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ABSTRACT
A foam-fluid composition for use in foam fracture applications and foam slurry transport comprises a thickening amount of a viscoelastic surfactant composition, a
functionally effective amount of a surfactant composition capable of forming a foam, and an aqueous liquid.
Foam-fluid formulations are easily prepared, reusable,
shear stable, easily pumped and form stable foams over
a wide temperature range and exhibit high viscosities
even at relatively high temperatures.

wells, foam slurry for transportation of solid dispersions
such as pigment, mineral, coal or sand; and the l i e .
Also of interest are those industrial processes using
aqueous foams such as printing, dyeing, sizing such
CROSS-REFERENCE T O RELATED
5 for carpet-back sizing; or binding of textiles and papers;
APPLICATION
numerous acid cleaning applications: cleaninn metals
such as aluminum which areused in the constGction of
This is a continuation of U.S. patent application, Ser.
aircraft, railroad cars and the l h ; cleaning scale from
No. 07/199,486 filed May 27, 1988 (now abandoned)
heat exchangers and kettles; in fire fighting applications;
which is a continuation-in-part of U.S. patent applicaand the like.
tion, Ser. No. 06/685,530, filed Dec. 24, 1984, (now
abandoned).
DETAILED DESCRIPTION O F THE
BACKGROUND O F THE INVENTION
INVENTION
The present invention relates to thickened aqueous
As used herein, the term "fluid" refers to those fluid
compositions, and in particular, to those compositions IS materials which can be employed in order to foam fluid
that can provide a foam.
compositions. Most preferably, the fluid is an aqueous
Foams are defined as dispersions of gas in a liquid and
liquid. As Used herein, the term "'aqueous liqsdwrefers
are finding numerous uses in a wide variety of industrid
to those liquids which contain water. Included within
applications. Typically, foamed compositions can be
the term are aqueous solutions of inorganic salts and
prepared by contacting an aqueous liquid with surfac- 20 aqueous alkaline or aqueous acidic solutions. Other
rants. Such ~ 0 m p o ~ i t i 0have
n ~ Very low viscosities.
exemplary aqueous liquids include mixtures of water
Such low viscosities lead to poor foam stability and
and a water-miscible liquid such as lower dkanols, e.g.,
foam strmgth. 1n order to increase the viscosity of such
methanol, ethanol or propanol; glycols and polyglycols
d, the like, provided that such water-miscible liquids
compositions, it has become common practice to incorporate thickening amounts polymeric materials
25 are employed in amounts that do not deleteriously afsuch compositions. Unfortunately, the viscosities of
fect the viscoelastic properties of the aqueous liquid.
such compositions can change substantially with variaAlso included are emulsions of immiscible liquids in the
tions in temperature; and such compositions are shear
aqueous liquid, aqueous slurries of solid
degradable, can have short shelf lives, are difficult to
such ss sand or other
corrosion ~ i b i t o r s ,
handle, and can leave a polymeric fim Or
after 30 biocides or other toricants, md the like. ln general,
use in a particular application.
however, water and aqueous alkaline, aqueous acidic or
In view of the deficiencies of the prior art, it would be
aqueousinorganic
solutions (i.e., brine solutions) are
highly desirable to provide a foam fluid composition
most
beneficially
employed
as the aqueous liquid
which can be easily formulated to provide foam compothe salt concentration less
&ions having good shear stabiity, and substantial sta- 35 herein.
than about 75 percent by weight of the solution. For
biiity over a range of temperatures.
some applications it is desirable to employ a concenSUMMARY OF THE INVENTION
trated acid solution such as a hydrochloric acid solution. For numerous applications the electrolyte concenme present
invention is a foam fluid
a thickening amount of a viscoelastic surfac- 40 tration is less than 5 percent by weight of the solution.
tant, a functionally effective amount of a surfactant
For many applications the aqueous liquid is water.
Traditionally, engineers and scientists have been concapable of forming a foam and an aqueous liquid.
cerned with two Separate and distinct classes of mateIn another aspect, the present invention & a method
rials-the viscous fluid and the elastic solid. The simple
for producing a foam, the method comprising contacting a thickening amount of a viscoelastic surfactant, a 45 linear engineering models, Newton's law for flow and
functionally effective amount of a surfactant capable of
Hooke's law for elasticity, worked well because tradiforming a foam, and an aqueous liquid and subjecting
tional matex'ials (e.g., Water, motor oil, and steel) fell in
said foam fluid composition to foaming conditions.
one of these two categories. However, as polymer sciThe composition of the present invention provides a
ence developed, scientists realized that these two catestable foam which are easily formulated and handled. 50 gories represented only the extremes of a broad specSpecifically, the foam fluid compositions of this inventrum of material properties, and that polymers fell
tion do not permanently shear degrade and can be resomewhere in the middle. As a result, polymer melts
foamed indefinitely. The foams derived from said comand solutions were characterized as "liviscoelastic". As
positions are stable over a wide temperature range and
employed in that context, the term "viscoelastic" refers
the compositions can exhibit desirably high viscosities 55 to polymers that exhibit a combination of viscous (liquid-like) and elastic (solid-like) properties.
