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DESCRIPTION

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Patent Application US 2016/0186039 A1 filed on
December 31, 2014.

FIELD OF THE INVENTION

[0002] The present invention generally relates to one or more compositions and methods for
Inhibiting the formation and growth of hydrate particles in a fluid containing hydrocarbon gas
and water. The fluid may be contained, for example, in an oil or gas pipeline or refinery.

BACKGROUND OF THE INVENTION

[0003] Natural gas hydrates are crystalline solids composed of water and gas. In these solids,
the gas molecules (guests) are trapped In water cavities (host) that are composed of
hydrogen-bonded water molecules. Methane i1s the main gas In naturally occurring gas
hydrates, however carbon dioxide, hydrogen sulfide, and less frequently, other hydrocarbons
such as ethane and propane can be found within the hydrate structure. In 1934,
Hammerschmidt determined that natural gas hydrates were blocking gas transmission lines,
frequently at temperatures above the ice point. This discovery caused a more pragmatic
Interest in gas hydrates and led to the regulation of the water content in natural gas pipelines.

[0004] Gas hydrates can be easily formed during the transportation of oil and gas In pipelines
under certain conditions. Factors affecting gas hydrate formation include gas composition,
water content, temperature and pressure, particularly low temperature and high pressure.
While these crystalline cage-like structures are small initially, they are able to agglomerate into
solid masses called gas hydrate plugs. The formation of gas hydrates within a pipeline often

results in lost oil or gas production, damage to transmission lines and equipment, and safety
hazards to field workers.

[0005] Three types of hydrate inhibitors are currently available to the energy industry for
controlling gas hydrates: thermodynamic hydrate inhibitors (THIs), kinetic hydrate inhibitors
(KHIs), and anti-agglomerants (AAs). Thermodynamic Inhibitors are substances that can
reduce the temperature at which gas hydrates form at a given pressure and water content.
Methanol and ethylene glycol are among the most common thermodynamic inhibitors used In
the oll industry. However, thermodynamic inhibitors often have to be added in large amounts to
be effective, typically in the order of several tens of percent by weight of the water present.
Therefore, there I1s a substantial cost associated with transportation and storage of large
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quantities of THIs.

[0006] A more cost-effective alternative 1s the use of kinetic hydrate inhibitors and anti-
agglomerants, which are known collectively as low-dosage hydrate inhibitors (LDHIs), reflecting
the much lower dosage requirements compared with THIs.

[0007] Antl-agglomerants are surface active molecules that attach to and disperse fine gas
hydrate crystals, preventing their agglomeration and growth into masses that could become
plugs. WWhen small gas hydrate crystals begin to form, AAs attach to them to make the surface
hydrophobic, which mediates the capillary attraction between the crystals and water and
disperses the crystals into the hydrocarbon phase. This results in a transportable slurry that
can flow to the processing facility.

[0008] Typically, KHIs are low molecular weight polymers that adsorb on gas hydrate crystal
faces and interfere with the nucleation and growth of gas hydrate crystals.

[0009] US2006/106265 I1s directed to a method for inhibiting formation of hydrocarbon
hydrates In mixtures of water and a hydrate-forming guest molecule. The method involves
adding a composition to the mixtures in an amount that is effective in inhibiting formation of the
hydrocarbon hydrates under conditions otherwise effective to form the hydrocarbon hydrates In
the absence of the reaction product. The composition includes at least one dendrimeric
compound having a number average molecular weight of at least 1,000 atomic mass units
(amu); and at least one small molecular weight species having less than 1,000 amu, selected
from the group consisting of polyalkyleneimine, polyallylamine, starch, sugars, and polymers or
copolymers of vinyl alcohol or allyl alcohol; and, optionally, at least one surfactant.

[0010] WO93/14147 relates to a dendritic macromolecule, comprising a core and branches
emanating from the core, characterized in that the branches are prepared from vinyl cyanide
units. The invention also relates to a process with which the dendritic macromolecule according
to the Invention can be prepared. The dendritic macromolecules are not sensitive to
degradation through hydrolysis reactions and are also very stable at a high temperature. The

process Is suitable for use on a large scale and the synthesized intermediates do not have to
be Isolated.

[0011] There 1s an ongoing need for compositions and methods that effectively prevent
formation of gas hydrates in oil and gas extraction, transportation, and handling processes.

SUMMARY OF THE INVENTION

[0012] The invention Is defined by the claims.

[0013] One aspect of the Invention Is a method for Inhibiting gas hydrate formation or
agglomeration in a fluid comprising a hydrocarbon and water. The method comprises adding to
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the fluid an effective amount of an inhibitor composition to inhibit gas hydrate formation in the
fluid. The inhibitor composition comprises an polyamine derived from reaction of a first amine
and a second amine according to claim 1.

[0014] In the methods for Inhibiting gas hydrate formation described herein, the inhibitor
composition further comprises a gas hydrate inhibitor agent.

[0015] The gas hydrate inhibitor agent can be a polyvinylcaprolactone, a polyvinylpyrrolidone,
a dendrimeric polyesteramide derived from hexahydrophthalic anhydride, diisopropanol amine,
and N,N-bis(3-dimethylaminopropyl)amine, a substituted polyethyleneimine, a
polyoxyalkylenediamine, a dicarboxylic acid-polyol polyester, polycyclicpolyether polyol,
hyperbranched polyester polyols having hydroxyl end groups, hyperbranched polyester
polyamine, hyperbranched polyamidoamine, linear polyester polyamine, or a combination
thereof.

[0016] Another aspect of the invention 1s an inhibitor composition comprising a gas hydrate
Inhibitor agent and polyamine derived from reaction of a first amine and a second amine
according to claim 11.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]

Figure 1 1s a schematic of an autoclave manufactured by PSL Systemtechnik.

Figure 2 1s a graph of pressure versus time demonstrating a pressure drop upon gas hydrate
formation.

Figure 3 Is a bar graph showing the crystal growth rate of various inhibitor compositions
delineated according to the crystal growth rate as described in detaill in example 3.

DETAILED DESCRIPTION OF THE INVENTION

[0018] Compositions and methods for Inhibiting gas hydrate formation are provided to
effectively control gas hydrate formation and plugging In hydrocarbon production and
transportation systems. The methods for inhibiting gas hydrate formation comprise adding an
effective amount of an inhibitor composition comprising polyamine to a fluid comprising a
hydrocarbon and water. The methods may be applied to prevent, reduce or mitigate plugging
of conduits, pipes, transfer lines, valves, and other places or equipment where hydrate
agglomerates may form. Additionally, the gas hydrate inhibitor compositions described herein
can comprise a polyamine and a gas hydrate inhibitor agent wherein the polyamine increases
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the efficacy of the gas hydrate inhibitor agent. The performance of the gas hydrate inhibitor
composition 1s advantageous to provide protection from gas hydrate agglomeration that
causes dangerous plugs in the oll and gas extraction system.

[0019] The invention Is directed to a method for inhibiting gas hydrate formation in a fluid
comprising a hydrocarbon and water. The method comprises adding to the fluid an effective
amount of an inhibitor composition to inhibit gas hydrate formation in the fluid. The inhibitor
composition comprises an polyamine derived from reaction of a first amine and a second
amine according to claim 1.

[0020] The invention is further directed to a method for inhibiting gas hydrate formation in a
fluid comprising a hydrocarbon and water. The method comprises adding to the fluid an
effective amount of an inhibitor composition to inhibit gas hydrate formation in the fluid.

[0021] The Inhibitor composition of the methods described herein further comprises a gas
hydrate inhibitor agent.

[0022] Another aspect of the Invention Is an Inhibitor composition comprising a gas hydrate
Inhibitor agent and an polyamine according to claim 11.

[0023] The gas hydrate inhibitor agent can be a polyvinylcaprolactone; a polyvinylpyrrolidone,;
a copolymer of a polyvinylcaprolactone and a polyvinylpyrrolidone; a terpolymer of a
polyvinylcaprolactone, a polyvinylpyrrolidone, and a polyvinyl acetate; a dendrimeric
polyesteramide derived from hexahydrophthalic anhydride; diisopropanol amine, and N,N-
bis(3-dimethylaminopropyl)amine; a substituted polyethyleneimines; a polyoxyalkylenediamine;
a dicarboxylic acid-polyol polyester; a polycyclicpolyether polyol; a hyperbranched polyester
polyol having hydroxyl end groups; a hyperbranched polyester polyamine; a hyperbranched
polyamidoamine; a linear polyester polyamine; or a combination thereof. Preferably, the gas
hydrate Inhibitor agent comprises a copolymer of a polyvinylcaprolactone and a
polyvinylpyrrolidone; a terpolymer of a polyvinylcaprolactone, a polyvinylpyrrolidone, and a
polyvinyl acetate; a copolymer of N-isopropyl(meth)acrylamide (NIPMA) and
methacrylamidopropyltrimethylammonium chloride (MAPTAC); a N-isopropyl(meth)acrylamide
polymer; or a combination thereof.

[0024] The gas hydrate inhibitor can be Inhibex® 501, Inhibex® 505, Inhibex® 101, Luvicap
EG, Luvicap EG-HM, Luvicap 55W, or a combination thereof.

