Water in oil emulsion, method for the production thereof The present invention relates to a
. water-in-oil emulsion (hereinafter W/O Semulsion or inverse emulsion) and to a process for production
thereof, wherein substituted pyrrolidonecarboxylic acids are used as an emulsifier. An emulsion is a

dispersed mixtupg@biyi@Quaeye immiscible liquids, one of which i%@’?@ﬂé@@g&%ﬁ the other. In
a conventional emulsion 10 composed of water and, oil, either the oil may be dispersed in the water

(oilin-water or O/W emulsion) or the water may be digpersed in the oil (waterin-oil W/O or inverse
emulsion). Emulsions are used in a multitude of fields, such as textile, leather and 15 metal treatment,

foods, cosmeticy/gbaimeteiigalsncamitnedratarialpriyaaieshagisss, in polymerization, in cleaning
and polishing, and in ore extraction and natural gas and mineral oil production. Emulsions are

intrinsically unstable systems and the risk of deterioration in 20 the properties thereof (for example as
a result of emulSiBR BEHEGH)RRIHIPRpiRIES SlYraatatenda-mil trebisiena (e rrinaiteifidt/Broduct.
However, the semsilitgoselectiorecidhencoisiityents thereoband s sknsihisdpradyctiogrpejcess can

result in emusiqpsepdoSe BEARREISS,FATAGR ARbPRGERIDY D g Foutse gfsiarage and use. Such

emulsions fulfill 25 important tasks'in the abovemention elds of use. The possible uses are
extremely varied and range from foods such as mayonnaise to functional liquids, for example inverse
drilling mud eméisichauigiguoisam tispereeis srictem aibivms aretre dintddiitie Vigeiasiiyoeelor and 30

stability thereof of heRRIPrRPBFigs AeaRRdRBANM ChMitAbRATHIS, Of SRS SRR LS RIkRSs and
disperse pfbasebg}ﬁ rggig fftk‘}‘%%c%),néinéjois tg the dis%s?rse p as§ and t%%gs ticle size of the disperse
phase. In a particu remul%lon, € B o%E r ?fe%'?n SR HiEH I'ﬁﬂﬁ&s e Riiedus phase, i.e.
whether the em{NSi6HEE o A/\Yr avrdsiTnpaetiinglemuaio hestbasadnindocbyitferatenlsifier (type
and amount), thie-sitigiadtbeiingredienisaisios the sequence of addition of ingredients during the mixing.

WO 2010/149251PCT/EP2010/003062 2 continuous phase. Thus, if the continuous phase is
water-soluble, the emulsion can be diluted with water. If, conversely, the continuous phase is

oil-soluble, the &MHSENS A &3m0 EY Hmitusia Pk firkisosishiasldaxiioideatirer @edparticles of
the disper$é phasetalotreativealt Joeds hecatulivspnaenadsiaralependsm thaawiliclarsize, the
difference in the,dRasirabie twoRiigserrlieploglsal Honsiea I contiguus phase and of

the completed em Isign, the (:hargeTJ on the particles, the natlre, efficacy aftt amount of the emulsifier
used, the 10 sto%ﬁ@c BRcARohRatHEl eRs AR sfatel RrRABAIRovement and vibration or shaking,

and dilution or evaporation during storage or use. The stability of an emulsion is influenced by virtually

all factors involvieghifsibRg e WG DrepasRlindergint Hhe FasBidpmuIAlons containing
large amoynts Eemulsm r thE stabful%\{)ls redominantly a f ncﬁnon of the 15type and of the
concentrafion o? ReP (5?19& ‘.ﬁ%r?ﬁﬁﬁ sk A EXAIHYE @%@sﬁ‘?@b’ SR Wﬂi%ﬂﬁg to their
characteristics. HAfR@fcieBinsiRetharimbe feasean vegenlpiphiicogimipHoavern Hyerophilic
grc:jUp I(H)-dTh_e fhwmmli@aﬁ@@lmli@mmaw@r%@tﬂéh@btﬁ&%%#zéw ﬁ8§ér{§atﬂ6§b%_6tﬁﬁl?é%ﬁmulsifief5
and related sur ateria iopic types._can be divided further.into apionic and cationic,
according to the?%éfgég ot(t%ﬂé j?ﬁ-ggc ivéﬂgrgjr%gf?ﬁg ﬁpo\g%wﬂ%ecoﬁ{ﬁgﬁgh%sof Hﬂﬁecﬁf@ifs generally
considered to bATRESERERY-dR e comiFenet. SKRRIRoAR MefsifR¥sremuligiesvafiland do not
exhibit an@®bvivnpdeadetasksdidhizatioveientioaadirretorss bes:ormbinedsiiih adesy srnionic
surfactants and éﬁfﬁ%&fk}ﬁﬁé&v%@@ﬂa ?Fo‘fﬁt\%%'&ss%Qéiﬁ%%%alﬁﬁﬁ?&é%ﬁfﬁr%‘%ﬁ'f' s are

likewise less regﬁﬁ%e %o the effect of trojﬁges than the anionic ants. The so ll}glﬁty of an
emulsifier is of 385 RATIA R VA ST HiRG msHET AN fiable concentrates. DE-A-10 2007

015757 discloses the use of polyvinylpyrrolidones as a stabilizer for emulsions. 35It was an object of
the present invapijssHigniinpauistioss Gniapoduelion Hinvasas, e MURIORs: Wi Ibit
improved ggica%%%yrﬁ%%% é)bodegradabilél%/ com af;“?ad tio grppe grsi/br art rﬁ%’ls%@éﬁo
2010/149251PCTEP0 0623 MALRSIHRS CRUFGRET iptre Lf the
pyrrolidonecarb6RPi0éRiGs HiRse Adiiispersaepbrselheeratisitbth socomiienseusnialdfuns. The
invention therefaispeiguigemibryaree e plsinee corBnsising é@ﬁ@éﬂwﬁ@@biﬁz'Ql\tiﬂgrﬁél%ominuous
phase b) water g5 ¢i5Re e PRRRRANY GbBSAIMBRUHRR R MR- SnfrBlh ()

phase, i.e. whether the emulsion is O/W or W/O. The resulting emulsion is

35  determined by the emulsifier (type and amount), the ratio of the ingredients
and the sequence of addition of ingredients during the mixing.

The dispersibility (solubility) of the emulsion is determined by the



10in which R1is a hydrocarbyl group having 6 to 30 carbon atoms or an R5-0-X- group Mis hydrogen,
alkali metal, alkaline earth metal or an ammonium group 15 R5is a hydrocarbyl group having 6 to 30
~carbon atoms Xis C2-C6-alkylene or a poly(oxyalkylene) group of the formula R2 t-Jo-khz R3 in

which 20 lisan 0, m, n are independent of | and ar, independently a number
from O to 50, RZ%Q%Z%(%E%%: independently hydrogen, CH3 or é@le@g%gqg@géﬁékylene. 25
WO 2010/149251PCT/EP201 0/003062 4 liquid and #vater. The invention further provides for the use
of a compound ofdhénfigs|pHAs @S BReMIISIET JHIvEResCBRASIONS Whiekr soBlise @dydrophobic
liquid 5 as a contj n isperse phase. The,compound of the formula (1) is
also referred to k%ﬁ@#a g%gaﬁse?r%vé%r@f(\%? éﬁﬁl?‘l’%&?’l{gﬁ (F()))neegf% 0 Ellr%ecr%%%éwg Y ?S(?a'rsbyl group, in

which case R1 dB&S96PEetbais R sivt sk llutedivilietdirably Ca-Cm-alkyl, C8-C30-alkenyl,
C6C30-aryl or C2-C30-alkylaryl. More preferably, R1 is a linear or branched C3C24-alkyl or alkenyl

chain, e.g. ng or i i3 OF 1 = Or ] | tetr ecyl,
octadecyl, e?&osﬁ %ﬁ(&yﬁ%?i?L%ﬁ%gs%%\%%%ﬁgggﬁiﬂé%ﬁ?%&?\?eﬂr?%(odc@c%g%%%%ﬁgfadicals. R1

may likewise be ALEREESG T PRuRiEaRIM G —RMASHISEP 7 AhdwReHRapiEeatibstituents,
especially alkyl anfifseatieeinyihadiensity/ddive hathpbesiesatity, Redsgitinbpropebiasdidbealiphatic

C12-C24 hydrocatpyiniaslisabhaving:ane &' eresiayive 80888 R s PEaRIRRIY (r8ha3-alkyl,
C8-C30-alkenyl,

C6:C33-aryl or G7-C30-alkylaryl. More preferaply, R5 is a linear or hranched
C8-C24-alkyl or g@gﬁ{%%hgﬁ{ﬁ E_%_UE@,QIQ @SgEYyl,aﬂ- oﬁﬁ@gHB%ﬁ?b n}-/ Gr %&&ﬁruffﬁ@ I,ttﬁradecyl,
hexadecyl,ﬁtaﬁ@ﬁ%cd&ﬂ@?%@geﬂﬂﬁ'@i@m. rempeialupeefoiimion 25rgivemenicoeoydl and ley!
raoll)icaIS- R5 mamwéﬁemmm%@rmadmrwogﬂbiﬁmwmzm@@ﬂg@@é%aﬂ@?fvhfﬁe may bear
substituents, espggi e ' ition efer +R5IS a linear or
branched, alipha§08 @q}gfélg%ﬁ%%%fgﬁﬁyﬁgﬁ%ﬁ%%iﬁgc(k)ﬁneuogrhl%%ge %98 %/e' rb"é’r%‘é%a éBeS%%nd Y are
preferably each AGFHIBtONRE foRrsparation Mg Reliniviiercre & fpromatinesetiamingd k is a
number from 2 tdaBg® bnisuptefefabtyisifiers referaiyaisn preniinandyte 4unddos pieteeably,

“(CHR16)k EeDregenis r BpRYdREIHIAG HelenfdifierCH2-CH(CHI)-, -(CH2)3- or 35
-CH2-CH(CH2CH3)-. R16 may have the same definition in aﬁ -(CH2R16)- units, or different definitions.

| is preferably a number from 2 to 10. WO 2010/149251PCT/EP2010/003062 5 m is preferably a
number from 1 tEDiaTiarurtasr drefariassifieth caimienicnois remiphic2 acGrBime peefdrably a number
from Ito 10. In a wEheeRrRiscdemeatmanhisTiks 28 orn L THANER 1§88H: T philic
pyrrolidonecarbox |I8 a gsa%fdthe l]‘1or%§nul .ﬁl , when |sj:% Cﬁ)ﬂ e converted tcty;aglts b
neutralization. 1°Stitabté AEGAITG" §én ShPERrtiHes SPHRTE? \C{PORR ﬁ@éﬁ?ﬁ in which
R7, R8 and2R9 afBldakis iffaapentie nspa jareharasiesas erovisiipr saaichr elaténgsutiadianicarbon
atoms. In a first prefexieR eTheoimenjpBY exilies BRiasd/RirkRangeastionic and cationic,

according to the nature of the ion-active group. The lipophilic component of

the molecule is generally considered to be the surface-active component.

25 Nonionic emulsifiers are fully covalent and do not exhibit any obvious
tendency to ionization. They can therefore be combined with other nonionic
surfactants and likewise either with anionic or cationic substances. The
nonionic emulsifiers are likewise less receptive to the effect of electrolytes
than the anionic surfactants. The solubility of an emuisifier is of utmost

30 significance in the preparation of emulsifiable concentrates.

DE-A-10 2007 015757 discloses the use of polyvinylpyrrolidones as a
stabilizer for emulsions.

35 It was an object of the present invention fo find emulsifiers for the
production of inverse emulsions, which exhibit improved efficacy and
improved biodegradability compared to the prior art emulsifiers.



~independently an aliphatic radical. This has preferably 1 to 24, more 20 preferably 2 to 18 and

. especially 3 to 6 carbon atoms. The aliphatic radical may be linear, branched or cyclic. It may

" additionally be saturated or unsaturated. The aliphatic radical is preferably saturated. The aliphatic
radical may beay, i %(ir example hydroxyl, C1-05-alkoxy, itrile, nitro_and/or
C5-C20-aryl gr@ﬁ&?@ﬁ&%@p phenyl radicals. The C5- 25 m%ﬂﬁﬁ%ﬁ@&ﬁ selves
optionally be substituted by halogen atoms, halogenated alkyl radicals, CI-Cm-alkyl, C2-C20-alkenyl,
hydroxyl, C1-05Hateaxeéar r@mnieamethpryiridausanesdifecingiicaitie gmupsids a

particularly pref ' [ar ch independently hydrogen, a
C1-Cé6-alkyl, CZ%gggaﬂ(%?@%gf}%%ggx%?ﬁ%%[c%%ﬁ%ﬂ%}giﬁ Zﬁ&%&%@@ﬁ& gﬁ'alkyl radical having 1, 2

or 3 carbon atoms. These radicals may bear up to three substituents. Particularly preferred aliphatic
R1 and/or R2 rabieaisvardibpdregeforampthyidethyldigdronyetivhanepropybiigpopropyl, hydroxypropyl,
n-butyl, isolutyl.and t t;ﬂ;&;d ¢ - n-octyl, n-decyl, n-dodecyl,
35tridecyl, %l:)tria3 cyI,etéetradegyﬁ@gg}ﬁﬁ?g%ﬁgﬁ%ﬁgaﬁn r%éé}%%ylphenyl. e

2010/149251P /EPZ‘fﬂﬁ%@%@G S xik:¢ ’ﬁ%cﬁerred embodiment, R7 and R8 together with the
nitrogen atom tWhicrathesnpesibdoddeférrmelzifl) This ring has preferably 4 or more than 4, for
example 4, 5, 6 or more, ring members. Preferred further 5 ring members are carbon, nitrogen,
oxygen and sulfur atoms. The rings may themselves in turn bear substituents, for example alkyl
radicals. Suitable ring structures age; &xdple, morpholinyl, pyrrolidinyl, piperidinyl, imidazolyl and
azepanyl radicals. 10In aifyrt_h% preferred embodiment, R7, gj??and/or R9 are each independently an
optionally substituted C6-C12-aryl group or an optionally substituted heteroaromatic group having 5 to
12 ring members. In a further preféfred embodiment, R7, R8 and/or R9 are each independently 15an
alkyl radical interrupted by heteroatpms. Particularly preferred heteroatoms are oxygen and nitrogen.
For instance, R7, R8 and/or R9 are each independently preferably radicals of the formula (3) 20
-(R1-0)a-R11(3) in which R1is an alkylene group having 2 to 6 carbon atoms and preferably 25having
2 to 4 carbbh atbhyéifdr example ethylene, propylene, butylene or mixtures thereof, R11is hydrogen, a
hydrocarbon radidal hayinchidec24rB9TheB A aasieg & 08D R fomra R IMNRIBRAS, ais a
number from 2 to 50, g} ferably from 3 to 25 and especially 30from 4 to 10 and R12, R13 are each
independently hydrogen, ah aliphatic radical having 1 to 24 carbon atoms and preferably 2 to 18
carbon atoms, aKflaryl grdusngetedkal gretd:halkalps teartivimetababeas, anywonium
2010/149251PCT/EP26b903062 7 poly(oxyalkylene) group having 1 to 50 poly(oxyalkylene) units,
where the p@Iyo;_e{yalky|g%eh$@qgéégﬂ¥§ﬁgr&r‘gwﬁ%?ﬁé;g PS(E%’ éj%%fq%\{msz to 6 carbon atoms, or R12

and R13 together with the nitrogen a to ey are bonded forma ring having 4, 5, 6 5or more
ring members. AdditioffazPreRkiRnersr apiionypityene sy mekibergsmuaadicals of the
formula (4) 10-[R14-N(R15)}b-(R15)(4) in which W4is an alkylene group having 2 to 6 carbon atoms
and preferably having 2 to 4 carbon atoms, for example ethylene, propylene or 15mixtures
thereof, each W9 is indepengéntly hydrogen, an alkyl or hydrBéyalkyl radical having up to 24 carbon
atoms, for example 2 to 20 carbon atoms, a polyoxyalkylene radical -(R19-0)p-R11, or a

11, R14 and R19 are each 20as

i Qd] X rfromT 1 to 20 and

in which
20 | is @ number from 1 to 50,
m, n  are independent of | and are each independently a number from 0 to
50,
R? R®, R* are each independently hydrogen, CH, or CH,CH3
Y is Co-Ce-alkylene.
25
The invention further provides a process for producing an inverse emuision,
by adding a compound of the formula (1) to a mixture of a hydrophobic



25The radicals of the formula (4) contain preferably 1 to 50 and especially 2 to 20 nitrogen atoms.
Particular preference is given to water-soluble alkylamines such as methylamine, dimethylamine,
‘trimethylamine, ethylamine, diethylamine, 30 triethylamine, propylamine and longer-chain mono-, di-
and trialkylamin FVY hey are water-soluble. The alkyl cmé}g anched.
Equally suitableqaﬁféﬁcﬁ%@mggé%such as ethylenediamine, diethylenetfi n‘é@{ﬁaﬂ% tetramine,
tetraethylenepentamine, the WO 2010/149251PCT/EP2010/003062 8 higher homologs thereof and
mixtures thereoflifuidherduitddle amines in this series are the alkylated, particularly methylated,
representatives of these oligoamines, such as N,N-dimethyldiethylenamine, N,N-dimethylpropylamine
and longer-chain.and/or more Hﬁhl alkylated 5 amines of the same structure principle. Particularly
suitable in accoﬁz!ﬁc'@\f’mﬁpt %/)’ Wﬁ%’ﬁdgﬁfai@ﬁdl&éﬁl Red saEwad e of deeniamaikininb,
diethanolamine, &fettiaftlatsifite, idighyeotansimesimigostdchineandisigherydrophobic liquid |
homologs, methyidieihanalarmine sibByldigthaRaamning, disperse phase

propyldiethanolamine,butyldiethanolamineandlonger-chain 10 alkyldiethanolamines, where the alkyl
radical may be cyclic and/or branched. Further suitable alkanolamines are dialkylethanolamines such
as dimethylethanol&rfiRiepal&tdyiéihariorandadtdiisralsaatianeid vine; dibefigetrainoizmtive and
longer-chain dialgytetbifieplamines, where the alkyl radical may also be branched or cyclic. In addition,
it is also possible in the 15 context of the invention to use aminopropanol, aminobutanol,

aminopentanol a}?e()j higher homologs, and the corresponding mono- and dimethylpropanolamines and

longer-chailPmotid PBRFHRRRY AT R oRicshaifvdneasiyyhamier, dfewitieagse iR ciddgsantihes such as
2-amino-2- methgiiaiaroly AMBoZansnB)rispersdiab?-GaDe-ateihinronaaadiali2@.
2-am|nobutaned@%oagq{pgp@g(%ng}% ﬂ%%@fb@é}%’?”ﬂ‘%@&%@?y or ranch%qh%

tris(hydroxylmet )aa%l%ometpane agd_ Iso end-capped representatives such as m jlycolamine,
methyldiglycolanii&e ngﬂgfaﬁiﬂh? [¥9s SRl IgRRHARN, RN agRicsnERfmib and higher
homologs thereofngfavhedasteshoreirasiataiimexadecyblyalitgden/glyeicbapings 12hderg.

Jeffamine) 1 Barticaifsanserespnande plerained io girhatoneiiues Sy marplioline gyaphesis (.0

AMIX M, CAS Nﬂké@%%gbg?a?’) fext of the invention, mixtures o

Typically, and in, the con )
abovementioned amines are uscefbl)éip Ob?@érrﬁ)odgﬁlam?gﬁﬁd@sﬁ%ﬂnﬁﬁ QakRhicyclic and which
30FurthersuitablE}HBURAE BfasiiHesHPe erRRepISN ALy Bydiogelienporaties)o disktamdiydroxides of
the alkali metals ;a@tﬂéwtﬂﬂs&ﬁﬁ@%mhéﬁﬁtﬁlgpgﬂcﬁé@mﬁgﬂmjgr@ Tgwgﬁ%t%gpéyméwgggxide, WO

2010/149251PCﬁé§ﬁ%0&TpéQ9qﬁg?e9d88@8%§ hydroxide, calcium hydroxide, calcium carbonate,
calcium hydrogencarbonate and calcium oxide. The neutralizing agents are used in amounts which are

required to“5 establish a pH between 7 and 11. The amounts required for this purpose are preferably,

according to the R%l'uiratiaﬁen@h!ge(ﬂg«i@gﬁqaiRg:}(@gi@g(pgn(mqﬂjtig@,@gﬂta@r@ﬁ@@ﬁma@%m_referably 5-

15%, and in the fe+eOMSOEB! i id.at.0.0% - 6%, preferably Q.1 - 1,5% (peycent. by weight). 10
URIDRIBINNO Aok o ordhicn BEC RO Shdt dy Bk SRS ot

The process for reparinarp rrolidonecarboxylic aci Is known,’and comprises the
or

reaction of amings%f theYormRL 1 -RHIWRRHEEENiI B2y, igRdesMioHamp b dabiasqeht
neutralizing, as des@ilssilatsoiedasy/ T aiovaytrosHasger thditalentueioverseesfaisior may, in a

preferred ezBbocimenticenmsAaNarin saliisiandiaplved inobeandmulinly thagged ons. In a
further preferredﬁmgfg#?ggﬁbtmhgse %rYe dZUbf%/ ﬁ]r morﬁ han %%ubly cha_rgedspos tive ions. In a
preferred embodiment, thass are oGS o WIKGRE@% HF AP Riltie RSy &3RAF NG nesium and
calcium ions, an@!dnisHeordemihae deaijh&dgitintelys pitafsiatipmRiessorhireammines
correspond to therérongld, @)RRNRTRIBI(BYinovaigyRZdRAIan4 RS are erchdnderapgently radicals
of the formula (4),JR34__N(R15)]b (R15)(4) 30 in which WO 2010/149251PCT/EP2010/003062 10
Riais an alkylene group having 2 to 6 carbon atoms and preferably having 2 to 4 carbon atoms, for
example etfiylene, propylene or mixtures thereof, each R15 is independently hydrogen, an alkyl or
hydroxyalkyl radiargha\eng preferadlcadumnzntoons titexaornield (G@AREINOR ARRS FE

I lkyl ' lyimi icahe[R N(R15)10:(R15), defined
above éidyqeiﬁd’?:fﬁgﬁg%* R Y R T MRV 6 carbon

§Flch indg%endr?ntl g1to 50,and 1 san a_}(ly e group
atoms and prefePABIYRaWng 245'4%a tdth&; ifoERPreieretiyieleHRopyidraresapiene or
mixtures thereofgroups of the formulae ~CH,-CHg-, -CHp-CH(CHz)-, ~(CHo)s- oF

35 -CHxCH(CH:CHy)-. R™ may have the same definition in all ~(CHR®)-

units, or different definitions.

