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AN ENVIRONMBENTALLY FRIENDLY DHSPERSION SYSTEM USED INTHE
PREFPARATION GF INVERSE EMULSION POLYMERS

FIELD OF THE INVENTION
This invention perlains © water-in-gil emulsion polymerization. More particularly, the
mvention periains to an envuonmenially friendly, oil phase system used for making water-in-oil

emulsion polymers.

BACKGROUND

J‘

inverse emulsion pelvmerization is a process that produces high molecular weight, water-
soipble polymer i g conveniont package for application. In the process an gquenus monomer
splution is emulsitied willin an inert hyydrocarbon phase containing surfactants that promote

water-in-ot (w/0”) emulsions. The resuliing dropleis are polymerized vielding polvmer

parficles that are dispersed throughout the hydrocarbon phase and stabilized by surfactant.

Over time various emulsification systems have been discovered and utilized. In
LS, Patent No. 3,284,385 Vanderhofl and Wilev espouse the use of conventional wio
emulsiiiers such as, sorbitan monooleate, sorbifan monostearate, hexadeoy! sodivm phthalate,
cetyi or stearvi sodium phihalte, and metal soaps.

UL, Patent No. 3,826,771, to Anderson and Frisque, also teaches the use of conventional
wio gmulsifiers, showing the use of sorbitan monostearate in all of the examples.

LS, Patent No. 4,024,087, to Sovinsky and Hurlook, introduced partiaily esterified lower
NN ~dslkanol substituted fatty amides, salis of fatty rertiary amines, quatermary salts of fatty
tertiary amines, alkall metal salts, and alikoyd or alkyl aryvl sulfates and sulfonates as wio
smulsiniers that vielded lattices with smaller particle size distributions and improved storage
stability,

in LIS, Patent No. 4,147,681, to Lim et al., wo emulsifiers with a HLUB of at least 7 were
used and many cxamples were cited. Lim and UK. Patend No. 4,672,090, {0 Chan, made usc of 2
system comprising a polvoxyethyiene dertvative of a sorbifan ester, sorbitan monooleate, and
ailkanoiamide.

in U5, Patent Mo, 4,906,741, o Clark, an inverse emulsion system utilizing
poivoxyethyviens sorbitol esters, polvoxvethviene fatty alcohols with a HUB of 7-9, and
aiyeerides was revealed,

ULS, Patent No. 3,206,316, to Chuang, revealed the use of nontonic oil-soiuble surfactant

*

and a compound selecied from, Nealkyl lactams, and an alkyiated polvmer of a Novinyi lactam.
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With this o mind, it was desired o create an environmenially friendiy oil phase system
useful for making inverse emulsion polymers, The adopied definitron of environmentally
friendly are the rules that govern offshore chemical use in the North Sea, The guvivonmenia
impact of a chemical is defined by three fests: bioacoumulation, biodegradation and toxicity. In
arder for a chemical (o be used withowt restriction offShors in the North Sea ot must satisly two of

the following three criderias

i, Biodegradation must he greater than 60%, i less than 209 it 15 audomatically

marked for substitution.

2. Bioaccurmulation a3 measured by octanol/water partitioning coeificient {log

Poswy must be below X {or have g moiecalar weight >700),

3. Toxicity 10 the most sensitive maring species {fypically Skeletonema) must be

greater than LOSE or BOSS of 10 ppm.

{One of the most popular and conventional w/o emulsifiers, sorbitan monooeleate, does not
pass the biodegradation and biosccumulalion protocolk that govern offshore chemical use in the
North Sea. For the initial assessment procedure, one must use marine biodegradation data as
cutlined in Organization for Economic Cooperation and Development, Procedure OECD 306 or
BOHME, Sorbitan monooieate has a BODIS result of 32%., which coupled with log P > 3
prevents sorbitan monooicate from passing the test. {ither governing bodies allow the use of
other types of biodegradation data such as the OECD 381 series {freshwater) to prove a
chomical’s non-harm 10 the environment, but pot for use o offshore gpplications, This promnted
an investigation into other w/io surfactant systems that could be used to produce mverse emulsion
pobymers.

Leciihin 1 well known as an emulsilior and has been used in w/o emulsion technology in
explosives, A number of publications flustrate this gpplication inciuding UL &, Patet
Nos, 3,335,174 308,481, 4,357, 184; 4,473,418, 4,507,161 and 4,602,970, (M particular
irderest, ULy, Patent Nos, 4,943 389 and 5,008,037 indicate thet lecithin can be an interior
emulsitier for w/o emuisions. The patents teach that iocithin can be made info a beller wio
eriulsifier after subjection (o a thermal process, Although inverse emulsions using lecithin are

well Known in the literature, not all inverse emulsions can go through the polymerization process
and provide usabls product.

