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Reacti on BACKGROUND OF THE I NVENTION 5 [0001] The present invention relates
to a met wo okosssps epari ng surfactants, and especially su®ciTrisor/omss9

di spersants which are useful as |ubricant additives. [0002] Surfactants
enconpass a wel |l -known and wide variety of surface active agents with
numer ous uses in industry and commerce. Anong the comercially inportant
surfactants are those commonly known as di spersants. These materials 10
have been known and used for many years in the lubricants industry for the
pur pose of dispersing sludge and other contam nants that can develop in
engine oils. [0003] Surfactants generally conprise a polar "head" portion
and a non-polar "t ai Sutfattantseany DisptaantedytlneLine&eaationt ai | portions, or

parts of them need to bg,dpcerHNBAREE Ry I\YTf(SNpr oduce the final

product, and this conbin m xi ng of relatively
pol ar and [P89H: i Vieypragsnt y@{eatlonéel@tearwgmethpdrﬁatspm@nb@ewfaccsma andat t he

fme of op peckd p?‘.“?‘:'“ﬁ%%&f*’ls%sﬁ?ﬁquﬁmE‘%ﬁf‘ﬁ“%ﬁ&{é@’?f%ﬁ'a%t’“my component s,
s

can have .[%@flt amur Bty %ncaﬁlﬂaﬁ%aﬁwgk%%wn &R vige aﬁ%ﬁﬁye&|sub£6%é?tﬂwrees of
the final agemducith nﬁhiéﬁousclﬁ;léﬁm mdugtrl agt adkfn&den Aﬁﬁongltﬁer@gﬁmethﬂl}al ni ng
di spersant.s h ve beﬁ%t@g }10 have | roved pI & erties g.f i a%(s ease
of “FE1 ¢ or ampereg: AEFRh A o s maRBHEIhy B ABRE AR, daeeSiilialy
prem X ng hase rhwhdg;ovaf ahteuspd efoe mhanynyemsi ionthe[ DG4 hnty. iBdusPey dort the
5, 073, 600

&Lm gﬂ?&: %ofh@r c&gt?ﬁ?nﬂit RS8R de%élog g ,g%?éplol ymar

viscosity B ex |npr Vers a process unc |onaI|2|ng
by grafti milsal pha- beta unsaturated carboxylic acid, anhydride, or ester

a base polyo®s] WFhertakd s&krhdy e@m&)ﬁwﬁdpdm ﬁlelaherp@ttm g8y b GRNCHAAD! e of
i mparting hi.gh chani cal "energ f{?ﬁéﬁg ﬁdP mervmththﬁ carb%ﬁllc acid
functi onal i |5118 BY nshances thy nd tg figms, ox gty ofitheR 8§ Ot i nue
to nove 3Qotdtﬁ@mghhérhﬁ:anbremdpmua@pm dinad predgt, and tRist comlgibhtion hﬂaybl end is
next contact d W am ne to the,extr g t hr ough

Do e ™R ik Y s AR PPl b it S BT Y Boh IR e o

grafted odt das hmvpdie;meﬁoundctdnat shenicohiptetenaseantdi effideney Of .the physichi n t he

ext ruder). / 9 i 1997,
di scl oses an%@%%h}é g%?@%é?%%tﬁn%r gf a)%gggaé%éﬁ r eal(%% gﬁ@@ dr% ﬁpﬁ er ent
phases by Teegion; Af th%éom@aénamcgnlhﬂva nmtar@rﬁff@gs on thef Phiesdcayangdj acent
surfages Rabwean e»hlefs hef €he iffnal 8irBlhME MBNEMRBitad s@PadaktBi ghchi hgn on a

surface O\ﬁ?{rog@r{ gonta1n11¥g HDspersants have been found to have improved properties of
clarity, ease of filterability, and compatibility when they are prepared using the
premixing technology of the present invention.
[0004] U.S. Patent 5,073,600, Gorman et al., December 17, 1991, discloses
25  dispersant viscosity index improvers and a process of functionalizing a base
polymer by grafting alpha-beta unsaturated carboxylic acid, anhydride, or ester
to a base polymer. The grafting is performed in a blending device capable of
imparting high mechanical energy. As the polymer with the carboxylic acid
functionality grafted to it, diluent, and free radical initiator continue to move
30  through the blending apparatus (e.g., an extruder), the blend is next contacted
with an amine which is introduced into the extruder through a line. The reaction
between the amine and the acid functionality which is grafted onto the polymer
occurs within a reaction zone (i.e., within the extruder).
[0005] U.S. Patent 5,624,999, Lombardi et al, April 29, 1997, discloses an
35 ashless dispersant prepared from reactants in different phases by reacting the
reactants in a reaction region defined by adjacent surfaces between which there

is relative movement or on a thin film on a surface over which they move.



WO 02/ 085518 PCT/ US02/ 10859 2 SUMVARY OF THE | NVENTI ON [ 0006] The present

i nvention provides a nethod for synthesizing a surfactant froman am ne or
al cohol awo 0a/0835d8 ocar byl - substituted succinic acyl ati ng Rg&NtSP2/10859
conprising: feeding the anmine into a stream conprising the hydrocar byl
substi 5 tuted succinic acylating agent, to forma conbi ned stream passing
said com bined streamthrough an in-12ne mxer so as to effect prem xing
and initial reaction of the conmponents; and thereafter passing the
conbined streaminto at |HAMARY OFACHBINWENTEON said combined streamis

