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PCT/ EPO8/ 088393257METHOD FOR CONTROLLI NG TH AN ROUERs8s:51 Ul D

AND GELLI NG AGENT THEREFOR The present inventi 8ffl4t| ates to net hods and
agents for nodifying aqueous fluids and, in particular, to nodifying the

t heol ogi cal behavi or of aqueous fl uids uselmu“mmmmmummml I1'ing and simlar
subit erranean operations. Fluids are used i i ng operations, for
exanmpl e, to cool and lubricate the drilling Disgguio carry away drilled
solids and other d LS,, ' [ r. debri s when
the fluid col um .é?&iwpﬁFéﬁéﬁﬁﬁ%éLLﬁéaﬂ%&f%i@% ! %?'3@@&5
squeezing o caving 9 ANIREIINNG AGENSRERRBEGRPI Ng agents, and to

m nim ze danage to any potential production zone. In hydraulic operations
fluids arg used to transfer pressure fromone |ocation to another. Drilling

fluids and hydraulic fluids can be water based or oil based. Typically,
wat er based dri || iHie @neseridinagntien frelates teamethndsuasdoagerss fepmeodityingus

fluid can be trosrrmess o pfadh berlian & mepiBo it R SaEH RGeS
acids, alkali) | owuelusompds uéé@ﬁrh@@ﬂ’Hri!liﬂb@fbo%imilﬁﬂguﬁeﬁ%@%)ogg%%ﬁ@' S,

and the |ike, provided that the water m scible |liquid does not versely
affect the viscoelastic properties of the aqueous fluid. Al so included are
enmul sions of inmscible liquids in r and aqueous slurries of solid

A dapensltriing Speaicads e

particul afes such EYIAS 3lF U§RdcBelg INGy OPEr IS s Pa FKBMPIL olPosP AN
Pt il T . ' ' . .
o fyi ng agent s Saficdte eI eR W ey ShaD oy 3616¢ AKy feriedis )

Vi scoel astic flui dsuspeadtdriied duttings ard dther dpbhis atlandthedluidtsianm igiskrie, ri se
to a strain that approaches its equilibriumvalue relatively slowy.
Vi scoel asticity nefi Festrel stBeyFage pseesaire s 40 ePiENPRhiSAyeBaiRay Porcavingr of

exanpl e, when suc Ui d L . ~ ~ I=A~ A 99] 32572
PCT/ EP98/ 08537 2 hﬁ%%ﬁﬁhg t%%H%S%’?c’egrs"ﬁph”q ﬁ%e’%sc?'ﬁei' @%W%&?%Eﬂ %&H |
bit, theaifd uid exhhdibhsall pMidUcEERSiohe. Whapdidific Biics Flafdeearesugdpted
the fluid returns to its nore viscous condition. Another function of fluid

modi fyi ng agent s itrensfer grgsskrefjoappne eeetiondo isgotheser neabi l ity

nodi fication. Secopdar ecovery, of ol fromreservoirs, involves

suppl ementi ng by S[S'E'ﬁ?gcq%_ﬁs r?ggngycirﬁgh%gf"lﬂ%a@%%@r Wt?rnhaf’%cﬁtori%‘ t?§]seed.
reservoir to recoveynitdfy, Qhater base& X MMRICaMl HYdrA&icOfilids Tabt PER@el dhaPBF OUS
rock it is often recovered by driving pressurized fluid, such as brine,

t hrough one or normods afliedd fgd thickemingagémtsoiubricants, ans ¢orbarien ihhibrtoiso
which it can be recovered. wever, rqck often has areas of. hjgh and | ow
per moabi 134 y. The BRFASURAUS TG Ge} OF (ESRAVAERPERERS (TS FAYRCHEFASMERYS ty
areas |leaving oil {f&hs! BRISTEARLA I § eﬂ?‘a _ar ire t hegsnBaveadeen
enpl oyed to sol veét' 'S pro | em For e%arﬁﬁ%{ .SrTOYPaﬁ eﬁﬁaﬁg.‘ %181?9%%

di scl oses a net hodpropanogdglycoE, Bhd therlikeabrdvitled diatlthetvaatenmniecipler iged| e
zone of an underground formati on havi ng nonuni form perneability. The nethod

conprises injecti n@P‘Fﬁjﬂ@t §%\@r§%}vﬁﬂ‘??ﬁﬁeé{'w@*ﬁﬁtwrgmmﬁspéme 3Hpoys fluid.
ool £ g Pl R AUBE AL ] s EEBS
surfactants i s an agluffesosf sitidspeticulates such as clay.
Viscoelasticity is a desirable rheological feature in drilling and hydraulic
fluids which can be provided by fluid modifying agents such as polymeric
agents and surfactant gelling agents. Viscoelastic fluids are those in
which the application of stress gives rise to a strain that approaches its
30 equilibrium value relatively slowly. Viscoelasticity manifests itself in

shear rate thinning behavior. For example, when such a fluid is passed



2 o as dinethyltall owam ne oxide delivered in water. A disclosed agB’WAY 12802 .
i sopropanol . The nethod may include“the further step of injecting an . "
al tohol sl uY%%BFEBH ng injection of the surfactant and al colRSTT/BRI&PRS37 U. S.
Patent No. 4,745,976 discloses a nethod for partially or conpletely

bl ocking the high perneability regions of a reservoir. The technique is 2 5
based upon the ability to i nduce phase changes in surfactant solutions by
changi ng counterions or by adding small quantities of different

surfactants. An aqueous solution of an ionic surfactant may have a

viscosity only sli pfferent. f rlr t .i a ip the | t
concent rxt fon o agiiqUashasR it 0 2R o ireftik L Tk Bubiiniyg
99/ 32572 ~ NAY 20020 visEd<Hy! atheh thd Shaamnd Artdl iatesbRithafigidOretdrBs b dts

gel -like structure of high viscosity. In the nethod of U S. Patent No

4,745,976, a first roarg wiscaus cendition.on is injected into the formati on

fol lowed b ter;sviubl fluid fol I oved b ond_syr f act ant
Sol uti on. 1n situ AUOHET SInFRE Sl TRHRARe ZHENSIN.@ 8RUNS SPRlieaansdsoy

t he tenden of di ffsheddnimyr - y l ifaf :
velociti es%%/hr ough gtﬁe r ebs”g?Ivrﬁ?@ﬁ@#Loji ﬁghgg%%tv? nsOﬁc?f“ ﬁ{ﬁ is?gt°|r§nd

second surfactant s ineblves gnpplerentingbgrartficidlmatansibe nmatuiahgnedyinestept hat ed
or gel-like structure will form bl ocking the high perneability zone of the
reservoir. |In accorthgri€seRainto igcaventientil. ofor ekamplrewinggythefoilds siefgdoiis

fluid (s modified by phe gk hod Wil GooRd esOHd A.LEiA AgHegla, Huui d

an anount of gelli go agent sufticrent  to form a vi hé

gel 1ing agent bei ndhird, aRtcR@Ghl drendd Mered E AN Roleans iisick NBe @i to i) wa@lhbadd feeani ne
oxi de of the general formula 0 0O R- C- NHRZ N-R- Ra wherein R is a

sat ur at ed 1ér unsat uwhichd} can pgirgRoveredbriiewenal, wekioften basikressefiiglyeodp of
fromabout 7 to abqut 30 car at oand il)-an a nium,sal t t aj ned
fromthe reaction PWa Pr%ﬁ‘&éﬁi%@e oﬂ’%i %rm%ew'Bpg%%eé's FETSWQV n}hé%liqh gﬁ% f'"g%
secondary or terti PernsBLIRy Bredd Ié\é\ﬁiﬁ%t&?ﬁir@fﬁé‘%mﬂ'p@rﬁn@@ﬂiﬁ aRGs! Wdrded
to a saturated or unsaturated, straigh - Q ~ MAY 2002. 99137572

PCTI EP98I 08537 4 ormbthoshkavechegmemplgyedttd solyedbis mbb[emmFalb@mmpJE, Uds.

about 30 carbon at O}ggte%rt]ﬂlo?g,1aOr1(,)§83"3tc%igclgisg&rz tr)nor-:‘ Xé}tli Forer‘gcligc':ing the permeability of
15 the more permeable zone of an underground formation having
nonuniform permeability. The method comprises injecting into the
formation a blend of surfactant and an alcohol, the blend being introduced
in an amount effective to reduce the permeability of the more permeable
zone of the formation. The preferred surfactant is an amine oxide such
20 as dimethyltallowamine oxide delivered in water. A disclosed alcohol is
isopropanol. The method may include the further step of injecting an

alcohol slug following injection of the surfactant and aicohol blend.
U.S. Patent No. 4,745,976 discloses a method for partially or completely
blocking the high permeability regions of a reservoir. The technique is
25 based upon the ability to induce phase changes in surfactant solutions by
changing counterions or by adding small quantities of different
surfactants. An aqueous solution of an ionic surfactant may have a
viscosity only slightly different from brine but an increase in the salt

concentration or addition of a multivalent counterion can cause the



The gelling agents enployed in the foregoi ng nethod advant ageously AY 2002
provi de cl¥@P98¥’s whi ch do not undergo phase separation O\Perrms/eﬁsﬂgciay
periods of time and exhibit high heat stability. A viscoelastic fluid
especially useful in underground applications can be obtained by addi ng one

or nore gelling agent such as described below, optionally with an al cohol,
to*an aqueous fluid. The concentration ofagelling agent in the aqueous

fluid can generally range from about 0.5%to about 10% by wei ght,

preferably from abou %.t0 about 8% by wei ght, .and nor referably, from
Dbout 4% o about BHAENOIATT T ReIbEGebTe PhITNEaBaHIE SHUCHE oh e
salts and various @ddidit,Vv i | I SHHeEd) i i S
advant ageousl y i nj ect esﬁjtlyi ﬁﬁotﬁé{[gér{ﬁ?g Olg)?gsrfpl et,%hg;hll%l)%\(’?e‘trsgr odnagﬁéségﬁef%n&?gr use
in drilling, hydrasdiutior isanjactedipto ther fopratimaiyiibivied byoaliWatereddloblecbacer
underground formations, and for uses such as gravel packing, and cenenting.