Accordingly, there 15 a need for an eovironmnenially nendiy, o phase sysiom used oy

making water-imn-oil emulsion polvmers. Desirabily, the ol phase sysigm 1s biodegradabie



W

i

p.".!.
L.

20

CA 02835867 2013-11-12
WO 2012/170373 PCT/US2012/040827

according 1o current environmental standards. More desirably, the oil phase systam is comprised

of substances recognized worldwide as generally sale for use.

SUMBMARY OF THE INVENTIUN

The present invenlion is directed toward a waler-in-oil emulsion composition. The
composilion comprises an agueous phase, an organic solvent, and lecithin, Additionally, the
composition may optionally comprise 8 nontonic surfactant, and the nonionic surfactant may
comprise ab least one polvoxyethyviene derivative of 4 sorbitan oster,

The present invention is alternately directed toward a water-m-oil dispersion composiion.
The composition resulfs from a polvmerization. The composition comprises & polymer phase, an
orpanic phase, at least one initiatoy, and an mverting phase. The polvmer phase 18 oreated from &
mongmer phase, The p{}iymer phase may further comprise waler, an inorganic sall, and a
polymer created from at least one waler soluble ethylenically unsaturated monomer. The organic
whase may further mmprim at least one hydrophobic solvent and lecithin, The at least one water
soiuble ethyienically unsaturated monomer may comprise at least one of an acryiic monomer and

an acrylamide monomer. The inverting surfactant may be added after the polymer phase s

P WA

created from the monomer phase, The organic phase of the waterin-oil emulsion composition
may additionally compnise a polyvoxyethylene deryvalive of a sorbitan ester,

The preseat fnvention {8 alternately directed toward a method for preducing a waler-in-otl
polymer dispersion. The method comprises emulsifying an aqueous moenomer solution i an
organic phase, and polyvmerizing the aguecus monomer emulsion. The emulsifying forms gn
acuecus monomer emulsion. The polymerizing forms the water-in-oil polymey dispersion, The
at least one monomer comprises at least one of an gervlic monomer and an acrviamide monowmer,
and the organic phase comprises lecithin and an organic lguid., The organic phase may
additionally comprise a polyoxyethylene derivative of a sorbitan ester.

These and other features and advaniages of the present mvention will be apparent from

m,-?

the following detalled description, in conjunction with the appended claims.

ETAHLED DESCRIPTION OF THE INVENTION

While the present nvention is susceptible of ernbodiment i various forms, there 18 shown
in the drawings and will hereinafier be described a presently preferred embodiment with the

understanding that the present disclosure is to be considered an exemplification of the mvention

Ll
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and 1s not intended to limit the invention to the specific embodiment illustrated,
t should be further understood that the title of this section of this specificalion, nameiy,
“Detatled Description of the Invention,” relates 1o a requirement of the Urnited States Patent

Office, and does not imiply, nor should be inferred to fimit the subject matter disclosed herein.

Arn embadiment of the present invention is an environmentally triendly ol phase gystem
comlprising an organic solvent and lecithin, The imimiscible organic solventcanbe g
hydrocarbon solvent that s aliphatic or at least one oi derived trom one or more natural
products, and are at least 60% biodegradable after 28 days as determined by the Organization {or
Econonic Cooperation and Development, Procedure ORI 306,

One or more non-ionic surfactants may be used. A preterred non-tonie surfactant is
comprised of polvoxyethyviene derivatives of a sorbitan ester that have a HLB of -1,
it is important to defing some of the nomenclature used within this disclosure. A
monomer phase within a hydrocarbon solvent 8 an inverse emulsion because such 4 composition
is a Houid dispersed within another liguid. During polyinerizgtion, the hquid droplets become
solid particles that are dispersed within the hydrocarbon solvent, creating 4 dispersion. Formally,
a dispersion is solid particles dispersed within another phase. Acknowledgement of diflerence
between an emulsion and a dispersion is important when dealing with the invention at hand.

The final component is lecithin, which can be obtained from sourees such as soybean
lecithin. The United States Food and Drug Administration has given lecithin the status of
Generally Recognized As Safe (*GRASY}, and the Huropean body OSPAR that governs efishore
chemical usc in the North-Fast Atlantic has aiven lecithin the status of Poscs Little Oy NO Risk
(*PLONOR™), Chemicals with PLONOR status are igherently acceptable for use in the North
Sea.

Inverse emualsion polymers can be created with fecithin and the polyoxyathylong
derivative of g sorbitan ester dispersion sysiem. Evidence of the environmentally fricadly ol
phase system is shown in Table 1, which shows the environmental profile for an aliphatic

hydrocarbon solvent and two surfiactants that can be used in the dispersion system.

