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REDUCED FOULING OF HYDROCARBON OIL

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the priority benefit of U.S. Provisional Patent
Application Serial No. 62/379,400 filed August 25, 2016, and U.S. Provisional Patent
Application Serial No. 62/473,744 filed March 20, 2017.

FIELD OF INVENTION
[0002] The present invention pertains to methods and compositions for
providing antifoulant protection for petroleum hydrocarbons or petrochemicals during

processing thereof at elevated temperatures.

BACKGROUND OF THE INVENTION

[0003] Petroleum hydrocarbons, petrochemicals, and their feedstocks are
commonly heated to temperatures ranging from 100°F to about 1,000°F during
processing.  Similarly, such petroleum hydrocarbons are frequently employed as
heating mediums on the “hot side” of heating and heat exchange systems such as
vacuum tower bottoms and slurry systems. In both instances, the petroleum
hydrocarbon liquids are subjected to elevated temperatures which produce a separate
phase known as fouling deposits within the petroleum hydrocarbon. In all cases, these
deposits are undesirable by-products. In many processes, the deposits reduce the bore
of conduits and vessels to impede process throughput, impair thermal transfer, and clog
filter screens, valves and traps. In the case of heat exchange systems, the deposits form
an insulating layer upon the available surfaces to restrict heat transfer and necessitate
frequent shutdowns for cleaning. Moreover these deposits reduce throughput, which
of course, results in a loss of capacity with a drastic effect in the yield of finished
product. Accordingly, these deposits have caused considerable concern to the industry.

[0004] Fouling processes are particularly severe in refineries processing so-
called “Tight Oils”. These tight oils refer to light crude oil that has been produced from
low permeability formations such as shale, and “tight sands” in many geographic areas
including the U.S , Russia, China, Argentina, Libya, etc. Problems with respect to tight
oil fouling can be severe leading to equipment malfunction and occasional refinery shut

downs. One particular area of concern is furnace fouling which adversely affects
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refinery throughput. Such tight oil fouling has been difficult to treat with many of the

conventional antifouling treatments performing poorly in this environment.

SUMMARY OF THE INVENTION

[0005] Methods and compositions are provided to inhibit fouling on at least one
structural part of a system exposed to a fluid hydrocarbon or petrochemical stream. The
methods comprise adding a polyamine compound to the fluid hydrocarbon or
petrochemical stream. In certain embodiments, the polyamine is an alkylene polyamine
represented by the formula:

ZANH — R13nX
wherein R is an alkylene group having from about 1 to about 10 carbon atoms and n is
from about 1 to 200,000. X is H, or NH,, or a hydrocarbyl group having up to 30 carbon
atoms, Z is H, or NH>, or a hydrocarbyl group having up to 30 carbon atoms. In some
embodiments, X and Z, independently, may be a hydrocarbyl group having10 or fewer
carbon atoms.

[0006] Exemplary polyamines comprise ethylene diamine or polyethylene
polyamines. In certain instances, the polyethylene polyamine may be selected from the
group consisting of diethylenetriamine (DETA); triethylenetetramine (TETA);
tetraethylenepentamine (TEPA); pentaethylenehexamine (PEHA);
hexamethyleneheptamine (HEHA); and mixtures thereof. In some embodiments, the
polyethylene polyamine has the formula NH, CH, CH» (NH CH; CHz)s NH»..

[0007] In certain exemplary embodiments, the polyamine may comprise a
polyethylenimine or a polypropylenimine. In other aspects of the invention, the
polyethylene polyamine may be reacted with an isocyanate or with propylene oxide.

[0008] In a further illustrative embodiment, the polyamine antifoulant (AF) is a
reaction product of an ephihalohydrin or ethylene dichloride with an amine reactant. In
some cases, the amine reactant may comprise a secondary amine, including the
polyethylene polyamine.

[0009] The polyamine (AF) treatments may also be formed via multi-step
condensation reaction wherein a dicarboxylic acid, such as adipic acid, is reacted with
a polyalkylene amine reactant to form a polyamide followed by a reaction of the so

formed polyamide with an epihalohydrin.
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[0010] Also, polyamines formed via cross linking reaction with a cross linking
agent may also be mentioned as exemplary. In some cases, the cross linking agent is
an alkene diol. In other instances, the polyamine (AF) is a reaction product of acrylic
acid or copolymer thereof with polyethylenimine.

[0011] In other exemplary embodiments, a dispersant may be added to the fluid
hydrocarbon or petrochemical stream in conjunction with the polyamine (AF). For
example, the dispersant may be a member selected from the group consisting of
formaldehyde resins, alkyl phenol sulfides, polyalkylene succinimides and alkylene
thiophosphonic acid esters. Also, a fatty acid or alkyl/alkenyl sulfonic acid may be
used conjointly with the polyamine (AF) in order to improve thermodegradation of the
antifoulant treatment.

[0012] Exemplary compositions in accordance with the invention comprise a
polyamine and a dispersant. Also, exemplary antifoulant compositions may comprise
the polyamine antifoulant (AF), and a fatty acid.

[0013] The invention is further exemplified in the appended drawing:

BRIEF DESCRIPTION OF DRAWINGS

[0014] Figure 1 is a schematic process diagram of a typical refinery process in
which the polyamine AF treatment may be utilized; and

[0015] Figure 2 is a graph showing the antifouling performance of one

polyamine antifoulant (AF) in accordance with the invention and a control (blank).

