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PRODUCTION OF NON-CARCINOGENIC BRIGHTSTOCK EXTRACTS

FIELD

[0001] Systems and methods are provided for production of non-carcinogenic

brightstock extracts.

BACKGROUND

[0002] Industry standards are periodically updated to reflect new recommendations
for petroleum products, such as a standard associated with possible carcinogenic
classifications of aromatic extracts. The mutagenicity index (MI) is typically used to
define the carcinogenicity of an aromatic extract. Testing a product stream for its MI
value to ensure that the MI value is less than a particular value defined in a standard,
however, is time consuming and impractical, as aromatic extract would need to be tested
for each batch or product. Therefore, it would be advantageous to avoid the time-

consuming testing involved in determining the MI value of an aromatic extract.

[0003] U.S. Patent 5,034,119 describes a process for establishing a functional
relationship between a mutagenicity index and a physical property correlative of
hydrocarbon type for the bright stock extract or deasphalted oil to produce non-
carcinogenic bright stock extracts and/or deasphalted oils. The functional relationship
results in a product having a mutagenicity index of less than 1.0. Process conditions are
established so that a product stream achieving the desired physical property level can be

produced.

SUMMARY

[0004] In an aspect, a method for producing a brightstock extract is provided. The
method includes establishing a first correlation between a) a fractional weight boiling
temperature for a brightstock extract derived from a resid fraction, and b) a distillation
cut point temperature for separating the resid fraction from a feedstock, comprising the
vacuum resid fraction and at least one distillate fraction, where the first correlation has a

linear correlation slope of 0.5 or less; establishing a second correlation between the
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fractional weight boiling temperature for a brightstock extract and a mutagenicity index
value; selecting, based on the first correlation and the second correlation, a distillation
cut point temperature corresponding to a mutagenicity index for a brightstock extract of
0.5 or less; distilling a feedstock at the selected distillation cut point temperature to
separate one or more distillate fractions from a resid fraction; deasphalting the resid
fraction to form a deasphalted oil fraction; and performing a solvent extraction on the
deasphalted oil to form a brightstock extract fraction having the mutagenicity index of

0.5 or less.

[0005] In another aspect, a method for producing a brightstock extract is provided.
The method includes selecting a distillation cut point temperature between a resid
fraction and one or more distillate fractions, the distillation cut point temperature
corresponding to a mutagenicity index value of 0.5 or less for a brightstock extract
formed from the resid fraction, the distillation cut point temperature being based on, (a) a
first correlation between a fractional weight boiling temperature for a vacuum resid
fraction and a distillation cut point temperature for separating the vacuum resid fraction
from a feedstock, (b) a second correlation between a fractional weight boiling
temperature for a brightstock extract derived from the vacuum resid fraction, and the
fractional weight boiling temperature for the vacuum resid fraction, wherein the first
correlation has a linear correlation slope of 0.90 or less, and (c) a third correlation
between the fractional weight boiling temperature for the brightstock extract and a
mutagenicity index value; passing a feedstock through a distillation tower to produce the
one or more distillate fractions and the resid fraction at the selected distillation cut point
temperature between the resid fraction and the one or more distillate fractions; passing at
least a portion of the resid fraction through a deasphalting unit to produce at least a
deasphalted oil fraction; and passing the deasphalted oil fraction through a solvent
extraction unit to produce at least a brightstock extract having a mutagenicity index value

of 0.5 or less.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 schematically shows an example of a configuration suitable for

producing a brightstock extract having a desired mutagenicity index value.
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[0007] FIG. 2 shows a data plot of a correlation between the 5 wt% fractional
weight boiling temperature for a vacuum resid fraction and a distillation cut point
temperature for separating the vacuum resid fraction from at least one distillate fraction
in a feedstock. The correlation in FIG. 2 is a linear correlation of the form vac resid
GCD 5 wt% (°C) = 0.5163 * [distillate cut point temperature (°C)] + 226.77, with a
standard deviation of +/- 1.9°C, which corresponds to a 95% confidence interval of +/-

3.8°C. (GCD = Gas Chromatographic Distillation)

[0008] FIG. 3 shows a data plot of a correlation between the 5 wt%, 10 wt% and 20
wt% fractional weight boiling temperatures for a brightstock extract derived from the
vacuum resid fraction, and the fractional weight boiling temperature for the vacuum resid
fraction. The correlation in FIG. 3 is a linear correlation of the form BSE GCD X wt%
(°C) = 0.8658 * vac resid GCD X wt% (°C) + 32.18, where X corresponds to 5 wt%, 10
wt%, or 20 wt%, with a standard deviation of +/- 5.6°C, which corresponds to a 95%

confidence interval of +/- 11.2°C.

