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(57) Abstract: Described herein are systems and methods for evaluating and mitigating the fouling potential of a given crude oil.
The system and methods enable the refiner to rapidly and readily identify the particular mechanisms by which a crude oil may foul,
and to select the optimal chemical treatment and/or crude blend to mitigate fouling potential.
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SYSTEM AND METHOD TO MITIGATE FOULING DURING A HYDROCARBON
REFINING PROCESS

FIELD OF THE INVENTION

16001} The present invention inchudes methods of analyzing hydrocarbon samples, incleding
methods of analyzing hydrocarbon sampies to predict fouling potential. The present invention
provides a method for rapidly and casily determining fouling potential, and thereby improves
refining efficiency by identifving optimal hydrocarbon streams and/or chemical treatments for

refining processes.
BACKGROUND OF THE INVENTION

[3002] The majority of hvdrocarbons found on earth naturally oceur in crude oil, where
decomposed organic matter provides an abundance of carbon and hydrogen which, when
bonded, can catenate to form seemingly Hmitless chains. Hydrocarbons can be refined to
produce products such as gasoline, dicsel fucl, paraftin wax, and the like. The refining process
can mclude a tank-farm, a cold preheat train, a desalter, a hot preheat tram, a crude
heater/furnace, a crude distillation unit, a vacuum unit furnace, a vacuum distillation unit. and
downstream processing units such a bvdrotreater, a bvdrocracker, flmid catalytic cracking

(FC(C), a visbreaker, a coker, etc.

{6803} Fouling is generally understood to be the deposition and accumulation of a phase
separate from the mobiic phase in a refining operation. Unwanted materials such as scale,
algae, suspended solids, and insoluble salts can deposit on the surfaces of processing equipment

such as boilers and heat exchange.

[6604] Crude preheat train fouling decreases refining efficiency, both by requining additional
energy nputs to overcome ternperature reduction and mterrupting normal refinery operation
for cleaning and other maintenance. Fouling is a poorly understood process; the mechanisms
by which any particular hvdrocarbon stream may foul can ditfer depending on the particular
characteristics of the hydrocarbon. Chemical reactions, corrosion, deposit of existing
insoluble impurities in the stream, and deposit of materials rendered msoluble by the

temperature difference between the process stream and the heat exchanger wall are all

1
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pathways through which fouling can occur. Various chemical treatments are avaiiable to
reduce fouling, however, there is no universal treatment that will mitigate all fouling
mechanisms. Furthermore, it 15 inefficient o subject a hydrocarbon to all possible chemical
treatments, given that many treatments would be unnecessary.  As such, a means to predict
propensity to fouling, and to determine which chemical treatments would mitigate such

fouling, would enable more efficient operation of a refinery.

16005} Methods for evaluating the fouling potential of a hyvdrocarbon sample have been
explored. Generally, these methods rely on analysis of the liquid hydrocarbon itself.
However, these methods are typically time consuming, do not evaluate alf fouling

mechanisms, and are not always reliable.

[6886] There remains a strong need for a method that enables refiners to reliably and rapidly
predict potential fouling of a given hydrocarbon. There remains a need for robust method
would allow refiners 1o select a hvdrocarbon with less fouling potential, as well as to treat a

hydrocarbon with the appropriate chemical treatment to minimize fosling.
BRIEF DESCRIPTION

[B807] Disclosed heremn are svstems and methods of rapidly and easily evaluating the fouling

potential of a given hydrocarbon composition.

G008} fn one aspect, a method of analyzing a hvdrocarbon composition during a refining
process is described. This method comprises analyzing a hvdrocarbon sample, wherein the
hydrocarbon sample is representative of an amount of the hydrocarbon composition entering a
refining process; and then selecting the appropriate optimization step to minimize fouling. The
optimization can include one or more chemical treatments, optimizing the ratio of hvdrocarbon

blends, and combinations thereof,

1060%9] Additonal advantages will be set forth in part in the description which follows or may
be learned by practice. The advantages will be realized and attained by means of the elements
and combinations particularly pointed out m the appended claims. | 13 to be understood that
both the foregoing general description and the following detailed description are exemplary

and explanatory only and are not restrictive, as claimed.

DRAWINGS
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{30818} The accompanymg drawings, which are incorporated 1n and constitute a part of this
specification, illustrate embodiments and together with the description, serve to explain the
principies of the methods and systems:

3611} FIG. 1 depicts AT analysis of a hvdrocarbon sample {diamond data points), a
hydrocarbon supernatant (iriangle data points), a hydrocarbon sample with toluenc-soluble
solids removed (sguare data poinis), and a hydrocarbon sample with toluene insoluble solids

removed (x data points).

10612] FIG. 2 depicts AT analysis of hydrocarbon samples having differing amounts of total
solids.

{3613} FIG. 3 depicts Waep analysis of hvdrocarbon samples having differing amounts of total

solids.

6014} FIG. 4 depicts AT analysis of a crude hydrocarbon sample (diamond data points) and

the supernatant of the hyvdrocarbon sample (square data points).

[B815] FIG. 5 depicts AT analysis of a crude hydrocarbon sample (inangle data points) and

the supernatant obtained by centrifuging at 60° C. (square data points).

[6816] FIG. 6 depicts an analysis of solids content of a crude hydrocarbon sample {diamond

data points} and the supematant obtained by centrifuging at 60° C. (inangle data points).

{6817} FIG. 7 depicts a comparnison of AT measured both experimentally and predicted
according the formulae disclosed herein for thirteen different crude samples. The diamond
data points were obtamned using Predictive Formula 1, and the square data points were obtamed

using Predictive Formula 2.
DETAILED DESCRIPTION

[B818] Before the present methods and systems are disclosed and descnibed, it is to be
understood that the methods and systems are not limited to specific methods, specific
components, or to particular compositions. H is also to be understood that the termmology
used herein s for the purpose of describing particular embodiments only and is not intended to

be limiting.

w3
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7 ¢4

3019} Asused in the specification and the appended claims, the singular forms “a,” “an” and
“the” mclode plural referents unless the context clearly dictates otherwise. Ranges may be
expressed herein as from “about” one particular value, and/or to “abowt” ancther particular
value. When such a range is expressed, another embodiment includes— from the one particular
value and/or to the other particular value.  Similarly, when values are expressed as
approximations, by use of the anfecedent “about,” it will be understood that the particular value
forms another embodiment. It will be further understood that the endpoints of cach of the
ranges are significant both m relation to the other endpoint, and independently of the other

endpoint.

[6626] “Optional” or “optionally” means that the subsequently described event or
circumstance may or may not occur, and that the description includes instances where said
event or circumstance oceurs and instances where it does not.