DETAILED DESCRIPTION

[0016] It has been discovered that polyamine antifoulant (AF) treatments
provide effective antifoulant performance in a variety of crude oil types or processed
hydrocarbons, including the so-called tight crude oils produced from shale or tight sand
formations. These antifoulants are also effective at inhibiting fouling tendencies in
hydrocarbons and petrochemicals during high temperature processing. The polyamine
antifoulant treatments may be added to the fluid hydrocarbon or petrochemical stream
in an amount ranging from about 0.1 to about 100,000 ppm based upon one million
parts by volume of the fluid hydrocarbon or petrochemical stream. Alternatively, the
antifoulant treatment may be added to the fluid hydrocarbon or petrochemical stream

in an amount ranging from about 50 to about 5,000 ppm.
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[0017] In certain embodiments, the polyamine antifoulant treatment may be
conjointly used with conventional dispersants in order to enhance antifoulant
performance. Typically, these dispersants may include formaldehyde resins, alkyl
phenol sulfides, alkyl phosphate phenate sulfides, Ca/Mg/Al salts of phosphate
phenates, polyalkylene succinimides, alkylene thiophosphonic acid esters and others.
These dispersants may be added to the liquid hydrocarbonaceous medium, such as a
crude oil, or petrochemical in amounts of about 0.1 to 5,000 ppm.

[0018] Additionally, in certain embodiments the polyamine antifoulant may be
used in combination with one or more fatty acids or alkyl/alkenyl sulfonic acid in order
to stabilize the antifoulant performance in high temperature environments, such as those
experienced at about 350 °C and higher. The fatty acids may be chosen from the group
consisting of substituted and unsubstituted, saturated and unsaturated fatty acids having
from about 6 to about 30 carbon atoms.

[0019] In certain embodiments, the polyamine antifoulant treatment
compounds are alkylene polyamine compounds generally represented by the formula:
ZANH — R1}nX
wherein R is an alkylene group having from about 1 to about 10 carbon atoms and n is
from about 1 to 20,000. X is H, or NH>, or a hydrocarbyl group having up to 30 carbon
atoms, Z is H, or NH>, or a hydrocarbyl group having up to 30 carbon atoms. In some
cases, X and Z, independently, may be a hydrocarbyl group having 10 or fewer carbon
atoms. The resulting structures may be linear, branched, or dendrimetic. As used
herein, the term “hydrocarbyl group” is used in its ordinary sense, which is well-known
to those skilled in the art. Specifically, it refers to a group having a carbon atom directly
attached to the remainder of the molecule and having predominantly hydrocarbon
character. Examples of hydrocarbyl groups include: hydrocarbon substituents, that is,
aliphatic (e.g., alkyl or alkenyl), alicyclic (e.g., cycloalkyl, cycloalkenyl) substituents,
and aromatic-, aliphatic, and alicyclic-substituted aromatic substituents, as well as
cyclic substituents wherein the ring is completed through another portion of the
molecule (e.g., two substituents together form a ring); substituted hydrocarbon
substituents, that is, substituents containing non-hydrocarbon groups which, in the
context of this invention, do not alter the predominantly hydrocarbon nature of the
substituent (e.g., halo (especially chloro and fluoro), hydroxyl, carboxy, cyanato,

isocyanato, ethylene oxide, propylene oxide, alkoxy, mercapto, alkylmercapto, nitro,
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nitroso, and sulfoxy); hetero substituents, that is, substituents which, while having a
predominantly hydrocarbon character, in the context of this invention, contain other
than carbon in a ring or chain otherwise composed of carbon atoms. Heteroatoms
include sulfur, oxygen, nitrogen, and encompass substituents as pyridyl, furyl, thienyl
and imidazolyl.

[0020] One exemplary class of polyamine compounds is the ethylene
polyamines such as ethylenediamine (EDA); diethylenetriamine (DETA);
triethylenetetramine (TETA), triethylenepentamine (TEPA), pentaethylenehexamine
(PEHA) and hexaethyleneheptamine (HEHA) compounds. Mixtures of these ethylene
polyamines may also be used. The polyethylene amines such as DETA, TETRA,
TEPA, PEHA, HEHA, etc. are particularly noteworthy.

[0021] Cross-linked polyamines, can also be mentioned as exemplary
polyamine AF treatments. Here, polyamines, generally including at least one secondary
amine, are cross-linked via reaction with traditional cross linking agents such as diols,
di(meth)acrylates,  bisacrylamides, divinylbenzenes, epihalohydrins  (EPI),
ethylenedichloride, etc. In certain aspects of the invention, alkylene polyamines such
as DETA or TETA are reacted with an alkene diol such as butenediol.

[0022] For example, the polyamine may comprise a reaction product of a
polyamine and EPI or ethylene dichloride (EPC) cross linking agent. As an example,
branched and mixed polyamines may be cross linked by EPI or EDC. One
commercially available product is the cross linked product of PEPA
(polyethylenepentamine) NH> CH, CH> (NH CH; CH»z)s NH; and EPI. In another
example of a commercially available product, DETA is cross linked with EPL

[0023] The class of EPI/amine polymers also includes those made via multi-
step condensation reactions such as polyamidic formation from reaction of a
dicarboxylic acid such as adipic acid with a polyalkylene amine. The resulting
polyamide is then reacted with EPL

[0024] Another noteworthy polyamine is formed from acrylic acid, maleic acid,
or mixtures thereof, or their mixtures with alkylene or alkylene oxide, or copolymers
thereof with ethylenimine to form aminoalkylated (e.g., aminoethylated) acryloxy
functional compounds having the structure

-CO O (CH; CH2 NH),-H
attached to the acrylic acid backbone.
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[0025] Polyethylenimines (PEI) and polypropylenimines (PPI) can also be
mentioned as exemplary polyamines. These commonly have molecular weights in the
range of 300 — 2,000,000. The PEIs can also be modified by reaction with isocyanates
to form isocyanate modified PEIs. One such example is PEI modified with a long chain
isocyanate such as octadecyl isocyanate. Additionally, the PEIs may be reacted with
propylene oxide or ethylene oxide. One commercially available material is a propylene
oxide modified PEI having a molecular weight of about 1400.

