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(57) Abstract: Disclosed herein are scavenging and hydrate inhibiting multifunctional compositions useful in applications relating
to the production, transportation, storage, and separation of crude oil and natural gas. Also disclosed herein are methods of using the
compositions as scavengers and hydrate inhibitors, particularly in applications relating to the production, transportation, storage, and
separation of crude oil and natural gas.
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MULTIFUNCTIONAL PRODUCT WITH HYDROGEN SULFIDE SCAVENGING
AND HYDRATE INHIBITION CAPACITY

TECHNICAL FIELD

The present disclosure relates generally o chemical additives useful as
inhibifors and scavengers. More particularly, the disclosure relates to mixtures of
hydrate inhibitors and scavengers of suliur-based species, such as hydrogen suifide

and/or mercaptans.

BACKGROUND

The removal of sulfur-based species from liquid or gaseous hydrocarbon
streams is g problem that has long challenged many industries. Hydrogen sulfide is
a huge problem in the oil industry, pariticularly in the drilling, production,
transportation, storage, and processing of crude oil, as well as waste water
associated with crude oil. The same problems exist in the natural gas industry.

The presence of sulfur-containing compounds, such as hydrogen sulfide, can
result in the deposition of sulfur containing salts, which can cause plugging and
corrosion of transmission pipes, valves, regulators and other process equipment.
Even flared natural gas needs {o be treated to avoid acid rain generation due to SOy
formation. Also, in the manufactured gas indusiry or coke making industry, coal-gas
emissions containing unacceptable levels of hydrogen sulfide are commonly
produced from destructive distillation of bituminous coal.

Since hydrogen sulfide has an offensive odor and natural gas containing it is
calied "sour” gas, treatments o lower hydrogen suifide are fermed "sweetening”
processes. Yhen a particular compound is used to remove or lower Hy3, itis
generzlly referred 1o as a scavenger.

Additionally, gas hydrates can easily form during the transportation of oil and
gas in pipelines when the appropriate conditions are present. Water content, low
temperature, and elevated pressure are generally required for the formation of gas
hydrates. The formation of gas hydrates often resulis in lost ol production, pipeline
damage, and safety hazards io field workers. Modem oil and gas technologies

commonly operate under severe conditions during the course of oll recovery and
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production, such as high pumping speed, high pressure in the pipelines, exiendad
length of pipelines, and low temperature of the oil and gas flowing through the
pipelines. These conditions are particularly favorable for the formation of gas
hydrates, which can be particularly hazardous for oil productions offshore or for
focations with cold climates.
(Gas hydrates are ice-like solids that are formed from small, nonpolar molecules and
water at lower iemperatures and at increased pressures. Under these conditions,
the water molecules can form cage-like structures around these small nonpolar
molecules (typically dissolved gases such as carbon dioxide, hydrogen sulfide,
methane, ethane, propane, butane and isc-butane), creating a type of host-guest
interaction also known as a clathrate or clathrate hydrate. The specific architecture
of this cage structure can be one of several types (called type 1, type 2, type H),
depending on the identity of the guest molecules. However, once formed, these
crystailine cage structures tend to setile out from the solution and accumulate into
large solid masses that can travel by ol and gas fransporting pipelines, and
potentially block or damage the pipelines and/or related equipment. The damage
resulting from a blockage can be very costly from an equipment repair standpoint, as
well as from the loss of production, and finally the resuliant environmental impact.
The industry uses a number of methods to prevent these blockages, such as
thermodynamic hydrale inhibitors (THI), anti-agglomerant hydrate inhibitors (AAs),
and kinetic hydrate inhibitors (KHIis). The amount of chemical needed {0 prevent
blockages varies widely depending upon the type of inhibitor employed.
Thermodynamic hydrate inhibitors are substances that can reduce the temperature
at which the hydrates form at a given pressure and water content, and are typically
used at very high concentrations {regularly dosed as high as 50% based on water
content—glycol is often used in amounts as high as 100% of the weight of the
produced water). Therefore, there is a subsiantial cost associated with the
fransportation and storage of large quantities of these solvents. A more cost-
effective alternative is the use of low dosage hydrate inhibitors (LDHis}, as they
generzlly require a dose of less than about 2% to inhibit the nucleation or growth of
gas hydrates. There are two general types of LDHIs, kinetic hydrate inhibitors and
anti-aggiomerants, which are both typically used at much lower concentrations.
KHis work by delaying the growth of gas hydrale crystals. They also function as

anti-nucleators. In contrast, anti-agglomerants allow hydrates to form but they
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prevent them from agglomerating and subsequently accumulating into larger masses
capable of causing plugs. The function of an anti-agglomerant is {o keep hydrate

particles dispersed as a fiuid slurry within the hydrocarbon phase.

SUMMARY

3 in one aspect, the present disclosure relates to a method of scavenging
hydrogen sulfide and preventing the formation of hydrates in a medium. The method
comprises the step of adding an effective amount of a multifunctional composition to
the medium. The multifunctional composition comprises a scavenger, a hydrate
inhibitor, and optionally an acid, a base, and/or a solvent. The scavenger comprises

10 an acetal group, a hemiacetal group, a dialdehyde, a cyclic compound, or any
combination thereof. The hydrate inhibitor comprises a caprolactam or a
pyrrolidone.

In an additional aspect, the present disclosure provides a mullifunctional

compaosition comprising a hydrate inhibitor including a caprolactam or a pyrrolidons,

[
(v

a scavenger comprising an acetal group, a hemiacetal group, a dialdehyde, a cydlic
compound, or any combination thereof, and optionally a member selected from the
group consisting of an acid, a base, a solvent, and any combination thereof.

The present disclosure also provides the use of a multifunctional composition

for scavenging hydrogen sulfide and preventing the formation of hydrates in a

20 medium, the mullifunctional composition comprising a scavenger, a hydrate inhibitor,
and optionally an acid, a base, and/or a solvent. The scavenger comprises a
member selected from the group consisting of an acetal group, a hemiacetal group,
a dialdehyde, a cyclic compound, and any combination thereof, and the hydrate
inhibitor comprises g caprolactam or a pyrrolidone.

25 The foregoing has outlined rather broadly the features and technical
advantages of the present disciosure in order that the detailed description that
follows may be better undersicod. Additional features and advantages of the
disclosure will be described hersinafter that form the subject of the claims of this
application. it should be appreciated by those skilled in the art that the conception

30 and the specific embodiments disclosed may be readily utilized as a basis for

modifying or designing other embodiments for carrving out the same purposes of the

present disclosure. 1t should also be realized by those skilled in the art that such
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equivalent embodiments do not depart from the spirit and scope of the disclosure as

set forth in the appended claims.

BRIEF SUMMARY OF DRAWING FIGURES

FIG. 1 depicts an H,S scavenging profile of aspects of the presently disclosed
multifunctional composition and a commercial product.

FIG. 2 depicts the hydrate inhibition aspects of certain embodiments of the

presently disclosed multifunctional compositions.

DETAILED DESCRIPTION

Various embodiments are described below. The relationship and functioning
of the various elements of the emboediments may better be undersiood by reference
to the following detailed description. However, embodiments are not limited {o those
explicitly disclosed in the detailed description.

The present disclosure relates to mixtures of compounds that are capable of
scavenging hydrogen sulfide and/or mercaptans in addition {o preventing the
formation of hydrates in gas, oil, and water. Methods of using such mixiures are aiso
disclosed. Throughout the present disclosure, the compounds and compositions
capable of functioning as hydrate inhibitors and hydrogen sulfide scavengers may be
referred to as “muliifunctional compositions”. The multifunctional compositions are
particularly useful in controlling hydrogen sulfide and/or mercaptan emissions from
crude oil based, natural gas based, and coal based products and processes. The
multifunctional compositions are applicable to both upstream and downstream
processes. The muitifunclional compositions, optionally blended with non-agqueous
solvents, are useful in a wide range of climates and under a wide range of process
conditions.

