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= (57) Abstract A process is provided for preparing 2 mixture of (1) a copolymer ofa polyalkene and an unsaturated acidic reagent and
= 2a pf:lyz!kcnyl_dmvanvc of an unsanuazed acu_iic reagent, said process comprising {a) copolymerizing (1) a polyalkene containing
alkylvinylidene isomer anfi fi?n-aikylwnyhdene isomexs and (2) an unsaturated acidic reagent ender polymerization conditions in the
?mmceofa&eemdlcalmu?mnand (b) reacting the product of step (2) with an unsaturated acidic reagent at elevated temperature
in thept_e_senoeofastrong acid. The product of the process can be used to make polysuccinimides that are usefal in lubricating oft




KE, LS, MW Mz, SD, SL, Sz, Ti, UG ZW, Eurasian patent (AM AZ, BY. KG
Kz, MD, RU, Ti, TM, European patent (AT, BE, CH CY, DE, DK 7 Riy26d4 FR
B, &R IE IT, LU M, N., PT, SE, TR), OAPI patent (BF, BI, CFy cGg d,
CM GA G\, W% MR, NE, SN, TD, TG . Published: - W¢th internationoi

search report. Fof~two-letter codes and other abbreviati oRSTUPEE2 to the

@Qui d- ance Notes on Codes andAbbrevi ati ons"appearing at the begin- ning of
each regul ar issue of the PCT Gazette. ",0,0 (54) Title: | MPROVED PROCESS

For prepat i ndMEROVERAIROpEES IR ATANG PEIVAEILENRRIGEICANIVEIIEEL ™ .

acidic reagent and (2) a pol yakenyl COPOLYMERe of an unsaturated acidic
reagent, said process conprising (a) copolynerizing (1) a polyal kene
contai ning alkylvinylidene isomer and non-al kytvi nylidene isoners and (2)
an unsat 8 at ik preisdintdnyardigo melatasde anpopiavedipreadss forapaldng iaorepolymer i9éao

presence ‘gL ﬁ‘?&%‘*&%‘?é@@hgﬁ'mé%}é@& géia{cqggg‘__(erﬁ) reacting the product of step

(a) with acl drc reagen evated tenperature in the
presence of a strong acid. The product of the process can be-used to make

pol ysuccigi arides that are géngQ!;{!gg#qﬁgilm%gﬁo@‘p:orrposi tions. 7 July
2004 WO 01/ 34663 PCT/ us00l MAKI NG
POLYALKYLENEI MALEI C ANHYDRI DE 2 COPOLYMER The present invention relates to
an i nprovgd Ersltbpdelifideh BolgiRBBLYAE bn@ maleid aRRYIRIE HB%nbivhD ThBse
unsatur‘a;/[gd g?:l o rrse[gg%nt. _BAC%OG??OJND OF THE INVI‘:_'I\I'I*O\I Copol yners prepared
f r--'or£1 pol Vi sotapolimers At semetimes rafgaed thasarRoldiBHN". Tihey&an bedireparrd by ar e
sonptimesre ;% gerfzﬁwaé aoTall BSWaini ; by 8

copol yms?q zi(%fgjrc’ri pol yBut g?llgelgéﬁ%al ni Wb"@ﬁﬁggﬁaggﬁ%ﬁ{%ﬁf% of the 9

met hyl vi ri/| | methylvinytidene isaimen (plog witlhother pplybyisne isamarspwith eh upsattraied

! q - R .t TR ugie
o cal 16T o Peadkef a0 ot Gy BRgd B ARk Hetca il Aufbelierl.
reacts. 1f tddy fied mbthylvinglidend isomsr reacts. ,If the pubyberterkcqrdaiose.g., 70 mole
‘met hyl vi.pylid ' .t h |y, 70% ' t I be A3
Rohi evedt? TriSeRRbRRERyideREdsdner ten drY P Goldon BBl Tt cafRe
_St arti n‘g13 achieved. This results in a less than optimum use of the polybutene starting

44  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
e .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.



14 material. 15 In order to inprove the conversion of the polybutene -
starting material and inprove 16 raw material utilization, ity iasobmen -
found that if the polyP[BSA reaction mxture is 17 further reacted with

t he unsat ur amedaeisslii c reagent in the presence of a stronge@Qigdesssd

catal yst, such as a sulfonic aci d catalyst, the unreacted pol ybutene can be
19 convert tQ pal yi soputenyl., succjnjc anh Up to 90-95% conversi on
of the 1 R0 §Xplosys ons;iypicg %ﬁ?eﬂc?wnﬂ‘ﬂﬁ OfARIC RIASEr esul t i ng
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expl osi ve enul sions typically conprise a continuous organi c phase 2 (e.g.,
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presem@® varidiomattidwst bnetnmotei-arhineof an average of at |east 1.3 succinic
groups for

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

2.



18 each equi val ent wei ght o'f substituent groups, and conponent (B) being
ammoni a . 19 and/or at |east one nmono-am ne. 20 SUMVARY OF THE 74 N¥pddON 21
The present invention provides a process for preparing a mxture of (1) a

22 copol ynmer ; | yal kene and an unsaturated acidic reagent and (2) a
~ pol yal kenyl “%mg"ea??vative of an,unsaturated acidic reage‘%fr,msg%‘"a'fz process

conprising:. 24 (a) . copolynerizing (1) a polyal kene contai ning

al kyl vi nyl irfiethgvin§iiEhe-erdifloupt Fﬁ@f@l‘dﬂlfﬂe@d}y&lk&@ﬁaé A MFeOBERGMG002y an
unsaturated acidic reagent.. 26 . under polynerization conditions in- the
presence of2980free radical 27 initiator; and 28 (b) reacting the product of
step (a) with an unsaturated acidi ¢ reagent at 29 elevated tenperature in

th f.a id. .30 Pref bl t | yal k '

pot ybut ene PRty iar BRSRted pedl spdint meitieAntvaBde 01 (Copus ene, st
preferably wherein at |east 50% of sai'd polyisobutene has -2-7 July 2004 WO
01/ 34663 P [ _ ' - ,

pol yal kene%@%a*?hwgo%er @r‘ﬂbgﬁg‘n %%th@%a&&@g%%hgg? Qsﬁ’gﬁgﬁgﬂ%ﬁ'ﬁéﬁ? ed

acidic beagettl. i s mal ei ¢ anhydride. Preferably, the nole ratio-of

unsat urated aci dic reagent to polyalkene is at least 1.0:9. Preferably, the
strong acid ts an oil-soluble, strong organic acid, having a pKa of |ess

t han about Prefexabiy the strengiatig is an oi-solubleystrang erganicacids heNinga pit ofl ky|

b . TE ot e .‘ ) ub has . f b
atoms. pr ofSAnrt aBGit, MUBRR Bl ALluGOUD R SO5h ikbeibef 00
of from 0. GoHésic acid] wheteir thelzadiog draup hasdranod 40 3desiagian atomso Pyafefablye. The

Corpr 1 si‘ng e suBiic 45 BeiePth 45 2nlplps B € nateskbdtata Stodeaf 1 9o
al kyl vitoy| ibdeed oh tissristalarsightof polyhkghe.i nyl i dene i soners and (2) an
unsaturated acidic reagent under polynerization conditions in the presence

of a free radical )
The present invention further provides the product produced by a process

comprising:
B (a) | copolymerizing (1) a.polyalkene containing alkylvinylidene isomer and
non-alkylvinylidene isomers and (2) an unsaturated acidic reagent
15 under polymerization condifions in the presence of a free radical
initiator; and . .
(b) réacting 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-



initiator, and (b) reacting the- product of step (a) with an unsaturated
acidic reagent at elevated tenperature in the presence of a strong acid.
Al so provided by the present invention is a conposition conprimiung2@04

m xture of (1) a copolyner of a polyal kene and an unsaturated acidic
reagent and (2) a polyal kenyl derivative of an unsaturated acidic reagent
wherein th Lght .ratio of. copolynmer to ol val kenyl derivative is about
0.1- 10, and"Rarerds RiESEEBYTRED Pkipen il BEde RERTPE at i ve are
prepar ed usiofprising drhaieeamomt df Ah DilioNBAEALING - visEBsiEy dHdd Mirr amolef erred to
herein as a "pol yPI BSA/ aci d-catal yzed thermal PIBSA m xture. 25

Fur t her - pr /iSHER2 BYIYBYreinEpidee Aisq RIOYAeY by tesrased Iystiiest inroge prepared by
reacting g d’aﬁin%kti%ﬁ'pqeﬁ&cfw ﬁ@ﬂi@%ﬁ%?oﬁ{s@%ﬁimd&tlH{d%BRefacfi\%e. present

invention wt am ne, yam ne“havi n ast two basic nitrogen,

or m xt é@r e qohditiend witlMheyclisrragmmata. fuethier providkes by thiomedat irveatimeisra r at e
conprising 10,10 .90 wei ght percent f such ol ysuccj nim de and from 90
Cor0 et gRESbLaEneoBpoaliotiaasie butiealit suchel BoRiES R tgAUITeraddi i on. the
present i nugadtivetoRdifdrisdgith abbldhidofipbung oi | conposition conprising a

maj or anount of an oil of lubricating viscosity and a m nor amobunt of such
a polysuccinimde. A so provided by the present invention is a post-

treated comMMRSirbidH! ifRERIRA RANENDrbViIERS 4 MBrisMHY A RRIPYSHES bohPRiig nder
reactive 5 conditions with a cyclic carbonate. Further provided by the
present i n/eder noyryd ohan gih ot lubrieading discesiyssidia wimop pmpaintad theyypasteat i ng such
a Pol ySYCCI Friifilfon EBTUbUGS B Held-00Sy Mbhch 09/BR Goipound. The
present invention further provides ubricating ol 1~ cormpdésition conprising
a maj or anmuprisipg 28no 60 lwelidht beleehtefithe gostiteatsi doynpasition and from gomount  of
the post 10 treated conposition. Al so provided by the present invention is
a concentré?éo“ted&ﬁlp?%qenﬁbo‘c?@ rgeedisnght percent of the post-treated
conposition and from80 to 40 wei ght percent of an organic diluent. Also
provi ded by the B_r eggnt invention iis a fuel conposition conprising a

hydr ocar borfNERPIOVIHE P therreged fivertionis afugkeamaosiige camarnsingm about 10 to
about 15 1%&9%3%‘1%%"198% fﬁgldabafheq;rc*%%%ﬁahé@%h@ﬁ'oﬁ}%@ﬂé{ooé‘bo‘?.li this
invention. Further provided’s a fuel concéentrate conprising an inert,

st abl e 161 edikA00 martsglev anilfion dfgicst-treated compositotgef thit iMvBotick0Furdned at | east 5

percent by el eH s ¥ rulSnBORtie Lamdishe SPMRAS bR YbnioLSvdmyent i on.
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.



Al so provided 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 invent? iy 2804
concentrate conprising 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 conposition conprising a major
anmount of aR oi | EH |Ub6i cating viscosi t% and a m nor anount of a

pol yest er. AEOProyfieg bygaa PiaseRUIBYSWPR SR BYSHikaIeH cOBMRpitiPMPESRAISHPY s a
post - tr eat egeARGRATINISR? UREENBEER RYndilisRAliNY broR el under reactive
conditions with a boron conpound. Al so provided by the present invention is
a water-in-oil emnulsion conprising a discontinuous agueous phase

conpri si ng @aselpRAided BN PYEBRE iR lawiéwwgte?-?{mf@rﬂmsi n@offpRking4ous organic
phase conprising at | east one carbonaceous uel , ané) a mnor emul sifying
amount of adistedistiowmeuenus pdsesronpoisipgiat leagt drireoxypemmdulyipg oduced by a

B Ryl vi iy 1 BT e B AP SR TP R PG o) Banvere cabnpasousn
unsat ur at edfag iaflil & riRGGAAISIHNEEIMOM OB b bhe Briifdr tb@BRsihd tHhe presence

of a 10 free radical initiator, (b) reacting the product of Step (a) wth
an unsat ur apiedugidrefused by aqEptesscompEsing (0 coplpeeaaing € )iarpaliskepeesence of a

51000 1ol Sk OB B B BB Rl .

| NVENTI ON P@isatisaed 3eikigredgdi enpequpgserzatigt ¢aritiohb th hegpssedte of a

-copol yneri zing a polyal kene and an 3 unsaturated_acidic reagent, followe
| ‘Z"%Fh%dﬁ»ﬁfl | k d 3 t t ed i di t, foll d

by reactld ng Bifigtoad bpsrginadba erefuchotlisiep (ad Wilh earwsalveiedasidicc r eagent
at el evat edrd;gemer dlcvsRdidmbdiat ARG pResBhedlof GRIH a‘é-cﬁfahé(cﬁ@é‘cnﬂg' yal kene
conprises a mxture of al kylvinylidene and non 6 a kyIIV| nyl'1'"dene T'soners.
It is beliethedredust oftdiep &) kjthainmmydnialenat ieasdbove smis.t i ci pate 7 primarily in
t he copol yneri zation reaction, and that any al kyl vinylidene isoners 8

remai ning after the copol ynerization reaction plus the non-al kyl vinylidene
i somers

-4a-



participate primarily in the second reaction. 10 THE. POLYALKENE 11 The

pol yal kene can be a polyner of a single type of olefin or it dalhih20C

copol ymer 12 of two or nore types of olefins. It contains both

al kylvinyl i dgpanhagier and non 13 al kyl vinylidene isoners., “@I’“%rﬁ‘gl y, the
pol yal kene is a pol ybutene, nore 14 preferably a polyrsobut 4hd nost
preferably a polyi sobutene wherein at |least 15 50% but |ess than 100% of
t he pol.yii sobut ene has rEEWILEDDESCRIPTIONIOF THIPINVERGION ef er abl y, the

pol yal kene has a nunber average nol ecul ar weight (M) of from 17 about 500
to about 2500. 18 The pol yal kene can al so be used in conbination with a

1- ol ef i 12 ( altsopronesacansprisres tHdsteps pheomilyhiénzlng a pbigatkend afid ant ypi cal | y has