[0026] Turning to Figure 1 of the drawings, this shows a schematic hydrocarbon
refining process of the type in which the polyamine AF process of the invention may
be utilized. As shown in this illustrative example, crude 1 is fed through a series of
heat exchangers 3 before entering the desalters 5. Typical operational temperatures for
the heat exchangers 3 are on the order of about 120-150 °C. Desalted crude 7 enters
another series of heat exchangers 9 where it is preheated to about 200-230 °C before
entering a flash drum 11 or preflash tower. The lights 13 from the flash drum may be
fed directly to the distillation tower 15. The bottoms 17 from the flash drum may be
fed to a direct-fired furnace 19 before they are fed to the distillation tower 15. Operating
temperatures in the furnace are from about 315- 370 °C and fouling in the furnace has
been found significant especially in the refining of the so-called “tight oils”. The
distillation tower is often called an atmospheric tower as it operates slightly above
atmospheric pressure, typically at around 1 to 3 atmospheres gauge.

[0027] The overhead distillation tower temperature usually ranges from 200 to
350°F. While in the tower, the crude is distilled into multiple fractions, also called
“sidecuts”. The sidecuts comprise heavy gas oil 21, light gas oil 23, diesel 25, and
kerosene 27. The bottoms 37 exit the distillation tower for processing in the vacuum
heater 40 and exit through line 41 to the vacuum tower 42. The vacuum heater typically
operates at temperatures of from about 400-430 °C with temperatures in the vacuum
tower usually being within the range of 300-430 °C. Naphtha vapor 29 exits the top of
the distillation tower and enters a series of heat exchangers 31. The naphtha vapor then
enters at least one condenser 33. A portion of the condensed naptha stream is fed back
into the top of the tower as reflux 35.

[0028] Some refining processes may not utilize a flash drum and instead feed

crude directly to a direct-fired furnace. Likewise some operations have been omitted
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from FIG. 1 for the sake of brevity. These and other minor differences in crude refining
processes do not affect the scope of the invention.

[0029] In certain aspects of the invention, the polyamine AF treatments can be
added to the process as shown at points A, B, or C of Figure 1. Specifically, the AF
treatments are especially effective when added to or just upstream from the cold preheat
train heat exchangers 3, hot crude preheat exchanges 9, or heater 19. In other
embodiments, the polyamine AF can be fed upstream from the refinery in the tank farm,
in the desalter feed, in the distillation feed, in the atmospheric bottoms, the vacuum
heater feed, in the vacuum bottoms or in a coker feed.

[0030] In accord with some embodiments, the polyamine AF has a boiling point
of greater than about 110 °C so that it will not tend to carry with the steam counter
currently flowing through the atmospheric tower. In other words, the polyamine AF
will tend to remain in the equipment upstream from the stripper such as in the heat
exchangers 3, 9, or heater 19 wherein troublesome fouling deposits have been proven
problematic, especially in conjunction with the refinery of tight oil crudes. As an
example, troublesome fouling has been experienced in heater 19 which operates at
temperatures of about 315-370 °C.

[0031] While not being bound to any theory of operation, it is thought that the
polyamine AF treatments adsorb on the surface of fouling prone molecules or colloid
structures and create dispersing power by both static charge repulsion and steric effect.
The fouling of the hydrocarbon is thus reduced.

[0032] The polyamine AF may be added to any fluid hydrocarbon, petroleum,
petroleum production system, or petrochemical system where fouling is a concern.
Examples of such systems include, but are not limited to, hydrocarbon tank farms,
ships, tankers, and railway cars transporting hydrocarbons, and crude oil refineries.
Specific types of units found in these systems, include, but are not limited to,
hydrocarbon or petroleum storage units, heat exchangers, piping, pumps, flow meters,
valves, desalters, preheat furnaces, furnaces, coker preheaters, cokers, distillation
columns, fractionation columns, atmospheric columns, pipe stills, debutanizers,
reactors, fluid catalytic cracking units, fluid catalytic cracking slurry settlers,
hydrocracking units, steam cracking units, thermal crackling units, visbreakers, reflux

units, condensers, and scrubbers.



WO 2018/038781 PCT/US2017/034703

EXAMPLES

[0033] In order to assess the antifouling efficacy of the polyamine antifoulants,
a hot liquid process stimulator (HLPS) was used. The HLPS is an annular heat
exchanger with a steel tube in the center that is heated to a constant temperature. Oil
samples with various treatment compositions are passed once through the annulus. As
fouling deposits build up on the heated tube surface, the deposits act as an insulator,
resulting in a temperature drop in the oil sample at the annulus outlet. The overall heat-
transfer coefficient, U, is calculated every two minutes during the test by measuring the
temperatures of the oil sample at the inlet and outlet of the annulus. The U coefficient
is then used to calculate the area under the various heat-transfer loss curves of the
treated oil samples. These areas are then compared with the area under the heat-transfer
loss curve for a control, or blank, wherein no antifoulant treatment is added. The
percent reduction in fouling is determined by comparing the calculated area under the
heat-transfer loss curve for a control or blank (Aconrer) With the calculated area under

the heat-transfer loss curve of the treated oil samples (A7rea) as in the equation:

) A —A
9% Reduction = —Lreat—€ontred « 10

Control

Example 1
[0034] A first process of tests was performed in order to compare antifoulant
(AF) efficacy of an exemplary polyamine AF against three well known dispersants.

