preparation. Trial-and-error methods outstrip theory in the development of
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catalysts; and these methods are based on more than one hundred years of

process developments utilizing catalysts.

Early F-T catalysts were formed by compositing Group VIII or Iron
Group metals with kieselguhr, e.g., (100 wt. parts Co per 100 wt. parts
kieselguhr), and additionally 20 wt. parts of an oxide of a Group VIIB metal,
e.g., Mn, to improve the activity and yield of higher molecular weight hydro-
carbons at higher reaction temperature. Further improvements in the develop-

ment of F-T catalysts resulted in the use of ThO, (optimum 18 wt. parts per 100
parts Co) instead of MnOj, and then to the replacement of part of the ThO; by a

Group IIA metal oxide, MgO, while doubling the kieselguhr content to produce a
commercial form of the catalyst (100:5:8:200).

The catalysts are prepared by mixing hot solutions of cobalt and
magnesium nitrates with a precipitating agent, e.g., sodium carbonate, and
precipitation of hydrocarbonates of these metals at pH >7 and temperature
approximating 100°C with rapid introduction of the support material, e.g.,
kieselguhr, at the time of precipitation, with stirring. The particulate catalyst
mass is washed, filtered and shaped. The solids granules are dried, and reduced
with hydrogen, e.g., at 400°C for about 60 minutes. A catalyst produced in this

manner, contacted and reacted with CO and H,, produces hydrocarbons. For

example, typically in hydrogenating CO at a pressure of 10 atm at about 170°C
to 190°C over a cobalt-containing catalyst the product contains from about 15-20
wt. percent of wax with a dropping point of no more than 70°C. The very best
of such results known to have been achieved were with CO hydrogenation runs
utilizing catalysts constituted of cobalt (28.0-31.4 wt%) and magnesia (1.1-13
wi%) deposited on a support, a synthetic silica-alumina or mixture of 7-20 wt%
of a zeolite and silica-alumina, constituting the remainder of the catalyst

composition. The hydrocarbon products from the best of these runs, at the
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conditions expressed, have shown a maximum yield of wax of 46 wt%, with the
highest dropping point of the wax being 107°C. The yield of wax produced from
these catalysts is thus too low, and the quality of wax lacking. Consequently,
there is need of a process for producing catalyst compositions which, in conduct-
ing carbon monoxide hydrogenation reactions, provide increased yields of wax

of improved quality.

THE INVENTION

This need and others is achieved in accordance with the present
invention which embodies, in preparation of the catalyst, mixing, dispersing, or
dissolving in a solution, preferably with heating and stirring, (a) a compound, or
salt, of a Group VIII metal, preferably cobalt, (b) a compound, or salt of
magnesium, (c) a refractory inorganic oxide, preferably a kieselguhr, and (d) an
ammonium or alkali metal precipitating agent, preferably sodium or potassium
carbonate. The precipitated solids mass is brought to a critical level of moisture,
generally by drying, the solids mass is shaped and then reduced, as by contact
with hydrogen or a hydrogen-containing gas. The shaped mass, after reduction,
constitutes a Group VIII:magnesium oxide catalyst, or Group VIII metal catalyst
promoted with an oxide of magnesium, active for conducting carbon monoxide

hydrogenation reactions, preferably F-T reactions.

The catalyst of this invention is constituted of a Group VIII metal,
preferably cobalt, in concentration ranging from about 5 parts to about 50 parts,
preferably from about 25 parts to about 33 parts, measured as metallic metal, per
100 parts by weight of total catalyst (wt%; dry basis), and from about 1 part to
about 10 parts, preferably from about 1 part to about 5 parts, of magnesium
oxide, per 100 parts by weight of total catalyst (wt%; dry basis). The support
component is constituted of a refractory inorganic oxide, preferably kieselguhr,
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in concentration ranging from about 40 parts to about 94 parts, preferably from
about 62 parts to about 74 parts, per 100 parts by weight of total catalyst (wt%;
dry basis). The Group VIII metal, or cobalt, and the magnesium are precipitated
from the solution, generally an aqueous solution, along with the support. A
solution of a precipitating agent, suitably ammonium or alkali metal carbonate,
e.g., sodium bicarbonate or sodium carbonate, is added to produce precipitation
of the particulate solids mass. During precipitation of the catalyst, the solution is
stirred, preferably vigorously and continuously, while the solution is maintained
at temperature ranging from about 80° to about 100°C, preferably from about
90°C to about 100°C, and at pH ranging from about 7 to about 9.5, preferably
from about 8.0 to about 8.5.

