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POLYALKYLENE/ MALEI C ANHYDRI DE 3, 05P@k YWER e present invention relates

to an inproesRE@cess for making a copol yner of a 4 pol ybp&fosoombish an
unsat urated acidic reagent. 5 BACK @THE | NVENTI ON 6 Copol yners
yd

prepared from pol yi sobutene and mal ei ¢! an ride are known. These 7
copol’'yner's are sonetines referred to as "pol yPI.BSA'. They can be prepared

by 8 cgpol b & t el IKYDENEYVEALERS ANHYDRIDE 9
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unsaturgted 10 acidic reagent such OPROLYMERnhydride using a free
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i soner, 3t hephoplesehPHVEATYR rSlats focars rpioyerproeesshior Makiag e enplymahota
results in a less than opti num use of the polybutene starting 14 material. -
15 | n odderpalybutape with Qméném%i%ﬁ*ﬂ@fe@g@tpol ybut ene star ting materi al
and inprove 16 raw nmaterial utilization, it has been found that if the

pol yPI BSA reaction mxture is 17 further reacted with the unsaturated

aci di ¢ Beagent in the preserBACKGROUND QF THEIINVENTION yst  such as a

sul fonic acid catal yst, the unreacted pol ybutene can be 19 converted to

pol yi sobut enyl succinic anhydride. Up to 90-95% conversion of the 20
starting patypolymees prepared drimh pobiisobuteme andayaleimanhysdride aregkmvetiutbess a

m xture_ 21 of pol yPI BSA and aci d:-catal yzed ther wP ) T I I n
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reacted g t ' ; | AN [ srdeniatiopsdftheeated with :
et hyl ene8 2%@@%’?% gé@%@g@ggi%n&lgﬁ?ﬁe‘hfﬁg Th_esel products are

excel | et amettegvinyidetiessemeatalong ovit otber palybutene isomars) withiafguratwated

I nhibiting properties, and 26 excellent. .s ' i . ti are
Al S0 usdr 1) SderERpSRaEh seaicia aneyaueS dine o ESTECRE BUEREE, AGBarchf,
emul si ons. 4y thé hidthyivinylidénd Idomdr rebbis! |IF tHe polybltene caritambnery., TONTDIeN®
12  percent methylvinylidene isomer, then only 70% conversion to copolymer can be
13  achieved. This results in a less than optimum use of the polybutene startin.g.

14 matérial.

15 In order to improve the conversion of the polybutene starting material and improve
16 raw material utilization, it has been found that if the polyPIBSA reaction mixture is
17  further reacted with the unsaturated acidic reagent in the presence of a strong acid
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 thermal PIBSA. |

22  The resulting mixture of polyPIBSA and acid-catalyzed thermal PIBSA can then be
23 reacted with amines to form succinimides which can be post-treated with ethylene
24 éarbonate, 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
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27 emulsifiers in explosive emulsions.
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conprise a'continuous organic phase 2 (e.g., a carbonaceous fuel and .a
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acyl a [ n& agent’s bei ng characteri ze the presence within their
st r ugpur equieoas phaseagenmisieg at least one exggmsupplyg\go@mepemnt agogtipHous
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cess
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presence of a free radical 27 initiator; and 28 (b reactl t he. duct
of stiép (grpups are derived from arelyalikens. @aldeﬁ@éﬁ"t'“gaﬁgeé@ t@"éﬂ/& E?cf%ﬂ?%é‘ ure
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18 each equivalent weight of substituent groups, and component (B) being ammonia

% 19 and/or at least one mono-amine.

20 ' ' SUMMARY OF THE INVENTION
21 The present invention provides a process for preparing a mixture of (1) a

‘ 22  copolymer of a polyalkene and an unsaturated acidic reagent and (2) a polyalkenyl
23 derivative of an unsaturated acidic reagent, said process comprising:

24 . (@) copolymerizing (1) a polyalkene containing alkylvinylidene isomer and
25 non-alkylvinylidene isomers-and (2) an unsaturated acidic reagent

26 o under polymerization conditions in the presence of a free radical

27 initiator; and |

28 (b) reacting the producf of step (a) with an unsaturated acidic reagent at
29 ) elevated temperature in the presence of a strong acid.

30 Preferably, the polyalkene is a polybutene. More preferably, the polybutene is a
31 polyisobutene, most pfeferably wherein at least 50% of said polyisobutene has
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31 polyi sobutene, nost preferably wherein at |east 50% of said

pol yi sobutene has -2 WO 01/34663 PCT/USQQ 30382 1 nethyl vinylidéne end
groups. Pr&fcesiaabe, t he pol yal kene has a WMh of from 500 to pcr/@&000383
Preferably, the unsaturated acidic reagent is naleic anhydride. 4
Preferably, the nole ratio of unsaturated acidic reagent to polyal kene is
at | east méthyivinylidese endfgroups.yPreferably, thmpolalkenedagn Hin Oggmb’i@ tost rong
organ'c:5230 , having a pKa of 7 less than about 4. Mrre preferably, it is
a sul foni cid, such as an al kyl benzene 8 sulfonic acid, wherein the

al kyl group has from4 to 30 carbon atons. Preferably, 9 the sulfonic acid

the' 1 8t ol gAY BF porasufatbd Bl Riagng KL ARt RGBS, 1 urtner provi des.

t he product produced by a process 12 conprising: 13 (a) copol ynerizing (1)

a pol yal kene cont ai ni ng al kyl vi nyl.i dene _i.soner._an neN-al. .oyl i dene
isome%s &ﬁ&%@;’&a %’ﬁ‘é’gef [ﬁtg{ %ﬁé’%%tldﬁagecfagagnrtea%nﬁ‘?dé‘?lyﬁg(??%é{%Paéta ?gn
condi g onfs_%ﬁn the presence of a free radical 16 initiator; and 17 (b)
reacting the product of step (a) with an unsaturated acidic reagent at 18
el evated tenperature in the presence of a strong acid. 19 Al so provided by
t he p693%¥érQB§PfHé3 bifg AcRIGSRASHil-5GNbROERERG ofgardc fcid, Wagirgfa pK) of 20 a
copol ymer of a polyal kene and an unsaturated acidic reagent and (2) a 21
pol yaVkengss thani akaitit vie Mdreaprefarablyuitds asuifenigiacid,suigbnas analteil ReprERN&ei ght

ratio,of copol yner to.polyal kenyl ' | Vg | 0 S
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PI BSAgM xhélisgifonid4did s preseRt dvardlasdunt irmepaagef fiom @0025%its 120% ma.
pol ysucci ni m de prepared by reacting 25 a pol yPlIBSA/ aci d-catal yzed ther

PI BSAOni xaased ot heri@tqirvg@@%'wﬁ PRIEAKER® with an' 26 amine, a pol yam ne

having at | east two basic nitrogens, or mxture thereof. The 27 present

i nvention also provides a concentrate conprising 10 to 90 wei ght percent
28 ofl 1suckheapiesent inventionifurtherrrovidemtbe predurd Predusad BLAJEAEEST an or gani c

di | “‘?Et " comprising:

13 (a) copolymerizing (1) a polyalkene containing alkylvinylidene isomer and

14 non-alkylvinylidene isomers and (2) an unsaturated acidic reagent

15 under polymerization conditions in the presence of a free radical ,
16 initiator; and

17 (b)  reacting the product of step (a) with an unsaturated acidic reagent at

18 elevated temperature in the presence of a strong acid.

19  Also provided by the present invention is a composition comprising a mixture of (1)
20 a copolymer of a polyalkene and an unsaturated acidic reagent and (2) a

21 polyalkeny! derivative of an unsaturated acidic reagent wherein the weight ratio of
22  copolymer to polyalkenyl derivative is about 0.1-10. This mixture is referred to

23 herein as a "polyPIBSA/acid-catalyzed thermal PIBSA mixture”.

24  Further provided by the present invention is a polysuccinimide prepared by reacting

25 apolyPIBSA/acid-catalyzed thermal PIBSA mixture of the present invention with an

26 amine, a polyamine having at least two basic nitrogens, or mixture thereof. The

27 present invention also provides a concentrate comprising 10 to 90 weight percent

28  of such a polysuccinimide and from 90 to 10 weight percent of an organic diluent.
-3-
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-3 ~THI' S SHEET HAS BEEN = REPLACED WO 01/ 34663 PCT/ USOQ' 30382 1 In addition,
the pgresent invention provides a lubricating oil conposition conprising 2
a maj or anoWPt018466an oil of |ubricating viscosity and a m ndCTAHUMB8DT
such a 3 polysuccinimde. Al so provided by the present invention is a

t-t ted 4 t d by t h
Cinder - Meadniaskiiiming PEYEEMtEWATRTTEYiEer & ILanERA o) CoRPPREPT PR by
the pregsenj gﬁz{f&e%bﬂﬁt bfsar"?‘oﬁ%?‘iuﬁrfc%%ﬁ@usc@sﬁ@ﬂﬁ@%‘ hirft ameRRIFduRl & reat i ng

such a pol ysuccini mde under reactive conditions. 7 with a boron conpound.

8 The @ es;emysuowemmd@nAfamrpnwrdqurtawmayeaemmve@mrl iscp BPst-Eeatgdsi ti on
conpri SI ng

f I b
amount Zof eepgelen preparpd e i 7 B bR BTle] Feg e o, "
i nventison \}vgh% (i BRfdoHate. t%nﬁ@ﬁgfdvﬁéwby?ﬁ\et @re@@nt/\@iv@htlo@eeraepntst-wéatelde
post-treate osition and O0to 12 40 wei percent of an J?qu_‘gam c

di | uentt 1®mbsmt|<pm prepiradiy treating surina ppmémlnmgeyr&ier GeRCtVERahSt
conpri % Abphédrocar bon, boiling in the gasoline or diesel range and
froma outW RPABSOMPOE 0 000 parts per million of post-treated

conposi tion of this |nvent|on Further 16 provided is afuel concentrate

conpri si ng.an iner hilj Iven ge of
150- 406F ahpe /€3 é'%" efe&h?r o bé‘Fa I@%%ngﬂ%orséa gorhgﬁsﬂ:\&%
conposig i Oﬁhaﬁr érﬁb@nt‘ df"é?’%l'l Bﬂlubjfi%at‘?ﬂ\@Ols@b@iW sledl abinohenar @fithe pustat i on i s
a water-in-of I enul'sion conprising a 20 di'scontinuous aqueous phase

conpr i Hl ngtreatedectampasitonx MemprayfsisidybynthecnresenippMention is @ 6AREEIIIEAIS or gani ¢

t I
W < FoRnang 20t R0 vBE SRS Poaf el corfitsiinlaRgfrom 89 o,
pr oduced bxoavévg?mwéeﬁmn sidHhid @luegrapol yneri zing (1) a pol yal kene 24
contai ning al kylvinylidene isomer and non-al kyl vinylidene isonmers and (2)

an 25 unsaturated acidic reagent under polynerization conditions in the

presence Ohsd r%@dfeﬂet?yﬂf@br@%ént NvERTGPTs: a fURl corddsition: ddmpisindact of step
(a) with an unsaturat ed acid 27 reagent at elevated terrpergture in the

pr esent® ohydrosarhamgbeiting in mmgqsghneéu(gtlesﬁj range and from about 10 to about
15 10,000 parts per million of post-treated composition of this invention.- Further

16  provided is a-fuel concentrate comprising an inert, stable oleophilic solvent boiling
g 17  in the range of 150-400°F and at least 5 percent by weight of the post-treated

18  composition of this invention.

19  Also provided by the present invention is a water-in-oil emulsion comprising a

‘ 20 discontinuous aqueous phase comprising at least one oxygen-supplying
21 component, a continuous organic phase comprising at least one carbonaceous
22  fuel, and a minor emulsifying amount of at least one emulsifier comprising the
23 product produced by a process comprising (a) copolymerizing (1) a polyalkene
24  containing alkylvinylidene isomer and non-alkylvinylidene isomers and (2) an
25 unsaturated acidic reagent under polymerization conditions in the presence of a
26 free radical initiator, (b) reacting the product of step (a) with an unsaturated acidic
27 reagent at elevated temperature in the presence of a strong acid, and (c) reacting

28 the product of step (b) with ammonia or at least one amine.
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28 the product of step (b) with amonia or at |east one amine. TH S SHEET
HAS BEEN REPLACED -4 WD 01/ 34663 PCT/ USOQ' 30382 1 DETAI LED DESCRI PTI ON' OF
THE | NVENTIV@DoR346b®e process conprises the steps of copol ynepCriung/3a3s2

pol yal kene and an 3 unsaturated acidic reagent, followed by reacting any
unreact ed pol yal kene with the 4 unsaturated acidic ent at el evated
tenperfature in the predhddLt AE IGNAQF THE IV / ene conprises a
m xture of al kyl vinylidene and non 6 al kylvinylidene isoners. It is

bel i eved that the al kyl vinylidene isoners participate 7 primarily in the
copol yaver Thatprocessecmwhpases tnedstepaof aapolairieyizingry Ppialkenessite?® 8 r emai ni ng

Darti A patESBErAER AT EAaRt SRR R Bab o B0 R R0y BbRIRER A RO S °
pol yalkengngaiirdted ackit Ye@Rjerffat 2| Siatad eerhypetat inltied presencetofeastrdrgg a

copolymer 12 of two or nore types of olefins. It contains both
al kyl \B nyBtidenhea polyalkenagomnrises amiyiug afalkykinylidermapd Nopr ef erabl y, the

pol yal kene, i s.a . nal ybut , re. 14 _nr i-S; st

b ef il 9B BRLEBVERS: JFBr G teR ot M ApRRl e ROER B ERIETS, o
the patyi pakidgr@ne thasopelyhyédidatiphi rdactoenthdgihatpsy alkybililidtepabirperst he

pol yal kene has_ a nunber average no| ecul a& Weh%htb (I\éhl,"? Igf frﬁ{ln 17 about 500
to abdut HIpENInBafethsAApPAINRaZatoN ASHoBRIrBE NAT-RIEHYIYATE AR SRIMH S a
1-ol efdg n -1 ? fin"). The 1l-olefin typically has
five ogr n@?}éﬁzgpaérﬁgg)\rﬁm‘aaﬁgﬁs,thp?:%‘cﬁgg:ééc%ﬁabout 10 to about 30 carbon atons.
U S. Patent No. 5,792,729, issued August 11, 21 1998 to Harrison and

