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Description

FIELD OF THE INVENTION

[0001] The present invention generally relates to a paraffin inhibiting composition comprising a paraffin inhibiting
polymer effective for suppressing the phase separation of paraffin wax in crude oil, methods of making using them.

BACKGROUND

[0002] Crude oil products are globally obtained from subterranean reservoirs using techniques such as drilling and
hydraulic fracturing. Transportation of crude oil products from the subterranean reservoir, required to refine or process
the crude oil, is accomplished by moving the crude oil through pipes and into storage/transportation means such as rail
cars, tanks, and the like. During the moving and/or storage, the crude is often subjected to ambient temperatures between
-40 °C and 60 °C.
[0003] Crude oil products include linear and branched alkanes having the general formula CnH2n+2 wherein n is typically
1-50, although minor amounts of longer hydrocarbon chains do occur. The higher molecular weight alkanes can be
problematic in that their melting points tend to be greater than ambient temperatures in some cases. For example,
nonadecane has a melting point of 33 °C; higher alkanes can have melting points in excess of 60 °C for example.
[0004] The high melting alkane fractions lead to phase separation of paraffinic residue that solidifies and deposits on
the sides and bottoms of pipes, storage vessels, and transportation vessels (rail cars, ocean tankers, etc.). The solid,
phase separated paraffinic residue, also known as "paraffin wax", not only reduces the effective volume of the structure
within which it is contained but also represents a loss of a valuable component from the body of the crude oil. Excessive
paraffin wax buildup reduces the efficiency of transporting crude oil and leads to increased costs related to added
downtime for cleaning of the pipes and/or vessels as well as disposal of residues removed from the vessel which increase
environmental burden. While the pipelines and vessels can be cleaned to remove the paraffinic residue, the process
generates hazardous waste, takes the vessel out of service during the cleaning period, and is expensive.
[0005] The phase separation of paraffin wax can be reduced by additives, called "paraffin inhibitors" (PI) which interfere
with the crystallization process of wax and/or suspend wax crystals in the oil. Typical paraffin inhibitor polymers include,
e.g. ethylene polymers and copolymers thereof with vinyl acetate, acrylonitrile, or α-olefins such as octene, butene,
propylene, and the like; comb polymers with alkyl side chains such as methacrylate ester copolymers, maleic-olefinic
ester copolymers, and maleic-olefinic amide copolymers; and branched copolymers having alkyl side chains such as
alkylphenol formaldehyde copolymers and polyethyleneimines.
[0006] The phase separation of paraffin wax can also be reduced by additives, called "paraffin dispersants" (PD),
which disperse wax and/or paraffin crystals which form in the oil. Many paraffin dispersants are oligomeric or small
surfactant molecules. Examples of paraffin dispersants include nonyl-phenol formaldehyde resins, and dodecyl benzene
sulfonic acid-.
[0007] The addition of a paraffin suppressant (a paraffin inhibitor or a paraffin dispersant or both) or a "paraffin sup-
pressant concentrate" (PSC) to the crude oil is effective in dispersing paraffinic residue, thereby reducing the formation
of residues in the pipelines and vessels to the benefit of the oil and gas industry. Paraffin suppressant effectively reduces
the formation of paraffinic residues during storage and transportation of the crude oil products, mitigating economic loss
and decreasing environmental impact. A majority of operators in the oil and gas industry employ paraffin suppressant
as their primary mode of paraffinic residue control in production pipelines. Non-aqueous formulations including such
paraffin suppressant concentrate (PSC) are transported to and stored at the field locations where crude oil is recovered
so that it can be applied as needed to pipes, vessels, and the like. Providing PSC in a fluid format-i.e. in solution or
dispersion-is highly advantageous for applying PI in the field because pumping equipment suitable to meter the desired
amount of PI into a pipe or vessel is readily available.
[0008] A suite of laboratory tests under simulated field conditions are conventionally conducted before field deployment
to identify the preferred paraffin suppressant and the optimal paraffin suppressant dosage to reach the operator’s various
performance requirements. Such laboratory tests include cold-finger experiments and cold filter plugging tests. When
used in the field, paraffin suppressant is added to crude oil products in production equipment such as pipes and tanks
at a rate initially to target a laboratory-determined concentration of paraffin suppressant to prevent and/or disperse
paraffinic residue. Because of differences between the laboratory and field environments, it is advantageous to optimize
the paraffin suppressant addition rate in the field, typically based on paraffin monitoring which is assumed to be repre-
sentative of the system. The paraffin monitoring is further complemented with paraffin suppressant residual analysis,
that is, measurement of residual paraffin inhibitor and/or paraffin dispersant concentration at the end of a pipe. However,
in systems lacking means of paraffin monitoring, operators often rely solely on residual paraffin suppressant monitoring
to ensure that the concentration of the paraffin suppressant concentration is within a targeted range. For example,
samples can be sent to a laboratory for liquid chromatography/mass spectroscopy analysis. However, at present there
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is no method for paraffin suppressant analysis of oilfield samples in the field. A field method for residual paraffin sup-
pressant analysis would be advantageous, because results could be obtained more quickly, and real-time adjustments
to addition rate and/or other dosage means to control paraffin suppressant concentration in the oil could be made,
maintaining an effective and economic dosage of paraffin suppressant to prevent paraffin deposition without use of
excessive quantities of paraffin suppressant.
[0009] WO2016025051A2 describes methods of forming polymer composites that include polymers and graphene
quantum dots. The methods occur by mixing a polymer component (e.g., polymers, polymer precursors and combinations
thereof) with graphene quantum dots. In some embodiments, the polymers are in the form of a polymer matrix, and the
graphene quantum dots are homogenously dispersed within the polymer matrix. In some embodiments, the graphene
quantum dots include coal-derived graphene quantum dots, coke-derived graphene quantum dots, unfunctionalized
graphene quantum dots, functionalized graphene quantum dots, pristine graphene quantum dots, and combinations
thereof.
[0010] In WO2015174996A1 improved compositions, treatment fluids, and methods for providing paraffin inhibition in
subterranean operations, pipelines, and other related operations are provided. In one embodiment, the methods com-
prise: providing a tagged inhibitor that comprises a base compound capable of inhibiting precipitation of paraffins or
asphaltenes bonded with a detectable moiety; and introducing the tagged inhibitor into at least a portion of a subterranean
formation.
[0011]  Rama K. Layek et al, polymer 54, 2013, pp. 5087-5103 discloses functionalization chemistry of graphene with
polymers by both covalent and non-covalent approaches. Due to the strong cohesive interactions graphene platelets
agglomerate, causing difficulty to attain its optimum properties. The covalent functionalization is illuminated both from
"grafting to" and "grafting from" techniques discussing the merits and demerits of the processes. Various approaches
have been used in non-covalent functionalization. These functionalized graphenes show good and stable dispersion
facilitating composite formation with commodity plastics enhancing it’s mechanical, thermal and conductivity properties.
[0012] Therefore, there is a need for paraffin suppressants and paraffin suppressant compositions that can be applied
to crude oil or compositions containing crude oil in oil-recovery, oil transportation, and oil processing facilities, and
wherein the paraffin suppressant concentration can be determined in situ at various selected locations, including those
in the field distant from laboratory facilities, and can be monitored by sampling at different locations of the facilities.

SUMMARY OF THE INVENTION

[0013] Disclosed herein is a paraffin inhibiting composition comprising a paraffin inhibiting polymer effective for sup-
pressing the phase separation of paraffin wax in crude oil and a graphene quantum dot covalently bonded to the paraffin
inhibiting polymer, wherein the graphene quantum dot has a particle size of about 2 nm to 20 nm and wherein the paraffin
inhibiting polymer comprises the residue of one or more α-olefins, one or more fatty alcohols, or both, wherein each of
the one or more α-olefins, the one or more fatty alcohols, or both independently comprises an alkyl group having between
5 and 60 carbons.
[0014] In embodiments, the paraffin inhibitor comprises the monomer residues of one or more α-olefins and one or
more imide residues, wherein the graphene quantum dot is covalently bonded to the nitrogen of the imide residue. In
embodiments, the one or more imide residues comprises maleimide residue, nadimide residue, citraconimide residue,
or other substituted maleimide residue.
[0015] In embodiments, the paraffin inhibitor comprises an ethylene-vinyl acetate copolymer and has a graphene
quantum dot covalently bonded thereto.
[0016] Also disclosed herein are paraffin inhibitor premixes, the premixes comprising one or more monomers, wherein
at least one of the one or more monomers has one or more graphene quantum dots bonded thereto. In embodiments,
a paraffin inhibitor premix comprises an amine-functionalized graphene quantum dot, a substituted phenol, and formal-
dehyde. In embodiments, a paraffin inhibitor premix comprises an acrylate, methacrylate, substituted acrylate monomer,
an ethylene vinyl acetate polymer, one or more olefins, vinyl acetate, a free radical initiator, or a mixture thereof; and
an acrylamido-functionalized graphene quantum dot having the formula (VI)
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wherein GQD represents a graphene quantum dot having a particle size of 2 nm to 20 nm. Also disclosed are polymers
made by polymerizing any of the premixes disclosed herein, wherein the monomers of the premix react with one another
and one or more functionalized quantum dots to form a polymeric graphene tagged paraffin inhibitor. Also disclosed are
methods of making polymeric graphene tagged paraffin inhibitors comprising subjecting any of the paraffin inhibitor
premixes disclosed herein to conditions suitable for polymerization.
[0017] Also disclosed herein are crude oil compositions comprising one or more crude oils, any of the graphene tagged
paraffin inhibitors disclosed herein. In embodiments, the graphene tagged paraffin inhibitors are present at 5 ppm to
5000 ppm by weight in the crude oil composition. In embodiments, the concentration of the graphene quantum dot in
the crude oil composition is from 0.1 ppb to 1000 ppb.
[0018] Also disclosed are methods of making graphene tagged paraffin inhibitors comprising grafting one or more of
acrylate ester, acrylic acid, methacrylic acid, and maleic anhydride to an ethylene-vinyl acetate copolymer to form a
grafted polymer, and attaching an amine-functionalized graphene quantum dot to the grafted polymer to form a graphene-
tagged paraffin inhibitor.
[0019] Also disclosed are methods of tracing paraffin suppressant in crude oil comprising adding a graphene-tagged
paraffin suppressant composition comprising any of the paraffin inhibitors and/or paraffin suppressant compositions
disclosed herein to a crude oil composition comprising a crude oil to form a graphene tagged crude oil composition,
irradiating the graphene tagged crude oil composition with a source of light having a selected first range of wavelengths;
and measuring a fluorescent emission of the graphene quantum dot at a selected second range of wavelengths, wherein
the measuring is carried out substantially contemporaneously with the irradiating. In embodiments, the method further
comprises measuring a fluorescent emission of the graphene quantum dot at a selected range of wavelengths, wherein
the measuring is carried out substantially contemporaneously with the irradiating. In embodiments, the second range of
wavelengths is between 600 nm and 700 nm. In embodiments, the second range of wavelengths is substantially a single
second wavelength. In embodiments, the single second wavelength is 600 nm. In embodiments, the first range of
wavelengths is substantially a single first wavelength. In embodiments, the single first wavelength is 500 nm.
[0020] Also disclosed are methods of making a graphene tagged crude oil composition, the method comprising adding
one or more organic solvents to any of the graphene tagged paraffin inhibitors disclosed herein and adding the concentrate
to crude oil.
[0021] Also disclosed are uses of a graphene tagged paraffin suppressants or graphene tagged paraffin suppressant
compositions for determining the concentration of a paraffin inhibitor in a crude oil composition.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

FIG. 1 illustrates a general synthetic scheme for a graphene quantum dot tagged paraffin inhibitor of the invention.

FIG. 2 illustrates a synthetic scheme for a graphene tagged paraffin inhibitor of the invention.

FIG. 3 illustrates a synthetic scheme for another graphene tagged paraffin inhibitor of the invention.

FIG. 4 illustrates a synthetic scheme for another graphene tagged paraffin inhibitor of the invention.

FIG. 5 illustrates a synthetic scheme for another graphene tagged paraffin inhibitor of the invention.

FIG. 6 illustrates a scheme for a graphene quantum dot tagged paraffin dispersant. (not according to the invention)

DETAILED DESCRIPTION

Definitions

[0023] As used herein, the term "entraining in" means dispersing in, dissolving in, suspending in, mixing in, or com-
binations thereof.
[0024] As used herein, "copolymer" means a polymer comprising more than one type of monomer residue. This
includes terpolymers, tetrapolymers, and polymers comprising more than four types of monomer residue. Similarly, as
used herein, the term "comonomer" are not intended to be limited to one of two monomers but include one of more than
one type of monomer, where more than one type of monomer for example includes two monomers, three monomers,
four monomers, or more than four monomers.
[0025] As used herein, the term "crude oil" means the unrefined hydrocarbon product of a subterranean reservoir,
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wherein the product is a liquid or a solid at 20°C at a pressure of 1 atmosphere, the product including at least linear and
branched alkanes having the general formula CnH2n+2 wherein n is typically 1-50, and can be greater than 50.
[0026] As used herein, "mixing" one or more materials means any form of bringing into contact the one or more
materials without limitation as to the order of mixing of the materials or whether the materials continue to exist in their
original form before the addition of all of the materials is complete.
[0027] As used herein, the terms "spectrometry" and "spectroscopy" means the process of analyzing the interaction
between a sample of matter and electromagnetic radiation to determine one or more physical properties of the sample
of matter. Forms of electromagnetic radiation used include but are not limited to one or more of microwave, terawave,
infrared, near infrared, visible, ultraviolet, x-ray, radiation. The analysis includes measurements of one or more of the
radiation’s absorption, emission, fluorescence, colorimetric, color changes, reflection, scattering, impedance, refraction,
and resonance by the sample of matter.
[0028] As used herein, the term "paraffin suppressant" (PS) means paraffin inhibitor or paraffin dispersant, or a mixture
thereof. A paraffin suppressant is an additive for crude oil which is effective for suppressing the phase separation of
paraffin wax from crude oil. "Suppressing the phase separation of’ here means retarding, delaying, minimizing, reducing,
inhibiting, or preventing the phase separation of; or dispersing or dissolving after phase separation.
[0029] As used herein, the term "paraffin suppressant concentrate" (PSC) means a composition comprising one or
more paraffin suppressants dissolved, dispersed, or otherwise entrained in a medium such as an organic solvent or
mixture of organic solvents at a first concentration, the composition for use as an additive miscible with crude oil to
produce a paraffin suppressed crude oil composition, wherein the crude oil composition comprises the paraffin suppres-
sant dissolved, dispersed, or otherwise entrained in the paraffin suppressed composition at a second concentration
which is lower than the first concentration and wherein at the second concentration the paraffin suppressant is effective
for suppressing the phase separation of a paraffin wax in the crude oil composition.
[0030] As used herein, the term "paraffin inhibitor" (PI) means a polymeric and/or oligomeric chemical or chemical
mixture, wherein the inhibitor retards, delays, minimizes, reduces, inhibits, or prevents the phase separation of paraffin
wax from crude oil to which it is added.
[0031] As used herein, the term "paraffin dispersant" (PD) means a oligomer or short-chain material such as a surfactant,
which disperses, dissolves, stabilizes, or otherwise entrains a paraffin wax in crude oil when added to the crude oil.
[0032] As used herein, the term "tagged paraffin inhibitor" (t-PI) means a paraffin inhibitor covalently bonded to one
or more chemical moieties capable of fluorescence when subject to incident light.
[0033] As used herein, the term "functionalized graphene quantum dot" (GQD*) means a graphene quantum dot with
one or more graphene functional groups covalently bonded thereto, wherein the one or more graphene functional groups
are capable of condensation, addition, or other reaction with one or more paraffin inhibitor functional groups or in a
paraffin inhibitor premix, thereby causing the graphene quantum dot to be covalently bonded to a PI residue yielding a
graphene tagged paraffin inhibitor.
[0034] As used herein, "paraffin inhibitor functional group" means a chemical group on a paraffin inhibitor capable of
reacting with one or more functional groups on a functionalized graphene quantum dot yielding a graphene tagged
paraffin inhibitor.
[0035] As used herein, the term "paraffin inhibitor residue" means a paraffin inhibitor, wherein one or more functional
groups on the paraffin inhibitor have been reacted with a functionalized graphene quantum dot.
[0036] As used herein, the term "paraffin inhibitor premix" (PI premix) means a mixture of chemical compounds com-
prising a functionalized graphene quantum dot and one or more monomers, wherein one or more components of the
mixture are capable of reacting to form a polymeric or oligomeric graphene tagged paraffin inhibitor.
[0037] As used herein, the term "graphene tagged paraffin inhibitor" (Gt-PI) means a paraffin inhibitor residue covalently
bonded to one or more graphene quantum dots (GQD).
[0038] As used herein, the term "graphene tagged paraffin dispersant" (Gt-PD) means one or more paraffin dispersants
bound in inverse micelle or micelle form with one or more graphene quantum dots.
[0039] As used herein, the term "graphene tagged paraffin suppressant" (Gt-PS) means a graphene tagged paraffin
inhibitor or a graphene tagged paraffin dispersant.
[0040] As used herein, the term "paraffin suppressant composition" means a composition comprising, consisting of,
or consisting essentially of a paraffin suppressant.
[0041] As used herein, the term "graphene tagged paraffin suppressant composition" means a composition comprising,
consisting of, or consisting essentially of a graphene tagged paraffin suppressant.
[0042] As used herein, the term "graphene tagged paraffin suppressant concentrate" (Gt-Conc) means a composition
comprising at least one graphene tagged paraffin suppressant and a solvent/dispersant, wherein the at least one graphene
tagged paraffin suppressant is dissolved, dispersed, and/or otherwise entrained in the solvent/dispersant. In embodi-
ments, the concentrate further comprises one or more of additional solvents, one or more ester compounds and/or one
or more other types of pour-point depressant, one or more surfactants, one or more additional paraffin suppressants,
and/or mixtures thereof. The one or more additional paraffin suppressants comprise one or more paraffin suppressants
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without a tag, one or more paraffin suppressants with a tag, or mixtures thereof. In embodiments, the solvent/dispersant
is a hydrocarbon solvent.
[0043] As used herein, the term "graphene tagged crude oil composition" (Gt-PS/CO) means a composition comprising
at least one graphene tagged paraffin suppressant and crude oil. In embodiments, a graphene quantum dot tagged
paraffin suppressant crude oil composition further comprises one or more of solvents, surfactants, other additives known
in the art, or mixtures thereof.
[0044] As used herein, "crude oil composition" means any composition which comprises, consists of, or consists
essentially of crude oil. Non-limiting examples of a composition comprising crude oil include crude oil, crude oil plus a
paraffin suppressant concentrate, crude oil plus a paraffin suppressant, crude oil plus one or more organic solvents,
and crude oil plus one or more additives.
[0045] As used herein, the term "crude oil containment" means any object which holds, is designed to hold, or is
capable of holding crude oil. Non-limiting examples of crude oil containment include pipelines, storage tanks, sumps,
reservoirs, tank cars, tank trucks, downhole tubing, and tubing annuli, as well as devices which hold or convey crude
oil such as gauges, taps, meters, pumps, and valves.
[0046] As used herein, the term "crude oil conveyance" means any means and/or object which facilitates the movement
of crude oil. Non-limiting examples of crude oil conveyance include pipelines, tank cars, tank trucks, downhole tubing,
tubing annuli, as well as devices which facilitate the movement of crude oil such as taps, pumps, and valves.
[0047] As used herein, the term "ester compound" means a non-polymeric compound having at least one ester moiety,
for example in some embodiments one ester moiety, in other embodiments two ester moieties, in still other embodiments
three ester moieties, and in still other embodiments more than three ester moieties.
[0048] As used herein, the term "non-aqueous" means substantially excluding water.
[0049] As used herein, the term "liquid", "flows", or "flow" referring to a composition of the invention means that 10
mL of the composition vertically at rest on a substantially horizontal surface in a cylindrical container having dimensions
of radius 1 inch and height 2 inches flows observably within 10 seconds when tipped to a substantially horizontal position.
In some embodiments, "liquid", "flows", or "flow" referring to a composition of the invention means a composition that
has a Brookfield viscosity at 10 s-1 of 5 cP to 1000 cP.