further pr sed.to form.sal surfactant. .1 0007} The | I
simlarly [ﬁ(;f i dddCPIREH RV ?nsgfﬂ?ﬁlégiaz@ﬁgmg %EP?’%J@F Ahte ??ég{r%%\t/g er and a
hydr ocar bytons uhsmihebedlcobocand & hadtvgdrtiyitepbgtnedi siceigic addaithngzatie wat er
into a str rgSi k ks Wl vdri de,
o form & oL L R e e e L e
ni xer 50 dsted sustinée rcyabng dgant. 4Adormi ¢ cambirase SN OPAHE SEApTHRNt s; 15
and ther egf{&f sRass Mfoddhe af OMDERNSGhikEs @8MY B @Rkt | RaSixi0 earide agtiar ,
wherein said conpbined streamis further processed t .fo(ir1| said surfactant.
BRI EF DESCRaotipncy e Cﬂq@qﬁF@ﬁRESd[tgﬁﬁéﬁefF e ey Rhingd e e%{mt‘?fﬂ ghl
ar r angenmentasobnt berct@edsierath xaidgotiedinekstreaands fuethet proaeksddite formsait
i nventi on. éo DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0009] Vari ous
preferred SPEAPAPes and enbodiments will be described bel ow by way of
non- 1 10vi t i[6607] | (Beriavénsion fiodladly provides e ahetbodhéorstynghasizing asidrctane
present i ti [ res ' - i irtd AlihBg agent
stream i sqﬁcﬁgv}x@%é ?Pgmgvg srg}:&ﬂ]ﬂ%@%g gﬁél;ccgrinﬁi gﬂgﬁﬁgﬁ:l ﬁse&ﬂi():o%rpgnent may
contain afeedingithe sstrintop sierBeIRMPEsipg $he bydiogahyl spbstuisd Supeinihat t he
succi ni ¢ aRRY@Hadeoifsimh A Bnftisdstfaidd  QRiséiap-sadl tombiiedsseainigowgy| at i ng
agent streanmiis conbined w tg%ot her .conponent s,1 é‘%fn caf I é a dil uetnjt or
Fluid medidirif-iie BEE SR 8540 Stfght PRiK g ANSLOUEA rgact{on Sl b cPmPONTIBs o ot her
conporgnt sindaRedeafteppdseinglthy comdimedseami into stleaswneiraaco haeyinashicdhg agent
using a separate,in-line. mxer (not .sh r ans, prior to
Pt b g I o Bt

addi tion Iarstream ty ow ng t hrough pipe

17, is supplied an am BRIEBDESCRINAHON 6] L BIGIARES) . from vessel 15.
The ami ne A b S SUPR b & UP S FiE AN ANEnTeNP O Md YeedSRIiAL @leyicddpst r eam)
of an in-I[nggFm@Q%?relg,éﬂﬁs%pﬁ w# ' eﬁrect m xi ng of the corrp%nentspas t hey
pass t hr ougH.reactor of the present invention.

20 DETAILED DESCRIPTION OF THE INVENTION

[0009] Various preferred features and embodiments will be described below

by way of non-limiting illustration.
[0010] A typical schematic diagram of the present invention is present in
Figure 1. Here a succinic acylating agent stream is provided from vessel 11.
25  The succinic anhydride component may contain a certain amount of diluent if
desired in order to assure that the succinic anhydride is in a fluid form. Option-
ally the succinic acylating agent stream is combined with other components,
typically a diluent or fluid medium, which can be supplied from vessel 13 if
desired. These other components can be optionally pre-mixed with the succinic
30 acylating agent using a separate in-line mixer (not shown) or other means, prior
to addition of amine. To this initial stream, typically flowing through pipe 17, is
supplied an amine (or alternatively an alcohol), from vessel 15. The amine
stream is supplied upstream (and typically immediately upstream) of an in-line
mixer 19, which will effect mixing of the components as they pass through.
35 After passing through the in-line mixer 19, the reaction mixture passes (option-
ally through a section of piping 21) into a reactor 23, in which the components
further react or are otherwise processed to form the product. The reactor 23 can,



35 After passing through the in-line mxer 19, the reaction m xture passes
(option- ally through a section of piping 21) into a reactor 23, in which

t he conpower®sssigirt her react or are ot herw se processed PCTusOM(SHEE
product. The reactor 23 can, WD 02/ 085518 PCT/US02/ 10859 3 if desired, be
a continuous stirred tank reactor with a conventional stirring elenent 27.
The product exits the reactor through 2xit 25, whence it can be optionally
further treated and finished. O her conventional elenents such as heaters
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is Iedlntothe subsequ reacto The_in-1jne m xer hould provi de
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20  adequate degree of mixing and an appropriate amount of reaction or pre-reaction
before the reaction mixture is led into the subsequent reactor.
[0013] The in-line mixer should provide at least a minimum effective amount
of mixing of the components to lead to improved physical properties of the
product, such as those described above. One way to measure the extent of

25  mixing is by use of the parameter “Coefficient of Variation” (“COV”). This is a
parameter well known to those skilled in the art, and is described in greater detail
in Myers et al., “Static Mixers,” Chemical Engineering Progress, June, 1997,
pages 28 — 38. In summary, the COV of a combination of two materials, before

any mixing has occurred, is expressed as

1-®,
30 COV, =
®

a

where @, is the ratio of the volumetric flow rate of the added material (such as
an amine component, which may be the smaller component) to the total volumet-
ric flow rate (which may be significantly larger, particularly if a diluent such as
diluent oil is included). The COV after the material is passed through a helical

35 element mixer, as a fraction of COVy, can be estimated from a graph presented in



where (Da is the ratio of the volunetric flow rate of the added materi al
(such as an am ne conponent, which may be the smaller conponent) to the
total volwowRAsssie flow rate (which may be significantly PETGsn2/10859
particularly if a diluent such as diluent oil is included). The COV after
the material is passed through a helical 35 elenment m xer, as a fraction of
COV0, can be estimated from a graph présented in WO 02/ 085518

PCT/ US02/ 10859 4 that reference (refer to Figure 6 therein), which shows a

val ue subgtantkabhde (opdersmant OfinGRuNOIERUWNBSE ARal® Bebstark¥ly and a
| i near decrease thereafter plotted on a Iog-lr;g scale. Alternatively, a
t anthd

val ue f or ilgEpeCRVOf Reybeldsmunhesxipriate 5 18 daewr dechease patradféer from

the foll ow t abl e ich ks exs; L t 0 r figure:
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M xi ng El ef®iistedy bsinfhiteld Or lidtédpSlated ot the2 fOIEWing. fdle,6wRicB 8. &0 0. 03
0.013 12 0.07 0.02 0.004 0.0014 18 0.02 0.04 0.0006 0.0002 [0014] As

est i mat ed tggted{fsompbytaefrercedigwe: t he COV of the nmixture after passing
through the in-line mxer should preferably be at nost 3.5, preferably at
nost 3.0, 2.5 aor 2.0 ven more effective nixing may he desirable, |eading
to .10 _CO\/ ofammximatel 5, 1.0, Ré&molds Ew@Be0. 05. [0015] Any of a variety
of in-line mxeO¥/€COVoe used, including dynamic m xer[s (which involve

