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RAPID ESTIMATION OF FEED POTENTIAL FOR BASE OIL FORMATION

FIELD
16001} This description 1s related to characterization of feeds for use in formation of
hubricating base oils.

BACKGROUND

180021 Composition-based tools provide the ability to screen potential whole crude oils or
partial crude fractions for plant test runs and subsequent base oil quality evaluations by providing
predictions of the potential product qualities and/or yields that may be expected from a feedstock.
Composition-based tools typically require detailed compositional characterization of a potential
feedstock to ensure proper prediction accuracy.

{0003] A possible use of composition-based tools for prediction of product properties is in
analysis of potential feeds for lubricant base o1l production. Unfortunately, the ability to predict
product yields and/or properties using currently available composition-based tools is limited. For
example, viscosity index (VI) is an important product quality for determining the value and/or
usage of a lubricant product. Current composition-based models, however, are unable to
consistently provide accurate predictions of the potential VI values for lubricant base oils that can
be made from a feedstock. Because conventional composition-based models are not reliable,
analysis of a crude oil feedstock (or a feedstock containing a mixture of crudes) to determine
suitability tor lubricant base oil production is currently based on performing a full assay of the
feed. Performing an assay for lube production potential can require a sample size on the order of
hundreds of liters and can further require several months of time. It would be desirable to have a
method for determining potential VI values for lubricant based oils produced from a feedstock that
can be performed on a significantly shorter time scale.

16004} U.S. Patent 6,317,654 describes use of composition-based models for prediction of
properties for finished lube products formed from a feed. After performing a characterization of a
potential feed, the characterized potential feed can be compared with other feeds in the composttion
based model to identify similar feeds. Predictions of base oil properties for the potential feed can
then be made based on compositional model. The predicted properties include thermal and
oxidation stability of finished products formulated from base oils derived from processing of a

~

feed.
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{6005} U.S. Patent 8,992,770 describes a method for characterizing crude oils as potential

feedstocks tor production of lubricant base oils. A potential feedstock can be characterized based
on isoparaffin content and dewaxed distillate viscosity index to determine the suitability foruse in
lubricant base oil production. Feedstocks with a dewaxed distillate viscosity index at a pour point
of -9°C of less than 0 are described as being less favorable for use in lubricant base o1l production.
16006} U.S. Patent Application Publication 2010/0070202 describes a method for predicting
low temperature properties of a formulated lubricant oil based on characterization of the
corresponding base oil. The low temperature properties are predicted based on characterization of
the base ol using Differential Scanning Calorimaetry (DSC).

SUMMARY

16007} In an aspect, a method for determining feedstock quality for lubricant base oil
production is provided, the method comprising: determining a wax content of a distillate feedstock
fraction by differential scanning calorimetry; obtaining a characteristic botling point, a
characteristic viscosity, and a refractive index for the distillate feedstock fraction; calculating a
distillate dewaxed viscosity index (DDVI) at a DDVi-temperature for the distillate feedstock
fraction based on the determined wax content and at feast two of the obtained characteristic boiling
point, the obtained characteristic viscosity, and the obtained refractive index, the calculated DDVI
being at least O at the DD Vi-temperature; and processing the feedstock to form a fubricant base oil
having a viscosity index of at least 80 and a pour point of 0°C or less.

{0008}  In another aspect, a method for determining feedstock quality for lubricant base oil
production is provided, the method comprising: determining a wax content of a distillate feedstock
fraction by differential scanning calorimetry; measuring at least two of a charactenistic boiling
point, a characteristic viscosity, and a refractive index for the distillate feedstock fraction;
calculating a distillate dewaxed viscosity index (DDVT) at -9°C for the distiliate feedstock fraction
based on the determined wax content and the measured at least two of the characteristic boiling
point, the characteristic viscosity, and the refractive index, the calculated DDV being at least O at
-8°C; and processing the feedstock to form a lubricant base oil having a viscosity index of at [east
80 and a pour point of 0°C or less.

BRIEY DESCRIPTION OF THE DRAWINGS

10009] FIG. 1 shows an example of a correlation between DDVI values predicted using a

model based on DSC wax content and measured DDV values.
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{6010} FIGS. 2 and 3 show examples of a correlation between feedstock DDVI values and
solvent extraction severity for forming a lubricant base oil with a target VI value.

100111 FIG. 4 shows a correlation between feedstock DDVTI values and hydroprocessing
severity for forming a lubricant base oil with a target VI value.

100121 FIGS. S and 6 show examples of DSC cooling traces for a variety of lubricant base
oils.

DETAILED DESCRIPTION

{6013} All numerical values within the detailed description and the claims herein are
modified by “about” or “approximately” the indicated value, and take into account experimental
error and variations that would be expecied by a person having ordinary skill in the art.

Overview

{0014} In various aspects, systems and methods are provided for rapidly characterizing a
feedstock being considered for lubricant base oil production in order to determine the viscosity
index potential of the feedstock. It has unexpectedly been discovered that the DDVI value for a
feedstock at a specified pour point can be predicted based on a) the feed distillate residual wax
content at a terperature as determined by Differential Scanning Calorimetry, such as the feed
distillate residual wax content at a temperature corresponding to the specified pour point
temnperature; by the feed distillate refractive index; ¢) the feed distillate kinematic viscosity at a
temperature, such as kinematic viscosity at 100°C; and d}) the distillate volume-averaged boiling
point.  Based on this unexpected correlation, the VI potential of a feedstock can be determined
based on measurement of properties that can be performed on a time scale corresponding to one or
a few days using a few milliliters of feedstock. The measurement tools needed for determining
each of these quantities also correspond to tools that are suitable for use in a refinery setting. This
is in contrast to performing a full assay, which could require multiple months and on the order of
hundreds of liters of feedstock. This ts also in contrast to performing solvent dewaxing on a feed
to directly determine a DDVT value, which can require a dewaxing apparatus and several hundred
milliliters of feedstock.

{0015} In a lube refining and/or converting processes for formation of lubricant base oils,
the base o1l viscosity index (VI 1s typically used as a desired process target. For example, during
solvent processing of a feed to produce Group 1 base cils, once the feed distillate and the process
equipment hardware are determuned, process conditions such as solvent / feed treat ratio,

dewaxing tower bottom temperature, temperature gradient, and solvent(s) water content are
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adjusted to ensure the base oils meet the desired Vitarget(s). For a lubricant base oil production
process that includes hydroprocessing, the conversion in the hydroprocessing unit (such as the
700°F+ conversion) can also be adjusted to achieve a target base oil VL

10016} One of the difficulties in selecting a crude slate for a refinery is determining whether
a potential crude slate will provide a suitable distiliate fraction for lubricant base oil formation. As
noted above, conventional techniques for accurately determining the VI potential of a feedstock
can require performing a tull assay on the crude oils within the feedstock. This can require testing
with a time scale on the order of months. During this time, the crude oil (or crude cils) being
constdered for use in the crude slate either have to be stored or the refinery can risk processing the
crude slate without knowing in advance whether base oils having desired combinations of viscosity
and viscosity index can be produced.

