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(57) ABSTRACT 

A composition and method demulsifY a produced emulsion 
from anionic surfactants and polymer (SP) and alkali, surfac
tants, and polymer (ASP). The produced emulsion is demul
sified into oil and water. In one embodiment, the composition 
includes a surfactant. The surfactant comprises a cationic 
surfactant, an amphoteric surfactant, or any combinations 
thereof. 
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RECOVERY AND SEPARATION OF CRUDE 
OIL AND WATER FROM EMULSIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

Not applicable. 

2 
prising oil and water. The method includes adding a compo
sition to the emulsion, wherein the composition comprises a 
cationic surfactant, an amphoteric surfactant, or any combi
nations thereof. 

The foregoing has outlined rather broadly the features and 
technical advantages of the present invention in order that the 
detailed description of the invention that follows may be 
better understood. Additional features and advantages of the 
invention will be described hereinafter that form the subject STATEMENT REGARDING FEDERALLY 

SPONSORED RESEARCH OR DEVELOPMENT 

Not applicable. 

BACKGROUND OF THE INVENTION 

10 of the claims of the invention. It should be appreciated by 
those skilled in the art that the conception and the specific 
embodiments disclosed may be readily utilized as a basis for 
modifYing or designing other embodiments for carrying out 
the same purposes of the present invention. It should also be 

1. Field of the Invention 
15 realized by those skilled in the art that such equivalent 

embodiments do not depart from the spirit and scope of the 
invention as set forth in the appended claims. This invention relates generally to the field of enhanced oil 

production and recovery. More specifically, the invention 
relates to the field of recovery of crude oil from produced 
emulsions of surfactant-polymer enhanced oil recovery 20 

floods. The invention has particular relevance to the use of 
cationic surfactants and amphoteric surfactants to enhance oil 
production and recovery from these emulsions. 

2. Background of the Invention 
The production of crude oil from reservoirs typically 25 

results in significant quantities of non-produced crude oil 
remaining in the reservoir. Methods for recovering the crude 
oil include primary production and secondary water flooding. 
Several methods at various stages of development and appli
cation offer promise of recovering significant amounts of oil 30 

remaining after conventional production. Such methods 
include surfactant-polymer and alkali-surfactant-polymer 
enhanced oil recovery floods, which involve injecting com
binations of these materials in brine solutions into the reser
voir. Results of such methods include a produced emulsion 35 

that typically contains crude oil, water, surfactant, polymer, 
and alkali when used. Drawbacks include difficulties in sepa
rating the emulsion into clean water and dry oil for sale of the 
crude oil and proper disposal of the water in an environmen
tally safe mauner. Moreover, demulsifiers used to separate 40 

conventional oilfield emulsions may be ineffective for some 
emulsions from surfactant-polymer and alkali-surfactant
polymer processes. Various experiments have shown that 
conventional nonionic demulsifiers may not be able to pro
vide the desired separation for these processes. For instance, 45 

they may fail to produce water with a sufficiently low content 
of oil. 

Consequently, there is a need for improved methods in 
separating the crude oil and water of the emulsions from 
surfactant-polymer and alkali-surfactant-polymer processes. 50 

