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HIGH VISCOSITY HIGH QUALITY GROUP I LUBE BASE STOCKS

FIELD

6001} This disclosure provides high viscosity high quality Group I tube
hase stocks with unproved properties produced by an integrated hydrocracking

and dewaxing process.

BACKGROUND

16002} Hydrocracking of hydrocarbon feedstocks 1s often used to convert
lower value hydrocarbon fractions into higher value products, such as conversion
of vacuum gas oil (VGO) feedstocks to diesel fuel and lubricants. Typical
hydrocracking reaction schemes can include an witial hydrotreatment step, a
hydrocracking step, and a post hydrotreatment step. After these steps, the effluent
can be fractionated to separate out a desired diesel fuel and/or lubricant oil

hasestock.

16063} {3ue method of classifying lubricating oil basestocks is that used by
the American Petroleum Institute {(APL). AP Group H basestocks have a saturates
content of 90 wt % or greater, a sulfur content of not more than 0.03 wt% and a
V1 greater than 80 but less than 120. API Group I basestocks are the same as
Group I basestocks except that the VI s at least 120. A process scheme such as
the one detailed above is typically suitable for production of Group I and Group

Iii basestocks from an appropriate feed.

16084} U.S. Patent 6,884,339 describes a method for processing a feed to
produce a lubricant base oil and optionally distillate products. A feed is
hydrotreated and then hydrocracked without intermediate separation. An example
of the catalyst for hydrocracking can be a supported Y or beta zeolite. The

catalyst also includes a hydro-dehydrogenating metal, such as a combination of Ni
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and Mo. The hydrotreated, hydrocracked effluent is then atmospherically
distilled. The portion boiling above 340°C is catalytically dewaxed in the
presence of a bound molecular sieve that includes a hydro-dehydrogenating
element. The molecular sieve can be Z5M-48, EU-2, EU-11, or ZBM-30. The
hydro-dehydrogenating element can be a noble Group VIH metal, such as Pt or

Pd.

16065} LS. Patent 7,371,315 describes a method for producing a lubricant
base o1l and optionally distillate products. A {feed is provided with a sulfur
content of less than 1000 wppm. Optionally, the feed can be a hydrotreated feed.
Optionally, the feed can be a hydrocracked feed, such as a feed hydrocracked n
the presence of a zeolite Y-containing catalyst. The feed s converted on a noble
metal on an acidic support. This entire converted feed can be dewaxed in the

presence of a dewaxing catalyst.

16866} U.S. Patent 7,300,900 describes a catalyst and a method for using
the catalyst to perform conversion on a hydrocarbon feed. The catalyst meludes
both a Y zeolite and a zeolite selected from ZBM-30, Z5M-48, EU-2, and EU-11.
Examples are provided of a two stage process, with a first stage hydrotreatment of
a feed to reduce the sulfur content of the feed to 15 wppm, followed by
hydroprocessing using the catalyst containing the two zeolites. An option is also
described where it appears that the effluent from a hydrotreatment stage is
cascaded without separation to the dual-zeolite catalyst, but no example is

provided of the sulfur level of the mitial feed for such a process.

166871 Base stocks are commonly used for the production of lubricants,
such as lubricating oils for automotives, mdustrial lubricants and lubricating
greases. A base oil is defined as a combination of two or more base stocks used to
make a lubricant composition. They are also used as process oils, white otls, metal

working oils and heat transfer fluids. Finished lubricants consist of two general
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compouents, lubricating base stock and additives. Lubricating base stock is the
major constituent in these finished lubricants and contributes significantly to the
properties of the finished lubricant. In general, a few lubricating base stocks are
used to manufacture a wide variety of finished hubricauts by varying the mixtures

of individual lubricating base stocks and individual additives.

16685} According to the American Petroleum Institute (API) classifications,
base stocks are categorized in five groups based on their saturated hydrocarbon
content, sulfur level, and viscosity index (Table 1). Lube base stocks are typically
produced in large scale from non-renewable petrolewm sources. Group L [, and
I base stocks are all denived from crude otl via extensive processing, such as
solvent extraction, solvent or catalytic dewaxing, and hydroisomerization. Group
IH base stocks can also be produced from synthetic hydrocarbon liquids obtained
from natural gas, coal or other fossil resources. Group 1V base stocks, the
polyalphaolefins (PAQ), are produced by oligomerization of alpha olefins, such as
I-decene. Group V base stocks include everything that does not belong to Groups

I-IV, such as naphthenics, polyalkylene glycols (PAG), and esters.

Table 1
AP
classification Group ! Group U Group Il Group IV Group V
% Saturates <90 > 90 >890 Polyalpha-  All others not
% S >0.03 <003 <003 olefins (PAQ) belonging to
Viscosity 80120 R0 -120 =120 group -V
Index (V1)
16669} The automotive industry has been using lubricants and thus base

stocks with 1mproved technical properties for a long time. Increasingly, the

specifications for finished lubricants require products with excellent low
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temperature properties, high oxidation stability and low volatility. Generally
fubricating base stocks are base stocks having kinematic viscosity of about 3 ¢St
or greater at 100°C (Kv100); pour pomnt (PP) of about -12°C or less; and viscosity
mdex (V1) about 90 or greater. In general, high performance lubricating base
stocks should have a Noack volatility no greater than current conventional Group
I or Group H light neutral otls. Currently, only a small fraction of the base stocks

manutactured today are able to meet these demanding specifications,

16616} Group U lube base stocks have hmitations in terms of the lubricant
applications that they may be used wn because of lumitations in their viscosity.
Currently, Group H lube base stocks are produced by catalyiic processing to a
kinematic viscosity at 100°C of less than or equal to 17 ¢St. This viscosity
fumitation necessitates the use of Group [ base stocks or Group [V synthetic hase
stocks in certain lubricant applications.  Also solvent extracted Group I base
stocks allow for high viscosity, but at lower quality, Chemically produced Group
IV synthetic base stocks (PAUs) address the viscosity and quality gap regime
described above, but are significantly more expensive and compositionally

narrower (1.8, paraffinic structures of specific design) than Group Il base stocks.

16011 There i1s a need for Group I lube base stocks via catalytic
processing with tmproved properties, and in particular higher viscosity and

improved quality (improved low temperature properties and oxidative stability).

SUMMARY

16012} According to the present disclosure, an advantageous Group H lube
base stock comprises from greater than or equal to 90 wi.% saturates, and less
than 10 wt.% aromatics, and having an aromatic performance ratic between 1.0

and 5.0,
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[6013] A further aspect of the present disclosure relates to an advantageous
tubricating oil including a Group H lube base stock and an effective amount of
one or more one or more hubricant additives, wherein the lube base stock
comprises from greater than or equal to 90 wt.% saturates, and less thas 10 wi.%

aromatics, and has an aromatic performance ratio between 1.0 and 5.0.

136144 A still further aspect of the present disclosure relates to an
advantageous method for producing a diesel fuel and a Group I base stock,
comprising: contacting a feedstock with a hydrotreating catalyst under first
effective hydrotreating conditions to produce a hydrotreated effiuent; fractionating
the hydrotreated effluent to produce at least a first diesel product fraction and a
bottoms fraction; dewaxing the bottoms fraction under effective catalytic
dewaxing counditions, the dewaxing catalyst including at least one noun-
dealiwmmated, unidimensional, 10-member ring pore zeolite, and at least one
Group VI metal, Group VHI metal or combination thereof: hydrocracking the
bottoms fraction under effective hydrocracking conditions; and fractionating the
hydrocracked, dewaxed bottoms fraction to form at legast a second diesel product
fraction and a Group I lubricant base oil product fraction, wherein the Group [T
lubricant base oil product fraction includes greater than or equal to 90 wt%
saturates, and less than 10 wt.% aromatics, and has an aromatic performance ratio

hetween 1.0 and 5.0.

16815} These and other features and attributes of the disclosed Group I
fube base stocks, lubricating oils and methods making such base stocks of the
present disclosure and their advantageous applications and/or uses will be
apparent from the detailed description which follows, particularly when read

conjunction with the figures appended hereto.
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BRIEF DESCRIPTION OF THE DRAWINGS

6016} To assist those of ordimary skill in the relevant art in making and
using the subject matter hereof, reference is made to the appended drawings,

wherein:

figure 1 schematically shows an example of a multi-stage reaction

system according to an embodiment of the mvention.

Figure 2 schematically shows examples of catalyst configurations for

a first reaction stage.

Figure 3 schematically shows examples of catalyst configurations for

a second reaction stage.

figure 4 shows predicted diesel fuel product yields for various

processing coufigurations.

Figures 5 and 6 show measured feed conversion and diesel fuel

product yields for various processing configurations.

Figure 7 schematically shows an example of a three-stage reaction system

according to an alternative embodiment of the mvention.

Figure 8 schematically shows an example of a four-stage reaction system

according to an alternative embodiment of the invention.

Figure 9 schematically shows an example of a still yet another three-stage

reaction system according to an aliernative embodiment of the invention.
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Figure 10 is UV spectrograph of the inveuntive Group II base stocks

disclosed herein and a comparative prior art Group H base stock.

Figure 11 shows the oxidative stability test results via the RPVOT test
method for finished lubricants (turbine oil) produced with the inventive Group I
base stocks and the comparative prior art Group [ base stocks.

Figure 12 shows the structure of various naphtheno-aromatic molecules.

Figure 13 is a bar graph of TOST oxidative stability test results on turbine

otls.

DETAILED DESCRIPTION

100171 Al numerical values within the detailed description and the claims
herein are modified by “about” or “approximately” the indicated value, and take
into account experimental error and variations that would be expected by a person

having ordinary skill in the art.

OVERVIEW

16618} One option for processing a heavier feed, such as a heavy distillate
or gas oil type feed, is to use hydrocracking to convert a portion of the feed.
Portions of the feed that are converted below a specified boiling pomnt, such as a
TO0°F (371°C) portion that can be used for naphtha and diesel fuel products,

while the remaining unconverted portions can be used as lubricant o1l basestocks.

10019 Improvements in digsel and/or lube basestock yield can be based in
patt on alternative coufigurations that are made possible by use of a dewaxing

catalyst. For example, zeolite Y based hydrocracking catalysts are selective for
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cracking of cyclic and/or branched hydrocarbons. Paraffinic molecules with little
or no branching may reguire severe hydrocracking counditions in order to achieve
desired levels of conversion. This can result in overcracking of the cyclic and/or
more heavily branched molecules in a feed. A catalytic dewaxing process can
increase the branching of paraffinic molecules. This can ncrease the ability of a
subsequent hydrocracking stage to convert the paraffinic molecules with 1ncreased

numbers of branches to lower boiling point species.

160206} In various embodiments, a dewaxing catalyst can be selected that is
sutable for use in a sweet or sour environment while mininuzing conversion of
higher boitling molecules to naphtha and other less valuable species. The
dewaxing catalyst can be used as part of an integrated process in a first stage that
includes an initial hydrotreatment of the feed, hydrocracking of the hydrotreated
feed, and dewaxing of the effluent from the hydrocracking, and an optional final
hydrotreatment.  Alternatively, the dewaxing stage can be performed on the
hydrotreated feed prior to hydrocracking. Optionally, the hydrocracking stage can
be omitted. The treated feed can then be fractionated to separate out the portions
of the feed that boil below a specified temperature, such as below 700°F (371°C).
A second stage can then be used to process the unconverted botioms from the
fractionator. The bottoms fraction can be hydrocracked for further conversion,

optionally hydrofinished, and optionally dewaxed.

16021} In a conventional scheme, any catalytic dewaxing and/or
hydroisomerization is performed in a separate reactor. This 1s due to the fact
conventional catalysts are poisoned by the heteroatom contaminants (such as H,8
NH;, organic sulfur and/or organic nitrogen) typically present in the hydrocracker
effluent. Thus, W a conventional scheme, a separation step is used to first
decrease the amount of the heteroatom contaminants. Because a distillation also
needs to be performed to separate various cuts from the hydrocracker effluent, the

separation may be performed at the same time as distillation, and therefore prior
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to dewaxing. This meaus that some valuable hydrocarbon molecules that could be

used 1n a diesel or lube basestock cut are left out.

16622} In various embodiments, a layer of dewaxing catalyst can be
meluded after a hydrotreating and/or hydrocracking step in the first stage, without
the need for a separation stage. By using a coutaminant tolerant catalyst, a mild
dewaxing step can be performed on the entire hydrotreated, hydrocracked, or
hydrotreated and hydrocracked effluent. This means that all molecules present in
the effluent are exposed to mild dewaxing. This mild dewaxing will modify the
boiling point of longer chain molecules, thus allowing molecules that would
normally exit a distillation step as bottoms to be converted to molecules suitable
for lubricant basestock. Swumilarly, some molecules suitable for lubricant

basestock will be converted to diesel range molecules.

16023} By having a dewaxing step in the first sour stage, the cold flow
properties of the effluent from the first stage can be umproved. This can allow a
first diesel product to be generated from the fractionation after the first stage.
Producing a diesel product from the fractionation after the first stage can provide
one or more advantages. This can avoid further exposure of the first diesel
product to hydrocracking, and therefore reduces the amount of naphtha generated
relative to diesel. Removing a diesel product from the fractionator after the first
stage also reduces the volume of effluent that is processed in the second or later
stages, Still another advantage can be that the bottoms product from the first
stage has an improved quality relative to a first stage without dewaxing
functionality. For example, the bottoms fraction used as the input for the second
stage can have improved cold flow properties. This can reduce the severity

needed in the second stage to achieve a desired product specification,

16024} The second stage can be configured 1n a variety of ways. One
option can be to emphasize diesel production. In this type of option, a portion of

the unconverted bottoms from the second stage can be recycled to the second
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stage. This can optionally be done to extinction, to maxumize diesel production.
Alternatively, the second stage can be configured to produce at least some

Iebricant base stock from the bottoms.

[B025] still another advantage can be the flexibility provided by some
embodiments. Including a dewaxing capability in both the furst stage and the
second stage can allow the process conditions to be selected based on desired
products, as opposed to selecting conditions to protect catalysts from potential

poisoning.

6026} The dewaxing catalysts used according to the invention can provide
an activity advantage relative to conventional dewaxing catalysts in the presence
of sulfur feeds. In the context of dewaxing, a sulfur feed can represent a feed
countaining at least 100 ppm by weight of sulfur, or at least 1000 ppm by weight of
sulfur, or at least 2000 ppm by weight of sulfur, or at least 4000 ppm by weight of
sulfur, or at least 40,000 ppm by weight of sulfur. The feed and hydrogen gas
mixture can include greater than 1,000 ppm by weight of sulfur or more, or 5,000
ppm by weight of sulfur or more, or 15,000 ppm by weight of sulfur or more. In
yet another embodiment, the sulfur may be present in the gas only, the hiquid only
or both. For the present disclosure, these sulfur levels are defined as the total
combined sulfur m liquud and gas forms fed to the dewaxing stage in parts per

mitlion (ppm) by weight on the hydrotreated feedstock basis.

186271 This advantage can be achieved by the use of a catalyst comprising
a l10-member ring pore, one-dimensional zeolite in combination with a low
surface arca metal oxide refractory binder, both of which are selected to obtain a
high ratio of micropore surface area to total surface area. Alternatively, the
zeolite has a low silica to alumina ratio. As another aliernative, the catalyst can
comprise an unbound 10-member nng pore, one-dimensional zeolite. The
dewaxing catalyst can further include a metal hydrogenation function, such as a

Group VI or Group VI metal, and preferably a Group VIH noble metal
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Preferably, the dewaxing catalyst 1s a one-dumeunsional 10-member ring pore

catalyst, such as Z5M-48 or Z5M-23.

16028} The external surface area and the mucropore surface area refer to one
way of characterizing the total surface area of a catalyst. These surface areas are
calculated based on analysis of nitrogen porosimetry data using the BET method
for surface area measurement. (See, for example, Johnson, M.F.L., Jour. Catal,,
52, 425 (1978} The micropore surface area refers to surface area due to the
unidimensional pores of the zeolite 1 the dewaxing catalyst. Only the zeolite in a
catalyst will contnibute to this portion of the surface area. The external surface

area can be due to either zeolite or binder within a catalyst.

60291 The Applicants have also discovered that the process configurations
of the instant disclosure produce high viscosity, high guality Group I base stocks
that have novel compositional characteristics with respect to prior art Group i1
base stocks. The compositional advantage may be derived from the saturates and
the naphtheno-aromatic portions of the composition. Additionally, the Applicants
have observed lower than expected Noack volatilities for the high viscosity
materials as compared to applicable references, particularly at relatively lower

pour point.