Results are given in Table 1.

Table 1
Treatment HLPS
Fouling Reduction
Disp 1 2500 ppm TA 17.4%
Disp 2 2700 ppm TA 16.0%
Disp 3 4500 ppm TA 26.9%
Amine F 1,000 ppm TA 92.6%
& ok 3k
TA  =true actives

Disp 1 = calcium alkylphenate sulfide
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Disp 2 = alkylated succinimide blend
Disp 3 = polymeric dispersant

Amine F= polyethylenimine MW = 25,000 Da

Example 2

[0035] AF tests were undertaken comparing the performance of an exemplary
polyamine AF in accordance with the invention, a blend of the polyamine AF and
traditional dispersant, and the traditional dispersant singly. Results are shown in Table

2.

Table 2
Treatment HLPS Fouling Reduction
Amine A 1,000 ppm TA 47.9%
Disp 4/Amine A blend 700 ppm TA/300 ppm TA | 39.8%
Disp 4 1,000 ppm TA 10.2%
*rE*

Amine A= ethylenediamine (EDA).
Disp 4 = polyisobutenyl ester of phosphono thioc acid

Example 3

[0036] A series of tests was undertaken to demonstrate AF performance of a
variety of exemplary polyamine antifoulants, blends of the polyamine antifoulants with
conventional dispersants and in one instance, a conventional dispersant by itself.

Results are shown in Table 3.

Table 3
Treatment HLPS Fouling Reduction
(approx.. results)
Amine A 1,000 ppm TA =~ 48%
Amine B 1,000 ppm TA = 14%
Amine C 1,000 ppm TA = 42%
Amine D 1,000 ppm TA = 52%
Amine E 1,000 ppm TA = 46%
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Amine F 1,000 ppm TA = 92%
Disp 4 1,000 ppm TA = 10%
Disp 4/Amine A blend 700 ppm TA = 40%
300 ppm TA

Disp 5/Amine D blend 700 ppm TA =~ 38%
300 ppm TA

Disp 5/Amine A blend 700 ppm TA = 22%
300 ppm TA

Disp 6 / Amine A blend 700 ppm TA = 25%
300 ppm TA

Kook ok

Amine B=  diethylenetriamine (DETA)
Amine C= triethylenetetramine (TETA)

Amine D= tetraethylenepentamine (TEPA)

Amine E=  heavy polyamine blend

Disp 5= formaldehyde resin
Disp 6 = calcium alkyphenate sulfide
Example 4

[0037] Another series of tests was undertaken to demonstrate AF performance

of another exemplary polyamine, Amine G in comparison with well known dispersants.

Results are shown in Table 4.

Table 4
Treatment HLPS fouling reduction
Disp 1 2500 ppm TA 17.4%
Disp 2 2700 ppm TA 16.0%
Disp 3 4500 ppm TA 26.9%
Amine G 1,000 ppm TA 63.0%
oH ok
Amine G=  butenediol crosslinked polyamine

10
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Example 5

[0038] A series of tests was performed to assess AF efficacy and degradation
reduction of a blend of one exemplary polyamine and Cig fatty acid. The Cis fatty acids
stabilize the amine without compromising AF performance. Results are shown in Table

5.

Table 5

Blend information HLPS Fouling | Degradation Reduction
Reduction <355°C(TGA)

Amine F | Cig Disp 4

(ppm) Fatty acid | (ppm)

(ppm)

0% |-

250 0 750 86.3% 0%

250 80 750 83.5% 52.2%

250 250 750 80.4% 73.7%

250 750 750 88.5% 68.0%

[0039] In some exemplary embodiments, the polyamine AF may comprise a
reaction product of an alkylene polyamine with an aldehyde, such as formaldehyde,
hexaldehyde, benzaldehyde, etc. In other embodiments, the polyamine AF may
comprise a reaction product of an alkylene polyamine with benzoic acid or an
alkylbenzoic acid. Additionally, reaction products of alkylene polyamines with
dimethylsulfate may be mentioned as an exemplary class of polyamine AF.

[0040] In another exemplary class, the polyamine AF may comprise a reaction
product of an alkylene polyamine with an anhydride such as succinic anhydride, alkyl
succinic anhydride, phthalic anhydride, alkyl phthalic anhydride, etc.

[0041] A further class of exemplary polyamine AFs include the reaction
products of boronating agents with an alkylene polyamine. Exemplary boronating
agents include boric acid and others as set forth in published U.S. Patent Application
No. 2010/0038290 A1, incorporated by reference herein.

[0042] In another embodiment, the polyamine AF may comprise the reaction

product of an alkylene polyamine with an isocyanate.

11
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[0043] In certain aspects of the invention, the polyamine AF may be a reaction
product of 1) a polyamine reactant and ii1) a second reactant such as a fatty acid, tall oil
fatty acid, carboxylic acid, anhydride, or aldehyde. The polyamine reactant can be for
example a polyethylenepolyamine, polyethylenimine, ethoxylated
polyethylenepolyamine, polypropylenimine or the product of a reaction between a
cross-linking agent (epihalohydrin, ethylene dichloride, alkane diol, etc.), and a
polyamine.