[0025] The second amine can be ethylene diamine, propylene diamine, butylene diamine,
pentylene diamine, hexylene diamine, heptylene diamine, octylene diamine, nonylene diamine,
decylene diamine, diethylene triamine, dipropylene triamine, dibutylene triamine, dipentylene
triamine, dihexylene triamine, triethylene tetraamine, tripropylene tetraamine, tributylene
tetraamine, tripentylene tetraamine, trihexylene tetraamine, tetraethylene pentamine,

tetrapropylene pentamine, pentaethylene hexamine, pentapropylene hexamine, N N4
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dimethylethane-1,2-diamine, N' N°-dimethylpropane-1,3-diamine, N’ N*dimethylbutane-1,4-

diamine,  N' N°-dimethylpentane-1,5-diamine, N’ N°-dimethylhexane-1,6-diamine,  p-
diaminoethylbenzene, 1,4-diaminocyclohexane, or a combination thereof. Preferably, the
second amine is ethylene diamine, 1,6-hexylene diamine, or a combination thereof.

[0026] The first amine can comprise a tertiary amine of formula 1.
[0027] Alternatively, the first amine can comprise a quaternary amine of formula 2.

[0028] When the first amine comprises a quaternary amine of formula 2, R4 can be methyl,

ethyl, or propyl.

[0029] When the first amine comprises a tertiary amine of formula 1 or a quaternary amine of
formula 2, R4, Ry, and R3, can each independently be -Rs-Z.

[0030] When the first amine comprises a tertiary amine of formula 1 or a quaternary amine of
formula 2, R can be Cq4 to Cqg alkylene. Preferably, R can be C4 to Cg alkylene. More

preferably, Rs1s ethylene.

[0031] When the first amine comprises a tertiary amine of formula 1 or a quaternary amine of
formula 2, Z can be -OH or -C(O)ORg.

[0032] Preferably, R4 can be -R5-Z, R5 can be ethylene, and Z can be -OH.

[0033] Preferably, Ro» and R3 can be -R5-Z, R5 can be ethylene, Z can be -C(O)ORg, and Rg

can be methyl.

[0034] There are a number of factors that must be taken into account in determining the
effective amount of the polyamine, the gas hydrate inhibitor, or the polyamine and gas hydrate
Inhibitor composition, including, but not necessarily limited to, the proportion of water in the
fluid, the nature of the hydrocarbon, the nature of the hydrate-forming guest molecules, the
temperature and pressure conditions that the mixture of hydrocarbon and water are subject to,
the particular compound employed, etc. Routine experimentation with a particular set of
conditions and/or in a specific system can determine the optimum dosage range to avoid the
formation of problematic quantities of harmful gas hydrate masses.

[0035] The methods of the present invention involve contacting a hydrocarbon and water
mixture with a suitable polyamine and gas hydrate inhibitor composition. VWhen an effective
amount the polyamine and gas hydrate inhibitor composition is used, gas hydrate blockage is
Inhibited. In the absence of such an effective amount, gas hydrate blockage is not inhibited.

[0036] The contacting of the hydrocarbon and water mixture with the polyamine and gas
hydrate inhibitor composition can be achieved in a number of ways, including mixing, blending
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with mechanical mixing equipment or devices, stationary mixing setup or equipment, magnetic
mixing or other suitable methods, other equipment and means known to one skilled in the art
and combinations thereof to provide adequate contact and/or dispersion of the polyamine or
the polyamine and gas hydrate inhibitor composition into the mixture.

[0037] The various components of the composition can be mixed prior to and/or during
contact. If needed or desired, the composition or some of its components may be optionally
removed or separated mechanically, chemically, or by other methods known to one skilled In
the art, or by a combination of these methods after the gas hydrate formation conditions are no
longer present.

[0038] VWhen considering the appropriate dose or whether additional doses of polyamine and
gas hydrate inhibitor composition are needed, the temperature, pressure, brine composition,
brine volume, oil composition, oil volume, and gas composition are considered for a particular
system to determine the effective amount of the polyamine and gas hydrate inhibitor
composition to inhibit gas hydrate formation under the conditions present for the particular
system to be treated.

[0039] The polyamine and gas hydrate inhibitor composition is added into the mixture of
hydrocarbons and water at any concentration effective to inhibit the formation of gas hydrate
agglomerates under the given conditions. Accordingly, the effective amount of the composition
can range from about 0.1 volume percent to about 10 volume percent based on the amount of
produced water in the well system. Preferably, the effective amount of the compound can
range from about 0.1 volume percent to about 5 volume percent. The effective amount of the
compound can also range from about 0.5 volume percent to about 5 volume percent. Typically,
the amount of produced water Is based on the amount of produced water per day that Is
calculated from the average volume of production per day for a particular well. The effective
amount of the polyamine and gas hydrate inhibitor composition can be provided to the system
IN one or more doses.

[0040] The polyamine and gas hydrate inhibitor composition can also have particular
properties for advantageous use in a well, transport, or other system. For example, the
composition can have a viscosity of less than 250 cP, preferably, less than 100 cP at about
4°C, to provide a composition that can be easily pumped throughout a system. The polyamine
and gas hydrate inhibitor composition can preferably have a viscosity of less than 50 cP at
about 4°C as a neat liquid.

[0041] The compositions are advantageously stable for at least 2 years at temperatures of 0°C
and 50°C. The compositions are stable when they do not stratify or gel upon storage under
these conditions.

[0042] The polyamine and gas hydrate inhibitor composition is chemically compatible with
various elastomers and metals. Elastomers screened or compatibility can include Neoprene
(.e., polychloroprene), Hypalon® (chlorosulfonated polyethylene synthetic rubber), nitrile
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butadiene rubber (NBR), ethylene propylene rubber (EPR), Teflon® (polytetrafluoroethylene),
Kalrez® (perfluoro hydrocarbon elastomer), high density polyethylene (HDPE), Nylon 11
(polyamide bioplastic), polyether ether keton (PEEK), ethylene propylene diene rubber (EPDM
W hite), hydrogenated nitrile butadiene rubber (HNBR), Viton® A (perfluoro hydrocarbon
elastomer), Viton® B (perfluoro hydrocarbon elastomer), and Chemraz® (perfluoro
hydrocarbon elastomer). Metals screened for compatibility can include AISI 1018 carbon steel,
Inconel® 625 nickelchromium alloy, SS2507 stainless steel, copper, $52205 stainless steel,
Hastelloy C-276® (nickel-molybdenum-chromium alloy), SS304L stainless steel, and SS316L
stainless steel. The elastomers and metals are screened for compatibility at the effective
amount used In the system as described above. The compositions are chemically compatible
with metals when they do not cause corrosion to occur to the stainless steel and mild carbon
steel components of the system and are chemically compatible with elastomers when they do
not cause mass change or swelling.

[0043] Also, the compositions preferably do not interfere or react with any corrosion inhibitor,
scale inhibitor, or other production chemical additives that are used in the system.

[0044] Advantageously, the polyamine and gas hydrate inhibitor composition does not form
emulsions or foams when stored or upon use In a system. Emulsion formation can cause water
qguality 1ssues In disposal of the produced water and foaming of the produced liquid can cause
handling and system upset problems.

[0045] The polyamine and gas hydrate inhibitor composition can also reduce friction or drag
when fluids are transported. Thus, these compositions can act as drag reducers or friction
reducers when added to the hydrocarbon fluids.

[0046] The methods are useful for Iinhibiting hydrate formation for many hydrocarbons and
hydrocarbon mixtures. The methods are particularly useful for lighter or low-boiling, C4-Cs

hydrocarbon gases or gas mixtures at ambient conditions. Non-limiting example of such gases
Include methane, ethane, propane, n-butane, isobutane, isopentane and mixtures thereof.
Other examples include various natural gas mixtures that are present in many gas and/or oll
formations and natural gas liquids. The hydrates of all these low-boiling hydrocarbons are also
referred to as gas hydrates. The hydrocarbons may also comprise other compounds including,
but not limited to, carbon dioxide, hydrogen sulfide, and other compounds commonly found In
gas/oll formations or processing plants, either naturally occurring and/or used In
recovering/processing hydrocarbons from the formation, and mixtures thereof.

[0047] The methods can be used at any pressure that allows formation of hydrocarbon gas
hydrates. VWhen the hydrocarbons In the mixture are lower boiling hydrocarbons or
hydrocarbon gases at ambient conditions, the pressure Is usually at or greater than
atmospheric pressure (l.e. about 101 kPa), preferably greater than about 1 MPa, and more
preferably greater than about 5 MPa. The pressure In certain formation or processing units or
plants could be much higher, such as greater than about 20 MPa. There is no specific high-
pressure limit.
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[0048] The temperature for contacting the mixture with the compound or composition is usually
approximately at or below ambient or room temperature. Lower temperatures tend to favor gas
hydrate formation. At much higher temperatures, gas hydrates are less likely to form.

