2191716 PROCESS FOR REVERSI BLE THI CKENI NG OF A LI QUI D The present invention.

relates to a pro- cess for providing reversibly thickened |iquids for use
in various industrial applications. In many industrial processes it would 5
be useful to have a process for reversibly thick- ening a |iqui dmafglfs
of these processes are slurry pipeline traﬁ%bort of mnerals, re | Of
the solids produced during the drilling of wells, rempval of solids §orned
during the polishing and 10 grinding of netals, etc. |n processes such as
these it is advantageous to increase the viscos- ity of the liquid in order
to enhance its solids carrying capacity and to prevent settling out of the
solids before they reach their desired desti- 15 nation. The npst common
met hod for increasing a liquid' s solids carrying capacity is to add a

pol ymer or dispersed solid such as a clay which =~ -2- increases the
viscosity of the liquid, particularly at |ow shear rates. However, in the
processes nentioned above it is also necessary to renove the solids from
the liquid either to reuse the liquid or to use the 5 solids. This is
often done by, for exanple, filtering the liquid fromthe solids,
centrifuging the solids out of the liquid, or simlar nethods.
Unfortunately, the additional viscosity which was useful in transporting
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The present invention relates to a pro-
cess for providing reversibly thickened liquids
for use in various industrial applications.

In many industrial processes it would
5 be useful to have a pfocess for reversibly thick-
ening a liquid. Examples of these processes are
slﬁrry pipeline transport of minerals, removal of
the solids produced during the drilling of wells,
removal of solids formed during the polishing and
>y 10 grinding of metals, etc. In processes such as
these it is advantageous to increase the viscos-
ity of the liquid in order to enhance its solids
carrying capacity and to prevent settling out of
the solids before they reach their desired desti-
15 nation. The most common method for increasing a
liquid's solids carrying capacity is to add a
polymer or dispersed solid such as a clay which

¥

RS



the solids also makes the desired separation of the 10 solids fromthe
quuLg more difficult. Furthernore, if the viscosity is reduced by the
destruction or renoval of the polyner or clay used to increase the

viscosity of the liquid, additional pol ymer, or clay is needed to restor
the liquid' s solid carrying capacity. Al so; the liquid or solid can be

contam nated*and interfere with further use by the residue resulting from
the use of polyner or clay. In view of the deficiencies of the prior art,

it would be highly desirable to provide a process for 20 | nproving the
- solids carryi ngdneteasiesy tole ikicogidyi afatﬁaanQum/dl CPaQﬂﬂcha?@%' éili andd
i qui

rapidly revers ' r aid.in the reno

mhgn dg5|red a %WI%P%@% §e§o||§§WﬁX$§ bé§n¥$8n8588e5585eﬂgPE§°ﬁ rapidly
restore the sohb@yecatrysnglgs negpssary tb rhemoveqthed. satidsdEnghy, in one
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the solids also makes the desired separation of the
10 solids from the liquid more difficult. Furthermore, if
the viscosity is reduced by the destruction or removal
-/ of the polymer or élay used to increase the viscosity
. of. the liquid, additional polymer or clay is needed to
restore the liquid's solid carrying capacity. Also,
15 the liquid or solid can be contaminated and interfere .
with further use by the residue resulting from the use
of polymer or clay.

In view of the deficiencies of the prior art,
it would be highly desirable to provide a process for
20 improving the solids carrying capacity of a liquid in a
manner which can be easily and rapidly reversed in
order to aid in the removal of solids from the liquid
o when desired and, after the solids have been removed,
- to easily and rapidly restore the solids carrying
25 capacity of the liquid.

Accordlngly, in one aspect, the present
invention is a method for rever51b1y altering the
viscosity of a liquid, comprising the steps of con-
tacting the liquid with a viscoelastic surfactant to

30 increase the viscosity of the liquid, and breaking the
viscosity of the liquid containing the viscoelastic



Surprisingly, when a viscoelastic surfactant is enployed to | npart an

i ncreased viscosity to a liquid, the V|sc05|ty i nparted by the viscoel astic’
surf z t can be effectively reduced (i.e., "broken") 10 and thereafter™"
t he cO¢sity can be subsequently restored to the liquid w thout additional
anouwts~of the viscoel astic surfactant béﬁhg enpl oyed. Alter- natively,

once the viscosity of a liquid thickened with a sol ubl e hi gh nol ecul ar

wei ght pol yner has been broken, 15 the viscosity of the liquid cannot be
substantially restored without the use of additional anmounts of polyner. In

addi tion, the il dsa S0V Gndrthd S ubie Sl 1 theNld @l @rcf‘oéﬂ Hyty shear
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fl ows, sud8en regkawsdns. or contractions, grinding operations, polishing
oper- ations, and the Iike. Anong many uses, thickened. quuids of 'the

I nvention are useful in jndustrial appllcatlons wher e | de5|rable
to employ a liquid haV|réf WﬁiﬁPQAﬁﬂ Qé;ﬁﬁﬁ%ﬁ/su aIIy

‘the nmethod of isheemploved it ampart (ampmmsdd ckisstasg ttyhecd iaqui d with a
visco- elasticSyfActall JiEHAMFGEddd i thd Rilddaed

surfactaﬁt can be effectively reduced (i.e., "broken")

10 = and thereafter, the viscosity can be subsequently
restored to the liquid without additional amounts of \o/
the viscoelastic surfactant being employed. Alter-
natively, once the viscosity of a ligquid thickened with
a soluble high molecular weight polymer has been broken,

15 the viscosity of the liquid cannot be substantially
restored without the use of additional amounts of
polymer. In addition, the liquids employed in the
present invention are highly shear stable and do not
experience substantial or any loss of activity with

‘20 continued pumping whereas polymeric thickened liquids
undergo irreversible mechanical degradation and rapid
loss of activity with continued pumping. Therefore,
the method of the present invention is particularly
useful for liquids employed in flowing systems con-

25 taining pumps, high velocity flows, sudden expansions.
or contractions, grinding operations, polishing oper-
ations, and the like. ' '

Among many uses, thickened liquids of the
invention are useful in industrial applications where
30 it is desirable to employ a liquid having a high solids
carrying capacity. Specifically, the method of the



solids carrying capacity as conpared to an unthickened |iquid, suspending
solﬁQgﬁin the thickened liquid, and 5 subsequently breaking the viscosiiy
of the J1iquid such that the solids can nore effectively be renoved fro c
broken liquid than fromthe thickened liquid. The method for removing °
~solids is par- ticularly useful in a closeé"loop, continuously cir- 10 .-
cul ating protess, e.g., in the renoval of solids froma wellbore drilling
liquid. The nethod provides (1) in a portion of the closed |oop, a _
thi ckened liquid for effectively carrying solids, (2) in another portion of
t he cl osed. | oopinwenteidn campirized aifittieninigraineod ifgridl witheBDvikgosol i ds

~after breakin A ' f i .0 i n.a nner, su t hat. i ncreased
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efficient process can be perforned rein I,S unnecessary to a
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l'iquid 25- havi [ | flective. vis i sherein, the
term"liquid" re e?}gd#%ﬂt r}g@ﬁd?/é:&a%‘ (r;flgtoé‘ri a s%%%icg:‘%ngézlggﬁgfigani c or
aqueous in nature. Preferably, the liquid is an aqueous |iquid. Included

Wi thin the term "aqueous Thelwetthod ol ¢eindsidg s62AHaI RkNGakOOr gani c
el ectrol ytes, ehiae 13148aH° 2 23362 100090 MGe3ahbRa150450uS
10 culating process, e.g., in the removal of solids from a
—/ wellbore drilling liquid. The method provides (1) in a
portion of the closed loop, a thickened liquid for
effectively carrying solids, (2) in another portion of
the closed loop, an efficient and effective method for
15 removing solids after breaking the viscosity of the
ligquid in a manner such that increased shear is not
required to reduce the viscosity, and (3) after removal
- of the solids, restoration of the viscosity and solids
carrying capacity to the liquid in still another pdr-
20 tion of the loop. Thus, a continuous and efficient
process can be performed wherein it is unnecessary to
add substantial amounts, if any, of a viscosifier to
the system, after repeated breaking and restoration of
viscosity of the liquid, in order to provide a liquid
25 - having a functionally effective viscosity.

As used herein, the term "liquid" refers to -
those liquid materials which can be organic or aqueous
in nature. Preferably, the liquid is an agueous liquid.
Included within the term "aqueous liquid" are liquids

30 containing inorganic electrolytes, such as agueous
solutions of inorganic salts, aqueous alkaline or
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and deleteriously affect the thickening effect of the
surfactant on the liquid. A so included 10 are enulsions of
quids in the aqueous |iquid and aqueous slurries of solid
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general, however, water and agueous alkaline, aqueocus o/

acidic or agqueous inorganic salt solutions (i.e., brine
solutions) are most beneficially employed as the aqueous

. liquid herein. Advantageously, the electrolyte concen-

tration is less than about 75 percent by weight of the
solution. '

The term "viscoelastic surfactant" is meant

-to include compounds broadly classified as surfactants

20

25

which are capable of imparting viscoelasticity to a
liquid. The property of viscoelasticity and tests to
determine whether a liquid possesses viscoelastic
properties are well-known in the art and reference is

made to H. A. Barnes et al., Rheol. Acta, 1975 14, pp. o’

53-60 and S. Gravsholt, Journal of Coll. and Interface
Sci., 57 (3) pp. 575-6 (1976). See also, N. D. Sylvester

et al., Ind. Eng. Chem. Prod. Res. Dev., 1979, 14, p.