60306} The inventive Group Il base stocks of the instant disclosure yield a
kinematic viscosity at 100°C of greater than or equal to 2 ¢St, or greater than or
equal to 4 ¢St, or greater than or equal to 6 cSt, or greater than or equal to 8 ¢St,
or greater than or equal to 10 ¢St, or greater than or equal to 12 ¢St, or greater
than or equal to 14 ¢8t, or greater than or equal to 16 ¢5¢, or greater than or equal
to 18 ¢§t, or greater than or equal to 20 ¢St, or greater than or equal to 22 ¢St, or
greater than or equal to 24 ¢St In contrast, prior art Group Ul tube base stocks
typically have maximum kinematic viscosity at 100°C of 17 ¢St. This permits the
taventive Group I base stocks to be used in host of new lubricant applications

requiring higher viscosity than what was attainable with prior art Group Il base
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stocks. Additionally, at a kinematic viscosity at 100°C of greater than 11 ¢St, the
Applicants have achieved lower Noack wvolatility over that obtained by
conventional catalytic processing without having to take a narrower cut during

fractionation.

168311 The mventive Group I base stocks of the iostant disclosure are
produced by the mntegrated hydrocracking and dewaxing process disclosed herein.
The Applicants have discovered for the integrated hydrocracking and dewaxing
process disclosed herein that the acidic sites catalyze dehydrogenation, cracking,
isomerization, and dealkylation while the metal sites promote hydrogenation,
hydrogenolysis, and isomerization. A system dominated by acid function results
in excess cracking while a catalytic system with high concentration of metals
leads to mainly hydrogenation. Noble metals supported on acidic oxides are the
most active catalysts for selective ring opening, but these catalysts are sensitive to
poisoning by sulfur compounds in petroleum feed stocks.  This leads to a more
favorable balance of base stock molecules. In particular, the ring opening
reactions potentially have the highest selectivity increase relative to the base
processing which improves some lubes quality measures (e.g., VI}. However, the
Applicanis are surprised that this also yields a viscosily retention advantage
because this 1s not expected to occur with ring opening.  This viscosity increase
that occurs for Group I base stocks produced by the mtegrated hydrocracking and

dewaxing process disclosed herein is surprising and unexpected.

16032 In addition, the Applicants have discovered that the mventive Group
I base stocks yield improvements m finished lubricant properties, mcluding, but
not limited to, Viscosity index, blendability as measured by Noack volatility /CCS
viscosity {Cold Crank Simulator viscosity), volatility as measured by Noack
volatility, low temperature performance as measured by pour point, oxidative
stability as measured by RPVQOT, deposit formation and toxicity. More

particularly, lubricant compositions including the inventive Group H basestocks
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vield a Viscosity Index of from 80 to 120, or 90 to 120, or 100 to 120, or 90 to
110. The oxidative stability as measured by the RPVOT test (ASTM D2272 test
for the time in minutes to a 25.4 psi pressure drop) of the lubricant compositions
including the wmventive Group Il basestocks ranges from 820 to 1000, or 875 to
1000, or 875 to 950 minutes. The Noack volatility as measured by ASTM B3952
or D5800, Method B test of the Group I base stocks for a KV g viscosity of at
least 10 ¢St 1s less than 2, or less than 1, or less than 0.5 wt.%. The pour point as
measured by ASTM B3983 or D3&950-1 test of the lubricant compositions
meluding the imventive Group I basestocks ranges from -10 C to -45 C, or less

than -20, or less than -30, or less than -40°C.

16833} The wventive Group H base stocks of the instant disclosure
produced by the mtegrated hydrocracking and dewaxing process disclosed heremn
have a novel compositional structure as measured by the distribution of
naphthenes naphtheno-aromatic species, which yields the increased viscosity and
other beneficial properties. In particular, the mventive material has aromatic
performance ratio m the range of 1 to 5, or 1.0 to 3.0, or 1.5 to 3.5, which
indicates the presence of significant amounts of 3-4+ ring aromatic and
naphtheno-aromatic species. The aromatic performance ratio is defined as the
ratio of the total amount of species of the hydrogen deficiency ring class numbers
~10, -8 and -6 to the total amount of species of the hydrogen deficiency

numbers -2, § and 2 .

16634} The novel compositional character of a 4 o 6 ¢St (KV g0 Group I
tube base stock of the instant disclosure may also be quantified by UV
absorptivity at a wavelength of 280 to 320 nm, which yields a range of 0.015 to
0.07 Vg-cm, or 0.02 to 0.065 Vg-cm, or 003 to 0.05 Vg-cm. The novel
compositional character of a 6 to 12 ¢bt (KV 50) Group I fube base stock of the

instant disclosure may also be quantified by UV absorptivity at a wavelength of
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260 to 320 nm, which vields a range of 0.001 t0 0.02 Vg-cm, or 0.003 t0 0.015 Vg-

¢, or 0.004 to 0.015 Vg-cm.

16035] The novel compositional character of a Group H lube base stock of
the instant disclosure may also be quantified by the sum of the 3-4+ ring species
of the aromatics and the vaphtheno-aromatics, which ranges from 20 to 83 wt.%
of the total aromatics, or from 30 to 75 wt.% of the total aromatics, or from 40 to

65 wt.% of the total aromatics.

16036} The inventive Group H base stocks of the instant disclosure
produced by the wtegrated hydrocracking and dewaxing process disclosed herein
also have low aromatics prior to hydrofinishing. More particularly, the aromatics
tevels is less than or equal to 100 mmol/kg, or less than or equal to 80 mmolkg,
or less than or equal to 60 mmol/kg, or less than or equal to 40 mmol/kg, or less
than or equal to 20 mmol/kg prior to hydrofimishing. As measured by the STAR 7
test (method described in the U.S. Patent §,114,678, herein wcorporated by
reference) the saturates are greater than or equal to 90 wt.%, or greater than or
equal to 95 wt%, or greater than or equal to 97 wt%, aromatics while the
aromatics are less than or equal to 3 wit.%, or less than or equal to 5 wt.%, less

than or equal to 7 wt.%.

6037} The Applicants have also discovered that the integrated
hydrocracking and dewaxing process disclosed herein can utilize disadvantaged
feeds, such as those including greater than or equal to 10 wt.% light cycle oil, or
greater than or equal to 25 wt.% light cycle oil, or greater than or equal to 40 wt.%
fight cycle o1l, or greater than or equal to 55 wt.% light cyele oil, or greater than
or equal to 70 wt.% light cycle otl, or greater than or equal to 85 wt.% light cycle
oil and stilll produce high viscosity, high quality Group H base stocks, which is
surprising and unexpected. One preferred feed 1s that including a combimation of

hight cycle oil and vacuum gas o1l
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6038} Figure | refers to the process counfiguration used to make the
tnventive Group I base stocks. In one preferred form of the process for making
the inventive Group I base stocks, the first reactor 110 of Figure | 15 configured
to do hight hydrocracking / hydrotreating (as shown in configuration A of Figure
2} followed by separation {(as shown in 120 of Figure 1) followed by a second
reactor 130 for doing dewaxing followed by hydrocracking in the same reactor {as
shown iun configuration E of Figure 3).  This particular process configuration
unexpectedly produces Group I lube base stocks with significantly higher
viscosity with outstanding properties (high VI low pour pownt, low Noack

volatility, etc.).

Feedstocks

16839} A wide range of petroleum and chemical feedstocks can be
hvdroprocessed in accordance with the present invention. Suttable feedstocks
mclude whole and reduced petroleam crudes, atmospheric and vacuum residua,
propane deasphalted residua, e.g., brightstock, cycle oils (light cycle), FCC tower
bottoms, gas oils, including atmospheric and vacuum gas oils and coker gas oils,
light to heavy distillates ncluding raw virgin distillates, hydrocrackates,
hvdrotreated oils, dewaxed ois, siack waxes, Fischer-Tropsch waxes, raffinates,
and mixtures of these materials. Typical feeds would include, for example,
vacuum gas oils boiling up to about 393°C (about 1100°F) and usually in the range
of about 350°C to about S00°C (about 660°F to about 935°F) and, n this case, the
proportion of diesel fuel produced is correspondingly greater. In some
embodiments, the sulfur content of the feed can be at least 100 ppm by weight of
sulfur, or at least 1000 ppm by weight of sulfur, or at least 2000 ppm by weight of
sulfur, or at least 4000 ppm by weight of sulfur, or at least 40,000 ppm by weight
of sulfur. Light cycle oils are particularly preferable as a feed component to the

PYOCCSS.
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60406} Note that for stages that are tolerant of a sour processing
environment, a portion of the sulfur in a processing stage can be sulfur containing
i a hydrogen treat gas stream. This can allow, for example, an effluent hydrogen
stream from a hydroprocessing reaction that contatns H,S as an impurity to be
used as a hydrogen input to a sour environment process without removal of some
or all of the H,5. The hydrogen stream contaiming H;S as an impurity can be a
pattially cleaned recycled hydrogen stream from one of the stages of a process
according to the invention, or the hydrogen stream can be from another refinery

ProCess,

Process Flow Schemes

18041} In the discussion below, a stage can correspond to a single reactor or
a plurality of reactors. Optionally, multiple parallel reactors can be used to
perform one or more of the processes, or multiple parallel reactors can be used for
all processes in a stage. Each stage and/or reactor can nclude one or more
catalyst beds containing hydroprocessing catalyst. Note that a “bed” of catalyst in
the discussion below can refer to a partial physical catalyst bed. For example, a
catalyst bed within a reactor could be filled partially with a hydrocracking catalyst
and partially with a dewaxing catalyst. For convenience in description, even
though the two catalysts may be stacked together in a single catalyst bed, the
hydrocracking catalyst and dewaxing catalyst can cach be referred to conceptually

as separate catalyst beds.

16042} A variety of process flow schemes are available according to
various embodiments of the mvention. In one example, a feed can witially by
hydrotreated by exposing the feed to one or more beds of hydrotreatment catalyst.
The entire hydrotreated feed, without separation, can then be hydrocracked in the
presence of one or more beds of hydrocracking catalyst. The entire hydrotreated,
hydrocracked feed, without separation, can then be dewaxed in the presence of

one or more beds of dewaxing catalyst. An optional second hydrotreatment
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catalyst bed can also be included after either the bydrocracking or the dewaxing
processes. By performing hydrotreating, hydrocracking, and dewaxing processes
without an intermediate separation, the equipment required to perform these

processes can be included in a single stage.

16043} In another example, a feed can mttially by hydrotreated by exposing
the feed to one or more beds of hydrotreatment catalyst. The entire hydrotreated
feed, without separation, can then be dewaxed in the presence of one or more beds
of dewaxing catalyst. The entire hydrotreated, dewaxed feed, without separation,
can then optionally be hydrocracked in the presence of one or more beds of
hydrocracking catalyst. An optional second hydrotreatment catalyst bed can also
be included. By performing hydrotreating, dewaxing, and hydrocracking
processes without an 1ntermediate separation, the equipment required to perform

these processes can be included in a single stage.

18044} After the hydrotreating, dewaxing, and/or hydrocracking in a sour
environment, the hydroprocessed feed can be fractionated into a variety of
products. One option for fractionation can be o separate the hydroprocessed feed
mto portions boiling above and below a desired conversion temperature, such as
FO0°F (371°C). In this option, the portion boiling below 371°C corresponds to a
portion contaiming naphtha boiling range product, diesel boiling range product,
hydrocarbons lighter than a naphtha boiling range product, and contaminant gases
generated during hydroprocessing such as H»S and NH;. Optionally, one or more
of these various product streams can be separated out as a distinct product by the
fractionation, or separation of these products from a portion boiling below 371°C
can occur in a later fractionation step. Optionally, the portion botling below

371°C can be fractionated to also include a kerosene product.

16045 The portion boiling above 371°C corresponds to a bottoms fraction.
This bottoms fraction can be passed into a second hydroprocessing stage that

includes one or more types of hydroprocessing catalysts. The second stage can
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include one or more beds of a hydrocracking catalyst, one or more beds of a
dewaxing catalyst, and optionally one or more beds of a hydrofinishing or
aromatic saturation catalyst. The reaction conditions for hydroprocessing in the
second stage can be the same as or different from the conditions used in the first
stage. Because of the hydrotreatment processes in the first stage and the
fractionation, the sulfur content of the bottoms fraction, on a combined gas and
higuid sulfur basis, can be 1000 wppm or less, or about 300 wppm or less, or about

100 wppm or less, or about 50 wppm or less, or about 10 wppm or less.

130346 Still another option can be to include one or more beds of
hydrofinishing or aromatic saturation catalyst m a separate third stage and/or
reactor. In the discussion below, a reference to hydrofinishing is understood to
refer to either hydrofinishing or aromatic saturation, or to having separate
hydrofinishing and aromatic saturation processes. In situations where a
hydrofinishing process is desirable for reducing the amount of aromatics in a feed,
it can be desirable to operate the hydrofinishing process at a temperature that 1s
colder than the temperature in the prior hydroprocessing stages. For example, it
may be desirable to operate a dewaxing process at a temperature above 300°C
while operating a hydrofinishing process at a temperature below 280°C. One way
to facilitate having a temperature difference between a dewaxmg and/or
hydrocracking process and a subsequent hydrofinishing process is to house the
catalyst beds in separate reactors. A hydrofinishing or aromatic saturation process

can be included either before or after fractionation of a hydroprocessed feed.

160471 Figure 1 shows an example of a general reaction system that utilizes
two reaction stages suitable for use in various embodiments of the wvention. In
Figure 1, a reaction system is shown that includes a first reaction stage 110, a
separation stage 120, and a second reaction stage 130, Both the first reaction
stage 110 and second reaction stage 130 are represented in Figure 1 as single

reactors.  Alternatively, any convenient number of reactors can be used for the
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furst stage 110 and/or the second stage 130. The separation stage 120 is a stage
capable of separating a diesel fuel product from the effluent generated by the first

stage.

100481 A suitable feedstock 115 1s introduced into first reaction stage 110
along with a hydrogen-containing stream 117. The feedstock is hydroprocessed
the presence of one or more catalyst beds under effective conditions. The effluent
119 from first reaction stage 110 is passed into separation stage 120. The
separation stage 120 can produce at least a diesel product fraction 124, a bottoms
fraction 126, and gas phase {raction 128. The gas phase fraction can include both
contaminants such as H,5 or NH; as well as low boiling point species such as
C~Cy hydrocarbons. Optionally, the separation stage 120 can also produce a
naphtha fraction 122 and/or a kerosene fraction (not shown). The bottoms
fraction 126 from the separation stage s used as input to the second
hydroprocessing stage 130, along with a second hydrogen stream 137. The
botioms fraction i1s hydroprocessed in second stage 130, At least a portion of the
eftluent from second stage 130 can be sent to a fractionator 140 for production of
ong or more products, such as a second naphtha product 142, a second diesel
product 144, or a lubricant base oil product 146, Another portion of the bottoms
from the fractionator 140 can optionally be recycled back 147 to second stage

130.

6049} Figure 7 shows an example of a general reaction system that utilizes
three reaction stages suitable for use in alternative embodiments of the invention.
In Figure 7, a reaction system is shown that includes a first reaction stage 210, a
first fractionation stage 220, a secound reaction stage 230, a second fractionation
stage 240, and a third reaction stage 250. The first reaction stage 210, second
reaction stage 230 and third reaction stage 250 are represented i Figure 7 as
single reactors. Alternatively, any convenient number of reactors can be used for

the first stage 210, second stage 230 and/or third stage 250. A suitable feedstock
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215 1s witroduced into first reaction stage 210 along with a hydrogen-containing
stream 217. The feedstock is hydroprocessed wn the presence of one or more
catalyst beds under effective conditions. In one form, the first reaction stage 210
may be a conventional hydrotreating reactor operating at effective hydrotreating
conditions. The first reaction stage effluent 219 is fed to a first fractionator 220,
The first fractionator 220 1s a stage capable of removing a first fuel/diesel range
material 228 and a first lube range material 226. The first lube range material 226
from the {ractionator is used as input to the second reaction stage/
hydroprocessing stage 230 along with a second hydrogen stream 237. The first
lube ravge material 226 is hydroprocessed in the second reaction stage 230. In
one form, the second reaction stage 230 may be a hydrodewaxing reactor loaded
with a dewaxing catalyst and operated under effective dewaxing conditions. The
second effluent 239 from the second reaction stage 230 is passed nto a second
fractionator 240. The second fractionator 240 can produce a second fuel/diesel
range material 238 and a second lube range material 236. The second lube range
material 236 from the second fractionator may be used as toput to the third
reaction stage/hydroprocessing stage 250, along with a third hydrogen stream 247.
The second lube range material 236 1s hydroprocessed n the third reaction stage
250. In one form, the third reaction stage 230 may be a hydrocracking reactor
loaded with a hydrocracking catalyst. At least a portion of the effluent 259 from
third reaction stage 250 can then be sent to a fractionator (uot shown) for
production of one or more products, such as a naphtha product 242, a fuel/diese]
product 244, or a lubricant base oil product 246. Another portion of the bottoms
261 from the third reaction stage 230 can optionally be recycled back to etther the
second reaction stage 230 via recycle stream 263 or the second fractionation stage
240 via recycle stream 265 or a combination thereof. Recycle stream 263 is
utilized when the product from third reaction stage 250 does not meet cold flow
property specifications of the diesel product 244 or lubricant base oil product 246
and further dewaxing is necessary to meet the specifications. Recycle stream 265

is utilized when the product from third reaction stage 250 does not need further
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dewaxing to meet the cold flow property specifications of the diesel product 244
or lubricant base oil product 246, In another form, the process configuration of
Figure 7 may further include a hydrofinishing reactor after the third reaction stage
and prior to the fractionator. The hydrofinishing reactor may be loading with a

hvdrofinishing catalyst and run at effective reaction conditions.

