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(57) Abréegée/Abstract:

Methods are provided for predicting the properties of an asphalt fraction that contains two or more asphalt components based on
measurements of the viscosity for the asphalt fraction. Based on the measured viscosity, a virtual cut point Is determined for a
virtual asphalt blend that has the same viscosity (to within a tolerance value) as the measured viscosity for the asphalt fraction. The
virtual cut point Is then used to determine a variety of predicted property values for the asphalt fraction. Optionally, the predicted
property values can be used to adjust the actual cut point for the distillation or separation process used for forming the asphalt
fraction.
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(57) Abstract: Methods are provided for predicting the properties of an asphalt fraction that contains two or more asphalt compon -
ents based on measurements of the viscosity for the asphalt fraction. Based on the measured viscosity, a virtual cut point 1s determ -
med for a virtual asphalt blend that has the same viscosity (to within a tolerance value) as the measured viscosity for the asphalt frac-

tion. The vir

ual cut point 1s then used to determine a variety of predicted property values for the asphalt fraction. Optionally, the

predicted property values can be used to adjust the actual cut point for the distillation or separation process used for forming the as-
phalt fraction.
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PROPERTY PREDICTION FOR ASPHAL TS FROM BLENDED SUOURCES

FIELD
FHE1EY Methods are provided for predicting propertics for asphalts formed from

blends of teedstocks.

BACKGROUND

302 Asphalt 1s onc of the world's oldest engineering matenials, having been used
since the beginnming of civibization. Aspbhalt 18 a strong, versatile and chemucal-resistant
binding material that adapts itself to a vaniety of uses. For example, asphalt 18 used to
bind crushed stone and gravel into firm fough surfaces for roads, streets, and awport
runways. Asphalt, also known as pitch, can be obtamed from either natural depostis, or
as a by-product of the petroleum mdustry. Natural gasphalts were extensively used until
the carly 1900s. The discovery of refining asphalt from crude petroleum and the
mcreasing popularity of the automobile served to greatly cxpand the asphalt mdustry.
Modern petroleurn asphait has the same durable gualities as naturally occurrimg asphalt,
with the added advantage of being refined to g uniform condition substantially free of

organic and rowneral impurities.

003 The raw material used 1 moderm asphalt manufacturing is petroleum,
which 18 naturally occurring hiquid bitumen. Asphalt is a natural constitucnt of
petroleum, and there are crude oils that are almost entively asphalf. The crude petroleum
is separated into s various fractions through a disttllation process.  After separation,
these fractions are further refined nto other products such as asphalt, paratting gasoiine,
naphtha, lubricating oil, kerosene and diesel o1l Since asphalt 1s the base or heavy
constituent of crude petroleum, it does not evaporate or boil off during the distillation

process. Asphait 1s essentially the heavy residue of the oil rehining process.

{3884 Because asphalt 18 a residue tfrom an ol refining process, i a blend of oils
from more than one crude source 1s used as an mput, the resulting asphalt residue will
also represent a combination of the oils. Due to lower rehability of resulfing asphalt

quality prediction, proportions of mdividual crudes in the slate cannot be economized
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and a quality bufter 1s typically required. In the other words, a blend of feeds 15 selected
that 18 conservative on quality, such as by using a higher percentage of heavy asphaltic
feeds than 1s strictly needed, i order to increase the hikelihood of mecting the asphalts
specifications after manufacturing s done. However, having to select a heavier blend of
feeds to form a desired asphalt can cause ditficultics m other parts of a refinery, as using
the heavier crudes that typically produce higher quality asphalt can himit the distillation

throughput for the refinery.

{3385 Although mdividual asphalts can be characterized relative to a cut point
temperature for separating heavy oil from the asphalt residue, conventional methods of
characterizing blends of asphalts have been only partially successtul. As a result, when a
blend of ous 18 used fo formn an asphalf, the asphalt 15 usually characterized
experimentally to determine all or nearly all specifications that determine the suitability
of an asphalt for various potential uses. During this characterization fime, storage tanks
or angther means for holding the asphalt prior to sale are requured. I sutticient storage 1s
not avaulable, it may result 1 the slowing or cven stopping of one or more additional

refinery processes until the asphait can be characterized and assigned a grade for sale.

SUMMARY
3006 in an aspect, a method for predicting asphalt properties 1s provided. The

method includes measuring a kinematic viscosity of an asphalt fraction at a temperature
of 100°C to 150°C, the asphalt fraction beimng formed by separation of a feed contamming
asphalt components from a plurality of crude sources based on a cut pomnt {emperature,
the asphalt components being present mn the feed n a first sct of ratios; determining a
virtual cut pownt for a virfual asphalt blend comprising the asphalt componenis baving a
kimernatic viscosity that 18 within a viscosity tolerance of the measured kinematic
viscosity, the virtual cut point being determined based on measured kimematic viscosity
values tor the asphalt components and the {irst set of ratios for the asphalt componcents;

calculating a second set of ratios corresponding to a virtual composition of the asphalt

components m the virtual asphait blend based on the virtual cut point; calculating one or
more propertics other than kinematic viscosity for the asphalt fraction based on the

second set of ratios tor the asphalt components and at least one of the virtual cut point,
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the measured kinematic viscosity, or the determined Kinematic viscosity for the virtual
asphalt blend; and modifving the cut point temperature for the scparation based on a

calculated value for at lcast onc of the onc or more properties other than kinematic

VISCOSHY.
007 | in another aspect, a method for predicting asphalt properties 1s provided.

The method includes obtamung kincmatic viscosity values at a plurality of cut point
temperatures for a plurality of asphalt components, cach of the plurahity of asphalt
components corresponding to an asphalt fraction derived from a singic crude source at an
identified cut pomt; obtaining values for one or roore additional properties for each of the
pluraiity of asphalt components; obtaining values for kinematic viscosity and for the one
or yoore additional propertics for a plurality of asphalt {ractions comprising asphalt
components from two or more crude sources; constructing a predictive model that
correlates a measured viscosity value with values for the one or more additionsl
propertics for an asphalt fraction comprising a plurality of asphall components, the
predictive model comprising pararaciers for the one or more additional properties for
cach asphalt component that are {it to the obtamed values for the plurality of asphait
fractions comprising asphalt components from two or more crude SOUrces; measuring a
kinematic viscosity of a first asphalt fraction comprising at least two asphalt components
at a temperature of 100°C to  150°C, the first asphalt fraction being formed by
separation of a fecd contamung the at least two asphalt coraponents based on a cut point
temperature, the at least two asphalt components being present in the feed in a first set of
rafios; determuning a virtual cut pownt for a virtual asphalt blend having a kinematic
viscostly within a viscosity tolerance value of the measured kinematic viscosity for the
first asphalt fraction, the virtual cut pomt being determuned based on measured kinematic
viscosity values for the at {east two asphalt components and the first set of ratios for the
at lcast two components; calculating a second set of ratios corresponding to a virtual
composition of the asphalt components in the virtual asphalt blend based on the virtual
cut pomnt; and prediciing one or more properties other than kinematic viscosity for the
first asphalt fraction based on the constructed predictive model, the second set of ratios
and at lcast one of the virtual cut pomnt, the measured kinematic viscosity for the {irst

asphalt {raction, or the determined kinematic viscosity {or the virtual asphalt blend.
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BRIFF DESCRIPTION OF THE DEAWINGS