47. Of the test methods specified by these references,

. one test which has been found to be most useful in

30

determining the viscoelasticity of an aqueous solution
consists of swirling the solution and visually observ-
ing whether the bubbles created by the swirling recoil
after the swirling is étopped. Any recoil of the
bubbles indicates viscoelasticity.

o



ihg whet her the bubbles created by the swirling recoil after the swirling

IS &Lopped Any recoil of the bubbles indicates viscoelasticity. - 6- s
Sur f @&t.ants which are capabl e of inpart- ing viscoelastic properties to @
liquid are well- -known in the art and refgrLence is nmade thereto for the
purposes of this.invention. Illustrative of 5 references which teach

vi scoel asticssurfactants are U.S. Patent Nos. 3,361,213; 3,273, 107;

3,406, 115 4,061,580 and 4,534,875. The term"surfactant” is used in its

br oadest sense herein and is neant to include any nol ecul e having a-
characteristic 10 anphi psarifectantst whichusket fapablehaf imeaptop- erty of

formng colloi dal F %&%&béaastsensea &rﬁabgeéonhcghaaia hBeSQéMILon The
vi scoel astic surfa

ctants i oni ¢ _or _noni neral, an
i oni ¢ 15 vi scoSKROMR: Fﬁ&cﬁgﬁta@SnﬁPF§€§nﬁesaﬁfQégﬁn#ﬁﬁﬁﬁg8uﬁa havi ng a
hydr ophobi ¢ noithky palrpoises! byf mhmdengenamononlmllh;ﬁraphvélofnnlety

(hereln- afg er Ju@eeheds! PniEnt eih! 9aLaBk1agRis éﬁgfé‘Bﬁéﬂﬁem of a

counterion having a nol et associ atin surfactant
i on sufficient are ﬂbﬁn1Eaﬁﬁg@ogpﬁst3@3§&r?&§ﬁaﬁt27i hB%F 0B 8061 315coel asti c

surfactant congr iogass8osdnhbiaat 83k, Apbe- gHketBami nguafhydagphobi c noi ety
R
to include any molecule having a characteristic
10 amphiphatic structure such that it has the prop-
erty of forming colloidal clusters, commonly |
N called micelles, in solution. '

The viscoelastic surfactants can be

either ionic or nonionic. In general, an ionic

15 viscoelastic surfactant comprises a surfactant
compound having a hydrophobic moiety chemically
bonded to an ionic, hydrophilic moiety (hereih-
after referred to as a "surfactant ion") and an
amount of a counterion having a mbiety capabie

20 of associating with the surfactant ion sufficient
to form a viscoelastic surfactant. A nonionic vis-
coelastic surfactant comprises a surfactant mole-
cule héving a hydrophobic moiety chemically bonded

N to a nonionic, hydrophilic moiety.

.25 S Examples of ionic surfactant compounds
are represented by the formula:

R (¥)x®  or R (29)2°



are represented by the forrmula: [err] -7- wherein [err] and [err]
‘ent surfactant ions having a hydrophobic noiety represented by [err]
iionic, solubilizing noiety represented by the cationic noiety (Y)
ghni onic noiety 5 (Z) chemcally bon?ed thereto. [err] and [err] are
t he counterions assocrated with the surfactant ions. In general, the
“hydrophobic noiety (i.e., Rl) of the surfactant ion is hydrocarbyl. 10 or
inertly substituted hydrocarbyl wherein the term"inertly substituted"
refers to hydrocarbyl radicals havrng one or nore substituent groups,’e.g.,
Ihallcz grOt(Jpg_ Suﬁlﬁlev\f]élrrx]l:% ) OdndEk @ ):mgépsrésétkﬂgafrfwﬁnd ﬁz a silicon
i nkage | i,C t he ueous_ i gui conponent s
cont ai ned therje?’?ﬁs %‘ﬁ*%%l?f‘y#‘ﬁglh%%&?%? %ﬁ%%ﬁeqf%e%ﬁggr al kyl group.
or a long chail®y aam@Iamw1¢mm§1I§O¥Mhmilzlnquqﬁ¢®U represented| groups are

generally lin L. | fpd e pbeEt aﬁ¥%§¥gqg§ggﬁty at | east
about 16, carb s?bg?%ms Jlg%ﬁ%%sent t’ive Ion& %%g\ a an enyl groups
i ncl ude doﬁecy(z() afiﬁ'?ﬂ‘ﬁca N léfb"é‘%ﬂ yl )X o%cy?r? cetyl),

oct adecenyl (Oﬂﬁyldoumt:émmisémtyéd valich ttite deurSadtarets of tal |l ow,
. coco and 25 ﬁg Preferred al kyl and al kenyl groups are gen- erally
al kyl and alkéhy groups having from 14 to : -

In general, the hydrophobic moiety
(i.e.;'Rl) of the surfactant ion is_hydrocarbYl
10 or inertly substituted hydrocarbyl wherein the .
term "inertly substituted" refers to hydrocarbyl- | o/
radicals having one or more substituent groups, '
e.g., halo groups such as =-F, =Cl or -Br or chain
linkages, such as a silicon linkage (-Si~), which
15 are inert to the aqueous liquid and components
contained therein. Typically, the hydrocarbyl
radical is an aralkyl group or a long chain alkyl’
or inertly-substituted alkyl) which alkyl groups:
are generally linear and have at least about 12,
20 advantageously at least about 16, carbon atoms.
Representative long chain alkyl and alkenyl groups
"include dodecyl (lauryl), tetradecyl (myristyl),
hexadecyl (cetyl), octadecenyl (oleyl), octadecyl .
(stearyl) and the derivatives of tallow, coco and o/
25 soya. Preferred alkyl and alkenyl groups are gen-
erally alkyl and alkenyl groups having from 14 to
24 carbon atoms, ‘with octadecenyl hexadecyl, erucyl '
and tetradecyl belng the most preferred

The catlonlc, hydrophilic moieties’
30 (groups), i.e., (Y ), are generally onium ions
wherein the term "onium ions" refers to a cationic



24 carbon atons, with octadecenyl hexadecyl, erucyl and tetradecyl being

t he QDSt preferred The cati oni c, hydrophlllc nmoi eties 30 (groups), | @
(Y ) *are generally oniumions wherein the term "oniumions” refers to @ :

cationic group which is essentially conpletely ionized in water over

wi de range of pH, e.g., pH values of from2ZTo 12. Representative oni um

I ons i nclude. quaternary amoni um groups, i.e., -N (R 3; tertiary 5

sul fonium groups, i.e., [err]; quaternary phosphonium groups, i.e., -P (R3

and the Iike, wherein each Ris individually a hydrocarbyl or substituted
hydrocar byl . |n?@'ﬁ‘ptw3ﬂchpi$r@é§en§:?£m\fiaédnﬂ@té ticHdzadriiges, i.e.,

-NH NHR I b t f th
pH of the aglrjeo‘ﬂég%{q%{;%{]b%‘?%lodﬁgléen? ‘i‘ﬁc‘?‘ﬁ‘t h%‘tg‘t'né’% %éf?ﬁ)n?eftel gsl will e_
exi st in ionic foem 2 Apyi2di rReprestrtativesn e beorenpingdetle O such
cationic groups%u gﬂ,ag{,ﬁgﬁlw Ngdupdie viscoely@id ¢ swg{@,_ﬁ]ry S

preferably prep uatern anmoni uny 1
pyridin- iu no?‘é:{-@nh‘l‘i“agwup%r Jai"ka'r yTs é%/}zdlﬂélﬁﬁrrkﬁrlﬂ rﬁhﬁiﬂ;}Q%% |
moi ety; or tertgﬂsu’p@mi\sae N€f9 La:tsdwtméelikee,aoihé}em igggpandent |y an

cach Roprefer antyeber HEr Ly, 1%5“2% R R AT ORI R,
ani oni ¢, sol ubi I zaddi vt mmmgmumgcqrziary mnmdzersnmaxat @I@rltﬁ?ps i . €.,
[err], et her sujfate @NﬁgPS-N§M|$£"EN€R)2, can also be employed as
10 the ionic moiety if the pH of the aqueous liquid being
used is such that the amine moieties will exist in ionic
—/ - form. A pyridinium moiety can also be employed.
Of such cationic groups, the surfactant ion of the
viscoelastic surfactant is preferably prepared hav-
15 ing quaternary ammonium, i.e., -N (R)3, a pyridin-
ium moiety; an aryl- or alkaryl- pyridinium; or
‘imidazolinium moiety; or tertiary amine, #N(R)z,
groups wherein each R is independently an alkyl
group or hydroxyalkyl group having from 1 to 4
. 20 carbon atoms, with each R preferably being methyl,
ethyl or hydroxyethyl. |

Representative anionic, solubilizing
moieties (groups) (Ze) include sulfate groups,
i.e., -05039, eeher sulfate groups, sulfonate

25_ groups, i.e., -5039, carboxylate groups, phos-

- phate groups, phosphonate groups, and phospho-
nite groups. Of such anionic groups, the sur-
factant ion of the viscoelastic surfactants is
preferably prepared hav1ng a carboxylate or sul-

30 fate group. For purposes of this invention, such
| anionic solubiiizing moieties are less preferred

than cationic moieties.



25 groups, i.e., [err] , carboxylate groups, phos- phate groups, -
sphonat e groups, and phospho- nite groups. O such anionic groups, tﬂg

_ (Egéiffactant ion of the viscoelastic surfactants is preferably prepared
I'ng a carboxylate or sul- 30 fate group. For purposes of this

I nvention, such anionic solubilizing noi 8Pres are | ess preferred than

cationic noieties. -9- Fluoroaliphatic species suitably enployed in the

practice of this invention include organic com pounds represented by the

formula: RZf 5 wherein [err] is a saturated or unsaturated fl uoro-

aliphatic noiety, prefegrabbyoadibhia®ikds eE&EE]sﬁEEﬁblya@ﬁplogbg 3R ionic
noi ety or potentially ionic _nm The _Iuonoaal hati Cs can

ety., Th e

per f | uor ocar b&h€. PEAFLAGLe OfnithtSc IRVEREIOPOARE e PFI8™LC| FOBE descri bed
herein- 10 apbehds Feerkkeated bghahiec fowmaly:advant ageously contains from
3 to 20 carbons wherein all can be fully fluorinated, preferably from3 to
10 of such carbons. This fluoroaliphathc nmoiety can be linear, branched- or
cyclic, preferably linear, and can &g#iain an occasional 15 carbon-bonded
hydrogen or hal ogen other than fluorine, and can contain an oxygen atom or
a trivalent nitrogen atom bonded only to carbon atons in the skeletal
chain. Mre preferable are those |inear perfluaroaliphati Di eties

DyReRE PoRiaig: = PRCHF aedy gy upsathtdcel#1t6:82

represent

aliphatic moiety, preferably containing a.FSC- moiety
and z! is an ionic moiety or potentially ionic moiety.
The fluoroaliphatics can be perfluorocarbons. Suitable
anionic énd cationic moieties will be described herein- W/
10  after. The fluorcaliphatic mociety advantageously
contains from 3 to 20 carbons wherein all can be fully
fluorinated, preferably from 3 to 10 of such carbons.
This fluorocaliphatic moiety can be linear, branched or
cyclic, preferably linear, and can contain an occasional
15 carbon-bonded hydrogen or halogen other than fluorine,
and can.contain an oxygen atom or a trivalent nitrogen
atom bonded only to carbon atoms in the skeletal chain.
More preferable are those linear perfluorocaliphatic
moieties represented by the formula: ChF2n+1 wherein n
20 is in the range of from 3 to 10. Most preferred are
those iinear perfluorocaliphatic moieties represented in
the paragraphs below. _ L L

The'fluoroaliphatic species can be a cationic
perfluorocarbon and is preferably selected from

' v w®ou O,
25 : CF3(CF2)rSOZNH(CH2)SN R". X™;
. C : Q 1 9

RfCHZCHZSCH2CH2N R'3X

®.
CF3(CF2)rCONH(CH2)sN RY

3
and

e
3Xi



20 is in the range of from3 to 10. Most preferred are those |inear

perfkgoroa[iphatic-nnieties'represented in the paragraphs bel ow. The e

f4 uordal i phatic species can be a cationic perfluorocarbon and is preferablLyy i -

selected from 25 [err] [err] and [err] -10- wherein [e '

is a counterion described hereinafter, R' TT ower al kyl containing frox

to 4 carbon atons, r is from2 to 15, preferably from2 to 6, and s is from .