The gel li ng agent suid éellayed by miseresgrsuriagtand selutionr elnswiiur mpdnmettheninen can

ool i ng agents. care TRATPSOBIbRE i BieciSs Y B8, BabeMey o Fi4 AL sifactbhe
di spersi bl e solidstypes b upR@! it difRrémr Teptitiesf kifvabh etHeowessrvdhi chrharhen

added to water or aqueous brine, inparts desired viscosity or rheol ogi cal
characteristics. Stwhposgiticesof thediral ansksanionde wisctards sawtions bralehoderrso

exanple, silica, sjlicates,. al um na). al um nat ilicoalyumnates, salts of
S kali Cor "al kali netnabiion sy, PbtuBraBh G e st W B Goung he
hydr oxycel | ul ose, “ﬁﬁﬁmh G6he Bl‘f?r%‘?'esé%irt. he |ike. The particle size
of the solid can rang romreYative y large particles such as silica sand,
to finelyoground powder depending an the particul ar application for the

fluid nodi fying agent. As WO 99132572 PCT/ EP981 U8 0 3. MAY 2002 t hose
skilled in the art!™@¢gordgpee iy Bis pentien.cthe eolagyvegkantaaserysifiudisyant

where the particle i o i . l'ing
agent is an am doa%oﬁreﬁetgm%@%rﬁ%ﬂﬁ@h;ét%ﬁjcr{s&rge :g ,89@)]99 a&ﬁ_@&é BSH RZ N
-R~ Ra wherein R amoantaf gelihgagent suficient dtfeem Svisadebstionuibs trcheithg hai n
aliphatic group of fromabout 7 to about 30 carbon atons, preferably from

about 17 to about 2dentfr9iog sglested frobrtae gredreansigtingRollis a fatty aliphatic
1 o derived fromtallow having an iodine value of from about 40 to about

65. R, be restricted to a single chain length or may be of m xed chain
I ength such as thogendHBidvansifeiokriE éffthageakidldbrrh@ks and oils or petrol eum
stocks. Preferred are tallow al kyl, hardened tallow al kyl, rapeseed al kyl,
har dened rapeseed al kyl, coco al kyl, oleyl, or soya alkyl. 15 RZis a

di val ent al kyl ene group of from2 to about 6 carbon atons, preferably, of 2
to 4 carbon atons and nore prefe%ﬁbly of 3 carpon atons. R3 and R4 are the
same or different and are sel ectel fron1a|ky|‘br hydr oxyal kyl groups of
from1l to about 4 carbon atogs_aqg_anEqu{qu@Lthydroxyethyf or nethyl.
Particul arly useful am doanmi né oxides o i*ncl ude dl eyl

am dopr opyi di net hyl am ne oxi de, tallow al kyl aﬁidopropyldinethyianine

oxi de, and soya al kyl ani dopropyi di met hyl am neRoxi de, optionally bl ended
with glycerine. Alternatively, R3 and R4 in the am doam ne oxide of fornula
| together with the nitrogen atomto which these groups are bonded forma
heterocyclic 25 ring of up to 6 nenbers. 0 3 MAY Z~2- . - WD 99/32572

PCT/ EP98/ 08537 6 ||| ustrative of thesi anm doam ne oxi des ar thcggg erived
from The ani doani MPEENdRs iDR $IHAIER OF Lmsémﬂﬁéﬁcbrﬁfﬂ‘?htsﬁbgfﬁ ajn

parti cul such ag;sili c i ld ] l.ym
si (i coa( wni cat es,ahéﬁa tlcs&oofu%aéfllga I %(@Pug? EB;FIBﬁgB %@F?ﬂa%@ﬁ? saﬂgh as sodi um
or potassi-um chl orfiflan SmeesHitm 4t Pottsd NS thé abactictabf iaumopbafmgsesi um

chl oride, or _ . '
diamine possessing at least one secondary or tertiary amine group with

the amine nitrogen directly bonded to a saturated or unsaturated, straight



magnesi um sul f at e, carbon bl ack, borax, cellul ose, hydroxycell ul os%g;ﬁA 02
hydr oxyet hyl 4,%% ose. However, sodium carbonate, potassium carbothéd, \ér@ '
cal’ci um car b%ﬁg Hre advantageously al so suitable as parti cBFHERISSSETort s

for the am doam ne oxide gelling agents. to In yet another enbodi nent of

the invention, the surfactant gelling agent used therein is an ammoni um

sal’'t obtained fromthe reaction of a nobnoam ne or diani ne possessing at

| east one secondary or tertiary am ne grougt with the am ne nitrogen

directly bonded to a saturated or unsaturated, straight or branched chain

aliphatic group of frgm cHein %ﬁpﬁﬁ%cé@‘r&gg %Q’ %ﬁ{%ﬁ‘ﬂ;%tqtzgﬁf;atgd; |35r!:arbon

aromati c dicarboxylic acid. In one pre I'ng agent

can be an ammoni um s#drhs aedi aredrohtatiol dicarabkykyaédited nonoam ne and an
aromatic di carboxylic acid, the gelling agent having the general fornula ~
HZCHR60H (V) RS N Cheaeingiageqisarpleyedmths feregory medhed adrantageausly

saturated or unsaturate traight .qr brapnched chain aliphatic qgro f
From about 10 to- abBiacEaf Bel wdheS B TTeRRats SepPodionr StBnfae
about 22 cagbon at ORBrio&S ofBihelghd BHibit RigBthd £ s@aﬁlitgg! e chain length or may
be of m xed chain | engths such as those groups 25 dérived fromnatural oils

and fats or petrol eum stocks. Especially WO 99/ 32572 PCT/ EP98/ 085 ~ ~ MNAY
2002 7 preferred are tallqw alkyl, coco al kyl, 6 stearyl, oleyl, and soya

S kyl | RBand R ar & ViR HeE B0 pepeaRI s tin E e sgeR e aT S45 be

et hyl and preferabl } i IoSri y
is O or 1 and the sé%&g‘?éigzn%g dﬁ{gl 63’%2.6"15“%2@ggg'gﬁt%ﬁg%&?ﬁgsﬁéég‘? odzé?li (\:N '
acid s Ar(COOH) 2 preptomdlyywithsart bieobal; hoxayl aquaciisl figicouTheocoraghaaton of
carbons of aromatic ring Ar. Moreover, aromatic ring Ar can contain further
substituent8 ring s@elingagentin hsraqyaausdiyid sanganefrlly rrnge-ftgm abgpt 0.5(%

it -NOz), hyd - o ewl . o Rref At |
o earboy e anr s T oo R R pRiung e Se Bk ShLL 6 51 00RGL
the present inventi andeesrelfefdrafipfrosh dbouides koaydatasd blatdiyhial el aqueous

monoam nes commercial |y avail able from Akzo Nobel Chem cals, Inc. of
Chicago, Illinois, {Higerannhackdsiigaeanshsetsanskyarious tadsditves: Rorasseribed

ials includ i i eyl h 1 S/ 12 whegei
R 1 a mixture o paERel.  SSUE B ol gegiriaeRblalg leed datd vt
from soybeas oi |, Ethampen aH dddemrsieidsysen Sorudd Pﬁt&ﬁl%%fhy@?éwk&ﬁa%%rﬂ'@

unsaturated aliphatic groups derived fromtallow, and Ethoneen 18|12
wherein RS is st ear {ar. peEneahiiitg medificationpphundersronne fomnatianse apddhr uses