Additionally, as previously noted, the multifunclional compositions function as
low dosage hydrate inhibitors that can inhibit the formation of hydraies. The
muttifunctional compositions may be used for inhibiting, retarding, mitigating,
reducing, controlling and/or delaying formation of hydrocarbon hydrates,
agglomerants of hydrates, and/or plugs. In one embodiment, the multifunctional

compositions may be applied to prevent, reduce, and/or mitigate plugging of
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conduits, pipes, transfer lines, valves, and other places or equipment where
hydrocarbon hydrate solids may form.

The presently disclosed multifunctional compositions have numerous benefits
over prior art compositions. For example, the mullifunctional composition provides
flexibility to the user and allows for injection at numerous locations, such as info an
oil or gas well via, for example, the gas lift or capillary / umbilical tubing. Additionally,
use of the multifunctional composition will allow the user (o significantly reduce the
amount of thermodynamic hydrate inhibitor (ethanol) normally used by about 75% -
90%. Further, by combining a hydrate inhibitor and a hydrogen sulfide scavenger
info a single multifunctional composition, a single injection point can be used to inject
the multifunctional composition into the well. By using a single, multifunctional
composition, shipping costs can be reduced and the amount of chemicals that need
o be stored on site can be reduced.

in certain embodiments, the multifunctional compositions may be in
anhydrous form, thereby allowing use in processes where it is desirable 10 minimize
waler content {e.g., in an ofl production process). Producing the multifunctional
compositions in anhydrous form further reduces shipping and transportation cosis.
The anhvydrous multifunctional compositions can optionally be blended with
hydrophilic solvents {e.g., alcohols, glycol, polyols) for non-agueous applications. In
some embodiments, the multifunctional compositions may considerably lower the
water washabie nitrogen content (o eliminate nitrogen conlamination of refinery
catalyst beds. In some embodiments, the multifunctional compositions exclude
nitrogen-containing compounds. The presently disclosed multifunctional
compositions are thermally stable up to about 50 °C for about 7 days.

The multifunctional compaositions of the present disclosure may comprise
muttiple compenents and/or multiple compounds. In some embodiments, the
multifunctional composition comprises at least two components. For example, in
some embodiments, the multifunctional composiiion may comprise a hydrogen
sulfide scavenger compound and a hydrate inhibitor compound. In cerfain
embodiments, the multifunctional composition comprises at least three components.
For example, the multifunctional composition may comprise a hydrate inhibitor
compound, a hydrogen sulfide scavenger compound, and a pH adjustment
compound, such as an acid or a base. In other embodiments, the multifunctional

composition may comprise a hydrate inhibitor compound, a hydrogen suilfide
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scavenger compound, a pH adjustment compound, and a sclvent. The
multifunctional compound may also comprise more than one of the listed
components. For example, the multifunctional composition may comprise more than
one hydrogen sulfide scavenger, more than one hydrate inhibitor, more than one
solvent, and/or more than one pH adjustment compound.

The amount of hydrogen sulfide scavenger in the multifunctional composition
is not particularly limited. In some embodiments, the multifunctional composition
may comprise from about 10% to about 97%, by weight, of the hydrogen sulfide
scavenger. For example, the multifunctional composition may comprise from about
50% to about 90%, by weight, or from aboui 85% {0 about 87%, by weight, of the
hydrogen sulfide scavenger.

The amount of hydrate inhibitor compound in the multifunctional composition
is not particularly limited. In some embodiments, the multifunctional composition
may comprise from about 1% {o about 70%, by weight, of the hydrate inhibitor
compound. For example, the multifunctional compaosition may comprise from about
2% to about 20%, by weight, or from about 2% 1o about 8%, by weight, of the
hydrate inhibitor compound.

In some embodiments, the multifunctional composition comprises from about
50% to about §7%, by weight, of the hydrogen sulfide scavenger and from about
50% to about 3%, by weight, of the hydrate inhibitor compound.

The amount of solvent in the muitifunctional compaosition is not particularly
limited. In some embodiments, the multifunclional composition may not comprise a
solvent. In certain embodiments, the mullifunctional composition may comprise from
about 0% to about 70%, by weight, of the solvent. For example, the multifunctional
composition may comprise from about 0% to about 20%, by weight, or from about
5% 1o about 10%, by weight, of the solvent.

The amount of pH adjustment compound in the mullifunctional composition is
not particularly limited. In some embodiments, the multifunctional composition may
not comprise a pH adjustment compound. In cerfain embodiments, the
multifunctional composition may comprise from about 0% to about 5%, by weight, of
the pH adjustment compound or from about 0% {0 about 1%, by weight, of the pH
adjustment compound.

The hydrogen sulfide scavenger compound may comprise an acetal and/or

hemiacetal. The acetal or hemiacetal may be cyclic whersin the two oxygen atoms
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are incorporated into the ring structure. Hlustrative, non-limiting examples include

ethyiene glycol formal and glycerol formal. Exemplary chemical structures are as

follows:
(it
R
O e L
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(v

wherein Ry comprises hydrogen (H) or a hydrocarbon group with 1 1o 5 carbon
atoms, Ry comprises H or a hydrocarbon group with 1 1o 5 carbon atoms, Rs may be
sslected from a hydrocarbon group with 1 1o 5 carbon atoms, and Ry comprises H or
a hydrocarbon group with 1 to 5 carbon atoms.

in some embodiments, the hydrogen sulfide scavenger does not comprise
10 nitrogen. In some embodiments, the hydrogen sulfide scavenger is not branched. In
other embodiments, the hydrogen sulfide scavenger is branched. In certain
embodiments, the hydrogen sulfide scavenger is aliphatic.

In some embodiments, the hydrogen sulfide scavenger compound comprises
a dialdehyde. In certain embodiments, the dialdehyde comprises the following

15 generic structure:
Ry

o

R

=

wherein Ry comprises hydrogen (H), R comprises H, and nis the number 1 ora

number greater than 1. The hydrogen sulfide scavenger compound may comprise

oligomers of the foregoing dialdehvdes, such as cligomers of the hydrated species,
20 eqg.,

OH
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In some embodiments, the hydrogen sulfide scavenger may comprise a cyclic
structure. The cyclic structure may comprise one or more hetercatoms, including, but
not limited to, nitrogen. The heteroatom may be an aikyl substituted alkylamine, for
example. In some embodiments, the cyclic structure may comprise the following
general formula:

Ry

0

N N
Rq/ \/ \Rz
wherein Ry may be selecied from a hydrogen (H}, a hydrocarbon group with 10 5
carbon atoms, or an alcohol group containing 1 or 2 carbon atoms; R, may be
selected from hydrogen (H), a hydrocarbon group with 1 to 5 carbon atoms, or an
alcohol group containing 1 or 2 carbon atoms, and; R; may be selected from

hydrogen (H), a hydrocarbon group with 1 to 5 carbon atoms, or an alcohol group

containing 1 or 2 carbon atoms.

in some embodiments, the hydrate inhibiior compound comprises one or
more compounds selected from the group consisting of N-vinyl-2-caprolactam, a
terpolymer of N-vinyl-2-caprolactam, 2-acrylamido-2-methylpropane sulfonic acid, N-
vinyl-2-pyrrolidong, and any combination thereof. The hydraie inhibitor may
comprise branched or linear polymers comprising acyclic and/or cyclic nitrogen and
ketone functionalities, such as poly-N-vynil-2-caprolactam, and cyclic or acyclic N-
vinyl amides, such as N-vinyl lactams.

