| MPROVED PROCESS FOR PREPARI NG POLYALKENYLSUCCI NI M DES The present

I nvention relates to a process of preparing polyal kenyl succi ni m des. Mbore
particularly, the present invention relates to an inproved process for
preparing chlorine-free and mineral oil-free 5 polyal kenyl succi ni ni des
having a sedinent |level less than 0.1 vol % The polyal kenyl succi ni m des
made by the process of the present invention are particularly useful as
ashl ess detergent additives for engine fuels. BACKGROUND OF THE | NVENTI ON

Hydrocar byl sIMBROVEDPROGESS mRtmEpA;tme\mLYmmEMu@Ubﬁmnmdés
pol yam nes, are known naterials which have been wi dely used as fuel

detergents. For exanple, U S. Patent No. 4,240,803 describes the use of

al kenyl succThé premt inveBtis® réiars!to o Hrdeess eNgiepariggprosits. Al so, U.'S.
Patent No. 4,482,357 discloses additive m xtures for diesel fuels which

include a hyelyakapysuccinirides. Male narticiliady. terprmseahinventon elafesitormnof coke
deposition 1g, Y)v%@ﬁﬂdb%gs%r orB6S6n g@gﬁllbhhg re@éﬁd"@ﬁiqr?rﬁtgef %%/ves are an

i nportant means o Nt ai ni'ng™ engy ne perf or manc cl eani ng
and/ or | ubri palyalhgnyiwcwilgrrw@est Isaviig bilvedimgitievel lésd hand 1 visn®MThien the art

to prepare hydro stituted succinylating agents, and specifically
pol yi sobut ené‘(Pj] @BY ‘E,C"Hm‘éﬁ‘fr mgee Iih%Q esmpfgmpr@% t inygntien are
pol yi sobut engargiGumty ﬂsgﬁill 85 %sﬁl’é@é“él%f t‘i)vesch fEho; hetﬂﬁ‘& PI BSAs to the

correspondi ng succini mdes reactl n wth a poly yl'ene’ pol yam ne as
described in U S. Patent No 5 644, 001. These succi ni m des are used as

fuel additives for their ?AF@RE)Q‘D&? EOIW I{rﬁbﬁ ain | n a cl ean

condition carburetors, ve por uel injectors and
the like in an internal conbustlon englne 25 The pol yi sobut enyl succinic

anhydride in 5@% rocesses. The
first pr ocesgﬁéﬁg{@ﬁ Su rrﬁ’(ge reggHgﬁg?% HQIWG@QIH%\@%&(%A&?%M,[ I on bet ween
mal ei ¢ arthy dpolgamires, ae M’mWrerrmt@ﬁHls whichf ﬂim béeﬁ‘f Wrdeﬁduséd a@meart as the
t hernmal ene reacti ? El evat 6% er at ures

detergents. For example, atent No. 4, 240 803 describes the use of

alkenyl succinimides in gasoline to reduce engine deposits. Also, U.S. Patent

No. 4,482,357 discloses additive mixtures for diesel fuels which include a

hydrocarby! succinimide or succinamide and the reduction of coke deposition

15 by the use of these additive mixtures.

Additives are an important means of maintaining engine performance either by
cleaning and/or lubricating moving parts of the engine. It is well known in the
art to prepare hydrocarbyl substituted succinylating agents, and specifically
polyisobutenyl succinic anhydrides (PIBSAs) by the reaction of a polyisobutene
20  with maleic anhydride and to convert the PIBSAs to the corresponding
succinimides by reaction with a polyethyiene polyamine as described in U.S.
Patent No. 5,644,001. These succinimides are used as fuel additives for their
ability to clc_ean and/or maintain in a clean condition carburetors, manifolds, inlet

valve ports, fuel injectors and the like in an internal combustion engine.