130501 The process configuration of Figure 7 maximizes the fuel/diesel
yield in a 3-stage hydrocracker. The configuration produces a digsel product
possessing superior cold flow properties. In contrast with the current state of the
art, the diesel product coming from a hydrocracker may not produce diesel with
ideal cold tlow properties and would have to be subsequently dewaxed to 1mprove
product guality. With the process configuration of Figure 7, all the diesel product
would be sufficiently dewaxed before exiting the system to meet cold flow

property requirements.

6051 Figure 8 shows an example of a general reaction system that utilizes
four reaction stages suttable for use in alternative embodiments of the invention.
In Figure §, a reaction system 1s shown that includes a first reaction stage 310, a
first fractionation stage 320, a second reaction stage 330, a second fractionation
stage 340, a third reaction stage 350, and an optional fourth reaction stage 360.
The first reaction stage 310, second reaction stage 330, a third reaction stage 35

and a fourth reaction stage 360 are represented w Figure 8 as single reactors.
Alternatively, any convenient number of reactors can be used for the first stage
310, second stage 330, third stage 350 and/or fourth stage 360. A suitable
feedstock 315 1s witroduced into first reaction stage 310 along with a hydrogen-

i
/
i

containing stream 317. Hydrogen-containing streams may also be introduced into
the second reaction stage 330, third reaction stage 350 and fourth reaction stage
360 as streams 337, 347 and 357, respectively. The first reaction stage 310 15 2
hydrotreating reactor operating under effective hydrotreating conditions, but may

also  include optionally stacked beds with hydroisomerization and/or
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hydrocracking catalysts. The first reaction stage effluent 319 s fed to a first
fractionator 320. The first fractionator 320 is a stage capable of removing a first
fuel/diesel range material 328 and a first tube range material 326, In the second
reaction stage 330, the fust lube range material 326 is hydrocracked to raise the
VI by cracking of naphthenes under effective hydrocracking conditions. This
second reaction stage 330 serves as the primary hydrocracker for the bottoms 326
from first fractiopator 320, Optionally, there may also be within the second
reaction stage 330 a stacked configuration utilizing a dewaxing catalyst above or
below the hydrocracking catalyst.  For maximum lube generation, the
hydrocracking catalyst would be located prior to the dewaxing catalyst in the
second reaction stage 330. The second reaction stage effluent 339 is fed to a
second fractionator 340. The second fractionator 340 separates a second
fuel/diesel range material 338 from the second lube range material 336 exuting the
second reaction stage 330. The second fuel/diesel range material 338 is then
combined with the first fuel/diesel range material 328 to form a combined
fuel/diesel range material 351, which may be optionally passed to the fourth
reaction stage 360, which is typically a hydrofinishing reactor operating at
effective hydrofinishing conditions or a hydrodewaxing reactor operating at
effective dewaxing conditions. The fourth reaction stage 360 serves as a
isomerization reactor to unprove the cold flow properties of at least one of the
first lube range material 326 and second fuel/diesel range matenial 338 or the
combined fuel/diesel range material 351,  Alternatively, etther the second
fuel/diesel range material 338, or the combined fuel/diesel range material 351 may
bypass the fourth reaction stage 360 where no cold flow mmprovement is needed.
In the third reaction stage 350, the reactor is used to improve the performance of
the second lube range material 336. The third reaction stage 350 may include a
dewaxing catalyst, an aromatic saturation catalyst or both and operates to improve
the cold flow properties. The thurd reaction stage effluent 343 results in a thud

tube range material 343.
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16052} In Figure 8, flow path 342 will be chosen if the second lube range
material 336 from second fractionator 340 does not require improved lube
performance through aromatic saturation and/or dewaxing by bypassmg the third
reaction stage 350. This configuration eliminates the third reaction stage 350.
Flow path 341 will be chosen if the second lube range material 336 from second
fractionator 340 does requure improved lube performance through aromatic
saturation and/or dewaxing by passing through the third reaction stage 350. Flow
path 352 will be chosen if the combined fuel/diesel range material 351 from the
first and second fractionators need improved cold flow properties through
dewaxing through the fourth reaction stage 360. Finally, flow path 353 will be
chosen if the combined fuel/diesel range material 351 from the first and second
fractionators do not need umproved cold flow properties through dewaxing
through the fourth reaction stage 360. This configuration eliminates the fourth

reaction stage 360.

13053] Figure 9 shows an example of a general reaction system that utilizes
three reaction stages suitable for use in alternative embodiments of the invention.
In Figure 9, a reaction system is shown that includes a first reaction stage 410, a
first fractionation stage 420, a second reaction stage 430, a third reaction stage
440, and a second fractionation stage 450. The first reaction stage 410, second
reaction stage 430 and third reaction stage 440 are represented in Figure @ as
single reactors. Alternatively, any convenient number of reactors can be used for
the first stage 410, second stage 430 and/or third stage 440. A suitable feedstock
415 1s wtroduced into first reaction stage 410 along with a hydrogen-containing
stream 417. The feedstock 1s hydroprocessed in the presence of one or more
catalyst beds under effective conditions. In one form, the first reaction stage 410
may be a conventional hydrotreating reactor operating at effective hydrotreating
conditions, The first reaction stage effluent 419 1s fed to a first fractionator 420,
The first fractionator 420 1s a stage capable of removing a first fuel/diesel range

material 428 and a first lube range material 426. The first lube range material 426
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from the fractionator 1s used as wput to the second reaction stage/hydroprocessing
stage 430 along with a second hydrogen stream 427. The first lube range material
426 is hydroprocessed in the second reaction stage 430. In one form, the second
reaction stage 430 may be a hydrocracking reactor loaded with a hydrocracking
catalyst. The second effluent 436 from the second reaction stage 430 is passed
o a third reaction stage 440, In one form, the third reaction stage 440 may be a
hydrodewaxing reactor with an oput hydrogen containing stream 437 loaded with
a dewaxing catalyst and operating under effective hydrodewaxing conditious.
The effluent 445 from the third reaction stage may then be mput to a second
fractionator 450. The second fractionator 450 can produce a second fuel/diesel
range material 444 and a second lube range material 446. The second fractionator
4350 may produce one or more products, such as a naphtha and LPG product 442,
a fuel/diesel product 444, or a lubricant base oil product 446, Optionally, at least
a portion of the first fuel/diesel range material 428 from the first fractionator 420
may be recycled to the third reaction stage 440 via flow line 438 where an
improvement i cold flow properties of the fuel/diesel product is desired.
Alternatively, a portion or all of the first fuel/diesel range material 428 from first
fractionator 420 may be recycled to the third reaction stage (see flow line 439).
The first and second fuel/diesel range materials 439 and 444 may then be
combined to form a combined fuel/diesel product 448. The reaction system of
Figure 9 1s particularly suitable for coproducing diesel and lube o1l with good low

temperature properties while producing limited amounts of naphtha and LPG.

16054] Figure 2 shows examples of four catalyst configurations (A-D) that
can be employed m a first stage under sour conditions. Configuration A shows a
first reaction stage that mcludes hydrotreating catalyst. Configuration B shows a
first reaction stage that includes beds of a hydrotreating catalyst and a dewaxing
catalyst. Configuration C shows a first reaction stage that mcludes beds of a
hydrotreating catalyst, a hydrocracking catalyst, and a dewaxing catalyst.

Configuration I shows a first reaction stage that includes beds of a bydrotreating
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catalyst, a dewaxing catalyst, and a hydrocracking. Note that the reference here to
“beds” of catalyst can include embodiments where a catalyst is provided as a

portion of a physical bed within a stage.

[B055] The selection of a configuration from Configurations A, B, C, or D
can be based on a desired type of product. For example, Configuration B includes
a hydrotreatment catalyst and a dewaxing catalyst. A sour reaction stage based on
Counfiguration B can be useful for producing an effluent with umproved cold flow
properties relative to Configuration A. A diesel fuel produced from processing
Configuration B can have an improved cloud point. The yield of diesel fuel will
also be umproved while reducing the amount of bottoms. The bottoms from
Configuration B can also have an improved pour point. After fractionation to
separate out products such as a diesel fuel product, as well as contaminant gases

such as H, S and NH;, the bottoms can be further processed in a second stage.

8056} Configuration C can also provide a higher vield of diesel product as
compared to Configuration A, along with an tmproved cloud point. Additionally,
based on the presence of hydrocracking catalyst, Configuration C has benefits for
producing a lube product from the bottoms portion. Relative to Configuration A,
the pour point of the bottoms may be higher or lower. The dewaxing process will
tend to lower the pour point of the bottoms fraction, while a hydrocracking
process may tend to increase the pour point. Configuration D can provide a
greater yield of diesel as compared to Configuration C, with a corresponding
decrease in the amount of bottoms. In Configuration D, the dewaxing catalyst can
tucrease the branching in the paraffinic molecules wn the feed, which can increase
the ability for the hydrocracking catalyst to convert the paraffinic molecules to

lower boiling point species.

186571 As an alternative, Configurations C and D can be compared to a
conventional reactor coutaining a hydrotreating catalyst followed by a

hydrocracking catalyst. Configurations C and D both can provide a diesel product
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with an unproved cloud point relative to a convention hydrotreating/

hydrocracking configuration, due to the presence of the dewaxing catalyst. The
o K o -

pour point for the bottoms m Configurations C and D can be lower than the

hottoms for a conventional hydrotreating/hydrocracking process.

6058} The bottoms from processing in a stage having a configuration
corresponding to one of Configurations B, C, or D can then be processed in a
second stage. Due to fractionation, the second stage can be a clean service stage,
with a sulfur content of less than about 1000 wppm oun a combined gas and liguid
phase sulfur basis. Figure 3 shows examples of catalyst configurations (E, F, G,
and H) that can be employed m a second stage. Configuration E shows a second
reaction stage that tncludes beds of dewaxing catalyst and bydrocracking catalyst.
Configuration ¥ shows a second reaction stage that includes beds of
hydrocracking catalyst and dewaxing catalyst. Configuration G shows a second
reaction stage that includes beds of dewaxing catalyst, hvdrocracking catalyst, and
more dewaxing catalyst. Note that in Configuration G, the second set of beds of
dewaxing catalyst can mclude the same type(s) of dewaxing catalyst as the first

group of beds or different type(s) of catalyst.

16059} Optionally, a final bed of hydrofinishing catalyst could be added to
anty of Configurations E, F, or G. Configuration H shows this type of
configuration, with beds of hydrocracking, dewaxing, and hydrofinishing catalyst.
As noted above, each stage can include one or more reactors, so one option can be
to house the hydrofinishing catalyst it a separate reactor from the catalysts shown
for Configurations E, F, or G. This separate reactor is schematically represented
in Configuration H. Note that the hydrofinishing beds can be included either
before or after fractionation of the e¢ffluent from the second {or non-sour) reaction
stage. As a result, hydrofinishing can be performed on a portion of the effluent

from the second stage if desired.
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168601 {Configurations E, F, and G can be used to make both a fuel product
and a lubricant base otl product from the bottoms of the first sour stage. The vield
of diesel fuel product can be higher for Configuration F relative to Configuration
E, and higher still for Configuration G. Of course, the relative diesel yield of the
configurations can be modified, such as by recycling a portion of the bottoms for

further conversion.

100611 Any of Configurations B, , or D can be matched with any of
Configurations E, F, or G 1o a two stage reaction system, such as the two stage
system shown in FIG. 1. The bottoms portion from a second stage of any of the
above combinations can have an appropriate pour point for use as a lubricant otl
base stock, such as a Group Ii, Group i+, or Group I base stock. However, the
aromatics content may be too high depending on the nature of the feed and the
selected reaction conditions. Therefore a hydrofinishing stage can optionally be

used with any of the combinations.

168621 It 1s noted that some combinations of Configuration B, C, or D with
a configuration from Configuration B, F, or G will result in the final bed of the
first stage being of a sumilar type of catalyst to the witial bed of the second stage.
For example, a combination of Configuration C with Configuration & would
result in having dewaxing catalyst in both the last bed of the first stage and 1n the
mitial bed of the second stage. This situation still 1s beneficial, as the consecutive
stages can allow less severe reaction conditions to be selected in each stage while
still achieving desired levels of improvement in cold flow properties. This s m
addition to the benefit of having dewaxing catalyst in the first stage to improve the

cold flow properties of a diesel product separated from the effluent of the first

stage.
160663} Although Configurations B, €, and D have some advantages relative

to Configuration A, m some embodiments Configuration A can also be used for
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the first stage. In particular, Configuration A can be used with Configurations E

or G, where a dewaxing catalyst is followed by a hydrocracking catalyst.

160664} Note that Configurations E, F, G, or H can optionally be expanded
to tclude still more catalyst beds. For example, one or more additional dewaxing
and/or hydrocracking catalyst beds can be included after the final dewaxing or
catalyst bed shown in a Configuration. Additional beds can be included in any
convenient order. For example, one possible extension for Configuration E would
be to have a series of alternating beds of dewaxing catalyst and hydrocracking
catalyst. For a series of four beds, this could result in a series of dewaxing —
hydrocracking — dewaxing — hydrocracking. A similar extension of Configuration
F could be used to make a series of hydrocracking — dewaxing — hydrocracking
dewaxing. A hydrofinishing catalyst bed could then be added after the final

additional hydrocracking or dewaxing catalyst bed.

[B3065] One example of a combination of configurations can be 2a
combination of Configuration B with any of Configurations E, F, G, or H, or in
particular a combmation with Configuration F or H.  These types of
configurations can potentially be advantageous for increasing the diesel yield
from a feedstock while reducing the amount of naphtha and maintaining a
reasonable yield of lubricant base oil. Configuration B does not include a
hydrocracking stage, so any diesel botling range molecules present in a feed after
only hydrotreatment and dewaxing are removed prior to hydrocracking. The
second stage can then be operated to generate a desired level of conversion to
diesel boiling range molecules without overcracking of any diesel molecules

present in the initial feed.

16066} Amnother example of a combination of configurations can be a
combination of Configuration D with any of Configurations E, F, G, or H, or i
particilar a combination with Configuration E or G, These types of

configurations can potentially be advantageous for maximizing the diesel yield
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from a feedstock. In Configuration D, the initial dewaxing catalyst bed can be
used to make longer chain paraffins in a feedstock more accessible to the
following hydrocracking catalyst. This can allow for the higher amounts of
conversion under milder conditions, as the dewaxing catalyst is used to faciitate
the hydrocracking instead of using increased temperature or hydrogen partial
pressure. The conversion process can be continued in the second stage. Note that
this type of configuration can include a recycle loop on the second stage to further
increase diesel production. This could wnclude an extinction recycle if no lube

product is desired.