10017} FIG. 4 shows an example of the change in VI for a base oil as the hydroprocessing
severity for hydroprocessing of a feedstock is increased. Although FIG. 4 shows an example of
using a feedstock that 1s suitable for production of lubricant base oils, the general features of FIG.
4 ilustrate one of the potential problems of attempting to produce lubricant base cils from a feed
without prior characterization of the VI potential.  In the example shown in FIG 4, the VIiof a
base o1l produced by solvent dewaxing to a pour point of -9°C, without any hyvdroprocessing and/or
aromatics extraction being performed, is about 50. This corresponds to the dewaxed distillate
viscosity index (DDVI) at a pour point of -9°C of the feedstock. When hydroprocessing is
performed on the feed prior to dewaxing, FIG. 4 shows that increasing the severity of
hydroprocessing of the feedstock can timprove the Vi at the target pour point, but this improvement
fevels off as the 700°F+ conversion during hydroprocessing increases to more than 50%.

{0018} As illustrated in FIG. 4, increasing the severity of hydroprocessing can improve the
V1 of a resulting base oil. However, if the DDVI value is too low for a feedstock, such as a DDVI
value at -9°C pour point of 0 or less, the amount of VI uplift that can be achieved by
hydroprocessing may not be sufficient to allow for production of base oils with a VI of at least 80
{i.e., Group I base cils). More generally, if the distillate portion of a feedstock does not have a
proper lube VI potential, then the resulting base oils generated from the feed might not able to
meet a desired VItarget even using the most severe extraction severities allowed by the process
units {¢.g, maximum treat ratio, and/or the highest tower temperature, etc.). This can resultin
the distillate portion of a feedstock being down-graded into lower value fuel stocks {e.g FCC

feedstocks}.
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{6019} Based on the unexpected discovery that the DDVI value for the distillate portion of a
feed can be predicted based on a limited set of readily measured properties, a method is provided
herein for rapid determination of the VI potential of a feedstock for lubricant base oil formation.
160206} In this discussion, the “distillate” portion of a feed is defined as a portion of a
feedstock that has a TS distillation point of at least 650°F and a T9S distillation point of 1100°F or
less. Such a portion can be created, for example, by separating a crude oil to form an atmospheric
resid, followed by performing a vacuum distiliation on the atmospheric resid to separate the
“distiliate” portion from a vacuum resid portion. Thus, the “distillate” portion of a feed
corresponds to a portion that would normally be considered for use by one of skill in the art for
formation of lubricant base cils. A TS distillation point or boiling point refers to the temperature
where 5 wt% of a feed will boil, while a T95 distillation point or boiling point refers to a
temperature where 95 wt% of a feed will boil.

10021 In this discussion, the “VI potential” of a feedstock refers to the ability of a feedstock
to be solvent processed and/or hydroprocessed to make a commercially suitable base otl, such as a
Group I base oil. The definition for VI potential can be dependent on the desired VI and desired
pour point for a base oif. Examiples of desired or target VI values can be a VI value of at least 80,
or at least 85, or at least 90, or at least 95, or at least 100, or at least 105, and/or up to about 130 or
less, or about 120 or less. Examples of desired or target pour potnts for a base ail having a desired
or target VI value can be a pour point of 0°C or less, or -0°C or less, or -9°C or less, or -12°C or
fess, or -15°C or less, and optionally as fow as a pour point of at least -45°C, or possibly still lower.
A feedstock having a suitable VI potential can correspond to a feedstock having a predicted DDVI
value of at least about 0, or at least about 10, or at least about 20.

16022} Group I basestocks or base oils are defined as base ocils with less than 90 wt%
saturated molecules and/or at least 0.03 wt% sulfur content. Group [ basestocks also have a
viscosity index (V1) of at least 80 but less than 120. Group I basestocks or base oils contain at
feast 90 wi% saturated molecules and less than 0.03 wt% sulfur. Group I basestocks also have a
viscosity index of at least 80 but less than 120, Group I basestocks or base otls contain at least
90 wt% saturated molecules and less than 0.03 wi% sulfur, with a viscosity index of at least 120
In addition to the above formal definitions, some Group I basestocks may be referred to as a Group
I+ basestock, which corresponds to a Group 1 basestock with a VI value of 103 to 108. Some Group

T basestocks may be referred to as a Group I+ basestock, which corresponds to a Group I



WO 2017/100121 PCT/US2016/064922

basestock with a VI of at least 113, Some Group I basestocks may be referred to as a Group Hi+
basestock, which corresponds to a Group HI basestock with a VI value of at least 140,

16023} A wide range of petroleum and chemical feedstocks can be processed in accordance
with the methods described herein. Suitable feedstocks include whole and reduced petroleum
crudes, atmospheric and vacuum residua, atmospheric and vacuum gas oils, and/or other feeds that
contain a distillate portion suitable for formation of lubricant base oils. A crude oil fraction is
defined herein to include fractions of a whole crude that are generated by distillation of a crude.
Crude fractions, unless otherwise specitied, are defined herein to include crude oils that have been
at least partially processed, such as synthetic crudes and/or other crude oils formed from tar sands
or other non-traditional source. The method can be applied to a crude ol or crude fraction from a
single source or to a mixture of crude oils and/or crude fractions.

16024} Oune way of defining a feedstock is based on the boiling range of the feed. One option
for detining a boiling range is to use an initial boiling point for a feed and/or a final boiling point
for a feed. Another option, which in some tnstances may provide a more representative description
of a feed, is to characterize a feed based on the amount of the feed that boils at one or more
temperatures. For example, a “T5” boiling poot for a feed 1s defined as the temperature at which
5 wt % of the feed will boil off. Similarly, a “T50” boiling point is a temperature at 50 wt % of the
feed will boil. The percentage of a feed that will boil at a given temperature can be determined by
the method specified in ASTM D2887.