Ruhe, . di scl oses the preparation uiengade froma 22 pol yal kene,
a l- o]dejfi n, and an unsaturated agflalt?(rsgagent and is incorporated 23 her ei’
by reference inits entirety. 24 THE UNSATURATED ACI DI C REAGENT 25 The term
"unsatura i g t S L0 mAl 8l e T@E t \Whet he
26 g:L raﬁﬁg&%%&é gé"ﬁ’%g a pbFhRrofLsifBled) e BF ol ifcaFBE P foIfthe

12 of two or more types of olefins. It contains both alkylvinylidene isomer and non-

13 alkylvinylidene isomers. Preferably, the polyalkene 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  "“alpha-olefin”). The 1-olefin typically 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, discloses the preparation of terpolymers made from a
22 polyalkene, a 1-olefin, 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 maleic or fumaric reactants of the

26  general formula:



WD 01/ 34663 PCT/USOO' 30382 OOj CCH=CH- CXXx, 1 2 wherein X and X
are t'he sarme or different, provided that at |east one of X and X is 3 a
group that wgesgasabl e of reacting to esterify al cohols, forpcanisd@sessor
amne salts 4 with. amonia or amnes, formnetal salts with reactive
nmetal s or basically reacting 5 netal conpounds and otherw se function as
acyl ating agents. Typically, X and/or X 6 is -OH -0-hydrocarbyl, -Ow
where M+ represents one eqiyalent of a netal, 7 a ni um or am ne cation
-NH2, -d, -Br, and taken to ther X and X can be -0- so as to forman
anhydride. Preferably, X and XN ﬁre iéﬁh t bot.H 9 carboxylic functions
can enter into acylation reactions ei c anhydride is a 10 preferred
unsaturated acidic reactant.(pfﬁer sui tabl e unsatd\aéed acidic 'rea ctants
11 include el ectron-defici ol efins such as nonoph mal ei ¢ anhydri de;
12 nmonpnet hyl, di met hyl, nonochl oro, nonobrono, nonofluoro, dichloro and
difluoro 13 naleic anhydride, N phenyl nalei mde and other substituted
mal ei m des; 14 isonal ei m des; fumaric acid, naleic acid, alkyl hydro en

nal eat2s mrérudaaadé@ are 15 samklor different aprevidedthabatdaastsong ofrand X'
aci ds and mal eanj ¢ .aci

STRONG ACP[STOYR t"r‘f‘.‘éStCéPﬁP' ‘E}d '8ﬁ§t"é%f‘gggﬁleté‘fy @op@f@ rﬁ‘%@av?’héﬁdr‘&péﬁﬂ%‘f?

l'ess_thanapOithntbnid 8r BRfth&Y, 38 mé@l s8ltd AR réd@ive retal®oebasiealy rlacting3 t o
+2. Prefera Iy, the strong 20 acid is an oil-soluble, strong organic agid.

Repr es&nt métabcampourds and otkerwise Buotionas M‘@tﬂgoﬁflffﬁérﬂéo'ﬁ? Y, Hokft ed

%QEL ni ésa_c(su'mihr ME&%XI Q’@?h@hbsu Jep re%ég{%gﬁé)ggéﬂhf%r#mgghgﬁd

al phagpaashivny bPenfife Bation |-CNH L 0xXE, I-G-mcarﬁBStaMeartegetHelne( and X2dan be
sol ubi li zi ngzﬁroup or groups are hydrocar er and contain gb to 76,
pr ef er &bl y—025 sorasmtpfprmeanienhygide. freferahlyl X andh 2 5‘{? P¥on at ons,

and thg ""rc%Irbc%{y(l)H‘f’ur‘uﬁronéEE:aW&(tSrt b achIatiBN 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 monomethyl dimethyl, monochloro, monobromo monofluoro, dichloro and drfluoro
13" maleic anhydride, N-phenyl maleimide and other substrtuted maleimides;

14  isomaleimides; fumaric acid, maleic acid, alkyl hydrogen maleates and fumarates
15  dialkyl fumarates and maleates, fumaronilic acids and maleanic acids; and

16 maleonitrile, and fumaronitrile.
. 17 | THE STRONG ACID

18 The term “etrong acid” refers to an acid having a pK, of less than about 4, N

19  preferably -10 to less than +4, more preferably -3 to +2. " Preferably, the strong

20 acid is an oil-soluble, strong organic acid. Representative classes of the oil-soluble

21 strong acids are represented by maleic acid, malonic acid, phosphoric acid, |

22 thiophosphoric acids, phosphonic acid, thiophosphonic acids, sulfonic ecids,

23  sulfuric acid, and alpha-substituted or nitrilocarboxylic acids wherein the oil-

24  solubilizing group or groups are hydrocarbyl and contain from 10 to 76, preferably

25 . from 24 to 40, more preferably from 28 to 36 carbon atoms, and the aryl group is
26  preferably phenyl. |



-6 WD 01/ 34663 PCT/USOQO 30382 1 Preferably, the strong acid is a sulfonic’
acid. Still nore preferably, the sulfonic acid 2 is an alkyl aryl sulfonic
aci d. Most woef/ateebl y, the al kyl group of said al kyl aryl 3preoiuferioss2aci d
has from4 to 30 carbon atons. 4 Preferably, the sulfonic acid is present
in an amount in the range of from0.0025% 5 to 1.0% based on the total

wei ght! of Prefesatiik déhe strengerdl isMERunic @xidcdih mprensreferablysthepguifgnic geid

5,112,507, . . 2 ' o [ . i zati
cond @ on's ALRRTF byl AEEE Mcbt BEEIAEN; hE bl r6t, of s A0RBNERY | 201 00
by refser eg@forii€teiddsfroinsd enB0 icathon atongener al , the copol yneri zati on 10

reaction nmay be conducted at a tenperature of about -30 C. to about 210 C ,
and 11 preferably fromabout 40 C. to about 180 C. The degree of

pol yney i zpidferagiyp thé SulfbMiel £l 15 redRAaf in Anamdunt iretiesiaagercf frohe 0c008S! vy,
it may be advantageous to 13 enploy |ower reaction tenperatures. For
exanmpl%e, tof 1.0febpsed ondheitetat wietaiioé @omalkene. about 138 C., an average
degree of polynerization of about 1.3 is obtained. 15 However, if the
reaction is conducted at a tenperature of about 40 C., an average 16
degred of pol ynmeri zati on o€ORUYMERIZATIONERNIATIONS The pol yPI BSA 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

Harri Son bn®. Pe¢edtte, 5,02 E07; issurddvipyrdt 4892¢9 Blarrisep, digcas@sce in its

entir . 20 The reaction.. be nduct {: ' t ol yal kene,
The ubat GoRolimenzstin coadThs BEefif ML Fiachfe be widfivebfion A B oY% e

conbi ned neotpitafiddPPfefefdrice Rtdir inats @atirsty. rIhagerdirall tree cqpalymenzation ®
tenperature. The unsaturated acidic reagent may be added 23 ov%g tine, or
al | at0 onteaction may bermandusted at s tempartuePialPub e3¢ ondliacdRRiZ] 03 Ci #nt .
For np [ | L e

sol vent s PﬁechL%Zy ﬁ»ﬁg{;g&f}%%f%ﬁ%y tﬂgﬁ?g&;gfg%tla Se@geﬁéébii’;ﬁ%‘%};nre §géttr“§ggscal

| ni ti4Q or irveeselp brdpartional tbnempeeatanet Aveordigly,at malyybdr advardageaus tor of or m

met hyl ene chl oride, dichloroethane, tql uene, di ogz}r‘le, 8 chl orgb(gtnéertle,
xyl enty aRERigeloweardeagfarsiempriBiBERSA Of EXAMRGr BN FRAAIGN Hgpndueed a

14 about 138° C., an average degree of polymerization of about 1.3 is obtained.
15 However, if the reaction is conducted at a temperature of about 40° C., an average

16  degree of polymerization of about 10.5 is obtained.

17  The polyPIBSA can have an apparent succinic ratio greater than 1.3, such as those
18 disclosed in U. S. Patent No. 5,565,528, issued October 15, 1996 to Harrison and

19  Ruhe, which is incorporated herein by reference in its entirety. .

20 The reaction may be conducted neat, that is, the polyalkene, the unsaturated acidic
21 reactant and the free radical initiator are combined in the proper ratio and then
22  stirred at the reaction temperature. The unsaturated acidic reagent may be added

23 overtime, or all at once.

24  Alternatively, the reaction may be conducted in a 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 chloride, dichloroethane, toluene, dioxane,

28 chlorobenzene, xylenes and the like. PIBSA, polyPIBSA or mixtures thereof may
-7-



WD '01/ 34663 PCTI USOQ 30382 ° 1 al so be used as a solvent for the reaction.
See U S. Patent No. '5,175, 225, issued 2 Decenber 29, 1992 to Ruhe, which
i s incorporve@en34¢6¥ ein by reference in its 3 entirety. DepeRETRH§OU93%2 t he
particul ar solvent enployed, it may or may not enter 4 into the reaction
as a chain transfer agent. After the reaction is conplete, volatile

conponent sisoie tsedsas apsukeerdffor the teactienc See Ut ﬁePamNmérWz%??%S%ﬁfi be

d b f k
I the ar Debegiiereb; Th2% Hithe, Mg isihopdioted fordp iRt L Koo
i nfl U?C?%Pﬁé}i}{ hgebeﬁg %drﬁmeda'ﬁlbmﬁr gonEAYenhpicyethit mayebema'd\dtreﬂfﬁer

radi c ors are he per oxi de-type pol ynerizat| on, |n|t|a{?§) I IE1)90 and
the azb-t inte thsteantionzs a chaintransfeorgeniRAftertheeasiPhissomelR 40'd t

initiate 11.the yeaction red. 12 The peroxide-type initiator can
be or,(a)'t?ani EOTPONRBISARY Pe %tHBP'B&??n having the 13 general fornul a R30OR3'
where R3 is any organic radl cal and R3 Is selected from 14 the group

consisting of h en a any .organic ' I. drd 15
or gani& g?:ig%%é? tggéiOQP 4\/%} %@&%%Wﬁég byﬁﬁ} 5?8&8 |'@Ft crsa%yl ng,
| T desy reghitiathfs §|‘éb®bll kHSWhSn%h’é Brtafl-ldj\aéweﬂie clﬁhneé@fttwlfrpewadlcdlasltuaml ude
di-tert-but ? peroxide, 17 tert-butyl peroxybenzoate and di cunyl peroxide.

18 Exadml asapbe influencpdbysthedeaction tamperatige@Pioyed) i niting, incl ude
benzoyl 19 peroxide, |auroyl peroxide, other tertiary butyl peroxides,
2, 4-di chl oro-benzoyl 20 peroxide, tertiary butyl hydroperoxide, .cunene
hydr oper odihdepretéread:frek rpdlcaklmtatorsze_l_reatbemroﬁ%ﬁmP@BYN%'ZE‘“O” initiators

t hyl pero ar bonat e, ert I, ary er, 23 The
8 i aBRIBamS-Wpg oRerEen oS SRENE6H SRR BF yset o Iifate D
al so gﬁéE A iff de’fretiadi cal prormti ng materials. The azo conpounds can
be de |ne as those having present in the nolecul e group -N=N- wherein

t he baI ances are 26 satisfied by organic radicals, at |east .one of which

is pr Y. rﬁﬂ:hmécﬁ ahigHawiragzih
pre un ds Inc?@rf?&maggp .ﬁmato?r ca"nedé bagasm@afm?%a g iragihe

conpo are limfied to 8 brormbe enedi azo r}l um
f 1 uor aBor ajemeral- foohyladRIQ6 wb@@rﬂerseanspomnmtﬁm@ﬂérﬁdi%%ﬁ% rom

nydr oxly de’thgzg?g% @S‘Hé"nstn?é‘ﬂf Rp&%bﬂ'aﬁﬁoﬁﬁwmdﬁld HfRficalABotf R®> and R can be
15  organic radicals, preferably hydrocarbon, aryl and acyl radicals, carrying, if desired,
“ 16  substituents such as halogens. Preferred peroxides include di-tert-butyl peroxide,

17  tert-butyl peroxybenzoate and dicumyl peroxide.

18 Examples of other peroxides, which in no way are limiting, include benzoyl

. 19 peroxide, lauroyl peroxide, other tertiary butyl peroxides, 2,4-dichloro-benzoyl
20 peroxide, tertiary butyl hydroperoxide, cumene hydroperoxide, diacetyl pgroxide,
21 acety! hydroperoxide, diethylperoxycarbonate, tertiary butyl perbenzoate and the -
22 like.