[3821] Throughout the description and claims of this specification, the word “comprise” and
variations of the word, such as “comprising” and “comprises,” means “mncluding but not limited
to,” and 15 not intended to exchude, for example, other additives, components, integers or steps.
“Exemplary” means “an cxample of” and is not intended to convey an indication of a preferred

or ideal embodiment. “Such as”™ 1s not used in a restrictive sense, but for explanatory purposes.

10622] Disclosed are components that can be used to perform the disclosed methods and
systems. These and other components are disclosed herein, and it 15 understood that when
combinations, subsects, inferactions, groups, eic. of these components are disclosed that while
specific reference of cach various individual and collective combinations and permutation of
these may not be explicitly disclosed, cach is specifically contemplated and described herein,
for all methods and systems. This apphies to all aspects of this application including, but not
limited to, steps in disclosed methods. Thus, if there are a variety of additional steps that can
be performed it is understood that each of these additional steps can be performed with any
specific embodiment or combination of embodiments of the disclosed methods.

[3623] The present methods and systems may be understood more readily by reference to the
following detailed descaption of preferred embodiments and the Examples meluded therein
and to the Figures and their previous and following description.

[3624] Asused herein, the term “fouling™ refers to the accunulation of a phase separate from
the mobile phase on the surfaces of refinery equipment. For instance, non-gaseous material
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can separate from a gascous mobile phase and non-hiquid material can separate from a hiquid
mobile phase. The separated phase reduces the space through which the hydrocarbon can pass,

and reduces the contact between the hydrocarbon and heat exchanger surfaces.

[3625] As used herein, the term “hydrocarbon composition” or “hvdrocarbon sample” refers
to crude oil, crude o1l blends, tower bottoms, gas cil. naphtha, condensates, slop oil,

hydrotreated oil, hydrocracked oil, and mixtures thercof.

[3626] Provided herein are methods to evaluate the fouling potential of a given hvdrocarbon
sample. With detailed understanding of fouling potential in hand, a refiner can take steps to
mitigate the fouling. Because the methods disclosed herein provide a previously unavailable
level of detail regarding specific fouling mechanisms, the refiner can readily select the
appropriate mitigation steps to maximize the efficiency of the refining process. Fouling
potential of a crude oil or a blend is defined as s tendency to deposit matenals on heat transfer
surface, leading to decrease in heat transfer efficiency. Heat exchanger network systems are
used 1o recover as much sensible heat as possible from process streams arcund the crude
distillation unit (CBU) by preheating the feedstock prior to entering the fumace. The more the
heat transferred to the feed in the oxchangers, the loss energyv/fuel is required to heat the crude
to the required distillation temperature range. The hottest exchangers have a direct impact on
the furnace inlet tomperature. Exchangers with the highest heat fhix or low flow velocity
asuoally show the highest fouling rates. Fouling is caused by the precipitation of materialg, both
organic and tnorganic, present in the feed or formed in the heating process of the crude preheat
system. As the heat duty loss is directly proportional to the normalized fumace inlet
emperature {NFIT) decline, compensating for the dechine in NFIT requires increased fuel in
the furnace, and this consequently contributes to an increase in COz emissions. By tracking
the CDU fumace fuel demand, €Oz enussions can also be quantified. To assist Refiners to
optimize crude blends and mimimize the fouling potential in crude preheat exchangers and
crude furnaces, a more proactive and predictive approach to estimate fouling potential is a
significant mdustry need. The fouling potendial can be expressed in more than one way, such
as the loss of heat transfer (delia T, or AT), increase of pressure drop (delta P, or AP) or amount
of foulant {¢.g., thickness of solids, volume of foulant, or weight of foulant), since all three can

reflect the amount of fouling cocurring on solid sarfaces in a refinery,

(9]
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3027} In certain selected embodiments, the fouling potential is evaluated by measuring and/or
analyzing a hydrocarbon sample and/or various portions thereof. Among the portions that can
evaluated include a first portion, which is generally the liquid hydrocarbon and solids dissolved
theren, and a second portion, which 1s generally dispersed solids, gels, colloids, salts and other
compounds suspended 1n the hydrocarbon sample. The second portion can include both solvent

sohible and solvent-insoluble components.

[6628] In certamn embodiments, the fouling potential can be evaluated comparing the first and
second portions of the hydrocarbon.  In certain selected embodiments, the hydrocarbon
composition is separated into at least a first portion and a second portion. The fouling potential
can be determined by measuring and/or comparing the first and second portions. Measuring
can include steps such as determining the concentration, vohume, and/or mass of the first and/or
second portion 1 the hydrocarbon sample, and the comparing can include comparing the
volume and/or mass of the first portion and the second portion relative to one another and/or
to the hvdrocarbon sample. In some selected embodiments, the fouling potential can be
determined without separating the first and second portions, using methods for detecting and
measuring total solid content, or total inorganic/organic content. Suitable methods include, but
are not himited to microscopy, UV-vis spectroscopy, light scattering, and acoustic resonance.
In certain embodiments, combinations of the above methods can be emploved. In some
embodiments, the foshing potential 1s based on the amount of solids and/or norganic and/or
organic content in either the hvdrocarbon sample, and/or in one or more of a variety of portions
into which the hydrocarbon sample can be divided. In the present apphication, the term
“hydrocarbon sample™ 1s the initial hydrocarbon sample prior to separation resulting in the first,
second, third, and/or fourth portions.

[6629] The fouling potential can also be determined by separating the second portion nfo at
least a third portion and a fourth portion wherein the third portion includes the components of
the second portion that are soluble in a solvent, and the fourth composition ncludes the
components of the second portion that msoluble 1 that solvent. The third and fourth portions
can be measured, for instance, to obtamn the volume and/or mass of the third and fourth portions
which can be compared with cach other and/or with the volume and/or mass of the first portion
and/or hydrocarbon sample. In some embodiments, the fouling potential can be determined by

conducting some or all of the above steps.
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[B836] The hydrocarbon sample can be separated into the first and second portions using
techniques suitable for separating dispersed solids from a liquud.  In certain selected
embodiments, the first and second portions can be separated by filtration, electrophoresis,
centrifugation, ficld-flow fractionation, cyclonic separation, gravimetric separation and
combinations thereof In certain selected embodiments, the hydrocarbon is separated at
ambient temperature, while in other embodiments, the hydrocarbon is separated at clevated
temperature. The separation at elevated temperature can be accomplished by first heating the
hydrocarbon before subjecting 1t to the separation step, or the separation at elevate

temperature can be accomplished by heating the hydrocarbon while subjecting it to the

separation step.