3008 Fi(s. 1 shows an exaraple of a rehinery process tlow that uses a predictive

model according to the disclosure.

{O80Y] Fi(. 2 shows a flowchart of creating a predictive model for properties of

asphalt blends according to an embodiment of the disclosure.,

G010 FIG. 3 shows an example of a virtual cut point determination according {o

an embodiment of the disclosure.

011 FiI(;. 4 shows an example of property prediction according o an

cmbodiment of the disclosure.

DETAILED DESCRIPTION

0121 All numerical values within the detailed description and the claims herem
are maodified by “about” or “approximately” the mdicated value, and take 1oto account
experumental error and variations that would be expected by a person having ordinary

siaill in the art
Overview

(1 3] in various aspects, methods are provided for predicting the propertics of an
asphalt {raction that contains twoe or more asphalt components based on measurements of
the viscosity for the asphalt fraction. Based on the measured viscosity, a virtual cut point
1s deterraned for a virtual asphalt biend that has the same viscosity (to within a tolerance
vaiue) as the measured viscostty for the asphalt fraction. The virtual cut point 18 then
used fo determine a variety of predicted property values for the asphalt fraction.
Optionally, the predicted property values can be used to adjust the actual cut point for the
distillation or separation process used for formung the asphalt fraction. Adyusting the cut
point for a distillation in real time can allow for production of an asphalt fraction with
one or more desired property values that satisfy a specification without having to wait for
laboratory based characterizations that require a longer time period to complete. Instead,
a more limited set of characterizations can be used to confirm that an asphalt mects

required specifications.
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3514] in various ecmbodimnents, a rheological/mathernatical model can be

developed based on at least the crude sources that will be used in a feed comprising
components from a plurality of crude sources. The model can calculate or predict
asphalt propertics using only two mputs: on-line measured viscosity of the run~-down
and mformation regarding the slate of crudes that 15 used to form the feed that 1s then
separated to form the asphalt {raction. Using the model can allow for real-time asphalt
quality calculation at any stage of manutfacturing. Calculated parameters consequently
allow for immediate product release from a runnimg tank; manufacturing optivmzation;

in-ine to truck/car biending; distillation operation; and crude slate optimization.

3015 For lighter fractions derived from a crude oil, blending tools can often
provide uselul predictions the properfies of blends contamning components from a
phurality of sources. This 1s in part due o the fact that lighter fractions have a relatively
low number of distinct specics. Additionally, blends of highter fractions tend to have
mintmal amounts of non-linear interactions between components within the {ractions.
By contrast, the propertics of a blend of asphalt fractions are dithicult to predict based on
a stmple iinear combination of imndividual asphalt fractions. The compositions of asphalit
fractions often mmclude a large number of specics that may not be well understood.
Additionally, due to the complexity of asphalt fractions, the plurality of asphalt fractions
within a blend can have significant micractions, so that the propertics of an asphait blend
do not correspond well to a simple hnear corabination of properties based on the cut

point used to separate the blended asphalt from an original biended feed.

{31 6] Preferably, the properties for an asphalt fraction contamning multipic asphalt
components can be predicted based on a readily available test that allows for derivation
of the desired propertics. In order to achieve this desired goal, a plurality of asphalt
fractions derived from single crude sources can be characterized. The propertics of these
single crude asphalt fractions can be correlated with measured viscostties for the
asphalts. A model can then be constructed bascd m part on the propertics of the single

source asphalt fractions.

G017 in order to use the model, a viscosity measurement can be performed on a
asphalt fraction denived from sgparation of a suitable feed at a suitable cut pomt.

However, the cut pomt used for torming the asphalt fraction 1s not used to predict the
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properties of the asphalt fraction based on the model. Instead, the cut pomnt profiles for
cach component 1 the feed for forming the asphalt fraction can be used to determunge the
viscosity that would be expected for a virtual asphalt blend based on g virtual cut point
temperature. A virtual cut point 18 then calculated or sclected so that the viscosity of the
virtual asphait blend matches the measured viscosity to within a tolerance amount., This
virtual cut point and the corresponding virtual asphalt blend are then used as the basis for

predicting the remaining propertics for the biended asphalt.

1HE] in this discussion, reference will be made to crude sources, asphalt
fractions, asphalt components, feed components, and virtual asphalt blends. An asphalt
fraction represents an asphalt fraction made in any convenient manner, such as an asphalt
fraction formed by distillation of a suitable feedstock at a suitable cut pomnt temperature.
An asphalt component 18 defined hercin to refer to an asphalt fraction that 1s derived
from a single crude source. Simularly, a feed component 18 defined herein as a portion of
a teed that 1s denved trom a single crude source. A crude source 18 detined herem as a
combination of 4} a source of oil, tar sands, or another type of petrolcum that can be used
to form a crude ol stream, and b} any processing that 15 used to form such a crude ol
stream prior to distiling the crude oil stream to form the asphalt fraction. Thus, use of a
different distillation cut pomnt during asphalt formation does not mmpact the source of a
crude o1l stream. However, two crude o1l streams extracied from the same location, but
that undergo different processing and/or separation procedures prior to reaching a
refincry could be considered as crude oil strecams from different sources. A virtual
asphalt blend refers to composition for an asphalt fraction that would be formed il a
distiifation of an existing asphalt traction were performed at a virtual cut point, and if the
distillation behaved m an i1dcahized manncr with respect to asphalt formation for
individual asphalt components in the asphalt fraction. Virtual asphalt blends will be

discussed mn greater detail below.,

319 it 1s noted that a distinction 18 made between the measured propertics for an
asphalt fraction and the propertics of a virtual asphalt blend. An asphalt fraction
represents an asphalt fraction formed from distillation or other separation of a feed. A
virtual asphalt blend 18 a hypothetical asphalt coraposition that 1s calculated using a

virtual cut point and basced on characterization of the mdividual components 1n a feed. A
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virtual cut pomt 1s selected so that the calculated viscosity of a virtual asphalt biend is
the same {within a tolcrance) as the measurcd viscosity for a corresponding asphait
fraction. The virtual cut pomnt will typically differ from the actual cut point used to make

the corresponding asphalt fraction.

