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ABSTRACT

A method for replacing glycol-based mutual solvents in an oil
field application comprising: obtaining an alternative solvent
and solvent blends and replacing all or a portion a glycol-
based mutual solvent, which forms a component of an oil field
formulation, with the alternative solvent or solvent blends,
wherein the oil field formulation can be utilized in an oil field
application.
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USE OF ENVIRONMENTALLY FRIENDLY
SOLVENTS TO REPLACE GLYCOL-BASED
SOLVENTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The application claims the benefit of U.S. Provi-
sional Application Ser. No. 61/574,360 filed Aug. 1, 2011,
herein incorporated by reference.

FIELD OF THE INVENTION

[0002] This invention relates to compounds, methods and
systems of mutual solvents that are more biodegradable, as
well as less toxic and/or safer to use than glycol-based mutual
solvents, specifically ethyleneglycolmonobutyl ether
(EGMBE), utilized in industrial and oil field applications.

BACKGROUND OF THE INVENTION

[0003] Mutual solvents are typically additives used in oil
field and well applications that are soluble in oil, water and
acid-based treatment fluids. A commonly used mutual solvent
is ethyleneglycolmonobutyl ether, generally known as
EGMBE. EGMBE is routinely used in a range of applica-
tions, such as removing heavy hydrocarbon deposits, control-
ling the wettability of contact surfaces before, during or after
a treatment, and preventing or breaking emulsions.

[0004] Some solvents have been used in place of EGMBE;
however, many such solvents suffer the same drawbacks as
EGMBE, such as being environmentally unfriendly or simi-
larly toxic and hazardous. These include glycol ethers like
Dowanol™ pnB (propylene glycol n-butyl ether), or butyl
carbitol (diethylene glycol butyl ether), ethylene glycol
monoacetate, butyl carbitol, triethylene glycol monoethyl
ether, 1,1'-oxybis(2-propanol), triethylene glycol monom-
ethyl ether, triglyme and diglyme, among others. Some of
these solvents are reported as “priority pollutants™.

[0005] Recent findings have shown that EGMBE as well as
glycol ether-based solvents are potentially hazardous and/or
toxic, and are potent teratogens to humans. There is a need for
a replacement mutual solvent that does not face the draw-
backs and problems associated with currently utilized sol-
vents such as EGMBE.

SUMMARY OF THE INVENTION

[0006] The present invention described herein will become
apparent from the following detailed description and
examples, which comprises in one aspect, an alternative sol-
vent blend comprising mutual solvents.

[0007] There is a need, and in particular a need in the oil
field industry, for compounds that are good solvents that have
a favorable toxicological and/or ecological profile, and desir-
able characteristics in terms of low volatility, biodegradabil-
ity or ready biodegradability (i.e., readily biodegradable), low
toxicity and/or low hazard level.

[0008] In one aspect, described herein is a method for
replacing glycol-based mutual solvents in an oil field appli-
cation comprising:—obtaining an alternative solvent blend;
and—replacing all or a portion a glycol-based mutual solvent,
which forms a component of an oil field formulation, with the
alternative solvent, wherein the oil field formulation can be
utilized in an oil field application.

[0009] In one embodiment, the method further comprises
the step of utilizing such alternative solvent blend in the
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oilfield application. In another embodiment, the glycol-based
mutual solvent is selected from glycol ethers, alkyl ethers of
ethylene glycol, alkyl ethers of propylene glycol, ethylene
glycol, EGMBE (ethylene glycol mono-butyl ether), propy-
lene glycol n-butyl ether, diethylene glycol butyl ether, eth-
ylene glycol monoacetate, butyl carbitol, triethylene glycol
monoethyl ether, 1,1'-oxybis(2-propanol), triethylene glycol
monomethyl ether, triglyme or diglyme. The oil field appli-
cation, in one embodiment, is a well treatment fluid, a frac-
turing fluid, a stimulation fluid, a workover fluid or a slick-
water fluid

[0010] In one embodiment, the alternative solvent blend
comprises at least one component selected from one or more
of the following:

[0011] a) dialkyl methylglutarate;

[0012] D) a first blend of: dialkyl methylglutarate, dialkyl
ethylsuccinate and, optionally, dialkyl adipate;

[0013] c¢) a second blend of: dialkyl adipate, dialkyl glut-
arate and dialkyl succinate;

[0014] d) a dioxolane compound of formula I:
08)
CHZTOH
@) O
R, Ry
[0015] wherein Ry and R, which may be identical or dif-

ferent, is individually a hydrogen, an alkyl group, an alkenyl
group, a phenyl group, wherein n is an integer of from 1 to 10;

[0016] e) a compound or mixture of compounds having
formula (II):

R;00C-A-CONR R (In),
[0017] wherein R, is a group chosen from saturated or

unsaturated, linear or branched, optionally cyclic, optionally
aromatic hydrocarbon-based groups comprising an average
number of carbon atoms ranging from 1 to 36; wherein R, and
Rs, which are identical or different, are groups chosen from
saturated or unsaturated, linear or branched, optionally
cyclic, optionally aromatic, optionally substituted hydrocar-
bon-based groups comprising an average number of carbon
atoms ranging from 1 to 36. R, and R in some embodiments
together form a ring, which in some embodiments are substi-
tuted or comprises a heteroatom. A is a linear or branched
divalent alkyl group comprising an average number of carbon
atoms ranging from 2 to 12, typically from 2 to 4;

[0018] f)analkyldimethylamine (e.g., N,N-Dimethyldode-
cylamine);

[0019] g)a C,-C, alcohol (e.g., isopropyl alcohol); and
[0020] h) any combination thereof.

[0021] In some embodiments, the alkyldimethylamine is

N,N-Dimethyldodecylamine. In other embodiments, the
C,-C, alcohol is isopropyl alcohol.

[0022] Insome particular embodiments, the alternative sol-
vent blend comprises:

[0023] a) a first blend comprising dialkyl methylglutarate
and dialkyl ethylsuccinate;
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[0024] D) a dioxolane compound of formula I:
@
CHZ]—OH
O, O
R¢ Ry
[0025] wherein Ry and R, which may be identical or dif-

ferent, is each individually a hydrogen, an alkyl group, an
alkenyl group, a phenyl group, wherein n is an integer of from
1 to 10; and

[0026] e) a compound or mixture of compounds having
formula (II):

R;00C-A-CONR,R 5 (In),
[0027] wherein R, is a group chosen from saturated or

unsaturated, linear or branched, optionally cyclic, optionally
aromatic hydrocarbon-based groups comprising an average
number of carbon atoms ranging from 1 to 36; wherein R, and
Rs, which are identical or different, are groups chosen from
saturated or unsaturated, linear or branched, optionally
cyclic, optionally aromatic, optionally substituted hydrocar-
bon-based groups comprising an average number of carbon
atoms ranging from 1 to 36; wherein A is a linear or branched
divalent alkyl group comprising an average number of carbon
atoms ranging from 2 to 12.

[0028] In an alternative aspect, described herein are alter-
native solvent blend compositions for use in oilfield applica-
tions, the alternative solvent blend composition selected from
the group consisting of:

[0029] a) dialkyl methylglutarate;

[0030] b) a first blend of: dialkyl methylglutarate, dialkyl
ethylsuccinate and dialkyl adipate;

[0031] c¢) a second blend of dialkyl adipate, dialkyl glut-
arate and dialkyl succinate;

[0032] d) a dioxolane compound of formula I:
@
CHZ]—OH
O O
R¢ Ry
[0033] wherein R6 and R7, which may be identical or dif-

ferent, is individually a hydrogen, an alkyl group, an alkenyl
group, a phenyl group, wherein n is an integer of from 1 to 10;

[0034] e) a compound or mixture of compounds having
formula (II):

R,;00C-A-CONR,R 5 (I,
[0035] wherein R, is a group chosen from saturated or

unsaturated, linear or branched, optionally cyclic, optionally
aromatic hydrocarbon-based groups comprising an average
number of carbon atoms ranging from 1 to 36;

[0036] wherein R, and R, which are identical or different,
are groups chosen from saturated or unsaturated, linear or
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branched, optionally cyclic, optionally aromatic, optionally
substituted hydrocarbon-based groups comprising an average
number of carbon atoms ranging from 1 to 36; and

[0037] wherein A is a linear or branched divalent alkyl
group comprising an average number of carbon atoms rang-
ing from 2 to 12;

[0038] ) an alkyldimethylamine;

[0039] g)a C,-C, alcohol; and

[0040] h) any combination thereof,

[0041] whereinthe alternative solvent blend isused in place

of'all or a portion a glycol-based mutual solvent which forms
a component of an oil field formulation utilized in an oil field
application.