[0009] FIG. 4 shows a data plot of a correlation between the 5 wt% fractional
weight boiling temperature for various petroleum fractions and a mutagenicity index
value. The correlation in FIG. 3 is a linear correlation of the form MI = -0.0102 * BSE
GCD 5 wt% (°C) + 5.1886, with a standard deviation of +/- 0.1 MI, which corresponds
to a 95% confidence interval of +/- 0.2 ML

DETAILED DESCRIPTION

[0010] 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 expected by a person having ordinary

skill in the art.
Overview

[0011] In various embodiments, methods are provided for producing a brightstock
extract (BSE) with a desired mutagenicity index value, such as a value that meets a
current standard or recommendation for a residual aromatic extract. For example, the

petroleum industry (CONCAWE) recently made a recommendation that residual
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aromatic extracts be considered as a possible human carcinogen, classified as H351, or
suspected of causing cancer, if a residual aromatic extract has a mutagenicity index (MI)
of greater than 0.4. Testing a residual aromatic extract to determine its MI value based
on ASTM E 1687-04 is time consuming, taking days to complete for each batch of
product. However, other types of predictive testing, if available, may be used to
demonstrate that a residual aromatic extract is not carcinogenic. In various
embodiments, methods are provided as an alternative to testing each batch to determine

the M1 value of the residual aromatic extract.

[0012] In various aspects, multiple correlations have been developed in order to
provide a relationship between the MI value for a brightstock extract and the distillation
cut point temperature used for separation of the vacuum resid that is used to form the
brightstock extract. Based on these correlations, a BSE having a a desired MI value can
be formed based on an adjustment of the distillation cut point temperature. A first
correlation establishes a relationship between a fractional weight boiling temperature for
a vacuum resid fraction and a distillation cut point temperature for separating the vacuum
resid fraction from at least one distillate fraction in a feedstock. This first correlation has
a linear correlation slope of less than 0.6, or less than 0.55, or preferably 0.52 or less.
As an example, FIG. 2 shows a linear correlation slope of 0.5, and specifically 0.52. A
second correlation establishes a relationship between a fractional weight boiling
temperature for a brightstock extract derived from the vacuum resid fraction, and the
fractional weight boiling temperature for the vacuum resid fraction. The second
correlation has a linear correlation slope of less than 0.95, or less than 0.90, or
preferably 0.87 or less. As an example, FIG. 3 shows a linear correlation slope of 0.9,
and specifically 0.87. A third correlation has been established between the fractional
weight boiling temperature for the brightstock extract and a mutagenicity index value.
The third correlation has a linear correlation slope of greater than -0.02, or greater than -
0.015, or preferably greater than -0.011. As an example, FIG. 4 shows a linear

correlation slope of -0.01.
Feedstocks

[0013] A wide range of petroleum and chemical feedstocks can be processed in

accordance with the disclosure. Suitable feedstocks include whole and reduced
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petroleum crudes, atmospheric and vacuum residua, and deasphalted residua, e.g.,
brightstock. Other feedstocks can also be suitable, so long as the feedstock includes an

appropriate fraction for formation of a brightstock.

[0014] One way of defining a feedstock is based on the boiling range of the feed.
One option for defining 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 instances 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 point for
a feed is defined as the temperature at which 5 wt% of the feed will boil off. Similarly, a
“T95” boiling point is a temperature at 95 wt% of the feed will boil. Such a boiling point
can be referred to as a fractional weight boiling point. A fractional weight boiling point,
corresponding to the percentage of a feed that will boil at a given temperature, can be
determined, for example, by the method specified in ASTM D2887. Generally, this can
include determining a fractional weight boiling point via gas chromatographic distillation
(GCD).