2 to 5. Exanples of other preferred cationic perfluoro- 5 carbons, as well

as net hods of preparation, are those listed in U S. Patent No. 3,775, 126.

Thef £l uor oal i Fhmwe?meﬁ a,[a: Caan:dlaga@ﬁam Qe iyd Wz%?{a%éz?“gkr'{h%[ser .
refera se rom. [err . err err

\?merei n pyi s f?‘gén&?dtt%ﬂi%{' %?ré%%]r%ﬁ/ b 19 46°aq"111°§1 S to ¥  and

[err] is a counfxomoh Heskyi \pxeferablyi SEron iaftteer, - dndinpliss ffonother

preferred ani ongg pprfgwﬁe%p%f}fpéﬁ]&% %%gﬁgﬂ?%ﬁgg tion,

are described in U S Patent e counte err]

or [err]) a3socT2ERIPH (3F (1Rl A NS G REePaFaiiioy tafe \FhosE cal |y
20 charged, aigsted imtess almated Nb.J @iz haect er

_ The fluoroaliphatic species can be an anionic
perfluorocarbon and is preferably selected from:

®

. . e
O | CF3(CF,),50,0"A",
' ' . ' e,
10 _ CF3(CF2)pSOZNH(CH2)qSOZO AT,
e.®
CF3(CF2)pCOO A apd
QAQ;

CF3(CF2)pSOZNH(CH2)qCOO

wherein p is from 2 to 15, preferably from 2 to 6, q
is from 2 to 4, and A% is a counterion described here-

-4
N

.inafter. Examples of other preferred anionic perfiuoro=-
carbons, as well as methods of preparation, are described
in U.S. Patent No. 3,172,910.

The counterions (i.e., x® or Ae) associated
U/ with the surfactant ions are most suitably ionically
20 charged, organic materials having ionic character
opposite that of the surfactant ion, which combination -
of counterion and_surfactant ion imparts viscoelastic
properties to an aqueous liquid. The organic material
having an anionic character serves as the counterion
25 for a surfactant ion having a cationic, hydrophilic
moiety, and the organic matérial having a cationic
character serves as the counterion for the surfactant
ion having an anionic, hydrophilic moiety. 1In general,



opposite that of the surfactant ion, which conbination of counterion and
yfactant ion inparts viscoelastic properties to an aqueous liquid.” The .
gxfi ¢ mat erial having an anionic character serves as the counterion 25
A, surfactant ion having a cationic, grophilic moi ety, -and the organic
erial having a cationic character serv as the counterion for the
surfactant ion having an anionic, hydrophilic noiety. In general, » -11-
the preferred counterions exhibiting an anionic char- acter contain a
carboxyl ate, sulfonate or phenoxide group wherein a "phenoxide group" is
[5err] ang Ar W@reﬁi&?dﬁllﬁ@mlo&sr lekgh1®H tii Iii@riamlrwh-aﬁibﬁ\tln\.llnct u:&ﬁ&-?rorrgt i c
ring epresentative of suc | ¢ .count i.C en .enpl oye
with a cationi §ﬁif§®F |o%a%% Y@&E&biéugﬁbﬁﬁﬁ r O §h$“§€88F stic .
properties togaoupqwberelin m"@hemm@@ gaoupfs mr@m@t | @nda@oxpipaess such
as o-hydroxy- sgﬁg,éOQhe arBnadi P Y380 dReoRN- BRI D iuidldiey at e 10

and 3,4- or | orobenzoate; aromatic sulfonates such .as p-tql uene

suIfonateE%ndrﬂﬁﬁhth§F@ﬁ@s§9ﬁP§ﬁ§Fé° L BUGEX BREOR1G, COMReFAORSs WHL Sy ut ed
phenoxi des; awtiehhemplbgedvrdith auchtionicesurfactantsdon)l areocapabilieno-

-3, 5,6-tri chl grogiy %%&kﬂ%?fVIQE% &%%@i%e%¥b %Q%l%%t%%”h% %%EF%%%”HEEMRQF can

contain an oni umi Rearnary
Representativén@éﬂdeiUﬁ#@o@éUWMQMQ§¥§ @Oﬁb@ﬁﬂiﬁée§ é@&beﬁﬁa&yhaﬁ#@ﬁwum

group i ncl udephepawitet;r mtreb&y -HIDFoBENRb attlek Y inettw:rehéy bigwerniieriwher ei n
the aIkyIcgrou%dF%n4_ or 3, gcd%Ehl%%p ehzoa% Cylaroma sui@%ngggs ' ke; and
such as p~-toluene sul fonate and naphthalene sulfonate; .
phenoxides, particularly substituted phenoxides; and the W/
like, where such counterions are soluble; or 4-amino-
-3,5,6-trichloropicolinate. Alternatively, the cationic
15 counterions can contain an onium ion, most preferably

a quaternary ammonium group. Representative cat-
ionic counterions containing a quaternary ammonium
 group include benzyl trimethyl ammonium or alkyl

trimethyl ammonium wherein the alkyl group can be

20 ' octyl, decyl, dodecyl, erucyl, and the like; and
amines such as cyclohexylamine and hydroxyethyl
cyclohexylamine. It is highly desirable to avoid
stoichiometric amounts of surfactant and counter-
ion when the aikyl group of the counterion is

25 large. The use of a cation as the counterion is
generally less'preferred than the use of ‘an anion
as the counterion. Inorganic cbuﬁterions, whether
anionic or cationic, can also be employed. '

The specific type and amount of sur-

30 factant ion and counterion employed to prepare a
viscoelastic surfactant are interrelated and are
selected such that the combination imparts visco-.
elastic properties to:an aqueous 1iquid; The com-~
binations of surfactant ions and counterions which



am nes such as' cycl ohexyl am ne and hydroxyet hyl cycl ohexylamne. It is

hi ghly, desirable to avoid stoichionetric anounts of surfactant and countg
ion When the ai kyl group of the counterion is 25 large. The use of a
cation as the counterion is generally |ess BLeferred than the use of an
anion as the counterion. |norganic counteélons, whet her ani onic or
cationic, can also be enployed. The specific type and anount of sur- 30
factant ion and counterion enployed to prepare a viscoel astic surfactant
‘are interrelated and are sel ected such that the conbination inparts visco-
el astic properwidd tforan aagisesellaistiicd surFaetaam whilnaveenpsanl surfact ant

i ons and count eri_o L -12- wi |l rma,viscoel.astic surfactant will
vary and are egg %%ﬁgggfgfﬁ§5mé§efn%&i§% g%?ﬁ08§%§898iﬁ?rBéFare
descri bed. O beforsr dessribetdact ant i ons and 5 counterions which can be

enpl oyed in preparing a viscoelastic surfactant, the preferred visco-

el astic surfactants incl§%e8¥hose neﬁresented bﬁ the formyla: R [err]
wherein [err] is saturat e X8LAQMS SHrIRRYRIt18°88daRdi s an i nteger of
from 13 to 23, cpunterabhng whicht egar ber emplbyed 2i, prepaesagti ng t he nunber

of car- bon at%U%ikeokﬁagk&ceéﬁEfchQnE?d%ﬂ@“99@%&¥r@&d99988;°r
' elastic surfactants include those represented
by the formula: | '

: R
L lo ’ . 'e
—/ =R!'=N"=
. | ~ CHy-R[-N°-R X
R

o

wherein R' is saturated or unsaturated alkyl;

15 and n is an intégér of from 13 to 23, preferably an
integer from 15 to 21, representing the number of car-
bon atoms in R'; each R is independently hydrogen or
an alkyl group, or alkylaryl, cr a hydroxyalkyl group
having from 1 to 4 carbon atoms, preferably each R is

20 independently methyl, hydroxyethyl, ethyl or benzyl,
and x° is o-hydroxy benzoate, m- or p-halobenzoate or
an alkylphenate wherein the alkyl group is advantag-

U/ eously from 1 to.4 carbon atoms. 1In addition, the R
groups can form a pyridinium moiety. Especially pre-

25 ferred surfactant ions include cetyltrimethylammonium,
oleyltrimethylammonium, erucyltrimethylammonium
and cetylpyridinium.

Other preferred surfactant compounds
include those represented by the formula:



an al kyl group, or alkylaryl, or a hydroxyal kyl group having from1l to 4
carbon atons, preferably each Ris 20 independently methyl, hydroxyéthyl@é
i@gkﬂor benzyl, and [err] is o-hydroxy benzoate, m or p-hal obenzoate -or
alk®@ Jkyl phenat e wherein the al kyl group is,advantag- eously from1 to 4
carbon atons. In addition, the R groups’zaﬁ forma pyridiniumnoiety.
Especially pre- 25 ferred surfactant ions include cetyltrinethylanrmoni um

ol eyl tri nmet hyl ammoni um erucyl tri met hyl ammoni um-and cetyl pyridi ni um O her
preferred surfactant conpounds include those represented by the formila:
-13- R [err] 5 wherein nis an integer from3 to 15, preferably from3 to
8, mis an integer from2 to 10, preferablyRfrom2 to 5;- Ris as previously

defined, nost preferabl hy ks d X § ag®previ ougPy defined. 10 :
The viscoel astic suF?gExgﬁgéna%gzggg!éﬁaémpéepgred b? adm xi ng. t he basic
formof tie desired cationic surfactant ionR(or acidic formof the desired

anionic surfactant ion) with the desired anount of the acidic formof the
desired 15 cationic counterion (or the basic formof the desired anionic

counterion). Alternatively, the.desir ut.s ,ef e

cationic sur- VPEEEIR B 3F gﬁleﬁgggﬁi§%F§ﬁ§oght%?Vo%g?g?ﬁégay?%rbg
3 to 8; m is an integer from 2 to 10, preferably from
2 to 5; R is as previously defined, most preferably

methyl; and Xe

is as previously defined.