[0049] In addition to the polyamine and gas hydrate inhibitor composition, the composition may
also Iinclude liquids. These liquids are generally solvents for the solid form of the polyamine
and gas hydrate inhibitor composition. Representative polar solvents suitable for formulation
with the composition Iinclude water, brine, seawater, alcohols (including straight chain or
branched aliphatic alcohols such as methanol, ethanol, 2-ethoxyethanol, propanol,
Isopropanol, butanol, isobutanol, hexanol, 2-ethylhexanol, octanol, or decanol), glycols and
glycol ether derivatives (e.g. ethylene glycol, 1,2-propylene glycol, 1,3-propylene glycol,
hexylene glycol, ethylene glycol monobutyl ether, ethylene glycol dibutyl ether, or diethylene
glycol monomethyl ether), ethers (e.g., ethylene glycol monobutyl ether (EGMBE), 2-
butoxyethanol, Butyl Cellosolve™) | ketones (e.g. methyl ethyl ketone, cyclohexanone, or
diisobutyl ketone), amides (e.g., N-methyl-2-pyrrolidinone or N,N-dimethylformamide), and
combinations thereof

[0050] Representative nonpolar solvents suitable for formulation with the composition include
aliphatic hydrocarbons such as pentane, hexane, cyclohexane, methylcyclohexane, heptane,
decane, dodecane, or diesel; aromatic hydrocarbons such as toluene, xylene, heavy aromatic
naphtha, fatty acids or derivatives thereof (e.g., amides, esters, or a combination of amide and
ester derivatives), and combinations thereof.

[0051] The selection of a suitable solvent or combination of solvents provides a stable solution
of the compositions during storage and stability and reduced viscosity for the composition
when Injected against a pressure of 1.3 MPa to 172 MPa. The solvent is present In the
composition in the range from about 1 to about 99 wt.%, preferably from about 10 to about 99
wt.%, and more preferably from about 20 to about 99 wt.% of the total composition based on
the weight of the total composition.

[0052] The compositions can Include other means of gas hydrate inhibition, such as
thermodynamic hydrate Inhibitors and kinetic hydrate inhibitors. |f mixtures of gas hydrate
Inhibitors are used, the mixture can be added to the hydrocarbon and water mixture through a
single port or multiple ports. Alternatively, individual gas hydrate inhibitors can be added to
separate ports to access the hydrocarbon mixture.

[0053] The composition can include other oll field flow assurance components including, but
not limited to, a corrosion inhibitor, a scale inhibitor, a paraffin inhibitor, an asphaltene inhibitor,
an emulsion breaker, a water clarifier, or a combination thereof.

[0054] The particular formulation of the composition depends upon the application of the
composition and any additional treatments that will be used in conjunction with the polyamine
and gas hydrate inhibitor composition. For example, If the composition will be Injected with a
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paraffin inhibitor that iIs typically only formulated in nonpolar solvents, then solvents such as
diesel, heavy aromatic naphtha, fatty acid methyl esters, xylene, or toluene, may be used. The
composition can also be formulated in a nonpolar solvent to minimize the risk of incompatibility
between the polyamine and gas hydrate inhibitor composition and the other oil field flow
assurance components.

[0055] Alternatively, If the composition will be injected with a water soluble corrosion inhibitor or

scale Inhibitor, a polar solvent such as methanol, ethanol, i1sopropanol, 2-butoxyethanol,
ethylene glycol, propylene glycol, or a combination thereof, can be used.

[0056] The methods can further comprise treating the fluid with one or more gas hydrate
Inhibitors in addition to the polyamine and gas hydrate inhibitor composition. A thermodynamic
hydrate inhibitor and/or kinetic hydrate inhibitor can be formulated with the AA composition or
added to the fluid separately. Individual inhibitors can also be added to the fluid at separate
ports. The effective amount of thermodynamic hydrate inhibitor and/or kinetic hydrate inhibitor
can be empirically determined based on the characteristics of the fluid being treated, for
example, using the rocking cell test described herein.

[0057] To ensure effective Inhibition of formation or agglomeration of gas hydrates, the
polyamine or the polyamine and gas hydrate inhibitor composition should be Injected prior to
formation of gas hydrate agglomerates. The composition can be injected at the wellhead, at
subsea, In ariser, or a flow line. Typically, the polyamine and gas hydrate inhibitor composition
IS Injected at the wellhead or below the wellhead. The treatment can also be used for pipelines
or anywhere In the system where there i1s a potential for gas hydrate formation.

[0058] The composition Is Introduced Into the fluid by any means suitable for ensuring
dispersal of the polyamine and gas hydrate inhibitor composition through the fluid being
treated. Typically the polyamine polyamine and gas hydrate inhibitor composition Is injected
using mechanical equipment such as chemical injection pumps, piping tees, injection fittings,
and the like. The polyamine and gas hydrate inhibitor composition can be injected as prepared
or formulated in an additional polar or nonpolar solvent as described herein depending on the
application and requirements. The polyamine and gas hydrate inhibitor composition can be
pumped into the oil/gas pipeline by using an umbilical line. Also, capillary injection systems can
be used to deliver the polyamine and gas hydrate inhibitor composition. U.S. Patent No.
7,311,144 provides a description of an apparatus and methods relating to capillary injection.

[0059] Referring to the polyamines of the invention, the polyamines can generally be prepared
by performing an addition reaction by reacting an amine (HoN-R5-Z) with a acrylate or acrylic

acid (H,C=C(H)-Z) to prepare a compound of Formula 1. The compound of Formula 1 can be

further reacted with an alkylating group, such as an alkyl halide to form a compound of
Formula 2. The compounds of Formula 1 and/or Formula 2 can then be reacted with a second

amine with heating, and optionally, with an acid catalyst, to prepare an oligomer or polymer for
use In the methods and compositions of the invention.
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[0060] The term "heteroaryl,” as used herein alone or as part of another group, denotes an
optionally substituted monovalent monocyclic or bicyclic aromatic radical of 5 to 10 ring atoms,
where one or more, preferably one, two, or three, ring atoms are heteroatoms independently
selected from N, O, and S, and the remaining ring atoms are carbon. Exemplary heteroaryl
molieties include benzofuranyl, benzo[d]thiazolyl, isoquinolinyl, quinolinyl, thiophenyl, imidazolyl,
oxazolyl, quinolinyl, furanyl, thazolyl, pyridinyl, furyl, thienyl, pyridyl, oxazolyl, pyrrolyl, indolyl,
quinolinyl, isoquinolinyl, and the like.

[0061] The term "heterocyclo,” as used herein alone or as part of another group, denotes a
saturated or unsaturated monovalent monocyclic group of 4 to 8 ring atoms, In which one or
two ring atoms are heteroatom(s), independently selected from N, O, and S, and the remaining
ring atoms are carbon atoms. Additionally, the heterocyclic ring may be fused to a phenyl or
heteroaryl ring, provided that the entire heterocyclic ring is not completely aromatic. Exemplary
heterocyclo groups Include the heteroaryl groups described above, pyrrolidino, piperidino,
morpholino, piperazino, and the like.

[0062] Unless otherwise indicated, an alkyl group as described herein alone or as part of
another group Is an optionally substituted linear saturated monovalent hydrocarbon substituent
containing from one to sixty carbon atoms and preferably one to thirty carbon atoms in the
main chain or eight to thirty carbon atoms in the main chain, or an optionally substituted
branched saturated monovalent hydrocarbon substituent containing three to sixty carbon
atoms, and preferably eight to thirty carbon atoms in the main chain. Examples of
unsubstituted alkyl groups include methyl, ethyl, n-propyl, I-propyl, n-butyl, I-butyl, s-butyl, t-
butyl, n-pentyl, I-pentyl, s-pentyl, t-pentyl, and the like.

[0063] Unless otherwise Iindicated, the alkenyl groups described herein are preferably lower
alkenyl containing from two to thirty carbon atoms in the principal chain and up to 60 carbon
atoms. They may be straight or branched chain or cyclic and include ethenyl, propenyil,
Isopropenyl, butenyl, isobutenyl, hexenyl, and the like.

[0064] Unless otherwise indicated, the alkynyl groups described herein are preferably lower
alkynyl containing from two to 30 carbon atoms In the principal chain and up to 60 carbon
atoms. They may be straight or branched chain and include ethynyl, propynyl, butynyl,
Isobutynyl, hexynyl, and the like.

[0065] The terms "aryl" or "ar" as used herein alone or as part of another group (e.g., aralkyl)
denote optionally substituted homocyclic aromatic groups, preferably monocyclic or bicyclic
groups containing from 6 to 12 carbons In the ring portion, such as phenyl, biphenyl, naphthyl,
substituted phenyl, substituted biphenyl or substituted naphthyl. Phenyl and substituted phenyl
are the more preferred aryl. The term "aryl” also includes heteroaryl.

[0066] The terms "halogen” or "halo” as used herein alone or as part of another group refer to
chlorine, bromine, fluorine, and iodine.
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[0067] The term "-ene” as used as a suffix as part of another group denotes a bivalent
substituent in which a hydrogen atom is removed from each of two terminal carbons of the

group, or If the group Is cyclic, from each of two different carbon atoms In the ring. For
example, alkylene denotes a bivalent alkyl group such as methylene (-CH»-) or ethylene (-

CH>CH>-), and arylene denotes a bivalent aryl group such as o-phenylene, m-phenylene, or p-

phenylene.