even at relatively high temperatures. The foams can
support high amounts of dispersed solids and are subseAS the terms is applied to liquids, "viscoelastic"
quently useful for supporting materials such as sand.
means a viscous liquid having elastic properties, i.e., the
The foam fluids are highly stable and exhibit essentially
liquid at least partially returns to its original form when
no shelf life problems. The foam fluid compositions can 60 an applied stress is released. The property of viscoelasbe easily handled and easily pumped through conventicity is well-known in the art and reference is made to
tional apparatus. The foams which form the foam fluids
H. A. Barnes et al., Rheol. Acta, 1975 14, pp. 53-60 and
are essentially non-film-forming and do not leave an
S. Gravsholt, Journal of Coll. and Intei.face Sci, 57 (3)
insoluble residual film after the foam has been used.
pp. 575-6 (1976), which are hereby incorporated by
The compositions of this invention have a wide van- 65 reference for a definition of viscoelasticity and tests to
ety of uses. Of particular interest are enhanced oil redetermine whether a liquid possesses viscoelastic propcovery applications such as acidizing applications and
erties. Of the test methods specified by these references,
in particular foam fracture applications in oil and gas
one test which has been found to be most useful in
VISCOELASTIC SURFACTANT BASED FOAM
FLUIDS
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determining the viscoelasticity of an aqueous solution
reference is made thereto for the purposes of this invenconsists of swirling the solution and visually observing
tion. Illustrative of references which teach viscoelastic
whether the bubbles created by the swirling recoil after
surfactants are U.S. Pat. Nos. 361,213; 3,273,107;
the swirling is stopped. Any recoil of the bubbles indi3,406,115; 4,061,580 and 4,534,875.
cates viscoelasticity. This has been the traditional test 5
The viscoelastic surfactants can be either ionic or
for many years. It is possible to quantify the degree of
nonionic. In general, an ionic viscoelastic surfactant
viscoelasticity a liquid possesses by measuring the time
comprises a surfactant compound having a hydrophorequired for the recoil motion to Stop, as described in an
bic moiety chemically bonded to an ionic, hydrophilic
article by J. ash, J. of Appl. Chem~6PP. 540 (1956).
moiety (hereinafter referred to as a "surfactant ion")
The phenomenon of viscoelasticity has been discov- 10 and an mount
type ofa counterion
having a moiety
ered in certain aqueous surfactant solutions. Surfactants
capable of associating with the surfactant ion sufficient
consist of molecules containing both polar and nonto form a viscoelastic surfactant.A noionic viscoelaspolar groups. They have a strong
at
tic surfactant comprises a surfactant ion having a hydroliquid-air surfaces, liquid-liquid, or liquid-solid interphobic moiety chemically bonded to a nonionic, hydrofaces and thereby lower surface or interfacial tension. 15 pMic moiety.
Solutions of a surfactant may also form micelleswhkh
Eramples of ionic surfactant
are repreare organized aggregates of the surfactant. A selected
sented by the formula:
group of surfactant solutions also impart viscoelasticity
to the solution as well. (See S. Gravsholt, J. Coll. and
R I ( Y @ ) X ~RO~~( z @ ) A ~
Interface Sci, 57 (3) pp. 575-6 (1976), for a study of 20
various surfactant compositions that impart viscoelaswherein R~(Y@)and ~ ~ ( represent
~ 8 1surfactant ions
ticity to the aqueous solutions.) However, typical surhaving a hydrophobic moiety represented by R~and an
factant compositions will not inherently possess viscoionic, solubilgmg moiety represented by the cationic
elastic properties. As reported in H. Hoffman, Advances
moiety
or the anionic moiety (Zg) chemically
in COIL and Interface Sci. 17 pp. 276 (19821, surfactant 25 bonded thereto. xgand
the counterions associcompositions that impart viscoelastic properties to the
ated with the surfactant ions.
solutions are rare. Therefore, although all surfactant
In general, the hydrophobic moiety (i.e., R1)of the
compositions will reduce surface tension, few will imsurfactant ion is hydrocarbyl or inertly substituted hypart viscoelasticity.
drocarbyl wherein the term "inertly substituted" refers
Viscoelasticity is caused by a different type of micelle 30 to hydrocarbyl radicals having one or more substituent
formation than the usual spherical micelles formed by
groups, e.g., halo groups such as -F, -C1 or -Br or
most surfactants. Viscoelastic surfactants form rod-like
chain linkages, such as a silicon linkage (-Si-),
which
or cylindrical micelles in solution. Although cylindrical
are inert to the aqueous liquid and components conmicelles and sgherical micelles have about the same
the h ~ d r o c a r b ~ l
is an
diameter of MA, cylindrical micelles can reach 1,000 to 35 tained therein'
aralk~lgroup Or a long chain a l k ~or
l inertly substituted
2,000 A in length and contain hundreds or thousands of
d k ~ l s which a l k ~group
l
is generally linear and have at
individual surfactant molecules. This high degree of
least about 12,
at least about
carbon
association requires a specific set of conditions that can
atoms. Representative long chain
and alken~l
only be achieved by matching the surfactant composition with a suitable solution environment. Factors 4 8rOUPS include d o d e c ~ flaur~l),
l
tetradecyl (myristyl),
hexadec~l(cetyl), octadecenyl (oleyl), octadecyl (steawhich change the solution environment include the
type and concentration of electrolyte and the structure
e l ) and the derivatives of low^ coca and soya. Preand concentration of organic compounds present. A
ferred alkyl and alkenyl grouPsare generally alkyl and
alken~lgroups having from about 14 to about 24 carbon
surfactant composition may form cylindrical micelles in
one solution to impart viscoelastic properties to it and 45 atoms*with octadecyl, hexadecyl, erucyl and tetradecyl
form spherical micelles in another solution. The solubeing the ~ ~ ~preferred.
