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BRIGHT STOCK PRODUCTION FROM LOW SEVERITY RESID DEASPHALTING

FIELD

[0001] Systems and methods are provided for production of lubricant oil base stocks from
deasphalted oils produced by low severity deasphalting of resid fractions.

BACKGROUND

[0002] Lubricant base stocks are one of the higher value products that can be generated from
a crude oil or crude oil fraction. The ability to generate lubricant base stocks of a desired quality
is often constrained by the availabiliy of a suitable feedstock. For example, most conventional
processes for lubnicant base stock production involve starting with a crude fraction that has not
been previously processed under severe conditions, such as a virgin gas oil fraction from a crude
with moderate to low levels of initial sulfur content.

[0003} In some siteations, a deasphalted oil formed by propane desaphalting of a vacuum
resid can be used for additional lubricant base stock production. Deasphalted oils can potentially
be suitable for production of heavier base stocks, such as bright stocks. However, the severity of
propane deasphalting required in order to make a suitable feed for lubricant base stock production
typically results in a vield of only about 30 wt% deasphalted oil relative to the vacuum resid feed.
[0004] U.S. Patent 3.4 14.506 describes methods for making lubricating oils by hvdrotreating
pentane-alcohol-deasphalted short residue, The methods mchude performing deasphalting on a
vacuum resid fraction with a deasphalting solvent comprising a mixture of an alkane, such as
pentane, and one or more short chain alcohols, such as methanol and isopropy! alcohol. The
deasphalted oil 1s then hydrotreated, followed by solvent extraction to perform sufficient V1 uplift
to form lubncating oils.

[0005] U.S. Patent 7,776,206 describes methods for catalytically processing resids and/or
deasphalted oils to form bright stock. A resid-derived stream, such as a deasphalied oil, is
hydroprocessed to reduce the sulfur content to less than 1 wi% and reduce the nitrogen content to
less than (.5 wi%. The hydroprocessed stream is then fractionated to form a heavier fraction and
a lighter fraction at a cut point between 1150°F — 1300°F (620°C — 705°C). The Lighter fraction is
then catalytically processed in various manners to form a bright stock.

SUMMARY

[00066} In various aspects, methods are provided for producing lubricant base stocks, such as
bright stocks, from deasphalted oils generated by deasphalting with high deasphalting yield, such
as bv using Ca+ deasphalting solvents. The deasphalted oil yield can be at least 30 wt% relative to
the feed to deasphalting, or at least 55 wi%, or at least 60 wit%, or at least 63 wt%, or at least 70
wt%, or at least 75 wt%. OGroup I base stocks {including bright stock) can be formed without
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performing a solvent extraction on the deasphalted oil. Group II and/or Group HI base stocks
(including bnight stock) can be formed using a combination of catalytic and solvent processing,.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007] FIG. 1 schematically shows an example of a configuration for processing a

deasphalted oil to form a lubricant base stock.

[0008] FIG. 2 schematically shows another example of a configuration for processing a
deasphalted oil to form a lubricant base stock.

[0069] FIG. 3 schematically shows another example of a configuration for processing a
deasphalted oil to form a lubricant base stock.

[0010] FIG. 4 shows results from processing a pentane deasphalted oil at various levels of
hydroprocessing severity.

[0011] FIG. 5 shows results from processing deasphalted oil in configurations with various
combinations of sour hydrocracking and sweet hyvdrocracking,

[0012] FIG. 6 schematically shows an example of a configuration for catalytic processing of
deasphalted o1l to form lubricant base stocks.

[0013] FIG. 7 shows properites of lubricant base stocks made from various propane
deasphalted feeds and reference base stocks.

[0014] FIG. 8 shows properties of lubnicant base stocks made from various butane
deagphalted feeds.

[0015] FIG. 9 shows propertics of lubricant base stocks made from various pentane
deasphalted feeds.

[0016] FIG. 10 shows properties of lubricant base stocks made from various pentane
deasphalted feeds.

DETAILED DESCRIPTION

[0017] All numerical values within the detailed description and the clazms 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

[0018] In various aspects, methods are provided for producing Group I and Group I lubricant
base stocks, mchuding Group I and Group H bright stock, from deasphalted oils generated by low
severity Cu+ deasphalting. Low severity deasphalting as used herein refers to deasphalting under
conditions that result in a high vield of deasphalted oil (and/or a reduced amount of rejected asphalt
or rock), such as a deasphalted oil yvield of at least 30 wi% relative to the feed to deasphalting, or
at least 55 wit%, or at least 60 wi%, or at least 65 wi%s, or at least 70 wt%, or at Teast 75 wtSs. The
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Group | base stocks (including bright stock) can be formed without performing a solvent extraction
on the deasphalted oil. The Group H base stocks (including bnight stock) can be formed using a
combination of catalytic and solvent processing. In contrast with conventional brnght stock
produced from deasphalted o1l formed at low severity conditions, the Group I and Group II bright
stock described herein can be substantially free from haze after storage for extended periods of
time. This haze free Group H bright stock can correspond to a bright stock with an unexpected
composition.

[0019] In various additional aspects, methods are provided for catalvtic processing of s
deasphalted oils to form Group II bright stock. Fomming Group II bright stock by catalytic
processing can provide a bright stock with unexpected compositional properties.

[0020] Conventionally, crude oils are often described as being composed of a varety of
boiling ranges. Lower boiling range compounds in a crude il correspond to naphtha or kerosene
fuels. Intermediate boiling range distillate compounds can be used as diesel fuel or as lubricant
base stocks. Hany higher boiling range compounds are present in a crude oil, such compounds are
considered as residual or “resid” compounds, corresponding to the portion of a crude ol that is left
over after performing atmospheric and/or vacuwum distillation on the crude oil.

[0021] In some conventional processing schemes, a resid fraction can be deasphalted. with
the deasphalted oil used as part of a feed for forming lubricani base stocks. In conventional
processing schemes a deasphalted oil used as foed for forming lubricant basc stocks is produced
using propanc deasphalting. This propane deasphalting comesponds to a “high seventy”
deasphalting, as indicated by a typical yield of deasphalted oil of about 40 wtS or less, often 30
wt% or less. relative to the initial resid fraction. In a typical lubricant base stock production
process, the deasphalted oil can then be solvent extracted to reduce the aromatics content, followed
by solvent dewaxing to form a base stock. The low vield of deasphalted oil is based in part on the
mabality of conventional methods to produce lubricant base stocks from lower severity
deasphalting that do not form haze over time.

[0022] In some aspects, it has been discovered that using a mixture of catalytic processing,
such as hydrotreatment, and solvent processing, such as solveni dewaxing, can be used to produce
lubricant base stocks from deasphalted oil while also producing base stocks that have litle or no
tendency to form haze over extended periods of time. The deasphalted oil can be produced by
deasphalting process that uses a Cs solvent, a Cs solvent, a Cs- solvent, a mixture of two or more
Ca- solvents, or a mixture of two or more Cs+ solvents. The deasphalting process can further
correspond to a process with a vicld of deasphalted oil of at least 50 wt% for a vacuum resid feed

having a T10 distillation point (or optionally a T5 distillation point) of at least 510°C, or a yield of
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at least 60 wt%%, or at least 635 wt%, or at least 70 wit%h. 1t isbelieved that the reduced haze formation
1s duc i part to the reduced or minumized diffcrential between the pour point and the cloud point
for the base stocks and/or due 1n part to forming a bright stock with a cloud point of -5°C or less.
[0023] For production of Group I base stocks, a deasphalted oil can be hydroprocessed
{hydrotreated and/or hvdrocracked) under conditions sufficient to achieve a desired viscosity index
increase for resulting base stock products. The hydroprocessed effluent can be fractionated to
separate lower boiling portions from a lubnicant base stock boiling range portion. The lubncant
base stock boiling range portion can then be solvent dewaxed to produce a dewaxed effluent. The
dewaxed effluent can be separated to form a plurality of base stocks with a reduced tendency (such
as no tendency} to form haze over time.

[0024] For production of Group H basc stocks, in some aspects a deasphalted oil can be
hydroprocessed (hydrotreated and/or hydrocracked), so that ~700°F+ (370°CH+) conversion is 10
wt%to 40 wt%. The hvdroprocessed effluent can be fractionated to separate lower boiling portions
from a lubricant base stock boiling range portion. The lubricant boiling range portion ¢an then be
hydrocracked, dewaxed, and hyvdrofinished to produce a catalyticaly dewaxed cffluent. Optionally
but preferably, the lubricant boiling range portion can be underdewaxed, so that the wax confent
of the catalytically dewaxed heavier portion or potential bright stock portion of the effluent is at
least 6 wt%, or at least 8 wt%, or at least 10 wi%. This underdewaxing can also be suitable for
forming light or medium or heavy neutral lubricant base stocks that do not require further solvent
upgrading to form haze free base stocks. In this discussion, the heavier portion / potential bright
stock portion can roughly correspond to a 538°C+ portior of the dewaxed effluent.  The
catalytically dewaxed heavier portion of the effluent can then be solvent dewaxed to form a solvent
dewaxed effluent. The solvent dewaxed effluent can be separated to form a plurality of base stocks
with a reduced tendency (such as no tendency) to form haze over time, including at least a portion
of a Group H bright stock product.

[0025] For production of Group II base stocks, in other aspects a deasphalted oil can be
hydroprocessed (hydrotreated and/or bvdrocracked), so that 370°C+ conversion is at least 40 wi%,
or at least 30 wit%. The hydroprocessed effluent can be fractionated 1o separate lower boiling
portions from a lubricant base stock boiling range portion. The lubricant base stock boiling range
portion ¢an then be hydrocracked, dewaxed, and hydrofinished to produce a catalytically dewaxed
effluent. The catalytically dewaxed effluent can then be solvent extracted to form a raffinate. The
raffinate can be separated to form a plurality of base stocks with a reduced tendency (such as no
tendency) to form haze over time, including at least a portion of a Group 1l bright stock product.

[0026] In other aspects, it has been discovered that catalytic processing can be used to
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produce Group 11 bright stock with unexpected compositional properties from Cs, Cs, Cs, and/or
Cs+ deasphalted oil. The deasphalted oil can be hydrotreated to reduce the content of heteroatoms
(such as sulfur and nitrogen), followed by catalytic dewaxing under sweet conditions. Optionally,
hydrocracking can be included as part of the sour hydrotreatment stage and/or as part of the sweet
dewaxing stage.

[0027] In various aspects, a variety of combinations of catalvtic and/or solvent processing
can be used to form lubricant base stocks, including Group 1l bright stock, from deasphalted oils.
These combinations include, but are not limited to:

[0028] a) Hydroprocessing of a deasphalted oil under sour conditions (i.e.. sulfur content of
at least 500 wppm); separation of the hydroprocessed effluent to form at least a lubricant boiling
range fraction; and solvent dewaxing of the lubricant boiling range fraction. In some aspects, the
hydroprocessing of the deasphalted o1l can correspond 1o hydrotreatment, hydrocracking, or a
combination thereof.

[0029] b) Hydroprocessing of a deasphalted oil under sour conditions {i.e., sulfur content of
at least 500 wppm); separation of the hydroprocessed cffluent to form at least a lubricant boiling
range fraction; and catalytic dewaxing of the lubricant boiling range fraction under sweet
conditions (1.e., 500 wppm or less sulfur). The catalytic dewaxing can optionally correspond 1o
catalytic dewaxing using a dewaxing catalyst with a pore size greater than 8.4 Angstroms.
Optionally, the swect processing conditions can further mclude hydrocracking, noble metal
hydrotreatment, and/or hydrofinishing. The optional hvdrocracking, noble metal hydrotreatment,
andfor hydrofinishing can ocour prior to and/or after or afier catalytic dewaxing. For example, the
order of catalytic processing under sweet processing conditions can be noble metal hydrotreating
followed bv hydrocracking followed by catalytic dewaxing.

[0030] c) The process of b) above, followed by performing an additional separation on at
least a portion of the catalytically dewaxed effluent. The additional separation can correspond to
solvent dewaxing., solvent extraction (such as solvent extraction with furfural or n-
methylpyroltidone), a physical separation such as ultracentrifugation, or a combination thereof.
[0031] d} The process of a) above, followed by catalyvtic dewaxing (sweet conditions) of at
least a portion of the solvent dewaxed product. Optionally, the sweet processing conditions can
further include hydrotreating (such as noble metal hydrotreating), hydrocracking andfor
hydrofinishing. The additional sweet hydroprocessing can be performed prior to and/or after the
catalytic dewaxing,.

[0032] Group 1 base stocks or base oils are defined as base stocks with less than 90 wt%

saturated molecules and/or at least 0.03 wt% sulfur content. Group I base stocks also have a
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viscosity index (VI) of at least 80 but less than 120. Group U base stocks or base oils contain at
least 90 wt% saturated molecules and less than (.03 wt% sulfur. Group I1 base stocks also have a
viscosity index of at least 80 but less than 120. Group I base stocks or base oils contain at least
90 wt%% saturated molecules and less than 0.03 wi% sulfur, with a viscosity mdex of at least 120.
[0033] In some aspects. a Group IIf base stock as described herein may correspond to a
Group HIH base stock. Although a generally accepted definition is not available, a Group I11+ base
stock can generally correspond to a base stock that satisfies the requirements for a Group I base
stock while also having at least one property that is enhanced relative to a Group HI specification.
The enhanced property can correspond to. for example, having a viscosity index that is
substantially greater than the requived specification of £20, such as a Group III base stock having
a VI of at least 130, or at least 135, or at keast 140. Similarly, in some aspects, a Group II bhase
stock as described herein may correspond to a Group Ii+ base stock. Although a generally accepted
definition is not available, a Group H+ base stock can generally correspond 1o a base stock that
satisfies the requirements for a Group II base stock while also having at least one property that is
enhanced relative to a Group Il specification. The enhanced property can comespond to, for
example, having a viscosity index that is substantially greater than the required specification of 80,
such as a Group 11 base stock having a VI of at least 103, or at least 108, or af least 113.

[0034] 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
include 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 catalvst and partially with a
dewaxing catalyst. For convenience in description, even though the two catalvsts may be stacked
together in a single catalvst bed, the hydrocracking catalvst and dewaxing catalyst can each be
referred to conceptually as separate catalyst beds.

[0035] In this discussion, conditions may be provided for various types of hydroprocessing
of feeds or effluents. Examples of hydroprocessing can include, but are not limited to, one or more
of hvdrotreating, hydrocracking, catalytic dewaxing, and hvdrofinishing / aromatic saturation.
Such hydroprocessing conditions can be controlled to have desired values for the conditions (e.g.,
temperature, pressure, LHSV, treat gas rate) by using at least one controller, such as a phirality of
controllers, to control one or more of the hydroprocessing conditions. [n some aspects, for a given
type of hydroprocessing, at least one controller can be associated with each type of

hydroprocessing condition. In some aspects, one or more of the hydroprocessing conditions can



WO 2017/117166 PCT/US2016/068786

e

be controlled by an associated controller. Examples of structures that can be controlled by a
controtler can include, but arc not limited to, valves that conirol a flow rate, a pressure, or a
combination thereof; heat exchangers and/or heaters that confrol a temperature; and one or more
flow meters and one or more associated valves that control relative flow rates of at least two flows.
Such controllers can optionally include a controller feedback loop including at Ieast a processor, a
detector for detecting a value of a control vaniable (e.g., temperature, pressure, flow rate, and a
processor output for controlling the value of a manipulated vaniable (¢.g., changing the position of
a valve, increasing or decreasing the duty cycle and/or temperature for a heater). Optionally, at
lsast one hydroprocessing condition for a given type of hydroprocessing may not have an
associated controller.

[0036] In this discussion, unless otherwise specified a lubricant boiling range fraction
corresponds to a fraction having an initial boiling poiut or altematively a TS boiling point of at
least about 370°C (~700°F). A distillate fuel boiling range fraction, such as a diesel product
fraction, corresponds to a fraction having a boiling range from about 193°C (375°F) to about 370°C
(~700°F). Thus, distiltate fuel boiling range fractions (such as distillate fucl product fractions) can
have initial boiling points (or altematively TS boiling points) of at lcast about 193°C and final
boiling points (or altematively T95 boiling points) of about 370°C or less. A naphtha boiling range
fraction corresponds to a fraction having a boiling range from about 36°C (122°F) to about 193°C
{375°F) to about 370°C (~700°F). Thus, naphtha fuel product fractions can have initial boiling
points (or altematively T3 boeiling points) of at least about 36°C and final boiling points (or
alternatively T93 boiling points) of about 193°C orless. 1tisnoted that 36°C roughly corresponds
to a boiling point for the various 1somers of a C5 alkane. A fuels boiling range fraction can
correspond to a distillate fuel boiling range fraction, a naphtha boiling range fraction, or a fraction
that includes both distillate fuel boiling range and naphtha boiling range components. Light ends
are defined as products with boiling peints below about 36°C, which include vanicus C1 - C4
compounds. When determining a boiling pomnt or a boiling range for a feed or product fraction, an
appropriate ASTM test method can be used, such as the procedures described in ASTM D2887,
D2892, and/or D86. Preferably, ASTM D2887 should be used unless a sample is not appropriate
for characterization based on ASTM D2887. For example, for samples that will not completely
clute from a chromatographic column. ASTM D7169 can be used.

Feedstocks

[0037] In various aspects, at least a portion of a feedstock for processing as described herein
can correspond to a vacuum resid fraction or another type 930°F+ (510°C+) or 1000°F+ (538°C+)
fraction. Another example of a mcthod for forming a 950°F+ (510°C+) or 1000°F+ (538°C+)
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fraction is to perform a high temperature flash separation. The 950°F+ (510°C+) or 1000°F+
(538°C+) fraction formed from the high temperature flash can be processed in a manner similar to
a vacuum resid.

[0038] A vacuum resid fraction or a 950°F+ (510°C+) fraction formed by another process
{such as a flash fractionation bottoms or a bitumen fraction) can be deasphalted at low severity to
form a deasphalted cil. Optionally, the feedstock can also melude a portion of a conventional feed
for fubricant base stock production, such as a vacuum gas oil.

