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) ‘copolymers are sometimes referred to as "polyPIBSA". They can be prepared by

) 8 copolymerizing a polybutene containing a high concentration of the

9 methylvinylidene isomer (along with other polybufene isomers) with an unsaturated
10  acidic reagent such as maleic anhydride using a free radical initiator. Apparently,
11 - only the methyivinylidene isomer reacts. If the polybutene contains, e.g., 70 mole

12  percent methylvinylidene isomer, then only 70% conversion to copolymer can be
43 achieved. This resuits in a less than optimum use of the polybutene starting
‘:'14 material.

15 In order to improve the conversion of the polybutene starting material and improve
16 raw materiat utilization, &t has been found that if the polyPIBSA reaction mixture is
R 17  further reacted with the unsaturated acidic reagent in the presence of a strong acid
5 18 catalyst, such as a sulfonic acid catalyst, the unreacted polybutene can be
19  converted to polyisobutenyl succinic anhydride. Up to 90-95% conversion of the
- 20 starting polybutene can be achieved in this Way. The resulting product is a mixture
21 - of polyPIBSA and acid-catalyzed thenmal PIBSA.

22  The resulting mixture of polyPIBSA arid acid-catalyzed thermal PIBSA can then be
Y -+23 - reacted with amines to form succinimides which can be post-treated with ethylene
24 carbonate, boric acid and the like. These products are excellent ashless
25 dispersants for lubricants with outstanding deposit inhibiting properties, and
26 excellent soot thickening properties, and are also useful as fuel additives and as
. 27 emulsifiers in explosive emulsions.



patent (AM AZ, BY. KG Kz, MD, RU, Ti, TM, European patent (AT, BE, CH, .
Cy, DE, DK, E5, FlI, FR GB, GR IE IT, LU MC N, PT, SE, TRuly ¥
patent (BF, BlI, CF. CG C, CM GA G\, GW M., MR, N, SN, TD, TG.

Publ i shed: WwWOWB#s63 nt er nat i onoi search report. For two-| eidpuisesades and

ot her abbreviations, refer to the GQuid- ance Notes on Codes

andAbbr evi aj i ons" appearj ng at .t he begjn- ning of each reqular issue of the
PCT Carbt { WalSrity0f eXplBpIve LSO RIGHHA SRR R CRRYRUQMR SRIGNS BNES8A! VDR DE
COPOLYMER (efg.) a sarbbnacdousAug) and aslisconpinuoriscepiebus phasspeoritaiging an xt ur e of
(i) acapol i ' ' ; o Wwafdd (2) a
pol yak gpy I d’%ré? \% L?é‘g@b ?hﬁﬂﬁg@@éﬁaﬁl{lhﬁﬁ%@y}%@eﬁgﬁgfes ‘%%gegr oCess ,
conpri S‘Pnd“'(‘%i')e’@@‘ﬁm'\’lﬁ'fpﬁam(‘% asegfgﬂ“}?xlék rée'?:tﬁﬁglé'r 14ﬁz 78 kyl vi nyl i dene-
| sonmer &nd3,f65,96413,085,698] 4/608;116,ch8973 31601, {04,092 425272, a,250,9%4;di c
reagentg Unglgsz -{41971;&9&%9391%@%}4(9&5&0&4}4@@94& e&@é;ei%%;@és.gsé;ra% radi cal
initiator; 3‘5{ g reacting the product of ste é%}_wt an unsaturat ed
acidic rea@g 8 '%‘?Mtvgﬂgl'émrﬁeé’bwﬁf?ﬁ%&p &%hce of a strong acid.
The product of the process can be used to nmake pol ysucciniarides that are
useful 8 n UubrPstant Ng. 6920,03dissaed UaipS, 199910 JahdkEAdis €l sy Watebm-oil

PCT/ usQQI 3033% | | I\/PRO\/EDﬁ{; SS EOR KI"NGEQ_YALKYLENEI LE].C ANHYDRI DE
2 copaiyveRYiionp thatdre up PROTERS E1° §IPUSIONE (RMIVEE ARACBERUQE:  naki ng

a copofy meiqubusd pa®® LyRpHSING atVehik dHe 8h.d0phIgingehiPoheht adRRtinuous
'BACKGRClJNDqG: TH INVENTFO\I 't BhlTAgTonip 'yi sobut ene and

. QO ol ynmers prepared _from pol NE
mal ei c1lanQrganiaPhase cRMBHFIng ?h@?ﬁfy qn%%gpwpys Syed. PIRYSRESBINGd ¢ 0-as

" pol y i BS/Aamal ity af RAsPEnPERRRIRE. e eﬁnmlisywﬂ;aagﬁtg rRadbyfpat ene
containing a high concentration of the 9 nethylvinylidene isoner (along

wi t h otherregeligbeficompansdhéd) withgampanent (Bacemaenant (Albeiag at leastangent such
as nmalff ¢ QR %ipﬁ' s ' B & i t 11 only
t he net hyivi nyﬁ enedéﬁilé‘%%arﬁcnggé%ggﬁ g%%%%g%%ﬁ%néﬁg cotﬁll@aég%gf e.g., 70
mol e 12 pronsisting ofsubstiueny pratips @ndissiosinic grodpswherein thegubsiituentsi on t o
copol yqger . W= |.Sal ' : | se of
“t-he poﬁbﬁgg%é)gﬁea%g%ﬁ %&to 'é(%m&f‘e %&j%@%é@e?gép?ﬁﬁbg%@%%g%% ersion
of -t helpol the presence within theirstructureabf amaverage of/at least 1.3 succinic groups for

18 each equivalent weight of substituent groups, and component (B) being ammonia

19  and/or at least one mono-amine.

20 SUMMARY OF THE INVENTION

21 The present invention provides a process for preparing a mixture of (1) a N
22  copolymer of a polyalkene and an unsaturated acidic reagent and (2) a polyatkenyl -
23 derivative of an-unsaturated acidic reagent, said process comprising: .

24 (a) . copolymerizing (1) a polyalkene containing alkylvinylidene isomer and
25 | non-alkylvinylidene isomers and .(2) an unsaturated acidic reagent
26 -under polymerization conditions in the presence of a free radical
- 27 initiator; and |
28 (b) reacting the product of step (a) with an unsaturated acidic reagent at
29 - elevated temperature in the prese'ncé. of a strong acid. |

30 Preferébly, the polyalkene is a polybutene. More preferably, the polybutene is a
31  polyisobutene, most preferably wherein at least 50% of said polyisobutene has
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16 raw material uti Iization' It has been found that if the polyP[BSA
reaction.mxture is 17 further reacted with the unsaturated gcifly gogeagent
in the presence of a strong acid 18 catal yst, such as a sulfonic acid

cat al yst, th ted pol ybutene can be 19 converted to sobut enyl
“succinic anhygrléﬁ%gUp to 90-95% conversion of the 20 st @/ﬁﬁ W3y but ene
can .be achieved in this way. The resulting product is a mxture 21 of

pol yPI BSA FhEthATIn ﬁxdéﬁbéérwgwuﬁéwrrémfabg B polydkdiehd$a Wik bNEortiso0ys e of
pol yPI BSA and. acid-catal yzed thermal PIBSA can then be 23 reacted with

anines to 290 succi ni ni des which: can be post treated with ethylene 24
carbonate, boric acid and the like. These products are excel I-ent ashl ess 25

di-sper sant l.ubyricants ut st an depo |nh|b|t|ng properties,
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conpri se a don ous organi c pha aceous - and a
di scont BhuduB1aqueous phase contai ning an 3 oxygen supplying conponent
(e.g., amoniumnitrate). Exanples of such water- 4 in-oil explosive
emul sions are disclosed in U S. Patents Nos. 3;447,978; 5 3,765, 964;

3, 985, 593: Prefeoahiy, the sompasidissan ail-solublegstrong grganie 2zid, havieg aopk of 6
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car bonaceous fuel, and a mnor enulsifying 12 anount of at |east one
emul sifier. The emulsifier is the product nade by the 13 reaction of

conponent (The presént inveptiore furtheBprovidestomproduciprotiacathbya precess one 14
substltuteqﬁgﬁgg%ﬁlc acyl ating agent, said substituted succinic acylating
‘agent 15 co g of substituent. groups and succinic groups wherein the

subst.ituent 16 ¢@)oupsopiyenetizing/d) afpolyalkeng cbyi@irdimnalkylvewliderecigbmer and agent s
“being characterized b hHresence w n their f an
average of at |east ﬁ%’fga%ﬂgwﬁq “edryiys # 8r(Ei E%UB%%M@%%?‘@Q%J% Wi ght of
substi tigent groups, aiderolypmrization nditdine ¢ thiermresenceldl afidé cadicdl | east one
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initiator; an :
(b) reactmg the product of step (a) with an unsaturated acidic reagent at

elevated temperature in the presence of a strong acid.

‘ Also p;ovided by the present invention is a cbmposition comprising a mixture o_f (1)a
20 ‘copolymer of a polyalkene and an unsaturated acidic reagent and (2) a poly"alkényi
o deri\;rative of an unsaturated acidic reagent wherein the weight ratio of Copol'yffxer to
po[yélke_ﬁyl derivative is about 0.1-10, and wherein the copolymer and the polyalkenyi
~ derivative are prepared using the process of this invention. This mixture is referred to herein
as a “polyPIBSAfacid-catalyzed thermal PIBSA mixture”. '

25 - Further provided by the present invention is a polysuccinimide prepared by reacting
‘apolyPl BSNacid—catalyzed_thermal PIBSA mixture of the present.invention with an
amine, a polyamine having at least two basic nitrogens, or mixture thereof. The
presént invention also provides a concentrate comprising 10 to 90 weight percent
of such a polysuccinimide and from 90 to 10 weight percent of an organic diluent.
-3-



21 The present invention provides a process for preparing a m xture of (1)
a 22 copolyner of a polyal kene and an unsaturated acidic reagent and (2) a
pol yal kenyl 23 derivative of an,unsaturated acidic reagent, 7aig200@r ocess
conprising:. 24 (a) . copolymerizing (1) a polyal kene contai ni ng

al kyl vinylidene isoner. and 25 non-al kylvinylidene isonmers and.(2) an
unsat urate Ldic.reagent.... 6 . under polymerization.conditions in the
presence oﬂn%%hﬁg% tf’%ai%ésw 'Evfﬁ%ﬂ?f’foé’f%ﬁa lﬁtﬁr g8d ?%fom@%sétﬁnng t he product of
step (a) widdmprigingrsahjdr ameontat kfiol of RBEEtingaiscodi)y fldeVmidafeORer ature in
t he presence of a strong acid. 30 Preferably, the polyal kene is a

pot ybut ene.offEfea prpesciimide. Yo praviged Ry Hiegorpsend invantiqsds wirdsbut ene, nost

preferably yhelei itlof 3sd j j . - SJuly 2004 WO
01/ 34663 PCTT USO0! 30382 ?’ﬁeﬁ%ﬁrﬁ@ﬁ%@ﬁ%@ﬁ%ﬁ%% reg@reégﬁaéf“g#he

pol yal kéne doasditianswitiof ciecliormaBbated Fl2thedprobided ey die presterdténventat israat ed

aci di c reagent. i | ei c .anhydride. Preferably, the nple ratio of

unsat ur at e °§L"F8$t8ggg'§8%ﬂ€°”t%e @P@é’wf@ﬂ ng §”°§'¥a PARUCCIRINGAYUNERr of or abl y, t he
strong aci dehéivetoRdiiorkabitbh BoroplcoRip@ufd.gani ¢ aci d, having a pKa of less
than about 4. More preferably, it is a sulfonic acid, such as an al kyl

benzene sulfonic acid, wherein the al kyl group has from4 to 30 carbon

atonms. Pr efRiealtbyent ifvBRticHIHFRE FoRdddla LbriBstRYMtcolpodiloRBBHpsindla t he range
of fromO0.0025%to 1.0% 10 based on the total weight of polyalkene. The

present i nVeaieT @nowof ae il ot lybiieptig viseosiysda minooamewst dbyhespqsi-ocess
COMPr | SN0l PO A EAPATREIALDNY (orBe R B SNE SO0
mer and .~ non- a vinyT €2) "an

al kyl vinylidene is dene”isoners ah
unsat ur at eccoatpriding 20¢ta §6 meight peeentsftyerpsdta@hicdncotipaditibh ang from gthe presence
of a free ragical initiator, and b) reacting the- product of step (a)

with an und9A0Mait PaEcent of anetgame dlent ol evat ed tenperature in the presence
of a strong acid. Al so provided by the present invention is a conposition

conpri sing }ﬁsomi)r)t(oglilcjireg b}?fthe( ;}I)esgnt invention is a fuel composition comprising a
hydrocarbon boiling in the gasoline or diesel range and from about 10 to about
15 10,000 parts per million of post-treated composition of this invention. Further
provided is a fuel concentrate comprising an inert, stable oleophilic solvent
boiling in the range of 150-400°F and at least 5 percent by weight of the post-

treated composition of this invention.

Also provided by the present invention is a polyester prepared by reacting a
20  polyPIBSA/acid-catalyzed thermal PIBSA mixture of the present invention with a
polyol.

Also provided by the present invention is a concentrate comprising 10 to 90
weight percent of a polyester and from 90 to 10 weight percent of an organic

diluent.

25  Also provided by the present invention is a lubricating oil composition comprising
a major amount of an oil of lubricating viscosity and a minor amount of a

polyester.



copol ynmer of a pol yal kene and an unsaturated acidic reagent and (2) a

pol yal kenyl derivative of an unsaturated acidic reagent wherein the wei ght
ratio of copolyner to polyal kenyl derivative is about 0.1-10,7 dud20®krei n
t he copol ymer and the pol yal kenyl derivative are prepared using the process
of this invention. This mxture is referred to herein as a

"pol yPI BSA/ aci d-catal yzed thermal PIBSA m xture. 25 Further-provided by the
present invention. js a polysuccinimde prepared by reacting a
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i nvention provides a l'ubricating ol conposition risin j or anount
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pol ysuc ni m de. oVi t.he present tion is a post- treated
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pol ysucci ni ﬁﬁodéCttﬂﬁQ@Ced bwdatrmeésmmmm@@ cppelymaridieg o acwhedend. The
present inv St 0 n conpri sing
a nmajor an(gcﬁl]rﬁ% of 2 }kﬁfﬁl%'de%teq%/drgrl({]gt'lloﬁbgmlsc)}hg ilsétrﬁl 21% %S(bi)%ﬁ)armunt of

t he post 10ums”aaﬁamd acmjitp@agént@nder'odtﬂwnérrzeﬂmrd@ﬂmdnwns rethppessinte bhaention i s
a concentra}; r Si ng( go to 60 wei ercent of the post-treated
conposi 14 on r%ﬁ'l ‘ﬁ'i“ﬁt‘)"r p re@é“%‘i“@lﬁ’f“ﬁ’é? &P &) iR aBr‘-@ﬁ?n‘PEat‘%ﬁ peidiat . Al so
provi ded by i At

hydr ocar bonrégcajig?tﬁﬁg%?ﬁ{e? téémgégét)&(?ﬁgﬁ%?ré&@géee rang dé’ﬁﬂaﬁam %&“Hg 10 to
about 15 10the@iogust ofssteme(b) mith lamononid opatdeasdt peatmiheconposi tion of this
invention. Further provided is a fuel concentrate conprising an inert,
stabl e ol eophilic solvent boiling in the range of 150-400F and at |east 5
percent by weight of the post- treated conposition of this invention. Also
provi ded by the present invention is a polyester prepared by reacting a 20
pol yPI BSA/ aci d- catal yzed thermal PIBSA m xture of the present invention
with a palyol. Also provided by the present invehtion is a concentrate
conprising 10 to 90 weight percent of a polyester and from90 to 10 wei ght
percent of an organic
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diluent. 25 Also provided by the present invention is a |lubricating oil
conposition conprising a major anount of an oil of |ubricatifguyadBksity
and a m nor anmount of a . polyester. -4 7 July 2004 Al so provided by the
present inveylgdRedss @ POst-treated conposition prepared éﬂ%i' ng a

pol yester under reactive conditions with a boron conpound. g 8vi ded by
the present invention is a water-in-oil enul sion conprising a

di scont.ilnuous aqueous [MERMLEMPESSRIBTEON DESFHE (NMENXKINN- suppl yi ng 5
conponent, a continuous organi c phase conprising at |east one carbonaceous
fuel, and a mnor enulsifying anount of at |east one enulsifier conprising
t he prdducTheaprodeﬁsembnmnsasme)steps ot ompiyreéning apolyalgeny avd azi ng (1) a

| yal k |
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duct f L h t t t,at el ted
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aci di c. rgeagemainifPhitarMBE chyolyRafizdtios rasotion PIRARE PdnRMyRAhigEse Wohderd he 4
unsaturated acidic reagent at el evated tenperature in the presence of a

strong % adaiticinata Pﬂﬁlay'bﬂ'ké‘?ffes%ﬁﬂ'i‘ﬁrf?@@?“a m xture of al kyl vinylidene and
non 6 al kyl vinylidene isoners. I s believed that the al kylvinylidene

i somers, participate’ 7pr|nar|Iy Rﬂg_ rization reaction, and that
any al kyl vi nyl i dene isoners 8 rer?g'“ﬁ}: Y?ﬁq'tq@%“ﬁe copol yneri zati on reaction
pl us the non-al kyl vinyl i dene i somers part|C|pate prinarily In the second
reacti TH OLYALKENE 1 The al ene.c a single
Lype. of Tor e POYaIke G s RO o) Rayoie 5B Bt 5 of tigh =i FinoRine
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| somer S Pr.':1‘?ky ru‘:ily ljdene %src])%erm %?elfgrggﬁ/, {he polypa?k%te% S%%lybﬁ?ern%, more

14  preferably a polyisobutene, and most preferably a polyisobutene wherein at least

15 50%, but less than 1060%, of the polyisobutene has methylvinylidene end groups.
16  Preferably, the polyalkene has a number average molecular weight (Mn) of from
17 about 500 to about 2500.