Vs preferably a number from 2 to 10.



R"is hydrogen, a hydrocarbon radical having 1 to 24 carbon atoms or a group of the formula

. -R10-NR12R13, 15bis a number from 1 to 20 and preferably 2 to 10, for example three, four, five or

" six. The radicals of the formula (4) contain preferably 1 to 50 and especially 2 to 20 nitrogen atoms. 20

Particular prefer%ezbsgg ligoamines such as ethylenediami gﬁgﬁ;ﬁ iamine,

triethylenetetramine, tetréﬁ%gyéé@’rﬁapentamine, the higher homologs t% r j &@g{gﬁggthereof.

Further suitable amines in this series are the alkylated, particularly methylated, representatives of 25

these oligoamines, such as N,N-dimethyldiethylenamine, N,N-dimethylpropylamine and longer-chain

and/or more h'gWEQIM%@DWmé??r§?rmﬁt3t”{'{iui'ﬁeaofmﬁla@ieégefe%@c?réﬁ%@é’:l% ines are, for

example, 1,3-prci)£aned|angn§§, - 30 propanediamine,neopentanediamine,hexamethylenediamine,
horon

octamethylened e 8o diamine,4,4'-diaminodicyclohexyl-
methane,3,3'-dimethy1-4,4'-diaminodicylohexylmethane,4,4'-diamino- diphenylmethane,
4.,9-dioxadoglecang-brdfAIBMIaS Mmbd OO QYIRS AL further preferred embodiment, m
1,13-d|am|ne,3-§g12eépglaln;£m')q’%%lamlneé&(cyclohexyl-
35amino)propylamine. 2-(dfethylaming) EthSISmine, 3-(dimethyl- WO 2010/149251PCT/EP2010/003062
11 amino)propylamine, 3-(diethylamino)propylamine,
NN N etrantety b grampanasiamioad chicie i Wi (1 JisaRrap e aainee
iethylenetriami =(2s mine),dipropylene-
triamine,N N-bisE-! 34\21%%1%%250%%3%;%@3%@%1%#% \'-bis(3-amino- 5propyl)ethylenediamine). Suitable
polyetheramines are, for example, Polyetheramine D 230, PolyetheramineD 400,PolyetheramineD
2000, Polytetratyditatleamantiakzig08gEtdly etbesarinios Of #Sfdralueiieiamine 10 T5000. Also suitable
are bis(3-dimethylaminopropyl)amine, 2,2'-dimorpholino- diethyl ether, triethylenediamine,
- triethylenediamine, triethylenediamine, N,N'-dimethylpiperazing,bis(2-dimethylaminoethyl)ether,bis(2-
15dimethylaminoethyl)ether,pentamethyldi ?kﬁetriamine,N, )N
trimethylaminoethylethanolamine,N,N,N',N'-tetramethy1-1,6-hexane- diamine,
35 is(dmetimamiearopr) ey iexraxio ReaseddindinrgbioudalocOiaecsrogne.
N-(3-am|noprop}(Qilzl"l%lag]i]<';}Pz€§)\hari 1'121?8“% t%llmda%ole, 1-methylimidazolé. 20 In a further embodiment of
the invention, the'inventive enulSiiers SPERIPAUREY in a suitable solvent which is an oleophilic liquid
in order to improve the handling thereof at low ambient temperatures below 0C, for example down to
-40C. 25 The o|é'apﬁi|iﬁrﬁ(ﬁuﬁf@gq@f@%ramwdm@tia%e@my@rrrcﬁ% thedfrouRConsistiegobf diesel oil,
mineral ol synUfeiERlfrIp Sre URSAaRECAloR 9 THAS AL A2 (Clariand, dinfycarbonates,

hydrocarbons and combinations thereof. Preference is given to using environmentdlly compatible
solvents. PéricutEpiprattyehée 18 sindreapssiaty @ inrfictrivpieatomatiomalipwitvadésailts in

cootoxity tsts g iSRG B SRUHRAMS =R e reRIBRR RIF/pF alsapalicauics ae

[
paraffins, n-paraffins, iso%%{)aﬁllns, for example [sopar(r) M,"dearomatiz ractions, for
example 35 ExsiaHEEgy Shalighateticcerdiraiide axafeprbiyovetarsedridéwaradiphtifhatic esters,

ketones, or exaqpalefisapuidefelonen il RPRIMBINCHIan 3 raBledases ap giyiene oyl

propylene glycol and butyléne glycol, and a-olefins. Pre iven to 1 lon’of the WO
2010/149251PCHilEp 20y (emaifigieupsHebasaroilefihenyhastivals oheosition, i.e. the
hydrophobzg,llqt{rgoag,.rw ?aﬁ'i@_é‘?ér?ﬂa%_ Wg@%s‘”&%ﬁo%?gf%foﬁdﬁgﬂ%é@ eﬁ%\{§§§¥e invert 5
emulsions, compounds containin smLély or multlt;g charged’ions of the above-descri ype are

added to the wafsPMhehRsgreitd Rt oafisaisd Gs (basdlybn GaeCaerjkenyithavaieasy),0.1 to 10%
by weight, prefegaply, laiRoxyo '%iw%i)%}hﬂ}@ W@tﬁBﬂyn Bha%garﬁ%}hﬁiml&eném?/&?vﬂi emulsion is

a hydrophobic liquid. A suitable hydrophobic liquid is 'any_ which e used, for example, for textile,

leather and met&F RSB, Ro6iRIap¥REtfesremhambashuesisRE @HgmRSendler iR agrechemicals,
P e on. Baeaning ARty Ribreged. e eadiRgIRe el st A Blere! of
30 cycloalkyl radical and especially an alkyl radical having 1, 2 or 3 carbon
atoms. These radicals may bear up to three substituents. Particularly
preferred aliphatic R' and/or R? radicals are hydrogen, methyl, ethyl,
hydroxyethyl, n-propyl, isopropyl, hydroxypropyl, n-butyl, isobutyl and
tert-butyl, hydroxybutyl, n-hexyl, cyclohexyl, n-octyl, n-decyl, n-dodecyl,
35  tridecyl, isofridecyl, tetradecyl, hexadecyl, octadecyl and methylphenyi.



15 Particularly preferred inverse emulsions are invert emulsion muds in mineral oil production. To sink
boreholes in rock and bring up the drilling material detached, liquid 20 mud systems based on water
and oil are used. Oil-based drilling muds are used in particular in offshore boreholes in the form of
what are called iw réﬁnézls' n muds, in which fine solids (drilling material) are present in W/0
emulsions finely §p 384 PR continuous oil phase. 25In order tofBrihgFRB84PIARINERerred us
properties in the overall system described, a multitudg of different additives, for example = -
emulsifiers/emulsifier systems, fluid loss additives, viscosity regulators, alkali reserves and weighting
agents, are needed, 1p,thi ref is.made; for @ntple o0 the utgjicati n by P.A. Boyd et
al., "New base ﬁﬁs&%ﬁé{ %n jﬁ%@?ﬁf F(ﬁ é%ﬁsa ’ourngrltcﬁj etr8%él} T Iggﬂﬁrl , 137-142. In
order to use suckipiveto dviiicly ey systbonsipratiically rihg. i@ afigahproprsiieahereof must
remain relatively ithi uge 35_range, i.e. uncontrolled-thickeni d hence
increasing viscosﬁi‘jtg%f;c t g(—b %iﬁ%%r%%%%%%ogﬁ E%L?ért 8q§fe{\'/%%t@<?.rﬂ‘%t%'§'drifﬁ)%%eéjg&%%fgk during
operation (célledsirguaiepipers ofraatizdof DifitipentudgdEecam ogylfuFhatdrethéftandind3aroid/NL
Inc., 1985, "Stuch@' ?hé:rtﬂ i e ( 1PCT/EP2010/003062 13 released again
only by time-consurj#ri)ng an%gg%ly}ﬁaé%@urg\é{a?n%é% ‘%ﬁe%%%blfggtigﬁagﬁ gb%%ﬁinr@éﬁg %e therefore
added to the drillfrigtaniel siagensirbetoresanardurifty delimgpieefarathhatitohic pyrfalitimes from 5 the
group of the fatty, %% t fates and alkylbenzenesulfonates. Although
such compoundsp %!an eﬁgﬁ@ﬁgﬁ{%ﬁt%ggﬁé%@g{/a?#@é ‘overall system, there is a rise in viscosity
at low temperatures of 10C and colder, which can then only be controlled with difficulty, if at all. 10
Suitable bqghol%tgaﬁ}m%pt comp it I ver ny influence on thE rheology of
the overall system even at éfevate%aiéé?nﬂgﬁgé‘?{a}ﬁréﬁg’, ﬂ%n%ggﬁ%ﬁ%é g%lﬁihn}gn %{%%?QQF 4 ? ths. The
ambient conditioB8 iRfierstie etsliluisiings 1o eanM g by hopress uptiandlyHsLbolifanees as a
result of oxidic gﬂ%@&@&%m&( [ ﬁ sm%p i f possible components and
additives. Due to the scarcity of%c@g isou C%Z?ogggﬁ%rgg‘:‘ge%kcﬁ%#éles are being sunk in ecologically
protected areas. High demands are therefore being made on 20 suitable borehole treatment
compositions for iaaRe’ SaPamERBO MR RY, ROGnAN RIS ARG IAdsapectve
biodegradability and the toxIcity of these substances. In order to use aquéous drillihg mud systems in

emulsion forn, ted 28l difiedigelséndrsnpltsifichy ishateutatielnaecBesticylanith peglmded the

chemical nature ﬁgf@g@%}‘é}% '%&qﬁﬁr%l'@iﬁﬁﬁgr%%ere exists extensive prior art, for example

SHINODA et al., Encyclopedia of sion Tec ogy, 1983, vol. 1, 337 to 367; G.L. HOLLIS,

Surfactants Europa, third edition, Royal Society of Chemistry, chapter 4, 139-317; 30 M.J. SCHICK,

Nonionic Surfact ; , 0 967: H lonic Surfactants,
Marcel Dekker, Iﬁ%&ﬁ%{%@?ﬂge%ﬁ&o%%é %%fch @%&%@@T@&ﬁg re#zﬁgcl?grﬂsaktive
Ethylenoxid Adduktégrisirata-tive Ethylene Oxide Adducts], Wissenschaftfliche Verlagsanstalt
mbH, Stuttgart, 1976. 35 US-2 908 711 and US-3 035 907 describe oil-soluble reaction products of
amines or diamines and itaconic acid, which can be used as antirust additives in fuels or mineral oils.
WO 201 0/1 49251PCT/EP2010/003062-{R 113248 Y64 disclosi oil-soluble pyrrolidonecarboxylic
acid amine salts and uses thereof as corrosion inhibitors in lubricating oils and greases. The amines
used for salt formation are oil-soluble. 5 US-3 224 968likewisedescribesoil-solubleaminesaltsof
pyrrolidonecarbofyWi&Bids which use find use as antirust additives in lubricant oils. Again, oil-soluble

amines (preferaW@lZ-C@-ﬂéykmi%{ﬁ(% s{j‘ iH%eﬁi {Brégpgoiéfw&c&%%%%%% 4 975

describes the 10free pyrrolidonecarboxylic a or the same use. sclgses
pyrrolidonesderivatives and'8¥ngse tiserdstarhain@ioms ffoid S emelareibidener o ieios, The

compounds used have suq}cdmgﬁésd}rr{.ﬁﬁf&égﬁggeybstituents on the pyrrolidone 15nitrogen. In

hydraulic fluids, the,compounds exhibit anticorrosive properties, even in combination with aliphatic

amines. None of the publidatioYfeaen, dbsyapesarpenatioad disvinefyieoldinerBoratmrglic acids of
the formula (1) as additiveg, oy &"HUBQJFQH@ WM@@Q%@NRQRH,
a is a number from 2 to 50, preferably from 3 to 25 and especially
30 from 4 to 10 and
R, R™ are each independently hydrogen, an aliphatic radical having 1 to
24 carbon atoms and preferably 2 io 18 carbon atoms, an aryl
group or heteroaryl group having 5 to 12 ring members, a



For the invert emulsion muds with a continuous hydrocarbon phase, for example, fractions of crude oil
~ such as diesel oil, cleaned diesel oil with aromatics content below 0.5% by weight (clean oil), white
oils, or conversion products such as olefins, for example a-olefins, polyolefins or 25 alkylbenzenes, are
used as a constm%fdhg’%glﬁinuous phase. These are pure hydr, @% ﬁ]& re not degraded
under the anaerobic conditions in the drilling material sludge on thefgéir ed. X@@ € Z§§r%tinuous phase

of invert emulsion muds, alcphols, acetals, esters, e?hers and triglycerides are also options. 30 The
invert emulsion muds con%W@%ﬁ?Mﬂ%@W@ﬂs&réﬁ draldexyglsylaneblitiiti the mud and

of the drilling material drillg@sret oo cibingmARTaLERPABIRG ArALIMAHO WIS gilwetted and

often has to be disposed of separately. Offshore there are copsiderab & environmentally 35 damaging

effects when the drilling ¥4 6r IAR1 GBIBRIESlgBRSnB R seDRIinipaathaiavdiudge and the
heavy mud fall to the seabgroged siomed o itiartidesed aseraicifiowsasdar, as the coasts, for
example the mudflats. On this route or its area of spread, the sludge kills all WO
2010/149251PCT/EP2018/00%6B3118 TeBPe seabed by hydrophobization. Diesel oil was originally
the basis of invert emulsion muds. Recently, less toxic diesel oils which have been cleaned to a
greater degree have beep used, which contain less than 0.5% aromatics and white oils, olefins,
polyolefins, variUSHTREMR Bifd SiRRNYo R sdroRRHOTEN R} $RpAMEPRETSRarARICalSIOf
alkylbenzenes. &dt&mﬂ;ﬂgqﬂmuous phases in the inventive invert emulsions are, for example, acetals.
10Suitable acetals are acetals based on monofunctional aldehydes having 1 to 25, especially 1 to 10,
carbon atoms, and monohydric alcohols having 1 to 25, especially 4 to 20 carbon atoms. They may be
branched ¢¢unbranched, saturated or%&tuxmt@g?ﬂ@d@ti‘pﬂ)atiqg? aromatic. The acetals may also
consist of a mixture which has been prepared from 15 different or from single-chain alcohols and/or
aldehydes. In addition, it is also possible to use acetals prepared from dialdehydes, especially having
2 to 10 carbon dtowtsicguch as glyoxal, tartaraldehyde, succinaldehyde, malealdehyde and
fumaraldehyde,é%,ht preferably glyoxal, with the alcohols mentioned. 20 The preparation of the acetals
is described in EP-A-0 515 58Y S&YIR{IRHAUhBRYLIS firie Arpitsaloascpad efaRYunsaturated
alcohols and/or branched hagatatedsaleeberls sRieferesiceaaR P IERICORgLy BAWNG 8 to 25,
more prefeﬁbly 10 to 16, carbon aé%n{s. specially preferred are linear alcohols having 10 to 16
carbon atois. The alcohdf¥ Hﬁ?r &BE oleophilic. Suitable alcohols are especially decanol,

dodecanol, tetragiestaRd?, gocipmiepiatycrnphpjdasgahalephotirpr ee-melngidemnOokadigspicohols are

available as commercial products. 30 ?gitab e continuous phases in the inventive invert emulsions are

also oleophilic esters. SuitBE'3IEBRife SHON AL BG Y FAHARIA #i5r CRtRPRIBCMEInCtional

alcohols and C1-C25-carboxpdig@gidiydnéhamenaiiiCtionakdicobels yaprafesailyigiephols which

have 8 to 25 carbon atoms and A1) I}g , branched, unsaurated and/or argmatic. WO

2010/149251PCT/EP201(5R%%%{€?%6’% %%Z)EOWE%%OH om®, Ve arcBd &&saly also

present apolyglycol ethess befing:.atios eflenenansieeerriengalk o i mals o difunctiona
[

alcohols are ethylene glycol, propylene glycol and butylene glycol, and dialkanolamines such as
diethanolamine. 5 The trifRGtional alcohols are alcohols having up to 6 carbon atoms, preferably 2 to

6 carbon atomspfor exampyleaghaetstr Eﬂ‘UiﬁfiNKafEUaéﬂ@Qﬁéﬁir%W'@)tﬂiQEW%%E}WIﬁelOThe
X

aforementioned Ci-C25-carboxylic acg',ds include mono-, di- and/or trifunctional carboxylic acids which
are linear, branched, unsgm?ae”[e Uhardihate. Examples of monofunctional carboxylic acids of
natural origin are coconut 15 fatty acid, lauric acid, myristic acid, palmitic acid, palmitoleic acid, stearic
acid, oleic.gcid, elaidic acid, petroselinic acig, . ricinoleic acid, eleostearic acid, linoleic acid, linolenic
acid, eicoség‘floic%c?cf ?Sic(?g%?f i%?d,%%@@a%&iﬁoﬁﬂf‘ éﬁ?é%’ﬁ%h.’lﬁtatﬁ épféﬁﬁf soeesilallow fatty acid.
20Examples of ¢hf@atitmgletaationggdic acids are oxalic acid, malonic acid, succinic acid and phthalic
acid. An example of a trifunctional carboxylic acid is citric acid. 25Suitable continuous phases are also
natural oils, i.e. triglycerides of fatty acids. Suitable fatty acids comprise 12 to 22 carbon atoms, for
example lauric &adiicojarstioraf@rknamisic gicish prIMitaleicsasishistealiyiagithaieis agid laidic acid,
petroselinic acidmg%%ni)leic acid .ele&sﬁaric acig,ql;i{%%l‘e'c acid, linglenic acid, eicosanoic acid, gadoleic
acid, docosanoic acid P r AR rdE %ﬁ%@ﬁarﬁ%&@éﬁ%ecﬂﬁt?ﬂ‘@é@fﬂﬁs are those
which con@n ptiiesipgliynine, torepytadteintadral leageb@¥aly misiaht, dlyeat/kestefmefifidy acids
having 16 to 22 5%\%8”(@ ms %[énd 1,2o0r S%ioubli nds%ﬁBSE ples of suitable oils are rapeseed
oil, coriander oil’sdya bean Bil, cottoRteed B SO RFer BF cALYr SiadiR e SpaRYt BR, com oil,
almond branched. Equally suitable are oligoamines such as ethylenediamine,

diethylenetriamine, triethylenetetramine, tetraethylenepentamine, the



oil, palm kernel oil, coconut oil, mustardseed oil, bovine tallow and fish oils. Further examples include
oils of wheat, jute, sesame, shea tree nut, WO 2010/149251PCT/EP2010/003062 17 arachis oil and
‘linseed oil. Suitable continuous phases are also oleophilic ethers. Suitable ethers are aliphatic,

saturated, or mono- and diunsaturated ethers. The alcohols from 5 which the ethers are formed have

in the range fronY YA 83AIRIbIy 6 -24, especially 8- 18, carbon AGHERRRKIBE¥EINEZ0 use ethers

formed from one alcohol and mixed ethers formed fr@m two alcohols. The oleophilic esters and ethers
listed are compohigtieminchodrgsriguestrid eitairabitazeonfuarcialsyediictarilasiars not of