U 'S pal R0 B BaoB bR by el dhy LB R aher iRl G O™

Ruhe, didsclwsaturated apidepeagéntaat etdvatesd ipaiperatue imtiteplesenceaof 2&trg yal kene,

a l-olefin turated acidic,rea iS i ncorporated .23.
orern By 1Ay The popReE SRt sy H BB A R D & reacenT 25
The term " Lmlemmvhae@@l isdfriefs.Clt i@ﬁ@ienéd trraeimsr Slky*llanvmieﬁe dsdanierfs tpaﬁrclpeter eactants

of the eneral fornu 01134 - CPCT
11JS001 03 aary, it E? HOBP'&'HG"%@M&?%@“S tY%r agy ?'F%'?"é'mde“ﬁr'%‘?)'f‘%féd t hat at

| east ome Gbmiirnflafterithe cSpdlytibRxtliohtahction pﬁﬁqﬁbhen@ikwmﬂeﬁ@zsbmer@st erify
al cohols, formamdes, or amne salts 4 with amoni a or am nes, form netal

sal ts w% h RasHERato Pripmarily i the seresddaRetiPy eacting 5 netal conpounds and
ot herwi se function as acylating agents. Typically, X and! or X 6.is -OH,
---O-hydrocarbyl, - OW  where LT one equival ent of a netal,
7 ammoni-um or ami ne cati on, -NHZ,ME-PQ%-WAW}&%M t aken together X and X
can be 8 --0- so as to forman anhydri de. Preferably, X and X are such
t hat b car lic f nctro ent Lnt ation.reacti aleic
annydride. | SEPQeRR e pR Tk Bl dihait vhP of PR B8R B orelR i o
unsat uri@t ebfawo dr mor@ﬁ,@te@@f slefins. It contains both alkylvinylidene isorner and non-

. 13 a!kylvinylidene i_somers. Preferably; the polyalkerie is a polybutene, more

14  preferably a polyisobutene, and most preferably a polyisobutene wherein at least
15 50%, but less than 100%, 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



11 include el ectron-deficient ol efins such as nonophenyl mal ei ¢ anhydri de;

12 nononet hyl, dinethyl, monochl oro, nonobrono, onof | uor &, July 2604 or o
and difluoro 13 naleic anhydride, N-phenyl naleimde and other
substituted wa@nggssles; 14 isomal ei m des; fumaric acid, GhGsodshsh  al kyl -~

hydrogen mal eates and fumarates, 15 dial kyl funarates and nal eates,
fumaronilic acids and mal eanic acids; and 16 maleonitrile, and
fumaronitrile. 17 THE STRONG ACID 18 19 20 21 2 23 24 25 26 The
term"strong acid" refers t Ban acid having a pK | ess than about 4,
preferably -10 to | ess than + more preferably -2to +2. Preferably, the
'strong acid is an oil-sol uble,  gtrongecgaic alid. Representative cl asses
of the.oil-soluble strong_a;ﬁﬂs are represented™Nyy nal eic acid, nmalonic
aci d, phosphoric acid, thiopHosphoric'acids,.phosphoric acid, '
.tthphOﬁphOﬂlC acids, sulf#nic acids, sulfuric acidf and al pha-substituted
nitrilocarboxylic acids wherein the oi |l - solubilizing group or groups
are hydrocarbyl and contain from10 to 76, preferably from24 to 40, nore .

pref er abl y vii{ep8iIBad® XBhreqRE BamedirAiferent) SrdvitRdanati at Haeb8né &f Xnaheiabl y
phenyl . -6 7 Jul %@2004 WO 01/ 34663 PCT/ USOQ 30382 . 1 Pr.ef er abl y, the strong

aci d i s3a SgmoyRtiatizeapably of reagingtonsierdy aloohols, frem amides ok agtiesalts i s an
al kyl agy! va érﬁﬁioﬁ:aacﬁ*éi‘mné@%nﬂ h?étﬁlrsaﬁgmnthtrggctﬁb Wétalgro?ﬁasieglly%héhr@ kyl

aryl 3 sulfonic acid has from4 carbon' atons. Preferab

sul foni & adnefal @W@U@ﬁtﬂﬂﬂrﬂtmﬁm@ﬂqmﬂ aeyiating pgents. Tyrially, %(ﬁ!’@%f Xo 1.0%
based o tlig_tafal_deighiocfoyP ol B ANse PRAMEFEUMNRRR ThRS, <
7 ammonium of amine cation, —NHj, ;CI —Br, and taken together X and X' can be =/
8 —O0— so as fo form an anhydride. Preferably Xand X' are such that both
9 carboxyhc functions can enter into acylatlon reactions. Maleic anhydride is a
10 preferred unsaturated acidic reactant. Other suitable unsaturated acidic reactants
11 include electron-deficient olefins such as monophenyl maleic anhydride;
12 inonorriethyl, 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 actds and
| 16 maleonrtrde and fumaromtnle

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, 'bhdspho'nic acid, thiophosphonic acids, sulfonic acids,
' 23  sulfuric acid, and alpha-substltuted or m’mlocarboxyhc acids wherein the oil-
24 so!ubullzmg group or groups are hydrocarbyi and contain from 10 fo 76, preferably
25 from 24 to 40, more preferably from 28 to 36 carbon atoms, and the aryl group is
26 preferably phenyl



7 U S. Patent No. 5,112,507, issued May 12, 1992 to Harrison, discloses 8
copol yneri zation conditions useful in the practice of this invehty2004 and.
is 9 incorporated by reference herein in-its entirety. In general, the

copol yrmeri zaldfifneaed0 reaction may be conducted at a tenp about
-30 C. to about ’316 C., and 11 preferably from about 40 g&%d%"z%%fﬁt 180 C.

The degree of polynerization is 12 inversely proportional to tenperature.

Accor di ngl Yrrefdratipthe s&duga&uag@a galidrilc adidestl murd reRratiig ahe istifonic acid
tenperatures. For exanple, if the re ctl&? I S nduct edaEL mjﬂﬁéﬁbom 138
C., an Avers@s allylriybsulfoniaAcidnliost pretarab gioup gisaigal

However .3 i fsifdRic’aRPRa<Oforh 9 t6 F0tehaifa@imsa t enperature of about 40 C., .an
average 16 degree of polynerization of about 10.5 is ‘obtained. 17 The

pol yPI BSA can have- an apparent succinic ratio greater -than 1.3, such as
those X8 dPrefdrablgdhesulfbniSaciBas preiseiiiin a, dnficunt @Btheirangeedf firh OLB025%5, 1996
9 Ruh ich.i.g i.nc rated herein by reference in its

to Ha
enti rre'[ ;ﬁsor{ %OEL/PW@S?%&& 1o Pl OEBH@G@g%% neat, that is, the polyal kene,

~.the unsaturated acidic 21 reactant and the free radi cal inltlator are
conbi neg, in the proper rati he reaction
terrpera%ure. The unsat ur at @@ﬂ&%@ﬁ@fw@@%ded 23 over tine, or
all at once. 24 Alternatively, the reaction may be conducted in a diluent.
For exanrpl Sui t abl e

sol vent ?pl ﬁ‘(’ﬂ%ant%ﬁorg&d%lqﬁlwg%dmegy@ﬂ?r@ggtt%ﬁ?@sgﬁddgﬂ&? ree radical

| nitiat & asopolyniarizatioracshditions usefuhinethepeact2€ of this inkentionf andiis, - chl or of orm

51 ones andnedtpbefed 8 i haRRTm et IO o cPRoFRREART "5, |

2004 WA001@4biith M b/SOAAGASB At 4 terhperatuse ubattbubs308 Gad aboat Z10° O hand
reacti g See, U., .S, Pat.en enber,.29. 1992 to
rane | o CIPREbITEPRAtAL 40NG, toapoll 1667, I7R dEfree T POREICIEHITT B
Dependifag uaeérséwrmrmmmemkamm ARetordiygty it by BRydosantagooustb enter 4
into-the reactjo chain transfer aent Af%ﬁ{ t he_reacti

conpl et® \RITBIOY %Ver éﬁﬂ‘ﬁwﬁéﬁpee'ﬁ’&yeﬁe Ot &% e regetion '5&988%93 he
copol yngr | Zﬁd@ﬁs@% , B dveiégbaiegﬁbé)df ;ﬂi%nériz%ﬁoﬁ aflatsuk 113%slobedided. ' Such 7

|n|t|ators are wel known in the art, wever, the choice of the free
r adi cal15 ni Howevar. lfthe 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  sfirred at the reaction temperature. The unsaturated acidic reagent may be added
-23 - over time, or all atonce.

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.



8 may be influenced by the reaction tenperature enployed. . 9 The preferred
free radical initiators are the peroxi de-type polynerization ithidly20®rs .10
and the azo-type polynerization initiators. Radiation can also be used to
initiate 1lwoensseenction, if desired. 12 The peroxi de-typeridlvddeshor can -
be organic or inorganic, the organic having the 13 general fornula
R30CR3where R3 is any,organic.radical and R3. is selected from 14 the
group cdnsialéo beusdd aydsolyent fantheaeactiong BaecUr SdPatent NB0B.h75328issuRd, can

carrying e ea: 1SR B Fieh P XanRbal erfh by dereiat o 70 '

per oxi dgs ientiratgleDapending upon the pEetiakirdeivent Enplayed Htinaly aperayndientesat e and

di cunyi peroxide. 18 Exanples of ather pefoxigdes ich i .are
limting, iR |tg%ée3&gﬂ%‘§|a %‘%‘E?Q?E?’aa&e"?aéﬁ%vge %?%@Pd%?‘”ﬁ?‘%ger%ﬁ' i ary
but yl peyonﬁﬂqﬁxmguﬂndiaag@m@ebeﬁ_zoyI- 20 peroxide, tertiary butyl

hydr oper oxi de, cumene hydroperoxi de, diacetyl peroxide, 21 acetyl

hydr oper oxi de di et hyl peroxycarbonate, tertiary butyl perbenzoate and the

22 |i ke 23n'géheralzbe tyjpolymerizaiion dan beyipitidted dymnydtestradical initiator. ' Such -

al pha' - azohi si sobutyrgnitril.e;. ar S 2 . .k r I adi .

pr onot i rig Hﬁﬁ@'r%ﬁ?r?}lw%oﬂ‘d"é%%ﬁuﬁ&y%ggrnﬁb%@}?éﬁ ﬁ@ﬁ@ f%g?g%é?lﬁg@?oﬁavi ng
present g n thhgbsniflkentsd by heteadliioN tefmpenittretémplbpadinces are ' 26 sati sfied
by organic'radicals; at |east one of which --is preferably attached to a 27
tertiary carbon. Qther suitable azo conpounds include, but are not limted

to, p-..28 Theopelrraidresiadicahinitiators hrethelpereride-type-piobinyeririation inliatersenzene,

p 29 br benzenedi azoni um hydr.oxi. z e ' jum -
hai 1 dectt A Snighs sxaistenimasion el 3R sdiin By S0 (U AREN 1T, o7
azo=typP cafpesdasioncifidesied. found in U S Patent No. 2,551,813, 2 issued
May 8, 1951 to Pinkney, which is incorporated herein by reference inits
entirety. The anpbunt of 'initiator to enploy, exclusive of radiation, of
‘cour se, 12 epEraiperoride-t¥pd initigtorean detorganit heinpeganic; theaerganicthiasingrthe hosen, t he

Cout oo o SRR ROOR its £ KA bloeiaaldfad X" IS B 0

initiatss ahe dualpessislingoLhidrogeh andaty onganio ragioahi Bc‘gthﬁ?raéﬂ Riecambt e of
acidic feact ot ot RSttt Ry GaRMBES, Sl MR ey Diadiis: cBRYing; i Qedired,

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

-8-



-9 -'"The polynerization tenperature nmust be sufficiently hi gh to break down
the.initiator . 10, to produce the desired free-radicals. For7 Jka2filde,
usi ng benzoyl peroxide as the 11 initiator, the reaction tenperature can be

bet ween aboylq fi2fge@nd about 90C, 12 preferably between and about
85C. Hi gher andl%lgower tenperatures 13 can be enpl oyed, Zlb(glzl?stoglgq?%z br oad

range of tenperatures being between about 14 20C and about 200C, with
preferred gt Mtof aso- RRipounds tah B€ fourdl inllh 8. Patént NAD 2,551(B TBhe

reaction pressure should be suffici.ent .to nmaiptain the splvent. Ln the
liquid 47 ﬁﬁ?&%&. qyr&aégé &SE%HEY-H‘@P'& ﬁr"é%‘?r?p Sle'8 ya[ﬁ%ﬁ?"%t‘ﬁﬁpheri ¢ and
100 psi g Okntikgy.hi gher, but the preferred pressure is atnmospheric. 19 The
reaction time i's usually sufficient to result in the substantially conplete

20 conversion of the acidic reactant and high nol ecul ar weight olefin to
copol yndr . TheZinolint of initiatordo etriploy, exclasive efxiadiation vef eoursecdepanda4o hour s,

with preferred reactign 2 i etween two and ten hqurs.. 2 .not ed
above, She'i%f%ﬁ?s@f‘g?féﬁﬁ qq{ﬁm}l%rr}ﬁiﬁg@r GROSHR: qu‘f?g‘fwegaﬁn?&e Eeéﬁ?'i‘ on. The
§4 Bi ghehrm 'cggdii{iéﬁs. vwgi@mﬁaaimﬁisn,,quulébgbe eembmpr ﬁh@t_daumn mediﬂ?i.' rftié at or can
e brought t oget her,  in any suitable mann iportant. .factors are
ntimat & cyRvaleongentratens sbinfiaiat ate bebyaen d gkt ARd SRt Aipissof it
reactang i pet hRIP6RRHNS fedktant wittesrefafidathountd befwedn ©.085: Tehe 0i1d:1. The
reaction, for exanple, can be, conducted in'a batch system 28 where the

hi gh nol ecul ar weight olefin is added all initially to a mxture of acidic
29 r eacgaritTheipolymetization eingerhtuininust bé Beffitieglly high &cbileak down gin initiabdri n can
be addﬁa_ -9 7 July 2004 01/3.4663 PGT/ U 008038ﬁ I igterm’tte tly or
cont i ndBus g Paguee er‘g%n“v'FF' egaticals; For Fxampls; Ysing penzqylpergxide be 2

conbi nqq i miRitEe thefedlidn tehiiferatuABarEhe BEindich abBACTSCartlabdub oIt or may be
-added 3 _to high nolecular weight olefin and solvent jn the reaction pot. In

anot herl2 grably betwgen ab 2handigbopt 8o ddighenand lower tempefaties,qded

conti nYausleyn b8 eindlbjed, a&urtable bRGHd Ring¥iof férﬁﬁé?&ﬂu?é%@n% beWR¥AlabBilt 8 portion
of the product to a recovery train or to 6 other reactors in series. The

reacti df c28°Geed about 200°G, with profemedtempaiaiums betypen abo 06 andpbeut  he