160671 Yet another example of a combination of configurations can be a
combination of Configuration C with any of Configurations E, F, G, or H, or in
particular a combination with Configuration F or H.  These types of
configurations can potentially be advantageous for emphasizing lubricant base otl
production w a reduced footprint reactor. Having a dewaxing catalyst in
Configuration € after the imtial hydrocracking stage can allow the mtial
hydrocracking to occur with a reduced impact on the paraffin molecules in a feed.
This can preserve a greater amount of lubricant base oil yield while still having

the benefit of producing a dewaxed diesel fuel product from the first reaction

stage.
10068] If a lubricant base stock product 15 desired, the lubricant base stock

product can be further fractionated to form a plurality of products. For example,
lubricant base stock products can be made corresponding to a 2 ¢St cut, a 4 ¢St
cut, a 6 ¢St cut, and/or a cut having a viscosity higher than 6 ¢St. For example, a
hubricant base oil product fraction having a viscosity of at least 2¢St can be a
fraction suitable for use in low pour point application such as transformer oils,
low temperature hydraulic oils, or automatic transmission fluid. A lubricant base
ol product fraction having a viscosity of at least 4 ¢St can be a fraction having a

conirolled volatility and low pour point, such that the fraction is suitable for
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engine oils made according to SAE I300 in OW- or 5W- or 10W- grades. This
fractionation can be performed at the time the diesel {(or other fuel) product from
the second stage is separated from the lubricant base stock product, or the
fractionation can occur at a later time. Any hydrofinishing and/or aromatic
saturation can occur either before or after fractionation. After fractionation, a
hubricant base o1l product fraction can be combined with appropriate additives for

use as an engine oil or in another lubrication service.

Hvdrotreatment Counditions

16869} Hydrotreatment 1s typically used to reduce the sulfur, nitrogen, and
aromatic content of a feed. Hydrotreating conditions can mnclude temperatures of
200°C to 450°C, or 315°C to 425°C; pressures of 250 psig (1.8 MPa) to 5000 psig
(34.6 MPa) or 300 psig (2.1 MPa) to 3000 psig (20.8 MPa); Liguud Hourly Space
Velocities (LHSV) of 0.2-10 h''; and hydrogen treat rates of 200 scf/B (35.6
/) to 10,000 sef/B (1781 n'/m’), or S60 (89 m’/m’) to 10,000 scf/B (1781

' /or).

166701 Hydrotreating catalysts are typically those containing Group VIB
metals (based on the Periodic Table published by Fisher Scientific), and
non-noble Group VIH metals, i.e., iron, cobalt and nickel and mixtures thereof.
These metals or mixtures of metals are typically present as oxides or sulfides oun
refractory metal oxide supporis. Suitable metal oxide supports include low acidic
oxides such as silica, alumina or titamia, preferably alumina. Preferred aluminas
are porous aluminas such as gamma or eta having average pore sizes from 50 to
200 A, or 75 to 150 A; a surface area from 100 to 300 mz/’g, or 130 to 250 mg
and a pore volume of from 0.25 to 1.0 cm’/g, or 0.35 to 0.8 cm’/g. The supports
are preferably not promoted with a halogen such as fluorine as this generally

increases the acidity of the support.
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16071} Preferred metal catalysts wnclude cobalt/molybdenum (1-10% Co as
oxide, 10-40% Mo as oxide), nickel/molybdenum (1-10% Ni as oxide, 10-40% Co
as oxide), or nickel/tungsten (1-10% Ni as oxide, 10-40% W as oxide} on
alumina. Examples of suttable nickel/molybdenum catalysts include KF-840,

KF-848, or a stacked bed of KF-848 or KF-840 and Nebula-20.

180672} Alternatively, the hydrotreating catalyst can be a bulk metal catalyst,
or a combination of stacked beds of supported and bulk metal catalyst. By bulk
metal, it 1 meant that the catalysts are unsupported wherein the bulk catalyst
particles comprise 30-100 wi. % of at least one Group VHI non-noble metal and at
least one Group VIB metal, based on the total weight of the bulk catalyst particles,
calculated as metal oxides and wherein the bulk catalyst particles have a surtface
area of at least 10 m¥g. It is furthermore preferred that the bulk metal
hydrotreating catalysts used herein comprise about 50 to about 100 wt%, and even
more preferably about 70 to about 100 wi%, of at least one Group VI non-noble
metal and at least one Group VIB metal, based on the total weight of the particles,
calculated as metal oxides. The amount of Group VIB and Group VIII non-noble

metals can easily be determined VIB TEM-EDX.

6073} Bulk catalyst compositions comprising one Group VHI non-noble
metal and two Group VIB metals are preferred. It has been found that in this case,
the bulk catalyst particles are sintering-resistant. Thus the active surface area of
the bulk catalyst particles is maintained during use. The molar ratio of Group
VIB to Group VIH non-noble metals ranges generally from 10:1-1:10 and
preferably from 3:1-1:3. In the case of a core-shell structured particle, these ratios
of course apply to the metals contained in the shell. If more than one Group VIB
metal 15 contained in the bulk catalyst particles, the ratio of the ditferent Group
VIB metals 1s generally not critical. The same holds when more than one Group
VI non-noble metal is applied. In the case where molybdenum and tungsten are

present as Group VIB metals, the molybenum:tungsten ratio preferably lies in the
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range of 9:1-1:9. Preferably the Group VHI non-uoble metal comprises nickel
and/or cobalt. It is further preferred that the Group VIB metal comprises a
combination of molvbdenum and tungsten.  Preferably, combinations of
nickel/molvbdenum/ tungsten  and  cobalt/molybdenuny/tungsten  and
nickel/cobalt/molybdenumy/ tungsten are used. These types of precipitates appear
to be sinter-resistant. Thus, the active surface area of the precipitate s mamntained
during use. The metals are preferably present as oxidic compounds of the
corresponding metals, or if the catalyst composition has been sulfided, sulfidic

compounds of the corresponding metals.

160741 It is also preferred that the bulk metal hydrotreating catalysts used
herein have a surface area of at least 50 m*/g and more preferably of at least 100
mi/g. It is also desired that the pore size distribution of the bulk metal
hydrotreating catalysts be approximately the same as the one of conventional
hydrotreating catalysts. Bulk metal hydrotreating catalysts have a pore volume of
0.05-5 ml/g, or of 0.1-4 ml/g, or of 0.1-3 m¥g, or of 0.1-2 ml/g determined by
nitrogen adsorption.  Preferably, pores smaller than 1 nm are not present. The
bulk metal hydrotreating catalysts can have a median diameter of at least 50 om,
or at least 100 am. The bulk metal hydrotreating catalysts can have a median
diameter of not more than 5000 pm, or not wmore than 3000 wm. In an

embodiment, the median particle diameter lies in the range of ¢.1-50 um and most

preferably in the range of 0.5-50 pun.

18675] Onptionally, one or more beds of hydrotreatment catalyst can be
located downstream from a hydrocracking catalyst bed and/or a dewaxing catalyst
bed in the first stage. For these optional beds of hydrotreatment catalyst, the
hydrotreatment conditions can be selected to be similar to the conditions above, or

the conditions can be selected independently.
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Hvdrocrackine Conditions

16076} Hydrocracking catalysts typically contain sulfided base metals or
Group VI noble metals like Pt and/or Pd on acidic supports, such as amorphous
silica alumina, cracking zeolites such as USY, or acidified alumma. Often these
acidic supports are mixed or bound with other metal oxides such as alumina,

titania or silica.

166774 A hydrocracking process in the first stage {or otherwise under sour
conditions) can be carried out at temperatures of 200°C to 450°C, hydrogen partial
pressures of from 250 psig to 5000 psig (1.8 MPa to 34.6 MPa), liquid hourly
space velocities of from 0.2 1 to 10 1™, and hydrogen treat gas rates of from 35.6
sy to 1781 nr/ny’ (200 SCF/B to 10,000 SCF/B). Typically, in most cases, the
conditions will have temperatures in the range of 300°C to 450°C, hydrogen
partial pressures of from 500 psig to 2000 psig (3.5 MPa-13.9 MPa), liguid hourly
space velocities of from 0.3 b to 2 b’ and hydrogen treat gas rates of from 213

/ot to 1068 m/m’ (1200 SCF/B to 6000 SCE/R),

16078} A hydrocracking process in a second siage (or otherwise under
non-sour conditions) can be performed under conditions sumilar to those used for
a first stage hydrocracking process, or the conditions can be different. In an
embodiment, the conditions 11 a second stage can have less severe counditions than
a hydrocracking process in a first {sour) stage. The temperature in the
hydrocracking process can be 20°C less than the temperature for a hydrocracking
process in the fiurst stage, or 30°C less, or 40°C less. The pressure for a
hydrocracking process i a second stage can be 100 psig (690 kPa) less than a
hydrocracking process in the first stage, or 200 psig (1380 kPa) less, or 300 psig

(2070 kPa) less.
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Hvdrofinishine and/or Aromatic Saturation Progess

16679} In some embodiments, a hydrofinishing and/or aromatic saturation
process can also be provided. The hydrofinishing and/or aromatic saturation can
occur after the last hydrocracking or dewaxing stage. The hydrofinishing and/or
aromatic saturation can occur either before or after fractionation. If
hydrofinishing and/or aromatic saturation occurs after fractionation, the
hydrofinishing can be performed on one or more portions of the fractionated
product, such as being performed on one or more lubricant base stock portions.
Alternatively, the entire effluent from the last hydrocracking or dewaxing process

can be hydrofinished and/or undergo aromatic saturation.

30801 In some situations, a hydrofinishing process and an aromatic
saturation process can refer to a single process performed using the same catalyst.
Alternatively, one type of catalyst or catalyst system can be provided to perform
aromatic saturation, while a second catalyst or catalyst system can be used for
hydrofinishing. Typically a hydrofinishing and/or aromatic saturation process
will be performed in a separate reactor from dewaxing or hydrocracking processes
for practical reasons, such as facilitating use of a lower temperature for the
hydrofinishing or aromatic saturation process.  However, an additional
hydrofinishing reactor following a hydrocracking or dewaxing process but prior to
fractionation could still be considered part of a second stage of a reaction system

counceptually.

6081} Hydrofinishing and/or aromatic saturation catalysts can include
catalysis containing Group VI metals, Group VHI metals, and mixtures thereof
In an embodiment, preferred metals include at least one metal sulfide having a
strong hydrogenation function. In another embodiment, the hydrofinishing
catalyst can include a Group VHI noble metal, such as Pt, Pd, or a combination
thereof. The mixture of wetals may also be present as bulk metal catalysts

wherein the amount of metal is about 30 wt. % or greater based on catalyst.
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Suitable metal oxide supports include low acidic oxides such as silica, alumina,
silica-aluminas or titania, preferably alumina. The preferred hydrofinishing
catalysts for aromatic saturation will comprise at least one metal having relatively
strong hydrogenation function on a porous support. Typical support matenals
include amorphous or crystalline oxide materials such as alumina, silica, and
silica-alumina.  The support materials may also be modified, such as by
halogenation, or 1n particular fluormation. The wetal coutent of the catalyst is
often as high as about 20 weight percent for non-noble metals. {n an embodiment,
a preferred hydrofinishing catalyst can include a crystalline material belonging to
the M41S class or family of catalysts. The M41§ family of catalysts are
mesoporous materials having high silica content.  Examples include MCM-41,
MCM-48 and MCM-50. A preferred member of this class 1s MCM-41. It
separate catalysts are used for aromatic saturation and hydrofinishing, an aromatic
saturation catalyst can be selected based on activity and/or selectivity for aromatic
saturation, while a hydrofinishing catalyst can be selected based on activity for
improving product specifications, such as product color and polynuclear aromatic

reduction.

13382 Hydrofinishing conditions can mclude temperatures from about
125°C to about 425°C, preferably about 180°C to about 280°C, total pressures
from about 500 psig (3.4 MPa) to about 3000 psig (20.7 MPa), preferably about
1500 psig (10.3 MPa) to about 2300 psig (17.2 MPa), and hguid hourly space
velocity from about 0.1 hr'’ to about § br'! LHSV, preferably about 0.5 hr'' to

about 1.5 hr'',
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Diewaxing Process

G083} In various embodiments, catalytic dewaxing can be included as part
of the hydroprocessing m a first stage (or otherwise in a sour enviromment.)
Because a separation does not occur in the first stage, any sulfur o the feed at the
beginning of the stage will still be in the effluent that is passed to the catalytic
dewaxing step in some form. For example, consider a first stage that meludes
hydrotreatment catalyst, hydrocracking catalyst, and dewaxing catalyst. A portion
of the organic sulfur in the feed to the stage will be couverted to H,S during
hydrotreating and/or hydrocracking. Simularly, organic nitrogen in the feed will
be converted to ammonia. However, without a separation step, the H,5 and NH;
formed during hydrotreating will travel with the effluent to the catalytic dewaxing
stage. The lack of a separation step also means that any light gases (C—Cy)
formed during hydrocracking will still be present in the effluent. The total
combined sulfur from the hydrotreating process in both organic liguid form and
gas phase (hydrogen sulfide) may be greater than 1,000 ppm by weight, or at least
2,000 ppm by weight, or at least 5,000 ppm by weight, or at least 10,000 ppm by
weight, or at least 20,000 ppm by weight, or at least 40,000 ppm by weight. For
the present disclosure, these sulfur levels are defined in terms of the total
combined sulfur in hiquid and gas forms fed to the dewaxmg stage i parts per

milbion {(ppm) by weight ou the hydrotreated feedstock basis.

6084} Elinnnation of a separation step n the first reaction stage is enabled
it part by the ability of a dewaxing catalyst to maintain catalylic activity in the
presence of elevated levels of nitrogen and sulfur. Conventional catalysts often
require pre-treatment of a feedstream {o reduce the sulfur content to less than a
few hundred ppm. By contrast, hydrocarbon feedstreams containing up to 4.0
wi% of sulfur or more can be effectively processed using the inventive catalysts.
In an embodiment, the total combined sulfur content in liguid and gas forms of the

hydrogen containing gas and hydrotreated feedstock can be at least 0.1 wt%, or at
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least 0.2 wit%, or at least 0.4 wt%, or at least 0.5 wi%, or at least 1 wt%, or at least
2 wi%, or at least 4 wt%. Sulfur content may be measured by standard ASTM

methods D2622,

[B085] Hydrogen treat gas circulation loops and make-up gas can be
configured and controlled w any number of ways. In the direct cascade, treat gas
enters the hydrotreating reactor and can be once through or circulated by
compressor from high pressure flash drums at the back end of the hydrocracking
and/or dewaxing section of the unit. In circulation mode, make-up gas can be put
mte the unit anywhere 1 the high pressure circuat preferably into the
hydrocracking/dewaxing reactor zone. In circulation mode, the treat gas may be
scrubbed with amine, or any other suitable solution, to remove H,S and NH;. In
another form, the treat gas can be recycled without cleaning or scrubbing,
Alternately, the hquid effiuent may be combined with any hydrogen containing

gas, including but not limited to H;S containing gas,

6086} Preferably, the dewaxing catalysts according to the invention are
zeolites that perform dewaxing primarily by isomernizing a hydrocarbon feedstock.
More preferably, the catalysts are zeolites with a unidimensional pore structure.
Suitable catalysts include 10-member ring pore zeolites, such as EU-1, Z8M-35
(or ferrierite), Z5M-11, Z8M-57, NU-87, SAPO-11, and ZSM-22. Preferred
materials are BU-2, EU-11, ZBM-30, Z5M-48, or Z8M-23, Z5M-48 15 most
preferred. Note that a zeolite having the ZSM-23 structure with a silica to
alumina ratio of from about 20:1 o about 40:1 can sometimes be referred to as
$87-32. Other molecular sieves that are isostructural with the above wmaterials

include Theta-1, NU-10, EU-13, KZ-1, and NU-23.

{6887} In various embodiments, the catalysts according to the invention
further nclude a metal hydrogenation component. The metal hydrogenation
component is typically a Group VI and/or a Group VIHI metal. Preferably, the

metal hydrogenation component is a Group VII noble metal. Preferably, the
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metal hydrogenation component is Pt, Pd, or a mixture thereof. In an alternative
preferred embodiment, the metal hydrogenation component can be a combination
of a nou-noble Group VIH metal with a Group VI metal. Suitable combinations

can include Ni, Co, or Fe with Mo or W, preferably Ni with Mo or W.

[G0RS] The metal hydrogenation component may be added to the catalyst in
any convenient maunner. One technigue for adding the metal hydrogenation
component is by incipient wetness. For example, atter combining a zeolite and a
binder, the combined zeolite and binder can be extruded into catalyst particles.
These catalyst particles can then be exposed to a solution confaining a suitable
metal precursor.  Alternatively, metal can be added to the catalyst by ion
exchange, where a metal precursor is added to a mixture of zeolite {or zeolite and

binder) prior to extrusion.