[0015] Typical feeds 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 750°F (399°C).
Alternatively, a feed may be characterized using a TS boiling point, such as a feed with a
T5 boiling 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 of the feed can be at least 1100°F
(593°C), such as at least 1150°F (621°C), or at least 1200°F (649°C), or at least 1499°F
(815°C). In other aspects, a feed may be used that is a vacuum resid or bottoms fraction,
or that otherwise contains a majority of molecules that are typically found in a vacuum
resid. Such feeds include, for example, feeds with an initial boiling point of at least
1000°F (538°C), or at least 1050°F (566°C), or at least 1100°F (593°C), or at least
1150°F (621°C). Alternatively, a feed may be characterized using a TS5 boiling point,
such as a feed with a TS boiling point of at least 1050°F (566°C), or at least 1100°F
(593°C), or at least 1150°F (621°C). It is noted that feeds with still lower initial boiling
points and/or T5 boiling points may also be suitable, so long as sufficient higher boiling
material is available so that a brightstock raffinate can be formed and subsequently

solvent dewaxed.
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[0016] If a broader boiling range feed is used, the feedstock can initially be
distilled to form a vacuum resid. The cut point for separating the vacuum resid from
other distillate portions of the feed can correspond to any of the TS5 boiling points
described above. The vacuum resid can then be deasphalted to form a deasphalted oil.
The deasphalted oil can then be solvent processed to extract aromatics. This results in a
brightstock raffinate and a brightstock extract. The brightstock raffinate can then be
solvent dewaxed to form a brightstock basestock and petrolatum. The petrolatum can

have a wax content of at least 70 wt%, such as at least 75 wt%, or at least 80 wt%.

[0017] In some aspects, the sulfur content of the feed can be at least 300 ppm by
weight of sulfur, or at least 1000 wppm, or at least 2000 wppm, or at least 4000 wppm,
or at least 10,000 wppm, or at least 20,000 wppm. In other embodiments, including
some embodiments where a previously hydrotreated and/or hydrocracked feed is used,
the sulfur content can be 2000 wppm or less, or 1000 wppm or less, or 500 wppm or

less, or 100 wppm or less.

Distillation Cut Point and Feed Fractionation

[0018] In various embodiments, a BSE having a desired MI value is produced from
a feedstock. As mentioned, according to the correlations developed for use in
embodiments, the MI value of the BSE is dependent upon the distillation cut point
temperature for separating a vacuum resid fraction from at least one distillate fraction in
a feedstock. While embodiments provide for adjustment of the distillation cut point
temperature between the vacuum resid fraction and a distillate fraction to control the MI

value of the BSE, cut points in a distillation tower will be generally discussed below.

[0019] As an initial process, a suitable feedstock can be separated to form at least a
distillate boiling range portion and a bottoms portion. Such a separation can be
performed, for example, using a vacuum distillation tower. One method for determining
the amounts in the various portions is by selecting cut point temperatures. The cut point
temperatures may vary depending on the nature of the feedstock. Generally, cut point
between the distillate boiling portion and the bottoms portion can be between 950°F
(510°C) and 1150°F (621°C), such as less than 1100°F (593°C). It is noted that the

above fractionation temperatures represent the split between a distillate portion and a
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bottoms portion. If desired, additional fractions could also be formed based on

additional cut points.

[0020] Another factor in selecting a cut point temperature for fractionating a
feedstock is the MI value of the brightstock extract. The correlations used to predict the

MI value of the brightstock extract are described below.

Overall Process Flow

[0021] To produce a brightstock extract having a mutagenicity index value below a
particular threshold, various processes are utilized. While any lubricant refinery that
utilizes a solvent extraction step and/or a deasphalting step to produce a brightstock
extract is contemplated for use in various embodiment, a vacuum distillation tower,
followed by a deasphalting unit, followed by a solvent extractions unit will be described

for exemplary purposes.