(6831} In certain embodiments, the separation step can include a centafugation.  The
centrifugation can be carried out at ambient temperature or above, for instance, >30° C, >40°
C, >30°C, >60° C, >70° C, >80° C, >80° €, or »100° C. In some embodiments, the
centrifugation can be carried out at 30-100° C., 40-100° C |, 50-100° C |, 60-100° €., 60-90° C |
or 70-90° C. The centrifugation can be carned out at >500 rpm, >600 rpm. >700 rpm, >800
rpm, >1,000 rpoy, >1,200 rpm, >1,400 rpm, >1,600 rpm, >1.800 rpm, or >2,000 rpm. In some
embodiments, the centrifugation can be carned out at 1,000-2,000 rpm, 1,200-2,000 pm,
1,400-2,0600 rpm, or 1,400-1.800 rpm. The centrifugation can be carned out for >3 minutes,
>10 minutes, >15 minutes, >20 nunutes, >25 nunuics, >30 nunutes, >35 minutes, >40 minutes,
>45 wminutes, >30 munuies, >35 mmutes, or >60 punutes. In some embodiments, the
centrifugation can be carried out for 5-60 mimutes, 13-60 minutes, 5-45 minutes, or 15-45
minuies. The supernatant can be separated from the collected sclids to give the first and second

portions.

[6632] The second portion can be separated into a third and fourth portion by extraction with
one or more polar or nonpolar solvents, dispersants, acids, bases, or combinations thereof.. In
certain selected embodiments, the solvent is a non-polar solvent such as an aromatic
hydrocarbon solvent. Exemplary aromatic hydrocarbon solvents include, but are not limited
to, benzene, aromatic naphta and alkyl benzenes such as toluene, ethvibenzene, and xvicnes
{unless specified otherwise, the term “xylenes” includes all three positional isomers, either as
single isomer or a mixture of two or more 1somers). The extraction solvent can be a mixture

of two or more of the foregoing solvents. In some selected embodiments, the extraction step

7
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can nclude washing with agueous acid to dissolve inorgamic solids, leaving organic solids
behind. Exemplary aqueoss acids inclade mineral acids such as selfuric acid, phosphoric acid,
nitric acid, hydrochloric acid, hvdrobromic acid, hydrofluoric acid and hydroiodic acid, organic
acids such as sulfonic acids like methancsulfonic acid and toluenesulfonic acid, or carboxylic
acids such as tmifluorcacetic acid. In some selected embodiments, the extraction step can
include washing with an aqueocus base. Excmplary bases include LiOH, NaOH, KOH,
Ca{OH)z, Ma(OH)2, NHsOH, KoCOs, Nax(COs and combinations thereof. In some selected
embodiments, the second portion can be separated by washing with dispersants, such as
solutions of ong or more of alkyl sulfonates, alkyl phenate sulfide, alkyi phosphorous sulfide,
alkviphenols, alkyiphenol sulfide, alkyl phosphate phenate sulfide, polvalkviene succinimide,

polyvalkviene thiophosphonic acid ester, alkyl succinic esters, and combinations thercof,

[3633] In certain selected embodiments, the fouling potential can be determined by analyzimg
the hydrocarbon composition, the first portion, the second portion, the third portion, and/or the
fourth portion. The analvsis can be conducted by directly {experimentally) determining the
ndividual contents of the hydrocarbon sample sach as any chemical composition analysis
including liquid chromatography, density and/or viscosity measurement, ¢tc. Dynamic or
kinematic viscosity can be measured at temperatures ranging from 0 1o 500° C., with a shear
rate from 0.01 to 100,000 57, In some selected embodiments, the analysis can be performed
using one or more of fingerprinting, thermogravimetric analysis, and/or inductively coupled
plasma mass spectroscopy. The portions can be heated or distilled during or prior to the
analysis.  Suitable fingerprinting analysis includes spectroscopy, for instance mfrared
spectroscopy, near-infrared spectroscopy, and nuclear magnetic resonance spectroscopy.
{6634} The fingerprint analysis can be performed using infrared spectroscopy, for instance as
described m 1.5, 6,087,662, the disclosure of which is hereby incorporated by reference. For
mstance, the fingerprint analysis can be used to measure asphaltene concentration using
multiple variable regression analysis, specifically, by:

[0035] measurmg at least one frequency 1n the middle infrared absorption in the band

of 3800-700 em!;

[0036] taking cach of the absorbances measured, or a mathematical function thereof,

0637} performmg statistical treatment using the above absorbances or functions as

ndividual independent variables;
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[0038] assigning and applving weighting constants or their equivalents to said
idependent variables;

0039} applving the above steps using compositions of known asphaltenes
concentration to calibrate the instrument and determine said weighting constants or

equitvalents;

[38406] repeating said steps with unknown compositions, and applying the weighting
constants or equivalents deternmined dunng said cabbration with compositions of known
asphaltenes concentration to output a signal or signals mdicative of asphaltences

concentration for the unknown compositions.

13041] In some embodiments, the fouling potential is based on a combination of A} the
amount of solids and/or morganic and/or organic content in ¢ither the hyvdrocarbon sample,
and/or in onc or more of a variety of portions into which the hydrocarbon sample can be
divided, such as the first, second, third, and/or fourth portions obtained as mentioned above
and B} additional analysis conducted on the hydrocarbon sample and/or the first, second,

third, and/or fourth portions mentioned above.

[0842] The deternunation of A) the amount of solids and/or inorganic and/or organic content
meuntioned above, can be done by measuring and/or comparing the first and second portions.
Measuring can include steps such as determining the concentration, volume, and/or mass of the
first and/or second portion in the hydrocarbon sample, and the comparing can include
comparing the vohune and/or mass of the first portion and the second portion relative to one
ancther. In some selected embodiments, A) can be determined without separating the first and
second portions, using methods for detecting and measuring total solid content, or total
morganic/organic content. Suitable methods include, but are not mited to microscopy, UV-
vis spectroscopy, light scattering, and acoustic resomance. In certain embodiments,
combinations of the above methods can be emploved. In some embodiments, A) is based on
the amount of solids and/or morganic and/or organic content in either the hydrocarbon sample,
and/or in one or more of a variety of portions into which the hydrocarbon sample can be
divided.

[3843] The determination of A} the amount of solids and/or inorganic and/or organic content
mentioned above can be done by separating the second portion into at least a third portion and
a fourth portion wherein the third portion includes the components of the second portion that

9
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are soluble in a solvent, and the fourth composition includes the components of the second
portion that mscluble in that solvent. The third and fourth portions can be measuared, for
instance, to obtain the volume and/or mass of the third and fourth portions which can be
compared with each other and/or with the volume and/or mass of the first portion and/or
hydrocarbon sample. In some embodiments, A) can be determined by conducting some or all

of the above steps.

[3644] The determination of B) can done by analyvzing the hvdrocarbon composition, the first
portion, the second portion, the third portion, and/or the fourth portion. The analysis can be
conducted by directly {(experimentally) deternuning the individual contents of the hvdrocarbon
sample such as any chemical composition analysis including liquid chromatography, density
and/or viscosity measurement, ¢ic.  Dyvnamic or kinematic viscosity can be measured at
temperatures ranging from 0 to 500° C., with a shear rate from 0.01 to 100,000 s'1. In some
selected embodiments, the analysis can be performed using one or more of fingerprinting,
thermogravimetric analvsis, and/or inductively coupled plasma mass spectroscopy.  The
portions can be heated or distilled during or prior to the analysis. Suitable fingerprinting
analvsis includes spectroscopy, for instance infrared spectroscopy, near-infrared spectroscopy,

and nuclear magnetic resonance spectroscopy.