[0068] The term "hydrocarbon” as used herein describes a compound or substituent consisting
exclusively of the elements carbon and hydrogen.

[0069] The term "substituted” as In "substituted aryl,” "substituted alkyl,” and the like, means
that in the group In question (i.e., the alkyl, aryl or other group that follows the term), at least
one hydrogen atom bound to a carbon atom Is replaced with one or more substituent groups
such as hydroxy (-OH), alkylthio, phosphino, amido (-CON(Ra)(Rg), wherein Ry and Ry are
Independently hydrogen, alkyl, or aryl), amino(-N(Ra)(Rg), wherein Rp and Rg are
Independently hydrogen, alkyl, or aryl), halo (fluoro, chloro, bromo, or i10do), silyl, nitro (-NO»),
an ether (-ORa wherein Rp 1s alkyl or aryl), an ester (-OC(O)Ra wherein Ry Is alkyl or aryl),
keto (-C(O)Rp wherein Rp Is alkyl or aryl), heterocyclo, and the like. VWhen the term

"substituted” introduces a list of possible substituted groups, it is intended that the term apply

to every member of that group. That is, the phrase "optionally substituted alkyl or aryl" is to be
Interpreted as "optionally substituted alkyl or optionally substituted aryl.”

[0070] "Aralkyl” means an aryl group attached to the parent molecule through an alkylene
group. The number of carbon atoms in the aryl group and the alkylene group Is selected such
that there 1s a total of about 6 to about 18 carbon atoms In the arylalkyl group. A preferred
aralkyl group Is benzyl.

[0071] The term "amide"” as used herein alone or as part of another group has the general
structure of -NHC(O)-.

[0072] The term "ether" as used herein alone or as part of another group has the general
structure of -O-.

[0073] The term "ester” as used herein alone or as part of another group has the general
structure of -OC(O)-.

[0074] The term "carbonyl” alone or as part of another group has the general structure of -
C(O)-.

[0075] "Inhibiting” Includes both Inhibiting and preventing the formation and agglomeration of
hydrate crystals.

[0076] Unless otherwise Indicated herein, "AA" means anti-agglomerant; "IPA" means
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iIsopropanol (isopropyl alcohol); "KHI" means kinetic hydrate inhibitor; "LDHI" means low-
dosage hydrate inhibitor; "MeOR" means methanol, "NaCl" means sodium chloride; "PE"
means pentaerythritol; and "THI" means thermodynamic hydrate inhibitor.

[0077] Having described the Iinvention In detail, it will be apparent that modifications and
variations are possible without departing from the scope of the invention defined In the
appended claims.

EXAMPLES

[0078] The following non-limiting examples are provided to further illustrate the present
iInvention.

Example 1: Synthesis of Polyamines

[0079] Step 1 (synthesis of intermediate 1A). Monoethanolamine (153.2 g, 2.46 moles) and 60
g of methanol was placed In the flask equipped In mechanical stirrer, condenser, and
thermocouple. Methyl acrylate (422.24 g, 4.912 moles) was added dropwise to prevent a
sudden increase of temperature due to the strong exotherm. The reaction mixture was stirred
at room temperature for 48 hours and monitored by wet analysis. The tertiary amine content
was preferred to be in the range of 97 -99 mol%. The product was analyzed by wet analysis
(e.g., Total Amine Value, Tertiary Amine mol%, and % solids) and instrumental methods (e.g.,
liguid chromatography/mass spectrometry (LC/MS) and nuclear magnetic resonance (NMR)).

[0080] Step 2. The solution of intermediate 1A (200.6g) was placed in round bottom flask and
44 79 of ethylenediamine was added. The reaction mixture was heated to 93°C (200°F) for
three to four hours under nitrogen to facilitate methanol removal and then 0.5g of p-
toluenesulfuric acid was added to catalyze the reaction. The reaction progress was monitored
by wet titration (e.g., Total Amine Value, Tertiary Amine mol%) and FTIR (e.g., ester band vs
amide band). To reduce the viscosity of the samples that was increasing from an increase In
molecular weight of the polymer, deionized water was added slowly (Samples 20 and 4B). The
reaction mixture was stirred for 10-14 hours to completion. The final product was analyzed by
FTIR, GPC, and resulted in Total Amine Value, Tertiary Amine mol%, % solid by non-volatile
residue, and acid number. Sample 4A was prepared by replacing water with monobutyil
ethylene glycol.

[0081] Samples 15 and 10 were prepared according to step 2 in the procedure above. The
ethylenediamine was replaced with 1,6-hexanediamine (HAD) or bis(hexamethylene)triamine
(BHMT), respectively. The molar ratio of intermediate (step 1) to di- or tri-amine was 1:1 in all
cases. The water used as a solvent was replaced with methanol, monobutyl ethylene glycol, or
a mixture of thereof to prepare various products. In particular, a product was prepared using
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the process of Example 1 with the modification that no acid catalyst (e.g., p-toluenesulfuric
acid) was used and that water was replaced with monobutyl ethylene glycol as the solvent.

Properties of products in water solvent

[0082]

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

Property Sample 4B Sample 15 Sample 10 |

Total Amine Value, {3.414 12.913 13.266
meqg/g

Tertiary Amine, 949 98.9

mol%

Appearance Yellow/dark yellow Yellow viscous Amber viscous
viScous solution solution solution

Example 2: High Pressure Autoclave Test

[0083] An autoclave having the configuration of Figure 1 Is manufactured by PSL
Systemtechnik of stainless steel and have integral magnetic stirrers. The test liquids 100 are In
contact with the test gas 80 and there i1s a magnetic stirrer motor 40 with a magnetic follower
30 that is In contact with the test liquid 100. The sapphire window 90 Is placed adjacent to the
CCD camera and boroscope 60 and is also in contact with the test gas 80. The gas inlet and
pressure relief /0 and gas outlet and pressure transducer 10 are both in fluid contact with the
test gas 80. The PT 100 temperature probe 20 is in contact with the test liquid 100.

[0084] The temperature of the test fluids inside the autoclave iIs controlled by a circulating
chiller unit. Both the stirrers and the chiller baths are computer controlled. Pressure and
temperature data from the autoclave is continuously recorded by the controlling software. The
autoclave Is operated in a constant volume fashion, 1.e., once the test pressure has been met,
no further gas I1s added to the autoclave.

[0085] Autoclave tests are performed by adding water (or brine) and condensate (or olil) to the
autoclave at ambient temperature and pressure. The total liquid volume Inside the autoclave is
normally 200 mL, which gives a gas:liquid ratio of 1.3:1. The KHI 1s then dosed and the
autoclave cooled to the test starting temperature. The autoclave is then pressurized to the test
pressure using a synthetic gas mixture simulating the field gas. The temperature and stirrer
speed can then be controlled to replicate the field conditions. A stirrer rate of 500 rpm Is used
to replicate flowing conditions and O rpm for shut-in conditions.

[0086] The autoclave offers a good representation of the conditions inside a pipeline. The
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autoclave I1s also very sensitive to the formation of gas hydrates and low masses of hydrates

can be detected In the cells both by pressure drop and visually (assuming the liquids are
clear). Due to the automated control of the autoclaves, the tests can be performed with
complicated cooling and flowing conditions.

[0087] As shown In Figure 2, gas hydrate formation is detected by a sharp decrease In the
pressure in the autoclave due to the incorporation of the gas molecules into the denser hydrate
structure. There Is often also a slight increase in temperature observed as the crystallization is
an exothermic process (often this exotherm is not recorded In laboratory experiments as data
points are only collected every 30 seconds and the temperature peak 1s missed). The
formation of hydrates can be confirmed by using a high resolution CCD camera and boroscope
to observe (and If necessary, record) the appearance of the liquids inside the autoclave.

[0088] In addition to the autoclave test, the performance of KHIs can also be evaluated using
stainless steel rocking cells. Like the autoclave, this equipment allows the evaluation of
chemical performance to be evaluated under constant volume conditions. Each cell has a
dedicated pressure transducer and hydrate formation is detected by an observed pressure

drop In the cell. The temperature inside each cell is not recorded, so there i1s no opportunity to
detect the temperature increase due to hydrate formation.

[0089] The rocking cell equipment consists of a rack of five stainless steel cells mounted on a
central axle iImmersed in a temperature-controlled bath. The bath temperature is moderated by
a circulating chiller which i1s controlled by the integral computer. To rock the cells, the central
axle i1s rotated by a computer-controlled stepper motor, which can rotate the cells up to 45° In
each direction (that 1s, a 90° total rocking angle) at rocking rates of up to 20 times a minute.
High-shear agitation of the fluids inside the cell is provided by the movement of a mixing ball
(usually stainless steel although glass balls are also available) as the cells move. Each cell has
a total volume of around 40 ml and will be filled with about 15 mL liquid which would give a
gas:liquid ratio of ~1.7:1. Tests can also be performed to replicate the gas:liquid ratio of the
autoclave or of the field.

