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ALKOXYLATED (HYDROXYALKYL)AMINOPHENOL POLYMERS AND
METHODS OF USE

FIELD OF THE INVENTION

[0001] The present invention generally relates to polymeric compositions based

on the condensation of phenolic compounds with aldehydes, and alkoxylated adducts thereof.
BACKGROUND

[0002] Polymeric compounds are used throughout industry to assist people in
achieving important manufacturing and processing goals. Benefits in industrial processes
such as inhibiting corrosion, inhibiting biofilm formation, inhibiting microbial growth,
modifying rheology, emulsifying, demulsifying, tackifying, plasticizing, defoaming,
flocculating, coagulating, and the like are achieved by practitioners using a variety of
polymeric compounds. Thus, polymeric surfactants, emulsifiers, bio-film inhibitors,
biocides, theology modifiers, anti-corrodents, emulsion breakers, fuel dehazers, asphaltene
dispersants, defoaming additives, flocculants/coagulants, and the like are generally available
in the industry to append one or more industrial processes or assist in reaching one or more
industrial manufacturing, processing, transporting, or storage goals.

[0003] An industrially important class of polymers is phenol-aldehyde type
polymers, including prepolymers and cured resins (collectively “phenolic polymers™ or
“phenolics™). Phenolics are synthesized by condensing phenolic monomers such as phenol,
resorcinol, Bisphenol A, alkylphenols, and/or mixtures of these with aldehydes such as
formaldehyde. An industrially useful form of phenolic is a phenolic prepolymer. Phenolic
prepolymers are commercially available as water-based dispersions including the partial
reaction product of one or more phenolic monomers and formaldehyde. In such form, the
prepolymer is relatively stable in the water dispersion. Since formaldehyde exists
predominantly in solution as a dynamic equilibrium of methylene glycol oligomers, the
concentration of the reactive form of any "free" formaldehyde residing in the prepolymer
formulation depends on temperature and pH. Commercially available phenolic prepolymers
include novalacs and resoles.

[0004] Novalacs are phenolic prepolymer dispersions wherein the molar ratio of
formaldehyde to phenolic monomer is less than one, and wherein curing is accomplished
using acid or base catalysis, in some embodiments employing heat, along with the addition of

an aldehyde or a formaldehyde donor such as hexamethylene tetramine. Examples of suitable
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novalac cure catalysts include oxalic acid, hydrochloride acid, and sulfonic acid. The
prepolymer units are mainly linked by methylene and/or ether groups through the
methylolation of the phenolic monomer by the reactive form of formaldehyde. Resoles are
phenolic prepolymer dispersions having a formaldehyde to phenolic monomer ratio of greater
than one (for example, around 1.5). The resoles are cured after drying using heat and a base
catalyst.

[0005] To form a phenolic prepolymer dispersion, phenolic monomer, aldehyde,
water and catalyst are mixed in the desired amount and heated, for example to between about
50°C and 100°C or between about 60°C and 80°C to form the prepolymerized dispersion. The
prepolymers will crosslink, in embodiments upon heating to around 120°C, to form
methylene and dibenzyl ether bridges via elimination of both the water of dispersion and the
water formed by the polycondensation reaction. The result is a stable, three-dimensional
cured network. The final crosslinking step results in a phenolic resin possessing industrially
recognized characteristics such as excellent hardness, thermal stability, and chemical
imperviousness.

[0006] Alkylphenol-based phenolics, or “alkylphenolics™ are structurally similar
to phenolics formed from phenol and/or resorcinol and are synthesized using any of the
foregoing processes wherein an alkylphenol is employed in place of, or in combination with,
phenol, resorcinol, and the like. The alkylphenol monomer employed to synthesize the
alkylphenolic is typically a 4-alkylphenol, ¢.g. 4-nonylphenol wherein the nonyl moiety is
linear or branched. Alkylphenolic prepolymers and resins have improved solubility in
hydrocarbon solvents compared to their non-alkylated counterparts. Industrially,
alkylphenolics are employed to build green tack and impart adhesion strength in rubber-based
adhesives, and are useful as modifiers for rubber materials such as butyl rubber, chloroprene
rubber, and the like, imparting improved oil resistance, heat resistance, chemical resistance,
and weathering properties to rubber products such as belts, treads, hoses, vehicle tires, and
the like.

[0007] The alkylphenol monomer employed in the majority of industrial
alkylphenolics is nonylphenol, which is often more accurately described as a highly branched
C9 4-alkylphenol. Nonylphenol-formaldehyde condensation polymers provide a favorable
solubility profile and cost effectiveness combination for industrial use. Cost effectiveness of
the nonylphenol monomer is due to historically widespread industrial adoption of ethoxylated

phenol surfactants, which are highly effective nonionic surfactants. However, nonylphenol
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and other alkylphenols, as the breakdown products of their ethoxylated adducts in the
environment, have been restricted in many countries. Nonylphenols are now recognized to
be endocrine disruptors and xenoestrogens in humans and aquatic animals. Accordingly,
nonylphenol ethoxylates are being replaced by other surfactants, for example alkanol
cthoxylates, in many international markets. Similarly, there is a need in the industry to
replace alkylphenolics due to the desirability of eliminating use of alkylphenols generally and
nonylphenols particularly.

[0008] Development of environmentally benign monomers that are usefully
employed to form polymers possessing new and useful properties are an ongoing need in the
industry. Further, there is a need in the industry to provide alternatives for alkylphenolics,

including both prepolymers and resins.

SUMMARY OF THE INVENTION
[0009] Described herein are polyalkoxylated polymers and compositions
comprising them. The polyalkoxylated polymers are polyalkoxylated
(hydroxyalkyl)aminophenol polymers comprising a polyalkoxylated repeat unit having the

structure

wherein R! and R? are —~(CR7R®)a(CHOR®)(CH2),(0)4R1°;

R?is [R'O]H;

R* and R’ are independently H, C1-C22 alkyl, or [R1O]<H;

R®is H, alkyl, aryl, benzyl, or aralkyl, optionally substituted with an alkyl group, alkoxy
group, or hydroxyl group;

R” and R® are independently H or alkyl;

R’ is H or -[R"O]:H;
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R!%is C1-Cas linear, branched, or cyclic alkyl, aryl, or aralkyl;

each R!! is independently—CH2-CHa-, -CH(CH3)-CH>-, -CH2-CH2-CHa-, -CH2-CHa-CHa-
CHz-, or -CH(C¢Hs)-CHa-;

n is an integer between 1 and 12;

p is 0 or an integer between 1 and 12;

qisOorl;and

each x is independently an integer between 2 and 1000.

[0010]  In embodiments, R*and R are H. In embodiments, R” and R¥are H. In
embodiments, n, p, and q are 1. In embodiments, R!° is selected from n-octyl, isooctyl, n-
decyl, isodecyl, n-dodecyl, n-tetradecyl, n-hexadecyl, n-hexyl, n-butyl, isobutyl, t-butyl, n-
pentyl, isopentyl, or 2-ethylhexyl. In embodiments, R® is H.

[0011] In embodiments, at least one R!! is -CH2-CHz-. In embodiments, at least
one R!! is -CH(CH3)-CHz-. In embodiments, each R!! is -CH2-CHz-. In embodiments, each
R! is -CH(CH3)-CHz-. In embodiments, -[R}'O]xH is characterized as an alkylene oxide
functionality. In some embodiments, —[R!'Q]xH is characterized as a copolymeric alkylene
oxide functionality. In some embodiments of the copolymeric alkylene oxide functionality,
each R!! is either -CH2-CHa- or -CH(CH3)-CHz-. In some embodiments, the copolymeric
alkylene oxide functionality is a block copolymeric alkylene oxide functionality. In
embodiments, each x is between 2 and 100.

[0012] In embodiments, the polyalkoxylated polymer comprises 1-1000 total
polyalkoxylated repeat units having one or more of the foregoing structures, or is a
crosslinked polyalkoxylated polymer network having at least one and in embodiments more
than 1000 total polyalkoxylated repeat units.

[0013] In embodiments, methods of resolving emulsions in industrial process streams
include adding one or more polyalkoxylated polymers to an industrial process stream
including, consisting essentially of, or consisting of an emulsion, to form a treated process
stream. Industrial process streams suitably treated by addition of the one or more
polyalkoxylated HCAP resins include emulsions of crude oil and wash water formed during
crude oil purification, and manufacturing process streams formed during synthesis,
purification, and/or transportation of ethylenically unsaturated or “vinylic” compounds such
as butadiene, styrene, acrylic acid, and the like. In embodiments; 0.1 ppm to 10,000 ppm of
the one or more polyalkoxylated polymers is added to the industrial process stream or is

present in the treated industrial process stream.
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[0014] Other objects and features will be in part apparent and in part pointed out

hereinafter.