[0039] A vacuum resid (or other 510°C+) fraction can correspond to a fraction with a TS
distillation point (ASTM D2892_ or ASTM D7169 if the fraction will not completely elute from a
chromatographic system) of at least about 900°F (482°C), or at least 950°F (310°C), or at least
10G0°F ¢538°C). Alternatively, a vacuum resid fraction can be characterized based on a T10
distillation point (ASTM D2892 / D7169) of at least about 90(°F (482°C), or at least 950°F
{510°C). or at least 1000°F (338°C).

[0040] Resid (or other 510°C+) fractions can be high in metals. For example, a resid fraction
can be high in total nickel, vanadium and iron confents. in an aspect, a resid fraction can contain
at least 0.00005 grams of Ni/V/Fe (50 wppm) or at least 0.0002 grams of Ni/V/Fe (200 wppm) per
gram of resid, on a total elemental basis of nickel, vanadium and iron. In other aspects, the heavy
oil can contain at least 500 wppm of nickel, vanadivm, and iron, such as up to 1000 wppm or more.
[0041] Contaminants such as nitrogen and sulfur arc typically found in resid (or other
510°C+) fractions, often in organicallv-bound form. Nifrogen countent can range from about 50
wppm to about 10,000 wppm elemental nitrogen or more, based on total weight of the resid
fraction. Sulfur content can range from 500 wppm to 100,000 wppm elemental sulfur or more,
based on total weight of the resid fraction, or from 1000 wppm to 50,000 wppm, or from 1000
wppm to 30,000 wppm.

[0042] Still another method for characterizing a resid (or other 510°C+) fraction is based on
the Conradson carbon residue (CCR) of the feedstock. The Conradson carbon residue of a resid
fraction can be at least about 5 wi%, such as at least about 10 wi% or at least about 20 wt%.
Additionally or alternately, the Conradson carbon residuc of a resid fraction can be about 50 wt%
or less, such as about 40 wt?6 or less or about 30 wt% or less.

[0043] In some aspects, a vacuum gas oil fraction can be co-processed with a deasphalted
oil. The vacuum gas oil can be combined with the deasphalted oil in various amounts ranging from
20 parts (by weight) deasphalted o1l to | part vacuum gas oil (i.c., 20 : 1) to 1 part deasphalted oil
to 1 part vacuum gas oil. In some aspects, the ratio of deasphalted oil to vacuum gas o1l can be at
least 1 : 1 by weight, or at least 1.5 : 1, or at least 2 : 1 Typical (vacuum) gas oil fractions can



WO 2017/117166 PCT/US2016/068786

S

include, for example, fractions with a T3 distillation point to T95 distillation point of 650°F
(343°C) — 1050°F (566°C), or 650°F (343°C) — 1000°F (538°C), or 650°F (343°C) - 950°F
(510°C), or 650°F (343°C) — 900°F (482°C), or ~700°F (370°C) — 1050°F (566°C), or ~T00°F
(370°C) — 1000°F (538°C), or ~700°F (370°C) — 950°F (510°C), or ~700°F (370°C) — 900°F
{482°C), or T50°F (399°C) - 1050°F (566°C), or T50°F (399°C) ~ 1000°F (538°C), or 750°F
(399°C) — 950°F (510°C), or 750°F (399°C) — 900°F (482°C). For example a suitable vacuum gas
oil fraction can have a TS distillation point of at least 343°C and a T95 distillation point of 566°C
or less; or a T10 distillation point of at least 343°C and a T90 distillation point of 566°C or less; or
a T5 distillation point of at least 370°C and a T95 distillation point of 566°C or less; or a T5
distillation point of at least 343°C and a T95 distillation point of 538°C or less.

Solvent Deasphalting

[0044] Solvent deasphalting s a solvent extraction process. In some aspects, suitable
solvents for methods as described herein include alkanes or other hvdrocarbons (such as atkenes)
containing 4 to 7 carbons per molecule. Examples of suitable solvents include n-butane, isobutane,
n-pentane, Ca+ alkanes, Cs+ alkanes, Ca+r hydrocarbons, and Cs+ hydrocarbons. In other aspects,
suitable solvents can include Cs hvdrocarbons, such as propanc. In such other aspects, examples
of suitable solvents include propane, n-butane, isobutane, n-pentane, Cs+ alkanes, Ca: alkanes, Css
alkanes, Ca+ hydrocarbons, Cs+ hydrocarbons, and Cs+ hydrocarbons

[0045] In this discussion, a solvent comprising Ca (hydrocarbons) is defined as a solvent
composed of at least 30 wi% of alkanes (hvdrocarbons) having n catbon atoms, or at least 85 wi%,
or at least 20 wt%, or at least 95 wt%, or at least 98 wt%. Similarly, a solvent comprising Cu-
{hydrocarbons) is defined as a solvent composed of at least 80 wit% of alkanes (hydrocarbons)
having n or more carbon atoms. or at least 85 wi%, or at least 90 wt%, or at least 95 wt%, or at
least 98 wit%.

[0046] In this discussion, a solvent comprsing Cn alkanes (hvdrocarbons) is defined to
include the situation where the solvent corresponds to a single alkane (hydrocarbon) containing n
carbon atoms (for example, n=73. 4, 5. 6, 7) as well as the situations where the solvent is composed
of a mixture of alkanes (hydrocarbons) containing n carbon atoms. Similarly, a solvent comprising
Co+ alkanes (hvdrocarbons) is defined to include the situation where the solvent comresponds to a
single alkane (hydrocarbon) containing n or more carbon atoms (for example,n=3,4,5,6, T} as
well as the situations where the solvent corresponds to a mixture of alkanes (hvdrocarbons)
containing n or more carbon atoms. Thus, a solvent comprising Cs+ alkanes can correspond to a
solvent including n-butane; a solvent include n-butane and isobutane; a solvent corresponding to a

mixture of onc or more butanc isomers and one or more penianc isomers; or any other convenient
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combination of alkanes containing 4 or more carbon atoms. Similarly, a solvent comprising Cs-
alkanes (hydrocarbons) is defined to include a solvent comesponding to a single alkane
(hydrocarbon) or a solvent cormresponding to 2 nuxture of alkanes (hvdrocarbons) that contain 5 or
more carbon atoms. Alternatively, other types of solvents may also be suitable, such as
supercritical fluids. In various aspects, the solvent for solvent deasphalting can consist essentially
of hydrocarbons, so that at least 98 wit% or at least 99 wi% of'the solvent corresponds to compounds
containing only carbon and hydrogen. In aspects where the deasphalting solvent cormespondsto a
Ca+ deasphalting solvent, the Cs+ deasphalting solvent can mchude less than 15 wi% propane and/or
other C3 hydrocarbons, or less than 10 wt%, or less than 5 wt%, or the Ce+ deasphalting solvent
can be substantially free of propane and/or other Cs hydrocarbons (less than 1 wi%). In aspects
where the deasphalting solvent corresponds to a Cs- deasphalting solvent, the Cs+ deasphalting
solvent can include less than 135 wt% propane, butane and/or other Cs - Cs hydrocarbons, or less
than 10 wt%, or less than 5 wit%, or the Cs- deasphalting solvent can be substantially free of
propane, butane. and/or other Ci — €y hyvdrocarbons (less than 1 wi%j). In aspects where the
deasphalting solvent corresponds to a C;+ deasphalting solvent, the Cs+ deasphalting solvent can
in¢lude less than 10 wi% ethane and/or other Cz hydrocarbons, or less than 5 wit%, or the Ci+
deasphalting solvent can be substantially free of cthanc andfor other Ca hydrocarbons (less than 1
wt%0).

[0047] Deasphalting of heavy hydrocarbons, such as vacuum resids, is known in the art and
practiced commercially. A deasphalting process typically comesponds to contacting a heavy
hyvdrocarbon with an alkane solvent (propane, butane, pentane, hexane, heptane etc and their
isomers), either in pure form or as mixtures, to produce twe types of product streams. One type of
product stream can be a deasphalted o1l extracted by the alkane, which is further separated to
produce deasphalted oil stream. A second tvpe of product stream can be a residual portion of the
feed not soluble in the solvent, often referred to as rock or asphaltene fraction. The deasphalted ot
fraction can be further processed into make fucls or lubricants. The rock fraction can be further
used as blend component to produce asphalt, fuel oil, and/or other products. The rock fraction can
also be used as feed to gasification processes such as partial oxidation, fluid bed combustion or
coking processes. The rock can be delivered to these processes as a liquid (with or without
additional components) or solid (either as pellets or lumps).

[0048] During solvent deasphalting, a resid boiling range feed (optionally also including a
portion of a vacuum gas oil feed) can be mixed with a solvent. Portions of the feed that are solable
in the solvent are then extracted, leaving behind a residue with little or no solubility in the solvent.
The portion of the deasphalied feedstock that is extracted with the solvent is often referred to as
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deasphalted oil. Typical solvent deasphalting conditions include mixing a feedstock fraction with
a solvent in a weight ratio of from about 1 : 2 to about 1 : 10, such as about 1 : 8 or less. Tvpical
solvent deasphalting temperatures range from 40°C to 200°C, or 40°C to 150°C, depending on the
nature of the feed and the solvent. The pressure during solvent deasphalting can be from about 50
psig (345 kPap) to about 500 psig (3447 kPag).

[0049] It is noted that the above solvent deasphalting conditions represent a general range,
and the conditions will varv depending on the feed. For example, under typical deasphalting
conditions, increasing the temperature can tend to reduce the yield while increasing the quality of
the resulting deasphalted oil. Under typical deasphalting conditions, increasing the molecular
weight of the solvent can tend to increase the vield while reducing the quality of the resulting
deasphalted oil, as additional compounds within a resid fraction may be soluble in a solvent
composed of higher molecular weight hydrocarbons. Usnder tvpical deasphalting conditions,
mgereasing the amount of solvent can tend to merease the vield of the resulting deasphalted oif. As
understood by those of skill in the art. the conditions for a particular feed can be selected based on
the resulting yield of deasphalted oil from solvent deasphalting. In aspects where a Cs deasphalting
sofvent is used, the yield from solvent deasphalting can be 40 wit% or less. In some aspects, Ca
deasphalting can be performed with a yield of deasphalted oil of 50 wt% or less, or 40 wt% or less.
In various aspects, the yield of deasphalted oil from solvent deasphalting with a Cs+ solvent can be
at least 50 wi% relative to the weight of the feed to deasphalting, or at least 35 wt%, or at least 60
wt% or at least 65 wt%, or at least 70 wit%. In aspects where the feed to deasphalting includes a
vacuam gas oil portion, the vield from solvent deasphalting can be characterized based on a yield
by weight of a 950°F+ (510°C) portion of the deasphalted o1 relative to the weight of a 510°C+
portion of the feed. In such aspects where a Ca+ solvent 1s used, the yield of 310°C+ deasphalted
oil from solvent deasphalting can be at least 40 wt% relative 1o the weight of the 510°C+ portion
of the feed to deasphalting, or at least 50 wt%, or at least 55 wi%, or at least 60 wi% or at least 65
wt%, or at least 70 wi%. In such aspects where a Cy- solvent is used, the yield of 510°C+
deasphalted oif from solvent deasphalting can be 30 wit% or less relative to the weight of the
510°C+ portion of the feed to deasphalting, or 40 wt% or less, or 35 wt% or less.

Hydrotreating and Hydrocracking

[0050] After deasphalting, the deasphalted oil (and any additional fractions combined with
the deasphalted oil) can undergo Further processing to form Iubricant base stocks. This can include
hydrotreatment and/or hydrocracking to remove heteroatoms to desired levels, reduce Conradson
Carbon content, and/or provide viscosity index (VI) uplift. Depending on the aspect, a deasphalted
o0il can be hydroprocessed by hvdrotreating, hydrocracking, or hydrotreating and hydrocracking.
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[0051] The deasphalted oil can be hydrotreated and/or hydrocracked with little or no solvent
extraction being performed prior to and/or after the deasphalting.  As a result, the deasphalted oil
feed for hydrotreatment and/or hydrocracking can have a substantial aromatics content. In vanous
aspects, the aromatics content of the deasphalted o1l feed can be at least 50 wito, or at least 55
wit%, or at least 60 wit%, or at least 65 wt%, or at least 70 wit%, or at least 75 wt%, such as up to
90 wit% or more. Additionally or alternately, the saturates content of the deasphalted oil feed can
be 30 wi% or less, or 45 wt% or less, or 40 wi% or less, or 35 wi% or less, or 30 wi% or less, or
25 wi% or less, such as down 10 10 wit% or less. In this discussion and the claims below, the
aromatics content and/or the saturates content of a fraction can be determined based on ASTM
D7419,

[0032] The reaction conditions during demetallization and/or hydrotreatment andfor
hydrocracking of the deasphalted oil (and optional vacuum gas oil co-feed) can be sclected to
generate a desired level of conversion of a feed. Any conventent tvpe of reactor, such as fixed bed
{for example trickle bed) reactors can be used. Conversion of the feed can be defined in terms of
conversion of molecules that boil above a temperature threshold to molecules below that threshold.
The conversion temperature can be any convenient temperature, such as ~700°F (370°C) or 1050°F
(566°C). The amount of conversion can comrespond {0 the total conversion of molecules within
the combined hydrotreatment and hydrocracking stages for the deasphalted oil. Suitable amounts
of conversion of molecules boiling above 1050°F (566°C) to molecules boiling below 566°C
mclude 30 wit% to 90 wit% conversion relative fo 566°C, or 30 wi% o 80 wi%, or 30 wi% to 7¢
wit%o, or 40 wit% to 90 wt%, or 40 wiSs to 80 wie, or 40 wi% to 70 wt%, or 50 wi% (0 90 wit%s,
or 50 wt% to 80 wt%, or 50 wt% to 70 wit%. In particular, the amount of conversion relative to
566°C can be 30 wt% to 90 wt?%, or 30 wt% to 70 wt%, or 50 wt% to 90 wt%. Additionally or
alternately, suitable amounts of conversion of molecules boiling above ~700°F (370°C) to
molecuies boiling below 370°C include 10 wit% to 70 wt% conversion relative to 370°C, or 10
wt% 10 60 wi%%, or 10 wit% to 50 wt%, or 20 wt% to 70 wt%, or 20 wt% to 60 wt%, or 20 wtlo to
50 wt%, or 30 wt% to 70 wit%. or 30 wt% to 60 wt%, or 30 wi%s to 50 wi%. In particular, the
amount of conversion relative to 370°C can be 10 wit? to 70 wit%e, or 20 wits to 50 wi%, or 3¢
wit% to 60 wio.

[0053] The hydroprocessed deasphalted o0il can also be characterized based on the product
quality. After hvdroprocessing (hvdrotreating and/or hydrocracking), the hydroprocessed
deasphalted oil can have a sulfur content of 200 wppm or less, or 100 wppm or less, or 50 wppm
or less (such as down to ~0 wppm). Additionally or alternately, the hydroprocessed deasphalted

oil can have a nitrogen content of 200 wppm or less, or 100 wppm or less, or 30 wppm or less
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(such as down to ~0 wppm). Additionally or altemately, the hydroprocessed deasphalted oil can
have a Conradson Carbon residuc content of 1.5 wi% or less, or 1.0 wt% or less, or 0.7 wi% or
less, or 0.1 wt%s or less, or 0.02 wi% or less (such as down to ~0 wt%). Conradson Carbon residue
content can be determined according to ASTM D4530.

[0054] In various aspects, a feed can initially be exposed to a demetallization catalyst prior
10 exposing the feed to a hydrotreating catalyst. Deasphalied oils can have metals concentrations
(Ni + V + Fe) on the order of 10 — 100 wppm. Exposing a conventional hydrotreating catalvst to
a feed having a metals content of 10 wppm or more can lead 1o catalyst deactivation at a faster rate
than may desirable in 2 commercial setting. Exposing a metal containing feed to a demetallization
catalyst prior to the hydrotreating catalyst can allow at least a portion of the metals to be removed
by the demetallization catalyst, which can reduce or minimize the deactivation of the hydrotreating
catalyst and/or other subsequent catalysts in the process flow. Commercially available
demetallization catalysts can be suitable, such as large pore amorphous oxide catalysts that may
optionally include Group VI and/or Group VIII non-noble metals to provide some hydrogenation
activity.

[00535] In various aspects, the decasphalted oil can be exposed to a hydrotreating catalyst
under effective hydrotreating conditions.  The catalysts used can inchude conventional
hydroprocessing catalysts, such as those comprising at least one Group VII non-noble metal
(Columns 8 — 10 of IUPAC periodic table), preferably Fe, Co, and/or Ni, such as Co and/or Ni;
and at Jeast one Group VI metal (Column 6 of HUPAC peniodic table), preferably Mo andfor W.
Such hydroprocessing catalysts optionally include transition metal sulfides that are impregnated or
dispersed on a refractory support or carrier such as alumina and/or silica. The support or carrier
itself typically has no significant/measurable catalytic activity. Substantially carrier- or support-
free catalysts, commonly referred to as bulk catalysts, generally have higher volumetric activities
than their supported counterparts.

[0056] The catalysts can either be in bulk form or in supported form. In addition to alumina
and/or silica, other suitable support/carrier materials can include, but are not limited to, zeolites,
titania, silica-titania, and titania-alumina. Suitable aluminas are porous aluminas such as gamma
of cta having average pore sizes from 50 to 200 A, or 75 to 150 A; a surface area from 100 to 300
m?/g, or 150 to 250 m*/g; and a pore volume of from 025 to 1.0 em™/g, or0.35t0 0.8 cm’/g. More
generally, any convenient size, shape, and/or pore size distribution for a catalyst suitable for
hydrotreatment of a distillate (including lubricant base stock) beiling range feed in a conventional
manner may be used. Preferably, the support or carrier material is an amorphous support, such as

a refractory oxiade. Preferably. the support or carnier material can be free or substantially free of
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the presence of molecular sieve, where substantially free of molecular sieve is defined as having a
content of molecular sieve of less than about 0.01 wi%.