Agphalt Feedstocks

3020 Some feedstocks in accordance with the present disclosure are heavy oils
that imclude at lcast a portion of asphaltenes. Such heavy ouls are suitable, possibly after
additional distiliation, for making an asphalt.  Asphalt 18 a viscoeclastic semi-solid
bituminous material derived from the distillation residue of crude petroicum. Asphalt
may be obtamed from a vanety of crude ol sources or fractions, mcluding straight run
vacuum residuc, mixtures of vacuum residuc with diluents such as vacuum tower wash
oil, parathn distillate, aromatic and naphthenic oils and muxtures thereof, oxidized
vacuum residucs or oxdized mxtures of vacuum residues and diluent ous and the like,
Because 1t 1s hydrophobic and has good adhesive and weathering characteristics, asphalt
15 widely used as a bmder or cement for stone or rock aggregaie 1in pavement
construction {(typically only 5 wt % of the mixture). Other feedstocks suitable for use in
the disclosure include whole or reduced petrolecum crude ous, atmospheric residua

tecdstocks, and vacuum residua feedstocks.

0211 {ne option for defining a boiling range 18 to use an inifial boiling point for a
feed and/or a final boiling point for a teed. Another option, which m some mstances
may provide a more representative description of a feed, 1s to characterize a feed based
on the amount of the feed that boils at one or wore temperatures. For example, a “T37
botling point tor a feed s defined as the temperature at which 5 wit% of the feed will

boil. Simmlarly, a “T93” boiling 1s detined as the temperature at which 935 wit's of the

feed will boil

U221 A typical feedstock for forming asphalt can have a normal atmospheric
boiling point of at feast 350°C, more typically at lecast 400°C, and will have a penetration
range from 20 fo 500 dmm at 23°C (ASTM DB-5). Alternatively, a feed may be
characterized using a TS5 boiling point, such as a feed with a TS5 boiling point of at least

350°C, or at lcast 400°C, or at teast 440°C.
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{823] Another example of a feedstock suttable for forming asphalt 1s a feedstock
derived from an atmospheric resid {raction or a stmilar petroleum fraction. For example,
when a whole crude oil, partial crude oil, or other feedstock 18 processed 1 a retinery,
one common type of processing s to distiil or fractionate the crude ou based on botling
point. One type of fractionation 18 atmospheric distillation, which can result 1 one or
more fractions that boil at less than 650°F (343°C) or less than 700°F (371°C), and a

bottoms fraction. This bottoms fraction corresponds {0 an atmospheric resid.

{3824 The bottoms fraction from atmospheric distillation can then be separated or
fractionated usimg vacuurn distillation. This generates one or more {(vacuum) gas oil
fractions and a vacuum resid fraction. Because the vacuum distiilation 1s typically
pertormaed on a resid from atmospheric distillation, a vacoum gas ol fraction can be
defined as a fraction with a T10 boiling poimnt of at least 650°F (343°C), such as at least
700°F (371°C). Preterably, a vacuum gas ol fraction can have a TS boiling pomnt of at
ieast 630°F, such as at least 700°F. The vacuum resid fraction may be suitable for use
as an asphalt. The distiliation cut pomt for forming the vacuum bottoms fraction can be
selected based on a desired amount of vacuum gas oil and/or a desired quality for the
asphalt fraction. Selecting a higher temperature cut point can increase the amount of a
vacuum gas otl. However, such a higher temperature cut point will typically reduce the
quality of the corresponding asphalt. Since both vacuum gas oil vicld and asphalt quaklity
are aiso dependent on the nature of the feedstock, the temperature cut pomnt to achieve a
desired combination of vacuum gas oi vicld and asphalt guality will vary. A suitable cut
point for the vacuum bottoms fraction to achieve a desired asphalt quahity and/or to
achicve a desired vacuum gas o1l vield can be at least 730°F (399°C}, such as at least

I50°F (510°C) or at least 1050°F (566°C).

Dietermnime Virtual Cut Point Basced on Measured Viscosity

[3025] Performing a distillation on a feed containing multipie feed components
wiil typically result 1o an asphalt fraction where the ratios of the various crude sources in
the asphalt fraction will differ trom the ratios of the various crude sources n the feed.
This s due to the difterent boiling pomnt profiles for cach crude source in the slate used to
form a feed. For example, consider a feed containing equal weights of components (1.¢.,

a 1 to 1 ratio) from two crude sources. In this exarapie, the first crude source has a lower
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temperature boiling pomt profile.  When a distillation 18 performed on such a feed to
generate, for example, a vacuum gas ol fraction and an asphalt fraction, the ratio of the
first asphalt componcent to the second asphalt component i the asphalt fraction will
typically be less than 1 to 1. However, due o interactions between components in a feed
used to form an asphalt fraction, the exact ratio of asphalt components n the resulting

asphalt 1s somewhat difficult to predict.

H3U26] More generally, based on the actual cut pomnt used for formung the vacuum
gas ot and asphalt fractions, and the knowledge of the amount of cach crude source in
the original compostiion, it maght be expected that the actual cut pomnt could be used to
ictermine the ratio of cach crude source in the asphalt product. Further, it might be
cxpected that such ratio mformation could be used to calculate an expected viscosity (or
other cxpected properties) based on the viscosities {or other propertiesy for asphalts
formed from the imdividual coraponents at the actual cut point. Unfortunately, this type
of calculation does not tead to an effective prediction of propertics tor an asphalt fraction

contaiming multiplc components,

30271 One mifial siep 1o predicting the propertics of an asphalt fractions 18 to
characterize the properties of individual asphalt components i the asphalt fraction. This
can represent testing performed specifically to develop the model or accumulated data
from prior testing on asphalt fractions denived from single crude sources. The testing tor
asphalt fractions from individual crude sources will preferably include measurements for
kinematic viscosity as well as any other property that 18 desired for prediction.  The
viscosity as well as the other properties are characterized for asphalt fractions formed

using various cut point temperatures over a rangc of interest,

(2] As noted above, using the actual cut point temperature used for forming an
asphalt fraction does not result 1n a desired accuracy tor property prediction. Instead of
using the actual cut pomt temperature as a basis for predicting propertics, the viscosity of
an asphalt {raction can be measured. Preferably, the viscosity of the asphalt fraction 18
measured at a temperature where the asphalt behaves as a Netownian fhuid. An example
of a suitable temperature 1s 135°C. At 135°C, the viscosity of a wide variety of asphalt
fractions can be obtained while the asphalt 18 1n a Newtomian thud state. For asphalt

fractions that have a high hardness value, it may be necessary {0 measure the viscosity at
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a higher temperature, such as up to 150°C. For many other types of asphalt {ractions, a
temperature of at lecast 100°C 1s sutficient for the asphalt fraction to act as a Newtonian

fluid.