.conponqats g,?added at one or nore point along the coil. THE PROCESS FOR
PREPARI NG I3 ALKENYL DERI VATIVES :9 In the preparation of the polyal kenyl
derivative, the nole ratio of unsaturated acidic

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-



10 reagent to polyal kene is preferably at least 1.0:1. Mre preferably, .
that nole ratio. is 11 from1.0:1 to 4.0:1. 12 Preferably, theJunde@rated
acidic reagent is added over a period of tine period 13 (such as from Y2
to 3 hours) ®oOwBIesht once. 14 The reaction is conducted WdHsafhosscess of -
unsaturated acidic reagent at elevated 15 tenperatures in the presence of
a strong acid to convert at |east sonme of the 16 unreacted pol yal kene to
addi t i ohal emytentlyaycontinuoyslyito &he reaghon petaAllemetivelndhelireactarts maydent -
This react] ' te) ; i Weo N UG f this
18 Tonct o AT offef of SRF HoAPeral, AR Rl b O nBl B MR 1o
The t enper & high regleqular weightidlefin and soleent vthedeacton gathle anothareaaririeon) can

vary ovgr | - . ] [ ip the range of
from 160 « SO RN redetibh Hiltlo port AP ARSI MO Gty o 2 S, 1 £
super - abno&gantenwith contingoust remivil/of a pertion eftherprodisct $aipeecavenpsgiher te 23

When thg r ' 1.S; |.e ted. unsaturated. acidjic reagent is
24 remgedotebrafeirs i et e okl 3o AR FirHl BsLRede ks elibfiele The

unr eact éd re&fEtorwhene theataupaneint areraziigd it ohasr hes poiataload the dbie reacti on
product may contain 26 sonme tar or resin which is believed to be

pol ymal ei ¢ anhydri de by-product. The 27 insoluble portion of this

by- prodéct can HéE BEROCEESHFOR PRERARMNG, POLYASKENYIHYERDATIVESI n in t he
product as a soluble resin- -10 7 July 2004 WO 01/ 34663 PCT/ US00/ 30382 1
By usi n& the two step process of this invention, conversion of the -
pol yal k®neltthg prepasatiansofithg polvelkepyigisyative thetmeletratio afivasatugted: aridici t

m ni m zgs - . i £ ign )
T e 07 [ Rylord L HEABE G R 2 KA e RO 8",
di sper $hnt fram tB8rido#AD:1ni trogen I evels, often requiring the 5 addition of
a low viscosity diluent oil. The. present invention permts the use of |ess
6 (or no) diluent oil, as well as providing higher utilization of the

pol yal k&nePreferaRlycthesinsaiurairgdsidicsagentisaddedipremaseiodof tiree petiod i de can

be prepar egsueM a%‘?ﬁ‘)?ﬁ%;laﬁﬁﬁxrs)qﬂjéﬂpét%ﬁé&ad d-catal yzed 9 thernmal Pl BSA
the

m xture produced by present 1 nventron with either an amne or a 10
pol yam ne, under reactive conditions. The am ne or polyam ne should be

14  The reaction is conducted with an excess of unsaturated acidic reagent at elevated
15  temperatures in the presence of a strong acid to convert at ieast some of the
16 unreacted polyalkene to additional polyalkenyl derivative 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 _ther_ reaction in thg s_ecodd step (the ene reaction) can vary over
20 .awide range. Pre_ferably, the-fempefa_tufe ils‘irj the range of fforﬁ 1805 td 240°C.
21  The pressure can be atmospheric, sub;atmosi_)heric, or super—atrhospheric.
- 22 Preferably, the pressure is super-a_tmospherib- | | |

23 When the reaction is completé,_thé upreacfe_d Linsafdrated acidié reagent is
24  removed. Preferably, the read_ic_m_médium |s .cqgl_gd as _é,oon as fhe_unfea‘cted
25 unsaturated acidic reagent:has_r_b_een removed.,' The reacti-q-rﬂl prqducf niay éonta_iri
26 some tar or resin which is belieyed to bé polymaleic anhydﬁde by-product. The
27 insoluble portion of this by-product can be removed by fittration, but some may
28  remain in the product as'a. éoluble.resin-“_- : | S
-10-



11 enpl oyed.in anmobunts such that there are 0.1 to 1.5 equival ents of am ne
or 12 pol yani ne per equivalent of acidic groups in the poly 7 July2004

Pl BSAI aci d- cat aI yzed thermal 13 PIBSA m xture. Preferably, a polyamne is
uséd havi ng ﬁ} % t three nitrogen 14 atons and 4 to 20 carbon atons. 15
16 17 g u 66% 21 22 It may be desirable to conduct ROT&ISPENBR2Ii on i n
an inert organl c solvent. Optinmum solvents vm' |1 vary and can be determ ned

¢ | - ok ; .
conduct o a2 pEng MY GEMES phddes B R loR rerslorPbiifle pbyalfipaRc! | on o
preferal@y ll&SﬁfU\lgh@sBHﬁE%f dhlsfhaamgladuantage&aiﬁ mihigizes thprastaundbfy 2 to 6
our s WPl AkLoted DAAEAS 01 il ARIENERBHLAL \H0Mteq BLAMRBAEKris B o051 &

hewever , h|g ressures can e usé ng-on t
reacti or4 t enpeaae ﬂ'reewstmsrty ofla dmdetdaet aiotdnistant pitrogén lﬂvelshefterr mutrmgttlse or

sol vent er esent in m or nera ed S LEaf S
ofef or i y FAMsTLer FOF FREA lRFLEL; TR Dot aRIF e S u R r  he
reacti oré vi(ar agediluenpbil aisaveliZls srositingl rddher mtiliztibr bf theqediyaikeneonpl etion, the
system can be stripped .at elevated 26 tenperatures (typically -100C to
250C) and reduced pressures to renove any 27 volatile conmponents that may
be preséht in the pr odudRROCESS&FQARIARERARING POLYSUGCINIMIDRES ar i ne i s used.
Preferably, the polyamine has at 29 |east three amine nitrogen atoms per

nmol ecul e, and nore preferably, 4 to 12 amine -11 7 July 2004 WD 01134663
PCT/ USO® 3038 galysugdinimideecan hrepreparasil actingthe polyPiBSAfkciskcataptedan nes

BZ@Q?&E% 4B nkflce ProbibER BT v bRdBilentA S5l efnpraf SEIE ¢
10 polyamlne, under reactive conditions. The amine or polyamine should be
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 Iea-st 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 polyarnine 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-



preferably from2 to 3 carbon atons per al kylene unit. The polyarrine .
preferably has a carbon-to-nitrogen ratio of from1:1 to 10: 17 JBy BE@hpl es
of -suitabl e g\{q}éam nes that can be used to formthe succininides of this 7
i'nvention in &6he fol |l owi ng: tetraethyl ene pentam ne, ypemisasiosel ene
hexam ne, 8 Dow E-1 00 heavy pol yam ne (M=303, avail able from Dow

Chem cal 9 an ni ol Car HPA- X heav 0

avai | abie. IR PSRkt Mos e Ries 316 AR S e R AR 7R BrfBmass
i somers2 sudioges diomspeecholdtalen 11 pol yam nes, and substituted pol yam nes,
I ncl udi ng hydrocarbyl substituted 12 pol yam nes. HPA-X heavy pol yam ne
contains an average of approximately 6.5 13 am ne nitrogen atons per

nol ecul é ~ PrafeTied nohyajkenepolyasiioesalso may’taitdrefnsabngl éta’:%rpamnd atdros,

t-ypi cal

p>cl)l yam nes %‘J iyaﬁ?rwﬁ({oheg%rbéﬁé?oén Scﬁg})%k&b%fyg'ﬁ (5‘? '%'g.'mﬁ@xﬂ% ein )
whi ch ofe chasmbai—toamtrpgamchhomféxdmrﬂﬂabelom th 17 t he average conposition
indicated. For exanple, tetraethylene pentanine .18 prepared by the
polymeri zation of aziridine or the reaction of di chi or oet hyl ene and 19
amoni abwi |[Bxamples dfsitablepslyaatidesihghean bemaed tnemarﬂse skcainimidesioftiiy| ene 20

tet the 21
ot ot 7e, i W B RGN B0 EREBLABHIN SRE Y oo

f or mul a8of DdveE-10D Heatvypolyamine (My+308 a\iaﬂablwftdm Bbwﬁiemlapmmpmyt)e t hat of
t et t I h t abl e | ud
e L S 0 £ A PR G 25 BRI R U ! 1o
m i(t urde ofCaipﬁ'aEityrh)erﬁ_uchtndlsa!ﬂf:m& allwbriwysdiﬁ%m}wﬁhmmantéhdﬂz-gfagir teﬁ I é
ol ya e xture | u cant al, ni 0 I e en
Pl w13 anfyRtes, nl 2 Betih Holatines g Rydodab ki | o
nonoantige polyainfingy. rAl-X hea\ly [:ii:hya#uﬂe b@n@rn@rad&re&‘ag’ve%ﬂ]ﬁ)pr&&mﬁm gar y

am ne, g m xt-ure thereof. Preferably, the amine wll have at l'east 10 29
car bon1 to@‘“%?@gﬁPéf‘gF%B?WB@P“@en 12 and 18 car bon atons. Al though -12

-7 July 2004 WO 01/ 34663 PCTI U80050382 1 aromatic amines may be enpl oyed,
it is qref redto use allrghatlc ani n sat.ur ﬂand unsat ur at ed
(i

Bot h
ani nes ay 198 BAIYE etk fiay Ol singi corp e Bt B bRy
am nes 15EX@ﬂ‘rpbmpomids refleétitly cdneifibieks pblyﬁrnilﬁa% Tpicaly, ehd8bmhiendisled 4 to,
oct ade%l ami pe and (liilci)decyn am ne. ., An exanpl e-of a sui é abl e m xture of
ani nes yamlne wi ixture in which one or several compounds predominate with
17 the average camposition indicated. For example, tetraethylene 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 {'{:;l'-'j

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 .



5is tallowam ne (a partially saturated m xture of am nes conprised mainly
of .CI8 6 amines). 7 Mxtures of nonoam nes and pol yam nes may 7hlulyziéd.

Al so, pol yoxyal kyl ene 8 pol yam nes (for exanple, materials supplied under
the trade nane Jeffam ne) and am noal cohols can also be suitably used. 10
PROCESS FOR PREMANG POLYESTERS 11 Pol yesters can be prep&ra&goog3szeact i ng
the pol yPlI BSAl aci d-catal yzed thermal 12 PIBSA m xture produced by the

present 4i mé?o}ﬁ%tﬂp?@ﬁ‘(%g)n?a%é’rﬂéb&gﬁqﬁg grrﬁ@ﬁeo ¢u e@ltpi@ﬁ@hﬁﬁr%@s Boltye pol yol's

have the f ornu rocar radical and x is an
i nt eger 2r epatsatad iand unkaturatet amings mgﬂboﬁmmwdcﬁrefeand amigesinclyge val ue of

Trom 2 50 difiichimat) Srilal Fniisl &f ARbkecHhAL ol g oQg‘H}”i' Pors.
Tgley( g; éal ;(Y oddmylaagr?lzwﬂo:c:]englmpra exalsﬁfl @‘raaestgﬂableohlxttwdf ar::g\esl col),
P Y PR L Rl et G Py SO Bea Bt 91 siiGed poFBtinss B RNGGE ) ' ¥

penta(eﬁhybﬁﬂ@agjycol) and ot her pol y(oxyal kyl ene) glycols 20 forned by
t he. condensation of two or nore noles of ethylene glycol, propylene 21
gl ycol, octylene glycol, or a like glycol having up to 12 carbon atons in
the al k¥l eMixtug® ofasremimings g polyahines pady/ty dsedc Albaglobjosyallidénale

2 ubrt o, BBPBRRAX Rk o3 SUANRA ) Bler Me8 ror el e o o

and 1,395 aydhadieotoletarn also besbitablyasdédil pol yol s are di scl osed in U 25 S.
Pat.ent No, 4,034,038, issued July 5, 1977 to Vogel, which is incorporated
byﬂEG reference in its entirety. -27 Esterification can be effected at a

erd0ure of about 10(RRQQESSdiQRPMBARIﬂ$ BOEYES&'ERSB about 150C to
about 160C.. Odinarily,.the reaction is carried out at 29 substantlally
at nospheric pressure, although. pressures above atnospheric may be '30

enpl oyéél estore can baprenared by feasting thesnelyRIBSAkdid-eatalyaed thesmahount s of
13 7401 Y p180R O AhAURES PO HSE SRR RS LRbF BN EC. The

reaction may be run i e abSence a catal e presence of
‘an aci d3t ypenditions. yBhe BQIWISasvﬂrrthoe‘r)ahulaﬁ"(ﬁH)xwﬂem)Rl'iséabydl‘et;arbelw s 3 type

aci ds gpd thgodideg  iSuhlifRLEr fBASbhANY feMider BFnfGFRLREK S it

di scl osed .
15 value of from 2 to about 10. The 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),
Ea) 19 tri(butylene glycol) ‘penta(ethylene glycol), and other poly(oxyalkylene) glycols
s 20 formed by the condensatlon of two or more moles of ethylene giycol pmpytene
21 glycol octylene glycol ora like glycol hawng up to 12 carbon atoms m the alkyfene
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- cyclohexanetnol 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 substantlaily atmospheric pressure, although. pressures above atmosphenc may be