23 The azo-type compounds, typified by alpha, alpha'-azobisisobutyronitrile, are also
24  well known free radical promoting materials. The azo compounds can be defined
25 as those having present in the molecule group -N=N- wherein the balances-are
26 - satisfied by orga.nic radicals, at least one of which is preferably attached to a

27 tertiary carbon. Other suitable azo compounds include, but are not limited to, p-
28 bromobenzenediazonium fluoroborate, p-tolyldiazoaminobenzene, p-

29 bromobenzenediazonium hydroxide, azomethane, and phenyldiazonium halides. A
. _8_



CVO 01/ 34663 PCT/ USOQ 30382 1 suitable list of azo-type conpounds can be’
found in U S. Patent No. 2,551,813, 2 issued May 8, 1951 to Pinkney,

whi ch i s iwoanpessat ed herein by reference in its 3 entirethCT/USOTBB8ZANMDUNT
of initiator to enploy, exclusive of radiation, of course, depends to a 5

| arge extent on the particular initiator chosen t he | k d and
t he rdactsuitableslistafidizoitype compeundstcaaths faunein WS cPo% ﬁﬁ Z%E’JL% ‘e in

0. 00121 dseiet By Eriopd o Pnkie yi PR REb i R frel ey teTbRineBie i8e, Iep

per acidic reactant, with
pref enr edortiefynt s between 0.005:1 and 0.10:1. 9 The pol ynerization
tenperature mist be sufficiently high to break down the initiator 10 to
produce the desired free-radicals. For exanple, using benzoyl peroxide as

the 41 ifhd Latdint of tdtBRES ERpIyeEREILsiversf radiatibe, betoeee, depandste@ and
about 90C, 12 preferably between about 80C and <§ t 85C. Hi ag r anq | ower
t enpebat Uaege extentan the parisubardaitiatoraiosan) beRdva) ‘?%{jéegﬁn Erf)é?%ﬁ Pes

bei ng bet Wee abo I Anl ABERMAt THES

bet wed ut'ﬁ%ﬂﬂ%%gfﬁn%é% g&l)%%ﬁe ?ieéal@ttﬁ%ﬁé%reﬁgsure shoul d be
suffi <7i en&sdaq cﬁﬂbéﬁ’@atﬁbr{sh@f inRiaterndreibetivben 10.@0A: 8 ahd QRAsmolas efsviipty can
therefore vary betvve n about  at eri g and rnnel but

the. pifar cPeLol GL3URE reaCntaulh BTG sty DshPedh Bi00s PBU LAY,
sufficient to result in the substantially conplete 20 conversion of the
acidic reactant and hjigh nol ecul ar weight olefin to .copol r

react i%n Thewolunelizationl temparaies Myt b % @(JPQ% t\?ﬁﬁ %nggrtgéd;r p%tg(r:t i on
22 tifges {5;}) %@ettN‘Qd Bffed $2edicHs. Zﬁor"éxé}ﬁbrfédu@ﬁ’%\& Zohjepereiidecds theact | ¢y

is a solu n-type yrrerl zation reaction (gh nol ecuI ar _wei ght
ol ef i1, apwittter, Iti@@cé@cm‘on tempsfamrandnlha betaeen ahout 78° oget her

in any suitable nmanner. The | rta C, t he
26 hi U nBreleiabl bamasin abpudt Coatan e 45 e lekiel 3t TBker p?&@g‘é@é@%f a
free di c f ereperaturef Gk e=n almutbe

conduc edelélélbgﬁmﬁrogggyé?g%mb%r\?ggrrgﬂ-ﬁg hi ﬂ?\ rmlrgculeg?g(%{:&n fin.s

addedi4l | 20%C windldbput 808°Gi with peclrresdPmRerabireLREMERN 2boiHt fAgout
sol ve{g sbg}e hi gh ol ecul ar wei ght olefin can be added -9

16  The reaction pressure should be sufficient to maintain the solvent in the liquid
17 phase. Pressures can therefore vary between about atmospheric 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 time 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 presence of a free-radical
27  producing material. The reaction, for example, can be conducted in a batch system
28  where the high molecular weight olefin is added all initially to a mixture of acidic

29 reactant, initiator and solvent or the high molecular weight olefin can be added
-9-



WO '01/ 34663 PCT/ US00/ 30382 1 “intermittently or continuously to the
reaction pot. Alternatively, the reactants may be 2 conbined in other
orders, forwewaslgse, acidic reactant and initiator may be agddadedsdss: hi gh
nmol ecul ar wei ght olefin and solvent in the reaction pot. In another manner,
4 the conponents in the reaction m xture can be added continuously to a
stirred Sint@nstentiybi cortiiouslyctatheasastidn pbt. Alteardtively, die tdactamtodoay beo a
recovery train or to 6 other reactors in series. Th

_ e reaction can, al so
suitaly eembingddpeother erdess.for 915%"“?'90'@&&‘%Fe%@teari%@'t@éﬂ‘p%‘ﬁé‘rﬂesa%ffeéjs added

at one, or ' g@(@?t i hli s HeRgaEfon BER IRRRMR MYranner,
POLYAL EWBE&E@E%@E tn&%ﬁgggéggg\%gﬂﬁgtn of tﬁé"gm yal kenyl derivative,
the nmo e that campbnents dn thietettiaai rdixture Kanr emgdded contiuloudik tma stiged
preferably at least 1,0:1. Mre preferaply, .fhat nole ratio is ,11l from
1.0:1%0 Eﬁ@?"‘_l’.W'%WW'@?‘Q%WW’?W%Q?GMF@/%fartf %r&dalpﬁtor%é%%%vtery LYY over
a perigd gindrraEctBRY in rie%?’g(mé% ctién EaREsO duifeBlyStaRepiade I a 8bil-tyle once.
14 The reaction I's conducted with an excess of unsaturated acidic, reagent
at el évat sshctdbwhemnetbeatampenénts e agded @t opeatr raorst peintjalgogdhe §odonvert at
| east some of the 16 unreacted polyal kene to additional polyalkenyl
derivative of an unsaturated acidic 17 reagent. This reaction is an ene
reacti®n, not PPHRRROCESS FORPRPPARING RPOLYWLKENELRERIVARIMES ref erred
to herein as "acid-catal yzed thermal PIBSA". 19 The tenperature of the
reaction in the second step (the ene reaction) can vary over 20 a w de
range.g Pr gf gieaplepardtivh dfethipgiclyalkenyl derinatives theungsie obtid obmd@Qrdted 240 21
l pressure can be atnospheric, sub-atnospherjic, or su r-stgos?heric.. 22
f etQibl yeagans to pelyalikene; is psetesably@tiramt d:0:d. Mose prRigraliy thah Mol Ateds
conpl g e, ] t unsaturated acidic reagent is 24 renoved. _
Pr ef efabl {/r%p'ﬂ]elﬁﬁ g%gtdﬁg.n medi umis cooled as soon as the unreacted 25
unsaturated aci di c reagent has been renoved. The reaction product may
cont aj tar ' i ' i el [Jaydri de
by~ pr o FrepiaBy e dHesh T BEl osbeFle R fbr odiod BR R aRa G LY

filtregiogsudiis FOREVIMRY3 habrs) @aillmatiomcehe product as a sol uble resin. -10
i

14  The reaction is conducted with an excess of unsaturated acidic reagent at elevated
15 temperatures in the presence of a sfrong acid to convert at least 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 the reaction in the second step (the ene reaction) can vary over
20 a wide range. Preferably, the temperature is in the range of from 180° to 240°C.
21 The pressure can be atmospheric, sub-atmospheric, or super-atmospheric.

22  Preferably, the pressure is super-atmospheric.

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

24 removed. Preferably, the reaction medium is cooled as soon as the unreacted
25 unsaturated acidic reagent has been removed. The reaction product may contain
26 some tar or resin which is believed to be polymaleic anhydride by-product. The
27 insoluble portion of this by-product can be removed by fiitration, but some may

28 remain in the product as a soluble resin.
-10-



WO 01/ 34663 PCT/ USOQO 30382 1 By using the two step process of this
i nvention, conversion of the polyal kene can 2 be as high as 90- 95% This

has the ad\(ﬁ)@bﬁgﬁ(,j hat it mnimzes the anobunt of 3 unreact gdrRRhyAbdene in
the final reaction product. Unreacted pol yal kene tends to 4 i1ncrease the
viscosity of a dispersant at constant nitrogen levels, often requiring the

S5 addiqt i oBy QisirRy thaWws ﬁég%rb&estb d)ﬂmrﬁmoehtnorﬂwnpémnbf ﬂh@vmwalaenqaeam ts
t he use of Iess 6 (0 0) diluent oil, as as providing h|

utili z?at i bR a§fhl§hhé5|&§l %%kems h?SFbF@@SB”if@Q tbREMNPN@Z@‘oWs ?R/f DES 8 A
pol ys p@g %?eocgg.yg&enegmﬁee rteﬁgﬁ'%ﬁ EH&HJ&PE URRLARE B Atk shec@inak ¥ged 9

t her ma e pro uced sent invention with either an
am ne 4or mc&éhsry)ﬂhxeanémntwa@edlspet&aht gtcomstdnt nitngen hvelsmifties requppivioythei ne
should be S 11 enployed in apounts such that ghere

equi val engdd 'BP”%aH@Wo‘f'SQL%“M&"VEH{ Ak pldie BESROLINVARtIYR pﬁE’T‘é‘? h\egP%%Bgesﬁ t he
| yPIBS |
e Yed i) SIRERLYE R, fOf B8 Hroviding RS IR o e SR e o Pt oo,

15 It nmay be desirable to conduct the reaction in an inert organic solvent.

Qotinum 16 solvents wprg §SWR$9fgebﬁR1ﬁb9b6LWbébﬂmnhlﬁE@§ ature

sources or routine 17 experlnents ically, the reaction is conducted at
tenperatures in the range of 18 from about 60C. to 180C., preferably 150C

to 17 o r
Typi ca I Y, éch%é rﬁ{?ﬁ%%\c%g%%o& gﬁcf&dgﬁg tmgttﬁ%? gmrlr%s? %ﬁéegld gb a|tlt;érq es(?scdur e;
howeveg, tHegheil PmBsJL\cmatur@rmaucea bgdhe praseriénvestion vaith eitperrali agimnort ae

reactlonterrperature desired and the bgjlin oi nt of the react ants on
sol veHl. palypmiee, U'ﬂﬁ%sféﬁf"t'\f%c?'?f@“%%tgh?&”gﬁgr?érpé’fy@(ﬁ"'ﬁﬁ Stht‘?Pgd PRaction, is

pr ef ey abl éﬁﬁ@@% ar%éuﬁfsoé’ﬂcy‘ﬁgf ﬁﬁa‘?&'a‘?@ OSY & € EWiilMEntsher fRmess of t he

reacti on eot ropi ng or Istillation. After reaction conpletion, the
syst et capolyansibe ipepeduaaleritef acitic grRBIRsENIbe ROWRIB SEY3GiH catalyzethiherma!

250C) , and r. ced pre ures,to remnove. an 27 vol at i hat may
be pr enlplgg rﬁB‘“ﬂ)’FO yeferaby. APAUKFRIDS, “SﬁPé}aeV%%?{/'%aipg‘p?yﬁﬁr%" tﬁls used.
Pref ey abl wiohbaned ¥ Rardsa®imz9 | east three ami ne nitrogen atonms per
nol ecul e, and nore preferably, 4 to 12 amne -11

15 It may be desirable to conduct the reaction in an inert organic solvent. Optimum

16  solvents will vary and can be determined from literature sources or routine

17  experiments. Typically, the reaction is conducted at temperatures 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 to 6 hours. Typically, the reaction is conducted at about

20  atmospheric pressure; however, higher or lower pressures can also be used .
21  depending on the reaction temperature desired and the boiling point of the

22 reactants or solvent.

23 Water, present in the system or generated by this reaction, is preferably removed
24  from the reaction system during the course of the reaction via azeotroping or

25 distillation. After reaction completion, the system can be stripped at elevated

26 temperatures (typically 100°C to 250°C) and reduced pressures to remove any

27  volatile components that may be present in the product.

28  An amine or, preferably, a polyamine is used. Preferably, the polyamine has at

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



WD 01/ 34663 PCT/ USOQ 30382 1 -ni trogens per""" nmol ecul e. Most preferred are
pol ydm nes "having fromabout 6 to 10 2 nitrogen atons per nolecule:.. . .
3 Preferredvnpol/’3tbkene pol yam nes al so contain from about 4PCdU300/¥3¥2bon
atons, 4 preferably from2 to 3 carbon atons per al kylene unit. The

pol yam ne preferably 5 has a carbon-to-nitrogen ratio of from 1:1, to 10:1.
6 Exarpl enitrogersipenmalepdey Mesteselensd ¥gPUEMNSS "B’"?%F’ﬂm ﬁ%mi‘d%? i

| Ni m des
of thi o ' ' qhe followi ng: tetraethyl ene pentam ne,

pent aéztshyl 'gﬂggﬁ%i%rﬁngrﬁg?%@ggg!\%@!100 heavy pol yan ne (M =303, avail able
from Dow Chem cal Conpany), 9 and Uni on Carbi de HPA- X heavy pol yam ne
(Mh=275, available, fr unj g ' ; &b R Y@t hes
enconﬁzssafe%%&amyﬁ'u@ eagblgrggﬁ%%égghcgﬂﬂ %'ﬁlrog‘gla?gkﬁ?ﬁgg ,zgalt%‘gbgubst i tuted
pol yamg negreféradlyftbma2 ky droacbomgtorasipet atkytere: Wat. pohg aeiyassine raferatilgavy

pol yam ne contai ns an aver age of S%OX{% .I1y 6.5 13 am ne nitrogen atons
per ndl echaga caabqmrto-nimgpiiatie of dnt t 6 be a single conpound, but

typically will be a mxture 15 of conpounds. reflecting conmercial

pol yam nes. Typically, the comercial 16 polyamne wll be a.m xture in

whi ch 63neEaaméeﬁecpfawtawWeWagﬂb%HlﬂhCﬁQt@ b\g@%cﬂlo %’f”} the %&f%@ﬁeéo?ﬁgBEi tion
I ndi cat ed,_ For. y ) : 1&e h8Lamine,

pol ym?\}ri zﬁvﬁﬁﬁoﬁﬁ%#?mﬁ ﬁotélgg'ﬁq!h!g%%%g@?%%%?%éﬁ ﬁﬁf%?@%té ﬁs/l ene andmmleQ
anmoni@ Woldw BaND heavy poilyemirn (M 3% avaitable froeniiiove Chemycal Gemeany) ene

20 I ne, bsti d_pi ' d hyl h I [ - 1h
21 corfbosRDA NN Karbiscr AP Rk peaey PRVERNE BN sare A AEDKN IO THE ERSre Pl

‘;.me@h;f:ow&atiéﬁy 8li8h pRaMinES BAEBITiDaRY idbrhbrst sosk L LraRciwd-Rdin L hat of

ene pentam ne. er exanpl es of suitable polyan nes i ncl'ude
admi x4 ur epolyaminésesndéubstititedspdivamiriesc incuding hydtosarbyeubatigtetd e ni xtures

f diethyl trian d h 25 pol yamine. A pref '
i xThr S PObSEIRER HFA-RohRA R YETa: Y e = SaSa R ITERY 82 ne and
e

80% by weiglihe M Qﬂo\‘ﬁ’é*b' BEmotdcdlé. an amne, i.e., a nonoamne, is
enpl oyed, alg‘? shoﬁ?@@f'ﬁe a primary am ne, 28 secondary am ne, or m xturé
thereof. Preferably, the amne wll have at |east 10 29 carbon atons, -nore

pref eqabl yrHeed psmineredittarkin&RbeaNsingRBompo um® Ugh typidaly will be a mixture
15 of compoUnds. reflecting commercial polyamines. Typically, the co'mmerc:ial .