029 The measurcd kinematic viscosity for the asphalt fraction can then be used
to determine a “virtual” cut pomnt. A virtual cut pomnt represents a cut point temperature
that produces a virtual asphalt blend that has a kincmatic viscosity that matches the
measured viscosity, The composition of the virtual asphalt blend 18 determined by using
a virtual cut pomnt temperature in combination with the ratios of the components in the
feed for formiung the actual asphalt fraction. For an mdividual teed coraponent, the yield
of asphalt for the feed component can be determined at a given cut pomnt temperature.
This allows for determination of a composition for a potential virtual asphalt blend.
Based on viscosity data for asphalt components at a range of potential cut pomnt
temperatures, the viscosity that would be expected for an asphalt component at a4 given
virtual cut point can be determmed. The composition of the virtual asphalt blend can
then be combmed with the kinematic viscosity mformation to determing 4 viscosity for a
virtual asphalt biend. Any convenient method can then be used to determine a virtual cut
point temperature that would lead to a viscosity for the virtual asphalt biend that matches
the measured viscosity for the asphalt fraction. For cxampie, the virtual cut pomt
temperature can be determined by successive approximations or by any other convenient
method for using the single crude source viscosities and the original compositional slate
to identity a virtual cut pomt temperature that matches the measured value to within a
spectied viscosity tolerance. Any convenient tolerance can be used for deternuning a
match, such as less than 8.5 ¢St or less than .1 ¢St, or less than .05 ¢St, or less than

0.01 o5t
Predicting Asphalt Propertics Based on Viscosity (vig a Virtual Cut Point)

3830 As described above, 4 measured viscosity at a temperature where the
asphalt components of the asphalt fraction are 1 a Newtoman fluid state can be used to
derive a virtual cut pomt temaperature. The virtual cut point temperature can then be used
as the basis for predicting properties of the asphalt fraction. To determine properties, a
composition for a virtual asphalt blend 1s determined that corresponds 1o scparation of

the feed at the virtual cut pomnt temperature. The composition for the virtual asphalt
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blend based on the virtual cut point 18 then used to calculate other properties of nterest
for the virtual asphalt blend. For cach property, a weighted average of the propertics of
the mdividual crude sources 18 formed. This werghted average 18 based on compositional
weights percentages n the virtual asphalt blend as determined by the virtual cut pomnt.
The weighted average can correspond to a hinear weighted average for a property, a
weighted average of the log values of the property, or another conventent type of
weighted average based on the compositional weight percentages in the virtual asphalt
blend. The gh temperature performance grade value 18 an exampie of a property where

a weighted average of the log valucs of a property can be used.

FHIREY in an cmbodiment, the properties for the virtual asphalt blend can be used
directly as the predicted properties for the asphalt fraction. However, directly using the
properties calculated for the virtual asphalt biend will likely result 1n some residual errors
refative to the actual properties of an asphalt fraction. The predicted values for the
asphalt fraction can be mmproved by mmcluding a st of fit parameters m the predictive
model. For example, a set of fit paramcters can be used that provide an extra degree of
freedom for cach asphalt component. This extra degree of freedom represents a variable
that can be fit based on historical data from measurcments of asphalt fractions derived
from single crude source and/or data from measurements of asphalt fractions containing
a plurality of asphailt components. The variables can be it to the historical data by any

convement method, such as least squares.

U3 Depending on the embodiment, vanous properfics for an asphalt fraction
may be of interest. Examplces of propertics include high temperature pertormance grade
(HTPG) and low temperature performance grade (LTPG); dynamic shear rheometer test
values, such as pressure aging vessel residue; bending beam rheometer values, such as o
value or stifiness; penetration; and absoluie viscosity at various temperatures, such 4s

6O
Real Time Process Feedback

333 {Jne option for using the model described above 18 o use the model to
provide real-time feedback for an asphalit tormation process. One advantage of using the

viscostty at a temperature between 100°C and 150°C as the measured property s that a
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viscosity can be obtamned m a relatively short time with an m-line monuor. Thus, a
viscosity can be obtained at a convenient interval, such as once a minute. Because an
asphalt fraction will often be at a higher temperature than the desired temperature for the
viscosity measurement, a ship stream of the asphalt {raction can be withdrawn and cooled

in order to obtain the viscosity measurements.

(3834 By obtammung a measured viscosity at a convenient time intcrval, the
propertics for the resuliing asphalt fraction can be predicted durmg the distillation or
separation for forming the asphalt fraction. If onc or more of the predicted propertics is
outside of a desired range, the actual cut pomt {or other control varable) for the
separation to form the asphalt fraction can be modified in order to achieve the desired

property value.

U3 5] Fi(s. 1 shows a schematic example of a refinery contiguration for using a
viscosity based predictive model to provide real time feedback for asphalt formation. In
FIG. 1, an mitial atmosphernic distiliation 110 18 performed on a feed 105 that imcludes
portions or components from at least two crude sources. The bottoms 115 from
atmospheric distillation 110 are then separated using a vacuum distillation unit 120, A
selected cut point 18 used to separate the {(bottoms) asphalt fraction 123 from the next
highest boiling fraction generated by the vacuum distiliation unit 120, The viscosity of
the asphalt traction 125 13 measured using an in~line viscosity analyzer 130, which may
optionally analyze the viscosity of a slip stream (not shown)} of the asphalt fraction 123,
Such viscostty measurements can be perlormed at any convenient time mterval, such as
once per minute. The miormation from viscosity analyzer 130 18 fed back to a general
purpose computer or other processor 140 that can use the predictive model. Based on the
measured viscosity, the properties of the asphalt fraction 125 are predicted. I the
predicted properties do not maich desired specifications, the processor 140 can adjust the
cut point being used in vacuum distillation unit 120, This allows an asphalt fraction 125
with desired properties to be made and stored 1n tank 150 without having to wait for a

day or longer to obtain other types of laboratory analysis of the asphalt fraction 125,