mschani ca!Noa_lg,ift}ngc@n of ongot Yper,§y anot ), i oadi ng - propeller mxers,
turbi ne mMRESy Elédidits sfator mxers, colloid nmlls, anq pressure

honogeni zers. A _mul ti tuu§ of suc(5| device gre c rcidlly avail able. Con
15 venti ¢nal stixred tah®’react oS are nQSJl1 intended to |[be interpreted to be

in-line |m xers;4 feedi ngohe conp@nents 0.687o0 a @.02alitly of stirred tank
reactors|in series 1is Kpown. Preferably, owev hejin-line mxer is a
static mjxer, that is, cg'n- sist?’%g of aO'Rgnberetg)'?léstatic (non-nmovi nQg)
m xi ng el ement s12Tur bul AO7vort e®02ni xer&O0@¢ e cdhBi®lty lused for nixing
fluids with highgReynol dg ghunbergod0 (typoeed !y qodfs 000) An exanpl e of a

t ur bul ent—vortexmxer—+s a Hgh-_Efficrency Vortab v m xer, Helical
el enent nilQ@H afe esimuaf \pyudiegabeyre procedure, the COV of the mixture after

passing through the in-line mixer should preferably be at most 3.5, preferably at

most 3.0, 2.5, or 2.0. Even more effective mixing may be desirable, leading to
10 COV of at most 1.5, 1.0, 0.5, or even 0.05.
[0015] Any of a variety of in-line mixers can be used, including dynamic
mixers (which involve mechanical agitation of one type or another), including
propeller mixers, turbine mixers, rotor-stator mixers, colloid mills, and pressure
homogenizers. A multitude of such devices are commercially available. Con-
15  ventional stirred tank reactors are not intended to be interpreted to be in-line
mixers; feeding the components into a plurality of stirred tank reactors in series
is known. Preferably, however, the in-line mixer is a static mixer, that is, con-
sisting of a number of static (non-moving) mixing elements. Turbulent vortex
mixers are commonly used for mixing fluids with high Reynolds Numbers
20  (typically > 10,000) An example of a turbulent vortex mixer is a High-
Efficiency Vortab™ mixer. Helical element mixers are commonly used for
laminar flow mixing; examples include Kenics™ mixers and Lightnin’™ mixers.
Mixing mechanisms and designs of typical mixers are described in greater detail
in the above-mentioned article by Myers et al. Useful mixers include static
25 mixers having a multiplicity of right handed and left handed blade elements, for
instance, 6 elements. It is found that significant improvement can be obtained
even with this relatively small number of mixing elements, even though much

more thorough mixing could be obtained with a larger number such as 12 or 18.



| am nar flow m xi ng; exanples include Kenics(err) m xers and Lightnin'TM
m xers. M xing nmechani sns and designs of typical mxers are described in
great er dwDarlosssisy t he above-nentioned article by Myers etcalusorsissul

m xers include static 25 mxers having a multiplicity of right handed and
| eft handed bl ade el enents, for instance, 6 elenents. It is found that
significant inprovenent can be obtainedi even with this relatively snall
nunber of m xing el enents, even though nmuch nore thorough m xing could be

gbt gioggd ootela lAtgesxinugtige i‘ln‘{«lﬁf& Agxek? tlﬁ’r il Burd\y GALRASMIB aPEhLIdE02/ 10859
ter.exit -

Ceactor. dnieksen g sk Sef sl sih % Bl et B Ohe ©

connect ed thlyingeandpiag oftvariong lengths. piThg pqimga:andnashdamwbtfhbmﬁdme Reiapi ng can

be heat ed (dh #88he 3l cBRBSACHL A AIIMGBmEOBRONRA! G Olaldier B} ﬁgg%@

proceed to A gre er or tesser egree Wit m xer” 11 sel
cont i riue, dseresi withinethenmixercibiphi and oy cofitioyien Pesfébly; ieagto ¢omp HPncase
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wat er of fHehet pipsessing B f@‘@ﬁ‘ﬁve&lm 1s gondsnensiogie 42k fBERR!ON. OTHEMY2K or ned.
Thus t empgrdtey @sc@k id Ok & 19@55 can be used, or, for instance, 140 to

180C or 0019 reactor i s t icall stirred,reactor,
such as agtgﬂélr etjﬁleatﬁﬂj[PFEaé'd on. tﬁei?)aclt?r léa{‘r?r’ﬁ‘é rem%ms{%ur&qrrarb@aet ank
reactp§ ortypichidy 80 ts tzrzc)?ced CGoankonlgahé cympeFhtare isestildend@0tC we that water r eact or
can be 0.1 ,to 20 hour endj n on I f. SS

reaction t%a’ieaftéo%ézéflred I%BYﬁ#ﬁ ? C(rnté@e% Q&g)rs l|lc(r§”elss &gHg @}@Q& TR‘%]ours or
1 to 5 houempenamepef 168do ZPOEIZO]m e tused.t dre fateimstande, HdtOdtot 1§08Ci er Hal) nt ai ned

in the reagt9pecthe product can 25 be renoved and further treated or
464 99

wor ked-up as desired. Alternatively, the material fromthe reactor can be
di rect ed |[ﬁpb9bnél"1@rfeﬁﬁpél%tb@$@éu chtiredEea6Has, pych agp sHERd LeHE 52610t i ne or

hol d 20 e 1t Safl®si 4 efntintltrisheiekdt fafiR radlort 6MP&agdhlE®red tank reactor. The
residence time in the reactor can be 0.1 to 20 hours, depending on the degree of
completeness of reaction that is desired. Commonly, residence times of 0.5 to 10
hours, or 1 to 5 hours, can be used.
[0020] After the desired hold time is maintained in the reactor, the product can
25  be removed and further treated or worked-up as desired. Alternatively, the
material from the reactor can be directed into one or more subsequent reactors if
further reaction time or hold time is desired. The hold time and temperature
conditions of any such subsequent reactor will be generally within the same
ranges as those set forth above for the first reactor. The specific conditions of
30  the subsequent reactor need not be the same as those of the first reactor, how-
ever.
[0021] The method of the present invention can be used to prepare any of a
variety of surfactants or dispersants which require mixing and reacting of a
relatively polar component and a relatively non-polar component. Examples of
35  such surfactants include the reaction product of a succinic anhydride substituted
by a 1000 M polyisobutylene group with an alkanolamine such as diethyletha-
nolamine; the reaction product of a succinic anhydride substituted by a 1550 Ma
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normal Iy requir ous con
normally form an ester or, more properly an acid-ester, again depending on the