[0057] The at least one Group VIII non-noble metal, in oxide form, can typically be present
in an amount ranging from about 2 wit% to about 40 wit%, preferably from about 4 wt% to about
15 wt%. The at least one Group VI metal, in oxide form, can typically be present in an amount
ranging from about 2 wit% to about 70 wt%, preferably for supported catalysts from about 6 wt%
to about 40 wi%o or from about 10 wi%s to about 30 wit%. These weight percents are based on the
total weight of the catalyst. Suitable metal catalysts include 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, silica, silica~-alumina, or
fitania.

[0038] The hydrotreatment is carried out in the presence of hydrogen. A hydrogen stream
is, therefore, fed or injected into a vessel or reaction zone or hydroprocessing zone in which the
hydroprocessing catalyst is focated. Hydrogen, which is contained in a hydrogen “treat gas,” is
provided to the reaction zone. Treat gas, as referred to in this invention, can be cither pure
hydrogen or a hvdrogen-containing gas, which is a gas strcam containing hydrogen i an amount
that is sufficient for the intended reaction(s), optionally including one or more other gasses (e.g2.,
nitrogen and light hydrocarbons such as methane). The treat gas stream introduced into a reaction
stage will preferably contain at least about 50 vol. % and more preferably at least about 75 vol. %
hydrogen. Optionally, the hydrogen treat gas can be substantially free (less than 1 vol%) of
impurities such as H>S and NHj and/or such impurities can be substantially removed from a treat
gas prior to use.

[0059] Hyvdrogen can be supplied at a rate of from about 100 SCF/B (standard cubic feet of
hydrogen per barrel of feed) (17 Nm*/m’) to about 10000 SCF/B (1700 Nm*/m?*). Preferably, the
hydrogen is provided in a range of from about 200 SCF/B (34 Nin¥/m®) to about 2500 SCF/B (420
Nm'/m?}). Hydrogen can be supplied co-currently with the input feed to the hydrotreatment reactor
and/or reaction zone or separately via a separate gas conduit to the hydrotreatment zone.

[0060] Hydrotreating conditions can include temperatures of 200°C to 450°C, or 315°C to
425°C; pressures of 250 psig (1.8 MPag) to 5000 psig (34.6 MPag) or 360 psig (2.1 MPag) to 3000
psig (20.8 MPag); liquid hourly space velocities (LHSV) of 0.1 hr' to 10 hr'!; and hydrogen treat
rates of 200 scf/B (35.6 m¥/m’) to 10,000 scf/B (1781 m¥/m?), or 500 (89 m%m®) to 10,000 scf/B
(1781 m¥m®).

[0061] In various aspects, the deasphalted oil can be exposed to a hydrocracking catalyst
under effective hvdrocracking conditions. Hydrocracking catalysts typically contain sulfided base
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metals on acidic supports, such as amorphous silica alumina, cracking zeolites such as USY, or
acidified alumina. Often these acidic supports arc mixed or bound with other metal oxides such as
alumina, titania or silica. Examples of smtable acidic supports include acidic molecular sieves,
such as zeolites or silicoaluminophophates. One example of suitable zeolite 1s USY, such as a
USY zeolite with cell size of 24.30 Angstroms or less. Additionally or alternately, the catalyst can
be a low acidity molecular sieve, such as a USY zeolite with a 5i to Al ratio of at least about 20,
and preferably at least about 40 or 50. ZSM-48, such as ZSM-48 with a Si02 to ALOs ratio of
about 110 or less, such as about 90 or less, is another example of a potentially suitable
hydrocracking catalyst. Still another option is to use a combination of USY and ZSM-48. Still
other options include using one or more of zeolite Beta, Z8M-5, ZSM-335, or Z8M-23, either alone
or in combination with a USY catalyst. Non-limiting examples of metals for hydrocracking catalvsts
mnclude metals or combinations of metals that include at least one Group VIH metal, such as nickel,
nickel-cobalt-molybdenum, cobalt-molybdenum, nickel-tungsten, nickel-molybdenum, and/or
nickel-molvbdenum-tungsten. Additionally or alternately, hydrocracking catalysts with noble metals
can also be used. Non-limiting examples of noble metal catalvsts include those based on platinum
and/or palladium. Support materials which may be used for both the noble and non-noble metal
catalysts can comprise a refractorv oxide material such as alumina, silica, alumina-silica, kicselguhr,
diatomaceous earth, magnesia. zirconia, or combinations thereof, with alumina, silica, alumina-silica
being the most common (and preferred, in one embodiment).

[0062] When only one hydrogenation metal is present on a hydrocracking catalvst, the
amount of that hydrogenation metal can be at least about (.1 wi% based on the total weight of the
catalyst, for example at least about 0.5 wit% or at least about 0.6 wt%. Additionally or altemately
when only one hydrogenation metal is present, the amount of that hydrogenation metal can be
about 5.0 wt% or less based on the total weight of the catalyst, for example about 3.5 wt% or less,
abont 2.5 wt% or less, about 1.5 wi% or less, about 1.0 wit% or less, about 0.9 wi% or less, about
0.75 wt% or less, or about (1.6 wt% or less. Further additionally or alternately when more than one
hydrogenation metal is present, the collective amount of hvdrogenation metals can be at least about
0.1 wt% based on the total weight of the catalyst, for example at least about 0.25 wt%, at least
about 0.5 wt%%, at least about 0.6 wi%, at least about 0.75 wi%, or at least about 1 wt%. Still further
additionally or altemately when more than one hydrogenation metal is present, the collective
amount of hydrogenation metals can be about 35 wt% or less based on the total weight of the
catalyst, for example about 30 wt% or less, about 235 wt% or less, about 20 wt% or less, about 15
wt%s or less, about 10 wt% or less, or about 5 wi% or less. In embodiments wherein the supported

metal comprises a noble metal, the amount of noble metal(s) is typically less than about 2 wt %,
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for example less than about I wt%, about 0.9 wt % or less, about 0.75 wi % or less, or about 0.6
wt % or less. It is noted that hydrocracking under sour conditions is typically performed using a
base metal (or metals) as the hydrogenation metal.

[0063] In various aspects, the conditions selected for hydrocracking for lubricant base stock
production can depend on the desired level of conversion, the level of contaminants in the input
feed to the hydrocracking stage, and potentially other factors. For example, hydrocracking
conditions in a single stage, or in the first stage and/or the second stage of a multi-stage svstem,
can be selected to achieve a desired Ievel of conversion in the reaction system. Hydrocracking
conditions can be referred to as sour conditions or sweet conditions, depending on the level of
sulfur and/or nitrogen present within 3 feed. For example, a feed with 100 wppm or less of sulfur
and 50 wppm or less of nitrogen, preferably less than 25 wppm sulfur and/or less than 10 wppm of
pifrogen, represent a feed for hydrocracking under sweet conditions. In various aspects,
hydrocracking ¢an be performed on a thermally cracked resid, such as a deasphalted oil derived
from a thermally cracked resid. In some aspects, such as aspects where an optional hydrotreating
step is used prior to hydrocmacking, the thermally cracked resid may correspond to a sweet feed.
In other aspects, the thermally cracked resid may represent a feed for hydrocracking under sour
conditions.

[0064] A hydrocracking process under sour conditions can be carried out at temperatures of
about 550°F (288°C) to about 840°F (449°C), hydrogen partial pressures of from about 1500 psig
to about 3000 psig (10.3 MPag to 34.6 MPag), liquid bourly space velocities of from 0.05 hl to 10
k1, and hydrogen treat gas rates of from 35.6 m%/m® to 1781 m¥/m® (200 SCF/B to 10,000 SCF/B).
In other embodiments, the conditions can include temperatures in the range of about 600°F (343°C)
to about 813°F (435°C), hvdrogen partial pressures of from about 1300 psig to about 3000 psig
(10.3 MPag-20.9 MPag), and hvdrogen treat gas rates of from about 213 m’/m’® to about 1068
m*/m® (1200 SCF/B to 6000 SCF/B). The LHSYV can be from about .25 h'! 1o about 50 k!, or
from about 0.5 b to about 20 b, preferably from about 1.0 h' to about 4.0 hl.

[0065] In some aspects, a portion of the hvdrocracking catalyst can be contained in a second
reactor stage. In such aspects, a first reaction stage of the hydroprocessing reaction system can
include one or more hydrotreating and/or hydrocracking catalysts. The conditions in the first
reaction stage can be surtable for reducing the sulfur and/or nitrogen content of the feedstock. A
separator can then be used in between the first and second stages of the reaction system to remove
gas phase sulfur and nitrogen contaminants. One option for the separator is to simply perform a
gas-liquid separation to remove contaminant. Another option is to use a separator such as a flash

scparator that can perform a scparation at a higher temperature. Such a high temperature separator
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can be used, for example, to separate the feed o a portion boiling below a temperature cut point,
such as about 350°F (177°C) or about 400°F (204°C), and a portion boiling above the temperature
cut point. In this type of separation, the naphtha boiling range portion of the effluent from the first
reaction stage can also be removed, thus reducing the volume of effluent that is processed in the
second or other subsequent stages. Of cowrse, any low boiling contaminants in the effluent from
the first stage would also be separated into the portion boiling below the temperature cut point. If
sufficient contaminant removal 15 performed in the first stage, the sccond stage can be operated as
a “‘sweet” or low contaminant stage.

[0066] Still another option can be to use a separator between the first and second stages of
the hydroprocessing reaction svstem that can also perform at least a partial fractionation of the
effluent from the first stage. In this type of aspect, the effluent from the first hydroprocessing stage
can be separated into at least a portion boding below the distitlate (such as diesel) fuel range, a
portion botling in the distitlate fuel range, and a portion botling above the distillate fuel range. The
distillate fuel range can be defined based on a conventional diese] boiling range, such as having a
lower end cut point temperature of at least about 350°F (177°C) or at least about 400°F (204°C) to
having an upper end cut pomnt temperature of about 700°F (371°C) or less or 650°F (343°C) or
less. Optionally, the distillate fuel range can be extended to include additional kerosene, such as
by selecting a lower end cut point temperature of at least about 300°F (149°C).

[0067] In aspects where the inter-stage separator is also used to produce a distillate fuel
fraction, the portion boiling below the distillate fuel fraction mcludes, naphtha boiling range
molecules, light ends, and contaminants such as HaS. These different products can be separated
from each other in any convenient manner. Similarly, one or more distillate fuel fractions can be
formed, if desired, from the distillate boiling range fraction. The portion boiling above the distillate
fuel range represents the potential lubricant base stocks. In such aspects, the portion boiling above
the distillate fucl range is subjected to further hydroprocessing in a second hyvdroprocessing stage.
[0068] A hydrocracking process under sweet conditions can be performed under conditions
similar to those used for a sour hydrocracking process, or the conditions can be different. In an
embodiment, the conditions in a sweet hydroeracking stage can have less severe conditions than a
hydrocracking process in a sour stage. Suitable hydrocracking conditions for a non-sour stage can
melude, but are not kmited to, conditions similar to a first or sour stage. Suitable hydrocracking
conditions can include temperatures of about 500°F (260°C) to about 840°F (449°C}, hydrogen
partial pressures of from about 1500 psig to about 5000 psig (10.3 MPag to 34.6 MPag), liquid
hourly space velocities of from 0.05 b to 10 !, and hydrogen treat gas rates of from 35.6 m*/m’
to 1781 m*/m* (200 SCF/B to 10,000 SCF/B). In other embodiments, the conditions can include
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temperatures in the range of about 600°F (343°C) to about 8135°F (435°C), hydrogen partial
pressures of from about 1500 psig to about 3000 psig (10.3 MPag-20.9 MPag), and hydrogen treat
gas rates of from about 213 m/m? to about 1068 m*/m? (1200 SCF/B to 6000 SCF/B). The LHSV
can be from about 0.25 h-! to about 50 b, or from about 0.5 b to about 20 i, preferably from
about 1.0 h'! to about 4.0 hl.

[0069] In still another aspect, the same conditions can be used for hydrotreating and
hydrocracking beds or stages, such as using hvdrotreating conditions for both or using
hydrocracking conditions for both, In yet another embodiment, the pressure for the hydrotreating
and hydrocracking beds or stages can be the same.

[0070] In yet another aspect, a hvdroprocessing reaction system may include more than one
hydrocracking stage. H multiple hydrocracking stages are present, at Jeast one hydrocracking stage
can have effective hydrocracking conditions as deseribed above, mcluding a hydrogen partial
pressure of at least about 1300 psig (10.3 MPag). In such an aspect, other hydrocracking processes
can be performed under conditions that may include lower hydrogen partial pressures. Suitable
hydrocracking conditions for an additional hydrocracking stage can include, but are not limited te,
temperatures of about 500°F (260°C) to about 840°F (449°C), hydrogen partial pressures of from
about 250 psig to about 5000 psig (1.8 MPag to 34.6 MPag), liquid hourly space velocities of from
0.05h' to 10 b}, and hydrogen treat gas rates of from 35.6 m*m® to 1781 m*/m® (200 SCF/B to
10,000 SCF/B). In other embodiments. the conditions for an additional hydrocracking stage can
include temperatures in the range of about 600°F (343°C) to about 8 1 5°F (435°C), hvdrogen partial
pressures of from about 500 psig to about 3000 psig (3.5 MPag-20.9 MPag), and hydrogen treat
gas rates of from about 213 m¥/m® to about 1068 m>m? (1200 SCF/B to 6000 SCF/B). The LHSV
can be from about (.23 h™' to about 50 v, or from about 0.5 h™! to about 20 h, and preferably
from about 1.0 b to about 4.0 I,

Hvdroprocessed Effluent - Solvent Dewaxing to form Group I Brght stock

[0071] The hydroprocessed deasphalted oil (optionally including hydroprocessed vacuum
gas oil) can be separated to form one or more fuel boiling range fractions (such as naphtha or
distillate fuel boiling range fractions) and at feast one lubricant base stock boiling range fraction.
The lubricant base stock boiling range fraction(s) can then be solvent dewaxed to produce a
lubricant base stock product with a reduced (or eliminated) tendency to form haze. Lubricant base
stocks (inclading bright stock) formed by hydroprocessing a deasphalted oil and then solvent
dewaxing the hydroprocessed efHuent can tend to be Group 1 base stocks due to having an
aromatics content of at least 10 wt%.

[0072] Solvent dewaxing typically involves mixing a feed with chilled dewaxing solvent 10
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form an oil-solvent solution. Precipitated wax is thereafier separated by, for example, filtration.
The temperature and solvent arc sclected so that the ol is dissolved by the chilled solvent while
the wax 1s precipitated.

[0073] An example of a suitable solvent dewaxing process involves the use of a cooling
tower where solvent is prechilled and added incrementally at several points along the height of the
cooling tower. The oil-solvent mixture is agitated during the chilling step to permit substantially
mstantaneous mixing of the prechilled solvent with the oil. The prechilled solvent is added
incrementally along the length of the cooling tower $0 as to maintain an average chilling rate at or
below 10°F per minute. usually between about 1 to about 5°F per minute. The final temperature of
the oil-solvent/precipitated wax mixture in the cooling tower will usually be between 0 and 50°F
{-17.8 to 10°C). The mixfure may then be sent to a scraped surface chiller to separate precipitated
wax from the mixture.

[0074] Representative dewaxing solvents are aliphatic ketones having 3-6 carbon atoms such
as methyl ethyl ketone and methyl isobutyl ketone, fow molecular weight hydrocarbons such as
propanc and butane, and mixtures thercof. The solvents may be mixed with other solvents such as
benzene, toluene or xylene.

[0075] In general, the amount of solvent added will be sufficient to provide a liquid/solid
weight ratio between the range of 5/1 and 20/1 at the dewaxing temperature and a solvent/oil
volume ratio between 1.5/1 to 5/1. The solvent dewaxed oil can be dewaxed to a pour point of -
6°C or less, or -10°C or less, or -15°C or less, depending on the nature of the target lubricant base
stock product. Additionally or alternately, the solvent dewaxed o0il can be dewaxed to a cloud point
of -2°C or less, or -5°C or less, or -10°C or less, depending on the nature of the target lubricant
base stock product. The resulting solvent dewaxed oil can be suitable for use in forming one or
more types of Group | base stocks. Preferably, a bright stock formed from the solvent dewaxed oil
can have a cloud point below «5°C. The resulting solvent dewaxed oil can have a viscosity ndex
of at least 90, or at least 95, or at least 100. Preferably, at least 10 wi% of the resulting solvent
dewaxed oil {or at least 20 wt%, or at least 30 wt%}) can correspond to a Group 1 bright stock having
a kinematic viscosity at 100°C of at least 15 ¢St, or at least 20 ¢St, or at least 25 ¢8t, such as up to
50 ¢St or more.,

[0076] In some aspects, the reduced or eliminated tendency to form haze for the lubricant
base stocks formed from the solvent dewaxed oil can be demonstrated by a reduced or minimized
difference between the cloud point temperature and pour point temperature for the Tubricant base
stocks. In various aspects, the difference between the cloud point and pour point for the resulting
solvent dewaxed oil and/or for one or more lubricant base stocks, including one or more bright
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stocks, formed from the solvent dewaxed oil. can be 22°C or less, or 20°C or less, or 15°C or less,
or 10°C or less, or 8°C or less, or 5°C or less. Additionally or alternately, a reduced or mininized
tendency for a brnght stock to form haze over time can comrespond to a bright stock having a cloud
point of -10°C or less, or -8°C or less, or -5°C or less, or-2°C or less.

Additional Hvdroprocessine - Catabvtic Dewaxdnp. Hvdrofinishing. and DOptional Hvdrograckin

[0077] In some aliemative aspects, at least a lubricant boiling range portion of the
hydroprocessed deasphalted oil can be exposed to further hydroprocessing (including catalytic
dewaxing) to form either Group 1 and/or Group I base stocks, including Group I and/or Group 1
bright stock. In some aspects, a first lubricant boiling range portion of the hydroprocessed
deasphalted oil can be solvent dewaxed as described above while a second lubricant boiling range
portion can be exposed to further hydroprocessing. In other aspects, only solvent dewaxing or only
further hydroprocessing can be used to treat a lubricaut boiling range portion of the hvdroprocessed
deasphalted oil.