18 The polyalkene can also be used in combination with a 1-olefin (also known as an
19 T"alpha-olefin"). The 1-olefin typlcally has five or more carbon atoms, preferably
20  about 10 to about 30 carbon atoms. U S. Patent No. 5,792,729, issued August 11,
21 1998 to Harrison and Ruhe, d:sc_lqses the preparation of terpolymers made from a
22 polyalkene, a 1eoleﬁn, and an unsaturated acidic reagent and is incorporated |

23 . herein by reference in its entirety.
. 24 | THE UNSATURATED ACIDIC REAGENT

25 The term unsaturated acidic reagent refers to malelc or fumaric reactants of the
- 26 general formula



14 preferably a polyisobutene, and nost preferably a polyi sobutene wherein-
at least 15 50% but |ess than 100% of the polyi sobutene has July 2004

met hyl vi nyl i dene end groups. 16 Preferably, the polyal kene has a nunber
aver age ‘nol e @iaeeei ght (Mh) of from 17 about 500 to abqﬂhw%ggglml8 The -
pol yal kene can al so be used in conmbination with a 1-olefin (also known as
an” 19 "al pha-olefin"). The 1-olefin typically has five or nore carbon
atons, preferably 20 about 10 to about 30 carbon atogs. U S. Patent No.
5,792,729, issued August 11,74 21 1998 to Harrison Ruhe, discloses the
preparation of terpolymers nadg froma 22 polya%y%ﬂe,.a l-olefin, and an
‘unsaturated aci dic reagent and Tg Lncg§poicsi ed ¢Z3.- herein by reference in
its entirety. 24 THE UNSATURATED ACI DI C REAGENT The term "unsat ur at ed
acidic reagent” refers to maldic or fumaric reactants of the 26 general
formula, -5 7 July 2004 WO 81134663 C --- CH=CH - .C¥CT 11JS00130382 2 ,
wherein'X and X are the sanme or different, provided that at |east one of X
and Xis 3 a group that is capable of reacting to esterify alcohols, form

am des, 201 vi{dreiR Xsand X' aré thé imersriiffateat, priVidedthati= fdashBha bf XAnHC'W t h
reactive netals or basically reacting 5 ounds and ot herw se

) Jretal co )
functi o ad HOYPMatigycanpbla of rergling.ta esferifyalcghels, form smides;, or apyjine salts

- - - O - hydr Q@ Mftrionta éPMmineVT8iE nidtal JoRB WA GBAGIVE Wut@9 o babealy mbchgret al |
7 ammoni_um or am ne cation, -NH2 -d, -Br, and taken together X and X

can be 58 -mefal eempeunds andratheiwisefupatiorsas asyiatingagents, Tyoigally, X andéorich

t hat bogh 9« cahROX\hi ns + ' | alei c
anhydri de ?Ss'_gétllb pre gérﬁrégé ﬁs—éP ur at egé?(i:irg t&%@%&%tﬁﬁﬁaﬁgéﬁﬁ%bl ee}
unsat ur &t edrampaium eramine cation, H-NHycH{dle—dreand takenl tfgethes X angd Xfdambesuch “as

nmonophegyl gﬂe' | de; n ' . hl or o,
m)noBr 0%, ‘ ono:ﬁﬁt?%rqg?f&h“ g@ﬁ?%@hg@éﬁmgﬁ@dﬁ%ﬁ?@ tgggﬁ%dri de,
N- pheny B nadadboxytiefunatichsotancentsnings atyldfting readtiongl Malsic dnhydddeisizei m des;
fumari gnacid, . mal.eic_aci.d, alkyl hydg n | eat es_and funmar at es 15
G 2 ey 107 o e erTRd Unia@fiiea aBiaiOrenni aRRP: ARGERUER AR et ORI e Sentse ang
16 mal dani tin¢llide elesinch-Heftentvldfins! stich at mdiidphBnyRmidleié@hbydride; '

12 monomethyl, dimethyl, monochloro, monobromo, monofluoro, dichloro and difluoro

13 maleic anhydride, N-phenyl maleimide and other substituted maleimides;
14 isomaleimides; fumaric acid, maleic acid, alkyl hydrogen maleates and fumarates,
15  dialkyl fumarates and maleates, fumaronilic acids and maleanic acids; and

| 16  maleonitrile, and fumaronitri[e. |

7 | THE STRONG ACID

18  The term “strong acid” refers to an acid having a pK, of léss than about 4,
19  preferably -10 to less than +4, more preferably -3 to +2. Preferably, the strong
20 acid is an oil-soluble, strong organic acid. Rep'reseritative classes of the oil-soluble
21 strong acids are regre§entéd by maleic acid, malonic acid, phosphoric acid,
22 thiophosphoric acids, phosphonic acid, thiophasphonic acids, sulfonic acids,
| 23  sulfuric acid, and alphé-substituted or nitrilacarboxylic acids wherein the oil-
| 24 solubilizing group or groups are hydrocarbyl and contain from 10 to 76, preferably
25 from 24 to 40, more preferably from 28 to 36 carbon atoms, and the aryl group is
26 preferably phenyl.” ' '
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18 19 20 21 22 23 24 25 26 The term"strong acid" refers to an acid
having a pK. of |less than about 4, preferably -10 to |ess thanluk200dor e
preferably -3 to +2. Preferably, the strong acid is an oil-soluble, strong

organi ¢ aci dwJigREgseNt ati ve cl asses of the oil-soluble ids are
represented by mafe?c acid, malonic acid, phosphoric aci d?&%%[}%ﬂz

t hi ophosphoric' aci ds, . phosphoric acid, thiophosphonic acids, sulfonic
\%C] i ds, SULfRH’efelﬁ'aﬁ?.l tlﬂe g_&Pﬁg atilliea sultsric hdiﬂ.eStilQhord‘prﬁfdééﬁW.&hg@?ﬁﬂ’&mig aedi ds
erein_the oil- solubilizin [oup or groyps are roca and contain
from 10% o 98n aa%a@r&ﬂfoywaq%bﬂ{%%ewg’!%%%@s&l@%ﬁaﬂ #kgaYs (o 36
car bon at ongyifoRicGcld ¥Wastirorh 484h YolkearSon MofRfser abl y phenyl. -6 7 July 2004 WO
01/ 34663 PCT/USOQ 30382 .1 Preferably, the strong acid is a sulfonic acid.

Still nore preferably, the sulfonic acid 2-is an alkyl aryl sulfonic acid.
Most  pr &f erpveferablyythe allfonic geidippeiseftincnadkgunt ar the rdngaibff foorh ©.G0258 has

ffom4 to 30 ¢ on'atons. Prefergbly, the sulfonic acid is present in an
anount i ttﬂé-‘?‘%PP&@G@P"@%H@.W@%%P%@?% based on the total weight of
‘pol yal kene. COPCLYMERI ZATI ON CONDI TIONS 7 U. S. Patent No. 5,7112, 507,

i ssued May 12, 1992 to Harrd e rization conditions
usef ul :gﬁ the practice of t%@@af‘xsﬁpkgimﬁ?mg%ﬁﬁborporat ed by
reference herein in its entirety. In general, the copolynerization. 10

and 11 Tor PSSR NE ETIZ07, iERRAY 1308 datson Meffase "0p 710 ©

pol yner i8z atcopolynerizatiomoeaenditing usefub or the paadtice of thisvipeentton; and iBccordingly, it
maybe agyva L O tipn t t =0, exanpl e,
T the. Peadhparorled B fiBle B e Ao bR 8 b Bhmeliiniel ")
pol ymertQz atreactioaf mayp baicond@cted abd temperdture of about -30° C. to about 210° C., and

11  preferably from about 40° C. to about 180° C. The degree of polymerization is

12  inversely proportional to temperature. Accordingly, it may be advantageous to

13 employ lower reaction temperatures. For example, if the reaction is conducted at
14 about 138°C., an average degree of polymerization of about 1.3 is obtained.

15  However, if the reaction is conducted at a temperature of about 40° C., an average
16 degree of polymerization of about 10.5 is obtained.

17  The polyPIBSA can have an apparent succinic ratio greater than 1.3, such as those
18 disclosed in U. S. Patent No. 5,565,528, issued October 15, 1996 to Harrison and
19  Ruhe, which is incorporated herein by reference in ifs entirety. .

20 The reaction may be 'conducted-_neat. that is, the polyalkene, the unsaturated acidic
21 reactant and the free radical initiator are combined in the proper ratio and then
22  stirred at the reaction temperature. The unsaturated acidic reagent may be added
23 - over time, or all at once. '

24  Altematively, the reaction may be conducted ina diluent. For example, the
25 reactants may be combined in a solvent. Suitable solvents include those in which
26 the reactants and the free radical initiator are soluble and include acetone,
27  tetrahydrofuran,-chloroform, methylene chioride, dichioroethane, toluene, dioxane,
- 28: chlorobenzene, xylenes and the like. PIBSA, polyPIBSA or mixtures thereof may
. S 7.



15 However, if the reaction is conducted at a tenperature of about 40 C, .
.an average 16 degree of polynerization of about 10.5 is obtal neg2004 The
pol yPl BSA can have- an apparent succinic ratio greater than 1.3, such as

those 18 diwwloesads in U. S. Patent No. 5,565,528, issued poghughgipistd>, 1996
to Harrison and 19 Ruhe, which is incorporated herein by reference inits
entirety. . 20 The reaction nmay be conducted.neat, that is, the polyal kene,
.t he undat wisd belused as a soRént fontheapactinond SaecUs SclatentiNead, 17229 dssuedar e

conbi ned i n.the. prape ti.0.an hen. WA t.
temera&urg?ecmﬁeﬂggai%%&%c%@ 'gé@éﬁ%{ﬁg%%ag%%&}&%%%r tinme, or
al | at @ncesntirety.ADbpending updry thet feeticutsrcioivent emypldyed dbmay or ewyinot @ntérl uent .
'For exanpl e,, the 25 reactants be copbiped,in_a.sol.ven ui e '
Gl vent &1 Teieue rEargoE 26 & R NSl A g Redutif ¥ Flhepi yoRHleS .,
Lnitiatégr ajonpomehie Bapbé stippbddff. acet one, 27 tetrahydrofuran, - chl orof orm
met hyl ene chl oride, dichloroethane, toluene, dioxane, 28 chlorobenzene,
xyl enes and the .Like. P1BSA, polyPIBSA or mixtures thereof may. -7 7 July
2004 W0e01ln4efarabdieé cofivrienadion cah be ihitiated dy sy feeegadizatinitititor. Sueh -

reactio See U. S Patent. .No. 5.1 22 | S 2O, 92 to
Rune. it cHiators ais el Etin Hidhe | FpwRRer e RS of g es MiEatitigat?
Dependi 180 upaybé hflupacdd byiherreactiondampergtire)amployéd.may or may not enter 4
into the reaction as a chain transfer agent. After the reaction is
conplete, volatile conponents may be stripped off. 6 In general, the

copol yn& i ZEtie prefersed foee radical mitatbr arenting Harexdde-feequlymerization titiatorsuch 7

initiatgors arg. well kno in.the ar. t j he. free .}
r adi cal ni?’l“gtf‘sW°M%§'ﬂmevﬁ@03ﬁﬁ%8ﬁ§$¥cﬁéﬂ°ﬂe%§%@%?3"%@ﬁ%‘ie?’ta' ﬁ'ra {eé o
enpl oyed. .th@ rddtion/i€tiesiredd free radical initiators are the peroxide-type
polynerization initiators 10 and the azo-type polynerization initiators.

Radi ati on can also be used to initiate 11 the reaction, if desired. 12 The

‘per oxi di2- t yfie perokideitype inlliatdrean bganganio or inotgagécs the onghsicdayingitbe havi ng t he
13 gen

e I . = it :
sel ected f r%%%nr%liigq'ﬁa g @WL@F\%%53ﬁ%§£%?%%%§g%@rfdﬁ;h€é%§§a%ﬁé&r adi cal .
Bot h R3t4andth&roupaconisisting of hydregércandieinyg efganiqradicat, dbsth Riyanddtacdobe ary|

e e T e e e L

16 substituents such as halogens. Preferred peroxides include di-tert-butyl peroxide,

17  tert-butyi peroxybenzoate and dicumyl peroxide.

18 Examples of other peroxides, which in no way are limiting, include benzoyt |
19  peroxide, lauroyl peroxide, other teriiary butyl peroxides, 2,4-dichioro-benzoyl 'f‘._. }
.20  peroxide, tertiary butyl hydroperoxide, cumene hydroperoxide, diacetyl peroxide, —
21 acetyl hydroperoxide; diethyiperoxycarboriate, tertiary butyl perbenzoate aiid the.
22 like. = o o S

‘23 The azo-type cbmpbunds, typiﬁed by alpha, alpha'-azobisisobutyronitrile, are also
24  well known free radical promoting materials. The azo compounds can be defined
25 as those having presentin the 'mo'lecule group N=N- wherein the balances are
26 satisfied by organic radicals, at least one of whichis preferably attached to a
27 ftertiary carbon. Other suitable azo compounds include, but are not limited to, p-
28 br0mobenzenediazoriium ﬂuoroborate,-'thonidiazo’almihobenzene, p- |
29 bromobenzenediazonium hydroxidé.'iazomethane, and phenyldiazonium halides. A
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17 tert-butyl peroxybenzoate and dicunyi peroxide. 18 Exanpl es of ot her
peroxides, which in no way are limting, include benzoyl 19 pé&rduy 2304
| aur oyl peroxide, other tertiary butyl peroxides, 2,4-dichloro-ben zoyl 20

peroxi de, t b hMa¥s3PuUt Yl hydroper oxi de, cunmene hydroper oxj | acetyl
peroxi de, 21 acetyl hydroperoxide diethyl peroxycarbonat ;ﬂ:&?%sroﬁl/%o y butyl
perbenzoate and the 22 |like. 23 'The azo-type conpounds, typified by

al pha, - al pbﬁﬁatﬂéﬁfﬂo‘ihﬁ@b}p’eﬁ \GoRp 'duhahegnaeeowgsin OlIJfM RmﬁtNmavﬁSfE]mee L adi cal
pronoting materials, azo conmpqunds .can be I ne 25 as t.hgse havi ng
present 4 nissHed R&V&Jﬁé%ﬁ’ éﬁ}g"?‘ﬁlé’%“ah@H%W?ﬁ?%‘ﬁ'ﬁ%@?éf@m “Qgssat i sfied
by orgapi cepfifdheal s; at |east one of- which --is preferably attached to a 27
tertiary carbon. Qher suitable azo conpounds include,” but are not limted
to, p- .28 brompbenzenedi azonium fluoroborate, p-tolyldi azoam nobenzene,
p 29 brdnoTaezaramt of initiatonté zoiploy, drclusiveofratiatien, cfrdursecdgpatidatoai um
halides,_. A, -8 7 July._2004,. Q1/.34663 - PCIl USQ0/.30382 I, suitable.list of
azo=t yp8 céﬂfﬁ%&ﬁ@?ﬂeéﬁ‘eﬁm RIgitiater cfiosen, aligghie Lf’,egﬂl,aé&%,r?eacﬂmi‘ssued
May 8, 6951;?]{:&:&&'\33knﬁa/i]giﬁatu'r@métﬁoficﬁamepbe lableﬁlehﬁltl?ﬁ mab&orr?édiugﬂc‘mé n itfs
entirety. The amount of 'inpjtiator to enploy. exc jye radi.ation, o
cour se, ¥deﬂ§“ﬂs°°ﬂee"§r%'°f‘§%@'t"é r&R LSW%%@%%”??EG?&;)(W?% ‘ﬁ%‘hﬁeﬁosen, t he
pol yal kgne pdp Ridledbihdidi6 rdzRt | with prléfeifitcirhb@its beflleRni0)005: fbAd omaest.,  of
course, be soluble in the reaction nmedium The 7 usual concentrations of
initiator are between 0.001:1 and 0.2:1 noles of initiator 8 per nole of

aci di ¢ ‘geagthepolynvérization Rinfiarsdreanstbe sifitisrityrhifh @break dodn Ghd Mitiator. 9

-' The | ynerization te rature, nust_be sufficiently high tq break down
the | nDi e prodios fhe destpdirsTaOioE. Fot praple, iy herzayl Berorle 385y o

usi ng Benz giatee HRXiedeticiteniierdtird Sarl bab&ivech RBOUEZST Afd dIHPSOW, ur e can be
‘bet ween _about_ 75C and about 90C, 12 preferabl% bet ween about 80C-and about

85C. HlghePrefpmbiydiiween abeutf00¢ and about 857G, Highey anfdawestegiperaliies br oad

range qg t%’aﬁ%@n&msy?ed?%@uaametbmgwt eFfarcy Khind BetivedA Aouti t h
preferred tergrgeratures bet ween about 50C and about 15 180C. 16 The

reacti df pRO%s and abput 200°Gewith praferredhtemneratiiras hetweemabal|50q and gbewle
1iquidqk? a&%. Pressures can therefore vary between about atnospheric and
100 psig or 18 higher, but the preferred pressure is atnospheric.

16  The reaction pressure should be sufficient to mainfain the solvent in the liquid

17 phase. Pressures can therefore vary between about atmaspheric and 100 psig or

18 higher, but the preferred pressure is atmospheric.

19  The reaction time is usually sufficient to result in the substantially complete

20 - conversion of the acidic reactant and high molecular weight olefin to copolymer. -
21 The reaction fime is suitable between one and 24 hours, with preferred reaction -

22  times between two and ten hours.