[0090] The following Table shows results for various polyamines and KHI actives.

AJ
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Inhlbex® 505 44, 160

- 4 - 4 - - - - 4 - 4 - 4 - 4 - 4 - 4 - 4 - - 4 - - - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4 - 4

[0091] Additionally, formulations of Polyamine Sample 20 and Inhibex 501 designated 153A,
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153B, and 153C were tested using the autoclave procedure described above.

- 153A (1:1) 153B (2:1) 153C (1:3) 153C (3:1)

[0092] The formulations were tested at 5000 ppm based on the active KHI and the remainder
of the formulation included water, monoethylene glycol, and EGMBE. The test was run using
methane gas at 30 bar with a temperature of 7°C and 6°C, respectively. The duration of the

constant pressure condition before the pressure decreased due to gas hydrate formation was
determined in hours.

Duration (test 1) {Duration (test2) {Duration (test 3){Duration(test 4)

Durtlon test1 Durat|on test2 Durat|on test3 Durat|on test4

67h

[0093] Additionally, the formulation of 153C was tested at 3000 ppm, 4000 ppm, and 5000

ppm using Mungo 2 gas at 5°C with 100 mL DI (Deionized Water) and 100 mL Laws
Condensate and duration of the high pressure condition in the autoclave was more than 160
hours for each sample.

Example 3: Crystal Growth Inhibition

[0094] The CGI method was conducted using the high-pressure autoclaves described In
example 2.

[0095] The bulk test fluids totaled 200 mL in volume. After the addition of the test fluids, the
KHIs were dosed to 1000 ppm active concentration (KHI + polyamine) based on the total
weight of solution. The autoclaves were then closed and the stirrer was set to 650 rpom until the
end of the test. The bulk test fluid temperature was then set to 25°C. After temperature
stabilization, test gas was used to gently purge any air from within the autoclaves by partially
opening the Inlet and outlet valves. After purging, the autoclaves were pressurized to test
pressure using the test gas. For standard natural gas (SNG), the test pressure was 60 bar. A
120 bar starting pressure was used for methane tests. After both test temperature and
pressure had stabilized, the test script was started and a computer recorded pressure and
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temperature readings every minute.

[0096] The test script comprised of two phases. Phase 1 was used to seed hydrates in the test
and then dissociate the majority of the hydrate mass so that the test fluid had a hydrate history.
The purpose of Phase 1 was to remove the stochastic nucleation mechanism of hydrate
growth so that during Phase 2, hydrate growth would occur via the predictable and ordered
crystal growth mechanism. Phase 2 was used to measure hydrate growth rates across a range
of sub-cooling conditions, for various KHIs and test conditions.

[0097] Various regions were delineated. The region where the hydrate crystal growth rate was
less than 0.5 hydrate wt.%/hour was the crystal growth inhibition (CGIl) or crystal inhibition
region (CIR), the region where the hydrate crystal growth rate was from 0.5 hydrate wt.%/hour
to less than 5 hydrate wt.%/hour was the slow growth region (SGR), and the region where the
hydrate crystal growth rate was greater than or equal to 5 hydrate wt.%/hour was the rapid
growth region (RGR). The CGI region was found at smaller sub-cooling to the RGR and was

considered to describe the sub-cooling range where the KHI may be capable of imparting
some level of protection against hydrate growth. The RGR was considered to be the region

where the KHI was incapable of providing any useful level of hydrate inhibition.

[0098] The Inhibitor composition for formulations 153A, 153B, and 153C are detailed In
example 2 and the remainder of the inhibitor composition comprised 50 wt.% water 10 wt.%
EGMBE, and 10 wt.% monoethylene glycol. The results of the crystal growth inhibition tests are
shown In Figure 3 as an average crystal growth rate divided into three regions.

[0099] When Introducing elements of the present invention or the preferred embodiments(s)
thereof, the articles "a", "an”, "the" and "said" are intended to mean that there are one or more
of the elements. The terms "comprising”, "Including” and "having" are intended to be Inclusive
and mean that there may be additional elements other than the listed elements.

[0100] In view of the above, it will be seen that the several objects of the Invention are
achieved and other advantageous results attained.

[0101] As various changes could be made In the above compositions and processes without
departing from the scope of the invention, it is intended that all matter contained in the above
description and shown In the accompanying drawing|[s] shall be interpreted as illustrative and
not in a limiting sense.

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader's convenience only. |t does not
form part of the European patent document. Even though great care has been taken In
compiling the references, errors or omissions cannot be excluded and the EPO disclaims all
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Patentkrav

1. Fremgangsmade til haemning af gashydratdannelse 1 et fluid omfattende et carbonhydrid
og vand, hvilken fremgangsmade omfatter tilsatning til fluidet af en virksom mangde af en
he&mmersammensatning for at hemme gashydratdannelse 1 fluidet, hvilken
he&mmersammensatning omfatter et gashydrathemmermiddel og en polyamin afledt fra en
omsatning af en fgrste amin og en anden amin; hvor den anden amin er en diamin, en triamin
eller en polyamin; og hvor den fgrste amin er en tertier amin med en struktur med formlen 1

eller en kvaternaer amin med en struktur med formlen 2

R
R ‘1
| :
N RQ_N R4
Rz/ \R3 FL
3
Formel 1 Cormel 2
hvor

den tertizere amin med formlen 1 kan opnas ved omsa&tning af en amin med strukturen
H>N-Rs5-7Z med et acrylat eller en acrylsyre med strukturen H>C=C(H)-Z', hvor Z er -
C(O)ORe;

den kvatern®re amin med formlen 2 kan opnas ved omsatning af den tertieere amin
med formlen 1 med en alkyleringsgruppe;

Ri, R2 og R3 hver nathe&ngigt er -Rs-Z;

R4 er alkyl;

Rs er Ci- til Cyo alkylen, substitueret Ci- til Cyo-alkylen, arylen eller aralkylen;

R¢ nathaengigt er hydrogen eller alkyl; og

Z. er -OH, -C(O)ORe eller -C(O)NHRg; og

hvor gashydrathemmermidlet er en polyvinylcaprolacton; en polyvinylpyrrolidon; en
copolymer af en vinylcaprolacton og en vinylpyrrolidon; poly(N-
alkyl(alkyl)acrylamid), en copolymer af N-alkyl(alkyl)acrylamid og kvaternaere
alkylchloridsalte af N,N-dialkylaminoalkyl(meth)acrylater, en copolymer at N-
alkyl(alkyl)acrylamid og kvaternare alkylchloridsalte af N,N-
dialkylaminoalkyl(meth)acrylamider, en terpolymer af en vinylcaprolacton, en
vinylpyrrolidon og et vinylacetat; en dendrimer polyesteramid afledt fra
hexahydrophthalsyreanhydrid; diisopropanolamin og N,N-bis(3-
dimethylaminopropyl)amin; en substitueret polyethylenimin; en

polyoxyalkylendiamin; en dicarboxylsyre-polyolpolyester; en polycyklisk
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polyetherpolyol; en hyperforgrenet polyesterpolyol med hydroxylendegrupper; en
hyperforgrenet polyesterpolyamin; en hyperforgrenet polyamidoamin; en lineaer

polyesterpolyamin eller en kombination deratf.

2. Fremgangsmade ifglge krav 1, hvor det polymere gashydrathemmermiddel er en
copolymer at en polyvinylcaprolacton og en polyvinylpyrrolidon; en terpolymer af en

polyvinylcaprolacton, en polyvinylpyrrolidon og et polyvinylacetat eller en kombination

deratf.

3. Fremgangsmade ifglge et hvilket som helst af kravene 1 til 2, hvor den anden amin er
ethylendiamin, propylendiamin, butylendiamin, pentylendiamin, hexylendiamin,
heptylendiamin, octylendiamin, nonylendiamin, decylendiamin, diethylentriamin,
dipropylentriamin, dibutylentriamin, dipentylentriamin, dihexylentriamin,
triethylentetraamin, tripropylentetraamin, tributylentetraamin, tripentylentetraamin,
trihexylentetraamin, tetraethylenpentaamin, tetrapropylenpentaamin, pentaethylenhexamin,
pentapropylenhexamin, N! ,Nz-dimethylethan- 1,2-diamin, N! ,N3—dimethylpr0p an-1,3-diamin,
N!,N*-dimethylbutan-1,4-diamin, N!,N°-dimethylpentan-1,5-diamin, N!,N°-dimethylhexan-
1,6-diamin, p-diaminoethylbenzen, 1,4-diaminocyclohexan eller en kombination deratf,

fortrinsvis ethylendiamin, 1,6-hexylendiamin eller en kombination deraf.

4. Fremgangsmade ifglge et hvilket som helst af kravene 1 til 3, hvor den fgrste amin er en

terticer amin med formlen 1.

5. Fremgangsmade ifglge et hvilket som helst af kravene 1 til 3, hvor den fgrste amin er en

kvaterner amin med formlen 2; fortrinsvis hvor R4 er methyl, ethyl, propyl eller butyl.