natural origin can be prepared by, acidj talysis from the corresponding alcohols and carboxylic
acids. Ethers arerit]h bbtaned: f%?eei%%&lg}@ e B Wlfdgﬁ%ﬁﬁ@ﬁ%%' ?&Qﬁ%ﬁni%tﬂ?e"‘t&fm
"oleophilic" hereitheepreserdbgrizisiaases whagh watensolubilityNidiaasthigamgaayadegrismbelow 1% by
weight and espegjally,n re than 0.5% by weight. For the oleophilic phase of an emulsion or invert
emulsion for use%yad%éﬁﬁ%) a]ua(:ff’1 {?éery tféﬂ?% 'F 6‘%@@%&% q%a%@é%tﬁ&‘\‘f%&%@ity and pour
point thereofi Therpingee ifethensatrensivleigon i Pander practicrbbpnitonsrisdiel means that
the plastic viscosjty, of formulated mud under standard conditions (20C) should be not more than
50- 100 cP, prefi%%ly{ﬁgssﬁg%n%ﬂc@% ﬁl%a\r}l ﬁ(g"(‘ig'i'&e/%f tﬁ%%lecﬁ?nilm(ﬁﬁ%{lg@fgémiﬂ%refore not
exceed 10 cP, bdietvaaslarimeofigsthtn ala 206, adiditive potnppinighhaiidriiesabienstigeiow -10C.
Only thus is it possihle to formulate a pu ble mud under offshore conditions, for example in the
North Sea after sigu}?éﬁo%\%?é. In the 30(@%@%@?@“%&%@88&& regions;eghgié)ﬁ@@@ﬂﬁ be
somewhat higheprepyldisthatotamened the duiyjdettianalalyénep to +20@. Thelsatgbfostgrs of
oleophilic se [ formulation jngredients or solvents for the inventive emulsifiers. 35
The inven'g\{/lé? iné@%ﬁ%ﬁé%ﬁgglly%oﬁgris{% roah@o {'63%'85}3: ) eidis o‘f%ﬁ*échfd}%‘iobic liquid
which forms the boamnichesud-phihise s Wb RAMERG I RE BHERZAKOIODDGR A sersinadd% by -
weight of water, 5t % _ by weight, of the compound of the formula (1).. When the
inventive invert eafnpﬁé%%afgg @éﬁ‘@% driIIiréﬂgemM%,nfﬁgf/) %’%ﬁ/ngwmp ?er?ﬁ%ﬁﬁ mg@Customary
additives to watettibafyéelGiwieminsiondiongearehainutiifiers flaitblassimelitires e shkiblikyand/or

insoluble substa | 1 yiscosity, ,alkalireserves, inhibitors, of unwanted water
exchange 10 be?%%&e%@bﬁé%%o%rﬁgt%éé%ﬁ% (e);’(a%%% \Wa éjrqéi é’lia‘H% %E\%) gﬁﬂ}%? é%ﬁ%yers -and
the water-bHsed ebifiet mod, vibtingragetitnfortbettesattaahmiraprop e muisified oitbpbise on solid
surfaces, for ex | [ icity, but.also to improve the oleophilic occlusion of exposed
rock formationsaggﬁ)li F%BSE{I}]@E%@\%%& e(%gﬁ?plg rt}g iNATOIt 1S %"a%?g}% i%@?ﬁtiaﬁdof such 0/W
emulsions, and tHiribyRefprntansines|drizbiomge-besintnthresd eted Slialithmmeiteaiob baler art, for
example GeorgeR. , 0.C.H, Darley, " sition.and Properties of Oil Well Drilling,Fluids" 4th
edition 1980/81, gﬁ'&f?ﬁ%éﬁﬂg%ﬁh&p%‘iﬁ%ﬁé ,%?%%ﬂ erafﬁn'eﬁrilﬁ%h:la% %%Bﬁé?ﬁts". 20 Itis
customary to usdriatbydigperebd Alifh)ivesaminepeasertbeiohu d-denisity2 Banviprapdfsteidharite) is
widely usedanbut galci b(éﬁfqr Ci r4t ixedl carbonate of calcium and magnesium
(dolomite) g?(? algc?é! l%%@ %Tsé%?uét?r%%gn%‘?t%%%%&aa&gn% %mﬁﬁﬂéqggqﬁgnﬁrﬁgaf\%?ﬁscosity,
which at the samigis(ifeleosyiastby fundnoss tiddity emnd/ alstio res Herdg e miapes beméagisiazarily of
bentonite, which | ed.i ified.form | [ d_muds and,is thus ,not of ecological
concern; in oiI-baés?eéE e%um%%rﬁ lé%ggﬁ%ﬁ@%%%égwﬂgﬁtowtge l%‘ FI]seor c%ormﬁ rﬂfl’used. For
salt water muds, @itreateyigipeeieiaiory s dispeibivitichttaalgitecand seé pibigecareralsmidgignificance in
practice. The addjii u ggiqﬂj% rc f,natyral and/or synthetic .origin is also
possible. Mentioﬁﬁg}h%%t’d %Oorrg%e ereg g@%@%%ll%‘%&iﬁagrg%%g cr%%%%ﬁ(gl ?/nr% ﬁ?&h g{y}%ﬁgs, 35
cellulose d&fivati(®g sieffeasinarbRgriets] qrkikosorginatamyixentadigiiltation etsédperely synthetic
water-soluble an ISper Y, Rapn speci igh molecular weight
polyacrylamide c%ﬁ%%?@pﬁg %%ﬁ%ﬁ%%%ﬁ%%lc or ggﬁogn@%\/\%%&%ﬂ l?yp;oael?y,
2010/149251PCBEPRGNe/00868L didhadaifriiion Miilassodf b azryamestahithansinesegulate the

viscosity. The thigRe(Red in order to establish desired pH values.

30 Further suitable neutralizing agents are the carbonates,
hydrogencarbonates, oxides and hydroxides of the alkali metals andfor

alkaline earth metais, for example lithium hydroxide, sodium hydroxide,



are, for example, tannins and/or quebracho extract. Further examples 5 thereof are lignite and lignite
_ derivatives, especially lignosulfonates. In a preferred embodiment of the invention, the additional use
- of toxic components is dispensed with, which include here primarily the corresponding salts with toxic
heavy metals, sygh 2??6%%25‘? and/or copper. One example of ingl@@g%%wﬁr&jé osphate
compounds. 10 It is also customary to use additives which inhibit unwanted water exchange with, for
example, clays. Options here include the additives k%own from the prior art for water-based drilling

muds. These arBEEFRILE Iy YLFEEE e PBICKEFL JRERtah CRICHN T AR IV r SREINE earth metals,

15 and correspanding;eatassiiatsalirinakiomalpagticular significance, optionally in combination with
lime. Reference is made, for example, to the corresponding publications in "Petroleum Engineer

International”, September 1987, 32 - 40 and 'World Oil", November 1983, 98 -97. 20lt is also
customary to ustetRlkalbiessines SSRGS SereUsslida InPRIYME ahen OFganiehaseg Maiched to the
overall chagcterisﬁﬁ% .of the %% especially apsglpro riate basic salts Qré%idroxiQes of alkali metals
and/or alkafine ESHFPISEALARPINGSRIC KREEd 125 IR 1RERNSESORESHERficTBR RS, BUARSHR tion has to

be made betweemevaiefseiblyle argarinbases tHer axammnieisg Magemdsf the digibanalamine type -
and virtually water-insoluble bases of marked]y oIeO@hilic character. Oleo%hilic bases of this kind,

which are notabf@ &SN 15 H19e5209R eHelhaval fonkl RIRIRRM By rrieiteal #2iY, 108 example, 8

to 36 carbon 3(:gtedes anetacistisse) TribiateaqUeoySPERSEINTIN thqgi%ﬁ@*éﬁ:@ﬁtm}ﬁlse- Here,
these basic com On% ts are of significance in many ways. They can firstly act directly as alkali

reserves. They 8 ly impart a certain positive charge state to the dispersed oil droplet and hence
lead to inct@ased interaction with negative surface charges, as encountered 35 especially in the case

of hydrophilic clgys and those capable of ionic exchange. According to the invention, it is thus possible
to influence hyd%l?ti@@fé%ﬁ?a ﬁ%oar&ﬂ)ﬁimﬁ@aﬂ?ﬁ%{ WW@[&?—?@&C@@%&WEV@S@ Mo 201 0/1

49251PCT/EP2Qi6I003862 20nhesesniintsddherassistanisand aditives sri-Heaghigase in
principle varies \{/}/ithin,the cg(ﬁtogm ry range anc%can thus be inferred from the relevant literature cited. 5
[

The inventive inVBRCEuRS 08898%38‘}’ FhGTHITRS FHE B DR FIRE 1S oS SRS the
non-oily fluid in atswutable vessel. The fluid is then stirred vigorously or shear-comminuted such that
ids are mixed thoroughly. Thereafter, a visual assessment determines whether an emulsion

the two qu%
has been formed. An emulsion is considered to be stable when 10 the oily and non-oily liquids

essentially do natreepaieie piiesestiTings |miistrasemibreneuifioeMrIgSs slobledeerete than 1
minute after stoppaﬁ;e of the stirring .or shearing mgtjon Wt%ch formed the emulsion. A test for whether

an invert emulsiSH RIS FBFHe FBTREER YEHAHS SO AROUAESP irRAeRRIoRM IV O a vessel
containing the odydiqidid.ithan inveftithee Profiors aresent e, enudsiaredieplay isidisprised in the
oily fluid. An alteﬁglti\ée @E iS to m%fsure the electrjcal stabfflit of the re _uIting% emulsion using a
conventionally obthdBHPENfIEIGRSRERIY e @ S Jar ARt ﬁ%%‘?]é?ﬁ\b LieRA SRS thaGoltage
applied bez@eersthectiechrodeslialinereasedutil toa s rasisiempplitgneauey maat gulserflows
between the 20 two ele%gpdes.. The ﬁ/%ta e re%uig‘ed to split the emulsion is considered to be a
measure of the SLASHT O 1A SPREISIH AT ES Q5 (U ATMRGS stability are known to those skilled in
the art and are described on page 166 of the book COMPOSITION AND PROPERTIES OF DRILLING
AND COMPLETéON @_lc.HDS, 5th edg’ﬂo&, H.C.H. Daillgy and eorﬁ%ﬁ. Gray, 25 Gulf Publishing
Company, 1988 B3 HIRIBASHE HISBCHATIRGS SORTRORAG R HE’WE% mprise additional
chemicals. For example, it is possible to add wetting agents, organophilic clay types, viscosity
regulators,weighting agents, bridging 30@2 yd fluid loss regulators to the inventive invert
emulsions for additional functional propertigs. Wetting agents@ ich may be suitable for use in this
invention include commercially available crude tall oil, oxidized crude tall oil, surface-active 35
compounds, organic phosphate esters, modified imidazalin an& amidq amipes, alkylaromatic
sulfates and sulfgn\%ﬁ? dfd %eq&%e?{;u‘?&%%fﬁﬁ%%ﬂgr@r‘?@%%ﬂ% 'ﬁ?@%?%g?@ ?rﬁ‘}‘riaeﬁ@mples which
follow show that inventive emulsifiers are compatible with the abovementioned wetting WO
2010/149251PCT/EP2010/003062 21 agents ap '&lﬁ%ﬁ_\/ﬁaﬁxe irk\éjrt emulsions are not adversely
affected. They can be partly or else completely repl d(byt e inventive emulsifiers. Organophilic clay
types, prefédably amine-treated clay types, may be useful 5 as viscosity regulators in the fluid
compositions of the, gsent invention. Other viscosity regulators, such as oil-soluble polymers,
polyamide resins, polycarboxylic acids and soaps, can likewise be used. The amount of the viscosity
regulator used in the composition may vary depending on the alternate use of the composition.
However, a range of about 0.1 to 6% by 10 weight is sufficient for most applications. The compounds
mentioned are known to those skilled in the art and can be purchased commercially. Suspension
media suitable for use in this invention include organophilic clay types, amine-treated clay types,
oil-soluble polymers, polyamide 15 resins, polycarboxylic acids and soaps. The amount of the
viscosity regulator used in the composition may vary depending on the ultimate use of the

composition. However, a range of about 0.1 to 6% by weight is sufficient for most applications. These
meaedia tno are ecommeaerciallvy available 20 \Weinhtina anente crnitahle for 1ice in thie invventinon incliide



coating the walls of the borehole when the borehole is bored. Suitable fluid loss regulators which can
be used in this invention include modified brown coal types, asphalt compounds, gilsonite, organophilic
humates which are prepared by reacting huminic acid with amides or polyalkylene polyamines, 35 for

example organogggj r%i .and other nontoxic fluid loss additives, Typically, the fluid loss
additives are ad %@Wgﬂ' é%gf less than 10 and preferably less thiar %%%9 9§Qf@@ight of the
fluid. WO 201 0/11319251P.CT/EP2010/003062 22 Gederal information relevant for the examples
These tests werdiconducté® aitcdkyiaga@themimbindsaric 8| BubletinaRPns 3812 ptoRGaFiye

abbreviations which followi.%{\ﬁ ) ime j ?ﬁg ribj te sults. "PV" is the plastic
viscosity measured in the unit rjgntig%geé[aé}gﬁ%v |((): |ésﬁ)s{le%%% zecgsﬁgﬁ%%hpgp Wéeﬂesac%rspity
properties of a drilling mudnitures thetieefapparent viscosity measured in the unit centipoise [cP]. It is

used for the calculationef the; ! r | f a_drill] Y P is the yiel int
measured in pou%%gsf%%r 1%10 ﬁ?ﬁ%’%ﬁkﬁb%;@ %IE?%O(% ?t%g%go%%aﬂ%%y\%%%ﬁq%g [ljjsed in the
calculation 6f the rheology!EBite pisrtie S fcaddiirajomsd fortexageplird iy @0 meboreaturesjn pounds

per 100 square feet [Ib/lO%%\%d&%ﬁ%ééﬁgT%gf&%Ik%@@éég_réhe %?Sg?ﬁ%ﬁﬁ%ﬁrﬁi&? or the

thixotropic properties of a d HP™Is the hightemperatur -pressure I|9quid loss of
the drilling mud measured iadisaklitdre FN(RE MaitR Aecombierg td~AP 1Bl i} RPel 2858, 3890. 25The
pressure differential applie&leiﬁnté@igggyéé%ured in pounds per squareinch[psi,1 psi = 6.895 10-2
bar].Accordingly, 500 psi = 34.475 bar. One American pound(Ib) corresponds to 0.4536 kg. 30 One
US gallon correspétidsito 3IEssRchEndensrecssy dr talibéxamples adduced, the following equipment

v s s S W Sepsc gl M RES A g s

cup, set to level 2 Farm(r) Electrical Stability
49251PCT/EP2010/0030608¥¥ B a?nifr)AVierisioss SieRhclom etsainplseat gtemsary Bty BDe; 1

configuration. This means H?ﬂl@?f@ro%'rmﬁxﬂeé'me?@gf‘g 1 were used. Baroid(r) Testing Equipment
HTHP liquid loss t%st apparatis complete with nitrogen supply and 500 ml high-pressure test cells and

aging cells 5 BarBid(r) Testihd¥hoganeatyanesahen mdidsl aviligeddipaknatrah mrtwedures used
correspond to APl Recommg Eﬁ%@ﬁ% ﬁﬁ%@ﬁbg@@dzﬁws). The person skilled in the art is
aware of technical terms and abbreviations. The examples which'follow are intended to illustrate the
invention; ddvantages overi$h@ pHBIEt Eenolbioskdwendmmelesablyiés lorihGipialyexapetormance as
an emulsifier. In no way arqrﬁté%jlle%Kaf;{}éedﬁgg{atory muds to be considered as fully developed field
muds. For examples 1 to 32, the following test sequence was selected: Formulation of the emulsion
mud  The following components were combined and mixed in a stirrer cup of a 20 Hamilton Beach

mixer in the sequeqc oz o e QUSRI PRASE 201} 1 P LUpk oo tme 1
min. 5. Hme to 20 nitrogen atoms.

20
Particular preference is given to oligoamines such as ethylenediamine,
diethylenetriamine, triethylenetetramine, tetraethylenepentamine, the
higher homologs thereof and mixtures thereof. Further suitable amines in
this series are the alkylated, particularly methylated, representatives of
25 these oligoamines, such as N,N-dimethyidiethylenamine,

N,N-dimethylpropylamine and longer-chain and/or more highly alkylated
amines of the same structure principle.

Other suitable amines are, for example, 1,3-propanediamine, 1,2-
30 propanediamine, neopentanediamine, hexamethylenediamine,
octamethylenediamine,  isophoronediamine, 4 4’-diaminodicyclohexyl-
methane, 3,3-dimethyl-4,4-diaminodicylohexylmethane,  4,4'-diamino-
diphenylmethane, 4,9-dioxadodecane-1,12-diamine, 4,7,10-trioxatridecane-
1,13-diamine, 3-(methylamino)propylamine, 3-(cyclohexyl-
35 amino)propylamine, 2-(diethylamino)ethylamine, 3-(dimethyl-



4 stirring time 1 min. 4. Fluid loss additive 4 stirring time 1 min. 5. Secondary emulsifier 4 stirring time

. 1 min. 6. Saturated CaCl2 solution 4 stirring time 10 min. 7. Organophilic bentonite 4 stirring time 15

"~ min. then the electrical stability was determined 308.Barium sulfate4 stirring time 10 min. then the
electrical stabili S %ﬁ} rmined again. Performance testing:  All muds were performance tested in

the sequence b@m}@r %393@ are 35summarized in tabular formPWdEP2010/003062

2010/149251PCT/EP2010/003062 24 2. Determinatibn of the rheological data with FANN 35 at 65C

' , ' [ f th
mud a( 65C (1 ngmw'%%m@?mm%%%m% T o e e o agin

8 .
d at 65C (150F) for 16 hours in a rol .bh rming stabifity after aging.
231. uMeasureréen?b#ﬁqg%%%%@mg\edata aft E%%@kwlﬂﬁz Nﬁ@%ﬂaﬂ&v% pigRRTiedieBitSimination of
the gel strengthdigthignetiiaBiateer 1(3s6tamisceityifaaninopripytemated5C @iB6MH)yiene- _
108.Determinatigmmifitee HTHE MuitklesaaikRRcpapRasy ARy, a Pregswesiferantiabof 500 psiin
30 minutes,.Ex {ﬁ m arativer? According to tﬁg procedure’descrlbéd above, 170 ml of diesel
5 %g}g@f:eo n}(?!erl? diami e?

(diesel # 2), 15 Mercial emdifsifier mixture of oxidized tall oil and fatty acid amido amine, 3 g
of lime, 6 g of commercial fluid loss additive (organophilic leonardite), 3 g of commercial carboxylic

acid-capped fattyacibipolpaipithanchifeda| aksatiateskGagia, SW%géqﬁrétseOf gQ@@?phlif”C;
bentonite are mj eterminag the emuls ility, 470 g of bar sulfate were
?ﬁﬁ Sl 1ijpagggfermined ?g%?i%t%%r%me %@Q)ﬁg

incorporated and the electrical stability was . T'he_commercial ca /IiC acid-capped
fatty acid polyarnfétREHRYALEEANERE A/ S0alFsiaRe ERIaNAth B4y aRmhe themmEnehich
comprisestgrincipaMi@riamines and tetramines, and which has been crosslinked subsequently with
citric acid. 25 In all tables below, the emulsion stability is reported as electrical stability in volts. In all

tables below, the rheology figures reported are readout values of the FANN 35 viscosimeter, the
configuration thgﬂgfgf bsé'ﬁfé%b ?Lfero% AHPERNeE B RIBINS talsidy BIBRIRBSIISRility before
barium sulfate [Vje3oy Eadosicaristhbyikyesimnberiutreatbifeedd b0 Iddaibylestabititpiatier aging [V]

330 Rheology a{ 6pGitA&ylpiperazine,  bis(2-dimethylaminoethyl)  ether,  bis(2-
15 dimethylaminoethyl) ether, pentamethyldiethylenetriamine, N,N,N'-
trimethylaminoethylethanolamine, N,N,N’,N-tetramethyl-1,6-hexane-
diamine,  1,3,5-tris(dimethylaminopropyl}-sym-hexahydrotriazine, 1,8~
diazabicyclo[5.4.0lundec-7-ene, N-(3-aminopropyl)imidazole, 1,2-dimethyl-

imidazole, 1-methylimidazole.

20
In a further embodiment of the invention, the inventive emulsifiers are
formulated in a suitable solvent which is an oleophilic liquid in order fo
improve the handling thereof at low ambient temperatures below 0°C, for
example down to -40°C.

25

The oleophilic liquid is preferably a material selected from the group
consisting of diesel oil, mineral oil, synthetic oils, esters, sthers, acetals,
e.g. Hostafluid® 4120 (Clariant), dialkyl carbonates, hydrocarbons and
combinations thereof. Preference is given to using environmentally
30 compatible solvents. Particular preference is given to solvents which
achieve particularly positive results in ecotoxicity tests for registration in
environmentally sensitive regions.
Preferred ocleophilic liquids are paraffing, n-paraffins, isoparaffins, for
example lsopar® M, dearomatized mineral oil fractions, for example
35  Exxsol® D100S, aliphatic alcohols, for example isooctanol, tridecanol,
aliphatic esters, ketones, for example diisobutyl ketone, glycols and
polyglycols, for example based on ethylene glycol, propylene glycol and
butylene glycol, and o-olefins. Preference is given to the formulation of the



WQ 2010/149251PCT/EP2010/003062 25 Measurement parameter Before aging 161 After aging 150
600 rpm 300 rpm 118 108 200 rpm 102 91 100 rpm 81 71 6 rpm 48 36 3 rpm 47 32 10 second gel
-strength[Ib/100 ft2] 47 32 10 minute gel strength[lb/100 ft2] 53 34 Apparent viscosity pa[cP] 81 75
Plastic viscosity up[cP] 43 42 Yield point Y.P.[Ib/100 ft2] 75 66 HTHP Fluid Loss @ 500 psi, 149C
(300F) [m1/30 nW(] 282041 48@mple 1 shows, as prior art, the propdPiaSERAHIQNIGIGEZhted invert

12
emulsifiers in the base oil of the inventive compaosition, i.e. the hydrophobic
liquid a).

in a preferred embodiment, in the process for producing the inventive invert

5 emuisions, compounds containing singly or multiply charged ions of the
above-described type are added to the water. The amount of such
compounds is, based on the weight of the water, 0.1 to 10% by weight,
preferably 1 to 5% by weight.

