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METHOD OF CONTROLLING GAS HYDRATES IN FLUID SYSTEMS

TECHNICAL FIELD

This invention relates to mhibiting the formation and growth of hydrate particles in fluids
containing hydrocarbon gas and water, particularly in the production and transport of natural gas,
petroleum gas or other gases by treatment with a cationic polymer composed of mer units derived
from N-alkyl (alkyl)acrylamide monomers and mer units derived from acid and alkyl chloride
qnaternary salts of N,N-dialkylaminoaikyl (meth)acrylates and N,N-dia]kylammoalkyl
(meth)acrylamides..

BACKGROUND OF THE INVENTION

Modern oil and gas technologies commonly operate under severe conditions during the
course of oil recovery and production. For instance, high pumping speed, high pressure in the
pipelines, extended 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 sigmficantly hazardous for oil productions offshore or for locations with cold

elimates

Gas hydrates are ice-like solids that are formed from small nonpolar molecules and water
at lower temperatures and at increased ] pressures Under these condItlons the water moleoules
can form cage-11ke struetures around these small nonpolar molecules (typlcally dlssolved gases
such as earbon dlo}nde hydrogen sulﬁde methane, ethane, propane ‘butane and 1so-butane)
ereatmg a type of host-guest mteraenon also known as a olathrate or clathrate hydrate. The
speelﬁe arehlteeture of this eage structure can be one of several types (oalled type 1, type 2, type
H), dependmg on the identity of the guest molecules. However once formed, these crystalline
cage structures tend to settle out from the solution and accumulate into large solid masses that
can travel by o1l and 2as transoortmg nii)elines, 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 resultant
environmental impact. o | - '
 The petroleum mdustry gives partleular attention to clathrate hydrates beeause the
conditions are often favorable for the formation of hydrates and subsequent blockages. There are

many instances where hydrate blockages have halted the producnon of gas, condensate, and oil.
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Obviously, the monetary consequences for each of these instances are amplified when
considering the volumes of production in deepwater applications where tens of thousands of
barrels of o1l are routinely produced daily and the shut-ins can take months to remedy.
Additionally, restarting a shutdown facility, particularly in deep water production or
transportation facility, is extremely difficult because of the -signiﬁcant amounts of time, energy,
and materials, as well as the various engineering mmplementations that are often required to

remove a hydrate blockage under safe conditions.

The industry uses a number of methods to prevent blockages such as thermodynamic
hydrate mhibitors (THI), anti-agglomerates (AA), and kinetic hydrate imhibitors (KHI). The
amount of chemical needed to prevent blockages vanes widely depending upon the type of
ihibitor that is employed. Thermodynamie hydrate inhibitors are typically used at very high
concentrations (glycol is often used in amounts as high as 100% of the weight of the produced
water), while KHI’s and AA’s are used at much lower concentrations (0.3 — 0.5 % active
concentration) and are typically termed low dose hydrate inhibitors (LDHISs).

Commonly it is accepted that KHI’s interfere with the growth of the clathrate hydrate
Crys tal thus preventing the formation of the hydrates.

Whlle AA’s allow the crystal to form and then dlsperse the smalI crystal KHI’s prevent
the formatlen of hydrate crystals by disrupiing the crystal growth Ttis eommonly accepted that
AA s act as dlspersants of the hydrate crystals into the hydrocarbon phase, and therefore have a
llmltatlon that the Ilquld hydrecarbon phase must be present Typlcally the llquld hydrocarbon to
water ratlo should be no greater then one to one to ensure that there is enough hydrocarbon to
eontam the d1spersed hydrate crystals Unfortunately, thls limitation reduces the Opportumty 1n
the oilfield as many wells increase the arnount of water produeed very rapldly after the water
breakthrough 1s observed. ' ' "
| There are several 1mportant faetors to consider 'When evaluatmg the capab111t1es and
perfennanee of a hydrate inhibitor, but the most 31gmﬁcant and directly relevant_ of these are the
two factors subceolirlg and th.e hold time. Subeooliﬂg refers to the degree to which the
temperature of the system can be lowered below the theoretical hyérate formation temperature at
a given pressure, and 1s often referred to in terms of a AT value. The hold time refers to the
amount of time that this sub-cooled system can be kept hydrate-free in the presence of a
particular KHI. Thus a good KHI should have a large AT subcooling temperature, and be
capable of long hold times at that temperature.



10

15

20

25

CA 02740371 2016-06-10

75315-6

SUMMARY OF THE INVENTION

This invention is @ method of inhibiting hydrates in a fluid comprising water, gas and
optionally liquid hydrocarbon comprising treating the tflutd with an effective hydrate-inhibiting
amount of an inhibitor composition comprising one or more cationic polymers which comprise
99.9 to about 75 mole percent of mer units derived from one or more N-alkyl (alkyl)acrylamide
monomers and 0.1 to 25 mole percent of mer units derived from one or more cationic
monomers selected from acid and alkyl chloride quaternary salts of N,N-dialkylaminoalkyl

(meth)acrylates and N,N-dialkylaminoalkyl (meth)acrylamides.