ost
tion with the spherical micelles will exhibit normal
The cationic, hydropuic moieties (groups), i.e.,
surfactant behavior and not exhibit viscoelastic proper(Ye), are generally onium ions wherein the term "ioties. A determination of whether a solution is viscoelasnium ions" refers to a cationic group which is essentic can easily be determined by empirical evaluation as 50 t i d y completely ionized in water over a wide range of
pH, e.g., pH values from about 2 to about 12. Represendescribed herein.
The formation of long, cylindrical micelles creates
tative onium ions include quaternary ammonium
groups, i.e., -N@O(R)s; tertiary sulfonium groups, i.e.,
useful rheological properties. First, the liquids containing such viscoelastic surfactants often exhibit reversible
-S@(R)2; quaternary phosphonium groups, i.e., -Pshear thinning behavior. This means that under condi- 55 @O(R)3and the like, wherein each R is individually a
hydrocarbyl or inertly substituted hydrocarbyl. In additions of high stress, such as when the composition is
tion, primary, secondary and tertiary amines, i.e.,
sprayed though a nozzle or sheared in a pump, the composition will exhibit low viscosity. When the conditions
-NH2, -NHR or -N(R)2, can also be employed as
of high stress are replaced, with conditions of low
the ionic moiety if the pH of the aqueous liquid being
stress, such as obtained when the composition has left 60 used is such that the m i n e moieties will exist in ionic
the nozzle and is subjected to atmospheric conditions,
form or at least partially in ionic form. A pyridinium
the composition will exhibit high viscosity. Secondly,
moiety can also be employed. Of such cationic groups,
viscoelastic surfactants will remain stable despite rethe surfactant ion of the viscoelastic surfactant is prefer~ e a t e dhigh shear applications. Alternatively, typical
ably prepared having quaternary ammonium, i.e.,
polymeric thickeners will irreversibly degrade when 65 -N@(R)3; a pyridinium moiety; an aryl- or alkaryl
subjected to high shear.
pyridinium; or imidazolinium moiety; or tertiary amine,
Surfactants which are capable of imparting viscoelas-Nm)2 groups wherein each R is independently an
tic properties to a fluid are well-known in the art and
alkyl group or hydroxyalkyl group having from 1 to
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about 4 carbon atoms, with each R preferably being
methyl, ethyl or hydroxyethyl.
Representative anionic, solubilizing moieties (groups)
(Ze) include sulfate groups, i.e., -OS03e, ether SUIfate groups, sulfonate groups, i.e. -Sole, carboxylate 5
groups, phosphate groups, ~ h o s ~ h o n a tgroups,
e
and
~ h o s ~ h o n igroups.
te
Of such anionic groups, the surfactant ion of the visC.OClastic surfactants is-preferably
prepared having a carboxylate or sulfate group. For
purposes of this invention, such anionic solubilizing 10
moieties are less preferred than cationic moieties.
nuoroaliphatic species
in the
practice of this invention include organic compounds
represented by the formula:
R/Z1

.
-

IS

6

group" is A r 0 e and Ar represents an aromatic ring or
inertly substituted aromatic ring. Representative of
such anionic counterions which, when employed with a
cationic surfactant ion, are capable of imp&g
elastic properties to an aqueous liquid include various
aromatic carboxylates such as o-hydroxybenzoate; mor p-chlorobenzoate, methylene bis-salicylate and 3,4-,
3,s- or 2,&dich]orobemoate; aromatic sulfonates
as p-toluene sulfonate and naphthalene suifonate; phenoxides, particularly substituted phenoxides; and the like,
where such counterions are soluble; or &amino-3,5,6trichloropicolinate. Alternatively, the cationic counterions canmnUio an oniumion,
preferably a quaterr
nary ammonium group. Representative cationic countenons containing a quaternary ammonium group include benzyl trimethyl ammonium or akyl trimethyl
ammonium wherein the alkyl group is advantageously
~ c f ~d el c, ~ ldodec~l,
*
erucyl, and the like; and amines
as cyclohexyl amine. It is highly desirable to avoid
stoichiometric amounts of surfactant and counterion
when the alkyl group of the counterion is large. The use
of a cation as the counterion is generally less referred
than the use of an anion as the counterion. Inorganic
counterions, whether anionic or cationic, can also be
employed.