133891 The amount of metal in the catalyst can be at least 0.1 wt% based on
catalyst, or at least 0.15 wt%, or at least 0.2 wt%, or at least 0.25 wt%, or at least
0.3 wi%, or at least 0.5 wt% based on catalyst. The amount of metal in the
catalyst can be 20 wit% or less based on catalyst, or 10 wiYs or less, or 5 wit% or
tess, or 2.5 wi% or less, or 1 wit% or less. For embodiments where the metal 15 P,
Pd, another Group VUI noble metal, or a combination thereof, the amount of
metal can be from 0.1 to 5 wt%, preferably from 0.1 to 2 wi%, or 0.25 to 1.8 wi%,
or 0.4 to 1.5 wi%. For embodiments where the metal 13 a combination of a non-
noble Group VI metal with a Group VI metal, the combined amount of metal

can be from 0.5 wt% to 20 wi%, or 1 wi% to 15 wt%, or 2.5 wit% to 10 wiVs,

160696} Preferably, the dewaxing catalysts used in processes according to
the invention are catalysts with a low ratio of silica to alumina. For example, for
£5M-48, the ratio of silica to alumina in the zeolite can be less than 200:1, or less
than 110:1, or less than 100:1, or less than 90:1, or less than 80:1. In various
embodiments, the ratio of silica to alumina can be from 30:1 to 200:1, 60:1 to

110:1, or 70:1 to 100:1.
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16091} The dewaxing catalysts useful in processes according to the
invention can also include a binder. In some embodiments, the dewaxing
catalysts used in process according to the invention are formulated using a low
surface area binder, a low surface area binder represents a binder with a surface

area of 100 m™/g or less, or 80 m™/g or less, or 70 m™/g or less,

16692} Alternatively, the binder and the zeolite particle size are selected to
provide a catalyst with a desired ratio of micropore surface area to total surface
area. luo dewaxing catalysts used according to the wvention, the micropore
surface area corresponds to surface area from the unidimensional pores of zeolites
i the dewaxing catalyst. The total surface corresponds to the micropore surface
area plus the external surface area. Any binder used in the catalyst will not
conirtbute to the micropore surface area and will not significantly increase the
total surface area of the catalyst. The external surface arca represents the balance
of the surface area of the total catalyst minus the micropore surface area. Both the
binder and zeolite can contribute to the value of the external surface area.
Preferably, the ratio of micropore surface area to total surface area for a dewaxing

catalyst will be egual to or greater than 25%.

16893} A zeolite can be combined with binder in any convenient manuer.
For example, a bound catalyst can be produced by starting with powders of both
the zeolite and binder, combining and mulling the powders with added water to
form a mixture, and then extruding the mixture to produce a bound catalyst of a
desired size. Extrusion aids can also be used to modity the extrusion flow
propertics of the zeolite and binder mixture. The amount of framework alumina
in the catalyst may range from 0.1 to 3.33 wit%, or 0.1 10 2.7 wt%, or 0.2 to 2

wi%, or 0.3 to 1 wt%.

16094} In yet another embodiment, a binder composed of two or more

metal oxides can also be used. In such an embodiment, the weight percentage of
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the low surface area binder is preferably greater than the weight percentage of the

higher surface area binder.

16695 Alternatively, if both metal oxades used tor forming a mixed metal
oxide binder have a sufficiently low surface area, the proportions of each metal
oxide in the binder are less unportant. When two or more metal oxides are used
to form a binder, the two metal oxides can be incorporated into the catalyst by any
convenient method. For example, one binder can be mixed with the zeolite during
formation of the zeolite powder, such as during spray drying. The spray dried
zeolite/binder powder can then be mixed with the second metal oxide binder prior

1o extrusion.

(3096} In yet another embodiment, the dewaxing catalyst is self~bound and

does not contain a binder.

6097} Process conditions in a catalytic dewaxing zone i a sour
environment can include a temperature of from 200 o 450°C, preferably 270 to
400°C, a hydrogen partial pressure of from 1.8 to 34.6 mPa {250 to 5000 psi),
preferably 4.8 1o 20.8 mPa, a hiquid hourly space velocity of from 0.2 to 10 v/v/hy,
preferably 0.5 to 3.0, and a hydrogen circulation rate of from 35.6 to 1781 m'/m’

{200 to 10,000 scf/B), preferably 178 to 890.6 m’/ur’ (1000 to 5000 scf/B).

[B098] For dewaxing in the second stage (or other nou-sour environment),
the dewaxing catalyst conditions can be similar to those for a sour environment.
In an embodiment, the conditions i a second stage can have less severe
conditions than a dewaxing process 1u a first (sour) stage. The temperature in the
dewaxing process can be 20°C less than the temperature for a dewaxing process in
the first stage, or 30°C less, or 40°C less. The pressure for a dewaxing process i
a second stage can be 100 psig (690 kPa) less than a dewaxing process in the first

stage, or 200 psig {1380 kPa) less, or 300 psig (2070 kPa) less.
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Diewaxing Catalvst Svnthesis

16099} In ouve form the of the present disclosure, the catalytic dewaxing
catalyst inchudes from 0.1 wt% to 3.33 wi% framework alumina, 0.1 wt% to §
wite Pt, 200:1 to 30:] Si0,:ALO; ratio and at least one low surface area,

. . - . R 2
refractory metal oxide binder with a surface area of 100 m7/g or less.

1681060} One example of a molecular sieve suitable for use 1n the claimed
invention 18 Z3M-48 with a $10,:A1L 05 ratio of less than 110, preferably from
about 70 to about 110, In the embodiments below, Z8M-48 crystals will be
described variously in terms of “as-synthesized” crystals that still contain the
(200:1 or less Si0,:ALLO; ratio) organic template; calcined crystals, such as
Na-form Z5M-48 crystals; or calcined and ion-exchanged crystals, such as

H-form Z5M-48 crystals.

160161} The ZSM-48 crystals after removal of the structural directing agent
have a particular morphology and a molar composition according to the general

formula:

{Tl) Si {}ﬂ :A\EQ ()2

where n is from 70 to 110, preferably 8C to 100, more preferably 85 to 85, In
another embodiment, n s at least 70, or at least 80, or at least 85, In vet another
embodiment, n is 110 or less, or 100 or less, or 95 or less. In still other
embodiments, 51 may be replaced by Ge and Al may be replaced by Ga, B, Fe, Ty,

V, and Zr.

163102} The as-synthesized form of ZSM-48 crystals is prepared from a
rmixture having silica, alumina, base and hexamethonium salt directing agent. In
an embodiment, the molar ratio of structural directing agent:silica 1n the mixture

is less than 0.05, or less than 0.023, or less than 0.022. In another embodiment,
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the molar ratio of structural directing agent:silica 1 the mixture is at least .01, or
at least 0.015, or at least 0.016. In still another embodiment, the molar ratio of
structural directing agentisilica in the mixture is from 0.015 to 0.025, preferably
0.016 10 0.022. In an embodiment, the as-synthesized form of Z5M-48 crystals
has a silica:alumina molar ratio of 70 to 110, In still another embodiment, the
as-synthesized form of Z5M-48 crystals has a silica:alumina molar ratio of at least
70, or at least 80, or at least 85. In yet another embodiment, the as-synthesized
form of Z5SM-48 crystals has a silicazalumina molar ratio of 110 or less, or 100 or
less, or 95 or less. For any given preparation of the as-synthesized form of
Z5M-48 crystals, the molar composition will contain silica, alumina and directing
agent. It should be noted that the as-synthesized form of Z8M-48 crystals may
have molar ratios slightly different from the molar ratios of reactants of the
reaction muxture used to prepare the as-synthesized form. This result may occur
due to incomplete incorporation of 100% of the reactants of the reaction mixture

mto the crystals formed (from the reaction mixture).

[30103] The Z5M-48 composition is prepared from an agueous reaction
mixture comprising silica or silicate salt, alumina or soluble aluminate salt, base
and directing agent. To achieve the desired crystal morphology, the reactants m

reaction mixture have the following molar ratios:

S105:ALO; (preferred) =70 to 110

H,0: S0, = 1 10 500

OH-: 50, = 0.1100.3

OH-: 510, (preferred) = 0.14 10 0.18
template : Si0; = 0.01 - 0.05

template: 510, (preferred)} = 0.013 t0 0.025

1661064} In the above ratios, two ranges are provided for both the base:silica
ratio and the structure directing agent:silica ratio. The broader ranges for these

ratios include mixtures that result in the formation of Z5M-48 crystals with some
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quantity of Kenyaite and/or needle-like morphology. For situations where
Kenvaite and/or needle-like morphology is not desired, the preferred ranges

should be used.

[B0105] The stlica source 1s preferably precipitated silica and s
commercially available from Degussa. Other silica sources include powdered
silica inclhuding precipitated silica such as Zeosil® and silica gels, silicic acid
colloidal silica such as Ludox® or dissolved silica. In the presence of a base,
these other silica sources may form silicates. The alumina may be o the form of a
soluble sall, preferably the sodium salt and is commercially available from US
Aluminate. Other suitable aluminum sources mclude other aluminum salts such
as the chloride, aluminum alcoholates or hydrated alumina such as gamma
alumina, pseudobohemite and colloidal alumina. The base used io dissolve the
metal oxide can be any alkali metal hydroxide, preferably sodium or potassium
hydroxide, ammonium hydroxide, diquaternary hydroxide and the like. The
directing agent 15 a hexamethonium salt such as hexamethomum dichloride or
hexamethontum hydroxide. The anton (other than chlonide) could be other anions
such as hydroxide, nitrate, sulfate, other halide and the like. Hexamethonium

dichloride 1s NN, N, N' N N'-hexamethyi-1,6-hexanediammonium dichloride.

160106} In an embodiment, the crystals obtamned from the synthesis
according to the invention have a morphology that is free of fibrous morphology.
Fibrous morphology is pot desired, as this crystal morphology inhibits the
catalytic dewaxing activity of ZSM-48. In another embodiment, the crystals
obtained from the synthesis according to the invention have a morphology that
contains a low percentage of needle-like morphology. The amount of needle-like
morphology present in the Z5M-48 crystals can be 10% or less, or 5% or less, or
1% or less. In an alternative embodiment, the Z5M-48 crystals can be free of
needle-like morphology. Low amounts of needle-like crystals are preferred for

some applications as needle-like crystals are believed to reduce the activity of
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Z5M-48 for some types of reactions. To obtain a desirted morphology in high
purity, the ratios of silica:alumina, base:silica and directing agent:silica in the
reaction mixture according to embodiments of the invention should be employed.
Additionally, if a composition free of Kenvaite and/or free of needle-like

morphology is desired, the preferred ranges should be used.

136107} The as-synthesized ZSM-48 crystals should be at least partially
dried prior to use or further treatment. Drying may be accomplished by heating at
temperatures of from 100 to 400°C, preferably from 100 to 250°C. Pressures may
be atmospheric or subatmospheric. If drying is performed under partial vacuum

conditions, the temperatures may be lower than those at atmospheric pressures.

[B0108] Catalysts are typically bound with a binder or matrix material prior
to use. Binders are resistant to temperatures of the use desired and are attrition
resistant.  Binders may be catalytically active or inactive and include other
zeolites, other inorganic materials such as clays and metal oxides such as alumina,
silica, titania, zirconia, and silica-alumina. Clays may be kaolin, bentonite and
montmoritlonite and are commercially available. They may be blended with other
materials such as silicates. Other porous matrix materials i addition to silica-
aluminas include other binary materials such as silica-magnesia, silica-thoria,
silica-zirconia, silica-beryllia and silica-titania as well as ternary materials such as
silica-alumina-magnesia, silica-aliimina-thoria and silica-alumina-zirconia.  The
matrix can be in the form of a co-gel. The bound Z5M-48 framework alumina

will range from 0.1 wi% to 3.33 wt% framework alumina.

166109] ZSM-48 crystals as part of a catalyst may also be used with a metal
hydrogenation component. Metal hydrogenation components may be from
Groups 6-12 of the Periodic Table based on the IUPAC system having Groups
1-18, preferably Groups 6 and 8-10. Examples of such metals melude Ni, Mo,
Co, W, Mn, Cu, Zn, Ru, Pt or Pd, preferably Pt or Pd. Mixtures of hydrogenation

metals may also be used such as Co/Mo, Nv/Mo, NVW and Pt/Pd, preferably
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Pt/Pd. The amount of hydrogenation metal or metals may range from 0.1 to §
wit%, based on catalyst. In an embodiment, the amount of metal or metals is at
teast 0.1 wt%, or at least 0.25 wt%, or at least 0.5 wt¥%, or at least 0.6 wt%, or at
least .75 wt%, or at least 0.9 wit%. In another embodiment, the amount of metal
or metals s 5 wt% or less, or 4 wit% or less, or 3 wt% or less, or 2 wi% or less, or
1 wt% or less. Methods of loading metal onto Z8M-48 catalyst are well known
and mclude, for example, impregnation of ZSM-48 catalyst with a metal salt of
the hydrogenation component and heating. The ZSM-48 catalyst containing

hydrogenation metal may also be sulfided prior to use.

160116} High purity Z8SM-48 crystals made according to the above
embodiments have a relatively low silica:alumina ratio. The silica:alumina ratio
can be 110 or less, or 90 or less, or 75 or less. This lower silica:alumina ratio
means that the present catalysts are more acidic. In spite of this increased acidity,
they have superior activity and selectivity as well as excellent vields. They also
have environmental benefits from the standpoint of health effects from crystal

form and the small crystal size 1s also beneficial to catalyst activity.

160111} For catalysts according to the invention that incorporate Z8M-23,
any suitable method for producing Z5M-23 with a low 510;:AL O, ratio may be
used. US 5,332,566 provides an example of a synthesis method suitable for
producing Z5M-23 with a low ratio of 510,:A1,0;. For example, a directing
agent suitable for preparing Z5M-23 can be {formed by methylating
iminobispropylamine with an excess of iodomethane. The methylaton is
achieved by adding the iodomethane dropwise to iminobispropylamine which 1s
solvated i absolute ethanol. The mixture is heated to a reflux temperature of
77°C for 18 hours. The resulting sohd product is filtered and washed with

absolute ethanol.

160112} The directing agent produced by the above method can then be

mixed with colloidal silica sol (30% $10,), a source of alumina, a source of alkali
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cations {such as Na or K}, and deionized water to form a hydrogel. The alumina
source can be any convenient source, such as alumina sulfate or sodium
aluminate. The solution is then heated to a crystallization temperature, such as
170°C, and the resulting Z8M-23 crystals are dried. The ZS8M-23 crystals can
then be combined with a low surface area binder to form a catalyst according to

the invention.

Lubricant Composition Embodiments:

[80113] The Group I lube base stocks of the present disclosure are well swited
as lube base stocks without blending limitations, and further, the lube base stock
products are also compatible with lubricant additives for lubricant formulations.
The Group Il lube base stocks of the present disclosure can optionally be blended
with other lube base stocks to form lubricants. Useful co-base lube stocks include
Group L, I, IV and V base stocks and gas-to-liquid (GTL) oils. One or more of
the co-base stocks may be blended into a lubricant composition mcluding the
Group Il lube base stock at from 0.1 to 50 wi.%, or 0.5 t0 40 wt.%, 1 to 35 wt.%,
or 2 to 30 wi.%, or 5 to 25 wi.%, or 10 to 20 wi.%, based on the total tubricant

composition.

10114} Lubricants incorporating the Group I lube base stocks of the
present disclosure may optionally include lube base stock additives, such as
detergents, dispersants, antioxidants, anti-wear additives, pour point depressants,
viscosity wndex modifiers, friction wmodifiers, de-foaming agents, corrosion
inhibitors, wetting agents, rust inhibitors, and the like. The additives are
mcorporated with the Group I base stocks of the present disclosure to make @
finished lubricant that has desired viscosity and physical properties. Typical
additives used in lubricant formulation can be found in the book “Lubricant
Additives, Chemistry and Applications”, Ed. L. R. Rudnick, Marcel Dekker, Inc.
270 Madison Ave. New York, NJ 10016, 2003.
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160115] When lubricating oil compositions contain one or more of the

additives discussed above, the additive(s) are blended into the composition in an
amount effective for it to perform its miended fumction. Typical amounts of such
additives useful in the present mivention are shown w Table 2 below. The total of
the additional additives in the lubricating o1l composition may range from 0.1 to
50 wt.Y., or 0.5 to 40 wt.%, 1 to 35 wt.%, or 1 to 20 wit.% of the composition, or
2to 18 wt%, or 310 15 wt.%, or 4 to 10 wt.%, or 5§ t0 8 wt.%. Note that many of
the additives are shipped from the manufacturer and used with a certain amount of
base stock solvent w the formulation. Accordingly, the weight amounts in the
table below, as well as other amounts mentioned in this patent, unless otherwise
indicated are directed to the amount of active ingredient (that 1s the non-solvent
portion of the ingredient). The wt.% indicated below are based on the total weight

of the lubricating otl composition.