[B845] In some embodiments, the fouling potential may be characterized using AT, i.¢., the
loss ofheat transfer as measured m a Hot Liquid Process Simulator. The method s a dertvative
of ASTM D3241 “Thermal Oxidation Stability of Aviation Fuels” (JFTOT method), and is
widely used by hvdrocarbon refiners and servicers. Higher AT values indicate a greater
propensity of fouling. In other embodiments, the fouling potential may be measured using the
Hot Ribbon Test, disclosed, for instance, 1 U8, 5,614,081, The Hot Ribbon Test measures
the amount of residue deposited (Waep) on a heated surface that is in contact with a hvdrocarbon

sample. Higher Waep values mdicate a greater propensity for fouling,

[0646] In at least certain selected embodiments, average fouling propensity, ¢.g., ATave can be

catimated according to Predictive Formula 1t

ATwe = a - [T18]° - ¢ - Res® + £ - [TS5)9 - i - Res'

6047} where a~i € [-1000,1000]. In certain embodiments:

10
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[G048] aisfrom-500to 500, or-1000t0 0, or 0 to 200, or 200 to 1000;
[G645] bis from -10000 to §, or -5000 to 5000, or 1 to 1000, or § to 10000;
[3858] cisfrom Gto 10, 0or 1010 200, or -50 to 54;

[6635} disfrom0to 10, 0or 10to 200, or -58 to 50;

{3052} eis from -500 to 500, or -1800 10 0, or 0 to 200, or 200 to 1000;
(6053} fisfrom Oto 10, or 10 to 200, or -50 to 50;

10654] gisfrom {0 to 10, 0r 10 to 200, or -50 o 50;

[B055) hisfrom 0 to 10, or 10 to 200, or -50 to 50.

[6656] ATaveis the average loss of heat transfer in 90 minutes on the HLPS, [TiS] {ioluene
insoluble sclids) is the percent fraction (by vohume) of portion 4 relative to the hydrocarbon
sample when using toluene as the extraction solvent, [TS5] (toluene soluble solids) i1s the
percent fraction (by volume)} of portion 3 relative to the hydrocarbon sample when using
toluene as the extraction solvent, g is the viscosity from either direct measarement or
fingerprinting analysis of the hydrocarbon sample, [Res] is the percent concentration of resing
1 the hydrocarbon sample either from measurement or from fingerprint. fn some
embodiments, ATae can incorporate both A) (the amount of solids and/or morganic and/or
organic content) and B) (additional analysis conducted on the hydrocarbon sample and/or the
first, second, third, and/or fourth portions) mentioned above, such as A) incleding the
determination of [TIS] and [TS5S], and B) mcluding the determunation of other properties such

as viscosity and [Res].

16037} In some selected embodiments, ATave can be estimated according to Predictive Formula

2
ATpe = a+ b [TIS] + ¢ [TCS] + d - [RIX] - [TCS] + e - [TCS} + g RIX® 4 i~ Res +j- Asp
+ k- RIX - Res + m - RIX® - Asp
where a~n € [-1000,1000]. In certain embodiments;
[6058} aisfrom 010 10, 0r 1010 200, or -100 to 100;
10659] bisfrom-5001to 500, or-1000to 0, or 0 to 504, or 200 to 10060;
[G066] cisfrom 0to 10, or 10 to 200, or -100 to 100;
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[G061] disfrom 0to 10, 0r 10 to 200, or-100 to 100;

[6662} eisfrom -500to 500, or - 1800 to §, or 0 to 506, or 200 to 1004;

{3863} fisfrom 0to 10, 0r 10to 200, or -100 to 100;

[6664] gisfrom O to 106, or 10 to 200, or -100 to 100;

{3065} hisirom 0 to 10, or 10 to 200, or -100 to 100,

[B066} iisfrom Oto 10, 0r 10 to 200, or -100 to 100;

13067} jisfrom 0to 10, 0r 1010 200, or -100 to 100;

[6068] Kistrom 0to 10, 0r 10 to 200, or -100 to 100;

[6669} lisfrom 0o 10, or 10 to 200, or -100 to 100;

{3878} misfrom 01010, or 10 to 200, or -100 to 100;

[B671} nisfrom 0to 10, 0r 1010 200, or-100 to 100

106672] [TIS] [TS5] are as defined above, RIX is the relative mstability number from the
fingerpring of the bydrocarbon sample, {TCS] (aka., total centrifuged solids) 1s the percent
fraction (by volume) of portion 2 relative to the hydrocarbon sample, and [Asp] is the percent
concentration of asphalicnes either from measurement or the fingerprint of the hydrocarbon
sample. In some embodiments, ATae associated with Predictive Formula 2 can incorporate
both A) (the amount of solids and/or inorganic and/or organic content} and B) (additional
analysis conducted on the hydrocarbon sample and/or the first, second, third, and/or fourth
portions) mentioned above, such ag A} includiog the detormination of [TI8] and [ TS5, and,
including the determination of other propertics such as viscosity, [Res], RIX, and [Asp].

{3673} The relative amounts of the first, second, third and/or fourth portions can inform the

specific mitigation steps that a refiner should take to reduce fouling.

[6874] After analysis of a hydrocarbon, the refiner can select the appropriate blending and/or
chemical treatment to mitigate fouling potential. The HLPS test includes a heated test section
in a heat exchanger, where a tested flwid is electrically heated. The outlet fluid is the fluid that
exits the from the heated test section. The maximum temperature of the outlet fluid is the
maximum temperature measured at the exit of the heated test section in a specific period of the

HLPS test.  In certain scloected embodiments, temperature of the outlet fluid at the heated test
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section of the HLPS 18 subtracted from the maximum temperature of the outlet flnd during the
run to obtain AT before treatment, which 1s a measure of fouling since the temperature of the
outlet fluid can vary depending on fouling. The fouling is mitigated sach that the average AT
in the mitial 90 minutes 1s less than about 75° €., after treatment the average AT in the nitial
90 munutes 1s less than about 75°C 50°C., 43 C, 40° T, 35°C, 30°C, 25°C., 200 C . or 15°
C. as measured by the HLPS method. In some selected embodiments, preference is given for
fouling mitigation such that ATav. after 90 minutes is less than about 50° C., while m other
selected embodiment fouling mitigation is such that ATae after 90 minutes is less than about

25°C.