Exemplary chemical struciures for the hydrate inhibitor comprise, but are not

limited to;



WO 2017/120485 PCT/US2017/012554

e 0y e £ gy e Y e Sy et e

£y N 33 A e
,.»"'ﬁ £
"
{' ) Cromed
NH AN CHe

and

wherein R is independently selecied from the group consisting of hydrogen,

functionalized and unfunciionalized alkyl, cycloalkyl, and aryi groups, wherein any of

(]

the aforementionad groups may be present with or without one or more hetercatoms.
The symbol “m” may be a number from about 1 10 about 80, such as about 1 io
about 36 or about 1 to about 18, "n” may be a number from about 1 to about 60,
such as about 1 to about 36 or about 1 {o about 18, “0” may be a number from about
1 10 about 80, such as about 1 1o about 36 or about 1 to about 18 and "M may be

10 selected from H, Na, i, Li, Ca, Ba, Mg2+, Al3+, and NH+, for example.

The hydrate inhibilor may also comprise the following chemical structure:

(I

wherein “y" canbe 1 or 2.

In some embodiments, the hydrate inhibitor compound does not comprise
15 nitrogen. In some embodiments, the hydrate inhibitor compound is not branched. In
certain embodiments, the hydrate inhibitor compound is aliphatic.

9
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Any solvent may be used in connection with the multifunctional composition.
I some embodiments, the solvent does not comprise water. In certain
embodiments, the solvent is a polar solvent, such as an alcohol. For example, the
solvent may comprise methanol, ethanol, glvcol, or any other alcohol or combination
of alcoholic solvents. Other suilable solvents include, but are not limited to,
hydrocarbon solvents such as naphta, xylene or toluene, oxygenaied solvents, and
water.

The pH adjustmant compound comprises any compound that can adjust the
pH of the multifunctional composition. For example, the pH adiustment compound
may comprise any acid or any base. lilustrative, non-limiting examples of bases
include potassium hydroxide and sodium hydroxide. ustrative, non-limiting
examples of acids include organic acids, such as acetic acid. The acids or bases
can be used to adjust the pH of the multifunclional composition to any desired pH.
For exampie, in some embodiments, the pH adjusiment compound may be added o
the multifunctional composition to give the multifunctional composition a pH between
about 5.5 and about 8. In other embodiments, the multifunclional composition may
comprise a pH between about 4.5 and about 9.

While the multifunctionai compaositions may generally comprise any of the
components listed herein in any of the proportions listed herein, the following
Hlustrates certain non-limiting, illustrative examples. In one embodiment, the
muiiifunctional compaosition comprises, by weight, about 85%-80% 1,2-
ethanedivibis{oxy)bismethanol, about 2%-8% 1-ethenviazepan-2-one-1-
gthenylpyrrolidin-2-one (1.1 being the ratio of pyrrolidinone {0 sthenylazepan), about
5%-10% ethanol, and about 0%-1% acetic acid. In another embodiment, the
muitifunctional composition comprises, by weight, about 89% 1,2-
ethanedivibis{oxy)bismethanol, about 8% ethanol, about .2% acetic acid, and about
3% 1-ethenylazepan-2-onea-1-ethenylpyrrolidin-2-one {1:1). In an additional
embodiment, the multifunctional composition comprises, by weight, about 86% 1,2-
ethanediyibis(oxy)bismethanol, about 8% ethanol, about 2% acelic acid, and about
6% 1-ethenylazepan-2-one-1-ethenvipyrrolidin-2-one (1:1). In a further embodiment,
the multifunclional composition comprises, by weight, about 85% 1,2-
ethanedivibis{oxy)bismethanoil, about 8% ethanol, about .2% acetic acid, and about

7% 1-sthenylazepan-2-one-1-ethenyipyrrolidin-2-one (1. 1).

10
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As is further discussed in the examples of the present application, the present
inventors unexpeciedly discovered that the presently disciosed multifunctional
composition has superior hydrate inhibition capabilities as compared o using the
hydrate inhibitor compound by itself. Thus, the inveniors discovered unexpected
synergism between the hydrate inhibitor compound and the other components of the
multifunctional composition. In some embodiments, it was found that the hydrogen
sulfide scavengers had a positive, synergistic effect on the hydrate inhibitors.
Without wishing to be bound by theory, in some embodiments, it may be possible
that the acetal and hemicetal groups of the scavengers are responsible for the
sSynergy.

The multifunctional compositions of the present disclosure can optionally
include one or more additives. Suitable additives include, but are not limited to,
asphaltene inhibitors, paraffin inhibitors, corrosion inhibitors, scale inhibitors,
emulsifiers, water clarifiers, dispersants, emuision breakers, additional hydrogen
sulfide scavengers, biccides, additional pH modifiers, surfactants, additional
solvents, additional inhibitors, such as thermodynamic hydrate inhibitors, kinetic
hydrate inhibitors, and/or gas hydrate inhibitors, anti-agglomerants, and any
combination thereof.

Suitable asphaltene inhibitors include, but are not limited to, aliphatic
sulphonic acids; alkyl ary! sulphonic acids; aryl sulfonates; lignosulfonates;
alkyiphenol/aldehyde resins and similar sulfonated resins,; polyolefin esters;
polyolefin imides; polyolefin esters with alkyl, alkylenephenyl or alkylenspyridyt
functional groups; polyolefin amides,; polyolefin amides with alkyl, alkylenephenyt or
alkylenepyridyl functional groups; polyolefin imides with alkyl, alkylenephenyl or
alkylenepyridyl functional groups; alkenyl/ivinyl pyrrolidone copcolymers; graft
polymers of polyolefins with maleic anhydride or vinyl imidazole; hyperbranchad
polyester amides; polyalkoxylated asphalienes, amphoteric fatly acids, salis of alkyl
succinates, sorbitan monooleate, polyisobutylene succinic anhydride, and
combinations thereof.

Suitable paraffin inhibitors include, but are not limited to, paraffin crystal
modifiers, and dispersant/crystal modifier combinations. Suitable paraffin crystal
modifiers include, but are not limited to, alkyl acrviate copolymers, alkyl acryiate

vinylpyridine copolymers, ethylens vinyl acetate copolymers, maleic anhydride ester

11
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copolymers, branched polysthylenes, naphthalens, anthracene, microcrystalline wax
and/or gsphaltenes, and combinations thereof.

Suitable corrosion inhibitors include, but are not limited to, amidoamines,
gquaternary amines, amides, phosphate esters, and combinations thereof.

Suitable scale inhibitors include, but are not limited {o, phosphates, phosphate
esters, phosphoric acids, phosphonates, phosphonic acids, polyacrylamides, salts of
acrylamido-methyl propane sulfonate/acrylic acid copolymer (AMPS/AA),
phosphinated maleic copolymer (PHOS/MA), salts of a polymaileic acid/acrylic
acid/acrylamido-methyl propane sulfonate terpolymer (PMA/AMPS), and
combinations thereof.

Suitable emulsifiers include, but are not limited to, salts of carboxylic acids,
products of acylation reactions between carboxylic acids or carboxylic anhydrides
and amines, alkyl, acyl and amide derivalives of saccharides (alkyl-saccharide
emulsifiers), and combinations thereof.

Suitable water clarifiers include, but are not limited o, inorganic metal saits
such as alum, aluminum chioride, and aluminum chiorohydrate, or organic polymers
such as acrylic acid based polymers, acrylamide based polymers, polymerized
amines, alkanclamines, thiocarbamates, cationic polymers such as
diallyldimethylammonium chioride{DADMAC), and combinations thereof.