10 ' The viscoelastic surfactants are eas- K.J
ily prepared by admixing the basic form of the
desired cationic surfactant ion (or acidic form
of the desired anionic surfactant ion) with the
desired amount of the acidic form of the desired

15 cationic counterion (cr the basic form of the
desired anionic counterion). AlternatiVely,,the
desired amounts of the salts of the cationic sur-
factant ion and the anionic couhterion (or equi~
molar amounts of the anionic surfactant ion and

20 cationic counterion) can be admixed to.form the
desired viscoelastic surfactant. See, for exam-
ple, the procedures described in U.S. Patent No.
2,541,816. | o | "

- Depending on the specific surfactant
25 ion and counterion aSsociated therewith, less than
a stoichiometric amount oﬁ the counterion can be
employed to impart viscoelastic properties to a
ligquid. For example, when the surfactant ion is
a long chain alkyl bonded to a quaternary ammon-
30 ium and the counterion is salicylate, although



nmol ar~ anounts of the anionic surfactant ion and 20 cationic counterion)
can Qe adnixed to formthe desired viscoel astic surfactant. See, for exam
pi e, “the procedures described in U S. Patent No. 2,541,816. Dependi ng on §
the specific surfactant 25 ion and counterjon associated therewth, | eSS\
than a stoichionetric anount of the count €r}%h can be enpl oyed to inpart
vi scoel asti c. properties to a |liquid. For exanple, when the surfactant ion
is a long chain al kyl bonded to a quaternary anmon- 30 i um and the
counterion is salicylate, although -14- greater than stoichionetric

a1 oyl ate ani o e O e X e e qui ds can be
salicylate anio n enpl oyed, water and of her _

effectively t hi%i?f}gte e‘ﬁé’o&gs‘?%be%?ﬁ%him S Hedser anpunts of
t he el ectrol yt essativglate amiomnycamderemgsloyead t ivatiearr l[andvhen t he. _
counterion is afy rgcg;% L oy UG rd ' | asti C .
properties are | rrp%?t el %J%ggia%&e%u:éﬁlfgﬂuﬁoc#%%éyﬁv%eéw }gﬁ%{a el ectrol yte
i s enpl oyedSi n ened U BHR1FEUL QML I o @Ml dessers @ameuntst ances, the

surfactant may &PtthdPeldcEesivs, ViSR! 1iG MaRe itdtsrdeaat er, but
will inpart desired. V"iffc el a}'{j%]elc t&irﬁo_pert i.es to a salt ssolutiagn such as
brine. As 15 tBRF tEFHISI Y STPTHS (EOURMSIRR 45 130 SRR " refers

only to the suriactsinth izn chidbitinde immuntiscoelastic properties
' ' " are imparted to an aqueous liquid only when an
10 electrolyte is employed in stoichiometric excess.
For example, in such instances, the surfactant
— may not impart desired viscoelastic properties
to water, but will impart desired viscoelastic
properties to a salt solution such as brine. As
15 the term is used herein, "viscoelastic surfactant"
refers only to the surfactant ion and that amount
of counterion actually employed if the counterion
is employed in stoichiometric or lesser amounts.
If more than stoichiometric amount of electrolyte
20 is employéd to the surfactant ion, the term "visco-
elastic surfactant" refers to the surfactant ion
and stoichiometric amount of counterion (i. e., it
‘excludes the excess amount, if any, of electrolyte).

_ In general, surfactant compounds hav-

25 ing a hydrophobic moiety chemically bonded to a -
nonionic, hydrophilic moiety are those nonionic
surfactants which exhibit a viscoelastic charac-
ter, and are typically described in U.S. Patent No..
3,373,107; and those alkylphenoxy ethoxylates as

30 are described by Shinoda in Solvent Properties of
Surfactant Solutions, Marcel Dekker, Inc. (1967)
and Zakin, J.L. and Liu, H. L. in "Variables Af-
fecting Drag Reduction by Nonionic Surfactant




of counterion actually enployed if the counterion is enployed in
stoichionetric or | esser anounts. |f nore than stoichionetric amount of

el 3l yte 20 is enployed to the surfactant ion., the term "vi sco-

el & surfactant” refers to the surfact i on and stoi chi ometric amount
of counterion (i. e., it excludes the excggs anount, if any, of
“electrolyte). In general, surfactant conpounds hav- 25 I ng a hydr ophobic
noi ety chem cally bonded to a nonionic, hydrophilic noiety are those

noni oni ¢ surfactants which exhibit a viscoelastic charac- ter, and are

typically desqgdied ). Sneial g Neomnind3vbaT, zar;dprphose-al kyl phenoxy
et hoxyl ates as 30 are descri I.noda i_n %p Prope o} of
Surfactant Sol88 ddS83ur céiF Wﬁ%}°nﬁf9€?f 5#% ﬁ E%P and Liu,
H L. in "Varmﬁﬁu&any-amrnandx;dawsyniamhantsnwmycmonmbnbatSurfactant

Addi tives" G ra 2 %?%;%_ Preferred
noni oni ¢ surgggggﬁEQQE?% t hose tertlarémaﬁFﬁgﬁé§lde sur fagt ant.s whi ch
exhi bi t vi%codhediicc meHgtaccan be, rgpr&santed, @s, Jdeo P8 VIRRFY moi ety can

be represent egedribRrdiReVi oud )zi.sd%ﬁ.@d bmi;ﬂi‘hbld tto employ @esirable to

enpl oy an addi tjve .such an al ka t.he I Iy whi ch the
noni oni ¢ surfz?éj[d&ﬁ:tl Viss SHrdL &S ﬁ‘u})ragz‘r‘-’mtooI1 rlgln(ﬁ‘% %é)&frs?;ic%éﬁ%

vi scoel asti c. thOwhich the nonGdngic \SudiRs LaxY @-Ss@dfd@@t 4@ STAYICh can be
enpl oyed. in tQ% @%ﬂﬁ@%sﬁﬂétéﬁfiadﬁéﬂﬁ'#¥%d3éié§@ﬂi'bed by D. Saul et al.

J. Chem Soc
10 : Other viscoelastic surfactants which o
can be employed in the process of this invention o/
are described by D. Saul et al., J. . Chem. Soc,
Faraday Trans., 1 (1974) 70( ),_pp 163~ 170 or
C. A. Barker et_al., ibid., pp. 154-162.

15 The viscoelastic surfactant (whether
ionic or nonionic in character) is employed in.
an amount sufficient to measurably increase the
viscosity of the liquid in which it is employed.
The amount of the viscoelastic surfactant most

20 advantageously employed will vary depending on a
variety of factors including the desired viscos-
ity of the liquid, the solution composition and
the end use application of the ligquid, including
‘the  temperatures and shear rates to which the

25 flowing liquid will be exposed. In aqueous liquids,
the viscoelastic surfactant is generally employed
-in a sufficient amount such that the liquid's vis-
cosity is at least about 100, preferably at least.
about 250, more preferably at least about 500,

30 centipoise at 25°C when measured using a Brook- -
field viscometer, LVT type, Spindle No. 1 at &



Féraday Trans., 1 (1974) 70(1), pp. 163-170; or C. A Barker et al., ibid.,

pp. 454-162. 15 The vi scoel astic surfactant (whether ionic or .
noni oni-c in character) is enployed in an anount sufficient to neasurab \
i ncrease the viscosity of the liquid in whi it is enployed. The ano 0

the viscoel astic.surfactant nmost 20 advantageously enpl oyed wi Il vary
depending on-a variety of factors including the desired viscos- ity of the
l'iquid, the solution conposition and the end use application of the liquid,
i ncluding the tenperatures and shear rates to which the 25 flow ng liquid
wi |l be exposedpm. n Iaqmd]j,qlﬁr@,cdd&nmm@ﬁﬁ%tﬂ ﬁn@:”sbé@tﬁﬂb IS
general ly enpl Qy |3 fd. Gl ch that. the liquid s.vis-
cosity is at | %}%dﬁ(ﬁﬁ%&u@#@t&ar%%&tp&t%g;ﬁte&a&o éﬂ‘gﬁftzgg? %&;érea _
preferably at Nedgosdgauttosdie 36 quidhtlispeiasd Lt deserinimednbyeaspeed-usi ng
a Brook- fiel dndmteaiiRirfl .In-GbretRA, SMe"Pidchie1abtdt SurfartlnttPdve! N

general, t concentration of any specific viscoelastic surfactant enployed
to inmpart the ngﬁgﬁagbﬂ%5¥ﬁﬂ%9¥eﬁo1Eh€mPPGG§drP§9é§§|ﬁ?oﬂepepﬁlﬁedlﬁy
experi - nent at werighitn pgencendl basled onsthel wetiights off mtaav_tmﬁaéeaﬁtic based

referably e”pﬁﬁfﬁ%éﬁéﬂﬁﬂﬁﬁ T | NQ ek, LOM: cent base
gn the wei ght of the V|scoe%ézfﬁgagUrfg%?a%#ggggl%%aégdgg%%gagggioéFast|c
surfactant is o€ preferably empleyed in amounts from 0.05 to 3 percent,
based on the wpegkientf, baged @ dhandeigBtVo¥Cthe liquid and the visc-

' 10 oelastic surfactant. -

—/ As mentioned, the viscoelastic surfactant Can
be prepared using greater than stoichiometric amounts
of an electrolyte having an ionic character opposite to
that of the surfactant ion and which is capable of

15 being associated as a counterion (e.g., an organic
counterion) with the surfactant ion. The use of addi-
tional electrolyte soluble in the liquid containing the
viscoelastic surfactant will also allow the liquid to
maintain its viscosity at a higher temperature and/or

20 increase the resistance of the thickened liquid to the
presence of oils or other water-insoluble materials
such as hydrocarbons which may come.into contact with

_ the liquid as well as various water-soluble materials

e such as the lower alcohols and the like. ' For example,

25 it is possible for the thickened liquid to contain oil
or other organic material in a concentration of from
0.05 to 80 weight percent based on the total weight of
the thickened liquid and oil or other organic material.
In general, the viscoelastic properties, and hence, the

30 viscosity, of the liquid tend to be lost or signifi-

~cantly reduced in the presence of such materiais.
Liquids containing the viscoelastic surfactant and



10_.oel astic surfactant. As nentioned, the viscoelastic surfactant can be

p red using greater than stoichionetric anbunts of an el ectrolyte havkgg
a ini ¢ character opposite to that of the surfactant ion and which is
capabl’e of 15 being associated as a coungerion (e.g., an organic
counterion) with the surfactant ion. The Use of addi- tional electrolyte
soluble in the liquid containing the viscoelastic surfactant will also
allowthe liquid to maintain its viscosity at a higher tenperature and/or
20 i ncrease the resistance of the thickened liquid to the presence of
oi | s or ot her exeess- ansahttsl e fnreflecitabliytechreschpdbdeaplfiomainki ch nmay cone

i nt 1t t Lt i i ds i At z t i al
such aatho | SaRibBC eheRY' 91880RTaprls YROHANEINR) ForTollBRE TS LD
for the thi ckBgsdoBsqaifdtimecshan a simidarolhanidr yhirh Agesrpat in a

concentrati oncghthigamfeOaxtes80aibublts BEr e2BbtP3398e0n Fhaok9hakewei ght
of the thickened IlgU|g.and oil %r %%her or gani ¢ mat rl%Lt I n,general, the
vi scoel ast3 ¢ BFﬁﬁgf pE }caﬁﬁrﬁgﬁ BICPLBT8MCI P EGE Py AR .Phgh iquid tend
to be |ost orpsegente- ofanrgrnicduetérinlshengdr asencepebleuci watbri al s.
Liquids cont abBhngihBe ekl 48Rk 83bhCoshbAG! 8RGaRlE matetfa1gxghss amounts
of electrolyte are capable of main- talnihg thelir viscoelastic_properties
for | onger pePMBHBLEf Ofi HR tRafOavWeiAhFaPeEF8htd MAPENPHBEETABLYCHBRt ain t he
excess anount goopoekeibhel peecehltyobhBaticdnStieswathnst b€ sHef ahiarts are

more reshgtant Ly igauid (i.e., the liquid and the fluorinated
surfactant).