reaction conditions. Reaction between a succinic acid and an alcohol can lead to
the formation of an ester, but this will normally require more rigorous conditions
25  than when the anhydride is employed. Accordingly, the anhydride is generally
preferred for this reaction.
[0024] Moreover, the reaction of hydrocarbyl-substituted succinic anhydride
and water, to form the diacid, can benefit from the present invention. The
enhanced contact between the anhydride and the water by virtue of adding water
30  to the anhydride upstream of an in-line mixer can lead to increased efficiency of
the reaction. The resulting hydrocarbyl-substituted succinic acid can itself be
used as a surfactant and can be used as an intermediate in preparing other sur-
factants and dispersants, including salts of the acid.
[0025] The present invention, however, is particularly well suited for prepar-
35 ing succinimide dispersants. Succinimide dispersants are typically prepared by
the condensation of a hydrocarbyl substituted succinic acylating agent, specifi-

cally, a dicarboxylic acid (e.g., succinic acid), or anhydride, or reactive equiva-



25 than when the anhydride is enpl oyed. Accordingly, the anhydride is
generally preferred for this reaction. [0024] Moreover, the reaction of
hydr ocar bwbD-0240k3518 t ut ed succi ni ¢ anhydri de and water, toPCorusoy/imssdi aci d,
can benefit fromthe present invention. The enhanced contact between the
anhydride and the water by virtue of adding water 30 to the anhydride
upstream of an in-line mixer can lead To increased efficiency of the
reaction. The resulting hydrocarbyl-substituted succinic acid can itself be
used as alsurthaebfii¢.gandid aalideoussdr)agithrani arhimenelientaepolpapinepdf theg ot her
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Reacti on [002dr lAsssset hieregenthec tanohi {'hydrecarbyl isnbstiuenth sem deydsbcarbpl i mary
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.-hydrocar%yl qrou&éyds uged inits orc

t hose ski @@ RIS ¢ rQeRTRYL 8ro8BL Ht¥qeal |y, "it refers to a group having a
carbon at geo2i]r etiydyocatticac Rebktitaerthiethaenigj ntiphatdd (blre, aldyboad elkangl)havi ng
predom nant.l y -hydr ocar bon,.charagter . a f Q )ARY 0S

i ncl ude: [aiiﬁgc}}yﬂ?gr (fé'gf%gf‘y Sﬁ%@?iﬁ% ﬁlgﬂfg}lgﬁhggnt?’séyégfoﬁﬁ%ﬁ)t al(lgﬂag%p al kyl
or alKenylapd aladyictigesubstitiiady aroroatid eabdtitigntsy as ovglk eny¢yclisubshstituempt s, and
aromatic-, L: G i L [ |  tuents,
as well as' k(?:e{#?:1 hggg u sltsi%u%éﬂggé\?\hfggéﬁ r? h? ﬁ%&' ??ﬁgér?éﬁglg%lefeét%elgqf %I’gﬁ%dh

anot her popbstiHes tegpsherdflosmd dngle. g., two substituents together form a

ring); [0Ga6isisubsbitiuterdhhudea®anbamsatsts, tHeniss, subbatuehs, caithislig uent s
cont ai ni n non- hé/d ocar bon gr.oups ich, in tg.e .cont ext f Othits‘_i:ritneventi on,
do not alt Prlﬁﬁ]éo & Ibtgé‘?ﬂ%‘g}é‘ﬁﬁi Va Q\Q{;CPPBE%IQM SUBLEt {(lPer‘i‘I% Rk Ayfer g o
(espezi al Ipreddihimaatlghydfdcadsam) substigudnoieyg., hloofeypecimdiyceldbm amd Kybrmr capt o,
nitro, ni thry%%))(y, %ﬁgox?,] lrrfe%(éﬂé, alkylmercapto, nitro, nitroso, and sulfoxy);

[0029] hetero substituents, that is, substituents which, while having a pre-

dominantly hydrocarbon character, in the context of this invention, contain other

than carbon in a ring or chain otherwise composed of carbon atoms. Hetero-

25 atoms include sulfur, oxygen, nitrogen, and encompass substituents as pyridyl,
furyl, thienyl and imidazolyl. In general, no more than two, preferably no more
than one, non-hydrocarbon substituent will be present for every ten carbon atoms
in the hydrocarbyl group; typically, there will be no non-hydrocarbon substitu-
ents in the hydrocarbyl group.

30 [0030] The hydrocarbyl group substituent on the acylating agent generally
contains an average of at least 8, or 30, or 35 up to 350, or to 200, or to 100
carbon atoms.

[0031] In one embodiment, the hydrocarbyl group is derived from a
polyalkene. The polyalkene is characterized by an n (number average molecular

35  weight) of at least 500. Generally, the polyalkene is characterized by an n of
500, or 700, or 800, or even 900 up to 5000, or to 3000, or to 2500, or to 2000,
or even to 1500.



[ 0029] hetero substituents, that is, substituents which, while having a
pre- dom nantly hydrocarbon character, in the context of this invention,
cont ai n owbar/083sean carbon in a ring or chain otherw se cecpaser1s9 car bon
atons. Hetero 25 atons include sul fur, oxygen, nitrogen, and enconpass

substituents as pyridyl, furyl, thienyl and im dazolyl. In general, no
nore than two, preferably no nore th one, non-hydrocarbon substituent
will be present for every ten carbon atonms in the hydrocarbyl group;
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acyl ati ng agent genera confalns an avera east 8, or 30, or 35
up to 350mayr bponmeole@mswchogs chylseh BF ne obéml]enpn lwt@%cﬁﬂ nent ,

the hydr Oq%&zyﬂe gbPup %@yaﬁﬁnwdmﬁﬁ&ﬁaa st VAl @a@ﬁnﬂahenmrﬁ@ kang is
characteri zed an n nber aver age nol ecul ar, . 35 we | east