The solids component is precipitated from the solution at low satura-
tion or supersaturation conditions, such conditions being reached by physical or
chemical methods, e.g., via evaporation or variation of the pH of the solution.
The latter method is generally preferred, the pH of the solution being controlled
between about 7 and 9.5, preferably between about 8 and about 8.5, to
coprecipitate the cations, or metal-containing species from solution. Coprecipi-
tation at low supersaturation, at near constant pH, is generally preferred, the
conditions of pH most often used being maintained at a value between 7 and 9.5,
with temperatures ranging between about 80°C and about 100°C, preferably
about 90°C and about 100°C. Low supersaturation conditions generally produce
precipitates which are more crystalline than precipitates obtained at higher
saturation conditions. This is because at the latter condition the rate of
nucleation is greater than the rate of crystal growth, a condition which forms a
larger number of crystals of smaller particle size. The precipitation of the solids
mass is carried out with vigorous stirring, preferably continuous intensive
stirring, the solids are separated from the liquid by filtration, and the filter cake

then washed, e.g., sufficiently to remove the alkali metal and nitrate ions.
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The precipitated solids are first washed to remove extraneous matter
e.g., alkali metals and nitrate ions; generally with water, at temperatures ranging
from ambient to about 100°C, preferably from about 70°C to about 100°C. The
washed solids are then filtered and shaped, i.e., pressed, compacted or extruded
to form beads, pills, pellets, powders, extrudates, or material of essentially any
desired particulate shape. The shaped material, e.g., an extrudate, is then
warmed, or heated in air at temperature ranging from about 100°C to about
130°C, preferably from about 105°C to about 110°C, for a period of time
sufficient to remove absorbed water in excess of about 10 percent, but not to

remove water below about 6 percent, based on the weight of the particulate

mass.

It is essential, to achieve the high activity and selectivity of the
catalyst in producing high melting hydrocarbon waxes of high quality and
lowered gas make, via an F-T reaction, that the shaped particulate mass, or
catalyst precursor, at the time of its reduction contain water in amount of at least
about 6 percent up to about 10 percent, based on the weight of the shaped
particulate mass. The shaped catalyst mass on contact with hydrogen or a
hydrogen-containing gas is activated, and the activity and selectivity of the
catalyst in producing hydrocarbon waxes in an F-T reaction is higher, and the
gas make is lower, than in the use of a catalyst of similar solids composition
produced in a process otherwise similar except that the particulate mass, or
catalyst precursor, used to make the catalyst contains less than about 6 percent,

or more than about 10 percent water, based on the weight of the shaped catalyst

mass.

The catalyst precursor, containing from about 6 percent to about 10

percent water, based on the weight of the particulate mass, is activated for use by
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contact with hydrogen, or a hydrogen-containing gas, generally at temperature
ranging from about 100°C to about 400°C, preferably from about 300°C to about
400°C, for a period ranging from about 0.5 hour to about 24 hours.

In its preferred form, soluble compounds or salts of cobalt and
magnesium are added in the desired stoichiometric proportions, and dissolved in
a liquid, preferably water, to which a solution of a precipitating agent, suitably
sodium carbonate is added. A measured amount of a powdered refractory
inorganic oxide, e.g., alumina, silica, silica-alumina, but preferably kieselguhr, is
then added at the temperature and pH given above, with continued stirring while
particulate solids are precipitated to produce, after washing, filtering, drying,
shaping and reduction with hydrogen, Co:MgO:kieselguhr catalysts having the

following typical and preferred compositions, to wit:

Typical Preferred

Co, wt. percent 5 - 50 25 - 33
MgO, wt. percent 1 - 10 1 - 5
kieselguhr, wt. percent 40 - 94 62 - 74

This preparation technique produces a catalyst of increased activity,
and selectivity in the production of high melting wax via F-T synthesis, and gas
make is lowered. The yield of wax is increased up to 53-59 wt%, and its quality

is improved; the wax dropping point rising to 109°C-112°C.