5 16  polyamine will be a mixture in which one 6r several compounds predomi_ngte with |
17  the average composition indicated. For example, tetraethylene pentar_nine |
18  prepared by the polymerization of aziridine or the reaction of dichlbroethyiene and
19  ammonia will have both lower and higher amine membe_rs, eqg., triethylene | |

' 20 tetramine, substituted piperazines and pentaethylene hexamine, but the | _

| 21 compbsition will be largely tetraethylene pentamine and the empirical formula of the

22  total amine composition will closely approximate that of tetraethylene pentamine.

23  Other examples of suitable polyamines include a_dmixtures" of amines of various
24  molecular weights. Included are mixtures of diethylene triamine and heavy |
25 polyamine. A preferred polyamine admixture is a mixture containing 20% by weight

26 diethylene triamine and 80% by weight heavy polyamine.

27  If an amine, i.e., a monoamine, 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
-12-



-odd \ VO 01/ 34663 PCT/USOQ' 30382 1 aromatic am nes nmay be enployed, it is
preferred to use aliphatic amnes. Both 2 saturated and unsaturated an nes
may be enpl@yadssqgsef erred amnes include 3 aliphatic pri narpybﬁggo&%gz
Exanpl es of suitable am nes include, but are not limted 4 to

oct adecyl am ne and dodecyl am ne. An exanple of a suitable m xt ure of am nes

5 is tqal | gwanratieahndRamayald &m@&iy@ﬂattesipmfmtreﬂeoQﬁefahmhasc ammms sBdthmai nl y
of C18 6 amines). 7 M xtures of nonoam nes and ne

Al so, %ol atkyater\anshentuistod AMees Mayr %ﬁﬁ}%‘?\@d n‘éi e §”§6‘5 Cﬁﬂjeeunder

t he trade I t ed.
10 PROCESIHE] %&lﬁ%&E&E%%@#&@%‘S%T%?@‘%ﬁz*f‘%@ei‘%@ﬁ%b%#t?a‘srr?‘"“'%@@g
react iqg tdﬁ@cmﬂadylaaﬁiAéemidjde@atWAmmd Amexamiple ¢Pa BuBSlemixtureeof @nodesed
by the pr esent i nvention vvlth g er reactive ﬁ?%ﬁ COI’IldI fj{:’ons The
ol yolts Ve Iewamyn (AR A BRI EEE DAy ORI SSEHmANY BHPEn ” and. x
is angdnt dyepresenting the nunber of hydroxy radicals and has a 15

val ue of ?rom to about 10. The polyols preferably contain | ess than 30
carbon 16 atoms, and have from 2 to about 10, preferably 3 to 6, hydroxy

radicals. M([)H? sazgfemoﬂ'nZaH rllé’sgéﬁ@b%@alﬂéﬁnei %aﬁ%@ﬁ@é@ Aﬁ’é&()ﬂo@ﬁﬁ(ygl @Pks and

pol y(oxya glycol s such hyl’ene gl ycol , (et hﬁ(/l ene ¢l ycol ),
tri (etEhyI pqwamuye;s)(f))[ emmpta)matenels@qmww unger the (radeﬂa@mJg gmtsie) and
pent a( et hyl ene nd oth oxyal kyl ene) glycols 20 fornmed by
the cohde E‘é’?‘?%ao%ﬁstc\)ﬂlﬂ ag © Hﬁrsé’ e‘é egjf et hyl ene glycol, propylene 21

gl ycol, octylene glycol, or a like glycol having up to 12 carbon atons in
the a] kyl ene 22 radica r f I i ls i nclude

gl yce{ |, pentaerythri téﬁo%gg%%aﬁeeéﬁg%%wg:cﬁaﬁg?ggit hritol, .
arabitol, sorbitol, mannitol, 1, 2- cyclohexanediol 24 xylylene glycol, and
1,3, 5- cycl ohexanetrl ol Clher seful 0 cl osed in, U 5 S

Pat ent1 NoPolyesters $88, be gapaied lLlJPVJGBC "{991%3 Q%y@@ﬂac%?q’lﬁﬁ/gggtiﬁg&aﬁor at ed

by 2643 ef ?’ﬁ@@ﬁﬁnl} u%atp?8g%f:%cg nghe ?7 sl:e“ntt‘ﬁ{\)efn'n@ﬁtvhﬂﬂa eRfyoPeurRfch eci@leat a

t enperat ure of bou 28 preferabl’y about 150C to about
160C. 13 dcoaditibys. ﬂ’he padyals ihane tise étamuledR"(ﬂH)aNh@l@ Bllssa Ardioghrbon

at ers‘PLPer dlgar\leasns X IS ar?llr'mttg(g)grgrep%seesnﬁlngetﬁee}\%%/t?eracgfrml%%)?yr r'a%lcrgﬁlélaﬁg has a
15  value of from 2 to about 10. The polyols preferably contain less than 30 carbon
16  atoms, and have from 2 to 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 glycol), di(propylene glycol),
19 tri(butylene glycol), penta(ethylene glycol), and other poly(oxyalkylene) glycols
20 formed by the condensation of two or more moles of ethylene glycol, propylene .
21  glycol, octylene glycol, or a like glycol having up to 12 carbon atoms in the alkylene
22  radical. Other useful polyhydric alcohols include glycerol, pentaerythritol, 2,4-
23 hexanediol, pinacol, erythritol, arabitol, sorbitol, mannitol, 1,2-cyclohexanediol,
24 xylylene glycol, and 1,3,5-cyclohexanetriol. Other useful polyols are disclosed in U.
25 S. Patent No. 4,034,038, issued July 5, 1977 to Vogel, which is incorporated by

26  reference in its entirety.

27  Esterification can be effected at a temperature of about 100°C to about 180°C,
28 preferably about 150°C to about 160°C. Ordinarily, the reaction is carried out at
29  substantially atmospheric pressure, although pressures above atmospheric may be

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



30 ‘enpl oyed with nore vol atile react ants. Usually, stoichionetric anounts
of -13 WD 01/34663 PCT/USOQO 30382 1 reactants, are enployed. The reaction
may be runW@ovRe6absence of a catalyst, or 2 in the presenBeT/H00534382

aci d-type catal yst such as mneral acids, sulfonic acids, Lewis 3 type

0 bk 4% el ARSI O iR e o,
Prillqet ; Y i ' Qﬁa?litb I @k eniaeral dcids, ssiifeniciacidsy Lewis
PCOST- %REA@k;‘EeN?M&eﬁgeaoigaU&?ﬁwaDgs Tﬁgcdi spersancy of the co. osé'i i ons of
this Bnvdypé agidssangetherlidel ﬁult_ahlmﬁ:aqtmr%w&%"@ %}ﬂ%@bﬁ&%ﬂ’%ﬁ‘? ?8‘_“"@% i c
carbonate, resiyl ti - - t : 9 nitrogens
of thd- pafyS ABATSe 2, P a0 b6 T RGBT B, 1962 LORMIRE al Dwitreis

oxy cagbonyéorpdratéd by refarehyé xjtaleiitetpe) oxycarbonyl, a hydroxyal kyl ene,
11 hydroxyal kyl enepodl y(oxyal kyl ene), or m xture thereof. 12 The cyclic
carbonate post-treatnent is conducted under conditions sufficient to 13

causegreaction of the cypdgTCPREATMENVOR PCICYSURGINNMIDESgr oups of the
14 polyam no substituents. Typically, the reaction is conducted at
tenperatures of 15 about OC to 250C, preferably from 100C to 200C.

Gener gl | *Ii@@@%@eﬁs;az@&to? tRE Rompgdshind deHisdhvér&WﬂéleOﬂmheommed 150C

to 180C. ion may be conducted neat, an Eﬁa/ or ma}/‘ not be
condu@t ecby readtien Withpa eyelicearbbnate: dihal restltingrast-eatad peqdyct hag 98e O oy
Lew s acid catal yst). endi n 19 . vi | ts, it
may b& ddOPFeBIt WB%(%%%PPFH'{@"P@%'{%&O%&S%'}%EBQ@B-'t %(arqglahe t \{)dr?ggér{?g sol vent
diqguen t Y&Rﬁg Iy leFspoR)casbafyl sathydidxyalkylenat al yst s
[ Iu1e pﬁ)gls(%ﬁ%%yé éé)lt' d, goo% t(%ﬂf uoride, alkyl or aryl sulfonic acid,
and 112 ahydibkyalkylenepoly(axyshsyianedsetyohdure theredk particul arly preferred
cyclic carbonate is 1, 3-di oxol an-2-one (ethyl ene carbonate) 24 because it

affords excellent results and al so because it is readily avaig&abl ?-25 '
comeIZi aThg cyelic GareonateapostHeeajment ixgenducted upgancendiliphs eicient e

post-freatnent reacti is 27 Ly ' o cal nunber

of baktc ﬁ?‘t‘?%@@r?%af‘@?nsnh%ﬁmlﬁ ?ﬁégﬁﬁ{e{;\&@P %@%#%&“H%%ﬁ%‘g?{ ﬁ{elent of the

succi ﬂ M gelyariihG subéiftientse Bypically, the reziction is coqducted at temperatures of _
15  about 0°C to 250°C, preferably from 100°C to 200°C. Generally, 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 -reactan‘ts, it may be desirable to conduct .the reaction using’

20 .an inert organic solvent or diluent, e.g., toluene of xylene. Examples-of. suitable

21 catalysts include phoéphoric acid, boron:triﬂuoride, alkyl or aryl sulfonic acid, and

22 alkali or alkaline earth carbonate.

23 A parﬁcularly preferred cyclic carbonate is 1,3-dioxolan-2-one (ethylene carbonate)
24 because it affords excellent results and also because it is readily available

25 commercially.

26 The molar charge of cyclic carbonate émployed in the post-treatment reaction is
27 preferably based upon the theoretical number of basic nitrogen atoms contained in

28 the polyamino substitutent of t_hé succinimide. Thus, when one equivalent of
' -14-



-14 WO 01/ 34663 PCT/ USOQO) 30382 1 tetraethylene pentamine is reacted with
two equival ents of succinic anhydride, the 2 resulting bis-succinimde

wi || theoretdghbdeys contain three basic nitrogen atonms. 3 Aceet@iiiHoys: @

nol ar charge ratio of 2 would require that two noles of cyclic 4 carbonate
be added for each basic nitrogen, or in this case 6 noles of cyclic 5

car borat eefractiatate petaménais/easted withdwocquiivalerts afisuecing amyydsde; He
cyclic 6 carponate to .the basjc ampe nitrqoge re tvpic | e range
of frém dﬁéHE‘”Q: S‘ISHCC"?'@HSJY'I'ihﬁ?reﬁ?%@e‘?oéﬁg'gqpfeoen?%%gﬁﬁ@% %@rﬁa{)out 3:1.
8 The 3pol AAL he | 2 Walutd igtueretthantwd nolleglohgydibe

post -t3r eaﬁ(‘zﬁﬁg'n@yﬁgﬁfﬁ??g?%%?gﬁ (gffazd above, can al so _be reac?/ed_ with boric
aci d dr acabanaterbeladted for eantpasid niteogesy, @F Boihe easeifdpeles My Chtavi ng
utility within t scope of this 11 | LA | ddi i ic acid,
exanplPes ‘Eﬁrggﬂ?ttegfeéf gaﬁﬁmﬁeg&%vaﬂ%rilsdf%#%?ﬁgﬁﬁe. 1'90 o%g'%g%ziﬂg%g?&%oron

hal i dgs asthBRARItD tAE HRid Smatd Hitrogenelreltypicalfyr iarthabange 0f frofrBakbouti W &ltent
to about 1 equival ent of boron conpound per equival ent of basic 14

ni t r ogden apoutyidi oxieferahliyt fremcaimb i 1 1oABOW 3:thi s i nvention may be enpl oyed.
15 LUBRI CATI NG O L COMPCSI TI ONS AND CONCENTRATES 16 The conpositions of
this invention are useful as detergent and di spersant additiyves 71in

| ubri &at i hige siolysuceiningideesaampositieh okt tyreation IBERAING @Rﬂﬁtéfeﬁ‘ﬁ% are
usual ly 1 [.es. f.rLom: t rCE: ' n
actives bg%rﬁg§§'§$}'§ Hggg?itgeb(fg{)%?e'cc%r?pa%gﬂbieﬁ%?&;egéﬁ@ QP g?\ggi%%gﬁ{aﬁ:an about
5 perfgent bprveirapéuido form Borated Hisperdzans bavingattilityesithiaghe scape caties t hat
only the active ingredients of thicf 21 | nvenf [ Qp gr% consi der ed ,when d .
det ertfi ni Wyenhen alfbaddition te herig@gid. icxanries el utatle bown FampeRRdn IGUdG 4

corrpOf%'(t i BBron%iiHégtb%éaﬁ‘#\aﬂH%‘s ahA%stdraafitioyigsacid UGk nafall3 fraft 8B6kites!1
a ed. Un

poly ene, are exclu ess otherw se indicated, in describing the 24
| ubr i1t i equivalenatwlaboutal eqoivplesit of bagorocompaued peseayivalantof 8apiggr edi ent

ubr P 1 Alyogen sdbrant i fecabioerots eoipo DRI BrEA8tety s on” may
be 27 mneral or synthetic oils of lubricating viscosity and preferably
& ankbuse ©ubr i cat | MIBRIGATHSS SIS0 RS iR Wt CCENRATES 300 o
at OF. (-17.8C) to 22.7 cSt at 210F. (99C).

16 The compositions of this invention are useful as detergent and dispersant additives

17  in lubricating oils. In general, when employed in crankcase oils they are usually

18  present from about 1 to about 10 percent by weight (on an actives basis) of the

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 considered when determining the amount of the additive relative to

22  the remainder of a composition. Diluents and any other inactives, such as

23  unreacted polyalkene, are excluded. Unless otherwise indicated, in describing the

24 lubricating oil and final compositions or concentrates, active ingredient contents are

25 intended with respect to the polysuccinimides.

26  The lubricating oil used with the additive compositions of this invention may be

27  mineral or synthetic oils of lubricating viscosity and preferably suitable for use in the
28 crankcase of an internal combustion engine. Crankcase lubricating oils typically

29  have a viscosity of about 1300 cSt at 0°F. (-17.8°C) to 22.7 cSt at 210°F. (99°C).