In general, electrolytes (including salts,
acids and bases) which form, upon dissociation, organic
ions with the surfactant ion to form a viscoelastic

15 surfactant are preferred. For example,.the_oil-resis-
tance and/or temperafure resistance of a liquid con-
taining a viscoelastic surfactant having a ¢ationic -
surfactant ion can often be increased using an organic
electrolyte which, upon dissociation, forms an anion.

20 Examples of such anionic organic electrolytes include
the alkali metal salts of various aromatic carboxy
lates, e.g., sodium salicylate and potassium salicy-
late and disodium methylene-bis(salicylate);.alkali
metal ar-halobenzoates, e.g., sodium E—éhlorobénzoate, N

25 potassium m~-chlorobenzoate, sodium 2,4-dichlorobenzoate |
and potassium 3,5-dichlorobenzoate; aromatic sulfonic
acids such as p-toluene sulfonic acid and the alkali
metal salts thereof; naphthalene sulfonic acid; substi-
tuted phenols and alkali metal salts thereof, e.g.;

30 ar,ar-dichlorophenols, 2,4,5-trichlorophenol,
t-butylphenol, t-butylhydroxyphenol, ethylphenol,
and the: like.



presence of organic materials and are capable of with- standing the

addlgLon of many organic materials in anounts of up to 80 wei ght percent,

nost pr.eferably up to 20 wei ght percent, based on the weight of the thic

10 ened liquid (i.e., the liquid and the f!lgorinated surfactant). In
general, electrolytes (including salts, acids and bases) which form upon

di ssoci atiom, organic ions wth the surfactant lon to forma viscoelastic

15 surfactant are preferred. For exanple, the oil resis- tance and/or

t enperature resistance of a liquid con- taining a viscoelastic surfactant
having a cationic surfachaternanivabyofthe bili andgaesetempeng-an organic

I I wh b 0p. ; f h
anioni o or gani S aTciEraryPace, ot arianaa PeRfafhRY, o Yy FRBRPAES 0 21

ani oni ¢ organic el ectro é ar ke .
aronmatic car bo¥§C| guE§actagt havingnpBapnégnicesurnfapbantsiom salicy- late

and di sodi um nehhybeﬁenbbs_( §ﬁbté¥£é&eﬁ51ﬁbk§| tafBbAicasrahpbenzoat es,
sod|%g1 ; ? g zoaﬁ Hgota sium m chl oropenzoat e, sodi um

2 4 di chl orobeRz8SFECER LS éEEru S0 5ALBERAFHR EHRM2 05O ENS of HAET ¢ sul foni ¢

aC|ds such as penolueWhlsaItanlonaC|drgaﬂ1the1e¢ta¢1yte$airealts t her eof ;

napht hal ene suh%gglgrg@ég edUPRLA- ﬁgt?goggﬁggg§oggg metal salts

t hereof, e. |chIoro eno trich oroﬁ%eno
t- butylphenol °FQEH%9Iﬁ§ﬁFB§9bKEﬁ§P eXRD} BH P SULEIPIBCRTRe. -18-
Al ternatively, 1bh£c0eleeﬂﬂmeté§nﬁﬂéaude the quaternary ammo-

10 nium salts such as alkyl trimethylammonium ha-
lides and alkyl triethylammonium halides wherein
/ "the alkyl group can contain 4 to 22 earbons and
the halide advantageously is chloride; aryl and
aralkyl trimethyl ammonium halides such as phenyl
15 trimethyl and benzyl trimethyl ammonium chloride;
alkyl trimethyl phosphonium halides and the like.

Preferably, the electrolyte is the
same or generates the same ion associated with
the surfactant ion of the viscoelastic surfactant
20 contained in the aqueous liquid, e.g., alkali metal
salicylate is advantageously employed as the addi-
tional electrolyte when the viscoelastic surfac-
- tant originally has a salicylate counterion. The
— most preferred organic electrolytes are the alkali
25 metal salts of an aromatic carboxylate, for exam-
ple, sodium sallcylate However, it is also under-
stood that the electrolyte can be different from
the counterion which is emplbyed. |

- The concentration of the electrolyte'
30 required in the_liquid'to increase the temperature
to which the liquid will maintain its viscoelastic



amoni ¢ surfactant ion can often be increased using a cationic organlng
ol yte whi ch, upon dissociation, forns a cat- ion. VWi | e cationi-c

1l c el ectrolytes are | ess preferred t han t he -af orenmenti oned ani oni c
organic el ectrol ytes, exanples of suitabil®=<Tat- ionic electrolytes include
the quaternary ammo- 10 niumsalts such as al kyl trimethyl ammoni um ha-
lides and alkyl triethylammoni um halides wherein the alkyl group can
contain 4 to 22 carbons and the halide advantageously is chloride; aryl and

aral kyl trinmeth moni u benz
trimet hyl amon Rﬁﬁafb]fﬁso'r I%}&‘%{%;E@?S tri rre‘;’lriségﬁhr{?sph]lo%m% ﬂ%es&g%d they
li ke. Pref era&%etmeoélﬁﬁﬁﬁﬁlt@qléldm didqHdsane ion
associ at ed W\H‘sé&ﬁlééﬁif@%mwﬁh@faﬁ&lﬂeléﬁﬁﬂﬁﬁé I(Cé sgur f asz@mléo

t d th l.kal i | |
advant ageous| SRERRNEE heenovads Srid SR AnavRd JRSRRT e
vi scoel assi ¢ degfred. t am genepak) |theaoncentiratdon et dum @lesrt The nost
prererred or Gagk ol SHTP S eURo el kilde Hroq 3 7l4e, of ar

aromati c car boxy or exam diiumsal i1 cyl ate. wever, it is also
under - st ood preferakly| fram 48 et%a'-"fv B kRS ReeMoks cﬁﬁ.t SGRA%ST i on '

which is enployed:i dheusoieeait ati on of the electrolyte 30 required in the
liquid to increase the tenperature to which the liquid will maintainits
vi scoel astic

The liquids useful in this invention which

10 exhibit the désited reverSible viscosifying properties
are prepared by admixing the desired amounts of the
viscoelastic surfactant and, if'employed, additional
electrolyte to form a liquid solution. Alternatively,
the nonionic surfactant is contacted with the liquid to

15 form an aqueous liguid solution. The resulting solu-
tions are stable and can be stored for long periods of
time. The liquids can also contain additives in order
that the liquid can be employed for numerous industrial
'purposes, such as drilling, completlon, workover and

20 fracturing liquids, cutting llqulds, plpellne applica-
tions, slurry transport, district heating applications,
and the like. ' | o -

The term "breaking" as used herein refers to
'a measurable reduction in the viscosity of the liquid
25 containing the viscoelastic surfactant composition.
The viscosity of llqulds thickened with viscoelastic
surfactants can be broken by a variety of means. For
example, aqueous liquids thickened with hydrocarbyl or
inertly-substituted hydrocarbyl v1scoelast1c surfactants
30 can be broken through the addition of effectlve_amounts
of a miscible or immiscible hydrocarbon or substituted
hydrocarbon such as methanol, ethanol, isopropanol,



419-/properties, and. hence, its viscosity, is dependent on a variety of

factqQr,s including the particular liquid, viscoelastic surfactant and
el ectrfrolyte '(e.g., organic electrolyte) enployed, and the achieved

viscosity 5 desired. In general, the concentration of the elec- trolyte
wi | | advantageously range fromO0.1 to 20,

per nole of the visco- elastic surfactant. The liquids useful in this

i nventi on which 10

erably from0.5 to 5, noles

exhibit the desired reversible. viscosifying properties

are prepared by adm xing the desired anobunts of the viscoelastic surfactant

and, i1 enpl oyed;. dddiltdwiiialalRlciied] ek tiohel, Othyieditlyd k8P, on.

t he noni oni.c surfactant is contacted with the [Liquid to 15

form an aqueouéﬁ?Q§}9fQﬁﬁqX%Qﬂ?' tptuengs PYIlegesSe| Minerads ©dd& st abl e and
can be stored fglrydadrsy pArviands etthelrise.anBhahel Qikés caguebse ¢toguiads

additives in or&q{tcﬁﬁf;ﬁtr}%&gléci%goq‘ocaq_qp%%tg@)Isgrg%gﬁ%orfsn@grgéggégﬁ?fggst rial

Al ternatively,

pur poses,

such as

et on; "Wor Kov

liquids, cuttimpnfaghant qempenentsagen be brioken efifectivelsnygdng,

di strict heati newPldie¥hdas (iaed ,t hadonkds Haeihe’ Frohr gakbng” as used

herein refers to€§ neasur ahl e reducti,on in the V|s%gsit of the ljquid 25
Sl 55' %t }i‘g

cont ai ni ng t he SA'

Bt oPEBEEPLi: on TREHAMGHBES f

| i qui ds t hi ckegdlneicarberns eoelsadisitd tatefda bydrbsachonbehlichkmnsiiybe vari ety

R R A A R S

of neans.

I'nertly-substi 2| a > )
0 ad fleReRiedt MPoa:ithee SRRGRALS viscoelastic surfactant

t hrough t

N\

For

15

20

25

30

employed and its concentration as well as the specific
hydrocarbon or substituted hydrocarbon employed. For
example, as little as 0.1 percent, by weight, based on
the weight of the thickened liquid, of toluene can
often be added to the ligquid to break its viscosity
whereas more than 75 weight percent of ethylene glycol
may have to be added to break the same thickened liquid.
In most instances, the hydrocarbon or substituted
hydrocarbon will advantageously be selected such that
it will break the viscosity when added in an amount
from 0.1 to 50, preferably from 0.2 to 20, more prefer-
ably from 0.2 to 10 weight percent, based on the weight.
of the liquid.