10 The continuous phase of the inventive inverse emulsion is a hydrophobic
liquid. A suitable hydrophobic liquid is any which can be used, for exampie,
for textile, leather and metal treatment, foods, cosmetics, pharmaceuticals,
coating maferials, in agrochemicals, polymerization, in cleaning and
polishing, and in ore extraction and natural gas and mineral oil production.

15

Particularly preferred inverse emulsions are invert emulsion muds in
mineral oil production.

To sink boreholes in rock and bring up the drilling material detached, liguid

20 mud systems based on water and oil are used. Oil-based drilling muds are
used in particular in offshore boreholes in the form of what are called invert
emulsion muds, in which fine solids (drilling material) are present in W/O
emulsions finely dispersed in the continuous oil phase.

25 In order to bring about the preferred use properties in the overall system
described, a multitude of different additives, for example
emulsifiers/emulsifier systems, fluid loss additives, viscosity reguiators,
alkali reserves and weighting agents, are needed. In this respect, reference
is made, for example, to the publication by P.A. Boyd et al., “New base ol

30 used in low toxicity oil muds” Journal of Petroleum Technology, 1985,
137-142,

In order to use such invert drilling mud systems practically, the rheological
properties thereof must remain relatively constant within a temperature
35 range, i.e. uncontrolled thickening and hence increasing viscosity of the
drilling mud solution must be prevented. If the drillpipe gets stuck during
operation (called “stuck pipe”; cf. Manual of Drilling fluids Technology, The
Netherlands, Baroid/NL Inc., 1985, “Stuck Pipe” chapter), it can be



emulsion mud under laboratory conditions. For this high-solids laboratory mud, quite a high rheology is
~ normal and should be taken into account in 5 comparison with the further examples. The HTHP fluid
" loss at 12.4 m1/30 min is quite high even for a laboratory mud. Values less than 10 m1/30 min are

desirable. Example 2 1ON-OIeé/I(pyrroIidin-2-one)-4-carboxylic acid as_]primary emulsifier According to
the procedure &&Q@Q&%ﬂ%@ 1170 ml of diesel (diesel #2), 6 g of PCT/EP2010/003062

N-oleyl(pyrolidin-2-one)-4-carboxylic acid, 3 g of lim& 6 g of commercial fluid loss additive

(organophilic lepyardit )aagrp&w@ggg%géﬁ%@iﬁr@%ﬁ% %v%%%@%ﬁgegglj%@ acid polyamide and 75 ml

of saturated CaC12 solution, 2 g of phi . Aftér the determination of the
emulsion stability, 470 g of barium sulfate were incorporated and the electrical stability was determined
again. 20Emulsiorpeaatiility Eiplitatahstbiblyid dfimadraram $afaferp/aaeedEe chicdttitability after

barium sulfate [ 850/ UA20AGK 4RERLRAT ERAYLOAEAAI 2B IR atRbL AT aging
[V]920 Rheology at 65C 1598@ Vge surF ent parametef Beforé aging After a&g%GOOr m 129 143
300 rpm 8 10%(%8 79454 6€¥jrﬁ A g‘fﬁaﬂﬁ% rB‘r‘FPag’Eiz%ﬂ’i%" SSRGS Y rength[Ib/100
ft21b/100ft2] 2268wtbenERitReUensiesmottifiongo arah/conilpds can effectively control

the rheology of the overall system, there is a rise in viscosity at low

temperatures of 10°C and colder, which can then only be controlled with
difficulty, if at all.

10

Suitable borehole freatment compositions should, however, not have any
influence on the rheology of the overall system even at elevated
temperatures, as can occur during drilling at great depths. The ambient
conditions in the case of soil drilling, for example high pressure and pH

15 changes as a result of oxidic gases, also make high demands on the
selection of possible components and additives,

Due to the scarcity of fossi resources, ever more boreholes are being sunk
in ecologically protected areas. High demands are therefore being made on

20  suitable borehole treatment compositions for reasons of environmental
protection in on- and offshore boreholes in respective biodegradability and
the toxicity of these substances.

In order to use aqueous drilling mud systems in emulsion form, the

25 additional use of emulsifiers is absolutely necessary. With regard to the
chemical nature especially of nonionic emulsifiers, there exists extensive
prior art, for example SHINODA et al.,, Encyclopedia of Emulsion
Technology, 1983, vol. 1, 337 to 367; G.L. HOLLIS, Surfactants Europa,
third edition, Royal Society of Chemistrty, chapter 4, 139-317:

30  M.J. SCHICK, Nonionic Surfactants, Marce! Dekker, INC., New York, 1967;
H.W. STACHE, Anionic Surfactants, Marcel Dekker, INC. New York, Basle,
Hong Kong; Dr. N. SCHOENFELDT, Grenzflichenaktive Ethylenoxid-
Addukte [interface-active Ethylene Oxide Adducts], Wissenschaftfliche
Verlagsanstalt mbH, Stuttgart, 1976.

35
US-2 908 711 and US-3 035 907 describe oil-soluble reaction products of
amines or diamines and itaconic acid, which can be used as antirust
additives in fusls or mineral oils,




29 Apparent viscosity pa[cP] 65 72 Plastic viscosity pp[cP] 40 49 41 61 Yield point Y.P.[lb/100 ft2]
HTHP Fluid Loss @ 500 psi, 149C (300F) [m1/30 min.] 8.4 5A very high electrical stability is found,
higher than in example 1. The rheological properties are likewise better than in example 1. The
apparent viscosity, the plastic viscosity and the gel strengths are lower than in example 1. The liquid
loss at 8.4 ml is NK&wiSe iMitd2biver than in example 1. The filtrate iB@EEPRYa000R0EXample 3
N-Octadecyl(pyrrolidine-2-one)-4-carboxylic acid as pfimary emulsifier According to the procedure
described above, 170 ml of diesel (diesel #2), 15 6 g of N-octadecyl(pyrolidin-2-one)-4-carboxylic
acid, 3 g of lime, 6 g of commercial fluid loss additive (organophilic leonardite), 3 g of commercial
carboxylic acid-ddppe@ fétRcdcidissddrmnidi-sridie mrofisiioratat a1 2¢dletiine2 gatté organophilic
bentonite were napgdisbiendhsdaierninalion RhiBRREHMHSRRIEYI4 409 Hfbadumpfate were
incorporated and the 20elec(£2r%§al sjg%nl% vil.as determé?g%fﬁgam. Emulsion stability WO 201 0/1
49251PCT/EP2GABIIB3H85 % P ETad N8 Q@ilﬂgpb%k um sulfate [V] 410 Electrical stability after
barium sulfae [V] 430 Electrical stability after aging [V] 500 Rheology at 65C (150F) Measurement
parameter Before)aginepAfeBagingS0RePM déktAbds3000iPabhiblel 112AMEPM salts  of

pyrrolidonecarboxylic acids which use find use as antirust additives in

lubricant oils. Again, oil-soluble amines (preferably Cqp-Cop-alkyl-

substituted) are used for amine salt formation. US-3 224 975 describes the

10 free pyrrolidonecarboxylic acids for the same use.

GB-A-1 323 061 discloses pyrrolidone derivatives and thé 'use thereof in
functional fluids, for example hydraulic fluids. The compounds used have
C+-Cs-alkyl substituents or Cg-Cqp-aryl substituents on the pyrrolidone

15 nitrogen. in hydraulic fluids, the compounds exhibit anticorrosive properties,
even in combination with aliphatic amines.

None of the publications cited describes N-substituted 5-oxopyrrolidine-3-
carboxylic acids of the formula (1) as additives for drilling mud solutions.

20
For the invert emuision muds with a continuous hydrocarbon phase, for
example, fractions of crude oil such as diesel oil, cleaned diesel oil with
aromatics content below 0.5% by weight (clean oil), white oils, or
conversion products such as olefins, for example a-olefins, polyolefins or

25 alkylbenzenes, are used as a constifuent of the continuous phase. These
are pure hydrocarbons which are not degraded under the anaerobic
conditions in the drilling material sludge on the seabed. For the continuous
phase of invert emulsion muds, alcohols, acetals, esters, ethers and
triglycerides are also options.

30
The invert emulsion muds contain reagents which have o ensure the oil
wetting of all solids in the mud and of the drilling material drilled out. The
drilling material separated out above ground is oil-wetied and often has to
be disposed of separately. Offshore there are considerable environmentally

35 damaging effects when the drilling material or mud volumes get info the
sea. Drilling material sludge and the heavy mud fall to the seabed, and
some flows with the tides and oceanic flows as far as the coasts, for
example the mudflats. On this route or its area of spread, the sludge kills all



| 8493 100 rpm 64 72 6 rpm 33 36 3 rpm 29 33 10 second gel strength[1b/100 ft2] 30 33 10 minute gel
~ strength[lb/100 ft2] 34 38 Apparent viscosity i_ta[cP] 72 77 Plastic viscosity up[cP] 42 43 Yield point
Y.P.[Ib/100 ft2] 59 68 HTHP Fluid Loss @ 500 psi, 149C (300F) [m1/30 min.] - 4.0 5 Examples 4 - 7
N-Oleyl(pyrrolidine-2-one)-4-carboxylicacidpartialsaltsasprimary emulsifier 10 In example 4 by A:
N-oleyl(pyrrolidihé~226r8) #8afdoxylic acid/polypropylene glycol dRITifeR2At G/ 3062an molecular
weight of 230 g/mol 15

life on the seabed by hydrophobization. Diesel oil was originally the basis of

invert emulsion muds. Recently, less toxic diesel oils which have been

cleaned to a greater degree have been used, which contain less than 0.5%

aromatics and white oils, olefins, polyolefins, various mineral oils with low

5 aromatic content, n-paraffins, isoparaffins and alkylbenzenes.

Suitable continuous phases in the inventive invert emulsions are, for
example, acetals.

10 Suitable acetals are acetals based on monofunctional aldehydes having 1
to 25, especially 1 to 10, carbon atoms, and monohydric alcohols having 1
to 25, especially 4 to 20 carbon atoms. They may be branched or
unbranched, saturated or unsaturated, and aliphatic or aromatic. The
acetals may also consist of a mixture which has been prepared from

15 different or from single-chain alcohols and/or aldehydes. In addition, it is
also possible to use acetals prepared from dialdehydes, especially having 2
to 10 carbon atoms, such as glyoxal, tartaraldehyde, succinaldehyde,
malealdehyde and fumaraldehyde, but preferably glyoxal, with the alcohols
mentioned.

20

The preparation of the acetals is described in EP-A-0 512 501.

Suitable alcohols are linear aicohols, branched alcohols, unsafurated
alcohols andfor branched unsaturated alcohols. Preference is given to
25  alcohols having 8 to 25, more preferably 10 to 16, carbon atoms. Especially
preferred are linear alcohols having 10 to 16 carbon atoms. The alcohols
are preferably oleophilic. Suitable alcoholis are especially decanol,
dodecanol, tetradecanol, coconut fatty alcohol, lauryl aleohol and
a-methyldecanol. The alcohols are available as commercial products.
30
Suitable continuous phases in the inventive invert emulsions are also
oleophilic esters. Suitable oleophilic esters are esters based on mono-, di-
and/or trifunctional alcohols and C4-Cos-carboxylic acids.

35 The monofunctional alcohols are preferably alcohols which have 8 to 25
carbon atoms and may be linear, branched, unsaturated and/or aromatic.

The difunctional alcohols are alcohols having up to 18 carbon atoms,



(Jeffamin(r) D 230 from Huntsman) in a molar ratio of 21 15 5 by B:
N-oleyl(pyrrolidine-2-one)-4-carboxylicacid/ethanolamine salt in a molar ratio of 1:1 6 by C:
-N-oleyl(pyrrolidine-2-one)-4 carboxylicacid/polypropylene 20
glycol-co-ethyleneglycolmonoaminesaltwithamean WO 2010/149251PCT/EP2010/003062 28
molecular weigh\tid 20AG/gABaEWeffamin(r) M 1000 from HuntsmanpGiréamraeroaieo62:1 7 by
D:N-oleyl(pyrrolidine-2-one)-4-carboxylicacid/morphggine Sdistillation residue salt (AMIX M from BASF)
in a molar ratio of 1;:1 According to thergrocedure described above, 170 ml of diesel (diesel #2), 6 g of

N-oleyl(pyrrolidiRESREARIY. 2 ciHob%y RETBER Sl Bvaichh @5, SRjiRally Iiaten ePgesEBbrercial fluid
loss additive (orgehyshydic letrenditedyBy offcotanm@raéh darisexdivddmid wapytah tattyilagiel polyamide
and 75 ml of salusiAthies SNt acieaenttigorInte BRI e e
determination of tk:@ﬁmul lon Ftab%‘a;1 ffg%)@ of barium ulfa:eg.\l\égre |r!|cor. orated and the electrical
stability was det MRy Soain. 15 % ?@Wﬁt@%‘?ﬁ FEE P ER N rical stability before barium
sulfate [V] 380 380 380 500 Electrical stability after barium sulfate [V] 460 560 260 710 Electrical
stability after agimgantrifunctional aicohols are aicohols having up to 6 carbon atoms,

preferably 2 to 6 carbon atoms, for example glycerol, and trialkanolamines,
for example triethanolamine.

10 - The aforementioned C,-Cos-carboxyiic acids include mono-, di- and/or

trifunctional carboxylic acids which are linear, branched, unsaturated and
aromatic.

Examples of monofunctional carboxylic acids of natural origin are coconut

15 fatty acid, lauric acid, myristic acid, palmitic acid, palmitoleic acid, stearic
acid, oleic acid, elaidic acid, petroselinic acid, ricinoleic acid, elecstearic
acid, linoleic acid, linolenic acid, eicosanoic acid, gadoleic acid, docosanoic
acid, erucic acid, tall oil fatty acid and tallow fatty acid.

- 20 Examples of difunctional carboxylic acids are oxalic acid, malonic acid,
succinic acid and phthalic acid.

An example of a trifunctional carboxylic acid is citric acid.

25  Suitable continuous phases are alsc natural oils, i.e. triglycerides of faity
acids. Suitable fatty acids comprise 12 to 22 carbon atoms, for example
lauric acid, myristic acid, palmitic acid, palmitoleic acid, stearic acid, cleic
acid, elaidic acid, petroselinic acid, ricinoleic acid, eleostearic acid, linoleic
acid, linolenic acid, eicosanoic acid, gadoleic acid, docosanoic acid or

30  erucic acid. Mixtures with particularly advantageous properties are those
which contain principally, i.e. to an extent of at least 50% by weight,

glyceryl esters of fatty acids having 16 to 22 carbon atoms and 1, 2 or 3
double bonds.

356 Examples of suitable oils are rapeseed oil, coriander oil, soya bean oil,
cottonseed oil, sunflower oll, castor oil, olive oil, peanut oil, corn oil, almond
oil, paim kernel! oil, coconut oil, mustardseed oil, bovine tallow and fish oils.
Further examples include oils of wheat, jute, sesame, shea tree nuf,



420 530 400 980 Rheolo at 65C 150F Measurement parameter Before 4 aging - 5 example 6 7 After
~aging 4 5 - example 6 7 600 rpm 120 127 149 115 127 135 152 123 300 rpm 80 87 100 78 87 94 106
84 200 rpm 65 72 82 63 71 79 88 69 100 rpm

WO 2010/149251 PCT/EP2010/003062
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arachis oil and linseed cil.

Suitable continuous phases are also oleophilic ethers. Suitable ethers are
aliphatic, saturated, or mono- and diunsaturated ethers. The alcohols from

5  which the ethers are formed have in the range from 4 to 36, preferably
6 - 24, especially 8 — 18, carbon atoms. It is possible to use ethers formed
from one alcohol and mixed ethers formed from fwo alcohols.

The oleophilic esters and ethers fisted are compounds which are frequently

10 obtainable as commercial products. All esters not of natural origin can be
prepared by acidic catalysis from the comresponding alcohols and
carboxylic acids. Ethers are obtained, for example, by the acidic
condensation of alcohols.

18 The term “oleophilic” herein represents substances whose water solubility

at room temperature is below 1% by weight and especially not more than
0.5% by weight.

For the oleophilic phase of an emulsion or invert emulsion for use as a
20 drilling mud, very particular requirements are made on the viscosity and
pour point thereof. The properties must enable good pumping under
practical conditions, which means that the piastic viscosity of the
formulated mud under standard conditions (20°C) should be not more than
50 — 100 cP, preferably less than 80 cP.
25
The viscosity of the oleophilic phase should therefore not exceed 10 cP,
but & maximum of 25 cP, at 20°C, and the pour point should be at least
below -10°C. Only thus is it possible to formulate a pumpable mud under
offshore conditions, for example in the North Sea after shutdowns. In the
30 case of drilling in tropical regions, the viscosities may be somewhat higher,
e.g. 15 - 30 cP, and the pour point may be up to +10°C.

The said formers of oleophilic phases are also suitable formulation
ingredients or solvents for the inventive emulsifiers.

35
The inventive invert emulsions typically comprise

from 20 to 90% by weight of the hydrophobic liquid which forms the
continuous phase,



48 54 61 47 53 60 67 52 6 rpm 23 25 29 22 26 28 33 25 3 rpm 21 23 27 20 24 26 29 23 10

secondgelstrength [Ib/100 ft2] 21 23 27 20 24 26 29 23 10 minutegelstrength [I b/100 ft21 24 26 32 23
- 27 28 32 25
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from 5 to 70% by weight of water, and

from 0.5 to 20% by weight of the compound of the formula (1).

When the inventive invert emulsions are used as drilling mud, they may
5  comprise further additives.

Customary additives to water-based O/W emulsion muds are emulsifiers,
fluid loss additives, socluble andf/or insoluble substances which build up
structure viscosity, alkall reserves, inhibitors of unwanted water exchange

10 between drilled formations — for example water-swellable clays and/or salt
layers — and the water-based drilling mud, wetting agents for befter
attachment of the emulsified oit phase on solid surfaces, for example fo
improve the lubricity, but also to improve the oleophilic occlusion of
exposed rock formations or rock faces, disinfectants, for example to inhibit

15 bacterial infestation of such O/W emuisions, and the like. Reference should
be made here to the details in the relevant prior art, for example George
R. Gray, O.C.H. Darley, “Composition and Properties of Oil Well Drilling
Fluids” 4™ edition 1980/81, Gulf Publishing Company, Houston, chapter 11,
“Drilling Fluid Components”.

20
It is customary to use finely dispersed additives {o increase the mud
density. Barium suifate (barite} is widely used, but caicium carbonate
{(calcite) or the mixed carbonate of calcium and magnesium (dolomite) are
also used.

25

It is also customarily to use agents to build up the structural viscosity, which
at the same time also act as fluid loss additives. Mention should be made
here primarily of bentonite, which is used in an unmodified form in water-
based muds and is thus not of ecological concern; in oil-based emulsion
30 muds, organically modified bentonite is also commonly used. For salt water
muds, other comparable clays, especially attapulgite and sepiolite, are also
of significance in practice. The additional use of organic polymer
compounds of natural and/or synthetic origin is also possible. Mention
shouid be made here especially of starch or chemically modified starches,
35 cellulose derivatives such as carboxymethylcellulose, guar gum, xanthan
gum, or else purely synthetic water-soluble and/or water-dispersable
polymer compounds, especially of the high molecular weight
polyacrylamide compound type with or without anionic or cationic



Apparent viscosity ua[cP1 60 64 75 58 64 69 76 62 WO 2010/149251PCT/EP2010/003062 29 Plastic
~ viscosity pp[cP) 40 40 49 37 40 41 46 39 Yield point Y.P.[Ib/100 ft2] 40 47 51 41 47 53 60 45 HTHP
Fluid Loss @ 500 psi, 6.85.25.8 6.4 149C (300F) [m1/30 min.)
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medification.

It is also customary to use thinners to regulate the viscosity. The thinners
are, for example, tannins andfor quebracho extract. Further examples

5 thereof are lignite and lignite derivatives, especially lignosulfonates. in a
preferred embodiment of the invention, the additional use of toxic
components is dispensed with, which include here primarily the
corresponding salts with toxic heavy metals, such as chromium andfor
copper. One example of inorganic thinners is phosphate compounds.

10
It is also customary fo use additives which inhibit unwanted water
exchange with, for example, clays. Options here include the additives
known from the prior art for water-based drilling muds. These are especially
halides and/or carbonates of the alkali metals and/or alkaline earth metals,

15 and corresponding potassium salts may be of particular significance,
oplionally in combination with lime. Reference is made, for example, to the
correspending  publications  in “Petroleum  Engineer International”,
September 1987, 32 — 40 and “World Oil", November 1983, 98 — 97.

20 It is also customary to use alkali reserves. Options here include inorganic
and/or organic bases maiched to the overall characteristics of the mud,

especially appropriate basic salis or hydroxides of alkali metais and/or
alkaline earth metals, and organic bases.