[0044] Exemplary fatty acid reactants i1) include saturated and unsaturated fatty
acids (C1-Ca4) including butyric acid (Cs) lauric acid (Ci2), palmitic acid (Cis), and
stearic acid (Cig) as examples of saturated fatty acids. Exemplary unsaturated fatty
acids include oleic, linoleic, and linolenic acid.

[0045] As to the carboxylic acids that may be mentioned as exemplary reactants
i1), these may include dodecylbenzenesulfonic acid (DDBSA), benzoic acid, and
dodecylsufuric acid. Exemplary anhydrides ii) include polyisobutylene succinic
anhydride, etc.

[0046] As mentioned above, the reactant ii) can be an aldehyde with noteworthy
aldehydes including formaldehyde, dodecyl aldehyde, benzene aldehyde, etc.

[0047] The reactants i) and i1) can be treated with our without heat (for example,
0-200 °C) with or without a catalyst (for example H>SO4) in the presence or absence of
a solvent, such as water, dichloromethane, dimethylforamide, etc..

[0048] As one example of a polyamine 1) fatty acid i1) reaction product that can
be used as an antifoulant in a hydrocarbonaceous medium, the following reaction

product was prepared and tested.

Example 6

[0049] Polyethylenimine (1 part) and tall oil fatty acid (2 parts) were mixed in
an aromatic solvent (3 parts) at 80 °C for two hours. The resulting reaction product
was tested in the HLPS described above. Figure 2 shows the results of this test, with
the control (no additive) shown as 10, and the polyethylenimine/tall oil fatty acid
reaction product antifouling performance shown at 20.

[0050] The polyamine (AF) can also be used conjointly with one or more:
additional antifoulants, detergents, metal deactivators, free radical scavengers, oxygen

inhibitors, etc.

12
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A. METHODS FOR IMPROVING FLOW CHARACTERISTICS OF CRUDE OIL

[0051] Crude oils are complex mixtures of a variety of components. These
components are typically classified as comprising saturates, aromatics, resins, and
asphaltenes. Asphaltenes are high molecular weight, non-crystalline polar compounds
that are composed mainly of polyaromatic ring units with oxygen, nitrogen, and sulfur
heteroatoms in combination with minor amounts of metals including vanadium and
nickel. These asphaltenes impart high viscosity to crude oil; often agglomerating to
adhere to pipeline walls impeding transport of the crude oil through the pipelines, for
instance during long distance transport from production site to the refinery.

[0052] The problems associated with pipeline transport of crude oils are made
even more severe in low temperature climates due to the formation of crystalline
paraffin wax deposits on inner pipeline walls resulting in flow reduction and extra
pumping pressure requirements. Other problems may be encountered upon the
restarting of formerly shut down pipelines. In order to alleviate these flow problems,
crystal wax modifiers, pour point depression aids, and viscosity reducers are used to
enhance crude oil flow properties.

[0053] In accordance with one aspect of this discovery, polyamine flow
improvement (FI) agents are added to the crude oil. These polyamine FI agents may
be added to the crude in amounts of from about 0.1 to 10,000 ppm based upon the
combined weight of the FI agent and the crude oil. The polyamine FI agent may be
added to the crude, for example, prior to extraction from the well or after the crude has
been extracted, during storage or in transit.

[0054] Although applicants are not to be bound to any particular theory of
operation, it is thought that the polyamine FI agents act to adsorb on asphaltene particles
present in the crude oil so as to inhibit agglomeration of same, thereby improving (i.e.,
decreasing) fluid viscosity.

[0055] In certain embodiments, the polyamine (FI) agents compounds are
alkylene polyamine compounds generally represented by the formula:

ZANH — R13nX
wherein R is an alkylene group having from about 1 to about 10 carbon atoms and n is
from about 1 to 20,000. X is H, or NH>, or a hydrocarbyl group having up to 30 carbon

atoms, Z is H, or NH>, or a hydrocarbyl group having up to 30 carbon atoms. In some

13
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cases, X and Z, independently, may be a hydrocarbyl group having 10 or fewer carbon
atoms. The resulting structures may be linear, branched, or dendrimetic. As used
herein, the term “hydrocarbyl group” is used in its ordinary sense, which is well-known
to those skilled in the art. Specifically, it refers to a group having a carbon atom directly
attached to the remainder of the molecule and having predominantly hydrocarbon
character. Examples of hydrocarbyl groups include: hydrocarbon substituents, that is,
aliphatic (e.g., alkyl or alkenyl), alicyclic (e.g., cycloalkyl, cycloalkenyl) substituents,
and aromatic-, aliphatic, and alicyclic-substituted aromatic substituents, as well as
cyclic substituents wherein the ring is completed through another portion of the
molecule (e.g., two substituents together form a ring); substituted hydrocarbon
substituents, that is, substituents containing non-hydrocarbon groups which, in the
context of this invention, do not alter the predominantly hydrocarbon nature of the
substituent (e.g., halo (especially chloro and fluoro), hydroxyl, carboxy, cyanato,
isocyanato, ethylene oxide, propylene oxide, alkoxy, mercapto, alkylmercapto, nitro,
nitroso, and sulfoxy); hetero substituents, that is, substituents which, while having a
predominantly hydrocarbon character, in the context of this invention, contain other
than carbon in a ring or chain otherwise composed of carbon atoms. Heteroatoms
include sulfur, oxygen, nitrogen, and encompass substituents as pyridyl, furyl, thienyl
and imidazolyl.