[0078] Optionatly, the further hydroprocessing of the lubricant boiling range portion of the
hydroprocessed deasphalted oil can also include exposure to hydrocracking conditions before
and/or after the exposure to the catalvtic dewaxing conditions. At this point in the process, the
hydrocracking can be considered “sweet”™ hydrocracking, as the hydroprocessed deasphalted oil
can have a sulfur content of 200 wppm or less.

[0079] Suitable hydrocracking conditions can include cxposing the feed to a hydrocracking
catalyst as previously described above. Optionally, it can be preferable to use a USY zeohite with
a sitica to alumina ratio of at least 30 and a unit cell size of less than 24.32 Angstroms as the zeolite
for the hydrocracking catalyst, in order to improve the V1 uplift from hydrocracking and/or to
improve the ratio of distillate fuel vield to naphtha fuel yield in the fuels boiling range product.
[0030] Suitable hydrocracking conditions can also include temperatures of about 500°F
{260°C) to about 840°F (449°C), hvdrogen partial pressures of from about 1500 psig to about 5000
psig (10.3 MPag to 34.6 MPag), liquid hourly space velocities of from 0.05 h'! to 10 h*, and
hydrogen treat gas rates of from 35.6 m*/m” to 1781 m*/m® (200 SCF/B to 10,000 SCF/B). In other
embodiments, the conditions can include temperatures in the range of about 600°F (343°C} to about
815°F (435°C}, hvdrogen partial pressures of from about 1500 psig to about 3000 psig {10.3 MPag-
209 MPag), and hydrogen treat gas rates of from about 213 m3/m? to about 1068 m*/m? (1200
SCF/B to 6000 SCF/B). The LHSV can be from about 0.25 h™! to about 50 &7}, or from about 0.5
h'! to about 20 h'!, and preferably from about 1.0 h! to about 4.0 h'l,

[0081] For catalytic dewaxing, suitable dewaxing catalysts can include molecular sieves such
as crystalling aleminosilicates (zeolites), In an embodiment, the molecular sieve can comprise,
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consist essentially of, or be ZSM-22, Z8M-23, Z8M-48. Optionally but preferably, molecular
sicves that are selective for dewaxing by isomerization as opposed to cracking can be used, such
as ZSM-48, Z5M-23, or a combination thereof. Additionally or altemately, the molecular sieve
can comprise, consist essentially of, or be a 10-member ring 1-D molecular sieve, such as EUJ-2,
EU-11, ZBM-30, ZSM-48, or ZSM-23. ZSM-48 is most preferred. Note that a zeolite having the
Z8M-23 structure with a silica to alumina ratio of from about 20:1 to about 40:1 can sometimes be
referred to as SSZ-32. Optionally but preferably, the dewaxing catalyst can include a binder for
the molecular sieve, such as alumina, titania, silica, silica-alumina, zitconia, or a combination
thereof, for example alumina and/or titania or silica and/or zirconia and/or tifania.

[0082] Preferably, the dewaxing catalysts used in processes according to the invention are
catalysts with a low ratio of silica to alumina. For example, for Z5M-48, the mtic of silica to
alumina in the zeolite can be about 100:1 or less, such as about 90:} or less, or about 75:1 or less,
or about 70:1 or less. Additionally or alternately, the ratio of silica to alumina in the ZSM-48 can
be at least about 50:1, such as at least about 60:1, or at least about 63:1.

[0083] In vanous embodiments, the catalysts according to the invention fusther include a
metal hydrogenation component. The metal hydrogenation component is typically a Group VI
and/or a Group VITII metal. Preferably, the metal hydrogenation component can be a combination
of a non-noble Group VIII metal with a Group VI metal. Saitable combinations can include Ni,
Co, or Fe with Mo or W_ preferably Ni with Mo or W.

[0034] The metal hydrogenation component may be added to the catalyst in any convenient
manner. One technique for adding the metal hydrogenation component is by incipient wetness.
For example, after 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
containing a suitable metal precursor. Alicmatively, 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.

[0085] The amount of metal in the catalyst can be at least 0.1 wt% based on catalyst, or at
least 0.5 wit%%, or at least 1.0 wi%, or at feast 2.5 wi%, or at least 5.0 wi%, based on catalyst. The
amount of metal in the catalvst can be 20 wt% or less based on catalyst, or 10 wt% or less, or 5
wt% or less, or 2.5 wi%o or less, or 1 wi% or less. For embodiments where the metal is a
combination of a non-noble Group VIII metal with a Group VI metal, the combined amount of
metal can be from 0.5 wt% to 20 wt%, or 1 wit% to 15 wt%, or 2.5 wt% to 10 wt%%.

[0036] The dewaxing catalysts uscful in processes according to the invention can also include

abinder, In some embodiments, the dewaxing catalysts used in process according to the mvention
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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. Additionally or altemately,
the binder can have a surface area of at least about 23 m*/g. The amount of zeolite in a catalyst
formulated using a binder can be from about 30 wt% zeolite to 90 wi% zeolite relative to the
combined weight of binder and zeolite. Preferably. the amount of zeolite is at least about 30 wt%
of the combined weight of zeolite and binder, such as at least about 60 wt% or from about 65 wi%
to about 80 wt%.

[0087] Without being bound by any particular theory, it 1s believed that use of a low surface
area binder reduces the amount of binder surface area available for the hydrogenation metals
supported on the catalyst. This leads to an increase in the amount of hydrogenation metals that are
supported within the pores of the molecular sieve in the catalyst.

[0088] A zeolite can be combined with binder in any convenient manner. For example, a
bound catalyst can be produced by starting with powders of both the zeolite and binder, combining
and muiling the powders with added water to form a mixtere, and then extruding the mixture to
produce a bound catalyst of a desired size. Extrusion aids can also be used to modify the extrusion
flow propertics of the zeolitc and binder mixturc. The amount of framework alumina in the catalyst
may range from 0.1 t0 3.33 wt%, or 0.1 to 2.7 wi%, or 0.2 10 2 wi%, or 0.3 to 1 wt%%.

[0089] Effective conditions for catalytic dewaxing of a feedstock in the presence of a
dewaxing catalyst can include a temperature of from 280°C to 450°C, preferably 343°C to 435°C,
a hvdrogen partial pressure of from 3.5 MPag to 34.6 MPag (500 psig to 5000 psig). preferably 4.8
MPag to 20.8 MPag, and a hydrogen circulation rate of from 178 m*m?® (1000 SCF/B) to 1781
m’/m? (10,000 scf/B), preferably 213 m¥/m?* (1200 SCF/B) to 1068 m*/m* (6000 SCF/B). The
LHSV can be from about 0.2 h! to about 10 h™', such as from about 0.5 h™! to about 5 h™! and/or
from about | h™' to about 4 k.

[0090]  Before and/or after catalytic dewaxing, the hydroprocessed deasphalted oil (i.e., at feast
a lubricant boiling range portion thercof) can optionally be exposed fo an aromatic saturation
catalyst, which can altematively be referred to as a hvdrofinishing catalyst. Exposure to the
aromatic saturation catalyst can occur either before or after fractionation. If aromatic saturation
occurs after fractionation, the aromatic saturation can be performed on one or more portions of the
fractionated product. Alternatively, the entire effluent from the last hydrocracking or dewaxing
process can be hydrofinished and/or undergo aromatic saturation.

[0091] Hydrofinishing and/or aromatic saturation catalysts can include catalysts containing
Group VI metals, Group VIII metals, and mixturcs thercof. In an embodiment, preferred metals
in¢lude at least one metal sulfide having a strong hydrogenation function. In another embodiment,
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the hydrofinishing catalyst can include a Group VIII noble metal, such as Pt, Pd, or a combination
thercof. The mixture of metals may also be present as bulk metal catalysts wherein the amount of
metal 1s about 30 wt. % or greater based on catalvst. For supported hydrotreating catalysts, suitable
metal oxide supports include low acidic oxides such ays silica, alumina, silica-aluminas or titania,
preferably alumina. The preferred hydrofinishing catalysts for aromatic saturation will comprise at
least one metal having relatively strong hvdrogenation function on a porous support. Typical
support matenals include amorphous or erystalline oxide matertals such as alumina, silica, and
silica-alumina. The support materials may also be modified, such as by halogenation, or in
particular fluorination. The metal content of the catalyst 1s ofien as high as about 20 weight percent
for non-noble metals. In an embodiment, a preferred hvdrofinishing catalyst can include a
crystalline material belonging to the M41S class or family of catalvsts. The M41S family of
catalysts arc mesoporous materials having high silica content. Examples include MCM-41, MCM-
48 and MCM-50. A preferred member of this class is MCM-41.

[0092]  Hydrofinishing conditions can include temperatures from about 125°C to about 425°C,
preferably about 184°C to about 280°C, a hydrogen partial pressure from about 500 psig (3.4 MPa)
to about 3000 psig (20.7 MPa). preferably about 1500 psig (10.3 MPa) to about 2500 psig (17.2
MPa), and liquid hourly space velocity from about 0.1 hr'! to about 5 hr! LHSV, preferably about
0.5 hritoabout 1.5hrt  Additionally, a2 hydrogen treat gas rate of from 35.6 m¥/m’ to 1781 m*/m?
(200 SCF/B to 10,000 SCF/B) can be used.

Solvent Processing of Catalvtically Dewaxed Effluent or Input Flow 1o Catalytic Pewaxing

[0093] For deasphalted oils derived from propane deasphalting, the further hydroprocessing
{including catalytic dewaxing} can be sufficient to form lubricant base stocks with low haze
formation and unexpected compositional propertics. For deasphalted oils derived from Cs+
deasphalting, after the further hydroprocessing (including catalytic dewaxing), the resulting
catalytically dewaxed effluent can be solvent processed to form one or more lubnicant base stock
products with a reduced or eliminated tendency to form haze. The type of solvent processing can
be dependent on the nature of the initial hydroprocessing {hydrotreatment and/or hvdrocracking)
and the nature of the further hydroprocessing (including dewaxing).

[00594] In aspects where the initial hvdroprocessing is less severe, corresponding to 10 wi%
to 40 wt% conversion relative to ~700°F (370°C), the subsequent solvent processing can
correspond to solvent dewaxing. The solvent dewaxing can be performed in a manner similar to
the solvent dewaxing described above. However, this solvent dewaxing can be used to produce a
Group H lubricant base stock. In some aspects, when the initial hydroprocessing corresponds to
10 wi% to 40 wi% conversion relative to 370°C, the catalytic dewaxing during further
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hydroprocessing can also be performed at lower severity, so that at least 6 wt% wax remains in the
catalytically dewaxed efflucnt, or at lcast 8 wt%o, or at lcast 10 wit%, or at least 12 wt%, or at lcast
15 wt%, such as up to 20 wt%. The solvent dewaxing can then be used to reduce the wax content
in the catalytically dewaxed effluent by 2 wt% o 10 wt%. This can produce a solvent dewaxed oil
product having a wax content of 0.1 wit% to 12 wi%, or 0.1 wi% t0 10 wt%e, or 0.1 wi% to 8 wi%,
or 0.1 wit% to 6 wt2o, or 1 wi%o to 12 wito, or 1 wt% to 10 wit%, or 1 wt% to 8 wt%, or 4 wit% to
12 wi%, or 4 wit% to 10 wt%, or 4 wit% to 8 wi%, or 6 wit% to 12 wi, or 6 wit% to 10 wt%. In
particular, the solvent dewaxed oil can have a wax content of 0.1 wi% to 12 wi%, or .1 wtoto 6
wit%, or 1 wit% to 10 wt%, or 4 wt% to 12 wit%.

[0095] In other aspects, the subsequent solvent processing can correspond to solvent
extraction. Solvent extraction can be used to reduce the aromatics content and/or the amount of
polar molecules. The solvent extraction process selectively dissolves aromatic components to form
an aromatics-rich extract phase while leaving the more paraffinic components i an aromatics-poor
raffinate phase. Naphthenes are distnbuted between the extract and raffinate phases. Typical
solvents for solvent extraction include phenol, furfural and N-methyl pymolidone. By controlling
the solvent o oil ratio, extraction temperature and method of contacting distillate to be extracted
with solvent, one can control the degree of separation between the extract and raffinate phases.
Any convenient type of liquid-liquid extractor can be used, such as a counter-current liquid-liquid
extractor. Depending on the initial concentration of aromatics in the deasphalted oil, the raffinate
phase can have an aromatics content of 3 wt? to 25 wi%. Fortvpical feeds, the aromatics conients
can be at least 10 wt%.

[0096] Optionally, the raffinate from the solvent extraction can be under-extracted. In such
aspects, the extraction is carnied out under conditions such that the raffinate yield is maximized
while still removing most of the lowest quality molecules from the feed. Raffinate yield may be
maximized by controlling extraction conditions, for example, by lowenng the solvent to oil treat
ratio and/or decreasing the extraction temperature. In various aspects, the raffinate yvield from
solvent extraction can be at least 40 wi%. or at keast 30 w25, or at least 60 wt%, or at least 70 wi%.
[0097] The sofvent processed oil (solvent dewaxed or solvent extracted) can have a pour
point of -6°C or les, or -10°C or less, or -15°C or kess, or -20°C or less, depending on the natire of
the target lubnicant base stock product. Additionally or alternately, the solvent processed oil
{solvent dewaxed or solvent extracted) can have a cloud point of -2°C or less, or -5°C or less, or -
10°C or less, depending on the nature of the target lubricant base stock product. Pour points and
cloud points can be determined according to ASTM D97 and ASTM D2500, respectively. The

resulting solvent processed oil can be suitable for use in forming one or more tvpes of Group II
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base stocks. The resulting solvent dewaxed oil ¢can have a viscosity index of at least 80, or at least
99, or at least 95, or at least 100, or at least 110, or at fcast 120. Viscosity index can be determined
according to ASTM D2270. Preferably, at least 10 wi% of the resulting solvent processed il (or
at teast 20 wt%, or at least 30 wi%s) can correspond to a Group II bright stock having a kinematic
viscosity at 100°C of at least 14 ¢St or at least 15 ¢St, or at least 20 ¢St, or at least 25 ¢St, or at
least 30 ¢St, or at least 32 ¢St, such as up to 50 ¢St or more. Additionally or altemately, the Group
I bright stock can have a kinematic viscosity at 40°C of at least 300 ¢St, or at least 320 ¢St, orat
least 340 ¢St, or at least 350 ¢St, such as up to 300 cSt or more. Kinematic viscosity can be
determined according to ASTM D445, Additionally or alternately, the Conradson Carbon residue
content can be about 0.1 wi% or less, or about (.02 wi% or less. Conradson Carbon residue content
can be determined according to ASTM D4530. Additionally or altemately, the resulting base stock
can have a turbidity of at least 1.5 (in combination with a cloud point of less than 0°C), or can have
a turbidity of at least 2.0, and/or can have a turbidity of 4.0 orless, or 3.5 or less, or 3.0 orfess. In
particular, the turbidity can be 1.5t04.0,0r 1.5t03.0,0r2.0t04.0,0r 2010 3.5

[0098] The reduced or elinunated tendency to form haze for the lubricant base stocks formed
from the solvent processed oil can be demonstraicd by the reduced or minimized difference
between the cloud point temperature and pour point temperature for the lubricant base stocks. In
various aspects, the difference between the cloud point and pour point for the resulting solvent
dewaxed oil and/or for one or more Group I lubricant base stocks. including one or more bright
stocks, formed from the solvent processed oil, can be 22°C or less, or 20°C or less, or 15°C or less,
or 10°C or less, such as down to abouwt 1°C of difference.

[0099] In some alternative aspects, the above solvent processing can be performed prior to
catalytic dewaxing.

Group Il Base Stock Products

[00100] For deasphalted oils derived from propane, butane, pentane, hexane and higher or
mixtures thereof, the further hvdroprocessing (inclnding catalytic dewaxing) and potentially
solvent processing can be sufficient to form ubricant base stocks with low haze formation {or no
haze formation) and novel compositional properties. Traditional products manufactured today
with kinematic viscosity of about 32 ¢St at 100°C contain aromatics that are > 109 and/or sulfur
that is > 0.03% of the base ail.

[00101]  In various aspects, base stocks produced according to methods described herein can
have akinematic viscosity of at least 14 ¢S4, or af least 20 ¢8t, or at least 25 ¢8t, or at least 30 ¢S¢,
or at least 32 ¢St at 100°C and can contain lcss than 10 wt% aromatics / greater than 90 wit%
saturates and less than 0.03% sulfur. Optionally, the saturates content can be still higher, such as
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greater than 95 wi%, or greater than 97 wi%. In addition, detailed characterization of the
branchiness (branching) of the molccules by C-NMR reveals a high degree of branch points as
described further below in the examples. This can be quantified by examining the absolute number
of methyl branches, or ethyl branches, or propyl branches individually or as combinations thereof,
This can also be quantified by looking at the ratio of branch points (methyl, ethyl, or propyl)
compared to the number of intemal carbons, labeled as epsilon carbons by C-NMR. This
quantification of branching can be used to determine whether a base stock will be stable against
haze formation over time. For C-NMR results reported hersin, samples were prepared to be 25-
30 wt% in CDCh with 7% Chromium (I} -acetylacetonate added as a relaxation agent. *C NMR
experiments were performed on a JEQL ECS NMR spectrometer for which the proton resonance
frequency is 400 MHz. Quantitative *C NMR experiments were performed at 27°C using an
inverse gated decoupling experiment with a 45° flip angle, 6.6 seconds between pulses, 64 K data
points and 2400 scans. All spectra were referenced to TMS at Oppin, Spectra were processed with
0.2-1 Hz of line broadening and baseline correction was applied prior to manual integration. The
entire spectrum was integrated to determine the mole % of the different integrated areas as follows:
170-190 PPM (aromatic C}, 30-29.5 PPM (epsilon carbons); 15-14.5 PPM (terminal and pendant
propyl groups) 14.5 - 14 PPM — Mcthvl at the end of a long chain (alpha); 12-10 PPM (pendant
and terminal ethyl groups). Total methyl content was obtained from proton NMR. The methyl
signal at 0-1.1 PPM was integrated. The entire spectrum was integrated to determine the mole%
of methyls. Average carbon numbers obtained from gas chromatography were used to convert
mole% methyls to total methyls.