[6025] Some suitable feeds can correspond to whole crudes. Such feeds can have a broad
boiling point range that includes both fuels and lubricant boiling range portions. For more narrowly
cut feeds that are still suitable for forming a fubricant oil, typical feeds can include, for example,
feeds with an initial boiling point of at least 650°F (343°C), or at least 700°F (371°C), or at least
TSO°F (399°C). Alternatively, a feed may be characterized using a TS botling point, such as a feed
with a TS botling point of at least 650°F (343°C), or at least 700°F (371°C), or at least 750°F
(399°C). In some aspects, the final boiling point and/or T5 boiling point of the feed can be at least
TI007F (593°C), such as at least 1150°F (621°C) or at east 1200°F (649°C). In other aspects, a
feed may be used that does not include a large portion of molecules that would traditional be
considered as vacuum distitlation bottoms. For example, the feed may correspond {0 a vacuum gas
oil feed that has already been separated from a traditional vacuum bottoms portion. Such feeds
include, for example, feeds with a final boiling point of 1150°F (621°C), or 1100°F {593°C) or

fess, or 1050°F (566°C) or less. Alternatively, a feed mav be characterized using a T95 boiling
o o E:' Lt
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point, such as a feed with a T95 boiling point of 1150°F (621°C) or less, or 1100°F (593°C) or
less, or LOSOCF (566°C) or less. An example of a suitable type of feedstock is a wide cut vacuum
gas oil (VGO) feed, with a T5 botling point of at feast 700°F (371°C) and a T95 boiling point of
1100°F or less. Optionally, the initial boiling point of such a wide cut VGO feed can be at least
700° F. and/or the final boiling point can be at least 1100° F. It is noted that feeds with still fower
initial botling points and/or TS boeiling points may also be suitable, so long as sufficient higher
botling matenial is available so that the feedstock 13 suitable for lubricant base oif production.
10026} It a broader boiling range feed is used, the feedstock can initially be distilied to form
a distillate fraction. The cut pownt for separating a distillate fraction from other lower boiling
pottions of the feed can correspond to any of the T5 botling points described above. The distillate
fraction can also be separated from a resid or bottoms portion of the feed. The cut point for
separating the distillate fraction from the vacuum resid or bottoms portion can be at least 950°F
(510°C), such as at least 1000°F (538°C). Additionally or alternately, the cut point for separating
the distiliate fraction from the vacuum resid can be 1100°F (593°C) or less.

10027} As an alternative to selecting a cut point for separating a distillate portion from a
feedstock based on a temperature, another option 15 to select a cut point 30 that the resulting
distillate fraction will have a desired kinematic viscosity. For example, if it 1s desired to form a
TOON visgrade base oil from the distillate fraction, the cut point for forming the distillate fraction
can be selected so that the kinematic viscosity of the distillate fraction at 100°C is between 3 8 ¢St
and 4.2 ¢St If a 150N visgrade base oil 15 desired, the cut point for forming the distillate fraction
can be selected so that the kinematic viscosity of the distilate fraction at 100°C is between 5.1 ¢St
and 5.8 ¢St. I a 600N visgrade base ol 1s desired, the cut point for forming the distillate fraction
can be selected so that the kinematic viscosity of the distitiate fraction at 100°C is between 13 8
cStand 16.2 ¢St

Dewaxed Distillate Viscosity Index and VI Potential

10028} The dewaxed distillate viscosity index (BDVI) can be used to predict the VI potential
of afeed. The DDVI corresponds to a viscosity tndex for a distillate portion of afeed (e.g., a 650°F
~ 1 1O0°F fraction) prior to performing hydroprocessing and/or aromatic extraction on the distillate
portion.

{6029} In some embodiments, the feedstock for characterization can correspond to a distillate
boiling range feedstock. In other embodiments, one or more separation processes can be used o

separate the distiliate boiling range portion of a feedstock, such as a portion botling from at least
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650°F (343°Cy to 1100°F (593°C) or less, from the other portions of a feedstock. One example of
a possible separation can be to use an atmospheric distillation column to separate lower boiling
componenis of a feedstock from a botioms portion {or optionally a bottoms portion and one or
more other distillate portions). This atmospheric botioms portion can then be passed into a vacuum
distillation column to separate the lower boiling portions from a vacuum botioms portion. Other
potential configurations for separating a desired distillate botling range portion of a whole or partial
crude ot {or another wide boiling feedstock ) from other portions of the feedstock can also be used.
16030} After obtaining a distillate fraction and/or forming a distillate fraction from a crude
oil or other feedstock, the distillate fraction can then be solvent dewaxed to a desired pour point 1o
order to facilitate determination of the viscosity index for the dewaxed distillate fraction (i.e., the
DDV value). Because the distilate fraction is dewaxed prior to hydroprocessing and/or solvent
extraction, the DDV value will typically be lower than the VI value after hydroprocessing and/or
extraction. The DDVI value, however, provides an indication of whether hydroprocessing and/or
solvent extraction can provide sufficient VI uplift to produce a base oil having a desired VI value.
10031} Solvent dewaxing typically involves mixing a feed with chilled dewaxing solvent to
form an oil-solvent solution. Precipitated wax is thereafter separated by, for example, filtration.
The temperature and solvent are selected so that the oil is dissolved by the chilled solvent while
the wax is precipitated. Optionally, an aromatics extraction can be performed on the distillate prior
to solvent dewaxing, so that the solvent dewaxing is performed on the raffinate from aromatics
extractions.

{00321 An example of a suitable solvent dewaxing process (including a process for
determining a DDVI value) involves the use of a cooling tower where solvent is pre-chilled 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 instantaneous mixing of the pre-chilled
solvent with the oil. The pre-chilled solvent is added incrementally along the length of the cooling
tower 50 as to maintain an average chilling rate at or below 10°F per minute, usually between 1°F
to 5°F per minute. The final temperature of the oil-solvent/precipitated wax mixture in the cooling
tower will usually be between O°F and 50° F (—17.8°C 10 10° C.). The mixture may then be sent to
a scraped surface chiller to separate precipitated wax from the mixture.

{6033} Representative dewaxing solvents are aliphatic ketones having 3-6 carbon atoms such

as ruethyl ethyl ketone and methyl isobutyl ketone, low molecular weight hydrocarbons such as
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propane and butane, and mixtures thereof. The solvents may be mixed with other solvents such as
benzene, toluene or xylene.

10034} 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 t0 5/1. The solvent dewaxed oil is typically dewaxed to a desired pour
point. For the dewaxed distillate viscosity index test described below, one option is to use solvent
dewaxing to achieve a pour point value of -9 C. Alternatively, the solvent dewaxing can be used
to achieve other convenient pour points that are useful for characterizing the distillate in order to
determine a viscosity tndex at a given temperature, such as a viscosity index at —9° C.