DETAILED DESCRIPTION

[0015] Although the present disclosure provides references to preferred
embodiments, persons skilled in the art will recognize that changes may be made in form and
detail without departing from the spirit and scope of the invention. Various embodiments
will be described in detail with reference to the drawings, wherein like reference numerals
represent like parts and assemblies throughout the several views. Reference to various
embodiments does not limit the scope of the claims attached hereto. Additionally, any
examples set forth in this specification are not intended to be limiting and merely set forth
some of the many possible embodiments for the appended claims.

[0016] Definitions

[0017] Unless otherwise defined, all technical and scientific terms used herein
have the same meaning as commonly understood by one of ordinary skill in the art. In case of
conflict, the present document, including definitions, will control. Preferred methods and
materials are described below, although methods and materials similar or equivalent to those
described herein can be used in practice or testing of the present invention. All publications,
patent applications, patents and other references mentioned herein are incorporated by
reference in their entirety. The materials, methods, and examples disclosed herein are
illustrative only and not intended to be limiting.

[0018] The terms "comprise(s)," "include(s)," "having," "has," "can," "contain(s),"
and variants thereof, as used herein, are intended to be open-ended transitional phrases,
terms, or words that do not preclude the possibility of additional acts or structures. The

singular forms "a," "and" and "the" include plural references unless the context clearly

dictates otherwise. The present disclosure also contemplates other embodiments

"comprising," "consisting of' and "consisting essentially of," the embodiments or elements
presented herein, whether explicitly set forth or not.

[0019] As used herein, the term "optional” or "optionally" means that the
subsequently described event or circumstance may but need not occur, and that the
description includes instances where the event or circumstance occurs and instances in which

it does not.
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[0020] As used herein, the term "about" modifying, for example, the quantity of
an ingredient in a composition, concentration, volume, process temperature, process time,
yield, flow rate, pressure, and like values, and ranges thereof, employed in describing the
embodiments of the disclosure, refers to variation in the numerical quantity that can occur,
for example, through typical measuring and handling procedures used for making
compounds, compositions, concentrates or use formulations; through inadvertent error in
these procedures; through differences in the manufacture, source, or purity of starting
materials or ingredients used to carry out the methods, and like proximate considerations. The
term "about" also encompasses amounts that differ due to aging of a formulation with a
particular initial concentration or mixture, and amounts that differ due to mixing or
processing a formulation with a particular initial concentration or mixture. Where modified
by the term "about" the claims appended hereto include equivalents to these quantities.
Further, where “about” is employed to describe a range of values, for example “about 1 to 57
the recitation means “1 to 57 and “about 1 to about 5” and ““1 to about 5 and “about 1 to 57
unless specifically limited by context.

[0021] As used herein, "substantially" means "consisting essentially of", as that
term is construed in U.S. patent law, and includes "consisting of" as that term is construed in
U.S. patent law. For example, a solution that is "substantially free" of a specified compound
or material may be free of that compound or material, or may have a minor amount of that
compound or material present, such as through unintended contamination, side reactions, or
incomplete purification. A “minor amount” may be a trace, an unmeasurable amount, an
amount that does not interfere with a value or property, or some other amount as provided in
context. A composition that has "substantially only" a provided list of components may
consist of only those components, or have a trace amount of some other component present,
or have one or more additional components that do not materially affect the properties of the
composition. Additionally, "substantially" modifying, for example, the type or quantity of an
ingredient in a composition, a property, a measurable quantity, a method, a value, or a range,
employed in describing the embodiments of the disclosure, refers to a variation that does not
affect the overall recited composition, property, quantity, method, value, or range thereof in a
manner that negates an intended composition, property, quantity, method, value, or range.
Where modified by the term "substantially" the claims appended hereto include equivalents

according to this definition.
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[0022] As used herein, any recited ranges of values contemplate all values within
the range and are to be construed as support for claims reciting any sub-ranges having
endpoints which are real number values within the recited range. By way of a hypothetical
illustrative example, a disclosure in this specification of a range of from 1 to 5 shall be
considered to support claims to any of the following ranges: 1-5; 1-4; 1-3; 1-2; 2-5; 2-4; 2-3;
3-5; 3-4; and 4-5.

[0023] Discussion

[0024] Disclosed herein are polyalkoxylated bis(hydroxycarbyl)aminophenolic
polymers, which are polymeric compounds including one or more repeat units comprising the
condensation product of a bis(hydroxycarbyl)aminophenolic (HCAP) resin with an aldehyde,
further wherein cach HCAP repeat unit is polyalkoxylated to include one or more
polyalkylene oxide functionalities.

[0025] The polyalkoxylated HCAP resins include at least one polyalkoxylated
HCAP repeat unit according to the formula:

RS
o RS

wherein R! and R? are —(CR7R¥)y(CHOR®)(CH2),(0)4R';

R?is [R'1O]H;

R* and R are independently H, C1-C22 alkyl, —[R''O]<H, or NRiR3;

R%is H, alkyl, aryl, benzyl, or aralkyl, optionally substituted with an alkyl group, alkoxy
group, or hydroxyl group;

R” and R® are independently H or alkyl;

R’is H or —[R!!'O]<H;

Ris C1-Ca4 linear, branched, or cyclic alkyl, aryl, or aralkyl;

each R!! is independently—CH2-CHa-, -CH(CH3)-CH>-, -CH2-CH>-CH»-, CH2-CHb-CH>-
CHa-, or -CH(CsHs)-CH2-;
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n is an integer between 1 and 12;

p is 0 or an integer between 1 and 12;

qis 0 or 1; and

each x is independently an integer between 2 and 1000.

[0026]  In embodiments, R*and R’ are H. In embodiments, R” and R¥are H. In
embodiments, n, p, and q are 1. In embodiments, R'® is selected from n-octyl, isooctyl, n-
decyl, isodecyl, n-dodecyl, n-tetradecyl, n-hexadecyl, n-hexyl, n-butyl, isobutyl, t-butyl, n-
pentyl, isopentyl, or 2-ethylhexyl.

[0027]  In embodiments, R®is H. In embodiments R® is CHs. In embodiments R®
is COOH. In embodiments R® is benzyl. In embodiments R® is

E - g@

OR12

wherein R'? is methyl or ethyl. In embodiments R® includes one or two oxygen atoms. In
embodiments R® includes an ether moiety. In embodiments R® includes a hydroxyl moiety.
In embodiments R® includes one or more hydroxyl moieties, one or more ether moieties, or a
combination thereof. In embodiments, R® includes a crosslink moiety, for example where a
bisaldehyde such as glyoxal is employed as the aldehyde in the condensation. Bisaldehydes
include two aldehyde functionalities capable of condensation with HCAP functionalities and
so are capable of obtaining crosslinking of the resulting HCAP polymer.

[0028]  In embodiments, at least one R is -CH2-CHa-. In embodiments, at least
one R'! is -CH(CH3)-CHz-. In embodiments, each R!! is -CH»-CHa-. In embodiments, each
R! is -CH(CH3)-CHz-. In embodiments, -[R}'O]xH is suitably characterized as an
polyalkoxylated functionality, an alkylene oxide functionality, a polymeric alkylene oxide
functionality, or a polyalkylene oxide functionality. In some embodiments, —[R''O]<H is
characterized as a copolymeric alkylene oxide functionality. In some embodiments of the
copolymeric alkylene oxide functionality, each R'! is either ~-CH2-CHa- or -CH(CH3)-CHa-.
In embodiments, a copolymeric alkylene oxide functionality is disposed in an alternating,
random, or block configuration. In some embodiments, a copolymeric alkylene oxide
functionality is a block copolymeric alkylene oxide functionality. In embodiments, each x is
between 2 and 200.
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[0029] In some embodiments, the polyalkoxylated HCAP resin comprises,
consists essentially of, or consists of an alternative repeat unit that is a polyalkoxylated
HCAP repeat unit having the tertiary amino functionality situated in a 1,3-relationship (that

is, meta-) to the phenolic oxygen. The alternative repeat unit has the following structure:

o] R6

R'—N R4

R2 R4 ,
wherein R!, R%, R? R*, R, and R® are the same as set forth above. In embodiments, the
polyalkoxylated HCAP resin comprises one or more polyalkoxylated HCAP repeat units, and
one or more alternative repeat units. In some embodiments, the polyalkoxylated HCAP
polymer includes one or more alternative repeat units and excludes polyalkoxylated HCAP
repeat units. In other embodiments, the polyalkoxylated HCAP polymer includes one or
more polyalkoxylated HCAP repeat units and excludes alternative repeat units. In other
embodiments, the polyalkoxylated HCAP resin includes one or more polyalkoxylated HCAP
repeat units and one or more alternative repeat units. In still other embodiments, the
polyalkoxylated HCAP polymer comprises, consists essentially of, or consists of one or more
polyalkoxylated HCAP repeat units and one or more alternative repeat units and may be
characterized as a polyalkoxylated HCAP copolymer. Thus, in embodiments, a
polyalkoxylated HCAP copolymer comprises, consists essentially of, or consists of one or
more polyalkoxylated HCAP repeat units, one or more alternative repeat units, or a
combination thereof. In embodiments, a polyalkoxylated HCAP copolymer comprises one or
more polyalkoxylated HCAP repeat units, one or more alternative repeat units, or a
combination thereof;, and one or more additional repeat units comprising the condensation
product of a phenolic compound and an aldehyde. In embodiments, the phenolic compound
is phenol, resorcinol, pyrocatechol, hydroquinone, phloroglucinol, hydroxyhydroquinone, or
a mixture of two or more thereof. In embodiments, the aldehyde is formaldehyde,
acetaldehyde, benzaldehyde, vanillin, salicylaldehyde, glyoxal, glyoxylic acid, or a mixture

of two or more thereof.
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[0030] In embodiments, a polyalkoxylated HCAP resin is a an HCAP resin
comprising an alkylene oxide functionality bonded to each HCAP repeat unit. In
embodiments, the polyalkoxylated HCAP resin includes two alkylene oxide functionalities
bonded to each HCAP repeat unit. In embodiments, a polyalkoxylated HCAP resin includes
three alkylene oxide functionalities bonded to each HCAP repeat unit. In embodiments, a
polyalkoxylated HCAP resin includes four or more alkylene oxide functionalities bonded to
cach HCAP repeat unit. Each alkylene oxide functionality includes at least 2 alkoxy repeat
units, and up to 1000 alkoxy repeat units, for example 2-800, 2-600, 2-400, 2-200, 2-100, 2-
80, 2-60, 2-40, 2-20, or 2-10 alkoxy repeat units.

[0031] Methods of making the polyalkoxylated HCAP resins include forming an
HCAP prepolymer from an HCAP compound; converting the HCAP prepolymer to an HCAP
resin; and functionalizing the HCAP resin with one or more alkylene oxide functionality. In
embodiments an HCAP compound is characterized as including an aromatic ring compound
having a bis(hydroxycarbyl)amino adduct bonded to the ring, at least one hydroxyl or alkoxyl
group (phenolic hydroxyl group) bonded to the ring, and at least two hydrogen atoms
susceptible to acid or base catalyzed condensation with an aldehyde bonded to the ring.
Thus, in embodiments, the HCAP compound is a bis(hydroxycarbyl)amino adduct of, for
example, phenol, resorcinol, pyrocatechol, hydroquinone, phloroglucinol,
hydroxyhydroquinone, or two or more thereof. HCAP compounds are identified in
copending U.S. Application No. 16/860,954 as antipolymerants or polymerization retardants
when added to industrial process streams for producing e.g. styrene, isoprene, butadiene, or
another ethylenically unsaturated monomer. As such, the HCAP compounds are suitably
employed to reduce free radical or oxidative type polymerization that occurs in such
industrial process systems.

[0032] The HCAP compounds are susceptible to condensation polymerization
with an aldehyde. Accordingly, in embodiments, one or more HCAP compounds are
condensed with an aldehyde such as formaldehyde (including paraformaldehyde and
formalin), acetaldehyde, vanillin, ethylvanillin, glyoxal, glyoxylic acid, salicylaldehyde or
benzaldehyde to provide a bis(hydroxycarbyl)aminophenolic polymer (HCAP polymer)
comprising one or more HCAP repeat units.

[0033] All embodiments regarding the HCAP repeat units disclosed herein are
intended to be freely combinable without limitation as starting materials to form the

polyalkoxylated HCAP resins disclosed herein.

10
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[0034] In embodiments, HCAP polymers are polymers including at least one
HCAP repeat unit. In some embodiments, an HCAP repeat unit is a repeat unit
corresponding to a condensation product of an aldehyde with a bis(hydroxycarbyl)amino
adduct of, for example, phenol, resorcinol, pyrocatechol, hydroquinone, phloroglucinol,
hydroxyhydroquinone, or two or more thereof. In embodiments, HCAP polymers are formed
by condensing one or more HCAP compounds with one or more aldehydes to form a polymer
having at least 3 HCAP repeat units and up to 100 HCAP repeat units, for example a weight
average or a number average of 3,4, 5, 6,7, 8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55, 60,
65, 70, 75, 80, 85, 90, 95, or 100 HCAP repeat units or 3-10, 10-20, 20-30, 30-40, 40-50, 50-
60, 60-70, 70-80, 80-90, or 90-100 HCAP repeat units or 3-90, 3-80, 3-70, 3-60, 3-30, 3-40,
3-30, 3-20, 3-15, 3-10, 3-9, 3-8, 3-7, 3-6, or 3-5 HCAP repeat units or 5-100, 10-100, 20-100,
30-100, 40-100, 50-100, 60-100, 70-100, 80-100, or 90-100 HCAP repeat units. In
embodiments the HCAP polymer is formed by condensing an HCAP compound and
formaldehyde and another aldehyde such as acetaldehyde or benzaldehyde, to form a HCAP
polymer having at least 3 repeat units and up to 100 HCAP repeat units.

[0035] In embodiments, an HCAP polymer is an HCAP copolymer. HCAP
copolymers include at least one HCAP repeat unit that is a first repeat unit, and a second
repeat unit comprising a condensation product of a phenolic compound and an aldehyde
selected from the aldehydes listed above, ¢.g. formaldehyde or an equivalent thereof
(formalin or paraformaldehyde). Phenolic compounds are characterized as aromatic
compounds having one or more hydroxyl groups bonded directly thereto. Phenolic
compounds include, but are not limited to phenol, resorcinol, pyrocatechol, hydroquinone,
phloroglucinol, and hydroxyhydroquinone. The HCAP copolymers include at least 3 total
repeat units and up to 1000 repeat units, wherein at least one of the repeat units is an HCAP
repeat unit. In some such embodiments the HCAP copolymers include 1-500 HCAP repeat
units or 1-100 HCAP repeat units.

[0036] Combinations of the foregoing condensation strategies are advantageously
employed to provide a wide compositional and structural range of HCAP polymer products.
In embodiments the HCAP repeat unit includes two hydroxyalkyl moieties and one or more
aromatic hydroxyl moieties per repeat unit. In embodiments an HCAP copolymer includes at
least one HCAP repeat unit. In embodiments an HCAP homopolymer includes at least 3

HCAP repeat units.

11
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[0037] Exemplary but non-limiting HCAP polymers include homopolymers and

copolymers comprising one or more repeat units (a)-(e):

(Cg-Cioy—O OH HO  0—(CgCqg)

[0038] The repeat unit (a) is formed from the reaction of 4-aminophenol with
butyl glycidyl ether, followed by condensation with formaldehyde. The repeat unit (b) is
formed by the reaction of 4-aminophenol with 1,2-epoxyoctane, followed by condensation
with formaldehyde. The repeat unit (c) is formed by the reaction of 4-aminophenol with 2-
ethylhexylglycidyl ether, followed by condensation with benzaldehyde. The repeat unit (d) is
formed by the reaction of 4-aminophenol with styrene oxide, followed by condensation with
formaldehyde. And the repeat unit (¢) is formed by the reaction of 4-aminophenol with a
mixed Cs-Cio alkyl glycidyl ether, followed by condensation with benzaldehyde; in some

embodiments the mixed Cs-Cio alkyl glycidyl ether includes a mixture of linear Cs-Cio alkyl

12



WO 2022/087248 PCT/US2021/056028

moieties, while in other embodiments the mixed Cs-Cio alkyl glycidyl ether includes a
mixture of linear and branched Cs-Cio alkyl moieties.