[00102]  Also unexpected in the composition is the discovery using Fourier Transform Ion
Cyclotron Resonance- Mass Spectrometry (FTICR-MS) and/or Field Desorption Mass
Spectrometry (FDMS) that the prevalence of smaller naphthenic ring structures below 6 or below
7 or below 8 naphthene rings can be similar but the residual numbers of larger naphthenic rings
structures with 7 or more rings or 8+ rings or 9+ rings or 10+ rings is diminished in base stocks
that are stable against haze formation.

[00103]  For FTICR-MS results reported herein, the results were generated according to the
method described in U.S. Patent 9,418,828, The method described in U.8. Patent 9,418,828
generally involves using laser desorption with Ag ion complexation (LDI-Ag) to ionize petroleum
saturates molecules {including 538°C+ molecules) without fragmentation of the molecular ion
structure. Ultra-high resolution Fourier Transform Ion Cyclotron Resonance Mass Spectrometry is
applied to determine exact elemental formula of the saturates-Ag cations and corresponding

abundances. The saturates fraction composition can be amanged by homologous senes and
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molecular weights. The portion of U.S. Patent 9,418 828 related to determining the comtent of
saturatc ring structurcs in a sample is incorporated herein by refercnce.

[00104]  For FDMS results reported hercin, Field desorption (FD) is a soft ionization method
in which a high-potential electric field is applied to an emitter (a filament from which tiny
"whiskers” have formed) that has been coated with a diluted sample resulting in the ionization of
gaseous molecules of the analyte. Mass spectra produced by FD are dominated by molecular
radical cations M* or in some cases protonated molecular ions {M+H]". Because FDMS cannot
distinguish between molecules with ‘n’ naphthene rings and molecules with ‘n+7° rings, the FBEMS
data was “corrected” by using the FTICR-MS data from the most similar sample. The FDMS
correction was performed by applving the resolved ratio of “n” to *n+7” rings from the FTICR-
MS to the unresolved FDMS data for that particular class of molecules. Hence, the FDMS data is
shown as “corrected” in the figures.

[00105]  Base oils of the compositions described above have further been found to provide the
advantage of being haze free upon initial production and remaining haze free for extended periods
of time. This is an advantage over the prior art of high saturates heavy basc stocks that was
unexpected.

[00106]  Additionally, it has been found that these base stocks can be blended with additives
to form formulated lubricants, such as but not limited to marine oils, engine oils, greases, paper
machine oils, and gear oils. These additives may include, but are not restricted to, detergents,
dispersants, antioxidants, viscosity modifiers, and pour point depressants. More generally, a
formulated lubrnicating including a base stock produced from a deasphalted oil may additionally
contain one or more of the other commonly used lubricating oil performance additives including
but not limited to antiwear agents, dispersants, other detergents, corrosion inhibitors, rust
inhibitors, metat deactivators, extreme pressure additives, anti-seizure agents, wax modifiers,
viscosity index improvers, vigcosity modifiers, fluid-loss additives, seal compatibility agents,
friction modifiers, lubricity agents, anti-staining agents, chromophoric agents, defoamants,
demulsifiers, emulsifiers, densifiers, wetting agents, gelling agents, tackiness agents, colorants,
and others. For a review of many commonty used additives, see Klamann in Lubricants and
Related Products, Verlag Chemie, Deerfield Beach, FL; ISBN 0-89573-177-0. These additives are
commonty delivered with varying amounts of diluent oil, that may range from 5 weight percent to
50 weight percent.

[00107]  When so blended, the performance as measured by standard low temperature tests
such as the Mini-Rotary Viscometer (MRV) and Brookficld test has been shown to be superior to
formulations blended with traditional base oils.
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[00108] 1t has also been found that the oxidation performance, when blended into industrial
oils using common additives such as, but not restricted to, defoamants, pour point depressants,
antioxidants, rust inhibitors, has exemphfied superior oxidation performance in standard oxidation
tests such as the US Steel Oxidation test compared to traditional base stocks.

[00109] Other performance parameters such as interfacial properties, deposit control, storage
stability, and toxicity have also been examined and are similar to or better than traditional base
oils.

[00110]  In addition to being blended with additives, the base stocks described herein can also
be blended with other base stocks to make a base oil. These other base stocks include solvent
processed base stocks, hydroprocessed base stocks, svathetic base stocks, base stocks dentved from
Fisher-Tropsch processes, PAO, and naphthenic base stocks. Additionally or alternately, the other
base stocks can mclude Group I base stocks, Group H base stocks, Group I base stocks, Group
IV base stocks, and/or Group V base stocks. Additionally or alternatelv, still other types of base
stocks for blending can include hydrocarbyl aromatics, alkvlated aromatics, esters (including
synthetic and/or renewable esters), and or other non-conventional or unconventional base stocks.
These base oil blends of the inventive base stock and other base stocks can also be combined with
additives, such as those mentioned above, to make formulated lubricants.

Configuration Examples

[00111] FIG. 1 schematically shows a first configuration for processing of a deasphalted oil feed
110. Optionally, deasphalted o1l feed 110 can include a vacuum gas oil boiling range portion. In
FIG. 1, a deasphalted oil feed 110 is exposed to hydrotreating and/or hydrocracking catalyst in a
first hydroprocessing stage 120. The hydroprocessed effluent from first hvdroprocessing stage 120
can be separated into one or more fuels fractions 127 and a 370°C+ fraction 125. The 370°C+
fraction 123 can be solvent dewaxed 130 to form one or more lubricant base stock products, such
as one or more light neutral or heavy neutral base stock products 132 and a bright stock product
134

[00112] FIG. 2 schematically shows a second configuration for processing a deasphalted oil
feed 110. In FIG. 2, solvent dewaxing stage 130 is optional. The effluent from first
hydroprocessing stage 120 can be separated to form at 1east one or more fuels fractions 127, a first
370°C+ portion 245, and a second optional 370°C+ portion 225 that can be used as the input for
optional solvent dewaxing stage 130. The first 370°C+ porticn 245 can be used as an input for a
second hydroprocessing stage 250, The second hydroprocessing stage can correspond to a sweet
hydroprocessing stage for performing catalytic dewaxing, aromatic saturation, and optionally

further performing hydrocracking. In FIG. 2, at least a portion 233 of the catalytically dewaxed
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output 255 from second hydroprocessing stage 250 can be solvent dewaxed 260 to form aft least a
solvent processed lubricant boiling range product 2635 that has a T10 boiling point of at least 510°C
and that corresponds to a Group II bright stock.

[00113] FIG. 3 schematically shows another configuration for producing a Group II bright
stock. In FIG. 3, at least a portion 353 of the catalytically dewaxed output 355 from the second
hydroprocessing stage 250 is solvent extracted 370 to form at least a processed lubricant boiling
range product 375 that has a T10 boiling point of at least 310°C and that corresponds to a Group
11 bright stock.

[00114] FIG. 6 schematically shows vet another configuration for producing a Group I bright
stock. In FIG. 6, a vacuum resid feed 675 and a deasphalting solvent 676 is passed into a
deasphalting unit 680. In some aspects, deasphalting unit 680 can perform propane deasphalting,
but in other aspects a Cas solvent ¢an be used. Deasphalting unit 680 can produce a rock or asphalt
fraction 682 and a deasphalted oil 610. Optionally, deasphalted oil 610 can be combined with
another vacuum gas oil boifing range feed 671 prior to being introduced into first (sour)
hydroprocessing stage 62(r. A lower boiling portion 627 of the efffucnt from hydroprocessing stage
620 can be scparated out for further use and/or processing as one or more naphtha fractions and/or
distillate fractions. A higher boiling portion 625 of the hydroprocessing effluent can be a) passed
into a second {sweet} hydroprocessing stage 650 and/or b} withdrawn 626 from the processing
system for use as a fuel, such as a fuel oil or fuel oil blendstock. Second hydroprocessing stage 650
can produce an ¢ffluent that can be separated to form one or more fuels fractions 657 and one or
more lubricant base stock fractions 655, such as one or more bright stock fractions.

Example |

[00115] In this example, a deasphalted oil was processed in a configuration similar to FIG. 1.
The deasphatted oil was derived from deasphalting of a resid fraction using pentane as a solvent,
The properties of the deasphalted oif are shown in Table . The yield of deasphalted oil was 75
wt% relative to the feed.
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Table 1 — Deasphalted Oil {rom Pentane Deasphalting (75 wt% yield)

API Gravity 12.2
Sulfir (wi%a) in
Nitrogen (wppm) 2557
Ni {wppm) 71
V (wppm} 187
CCR (wi%) 1123
Wax (wtn) 4.6
GCD Distillation (wi%s) 0
5% 522
10% 543
30% 386
50% 619
6% 660
90% 719

[00116] The deasphalted oil in Table 1 was procéésed at 0.2 hr! LHSV, a treat gas rate of
8000sct/b, and a pressure of 2250 psig over a catalyst fill of 50 vol% demetalization catalvst, 42.5
vol% hydrotreating catalyst, and 7.5% hydrocracking catalyst by volume. The demetallization
catalyst was a commercially available large pore supported demetallization catalyst. The
hydrotreating catalyst was a stacked bed of commercially available supported NiMo hyvdrotreating
catalvst and commercially available bulk NiMo catalyst. The hvdrocracking catalyst was a
standard distillate selective catalyst used in industry. Such catalysts typically include NiMo or
NiW on a zeolite / alumina support. Such catalysts typically have less than 40 wit% zeolite of a
zeolite with a unit cell size of less than 34.38 Angstroms. A preferred zeolite content can be less
than 25 wt% and‘or a preferred unit cell size can be less than 24.32 Angstroms. Activity for such
catalysts can be related to the unit cell size of the zeolite, so the activity of the catalyst can be
adjusted by selecting the amount of zeolite. The feed was exposed to the demetallization catalyst
at 745°F (396°C) and exposed to the combination of the hydrotreating and hvdrocracking catalyst
at 765°F (407°C) in an isothermal fashion.

[00117] The hvdroprocessed effluent was distilled to form a $10°C+ fraction and a 510°C-
fraction. The 510°C- fraction could be solvent dewaxed to produce lower viscosity (light neutral
and/or heavy neutral) lubricant base stocks. The 310°C+ fraction was solvent dewaxed to remove
the wax. The properties of the resulting Group I bright stock are shown in Table 2. The low cloud
point demonstrates the haze free potential of the bright stock, as the cloud point differs from the
pour point by less than 5°C.
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Table 2 - Group 1 bright stock properties

Product Fraction ' 510°C+

Vi ‘ Y
| KV @100°C e

KV @40°C 378

Pour Pt (°Ch ‘ -f5
Clowd Bt (°C) T —
Example 2 .

j00118] In this example, a deasphalted oil was processed in a configuration similar to FIG. |.
The deasphalted oil described in Table 1 of Example 1 was mixed with a lighter boiling range
vacuum gas oil in a ratio of 65 wt% deasphalted oil to 35 wt% vacuum gas oil. The properties of
the mixed feed are shown in Table 3.

Table 3 ~ Pentane deasphalted vil (65%) and vacuum gas oil (35%) properties

AP Gravily 157
Snifur (wite} 36
Nitrogen (wppr) 2099
Ni (wppm) 52
V (wppm) 14.0
CCR (wt%a) 8.1
Wax {wt%) 42
GCD Distillation (wt%4) 1 Gy
5% 422
16% 463
30% 541
56% 584
T0% wa
90% 6357

[00119] The mixed feed was treated with conditions and catalysts similar to those used in
Example 1, with the exception of an increase m reactor temperature to adjust for catalyst aging and
slightly higher conversion amounts. The feed was exposed to the demetallization catalyst at 750°F
(399°C) and the hydrotreating / hydrocracking catalysts at 770°F {410°C). After separation to
remove fiels fractions, the 370°C+ portion was solvent dewaxed. Bright stocks were formed from
the solvent dewaxed cffluent using a 510°C+ cut and using a second deep cut at 571°C+. The
properties of the two types of possible bright stocks are shown in Table 4. (For clanity, the 510°C+
bright stock includes the 571°C+ portion. A separate sample was used to form the 571°C+ bright
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stock shown in Table 4.)
Table 4 - Group I bright stocks
Product Fraction 510°C+ ST1°CH ‘
Vi [08.9 2.2 |
KV @100°C 199 35.4
KV wid0°C 203 476
Pour Pt (°C) -4
Cloud Pt (°C} -i2
Example 3

[00120] A configuration similar to FIG. 1 was used to process a deasphalted oil formed from
butane deasphalting (55 wt% deasphalted oil vield). The properties of the deasphalted oil are
shown in Table 5.

Table 5 —~ Butane deasphalted oil (55 wt% vield)

API Gravily 14.0
Salfur (wi%a} 2.8
Nitrogen (wppr) 2653
Ni (wppm) g5
V(wppm) 14.0
CCR (wt%) 8.3
Wax (wt%) 1 3.9
GCD Distillation (wt%) 1 °C)
5% 480
10% 508
30% 558
56% 597
T0% 641
90% 712

[00121] The deasphalied oll was converted o bright stock with low haze characteristics using
process conditions and catalysts similar to those in Example 1, with the exception of the reaction
temperatures. The deasphalted oil was exposed to the first hydroprocessing stage in two separate
runs with all catalysts (demetallization, hyvdrotreating, hydrocracking) at a temperature of 371°C.
The lower conversion in the second run 1s believed to be due to deactivation of catalyst, as would
typically be cxpected for this type of heavy feed. The effluents from both runs were distilled to
form a 510°C+ fraction. The 510°C+ fraction was solvent dewaxed. The resulting solvent
dewaxed oils had the properties shown in Table 6. Table 6 also shows the difference in 370°C



WO 2017/117166 PCT/US2016/068786

33
conversion during the two separate runs.
Table 6 - Group I bright stock properties
Product Fraction First run Second un 1
Vi e %0
KV @100°C 1273 352
KV @40°C 378 619
Pour Pt (°C) -19 -185
Cloud Pt (°C) 13 3
Conversion (wi%e relative
0 516°C) 54.3 413

[00122] The fow clowd point of both samples demonstrates the haze free potential of the bright
stock, as the cloud pomt differs from the pour point for both samples by 6°C or less.

Example 4

[00123] A configuration sumifar to FIG. 2 was used to process a deasphalted o1l formed from
butane deasphalting (55 wt% deasphalted oil vield). The properties of the deasphalted oil are
shown in Table 5. The deasphalted o1l was then hydroprocessed according to the conditions in
Example 3. At least a portion of the hydroprocessed deasphalted oil was then exposed to further
hydroprocessing without being solvent dewaxed.

[00124] The non-dewaxed hydrotreated product was processed over combinations of low unit
cell size USY and ZSM-48. The resulting product had a high pour cloud spread differential
resulting in a hazy product. However, a post-treat solvent dewaxing was able to remove that haze
at a modest 3% loss in yield. Processing conditions for the second hydroprocessing stage included
a hydrogen pressure of 1950 psig and a treat gas rate of 4000 scf/b. The feed into the second
hydroprocessing stage was exposed to a) a 0.6 wt% Pt on USY hydrocracking catalyst (unit cell
size less than 24.32, silica to alumina ratio of 33, 65 wi% zeolite / 353 wi% binder) at 3.1 hr! LHSV
and a temperature of 665°F; b) a 0.6 wt% Pt on ZSM-48 dewaxing catalyst (90:1 silica to alumina,
65 wit% zeolite / 35 wt% binder) at 2.1 hr! LHSV and a temperature of 635°F; and ¢) 0.3 wi% Pt
/ 0.9 wt% Pd on MCM-41 aromatic saturation catalvst (63 wt% zeolite / 35 wi% binder) at 0.9 hr
! LHSV and a temperature of 480°F. The resulting properties of the 510°C+ portion of the
catalytically dewaxed effluent are shown in Table 7, along with the 510°C conversion within the

hydrocracking/catalytic dewaxing/aromatic saturation processes
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Table 7 - Catalytically dewaxed effluent

Product Fraction

Vi 104 .4
KV @i00°C 26.6
KV @40°C 337
Pour Pt (°C) -28

[ Cloud Pt (°C) 184

Conversion (wi1% relative

10 510°C)
[00125] The
dewaxing with aloss of only 2.5 wt% yield resulted m a bright and clear product with the properties

preduct shown in Table 7 was hazv. However, an additional step of solvent

shown in Table 8. It is noted that the pour point and the cloud point differ by slightly less than
20°C. 'The solvent dewaxing conditions included a slurry temperature of -30°C, a solvent
corresponding to 35 wit% methyl ethyl ketone and 65 wt% toluene, and a solvent dilution ratic of
3:L

Table 8 — Solvent Processed 510°C+ product (Group H bright stock)

Product Fraction

Vi 104.4

KV @100°C 237

KV @40°C 321

Pour Pt (°C) 27

Cloud Pt (°C) ~7.0
Example 3 '

[00126] The deasphalted oil and vacuum gas oil mixmre shown in Table 3 of Example 2 was
processed in a configuration similar to FIG. 3. The conditions and catalysis in the first
hydroprocessing stage were similar to Example 1, with the exception of adjustments in temperature
to account for catalyst aging. The demetallization catalyst was operated at 744°F (396°C) and the
HDT/HDC combination was operated at 761°F (405°C). This resulted in conversion relative to
510°C of 73.9 wit% and conversion relative to 370°C of 50 wit%. The hydroprocessed effluent was
scparated to remove fuels boiling range portions from a 370°C+ portion. The resulting 370°C+
portion was then further hydroprocessed. The further hydroprocessing mchided exposing the
370°C+ portion to a 0.6 wit% Pt on ZSM-48 dewaxing catalyst (70:1 silica to alumina ratio, 65
wt% zeolite to 35 wi% binder) followed by a 0.3 wit% Pt / 0.9 wi% Pd on MCM-41 aromatic
saturation catalyst (65% zeolite to 35 wi%: binder). The operating conditions included a hydrogen
pressure of 2400 psig, a treat gas rate of 5000 scffb, a dewaxing temperature of 658°F (348°C), a
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dewaxing catalyst space velocity of 1.0 hr!, an aromatic saturation temperature of 460°F (238°C),
and an aromatic saturation catalvst space velocity of 1.0 hr!l. The propertics of the 560°C+ portion
of the catalytically dewaxed effluent are shown in Table 9. Properties for a raffinate fraction and
an extract fraction derived from the catalytically dewaxed effluent are also shown.