10035] Determining a VI value for a dewaxed distillate portion at a pour point can be
determined by any convenient method. One option 18 to measure the VI value for a dewaxed
distillate fraction at the desired or target pour point. After forming the distiliate portion, the
distillate portion can be solvent dewaxed as described above. The severity of the solvent dewaxing
can be sufticient for achieving a desired pour point, such as 0° C. or less, —6° C. or less, or —9°
or less. The viscosity index of the dewaxed distillate fraction can then be directly measured, such
as by measuring the viscosity of the dewaxed distillate at two different temperatures. Any
convenient temperatures can be selected, such as 40° C, 100° C, 130° C, or other convenient

temperatures.

Differential Scanning Calorimetry for Wax Content

[0036] It has been discovered that wax content as determined by differential scanning
calorimetry {DSC), in combination with several other measured characteristics of a distillate
fraction, can be used to predict the DDVI value at a target pour point for a feedstock. In some
aspects, detailed information regarding the composition of a feedstock may not be available. In
such aspects, the wax content can be derived based on the DSC cooling and heating curves for a
feedstock sample.

160371 The DSC cooling and heating curves for a feedstock are heat flow as a function of
temperature. The DSC curve is determined by first heating the feedstock sample to a temperature
sufficient to melt all the residual wax contained in the feedstock. The measurement is typically
preferably started at 80°C but can vary based on the feed, such as starting at a temperature of 100°C
or 120°C. The feedstock sample is then cooled at a cooling rate of 0.5°C to 20°C per minute and

preferably 1°C to 10°C per minute. For the examples described herein, the feedstock sample was
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cooled at 3°C per minute. The feedstock is cooled to a temperature sufficient to compietely solidity
the feedstock sample. For most feedstock samples, this will be between -10°C to -80°C.
16038} The DSC heating curve is then created by heating at a rate of approximately 5°C to
20°C per minute, such as about 10°C per minute. Preferably, the cooling and heating rates should
be kept consistent to keep the correlation accurate. This was done with a commercially available
DSC unit but any equivalent machine could be used.
{0039 The heating and cooling curves described above can then be converted to wax content.
A first-principles translation of the cooling curve to the physical amount of wax corresponding to
these phase changes would require detailed knowledge of the sample composition and the
corresponding heats of fusion for each molecular species. Since such detailed information may be
unavailable, an empirical correlation relating the wax content of representative feedstocks used for
commercial lubricant base oil production to DSC heat input as a function of temperature can be
determined. This correlation can then be used to calculate the wax distribution versus temperature
of test samples from their experimentally measured heating curves. A person skilled in the art with
the benefit of this description could create a new fundamentaliy-based model for this application.
The operative equation is:

(1} W=AH/A(T)
180401 In the above equation, W is the wax content of a saraple. AH represents the amount
of heat absorbed by the droplet of sample in the DSC when a freezing phase transition occurs, as
indicated by the presence of a peak in the cooling (or heating) trace.  A(T) 15 a scaling factor that
can optionally be dependent on the temperature at which the freezing transition occurs. Without
being bound by any particular theory, 1t is believed that the above relationship is suitable for
determining a wax content base in part on the nature of the freezing transition during heating and/or
cooling. A DSC performs measurements on a droplet of a wax-containing sample. It 1s believed
that the heat of fusion for the wax within the droplet is the dominant contribution to the heat of
fusion for the entire droplet. As a result, the heat of tusion for the entire droplet can be related by
a scaling factor of some type to the amount of wax in the droplet.
10041} In Equation (1), the scaling factor A(T) is shown as a function of temperature.
Without being bound by any particular theory, it is believed that a scaling factor having the form
A(T) = a: + aT is one suitable option for a scaling factor. Other functional forms may also be
suitable.

Correlation of DDV with Feed Distillate Properties
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16042} In addition to determining a wax content at a temperature for a distillate portion of a
feedstock, a characteristic boiling point, a characteristic viscosity, and refractive index can be
determined for the distillate portion of a feedstock. These measured values can then be used to
predict a DDVI value at a target pour point for the feedstock. The characteristic boiling point can
be useful in the model for determining that a sample has an appropriate boiling range for forming
a lubricant base oil. The refractive index can be useful for determining the relative yield from a
solvent extraction and/or hydroprocessing process. The characteristic viscosity can be useful for
determining the viscosity of the resulting lubricant base oil.
100431 In some aspects, the characteristic boiling point tor a distillate sample can correspond
to a volume average boiling point. The volume average boiling point can be determined, for
example, by averaging a plurality of intermediate distillation boiling points as determined by
ASTM D2887 or another convenient method. For example, a Tv10 boiling point can correspond
to a temperature where 10 vol% of a sample will boil. The volume average boiling point for a
sample can be determined based an average of the Tv10, Tv30, TvS0, Tv70, and Tv90 boiling
points. The characteristic viscosity tor a distillate sample can correspond to a kinematic viscosity.
The kinematic viscosity can be measured at any convenient temperature, such as a kinematic
viscosity at 40°C or at 100°C. Kinematic viscosity can be determined, for example, according to
ASTM D445, The refractive index can correspond to a refractive index at a specified temperature,
such as a refractive index at 75°C. The refractive index can be determined, for example, according
to ASTM D1218.
10044} As an example, it has been determined that the DSC wax content at -9°C, the volume-
average boiling point, the kinematic viscosity at 100°C, and the refractive index at 75°C can be
used to predict a DDVI value based on the relationship in Equation 2:
(2) DDVI@-9°C =

Agg — Agq * XRI — Agp * e*21DWX099322 & (In(YEv100 + 0.6))%123 4+ A 4 =

ZVABP — Ay =« In(In{Ykv100 + 0.6))
100451 In Equation {2), XR1Iis the refractive index at 75°C; Ykv100 is the kinematic viscosity
at 100°C; ZVABP is the volume-average boiling point; and DWX09 1s the wax as measured by
DSC at -9°C.  The parameters Aio, A, A, Asz, Ajg, a1, a1z, and ays were all determined via
regression over a database of previously measured values for a variety of distillate feedstocks. In

this Examples provided herein, a single set of parameters was used. In some alternative aspects, a
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for production from a given feedstock.

10046 FIG. 1 shows an example of DDBVI values predicted using Equation (2) above versus
measured DDV values for a variety of feedstocks. Asshown in FIG. 1, the predicted DDVIvalues
correlate strongly with the measured values. This demonstrates the effectiveness of the discovered
correlation for providing a rapid method of predicting DDV values.