Yo o, T 2R g 8L AL e b A e S R AR S
desired acid in aqugeysrised Herei) afey RuFfabtanttwifich eoRersd WddeBesiNgSNor in
combination to the aqueous fluid. Optionally, the gelling agents can be
20 absorbed onto the surface of non-reactive dispersible solids to be used
in the form of a flowable powder which, when added to water or aqueous
brine, imparts desired viscosity or rheological characteristics. Such non-
reactive dispersible solids can include, for example, silica, silicates,
alumina, aluminates, silicoaluminates, salts of alkali or alkaline earth
25 metals, carbon black, borax, cellulose, hydroxycellulose, hydroxyethyl
cellulose, and the like. The particle size of the solid can range from
relatively large particles such as silica sand, to finely ground powder

depending on the particular application for the fluid modifying agent. As



anmbi ent and about 100C, preferably-fromabout 25C to about 70C. The (a3 Ayt 2002
of water pW&WARSTREN t he aqueous sol ution may be vari ed accoPdI/EBIs{08s7he
desired viscosity of the salt solution obtained. The nolar 2s ratio of

amne to acid is preferably in the range of 1:09 to 1:1.1. The - aromatic

di carboxylic acid salts of the al koxylated fatty al kyl nonoam ne as

descri bed herein can be used as gelling agents, for exanple, to inpart

vi scoel astic properties, to nodify the perneability of underground

formati ons, as addjtives.tq.brine d hydraulic.fracture Q. ;. MAY zoos WO
001 32572 PC |- | EPObPSRSEHed i s ai,wﬁf;moréwﬁ ' %ﬂeéﬁﬁl'§@§§?fﬁﬁBY'"PI®V3nt
concentration of i éagﬁ.ﬂ r romabout 1 %to about

10% dependi ng on ?ﬁéétdé]eg} re %Llegcogféﬁsim%{égggrg@fegrabl y about 3% to 8% and
most preferably abloubneorbodihentthéYelliMyragmntis dhangdbhmige adéahanny the
applied to the fluid in 5 the formof a freely flowable powder in which the
gel ling agent is c#fY$tEER by a particul ate support such as sand, borax,
alumna and the like. The gelling agent can al so be the quaternary ammoni um
salt derived froman al kyl diam ne and an aromatic di carboxylic acid) the
gelling agent having the fornula to Ro R (VI) RB N+ -RO- N - R 2

Ar(COO)2 H Hwherein Re is &saturated orPunsaturated, straight or

branched chain aliphatic grodp of fromabdut 12 to about 30 carbon ato

and preferably fromabout 18 to a&out %2 (;F?r bon atons. Re may be restrin@ ed
to a single 15 chain length ot ma Be 57 i xef=chain | engt hs such as those
groups derived fromnatural oils and fats lor petrol eum st ocks. Especially
preferred are tallow al kyl, coco al kyl, stRaryl, oleyl, soya alkyl. RO is a

di val ent al kyl ene group of up to about 6 carbon atons, preferably of 2 to 4
carbon atons, and nore preferably of 3 carbon atons. R ) R' and R 2 2 o can
be the same or dif{peplh RNE arfatekes bedidsafifatdte SfayRt 6PBRrtheadctdin
hydrogen) C,-C4 al kyl, 2-hydroxyethyl and 2-hydroxypropyl. Preferably)
R' and R12 are eacalphaticggeup ofiromnsbaut Zto ebout3Q cathpraatdms: plederablyyfrom

R S TN R
substituepss on thgefid@froHCANAR HAMHLSS iddife vAue ofBfomabblit X0 td Sodut 65.

R, may be restricted to a single chain length or may be of mixed chain

length such as those groups derived from natural fats and oils or
petroleum stocks. Preferred are tallow alkyl, hardened fallow alkyl,
rapeseed alkyl, hardened rapeseed alkyl, coco alkyl, oleyl, or soya alkyl.
15 R, is a divalent alkylene group of from 2 to about 6§ carbon atoms,
preferably, of 2 to 4 carbon atoms and more preferably of 3 carbon
atoms. R, and R, are the same or different and are selected from alkyl
or hydroxyalky! groups of from 1 to about 4 carbon atoms and are
preferably hydroxyethyl or methyl. Particularly useful amidoamine oxides
20 include oleyl amidopropyldimethylamine oxide, tallow alkyl
amidopropyldimethylamine oxide, and soya alkyl
amidopropyldimethylamine oxide, optionally blended with glycerine.
Alternatively, R, and R, in the amidoamine oxide of formula | together with
the nitrogen atom to which these groups are bonded form a heterocyclic

25 ring of up to 6 members.



WD 991 32572 9 0 3 MAY 2002 PCTI EP98/ 08537 NQOZ), hydroxy (-OH) and ﬁcgmm 2002
gr oups. The\ﬁﬁr&&%rred aromatic ' dicarboxylic acid is isophthalic . ’
Al kyl di amihed”&t able for preparation of this gelling ageRETAPSM$53 | abl e
from Akzo Nobel Chemicals, Inc. of Chicago, Illinois under the s

desi gnati on Duoneen. The nolar ratio of alkyl diamne to aromatic

di carboxylic acid in the conposition ranges fromabout 0.9 to about 1.1

nol e of diam ne per nole of acid, preferabfy about 0.95 to about 1.05 nole
of diam ne per nole of acid, and nost preferably about 1 nole of diam ne
per nole of acid. c%ggﬁggd ~ ol & e Qg a
di am ne havi ng the]iylgsrtﬂr%}ﬁg N mNﬁgﬁﬁﬁlﬁg éés{{;? ﬁgaﬂﬁgﬁgﬁggvggcfgﬁgw iC
acid (for exanple, grhidoahiice agidds offutmuix learpretfarablyysuppoiéd bakipartilate in
aqueous solution for about 0.5 to about 2 hours at a tenperature between
ambi ent and about I8 apeilicdrsiitajenuminET 3lgniRdes. vibealupinigates, salts

particul arly usef ul I : L.Aam Q h . SNH RONH? .

wherein R 3 is a Sa?%@ﬂ%?é%nﬂegggtﬁﬁéggl? sfsuthr’]ai&g%&lgw %rr% téﬁ%am(:%?rhde,
al i phatic group hawyouurdbert pdissiaib QuifatedNBaidin ROr i HagsedMirRY LRIBAHY, or
defined is reacted in an aqueous solution with an aromatic dicarboxylic

acid, preferably phmagneéguacdufatetcarkomlelaek, lrasgx ofellyiosechpirogynalivioseend2 0~
.~ Upon cool i ng, slurry i.s farmed which can be dried to a powder b
removing water. Ungiyﬁ_ég’fye%rlw, _%ﬁﬁﬁgﬁddi PTG vt Y™t &afwaﬁ‘gm@@?aﬁﬁ“éﬂar ed
in accordance wi th dfhsnA8LaHE TaiumaatbaHdt¥ a*?é‘éld’v%n%l oggl?'élﬁgs&ﬁéﬂlé g

properties is re-formed. This embodi ment advant ageous mts shipping of

the gel ling agents mesticuldteysympaits for thepamidugntine dxidghgelisg sgénts. associ at ed
wi th shipping a product containing,.large, quantities of ter. .

Parti cul amly sui { anngebenpiss %@?ﬁ'@ey‘ﬂeﬁ tﬁaénv%mtr%ﬂa? RTaR NSNS AT ne
I sopht hal ate, “hardepad rlaf?xWisa'a%yéﬁﬁﬂﬁﬁ:rﬂrQQY'@E{ﬁ%d! goRNHALA B0y NG dened
rapeseed al kyl am no propyl am ne 1 sopht hal'ate, ol eyl am no propyl am ne

i sophthal ate) and aaenehijHeast ritarninepydssetsiagi soashahatscond X GOfeBRay2 10
~ ~ MAY zooz PCT/EP98/ 08537 The vi scoel asti c aqueous sol ution of the
surfactant gel | i ng 3HE% Srogeswith Hee) aglRR Bitgenatisectyorended terpaliftedsy t s
(e,g., brines whic i i i t.s;:.al i Its,
andl or amoni um sam@qﬁl%lﬁ%b'%%gﬂtﬂ@t%iqhgg C‘Irrrlls)aclﬂ ?b%lcﬁalﬁﬁﬁggmﬁée@fﬁsuch
as cel lui @sics). 5 tAlatut Blecaboratsms ahd anaaroesuticdibamoryiil #hidol s (e. g.

i sopropanol , nethanol, et hanol&, hydr ocar bons (e.g. branched or straight
chai n al kanes of friBRAnNgRIgfered emagdntent.dhe aelipg a9esheIn bepgammoemaai: s,

hydr ot opes, and varj p . i Wi C t .
advant ageousl y usea‘l’éﬁfgﬂaﬁé%n%ﬁ %é%%ygﬁgiﬁééﬁlﬂ\gs%@ %I%P%%jﬁefdﬁ%a?@ §)|%hcl o]
fluids, drilling nusisd, terdelieagémtialinging gerarbpfdrgild | ui ds. When used in
hydraul i c applications, the viscoelastic fluid can optionally include

| ubricants, corrosion inhibitors and various other additives. Lubricants
can include netal or amne salts of an.,organo sul fur, phosphorus, boron or
carboxylic acid. Typigal o H%ﬁ alts lare carboxylic .5 acids of 1 to 22
carbon atons including bot ic arld aliphatic acids; sulfur acids such
as al kyl and aromaticisuifonic acids and the |ike; phosphorus acids suc As
phosphoric acid, phosphordiis &t RHhodpMEPOHAEFE)kaci d phosphat e est ers,
and anal ogous sul fur honol pgs such as tjhe thi ophosphoric and

di t hi ophosphoric acidj and Hel ated acid |gsters; 2 o mercaptobenzot hi ozol e;
boron aci cés i ncluding™oric acid, acid borates and the like; and lauric
acid am né€*salts. Corrosion inhibitors can include alkali nmetal nitrites,
nitrates, phosphategnefdihiRakes sathaRaNBPANSSILrERY, ARG StaRthddehain
organi ¢ inhibitors 1 nclude hydrocarbyl am ne and hydroxy-substituted

hydr ocar byl ami ne 2&liphatit gadupeffrem iadoubthmuainhutdcdarhsn atertsrard preferably,

phosphat es and hydrocarbhyi phosphate _esters, neutralized fatt cids, (e.qg.,
those having 8 to atsetabmtdgipasrodt #4E3rboRatemsl iPzéHa!éP%F?éﬁfi'%e@@r%%é?E C

ids (e.g., 4-(t-buytyl): i £Ac ' L G A
neutral | zed hyar ocartig SRR e bby ol Pkt FhdRERhP RS inBe, Sro st
succinimdgs are ¥R I hdturat RAB~&8d Gt MAYpEPSI8uhlsakre UESHedially