Discussion

[0050] In complicated oil extraction, oil-processing, and oil-transportation operations and the facilities therefor, for
example enhanced oil-recovery systems such as gas-lift applications, it is very difficult to monitor paraffin suppressant
concentrations because of the complicated and various pathways by which paraffin suppressant is disposed throughout
the systems. It would be advantageous to measure paraffin suppressant concentration at various positions, stages, and
times in a crude oil production process and/or crude oil conveyance and transportation.
[0051] Furthermore, it would be extremely advantageous to trace paraffin suppressant concentration in the field,
because it could enhance understanding of paraffin inhibition and could lead to better design of next-generation paraffin
inhibitors.
[0052] Thus, improved residual analysis techniques for paraffin inhibitors are needed. Specifically, there is a need in
the industry to provide compositions and methods for rapid paraffin inhibitor and concentration measurement in crude
oil production. There is a need for such compositions and methods to useful on-demand and in the field during subter-
ranean hydrocarbon recovery processes. There is a need for such compositions and methods to provide rapid results
that enable such measurements to be made in real time. There is a need for such compositions and methods to provide
resolution of one or more distinct paraffin inhibitor species from other paraffin suppressant species, from other additives
present in the crude oil products, and from the hydrocarbon products of the crude oil.
[0053] Fluorescence "tagging", that is, covalently attaching a fluorescent molecule to a paraffin inhibitor molecule, is
a potential method for providing such a means of quantifying a single species of paraffin inhibitor a crude oil composition.
In such an embodiment, an operator in the field could simply excite a sample of crude oil product (crude oil or a composition
containing crude oil) by irradiating it with a selected range of wavelengths of light, specifically within the excitation range
known to cause fluorescence of the fluorescent tagged paraffin suppressant, and measure the resulting amount of
fluorescence emission generated by the fluorescent tagged paraffin suppressant. However, major impediments exist in
implementing such imaging technologies due to the presence of intrinsic background fluorescence emitted by the hy-
drocarbons which crude oil products comprise, such as the fluorescence from crude oil and/or the fluorescence from
condensates. Further, fluorescent molecules selected have different photophysical properties that further can be signif-
icantly affected by covalently attaching the fluorescent molecule to a paraffin inhibitor. In some cases, fluorescence is
reduced below a useful level or is even quenched by interaction with a particular paraffin suppressant.
[0054] If such issues were overcome, it would be advantageous to use such fluorescent molecules or structures to
monitor paraffin suppressant concentration downhole in oil-recovery operations, as well as in post-recovery operations
such as oil processing, refining, storage, and transportation. However, conditions of temperature, pressure, and chemical
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exposure can be extreme under such circumstances, especially downhole in oil-recovery operations. Therefore there
is a need for fluorescent materials that can withstand such extreme conditions and maintain consistent fluorescent
properties (such as absorbance, emittance, absorption and/or emission spectra) under such conditions.
[0055] The present Applicants have found that graphene quantum dots are useful as fluorescent tag tracers for paraffin
inhibitors and other chemicals used in oil-recovery, oil-processing, and oil storage and transportation applications, where
the graphene quantum dots unpredictably show many advantages over other tags and/or tracers and solve the afore-
mentioned problems. Graphene quantum dots exhibit excellent stability to higher temperatures and against chemical
reactivity and quenching. Additives such as paraffin suppressants, when in oil pipeline, production, or downhole subter-
ranean locations can be subject to extreme conditions of temperature, pressure, pH, and corrosive and reactive chemicals:
any tracer molecule and/or tag needs to be stable under such conditions, as noted above. Graphene quantum dots are
advantageously used in such locations, environments, and/or conditions, and are more stable chemically than many
other types of fluorescent molecule under the harsh conditions found in such environments. Graphene quantum dots
may be covalently or otherwise chemically attached or associated with paraffin suppressants, and the graphene quantum
dot tags can be tailored to minimize absorption spectra or emission spectra overlap with the absorption and/or emission
spectra of crude oils and compositions containing the crude oils to which they are added.
[0056] In embodiments, a composition of the invention comprises, consists essentially of, or consists of a paraffin
inhibitor compound (PI) covalently bonded to one or more graphene quantum dots (GQD) to form a graphene tagged
paraffin inhibitor (Gt-PI). In other embodiments (not according to the invention), the composition comprises, consists
essentially of, or consists of a graphene quantum dot dispersed in one or more organic solvents by one or more paraffin
dispersants to form a graphene tagged paraffin dispersant. In embodiments, the graphene quantum dot of the graphene
tagged paraffin inhibitor and/or the graphene quantum dot of the graphene tagged paraffin dispersant produces fluores-
cence with emission wavelengths that are substantially non-overlapping with characteristic emission wavelengths of
various hydrocarbon products in the crude oil, thereby making it possible to monitor and trace individual paraffin inhibitors
and/or paraffin suppressants in the crude oil in real time in the field and/or at various points in the recovery, processing,
and/or transport of crude oil and compositions containing crude oil. In such embodiments, the emission intensity at a
specific fluorescence wavelength is proportional and/or related to the concentration of the graphene tagged dispersant
or inhibitor, and is used to obtain the concentration thereof. In embodiments, the specific intensity is the emission at
λmax (the wavelength at which maximum emission occurs). In other embodiments, there is an amount of overlap between
the emission wavelengths of one or more hydrocarbons and the emissions wavelengths of the Gt-PI, because the
fluorescence spectrum of hydrocarbons can be very broad and also because hydrocarbon composition varies depending
on the source of the crude oil. Crude oil can exhibit fluorescence from polyaromatic and/or asphaltene molecules within
the oil. In embodiments, an overlap between the emission spectrum of the crude oil and the emission spectrum of the
graphene quantum dot. In embodiments where such an overlap in emissions spectra exists, a correction factor is intro-
duced to address this effect, the known background emission spectrum of the crude oil can be subtracted from the
measured omission spectrum to obtain the emission spectrum of the graphene quantum dot tag. The emission at λmax
of the emission spectrum of the graphene quantum dot can thereby be obtained-the emission is proportional and/or
related to the concentration of the graphene quantum dot tag and therefore the paraffin inhibitor. In embodiments, the
emission spectrum of the crude oil overlaps the absorption fluorescence spectrum of the graphene quantum dot. If the
emission spectrum of the crude oil overlaps with the excitation (absorption spectrum) of the graphene quantum dot,
emission from the crude oil can excite extra fluorescence in the graphene quantum dot, i.e. fluorescence transfer from
the fluorescing hydrocarbons to the graphene quantum dot. In embodiments wherein such fluorescence transfer exists,
a correction factor is introduced to compensate for the change in apparent emission at given concentrations of the
graphene quantum dot.
[0057] A quantum dot is a nanometer-scale particle wherein excitons are confined in all three spatial dimensions. GQD
are graphene fragments that are small enough to cause exciton confinement and a quantum size effect. Typically, GQD
have diameters of less than 20 nm. Due to the fact that all graphene fragments exhibit quantum confinement effects,
GQD have a non-zero bandgap and luminesce upon excitation. The bandgap is tunable by modifying the size and surface
chemistry of the GQD. Overall, the spectroscopic properties of GQD vary depending on the method of preparation and/or
functional groups bonded to the GQD at the edge(s) of the particles, and the size of the GQD.
[0058] The GQD useful in any embodiment or all embodiments herein without limitation include those having an
average particle size of 1 nm to 20 nm, or 2 nm to 20 nm, or 3 nm to 20 nm, or 4 nm to 20 nm, or 5 nm to 20 nm, or 6
nm to 20 nm, or 7 nm to 20 nm, or 8 nm to 20 nm, or 9 nm to 20 nm, or 10 nm to 20 nm, or 11 nm to 20 nm, or 12 nm
to 20 nm, or 13 nm to 20 nm, or 14 nm to 20 nm, or 15 nm to 20 nm, or 16 nm to 20 nm, or 17 nm to 20 nm, or 18 nm
to 20 nm, or 19 nm to 20 nm, or 1 nm to 10 nm, or 2 nm to 10 nm, or 3 nm to 10 nm, or 4 nm to 10 nm, or 1 nm to 9 nm,
or 1 nm to 8 nm, or 1 nm to 7 nm, or 1 nm to 6 nm, or 1 nm to 5 nm, or 1 nm to 4 nm, or 2 nm to 8 nm, or 2 nm to 7 nm,
or 2 nm to 6 nm, or 2 nm to 5 nm, or 2 nm to 4 nm, or 3 nm to 5 nm, wherein "particle size" refers to the average diameter
of the substantially two-dimensional GQD. The emission spectrum of the GQD, including photoluminescence quantum
yield decay lifetime, depends on the particle size of the GQD.
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[0059] The GQD useful in the compositions and methods of the invention are made by either a "top down" or "bottom
up" approach, as will be appreciated by one of skill. Top-down methods involve the decomposition and exfoliation of
cheap, readily available bulk graphene-based materials, most commonly graphite, but require harsh conditions and often
further require multiple steps involving concentrated acids, strong oxidizing agents, and high temperatures. A commonly
employed top-down synthesis is called the Hummers method and involves exfoliation of graphite nanoparticles to form
the single-layer GQD nanoparticles.
[0060] Bottom-up methods involve synthesis from polycyclic aromatic compounds or other molecules with aromatic
structures such as fullerenes. Although complex, these methods allow for superior control of the properties and mor-
phology of the final product compared to the top-down methods. In some of these methods, functional groups are added
at the edge of the two-dimensional carbon "sheet" either inherently as part of the synthesis, or as a result of an extra
step for this purpose. For example, Pan et al., Adv. Mater. 2010, 22, 734 employ hydrothermal cutting methodology
involving an oxidation step in acidic conditions to result in development of epoxy moieties within a two-dimensional
graphene sheet that ultimately are the sites of graphene sheet scission. The epoxy groups are further oxidized and yield
carbonyl functionality at one or more sites present at the edges of the GQD formed by the scission process.
[0061] Other techniques to form functionalized GQD (GQD*) are known. Some representative currently known methods
of GQD functionalization are discussed in Bacon, M. et al., Part. Part. Syst. Charact. 2014, 31, 415-428. GQD useful in
the invention are functionalized either during or after synthesis of the GQD. Useful herein are GQD "edge-functionalized"
with carboxyl, hydroxyl, thiol, or amino functionality. At the time of this writing, carboxyl-functional GQDs are the most
commonly available functionalized GQD. However, as techniques for edge-functionalized GQD are developed, Applicant
expects additional options for covalently bonding CI compounds to GQD to become available. By way of non-limiting
example, conjugation reactions using e.g. maleimide chemistry, so-called "click" chemistries, amide formation via N,N’-Di-
cyclohexylcarbodiimide (DCC) Coupling , and the like are possible chemistries useful in functionalizing GQD with PI. In
this spirit, Applicant considers additional Gt-PI to fall within the scope of this disclosure as being equivalents of the
presently disclosed Gt-PI structures. That is, Applicant discloses herein Gt-PI represented by the formula "GQD-[linking
group]-PI" where a linking group is any chemical functionality formed by the reaction of a GQD* with a PI.
[0062] Useful GQD for the invention include amine-functionalized graphene quantum dots. The preparation of amine-
functionalized graphene quantum dots is described in Jin et al., Tuning the Photoluminescence of Graphene Quantum
Dots through the Charge Transfer Effect of Functional Groups, ACS Nano 2013, 7, 1239. Amine-functionalized graphene
quantum dots may be made by any of the top-down methods known in the art from amine-functionalized graphenes.
The preparation of functionalized graphenes is described in US patent application publications 2011/0254432 and
2014/0121350. Amine-functionalized graphene of flake size 0.5-5 microns is commercially available from the MKnano
division of M K Impex Corporation, 6382 Lisgar Drive, Missisauga, ON L5N 6X1, Canada as product number MKN-SLG-
NH2.
[0063] Attractive features or properties of GQD include the abundance of starting materials for synthesis thereof, non-
toxicity of GQD, ease of preparation of GQD without relying on toxic precursors, the availability of edge-functionalized
GQD for forming the Gt-PI, and the ability to control λmax by adjusting the size of the GQD to minimize overlap between
λmax of crude oil and λmax of the Gt-PS. In many of these features or properties, GQD are preferable to organic-based
fluorescent "tagging" compounds that are not environmentally friendly.
[0064] Conventional paraffin suppressant concentrates comprise, consist essentially of, or consist of a paraffin sup-
pressant and one or more petroleum-based solvents, and optionally include a low-boiling co-solvent such as methanol,
or a surfactant, or both. Paraffin inhibitors are useful as paraffin suppressants. Paraffin dispersants are useful as paraffin
suppressants. Typically a paraffin inhibitor is a polymer such as a branched or comb-like polymer.
[0065] Paraffin inhibitors effective for suppressing paraffin deposition in crude oil include, e.g. ethylene polymers and
copolymers thereof with vinyl acetate, acrylonitrile, or α-olefins such as octene, butene, propylene, and the like; comb
polymers with alkyl side chains such as methacrylate ester copolymers, maleic-olefinic ester copolymers, and maleic-
olefinic amide copolymers; and branched copolymers having alkyl side chains such as alkylphenol-formaldehyde co-
polymers and polyethyleneimines.
[0066] One effective branched copolymer for suppressing paraffin deposition in crude oil comprises, consists of, or
consists essentially of a copolymer comprising the residues of (i) an alpha olefin monomer and a maleic anhydride
monomer or (ii) a maleic anhydride monomer and styrene. The alpha olefin monomer has the formula (I):
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wherein R1, R2, R3, and R4 are independently selected from hydrogen and C5-C60 alkyl, with the proviso that at least
two thereof are hydrogen; a blend of two or more such alpha olefin monomers having formula (I) are suitably included
in the copolymer. In some embodiments R1, R2, R3, and R4 are independently hydrogen or C12-C60. The maleic anhydride
monomer has the formula (II):