In an embodiment, the present invention relates to a method of inhibiting hydrate
formation in a fluid comprising water, gas and optionally liquid hydrocarbon comprising
treating the fluid with an effective hydrate-inhibiting amount of an inhibitor composition
comprising a cationic copolymer derived by polymerization of about 75 to about
09.9 mole percent of N-alkyl alkylacrylamide or N-alkyl acrylamide monomer units and
about 0.1 to about 25 mole percent of alkylacrylamidoalkyltrialkylammonium chloride,
acrylamidoalkyltrialkylammonium chloride, dialkylaminoalkyl acrylate alkyl chloride
qu.aternary salt, or dialkylaminoalkyl alkylacrylate alkyl chloride quaternary salt

monomer units.

In an embodiment, the present invention relates to a hydrate inhibitor composition
comprising a solvent and a cationic copolymer derived by polymerization of about 75

to 99.9 mole percent of N-alkyl acrylamide or N-alkyl alkylacrylamide monomer units

and 0.1 to about 25 mole percent of acrylamidoalkyltrialkylammonium chloride or

alkylacrylamidoalkyltrialkylammonium chloride monomer units.

The inhibitor composition is effective to control gas hydrate formation and plugging in
hydrocarbon production and transportation systems. This chemical effectively modifies the
formation of hydrate crystals so that hydrocarbon fluids can be produced trom the reservoir

and transported to the processing facility without the risk of hydrate blockages.
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The inhibitor composition also exhibits superior performance at high temperatures and
salinities and is compatible with various corrosion inhibitors so that the inhibitor can be used
in combination with the corrosion inhibitors without negatively impacting the performance of

either.
DETAILED DESCRIPTION OF THE INVENTION

As used herein, “inhibiting” includes both inhibiting and preventing the formation and

agglomeration of hydrate crystals.

“Alkyl” means a monovalent group derived from a straight or branched chain saturated
hydrocarbon by the removal of a single hydrogen atom. Representative alkyl groups include

methyl, ethyl, n- and iso-propyl, n-, sec-, iso- and fert-butyl, and the like.

The hydrate inhibiting compositions of the invention comprise cationic copolymers
composed of 99.9 to 75 mole percent of mer units derived from one or more N-alkyl
(alkyDacrylamide monomers and 0.1 to 25 mole percent of mer units derived trom one or
more cationic monomers selected from acid and alkyl chloride quaternary salts of

N,N-dialkylaminoalkyl (meth)acrylates and N,N-dialkylaminoalkyl (meth)acrylamides.

Representative acid and alkyl chloride quaternary salts of N,N-dialkylaminoalkyl
(meth)acrylates and N,N-dialkylaminoalkyl (meth)acrylamides include dimethylaminoethyl
acrylate methyl chloride quaternary salt, dimethylaminoethyl acrylate methyl sulfate

quaternary salt, dimethylaminoethyl acrylate benzyl chloride quaternary salt,

dimethylaminoethyl acrylate

3a
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sulfuric acid salt, dimethylaminoethyl acrylate hydrochloric acid salt, dimethylaminoethyl
methacrylate methyl chloride quaternary salt, dimethylammoethyl methacrylate methyl sulfate
quaternary salt, dimethylammoethyl methacrylate sulfuric acid salt,
acrylamidopropyltrimethylammonium chloride, dimethylaminop ropyl acrylamide methyl sulfate
quaternary salt, dimethyl aminopropyl acrylamide sulfuric acid salt, dimethylaminopropyl
acrylamide hydrochloric acid salt, methacrylamidopropyltrimethylammonium chloride,
dimethylamin opropyl methacrylamide methyl sulfate quaternary salt, dimethylaminopropyl
methacrylamide sulfuric acid salt, dimethylaminopropyl methacrylamide hydrochloric acid salt,
and the like.

Representative N-alkyl (meth)acrylamide monomers include N-methyl acrylamide, N-
methyl methacrylamide, N-isopropylacrylamide, N-isopropyl methacrylamide, N-t-butyl
acrylamide, N-t-butyl methacrylamide, and the like.

In an embodiment, the N-alkyl (alkyl)acrylamide monomer 1s N-isopropyl acrylamide or
N- lsopropyl methacrylamide.

In an embodiment, the cationic monomers are selected from alkyl chloride quaternary
salts of N,N-dialkylamioalkyl (meth)acrylates and N,N-dialkylaminoalkyl (meth)acryfamldes

In an embodiment, the cationic polyrner 1s composed of about 95 to about 85 mole
percent of mer units derived from one or more N-lsopropyl (meth)acrylamlde monomers: aﬁd
about 5 to about 15 mole percent of mer units derived from one Or more catlome MONOMETS
selected from alkyl chloride quaternary saits of N N-dlalkylamlnoalkyl (meth)acrylates and N' N-
dlallcylammoalkyl (meth)acrylamldes | N '

Inan embodlment the alkyl ehlorlde quaternary salts of N N—dlalkylammoalkyl
(meth)aerylates are seleeted from dlmethylammoethyl acrylate methyl ehlorlde quaternary salt,
dim ethylammo ethyl methac rylate me thyI chloride qu aternary salt,
acrylamldopropyltnmethylammemum chloride and methacrylamidopropyltrimethylammonium
chlorit.ie.' | - - o

In an embodlment the Nualkyl (meﬂ1)acrylam1de is N-lseprepyl methaerylamlde

In an embodiment, the cationic pelymer 18 N-1sopropyl methacrylamide-
dimethylaminoethyl acrylate methyl chloride quaternary salt copolymer.