Additional needs include improved methods for demulsifY
ing the produced emulsion to produce a clean separation of 
the crude oil and water. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In an embodiment, a composition for recovery and sepa-
ration of oil and water from produced emulsions includes a 
surfactant that is a cationic surfactant, an amphoteric surfac
tant, or any combinations thereof. In some embodiments, the 
surfactant is a cationic alkyl ammonium halide surfactant, an 
alkyl amine halide, an amphoteric surfactant, or any combi
nations thereof. In other embodiments, the surfactant is a 
cationic alkyl ammonium halide surfactant, an alkyl amine 
halide, a polymeric nonionic surfactant, an amphoteric sur
factant, or any combinations thereof. In embodiments, the 
composition is used to demulsify emulsions produced by 
alkali-surfactant-polymer or surfactant-polymer enhanced 
oil recovery floods. In such embodiments, the produced emul
sions typically contain at least water, crude oil, surfactants, 
and polymers. Addition of the composition to the produced 
emulsion separates the oil and water phases. In some embodi
ments, the separation is a clean separation of oil and water. A 
clean separation generally refers to dry oil with less than 
about 1% total sediment and water, a good interface with 
sharp separation between oil and water, and clean water with 
less than about 300 parts per million (ppm) residual oil. The 
composition is added to the emulsion by any suitable method. 
For instance, examples of suitable methods include the meth
ods disclosed in Z. Ruiquan et a!., "Characterization and 
demulsification of produced liquid from weak base ASP 
flooding," Colloids and Surfaces, Vol. 290, pgs 164-171, 
(2006) and U.S. Pat. Nos. 4,3 7 4, 734 and 4,444,654, which are 
incorporated by reference in their entirety. 

In an embodiment, the surfactant is a cationic surfactant 
comprising an ammoninm halide. The monium halide may 
include any suitable types of monium halides. In embodi
ments, the ammonium halides include alkyl monium 
halides, polyalkyl ammonium halides, or any combinations 

BRIEF SUMMARY OF SOME OF THE 
PREFERRED EMBODIMENTS 

These and other needs in the art are addressed in one 
embodiment by a composition for demulsifying an emulsion 
comprising water and oil. In some embodiments, the emul
sion comprises water, oil, an anionic surfactant, and option
ally a water-soluble polymer, alkali and/or alcohol. The com
position includes a surfactant. The surfactant comprises a 
cationic surfactant, an amphoteric surfactant, or any combi
nations thereof. 

55 thereof. In embodiments, the cationic surfactant includes any 
combination or at least one of an alkyl trimethyl monium 
halide, an alkyl dimethyl benzyl ammonium halide, and one 
or more imidazolinium halides. In embodiments, molecular 
weights of such quaternary surfactants are in the range of 

These and other needs in the art are addressed in another 
embodiment by a method of demulsifYing an emulsion com-

60 about 200 to about 700, alternatively from about 250 to about 
500. In some embodiments, the alkyl trimethyl monium 
halide has an average alkyl chain length of C6 to C16, alter
natively c6 to clO, and alternatively cl2 to cl8' and further 

65 

alternative ofC8 . 

Without limitation, examples of alkyl trimethyl ammo
nium halides include alkyl trimethyl monium fluoride, 
alkyl trimethyl monium chloride, alkyl trimethyl ammo-
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nium bromide, alkyl trimethyl ammonium iodide, alkyl trim
ethyl ammonium astatide, or any combinations thereof. In an 
embodiment, the alkyl trimethyl ammonium halide is alkyl 
trimethyl ammonium bromide, alkyl trimethyl ammonium 
chloride, or any combinations thereof. In some embodiments, 
the alkyl trimethyl ammonium halide is alkyl trimethyl 
ammonium chloride. In other embodiments, the alkyl trim
ethyl ammonium halide is n-octyl trimethyl ammonium bro
mide. 

Without limitation, examples of alkyl dimethyl benzyl 10 

ammonium halides include any combination of one or more 
of dodecyl dimethyl benzyl ammonium chloride and n-tet
radecyl dimethyl benzyl ammonium chloride monohydrate. 
In embodiments, alkyl dimethyl benzyl ammonium halide 

15 
comprises an average alkyl chain length of C10 to C18 . With
out limitation, examples of imidazolinium halides include 
any combination of one or more of methyl his (tallowamido 
ethyl)-2-tallow imidazolinium methyl sulfate, methyl bis(hy
drogenated tallowamido ethyl)-2-hydrogenated tallow imi- 20 

dazolinium methyl sulfate, and methyl bis(tallowamido 
ethyl)-2-tallow imidazolinium methyl sulfate. 

4 
from about 200 ppm to about 10,000 ppm surfactant, and 
further alternatively from about 200 ppm to about 500 ppm 
surfactant. 