6. Fremgangsmade ifglge et hvilket som helst af kravene 1 til 5, hvor Rs er C;- til Cio-
alkylen.

7. Fremgangsmade ifglge krav 6, hvor Rs er C;- til Ce-alkylen, fortrinsvis hvor Rs er ethylen.

8. Fremgangsmade ifglge et hvilket som helst af kravene 1 til 7, hvor Z er -OH eller -
C(O)OREe.
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9. Fremgangsmade ifglge et hvilket som helst af kravene 1 til 8, hvor Rs er ethylen og Z er -
OH.

10. Fremgangsmade ifglge et hvilket som helst af kravene 1 til 8, hvor Rs er ethylen, Z er -
C(O)ORs, 0g Re er methyl eller ethyl.

11. Hemmersammensatning, der omfatter et gashydrathemmermiddel og en polyamin afledt
fra en omsatning af en fgrste amin og en anden amin; hvor den anden amin er en diamin, en
triamin eller en polyamin; og hvor den f@grste amin er en tertier amin med en struktur med

formlen 1 eller en kvaternser amin med en struktur med formlen 2

R
R 1
| X

\ R,——N——R,
N |
R R3 Ll
Formel 1 ]

Formel 2
hvor

den tertizere amin med formlen 1 kan opnas ved omsatning af en amin med strukturen
H>oN-Rs5-Z med et acrylat eller en acrylsyre med strukturen H2C=C(H)-Z'", hvor Z' er -
C(O)ORe;

den kvaternaere amin med formlen 2 kan opnas ved oms&tning af den tertieere amin
med formlen 1 med en alkyleringsgruppe;

Ri, Rz, og R3 hver vathe&ngigt er -Rs-Z;

R4 er alkyl;

Rs er Ci- til Cyo-alkylen, substitueret Ci- til Cyo-alkylen, arylen eller aralkylen;

R¢ nathaengigt er hydrogen eller alkyl; og

Z er -OH, -C(O)ORg eller -C(O)NHRg; og

hvor gashydrathemmermidlet er en polyvinylcaprolacton; en polyvinylpyrrolidon; en
copolymer af en vinylcaprolacton og en vinylpyrrolidon; poly(N-
alkyl(alkyl)acrylamid), en copolymer at N-alkyl(alkyl)acrylamid og kvaternaere
alkylchloridsalte af N,N-dialkylaminoalkyl(meth)acrylater, en copolymer at N-
alkyl(alkyl)acrylamid og kvaternare alkylchloridsalte af N,N-
dialkylaminoalkyl(meth)acrylamider, en terpolymer af en vinylcaprolacton, en
vinylpyrrolidon og et vinylacetat; en dendrimer polyesteramid afledt fra
hexahydrophthalsyreanhydrid; diisopropanolamin og N,N-bis(3-

dimethylaminopropyl)amin; en substitueret polyethylenimin; en
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polyoxyalkylendiamin; en dicarboxylsyre-polyolpolyester; en polycyklisk
polyetherpolyol; en hyperforgrenet polyesterpolyol med hydroxylendegrupper; en
hyperforgrenet polyesterpolyamin; en hyperforgrenet polyamidoamin; en linear

polyesterpolyamin eller en kombination deratf.
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DRAWINGS

FIG. 1




DK/EP 3240821 T3

0G Gv Qv

Q - (v\v\v\.,.\.\A».\\t}\ﬁ.\ﬂ-\\,\ﬁv&v\\\\\s}\.\ﬂﬁ,\\av‘\z.\ts.\..\\\Qv\..\.\\\\S&v\v\,\&‘,\s\\\\\.ﬁ.,\.\.\(}\\\\\.\A}\t)\\v

. .
b - \I\l.l..l.ll.lll.\l.l'.l~l\-l'\us\\\.\b # # s b fmmmubh bddossmmbucdos o ve'se v s srrrlemmuny be s s mmbhbde’ssvwme e S
. \ l.\ll I-.‘I-ll..ll -..-‘\\\\.\1- -\.\\ll--.- l l.l.l-.-l II\\...\ \..9-;-.;.‘ I‘l.-.--.l .

' . . . . . J . . . . .
o P E L R R R N Fl R R R R R L Ll R R R NN R R R R Pl LR R R R R R R B Dl I R R N LR N R R R S B F R R R N R U R R R N R U ) N R R N N R RN N et al e el R R R R R R R R U N N E R N NN R el el R I R F N R R R R Rl R R N NS Dl R R )

.........

RO RO A N N R N O i e

SINOU/ Bt |

5Z

. . . . . . . . . . . . . . K . . . . . . . . . . . . .
/ \4“&\3\\‘\&t‘\%\‘\\&ﬂ%‘%\\‘\‘t\%ﬂ%s*&\\\\.\.\v)\\r\,\,\t&\\.\\\.z\,\.\.\ﬁ.\\v\\r\.‘&}\\%\\‘%ﬁ\ﬁ»\.\‘\\v\.ﬂ-\\.\\.\v&v\\.r\(ﬂ@&)\l\\\\&)\.\l})\\ﬁ‘\f\\.\.\.\v(vﬂv}v\..\.\&\.\ﬂ&vﬁv\,\,\\\,\s&v‘k"\‘.,\.\.\!\.\\\\\Q\.\.\Aﬁ.‘\\&.\,\ﬁv\‘v“\»\ﬁ\\\s\%\t‘\%ﬁ\\\&EQ\SQ\%t\%‘\\S‘&‘t\%ﬂﬂ‘\

..............................

DRI B I R BN R I L TR I R N N N )
. neers LRI A R N RN AN N

.

.

.

o -

< " .

vv.v L . 13 1
~ - -
L LI » » ! -

...... N P N NN S o

.

.

- - ‘v

.

.

.

.

.

.

.

3

.

.

.

.

.

-ae -‘-‘“..“"ﬂ‘“’.“‘ ..“9“..““’. ..Q‘--“““‘..“.._‘“‘\‘-.“'.‘.‘.

L

s w e med s, BN N e L R " .. rra ‘w > s o4 we’e ] -
FOR Y INFBNEERET 1‘8 %

llllllllllll - d dw wmwewy s drew R O
FrISBENERLIENRR P Fo PP i AR EDN LU L l..-.'d-.-.-l‘l LA AL N A A A NANFMEE LY AN .-ewy P )'rre

Ia“.‘?‘.“"‘..“-‘ “TEmuw
i

"o

...“ -e -‘ﬂ-."‘0‘.‘:‘.“‘“-““..\..Ia.““\‘l\..‘-.“...“0"“..0\".‘ﬂ-...w"“‘-..‘.. g

)
N

~
™

o,
)

oo

N ™ <3
A8GY B}HS'SE?J@

£

=3
3

St




aamaimmmadaa | . il n
v A
\\,!!\l\\\ ‘_ " ‘é\\\'\\!\ll\"\\\\,\[l\\

oo o 1% % by tey Sen ey ey v teute bt %u %e ftegteneate T e B By ngeatestegte ® N\

"ﬂ“ﬁ"“*‘f"“ﬁﬁ“\aﬁ??\- M A mmsana s amas

‘\l\\\\\1\l‘l\\\\\!\\\

Y ! Y

.
N : "\

NIRRT T NS

P Y P S O e T N T

.-.....--.....--....\‘

-.-.-'..'-----."'--Qki

ﬁ:-----\-.---;\q...-.
R N

T crYyvyrYyvYrscrrrvyvvva -

s s et b rrs et

T c S ry vy vy vy ryNrrryvyvryvwn -

TrwIYYT i ewww
It s msmeE-
B

000!!,!'~b900\

trrwrvyyv v

AL AL d d e aaa A A A AAD o NN AANAAd e Aa

.'.,I!".'?k\\ N

d o o b d b ddddobhbhdbdbdbdadoe

v rersrrcrrerrsvecrrne

R .-.-'.-.-.-..'-.-.-.-.-.-.:.-.-.-.-._'.-.-.-.:&'

AR R R Y

.’.!!l"'...

tsemsmmmmns "

o
v

TrmemTeees 'ghk N

Adaddd i as Y L

TN

- A M A A Al e NN AL AAd e aaa

™
W

gi.“l‘-“!l‘l‘-“‘!‘!-‘
C R R I I R )

YYIY T rrPYYIYYYNCTCrrYYY YN

JrFeseesrsrrrrernrnnnrien
v‘vvﬂ:vrv‘vvv?!-r‘rvv’v'v!
-Q‘LA;A‘-SQAA‘A“‘.‘AA
A bl e b bAbbbbd e babmald

NN"'.'."!.'"."’UC""

"

e et s s smmmmms s st e m e

Q-l-'-.-o-...:..-i-l-p-l....:...'..-i-I-‘.-..

YRR R R R Y

c e b A A A bA

‘k\ d s o b ddddAdd e bbb bAd.