In an embodiment, the cationic polymer 1s N-1sopropyl methacrylamide-
methacrylamidopropyltrimethylammonium chloride copolymer,

. . The cationic polymers are prepared as known in the art. In a typical preparation, the N-
alkyl (alkyl)acrylamide monomer(s), cationic monomers and solvent(s) are charged to a reactor

and purged with nitrogen, then one or more initiators are charged to the reactor. Alternatively the
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initiator(s) may be charged once the reactor is heated to reaction temperature. Additional
initiator may also be added near the completion of the polymerization to reduce residual
monomer in the polymer composition. Once the reaction reaches reaction temperature and
initiator has been charged, the reaction is heated for the requisite amount of time, then cooled to
discharge the product.

In an embodiment polymerization 1s initiated by thermal decomposition of organic
peroxides such as diacyl peroxides including lauroyl peroxide, succinic acid peroxide, benzoyl
peroxide, and the like; hydrogen peroxide; hyroperoxides such as t-butyl hydroperoxide;
dialkylperoxides including dicumyl peroxide, di (t-butyl) peroxide, and the like; and peroxiesters
including t-butylperoxypivalate, t-butylperoxy-2-ethythexanoate, OO-(t-Butyl) O-isopropyl
monoperoxycarbonate, and the like.

- In an embodiment, polymerization is inrtiated by thermal decomposition of t-
butylperoxypivalate, t-butylperoxy-2-ethylhexanoate or OO-(t-Butyl) O-isopropyl
menoperoxycarbonate.

In an embodiment, polymerization is initiated by thermal decomposition of t-butylperoxy-
2-ethylhexan0 ate.

Inan alternative embodnnent polymenzatlon is initiated by redox decomposmon of
hydro gen perox1de or other similar hydroperoxides W“lth a redox co-catalyst such as CuSQO; or
Feg(SO4)3, and the like. ' '

 The polymenzatlon may be conducted in any suitable solvent or mixture of solvents.

In an embedlment the solvents are selected from low molecular weight alcohols, glycols
or giycol ethers or mixtures thereof. Representatlve low molecular Welght glyeols glycol ethers
and alcohols mclude methanol, ethanol butanol 1so-p1'0panol ethylene glycol prepyiene glycol,
1 3 -propanediol, glycerol 1, 1,1 -t1'13(hydroxymethy1) propane, tnethylene glycol dxmethyl ether,
di ethyi ene glycol dimethyl ether 2-eth0xyethanol dlethylene glye ol menomethyl ether,
diethylene glycol monobutyl ether, 150—2-butoxyethanol 2—1sopr0p0xyethanol 2-butoxyethanol,
ethylene glycol monobutyl ether, diethylene glycol monob utyl ether, propylene glycol butyl
cther, _and the hke. o o

In an embodiment the solvent is a glycol ether solvent.

In an embodiment, the glycol ether solvent is diethylene glycol monoethyl ether.

In an embodiment, the solvent eempﬁses one or more glycol ether solvents and one or

more low molecular weight alcohols or glycols.
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In an embodiment, the solvent comprises diethylene glycol monoethyl ether and one or
more solvents selected from 1sopropanol, 2-ethoxyethanol and 1,1, 1~tris(hydroxymethyl)

propane.

[n an embodiment, the cationic polymer has an average molecular weight of about 1,000
to 100,000 Dalton.

In an embodiment, the cationic polymer has a distribution of molecular weights with
about 60-100 percent 1n the range of 1,000 to 20,000 Dalton and 0-25 percent in the range from
20,000 to 6,000,000 Dalton.

The composition and method of this invention is effective to control gas hydrate
formation and plugging 1n hydrocarbon production and transportation systems. To ensure
effective inhibition of hydrates, the inhibitor composition should be injected prior to substantial
formation of hydrates. A preferred injection point for petroleum production operations is
downhole near the near the surface controlled sub-sea safety valve. This ensures that during a
shut-in, the product 1s able to disperse throughout the area where hydrates will occur. Treatment
can also occur at other areas 1n the flowhne, taking into account the density of the injected fluid.
If the injection point is well above the hydrate formation depth, then the hydrate inhibitor should
be formulated with a solvent with a den51ty h1gh enough that the inhibitor will sink in the
flowline to collect at the ‘water/oil interface. Moreover the treatment can also be used for
p1pelmes or anywhere in the system where there 1S a potentIal for hydrate formatlon