[0042] Inyet another aspect, described herein are methods
for replacing glycol-based mutual solvents in an oil field
application comprising:

[0043] obtaining an alternative solvent;

[0044] utilizing the alternative solvent in place of allor a
portion a glycol-based mutual solvent, which forms a
component of an oil field formulation utilized in an oil
field application.

[0045] The alternative solvent, in some embodiments, can
be selected from the group consisting of:

[0046] a) dialkyl methylglutarate;

[0047] D) a first blend of: dialkyl methylglutarate, dialkyl
ethylsuccinate and dialkyl adipate;

[0048] c¢) a second blend of dialkyl adipate, dialkyl glut-
arate and dialkyl succinate;

[0049] d) a dioxolane compound of formula I:
O
CHZ]—OH
O O
R¢ Ry
[0050] wherein Ry and R, which may be identical or dif-

ferent, is individually a hydrogen, an alkyl group, an alkenyl
group, a phenyl group, wherein n is an integer of from 1 to 10;

[0051] e) a compound or mixture of compounds having
formula (II):

R;00C-A-CONR R5 (1w,
[0052] wherein R, is a group chosen from saturated or

unsaturated, linear or branched, optionally cyclic, optionally
aromatic hydrocarbon-based groups comprising an average
number of carbon atoms ranging from 1 to 36;

[0053] wherein R, and Ry, which are identical or different,
are groups chosen from saturated or unsaturated, linear or
branched, optionally cyclic, optionally aromatic, optionally
substituted hydrocarbon-based groups comprising an average
number of carbon atoms ranging from 1 to 36; and wherein A
is a linear or branched divalent alkyl group comprising an
average number of carbon atoms ranging from 2 to 12; and

[0054] ) an alkyldimethylamine;

[0055] g)a C,-C, alcohol; and

[0056] h) any combination thereof.

[0057] In one embodiment, the “replacement mutual sol-

vent blend” described herein has desirable qualities including
one or a combination of being: substantially non-toxic, non-
flammable, biodegradable, high flash point, low vapor pres-
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sure and low odor; meets the consumer products LVP-VOC
exemption criteria established by CARB and the EPA (certain
sections) relative to mutual solvents currently used in oilfield
applications, such as EGMBE or other glycol ethers.

BRIEF DESCRIPTION OF DRAWINGS

[0058] FIG.11isaHansen Parameter map showing EGMBE
and other glycols compared with alternative solvents, as
described herein.

DETAILED DESCRIPTION

[0059] As used herein, the term “alkyl” means a saturated
straight chain, branched chain, or cyclic hydrocarbon radical,
including but not limited to, methyl, ethyl, n-propyl, iso-
propyl, n-butyl, sec-butyl, t-butyl, pentyl, n-hexyl, and cyclo-
hexyl.

[0060] As usedherein, the term “aryl” means a monovalent
unsaturated hydrocarbon radical containing one or more six-
membered carbon rings in which the unsaturation may be
represented by three conjugated double bonds, which may be
substituted one or more of carbons of the ring with hydroxy,
alkyl, alkenyl, halo, haloalkyl, or amino, including but not
limited to, phenoxy, phenyl, methylphenyl, dimethylphenyl,
trimethylphenyl, chlorophenyl, trichloromethylphenyl, ami-
nophenyl, and tristyrylphenyl.

[0061] As used herein, the term “alkylene” means a diva-
lent saturated straight or branched chain hydrocarbon radical,
such as for example, methylene, dimethylene, trimethylene.
[0062] As used herein, the terminology “(C,-C,)” in refer-
ence to an organic group, wherein r and s are each integers,
indicates that the group may contain from r carbon atoms to s
carbon atoms per group.

[0063] As used herein, the terminology “surfactant” means
a compound that when dissolved in an aqueous medium low-
ers the surface tension of the aqueous medium.

[0064] As used herein, the terminology glycol-based
mutual solvents means glycol ethers or derivatives thereof,
alkyl ethers of ethylene glycol, alkyl ethers of propylene
glycol, ethylene glycol. Examples of glycol-based mutual
solvents include EGMBE (ethylene glycol mono-butyl
ether), propylene glycol n-butyl ether, diethylene glycol butyl
ether, ethylene glycol monoacetate, butyl carbitol, triecthylene
glycol monoethyl ether, 1,1'-oxybis(2-propanol), tricthylene
glycol monomethyl ether, triglyme and/or diglyme.

[0065] As used herein, it is understood that “oilfield appli-
cation fluid” means any fluid utilized in the processing,
extraction or treatment of oil, which in one embodiment
includes fluids utilized in and around an oil producing well.
Some oilfield application fluids include but are not limited to:
well treatment fluids, stimulation fluids, slickwater fluids,
drilling fluids, acidizing fluids, workover fluids, completion
fluids, packer fluids, subterranean formation treating fluids,
mud-reversal fluids, deposit removal fluids (e.g., asphaltene,
wax, oil), wellbore cleaning fluids, cutting fluids, carrier flu-
ids, carrier fluids (for mutual solvency), degreasing fluids,
fracturing fluids, spacer fluids, hole abandonment fluids,
among others.

[0066] Workover fluids generally are those fluids used dur-
ing remedial work in a drilled well. Such remedial work
includes removing tubing, replacing a pump, cleaning out
sand or other deposits, logging, etc. Workover also broadly
includes steps used in preparing an existing well for second-
ary or tertiary recovery such as polymer addition, micellar
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flooding, steam injection, etc. Fracturing fluids are used in oil
recovery operations where subterranean is treated to create
pathways for the formation fluids to be recovered.

[0067] Described herein are systems and methods for
replacing glycol based mutual solvents in industrial applica-
tions, namely oil field applications. Also described herein are
alternative solvents and solvent blends which is can replace
glycol-based mutual solvents such as EGMBE. Also
described herein are oil field formulations with improved
toxicity profile or otherwise, environmental profile, which
can be utilized in oil field applications.

[0068] In one embodiment, the method for replacing gly-
col-based mutual solvents in an oil field application includes
obtaining an alternative solvent blend, then substituting all or
aportion a glycol-based mutual solvent in equal parts with the
alternative solvent blend. Typically, the glycol-based mutual
solvent forms part of a oil field formulation. The oil field
formulation, in turn, is typically utilized in an oil field appli-
cation such as fracturing, acidizing, workover, etc. Thus, the
alternative solvent blend, once incorporated as part of the
formulation, imparts an improved environmental profile,
including ecotox profiles, with respect to the formulation and
application. In other embodiments, the glycol-based mutual
solvent forms part of a industrial formulation. Industrial for-
mulations can include (but are not limited to) weatherizing
formulations, which prevent freezing of a fluid, or maintain
the viscosity of a fluid below a certain level.

[0069] Inoneembodiment, the alternative solventis chosen
from one of the following components (a through h), below.
In another embodiment, the alternative solvent is an alterna-
tive solvent blend chosen from at least one component (a
through h), below, typically, two or more components.
[0070] a) dialkyl methylglutarate;

[0071] b) a first blend of: dialkyl methylglutarate, dialkyl
ethylsuccinate and dialkyl adipate;

[0072] c¢) a second blend of: dialkyl adipate, dialkyl glut-
arate and dialkyl succinate;

[0073] d) a dioxolane compound of formula I:

CHzi—OH
n

O (0]

@

Re Ry

[0074] wherein Ry and R, which may be identical or dif-
ferent, is individually a hydrogen, an alkyl group, an alkenyl
group, a phenyl group, wherein n is an integer of from 1 to 10;

[0075] e) a compound or mixture of compounds having
formula (II):

R;00C-A-CONR R5 (1w,
[0076] wherein R, is a group chosen from saturated or

unsaturated, linear or branched, optionally cyclic, optionally
aromatic hydrocarbon-based groups comprising an average
number of carbon atoms ranging from 1 to 36; wherein R, and
Rs, which are identical or different, are groups chosen from
saturated or unsaturated, linear or branched, optionally
cyclic, optionally aromatic, optionally substituted hydrocar-
bon-based groups comprising an average number of carbon
atoms ranging from 1 to 36, it being possible for R, and R to
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optionally together form a ring, that is optionally substituted
and/or that optionally comprises a heteroatom; and wherein A
is a linear or branched divalent alkyl group comprising an
average number of carbon atoms ranging from 2 to 12, typi-
cally from 2 to 4;

[0077] ) an alkyldimethylamine;

[0078] g)a C,-C, alcohol; and

[0079] h) any combination thereof.