Hydrocarbon Synthesis

In conducting the preferred Fischer-Tropsch, or F-T synthesis
reaction, a mixture of hydrogen and carbon monoxide is reacted over an Iron

Group metal catalyst, e.g., a cobalt or ruthenium catalyst, to produce a waxy
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product which can be separated in various fractions, suitably a heavy or high
boiling fraction and a lighter or low boiling fraction, nominally a 700°F+
(372°C+) reactor wax and a 700°F- (372°C-) fraction. The latter, or 700°F-

(372°C-) fraction, can be separated into (1) a F-T Cold separator liquid, or liquid
nominally boiling within a range of about Cs- 500°F (260°C), and (2) a F-T hot

separator liquid, or liquid nominally boiling within a range of about 5 00°F-
700°F (260°C-372°C). (3) The 700°F+ (272°C+) stream, with the F-T cold and

hot separator liquids, constitute raw materials useful for further processing.

The F-T synthesis process is carried out at temperatures of about
160°C to about 325°C, preferably from about 190°C to about 260°C, pressures
of about 5 atm to about 100 atm, preferably about 10-40 atm and gas hourly
space velocities of from about 300 V/Hr/V to about 20,000 V/Hr/V, preferably
from about 500 V/Hr/V to about 15,000 V/Hr/V. The stoichiometric ratio of
hydrogen to carbon monoxide in the synthesis gas is about 2.1:1 for the produc-

tion of higher hydrocarbons. However, the H/CO ratios of 1:1 to about 4:1,
preferably about 1.5:1 to about 2.5:1, more preferably about 1.8:1 to about 2.2:1

can be employed. These reaction conditions are well known and a particular set
of reaction conditions can be readily determined by those skilled in the art. The
reaction may be carried out in virtually any type reactor, e.g., fixed bed, moving
bed, fluidized bed, slurry, bubbling bed, etc. The waxy or paraffinic products
from the F-T reactor are essentially non-sulfur, non-nitrogen, non-aromatics
containing hydrocarbons. This is a liquid product which can be produced and
shipped from a remote area to a refinery site for further chemically reacting and
upgrading to a variety of products, or produced and upgraded to a variety of
products at a refinery site. For example, the hot separator and cold separator
liquids, respectively, C4-C15 hydrocarbons, constitute high quality paraffin

solvents which, if desired can be hydrotreated to remove olefin impurities, or
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employed without hydrotreating to produce a wide variety of wax products. The

reactor wax, or C1g+ liquid hydrocarbons from the F-T reactor, on the other

hand, can be upgraded by various hydroconversion reactions, e.g., hydrocrack-
ing, hydroisomerization, catalytic dewaxing, isodewaxing, reforming, etc. or
combinations thereof, to produce (i) fuels, i.e., such as stable, environmentally
benign, non-toxic mid-distillates, diesel and jet fuels, e.g., low freeze point jet
fuel, high cetane jet fuel, etc., (ii) lubes, or lubricants, e.g., lube oil blending
components and lube oil base stocks suitable for transportation vehicles, (iit)
chemicals and specialty materials, e.g., non-toxic drilling oils suitable for use in
drilling muds, technical and medicinal grade white oils, chemical raw materials,
monomers, polymers, emulsions, isoparaffinic solvents, and various specialty

products.

(D  Maximum Distillate

Option A:  The reactor wax, or 700°F+ (372°C+) boiling fraction from
the F-T reactor, with hydrogen, is passed directly to a hydroisomerization
reactor, HI, operated at the following typical and preferred HI reaction

conditions, to wit:

HI Reactor Conditions Typical Range Preferred Range
Temperature, °F (°C) 300-800 (148-427)  550-750 (286-398)
Total Pressure, psig 0-2500 300-1200
Hydrogen Treat Rate, SCF/B 500-5000 2000-4000

While virtually any catalyst useful in hydroisomerization or selective
hydrocracking may be satisfactory for this operation, some catalysts perform
better than others. For example, catalysts containing a supported Group VIII
noble metal, e.g., platinum or palladium, are particularly useful as are catalysts

containing one or more Group VIII base metals, e.g., nickel, cobalt, in amounts
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of about 0.5-20 wt%, which may or may not also include a Group VI metal, e.g.,
molybdenum, in amounts of about 1-20 wt%. The support for the metals can be
any refractory oxide or zeolite or mixtures thereof. Preferred supports include
silica, alumina, silica-alumina, silica-alumina phosphates, titania, zirconia,
vanadia and other Group III, IV, VA or VI oxides, as well as Y sieves, such as
ultrastable Y sieves. Preferred supports include alumina and silica-alumina
where the silica concentration of the bulk support is less than about 50 wt%,
preferably less than about 35 wt%.