The eomposmon 1S 111t1'oduced into the fluid by any means suitable for ensunng dlspereal
of the 1nh1b1tor through the ﬂuzd bemg treated Typlcally the inhibitor is m]eeted usmg
meehamcal equ1pment sueh as chemlcal an jection pumps p1p1ng tees 11j jection fittlngs and the
like. The 1nh1b1tor mixture can be m_]ected as prepared or formulated in an additional polar or
non—polar solvents as described herein depending upon the applloatlon and requ1rements

Representatwe polar solvents suitable for formulation with the inhibitor eompos1t10n
include water, brine, seawater, aleohols (1nelud1ng stra1ght chain or branched al1phat1c such as
methanol, ethanol, propanol, isopropanol, butanol, 2-ethylhexanol, hexanol, octanol, decanol, 2-
butoxyethanol, etc.), glycols and derivatives (ethylene glycol, 1',2-pmpy1ene glyeol, 1,3-
propylene glycol, ethylene giycol monobutyl ether, etc.), ketones (cyclohexanone,
diisobutylketone), N-methylpyrrolidinone (Nl\/[P), N,N-dimethylformamide and the like.

Representative of non-polar solvents suitable for formulation with the -inhibitor
composition mclude aliphatics such as pentane, hexane, cyclohexane, methylcyclohexane,
heptane, decane, dodecane, diesel, and the like: aromatics such as toluene, xylene, heavy

aromatic naptha, fatty acid denivatives (acids, esters, ‘amides), and the like.
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The particular formulation depends upon the application of the inhibitor composition and
any additional treatments that will be used in conjunction with the KHI. For example, 1f the
inhibitor composition will be injected with a paraffin inhibitor that is typically only formulated in
non-polar solvents, solvents such as diesel, heavy aromatic naphtha, fatty acid methyl esters,
xyiene, toluene, and the like may be used. The inhibitor composition can also be formulated in a
non-polar solvent to ensure that the risk of incompatibility is mimimized. |

Alternatively, 1f the inhibitor composition will be injected with a water soluble corrosion
inhibitor or scale inhibitor, a polar solvent such as methanol, ethanol, 1sopropanol, 2-
butoxyethanol, ethylene glycol, propylene glycol, and the like, can be used.

- The amount of inhibitor composition used to treat the fluid is the amount that effectively
inhibits hydrate formation and/or aggregation. The amount of inhibitor added can be determined
by one of skill in the art using known techniques such as, for example, the rocking cell test
described herein. Typical doses of formulated 1mnhibitors range from about 0.05 to about 5.0
volume percent, based on the amount of the water being produced although m certain istances
the dosage could exceed 5 volume percent.

~ The inhibitor composition of this invention may be used alone or in combination with
thermodynamic hydrate inhibiters and/or anti- agglomerates as well as other treatments used n
crude o1l preductlon and transport 1nclud1ng asphaltme inhibitors, parafﬁn inhibitors, corrosion
1nh1b1tors scale 1nh1b1tors emulmfiers Water elanﬁers dlspersants emulsmn breakers and the
like. N . o I | '
o Aceordmgly, in some ernbodlments thxs 1nvent10n further eomprlses treating the fluid
with one or more thermodynamle hydrate inhibitors or one or more antr-agglomerates Or &

combination thereof. The therrnodynamlc hydrate inhibitors and/or antl-agglomerates may be

formulated with the inhibitor composmon or added to the ﬂuld separately Individual inhibitors

may also be added to the fluid at separate ports

The effective amount of ﬂrermodynamrc hydrate inhibitor and antl-agglomerate may be
empirically determined based on the characteristics of the fluid being treated for example using
the rocking cell test described herem Typically, the ratio of thermodynamle hydrate 1nhibitor to
mhibifor 1s at least about 10:1. |

In other embodiments, this invention further comprises treating the fluid with one or more
asphaltene inhibitors, paraffin inhibitors, corrosion mhibitors, emulsion breakers or scale
ihibitors, or a combmation thereof.

In another embodiment, this invention comprises treating the fluid with a composlition

comprising the mixture of inhibitors and one or more emulsion breakers.
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- The foregoing may be better understood by reference to the following Examples, which

are presented for purposes of illustration and are not intended to limit the scope of the invention.

Example 1
Preparation of a representative IPMA-MAPTAC copolymer.

To a 160 mL 3-neck round-bottom flask equipped with a magnetic stir-bar, thermo-
couple, condenser, and N; gas imlet 1s added of N-1sopropyl methacrylamide monomer (IPMA,
0.80 g, 75 mmol, available from Aldrich, Milwaukee, W1) and
methacrylamidopropyltrimethylammonium chloride (MAPTAC, 6.67 g, 15 mmol, 50 wt%
aqueous solution, available from Aldrich, Milwaukee, W1} and diethylene glycol monethyi ether
(59.96 g, 447 mmol) and the mixture is stirred at 500 rpm and purged with mitrogen for 30
minutes. The reaction mixture is then heated to 110 °C and t-butylperoctoate (2.94 g, 14 mmol)
1S added via syringe. The reaction mixture is maintained at 110 °C for 15 hours and then aliowed
to cool to ambient temperature with stirring to provide the product as a amber colored solution.