{3036] it 1s noted that the real-time teedback method described above can also be
used for torming an asphalt from a smgle crude source. In such an embodiment, data can

be accurmulated that correlates viscosity with other properties for a crude source. When
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an asphalt 1s wmade from a feed corresponding to the crude source, the viscosity analyzer
can be used to the propertics for the asphalt based on the current measured viscosity.
The actual cut pomt can then be meodificd based on the apparent cut pomt that

corresponds to the measured viscosity.
Predictive Model Retinements

837 As noted above, the model can include a parameter for each crude property
vaiue that 1s it to historical data. Because the historical data can inciude measurcments
on both single source asphalt fractions and asphalt fractions contaming multiple
components, the {it parameters can provide some representation of the mdividual asphait
components. However, 1t 18 roore difficult to capture mferactions between a given pair of
asphalt components when the asphalt componcents are present m the same asphalt
fraction. To retlect the mteractions between particular asphalt components, additional
non-linear blending coethicients can be added to the model for cach pawr of asphalt
components where sufficient historical data 18 availabic. If the historical data provides
only a limited number of examples for a given pair of asphalt components 1o asphalt
fractions, using non-lincar blending cocthicients may lead to  underdetermined
cociticients. However, where the historical data provides a sufficient number of data
pomnts, the additional blending coctiicionts for pairs of asphalt componenis can be used
to modity the weight given to the values for the pair of asphalt components. It 1s noted
that coetficients can be used in sttuations where coefficients are not avatlable for all

potential pairs 1 an asphalt fraction.

{3038 Another potential modification 1§ to continue to update the model over time.
As noted above, a variety of it parameters or coethicients areg present within the model.
These parameters are fit based on historical data for asphalt fractions from mdividual
crude sources as well as asphalt {ractions containing a plurality of asphalt components.
Howcever, mdividual crude sources can also change over time, such as due to changes
the compostiion of the actual crude source or changes w how the crude source is
extracted and/or pre-processed at the source. To reflect such changes, the fit parameters
im the model can continue to be updated as more data becomes available. Additionally,
as time passcs, data that 18 suthiciently old can either be given a reduced weight during

the fithing procedure or even omitted entirely.
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U39 Still another potential modilication 1s to expand a ywnodel o mncorporate data

from multiple refineries that have formed asphalt fractions from a given crude source. In
some ermbodiments, the data in the model can be based on forming asphalt fractions at a
single refinery from various crude sources. However, data from multiple refineries can
be mcorporated into a single model it desired. The data from cach refinery can be given
the same weight, or the data can be weighted based on the refinery the model 18 being
uscd at, so that historical data from the refinery currently making a prediction 18 given
oreater weight than data {rom other rehineries. Incorporating data from multiple

retinerics can allow mformation a given crude source and/or interactions of pairs of

crudes to be bult up 1 a mwore rapid manner.

{3040 Fi(s. 2 shows an exaraple of constructing a predictive model that includes at
fcast some of the model refimements described above. In FlIG. 2, a crude slate 1 specifics
4 type and amount for a plurality of components that arc inchuded 1 a feed for forming
an asphalt fraction. Based on a vutual cut point 6, a vield 2 tor cach of the feed
components within a virtual asphalt blend 18 determmned. The vield values combined
with the crude slate compostiion can be used to determune a virtual composition 3 for the
virtual asphalt biend corresponding to the virtual cut point. A calculated viscosity 4 for
the virtual asphalt blend can then be determuned. This calculated viscosity can be
compared with a measurement 5 of the viscosity for the actual blended asphalt. It the
calculated viscosity 4 and the measured viscosity 5 do not maitch {o within a tolerance
vaiue, a new virtual cut point 18 sclected and calculations 2 — 4 are repeated. When a
virtual cut point 6 18 selected that causes the calculated viscosity 4 tor the virtual asphalt
blend to match the measured viscosity 3, the virtual composition 3 corresponding 1o the
virtual asphalt blend can be used to predict properties 10 for the blended asphalt. The
property predictions 10 are based on measured viscosity values for the asphalt
components within the feed as well as corrclations 9 between measured viscositics and
other measured properties 8. The model can be further improved by using historical data
i1 to fit additional parameters for the propertics in the model. Optionally, a second
group of blendimg coetficients 12 can be it to capture interactions between asphalt

components that are uscd together frequently as components within a feed.
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Applications for Predictive Model

{3041 The ability to predict properties for an asphalt fraction containing multipic
asphalt components based on a kinematic viscosity measurement allows the predictive
model to be applied for a vanety of applications. In one example, the on-line measured
viscosity and miormation a crude slate are fed mio the predictive model in real-time. The
model 15 able to work with a constant or a dynamically changing crude slate. Viscosity of the
product 1 the run-down tank 15 calculated {from viscosity, production time, and production
rate data. Product specification parameters can be calculated in real time tor the run-down
tank. This can allow the product to be released to sales immediately, 1.e. from the hive
tank, so that the tank i1s open to production and sales at the same time. In another version
of this scenario, the tank can be filied and closed for production and asphalt viscosity can

be verified by QA iab and used for product carly release.

G342 | in another example, the crude slate mtormation and onc or more target product
properties can be fod mto predictive model. The crude slate can be constant or dynamically
changing over the production time. The predictive model can calculate all remaining asphalt
propertics including the target viscosity. The cut pomnt for the vacuum distiiiation unit can
then be changed to adjust the run-down viscosity — as provided mn real-tuime mode by the
rundown viscosity analyzer. Another option 18 to use the predictive model in fully predictive
mode.  In this option, desired product property{ies) are specified and the optimal crude
weight fractions, target viscosity, and any other desired product specification parameters are

calculated.

LHIER] still another option is to use the predictive model to calculate the most suitable
and/or cconomical crude slate. A nurnber of available crudes can be selected. One or more
target asphalt properties can also be specified. Optionally, limits on the weight fraction of
cach component can also be specified. The predictive mode! can then be used to calculate
the weight fraction n order to meet the suggested requirements.  The predictive model can
aiso be used to maximize a component crude for a given slate (for instance the cheapest} or
minunize a component crude for a given slate {for instance numinuzing the heaviest

component to enhance throughput}.
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{344 Still another option 1s 1o use the predictive model to effectively remove the

intermediate product tankage from service. Instead, the predictive model can allow n-hine

biending of the intermediate product directly 10 a car or tank truck.