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



4 U. S. Patent No. 3,155,686, issued Novenber 3, 1964 to Prill et al., .
which is 5 incorporated by reference inits entirety. 6 8 9 718y 3004POST
TREATMENT OF POLYSUCCI NI M DES The di spersancy of the conpositions of this
invention i swgemadesd |y further inproved by reaction w th paraig6dsess:
carbonate. The resulting post-treated product has one or nore nitrogens of

t he polyam no ety substituted w.th a hydroxy,hydrocarbyl o arbonyl, a
hydr oxy? pol LAY araRIgYed, s fapstion mey bl g At f @ caldivst ar >
hydL oxyal kirl the ppsdence vy ah leyidapss caiﬁrysm'ucglﬂs&nhb? aoitls, émﬂfoﬁmmmec Léwis 13
carbonaf e post treatyjent is_conducted under.conditions sufficient to

cause reachPs? W\’i‘%@;‘}@?'i §U@é2§%fﬁ?§§%ﬂﬁ?ﬁ41“‘§@@6#&§? IYSIR AR AP Mot ¢ he

14 pol yanm gossphiht N4EB155,688 MisS@dd Novniiserr 4964 @ Piilbeal Wadteig at
tenperatures of 15-:about O0C tg 250C, preferably from 100C to 200C,
‘Gener al? y, inge@prated by refergnce in s §RKEMned at t enperatures of from about 150C

to 180C. 17 The reaction may be conducted neat, and nay or nmay not be
conducted in the 18 prese y l.di c, basic or
Lewi s atgi d catal yst). Depéﬁ&%gﬁmﬁéé @s%é&é@@“aéhe reactants, it
may be desirable to conduct the reaction using 20 an inert organic sol vent
or dilugnty. e. - Lol (o] I - npl es. of. | . ts
el udel prbesABppadey B figdoaibos s ol TReilioRs Séieram, frdey FRhRIS.
and 228 al pleaction aitha dyelic earbbhateaThorstlting pastitrgated peaduat hys paebder red
cyclic garbonate is I, 3-dioxol an-2-one.(.ethyl ene carbonate 2 ecause it
Y or s exters birouses of the edliGriina frofbie stitited P AINGRR bRl o o5 © -

- comer4p al bycafonjhe iyakay gohAoRRIKleney Skycarsuavh angirgaRyeed 1 n t he post
treat t reaction is '2 '@&I%];_.g)r %gg%()ftbased upon the theoretical nunber-of

n
basi ¢ hi t r Bytraxaltyianepaivienya e thefePhni no substitutent of the
succi ni m de. Thus, when one equivalent of -14 7 July 2004 WO 01/ 34663

12 The cyclic carbonate post-treatment is conducted tunder conditions sufficient to
13 'cause reaction of the cyclic carbonate with se_cbndary amino grc-aupsA of the

14 polyéfniﬁo substituents. Typically, the -reécﬁon is éonduéted at 'tem'peratures of
15 about 0°C to 250°C, preferably from 100°C to 200°C. Ge'ner'alty. 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 ]



PCT/ USO0/ 30382 tetraethyl ene pentamne is reacted with two equi val ents of
succini¢c anhydride, the 2 resulting bis-succininde will theor/elulc2(04y
contain three. basic nitrogen atonms. 3 Accordingly, a nolar charge ratio
of 2 would r‘gﬁm’%ﬁ%ﬁ?} hat two noles of cyclic. 5 carbonate be added for each.
basi ¢ nitrogen, in this case 6 noles 'of cyclic carboRET/ES®EM82ach nol e
equi val ent of s uccinimde. Mdle ratios of the cyclic 6 carbonate to the
basi ¢ aqi NestidetHyRGRpetAnihy B eakled with thdequAEROb SR ride knbo 7
about 4:1; preférably fromabout 2:1 to about:3:1. 9 10 1 12 13 14
The pol¥s utﬁﬁuﬁpﬂi%w@WG@iWﬁ* mofﬁflcﬁﬂ'ﬁ contaip drep HRsici NWEPIRN FI§MEhe post
treat eds CARBASIngORMIAHAFRERBRPY Souktfaind that dwb ARASSGE i bori ¢ acid
of a simlar . bofon conpound to form borated dispersants having utility

wi t hi n 4 hecaidgpatedte addied foi eachrhasisrnitregena gdintthisrcase Booples chevelic exanpl es of
sui tabl g bgr, O EROLL s Mecithides 4 Ak .and esters of
boric 'agi d?é'ggﬁg{rggig '%H&?P %@q@ggg@{eng?@%qw v@?é%’%&%‘;{ g’ %#Hedi‘%ﬁ'gi val ent of

boron cOnpoamdnaterto dpibasid amineofitragen are typically dretheoianpe of iyl atiout o

conposi &iong..afs.3.ni S ' . mlpyed. 15 LUBRI CATING O L
COVPCOSI. TI &@%@*%&M@%@é%ﬁ%@gﬁﬁns of this invention are useful

as detergent and di spersant additives in lubricating oils. In general,

when enpl o (A ARSI . ' O £ about 1 to
about gg pgﬁgghgs éﬁgﬁll ght n?iodﬁﬁghf@ﬁ?{/@g Eaélhr{sgu%ﬁ?%?&%gl?a conposi tion,

and pr e er apmpositions dasenbertbahavescaualse be regcter withibofio acidror aagimilees basi s) .
Actd vegpbagl s i ndi ' t : | V.8, | 1h s Lnvention
ar o) condi dcody B To iR ndhiel dobrBhl M RERE B g Sedl s "/ O 10
r éai ntier veatiaronipesiition o bélid acid} exampiesofisuitable bororacompamdsiodidas
unreacted p | kene, ar cluded: Unl.ess otherw se Jndicated. in

descri E?ng@"lr?éab%r 'i’%faf‘?‘ﬁgé‘%ﬁ ?ncgﬁ%elgioﬁgﬁnﬁgﬁ’gbg%%ﬂ@‘g MARRUL AT at es,

act i ve18 ngequivaioht to@bbant equivalent oftberaecbrapdundrpss pgaivalent bieasic

polys ugs! nh%‘o%gﬁ 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-



26 The lubricating oil used with the additive conpositions of this

i nvention may be 27 mineral or synthetic oils of |ubricating viédn2e@4 and

preferably suitable for use in the 28 crankcase of an internal conbustion

engi ne. Cranf¥&4¢6@bricating oils typically 29 have a visgcoedayzgf about -
1300 cSt at OF. (-17.8C) to 22.7 cSt at 210F. (99C). 30 Mneral oil for use

as the e i nvent i i ncl es paraffinic n 15 7
So v 5084 anisiner ik et arelsiinsausn 1 tiaRas R poRpS oD TG Worar 11y
Esgd I N2l ulikdledd batd Wdﬂocﬁm&ﬁ@hmleﬁﬁsrls Sydsyrehetc @?.tér%f L{éerutey?]tdeucbog h

roca n eti ¢ OI S.a e sjers u nt hetJc
,—hidrocaﬁ* o Rviatarton,aits T i HANRETS A EAMA SIS IR 95 e Proe RS Opbopor
Vi scosi gy. E%pﬁéiampnﬁdnmm‘ Wdr@@&été@hdtﬂdibwgtﬁﬁa%eﬁdst&@hpai@ha Btéllf(iﬁés of C6-

to C12 alpha olefins;, 5 such- as 1-decene trinmer. 'Likew se, -alKkyl
benzeneS ofSUph éﬁérdﬁf’?ﬁ% bipery Lifpvise,alky DaNZRGS Qf Prapsh X’éﬁ%s'ﬁfaﬁﬂ'cB &Sused.

Useful gy anttﬁidb@yl%hSér% édihedSed B s @Jn?hélﬁ R includBRE 3O sphath aci ds
and pol¥carboxy I.c acids as well as nonohydroxy alkanols 8 and. pol yol s.

Typl cal 7examnasarhpxdichdiisrnd polyearbexylic aﬁ@ﬁtaééﬂ’ﬁiﬂltﬂﬁmﬂmhttdé@%ﬁi‘éﬁﬂ%t e, 9

- 2- et gyl ers
or epar g 167 fonoRe! BRI ekimalet the GiBag:E adpatd, BentabliyichERacibrsaty
di hydr ofy &i-Rethylkexybadipate, dilasylsebagatedand the lBBemnk?X estarsquaped oi |l s and
synt hetthC | vvel ght -
Lo Oy Bt i ied ot R3S qedBOyME R Sia PhREHRG ahiufhy HckisZan"SL 8
SUS (100F. )alsubrxeusdd oi |l gives an excellent lubricating oil base. 15 O her.
additives which may be present in the fornulation incl ude detergents 16.- ?
(over based and non-overbased), rust inhibitors, foaminhibitors, netal -~
deact i V&t oBiends-of hydegarbosiails aadwe&e&npds areralsousefuhtior exempls, biengst or s

ZI nc digghi _;Qe“ I ves.

S glt}so%ggﬁ?cg?r%}"%?gehgagw%{“ ﬂyﬁigd%%r}a%%gg r?%r'r? l-tt@s | nve%ﬁon rray be }
errpl oydd perczat $56 PUISSHA0Y pmihetialtailrgieastan excelﬂentrldnridatmg biibdse. mari ne
crankcase lubricants and 21 the like.- In general, when so enployed, the

‘polysuccinimde is added at fromO0.1 to 22 5 percent by weight (on an
act i ve1pol yHheradditives whickomsy bepresent i the famaulptiart iselude detergents from 0.5 to

5 weig p ‘% SQhAth

concen?trsat gés are al so |Wédy%e\%?‘t% ﬁ?gbr?tg)%gpg' Ik ¥ a’lderﬁé}e%%ta%{c')\}r%%r‘?he 25
concenfl¥ at gsuopoinhdapressasts, avkoxidants Ivyearmai’nhmmmrdrﬁﬁontmsmba@e rodid |

pr ef er qgl y valqety of other well known additives.

19 Htis also 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 polysuccnmmlde is added at from 0.1 fo
22 5 percent by weight (on an active polysuccmlmlde basis) to the onl and preferabty

23 at from 0.5 to 5 weight percent (on an active polysucclmmlde 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 addttive of this invention. '
28 Typically, the concentrates ccntain sufﬁcientdiluent to make them easy to handte

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

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



.26 to 60 weight percent, of an organic liquid diluent and from10 to 9,0
weight percent, 27 preferably 80 to 40 weight' percent, (on & Jy2Q0iHsi s)
of the additive of this invention. 28 Typically, the concentrates contain
sufficient- woluewés to make themeasy to handle 29 duringcgRiaRbizg and
storage. Suitable diluents for the concentrates include any 30 1 nert
diluent, preferably an oil of |lubricating viscosity, so that the

concent  at &eregdily misedwiti fupricating gils to prepass iubricatind jeibeampastions. e r eadl ly
m xed whth gkl %ﬂcﬁﬁmq)bxismﬁleh B4 B uRed RGeS Rehicn h%QéW%%bérdréHﬁav

Suitable [ubricatin ch can use I ca
vi scosi Bi ethq fange fmb%dé%cﬁhah@fﬁu(—ﬂ@@@) to2. 4cShat 2‘(0%7(99@)?) to 22.7 cSt

s ootpoRttaie gl R ERe iy G 680, ¥} S0 1Y %0 D peed

concentration of the additive that is necessary to . 7 achieve the desired
detergegcy is dependent yagEl sOMPDEIMONS AR GORCENYRAFESY the type of

fuel used, the presence of other detergents or dispersants or other 9
additives, etc. Generally, however, the range of concentratioén of the

addi ti;ve WﬁéimSeEﬂnb@ae tﬁeleko;jeic&ﬁoérmaﬁan SPfheVRidive thatis hebedsafy fol i On,
preferablyfrom30to '000 parts per mllion of the additiye. |If other

det er gefit s aahleveﬂ@mred getergangy '%ﬁﬁ%?ﬂde&F uppp:a vagety gf factors. “Fﬁ;l ipgthesed
The addgti dsE&éiPBg)"rfée'ﬂl : sofh%rﬁ@l%?@ﬂrﬁé 8£4didSerdahtd¥r otHe? concentrat e,

usi ng- an inert stable & ent boiling in the range of about 14
15 - 4008 (egdevemmtm@en@a dowever; §ie/ange abeencentratioreoifis sdditie i thei esel

fue useéé [ BAGefucl (o™ 000 AE; gﬂ* bﬁ%ﬁéﬁn% a&ef’érﬁﬂlﬁffﬂgﬁ% 55 45 8%00hapsso! vent

sSuc énzene ene or r-borling aromatics
or arofthti pet milkioreefshe additive.i ﬁmdlerdemwelase plesano atlesser an@uotettbe at ons,

such agsi s s i - ?1[11'8' ﬁp@ n
conbi nz [ o%ﬂaﬁfﬁ%é’ reél)l% aeb bon s 4 ven? d@%ed'ﬁe%ﬁfm ll]e um%jo'lf‘é égléélwl th
the f uéB addnctentlate kasinglam ihes kstab@oleupmm solverﬁé:omng umthe mﬁgebf aboastaddi ti ve
Wil | b cent :

excee qﬁ@%@ rFl (%ﬁ'ég? 8 %ﬁ s&%&"ﬁ%ﬁ{lg tﬁ%gg%ﬁ %c?? %8[@%1 erably
from 185 Z?artge Z’Iremalghtarpalrphaﬁtt or ai® a@ﬁﬁﬁtmiyﬂﬁadélﬂdr&dw&t Hudenl, soeh’
‘enbodi t [ ntion cted,tg water-jin-o ons that are
o8 uaelBl 8 alrsls.Jaueng e d e potd Ak ates &f 2Bl Hifite aquaous
phase 47 Aliphatic alcohols of about 3 to 8 carbon atoms, such as isopropanol,
18 isobutylcarbinol, n-butanol and the like 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 ordinari!y at least 5 percent by weight and generaliy 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 embedimeﬁt, the invention is directed to wete;—in;oil emulsions that are

25 useful as explosives. ;These emullsipns comprise a discontinuous aqueous phase

