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ABSTRACT
The present invention generally relates to methods for resolving water and oil emulsions in
the produced fluid of an oil production system comprising adding a reverse emulsion breaker
to the produced fluid of the crude oil production system in an amount effective for resolving
an oil-in-water emulsion. In particular, these methods for resolving an oil-in-water emulsion
can be used in separation processes where the oil and solids in the produced fluid are

separated from the produced water in the produced fluid.



A REVERSE EMULSION BREAKER INCLUDING TERPOLYMER AND METHOD
FOR RESOLVING A REVERSE EMULSION IN PRODUCED FLUID OF AN OIL
PRODUCTION SYSTEM

CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application claims priority to U.S. Patent Application Serial No.
14/598,034 filed on January 15, 2015.

FIELD OF THE INVENTION

[0002] The present invention generally relates to methods for resolving water and
oil emulsions as the produced fluids of an oil production system comprising adding a
reverse emulsion breaker to the produced fluid of the crude oil production system in an
amount effective for resolving an oil-in-water emulsion. In particular, these methods for
resolving an oil-in-water emulsion can be used in separation processes where the oil and

solids in the produced fluid are separated from the produced water in the produced fluid.

BACKGROUND OF THE INVENTION

[0003] Oil-in-water and water-in-oil-in-water emulsions can occur in many
industrial systems. For example, these emulsions are a problem in many energy extraction
systems because the produced fluids contain oil and solids dispersed in the produced water
and separation of the oil and solids from the water is needed to comply with the oil sales
specifications and to provide acceptable specifications before the water can be disposed or
re-used.

[0004] In particular, oil-in-water and water-in-oil-in-water emulsions can be problems
in produced fluid (steam assisted gravity drainage (SAGD), steam flood, etc.) separation
processes where the oil and solids in the produced fluid are separated from the produced water
in the produced fluid.

[0005] For example, SAGD operations inject steam into geological formations to
stimulate the production of bitumen or heavy hydrocarbon. Oil sands deposits in Alberta,
Canada represent an area where this process is extensively used. Pairs of horizontal wells
are bored into the oil-containing formation. The upper well injects steam and the lower
well which is positioned below the steam injection line, continuously extracts a complex

emulsion.
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That emulsion contains bitumen and water. The emulsion is broken; the bitumen is sent for
upgrading/refining, while the produced water (separated from the emulsion) is treated and

reused as feedwater for the steam generators.

SUMMARY OF THE INVENTION

[0006] One aspect of the invention is a method of resolving a reverse emulsion in
produced fluid of an oil production system comprising adding a reverse emulsion breaker to a
produced fluid of the oil production system in an amount effective for resolving the reverse
emulsion, the reverse emulsion breaker comprising a terpolymer, the terpolymer comprising

repeat units of Formulae 1, 2, and 3:

Rs /R7
N
® ~Rg
R4 P
0 NH O N O NH
2 ~
Rs
m n )
R1 R2 R3
Formula 1 Formula 2 Formula 3

[0007] wherein Ry, Ry, and R; are independently hydrogen or alkyl; Ry, Rs, Rg, R,
and Rg are independently alkyl; p is an integer from 1 to 6; and m, n, and o are integers
wherein the weight average molecular weight of the terpolymer is from about 20,000 to about
20,000,000 Daltons.

[0008] Another aspect of the invention is a reverse emulsion breaker comprising a
reaction product of a polymerization mixture comprising the monomers of Formulae 10, 20,

and 30:
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Rs Ry
\/
® ~Rg
R4 p
0] NH 0 N O NH
2 \
Rs
R, R, Ry
Formula 10 Formula 20 Formula 30

[0009] wherein Ry, R;, and Rj are independently hydrogen or alkyl; R4, Rs, Rg, Ry,
and Ry are independently alkyl; p is an integer from 1 to 6; and m, n, and o are integers
wherein the weight average molecular weight of the terpolymer is from about 20,000 to about
20,000,000 Daltons.