25 In the case of organic bases, a distinction has to be made between water-
soluble organic bases —for example compounds of the diethanolamine
type ~ and virtually water-insoluble bases of markedly oleophilic character.
Oleophilic bases of this kind, which are notable especially for at least one
relatively long hydrocarbyl radical having, for example, 8 to 36 carbon

30 atoms, are not dissolved in the agueous phase but in the disperse oil
phase. Here, these basic components are of significance in many ways.
They can firstly act directly as alkali reserves. They secondly impart a
certain positive charge state to the dispersed oil droplet and hence lead to
increased interaction with negative surface charges, as encountered

35 especially in the case of hydrophilic clays and those capable of ionic
exchange. According to the invention, it is thus possible to influence
hydrolytic cleavage and oleophilic occlusion of water-reactive rock layers.



Example 8 N-Oleyl(pyrrolidine-2-one)-4-carboxylic acid as secondary emulsifier 5 According to the
procedure described above, 170 ml of diesel (diesel #2), 6 g of commercial emulsifier mixture of
oxidized tall oil and fatty acid amido amine, 3 g of lime, 6 g of commercial fluid loss additive
(organophilic leonardite), 3 g of N-oleyl(pyrrolidin-2-one) 4-carboxylic acid and 75 ml of saturated

CaCl2 solution, Py OrgeA@sitic bentonite were mixed. After 10the@ietEeRrRIAII003Gabe emulsion
stability, 470 g of barium sulfate were incorporated 3 d the electrical stability was determined again.
Emulsion Stabl|lt¥ Electrical stablllty before barium sulfate [V] 530 Electrical stability after barium

sulfate [V] 850 EIS&rAP LI SRSy NIL G O0E rateHRRY) 5t 25D @aRsEN PRASHement
parameter Befoﬂeea@mgl\mmmftw agsigrtsd 6@0gemand00apnti9e: 108 20@men 8280 4@0 rpm 62 68
6 rpm 30 32 3 rp@4 R8s sererdge! strength[lb/100 ft2] 27 28 10 minute gel strength[lb/100 ft2]

5  The inventive invert emulsion is produced by combining the emulsifier with
the oily fluid and the non-oily fluid in a suitable vessel. The fluid is then
stirred vigorously or shear-comminuted such that the two liquids are mixed
thoroughly. Thereafter, a visual assessment determines whether an
emulsion has been formed. An emuilsion is considered to be stable when

10 the oily and non-oily liquids essentially do not separate after stirring. In this
case, the emulsion remains stable for more than 1 minute after stoppage of
the stirring or shearing motion which formed the emulsion. A fest for
whether an invert emulsion has formed or not is to take a small amount of
the emulsion and add it to a vessel containing the oily liquid. If an invert

15 emulsion is present, the emulsion droplet is dispersed in the oily fluid. An
alternative test is to measure the electrical stability of the resulting emulsion
using a conventionally obtainable emulsion stability test apparatus. In
general, in such tests, the voliage applied between the electrodes is
increased until the emulsion splits and a current pulse flows between the

20 two electrodes. The voltage required to split the emulsion is considered to
be a measure of the stability of the emulsion. Such tesis of emulsion
stability are known to those skilled in the art and are described on page 166
of the book COMPOSITION AND PROPERTIES OF DRILLING AND
COMPLETION FLUIDS, 5" edition, H.C.H. Darley and George R. Gray,

25  Gulf Publishing Company, 1988.

Depending on their use, the inventive invert emulsions may comprise
additional chemicals. For example, it is possible to add wetting agents,
organophilic clay types, viscosity regulators, weighting agents, bridging

30 agents and fluid loss regulators to the inventive invert emulsions for
additional functional properties.

Wetting agents which may be suitable for use in this invention include
commercially available crude tall oil, oxidized crude tall oil, surface-active
35 compounds, organic phosphate esters, modified imidazolines and amido
amines, alkylaromatic sulfates and sulfonates and the like, and
combinations and derivatives thereof, The examples which follow show that
inventive emulsifiers are compatible with the abovementioned wetting



30 31 Apparent viscosity Ra[cP] 70 76 Plastic viscosityyp[cP] 41 43 Yield point Y.P.[Ib/100 ft2] 58 75

HTHP Fluid Loss ft 500 psi, 149C (300F) - 8.8 WO 2010/149251PCT/EP2010/003062 30 [m1/30 min.]
Example 9 N-Octadecyl(pyrrolidin-2-one)-4-carboxylic acid as secondary emulsifier 5 According to the
procedure described above, 170 ml of diesel (diesel #2), 6 g of commercial emulsifier mixture of
oxidized tall oil a\N@f&&Wéﬁ:@&mdo amine, 3 g of lime, 6 g of comnTRET4E RGN IDES A6 RIve
(organophilic leonardite), 3 g of N-octadecyl(pyrrolidin-2-one)-4- carboxyllc acid and 75 ml of saturated

CacCl2 solution, o) i ntonite were Lxed After e det atio the emulsion
stability, 470 g o%%aﬁr)gunélgsg&ﬁ %BHV%?‘S Yr?c’gy eoraetmé1 Ocp?n%rglgg Y%E% Vt?%&éegeqéWned again.
Emulsion stabili§PEIe8PRENpASIRE 5@1‘6?&95%&1uﬁPMt@NPﬂlWEIﬁW@@DS@ﬁHﬁS}' after barium
sulfate [V] 530 Electrical stability after aging [V] 500 15 Rheology at 65C (150F) Measurement

parameter Befog,aginghitité A6 HANAg 6%?@?&93; BRind 900y qa%]]t Q0 ) 1R&Y be useful

5  as viscosity regulators in the fluid compositions of the present invention.
Other viscosity regulators, such as oil-soluble polymers, polyamide resins,
polycarboxylic acids and soaps, can likewise be used. The amount of the
viscosity regulator used in the composition may vary depending on the
alternate use of the composition. However, a range of about 0.1 to 6% by

10 weight is sufficient for most applications. The compounds mentioned are
known to those skilled in the art and can be purchased commercially.

Suspension media suitable for use in this invention include organophilic
clay types, amine-treated clay types, oil-soluble polymers, polyamide
15  resins, potycarboxyiic acids and soaps. The amount of the viscosity
regulator used in the composition may vary depending on the ultimate use
of the composition. However, a range of about 0.1 to 6% by weight is

sufficient for most applications. These media too are commercially
available.
20

Weighting agents suitable for use in this invention include, for example,
hematite, magnetite, iron oxides, ilimenite, barite, siderite, celestine,
dolomite and calcite, or chalk. The amount of such added masterials
depends on the desired density of the ultimate composition. Typically, a

25  weighting material is added in order that a drilling mud density of up to
about 2.88 kg/l (24 pounds per gallon) is obtained. The weighting material
is preferably added up to 2.52 kg/l (21 pounds per gallon) and more
preferably up to 2.34 kg/l (19.5 pounds per gallon).

30  Fluid loss regulators, also known as fluid loss additives, typically act by
coating the walls of the borehole when the borehole is bored. Suitable fluid
loss regulators which can be used in this invention include modified brown
coal types, asphalt compounds, gilsonite, organophilic humates which are
prepared by reacting huminic acid with amides or polyalkylene polyamines,

35  for example organophilic leonardite, and other nontoxic fluid loss additives.
Typically, the fluid loss additives are added in amounts of less than 10 and
preferably less than about 5% by weight of the fluid.



81 93 100 rpm 62 71 6 rpm 29 33 3 rpm 27 30 10 second gel strength[lb/100 ft2] 27 29 10 minute gel
strength[lb/100 ft21 29 33 Apparent viscosity Fla[cP] 69 78 Plastic viscosity pp[cP] 41 44 Yield point
Y.P.[Ib/100 ft2] 55 67 HTHP Fluid Loss @ 500 psi, 149C (300F) [m1130 min.] 10.0 Examples 10- 13
WO 2010/149251PCT/EP2010/003062 31 N-Oleyl(pyrrolidin-2-one) 4 carboxylic acid partial salts as

secondary emul$ifidrg0mn0éx4dasie 10 by A:N-oleyl(pyrrolidine-2-oneRETHEBR/I/ac8GBIypropylene
glycol diamine salt with a mean molecular weight of gpout 230 g/mol (Jeffamin(r) D 230 from
Huntsman) in a molar rz?tio of 2:%}1 bY B:N- Ie;gl(%yrrolidine-2-one)-4-carboxy|ic acid/ethanol amine
salt in a molar raﬁg%efrf MO BN TBIBYR, Ao R eX3IBRI®S4-carboxylicacid/polypropylene 15
glycol-co-ethylene glycol monoamine salt with a mean molecular weight of 1000 g/mol (Jeffamin(r) M
1000 flrorl? HUntl_snh@@hiﬂ@ﬁ%‘%r@%&?ﬁdéﬂ%%%&%rdling t% thtell ng_ethods_din APIEt B;&,s'\l/lle)tgian
D:N-oleyl(pyrrolidipe-2:-0pe):4-carhoxylicacid/morpholine Istillation residue sa rom
BASF) in a mol a%‘?ét?g%) 1@9?? %e}/ acb%revsagolr)\s Whl(’}% goﬁow are sometimes &se(g in

5  describing the test results.

‘PV" is the plastic viscosity measured in the unit centipoise [cP], which is
used in the calculation of the viscosity properties of a drilling mud.

10 “AV" is the apparent viscosity measured in the unit centipoise [cP]. it is
used for the calculation of the rheological properties of a drilling mud.

“YP” is the yield point measured in pounds per 100 square feet [Ib/100 %,
1 1b/100 ft? = 0.049 kgm™], which is used in the calculation of the rheology
15 properties of a drilling mud.

The “gel strength” is a measure in pounds per 100 square feet [Ib/100 2,
1 1b/100 #* = 0.049 kgm™] for the suspension properties or the thixotropic
properties of a drilling fluid.

20
"HTHP" is the high-temperature high-pressure liquid loss of the drilling mud
measured in millititers [mi/30 min] according to APi-Bulietin RP 13 B-2,
1990,

25 The pressure differential applied is typically measured in pounds per
square ~inch {psi, 1 psi = 6.895 - 102 bar]. Accordingly,
500 psi = 34.475 bar.

One American pound (Ib) corresponds to 0.4536 kg.
30 :

One US gallon corresponds to 3.785 L.,

Examples

35 For all examples adduced, the foliowing equipment was used:
Fann® Hamilton Beach Laboratory Mixer 3 Speed Model N 5009 and
accompanying stirrer cup, set to level 2
Fann® Electrical Stability Tester Mode! 23D



According to the procedure described above, 170 ml of diesel (diesel #2), 6 g of commercial emulsifier
~ mixture of oxidized tall oil and fatty acid amido 25 amine, 3 g of lime, 6 g of commercial fluid loss

~ additive (organophilic leonardite), 3 g of N-oleyl(pyrrolidin-2-one)-4-carboxylic acid salt A, B, C or D
and 75 ml of saturated CaCl2 solution, 2 g of organophilic bentonite were mixed. After the
determination of{é X @EidR2RAbility, 470 g of barium sulfate wereRGSOFISRAEHCHRDBR: electrical
stability was determined again. 30 Emulsion stabilitpgxample 10 11 12 13 Electrical stability before

barium sulfate [ @ I ability after, barium sulfate Jy] 75Q 740 710 750
Electrical stabili;ﬁag}%erggﬁg%/ %g‘o%éa%g%éﬁg l{lévﬁ‘e% 85%%%'%’5@"(%{0%/ Wagguration.
2010/149251PC @ﬁ?@%@?o%‘?éé%@z‘wﬁ&gdréﬁ%ﬁwa@a‘?ﬁ@?ée B8Rste 10 aging - 11 example 12 13
After aging 10 1Bareidihipistii) 1B606mpm HIGiIP2IgliRY loss test apparatus complete with

nitrogen supply and 500 ml high-pressure test cells and aging cells

5 Baroid® Testing Equipment Roller Oven Model 77

All equipment and procedures used correspond to APl Recommended

Fractice 13 B-2 (oil-based muds). The perscn skilled in the art is aware of
technical terms and abbreviations.

10
The examples which follow are intended to illustrate the invention:
advantages over the prior art are to be shown. Emphasis lies principally on
performance as an emulsifier. In no way are the illustrative laboratory muds
to be considered as fully developed field muds.

15

For examples 1 to 32, the following test sequence was selected:

Formulation of the emulsion mud

The following components were combined and mixed in a stirrer cup of a
20  Hamilton Beach mixer in the sequence specified below:

1. Oleophilic phase
2. Primary emulsifier <> stirring time 1 min.
3. Lime = stirring time 1 min.
25 4, Fluid loss additive - stirring time 1 min.
5. Secondary emulsifier -» stirring time 1 min.
6. Saturated CaCly solution > stirring time 10 min.
7. Organcphilic bentonite ~» stirring time 15 min.
then the electrical stability was determined |
30 8. Barium sulfate ~» siirring time 10 min.

then the electrical stability was determined again.

Performance testing:

All muds were performance tested in the sequence below. The resuits are
35  summarized in tabular form.

1. Determination of the emuision stability before and after the addition
of barium sulfate.



115144 139 134 137 300 rpm 90 81 87 78 102 97 93 95 200 rpm 74 65 72 63 85 811 78 80 100 rpm
56 48 55 46 64 60 59 60 6 rpm 26 22 26 22 30 29 29 29 3 rpm 24 20 24 20

WO 2010/149251 PCT/EP2010/003062
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2. Determination of the rheological data with FANN 35 at 65°C (150°F).

Gel strength after 10 seconds and after 10 minutes at 65°C {150°F)

4. Dynamic aging of the mud at 65°C (150°F) for 16 hours in a roller

w

oven.
5 B Determination of the emulsion stability after aging.
8. Measurement of the rheological data after aging with FANN 35 at
65°C (150°F).

7. Determination of the gel strength with FANN 35 after 10 seconds
and after 10 minutes at 65°C (150°F).
- 10 8. Determination of the HTHP fluid loss at 150°C (approx. 300°F), a
pressure differential of 500 psi in 30 minutes.

Example 1 (comparative)
According to the procedure described above, 170 ml of diesel (diesel # 2),
15 6 g of commercial emulsifier mixture of oxidized tall oil and fatty acid amido
amine, 3 g of lime, 6 g of commercial fluid loss additive (organophilic
leonardite), 3 g of commercial carboxylic acid-capped fatty acid polyamide
and 75 mi of saturated CaCl, solution and 2 g of organophilic bentonite are
mixed, After the determination of the emulsion stability, 470 g of barium
20  sulfate were incorporated and the electrical stability was determined again.
The commercial carboxylic acid-capped fatty acid polyamide is the reaction
product of tall oil fatty acid with a poiyamine mixture which comprises
principally triamines and tetramines, and which has been crosslinked
subsequently with citric acid.

25
In all tables below, the emulsion stability is reported as electrical stability in
volts. in all tables below, the rheology figures reported are readout values
of the FANN 35 viscosimeter, the configuration thereof being bob 1, rotor 1
and spring 1. |

30

Emuision stability

Electrical stability before barium sulfate [V] | 300
Electrical stability after barium sulfate [V] 250
Electrical stability after aging [V] 330
Rheology at 65°C (150°F)

35



| 2726 26 26 10 secondgelstrength [Ib/100 ft2] 24 20 24 20 27 26 26 26 10 minutegelstrength [Ib/100
ft2] 26 24 28 23 30 29 29 28 Apparent viscosity ua[cP] 65 61 64 58 72 70 67 69 Plastic
viscosityl.tp[cP] 40 40 40 37 42 42 41 42 Yield point Y.P. [Ib/100 ft2] 50 41 47

WO 2010/148251 PCT/EP2010/003062
25

Measurement parameter Before aging | After aging
600 rpm 161 150
300 rpm 118 108
200 rpm 102 91
100 rpm 81 71

G rpm 48 36

3 rpm 47 32

10 second gel strength [Ib/100 ft°] 47 32

10 minute gel strength [ib/100 ] 53 34
Apparent viscosity ua [cP] 81 75
Plastic viscosity up [cP] 43 42
Yield point Y.P. [1b/100 ft*] 75 66
HTHP Fluid Loss @ 500 psi, 149°C (300°F) - 12.4

'ml/30 min.]

Example 1 shows, as prior art, the properties of a highly weighted invert

- emulsion mud under laboratory conditions. For this high-solids laboratory
mud, quite a high rheology is normal and should be taken into account in

5 comparison with the further examples. The HTHP fluid loss at

12.4 ml/30 min is quite high even for a laboratory mud. Values less than
10 mif30 min are desirable.

Example 2
10 N-Oleyl(pyrrolidin-2-one)-4-carboxylic acid as primary emulsifier

According to the procedure described above, 170 mi of diesel (diesel #2),
6g of N-oleyl(pyrolidin-2-one)-4-carboxylic acid, 3g of lime, 6g of
commercial fluid loss additive (organophilic leonardite), 3 g of commercial
15 carboxylic acid-capped fatty acid polyamide and 75 ml of saturated CaCl,
solution, 2 g of organophilic bentonite were mixed. After the determination

of the emulsion stability, 470 g of barium sulfate were incorporated and the
electrical stability was determined again.

20  Emulsion stability

Electrical stability before barium sulfate [V] 530
Electrical stability after barium sulfate [V] 850




41 60 55 52 53 HTHP Fluid Loss @ 500 psi, 149C (300F) [m1/30 min.] 9.2 9.0 9.2 8.4 Example 14
N-Oleyl(pyrrolidin-2-one)-4-carboxylic acid/morpholine distillation residue salt (AMIX M from BASF) in
a molar ratio of 1:1 as primary and secondary 5emulsifier According to the procedure described above,
170 ml of diesel (diesel #2), 9 g of N-oleyl(pyrrolidin-2-one) 4-carboxylic acid morpholine distillation
residue (AMIX MN@20BO/SAEPASA molar ratio of 1:1, 3g of lime, 6 g GFCIGEdSBABEAGADMAd loss
additive and 75 ml of saturated CaCl2 solution, 2 g @gorganophilic bentonite were mixed. After the

determination df Ihe emulsion .sfabifjity, 470 g_of baritm sulfate were incorpprated and the electrical
stability was detet ﬁ‘qﬂ&a a%téﬁﬁ@ﬁ%@ﬁmmw

e barium sulfate [V] 510
Electrical stability after barium sulfate [Vi 700 Electrical stability after aging [V] 870 WO

2010/149251 PCi=RH104063062 85pRheology at 65C (150F) Measurement parameter Before aging
After aging 600 rpm 114 129 300 rpm 7591 200 rpm 62 74 100 rpm 45

Measurement parameter Before aging | After aging
600 rpm 129 143
300 rpm 89 102
200 rpm 72 85
100 rpm 54 : 65
G rpm 24 28
3 rpm 22 26
10 second gel strength  [1b/100 ftlb/1001%] 22 27
10 minute gel strength  [Ib/100 %ib/100t] 24 29
Apparent viscosity ua [cP1 65 72
Plastic viscosity up cP] 40 41
Yield point Y.P. [Ib/400 %] 49 61
HTHP Fluid Loss @ 500 psi, 149°C (300°F) - 8.4
[ml/30 min.]

5 A very high electrical stability is found, higher than in example 1. The
rheological properties are likewise better than in example 1. The apparent
viscosity, the plastic viscosity and the gel strengths are lower than in
example 1. The liquid loss at 8.4 ml is likewise much lower than in
example 1. The filtrate is free of water.

10

Example 3 .
N-Octadecyl(pyrrolidine-2-one}-4-carboxylic acid as primary emulsifier

According to the procedure described above, 170 ml of diesel (diesel #2),
15 6 g of N-octadecyl(pyrolidin-2-one)-4-carboxylic acid, 3 g of lime, 6 g of

commercial fluid loss additive (organophilic leonardite), 3 g of commercial

carboxylic acid-capped fatty acid polvamide and 75 ml of saturated CaCl,

solution, 2 g of organophilic bentonite were mixed. After the determination

of the emulsion stability, 470 g of barium suifate were incorporated and the
20  electrical stability was determined again.