26  comprising at least one oxygen-supplying comp_enent,_l_a continuous orgeni_e phase
7 27 eompn'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-



26 conprising at |east one oxygen-supplying conmponent, .a continuous
organi ¢ phase 27 conprising at |east one carbonaceous fuel, ahdulp208sor -
enul si fying anmount of at 28 |east one enmulsifier. The enuisifer conprises

t he product POMB®6H by a process 29 conprising (a) copolpyrmrseaiong (1) a -
pol yal kene containing alkylvinylidene isoner . 30 and

non-al kyl viinylidene isgmers and (2) an at ur d _aci di.c reagent under
-17 JuIW’SéWEﬂm eandifigasan ﬁ‘ecﬁf%m %'(L;%g MWP&&‘NSHC Ptions
int he pr esRodt of stap (ARatH é\dhﬁ@dtutd%d h@iliRreagdht at e@%tbaq.e.-mberat@em oduct of
step (a) with an unsaturated acidic reagent at el evated tenperature in'3

the presende gfesgnag el gtreng acid.and (cuearcea@th%wsm@ of sﬁﬁpo@a.&-ﬂth@mmemep (b)
W th angonic at fea8f orid adhff@st one amne. The term' ‘enui sion" as used herein -
refers to not only wat er-1n-oi | enul sions, but 6 al so conpositions derived
from such enmul sions wherein, at tenperatures below 7 that at which the

emul si og i s Hefléﬂﬁdemﬁlbl%nﬂa§ GQéH h@u@ﬁuﬁaf@’ﬁétﬁ Qot 8nl§ Waltst-ifoil lelfhdlélensf ®uf of
dropl ets of super-cool ed uid. This t $m m al ?O covers conpositions derived

from9 8r ’%E@&"’éﬁd@ fRmasuch g greyh i fefaperg e$ elpWe for m of

‘gel at i ngus R4t at whithtRE8enfifdioh isWBHﬁe&Qﬁ@E&b&hﬁ]ﬂﬁms Hﬂa;@% é‘dﬁaterfHé?foﬁ'i gani ¢
phase is preferably present at a |level of at least 2%b 12 vve@g , hore

pr ef er aBl y of groplets p&ﬁg@r@ol@s&gtudz obhigtesmalso %wm@pgmns deriv

r ef er ail
1Erefera I);Cd rfo éﬁ?g Yot o a%gut g&aﬁb@év\el g Pérgégedé)%n f %act)'tng?év\el ght of

t he mﬂ@r-lsenwblaisaommpmlon'&he di sconti nuous aqueous phase is preferably
present--at a level of at 16 |east about 85% by weight, nore preferably }t
a level - in_the range of "about 85%. to 17 about 98% by wei ght(s nor e

pr ef er dd1 y Tegent @M&Qfgauéaha%%nwfqmlnﬁfessagw leygl Qf@t!qaét%w wei ght

of the1§”“'v§él§ms% & aE@fﬁﬁyid fie rhﬁ %ﬁétﬁ@%t@é '1‘5":@%{/?49{??\’(%0&19 in the

range of abou t°95% by nore prefera out 5% to 20

about 98% myefﬂtab@hmﬂlmr@emf@beub%ﬁ%@tﬂhﬂutsmwwalubwﬂcgewdyram ght, nore
21 prefbgr a?b\ﬁﬁ?@?%?gw&ﬁ’é@ b@%%ht%%é%@%n"iﬁé et W aﬁtdof% s AfrifFbnt of the

or gani ¢ & 0x conponen rably present at
a | evelbin etrm&s:m The QEcomtlmbua aqﬂét%s phaseds prﬁémbbwmeergmt a levalof at

Pt 38 g o By R s el S R0l G B Al o,
The watiér iabopt @8% byivweight memnprefdrahlylaboat 92% to labout 95% by welght 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-



26 range of about 5% to about 30% by wei ght, nore preferably about 8%to
‘about 27 25% by wei ght, nore preferably about 10%to about 22% Jyy #i4ght
based on the 28 weight of the aqueous phase. 29 The carbonaceous fuel that
s useful in the enul sions of this invention can include . 30 nost

hydr ocar bonsWOPHM anpl e, paraffinic, olefinic, naphtherParasoemseatic,
-18 7 July 2004 2 WD 01/ 34563 PC / USQOQO 30382 saturated or unsaturated

hydr OCa”lboréﬁturﬁtE&' rﬁnﬁﬁ’ﬂa? rbBarbBfs, | AN &%the%m‘(‘@f"an gf OPWQQ Xt g °

thereof. In onaceous er-1nm sci
enul si f Rabloe ahmdium:memi Irhgeneral #he tarhondapoud fus ig aqawrﬂmmlwlde.

‘temmer abur et ByardBgibn s oA LR S RNALIELYRRIL AP 400 G and

about 7 avarie sou ces, I'nt | g™ Nat synt hetic
oi | s and mabbulr 35S G, maméfemiy bet\n&eumduhéo%mandabbohwf’dhu@llé frem.a 7 Nat ur al

oi I's inglude ve fined or
8- aci - Per VAGAY o neyars. doliiny RARL Ao inrbte 3 46 miflfired YRt e

‘par af fi 8i cusaphs bencsbotadeppefuelO | s derl ved fromcoal or shale are also
useful. Synthetic oils include 10 hydrocarbon oils and hal o-substituted
hydrocarbon oils such as polynerized and 11 interpolynerized ol efins,

al kyl b&nz Nabgal gisliggidnghimahnds amd végdtable dilstdsovelbas sclivdnd-refirmsisorof

Crg " B Aot lRanie o7 Ble Gt FRoAHENE R Bise berafinfidfdbilidn® o' °°
azel ai c9acitygpess WDikidetived frdm cabeacsitalaaralalsd Useful. cSwthetic cildiipdledsaci d,

Lo 1B, oL B0 on B At arbobhbf oo 40451 Koo RiRlely (o

ét'hyl ene 9|tr)t§@blynd!ﬁﬁé@bleﬁﬂ§ akyl behzenve) polyprenylspaapthiedie. gl ycol ,
pentaerythritol, etc.). Specific exanples of these. esters incl ude but are
not limted to, dibutyl adipate, di(2-ethylhexyl) sebacate, di- n-hexyl

f umar atig, d&mﬁteylsu&ﬁibacla&epf slyntlsemmﬂﬁlthatmhdi@sed|eamﬁmmeylthe‘estensaﬁe and the

Dol yar 5# SRRSSHa0ld 3., BHENIE R LA doid BRI ciric B AR Ga, O

azelalc acid, suberic acid, sebacic acid, fumaric acld adipic acid, linoleic acid
15' dlmer, malonic amds, 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

-10-



22 oils and silicate oils conprise another class of useful oils. Diesel

fuel can also be 23 used as the oil. 24 The carbonaceous fuel7 &in26@4 any
wax having a nelting point of at |east about 25 25 C, such as petrol atum
wax, nicrocrwelasdesne wax, paraffin wax, mneral waxes SUGk-raRfAss:
ozocerite and nonntan wax, animl waxes such'as spermacetic wax, and insect
27 waxes such as beeswax and Chi nese Wax. Preferred waxes are bI ends of 28

ni crocr yst 4 opaenpedinent. thercarbonacgays fuel cipdes pyropiination o &/ verey! an
PCT/ USO8/ 3Q3387xk Widk &?ﬁeﬁ’&ﬂ%‘e@ r1z%ast hESutCﬁ b ana ?éﬂa'r%bylﬁ lth FHHgHQﬁS a

conbi nati on of a wax an e wax con ent c | east. about
-25% and 3pr éberbBhYp to aboulcd(% by aveight 3f theoerganisphase.andihe yd%mt;enmalgm of

t he organi 0 and
pref er a%l y%t%?ﬁb?@g%}a fid P H{%'@c‘?‘ogpt %%sﬁ?&a}%/)o €1%|tg Béﬁtfﬁaﬁ or gq,an
phase. 6 Qdﬁd‘ﬂeeﬁganplm‘@sef carbonaceous fuels useful in this invention are
disclosed in 7 aforenentioned U S. Patent No. 5,920,031, which is
incorporated by reference herein inits entirety. 9 The. oxygen-supplying
conponefit i@thgr exammples 9f earbprageous fieels Hepfybinithis sueationaredisglosedins uch as

ammoni U aéf&%meng&né’d 25! PaicRfib! sTB¥0P8a 1) Wi i€ mc%gio‘? @H%y%fepé‘rfc%h' orate.

11 Exanpl es in e ammoni um nitraté, Sodi'umnitrat calcrumnitrate,
ammoni uf  Teregihliniksertiretyodi um perchl orate and amoni um Per chl or at e.
Ammoniumnitrate is 13 preferred. M xtures of anmoniumnitrate and sodi um
or calciumnitrate are also 14 useful. In one enbodi nent, the inorganic
oxi di zeP salfte PYPARSHRPIVIRG SAMPANERG l§9f¢f¢ﬁbhfraile%ﬁtpﬁ%mg%mc pydigsnealt 2 5% by

wei ght 4gf téﬁ%h%'#ﬁrﬁ@ﬁluﬂhﬁfk%h bRAikafHEDE r?r?meiaﬁnﬁﬂa&é‘%ﬁto@él@td?zjbrdmé&a“' .
nltrate(e or "al kal'ineearth netal nitrate morgam
Per chl dilat d’:g)(ao\@es inghide @mmemamotitrateasedigm nilratel mrmm@ntrotekemmswar th 18
met al rc e I in the
vvater-ﬁ% oi iHergrrttl‘]:‘r éocﬂg%rg E{&@iél Eeea']r‘m@gn .o“ﬁ“’g'g’eI‘%hﬁ'égfé?r@h'g’Eﬁ{ @ﬁct le'produced
by a pﬁﬁceaxefeo'epr Mxh:ges(m‘)armupmbmmtramlar@ ddujumopoelgral'rkmtrete aré agsont ai ni ng

al kyl vignyl i non an 22 .

et o BB SR Bt anS VAR PR Sl SRR BRI 22 e
of a 28 f rreteateaaltrmabh |up|tb iabbot 25% lb); wedgttdttof thg: oMz@rp}doetcanfcoamape( a) with
an uns a‘%ur ﬁer anotprer inorganic nitrate (e.g., alkali or alkaline earth metal nitrate) or an
17  inorganic perchlorate (e.g., ammonium perchlorate or an alkali or alkatine earth

18  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 polymenzatron 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-



24 reagent at elevated tenperature in the presence of a strong acid, and
(c)-reacting 25 the product of step (b) with ammonia or at | daldy JHe

am ne. 26 The am nes useful in. making the emulsifiers include primry

‘ami nes, secoRtlihases /! @M nes and tertiary nono-anmines, with the secondary
and tertiary amnes being 28 preferred and the tertiary aifiE8éng
particul arly useful. Hydroxy nono-am nes, 29 especially tertiary al kanol
nonoam rges, are useful. Mxt'ures of two or nore am nes 30 can be used. -20

7 July 20041 25 6 8 10 11 12 13 14 -15 16 17 18 19 20 21
22 23 24 Thesamings can bezeglphatlc cycloaliphatic, aromatic or heterocyclic, mcludlng

3 allphatlc-substltuted aromatic, ahphatlc-substttuted cycloallphatlc allphahc-

" substituted heterocyclic, cycloahphatlosubstituted aliphatic, cycloahphatlc-
substituted aromatic, cycloallphatlc—substltuted heterocycllc, aromatic-substituted
aliphatic, aromatic-substituted cycloaliphatic, aromaﬁc-éubstittrted heterocyclic,
héterocyc[ié-substimted aliphatic, heteroé:yéliéisu'bsﬁtuted cycloaliphatic and
heterocycho—subst;tuted aromatic amines. These amines may be saturated or

O O N a.h

unsaturated. If unsaturateéd, the amine is preferab!y free from acety[emc
10  unsaturation. The amines may also contain non«hydrocarbon substituents or
e 11 groups as long as these groups do not significantly interfere with the reaction of the

12 amines. Such noh-'hydfdcarbon substituerits or groups include lower alkoxy, lower
i3 ' alky| mercapto nitro, and mterruptmg groups such as -O- and -S- (e d.. asin such
14 groups as —CHz CHz -X-CH> CHz- where X is -O-or -S-)
15 . :
16 With the exception of the high molecular weight'hydrocafbyl-suﬁsﬁujté'd 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 Allphattc monoamines mclude mono-aliphatic, di-aliphatic and fri-aliphatic
22 substltuted amines wherein the aliphatic groups can be saturated or unsaturated
23 and stralght or branched cham Such amines inciude, for example mong-, di- and
C 24 tn-alkyl-substltuted amines; mono-, di- and tn-alkenyl-substttuted amines; amlnes
25 hawng one or fore N-aikenyl substltuents and one or more N-aliyl substituents,
26 and the like. The fotal number of carbon atoms in these aliphatic monoamines
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, d‘i-ethyiamihe,
29 "tn-ethyiam:ne n-butylamine, di-n-butylamine, alkylamlne :sobutylamune
30 'cocoam:ne stearyiamlne lauryiamme methyl-laurylamme oleylamlne N-methyl-
31 octytamine, 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-