The specific type and amount of surfactant ion and
the counterion employed to prepare a viscoelastic surfactant are interrelated and are selected such that the
combination imparts viscoelastic properties to an aqueous liquid. The combinations of surfactant ions and the
counterions which will form a viscoelastic surfactant
will vary and are easily determined by the test methods
hereinbefore described.
Of the various surfactant ions and counterions which
can be employed in preparing a viscoelastic surfactant,
the preferred viscwlastic surfactants include those represented by the formula:

wherein Ryis a saturated or unsaturated fluoroaliphatic
moiety, preferably containing a F3C- moiety and Zl is
an ionic moiety or potentially ionic moiety. The 20
fluoroaliphatics can be peduorocarbons. Suitable mionic and cationic moieties will be described hereinafter.
The fluoroaliphatic moiety advantageously contains
from about 3 to about 20 carbons wherein all can be
fully fluorinated, preferably from about 3 to about 10 of 25
such carbons. This fluoroaliphatic moiety can be linear,
branched or cyclic, preferably linear, and can contain
an occasional carbon-bonded hydrogen or halogen
other than fluorine, and can coctain an oxygen atom or
a trivalent nitrogen atom bonded only to carbon atoms 30
in the skeletal chain. More preferable are those linear
perfluoroaliphatic moieties represented by the formula:
CnFtn+iwhereinn is in the range of about 3 to about 10.
Most preferred are those linear perfluoroaliphatic moieties represented in the paragraphs below.
35
The fluoroaliphatic species can be a cationic perfluorocarbon and is preferably selected from the group
consisting of CF3( CF2)802NH(CH2)sN@R"3xe;
RflH2CH2SCH2CH2N@R"3Xe
and
CF3
(CF2),CONH(CH2)sN@R"3Xe;wherein Xeis a counR
terion described hereinafter, R" is lower alkyl contain- 40
I
ing between I and about 4 carbon atoms, r is about 2 to
c H ~ ~ c H ~ % N @ - R Xe
I
about 15, preferably about 2 to about 6, and s is about 2
R
to about 5. Examples of other preferred cationic perfluorocarbons, as well as methods of preparation, are
wherein n is an integer from about 13 to about 23, prefthose listed in U.S. Pat. No. 3,775,126.
erably an integer from about 15 to about 21; each R is
The fluoroaliphatic species can be an anionic perindependently hydrogen or an alkyl group, or alkylaryl,
fluorocarbon and is preferably selected from a member
or a hydroxyalkyl group having from 1 to about 4 carof the group consisting of CF3(CF2)pS020eA@, bon atoms, preferably each R is independently methyl,
CF3(CF2)pCOOeA@,
CFS(CF~)~SO~NH(CH~)hydroxyethyl, ethyl or benzyl, and X e is o-hydroxy
$O208A@ and CF3(CF2)pS02NH(CH2)&0OeA@;
benzoate,
m- or phalobenzoate or an akylphenate
wherein p is from about 2 to about 15, preferably about
wherein
the
alkyl group is advantageously from 1 to
2 to about 6, q is from about 2 to about 5, and A@ is a
about 4 carbon atoms. In addition, each R can form a
counterion described hereinafter. Examples of other
pyridinium moiety. Especially preferred surfactant ions
preferred anionic perfluorocarbons, as well as methods
include cetyl trimethyl ammonium, oleyl trimethyl amof preparation, are illustrated in U.S. Pat. No. 3,172,910.
monium, erucyl trimethyl ammonium and cctyl pyridinThe counterions (i.e.. X@or A@)associated with the
ium.
surfactant ions are Loit suitably idnically charged, orOther preferred viscoelastic surfactants include those
ganic materials having ionic character opposite that of
represented by the f~rmula:
the surfactant ion, which combination of counterion
and surfactant ion imparts viscoelastic properties to an 60
aqueous liquid. The organic material having an anionic
!I
character serves as the counterion for a surfactant ion
CF~~CFZS;;SO~NH+CH~,~N@-R
Xe
having a cationic, hydrophilic moiety, and the organic
I
R
material having a cationic character serves as the counterion for the surfactant ion having an anionic, hydro- 65
c herein n is an integer from about 3 to about 15, preferphilic moiety. In general, the preferred counterions
ably from about 3 to about 8; m is an integer from about
exhibiting an anionic character contain a carboxylate,
2 to about 10, preferably from about 2 to about 5; R is as
sulfonate or phenoxide group wherein a "phenoxide
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"thicken") the fluid as it is employed in foamed fluid
previously defined, most preferably methyl; and Xe is
applications. The specific viscoelastic surfactant emas previously defined.