[0080] In one embodiment, the a C,-C, alcohol is chosen

from t-butyl alcohol, butyl alcohol, iso-propyl alcohol, or
propyl alcohol. In one typical embodiment, the C,-C, alcohol
is iso-propyl alcohol.

[0081] In one embodiment, the alternative solvent com-
prises (i) one or a (ii) blend of dibasic esters. In one embodi-
ment, the blend comprises adducts of alcohol and linear diac-
ids, the adducts having the formula R,—OOC-A-COO—R,
wherein R, and/or R, comprise, individually, a C,-C,, alkyl,
more typically a C,-C; alkyl, and A comprises a mixture of
—(CH,),—, —(CH,);, and —(CH,),—. In another embodi-
ment, R, and/or R, comprise, individually, a C,-C,, alkyl,
more typically a C,-Cy alkyl. In one embodiment, R, and R,
can individually comprise a hydrocarbon group originating
from fusel oil. In one embodiment, R, and R, individually can
comprise a hydrocarbon group having 1 to 8 carbon atoms. In
one embodiment, R; and R, individually can comprise a
hydrocarbon group having 5 to 8 carbon atoms. In another
embodiment, A comprises a least one, typically at least two,
off —(CH,),— —CH,CH,CH(CH;)—, —CH,CH
(C,Hs)»—, —(CH,),—, —CH,CH,CH(CH,)—, or
—CH,CH(C,Hs)—.

[0082] Inone embodiment, the blend comprises adducts of
alcohol and branched or linear diacids, the adducts having the
formula R ,—OO0C-A-COO—R, wherein R, and/or R, com-
prise, individually, a C,-C,, alkyl, more typically a C,-C,
alkyl, and A comprises a mixture of —(CH,),—,
—CH,CH,CH(CH,)—, and —CH,CH(C,H;)—. In another
embodiment, R, and/or R, comprise, individually, a C,-C,,
alkyl, more typically a C,-Cs alkyl. It is understood that the
acid portion may be derived from such dibasic acids such as
adipic, succinic, glutaric, oxalic, malonic, pimelic, suberic
and azelaic acids, as well as mixtures thereof.

[0083] The dibasic esters of the present invention can be
obtained by a process comprising an “esterification” stage by
reaction of a diacid of formula HOOC-A-COOH or of a
diester of formula MeOOC-A-COOMe with a branched alco-
hol or a mixture of alcohols. The reactions can be appropri-
ately catalyzed. Use is preferably made of at least 2 molar
equivalents of alcohols per diacid or diester. The reactions
can, if appropriate, be promoted by extraction of the reaction
by-products and followed by stages of filtration and/or of
purification, for example by distillation.

[0084] The diacids in the form of mixtures can in particular
be obtained from a mixture of dinitrile compounds in particu-
lar produced and recovered in the process for the manufacture
of adiponitrile by double hydrocyanation of butadiene. This
process, used on a large scale industrially to produce the
greater majority of the adiponitrile consumed worldwide, is
described in numerous patents and works. The reaction for
the hydrocyanation of butadiene results predominantly in the
formulation of linear dinitriles but also in formation of
branched dinitriles, the two main ones of which are methyl-
glutaronitrile and ethylsuccinonitrile. The branched dinitrile
compounds are separated by distillation and recovered, for
example, as top fraction in a distillation column, in the stages
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for separation and purification of the adiponitrile. The
branched dinitriles can subsequently be converted to diacids
or diesters (either to light diesters, for a subsequent transes-
terification reaction with the alcohol or the mixture of alco-
hols or the fusel oil, or directly to diesters in accordance with
the invention).

[0085] Dibasic esters of the present invention may be
derived from one or more by-products in the production of
polyamide, for example, polyamide 6,6. In one embodiment,
the cleaning composition comprises a blend of linear or
branched, cyclic or noncyclic, C,-C,, alkyl, aryl, alkylaryl or
arylalkyl esters of adipic diacids, glutaric diacids, and suc-
cinic diacids. In another embodiment, the cleaning composi-
tion comprises a blend of linear or branched, cyclic or non-
cyclic, C,-C,, alkyl, aryl, alkylaryl or arylalkyl esters of
adipic diacids, methylglutaric diacids, and ethylsuccinic
diacids

[0086] Generally, polyamide is a copolymer prepared by a
condensation reaction formed by reacting a diamine and a
dicarboxylic acid. Specifically, polyamide 6,6 is a copolymer
prepared by a condensation reaction formed by reacting a
diamine, typically hexamethylenediamine, with a dicarboxy-
lic acid, typically adipic acid.

[0087] In one embodiment, the blend of dibasic esters can
be derived from one or more by-products in the reaction,
synthesis and/or production of adipic acid utilized in the
production of polyamide, the cleaning composition compris-
ing a blend of dialkyl esters of adipic diacids, glutaric diacids,
and succinic diacids (herein referred to sometimes as “AGS”
or the “AGS blend”).

[0088] In one embodiment, the blend of esters is derived
from by-products in the reaction, synthesis and/or production
ot hexamethylenediamine utilized in the production of polya-
mide, typically polyamide 6,6. The cleaning composition
comprises a blend of dialkyl esters of adipic diacids, methyl-
glutaric diacids, and ethylsuccinic diacids (herein referred to
sometimes as “MGA”, “MGN”, “MGN blend” or “MGA
blend”).

[0089] In certain embodiments, the dibasic ester blend
comprises:

[0090] a diester of formula I:

@

Ry o~

[0091] a diester of formula II:

an
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and
[0092] a diester of formula III:
(III)
(€]
O R,.
R o
(6]
[0093] R, and/or R, can individually comprise a hydrocar-

bon having from about 1 to about 8 carbon atoms, typically,
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, n-butyl,
isoamyl, hexyl, heptyl or octyl. In such embodiments, the
blend typically comprises (by weight of the blend) (i) about
15% to about 35% of the diester of formula I, (ii) about 55%
to about 70% of the diester of formula I, and (iii) about 7% to
about 20% of the diester of formula I1I, and more typically, (i)
about 20% to about 28% of the diester of formula I, (ii) about
59% to about 67% of the diester of formula I, and (iii) about
9% to about 17% of the diester of formula III. The blend is
generally characterized by a flash point of 98° C., a vapor
pressure at 20° C. of less than about 10 Pa, and a distillation
temperature range of about 200-300° C. Mention may also be
made of Rhodiasolv® RPDE (Rhodia Inc., Cranbury, N.J.),
Rhodiasolv® DIB (Rhodia Inc., Cranbury, N.J.) and Rhodi-
asolv® DEE (Rhodia Inc., Cranbury, N.J.).

[0094] In certain other embodiments, the dibasic ester
blend comprises:

[0095] a diester of the formula IV:

av)

0 Ry;
R o~

e}

[0096] a diester of the formula V:

V)

Ry Ry

and, optionally,
[0097] a diester of the formula VI:

VD

o R
R o~

(6]
[0098] R, and/or R, can individually comprise a hydrocar-

bon having from about 1 to about 8 carbon atoms, typically,
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, n-butyl,
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isoamyl, hexyl, heptyl, or octyl. In such embodiments, the
blend typically comprises (by weight of the blend) (i) from
about 5% to about 30% of the diester of formula IV, (ii) from
about 70% to about 95% of the diester of formula V, and (iii)
from about 0% to about 10% of the diester of formula VI.
More typically, the blend typically comprises (by weight of
the blend): (i) from about 6% to about 12% of the diester of
formula 1V, (ii) from about 86% to about 92% of the diester of
formulaV, and (iii) from about 0.5% to about 4% of the diester
of formula VI.