Representative polymers prepared according to the methods described below and their

propertics are shown in Tables4-6.

Temperature of agglomeration proteeol.
To a 20 mL glass vial equipped with a stir bar 1s added 10 mL of deionized water and 300

ul of mhrbrter (3% dese) The vial 1s shaken Vlgerously for 1-2 minutes at ambient temperature

and checked for partlculates If partlculates or polymer eoatmg on glass 1s deteeted “RT” 18
noted as the temperature ef agglemeratren Tagg]omeratron If no partleulates er polymer coating 1s
noted, a small stir bar is added to the Vlal and the vial i 1s plaeed ma temperature

momtered/ contrelled water-bath (or ether heat plate with thermo-eeuple rnenrtered temperature
control) and stn‘rmg is initiated. The vﬂa is then heated at 5°C 1rrtervals allewmg for 10 minutes
of equilibration at each interval and the v1a1 is checked for partleulates or polymer coating as
above. If particles or pely'mer coating is detected, the temperature is noted as Tagglommtm If no
partleles or polymer coating is detected before at temperature of 90-95 °C is reached, stirring 1s
continued for one hour. If no particles or coatmg of polymer 1s observed the test is considered a

pass and value is denoted as none for Tagglomeration. 1f cOating occurred during the one hour time

period then Taggiomeration is NOted as 90-95 °C.

Salinity Max protocol.

To a 20 mL glass vial equipped with a stir bar is added 10 mL of premixed NaCl brine
having a specified weight percent NaCl 1n deiomized water and 300 pL of inhibitor (3% dose).

8 .
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The vial 1s shaken vigorously for 1-2 minutes at ambient temperature and checked for
particulates. If particulates or polymer coating on glass is detected the weight percent of NaCo is
noted as the Salinity Max value. If no particulates or polymer coating 1s noted, the test 1s

repeated with increasing salinity brine unfil particulates or polymer coating 1s noted.

Autoclave protocol.

A 200 ml. total fluids solution 1s prepared as (a) Either 100% Water-Cut (WC) or (b) 75%
(WC) + 25% Condensate (often BG Synthetic Condensate). WC may be deionized water or a

specific brine solution. The inhibitor 1s then dosed at the desired concentration (based on the
water). An amount of water equal to inhibitor 1s subtracted so that the dose so water plus
inhibitor adds up to total water-cut amount. Any other additives are added, the solution 1s placed
in the autoclave and the autoclave temperature is equilibrated at at 20 °C. The autoclave chamber
is then purged with the desired gas, charged to the desired pressure at about 20 °C. The pressure
18 al]owed to equilibrate at the desired pressure (generally about 60 bar initial at 20 °C), the
solution is stirred for one hour at 20 °C and the temperature is ramped to the final set point
temperature. (For 60 bar initial charge set-point temperature is about 4 °C for an approximately
22.5 °F (or 7‘0C for 18 °F) sub- cooling with 100% WC and oreen eanyon gas)- The solution is
stirred until fail or desired test Iength (shut-ms can be performed at auy pomt as desu:ed) The
experrment 15 then terminated or the autoclave is heated at a desired rate to Iook at hydrate

dissociation.

Rocking cell protocol. . ‘
The tests sumrnarlzed in the tables below are perforrned in hrgh pressure roekmg cells.
The testrng conditions (pressure teruperature oil, brme water cut etc. ) are noted in Tables 1-3.
Test results are shown in Tables 5-8. '
| Represeutative KHI’s are tested under simulated field conditions. The fluids tested are
shown 1n Table 1, the compositions of the fluids are shown in Tablc 2 and the test conditions are
shown in Table 3. The KHI solutlon used is charged to the testing fluids as 3% of a 20%

solutron

Table 1
Test Fluids
Phase ' | Corupositiou Volume
Oil: 25% Synthetic Condensate 12 mL total liquad
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Water 75% of total liquid volume i volume
Brine: 0.5 wt% NaCl 5
Gas: ' Synthetic gas (Table 3)
Table 2
Synthetic gas composition — Type 2
Component | mol % Component mol% o
Nitrogen 0.39% 1so-Butane 0.49%
| Methane 87.26% n-Butane 0.79% ]
Ethane 7.57% | 1so-Pentane 0.20%
| Propane 3.10% | n-Pentane 0.20%
Table 3
Test Conditions
Initial charge pressure: 11600 ps1 B
- Final test pressure: o | 1600 psi o
[nitial start-up temperature: 25 °C
' Final test temperature: ' 6°C o
Temperature ramp down time: | Less then 2 hours o
Inhibitor concentration: 0-5 vol% based on the amount of water

The testing is carried out on a rocking cell apparatus as described in Dendy, Sloan E,

Clathrate Hydrates of Natural Gases, Second Edition, Revised and Expanded, 1997, and Talley,

Larry D. et al., “Comparison of laboratory results on hydrate induction rates in a THF rig, high-

pressure rocking cell, miniloop, éﬁd'large-ﬂb\n?loop”, Annals of the New York Academy of

Sciences, 2000, 314-321 According to the following protocol.