wherein R5 and R6 are independently hydrogen or alkyl. In some embodiments R5 and R6 are independently hydrogen
or C12-C30.
[0067] In some embodiments, the copolymer of (I) and (II) is further reacted via the maleic anhydride residue with one
or more alcohol or amine compounds to form the corresponding carboxylate or amide functionalities. In some such
embodiments, the maleic anhydride residue is reacted with 0.5 to 2.0 equivalents of the alcohol or amine per equivalent
of anhydride. The alcohol or amine compounds are linear, branched, aromatic, or alkaromatic compounds having 12 to
60 carbons. In embodiments, the amine or alcohol comprises, consists of, or consists essentially of a graphene quantum
dot functionalized with amine and/or hydroxyl groups.
[0068] In some embodiments, the paraffin inhibitor comprises, consists of, or consists essentially of an ethylene-vinyl
acetate copolymer.
[0069] In some embodiments, the paraffin inhibitor comprises, consists of, or consists essentially of an alkylphenol
formaldehyde copolymer.
[0070] Several reaction schemes are shown in the Figures. It should be understood that there are many variations of
the reaction schemes shown, as will be appreciated by one of skill.
[0071] FIG. 1 shows a general scheme for attaching a graphene quantum dot to a paraffin inhibitor to produce a
graphene tagged paraffin inhibitor. The graphene tagged paraffin inhibitor is a conjugate of a residue of a functionalized
graphene quantum dot and a residue of a paraffin inhibitor. A graphene quantum dot is functionalized by the addition of
one or more first linking groups such as amino, carboxyl, hydroxyl, and the like to form the functionalized graphene
quantum dot. The paraffin inhibitor comprises one or more second linking groups such as anhydride, carboxyl, amino,
hydroxyl, formyl, and the like such that some or all of the one or more first linking groups disposed on the graphene
quantum dot react with some or all of the second linking groups disposed on the paraffin inhibitor resulting in a residue
of the paraffin inhibitor covalently bonded to the graphene quantum dot. In a non-limiting example, a graphene quantum
dot functionalized with amine is reacted with an α-olefin/maleic anhydride copolymer-the amino group of the amine-
functionalized graphene quantum dot reacts with the maleic anhydride residue of the copolymer resulting in a maleamic
acid residue or a maleimide residue, and the copolymer residue is covalently bonded to the graphene quantum dot by
an amic acid or maleimide residue respectively.
[0072] Alternatively, a functionalized graphene quantum dot as described above is reacted with a paraffin inhibitor
premix (PI premix): the paraffin inhibitor premix comprises, consists of, or consists essentially of a mixture of compounds
including a functionalized graphene quantum dot, wherein the PI premix is subjected to conditions suitable for phenol-
formaldehyde condensation and therefore reacts to form a paraffin inhibitor, wherein some or all of the one or more first
linking groups disposed on the graphene quantum dot react with one or more functional groups attached to other
components of the paraffin inhibitor premix such that the graphene quantum dot is covalently bonded to a resultant
paraffin inhibitor residue. In a non-limiting example, a paraffin inhibitor premix is made comprising an amine-functionalized
graphene quantum dot, formaldehyde, and an alkylphenol. A polymeric condensation product results in which the graph-
ene quantum dot is covalently bonded to a paraffin inhibitor residue comprising a phenol formaldehyde polymer with
pendant alkyl groups.
[0073] A "functionalized GQD" is a GQD functionalized with a group capable of leaving readily under a broad range
of conditions in favor of PI functionality or functionality capable of forming a Gt-PI. A PI, or a paraffin inhibitor premix
capable of forming a PI, is reacted with the GQD-NH2 or GQD* to result in a covalent bond between the GQD and the
PI or PI-forming functionality. In some embodiments, one or more additional reactions are further carried out on the PI-
forming functionality to form the Gt-PI; in other embodiments, the PI functionality is directly reacted with the GQD-NH2
or GQD* to result in a Gt-PI.
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[0074] FIG. 2 shows another exemplary reaction scheme of the invention. Building on the reaction scheme involving
amine-functionalization of the GQD to form a GQD*, FIG. 2 is a reaction scheme showing a GQD* reacted with a PI
functionalized with a maleic anhydride residue (a substituted succinimide forming part of a polymer chain). The PI is a
copolymer of maleic anhydride , thereby having anhydride functionality acting as second linking group capable of reaction
with the amino group of the GQD*, shown to result in a Gt-PI. The Gt-PI therefore includes an imide group bonded to
the GQD, the imide group forming an integral part of the residue of the PI. The maleimide residue is one example of an
imide residue that is present in the PI residue; other imide residues such as nadimide are similarly useful as PI residues
in the Gt-PI. Optionally, the Gt-PI is used in combination with one or more additional PI. The additional PI is tagged or
untagged; the additional PI is a Gt-PI, a t-PI wherein the PI is covalently bonded to a moiety which is not a GQD but is
capable of fluorescence, or a PI without a moiety capable of fluorescence attached thereto. In embodiments, the PI
without a moiety capable of fluorescence attached thereto is the same PI as that reacted with the GQD* to form the Gt-
PI, wherein the paraffin inhibitor is effective for suppressing paraffin deposition in crude oil.
[0075] FIG. 3 shows another exemplary reaction scheme of the invention. FIG. 3 is a reaction scheme showing an
amine-functionalized GQD (a GQD*) reacted with formaldehyde and a substituted phenol: the GQD*, formaldehyde,
and substituted phenol form a PI premix which reacts to form a Gt-PI. Phenols condense with formaldehyde and primary
or secondary amines to form-depending on starting materials, stoichiometry, reaction conditions, and/or other conditions
such as solvent-aminoalkyl phenols, fusible polymers, infusible polymers, or mixtures thereof. When the amine employed
is a primary amine, the aminoalkyl phenol contains an amino hydrogen that can participate in further condensation
reactions yielding polymers. Such reactions and the conditions to control the products and yield fusible polymers are
described in US Patent 3,436,373. Other reaction conditions for forming phenolic resins may be found in US patent
8,956,541. In one embodiment, the PI premix is a composition comprising an amine-functionalized GQD; formaldehyde,
and a substituted phenol having the formula

wherein the substituent R7 is selected from the group consisting of C1-C60 alkyl and C1-C60 alkaryl. In one embodiment,
R7 is attached to the para position of the phenol. When subjected to suitable phenol-formaldehyde condensation con-
ditions, the premix forms a Gt-PI. The Gt-PI includes an tertiary amine bonded to the graphene quantum dot and forming
an integral part of the residue of the PI, as indicated schematically in FIG. 3.
[0076] FIG. 4 shows another exemplary reaction scheme of the invention. FIG. 4 shows two exemplary schemes for
attaching a graphene quantum dot to an ethylene-vinyl acetate copolymer to form another graphene tagged paraffin
inhibitor of the invention. The first scheme shows the free-radical initiated addition of methyl acrylate to an ethylene-
vinyl acetate copolymer, a paraffin inhibitor, to form an ethylene-vinyl acetate copolymer/acrylic ester graft. The graft
can be hydrolyzed to the corresponding carboxylic acid, an ethylene-vinyl acetate copolymer/acrylic acid graft which
can then be reacted with an amine-functionalized graphene quantum dot to form a graphene tagged paraffin inhibitor,
wherein the graphene tagged paraffin inhibitor is an EVA graft-GQD conjugate comprising an amide linkage. Alternatively,
the ethylene-vinyl acetate copolymer/acrylic ester graft can be reacted directly with the amine-functionalized graphene
quantum dot to form the EVA graft-GQD conjugate comprising an amide linkage.
[0077] The second scheme shows the free-radical initiated addition of maleic anhydride to an ethylene-vinyl acetate
copolymer, a paraffin inhibitor, to form ethylene-vinyl acetate copolymer/maleic acid graft. The graft is then reacted with
an amine-functionalized graphene quantum dot to form an EVA graft-GQD conjugate comprising a maleimide linkage.
[0078] FIG. 5 shows another exemplary reaction scheme of the invention. FIG. 5 is an exemplary reaction scheme
showing an acrylamido-functionalized GQD (a GQD*) reacted with a long-chain ester of acrylic acid and a long-chain
ester of methacrylic acid: the GQD*, acrylic acid ester, and methacrylic acid ester form a PI premix which reacts to form
a Gt-PI. Although Figure 5 exemplifies three different unsaturated monomers, it will be appreciated that unsaturated
monomers can be used providing that they will polymerize with each other to form a copolymer, that one monomer
comprises a GQD covalently bound thereto, and that the resulting copolymer is effective as a PI.
[0079] FIG. 6 shows a schematic of a further exemplary embodiment not according to the invention. FIG. 6 shows
three exemplary dispersants with schematized exemplary ammonium counterion. In FIG. 6, the dispersants are paraffin
dispersants which also function to disperse the graphene dot in a solvent. In FIG. 6, the graphene quantum dots are
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dispersed in inverse micelles.
[0080] In embodiments, there is provided a composition comprising, consisting of, or consisting essentially of a polymer,
the polymer comprising, consisting of, or consisting essentially of a graphene quantum dot having a particle size of 2
nm to 20 nm; and a residue of a paraffin inhibitor covalently bonded to the graphene quantum dot, wherein the residue
of the paraffin inhibitor is effective for suppressing the phase separation of paraffin wax in crude oil. In embodiments,
the residue of the paraffin inhibitor is a residue of a paraffin inhibitor known in the art. In embodiments, the paraffin
inhibitor residue comprises, consists of, or consists essentially of an α-olefin monomer residue, maleimide residue,
maleic anhydride residue, and/or maleamic acid residue. In embodiments, the α-olefin monomer residue comprises,
consists of, or consists essentially of the residues of more than one type of α-olefin. In embodiments, the residues of
more than one type of α-olefin are residues having different chain lengths from each other. In embodiments, the residues
of more than one type of α-olefin are residues having similar or the same chain lengths as each other. In embodiments,
the copolymer further comprises additional monomer residues selected from the residues of vinyl acetate, acrylic acid,
methacrylic acid, a C1-C60 alkyl ester of acrylic acid, a C1-C60 alkyl ester of methacrylic acid, acrylonitrile, acrylamide,
styrene, or a mixture thereof. In embodiments, the graphene quantum dot has a particle size of 5 to 15 nm; in embodiments,
2 to 5 nm; in embodiments, 5 to 10 nm; in embodiments, 10 to 15 nm; in embodiments, 15 nm to 20 nm. In embodiments,
the paraffin inhibitor is entrained in an organic solvent to make a paraffin inhibitor concentrate. In embodiments, con-
ventional paraffin inhibitor concentrates (PIC) comprise, consist essentially of, or consist of the paraffin inhibitor (PI) and
one or more petroleum-based solvents, optionally including a low-boiling co-solvent such as methanol, or a surfactant,
or both. In embodiments, the paraffin inhibitor concentrate is added to a crude oil, the paraffin inhibitor mixes with the
crude oil, and the paraffin inhibitor thereby becomes entrained in the crude oil. In embodiments, the paraffin inhibitor is
present in the paraffin inhibitor concentrate at 1 wt% to 5 wt%, in embodiments at 2 wt% to 3 wt%. In embodiments, the
concentrate is diluted the field to 50 ppm to 10,000 ppm paraffin inhibitor by adding the paraffin inhibitor concentrate to
a crude oil, optionally often along with one or more additional additives to accomplish e.g. biocidal activity, corrosion
resistance, and the like. Petroleum-based solvents that conventionally provide the balance of paraffin inhibitor concentrate
compositions comprise, consist essentially of, or consist of a refined petroleum solvent. Refined petroleum solvents
comprise, consist essentially of, or consist of aromatic compounds such as benzene, toluene, xylene, light aromatic
naphtha, heavy aromatic naphtha, kerosene, or diesel; and/or aliphatic compounds such as pentane, hexane, heptane,
octane, nonane, decane, undecane, dodecane, tridecane, tetradecane, pentadecane, hexadecane, or any of their cyclic
or branched isomers or a mixture thereof. Naphtha is a petrochemical industry term describing boiling point fractions of
petroleum distillate collected at different points on a distillation column. Naphtha fractions may include linear or branched
or cyclic alkanes or alkenes, aromatic hydrocarbons, or fused ring aromatic compounds or mixtures of these materials.
Light naphtha is lower boiling material collected near the top portion of the distillation column; medium naphtha higher
boiling material from near the middle. Heavy naphtha is an even higher boiling material from near the bottom portion of
the column. In other embodiments, the paraffin inhibitor is added directly to the crude oil. In embodiments, the paraffin
inhibitor is effective for suppressing the phase separation of paraffin wax means that the residue of the paraffin inhibitor
covalently bonded to the graphene quantum dot has the same efficacy as substantially the same paraffin inhibitor without
a quantum dot bonded thereto for inhibiting the phase separation of paraffin wax when added in the same crude oil at
the same concentration under the same conditions. In embodiments, the conditions include temperature, time, the type
of crude oil in which the paraffin inhibitor is entrained, and/or other conditions which are apparent to one of skill in the
art. Substantially the same paraffin inhibitor without a quantum dot bonded thereto means the paraffin inhibitor without
the graphene quantum dot bonded thereto and without minor differences between the paraffin inhibitor and the paraffin
inhibitor residue in the graphene tagged paraffin inhibitor which differences provide a bond or bonds between the graphene
quantum dot and the paraffin inhibitor residue.

First Embodiments

[0081] In first embodiments, there is provided a graphene tagged paraffin suppressant, wherein the suppressant is a
polymer comprising a residue of an α-olefin having the formula (I)
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wherein R1, R2, R3, and R4 are independently selected from hydrogen and C5-C60 alkyl with the proviso that at least
two thereof are hydrogen and at least one thereof is C5-C60 alkyl; and
the residue of an imide having the formula (II)

wherein GQD represents a graphene quantum dot having a particle size of 2 nm to 20 nm covalently bonded to a nitrogen
atom of the imide, and R5 and R6 are independently hydrogen or a C1-C30 alkyl. In embodiments, the graphene dot
has a particle size of 5 to 15 nm; in embodiments, 2 to 5 nm; in embodiments, 5 to 10 nm; in embodiments, 10 to 15
nm; in embodiments, 15 nm to 20 nm.
[0082] In embodiments, the graphene tagged paraffin suppressant is made by polymerizing together a mixture of one
or more α-olefins, maleic anhydride, and optionally one or more additional unsaturated monomers to form an untagged
suppressant; and adding an amino or hydroxy-functionalized graphene quantum dot and/or a composition comprising
an amine or hydroxy-functionalized graphene quantum dot to form a mixture, and subjecting the mixture to heat and/or
other conditions under which the functionalized graphene quantum dot reacts with the untagged suppressant to form
the graphene tagged paraffin suppressant. In embodiments, the subjecting to heat and/or other conditions causes the
amine or hydroxy functionality of the amine or hydroxy functionalized graphene quantum dot to react with the maleic
anhydride residue of the untagged suppressant to form the tagged suppressant.
[0083] In embodiments, the one or more additional unsaturated monomers is selected from α-olefins, vinyl alkanoates,
C1-C60 alkyl esters of acrylic acid, C1-C60 alkyl esters of methacrylic acid, citraconic anhydride, nadic anhydride, acry-
lamide, acrylonitrile, styrene, or mixtures thereof. In embodiments, the vinyl alkanoate is vinyl acetate. In embodiments,
some or all of the olefins are α-olefins. In embodiments, R5 and R6 are both H. In embodiments, R5 and R6 are H and
methyl. In embodiments, the graphene tagged paraffin suppressant is added to one or more organic solvents to form a
paraffin suppressant concentrate. In embodiments, the one or more organic solvents, consists of, or consists essentially
of a hydrocarbon solvent and optionally includes a low boiling cosolvent. In embodiments, the cosolvent is methanol or
ethanol. In embodiments, the paraffin suppressant concentrate is added to an oil. In embodiments the oil is crude oil,
and adding paraffin suppressant concentrate to the crude oil forms a graphene tagged crude oil composition. In embod-
iments, the graphene tagged paraffin suppressant is added to an oil. In embodiments the oil is crude oil, and adding the
graphene tagged paraffin suppressant to the crude oil forms a graphene tagged crude oil composition. In embodiments,
the graphene tagged paraffin suppressant is entrained in one or more organic solvents to form a paraffin suppressant
concentrate. In embodiments, the one or more organic solvents is selected from hydrocarbon solvents, alcohols, and
ketones. In embodiments , the one or more organic solvents comprises, consists of, or consists essentially of a hydro-
carbon solvent and optionally includes a low boiling cosolvent. In embodiments, the cosolvent is methanol or ethanol.
In embodiments, the paraffin suppressant concentrate is entrained in an oil. In embodiments the oil is crude oil, and
adding paraffin suppressant concentrate to the crude oil forms a graphene tagged crude oil composition. In embodiments,
the graphene tagged paraffin suppressant is entrained in an oil. In embodiments the oil is crude oil, and adding the
graphene tagged paraffin suppressant to the crude oil forms a graphene tagged crude oil composition. In embodiments,
samples are removed from the graphene tagged crude oil composition, and the luminescent emission at λmax and/or
the fluorescence spectrum of the graphene quantum dot of the paraffin suppressant is measured. The graphene quantum
dot of a paraffin suppressant means the graphene quantum dot bonded to the residue of a paraffin inhibitor. In embod-
iments, the paraffin inhibitor is present in the paraffin inhibitor concentrate at 1 wt% to 5 wt%, in embodiments at 2 wt%
to 3 wt%. In embodiments, the concentrate is diluted the field to 50 ppm to 10,000 ppm paraffin inhibitor by adding the
paraffin inhibitor concentrate to a crude oil, optionally often along with one or more additional additives to accomplish
e.g. biocidal activity, corrosion resistance, and the like. Petroleum-based solvents that conventionally provide the balance
of paraffin inhibitor concentrate compositions comprise, consist essentially of, or consist of a refined petroleum solvent.
Refined petroleum solvents comprise, consist essentially of, or consist of aromatic compounds such as benzene, toluene,
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xylene, light aromatic naphtha, heavy aromatic naphtha, kerosene, or diesel; and/or aliphatic compounds such as pen-
tane, hexane, heptane, octane, nonane, decane, undecane, dodecane, tridecane, tetradecane, pentadecane, hexade-
cane, or any of their cyclic or branched isomers or a mixture thereof. Naphtha is a petrochemical industry term describing
boiling point fractions of petroleum distillate collected at different points on a distillation column. Naphtha fractions may
include linear or branched or cyclic alkanes or alkenes, aromatic hydrocarbons, or fused ring aromatic compounds or
mixtures of these materials. Light naphtha is lower boiling material collected near the top portion of the distillation column;
medium naphtha higher boiling material from near the middle. Heavy naphtha is an even higher boiling material from
near the bottom portion of the column.