The viscoelastic surfactants are easily prepared by
ployed and the concentration thereof in the fluid are
admixing the basic form of the desired cationic surfacdependent on a variety of factors including solution
tant ion (or acidic form of the desired anionic surfactant 5 composition, temperature, and shear rate to which the
ion) with an amount of the acidic form of the desired
flowing fluid may be subjected. In general, the concencationic counterion (or the basic form of the desired
tration of any specific viscoelastic surfactant most adanionic counterion). Alternatively, the desired amounts
vantageously employed herein is easily determined by
of the salts of the cationic surfactant ion and the anionic
experimentation. In general, the viscoelastic surfactant
counterion (or desired amounts of the anionic surfactant 10 compositions are preferably employed in amounts rangion and cationic counterion) can be admixed to form the
ing from about 0.1 to about 10 weight percent based on
desired viscoelastic surfactant. See, for example, the
the weight of the surfactant composition and fluid. The
procedures described in U.S. Pat. No. 2,541,816.
viscoelastic surfactant composition is more preferably
Depending on the specific surfactant ion and counteremployed in amounts from about 0.5 to about 5 percent
ion associated therewith, less than a stoichiometric IS based on the weight of the fluid and the viscoelastic
amount of the counterion can be employed to impart
surfactant composition.
viscoelastic properties to a liquid. For example, when
Typically, the viscosity of the foam fluid composition
the surfactant ion is a long chain alkyl bonded to a
ranges over a wide range of viscosities. The viscosity of
quaternary ammonium and the counterion is an arosaid composition can vary and will depend upon the
matic salicylate, although greater than stoichiometric 20 application, and can range from thicker than that of the
amounts of an electrolyte which generates, upon dissoliquid to which-the surfactant components are added to
ciation, a salicylate anion, can be employed, water and
too thick to measure.
other aqueous liquids can be effectively thickened using
As mentioned, the viscoelastic surfactant can be prepared using greater than stoichiometric amounts of an
stoichiometric or even lesser amounts of the electrolyte.
In fact, when the counterion contains an alkyl group 25 electrolyte having an ionic character opposite to that of
which is greater than about 4 carbon atoms, lesser than
the surfactant ion and which is capable of being associstoichiometric amounts of the counterion are advantaated as a counterion (e.g., an organic counterion) with
geously employed. However, in many instances, particthe surfactant ion and, in some cases, greater than stoiularly when the counterion is an inorganic ion such as
chiometric amounts may be required to actually impart
chloride ion, viscoelastic properties are imparted to an 30 viscoelastic properties to the fluid.
aqueous liquid only when an electrolyte is employed in
In addition, the use of additional amounts of electrostoichiometric excess. For example, in such instances,
lyte will allow the fluid to maintain its viscosity or
the surfactant may not impart desired viscoelastic propelasticity at a higher temperature than if no additional
erties to water, but will impart desired viscoelastic
electrolyte is employed. Such electrolytes most suitably
properties to a salt solution such as brine. As the term is 35 employed herein include those containing an ion (e.g.,
used herein, "viscoelastic surfactant" refers, if the counorganic ion) which, when associated with the surfactant
terion is employed in stoichiometric or lesser amounts,
ion, forms a viscoelastic surfactant. In general, electroonly to the surfactant ion and that amount of counterion
lytes (including salts, acids and bases) which form, upon
actually employed or, if more than stoichiometric
dissociation, organic ions opposite in charge to the suramounts of electrolyte are employed to the surfactant 40 factant ion are preferred. For example, an organic elecion and the stoichiometric amount of counterion (i.e., it
trolyte which, upon dissociation, forms an anion will
excludes the excess amount, if any, of electrolyte).
further increase the viscosity of a fluid containing a
In general, surfactant compounds having a hydroviscoelastic surfactant having a cationic surfactant ion.
phobic moiety chemically bonded to a nonionic. hydroExamples of such anionic organic electrolytes include
philic moiety are those nonionic surfactants which ex- 45 the alkali metal salts of various aromatic carboxylates
hibit a viscoelastic character, and are typically desuch as the alkali metal aromatic carboxylates, e.g.,
scribed in U.S. Pat. No. 3,373,107; and those alkylsodium salicylate, potassium salicylate and disodium
phenyl ethoxylates as are described by Shinoda in Solmethylene-bis(salicy1ate);alkali metal ar-halobenzoates,
vent Properties of Surfactant Solutions, Marcel Dekker,
e.g., sodium p-chlorobenzoate, potassium m-chlorobenInc. (1967), which are incorporated herein by reference. 50 zoate, sodium 2,4-dichlorobenzoate and potassium 3,sPreferred nonionic surfactants are those tertiary amine
dichlorobenzoate; aromatic sulfonic acids such as p-toloxide surfactants which exhibit viscoelastic character.
uene sulfonic acid and the alkali metal salts thereof;
In general, the hydrophobic moiety can be represented
naphthalene sulfonic acid; substituted phenols, e.g.,
as the previously described R1.It is understood that the
ar,ar-dichlorophenols, 2,4,5-trichlorophenol, t-butylnonionic surfactant can be employed in the process of 55 phenol, t-butylhydroxyphenol, ethylphenol, and the
this invention in combination with an additional amount
like.
of an electrolyte as described hereinafter. It is also desirAlternatively, a cationic organic electrolyte which,
upon dissociation, forms a cation is also useful to further
able to employ an additive such as an alkanol in the
aqueous liquid to which the nonionic surfactant is added
increase the viscosity of a fluid containing a viscoelastic
60 surfactant having an anionic surfactant ion. While catiin order to render the surfactant viscoelastic.