160116} Lubricant compositions including the Group II base stock of the
mstant disclosure have improved oxidative stability than analogous lubricant
composttions wcluding prior art Group I base stocks. In particular, the oxidative
stability as measured by the RPVOT per the D2272 test method vields a time to a
254 psi pressure drop of between 820 to 1000, or 8§75 to 1000, or 8§75 {o 950

ninites.
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Typical Amounts of Various Lubricant (il Components

Compound Approximate wt%e Approximate wt¥
{useful) {preferred)

Detergent 0.01-6 0.01-4
Dispersant 0.1-20 0.1-8
Friction Reducer 0.01-5 0.01-1.5
Antioxidant 0.0-3 0.0-1.5
Corrosion {nhibitor 0.01-5 0.01-1.5
Anti-wear Additive (0L.01-6 0.01-4
Pour Point 0.0-3 0.01-1.5
Depressant
Aunti-foam Agent 0.001-3 0.001-0.15
Base stock or base Balance Balance
stocks

Method of Use of Lubricant Composition Embodiments:

186117} The Group U lube base stocks and lubricant compositions can be
employed in the present disclosure i a variety of lubricant-related end uses, such
as a lubricant oil or grease for a device or apparatus requiring hubrication of
moving and/or interacting mechanical parts, components, or surfaces. Usetul
apparatuses include engimes and machines. The Group U lube base stocks of the
present disclosure are most suitable for use w the formulation of automotive crank
case lubricants, automotive gear oils, transmission oils, many industrial lubricants
mcluding circulation lubricant, industrial gear lubricants, grease, compressor oil,
pump oils, refrigeration lubricants, hydraulic lubricants, metal working fluds.
Furthermore, the Group H lube base stocks of this disclosure are derived from
renewable sources; it 15 considered a sustainable product and can meet
“sustainability” standards set by different mdustry groups or government

regulations.
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160118} The following are examples of the present disclosure and are not to
be construed as limiting,
EXAMPLES

Example TA: Svynthesis of ZSM-48 crystals with $10,/A1./04
ratio of ~70/1 and preferred morphology

160119] A mixture was prepared from a mixture of DI water,
Hexamethoniuim Chlonde (56% solution), Ultrasil silica, Sodium Aluminate
solution (45%), and 50% sodium hydroxide solution, and ~0.15% (1o reaction

niixture) of ZSM-48 seed crystals. The mixture had the following molar

composition:
5102/ Si()zz’lAlg(}3 ~80
HL0/ 510, ~15
OH/ 510, ~0.15
Na'/ Si(, ~0.15
Template/S10, ~0.02
100126 The mixture was reacted at 320°F (160°C) mn a S-gal autoclave with

stirring at 250 RPM for 48 hours. The product was filtered, washed with
deionized (D) water and dried at 250°F (120°C). The XRD pattern of the
as-syunthesized material showed the typical pure phase of Z5M-48 topology. The
SEM of the as-synthesized material shows that the material was composed of
agglomerates of small irregularly shaped crystals (with an average crystal size of
about 0.03 microns). The resulting Z5M-48 crystals had a S10,/AL Oy molar
ratio of ~71. The as-synthesized crystals were converted into the hydrogen form
by three ion exchanges with ammonmum nitrate solution at room temperature,
followed by drying at 250°F (120°C) and calcination at 1000°F (540°C) for 4
hours. The resulting ZSM-48 (70:1 Si0,: Al.O;) crystals had a total surface area
of ~290 m¥/g (external surface area of ~130 m’/g), and an Alpha value of ~100,

~40 % higher than current Z8M-48(90:1 810, ALO;5) Alumina crystals, The
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H-form crystals were then steamed at 700°F, 750°F, 800°F, 900°F, and 1000°F
for 4 hours for activity enhancement and Alpha values of these treated products

are shown below:

170 (700°F), 150 (750°F), 140 (800°F), 97 (800°F), and 25 (1000°F).

Exambple 1B: Prenaration of the Sour Service Dewaxine Catalvst

160121} The sour service hydroisomerization catalyst was prepared by
niixing 65 wit% ZSM-48 (~70/1 Si0,/AL G5, see Example 1A} with 35 wt% P25
Ti0, binder and extruding into a 1/207 quadralobe. This catalyst was then
precalcined in nitrogen at 1000°F, ammonium exchanged with ammonium nitrate,
and calcined at 1000°F in full air. The extrudate was then steamed for 3 hours at
750°F 1 full steam. The steamed catalyst was impregnated to 0.6 wi% platium
via incipient wetness using platinum tetraamine uvitrate, dried, and then calcined at
680°F for 3 hours in air. The ratio of micropore surface area {o total surface area

is about 45%.

160122} Examples below demonstrate the advantages of various portions of a
reaction system according to an embodiment of the inveuntion. o various
embodiments, a dewaxing or hydroisomerization siep can be included in both a

first, sour reaction stage and a second, non-sour reaction stage.

100123 A medium vacuum gas oil feed (MVGO) was used m all examples

below. The initial feed properties are shown in Table 3.
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Table 3: MVGO Feed Properties

MVGO
Feed Properties Fead
700° F+ in Feed (wi%) 90
Feed Pour Point, °C 30
Solvent Dewaxed Qi Fead Pour Point, °C =19
Solvent Dewaxed Qif Feed 100°C Viscosity, ¢S5t 7.55
Solvent Dewaxed Cil Fead Vi 57.8
Organic Sulfur in Feed (ppm by weight) 25,800
Crganic Nitrogen in Feed (ppm by weight) 809

Example 2: Example of advantace of interstage distillate recovery

106124} The following example is based on process simulations using a
kinetic model. In the simulations, a feedstock is represented as a one or more
groups of molecules. The groups of molecules are based on the carbon number of
the molecules and the molecular class of the molecules. Based on the process
conditions selected for the simulation (such as pressure, temperature, hydrogen
treat gas rate, and/or space velocity), each group of molecules 1s reacted according
to a reaction order and rate appropriate for the group. Suitable reaction rate data
for different types or groups of molecules can be obtained from the published
fiterature, or reaction rate data can be generated experimentally. The products of
the reaction calculations for each group of molecules are used to determine an
output product in the simulation. In the reaction calculations, aromatics
equilibriim can also be considered and used to modify the calculated aromatics

content in the product.

100125} The kinetic model was used to investigate the impact of interstage
separation on diesel product vield. A pair of sumilar two stage configurations were
maodeled. One configuration did not have interstage separation between the two
stages. A simulated fractionation was performed on the effluent from the second

stage to determine the yield of various products. The second configuration included
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a separator to separate the effluent from the first stage into 700°F- and 700°F+
portions. The 700°F+ portion was then processed in a second stage. In simulation
of the second configuration, the 700°F- portion and the effluent from the second
stage were fractionated mito diesel and hube oil products in a common fractionator.
Note that the configuration including intersiage separation is suniar to the
configuration shown in FIG. 1, with the exception that FIG. 1 does not show a

fraction from separator 120 being passed nto separator 140.

130126} In a first series of simulations, the configuration without mterstage
separation was modeled. The 700°F+ conversion for the first stage was set at 13%,
while the total conversion from the two stages was varied to determine the yield of
400°F-700°F diesel product.  This corresponds to a configuration including
hyvdrocracking capability m both the first and second stage. The results from this
series of simulations are shown i FIG. 4. In the first series of simulations, a

maxunum diesel yield of 38 vol% was predicted at 56% conversion.

160127} In a second and third series of simulations, the configuration including
mterstage separation (similar to FIG. 1) was wsed. In the second series, the
conversion in the first stage was set to 13%. In the third series, the conversion i the
first stage was set to 24%. As shown wn FI{u. 4, the maximum diesel yield im both
the second series (46 volYe) and third series (49 vol%) of simuldations was higher
than the maximum yield in the first series without interstage separation.  This
imcrease in diesel yield was due at least in part to the removal of the 700°F portion
of the feed between the first and second stages. The removal of the 700°F portion
prevented overcracking of diesel molecules nto naphtha or other lower value

products.

Example 3: BExample of improved diesel vield followed by interstace separation

160128} F1G. & shows results from a series of runs performed on an MV GO

feed using various configurations of catalysts. For the runs in FIG. 5, a first
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reactor was used that included a conventional hydrotreating catalyst. An MVGO
feed was hydrotreated to produce a hydrotreated effluent having a sulfur content
of less than 100 wppm. The hydrotreated effluent was then fractionated to
remove all distillate and hghter hydrocarbons. The unconverted bottoms was
hydroprocessed in a second reactor. The second reactor wcluded a bed of
hydrocracking catalyst, and an optional bed of dewaxing catalyst either prior to or
after the hydrocracking catalyst bed. The hydrocracking catalyst was HSZ-390, a
USY zeolite based catalyst. The dewaxing catalyst was selected from one of three
choices. Omne type of catalyst was based on a 70:1 silica to alumina ratio Z5M-48
molecular sieve bound with a P25 (DeGussa) titania binder. The catalyst included
a 65:35 ratio of molecular sieve to binder. The catalyst also included 2 wt% of Pt
relative to the total weight of the catalysi. Another catalyst was based on a 90:1
sitica to alumina ratio Z5M-48 molecular sieve, wcluding a DT-31D
{Rhone-Poulenc) titania binder and 2 wi% of Pi. A third catalyst was based on a
64:1 silica to alumina ratio Z5M-23 molecular sieve, including a Versal-300
alumina binder and 2 wt% of Pt. In the discussion below, the ZSM-48 and

Z53M-23 catalysts may be referred to as dewaxing catalysts.

10129} As shown in FIG. 5, eight different configurations were tested. In
one configuration, only the USY catalyst was included in the second reactor. In
the other configurations, the USY catalyst was stacked with one of the other
catalysis. In the configurations involving both a USY catalyst and a Z5M-48 or
ZSM-23 catalyst, a 70:30 ratio of USY to the other catalyst was used. The USY
catalyst could be either first or second m the reactor in terms of contact with the
feed, as shown m FIG. 5. In the final run shown in FIG. 3, the USY and ZSM-48
catalyst beds were split so that the hydrotreated feed was exposed to a 4 part
series of catalysts (USY:Z5M-48 : USY:Z5M-48). The feed was processed at a
space velocity of 2 hr'', a pressure of 1275 psig (8.8 MPa), and a hydrogen treat
gas rate of 4000 scf/bbl (7100 n'/m’). The temperature was varied from 320°C to

360°C, as shown in FIG. 5.
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160136} Fiz. 5 shows the yield of diesel fuel product and the 700°F+
conversion of the feed for the various runs. For the purposes of this example, a
bouing range of 400°F-700°F was selected as corresponding to a diesel fuel
product. The data wn FI{G. 5 can be used to compare the diesel vield, as a function
of 700°F+ conversion, for a USY catalyst alone versus stacked beds of both USY
and another catalyst. In FIG. 5, a configuration involving USY catalyst alone
provided a comparable or better diesel yield as compared to configurations where
USY catalyst was stacked above a dewaxing catalyst. Oune exception i3 for a
stacked bed of the USY above 70:1 ZSM-48, where an increase 1w diesel yield
was observed at a processing temperature of 350°C. By contrast, a stacked bed
having a Z5M-48 dewaxing catalyst followed by the USY catalyst showed an
improved digsel yield relative to only the USY catalyst at a range of processing
temperatures. From 330°C to 350°C, using either the 70:1 or the 90:1 Z5M-48

above a USY catalyst resulted in an improved diesel yield at a comparable level of

Conversion.
160131} It is noted that part of the improvement m diesel yield may be due to

an wcrease i the amount of couversion at a given temperature. However, it also
appears that the maximum possible diesel yield as a function of conversion is
mproved.  FlG. & shows a plot of a portion of the data from FIG. 5 that
demonstrates the increase wn the maximum diesel yield. In FIG. 6, the run
corresponding to only the USY catalyst and runs including one bed each of
Z5M-48 and USY are shown. Based on FIG. 6, it appears that an increased diesel
vield can be achieved by processing a feed using a dewaxing catalyst, such as
Z5M-48, followed by a hydrocracking catalyst, such as USY, to produce 65% to
90% conversion. Optionally, the amount of conversion can be selected to be 70%

to 85%,

166132} All of the runs including a dewaxing catalyst also showed an

improvement visually in the quality of the total product. For the run using only a
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USY catalyst, the total liquid product was clear but included a white precipitate.
For the runs mcluding a dewaxing catalyst as well, the total liquid product was
clear, with no apparent precipitate. This suggests an improvement in a cold flow
property (such as cloud point or pour point) for the bottoms or lube portion of the

total liguid product.

Fxample 4: lmoroved Group U Base stock

16133] The integrated hydrocracking and dewaxing process depicted m
Figure 1 was used to make a Group H base stock.  More particularly, using the
process of Figure 1, the first reactor 110 of Figure 1 was configured to do deep
hydrotreating (as shown in configuration A of Figure 2) followed by separation
{as shown 1 120 of Figure 1). The second reactor 130 of Figure 1 was configured
for doing dewaxing followed by hydrocracking in the same reactor {as shown n

configuration E of Figure 3).

130134 Hydrotreating was done i the first reactor under standard
conditions (LHSV = 0.1-10 k"', temperature = 600-800°F, pressure in = 300-3000
psig, and effluent nitrogen between 1 and 100 ppm) with a 50/50 stack of with
KF-848 and Nebula-20 as the hydrotreating catalyst. Separation was done via
standard commercial equipment including high and low pressure, high and low
temperature separators and atmospheric fractionation. In the second reactor,
dewaxing and hydrocracking were domne at process conditions including a
combined LHSV = 2 ', Temperature = 644° F and Pressure =1500 psig. The

L
!
!

dewaxing catalyst used was zeolite Z5M-48 with SVAI ratio = 70, bound with
20% versal alumina binder and loaded with 0.6 Pt%. The hydrocracking catalyst
used was zeolite USY with SV/Al ratio = 80, bound with 20% versal alumina

binder and loaded with 8.6 Pt%.

166135} The feed to the process of Figure 1 included 65wt.% light cycle oil

(LCO) and 35 wt.% vacuum gas ol (VGQO). The conversion was about 70%
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while producing a Group H lube base stock with good vields and higher than
expected viscostty. In contrast, conventional lubes catalytic processing uses 20-40

Y% conversion to meet the viscosity/yield/quality balance.

130136} The Group U lube base stock produced had a kinematic viscosity at
100°C of 15 ¢St and a VI of 106.4. The pour point was -42°C. The aromatics
content was 51 mmol/kg unhydrofinished. The STAR 7 method test results were
a saturates content of 97.1 wt.%, an aromatic ring class 1 of 2.2 wt.%, an aromatic
ring class 2 of 0.2 wt.%, an aromatic ring class 3 of 0.1 wt.%, an aromatic ring
class 4 of 0.5 wt.%, and a recovery of 92.5 wt.%. Of note here is the unexpectedly
high viscosity and high quality of the resulting Group Il base stock using the process
configuration of Figure 1. There 1s less viscosity reduction as compared to base
catalytic processing, and the quality achieved i1s comparable to Group H/I+ base
stock material. It s hypothesized that these results are due to a novel distribution of
naphtheno-aromatic compounds, particularly the high amounts of multi-ring
aromatic and naphtheno-aromatic structures as indicated by the high aromatic
performance ratios {in the range 1.0 to 5.0} for the basestocks of the mventive
material. The pour point is also low, which further indicates some interesting

naphthene structures that are not detrimental to VL

160137} Figure 10 15 UV spectrograph of the mventive Group H base stock
produced using the integrated hydrocracking and dewaxing process depicted in
Figure 1, but to a viscosity of 4.5 ¢St. Also included 1o Figure 10 is a comparative
prior art Group H base stock produced to a viscosity of 4.5 ¢St. The inventive
Group H base stock has a small peak at about a 305 nm wavelength, which is
absent in the prior art Group I base stock, and confirms a compositional
difference between the two, showing the presence of a small amount of 3 to 4+
ring aromatics and naphtheno-aromatics. The absorptivity differences in the UV

spectroscopy test of Figure 2 between the inventive material and the prior-art
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Group Il matenal confum the compositional differences between the two and

these differences gre summarized in Table 4 below.