[0099] Most typically, the blend comprises (by weight of
the blend): (1) about 9% of the diester of formula IV, (ii) about
89% of the diester of formula V, and (iii) about 1% of the
diester of formula VI. The blend is generally characterized by
a flash point 0o 98° C., a vapor pressure at 20° C. of less than
about 10 Pa, and a distillation temperature range of about
200-275° C. Mention may be made of Rhodiasolv® IRIS and
Rhodiasolv® DEE/M, manufactured by Rhodia Inc. (manu-
factured by Rhodia Inc., Cranbury, N.J.)

[0100] In another embodiment, the alternative solvent or
alternative solvent blend can include other solvents, including
but not limited to aliphatic or acyclic hydrocarbons solvents,
halogenated solvents, aromatic hydrocarbon solvents, cyclic
terpenes, unsaturated hydrocarbon solvents, halocarbon sol-
vents, polyols, alcohols including short chain alcohols,
ketones or mixtures thereof.

[0101] The dioxane compound utilized as the alternative
solvent or in the alternative solvent blend as described herein
includes those of formula (I), below:

CHzi—OH
n

0. (0]
Rs R,
[0102] inwhich: Rgand R, which are identical or different,

represent hydrogen or a C,-C,, group or radical. In one
embodiment, R, and R, are individually selected from an
alkyl group, alkenyl group or phenyl radical. In some embodi-
ments, “n” is an integer of 1,2,3,4,5,6,7,8,9,10,11 or 12.
Typically, “n” is an integer from about 1 to 4. More typically,
“n”is 1 or 2. Mention may be made of Augeo® (Rhodia Inc.,
Cranbury, N.J.).

[0103] In one particular embodiment, R and R, are radi-
cals individually selected from methyl, ethyl, n-propyl, iso-
propyl or isobutyl radical.

[0104] In one embodiment the dioxolane compound is of
formula (I) is 2,2-dimethyl-1,3-dioxolane-4-methanol. In
another embodiment, the dioxolane compound of formula (I)
is 2,2-diisobutyl-1,3-dioxolane-4-methanol (also known by
the acronym IIPG, for the synonym 1-isobutyl-isopropy-
lidene glycerol).

[0105] In one embodiment, a compound utilized as the
alternative solvent or as a component in the alternative sol-
vent blend is a compound of general formula (II):

R;00C-A-CONR R an,

[0106] According to one embodiment, the expression
“compound” denotes any compound corresponding to the
general formula (II). In other embodiments, the term “com-
pound” also refers to mixtures of several molecules corre-
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sponding to general formula (II). It may therefore be a mol-
ecule of formula (II) or a mixture of several molecules of
formula (IT), wherein both fall under the definition of the term
“compound” when referring to formula (II).

[0107] TheR,, R, and R, groups can be, in some embodi-
ments, identical or, in other embodiment, different. In one
embodiment, may be groups chosen from C,-C, alkyl, aryl,
alkaryl or arylalkyl groups or the phenyl group. In another
embodiment, may be groups chosen from C,-C,, alkyl, aryl,
alkaryl or arylalkyl groups or the phenyl group. Mention is
made especially of Rhodiasolv® PolarClean (Manufactured
by Rhodia Inc. of Cranbury, N.J.). The R, and R groups may
optionally be substituted. In one particular embodiment, the
groups are substituted with hydroxyl groups.

[0108] In one embodiment, R, group is chosen from
methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, n-pentyl,
isopentyl, isoamyl, n-hexyl, cyclohexyl, 2-ethylbutyl, n-oc-
tyl, isooctyl, 2-ethylhexyl, tridecyl groups.

[0109] R, andR,groups, whichareidentical or different, in
one embodiment, may especially be chosen from methyl,
ethyl, propyl (n-propyl), isopropyl, n-butyl, isobutyl, n-pen-
tyl, amyl, isoamyl, hexyl, cyclohexyl or hydroxyethyl groups.
The R, and Rs groups may also be such that they form,
together with the nitrogen atom, a morpholine, piperazine or
piperidine group. According to some embodiments, R, and
R, are each methyl, or R, and R are each ethyl, or R, and R
are each hydroxyethyl.

[0110] According to one embodiment, if A comprises a
linear group of formula —CH,—CH,— and/or of formula
—CH,—CH,—CH,—CH,— and/or of formula —(CH,)
s—then it is a mixture of A groups. According to one particu-
lar embodiment, if A is linear, then it is a mixture of A groups,
for example a mixture of two or three —CH,—CH,—(eth-
ylene); —CH,—CH,—CH,—(n-propylene); and —CH,—

CH,—CH,—CH,—(n-butylene) groups (or isomers
thereof).
[0111] According to a first particular embodiment of the

invention, the A group is a divalent linear alkyl group chosen
from the groups of the following formulae: —CH,—CH,—
(ethylene); —CH,—CH,—(n-propylene); —CH,—CH,—
CH,—CH,—{(n-butylene), and mixtures thereof.

[0112] According to such embodiment, the compound is a
mixture according to the following mixture of molecules:

R300C—(CH,),—CONR,Rs;
R;00C—(CH,);—CONR,Rs; and
R,00C—(CH,),—CONR,R5

[0113] According to another particular embodiment of the
invention, the A group is a divalent branched alkyl group
chosen from the groups of the following formulae: —CH
(CH;)—CH,—CH,—; —CH(C,H4)—CH,—; and, option-
ally, —CH,—CH,—CH,—CH,—; as well as mixtures
thereof.

[0114] According to such embodiment, the compound is a
mixture according to the following mixture of molecules:

R300C—CH(CH,)(CH,),—CONR,Rs;

R;00C—CH(C,H5)CH,—CONR,4R5; and, option-
ally,

R;00C—(CH,),—CONR, R
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[0115] According to one particular variant in this first
embodiment, the compound of the invention is chosen from
the following compounds:

MeOOC—CH,—CH,—CONMe,;
MeOOC—CH,—CH,—CH,—CONMe;

MeOOC—CH,—CH,—CH,—CON Me,, as a mix-
ture with MeOOC—CH,—CH,—CH,—CH,—
CON Me, and/or with MeOOC—CH,—CH,—
CON Me,.

[0116] According to another embodiment of the invention,
the A group is a divalent branched alkylene group having one
of'the following formulae (Ila), (IIb), (Ic), (I1la) and (I11b), or
a mixture of at least two groups chosen from the groups of
formulae (I1a), (ITb) and (IIc) or from the groups of formulae
(Illa) and (IIIb), or a mixture of at least two groups, one
chosen from the groups of formulae (IIa), (IIb) and (Ilc) and
the others chosen from the groups of formulae (Illa) and
(1IIb):

~—(CHR),—(CHRg),—(CHR,),—CH,—CH,— (ITa)
—CH,—CH,—(CHRy),—(CHR),—(CHR,),— (ITb)
—(CHRy),—CH,—(CHRg),—CH,—(CHRy),— (IIc)
—(CHRg),—(CHRg),—(CHR,),—CHy— (ITla)
—CH,—(CHRy),—(CHRg),—(CHRy),— (IIb)
[0117] where:
[0118] x is an integer greater than O;
[0119] v is an average integer greater than or equal to 0;
[0120] =zis an average integer greater than or equal to 0; R,

which is identical or different, is a C,-Cg, preferably C,-C,,
alkyl group; and Ry, which is identical or different, is a
hydrogen atom or a C,-Cg, preferably C,-C,, alkyl group. In
this particular embodiment, the A group is preferably a group
such thaty and z are 0.

[0121] In one embodiment, in formula (Ila) and/or in the
formula (IIb): x is 1; y and z are 0; Rg is methyl.