Other viscoelastic surfactants which can be emonic organic electrolytes are less preferred than the
ployed in the process of this invention include the zwitaforementioned anionic organic electrolytes, examples
terionic surfactant systems such as are described by D.
of suitable cationic electrolytes include the quaternary
Saul et al., J. Chem. Soc, Faraday Trans., 1 (1974) 70(1),
ammonium salts such as alkyl trimethyl ammonium
65 halides and alkyl triethyl ammonium halides wherein
pp 163-170.
The viscoelastic surfactant (whether ionic or nonthe alkyl group advantageously contains 4 to 22 carbons
ionic in character) is employed in an amount sufficient
and the halide advantageously is chloride; aryl and
to to measurably increase the viscosity of (i.e.,
aralkyl trimethyl ammonium halides such as phenyl
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trimethyl and benzyl trimethyl ammonium chloride;
alkyl trimethyl phosphonium halides and the like. Also
desirable is cyclohexylamine. It is highly desirable to
avoid stoichiometric amounts of surfactant and counterion when the alkyl group of the counterion is large (i.e., 5
greater than about 8).
Preferably, the electrolyte is the same or aenerates
the same ion associated with the surfactant ion of the
viscoelastic surfactant contained by the aqueous liquid,
e.g., alkali metal salicylate is advantageously employed 10
as the additional organic electrolyte when the viscoelastic surfactant is originally prepared having a salicylate
counterion. Therefore, the most preferred organic electrolytes are the alkali metal salts of an aromatic carboxylate or an aromatic sulfonate, for example, sodium 15
salicylate or sodium p-toluene sulfonate. However, it is
also understood that the electrolyte can be different
from the counterion which is employed.
The concentration of the additional (e.g., organic)
electroiyte required in the fluid to impart the further 20
increase in viscoelasticity and increase the temperature
to which the fluid will maintain its viscosity is dependent on a variety of factors including the particular
fluid, viscoelastic surfactant and electrolyte employed,
and the achieved viscosity. In general, the concentra- 25
tion of the additional electrolyte will range from about
0.1 to about 20, preferably from about 0.5 to about 5,
moles per mole of the viscoelastic surfactant ion. It is
understood that if additional counterion is employed to
provide the aforementioned properties to the composi- 30
tion, the amount of foaming which the composition
exhibits can be reduced.
Foaming properties can be provided to the foam fluid
composition using a surfactant which is capable of
forming a foam. In general, the surfactants which are 35
capable of forming a foam-are not capable of forming a
viscoelastic surfactant. Alternatively, but less preferably, a surfactant which is capable of forming a viscoelastic surfactant can be employed at conditions at
which the surfactant exhibits a greater propensity for 40
forming a foam than for forming a viscoelastic surfactant. For example, a combination of a surfactant containing an unsubstituted hydrocarbyl hydrophobic moiety and a surfactant containing a fluoroaliphatic hydrophobic moiety can be employed in order to provide 45
thickening properties and foaming properties, respectively. Additionally, for example, a surfactant ion can
be employed in combination with a counterion capable
of forming a viscoelastic surfactant composition (e.g.,
an organic counterion) and a counterion capable of 50
forming a surfactant composition exhibiting foaming
properties (e.g., an inorganic countenon) or the surfactant ions can be different while the counterion (i.e.,
electrolyte) can be the same or different. For example,
an erucyl trimethyl ammonium surfactant ion can be 55
employed with both salicylate and chloride counterions
in preparing a foam-forming viscoelastic surfactant
composition. It is understood that combinations of various surfactants and combinations of various counterions
can provide compositions exhibiting varying amounts 60
of thickening and foaming properties.
Preferably, the viscoelastic surfactant composition
and the foam-forming surfactant are comprised of ionic
surfactants. The ionic surfactant in each case can be the
same or different from one another but is preferably 65
different. Also desirable is a composition wherein the
viscoelastic surfactant comprises an ionic surfactant and
the foam-forming surfactant comprises a nonionic sur-
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factant. Somewhat less desirable is a composition
wherein the viscoelastic surfactant comprises a nonionic surfactant and the foam-forming surfactant comprises an ionic surfactant. Also useful is a composition
wherein both the viscoelastic surfactant and the foamforming surfactant comprise nonionic surfactants.
The amount of foam-forming surfactant which is
employed can vary depending upon factors such as the
amount and type of foam which is desired, the type of
foam-forming surfactant which is employed, the means
used for preparing the foam, and the like. Typically, the
amognt of foam-forming surfactant ranges from greater
than 0 to about 5 percent more preferably from about
0.5 to about 3 percent, based on the weight of the fluid
and the surfactants.
Foams of this invention are prepared by contacting
the fluid with the viscoelastic surfactant and the foamforming surfactant. Typically, the fluid is transparent.
Foaming of the composition is provided by incorporating a gaseous material (e.g., nitrogen, carbon dioxide or
air) into the composition. This is typically provided by
subjecting the composition to high rates of agitation.