[0039] The HCAP polymer as defined herein is an HCAP prepolymer, or an
HCAP resin. In embodiments, an HCAP prepolymer is formed by employing the foregoing
steps of condensing aldehyde and phenolic content at mild temperature, such as below 100 °C
to form an HCAP prepolymer. Then the HCAP prepolymer is heated to remove the water of
condensation and achieve cure (chain extension and/or crosslinking) to form an HCAP resin.
In some embodiments, the ratio of aldehyde to total phenolic content is selected by the user to
form a novalac type HCAP prepolymer, wherein the molar ratio of aldehyde to total phenolic
content is less than 1. In some embodiments, the ratio of aldehyde to total phenolic content is
selected by the user to form a resole type HCAP prepolymer, wherein the molar ratio of
aldehyde to total phenolic content is greater than 1. In embodiments, the ratio of total
phenolic content to aldehyde is selected by the user to be about 1:1. In some embodiments,
the molar ratio of aldehyde to total phenolic content is between about 0.0005:1 to 0.8:1, or
about 0.001 to 0.6:1, or about 0.1:1 to 0.4:1, or about 0.2:1 to 0.3:1. In other embodiments,
the molar ratio of total phenolic content to aldehyde is between about 0.0005:1 to 0.8:1, or
about 0.001 to 0.6:1, or about 0.1:1 to 0.4:1, or about 0.2:1 to 0.3:1.

[0040] In some embodiments the condensation reaction commonly employed in
forming phenolic aldehyde prepolymers (novalacs and resoles) or cured phenolic resins are
advantageously employed herein to form HCAP prepolymers and resins. Specifically, one or
more HCAP compounds or a combination of one or more HCAP compounds and one or more
additional aromatic hydroxylated compounds are selected and combined with one or more
aldehydes. Additional aromatic hydroxylated compounds include phenol, alkylated phenol,
resorcinol, pyrocatechol, hydroquinone, phloroglucinol, hydroxyhydroquinone, lignosulfonic
acid, phenoldisulfonic acid, and oligomerized sources such as tannic acid, humic acid, fulvic
acid, lignin extracts, and Quebracho extracts; and other aromatic hydroxylated compounds
without limitation. One or more HCAP compounds and optionally one or more additional
aromatic compounds are combined to provide a “total phenolic content” or moles of reactive
functionality available for condensation with an aldehyde.

[0041] Thus, in embodiments, a selected amount of total phenolic content is
combined with a selected amount of one or more aldehydes, wherein the selections provide
the desired level of polymerization; and a selected, acidic or basic cure catalyst is added

under conditions of mild heat, for example between between 50°C and 120°C, or between

13
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about 60°C and 100°C to obtain a polymeric condensation product or prepolymer. In
embodiments, the synthesis of the HCAP prepolymers is carried out in the absence of added
water. In embodiments, the synthesis of the HCAP prepolymers is carried out substantially in
the absence of added water, wherein “substantially” means that sufficient water is added to
the reaction vessel to achieve or enable a reaction such as depolymerization of
paraformaldehyde or formalin to formaldehyde. In embodiments, synthesis of the HCAP
prepolymers is achieved by addition of an acid or base catalyst to the reaction vessel along
with an amount of water sufficient to dissolve and/or deliver the acid or base to the reaction
vessel.

[0042] In embodiments, after the condensation is completed, an HCAP
prepolymer is dispersed in the selected solvent. The HCAP prepolymer is dispersed at a total
solids content of 30 wt% to 90 wt% based on the weight of the dispersion, or 35 wt% to 80
wt%, or about 40 wt% to 70 wt%, or about 50 wt% to 60 wt% solids based on the weight of
the dispersion.

[0043] The HCAP prepolymers are converted to HCAP resins by heating the
prepolymer dispersion to at least 100 °C, such as 100 °C to 180 °C, or 120 °C to 150 °C. The
higher temperature in this stage causes methylene and dibenzyl ether bridges to form via
climination of the water formed by the condensation reaction. The HCAP prepolymers
chain-extend, crosslink, or both (collectively, “cure™), in some embodiments concomitant
with evaporation of the solvent, such as by coating and evaporative heating to result in the
HCAP resin. In other embodiments, the HCAP prepolymer is cured by heating in the solvent,
wherein the water of condensation is removed from the reaction vessel by azeotrope or by use
of molecular sieves or another drying agent.

[0044] After curing, the HCAP prepolymer is converted to an HCAP resin. The
HCAP resin is a three-dimensional cured network including one or more HCAP repeat units.
The HCAP repeat units include at least two alkanolic hydroxyl groups, incorporated into the
backbone of the HCAP polymer as (hydroxycarbyl)amino moieties. In embodiments the
HCAP repeat units, or another repeat unit of an HCAP polymer, or a combination thercof
further include one or more aromatic (phenolic) hydroxyl moieties. HCAP hydroxyl moieties
incorporated within the HCAP polymer backbone are available for functionalization thereof
to impart one or more additional properties to the HCAP resin or to change one or more

properties of the HCAP resin. Thus, in embodiments, one or more HCAP resins are suitably
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functionalized by reaction of the alkanolic and/or aromatic hydroxyl groups to bond one or
more adducts bonded thereto, to form a functionalized HCAP resin.

[0045] In embodiments, one or more HCAP resins are suitably functionalized to
result in a polyalkoxylated polymer. In such embodiments, one or more HCAP resins are
suitably functionalized by reaction of the alkanolic and/or aromatic hydroxyl groups to form
one or more alkoxy groups bonded thereto, to form a polyalkoxylated HCAP polymer, or
polyalkoxylated HCAP resin. A polyalkoxylated HCAP resin is an HCAP resin having a
polyalkylene oxide moiety or functionality bonded thereto. In embodiments, the
polyalkoxylated HCAP resin has one polyalkylene oxide moicty or functionality bonded to
each HCAP repeat unit. In embodiments, a polyalkoxylated HCAP resin has more than one
polyalkylene oxide moiety or functionality bonded to a repeat unit. In embodiments, a
polyalkoxylated HCAP resin has more than one polyalkylene oxide moiety or functionality
bonded to one HCAP repeat unit. In embodiments, a polyalkoxylated HCAP resin has more
than one polyalkylene oxide moiety or functionality bonded to each HCAP repeat unit.

[0046] Thus, in embodiments, polyalkoxylated HCAP resins are formed by
reaction of one or more HCAP resin hydroxyl groups with one or more alkylene oxides. A
polyalkylene oxide moiety is a polyether moiety covalently bonded to the HCAP resin
through one or more oxygen atoms of the HCAP resin hydroxyl groups, including alkanolic
hydroxyl groups, aromatic hydroxyl groups, or both alkanolic and aromatic hydroxyl groups.

[0047] Alkylene oxides suitably employed to form the polyalkoxylated HCAP
resins are not particularly limited. In embodiments, the alkylene oxide is ethylene oxide,
propylene oxide, butylene oxide, styrene oxide, or a combination of two or more therecof. In
embodiments, the alkylene oxide is a mixture of ethylene oxide and propylene oxide. In
embodiments, the alkylene oxide is ethylene oxide.

[0048] In embodiments, methods of forming the polyalkoxylated HCAP resin
include contacting an alkylene oxide with an HCAP resin, including any of the HCAP resins
described above, under basic conditions to facilitate the ring-opening polymerization of the
alkylene oxide (polyalkoxylation). In embodiments, the alkylene oxide is a liquid when
contacted with an HCAP resin. In embodiments, the alkylene oxide is a gas when contacted
with an HCAP resin. In some embodiments the gas is applied to the HCAP resin under a
pressure in excess of atmospheric pressure, for example about 7 kPa to 700 kPa, such as 20
kPa to 600 kPa in excess of atmospheric pressure. Such pressure is achieved by enclosing an

HCAP resin in a chamber designed and adapted to apply a gas under a pressure, such as a
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pressure vessel available from the Paar Instrument Company of Moline, IL, or a similar
pressurizable chamber reactor designed and adapted to apply a pressurized gas to the
chamber; and adding an alkylene oxide gas to the reactor under a pressure sufficient to
initiate and propagate ring-opening polymerization of the alkylene oxide. In some
embodiments it is not necessary to add heat to initiate and propagate the ring-opening
polymerization. In other embodiments it is desirable to heat the polymer inside the reactor,
¢.g. to a temperature of 40 °C -200 °C, for example 50 °C to 180 °C.