G045 Yet another option 18 to use the predictive model to dynanucally calculate the
target blend ratio and wviscosity using crude siate information, the actual viscosity of all
components, and the target propertics of the blend. The predictive model can control the

guality of the blended product based on its viscosity, thus allowing for immediate product

refease.
EXAMPLES
[H46] The tollowing 18 an cxample of using g rheological model to predict

nroperties of a blended asphalt product. In this example, a feed mcluding components
from four different crude sources was scparated at a cut point to form at lcast one gas ol
fraction and an asphalt fraction. Each of the feed components represents a component
from a crude source that had been previously characterized with regard o asphait
fraction formation. As a resulf, properties {or asphalt fractions denved from each crude
source at a range of cut point temperaturcs arge avatlable in the model database. It 1s
noted that altbough generic names were assigned to the crude sources, this example
represents a working example based on fitting of a2 model to historical data tollowed by
measuring a viscosity for an asphalt fraction derived by distilling a feed composed of

four ditferent components.

3047 in this example, the wdentitics of the crudes m the fecedstock for asphalt
formation arc shown in coluran (1) of FIG. 3. The identitics correspond to the source of
cach crude that s mcluded mn a teed for forming an asphalt fraction. Column (2) m FIG.
3 shows the amount {(weight percent) of cach crude present in the feed for forming the
asphalt fraction. A distillation 1s then pertormed to form an asphalt traction. It 18 noted
that the actual cut pomnt temperature used for the distiilation 1s not needed to apply the

predictive model,

{3048 Atter performing the distillation, the viscosity of the resulting asphalt
fraction 1s measured, such as by measuring the kinematic viscosity at 133°C. In this

example. the measured viscosity at 135°C tor the resulting asphalt fraction i1s 286.0 oSt
DEC, ¥ {
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This measured viscosity can then be used to wdentify a virtual cut point for a virtual
asphalt biend that would have the same viscosity as the measured viscosity. One method
for determinung the virtual cut point 1s to construct plots sumudar to plots {A) and (B)
shown in FiG. 3. Plot (A} 1s a log plot of the vield of asphalt formed from cach
component in the feed as a function of temperature. In other words, plot {A) i FIG. 3
shows the wt% for cach of the four feed components that will remain i an asphait
fraction after distillation as a function of cut pomnt temperature. For exampie, column (3)
m FIG, 3 shows the wit% that will remain in an asphalt fraction for cach teed coraponent
at a virtual cut point temperature of 700°K. The 700°K valuc for the virtual cut pomnt
represents an wbial guess for the virtual cut pomt.  As shown i coluran (3), teed
components Alpha, Ganmmna, and Delta contribute between 46% and 6(% of thew
original feed amount to the resulting asphalt fraction. By contrast, at a cut pomt of

700°K, less than 5% of feed component Brave remains in the asphalt fraction.

3849 The vield for cach feed component 1 a resulting asphalt fraction from plot
(A}, as shown m column (3}, can then be multiphied by the mutial weight percentage of
cach component in the feed, as shown mn column (23, This produces a net vield tor ¢ach
component m the feed m g virtual asphalt blend. The net yviclds can then be normalized
so that the sum of the net viclds 1w the virtual asphalt blend 18 1. This provides the
weight percent of each feed component that would be present 1n a virtual asphalt blend
based on the virtual cut pomt. The composition of the virtual asphalt blend 15 shown mn
column {4). It is noted that the actual yield, both of mdividual asphalt components and
overall vield, 1s hikely to difter {from the yields tor the comaponents 1o the virtual blended

asphalt {to the degree such vicids can be determined for the asphalt {raction).

3050 The values m column (4} can then be used 1n conjunction with piot (B) o
FIG. 3 to determune a viscosity for the virtual asphalt blend. Plot (B) 1 FIG. 3 shows a
plot of the log value of the measured viscosity at the measurement temperature {such as
135°C) for asphalts derived from cach crude source versus the cube of the cut pomnt
temperature used to form an asphalt. Based on this plot, the viscosity value for an
asphalt fraction denived from cach mdividual crude source at the virtual cut pomt
temperature can be determined.  In column (5}, the viscosity at a virtual cut point

temperature of 700°K 1s shown for cach component. The compositional weights for the
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virtaal asphalt biend 1o column {(4) can then be multiphed by the viscosity for cach
component m column {3}, and these values can be added together to generate a viscostly
for the virtual asphalt blend at a virtual cut point temperature of 700°K. Based on the
values 1w colummns {(4) and (5}, the viscosity of the virtual asphalt blend at 700°K 18 1868
cst. This 1s substantially lower than the measured viscosity for the actual asphalt

fraction of 286.0 ¢St

HHREE Based on the shapes of the disqillation curves and the viscosity versus
temperature curves for the mdividual components, it appears that the virtual cut pomnt
temperature 18 higher than 700°K.  In this example, addibtional estimates for the virtual
cut point were made until a viscosity for the virtual asphalt blend was found that differed
frora the measured viscosity value by less than a tolerance aroount. o this example, it
was determined that a virtual cut poimnt of 717.83°K resulted m a virtual asphalt blend
with a viscosity that matches the measured value of 286.0 ¢St to within g convenient

tolerance value, such as within .03 ¢St or iess, and preferably within 0.02 ¢St or less.

3852 ] After deternmining the virtual cut point, the composttion for the virtual
asphalt blend corresponding to the virtual cut point can be determuned using the valucs
column {2} and plots (A} and (B} of FI(. 1, as described above. The normalized
composition weights for the virtual asphali blend at the virtual cut point of 717.83°K arc
shown m column (6) of FIG. 4. Based on the virtual cut point, the viscosity at 135°C for
cach component in the asphait biend can also be determined. The logs of these viscosity
values are shown i coluron {7} of FIG. 4. The values mn columns (6) and (7} can then
be used to determine vartous properties for the virtual asphalt blend that can be used as
predictions for the propertics of the blended asphalt, optionally as modificd by additional

{1t parameters m the model.