[0122] Inanother embodiment, in the formula (I1la) and/or
in the formula (IITb): x is 1; y and z are 0; Ry is ethyl.
[0123] According to another embodiment, the compound
of'the invention is chosen from the following compounds, and
mixtures thereof:

MeOOC-A,,-CONMe,;
MeOOC-Az-CONMe,;
PeOOC-A,,-CONMe,;
PeOOC-Ags-CONMe;
CycloOOC-A,;,5-CONMe,;
CycloOOC-A - CONMe,;
EhOOC-A;,-CONMe,;
EhOOC-Azs-CONMe,;
PeOOC-A,,-CONEL,;
PeOOC-Ags-CONEL,;

CycloOOC-A,;,45-CONEL,;
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CycloOOC-A - CONEL,;
BuOOC-A,;,5-CONEL,;
BuOOC-A g5-CONEy;
BuOOC-A ;,5-CONMe,;
BuOOC-A g5-CONMe,;
EtBuOOC-A,,5-CONMe,;
EtBuOOC-A z;-CONMe,;
#n-HeOOC-A,;,6-CONMe,;

#n-HeOOC-Az-CONMe,;

[0124] where

[0125] A,,; represents an MG, group of formula —CH
(CH;)—CH,—CH,—, or MG, group of formula —CH,—
CH,—CH(CH,)— or a mixture of MG, and MG, groups;
[0126] Ajg represents an ES, group of formula —CH
(C,H5)—CH,—, or ES, group of formula —CH,—CH
(C,Hs)— or a mixture of ES , and ES, groups;

[0127] Pe represents a pentyl group, preferably an isopen-
tyl or isoamyl group;

[0128] Cyclo represents a cyclohexyl group;
[0129] Eh represents a 2-ethylhexyl group;
[0130] Burepresents abutyl group, preferably an n-butyl or

tert-butyl group;

[0131] EtBu represents an ethylbutyl group; and
[0132] n-He represents an n-hexyl group.
[0133] It is mentioned that according to one particular

embodiment, the compound of the invention is a compound
different from the following compounds:

MeOOC—CHE-CH,—CONMe,;
MeOOC—CH,—CH(CH,)—CH,—CONMe,;
MeOOC—CH,—CH,—CH,—CONMe,; and

MeOOC—CH,—CH,—CONMe,;
[0134] if the latter are not used as a mixture with other

compounds corresponding to formula (II).

[0135] It is mentioned that according to one even more
particular variant of one or the other of the particular embodi-
ments of the invention, the compound of the invention is a
novel compound of the invention, different from the follow-
ing compounds or mixtures, if the latter, individually, are not
used as a mixture with other compounds corresponding to
formula (II):

MeOOC—CHE-CH,—CONMe,;
MeOOC—CH,—CH(CH,)—CH,—CONMe,;
MeOOC—CH,—CH,—CH,—CONMe,;
MeOOC—CH,—CH,—CONMey;

mixture of PAOOC—CH(CH;)—CH,—CONEL, and
PhOOC—CH,—CH,—CH,—CONEL;

EtOOC—CH(CH;)—CH,—CONEL;

MeOOC—CH(CH,)—CH,—CONEL;
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Me-CH(OMe)-OOC—CH(CH;)}—CH,—CONEt,;
Cyclohexyl-OOC—CH(CH;)—CH,—CONEt,;
Ph-CH,O0C—CH(CH;)—CH,—CONEt,;
p-cresyl-OOC—CH(CH;)—CH,—CONE,;

mixture of EtOOC—CHE(-CH,—CONEL,, EtOOC—
CH(CH,)—CH,—CH,—CONE, and EtOOC—
CH,—CH,—CH,—CH,—CONEL; and

MeOOC—CH,—CH(CH,)—CH,—CONH(z-butyl).

[0136] It is mentioned that according to one even more
particular variant of one or the other of the particular embodi-
ments of the invention, the compound of the invention is a
novel compound of the invention, different from the follow-
ing compounds or mixtures, if the latter, individually, are not
used as a mixture with other compounds corresponding to
formula (II):

C,Hy—0O0C—CH,—CH,—CONEt,
Ce—H,3—00C—(CH,)y—CON(C;—H,),
CgH,7—00C—(CH,);—CON(C,Hy),
CgH,7—00C—(CH,)s—CON(CgH, 7).

[0137] Inone embodiment, it is possible to use the follow-
ing compounds as a mixture with other compounds corre-
sponding to formula (II):

MeOOC—CHE-CH,—CONMe.;
MeOOC—CH,—CH(CH;)—CH,—CONMey;
MeOOC—CH,—CH,—CH,—CONMe;
MeOOC—CH,—CH,—CONMe,;

mixture of PAOOC—CH(CH,)—CH,—CONEL, and
PhOOC—CH,—CH,—CH,—CONEL);

EtOOC—CH(CH;)—CH,—CONEL,;
MeOOC—CH(CH;)—CH,—CONEt,;
Me-CH(OMe)-OOC—CH(CH;)—CH,—CONEt,;
Cyclohexyl-OOC—CH(CH;)—CH,—CONE?,;
Ph-CH,—OOC—CH(CH;)—CH,—CONEt,;
p-cresyl-OOC—CH(CH;)—CH,—CONE,;

mixture of EEOOC—CHEt-CH,—CONE?,, EtOOC—
CH(CH;)—CH,—CH,—CONEt, and EtOOC—
CH,—CH,—CH,—CH,—CONEt,;
MeOOC—CH,—CH(CH;)—CH,—CONH(#-butyl);
C,Hy—OOC—CH,—CH,—CONEt,;
Cs—H;35—00C—(CH,)s—CON(C3H7)y;

CgH, —00C—(CH,)g—CON(C4H),; and

Cg—H,7—OCC—(CH,)g—CON(CgH) ).
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[0138] It is mentioned that according to one still more par-
ticular variant of one or the other of the particular embodi-
ments of the invention, the following compounds or mixtures
are not used:

MeOOC—CHE-CH,—CONMe,;
MeOOC—CH,—CH(CH,)—CH,—CONMe,;
MeOOC—CH,—CH,—CH,—CONMe,;
MeOOC—CH,—CH,—CONMey;

mixture of PAOOC—CH(CH;)—CH,—CONEL, and
PhOOC—CH,—CH,—CH,—CONEL;

EtOOC—CH(CH;)—CH,—CONEL,;
MeOOC—CH(CH;)—CH,—CONEt,;
Me-CH(OMe)-OOC—CH(CH;)—CH,—CONEt,;
Cyclohexyl-OOC—CH(CH;)—CH,—CONE,;
Ph-CH,O0C—CH(CH;)—CH,—CONEt,;
p-cresyl-OOC—CH(CH;)—CH,—CONEt,;

mixture of EtOOC—CHEt-CH,—CONEt,, EtOOC—
CH(CH;)—CH,—CH,—CONE, and EtOOC—
CH,—CH,—CH,—CH,—CONEL; and

MeOOC—CH,—CH(CH,)—CH,—CONH(»-butyl).

[0139] It is mentioned that according to one still more par-
ticular variant of one or the other of the particular embodi-
ments of the invention, the following compounds or mixtures
are not used:

C,4Hy—OOC—CH,—CH,—CONEty;
CeH,;35—O0C—(CH,)g—CON(C3Hy),;
Cg—H,7—00C—(CH,)s—CON(C,—Hy),;
CoH —00C—(CH,)s—CON(CsH, 7).

[0140] According to one embodiment, the esteramide has a
melting point that is less than or equal to 20° C., preferably 5°
C., preferably 0° C.

[0141] Inone particular embodiment, R, is a group chosen
from saturated or unsaturated, linear or branched, optionally
cyclic, optionally aromatic hydrocarbon-based groups com-
prising an average number of carbon atoms ranging from 1 to
36. R, and Rs, which are identical or different, are groups
chosen from saturated or unsaturated, linear or branched,
optionally cyclic, optionally aromatic, optionally substituted
hydrocarbon-based groups comprising an average number of
carbon atoms ranging from 1 to 36. It is possible for R, and R
to form a ring together, and in some embodiment, the ring is
optionally substituted and/or optionally comprises a heteroa-
tom. In some embodiments, A is a linear or branched divalent
alkyl group comprising an average number of carbon atoms
ranging from 1 to 20, in some embodiments, from 2 to 12, in
other embodiments, from 2 to 8, in yet other embodiments,
from 2 to 4.