Second Embodiments

[0084] In second embodiments there is provided a graphene tagged paraffin suppressant, wherein the suppressant
is a polymer of an α-olefin having the formula (I)

wherein R1, R2, R3, and R4 are independently selected from hydrogen and C5-C60 alkyl with the proviso that at least
two thereof are hydrogen and at least one thereof is C5-C60 alkyl; and
an imide having the formula (III)

wherein GQD represents a graphene quantum dot having a particle size of 2 nm to 20 nm covalently bonded to a nitrogen
atom of the imide. In embodiments, the graphene dot has a particle size of 5 to 15 nm; in embodiments, 2 to 5 nm; in
embodiments, 5 to 10 nm; in embodiments, 10 to 15 nm; in embodiments, 15 nm to 20 nm. In embodiments, the
suppressant is made by polymerizing together a mixture of one or more olefins, nadic anhydride, and optionally one or
more additional unsaturated monomers. In embodiments, the one or more additional unsaturated monomers is selected
from olefins, vinyl alkanoates, C1-C60 alkyl esters of acrylic acid, C1-C60 alkyl esters of methacrylic acid, citraconic
anhydride, nadic anhydride, acrylamide, acrylonitrile, styrene, or mixtures thereof. In embodiments, the vinyl alkanoate
is vinyl acetate. In embodiments, some or all of the olefins are α-olefins. In embodiments, the graphene tagged paraffin
suppressant is entrained in one or more organic solvents to form a paraffin suppressant concentrate. In embodiments,
the one or more organic solvents is selected from hydrocarbon solvents, alcohols, and ketones. In embodiments, the
one or more organic solvents comprises, consists of, or consists essentially of a hydrocarbon solvent and optionally
includes a low boiling cosolvent. In embodiments, the cosolvent is methanol or ethanol. In embodiments, the paraffin
suppressant concentrate is entrained in an oil. In embodiments the oil is crude oil, and adding paraffin suppressant
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concentrate to the crude oil forms a graphene tagged crude oil composition. In embodiments, the graphene tagged
paraffin suppressant is entrained in an oil. In embodiments the oil is crude oil, and adding the graphene tagged paraffin
suppressant to the crude oil forms a graphene tagged crude oil composition. In embodiments, samples are removed
from the graphene tagged crude oil composition, and the fluorescent emission intensity at λmax or some other specified
wavelength or wavelengths, and/or the spectrum of the graphene quantum dot of the paraffin suppressant is measured.
In embodiments, the paraffin inhibitor is present in the paraffin inhibitor concentrate at 1 wt% to 5 wt%, in embodiments
at 2 wt% to 3 wt%. In embodiments, the concentrate is diluted the field to 50 ppm to 10,000 ppm paraffin inhibitor by
adding the paraffin inhibitor concentrate to a crude oil, optionally often along with one or more additional additives to
accomplish e.g. biocidal activity, corrosion resistance, and the like. Petroleum-based solvents that conventionally provide
the balance of paraffin inhibitor concentrate compositions comprise, consist essentially of, or consist of a refined petroleum
solvent. Refined petroleum solvents comprise, consist essentially of, or consist of aromatic compounds such as benzene,
toluene, xylene, light aromatic naphtha, heavy aromatic naphtha, kerosene, or diesel; and/or aliphatic compounds such
as pentane, hexane, heptane, octane, nonane, decane, undecane, dodecane, tridecane, tetradecane, pentadecane,
hexadecane, or any of their cyclic or branched isomers or a mixture thereof. Naphtha is a petrochemical industry term
describing boiling point fractions of petroleum distillate collected at different points on a distillation column. Naphtha
fractions may include linear or branched or cyclic alkanes or alkenes, aromatic hydrocarbons, or fused ring aromatic
compounds or mixtures of these materials. Light naphtha is lower boiling material collected near the top portion of the
distillation column; medium naphtha higher boiling material from near the middle. Heavy naphtha is an even higher
boiling material from near the bottom portion of the column.

Third Embodiments

[0085] In third embodiments, there is provided a graphene tagged paraffin suppressant comprising a phenolic resin
having a graphene quantum dot covalently bonded thereto. In embodiments, the graphene dot has a particle size of 2
to 20 nm, in embodiments, the graphene quantum dot has a particle size of 5 to 15 nm; in embodiments, 2 to 5 nm; in
embodiments, 5 to 10 nm; in embodiments, 10 to 15 nm; in embodiments, 15 nm to 20 nm. In embodiments graphene
tagged phenolic resin is synthesized by a method comprising: mixing an amine-functionalized graphene quantum dot,
a phenolic resin, and optionally a solvent to form a mixture; and subjecting the mixture to conditions suitable for reacting
the amine with the phenolic resin, wherein the graphene quantum dot becomes covalently bonded to the phenolic resin
to form a graphene tagged paraffin suppressant. In embodiments, amine-functionalized graphene quantum dot is mixed
with a phenol having the formula (IV)

wherein R7 is selected from the group consisting of C5-C60 alkyl and C5-C60 alkaryl; formaldehyde; and optionally one
or more additional comonomers selected from amines, aldehydes, and phenols. In embodiments, the phenols are selected
from C5-C60 alkyl or C5-C60 alkaryl substituted cresols, catechols, resorcinols, hydroquinones, pyrogallols, phloroglu-
cinols, salicylic acids, gallic acids, guaiacols, or mixtures thereof. In embodiments, the graphene tagged paraffin sup-
pressant is entrained in one or more organic solvents to form a paraffin suppressant concentrate. In embodiments, the
one or more organic solvents is selected from hydrocarbon solvents, alcohols, and ketones. In embodiments , the one
or more organic solvents comprises, consists of, or consists essentially of a hydrocarbon solvent and optionally includes
a low boiling cosolvent. In embodiments, the cosolvent is methanol or ethanol. In embodiments, the paraffin suppressant
concentrate is entrained in an oil. In embodiments the oil is crude oil, and adding paraffin suppressant concentrate to
the crude oil forms a graphene tagged crude oil composition. In embodiments, the graphene tagged paraffin suppressant
is entrained in an oil. In embodiments the oil is crude oil, and adding the graphene tagged paraffin suppressant to the
crude oil forms a graphene tagged crude oil composition. In embodiments, the paraffin inhibitor is present in the paraffin
inhibitor concentrate at 1 wt% to 5 wt%, in embodiments at 2 wt% to 3 wt%. In embodiments, the concentrate is diluted
the field to 50 ppm to 10,000 ppm paraffin inhibitor by adding the paraffin inhibitor concentrate to a crude oil, optionally
often along with one or more additional additives to accomplish e.g. biocidal activity, corrosion resistance, and the like.
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Petroleum-based solvents that conventionally provide the balance of paraffin inhibitor concentrate compositions com-
prise, consist essentially of, or consist of a refined petroleum solvent. Refined petroleum solvents comprise, consist
essentially of, or consist of aromatic compounds such as benzene, toluene, xylene, light aromatic naphtha, heavy
aromatic naphtha, kerosene, or diesel; and/or aliphatic compounds such as pentane, hexane, heptane, octane, nonane,
decane, undecane, dodecane, tridecane, tetradecane, pentadecane, hexadecane, or any of their cyclic or branched
isomers or a mixture thereof. Naphtha is a petrochemical industry term describing boiling point fractions of petroleum
distillate collected at different points on a distillation column. Naphtha fractions may include linear or branched or cyclic
alkanes or alkenes, aromatic hydrocarbons, or fused ring aromatic compounds or mixtures of these materials. Light
naphtha is lower boiling material collected near the top portion of the distillation column; medium naphtha higher boiling
material from near the middle. Heavy naphtha is an even higher boiling material from near the bottom portion of the column.
[0086] In embodiments, samples are removed from the graphene tagged crude oil composition, and the fluorescent
emission intensity at λmax or some other specified wavelength or wavelengths, and/or the spectrum of the graphene
quantum dot of the paraffin suppressant is measured.

Fourth Embodiments

[0087] In fourth embodiments, there is provided a graphene tagged paraffin suppressant comprising a graphene
quantum dot covalently bound to an ethylene-vinyl acetate copolymer by an alkylamide linkage. In embodiments, the
graphene dot has a particle size of 5 to 15 nm; in embodiments, 2 to 5 nm; in embodiments, 5 to 10 nm; in embodiments,
10 to 15 nm; in embodiments, 15 nm to 20 nm. In embodiments, the graphene quantum dot covalently bound to the
ethylene-vinyl acetate copolymer by the alkylamide linkage has the formula (IX)

wherein GQD represents the graphene quantum dot, EVA represents an ethylene-vinyl acetate copolymer, and -C(R18
R19)C(R16R17)(CO)NH- is an alkylamide linkage, and R16, R17, R18, and R19 are independently selected from hydrogen,
alkyl, alkaryl, substituted alky, and substituted alkaryl. The alkylamide can be attached to the chain of the ethylene-vinyl
acetate copolymer at any point where a free radical is formed on the ethylene-vinyl acetate copolymer by a free radical
initiator and an acrylate adds to the ethylene-vinyl acetate copolymer chain. In embodiments, the graphene tagged
paraffin suppressant is entrained in one or more organic solvents to form a paraffin suppressant concentrate. In embod-
iments, the one or more organic solvents is selected from hydrocarbon solvents, alcohols, and ketones. In embodiments,
the one or more organic solvents comprises, consists of, or consists essentially of a hydrocarbon solvent and optionally
includes a low boiling cosolvent. In embodiments, the cosolvent is methanol or ethanol. In embodiments, the paraffin
suppressant concentrate is entrained in an oil. In embodiments the oil is crude oil, and adding paraffin suppressant
concentrate to the crude oil forms a graphene tagged crude oil composition. In embodiments, the graphene tagged
paraffin suppressant is entrained in an oil. In embodiments the oil is crude oil, and adding the graphene tagged paraffin
suppressant to the crude oil forms a graphene tagged crude oil composition. In embodiments, samples are removed
from the graphene tagged crude oil composition, and the fluorescent emission intensity at λmax and/or spectrum of the
graphene quantum dot of the paraffin suppressant is measured. In embodiments, the paraffin inhibitor is present in the
paraffin inhibitor concentrate at 1 wt% to 5 wt%, in embodiments at 2 wt% to 3 wt%. In embodiments, the concentrate
is diluted the field to 50 ppm to 10,000 ppm paraffin inhibitor by adding the paraffin inhibitor concentrate to a crude oil,
optionally often along with one or more additional additives to accomplish e.g. biocidal activity, corrosion resistance,
and the like. Petroleum-based solvents that conventionally provide the balance of paraffin inhibitor concentrate compo-
sitions comprise, consist essentially of, or consist of a refined petroleum solvent. Refined petroleum solvents comprise,
consist essentially of, or consist of aromatic compounds such as benzene, toluene, xylene, light aromatic naphtha, heavy
aromatic naphtha, kerosene, or diesel; and/or aliphatic compounds such as pentane, hexane, heptane, octane, nonane,
decane, undecane, dodecane, tridecane, tetradecane, pentadecane, hexadecane, or any of their cyclic or branched
isomers or a mixture thereof. Naphtha is a petrochemical industry term describing boiling point fractions of petroleum
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distillate collected at different points on a distillation column. Naphtha fractions may include linear or branched or cyclic
alkanes or alkenes, aromatic hydrocarbons, or fused ring aromatic compounds or mixtures of these materials. Light
naphtha is lower boiling material collected near the top portion of the distillation column; medium naphtha higher boiling
material from near the middle. Heavy naphtha is an even higher boiling material from near the bottom portion of the column.

Fifth Embodiments

[0088] In fifth embodiments, there is provided a method making a graphene tagged paraffin suppressant, wherein the
graphene tagged paraffin suppressant is a graphene tagged paraffin inhibitor, where the inhibitor is a polymer having
the structure (IX). The method comprises: mixing a free radical initiator, methyl acrylate, an ethylene-vinyl acetate
copolymer, and a solvent to form a mixture; heating or irradiating the mixture to initiate the free radical addition of the
methyl acrylate to the ethylene-vinyl acetate copolymer to form a graft polymer, adding a catalyst or reactant such as
an acid to hydrolyze the graft to the corresponding carboxylic acid, and adding to the mixture a an amine-functionalized
graphene quantum dot to form a graphene tagged paraffin inhibitor having the structure (IX). In embodiments, the solvent
is an organic solvent and the initiator, methyl acrylate, and ethylene-vinyl acetate copolymer are dissolved in the solvent.
In some such embodiments the solvent is a hydrocarbon solvent. In embodiments the solvent is selected from toluene,
benzene, xylene, methylene chloride, tetrahydrofuran, or 1-trichloroethane. In embodiments, the solvent is water and
the ethylene-vinyl acetate copolymer and methyl acrylate are dispersed in the water with one or more surfactants.
[0089] In embodiments, there is provided a method of making a graphene tagged paraffin suppressant, wherein the
graphene tagged paraffin suppressant is a graphene tagged paraffin inhibitor, where the inhibitor is a polymer having
the structure (IX). The method comprises: mixing a free radical initiator, an acrylic acid, an ethylene-vinyl acetate copol-
ymer, and a solvent to form a mixture; optionally heating or irradiating to initiate a free radical addition of the acrylic acid
to the ethylene-vinyl acetate copolymer to form a carboxylic graft; and adding to the corresponding carboxylic graft an
amine-functionalized graphene quantum dot to form a graphene tagged paraffin inhibitor having the structure (IX). In
embodiments, the solvent is an organic solvent and the initiator, methyl acrylate, and ethylene-vinyl acetate copolymer
are dissolved in the solvent. In some such embodiments the solvent is a hydrocarbon solvent. In embodiments the
solvent is selected from toluene, benzene, xylene, methylene chloride, tetrahydrofuran, or 1-trichloroethane. In embod-
iments, the solvent is water and the ethylene-vinyl acetate copolymer and methyl acrylate are dispersed in the water
with one or more surfactants.

Sixth embodiments

[0090] In sixth embodiments, there is provided a method of making a graphene tagged paraffin suppressant, wherein
the graphene tagged paraffin suppressant is a graphene tagged paraffin inhibitor, where the inhibitor is a polymer having
the structure (IX). The method comprises: mixing a free radical initiator, methyl acrylate, an ethylene-vinyl acetate
copolymer, and a solvent to form a mixture, optionally heating and/or irradiating to initiate addition of the methyl acrylate
to the ethylene vinyl acetate copolymer to form a graft, and adding an amine-functionalized graphene quantum dot to
the mixture to form a graphene tagged paraffin inhibitor having the structure (IX). In embodiments, the solvent is an
organic solvent and the initiator, methyl acrylate, and ethylene-vinyl acetate copolymer are dissolved in the solvent. In
some such embodiments the solvent is a hydrocarbon solvent. In embodiments the solvent is selected from toluene,
benzene, xylene, methylene chloride, tetrahydrofuran, or 1-trichloroethane. In embodiments, the solvent is water and
the ethylene-vinyl acetate copolymer and methyl acrylate are dispersed in the water with one or more surfactants.