23  As noted above, the subject reaction is a solution-type polymerization reaction. The
« 24 high molecular weight olefin, acidic reactant, solvent and initiator can be brought
25  together in any suitable manner. The important factors are intimate contact of the
' 26 high molecular weight olefin and acidic reactant in the presencé of a free-fadical -
27  producing material. The reaction; for example, can be conducted in a batch system
28 where the high molecular weight olefiri is-added all initially to a mixture of acidic o

29  reactant, initiator and solvent or the high ‘molecisiar weight olefin can be added B
B N -9-



19 The reaction tinme is usually sufficient to result in the substantially .
conpl ete 20 conversion of the acidic reactant and hi gh nol ecul Aduin@dght
olefin to copolyner. .21 The reaction tine is suitable between one and 24
hours, with PosRsssed reaction 22 tines between two and 4yRRI¥GiHeSe 23 As -
not ed above, the subject reaction is a solution-type polynerization
reaction. The 24 high nol ecular weight olefin, acidic reactant, solvent

and i ni #i afiermaentlyor seatingaustydo tiw eagtion pet. Aligmetivelnihe reRotands mavme

i por t apt  tagibRied iRbfek Biderdt EAAE! i ght
olefin and acidic 'reglgltrgnte?i@rf&t @gsaedrﬁ:'% éc??targgpge'q{%t }"%?% Cl\r‘%”(r?odum ng
mat eri aP. thBigheealesuar waight Qi&ﬁih@ﬂ solvent ibthe remmnmcedﬂlanowemnmes.yst em
28 wherg t Ig‘gb t to a

m xture of IEHi\aecél% I'C %Eﬁgh %@%Hm')tdmﬁe%érdﬁg%ad@%dvenﬁb lr'éhfkt é%‘ 6# nmol ecul ar
wei ght 8| ereact@awtmwum renmvaldtagomooofmmadmwa reaﬁsrmﬁ&@&sz | _
oact anps Sl pSlc R soeR T rd Bk Ra 3G o Boke At L 2 EFEPE ¢ cact ant
and i ni Yi arescterayhese thedebenpdhents diegitided lat oné ar moee pbint aloagitive a6itl sol vent i n
the reaction pot. In another. manner, 4 the conponents in the reaction

m xture can -bé added continuously to a stirred 5 . reactor with continuous.
removal 8of a porfHERROCESHEFOREREPARING RRILALKENYILADVERWMATIVES6 ot her
reactors in series. The reaction can also suitably take place in a

coi | -tyﬁe 7/ reactor where the conponents are added at one or nore point :
al ong t¥e hnthe, Prwatumsspplmﬂemmmepmemmmommamtem:dze In. t\‘he
prepar ggi o ) f ated
D i 1 1 oreaiont b AVRIRCAL I PietorsBly bast To.t, Mool Ingl mi Rl s
pref er dbl yfromhu0:idolded:tatio. is 11 from 1. 0.1 to 4.0:1. 12 Preferably, the
unsaturated acidic reagent is added over a period of time period 13 (such
as fromY2 to 3 hours) or all at once.- 14 The reaction-is conducted with an

excessdf Drefateblyatheinsaiwated asidie reaggnt is iadded ever a peniashpfdime peded i n t he

presengs Osﬁh%grf%gyzatslﬂ.‘a _least sone of the 16 unreacted
pol yal kenetto addi tional jai ke%ﬁon erivative of an unsaturated acidic

17 reagent- This reacti on |s an ene reaction, not polynerization. The

pr oduci4 of Thréactid® iy @relubRa vith éreéﬁerssféf hﬁadi@r%?éd‘a&&rc @5%&11 apbrlygged

thermal PIBSA". 19 . The tenperature of reaction in e second step
(the ehd rCRReraresdathe piepencref a stong wdt:,o eQnvge at least semb|of the he

t enper ¢ ur ﬁnrieactetirboi))&ﬁ(ehé'wﬁdﬁiioﬁalwyaﬁ@nﬁl%e?ﬁ%e of an unsaturated acidic

17 reagent. This reaction is an ene reaction, not polymerization. The product of this
18  reaction is referred to herein as "acid-catalyzed thermal PIBSA".

- 19 . The temperature of the reactlon in the second step (the ene reactton) can vary over
20 .awide range. Preferably the- temperature is |n the range of from 180° o 240°C
21  The pressure can be atmospheric, _sub—atmospherrc, or super—atrnosphenc.
- 22 Preferably, the pressure is super-a_tmcspheric_ | | |

23 When the reaction is complete the unreacted unsaturated acidic reagent is

24 removed. Preferably, the reactrcn medlum is cooled as soon as the unreacted

25 unsaturated acidic reagent has been removed The reactron product may contaln
26 some tar or resin which is beheved fo be polymaleic anhydnde by-product. The

27 insoluble portion of this by-product can be removed by fi ttratron but some may

28  remain in the product as a soluble resin. '

_1 0-



21 The pressure can be atnospheric, sub-atnospheric, or super-atnospheric.
22 Preferably, the pressure is super-atnospheric 23 Wien the rieddy 200 i s
conpl ete, the unreacted unsaturated acidic reagent is 24 renoved..
Preferably, the-reaction nmediumis -cooled as soon as the unreacted 25.
unsat ur at ed %%ﬂ ?eagent has been renoved.. The reacti oPGFBHWSS2NAY
contain 26 sone tar or resin which is believed to be pol ynal eic anhydri de

b duct . ' db
DY oGl o i s RSB oBEE R Bl Sl P 3B D
-10 7 J@y b:ei)ﬁﬂlhmaBMB metuassbe/aa@e&agetm rtmlsmmgjzedﬂaetammt eb process

9 i o 4 VgHELO0 pEREHENS | ORe el AERAN YRLEN S iERod pBE RN oo

90-95% This van NI m zes
pol yal kehe ma'eeeettfe \nsxiosr_ty:ata dmpemaodatnonstamt airogenl lgvelsy efidrereguiriagdse t o - 4

increasg t LSC of . TS L3 at_constant nitro often
oqui 1R CRAHEES ot cosfl AhEBEAT ” FosHreS R ivaRfer be i Hie b BBt
inventi @ pler noy dilueheoil) ae wadll agqsrevidﬁilg(mgheil(m}lhzﬂtabue:ﬂthedelyalmeWe| | as

provi ding higher utilization of the pol yal kene. 7 PROCESS FOR -PREPARI NG
PCLYSUCCI NI M DES A pol ysucci nim de can be prepared by reacting the

pol yPl BSAl aci d- cat al yzePROCESSTEOR ARISPARING 8O YSUCLIDHMIDES t he present
invention with either an anmine or a 10 pol yam ne, under reactive
conditions. The amine or polyanine should be 11 enpl oyed in anounts such

t hat thdre &pelyeummmldp @mpwamw @ac@nd the p@wmasmbydmtaiezqtbr
Pl ;B}Xa lme‘{(lt utir:% Per gﬁ?ﬂ@é gtdau}.@& n? %@eh Ig\gn ﬁﬁh %l'tK% eas%mﬁ‘? ree
r ogetd 14>Qiyammeamde¢ reac_ttﬂé coadmams aThmsmnne]:ﬁ p_o%mrde?shcﬁﬂd bd9 20 21 22
11 employed in amounts such that there are 0.1 to 1.5 equivalents of amine or
12 poiyamtne per equivalent of acidic groups in the polyPlBS_AIacid-catalyzed thermal
‘t 3 PIBSA mixture. Preferably, a polyamine is dsed havi-ng at Ieast three nitrogen
14 atoms and 4 to 20 carbon atoms.

15 ltmaybe desirable to conduct the reaction in an inert organic solvent. Optimum
16  solvents will vary and can be determined from Iiterature sources or routine

i7 expenments Typically, the reaction is conducted at femperatures in the range of
18  from about 60°C. to 180°C preferably 150°C. to 170°C. for from about 1 to 10
19  hours, preferably 2 106 hours Typically, the reactlon is conducted at about

ST
R
M

20 atmosphenc pressure; however hlgher or lower pressures can aiso be used
21 'dependmg on the reactton temperature deswed and the borhng pomt of the
22 reactants or solvent.

23 Water present in the system or generated by this reactzon lS preferably removed

24 from the reaction system dunng the course of the reactlon via azeotroping or
25 drstltlatlon After reaction oompletlon the system can be stnpped at elevated

26 temperatures (typrcal!y 100°C to 250°C) and reduced pressures to remove any

27 yolatrle components that may be present in the product.

28 An amine or, preferably, a polyamine is dsed'. Preterably. tt;e_oolyami_ne has at |

29' least three amine nitrogen atoms per molecule, and more preferably, 4 to 12 amine
-11-



It may be desirable to conduct the reaction in an inert organic solvent.
Optimum solvents will vary and can be determ ned fraomliterat{iJuy 8004 ces
or -routine (ﬂ]erl nments. Typically, the reaction is conducted at

t enper at ur es MAPIBHES r ange of from about 60C. to 180C., pr efcmabins®50C. t o
170C. for fromabout 1 to 10 hours, preferably 2 to 6 hours. Typically,
the reactio |s conduc ed, at,.about, at.nos ric pressur I gher
or 1 ower prieedn SEE e WS ter e R Ao Y B BER Tl 2t or e
desi r ed 2anditrdygenleioms per peileduledf .the reactants or solvent. 23 Water,
present in the systemor generated by this reaction, is preferably rermved

24 fromthe reaction systemduring the course of the reaction via
azeot'r oBi ngPreferzd piyatkeine polyamings aleo coetain fram abourpd BIE@)narbbhetqmst em can

be stripgpe , 2 and
reducedgpr %ggﬁkaeg}lﬁ%'%ﬁfe%oavégrgéﬁgpﬁé 'Ir%@fléié@% a.h?] %%1 '% ﬁépa%ye pr esent
In the pr odlastacaZBorAto-altmgm mtl,o g fiefen Akibyi0: B poI yarine'is used
Preferably, the polyam ne has at 29 |east three am ne nitrogen .atons per

nol ecul e, and nore preferably, 4 to 12 amne -11 7 July 2004 WD 01134663
PCT/ US06/ 3¢3empleswitsudgels polamines thatitan bawsed o fofta rtlneeelummmpﬂasmmmes

h d
ol yal kiine EARYA bl 3 otoufic | BRGRNTRER R S dyiend FEeRihe
preferaBly Bmﬁfmﬂtfrea?ypalylammea(l\du#ﬁOBeaveﬁiaIklelfmmeDuwiCtherﬂ'bal Caopaayr i ne

01 “sui ot £y RSN HEA-Rik-RePthfinedvbtr i Al bm B o T s

| nvent i16n |0urbuaﬁorh)hesdohlﬂdymﬁges entomeissyisamerspsuthans ranciebdtagi hyl ene:; 9
hexami s

=30 | abl-e f
Chom cai” oBmYARES. and aubetited R ARG, s R Sepby sRupeHbledh 275,
avai | alipe fpotyaiiiiés HIGADDh6lEy pdﬁnﬁﬁél@@ﬁﬁlﬂs@iﬂaveﬁét}‘ébm Y&nBRY @Bconpass

[ somarﬁ such -as,branched-chain 11 pol yam nes substituted pol yam nes,
i ncl udi ?Ig RIS BiegEN 2t PRt MPegUIe? pol yani nes.” HPA- X heavy pol yam ne
.contains an average of approximately 6.5 13 amine nitrogen atons per

(ypi callfy TEIPHErEe SRS Mt 8 Soolfimoris pRavE el Wi et whdire
pol yanilges of Eympcmhdsyreﬂé&tmngnﬁméueiarboﬂ;ﬁmn@sy apieallyithe ch@mrdiaIXt ure in

whi ch e or, seyeral Qunds, pr.edom nate wth
% polyamine will be rr}')nlxture m%vh?c one or several compounds predominate with

- 17 the average composition indicated. For example, tefracthylene pentamine
18 - prepared by the polymerization of aziridine or the reaction of dichforoethylene and
19  ammonia will have both lower and higher amine membere e.g., triethylene
20 tetramine, substituted piperazines and pentaethylene hexamine, but the ;;.:;-_'5)
21 composmon will be iargely tetraethylene pentamme and thé empirical formula of the
- 22 total amine composmon wilf closely approxlmate that of tetraethylene pentamlne

23 Other examples of suitable polyamines include admixtures of amines of various
24  molecular weights Included are mixtures of diethylene triamine and heavy
25 polyamlne A preferred polyamine admrxture |s a mixture contalnlng 20% by welght
26 drethylene tnamme and 80% by we:ght heavy polyamme

- 27  Ifanamine,ie., a monOarriirie, is employed, it should be a primary amine,
28 secondary amine, or mixture thereof. Preferably, the amine will have at least 10

29 ~ carbon atoms more preferably between 12 and 18 carbon atoms Although
.. ~1 2- K i .



17 the average conposition indicated. For exanple, tetraethylene pentam ne
.18 prepared by the polynerization of aziridine or the reacti @nlubf2004

di chi or oet hyI ene and 19 amonia wi Il have both | ower and hi gher am ne
menber s, triethyl ene 20 tetram ne, substituted pi perazines and

pent aet hy| eng" AR ne, but the 21 conposition v, 411 be | XCHAI30382
tetraethyl ene pentam ne and the enpirical formula of the 22 total am ne

CoNposi i Ogrthhét'i £rJntP1§ bqyat%)érﬂé St ;E*b?éffeﬂféd 1 géé é\fﬁ:&gﬁé it REH ne. . 23

O her exanple sul nes i nc m Xtures o am nes of
vari ous2 2satwsdted @hd ungeiugated amines oaete @rrmio‘mexdt (Rreferred agiiresintiode

‘triam ng' a m

it ur eScoRtR e Ry BRREL LG BphE ooy FRLAE AR HOUTAE Lo g
heavy pol yca,ructadecytammé awdtdodeoylamme eAn eaamnptecxzfra Mablelmtxm“qabbgmd\,es it
shoul d mone, or mxture i

P of er ably > BiaTERe 3 e 2o0PER8 PRl B oS babi et Pl oG -
preferabl yahdte®en 12 and 18 carbon atoms. Although -12 7 July 2004 WO
01/ 34663 PCTI US0050382 1 aromatic amines may be enployed, it is preferred
to use aliphatic amnes. Both 2 saturated and unsaturated am nes may be
enpl oyed- Migheasraanentangses and polgardings inphyabe usest: i Also )POQWY@lsylerE(arrpl es- of

suitablg a C | L& t

dodocy! B REVERIAHY SSaril, P b B laf y S o HAEE AT o

t al | onwa@i nemiterigsrold edr 3lss be suddglusedt ure of am nes conprised mainly of
Cl-8,6 amnes). 7 Mxtures of nonoam nes and pol yam nes nmay be used. Al so,
poD/oxyal kyl ene 8 pol yam nes (for exanple, materials supplied under the
trade A@ne Jeffam ne) HROGESHIOR FREHPARINGPOLYESHERSUI t abl y used. 10
PROCESS FOR PREPARI NG POLYESTERS 11 Pol yesters can be prepared by réacting

t he pol yPI BSAl aci d-catal yzed thermal 12 PIBSA m xture @r oduced by the
pr esenfl1i nPolvestais g he prenargdby rensting theeralyRIBSA/acH-esiabized tesmalThe pol yol s

have thg f@‘lﬁi#k@mﬁugéﬁ] duc&ﬁ‘nggéﬂtegfreﬁéné%ﬁ%ﬁgﬁél&%lfot dfnﬁgt Fe%'ctn d xis an

I nteger representin e nu roxy radical's “an val ue of
'from 2180 gbuditions. Tehpolpals have ttm'feﬂnlulat&t“tpldhmmen R '@s@hydiafcaram carbon 16

St o 137 SR o BBy RSl ofni o e il ool =
pol y( ofd§al kyluercs frogl § tmblodudh Tae polyols preferably contain less than 30 carbon
16 atoms, and have from 2 {o about 10, preferably 3 to 6, hydroxy radicals. They are
17 illustrated by, for example, alkylene glycols and poly(oxyalkylene) glycols such as
18  ethylene glycol, di(ethylene glycol), tri(ethylene glycot), di(propylene glycol),
U0 19 tri(butylene glycol) ‘penta(ethylene glycol), and other poly(oxyalkylene) glycols
s 20 formed by the condensatlon of two or more moles of ethytene giycol pmpytene
21 glycol octytene glycol ora like glycol hawng up to 12 carbon atoms m the alkytene
22  radical. Other useful potyhydnc alcohols include glycerol pentaerythntol 2.4- '
23 hexanedlol pinacol, erythrito!, arabitol, sorbitol, manmtol 1 2-cyclohexanedlol
24  xylylene glycol and 1,3,5- cyclohexanetnot Other useful polyols are disclosed in U.
25 8. Patent No. 4,034,038, issued July 5, 1977 to VogeI whlch is :ncorporated by
26 reference in its entirety. |

- 27 tEsterification can be effected ata temperature of about 100°C to about 180°C,
28  preferably. about 150°C to about 160°C., Ordlnanly, the reactlon is camed out at
29 substantlatly atmospheric pressure, although. pressures above atmosphenc may be

30 employed with more volatile reactants. Usually, stoxchlometnc amounts of
' -13-



18 et hyl ene glycol, di(ethylene glycol), tri(ethylene glycol), di(propylene
glycol), 19 tri(butylene glycol), penta(ethylene glycol), and 7oiue2004 .
pol y(oxyal kyl ene) glycols 20 fornmed by the. condensation of two or nore

nmol es. of et hwiosaadsegd ycol', propyl ene 21 glycol, octyl ene glpyGalsesgisza |i ke -
gl ycol having up to 12 carbon atons in the al kylene 22 radical. O her

A £ il o 0 T R e
G hermar e 1. e B S ’asgﬂgeaaéafﬁ aroLtion 0341_9\;5?.
er use olyols are disclqsed ip U. . . _Pa : ,
i ssued ‘ul-t)j’pggcfféﬁ‘-dtlge%e U E‘??GBE"F, ?%raéldé@?%ftﬁér? _éis‘é’f’é‘?fg'@ inits

entirety. Q7SEPhRhtNoCRHES6868sA RbTntic®, A064td BAIPEr &Il Whictois about  100C
to about 180C, © 28 %r ef erabl y. abouyt  150C to.about 160C.. Odinarily,.the
‘reactioh i §cemorated by refegancedn ¥5,884EM i al | y at nospheric pressure, al t hough.

pressures above atnospheric may be ' 30 enployed with nore volatile
PCFI USh) 30382 1 1 eact ant BOSENBEBTUFR OF FOLYHcEMMIESoe run in the -

: react an : e run in the
absence of a catalyst, or 2 in the presence of an acid-type catal yst such
as m neyal zaci - sul fonj i . .aci . | j ke,

Sui tabi e r TR EBRrRliy B8 BRuRa by bf din dventBR iR et eBbrh SR bt ent
No. 3, 165, bpfeactions with dNycherbaboRate 1 Ditel resaltify ipobt-tredted produstihahons oS

I ncorporated by.referepnce in its entirety.. L9 .10 11 POST TREATMENT OF
POL vSUd NRFBREOgRES G B8 aolamie Gilet Sissiied M s AT Sspd e R N | on | s
~generaf0y éxyfdattsinyl, & C?dm(oma@wn@powchhao@ywqiyhmwmnate- The -2
resultjng B{()qst-treate Pro uct has one or rmr? ni trogens of the pol yanno

moi et y!supBYqrepalyieneprivionaliniere). o) Bdeethgteot.oxy car bonyl , a hydr oxy
pol y(oxyal kyl ene) oxycarbonyl, a hydroxyal kyl ene,

hydr oxy.al ky] enepol y(,oxyal kyl ene or. mxture, thereof. .12 The .cyglic
o bonth o TREBHB TG Pl iiatmedtinSoatisica it BPbvtod Ffiasdie' o
13 cause reaction of the cyclic carbonate with secondary amino groups of the
14 polyamino substituents. Typically, the reaction is conducted at 'tem'peratures of
15 about 0°C to 250°C, preferably from 100°C to 200°C. Genefal!y. best results are

16  obtained at temperatures of from about 150°C to 180°C.