Other methods for breaking the viscoelastic
surfactant compositions involve changing the pH of the
ligquid, heating or cooling the system above or below
that temperature at which the liquid loses its visco-
elasticity, changing the composition of viscoelastic
surfactants. Although the application of shear greater
than the surfactant micelles can withstand, can also be
employed to break the viscoelastic properties'imparted
to the liquid by the surfactant, the application of



of a miscible or inmscible hydrocarbon or substituted hydrocarbon such as

nmet hanol , et hanol, isopropanol, -20- (i.e., lower alcohols) acetone, ;}
| et hyl ket one, trichloroethyl ene, toluene, xylenes, mneral oils,

gl s, glycol ethers, and the like. A us |iquids containing the

f |l 0ot oal i phatic species as viscoelastic Surfactant conponents can be

broken effectively using | ower alcohols (i.e., alcohols having frem1 to 3
carbon atons) such as isopropanol. The anpunt of the hydrocarbon or
substituted hydrocarbon which nust be added to break the viscosity of the

g%fg;ggd | ij%'ﬁfé’eéﬁ*}é’ ?lﬁj@&ﬁt_ nﬂﬁrﬁoﬂpﬂpii@tﬁwﬁxﬁémgisﬂmwim surf act ant
| and jts cpncentration._as . as the on or
substituted h?@?d%%?%%ﬁléﬁp?gyg%? ﬁgquﬂianpfg,f%§&+$%€§£?%éqﬁg%ppercent, by
wei ght, basecdmore t tisamedmdt mednsg hfox b rkalnbng | theidiseselastiehe can 15

of ten be adde | QUM 4 [ ' dhes an 75
wei ght percen %?a%?ﬁn g?ég%#éﬁnikc%%\s/%é{t%%zﬁn ed t%ﬁserlggi&sﬁﬂagane

i
t hi ckened5l i q%rq.fembiabg]ghﬂs‘(m%%%glfh%f his o &3 7K ed
hydroca{boahggbgﬁﬁdgﬂﬂgaQNQUEhyche?éelthwﬁdsmtﬁht&mteffbctiveMWI break the
50, “nore. pr of EpouaE oF (b SEBHR GF Thibdei Bupda IESLEN [ PREZ D
the liquid. Cthesenethpositbensreantaining viseorlastice surfagtanrhct ant
conposi ti ons E@Mg&:%ftf@ﬁg%gﬂi&ﬂédpf‘bﬁfuééeo‘béﬁué dvidieatémgepateesl i ng the
system above or below e .
, 10 range, temperature variation is not the best means for
breaking the viscoelastic surfactant. ' _
| | o/
Restoration of the viscosity of the industrial '
liquid can be'accomplished by using a variety of tech-
niques. By the term "restoration of viscosity" is |
15 meant that the viscosity of the liquid which has been
* broken can be increased without the necessity of pro-
viding additional viscoelastic surfactant to the liquid.
Thus, the term “"reversible breaking" as used in referring
to fluids in this invention, refers to the repeated
20 breaking and substantial restoratioﬁ of viscosity of
the original liquid. Examples of technigques useful in
reversing the breaking process or restoring viscosity
of the liquid include removal of the aforementioned
hydrocarbon using techniques such as applying a vacuum
25 and/or heat to the liquid. That is, the hydrocarbon
can be removed from the liquid by subjecting the liquid
to conditions such that the hydrocarbon vaporizes. For
this reason, it is most desirable to employ a hydro-
carbon in the breaking process which has a fairly high
30 vapor pressure under conditions of removal. Hydrocar-
bons can also be removed by absorbing the hydrocarbon
using a suitable absorbing material (i.e., one which



that tenperature at which the liquid |oses its visco- elasticity, changlno
the gomposition of viscoelastic surfactants. Although the application &
shear“greater 30 than the surfactant micelles can withstand, can al so\Be\). =
enpl oyed to break the viscoelastic properLigg i nparted to the l'iquid by
surfactant, the application of -21- exCé&Sive shear is not a practical
means of reducing the viscosity of the liquid. It is understood that nore

t han one neans for breaking the viscoelastic surfactant conpositions can be
si mul t aneously enployed. 5 Preferably, the viscosity of the liquid is
broken by cont asmiovest et h:iytdlren:adblohqbhdebthﬁ&BseEﬁeihﬂ.VﬁmaﬁﬁﬂQtoff_ _

hydr ocar bon or | r # or_thos QpposLtions_containi ng
W scoetasti o siibagigsdelanbit! B3 ratiane, Ronbp3i€i58 5, oFoR FRaRRLE!

t enper at ur e 10tm@n@§dr9§ﬁsbpatﬁﬁ§ b&rtamOUﬁdlgsmng phidybericnbeadsf or

breaki ng the vicpaeahastontainiag! aikh Bealie! abheBoR! EBElMi&EQSéth.’é the
using a varie of tech- nlques

I ndustrial Jiquid ca e acc I s

By the ter "rggfbraatgﬁ 95529§"r¥§t?51 frekhe Yﬁ§F°?hEYv?§CB§?ty of
the liquid whi birokea ﬂeqnlurmhemudenrbstonateeaedfmpHhohéathﬁgneﬁecéoﬁy of
pro- viding ad I el.asti factan t e
tern1"rever5|b?gbbgggkfxgiggskgsggg EU e%?lﬁhigh ??S&égf%%t%%bg§ it

i nventi on, ref€P§tP6e§he repeat ed 20 breaklng and substantial restoration
of viscosity of the original |iquid. Exanples of techniques useful in

reversing the breaking p&gcgﬁsagﬁecgs £ Lhe EkggggktXnvention,

10 a liquid containing a viscoelastic surfactant can
N\ be employed to remove suspended particulate mate-

rial in drilling operations such as the drilling
of oil wells without significant downtime or loss
of liquid. Specifically, the thickened liquid can

15 Dbe employed to transport the solids and the vis-
cosity of the liquid can subsequently be broken,
thereby allowing for the easy removal of the solids
from the liquid by conventional techniques such as
filtration. The viscosity of the broken liquid can

20  then be restored and subjected to reuse.

In a highly preferred embodiment of
this aspect of the invention, oil well drilling
-~ liquids such as those containing large amounts of
brine can be recycled in an efficient and effec-
25 tive mannerl Thus, o0il well drilling liquids are
thickened using the viscoelastic surfactants of
this invention,'employed to carry cuttings to the
surface, broken, subjected to solids removal using
conventional means such as vibrating screens, hy-
30 drocyclones or centrifuges, subjected to viscosity
restoration and recirculated for further use.



ot he liquid include renoval of the aforenmentioned hydrocarbon using

' ni-ques such as applying a vacuum 25 and/or heat to the liquid. That @
e/ hydr,ocarbon can be renoved fromthe liquid by subjecting the liquid.to .

conditions such that the hydrocarbon vapadses. For this reason, it is
nost desirable to enploy a hydro- carbon in the breaking process which has
a fairly high 30 vapor pressure under conditions of renoval. Hydrocar- bons
can al so be renoved by absorbing the hydrocarbon using a suitable absorbing
material (i.e., one which -22- renoves the hydrocarbon but not
substantial anounts of tThe ialdasing iexanpkestane RragRRAad i For

exanpl e, the hydnasarden @ By <E hrid b X{B‘i'! ife. Qﬁﬁfb%r
cont ai ni ng sugﬁrbeads car bon, HﬁdkOIdal silica, nethods for

et c
restoring the ¥i%cosh s SHR%re é??qqﬂiﬁa@q%cﬁ%é’% c?rrft ei’é’n of pH,
heati ng or cooteighiy unilesy stherwishaqimEdit at which viscoelasticity is
restored. In an aspect of the present invention, 10 a liquid containing a
V|scoelast|c surfactant can be enployed to renove suspended particul ate
mate- rialSin Examplieng operations such as the drilling of oil wells without

signifi cant dovvnt| me or A mﬂeﬂemmﬁnesmﬁuraaﬂqn i@ rdparernas; | i qui d
Frauia con cuBelikARd ABBEGE ¥ P b sy GFETR e of
the solids fraaldicm |Q1Lilm;t'1b;;8/czaiﬁenm dmdmltdacmﬁiqmeswmrﬁ & of a

viscoelastic surfactant composition comprising 1.5 g of

10 tallow trimethyl ammonium chloride, in a 1.5 g isopro-

panol and water mixture. To the formulation is added W/

5 g of a clay/quartz solid dust which simulatés drill

cuttings and is sold commercially as Rev Dust a® by

Millwhite Corporation, Houston, Texas. This sample is

15 designated as Sample No. 1.

In a like manner, but for comparison pur-
poses, .is prepared a thickened brine formulation con-
taining clay/quartz, dust and one gram of a hydroxyethyl
cellulose polymer rather than a viscoelastic surfactant

20 composition. This sample is designated as Sample
- No. C-1. '

The ability of the liquid containing the o/
viscoelastic surfactant to be broken, processed and
restored is illustrated using the fo11owing procedure:

25 : - Step A: Viscosity of Sample Nos. 1 and C-1
without solids are measured using a Fann 35 viscometer
at about 24°C. Viscosities are measured at various
shear rates varying from 3 rpm to 600 rpm.



filt;ation. The viscosity of the broken liquid can 20 then be restored and

subﬂg;ted’to reuse. In a highly preferred enbodi nent of this aspect of ARy . -
iknvemtion, oil well drilling |iquids such as those containing |arge a g;g 5
of brine can be recycled in an efficient apg-effec- 25 tive manner. RS,

oil well drilling Iiquids are thickened using the viscoelastic surfactants
of this invention, enployed to carry cuttings to the surface, broken,

subj ected to solids renmoval using conventional neans such as vibrating
screens, "hy- 30 drocyclones or centrifuges, subjected to viscosity
restoration and recircul 8te® Bor fUieARF1G¥eCL Sample N@g. f bl aodi Gl

exanpl es are pwetdnkedite prewehtabeet Heakii¥eat 4oniangtepoald not be
construed to limt its scope. Al percentages and parts are by wei ght

unl ess otherw se noted. 5 Exanple 1 A thickened brine fornulation is )
prepared by contacting 358epl Cof aEachpofinSappleglidsonl (4838 7CtEraté cal ci um
chl ori de/ cal ci KABvDR BE+ Wit of faj yi elasti¢ rf

conposition coﬁg}?%?%g §¥5ié§§%ﬂgoﬁo§aﬁ%o§ft%?ﬁg%ﬂy+ﬁa%n%%?3h1%ﬁ#%ﬁ%%%, in
a 1.5 g i sobrotOBanst 4R89.E&F@) RFREBRES Wibh{Ritregem| 33F0mR®d added 5 g

of a clay/quarmeasakifigdyhe whochAtsbiuldiresddpassingt thigwgianwhatmaw! 5o
commercially a%.ggg Dug %errLrb¥. || white Corporation, Houston, Texas.
This sanple is 15 -“HekPE AL 8§°hs anple No. 1.. '
Step D: To each of the samples is added 45
drops of trichloroethylene which is a breaker of the
U 10 viscoelastic surfactant. The viscosity of samples is
' measured as described hereinbefore, but at about 2$°C.