Seventh Embodiments

[0091] In seventh embodiments, there is provided a method of making a graphene tagged paraffin suppressant mix
comprising: composing an imide premix comprising an amine functionalized graphene quantum dot, optionally one or
more long-chain amines, and an anhydride selected from maleic anhydride, citraconic anhydride, nadic anhydride, or
combinations thereof; subjecting the imide premix to conditions under which the amine including the amine functionalized
graphene quantum dot reacts with the anhydride to form an imide mixture; combining the imide mixture with one or more
α-olefins to form a polymer premix, and polymerizing the polymer premix to form the graphene tagged paraffin suppressant
mix. Herein, "polymerizing" a composition such as a premix or a mixture means subjecting the composition to conditions
under which the monomers in the composition react with each other to form a polymer. In embodiments, the conditions
under which the monomers in the composition react with each other to form a polymer are selected from mixing, applying
heat, adding a free-radical initiator, adding an ionic initiator, adding a catalyst, adding a solvent, or combinations thereof.
In embodiments, the long chain amine is C1 to C50 alkyl amine, C1-C50 aryl amine, C1 to C50 aralkyl amine. In
embodiments, the alkyl is linear alkyl, branched alkyl, alicyclic alkyl, or a combinations thereof. In embodiments, the
long-chain amine is a fatty acid amine. In embodiments, the long chain amine is selected from hydrogenated tallow
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amine, stearyl amine, or a combination thereof. In embodiments, the molar ratio of amine functionalized graphene
quantum dot to long chain amine is 1:99 to 10:90. In embodiments, the weight ratio of amine functionalized graphene
quantum dot to long chain amine is 0.01:99.99 to 10:90, in embodiments 0.05:99.95 to 10:90, in embodiments 0.1:99.9
to 10:90, in embodiments 0.5:99.5 to 10:90, in embodiments 0.75:99.25 to 10:90, in embodiments 1:99 to 10:90. Ad-
vantageously, the ratio of amine functionalized graphene quantum dot to long chain amine can be varied to control the
degree of fluorescence of the graphene tagged paraffin suppressant mix. In embodiments, the graphene tagged paraffin
suppressant mix is combined with one or more solvents to form a paraffin suppressant concentrate. In embodiments,
the paraffin suppressant mix and/or the paraffin suppressant concentrate is added to a composition comprising, consisting
of, or consisting essentially of crude oil.

Eighth Embodiments

[0092] In eighth embodiments, there is provided a graphene tagged paraffin suppressant having the structure (XI)

wherein GQD represents the graphene quantum dot, EVA represents an ethylene-vinyl acetate copolymer, and R20,
R21, and R22 are independently selected from hydrogen , alkyl, alkaryl, substituted alkyl, or substituted alkaryl. R20, R21,
and R22 can include long chains including polymers. In embodiments, the graphene tagged paraffin suppressant is
entrained in one or more organic solvents to form a paraffin suppressant concentrate. In embodiments, the one or more
organic solvents is selected from hydrocarbon solvents, alcohols, and ketones. In embodiments , the one or more organic
solvents comprises, consists of, or consists essentially of a hydrocarbon solvent and optionally includes a low boiling
cosolvent. In embodiments, the cosolvent is methanol or ethanol. In embodiments, the paraffin suppressant concentrate
is entrained in an oil. In embodiments the oil is crude oil, and adding paraffin suppressant concentrate to the crude oil
forms a graphene tagged crude oil composition. In embodiments, the graphene tagged paraffin suppressant is entrained
in an oil. In embodiments the oil is crude oil, and adding the graphene tagged paraffin suppressant to the crude oil forms
a graphene tagged crude oil composition. In embodiments, samples are removed from the graphene tagged crude oil
composition, and the fluorescent emission intensity at λmax or some other specified wavelength or wavelengths, and/or
the spectrum of the graphene quantum dot of the paraffin suppressant is measured. In embodiments, the paraffin inhibitor
is present in the paraffin inhibitor concentrate at 1 wt% to 5 wt%, in embodiments at 2 wt% to 3 wt%. In embodiments,
the concentrate is diluted the field to 50 ppm to 10,000 ppm paraffin inhibitor by adding the paraffin inhibitor concentrate
to a crude oil, optionally often along with one or more additional additives to accomplish e.g. biocidal activity, corrosion
resistance, and the like. Petroleum-based solvents that conventionally provide the balance of paraffin inhibitor concentrate
compositions comprise, consist essentially of, or consist of a refined petroleum solvent. Refined petroleum solvents
comprise, consist essentially of, or consist of aromatic compounds such as benzene, toluene, xylene, light aromatic
naphtha, heavy aromatic naphtha, kerosene, or diesel; and/or aliphatic compounds such as pentane, hexane, heptane,
octane, nonane, decane, undecane, dodecane, tridecane, tetradecane, pentadecane, hexadecane, or any of their cyclic
or branched isomers or a mixture thereof. Naphtha is a petrochemical industry term describing boiling point fractions of
petroleum distillate collected at different points on a distillation column. Naphtha fractions may include linear or branched
or cyclic alkanes or alkenes, aromatic hydrocarbons, or fused ring aromatic compounds or mixtures of these materials.
Light naphtha is lower boiling material collected near the top portion of the distillation column; medium naphtha higher
boiling material from near the middle. Heavy naphtha is an even higher boiling material from near the bottom portion of
the column.

Ninth Embodiments

[0093] In ninth embodiments, there is provided a method making a graphene tagged paraffin suppressant, wherein
the graphene tagged paraffin suppressant is a graphene tagged paraffin inhibitor, where the inhibitor is a polymer having
the structure (XI). The method comprises: mixing a free radical initiator, maleic anhydride or a substituted maleic anhy-
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dride, an ethylene-vinyl acetate copolymer, and a solvent to form a mixture; optionally heating or irradiating the mixture
to initiate the addition of the maleic anhydride or the substituted maleic anhydride to the ethylene-vinyl acetate copolymer
to form a graft, and adding to the mixture an amine-functionalized graphene quantum dot to form a graphene tagged
paraffin inhibitor having the structure (XI).

Tenth Embodiments

[0094] In tenth embodiments there is provided a paraffin inhibitor premix comprising: an amine-functionalized graphene
quantum dot having a particle size of 2 nm to 20 nm covalently bonded to the nitrogen atom of the amino group; a
substituted phenol having the formula (IV)

wherein R7 is selected from the group consisting of C5-C60 alkyl and C5-C60 alkaryl; and
formaldehyde. In embodiments, the graphene dot has a particle size of 5 to 15 nm; in embodiments, 2 to 5 nm; in
embodiments, 5 to 10 nm; in embodiments, 10 to 15 nm; in embodiments, 15 nm to 20 nm. In embodiments, the premix
is reacted to form a graphene tagged paraffin suppressant, wherein the graphene tagged paraffin suppressant comprises,
consists of, or consists essentially of a phenol-formaldehyde resin with a graphene quantum dot bound thereto. In
embodiments, the method comprises mixing the phenol, the amine-functionalized graphene quantum dot, and formal-
dehyde to form a mixture and subjecting the mixture to conditions suitable for phenol-formaldehyde condensation. In
embodiments, the mixture further comprises one or more solvents. In embodiments, the conditions do not produce an
insoluble infusible resin. The proportions of the phenol, formaldehyde, and the amine-functionalized graphene quantum
dot can vary over a fairly wide range. For example, the molar proportion of the phenol:(formaldehyde plus amine) can
vary from 0.6:1 to 3.3:1, and preferably from 0.7:1 to 2:1. The molar proportions of the formaldehyde to amine (i.e.
formaldehyde to amine groups) can vary from 0.75:1 to 3:1, and is preferably from 1:1 to 2:1. The above proportions
are appropriate for primary-amine functionalized graphene quantum dots. In embodiments, the graphene tagged paraffin
suppressant is produced by slowly adding formaldehyde or a composition comprising formaldehyde to an agitated mixture
of the phenol and the amine-functionalized graphene quantum dot to form the premix. In embodiments, the composition
comprising the formaldehyde comprises, consists essentially of, or consists of formaldehyde and one or more solvents.
In embodiments, the agitated mixture of the phenol and the graphene quantum dot further comprises one or more
solvents. The addition period is followed by a reaction period. In embodiments, the formaldehyde addition and subsequent
reaction is carried out at a temperature below the temperature at which the formaldehyde, functionalized quantum dot,
and the phenol polymerizes to an insoluble infusible polymer. In embodiments the reaction is carried out at or below
110°C. In embodiments, the reaction is carried out at between 5°C and 110°C, in embodiments the reaction is carried
out between 25°C and 100°C. In embodiments, the formaldehyde is added over 30 minutes to ten hours. In embodiments,
the one or more solvents is selected from methanol, tetrahydrofuran, isopropanol, dioxane, or a mixture thereof. The
time, temperature, the use of a solvent and which solvent, and the exact order of mixing, and addition rate of the
ingredients can be adjusted by routine experimentation depending on the specific reactants, solvents, and other factors
which will be routine to one of ordinary skill in the art.
[0095] In embodiments, the graphene tagged paraffin suppressant is entrained in one or more organic solvents to
form a paraffin suppressant concentrate. In embodiments, the one or more organic solvents is selected from hydrocarbon
solvents, alcohols, and ketones. In embodiments , the one or more organic solvents comprises, consists of, or consists
essentially of a hydrocarbon solvent and optionally includes a low boiling cosolvent. In embodiments, the cosolvent is
methanol or ethanol. In embodiments, the paraffin suppressant concentrate is entrained in an oil. In embodiments the
oil is crude oil, and adding paraffin suppressant concentrate to the crude oil forms a graphene tagged crude oil composition.
In embodiments, the graphene tagged paraffin suppressant is entrained in an oil. In embodiments the oil is crude oil,
and adding the graphene tagged paraffin suppressant to the crude oil forms a graphene tagged crude oil composition.
In embodiments, samples are removed from the graphene tagged crude oil composition, and the fluorescent emission
intensity at λmax or some other specified wavelength or wavelengths, and/or the spectrum of the graphene quantum
dot of the paraffin suppressant is measured. In embodiments, the paraffin inhibitor is present in the paraffin inhibitor
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concentrate at 1 wt% to 5 wt%, in embodiments at 2 wt% to 3 wt%. In embodiments, the concentrate is diluted the field
to 50 ppm to 10,000 ppm paraffin inhibitor by adding the paraffin inhibitor concentrate to a crude oil, optionally often
along with one or more additional additives to accomplish e.g. biocidal activity, corrosion resistance, and the like. Pe-
troleum-based solvents that conventionally provide the balance of paraffin inhibitor concentrate compositions comprise,
consist essentially of, or consist of a refined petroleum solvent. Refined petroleum solvents comprise, consist essentially
of, or consist of aromatic compounds such as benzene, toluene, xylene, light aromatic naphtha, heavy aromatic naphtha,
kerosene, or diesel; and/or aliphatic compounds such as pentane, hexane, heptane, octane, nonane, decane, undecane,
dodecane, tridecane, tetradecane, pentadecane, hexadecane, or any of their cyclic or branched isomers or a mixture
thereof. Naphtha is a petrochemical industry term describing boiling point fractions of petroleum distillate collected at
different points on a distillation column. Naphtha fractions may include linear or branched or cyclic alkanes or alkenes,
aromatic hydrocarbons, or fused ring aromatic compounds or mixtures of these materials. Light naphtha is lower boiling
material collected near the top portion of the distillation column; medium naphtha higher boiling material from near the
middle. Heavy naphtha is an even higher boiling material from near the bottom portion of the column.

Eleventh Embodiments

[0096] In eleventh embodiments, there is provided a paraffin inhibitor premix comprising: an unsaturated monomer
having the formula (V)

wherein R9 is hydrogen or methyl, and R10 is a C5-C60 alkyl or alkaryl; and an acrylamido functionalized graphene
quantum dot (GQD) having the formula (VI)

[0097] In embodiments, the graphene dot has a particle size of 5 to 15 nm; in embodiments, 2 to 5 nm; in embodiments,
5 to 10 nm; in embodiments, 10 to 15 nm; in embodiments, 15 nm to 20 nm. In embodiments, the premix is reacted to
form a graphene tagged paraffin suppressant, wherein the graphene tagged paraffin suppressant comprises, consists
of, or consists essentially of an acrylic polymer with a graphene quantum dot bound thereto. In embodiments, the
graphene tagged paraffin suppressant is entrained in one or more organic solvents to form a paraffin suppressant
concentrate. In embodiments, the one or more organic solvents is selected from hydrocarbon solvents, alcohols, and
ketones. In embodiments, the one or more organic solvents comprises, consists of, or consists essentially of a hydro-
carbon solvent and optionally includes a low boiling cosolvent. In embodiments, the cosolvent is methanol or ethanol.
In embodiments, the paraffin suppressant concentrate is entrained in an oil. In embodiments the oil is crude oil, and
adding paraffin suppressant concentrate to the crude oil forms a graphene tagged crude oil composition. In embodiments,
the graphene tagged paraffin suppressant is entrained in an oil. In embodiments the oil is crude oil, and adding the
graphene tagged paraffin suppressant to the crude oil forms a graphene tagged crude oil composition. In embodiments,
samples are removed from the graphene tagged crude oil composition, and the fluorescent emission intensity at λmax
or some other specified wavelength or wavelengths, and/or the spectrum of the graphene quantum dot of the paraffin
suppressant is measured. In embodiments, the paraffin inhibitor is present in the paraffin inhibitor concentrate at 1 wt%
to 5 wt%, in embodiments at 2 wt% to 3 wt%. In embodiments, the concentrate is diluted the field to 50 ppm to 10,000
ppm paraffin inhibitor by adding the paraffin inhibitor concentrate to a crude oil, optionally often along with one or more
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additional additives to accomplish e.g. biocidal activity, corrosion resistance, and the like. Petroleum-based solvents
that conventionally provide the balance of paraffin inhibitor concentrate compositions comprise, consist essentially of,
or consist of a refined petroleum solvent. Refined petroleum solvents comprise, consist essentially of, or consist of
aromatic compounds such as benzene, toluene, xylene, light aromatic naphtha, heavy aromatic naphtha, kerosene, or
diesel; and/or aliphatic compounds such as pentane, hexane, heptane, octane, nonane, decane, undecane, dodecane,
tridecane, tetradecane, pentadecane, hexadecane, or any of their cyclic or branched isomers or a mixture thereof.
Naphtha is a petrochemical industry term describing boiling point fractions of petroleum distillate collected at different
points on a distillation column. Naphtha fractions may include linear or branched or cyclic alkanes or alkenes, aromatic
hydrocarbons, or fused ring aromatic compounds or mixtures of these materials. Light naphtha is lower boiling material
collected near the top portion of the distillation column; medium naphtha higher boiling material from near the middle.
Heavy naphtha is an even higher boiling material from near the bottom portion of the column.

Twelfth Embodiments

[0098] In twelfth embodiments, there is provided a paraffin inhibitor premix comprising one or more unsaturated mon-
omers selected from the group consisting of ethylene, maleic acid, a maleimide, vinyl acetate, acrylonitrile, styrene, an
α-olefin, and mixtures thereof, wherein the α-olefin has the formula (I)

wherein R1, R2, R3, and R4 are independently selected from hydrogen and C5-C60 alkyl with the proviso that at least
two thereof are hydrogen and at least one thereof is C5-C60 alkyl; and
an acrylamido functionalized graphene quantum dot having the formula (VI)

wherein GQD represents a graphene quantum dot covalently bonded to the nitrogen atom of the acrylamido group. In
embodiments, the graphene dot has a particle size of 5 to 15 nm; in embodiments, 2 to 5 nm; in embodiments, 5 to 10
nm; in embodiments, 10 to 15 nm; in embodiments, 15 nm to 20 nm. In embodiments, the premix is reacted to form a
graphene tagged paraffin suppressant, wherein the graphene tagged paraffin suppressant comprises, consists of, or
consists essentially of an acrylic polymer with a graphene quantum dot bound thereto. In embodiments, the graphene
tagged paraffin suppressant is entrained in one or more organic solvents to form a paraffin suppressant concentrate. In
embodiments, the one or more organic solvents is selected from hydrocarbon solvents, alcohols, and ketones. In em-
bodiments, the one or more organic solvents comprises, consists of, or consists essentially of a hydrocarbon solvent
and optionally includes a low boiling cosolvent. In embodiments, the cosolvent is methanol or ethanol. In embodiments,
the paraffin suppressant concentrate is entrained in an oil. In embodiments the oil is crude oil, and adding paraffin
suppressant concentrate to the crude oil forms a graphene tagged crude oil composition. In embodiments, the graphene
tagged paraffin suppressant is entrained in an oil. In embodiments the oil is crude oil, and adding the graphene tagged
paraffin suppressant to the crude oil forms a graphene tagged crude oil composition. In embodiments, samples are
removed from the graphene tagged crude oil composition, and the fluorescent emission intensity at λmax or some other
specified wavelength or wavelengths, and/or the spectrum of the graphene quantum dot of the paraffin suppressant is
measured. In embodiments, the paraffin inhibitor is present in the paraffin inhibitor concentrate at 1 wt% to 5 wt%, in
embodiments at 2 wt% to 3 wt%. In embodiments, the concentrate is diluted the field to 50 ppm to 10,000 ppm paraffin
inhibitor by adding the paraffin inhibitor concentrate to a crude oil, optionally often along with one or more additional
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additives to accomplish e.g. biocidal activity, corrosion resistance, and the like. Petroleum-based solvents that conven-
tionally provide the balance of paraffin inhibitor concentrate compositions comprise, consist essentially of, or consist of
a refined petroleum solvent. Refined petroleum solvents comprise, consist essentially of, or consist of aromatic com-
pounds such as benzene, toluene, xylene, light aromatic naphtha, heavy aromatic naphtha, kerosene, or diesel; and/or
aliphatic compounds such as pentane, hexane, heptane, octane, nonane, decane, undecane, dodecane, tridecane,
tetradecane, pentadecane, hexadecane, or any of their cyclic or branched isomers or a mixture thereof. Naphtha is a
petrochemical industry term describing boiling point fractions of petroleum distillate collected at different points on a
distillation column. Naphtha fractions may include linear or branched or cyclic alkanes or alkenes, aromatic hydrocarbons,
or fused ring aromatic compounds or mixtures of these materials. Light naphtha is lower boiling material collected near
the top portion of the distillation column; medium naphtha higher boiling material from near the middle. Heavy naphtha
is an even higher boiling material from near the bottom portion of the column.