29 30 .31 32 33 WO 01!34663 3 aliphatic-substituted aromatic,

al i phatic-substituted cycloaliphatic, aliphatic PCTIUS00/ 303821y Z0{et

am nes can be aliphatic, cydoaliphatic , aromatic or heterocyclic,

i ncl udi ng suMOEEBERd het er ocyclic, . cycl oal i phati e =s ubs®CT@Sembesti phat i ¢
, cycloaliphatic- substituted aromat I c, cycloaliphatic- substituted

het erocyclic, .aromatjcs tituted | ] atic, aromatic-substituted

cycl oal | A phdgngylamige, yiebtgﬂﬁglfqe[. GPQ}(LF}EYBF%{)@N"&"’ het er ocycl i c

substi tgt ed aliphatic, heterocyclic-substituted cycl oal i phatic and

het erocycli c- substltut ed aromatic amties. These' .am nes nay be saturated

or unsat ulaciagliphatic aengaminesare thase ipnRAMINeS SreiR X086 13 PBE from

acetyl egic ¢ b'lBﬁﬁ%iHéﬁé‘Eh@é’trtueTﬁ%ttﬁéﬂé@?&r Vt@ih&%rﬁiﬁ@hﬂto@eﬂ@lﬁtoh?ﬂ BQSABAION
substltuents or %@ ups as | ong -as_t hese groups do -not si gni |cantly

i nt er f ePe QMR in K gyslizingsirugturenExangpien of cyclprlirhalimapermings tepude
substi tBent@cBﬁe)@ié?Hfﬂés 'd%ioggﬁtyia%ﬁés c?élJSﬁéSbényiaﬁiﬁés c?&i&ﬂénteﬁﬁérﬁﬁ%o

nitro, and; “1nt erruptin ups such as -0-: . as._.1-n such

groups &s Mywlomxﬂﬂmlf@ﬂﬂlc“ﬁ@h@(mm@es @nddhe hl@. anﬂlﬁPﬁ @ﬂﬁilpbﬁ*&apt i on
of ey 0 ) ot s UALOGA Rier BB, LB g Do o

fully hereinafter am nes used I's*I nventlon or contain
| ess t h8n abmnﬂanﬂ@es:mchda pm;lylvsuba’lrmted eyclohekylasmingd, phaoyl- ambs%uteldan about 20

car bon ,at o nono- al i phati c,

-ali pﬁat [E&clgﬁ%ﬁtﬁl%ﬁﬁlgqs%ﬁ@éﬁﬁgﬁﬁ%ﬁ%@i@oh%@ﬁmﬂ ein the ali phat I C
groups 1dan be saturated or unsaturated and straight or branched chal n.
Such arni,nes. i.ncl ude or _exanpl.e no- and . tri subst i f.ut ed.”
i neo 2o suitafle gl Pt Thoiide FRS mortiamita vt Shihen SRUF I G
r noreql- aldf@nui:c rifd SEiidtlreqs bRached dieethpto maraauhb Aitreen STHES AfometiBtring and
t he Ilgg total nunber of car bon at_orr& I'n t%&‘?h&atlc no i oani i nes
pr ef er Iy"ﬂ usuglly bea mepanugicararamalicing d §2197¢ 8 B8 Biffout 20
car bon 15at Q&R -incARREHUERE aPordR) MigsObspuiaily tﬁ&@qmﬁua&ﬁom@pmi@ﬁeﬁ hyi ami ne,
di - ethylam ne, tri-ethylamne, n-butylamne , di-n- but}/lam ne,

al kyl atPne a“]ﬂ!ﬁ%ﬁﬁft%f%!ﬁ’ﬂ%@moémdﬁ“ﬂ%de am&l@%&f(w@ﬂﬁeﬁy phepy)Aingri ne,
‘et hyl ‘1'73Ufn\é|pﬁmyl&‘?nme r@l(ﬁ{ bﬁ@)%llme'\hﬁ@fh'&mke Examples of aliphatic-substituted,

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 hetérocycﬁcs are aziriq!iriés, azetirdi-h‘es, azolidinesé, té_t;a— and '
33  di-hydro pyridines, pyﬁdles, i'ndo[es, piperadin.é-s, isoindoles, mqrpholinés,

-22-



octyl am ne, dodecyl am ne, octadecyl am ne,-and the |ike. Exanples of
cycl oal i-phatic-substituted aliphatic amnes, aromatic-substi t Ut dy 2004phat i ¢
anm nes, and heterocyclic-substituted ali phat ic am nes, include 2

> (cycl ohexyl‘), glt,:hx‘% sam ne, -21 7 Jul y 2004 WD 01/ 34663 PC;Q.#&%QA‘%QZS82 1

benzyl am ne, phenyl ethyl am ne, and 3-(furyl propyl) am ne
Cycl oal i phati c nonoam nes are those nonoam nes wherein there is one 4

cycl 03' ﬂphgizbrﬁ?ﬁihbﬁﬁés{ Nleéh rhméhk@lcﬂﬂeﬁatﬂlnltiﬁ;N-a(mIrQaﬂcbmazmbannmésr oglen It hr ﬁu?h
a carbon atomin the cyclic rin ructur cl.oal i phatic
nonoamni fes aFeRINeRTI@nd ée@cﬂ%ﬁﬁsl PPW%E%WWW&EQ?\?R/Pg@ﬁg’?"e bnd ¥i0fs

cycl ohexenyk gy &Qﬁorecdd’%é&ﬁ%@m‘:{(é%‘diﬁﬁes Prefir@t heteropydio Amiydstarenis ,

drcycl ohexyl am nes, and the |ike. Exanples of aliphatic. 8 substituted,

aronat i - s §B4wated Seand ﬁrmem@@ﬂd@;@m&lls gauReS %ﬂ%n@y OniyANfragRY: oxyeen
fronoam Bes ghAfl difurit #e) dﬂe::é e bhﬁ&ﬁbﬂﬁ(&tﬁé aia@ﬁu.he@tnmmorﬂmﬁaé substi tut ed

16 cycl opentyl am nes an substituted cycl ohexyl am ne. 11 12

Sui t abl 6 anmm!mblmea.mmr@bdmﬂelamiethe ke Piperidingriamigoalidsubsiitetedar bon at om of
the 137arg @%Hﬁeg'@gwﬁb n'd:?ta'l’ﬁiﬁ +l§rl%%§ﬁ@@g n‘i’ér@ﬁ&ﬂﬂe\éaéﬂr&hﬁﬁlea%&‘o nitrogen.

The aromat be a nonon ear onmatic ring (i.e.,
one deereﬂrﬁlmmmkybeutzsiM)adpwolkﬁnemme wesfulde fused aromatic rings,

especi aLly those derived from napht hyl ene. 16 Exanpl es of .aromatic
nonoam hes include aniline,-di(para-nethylphenyl) amne, .17

napht hy DamEixampIés(ofwem}' tertiarpiamines inelade ﬁrheemyllamnéxmeb‘lybammfe tripropyl
el [ phat l,C-substi tut

eter odfc| @ g%ﬁg?qtﬁﬁryaéfmﬁﬁw?@ W@h@%qﬁ@ﬁeﬁyﬁﬁgﬂ}ﬁ?@ Pt hoxyani | i ne,
par-a- dqdecxdisﬁahylpr?yt @mmepamethylswpsémmt dithettRpartyl lahtine, alirmathytesyl

t hi enyl -substitu gono- amm nes can al so be

| |
used. A3 ué’é'H"?ré’r"B?Wy hy I??'@Fqﬁ HS\"‘%}B Octzégcﬁété'ﬁﬁémwmﬂ‘am anmine(s)" is

i ntendad t @iremgiIbe ahies AiehgIcREEhyIaniRe, dnethyibheayiiaming, 19 Natiobgast  one
primary, secondary or tertiary am no group and at |east % %Eicgltrogen as
a het efdat dn9gtanarige N N:Aide Qﬁ]ﬁlé-dqdﬁgg a’ﬂ@?é‘i‘%?é\m'ﬁeéﬂ? Q9 e 26

7 o8 SnaAiny ReRdrIRINRRSOERLE oMU NN ARG > BUCh 22
subst i tﬁentdgdegiﬁ@?laﬂi |y.N-dimethyl- -1-tetradécanamine, N-’dlm t¥|yf—
"18 hexadecanamine, N,N-dimethyl-1-octadecanamine, N,N-dimethyicoco, amme N N-
19 dimethyl 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 ef cembounds an'd, therefore, can be used interchangeabiy. '
29 | | . |
e 30  The hydroxyamines include N-(hydroxyl-substituted hydrocarbyl) amines, hydroxyl-
31  substituted poly(hydrocarbyloxy) analogs thereof and mixtures thereof.
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28 the total nunber of carbon atons in the substituents will not exceed
about 20. 29 Het erocycl i c amines' can contain heteroatons other? July2004

ni t rogen, ‘R’eci ally 30 oxygen and sul fur. The 5- and 6-nenbered

het erocycl i cWPiOWg6hre preferred. 31 32 Anong the suit ablreThistososeycl i cs -
are aziridines, azetidines, azolidines, tetra- and 33 di - hydro pyri di nes,

pyrrol e doI d| ne | SQl | es phal i n uly 2004 WO
Piases Trcrremelneibd RSk RiEs Wi Raones Roshaf et

N- amhngal Ié}tﬁéthamfmht i@ubpﬂirfif Etﬁylethattitﬂtﬂ?m dleﬂmbthﬁiman;neddr-(mrct»xylpropyl) f
er - roderiva of e 0 ove m’ xt ur WO Or nore o
?heseyhéteraﬂﬁ%l'#'zﬁamrﬂ@gbwé @g(‘ﬁg‘fdé?’ﬂ’ ) aming; ﬁ@‘é*‘s 5 the saturated
5- and §- Wwbmﬁrdmgimﬁ&quzlhﬁdfbﬁﬁéthwmﬁmmg afh lits ﬂﬁibtarnaa@nw-(gxygen '
and/or sulfur in the ero ring, especially the piperidines,

t hi omor BhoMw‘em)ﬁuﬁlph%@amlﬂw@rhmrwécvcéenfnaﬂ@nmpk@- MR- di ne,
am noal By! =piatdgepbed pi peridi nes, norpholine, aninoal kyl-substituted
nor phol i nes, pyrrolidine, and am noal Kyl - substituted pyrrolidines, are
usef ul . 7Exarrp| es of useful tertiary am nes include trimethyl am ne,

triethyg afnBiydtddinRidécan dlﬂeeﬁwr&hu(py&ro euﬁl?eélt ﬁgﬁ?uty gh&hames. am ne,

nonoet hyl di net m ne, am ne,
di met hyBperfhgse ard lnwlrowlﬂbstwaépwy(hyquadwloﬁyhemawgmﬁihy|aban¢~ne

ai ot P Ssaebon sraty il (SR B oatco MolFB HURREISU B o e,
N, N- di dddeoyyaltylelmianatogs)i Suctt N+(bydrox;d-|subﬁgtuied |hwnbca¢ghmdes ¢al bow ami ne,

Tl OSBRI bR 7

N, N- di met hyl - | - oct adecanam ne, N N-d| met hyl coco, am ne, N, N d| met hyl

soyaar qgne pul. %%H%‘cﬂbé# \-J%Ygg: firdcat ? %':é}é?’l‘ﬁnéé%ﬂﬁh c?afn ﬁra%%ﬁl?ﬁgs

anal ogous to thHbse nono-am erern are also useful
hydr ox4s ulirsthis ioventioardre generally prepacadhly maetinga shlofiaated qpolypmf oohaving a

atom | tHac ProlSCLtS5eighs 8 kel kot 80 SR ARG o8 B AIEE, T PR ot oo .
The hyﬁr ox:aahensed @en kivewip inl the iayt, ansledesodied) farexaaple, c’hﬁ . SuateNoswi t h t he

sepondgzy gai;% %ﬁ%éﬂcﬁé%ﬁi@%‘?eb tﬁ) % wﬁlcﬁraeré Fnrcz)rep%ratgg%e}elg b;[( ?éftelre%r am nes
pelralt
8

bei ng
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
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preferred. The terns "hydroxyam ne" and "am noal cohol” describe the sane

class of conpounds and, therefore, can be used interchangeablfuulyr2{i4

hydr oxyam nes include N (hydroxyl-substituted hydrocarbyl) am nes,

hydr oxyl - su toag%%?d pol y( hydrocar byl oxy) anal ogs thereof and mi xtures

t hereof. -23 y 2004 WD 01/ 34663 PGTI USOO130382 1 ExaXpT&§00§3se he

N- (hydr oxyl - substituted hydrocarbyl) am nes include di- and 2

trletha ol .
(3 hﬁ' o 2%1 Bs ggeﬁﬁﬁ%@%d@%leaﬂt?gbhﬁn m&%sﬁegﬁf#le%n‘ﬁvan does the

N- (4- hydr omfbues} Fovesse procedyral- Alterativein thie walarin-op gmulsionshare

N(2 hyro | et hyl)

cycl ohegyl mhﬁiej%kk)aggﬁlggggéﬂpgp@%&?o éf? E{S’Hgmtﬁgghﬁﬁng E;O(C%ss a’hgge%g){‘%

ami nophenoeparatehsprﬁbarddydmwlgmsea ae pwmpadi thooligh a etiing devrce wherem

N- (hydr gxy )am nes. 9 These are :

hydroxy$ sﬁ'iegp%%&%’ﬁ’%’?’ﬁe%%ﬁ%ﬁé byl oxy) anal ogs of the above 10 descri bed
hydroxy am nes (these anal ogs al so i nclude hydroxyl -substituted 11

‘oxyal kygene anal ogs)..Such N-(hydroxyl -substituted hydrocarbyl) anm nes can
‘be 12 conveniently prepared by reaction of epoxides with afore-described
am nes. 713 The hi gh nol ecul ar wei ghEXAMILES r byl nonoami nes whi ch can be
used asganines . 14 in.this-invention are generally prepared by reacting a
chlorinated pol yolefin having a 15 nol ecul ar wei ght of at |east about 400
Wi t h an@oniThednvemtioawilhss fufther oS traged bintite folléwingexiraplesedhieh sckioghn i n t he

art an descrlb for exanpl e u. S.,. Pat 17_3, 275,554 an
S ags, 187" SEBIRRY inuROSHB Farbol prbaitente AR op Bl 88 boiedese
am- nes1mUS'to flasets shepresemShvalition theyafe/ndtinteA@sdmiiyitam no group. 19 A
useful Eethod for making the emul sions of the present invention conprises
‘t he steps of (1) mxing water, &é@ﬂuppl yi ng conponent (e.g.

arrm)nl g nitrate) in 21 a fi rﬁeﬁrgﬁamfﬁagp@gw ng the car bonaceous fuel ,
the emulsifier of the invention in a 22 second prem x and (3) adding the

first premPeitfiBBhvasqrepried usinoine follawinonipeedre Tog HLﬂhfﬂ? rm«;baﬂraals us to

form a1dlat %E;uipBeQWrth%mEa%hQ%antleTt% h{téFe ek ﬁitr Hﬁ‘et ag4 until
all of the OXégen suppl yi ng conponent i s conplete |sso t he 25
sol uti 38 mayditien funnehmeas addedraﬂéﬂO‘thS(B@m@eminpolo fdissapal @30@61lgiue The

secon dq726 np%ﬁ q}llﬁylﬁ:?ﬂe %loﬁrgug?re Qr%% ERS}:OMI Qﬂ&é)y anlde.Z'l S%r ggfe?cnar%ydn

appar at us ca
18 (2.195 mol). The polyisobutene/maleic anhydride charge mole ratio ("CMR") was

19  1.0. To this was added over 2 hours a fotal 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 o\rernight at 170°C and then
23 unreacted maleic anhydride was distiffed under vacuum, The product was then -

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

25 and co_ntained 53.1 %"actives-. .The apparent succinic ratio was 1.06.