Note that for all te'sté, .air'el"ag'e hold-tifnes_ recorded are of the time of hydrate induction

from set point.

- Table 4

Effect of Comonomer Concentration on Performance
Sample# o Polymer composition | Polymer Performance
- Comonomer |  %coM AutoClave Solubility
(coM) . (mol%) 22.5°FSC | | |
Hold-Time | Tagelomeration( C) | Salinity Max
(hr) (wt%o NaCl)
- - not tested RT 0
2 - MAPTAC 6.44 not tested | RT 0
3 . MAPTAC 7.18 not tested RT , 0
4 MAPTAC 791 | nottested | RT 0

10)
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5 MAPTAC R.62 6.78 258 0
6 MAPTAC 9.32 1 16.86 >0 ~22.5
7° MAPTAC | 1449 9.35 . >90 >17.5
8 DMAEM 4.14 not tested | RT 0
9 DMAEM 7.91 nottested |  RT 0
10 DMAEM 17.39 not tested RT 0
11 | DMAEM f‘ - 2899 | nottested RT | 0
12 DMAEMMCQ 4.14 not tested RT 0 |
13 DMAEMMCQ 7.91 not tested RT 0
14 | DMAEMMCQ 17.39 not tested” 30 <05
15" DMAEMMCQ 28.99 not tested” > 90 -

“Was barely insoluble (almost unnoticeable precipitation occurred) w/ no further precipitation
upon heating.
i]'Synthesis solution was very cloudy and polymer precipitated out over time (due to immiscibility

5  1ssues at high quaternary comonomer concentrations)

Table 4 shows the differences in solubility of the IPMA copolymers with vanations m the
amount and type of comonomer used. As shown in Table 4, copolymers of IPMA with eationic
| monomers such as MAPTAC and DMAEMMCQ outperform copolymers of [PMA With |
10 nomionic monomers such as DMAEM. Note the polymers in which agglomeranon occurred at

| amblent temperature (“RT”) were not tested in the autocla.ve or for Salmrty Max.

TabIeS |

| Comparlson of Polymer Solubrhty for Repre sentatwe Polymers
Sample# | N Poiymer composition . | Polymer Performance
o | Comonomer (coM)'| . ~ %coM = | ~ Solubility

I . (mol%) | Tagglomeration (C) -
16 - 0 ~35 B
17 MAPTAC - 454 | - 4550
18 ; MAPTAC 5.4 N 50-55
19 ~ MAPTAC 6.24 I 62-65

20 MAPTAC 7.06 70-72 -
21 . MAPTAC - 1.87 5 .78

22 MAPTAC 867 ] 85-90

23 | MAPTAC 045 95/mone™
24 MAPTAC 10.21 none

15  *Polymer was on the boundary of 1 1ts solublllty (only very shght ahnost unnoticeable preolpltatlon

occurred upon heating).

11
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The data shown in Table 5 further illustraies the effects of comonomer concentration on
the solubility of the copolymer. A lower initiator concentration was used to prepare Samples 16-
24 than for Samples 1-15. As shown in Table 3, inhibitor solubility increases with increasing

comonomer incorporation. Samples 23 and 24 have hold-times at 22.5 °F sub-cooling of 2.43

and 4.59 hours respectively.

Table 6
Rocking-Cell 26 °F Sub-Cooling Comparison of Performance
Sample# | Polymer composition Polymer Performance

. Comonomer | %coM Corrosion Inhibitor Hold-Time (hr)

| (coM) (mol%)
25 - - none 58.93
26 - - - A 100ppm 46.65
27 - - B 100ppm 26.22
28 MAPTAC 0.32 | none 71.98 _
29 MAPTAC 932 | AlOOppm | Stoppedafter 82 hr
30 MAPTAC 932 | B 100ppm 61.87

In Table 6, corrosion 1nh1b1tor Alsa commerc:ally available quaternary amine compound

and corrosion inhibitor B is a mlxture of nnldazohne and phe Sphate ester corro ston inhibitors.

The data in Table 6 shows the eompatablhty of the mhlblters ef the 1nvent10n with common

corresmn 1nh1b1t01‘s

Whlle the pre sent invention -1s descnbed above in connection with representatlve or
ﬂluStratwe embodiments, these embodiments are not intended to be exhaustive or limiting of the
mvention. Rather, the invention 1s intended to cover all alternatives, modifications and

equivalents 1ncluded w1th1n 1ts splrlt and SCOpe, as deﬁned by the appended claims.