Suitable dispersants include, but are not limited to, aliphatic phosphonic acids
with 2-50 carbons, such as hydroxyethy! diphosphonic acid, and aminoalkyl
phosphonic acids, e.¢. polvaminomethylene phosphonates with 2-10 N atoms e.q.
each bearing st least one methylene phosphonic acid group; examples of the latter
are ethylenediamine tetra(methylene phosphonate), diethylenetriamine
penta{methylene phosphonate) and the triamine- and tetramine-polymethylene
phosphonates with 2-4 methviene groups between each N atom, at least 2 of the
numbers of methylene groups in each phosphonate being different. Other suitable
dispersants include lignin or derivatives of lignin such as lignosulfonate and
naphthalens sulfonic acid and derivatives, and combinations thereof. Suitabie
dispersants also include dodecyl benzene sulfonate, oxyalkylated alkylphenols,
oxyalkylated alkylpnenolic resins, and combinations thereof.

Suitable emulsion breakers include, but are not limited to, dodecylbenzylsulfonic acid
(DDB3A), the sodium salt of xylenesulfonic acid (NAXSA), epoxylated and

12
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propoxyiated compounds, anionic cationic and nonionic surfactants, resins such as
phenolic and epoxide resins, and combinations thereof.

Suitable additional hydrogen sulfide scavengers include, but are not limited to,
oxidants (2.g., inorganic peroxides such as sodium peroxide, or chiorine dioxide),
aldehydes {e.¢., of 1-10 carbons such as formaldehyde or glutaraldehyde or
{meth)acrolein), triazines (2.g., monoethanol amine friazine, monomethylamine
friazine, and triazines from multiple amines or mixtures thereof), glyoxal, and
combinations thereof.

Suitable additional hydrate inhibitors include, but are not limited to,
thermodynamic hydrate inhibitors (TH!), kinetic hydrate inhibitors (KHI), anti-
agglomerates (AA), and combinations thereof. Suitable thermodynamic hydrate
inhibitors include, but are not limited o, NaCl salt, KCI salt, CaCl; salt, MgCl, sali,
NaBr; salt, formate brines (e.g. potassium formate), polyols (such as glucose,
sucrose, fructose, maltose, lactose, gluconate, monoethylene glycol, diethylene
glvcdl, triethylene glycol, mono-propylene glycol, dipropyiene glycol, fripropylene
glycols, tetrapropylene glycol, moncbutylene glycol, dibutylene ghycol, tributylens
glycol, glycerol, digiycerol, triglycerol, and sugar alcohols {e.g. sorbitol, mannitol)),
methanol, propandl, ethanol, glveol ethers {such as diethyleneglycol
monomethylether, ethyleneglyco! moncbutylather), alky! or cydlic esters of alcohols
{such as ethyl lactate, buiyl lactate, methylethyl benzoate), and combinations
thereof. Suitable kinetic hydrate inhibitors and anti-agglomerates include, but are not
limited to, polymers and copolymers, polysaccharides (such as hydroxy-
ethylcellulose (HEC), carboxymethylceilulose (CMC}, starch, starch derivatives, and
xanthan), lactams (such as polyvinylcaprolactam, polyvinyl lactam), pyrrolidones
{such as polyvinyl pyrrdidone of various molecular weights), surfactants (such as
falty acid salls, ethoxylated alcohols, propoxylated alcohols, sorbitan esters,
ethoxylated sorbitan esters, polyglycerol esters of fatly acids, alkyl glucosides, alkyl
polygiucosides, alkyl suifates, alkyl sulfonates, alkyl ester sulfonates, alkyl aromatic
sulfonates, alkyl betaine, alkyl amido betaines), hydrocarbon based dispersants
{such as lignosuifonates, iminodisuccinates, polyaspariates), amino acids, proteins,
and combinations thereof.

Suitable biocides include, but are not limited o, oxidizing and non-oxidizing
biocides. Suitable non-oxidizing biocides include, for example, aldehydes (e.q.,

formaldehyde, glutaraldehyde, and acrolein), amine-type compounds {&.9.,
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guatemnary amine compounds and cocodiaming), halogenated compounds (8.4,
bronopol and 2-2-dibromo-3-nitrilopropionamide (DBNPA)Y), sulfur compounds (e.g.,
isothiazolone, carbamates, and metronidazole), quaternary phosphonium salis {(e.q.,
tetrakis(hydroxymethyliphosphonium sulfate (THPS)), and combinations thereof.
Suitable oxidizing biocides include, for exampie, sodium hypochiorite,
trichloroisocyanuric acids, dichloroisocyanuric acid, calcium hypochlorite, lithium
hypochlorite, chiorinated hydanioins, siabilized sodium hypobromite, activaied
sodium bromide, brominated hydantoins, chiorine dioxide, ozone, peroxides, and
combinations thereof.

Suitable additional pH moedifiers include, but are not limited to, alkall
hydroxides, alkali carbonates, altkali bicarbonates, alkaline earth metal hydroxides,
alkaline sarth metal carbonates, alkaline earth metal bicarbonates and mixtures or
combinations thereof. Exemplary pH modifiers include NaOH, KOH, Ca(CH),, Ca0,
NaCOs, KHCO,, KoCOs, NaHCO,:, Mg, and Mg(OH)..

Suitable surfactants include, but are not limited {o, anionic surfactants,
cationic surfactants, nonionic surfactants, and combinations thereof. Anionic
surfaciants include alkyl aryl sulfonates, olefin sulfonates, paraffin sulfonates, alcohol
sulfates, alcohol ether sulfates, alkyl carboxylates and alkyl ether carboxylates, and
alkyl and sthoxylated alkyl phosphate esters, and mongo and dialkyl sulfosuccinates
and sulfosuccinamates, and combinations thereof. Cationic surfactants include alkyl
frimethyl quaternary ammonium salls, alikyl dimethyl benzyl quaternary ammonium
salts, dialkyl dimethyl quaternary ammonium salls, imidazolinium salls, and
combinations thereof. Nonionic surfactants include alcohol alkoxylates, alkylpheno!
alkoxylates, block copolymers of ethylene, propylene and bulylene oxides, alkyl
dimethyl amine oxides, alkyl-bis(2-hydroxyethyl} amine oxides, alkyl amidopropyl
dimethyl amine oxides, alkylamidopropyl-bis(Z2-hydroxyethyl) amine oxides, alkyl
polygiucosides, polyalkoxylated glycerides, sorbitan esters and polyalkoxylated
sorpitan esters, and alkoyl polyethyiene giveol esters and diesters, and combinations
thereof. Also included are betaines and sultanes, amphoteric surfactants such as
alkyl amphoacetates and amphodiacetates, alkyl amphopropripionates and
amphodipropionates, alkyliminodiproprionate, and combinations thereof.

I certain embodiments, the surfactant may be a guaternary ammonium
compound, an amine oxide, an ionic or non-ionic surfactant, or any combination

thereof. Suitable quaternary amine compounds include, but are not limited to, alkyl
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benzyl ammonium chioride, benzyl cocoalkyl{C2-Cig)dimethyiammonium chlioride,
dicocoalkyl (Cq,~-Craydimethylammonium chioride, ditallow dimethylammonium
chioride, dihydrogenated taliow alkyhdimethyl quaternary ammonium methyi
chioride, methyi bis(2-hydroxysthyl cocoalkyi{(C42-Cqa) quaternary ammonium
chioride, dimethyl{Z2-ethyl) tallow ammonium methyl sulfate, n-
dodecylbenzyldimethylammonium chloride, n-octadecylbenzyldimethyl ammonium
chioride, n-dodecyiirimethylammonium sulfate, sova alkyltrimethylammonium
chioride, and hydrogenated tallow alkyl (2-ethyihvexyh) dimethyl quaternary
ammoenium methyl sulfate.