17 " The reaction may be conducted neat, and may or may not be conducted in the

18  presence of a catalyst (such as an acidic, basic or Lewis acid catalyst). Depending
19 on the viscosity of the reactants, it may be desirable to conduct the reaction using
20 aninert organic solvent or difuent, e.g., toltiene or xylene. Examples 6f suitable
_21 ', catalysts include phosphoric acid, boron trifiuoride, alkyl or aryl sulfonic acid, and
22 alkalior alkaline earth carbonate. | o '

23 A particularly 'prefen'ed cyclic carbonate is 1,3-dioxolan-2-one (etﬁylené carbonate)
24 because it affords excellent results and also because it is readily available
25 commercially. ‘ ) ‘

26 * The molar charge of cyclic carbonate employed in the post-treatment reaction is
27  preferably based upon the theoretical number of basic nitrogen atoms contained in
'28  the polyamino substitutent of the succinimide. Thus, when one equivalent of

| 14 :



13 cause reaction of the cyclic carbonate with secondary am no groups of
the 14 polyam no substituents. Typically, the reaction is condubiye2D0d4t
tenperatures of 15 about OC to 250C, preferably from 100C to 200C,

General ly, b‘%ﬁélﬁg" ults are 16 obtained at tenperatures of from about 150C
to 180C. 17 ction may be conducted neat, and may oPCHH{0HIS2 be
‘conducted in the 18 presence of a catalyst (such as an acidic, basic or

Lewi s agi decidlefylte)pentRRRBE r@cted Wit tiwouiiaft®s bt duceinid Ahydrasi@at s, it
may be desirabl e to conduct the reaction using 20 an _.inert organic solvent
or dil uént [eséﬂggzb'%WQEmld&W&ﬂ]@f@!cawiﬁ§hf8f3.t_’§t§l°t'ﬁ‘15¢€l?“2q_t°ﬂ"§t al ysts
1 nel udes Phagphiaingfy, &Fidlar SR afib ok bWl RuBé ik 16 A ofelioni ¢ aci d,

cal 1. 0f "a t Iy

and 22 al kal 1 ne ear carbonate. 23 A particularly preferred

cyclic 4ar bemanateibe added dorpashchesic nitiegere ohifl thisccasa Bopales @F cvelie because i t

af f or dsg eXgehbait: thesidntmod Ppﬁ'@ b il eadi! jdiabl e 25
c'omrer'c?al F@hb%ﬁ#ﬁg m)lrg?lgc 5?’3@8 C.y,(k:'l@ ?glh%ap@é%g%%&)gﬁé@é%géi n the post
treat nefit catbonatero iy baskyaminedfitcogenl gre iypieally ipthe nahge ohffomeatiogshlt:Ifonber of
basi c nitrggen -at.0ns ' 1 ,Dey. e ol yam no substitutent of the
succi nlmim dg‘gg‘?rﬁgﬁi@;ﬁ%ﬁﬂ%ﬁ&éﬁ%ﬁﬁp%ﬂé‘ﬁf"‘{’g‘?’__ﬂu 7 July 2004 WD 01/ 34663

PCT/ US00/ 30382 tetraethyl ene pentamne is reacted wth two equival ents of

succini g a ' i S SUECT B YV gy tically
cont ai nst h?ﬂ%%h’gg?céﬁfﬁﬁefﬁ%ﬁn giogrrruéﬂm g“’%‘é@@r’ mc&%ﬁ Wae dr(rjgl&—g'r%&%ﬁar ge ratio
of 2 wo%l dcempositiensidescribedbabaveesamélse pelreacted withitiodn acd dia sinnded f or each

cqul vafont BERR ooflipddld 1 toim i fiell dipeBan ha P Uy wiRR I Bidhe g, 01 ©
basi ¢ am ninvaniorodamddition tty bonaadig, éxanples ofsuijablefboforocorapouridsindudes 7
about ‘1112 L ngro%fo%c%bsl. orul?l%]i ebsoalljrgd gété‘rsto(? b%rqg %id.3 :d'éne?ally}gomlajbou} 8.1 13 14

13 equivalent to about 1 equivalent of boron compound per equivalent of basic

14 nitfogén or ﬁydroxy! in the compositions of this invention may be employed.

15 ' LUBRICATING OIL COMPOSITIONS AND CONCENTRATES

16  The compositions of this invention are useful as detergent and dispersant additives
17  in lubricating oils. In general, when employed in crankcase oifs they are usually
1_8 present from about 1 to about 10 percent by weight (on an actives basis) of the

w~ 19 total composition, and preferably less than about 5 percent by weight (on an

) 20 actives basis). Actives basis indicates that only the active ingredients of this
21 invention are éanéide'red when determining the amount of the additive relative to
22 the remainder of a composition. Diluerits and any other inactives, such as
23 unreacted polyalkene, are excluded. Unless othierwise indicated, in describing the
24 lubricating'oil and final compoéitions or concentrates, active ingredient contents are
25 intended with respect fo the boly#udbihiniides. -

26  The lubricating oil used with the additivé compositions of this invention may be
- 27  mineral or synthetic oils of Iub’ricaﬁné viscééity and preferably suitable for use in the
28 crankcase of an internal combustion enginé."-Crank'case Iubricaﬁng oils typically
29 have a viscosity of about 1300 ¢St at 0°F. (-17.8°C) to 22.7 ¢St at 210°F. (99°C).
30 - Mineral oil for use as the base oil in this invention includes paraffinic, naphthenic
' ' -15-



The pol ysuccinimde conposition of this invention, including the post
treated conpositions described above, can al so be reacted w thiupe0e4 aci d
or a simlar boron conpound to form borated di spersants having utility
within the s®sh®sé63this invention. In addition to boric peigsessgnpl es of
sui t abl e boron conpounds include boron oxides, boron halides and esters of

boric acgid. eral.l fromabout 0O ui v Ien to ab ui.val.ent of
or o o anfl s i Jigt ot Gronaaty vk n TohcARog Bl oheRd i, Joyitet s
conposi i omgclgde bdth hiydrdcambheynthalic bits am)hwadnc dters UBSefA Bl iiReld L

COVPOSI IO\IS AND . CON NT JTES The c sitions of this invention are useful
as dot ePgeWIERarEn DRbATEreVa SIPHE plefE: b e PEPRYl VSRS Bener al |

when enpl oxeeéecrauy:ﬁ@ﬁﬂ@@me)wcﬁogéreue@r@.waug’ﬁmyrs dPCRE6 U, dipRaoRAAst 1 to
-about 10 percent b (on an actives basis) of the total- conposition,

and preﬁer&HF‘}aﬁéécﬁﬁﬁ %od#k@"ﬁ%raé'%PeWﬂ%l‘{jﬁf"RﬁbM’sﬁ?ﬁ'Wé&‘Ph\?@5 basi s) .

Act i vesgbagfidhde mﬁ'déﬁ&@r% ézhﬂ&e Qé‘éd’ UQ@fuﬁﬁn'tWéilc'é%%ﬁmcﬁﬁesthefesféﬂé of bétAvVention
are consi der ed det erm ni ngl he anount of the additive relative to the

remai ndér ronecatheyvis agidsandpe we,arb@xvérﬁacmﬁsmﬂeas mmhudr@@ alicaneats as
unr eact gd %ﬂh?@iﬁﬁ%%@%ﬁ%ﬁrgg% d.yeb&fyrcg“@g ts%ﬁ rfate,

describing t atin and r concentr at es,
acti ve Bngdédietimihexyhadipats, drleelrylmha@ﬁtﬁeand/\lheﬁlkeeﬁomﬂiex estetseprepared

pol ysuggi n i
Compos P ofiont ibyreS of fbneithl REbBRIElLid et Hnd BBV BlBole ca
| ubri cddi nglsoitzressd y and preferabl y suitable for.use in the 28 crankcase
of an internal conbustion engine. Crankcase |ubricati ng oils typically . 2b
have a -viscosity of about 1300 cSt at OF. (-17.8C) to 22.7 cSt at 210F.

(990) . 130 Rlendsaf hydfocatonile and syhthelia olls aiel alsmusefils Hanexampls blemdrsudes

par af f i Cy 82 1 and
ot her glg| S Eg?@gﬁe Orihépeﬂc@nffﬁd&é%e{mgdh rctlg'g:'%@ I'ng or{: céoﬁg/?@ﬂgns

Synt hetldc @ercent 250 BHISUAB0NO) :lmrte]alrcrﬂcglvdscnn axodflemttlutricatihg odbdsasynt het i ¢
esters. Useful synthetic 3 hydrocarbon oils include polyners of-al pha

‘ol efins _having the proper viscosity. 4 Especially useful are the
hydr ogdfat &dher agditives mrgzhmas befpresent in bedomnyatiordneliiadetergenisich as

1-d -
i doqedd) (ieBlsa drid i Sferb A, nafRAGRGR, RlarP bARAD! HEASRILIRHGS, B ©
of botHA7 7 pnunpmatdnprqsaanteaantﬂwadmus pmqramnbmoryl dinc dithiopphagphadeb land <

aai pat 0 periduS BReT BN RiRw PRl o) ° e o e e

19  Hisalso contemplated that the polysuccinimides of this invention may be employed

‘20 as dispersants and detergents in hydraulic ﬂuids marine crankcase lubricants and j
21 thelike. In general, when so employed, the polysuccrmmlde is added at from 0.1 fo
22 5 percent by weight (on an active polysuccrmmrde basis) to the orl and preferabiy

23 at from 0.5 to 5 weight percent (on an active polysucclmmrde basis).

24 Additive concentrates are also mcluded within the scope of this invention. The _
25 concentrates of this invention usually include from 90 to 10 percent preferably 20

26 to60 weight percent, of an organic liguid dll_uent and from 10 fo 90 weight percent,

.27 preferably 80 to 40 weight'bercent_. {ona dry basis) of the addrtive of this invention. '
28 Typically, the concentrates ccnfain sufﬁcientdiluent to make them easy to handie

29  during shipping and storage- Suitable diluents for the concentrates include any

30 inertdiluent, preferably an oil of lubncatrng vrscosrty SO that the concentrate may
_ -16-



9 di-2-ethyl hexyl adipate, dilaurylsebacate and the |ike. Conplex esters
prepared 10 from m xtures of nono and dicarboxylic acid and rfohdy 2004

di hydroxy al kanols can 11 also be used. .12 Bl ends of hydrocarbon oils and
synthetic- oiweemssgsal so useful . For exanple, blends 13 ofpctfsbeRerz? Wei ght
percent hydrogenated 1-decene triner with 75 to 90 wei ght 14 percent 150
SUS (100F.) m neral l'vpgl ves an excel lent lubricating oil base. 15 O her

addi ti vés beireadirayixedwith dubsicatingoiisie preparg lufiricating it corppogidens: gent s 16
(over baged safignia ?.gbrf&xﬁ@asﬁem.c%wﬁbe'ueaa Bk dRbénts ftﬁﬁéﬁlly RO Viseb S Sitied tal

deacti vat ors, our ol nt epressants, antioxid wear itors,

.ZI nc di8hi ﬁpﬁh@@gﬁ&mam 1800 &8t ah@"iFe{‘W(Bf’CbﬁOrﬂ-i?r?ﬂﬁt at &?Q?MQQ?.@ tives. .19
d f thi t b
S agsoﬁg%uﬂ&]gﬂuﬁmlnﬁggggﬁéygen My des .o i's invention may be

enploye persants a s In hydraulic fluids, marine
crankcase lubricants and 21 the like. In general, when so enployed t he

pol ysucgi-ni mde is added @ief coOMPOSITIONS’AND (I?GN@‘ENTIQMTEQ' ght (on an

active polysuccinimde basis) to the oil, and preferably 23 at fromO0.5 to
5 wei ght percent (on an active pol'ysuccini ni de basis). 24 Additive

concentgat gBhat @sedd i fuels) Ghe Prspeticbicdntialién SEPRdAitivethat is R¥esdsafto The 25
concentrates,of this invention usually include frogm9Q to 10 '? cent,
[

pref er abl y aghjeve the desirgd d@@f@?ﬁ%@ﬂ@%@ﬂde%ﬂp%a&@%\% faqlefgilne ing @ and
from 10gt o Qaf‘fﬁ’él%éd gﬁéfﬁégencet%ﬂo%?ﬁ nfs §|0d1§ rQQnts‘H?'oﬂJ@r percent, (on

a dry- basis tive of I's 1 nvention. pi cal t he
con}cent Pat agd @m th @meratkv dawever, theignge of mntrﬁmﬁ @Ea%ly aa%mgwtr@ 29
ng4ghi i ncl ude
iy 56 197 BESS AR OGN wekht Aepa i refinty onf 8055000 paRs! 1L
t he coiltenpeamiliorngf the addﬁlvaulfpﬂm@i&tﬁmlﬂ& aB1pEsSentPaledse aueustef thebe

composi 2 opddits iy HENSeE” ThikhdivBs Was it SR HeFot Wiy 601 2o el ¢
t ypi caﬂBy caneeniiats; asingiapsiner stable dleophiligysolverd ipoiking irt Trieaaﬁge BfrabautOF.
Vi scostPy dahapts BnFepf O iR Hnis BBA BaroirBer R8s od 1

fuel s; 16 h e raigep Prefaratiy cni sliphatkaopén himaMyﬁrmrﬁdl%olv@t mseamis saghto . 7
'achlev

t he desired eter S nt upon.a vari et factors.
el ol R HeypEte foHERP. XN orTEesPeuEA BRI Aot FipefS o
di sper gant Nupﬁattbtdl@dho& &fcbout 3@68 caftfon dteme! sitdhyas iBepYepanol, t he range of
concentgat rt1) i the additiv t he

isobutylcarbinol, n-butano and the Iike in combination with hydrocarbon solvents

19 are also suitable for use with the fuel additive. in the fuel concentrate, the amount
_ 20 of the additive will be ordinarily af least & percent by weight and generally not
o ) 21 - .exceed 70 percent by welght. preferably from 5 to 50 and more preferably from 10

22 to 25 weight percent.
23 } . EXPLOSIVE EMULSIONS

24 Inone emquimeﬁt, the invention is directed to wate;—in;oil emulsions that are

25 useful as explosives. ;Th_és'e emullsipns comprise a discontinuous aqueous phase

26  comprising at least one oxygen-supplying mmp_qnéng_..a continuous organi_b phase
7 27 pompn'sing at least one carbonaceous fuel, and a minor emulsifying amount of at

:28  least one emulsifier. - The emulsifier comprises the product produced by a process

29 comprising (a) copolymerizing (1) a polyalkene containing alkylvinylidene isomer

30 = and non-atkylvinylidene isomers and (2) an unsaturated acidic reagent under
e qT-



10 base fuel is 10 to 10,000 weight parts per mllion, preferably from30 .
to 5,000 parts 11 per million of the additive. |f other deterfény 8064 e
present, a |lesser amount of the 12 additive may be used.. The additives
descri bed heW&ioW3483 be fornul ated as a fuel 13 concent r atcarusdgiong an
inert stable ol eophilic solvent boiling in the range of about 14 150-400F

(65. 6- 204 4 Preferred,_ sol vents boil in the gasoline or diesel fuel 15
r ange. Mmrgza tigmeodiigng in Eleomreaﬁn%ef@fr%%mﬁ%ﬁb sRGURtNEs used,

such 1@ aprédiRe BESEs §aﬁﬁiwmensatu+a¢étfaaalchéﬂ§@ﬂabelebat@a t8PERItieSn O
aromatlc t hi nners. hati ¢ al cohols of about 3 to 8 carbon atons,

such as 3i sdie aressnee oflgsﬁr@mm@ |angt 63 Fraicting thesproduet of sigpb) Méth|anyaonia
.combi nayi oy fdastoril! &pfebon solvents 19 are also suitable for use with
the fuel additive. In the fuel concentrate, the amount 20 of the additive
will be ordinarily at |east 5 percent by weight and generally not 21