30 Mineral oil for use as the base oil in this invention includes paraffinic, naphthenic
-15-



30 Mneral oil for use as the base oil in this invention includes
paraffinic, naphthenic -15 WD 01/34663 PCTI USOQ' 30382 | and other oils
that. are OVOiOW34668y. wused in lubricating oil conpositions. PCEUNOHBEL oils
2 include both hydrocarbon synthetic. oils and .synthetic ;esters. Useful

synthet|03h rocarbon oils. include I of . [ t he
pr oper! w%%@%le& O'IQt'E%tp%@cha'lrxa st E‘QP&”?#@%@&?%@EQ%@Q@% :galqln?ﬁglrt?l(;’oner s
of C6to; g:%dé'ti%?ﬁh oheidamSon spnipeas ofis ahdcmmlctestmr Ud;eflgewmbetual kyl
benzenes of proper viscosity such as 6 °di dodecyl tz’1 ne can be u

Usef ul3 sytm;tdretartboeﬂlbrlecludeIn@&éﬂelﬁeOfeadP@@ 9'&5‘!"36&‘4'119 eanﬁB@éP’ﬁG??‘fyl c acids

and pol yc r boxyil i C lefigks: '
Typic& e ﬁ%‘?'éb % lj?r& g%c%ra%‘?'ﬁaaggqag@dé %%@%Itgt%}Z%%?oéte 9
di - 2- gf hyklaxys 1astideniearintbrl Aikenwisebalkylttereedes né propes.vimsity sucksiser s
prepared 10 from m xtures of nono Xyl ic

d
di hydoxydidodapyibenzane can ke gw%eﬁg%glsgﬁ{i‘? IBeSts '%?'Uﬂ?/g'?%ggl%%ﬂpg? s and

.synthetic_qil g;n&t I ta}ka’}%w\m ght
per cent hWP(?é@%ﬁ%@é g%dgecéﬁl}ow él}kgrﬁ%wl t e aQ vﬁﬂ%sonﬁmgoﬁg percent 150
SUS ( 10Fand mofyeisi! Typitalggxearsples ase didddeyl adlpate: eptentﬁgarw ntngtgujacaplrga@, her

Cover 'taﬁiZa%m@w@%&éé&%ﬁ@#%&%?r”“b%i!"kg?‘ PR o OB

d_eactiaqlt hlﬂé%hm')&H gcb;r %hdi’%@ér%%ﬁm Scid HMd rﬂéhgaihﬁsdlhy@@& iandzinilg cars,

zi nc. variety of other well known addltlves 19

It is1nl salsotsd esgd.at ed that t he pol ysuccinimdes of this invention may be

wl oyed 20 as dispersants and detergents in hydraulic fluids, marine
nkcase lubricants and 21 the like. In general, when so enployed t he

pol ysyzci Bidhdicof fydrocatontoilsrand §yn1het¢:c oikoate o cisefulby onexgiwI,drends

S el tht pbibineowrionhpateny Bydoodtald idcanBiTRE frhYs Riaf et O © 1°
conceﬂé %Jggceg{tqtf)ﬁlﬁs (%b“lﬂgquﬁ\értahbr D ghva’ a??@%éll@fwt Idb'n%anﬁg@mbla@é The 25

conce IS 1rnvention usually include from90 to 10 percent,
preferably 20 26-to 60 weight percent, of an organic liquid diluent and

fromd t@tﬁg %&#lﬁbés gfﬁ'i&ter‘i‘\fay bezareseh?fnechét?bﬁnﬁﬂtlbﬁ iHélude detérgeetscent , . (on
a dry asi’s ditive ' of this 1nvention.

16  (overbased and non- overbased) rust inhibitors, foam inhibitors, metal deactivators,

17 pour point depressants, antioxidants, wear inhibitors, zinc. dlthnophosphates and a

18  variety of other well known addltlves

19 ltis also contefnplatecj that the polysuccinimides of this invention Enay be ~employéd
_ . 20 as dispersants a-hd detergents in hydraulic fluids, _mar_ine crankcase !ubricants an:d'

21 thelike. In general, when so employed, the polysuccinimide is added at from 0.1to

22 5 percent by weight (on an active polysuccinimide basis) to the oil, and p'referably

23  atfrom 0.5 to 5 weight percent (on an active polysuccinimide basis).

24  Additive concentrates are also included within the scope of this invention. The
25  concentrates of this invention usually include from 90 to 10 percent, preferably 20
26 to 60 weight percent, of an organic liquid diluent and from 10 to 80 weight per¢ent,
27 -preferably 80 to 40 weight percent, ,(('_)h.a'dry basis) of the additive of this invention.
28 Typically, the concentrates contain sufficient diluent to make them easy to handle
29  during shipping and storage. Suitable diluents for the concentrates include any

30 inert diluent, preferably an oil of lubricating viscosity, so that the concentrate may
-16-



28 Typically, the concentrates contain sufficient diluent to nmake them easy
to handle 29 during shipping and storage. Suitable diluents for the )
concentr at eso dnsdeerde any 30 inert diluent, preferably an oibcoiiSdosbss2zcat i ng
viscosity, so that the concentrate may -16 WO 01/ 34663 PCT/ USOQ 30382 1
be readily mxed with lubricating oils to prepare, | ubricating.oil

conpodi t i bmseadilySnixedwith lubpeating pilytoplepasd (UHICALRT 98 CRERPSIONS | vent s

typicallyah i Liies . r - iti&i
(0773 Y33 Jedlcatinb 55 lon Gt GRS IR Wbaib e e sutie

Vi scog t ytheaane fiekedbobt FABD cSONPOE. THINB GIND ZZRICSERATEY .q90Heh used in
fuels, the proper concentration of the agdi tive that is necessary to 7
achi edle talthouak arail 9blubrricating visSoghyhEARLRIUSETon a variety of factors

including the 8 type of fuel used, the presence of other detergents or

di spersants or other 9 additives, etc. Cenerall " e range of
concetration of the addiFtUE/leQWPwlTl@N%éhéQWéﬁigﬁTcé%O, 000 wei ght
parts per mllion, preferably from30 to 5,000 parts 11 per mllion of the
additive. If other detergents are present, a |esser amunt of the

addi t ive vw;erbesadsiw.uetméh@amnqr\p@@caegeﬁcprbeﬁth?ea@iﬂvehﬁgﬁtb%"%?%ﬁﬂ%iid as a
the r dngcaanedp i besirblOttsane g dersrRBh Ao EaNrIehf oPRIcKaS Indatibgde 1
e R Tt ity At g

xyl end oraaﬁﬁ@lﬁ%ﬁ'v-ﬁi@i Gexgral hewever.dhe £Apag O EO??F%F?SPQ. gﬂ%? a&%i'tlé'%gﬁ the

al cohﬁj S BE%?%FS 04818 d@?%@h?hgﬁ;é;pe?lﬂﬁihioﬂ? pteferi\PRBA! 30 185,000 parts .

I sobut'yl car n- but aho i'ke 1 n conbinati'on wi th hydrocarbon
sol vent s pé@millien af the sdditiedl ¥ dtber detergents arépresast, alRsser aEouNg of e f uel

Corcat ! boduve mavng User=rtnd sddifyet e asribRaN gt Al b Rffulated sl AR
pr ef efabl M%ﬁéé?ma'iet&kiﬁ aRNAe AR ADIB 'R Sl ¥olbemtbdiling #theaaRbe wéiabbtt

I
percent. 23 EXPLOSI VE EMULSIONS 24 | n one enbodi nent, the inventi g@e S
di rected 1604008F (65.66204.470). sPeaferred solvents beil iisthe gaspling,0f digge) 48! These

o S8 e e e SRR AU SepBncAR b et
16 as a benzene, toluene, xylene or higher-boiling aromatics or aromatic thinners.
17  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 ordinarily at least 5 percent by weight and generally not
21  exceed 70 percent by weight, preferably from 5 to 50 and more preferably from 10 .
22 to 25 weight percent.

23 EXPLOSIVE EMULSIONS

24  In one embodiment, the invention is directed to water-in-oil emulsions that are

25 useful as explosives. These emulsions comprise a discontinuous aqueous phase
26 comprising at least one oxygen-supplying component, a continuous organic phase
27  comprising 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-alkylvinylidene isomers and (2) an unsaturated acidic reagent under
17-



27 conprising at |east one carbonaceous fuel, and a minor emul sifying
amount of at 28 |east one enulsifier. The enulsifier conprises the product
produced by@o0yHe6ess 29 conprising (a) copol ymerizing (1)Par/yoeeadskene
contai ning al kyl vinylidene isomer 30 and non-al kyl vi nyl i dene i somers and

(2) an unsaturated acidic reagent under -17 WO 01/34663 P 1
pol yridr i zRolymerigatien corditions in e RrESERrR of fiivee el FiatDl é’fﬁ‘%@@ﬁﬁg (b)
reactinng . h bR reyTat HE alevdteirictseratagent at
el evat®ed é@?g@fgﬁ}?@l@w@ﬁ ﬁ@&pértg%aet%‘éétgegﬁ’@g strong acid, an -.(tc) reacting
the prapdughe presehemof )strongracidirand () readtingsthel praductosteprlevits arHeoRia, m
"emul sion" as used herein refers to not only water-in-oil enulsions, but 6
al so donpekat Ie8ponRAMB} from such enul sions wherein, at tenperatures

bel ow 7 that at which the enulsion is fornmed, the discontinuous phase is

l'id in the f 8 of d t f T - | ed. liqui. i I
Cover & coRpeden SrBUIEN A hEran Grfer ety watersDesif ks BB T 1 =°
el $ions o[ B3l itishd B ol sult] aibitidtis heitdh, SabmpekatLieobelow

conpositi e continuous organic phase is preferably present fat a
| evel Df @iatlataiici2fte dyulsich isdoghed, ther disporsinatonsiphase is selid o HetherfOHBout

2% to about .15% by weight, mre 13 preferably i ' 5%
o abdut  Sbdsapear SHpeard 1ghi oT B i 2ied sfhrs o nstieiRRar: ort
“based on {he, Lonalyuel Sty Whtdris-oledriiiisiohsahbt dfe iAMHE $oem of Felatinous or

di sconti nuous aqueous %E%‘se Is preferably present at a level of at 16
| east1@bosentg¥aiinovsicompositions. pref erably at a. level in the range of
ut 85%to 17 about 98% by wei ght; nore preferably about 92%to about
%0 by weight. based 18 on the total weight of the enulsion. The _
" emul s{fi eMhescantiafiousbbrganic phase imprefetablepresent aha denel chableast 240BUt 5%t o

bout 95% b i ght, . bl { 0 t 9 i ght ,
Tore B of Mty Mage roiRRIG T b Enab AP Ak 2eh i aREYE RS by e Bt
10% t %ab%‘r'éfe?%?f%}m’tﬁ@aﬁ b drasRfit 305918 aiubhDYoby Weigiit grone prefépalipase.

The oxygen-sup I'ng conponent is preferably present at a level. in the 23
' rang®4 of aboati5%/abautf by weighbhased gRthe ,tOtﬁbWS'QIS'FQfHTeaWF?'dB‘&r.')t 75%t 0

socetan it Rbrafio A ol i prdlant b el R,
present atiedstladoet 86% byeveight, more preferably at a level in the range of about 85% to
17  about 98% by weight; more preferably about 92% to about 9_5% by we__i_ght _;b'ased_.‘ |
18  on the total weight of the emulsion. The emulsifier is preferably. prgéent ata Ieve‘l
| 19 in the range of about 5% to about 95% by weight, more preferably about 5% to '
20 about 50% by weight, more breferably about 5% to about 20% by weight, more
. 21 preferably-about_ 10% to about 20% by weight based on the weight of the'organig:
22 phase. The oxygen-supplying component is preferably present at a level in the
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 préeferably about 10% to about 22% by weight based on the
28  weight of the aqueous phase.

29 The carbonaceous fuel that is uSefuI 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% by wei ght

based on tRg oifedei ght of the aqueous phase. 29 The car bongeppsmshise! t hat
is useful in the emulsions of this invention can include 30 nost

hydr ocar bons, foe exanple, paraffinic, olefinic, naphthenic, aromatic, -18
WO 014 34%@%@% bB0kEAARed hllds@dalbamsachrM|suVmaallly iattbed fowm@armmwannd is
typically in the formof an oi her eof n general,

t he car boHaewdyre theresfs 1g gﬁé‘teé?' fhﬁﬁ%’@PB?‘ée"O‘? Qr%lss? MaxpT 'quﬂﬂfﬁlbcg%ar bon
t hat o er#'nb@ffg'b\éq {hoBarddrfine iSBiiferdiqu SETMRTAbIL & Slertpeiatureloaot 950

C an era tween about 40 and abo Ols froma 5 variety
of sourceaeboutrﬁ)tsPtﬁljlamgl preferably tmtd/&e;nradmttﬁ@°@ ard ahduhi &t Gr &ils fieMedf can

be 6 ed as the carbonacep fuel,. 7 Nat r.al I and
veget égféfam%%op sQUTGgs  Ingudlg pataland sihelt ot '%ﬁ%m'%ﬂ“. hed! ae?méﬁgraarfbés

of thg pajRfd 2diHe cABBREBEMICHRI. M xed paraffinic-naphthenic 9 types. O |'s
derived fromcoal or shale are also useful. Synthetic oils include 10

hydrocarbon oils and hal o-substituted hydrocarbon oils such as pol ynerized

and %1 i\qLeh B%I%qﬁélhag%n%gfblfbsan@l\/léyétabféqélﬁl%%,wélpéélBbﬁ@Wt fefmied rhe | ke.
12 Anot her swtab | ass of synthetic oils that can be used conpri ses t he

ester$ ofamd:)?eﬁtnerhnmw pits atihesparaffiic, nantignie oasmived pamibnie-naphdhenf ky |

succi |c aci d, d, c acid,

f unar i c 2YPES- gapﬂee@vﬁggﬁomlcoﬁﬁﬁj?f‘@él% 8%%30 %se?HPeé gﬁnbgllsém @s, etc.)