[6673] The chemical treatment can be apphed during production, transportation, storage,
processing, and/or distribution of the hydrocarbon composition. The chemical treatment can
include one or more one or more wetting agents, emulsion breakers, detergents, dispersants,
gtabilizers, corrosion inhibitors, sulphide or metal-sulplide dissolvers, polvmerization

inhibitors, antioxidants and metal deactivators or combinations thereof.

[6676] Fouling potential can be reduced by blending two or more separate hvdrocarbon
samples. A refiner which primary emplovs a high-fouding hvdrocarbon crade can biend one or
more low-fouling hvdrocarbon crudes with the high-fouling crude to give a blend with overall
reduced fouling potential. The low-fouling crude can be blended at a ratio of 1%., 2.5%, 5%,
10%, 15%, 20% or 25% by volume or weight, or at a ratio of from 1-25%, 5-25%, 10-25% or

10-20% by volume or weight.

18077} The methods of determining fouling potential described above can be performed either
on or offline during a refining process. fn an offline measwrement, fouling potential of
hydrocarbon samples could be measured on a separated sample from the hydrocarbon stream
with devices separated from the refinery wnits, and then mitigation steps taken on the
hydrocarbon stream. For instance, hydrocarbon streams can be treated with an appropriate
chemical treatment, or blended prior to enteting the refining process. In an online process,
streams can be measured with or without a sample being withdrawn, for instance, the pre-heat
train or crude furnace. In an online process, one or more measurements can be taken in real-
time and automatically and/or one or more predictions can be made in real-time and

automatically and/or one or more processes can be controlled in real-time and automatically
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according to the measuremeni{s} and/or prediction(s). Based on the fouling potential obtained,
the refiner can add mutigation chemicals to the processing tanks, pipelines, desalters and the
fike. Mitigations chemical can be added to multiple components as well. In some selected
embodiments, the refiner can adjust the flow rate, order of blending, and/or introduction or
removal of one or more hydrocarbon streams, of the individual crudes entering the refining

strean,

[3678] In some embodiments, the presence of a high amount of nonpolar solvent (for instance,
tohuene) insoluble solids can suggest that acids, bases, metal deactivators, free radical
scavengers, and/or antioxidants will successfully mitigate fouling. In some embodiments, the
presence of a high amount of solvent soluble solids can suggest that asphaltene dispersants will
suceessfully mitigate fouling. In comparison with previous methods 1n which ecach class of
chemical treatment may have been separately evaluated, the jnstantly disclosed methods enable

the retiner to rapidly identify the optimal chemical treatment regimen.

{6679} In certain selected embodiments, the individual fouling propensity can be determined
for two or more hvdrocarbon compostiions, and the streams can then be combined i a ratio in
which the combined streams have lower fouling propeusity than either of the individual
streams. In certain sclected embodiments, the fouling potential of a high-fouling crude (for
instance, a crude with ATwe after 90 minutes greater than about 36° €., 60° C, 75° €, or 90°
€.} can be mitigated by determining the fouling potential of a number of different low-fouling
hydrocarbon compositions (for instance. a crude with ATave after 90 muinutes less than about
150 C, 10° C., 5° C., 2.5° C), and then selecting the low-fouling composition that, upon

blending, will best mitigate the fouling of the hugh-fouling crude.

[B886] The solutions presented in the present application can be conducted with a time lag, or
they can be conducted dynamically, which is essentially in real-time with the use of appropriate

computer processors.
(6081} Examplel

[3082] A sample of crude o1l was centnifuged at 60-90° C. for 15-45 nunutes at 1,400-1,800
rpm. The supernatant was removed to give solids 1o an amount of 1.7% by weight of the crude

oil. The solids were combined with toluene and mixed for 10-20 minutes at 60-90° C. The

14
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mixture was centrifuged at 60-90° C. for 15-45 minutes at 1,400-1,800 rpm. The toluenc
solution was removed to give the toluene insoluble solids {0.2% by weight of the crude o1l},
and the toluene solvent was removed by distillation to give the toluene soluble solids {(1.5% by
weight of the crude oil, determuined by the difference of total sohds and toluene msoluble

sohds).

[B883] A Hot Liguid Process Simulator (HLPS) was used to evaluate the fouling potential of
the crude oi1l, supernatant, supernatant re-combingd with toluene soluble solids, and supernatant
re-combined with toluene inscluble solids. Ag depicted in Figure 1, the crude oil produced a
higher AT than the supermnatant, demonstrating the effect of solids on crude-oil fouling. Figure
1 also demonstrates how both toluene soluble and tohiene insoluble solids contribute to fouling.
FiG. 1 depicts AT analysis of the hydrocarbon sample (diamond data points), the hydrocarbon
supcrnatant {triangle data points), the hydrocarbon sample with toluene-soluble solids removed
(square data points), and the hvdrocarbon sample with toluene insoluble solids removed (x data

points}.

[6684] Figure 2 and 3 both demonstrate that total solids content (evaluated as in Example |

above) correlate with fouling propensity.
{3085} Example 2

[6686] A sample of a crude oil was centrifuged at 60° C. Figure 4 depicts the AT of the
supernatant {obtained by centrifugation at 60° C. {diamond data point}} and crude o1l {x data

points}).
{3687} Example 3

[0688] Samples of crude oil were centrifuged at 60° C. Figure 5 depicts AT of the supernatant
(squarc data point), and the crude oil {(triangle data points). Figure 6 depicts the effect of
centrifugation on the solids present n the supernatant, and centrifugation efficiency against
micrometer sohids. Onthe X-axas, Fig. 6 shows the chord length of solid particles in the sample,
and on the Y-axis it shows the number of counts/sec of such solid particles. Fig. 6 basically
shows the centrifugation ctficiency against micrometer sized solids since one of the lines is of
the tull crude and the other of the supematant obtamned afier centrifugation.
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[3089] Example 4

[6696] The fouling potential of thirteen different crude oils was measured using infrared
fingerprinting, centrifugation and extraction with toluene solvent. Table 1 depicts the data

obtained from the measurements.

Table 1
Predicted from the Fingerprint Measured
LT oy || T | ovo | o | | connena | ok | o
I | 721458 ¢ 78 898 7.5 1.4 14 0.25 0.05 0.2
H |5321433 1 58 743 191 44 2.2 0.04 0.603 0.035
HI | 63i3311 20 398 9.0 0.3 0.8 (.03 .02 0.01
IV (2913614 112 | 637 234 8.4 45 0.175 {3.05 $.125
Vo 141302 211 531 269 1126 7.4 .01 b .01
Vi 171249 229 ) 606 20 1 1i2 7.2 0.01 0 0.01
VI | 780440 96 935 2.5 0.8 1.2 I 0.02 0.98
VHI |46 406 94 798 139 338 2.5 L5 0.2 1.3
X 121300 238 | 583 243 1109 6.5 0.1 0.07 0.03
X | 131316 187 | 543 276 (114 6.5 0.05 0.03 0.02
Xt | 671408 53 894 73 13 L5 0.4 (.05 0.35
X | 141288 ¢ 157 | 568 253 (116 6.2 0.025 .02 0.005
XHi| 741391141 20 859 103 24 14 0.1 0.02 0.08

[6691] Table 2 depicts the observed vs. calculated fouling rates for the above samples as

determined by the two fouling equations.