[0010] Other objects and features will be in part apparent and in part pointed out

hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Figure 1 is a schematic of a separation system to separate solids, oil, and water
in an emulsified hydrocarbon fluid.

[0012] Corresponding reference characters indicate corresponding parts throughout

the drawings.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0013] The present invention is directed to methods for the improved separation of
water and oil in oil production and processing operations. The method of the present
invention comprises treating a system containing oil and water, where emulsions form, with a
terpolymer solution. The terpolymer containing treatments of the present invention were
found to be effective treatments for resolving (breaking or inhibiting) oil-in-water (reverse)
and water-in-oil-in-water emulsions in petroleum processes. Particularly, these reverse

emulsion breakers are effective for improving the water quality in steam-assisted gravity
3
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drainage (SAGD) processes. The reverse emulsion breakers disclosed herein are also
typically water-soluble.

[0014] One aspect of the invention is a method of resolving a reverse emulsion in
produced fluid of an oil production system comprising adding a reverse emulsion breaker to a
produced fluid of the oil production system in an amount effective for resolving the reverse

emulsion, the reverse emulsion breaker comprising a terpolymer, the terpolymer comprising

Re Ry
\/
® “Rg
Ra p
0] NH

repeat units of Formulae 1, 2, and 3:

O NH 0 N
2 ~
Rs
m n )
R1 R2 R3
Formula 1 Formula 2 Formula 3

wherein Ry, R,, and Rj are independently hydrogen or alkyl; R4, Rs, Re, Ry, and Rg are
independently alkyl; p is an integer from 1 to 6; and m, n, and o are integers wherein the
weight average molecular weight of the terpolymer is from about 20,000 to about 20,000,000
Daltons.

[0015] Another aspect of the invention is a reverse emulsion breaker comprising a

terpolymer, the terpolymer comprising repeat units of Formulae 1, 2, and 3:
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Re /R7
N
® ~Rs
R, p
(@) NH O N 0 NH
2 \
Rs
m n )
Formula 1 Formula 2 Formula 3

wherein R, R,, and R; are independently hydrogen or alkyl; R4, Rs, Re, R;, and Rg are
independently alkyl; p is an integer from 1 to 6; and m, n, and o are integers wherein the
weight average molecular weight of the terpolymer is from about 20,000 to about 20,000,000
Daltons.

[0016] Yet another aspect of the invention is a reverse emulsion breaker comprising a
reaction product of a polymerization mixture comprising the monomers of Formulae 10, 20,

and 30:

\N/
® ~Rs

R, p

O NH o] N (@] NH

2 \
Rs
R1 R2 R3
Formula 10 Formula 20 Formula 30

wherein Ry, Ry, and R; are independently hydrogen or alkyl; R4, Rs, R¢, R7, and Rg are
independently alkyl; p is an integer from 1 to 6; and m, n, and o are integers wherein the
weight average molecular weight of the terpolymer is from about 20,000 to about 20,000,000

Daltons.
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[0017] Further, the reverse emulsion breaker described herein can be used in a method
of resolving a reverse emulsion in produced fluids of an oil production system comprising
adding the reverse emulsion breaker to the produced emulsion of the oil production system in
an amount effective for resolving the reverse emulsion.

[0018] The reverse emulsion can be an oil-in-water emulsion, a water-in-oil-in-water
emulsion, or a combination thereof. Particularly, the reverse emulsion can be a water-in-oil-
in-water emulsion.

[0019] For the reverse emulsion breaker described herein, Ry, Ry, and R; can
independently be hydrogen or methyl. Further, R, and R; are hydrogen and Rj is methyl.

[0020] Further, Ry, Ry, and R can be hydrogen.

[0021] Additionally, for the reverse emulsion breakers described herein, R4, Rs, R,
R, and Ry can independently be methyl, ethyl, propyl, butyl, pentyl, or hexyl. Preferably, Ry,
Rs, Rg, R7, and Rg are methyl.

[0022] Also, for the reverse emulsion breakers described herein, p can be 1 to 3.