In embodiments, the composition is added to the produced 
emulsion with a polymeric nonionic surfactant. Without limi
tation, examples of suitable polymeric nonionic surfactants 
include polysorbates, fatty alcohols such as cetyl alcohol and 
oleyl alcohol, copolymers of polyethylene oxide, copolymers 
of polypropylene oxide, alkyl polyglucosides such as decyl 
maltoside, alkylphenol polyethylene oxide, alkyl polyethyl
ene oxide, and ethoxylated propoxylated alkyl phenol-form-
aldehyde resin chemistry, or any combinations thereof. The 
polymeric nonionic surfactant is typically dissolved or sus
pended in a solvent. Any solvent suitable for dissolving or 
suspending a polymeric nonionic surfactant may be used. 
Without limitation, examples of suitable solvents include 
water, ether, alcohol, toluene, xylene, HAN, other suitable 
organic solvents, or any combinations thereof. The alcohol 
may include any alcohol suitable for use with oil recovery and 
for dissolving the polymeric nonionic surfactant. In an 
embodiment, the polymeric nonionic surfactant is dissolved 
or suspended in an organic solvent. 

In an embodiment, the composition and the polymeric 
The cationic surfactant may have any desirable amount of 

active material. In an embodiment, the cationic surfactant has 
from about 30 wt. % to about 82 wt. % active material. 

In an embodiment, the surfactant is an amphoteric surfac
tant. The amphoteric surfactant may include any amphoterics 
suitable for use as a surfactant in the produced emulsion. In an 
embodiment, the amphoteric materials are betaines, alkyla
mionpropionic acids, N-acyl glycinates, or any combinations 
thereof. In embodiments, the amphoteric materials are 
betaines. Any suitable betaine for use as a surfactant in the 
produced emulsion may be used. Without limitation, 
examples of suitable betaines include capryl/capramidopro
pyl betaine, cocobetaine, cocamidopropylbetaine, octyl 
betaine, caprylamidopropyl betaine, or any combinations 
thereof. In an embodiment, the betaine is coco betaine. Any 
suitable N-acyl glycinates may be used. In an embodiment, 
theN-acyl glycinate is tallow dihydroxyethyl glycinate. 

25 nonionic surfactant are added to the produced emulsion in a 
weight ratio of composition to polymeric nonionic surfactant 
from about 9:1 to about 1:1, alternatively from about 9:1 to 
about 1:2. In embodiments, the composition and polymeric 
nonionic surfactant are added about simultaneously (either as 

30 separation formulations or as part of the same formulation) or 
sequentially to the produced emulsion. Without being limited 
by theory, simultaneous addition to the produced emulsion of 
the composition and a polymeric nonionic surfactant gener
ally provides improved quality of separated oil and aqueous 

35 phases. For instance, the simultaneous addition to the pro
duced emulsion of the composition comprising a cationic 
surfactant (i.e., alkyl trimethyl ammonium halide) and water 
with a polymeric nonionic surfactant dissolved in an organic 
solvent improved the quality of the separated oil and aqueous 

40 phases. Embodiments further include the composition having the 
surfactant and a solvent. The solvent may be any solvent 
suitable, for example, for dissolving or suspending the sur
factant. In embodiments, the solvent is water, alcohol, an 
organic solvent, or any combinations thereof. The alcohol 
may include any alcohol suitable for a solvent and for use with 45 

oil recovery. Without limitation, examples of suitable alco
hols include glycol, isopropyl alcohol, methanol, butanol, or 
any combinations thereof. According to an embodiment, the 
organic solvent includes aromatic compounds, either alone or 
in any combination with the foregoing. In some embodi- 50 

ments, the organic solvent comprises an alcohol, an ether, an 
aromatic compound, or any combinations thereof. In an 
embodiment, the aromatic compounds have a molecular 
weight from about 70 to about 400, alternatively from about 
100 to about 200. Without limitation, examples of suitable 55 