Emulsion stability



556 rpm 21 27 3 rpm 19 25 10 second gel strength[lb/100 ft2] 19 25 10 minute gel strength[lb/100 ft2]
- 21 27 Apparent viscosity va[cF1] 57 65 Plastic viscosity .1,13[cP] 39 38 Yield point Y.P.[Ib/100 ft2] 36
53 HTHP Fluid Loss @ 500 psi, 149C (300F) [m1/30 min.] 6.0 Example 15
5N-Oleyl(pyrrolidin-2-one)-4-carboxylic acid/ethanolamine salt in a molar ratio of 1:1 as primary and
secondary emul¥¥ffé2R2E6t 4P o the procedure described above, POTEIREMio4R08d6Se! #2), g Of
N-oleyl(pyrrolidin-2-one)-4-carboxylic acid morpholine distillation 10 residue (AMIX M from BASF) in a
molar ratio of 1:1, 3 g of lime, 6 g of commercial quid loss additive (organophilic leonardite) and 75 ml

Of Saturated CIL DUIULIUII L g Uf Ulual IU|J| ||l|\, IJCI II..UI IItC Were muvnrl Aﬁ
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again. 15 Emu
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s@@@t&i@i@ﬂﬂ@rgﬁwrﬁgﬁuwmﬂ@ lRgrium sulfaigdN] 450 Electrical stability after
tr ility after aging [V] 970 Rhe y at’65C (150F) WO
III:rLUJ.UIUUOéU ?% g M %88
Rheology at 65°C (150°F)
Measurement parameter Before aging | After aging
600 rpm 143 154
300 rpm 101 111
200 rpm 84 83
100 rpm 64 72
6 rpm 33 36
3 rpm 29 33
10 second gel strength [1b/100 1] 30 33
10 minute gel strength [Ib/100 ft%] 34 38
Apparent viscosity ya [cP] 72 77
Plastic viscosity up [cPl 42 43
Yield point Y.P. [Ib/100 ft*] 59 68
HTHP Fluid Loss @ 500 psi, 149°C (300°F) - 4.0
[mi/30 min.}
Examples 4 -7
N-Oleyl(pyrrolidine-2-one)-4-carboxylic acid partial salts as primary
emulsifier
In example
4 by A: N-oleyl(pyrrolidine-2-one)-4-carboxylic acid/polypropylene
glycol diamine salt with a mean molecular weight of 230 g/mol
(Jeffamin® D 230 from Huntsman) in a molar ratio of 2:1
5 by B: N-oleyl(pyrrolidine-2-one)-4-carboxylic  acid/ethanol amine
salt in a molar ratio of 1:1 ‘
6 by C: N-oleyl(pyrrolidine-2-one)-4-carboxylic acid/polypropylene

glycol-co-ethylene glycol monoamine salt with a mean




Measurement parameter Before aging After aging 600 rpm 126 132 300 rpm 86 94 200 rpm 70 79 100
rpm 53 60 6 rpm 24 28 3 rpm 21 25 10 second gel-strength[lb/100 ft21 21 25 10 minute gel
strength[lb/100 ft2] 24 27 Apparent viscosity ua[cP] 63 66 Plastic viscosity up[cP] 40 38 Yield point
Y.P.11b/100 ft2] 46 56 HTHP Fluid Loss @ 500 psi, 149C (300F) [m1/30 min.] - 6.0 Example 16

Lauryl polypropyéte20stitid 482p¢rrolidin-2-one)-4-carboxylic acid witC fioPR2prepoRB@ReEXide units (n =
2 to 3) as primary and secondary emulsifier 5 28

molecular weight of 1000 g/mol (Jeffamin® M 1000 from
Huntsman) in a molar ratio of 1:1

7byD: N-cleyl{pyrrolidine-2-one)-4-carboxylic acid/morpholine
5 distillation residue salt (AMIX M from BASF) in a molar ratio
of 1:1

According to the procedure described above, 170 mi of diesel (diesel #2),
8 g of N-oleyl(pyrrolidine-2-one)-4-carboxylic acid salt A, B, Cand D, 3 g of
16 lime, 6 g of commercial fluid loss additive (organophilic leonardite), 3 g of
commercial carboxylic acid-capped fatty acid polyamide and 75 mi of
saturated CaCl, solution, 2 g of organophilic benfonite were mixed. After
the determination of the emulsion stability, 470 g of barium sulfate were
incorporated and the electrical stability was determined again.
15
Emulsion stability

Example 4 5 6 7
Electrical stability before barium sulfate [V] 330 | 380 | 380 | 500
Electrical stability after barium sulfate [V] 460 | 560 | 260 | 710
Electrical stability after aging V] 420 | 530 | 400 | 980
Rheology at 65°C (150°F
Measurement parameter Before aging — example After aging - example

4 5 6 7 4 5 6 7
600 rpm 120 | 127 | 149 | 145 | 127 | 135 | 152 | 123
300 rpm 80 87 | 100 | 78 87 94 | 106 | 84
200 rpm 65 72 82 63 71 79 88 69
100 rpm 48 54 61 47 53 60 67 52
6 rpm 23 25 29 22 26 28 33 25
3 mpm 21 23 27 20 24 26 29 23
i0second gel strength | 21 23 27 20 24 26 29 23
Ib/100 %)
10 minute  gel strength | 24 26 32 23 27 28 32 25
[1b/100 #%]
Apparent viscosily ua  [cP] 60 64 75 58 64 69 76 82




According to the procedure described above, 170 ml of diesel (diesel #2), 5 g of lauryl polypropylene
~ oxide N-(pyrrolidin-2-one)-4-carboxylic acid, 3 g of lime, 6 g of commercial fluid loss additive and 75 ml
- of saturated CaCl2 solution, 2 g of organophilic bentonite were mixed. After the determination 100f the
emulsion stability, 470 g of barium sulfate were incorporated and the electrical stability was determined
again. Emulsion @R EIABERR stability before barium sulfate [VIA4H/ERZRAGHQBMIRy after barium
sulfate N] 680 Electrical stability after aging [V] 780 2&/O 2010/149251PCT/EP2010/003062 35

Rheology at 65 Cﬁ&lﬁggﬁ gOI\S/II%:—,}ispAUIe L%Q]'l[ ar&msateioBefoxg api Aftet[ﬂaglng 1‘600 rpm %.;159}\ 19 300 rpm_

79 84 200 rpmjoaoo Ir0UTpnT 40 456 19265 rpgm 1 7-18-10-second getstrefgtain/ 0 ) ftZ] 17 18
10 minute gel SUEHAAMMM 3(334‘1}‘3!&]3‘6]1 9 Apfrantdis¢odity 1. 18IGP149 60 Blasti€d/iscosity up[cP]
HTHP Fluid Loss @ 500 psl, | — e . e 6.8 52 5.8 6.4
149°C (300°F) Imi/30 min.]
Example 8

N-Oleyl(pyrrolidine-2-one}-4-carboxylic acid as secondary emulsifier

5 According fo the procedure described above, 170 ml of diesel (diese! #2),
6 g of commercial emulsifier mixture of oxidized tall oil and fatty acid amido
amine, 3g of lime, 6 g of commercial fluid loss additive (organophilic
leonardite), 3 g of N-oleyl(pyrrolidin-2-one)-4-carboxylic acid and 75 ml of
saturated CaCl, solution, 2 g of organophilic bentonite were mixed. After

10 the determination of the emulsion stability, 470 g of barium sulfate were
incorporated and the electrical stability was determined again.

Emulsion stability

Electrical stability before barium sulfate [V] 530
Electrical stability after barium sulfate [V] 850
Electrical stability after aging [V] 920

15
Rheology at 65°C (150°F)

Measurement parameter Before aging | After aging
-+ 600 rpm 140 162
300 rpm 99 109
200 rom 82 90
100 rpm 62 68
6 rpm 30 - 32
3 rpm 27 28
10 second gel strength [b/100 £t%] 27 28
10 minute gel strength [1b/100 %] 30 31
Apparent viscosity ua [cP] 70 76
Plastic viscosity up icP] 41 43
Yield point Y.P. [Ib/100 ft*] 58 76
HTHP Fiuid Loss @ 500 psi, 149°C (300°F) “ 8.8




38 35 Yield point Y.P.[Ib/100 ft2] 41 49 HTHP Fluid Loss @ 500 psi, 149C (300F) [m1/30 min.] 5.8 In
example 16, in a departure from the previous examples, only 5 g of 5 emulsifier were used. In spite of
this, excellent rheological values were found. The HTHP fluid loss was also very good at 5.8 ml. The
inventive emulsifier can thus be used more sparingly than the prior art - here only 55.6%.
Nevertheless, b&uer 2EriptddRfiie results were achieved. 10 ExampRSTVEF 201Dl GEacement of the
oleophilic phase, diesel #2, with n-paraffin and a-olefin as base oil with simultaneous use of a single
inventive emul gifierm example I517n- paramna [dN-ofeyt(pymnrotidine=2-one)-4=carboxytic
acid/morpholine molal Uﬂﬁomif AMIX_M from BASF) were used
2018a-olefin and N-oleyl(pyrrolidine-2-one)-4-carboxylic acid/morpholine distillation residue salt in a
molar ratio of 1: (a6l M from BASF) were used WO 201 0/1 49251PCT/EP2010/003062 36
19n-paraffinand ?[5 ggp rolidine-2- %d’zﬁfé C|d/e thanolamine salt in a molar ratio of 1:1
were used 20ix- ﬁ A Y W@é%‘l g'gb %39 i@% SERHBHAN ATHIFERIt in a molar
ratio of 1:1 were used According to the procedure descrlbed above, 170 ml of the particular base oil, 9

g of the an@WUV@\%@bﬂW@?f@%EﬂaqﬁﬂﬁB@d@@ @é&@ﬁﬁ@iﬁ%b@'d?@S%iaéﬂ&i!&@eﬁo(@@%%ﬂﬁ? leonardite)
and 75 ml of sat% ﬁegp %%%Jn%r c@%% ”Eﬁ Ugegoafnc?ﬂ?phc ?@rgr: rf%% mlxegd Aft rthe

determination of t emuIS|on g arium-sutfate w: n%lnﬂil electrical
stability was detéffifedhgafti. Eﬁﬁ)ls‘ﬁ)@\ ﬁﬂf?@%"@ﬁérﬁiﬂlé llgsts Q@ﬁUﬁlé@tﬁ@ﬁQMBﬂlty before

barium sulfate [\ig&@78r356),276 dDNPdCtadkssalstiabllinafiterbpdusaigir tick? nd?5 mi

of saturated CaCly solution, 2 g of organophilic bentonite were mixed. After

10 the determination of the emulsion stability, 470 g of barium sulfate were
incorporated and the electrical stability was determined again.

Emulsion stability

Electrical stability before barium sulfate [V] 410
Electrical stability after barium sulfate [V] 530
Electrical stability after aging [V] 500

15
Rheology at 65°C (150°F)
Measurement parameter Before aging | Afier aging
600 rpm 137 155
300 rpm 96 111
200 rpm 81 93
100 rpm 62 71
6 rpm 29 33
3 rpm 27 30
10 second gel strength [Ib/100 7] 27 29
10 minute gel strength fIb/100 %] 29 33
Apparent viscosity ua [cP] 68 78
Plastic viscosity up [cP] 41 44
Yield point Y.P. [Ib/100 %] 55 67
HTHP Fluid Loss @ 500 psi, 148°C (300°F) - 10.0

frni/30 min.]

Examples 10 — 13



550 720 Electrical stability after aging [V] 610 920 580 600 Rheolo at 65C 150F Measurement
~ parameter Before 17 aging - 18 exampleAfter aging - example 1920171819 20 600 rpm 75 54 86 6571
57 92 64 300 rpm 41 32 48 3939 35 51 38 200 rpm 29 25 35 3028 27 37 29 100 rpm 17 17 21 2917

10

15

20

25

30

WO 2010/149251 PCT/EP2010/003062
3

N-Oleyl(pyrrolidin-2-one)-4-carboxylic acid partial salts as secondary
emulsifiers

in example

10 by A: N-oleyl(pyrrolidine-2-one)-4-carboxylic acid/polypropylene
glycoi diamine salt with a mean molecular weight of about

230 g/mol (Jeffamin® D 230 from Huntsman) in a molar ratio
of 2:1

11 by B: N-oleyl(pyrrolidine-2-one)-4-carboxylic  acid/ethanol amine
salt in a molar ratio of 1:1

12 by C: N-oleyl(pyrrolidine-2-one)-4-carboxylic acid/polypropyiene
glycol-co-ethylene glycol monoamine salt with a mean
molecular weight of 1000 g/mol (Jeffamin® M 1000 from
Huntsman) in a molar ratic of 1:1

13 by D: N-oleyl(pyrrolidine-2-one)-4-carboxylic ~ acid/morpholine
distillation residue salt (AMIX M from BASF) in a molar ratio
of 1:1

According to the procedure described above, 170 ml of diesel (diesel #2),
6 g of commercial emulisifier mixture of oxidized tall oil and fatty acid amido
amine, 3 g of lime, 6 g of commercial fluid loss additive (organophilic
leonardite), 3 g of N-oleyl(pyrrolidin-2-one)-4-carboxylic acid salt A, B, C or
D and 75 mi of saturated CaCl, solution, 2 g of organophilic bentonite were
mixed. After the determination of the emulsion stability, 470 g of barium
sulfate were incorporated and the electrical stability was determined again.

Emulsion stability

Example : 10 11 12 13
Electrical stability before barium sulfate [V] 440 | 450 | 420 | 430
Electrical stability after barfum sulfate [V] 750 | 740 | 710 | 750
Electrical stability after aging [V] 800 | 840 @ 750 | 770

Rheology at 65°C (150°F)



1923206 rpm456757783rpm3456456 6 10 secondgelstrength [Ib/100 ft2i457 756 7 7 10

minutegelstrength 1b/100 ft2 7 7 9 138 8 10 8 Aarent viscositacP fl 27 43 fI36 29 46 32 Plastic
viscositcP

WO 2010/149251 PCT/EP2010/003062
32

Measurement parameter Before éging —axample After aging - example

10 11 12 13 10 11 12 13
600 rpm 130 121 127 115 144 139 | 134 137
300 rpm 80 81 87 78 102 o7 83 95
200 rpm 74 85 72 63 85 28 78 80
100 rpm 56 48 55 46 64 60 58 50
8 rpm 26 | 22 | 26 | 22 | 30 | 29 | 20 | 29
3 pm 24 20 24 20 27 26 26 26
10second gel strength| 24 20 24 20 27 26 26 26
Ib/100 £

t0minute  gel strength | 26 24 28 23 30 29 29 28
[Ib/100 %]

Apparent viscosity pa [Pl 65 61 64 58 72 70 67 69
Plastic viscosity up {cP] 40 40 40 37 42 42 41 42

Yield point Y.P. [Ib/100 ftz] 50 41 47 41 60 55 52 53
HTHP Fluid Loss @ 500 psi, |  — —- e -— 9.2 2.0 9.2 8.4
149°C (300°F) [mi/30 min.]

Example 14

N-Oleyl{pyrrolidin-2-one}-4-carboxylic acid/morpholine distillation residue

sait (AMIX M from BASF) in a molar ratic of 1:1 as primary and secondary
5  emulsifier

According to the procedure described above, 170 ml of diesel (diesel #2),
9 g of N-oleyl{pyrrolidin-2-one)-4-carboxylic acid morpholine distillation
residue (AMIX M from BASF) in a molar ratio of 1:1, 3 g of lime, 6 g of
10 commercial fluid loss additive and 75 mi of saturated CaCl, solution, 2 g of
organophilic bentonite were mixed. After the determination of the emulsion

stability, 470 g of barium sulfate were incorporated and the electrical
stability was determined again.

15 Emulsion stability

Electrical stability before barium sulfate {V] 510
| Electrical stability after barium sulfate [V] 700
Electrical stability after aging [V] 870




34.1a10 38 10 26 EI 137 22 13 10 1.1.11 12 Yield point Y.P. [Ib/100 ft2] 7 HTHP Fluid Loss 4 500
~psi, 3.65.24.46.4 WO 2010/149251PCT/EP2010/003062 37 149C (300F) [m1/30 mini No settling
of the barite was observed. All examples based on inventive emulsifiers exhibited excellent results in
5 diesel-based muds. The inventive emulsifiers were compatible with existing mud components. It was
possible to exchA8PAI482%Econdary and also both emulsifier FSEME2PANUMRRinventive
emulsifiers, a simple mud system was obtained. ThgZheology and fluid loss were in some cases
considerably imgw&gdipﬁ%%@gﬁwPrior art. In example 16 it was 10shown that a reduced
proportion of inventive €mulsifier also gives excellent performance results. Typically, the exchange of
the base oil requires-adjustment or complete restructuring of the mud system_ In examples 17 to 20,
the diesel base bieabiiarsstapatantheterd optimized for diesel idisfaie: ragilaged Alenating
environmental yg@i@@gm n-paraffin or a-olefin. Remarkably, the mud.ii%still exceptiq@glly stable. The

rheology is in $ome cases much fowerttis at the timit of serviceabifity,-but-barite-precipitation was not
observed to an nt degrnn 20 Fynmplpc 21 t0.32. Ex ‘hang f the diesel f%‘ke il for

n-paraffin and g2dkefiprwith simultaneous use of a single inventive emglsifier.|In exagmple

252 1n-paraffin| agh I}bmeyl(pyrrolidin-2-one)-4-carboxylic acid morpt}%ine distillatiog,sresidue saltin a
molar ratio of :é }/—\IVII)\ V-from BASF) were used;

pm 21 27
3 rpm 19 25
10 second gel strength [Ib/100 £ 19 25
10 minute gel strength [Ib/100 £4 21 27
Apparent viscosity ua [cP] 57 65
Plastic viscosity up icP1 39 38
Yield point Y.P. [Ib/100 ft*] 36 53
HTHP Fluid Loss @ 500 psi, 149°C (300°F) - 6.0
Iml/30 min.]
Example 15

5 N-Oleyl{pyrrolidin-2-one)-4-carboxylic acid/ethanolamine salt in a molar
ratio of 1:1 as primary and secondary emuisifier

According to the procedure described above, 170 mi of diesel (diesel #2),
9 g of N-oleyl(pyrrolidin-2-one)-4-carboxylic acid morpheline distillation
10 residue (AMIX M from BASF) in a molar ratio of 1:1, 3 g of lime, 6 g of
commercial fluid loss additive (organophilic leonardite) and 75 ml of
saturated CaCly solution, 2 g of organophilic bentonite were mixed. After
the determination of the emulsion stability, 470 g of barium sulfate were

incorporated and the electrical stability was determined again.
15

Emulsion stability

Electrical stability before barium sulfate [V] 450
Electrical stability after barium sulfate [V] 860
Electrical stability after aging [V] 970
Rheology at 65°C (150°F)

20



22a-olefin and N-oleyl(pyrrolidin-2-one)-4-carboxylic acid morpholine

distillation res

molar ratio of 1:1 (AMIX M from BASF) 30were used, 23n-paraffinandN-oleyl(pyrrolid
in-2-one)-4-carboxylicacid ethanolamine salt in a molar ratio of 1:1 were used, 24a-olefin and
N-oleyl(pyrrolidin-2-one)-4-carboxylic acid ethanolamine salt in a molar ratio of 1:1 were used,
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idue saltin a

0/1 49251PCT
26a-olefinand

2U10/00s5

mean moleculd

62738 a%prox. Z'Iwere useu‘

uﬁﬁ}@ltﬂmof approx. 230 g/mol (Jeffamine(r) 02

S8R G

B0 frorf2Huntsi

an) in3®2molalr Sratio of

)t with a

approx. 2:1 we

r8 05 ash

27n-paraffin and N- oIeyI(pyrrolldln -2-(

ne)-4- ggrboxylnc acicyyere u

Sed,

28a-olefin and
29n-paraffinang

yrroualn Z-one)-4- CaI'DOXyIIC aCIG we

n\/rrnllrhn 2-01
FJT

Mg “

mean moleculd

1r1\&§|q$mof 10approx. 430 g/mol (Jeffamine(r)

used

D400 fiIm Huni

smangin a mL

with a
lar ratio of

approx. 2:1 we
glycol diamine
Huntsman) in &
31n-paraffinan
predominantly
ED600 from Hu
32a-olefinandN-8
predominantly

E0600 from Hunﬁg’@%gﬁta(rpolar ratlo of approxﬂg/.l’logﬁrw
e 70Tt

described abo

commercial flui

£ lrlﬁﬁ-p 30a-olefinandN-oleyl(pyrrolidin-2-one

-4-carbgxylicacid

lypropylene

sglt With a mean molecutar weight of approx:

Vo W L L7 Lr. . £ ™S ANN
30gfmol(Jeffamine(ry D460
71 25

rom

iiCateviipyroslidimeRaihe)-4-carbofiplitasitpoly

alkyle@d glycoljdiamip® salt,

based

O@Oa,ﬁﬁ&eb@éql@%twlth a mean ﬁgpﬂggq{ajr

weight oﬁgpprox.

600 g)_{agnol (J6

pffamine(r)

SRSHY

acid Via)
L J T

/ tsman N a maolar ratio of approx 271 ZUWETH

UbEU

nn\llpr@snl\/r‘nl Hiami9e salt,

hased

aﬁ’la@EE@stmsﬁlyqne W|th a mean molec{rtﬁ’ﬂw

nlght oﬂ-approx

600 gtol (Jq

2ffamine(r)

(1%

re

used. ﬁgcordln

9 to “25% proce

dure

LL) UI LIIC Cll leuuu.l PasSe UII, J Ot

of organophilic

sulfate were incorporated and the electrical stability was determifiéd again. E

Example 21 22

10

15

bentonite were mixed. After the detgyatinatipn

d%&aﬁ@%@rﬁmﬁm@ Iééﬁa@d(ﬁﬁ)%ﬁd 78

mI of saturatecd
of the emulsion

|\.¢|, vvul Ht

CaCRsoluti
stability, 470

ne, 6 g of -

bn, 2 g 30
g of barium

23
Example 16

mulision stabi

Lauryl polypropylene oxide N-(pyrrolidin-2-one)-4-carboxylic acid with 2 to

3 propylene oxide units (n = 2 to 3) as primary

e

Lauryl

According to the procedure described above,

5 g of lauryl polypropylene oxide N-{(pyrrolidin-

and secondary emulsifier

170 mi of diesel (diesel #2),
2-one)-4-carboxylic acid, 3 g

of lime, 6 g of commercial fluid loss additive and 75 ml of saturated CaCl,
solution, 2 g of organophilic bentonite were mixed. After the determination
of the emulsion stability, 470 g of barium sulfate were incorporated and the

electrical stability was determined again.