.26A _'The “succrnlc ratlo“ refers to the ratlo calculated in accordance with the procedure
| 27 and mathematlcal equatron set forth m co!umns S and 6 of U. S. Patent No.
e :28_ ' 5 334 321 assued August 2, 1994 to Harnson and Ruhe whlch is hereby
' 29 ':ncorporated by reference in lts enttrety Normally, the term apparent succinic

| 30 ratio refers to the number of succinic groups per polybutene tail. However in the

31 context of this application the apparent succinic ratio has a different meaning
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27 either low or high shear m xing can be used to prepare the water-in-oil .
enul sion. 28 The water-in-oil emulsions of this invention can 7aluo2Be made
by adding the second 29 prem x |iquefied organic solution phase to the
first prem xWM34Gheous sol uti on 30 phase with suffici entpcghisaddong t o
I nvert the phases. However, this nethod usually -24 7 July 2004 1 2 3 WO

01/ 3466 PCT/ 1 JS00/ 30382 requires substaptially nore ener to obtain the
desi red?’ldi s%%’regﬁﬁ‘ﬁ otnr?;tgﬁ sﬁggtgr ﬂtretﬁeﬁ‘@é‘?'?]gﬂqw\ép@éﬁﬁ%'g gease no. 1),

Al t er natd vethy apphamnisiicinic ratioirefepsitd hieGato oF Succh ddhylids to/pagaresb! e to
prepar a? o] :'bﬁ' conti nyous m Xi Wr (L)fcess_- where the two_ separately

pr epar ed- | i Gl NAHARRIESSHH N | WMo @ﬁagdwjalw&dd@%{p@?mwe Nohey are
conbi neds ang), grldppatert udcifid Mt Efers %o theliBfo bMRNUcERICYrdyakige fntht her
dllustr ,eﬂj'%iﬂe foll ow ng exanpl es, which set forth 10 particularly
advant a%feo 3 o thenpisainireanhydriges indhe galuplerpinde the rolhulenatads i1 to

Il ustr @ e thBPIBSAS EBF alnfil ' ' : idd Gndt. 12,
Exanmpl e_| 13 Preparat.ion g?%Pgﬁ/legE? 1@%%%?%@%&5@??%259%%% ng the
fol | owi dy (ARPEERTHsHCCiNig rafiojrefers ke a8 sombination o kasel 80.4 guidsped ndi 2 Bbaveneat i ng
mant| e, gt enperature probe, nitrogeng bgbupe, and. an 16 addition funnel,
was added at 110C 5068g (2.197 nol) 2300 (high 17 :

met hyl vi®ny | Pthenpreparajions efipolyPiRSABASKHE; cartied GB0B)Nng the prédtufsohEtariple

anhydr i«@e el 2 | tene i.c_anhydci.de charge nol e
Pt o (Poudfit irtry Rhieratlsts B4 MR RNIRSRRCP IndBa BF 4B o o 16, 16
di - t er tbutbpliyiperoxidd ¢éDTBPL 1 Thesenark reportaalinSabké 1h stirring. The

di -tert12butyl per oxi de/ pol yi sobut ene CMR was 0.05. 21 The tenperature of: ™
the reacCtion.was increased to 170C over one hour tinme period 22 as the #~
per oxi d& additi on began. This was thewahleat ed overni ght at 170C and t hen
23 unreﬁct ed mal ei c. anhydri ds was,.. distilled under vacuum The product was

t hen reparéﬁon_of polyPIBSA samples
- | Example | Peroxide | Temp., - | Saponification | % Actives | Apparent Succinic
B °C No., mgKOH/g Ratio
1o L { sample -
1 DiBP 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 polyPlBSNsulfonic acid catalyzed thermal PIBSA mixture - /

18 To 28009 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 abp!iéd th the reactor and the excess maleic anhydride was distilled. The product,
24 which had crude sediment of 1.5 (vt.'%, was then filtered. The poinlBSAfPIBSA

25  mixture had a SAP number of 71.0mg KOH/g sample, and 89.0 % actives. The
26 calculated apparent succinic ratio was 1.76. |
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24 filtered. The pol yPI BSA product had a SAP nunber of 26.2 KCH g
sanple,- 25 and contained 53.1 % actives:. The apparent succi fi4i¥2i0o was
1: 06. 26 The "succinic ratio” refers to the ratio calculated in accordance
W th the progedis®ss 27 and mat hemati cal equation set fort}h,. s 5 and
6 of U S. Patent No. 28 5, 334, 321, issued August 2, 1994p?gﬂ§g§¢¥ggn and
Ruhe, which is hereby 29 incorporated by reference in its entirety.
Normal | i, the term apparent succinic 30 ratio refers to the nunber of
succi ni g groups per pol ybutene tail.gkbﬂﬁvgr, in the 31 context of this
appl i cafion the apparent succinic'r a different meaning -25 7 July
12004 W0301/ 346 G¥epaialionoOpd@BSA/sulidaiecvill cgalgred thenfidliRiIBEAMixiret he

m xture:; For a .sanple of polyPIBSA (case no. 1), 2 the apparent succinic
rati o réfers to the ratio of succinic anhydride to polybutene 3 tails that
.are presentTd 4840g0f GaPHolyPIISA mdturdPréparad # BRAplt BavaPaddddBg(RaieR no.
2), the appahent succinjic ratio refers to the ratio of the succinic

anhydri Be i@ahydrides apd dg gkyleenacee stifenic acid A% bxpaele 6. heramawit @bl e resin
to the pol wbiMp ackidded rélatife foltie Bhidaht of piilyisobitere v as Qﬁqnﬁ%br%gﬁﬁ'A and

acid catalyzed thermal PIBSA. the 7 apparent” succinic ratio refers to a
conbi naBi orfhersamgastemperatute, gresgyee and time wees used as nExanNie 62 Aflero Ot her

prepar ab o pifL R Aek Uy i tha Wikl bielpigar o of Bxam e

10 1 with erent tenperatures ant cunyi peroxi de I nstead of di
tent 110butppiyFdBSARIBSA igaye was obtaingdthatdast a SAP] nunthasiof 62.9 mg KQl/g 14 15

1,@) L7 1180 lsambld B5Pd 319 Wi, Pt Bl&inted Pl Eit MMic a8 WAL £ 5£20 T ON
12 The following examples describe the preparation'of succinimides made from the
13  polyPIBSAfsulfonic acid-catalyzed thermat PIBSA mixture.

14
15 | | Example 8 N
16 Preparation of the bis heavy polyami:ie derivative of the polyPIBSA/sulfonic 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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Appar ent Succini ¢ Exanpl ePer oxi deCNo., ngKOH g % Acti vesRati o sanpl e .
-1DTBP17026. 253. 11. 06 2DTBP17027. 355. 21. 06 3DCP160Na60. 8Na 4DCH18HBNABE. 4Na
5DCP16029. 759. 31. 07 Exanple 6 Preparation of polyPl BSAtsul fonic acid

cat al yzed t h&h#{3469% BSA ni xture 18 To 2800g of the pol yPl BSAmwsewioase
prepared in Exanple 1, heated to 232C and 19 pressurized to 24.7 psia with
nitrogen, was added 308g mal ei ¢ anhydri de gver 30 20 mnutes. Then to this
was adddd 0. 7g al kyl benzene sul f oni Exgmple 9the anpunt of 21 sul fonic acid

added reglative to 'the armurpre@grdagh)ﬂfg@,@pgmimsabout 250 ppm 22 This
- was then heated_for four hours at 232C at 24.7 psia. Then vacuum was 23

‘appl i ed3t o t he - Thapfeseddrritnemple Byasdaliayed exmptthpEERAWaS Waed| | ed. The
producty e biaiPRadne cHeRicPEh it properiids: &b thEsrolli&ts Irl ed. The:
poi yPI BSANPI BSA 25 mi xt ur e RickPahdBRy=ic plopertide:fdf i g L”%’&%‘, and
89.0 %actinvéableBae 26 cal culated apparent succinic ratio was 1.76_ -26 7
July 2084 | 2 3 WD 01! 34663 PCT/ USOO 30382 Exanple 7 Preparation of

pol yPI BSAl sul fonic acid catal yzed thermal PIBSA mixture 5 To 4840g of the
pol yPI BBA ni xture prepared i n Exanpl eTable@s added 519g maleic 6 anhydri de,
and 1.4g al kyl benzene s | [ %?B. .6._.The anopunt of 7

sul foni'g aci d added reel gﬁp\%gét gaﬁqﬁgl am%‘ﬂﬁﬁ?ﬂ’%ggvﬁ%%%ene was about 250
ppm 89The sane tenperature, pressure and time were used as in Exanple 6.

. HEPEHE B Y SHEP P ST aveaocco e anhyvyder i An Aand fi1 rAati An A
Alter 8 dirg R TBERIBS Mo PR Toa o o E o AN T URsea 9§ the
product - a IR, :

| APIBSA : @ 100°C
example |- 2B o ) 1 - o
8 6 0.5 HPA 1.26 26.1 0.83 150.56 o
9. 6 0.5 |TETA 0.755 11.5 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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10 pol yPI BSANPI BSA mi xture was obtained that had a SAP nunber of 62.9 ny
KOH g 11 sanple and 91A %actives. The cal cul ated apparent sJoMSh?QO“tr atio
was 1.51. 12 The follow ng exanpl es describe the preparation of

succi ni m deswomgswtsy om t he 13 pol yPl BSAI'sul foni ¢ aci d- cabp §&g gatf]er mal
PIBSA m xture. 14 15 Exanple 8 16 Preparation of the bis heavy palyam ne
derivative of the polyPl BSAl sul fonic acid- 17 catal yzed thermal PlIBSA 18

19 To 2%5.70g of the pol yPl BSAl P| BI&xampledile from Exanple 6 (0.143 noi) was

20 addeg at 1300&@!@@%&4{@ dthibatbnt & sPE?\M%:Bé’hé@{B)%gndh%l 275, which

21 cont a| ns about nitrogen atoms per | uent oil.
The . 28 aﬁ‘prﬂéﬂaﬂgﬂﬁmejwmmg@z Exammeéi wes atided 80449 eliylDe Aft er

heat i ng,for 5 ea r od

1oL a4 pobabirafaBtic uih s Shldibd RenER A ethan TRl Beniiind P 2°
Nynber §° Tbhsducpﬁadio&szm@!ﬂ?grm% $EITPINe an@adistowitp @ $00°C @GRSt 150 5
cSt. 7 July 2004 WO 01/ 34663 PCT/US0OQ 30382 1 Exanple 9 2 Preparation of

ot her s®ccininides 3 The procedure of Exanple 8-was followed except that

TETA wag used 4 instead of HPA Thegﬁﬁ%q@ and physical properties for
this product is_included 5 in Tabl Table 2 . 8 Preparation of

pol yPI BSANPI BsAPepatatian gf elbylene samboenats msbtrwessemnmmymézﬂ?ﬁxw i scosity
10 The. Fol 1o g g A e g e BB T eSS0 P e
post 10 diluent oil and 80 87 g HPA (0. 294 mo!) at 130°C The amine/PIBSA ratio was 0.5.

1 ‘ThlS was heated with stirring to 165°C ovemight. 'l_'hen to th:s was added 247.59g

12 ethylene carbonate (2.81 mol). The ethylene carbonate/basic nitrogen 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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11 treated dispersants. 12 13 Exanple 10 14 Ethyl ene carbonate post
treatment of pol yPI BSAI Pl BSA succinimides 15 The pol yPl BSAI Bl Bgp2004
succinim des were post treated with ethyl ene carbonate 16 according to the
foll owi ng pro©sdadees To a three neck flask equi pped wth aecinisosssgz - 17
heating mantle, and a nitrogen inlet tube, was added 202.23g of the 18

pol yP! BSAI PI BSA _succinimde from Exanple 8, This was heated to 165C and
to . 197t hfar the nd garping seasgign éf%VP@ﬁBV sipilapishpse empiayedda thedaidation

over ni gt 3nthe! giliPIBBA, cool ed. This product had 1.20%N, 14.9 TBN, <0.05
TAN, and a viscosity @100C 21 of 353 cSt. 7 July 2004 2 WO 01/ 34663
Exanpl e 11 Ethyl ene  carbonate post treatment of succinimnde fromexanple 9
To 220. 349 Tk fllaving/éxdmples desdriberth&srspairation ofdhe Edpent dappbdy et hyl ene 4
car bonate at 165C wth stirring. This was heated overnight and then cool ed.
This 5%pr SHERMMKES- 0. 73208\, 6.67 TBN, 0.16 TAN, and a viscosity @ 100C of
175 cSt. 6 7 Exanple 12 Preparation of ethylene carbonate post treated
succi ni g\ de using HPA To 1049. 28g of the pol yPBSA/ PI BSA mi xture from
Exanpl e”7 was added 950.72g diluent oil and 80.87 g HPA (0.294 nol) at
130C. Tﬁe am ne/ PIBSA ratio was 0.5Exafiies14vas heated with stirring to 165C