[0142] In one embodiment, the alternative solvent com-
prises amides, alkyl amides, or dialkyl amides. In an alterna-
tive embodiment, one component in the alternative solvent
blend comprises an amide, alkyl amide, and/or dialkyl amide.
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In one particular embodiment, the alternative solvent or alter-
native solvent blend is alkyldimethylamide (ADMA). The
alkyl group is a C,-Cs, alkyl group, more typically a C,-C;,
alkyl group, even more typically, a C,-C,, alkyl group. In one
particular embodiment, the alkyldimethylamide is N,N-dim-
ethyldecanamide (miscibility 0.034%) or N,N-dimethyloc-
tanamide (miscibility 0.43%), or mixtures thereof. Mention is
made especially of the compounds sold by Rhodia, Rhodi-
asolv® ADMAS810 and Rhodiasolv® ADMA10.

[0143] Insomeembodiments, the oil field formulation con-
tains suitable components apart from the alternative solvent
or alternative solvent blend. Such (non-limiting) additional
components can include at least one surfactant, proppants,
co-solvents, buffering and/or pH control agents, fragrances,
opacifying agents, anti-corrosion agents, whiteners, defoam-
ers, dyes, sudsing control agents, foaming agents, stabilizers,
chelating agents, biocides, thickeners and the like.

[0144] The surfactant can be any number of cationic,
amphoteric, zwitterionic, anionic or nonionic surfactants,
derivatives thereof, as well as blends of such surfactants.

[0145] Inone embodiment, the nonionic surfactants gener-
ally includes one or more of for example amides such as
alkanolamides, ethoxylated alkanolamides, ethylene bisa-
mides; esters such as fatty acid esters, glycerol esters, ethoxy-
lated fatty acid esters, sorbitan esters, ethoxylated sorbitan;
ethoxylates such as alkylphenol ethoxylates, alcohol ethoxy-
lates, tristyrylphenol ethoxylates, mercaptan ethoxylates;
end-capped and EO/PO block copolymers such as ethylene
oxide/propylene oxide block copolymers, chlorine capped
ethoxylates, tetra-functional block copolymers; amine oxides
such lauramine oxide, cocamine oxide, stearamine oxide,
stearamidopropylamine oxide, palmitamidopropylamine
oxide, decylamine oxide; fatty alcohols such as decyl alcohol,
lauryl alcohol, tridecyl alcohol, myristyl alcohol, cetyl alco-
hol, stearyl alcohol, oleyl alcohol, linoleyl alcohol and lino-
leny] alcohol; and alkoxylated alcohols such as ethoxylated
lauryl alcohol, trideceth alcohols; and fatty acids such as
lauric acid, oleic acid, stearic acid, myristic acid, cetearic
acid, isostearic acid, linoleic acid, linolenic acid, ricinoleic
acid, elaidic acid, arichidonic acid, myristoleic acid and mix-
tures thereof.

[0146] Inanother embodiment, the non-ionic surfactantis a
glycol such as polyethylene glycol (PEG), alkyl PEG esters,
polypropylene glycol (PPG) and derivatives thereof. In one
embodiment, the surfactant is an alcohol ethoxylate, an alkyl
phenol ethoxylate or a terpene alkoxylate. In one exemplary
embodiment, the surfactant is a C4-C,; alcohol ethoxylate
and, more typically, a C4-C, , alcohol ethoxylate.

[0147] In another embodiment, the surfactant is a cationic
surfactant. The cationic surfactant includes but is not limited
to quaternary ammonium compounds, such as cetyl trimethyl
ammonium bromide (also known as CETAB or cetrimonium
bromide), cetyl trimethyl ammonium chloride (also known as
cetrimonium chloride), myristyl trimethyl ammonium bro-
mide (also known as myrtrimonium bromide or Quaternium-
13), stearyl dimethyl distearyldimonium chloride, dicetyl
dimonium chloride, stearyl octyldimonium methosulfate,
dihydrogenated palmoylethyl hydroxyethylmonium metho-
sulfate, isostearyl benzylimidonium chloride, cocoyl benzyl
hydroxyethyl imidazolinium chloride, dicetyl dimonium
chloride and distearyldimonium chloride; isostearylamino-
propalkonium chloride or olealkonium chloride; behentrimo-
nium chloride; as well as mixtures thereof.
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[0148] In another embodiment, the surfactant is an anionic
surfactant. The anionic surfactant includes but is not limited
to linear alkylbenzene sulfonates, alpha olefin sulfonates,
paraffin sulfonates, alkyl ester sulfonates, alkyl sulfates, alkyl
alkoxy sulfates, alkyl sulfonates, alkyl alkoxy carboxylates,
alkyl alkoxylated sulfates, monoalkyl phosphates, dialkyl
phosphates, sarcosinates, sulfosuccinates, isethionates, and
taurates, as well as mixtures thereof. Commonly used anionic
surfactants that are suitable as the anionic surfactant compo-
nent of the composition of the present invention include, for
example, ammonium lauryl sulfate, ammonium laureth sul-
fate, triethylamine lauryl sulfate, triethylamine laureth sul-
fate, triethanolamine lauryl sulfate, triethanolamine laureth
sulfate, monoethanolamine lauryl sulfate, monoethanola-
mine laureth sulfate, diethanolamine lauryl sulfate, diethano-
lamine laureth sulfate, lauric monoglyceride sodium sulfate,
sodium lauryl sulfate, sodium laureth sulfate, potassium lau-
ryl sulfate, potassium laureth sulfate, sodium-monoalkyl
phosphates, sodium dialkyl phosphates, sodium lauroyl sar-
cosinate, lauroyl sarcosine, cocoyl sarcosine, ammonium
cocyl sulfate, ammonium lauryl sulfate, sodium cocyl sulfate,
sodium trideceth sulfate, sodium tridecyl sulfate, ammonium
trideceth sulfate, ammonium tridecyl sulfate, sodium cocoyl
isethionate, disodium laureth sulfosuccinate, sodium methyl
oleoyl taurate, sodium laureth carboxylate, sodium trideceth
carboxylate, sodium lauryl sulfate, potassium cocyl sulfate,
potassium lauryl sulfate, monoethanolamine cocyl sulfate,
sodium tridecyl benzene sulfonate, and sodium dodecyl ben-
zene sulfonate. Branched anionic surfactants are particularly
preferred, such as sodium trideceth sulfate, sodium tridecyl
sulfate, ammonium trideceth sulfate, ammonium tridecyl sul-
fate, and sodium trideceth carboxylate.

[0149] Any amphoteric surfactant that is acceptable for use
includes but is not limited to derivatives of aliphatic second-
ary and tertiary amines in which the aliphatic radical can be
straight chain or branched and wherein one of the aliphatic
substituents contains from about 8 to about 18 carbon atoms
and one contains an anionic water solubilizing group. Spe-
cific examples of suitable amphoteric surfactants include the
alkali metal, alkaline earth metal, ammonium or substituted
ammonium salts of alkyl amphocarboxy glycinates and alkyl
amphocarboxypropionates, alkyl amphodipropionates, alkyl
amphodiacetates, alkyl amphoglycinates, and alkyl amphop-
ropionates, as well as alkyl iminopropionates, alkyl imino-
dipropionates, and alkyl amphopropylsulfonates, such as for
example, cocoamphoacetate cocoamphopropionate, coco-
amphodiacetate, lauroamphoacetate, lauroamphodiacetate,
lauroamphodipropionate, lauroamphodiacetate, cocoam-
phopropyl sulfonate caproamphodiacetate, caproamphoac-
etate, caproamphodipropionate, and stearoamphoacetate.

[0150] Suitable zwitterionic surfactants include alkyl
betaines, such as cocodimethyl carboxymethyl betaine, lauryl
dimethyl carboxymethyl betaine, lauryl dimethyl alpha-car-
boxy-ethyl betaine, cetyl dimethyl carboxymethyl betaine,
lauryl bis-(2-hydroxy-ethyl)carboxy methyl betaine, stearyl
bis-(2-hydroxy-propyl)carboxymethyl betaine, oleyl dim-
ethyl gamma-carboxypropyl betaine, and lauryl bis-(2-hy-
droxypropyl)alpha-carboxyethyl  betaine, amidopropyl
betaines, and alkyl sultaines, such as cocodimethyl sulfopro-
py! betaine, stearyldimethyl sulfopropyl betaine, lauryl dim-
ethyl sulfoethyl betaine, lauryl bis-(2-hydroxy-ethyl)sulfo-
propyl betaine, and alkylamidopropylhydroxy sultaines.
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EXPERIMENTS

[0151] Described herein are several solvents that are less
toxic than typical alkane and glycol ethers like EGMBE.
Referring to FIG. 1, utilizing a Hansen Parameter map,
EGMBE and other glycols are compared with an alternative
solvent, or alternative solvent blend, as described herein.
Such solvent or solvent blends could be made to approach the
solvency of EGMBE or other targeted glycol, glycol ethers.