Corrosion inhibitors can al so include the al kanol am nes such as

et hanol am ne, di et hanol am ne, triethanol am ne and the correspondi ng
propanol am nes as well as norpholine, ethyl enedi am ne,

N, Ndi et hyl et hanol am ne, al pha- and gamma- pi col i ne, piperazine and 5

i sopropyl am noet hanol . Hydraulic fluids can also include additives for
specific applications to optim ze the performance of the fluid. Exanples
i ncl ude col orants; dyes; deodorants such as citronella; bactericides and
other antim crobials; chelating agents such as an ethyl ene di am ne

v . o I e




donitrilo triacetic acid; anti-freeze agents such as ethylene glyc

anal ogous WO%B%¥al kyl ene pol yols; anti-foamants such as si ?W@W@@&ﬁ%ﬂﬂgﬁm%mz
agents and shear stabilizing agents such as commercially avail abl e

poi yoxyal kyl ene pol yols. Anti-wear agents, friction nodifiers, anti-slip

and lubricity agents may al so be added. Al so included are z5 extrene

preéssure additives such as phosphate esters and zinc dial kyl

di t hi ophosphate. The surf actants disclosed and descri bed herein are

d I d 1] f f | i ds. S | ui d '
create channels orPrsarey ais Bl 4Kl Gk s dtedtyf ol aiaost B! /& e ove
oi | production by @arayhdhBSsambi dhyifrardmadnd iaky HAtdyEY rfwéfhgl LPethASEIY Ol T

rock to the well bore. Typically, fracture fluids are punped at pressures
exceedi ng t he overpneferablyeydrogenf Arheanaramatic gaoumand lkas dbyr 2; guisiOng 1

splits and fractures in the fqormati on,rgck Proppi ng agents, (e.qg. . )
particul ate matt er?"@ﬁh%rﬁé‘”&dﬁé‘daﬂ% % ife2f | G R egy g(ﬁliﬂ@t'q Ricarhiiybe pcid

¢ " 2 | Ok] : o . . . q
Spiits and ract urSiCoaEs fleteratyhds TR BARBLRToR BBk REarBERE o

proppi ng agents. Theafshhti®gingoant SMaieanios atbrhsticrilgpAocad ecopgaiar fatther
advant ages over the polyners (e.g., polysaccharides) currently used as
gel 1ing agents f orsubsiituergayingsngh\as, $oi petimited o triiges (4584, B2, 1. adrar e

fluids. For exanpl C 0 set forth herein (particul ar t he .al kyl
anmi doani ne oxi de, gHészﬁ‘?Bédofgg\f r‘.% 3?‘? ﬁ'kyaquzwp%mhﬁSﬂBBﬁWr rﬁ%é %WFHQS'CMen
used as gel l'i ng aggphehd:8fic HerCE phendilcaddpr oduce | ess residue which could
result in formation dana%l‘e during and 5 after the fracturing process. Al so,

it is eadgiter to prAdsting dgergen bexbriibocelwdb tioe ppeseatinwentiomedryibe peepainéd h
typically nmust be drated, and_the gelled fluid can be desighe 0. "break"
w T Tor vt on ¢ erBLelTey e RReATACGIBIER SEMBRIaR Be L GO
The gel Iing agent spRet N&H, |*a:r#é%se&{sawc.Lb?e@mbsge,vmfno%wn@%{ "ti‘?’é‘ﬂ@sibnﬁ?&?rom

t enper at ure dependi ng on chain length, and can®assi st 'in cleaning ol

the formation. A sHifioxhéen®r aSuitablefl Eificmean inatdriaie ifclesd Embereear Cd1dri ne
contai ning sodiumchloride (typically 1-5% by wei ght) . andlor cal cium

chlori de (typical | y¥hereinRyisplayiEheineansSili whesit Roisad Mixtam ot sairated
about 10%_. ~s and f I 9% - 8% LRg.a

been adde%. For pu?'égsug‘;s%o r%'éegf)%lﬁr}aélél %H@g%}"%g f{cﬁé %&P%Q%HI ??ry% na?@ﬁ

under ground rock fUrminHE8INORE iPla Mikrgalfl $aigraage Hndc anséturated beipbktoded
with water, preferably including an alcohol, to forma viscoelastic fluid
which is then 2 o DHustderivest iomHallewcand Gthemesn BT awherminms iesteayl ve

to reduce the per oy . { 2abl f the formation.
Optional ly, the cgﬁgﬂeﬁé E;i'@&eoeﬁgﬁ%?enngj%%zﬁg a?% %Eﬁ%ijﬁq tn(’:an be from
about 0.5%to0 aboutrhdO4fontrf @ibéﬁﬂo&yﬁd& QIR BaNtuseY 49 tiabgelingYagert dambe
preferably from about 4% to about 6% by weight. Optionally, the initial

i nj ectiore®f 25 vi prarsiradtby nidrelydoleadingettteolkowdatasl fattyeaikyl amineomitsf aan
al cohol slug to further propagate said 11 agent  sol ution into,the rock
format i on. Pref err 88SEFdGRA 01 AnHequt rolion. dYil at A5 upsirbire between
| sopropanol , i soamgl,fdgohad Fb@ﬂ@‘r’é@’@'pmﬁﬁﬁbly%rﬁ%wt 986G t§ Hhoub #beno! -
Most preferred is 1 sopropanol.
The amount of water present in the aqueous solution may be varied
according to the desired viscosity of the salt solution obtained. The molar
25 ratio of amine to acid is preferably in the range of 1:09 to 1:1.1.
The - aromatic dicarboxylic acid salts of the alkoxylated fatty alkyl
monoamine as described herein can be used as gelling agents, for
example, to impart viscoelastic properties, to madify the permeability of

underground formations, as additives to brines and hydraulic fracture



- 0 3 MAY 2002 WO 991 32572 PCT/ EP98/ 08537 13 The foll owi ng exanpl ﬁsnﬁi@
illustrative of the nethod of nodifying the rheol ogi cal behavior of Yag ,ugugz
fluids in a®b¥§asée with the present invention. Exanples 1-BCT/ERIsagss7to

the preparation of N-alkyl-N N-di (2 S hydroxyethyl)am nephthal ate salts. In
each case, the ethoxyiated amne is mxed with an equi nol ar anmount of

phthalic acid and water then heated to 70C with mninal agitation (due to
viscosity of mxture). Wien the material wgs conpletely m xed a clear
isotropic gel is formed. These solutions can be nmade in water in
concentrations between 2-50%amne z o.salt in ter. The solutiqns were
judged to be vi sco\é\ﬁ'é'gtsi gn fOt}H{éu@P@é}p"@gll'or?Xh-ir%gtcgnfzﬁﬁgﬁw Rﬁgﬁmf‘%@@@é‘t
applied to the sanp j XA fho : -
bi s( 2- hydr oxyet hyl )?%ﬁ%ﬁ@%@@?% Mo 1 @ adltdlon 3§°pending on he desired

acid and 823.5 g of visepsity, rorepkeferabi/Ghamio BUt iocBfo, dhd snowt prdferibdaiaut 49C to
make a clear gel which exhibited rebound. EXAMPLE 2 65.0 g o

f
bi s(2- hydr oxyet hyi ) iyabegledat ddoreapes heytelling paanheaxdee appliedviodde fdid in

tes heated To 700 t il £iéely nduRbig B oerR LT % BRING S8R Rt ® s
61.5 g of bi s(2-hydppsysirigiizecéapeeyduchinadisand oorax eslumiitid) 238 the Gkadht hal i ¢

acid and 823.5 g of _water to make a 10% solution. This was heated to 70C to
make a clear gel whilba gellingisicesticancae g .the goatemasy amamenigm sayyegyeg Fsne
PC Tl EP98/ 08537 14 EXANPLE .4 3.4 of bis(2-hydroxyet.hyl)soyaal kyi amin
was mixed with 1.6 GUARBRATIG 0L BHEE HearoRRiEr=ds e lie A8t
solution. This was hg@ﬁqgc{hgf@%jgc to make a clear gel which exhibited
rebound. EXAMPLE 5 Preparation of Silica-Supported N-tallow

al kyl - 1. 3-dd m nopr opane i sophthalate (30% active) 10O Precipitated silica
powder (Degussa silical 500LS), 30 grans, and 70 grans of 50% aqueous
N-tall ow al kyl -1, 3-di am nopropane isophthalate 1:1 salt were charged to a
bl ender. Bl endi ng was commenced and continued until the m xture becane a
fl owabl e solid. Approximtely 108l 5 gr a1 of a 35% active flowabl e powder
was obt ai ned. When this powder w%s added to water at a level sufficient to
give 2% (W w water) am ne salt, a@,viscoel astic,gel w,t haracteristi d¥I)
simlar to those observed foqu*-"'f_h? _%:?9—} R Ar(eog)?