Wi th4g vak ;cﬁbb!at%?mdill@(émi Balossubstitlhed YWydedazeton oildieush as polyaherted andiodecy!
al cohol , Z-ethyl hex al cohol , ethylene glycol, die I’%pene gl ycol 17 .
rmnoéﬂherlntep'poé %ﬁ@dgﬂl?&@ﬂ a'@éﬁ?&é@%%rﬁ%‘ﬂher@{%aﬂ WS-t i c” exanpl es of
these 18 esters include, but are not limted to, dibutyl adipate,

di (2-ethyl hexyl) sebacate, di- 19 n-hexyl fumarate, di octg sebacat
di i sdéct yAnabb@r auéab!mclassrm@fxsmnth\@m%& thah fan beseslcqmREs Szi‘e§~°1t?is based

oi | S 4 uch as.n al k: p AlcYd X Wnaleloage 22
oils nd g'c?f KC 8?%3 %(92‘;)#%@%“%%8’9?\%%% g%@%faﬂ{%g?&%ﬂ C% D esel fuel
can algso heelaidddicsafdibasictdvid, GidbacAaditt sfunearivoarid eadipicfamd, Iﬂ'@ﬂﬁlb@cahy wax
having a nelting point of at |east about F

195 dimer, malonic acids, etc.) with a vanety of alcohols (e.g., butyl alcohol, hexyl

16  alcohol, dodecyl alcohol, 2-ethylhexyl alcohol, ethylene glycol, diethylene glycol

17  monoether, propylene glycol, pentaerythritol, etc.). Specific examples of these

18 esters include, but are not limited to, dibutyl adipate, di(2-ethylhexyl) sebacate, di-

19  n-hexy! fumarate, dioctyl sebacate, diisooctyl azelate, di-n-hexyl fumarate and the

20 like.

21  Silico-based oils such as polyalkyl-, polyaryl-, polyalkoxy- or polyaryloxy-siloxane
22  oils and silicate oils comprise another class of useful oils. Diesel fuel can also be

23 used as the oil.

24  The carbonaceous fuel can be any wax having a melting point of at least about 25°
25  C, such as petrolatum wax, microcrystalline wax, paraffin wax, mineral waxes such
26 as ozocerite 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.
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25 C, such as petrol at um wax m (':,rd(.:r'y:.s,t aI~.=I i-uneu wax, paraffin wax, m neral
waxes such' 26 as ozocerite and nonntan wax, ani mal waxes such as

sper nacet i avawen346¢nd i nsect 27 waxes such as beeswax and CREHESH/3GER.
Preferred waxes are bl ends of 28 m crocrystalline wax and paraffin wax. -19
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oxygen- supp conponent Is preferably at |east one inorganic oxidizer
sal t 10 such as ammonium al kali or alkaline earth nmetal nitrate,

chlorgje o é’reéfammpl%@to? carfdndReRNE fe8Isi UREfude tRETVENEON N re s cosexbii um

nitrate, CI umnitrate, amonium 12 chlorate, sodium per hIo ate and
amoni um a&rreMemtnahed UrBrcPatent Not 20,031, wblcrbkléﬂ'wqreafatﬁﬂ’ epte
ammonium nitrate.and sodiumor calciumnitrate are also 14 usef ul. I'n one
enbodi frent'er@iR RENYEEY ¢ oxi di zer salt principal |y anmmonium 15 nitrate,

al though up to about 25% by wei ght of the oxidizer phase can corrprl se 16

ei ther another inorganic nitrate

nitrat®) dmeexygen- ﬁ%ﬁ%&?@”}?&@ﬁf@?@?@?ﬁﬁ’gﬁt lgéﬁ%ﬁh% erc @}iagt?tgagr an
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e

enuIS| I ers us he water-in-oil enulsions of this invention
conpriige tEh@m;ﬂés mahnﬂmanpnomuueultrme Sosliyp sulEateo ARIEIUEH AYrglg) ammonium

copol nerl (1) kene Vi and
non- al Ryl \Fl gtedéﬁ’g'qrg or@ﬁ%a(\é)arﬁlﬁ\%bglrﬂggg?'ﬁé@edAg%# ﬁ@rﬁ?ggzée?%?g under
pol yngsi Z%é@?re%oﬁgi)&ur@gsof'd?nﬁmbﬂmﬁ aResteane sadiudofoatsumanitrate aienalspat or

(b) reacting the product of ste a) with an unsaturated acidic . 24 reagent
at el d¢at assef@npe oaegrebodimen, &%Q@Pﬂ%"‘be'Q'Z@f ealerigera!ly ZRUNPRE ™ cact i ng

15 nitrate, although up to about 25% by weight of the oxidizer phase can comprise
16 either another inorganic nitrate (e.g., alkali or alkaline earth metal nitrate) or an
17  inorganic perchlorate (e.g., ammonium perchlorate or an alkali or alkaline earth

18  metal perchlorate) or a mixture thereof.

19 The erhulsifiers useful in the water-in-oil emuisions of this invention comprise tha
. 20 product produced by a process comprising (a) copolymerizing (1) a polyalkene

21  containing alkylvinylidene isomer and non-alkylvinylidene isomers and (2) an

22 unsaturated acidic reagent under polymerization conditions in the presence of a

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

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

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

26 The amines useful in making the emulsifiers include primary amines, secondary

27 amines and tertiary mono-amines, with the secondary and tertiary amines being

28 preferred and the tertiary amines being particularly useful. Hydroxy mono-amines,
29 especially tertiary alkanol monoamines, are useful. Mixtures of two or more amines

30 can be used.
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25 the product of step (b) with ammonia or at | east one am ne. 26 The

am nes useful in making the enulsifiers include primry am nes, sécondary
27 am nes andoi/Bdeks ary nono-amines, with the secondary and pefik@iy;@8m nes
being 28 preferred and the tertiary am nes being particularly useful.
Hydr oxy nono-am nes, 29 especially tertiary al kanol nonoam nes, are
usefuly. M xtures of two or nore anmines 30 can be used. -20 WO 01/ 34663
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net or dey cyS IR ArpBIAdy Er RS MRS LRNEY MEIRIPPETE, afratiesibsthid
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aromati c am nes. ese am nes nmay be saturated or 9 unsaturated. I't

unsat Ut at keterodyeliesubetitutedalighatish hetaroeyslitrsolbstitéed cyelpaliptmtigranst ur at i on.

ong 46+ RECEogRi Ry =B Hat PR B Sibel Wi Re Spuhpl 00 O

the X2 aghs@erat&dCcli uURsatURNIGHD iy Amimes issiefdrabltfeeefrony acktglenitc| ude | ower
al koxy, lower 13 alkyl, nercapto, nitro, and interrupting s such as

-0- afft - wpsqturagion. J@eiam@@@Hnamlsgmmgna&on-woeﬁ@%@tmﬁ?gﬁg%her e Xis
-0- -S- Al i f 3 I I+t
nydr obhr gtouets Bfig s ehs BroneEag 8P sRnicAup HRrBRY WRH S redd@iof the

am neR usarhings. Such nanaydioeartordsutsstitgnts @nigaoups ib8ludeslswehaikoxiolowes 0

carbon atopgs in total and usuall ot nore than about 20 carbon atons in
ot arTs 2805 meranE: P aELA B INGITOUBS SO 811 S (B0ds Praife. and

M T R e TR RS o
i ncl utfe, for exanple, nmono-, di- and
16 With the exception of the high molecular weight hydrocarbyl-substituted amines
17  described more fully hereinafter, the amines used in this invention ordinarily contain
18 less than about 40 carbon atoms in total and usually not more than about 20
19  carbon atoms in total.
20
21  Aliphatic monoamines include mono-aliphatic, di-aliphatic and tri-aliphatic
22  substituted amines wherein the aliphatic groups can be saturated or unsaturated
23 and straight or branched chain. Such amines include, for example, mono-, di- and .
24 tri-alkyl-substituted amines; mono-, di- and tri-alkenyl-substituted amines; amines
25 having one or more N-alkeny! substituents and one or more N-alkyl substituents,
26  and the like. The total number of carbon atoms in these aliphatic monoamines
27 preferably does not exceed about 40 and usually does not exceed about 20 carbon
28 atoms. Specific examples of such monoamines include ethylamine, di-ethylamine,
29 tri-ethylamine, n-butylamine, di-n-butylamine, alkylamine, isobutylamine,
30 cocoamine, stearylamine, laurylamine, methyl-laurylamine, oleylamine, N-methyl-
31 octylamine, dodecylamine, octadecylamine, and the like. Examples of
32 cycloaliphatic-substituted aliphatic amines, aromatic-substituted aliphatic amines,
33 and heterocyclic-substituted aliphatic amines, include 2-(cyclohexyl)-ethylamine,
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24 tri-al kyl -substituted am nes; nono-,.di- -and tri-al kenyl -substituted

am neés; am'nes 25 having one or nore N al kenyl substituents and one or
nore N al kywosubssituents, 26 and the like. The total nunmb@ETAISIEHRE 0N
atons in these aliphatic nonoam nes 27 preferably does not exceed about 40
and usual ly does not exceed about 20 carbon 28 atons. Specific exanples of
such ' npnopghgsmines pheaylettyamirien@nddd-(fenHpropy) @nine29 tri - et hyl ani ne,

n- but yl am ne, di-n-butylam ne, al kylam ne, isobutylam ne, 30 cocoani ne,
stearyd anmine, laurylamne, nethyl-laurylanine, ol eyl amne, N-nmethyl- 31

octyl af‘ ne Rafes vl AmbRBan it S dR oI Menoamihdshehérekethee asphes of 32
cycloalip ztlc-su stituted aliphatic am nes, aromatic-substituted a hatic
1 R

_ |
am nes4  8fclaalipHaticesubstitient atiapked direetly ta theraMine nitfPaer thioygn fyearoo
2- (cycl ohexyl )-ethyl am ne, . -21 P be ykam ne,
phenyl2t h?F%ﬂi'%g‘,e é@cé'-"(gfﬂF%%BrFX%%pgénggg?y@élg %@?@gﬁﬁrﬂﬁﬁsgﬁ%noam nes
are thgse ?HBH@WI%%é&h@?@lbﬁehWrﬁinieS, oyctoHexanylarainep haydlepentspyiamiess,
attached 8 rectl’y to the amno_nitrogen through rb 5 a% Iii atﬁla_e
cycl i ¢7ri hyethyr-oyciahexylanings, 6§Y6|0h@%?élﬁ6'élﬂ‘?§)t?glq @‘eﬁ@ﬂ%%ﬁﬁb"é‘e ﬁfcnﬁ 6
cycl ohexyl am ne cycl \ f&ﬁ? ) ' loaliphatic
cycl opént éH?F@Hf%§¥°mgﬁﬁggp%@@%b§§i“oﬂ% am ﬁg?hﬁgﬁtg% %%Cexylpam nes, and
the |ige. JFxuEhinesaciadé phapylsubstititeds tydlohexylaminesaphenyummstituiedd, and
het erocyclic-substituted cycl oal j phatic a no %am' aes I ncl ude
pr opyl10 sulsyciopenirBines FEkpYrany hatostitie ﬁVPQ’uG& AMIR%d 10
cycl o§)$nt yl am nes and pyranyl -substituted cycl ohexylamne. 11 12 Suitable

[

matic am nes include those nonoam nes wherein a carbon atomof the 13
magpc reuiabis atothaticamined inakidedhdse aenaanises Wheifima CArRaLEem Of?m@

der vea'f 1asnmeeneasuckIE Batieane diRaet tecemiiccpbEn; g sromBte flR, |
a1 AL pper AuFuRThE .o oo cnkes enmp om0
ani |ing. anm ihbledeifkeed BErzmpticsngs, espesiallyitboseBstived{Tom hagRyiens.
e rooapre et e SRR LSl gt ok seprpretpamie
cycl oRexy! napHemflafiie N-(n-butyl) aniline, and the like. Examples of aliphatic-substituted,
18  cycloaliphatic-substituted, and heterocyclic-substituted aromatic monoamines
19 include para-ethoxyaniline, para-dodecylaniline, cyclohexyl-substituted
20 naphthylamine and thienyl-substituted aniline.
21 |
22  Heterocyclic mono-amines can also be used. As used herein, the terminology
. 23 "heterocyclic mono-amine(s)" is intended to describe those heterocyclic amines
24  containing at least one primary, secohdary or tertiary amino group and at least one
25 nitrogen as a heteroatom in the heterocyclic ring. Heterocyclic amines can be
26  saturated or unsaturated and can contain various substituents such as nitro,
27  alkoxy, alkyl mercapto, alkyl, alkenyl, aryl, alkary!, or aralkyl substituents. Generally,
28  the total number of carbon atoms in the substituents will not exceed about 20.
29  Heterocyclic amines can contain heteroatoms other than nitrogen, especially
30 oxygen and sulfur. The 5- and 6-membered heterocyclic rings are preferred.
31
32. Among the suitable heterocyclics are aziridines, azetidines, azolidines, tetra- and

33 di-hydro pyridines, pyrroles, indoles, piperadines, isoindoles, morpholines,
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17  dodecanamine, N,N-dimethyl-1-tetradecanamine, N,N-dimethyl-1-

18 hexadecanamine, N,N-dimethyl-1-octadecanamine, N,N-dimethylcoco, amine, N,N-
19  dimethyl soyaamine, N,N-dimethyl hydrogenated tallow amine, etc.

20

21  Hydroxyamines analogous to those mono-amines described herein are also useful.
22 The hydroxy-substituted amines contemplated are those having hydroxy

23  substituents bonded directly to a carbon atom other than a carbonyl carbon atom; .
24 thatis, they have hydroxy groups capable of functioning as alcohols. The

25 hydroxyamines can be primary, secondary or tertiary amines, with the secondary
26 and tertiary amines being preferred, and the tertiary amines being especially

27  preferred. The terms "hydroxyamine" and "aminoalcohol" describe the same class
28  of compounds and, therefore, can be used interchangeably.

29

30 The hydroxyamines include N-(hydroxyl-substituted hydrocarbyl) amines, hydroxyl-
31  substituted poly(hydrocarbyloxy) analogs thereof and mixtures thereof.
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156 molecular weight of at least about 400 with ammonia or an amine. The ammes that
16  can be used are known in the art and descrlbed for example, in u.S. Pat Nos.
17 3,275,554 and 3, 438,757, both of which are incorporated herein by reference

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

19 A useful method fer making the emulsions of the present invention comprises the

20 steps of (1) mixing water, oxygen-supplying bomponent (e.g., ammonium nitrate) in
. 21 afirst premix, (2) rhixihg the carbohaceous fuel, the emulsifier of the invention in a

22 second premlx and (3) adding the first premix to the second premix in'any suitable

23 mixing apparatus to form a water-in-oil emulsion. The first premix can be heated

24  until all of the oxygen-supplying component is completely dissolved and the

25  solution fnay Be ﬁltered'in order to remove any insoluble residue. The second

26 premix can also be heated to liquefy the ingredients. Any apparatus capable of

27  either low or high shear mixing can be used to prepare the water-in-oil emulsion.