[0152] Surface Tension: Referring generally to Table 2,
interfacial tension is measured for each test solvent or solvent
blend for EGMBE-replacement. No further dilution is per-
formed on the solvent prior to measurement. Interfacial ten-
sion was measured using about 50 milliliters sample by the
ring method (Du Nouy method).

[0153] Miscibility Test: Referring generally to Tables 4-6,
the test solvent or solvent blend for EGMBE-replacement is
mixed with common solvents used in oilfield industries to
determine miscibility. For each test solvent, it is blended with
a common solvent at 50/50 volume per volume ratio. It is
shaken vigorously for about a minute and let stand for about
5 mins. A complete miscibility is recorded if there is no
formation of layers. Formation of turbid mixture or multiple
layers is recorded as immiscible or separate.

Experiment 1

Comparing EGMBE’s Wettability, Surface Tension
and Solvency

[0154]

TABLE 1

Comparing EGMBE’s wettability with alternative solvents/blends

Chemical Description Mean (°)
Water 109.2
EGMBE 45.0
Propylene Carbitol 72.0
Butyl Carbitol 50.8
Polarclean 48.9
Isopropyl Alcohol (IPA) —
Rhodiasolv IRIS 47.2
Augeo SL 191 50.5
Dowanol 29.8
90% IRIS:10% Augeo 42.5
75% IRIS:25% Augeo 40.0
45% 42.8
TPA:28% Iris:27% Augeo

45% IPA:28% Iris:27% PC 40.9
35% 44.2
Iris:35% Augeo:30% PC

90% IRIS:10% 46.7
Polarclean

75% IRIS:25% 45.4
Polarclean

50% IRIS:50% IPA 41.3
45% IPA:55% Augeo 41.8
52% IPA:48% PC 41.3
50% IRIS:50% PC 53.6
45% 42.4
TPA:28% Iris:27% Augeo

45% IPA:28% Iris:27% PC 47.2
35% 53.1

Iris:35% Augeo:30% PC




US 2013/0196885 Al Aug. 1, 2013

TABLE 2 TABLE 3
Comparing EGMBE’s surface tension with alternative . R . . .
solvents/blends Comparing EGMBE’s solubility with alternative solvents/blends. In
the tables that follow, S = separate, M = miscible.
ST
(mN/m) Dowanol POLAR AUGEO
EGMBE 26.3757 Solubility in EGMBE PnB IPA CLEAN SLI191 IRIS
Rhodiasolv IRIS 33.2946
Augeo 31.9988 .
Polarclean 33.871 Crude ol M M M S S S
90% IRIS:10% 30.02 Exxsol M M M S S S
IPA D100
o 950
Zs AA’ IRIS:25% 2641 Alpha Olefin M M M s s s
50% IRIS:50% 23.71 C1618
IPA Dodecane M M M S S S
55% Augeo:45% 24.78 (to mimic
IPA
48% PC:52% 24.68 Kerosen)
IPA isoparrafin M M M S S M
90% IRIS:10% 33.17 xylene M M M M M M
Polarclean |
75% IRIS:25% 33.77 toluene M M MM M M
Polarclean Solvesso M M M M M M
50% IRIS:50% 34.97 150 ND
Polarclean
43% TPA:28% 24.89 D-Limonene M M M M M M
Tris:27% isopropanol M M M M M M
PC
45% IPA:28% 24.67 Water M S M M M S
Tris:27% Brines S S M M M S
Augeo (Forties
35% Iris:35% Augeo:30% 33.51
FW)
PC
TABLE 4
Comparing EGMBE’s solubility with alternative solvent blends
90%
Augeo,
55%  80%AUGEO, 10%IPA 90%IRIS, 75% IRIS, 50% IRIS,
AUGEO, 20% IPA (87/13 10% 25% 50%

Solubility in ~ 45% IPA  75/25 volume  volume) Polarclean Polarclean Polarclean

Crude oil

Exxsol S S S S
D100

Alpha Olefin S S S S
C1618

Dodecane S S S S
(to mimic

Kerosen)

Isopar L M M S S S S
xylene M M M M M M
toluene M M M M M M
Solvesso M M M M M M
150 ND

D-Limonene M M M M M M
isopropanol M M M M M M
‘Water M M M S S S
Brines

(Forties

FW)
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TABLE 5
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Comparing EGMBE’s solubility with alternative solvent blends.

45% IPA
28% 35% Iris
IRIS/  AUGEO/ IRIS 35%
IRIS/AUGEO  IRIS/TPA  IRIS/IPA IRIS/IPA Carbitol Carbitol 27% Augeo
Solubility in 50/50 90/10 75/25 50/50 80/20 80/20 Augeo 30% PC
Crude oil
Exxsol S S
D100
Alpha Olefin S S
C1618
Dodecane S S
(to mimic
Kerosen)
isoparrafin S M M M S S M S
xylene M M M M M
toluene M M M M M
Solvesso M M M M M
150 ND
D-Limonene M M M M M
isopropanol M M M M M
‘Water S S S S S M M S
Brines
(Forties
FW)
TABLE 6
Blends Miscible in water and in Mud solvents (50/50 wt - room temperature).
Blend 1 Blend 2 Blend 3
(dioxolane 1 + (dioxolane + Dowanol (dioxolane +
Miscibility Butoxyethanol dioxolane 2) PnB) alkyldimethylamine)
in EGMBE 55/45 wt 76/24 wt 70/30 wt
Crude 0il  ++++++ e+ e+ e+
instantaneous  instantaneous  instantaneous instantaneous
Exxsol miscible miscible miscible miscible
D100
Alpha miscible miscible miscible miscible
Olefin
C1618
Isopar L. miscible miscible miscible miscible
xylene miscible miscible miscible miscible
D- miscible miscible miscible miscible
Limonene
Water miscible miscible miscible miscible
Safety H302 H312 H319 H315 H319 H302 H312
Risks H332 H318 H319
H315 H319
[0155] As illustrated in Table 6, the two solvent blends wherein the oil field formulation can be utilized in an oil

(Blend 1 and Blend 2) show similar solvent properties to
Butoxyethanol with a friendly ESH (environment, health and
safety) profile.
[0156] The present invention, therefore, is well adapted to
carry out the objects and attain the ends and advantages
mentioned, as well as others inherent therein. While the
invention has been depicted and described and is defined by
reference to particular preferred embodiments of the inven-
tion, such references do not imply a limitation on the inven-
tion, and no such limitation in scope is to be inferred.
1) A method for replacing glycol-based mutual solvents in
an oil field application comprising:
obtaining an alternative solvent blend; and
replacing all or a portion a glycol-based mutual solvent,
which forms a component of an oil field formulation,
with the alternative solvent,

field application.
2) The method of claim 1 further comprising the step of:

utilizing such alternative solvent blend in the oilfield appli-
cation.

3) The method of claim 1 further comprising the step of
utilizing the alternative solvent blend in a weatherizing for-
mulation.

4) The method of claim 1 wherein the glycol-based mutual
solvent is selected from glycol ethers, alkyl ethers of ethylene
glycol, alkyl ethers of propylene glycol, ethylene glycol,
EGMBE (ethylene glycol mono-butyl ether), propylene gly-
col n-butyl ether, diethylene glycol butyl ether, ethylene gly-
col monoacetate butyl carbitol, triethylene glycol monoethyl
ether, 1,1'-oxybis(2-propanol), triethylene glycol monom-
ethyl ether, triglyme or diglyme.
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5) The method of claim 1 wherein the oil field application
is a well treatment fluid, a fracturing fluid, a stimulation fluid,
aworkover fluid, a slickwater fluid, a carrier fluid, or a diluent
of actives.