FHISRY As an exampile, plot (U} 1 FIG. 4 shows the measured relationship between
HTPG and viscosity for cach component in the virtual asphalt blend. (It 1s noted that a
measured relationship between HTPG and cut pomnt temperature could be used nstead.)
Bascd on the viscosity for cach component at the virtual cut point, the HTPG for cach
component can be determined. In the case of HTPG as a property, i has been
determined that weighted lincar combinations of HTP( values provides less usctul

predictions.  lostead, weighted combmations of the logs of HIPG values have been
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found to provide better predictions. Thus, plot () shows the correlation between log
HTP( values and viscosity. The log HTPG value for cach component can be deternined
from plot {(C), as shown 1 colunmn (§8). The values in colurn (¥} can be multiphicd by
the component weight from column (6} to determine a predicted HTPG value for the
asphalt of 39.6°C. A similar prediction for LTPG can be made using plot (D) i FIG. 4 o
determune the values shown mn column (9). The resulting LTPG prediction for the
asphalt fraction 15 -29.9°(. For comparison, subscquent measurements of the HTPG and
LTPG values for the asphalt fraction were 60.7°C and -298°C, respectively. Ths

prediction process can be repeated for other desired propertics of an asphalt fraction.

LHIREY Basced on the above, the predicted HTPG and LTPG values for the asphalt
fraction difter from the measured values. These residual differences can be reduced by
mcluding a fit parameter for gcach property inchuded in the model. For cxample, a fit
parameter can be associated with property of cach crude source mcluded within the
model. When a prediction 18 made {or a biended asphalt property, the it parameters can
modify the predicted value based on any systeniic differences that occur when a given

crude source 18 used as part of the mitial feed tor forming a blended asphalt.
Additional Embodiments

USS] Embodiment 1. A method for predicting asphalt properties, comprising:
measuring a kKinematic viscosity of an asphalt {raction at a temperature of 104°C to
130°C, the asphalt fraction bemng formed by separation of a feed contamning asphalt
components from a plurality of crude sources based on a cut poimnt temperature, the
asphalt coraponents betng present in the feed 1o a first set of ratios; determuning a virtual
cul pomt for a virtual asphalt blend comprising the asphalt components having a
kKinernatic viscosity that s within a viscosity tolerance of the mecasured kinematic
viscosity, the virtual cut pomnt being determuined based on measured Kinemalic viscosity
values for the asphalt components and the first set of ratios for the asphalt components;
calculating a sccond set of ratios corresponding {o a virtual composttion of the asphalt
components m the virtual asphalt blend basced on the virtual cut point; calculating one or
more properties other than kinematic viscosity for the asphalt {raction based on the
second set of ratios for the asphalt components and at least one of the virtual cut pomnt,

the measured kinematic viscosity, or the determined kKinematic viscosity for the virtual
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asphalt blend; and moditving the cut point temperature for the separation based on a
calculated value for at icast one of the onc or more properties other than kinematic

VISCOSHY,

[ 3S6] Embodiment 2. The method of Embodiment 1, turther comprising obtaming
Kinematic viscosity values at a plurality of cut point temperatures for a plurality of
asphalt cormponents, each of the plurality of asphalt components corresponding to an
asphalt fraction derived from a single crude source at an identified cut powmnt; oblaining
vaiues for onc or more additional properties for cach of the plurality of asphalt
components; obtamning values for kKinematic viscosity and tor the one or more additional
propertics for a plurality of asphalt fractions comprising asphalt components from two or
more crude sources; and constructing a predictive maodel that correlates a measured
viscosity value with values for the once or more additional properties for an asphalt
fraction comprising a plurahity of asphalt components, the predictive model comprising
parameters {or the one or more additional properties tor cach asphalt component that are
fit to the obtaincd wvalues for the plurality of asphalt fractions comprising asphalt

components from two or more crude sources.

ST Embodiment 3. The method of any of the above embodiments, wherein the

scparation compriscs at least one of an atmospheric distillation or g vacuum distillation.

LHIRE] Embodiment 4. The method of any of the above embodiments, wherem
modifying the cut pomnt temperature for the separation compnses moditying the cut pomt
temperature bascd on the calculated value for at lcast onc of the one or more properties

being above a threshold value, below a threshold value, or outside of a threshold range.

H3059] Embodiment 5. The method of any of the above cmbodiments, wherein
moditying the cut point temperature for the separation comprises modifying the cut point
temperature based on a calculated value for at lcast one of g high tocmperature

performance grade or a low temperature pertormance grade.

3060 Embodiment 6. The method of any of the above cmbodiments, wherein
calculating the one or more properfics comprises calculating a weighted average of
asphalt component property values for at lcast one property based on the second set of

rafios.
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{3061 ] Embodiment 7. The method of any of the above embodiments, wheremn

calculating the one or more propertics comprises calculating a weighted average of the
log of asphalt component property values for at least one property bascd on the sccond

set of ratios.

3062 Emabodiment 8. The method of Embodiment 6 or 7, wherein the calculated
weighted average 18 further based on at lcast one bicndmng cocthicient corresponding to

an mteraction between two or more crudes sources m the asphalt fraction.

363] Embodiment 9. The method of any of the above embodiments, wherem
measuring the kinematic viscosity comprises measuring the kinematic viscosity of a shp

strearn withdrawn frovo the asphalt fraction,

3064 Erabodiment 10, The method of any of the above embodiments, whereim the

asphalt fraction compriscs at ieast four asphalt components.

LHERY Embodiment 11. The method of any of the above embodiments, wherein the

viscosity tolerance 18 0.05 ¢S5t or less.

3066 Embodiment 12, The method of any of the above embodiments, wherein
gbtaining valtues for kanematic viscosity and for the one or more additional properties for
4 plurality of asphalt fractions compriscs obtaming vaiucs for asphalt fractions

corresponding to a plurality of refineries.

3067 Embodiment 13, The wethod of any of Embodiments 2 — 12, wheremn
constructing the predictive model further comprises fitting a plurality of blending

coctiicients corresponding (o mteractions between asphalt components.

3068 Embodiment 14, The method of any of Embodiments 2 — 13, further
comprising updating the fit of at least one paramecter in the predictive model based on the

measured kinematic viscosity value of the hirst asphalt traction.

{3069 Embodiment 15, The method of any of Embodiments 2 — 14, further
comprising: measuring values for at least one of the one or more properties of the first

asphalt fraction; and updating the fit of at lcast onc parameter i the predictive model
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based on the measured value for at least one of the one or more propertics of the first

asphalt fraction.

il When numernical lower himits and numerical upper himits are listed herein,
ranges from any lower limut to any upper limut are contemplated. While the itlustrative
crbodiments of the disclosure have been described with particulanty, it will be
understood that various other modifications will be apparent to and can be readily made
by those skilied n the art without departing from the spinit and scope of the disclosure.
Accordingly, 1t 18 not intended that the scope of the claims appended hereto be hmited to
the examples and descriptions set {orth hercin but rather that the claims be construed as
cncompassing all the features of patentable novelty which reside i the present
disclosure, mcluding all features which would be treated as eguivalents thercof by those

skiiled in the art to which the disclosure pertains.