Emulsion stability

Electrical stability before barium sulfate [V]

440

Electrical stability after barium sulfate [V]

680

Electrical stability after aging [V]

780

lity 35



24 -Electrical stability before barium sulfate [V] 350 400 420 410 Electrical stability after barium sulfate
- [V] 260 590 520 780 WO 2010/149251PCT/EP2010/003062 39 Rheolo at 65C Measurement
parameter Before 21 aging - 22 example 23 24 After aging 21 22 - example 23 24 600 rpm 80 67 80
74 65 72 88 65 rpm 0454437454973

WS Bioi4b

251 PCT/EP2010/003062
35
Rheology at 65°C (150°F)
Measurement parameter Before aging | After aging
600 rpm 117 119
300 rpm 79 84
200 rom 64 66
100 rpm 468 48
8 rpm 19 20
3 rpm 17 18
10 second gel strength [1b/100 ] 17 18
10 minute gel strength [Ib/100 ft* 19 19
Apparent viscosity pa fcP1 59 60
Plastic viscosity up [cP] 38 35
Yield point Y.P. [ib/100 %] 41 49
HTHP Fluid Loss @ 500 psi, 149°C (300°F) - 5.8
[mi/30 min.}

In example 16, in a departure from the previous examples, only 5 g of

5  emulsifier were used. In spite of this, excellent rheological values were
found. The HTHP fluid loss was also very good at 5.8 ml. The inventive
emulsifier can thus be used more sparingly than the prior art — here only
55.6%. Nevertheless, better performance resulis were achieved.

10  Examples 17 — 20

The replacement of the oleophilic phase, diesel #2, with n-paraffin and
o-olefin as base oil with simuitaneous use of a single inventive emulsifier

in example
15

17 n-paraffin and N-oleyl{pyrrolidine-2-one)-4-carboxylic
acid/morpholine distillation residue salt in a molar ratio of 1:1 (AMIX
M from BASF) were used

20 18  o-olefin and N-oleyl(pyrrolidine-2-one)-4-carboxylic acid/morpholine

distillation residue salt in a molar ratio of 1:1 (AMIX M from BASF)
were used



200 rpm 33 32 32 34 29 36 3545100 rpm 2022 2023192521346 rpm68596106233rpm47
485959 10 secondgelstrength [Ib/100 12147585107 8

WO 2010/149251 PCT/EP2010/003062
36
19  n-paraffin and N-oleyl{pyrrolidine-2-one)-4-carboxylic
acid/ethanolamine salt in a molar ratio of 1:1 were used

20  o-olefin and N-oleyl{pyrrolidine-2-one)-4-carboxylic
5 acid/ethanolamine salt in a molar ratio of 1:1 were used

According fo the procedure described above, 170 mi of the particular base
oil, 9 g of the inventive emulsifier, 3 g of lime, 6 g of commercial fluid loss
additive (organophilic leonardite) and 75 ml of saturated CaCl, solution, 2 g

10 of organophilic bentonite were mixed. After the determination of the
emulsion stability, 470 g of barium sulfate were incorporated and the
electrical stability was determined again.

Emulsion stability

15

Example 17 18 19 20
Electrical stability before barium sulfate [V] 270 | 350 | 270 | 1040
Electrical stability after barium sulfate {V] 470 1 750 | 550 | 720
Electrical stability after aging [V] 610 | 920 | 580 | 600
Rheology at 65°C (150°F
Measurement parameter Before aging — example After aging - example

17 18 19 20 17 18 19 20
600 rom 75 54 86 65 71 57 92 B4
300 rpm 41 32 48 39 39 35 51 38
200 rpm 29 25 35 30 28 27 37 29
100 rpm 17 17 21 29 17 19 23 20
6 rpm 4 5 6 7 5 7 7 8
3rpm 3 4 5 8 4 5 6 B
t0second gel sirength| 4 5 7 7 5 6 7 7
Ib/100 t*]
10 minute  gel  strength 7 7 9 13 8 8 10 8
[1b/100 ft*)
Apparent viscosity pa  [oPl 38 27 43 33 36 29 46 32
Plastic viscosity up [cF] 34 22 38 26 32 22 41 26
Yield point Y.P. [Ib/100 ftZ} 7 10 10 13 7 13 10 12
HTHP Fluid Loss @ 500 psl, | ~— | = | == — | 36 | 52 | 44 | 64




10 minutegelstrength [Ib/100 ft2] 6 10 10 11 6 11 11 10 Apparent viscosity 1.ta[cP] 40 34 40 37 33 36
. 44 13 Plastic viscosity pp[cP] 35 27 35 30 28 27 39 37 Yield point Y.P. [Ib/100 ft2] 10 13 10 14 9 18 10
28 HTHP Fluid Loss @ 500 psi, 149C (300F) [m1/30 min.] 6.46.43.26.0

WO 2010/149251 PCT/EP2010/003062
37

149°C (300°F) [ml/30 min.]

No setiling of the barite was observed.

All examples based on inventive emulsifiers exhibited excellent resuits in
5 diesel-based muds. The inventive emulsifiers were compatible with existing
mud components. It was possible to exchange primary, secondary and also
both emulsifier systems. Thus, using inventive emulsifiers, a simple mud
systern was obtained. The rheclogy and fluid loss were in some cases
considerably improved compared to the prior art. In example 16 it was

10 shown that a reduced proportion of inventive emulsifier also gives excelient
performance results.

Typically, the exchange of the base oil requires adjustment or complete
restructuring of the mud system. In examples 17 to 20, the diesel base oil
15 in a standard mud optimized for diesel oil was replaced by more
environmentally friendly n-paraffin or a-olefin. Remarkably, the mud is still
exceptionally stable. The rheology is in some cases much lower. It is at the
limit of serviceability, but barite precipitation was not observed to any
significant degree.
20
Examples 21 fo 32 Exchange of the diesel base ol for n-paraffin and o-
olefin with simultaneous use of a single inventive emulsifier.

In example

25 21 n-paraffin and N-oleyl{pyrrolidin-2-one)-4-carboxylic acid morpholine
distillafion residue salt in a molar ratio of 1:1 (AMIX M from BASF)
were used,

22 o-olefin and N-oleyl(pyrrolidin-2-one)-4-carboxylic acid morpholine
distillation residue salt in a molar ratio of 1:1 (AMIX M from BASF)

30 were used,

23 n-paraffin and N-oleyl(pyrrolidin-2-one)-4-carboxylic acid
ethanolamine salt in a molar ratio of 1:1 were used,

24 o-olefin and N-oleyl(pyrrolidin-2-one}-4-carboxylic acid ethanolamine
salt in @ molar ratio of 1:1 were used,

35 25  n-paraffin and N-olevl{pyrrolidin-2-one)-4-carboxylic acid
polypropylene glycol diamine salt with a mean molecular weight of
230 g/mol (Jeffamine® D230 from Hunisman) in a molar ratio of



In some cases the rheology is quite low, but no settling of the barite was 5 observed. Emulsion stability
Example 25 26 27 28 Electrical stability before barium sulfate [V] 430 400 260 510 Electrical stability
after barium sulfate [V] 660 530 270 750 Electrical stability after aging [V] 570 550 420 560 10 Rheolo

at 65C Measurement parameter Before aging - example After aging - example 25 26 27 28 25 26 27
28 600 rpm 56 69/652010/149251 PCT/EP2010/003062

38
approx. 2:1 were used,

26  o-olefin and N-oleyl{pyrrolidin-2-one)-4-carboxylic acid
polypropylene glycol diamine salt with a mean molecular weight of
approx. 230 g/mol {Jeffamine® D230 from Huntsman) in a molar

5 ratio of approx. 2:1 were used,

27 n-paraffin and N-oleyl(pyrrolidin-2-one)-4-carboxylic acid were used,

28  o~olefin and N-oleyl(pyrrolidin-2-one)-4-carboxylic acid were used,

29 n-paraffin and N-oleyl(pyrrolidin-2-one)-4-carboxylic acid
polypropylene glycol diamine salt with a mean molecular weight of

10 approx. 430 g/mol (Jeffamine® D400 from Huntsman) in a molar
ratio of approx. 2:1 were used, 7
30  o-olefin and N-oleyl(pyrrolidin-2-one)-4-carboxylic acid

polypropylene glycol diamine salt with a mean molecular weight of
approx. 430 g/mol (Jeffamine® D400 from Huntsman) in a molar
15 ratio of approx. 2:1 were used,

31 n-paraffin and N-oleyl(pyrrolidin-2-one)-4-carboxylic acid
polyalkyiene glycol diamine salt, based predominantly on a PEG
backbone, with a mean molecular weight of approx. 600 g/mol
(Jeffamine® EDB600 from Huntsman) in a molar ratio of approx. 2:1

20 were used,

32  o-olefin and N-oleyl(pyrrolidin-2-one)-4-carboxylic acid
polypropylene glycol diamine szlt, based predominantly on a PEG
backbone, with a mean molecular weight of approx. 600 g/mol
(Jeffamine® ED60O from Huntsman) in a molar ratio of approx. 2:1

25 were used.

According to the procedure described above, 170 ml of the particular base
oil, @ g of the inventive emulsifier, 3 g of lime, 8 g of commercial fluid loss
additive (organophilic leonardite) and 75 mi of saturated CaCl; solution, 2 g
30 of organophilic bentonite were mixed. After the determination of the

emulsion stability, 470 g of barium sulfate were incorporated and the
electrical stability was determined again.

Emulsion stability
35

Example 21 22 23 24
Electrical stability before barium sulfate [V] 350 | 400 | 420 | 410

Electrical stability after barium sulfate [V] 260 | 590 ! 520 | 780




| 57 49 72 53 66 300 rpm 29 45 34 33 26 48 27 36 200 rpm 21 35 24 25 19 38 19 26 WO

. 2010/149251PCT/EP2010/003062 40 100 rpm 132515171227 12166 rpm3 94531134 3 rpm
2

WO 2010/149251 RPCT/EP2010/003062
39

Electrical stability after aging [V] 760 1 800 | 580 | 500
Rheology at 65°C
Measurement parameter Before aging — example After aging - example

21 22 23 24 21 22 23 24
660 rpm 80 57 80 74 B85 72 88 65
300 rpm 45 40 45 44 37 45 49 73
200 rpm 33 32 32 34 29 36 35 45
100 rpm 20 22 20 23 18 25 21 34
6 rpm 6 8 5 9 8 10 6 23
3 rpm 4 7 4 8 5 9 5 9
10second gel strength| 4 7 5 8 ] 10 7

| [1b/100 ft*]

t0minute gel strength| 6 10 10 11 6 11 11 10
[1b/100 %]
Apparent viscosity pa  [cP] 40 34 40 37 33 36 44 13
Plastic viscosity up IcPl 35 27 35 30 28 27 39 37
Yield point Y.P. [Ib/100 {t*] 10 13 10 4. | 9 18 | 10 28
HTHP Fluid Loss @ 500 psi, | - —- e = 64 | 64 3.2 6.0
149°C (300°F) [ml/30 min.]

in some cases the rheology is quite low, but no settling of the barite was
5 observed.

Emulsion stability

Example 25 26 27 28
Electrical stability before barium sulfate [V] 430 | 400 | 260 | 510
Electrical stability after barium sulfate [V] | 660 | B30 + 270 | 750
Electrical stability after aging [V] 570 550 | 420 | 560
10 Rheology at 65°C

Measurement parameter Before aging — example After aging - example

25 26 27 28 25 | 26 27 28
600 rpm 56 69 65 57 49 72 53 66
300 rpm 29 45 34 33 26 48 27 36
200 rpm 21 35 24 25 19 38 18 26




7 34310 2 310 secondgelstrength [Ib/100 ft2] 38 4 5 4 10 3 3 10 minutegelstrength [Ib/100 ft2] 4 10
575115 8 Apparent viscosity i.ta[cP] 28 35 33 29 25 36 27 33 Plastic viscosity pp[cP1 27 24 31 24
23 24 26 30 Yield point Y.PIb/100 ft2]

WO 2010/149251 PCT/EP2010/003062
40

100 rpm 13 25 15 17 12 27 12 16

8 rpm 3 9 4 5 3 11 3 4

3 rpm 2 7 3 4 3 10 2 3

10second gel strength 3 8 4 5 4 10 3 3
[1b/100 )

10minute gel strength| 4 10 5 7 5 11 5 8

[1b/100 €]

Apparent viscosity ua  [cPl 28 35 33 29 25 36 27 33
Plastic viscosity up fcPl 27 24 31 24 23 24 26 30

Yield point Y.P. [Ib/100 ft*] p 21 3 9 3 24 1 6
HTHP Fluid Loss @ 500psi, | — | — | — | -— | 102} 64 | 101 | 5.2
149°C (300°F) {ml/30 min ]

No settling of the barite was observed.

Examples 33 to 37: Exchange of the #2 diesel base oil for isobutyraidehyde
5 2-ethylhexyl acetal (Hostafluid® 4120) with simultaneous use of a single
~ inventive emulsifier

In example
33  isohutyraldehyde 2-ethylhexyl acetal (Hostafluid® 4120) and N-oleyl
10 {pyrrolidin-2-one}-4-carboxylic acid morpholine distillation residue

salt in a molar ratio of 1:1 {(AMIX M from BASF) were used,

34  isobutyraldehyde 2-ethylhexyl acetal (Hostafluid® 4120) and N-oley
(pyrrolidin-2-one)-4-carboxytic acid ethanolamine salt in a molar ratio
of 1:1 were used,

15 35 isobutyraldehyde 2-ethylhexyl acetal (Hostafluid® 4120} and N-oleyl
(pyrrolidin-2-one)-4-carboxylic acid polypropylene glycol diamine salt
with a mean molecular weight of 230 g/mol (Jeffamine® D230 from
Huntsman) in a molar ratio of approx. 2:1 were used,

36  isobutyraldehyde 2-ethylhexyl acetal (Hostafluid® 4120) and N-oleyl

20 (pyrrolidin-2-one}-4-carboxylic acid were used,

37  isobutyraldehyde 2-ethylhexyl acetal (Hostafluid® 4120) and N-oleyl
(pyrrolidin-2-one)-4-carboxylic acid polypropylene glycol diamine sait
with a mean molecular weight of 600 g/mol (Jeffamine® EDB0O from

Huntsman) in a molar ratio of approx. 2:1 were used.
25



2213932416 I-ITHP Fluid Loss @ 500 psi, 149C (300F) [m1/30 min.] 10.2 6.4 10.1 5.2 No
settling of the barite was observed. Examples 33 to 37: Exchange of the #2 diesel base oil for
~ isobutyraldehyde 2-ethylhexyl acetal (Hostafluid(r) 4120) with simultaneous use of a single inventive
emulsifier In example 33isobutyraldehyde 2-ethylhexyl acetal (Hostafluid(r) 4120) and N-oleyl
10(pyrro|idin-2-oW§-aQé§/68§% acid morpholine distillation residuelal/2HIO&E03#B%f 1:1 (NAV M
from BASF) were used, 34 isobutyraldehyde 2-ethylivexyl acetal (Hostafluid(r) 4120) and N-oleyl
(pyrrolidin-2-onej+ X i | [ lar-fatl y .
1535isobutyrald Aﬁf’cg ﬂﬁli‘\-@et‘affl (I%F% ﬁgé%?gf%ﬁl%%%gﬁ(ﬁr)g%%) aélﬁw&féﬁgzéﬁjg I'%?n%—%%’e) 4
carboxylic acid éoé&%ﬁwe Vﬁiﬁg’cﬁ FAHIRE L\ GtR'a Wgantro R GRIFIETGR! iU ol gshol
(Jeffamine(r) D230dibie fatgrsnrailjdriesn naotiteiatiodo? aprok satlinaient Qs Sdisahytygrgldehyde
2-ethylhexyl acesl Grigsiafuinltr) BdR0)aad\Darleh Ry iglidiniR-one)drearbmsylicacidwere used,
_ 37isobutyrag1|eh%%§u?§%trtl1ylt{laeéca/il{ ac%%\%ﬂoitﬁluid r 41 0)i and N-olve%I(épyrrolidin-Z-gn )-4-carboxylic

acid polypropylene glycol daming sat with®d MeEHThSREREr W@f&hf% Baraiﬁ%liﬁ ity ne(r) ED600
from Huntsman)8teétiisslftakiibyorapsieierminedeagaised. WO 2010/149251PCT/EP2010/003062 41
According to the procedure described above, 170 ml of Hostafluid(r) 4120, 9 g of the inventive
emulsifier, 3 g °féimﬁsi‘8r932‘%£6ﬁ mercial fluid loss additive (organophilic leonardite) and 75 ml of
saturated CaCl2 solution, 2 g of ‘organophilic bentonite were mixed. After the determination of the
5emulsion stability, 470.g.of barium sulfate were incorporated and the electrical stability was
determined agaiExEBmwilsion stability Example 29 30 31 32 20 30 31 32

Electrical stability before barium sulfate [V] 580 | 410 | 730 | 560

Electrical stability after barium sulfate [V] 420 | 750 | 850 | 450
Electrical stability after aging [V] 880 | 820 | 300 | 850
10

Rheology at 65°C
Measurement parameter Before aging — example After aging - example

29 30 31 32 29 30 31 32
600 rpm 170 | 144 | 186 218 | 196 | 177 | 1556 | 260
300 rom 94 80 102 126 | 111 89 85 162
200 rpm 68 58 73 1 80 71 61 111
100 rpm 38 32 42 54 47 41 35 66
6 rpm 7 8 7 10 10 9 6 14
3 rpm 5 5 5 8 8 7 4 11
10 second gel sirength| 8 7 5 9 9 8 4 12
11b/100 7t
tOminute gel strength| 9 9 8 20 12 10 7 23
[1b/100 ]
Apparent viscosity ua  [cP] 85 72 93 110 98 80 78 130
Plastic viscosity up [cP} 76 684 84 93 85 78 70 108
Yield point Y.P. [Ib/100 ft2] 18 16 18 33 26 21 15 44
HTHP Fluid Loss @ 500 psi, |~ | ~— | - - 1 32 1 40 | 48 | 16
149°C (300°F) [mi/30 min.]

Emulsion stability

Example 33
Electrical stability before barium sulfate [V] 440
Electrical stability after barium sulfate [V] 340




Electrical stability before barium sulfate [V] 550 410 730 560 Electrical stability after barium sulfate [V]
420 750 850 450 Electrical stability after aging [V] 880 820 300 850 10 Rheolo at 65C Measurement
parameter Before 29 aging - 30 example 3132 After aging - example 293031 32 600 rpm 170 144 186

2191177 155 260 300 rpm 94 N 102 126 111 99 85 152

10

15

20

WO 2010/149251 PCT/EP2010/003062
42

Electrical stability after aging [V] 350

Rheology at 65°C

Measurement parameler Before aging | After aging

800 rpm 140 109

300 rpm 76 59

200 rpm 53 44

100 rpm 30 23

& mpm 4 3

3 ipm 3 2

10 second gel strength [Ib/100 t*] 4

10 minute gel strength [ib/100 ] 6 5

Apparent viscosity La [cP] 70 55

Plastic viscosity up icP] 64 50

Yield point Y.P. [1b/100 ] 12 S

HTHP Fluid Loss @ 500 psi, 300°F - 9.2
fmI/30 min.]

Example 38 (comparative): prior art with commercial emulsifiers

200 ml of diesel #2 were homogenized in the stir cup with 4g of
organophilic clay and 3 g of lime in a Hamilton-Beach mixer for 15 minutes.
Thereafter, 6 g of commercial emulsifier based on a tall oil reaction product
and 3 g of oxidized tall oil fatty acid were added and incorporated in the
Hamilton-Beach mixer for 5 minutes. 54 mi of saturated CaCl; solution
were poured gradually into the Hamilton-Beach mixer with high shear and
mixed for 10 min. Thereafter, 5 g of gilsonite were incorporated by mixing
for 10 minutes. The electrical stability of the mud was determined before
the addition of barium sulfate. Then 324 g of barite and 15 g of synthetic
fine drilling dust were incorporated by mixing in the Hamilton-Beach mixer
for 10 minutes. The electrical stability was tested again, then the

rheological values before aging. Dynamic aging was effected in a roller
oven at 65°C for 16 hours.

Emuision stability

Comparative example 34

i
3
|
1

|



| 200 rpm 856 7391 N 7161 111100 rpm 39324254474135666rpm7 710109 143 rpm555 |
. 8874 11 10 secondgelstrength [Ib/100 ft2] 6 75998 4 12

WO 2010/149251 PCT/EP2010/003062
43

Electrical stability before barium sulfate [V] 320

Electrical stability after barium sulfate [V] 140

Electrical stability after aging [V] 170

Rheology at 65°C

Measurement parameter Before aging | After aging

600 rpm 91 80

300 rpm 66 : 57

200 rpm 56 47

100 rpm 44 36

6 rpm 26 20

3 rpm 24 19

10 second gel strength [Ib/100 f*] 24 21

10 minute gel strength [Ib/100 4] 30 25

Apparent viscosity pa [cP] 46 40

Plastic viscosity up icP] 25 23

Yield point Y.P. [Ib/100 ] 41 34

HTHP Fluid Loss @ 500 psi, 150°C - 10.0
Imi/30 min.]

5 Examples 39 and 40

For the two examples which foliow, 200 mi of diesel #2 were homogenized
in the stir cup with 4 g of organophilic clay and 3 g of lime in a Hamilton-
Beach mixer for 15 minutes. Thereafter, 6 g of commercial emulsifier based
on a tall oil reaction product and 6 g of an inventive emulsifier formulation

10 were added and incorporated in the Hamilton-Beach mixer for 5 minutes.
54 ml of saturated CaCl, solution were poured gradually into the Hamilton-
Beach mixer with high shear and mixed for 10 min. Thereafter, 5g of
gilsonite were incorporated by mixing for 10 minutes. The electrical stability
of the mud was determined before the addition of barium sulfate. Then

15 324 g of barite and 15 g of synthetic fine drilling dust were incorporated by
mixing in the Hamilion-Beach mixer for 10 minutes. The electrical stabiiity
was tested again, then the rheological values before aging. Dynamic aging
was effected in sach case at 65°C for 16 hours.