[0056] One exemplary class of polyamine compounds is the ethylene
polyamines such as ethylenediamine (EDA); diethylenetriamine (DETA);
triethylenetetramine (TETA), triethylenepentamine (TEPA), pentaethylenehexamine
(PEHA) and hexaethyleneheptamine (HEHA) compounds. Mixtures of these ethylene
polyamines may also be used. The polyethylene amines such as DETA, TETRA,
TEPA, PEHA, HEHA, etc. are particularly noteworthy.

[0057] Cross-linked polyamines, can also be mentioned as exemplary
polyamine FI agents. Here, polyamines, generally including at least one secondary
amine, are cross-linked via reaction with traditional cross linking agents such as diols,
di(meth)acrylates, bisacrylamides, divinylbenzenes, epihalohydrins  (EPI),
ethylenedichloride, etc. In certain aspects of the invention, alkylene polyamines such
as DETA or TETA are reacted with an alkene diol such as butenediol.

[0058] For example, the polyamine FI agent may comprise a reaction product

of a polyamine and EPI or ethylene dichloride (EPC) cross linking agent. As an

14
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example, branched and mixed polyamines may be cross linked by EPI or EDC. One
commercially available product is the cross Ilinked product of PEPA
(polyethylenepentamine) NH> CH, CH> (NH CH; CH»z)s NH; and EPI. In another
example of a commercially available product, DETA is cross linked with EPL

[0059] The class of EPI/amine polymers also includes those made via multi-
step condensation reactions such as polyamidic formation from reaction of a
dicarboxylic acid such as adipic acid with a polyalkylene amine. The resulting
polyamide is then reacted with EPL

[0060] Another noteworthy polyamine is formed from acrylic acid or
copolymers thereof with ethylenimine to form aminoalkylated (e.g., aminoethylated)
acryloxy functional compounds having the structure

-COO(CHCH:NH)z-H
attached to the acrylic acid backbone.

[0061] Polyethylenimines (PEI) and polypropylenimines (PPI) can also be
mentioned as exemplary polyamines. These commonly have molecular weights in the
range of 300 — 70,000. The PEIs can also be modified by reaction with isocyanates to
form isocyanate modified PEIs. One such example is PEI modified with a long chain
isocyanate such as octadecyl isocyanate. Additionally, the PEIs may be reacted with
propylene oxide or ethylene oxide. One commercially available material is a propylene
oxide modified PEI having a molecular weight of about 1400.

[0062] In some exemplary embodiments, the polyamine FI may comprise a
reaction product of an alkylene polyamine with an aldehyde, such as formaldehyde,
hexaldehyde, benzaldehyde, etc. In other embodiments, the polyamine FI may
comprise a reaction product of an alkylene polyamine with benzoic acid or an
alkylbenzoic acid. Additionally, reaction products of alkylene polyamines with
dimethylsulfate may be mentioned as an exemplary class of polyamine FI.

[0063] In another exemplary class, the polyamine FI may comprise a reaction
product of an alkylene polyamine with an anhydride such as succinic anhydride, alkyl
succinic anhydride, phthalic anhydride, alkyl phthalic anhydride, etc.

[0064] A further class of exemplary polyamine FIs include the reaction product
of boronating agents with an alkylene polyamine. Exemplary boronating agents include
boric acid and others as set forth in published U.S. Patent Application No.
2010/0038290 A1, incorporated by reference herein.
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[0065] In certain aspects of the invention, the polyamine FI may be a reaction
product of 1) a polyamine reactant and ii) a second reactant such as a fatty acid, tall oil
fatty acid, carboxylic acid, anhydride, or aldehyde. The polyamine reactant can be for
example a polyethylenepolyamine, polyethyleneimine, ethoxylated
polyethylenepolyamine, polypropylenimine or the product of a reaction between a
cross-linking agent (epihalohydrin, ethylene dichloride, alkane diol, etc,) and a
polyamine.

[0066] Exemplary fatty acid reactants i1) include saturated and unsaturated fatty
acids (C1-Caz4) including butyric acid (Cs), lauric acid (Ci2), palmitic acid (Ci¢), and
stearic acid (Cig) as examples of saturated fatty acids. Exemplary unsaturated fatty
acids include oleic, linoleic, and linolenic acid.

[0067] As to the carboxylic acids that may be mentioned as exemplary reactants
i1), these may include dodecylbenzenesulfonic acid (DDBSA), benzoic acid, and
dodecylsufuric acid. Exemplary anhydrides ii) include polyisobutylene succinic
anhydride etc.

[0068] As mentioned above, the reactant ii) can be an aldehyde with noteworthy
aldehydes including formaldehyde, dodecylaldehyde, benzene aldehyde, etc.

[0069] The reactants 1) and i1) can be treated with or without heat (for example
0-200 °C) with or without a catalyst (for example H>SO4) in the presence or absence of
a solvent, such as water, dichloromethane, dimethylforamide, etc.

[0070] In another embodiment, the polyamine FI may comprise the reaction

product of an alkylene polyamine with an isocyanate.

B. METHODS FOR REDUCING METAL CONTENT IN CRUDE OIL

[0071] In another development, methods are provided for reducing the metal
content in crude oil and other liquid hydrocarbonaceous media.

[0072] All crude oil contains impurities which contribute to corrosion, heat
exchanger fouling, furnace coking, catalyst deactivation and product degradation in
refinery and other processes. These contaminants are broadly classified as salts, bottom
sediment and water (BS+W), solids, and metals. The amounts of these impurities vary

depending upon the particular crude. Generally, crude oil salt content ranges between

about 3-200 pounds per 1,000 barrels (ptb.).