180471 FIGS. 2 and 3 deronstrate how a predicted DDVI value can be used to determine the
suttability of a feedstock for lubricant base oil production. In FIG. 2, the tower bottoms
temperature (TBT) for a solvent extraction process performed on a variety of feedstocks 1s shown
relative to DDVI for the feedstock. Increasing the TBT for a solvent extraction process
corresponds to an increase in extraction severity due to increased solvency, with a corresponding
decrease in vield. In the example shown in FIG. 2, the distillate portion of a feedstock is solvent
extracted so that the base o1l formed after solvent dewaxing will correspond to a 600 N base oil
witha 95 V1. The extractor used for the example in FIG. 2 had S theoretical stages. The extraction
was performed at a constant solvent treat dosage of 164 vol% (relative to the volume of feedstock).
The extraction solvent was n-methylpyrrolidone (NMP) with 1.5 wi% HO and a 10°C
temperature gradient. The target pour point in the subsequent solvent dewaxing process was -
9°C.

{6048} In the example shown in FIG. 2, feedstocks with higher DDVI values require a
corresponding lower severity (i.e., lower TBT) to achieve a VI of 95 for a base oil having a pour
point of -9°C. It is also noted that the ability to increase temperature to process feedstocks with
lower DDVI values 1s limited. FIG. 2 shows that the temperature required to achieve a base oil
with 95 V1levels off as the feedsiock BDVI decreases toward 20. Below a DDVI of 10, however,
further increases in temperature are not effective for achieving a base o1l Viof 95. The particular
threshold DDV that is needed to achieve a desired base oil VI can vary depending on a variety of
factors, such as the viscosity of the desired base oil and the desired VI In various aspects, the
threshold DDVI for forming a desired basestock can be a DDVI of at least 0, or at least 10, or at
feast 20.

100491 FIG. 3 provides a different example for demonstrating the relationship between DDVI
and extraction severity. In FI(G. 3, instead of varying the tower bottoms temperature (TBT), the
TBT 1s held constant at 70°C while the volume of solvent used (relative to the volume of feedstock)

is varied. Increasing the relative volume of solvent provides another option for increasing the
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severity of an extraction process. FIG. 3 shows the volume of solvent required relative to the DDVI
of the feed for the same group of feedstocks used in FIG. 2. Similar to FIG. 2, feedstocks with
fower DDV values require greater extraction severity to achieve the target VI of 95 for a base ol
with a -9°C pour point.

Lubricant Base o1l Production: Solvent Processing and Hydroprocessing

160501 Two types of solvent processing can typically be performed on a feedstock to form a
fubricant base otl. The first type of solvent processing is a solvent extraction to reduce the
aromatics content and/or the amount of polar molecules. The second type of solvent processing is
solvent dewaxing, as described above.

{00511 A solvent extraction process selectively dissolves aromatic components to form an
aromatics-rich extract phase while leaving the more paratfinic components in an aromatics-poor
raffinate phase. Naphthenes are distributed between the extract and raffinate phases. Typical
solvents for solvent extraction include phenol, furfural and N-methyl pyrrolidone. By controlling
the solvent to otl 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 iquid-liquid
extractor. Depending on the initial concentration of aromatics in the deasphalted bottoms, the
ratfinate phase can have an aromatics content of about 5 wi% to about 25 wt%. For typical feeds,
the aromatics contents will be at least about 10 wt%.

160521 Optionally, raffinate yield may be adjusted by controlling extraction conditions, for
example, by lowering the solvent to o1l treat ratio and/or decreasing the extraction temperature. It
is noted that adjusting the extraction conditions to increase the VI of a base oil can typically
correspond to higher severity conditions that will reduce ratfinate vield. The raffinate from the
solvent extraction unit can then be solvent dewaxed under solvent dewaxing conditions to remove
hard waxes from the raffinate.

10053] Solvent dewaxing typically involves mixing the raffinate feed from the solvent
extraction unit with chilled dewaxing solvent to form an oil-solvent solution. Precipitated wax i3
thereatter separated by, for example, filtration. The temperature and solvent are selected so that the
oil 1s dissolved by the chilled solvent while the wax 13 precipitated. Solvent dewaxing can be
performed in a manner similar to the solvent dewaxing processes described above.

{0054 In some aspects, a feed may be hydroprocessed in addition to or o place of solvent

extraction and/or solvent dewaxing. The hvdroprocessing can include one or more of
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hydrotreatment, catalytic dewaxing, and/or hydrofinishing. In aspects where more than one type
of hydroprocessing is performed, the etfluent from a first type of hydroprocessing can optionally
be separated prior to the second type of catalytic processing. For example, after a hydrotreatment
or hydrofinishing process, a gas-liquid separation can be performed to remove light ends, HoS,
and/or NH; that may have formed.

{6055] Hydrotreatment is typically used to reduce the sulfur, nitrogen, and aromatic content
of a feed. The catalysts used for hydrotreatment of the heavy portion of the crude oil from the flash
separator can inchude conventional hydroprocessing catalysts, such as those that comprise at least
one Group VI non-noble metal (Columns 8 — 10 of TUPAC periodic table), preferably Fe, Co,
and/or Ni, such as Co and/or Ni; and at least one Group VI metal (Column 6 of IUPAC periodic
table), preferably Mo and/or 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 forra. In addition to alumina
and/or silica, other suitable support/carrier materials can include, but are not hmited to, zeolites,
titania, silica-titania, and titania~-alumina. Suitable aluminas are porous aluminas such as gamma
or eta having average pore sizes from 50 to 200 A, or 75 to 150 A; a surface area from 100 to 300
m?/g, or 150 to 250 m?/g; and a pore volume of from 0.25 to 1.0 cm’/g, or 0.35 t0 0.8 crn’/g. More
generally, any convenient size, shape, and/or pore size distribution for a catalyst suitable for
hydrotreatment of a distillate (including lubricant base oil} boiling range feed in a conventional
manner may be used. It is within the scope of the present disclosure that more than one type of
hydroprocessing catalyst can be used in one or multiple reaction vessels.

{60571 The at least one Group VI von-noble metal, in oxide form, can typically be present
in an amount ranging from about 2 wt% to about 40 wt%s, 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 trom about 2 wt% to about 70 wit%, preterably for supported catalysts from about 6 wt%
to about 40 wit% or from about 10 wi% to about 30 wi%. 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% Nt as oxide, 10-40% Co as oxide), or
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nickel/tungsten {(1-10% Ni as oxide, 10-40% W as oxide) on alumina, silica, silica-alumina, or
titania.