6) The method of claim 1 wherein the alternative solvent
blend comprises at least one component selected from the
group consisting of

a) dialkyl methylglutarate;

b) a first blend of: dialkyl methylglutarate, dialkyl ethyl-
succinate and, optionally, dialkyl adipate;

¢) a second blend of: dialkyl adipate, diallyl glutarate and
diallyl succinate;

d) a dioxolane compound of formula

CHzi—OH
n

0. (0]

@

R¢ R;

wherein R and R, which may be identical or different, is
individually a hydrogen, an alkyl group, an alkenyl
group, a phenyl group, wherein n is an integer of from 1
to 10;

e) a compound or mixture of compounds having formula
1D):

R;00C-A-CONR R an,

wherein R; is a group chosen from saturated or unsatur-
ated, linear or branched, optionally cyclic, optionally
aromatic hydrocarbon-based groups comprising an
average number of carbon atoms ranging from 1 to 36;
wherein R, and R, which are identical or different, are
groups chosen from saturated or unsaturated, linear or
branched, optionally cyclic, optionally aromatic,
optionally substituted hydrocarbon-based groups com-
prising an average number of carbon atoms ranging from
1 to 36, it being possible for R, and R to optionally
together form a ring, that is optionally substituted; and
wherein A is a linear or branched divalent alkyl group
comprising an average number of carbon atoms ranging
from 2 to 12, typically from 2 to 4;

1) an alkyldimethylamine;
g) a C,-C, alcohol; and
h) any combination thereof.

7) The method of claim 1 wherein the alkyldimethylamine
is N,N-Dimethyldodecylamine and wherein the C,-C, alco-
hol is isopropyl alcohol.

8) The method of claim 1 wherein the alternative solvent
blend comprises:

a) a first blend comprising dialkyl methylglutarate and
diallyl ethylsuccinate;
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b) a dioxolane compound of formula I:

CHzi—OH
n

O (0]

@

R¢ Ry

wherein R and R, which may be identical or different, is
each individually a hydrogen, an alkyl group, an alkenyl
group, a phenyl group, wherein n is an integer of from 1
to 10; and

e) a compound or mixture of compounds having formula
1D):

R;00C-A-CONR R an,

wherein R; is a group chosen from saturated or unsatur-
ated, linear or branched, optionally cyclic, optionally
aromatic hydrocarbon-based groups comprising an
average number of carbon atoms ranging from 1 to 36;
wherein R, and R, which are identical or different, are
groups chosen from saturated or unsaturated, linear or
branched, optionally cyclic, optionally aromatic,
optionally substituted hydrocarbon-based groups com-
prising an average number of carbon atoms ranging from
1 to 36; wherein A is a linear or branched divalent alkyl
group comprising an average number of carbon atoms
ranging from 2 to 12.

9) An alternative solvent blend composition for use in
oilfield applications, the alternative solvent blend composi-
tion selected from the group consisting of:

a) dialkyl methylglutarate;

b) a first blend of: dialkyl methylglutarate, dialkyl ethyl-

succinate and, optionally, dialkyl adipate;

¢) a second blend of dialkyl adipate, dialkyl glutarate and

dialkyl succinate;

d) a dioxolane compound of formula I:

CHzi—OH
n

0. (0]

@

Re Ry

wherein R and R, which may be identical or different, is
individually a hydrogen, an alkyl group, an alkenyl
group, a phenyl group, wherein n is an integer of from 1
to 10;

a compound or mixture of compounds having formula (II):
R;00C-A-CONR R (1w,

wherein R; is a group chosen from saturated or unsatur-
ated, linear or branched, optionally cyclic, optionally
aromatic hydrocarbon-based groups comprising an
average number of carbon atoms ranging from 1 to 36;
wherein R, and R, which are identical or different, are
groups chosen from saturated or unsaturated, linear or
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branched, optionally cyclic, optionally aromatic,
optionally substituted hydrocarbon-based groups com-
prising an average number of carbon atoms ranging from
1 to 36; and

wherein A is a linear or branched divalent alkyl group
comprising an average number of carbon atoms ranging
from 2 to 12;

1) an alkyldimethylamine;

g) a C,-C, alcohol; and

h) any combination thereof,

wherein the alternative solvent blend is used in place of all

or a portion a glycol-based mutual solvent which forms
a component of an oil field formulation utilized in an oil
field application.

10) The composition of claim 9 wherein the alkyldimethy-
lamine is N,N-Dimethyldodecylamine and wherein the
C,-C, alcohol is isopropyl alcohol.

11) The composition of claim 9 wherein the glycol-based
mutual solvent is selected from glycol ethers, alkyl ethers of
ethylene glycol, alkyl ethers of propylene glycol, ethylene
glycol, EGMBE (ethylene glycol mono-butyl ether), propy-
lene glycol n-butyl ether, diethylene glycol butyl ether, eth-
ylene glycol monoacetate, butyl carbitol, triethylene glycol
monoethyl ether, 1,1'-oxybis(2-propanol), triethylene glycol
monomethyl ether, triglyme or diglyme.

12) The composition of claim 9 wherein the oil field appli-
cation is a well treatment fluid, a fracturing fluid, a stimula-
tion fluid, a workover fluid or a slickwater fluid.

13) A method for replacing glycol-based mutual solvents
in an oil field application comprising:

obtaining an alternative solvent;

utilizing the alternative solvent in place of all or a portion a

glycol-based mutual solvent, which forms a component
of an oil field formulation utilized in an oil field appli-
cation.

14) The method of claim 13 wherein the alternative solvent
is selected from the group consisting of:

a) dialkyl methylglutarate;

b) a first blend of: dialkyl methylglutarate, dialkyl ethyl

succinate and dialkyl adipate;

¢) a second blend of dialkyl adipate, dialkyl glutarate and

dialkyl succinate;

d) a dioxolane compound of formula I:

CHZ-I—OH
n

0. (0]

@

R¢ Ry

wherein R and R, which may be identical or different, is
individually a hydrogen, an alkyl group, an alkenyl
group, a phenyl group, wherein n is an integer of from 1
to 10;

e) a compound or mixture of compounds having formula
1D):

R;00C-A-CONR R an,

wherein R; is a group chosen from saturated or unsatur-
ated, linear or branched, optionally cyclic, optionally
aromatic hydrocarbon-based groups comprising an
average number of carbon atoms ranging from 1 to 36;
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wherein R, and R, which are identical or different, are
groups chosen from saturated or unsaturated, linear or
branched, optionally cyclic, optionally aromatic,
optionally substituted hydrocarbon-based groups com-
prising an average number of carbon atoms ranging from
1to 36; and

wherein A is a linear or branched divalent alkyl group

comprising an average number of carbon atoms ranging
from 2 to 12; and

f) an alkyldimethylamine;

g) a C,-C, alcohol; and

h) any combination thereof.

15) The method of claim 13 wherein the alkyldimethy-
lamine is N,N-Dimethyldodecylamine and wherein the
C,-C, alcohol is isopropyl alcohol.

16) The method of claim 13 wherein the glycol-based
mutual solvent is selected from glycol ethers, alkyl ethers of
ethylene glycol, alkyl ethers of propylene glycol, ethylene
glycol, EGMBE (ethylene glycol mono-butyl ether), propy-
lene glycol n-butyl ether, diethylene glycol butyl ether, eth-
ylene glycol monoacetate, butyl carbitol, triethylene glycol
monoethyl ether, 1,1'-oxybis(2-propanol), triethylene glycol
monomethyl ether, triglyme or diglyme.

17) The method of claim 13 wherein the oil field applica-
tion is a well treatment fluid, a fracturing fluid, a stimulation
fluid, a workover fluid or a slickwater fluid.

18) The method of claim 1 wherein the first blend com-
prises:

(1) a first dibasic ester of formula:

@

Ry

¢}

(ii) a second dibasic ester of formula:

an

Ry,

and
(ii1) a third dibasic ester of formula:

(I

(0] Ry,
R o~

e}

wherein R, and R, individually comprise a hydrocarbon
group selected from methyl, ethyl, propyl, isopropyl,
n-butyl, pentyl, isoamyl, hexyl, heptyl or octyl.
methyl glutarate and dialky] ethylsuccinate.
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