Table 9 - Catalytically dewaxed effluent

Product Fraction 360°C+ Raffinaic Extract
CDW efftuent | (vield 92.2%)

AP1 300 30.2 276

VI 104.2 105.2 89

KV @100°C 298 303 299

KV @ ArC 07 403 412

Pour Pt (°C} 21 30

Cloud Pt (°C) 78 -24

[00127] Although the catalytically dewaxed effluent product was initially clear, haze developed
within 2 days. Solvent dewaxing of the catalytically dewaxed effluent product in Table 2 did not
reduce the cloud point significantty {cloud after solvent dewaxing of 6.5°C) and removed only
about | wt% of wax, due in part to the severity of the prior catalytic dewaxing. However, extracting
the catalytically dewaxed product shown in Table 9 with n-methyl pyrrolidone (NMP) at a solvent
/ water ratio of 1 and at a temperature of 100°C resulted in a clear and bright product with a cloud
point of -24°C that appeared to be stable apainst haze formation. The extraction also reduced the
aromatics content of the catahvtically dewaxed product from about 2 wt% aromatics to about 1
wt% aromatics. This included reducing the 3-nng aromatics content of the catalytically dewaxed
effluent (initially about 0.2 wt%) by about 80%. This result indicates a potential relationship
between waxy haze formation and the presence of polynuclear aromatics in a bright stock.
Example 6

[00128] A feed similar to Example 5 were processed in a configuration similar to FIG. 2, with
various processing conditions were modified. The initial hydroprocessing severity was reduced
relative to the conditions in Example 5 so that the initial hydroprocessing conversion was 59 wit%
relative to 510°C and 34.5 wi% relative to 370°C. These lower conversions were achieved by
operating the demetallization catalyst at 739°F (393°C) and the hydrotreating / hydrocracking
catalyst combination at 756°F (402°C).

[00129] The hydroprocessed effluent was separated to separate fuels boiling range fraction(s)
from the 370°C+ portion of the hvdroprocessed effluent. The 370°C+ portion was then treated in

a second hydroprocessing stage over the hvdrocracking catalyst, and dewaxing catalyst described
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in Example 4. Additionally, a small amount of a hydrotreating catalyst (hydrotreating catalyst
LHSV of 10 hr') was mcluded prior to the hydrocracking catalyst, and the feed was exposed to
the hydrotreating catalyst under substantially the same conditions as the hydrocracking catalyst.
The reaction conditions included a hydrogen pressure of 2400 psig and a treat gas rate of 5000
scfb. In a first run, the second hydroprocessing conditions were selected to under dewax the
hydroprocessed effluent. The under-dewaxing conditions comesponded to a hvdrocracking
temperature of 675°F (357°C), a hydrocracking catalyst LHSV of 1.2 hr’, a dewaxing temperature
of 615°F (324°C), a dewaxing catalyst LHSV of 1.2 hr}, an aromatic saturation temperature of
460°F (238°C), and an aromatic saturation catalyst LHSV of 1.2 hr'!. In a second run, the second
hydroprocessing conditions were selected to more severely dewax the hydroprocessed effluent.
The higher severity dewaxing conditions corresponded to a hydrocracking temperature of 675°F
(357°C), a hydrocracking catalyst LHSV of 1.2 hrl, a dewaxing temperature of 645°F (340°C), a
dewaxing catalyst LHSV of 1.2 hr', an aromatic saturation temperature of 460°F (238°C), and an
aromatic saturation catalyst LHSV of 1.2 hr!. The 310°C+ portions of the catalytically dewaxed
effluent are shown in Table 10.

Table 10 — Catalytically dewaxed effluents

Product Fraction Under-dewaved Higher severity
VI 106.6 6.4
KV @iooc 376 30.5
KV @40°C 551 396
Pour Pt (°C) 24 24
Cloud Pt (°C) 36 49

[00139] Both samples in Table 10 were imtially bright and clear, but a haze developed in both
samples within one week. Both samples were solvent dewaxed under the conditions described in
Example 4. This reduced the wax content of the under-dewaxed sample to 6 8 wit% and the wax
content of the higher severity dewaxing sample to 1.1 wt%. The higher severity dewaxing sample
still showed a shght haze. However, the under-dewaxed sample, affer solvent dewaxing, had a
cloud point of -21°C and appeared to be stable against haze formation.

Example 7 — Viscositv and Viscosity Index relationships

[00131] FIG. 4 shows an example of the relationship between processing severity, kinematic
viscosity, and viscosity index for lubricant base stocks formed from a deasphalted oil. The data in
FIG. 4 corresponds to lubricant basc stocks formed form a pentanc deasphalted oil at 75 wit% yield
on resid feed. The deasphalted o1l had a solvent dewaxed VI of 75.8 and a solvent dewaxed
kinematic viscosity at 100°C of 333.63.
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[00132] In FIG. 4, kinematic viscosities (right axis) and viscosity indexes (left axis) are shown
as a function of hydroprocessing severnity (510°C+ conversion) for a deasphalted oil processed in
a configuration strolar to FIG. 1, with the catalysts descnbed in Exarople 1. As shown in FIG. 4,
increasing the hydroprocessing severity can provide VI uplift so that deasphalted oil can be
converted (after solvent dewaxing} to lubricant base stocks. However, increasing severity also
reduces the kinematic viscosity of the 510°C+ portion of the base stock, which can limit the yield
of bright stock. The 370°C — 510°C portion of the solvent dewaxed product can be suitable for
forming light neutral and/or heavy neutral base stocks, while the S10°C+ portion can be suttable
for forming bright stocks and/or heavy neutral base stocks.

Exampie $ — Variations in Sweet and Sour Hvdrocracking

{00133] In addition to providing a method for forming Group H base stocks from a challenged
feed, the methods described herem can also be used 10 control the distribution of base stocks

formed from a feed by varying the amount of conversion performed in sour conditions versus sweet
conditions. This is iflustrated by the results shown in FIG, 5.

[00134] In FIG. 5, the upper two curves show the relationship between the cut point used for
forming a lubricant basc stock of a desired viscosity (bottom axis) and the viscosity mdex of the
resulting base stock (left axis). The curve corresponding to the circle data points represents
processing of a Cs deasphalted oil using a configuration similar to FIG. 2. with all of the
hydrocracking occurring in the sour stage. The curve comrgsponding to the squarc data points
corresponds to performung roughly half of the hydrocracking conversion in the sour stage and the
remaining hydrocracking conversion in the sweet stage (along with the catalytic dewaxing). The
individual data points in each of the upper curves represent the vield of each of the different base
stocks relative to the amount of feed introduced into the sour processing stage. It is noted that
summing the data points within each curve shows the same total yvield of base stock, which reflects
the fact that the same total amownt of hydrocracking conversion was performed 1n both types of
processing runs. Only the location of the hydrocracking conversion {all sour. or split hetween sour
and sweet) was varied.

[00135] The lower pair of curves provides additional information about the same pair of process
runs. As for the upper pair of curves, the circle data points in the lower pair of curves represent all
hydrocracking in the sour stage and the square data points correspond to a split of hydrocracking
between sour and sweet stages. The lower pair of curves shows the relationship between cut point
{bottom axis) and the resulting kinematic viscosity at 100°C (nght axis). As shown by the lower
pair of curves, the three cut point represent formation of a light neutral base stock (5 or 6 ¢81), a
heavy neutral base stock (10 — 12 ¢5t), and a bright stock (about 30 ¢St). The individual data points
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for the lower curves also indicate the pour point of the resulting base stock.

[00136] As shown in FIG. 5, altering the conditions wnder which hydrocracking is performed
can alter the nature of the resulting Iubricant base stocks. Performing all of the hyvdrocracking
conversion during the first (sour) hydroprocessing stage can result in higher viscosity index values
for the heavy neutral base stock and bright stock products, while also producing an increased yield
of heavy neutral base stock. Performing a portion of the hvdrocracking under sweet conditions
increased the vield of light neutral base stock and bright stock with a reduction in heavy neutral
base stock yield. Performing a portion of the hydrocracking under sweet conditions also reduced
the viscosity index wvalues for the heavy neutral base stock and bright stock products. This
demonstrates that the yield of base stocks and/or the resulting qualitv of base stocks can be aliered
by varving the amount of conversion performed under sour conditions versus sweet conditions.
Example 9 - Feedstocks and DAOs

[B0137] Table  shows properties of two types of vacuum resid feeds that are potentially suitable
for deasphatting, referred to in this example as Resid A and Resid B. Both feeds have an API
gravity of less than 6, a specific gravity of at least 1.0, clevated contents of sulfur, nitrogen, and
metals, and clevated contents of carbon residue and n-heptanc msolubles.

Table 11 — Resid Feed Properties

Resid (566°C+) Resid A Resid B
API Gravity {deprees) 5.4 4.4
Specific Gravity (13°C) (g/ce) | 1.0336 1.04i2
Total Sulfur (wt%) 4.56 5.03
Nickel (wppm) 437 48.7
Vanadium (wppm) 114 1o
TAN (mg KOH/g) 0314 0.174
Total Nitrogen (wppm) 4760 4370
Basic Nitrogen (wppm) 11210 1370
Carbon Restdue (wit%) 4.4 258
n-heptane insolubles (wt%) 7.68 8.83
Wax (Total — DSC) (wta) 14 £32
KV @ 100°C (cSt) 592¢ £1200
KV @ 135°C (cSt) 619 988

[00138] The resids shown in Table 11 were used to form deasphalted oil. Resid A was exposed
to propane deasphalting (deasphalted oil yvield < 40%) and pentane deasphalting conditions
(dcasphalted oil yicld ~ 65%). Resid B was cxposed to butanc deasphalting conditions
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(deasphalted oil yield ~ 75%}. Table 12 shows properties of the resulting deasphalted oils.
Table 12 — Examples of Deasphalted Oils

C: DAO C:DAO Cs DAO

API Gravity (degrees) 224 12.9 126

Specific Gravity (15°C) (g/cc) | 0.9138 0.9782 .9808

Total Sulfur (wt%) 2.01 3.82 356

Nickel (wppm} <01 52 53

Vanadium (wppm) <1 15.6 174

Total Nitrogen (wppm) A4 2116 11933

Basic Nitrogen (wppm) 203 <N/A> 478

Carbon Residue (wit%a) 16 3 110

KV @ 100°C (cSt) 333 124 172

VI 96 61 <N/AZ>
[ SimDist (ASTM D2887) °C

Swi% 509 44} 527

10 wit% 328 515 546

30wt 366 568 588

50 wt% 593 608 619

70 wt% 623 657 1664

90 wt%o 675 <N/A> <N/A>

95 wi% 704 <N/A> <N/A>

[00139] As shown in Table 12, the higher severity deasphalting provided by propane
deasphalting results in a different quality of deasphalted oil than the lower severity Cs and Cs
deasphalting that was used in this example. I is noted that the Cz DAO has a kinematic viscosity
@100°C of less than 35, while the C4 DAO and Cs DAO have kinematic viscositics greater than
100. The Cs DAOQO alse generally has properties move similar to a lubricant base stock product,
such as a higher APT gravity, a lower metals content / sulfur content / nitrogen content, lower CCR
levels, and/or a higher viscosity mndex.

Example 10 — Deasphalting of Wide Cut Gas Oil

[00140] Performing deasphatting with Cs+ paraffing can potentially allow for greater vields of
deasphalted oil. However, using a Cs- paraffin or mixture of paraffins can pose challenges with
regard to the flow properties of a resid type feed in a deasphalting system. In order to maintain
desirable flow rates / flow properties during deasphalting of a resid type feed, deasphalting
processes are typically performed at temperatures of about 190°C or higher. At such temperatures,
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the small paraffins used as deasphalting solvenis are gases. As a result, the solubility of
deasphalting solvents tends to decrcase with increasing temperature.  When higher vields of
deasphalted oil are desired, such as yields of about 60% or more relative to the weight of a resid
type feed, the deasphalting solvent may not have sufficient solubility in the resid type feed at 190°C
or higher to generate a desired vield of deasphalted oil.

[00141] One option for increasing the vicld can be to lower the temperature of the deasphalting
process, which can increase the selubility of the deasphalting solvent and allow for greater yield.
However, such a temperature decrease can also modify the flow properties of the resid type feed,
which may result in difficulties with maintaining a flow of resid type feed through the deasphalting
unit.

[00142] K has been determined that esing a wide cut vacuam gas oil (VGO) that includes both
resid boiling range compounds and a portion of vacuum gas oil boiling range compounds can
mitigate difficulties related to compatibility of the deasphalting solvent when attempting to
generate a high vield of deasphalted oif. For example, instead of using a resid with an initial boiling
point between 430°C and 450°C, a wide cut VGO with an initial boiling point of about 370°C can
be used. This can allow a desired yicld of deasphalted oil to be generated while still maintaining
a destred temperature for a deasphalting column.

[00143] Table 13 shows results from deasphalting a resid type feed using n-pentane as the
deasphalting solvent at two different vields of deasphalted oil. In order to increase the vield of
deasphalted ol from 65 wt% to 75 wt% (relative to the weight of the feed), the deasphalting
temperature was decreased from 375°F (190°C) to 355°F (~179°C). Although this resulted in
increased yield of deasphalted oil, the properties of the higher vield deasphalted oil were less
favorable. For example, the sulfur content, n-heptane insoluble content, conradson carbon residue,
and metals were all higher in the deasphalted oil at 73 wi% vield relative to the deasphalted oil at
65 wt%s vield.
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Table 13 — Deasphalter Yield versus Deasphalter Temperature

PCT/US2016/068786

355°F (180°C) 75% 375°F (190°C) 65%
Lift Lift
1VacResid | DAQ Rock DAO Rock
Parameter
Density (g/mi) | 1.039— (.989 1.13 - 0.98 1.093
1.044 1.14
Sulfur (wt%) [43-46 37-39 {7477 3.46 3
Nitrogen 3750 - 2500 - 6700 - 2527 6100
{(wppm) 4388 2700 7600
n-heptane 12 0.23 55 0.04 40
insolubles
(wte)
CCR. (wt%s) 23-25 133- 464 — 109 47
13.4 54,7
Ni+V 145-180 |28-29 430 -540 | 178 380
(wppm}
Viscosity @ 4600 — 230-260 | = 173 &
100°C (¢St} 7700
IBP (*C) 440 430 351 400 526

[00144] The results in Table 13 are based on deasphalting of a vacuum resid formed by
distillation of a feed. In Table 14, deasphalting was performed on a wide cnt VGO formed by
distillation of the same feed. By mchuding a portion of vacuum gas ot in the feed to deasphalting,
a vield of 75 wt% deasphalted oil was achieved at 375°F (190°C). Additionally, the resulting
deasphalted oil had properties that were closer in nature 1o the 63 wt% vield deasphalied oil in
Table 13. This demonstrates that having a wider cut on the feedstock allowed a higher quality
deasphalted o1l to be produced at a higher deasphalted oil yield.
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Table 14 — Deasphalting of Wide Cut VGO

e

375°F (190°C) 75% Lift

Wide Cut DAO Rock
VGO
Parameter
Density (g/fmb) [ 1.027 0.976 1.139
Sulfur (wi%) 4 3.41 ©.89
Nitrogen 3300 2453 6900
{(wppm) |
n-heptane 112 0.09 44
insolubles
(wi)
CCR (wt%) 22 10 49.7
Ni + V {wppm) | 133 17.9 378
Viscosity @ 5100 112 *
100°C (¢St)
IBP (°C) 360 785 550

PCT/US2016/068786

[00145] Another benefit of using a wide cut VGO can be related to use of altemative types of

solvents. For example, varions refinery processes can potentially generate output strcams

containing mixtures of Cs compounds. Table 15 shows examples of a first naphtha distillation cut

mostly corresponding to isopentane and a second Cs distillation cut that can be generated from the

effluent of a naphtha distillation unit. Optionally, a mixed Cs stream such as the right hand column

in Table 15 could be distilled to avoid inclusion of benzene. Converting the mixed compositions

of Table 15 into a relatively pure isopentane stream or n-pentane stream for use as a deasphalting

solvent can require substantial additional cost.

It would be beneficial from both a cost and

additional equipment standpoint if the mixed Cs compositions of Table 15 could be used as a

deasphalting solvent, instead of a pure solvent such as n-pentane or isopentane.
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Table 15 — Mixed C5 Compositions
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iC5 (wit%o) mC5 (wt%o)

Isobutene 0.1 0

Butane 6.4 0.8
2-methylbutane (iC5) 90.0 23.8
Pentane (nC5) 33 37.0
2-methylpentane (iC6) { 222
Hexane (nC6) 0 10.5
Heptane O 0.1

Octane 0 {3
Cyclopentane 0 2.4
Cyclohexane 0 1.0
Cycloheptane 0 10

Benzene & 2.1
Methvlbenzene 0 31

[00146] One conventional difficulty with using a mixed composition as a deasphalting solvent

can be the reduced deasphalting temperature required to generate a desired vield. Table 16 shows

the deasphalted oil yield as a function of deasphalting temperature for n-pentanc and iso-pentane

under conditions similar to those used for deasphalting in Tables 13 and 4. As shown in Table

16, the required temperature for generating a desired yield with iso-pentane is substantially lower

than the corresponding temperature for n-pentane.