500. Genetal- bytadtq@@ wvapt@@ﬁef\.nse Ig of et F‘?é%l’lwoééﬁ“ @egvb ufme700, or

800, or ex@th QQ%olLlﬁsélmtﬁlQQQ The polyaBdRs a0¢ prepaz&dby amventi@Grocer even
to 1500. WO 02/ 85518 PCT/ US02/ 10859 8 [0032] The pol yal kenes incl ude

honmopol ynﬁlPE and interpolyners of polym erizable olefin nononers of 2 to
16 or to €003R] t oTHe crepamtian omsl uFheofblsebstitutedmaycdieicnaedatied i sgsntsuch as

et hyl ene, ypfd g&élstﬁg?uli)sjt}tgéﬁtqg'%lerl'vécp?t’tlﬁrﬁggwa%ges 4re08dseABed & 1RS PRdryml ef i ni c

nonomer, suc I ni c nononer but adi ene and i soprene. An
exanplle’ oft. 234433 abl e pol ymer is a pol ybutene such as polyi sobutyl ene. The

Btrnleyal kfn%omg pmemc]gtﬁéf %wt)&?megﬂtth@ Rakcificoss/ alltﬂtgl’ sgentd BR3Fkpdiee by )
paration and use_ of substitu uccm at relnte
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prepare re t he ss of

mal ei ¢ anffyAE°de" egc 898’\7? é’vuebgrt Stu%ggtsuggdcglaou? 13%}%%8*9 el Oqgﬁqs§Mere| n
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group is atsl qgtzﬂcﬁ,to erpto 1.5 15 or to 1.7, or to 1.8. The maxi num

nunber genera not exceed 4.5, or to or to 2.1, or to 2.0.
[0035] In [ﬁ%’i]her Ire gpoeeRbodiRenth ok @démmbyd,r&mbp COMARH SN AV CEIEEr age

from8, ofrdf) .8, @F 1D20HR2t #040,Ar thB03Qr 181241 Or 24 20Warich AGnBArdOsheat ONs.
I n one . .
embodiment, the hydrocarbyl group contains an average from 16 to 18 carbon
20  atoms. In another embodiment, the hydrocarbyl group is tetrapropenyl group.
[0036] The hydrocarbyl group may be derived from one or more olefins
having from 2 to 40 carbon atoms or oligomers thereof. These olefins are
preferably alpha-olefins (sometimes referred to as mono-1-olefins) or isomerized
alpha-olefins. Examples of the alpha-olefins include ethylene, propylene,
25 butylene, 1-octene, 1-nonene, 1-decene, 1-dodecene, 1-tridecene, 1-tetradecene,
1-pentadecene, 1-hexadecene, 1-heptadecene, 1-octadecene, 1-nonadecene, 1-
eicosene, 1-henicosene, 1-docosene, 1-tetracosene, etc. Commercially available
alpha-olefin fractions may also be used.
[0037] The succinic acylating agents can be prepared by reacting the above-
30 described olefins or polyalkene with unsaturated carboxylic acylating agents,
such as itaconic, citraconic, or maleic acylating agents at a temperature of 160°,
or 185°C up to 240°C, or to 210°C. Maleic acylating agents are the preferred
unsaturated acylating agent. The procedures for preparing the acylating agents
are well known to those skilled in the art and have been described for example in
35 U.S. Patent 3,412,111; and Ben et al, "The Ene Reaction of Maleic Anhydride

With Alkenes", J.C.S. Perkin II (1977), pages 535-537.



enbodi nent, the hydrocarbyl group contains an average from 16 to 18 carbon
20 atonms. I n another enbodi nent, the hydrocarbyl group is tetrapropenyl
group. [WO3BjssBhe hydrocar byl group may be derived from @oa/wso2/msse
olefins having from2 to 40 carbon atons or oligoners thereof. These
olefins are preferably al pha-olefins §sonetines referred to as

nono- 1-ol efins) or isonerized alpha-ofefins. Exanples of the al pha-ol efins
i ncl ude et hyl ene, propyl ene, 25 butylene, 1l-octene, 1-nonene, 1-decene,

1- dodecendﬂﬂ38kriﬂheeﬂ@ﬁnleﬁpﬁbaﬂenemmabeh%p@ndaddm@mepw&whﬁ&ad@q&n@

1- hept ade i i

1 docosend o4 1k PE0 L FASy o RYIPUEEERGKy e 1B BRSRR fncl IR OFRIANS

fracti ons araplyalkencybaiecaets. [Foeferablyhan ensess of earheyylia I%@elﬁgéhlﬁ%d chh be

prepared Q)ﬁeré?ﬁ‘{%dlﬂﬁnf hﬁlsaeg(‘%}!% s 462503 begl aﬁbﬁf&f BibRHiR& Y Blek@nres th
unsat ur at ed car boxy such as itaco citraconic, or

acyl atin
mal ei @ acyf &F5a4g tQ@’éﬁ&@ af géeaff’égfﬁé? g@%’r én%FV‘?LIBéreat%rth%%up to 240C, or to
210C. Mal 6[0039]Cy| The m@nagﬁm si.al eemb@rawref egﬁ@ﬁbn ufd abWentse tbrafoyinadd ng

t d t { 11, k t
Fhose ski hEdvArPRHE ol et arTaBEY 2bh S S AR B o bBrh T anc Q"
Pat ent 3, 4R, JExh;mIdasj oBerutextts alescrifiing ErpuRepredures ffoMgireparindnhsefnl de
Wth Al k 5 2/
PCrT Usoa 1086575 éfﬁﬁﬁé; B PGl 3879807 M Sidr SAPZLHRIT 1 e
carbokylldRﬁeﬁﬁeﬁi 1%66h MNeamaphetr )i 3,431, %é§3ﬂ§%@ #b9é2864d§@56%91|c

reagent fof 1 ARSAO MObKEn9! arﬁi @,fzsm 439r(m%wdiﬂ<m@) tahaty. Keqam 2 eferably, an

excess of iC reag IS use embodi this xcess is 5%
to 25% r[ﬁﬁ’r‘u@t i’r%"rﬁ%’dl Pfeﬂaﬁ‘é‘gek}fée@gar%g??%bsé’rﬂéf&? PUGGER A0t
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acyl ati ng : 1dinres, 215, 707
10" (Renoe) 2 3000 BER R eS mATRi R if g ncig it by he Syndyne®

(Pal mer); 4,110,349 (Cohen); and 4,234,435 (Meinhardt et al); and U K

1, 440, 219. [0040] Processes(Oor preparing hydrocarbyl -substituted succinic
acylatlng agents i nclude tfose which involve the use of a chlorination
process as W G al kyl ation processes which do not involve
chlorine. A fawvy 15 dphlorine process is that disclosed in U S.