The multifunctional compositions of the present disclosure may be used for
sweetening a gas or liquid, such as a sour gas or a sour liquid. The compositions
may be used for scavenging hydrogen sulfide and/or mercaptans from a gas or liguid
stream, in addition to inhibiting the formation of hydrates, by treating said stream with
an effective amount of the composition. in some embodiments, the effective amount
of the composition added o the medium may be from about .5% to about 90%,
such as from about 1% to about 10% or from about 3% to about 7% of the
multifunctional composition, based on water, such as produced water.

The compositions of the disclosure can be used in any industry where it is
desirable {o capture hydrogen sulfide and/or mercaptans from a gas or liguid stream,
in addition to inhibit the formation of hydrates. In certain embodiments, the
compositions can be used in waler systems, condensate/oil systems/gas systems, or
any combination thereof. In certain embodiments, the compositions can be applied
to a gas or liquid preduced or used in the production, transportation, storage, and/or
separation of crude oll or natural gas. In certain embodiments, the compositions can
be applied {0 a gas siream usad or produced in a coal-fired process, such as a coal-
fired power plant. In certain embodiments, the compositions can be applied {0 2 gas
or liguid produced or used in a waste-water process, a farm, a slaughter house, a
land-fill, a municipality waste-water plant, a coking coal process, or a biofusl
[FOCEss.

The multifunctional compositions may be added to any fuid or gas confaining
hydrogen sulfide, a mercaptan, or compounds capable of forming hydrates, or the
compositions may be added {o a fluid or gas that may be exposed o hydrogen
sulfide and/or a mercaptan. A fluid to which the compositions may be introduced

may be an aqueous medium. The agueous medium may comprise water, gas, and
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optionally liquid hydrocarbon. A fluid 1o which the compositions may be introduced
may be a liguid hydrocarbon. The liquid hydrocarbon may be any type of liguid
hydrocarbon including, but not limited to, crude oil, heavy oll, processed residual oii,
bitminous oll, coker oils, coker gas oils, fluid catalytic cracker feeds, gas oil, naphtha,
fluid catalytic cracking slurry, diesel fusl, fusl ofl, jet fuel, gasoline, and kerosene. In
certain embodiments, the gas may be a sour gas. In certain embodiments, the fluid
or gas may be a refined hydrocarbon product.

A fluid or gas treated with a composition of the present disclosure may be at
any selected temperature, such as ambient temperature or an elevated temperature.
in certain embodiments, the fiuid {e.g., liguid hydrocarbon) or gas may be at a
temperature of from about 40 °C to about 250 °C. In certain embodiments, the fiuid
or gas may be at a temperature of from -50 °Cto 300 °C, 0 °C 0 200 °C, 10 °C to
100 °C, or 20 °C to 80 °C. In certain embodiments, the fluid orgas may be at a
temperature of 22 °C, 23 °C, 24 °C, 25°C, 26 °C, 27 °C, 28 °C, 28 °C, 30 °C, 31 °C,
32°C,33°C,34°C,35°C,36°C,37°C,38°C, 38 °C, or40 °C. In certain
embodiments, the fluid or gas may be at a temperature of 85 °C, 88 °C, 87 °C, 88
°C,89°C,80°C,91°C,02°C,83°C,04°C,85°C,96°C,87°C,98°C,89°C, or
100 °C.

The compositions of the invention may be added o a fluid at various levels of
water cut. For exampile, the water cut may be from 0% to 100% volume/volume
{(viv}, from 1% {0 80% v/v, or from 1% to 60% v/v. The fluid can be an agueous
medium that contains various levels of salinity. In one embodiment, the fluid may
have a salinity of 0% to 75%, about 1% to 50%, or about 10% to 25% weight/weight
(wiw) total dissolved solids {TDS).

The fluid or gas in which the compositions of the disclosure are introduced
may be contained in and/or exposed to many different types of apparatuses. For
exampie, the fluid or gas may be contained in an apparatus that transports fluid or
gas from one point to another, such as an cil and/or gas pipeline. In certain
embodiments, the apparatus may be part of an il and/or gas refinery, such as a
pipeline, a separation vessel, a dehydration unit, or a gas line. The fluid may be
contained in and/or exposed (o an apparatus used in oil extraction and/or production,
such as a wellhead. The apparaius may be part of a coal-fired power plant. The
apparatus may be a scrubber (2.¢., a wet flue gas desulfurizer, a spray dry absorber,

a dry sorbent injector, a spray tower, a contact or bubble tower, or the like). The
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apparatus may be a cargo vessel, a storage vessel, a holding tank, or a pipeline
connecting the tanks, vessels, or processing unils. In certain embodiments, the fluid
or gas may be contained in waler systems, condensate/oil systems/gas systems, or
any combination thereof.

The compositions may be introduced inte a fluid or gas by any appropriate
method for ensuring dispersal of the scavenger through the fluid or gas. The
compaositions may be injecied using mechanical eguipment such as chemical
injection pumps, pining tees, injection fittings, atomizers, quills, and the like. The
compositions may be introduced with or without one or more additional polar or non-
polar soivents, depending upon the applicaiion and requiremenis. in certain
embodiments, the compositions may be pumped intc an oil and/or gas pipsline using
an umbilical line. In certain embodiments, capillary injection systems can be used to
deliver the compositions 1o a selected fluid. in some embodiments, the compositions
can be iniroduced into a liguid and mixed or the compositions can be injecied into a
gas stream as an aqueous or nonaquecus solution, mixiure, or slurry. In certain
embodiments, the fluld or gas may be passed through an absorplion tower
comprising a composition of the present disclosure.

The multifunctional compositions may be applied to a fiuid or gas {0 provide a
scavenger concentration of about 1 parts per million {(ppm) 10 about 1,000,000 ppm,
about 1 parts per million (ppm) to about 100,000 ppm, about 10 ppm to about 75,000
ppm, about 100 ppm o about 45,000 ppm, about 500 ppm {0 about 40,000 ppm,
about 1,000 ppm to about 35,000 ppm, about 3,000 ppm to about 30,000 ppm, about
4,000 ppm to about 25,000 ppm, about 5,000 ppm to about 20,000 ppm, about 6,000
ppm to about 15,000 ppm, or about 7,000 ppm to about 10,000 ppm. The
compositions may be applied to a fluid at a concentration of about 100 ppm to about
2,000 ppm, about 200 ppm {0 about 1,500 ppm, or about 500 ppm {o abouwt 1000
ppm. Each sysiem may have its own requirements, and a more sour gas (&.¢.,
corfaining more hydrogen sulfide) may require a higher dose rate of a composition
of the present disclosure.

In certain embodiments, the compositions may be applied {o a fluid or gas inan
equimolar amount or greater relative to hydrogen sulfide and/or mercapians present
in the fluid or gas. In certain embodiments, the compositions may be applied io a
fluid or gas as a neat (i.e. without solvent) composition {e.g., the compositions may

be used neat in a contact tower).
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The hydregen sulfide and/or mercaptan in a fluid or gas may be reduced by
any amount by treatment with a composition of the present disclosure. The actual
amount of residual hydrogen sulfide and/or mercaptan after ireatment may vary
depending on the starting amount. In certain embodiments, the hydrogen sulfide
and/or mercaptan levels may be reduced to about 150 ppm by volume or less, as
measured in the vapor phase, based on the volume of the liguid media. In certain
embodiments, the hydrogen sulfide levels and/or mercaptan may be reduced to 100
ppm by volume or less, as measured in the vapor phase, based on the volume of the
liquid media. In certain embodiments, the hydrogen sulfide and/or mercaptan levels
may be reduced (o 50 ppm by volume or less, as measured in the vapor phase,
based on the volume of the liquid media. In some embodiments, the hydrogen
sulfide and/or mercaptan levels may be reduced {0 20 ppm by volume or less, as
measured in the vapor phase, based on the volume of the liguid media. In other
embodiments, the hydrogen sulfide and/or mercaptan levels may be reduced to 15
ppm by volume or less, as measured in the vapor phase, based on the volume of the
liquid media. In certain embodiments, the hydrogen sulfide and/or mercaptan levels
may be reduced to 10 ppm by volume or less, as measured in the vapor phase,
based on the volume of the liquid media. In some embodimentis, the hydrogen
sulfide and/or mercaptan levels may be reduced 10 & ppm by volume or less, as
measured in the vapor phase, based on the volume of the liguid media. In certain
embodiments, the hydrogen sulfide and/or mercaptan levels may be reducedto 0
ppm by volume, as measured in the vapor phase, based on the volume of the liquid
media.