20- For example 39, an inventive emulsifier formulation of 50% N-



10 minutegelstrength [Ib/100 ft2] 9 8 20 12 10 7 23 Apparent viscositacP] 85 72 110 98 89 78 130
Plastic viscositpcP 76 64 84 93 85 78 70 108 Yield soint YR. 1b/100 ft2 18 16 18 33 26 21 15 44 HTHP
-Fluid Loss @ 500 psi, 149C (300F) [m1/30 min.] 3.24.04.81.6

WO 2010/149251 PCT/EP2010/003062

. 44
olely(pyrrolidin-2-one}-4-carboxylic acid morpholine distillation residue salt
in a molar ratio of 1:1 (AMIX M from BASF) in isooctano! was used.

For example 40, an inventive emulsifier formulation of 50% N-
5 olely(pyrrolidin-2-one)-4-carboxylic acid monoethanolamine salt in a molar

ratio of 1:1 in isooctanol was used.

Emulsion stability

Example 39 40
Electrical stability before barium sulfate [V] 470 | 390
Electrical stability after barium sulfate [V] 250 | 110
Electrical stability after aging [V] 280 | 300
10
Rheology at 65°C
Measurement parameter Before aging — example | After aging - example
39 40 39 40
600 rpm 77 73 70 69
300 rpm 53 49 47 46
200 rpm 43 40 38 38
100 rpm 33 31 28 28
& rpm 17 16 14 14
3 rpm 15 14 13 13
10 second gel strength ib/100 ) 16 15 14 14
10 minute gel strength [Ib/100 ] 21 20 18 17
Apparent viscosity pa  [cP] 39 37 35 35
Plasiic viscosity up [cP] 24 24 23 23
Yield point Y.P. Ib/100 ftZI 29 25 24 23
HTHP Fluid Loss @ 500 psi, 149°C 3.4 3.8
{300°F) [ml/30 min.]

In exampies 39 and 40 too, an improved electrical stability and HTHP fluid

15 loss are found compared to comparative example 38, with comparable
rheclogy.

Example 41



Emulsion stabilit Example 33 Electrical stability before barium sulfate [V] 440 Electrical stability after
~ barium sulfate [V] 340 WO 2010/149251PCT/EP2010/003062 42 Electrical stability after aging [V]350
Rheology at 65C Measurement parameter Before aging After aging 600 rpm 140 109 300 rpm 76 59
200 rpm 53 41 100 rpm 30 23 6 rpm 4 3 3 rpm 3 2 10 second gel strength[113/100 ft2] 4 2 10 minute
gel strength[1b/ME &0 1®H 2335drent viscosityi.ta[cP) 70 55 Plastic ey {062

45

Ecotoxicology data were obtained for two compounds. Although the acute
toxicity was comparable to other emulsifiers, the example compounds
exhibited a slight tendency to biocaccumulation. The fimit for registration in
Norway under HOCNF for the distribution between water and octanol, log

5 Pow I8 3. We achieved 1.6 for N-oleyl (pyrroiidin-2-one}-4-carboxylic acid
morpholine distillation residue salt in a molar ratio of approx. 1:1 (e.g. AMIX

M from BASF) and 1.1 for N-oleyl(pyrrolidin-2-one)-4-carboxylic acid
monoethanolamine salt in a molar ratio of approx. 1:1. The biocdegradability
according to OECD 306 test after 28 days for our two example compounds

10 N-olevi(pyrrolidin-2-one}-4-carboxylic acid morpholine distillation residue
salt in a molar ratio of approx. 1:1 (e.g. AMIX M from BASF) and N-
oleyl(pyrrolidin-2-one)-4-carboxylic acid monoethanolamine salt in a molar
ratio of approx. 1:1 was 70% and 69% respectively, while the tall oil fatty
acid amido amine/imidazoline mixture Dodicor® 4605 produced by Clariant

15 exhibited a biodegradability under OECD 306 conditions of only 14.8% in
28 days,



50 Yield point Y.P.[Ib/100 ft2] 12 9 HTHP Fluid Loss @ 500 psi, 300F [m1/30 min.] 9.2 5Example 38
(comparative): prior art with commercial emulsifiers 200 ml of diesel #2 were homogenized in the stir
cup with 4 g of organophilic clay and 3 g of lime in a Hamilton-Beach mixer for 15 minutes. Thereafter,

6 g of commercial efulkifier based oh a tall 6il'feag¢tion pradugt 10 and 3 g of oxidized tall oil fatty acid
were ad@ed and jncorporated in the Hamilton-Bpadh mixer|for|5 minytes. 54 ml of saturated CaCl2
solution ere poured gradually into the Hamiltop-Beach mixer jwith high shegr and mixed for 10 min.
Thereaf@, 5 g of gil om[g Weke di corggr@t@i Cl%g, m xcgng;,fgy 10 rm_r utess, The electlrical stability of the
mud wa&determine before b e c(Tﬂm'Dﬂ“Of) hadium Sutate.| THen 394% of barite and 15 g of
syntheti&fine drilling (@st were ing og orated by |m |ng in th e,g amilton-Beach mixer for 10 minutes.
The elec&ical stabiif Was tested agdin, then the eologlcal-laalue, efore aging. Dynamic aging was
effectediin a rollgr §yeg|at 65C fof % hours. 20 |EBjulsion ctag lity paratiye example34 WO
2010/148251PCT/BP2Y10/003062 &3 Electrical S%blllﬁibﬁfom bdritifn sulfaté [V] 320 Electrical
stability after barjufd sglifat Ogl%clﬁcai %akﬁl adipg [VEL7Z0 Rheology at 65C
Measurement para?% eigr.EB |§g@1§AE’ega®1@88 600Zpm pm 66 57 200 rpm 56 47 100
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36 6 rpm 26 20 3 rpm 24 19 10 second gel strength[lb/100 ft2] 24 21 10 minute gel strength[lb/100 ft2]
. 30 25 Apparent viscosity Ra[cP] 46 40 Plastic viscosity p_p[cP] 25 23 Yield point Y.P.[Ib/100 ft2] 41 34
HTHP Fluid Loss @ 500 psi, 150C [m1/30 min.] _ 10.0 5 Examples 39 and 40 For the two examples
which follow, 2 f.diesel.#2 were homogenized in the stir cup wj %4%% é gﬁgﬁ%}élic clay and 3
g of imeina H%Rr{u t%%ﬁgﬁa%g?izﬁxer for 15 minutes. Thereafter, 6 g%lfg ([) ré) ﬁ ifier based on
a tall oil reaction product and 6 g of an inventive enftfsifier formulation 10 were added and
incorporated in thiaikkgmilton-Beach mixer for 5 minutes. 54 ml of saturated CaCl2 solution were
poured gradually into the Hamilton-Beach mixer with high shear and mixed for 10 min. Thereafter, 5 g
of gilsonite were incorporated by mixing for 10 minutes. The electrical stability of the mud was
determined before the XadRTEFErBBHIHASGREIRISREN 15 324 g of barite and 15 g of synthetic fine
drilling dust were incorpprated bydmigtngbin iheiti amitoorfirachspkeséor 10 minutes. The electrical
stability wag tested aggin, thgjthe ég@iﬁagi{%%)g%e aging. Dynamic aging was effected in
each case at 65C for 1§hours. WO 2010/ 492? PCTI%P2010/003062 44
olely(pyrrolidin-2-one)-#-carbB BRI MBI IRIE W8 btion residue salt in a molar ratio of 1:1
(AMIX M from BASF) in isooctanol was used. For example 40, an inventive emulsifier formulation of
50% N5olely(pyrrolidin-2-one)-4-carboxylic acid monoethanolamine salt in a molar ratio of 1:1 in
isooctanol was used. Emulsion stabih I 39 40 Electrical stability before barium sulfate [V] 470
390 Electrical stability aftgs barjym sulfate [V] 250

(1)
O
in which
10 R’ is a hydrocarbyl group having 6 to 30 carbon atoms or an
R®-0-X- group
M is hydrogen, alkali metal, alkaline earth metal or an

ammonium group
R° s a hydrocarbyl group having 6 to 30 carbon atoms

15 X is Co-Ce-alkylene or a poly(oxyalkylene) group of the formula
R? R4
*/L()%T{/\]/ = O~
R3 |

in which

! is @ number from 1 to 50,
20 - m,n are independent of | and are each independently a number

from O to 50,

R?, R®, R* are each independently hydrogen, CHs or CHCH;
Y is Co-Ce-alkylene.

25 2. The inverse emulsion as claimed in claim 1, in which the water



110 Electrical stability after aging [V] 280 300 10 Rheolo at 65C Measurement parameter Before
aging 39 - example 40 After aging 39 - example 40 600 rpm 77 73 70 69 300 rpm 53 49 47 46 200 rpm
43 40 38 38 100 rpm 33312928 6 rpm 17 16 14 14 3rpm 15 14 13 13

WO 2010/149251 PCT/EP2010/003062
- 48 '
phase comprises doubly or more than doubly charged positive ions.

3. The inverse emulsion as claimed in claim 2, in which the doubly or

more than doubly charged positive ions are selected from

5 magnesium and calcium ions, and from ions of diamines or higher
amines which correspond o the formula (2)

NR’R®R® (2)
10 in which R’, R® and R? are each independently radicals of the
formula (4)
RM™NR™)]-(R") (4)
15 in which
R™ is an alkylene group having 2 to 6 carbon atoms or mixtures
thereof,

each R" is independently hydrogen, an alkyl or hydroxyalkyl radical
having up fo 24 carbon atoms, a polyoxyalkylene radical

20 -(R"-0)-R" or a polyiminoalkylene radical
-R¥-NRY)J-(R"®) where R™ and R™ are each as defined
above, and '

g and p are each independently from 1 to 50,
R' is an alkylene group having 2 to 6 carbon atoms or mixtures
25 thereof,
R" is hydrogen, a hydrocarbyl radical having 1 to 24 carbon
atoms or a group of the formula —R'-NR"R"®,
b is & number of from 1 to 20.

30 4. The inverse emulsion as claimed in one or more of claims 1 to 3,in
which R' is a linear or branched, aliphatic Ci»-Cas hydrocarbyl
radical having one or more double bonds.

5. The inverse emulsion as claimed in one or more of claims 1 {o 4, in

35 which the continuous phase comprises at least one constituent
selected from diesel oil, cleaned diesel oil with aromatics content

below 0.5% by weight (clean cil), white oils, c-olefins, polyolefins, n-

paraffins, isoparaffins, alkylbenzenes, alcohols, acetals, esters,



10 second gel strength [Ib/100 ft2] 16 15 14 14 10 minute gel strength [Ib/100 ft2] 21 20 18 17
Apparent viscosity ua[cP] 39 37 35 35 Plastic viscosity up[cP] 24 24 23 23 Yield point Y.P. [Ib/100 ft21
29 25 24 23 HTHP Fluid Loss @ 500 psi, 149C (300F) [m1/30 min.] 3.4 3,8 In examples 39 and 40
too, an improved glegired ssauity and HTHP fluid 15 loss are fou@gﬁé%?%@)gg arative
example 38, with comparable rheology. Example 41 WO 2010/1492 062 45
Ecotoxicology data were obtained for two compoun@%. Although the acute toxicity was comparable to
other emulsifiers, the ethenplenchimigiyoardesxhibited a slight tendency to bioaccumulation. The limit for
registration in Norway under HOCNF for the distribution between water and octanol, log 5 pom,, is 3.
We achieved 1.6 for N:oleyl (pyrrolidin- -.one%—%— arboxylic acid morpholin (1is,tillation residue saltin a
molar ratio of agproxr\lﬁie(g?g%&ﬁ/l I?%TI‘\WF B éﬁﬂ@%@/fﬁ fst ﬁ%f&ﬁ?p?ﬁﬁ RS ol 24-carboxylic
acid monoethanolamiré &2 ae@RHSRE Patitoo? Glspkoxweightieé thiedeghaphislity daustding to OECD
306 test aftgr 28 days §i96 qur Fy% xRl FOBP A4S 2HA Nralay (Rymplitinasione)of-ersboxylic acid

morpholine distillation resi It i ratio Qf rox. 1:1.(e.g. AMIX M. from BASF) and
Noleyl(pyrrolidin-2-one 8%%%&%%}%ﬂt§%%ﬁ%%e?@n%pﬁa%%neo %z]a\-# ?n%’aeﬁ?'\gllkapliﬂa%'g dPX%E)Sr%x. 1:1 was

70% and 69% respectRBKISIEAie the tall oil fatty acid amido amine/imidazoline mixture Dodicor(r)
4605 produced by Clariant 15exhibited a biodegradability under OECD 306 conditions of only 14.8% in

28 days. WO 2010/14943LEL T RO Q38 4nverse emulsion, comprising the mixing

10 of a hydrophobic liquid, water and a compound of the formula (1)
COOM
Rl— N (1)
G
in which
R is a hydrocarbyl group having 6 to 30 carbon atoms or an
R®-0O-X- group _

15 M is hydrogen, alkali metal, alkaline earth metal or an

ammonium group
R® is a hydrocarbyl group having 6 to 30 carbon atoms

X is C2-Ce-alkylene or a poly{oxyalkylene) group of the formula
. Re R4
\M\Oh \{FL)\O ;
R3
20
in which
I is a number from 1 to 50,
m, n are independent of | and are each independently a number
from 0 to 50,
25 R?, R®, R* are each independently hydrogen, CHs or CH,CHs

Y is C,-Ce-alkylene.

8. The process as claimed in claim 7, wherein compounds containing



47 Claims 1.An inverse emulsion comprising a)a hydrophobic liquid as a continuous phase 5b)water
as a disperse phase, and c)a compound of the formula (1) R1- N COOM (1) in which 10R1is a
hydrocarbyl group having 6 to 30 carbon atoms or an R5-0-X- group is hydrogen, alkali metal, alkaline
earth metal Or a up R5is a hydrocarbyl group havin m s 15Xis
C2-Cé6-alkylene g\!@g%@fé? oxya 3Iene) group of the formula in whlcr%éféc%\%ﬁ@mber %?no 50, 20m, n
are independent of | and are each independently a R¥mber from 0 to 50, R2, R3, R4 are each
independently hydrogedo@i{Boymaii@ @+ isdDBNCHealkykinah e @ 0ty 1282 kRA TER2010/003062
48 phase comprises dquhly ¢faase than doubly charged positive ions. 3.The inverse emulsion as
claimed in claim 2, in which the doubly or  more than doubly charged positive ions are selected from
5magnesium and calcium ions, and from ions of diamines or higher amines which correspond to the
formula (2) NR7§5R9(§ﬁQmmﬂ¢ﬁ§rﬁRﬂﬂ'¥9@hlﬂl R@iare ercvhide pem deniiyr adivalsdhtre formula (4)

-[R14-N(R1%)]b-(R15) @amn iaiRPLR IS AUAlernsrBrauibRne &0 fhagresnifiomy o mixures
thereof, each R15 is |n r%r% % (i) gen. an alk f,.ocrhhx_(i:lroxﬁyalky %u ical'having u&? 24 carbon
atoms, a polyoxyalkylene radlca 0 4R1047 op- ﬁﬁ e %{HIBS?OW ﬁ-‘%lsBp4Rlo)
where R14 and R15 arBGSER$PEBAHITARBYIR &id g and p are each independently from 1 to 50,
R10is an alkylene group having 2 to 6 carbon atoms or mixtures 25thereof, is hydrogen, a hydrocarbyl

radical having 1 to 24 carbon atoms or a sthe formula{ 15-NR12R13, is a number of from 1 to
20. 304. Th$ inverse emulsion as claimed in one or more of claims 1 to 3, in

in which R, R® and R® are each independently radicals of the

formula (4)
RY-NR™Y-R™) (4)
15
in which
R™ s an alkylene group having 2 to 6 carbon atoms or mixtures
thereof,
each R" is independently hydrogen, an alky! or hydroxyalkyl radical
20 having up to 24 carbon atoms, a polyoxyalkylene radical
R'%0)-R"  or a polyiminoalkylene  radical
IRM-N(R™)-(R"™) where R™ and R™ are each as defined
above, and |
q and p are each independently from 1 to 50,
25 R is an alkylene group having 2 to 6 carbon atoms or mixtures
thereof,
R is hydrogen, a hydrocarbyl radical having 1 to 24 carbon
atoms or a group of the formula -R'%-NR"?R"?,
b is a number of from 1 to 20.
30 ‘
10.  The use of a compound of the formula (1)
COOM
R1—N (1

in which



which R1 is a linear or branched, aliphatic C12-C24 hydrocarbyl radical having one or more double
.. bonds. 5.The inverse emulsion as claimed in one or more of claims 1 to 4, in 35 which the continuous
phase comprises at least one constituent selected from diesel oil, cleaned diesel oil with aromatics
content below 0\@% 2y1@£ighe&iean oil), white oils, a-olefins, polyotefims; papawmiiinsydsoparaffins,
alkylbenzenes, alcohols, acetals, esters, WO 2010£149251PCT/EP2010/003062 49 ethers and

triglycerides. 6. The inverse emulsion as claimed in‘one or more of claims 1 to 5, which comprises 20
to 90% by weight of thE hydrddHobdigemty), s favm Bytad§herbratetang 0536 20% by
weight of the compound of th&?efﬁnﬁ(}lgr(ﬂ)p based on the weight of the inverse emulsion. 7. A process . .

for producing an invergg emu@ioggw&i}si%p rm&%g 1%24ﬁn%d@mqﬁg%id%¥va%rband a

compound of the formula (1) CO M in which R1is a’hydrocarbyl group having 6 to 30 carbon
atoms or an R5-0-X- group 1%@% ﬁﬂ‘;’@lkali metal, alkaline earth metal or an ammonium group
R5is a hydrécarbyl gradp havihig 6\toracerbybgroaoheixis €& G8-adilenatona poly(oxyalkylene)

group of the formula. 29 in which J2-BiMERS BPEJsioER, MRS depandratgfihang are each
independently a number from 0 to 50, 2“?#{2, R3, Réfoageé&ch mdepe%e%tly hydrogen, CE-13 or

CH2CH3 is C2-C6-alkylene. WOR010/149251PCT/EP2010/883062 50 doubly or more than doubly
positively charged ions are addedito the water phase. 9. The process as claimed in claim 8, in which
the doubly or more than 5dodibl rge itiv res ted flomymagnesium and calcium
ions,- and from ions of diamihes or highetiaminges whiéh[correspo the formula (2) NR7R9R9(2) 10
in which R7, R9 and R9 are each independently radicals of the formula (4) -[R14-N(R15)11,-(R15) (4)
15 in which R14is an alkylene group having 2 8% carbon atoms or mixtures thereof, each R15
is independently hydrogen, an alkyl or hydroxyalkyl radical 20having up to 24 carbon atoms, a
polyoxyalkylene radicah-(®it&0)p-R11 or a polyiminoalkylene radical _[R14_N(Risli(Ris) where R14

and R115 are each asldefine%aabwﬁ,b%p(ﬁmm 1 to 50
10 m,n are independent of | and are each independently a number
from 0 to 50,
R? R R* are each independently hydrogen, CHj or CH,CHs
Y is Cs-Cg-alkylene.

15  11.  The use as claimed in claim 10, in which the inverse emulsion is an
invert emulsion drilling fluid.

12. A composition comprising 10 — 90% by weight of at least one

compound of the formula (1) and an oleophilic liquid selected from

20 diesel oil, cleaned diesel oil with aromatics content below 0.5% by

weight (clean oil), white oils, a-olefins, polyolefins, n-paraffins,

isoparaffins, alkylbenzenes, alcohols, acetals, esters, ethers and
triglycerides.



g and p are each independently from 1 to 50, 25Rlois an alkylene group having 2 to 6 carbon atoms or
mixtures thereof, R11is hydrogen, a hydrocarbyl radical having 1 to 24 carbon atoms or a group of the
formula -R15-NR12R13, is a number of from 1 to 20. 30 10. The use of a compound of the formula (1)
R1- N COOM (1) in which WO 2010/149251PCT/EP2010/003062 51 is a hydrocarbyl group having 6
to 30 carbon atoms or an R5-0-X- group is hydrogen, alkali metal, alkaline earth metal or an
ammonium group 5R5is a hydrocarbyl group having 6 to 30 carbon atoms Xis C2-05-alkylene or a
poly(oxyalkylene) group of the formula in which is a number from 1 to 50, 10m, n are independent of |
and are each independently a number from 0 to 50, R2, R3, R4 are each independently hydrogen,
CH3 or CH2CH3 is C2-05-alkylene. 1511.The use as claimed in claim 10, in which the inverse
emulsion is an invert emulsion drilling fluid. 12. A composition comprising 10 - 90% by weight of at
least one compound of the formula (1) and an oleophilic liquid selected from 20 diesel oil, cleaned
diesel oil with aromatics content below 0.5% by weight (clean oil), white oils, a-olefins, polyolefins,
n-paraffins, isoparaffins, alkyloenzenes, alcohols, acetals, esters, ethers and triglycerides.