28 The water-in-'oil emulsions of this invention can also be made by adding the second
29 premix liquefied 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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14 in this invention are generally prepared by reacting a chlorinated
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phase§ are punped through a m xi ng dg ﬁ Igﬁerel n 5 they are conbi ned and
emul sified. 6 7 EXAMPLES 8 9 The i wll be further illustrated by
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met hod enbodi nent s. V\hl | e the Exarrpl es are provided %o illust rﬁltﬂask

preseid i RedRIBSA waneyeparednising HieetolewinoPIocRANre. ¢ | sz 4 Hiepe det
15  equipped with a heating mantle, temperature probe, nitrogen inlet tube, and an
16  addition funnel, was added at 110°C 5068g (2.197 mol) Glissopal 2300 (high
17 methylvinylidene polybutene from BASF; M= 2300), and 215.2g maleic anhydride
18  (2.195 mol). The polyisobutene/maleic anhydride charge mole ratio ("CMR") was
19  1.0. To this was added over 2 hours a total of 16.1g di-tert-butylperoxide (0.11
20 mol) dropwise with stirring. The di-tert-butylperoxide/polyisobutene CMR was 0.05.
21 The temperature of the reaction was increased to 170°C over one hour time period
22  as the peroxide addition began. This was then heated overnight at 170°C and then
23 unreacted maleic anhydride was distilled under vacuum. The product was then
24 filtered. The polyPIBSA product had a SAP number of 26.2 mg KOH/g sample,

25 and contained 53.1 % actives. The apparent succinic ratio was 1.06.

26  The "succinic ratio" refers to the ratio calculated in accordance with the procedure
27  and mathematical equation set forth in columns 5 and 6 of U. S. Patent No.

28 5,334,321, issued August 2, 1994 to Harrison and Ruhe, which is hereby

29 incorporated by reference in its entirety. 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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the re ct| was i ncr.eas \Ler t he
per oxi EI}PF |al§)r‘?al5%'§a§’im%%¢ gat{]/?ar%??r%etﬁ t e(g Bﬂgpg r éhd&' ?c;%@ce gﬁt(;\tet hen
23 U”rﬁaCWBSVﬂ%l@s @h@@b&@iﬁlb@\h&ﬂﬁdds ey tHd s@iuuledesnmatnarpom&mem bzdlson vvas
then 24 filtered. The pol yPI BSA product had a, SAP nunb 5&3 gtﬂ
§UE€| RdfBo wa

sanpl 6  Mme Eﬂﬂsﬁorﬁ%mwg@ af pRlYRIBSA @ndacid satalyzedt

1.06. 26 The | r I [ ance
W b tho AR BBl A Sieh 08 orhPinklen ofche 48! £4hdicale “?OQ‘(?‘#%V% and
6 of B S. Patent No. 28 5, 334, 321, Exammelsauiuust 2, 1994 to Harrl_son and

Ruhe, which is hereb 9 incorporated by reference inits e )

ot mal By, @her pERAraUE ehROSCISSANETe S8reH pU e 4e PEOGARL T STEArmRle

succi r | I Hetdrt-of this

appli Egt I 0 o \%F Iﬁg|f§é%gf%ﬁ%(&%ég@?%faﬁhrdécmﬁégégd%:(PF«E’? énnstrié?rggﬂl ng -25 WO

- 01/ 34663 FEﬁJTIb@@’bIdEGBEBH) d€peselargreportddeinsiatletiure of the mixture. For a

‘pl e of pol yPIBSA (case no. 1), 2 the apparent succinic ratio refers to
, fdtio of succinic anhydride to polybutene 3 tails that are present in

the 'ggpolymer., For acid catalyzed thegpmls PI BSA (case no. 4 2),-the

appar ent succi n|c ratio refers to the ratio of the succinic anhydride in

the 5181 BSA pl us the succi ni E’re;mdohdﬂéQONPlBﬁé\ %ﬂﬂ‘glﬁﬁe resin to the

p0|ybute e tarlsin—6-the-PFBSA PIRS |
cat al yzed BTG | Berexjde | femp. app g@ﬂ?n'gg%ﬁzhl c ("a&ﬁgﬁéﬁef é ﬁ%iiénf‘%u‘dcmlc
conbi natijon of case no.1 an@ case 8 Exanpl es ?,09 O her
preparatijlons of pblyPl BSA were car sampls usingt he procedure—of FExanpte
10 1 with YifferenPTBEper A70res andB curryl per nx53h1 (nr‘p\ 198 cad of
di-tert |2 DTBP 170 27.3 55.2 1.06
3 | DCP 160 Na 60.8 Na
4 DCP 160 Na 60.4 Na
5 | DCP | 160 129.7 _ 59.3 1.07
15 _
16 Example 6
. 17 Preparation of polyPIBSA/sulfonlc acxd cata|yzed thermal PIBSA mlxture |

18 To 28009 of the ponPlBSA mlxture prepared in Example 1, heated to 232°C and
19  pressurized to 24.7 psia with’ nltrogen was added 308g maleic anhydrlde over 30
20 minutes. Then to this was added O.7g alkylbenzene sulfonic acid. The amount of
21  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  applied to the reactor and the excesé maleic anhydride was distilled. The product,
24  which had crude sediment of 1.5 wt.%, was then filtered. The polyPIBSA/PIBSA
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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11 butyl peroxide (DTBP). These are reported in Table 1. 12 13 Table 1 14
Preparati on of pol yPlI BSA sanpl es Exanpl e Peroxi de Tenp., Saponification %
Actives Appedensdesuccinic C No., ngKOH g Ratio sanple 1 DF8PURIBIZE. 2
53.1 1.06 2 DTBP 170 27.3 55.2 1.06 3 DCP 160 Na 60.8 Na 4 DCP 160 Na
60.4 Na 5 DCP 160 29.7 59.3 1.07 15 16 Exanple 6 17 Preparation of

pol yPI'BSA/ sul fonic acid catal yzed thermal PIBSA m xture 18 To 2800g of the
pol yPI.BSA m xture prepared in Exanpl lgat ed to 232C and 19 pressurized
to 24.9 psia with nitrogen, was addegéé%ig—rral ei ¢ anhydride over 30 20

m nutes. Then prephfatrnép @RS Asifonit kidideatasmed thérdnoal RIBSA thixtlire anount
of 21 sulfonic acid added relative to the anpbunt of polyi sobutene was
about 250 ppm 22 This was then heated for four hours at 232C at 24.7

psia. dhe 5784 Shal
anhydrgde&\?/as %%ﬁe‘%ﬁy@he p'rw)guct bF@pﬂ@@% g aﬁq@ﬂs %mfégﬁ?ne of elf 5
. % @&was ahhedride, Iatr&f edg a'lﬂ(rﬂbemie;r% 839forit BEA aLih bxampled. hl"atte ameapt afinber

of 719 KOH g 89, 0 % act The 26 cal cula t
Cucdi il eHIPB S 80964 FElatients b meHS PRONeeRApeass 203TEs PP

Prepar gt ' aﬂ@k?ﬁk%@l pr&dre 3RiddirR@ wdlrd AREd tdaih MtanthiBS Attst ur e 4 5
To 4840¢g o e pol yPIBSA m xture prepared in Exanple 5 was added 519g
mal ei c9 dlstlllatlon of the excess maleic anhydride, and filtration of the product a

10  polyPIBSA/PIBSA mixture was obtained that had a SAP number of 62.9 mg KOH/g

11 sample and 91.1 % actives. The calculated apparent succinic ratio was 1.51.

12 The following examples describe the preparation of succinimides made from the
13 polyPIBSA/sulfonic acid-catalyzed thermal PIBSA mixture.

14

16 Example 8

16 Preparation of the bis heavy polyamine 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 HPA (0.0714 mol, a heavy polyamine M,=275, which

21 contains about 6.5 nitrogen atoms per mole), and 276.48g diluent oil. The

22  amine/anhydride CMR was 0.5. This was heated to 165°C. After heating for 72 ‘
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 mgKOH/g

25 sample, and a viscosity @100°C of 150.5 cSt.
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6 anhydride, and 1.4g al kyl benzene sulfionic acid as in Exanple 6. The
anounit of 7 sulfonic acid added relative to the anount of polyi sobutene was
about 250 pYOr01/34863The sane tenperature, pressure and tinme WBEBUGHEEEs in
Example 6. After 9 distillation of the excess maleic anhydride, and
filtration of the product a 10 pol yPlI BSA/ Pl BSA m xture was obt ai ned t hat

had a1SAP number of 62.9 ng KOH g Exapi81% and 91.1 % actives. The
cal cul.at ed apparent succini i y Aimiiesf ol  owi ng exanpl es
descr%be t he preparation of Eé%é%?ﬁ?xrr\?ggéqeﬁr;sélgéﬁom tshe 13

pol yPRBSA/ sul fr groretidre ot Bkampte 8 hersnfalloReBSXcepiihat EETrawas SisBdanpl e 8
16 Preparation of the_bis heavy polyanm.ne derivative of th .

pol yP#BSAnsterti@iHPAciThe chemigaland, BByﬁ'F@r%Pe'ﬁ’Fééﬁr s pE{SF”FB'Sz'QS'.“‘?BS of

t he p%I yPI §SA/ PbBSA m xture from Exanple 6 (0.143 nol) was 20 added at
130C 9. 63 ﬂ’fA (0.0714 nol, a heavy polyam ne M =275, which 21 contains
about g6. 5 nitrogen atons per nole), and 276.48g diluent oil. The 22

am ne/ anhydride CVMR was 0.5. This was_h @t d to 165C. After heating for 72
23 hodrs, the reaction was cool ed. Thgag uct had 1.26 %\, a Total Base
Nunber, 24 ("TBN') of KRHdf oﬁ_mgwppggptsabciﬁﬁﬁidegl_unber ("TAN") of
0. 83 r@gKO—Vg 25 sanpl ﬁeéﬁﬁqa viscosity @O0C of 150.5 cSt. -27 WO

01/ 3463 PCTI USOQ 30382 1 Exanple 9 2 Preparation of-Qher succinimdes 3

The procedure of 8&—was—fol-ewed—exreptTthat—TETA S UBEH A St ead
of HPA. [Th¥a®R E&'Y'ﬁdﬁg ph@/@ﬁc aF"B?%perdz‘ﬁ?\Es fchWi s p;rc’?‘ uct 9%06513% d
e

5in Tabje 2. 6 Nﬁﬁﬁll‘é 2 8 Preparation of pollyPl BSA/ Pl BSA su:@ ﬂpﬁ1 S .
example
‘ 8 6 0.5 HPA 1.26 26.1 0.83 150.5
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 post treated with ethylene carbonate -

16  according to the following procedure. To a three neck flask equipped with a stirrer,
17  heating mantle, and a nitrogen inlet tube, was added 202.239 of the

18" polyPIBSA/PIBSA succinimide from Example 8. This was heated to 165°C and to
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 363 cSt.
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Exanpl e Pol yPI BS CVR Am ne %N TBN TAN Viscosity A/ PIBSA @100C exanple 8
6 0.5 HPA 1.26 26.1 0.83 150.5 9 6 0.5 TETA 0.755 11.5 1.68 146. 10 The

fol |l ow ng swamm4ess descri be the preparati on of ethyl ene carbonus®@/3pisgt 11
treated dispersants. 12 13 Exanple 10 14 Ethyl ene carbonate post treatnent

of pol yPI BSA/ PI BSA succi ni m des 15 The gol iPI BSA/ PI BSA succi ni m des were
post freated with ethyl ene carbonat rding to the followi ng

procegure. To a m&ﬁ I f |éf|gat| ng
mant|l &, and a nFE%%@%BS&IS %Eésg%t \eﬂfahg%gmggé ﬁ(r)&ﬁie ﬁg b

Egl yEB BSAV(PQB?Q?LUZT%hg lgntdalrr]'fhlldemdﬁxﬁxghmle 9 Wa$ advbaé Wﬁ"aﬂcgaﬂfhtyl?%SC and t 3
this was adde et ene rbonat e. | an
then 420 casberate atrios° Qr"ﬂﬁh%{rr'ﬁadT ??W‘?tﬁl eple oﬁﬂ%@@@ﬁﬁ%\éﬁd& gl%

5 1 |
1S O SRR o7 Y, A A AT BT QAT logwarnl o

oST treatment of’ succini rom exanpl e To
220. 1ég of the succinimde from Exanple 9 was added 10.44g ethylene 4

carbonate at 165C with stirring. This was 3at ed overni ght and then cool ed.
This 75 pr oduct had 0.732%\, 6.67 TM&TAN and a viscosity @ 100C of

175 cgt. eirbxleRNQuEHIRRLSINGOsLAL 1 eat ed
succi §| m de u5| n%%%nl&ﬁhggéﬁlg%%%d%}eﬁ% prol y Pl BSA/ F|>I BSA m )‘(t ure from

Exanpbe 7Tovd940dBecofaRe poRdBSA/EIBSAmixbire frami Esemple § winadded820f9d) at
12281&2?@?@#%’n%ﬁé%‘h.é?t@hﬁ%@sz%d@@a%ﬂé@g%“e""t%ﬁ%}\”gﬁwﬁéﬁég( 281
mol) . s Therglnyl eNE.EaNNANEERhEES 1855 IdVRaREhCMhdRfo this was added 247.599

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 treated succinimide using HPA

18  To 47,8629 polyPIBSA/PIBSA mixture which had a SAP number of 32.2 mg

19  KOH/g sample, (13.73 mol) was added 1888g HPA (6.87 mol) at 120° C with

20 stirring. The amine/PIBSA CMR was 0.5. This was heated at 165° C for 6 hours.
21 Then to this was added 5775g ethylene carbonate (65.6 mol). The ethylene