i ncl udi ng thosellrepresgnted
Pbt

py the structure

In this structure, R represents H or —CH3 and Pbt represents the remainder of a
20  polyisobutene group (that is, a polyisobutene substituent except for a terminal -
-C(CH;-)=C(CH;-)-R portion which participates in formation of the indicated
cyclic structure.
[0041] The amine which reacts with the succinic acylating agent can be a
monoamine, a polyamine, or an aminoalcohol. The polyamine may be aliphatic,
25  cycloaliphatic, heterocyclic or aromatic. Examples of the polyamines include
alkylene polyamines, hydroxy containing polyamines, arylpolyamines, and
heterocyclic polyamines.
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represents the remai nder of a 20 polyisobutene group (that is, a
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which participates in formation of the indicated cyclic structure. [0041]

The am ne which reacts with the succinic acylating agent can be a

nonoani ne, a pol yanmine, or an ani noal cdflol . The pol yani ne may be aliphatic,

25 cycloal i phatic, heterocyclic or aromatic. Exanples of the pol yam nes

i ncl ude al K04@he palkykemierpedyarhipds aveyrepraseatiedibyghp ddbyrartanes, aryl pol yani nes,

and heter I ) nes. WD 02/ 085518 PCT/ US02/ 10859 10 [0042]
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a??phat [ I(:Sgr oup of %g&&é fas %}gﬁl{f) or}ntoa O 2 t&gh&{:&aﬁ E%/Ii%[e)%t}. (q{léi)a?nhé}pe ?Incruge
met hyl enep@?Pitaii ﬁ@rsms@pﬁfyl@ ACIREDD rq/&mltrﬁ@gen( apyy- Ea¢leRs éwrtd@p@sdent y
pol yet hyl eﬁga@%@ﬁsa)r aRUADp RS PeY M?d?o&?%ubstﬂh%%’hﬁﬂ%ﬂ! %%ﬁ}ﬁ@ﬁ upff 30

pentyl enepo eroc cl | C am nes
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am noet hyl ?Ia%y élepﬁ SBX}’i‘egne eReppe t%ene Pfa ' ﬁg, t}ﬂ'olnb B%Syl élﬂet etra-
m ne, tet rlaaéathgillm’uepemlmneneshelxdeahmlpﬂemm amdni -araimdaeyhtsakstitylednehex-
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M Xt ungs OimiRiR)AWNE, RbpileRedhRiRIeaThbMSErRaAlN&AE NG ipropylenetetra-

mine, tetraethylenepentamine, hexaethyleneheptamine, and pentaethylenehex-

amine. Other alkylenepolyamines include dimethylamino propylamine and N-(3-
aminopropyl)morpholine.
[0043] Higher homologs obtained by condensing two or more of the
20  above-noted alkylene amines are similarly useful as are mixtures of two or more
of the aforedescribed polyamines.
[0044] Ethylenepolyamines, such as those mentioned above, are useful. Such
polyamines are described in detail under the heading Ethylene Amines in Kirk
Othmer’s "Encyclopedia of Chemical Technology", 2d Edition, Vol. 7, pages
25 22-37, Interscience Publishers, New York (1965). Such polyamines are most
conveniently prepared by the reaction of ethylene dichloride with ammonia or by
reaction of an ethylene imine with a ring opening reagent such as water or
ammonia. These reactions result in the production of a complex mixture of
polyalkylenepolyamines including cyclic condensation products such as the
30  aforedescribed piperazines. Ethylenepolyamine mixtures are useful.
[0045]  Other useful types of polyamine mixtures are those resulting from
stripping of the above-described polyamine mixtures to leave as residue what is
often termed "polyamine bottoms" or “amine still bottoms.” In general, alkyle-
nepolyamine bottoms can be characterized as having less than two, usually less
35 than 1% (by weight) material boiling below 200°C.
[0046]  Another useful polyamine is a condensation reaction between at least
one hydroxy compound with at least one polyamine reactant containing at least
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Jef f adi ne(aminpethbr@ GdBonate, also referred to as sodium taurme. A reaction with
dodecylsuccinic acid and sodium taurine is run in an aqueous environment;
optionally the initial reaction product can be further heated to form an imide.
[0051] The reaction products of hydrocarbyl-substituted succinic acylating
agents and amines and methods for preparing the same — absent the features of
25 the present invention — are described in U.S. Patents 4,234,435; 4,952,328;
4,938,881; 4,957,649; and 4,904,401.
EXAMPLES
[0052] For all examples, the dispersants are prepared by a continuous process
involving one or more continuous stirred tank reactors, except as noted. In each
30  case the amount and compositional analysis of the dispersant reported is inclu-
sive of diluent oil, which is conventionally present in such dispersants at a level
of 50-55% by weight.
Example 1 and Comparative Example 1C

[0053] A dispersant is prepared by reacting polyisobutenyl (m.w. 1600-3000)
35 succinic anhydride with polyethyleneamines. The anhydride material is supplied
in a diluent oil medium. The mixture of Example 1 is passed through an in-line

static mixer with helical mixing elements prior to delivery to a reaction vessel.



[ 0050] Ot her types of amine can al so be reacted. These include sodium 2- 20
am noet hane sul fonate, also referred to as sodiumtaurine. A reaction with
dodecyl suwoimniogssaxi d and sodiumtaurine is run in an aque®a3/uSnyiasnment ;
optionally the initial reaction product can be further heated to form an
imde. [0051] The reaction products g hydr ocar byl - substituted succinic
acylating agents and am nes and nethods for preparing the sane - absent
the features of 25 the present invention - are described in U S Patents
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0.75 to0 1.05 percent b i ght  nitrogen, e, m xt ur.e, of
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product imssach case is nmeasured by the JTU- 1A nmethod. In this nethod, a
sanpl e of the dispersant igydijfluted with a standard oil in a glass tube to
a concentratton—of—20%gispersant—Thertube 1Ts_ _themplaced into a

tur bi doneter, which pass&Xappdht t hr ougH*emelestrml e The 10 results are
expresse If[idgb-raﬁgkson Tunbigli4y Units. Aghigher value | ndicates greater
turbidity of thé samnmpte. The resutts are snown in the Table |, two sepa-
rate Feasurements bei ng reported for duplicate sanpl es prepared by each

proc- essExhatpl& 2, Fxaand €othpadinp B adples 2C, 3C, and 4C.