[0023) For preferred reverse emulsion breakers, R; and R; are hydrogen; Rj is methyl;
R4, Rs, R, Ry, and Rg are methyl, and p is 3.

[0024] Tor repeat units of Formula 3, the monomer used to derive the repeat unit (€.g.,
Formula 30) can be [3-(methacryloylamino)propyl]trimethyl ammonium chloride
(MAPTAC), [3-(acryloylamino)propyl]trimethyl ammonium chloride (APTAC), 2-
acryloyloxyethyltrimethyl ammonium chloride (AETAC), 2-methacryloyloxyethyltrimethyl
ammonium chloride (METAC), diallyldimethyl ammonium chloride (DADMAC),
acryloyloxycthyldimethylbenzyl ammonium chloride (AEDBAC),
methacryloyloxyethyldimethylbenzyl ammonium chloride (MEDBAC), or a combination
thereof. Preferably, the monomer used to derive the repeat unit (e.g., Formula 30) can be [3-
(methacryloylamino)propyl]trimethyl ammonium chloride (MAPTAC),
[3-(acryloylamino)propyl]trimethyl ammonium chloride (APTAC), or a combination thereof.

[0025] For repeat units of Formula 2, the monomer used to derive the repeat unit (e.g.,
Formula 20) can be N, N-Dimethylacrylamide, N-isopropylacrylamide, N, N-diethylacrylamide,

N-methylacrylamide, N-cthylacrylamide, N-propylacrylamide, or a combination thereof.
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[0026] For repeat units of Formula 1, the monomer used to derive the repeat unit (e.g.,
Formula 10) can be acrylamide, methacrylamide, or a combination thereof.

[0027] The reverse emulsion breaker terpolymer can be a random polymer.

[0028] For the reverse emulsion breakers described herein, the value of m can provide
from about 7 mole percent to about 93 mole percent of the repeat unit of Formula 1.

[0029] For the reverse emulsion breakers described herein, the value of n can provide
from about 3 mole percent to about 89 mole percent of the repeat unit of Formula 2.

[0030] For the reverse emulsion breakers described herein, the value of o can provide
from about 3 mole percent to about 31 mole percent of the repeat unit of Formula 3.

[0031] For the reverse emulsion breakers described herein, the value of m can provide
from about 28 mole percent to about 32 mole percent of the repeat unit of Formula 1, the
value of n provides from about 51 mole percent to about 55 mole percent of the repeat unit of
Formula 2, and the value of o provides from about 14 mole percent to about 18 mole percent
of the repeat unit of Formula 3.

[0032] The reverse emulsion breaker can be a terpolymer of Formula 1, Formula 2,
and Formula 3, and have a weight average molecular weight of from about 20,000 to about
20,000,000 Daltons, from about 300,000 to about 1,300,000 Daltons, or from about 800,000
to about 1,000,000 Daltons.

[0033] Preferably, the reverse emulsion breaker is water-soluble.

[0034] When the reverse emulsion breaker is used to break an emulsion in an oil
production system, the emulsion can be in the produced fluid from a steam-assisted gravity
drainage production system or a cyclic steam stimulation system.

[0035] Further, when the reverse emulsion breaker is used to break an emulsion in an
oil production system, the produced fluid is from a steam-assisted gravity drainage production
system.

[0036] The effective amount of the reverse emulsion breaker is from about 10ppm to
about 500ppm based on the total volume of the produced fluid.

[0037] Preferably, the effective amount of the reverse emulsion breaker is from about

50 ppm to about 200 ppm based on the volume of the produced fluid.
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[0038] Additionally, when the reverse emulsion breaker is used to break an emulsion
in an oil production system, an emulsion breaker and the reverse emulsion breaker can be
added to the produced fluid of the oil production system. The emulsion breaker can comprise
an oxyalkylated phenol-formaldehyde resin, a resin ester, an oxyalkylated polyalkylamine, a
polyol, a cross-linked polyol with a di- or multi-functional cross-linker, an isocyanate, an
acid, or a combination thereof. The emulsion breaker comprises a mixture of the reverse
emulsion breakers and the emulsion breakers depending on the properties of the particular
produced fluid..