Step E: Each of the samples are filtered as
described in Step C.

Step F: The breaker is removed from the
15 samples processed in Step E by vacuum distilling each
sample at 25°C using a laboratory flask, still and dry
ice cold trap attached to a vacuum pump, and further
vacuum distilling each sample for five minutes at 65°C.
Viscosities of each sample are determined as described
20 hereinbefore at 27.5°C and 27°C, respectively.

Results are presented in Table I.



In a like manner, but for conparison pur- poses, is prepared a thickened_
RE, formul ati on con- taining clay/quartz, dust and one gram of a
yethyl. cellul ose polyner rather than a viscoelastic surfactant 20
wposition. This sanple is designated agpgSanple No. G 1. The ability of
the +iquid containingthe viscoel astic surfactant to be broken, processed

and restored is iJl a;q'd\wglglg th@ (QICA aw,ng procedure: 25 ?

Step A Vi SCOSH-! HI% end 31O wi t hout sol i ds are neasured
using a Fann 35 \id ¢ O ter at about [err] “\V'scosities are nmeasured at
various shear rat®s|vwarying from3 rpmto 600. rpm ~ -24- Step B:
Viscosity of Samfl §|N&s. olo ad &l W ho®ldds present are neasured as in
Step A. Step C >Each @ SEBl e NoGIJ_§hd C1 are filtered by placing 200

m of liquid in a cell, applying.5 100 psi (689 kPa) pressure with nitrogen
gas, and measurin -t?':k)armunt of liquid passing through Watman 50 filter

paper over tine. epeD: o o R0 16800 @ i Ber 9ampl es i s added 45 drops of
trichl oroet hyl en@ P g bredker & Sthd 10  viscoel astic surfactant.
The viscosity of®34npl es is neasured as descri bed herei nbefore, but at
about [err]. St o ch of the sanples are filtered as described in Step
~C. Step F: The.-nbwéaﬁ rolcscrem)vued d:lcomthe|15 sanpl es processed in Step

E by vacuum di st¥Ig|Ehg] eacH ™ !
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sanpl e at 250C using a | aboratory flask, still and dry ice cold trap
attaghed to a vacuum punp, and further vacuun1d|st|II|ng each sanpl e forff
fivelHinutes at [err]. Viscosities of each sanple are determ ned as

descri bed 20 hereinbefore at [err] and [e&ﬁ%, respectively. Results a
presented in Table I. - 25- -26- The Wata in Table | indicate that

t hi ckened sanple is difficult to filter (i.e., Step C) However, the
viscosity of the thickened sanple can be broken, (i.e., Step D), the sanple
5 easily filtered (i.e., Step E), and viscosity can be substantially

restored (i.e.. Step F). f@mies Aoratl & Gl @l diakelay| L1 et iyl am
nmoni um chl ori de_.a ous solut .vi scosity simlar
to water, is ad U]EF \(I)&] éth%ﬁ%eqi%rﬂl]]%&ﬁ 3@' -&titoni ¢ surfact ant
 (dodecy! di pherSterxiGle. dlmﬁé\rmat e:)he nvisdomityand tthe smudhemedoecorres
hi ghl y. vi scous. &ﬂxﬁy of i 5 nt {i lonic -

sIS dedatot%éﬂ‘ (1@ % i \éﬁﬁﬁg

surfactant 15 e sol ution, the VISC Sity o e sol ution
becomes si nPl area%i WatErltared He 8ot SheR Eore b AGHEOFitY, Calear |y equal
anounts of ani @8 GsuliEk Al resdcarEa@ntis ear,e sHepseNt.) .

Example 2 -
To 100 g ¢f a 0.01 N cetyltrimethylam-

monium chloride agueous solution, which exhibits
g 10 a viscosity similar to water, is added 0.22 to
0.34 g of a 50 percent active anionic surfactant
(dodecyl diphenyloxide disulfonate) in water, and
the solution becomes highly viscous. However, as
. 0.59 g of the 50 percent active anionic surfactant
15 is added to the soluticn, the viscosity of the
solution becomes similar to water and the system
becomes opaque (i.e., nearly equal amounts of
anionic and cationic surfactants are present).
Addition cf (.85 to C.92 g cf anionic surfactant

20 provides a viscous solution.

| The example illustrates that a great

excess of one surfactant provides no viscosity

to the liquid. Thus, a means for breaking a thick-

ened liquid is provided. The example also illus-
2S5 trates that an equivalent amount of anionic and

cationic surfactant provides a means for breaking

the liquid if it is desirable to remove the sur-

factant. '



Addition of 0.85 to 0.92 g cf anionic surfactar.t 20 provides a viscous

SO

|qU|d|

eqU|vaIent amount of anionic and cationi 2

breaking the
Exanple 3 A |

7~

on. The exanple illustrates that a great excess of one surfactant s
S no viscosity to the liquid. Thus, a neans for breaki ng a thick-

s provided. The exanple also gllus- ~trates that an
drfactant provides a neans for

liquid if it is desirable to renove the sur- factant. -27-

iquid which is enployed in a thick- ened state at a high

tenperature can be revers- ibly broken by subjecting the liquid to a tower
5 tenperaturegxéméggubated dr|II|ng liquid is pre- pared by contacting 1.5

percent cetyl
gal lon (1701

- d h hlotid 14. 2- pound
lerr)) LerP) SARUBBLEREERAEE, SPHECYRacHS: fy SBikRo |1 Guid af

850C as neasueaddletausiag ahhzahakemﬁeratuseochhdbé Reverset ati onal

vi sconeter w
while at [err
aqueous | |5qU|

Vi Scosl A t hi ckened

;ﬂlgngkEHpb?”Quﬂ?gci‘fﬁﬁ§uﬁh€91?gﬁ§lﬁn§6t all8wkerr] is 169 cp
eppegAtEited ysaPEQBFGanréggénﬁll%guh9d45x9€ﬁhyl)an1ne in

wat er such thphradlbper:ennhcad;hgve supéaceant ceepimeenylabisn i s obtai ned.

The pH of the

10

15

N
(&

25

dggxygth§lammon1um chloride in a 14.2-pound
per gallon (1701 kg/m3) CaBr, aqueous liquid.
The viscosity of the ligquid at 85°C as measured.
using the Haake Rotovisco Model RV=-3. rotational
viscometer with an NV cup and bob measuring system
at 170 sec™t
62 cp.

Example. 4

A thickened agqueous llquld is. prepared
by dlssolv1ng soya bis(2- hydroxyethyl)amlne in
water such that a 1 percent active surfactant cohe
centration is obtained. The pH cof the liguid is
altered using hydrochloric acid. In the pH range .
from 4.8 to 5.7, maximum thickening is observed.
At higher and lower pH ranges the liquid exhibits
a low viscosity. By adding sodium hydroxide, and
alternatively hydrochloric acid, the viscosity of
the system can be restored and broken.

Example 5 _ _ _
A thickened aqueous liquid is prepared

and has 99.5 percent water, 0.23 percent cetyltri-
methylammonium salicylate and 0.23 percent sodium

is 169 cp while at 25°C the viscosity is ' o/

e



'aflter__ed usi ng Hydrochl oric acid. In the pHrange 20 from4.8 to 5.7,
maxigdum t hi ckening i s observed. At higher and | ower pH ranges the liquid, -

exhi brt.s a | ow viscosity. By adding sodi um_hydroxide, and alternatively o -
t@!i’

N

hydrochloric acid, the viscosity of the sy$ttém can be restored and broke
25 Exanple 5 A thickened aqueous liquid is prepared and has 99.5 percen
wat er, 0.23 percent cetyltri- methyl anmoni um salicylate and 0.23 percent

sodium  -28- salicylate. The liquid is clear and exhibits vis- coelastic

properties. —Todyicyldtrl d vife addad d dlsiledrn amcre&mm@s munts After

an anount of toluené is added such th t‘aﬁ- cent at i o u gg

about 5 0.1 pRRAASTIFHPIRAFY HFeco \}l s@ éilegstl 8‘ % perties

are | ost. Aboutlﬁ&@ﬁméﬂ'ﬂ]braniwn‘ds qumfm tameaim@dmts ofagoddentr dggh a

colum using a él-ﬁﬁ: {aﬁﬁ T i opper
tube of 1.3 rrmafgéedlos@a* avi ng arfgeng %r%gfc%%én%h@ms %bgu(ivmth
about 50 g Bf P hiHengsntxtihe HTWE Recomes spagyenddd é’lllsi‘:@& lastdCand 20

per cent styren Fhpe e e e e swol yrrer suspensi on beads having a particle
size in the 20 mcron range. Liquid passing through the 15 colum is

t hi cker than the broken liquid but hazy. The liquid is passed through the
colum a second time usi PGt & g £If3 Wenprstkesy ddstpid so (}uleétﬁé’sél-ng

through the colyuukds Sgrn cothink tus M ERIAS i pRiOREL.iekPa )

of pressure. The column is a copper tube of 1.3 mm

10 diameter having a length of 70 cm and is filled with
about 50 g of a uniform mixture of 80 percent 20-40
mesh szllca sand and 20 percent styrene/divinvlbenzene
copolymer suspension beads having a particle size in
the 200 micron range. Liguid passing through the

15 column is thicker than the broken liquid but hazy. The
liquid is passed through the column a second time using
60 psi (413 kPa) of pressure. Liquid passing through
‘the column is clear and exhibits viscoelastic properties.