aromatic compounds include toluene, xylene, naphthalene, 
ethyl benzene, trimethyl benzene, and heavy aromatic naph
tha (HAN), other suitable aromatic compounds, and any com
binations of the foregoing. It is to be understood that the 
amount of surfactant in the composition in relation to the 60 

solvent may vary in some embodiments depending upon fac
tors such as temperature, time, and type of surfactant. For 
instance, without limitation, a higher ratio of cationic surfac
tant to solvent may be used if a faster reaction time is desired. 
In an embodiment, the composition includes from about 1 00 65 

ppm to about 20,000 ppm surfactant, alternatively from about 
100 ppm to about 10,000 ppm surfactant, further alternatively 

The foregoing may be better understood by reference to the 
following examples, which are intended for illustrative pur
poses and are not intended to limit the scope of the invention. 

Example 1 

In the example, demulsification of produced emulsions 
containing crude oil were conducted. The produced emul
sions also contained a produced brine. All chemicals except 
deionized water were weighed using an ACCULAB SV-1 00 
weighing scale. To produce the brine, in a 5-gallon container, 
deionized water was added and placed under a HEIDOLPH 
RZR 2051 control stirrer. The amounts and types of the addi
tives for each brine produced are shown in Table 1 below. The 
mixer was turned on, and salts were added followed by poly
mer. The particles were made to be discrete by slowly tapping 
in the polymer (about 15 minutes for an Sliter solution) with 
vigorous stirring and making sure the polymer did not form 
clumps. The mixing was continued for an hour. Pre-weighed 
surfactant PETROSTEP® S-1 (the sodium salt of a propoxy
lated branched alcohol sulfate) was added followed by pre
weighed surfactant PETROSTEP® S-2 (the sodium salt of an 
internal olefin sulfonate) and alcohol. PETROSTEP® is a 
registered trademark of Stepan Chemical Company Corpora
tion. The solution was stirred for 30 minutes to finalize the 
brine. PETROSTEP® S-1 and S-2 were available from 
Stepan Chemical. 
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To produce the crude-oil produced water emulsion, a pre
scription bottle was marked at 70 and 100 mllevels. Brine was 
added to the 70 ml mark. A bottle of crude oil was mixed well 
by shaking and then 30 ml of crude oil was placed into the 
prescription bottle to the 100 ml mark. The prescription 
bottles of emulsion were placed in EBERBACH shakers on 
high speed for 10 minutes. 

The anionic polymer FLOPAAM® 3330, a 30% hydro
lyzed 8 mM molecular weight polyacrylate polymer is a 
registered trademark of S.N.F., S.A. Corporation. Isobutyl 10 

alcohol at 99.4% purity was used. Sodium chloride of greater 
than 99.9% purity was used, and calcium chloride used was of 
99% purity. Further details on other products used are shown 
in Table 2. 

Pure cationic surfactants of the alkyl trimethyl ammonium 15 

bromide series were obtained fromA!faAesar. Water used for 
the solution preparation was deionized. 
Results and Discussion 

6 
Cocoaminopropionic acid at 200 ppm also proved effective in 
clearing the water phase. Other amphoterics were tested, but 
cocobetaine and cocoaminopropionic acid gave the best 
results. 

The water phase of the system with 50 ppm ethoxylated 
resin C and 50 ppm C8TAB system appeared clear after 21 
hours of equilibration time and appeared to perform better in 
the removal of oil from the aqueous phase than the coco be-
taine systems. 

Use of pure cationic surfactant C8 TAB at 200 ppm pro
duced an improved aqueous phase when visually compared to 
cocaminopropionic acid and cocobetaine. However, com
parison with the systems with combinations of ethoxylated 
resin C and surfactants indicated improved demulsification 
when such combinations were used. 