[0039] In some instances, the emulsion breaker and the reverse emulsion breaker have
a synergistic effect for resolving the water-in-oil-in-water emulsion in the produced water of
an oil production system.

[0040] The emulsion breaker can have a concentration from about 100 ppm to about
400 ppm.

[0041] A diluent can be added to the production system and the diluent can be
condensate, naphtha, kerosene, light crude oil, or a combination thereof,

[0042] The terpolymers of the present invention can be prepared by solution,
emulsion, or dispersion polymerization techniques.

[0043] Preferably, the terpolymers are prepared by solution polymerization;
particularly by radical polymerization in aqueous solution. Generally, deionized water, a
monomer inhibitor deactivator (e.g., ethylenediaminetetraacetate (EDTA)), a monomer of
Formula 10, a monomer of Formula 20, and a monomer of Formula 30 are contacted with one
another. The monomer inhibitor deactivator is present at a concentration of from about 0.05-
0.3 wt.%, the monomers of Formulae 10 and 20 are added at a concentration of from about 5-
85 wt.%, and the monomer of Formula 30 is added at a concentration of from about 10-50
wt.%. The solution is purged with an inert gas and then heated to a temperature from about
55-75°C. Once the desired temperature is reached the polymerization initiator (e.g., (E)-2,2'-
(diazene-1,2-diyl)bis(2-methylpropanimidamide) is added. The reaction is heated for about 3-
4 hours and then the reaction is ended using a quenching agent (e.g., sodium bisulfite) at a
concentration of about 0.6 wt.% based on the amount of the monomers of Formulae 10, 20,

and 30.
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[0044] The reverse emulsion breaker can be dissolved in a solvent. The solvent can
be methanol, ethylene glycol, propylene glycol.

[0045] The reverse emulsion breaker terpolymers of the present invention are
preferably added to the inlet emulsion to a water and oil separating system. The water and oil
separating system is depicted in Figure 1 and comprises a production well 1 that produced a
produced fluid carried in a produced fluid line 5. To the produced fluid line 5 can be added
an emulsion breaker, a reverse emulsion breaker, or a combination thereof at injection point
10. When the reverse emulsion breaker is combined with the optional emulsion breaker, they
can be injected independently, simultaneously, or sequentially. Further, a diluent can be
injected at injection point 20. The produced fluid is then sent to one or more separation
vessels 30. The separation vessels can be a free water knock out (FWKO) vessel, a heat
treater, or a phase separator. The produced water from the separation vessel(s) is carried in a
produced water line 40 to a flotation tank 60. The produced water from the flotation tank 60
is sent to a skim tank 70 where the bottoms are sent to a produced water tank through the
produced water tank line 90 and recycled oil is skimmed from the surface of the liquid in the
skim tank 70 and sent back to the produced fluid line 5 through the recycled oil line 80. The
tops from the separation vessels arc sent to the oil tank through the oil line 50.

[0046] The efficacy of the reverse emulsion breaker terpolymer is dependent upon a
number of factors such as water drop, water quality, interface quality, oil dryness, and the
like.

[0047] Emulsion stability is monitored by measuring phase separation at about 90°C
to about 150°C using conventional bottle testing. The produced emulsion (100 mL) is poured
in a 6 ounce prescription glass bottle and heated for approximately 30 to 60 minutes at about
90°C to about 150°C in a water bath. A diluent is added to the emulsion and mixed using a
mechanical shaker at low speed for five minutes or mixed by shaking the bottle by hand. In
some tests the mixed emulsion is placed back in the water bath at about 90°C to about 150°C;
in other cases the next step is injection. The reverse emulsion breaker (REB), and optionally
emulsion breaker (EB) and are injected at a designated dose, hand-shaken for 100 cycles (or
in a shaker at low setting for 1 minute), and placed in the water bath at 90°C for observation

of water drop during 60-120 minutes. Basic sediments and water (BS&W) are determined by