[0022] A feedstock for brightstock extract production, as described above, is
introduced into a vacuum distillation tower. In one embodiment, the feedstock is a
reduced crude, such that the lighter compounds have already been boiled off under
atmospheric pressure. The vacuum distillation tower fractionates the feedstock into at
least a distillate portion and a bottoms portion (i.c., a vacuum resid). For example, in the
vacuum distillation tower, light ends are removed from the uppermost portion of the
distillation tower and one or more distillate fractions are produced, including, for
instance, a light, intermediate, and heavy distillate fractions. Vacuum resid exits through
the bottom of the distillation tower. At least a portion of the vacuum resid is passed to a
deasphalting unit, where it is treated by any of a number of processes. Generally, the
deasphalting unit separates asphalt from crude oil. In one embodiment, the deasphalting
unit is a solvent deasphalting unit, which separates the asphalt from the feedstock. One
such process of treating the vacuum resid with a solvent is propane deasphalting, which
uses propane as the solvent. While propane deasphalting is mentioned, other processes
are contemplated to be within the scope of the present disclosure. In addition to asphalt,

the deasphalting unit also produces a deasphalted oil.

[0023] As discussed above, the distillation cut point temperature is the temperature

at which a vacuum resid fraction is separated from at least one distillate fraction in a
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feedstock. The MI value of a brightstock extract, according to embodiments described
herein, is dependent upon the distillation cut point temperature in the vacuum distillation
tower. The correlations used to predict the distillation cut point temperature based on the

desired MI value of the brightstock extract are discussed in detail below.

[0024] The deasphalted oil is sent for further processing into a solvent extraction
unit, where it is treated with any one of a number of suitable solvents or solvent
combinations to remove undesirable constituents by preferential solution to produce a
lubricant brightstock raffinate. In addition to an aromatics-reduced brightstock raffinate,
a brightstock extract is also produced, and using embodiments described herein, the

aromatics-rich brightstock extract will have a desired MI value.

[0025] To illustrate an exemplary process flow, FIG. 1 is provided. For instance,
FIG. 1 illustrates feedstock 1 fed into a vacuum distillation tower 2, where light ends 3
and multiple distillate fractions 4, 5, and 6 are produced. Also produced is a vacuum
resid 7, wherein at least a fraction of this vacuum resid 8 is fed into a deasphalting unit 9
to produce asphalt 11 and a deasphalted oil 10. The deasphalted oil 10 is then fed into a
solvent extraction unit 12, where multiple oil raffinates 13, 14, and 15 are produced. A
brightstock raffinate 16 and a brightstock extract 17 are also produced. As mentioned, as
per embodiments described herein, the brightstock extract 17 will have the desired MI
value based on the distillation cut point temperature between the vacuum resid and a

distillate fraction in the vacuum distillation tower.

Correlations to Predict the Mutagenicity Index Value of a Brightstock Extract

[0026] Multiple correlations have been developed to predict the MI value of the
BSE based on an adjustment of the distillation cut point temperature for separating the
vacuum resid fraction from at least one distillate fraction in a feedstock. A first
correlation, shown in FIG. 2, illustrates a relationship between a fractional weight boiling
point temperature for a vacuum resid fraction and a distillation cut point temperature for
separating the vacuum resid fraction from at least one distillate fraction in a feedstock.
The temperature on the y axis of the plot is the fractional weight boiling point
temperature, or more specifically, the 5 wt% fractional weight boiling point temperature

of a vacuum resid. As used herein, the fractional weight boiling point temperature is the
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temperature at which a given fraction of a feed will boil when performing gas
chromatographic distillation. As is the case of FIG. 2, the 5 wt% fractional weight
boiling point temperature of a vacuum resid is the temperature at which 5 wt% of the
feed will boil. In this discussion, fractional weight boiling points are determined using a

gas chromatographic distillation.