CA 2835867 2018-08-03
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In an embodiment, the organic solvent may be an aliphatic hydrocarbon. The aliphatic
hydrocarbon may be dertved from a nataral product

In an embodiment, the organic solvent may be a faity ester, The fatty esier may be
derived from & natural product.

in an embodiment, the erganic solvent may bhe at least 60% biodegradable afier 28 days.

in an embodiment, the polyoxyethviene derivative may have a hydrophilic-lipophilic

halance within the range from about ¥ to about 1.

té’J

In an embodiment. the lecithin has not boen subject 1o 4 thermal proces

In an embodiment, the agueous phase is selected from at least one of a brine solution, an
acid solution, a water soluble polymer solution, a gel, and g solid.

The polvmer created by the invention may be anionic, cationic, nonionic, amphoteric, or a
betaine-containing poiyiner.

There are several envisioned uses for the invention. Tires, the inventon may be used 1o
produce inverse emulsion polymers that could be used as friction (drag) reducers during pressure
sumping operations, or an acid gellant in a crude oil recovery process. As an acid gellant, the
invention could be used to produce stable gelled acid, and as a triction reducer when apphicd in
low doses to fluids in turbulent flow, The invention could improve acid fracturing by aliowing
deeper penetration of the acid. The invention may be used as a hvdrate inhibitor, as a cluy
stabilizing agent, or as a de-emulsifier, The invenlion may also improve pressure pumping by
supmressing turbulent flow and minimizing the encrgy loss between the fiuid and i3
surroundings. The invention may be particularly useful in the treatment of a sublerrancan
formation of an ¢l production operation and/or a gas produciion operalion, re., those
applications that attempt to pump crude oil 1o the surlace af steady state. Background
information related 1o the aforemeniioned applications can be found in U.S, Patent Application

Publication No. 2010/6056399, paragraphs [00487- {0079,

CA 2835867 2018-08-03
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Another use of the mvention tnvolves its use 4s an environmeniaily friendly acid
emulsifier. The emulsion would act to retard the action of acid on acid~soluble {formation rock,

again typically found in the crude off recovery process, Because the mvention 1s envonmentally

friendly, its user would be less of a threat to the environment than perhaps other emuisifiers.
5 Several other envisioned uses of the mvention melude s use as an environmentally
friendly dispersion system useful for the proparation or packaging ot fnichion reducer, g seale
inhibitorn, or a hydrate mhibitor, depending on a particniar application,
The following examples are meant 10 be illustrative and not imit the Invenion.
i EXAMPLES

{zencral Procedure:
The following is a general procedure for the preparation of & sodium Z2-acrylamido-2-
methyl-1-propanesulionate and acrvlamide copolymer, The continuous phase is prepared by
dissolving the ermulsifying surfactands in the hvdrocarbon solvent. The dispersed phase 18
15 prepared by dissolving sodivm or ammonium chloride i acrviamide and water, 2-Acrylarmido-
Z-methvi-T-propancsulfonic acid sodium salt solution is then added t» the monomer phase
followed by tetrascdivm ethyviencdiaminetetraacetate. After all of the solids are dissolved, the
monomer phase is added to the oil phase and the emulsion 18 formed with adegquate mixing.
Typically 2 1 ke emulsion is subjected (o 60 seconds of mixing with a high shear rotor/staio
20 laboratory mixer set at 5000 rom. After the high shear mixing, the initiators are added and the
syatem mixed with overhead stiveing at 630 rpm while purging nitrogen, The reaction begins at
around 43°C and is run isothermally for approximately 3 hours, At the end of three hours, the
temperature is increased to 70 °C for one hour to lower residual monomer levels. Alier cooling
to approximately 3840 °C, the inverting surfactant s added to help the dispersion break when i
25 s dispersed info an aqueous solution.
Pxarnpie 1
Table I below illusteates the formulation for this example prepared by following the
general procedure outlined above, The resulting latex had a bulke viscosity of 6§93 ¢F when

measured as Brookfield viscosity at room temperature with a #2 spindle at 38 rpm. The viscosity

0 of annverted 1% product solution tn synthetic Naleo waler was 277 o using the same
tachnigue., The reduced specific viscosity (REV™} of g 458 ppm polymer solution in l-molar
sodinm nitrate was 20.3 dL/g using an Ubbelohde viscometer and the equation RSV = (/o) —
11 where ¢ = concentration, &, = time of fiow for solvent, and { = time of low for polymer
soiutiou.
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Table I Ingredienis used for making NaaATBS-acryiamide copolymer of Lxampie 1.
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Example 2