: exceed 570 TS eRAteriisiont 88 usedPheicdi Alfers 1o h@ﬂbﬁ?&@t&%@ﬁl énimsien et erably
from10. 22 to 25 wej ght ercent %’Eﬁ EXPLOSI VE EMULSI ONS 24 | n_ one

embodi mbnt a1SheMpanfions dghved from ch SNUITIONRWBPISTh 26 {MBRIAIKPEAEOMhat ar o
25 usef gl %ﬁatedti\}hﬂﬁiﬂ'ié%mum&?ﬁ.fSﬂﬁéé'tﬁ@ﬂls%@ﬁm{doﬁgphﬁs@'issé‘dﬁatdrms’foﬁﬂueous
phase 26 caonprisin east one oxygen-supplying conponent, .a continuous
or gani ¢ 8ph#¥ éropﬁs egﬁwqr@ﬁ@d&nuqdeéﬂus tana alse Bevers compositiens derved rom nor
enul si f gi ng, te&’ %Bch water- ol efRifsiGiLhat él‘eeiﬁz:h #b‘?mtﬁrﬂéia%hf:@é Oporrprl Ses
the product pro uc y a process 29 conprising copol yner|2|ng (1) a
pol yal #6ne scmﬂgalatmmgs cothpgsitionsy | i dene isomer . 30 and

non-al kyl viinylidene isomers and (2) an unsaturated acidic reagent under}J
-17 7 JuI 2004 WD OI/34b63 P CTI USOO 30382 1 pol ynerization conditions

i n t he 13r e ddgce@niinuqustrganie phassis nfﬁfemtdy Brese(lbyt g @aeltqf@g laagb2%bYor oduct of

step (enz Wﬁé?g@mnuf@ﬁref&ra&g% 91@;9 asmtzwto %cﬁﬁ%?ﬂbﬁ@gfcé‘tﬁi g@&ee in 3

t he presence © strong a reactlng t proodu step (b)
wi t h arffdonipseferbly inghe rmmtof@hgute@;ﬁ to aheut 10%hy weight imare paeferabli her ei n
refers 0 o ns ‘derived
from sulgh e%(rﬂr%’r]fs) Sﬁg%g%%%y%%'g@rﬂgsera ures l‘Pe'a’l‘@Rt '%ﬁch t he

enmul si dh i 9rmdslnmd]'he discantineons iaqueoss pitassds psefembi}cpreseutrat 1aHeveﬂ of at of
from o 18 s ABRIEE% BY waidtt, Horelleforty A AR BE A dha bBR3oT o m of
gel at i @dus about 989 byavaigldcinate preferabigrabost 92%rte about 95% by weight based
18 on the total weight of the emulsion. The emuisifier is preferably present at a level
- 19 in the range of about 5% to about 95% by weight, more preferably about 5% to
20 about 50% by weight, more preferably about 5% to.about 20% by weight, more
21  preferably about 10%.to about 20% by weight based on the weight of the organic
22 phase. The oxygen-supplying combonent is preferably present at a level inthe -
23 range of about 70% to about 95% by weight, , more preferably about 75% to about
- 24 92% by weight, more preferably about 78% to about 90% by Weight based on the.
25 total weight of the aqueous phase. The water is preferably present at a level in the
26 range of about 5% to about 30% by weight, more preferably about 8% to about .
27 25% by weight, more preferably abott 10% to about 22% by wetght based on the
28  weight of the aqueous phase.

id

29 The carbonaceous fuel that is useful in the emulsions of this invention can include
30  most hydrocarbons, foe example, paraffinic, olefinic, naphthenic, aromatic,

~18-



11 The continuous organic phase is preferably present at a | evel of at
least 2% by 12 weight, nore preferably in the range of about 2%y 200dbout
15% by weight, nore 13 preferably in the range of about 3.5%to about 10%
by weight, nore preferably 14 about 5% to about 8% by wei ght based on the
t ot al . wei ght ™l Hf““%‘?@ water-in-oi | 15 enul sion. The di scont iPQRGISENAATRIEOUS
phase is preferably present at a |level of at 16 |east about 85% by wei ght,-

more prefer f. 98% by
wei ght, ?rmr gmf#tg era aeh\ﬁ%h @c@@%rﬁ;@ﬁ%@gﬁgs %@L{/%@é as ed“?\Qﬂgé on the
total wei glor aamxmtmttemdfsImgenerabirw@arbomacaous fugdiscd mhlympsmiﬂe,nt at a

about s t SOAREHAEARERGERER e i ghref AU idchRe 46 RBoerdISORRE 720t

by wei ght , abouids°X, apdq:‘refeeetblwbeihmh about 407 G\laudlabﬁﬁ%%’;c V\ellgfrbmtms ed on

the weight of th The e u n ne |s

br et or adl'y vBret B soUrEeS, ety RARER and 3YpEiRE o ShEBIRLARHREBEREHe o506 by
wei ght , 8, nleéaptief erbbhacsabotfitel75% t 0 about 24 92% by wei ght nore '
preferably about 78% to about 90% by wei ght based on the .25 -t-otal weight

of the aqueous phase. The water is preferably present at a level in the 26
range o¥ alaturabddstincladeanined vidbhandwéegsiable wis,caswell as sdlirgntaglingd @% t o about

2l B Helcdbaed iR ik oF i Ha Rl naRiihbfioR? Rifediidtufific BihiifentE o e O7
ESSI gL Bgotrt]jgmse drmlssieuned ﬁbntd;urator shamare)a(sao aﬁ?ﬁéxhCSyJﬂb?]t;@hﬁlsrimﬁmde e
18,7 B o W3egsTotas and naliaiihetitedoydtagakan i sha et PG TRad Rl o

iy dr ocan bomsterpalithdrized wifies) Allyl benkdites! pbl?fpﬁény@arﬁﬂ thedikewax or .a mxture
thereof. In general, the carbonaceous fuel is a water-immscible, 4 5
enul-sifiable hydrocar bon that is either liquid or |liquefiable at a

t enper 42ur énothenpuitable akass bf %tﬁétlmld tlpntm‘aarlﬁlhspdtminmles #eoegiert@d C and

about C.Q,s: rom a,vari our ces, - nat ur,al nd synthetic

oTrel R vt SRS e/ S bSO Ao R add A e el e N o o

oils indl udizelamami sabéric adld, sebgeicalvic finbse ad& adipit aeRi, Bmileieatndr efined or
15 dlmer malonic ac1ds etc.) with a variety of alcohols (e.g., butyl alcohol, hexyl

16  alcohol, dodecyl alcohol, 2-ethylhexyl alcohol, ethylene glycol, diethylene giycol
17 monoether, propylerie glycol, pentaerythritol, etc.). Specific examples of these
18 esters include, but are nof limited to, dibutyl adipate, di(2-ethylhexyl) sebacate, di-
19  n-hexyl fumarate, dioctyl s;ebacate, diisooctyl azelate, di-n-hexy! fumarate and the
20 like.

21 Siii&o—based dils such as polyalkyl-, polyaryl-, polyalkoxy- or polyaryloxy-siloxane
22 oﬂs and smcate oils comprise another class of useful oils. Diesel fue! ¢an also be
23 used as the oil.

24 The carbonaceous fuef can be any wax having a melfing point of at least about 25°
25 C, such as petrolatum wax, microCrystaiiline way, paraffin wax, mineral waxes such
26 as Ozoéeﬁte and monntan wax, animal waxes such ‘as spermacetic wax, and insect
27 waxes such as beeswax and Chinese wax. Preferred waxes are blends of

28 microcrystalline wax and paraffin wax. o
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8 acid-refined mneral oils of the paraffinic, naphthenic or m xed .
paraf fini c-naphthenic 9 types. Ols derived fromcoal or shal#®July20@4 so.
useful. Synthetic oils include 10 hydrocarbon oils and hal o-substituted
hydr ocar bon woless@ech as pol ynerized and 11 interpolynerq%ﬂﬁmaﬁﬁg'ns,

al kyl benzenes, polyphenyls and the |ike. Another suitabl ass o
synthetic oils that can be used conprises_the esters _of_ dicarboxylic acids

(e.g., phtHawcne embodimentpihe) carkanageoys fugl inslydes ﬁ.cerrmaﬁlonrﬁieéwww
azel ai Coacid, THARRIA &re(fdt%an%%%réarstasbd 25)9%& Fef@fébgrtm%‘)é PirGe?f

linoleic acid diner, oni c acids, etc W t vari of al cohols (e.qg.,
butyl chorﬂbIOUt %%yo abauic¥ o by v@mﬁ@ﬂhwreanolphaee e&rrdyhﬁ@wpmenbmbe

et hyl eng st a&%&%‘fw % eg%fé{rfégig ﬁg rhea(boHP‘i@?% SBSutgfé%BPw ight

pent aeryt hrlt es of these esters 1nc but are
not | i nbt edfths OI@BDEFtpﬁaSa-dI pate, di(2-ethyl hexyl) sebacate, di- n-hexyl
fumarate, dioctyl sebacate, diisooctyl azelate, di- n hexyl fumarate and the
like. 21 Silico-based oils such as polyalky poi yaryl -, paolyal koxy- or

pol yar yﬁoxﬁ@ﬁ[ exeanRies szcarbp@acews §qels boeful ipjthis inve n ae dipdesadrine| ass of

useful . ﬁonédJ Sclaﬂteﬂ{ 8, Ba?da rﬁé rﬁc'dﬁ:o‘?éﬂed i tefEiénce

carbonaceous uel can wax having a'ne ting point of "at [east. about
25 25 8, s‘wnasltoentrreWat um wax, m crocrystal | i ne wax, paraffin wax,

m neral waxes such 26 as ozocerite and monntan wax, ani mal waxes such'as
spermacetic_wax, and insect 27 waxes such as beeswax and Chi nese WAx.
Preferr8d wEieaxvaeesupriyng comppaeni is Prrfetably-at|least ofg \noserNie axidizer %altmax - 19

7 July 1aooﬂsu\é\§>a9 Ja(n%ﬂéné , Blicki Hﬁ%@éﬁ{@@&m mgar ARGtE r@ng;%atger?er&{eate

car bonaceous I ncl u és a conbrnation of a wax an The wax
cont enti1carExsempies inglude anrooniumgviratedsodienaiteaeycalsiummitratengiemeniugn about

a1 20y icte: Soul dehbniGlacd o SRR BRRSforaRl e B i R B 582?Bybe
wei gﬂt 16f ntdnefeueganlr:xtugesan‘faorr;rﬁo@uhmrtrabeaandl sxliuph oceeluommeateseréwos usef ul
"ovt. 34, "BAlTh 8h¢atb3aRat b Bordufh PLABE KaeRdy Bre BN, o1
The oxyigen-ritrtp) eyﬁrrmggn QpTio Bbo Lt 25% wefaghatb:lf theatxidizergthase €ah wompaine C

oxi di Zﬁ@ Saln&;gr eratpgr%anrc mtrarl}eL(e g., alka?’ i or aﬁ(ah%rla ‘é%iu'r Pn%ta anrrttraQe)rrgrt éanl nitrate,

chlora
inorganic perchlorate (e.g., ammonium perchlorate or an alkali or alkatine earth

1_8 metal perchlorate) or a mixture thereof.

19  The emuisifiers useful in the water-in-oil emulsions of this invention comprise the

20 product produced by a process comprising {a) copolymerizing (1) a polyalkene | 2
21 containing alky!vrnylldene isomer and non-alkylvmylrdene isomers and (2) an o
22 unsaturated acidic reagent ( under polymenzatlon conditions in the presence ofa

23 free radical initiator, (b) reacting the product of step (a) with an unsaturated acidic

24 reagent at elevated temperature in the presence of a strong acid, and (c) reactlng

25  the product of step (b) with ammonia or at least one amine.

26 The amines useful in making the emulsrf iers rnc!ude pnmary amrnes secondary
7 27 amines and tertrary mono~am|nes wrth the secondary and tertrary amines bemg
28 preferred and the terfiary amines be:ng particularly useful. Hydroxy mono-amines,

29  especially tertiary alkanol monoamines, are useful. Mixtures of two or more amines

30 canbe used.
-20-



11 Exanples include ammoniumnitrate, sodiumnitrate, calciumnitrate, .
amoni um . 12 chlorate, sodi um perchlorate and anmmoni um Per chl drde2004
Ammoniumnitrate is 13 preferred. Mxtures of amoniumnitrate and sodi um
or cal ci um ni Segd'e also 14 useful. In one enbodinent, the inorganic
oxi di zer salt principally amonium 15 nitrate, although ufft""S4¥¥3% 25% by
wei.ght of the oxidizer phase can conprise 16 either another inorganic
nitrate4e.g., alkali or alkaline earth netal nitrate) of an - 17 inorganic
Perchlorate (e.g., amonium Perchlorate or an alkali or alkaline earth 18
netal Pe chlif aminesganbeqliphatic cyslaalipbatic, promatic enhgtejocydicsingdingl in t he
water- i iy O'aﬁlipﬁﬂii'éédﬂiﬁiiﬁn&? agcm\étic', kb SNnSRIBH §Bokikhanc highagluct produced
by a process conprising (a) copolynerizing:(1) a polyalkene . 21 contai ning
al kyl vi dyl i%@ﬁbtmmﬁ;ermdmgvc!oaﬂpk@wwgsgt thaliphatiensysloalighatiey an 22 .
unsat ur & eds, Gkl t w0l ypeed 2ot on PEN i resence
of a 2 f%e@#@déd _céa ﬁﬁ?let %ﬁ?h%&ggac ) ané? %ﬁéf%?b%fhﬁ{ﬁﬁgﬁ ms’%tggte?a) with
an unsatfur zaliphatic; iagroatiGgubstitided cycloaliphatic armatingubstitutedshetaracieicpr esence

of a strong,.agi : 2) (LAt L4 1.8 R f (p): Wi th anmoni a
or at | ggts gh ég%'leogg%é%g'_p g@ét&?ﬁ%ﬁé%\ﬂﬁ%gggegg%ﬁ?gyﬁrzs%%%?%cgﬁélﬁgaé%as"': fiers

i ncl ude 8or i miepcylicrsebstitatedaardmatic alimeasniThese amihet endyi e yatorated ani nes, with
t he secqopdary.:@nd. tertiary: am nes_being .. preferred and the tertiary

i nos. Boi rUppLPRtet I PSR- IFS amie B R EEY e A SEeeen peci al |y

terti ary0 aliwsatlation Jae amifes Alay alsvadontain anwdma_:aniontsmmuen@m am nes 30
an) be Hsedgroﬁgso as7 ‘Io‘g'llélays tﬁggél gr%)ups2 dg no? signfﬁganﬂwntellf%re-\gr‘%l th%e?’reaéh%n o ?he 16

12 amines. Such non-hydrocarbon substituerits or groups include lower alkoxy; lower
13 alkyl, mercapto, nitro, and interrupting groups such as -O- and -S- {(e.g., as in such

14  groups as —CH, CHj -X-CH CH;- where X is -O- or -S-).
5 | ._ e T
16 With the exception of the high molecular weight hydrocarbyl-substiftited amines

17 described more fully hereinafter, the amines used in this invention ordinarily contain
18 less fha;z about 40 carbon atoms in fotal and usually not more than about 20
19  carbon atoms in total.
20 |
21 Aliphatic monoamines include mono-aliphatic, di-aliphatic and tri-aliphatic |
o 22 'su5$t'it0t‘éd"amines wherein the aliphatic groups can be saturated or unsaturated
23  aiid straight or branched :Chain'. Such amines include, "fc‘:r example, mono-, di- and
" '24 ° tri-alkyl-substituted amines; mono-, di- and tri-alkenyl-substituted amines; amines
25 héi}ing"dhéﬁ'ér more N-alkenyl substitu'éfit"s’ and one or more N-alkyl substituents,
26 and the like. The fotal number of carbon atoms in these aliphatic morioamines
27 dprefe:rably'-doe's not exceed abotit 40 and usually does not exceed about 20 carbon
28 “atoms. Specific examples of such monoamiries include ethylamirie, di-ethylamine,
29 tri-ethylamine, n-butylamine, di-n-butylamine, alkylamine, isobutylamine,
30 cbcoamine, stearylamine, laurylamine, methyllaurylamine, oleylamine, Nomethyl-
.31 octylamine, dodecylamine, octadecylamine, and the like. Examples of
132 cycloaliphatic-substituted aliphatic amines, aromatic-substituted aliphatic amines,
33 and heterocyclic-substituted aliphatic amines, include 2-(cycichexyl)-ethylamine,
24



17 .18 19 20 21 22 23 24 25 26 27 28 29 30 .31 32 33 W
‘01! 34663 3 aliphatic-substituted aromatic, aliphatic-substitut/dly 2004
cycloaliphatic, aliphatic PCTIUS00/30382 The am nes can be aliphatic,
cydoal i phat i WO%346hat i ¢ or heterocyclic, including substiPCRUS/30382

het er ocyclic, . cycloallphatle =S ubstituted+allphatic , cycloaliphatic-

substityted a matic hatl bstlt ted heterocyclic, ‘
aromat i g’é’ﬂ FYIFEG pa?’i/%g\ﬁ ea?B 5Iamj?%d cycl oal i phati c,
aromati Q- subst ituted heter ocycl ic, heter ocycl I c substituted aliphatic,

het er ocycl i ¢- substltuted cloallphatlc and heterocyclic-substituted-
aromati ¢ arfr¥cagkp! #ﬁé&‘éﬂ"?’é‘ﬁgﬂ%§fen‘895%‘°§8?@f"<ﬁsé’d'eé‘?'"){Qﬁf?é‘% BRGted. If

unsat ur gt ed;yclbbﬁ)tﬁﬁb BEbdtitudit a&sélelzi d’refcﬂ?ﬁ) fheQiming ARiogkA Mhidugh AsRikbEAL | on.
The ‘am nes may al so contai n-non- é rocar bon substituents or groups as |ong
nEK

as thes8& graepdn the gystic dngypirystwgnExgmplgs of Fyslealiphelic mpeosakeriiilidt the
am nes. eSU%}clBﬁ@iMhe&%y Pen’@iéﬁﬁﬁést BoabRen gaﬁm\&s cyélsgbétﬂsn;haw%s al kgxy

| ower alk mercapt o i hterrupti ng groups such .as -0-

-S (e. d., h&etwmmwwlgmw@sdasclomlmes sendythe fike Examples of ahﬁha*er: or
h)? dr oc\a\?wléﬂﬁbﬁg&?te g{ohgﬁg%hﬁéﬁgﬁte égﬁkli' H%JEWD @n‘f@ rctla?arqg%tecr t he
am nes @8sednonvantinss inclida prapyl-subktituted bycl@lmlannntthbenYiambamtﬁd 40 carbon
atons | 18 t %8181 p%laﬁdjeasl Ar}'d ;W) anﬁ%LEstft&%Q c@QBHexy?anne
1 . L

.12 Su_ltable aromatic ammes include thos_e monoamznesvwh_erem a carbon atom of the )

13  aromatic ring structure is attached directly to the amino ﬁitrogen The aromatic ring

14 wilf usually be a mononuelear aromatlc nng (l e., one derived from benzene) but

15 caninclude fused aromatic rings, especialiy those derived from naphthylene.