[0027] FIG. 2 illustrates a linear correlation slope, representing the relationship
between the 5 wt% fractional weight boiling point temperature and the distillation cut
point temperature. It should be noted that a correlation between two temperatures can
have any convenient functional form. For the purpose of this description of the first
correlation, the characteristics of fitting a correlation will be based on a linear functional
form. As such, in this disclosure, the relation between two temperatures will be
discussed as being based on a linear correlation slope. The first correlation shown in
FIG. 2 has a linear correlation slope of less than 0.6, or less than 0.55, or preferably less
than 0.52. The correlation in FIG. 2 is a linear correlation of the form vac resid GCD 5
wt% (°C) = 0.5163 * [distillate cut point temperature (°C)] + 226.77, with a standard
deviation of +/- 1.9°C, which corresponds to a 95% confidence interval of +/- 3.8°C.
However, as mentioned, the precise slope represented by this equation does not define
the disclosure, but rather the relationship between the fractional weight boiling point

temperature and the distillation cut point temperature.

[0028] In FIG. 2, both the mean value of the linear correlation slope and error bars
corresponding to the 95% confidence interval are shown. When using FIG. 2 to select a
minimum cut point temperature for achieving a desired 5 wt% boiling point for a
vacuum resid, one option is to use the mean value. Another option is to use one of the
95% confidence interval values, in order to allow for variations for a particular

feedstock.

[0029] A second correlation, shown in FIG. 3, establishes a relationship between a
fractional weight boiling temperature for a BSE derived from a vacuum resid fraction,
and the fractional weight boiling temperature for the vacuum resid fraction. In the
correlation shown in FIG. 3, the data points shown are for 5 wt%, 10 wt%, and 20 wt%
fractional weight boiling points for a BSE that is formed by performing an aromatics

extraction on a vacuum resid fraction. This is shown in comparison with the 5 wt%, 10
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wt%, and 20 wt% fractional weight boiling points for the vacuum resid. As described
above, a BSE is produced by passing at least a portion of a vacuum resid produced from
a feedstock through a deasphalting unit to produce a deasphalted oil, which is passed
through a solvent extraction unit. The sampling for the data points shown in FIG. 3 was
taken from six different vacuum resids, and as such the data points represent a population
of brightstock extracts from different crude sources. FIG. 3 shows that the correlation
between the fractional weight boiling point for a brightstock extract and the fractional
weight boiling point for a corresponding vacuum resid has a low or minimal dependence

on the nature of the feed.

[0030] The second correlation has a linear correlation slope of less than 0.95, or
less than 0.90, or preferably less than 0.87. More particularly, the correlation in FIG. 3 is
a linear correlation of the form BSE GCD X wt% (°C) = 0.8658 * vac resid GCD X wt%
(°C) + 32.18, where X corresponds to 5 wt%, 10 wt%, or 20 wt%, with a standard
deviation of +/- 5.6°C, which corresponds to a 95% confidence interval of +/- 11.2°C.
The precise slope represented by this equation does not define the disclosure, but rather
the relationship between the fractional weight boiling temperature for a BSE derived
from a vacuum resid fraction, and the fractional weight boiling temperature for the
vacuum resid fraction. It has been unexpectedly discovered that the correlation between
the fractional weight boiling temperature for a BSE and the fractional weight boiling
temperature for the corresponding vacuum resid fraction is less than a 1:1 correlation, as
shown by the slope in FIG. 3. In the specific case of FIG. 3, for every one degree
increase of a fractional weight boiling temperature (5 wt%, 10 wt%, or 20 wt%) of a
vacuum resid, the corresponding fractional weight boiling temperature of a BSE does not
increase by one degree, but instead, increases only by 0.86 degrees. It is noted that the
linear correlation slope shown in FIG. 3 is based on forming a correlation for a combined
data set using the 5 wt%, 10 wt%, and 20 wt% fractional boiling points. A different
linear correlation slope might be identified if the data set was limited to just a single data
type, such as only 5 wt% fractional weight boiling points. However, the general nature

of the correlation would otherwise be similar.

[0031] In FIG. 3, both the mean value of the linear correlation slope and error bars

corresponding to the 95% confidence interval are shown. When using FIG. 3 to select a
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vacuum resid fractional weight boiling temperature for achieving a desired 5 wt%
fractional weight boiling point for a brightstock extract, one option is to use the mean
value. Another option is to use one of the 95% confidence interval values, in order to

allow for variations for a particular feedstock.