[0049] In embodiments, an alkylene oxide is contacted with an HCAP resin in a
selected molar ratio to form a polyalkoxylated HCAP resin having the desired number and
composition of polyalkylene oxide repeat units. In embodiments, polyalkoxylation occurs on
both alkanolic and phenolic (aromatic) hydroxy groups of the HCAP polymer. Polyalkylene
oxide chain length is statistically built up by chain extension initiated by each of the hydroxyl
groups of the HCAP polymer backbone. Thus, the number of polyalkylene oxide repeat units
is easily targeted by contacting the HCAP resin with the calculated number of moles of
alkylene oxide per mole of hydroxyl groups. For example, to obtain 10 ethylene oxide repeat
units per hydroxyl group, an HCAP resin including 1 mole of HCAP repeat units per kg of
HCAP resin, wherein each HCAP repeat unit includes two hydroxyl groups, requires contact
of 20 moles of an alkylene oxide per kg of the HCAP resin to produce a polyalkoxylated
HCAP resin having two polyalkylene oxide moieties bonded to each HCAP repeat unit,
further wherein each polyalkylene oxide moiety includes 10 polyalkylene oxide repeat units,
or about 10 polyalkylene oxide repeat units, or an average such as a number average of 10
polyalkylene oxide repeat units or a weight average of 10 polyalkylene oxide repeat units.

[0050] In embodiments, a polyalkoxylated HCAP resin includes at least 2 and as
many as 1000 polyalkylene oxide repeat units per polyalkylene oxide moiety, often 2 to 800,
2 to0 600, 2 to 400, 2 to 200, 2 to 100, 2 to 50, to 2 to 30 polyalkylene oxide repeat units per
polyalkylene oxide moiety, or 2-23, 2-20, 2-18, 2-16, 2-14, 2-12, 2-10, 2-8, 2-6, 4-20, 4-18,
4-16, 4-14, 4-12, 4-10, 4-8, 2-14, 2-4, 4-6, 6-8, 8-10, 10-12, 12-24, 14-16, 16-18, 18-20, 20-
25, or 25-30 polyalkylene oxide repeat units per polyalkylene oxide moiety; or a number
average or weight average of 2, 3,4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 22,
24, 26, 28, 30, 40, 50, 60, 70, 80, 90, 100, or more polyalkylene oxide repeat units per
polyalkylene oxide moiety. In embodiments, there are two polyalkylene oxide functionalities
per functionalized HCAP repeat unit. In embodiments, there are three polyalkylene oxide

functionalities per functionalized HCAP repeat unit. In embodiments, there are more than
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three polyalkylene oxide functionalities per functionalized HCAP repeat unit, such as four,
five, or even six polyalkylene oxide functionalities per functionalized HCAP repeat unit.

[0051] In embodiments, each polyalkylene oxide functionality present on a
polyalkoxylated polymer disclosed here comprises or consists of polyethylene oxide repeat
units, polypropylene oxide repeat units, polybutylene oxide repeat units, polystyrene oxide
repeat units, or copolymeric repeat units including repeat units derived from two or more
different alkylene oxides. Copolymeric alkylene oxide functionalities include random,
alternating, and block copolymeric functionalities. For example, in embodiments the
polyalkylene oxide functionality is a polyethylene oxide functionality. In embodiments the
polyalkylene oxide functionality comprises a polyethylene oxide functionality. In some such
embodiments, the polyalkylene oxide functionality is a polyethylene oxide-polypropylene
oxide copolymeric functionality. In some such embodiments the polyethylene oxide-
polypropylene oxide copolymeric functionality is a block copolymeric functionality including
1, 2, or 3 polyethylene oxide blocks and 1, 2, or 3 polypropylene oxide blocks.

[0052] We have found that the polyalkoxylated HCAP resins described herein are
particularly useful as emulsion breakers for petroleum materials (such as asphaltenes or pygas
products) entrained in water, or for inversion of water-in-oil polymer lattices in preparation
for e.g. waterflooding (tertiary oil recovery) or other subterranean injection applications.

[0053] Accordingly, described herein are compositions including polyalkoxylated
HCAP resins and methods of using polyalkoxylated HCAP resins for resolving emulsions of
oil and water. In embodiments, the polyalkoxylated HCAP resins are used for resolving or
otherwise “breaking” emulsions that form in some instances during crude petroleum
extraction and/or refinement. As used herein, “emulsions” include water-in-oil emulsions,
oil-in-water emulsions, and complex emulsions, wherein the emulsions include both
petroleum-based and vegetable-based oil phases. In embodiments, an emulsion includes one
or more of crude oil, refined oil, bitumen, condensate, slop oil, distillates, fuels, and mixtures
thereof.

[0054] Additionally, the polyalkoxylated HCAP resins are useful for resolving
emulsions in other industrial process streams, such as manufacturing process streams such as
process streams formed during synthesis, purification, and/or transportation of ethylenically
unsaturated or “vinylic” compounds such as butadiene, styrene, acrylic acid, and the like. The

polyalkoxylated HCAP resins are also useful for resolving emulsions formed during
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synthesis, purification, and/or transportation of industrial process streams derived from
vegetable sources, for example biodiesel process streams and the like.

[0055] Accordingly, methods of resolving an emulsion present within an industrial
process stream comprise, consist essentially of, or consists of applying one or more
polyalkoxylated HCAP resins to one or more industrial process streams comprising an
emulsion, to form a treated industrial process stream. In embodiments, the treated process
stream comprises a resolved emulsion. A resolved emulsion is a composition having two
discrete and generally visible phases: an oil phase (or oily phase), and an aqueous phase. The
phases are manifest as immiscible liquid layers, often with a visible interface between the
phases. In embodiments, phase separation of a treated process stream to form a resolved
emulsion occurs generally after allowing the treated industrial process stream to stand
undisturbed or substantially undisturbed for a selected period of time. The period of time is
selected by the operator to be between 10 minutes and 12 hours. The amount of
polyalkoxylated HCAP resin applied to the industrial process stream is effective to resolve an
emulsion therein. That is, a treated industrial process stream is an industrial process stream
comprising, consisting essentially of, or consisting of an emulsion, and having a sufficient
amount of one or more polyalkoxylated HCAP resins dissolved or dispersed therein to form a
resolved process stream, or a resolved emulsion within the process stream, after allowing the
treated industrial process stream to stand undisturbed or substantially undisturbed for a
selected period of time. In embodiments, the aqueous phase of the resolved process stream
includes one or more compounds desirably removed from the oil phase as a result of the
treatment of the industrial process stream and resolution of the emulsion therein.

[0056] In embodiments, the amount of polyalkoxylated HCAP resin applied to the
industrial process stream to form a treated process stream is between 0.01 ppm and 10,000
ppm, such as 0.1 ppm to 8000 ppm, 0.1 ppm to 6000 ppm, 0.1 ppm to 4000 ppm, 0.1 ppm to
2000 ppm, 0.1 ppm to 1000 ppm, 0.1 ppm to 500 ppm, 0.1 ppm to 400 ppm, 0.1 ppm to 300
ppm, 0.1 ppm to 200 ppm, 0.1 ppm to 100 ppm, 0.1 ppm to 50 ppm, 0.1 ppm to 25 ppm, 0.1
ppm to 10 ppm, 1 ppm to 8000 ppm, 1 ppm to 6000 ppm, 1 ppm to 4000 ppm, 1 ppm to
2000 ppm, 1 ppm to 1000 ppm, 1 ppm to 500 ppm, 1 ppm to 400 ppm, 1 ppm to 300 ppm, 1
ppm to 200 ppm, 1 ppm to 100 ppm, 1 ppm to 50 ppm, 1 ppm to 25 ppm, 1 ppm to 10 ppm, 5
ppm to 10 ppm, 10 ppm to 20 ppm, 20 ppm to 30 ppm, 30 ppm to 40 ppm, 40 ppm to 50
ppm, 50 ppm to 60 ppm, 60 ppm to 70 ppm, 70 ppm to 80 ppm, 80 ppm to 90 ppm, 90
ppm to 100 ppm, 50 ppm to 100 ppm, 100 ppm to 200 ppm, 200 ppm to 300 ppm, 200 ppm
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to 300 ppm, 300 ppm to 400 ppm, 400 ppm to 500 ppm, 500 ppm to 600 ppm, 700 ppm to
800 ppm, 800 ppm to 900 ppm, 900 ppm to 1000 ppm, 1000 ppm to 1500 ppm, 1500 ppm to
2000 ppm, 2000 ppm to 2500 ppm, 2500 ppm to 3000 ppm, 3000 ppm to 4000 ppm, 4000
ppm to 5000 ppm, 5000 ppm to 6000 ppm, 6000 ppm to 7000 ppm, 7000 ppm to 8000 ppm,
8000 ppm to 9000 ppm, or 9000 ppm to 10,000 ppm based on the weight or volume of the
industrial process stream to form a treated industrial process stream.