H H
wherein R, is a saturated or unsaturated, straight or branched chain
aliphatic group of from about 12 to about 30 carbon atoms and preferably
from about 18 to about 22 carbon atoms. R, may be restricted to a single
15 chain length or may be of mixed chain lengths such as those groups
derived from natural oils and fats or petroleum stocks. Especially
preferred are tallow alkyl, coco alkyl, stearyl, oleyl, soya alkyl. R, is a
divalent alkylene group of up to about 6 carbon atoms, preferably of 2 to
4 carbon atoms, and more preferably of 3 carbon atoms. R,,, R, and R,,
20 can be the same or different and are selected from the group consisting
of hydrogen, C,-C, alkyl, 2-hydroxyethyl and 2-hydroxypropyl. Preferably,
R, R,, and R,, are each hydrogen. Ar is an aromatic group and
preferably co_ntains the carboxylic acid groups attached to alternate
carbons of the aromatic ring. Mareover, the aromatic ring Ar can contain

25 further substituents on the ring such as halides (-F,-Cl, -Br, -1), nitro (-



~diamne salt without silica support was obtained. 2 o EXAMPLE 6 03 MAY 2002
Prepar at i oWOHERERI Di nmeth fy am no~ropyl tall owam de 611. 7pQr/EPas/0837207

nol es) of tallow fatty acid and 236.86 grans (2.318 nol es) of DVAPA were

| oaded into a reactor. The reactor was purged with 50 psig of nitrogen 3
times. The tenperature of the m xture was 25 raised to 175C and the

reacti on proceeded for 4 hours. Pressure s released slowly over a 1 hour
period. The tenperature was increased to 205C and the reaction continued

for 2 nore hours. ain, the pr ure generated was owy vented. Wth the
aid of a nitrogen @g%>’g@yfjﬁ@‘\fr)é§§'§} @qusé}gﬂnﬁrg{@d tgjhﬁe refeseds ararpatie d
» content of <2% a?t?é%@ié%%id]ig i&-(ﬁ %pgcvaagoz PCT/ EP98/ 08537 EXAMPLE 7

ow T att anD 11 [

359. 2 granms of tal y acl grans of DMAPA are |loaded in a

reactor. The m xt uAkywdiarhieas editdisle F&r fr2Gapatibnmftie Gelirlg a@snt\ard Bvaiidiie psi g
of nitrogen. The reactor was heated to 17/5C and kept at the tenperature for
4 hours. The devel Bped Hkzs Nekelwademiggisd lscowfy & pégisdurder theur .
The react was t hen .heat.ed £ 0 205C a kept for. t our.s at that .
Lonper aturb. "The pPeS9nRLon AHBETatP by e r bt ae dhe B WRris o Alomgtie
The reactor was cogjcaeh e i%Qﬁe%'rﬁ;%ﬁicﬁP?Jr@'eﬁgrdH\ta'Boﬂt b'PBAbARA .1
product was then unl oaded. EXAMPLE 8 Preparation of Tallow

ani dopr o~YI di net hytrente d disnihe) pe80Polecof aeidi prafetably 460858.96 tgrabmsit dif.05

dei oni zed water, 0.3 ram of EDTA, and 400.1 grans of

t al | owani dopr opyl dm?i? %’)f/%ﬁﬁ"l’i‘é RﬁéﬁBO'@tﬂ%rﬁé‘g 51"?‘??6‘05‘ grefewheabed 1 mRie vdat ed
while agitated to : 7 30% hydr ogen peroxi de were then added
dropwi se to the regcﬁng%%rxr?ﬁré??%\?g 1 hour period, while keeping the

tenperat wre at or Théetompdundiftfermalddyitdonbavasad? sy eatihgtzedlamindeehadagt i on
m xture was digested for 4 hours_at 65-80C. Sanple was taken to determ ne
free am ne, hydrogHie fPusa daN-Hhilthnvile dpsieed armmeatc diasbexvie A (for

Loty overdonronY, S DB B, MR Yo AP SR B SRS o e
m Xing vi gorously. selution for about 0.5 to about 2 hours at a temperature between ambient
and about 100°C, preferably about 25°C to about 70°C.
15 in a particularly useful embodiment, a diamine of the formula R,;NH-R,-
NH, wherein R, is a saturated or unsaturated, straight or branched chain
aliphatic group having about 18 carbon atoms and R, is as previously
defined is reacted in an aqueous solution with an aromatic dicarboxylic
acid, preferably phthalic acid, at temperatures_ of at least about 40°C.
20 Upon cooling, a slurry is formed which can be dried to a powder by
removing water. Unexpectedly, upon addition of water to the powder
prepared in accordance with this embodiment, a slurry having the desired
gelling properties is re-formed. This embodiment advantageously pemits
shipping of the gelling agents as a dry powder, avoiding the high costs
25 associated with shipping a product containing large quantities of water.
' Particularly suitable gelling agents include tailow alkylamino propylamine
isophthalate, hardened tallow alkylamino propylamine isophthalate,
hardened rapeseed alkylamino propylamine isophthalate, oleylamino

propylamine isophthalate, and cocoalkylamino propylamine isophthalate.



_ ~ Q 3 MAY 2002 - WD 99132572 PC TI EP98108537 16 EXAMPLE 9 Prepar gﬁgon&/@f '
Tal | owam dg}ero%di nmet hyi am ne oxi de, 30% active in water s 873.1 f2002
water, 0.33VgP%#¥7df EDTA, and 409 grans of tall owani dopr opyCa/ERS¥/88g3ani ne
were charged into a glass reactor and heated under |ight nitrogen sparge,

and continuous agitation to 58C. 124.8 grans of 30% hydrogen peroxi de were
added over one hour and a half period. The reaction m xture was di gested

for four hours at 69-73 Zo Final anal ysi s1ghowed 28% ani ne oxi de, 0.53%

free am ne. EXAMPLE 10 Preparation of Tall owam doprop tdy inethylam ne

oxi de in isogr opano#rhgg\gfgg%%&p&sggneggg Isgym{qu%prtﬂgygﬁﬁé@gﬂty:g%mgggaagnéz

grans of EDTA 15 and, s I sopropanol were charge ass

reactor and heat ed dezdabed iapalenddr agencediaindtharfanieOsilisnoy's hlicsalhih t o
61 C. 37 granms of 70% hydrogen perioxi de were then added over a period of

90 minutes. The reasontain | metpd sais alkalgeoeadh eatahsalts . andercammaniumn
finished product was . found tp be 1 5% 20.EXAVP 11 N-tall ow .

al kyl - 1, 3- di ani noprst?gag@nid_s%ﬁﬂpﬂﬁ?%ﬁtg W‘gmﬂ%ﬁ%ﬁvﬁs &?'ngHERi%ﬁﬂquﬁlcﬂ'e
salt gei wgs prepar afsg nhei dduddls 5ONBOR alh oAt AcShAddiend IsBbfofanol,
contai ner holding a specified amunt of water, 7.31 % (per water charge) of
liquified, nelted Nnethianoly efhienbh 1 hy8ratiagmdmodeapahsncaad 8r Sedigitechamt er

2 ater bath. TIRKEIGSE! ST M RSt KEabart 0 aan ISk SreR soents,
t enper at ur e. _ - : C 7 2
Preparation and Uset%(()]? O%-B\é"?%gjegé?i@% ég'gﬁ%%?n?yrnggﬁ%@ﬁg@gﬁ H%'Fé@gﬁ#h%eé

di am ne i sopht hal atsivaatdgegpebiywwisedoaepatadiversior agéots, pushst filids, Uertdreby

adding into a contai ner holding a specified amount of water, 7.36% (per
wat er chatfe) of | iflyids idslingreidsvaikcrmeadeidp and comgiaiienibifopane, and

3.75% of isophthali i : : cont Al I oaf | Cin
S vater bath the (WEREEeB i RORYC Bob NGRS, Melieotlant® ARk A phndl
>70C by inspecting ih&lade aastidaned, cbfresiael inhibhers 89 Vangusiewer dadaives 00m
tenperature the gel becane a flowable slurry with a fraction of the

vi scosity of the gdiubsicentsmceRatnchisieumetat os7amineRaRitat Ph@nt Weganersyffuro

>40C restored the Vﬂ)hso%%%ﬁusst Bgrogeolr'carboxyiic acid. Typical of such salts are carboxyfic

15 acids of 1 to 22 carbon atoms including both aromatic and aliphatic acids;
sulfur acids such as alkyl and aromatic sulfonic acids and the like;
phosphorus acids such as phosphoric acid, phosphorous acid, phosphinic
acid, acid phosphate esters, and analogous sulfur homologs such as the
thiophosphoric and dithiophosphoric acid and related acid esters;

20 mercaptobenzothiozole; boron acids including boric acid, acid borates
and the like; and lauric acid amine salts.