4 hd A d o b AAAAAd A AR

YyYYIsrsacrvywvwy

S:‘-\ vYyvvvrcrrvyvrrracrrvey \

AL S L L B

\\\\\!\ll,\\\\!\.ll\\% ~

LI N R R R E T R R E R Y

R rRrY e RN

.\\!!‘!\;ﬂ\\{

Caae sy AREL

LI I I B B B N F4ASESqTITITIinasasas033dLesann

c--- A

PR S N R

R

-t . s

L SN RN

v e e ~ .. e et e e deeee e

TY s e s YWY

R N I R R

ce s ms e m'.

-
»

S rPYYYYYYNCTr oYY YTYYINSAYY
TR IAPPVRFRPTINTCPPYY YYD

L L B B L L L N B B L B L B B

7

‘s\\!ﬂﬁ.b\\\\\‘.\ss\\'\\!

d<{maasasadcsTanasaasaawqsan

AR R R R R R R T T E R

A Y N T T B N N N N N BN N Y

" mwe s si e esr s s

. mss Yy P -

L L L B B B L

‘hi R R I ELEELE

SR L L L LR O L L L L 2

CETERILIIASEEET LG b “

LR S L R L O L

R B B L B )

L L BN L S A ]

...1."'...\\ \ .'...."'.....1"'..\
...,..;...\g. N o AN

X . O i e i e o

" s T TE S E eSS S e e

"f.....!"'...'.!'..\
N+ v vv s rrryrrrracrr v ey
.

RN LR
MR

\%\ MAfsT T NS AaT TS Y4AaNANNan
0.’!!!‘.’.‘ “ ‘\.”.’!"D’.’..!‘D)’Q'
T s m s e ee - " S S EEEE S S eSS
A0 hdd d A \“

e b A bAdAAady oY

--—p e = o ommeo- -

M Ty4aTNNNNNTN

A ddOC e b AOOCAMd e O

d s s b bbb dbd bbb bbad

YYYIYTY T rvy vy YYYYYYNC P rEYYYYYLCrrY Y

sr¥rve e e T Ysre v I IRLTE P PYYTYIYRPLO,
A ELEEEEEE R Y PR EER R R EE R AR ER

*LES AN NSNS \ TAHAM LRSS ST VLAY

N S EEERERE R E L EERREEL L L]

DL T U S S B \“

g\--.'l-l------l..----.
R R R R R R R E R R
R R R R R R T

Tl Y YYYYEYTT P rPYYYYYYNCSTYY

S ES AT N AASESESNYT N AN

A% STV LASSAENNT N ASN N

YT ETw - Y T T T T EWRVRAYYYTYSVRSEEY Y

mmmpmssssmpumnmesssmm gty

-mm e gmm iy
. .

. . -
- b AN A A AAsd
.
Q".“"d’...'l
-vvrvvvv-q.'.

. -
CEY LY YY YN Y oe Y Y Y YYYCC L LYY Y LYYt o.

wd o s bhddbddd o hdddbadaen
. . s

. .
L T T I L A

- .. s e II"---l--'---II-'ll...“.l.

s s m s mamme b s s s s mmmdess s s mnden

B, By = === s em - - v
[
R EEEE RS tssevsmmmsssvsssnenwnss s
g _ac:l
NN YN Y. TN EYT T Y R NN Y Y Y. ..
mamss s ssmmm R N I I I
U L S | LU S L S IR S L S N S B |
% %Y Y Y Y Y Y ey \“\!“.I‘\!‘I"ll!‘!"
e resre e ey D N S S S S S SN
Gaalddebaaa Abbbbda b b bbb baT b baa
- b AN A A AL ‘..b-.‘bbh‘--.lb‘bh.‘ol-
TYvTiTNTrvwy TYVTTILTCIIYEYIIYTLICTC LIS

L I T e e e

taabaacras

TSremse sy smnm

LeLhA LA La s aald,
AR AL A A A,
R

L N R R R R E R E R R Y

4% ST NSNS A EEEELEENELELEELLELEEER BN

cAARATAS TAN SLAARRASSLAAAARRR LA

- e Emss s s s e e e eSS eSS E eSS e .

TwWEIYTYTYYrwww T W WY W N YT EETEETEEY Y Y YW

EELTE L L L L | SAvbs s s st by

LB B B EL L BB B B ) AL L L B B L B L B L B L B B I BB

R B L L L B | AL B L L B L L

LR L L L B U S L L L B R L L L L L B L L

CE Y LY YY Yy T U LYY Y YYYCC LYY Yy Yy

N

4 hAdddd oA @ hddAdd e AL AAt e

57

'-l'.b...ﬂ.“ Iln)..'...‘-bl'...‘.‘n

YYYEYT LT rYyYYy

v d s m s mem- . s s s sdemmnssdsmmnmmes

& B BTN AEADN BASARAT LN AR REAREAEAETY AN

AR R R E Y

N AT IR E RN
e E A= “Eees e ARR AR R LA AS.

LR R R R T W e e e ™ ™ T T P e e "SRR R P L N TN N LRI

L T S SN

sttt aaaagsa
- ®mese sy smew
CeE R m s e
- - et . A .- -
c " AmsaeE-.
;-\\II!\DQ\\

C T amEwwSNTYAaS

4SS T TN iV

- AN A A AL A 4 e e b A A A A A e NN AAAAad .

ARLILAAARRA AAASLLLLARRSRLAAAARS
O N R LR L B S L Y
+EATT LS ENY ey L N N N L BN

LR B L L B B
S s m s e e mma

AL AL A AN AA,

ST TN, R T AT N N N N N R N T Y,

Tt TN NN st et

vvv--‘-'vrv\\t

.I..:‘-l."...lnll'.....ll'ﬁ.\

' r v v s s rrrrrrrsCtrrvyrivown
e

7

"

s

C-o.a----o-n---..-n--\l.

. \I
T LYY YYYY S Yy Yy Yy e

(A A R L A L L L L A ]

S LA S SN T LRSS SYNAS

O‘QOI:‘)DO‘QOO:0<~D‘DOO.‘§!
L S L L S R S L S S AL S B O
s s eas A nss e
s tA bbb Adr b babbbbde b
.ti'l-bl.t.".‘.-ll.."‘.l
-'ovv.vvv\'!rr.vvvv'v‘-.vv

ammebossanmnbesssmnbmaid

ety taeh, e te el te e taata t N ey te,tegtests tL .

e e e e T T T I SR

- .l.l-l
-_00'01-»»vo'oovnsrroo-vvnl.|}
LJ .

u
D

T RN TN R T RN R e
. . - a'ut e

l:fl’l-l'l-%
L) ]

e

.’.!-DD.’..Q“"....\\

D o A R A S L I RO

St A s meEEEEs s s m e " e Es s e s e s ...
ese eI TsswsRTELTYIE ey e
D et R A -——- R e e -
T N P P st mmmdms s sl mane s .
8 AR AR eSS AR R EE s - EA s AR R ESaEY S SrEaEme
AR R N AR LI L B N A S o A N L L O )
YR L LR L R R R L
i T B P S NN N PP S

AT N N N T N T TN N, N T T

s

-
-

W mmsssmmmmgssaaamnman

l\\\\\l!\l‘\\\\\\\!\l

Tt et T T N N AT ettt Lt N, e,

c
!\\\\\\!\\

N, m At et

(R Y

R R T TE R N R T T T T T R R R R Wy

R E R R T T T E E

'-‘11-'1.1!n‘\n-‘--v-‘--f‘v-
" EEs s s EEEEES s e
YYryscrYvyvyvervyiaircrvsvey
)_0‘9‘00!{559‘0000001,")
vvv!‘-r’vvvvv“!!-r'vvv.vv
lbbh.“/‘.ih.l\"‘bbl.\
TR R T
rYOYYTINCTIYPIYTYIYIRION S Y

'...._’!!"...!...!'l\

"Nt Te N N NTNCN S .\‘

P
h ]

"w wssssmmm)

trmmsmme

enes s s pnead
Trsssseaaay
"m wssssmmmd

N L]
g
yvy v~ =rvvewl

»

vy v rrvyrrd

. »
LI R B

‘.AA“LI.Q‘
“d dd s bhbaad

A ]
LR R S S

“mms s s ammmy

»
!'..'.’!"‘

R R I )
-

i R

TR I
TR T T T T
AYYYTYTTYTISLTPYTYTYTYTYTYYTIACE
TYPTITrPYSYTYITIIINCTCPYRIYSLY
R R R R R IR
\\,‘\s.\\\,\unn'\l\\\\\
EE RS R EEEE RS IR

L S A O N S N IS ST AT WY

DRI TR TR TR N R N N N N N L Y
"wmes s e eE e s s e
e e E Y e EE e .-
LA L L L L L L L B 4
...I‘Db'....!!!‘_’...b’
C R R R R N N )
LR L L B L L B I B L B L L L L L

YYYYN T FPYYYYYYIANYTTCrYYTYYY

‘l.'....'l\

& d Ad'e s b h AN
R .

L]
PP PLTE P YY

!\\\\\\!\\\

AT AIAA LYY

CCI.C..CC%‘.&
. mes s sy

aa mE Lt mLnealy

»
L N N S

]
BT

e WYY Yy ewwwl
A .\“..‘~\q

"= mwssssumwl

¥

'II--.-‘I.l\

A

-2
!‘QQ-O’V!“.