A preferred catalyst has a surface area in the range of about 180-400
m2/gm, preferably 230-350 m2/gm, and a pore volume of 0.3 to 1.0 ml/gm,
preferably 0.35 to 0.75 ml/gm, a bulk density of about 0.5-1.0 g/ml, and a side
crushing strength of about 0.8 to 3.5 kg/mm.

The preferred catalysts comprise a non-noble Group VIII metal, e.g., iron,
nickel, in conjunction with a Group IB metal, e.g., copper, supported on an
acidic support. The support is preferably an amorphous silica-alumina where the
alumina is present in amounts of less than about 30 wt%, preferably 5-30 wt%,
more preferably 10-20 wt%. Also, the support may contain small amounts, e.g.,
20-30 wt%, of a binder, e.g., alumina, silica, Group IVA metal oxides, and
various types of clays, magnesia, etc., preferably alumina. The catalyst is
prepared by coimpregnating the metals from solutions onto the support, drying at
100-150°C, and calcining in air at 200-550°C.

The preparation of amorphous silica-alumina microspheres for supports is
described in Ryland, Lloyd B., Tamele, M.W., and Wilson, J.N,, Cracking
Catalysts, Catalysis: Volume VII, Ed. Paul H. Emmett, Reinhold Publishing

- Corporation, New York, 1960, pp. 5-9.
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The Group VIII metal is present in amounts of about 15 wt% or less,
preferably 1-12 wt%, while the Group IB metal is usually present in lesser
amounts, e.g., 1:2 to about 1:20 ratio respecting the Group VIII metal. A typical

catalyst is shown below:

Ni, wt% 2.5-3.5

Cu, wt% 0.25-0.35
Al,03-8109 65-75
Al,O3(binder) 25-30

Surface Area 290-355 m2/gm
Pour Volume (Hg) 0.35-0.45 ml/gm
Bulk Density 0.58-0.68 g/ml

The 700°F+ (372°C+) conversion to 700°F- (372°C-) in the hydro-
isomerization unit ranges from about 20-80%, preferably 20-50%, more
preferably about 30-50%. During hydroisomerization essentially all olefins and

oxygen containing materials are hydrogenated.

In a preferred option, both the cold separator liquid, i.e., the C5-500°
(260°C) boiling fraction, and the hot separator liquid, i.e., the 500°F-700°F
(260°C-372°C) boiling fraction, are hydrotreated in a hydrotreated reactor, H/T,
at hydrotreating conditions, the H/T product is combined with the HI product,
and passed to a fractionator. The following describes the typical and preferred

H/T reaction conditions, to wit:

H/T Conditions Typical Range Preferred Range
Temperature, °F (°C) 200-750 (94-398) 350-600 (175-315)
Total Pressure, psig 100-1500 300-750

Hydrogen Treat Rate, SCF/B 100-5000 500-1500
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Suitable hydrotreating catalysts include those which are comprised of at
least one Group VIII metal, preferably Fe, Co and Ni, more preferably Co and/or
Ni, and most preferably Ni; and at least one Group VI metal, preferably Mo and
W, more preferably Mo, on a high surface area support material, preferably
alumina. Other suitable hydrotreating catalysts include zeolitic catalysts, as well
as noble metal catalysts where the noble metal is selected from Pd and Pt. One,
or more than one type of hydrotreating catalyst may be used in the same bed.
The Group VIII metal is typically present in an amount ranging from about 2 to
20%, preferably from about 4 to 12%, based on the total weight of the catalyst
(Wt%, dry basis). The Group VI metal will typically be present in an amount
ranging from about 5 to 50 wt%, preferably from about 10 to 40 wt%, and more
preferably from about 20 to 30 wt%.

Gas and C5-250°F (121°C) condensate streams are recovered from the
fractionator. After separation and removal of the C5-250°F (121°C) material, a

250°F-700°F- (121°C-372°C-) diesel fuel or diesel fuel blending component is
recovered from the fractionator. A 700°F+ (372°C+) product component that is

recovered is suitable as a lube or lube oil blending component.