-29 1. Anethod for reversibly altering the viscosity of a |iquid,

S

cofipLisi ng the steps of con- tacting the liquid with a viscoel astic - -
SLy‘gzaiant to increase the viscosity of the liquid, and breaklng the 5 |

O3ty of the liquid containing the viscoelastic surfactant in a manner
such that liquid does not need to be sub®eted to an increase jn shear in
order to reduce the viscosity of the liquid, and the viscosity of fhe .
l'iquid can subsequently be substantially restored. 10 2. A
method as clained in claim1 wherein the visco- elastic surfactant is”an

i oni c viscoelastic surfactant which conprises a surfactant ion having a
hydr.ophobi ¢ noi ety chenically bonded to an ionic, hydrophilic noiety and an
amount of a counterion having a noiety 15 capable of associating with the
surfactant ion suf- ficient to forma viscoelastic surfactant. 3. A nethod
‘as clainmed in claim2 wherein the viscoelastic surfactant is represented by

the formyl aCLEIMS: - - Jerr] -30- wherein R is a -
hydrophoblc noiety, Z is an anionic solubilizing noiety chenically bonded
to Rand [err] is a counterion associated with [err] 5 4. A

nethod as clainmed in cIa|n12 mhereln

1. A method for reversibly altering the
viscosity of a liquid, comprising the steps of con-
tacting the liquid with a viscoelastic surfactant to (‘)
increase the viscosity of the liquid, and breaking the

S viscosity of the liquid conta1n1ng the viscoelastic
surfactant in a manner such that llquld does not need
to be subjected to an increase in shear in order to
reduce the viscosity of the liquid, and the viscosity
of the liquid can subsequently be substantially restored.

10 2. A method as claimed in claim 1 wherein the visco-
' élastic surfactant is an ionic viscoelastic surfactant
which éomprises a surfactant ion having a hydrophobic
moiety chemically bonded to an ionic, hydrophilic
moiety and an amount of a counterion having a moiety
15 capable of associating with the surfactant ion suf- v/
ficient to form a viscoelastic surfactant.

3. A method as claimed in claim 2 wherein
the viscoelastic surfactant is represented by

the formula:

20 - o R, (27)a"

—_—

MO T



the viscoelastic surfactant is represented by the fornula: [err] 10 wherem\
[err]. is a hydrophobic nmoiety, Y is a cationic solubilizing noiety
chehecal |y bonded to [err] and X is a counterion associated with [err

5 5. Anethod as clainmed in claim2 wherein the viscoelastic conpound iS5 a
fluoroaliphatic species. 20 6. A nethod as clained in any
one of the preceding clainms wherein the‘??huid contains a stoichionetric
excess anount of an electrolyte required to act as a counterion based on

t he anount of, s SURTF agt.ant d as ap,ed in any one of
t he precedingh%Fgﬁﬁthuhg%é%Eq%ﬁ}?éihﬁhcﬁ%ggéﬁgQUgouggl?gﬁid and the
surfactant c8Rpesici &0 ludididigiedioieth chemheablyfpopdedoto &,10 wei ght

percent basegn@na30is e oititdrid ddeovi 668! @fthczsurfactant and the
aqueous liquid. 8 A nethod as clainmed in any one of the preceding clains

wherein the viscosity of the liquid 35 I's broken by contacting the liquid
with an gffective anmounts .of s metrad| £s oc1aimeédcihl e1BYfr QCahlegieiar -31-
substi t ut ed pxdrocarboq. . .

é viscoelastic surfactant is represented by the

formula:

R, (Y*)X™
10 .

. wherein R, is a hydtophobic moiety, Y’ is a
cationic solubilizing moiety chemically bonded to
R, and X~ is a counterion associated with Y*.
15
5. A method as claimed in claim 2 wherein
the viscoelastic compound is a fluoroaliphatic
species. -

20 ' 6. A method as claimed in any one of the
preceding claims_wherein the liquid contains a
stoichiometric excess amount of an electrolyte
required to act as a counterion based on the amount
of the surfactant ion. '

7. A method as claimed in any one of the
preceding claims wherein the liquid is an aqueous
liquid and the surfactant composition is employed in

~ an amount of from 0.01 to 10 weight percent based on
30 the weight of the viscoelastic surfactant and the
aqueous liquid.

_ 8. A method as claimed in any one of the
preceding claims wherein the viscosity of the liquid
35 is broken by contacting the liquid with an effective
- amount of a miscible or immiscible hydrocarbon or

* [ L M $ *




9. A nmethod as clainmed in claim8 wherein the viscosity of the liquidis
tantially restored 5 by subjecting the liquid to conditions such tﬁk
Jhydr ocar bon or substituted hydrocarbon vaporizes or is absorbed usi-ng a -

sui tabl e absorbing material. 10. A nmethod as clained in claim9 10 _

wherei n the hydrocarbon or substituted hydrocarbon is an al cohol containing

- from1l to 3 carbon atons. 11. A nethod as Akited in any one of e¢lains 1

to 7 wherein after the viscosity of the 15 liquid is substantially

restored, additional V|sca$ha ic surfactant is added thereto. 12. A

met hod as cl ai i2tP$hitHee yaﬁgFé %fhe viscoelastic surfactant is a

noni oni ¢ 20 vi scoel asti ¢ surfactant which conprlses a surfactant nol ecule

havi ng a hydrophobic noiety ch I n hlllc
noiety. 13. A nethod for u rngRa ﬁhg e% %ﬁ% ?ﬁ%éﬁ)éfg cgr%5 %g fol i ds,
conprising the thepsiséosbtgkofi mget Ad quigliics véubs tantialiby véssored

vi scoel ast i a r d I| ui
carrying ca ach’g gﬁgiéc;’?ngd&?}% ? grc]lt q)clfcejonedfﬁ%sl hgméﬁ\s/ﬁeiﬁgfrltlggfhe
solids in the awdromckenequ sybisd 1tmdsdtymFLmb9/n b\r@akrngeﬁher

viscosity of theg '#aywbwpthgghgt he sieed e aIHhCJﬁﬁﬁ?@ #AE8F18Q,that the

solids can nore eftectively enoved fromthe liquid than fromthe
thickened liquid.. 35 14. A nethod as clainmed in claim13

10. A method as claimed in claim 9
- 10 wherein the hydrocarbon or substituted hydrocarbon is
an alcohol containing from 1 to 3 carbon atoms.

11. A method as claimed in any one of
_ claims 1 to 7 wherein after the viscosity of the
15 liquid is substantially restored, additional
viscoelastic surfactant is added thereto.

12. A method as claimed in claim 1
wherein the viscoelastic surfactant is a nonionic
20 viscoelastic surfactant which comprises a surfactant
molecule having a hydrophobic moiety chemically
bonded to a nonionic, hydrophilic.moiety; '

13. A method for using a thickened liquid W/
25  for carrying solids, comprising the steps of
thickening the liquid with an amount of a
viscoelastic surfactant to provide the liquid with an
improved solids carrying capacity as compated to the
unthickened liquid, suspending the solids in the
30 thickened liquid, and subsequently breaking the:
viscosity of the liquid without the need for
increased shear so that the solids can more
effectively be removed from the liquid than from the
thickened liquid. - S
35 | |
14. A method as claimed iﬁ’éiaim 13

O g g



$32- wherein the viscosity is broken in a manner such that the viscosity of
the;rlquid can be substantially restored without the need to incorpor T
addk¥i onal viscoelastic surfactant in the liquid. 5 15. A nethod as ZE%EBkd*”
in claim13 wherein the liquid is an aqueous liquid and the viscoel a
surfactant is represented by the fornulae: 10 [err] 15 wherein R is a
hydr ophobi csnoiety; Z is an anionic sol ub33tzing noiety chenically bonded
to [err]; A+ is a counterion associated with Z; [err] is a cationic
solubilizina”nnieia cgenicallg,bonded to Jerr], and X is a counterion
associ at ed WRETSER  theo¥l8g0SIkY dishhroken in R MARNGRYSUARB &had) ains 13
to f15 wher ei theé he}isftqslitlyi efanhequdqusid i¢235ti ob;amhwe?]ntsawyfas.t i Cd _
surfactant i uor t SpReci £5. . t hod,a l,ymed in any
one of cl ai née%gf% 1@§\%\h§p§i k?‘tehz‘ eld:}c’d %%?%?‘ﬁgggﬁ 3&8&?1?88%1%

el ectrol yt e whiche bastiedssubn€astainthiiongthe biquid. of el ectrol yte required
based onc t he anobunt of 30 the surfactant iaon. 18. A nethod as . clained in

claim 17 wherein the viscoel astic surfactant_is enplo eq in an anount of
fromO0.01 to 10 wei ght p&rceht medhed ®s thlaimed in claim 13 -

wherein the liquid is an aqueous liquid and the
viscoelastic surfactant is represented by the
formulae: |

10

R, (Z7)A*  or Ry (Y*)X~

15 wherein'R1 is a hydrophobic moiety; Z~ is-an
anionic solubilizing moiety chemically bonded to
Rys AY is a counterion associated with Z; Y' is
a cationic solubilizing moiety chemically bonded to
RI,'and X~ is .a counterion associated with Y*.
20
' 16. A method as claimed in any one of
claims 13 to 15 wherein the liquid is an aqueous
liquid and the viscoelastic surfactant is a

fluoroaliphatic species.
25 _

17. A method as claimed in any one of
claims 13 to 16 wherein the liquid contains an amount
of an electrolyte which exceeds the stoichiometic
amount of electrolyte required based on the amount of

30 the surfactant ion. '

18. A method as claimed in claim 17
wherein the viscoelastic surfactant is employed in an
_ amount of from 0.01 to 10 weight percent based on the
35 weight of the viscoelastic surfactant and the aqueous
liquid.
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35 weight of the viscoelastic surfactant and the aqueous |iquid. 1111111 f

11-11111 1111111111 -33- 19. A nethod as clained in any one of C|&LHB J
0 18 wherein the viscosity of the the liquid is broken by contacting &

liquid with an 5 effective anobunt of a m scible or inmscible
hydrocarbon or substituted hydrocarbon. 20. A nethod as clai nmed in claim19
wherein the viscosity of the liquid is=38bstantially 10 restored by
subjecting the liquid to conditions such that the hydrocarbon or
substituted hydrocarbon vaporizes or is absorbed using a suitabl e absorbing
material . 15 '21. A nmethod as claimed in claim1 substanitally
as herei nbefore descrﬂbed\AIMethdmreﬂcelammedy1mnanﬁ arfee dfcanpl es. 22. A

rever sibl ve i i o8 ol 44 dudh s fNEHEVFY sBBSAA LR TdIO0 25 cf ai med

i n any one
liquid is broken by contacting the liquid with an

5 effective amount of a miscible or immiscible
hydrocarbon or substituted hydrocarbon.

ZO, A method as claimed in claim 19
wherein the viscosity of the liquid is substantially
10 restored by subjecting the liquid to conditions such
that the hydrocarbon or substituted hydrocarbon ﬂ
vaporizes or is absorbed using a suitable absorbing o/
material. : '

15 . 21. A method as claimed in claim 1
substanitally as hereinbefore described with
reference to any one of the Examples.

22. A.reversibly_thickened liquid
20 whenever prepared by a method as claimed in any one
' of claims 1 to 12. '

25

30

35
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