Corrosion inhibitors can include alkali metal nitrites, nitrates, phosphates,
silicates and benzoates. Representative suitable organic inhibitors
include hydrocarbyl amine and hydroxy-substituted hydrocarbyl amine

25 neutralized acid compound, such as neutralized phosphates and
hydrocarby! phosphate esters, neutralized fatty acids (e.g., those having
8 to about 22 carbon atoms), neutralized aromatic carboxylic acids (e.g.,
4-(t-butyl)-benzoic acid), neutralized naphthenic acids and neutralized

hydrocarbyl sulfonates, Mixed salt esters of alkylated succinimides are



_Al'ternatively, the aforenentioned slurry can be vacuum filtered and (HBiAY 2002
to obtain ¥G1964&Bi e powder whi ch when added to water or br PGEERG8IOBS3T5
produce a viscoel astic gel upon heating to >40C. 0 3 ~~Y 2002 r 18 CLAI MS

1. A nethod far maki ng an aqueous viscoelastic fluid by adding fromO0.5 to

10 ~ by weight, based on the total weight of the fluid, of one or nore
getling agents selected fromthe group copsisting of s i) am doan ne oxides

of the genera! formula 0 0., R-CNNR2 NRa R, wherein R is a saturated

or unsaturated, straight.or branched .chain_aliphatjc oup of from7 to 30
car bon atoms. Fe 1 SR 435 GRMBRBATHENTs e B Beliethe kerorrhnes fuch

atons, R$ and R EMRe MietiahbRInGRE, tA i eyl of
from'! to 4 car bgéf?gm) olr el'«’sleand R~ togﬁﬂ?ﬁlﬁ%ﬂ?h@%ﬁﬁﬁﬂ&}ﬁﬂéﬁ%&ﬁn@% to
which tfiey are bopdednblamines haserneell cbs c momdpobifie upethyldhediarhiees, NaNd 15

i) an amoni um salt obtained fromthe reaction of a npnoam ne or di am ne
possessing at | eas@egwgetg%%'ﬁﬂﬁ'?%» (ﬂig'?%'r tqrﬁi yIARTREPGREND. WiPRraZie adithe

ni t rogen dsinrect ly igﬁéﬁﬁg%nqingeﬁ%b%at ed or unsaturated, straight or

branched chain alip roup rom 12 to 30 carbon atons and an

aromatic dl car boxy#igraafic dluiddcdn aldie inohidwddeftivek domspewntiier giplichtienged | i ng
agent is an am doam ne oxide. 3. The nmethod of claim2 wherein R, is an

al i phatic group ofoptinizetize pgriomangafiihaflbics , Exrraplesantiyde eoiovantsdyss
tallowwth an iodine value of 40 . 0 3 r~ ar_Zaqs 19 65, . and R2.is .an.
al kyl ene. group of ITGIABSH AR pIHOIE e AptedRa Ny Rivenananicah:
atoms. 4, The net h&%l@ﬁn@é?érﬁ’fb Su¥has ahlethylend8idrhing 189satethfe dfRihsalRbran
ai hoxyl afed s nonoam ne Wwih an aromatic dicarboxylic acid having the
fol | owi ng.mener al HigontriacetiH2CldRa0-freeze agents such as ethylene giycol and
analogous polyoxyalkylene polyols; anti-foamants such as silicone-
containing agents and shear stabilizing agents such as commercially
available polyoxyalkylene polyols. Anti-wear agents, friction medifiers,
anti-slip and [ubricity agents may aiso be added. Also included are
15 extreme pressure additives such as phosphate esters and zinc dialkyl

dithiophosphate.

The surfactants disclosed and described herein are advantageously used
as gelling agents for fracture fluids. Such fluids create channels or
20 fractures in oil producing zones in order to improve oil production by
providing a high permeability pathway from the reservoir rock to the well
bore. Typically, fracture fluids are pumped at pressures exceeding the
overburden weight of the rock formation thereby causing splits and
fractures in the formation rock. Propping agents (e.g. particulate matter)
25 are added to the fluid to prevent the induced fracturesfrom closing after
fluid induction by propping open the induced splits and fractures. Gelling
agents are added to the fluid to support such propping agents.
The gelling agents disclosed herein provide several advantages aver the

polymers (e.g., polysaccharides) currently used as gelling agents for



Rs N~-'".CHZCHR~-OH [ Ar(COOH)Yy (COO )xa H x wherein Rs is a saturat?ﬁ c?gt;’ Y 2002
unsaturated straight or branched chain io aliphatic group of fro % % 32'9

car bon ator‘?g ME5Fd R~ are the Same or different and are hpPETEFE818537et hy|
or ethyl, Ar is an aromatic group, x is 1 or 2, yis O or 1, and the sum of
x and y is 2, 5. The nethod of claim1l wherein the gelling agent is the
amonium salt is derived froman al kyl diam ne and an aromati c di carboxylic
acid, said gelling agent having the fornmulig;, Ro R~ N?'-'"R-""N+"-. R
An(COO )s H H wherein R~ is a saturated or unsaturated, straight or

oraneied chaln oL BBRLG (PRSP e KRR AL 0 o Bk,

group, and R a, 2 en&' aRg Rassmeb@mtﬂhe seide, or aflf f edrBt BBHAicalRly, alkyl
| ndi vidual |y selected from ~ 3 SAY Z002 r 2~ the group consi stl ng of

hydrogen, C,-C4 al laphidoprapytaroigendiqe) wihen 2seq asgefipropgénts dor fiamureefiidd of
the gl ng agent GRS EperEnave U ol st speReior Pamade i AEe: he
gelling aggnt to ttg,ept W?Héﬁufnh?fgoc as. The nethod of any one of the

foregoing clainms furt e step of adding to said aqueous fluid

in addition to sai (Alggllt isngpsigyeit froduce ¢l gefledflvideasadoimpanae with eolyetkrér om
the group consistin wg_& 4 | ubricants, corrosion inhibitors, col orants dyes,
¢

deodorants, bacteri B/ﬂcaélMé’Flﬁtlbﬁd“Yﬁéﬁﬁsa”%mﬁ 9‘?@5’2@-"6@%@? eét&ﬁedvt@ar

agents, exUene pres " {é\gﬂg S

8. The net hod of an;s/}éo(rﬁ(ea%ﬂ thngt? Ihg C éa?';n; 8'% %L}rt%lagoa&ﬁéjﬁfﬁe step
of adding to said aguROUhd bgthdglageafkhétlf@m b@ios\aaacé @Eédbl@@v@@ﬁwtdea*anbéas'f
one conponent selected fromthe group consisting of alcohois and

hydr ocar bdfis. 20 9.of t&fepﬁatu@ddeﬂer@mg enehain lengthi snd ganmgsist i slearing her

including the step.0 olymeric materi $i to said aqueous, fluid, 7
0. A nethod for thlf% %t)or}&ﬁ%gﬁmous acid solution which Includes the step

of using an acid aguegisblei PAdtulenfitidect aehfde ALSRNWARY drQ bARY cBR&iMhgt he
sodium chloride (typically 1-5% by weight) and/or calcium chloride
(typically 0.5-3% by weight), to which optionally about 3% to about 10%,
15 and preferably about 4% to about 6%, of gelling agent has been added.

For purposes of selectively modifying the permeability of underground
rock formations one or more gelling agent can first be blended with water,
preferably including an alcohol, to form a viscoelastic fluid which is then
20 injected into the rock formation in an amount effective to reduce the
permeability of the more permeable zone(s) of the formation. Optionally,
the concentration of gelling agent in the fiuid can be from about 0.5% to
about 10%, preferably from about 2% to about 8%, and more preferably
from about 4% to about 6% by weight. Optionally, the initial injection of
25 viscoelastic fluid can be followed by the injection of an alcohol slug to
further propagate said gelling agent solution into the rock formation.
Preferred alcohols are methanol, ethanol, n-propanal, isopropanol,
isoamyl alcohol, n-butanal, sec. butanol, and tert. butanol. Maost preferred

is isopropanol.



z s foregoing clains. 0 3 r~aY zooz r 21 11. A gelling agent corrpoﬂiaiMAY 2002
conpr | st ngWOMA3a¥78@mat i ¢ di carboxyiic acid salt of the fornuPGI/EPI4/OBRS3T N*

-R- Nr ~--- HAfF(COO)Z HHwherein R!s a saturated or unsaturated

straight or branched chain aitphatic group having 18 car6an atons and R is

a divalent alkylene 5 group of from2 to a carbon atons and Ar is an

aromatic group. 12. An aqueous hydraulic fgacturing fluid conprising the

vi scoei astic fluid obtainable by the nethod of any one of clainms 1-10. Xxo

13. Method of fra [i a_subterranean.fo tion.nvolying.he use of a
fracturing fluid e g ‘i‘%.e"fmp‘ﬁxéﬁ’i%dhrsﬁgﬁ\%&?ftb?HBG%HB b aradiing T of
under ground rock fpeERdieNodHIMVENSq URBa & hetpekagid |

obt ai nabl e by the rretgﬁz% of any 15 gﬂ% é(gif‘;asot al ?nlsn %Chlég 9 %%%g’é;hﬁpsggltt i on
of claim 1l ~ whereinwentren.aromati c di carboxyitc acid salt is prepared by

reacting a conpound of }he formula RNHR NHz wherein R is _a saturated. or
unsat ur at ed strai gR¥3HPIES adchede@ai fo alth®hAreR2Ratpyr 6hp Malkyht). NadHdr 18

carbon atq@ns and | ' g, f o r
C Do AT A B o £ 08017 o el BB
conposi tion whi ch igoniRed 98B £n sqlimdMr anowt e pshiihalie GelPabhie ther heA8d
aromatic di carboxylic acid having the follow ng general formula ~ H-CH ~OH
Ra N~-' CHsCHR~CH [toaf@Comihymirome! pgitatiery (dsie to viscosity of mixture). When the
material was completely mixed a clear isotropic gel is formed. These
solutions can be made in water in concentrations between 2-50% amine
10 salt in water. The solutions were judged to be viscoelasticif the clear gel

exhibits rebound when torque applied to the sample is ceased.