In particular embodiments, the compositions (or certain componentis of the
compositions) may be soluble in an agueocus phase such that the captured sulfur-
based species will migrate inlo the agueous phase. If an emuision is present, the
captured sulfur-based species can be migrated into the aqueous phase from a
hydrocarbon phase (e.g., crude ¢il) and removed with the aqueous phase. fno
emulsion is present, a water wash can be added o attract the captured sulfur-based
species. in certain embodiments, the compositions of the invention can be added
hefore a hydrocarbon (e.g., crude oil) is freated in a desalter, which emulsifies the
hydrocarbon media with a water wash {o extract water soluble contaminants and

saparates and removes the water phase from the hydrocarbon.
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In certain embodiments, a water wash may be added in an amount suitable
for forming an emulsion with a hydrocarbon. In certain embodiments, the wash
water may be added in an amount of from about 1 to about 50 percent by volume
based on the volums of the emulsion. In certain embodiments, the wash water may
be added in an amount of from about 1 1o about 25 percent by volume based on the
volume of the emulsion. In certain embodiments, the amount of hydrocarbon may be
present in an amount of from about 50 to about 99 percent by volume based on the
volume of the emulsion.

The wash water and hydrocarbon may be emulsified by any conventional
manner. in cerfain embodiments, the wash water and hydrocarbon may be heated
and thoroughly mixed to produce an cil-in-water emulsion. In certain embodiments,
the wash water and hydrecarbon may be heated at g temperalure in a range of from
about 90 °C to about 150 °C. The wash water and hydrocarbon may be mixed in
any conventional manner, such as an in-line static mixer or an in-line mix valve with
a pressure drop of about 0.2 to about 2 bar depending on the density of the
hydrocarbon. The emulsion may be aliowed 10 separate, such as by seitling, into an
aqueous phase and an cil phase. In certain embodiments, the agueous phase may
be removed. In ancther embodiment, the aqueous phase may be removed by
draining the aqueous phase.

Optionally, demulsifiers may be added to aid in separating water from the
hydrocarbon. In certain embodiments, the demulsifiers include, but are not limited
to, oxyalkylated organic compounds, anionic surfactants, nonionic surfactants or
mixtures of these materials. The oxyalkylated organic compounds include, but are
not limited to, phenolformaldehyde resin ethoxylates and alkoxylated polyols. The
anionic surfactants include alkyl or aryl sulfonates, such as
dodecyibenzenesulfonate. These demulsifiers may be added in amounts to contact
the water from about 1 to about 1000 ppm by weight based on the weight of the
hydrocarbon.

The compounds, compositions, methods, and processes of the invention will
be better understood by reference {o the following examples, which are inlended as
an illustration of and not a limitation upon the scope of the invention.

Exampie 1
The objective of example 1 was 1o determine the hydrogen sulfide efficacy of

certain aspecis of the presently disclosed multifunctional compositions. The
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experiment was run using a Dynamic HS Scavenger Analyzer. The analyzer
included an autoclave reactor connected to a gas chromatograph aliowing the use of
muitiphasic mixtures (gas, oil, and water) under pressures up to 10 bar and
temperatures up to 200 °C using the gas chromatograph, the concentration of
hydrogen sulfide was determined every 2 minutes.

In this particular example, the experimental conditions were as follows:
Temperature: about 70 °C
Pressure: about 150 psi
(Gas Composition: about 0.2% H,S8, CO» as the balance gas
(Gas Flow Rate: about 600 mi/min
Synthetic Brine: about 35,000 ppm of NaCl
Organic Fhase: Kerosene
Water Cut: about 70%

Rotation Speed: about 500 rpm
Duration: H;S scavenging capacity within {up o) 1 hour of product injection
Sample: about 1000 ppm of product

The pressure reactor had a total volume of 1000 mL, but only about 700 mL of
liquids were inside the autociave. it had a cover plate with an opening that is used io
introduce a pH slectrode and other openings for a metallic condenser, a high
pressure injection syringe, and a stirrer.

A volume of about 700 miL liquid phase was added o the auioclave. The
liquid comprised kerosene and brine (about 35g/L. of NaCl}. The system was
submitted {o a constant stream of a gaseous mixture containing H;S under a certain
pressure and temperature. The gas flow rate was about 800 mL/min and the
gaseous mixture was purged directly into the liquids. The liquid phase was
constantly homogenized by a mixer at about 500 rpm so that the reaction madium
was saturated with H.S and CO,. The conceniration of HsS in the sfream was
continuously measured by gas chromatography with a thermal conductivity detector.

After saturation of the medium with the gasecus mixture, an aliquot of the
product o be tested was introduced into the autoclave. The tested concentration
was standardized in about 1000 ppm of product. The H,S mass that the tested
product was able to capture (or reduce) was calculated from the variation in H.S
concentration obtained in the graph of HxS conceniration % mol/mol vs. time. The

volume of scavenger per mass of H,S consumed (L of scavenger/kg H,S8) is
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employed as a parameter {o compare the performance of different H,S scavengers.
That parameter is calculated up 1o 60 minutes of reaction.

I was decided to evaluate the performance of certain multifunctional
compositions at pressures of about 150 psi using a mixture of kerosene and brine as
the liquid. FIG. 1 and Table 1 provide data from this experiment using Inventive
Mixiure 1 (which is an inventive mixture comprising 1,2-ethanediyibis (oxy) bis
methanol (about 85% by weight), 1-ethenylazepan-Z-one-1-ethenyipyrrolidin-2-one
{1: 1) (about 79% by weight), ethanol (about 8% by weight), and acetic acid (about
0.2% by weight) and Scavenger A, In FIG. 1, "Multifunctional 70% BSW refers to
inventive Mixdure 1 with 70% oil / 30% water, “Multifunctional 30% BSW refers {o
inventive Mibdure 1 with 30% oil / 70% water, and “GT-251 70% BSW refers o
Commercial Product 1, which is Scavenger A (a mixture of glycelformal (about 80%
by weight) and ethanol {about 10% by weight).

Table 1: HyS scavenging capacity of Inventive Mixture 1 & Commercial Product 1

Scavenging Capacity Until 60 min

Product Volume of product/mass of | Mass of H8/vol. of
HoS (L/kg) Product (g/L)

Commercial Product 1 ~ 23.8 42.02

70% oil / 30% water

inventive Mixture 1 -70% | 285 35.14

oil / 30% water

inventive Mixiure 1 —-30% | 147 68.17

oil / 70% water

The results show that the hydrogen sulfide scavenging capacity of the
multifunctional composition is not negatively impacted by the presence of the hydrate
inhibitor.