[0055] Dispersants prepared according to Example 1 and comparative Exam-

ple 1C were formulated into various conventional engine oil formulations.
Examples 2, 3, and 4 contain 6.6%, 5.1%, and 4.0%, respectively, of material
20 according to Example 1. Comparative examples 2C, 3C, and 4C contain similar
amounts of material according to comparative Example 1C.
[0056] The formulations of Example 2 and 2C are prepared as a 10W-40
viscosity grade using mineral base stocks and using an additive package which
includes antioxidant(s), calcium detergent(s), (other additional) dispersant(s),
25 antiwear agent(s), antifoam agent(s), and friction modifier(s). The formulations
of Example 3 and 3C are prepared as a 5W-30 viscosity grade using hydrotreated
base stocks and a similar additive package. The formulations of Example 4 and
4C are prepared as a SW-30 viscosity grade using mineral base stocks and a
similar additive package.
30 [0057] The turbidity of each sample is tested as above (however, not being
diluted to 20% concentration). The results, based on measurements of samples of
the duplicate preparations reported in Table I, each are shown in Table IL
Table 11
Example |2 2C 3 3C 4 4C
Turbidity | 20, 22 34, 40 22,20 46, 44 12,12 26, 24




Turbidity 3.6, 4.2 29,27 15 Exanples 2, 3, 4 and Conparative Exanples 2C,
3C, and 4C. [0055] D spersants prepared according to Exanple 1 and

conpar at iwe oExwsisis pl e 1C were formul ated i nto vari ous conPemtisonaissengi ne
oil formulations. Exanples 2, 3, and 4 contain 6.6% 5.1% and 4.0%
respectively, of material 20 accordi ngi to Exanple 1. Conparative exanples
2C, 3C, and 4C contain simlar anmountt8 of material according to
conparative Exanple 1C. [0056] The fornul ati ons of Exanple 2 and 2C are
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of idéntically formulat ed sucEpbleHlde dispersants are prepared as in
Exanple 1 and corrparatl gxggﬁgmage 1C, rgﬁﬂﬁgys@ly The 5 dispersant
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Tur bi di th96Bre5ar3dl&s .a e RbficRreddtganpl e fromone run in which the
configuration of pipe s) and tank(s) was

Examples 6, 7 and Comparative Examples 6C and 7C.

[0059] Dispersants prepared according to Example 5 and comparative Exam-
ple 5C were formulated into various conventional engine oil additive concen-
trates, containing other conventional components. Examples 6 and 7 contain
20  material according to Example 5, while comparative examples 6C and 7C con-
tain material according to comparative Example 5C. The amount of dispersant in
6 and 6C is 57%; the amount of dispersant in 7 and 7C is 55% (each inclusive of
diluent oil).
[0060] The turbidity of each concentrate is tested by the method described
25  above. The results, based on measurements of two samples of the materials
prepared as in Example 5 and one sample of the material prepared as in com-

parative Example 5C are shown in Table IV.

Table IV
Example | 6 6C 7 7C
Turbidity | 230, 166 | 340 180, 178 | 266

30  Examples 8, 9, and 10 and Comparative Examples 8C, 9C, and 10C
[0061] The dispersants reported in Example 5 and comparative Example 5C

are formulated into diesel engine oil formulations, containing other conventional
diesel oil additives. The dispersants of the present invention, from Example 5,
are used in Examples 8, 9, and 10. The comparative dispersants from compara-



altered failed to show i nprovenment over a conparative run,
not known. b. Prepared using a stirred batch reactor.
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Feactor. e results of such observation of concentrates designated as Example 6 and
15 comparative Example 6C, above, are reported in Table VI
Table VI
Example 6 Example 6 Comparative
(first sample) (second sample) Example 6C
Storage room | 65°C |room |65°C room temp. 65°C
time temp. temp.
1 week clear |clear |clear | veryslight | very slight very slight
haze haze haze
2 weeks |clear |clear |clear | veryslight | very slight very slight
haze haze haze
3 weeks |clear |clear |clear | veryslight | slight haze very slight
haze haze
4 weeks |clear |clear |clear |clear slight haze very slight
haze
26 weeks | clear |clear |clear |clear slight haze & | very slight
light sediment | haze
Example 12 and Comparative Example 12C. Filterability
20 [0063] Fully formulated engine oils are prepared containing the dispersant of

the present invention (from Example 5, 1st sample) and containing the compara-

tive dispersant (from Comparative Example 5C, 1st sample).

The formulated

oils are tested for filterability by the AFNOR (Association Francaise de Normali-

sation) standard classification index 48-691, which measures the filterability of



10 Exanple 11. Storage Stability [0062] Inproved conpatibility of the

di spersants prepared by the nmethod of present invention is illustrated by
vi sual | y wbensismgy t he sanpl es after storage over a peri @dTafS02/10889 i n t he
presence of steel, at roomtenperature or at 65C. The results of such
observation of concentrates designated as Exanple 6 and 15 conparative
Exanpl e 6C, above, are reported in Talbe VI Table VI Exanple 6 Exanple 6
Conmparative (first sanple) (second sanple) Examle 6C Storage room 65C
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prepar ed [ 0L aENLA 1d1%5 s BEESANE 207 [tReti6aal [i nvention (from Exanpl e

5, 1st sanptre)—ant——contarmng—the conpara- trve uu:persant (from
Conpar ati ve Exanple 5C, 1st sanple). The fornulated oils are tested for

filtersabil '1)66/4]133/ Habg di":ﬂ@_“’d&é%?ﬁéiﬁé %Efe%deoaﬁB@‘&eﬁ@s cﬂﬁrc 6Fdd hefedd itgN
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hereify bY chemical or composition referred to herein should be interpreted as being a

commercial grade material which may contain the isomers, by-products, deriva-
tives, and other such materials which are normally understood to be present in
the commercial grade. However, the amount of each chemical component is
presented exclusive of any solvent or diluent oil which may be customarily
15 present in the commercial material, unless otherwise indicated. It is to be under-
stood that the upper and lower amount, range, and ratio limits set forth herein
may be independently combined. As used herein, the expression "consisting
essentially of" permits the inclusion of substances which do not materially affect

the basic and novel characteristics of the composition under consideration.