The diesel material recovered from the fractionator has the properties

shown below:

paraffins at least 95 wt%, preferably at least 96 wt%, more preferably at
least 97 wt%, still more preferably at least 98 wt%, and most preferably at least
99 wt%; iso/normal ratio about 0.3 to 3.0, preferably 0.7-2.0; sulfur 50 ppm
(wt), preferably nil; nitrogen 50 ppm (wt), preferably 20 ppm, more preferably
nil; unsaturates 2 wt%; (olefins and aromatics) oxygenates about 0.001 to less
than 0.3 wt% oxygen water-free basis.
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The isoparaffins which are present are largely mono methyl branched, and

the product contains nil cyclic paraffins, e.g., no cyclohexane.

The 700°F- (372°C-) fraction is rich in oxygenates, and e.g., 95% of the
oxygenates, are contained in this lighter fraction. Further, the olefin concentra-
tion of the lighter fraction is sufficiently low as to make olefin recovery

unnecessary; and further treatment of the fraction for olefins is avoided.

These diesel fuels generally have the properties of high cetane number,
usually 50 or higher, preferably at least about 60, more preferably at least about
65, lubricity, oxidative stability, and physical properties compatible with diesel

pipeline specifications.

The product can be used as a diesel fuel per se or blended with other less
desirable petroleum or hydrocarbon containing feeds of about the same boiling
range. When used as a blend, the product can be used in relatively minor

amounts, e.g., 10% or more for significantly improving the final blended diesel

product.

Although, this material will improve almost any diesel product, it is
especially useful in blending with refinery diesel streams of low quality. Typical
streams are raw or hydrogenated catalytic or thermally cracked distillates and gas

oils.

Option B:  Optionally, the cold separator liquid and hot separator
liquid is not subjected to any hydrotreating. In the absence of hydrotreating of
the lighter fractions, the small amount of oxygenates, primarily linear alcohols,
in this fraction can be preserved, though oxygenates in the heavier reactor wax

fraction are eliminated during the hydroisomerization step. Hydroisomerization
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serves to increase the amount of iso paraffins in the distillate fuel and helps the
fuel to meet pour point and cloud point specifications, although additives may be

employed for these purposes.

The oxygen compounds that are believed to promote lubricity may be
described as having a hydrogen bonding energy greater than the bonding energy
of hydrocarbons (the energy measurements for various compounds are available
in standard references); the greater the difference, the greater the lubricity
effect. The oxygen compounds also have a lipophilic end and a hydrophilic end
to allow wetting of the fuel.

Preferred oxygen compounds, primarily alcohols, have a relatively long

chain, i.e., Cyo+, more preferably C1,-Cp4 primary linear alcohols.

The amount of oxygenates present is rather small, but only a small
amount of oxygenates as oxygen on a water free basis is needed to achieve the
desired lubricity, i.e., at least about 0.001 wt% oxygen (water free basis), prefer-
ably 0.001-0.3 wt% oxygen (water free basis), more preferably 0.0025-0.3 wt%

oxygen (water free basis).

Option C:  As a further option, all or preferably a portion of the cold
separator liquid can be subjected to hydrotreating while the hot separator liquid
and the reactor is hydroisomerized; the wider cut hydroisomerization eliminat-
ing the fractionator vessel. However, the freeze point of the jet fuel product is

compromised to some extent. Preferably, the C5-350°F (175°C) portion of the
cold separator liquid is hydrotreated, while the 350°F+ (175°C+) material is

blended with the hot separator liquid and the reactor wax and hydroisomerized.

The product of the HI reactor is then blended with the hydrotreated C5-350°F

(175°C) product and recovered.
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Option D:  In a fourth option, a split-feed flow scheme is provided
which can produce a jet fuel capable of meeting a jet A-1 freeze point
specification. In this option, the hot separator liquid and the reactor wax is
hydroisomerized and the product recovered. The cold separator liquid, and
optionally any residual 500°F- (260°C-) components after subjecting the hot
separator liquid and reactor wax to treatment in a wax fractionator prior to
hydroisomerization, is subjected to hydrotreating. The hydrotreated product is
separated into a (a) C5-350°F (175°C) product which is recovered, and a 350°F+

(175°C) product which is hydroisomerized and the hydroisomerized product then
also recovered. These products can be blended together to form a jet fuel

meeting a jet A-1 freeze point specification.