16  Examples of aromatic monoamlnes include aniline, dl(para-methylphenyl) amine,

17 naphthylamine, N-(n-buty) anllme and the like. Examples of allphatlc-substltuted

18 cycloaliphatic-substituted, and heterocyclic-substituted aromatic monoamines

19 include para-ethoxyaniline, para-dodecylanitine, cyclohexyl-substituted

20 naphthylamine and thienyl-substituted aniline.

21 ' A

22 Heterocyclic mono-amines can also be used As used herein, the terminology -

23 "heterocyclic mono—amlne(s)" is mtended fo descnbe those heterocycllc amlnes | . )

24  containing at least one pnmaty, secondary or temary ammo group. and at least one |

'25 nitrogen as a heteroatom in the heterocycllc nng Heterocycllc amines can be

26 saturated or unsaturated and can contain various substituents such as nitro,

. 27 alkoxy, alkyl mercapto, alky! alkenyl aryl, alkaryi, or aralkyi substltuents Generally, '

28  the fotal number of carbon atoms in the substltuents wdl not exceed about 20.
- '29 Heterocychc amines can contaln heteroatoms other than mtrogen espemally

3'0 -oxygen and sulfur. The 5- and 6—membered heterocycllc nngs are preferred.

32 Among the suifable heterocyclics are aziridiaes, azetidi-hes, azolidinee, te_t;a- and

33  di-hydro pyridines, pyﬁeles, i'ndo[es, piperadin.e-s, isoindoles, mqrpholines,
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carbon atons in total. Aliphatic nonoam nes include nono-aliphatic,
di-aliphatic and tri-aliphatic substituted am nes wherein thd Jly 204k i c
groups can be saturat ed or unsaturated and straight or branched chain.
Such am nes w@di for exanple, nono-, di- and tri-al k¥é‘rr§§bﬁ/§ 3k2t ut ed

am nes; nono- di - "and tri=al kenyl - substituted am nes; am nes vVing .one'o
r-nore N-al kenyl substituents and one or nore N-al kyI substituents, and

the 1ike. Thiembfhalindd ahindklkgRnbAholiey)®l-armincalkyhiomophelings, o i oani i nes
pref er ably does not exceed, about .40 and usual

d.ab 20
carbon 2at §Aepinesy @b fetEa-edliaApd PeryrradeuMatves ﬁééﬁ&gg&hgoﬁi’@%gﬁg i ﬁ%gﬁn ne,

di - et hybamgpgvg ortrhbreedfhblééﬁﬁéléroc?cﬁé%hwF'i@ferredlhdferobwhu hiidieare the
at kyl am he, i sobutyl am ne cocoanmi ne', . stearylarnine, . |l auryl anm ne,

met hyl - fau ﬁgitma%é- and 6tyermhered hetegorydlis gminegs¢anitaining @nlyitieqsh. 8??4’9%‘
oct adecyl agh ARy 5@l in H&%étéf'&%ng%@ﬁ@&lél@ tRe plp@)i&lh@é"thiahﬁirptfohﬁe@St i tuted

al'i phatic am nes, aromatic-substituted al ICP hati c am nes nd
het er oc§cl mprela:ﬂmes,tmtr@adsae$ ;fmﬁltthe lilsgri Ripeyridi ne»@mja@aiwl-subsﬂtuted

-(cycl Ol?exéh)enﬁfn@ﬁlrﬁ pline, %ﬂmﬁoaﬁ@lé %:?tﬁét m&éﬁﬁiﬁ'@g?’ yrmingg’gl% 30382 1

benzyl anm n enyl e am ne

Cycl oal Bphmﬁimaﬁmheemm&edayeohdmarmmﬁiuh nes wherein there is one 4

cycl oal pphatic substituent attached directly to the anmino nitrogen through
a carboh 5 atomin the cyclic ring structure.. Exanples of cycloaliphatic
m:)noam1Ctes Exanipleieof uSefy Ertdp ayines inelade mrnethplealmyieaineﬁwhamme tripropyl

cycl oh a cl opent en N-eth am nes,

die cI ié’f'?;l’f‘ﬁ M%ﬁ'"?l‘f@ F?’Ré{h @glﬁ)a@ggn%frn%rfqezlwéqceﬁgih%gg@/r{)gt i tut ed,
%aﬁh“ﬁei“?ﬁ%‘f‘ﬂ'ﬁiw B et L et CyE el e ey P SUbot f t ut ed
10- cycl! épemv%rﬁ"ﬁe@vgﬁﬁ%wmﬁ "%?}EE‘P?@{H‘E‘ES é‘ e?ﬁ’é‘)&ﬂ h%?‘ e 11 12

Sui t abhg aimABhiReaaffite, 'd'rﬁéﬂ’ﬁl?hdohﬁﬁfl atmn@etma@mpnfeﬁyienmna mwuoayat om of
the 13:aromaticC ring structure is attached dlrectl 'f‘riﬁ{}e am nltrogen

The ar dRat |1c°‘i*?"#§“‘“§4”xM'ﬂ'IdOGQ%ﬂTC&PdBEa%’WBﬁé'FRP&P@&?' .e.,

one deHBVGQalL ouPABRNRGREhyRdthydrsg &?éiedl {wlb%lﬁésﬁﬂéiﬁ@w}lﬂc rings,
especially those derived yrom napht Exampl es of aromatic
roncaies dedotagient NrimadiyddetasRen it A BRI 17

napht hyamas %Qn@'ﬂé W N-o‘?rﬂeih‘yl’?-'oc@dagcadh?nihekﬁ N-ﬁiﬂ‘?éle@o’%ooﬁmme N.N-

al i phatic-su
19 dlmethyl soyaamine, N N-dlmethyl hydrogenated tallow amine, etc.

20
21  Hydroxyamines analogous to those mono-amines descnbed herein are aiso useful.

) 22 The hydroxy-substltuted amines contemp[ated are those having hydroxy
23 substituents bonded dlrectly to a carbon atom other than a carbonyl carbon atom;
24 that is, they have hydroxy groups capable of funchonlng as alcohols The
25 hydroxyamlnes can be pnmary, secondary or tertlary amlnes with the secondary
.26 and tertiary amines bemg preferred, and the tertlary amines being especially
27  preferred. The térm_s “hydroxYamine“ and “aminoalcohol' describe the same class
28 of cemeounds an'd, therefore, can be used interchangeabiy. '
29 f | | |
o 30  The hydroxyamines include N-(hydroxyl-substituted hydrocarbyl) amines, hydroxyl-
31  substituted poly(hydrocarbyloxy) analogs thereof and mixtures thereof.
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18 cycl oal i phati c-substituted, and heterocyclic-substituted aromatic
monoamni nes 19 include para-ethoxyaniline, para-dodecyl aniline,?July2004

cycl ohexyl -substituted 20 naphthyl am ne and thienyl -substituted aniline.
21 22 Het er\‘f@)?&’ﬁ‘“@ nmono- ami nes can al so be used. As used Pommssnspsst he
term nology 23° heterocycl I ¢ nmono-am ne(s)" is intended to describe those

Corti ar ) afrABPsRR e NefridroruRubeiyfled (a%drarh AhindR bR B8 om 1t he
het er ocgd lmethaﬁtgammﬁeﬂme!waha@olamﬁnwa:euwletbmcﬂﬁnm; di-@tadrenylpis@at ur at ed
or capt 3 BigR, \EHhSHoTbAY i Kot ainec Bl L &

Gener al Wy, hya.%xylbﬁagwraahn@wdpzhydlaxﬁémWﬁaoﬁMe iaRd it ehid Wnaldgt NRt s Wi | |

not exceed’ about Het er ocycl i c amnes"¢can contain heter oatoms ot her
than ni fr odRdroxdefiudicypiphexyiamipi MSnhysieryd grqliapentylaiging. on it a8drRsnber ed

het erocgcl iggmrindyhensr e preferred. 31 32 Among the suitable heterocyclics
are aziridines, azetidines, azolidines, tetra- and 33 di-hydro pyridines,
pyrrol e, i ndol es, piper adi nes, i soi ndol es, norpholines, -22 7 July 2004 WO

/34663 gPCHj ?gﬁn%? r{e@'d&ﬁ%ﬂm LREPN- (hzé’rg&*‘%iéﬂdted HP&rBE%bWé’rﬁmes

N-am noal kyI th I nes azepl nes,
per - hydBodé’hB&%laowfonﬂ‘SBbﬁtMgﬂ PDN@YQMM) analogs ofthe@bovewo or nore of

th t t | t ted
hese B CUREB AR Shnkl TRl SR AL RS O %g@génd“%xsgewa ;
and/ or 14ul fouyalky!erimmzﬂags;r Such Ndhydrepdsubstityted Hngdmcpmyl) c:hnnaas can be

t hi hol di d. th di
ai noal'Ryl SBNBRTe R EREarEl B b 8t ShBpaR ot e A Bt 1 1t ed -
mor phol i nes, pyrrolidine, and am noal kyl -substituted pyrrol | di nes, are

usef ul 4 Ex q-ﬂgl R.Bgeléﬁf?} U}elqg&‘ hidﬁ&%m?l%?ﬁcfanluﬂ&é Whknhidah rﬁ%tlg‘w\élfi Oal%reqrﬂiﬁﬁs ani ne,

triet hy am ne ripropyl am ne, Nnonomet hy . ,
nmonoet Ml dum&iﬁynﬂeuttmra?e gedenatly hreppresilyy rmntmgaa ctllnrrmtbgi Ipblybigfin dnaiving,a

i ot P PRefecyih viioni dr | A6 00 4 WnrpSivEBE O Bt e ASs that
ﬁi ”NEEWBS' cadaay.isegmrelhnom inethb artEmerddscdbed) or dlahipls, (m:UyS; Pait N?:*i. .anam ne,
N 39 B8RP PR e PEAB) ! o o e

18 These amines must possess at least one primary or secondary amino group.

19 A useful method for making the emulsions of the present invention comprises the
20 steps of (1) mixing water, oxygen;supplying component {e.g., ammonium nitrate) in
21 afirst premix, (2) mixing the carbonaceous fuel, the emulsifier of the invention in a )
22  second premix and (3) adding the first premix fo the second premix in any suitable
23 mixing apparatus to form a water-in-oil emulsion.” The first premix can be heated
24  untii all of the oxygen-supplying component is completely dissoived and the
25  solution may be filiered in order to remove any.irisoluble residue. The second
26 premix can also be heated to liquefy the‘ingredients. Any apparatus éapable of
27 either low or high shear mixing can be ursed'to prépare the water-in-oil emulsion.

28 The water-in-oil emulsions of this invention can also be made by adding the éecond
28 premix fiquefied organic solution phase to the first premix hot aqueous solution
_ 30 phase with sufficient stirring to invert the phases. However, this method 'usually

-24-



dodecanam ne, N, N-di net hyl - 1-tetradecanam ne, N, N=di net hyl - 1-
hexadecanam ne, N, N-di net hyl -1 -oct adecanam ne, N, N-di net hyl codolulya2fiOde,
N, N-. di net hyl soyaarni ne, N, N-drnethyl hydrogenated tallow am ne, etc.
Hydr oxyam neg, aoggkggous to those nono-am nes described herein are al so
useful. The I?y F OXYy-substituted amines contenpl ated are PREVEC[HBE ng
hydr oxy substituents bonded directly to a carbon atom other than a

car bonyh ¢ N heﬁhpﬁm@&r@eﬁ% yto%B%"Mé&&&g%%ﬁé@oﬁ&%ﬁ%%sﬁde :
functioni ng as al cohols. “The  hydroxyam nes can be prinary, secondary or
tertiarg amrefeged veverse frocedisen Atemativelyl the materriy-oi emudsionscaneg preferred,

Thyar oxganFRurubefRRERRTh B RFAREE o Kon ELE IR pfiifsd SheR e o o

and, "t hér efseparatalnpreparagddimdid phiases henpwapey thridtgh & ixing deviceedeiairc| ude
N- (hydr gxyl- % ti ed, . arhyl ) am nes, hydroxyl- substituted
pol y(hygroi%%. ?&?b}%%egja%éfgﬁﬁ'g%‘of and m xtures thereof. -23 7 July 2004

WO 01/ 34663 PGTI USOC0130382 1 Exanpl es of the N (hydroxyl-substituted

"hydr ocagbyl) am nes include di- and 2 triethanol am ne, e

di net hyl et hanol am ne, di et hyl et hanol.am ne, di-(3-hydroxyl propyl) 3 ami ne,
"N-(3-hydroxyl butyl) anine, N-(4-hyEBXKAMRUES8Y|I) amine, N, N-di-(2 4 _
hydroxy—h-pr'opyi.). am ne, - N- (2- hydroxyl et hyl ) norpholine and its thin.anal og,
N-(2- 5 hydroxyl ethyl) cyclohexylam ne, N 3-hydroxyl cyclopentylan ne, o-,
m(ﬁng o GWEEmvm'qﬁbeWéﬂ l:ri]e félrthar illbstlrei)tetﬂb'}bmeanIMa% examplespwhieh set foeth

N- (hydroxy-suybstitute rocar byl ) am nes.. These are o

ity x-S BBCEP BT RRRaPoBLY BPoRRents VB B SEmP s 8rered e scr | bed
Ay dr oxyt 1 amig#iasicats eseprBahidavertibh hiy atehlst iftediaxid Iinsitipst i tuted 11

oxyal k){éene anal ogs) .. Such N-( hydroxgl -substituted hydrocarbyl) am nes can
-be 12 '€onveniently prepared by rea lg,{ epoxi des with afore-described
am nes4313 The hi gh nol ecul ar \ebshtidh S PagPIBglA Monoam nes whi ch can be
used as amines .14 in this invention are generally prepared by reacting a

chlor i it efopbliGEAerasprapared ysing the folewing praseduse.gFie act2ldhreectack flapout 400
Bt ang decouPped ifi: Rfing e, @RReliale profe Mol RSHLR fok iy 10 11e
3, 438, 187, agditian finnshives addediat d $01609068a( 2 7anol) Blissapfab230@ (high 18 These
am Nes 47us b ARGHRRRILRL pofiBifend MonPBABR! ¥1,29308)° WRAAS2ATLILE: SHrYdRde
) 18  (2.185 mol). The polyisobutene/maleic anhydride charge mole ratio ("CMR") was

19 1.0 TC_) this was added over 2 hours a total of 16.1g di-tert-butylperoxide (0.11

20 mol) dropwise with stirring. The di-tert-butylperoxide/polyisobutene CMR was 0.05.

21 The temperature of the reaction was increased to 170°C over one hour time period

22  as the peroxide addition began. This was then heated 6ﬁerrjight at 170°C and then
23 unreacted maleic anhydride was distiffed under vacuum, The product was then -

24 filtered. The polyPIBSA prdduct had a SAP number of 26.2 mg Kdng sample,

25 and contained 53.1 %"actives-. .The abparent succinic ratio was 1.06.