“overnight. Then to this was. ad 7.5 et ne can nate (2.81 nol).
The et h{l ene carbonat Ef%@q'&(ig%ééh ‘E;/%Mé‘s@“c’q'ﬂw %as heated at 170C
for 6 hgur 5o J07 gt f?@WBQMbIBSR%MNre ﬁoﬁﬁeié?ﬁbteel@ﬂaﬂxﬁbl) “@a%dhésl a

viscosity @100C of- le 13 17 Pre aration of ethylene :

car bona?e 1889 tetrapropenvisuesinig ?ﬁ'ﬂ’é"ﬁ% (HESAFNOSeEMpd angd %@Z’@ jluept eiA/ P BSA
. m xt ur ig 880 Eﬁi@@%@@% 1@6‘@?&110% %2 T%e[Pblyﬁ@SWb@As?ﬁ@A%h& #As73 mol). - \Welg

added 70!30 To this was added 25.8g HPA (0. 0938 mol) and then the reaction
12 temperature was increased to 165°C. This was heated ovemight. 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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20. stirring. The ami nel PIBSA CMR was 0.5. This was heated at 165 C for 6
hours. .21 Then to this was added 5775g ethyl ene carbonate (65.8#I04 The
et hyl ene 22 carbonatel basc nitrogen CMR was 2.0. This was heated at 165 C
overni ght. TR 1Rk €SUl ting product (52,988g) had 1.22%\ 16 1 TBN and

Vi scosity @100C of 732 24 cSt. 25 The succini m des can éﬂésrq?f' 5§pped by
reacti.ng termnal reactive amnes from 26 the polyamne with an endcappi ng

agent. This can be acconplished by ggsh |g1t6he 27 end cappi ng agent to the
succi ni i de under_reactive _conditions, 6%5 addi ngpt he 28 endcappi ng

agent t® the pol )’ﬁleBé'iﬂt'O\“tS’fE&/MtB?at&ﬁ&i%? cgpradEPASUFaRiTige al so 29
‘under rgac t]'b\%zczygchdlymB$NFﬁB€Kﬁh&ﬁ1r@tvh%d1ag3d3BAPQuﬁﬂ%ﬂo$ 60 JOH/W

mel.ecul.ar 30 .wei ght al kyl succinic an Preferably,'the al kyl chain
i s relafi vepgpienvRs adgﬁd\ibﬁ‘l&diﬂ@nb@ﬂrr’éﬁ>ﬁ1'-°aWﬁS§1€rﬂ e ILR G THHA (SN in the
endcappsd puRBEFke0 90££§rn-|89034ﬂ+81)y glf’o la?ﬁ?@ﬁ?ﬁﬁz@&’&ﬁuﬁ% ?ﬁBchL

for the end capping reaction are tg I ca

i mi dati 6n df0. tf@thmwwﬂmmddeg Hitfe 5539 m\gﬁg\@(a}:hﬂ e@m&l&%@
repar ati o f

B ebar al! of G i GaitBaRRbBRE o g SheElEren, uEURIBL A

pol yPl BSA/ Btdduét was theneadded mt B8990 26688 &tthddneedrhonate (&Qdeﬂol) 1Bhi8g

tetraprope%sucm ni c_ _anhydride (rTPSA 0..0563 nol ) .and 253.77g dil uent
oi | . -THi sWRsheataditodq0s¢ fargbloursy The FSvbasicrpiirogep BWaa2H-BEE TPSA ratio

was 79430 probfict bk t%%eﬁ&ﬂﬁ%oﬁéu%ﬂ ﬁ%%&%%%rmd X5 48y, LRgmakike reaction

t enperature was increased C. This was heated overni'ght. The product
was) t hd chSb@QiW@h‘@W@SJﬁBBﬁr@tproduct had 1.72 %\, 36.4 TBN, 0.75 TAN, and
had a \féSCOSl ty @100C of 136 cSt. Exanple 15 Ethylene carbonate post
treatnent of succinimde fromExanple 14 To 197.77g of the succinimde
from Edanpl e 14 was added at 165C, BQaidple 17et hyl ene carbonate (0.34 nol).

Thi's ez heat ed oﬁ{reeE)Q}anan oﬂi 1;360%Ftreate8 Cfu?gr%{ Ez'aé‘ d HPA succinimide
15 To42,043g ponPIBSNPIBSA mixture which had a SAP number 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.
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product had 1.59%\, TBN of 21.1, a TAN of <0.05, and a viscosity @100C of .
473 c¢St. .22 7 July 2004 WO 01/34663 1 PCT/ U500/ 30382 Exarrpl7 uh62004 -
Preparation of EC post treated Cl2 end capped HPA succinimde 3 To 632. 23g
pol yPI BSA/ PI BOR13#6Xt ure whi ch had a SAP nunber of 60.5 ngpdSbtegsmenpl e,

was added 1617g dilueht oil. To this was then added 95.6 g TPSA (SAP '5
nunber 400 ng KOHI g sanple, 0.34 nol) T pol yPl BSAI PI BSA: TPSA CVMR was 6
-1.0. Th this was then added. HPA 93. 7§@b .34 nol). The am ne/ PI BSA CMR was
7 1.0. Zhis.was heated GSG&YIQQ!@rf%!t&tMH'T&ﬁWdts Braffol ed. To the
resulting 8 product was then add at 100C, 286.98g et hyl ene carbonate
(3.26 n%l) .This 9 was heated to 170C for 7 hours. The EC basic nitrogen

CMR was 2. DExaiifle 1 ARRAGECAHRSEN T BSA™Y {9 TBN,®
0. 15 TAN, "And- had 3 19@\vjléﬁgsﬁty @i&f’%;\@g gg 1 cre% e arrpl e 17 14
‘Prepar at 1.0of ] ) ‘ _ Td bdppeu HPA S UCCEET T te— 15T .
42,0439 po AHREERSHR -d\L ure vvm ¢h—had—a—SAPTunber 421.0 mg—HKPH g 16
sanple (7. —?PS#—H—S—:!—iﬁ-ﬁ—eir thts—was—hgated to
17 165C. Th thi-s—welemaded wt-h—stiiri-ng—2i54g~ HPAL 7188 ol ) Thisdwas
heat ed f or} : BeEt-hi- p—added—6589g—at iyl ene—carbeqat e
(74.88 nolf r-ni-ght 48 product

(48, 746Q) had a viscosi %ﬂ@_DOC of 1595.1

cSt. 21 PERFORMANCE TESTI NG 22 The soot thickeni hg test was used to
det er misie The datd intTable Pehdws tiat s thé sbitahiekening fegié EWQ]@@ES batedri ant s.

Det ai | s of the soot re included in US 24 5,821, 205. The .
results®frB ?fﬁ@%‘&ﬁ ﬁﬁﬁeﬁ%&@é‘?ﬁ pgsidraaied materalnoivgiielies 7 July 2004
WO 01/ 3¢ 668erformance than the non-EC treated samples.

7
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1 2 Table 3 Soot thickening test data for new di spersants PCT/ US00/ 30382
Exanpl eAni neEC basi ¢ N pol yPI BSA/ Pl BSA: TPS % vi scosity CVR A fWdy 2804
"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 Caim| wherein said polyal kene i_s
pol ybutene.” 11 3. A process according to Caim2 wherein said p’é'yy%ﬂﬂ)f‘ene i s
.a polyi sobutene. . 12 4. A process according to Caim3 wherein at Ieast

'50% of sai d wwbiydasaabut ene 13 has net hyl vi nyl i dene end gr 9&?@300%@3 :
process according to CGaim1l wherein said polyal kene has a M 0 rom 500

15 to 2500. 16 6. A process according to Caiml wherein said unsaturated
aci di c "r eadiflenA prscess acnardingdo Glainy dwheesin 18 sulfoAicroitisgresenddn dnng to G aim

G oim 5 whor cPRRUACR %S el fBoPYobBito i ot o o REBRFRRATSC! o "9,

-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 gn t he t . Of J. T -by a
process conprkagl f%"’w%%' ?(1) ngy%réﬁéggﬁmé%'w Qﬁg‘ﬁ{"aﬂ#&éﬁ%&@on aining

al kyIt Vi n%/l :]IdenecI nusmﬁeylwayl‘dengmomérkyhdl(ﬁ)ﬁn mmm;macwnge(nt)m

unsat urated acidic un iz on R presence
of a free radi cal?‘%"ﬁﬁ?a'%é‘%? ‘ﬁ{'?'l%)' ﬂ¥‘$§ 8%1& F%%ﬁ@t"%g tOE (a) with
an.unsat ur at e(b)aae_dctﬁxgrtaagmducabfsteﬁQa@aﬂ:ﬂdaﬁ@mratedrmdlo rédgenpatsence of a
strong acid. 10 .12. {: ositio r|S|ng m xture of (1) a copol yner
of a polyal kene &fralsH e eg sghee peagharo add- (2) a . pol yal kenyl

derivative of an unsaturated acidic r eagent V\/nerel n the wei ght rati o of

Copol Jher EnaARRFRSSA embini e 53 A et = VRS B oo or

claim1l. 15 lgnsalinatexbagidic réagemt ahd a)aa m&élkeﬁy&dm&veef arivgbaturated o of

copol ymer to agg{&gggenwvherglg rtl'1ev \%ig“? ratio o?oopolymer to po?yalkenyl derivative

is about 0.1- 10, and wherein the copolymer and the polyalkenyt derivative are prepared
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 polyamine 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 Iubncatmg oil oomposrtton comprising a major amount of an oil of Iubncahng
25- -v:scosrty and ‘a minor amount of a polysuccimmzde of claim 15.

18. A post-treated cofnposition prepared by treafing a polysuocinirnid_e of claim 15
under reactive conditions with a cyclic carbonate.
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14. The conposition of claim12 wherein the weight ratio of CTDO| yner to
poI yal kenyl derivative-is about 1-2. 15. A polysuccinim de pr %Q)O y
reacting a mxture according to claim12 with 20 an am ne, a pol yam ne
having at |east two basic nitrogens, or mxtures thereof. 16.. A
concentrate dShIB#&Eng 10 to 90 wei ght percent of a pol ysuasingdiese of
claim15 and from90 to 10 weight percent of an organic diluent. 17. A

l'ubricating oil conposition conprisi ng a maj.or anmount of an oil of
| ubricafi n3 9. Zbhe pegt-dreatediapmpagitian of rnaﬁﬂﬁwreleﬁh%cvqbepymétwm de of

claim1l1p. 18. Anpesd cdherdted conmposition prepared by treating a
pol ysuccini mde of claim1l5 wunder reactive conditions with a cyclic

carbonate. -34 7 July 2004 WO 01134663 PCTNSOQ 30382 1 19. The

post - t r gat gd. cnﬁag&réatémc@ﬁpsdrmmréﬁawhafyawm@a roelbSnisaddenasim i5 2
et hyl ene carbonaje. 3::20. -A.post .- treat ed conposition prepared by treating a

pol ysuc®i ni m dé "?ﬂCE{YW“OAT'SlYH@'e? bereg compPeUBdndi ti ons with a boron
conmpound. 5 21. The post treat ed corrp05|t|on of claim 18 wherein the boron
compoun cat 0i.l osition couprising a
i b - aftoud- PP Bt ofostian B i 1B EReRy i BERN SO RBRUBT N of t ne
post -trgat ed qmm(a‘eidl on of claim18. 9 23. A concentrate conprising 10 to
90 wei ght -percent of a post-treated 10 conposition of .claim 18 and from90
to 10 wei ght percent of an organic 11 diluent. 12 24. A fuel conposition
conpri s7ng2a. hi thbsicatirigaoil dmmpiosmgn|cnntphetngmnhjbnemuntbfemedul oﬂlertwﬂg@ and

. fromabgut 10 t.o about. 10.000 ar er 1-tre

conposi Tion Ofw%qog%ri%a Trifgor Pfrg'\ %0%@8%‘?3 p(%g Plogf’%{f"jﬁ i nert,
st-a Ie ot eophi l i c sol vent boi | | ng in the 16 range of 150-400F and at
| east pe | 1] of claim 18.
18 26. é?yes %)r{ce\pp{rﬁ%%géroggﬁ rt? Jbr%ed;@ﬁo n‘é’égﬁttrﬁee q?érﬁ o‘fé@% gﬁjl%%at o claim1l12
with a10 pol yotconigsitian chlamndBrundeitm Bﬁm)nli) wicight pércent &fanmrgghic per cent of
a pol ygpter Ofdlﬁl ﬁt' m 26

12 24. Afuel composition comprising a hydrecarbon 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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20 and from90 to 10 wei ght percent of an organic diluent. 21 28. A

| ubricating oi | conposition conprising a major anount of an oifl Jubf2004

| ubricating 22 viscosity and a m nor amobunt of a polyester of claim26. 23
29. A post Weewde3conposition prepared by treating a pol yentisng: cl ai m 26
under 24 reactive conditions with a boron corrpound -35 7 July 2004 WO

01/ 34663 PCTI USO360382 1 30. The post-treated ng)05| tion of ,claim29
whereih t$ M%H%@GMW@S‘UE“PBFPE“ 48 \Wer%qth MRP SPMPRUBH IS emy| si on
conprisi ng a ylieGRpf i nuous aquequs phase conprising 4 at |east one
oxygen-suppl yi ng conponent, a continuous organic phase 5 conprising at

| east one carbonaceous fuel, and a m nor enul sifying anmount of 6 at | east

one engil g A wasH-of emlsﬁélﬁcd?ﬁp‘ihm} a ﬁrsodmmub;aqaemrscmm conguisingi si ng
(a) cdgolyrrerl Zi n 1) a oI al kene cont aLnl n urI;%/I Vi r% i.dene .8 isoner
and ndh- al kyI&ieRA F' %ﬁ@‘g fingeprepnen ad‘?é‘ﬁf' Hga iPlAze reagent .9
under :gol yrferdoh%rlsmg atGeutohé @ﬁl%ohﬁcédl@ fosleamns enifdr eniilsBeng ahoant of

initiator, 10 reacting the product of, step W th an unsaturated
acidibr eagerﬁlt legst 9[‘@\?5&@“{!‘9 er Pﬂ!“tpé'ﬁ‘ﬂéﬂéﬁ BW@”FW’PW&GHWS%HFP&%? a strong

aci d, and (C)eghgRid\@) ESoIrharitd (195 pohRilkeheRohfaining hRyRiRRdne or at | east

one am ne.

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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