Aqueous phases that were visually best were found to be in 
the order: 50 ppm ethoxylated resin C and 50 ppm C8 TAB, 50 
ppm ethoxylated resin C and 100 ppm C8TAB, 50 ppm A majority of the demulsification studies were performed 

using a 70/30 volume ratio of the produced brine and crude 
oil. Several studies were also performed using a 90/10 volume 
ratio of the produced brine and crude oil. The brine contained 
surfactant micelles but did not appear to have any liquid 
crystalline phases as indicated by absence of birefringence. 
Effect ofVarious Cationic and Nonionic Surfactants 

20 ethoxylated resin C and 100 ppm cocobetaine, 200 ppm 
C8 TAB, 50 ppm ethoxylated resin C and 100 ppm cationic A, 
200 ppm cocoaminopropionic acid, and 200 ppm cocobe
taine. 

25 

The addition of a pure cationic surfactant, n -octy I trimethy I 
ammonium bromide (C8 TAB) and cationic A were studied at 
differing dosage levels. A clear separation of the aqueous 
phase was found around 200 ppm C8 TAB. The addition of 
200 ppm cationic surfactant n-octyl trimethyl ammonium 30 

bromide to brine did not appear to produce any precipitation 
or form any observable solids. Also, heating the mixture of 
200 ppm cationic surfactant with brine to 40° C. did not 
produce any precipitation of solids. 
Effect of Pure Cationic Surfactants C8 Trimethyl Ammonium 35 

Bromide, C8Tab, and Ethoxylated Resin B 
Bottle tests were performed using C8 trimethyl ammonium 

bromide, C8 TAB and ethoxylated resin B, an ethoxylated 
resin somewhat similar to ethoxylated resin C mentioned 
below, at 100,200, and300ppmdosagelevels. The emulsions 40 

were made using 70/30 and 90/10 brine/crude oil ratios. 
Analysis of the basic sediment and water of the separated 

crude oil obtained after 2 hours and 45 minutes equilibration 
time indicated C8 TAB was effective above 200 ppm in dewa
tering oil and removing oil from water. At these levels, the 
C8 TAB was found to reduce the water content in the oil to 0.8 
vol. %. Ethoxylated resin B was found to be effective above 
1 00 ppm in dewatering oil, reducing the water content to 0.4 
vol. % after equilibration for 2 hours and 45 minutes. 
Effect of Selected Amphoteric Surfactants 

Amphoteric surfactants were screened for effectiveness in 
demulsification. The results indicated that cocobetaine used 
alone at dosage levels of75 ppm and 100 ppm showed sig
nificant clearing of water phase after 21 hours of equilibration 
time and appeared to be more effective than the combination 
of 50 ppm ethoxylated resin C and 50 ppm cocobetaine. 

45 

50 

55 

Product Supplier 

CONCLUSIONS 

Ethoxylated resin B, an ethoxylated resin, was found to be 
effective in reducing the water content to 0.4 vol. % in the oil 
phase at 100 ppm, 200 ppm, and 300 ppm levels after 2 hours 
and 45 minutes of equilibration time while the aqueous phase 
contained visibly significant quantities of oil even after sev
eral hours of equilibration. Ethoxylated resin C, a similar 
resin, was also effective in cleaning the water phase when 
used alone. 

At 200 ppm and 300 ppm levels, the cationic surfactant 
n-octyl trimethyl ammonium bromide, C8TAB, after 2 hours 
and 45 minutes of equilibration time, reduced the level of 
water in the oil phase to 0.8 vol. % while also reducing oil 
levels in the aqueous phase to significantly lower levels. 

TABLE 1 

Produced Brine Formulations to make 100 g Brine 

brine 

NaCl (grams) 1.0 
CaC12 •2H20 (grams) 0.1834 
(Ca++,ppm) 500 
FLOPAAM ® 3330S (grams), 0.12 
8MMMWHPAM 
PETROSTEP ® S-1 0.9458 
(15.86% active; grams*) 
PETROSTEP ® S-2 0.2223 
(22.49% active; grams*) 
Iso-butyl alcohol 0.4 
(R-3041; grams) 