.26A _'Thé “Si.:céihic r_ajio“ refers fo th_é rétié calculated in accordanpé with the pfoéedure
| 27 and mathematical equation set forth in cofumns 5 and 6 of U. S. Patent No.
e 28 5.334.3'2_1,"is.s't.!‘ed Auguét 2, 1994 _tb Hérrﬁfs;oﬁ and Ruhé'. v{'rhich_is he'rebyl
' 29 'iﬁcdrponjated‘bi(‘reference in its entirety. Normally, the term apparent succinic

| 30 ratio refers to the humbér of succinic groups per polybutene tail, However, in the

31 context of this application the ap'parent succinic ratio has a different méaning
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19 A useful nethod for making the enul sions of the present invention
conprises the 20 steps of (1) mixing water, oxygen-supplying 7cbipdHEnt .
(e.g., amoniumnitrate) in 21 a first premx, (2) mxing the carbonaceous
fuel, the enWOSip#&Ed of the invention in a 22 second premogakashoiss) addi ng
the first prem x to the second prem x in any suitable 23 m xing apparatus

f | Si ' The fi d 24 1
a1 of the WrrpekSstibe SRR avRtr ESinPuTeR ) BPREHoA R f 25

sol uti or2 nethe apphicnt etncﬁfhld: ratrarrdferrs tcpthreeamyef s’u&mid‘@ﬂiyuﬁdj@td ﬁ‘(ﬂ*ﬂﬂk@ne The

second 6 t% ﬁn}a can al- %wl qu t he ingredien

appar at s ¢ A5 Pressn é" p|0 é’ﬁé&ﬂeﬁt&?fﬁljﬂgﬁﬁﬁ@%é@ to

prepar e 4 ha)mre@rpperem slican |r§tid3r@:fer3$o m&eraﬁ@b?gh'e' d%ng‘.@ihic a%imhﬁa@m%h@f dt hi's
uefie

| nventl%g @&Sg-p made . by addi ng: t he secon prem X

or gani ¢ %ol @S'WWWF‘F@?S 'Br@?rﬁ?‘“ﬁl@treﬁ'qd@ﬁlﬁp@ih&blﬁ@n%ﬁﬂsm phase
W-t h sufsflqerMBsAl 'FbrﬁGnnthréBIV d usual l'y
24 7 July 2004 ; eI PU/leoo?tg%‘Zﬁ{reé@rﬁr?éBﬁhﬁgt antially
nore endr g)ﬂﬁpéf%ﬁuwmﬁ ﬁ@'%@i@fﬁé@a&pﬁm@m of castneld @adtdage npr 2Aboveed
reversegprocedure. Alternatively, t n-oil enulsions are '
particul arly adaptable to preparati Bk b8 5 onti nuous m Xxi ng process where

the. two @ sdpihenpreparatioap af polyPIBGA wershcarded autasingthe prodedongof Bxample ng

devi ce qpher 9 The

i nvent E?‘S o 1 giferh B sitfPeg 80 BRI RNAq BT insig etiets wni on set
forth 10 pdndylperozide yDABFANThessoare roportatindidbiedi nent s. Wil e t he Exanpl es
are prqél ded 11 to illustrate the present invention, they are not int endqd
to lim 12. Exanple | 13 Preparation of PolyPlIBSA 14 Pol yPl BSA was*
prepardd u5| ng the foll ow ng procedurnrabﬁq a 12L three neck flask 15

equi pp with a heating nmant t enperat ure probe, nitrogen inlet tube,
and. a q16 addi ti on funnel, ! mg&faﬁpﬂ_’ﬁ%\%m{;@%z 197 nol) dissopal
2300 ( hi gf Example | Peroxide Temp., Saponification | % Actives | Apparent Succinic
_ B °C No., mgKOH/g Ratio
1 L { sample -
1 DTBP 170 26.2 53.1 1.06
2 DTBP 170 27.3 55.2 11.06
3 DCP 160 Na 60.8 Na
14 DCP 160 Na 60.4 Na
15 DCP 160 287 59.3 1.07
15
16 ' Example 6
1 7 Preparation of polyPIBSA/sulfonic acid catalyzed thermal PIBSA mixture C /

18 To 2800g of the polyPIBSA mixtire prepared in Example 1, heated to 232°C and
19 - pressurized to 24.7 psia with nitrogen, was added 308g maleic anhydride over 30
20 minutes. Then to this was added 0.7g alkylbenzene suifonic acid. The amount of
21 B sulfonic acid added relative to the amount of polyisobutene was about 250 ppm.
22 This was then heated for four hours at 232°C at 24.7 psia. Then vacuum was
- 23 apphed fo the reactor and the excess maleic anhydride was distifled. The product,
, .24_ which had crude sediment of1 5 wt %, was then filtered. The poiyPIBSA/PIBSA

25 ' mixture had a SAP number of 71.0mg KOHIg sample, and 89.0 % actives. The
26 calculated apparent succinic ratio was 1.76.
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17 met hyl vinylidene pol ybutene from BASF;, M= 2300), and 215.2g nalefic
anhydride 18 (2.195 nol). The pol yi sobut enef mal ei ¢ anhydri de 7ot ZW4nol e
ratio ("CVMR') was 19 1.0. To this was added over 2 hours a total of 16.1g
di -tert-but woeisméde (0.11 20 nol) dropwise with stirri ng /EQ] 0382

di -tert-butyl peroxi de/ pol yi sobutene CVR was 0.05. 21 The ?rerrperatgure of
the reaction.was increased to 170C over one hour tinme period 22 as the
per oxi dd additi on began. This was then heated overnight at 170C and then
23 unr ei(f:t ed mal ei c. anhydri de was, gg St III zd under vacuum The product was
then 24filtered. The pol yPI BSA pro a SAP nunber of 26.2 ng KOH g
sanpl e, 3 25 andrepavationefipSlgPIBSH/aohicerid cathigzetpemaltPIBBAhIXFer at i 0 was
1:06. 2§ The "succinic.ratio" refers to the ratio cal culated in accordance
with thé€ procedure 27 and mathenatical equation set forth in colums 5 and

6 of U.5S. Tced 810g dithe BlyBIBSNmaddre pr @@lﬁﬁfﬁiﬁﬁlegwéeg%éd%‘i%ﬁﬁaléw and
Ruhe; whi C%qbs hereb§629 |ncorporate reference in its entiret

Nor mal | , yende,and J stg-aliylb %Q?@BPﬁPEO"'%BC‘FIé‘LSH%EP‘%‘FElessté"etfﬁ%mfﬂi er of

succi ni ¢ gispHASic BEH by helb@Reto!lthe l&xmdﬂﬂ!’\@ﬁ’;ﬂflylsdﬁmtéﬁéewas'sébdiﬂ'%g)ﬁpnpf this
appllcatlon the apparent succinic ratio has a different meaning -25 7 July

2004 W0Bo1/Theewme 8 PiEsSUrg amfbwaﬁw%usﬁd ania Bample 6r Afler t he

m xtureg F l&ﬁ'ﬂiﬁl rent succinic
ratio- rgf e(raﬁss@% ‘ﬁ%igf‘%&%ﬂ%%@%ﬁﬁ?c ahﬁy em? gﬂhhl y%ut e%e 3 tails that
are pr d9entpoiyPIBEARIBBAINiNre was pbiained thalk mq@ S&F‘tmmmeOf PRB83ng (g no.

hyarde PR g O el e ER Ak e B Aol BB 8 D s

ot he pol ybutene tails in. 6 the PIBSA_ For a mixture of polyPlBSA and

aci d capal W%ﬁ&ﬁﬁﬁ’@karﬁbl@§?eséﬂb% tﬁe%?%ﬁ%g)\t\/’u cff‘éﬁgé @Xhﬁdéﬁarh frﬁgﬁg\é to a

conbi nati on of case no case no O her

pr epar d8i omSlYGIBPBIsyifomisacideatalyzeditheanal PIBSA imidurene procedure of "Exanpl e
10 1 WI1I4h different tenperatures and dicunyiperoxide (DCP) instead of di
tent llisbutyl peroxi de (DTBP).. These .are reported in Table 1. 12 13 14 15

Examgle 8
16 Preparation of the bis heavy polyamine derivative of the polyPlBSAfsquomc acid-
17 catalyzed thermal PIBSA
18 ' '

19 To 225.70g of the polyPiBSA/PIBSA mixture from Example 6 {(0.143 mol) was |
20 added at 130°C 19.63g Hi’A (0.0714 mol, a heavy polyamine M=275, which
21 contains about 6.5 nitrogen atdms per mole), and 276.489 dituent oil. The .
;T 22 aminelanhydridéCMR was 0.5. This was heated to 165°C. After heating for72 -
23 hours, the reaction was cooled. The product had 1:26 %N, a Total Base Number
.24 ("TBN") of 26.1 mgKOH/g sample, a Total Acid Number ("TAN") of 0.83 mgKOHIg
25 sample, and a viscosity @100°C of 150.5 cSt.
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16 17 Table 1 Preparation of polyPlIBSA sanples Tenp., Saponification

Appar ent Succi ni ¢ Exanpl ePer oxi deCNo., ngKOH g % Act i vesRat i o 7slulp2@d4 :
1DTBP17026. 253. 11. 06 2DTBP17027. 355. 21. 06 3DCP160Na60. 8Na 4DCP160Na60. 4Na
5DCP16029. 75%0M 383 Exanpl e 6 Preparation of pol yPl BSAt sul ¥cmisoorfasd

catal yzed thermal PIBSA m xture 18 To 2800g of the pol yPIBSA m xture
prepareﬁ in Exanple 1, heated to 232C and 19 pressurized to 24.7 psia with
nitrogen, was added 308g mal ei c anh €&ver 30 20 minutes. Then to this

was addgd 0.7g al kyI benzene saphRifioh of6iteér sidtnimigednt of 21 sul fonic acid
- added regl ative to "t he amount of polyisobutene was about 250 ppm 22 This

‘was thed heat ed Th®pracggdrreRiifpemple Syias falioved @‘Cﬁﬁﬂﬁat'fﬁgﬁvﬁd&ﬁﬂ% was 23
appl i ed4to;ﬁsl?@ad@mmrme@hémﬁ;a¢§ ﬁ;(sf@d! swpeﬁmmfﬂh%epr\e@ ﬁ:rddbad The -

pr oduct 24 whi ch had crude se . % was t tered. The
poi yPI BSANE Ballle 225 ni xture had a SAP - nunber of 71. Ong KO—Vg sanple, and
89.0 %actives. The 26 cal cul ated apparent succinic ratio was.1.76_ -26 7
July 2004 | 2 3 WO 01!34663 PCT/USOQ 30382 Exanple 7 Preparation of
pol yPlI B6Al sul foni ¢ aci d .catalyzed t hefahi 2P| BSA ni xt ure
' 8 E - . Preparation of polyPIBSA/PIBSA succinimides.
Example | PolyPIBS {CMR | Amine | %N TBN TAN Viscositfy
A/PIBSA : @ 100°C
example R ' : 1 - o
8 6 0.5 |HPA 1.26 26.1 0.83 150.5 /
9._ 6 6.5 |TETA 10.755 115 1.68 146

10  The following examples describe the preparation of ethylene carbonate post
11 treated dispersants. .

12
13 Example 10
14 Ethylene carbonate post treatment of polyPIBSA/PIBSA succinimides

15 The polyPIBSA/PIBSA succinimides were poét treated with ethylené carbonate
- 16  according fo the following -procedure. :To a three neck flask equipped with a stirrer,
-17  heating mantie, and a nitrogen inlet tube, was added 202.23g of the
_ 8" polyPIBSA/PIBSA succinimide from Example 8. This was heated to 165°C and to L
G 19 - this was added 22.369 ethylene carbonate. This was heated overnight and then:
20 - cooled. This product had 1.'20%N, 14.9 TBN, <0.05 TAN, and a viscosity @ 100°C
21 of 353 ¢St,
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5 To 4840g of the pol yPIBSA m xture prepared in Exanple 5 was added 519¢g
mal ei ¢ -6 anhydride, and 1.4g al kyl benzene sul fonic acid as i J8tad@flde 6.
The amount of 7 sulfonic acid added relative to the anmount of polyi sobutene
was about 25@oppmess 8 The sane tenperature, pressure and i S Bﬁzused as
in Exanple 6. After 9 distillation of the excess mal ei c anhydride, and
filtration of the product a 10 pol yPI BSANPI BSA ni xt ure was obt ai ned t hat
had a SAP nunber of 62.9 ng KOH g BExampleydile and 91A % actives. The

cal cul ayed appar Wl | -2 | exanpl es
descri bée t he pre%ﬁ‘gﬁ%‘?\dr@ r&é%@é#tgfe‘r%ﬂﬁgétoﬁégg&ﬁ :ﬁ%@{rﬁ@' é{%gﬁgﬂéig

pol yPI BSAl JolZ20ri4g oA dielsursinimidedwm Bsample PivBsadded 10ddg ethyiene5 Exanpl e 8
16 Preparation of t L S.heavy . p api.n erivative of .the ... .

pol yPI ESA ehfiBoie AtBs it itk St %é’d’%%@?‘?ﬂg‘? °¥*?'B@X!?T§‘E t oL TDg of
t.he pol Pl BraAjuct BeP0TB2Y:4, 6.67 TBN, KX s6 AR, &nd @ isbdsitpi@ 106°¢ of2¥5asited at
130C 19.63g HPA (0.0714 nol,.a heavy polyam ne M =275, which 21 contains
about 655 nitrogen atons per nole), and 276.48g diluent oil. The . 22

am nel aphydri de CMR was 0.5. This wegafigiat@d to 165C. After heating for 72
23 hours, -the reaction was cool ed. e product, had 1.26 %\, a Total Base.
Nunber 824 (' THRrepagsationof ethylepr cpibgnaterinsé iregtedsugeininyde usipgtbtA (° TAN')  of
4. 83 ngOH : b | A eed : - 2004 WO
51 34008 g%f/%%@%g%zp@r@?g’%'gg%% r’ﬁ@r {ERAmAie’y Wad Blded 0sitirag 2004 ¥
The pr $@ edditeerifoil Bnd 80187 BHRAS028H Innnlpak BOCEp (TheranindPTRSAastiawas 04.i nst ead

of HPA, , The, chem cal, an Si cal .qropert.i or-thi.s product, .S J.nhcl uded
s Tab o This A8 hsie i Bliing 1o icr BEn R T b B i 267,898 1 ces.
.9 Exanpl eemmmmmmsmmmm éatb&kd?éﬁﬁﬁ@nitﬂ%n CMR was

13 2.0. This was heated at 170°C for 6 hours. This product had 1.23 %N, 0.08 TAN,

14 16.7 TBN, and had a viscosity @ 100°C of 753 cSt.

15
16 | Example 13
17 Preparation of ethylene carbonate post freated succinimide using HPA

18 To 47,862g polyPIBSA/PIBSA mixtufe which had a SAP number of 32.2mg
19 KOH/g sample, (13.73 mol) was added 1888g HPA (6.87 mol) at 120° C with
20 . stihing. The amine/PIBSA CMR was 0.5. This was heated at 165° C for 6 hours.
21 Then to this was added 57759 ethylene carbonate (65.6 mal). The ethylene
+0) .' 22 carbonate/basic nitrogen CMR was 2.0. This was heated at 165° C overnight. The
23 resulting product (52,988g) had 1.22%N, 16.1 TBN and viscosity @ 100°C of 732
24 cSt ' ‘ '

25 The succinimides can be “end-capped” by reacting terminal reactive amines from
26 the polyamine with an endcapping agent. This can be accomplished by adding the
27  end capping agent to the succinimide under reactive conditions, or by adding the
28  endcapping agent to the polyPIBSA, followed by addition of the polyamine, élso
29 under reactive conditions. Examples of end capping agents include low molecular
30  weight alkyl succinic anhydrides. Preferably, the alkyl chain is relatively short,
- 31 which helps maintain a high percent nitrogen in the endcapped product. Conditions
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exam | e 860. 5HPAL. 2626. 10. 83150. 5 960. 5TETAO. 75511. 51. 68146 10 The -
fol | owi ng exanpl es describe the preparation of ethyl ene carborfaldy #8984t 11
treated dispersants. 12 13 Exanple 10 14 Ethyl ene carbonate post treatnent
of  pol yPl BSWomiB6 succi ni m des 15 The pol yPl BSAI Pl BSA mtassoiesgzdes wer e
post treated with ethylene carbonate 16 according to the foll ow ng
procedure. To a three neck flask equipped with a stirrer, . .17 heating

mant | e, Tanferdhe erd saeping Fractiop aa%t,vpmﬁv siwantothose sgplayed ip thegmidation

pol yP! BEAI Bt f/boly8Al ni m de from Exanple 8. This was heated to 165C and
to .19 this was ‘added 22. 369' et hyl ene carbonate. This was heated
overnight and then 20 cool ed. Thi's product had 1.20%\, 14.9 TBN, <O0.05
TAN, - ang aThedelRAiny @il deddibeithd plepufition of ik £, 26R#cahpd@ 01/ 34663
Exanpl e, 11 Et hyl ene carbonate post treatnent of succinimde fromexanple 9
To 220.‘.’[4955?0"%/'.H'léd%cci ni nide from Exanple 9 was added 10.44g ethylene 4
carbonate at 165C with stirring. This was heated overni ght and then cool ed.
Thi s 55'product had 0. 732%\, 6.67 TBN, 0.16 TAN, and a viscosity @ 100C of
175 cStT 6 7 Exanple 12 Preparation of ethylene carbonate post treated
succi ni @i de using HPA To 1049. 28g oExhimpleptt yPBSA/ PI BSA mi xture from
“Exanpl e, 7 was added 950. 72q. diJ.uent oil ‘and 7 g :HPA (0.294 nol) at
130C. - The' ani ne/ PI BSA FeRarelionl the & @ P@R%’ggﬂgéf'gﬂ"\m'@ stirring to 165C

overni ght . TEIPO7. 15y dffﬂo/rym@smgsnl miGrd §8m Bldiple BY0cm1hRR Was Gddeéd nol ) .
The et hyl ene carbonat e/ basi ¢c_nitrogen CVR This was heated. at 170C
g gl 2N ailventel. o

for 6 hBur 35.8eHeEapoperMsucRinG anhydridgy(T BohE0 588 moes
Vviscosipy @hkWss el 1085 FSPPRIUE The polyPIBSAPIBSA: TPSA ratio was )
._ 11 70!3_0. To this was.ad'.d,ed 25.8g HPA (0.0938. mél) and then the reaction
12 temf)eratdre was increased to 165°C. Thls was heated overnight. The product
| - 13 was then cooled. The resulting product had 1.72 %N, 36.4 TBN, 0.75 TAN, and

14  had a viscosity @ 100°C of 136 cSt.