[0032] As mentioned for the correlation of FIG. 2, FIG. 3 also illustrates a linear
correlation slope, but the linear correlation slope of FIG. 3 represents the relationship
between the fractional weight boiling temperature for a BSE derived from a vacuum
resid fraction, and the fractional weight boiling temperature for the vacuum resid
fraction. It should be noted that a correlation between two temperatures can have any
convenient functional form. For the purpose of this description of the second correlation,
the characteristics of fitting a correlation will be based on a linear functional form. As
such, in this disclosure, the relation between two temperatures will be discussed as being

based on a linear correlation slope.

[0033] In one embodiment, the first and second correlations may be combined,
such that the combined correlation illustrates a relationship between a fractional weight
boiling temperature for a brightstock extract derived from a vacuum resid fraction, and a
distillation cut point temperature for separating the vacuum resid fraction from a
feedstock comprising the vacuum resid fraction and at least one distillate fraction. In this
instance, the linear correlations slope may be 0.60 or less, or 0.55 or less, or preferably

0.5 or less.

[0034] FIG. 4 shows a third correlation between the fractional weight boiling
temperature for three different types of feedstocks, including deasphalted oil (DAO),
BSE, and brightstock raffinate (BS Raff) and a mutagenicity index. This plot shows that,
for these three feedstocks, the MI is dependent on the 5 wt% boiling point but
independent of the feed identity. Specifically in FIG. 4, the 5 wt% boiling point is
shown on the x axis for cach of the three feedstocks. The three feedstocks are related, in
that a brightstock extract and brightstock raffinate are the two product streams formed

when an aromatics extraction process is performed on a deasphalted (vacuum resid) oil.

[0035] This third correlation has a linear correlation slope of greater than -0.02, or

greater than -0.015, or preferably greater than -0.011. The correlation in FIG. 3 is a
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linear correlation of the form MI = -0.0102 * BSE GCD 5 wt% (°C) + 5.1886, with a
standard deviation of +/- 0.1 MI, which corresponds to a 95% confidence interval of +/-
0.2 MI. The precise slope represented by this equation does not define the disclosure,
but rather the relationship between the fractional weight boiling temperature between
three different feedstocks and the MI. In FIG. 4, both the mean value of the linear
correlation slope and error bars corresponding to the 95% confidence interval are shown.
When using FIG. 4 to select a brightstock extract fractional weight boiling temperature
for achieving a mutagenicity index value, one option is to use the mean value. Another
option is to use one of the 95% confidence interval values, in order to allow for
variations for a particular feedstock. As mentioned for the correlation of FIGs. 2 and 3, a
correlation between two temperatures can have any convenient functional form. For the
purpose of this description of the third correlation, the characteristics of fitting a
correlation will be based on a linear functional form. As such, in this disclosure, the
relation between two temperatures will be discussed as being based on a linear

correlation slope.

Additional Embodiments

[0036] Embodiment 1. A method for producing a brightstock extract, comprising:
establishing a first correlation between a) a fractional weight boiling temperature for a
brightstock extract derived from a resid fraction, and b) a distillation cut point
temperature for separating the resid fraction from a feedstock, comprising the vacuum
resid fraction and at least one distillate fraction, where the first correlation has a linear
correlation slope of 0.5 or less; establishing a second correlation between the fractional
weight boiling temperature for a brightstock extract and a mutagenicity index value;
selecting, based on the first correlation and the second correlation, a distillation cut point
temperature corresponding to a mutagenicity index for a brightstock extract of 0.5 or
less; distilling a feedstock at the selected distillation cut point temperature to separate
one or more distillate fractions from a resid fraction; deasphalting the resid fraction to
form a deasphalted oil fraction; and performing a solvent extraction on the deasphalted

oil to form a brightstock extract fraction having the mutagenicity index of 0.5 or less.

[0037] Embodiment 2. The method of Embodiment 1, wherein the first correlation

includes: (1) a correlation between a fractional weight boiling temperature for a vacuum
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resid fraction and a distillation cut point temperature for separating the vacuum resid
fraction from a feedstock, and (2) a correlation between a fractional weight boiling
temperature for a brightstock extract derived from the vacuum resid fraction, and the

fractional weight boiling temperature for the vacuum resid fraction.