*weight of surfactants as received 

TABLE2 

Product Information 

Chemical Type %Actives Molecular Weight 

PETROSTEP ® S-1 Stepan Chemical N67-7PO sulfate, Na salt 15.86 760 
PETROSTEP ® S-2 Stepan Chemical lOS, Nasal! 22.49 370 
nC8 Trimethylannnonium Lancaster Cationic surfactant 97 252.24 
bromide (C8TAB) Chemicals 
Ethoxylated resin C Nalco Ethoxylated resin 67 4,400 
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TABLE 2-continued 

Product Information 

Product Supplier Chemical Type %Actives Molecular Weight 

Cationic A Nalco Cationic alkyl 82 349 
dimethylammoniumbenzyl 
chloride 

Cationic D Nalco Cationic unquateraized 67 1,204 (Mw); 930 (Mn) 
polyamine surfactant 

Ethoxylated resin B Nalco Resin oxyalkylate 70 4,600 

Example 2 line 12, tallow dihydroxyethyl glycinate and line 8, cocobe
taine, These products showed very low values of% sediment 

In the example, demulsification of produced emulsions 
containing crude oil were conducted, The produced emul
sions were for an SP process, The testing was a standard 
demulsifier bottle test as set forth in Treating Oilfield Emul
sions, pages 36-41, issued by Petroleum Extension Service, 
the University of Texas at Austin, Tex, ( 4'h' Ed,, 1990), which 
is incorporated by reference herein in its entirety, The testing 
was conducted at room temperature with a settling time of 
240 minutes, The specifics and results of the tests are set forth 

15 and water after centrifuging (also called a grindout), These 
products also showed very low % slug indicating the best oil 
quality, Among these products, cationic A showed the best 
water quality of the products in this test at 70 ppm residual 
oil-in-water, In contrast, the untreated "blank" sample 

in Table 3, The percent sediment and percent water remaining 

20 showed 2,0% sediment, 9,0% water, 10% slug, and 548 ppm 
residual oil-in-water, In view of these bottle test results, the 
product in line 16 was the product recommendation to test in 
the particular system, In other systems, one skilled in the art 
may choose another product based on the particular charac-

25 teristics of the system, in the oil at the end of the test were measured by taking a 
sample of oil from 15 mls above the interface, then centrifug
ing for 3 minutes at high speed, As centrifuging alone may not 
separate all of the emulsion (especially micro emulsion) and 
water from the sample, % slug was used to ensure that all of 
the emulsion was separated from the sample as sediment 30 

and/or water for an accurate measurement The % slug was 
the total amount of oil and water measured in the oil sample 
after the previously centrifuged sample was treated with a 
high level of a special "slugging" demulsifier, then remixed, 
re-centrifuged, and sediment and water were again measured, 

TABLE3 

Bottle Test Results 

All of the compositions and methods disclosed and 
claimed herein can be made and executed without undue 
experimentation in light of the present disclosure, While this 
invention may be embodied in many different forms, there are 
described in detail herein specific preferred embodiments of 
the invention, The present disclosure is an exemplification of 
the principles of the invention and is not intended to limit the 
invention to the particular embodiments illustrated, 

Any ranges given either in absolute terms or in approxi
mate terms are intended to encompass both, and any defini-

Laboratory Prepared EOR Emulsion on 100 ml Emulsion Samples 
EOR Brine with West Texas Crude Oil: (70:30 v/v) 

Nalco Chemical Thief Grind out @ 240 Minutes Oil-in-Water 

Line Product Description ppm %Sediment %Water %Slug ppm 

317-40H Cocobetaine 200 0.8 trace 0.76 218 
12 317-40M Tallow dihydroxyethyl 200 0.8 trace 0.76 94 

glycinate 
15 317-40Q Oleyl betaine/lauryl 200 0.8 trace 0.6 114 

betaine 
16 Cationic A Alkyl dimethyl- 200 0.78 0.0 0.42 70 

arnmoniumbenzyl chloride 
17 Ethoxylated resin oxyalkyate 200 0.8 trace 0.8 146 

resin B 
18 Blank no chemical 0 2.0 9.0 10.0 548 
19 Cationic D Cationic nnquaternized 200 0.76 0.24 0.8 110 