A similar proportional reduction in the

deasphalting temperature would be expected if, for example, if one of the mixed Cs streams from

Table 15 was used as a deasphalting solvent. However, using a wide cut VGO as the feed for

deasphalting can offset or mitigate the reduction in temperature that is required for a desired yield

of deasphalied oil.

Table 16 — Deasphalting Lifts with n-Pentane and Isopentane
Lift (Iv%) nCS Temp (°C) | 1CS5 Temp (°C)
75 180 154
70 188 171
635 191 178

Example 11 = Yield Comparison of Product Tvpes

[00147]

The methods described herein can provide advantages for converting deasphalted oils

to higher value products. Traditionally, vacumm resid fractions have been processed using severe

tvpes of processing, such as coking or slurry hydroconversion. Table 17 shows examples of typical

product vields that might be expected based on coking or slurry hydroconversion of a resid feed.
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Table 17 — Thermal Cracking and Shurry Hydroconversion Yields

Delayed Coker | FlexiCoker Slurry HDC
(vol%) {(vol%s) {vol%v)
Gas, foe 9% 16% 13%
Naphtha 16% 18% 19%
Diesel 24% 19% 30%
Lube Base stocks 0% (% 0%
Gasoll (371°CH) 28% 24% 27%
Heavy Gasoil / Coke /|29% 24% 7%
Pitch (566°C+)

[00148] As shown in Table 17, coking of a resid feed tends to produce substantial amounts of
coke, Coke is a low value product that has limited uses other than fuel value, In addition to
transforming roughly 25% of the feed to coke, coking also generates a gas oil fraction which is
generally not considered to be suitable for use as a lubricant base stock. Instead, the gas oif
generated by coking is generally used as a fuel oil, or is used as a feed for fluid catalytic cracking.
Slurry hydroconversion generates a smaller amount of low value pitch and/or heavy gas oil, and
also can directly produce a higher proportion of diesel fuel. However, slurry hydroconversion can
also require substantial amounts of hvdrogen, so the operating costs that are required to perform
shurry hydroconversion may not be justified based on the resulting diesel yield.

[00149] In contrast to traditional methods, deasphalting a resid followed by processing as
described herein can produce a higher value product slate. Table 18 shows an example of product
slates formed from the Ca DAO and Cs DAO shown in Table 12.

Table 18 — Deasphalting and Fubes Processing Vields

C+ DAO HDC Cs DAO HDC
{vol%) (vol%}
Gas, foc 2% 2% B
Naphtha 9% 16%
Diesel 29% 37%
Lube Base stocks 359% 35% )
Gasoil (371°C+) 0% 0%
Heavy Gasoil / Coke /|35% 25%
Pitch (566°C+)

[00150] As shown in Table 18, deasphalting of a resid mitially forms a substantial amount of
pitch or rock as a product, depending on the deasphalting conditions. However, substantially all
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of the desasphalted oil can then be converted to higher value products, such as the 35 vol% of
lubricant base stocks that is shown in Tablc 18. The amount of hght ends produced by deasphalting
and Jubes processing is also substantiallv lower than the light ends production from coking or shirry
hydroconversion.

Example 12 - Lubricant Base Stocks from Catalvtic Processing of Ca Deasphalted Oil

[00151] A configuration similar to FIG. 6 was used to form lubricant base stocks from
deasphalted o1l formed by propane deasphalting. FIG. 7 shows composttional details for examples
of bright stocks that were produced from catalytic processing of Cs deasphalted oils (Samples |
and 1T in FIG. 7). FIG. 7 also shows two reference bright stocks formed by either solvent dewaxing
or catalytic dewaxing (Ref 1 and Ref 2), and an additional bright stock formed from a (s
deasphalted oil (Sample ), but with a high cloud point of 6°C.

[00152] Forthe bright stocks shown as Samples | and I in FIG. 7, the bright stocks were formed
by hydrotreatment (sour conditions) followed by catalytic dewaxing {sweet conditions) of the Cs
deasphalted oil. Samples I and Il in FIG. 7 correspond to a bright stocks with less than 0.03 wit%
sulfur and less than 10 wit% aromatics / greater than 90 wit% saturates. Thus, Samples [ and I
correspond to Group I bright stocks. The reference bright stocks in the first two columns of FIG.
7. as well as Sample 11, also have less than 10 wit% aromatics / greater than 90 wt%6 saturates and
therefore also correspond to Group II bright stocks.

[00153] The compositional characterization was done using “C-NMR, FDMS (Ficld
Desorption Mass Spectrometry), FTICR-MS (Fourier-Transform {on Cyclotron Resonance Mass
Spectrometry), and DSC (Differential Scanning Calorimetry). The differences in composition
include the inventive base stocks having a higher degree of branching than a conventional bright
stock. For example, the sum of the propy! and ethyl groups (Line 9) is greater than 1.7, or 1.8, or
1.9 per 00 carbon atoms in Samples T and T1. Additionally, in Samples 1 and 11, the types of
individuat branching are higher than their references. Samples I and I show a total number of
terminal/pendant propvl groups greater than (.85, or greater than 0.86, or greater than 0.9¢ per 100
carbon atoms: they show a total number of ethy! groups greater than 0.83, or greater than (.88, or
greater than 0.99, or greater than (0.93, or greater than (.93 per 100 carbon atoms. Additionafly,
although not shown i F1G. 7, Samples { and Il have a total number alpha carbon atoms greater
than 2.1, or greater than 2.2, or greater than 2.22, or greater than 2.3 per 100 carbon atoms.
[00154] Further, the inventive base stocks exhibited more external branching within paraffinic
¢hains. For Samples 1 and H, the total number of propyl and ethyl groups relative to epsilon carbon
atoms was greater than 0.127, or greater than 0.130, or greater than 0.133, or greater than 0.140,
or greater than 0,150 or greater than 0.160. Similarly, the ratio of propyl groups to epsilon carbon
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atoms was greater than 0.063 or greater than (.063, and the ratio of ethyl groups to epsilon carbon
atoms was greater than 0.064, or greater than 0.065, or greater than 0.068, or greater than 0.070,
tespectively. Additionally, although not shown in FIG. 7, the matio of alpha carbons to the sum of
propyl and ethyl groups is smaller in Samples I and IT: less than 1.36, or less than 1.3, or less than
1.23, or less than 1.24.

[00155] Still other differences in the composition of Samples I and I over the references can be
scen in the distnbution of evcloparaffinic species as determined by FDMS. For example, the
inventive bright stocks have at least 20% (i.e., at least 20 molecules per 100 molecules of the
composition) of 2-ring cycloparaffins; at least 22% (i.c., at least 22 molecules per 100 molecules
of the composition) of 3-fing cycloparaffing; less than 13.5% (i.e., less than 13.5 molecules per
100 molecules of the composition) of 3-ring cvcloparaffins; and less than 8.5% (i.s., less than 8.5
molecules per 104 molecules of the composition), or less than §.0 molecules per 100 molecules, or
less than 7.0 molecules per 100 molecules, of 6-ring cycloparaffing, Comparing the ratio of 1, 2,
and 3 ring cvcloparaffins to 4, 5. and 6 ning cycloparaffins, differences are observed in that the
ratio in Samples 1 and 11 is at least 1.1. Additionally, the ratio of 5 and 6 ning cycloparaffins o 2
and 3 ring cvcloparaffins is less than (.58, or lcss than 0.57.

[00156] Also, the inventive oils were also characterized using differential scanning calorimetry
(DSC) to determine the total amount of residual wax and the distribation of residnal wax as a
function of temperature. The DSC cooling and heating curves were obtained for the base stocks
described herein. Notably, the heating curve was generated by starting from a low temperature of
nearly ~80°C, at which point the sample is completely solidified, and then heating the sample at
rate of about 10°C/min. As the temperatiure increases, typically. the heat flow rapidly decreases
and reaches a minimum at around -20°C to -10°C. Between -20°C and abound +10°C, the rate of
heat flow increases as the microcrystalline wax melts, The typical rate of increase found in the
references ranged from 0.00068 t0 0.013 W/g-°C whereas column 4 had a less rapid change m heat
flow at a rate of 0.00042 W/g-°C, mdicative of a novel composition and distribution of waxy
species.

[00157] k was determined that the novel product composition space shown in FIG. 7 could be
achieved using catalvtic processing of Cs deasphalted oil having a VI of about 96, a CCR of
aboutl .6 wt%, and with nitrogen of about 504 ppmw, It has further been found that a similar novel
product composition space can be achieved with more challenging feedstocks such as base stocks
produced from Cas deasphalted oil or from Cs deasphalted oil or from Ce+ deasphalted oil or from
mixtures thereof. This is iHustrated in FKEG. 8, where base stock compositions are shown that
derived from Ca deasphalted oil (55 — 65% deasphalted oil yield). The base stocks shown were
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produced using catalytic processing with and without solvent post-processing steps. There is an
increased nisk of the appearance of haze in the final product if the stock does not occupy the
compositional space described below. Samples TV and V in FIG. 8 commespond to base stocks that
remained clear and bright, while Samples VI, VII, and VIHI correspond to base stocks that
developed a haze. as would be conventionally expected when attempting to form base stocks from
a Ce+ DAO. Ref | and Ref 2 in FI1G. 8 are the same as the references in FIG. 7.

[00158] The compositional characterization was done using 13C-NMR, FDMS, FTICR-MS,
and DSC. The differences in composition include the inventive base stocks having a higher degree
of branching than a conventional bright stock. For example. the sum of the terminal/pendant propyl
and ethvl groups is greaterthan 1.7, or 175, or 1.8, or 1.83, or 1.9 per 100 carbon atoms in Samples
IV and V. Additionally, in Samples IV and V, the types of individual branching are higher than the
references. Specifically, Samples IV and 'V show a total number of terminal/pendant propy] groups
greater than 0.86, or greater than 0.88 per {00 carbon atoms; they also show a total number of
terminal/pendant ethyl groups greater than (.88, or greater than 0.90, or greater than 0.93, or greater
than 0.95 per 100 carbon atoms. Although not shown in FIG.8, Samples IV and V also had a total
number alpha carbon atoms of 2.3 or greater per 100 carbon atoms.

[00159] Further, the inventive base stocks exhibited more external branching within paraffinic
chains. For Samples IV and V| the total nomber of propyl and ethyl groups relative to epsilon
carbon atoms was greater than 0.124, or greater than 0.127, or greater than 0.130, or greater than
0.133. Similarly, the ratio of propvl groups to ¢psilon carbon atoms and the ratio of othyl groups
to epsilon carbon atoms was greater than 0.060 or greater than 0.063 or greater than 0,064 or greater
than 0.065, and 0.064 or greater than 0.065, or greater than 0.068, respectively.

[00160] FDMS provides more information concerning the ring structures i the inventive bright
stocks, Samples IV and V show increased prevalence of 1, 2 and 3 ring cycloparaffins and
decreased prevatence of 4, 5 and 6 ring eycloparaffing. For example, Samples IV and V have at
least 10.7% (i.e., at least 10.7 molecules per 100 molecules of the composition), or at feast 11%,
or at least 11.5%, or at least 11.9% 1 ring cycloparaffins; and at least 19.8%, or at least 20% (i.e.,
at least 20.0 molecules per 100 molecules of the composition), or at least 20.5%, or at teast 20.8%
2 ring cvcloparaffins; at least 21.8%, or at least 21.9%, or at least 22% (i.c.. at least 22.0 molccules
per 100 molecules of the composition) 3 ring cycloparaffing; less than 17.6% (i.¢., less than 17.6
molecules per 100 molecules of the composition), or less than 17.53%, or less than 17.1%, or less
than 17% 4 ring cycloparaffins; less than 11.9% (i.e., less than 11.9 molecules per 100 molecules
of the composition), or less than 11 3%, or fess than 119, or less than 10.9% 5 ring cycloparaffins;
and less than 7.2%, or less than 7% (¢, less than 7.0 molecules per 100 molecules of the
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composition), or less than 6.5%, or less than 6.3% 6 ring cycloparaffins. Comparing the ratio of 1,
2. and 3 ring cycloparaffins to 4, 5, and 6 ning cycloparaffins, differences are observed in that the
ratio in Saroples IV and V is at least .41, or at Jeast 1.45, orat least 1.5, or at least 1.55, or at least
1.59 (line 68). Samples IV and V also show a ratio of 5 and 6 ring cycloparaffins to 2 and 3 ring
eycloparaffing of 0.40 orless.

Example 13 - Lubricant Base Stocks from Catalvtic Processing of Cs Deasphalted Qil
[00161] FIGS. 9 and 10 provide details from characterization of vanous base stock

compositions that were formed from Cs deasphalted oils. FIG. 9 shows properties
determined using various techniques, including *C-NMR, while FIG. 10 shows properties
determined using FTICR-MS and FDMS. Ref 1is the same as Ref 1 from FIGS. 7 and 8.
Samples A, B, and C comrespond to novel compositions, while Samples D, E, F, and G
correspond to additional comparative base stocks made from Cs deasphalted oil.

[00162] The compositional characterization was done using C-NMR, FDMS, FTICR-
MS, and DSC. The differences in composition include the inventive base stocks having a
higher degree of branching than a conventional bright stock as observed using NMR. For
example, as shown FIG. 9, the comparative and reference bright stocks have a sum of
terminal/pendant propyl and terminal/pendant ethyl groups of 1.67 (or less) per 100 carbon
atoms in the composition. By contrast, the inventive bright stocks have a value of at least
1.7, or at least 1.8, or at least 1.9, or at least 2, or at least 2.2 per 100 carbons. Similarly,
individual values for terminal/pendant propyl and ethyl groups for the reference /
comparative bright stocks are 0.84 or less and 1.04 or less (respectively) per 100 carbons.
The inventive bright stocks (Samples A, B, and C) have values of at [east 0.85, or at least
0.9 or at least 1.0 per 100 carbons for propyl groups and at least 0.85, or at least 1.0, or at
least 1.1, or at least 1.15, or at least 1.2 per 100 carbons for ethyl groups. Further, although
not shown in FIG. 12, the branch points of Samples A, B, and C are characterized by have
a total branch points of at least 4.1 per 100 carbon atoms and of those branch points, less
than 2.8 per 100 carbons are alpha carbons.

[00163] Samples A, B, and C showed more external branching within paraffinic chains
as seen when comparing the ratios of various branch points to epsilon carbons. Comparing
the ratio of the sum of propyl and ethyl groups to the epsilon carbons indicates a higher
degree of branching in the inventive bright stocks. The reference/comparative bright stocks

have a ratic of less than 0.13 for the sum of ethyl and propyl groups relative to the number
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of epsilton carbons, while the inventive bright stocks have atleast 0.1, or at least 0.13, or at
least 0.14, or at least 0.15, or at least 0.16 or at least 0.19 for the sum of ethyl and propyl
groups to epsilon carbons. Individually comparing propyl or ethyl groups to epsilon carbons
shows a similar relationship with reference bright stocks having less than 0.058 and 0.059
respectively. Samples A, B, and C have values of at least 0.06, or at least 0.07, or at least
0.08 or at least 0.09 for propyl/epsilon and at least 0.06, or at least 0.07, or at least 0.08, or
at least 0.1 for ethyl/epsilon. Additionally, the total number of epsilon carbons is lower in
the inventive bright stocks: greater than 14.5 for the reference/comparative bright stocks
and less than 4.5, or less than 13, or less than 12.5, or less than 12.35 or less than 11 for
the inventive bright stocks.

[00164] Although not shown in FIG. 9, the proportion of the type of branch points is also
unique in the inventive bright stocks. The reference base stocks have a ratio of alpha
carbons to ethyl groups of at least 2.8 and a ratio of alpha carbons to the sum of ethyl and
propyl groups of at least 1.8. The inventive bright stocks have a ratio of alpha carbons to
ethyl groups of less than 2.6, or less than 2.54, or less than 2.5, or less than 2.2 or less than
2 and a ratio of alpha carbons to the sum of ethyl and propyl groups of less than 2, or less
than 1.4, or less than 1.38, or less than 1.3, or less than 1.1, or less than 1 or less than 0.9.
Similarly the proportion of propyl and ethyl groups to total branch points is less than 0.41
for the reference/comparative bright stocks and at least 0.39, or at least 0.4, or at least 0.42,
or atleast 0.43, or at least (.45, or at least 0.46 or at least 0.48 for the inventive bright stocks
with the alpha carbons making up the remainder of branch points at a proportion of at least
0.59 for the reference/comparative bright stocks and less than 0.58, or less than 0.57, or
less than 0.56, or less than 0.55 or less than 0.52 for the inventive bright stocks.

[00165] Another difference in the composition of the inventive bright stocks is the
cycloparaffinic distribution as measured by FTICR-MS and/or FDMS, as shown in FIG.
10. These measurements indicate that the inventive bright stocks have a higher number of
molecules with 2 rings: less than 18.01 per 100 molecules for the reference/comparative
bright stocks and at teast 17.0, or at least 18,01, or at least 18.5, or at least 19, or at least 20
{1.e., at feast 20.0 molecules per 100 molecules of the composition), or at least 20.07 per
100 molecules for Samples A, B, and C. Molecules with 3 rings follow a similar trend with

less than 19.7 per 100 molecules for the reference/comparative bright stocks and at least
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19.7, or at least 20 (i.e., at least 20.0 molecules per 100 molecules of the composition), or
at least 20.5 or at least 20.62 per 100 molecules for the inventive bright stocks. Molecules
with 6, 7 or 8 rings follow the opposite trend with fewer of these molecules in the inventive
bright stocks with at least 7.2 molecules with 6 nngs per 100 molecules in the
reference/comparative bright stocks, at least 4.8 molecules with 7 rings and at least 2.1
molecules with 8 rings. The inventive brighstocks have less than 7.1, or less than 7 (i.e,,
less than 7.0 molecules per 100 molecules of the composition), or less than 6.9 or less than
6.8 molecules with 6 rings per 100 molecules; less than 4.2, or less than 4 (1.e., less than
4.0 molecules per 100 molecules of the composition), or less than 3.8, or less than 3.6 or
less than 3.3 molecules with 7 rings per 100 molecules; and less than 2 {i.¢., less than 2.0
molecules per 100 molecules of the composition), or less than 1.9, or less than 1.8 or less
than 1.5 molecules with 8 rings per 100 molecules. Additionally the inventive bright stocks
have lessthan t (i.e, less than 1.0 molecules per 100 molecules of the composition), or less
than 0.9, or less than 0.8, or less than 0.3 molecules with @ rings per 100 molecules.