Table 2
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Crude HLPS Average AT@%0 minutes (°C)
Measured Predictive Model-1 Predictive Model-2
i 30.7 235 30.7
It 14.1 11.7 141
i 4.8 9.0 4.8
v 8.4 17.0 8.4
A% 0.1 34 0.3
Vi 1.0 33 0.8
Vil 46 .4 47.0 46.4
Vil 516 599 316
X 6.4 57 6.3
X 1.3 52 1.7
X1 335 384 335
Xit 35 2.8 1.6
Xi 309 289 28.8
Predictive Model-1: ATu. = {-140.2-[TISP™ 44142 &{TSS]" 2} 04 Res®
Predictive Model-2: ATne= 144.0 [TIS}+ 6.5 RIX-FTCSE+ 0.3%-[TCSF + .71 RIN? + (6.3 -
0.92 RIX?(Res+Asp) - 5.1 - 20.2-]TCS]

10692] The data presented in Table 2 is graphically depicted in Figure 7.
[6093] Example 3

13094] A refiner that currently processes a high fouling stream (VIH, AT90=39.9°C), can
gvaluate how to reduce overall fouling by blending low-fouling streams. In particular, the
refiner can determine which of 3 low fouling crudes (V, V1 and X1} to buy and blend at a 20%
volume ratio with the existing stream in order o obtain the lowest fouling m the final blend
{Table 3}, Predictive Model-1 predicts that VI will give the lowest fouling when blended with

crude VII at a 20% to 80% ratio.
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Table 3
Crude HLPS Average AT@5%0 minutes (°C)
Predictive Model-1

VI 39.9

v 34

Vi 33

X 2.4
0% VHI+20%H1 50.6
RO%VII20%VI 40.0
80%VHIH20%6X11 42.6

where a~ € [-1000,1000]

Predictive Model-1: &Tave = a - [TIS]® - u¢ - Res® + f - [TSSV - ' - Res’

{3695} Example 6

[0896] A refiner can determune the best chemical treatment to treat a gh-fouling crude (XI).

The crude can be treated with dispersants 1, 2, or 3 and then total centrifuged solids and

centrifuged then analvzed for fouling potential. Using these inputs, Predictive Model 1 predicts

that dispersant 2 would be the best dispersant which lowers the AT90 to 18.8°C. The refiner

can make a quick decision on which chemical treatment to use based on the prediction results.

Table 4
HLPS Average AT@9%0 minutes (*C)
Crude TCS (%)
Predictive Model-1
X3 0.4 38.4
X+ 2000ppm Dispersant 1 0.25 232
X1 + 2000ppm Dispersant 2 0.2 18.8

18
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[ ]
o8}
[ ]

X1+ 2000ppm Dispersant 3 0.25

Predictive Model-1: 81ave = a - [TIS]° - u¢ - Res? + f - [TSS}¥ -y - Res'

where a~1 € [-1000,1000]

13697} Dispersant | is a polymeric dispersant, dispersant 2 1s alkyl phosphorous sulfide

dispersant, and dispersant 3 is an alkyl succinic disperant.

[6098] The methods and systems of the appended claims are not limited i scope by the
specific methods and compositions described herein, which are mtended as illustrations of a
few aspects of the claims and any methods and systems that are functionally equivalent are
within the scope of this disclosure. Various modifications of the methods and systems in
addition to those shown and described hercin are intended to fall within the scope of the
appended claims. Further, while only certain representative methods, systems, and aspects of
these methods and systems are specifically described, other methods and systems and
combinations of various features of the methods and systems are mtended to fall within the
scope of the appended claims, even 1f not specifically recited. Thus a combination of steps,
elements, components, or constituents can be explicitly mentioned herein; however, all other
combinations of steps, elements, components, and constituents are incloded, even though not

explicitly stated.
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CLAIMS

I. A method of determining fouling potential of a hvdrocarbon composition
comprising:
obtaining a sample of the hydrocarbon compaosition;

measuring at least a first portion or a second portion of the hydrocarbon sample, the
first portion and the second portion having different chemical compositions, the first portion
compnising a fiquid and the second portion comprisig organic or inorganic solids or gels.

2. The method according to claim 1, wherein the fouling potential is determined
by measunng the concentration of the second portion in the hydrocarbon sample.

3. The method according to claim 2, wherein the measuring comprises
microscopy, UV-vis spectroscopy, light scattering, or acoustic resonance.

4, The method according to claim 1, wherein determuning the fouling potential
comprises separating the hydrocarbon sample inio the first portion and the second portion.

5. The method according to claim 4, wherein the separating of the hyvdrocarbon
composition comprises filtration, electrophoresis, centrifugation, ficld-flow fractionation,

¢yclonic separation, gravimetric sgparation or a combination thereof.

6. The method according to claim 4 or claim 5, wherein the separation comprises
heating.
7. The method according to any of claims 4-6, further comprising separating the

second portion into at least a third portion and a fourth portion wherein the third portion
comprises a composition soluble or dispersible i a solvent, and the fourth composition
comprises a composition insoluble or undispersable in the solvent, and comparing the amount
of the third portion and/or the fourth portion relative to the amount of the sampie of

hydrocarbon composition.

3. The method according to claim 7, wherein the second portion 1s separated mto

at least the third and the fourth portions with a solvent-based separation.
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9, The method according to claim 8, wherein the second portion 1s separated at
least into the third and the fourth portions by extraction with one or more polar or nonpolar

solvents, dispersants, acids, bases, or combinations thereof.

10, The method according to claim 9, wherein the solvent comprises an aromatic

hydrocarbon solvent.

ti.  The method according to claim 10, wherein the solvent comprises an aromatic
hydrocarbon solvent selected from benzene, aromatic naphta, alkyvlbenzene, or a mixturg
thereof.

12 The method of claim 10, wherein the alkylbenzene comprises toluene,
cthylbenzene, xylenes, or a mixture thereof.

13 The method according to any of claims 1-12, further comprising analyzing the
hydrocarbon sample or at least one of the portions of the hydrocarbon sample.

14 The method according to claim 13, wherein analyvzing the bvdrocarbon sample
or at least one of the portions of the hyvdrocarbon sample comprises fingerprinting,
thermogravimetric analysis, and/or inductively coupled plasma mass spectram analysis,

15, The method according to claim 13 or claim 14, wherem the hydrocarbon

sample or at least one of the portions of the hydrocarbon sample is heated or thermally

gvaporated or subjected o vacuum evaporation during or prior to the analyzing.

i6. The method according to claim 14 or 15, wherein the fingerprinting

COMPriSes USING SPeCiiosCopy.