Table 4;
Inventive Material of Prior-art Gp I base
4.5 ¢St viscosity stock of 4.5¢St viscosity
Absorptivity @ 226 nm .09 V/g-cm 0.12 lVg-cm
Absorptivity (@ 254 nm 0.019 Veg-cm 0.007 Veg-cm
Absorptivity (@ 275 nm 0.022 Veg-cm 0.011 Veg-cm
Absorptivity @ 302 nm 0.0505 Vg-em 0.0064 Vg-cm
Absorptivity (@ 310 nim 0.0370 Vg-cm 0.0073 Vg-cm
Absorptivity @ 325 nim 0.0106 Vg-cm $.0020 Vg-cm
Absorptivity @ 339 nin 0.0147 Vg-om 0.0015 Vg-om
Absorptivity @ 400 nm 0.00112 Vg-cm 0.00016 Vg-cm
100138] We note that according to conventional wisdom, the presence of

such muiti-ring aromatic molecules would be of coucern for oxidative stability,
vet the inventive material retains excellent oxidative stability performance as
evidenced by RPVOT testing results discussed ahead. This result retention of
oxidative stability performance with the presence of wuvwlti-ring aromatic
molecules in the Group II inventive base stock is surprising and unexpected. The
UV spectroscopy testing protocol also allowed for the detection of a small amount
multi-ring aromatics, likely from light cycle oil (LCQO) carryover that would be of

concern to product quality (oxidation, deposii/sludge formation, toxicity, color).



WO 2014/175952 PCT/US2014/017918

- 58 -
160139] This discovery that the presence of 3 to 4+ ring aromatics and

naphtheno-aromatics does not negatively affect the oxidative stability is further
supported by the results of another experiment in which hexahydropyrene i the
form shown by molecule “C” mwm Figure 12 was added to a conventional
hvdrofinished Group [ base stock and a conventional hydrocracked Group I base
stock. Hexahydropyrene 1s a multi-ring naphtheno-aromatic molecule of the type
produced in the inventive matenial as detected by the UV spectroscopy test and by
the mass spectroscopy tests (STAR 7 method). In this experiment, the TOST test
(D943 method) for measuring oxidative stability was run for an industrial oil
blend made from the conventional base stocks described above in the presence
and also in the absence of less than 0.5% by weight of hexahydropyrene. The
results in Figure 13 show that the addition of the less than 0.5% by weight
hexahydropyrene significantly increased the life of both the Group I and Group [T

base stocks.

1631401 The compositional differences between the mmventive material and
the conventional group H base stocks was also evidenced by mass spectroscopy
analysis in which the aromatic and naphtheno-aromatic species were separated
using the method described m U.S. Patent No. 8,114,678, herein incorporated by
reference, and x-class analysis or ring class analysis testing was performed. The
compositional differences were quantified by the aromatic performance ratio,
which is defined as the ratio of the total amount of species of the hydrogen
deficiency ring class numbers ~14, -8 and -6 to the total amount of species of the
hydrogen deficiency numbers -2, 0 and 2. The aromatic performance ratio test
results are summarnized 1 Table 3 below for the nventive Group U base stock and
the prior art Group I base stock with the same kinematic viscosity at 100°C. The
higher aromatic performance ratios for the inventive materials mdicate the
presence of 3-4+ ring species in the mventive material, which confirms the

compositional differences from the prior art Group II base stock.
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Table 3:

Sample Inveuntive Inventive Inventive Prior-art Group
material with | material with | material with H basestock
viscostty 4.5 | viscosity 4.5 | viscosity 4.5 | with viscosity

cSt from cht from cht from 4.5 ¢St
Light cycle HVGO feed | MVGO feed
feed
Aromatic 2.2 4.1 i1 0.7
Performance
Ratio
100141} NMR test results on the inventive Group I lube base stock indicate

less branching diversity on the aromatics ring structures. Typically shorter

branches are due to some LCO carry-over from previous processing steps.
However, the UV spectroscopy data of Figure 10 indicates that the LCO endpoint
barely overlapped with the 4.5 ¢St material boiling range. Initial NMR resulis
confirm some unexpected differences in branching on the molecules as compared
to comparative prior art Group H base stocks. Additionally, shorter branches on
the aromatics would not explain a higher viscosity / better viscosity retention that
was observed for the mmventive material. These differences would not be expected
to lead to an overall better lubes quality, and hence these results are unexpected

and surprising.

Example 5: Improved Group I Base stock Using Different Feeds

160142} The integrated hydrocracking and dewaxing process depicted in

Figure | was used to make Group II base stock with different feeds. Feeds
tncluded beavy vacuuwm gas ol (HVGO), and LHDC [Lube hydrocracker
bottoms]. The mnventive Group I base stocks had a viscosity of 11 ¢St and the

Noack volatility and pour points are shown 1n Table 6 below.



WO 2014/175952 PCT/US2014/017918

- 60 -
Table 6:

S ééﬁ{éﬁéé”;5}5&Q{ﬁé&'@f}&ﬁ{é‘ﬁ&éﬁ'ﬁ'&ﬁ __________
Feed Deseription HDCBottoms VGO VGO
Base $tock Description 11 ¢S5t 11 ¢St 11 ¢St
Noack Volatility, Method B (B3952 or D5800), wiss | 29 3% 13
Pour Point (B3983 or DB950-1}, °C -7 -32 37
106143} The HVGO was also used in a prior art catalytic process that

produced 10-11 ¢St conventional Group I base stocks. The comparative Group I
base stocks had a viscosity of 10-11 ¢St and the Noack volatility and pour points

are shown in Table 7 below.

Table 7
Conventional 6y | Basestock Referentes
L W LI W
Base Stock Description High Aromatics Gp  Basestock | Low Aromaties G U Basestock | High Wax Gy Basestork
ks Veoos BESSLO DS o | 8o S R L
:;BC ! ;GE: '16 "3 q
100144} It can be seen that the inventive Group Il base stocks vielded lower

Noack volatility and pour point compared to the comparative Group Il base
stocks. One hypothesis is that the combination of naphthenes and naphtheno-
aromatic species 1 the wventive Group H base stocks results in both a lower pour
point and a lower Noack volatility than expected. Increased naphthenes alone
would benefit pour point, but would be expected {o ncrease Noack volatility.
Hence, the decrease in Noack volatility is surprising and unexpected. It is
hypothesized that the paraffinic species may be contributing to this surprising

gtfect.
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Example 6: Lubricant Compositions Including Inventive Group 1 Base stock

130145] Lubricant compositious for industrial turbine oils were produced with
the mnventive Group H base stock (5 and 11 ¢St viscosity) along with a prior art
comparative Group I base stock to test the oxidative stability. The industrial turbme
oils were comprised of the mventive or the prior-art reference material and trace
quantities of defoaming additives and pour point depressants, Oxidative stability was
measured using the RPVOT test (ASTM D2272 test for the time i minutes to a 254
psi pressure drop). The oxidative stability results are depicted m Figure 11. The
oxidative stability for the mdustrial turbine formulation using 11 ¢St base stock
showed a strong correlation to total aromatics m the mventive material, whereas the
oxidative stability for the industrial turbine ol formulation using a 5 ¢St base stock
did not correlate with the total aromatic content in the wnventive material. It is
hypothesized that this difference may be due to differences wn multi-ring naphthene
species between the 5 ¢St inventive Group II base stock and the 11 ¢St mventive
Group H base stock, It should be noted that i both cases, the performance 1s
mmproved/higher as compared to the formulation using the conventional base stock
material. It 1s also noted that this is consistent with the results of the
hexahydropyrene experiment described above further vahlidating the oxidative
stability benefits of the inventive Group I base stock due to the prior art

comparative Group 11 base stock due to the multi-ring vaphtheno-aromatic species.

68146} The Applicants have discovered that imventive Group I base stocks in
finished lubricant compositions outperform the prior art Group H lube base stocks mn
the same lubricant compositions. Further investigation 1s needed for saturates and
other species that may be countering some of the negative effects expected from

less paraffinic branching on the aromatics for the mventive Group I base stocks.
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Process Example

130147} The following is a prophetic example. An MVGO feed similar to
the one described above can be processed in a reaction system having two stages.
In the first stage, the feed 15 hydrotreated under effective hydrotreating conditions.
The hydrotreated effluent is then hydrocracked under effective hydrocracking
conditions using a catalyst based on zeolite Y. The hydrotreated, hydrocracked
eftluent 1s then dewaxed i the presence of a dewaxing catalyst suitable for use in
sour service. The catalyst can include a bound Z5M-48 zeolite impregnated with
fess than 1 wt% Pt. The above processes occur without an mtermediate separation

100148} The dewaxed effluent i1s then fractionated. The fractionation
produces both a naphtha product fraction and a diesel product fraction. Because
of the hydrotreatment and dewaxing processes in the first stage, the diesel product
from the fractionator is suitable for use in the diesel pool. The diesel product has
a sulfur content of 15 wppm or less, and a cloud pownt below -10°C. The
fractionator also produces a bottoms fraction. The bottoms fraction has a pour

point below the pour pomnt of the itial MV GO feed.

1301491 The bottoms fraction s passed into a second reaction stage. Due to
the hydrotreatment in the {irst stage, the sulfur content of the bottoms fraction is
fess than 30 wppm. In the second stage, the botioms fraction 1s hydrocracked,
hydrofinished, and then dewaxed. The effluent from the second stage is
fractionated to form a naphtha product, a diesel product, and a lubricant base oil
product. Optionally, a portion of the lubricant base o1l product 1s recycled to

tucrease the amount of diesel produced in the second reaction stage.
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Additional Embodiments:

160150} In a first embodiment, a method is provided for producing a naphtha
fuel, a diesel fuel, and a lubricant basestock. The method includes contacting a
hydrotreated feedstock with a hydrocracking catalyst under first effective
hydrocracking counditions to produce a hydrocracked effluent, the hydrotreated
feedstock being cascaded to the hydrocracking catalyst without intermediate
separation; cascading the entire hydrocracked effluent, without separation, to a
catalytic dewaxing stage; dewaxing the entire bydrocracked effluent under first
effective catalytic dewaxing conditions m the presence of a dewaxing catalyst, the
dewaxing catalyst includes at least one non-dealuminated, unidimensional,
10-member ring pore zeolite and at least one Group VI or Group VI metal or
combination thereof; fractionating the dewaxed effluent to produce at least a
naphtha product fraction, a first diesel product fraction, and a bottoms fraction;
hydrocracking the bottoms fraction under second effective hydrocracking
conditions; dewaxing the bottoms fraction under seccond effective catalytic
dewaxing conditions; and fractionating the hydrocracked, dewaxed bottoms
fraction to form at least a second diesel product fraction and a lubricant base oil

product fraction.

108151 In a second embodiment, a method according to the first
embodiment s provided, wherein the dewaxing of the bottoms fraction is

performed prior to said hydrocracking of the bottoms fraction.

66152} In a third embodiment, a method according to any of the above
embodiments is provided, wherein the bottoms fraction 1s dewaxed prior to said
hydrocracking of the bottoms fraction and after said hydrocracking of the bottoms

fraction.

160153} In a fourth embodiment, a method according to the third

embodiment is provided, wherein the bottoms fraction 15 dewaxed after said
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hydrocracking of the bottoms fraction under thurd effective catalytic dewaxing

conditions,

130154] In a fifth embodiment, a method according to any of the above
embodiments is provided, wheremn the hydrocracked, dewaxed bottoms fraction is

hydrofinished under effective hydrofinishing conditious.

160155] In a sixth embodiment, a method for producing a diesel fuel and a
lubricant basestock is provided. The method mncludes contacting a hydrotreated
feedstock with a dewaxing catalyst under first effective dewaxing conditions to
produce a dewaxed effluent, the dewaxing catalyst includes at least one non-
dealuminated, unidimensional, 10-member ring pore zeolite and at least one
Group VI metal, the combined total sulfur i hiquid and gaseous forms fed to the
dewaxing stage is greater than 1000 ppm by weight of sulfur on the hydrotreated
feedstock basis, the hydrotreated feedstock being cascaded to the dewaxing
catalyst without termediate scparation; fractionating the dewaxed effluent to
produce at least a first diesel product fraction and a bottoms fraction;
hydrocracking the bottoms fraction under second effective hydrocracking
conditions; dewaxing the bottoms fraction under second effective catalytic
dewaxing conditions; and fractionating the hydrocracked, dewaxed bottoms
fraction to form at least a second diesel product fraction and a lubricant base o1l

product fraction.

104156} In a seventh embodiment, a method according to the sixth
embodiment is provided, wherein dewaxing the bottoms fraction occurs prior to

said hydrocracking of the bottoms fraction.

1881571 In an eighth embodument, a method according to the seventh
embodiment is provided, wherein the bottoms fraction is dewaxed prior to said
hydrocracking of the bottoms fraction and dewaxed afier said hyvdrocracking of

the bottoms fraction.
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130158] In a ninth embodunent, a method according to any of the sixth
through eighth embodiments is provided, further comprising conlacting the
dewaxed feedstock with a hydrocracking catalyst under first effective

hydrocracking conditions prior to fractionation of the dewaxed effluent.

160159] In a tenth embodiment, a method according to any of the above
embodiments 1s provided, wherein the second effective catalytic dewaxing
conditions include a temperature that is at least about 20°C lower than a

temperature of the first effective catalytic dewaxing conditions.

168160} In an eleventh embodiment, a method according to any of the above
embodiments is provided, wherein a hydrogen gas introduced as part of first
effective hydrocracking conditions or as part of first effective dewaxing
conditions is chosen from a hydrotreated gas effluent, a clean hydrogen gas, a

recycle gas and combinations thereof.

106161} In a twelfth embodiment, a method according to any of the above
embodiments 1s provided, wherein the dewaxing catalyst comprises a molecular
sieve having a Si0,:ALO; ratio of 200:1 to 30:1 and comprises from 0.1 wt% to
3.33 witYe framework Al O; content, the dewaxing catalyst including from 0.1 to

5wt platinun.

130162} In a thirteenth embodiment, a method according to any of the above
embodiments is provided, wherein the molecular sieve is EU-1, ZSM-35,
ZSM-11, Z8M-57, NU-R7, ZSM-22, EU-2, EU-11, ZBM-30, ZSM-48, ZS5M-23,

or a combination thereof.

188163} In a fourteenth embodiment, a method according to the thirteenth
embodiment 1§ provided, wherein the molecular sieve 158 Z53M-48, Z8M-23, or a

combination thereof, and preferably is Z8M-48.
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160164] In a fifteenth embodiment, a method according to any of the above
embodiments is provided, wherein the dewaxing catalyst comprises at least one
tow surface arca metal oxide, refractory binder, the binder being silica, alumina,

titania, zirconia, or silica-alumina.

168165} In a sixteenth embodiment, a method according to the fifteenth
embodiment is provided, wherein the metal oxide, refractory binder further
comprises a second metal oxide, refractory binder different from the first metal

oxide, refractory binder.

188166} In a fifteenth embodiment, a method according to the fifteenth or
sixteenth embodiment 15 provided, wherein the dewaxing catalyst comprises a
micropore surface area to total surface area ratio of greater than or equal to 25%,
wherein the total surface area equals the surface area of the external zeolite plus
the surface area of the binder, the surface area of the binder being 100 m™/g or

less.

150167} In an eighteenth embodiment, a method according to any of the
above emboduments is provided, wherein the hydrocracking catalyst is a zeolite Y

based catalyst,

100168] In a nineteenth embodiment, a method according to any of the above
embodiments is provided, wherein fractionating to form a lubricant base oil
product fraction comprises forming a plurality of lubricant base oil products,
mecluding a lubricant base ot product having a viscosity of at Jeast 2¢8t, and a
hubricant base oil product having a viscosity of at least 4 ¢St suitable for use in

engine oils made according to SAE J300 i OW-, 3W-, or 10W- grades.

160169 In a twentieth embodiment, a method according to any of the above

embodiments is provided, wherein at least a portion of the lubricant base oil
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product fraction is recycled as aun input to said bydrocracking of the bottoms

fraction,

166170} In a twenty-first embodiment, a method according to any of the
above embodiments 1s provided, wherein the first diesel product fraction has a
higher cetane rating than the hydrotreated effluent, a lower cloud point than the
hvdrotreated effluent, or both a higher cetane rating and a lower cloud point than

the hydrotreated effluent.

160171} In a twenty-second embodiment, a method according to any of the
above embodiments is provided, wherein the first diesel product fraction has a
cloud point of less than -10°C, the second diesel product fraction has a cloud point
of less than -10°C, and the hydrotreated effluent has a cloud point that 1s at least
5°C higher than the first diesel product fraction cloud point or the second diesel

product fraction cloud point.