12
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CLAIMS:

1. A method of inhibiting hydrate formation in a fluid comprising water, gas and
optionally liquid hydrocarbon comprising treating the fluid with an effective hydrate-inhibiting
amount of an inhibitor composition comprising a cationic copolymer derived by polymerization of
about 75 to about 99.9 mole percent of N-alkyl alkylacrylamide or N-alkyl acrylamide monomer
units and about 0.1 to about 25 mole percent of alkylacrylamidoalkyltrialkylammonium chloride,
acrylamidoalkyltrialkylammonium chloride, dialkylaminoalkyl acrylate alkyl chloride quaternary

salt, or dialkylaminoalkyl alkylacrylate alkyl chlonde quaternary salt monomer units.

2. The method of claim 1, wherein polymerization of said cationic copolymer 1s

initiated by redox decomposition of a peroxide with a redox co-catalyst.

3. The method of claim 1, wherein said cationic copolymer has a molecular weight

distribution of about 60 to about 100 percent in the range of 1,000 to 20,000 Daltons and 0-25
percent in the range from 20,000 to 6,000,000 Daltons.

4. The method of claim 1, wherein said inhibitor composition further comprises a
solvent, the solvent comprising brine, seawater, a ketone, an alcohol, a glycol, a glycol ether, a fatty

acid methyl ester; or a combination thereot.

5. The method of claim 1, wherein said inhibitor composition further comprises a
solvent, the solvent comprising methanol; ethanol; propanol; 1sopropanol; butanol; 2-ethylhexanol;
hexanol; octanol; de;:anol; ethylene glycol; propylene glycol; 1,2-propylene glycol; 1,3-propylene
glycol; 1,3-propanediol; glycerol; 1,1,1-tris(hydroxymethyl) propane; triethylene glycol dimethyl
ether; diethylene glycol dimethyl ether; 2-ethoxyethanol; diethylene glycol monomethyl ether;
1s0-2-butoxyethanol; 2-1sopropoxyethanol; 2-butoxyethanol; ethylene glycol monobutyl ether;
diethylene glycol monoethyl ether; diethylene glycol monobutyl ether; propylene glycol butyl
ether; cyclohexanone; diisobutylketone; N-methylpyrrolidinone; N,N-dimethylformamide;

pentane; hexane; cyclohexane; methylcyclohexane; heptane; decane; dodecane; diesel; toluene;

xylene; heavy aromatic naphtha; or a combination thereof.

13
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6. The method of claim 1, wherein said cationic copolymer has an average molecular

weight of about 1,000 to about 100,000 Dalton.

7. The method of claim 1, further comprising treating the fluid with a corrosion-

inhibiting amount of a corrosion inhibitor.

5 8. The method of claim 2, wherein the redox co-catalyst 1s CuSOy or Fe(504)3.

9. The method of claim 1, wherein the inhibitor composition further compriscs a

corrosion 1mnhibitor.

10. The method of claim 7 or 9, wherein the corrosion inhibitor is water soluble.

11. The method of claim 10, wherein the corrosion inhibitor is selected from the group
10 consisting of a quaternary amine-based corrosion inhibitor, an imidazoline-based corrosion

inhibitor, a phosphate ester-based corrosion inhibitor, and combinations thereof.

12. The method of claim 10, wherein the water soluble corrosion inhibitor is a

quaternary amine-based corrosion inhibitor.

13. The method of claim 1, wherein the N-alkyl acrylamide monomer 1s N-1sopropyl

15 acrylamide.

14. The method of claim 1, wherein the N-alkyl (alkyl)acrylamide monomer 1s
N-1sopropyl methacrylamide.

15. The method of claim 1, wherein the acrylamidoalkyltrialkylammonium chloride

monomer 1S acrylamidopropyltrimethylammonium chloride.

20 16. The method of claim 1, wherein the alkylacrylamidoalkyl-trialkylammonium

chloride monomer 1s methacrylamidopropyltrimethylammonium chloride.

17. The method of claim 1, wherein the N-alkyl (alkyl)acrylamide monomer 1s
N-isopropyl methacrylamide and the alkylacrylamidoalkyltrialkylammonium chloride monomer is

methacrylamidopropyltrimethylammontum chloride.

14

CA 2740371 2017-07-28



10

15

20

25

81619741

18. The method of claim 1, wherein the cationic copolymer is derived by
polymerization of monomers consisting essentially of about 75 to about 99.9 mole percent of
N-alkyl alkylacrylamide or N-alkyl acrylamide monomer units and about 0.1 to about

25 mole percent of alkylacrylamidoalkyltrialkylammonium chloride or

acrylamidoalkyltrialkylammonium chloride monomer units.

19. The method ot claim 1, wherein the cationic copolymer 1s derived by
polymerization of monomers consisting of about 75 to about 99.9 mole percent of N-alkyl
alkylacrylamide or N-alkyl acrylamide monomer units and about 0.1 to about 25 mole percent of

alkylacrylamidoalkyltrialkylammonium chloride or acrylamidoalkyltrialkylammonium chloride

monomer units.

20. A hydrate inhibitor composition comprising a solvent and a cationic copolymer
derived by polymerization ot about 75 to about 99.9 mole percent of N-alkyl acrylamide or N-alkyl
alkylacrylamide monomer units and 0.1 to about 25 mole percent of

acrylamidoalkyltrialkylammonium chloride or alkylacrylamidoalkyltrialkylammonium chloride

monomer units.