[0057] In embodiments, to increase efficiency or ease in applying one or more
polyalkoxylated HCAP resins to an industrial process stream, the one or more
polyalkoxylated HCAP resins are included in a demulsifier composition that is useful for
delivering a dispersion or solution of the polyalkoxylated HCAP resin to the industrial
process stream to achieve resolution of an emulsion therein. Accordingly, described herein
are demulsifier compositions comprising one or more polyalkoxylated HCAP resins and a
solvent suitable for dissolving or dispersing the one or more polyalkoxylated HCAP resins.
In embodiments, the solvent is selected from toluene, heavy aromatic naphtha, xylenes, a
glycol, water, an alcohol, kerosene, propylene carbonate, paraffinic solvents, and any
combination thereof. In embodiments, the alcohol is selected from methanol, ethanol,
isopropanol, 2-ethyl hexanol, benzyl alcohol, and any combination thereof. In embodiments,
the glycol is ethylene glycol or a glycol ether, such as ethylene glycol monobutyl ether, or a
combination of ethylene glycol and glycol ethers.

[0058] In embodiments, the demulsifier compositions further include one or more
additives. Suitable additives in the demulsifier compositions include corrosion inhibitors,
viscosity reducers, friction reducers, scale inhibitors, clay swelling inhibitors, biocides, flow
back aids, surfactants, and/or other chemical treatment additives used in crude oil production,
refining and chemical processing. In embodiments, the demulsifier compositions include
additional demulsifiers, such as alcohols, fatty acids, fatty amines, glycols, and alkylphenol
formaldehyde condensation products. In embodiments, the demulsifier compositions exclude
an alkylphenol compound, such as nonylphenol or an adduct thereof.

[0059] In embodiments, the demulsifier compositions include at least 1 wt% and up
t0 99.9 wt% polyalkoxylated HCAP resin, for example 1 wt% to 5 wt%, 1 wt% to 10 wt%, 5
wt% to 10 wt% 10 wt% to 15 wt%, 15 wt% to 20 wt%, 20 wt% to 25 wt%, 25 wt% to 30
wit%, 30 wt% to 35 wt%, 35 wt% to 40 wt%, 40 wt% to 45 wt%, 45 wt% to 50 wt%, 50 wt%
to 55 wt%, 55 wt% to 60 wt%, 60 wt% to 65 wt%, 65 wt% to 70 wt%, 70 wt% to 80 wt%,
80 wt% to 85 wt%, 85 wt% to 90 wt%, 90 wt% to 95 wt%, 95 wt% to 99.9 wt%, 1 wt% to 20
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wt%, 20 wt% to 40 wt%, 40 wt% to 60 wt%, 60 wt% to 80 wt%, 80 wt% to 99.9 wt%, 10
wt% to 30 wt%, 30 wt% to 60 wt%, 60 wt% to 90 wt%, 90 wt% to 99.9 wt%, 1 wt% to 50
wt%, or 50 wt% to 99.9 wt% polyalkoxylated HCAP resin.

[0060] Accordingly, in any one or more methods described herein, a polyalkoxylated
HCAP resin is added or applied to an industrial process stream “neat”, that is, as 100% solids,
to obtain a treated industrial process stream. Additionally, in any one or more methods
described herein, a polyalkoxylated HCAP resin is added or applied to an industrial process
stream as a demulsifier composition. In some such embodiments, an operator may suitably
apply or add a volume or a weight of a demulsifier composition to industrial process stream
in an amount corresponding to the selected weight of polyalkoxylated HCAP resin for
effective treatment of the industrial process stream.

[0061] In embodiments, a treated industrial process stream includes at least one
polyalkoxylated HCAP resin in an amount that is effective to provide a treated industrial
process stream. In embodiments, the effective amount of polyalkoxylated HCAP resin
present in the treated industrial process stream or added to the industrial process stream to
form a treated industrial process stream depends on the specific industrial process stream, the
type of emulsion present in the industrial process stream that requires resolution, and the
amount (by weight or volume) of the emulsion in the industrial process stream compared to
the weight or volume of the industrial process stream overall. In embodiments, an effective
amount of the polyalkoxylated HCAP resin added to an industrial process stream ranges from
0.1 ppm to 10,000 ppm based on the weight or volume of the industrial process stream, as set
forth above.

[0062] Methods of resolving emulsions in one or more industrial process streams
include adding one or more polyalkoxylated HCAP resins to an industrial process stream
comprising, consisting essentially of, or consisting of an emulsion, in an amount effective to
resolve the emulsion. In embodiments a treated industrial process stream comprises water,
such as wash water from a refinery desalting process; an oil source, such as a crude oil; and a
polyalkoxylated HCAP resin. In some such embodiments, the method further includes an
initial step of mixing a water source and an oil source to form an emulsion thereof, prior to
adding the one or more polyalkoxylated HCAP resins to form a treated emulsion, and finally
resolving the treated emulsion. In embodiments the oil source is a crude oil. In embodiments
the water source is connate, fresh water, distilled water, or water having less than 0.1 wt%

total dissolved solids therein. “Resolving the treated emulsion” means forming a two-phase
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industrial process stream from an emulsion, such as a treated emulsion, by allowing the
emulsion, such as a treated emulsion, to stand undisturbed or substantially undisturbed for a
selected period of time. In embodiments, the period of time allowed to elapse is the amount
of time that passes until two phases are visually confirmed. While the process of resolving a
treated emulsion is not particularly limited with respect to time, generally the step of allowing
the treated emulsion to stand undisturbed or substantially undisturbed is about 10 minutes to
12 hours, for example 30 minutes to 12 hours, 1 hour to 12 hours, 2 hours to 12 hours, 10
minutes to 2 hours, 1 hour to 2 hours, 1 hour to 4 hours, 1 hour to 6 hours, 1 hour to 8 hours,
or 1 hour to 10 hours.

[0063] In embodiments, resolving an emulsion such as the foregoing water/oil
emulsions results in a purified oil phase, since intimate contact of the oil phase and the
aqueous phase within the emulsion causes a portion, or in some embodiments substantially all
of the water soluble compounds desirably removed from the oil phase, to migrate into the
aqueous phase within the emulsion. Subsequently, resolution of the emulsion into an oil
phase and an aqueous phase obtains a purified oil phase, and an aqueous phase that includes
materials such as salts and other water soluble or hydrophilic compounds and materials
obtained from the emulsified oil source, in accordance with well-established chemical
separation principles.

[0064] Accordingly, in embodiments, one or more polyalkoxylated HCAP resins or a
demulsifier composition is suitably added to an industrial process stream comprising,
consisting essentially of, or consisting of an emulsion of an oil source and a water source,
during the forming of the emulsion or after forming the emulsion. Alteratively, the
polyalkoxylated HCAP resin or demulsifier composition is added to the water source, or to
the oil source, or to both the water source and the oil source prior to an initial step of mixing
the water source and the oil source to form the emulsion. In embodiments, one or more
polyalkoxylated HCAP resins are added to an industrial process stream comprising,
consisting essentially of, or consisting of an emulsion of water and crude oil. In
embodiments, the emulsion of water and crude oil includes between 5 wt% and 50 wt%
water, wherein the balance of the emulsion is oil; for example, in embodiments the emulsion
of water and crude oil includes 5 wt% to 45 wt%, 5 wt% to 40 wt%, 5 wt% to 35 wt%, 5 wt%
to 30 wt%, 5 wt% to 25 wt%, 5 wt% to 20 wt%, 5 wt% to 15 wt%, or 5 wt% to 10 wt%

water.
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[0065] In embodiments the one or more polyalkoxylated HCAP resins are added to an
industrial process stream by injecting a liquid demulsifier composition, such as a
polyalkoxylated HCAP dispersion or solution, into the industrial process stream. In
embodiments the industrial process stream comprises a crude oil. The liquid demulsifier
composition comprises at least one polyalkoxylated HCAP resin and a solvent, and in some
embodiments includes one or more additives such as the demulsifier composition additives
described above.

[0066] In embodiments, the one or more polyalkoxylated HCAP resins are added
continuously to an industrial process stream. In embodiments, the one or more
polyalkoxylated HCAP resins are added semi-continuously to an industrial process stream.