9
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diluting 6 mL of the oil close to the interface with 6 mL xylene, toluene, or mineral spirits
(e.g., Varsol™) and centrifuging for five minutes. Water clarity was ranked on a comparative
visual scale from 11 (partially broken reverse) to a 1 (<50 NTU). A rating of 9 could be
deemed equivalent to 1500 NTU, while a rating of 4 or 5 would be equal to about 500 NTU.
[0048] Having described the invention 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
[0049] The following non-limiting examples are provided to further illustrate the

present invention.

Example 1: General Procedure for polymerization

[0050] The polymers were prepared by radical polymerization in aqueous solution.
The polymerization initiator used was (E)-2,2'-(diazene-1,2-diyl)bis(2-
methylpropanimidamide) having a trade name V-50. The concentration of the initiator ranged
between about 0.5% to about 2% of the monomers by weight. Ethylenediaminetetraacetate
(EDTA) was used as a monomer inhibitor deactivator at a concentration 0f 0.05-0.3% of the
total weight of the monomers. Sodium bisulfite was used at the end of the reaction at a
concentration of about 0.6 wt.% based on the total starting weight of the monomers to reduce
unreacted monomers. The weight percent range for acrylamide and dimethylacrylamide
monomers were 5-85 wt.%. The weight percent of the 3-methacrylamidopropyl-trimethyl-
ammonium chloride (aka 3-trimethylammoniumpropylmethacrylamide chloride) (MAPTAC)
monomer ranged from 10-50 wt.%. The polymerization temperature ranged from 55-75°C
with 60°C being preferred.

[0051] Deionized water, EDTA, dimethylacrylamide, methacrylamidopropyl-
trimethyl-am}nonium chloride (50%w/w in water) and acrylamide (49.5%w/w in water) were
placed in a three neck round bottom flask. The solution was purged with nitrogen for 30
minutes at room temperature. The solution was then heated to 60°C and the initiator, (E)-2,2'-
(diazene-1,2-diyl)bis(2-methylpropanimidamide), was added. The reaction was heated to

temperature for 3-4 hours. Sodium bisulfite was then added and the reaction was stirred for

10
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an additional 30 minutes. The amounts of each material are listed in the following tables for

preparation of samples A-C.

Sample A

Component Mole % Wt.%
dimethylacrylamide 44.99 4359
acrylamide 49.5% 44.88 6.295
3- 10.13 4369
trimethylammonium

propyl

methacrylamide

chloride(50%)

EDTA 0.012
V-50 0.108
DI water 84.795
sodium 0.062
metabisulfite

Sample B

Component Mole % Wt.%
dimethylacrylamide 20.0 2.137
acrylamide 49.5% 69.8 10.791
3- 10.2 4.857
trimethylammonium

propyl

methacrylamide

chloride(50%)

EDTA 0.020
V-50 0.155
DI water 81.971
sodium 0.068
metabisulfite

11
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Sample C

Component Mole % Wt.%
dimethylacrylamide 69.7 6.612
acrylamide 49.5% 20.0 2.742
3- 10.29 4.347

trimethylammonium

propyl

methacrylamide

chloride(50%)