Thirteenth Embodiments

[0099] In thirteenth embodiments, there is provided a graphene tagged paraffin suppressant made by reacting a premix
to form a residue of a paraffin inhibitor covalently bonded to the graphene quantum dot. "Reacting a premix" herein
means that conditions are provided to the premix that allow monomers present in the premix to react with each other to
form a polymer. In embodiments, the conditions are an increase in temperature; addition of a catalyst such as an acidic
material, a basic material, one or more cations, one or more anions, a free-radical initiator; or another condition known
by one of skill; or more than one thereof, the conditions being applied to the premix as appropriate and obvious to one
of skill. In embodiments, the paraffin inhibitor premix comprises, consists of, or consists essentially of an amine-func-
tionalized graphene quantum dot having a particle size of 2 nm to 20 nm covalently bonded to the nitrogen atom of the
amino group; a substituted phenol having the formula (IV)

wherein R7 is selected from the group consisting of C5-C60 alkyl and C5-C60 alkaryl; and
formaldehyde. In further embodiments, the paraffin inhibitor premix comprises an unsaturated monomer having the
formula (V)

wherein R9 is hydrogen or methyl, and R10 is a C5-C60 alkyl or alkaryl; and an acrylamido functionalized graphene
quantum dot (GQD) having the formula (VI)
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In further embodiments, the premix comprises, consists of, or consists essentially of one or more unsaturated monomers
selected from the group consisting of ethylene, maleic acid, a maleimide, vinyl acetate, acrylonitrile, styrene, an α-olefin,
and mixtures thereof, wherein the α-olefin has the formula (I)

wherein R1, R2, R3, and R4 are independently selected from hydrogen and C5-C60 alkyl with the proviso that at least
two thereof are hydrogen and at least one thereof is C5-C60 alkyl; and
an acrylamido functionalized graphene quantum dot having the formula (VI)

wherein GQD represents a graphene quantum dot covalently bonded to the nitrogen atom of the acrylamido group. In
embodiments, the graphene dot has a particle size of 5 to 15 nm; in embodiments, 2 to 5 nm; in embodiments, 5 to 10
nm; in embodiments, 10 to 15 nm; in embodiments, 15 nm to 20 nm. In embodiments, the premix is reacted to form a
graphene tagged paraffin suppressant, wherein the graphene tagged paraffin suppressant comprises, consists of, or
consists essentially of an acrylic polymer with a graphene quantum dot bound thereto. In embodiments, the graphene
tagged paraffin suppressant is entrained in one or more organic solvents to form a paraffin suppressant concentrate. In
embodiments, the one or more organic solvents is selected from hydrocarbon solvents, alcohols, and ketones. In em-
bodiments, the one or more organic solvents comprises, consists of, or consists essentially of a hydrocarbon solvent
and optionally includes a low boiling cosolvent. In embodiments, the cosolvent is methanol or ethanol. In embodiments,
the paraffin suppressant concentrate is entrained in an oil. In embodiments the oil is crude oil, and adding paraffin
suppressant concentrate to the crude oil forms a graphene tagged crude oil composition. In embodiments, the graphene
tagged paraffin suppressant is entrained in an oil. In embodiments the oil is crude oil, and adding the graphene tagged
paraffin suppressant to the crude oil forms a graphene tagged crude oil composition. In embodiments, the paraffin
inhibitor is present in the paraffin inhibitor concentrate at 1 wt% to 5 wt%, in embodiments at 2 wt% to 3 wt%. In
embodiments, the concentrate is diluted the field to 50 ppm to 10,000 ppm paraffin inhibitor by adding the paraffin inhibitor
concentrate to a crude oil, optionally often along with one or more additional additives to accomplish e.g. biocidal activity,
corrosion resistance, and the like. Petroleum-based solvents that conventionally provide the balance of paraffin inhibitor
concentrate compositions comprise, consist essentially of, or consist of a refined petroleum solvent. Refined petroleum
solvents comprise, consist essentially of, or consist of aromatic compounds such as benzene, toluene, xylene, light
aromatic naphtha, heavy aromatic naphtha, kerosene, or diesel; and/or aliphatic compounds such as pentane, hexane,
heptane, octane, nonane, decane, undecane, dodecane, tridecane, tetradecane, pentadecane, hexadecane, or any of
their cyclic or branched isomers or a mixture thereof. Naphtha is a petrochemical industry term describing boiling point
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fractions of petroleum distillate collected at different points on a distillation column. Naphtha fractions may include linear
or branched or cyclic alkanes or alkenes, aromatic hydrocarbons, or fused ring aromatic compounds or mixtures of these
materials. Light naphtha is lower boiling material collected near the top portion of the distillation column; medium naphtha
higher boiling material from near the middle. Heavy naphtha is an even higher boiling material from near the bottom
portion of the column.
In embodiments, samples are removed from the graphene tagged crude oil composition, and the fluorescent emission
intensity at λmax or some other specified wavelength or wavelengths, and/or the spectrum of the graphene quantum
dot of the paraffin suppressant is measured.

Fourteenth Embodiments (not according to the invention)

[0100] In fourteenth embodiments, there is provided a graphene tagged paraffin suppressant comprising a graphene
quantum dot; one or more paraffin dispersants; and a hydrophobic liquid,
wherein the one or more paraffin dispersants forms inverse micelles with the graphene quantum dot and the graphene
quantum dot is dispersed in the hydrophobic liquid. In embodiments, the hydrophobic liquid comprises one or more
solvents. In embodiments the one or more solvents comprises a hydrocarbon solvent. In embodiments, the one or more
solvents comprises a hydrocarbon solvent and an alcohol. In embodiments, the alcohol is selected from ethanol, methanol,
and mixtures thereof. In embodiments, the hydrocarbon is selected from aromatic hydrocarbons selected from toluene,
benzene, xylene, light aromatic naphtha, heavy aromatic naphtha, or mixtures thereof; kerosene; diesel; one or more
linear or branched alkanes selected from pentanes, heptanes, hexanes, octanes, nonanes, decanes, undecanes, do-
decanes, tridecanes, tetradecanes, pentadecanes, hexadecanes, or mixtures thereof; cycloalkane isomers of the one
or more linear or branched alkanes; or mixtures thereof. One non-limiting example of an inverse micelle of the invention
is represented schematically in FIG. 6. Each of the inverse micelles comprises, consists of, or consists essentially of
one or more graphene quantum dots surrounded by molecules of one or more paraffin dispersants, wherein the molecules
of the one or more paraffin dispersants each possess a relatively polar head group, which in some embodiments is ionic,
and a hydrophobic section or hydrophobic tail. The relatively polar head groups of the one or more paraffin dispersants
associate with the one or more graphene quantum dots in the interior of the inverse micelles, whereas the tails of the
one or more paraffin dispersants tails extend out towards or into the hydrophobic liquid. In embodiments, the one or
more paraffin dispersants is selected from the group consisting of an ammonium salt of a long-chain alkyl benzene
sulfonic acid, an alkoxylated long-chain alkyl phenol, an alkoxylated long-chain alcohol, and mixtures thereof. In em-
bodiments, the ammonium is NH4

+, primary ammonium, secondary ammonium, tertiary ammonium, or mixtures thereof.
In embodiments, the ammonium is represented by the formula (X)

wherein R11, R12, R13, and R14 are individually selected from hydrogen, alky, aryl, or alkaryl. In embodiments, the
graphene dot has a particle size of 5 to 15 nm; in embodiments, 2 to 5 nm; in embodiments, 5 to 10 nm; in embodiments,
10 to 15 nm; in embodiments, 15 nm to 20 nm. In embodiments, the graphene tagged paraffin suppressant is entrained
in one or more organic solvents to form a paraffin suppressant concentrate. In embodiments, the one or more organic
solvents is selected from hydrocarbon solvents, alcohols, and ketones. In embodiments , the one or more organic
solvents comprises, consists of, or consists essentially of a hydrocarbon solvent and optionally includes a low boiling
cosolvent. In embodiments, the cosolvent is methanol or ethanol. In embodiments, the paraffin suppressant concentrate
is entrained in an oil. In embodiments the oil is crude oil, and adding paraffin suppressant concentrate to the crude oil
forms a graphene tagged crude oil composition. In embodiments, the graphene tagged paraffin suppressant is entrained
in an oil. In embodiments the oil is crude oil, and adding the graphene tagged paraffin suppressant to the crude oil forms
a graphene tagged crude oil composition. In embodiments, samples are removed from the graphene tagged crude oil
composition, and the fluorescent emission intensity at λmax or some other specified wavelength or wavelengths, and/or
the spectrum of the graphene quantum dot of the paraffin suppressant is measured. In embodiments, the paraffin inhibitor
is present in the paraffin inhibitor concentrate at 1 wt% to 5 wt%, in embodiments at 2 wt% to 3 wt%. In embodiments,
the concentrate is diluted the field to 50 ppm to 10,000 ppm paraffin inhibitor by adding the paraffin inhibitor concentrate
to a crude oil, optionally often along with one or more additional additives to accomplish e.g. biocidal activity, corrosion
resistance, and the like. Petroleum-based solvents that conventionally provide the balance of paraffin inhibitor concentrate
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compositions comprise, consist essentially of, or consist of a refined petroleum solvent. Refined petroleum solvents
comprise, consist essentially of, or consist of aromatic compounds such as benzene, toluene, xylene, light aromatic
naphtha, heavy aromatic naphtha, kerosene, or diesel; and/or aliphatic compounds such as pentane, hexane, heptane,
octane, nonane, decane, undecane, dodecane, tridecane, tetradecane, pentadecane, hexadecane, or any of their cyclic
or branched isomers or a mixture thereof. Naphtha is a petrochemical industry term describing boiling point fractions of
petroleum distillate collected at different points on a distillation column. Naphtha fractions may include linear or branched
or cyclic alkanes or alkenes, aromatic hydrocarbons, or fused ring aromatic compounds or mixtures of these materials.
Light naphtha is lower boiling material collected near the top portion of the distillation column; medium naphtha higher
boiling material from near the middle. Heavy naphtha is an even higher boiling material from near the bottom portion of
the column.

Fifteenth Embodiments

[0101] In fifteenth embodiments, there is provided a composition comprising crude oil; and any of the graphene tagged
suppressants described herein, wherein the total concentration of the paraffin suppressant plus the graphene quantum
dot in the crude oil is 5 ppm to 5000 ppm by weight. In embodiments, the composition comprising crude oil further
comprises one or more organic solvents. In embodiments, the one or more organic solvents include at least one hydro-
carbon solvent. In embodiments, the one or more organic solvents comprises at least one hydrocarbon solvent and a
low boiling organic solvent. In embodiments, the low boiling organic solvent is methanol or ethanol. In embodiments,
the composition comprising crude oil further comprises, consists of, or consists essentially of a second paraffin suppres-
sant selected from the group consisting of an α-olefin-maleic anhydride copolymer, an ethylene-vinyl acetate copolymer,
a long-chain acrylic polymer, a long-chain-alkyl phenol-formaldehyde resin, an alkoxylated long-chain-alkyl phenol, an
alkoxylated long-chain alcohol, an ammonium salt of a long-chain-alkyl benzene sulfonate, and mixtures thereof.

Sixteenth Embodiments

[0102] In sixteenth embodiments, there is provided a method of making a graphene tagged paraffin inhibitor comprising:
mixing a functionalized graphene quantum dot having a particle size of 2 nm to 20 nm and having one or more graphene
functional groups attached thereto with a paraffin inhibitor, wherein the paraffin inhibitor has one or more paraffin inhibitor
functional groups which react with the one or more graphene functional groups to form a graphene tagged paraffin
inhibitor wherein the quantum dot is covalently bound to a residue of the paraffin inhibitor. In embodiments, the one or
more graphene functional groups is selected from amine, hydroxy, carboxy, carboxylate, carboxylic acid ester, or com-
binations thereof. In embodiments, the one or more paraffin inhibitor functional groups is selected from carboxy, car-
boxylate, hydroxyl, amine, carboxylic anhydride, or combinations thereof. It will be appreciated by one of skill in the art
that the combination of the one or more graphene functional groups and the one or more paraffin inhibitor functional
groups is selected such that the one or more graphene functional groups is reactive with the one or more paraffin inhibitor
functional groups such that the result is a single linking group which provides a covalent bond between the functionalized
graphene quantum dot and the paraffin inhibitor residue. In embodiments, the one or more graphene functional groups
is amine, and the one more paraffin inhibitor functional groups is selected from the group consisting of anhydride,
carboxylate, carboxylic acid, carboxylic acid ester, and mixtures thereof. In embodiments, the paraffin inhibitor is a
copolymer of maleic anhydride and an α-olefin. In embodiments, the paraffin inhibitor is a polymer of nadic anhydride
and an α-olefin. In embodiments, the α-olefin has the formula (I)

wherein R1, R2, R3, and R4 are independently selected from hydrogen and C5-C60 alkyl with the proviso that at least
two thereof are hydrogen and at least one thereof is C5-C60 alkyl. In embodiments, the paraffin inhibitor is a polymer
of nadic anhydride and an α-olefin. In embodiments, the α-olefin has the formula (I). In embodiments, the graphene dot
has a particle size of 5 to 15 nm; in embodiments, 2 to 5 nm; in embodiments, 5 to 10 nm; in embodiments, 10 to 15
nm; in embodiments, 15 nm to 20 nm. In embodiments, a method of tracing a paraffin inhibitor comprises the method
of making the graphene tagged paraffin inhibitor, and entraining the graphene tagged paraffin inhibitor in one or more
organic solvents to form a paraffin suppressant concentrate. In embodiments, the one or more organic solvents is
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selected from hydrocarbon solvents, alcohols, and ketones. In embodiments , the one or more organic solvents com-
prises, consists of, or consists essentially of a hydrocarbon solvent and optionally includes a low boiling cosolvent. In
embodiments, the cosolvent is methanol or ethanol. In embodiments, the paraffin suppressant concentrate is entrained
in an oil. In embodiments the oil is crude oil, and adding paraffin suppressant concentrate to the crude oil forms a
graphene tagged crude oil composition. In embodiments, a second method of tracing a paraffin inhibitor comprises,
consists of, or consists essentially of the making the graphene tagged paraffin inhibitor, entraining the graphene tagged
paraffin inhibitor in an oil. In embodiments the oil is crude oil, and entraining the graphene tagged paraffin suppressant
in the crude oil forms a graphene tagged crude oil composition. In embodiments, the method further comprises removing
samples from the graphene tagged crude oil composition, and measuring fluorescent emission intensity at the λmax of
the paraffin inhibitor. In embodiments, the paraffin inhibitor is present in the paraffin inhibitor concentrate at 1 wt% to 5
wt%, in embodiments at 2 wt% to 3 wt%. In embodiments, the concentrate is diluted the field to 50 ppm to 10,000 ppm
paraffin inhibitor by adding the paraffin inhibitor concentrate to a crude oil, optionally often along with one or more
additional additives to accomplish e.g. biocidal activity, corrosion resistance, and the like. Petroleum-based solvents
that conventionally provide the balance of paraffin inhibitor concentrate compositions comprise, consist essentially of,
or consist of a refined petroleum solvent. Refined petroleum solvents comprise, consist essentially of, or consist of
aromatic compounds such as benzene, toluene, xylene, light aromatic naphtha, heavy aromatic naphtha, kerosene, or
diesel; and/or aliphatic compounds such as pentane, hexane, heptane, octane, nonane, decane, undecane, dodecane,
tridecane, tetradecane, pentadecane, hexadecane, or any of their cyclic or branched isomers or a mixture thereof.
Naphtha is a petrochemical industry term describing boiling point fractions of petroleum distillate collected at different
points on a distillation column. Naphtha fractions may include linear or branched or cyclic alkanes or alkenes, aromatic
hydrocarbons, or fused ring aromatic compounds or mixtures of these materials. Light naphtha is lower boiling material
collected near the top portion of the distillation column; medium naphtha higher boiling material from near the middle.
Heavy naphtha is an even higher boiling material from near the bottom portion of the column.