[0038] Embodiment 3. The method of Embodiment 2, wherein the correlation
between the fractional weight boiling temperature for the brightstock extract derived
from the vacuum resid fraction, and the fractional weight boiling temperature for the

vacuum resid fraction is 0.90 or less.

[0039] Embodiment 4.  The method of any of the above embodiments, wherein the
fractional weight boiling temperature for the vacuum resid fraction is a 5 wt% boiling

temperature.

[0040] Embodiment 5.  The method of any of the above embodiments, wherein the
fractional weight boiling temperature for the brightstock extract derived from a resid

fraction is one of a 5 wt%, a 10 wt%, or a 20 wt% boiling temperature.

[0041] Embodiment 6.  The method of any of the above embodiments, wherein the
distillation cut point temperature is selected to correspond to a mutagenicity index of less

than 0.4.

[0042] Embodiment 7.  The method of any of the above embodiments, wherein the

second correlation has a linear correlation slope of at least -0.015.

[0043] Embodiment 8.  The method of any of the above embodiments, wherein the
second correlation also includes a correlation between a fractional weight boiling

temperature for a deasphalted oil and a mutagenicity index value.

[0044] Embodiment 9.  The method of any of the above embodiments, wherein the
second correlation also includes a correlation between a fractional weight boiling

temperature for a brightstock raffinate and a mutagenicity index value.

[0045] Embodiment 10. The method of any of the above embodiments, wherein the
distillation cut point is selected based on a 95% confidence interval of the linear

correlation slope for the first correlation.
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[0046] Embodiment 11. The method of any of the above embodiments, wherein the
distillation cut point is selected based on a 95% confidence interval of the linear

correlation slope for the second correlation.

[0047] Embodiment 12. A method for producing a brightstock extract, the method
comprising: selecting a distillation cut point temperature between a resid fraction and
one or more distillate fractions, the distillation cut point temperature corresponding to a
mutagenicity index value of 0.5 or less for a brightstock extract formed from the resid
fraction, the distillation cut point temperature being based on, (a) a first correlation
between a fractional weight boiling temperature for a vacuum resid fraction and a
distillation cut point temperature for separating the vacuum resid fraction from a
feedstock, (b) a second correlation between a fractional weight boiling temperature for a
brightstock extract derived from the vacuum resid fraction, and the fractional weight
boiling temperature for the vacuum resid fraction, wherein the first correlation has a
linear correlation slope of 0.90 or less, and (c) a third correlation between the fractional
weight boiling temperature for the brightstock extract and a mutagenicity index value;
passing a feedstock through a distillation tower to produce the one or more distillate
fractions and the resid fraction at the selected distillation cut point temperature between
the resid fraction and the one or more distillate fractions; passing at least a portion of the
resid fraction through a deasphalting unit to produce at least a deasphalted oil fraction;
and passing the deasphalted oil fraction through a solvent extraction unit to produce at

least a brightstock extract having a mutagenicity index value of 0.5 or less.

[0048] Embodiment 13. The combination of Embodiment 12 with any of
Embodiments 2 — 11.

[0049] 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 disclosure.
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
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disclosure, including all features which would be treated as equivalents thereof by those

skilled in the art to which the disclosure pertains.

[0050] The present disclosure 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 intended scope of the appended claims.
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WHAT IS CLAIMED IS:

1. A method for producing a brightstock extract, comprising:
establishing a first correlation between
a) a fractional weight boiling temperature for a brightstock extract derived
from a resid fraction, and
b) a distillation cut point temperature for separating the resid fraction
from a feedstock, comprising the vacuum resid fraction and at least one distillate
fraction,
where the first correlation has a linear correlation slope of 0.5 or less;
establishing a second correlation between the fractional weight boiling
temperature for a brightstock extract and a mutagenicity index value;
selecting, based on the first correlation and the second correlation, a distillation
cut point temperature corresponding to a mutagenicity index for a brightstock extract of
0.5 or less;
distilling a feedstock at the selected distillation cut point temperature to separate
one or more distillate fractions from a resid fraction;
deasphalting the resid fraction to form a deasphalted oil fraction; and
performing a solvent extraction on the deasphalted oil to form a brightstock

extract fraction having the mutagenicity index of 0.5 or less.