polyamine surfactant 

The objective of the bottle test was to identify a product that 
yielded sales quality oil (e.g., 1% maximum total sediment 
and water) and clean water (e.g., 300 ppm residual oil-in
water to prevent issues with re-injection, but the lowest oil- 60 

in-water value possible was desirable.) If total sediment and 
water values were the same using different demulsifiers, the 
product that yielded the lower sediment value was better, as 
sediment in this test was unresolved emulsion. As shown in 
Table 3, above, the most effective demulsifiers in this test 65 

were shown in line 16, cationic A; line 17, ethoxylated resin 
B; line 19, cationic D; line 15, oleyl betaine/lauryl betaines; 

tions used herein are intended to be clarifYing and not limit
ing. Notwithstanding that the numerical ranges and 
parameters setting forth the broad scope of the invention are 
approximations, the numerical values set forth in the specific 
examples are reported as precisely as possible. Any numerical 
value, however, inherently contains certain errors necessarily 
resulting from the standard deviation found in their respective 
testing measurements. Moreover, all ranges disclosed herein 
are to be understood to encompass any and all subranges 
(including all fractional and whole values) subsumed therein. 
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Furthermore, the invention encompasses any and all pos
sible combinations of some or all of the various embodiments 
described herein. Any and all patents, patent applications, 
scientific papers, and other references cited in this applica
tion, as well as any references cited therein and parent or 
continuation patents or patent applications, are hereby incor
porated by reference in their entirety. It should also be under
stood that various changes and modifications to the presently 
preferred embodiments described herein will be apparent to 
those skilled in the art. Such changes and modifications can 10 

be made without departing from the spirit and scope of the 
invention and without diminishing its intended advantages. It 
is therefore intended that such changes and modifications be 
covered by the appended claims. 

10 
3. The method of claim 1, further comprising adding a 

polymeric nonionic surfactant to the emulsion. 

4. The method of claim 3, wherein a ratio of the combina
tion of the cationic alkyl ammonium halide surfactant and the 
amphoteric betaine surfactant to the polymeric nonionic sur
factant is in a weight ratio of about 9:1 to about 1:2. 

5. The method of claim 4, wherein the polymeric nonionic 
surfactant and the composition are added about simulta
neously to the emulsion. 

6. The method of claim 1, wherein the emulsion is a pro
duced emulsion from a surfactant-polymer enhanced oil 
recovery flood. 

7. A method of demulsifying an emulsion comprising oil 
What is claimed is: 
1. A method of demulsifYing an emulsion comprising oil 

and water, the method comprising: adding a composition to 
an oil-in-water emulsion, wherein the composition comprises 

15 and water, the method comprising: adding a composition to 
an oil-in-water emulsion, wherein the composition comprises 
a combination of a cationic alkyl ammonium halide surfactant 
and an amphoteric betaine surfactant, wherein the composi-

a combination of a cationic alkyl ammonium halide surfactant 
and an amphoteric betaine surfactant comprising cocoamino- 20 

propionic acid, wherein the composition further comprises 
from about 100 ppm to about 20,000 ppm cationic alkyl 
ammonium halide surfactant, and wherein the halide of the 
cationic alkyl ammonium halide surfactant does not comprise 
chlorine. 

2. The method of claim 1, wherein the cationic alkyl 
ammonium halide surfactant comprises n-octyl trimethyl 
ammonium bromide. 

tion further comprises from about 100 ppm to about 20,000 
ppm cationic alkyl ammonium halide surfactant, wherein the 
halide of the cationic alkyl ammonium halide surfactant does 
not comprise chlorine, and wherein the composition further 
comprises an organic solvent. 

8. The method of claim 7, wherein the organic solvent 
25 

comprises an alcohol, an ether, an aromatic compound, or any 
combinations thereof. 

* * * * * 