The resulting foams are typically not transparent. The
extent of foaming can vary in order to provide low
density foams or high density foams depending upon
the application which is desired. Foams typically comprise between about 20 and about 95 volume percent
gas, based on the volume of the liquid and the gas. For
example, in a fracturing fluid application, the amount of
gaseous material incorporated into foamed composition
ranges from about 30 to about 90,most typically from
about 60 to about 80 volume percent of the composition.
If desired, foams can be prepared by incorporating a
foaming agent or blowing agent into the foam fluid
composition. For example, blowing agents which provide gases such as nitrogen, carbon monoxide, carbon
dioxide, fluorocarbons, and the like, upon reaction or
decomposition can be employed in providing, foamed
compositions. For example, blowing agents such as
sodium carbonate, ammonium carbonate, sodium bicarbonate, magnesium bicarbonate, zinc carbonate, potassium bicarbonate, and the like can be contacted with the
foam fluid composition, which composition is in further
contact with an acid material such that carbon dioxide
gas is provided during neutralization.
The use of the compositions of this invention is particulariy desirable because a low viscosity concentrate
can be diluted and essentially instantaneously provide
the viscosity required for use. Such a property is particularly desirable in applications where it is necessary to
provide a fluid having good flowability during handling
operations such as pumping, etc. In addition, the composition can support high amounts of solids (e.g., such
as sand) for extended periods of time and over a relatively broad temperature range.
The use of the compositions of this invention is desirable because a liquid containing solid particles (e.g.,
such as sand) can be thickened and subsequently
foamed. Particularly desirable uses of a viscoelastic
surfwtant-containing composition include those applications wherein a liquid containing a solid material such
as sand can be refoamed.
The foamed viscoelastic surfactantcontaining compositions of this invention, when mixed with a solid
material such as sand, surprisingly provide a high floc
volume of solid upon settling of said solid. The loosely
packed settled solid can be subjected to refoaming con-
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ditions. That is, liquidholid mixture or slurry can be
readily subjected to refoaming conditions and refoamed, and the flowability of the slurry can be reinitiated. Such slurries are relatively easy to Pump while
maintaining good suspension stability.
5
ILLUSTRATIVE EMBODIMENTS
illusThe following examples are presentedto
trate but not limit the scope of this invention. All parts
and percentages are by weight unless otherwise indi- 10
cated.

foam volume. The sample at 77' F. is allowed to stand
overnight in order to provide a sand pack volume of 16
ml.
For purposes of comparison, a commercially available formulation containing the previously described
Xanthan gum exhibits a viscosity of 54.9 cps at 170
sec-1 and 25.5 cps at 500 sec-1 as measured using a
Farm 35A rotational viscometer at 77" F.T o 20 g of the
formulation is added 24 of sand and the sluny is
foamed using a Hamilton Beach
at high speed
at 7720 F. Essentially no settling of the sand is observed
after 180 minutes. A similar sample is foamed at 160" F.
EXAMPLE 1
using similar techniques in order to provide an initial
An aqueous viscoelastic surfactant composition is
of 65 *.lPfter minutes at 160' F.9 90
by combining with stirring 0.77 percent eru- 15 foam
percent of the same settles into the lower 15 percent of
cyltrimethyl ammonium hydroxide and 98-59 percent
the foam
The
at 770 F. is
water, and adding 0.27 percent salicylic acid to the
stand overnight in order to provide a sand pack volume
agitated mixture. The mixture is hated to 90' C. for 2
lo
hours and then cooled to room temperature. T o this is
added a foaming composition comprising 0.30 percent 20 The data indicate that the viscoelastic surfactant-conraining sample exhibits a moderate viscosity at 77" F.
of a surfactant having the structure:
allowing it to be pumped to above ground temperatures
R ~ H ~ C H ~ S C H ~ C H ~ N @ - ( C H ~ ) ~ C H ~ S O ~ ~ while providing good sand suspension ability at elevated temperatures such as are experienced under fracS
where n varies from 3 to 8, 25 turing temperatures. The data indicate that the viscowherein R F ~ F(CFzCF2)n
and is sold commercially as a n y 1 FSC surfactant by
elastic surfactant-containing sample provides a slurry
duPont and 0.07 percent sodium salicylate. The mixture
sample having a large sand pack volume, making it
is agitated gently until well mixed. To this mixture is
easier to resuspend the settled material and/or refoam
added salicylic acid until a pH of about 7 is obtained.
the slurry.
Viscosity values of the composition at various tempera- 30 n u s , although the formulations have
room
tures are presented in Table I.
temperature viscosities, the viscoelastic surfactant-containhg formulations maintain viscosity and are capable
TABLE I
of supporting sand at those elevated temperatures such
Vlxosity or F I U I ~(cps)
~
as experienced in downhole applications. The viscoelasVtscoe~astic
Temperature
Surfactant
Cmmcrclal
35 tic surfactant-containing formulations provide relaCc )
Composttion
F ~ U I ~
tively large sand packing volumes, and hence such for25
29.1
41.2
mulations can be refoamed and solids can be resus43
27.2
31.4
55
30.2
14.6
pended in a relatively easy fashion.