Seventeenth Embodiments

[0103] In seventeenth embodiments, there is provided a method of making a paraffin suppressant comprising: optionally
adding a solvent to a paraffin inhibitor premix comprising a functionalized graphene quantum dot having a particle size
of 2 nm to 20 nm and one or more co-monomers to form a mixture, and heating the mixture. In embodiments, the one
or more comonomers comprises, consists of, or consists essentially of: a long chain substituted phenol having the
formula (IV)

wherein R7 is selected from the group consisting of C5-C60 alkyl and C5-C60 alkaryl; and
formaldehyde. In embodiments, the graphene dot has a particle size of 5 to 15 nm; in embodiments, 2 to 5 nm; in
embodiments, 5 to 10 nm; in embodiments, 10 to 15 nm; in embodiments, 15 nm to 20 nm. In embodiments, the method
comprises mixing the phenol, the amine-functionalized graphene quantum dot, and formaldehyde to form a mixture and
subjecting the mixture to conditions suitable for phenol-formaldehyde condensation. In embodiments, the mixture further
comprises one or more solvents. The proportions of the phenol, formaldehyde, and the amine-functionalized graphene
quantum dot can vary over a fairly wide range. For example, the molar proportion of the phenol:(formaldehyde plus
amine) can vary from 0.6:1 to 3.3:1, and preferably from 0.7:1 to 2:1. The molar proportions of the formaldehyde to
amine (i.e. formaldehyde to amine groups) can vary from 0.75:1 to 3:1, and is preferably from 1:1 to 2:1. The above
proportions are appropriate for primary-amine functionalized graphene quantum dots. In embodiments, the graphene
tagged paraffin suppressant is produced by slowly adding formaldehyde or a composition comprising formaldehyde to
an agitated mixture of the phenol and the amine-functionalized graphene quantum dot to form the premix. In embodiments,
the composition comprising the formaldehyde comprises, consists essentially of, or consists of formaldehyde and one
or more solvents. In embodiments, the agitated mixture of the phenol and the graphene quantum dot further comprises
one or more solvents. The addition period is followed by a reaction period. In embodiments, the formaldehyde addition
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and subsequent reaction is carried out at a temperature below the temperature at which the formaldehyde, functionalized
quantum dot, and the phenol polymerizes to an insoluble infusible polymer. In embodiments the reaction is carried out
at or below 110°C. In embodiments, the reaction is carried out at between 5°C and 110°C, in embodiments the reaction
is carried out between 25°C and 100°C. In embodiments, the formaldehyde is added over 30 minutes to ten hours. In
embodiments, the one or more solvents is selected from methanol, tetrahydrofuran, isopropanol, dioxane, or a mixture
thereof. The time, temperature, the use of a solvent and which solvent, and the exact order of mixing, and addition rate
of the ingredients can be adjusted by routine experimentation depending on the specific reactants, solvents, and other
factors which will be routine to one of ordinary skill in the art.

Eighteenth Embodiments

[0104] In eighteenth embodiments, a method of tracing a paraffin inhibitor comprises, consists of, or consists essentially
of the method of making the graphene tagged paraffin inhibitor, and entraining the graphene tagged paraffin inhibitor in
one or more organic solvents to form a paraffin suppressant concentrate. In embodiments, the one or more organic
solvents is selected from hydrocarbon solvents, alcohols, and ketones. In embodiments , the one or more organic
solvents comprises, consists of, or consists essentially of a hydrocarbon solvent and optionally includes a low boiling
cosolvent. In embodiments, the cosolvent is methanol or ethanol. In embodiments, the paraffin suppressant concentrate
is entrained in an oil. In embodiments the oil is crude oil, and adding paraffin suppressant concentrate to the crude oil
forms a graphene tagged crude oil composition. In embodiments, a second method of tracing a paraffin inhibitor com-
prises, consists of, or consists essentially of the making the graphene tagged paraffin inhibitor and entraining the graphene
tagged paraffin inhibitor in an oil. In embodiments the oil is crude oil, and entraining the graphene tagged paraffin
suppressant in the crude oil forms a graphene tagged crude oil composition. In embodiments, the method further com-
prises removing samples from the graphene tagged crude oil composition, and measuring the fluorescent emission
intensity at λmax of the paraffin inhibitor. In embodiments, the paraffin inhibitor is present in the paraffin inhibitor con-
centrate at 1 wt% to 5 wt%, in embodiments at 2 wt% to 3 wt%. In embodiments, the concentrate is diluted the field to
50 ppm to 10,000 ppm paraffin inhibitor by adding the paraffin inhibitor concentrate to a crude oil, optionally often along
with one or more additional additives to accomplish e.g. biocidal activity, corrosion resistance, and the like. Petroleum-
based solvents that conventionally provide the balance of paraffin inhibitor concentrate compositions comprise, consist
essentially of, or consist of a refined petroleum solvent. Refined petroleum solvents comprise, consist essentially of, or
consist of aromatic compounds such as benzene, toluene, xylene, light aromatic naphtha, heavy aromatic naphtha,
kerosene, or diesel; and/or aliphatic compounds such as pentane, hexane, heptane, octane, nonane, decane, undecane,
dodecane, tridecane, tetradecane, pentadecane, hexadecane, or any of their cyclic or branched isomers or a mixture
thereof. Naphtha is a petrochemical industry term describing boiling point fractions of petroleum distillate collected at
different points on a distillation column. Naphtha fractions may include linear or branched or cyclic alkanes or alkenes,
aromatic hydrocarbons, or fused ring aromatic compounds or mixtures of these materials. Light naphtha is lower boiling
material collected near the top portion of the distillation column; medium naphtha higher boiling material from near the
middle. Heavy naphtha is an even higher boiling material from near the bottom portion of the column.

Nineteenth Embodiments

[0105] In nineteenth embodiments, there is provided a method of making a graphene tagged paraffin inhibitor com-
prising grafting an acrylic ester having the formula (VII)

wherein R9 is selected from the group consisting of hydrogen and methyl, and R15 is a C1-C5 alkyl, to an ethylene-vinyl
acetate copolymer using a free-radical initiator to form a grafted polymer (an ethylene-vinyl acetate copolymer/acrylic
ester graft); hydrolyzing the grafted polymer to form a hydrolyzed grafted polymer (an ethylene-vinyl acetate copoly-
mer/acrylic acid graft); and reacting the hydrolyzed grafted polymer with an amine-functionalized graphene quantum dot
to form a graphene tagged paraffin inhibitor. Hydrolyzing the grafted polymer means hydrolyzing -(R9)C-(C=O)-OR15
group to a - (R9)C-(C=O)-OH carboxylic group or the conjugate base of a -(R9)C-(C=O)-OH carboxylic group. In em-
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bodiments, the initiator is selected from azo compounds, peroxides, persulfates, or mixtures thereof. In embodiments,
the free radical initiator is selected from azobisisobutyronitrile, benzoyl peroxide, dicumyl peroxide, a persulfate, or
mixtures thereof. The reaction can be conducted by means known to one of ordinary skill in the art. In embodiments,
the grafting is conducted in solution. In embodiments, the solution is a solution of reactants comprising the ethylene-
vinyl acetate copolymer, the acrylic ester, and the initiator. In embodiments, the graphene dot has a particle size of 5 to
15 nm; in embodiments, 2 to 5 nm; in embodiments, 5 to 10 nm; in embodiments, 10 to 15 nm; in embodiments, 15 nm
to 20 nm. The reacting the hydrolyzed grafted polymer with an amine-functionalized graphene quantum dot to form a
graphene-tagged paraffin inhibitor means reacting the -(R9)C-(C=O)-OH carboxylic group or the conjugate base of the
-(R9)C-(C=O)-OH carboxylic group with the amine group of the amine-functionalized graphene quantum dot (H2N-GQD)
to form a group having the formula - R9C-(C=O)-O-N(H)-GQD.

Twentieth Embodiments

[0106] In twentieth embodiments, there is provided a method of making a graphene tagged paraffin inhibitor comprising
grafting an acrylic compound having the formula (VII)

wherein R9 is selected from the group consisting of hydrogen and methyl, and R15 is hydrogen or a C1-C5 alkyl to an
ethylene-vinyl acetate copolymer using a free-radical initiator to form a grafted polymer (an ethylene-vinyl acetate co-
polymer/acrylic graft); and reacting the grafted polymer with an amine-functionalized graphene quantum dot to form a
graphene tagged paraffin suppressant.. In embodiments, R15 is methyl and R9 is hydrogen. In embodiments, each of
R15 and R9 is hydrogen. In embodiments, the graphene dot has a particle size of 5 to 15 nm; in embodiments, 2 to 5
nm; in embodiments, 5 to 10 nm; in embodiments, 10 to 15 nm; in embodiments, 15 nm to 20 nm. In embodiments, the
initiator is selected from azo compounds, peroxides, persulfates, or mixtures thereof. In embodiments, the free radical
initiator is selected from azobisisobutyronitrile, benzoyl peroxide, dicumyl peroxide, a persulfate, or mixtures thereof.
The reaction can be conducted by means known to one of ordinary skill in the art. In embodiments, the grafting is
conducted in solution. In embodiments, the solution is a solution of reactants comprising the ethylene-vinyl acetate
copolymer, the acrylic ester, and the initiator.

Twenty-First Embodiments

[0107] In twenty-first embodiments, there is provided a method of making a graphene tagged paraffin inhibitor com-
prising grafting a maleic anhydride to an ethylene-vinyl acetate copolymer using a free-radical initiator to form an ethylene-
vinyl acetate copolymer/maleic anhydride graft; and reacting the ethylene-vinyl acetate copolymer/maleic anhydride
graft with an amine-functionalized graphene quantum dot to form an EVA graft-GQD conjugate comprising a maleimide
linkage. In embodiments, the maleic anhydride is a substituted maleic anhydride having the formula (II)

wherein R5 and R6 are both hydrogen, or R5 is hydrogen and R6 is methyl. In embodiments, the graphene dot has a
particle size of 5 to 15 nm; in embodiments, 2 to 5 nm; in embodiments, 5 to 10 nm; in embodiments, 10 to 15 nm; in
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embodiments, 15 nm to 20 nm.

Twenty-Second Embodiments

[0108] In twenty-second embodiments, there is provided a method of making a graphene tagged crude oil composition,
the method comprising entraining any of the graphene tagged paraffin suppressants or graphene tagged paraffin inhibitors
described herein in one or more organic solvents to form a graphene tagged paraffin suppressant concentrate; and
adding the graphene tagged paraffin suppressant concentrate to crude oil. In embodiments, the one or more organic
solvents comprises, consists of, or consists essentially of one or more hydrocarbon solvents. In embodiments, the one
or more organic solvents comprises, consists of, or consists essentially of one or more hydrocarbon solvents and one
or more low boiling solvents. In some embodiments, the paraffin inhibitor suppressant concentrate is added to crude oil
in an oil extraction process, wherein oil is extracted from a subterranean oil reservoir in, for example, an oil field.. In
some embodiments, the oil extraction process is an enhanced oil recovery process selected from fracking or gas lift oil
recovery. In some embodiments, the paraffin inhibitor suppressant concentrate is added to crude oil in a subterranean
reservoir. In some embodiments, the paraffin inhibitor concentrate is added to the crude oil after the crude oil emerges
from the subterranean reservoir. In some embodiments, the paraffin inhibitor suppressant concentrate is added to the
crude oil below ground. In some embodiments, the paraffin inhibitor suppressant concentrate is added to the crude oil
above ground. In some embodiments, the paraffin inhibitor suppressant concentrate is added to the crude oil by intro-
ducing the concentrate into the crude oil via a capillary string. In some embodiments, the paraffin inhibitor suppressant
concentrate is added to the crude oil via an annulus of a downpipe which is in communication with a subterranean oil
reservoir. In some embodiments, the paraffin inhibitor suppressant concentrate is added to crude oil in an oil processing
operation such as oil refining and the like.
[0109] In some embodiments, the paraffin inhibitor suppressant concentrate is added to crude oil in an oil transportation
process such as transportation of oil by oil pipeline. In some embodiments, the paraffin inhibitor suppressant concentrate
is added to crude oil in an oil storage process. The paraffin inhibitor suppressant concentrate can be added to the crude
oil at any point in the recovery, extraction, processing, transportation, and/or storage of the crude oil. In some embodi-
ments, the paraffin suppressant concentrate is a paraffin suppressant concentrate. In embodiments, the paraffin inhibitor
is present in the paraffin inhibitor concentrate at 1 wt% to 5 wt%, in embodiments at 2 wt% to 3 wt%. In embodiments,
the concentrate is diluted the field to 50 ppm to 10,000 ppm paraffin inhibitor by adding the paraffin inhibitor concentrate
to a crude oil, optionally often along with one or more additional additives to accomplish e.g. biocidal activity, corrosion
resistance, and the like. Petroleum-based solvents that conventionally provide the balance of paraffin inhibitor concentrate
compositions comprise, consist essentially of, or consist of a refined petroleum solvent. Refined petroleum solvents
comprise, consist essentially of, or consist of aromatic compounds such as benzene, toluene, xylene, light aromatic
naphtha, heavy aromatic naphtha, kerosene, or diesel; and/or aliphatic compounds such as pentane, hexane, heptane,
octane, nonane, decane, undecane, dodecane, tridecane, tetradecane, pentadecane, hexadecane, or any of their cyclic
or branched isomers or a mixture thereof. Naphtha is a petrochemical industry term describing boiling point fractions of
petroleum distillate collected at different points on a distillation column. Naphtha fractions may include linear or branched
or cyclic alkanes or alkenes, aromatic hydrocarbons, or fused ring aromatic compounds or mixtures of these materials.
Light naphtha is lower boiling material collected near the top portion of the distillation column; medium naphtha higher
boiling material from near the middle. Heavy naphtha is an even higher boiling material from near the bottom portion of
the column.

Twenty-Third Embodiments

[0110] In twenty-third embodiments, there is provided a method of tracing a paraffin suppressant in crude oil comprising
adding a paraffin suppressant composition comprising any one or more of the graphene tagged paraffin inhibitors,
graphene tagged paraffin dispersants, and graphene tagged paraffin suppressants herein to a crude oil composition to
form a graphene tagged crude oil composition; irradiating the graphene tagged crude oil composition with a source of
light having a selected first range of wavelengths; and measuring the luminescent emission of the graphene quantum
dot at a selected second range of wavelengths, wherein the measuring is carried out substantially contemporaneously
with the irradiating. In embodiments the first range of wavelengths is substantially a single wavelength, herein a "single
first wavelength". In embodiments, the single first wavelength of the source of light is 500 nm. In embodiments, the
second range of wavelengths is 600 nm to 700 nm. In embodiments, the second range of wavelengths is substantially
a single wavelength, herein a "single second wavelength". In embodiments, the single second wavelength is 600 nm.
[0111] The fluorescent emission, i.e. luminescence spectra of the graphene tagged paraffin suppressants of the in-
vention fluorescent treatment compounds have a highly advantageous property thereof: the luminescent emission of
the suppressants can easily be separated from the fluorescent emissions of hydrocarbons and other compounds and
materials entrained in crude oil. For example, Karpicz, R., et al., Lithuanian J. Physics (2005) 45:213-218 report the
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peak emission wavelengths of crude hydrocarbon oil to be in the range of 500 nm to 550 nm in many instances, with
some refined petroleum products having peak emission intensity somewhat lower than this (e.g. 375 nm - 450 nm). Thus
the peak emission intensity of the suppressants comprising graphene quantum dots are easily differentiated from the
"background" emission of the crude hydrocarbon oil by selecting suppressants whose graphene quantum dots have a
peak emission intensity greater than 550 nm, for example 575 nm or greater, such as up to 650 nm, for example. By
sufficiently separating the "background" fluorescence of materials present in crude oil and/or compositions comprising
crude oil from the fluorescence emission of the graphene quantum dots of the graphene tagged paraffin suppressants,
the concentration of the graphene tagged paraffin suppressants in the crude oil is easily measured in the presence of
the crude oil and any materials entrained in or added to the crude oil.
[0112] Thus, in embodiments, there is provided a method of tracing a paraffin suppressant in crude oil comprising:
adding a paraffin suppressant composition or a paraffin suppressant concentrate comprising any one or more of the
graphene tagged paraffin inhibitors, graphene tagged paraffin dispersants, or graphene tagged paraffin suppressants
described herein to a crude oil composition to form a graphene tagged crude oil composition; irradiating the graphene
tagged crude oil composition with a source of light having a selected first range of wavelengths; and measuring the
luminescent emission of the graphene quantum dot at a selected second range of wavelengths, wherein the measuring
is carried out substantially contemporaneously with the irradiating. In embodiments the first range of wavelengths is
substantially a single wavelength, herein a "single first wavelength". In embodiments, the single first wavelength of the
source of light is 500 nm. In embodiments, the second range of wavelengths is 600 nm to 700 nm. In embodiments, the
second range of wavelengths is substantially a single wavelength, herein a "single second wavelength". In embodiments,
the single second wavelength is 600 nm. In embodiments, a graphene tagged paraffin suppressant is added to a first
crude oil or composition comprising a crude oil at a first location, the first crude oil or composition comprising crude oil
is conveyed by one or more of various means in a crude oil containment to a second location, a sample of a second
crude oil or composition containing crude oil is retrieved at the second location, and the luminescent emission at λmax
or the luminescent emission spectrum of the sample, a portion of the sample, or a composition comprising the sample
or a portion of the sample is measured by fluorometric analysis to determine the concentration of the paraffin suppressant
in the sample of the crude oil or composition comprising the crude oil. In embodiments, the first crude oil or composition
comprising crude oil is diluted by the addition of other materials such as further crude oil or compositions comprising
crude oil, produced water, surfactants, organic solvents, produced water, or other liquids or solids to form the second
crude oil or composition comprising crude oil. In embodiments, the second crude oil or composition comprising crude
oil comprises, consists of, or consists essentially of the first crude oil or composition comprising the crude oil.
[0113] Fluorometric analysis can be conducted using a light source and a fluorescence detector (e.g., fluorometer)
configured to fluorometrically detect fluorescence as known in the art. In some embodiments, the fluorometric analysis
is carried out using a light source capable of shining light at a particular wavelength, or range thereof, into a graphene
tagged crude oil composition.
[0114] The invention provides the ability to monitor and control the dosage of paraffin suppressants online and in real
time. The ability to automate treatment of crude oils with paraffin suppressants improves the efficiency and reduces total
cost of operation of oil recovery and/or oil processing systems. The graphene tagged paraffin suppressants are usefully
applied to crude oils that exhibit background (native) fluorescence when exposed to certain excitation wavelengths. In
certain embodiments, the invention overcomes issues related to signal interference (i.e., overlap of quantum dot fluo-
rescence and crude oil background fluorescence). In embodiments, crude oils exhibit fluorescence emissions at wave-
lengths of less than 550 nm. In some such embodiments, the graphene quantum dots of paraffin suppressants exhibit
fluorescence at wavelengths greater than 550 nm. Thus, in certain embodiments, a graphene quantum dot has a fluo-
rescence emission wavelengths that do not substantially overlap with the fluorescence emissions of the crude oil treated
with a paraffin suppressant comprising the graphene quantum dot. In some such embodiments, the graphene quantum
dot has a fluorescence emission wavelength that does not overlap with any fluorescence emission wavelengths of the
crude oil treated.
[0115] In embodiments, the paraffin inhibitor suppressant composition comprises, consists essentially of, or consists
of a graphene tagged paraffin suppressant. In embodiments, the graphene tagged paraffin suppressant is a graphene
tagged paraffin inhibitorIn embodiments, the paraffin suppressant composition further comprises one or more organic
solvents. In embodiments, the one or more organic solvents comprises, consists of, or consists essentially of one or
more hydrocarbon solvents. In embodiments, the one or more organic solvents comprises, consists of, or consists
essentially of one or more hydrocarbon solvents and one or more low boiling solvents. In some embodiments, the paraffin
inhibitor suppressant composition is added to crude oil in an oil extraction process, wherein oil is extracted from a
subterranean oil reservoir in, for example, an oil field. In some embodiments, the oil extraction process is an enhanced
oil recovery process selected from fracking or gas lift oil recovery.
[0116] In some embodiments, the paraffin inhibitor suppressant composition is added to crude oil in a subterranean
reservoir. In some embodiments, the paraffin inhibitor composition is added to the crude oil after the crude oil emerges
from the subterranean reservoir. In some embodiments, the paraffin inhibitor suppressant composition is added to the
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crude oil below ground. In some embodiments, the paraffin inhibitor suppressant composition is added to the crude oil
above ground. In some embodiments, the paraffin inhibitor suppressant composition is added to the crude oil by intro-
ducing the composition into the crude oil via a capillary string. In some embodiments, the crude oil is contained within
a subterranean reservoir. In some embodiments, the paraffin inhibitor suppressant composition is added to the crude
oil via an annulus of a downpipe which is in communication with a subterranean oil reservoir. In some embodiments,
the paraffin inhibitor suppressant composition is added to crude oil in an oil processing operation such as oil refining
and the like. In some embodiments, the paraffin inhibitor suppressant composition is added to crude oil in an oil trans-
portation process such as transportation of oil by oil pipeline. In some embodiments, the paraffin inhibitor suppressant
composition is added to crude oil in an oil storage process. The paraffin inhibitor suppressant composition can be added
to the crude oil at any point in the recovery, extraction, processing, transportation, and/or storage of the crude oil. In
some embodiments, the paraffin suppressant composition is a paraffin suppressant concentrate.
[0117] In some embodiments, polymers that are paraffin inhibitors for crude oil also have additional utility as asphaltene
dispersants, pour point depressants, flow improvers, and may provide other crude oil benefits known to one skilled in
the art. Therefore, in some embodiments the paraffin inhibitor suppressants provide a benefit to crude oil as not only
paraffin inhibitor but also as an asphaltene dispersant, pour point depressant, and flow improver and may also provide
other crude oil benefits known to one skilled in the art.