2. The method of claim 1, wherein the first correlation includes:

(1) a correlation between a fractional weight boiling temperature for a vacuum
resid fraction and a distillation cut point temperature for separating the vacuum resid
fraction from a feedstock, and

(2) a correlation between a fractional weight boiling temperature for a brightstock
extract derived from the vacuum resid fraction, and the fractional weight boiling

temperature for the vacuum resid fraction.

3. The method of claim 2, wherein the correlation between the fractional weight

boiling temperature for the brightstock extract derived from the vacuum resid fraction,
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and the fractional weight boiling temperature for the vacuum resid fraction is 0.90 or

less.

4. The method of claim 1, wherein the fractional weight boiling temperature for the

vacuum resid fraction is a 5 wt% boiling temperature.

5. The method of claim 1, wherein the fractional weight boiling temperature for the
brightstock extract derived from a resid fraction is one of a 5 wt%, a 10 wt%, or a 20

wt% boiling temperature.

6. The method of claim 1, wherein the distillation cut point temperature is selected

to correspond to a mutagenicity index of less than 0.4.

7. The method of claim 1, wherein the second correlation has a linear correlation

slope of at least -0.015.

8. The method of claim 1, wherein the second correlation also includes a correlation
between a fractional weight boiling temperature for a deasphalted oil and a mutagenicity

index value.
9. The method of claim 1, wherein the second correlation also includes a correlation
between a fractional weight boiling temperature for a brightstock raffinate and a

mutagenicity index value.

10.  The method of claim 1, wherein the distillation cut point is selected based on a

95% confidence interval of the linear correlation slope for the first correlation.

11.  The method of claim 1, wherein the distillation cut point is selected based on a

95% confidence interval of the linear correlation slope for the second correlation.

12. A method for producing a brightstock extract, the method comprising:
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selecting a distillation cut point temperature between a resid fraction and one or
more distillate fractions, the distillation cut point temperature corresponding to a
mutagenicity index value of 0.5 or less for a brightstock extract formed from the resid
fraction, the distillation cut point temperature being based on,

(a) a first correlation between a fractional weight boiling temperature for a
vacuum resid fraction and a distillation cut point temperature for separating
the vacuum resid fraction from a feedstock,

(b) a second correlation between a fractional weight boiling temperature for a
brightstock extract derived from the vacuum resid fraction, and the fractional
weight boiling temperature for the vacuum resid fraction, wherein the first
correlation has a linear correlation slope of 0.90 or less, and

(c) athird correlation between the fractional weight boiling temperature for the
brightstock extract and a mutagenicity index value;

passing a feedstock through a distillation tower to produce the one or more

distillate fractions and the resid fraction at the selected distillation cut point temperature
between the resid fraction and the one or more distillate fractions;

passing at least a portion of the resid fraction through a deasphalting unit to

produce at least a deasphalted oil fraction; and

passing the deasphalted oil fraction through a solvent extraction unit to produce

at least a brightstock extract having a mutagenicity index value of 0.5 or less.

13.  The method of claim 12, wherein the distillation cut point temperature is selected

based on a mutagenicity index value for the brightstock extract of less than 0.4.

14.  The method of claim 12, wherein the third correlation has a linear correlation

slope of at least -0.015.

15. The method of claim 12, wherein the third correlation also includes a correlation
between a fractional weight boiling temperature for a deasphalted oil and a mutagenicity

index value.
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16. The method of claim 12, wherein the third correlation also includes a correlation
between a fractional weight boiling temperature for a deasphalted oil and a mutagenicity

index value.

17. The method of claim 12, wherein the third correlation also includes a correlation
between a fractional weight boiling temperature for a brightstock raffinate and a

mutagenicity index value.

18.  The method of claim 12, wherein the distillation cut point is selected based on a

95% confidence interval of the linear correlation slope for the first correlation.

19.  The method of claim 12, wherein the distillation cut point is selected based on a

95% confidence interval of the linear correlation slope for the third correlation.