{0058 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 located. Hydrogen, which is contained in a hydrogen “treat gas,” is
provided to the reaction zone. Treat gas, as referred to in this disclosure, can be either pure
hydrogen or a hydrogen-containing gas, which is a gas stream containing hydrogen in an amount
that is sufficient for the intended reaction{s}, optionally including one or more other gasses {(e.g.,
nitrogen and light hydrocarbons such as methane), and which will not adversely interfere with or
affect either the reactions or the products. Impurities, such as HyS and NHj are undesirable and
would typically be removed trom the treat gas before it 1s conducted to the reactor. The treat gas
stream introduced into a reaction stage will preferably contain at east about 50 vol. % and more
preferably at least about 75 vol. % hydrogen.

{0059] Hydrogen 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 1500 SCF/B (253 Nm’/m’). Preferably, the
hydrogen is provided in a range of from about 200 SCF/B (34 Nm’/m?) to about 1200 SCF/B (202
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.

16060} Hyvdrotreating conditions can include temperatures of 200°C 10 450°C, or 315°C 1o
425°C; pressures of 250 psig (1.8 MPag) to 5000 psig (34.6 MPag) or 300 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’).

10061} Another type of hydroprocessing can be catalvtic dewaxing. Catalytic dewaxing can
be used to improve the cold flow properties of a high viscosity base oil, and can potentially also
perform some heterocatom removal and aromatic saturation.  Suitable dewaxing catalysts can
include molecular sieves such as crystalline aluminosilicates {zeolites). In an embodiment, the
molecular sieve can comprise, consist essentially of, or be ZSM-5, Z8M-22, ZSM-23, ZSM-33,
Z5M-48, zeolite Beta, or a combination thereof, for example Z5M-23 and/or ZSM-48, or ZSM-48
and/or zeolite Beta. Optionally but preferably, molecular sieves that are selective for dewaxing by
isomerization as opposed to cracking can be used, such as ZSM-48, zeolite Beta, ZSM-23, or a

combination thereof. Additionally or alternately, the molecular sieve can comprise, consist
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essentially of, or be a 10-member ring 1-D molecular sieve. Examples include EU-1, Z8M-35 (or
ferrierite), ZSM-11, Z8M-57, NU-87, SAPO-11, Z5M-48, ZSM-23, and ZS5M-22. Preferred
materials are EU-2, EU-11, ZBM-30, Z8M-48, or ZSM-23. Z5M-48 1s most preferred. Note that
a zeolite having the ZSM-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. Other molecular sieves that are 1sostructural with
the above materials include Theta-1, NU-10, EU-13, KZ-1, and NU-23. Optionally but preferably,
the dewaxing catalyst can include a binder for the molecular sieve, such as alumina, titania, silica,
stlica~alumina, zirconia, or a combination thereof, for example alumina and/or titania or silica
and/or zirconia and/or titania.

100621 Preferably, the dewaxing catalysts used in processes according to the disclosure are
catalysts with a low ratio of silica to alumina. For example, for ZSM-48, the ratio of silica to
alumina in the zeolite can be less than about 200:1, such as less than about 1101, or less than about
100:1, or less than about 90:1, or less than about 75:1. In various embodiments, the ratio of silica
to alumina can be from SO:1 to 200:1, such as 60:1 to 160:1, or 70:1 to 100:1.

10063} In various embodiments, the catalysts according to the disclosure further include a
metal hydrogenation component. The metal hydrogenation compounent is typically a Group VI
and/or a Group VHI metal. Preferably, the metal hydrogenation component is a Group VI noble
metal. Preferably, the metal hydrogenation component is Pt, Pd, or a mixture thereof In an
alternative preferred embodiment, the metal hydrogenation component can be a combination of a
nou-noble Group VI metal with a Group VI metal. Suitable combinations can include Ni, Co, ot
Fe with Mo or W, preferably Ni with Mo or W.

10064} The metal hydrogenation component may be added to the catalyst in any convenient
manner. One technique for adding the metal hvdrogenation 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 sclution
containing a suitable metal precursor. Alternatively, metal can be added to the catalyst by ion
exchange, where a metal precursor is added to a mixture of zeolite (or zeolite and binder) prior to
extrusion.

{0065 The amount of metal in the catalyst can be at least 0.1 wt% based on catalyst, or at
least 0.15 wi%, or at least 0.2 wi%, or at least 0.25 wi%, or at least 0.3 wi%, or at least 0.5 wi%s
based on catalyst. The amount of metal 1n the catalyst can be 20 wit% or less based on catalyst, or

10 wt% or less, or S wt%e or less, or 2.5 wt% or less, or 1 wt%o or fess. For embodiments where the
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metal is Pt, Pd, another Group VHI noble metal, or a combination thereof, the amount of metal can
be from 0.1 to 5 wt%, preferably trom 0.1 to 2 wt%, or 0.25 t0 1.8 wit%, or 0.4 to 1.5 wt%. 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 wt®s to 15 wt%, or 2.5
wiYe to 10 wi¥e.

16066} The dewaxing catalysts can also include a binder. In some embodiments, the
dewaxing catalysts can be formulated using a low surface area binder, where 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. The amount of zeolite in a catalyst formulated using a binder can be from about 30 wt% zeolite
to 90 wt% zeolite relative to the combined weight of binder and zeolite. Preferably, the amount of
zeolite is at least about 50 wts of the combined weight of zeolite and binder, such as at least about
60 wi% or from about 65 wi% to about 80 wit%. A zeolite can be combined with binder in any
convenient manner.

16067} Process conditions in a catalytic dewaxing zone in a sour environment can include a
temperature of from 200 to 450°C, preferably 270 to 400°C, a hydrogen partial pressure of from
1.8 MPagto 34.6 MPag (250 psig to 5000 psig), preferably 4.8 MPag to 20 .8 MPag, and a hydrogen
circulation rate of from 35.6 m*/m’ (200 SCF/B) to 1781 m’/m’ (10,000 scf/B), preferably 178
m’/m* (1000 SCF/B) to 890.6 m*/m” (5000 SCF/B). In still other embodiments, the conditions can
include temperatures in the range of about 600°F (343°C) to about 815°F (435°C), hydrogen 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). These latter
conditions may be suitable, for example, if the dewaxing stage is operating under sour conditions.
The LHSV can be from about 0.2 h™' to about 10 k™', such as from about 0.5 b to about S h't and/or
from about | h™' to about 4 k'l