17 The method according to claim 16, wherein the spectroscopy comprises ong or
more of infrared spectroscopy, near-infrared spectroscopy, and nuclear magnetic resonance

SPECLIoscopy.

I8, A method of reducing fouling potential in a hvdrocarbon composition

comprising:
obtaining a samplie of the hydrocarbon composition;

determining a fouling potential by measuring at least a first portion and a second

portion of the bvdrocarbon sample, the first portion and the second portion having different
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chemical compositions, the first portion comprising a hiquid and the second portion

comprising organic or inorganic sclids or gels; and

g and/or distribution of

o

modifymg the production, transporiation, storage, processin

the hydrocarbon composition to reduce fouling potential.

19. The method according to claim 18, wherein the fouling potential is determined

by measuring the concentration of the second portion in the hvdrocarbon sample.

24. The method according to claim 19, wherein the measuring comprises

microscopy, UV-vis spectroscopy, light scattering, or acoustic resonance.

21 The method according to claim 18, wherein deternuning the fouling potential

comprises separating the first portion and a second portion.

22, 'The method according to claim 21, wherein the separating of the hydrocarbon
composition comprses filtration, electrophoresis, centnfugation, field-flow fractionation,

cvclonic separation, gravimetric separation or a combination thereof.

23. The method according to claim 21 or claim 22, wherein the separation

comprises heating.

24, The method according to any of claims 21-23, further comprising separating
the sccond portion into at least a third portion and a fourth portion wherein the third portion
comprises a composition soluble or dispersible in a solvent, and the fourth composition
comprises a composition insoluble or undispersable m the solvent, and comparing the amount
of the third portion and/or the fourth portion relative to the amount of the sample of
bydrocarbon composition.

25, The method according to claim 24, wherein the second portion is separated
into at least the third and the fourth portions with a solvent-based separation.

26. The method according to claim 25, wherem the second portion is separated at
least into the third and the fourth portions by extraction with one or more polar or nonpolar
solvents, dispersants, acids, bases, or combinations thereof.

27, 'The method according to claim 26, wherein the solvent comprises an aromatic

hydrocarbon solvent.
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28, The method according to claim 27, wherein the solvent compriscs an aromatic
hydrocarbon solvent selected from benzene, aromatic naphta, alkyvlbenzene, or a mixturg

thereof.

28, The method according to claim 28, wherein the alkylbenzene comprises
toluene, ethylbenzene, xylenes, or a mixture thereof

30, The method according to any of claims 18-29, further comprising analyzing

the hydrocarbon sample or at least one of the portions of the hvdrocarbon sample.

31 The method according to claim 30, wherein analyvzing the bvdrocarbon sample
or at least one of the portions of the hvdrocarbon sample comprises fimgerprinting,

thermogravimetric analysis, and/or inductively coupled plasma mass spectram analysig,

32, The method according to claim 30 or claim 31, wherein the hydrocarbon
sample or at least one of the portions of the hydrocarbon sample is heated or thermally

gvaporated or subjected o vacuum evaporation during or prior to the analyzing.

33. The method according to claim 31 or claim 32, wherein the fingerprinting

COMprises Using spectroscopy.

34 The method according to claim 33, wherein the spectroscopy comprises one or
more of infrared spectroscopy, near-infrared spectroscopy, and nuclear magnetic resonance

SPECLIoscopy.

35, The method according to anv one of claims 18-34, wherein the production,
transportation, storage, processing, and/or distribution of the hvdrocarbon composition
comprises combining the hvdrocarbon composition with a chemical treatment comprising one
or more wetting agents, emulsion breakers, detergents, dispersants, stabilizers, corrosion
inhibitors, sulphide or metal-salphide dissolvers, polymerization inhibitors, antioxidants and
metal deactivators or combinations thereof.

36.  The method according to anv of claims 18-35, wherein the production,
transportation, storage, processing, and/or distribution of the hyvdrocarbon compaosition
comprises adding a chemigcal treatment to the crude in an incoming transport system or cnude

storage tanks, to a hyvdrocarbon storage tank farm that holds the crude od entering the refining
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process, to the water wash, to the de-salter, to a hot preheat train after desaiting of the

refining process, or combinations thereof.

37. A system for using predictive analytics m control of a hvdrocarbon refining

Process CoOMpPrising:

a memory, whercin the memory stores computer-readable instructions; and

a processor commanicatively coupled with the memory, wherein the processor
executes the computer-readable instructions stored on the memory, the computer-readable
instructions causing the processor to:

recetve an analysis of a hydrocarbon sample,

develop one or more predictive models of the hydrocarbon refining process for the
hydrocarbon entering the refining process based on the analysis of the crude oil; and

control aspects of the hydrocarbon refining process as the hydrocarbon entering the
refining process moves through the refining process based on the one or more predictive
models,

wherein the analvsis 1s obtained by the following steps:

obtaining a sample of the hydrocarbon composition;

determining a fouling potential by measuring at least a first portion or a second
portion of the hvdrocarbon sample, the first portion and the second portion having different
chemical compositions, the first portion comprising a liquid and the second portion
comprising organic or inorganic solids or gels.

38, The system according to claim 37, wherein the fouling potential is determined
by measuring the concentration of the second portion 1n the hydrocarbon sample.

39, The system according to claim 38, wherein the measuring comprises
microscopy, UV-vis spectroscopy, light scatiering, or acoustic resonande.

44, The system according to claim 37, wherein determuning the fooling potential

comprises separating the first portion and a second portion.
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41.  The system according to claim 40, wherein the separating of the hydrocarbon
composition comprises filtration, electrophoresis, centnfugation, field-flow fractionation,

¢yclonic separation, gravimetric sgparation or a combination thereof.

42, The system according to claim 40 or claim 41, wherem the separation

comprises heating,

43, The system according to any of claims 40-42, further comprising separating
the second portion into at least a third portion and a fourth portion wheremn the third portion
comprises a composition soluble or dispersible i a solvent, and the fourth composition
comprises a composition insoluble or undispersable m the solvent, and comparing the amount
of the third portion and/or the fourth portion relative to the amount of the sample of

hydrocarbon composition.

44, The system according to claim 43, wherein the second portion is separated

into at least the third and the fourth portions with a solvent-based separation.

45, The system according to claim 44, wherein the second portion is separated at
least into the third and the fourth portions by extraction with one or more polar or nonpolar

solvents, dispersants, acids, bases, or combinations thereof.

46.  The system according to claim 45, wherein the solvent comprises an aromatic

hydrocarbon solvent.

47.  The system according to claim 46, wherein the solvent comprises an aromatic
hydrocarbon solvent selected from benzene, aromatic naphta, alkylbenzene, or a mixiure
thereof.