reference. Except in the Exanples, or where otherw se explicitly indicated,
all  nunmerical quantities in this description specifying anounts of

mat er i al sworeagdsi®n conditions, nol ecul ar wei ghts, nunberCofUuSoztdssn at ons,
and the like, are to be understood as nodified by the word "about." Unl ess
ot herwi se indicated, each 10 chenicahﬁg conposition referred to herein
shoul d be interpreted as being a co cial grade material which may
contain the isonmers, by-products, deriva- tives, and other such materials
whi ch are normally understood to be present in the commercial grade.
However, twaagisliinedliseach chem cal conmponent is presented excl usive of

any sol vent or diluept oil vt\,hi ch .be cus omaritJ 15 present in the
comrerci al material, dﬂ?%‘gg Bt F\@rta?%@ngﬁd?lg ctgt F‘%/miaél BT AR st ood
that the upfendarid/drovebylasubstituted angimic acylating iagent] comprisiep: f9rth herein
may besi ndependegld;e SRIMIAR or A% 3PS Silum D SIRLLHR Baro

pernrts the inclu subs ith d

sting
essentially of' sion o ance 0 no?gﬂr@x erially

affect t rrabbaied suedimoneyladngpgentetoi formascambingé seeamposi ti on under
consi deration. oL %{ %@é%ﬁlﬂ?@ §19020 1RRRZN A6 in AR mb:&rdPheRd difect 1. A

met hod for synthesi @31 a surfactant froman amne or_an alco- hol and a
hydr ocar byl?m%?ﬁﬁlg!apétl akfractipn of tesoepeigntsyend theredfht sing: 5 feeding the
amne or al Cf)h%asbilﬂ'ﬁgot}ﬁ: %bm@ﬁgdcm@arﬂﬁiirm a'ftgl%ahydﬁ@cr%ﬁ&)éh_ whidhsh idsr,am ﬁS- |
succi nic acyl.ati agent o forma conbined. stream  passing said conbi ne
ot r eabd t hrRRIEA S i BurfHeR @POSS ddO BB ARG TSI i ng and i it i al
reacti on of the.conpbinemiethodind dlhier dafvhercipabsicogntihed corimnsdpassedam i nt o

at | east Oﬂﬂgplféfl?fﬁég%gﬁl}é%%gf %%@;@Fﬁ%‘gfeg&@ el eamis further processed

to form sai [ ~claim1 wherein the conbined
streamis passedl thFlouglethadeofi daim hevhersiartharesddensapsrapiithe emigoed o 160C.

3. The nmetdpd Phr&! Glidhide MRGHAIMR hider A3 bERRE CntdriR AL shbRqEOMeA&Er Stream

after entering the in-lIi'he mxer and before entering the subsequent reactor
15 i slat 1i8aicasblyeeconds. 4. The nethod of claim 1 wherein the in-line

m xer provides 4 degreemetHoddidlfigh OfwHdieinaBAROM@B i xeX PFRsERth déerae
coefficient. of .var 'f?th' on of erein

the in-1 1 RsEE arahe BmhongsiSRarossoh At 8risFT STRG & RETEA%! LR JPOSF 1 ght
handed and3.beft handed bl ade el enents. 6. The nethod of claim1 wherein the
mxture is r eacé.ed i’Phé Hl%thod of claim 1 wherein the in-line mixer is a static mixer

20  comprising a multiplicity of right handed and left handed blade elements.

6. The method of claim 1 wherein the mixture is reacted in the
reactor at a temperature of 80 to 220 °C.

7. The method of claim 1 wherein water of reaction is removed from
the reactor.

25 8. The method of claim 1 wherein the reactor comprises a stirred
reactor.

9. The method of claim 1 wherein the residence time in the reactor is
0.1 to 20 hours.

10. The method of claim 1 wherein the amine or alcohol comprises a

30  polyethyleneamine or an aminoalcohol containing at least one N-H group.

11. The method of claim 1 wherein the hydrocarbyl-substituted succinic
acylating agent comprises a polyisobutene-substituted succinic anhydride
wherein the polyisobutene substituent has a number average molecular weight of
500 to 5000.

35 12. The method of claim 1 wherein the hydrocarbyl-substituted suc-
cinic acylating agent comprises material represented by the structure



reactor at a tenperature of 80 to 220 C. 7. The nmethod of claim 1l wherein
water of reaction is renoved from the reactor. 25 S. The nethod of claiml
wherei n tWoe oeessst®r conprises a stirred reactor. 9. The merhusd2/of8sc! ai m 1
wherein the residence tine in the reactor is 0.1 to 20 hours. 10. The

met hod of claim1 wherein the am ne or,ﬁlcohol conprises a 30

pol yet hyl eneam ne or an am noal cohol containing at | east one N-H group. 11.
The net hod of claim 1 wherein the hydrocarbyl-substituted succinic

acyl ating agent conprises a polyi sobutene-substituted succinic anhydride
wherein the polyi sobutene substituent has a nunber average nol ecul ar wei ght
of 500 to 5000. 35 12. The nethod of claim1 wherein the

hydr ocar byl - substituted suc- cinic acylating agent conprises nateri al
represented by the structure WO 02/ 085518 PCT/ US02/ 10859 17 O R 1 O Pbt
O 5 where Ris Hor nethyl and Pbt represents a fragnent of a

pol yi sobut ene sub- stituent. 13. The method ¢! claim 1 wherein the
surfactant is a succinimde tIgispersant or amne salt. 10 14. A nethod
for synthesizing a surfactan a hydrocar- byl -substituted
succi ni ¢ anhydride, conprising: Rt er into a stream conpri sing
t he hydrocarbyl substituted sucg , to forma conbi ned stream
passi ng said conbi ned streamthrgd e m xer so as to effect 15
prem xing and initial reactp ] nts; and thereafter passing

t he conbined streaminto at [east one reactoy\, wherein said conbined
streamis further processed to form said suri@ctant.

5
where R is H or methyl and Pbt represents a fragment of a polyisobutene sub-
stituent.
13.  The method of claim 1 wherein the surfactant is a succinimide
dispersant or an amine salt.
10 14. A method for synthesizing a surfactant from water and a hydrocar-

byl-substituted succinic anhydride, comprising:
feeding the water into a stream comprising the hydrocarbyl substituted
succinic anhydride, to form a combined stream;
passing said combined stream through an in-line mixer so as to effect
15  premixing and initial reaction of the components; and thereafter
passing the combined stream into at least one reactor, wherein said

combined stream is further processed to form said surfactant.