Exampie 2

It an additional experiment, the hydrate inhibition aspects of certain
embodiments of the presently disclosed muliifunctional compositions were analyzed.
(zas hydrates are ice-like crystalline structures that form during conditions of high
pressure and low temperature. In order to determine if the multifunctional

compositions were able to inhibit hydrate formation, the Autoclave Crystal Growth
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inhibition procedure (DL 10.228 "Operation of high-pressure autoclaves for hydrate
inhibitor evaluation”) was used.

I order to run the tests, a gas composition was used and the hydrates
equilibrium curve was obtained to define the tests parameters. The procedure
includes a system containing deionized water and a gas known to form hydrates
inside the autoclave. The aulocdlave was closed and pressurized up to about 80 bar
at about 25 °C. The pressure was kept constant and the sysiem was cooled to a
temperature of about 1 °C while stopping at different temperatures while cooling fo
sae if the system was at the hydrate equilibrium temperature. While cooling, there s
a significant pressure decrease, which is due {o gas being trapped in the crystal due
to hydrate formation. Subsequently, the system is heated to about 25 °C again and
then the cooling cycle is repeated. This sequence of steps was performed 12 times
to determine if the temperature that hydraites form is consistent when repeating the
same procedure.

The data poinis obtained with this procedure are the hydrate equilibrium
temperature, isochoric pressure, and pressure difference when hydrates form. With
these parameters, it is possible fo calculate using, for example, HydraFlash, the
hydrate growth rate and to deiermine if it is above the rapid growth region (RGR)
boundary. The RGR boundary gives a quantitative indication of the kinetic hydrate
inhibitor to act as an inhibitor. The threshold is 5wi-%/h, so the growth rate is
calculated at different test temperatures. Crossing the threshold of Swt.-%/h
indicates that the RGR has been crossed, which indicates that the inhibitor is no
longer efficient o inhibit crystal growth.

When viewing the data, "subcooling” refers o the difference between the
hydrate equilibrium temperature and the tested temperature. In FIG. 2, the lighter
shaded portion of the horizontal bar is the region where hydrates form and the darker
shaded portion of the bar is the region below the threshold. A larger difference
indicates betier hydrate formation inhibition.

FIG. 2 depicts the resulis of this experiment shown as subcocling/°C. The
farther the system is from forming hydrates, the belter the performance of the
composition. In FIG. 2, the darker portion of the horizontal line refers to <5 hydrate
wi.-%/h and the lighter poriion of the horizontal line refers (o > or = (o 5 hydrate wi.-
%/h.

The abbrevigtions in FiG. 2 are defined as follows:
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KHI: 1-ethenylazepan-2-one - 1-ethenyipyrrolidin-2-one;

VX 118238: mixture of glycerol formal (about 61% by weight), 1-ethenviazepan-2-one
- 1-ethenyipyrrolidin-2-one {(1:1) (about 7% by weight), ethanol (about 31% by
weight}, and acetic acid (about 0.15% by weight);

VYX118248: mixture of glvcercl formal (about 62% by weight), 1-ethenylazepan-2-cne
- 1-ethenvipyrrolidin-2-one (1.1} {(about 6% by weight), ethanol (about 32% by
weight), and acetic acid (about 0.15% by weight);

VX11824A: mixture of 1,2-ethaneadivibis {(oxy) bis methano! (about 86% by weight),
1-gthenylazepan-2-one - 1-athenylpyrrolidin-2-one {1:1) {(about 6% by weight),
ethanol (about 8% by weight), and acetic acid {(about 0.2% by weight);

VX11823A: mixture of 1,2-ethanedivibis (oxy) bis methano! (about 85% by weight),
1-gthenylazepan-2-one - 1-sthenvipyrrolidin-2-one {1:1) (about 7% by weight),
ethanol (about 8% by weight), and acetic acid {about 0.2% by weight);

VX11825B: mixture of glycerol formal {about 63% by weight), 1-ethenviazepan-2-one
- 1-ethenyipyrrolidin-2-one (1:1) (about 3% by weight), ethanol (about 33% by
weight}, and acetic acid (about 0.15% by weight);

VXA1825A: mixiure of 1,2-ethanediyibis {oxy) bis methano! (about 88% by weight),
1-ethenylazepan-2-one - 1-ethenylpyrrolidin-2-one (1.1} (about 3% by weight),
gthanol (about 8% by weight), and acetic acid {about 0.2% by weight);

Scavenger A: a mixture of glycolformal (about 80% by weight) and sthanol (about
10% by weight); and

Scavenger B: a mixture of glyceroiformal (about 70% by weight) and ethanol (about
30% by weight).

As can be seen from FIG. 2, a synergistic effect is shown between the
componenis of the multifunctional compositions. For example, the kinetic hydrate
inhibitor and the hydrogen sulfide scavengers are tested by themselves (as
Scavenger B, Scavenger A, and KHI). All of the following rows show that the system
has been brought even farther from the point of hydrate formation. As such, it can
be said that the hydrogen sulfide scavenger has a synergistic effect on the hydrate
inhibitor. Scavenger A presented a hydrate inhibition similar to that shown by the
KHI but the scavenger also presented a slight hvdrate formation inhibition capability,
as seen in the graph, but the capability is increased when using the scavenger and
the kinetic hydrate inhibitor together, as seen in the {ast 6 rows of FiG. 2, indicating a

synergistic effect.
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Additional experiments were carried out to detect the formation of gas

hydrates, which are indicated by a pressure drop and often a corresponding increase

in temperature. The decrease in pressure is a consequence of gas being

incorporated into the hydrate crystal structure, which has increased density when

compared to the gaseous state. The increase in temperature is observed because

gas hydrate formation is an exothermic reaction. The tesis were deemed to have

passed if there was no indication of hydraie formation for the full duration of the

tests, with the tests being conducted in duplicate, for a maximum of about 89 hours.

As the inhibitor affects the kinetics of the system (i.e., it slows the rate of hydrate

growth), hydraies may eveniually form if the system was left at hydrate forming

conditions for long enough. Data from the testing can be seen below in Table 2,

which shows hydrate formation times.

Table 2:
) Starting Average
Froduct H28 Scavenger F’?ssigﬁie Temp “E"(egp Autoclave
(°C) Result (h)
Only KHI NA 60 bar 25°C 10°C | 52.2
1.9 Glycerol formal | 60 bar 25°C 10°C | 71.0
11 Glycerol formal | 80 bar 25°C 10°C | >89
1:1 Glycol formal 60 bar 25°C 10°C | 63.0
Hexahydro-
. 1,3,5- tris (2- . o o
9703 hydroxyethyl)- 60 bar 25°C 10°C | 71.4
S-Triazine
101 Ghyoxal 60 bar 25°C 10°C | 58.0
9.7:0.3 Glyoxal 80 bar 25°C 10°C | >89
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in Table 2, the ratlio of scavenger to inhibitor is shown in the first column. The
scavengers are listed in the second column and the same KHI was used in all trials,
L.e., 1~ethenylazepan-2-one-1-ethenyipyrrolidin-Z-one. As can be seen from Table 2,
the multifunctional compositions prohibit or extend the time needed for hydrates {o
form, which shows that there is g synergistic effect when using these hydregen
sulfide scavengers and hydrate inhibitor combinations.

Any ranges given either in absolute terms or in approximate terms are
intended to encompass both, and any definitions used herein are intended to be
clarifying and not limiting. Nolwithstanding that the numerical ranges and
parameters setting forth the broad scope of the invention are approximations, the
numerical values set forth in the specific examples are reported as precisely as
possible. Any numerical value, however, inherently contains certain errors
necessarily resulting from the standard deviation found in their respeciive testing
measurements. Moreover, all ranges disclosed herein are to be understood to
encompass any and all subranges (including all fractional and whole values)
subsumed therein.