21. The composition of claim 20, wherein the solvent comprises brine, seawater, a

ketone, an alcohol, a glycol, a glycol ether, a fatty acid methyl ester; or a combination thereof.

22. The composition of claim 20, wherein the solvent comprises methanol; ethanol;
propanol; 1sopropanol; butanol; 2-ethylhexanol; hexanol; octanol; decanol; ethylene glycol;
propylene glycol; 1,2-propylene glycol; 1,3-propylene glycol; 1,3-propanediol; glycerol;
1,1,1-tristhydroxymethyl) propane; triethylene glycol dimethyl ether; diethylene glycol dimethyl
ether; 2-ethoxyethanol; diethylene glycol monomethyl ether; iso-2-butoxyethanol;
2-1sopropoxyethanol; 2-butoxyethanol; ethylene glycol monobutyl ether; diethylene glycol
monoethyl ether; diethylene glycol monobutyl ether; propylene glycol butyl ether; cyclohexanone;
diisobutylketone; N-methylpyrrolidinone; N,N-dimethylformamide; pentane; hexane; cyclohexane;

methylcyclohexane; heptane; decane; dodecane; diesel; toluene; xylene; heavy aromatic naphtha;

or a combination thereof.
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23, The composition of claim 20, wherein the solvent comprises ethylene glycol

monobutyl ether or diethylene glycol monoethyl ether.

24, The composition of claim 20, wherein the solvent comprises heavy aromatic
naphtha or methanol.
23. The composition of claim 20, wherein the cationic copolymer has an average

molecular weight of about 1,000 to about 100,000 Dalton.

26. The composition of claim 20, wherein the cationic copolymer has a molecular

weight distribution of about 60 to about 100 percent in the range of 1,000 to 20,000 Daltons
and 0-25 percent in the range from 20,000 to 6,000,000 Daltons.

27, The composition of claim 20, wherein the inhibitor composition further comprises

a corrosion inhibitor.

28. The composition of claim 27, wherein the corrosion inhibitor is water soluble.

29, The composition of claim 28, wherein the water soluble corrosion inhibitor is a

quaternary amine-based corrosion inhibitor.

30. The composition of claim 27, wherein the corrosion inhibitor is selected from the
oroup consisting of a quaternary amine-based corrosion inhibitor, an imidazoline-based corrosion

inhibitor, a phosphate ester-based corrosion inhibitor, and combinations thereof.

31. The composition of claim 20, wherein the acrylamidoalkyltrialkylammonium

chloride monomer 1s acrylamidopropyltrimethylammonium chloride.

32. The composition of claim 20, wherein the alkylacrylamidoalkyltrialkylammonium

chloride monomer 1s methacrylamidopropyltrimethylammonium chloride.

33. The composition of claim 20, wherein the N-alkyl alkylacrylamide is N-isopropy!

methacrylamide.

16
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34. The composition of claim 20, wherein the N-alkyl acrylamide monomer 1s

N-1sopropy! acrylamide.

35. The composition of claim 20, wherein the cationic copolymer 1s derived by
polymenization of 91.3 to about 85.5 mole percent of N-alkyl acrylamide or N-alkyl
alkylacrylamide monomer units and 8.7 to about 14.5 mole percent of

acrylamidoalkyltrialkylammonium chloride or alkylacrylamidoalkyltrialkylammonium chloride

monomer units.

36. The composition of claim 20, wherein the cationic copolymer 1s derived by

polymerization of about 91.3 to about 85.5 mole percent of N-isopropyl methacrylamide monomer

units and about 8.7 to about 14.5 mole percent of methacrylamidopropyltrimethylammonium

chloride monomer units.

37. The composition of claim 20, wherein polymerization of the cationic copolymer is

initiated by redox decomposition of a peroxide with a redox co-catalyst.
38. The composition of claim 37, wherein the redox co-catalyst 1s CuSO4 or Fey(SOy)s.

39. The composition of claim 20, turther comprising an asphaltene inhibitor, a paraffin
inhibitor, a thermodynamic hydrate mhibitor, an anti-agglomerate, a scale inhibitor, an emulsifier, a

water clarifier, a dispersant or an emulsion breaker.

40, The composition of claim 20, wherein the cationic copolymer is derived by
polymerization of monomers consisting essentially of about 75 to about 99.9 mole percent of
N-alkyl alkylacrylamide or N-alkyl acrylamide monomer units and about 0.1 to about

25 mole percent of alkylacrylamidoalkyltrialkylammonium chloride or

acrylamidoalkyltrialkylammonium chloride monomer units.

41]. The composition of claim 20, wherein the cationic copolymer is derived by
polymerization of monomers consisting of about 75 to about 99.9 mole percent of N-alkyl
alkylacrylamide or N-alkyl acrylamide monomer units and about 0.1 to about 25 mole percent of
alkylacrylamidoalkyltrialkylammonium chloride or acrylamidoalkyltrialkylammonium chloride

monomer units.
17
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