EXAMPLE 1
61.7g of bis(2-hydroxyethyl)tallow alkylamine was mixed with 29.8 of
15 phthalic acid and 823.5 g of water to make a 10% solution. This was

heated to 70°C to make a clear gel which exhibited rebound.

EXAMPLE 2 _
65.0 g of bis(2-hydroxyethyl)hydrogenated rapeseed alkylamine was
20 mixed with 26.5 g of phthalic acid and 823.5 g of water to make a 10%
solution. This was heated to 70°C to make a clear gel which exhibited
rebound.
EXAMPLE 3
25 61.5 g of bis(2-hydroxyethyl)octadecyl amine was mixed with 30.0 g

phthalic acid and 823.5 g of water to make a 10% solution. This was

heated to 70°C to make a clear gel which exhibited rebound.
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aliphatic group of from 12 to 30 carbon atons, Re and R, are the sa '
di fferent e#d)%(:‘és"ﬁydrogen, met hyl or ethyl, Ar Is an ar omatRC/ERO80§F37

xi sl or2,yisOor1, andt hesuntf Xandyl s2. io 17. The conposition of claim 16
wherein R$ is an aliphatic group of from 18 to 22 carbon atons. 18. The
cofrposition of claim16 wherein R6 is selected fromthe group s s
consisting essentially of tallow al kyl, cots al kyl, steatyl, oleyl, and
soya al kyl, and the dicarboxyiic acid is phthalic acid. 9 9. The
conposition of claim 16 wherein the aromatic group Ar includes at |east one
ring substituent selected fromthe group consisting of F, G, 2 o Br, 1,
NOQz, al kyl and OH EXAMPDMAY 2002 23 20. A gelling agent conposi ~on which
conprises an ammoni um Bait derived froman al kyl diam ne and an aromatic

di carboxylic acid, 344 Qjeblﬁ(%av@@émthw&snyﬁglhy%@nﬁlaerma?a rpixed Rithvd .6 grof -

N - HA(COO)z H i .S r turated, strajght
or branched chain a i%ﬁﬁ?lg%%lgér’hoﬁs 8f°fglrag%#iﬁ%‘gg§§%@§gg‘§ nat_ Waﬁbe? a
di val ent alkyl ene giorPr®fo ke 2clblr felGHiBIPBXALREE reBHEhdY 1S an aromatic
group, and RQ R' and R = are the sane or different and are Zo
individually selected fromthe group consisting of hydrogen, C -C, alkyl,

2~hydr oxyet hyi and 2- ogy ropyl. 21, The conposition of claim 20 wherein
R, is an aNphatic g&%—féom 18 to 22 carbon atons, and RO is an

al kyl ene group_ of fﬁ%’ﬂaﬁa#jé’n4o?arﬁ%-g(*@d?{e%‘mN-t%ﬁowThﬁkg%? -‘?ﬁnh‘ogfgpgn%
claim 20 wherein R

tal l ow al kyl, har deigeghtraliatevidatkadtivehar dened rapeseed al kyl, ol eyl and
cocoal kyl, R4 is an al kyl ene group of 3 carbon 20 atons, and the aromatic
di carboxyii® acid is isophthalic acid. 23. The conposition of claim20

el eatod from the of SIPERRGII bR Meg 83 <MRF SQale) i Ria B 70

grams of 50% aqueous N-tallow alkyl-1,3-diaminopropane isophthalate

1:1 salt were charged to a blender. Blending was commenced and

continued until the mixture became a flowable saolid. Approximately 100

15 grams of a 35% active flowable powder was obtained. When this powder
. was added to water at a level sufficient to give 2% (w/w water) amine salt,

a viscoelastic gel with characteristics similar to those observed for the

diamine salt without silica support was obtained.

20 EXAMPLE &
Preparation of N.N' Dimeth\damino_propyl tallowamide
611.7 grams (2.207 moles) of tallow fatty acid and 236.86 grams (2.318

moles) of DMAPA were loaded into a reactor. The reactor was purged

with 50 psig of nitrogen 3 times. The temperature of the mixture was
25 raised to 175°C and the reaction proceeded for 4 hours. Pressure was
released slowly over a 1 hour period. The temperature was increased to
205°C and the reaction continued for 2 more hours. Again, the pressure
generated was slowly vented. With the aid of a nitrogen sparge the

reaction is completed to residual fatty. acid content of <2%.
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nore anl dodYR@ ?826% des of the Qenetal formula o O R, - G NN FPET/RPRASRY

whérein R, is a saturated or unsaturated, straight or branched chain

al i phatic group of from7 to 30 carbon atons, Rz is a dival ent al kyl ene
group of from2 to 8 carbon atons, Ra and R4 are the sane or different and
aré al kyl or hydroxyal kyl of from1 to 4 ggrbon atons,- or R~ and R~

together with the nitrogen atomto which they are bonded farma io

het erocyclic ring of up to 6 nenbers. 26. The conposition of claim 24

wherein R~ is an aliphatic group of fromabout 17 to about 21 carbon atons,
and Rs is an aikyl of from2 to 4 carbon atons. 15 28. The
cornposJtion of cl %@%rei n R is an aliphatic group derived from

tall ow having an i @dorgreahsiof llowvifatty 46idtand6539 gramiRaf DHARA @ik Joaeieed igr oup
having 3 carbon atons) z o_27. Tha conposition of claim?24 wherein R is

sel ected fromthe @rr@ast%oﬁéwemxweé@%%h@afamtg 5§f'6¥°z§ ﬁﬁd/%r@@ﬁ $ timegwithd

tall ow al k rape G eyl
and soya abkyl | Re THePuR et ThE TS ABCRAS hehted B 7RER St Si%ks
and R4 are each Mekdberature fobd halRY T%@&v%lo%@d@esﬁﬂe%@#ﬁe@%@iﬂ@&ér' ng
conposi tion conprising at |east one acid and at | east one ge ng agent
conposi tion accor diangeriad ahy hone dheceactoswas then heated to 205°C and kept for
two hours at that temperature. The pressure generated by water was

vented off slowly again. The reactor was cooled down to 80°C while

10 sparging with nitrogen and product was then unloaded.
EXAMPLE 8
Preparation of Tallow amidopropyldimethylamine oxide, 30% active in
water

15 858.6 grams of deionized water, 0.31 gram of EDTA, and 400.1 grams of

tallowamidopropyldimethylamine were charged into a glass reactor and
heated while agitated to 65°C. 139.7 grams of 30% hydrogen peroxide
were then added dropwise to the reaction mixture over 1 hour period,
while keeping the tem-perature at or under 75°C. After addition was
20 completed, the reaction mixture was digested for 4 hours at 65-80°C.
Sample was taken to determine free amine, hydrogen peroxide, and
amine oxide content. \
The finished Tallowamidopropyldimethylamine oxide, (30% active in
water) was added with stirring to a 10% TDS brine solution at a 6% level.

25 A gel formed after mixing vigorously.
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grams of 70% hydrogen perioxide were then added over a period of 90

minutes. The reaction was digested at 80°C for 33 hours. Free aminein

finished product was found to be 1.5%.

20

EXAMPLE 11

N-tallow afkyl-1,3-diaminopropane isophthalate Preparation

A diamine isophthalate sait gel was prepared in situ for immediate use by
25 adding into a container holding a specified amount of water, 7.31% {per

water charge) of liquified, melted N-tailow alkyl-1,3-diaminopropane, and
3.80% (per water charge) of Isophthalic Acid and shaking the container
while heating to 70°C in a water bath. The clear viscoelastic gel was

stable at room temperature.



10%& ()-q 1 V\ 03 May 200

pl M+/ 1 63f "w@%bw () - 339409 ()-3! 33940%& () - 3! #3394 0%H& ﬁéT,gg,,g,o;%{&' ()-!

0*10%4H& () - 10p: Za?+/ ! 63f" 109 ,Y, " 10%, & ()-

+p10%H& () - F& 109%4& () - Z! 1F&" 1094HLH& ()-Z " 10%4& () - 3f " 10%4& ()-~\: 63f" 1! 9

"| 109&5858& ()-m)10965& ()-s 10H 10H 10H@10%H& () - F310%4&' () -

16Y, " 10%4H& () -Dgj mpA2~\: 63f "1y 109%6& ()-, 109%6& ()-!K Y" 10965& ()-

Y" 10965& () - 10%& ()- s1096& ()-m 9gdB-\:B3f"111$ PYULOU& () - Y%O%&' ()-!