EDTA 0.005

V-50 0.107
DI water 86.126
sodium 0.061

metabisulfite

[0052] Emulsion stability was monitored by measuring phase separation at about 90°C
using conventional bottle testing. The produced emulsion (100 mL) was poured in a 6 ounce
prescription glass bottle and heated for approximately 30 to 60 minutes at about 90°Cina
water bath. A diluent was added to the emulsion and mixed using a mechanical shaker at low
speed for five minutes or mixed by shaking the bottle by hand. In some tests the mixed
emulsion was placed back in the water bath at 90°C and in other cases the next step was
injection of the reverse emulsion breaker and optionally, the emulsion breaker into the
emulsion. The flow sheet of the production plant that is being mimicked determines whether
the emulsion was placed back into the water bath or if the reverse emulsion breaker, and
optionally, the emulsion breaker were injected into the emulsion. An emulsion breaker (EB)
and a reverse emulsion breaker (REB) was injected by syringe at a designated dose, shook by
hand for 100 cycles, and placed in the water bath at 90°C for observation during 60-120
minutes. Basic sediments and water (BS&W) were determined by diluting 6 mL of the oil
close to the interface with 6 mL xylene, toluene, or mineral spirits (e.g., Varsol™) and
centrifuging for five minutes. Water clarity was ranked on a comparative visual scale from 11
(partially broken reverse) to a 1 (<50 NTU). A rating of 9 could be deemed equivalent to
1500 NTU, while a rating of 4 or 5 would be equal to about 500 NTU. EB A,EBB,REB 1,
REB 2, and REB 3 are incumbent products.

12
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Canada SAGD location 1: EB A (polyol/resin blend)

REB Conc. Water Drop (min) Water | Water
(ppm) 5 15 30 45 60 | Quality | Quality
10 min | 60 min
REB | 90 45 62 65 65 65 8 8
(polyamine
quat)
A 90 60 60 62 62 62 4 4
B 90 63 65 65 65 67 4 4
C 90 65 67 67 67 68 4 4
REB Conc. (ppm) | WD 30min (%) | wQ |  BS&W
Canada SAGD location 1 : EB A (polyol/resin blend)
REB 2 100 67 10 1.0
(polyamine quat)
REB 3 100 45 8 1.2
(polyamine quat)
A 100 60 3 1.2
B 100 80 5 24
C 100 80 6 24
Canada SAGD location 2: EB B (polyol/resin blend)
REB (polyamine 77 66 1 0.4
quat)
C 100 69 1 0.4
Canada SAGD location 1: EB A (polyol/resin blend)
REB Conc. (ppm) WD 30 min (%) WQ BS&W
REB 1 100 50 6 5.2
(polyamine quat)
C 100 60 6 3.3
E 100 60 7 6.5
F 100 63 4 4.0
G 100 50 3 3.6
Example Monomer mole ratio:
Dimethylacrylamide/acrylamide/MAPTAC
A 45/45/10
B 20/70/10
C 70/20/10
D 10/80/10
E 15/75/10
F 25/65/10
G 30/60/10
H 20/74/6

13
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[0053] When introducing elements of the present invention or the preferred
embodiments 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.

[0054] In view of the above, it will be seen that the several objects of the invention are
achieved and other advantageous results attained.

[0055] As various changes could be made in the above compositions and methods
without departing from the scope of the invention, it is intended that all matter contained in

the above description and shown in the accompanying drawings shall be interpreted as

illustrative and not in a limiting sense.

14



CLAIMS:

1. A method of resolving a reverse emulsion in produced fluid of an oil production
system comprising adding a reverse emulsion breaker to a produced fluid of the oil production
system in an amount effective for resolving the reverse emulsion, the reverse emulsion breaker

comprising a terpolymer, the terpolymer comprising repeat units of Formulae 1, 2, and 3:

Re /R7
N
® "R
R4 P
O NH ) N O NH
2 ~
Rs
m n 0
R'I R2 R3
Formula 1 Formula 2 Formula 3

wherein
R1, Rz, and R3 are independently hydrogen or alkyl;
R4, Rs, Rg, R7, and R are independently alkyl;
p is an integer from 1 to 6; and
m, n, and o are integers wherein the molecular weight of the terpolymer is from about

20,000 to about 20,000,000 Daltons.

2. The method of claim 1 wherein the reverse emulsion is an oil-in-water emulsion,

a water-in-oil-in-water emulsion, or a combination thereof.

3. The method of claim 2 wherein the reverse emulsion is a water-in-oil-in-water

emulsion.

15
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4. The method of any one of claims 1 to 3 wherein R1, Rz, and R3 are independently

hydrogen or methyl.