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 ¢St

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, also
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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13 2.0. This was heated at 170C for 6-hours. This product had 1.23 %\, 0.08
TAN, = 14 16.7 TBN, and had a viscosity @100C of 753 cSt. 15 16 Exanple 13
17 Prepar atwWoi1/34662t hyl ene carbonate post treated succini m #ETHSPHYIHKPA 18
To 47,862g pol yPI BSA/ PI BSA m xture which had a SAP nunber of 32.2 ng 19
KOH g sanple, (13.73 nol) was added 1888g HPA ( ?. 87 rmlé ‘i %‘8 a\ntth 20
stirriing. forte ent veppir@Iaachisn %W'@"VW@W Ree empPlgyeq jsihg imida

hour s. 2]1r ]_'.hen s was added 5775g et hyl ene carbonate (65.6 nol). The
et hyl éne PANE ‘basi c nltrogen CVR was 2.0. This was heated at 165 C
over ni ght . The 23 resul ting product (52, 9889) ‘had 1 229N, 16.1 TBN and

Feact ihg TR olleaifo safeids dstorie nelfeP o T B P8 ©aN e opi v

agent .4 Thg@c(g,qm@@s_accorrpl i shed by adding the 27 end cappi ng agent to the
succi ni m de under reactive conditions, or by adding the 28 endcapping
agent to the polyPIBSA, followed by addition of the polyam ne, also 29
under geactive conditions. Exanples of end capping agents include | ow
nol ecul ar 30 wei ght al kyl succinic anhydrides. Preferably, the al kyl chain
is rel@éatively short, 31 V\/nich hel ps Exarplgi 1t o hi gh percent nitrogen in the

endcapped product. d|t| #igs2 1 for the end
cappi ﬁg reaction are g‘l%%ﬁ\!\oeqfd%dtﬁ%;de enp%@i“ In the imdation
2 of tdie el 207 BSgdof aowmsmplwsmmmwmbesemme ®¢0 ﬂlé ok pasadded of
the Cl2 end capped 4 succinim des. a&%l K 92%%8? a{' of tlhe
Cl2 erd capfgtetaprepsnyisiiceiniean W'dﬁ)@- 5§§ o) gagd, /9 gl £ ¢ om
64£0. 131 5- S NaSiodidy dri de

L AL aéesswaa|s§‘ﬁsh&*’§§9?§3§*’ar?>aéntTﬁg.PW"??@E?%%a!p?ﬁ oy U boc
for 1q4fouro/3theTs ohis MR AddRBS68gTHSA (020938 maf) and then the reaction

12 temperature was increased to 165°C. This was heated overnight. The product

13 was then cooled. The resulting product had 1.72 %N, 36.4 TBN, 0.75 TAN, and

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

15
16 . Example 15 o
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 mol). This was heated overnight at 165°C. The resultmg
20 product had 1.59%N, TBN of 21.1, a TAN of <0.05, and a viscosity @ 100°C of 473

. 21 cSt

22
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11 70/30. To this was added 25.8g HPA (0.0938 nol) and then the reaction 12
tenperature was increased to 165C. This was heated overni ght. The product
13 was therwaoobsd? The resulting product had 1.72 %\, 36. 4pTBNSodBo¥EH TAN,
and 14 had a viscosity @100C of 136 cSt. 15 16 Exanple 15 17 Ethyl ene
carbonate post treatnment of succininide fromExanple 14 18 To 197.77g of

t he sticci ni mde from Exanpl e 14 wasExdaete 46 165C 29.85g 19 ethyl ene

bopate (0. 34 Thi § | t 20
orodugt had 1. supphiaskiat B boSPRbSRAYE R it APASHBII® ) 100¢ o
473 321 15632 23gpfly MBIRUPRISA IniRKaTE MIBGEN B@@&zsAﬂe romabel ef 865 nPKeigat i on

of EC post treate 12 end capped HPA _ succinimde 3 To 63%@%%
pol yP#BSABMFBSAWﬁSﬂQdBé Wi7erdivgat il SAP thiswrs then added Ay FA BRI e

wa a ded 17 e I t A TESA AR ’
nu?rbe "%6 ’gdéﬂé mtés QSBH‘@% %?)’m ehg'&"@g’ﬂ Egﬁ EEEgSSA: TPSA GVR“\Z?ZSS 6
1.0. go t1hosme¢$ust\he§ tra@tdeddwmmgza@g((o Bdmob) )TheTbmimmeBSPll(EER @R was

7 1.0. This was heated at 170C for 6 hours and then cgopoll ed. To {]
resul ¥i ng1 8. gihidwes hﬁ@;ﬁed Bk Add &y Blhoursnd thep st hoIthasesditdnat e

reca e o DARIIET SIS, RSt T et FOIABE hbcoe)

0 15 §AN,wé‘§‘He£'@@ t8 17JobCVﬂosczqwry @\é(EIQb@E|c8rﬁtrég@r$CMR2Naslz (ExBinpl e 17 14
Preparation of EC post treated Cl2 end gappe HPA SUCCI ni m de 5 To 42, 043¢
pol yPOBSAIrBHBSATemXhisrieaahvor Ronaines 5AB%NnteP 16N24. 15 TANkeRd §2dB5 sanpl e

(7.87  nol d 6, PSA (7.83 mol) and this vvas heatedto 17
165C.! 1o ‘%‘?ﬁqé'\)(/g@ @g%ééo'ﬁﬁﬁ sstT] rring 2154g HPA (7.83 mol). This was heat gy
for 4o

13 Example 17
14 Preparation of EC post treated C1, end capped HPA succinimide

15  To 42,043g polyPIBSA/PIBSA mixture which had a SAP number of 21.0 mg KOH/g
16 sample (7.87 mol) was added 2166 mol 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 overnight. This product (48,746g) had 1.52 %N, 19.1 TBN,
20 and had a viscosity @100°C of 155.1 cSt.

21 PERFORMANCE TESTING

22 The soot thickening test was used 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 results from the soot thickening test are included in Table 3.
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18 6 hours. To this was then added 6589g et hyl ene carbonate (74.88 nol).
This was 19 heated at 165-170C overnight. This product (48,746g) had 1.52
o, 19.1 TBR)01/386hnd had a viscosity @OO0C of 155.1 cSt. 2PCPUESFIRMENCE
TESTING 22 The soot thickening test was used to determne the relative
performance of the new 23 di spersant variants. Details of the soot

t hi ckéning test are included in US 24718blgB1 205. The results fromthe soot

t hi cksni ng test are i nC%éSFﬁ’éés'{énﬁg&{ §Pta fogs]wg_wqj@éé%g@@ PCT/ USOQ' 30382 1

Tabl e“3 2 Soot thickeni St new di spersants 3 Exanple Am ne
EC/ bagi ¢ N pol yPI BSA/ PI BSA: TPS % vi scosity CVR A ratio increase 8 HPA O -
86 9 TETAQ - 174 10 HPA 2~ - 24 11 TETA 2 . 46 14 HPAO-76/30-48 15
HPA 2 70/ Exapwple Thamiee h EG{basisiN: WBSARIBSA TR | LoYECPHNCKeni ng

tests HPA gives better 5GMRformanded f#fih TETA Al so t hEFR8SE st -t r odt ed
mat eri al § gyi ve betfHPA6 pérformance [t-han the non-EC treaBBd sanples. |7 -32
CVO 01/ 34&p3 PCTTUSEETAO3®2 1 What |is clained is: 2 1. | A78rocess for
prepari NP m XTUT EHPIA (1@ copolyner of a pol yal kene a4 an 3
unsat ur at acidrtT TEFIET and (2) g pol yal' kenyl derivaiyge of an
unsat ur atreg—4—act "-ﬂf’ fe % mt—sard PF3IaESS COTIPT T ST g p4RaA) copol yner|i zi ng

ne-¢b I Al leal i nh g fre—i-sotret ]
(1) a p0|—)é1|%—k-e..u UJH‘P\Auu |2 Tt r\y|V||_y_.o, 5 dltu 20

The data in Table 3 shows that for the soot thickening tests HPA gives better
. 5 performance than TETA. Also the EC post-treated materials give better

performance than the non-EC treated samples.
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6 non-al kyl vinylidene isoners and (2) an unsaturated acidi c reagent under
7 polymerization conditions in the presence of a free radical initiator;
and 8 (b) wearsdéony t he product of step (a) with an unsat ur atedsexiogsc
reagent at 9 elevated tenperature in the presence of a strong acid. S 10
2. A process according to Caim1 wherein said pol yal kene i s a pol ybut ene.
11 3. A process according to Claim2 wherein said polybutene is a '
pol yi sob A process according.to Claim3 wherein at | east 50%
of saﬁd plvbvl%%ﬁsso%éﬁénhels 13 has nethylvinylidene end groups. 14 5. A process
according to Claim1 wherein said pol yal kene has a Mh of from500 15 to
2500. 16 S ERaMemeadreramci di c
reagent [ s %B%%gg%%%%g%g% h‘i&g&?ﬁbﬁp%?‘é@@g;nz%rcﬁﬂr%{)nw to daim1l

wher e3n sai d Lﬁrtsanngtmicamidlcsreageuﬂ &) apoiyalkengl @rlvﬂtlpe@géﬁy%ﬁ@é‘éj’ﬁéﬁ%g to
Claim7 wherein, said sul fo%l c acid is an alkyl aryl 20 sulfonic acid. 21

9. A firocess 3HereRIRN: PIBIPIPHTTS GRBPEYRYsai d al kyl group of said al kyl
aryl 22 sul fgﬁ“ %o%i‘y%eﬁ%d (98 60I§/9Ik§9ef‘e6h¥mﬁin§taﬂf§ﬁwn [Rf2Né0s 6ieB 4663

PCT/ U OO’303 A process according to Caim7 erein the sulfonic
acid Bs pr esent |nnnaa1k)2vmy‘uxdﬂne ispmere arnér@babﬂmﬁﬁb{f?@dowg%fﬁégﬁnw}ﬁf&{sed

on the total g}& %é’f.ogocpag]%uﬁ% ntﬁeia}eﬁem% ALALE radeariRlo ¥na

process conpri si rzi ng pol ya ene contai ni ng

al kyl g nyl i dgBg ireadRig RetbrBduerofatky(x) with adensatwatest scidivdrepaginbat
unsaturated acidic reagent under . 7 polynerization condjtions in the
preseffce of a fr &eval é%fﬂpﬁfﬁtt"ed'f‘dhe péﬁ%?”@?ﬁ)SV%%?Fﬁg the product of
step (a) wWith an unsaturated acidic reagent at 9 elevated tenperature in ‘
the presence of a strong acid. 10 12. A corrp05|t| on conpri S|63 a mxture

of ()0 a 2opdh presessfacsopding 4P idaien AnheiRin sa1d RRYAIkENS I8 P BRIYBYE Feagent

and (2) a polyal kenyl derivative of an unsaturated

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 to Claim 1 wherein said polyalkene has a Mn of from 500
15 to 2500.

16 6. A process according to Claim 1 wherein said unsaturated acidic reagent is
17 maleic anhydride. ‘

18 7. A process according to Claim 1 wherein said strong acid is a sulfonic acid.

19 8. A process according to Claim 7 wherein said sulfonic acid is an alkyl aryl

20 sulfonic acid.

21 9. A process according to Claim 8 wherein said alkyl group of said alkyl aryl

22 sulfonic acid has from 4 to 30 carbon atoms.
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12 acidic reagent wherein the weight ratio of copolyner to pol yal kenyl
derivative 13 is about 0.1-10. 14 13. The conposition of claim 12 wherein
t he wei ght WQ@Wd6@f . copol yner to 15 pol yal kenyl deri vati vePEEUSHE0182
0.2-5.0. 16 14. The conposition of claim 12 wherein the weight ratio of
copolymer to 17 polyal kenyl derivative is about 1-2. 18 15. A.

pol ysliccil@i mAduogessracentding tocGlaim fgvherginthe %Jléﬂf%?ﬁ'ﬂrlﬁ PSR AM12 wi t h
19 an,am ne, _a ' V] _ oRasy | ; htefxt ur es
20 trreor . 3008 HiRelRadR riro. 0020k 16 A tRise i OB A WG
pol ysgcci ni mpeiyalkene22 clai m 15 and from 90 to 10 wei ght percent of an
organic diluent. 23 17. A lubricating oil conposition conprising a nmajor
amount of an oil of lubricating 24 viscosity and a mnor anount of a

pol ysgcciqji nife mbdettaprodded By alSrocdsposmptisimgt ed conposition prepared by
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1 ' unsaturated acidic reagent and (2) a polyalkenyl derivative of an unsaturated
12 acidic reagent wherein the weight ratio of copolymer to polyalkenyl derivative
13 is about 0.1-10.

14 13. The composition of claim 12 wherein the weight ratio of copolymer to

15 polyalkeny! derivative is about 0.2-5.0.

16  14. The composition of claim 12 wherein the weight ratio of copolymer to

17 polyalkeny! derivative is about 1-2.

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

21 16. A concentrate comprising 10 to 90 weight percent of a polysuccinimide of

22 claim 15 and from 90 to 10 weight percent of an organic diluent.-

23 17. A lubricating oil composition comprising a major amount of an oil of lubricating

24 viscosity and a minor amount of a polysuccinimide of claim 15.

25 18. A post-treated composition prepared by treating a polysuccinimide of claim 15

26 under reactive conditions with-a cyclic carbonate.
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10 composition of claim 18 and from 90 to 10 weight percent of an organic

11 diluent.

12 24. A fuel composition comprising a hydrocarbon boiling in the gasoline or diesel
13 range and from about 10 to about 10,000 parts per million of post-treated

14 composition of claim 18.

15  25. A fuel concentrate comprising an inert, stable oleophilic solvent boiling in the
16 range of 150-400°F and at least 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. A lubricating 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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30. The post-treated composition of claim 29 wherein the boron compound is

31.

boric acid.

‘A water-in-oil emulsion comprising a discontinuous agueous phase compriéing
at least one oxygen-supplying component, a continuous organic phase
comprising at least one carbonaceous fuel, and a minor emulsifying amount of
at least one emulsifier comprising the product produced by a process
comprising (a) copolymerizing (1) a polyalkene containing alkylvinylidene
isomer and non-alkylvinylidene isomers and (2) an unsaturated acidic reagent
under polymerization conditions in the presence of a free radical initiator, (B)
reacting the product of step (a) with an unsaturated acidic reagent at elevated
temperature in the presence of a strong acid, and (c) reacting the produét of

step (b) with ammonia or at least one amine.
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