[0068]  Sull another type of hydroprocessing can be hydrofinishing or aromatic saturation.
Hydrofinishing and/or aromatic saturation catalysts can include catalysts containing Group VI
metals, Group VHI metals, and mixtures thereof. In an embodiment, preferred metals include at
feast one metal sulfide having a strong hydrogenation function. In another embodiment, the
hydrofinishing catalyst can include a Group VIII noble metal, such as Pt, Pd, or a combination
thereof. The mixture of metals may also be present as bulk metal catalysts wherein the amount of
metal 13 about 30 wt. % or greater based on catalyst. Suitable metal oxide supports include low

acidic oxides such as silica, alumina, silica-aluminas or titania, preferably alumina. The preferred
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hydrofinishing catalysts for aromatic saturation will comprise at least one metal having relatively
strong hydrogenation function on a porous support. Typical support materials include amorphous
or crystalline oxide materials such as alumina, silica, and silica-alumina. The support materials
may also be modified, such as by halogenation, or in particular fluorination. The metal content of
the catalyst 13 often as high as about 20 weight percent for non-noble metals. In an embodiment,
a preferred hydrofinishing catalyst can include a crystalline material belonging to the M41S class
or family of catalysts. The M41S tamily of catalysts are mesoporous materials having high silica
content. Examples include MCM-41, MCM-48 and MUCM-50. A preferred member of this class is
MCM-41. It separate catalysts are used for aromatic saturation and hydrofinishing, an aromatic
saturation catalyst can be selected based on activity and/or selectivity for aromatic saturation, while
a hydrofinishing catalyst can be selected based on activity for improving product specifications,
such as product color and polynuclear aromatic reduction.

10069] Hydrofinishing conditions can include temperatures from about 125°C to about
425°C, preferably about 180°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 Hquid hourly space velocity from about 0.1 hr'! to about 5 hr'' LHSV,
preferably about 0.5 hr'' to about 1.5 hr?.  Additionally, a 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.

Dietection of Filterabilitv Based on DBSC Cooling Trace

180701 In addition to using DSC for rapid determination of a DDVI value for a distillate
portion of a feedstock, DSC can also be used for detection of wax content during and/or after a
solvent dewaxing process. Wax detection during a process can be valuable for determining if wax
ingress is occurring, such as due to a hole in a filter cloth, a leak in a valve, or based on ancther type

of unexpected process failure. Wax detection after a process can be valuable for determining

whether a dewaxed sample (such as a Group I lubricant base oil) can pass a filterability test.
10071} For detection of wax ingress during a process and/or determining wax content of a

sample after dewaxing, a DSC cooling trace can be generated as described above. However, instead
of using the cooling trace to determine a wax content, either an average slope from the liguid to
solid transition region of the cooling trace or a maximum slope of the cooling trace 1s determined.
Samples with low wax content will exhibit a steeper stope, while samples with higher wax content

will have a smaller magnitude slope and/or a lower maximum slope value.
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16072} Use of DSC for wax detection 1s in contrast to conventional wax detection methods
during solvent processing, which rely on a filterability test. A filterability test, such as a filterability
test according at ASTM D6794, tvpically takes roughly a day to complete, meaning that a
substantial amount of base o1l production can occur before a problen is detected. Use of DSC for
wax detection provides an alternative wax detection method that can be performed inroughly 1 -
2 hours, instead of reguiring a day or more.

{00731 Au additional benefit of using DSC for wax detection can be detection of amounts of
wax in a sample that will pass a filterability test but that may cause haze formation. The
conventional method for detection of haze 1n a sarple is to perform a flocculation test. However,
a flocculation test is qualitative, and may not reliably determine whether a sample will be haze
free. This is due in part to the long times required for haze to appear in some samples.

16074} FIG. S shows an example of how a DSC cooling trace can be used to determine the
filterability of a potential base oil sample. FIG. 5 shows DSC cooling traces for various solvent
processed base ot samples having a pour point of 0°C, -7°C, or -9°C. The samples shown in FiG.
5 having a sharper wax transition {i.e., a larger magnitude slope} in the cooling trace correspond to
sarnples that passed the filterability test. The samples in FIG. 5 having a lower magnitude slope
correspond to samples that failed a filterability test.  The ditference between the samples that pass
filterability and that do not pass filterability can be determined based on an average slope within
the wax onset region of the cooling trace, based on a maximum value of the derivative in the wax
onset region, or a corbination thereof. Tn a typical cooling trace, the slope in the wax onset region
will typically have a negative value. Using the magnitude of the slope allows passing samples to
be described based on having a slope magnitude larger than a threshold value. Those of skill in
the art will understand that the slope itself, which has a negative value, could equally be used to
determine samples that satisty the filterability test. 1 is noted that for a lubricant base oil type
sample, the pour point of the base oil does not impact the threshold for determining the difference
between a base oil that will pass a filterability test and a base oil that will fail the test.

{0075] In various aspects, a sample that has a sufficiently low wax content (such as a sample
that can pass a filterability test) can correspond to a sample with a slope in the DSC cooling trace
curve with a magnitude of at least 0.0005, or at least 0.008, or at least 0.01. The slope can
correspond to an average slope or a maximum slope, such as a maximum derivative value.

180761 FIG. 6 shows DSC cooling traces for two 600 N base oil samples that were tested to

determine if the samples were susceptible to forming haze. For detection of haze formation, the
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slope condition can be different from determining suttability for passing filterabilty. In various
aspects, a sample that will not develop haze can correspond to a sample with a slope magnitude of
at feast 0.008 W/g°C, or at least 0.01 W/g°C. As shown in FIG. 6, although the cooling traces for
the two 600 N base oil samples appear similar, the slopes from the cooling trace allow the base oil
that was observed to form haze to be distinguished from the base oil that does not form haze.

Additional Embodiments

{60771  Embodiment 1. An method for determining feedstock quality for lubricant base ol
production, comprising: determining a wax content of a distillate feedstock fraction by differential
scanning calorimetry, obtaining a characteristic boiling point, a characteristic viscosity, and a
refractive index for the distillate feedstock fraction; calculating a distitlate dewaxed viscosity index
(DDVE at a DD VI-temperature for the distillate feedstock fraction based on the determined wax
content and at least two of the obtained characteristic boiling point, the obtained characteristic
viscosity, and the obtained refractive index, the calculated DDVI being at least 0 at the DDVI-
temperature; and processing the feedstock to form a lubricant base oil having a viscosity index of
at least 80 and a pour point of 0°C or less.

{0078}  Embodiment 2. The method of Embodiment 1, wherein the DDVi-temperature is -
9°C.

{00797  Embodiment 3. The method of any of the above embodiments, wherein obtaining at
feast one of the characteristic boiling point, the characteristic viscosity, and the refractive index
comprises measuring the at least one of the characteristic boiling point, the characteristic viscosity,
and the refractive index.