5. The method of claim 4 wherein R; and R are hydrogen.

6. The method of any one of claims 1 to 5 wherein R4, Rs, R, R7, and Rg are

independently methyl, ethyl, propyl, butyl, pentyl, or hexyl.

7. The method of claim 6 wherein R4, Rs, R¢, R7, and Rg are methyl.

8. The method of any one of claims 1 to 7 wherein p is 1 to 3.

9. The method of any one of claims 1 to 3 wherein R and R» are hydrogen; R3 is

methyl; R4, Rs, Rs, R7, and Rg are methyl, and p is 3.

10.  The method of any one of claims 1 to 9, wherein the molecular weight of the

terpolymer is from about 300,000 to about 1,300,000 Daltons.

11.  The method of claim 10, wherein the molecular weight of the terpolymer is from

about 800,000 to about 1,000,000 Daltons.

12.  The method of any one of claims 1 to 11 wherein the reverse emulsion breaker is

water-soluble.
13.  The method of any one of claims 1 to 12 wherein the produced fluid of the oil
production system is produced fluid from a steam-assisted gravity drainage production system or

a cyclic steam stimulation system.

14.  The method of claim 13, wherein the produced fluid is produced water from a

steam-assisted gravity drainage production system.

16
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15.  The method of any one of claims 1 to 14, wherein the terpolymer is a random

polymer.

16.  The method of any one of claims 1 to 15, wherein the value of m provides from

about 7 mole percent to about 93 mole percent of the repeat unit of Formula 1.

17.  The method of any one of claims 1 to 16, wherein the value of n provides from

about 3 mole percent to about 89 mole percent of the repeat unit of Formula 2.

18.  The method of any one of claims 1 to 17, wherein the value of o provides from

about 3 mole percent to about 31 mole percent of the repeat unit of Formula 3.

19.  The method of any one of claim 1 to 18 wherein the effective amount of the
reverse emulsion breaker is from about 10 to about 500 based on the total volume of the

produced fluid.

20. The method of claim 19 wherein the effective amount of the reverse emulsion

breaker is from about 50 ppm to about 200 ppm based on the total volume of the produced fluid.

21.  The method of any one of claim 1 to 20 further comprising adding an emulsion

breaker to the produced fluid of the oil production system.

22.  The method of claim 21 wherein the emulsion breaker comprises an oxyalkylated
phenol-formaldehyde resin, a resin ester, an oxyalkylated polyalkylamine, a polyol, a cross-
linked polyol with a di- or multi-functional cross-linker, an isocyanate, an acid, or a combination

thereof.

23.  The method of claim 22 wherein the emulsion breaker comprises a polyol/resin

blend.

17
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24.  The method of any one of claims 21 to 22 wherein the emulsion breaker and the
reverse emulsion breaker have a synergistic effect for resolving the water-in-oil-in-water

emulsion in the produced fluid of an oil production system.

25.  The method of any one of claims 1 to 24 wherein the value of m provides from
about 28 mole percent to about 32 mole percent of the repeat unit of Formula 1, the value of n
provides from about 51 mole percent to about 55 mole percent of the repeat unit of Formula 2,
and the value of o provides from about 14 mole percent to about 18 mole percent of the repeat

unit of Formula 3.

26. A reverse emulsion breaker comprising a terpolymer, the terpolymer comprising

repeat units of Formulae 1, 2, and 3:

Re /R7
N
® ~Rg
R4 p
O NH O N O NH
2 \
Rs
m n o
R'I R2 R3
Formula 1 Formula 2 Formula 3

wherein
R1, Rz, and R3 are independently hydrogen or alkyl,
R4, Rs, Rg, R7, and R are independently alkyl;
p is an integer from 1 to 6; and
m, n, and o are integers wherein the molecular weight of the terpolymer is from about

20,000 to about 20,000,000 Daltons.

27. The reverse emulsion breaker of claim 26, wherein Ry and R» are hydrogen; R3 is

methyl; R4, Rs, Rs, R7, and Rg are methyl, and p is 3.
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