48.  The system according to claim 47, wherein the alkvibenzene comprises
toluene, ethylbenzene, xvlenes, or a mixture thercof.

49, The system according to any of claims 37-48, further comprising analyzing the
hydrocarbon sample or at least one of the portions of the hydrocarbon sample.

30, The system according to claim 49, wherein analyzing the hydrocarbon sample
or at least one of the portions of the hvdrocarbon sample comprises fingerprinting,

thermogravimetric analysis, and/or indoctively coupled plasma mass spectrum analysis.
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51 The system according to claim 49 or claim 50, wheren the hydrocarbon
sample or at least one of the portions of the hydrocarbon sample is heated or thermally

gvaporated or subjected o vacuum evaporation during or prior to the analyzing.

32. The system according to claim 30 or 51, wherein the fingerprinting comprises

QSig SPectroscopy.

53, The system according to claim 52, wherein the spectroscopy comprises ong or
more of infrared spectroscopy, near-infrared spectroscopy, and nuclear magnetic resonance

SPECLIoscopy.

54, The system according to any of claims 37-53, wherein developing one or more
predictive models of the hydrocarbon refining process for the hydrocarbon entering the
refining process based on the analvsis of the hydrocarbon sample comprises developing one
or more predictive models based on the analysis that estimate or predict one or more of
density, viscosity, total acid number {TAN), percent saturates, percent asphaltenes, percent
resins, percent aromatics, asphaltene stability, crude stabilizer (CS) dosage demand, emulsion
stability and demulsifier (EB) dosage demand, fouling potential and antifoulant (AF) dosage
demand, and corrosion related performance and corrosion inhibitor dosage demand duning the

hydrocarbon refining process.

55, A non-ransitory, computer-readable medium storing instructions that, when
exccuted by a computer processor, cause the computer processor to perform a method useful
in a crude o1l refinement process, the method comprising:

recetve an analvsis of a hydrocarbon sample, wherein the hvdrocarbon sample is
representative of an amount of hydrocarbon entering a refining process, wherein the analysis
is obtained by the following steps:

obtaining a sample of the hydrocarbon composition;

deternining a fouling potential by measuring at least a first portion or a second
portion of the hvdrocarbon sample, the first portion and the second portion having different
chemical compositions, the first portion comprising a higuid and the second portion

comprising organic or inorganic solids or gels;
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develop one or more predictive models of the hydrocarbon refining process for the
hydrocarbon entering the refining process based on the analysis of the hydrocarbon sample;
and

dynamically control aspects of the hydrocarbon refining process as the hydrocarbon
entering the refining process moves through the refining process based on the one or more

predictive models.

56. A method of obtaining hydrocarbon composition with redaced fosling

potential comprising:

obtaining a sample of two or more different hydrocarbon compositions, and for each

sample,

determuning a fouling potential by measuring at least a first portion or a second
portion of the hydrocarbon sample, the first portion and the second portion having different
chemical compositions, the first portion comprising a liquid and the second portion
comprising organic or inorganic solids or gels; and

blending the two or more hydrocarbons i a ratio based on their individual fouling
potentials or the fouling potential of the resulied blend to give a blended hydrocarbon
composition with reduced fouling potential.

57. The method according to claim 56, wherein the fouling potential is determined
by measuring the concentration of the second portion 1n the hydrocarbon sample.

38. The method according to claim 56, wherein the measuring comprises
microscopy, UV-vis spectroscopy, light scattering, or acoustic resonance.

59. The method according to claim 56, wherein determining the fouling potential
comprises separating the first portion and a second portion.

60. The method according to claim 39, wherem the separating of the hydrocarbon
composition comprises filtration, electrophoresis, centrifugation, ficld-flow fractionation,
cvelonic separation, gravimetric separation or a combination thereof.

61. The method according to claim 59 or claim 60, wherein the separation

comprises heating.
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62.  The method according to any of claims 39-61, further comprising separating
the second portion into at least a third portion and a fourth portion wheremn the third portion
comprises a composition soluble or dispersible i a solvent, and the fourth composition
comprises a composition insoluble or undispersable m the solvent, and comparing the amount
of the third portion and/or the fourth portion relative to the amount of the sample of

hydrocarbon composition.

63 The method according to claim 62, wherein the second portion is separated

into at least the third and the fourth portions with a solvent-based separation.

64. The method according to claim 63, wherem the second portion is separated at
least into the third and the fourth portions by extraction with one or more polar or nonpolar

solvents, dispersants, acids, bases, or combinations thereof.

65, The method according to claim 64, wherein the solvent comprises an aromatic

hydrocarbon solvent.

66.  The method according to claim 635, wherein the solvent comprises an aromatic
hydrocarbon solvent selected from benzene, aromatic naphta, alkylbenzene, or a mixiure
thercof.

67, The method according to claim 66, wherein the alkvibenzene comprises

toluene, ethylbenzene, xvlenes, or a mixture thercof.

68, The method according to anv of clamms 56-67, further comprising analyzing

the hvdrocarbon sample or at least one of the portions of the hydrocarbon sample.

69, The method according to claim 68, wherein analvzing the hydrocarbon sample
or at least one of the portions of the hvdrocarbon sample comprises fingerprinting,
thermogravimetric analysis, and/or indoctively coupled plasma mass spectrum analysis.

70.  'The method according to claim 68 or claim 69, wherein the bydrocarbon
sample or at least one of the portions of the hvdrocarbon sample is heated or thermally
evaporated or subjected to vacuum evaporation during or prior to the analyzing.

71 The method according to claim 69 or 70, wherein the fingerprinting

COMPriscs Bsing spectroscopy.
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72 The method according to claim 71, wherein the spectroscopy comprises ong or
more of infrared spectroscopy, near-infrared spectroscopy, and nuclear magnetic resonance
Spectroscopy.

73. The method according to any claims 56-68, further comprising modifying the
production, transportation, storage, processing, and/or distribution of a least one hydrocarbon

compaosition to reduce fouling potential.

~3

4. 'The method according to claim 73, wherein the prodaction, transportation,
storage, processing, and/or distribution of the hvdrocarbon composition comprises combining
the hydrocarbon composttion with a chemical treatment comprising one or more wetting
agents, emulsion breakers, detergents, dispersants, stabilizers, corrosion inhibitors, sulphide
or metal-sulphide dissolvers, polvmerization inhibitors, antioxidants and metal deactivators

or combinations thereof.

75, The method according to claim 74, wherein the production, transportation,
storage, processing, and/or distribution of the hvdrocarbon composition comprises adding a
chemical treatment to the crude in an incoming transport system or crude storage tanks, to a
hydrocarbon storage tank farm that holds the crude o1l entering the refining process, to the
water wash, to the de-salter, to a hot preheat train after desalting of the refining process, or

combinations thereof.
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