Experimental Section

Example 1

[0118] An amino-functionalized Graphene Quantum Dot (amino-GQD) was synthesized according to techniques set
forth in B. Neises, W. Steglich, Angew. Chem. Int. Ed., 1978, 17, 522-524). The amino-GQD was then reacted with a
polymeric paraffin inhibitor in the following manner. The paraffin inhibiting polymer is similar to the comblike polymer
described in Xu, J. et al., Asia-Pac. J. Chem. Eng. 2009; 4; 551-556.
[0119] First, 130 mg of a C20-C24 α-olefin/maleic anhydride copolymer was mixed into 5 mL ethyl acetate until fully
dispersed. Then the mixture was stirred in an ice bath and a C20+ fatty alcohol was added to the mixture in an amount
corresponding to 0.97 molar equivalents based on equivalents of maleic anhydride. Then 25 mg amino-GQD was added
to the mixture. The mixture was stirred for 10 minutes, then the ice bath was removed and the mixture was stirred for
an additional 2 hours.
[0120] Finally, ethyl acetate was removed under reduced pressure to yield a solid particulate material. The solid was
resuspended by adding 3 mL DI water and 1 drop of acetic acid.
[0121] A 40 mL aliquot of the resuspended solid was added to 3 mL DI water, and the diluted resuspended solid was
irradiated at a wavelength of 475 nm. The emission maximum was observed at 518 nm.

Claims

1. A paraffin inhibiting composition comprising a paraffin inhibiting polymer effective for suppressing the phase sepa-
ration of paraffin wax in crude oil; and a graphene quantum dot covalently bonded to the paraffin inhibiting polymer,
wherein the graphene quantum dot has a particle size of nm to 20 nm and wherein the paraffin inhibiting polymer
comprises the residue of one or more α-olefins, one or more fatty alcohols, or both, wherein each of the one or more
α-olefins, the one or more fatty alcohols, or both independently comprises an alkyl group having between 5 and 60
carbons.

2. A graphene tagged crude oil composition comprising:

crude oil; and
a paraffin inhibiting composition according to claim 1.

3. The graphene tagged crude oil composition of claim 2 comprising ppm to 5000 ppm by weight of the paraffin inhibiting
composition.

4. The graphene tagged crude oil composition of claim 2 comprising 0.1 ppb to 1 ppm by weight of the graphene
quantum dot.

5. A method of making a tagged paraffin inhibitor polymer, the method comprising:
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combining a graphene quantum dot with a reactive paraffin inhibitor polymer to form a reactive mixture, the
graphene quantum dot having a particle size of 2 nm to 20 nm and comprising a hydroxyl or amino functionality,
and the reactive paraffin inhibitor polymer comprising one or more anhydride, carboxylate, carboxylic acid,
carboxylic acid ester groups, or a mixture thereof; and
subjecting the reactive mixture to conditions suitable for causing a reaction of an amino or hydroxyl functionality
with an anhydride, carboxylate, carboxylic acid, or carboxylic acid ester group to form a tagged paraffin inhibiting
polymer, wherein the paraffin inhibiting polymer comprises the residue of one or more α-olefins, one or more
fatty alcohols, or both, wherein each of the one or more α-olefins, the one or more fatty alcohols, or both
independently comprises an alkyl group having between 5 and 60 carbons.

6. The method of claim 5 wherein the paraffin inhibitor polymer comprises anhydride functionality.

7. A method of measuring the amount of paraffin inhibitor in a crude oil, the method comprising:

adding 5 ppm to 5000 ppm by weight of a composition according to claim 1 to a crude oil to form a graphene
tagged crude oil composition;
irradiating the graphene tagged crude oil composition with a source of light having a selected first range of
wavelengths;
measuring a luminescent emission of the graphene quantum dot at a selected second range of wavelengths,
wherein the measuring is carried out substantially contemporaneously with the irradiating.

8. The method of claim 7 wherein the first range of wavelengths is substantially a single first wavelength, wherein the
single second wavelength is between 500 nm to 550 nm.

9. The method of claim 7 or claim 8 wherein the second range of wavelengths is substantially a single second wave-
length, wherein the single second wavelength is between 600 nm and 700 nm.

10. The use of a graphene tagged paraffin suppressant for determining the concentration of a paraffin inhibitor in a
crude oil composition, wherein the suppressant is a polymer comprising the residue of one or more α-olefins, one
or more fatty alcohols, or both, wherein each of the one or more α-olefins, the one or more fatty alcohols, or both
independently comprises an alkyl group having between 5 and 60 carbons.

Patentansprüche

1. Paraffininhibierende Zusammensetzung, umfassend ein paraffininhibierendes Polymer, das zur Unterdrückung der
Phasentrennung von Paraffinwachs in Rohöl wirksam ist; und
einen Graphenquantenpunkt, der kovalent an das paraffininhibierende Polymer gebunden ist, wobei der Graphen-
quantenpunkt eine Teilchengröße von 2 nm bis 20 nm aufweist und wobei das paraffininhibierende Polymer den
Rest eines oder mehrerer α Olefine, eines oder mehrerer Fettalkohole oder beider umfasst, wobei jedes des einen
oder der mehreren α Olefine, des einen oder der mehreren Fettalkohole oder beider unabhängig voneinander eine
Alkylgruppe mit zwischen 5 und 60 Kohlenstoffatomen umfasst.

2. Graphenmarkierte Rohölzusammensetzung, umfassend:

Rohöl; und
eine paraffininhibierende Zusammensetzung nach Anspruch 1.

3. Graphenmarkierte Rohölzusammensetzung nach Anspruch 2, umfassend 5 ppm bis 5.000 ppm, bezogen auf das
Gewicht, der paraffininhibierenden Zusammensetzung.

4. Graphenmarkierte Rohölzusammensetzung nach Anspruch 2, umfassend 0,1 ppb bis 1 ppm, bezogen auf das
Gewicht, des Graphenquantenpunktes.

5. Verfahren zur Herstellung eines markierten Paraffininhibitor-Polymers, wobei das Verfahren Folgendes umfasst:

Kombinieren eines Graphenquantenpunktes mit einem reaktiven Paraffininhibitor-Polymer zur Bildung einer
reaktiven Mischung, wobei der Graphenquantenpunkt eine Teilchengröße von 2 nm bis 20 nm aufweist und
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eine Hydroxyl- oder Aminofunktionalität umfasst, und wobei das reaktive Paraffininhibitor-Polymer Anhydrid-,
Carboxylat-, Carbonsäure- und/oder Carbonsäureestergruppen oder eine Mischung davon umfasst; und
Aussetzen des reaktiven Gemisches gegenüber Bedingungen, die geeignet sind, um eine Reaktion einer Amino-
oder Hydroxylfunktionalität mit einer Anhydrid-, Carboxylat-, Carbonsäure- oder Carbonsäureestergruppe zu
bewirken, um ein markiertes paraffininhibierendes Polymer zu bilden, wobei das paraffininhibierende Polymer
den Rest eines oder mehrerer α Olefine, eines oder mehrerer Fettalkohole oder beider umfasst, wobei jedes
des einen oder der mehreren α Olefine, des einen oder der mehreren Fettalkohole oder beider unabhängig
voneinander eine Alkylgruppe mit zwischen 5 und 60 Kohlenstoffatomen umfasst.

6. Verfahren nach Anspruch 5, wobei das Paraffininhibitor-Polymer eine Anhydridfunktionalität aufweist.

7. Verfahren zum Messen der Menge an Paraffininhibitor in einem Rohöl, wobei das Verfahren Folgendes umfasst:

Zugeben von 5 ppm bis 5.000 ppm, bezogen auf das Gewicht, einer Zusammensetzung nach Anspruch 1 zu
einem Rohöl, um eine graphenmarkierten Rohölzusammensetzung zu bilden;
Bestrahlen der graphenmarkierten Rohölzusammensetzung mit einer Lichtquelle mit einem ausgewählten ers-
ten Wellenlängenbereich;
Messen einer Lumineszenzemission des Graphenquantenpunktes in einem ausgewählten zweiten Wellenlän-
genbereich, wobei die Messung im Wesentlichen zeitgleich mit der Bestrahlung erfolgt.

8. Verfahren nach Anspruch 7, wobei der erste Wellenlängenbereich im Wesentlichen eine einzige erste Wellenlänge
ist, wobei die einzige zweite Wellenlänge zwischen 500 nm und 550 nm liegt.

9. Verfahren nach Anspruch 7 oder 8, wobei der zweite Wellenlängenbereich im Wesentlichen eine einzige zweite
Wellenlänge ist, wobei die einzige zweite Wellenlänge zwischen 600 nm und 700 nm liegt.

10. Verwendung eines graphenmarkierten Paraffinunterdrückungsmittels zur Bestimmung der Konzentration eines Pa-
raffininhibitors in einer Rohölzusammensetzung, wobei das Unterdrückungsmittel ein Polymer ist, das den Rest
eines oder mehrerer α-Olefine, eines oder mehrerer Fettalkohole oder beider umfasst, wobei jedes des einen oder
der mehreren α-Olefine, des einen oder der mehreren Fettalkohole oder beider unabhängig voneinander eine
Alkylgruppe mit zwischen 5 und 60 Kohlenstoffatomen umfasst.

Revendications

1. Composition inhibant de paraffine comprenant un polymère inhibant de paraffine efficace pour supprimer la sépa-
ration de phases de la cire de paraffine dans le pétrole brut ; et une boîte quantique à base de graphène liée de
manière covalente au polymère inhibant de paraffine, la boîte quantique en base de graphène présentant une taille
de particules de 2 nm à 20 nm et le polymère inhibant de paraffine comprenant le résidu d’une ou de plusieurs α-
oléfines, d’un ou de plusieurs alcools gras, ou les deux, dans lequel chacune parmi la ou des α-oléfines, du ou des
alcools gras, ou les deux comprend de manière indépendante un groupe alkyle présentant entre 5 et 60 carbones.

2. Composition de pétrole brut marqué au graphène comprenant :

du pétrole brut ; et
une composition inhibant de paraffine selon la revendication 1.

3. Composition de pétrole brut marqué au graphène selon la revendication 2, comprenant 5 à 5 000 ppm en poids de
la composition inhibant de paraffine.

4. Composition de pétrole brut marqué au graphène selon la revendication 2, comprenant 0,1 ppb à 1 ppm en poids
de la boîte quantique à base de graphène.

5. Procédé de fabrication d’un polymère inhibiteur de la paraffine marqué, le procédé comprenant :

la combinaison d’une boîte quantique à base de graphène avec un polymère inhibiteur de la paraffine réactif
pour former un mélange réactif, la boîte quantique à base de graphène présentant une taille de particules de
2 nm à 20 nm et comprenant une fonctionnalité hydroxyle ou amino, et le polymère inhibiteur de la paraffine
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réactif comprenant un ou plusieurs anhydride, un carboxylate, un acide carboxylique, des groupes ester d’acide
carboxylique ou un mélange de ceux-ci ; et
la soumission d’un mélange réactif à des conditions appropriées pour provoquer une réaction d’une fonctionnalité
amino ou hydroxyle avec un groupe anhydride, carboxylate, acide carboxylique ou ester d’acide carboxylique
pour former un polymère inhibant de paraffine marqué, le polymère inhibant de paraffine comprenant le résidu
d’un ou plusieurs α-oléfines, un ou plusieurs alcools gras, ou les deux, chacun de ladite au moins parmi une
α-oléfine, du ou des alcools gras, ou les deux comprenant de manière indépendante un groupe alkyle présentant
entre 5 et 60 carbones.

6. Procédé selon la revendication 5, dans lequel le polymère inhibiteur de paraffine comprend une fonctionnalité
anhydride.

7. Procédé de mesure de la quantité d’inhibiteur de paraffine dans un pétrole brut, le procédé comprenant les étapes
consistant à :

ajouter 5 ppm à 5 000 ppm en poids d’une composition selon la revendication 1 à un pétrole brut pour former
une composition de pétrole brut marqué au graphène ;
irradier la composition de pétrole brut marqué au graphène avec une source de lumière présentant une première
plage de longueurs d’onde sélectionnée ;
mesurer une émission luminescente de la boîte quantique à base de graphène à une seconde plage de longueurs
d’onde sélectionnées, la mesure étant effectuée sensiblement en même temps que l’irradiation.

8. Procédé selon la revendication 7, dans lequel la première plage de longueurs d’onde est sensiblement une première
longueur d’onde unique, la seconde longueur d’onde unique étant comprise entre 500 nm et 550 nm.

9. Procédé selon la revendication 7 ou la revendication 8, dans lequel la seconde plage de longueurs d’onde est
sensiblement une seconde longueur d’onde unique, la seconde longueur d’onde unique étant comprise entre 600
nm et 700 nm.

10. Utilisation d’un suppresseur de paraffine marqué au graphène pour déterminer la concentration d’un inhibiteur de
paraffine dans une composition de pétrole brut, le suppresseur étant un polymère comprenant le résidu parmi une
ou plusieurs α-oléfines, un ou de plusieurs alcools gras ou des deux, dans lequel chacune parmi la ou des α-oléfines,
du ou des alcools gras ou des deux comprend de manière indépendante un groupe alkyle comportant entre 5 et
60 carbones.
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