Table UI below 1llustrates the formulation for this example prepared by following the
gensral procedure outlined above, except adding the post-treatment chemicals indicated in the
table. The resulting latex had a bulk viscosity of 494 oF when measured as Brookfield viscosity
ab room temperature with a #2 spindle at 30 ron. The viscosity of an mverted 1% product
solution in Sugar Land, Texas, {ap water was 238 oP using the same fechnigue. The reduced

specific viscosity of a 430 ppm polymer sohition in L-molar sodium nitrate was 199 dlig.
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Tabde HI: Ineredients used for making NaATES-acrviamide copolymer of Exampie 2,
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Example 3:

Tabie IV below llustrates the formulation for this example prepared by following the
general procedure outlined above, except adding the post-reatment chemicals indicated in the
table, The resulting latex had a bulk viscosity of 1200 ¢P when measured as Brookiweld viscosity
at room emperature with 2 #3 spindle at 30 rpm. The viscosity of an inverted 1% product
sofution in synthetic Nalco water was 254 ¢P when measured as Brookfield viscosity at room
temperature with a #2 spindle at 30 rpm. The reduced specific viscosity ol a 430 ppm polvmer

solution in T-melar sodinm nitrate was 17.5 dLig.



Table IV: Ingredients used for making NaATBS-acryviamide copolymer of Exampie 3.
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In the present disclosure, the words ¥a” or “an” are 1o be taken to thelude both the
singular and the plural, Conversely, any reference to plural items shall, where appropriate,
nchude the singular,

From the foregoing it will be observed that numerons modifications and variaticns can be
effectuated without departing from the true spirit and scope of the novel concepls of the present
10 investion. It is 1o be understood that no limitation with respect o the Hlusiraied speciflic
embodiments or examples is intended or should be infereed, The disclosure 1s intended to cover

by the appended claims all such modifications as fall within the scope of the claums.
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]. A method of producing a water-in-oil polymer dispersion composition, the method
comprising:
forming an aqueous monomer inverse emulsion by emulsifying an aqueous monomer
solution comprising water, at least one water soluble ethylenically unsaturated
monomer and an organic salt in an organic phase comprising a fatty ester, a
polyoxyethylene derivative of a sorbitan ester and lecithin, the aqueous monomer
inverse emulsion further comprising at least one initiator;
forming a water-in-oil polymer dispersion by polymerizing the at least one water soluble
ethylenically unsaturated monomer of the aqueous monomer inverse emulsion, thereby
forming a polymer phase comprising water, an inorganic salt, and the polymer formed
by polymerizing the at least one water soluble ethylenically unsaturated monomer in the
organic phase; and
adding an inverting surfactant to the water-in-oil polymer dispersion, thereby producing the

water-in-oil polymer dispersion composition;

2. The method of claim 1, wherein the polyoxyethylene derivative of a sorbitan ester is
selected from POE(4)-sorbitan monostearate, POE(5)-sorbitan monooleate, or a combination

" thereof.

3. The method of claim 2, wherein the polyoxyethylene derivative of a sorbitan ester is

POE(4)-sorbitan monostearate.

4, The method of claim 2, wherein the polyoxyethylene derivative of a sorbitan ester is

POE(S5)-sorbitan monooleate.

J. The method of claim 1, wherein the polymer is a copolymer of 2-acrylamido-2-methyl-1-

propanesulfonate sodium salt and acrylamide.

0. The method of claim 1, wherein the inverting surfactant comprises an ethoxylated fatty
alcohol.
7. The method of claim 1, wherein the resulting composition further comprises sodium

metabisulfite.

10
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8. The method of claim 1, wherein the resulting composition further comprises ammonium
thiosulfate.
9. The method of claim 1, wherein the polyoxyethylene derivative of a sorbitan ester has a

hydrophilic-lipophilic balance of from about 9 to about 10.

10. The method of claim 1, wherein the at least one water soluble ethylenically unsaturated

monomer 1s a 2-acrylamido-2-methyl-1-propanesulfonate sodium salt and acrylamide.

11. The method of claim 1, wherein the lecithin is soy lecithin.
12. The method of claim 1, wherein the lecithin has not been subject to a thermal process.
13.  The method of claim 1, wherein the organic salt is tetrasodium

ethylenediaminetetraacctatc.

14. The method of claim I, wherein the hydrophobic solvent is at least 60% biodegradable
after 28 days.

15.  The method of claim 1, wherein the at least one initiator is 2,2’ -azobisisobutyronitrile and

2,27 -azobis(2,4-dimethylvaleronitrile).
16.  The method of claim 1, wherein the inverting surfactant is an ethoxylated fatty alcohol.

17. A method of using the water-n-o1l polymer dispersion composition produced according

to the method of claim 1, wherein the resulting composition is injected as a treatment of a
subterranean formation of at least one of an oil production operation and a gas production

operation.

18. The method of claim 17, wherein the water-in-oil polymer dispersion composition is

injected into a fluid in turbulent flow.
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