In embodiments, the one or more polyalkoxylated HCAP resins are added batchwise to an
industrial process stream. The one or more polyalkoxylated HCAP resins of the present
disclosure may be used in methods for demulsifying water-in-oil emulsions, oil-in-water
emulsions, and complex emulsions in various production and refinery processes. Specific
examples include, but are not limited to, oilfield production emulsions, refinery desalting
emulsions, refined fuel emulsions, and recovered oil emulsions (e.g., crude oil slop, used
lubricant oils, and recovered oils in the steel and aluminum industries). Thus, for example, in
an industrial refinery desalting process, crude oil is mixed with wash water and the mixture is
agitated in order to form an industrial process stream that is an emulsion. In the emulsion,
salts and other contaminants may be dissolved or dispersed in the wash water. The water
phase is then separated from emulsion by admixing the emulsion with an effective amount of
the one or more polyalkoxylated HCAP resins.

[0067] A typical desalting process includes the use of pumps to move the incoming
crude oil from storage tanks via piping through one or more heat exchangers. Wash water
may be injected into the heated oil stream and the stream may be mixed by an in-line mixing
device. The emulsified process stream may flow into an electrostatic desalter vessel where
resolution and separation of the crude oil and water effluent occur. Injection of the one or
more polyalkoxylated HCAP resins into the fluid stream can be carried out at various places
along the path of the desalting process. Potential injection locations include, but are not
limited to, prior to the crude oil storage tanks, on the outlet side of the crude oil storage tanks,
upstream of the in-line mixer, into the wash water stream, and other potential locations.

[0068] In some embodiments, the industrial process stream is an emulsion comprising

a crude oil and a water source. In embodiments, the water source in embodiments is connate,
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fresh water, or water having less than 0.1 wt% total dissolved solids therein as added to the
crude oil.

[0069] In such industrial process streams, the effective amount of the
polyalkoxylated HCAP resin added to an industrial process stream is based on the on volume
of the oil. For example, the effect amount may be from about 1 ppm to about 3,000 ppm,
from about 1 ppm to about 1,000 ppm, from about 1 ppm to about 500 ppm, from about 1
ppm to about 250 ppm, from about 1 ppm to about 200 ppm, from about 1 ppm to about 150
ppm, from about 1 ppm to about 100 ppm, from about 1 ppm to about 50 ppm, or from about
1 ppm to about 25 ppm, based on volume of the oil.

[0070] In embodiments, a demulsifier composition is combined with a reverse
emulsion breaker and the combined composition is added to an industrial process stream
comprising, consisting essentially of, or consisting of an emulsion. In embodiments the
emulsion is an emulsion of crude oil and wash water. In embodiments the combined
composition is added to the emulsion, the wash water, and/or the oil. In other embodiments,
the reverse emulsion breaker is added separately from the demulsifier composition to the
emulsion, the wash water, and/or the oil.

[0071] In some embodiments, the demulsifier composition is introduced into a crude
oil emulsion by injecting the demulsifier composition beneath the surface into a subterranean
cavity or well. In embodiments, injecting the demulsifier composition comprises injecting
the demulsifier composition into the crude oil at the well-head. In embodiments injecting the
demulsifier composition is injecting the demulsifier composition into the crude oil process
stream at a selected point between the well-head and the final oil storage tank. In
embodiments, the demulsifier composition is injected continuously, semi-continuously, or in
batch fashion. The injecting is generally accomplished using electric or gas pumps fluidly
connected to a source of demulsifier composition. In some embodiments, addition or
injection of the demulsifier composition is suitably controlled by one or more digital control
mechanisms.

[0072] EXPERIMENTAL

[0073]  Example 1

[0074] A 500 mL three necked round-bottom flask was equipped with
temperature probe, nitrogen inlet, condenser and magnetic stir bar. Then 190 g 2-
ethylhexylglycidyl ether was added to the flask. Then 4-aminophenol was added to flask

with good stirring. The mixture was heated to 120°C under nitrogen blanket and stirred for

23



WO 2022/087248 PCT/US2021/056028

about 1 hour or until completion of reaction. As reaction proceeded a homogenous dark-
amber product was observed to form. The resulting product was characterized by NMR and

ESI-MS to have the following structure:

OH

% RS

[0075] Example 2
[0076] The procedure of Example 1 was repeated using butyl glycidyl ether in a

1:1 molar replacement of 2-ethylhexylglycidyl ether. The polymeric product was analyzed
by gel permeation chromatography and was found to have a weight average molecular weight
of 6996 g/mol and a polydispersity index of 4.9.

[0077] Example 3

[0078] The procedure of Example 1 was repeated using Cs-Cio (average carbon
chain length) alkyl glycidyl ether in a 1:1 molar replacement of 2-ethylhexylglycidyl ether.
The polymeric product was analyzed by gel permeation chromatography and was found to
have a weight average molecular weight of 6157 g/mol and a polydispersity index of 3.0.

[0079]  Example 4

[0080] A 1L four-necked round bottom flask was equipped with an overhead
stirrer, N2 purge, temperature probe, and Dean-Stark trap with condenser. Example 1 was
repeated, and the entire product obtained was added to the flask, along with 290 g heavy
aromatic naphtha (HAN) and 1.5 g of a 50% KOH solution. The overhead stirrer was started
along with a very slow nitrogen purge (approximately one bubble per five seconds). The
reaction flask was heated to 65 °C. Then 20 g of paraformaldehyde was prepared for addition
to the flask. Once a consistent temperature of 65 °C was achieved, a first aliquot (about 10 g)
of the paraformaldehyde was added to the flask. The temperature was observed to increase
15 °C - 20 °C. When the exotherm stopped and the reactor returned to 65 °C, the remainder
of the 20 g of paraformaldehyde was added to the flask. The temperature was observed to

increase 1 °C - 10 °C.
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[0081] When the exotherm stopped, the set temperature in the flask was changed
from 65 °C to 95 °C. The flask was then held at 95 °C for 3 hours.

[0082] After the 3 hours elapsed, the set temperature of the flask was increased to
180°C whereupon reflux was observed. Reflux was continued for three hours. At the end of
the three-hour reaction period, the heat source was removed and the flask was allowed to cool
overnight. The amount of water removed via the Dean-Stark trap was recorded.

[0083] The polymeric product was analyzed by gel permeation chromatography
and was found to have a weight average molecular weight of 4574 g/mol and a polydispersity
index of 2.2.

[0084]  Example 5

[0085] To a 1 L four-necked round bottom flask was added p-N,N-di-[1-(2-
ethylhexyloxy)-2-hydroxy-propyl)] aminophenol /formaldehyde resin made by the procedure
of Example 1, and potassium hydroxide; the flask was equipped with an overhead stirrer, a
nitrogen purge, a Dean-Stark trap with condenser, and a temperature probe. The stirrer was
started at moderate speed, as the nitrogen purge was started at a rate of one bubble per
second. The water flow was turned on to the condenser and the Dean-Stark trap was filled to
the neck with heavy aromatic naphtha. The temperature was set to 150 °C and heating was
started. Water was distilled from the base catalyst. A 5 mL sample was collected for Karl-
Fischer water analysis. If the sample contained more than 0.1% water, distillation was
continued for 30 minutes and analysis was repeated. When the sample contained less than
0.1% water, the flask was cooled to 60°C. Once the reaction mixture reached 60°C, the N>
purge was increased.

[0086] Example 6

[0087] 500 g of the reaction mixture of Example 1, dissolved in HAN and
including KOH, was transferred to a 1 L Paar pressure reaction vessel (obtained from the
Paar Instrument Company of Moline, IL). The vessel was closed and purged with nitrogen
three times, then nitrogen pressure in the flask was set to 5 psi (34 kPa).

[0088] The vessel was heated to 150 °C. Then ethylene oxide gas was added until
the pressure in the vessel was observed to reach 60 psi (414 kPa). The weight of the ethylene
oxide added to the reactor was recorded. The pressure was observed to decrease in the vessel
over time. When the pressure reached 10 psi (69 kPa), additional ethylene oxide was added

until the pressure again reached 60 psi (414 kPa). The pressure was allowed to decrease to 10
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psi (69 kPa), followed by addition of ethylene oxide to obtain 60 psi (414 kPa) until the
desired amount of ethylene oxide was added and reacted.

[0089] Once the desired amount of ethylene oxide was added and reacted, a 50
mL sample was taken under safe conditions. This retrieved aliquot was recorded and the
amount of ethylene oxide needed for the next one mole addition of EO was calculated. On
the pressure reaching 10 psi, the desired amount of ethylene oxide needed to complete a one-
mole addition was added, or until the pressure reached 60 psi. The pressure was allowed to
decrease, and the process was continued until the desired amount of ethylene oxide was
added and consumed by the reaction. After each pressurization, an aliquot of polymer was
removed from the reactor.