16



WO 2018/038781 PCT/US2017/034703

[0073] Brines present in crude include predominantly sodium chloride with
lesser amounts of magnesium chloride and calcium chloride being present. Chloride
salts are the source of highly corrosive HCI, which is severely damaging to refinery
tower trays and other equipment. Additionally, carbonate and sulfate salts may be
present in the crude in sufficient quantities to promote crude preheat exchanger scaling.

[0074] Solids other than salts are equally harmful. For example, sand, clay,
volcanic ash, drilling muds, rust, iron sulfide metal and scale may be present and can
cause fouling, plugging, abrasion, erosion, and residual product contamination. As a
contributor to waste and pollution, sediment stabilizes emulsions in the form of oil-
wetted solids, and can carry significant quantities of oil into the waste recovery systems.

[0075] Metals in crude may be inorganic or organometallic compounds which
consist of hydrocarbon combinations with arsenic, vanadium, nickel, copper, and iron.
These materials promote fouling and can cause catalyst poisoning in subsequent
refinery processes, such as catalytic cracking methods, and they may also contaminate
finished products. The majority of the metals carry as bottoms in refinery processes.
When the bottoms are fed, for example, to coker units, contamination of the end-
product coke is most undesirable.

[0076] Iron content of crude oils has been increasing. It exists in crude and its
products as ferric chlorides, oxides, sulfides, and oil soluble organo-acid salts such as
iron naphthenates and its complexes such as iron porphyria.

[0077] After distillation, iron mostly remains in residual and heavy stocks. Its
presence can poison catalysts used in hydrocarbon conversion processes such as in
catalytic cracking operations. Additionally, when iron contaminated residuals are fed
to other processes, such as coker units, contamination of the end product coke is
undesirable. For example, in the production of high grade electrodes from coke, iron
contamination of the coke can lead to electrode degradation and failure in processes
such as those used in the chlor alkali industry.

[0078] Present deferrization (iron-removal) techniques include the use of
desalters.

[0079] Desalting is, as the name implies, adapted to remove primarily inorganic
salts from the crude prior to refining. The desalting step is provided by adding and

mixing with the crude a few volume percentages of water to contact the brine and salt.
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[0080] In crude oil desalting, a water in oil (W/O) emulsion is intentionally
formed with the water admitted being on the order of about 4-10 volume % based on
the crude oil. Water is added to the crude and mixed intimately to transfer impurities
in the crude to the water phase. Separation of the phases occurs due to coalescence of
the small water droplets into progressively larger droplets and eventual gravity
separation of the oil and underlying water phase.

[0081] Demulsification agents are added, usually upstream from the desalter, to
help in providing maximum mixing with the oil and water soluble salts. Examples of
demulsification agents include Twitchell reagents, sulfonated glycerides, sulfonated
oils, acetylated caster oils, ethoxylated phenol formaldehyde resins, a variety of
polyester materials, and many other commercially available compounds.

[0082] Desalters are also commonly provided with electrodes to impart an
electrical field in the desalter. This serves to polarize the dispersed water molecules.
The so-formed dipole molecules exert an attractive force between oppositely charged
poles with the increased attractive force increasing the speed of water droplet
coalescence by from ten to one hundred fold. The water droplets also move quickly in
the electrical field, thus promoting random collisions that further enhance coalescence.

[0083] Upon separation of the phases from the W/O emulsion, the crude is
commonly drawn off the top of the desalter and sent to the fractionator tower in crude
units or other refinery processes. The water phase containing water soluble metal salt
compounds and sediment is discharged as effluent.

[0084] By adding an iron removal (IR) agent to the crude upstream from the
desalter or in the desalter, it contacts the organic iron contaminants that are dissolved
in the crude and produces products that are water soluble. Thus, these water soluble
iron containing products or complexes are separated as part of the water phase
discharged from the desalter unit or units. As used herein, “iron” refers to both
elemental iron and iron containing compounds or complexes that may be either soluble
or insoluble in the crude.

[0085] In accordance with one aspect of this development, polyethylenimines
(PEIs) are used as an IR agent in liquid hydrocarbon and petrochemical media. As
such, the polyethylenimine IR agent may be added to crude oil upstream from (such as
in a crude settling tank) or in desalter units in order to contact the iron complexes in the

crude. In some instances, the PEI is added directly to the crude, or it could be added to
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the wash water before or as it enters the desalter. In some cases, the PEI IR may be
used in conjunction with a tandem desalter unit such as shown for example in U.S.
Patent 5,080,779, incorporated by reference herein.

[0086] As is common in tandem desalter systems, the bottoms water phase
effluent from the downstream (second) desalter is recycled as make up water to be
mixed with the crude fed into the upstream (first desalter). Also, as is usual, after
resolution of the W/O emulsion in the first desalter, make up water is mixed with crude
separated from the upstream desalter prior to entry of the wash water-crude admixture
into the second desalter. In accordance with one aspect of this development, the PEI
IR agents may be added to and mixed with the crude separated from the first (upstream)
desalter. After the crude and PEI IR agent have had time for intimate mixing thereof,
then the crude/PEI IR admixture is contacted with wash water prior to entry into the
second (downstream) desalter.

[0087] In some embodiments, the PEI-IR agent may be added to contact the
iron in the crude in an amount of about 1-100 ppm of the IR agent per one million parts
of the crude. In other embodiments, the IR agent may be fed in an amount of about 10-
70 ppm. From a stoichiometric perspective, the PEI-IR agent may be fed to the crude
in the range of about 1-5 moles of the IR agent per mole of iron in the crude.