*-

70

20 8

8.4

EXAMPLE 3
An aqueous viscoelastic surfactant composition is
percent mlutton m a0 aqueous
prepared by combining 2.25 percent erucyl trimethyl
l~qud
ammonium salicylate, 1 percent erucyl trimethyl ammonium chloride, 0.01 of the fluorinated surfactant deThe data in Table I indicate that the viscosity of the
viscoelastic surfactant-containing composition is more 45 scribed in Example 1 and 96.74 percent water. The
stable with increasing temperature as compared to the
viscoelastic surfactantcontaining composition exhibits
commercial thickener. The superior stability to tempera viscosity of 56.5 cps at 82' F. and 52.5 cps at 140' as
measured using the Fann 35A rotational viscometer at a
ature is believed to provide foam stability and sand
170 sec-1 shear rate.
support at elevated downhole temperature ranges such
The sample is subjected to foaming at high speed in a
as are experienced in oil well fracturing applications.
blender
in order to provide a foam containing 82 perEXAMPLE 2
cent air by volume. A sample subjected to saturation
A simulated fracturing fluid is prepared and evaluwith carbon dioxide gas and
with a blender
ated for its ability to support sand using the following
yields a foam c o n ~ & g 70 gas by volume.
rmdtmethod: To 20 g of the viscoelastic surfactant composi,g mixture has a
drainage time at 7 7 F.
~ indicating
tion of Example 1 is added z4 (9
sand, and the
that the formulation can be employed in fracturing
slurry is foamed using a Hamilton Beach Blender at
applications using carbon dioxide foams.
high speed. The aqueous viscoelastic surfactant compoThe foamed
exhibits sand settling properties
sition (prior to the addition of the sand) exhibits a vissimilar to those exhibited by the viscoelastic surfactant
cosity of 61.4 cps at 170 see-land 26.6 cps at 500 sec-1
containing sample of Example
as measured using a Fann 35A rotational viscometer at
The emulsion break out time of the sample of this
770 F.The initial volume of the foamed slurry is 39 ml
example
is similar to that of a commercially available
at 770 F. ~f~~~ 100 minutes, 90 percent of the sane setgum containing fluid.
tles to the lower 45 percent of the foam volume. A
similar sample is foamed at 160" F. using similar tech- 65 The example illustrates that various anions can be
employed with a common surfactant in order to provide
niques in order to provide a foamed slurry having an
initial volume of 43 ml. After 31 minutes at 160" F., go
thickehg behavior and foaming properties.
What is claimed is:
percent of the sand settles to the lower 44 percent of the
s measwed using a H d e Rotovlrco RV-3rot.uolul vlrcometer mth
hV system at 172 ss'shear rate

b t m t t y
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1. A foam fluid composition comprising a thickening
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surfactant is employed in an amount from about 0.1 to
amount of a non-fluorinated, ionic, viscoelastic surfacabout 10 weight percent based on the weight of the
tant comprising a surfactant ion having a hydrophobic
surfactant composition and fluid.
moiety chemically bonded to an ionic, hydrophilic moi7. The composition of claim 6 wherein R1is saturated
ety, and an amount and type of an organic counterion 5 or unsaturated alkyl containing from about 14 to about
having an organic moiety capable of associating with
24 CBTbonatoms.
the surfactant ion sufficient to form a viscoelastic sur8. ~h~
of claim 6 wherein the viscoelasfactant, a functionally effective amount of a surfactant
tic surfactantis cetyl trimethyl ammonium salicylate or
capable of forming a foam and an aqueous liquid.
erucyl trimethyl ammonium salicylate.
2. The foam fluid composition of claim 1wherein the 10 9. The
of claim wherein the viscoelascomposition contains a stoichiometric excess of the - tic surfactant is non-fluorinated, anionic, viscoelastic
counterion.
surfactant represented by the formula:
3. The foam fluid composition of claim 1wherein the
counterion is generated from an electrolyte which
R~(Z~)A@
forms, upon dissociation, organic ions having an ionic 15
character opposite to that of the surfactant ion and
wherein R1is a hydrophobic moiety, Ze is an anionic
which is capable of being associated as a counterion
solubilizing moiety chemically bonded to R1,and
is
with the surfactant ion.
a counterion associated with Ze and the G&cwlastic
4. The composition of claim 3 wherein the electrolyte
surfactant is employed in an amount from about 0. to
is sodium salicylate.
20 about 10 weight percent based on the weight of the
5. The composition of claim 1 which further comsurfactant
and
prises a particulate solid material.
10. The composition of claim 9 wherein R1 is satu6. The composition of claim 1wherein the viscoelasrated Or unsaturated alkyl containing from about l4
tic surfactant is a non-fluorinated, cationic, viscoelastic
25 about 24 carbon atoms.
surfactant represented by the formula:
11. The foam fluid composition of claim 1 wherein
the composition comprises from about 0.1 to about 10
RICY@)X~
weight percent of the viscoelastic surfactant, based on
the weight of the aqueous liquid and the viscwlastic
wherein RIis a hydrophobic moiety, YQ is a cationic
solubilizing moiety chemically bonded to R1,and Xe is 30 surfactant.
a counterion associated with YQ and the viscoelastic
* * * *