[00166] Molecules with fewer nings are favored in the inventive bright stocks when
comparing the number of molecules with 3 or more, 6 or more, 7 or more and 11 or more
rings. For example the reference/comparative bright stocks have at least 25.6, 14.9, 7.3 and
0.02 molecules with 5 or more, 6 or more, 7 or more and 11 or more rings per 100
molecules, respectively. The inventive bright stocks have less than 25.5, or less than 25, or
less than 24.5, or less than 24, or less than 23 molecules with 5 or more nngs per 100
meoelecules, less than 15, or less than 14.5, or less than 14, or less than 13, or less than 12
molecules with 6 or more rings per 100 molecules, less than 7.2, or less than 7, or less than
6.5, or less than 6, or less than 5 molecules with 7 or more rings per 100 molecules, and
less than 0.02, or less than 0.01 or 0 molecules with 11 or more rings per 100 motecules.
Additionally, when comparing the ratio of molecules with at least 5 rings to those with 2
rings, the reference/comparative bright stocks have a ratio of at least 1.5 whereas the
inventive bright stocks have a ratio of less than 1.4, or less than 1.3, or less than 1.2.The
inventive bright stocks also have smaller ratios of molecules with at least 6 rings and
molecules with at least 7 rings to those with 2 rings: less than 0.9, or less than 0.8, or less
than 0.7, or less than 0.6 for molecules with at least 6 rings compares to those with 2 and

less than 0.4, or less than 0.3 for molecules with at least 7 rings to those with 2 rings.
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[00167] The overall distribution of rings demonstrates that the inventive bright stocks
favor molecules with fewer number of 1ings. The reference bright stocks have at least
0.05%, at least 0.08%, at least 2.22%, at least 6.14%, at least 16.6% and at least 32.2%
molecules with at least 11, at least 10, at least 8, at least 7, at least 6 and at least 5 nings,
respectively. The inventive bright stocks have less than 0.05, or less than 0.03 or 0
molecules per 100 with at least 11 rings, less than 0.08, or less than 0.07 or 0 molecules per
100 with at least 10 rings, less than 2.2, or less than 2.1, or less than 2, or less than 1.9 or
less than 1.5, or less than 1 molecule(s) per 100 with at least 8 rings, less than 6.5, or less
than 4.5, or less than 4, or less than 3, or less than 2 per 100 molecules with at least 7 rings,
less than 16, or less than 15, or less than 14, orlessthan 13, or less than 12, or less than 11,
or less than 10 per 100 molecules with at least 6 rings and less than 30, or less than 29, or
less than 28, or less than 27 or less than 26, or less than 25 per 100 molecules with at least
5 rings. The reference/comparative brighstocks also have less than 70 per 100 molecules
with 4 or fewer rings as compared to the inventive bright stocks which have at least 70, or
at least 71, or at least 72 or at least 74 per 100 molecules with 4 or fewer rings. This lower
number of large ring species seen in the composition is also reflected in the lower
Conradson Carbon Residue (CCR) values for Samples A, B, and C in FIG. 9.

[00168] The distribution of number of rings in the inventive bright stocks favors a lower
number of rings. For example, the ratio of 5 and 6 ring molecules compared to 2 and 3 ring
molecules 15 greater than 0.7 for the reference/comparative bright stocks and less than 0.7,
or less than 0.65 or less than 0.6 for the inventive bright stocks. The ratio of 2 and 3 ring
molecules to molecules with 1 ring is also larger in the inventive bright stocks: less than
3.5 per 100 for the reference/comparative bright stocks and at least 3.5, or at least 4 per 100
for the inventive. Additionally, when comparing the ratio of molecules with at least 5 rings
to those with 3 or few or to those with 4 or fewer, additional differences are observed. The
reference/comparative bright stocks have a ratio of molecules with at least S rings to those
with three or fewer of at least 0.57 and a ratio of molecules with at least 5 nings to those
with 4 or fewer of less than 0.43. The inventive bright stocks have a ratio of molecules with
at least 5 rings to those with 3 or fewer of less than 0.57, or less than 0.55 or less than 0.53
and a ratio of molecules with at least 5 rings to those with 4 or fewer of at least 0.43, or at
least 0.4 or at least 0.38.
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Additional Example - Aromatic Additive

[00169] In some aspects, an aromatic additive can be added to a bright stock in order to address
haze caused bv the presence of aromatics in the bright stock. Use of an additive can alow a bright
stock and/or a forulated lubnicant contaiming a bright stock to be treated such that subsequent re-
emergence of haze is prevented. The additive can be selected from a family such as Group I bright
stocks or alkylated naphthalencs so that the treated material can have properties accepiable for
finished tubricant blending and/or so that desirable properties of a Group II bright stock are
maintained after addition of the additive. Pue to the nature of adding matenal, use of an additive
to remove haze can be achieved while avoiding yield loss. Any suitable amount of aromatic
additive can be used, such as 0.05 wi% to 2.5 wit%, or 0.05 wt% o0 1.0 wt%s, or 0.1 wt% t0 1.5
wt%, or 0.1 wt% to 0.3 wt%e.

Additional Embodiments

[00170] Embodiment 1. A method for making hubricant base stock, comprising: performing
solvent deasphalting using a Cq or Cs solvent under effective solvent deasphalting conditions on a
feedstock having a TS boiling point of at least 370°C {or at least 400°C, or at least 450°C, or at
least 500°C), the effective solvent deasphalting conditions producing a yield of deasphalted oil of
at lcast about 50 wt% of the feedstock; hydroprocessing at Icast a portion of the deasphalted oil
under first effective hydroprocessing conditions to form a hydroprocessed effluent having a sulfur
content of 100 wppm or less and a nitrogen content of 100 wppm or less, the at least a portion of
the deasphalted oil having an aromatics content of at least about 50 wt%, separating the
hydroprocessed effluent to form at least a fuels boiling range fraction and a bottoms fraction; and
hydroprocessing at least a portion of the hydroprocessed bottoms fraction under second effective
hydroprocessing conditions, the second effective hydroprocessing conditions comprising catalytic
dewaxing conditions, to form a catalytically dewaxed effluent; and at least one of a) solvent
extracting at least a portion of the catalvtically dewaxed effluent to form a solvent processed
effluent, b) solvent dewaxing at least a portion of the catalvtically dewaxed effluent to form a
solvent processed effluent, wherein the catalvtically dewaxed effluent is underdewaxed, wherein
the solvent processed effluent comprises a 950°F+ (510°C+) portion having a VI of at least 80, a
pour point of -6°C or less, and a cloud point of -2°C or less, the cloud point optionally being -5°C
of less.

[00171] Embodiment2. The method of Embodiment 1, wherein at lcast a portion of the
catalytically dewaxed effluent i solvent extracted, the solvent processed effluent comprising a
950°F+ (510°C+) portion having an aromatics content of less than 10 wt%, the solvent extracting
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optionally comprising solvent extracting with n-methylpyrrolidone, furfural, or a combination
thereof.

[00172] Embodiment 3. The method of any of the above ¢laims, wherein hydroprocessing at
least a portion of the hydroprocessed bottoms fraction under second effective hydroprocessing
conditions comprises hydrocracking the at least a portion of the hydroprocessed bottoms fraction
under hvdrocracking conditions to form a hydrocracked effluent, and catalvtically dewaxing at
least a portion of the hydrocracked effluent under the catalvtic dewaxing conditions to form a
second hyvdroprocessing effluent comprising the catalytically dewaxed effluent.

[00173] Embodiment 4. The method of Embodiment 3, hydroprocessing at least a portion of the
hydroprocessed bottoms fraction under second effective hvdroprocessing conditions further
compnises performing aromatic saturation on the catalytically dewaxed effluent prior to the at least
one of solvent extracting and solvent dewaxing,

[00174] Embodiment 5. The method of any of the above embodiments, wherein at least a portion
of the catalyticatly dewaxed effluent is solvent dewaxed, the first effective hydroprocessing
conditions comprising conditions for conversion of 10 wit% to 40} wt®s of the deasphalted oil
relative to a conversion temperature of 510°C, the catalytically dewaxed cfftuent optionally having
a wax content of at least 6 wi¥, or at least 8 wi%, or atleast 10 wit%, or at least 12 wi%, the solvent
processed effluent optionally having a wax content of at least 4 wi%, or at least 6 wi%o.

[00175] Embodiment 6. A mcthod for making lubricant basc stock, compnsing: performing
solvent deasphalting using a Cs+ solvent {or Cs+ solvent) under effective solvent deasphalting
conditions on a feedstock having a T3 boiling point of at least 370°C (or at least 400°C, or at least
450°C, or at least 500°C), the cffective solvent deasphalting conditions producing a vield of
deasphalted o1l of at least about 50 wt% of the feedstock; hydroprocessing at least a portion of the
deasphalted oil under first effective hvdroprocessing conditions to form a hydroprocessed effluent
having a CCR content of | wt or less, a sulfur content of 100 wppm or less, and a nitrogen content
of 100 wppm or less, the at east a portion of the deasphalted oil having an aromatics content of at
least about 50 wit%; separating the hydroprocessed effluent to form at least a fuels boiling range
fraction and a bottoms fraction; and solvent dewaxing at least a portion of the hvdroprocessed
bottoms fraction to form a solvent dewaxed effluent comprising a 950°F+ (510°C+) portion having
a V1 of at least 80, a pour point of -6°C or less, and a cloud point of -2°C or less.

[00176] Embodiment7. The method of any of the above embodiments, wherein the 950°F+
(510°C+) portion has a difference between a cloud point temperature and a pour point temperature
of 15°C or less, or 10°C or less, or 6°C or less.

[00177] Embodiment8  The method of any of the above embodiments, wherein
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hydroprocessing at least a portion of the deasphalted oil comprises hydrotreating the at least a
portion of the deasphalted oil, hydrocracking the at least a portion of the deasphalted oil, or a
combination thereof.

[00178] Embodiment9. The method of any of the above embodiments, wherein the yield of
deasphalted oil is at least 55 wt%. or at least 60 wt%, or at least 65 wt%, or at least 70 wt%o, or at
least 75 wi%, or whercin performing solvent deasphalting comprises a deasphalting temperature
of less than 190°C, or a combination thereof.

[00179] Embodiment 10. The method of any of the above embodiments, wherein the Cs+
solvent or the Ca — Cs solvent comprises a mixture of two or more (s isomers.

[00180] Embodiment 1. The method of amy of the above embodiments, wherein the
deasphalted o1l has an aromatics content of at least 55 wt%, or at least 60 wt%, or at least 65 wi%,
or at least 70 wt% based on a weight of the deasphalted oil.

[00181] Embodiment 2. The method of any of the above embodiments, wherein the solvent
dewaxed cfflucnt or the solvent processed effluent has a pour point of -10°C or less, or -15°C or
less; or wherein the solvent dewaxed effluent or the solvent processed effluent has a cloud point of
<5°C or less, or -10°C or less; or a combination thereof.

[00182] Embodiment 13. The method of any of the above embodiments, wherein the 950°F+
{(510°C+) portion of the solvent dewaxed cfflucnt or the solvent processed effluent has a pour point
of -10°C or less, or -15°C or less; or wherein the 950°F+ portion of the solvent dewaxed effluent
or the solvent processed effluent has a cloud point of -5°C or less, or -10°C or less; ora combination
thereof.

[00183] Embodiment 14. The method of any of the above embodiments, wherein the solvent
dewaxed effluent or the solvent processed effluent has a VI of at least 90, or at least 95, or at least
100, or wherein the 950°F+ (510°C+) portion of the solvent dewaxed effluent has a VI of at least
90, or at least 93, or at least 100, or a combination theteof.

[00184] Embodiment (3. The method of any of the above embodiments, wherein
hydroprocessing at least a portion of the deasphalted oil further comprises hydroprocessing a
vacuum gas o boiling range feed.

[00185] Embodiment 16. The method of any of the above embodiments, wherein the solvent
deasphalting further produces a residual rock portion, the residual rock portion optionatfy being i)
used as a blend component to produce at least one of asphalt and fuel oil, i) used as feed to a
gasification process, the gasification process optionally comprising partial oxidation, fluid bed
combustion, coking, or a combimnation thereof, or in) a combination of' ) and i1},

[00186] Embodiment 17. The method of any of the above embodiments, further comprising
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adding 0.1 wt% to 2.5 wi% of an additive to solvent processed effluent, the additive comprising a
Group I bright stock, an alkylated naphthalene, or a combination thercof.

[00187] Embodiment 18. A solvent processed effluent produced according to any of
Embodiments 1 — 17.

[00188] Embodiment 19. A bright stock formed from the solvent processed effluent of
Embodiment 18, the bright stock optionally being a Group I bright stock.

[00189] When numerical lower limits and numerical upper limits are listed herein, ranges from
any lower limit to any upper limit are contemplated. While the illustrative embodiments of the
invention have been described with particularity, it will be understood that various other
modifications 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 invention, including alt features which would be treated as equivalents thereof by those
skilled in the art to which the invention pertains.

[00190] The present invention has been described above with reference to numerous
embodiments and specific examples. Many variations will suggest themselves to those skilled in
this art in light of the above detailed description. All such obvious variations are within the full

itended scope of the appended claims.
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CLAIMS:
1. A method for making lubricant base stock, comprising:

performing solvent deasphalting using a Cs4 or Cs solvent under effective
solvent deasphalting conditions on a feedstock having a T5 boiling point of at least
370°C, the effective solvent deasphalting conditions producing a yield of deasphalted
oil of at least 50 wt% of the feedstock;

hydroprocessing at least a portion of the deasphalted oil under first effective
hydroprocessing conditions to form a hydroprocessed effluent having a sulfur content
of 100 wppm or less and a nitrogen content of 100 wppm or less, the at least a portion
of the deasphalted oil having an aromatics content of at least 50 wt%;

separating the hydroprocessed effluent to form at least a fuels boiling range
fraction and a bottoms fraction; and

hydroprocessing at least a portion of the hydroprocessed bottoms fraction
under second effective hydroprocessing conditions, the second effective
hydroprocessing conditions comprising catalytic dewaxing conditions, to form a
catalytically dewaxed effluent; and

solvent extracting at least a portion of the catalytically dewaxed effluent to
form a solvent processed effluent,

wherein the solvent processed effluent comprises a 950°F+ (510°C+) portion
having a VI of at least 80, a pour point of -6°C or less, a cloud point of -2°C or less,
and an aromatic content of less than 10 wt%.

2. The method of claim 1, wherein the solvent extracting comprises solvent

extracting with n-methylpyrrolidone, furfural, or a combination thereof.

3. The method of any of the above claims, wherein hydroprocessing at least a
portion of the hydroprocessed bottoms fraction under second effective
hydroprocessing conditions comprises hydrocracking the at least a portion of the
hydroprocessed bottoms fraction under hydrocracking conditions to form a
hydrocracked effluent, and catalytically dewaxing at least a portion of the
hydrocracked effluent under the catalytic dewaxing conditions to form a second

hydroprocessing effluent comprising the catalytically dewaxed effluent.
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4. The method of claim 3, wherein hydroprocessing at least a portion of the
hydroprocessed bottoms fraction under second effective hydroprocessing conditions
further comprises performing aromatic saturation on the catalytically dewaxed
effluent prior to the at least one of solvent extracting and solvent dewaxing.

5. The method of any of the above claims, wherein at least a portion of the
catalytically dewaxed effluent is solvent dewaxed, the first effective hydroprocessing
conditions comprising conditions for conversion of 10 wt% to 40 wt% of the
deasphalted oil relative to a conversion temperature of 510°C, the catalytically
dewaxed effluent having a wax content of at least 6 wt%, the solvent processed

effluent having a wax content of at least 4 wt%.

6. The method of any of the above claims, wherein the 950°F+ (510°C+) portion
has a pour point of -10°C or less; or wherein the 950°F+ (510°C+) portion has a cloud

point of -10°C or less; or a combination thereof.

7. The method of any of the above claims, wherein the solvent processed effluent
or the solvent dewaxed effluent has a pour point of -10°C or less; or wherein the
solvent processed effluent or the solvent dewaxed effluent has a cloud point of -5°C

or less; or a combination thereof.

8. The method of any of the above claims, wherein the 950°F+ (510°C+) portion
has a difference between a cloud point temperature and a pour point temperature of
15°C or less.

9. The method of any of the above claims, wherein the solvent processed effluent
or the solvent dewaxed effluent has a VI of at least 90, or wherein the 950°F+

(510°C+) portion has a VI of at least 90, or a combination thereof.

10.  The method of any of the above claims, wherein hydroprocessing at least a
portion of the deasphalted oil comprises hydrotreating the at least a portion of the
deasphalted oil, hydrocracking the at least a portion of the deasphalted oil, or a
combination thereof.
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11.  The method of any of the above claims, wherein the yield of deasphalted oil is
at least 55 wt%, or wherein the C4+ solvent comprises a mixture of two or more Cs
isomers, or wherein performing solvent deasphalting comprises a deasphalting
temperature of less than 190°C, or a combination thereof.

12.  The method of any of the above claims, further comprising adding 0.1 wt% to
2.5 wt% of an additive to solvent processed effluent, the additive comprising a Group

| bright stock, an alkylated naphthalene, or a combination thereof.

13.  The method of any of the above claims, wherein the deasphalted oil has an

aromatics content of at least 55 wt% based on a weight of the deasphalted oil.

14.  The method of any of the above claims, wherein in addition to solvent
extracting the at least a potion of the catalytically dewaxed effluent, method
comprises solvent dewaxing at least a portion of the catalytically dewaxed effluent to
form a second solvent processed effluent, wherein the catalytically dewaxed effluent

is underdewaxed.