Furthermore, the invention encompasses any and all possible combinations of
some or all of the various embodiments described herein. Any and all patents,
patent applications, scientific papers, and other references cited in this application,
as well as any references cited therein, are hereby incorporated by reference in their

entirety.
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CLAIS

What is claimed is:

1. A method of scavenging hydrogen sulfide and preventing the formation of
hydrates in a medium comprising:

adding an effective amount of a multifunctional composition to the medium,
wherein the multifunciional composition comprises a scavenger, a hydrate inhibiior,
and optionally an acid, a base, and/or a solvent, wherein the scavenger comprises a
member selected from the group consisting of an acetal group, a hemiacetal group,
a dialdehyde, a cycilic compound, and any combination thereof, and the hydrate

inhibitor comprises a caprolactam or a pyrrolidone.

2. The method of claim 1, wherein the medium comprises gas, oil, water or any

combination thereof

3. The method of claim 1 or 2, wherein an ol or gas well comprises the medium,
and the multifunctional composition is added to the medium through a gas lifi or an

umbilical tubing.

4, The method of any one of claims 1 to 3, wherein the multifunctional

compaosition is anhydrous and optionally exciudes nitrogen-containing compounds.

5. The method of any one of claims 1 {o 4, wherein the multifunctional
composition comprises from about 50% to about 87%, by weight, of the scavenger,

and from about 50% to about 3%, by weight, of the hydrate inhibitor.

8. The method of any one of claims 1 to 5, wherein the scavenger comprises a
OH
£ L C
_‘,.»e't\\ SN+ A\‘;

structure selected from the group consisting of | , S
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Ry OR4

O ang RS OR3 wherein R, is hydrogen (H)
or a hydrocarbon group with 1 to 5 carbon atoms, Ry is H or a hydrocarbon group
with 1 to 5 carbon atoms, Ra is a hydrocarbon group with 1 to 5 carbon atoms, a

cetal, or a hemicetal, and Ryis H or a hydrocarbon group with 1 to 5 carbon atoms.

7. The method of any one of claims 1 {0 8, wherein the scavenger comprises

ethyiens glycol formaldehyde, glycerol formal, or any combination thereof.

8. The method of any one of claims 1 {o 7, wherein the hydrate inhibitor
comprises a compound selected from the group consisting of N-vinyl-2-caprolactam,
a terpolymer of N-vinyl-2-caprolactam, Z-acrylamido-2-methylpropane sulfonic acid,
N-vinyl-2-pyrrolidone, poly-N-vynil-2-caprolactam, cyclic N-vinyl amides, acyclic N-

vinyl amides, and any combination thereof.

9. The method of any one of claims 1 {o 8, wherein the hydrate inhibitor

comprises a structure selecled from the group consisting of

,and
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wherein R is independently selected from the group consisting of H, an alkyl group, a
cycloalkyl group, and an aryl group;

m is a number from 1-80;

nis a number from 1-60;

M is a member selected from the group consisting of H, Na, K Li, Ca, Ba, Mg2”,
Al3T, and NH," and

yistorz.

10. The method of any one of claims 1 {o 8, whersin the multifunctional

composition comprises a pH between about 4.5 and about 9.

11, The method of any one of claims 1 to 10, wherein the dialdehyde comprises

the following generic struciure:
R,

Rg
wherein Ry comprises hydrogen (H) or a hydrocarbon group with 1 to 5 carbon

atoms, R, comprises H or a hydrocarbon group with 110 5 carbon atoms, andnis a

number greater than or equal o 1.

12. The method of any one of claims 1 1o 11, wherein the cyclic compound
comprises the following general formuila:
Ry

)
N N
" / \\\/// ‘\.\Q
< 2
wherein Ry may be selecied from a hydrogen (H), a hydrocarbon group with 110 5
carbon atoms, or an alcchol group containing 1 or 2 carbon atoms; Rz may be

selected from hydrogen {(H), a hydrocarbon group with 1 1o 5 carbon aloms, or an

alcohol group containing 1 or 2 carbon atoms, and; Ry may be selecied from
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hydrogen (M), @ hydrocarbon group with 1 1o 5 carbon atoms, or an alcohol group

containing 1 or 2 carbon atoms.

13, A multifunctional composition, comprising:

a hydrate inhibitor comprising a caprolactam or a pyrrolidone,

a scavenger comprising a member selected from the group consisting of an
acetal group, a hemicetal group, a dialdehyde, a cyclic compound, and any
combination thereof, and

optionally a member selecied from the group consisting of an acid, a base, a

solvent, and any combination thereof.

14.  The composition of claim 13, wherein the scavenger comprises a structure

(bt
Ot S
i RO A Ly
\.\Q i '} i {’:}
3 {1 ~ "\,‘Vg“
e [
e N W
o - gy OM
selectad from the group consisting of \ -
O
com { R1 OR4
Ho G E,EE
N
3
O ang Re ORs3 wherein R, is hydrogen (H) or a

hydrocarbon group with 1 to 5 carbon atoms, Rz is H or a hydrocarbon group with 1
to 5 carbon atoms, Rj is a hydrocarben group with 1 1o 5 carbon atoms, acetal, ora

hemicetal, and R4is H or a hydrocarbon group with 1 to 5 carbon atoms.

15. The composition of claim 13 or 14, wherein the scavenger comprises sthylene

ghycol formaldehyde, glycerol formal, or any combination thereof.

16. The composition of any one of claims 13 to 15, wherein the hydrate inhibitor

comprises g structure selected from the group consisting of
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wherein R is independently selected from the group consisting of H, an alkyl group, &
cycloalkyl group, and an aryl group;

m is a number from 1-60;

nis a number from 1-80;

M is a member selected from the group consisting of H, Na, K Li, Ca, Ba, Mg2™,
Al3" and NH," and

vis 1orz

17.  The composition of any one of claims 13 to 18, wherein the mullifunctional
compaosition comprises about 70%-88%, by weight, of the scavenger, whergin the
scavenger comprises 1,2-ethanediyibis{oxy)bismethanol, about 2%-8%, by weight,
of the hydrate inhibitor, wherein the hydrate inhibitor comprises 1-ethenylazepan-2-
one-1-ethenvipyrrolidin-2-one, about 5%-10%, by weight, of the solvent, wherein the
solvent comprises ethanol, and about 0%-1%, by weight, of the acid, wherein the

acid comprises acetic acid.

18.  The composition of any one of claims 13 {o 17, wherein the dialdehyde

comprises the following generic struciure:
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wherein Ry comprises hydrogen (H) or a hydrocarbon group with 1 1o & carbon
atoms, Ry comprises H or a hydrocarbon group with 1 10 5 carbon atoms, andnis a

number greater than or equal o 1.

19.  The composition of any one of claims 13 fo 18, wherein the cyclic compound
comprises the following general formuia:
Fy

0

N N
a / \\// \Q
3 N2
wherein Ry may be selected from a hydrogen (M), a hydrocarbon group with 1to &
carbon atoms, or an alcohol group containing 1 or 2 carbon atoms; Ramay be
selected from hydrogen {H), a hydrocarbon group with 1 to 5 carbon aloms, or an
alcohol group containing 1 or 2 carbon atoms, and; R; may be selecled from

hydrogen (M), a hvdrocarbon group with 1 10 5 carbon atoms, or an alcohol group

containing 1 or 2 carbon atoms.

200 Use of a multifunctional composition for scavenging hydrogen sulfide and
preventing the formation of hydrates in a medium, the muitifunctional composition
comprising a scavenger, a hydrate inhibitor, and optionally an acid, a base, and/ora
solvent, wherein the scavenger comprises a member selected from the group
consisting of an acetal group, a hemiacetal group, a dialdehyde, a cyclic compound,
and any combination thereof, and the hydrate inhibitor comprises a caprolaciam or a

pyrrolidone.
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