10958&' () - 109%& ()-1096& ()-10%& ()- }uSl6!| 0&* 10%/NV& ()-!1c

&*10% " & ()- 106565 106565

106565! | 1#10%6565& () - 1#109P& () - S/ 1096& ()-}?\p zX9uSl6! |

" 1098 & ()-!""10%MJ@-11@% & (- @10‘V'"&' () 1"10% " & () -! $&* 10%&' () -

Cfghi T oP1610%4& { X | _

10""1*" 109" & ()-! d e -

, #10%@H@H& () - S10%F8e G)arﬁ’i!né l%hlﬂ&@f’&gsaﬂf) el%ak%@%a(‘éd #esib&intchediate use
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by adding into a container holding a specified amount of water, 7.36%

(per water charge) of liquified, melted N-octadecyl-1,3-diaminopropane,
and 3.75% of isophthalic acid and shaking the container while heating to
70°C in a water bath. The transition to a clear viscoelastic gel was
observed at >70°C by inspecting the recoil of the gel. Upon cooling down
10 at room temperature the gel became a flowable slurry with a fraction of
the viscosity of the gel system that occurs at >70°C. Reheating the slurry
to >40°C restored the viscoelastic gel.
Alternatively, the aforementioned siurry can be vacuum filtered and dried
to obtain a flowable powder which when added to water or brine will

15 produce a viscoelastic gel upon heating to >40°C.
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5 i) amidoamine oxides of the general foarmula

0

0
§ o t
Ry— G — NH-R— N —R,

Re

wherein R, Is a saturated or unsaturated, straight or branched
chain aliphatic group of from 7 to 30 carbon atoms, R, is a

10 divalent alkylene group of from 2 to 8 carbon atoms, R, and R,
are the same or different and are alkyl or hydroxyalkyl of from 1
to 4 carbon atoms, or R, and R, together with the nitrogen atom
to which they are bonded form a heterocyclic ring of up to 8
members, and

15 if) an ammonium salt obtained from the reaction of a monocamine
or diamine possessing at least one secondary or tertiary amine
group with the amine nitrogen directly bonded to a saturated or
unsaturated, straight or branched chain aliphatic group of from 12
to 30 carbon atoms and an aromatic dicarboxylic acid.

20
2. The method of ciaim 1 wherein the gelling agent is an amidoamine oxide.

3. The method of claim 2 wherein R, is an aliphatic group of from 17 to 21
carbon atoms, preferably derived from tallow with an lodine value of 40-
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4, The method of claim 1 wherein the gelling agent is a sait of an alkoxylated
5 monoamine with an aromatic dicarboxylic acid having the following
general formula

?H,CHR,OH

Ry— N —CH,CHR,OH [ ACOOH), (CO0),)

H X

ey —

wherein R; is a saturated or unsaturated, straight or branched chain

10 aliphatic group of from 12 to 30 carbon atoms, R; and R, are the same or
different and are hydrogen, methyi or ethyl, Ar is an aromatic group, x is
1or2,yls0or1, andthesumofxandyis 2,

5. The method of claim 1 wherein the gelling agent is the ammonium salt
15 derived from an alky! diamine and an aromatic dicarboxylic acld, said
gelling agent having the formula:

R‘!O Rﬂ

Ry— T —Ry— T —R,,  AfCOO),

H H
wherein R, is a saturated or unsaturated, straight or branched chain

aliphatic group of from 12 to 30 carbon atoms, R, Is a divalent alkylene
group of fram 2 to 6 carbon atoms, and Ar is an aromatic group, and Ry,
20 R,, and R, are the same or different and are individually selected from
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8. The method of any one of the foregoing claims further inciuding the step
5 of absorbing the gelling agenton a dispersible particulate support prior to
adding the gelling agent to the aqueous fluid.

7. The method of any one of the foregoing claims further including the step
of adding to sald aqueous fluid in addition to said gelling agent, at least
10 one additive selected from the group consisting of lubricants, corrosion
inhibitors, colorants, dyes, decdorants, bacteriacides, chelating agents,
antifreeze agents, anti-wear agents, extreme pressure additives,
hydrotopes, and viscosity modifiers,

15 B, The method of any one of the foregoing claims further including the step
of adding to said aqueous fluid in addition to sald gelling agent at least
one component selected from the group consisting of alcohols and

hydrocarbons.

20 9. The method of any one of the foregoing claims further including the step
of adding a polymeric material to said aqueous fiuld.

10. A method for thickening an aqueocus acid solution which Includes the step
of using an acid aqueous fluld in the process according to any one of the

25 foregoing claims.
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wherein R Is a saturated or unsaturated straight or branched chain

aliphatic group having 18 carbon atoms and R' is a divalent alkylene
5 group of from 2 to 8 carbon atoms and Ar is an aromatic group.

12.  An aqueous hydraulic fracturing fiuid comprising the viscoelastic fluid
obtainable by the methad of any one of claims 1-10.

10 13. Method of fracturing a subterranean formation involving the use of a
fracturing fluid of claim 12,

14, Method for medifying the permeability of underground rock farmations
invalving the use of a viscoelastic fluid obtainable by the method of any
15 one of claims 1-10.

15,  The composition of claim 11 whereln the aromatic dicarboxylic acid salt
is prepared by reacting a compound of the formula RNHR'NH, wherein
R is a saturated or unsaturated straight or branched chain allphatic
20 group having about 18 carbon atoms and R' is a divalent alkylene
group of from 2 to 6 carbon atoms with {sophthalic acid.
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16. A gelling agent composition which comprises a salt of an alkoxylated
monoamine with an aromatic dicarboxylic acid having the following
general formula

- -

?H:CHR,OH

Ry— N —CH,CHR,OH [ A(COOH), (COOY),]

H x

wherein R, is a saturated or unsaturated, straight or branched chain
aliphatic group of from 12 to 30 carbon atoms, R, and R; are the same
or different and are hydrogen, methyl or ethyl, Ar is an aromatic group,
xis1or2,yisOor1, andthesumofxandyis 2.
10
17. The compaosition of claim 16 wherein R; is an aliphatic group of from 18
to 22 carbon atoms.

18. The composition of claim 18 wherein R, is selected from the group
15 consisting essentially of tallow alkyl, coco alkyl, steary!l, oleyl, and soya
alkyl, and the dicarbaxylic acid Is phthalic acid.

19. The composition of claim 16 wherein the aromatic group Ar includss at
least one ring substituent selected from the group conslsting of F, Cl,
20 Br, 1, NO,, alkyl and OH,
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20. A geliling agent composition which comprises an ammonium salt
derived from an alkyl diamine and an aromatic dicarboxylic acid, said
gelling agent having the farmula

R *—R—N'—H Ar(COO"),

X —z—x
I —Z—

whereln R, is a saturated or unsaturated, straight or branched chain
aliphatic group of from 12 to 30 carbon atoms, R, is a divalent
alkylene group of from 2 to 6 carbon atoms, and Ar is an aromatic
group, and R, Ry, and R,, are the same or different and are

10 individually selected from the group consisting of hydrogen, C,-C, alkyl,
2-hydroxyethyl and 2-hydroxypropyi.

21, The composition of claim 20 wherein R, is an allphatic group of from 18
to 22 carbon atoms, and R; is an alkylene group of from 2 {o 4 carbon
15 atams,

22. The composition of claim 20 wherein R, is selected from the group
consisting essentially of tallow alkyl, hardened tallow alkyl, hardened
rapeseed alkyl, oleyl and cocoalkyl, R, is an alkylene group of 3 carbon

20 atoms, and the aromatic dicarboxylic acid is isophthalic acid.

23. The composition of claim 20 wherein the aromatic group Ar includes at
least one ring substituent selected from the group consisting of F, ClI,
Br, |, NO,, alkyl and OH.
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24. A gelling agent composition which comprises:
one or mora amidoamine oxides of the general formula

o 0
| 4

Ry— C — NH-R;— N —R,

|

R,

5 wherein R, Is a saturated or unsaturated, straight or branched chain
aliphatic group of from 7 to 30 carbon atoms, R, is a divalent alkylene
group of from 2 to 8 carbon atoms, R, and R, are the same or different
and are alkyl or hydroxyalky! of from 1 to 4 carbon atoms, or Ry and R,
together with the nitrogen atom to which they are bonded form a

10 heterocyelic ring of up to 6 members.

25. The compasition of claim 24 wherein R, is an aliphatic group of from
about 17 to about 21 carbon atoms, and R; is an alkylene group of
from 2 to 4 carbon atoms.

15

28. The composition of claim 24 wherein R, is an aliphatic group derived
from tallow having an iodine value of from 40 to 86, and R, is an
alkylene group having 3 carbon atoms.

20 27. The composition of claim 24 whereln R, Is selected from the group
consisting essentially of tallow alkyl, hardened tallow alkyl, rapeseed
alkyl, hardened rapeseed alkyl, coco alkyi, oleyl and soya alkyl, R, is
an alkylene group having three carbon atoms, and R; and R, are each
methyl.
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28. An aqueous acid gelling composition comprising at least one acid and
at least one gelling agent composition according to any one of ¢laims
11 and 15-27.