15
16 . Example 15
17 Ethylene carbonate post treatment of succinimide from Example 14

18 To 197.77g of the succinimide from Example 14 was added at 165°C, 29.85g

19 ethylene carbonate (0.34 fnoi). This was heated overnight at 165°C. The resulting

20 product had 1.59%N, TBN of 21;1, é TAN of <0.05, and a viscosity @ 100°C of 473
21 oSt | |
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17 Preparation of ethylene carbonate post treated succininmide using HPA 18
To 47,862g pol yPI BSA/ PI BSA ni xture which had a SAP nunber of J2uyZRP4 19
KCHl g sanple, (13.73 nol) was added 1888g HPA (6.87 nol) at 120 C with 20.
stirring. Thaikigi P! BSA CVR was 0.5. This was heated at b Cfor 6
hours. 21 Then to this was added 5775g et hyl ene carbonat gés_o%aoagl)_ The
et hyl ene 22 carbonat el basc nitrogen CVR was 2.0. This was heated at 165 C

overnight. The 23 resulting producExérﬁ@eQ@Sg) had 1.22%\, 16.1 TBN and
viscosity @ 100C of 732 24 ¢S e _succi ni.m des can be "end-capped” by

“reacting terninal Pegaglicpof B l?ﬂ?é"?‘l”‘@%cizénq raPRest (IBAiswecinidean endcappi ng

agent. 3hi 5o@R0. 239 paAaBBAIFBEA rhwlﬁ@l%raﬂ ﬁalaeh SAP rﬁm@bé‘rwm%gg@m gto the
succi ni.m de under reactive conditions addm;&j the 28 en

agent t# tFampl, y'as@gﬂedflﬁmmnbyﬂ a‘afeimls Was dren qgo?%sm%%@g
under rgachiipers FII sarfpie! ¢854 HTol)e”ﬂ\egzdsP;mlBSAm;ﬁPQﬁ'eMR é%W

mdl ecul ar 30 wei succl ni ¢ anhydri| Pref erab the al kyl chain

i s rel abivaig %Mﬁwaswmdﬁiﬁdﬂﬂ?ﬁp% ﬁﬁﬂﬁ@ a# mad). hfhghami ACMPRoges in the
endcappgd r(Pd'Hﬁé Wag?l@g{ 'é%”l%m(??qr% &&Hr{ﬁé’%n e]c{ 3@6&% reglghr JSCO/ 3.0382 !

for the end ¢apping FEaction are ca sim 0s€ e oyed in the

im dati®8n efodubbwasthen &faad at 3004 melgmmmwemmbmeqesermm Thie
preparation of the Cl2 end capped _4 succininmdes . 6 Exa%%e 14

Pr epar-aPi oWaghegied ety O dorobpias ThaEGRasiqnifpgen €8 iIRwas &5y he

pol yPI BgA Bhdaatt ﬁ%mtth'ig%eéétﬁmcgﬁt%m@del dl: 158 1"B'-NJ)0 YETANIGRE hadia 89
t et rapropenyi succi ni c anhydri de (TPSA; 0.0563 nol) and 253. 779 dil uent

-0l Is) thi s viseesiyt@ri088Caf 8800Stf or ' 1 hour. The pol yPI BSAI PI BSA: TPSA ratio
7 30. To this was added 25.8g HPA (0.0938 nol) and then the reaction

terrpera ure was increased to 165C. This was heated overni ght. The product

was thdd cool ed. The resulting proddgamhiedi7l. 72 N, 36.4 TBN, 0.75 TAN, and

e o L SRR of £ A B nd B PR EBRR g © Pt
15 To 42,043g polyPIBSA/PIBSA mixture which had a SAP aumber of 21.0 mg KOH/g
16 sample (7.87 motl) was added 2166 mal TPSA (7.83 mol) and this was heated to
17 165°C. To this was added with stirring 2154g HPA (7.83 mol). This was heated for
18 6 hours. To this was then added 6589g ethylene carbonate (74.88 mol). This was
19 heated at 165-170°C 6vernight. This product (48,746g) had 1.52 %N, 12.1 TBN,
20 and had a viscosity @100°C of 155.1 cSt.

Yy 21 | PERFORMANCE TESTING

22 ‘The soot thickening test was Gsed to determine the relative performance of the new
23  dispersant variants. Details of the soot thickening test are included in US
24 5,821,205. The resuits from the soot thickening test are included in Table 3.

-31-



To 197.77g of the succinimde from Exanpl e 14 was added at 165C, 29. 85¢g

et hyl ene carbonate (0.34 nmpl). This was heated overni ght at 165&ly 3004
resulting product had 1.59%\, TBN of 21.1, a TAN of <0.05, and a viscosity
@ 100C of 47%0@Bg6s3 22 7 July 2004 WO 01/34663 1 PCT/ UsORtB08303kxanpl e -
16 2 Preparation of EC post treated Cl2 end capped HPA succininmde 3 To
632. 239, pol yPI BSA/ PIBSA m xture which had a SAP nunber of 60.5 ng KOH g
sanpl e,1vvas added 1617g dilueht oil T88e Bni s was then added 95.6 g TPSA
(SAP ' 52nunber 400 ny K@#d tisickaniey tedt d4ta i new didBersaflsy Pl BSAI Pl BSA: TPSA
CMR was, 6 -1.0. To this was then added. HPA 93.73g (0.34 nol). The

am ne/ P?BSA_‘_CI\/R was 7 1.0.. This was heated at-1700C for 6 hours and then

cool ed. To[ EREnpIESH AMiie IECHIN  YaonP iHEH: 1 ; 989 gt hyl ene
carbonate ‘[ 3. 26ﬁrml : 'In'%] <MB vvagsrhe tgq%p‘@ggﬂfﬁs kfﬁg’@?;é he E{/ basic
ni trogen QVrwas 29 PAj'h ot0 pProduct _TT o tHi s~ Teact i T 1159%N,

Vo |

-

15.9 TBN, Pgit5—TAN: TS ti—vifscostty—@106€C€F 8W41 cSt——312—{13

Ex | 17 b I alr £ o R I . e NEPNON R B X by TP N (Y.

EXanpl e p Frep Aﬂp O PT— O POSTTTreat et Ciz—eRt —CappeoTirA-

S. ucci ni m ge15—Fe B4 pot-yPHBSAHPHBSA—A-d-ur-e—whHe R had—a—SAR—+unber
of 21.0 ny r"—'.’g 6. (787 e} _wasadded 2166l —FRSA(7-83 nol)
and this w Fo4 dwith4®irring 21549 HPA

| Y
Eggi.v 055 To §HP8%as added wit Ag-2154g
(7.83 mol )T his waliPBatledl for  181d0R%rs  To this w0t hen addedi6589g
et hyl ene carbonate (74.88 nol). This was 19 heated at 165-170C overni ght.
Thi s préduThe dafh it4Gple BaHovs Bt 16¥ thd Sodt thidhening Gest HiPRagives bétisiosi ty @ 00C
of 155. pSt. 21 PEIE@O?&(EI}%EIJES“HE% 22 The soot thickening test was used
‘to dete?ni RETeRIANCE|taRY Y31 Werdle Pest-ignted Bigtenals giveheltébnt vari ant s;

Det ai | s of pbfiémsetiek thin teainPEC RStedédmpias! uded in US 24 5,821, 205. The™
results fromthe soot thickening test are included in Table 3. 7 July 2004
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WO 01/ 34663 1 2 Table 3 Soot thickening test data for new di spersants
PCT/ US00/ 30382 Exanpl eAni neEC basic N pol yPlI BSA/ Pl BSA: TPS - % {#4d¢ddfdy OWVR
Aratio 'increase 8 HPAO-86 9TETAO-174 10HPA2-24 11TETA2-46 14HPA07013048
15HPA2701302390 413488 data in Table 3 shows that for the sog@%@é%?ni ng
tests HPA gives better 5 performance than TETA. Al so the reat ed
materials give better 6 perfornmance than the non-EC treated sanples. 7 7
July 2004 3 WD 01/34663 What is clained is: PCT/US00130382 1. A process
for prepar{\igt AHiikEaSs: ©f (1) a copolymer of a polyal kene and an
unsaturated acidic reagent and (2) a pol yal kenyl derivative of an
unsaturated 4 acidic reagent, said process conprising 5 (a):-copolynerizing
(1) a pol yql kKengroeesy @t BiepariAl Khixtuny bf 8§ 2&opbRfHERof a'Hélyalkéne and an
non-al kyl vinyl i dene isoners and (2) an.unsaturated acidi’c reagent under
pol ynerd zat i oineaiEated aeidici rragent agdd2ba pelygikenyl defivativepfiapdinsaiatedt or, and
8 (b) rgact i n%c%r&é@ﬂ?&éidﬁocﬁs@%o&ﬁﬂiswgth an unsaturated acidic. reagent
e

at elevated tenperattire In the presence of a strong acid.

5 (a) copolymerizing (1) a polyalkene containing alkylvinylidene isomer-and

6 non-alkylvinyli'dene isomers and (2) an unsaturated acidic reagent under
7 ‘polymerization conditions-in the presence of a free radical initiator; and
8 (b) reaciing the product of step (a) with an unsaturated acidic reagent at

g elevated temperature in the presence of a sfrong acid.

10 2. A process according to Claim 1 wherein said polyalkene is a polybutene.
11 3. A process according to Claim 2 wherein said polybutene is a polyisobutene. .

12 . 4. - A process according to Claim 3 wherein at least 50% of said polyisobutene -
13 has methylvinylidene end groups.

14 5 A process according fo Claim 1 wherein said polyalkene has a Mn of from 500
15 o 2500.

—) 16 A67 A process according to Claim 1 wherein said unsaturated acidic reagent is
17 maleic anhydride.

18 7. A process acpording to Claim 1 wherein said strong acid is a suifdnic acid.

- 19 8. A procesé according to Claim 7 wherein said sulfonic acid is an alkyl aryt
20 sulfonic acid. |

21 8. Aprocess according to Claim 8 wherein said alky! group of said alkyl aryl
- 22 sulfonic acid has from 4 to 30 carbon atomns.
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10 2. A process according to Gaim| wherein said polyal kene i_s a .
pol ybutene.” 11 3. A process according to Caim2 wherein sai dTpMWene Jds
.a polyi sobutene. . 12 4. A process according to Caim3 wherein at |east

'50% of sai d wwbiydasaabut ene 13 has net hyl vi nyl i dene end gr 9&%300%@85" A .
process according to Caim1 wherein said polyal kene has a Mh 0 rom 500

15 to 2500. 16 6. A process according to Claiml| wherein said unsaturated
aci di ¢ “r edfeni precess acnardingdo Glainy dwiheeein 18 stiffoAicpacitisqresenddr dnng to C aim

Gaim 7 wher oAOLF b reiol dBuPobe8YToT Tk pafie B e REGIRANCCI 3 "3,

-9. A process. polgalkemelg to Claim8 .'wherei.n said al kyl -group of said. alkyl
aryl 22 sulfonic acid has from4 to 30 carbon atons. -33 7 July 2004 WO
01134663 PCTI USOQ 30382 10. A process according to Claim7 wherein the .
sul foni ¢ - ddi. d The pmdustproducediby aprecess comprisipgr ange of from 0-0025%to 1. 0%

based g@n the t ' . Of J. T Dr -by a
pr ocesg’ conprkagi ?%)p W%%’é‘? (é%%gbyﬁié(rbﬁé;??fg&%w %ﬁ\g@{“&@#&éﬁ%@on ai ni ng
al kyl vi nyl i dene noneatkylviaylidene isonzrs phdi(2)dn eheaturatedramidic seagen® inder o
unsaturated acidigc,r e under. ol rizatl ondi t.i gAs..i.n the presence
oo Ty o6 adi calPATezaNey %ﬂﬁﬂ?ﬁ"ﬂﬁ%ﬁ%@%&%%ﬁﬁ@ﬁﬂ?% (a) with
an .unsat ur St e(bgacrégétmgrtaapmducaﬁfsteﬁ Cajatithdart @mratedra:idiofréfge)matesencle of a
strong acid. 10 .12. A conposjtipon conprising a mxture o 1) a copol yner
of & polyal kene el (ETHERRtF doe Bigsence PEASERRS BFIE- (2) & . pol yal kemy)
derivative of an unsaturated acidic reagent wherein the weight ratio of
copol r P I I rivatiy [ bout 1-1Q, d erej he - -
copol JRer ThaARRkR S a2t e ol (A peBierad AR R S B o o
claim1. 15 lgnsaltratexbagidic réagent afid (2)a poljdkerybdeivativd of arivpbaturated o of
TPl AT 15, O AR er i Sl ol el St
‘ is about 0.1-10, and whérein the copolymer and the polyalkenyt derivative are prepared o
‘ using the process of claim 1. '

15 . 13. The composition of claim 12 wherein the weight ratio of copolymer to
polyalkenyl derivative is about 0.2-5.0.

14. The compoaosition of claim 12 wherein the weight ratio of copolymer to
polyalkenyl derivative is about 1-2.

15. A polysuccinimide prepared by reacting a mixture according to claim 12 with
20 an amine, a polyaminé having at least two basic nitrogens, or mixtures
thereof. '

16. A concentrate comprising 10 fo 90 weight percent of a polysuccinimide of .
claim 15 and from 90 to 10 weight percent of an organic diluent.

17. A lubricating oil composition comprising a majdr amount of an oil of lubricating
25 -iscosity and a minor amount of a polysuccinimide of claim 15. '

18. A post-treated composition prepared by treating a polysuccinimide of claim 15
under reactive conditions with a cyclic carbonate.
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pol yal kenyl derivative-is about 1-2. 15. A polysuccinimde prepared by
reacting a mxture according to claim12 with 20 an amne, a p&'&/%@ﬁ%
having at |east two basic nitrogens, or mixtures thereof. 16. A
eoncentrate conprising 10 to 90 wei ght percent of a pol ysuccinim de of
claim 15 and¥We@®P@d to 10 wei ght percent of an organic dipcianbosedss. A

l ubricating oi I conposi tion conprising a nejor amount of an oil of
lubricatin -viscosity and_a m nor anmount of a pol ysuccinim de of
cl ai m 1%, Ww-trﬁa@at@mmﬁlﬁwf elain 1Béiearie thergydlic satbiongteds

pol ysucgi ni i dah@bn&labndie. under reactive conditions with a cyclic
.carbonate. -34 7 July 2004 WD 01134663 PCTNSOQO 30382 1 19. The
post-treated conposition of claim.l8 wherein the cyclic carbonate is 2 -

et hyl eng CQUbQﬂﬁbﬁ—tre%te?:ﬂcorﬁpmrrﬁréﬁﬁ’éﬂdaquﬂébtﬂdl}@u@élﬁﬁﬁtﬂ@dféla"ni fpating a
pol ysucci ni m de of claim 15- 4 under .reactive conditions with .a boron

conmpoun®. 5 Zlu"d?ﬁéaﬂ%‘éfi WWH’(‘@M‘M@W@PWB‘IHOHF -cl ai m 18 wherein the boron
co_rrpound is 6 boric aC| d. 22. A I ubricating oil corrp05| tion conprising a

maj or a an | ubr i i | ) a_m nor unt of the
bost -t 1 Bat £ cONIRREReafte sposfian o8kt 15 Wikt 1R horPn o BOHBA o ng 10 1
90 wei géit perqmica@jd a post-treated 10 conposition of claim18 and from90
to 10 weight percent of an organic 11 diluent. 12 24.. A fuel conposition

conpri sing a hydrocarbon boiling in the gasollne or diesel 13 range and
f rom abdut 220 A tubsibatiny dl&oﬁﬂﬁ)spnntcsnmasmmal majonambupbaftart sibettlelstickting

. conposition of .claim1 15 25. A f entrate CcO | I nert,
stabl e éot eoph‘f'?qoél%ﬁnqalgmm?foqq‘?% °fﬁ‘et ?%t F’&HB@OBEB @gpﬁ’gﬂagand at
[-eadt 5 percent by weight of the post-treated 17 conposition of claim18.

18 26. ¢\ Poby RLalochl SRA RN AAEIIT el Beibdtibr AGHRLbNGaL 0 cf ai m 12

with a polyot e CONPri'si ng I'ght percent of
a pol y#8t er fcm:hpnsrtmﬂ@fclaﬁnaﬁchnﬁrfmm 90 td 00 veight petcenipafranesryanic an or gani c
dil ueng 4 21 28 il I ubricating oil conposition conprising a najor anount of
an oil of | ubri gg?l ng ’

12 24. Afuel composition comprising a hydrdca_rbon boifing in the gasoline or diesel
13 range and from about 10 to about 10,000 parts per miflion of post-treated
14 composition of claim 18.

15 25. Afuel concentrate cofnprising an inert, stable oleophilic solvent boiling in the
16 range of 150-400°F and at feast 5 percent by weight of the post-treated
17 composition of claim 18.

18 26. A polyester prepared by reacting a mixture according to claim 12 with a polyol.

19 27. A concentrate comprising 10 to 90 weight percent of a polyester of claim 26
20 and from 90 to 10 weight percent of an organic diluent.

21 28. Alubricating oil composition comprising a major amount of an oil of lubricating
22 viscosity and a minor amount of a polyester of claim 26.

23  29. A post-treated composition prepared by treating a polyester of claim 26 under
24 reactive conditions with a boron compound.
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‘22 viscosity and a m nor anmount of a polyester of claim?26. 23 29. A post -
treated conposition prepared by treating a polyester of clai m28h&R% 24
reactive conditions with a boron conpound. -35 7 July 2004 WD 01/ 34663

PCTI USOC60389041/8653 The post-treated conposition of clai ne@Oussvsysgs n t he
boron conmpound is 2 boric acid. 31. A water-in-oil enulsion conprising a
di sconti nuous_aqueous phase copprising 4 at | east one oxygen-suppl yi ng
conponknt 30-a Therpaskifsatedsogipestiop Rk giaime 28 whsreia tha,boren ce ”Baé'gp

car bongceous ggiglaci@nd a minor enul sifying -anount of 6 at |east one

emul sifier conprising the product produced by a process 7 conprising (a)
.copol ynerizing (1) a polyal kene containing alkylvinylidene .8 isonmer and
non- alky!l 31.nyA ngeren-ol errisorrEsmringa disasatinubas aduenisditaseaagemising. 9
under : pol ynmerization conditiops-in the presence of a-free:.radical -
initidtor, (3teashopeRYIenSUPR _"'l?r?ﬁiﬂ?ﬂ’fegg aganfnyons QIPRRC KRR at ur at ed

aci di o5 r eagerdonirisflgen 34 ond bafboRBEsAIsHIE!, and & AeingeBEIsiBEn@hmauat osfong
acid, and (c) reacting the product of 12 ste&béggedvg!;tglpammnl_a_or at | east

one arf ne. at least one emulsifier comprising the progluct rocess
7 comprising (a) copolymerizing (1) a polyalkene containing alkyiviﬁylidene
8 isomer and non-alkylvinylidene isomers and (2) an unsaturated acidic reagent
.8 under polymerization conditions in the presence of a free radical initiator, (b)
10 reacting the product of step-(a) with an unsaturated acidic reagent at elevated _
11 temperature in the presence of a strong acid, and (c) reacting the product of \i :
12 step (b) with ammonia or at least one amine.
)
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