LHINER The present disclosure has been described above with reference to numerous
crabodiments and specific examples. Many variations will suggest themselves to those
sktlled 1o this art 1n light of the above detailed description. All such obvious variations

are within the full intended scope of the appended claims.
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CLAIMS:

1. A method for predicting asphalt properties, comprising:

separating a feed containing asphalt components from a plurality of crude sources based
on a cut point temperature to form at least an asphalt fraction, the asphalt components being
present 1n the feed 1n a first sct of asphalt component weight ratios;

measuring a kinematic viscosity of the asphalt fraction at a temperature of 100° C to
150° C;

determining a virtual cut point for a virtual asphalt blend comprising the asphalt
components having a kinematic viscosity that is within a viscosity tolerance of the measured
kinematic viscosity, the virtual cut point being determined based on the measured kinematic
viscosity for the asphalt components and the first set of asphalt component weight ratios for the
asphalt components;

calculating a second set of asphalt component weight ratios corresponding to a virtual
composition of the asphalt components in the virtual asphalt blend based on the virtual cut
point;

calculating one or more properties other than a kinematic viscosity for the asphalt
fraction based on the second set of asphalt component weight ratios for the asphalt components
and at least one of the virtual cut point, the measured kinematic viscosity, or the determined the
virtual cut point for the virtual asphalt blend; and

modifying, based on at least one of the one or more calculated properties, the cut point
temperature for the separating the feed containing asphalt components from a plurality of crude

SOUICeES.

2. The method of claim 1, wherein the separating the feed containing asphalt components

from a plurality of crude sources comprises at least one of an atmospheric distillation or a

vacuum distillation.
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3. The method of claim 1, wherein modifying the cut point temperature for the separating
the feed containing asphalt components from a plurality of crude sources comprises modifying
the cut point temperature based on the calculated value for at least one of the one or more

properties being above a threshold value, below a threshold value, or outside of a threshold

range.

4. The method of claim 1, wherein modifying the cut point temperature for the separating
the feed containing asphalt components from a plurality of crude sources comprises modifying
the cut point temperature based on a calculated value for at least one of a high temperature

performance grade or a low temperature performance grade.

S. The method of claim 1, wherein calculating the one or more properties comprises
calculating a weighted average of asphalt component property values for at least one property

based on the second set of asphalt component weight ratios.

6. The method of claim 5, wherein the calculated weighted average is further based on at
least one blending coefficient corresponding to an intcraction between two or more crudes

sources 1n the asphalt fraction.

7. The method of claim 1, wherein calculating the one or more properties comprises
calculating a weighted average of the log of asphalt component property values for at least one

property based on the second set of asphalt component weight ratios.

3. The method of claim 1, wherein measuring the kinematic viscosity comprises measuring

the kinematic viscosity of a slip stream withdrawn from the asphalt fraction.

9. The method of claim 1, wherein the asphalt fraction comprises at least four asphalt

components.
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10. The method of claim 1, the viscosity tolerance is (.05 ¢St or less.

11. A method for predicting asphalt properties, comprising:

obtaining kinematic viscosity values at a plurality of cut point temperatures for a
plurality ot asphalt components, each of the plurality of asphalt components corresponding to
an asphalt fraction derived from a single crude source at an identified cut point;

obtaining values for one or more additional properties for cach of the plurality of asphalt
components;

obtaining values for kinematic viscosity and for the one or more additional properties
for a plurality of asphalt fractions comprising asphalt components from two or more crude
SOUTCES;

constructing a predictive model that correlates a measured viscosity value with values
for the one or more additional properties for an asphalt fraction, the predictive model
comprising parameters for the one or more additional properties for each asphalt component
that are fit to the obtained values for the one or more additional properties for the plurality of
asphalt components;

scparating a teed containing at least two asphalt components based on a cut point
temperature to form at least a first asphalt fraction, the at least two asphalt components being
present in the feed in a first set of asphalt component weight ratios,

measuring a kinematic viscosity of the first asphalt fraction comprising at least two

asphalt components at a temperature of 100° C to 150° C;

determining a virtual cut point for a virtual asphalt blend having a kinematic viscosity
within a viscosity tolerance value of the measured kinematic viscosity for the first asphalt
fraction, the virtual cut point being determined based on the measured Kinematic viscosity for
the at least two asphalt components and the first set of asphalt component weight ratios for the
at lcast two asphalt components;

calculating a second set of asphalt component weight ratios corresponding to a virtual

composition of the asphalt components in the virtual asphalt blend based on the virtual cut

point;
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predicting one or more properties other than a kinematic viscosity for the first asphalt
fraction based on the constructed predictive model, the second set of asphalt component weight
ratios and at least one of the virtual cut point, the measured kinematic viscosity for the first
asphalt tfraction, or the determined the virtual cut point for the virtual asphalt blend; and

moditying, based on at least one of the one or more predicted properties, the cut point

temperature for the separating the feed containing at least two asphalt components.

12. The method of claim 11, wherein constructing the predictive model further comprises
fitting a plurality of blending coefficients corresponding to interactions between asphalt

components.

13. The method of claim 11, further comprising updating the fit of at least one parameter in

the predictive model based on the measured kinematic viscosity value of the first asphalt

fraction.

14.  The method of claim 11, further comprising:

measuring values for at least one of the one or more properties of the first asphalt

fraction; and

updating the fit of at least one parameter in the predictive model based on the measured

value for at least one ol the one or more properties of the first asphalt fraction.

15. The method of claim 11, wherein obtaining values for kinematic viscosity and for the

one or more additional properties for a plurality of asphalt fractions comprises obtaining values

tor asphalt fractions corresponding to a plurality of refineries.

16.  The method of claim 11, wherein modifying the cut point temperature for the separating
the feed containing at least two asphalt components comprises modifying the cut point
temperature based on the calculated value for at least one of the one or more properties being

above a threshold value, below a threshold value, or outside of a threshold range.
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17. The method of claim 11, wherein modifying the cut point temperature for the separating
the feed containing at least two asphalt components comprises modifying the cut point

temperature based on a calculated value for at least one of a high temperature performance

grade or a low temperature performance grade.

18. The method of claim 11, wherein measuring the kinematic viscosity comprises

measuring the kinematic viscosity of a slip stream withdrawn from the asphalt fraction.

19. The method of claim 11, wherein the viscosity tolerance is 0.05 ¢St or less.
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