[0088] Although addition of the PEI-IR of the crude or the wash water feed to
a desalter is discussed herein, it is to be noted that the PEI-IR could also be added
directly to the crude settling tank to allow the iron to settle out of the crude prior to
desalting operations.

[0089] As to the PEIs that may be used to reduce iron content of the liquid
hydrocarbon or petrochemical media, commercially available PEIs have molecular
weights of from about 300-70,000. The PEIs can also be modified with isocyanates to
form isocyanate modified PEIs. Additionally, the PEIs may be reacted with ethylene
oxide or propylene oxide. One commercially available material is a propylene oxide
modified PEI having a molecular weight of about 1400.

[0090] This written description uses certain illustrative examples to disclose the
invention, and to enable any person skilled in the art to practice the invention. The
patentable scope of the invention is defined by the claims, and may include other

examples that occur to those skilled in the art.
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CLAIMS

1. A method of reducing fouling on at least one structural part of a system exposed to
a fluid hydrocarbon or petrochemical stream comprising adding a polyamine to said fluid
hydrocarbon or petrochemical stream, wherein said fluid hydrocarbon or petrochemical stream
comprises atight crude ail;

wherein said polyamine is an alkylene polyamine represented by the formula:

ZA4NH — Ri}-nX

wherein Ry is an alkylene group having from about 1 to about 10 carbon atoms;

nisfrom about 1 to about 200,000;

X is H, NH2, or a hydrocarbyl group having up to 2 carbon atoms and Z is H, NH2 or a
hydrocarbyl group having up to 2 carbon atoms,

wherein said polyamine is added to the fluid hydrocarbon or petrochemical stream
in an amount ranging from about 0.1 to about 100,000 ppm based upon one million parts
by volume,

wherein said polyamine is linear, branched or cross-linked.

2. The method as recited in claim 1, wherein said polyamine is ethylenediamine or a
polyethylene polyamine.

3. Themethod asrecited in claim 2, wherein said polyethylene polyamineisamember
selected from the group consisting of:

diethylenetriamine (DETA);

triethylenetetramine (TETA);

tetraethylenepentamine (TEPA);

pentaethylenehexamine (PEHA);

hexamethyleneheptamine (HEHA), and

mixtures thereof.

4. The method as recited in claim 1, wherein said polyamine is a polypropylenimine

or isareaction product of an ephihalohydrin or ethylene dichloride with an amine reactant.



5. The method asrecited in claim 1, wherein said polyamineisreacted via (1) amulti-
step condensation reaction wherein a dicarboxylic acid is reacted with a polyalkylene amine
reactant to form a polyamide followed by reaction of said polyamide with an epihalohydrin, or a

cross linking of a polyamine reactant with a cross linking agent.

6. The method as recited in claim 1, wherein said polyamine is a reaction product of
acrylic acid or copolymer thereof with polyethylenimine, or reacted with a reactant selected from

afatty acid, tall oil fatty acid, carboxylic acid, or anhydride, and an aldehyde.

7. The method of claim 6, wherein said polyamine reactant i) is selected from
polyethylenepolyamine,  polyethylenimine,  ethyoxylated  polyethylene-polyamine  or

polypropylenimine.

8. The method of claim 7, wherein said reactant ii) is tall oil fatty acid and i) is

polyethylenimine.

9. An antifoulant composition for inhibiting fouling on structura parts of a system
exposed to a fluid hydrocarbon or petrochemical stream comprising a tight crude oil, said
antifoulant composition comprising: (1) a polyamine and (2) adispersant or afatty acid, wherein
said antifoulant composition is ablend or areaction product,

wherein said polyamine (1) is an alkylene polyamine represented by the formula

ZA4NH — Ri}nX

wherein Ry is an akylene group having from about 1 to about 10 carbon atoms;

nisfrom about 1 to about 200,000;

X is H, NH2, or a hydrocarbyl group having up to 2 carbon atoms and Z is H, NH2 or a
hydrocarbyl group having up to 2 carbon atoms, said polyamine having a linear, branched, or
dendrimetric structure and said dispersant (2) is a member selected from group consisting of
formaldehyde resins, alkyl phenol sulfides, Ca/Mg/Al salt of phosphonate phenates, polyalkylene

succinimides and alkylene thiophosphonic acid esters,



wherein said antifoulant composition is added to the fluid hydrocarbon or
petrochemical stream in an amount ranging from about 0.1 to about 100,000 ppm based

upon one million parts by volume.

10.  An antifoulant composition for inhibiting fouling on structural parts of a system
exposed to a fluid hydrocarbon or petrochemical stream comprising a tight crude oil, said
antifoulant composition comprising a reaction product of i) a polyamine reactant and a ii) second
reactant selected from afatty acid, tall oil fatty acid, carboxylic acid or anhydride and an aldehyde,
wherein said polyamine reactant i) is selected from polyethylenepolyamine, polyethylenimine,
ethoxylated polyethylene polyamine, or polypropylenimine; and

wherein said reactant ii) istall oil fatty acid and i) is polyethylenimine, and

wherein said polyamine has a boiling point of greater than 110°C.

11.  Themethod asrecited in claim 1, wherein said tight crude oil comprises a crude oil

produced from shale or tight sand formations.

12.  The antifoulant composition as recited in clam 9, wherein said polyamine

comprises aboiling point of greater than 110°C.