1001721 In a twenty-third embodiment, a method according to any of the
above embodiments is provided, wherewn the first effective hydrocracking
conditions include a temperature of 200°C to 450°C, a hydrogen partial pressure
of 250 psig to 5000 psig (1.8 MPa to 34.6 MPa), a hquid hourly space velocity of
021 to 101, and a hydrogen treat gas rate of 35.6 m’/u’ to 1781 m'/nr’ (200
SCE/B to 10,000 SCF/B), and preferably the first effective hydrocracking
conditions include a temperature of 300°C to 450°C, a hydrogen partial pressure
of 500 psig to 2000 psig (3.5 MPa-13.9 MPa), a liquid hourly space velocity of
0.3 0" to 2 b, and a hydrogen treat gas rate of 213 m'/ny’ to 1068 m’/ny’ (1200

SCE/B to 6000 SCEF/B).

19173} In a twenty-tourth embodiment, a method according to any of the
above embodiments is provided, wherein the second effective hydrocracking
conditions include a temperature of 200°C to 450°C, a hydrogen partial pressure

of 250 psig to 5000 psig (1.8 MPa to 34.6 MPa), a hquid hourly space velocity of
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0.2 to 101, and a hydrogen treat gas rate of 35.6 m'/m’ to 1781 ni'/m’ (200
SCF/B to 10,000 SCF/B), and preferably the second effective hydrocracking
conditions include a temperature of 300°C to 450°C, a hydrogen partial pressure
of 500 psig to 2000 psig (3.5 MPa-13.9 MPa), a liquid bourly space velocity of
03 1" to 21, and a hydrogen treat gas rate of 213 n’/m’ to 1068 m’/m’ (1200

SCE/B to 6000 SCEF/B).

1301741 In a twenty-fifth embodiment, a2 method according to any of the
above embodiments s provided, wherein the first effective dewaxing conditions
mclude a temperature of from 200°C to 450°C, preferably 270°C to 400°C, a
hydrogen partial pressure of from 1.8 MPa to 34.6 MPa (250 psi to 5000 psi),
preferably 4.8 mPa to 20.8 mPa (700 psi to 3000 psi), a hguid hourly space
velocity of from 0.2 to 10 hr', preferably 0.5 to 3.0 hr', and a hydrogen
circulation rate of from 35.6 to 1781 m*/m’ (200 to 10,000 sci/B), preferably 178
to 890.6 m’/m’ (1000 to 5000 sci/B).

168175} In a twenty-sixth embodiment, a method according to any of the
above embodiments is provided, wheremn the sccond effective dewaxing
conditions mciude a temperature of from 200°C to 430°C, preferably 270°C to
400°C, a hydrogen partial pressure of from 1.8 MPa to 34.6 MPa (250 psi to 5000
psi), preferably 4.8 mPa to 20.8 mPa (700 psi to 3000 psi), a liquid hourly space
velocity of from 0.2 to 10 hr'', preferably 0.5 to 3.0 hr'’, and a hydrogen
circulation rate of from 35.6 to 1781 m’/m’ (200 to 10,000 scf/B), preferably 178

to 890.6 m/m (1000 to 5000 scf/B).

130176} In a twenty-seventh embodiment, a method for producing a diesel
fuel and a lubricant basestock is provided. The wmethod includes contacting a
feedstock with a hydrotreating catalyst under first effective hydrotreating
conditions to produce a hydrotreated effluent; fractionating the hydrotreated
effluent to produce at least a first diesel product fraction and a bottoms fraction;

dewaxing the bottoms fraction under effective catalytic dewaxing conditions, the
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dewaxing catalyst includes at least one non-dealummated, unidumeunsional,
10~-member ring pore zeolite and at least one Group VI metal, Group VI metal or
combination thereof; hydrocracking the bottoms fraction under effective
hydrocracking conditions; and fractionating the hydrocracked, dewaxed bottoms
fraction to form at least a second diesel product fraction and a lubricant base oil

product fraction.

101774 In a twenty-cighth embodiment, a method according to the
twenty-seventh embodument 1s provided, wheretn the effective hydrocracking
conditions include a temperature of 200°C to 450°C, a hydrogen partial pressure
of 250 psig to 5000 psig (1.8 MPa to 34.6 MPa), a liquid bourly space velocity of
0.2 0 to 10 b, and a hydrogen treat gas rate of 35.6 m'/m’ to 1781 m’/m’ (200

SCE/B to 10,000 SCEF/B).

166178} In a twenty-ninth embodiment, a method according to any of the
twenty-seventh or twenty-eighth embodiments is provided, wherem the effective
dewaxing conditions include a temperature of from 200°C to 450°C, a hydrogen
partial pressure of from 1.8 MPa to 34.6 MPa (250 psi to 3000 psi), a liquid
hourly space velocity of from 0.2 to 10 hr'”’, and a hydrogen circulation rate of

from 35.6 to 1781 m’/m’ (200 to 10,000 scf/B).

168179} In a thirtieth embodiment, a method according to any of the
twenty-seventh through twenty-ninth embodiments s provided, wherein the total
conversion of the hydrocracked, dewaxed bottoms relative to the feedstock 15 65%

to 90%, preferably 70% to 85%.

160180 In a thirty-first embodiment, provided is a method for producing a
diesel fuel and a lubricant basestock, mmcluding: contacting a feedstock with a
hvdrotreating catalyst under effective hydrotreating conditions to produce a
hydrotreated effluent; fractionating the hydrotreated effluent to produce at least a

first diesel product fraction and a bottoms fraction; hydrocracking the bottoms
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fraction under effective hydrocracking conditions; dewaxing the bottoms fraction
under effective catalytic dewaxing conditions, the dewaxing catalyst including at
least one non-dealuminated, unidimensional, 10-member ring pore zeolite, and at
least one Group VI wmetal, Group VIH metal or combination thereof; and
fractionating the hydrocracked, dewaxed bottoms fraction to form at least a

second diesel product fraction and a lubricant base o1l product fraction.

{60181} In a thirty-second embodiment, a method according to the
thirty-first embodiment is provided, wherein at least a portion of the first diesel

product fraction is fed to the dewaxing step.

160182} In a thirty-third embodiment, a method according to the thirty-first
to thirty-second embodiments is provided further mncluding combining the first

diesel product fraction and the second diesel product fraction.

160183 In a thirty-fourth embodiment, a method according to the thirty-first
to thirty-third embodiments is provided further including hydrofimshing the
hydrocracked, dewaxed bottoms f{raction under effective hydrofinishing

conditions prior to the second fractionating step.

160184 In a thirty-fifth embodiment, provided is a method for producing a
diesel fuel and a lubricant basestock, including: contacting a feedstock with a
hydrotreating catalyst under effective hydrotreating conditions to produce a
hydrotreated effluent; fractionating the hydrotreated effluent to produce at least a
first diesel product fraction and a first bottoms fraction; dewaxing the bottoms
fraction under effective catalytic dewaxing conditions, the dewaxing catalyst
including at least one non~dealuminated, unidimensional, 10-member ring pore
zeolite, and at least one Group VI metal, Group VI metal or combination
thereof; fractionating the dewaxed bottoms fraction to form at least a second
diesel product fraction and a second bottoms fraction, hydrocracking the second

bottoms fraction under effective hydrocracking conditions to form a third bottoms
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fraction, and fractionating the third bottoms fraction to form at least a paphtha

product fraction, a diesel product fraction and a lubricant base o1l product fraction.

160185] In a thirty-sixth embodiment, a method according to the thirty-fifth
embodiment s provided, wherein at least a portion of the third bottoms fraction is

recycied back to the dewaxing step.

168186] In a thirty-seventh embodiment, a method according to the
thirty-fifth to thirty-sixth embodiments is provided, wherein at least a portion of

the third bottoms fraction s recycled back to the second fractionating step.

1B0IRT] In a thuty-eighth embodunent, a method according to the thirty-fifth
to thirty-seventh embodiments is provided further including hydrofinishing the
third bottoms fraction under effective hydrofinishing conditions prior to the third

fractionating step.

130188 In a thirty-ninth embodiment, provided is a method for producing a
diesel fuel and a lubricant basestock, including: contacting a feedstock with a
hydrotreating catalyst under effective hydrotreating conditions to produce a
hydrotreated effluent; fractionating the hydrotreated effluent to produce at least a
first diesel product fraction and a first bottoms fraction; hydrocracking the first
bottoms fraction under effective hydrocracking conditions to form a second
bottoms fraction; fractionating the second bottoms fraction to form at least a
second diesel product fraction and a third bottoms fraction, dewaxing at least a
portion of the third bottoms fraction under effective catalytic dewaxing
conditions, the dewaxing catalyst mcluding at least one nou-dealuminated,
unidimensional, 10-member ring pore zeolite, and at least one Group VI metal,
Group VIIT metal or combination thereof; and fractionating the dewaxed third
bottoms fraction and the non-dewaxed third bottoms fraction to form at least a
naphtha product fraction, a third diesel product fraction and a lubricant base oil

product fraction.
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168189 In a fortieth embodiment, a method according to the thirty-ninth
embodiment is provided, further wcluding dewaxing a portion of the first diesel
product fraction, the second diesel product fraction or a combination thereof under

effective catalytic dewaxing conditions.

160196] In a forty-first embodiment, a method according to the thirty-ninth
to fortieth embodiments is provided, further including combining the first diesel
product fraction, the second diesel product fraction and the third diesel product

fraction.

168191} In a forty-second embodiment, a method according to the
thirty-ninth  to  forty-first embodiments is provided, further mcluding
hydrofinishing the dewaxed third bottoms fraction under effective hydrofinishing

conditions prior to the third fractionating step.

160192} In a forty-third embodiment, provided is a method for producing a
naphtha fuel, a diesel fuel, and a lubricant basestock including: contacting a
hydrotreated feedstock without intermediate separation with a hydrocracking
catalyst under first effective hydrocracking conditions to produce a hydrocracked
effluent; catalytically dewaxing without miermediate separation the entire
hydrocracked effluent under first effective catalvtic dewaxing conditions in the
presence of a first dewaxing catalyst wncluding at least one non-dealuminated,
umidimensional, 10-member ring pore zeolite, and at least one Group VI metal or
Group VIHI metal or combination thereof to form a dewaxed effluent, wherein the
combined total sulfur in hiquid and gaseous forms fed to the catalvtic dewaxing
step is greater than 1000 ppm by weight of sulfur on a hydrotreated feedstock
basis; fractionating the dewaxed effluent to produce at least a naphtha product
fraction, a first diesel product fraction, and a bottoms fraction; hydrocracking the
bottoms fraction under second effective hydrocracking conditions; catalytically
dewaxing the bottoms fraction under second effective catalytic dewaxing

conditions in the presence of a second dewaxing catalyst including at least one
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non-dealuminated, unidimensional, 10-member ring pore zeolite, and at least one
Group VI metal or Group VIH metal or combination thereof; and fractionating the
hydrocracked, dewaxed bottoms fraction to form at legast a second diesel product

fraction and a lubricant base oil product fraction.

168193 In a forty-fourth embodiment, a method according to the forty-third
embodiment is provided, wherein the first dewaxing catalyst, the second
dewaxing catalyst, or both the first dewaxing catalyst and the second dewaxing

catalyst miclude at least one low surface area metal oxide, refractory binder.

[60194] In a forty-fifth embodiment, a method according to the forty-third to
forty-fourth embodiments is provided, wherein the catalytically dewaxing of the
bottoms fraction occurs prioy to the second hydrocracking step, after the second

hydrocracking step, or both prior to and after the secoud hydrocracking step.

160195] All patents and patent applications, test procedures (such as ASTM
methods, UL methods, and the hike), and other documents cited herein are fully
tncorporated by reference to the extent such disclosure is not inconsistent with this

invention and for all jurisdictions in which such incorporation is permitted.

160196} When numerical lower limits and numerical upper himits are listed
herein, ranges from any lower hmit to any upper limit are contemplated. While
the illustrative embodiments of the wvention have been described with
particularity, it will be understood that various other meodifications will be
apparent to and can be readily made by those skilled in the art without departing
from the spirit and scope of the invention. Accordingly, it is not intended that the
scope of the claims appended hereto be limited to the examples and descriptions
set forth herein but rather that the claims be construed as encompassing all the
features of patentable novelty which reside in the present wavention, including all
features which would be treated as equivalents thereof by those skilled in the art

to which the mvention pertains.
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1681971 The present invention has been described above with reference to
numerous embodiments and specific examples. Many variations will suggest
themselves to those skilled i this art m hight of the above detailed description.
All such obvious variations are within the full mtended scope of the appended

claims.
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CLAIMS:

I. A Group I lube basestock comprising from greater than or equal to 90 wt.%
saturates, and less than 10 wi.% aromatics, and having an aromatic performance

ratio between 1.0 and 5.0.

2. The lube base stock of clause 1, wherein the kinematic viscosity at 100 deg.
C is between 4.0 and 6.0 ¢5t, and wherein the UV absorptivity at a wavelength

between 280 nm and 320 nm is between 0.015 and 0.07 Veg-cm.

3. The lube base stock of clause 1, wherein the kinematic viscosity at 100 deg.
{" is between 6.0 and 12.0 c5t, and wherein the UV absorptivity at a wavelength

between 260 nm and 320 nun s between .001 and 0.02 Vg-cm.

4. The lube base stock of clauses 1-3 further inchuding naphtheno-aromatics
and, wherein the 3-4+ ring species of the aromatics and the naphtheno-
aromatics ranges from 20 to 85 wt.% of the total aromatics and the naptheno-

aromatics.

5. The lube base stock of clauses 1-4, wherein the kinematic viscosity at 100°C

of the base stock ranges from S to 20 ¢St

6. The lube base stock of clauses [-5, wheren the Viscosity Index of the lube

base stock is from 80 to 120.

7 The lube base stock of clauses 1-6 having a Noack volatility of less than 2

wt.% for a viscosity of at least 10 ¢St
. The lube base stock of clauses 1-7 having a pour point less than -20°C.

8. A lubricating oil including the lube base stock of clauses -8 and an effective

amount of one or more one or more habricant additives.
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10. The lubricating oil of clause 9, wheremn the one or more one or more
tubricant additives are selected from the group consisting of antioxidants,
stabilizers, detergents, dispersants, demulsifiers, antioxidants, anti-wear
additives, viscosity index modifiers, pour point depressants, friction modifiers,
anti-foam additives, defoaming agents, corrosion inhibitors, wetting agenis, rust
inhibitors, copper passivators, metal deactivators, extreme pressure additives,

and combinations thereof,

11. The lubricating oil of clauses 9-10, wherein the RPVOT per the D2272 test
method yields a time to a 254 psi pressure drop of between 820 to 1,000

rHnues.

12. A method for producing a diesel fuel and a Group Il base stock, comprising:
contacting a feedstock with a hydrotreating catalyst under first effective
hydrotreating conditions to produce a hydrotreated effluent; fractionating the
hvdrotreated effluent to produce at least a first diesel product fraction and a
bottoms fraction; dewaxing the bottoms fraction under effective catalytic
dewaxing couditions, the dewaxing catalyst including at least ope non-
dealuminated, unidimensional, 10-member ring pore zeolite, and at least one
Group VI metal, Group VIII metal or combination thereof, hydrocracking the
hottoms fraction under effective hydrocracking conditions; and fractionating the
hydrocracked, dewaxed bottoms fraction to form at least a second diesel product
fraction and a Group Il lubricant base stock product fraction, wherein the Group
IT lubricant base stock product fraction includes greater than or equal to 90 wt.%
saturates, and less than 10 wt% aromatics, and has an aromatic performance

ratio between 1.0 and 5.0.

13. The method of clause 12, wherein the effective hydrotreating conditions
tnclude a temperature of from 200°C to 450°C, hydrogen partial pressure of

from 1.8 MPa to 34.6 MPa (250 psi to 5000 psi), a liguid hourly space velocity
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of from 0.2 to 10 b, and a hydrogen circulation rate of from 35.6 to 1781

m/m’ (200 to 10,000 scf/B).

14. The method of clause 13, wherein the effective hydrocracking conditions
include a temperature of 200°C to 450°C, a hydrogen partial pressure of 250 psig
to S000 psig (1.8 MPa to 34.6 MPa), a liquid hourly space velocity of 0.2 b to
10 17, and a hydrogen treat gas rate of 35.6 m’/my’ to 1781 m'/m’ (200 SCF/B to

16,000 SCEF/B).

15. The method of clause 14, wherewn the effective dewaxing conditions include
a temperature of from 200°C to 450°C, a hydrogen partial pressure of from 1.8
MPa to 34.6 MPa (250 pst to 3000 psi), a higuid hourly space velocity of from
0.2 to 10 hr'', and a hydrogen circulation rate of from 35.6 to 1781 m>/m’ (200 to

10,000 sci/B).