[0090] Example 7

[0091] An amount of the resin formed using the procedure of Example 4 and
having a weight average molecular weight (Mw) of 4574 g/mol and a polydispersity index
(PDI) of 2.2 was divided into seven portions. Using the procedure of Example 6, portions of
the resin were reacted with between 8 and 20 moles of ethylene oxide per mole of monomer
repeat units, to obtain Samples DM-1 to DM-7 as shown in Table 1.

[0092] Table 1. Reaction ratios of the resin of Example 7 with ethylene oxide to
form demulsifiers DM-1 to DM-7.

Demulsifier Description of reaction

DM-1 8 moles of ethylene oxide per mole of monomer repeat units

DM-2 10 moles of ethylene oxide per mole of monomer repeat units
DM-3 12 moles of ethylene oxide per mole of monomer repeat units
DM-4 14 moles of ethylene oxide per mole of monomer repeat units
DM-5 16 moles of ethylene oxide per mole of monomer repeat units
DM-6 18 moles of ethylene oxide per mole of monomer repeat units
DM-7 20 moles of ethylene oxide per mole of monomer repeat units

[0093] Polyethoxylated HCAP resins DM-1 to DM-7 were tested for effectiveness
in demulsifying oil-in-water emulsions using the Emulsion Resolution Test outlined below.

[0094] Emulsion Resolution Test. A water-in-oil emulsion is prepared by blending

5 mL tap water and 45 mL crude oil, along with 10 ppm by weight (actives) of a selected
demulsifier. The mixture is blended in a Waring blender for 30s at 100% power to form an
emulsion. The emulsion is added to a glass tube and capped with a cap having an electrode
assembly affixed thereon. The capped tube is placed into a portable electric desalter (PED),
which employs constant heating via a heating block designed and adapted to fit closely to the
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glass tube, and is further adapted to apply a voltage to the contents of the tube via the
electrode assembly. The PED heating block is preheated to 120 °C before inserting the tube
into the PED. An electric field of 2000 volts is applied to the tube continuously for two
minutes, a total of six times during the test, with the voltage applied for two minutes starting
at 12,22, 27,32, 37, and 42 minutes after insertion of the tube into the PED. The tube is
observed at fixed intervals during the testing, and percent water coalescence was monitored
over time, wherein percent water coalescence means the volume of the water layer visually
separated from the remaining contents of the tube (“resolved” water), as a percent of total
volume of the contents of the tube. The total volume of resolved water and the rate of water
layer development were used to compare the performance of the demulsifiers in promoting
water coalescence.

[0095] Using the Emulsion Resolution Test outlined above, demulsifiers DM-2 to
DM-7 were tested using a first crude oil having a Crude Oil API of 20.27°. A blank emulsion
formed from the crude oil and including no demulsifier was also tested. The results are shown
in Table 2.

[0096] Table 2. Percent water coalescence versus time in minutes for demulsifiers

DM-2 to DM-7 as tested in Example 7.

Time (minutes)
Demulsifier

5 10 15 20 25 30 35 40
None 0 0 1 10 13 56 63
DM-2 0 0 3 10 38 44 75 88
DM-3 0 0 25 50 50 63 63
DM-4 0 0 6 13 25 63 63 75
DM-5 0 0 13 18 35 63 63 75
DM-6 0 0 13 20 50 63 75 75
DM-7 0 0 9 13 44 56 63 75

[0097] As shown in Table 2, after 40 minutes of standing, and in some cases after
only15 minutes of standing, the polyalkoxylated HCAP resins all performed to accelerate
resolution (coalescence) of the emulsion, or resulted in a greater degree of coalescence than
the emulsion alone. After 40 minutes, DM-2 appeared to have optimal properties for

resolution of the first crude o1l emulsion.
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[0098] Example 8

[0099] Using the Emulsion Resolution Test of Example 7, demulsifiers DM-1 to
DM-6 were tested using a second crude oil having a Crude Oil API of 36.1°. The results are
shown in Table 3.

[00100] Table 3. Percent water coalescence versus time in minutes for demulsifiers

DM-1 to DM-6 as tested in Example 8.

Time (minutes)
Demulsifier

5 10 15 20 | 25 30
None 0 0 6 13 25 38
DM-1 0 4 10 35 50 63
DM-2 0 6 23 38 50 56
DM-3 0 3 13 25 38 56
DM-4 0 6 23 38 50 56
DM-5 0 0 6 13 25 38
DM-6 0 10 18 19 25 38

[00101] As shown in Table 3, after 30 minutes of standing, and in some cases after
only10 minutes of standing, the polyalkoxylated HCAP resins all performed to accelerate
resolution (coalescence) of the emulsion, or resulted in a greater degree of coalescence than
the emulsion alone. After 30 minutes, DM-2 appeared to have optimal properties for

resolution of the second crude oil emulsion.
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WHAT IS CLAIMED IS:

L. A polymer comprising a repeat unit having the structure of formula I, formula

II, or a combination thereof,

R3 R3
o~ R o RS
R4 RS RI—N R4
N 2 4
7\ R
R! R2
I 1I

wherein

R! and R? are —~(CR'R®*)o(CHOR®)(CH2),(0);R';

R? is [RM'O]:H;

R* and R’ are independently H, C1-Ca2 alkyl, —[R''O]sH, or -NR!R?;

R® is H, alkyl, aryl, benzyl, or aralkyl, optionally substituted with an alkyl group,
alkoxy group, or hydroxyl group;

R” and R® are independently H or alkyl;

R’ is H or -[R"'O]H;

R!%is C1-Ca4 linear, branched, or cyclic alkyl, aryl, or aralkyl;

each R!! is independently—CH>-CHz-, -CH(CH:)-CHz-, -CH2-CH2-CHz-, -CH2-CHs-
CH:2-CHa-, or -CH(CsHs)-CH:-;

n is an integer between 1 and 12;

p is 0 or an integer between 1 and 12;

qisOor I;and

each x is independently an integer between 2 and 1000.

2. The polymer of claim 1 wherein R*and R are H.

3. The polymer of claim 1 or claim 2 wherein R” and R®are H.

4. The polymer of any one of claims 1 to 3 wherein R is selected from n-octyl,
isooctyl, n-decyl, isodecyl, n-dodecyl, n-tetradecyl, n-hexadecyl, n-hexyl, n-butyl, isobutyl, t-
butyl, n-pentyl, isopentyl, or 2-ethylhexyl.
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5 The polymer of any one of claims 1 to 4 wherein R®is H. 1.

6 The polymer of any one of claims 1 to 5 wherein n, p, and q are 1.

7. The polymer of any one of claims 1 to 6 comprising 1-100 of the repeat units.

8 The polymer of any one of claims 1 to 7 wherein R*, R, and R® are H, and x is
an integer between 2 and 20.

9. The polymer of any one of claims 1 to 8 further comprising a second repeat
unit comprising the condensation product of a phenolic compound and an aldehyde.

10.  The polymer of claim 9 wherein the phenolic compound is phenol, resorcinol,
pyrocatechol, hydroquinone, phloroglucinol, hydroxyhydroquinone, or a combination of two
or more thereof.

11.  The polymer of claim 9 or claim 10 wherein the aldehyde is formaldehyde,
acetaldehyde, benzaldehyde, vanillin, salicylaldehyde, glyoxal, glyoxylic acid, or a
combination of two or more thereof.

12.  The polymer of any one of claims 1 to 11 wherein each R'! is -CH2-CH»-.

13 The polymer of any one of claims 1 to 12 wherein each R!! is selected from —
CH»-CHz- and -CH(CH3)-CHa-.

14. The polymer of any one of claims 1 to 13 wherein the polymer excludes repeat
units having the structure of formula II.

15. A composition comprising a polymer of any one of claims 1 to 14 and a
solvent, the composition comprising 1 wt% to 99.9 wt% of the polymer.

16. A composition comprising a crude oil, a wash water, and a polymer of any one
of claims 1 to 14 or a composition of claim 15.

17. A method of treating an industrial process stream, the method comprising
adding a polymer of any one of claims 1 to 14 or a composition of claim 15 to an industrial
process stream to form a treated industrial process stream.

18.  The method of claim 17 wherein the industrial process stream comprises a
crude oil and a wash water.

19.  The method of claim 17 or claim 18 wherein the method further comprises
allowing the treated industrial process stream to stand undisturbed for a period of 10 minutes
to 12 hours.

20.  The method of any one of claims 17 to 19 wherein the adding is adding 0.1

ppm to 10,000 ppm of the polymer of claim 1 to the industrial process stream.
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21.  Use of a polymer of any one of claims 1 to 14 or a composition of claim 15 to

resolve an emulsion in an industrial process stream.
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