L L B A R |

25050

"mwwssssnmmd

-
\ !".'..!"‘

“ Yy vrccrvvwn

Ny B,
! ’

LR L DR R RN N )
LI A S B I A A S S B
- Es AR R EEES YA E e
EE R R I TR .
dadd s v bbb i ddaraTanaa
F P Y YYYY T FPYYY Y YYYSYTS
LR RN R B BN
AR EEFEEEEEE I EE R R
LssT A EsLAEANTIE A RN N Y N,
---\“----\‘“"“ﬂ--"‘
R R R R
P T N R I I T I I

hh dd A Al e A AL A AAd ey

"sw wssvremmmd

e e - - ~-

L RN L R A

N
..Q.”.!“‘

-. wmes s smm=)
't-aaaagt-4
ad dd's s bada)

L

T rYY Y YN~ o-

3
vevvisdreven
N »
n\\.\_\,\\\
LsATNANASLATY

---------- \

. L ]

Ewwe s mww yus
vy "%"'P"Q

A A aalanataad

yYyvyyv " ryvvrvrvrashys Yryvvrverey

BN o

AR AREREEREEERRERNEEEENS
P Pn e e
L)

Mewesssmnmnnsssssmmwnn
4

e emmms s s mmmm
.-,"‘-‘-,-~“-‘\~s-;‘-“~'
l:l.l!“‘!!!!.‘!‘ﬂ",!!!
-

R I AR

-\ L L I . I N

»

‘l....."l..

") cewa-svvery
----------- ‘

R
& T
. >

s i maa s

"= ws s s smmw)

.
...... u...’.-

‘mmmssssmmm)

l\----’-oo'\‘
. . ¥
srmmn e

. Ty LY e ewwd
.

(- EEIEIE
== we s s s enw)
DRI RN
TA Yy L i sy s
. . *
AR LL L LN N

T EEEEEEEER]

L IO S
A
a b bddossbasrad
»
IR R R A AN
yYyvsccrvyvey

>
----v'---ug.

“=wwsdssmand

Wy “-w W s s T ey

% ‘-hvﬁ\\\\:‘!‘v

l:'”"l5"”"’!!!"’9"0‘

R EE LR
- . .
I..”Q‘DOOQQQQQQ‘D.”Q.Q

!.\II..'..IIll.'....‘..‘-l‘:l

. . L . 4 n
PP T T R I S o e e e N S U S T R U,

N TrTTET ey ean

.
SAAALSIAAAAATATAL YRR RS R

LR adaaqscndasaaias.ydn
l------loo-------oolif
d-.onn-'d-.-nn,nin..-h.-:I:

.-
B T T T PRI PO
-

e N A WL

. . . . -
I.?\\\‘.\!\\\\\.?!\l‘.’

L L S S S L IR I S L S S S B
TYYT YT Y Yy YYyy e

B4 h b b ddd e dAdddbdbd e

.‘.‘nlﬂ."..lltilﬁb...ﬂ

Wewe s smdunnsssssnnanhba

A A A4 e b A LALLM LLdd e Aaaaa
ARARAsSLALLARRRR TR R AN
L B o L I I IS A

I I

. . . P R T T R R I e
ARAASELLLARARRRSLLAAR
R R
s Ee s A EEE e e sss s e *
. . cnemebe s s eendesa’s e .
" e eSS I EERE eSS s S E e A " w s s s smmm)
>
AR E R R EE R R E R R R A R R R R EE R R R R E R R RN TARSA AR
R LRI o im n e e i e
o o ) o .
LR T N N N B B N B WY DL L L T N B !’\\\s\\u\\‘

S Em et s sEE e s ss Lt
Mew eI Y EeEIE SRy Y e

e ey e e e -y e ..
s am s m ks s s e s

\”’l‘-'."”’.!!‘)”ﬁ.#

.......... >

>

rrmmmmm

‘q L L L R L
"‘\\‘\!"‘

. . b )

L L NN ]
B e e >
EEEECIEEEEAAd s hAasad
) b
c L) .
R R R E TS

_'.'\\-lsusssss\n
" ~

"‘-.t“‘.‘-\

- >
..-lo-----oos.

:.---nsl--"-l

-u . . »
R AN

R A R Y
L)
.

.-.- .. - N Ll
.U.%‘.l. .--ﬂ‘l.'l.l.\ TS ANEDN \.
v,

'\‘%;ss;\\\ssss‘\c
N By
PO ]
»
KR EEEEEREN
-- mss s s e
>
remmraesen
"mwsdssmand
. . L]
!\.".~.‘i«.

LI L RN N L

!\\\!\“!\\:
.

SRR YL ]
l,~9~'990|~t‘

H
RN Y

>
lt.‘..“.‘os.

& d bdd o b b A

- mess s smday
IIQIICHII\‘

e o o e e

\ et et W it Y
.

A At ete v aaad

: U

CThaanszsLyan
>

NN,

N e 1
N ¥
""" . 1

AL Ad e enaawY
. ¥
ShRARsLLLL AN
L L R
O
>
R R R R
S |
s e e
"= mss s smun)

¥

\!‘."'l'!'!\

l'l.'-.-hll\

R EEEEEE )

SR L U L ]
s mssnsmum)

AL A A A AN A 4 e

- >
R e e

‘w
SRR AR A 4 A A AR A A A s,
i S T e e e T e e i S St
. . .
LR e I TR TR PR P PR S PSRN Ta e m et e T LN, 2 ]
camssarsssaan by 2

e mess Y.

- .EEYTs S EEEEYES s EEEEEr

. . -

O,ﬂ

A0

-4 &)

4
% {3

-

neiensate

th MO Co

¥

W

Subronling/~C {Type I in DI Water

5}‘ 3

Wi

o
S

O

?‘v

540,

DK/EP 3240821 T3

T T T L T i T T, T T T N T A R R L R R L R A R L R R R T L L e A L L G A I A R R T R R Y R A T T R L A RN AR TR N L AR A . l’)\\'\\\\'

T e E e R EEES S AEEEEES RS S EEEES S ESEEES S EEEEESSASEEEEESS S S EEEEES S SEEERESSESEREESSAEEEEEESSSEEEESESS S EESEES S EEEEREEES S REEEEES A S & smma)

NAA AR AN ANA NS A A A NAAA AL A A A A AL LA N RAA AN L AT A A A LA A A A AN A A N,

AAAL AN AAA AL AL A N ANANS AL AN AAAAL L LA N AAAA AL LA RN AANAAE 4 A AN A AR A A AT A ‘-.-:.\‘
LIL L L B L B T L L L L B L L S L L L B} uts\\s!sls\\s\\!\nns\\s‘!\.u\s‘s\\!\\s\\\\\!\nn\\\s\!\\ss\\t!\.s\\t\\!\n\t\\s\!\l\\\s\\\!\us\\\\\!\n\\\\s\!\\ts\\\\\“
-\i\l\'\ﬁtlI\l'\ﬁt.\li\)t.‘\‘!\\i\\\‘\ﬁlil h\\‘.\l\ll'ﬁ.\\!!\'l\h\\\\ﬁl‘\l l\\ﬁ.‘\t\lIQ.\\!\I.‘\\\\tl\‘l\\\t.\‘l\I\t.\‘\!!-!\I.\\'\Qtl\l\'\ﬁt.\l\IQ!..'\!‘\\I.\\'I
sassssstiasaansstiaannnss ..................‘......‘...........x;.....xu‘...;.u‘.........................‘......;.m......m......m....‘.......<

I S S N N I T e T M E T T Y I R N T T Y T T E N N T S T T N T N N T T T T N T T T T T N T T N T oy e o e Lo N S e e |

S Tl I I R I i B I i Rl L R I B N

383170368 150 -8 0 -1 0120138404 8

P L R R R AL R R R R R L R R R R L e R R R R R L L R R R R L R R R R R R R R L R R R R AL R R R R R R L N R R R R R R R R R R R R R R R R R R R R R R R R L R L R R e N R R L R R L R R R R R R R L e R AL R R AL LRI
E TP TTTETEPETETIEEFEDE ST AE P IOPEEETEIEEDPEEESOTEETEPPITEESTTEEETEPSS TP PTEIIIEEETIPETEEIEIEIEDETEEIEIFEEPTEETIEEDPETEIEIEIECOEEPETTOTOTEEPETOTIEEOEEPEE PP DPEEEITEECOEEPTETETOITOETETTEPTEEOEOETEDPEETEIEEOEEEEEPETEEIEIEEEPETETETEIEEOEEEDETETEIEIEEEPETTTITEEOEEEEEPETEEIEIEEEPEETEEIEEOEEPEPPPIETFEEPPPIPETIEEOEEEEEPEEEEIEEPRPPPETEEIEEFEFEDEFEEEIEEPPEEIIESEEPIPEIEIErErersr-y

A




	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - CLAIMS
	Page 21 - CLAIMS
	Page 22 - CLAIMS
	Page 23 - CLAIMS
	Page 24 - DRAWINGS
	Page 25 - DRAWINGS
	Page 26 - DRAWINGS