160806} Embodiment 4. A method for determining feedstock quality for lubricant base ol
production, comprising: determining a wax content of a distillate feedstock fraction by differential
scanning calorimetry;, measuring at least two of a characteristic boiling point, a characteristic
viscosity, and a refractive index for the distitlate feedstock fraction; calculating a distillate dewaxed
viscosity index (DDVI) at -9°C for the distillate feedstock fraction based on the determined wax
content and the measured at least two of the characteristic boiling potnt, the characteristic viscosity,
and the refractive index, the calculated DD VI being at least 0 at -9°C; and processing the feedstock
to form a lubricant base oil having a viscosity index of at least 80 and a pour point of 0°C or less.

{0081} Embodiment5  The method of any of the above embodiments, wherein the wax

content of the distillate feedstock fraction is determined based on the relationship W = AH / A(T),
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where W is the wax content, AH is a heat of fusion, T is a temperature where a freezing transition
occurs, and A(T) is a scaling factor.

{00821 Ewmbodiment 6. The method of any of the above embodiments, wherein the
characteristic viscosity comprises a kinematic viscosity, the kinematic viscosity optionally being a
kinematic viscosity at 40°C or 100°C.

{0083] Embodiment7. The methed of any of the above embodiments, wherein the
characteristic boiling point comprises a volume average boiling point.

{0084} Embodiment8.  The method of any of the above embodiments, wherein the refractive
index comprises a refractive index at 75°C.

{0085] Embodiment9.  The method of any of the above embodiments, wherein the distillate
dewaxed viscosity index at the DDVI temperature is calculated based on the formula: DDVI
= Ayg — Agq * XRI — Ajp * e“P2EDWX0992 « (In(Yhv100 + 0.6))%1%°% + 445 « ZVABF —
Aqy * {In(Ykv100 + 0.6)).

{0086] Embodiment 10. The method of any of the above embodiments, wherein the distillate
feedstock fraction comprises a fraction having a TS boiling point of at least 650°F, a T95 boiling
point of 1100°F or less, or a combination thereof.

{0087 Embodiment 11, The method of any of the above embodiments, wherein processing a
feedstock comprises solvent processing, hydroprocessing, or a combination thereof.

{0088] Embodiment 12. The method of any of the above embodiments, wherein processing a
feedstock further comprises determining a suitability of the lubricant base oil for satistying at least
one of a filterability test or a flocculation test based on determining a slope of a cooling trace
measured by differential scanning calotimetry.

{6089} Embodiment 13. The method of Embodiment 12, wherein the suitability of the
tubricant base o1l 1s based on the determined slope of the cooling trace being at feast 0.008 W/¢°C,
or at least 0.01 W/g°C.

10096} Embodiment 14 A lubricant base oil made according to the method of any of
Embodiments 1 - 13,

16091}  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
disclosure 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
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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 all features which would be treated as equivalents thereof by those
skilled in the art to which the invention pertains.

{00921  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 varations are within the full

intended scope of the appended claims,
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CLAIMS:

1. A method for determining feedstock quality for lubricant base oil
production, comprising:

determining a wax content of a distillate feedstock fraction by differential
scanning calorimetry;

obtaining a characteristic boiling point, a characteristic viscosity, and a
refractive index for the distillate feedstock fraction;

calculating a distillate dewaxed viscosity index (DDVI) at a DDVI-temperature
for the distillate feedstock fraction based on the determined wax content and at least two of the
obtained characteristic boiling point, the obtained characteristic viscosity, and the obtained
refractive index, the calculated DDV being at least O at the DDV I-temperature; and

processing the feedstock to form a lubricant base oil having a viscosity index of
at least 80 and a pour point of 0°C or less.

2. The method of claim 1, wherein the DDV I-temperature is -9°C.

3. The method of claim 1, wherein the wax content of the distillate feedstock fraction
is determined based on the relationship W = AH / A(T), where W is the wax content, AH is a
heat of fusion, T is a temperature where a freezing transition occurs, and A(T) is a scaling
factor.

4.  The method of claim 1, wherein obtaining at least one of the characteristic boiling
point, the characteristic viscosity, and the refractive index comprises measuring the at least one
of the characteristic boiling point, the characteristic viscosity, and the refractive index.

5. The method of claim 1, wherein the characteristic viscosity comprises a kinematic
viscosity at 40°C.

6.  The method of claim 1, wherein the characteristic viscosity comprises a kinematic
viscosity at 100°C.

7. The method of claim 1, wherein the characteristic boiling point comprises a
volume average boiling point.

8.  The method of claim 1, wherein the refractive index comprises a refractive index
at 75°C.

9. The method of claim 1, wherein the distillate dewaxed viscosity index at the

DDVI temperature is calculated based on the formula:
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DDVI =
Ajo— Agq * XRI — Apy * e121DWX09%122 & (In(Ykv100 + 0.6))*123 + A, *

ZVABP — Ay, * In(In(Ykv100 + 0.6)).

10. The method of claim 1, wherein the distillate feedstock fraction comprises a
fraction having a T5 boiling point of at least 650°F, a T95 boiling point of 1100°F or less, or
a combination thereof.

11. The method of claim 1, wherein processing the feedstock comprises solvent
processing, hydroprocessing, or a combination thereof.

12. The method of claim 1, wherein processing the feedstock further comprises
determining a suitability of the lubricant base oil for satisfying at least one of a filterability test
or a flocculation test based on determining a slope of a cooling trace measured by differential
scanning calorimetry.

13. The method of claim 12, wherein the suitability of the lubricant base oil is based
on the determined slope of the cooling trace being at least 0.008 W/g°C.

14. The method of claim 12, wherein the suitability of the lubricant base oil is based
on the determined slope of the cooling trace being at least 0.01 W/g°C.

15. A method for determining feedstock quality for lubricant base oil production,
comprising:

determining a wax content of a distillate feedstock fraction by differential
scanning calorimetry;

measuring at least two of a characteristic boiling point, a characteristic viscosity,
and a refractive index for the distillate feedstock fraction;

calculating a distillate dewaxed viscosity index (DDVI) at -9°C for the distillate
feedstock fraction based on the determined wax content and the measured at least two of the
characteristic boiling point, the characteristic viscosity, and the refractive index, the calculated
DDVI being at least 0 at -9°C; and

processing the feedstock to form a lubricant base oil having a viscosity index of
at least 80 and a pour point of 0°C or less.

16. The method of claim 15, wherein the wax content of the distillate feedstock
fraction is determined based on the relationship W = AH / A(T), where W is the wax content,
AH 1is a heat of fusion, T is a temperature where a freezing transition occurs, and A(T) is a

scaling factor.