(II)  Production of Maximum Diesel

The three streams from the F-T reactor constituting the syncrude, viz. 1)
the cold separator liquid (C5-500°F), 2) hot separator liquid (500°F-700°F), and
3) reactor wax (700°F+) are each treated in accordance with certain options for

producing the maximum amount of a diesel fuel as follows:

Option A: (Single Reaction Vessel: Wax Hydroisomerizer)

The reactor wax from the F-T reactor is passed, with hydrogen, to a wax
hydroisomerizer. The other two streams from the F-T reactor, i.e., the cold
separator liquid and the hot separator liquid, are combined with the product from
the hydroisomerizer, and the total mixture is passed to a fractionation column
where it is separated into light gases, naphtha, and a 700°F- (372°C-) distillate
while a 700°F+ (372°C+) stream is recycled to extinction in the hydroisomerizer.
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The catalysts used to conduct the wax hydroisomerization reaction are

described in subsection (I) Maximum Distillate, Option A.

The conditions employed for conducting the wax hydroisomerization

reaction are described in subsection (I) Maximum Distillate, Option A.

Option B: (Two Vessel System; Wax Hydroisomerizer and

Hydrotreater)

In this Option B, the reactor wax treating scheme described for maximum

diesel in accordance with option A is unchanged, but in this instance both the
cold separator liquid and hot separator liquid are hydrotreated at hydrotreating
conditions, the product therefrom is then mixed with the product of the wax
hydroisomerizer, and the total mixture fractionated to recover light gases,

naphtha and distillate.

The hydrotreating catalyst used in conducting the hydrogenation reaction

is described in subsection (I) Maximum Distillate, Option A.

The conditions employed in conducting the hydrotreating reaction is

described in subsection (I) Maximum Distillate, Option A.

Option C: (One Vessel: A Wax Hydroisomerizer)

In accordance with this option, both the cold separator liquid and the
reactor wax are hydroisomerized, the hot separator liquid is mixed with the
product from the hydroisomerizer, and the total mixture is passed to a
fractionater where it is separated into light gases, naphtha and distillate. A

700°F+ (372°C+) fraction is recycled to extinction in the wax hydroisomerizer.
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The catalyst used to conduct the wax hydroisomerization reaction is

described in subsection (I) Maximum Distillate, Option A.

The conditions employed in conducting the hydroisomerization reaction is

described in subsection (I) Maximum Distillate, Option A.

(III) Production of Maximum Lube

(Two reaction vessels; a Hydroisomerizer and a Catalytic Dewaxing
Unit)

The reactor wax, or 700°F+ boiling fraction, and the hot separator liquid,
or 500°F-700°F boiling fraction, from the F-T reactor are reacted in a
hydroisomerizer and the product therefrom passed to a fractionator column

wherein it is split into C1-C4 gases, naphtha, distillate and a 700°F+ fraction.

The 700°F+ fraction is dewaxed, preferably in a catalytic dewaxing unit,
or is both catalytically dewaxed and the product then subjected to a low vacuum
distillation, or fractionation, to produce a lubricant, or lubricants. The lubricant,
or lubricants, is of high viscosity index and low pour point, and is recovered in

high yield.

In conducting the hydroisomerization step, the feed, at least 50 percent,
more preferably at least 70 percent, of which boils above 700°F, with hydrogen,
is contacted and hydroisomerized over a hydroisomerization catalyst at hydro-
isomerization conditions sufficient to convert from about 20 percent to about 50
percent, preferably from about 30 to about 40 percent, of the 700°F+ hydro-
carbons of the feed to 700°F- products, based on the weight of the total feed. At
these conversion levels, major amounts of the n-paraffins are hydroisomerized,
or converted to isoparaffins, with minimal hydrocracking to gas and fuel

by-products.
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The total feed to the hydroisomerization reactor, which constitutes from
about 20 percent to about 90 percent, preferably from about 30 percent to about
70 percent, by weight of the total liquid output from the F-T reactor, is fed, with
hydrogen, into the hydroisomerization reactor. The hydroisomerization reactor
contains a bed of hydroisomerization catalyst with which the feed and hydrogen
are contacted; the catalyst comprising a metal hydrogenation or dehydrogena-
tion component composited with an acidic oxide carrier, or support. In the
hydroisomerization reactor, the feed introduced thereto is thus converted to iso-

paraffins and lower molecular weight species via hydroisomerization.

The hydrogenation or dehydrogenation metal component of the catalyst
used in the hydroisomerization reactor may be any Group VIII metal of the
Periodic Table of the Elements. Preferably the metal is a non-noble metal such
as cobalt or nickel; with the preferred metal being cobalt. The catalytically
active metal may be present in the catalyst together with one or more metal
promoters or co-catalysts. The promoters may be present as metals or as metal
oxides, depending upon the particular promoter. Suitable metal oxide promoters
include oxides of metals from Group VI of the Periodic Table of the Elements.
Preferably, the catalyst contains cobalt and molybdenum. The catalyst may also
contain a hydrocracking suppressant since suppression of the cracking reaction is
necessary. The hydrocracking suppressant may be either a Group IB metal or a

source of sulfur, usually in the form of a sulfided catalytically active metal, or a

Group IB metal and a source of sulfur.

The acidic oxide carrier component of the hydroisomerization catalyst can
be furnished by a support with which the catalytic metal or metals can be
composited by well known methods. The support can be any acidic oxide or

mixture of oxides or zeolites or mixtures thereof. Preferred supports include
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silica, alumina, silica-alumina, silica-alumina-phosphates, titania, zirconia,
vanadia and other Group III, IV, V or VI oxides, as well as Y sieves, such as
ultra stable Y sieves. Preferred supports include alumina and silica-alumina,
more preferably silica-alumina where the silica concentration of the bulk support
is less than about 50 wt%, preferably less than about 35 wt%. Most preferably
the concentration ranges from about 15 wt% to about 30 wt%. When alumina is
used as the support, small amounts of chlorine or fluorine may be incorporated

into the support to provide the acid functionality.

A preferred supported catalyst is one having surface areas in the range of

about 180 to about 400 m2Z/gm, preferably about 230 to about 350 m2/gm, and a
pore volume of about 0.3 to about 1.0 mL/gm, preferably about 0.35 to about
0.75 mL/gm, a bulk density of about 0.5 to about 1.0 g/mL, and a side crushing
strength of about 0.8 to about 3.5 kg/mm.

The preparation of preferred amorphous silica-alumina micropheres for
use as supports is described in Ryland, Lloyd B., Tamele, M.-W., and Wilson,
J.N., Cracking Catalysts, Catalysis; Volume VII, Ed. Paul H. Emmett, Reinhold
Publishing Corporation, New York, 1960.

The hydroisomerization reactor is operated at conditions defined as

follows:
Major Operating Variables Typical Preferred
Temperature, °C 200-450 290-400
Pressure, psig 300-10,000 500-1500
Hydrogen Treat Rate, SCF/B 500-5000 1000-4000
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During hydroisomerization, the amount of conversion of the 700°F+ to
700°F- is critical, and ranges from about 20 percent to about 50 percent,
preferably from about 30 to about 40 percent; and at these conditions essentially

all olefins and oxygenated products are hydrogenated.

The 700°F+ fraction from the bottom of the fractionation column is
passed to a catalytic dewaxing unit wherein the waxy lubricant molecules are
subjected to a pour point reducing step to produce final or near-final lubricants;
some of which may require further separation in a lube vacuum pipe still. Thus,
a lubricant from the catalyst dewaxing unit can be passed to a low vacuum pipe

still for further concentration of lube molecules into a final product.

The final pour point reducing step in the catalyst dewaxing unit is
preferably carried out by contact with a unitized mixed powder pellet catalyst
comprising a dehydrogenation component, a dewaxing component, and an
isomerization component. The dehydrogenation component is a catalytically
active metal, or metals, comprising a Group VIB, VIIB or Group VIII metal of
the Periodic Table of the Elements. The dewaxing component is comprised of
an intermediate or small pore crystalline zeolite, and the isomerization

component is constituted of an amorphous acidic material.

Such catalyst not only produces lubricants with high viscosity indexes
and significantly reduced pour points but reduced yields of undesirable gas and

naphtha.

Catalytic dewaxing is a process well documented in the literature; as are
catalysts useful in such processes. However, the preferred catalysts employed in
the catalytic dewaxing unit are unitized mixed powder pellet catalysts

characterized as particulate solids particles made by mixing together a powdered