25  The polyisobutenyl succinic anhydride intermediate may be produced foliowing

two main processes. The first process consists of a direct thermal



200C are required to obtain good reaction yields. These high tenperatures
lead to the formation of resin (sedinent) which is believed to be due to
the 5 pol ynerization and/ or deconposition of maleic anhydride. The

formati on of those insoluble resin or sedinment in significant anmounts
requires a filtration stage before the PIBSA can be used as an additive or

as an internediate in the preparation of other products, e.g. succinimdes
for i nst anceCoRdpnsRiphRveactionhetwean fepleis aphgdrige pad polputenesand fpaften hose
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second type 61dJPdBRIIMaliol iiEhi(RrAMeptiovnichis belisysdiane due tathet carri ed
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mal ei ¢ a I's process cah be carried out”’at [ower tenperature,
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potential formation of hazardous products, such.as dioxins, that may arise
under the coaenrdingrte e PatemiiNag. 9,64, 00t.dhose undeditable wsirerigiues notake t he

ft ' le. Eurth hl.ori i . al.so k
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di scussi on above, the praoduction of therpmal PIBSAs and the correspondi ng
succi ni m desMagicanhydide) hut alsorpdvessaly aftactihe detrrosneepropedies efrsilict s.

Renovi ng thea?&iﬁ{réb and ot her side products require a filtration step,
general ly perforned on pressure filters, e.g. Schenk-type filters, using a
filter 30 aid. Furthernore, the viscosity of PIBSAs and the correspondi ng

succi ni m des |5 e second type of process, the chiorination of the polybutene is first carried

15  out, followed by the condensation of the chlorinated polybutene with maleic
anhydride. This process can be carried out at lower temperature, than the
thermal ene reaction process, with high yield and without the formation of
substantial amounts of sediment. However, the polyisobutenyl succinic
anhydride obtained with this process contains residual chlorine and

20  environmental concerns related to chlorine-containing materials and potential
formation of hazardous products, such as dioxins, that may arise under the
conditions prevalent in an internal combustion engine, make the use of the
second process undesirable. Furthermore, chlorine is also known o be a
poison for the catalysts used for exhaust gas after treatment systems, i.e. as in

25  catalytic converters.

As mentioned in the discussion above, the production of thermal PIBSAs and

the corresponding succinimides normally results in resin and various other side
| products. Removing the resin and other side products require a filtration step,

generally performed on pressure filters, e.g. Schenk-type fitters, using a filter

30  aid. Furthermore, the viscosity of PIBSAs and the corresponding succinimides

2



makes this filtration step industrially difficult. Thus, prior dilution
generally with mneral oil is generally perforned to increase the
filtration rate. After filtration, the resin saturated filter cake is
di sposed. However, a significant anmount of desired product renmins
adsorbed on the filter cake as well and therefore 5 results in reduced
yield of the product. As a consequence, there have been inportant
devel opnent dhakas thisHfiiatiarostep dadusériallydifiienlinthust, psiedditation generally withi ng
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reaction erj T epnt..discl oses .t hat .reactiop pr ct m xtures
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oatent di sol Sangie Pk RTzaisosl BRI RARS el bR 1Y

15 content of terminal double bonds (less than 20 wt %).

U.S. Patent No. 5,071,919 discloses a process for preparing substituted
succinic acylating agents by reacting an acidic reactant such as maleic
anhydride with a substantially aliphatic polymer comprised principally or entirely
of polyisobutenes in a mole ratio of acidic reactant:polymer of at least 1:1,

20 provided that at least 50% of the polyisobutene content of the polymer has
terminal vinylidene end groups and the reaction is maintained under super-
atmospheric pressure during at least a substantial portion of the reaction
period. The patent discloses that reaction product mixtures formed by this
process contain little or no tars.

25 U.S. Patent No. 5,229,022 which discloses the thermal ene reaction of
ethylene-a-olefin polymers having a high terminal ethenylidene (i.e., vinylidene)
content with monounsaturated carboxylic reactants in the presence of a
catalyst system comprising at least one metallocene and an alumoxane

compound. The patent discloses that the ethylene-a-olefin polymers readily



-3 undergo thermal ene reactions under conditions in which the formation of
sedi nent or other byproducts contributing to product haze is greatly

m nimzed or avoided altogether. It is further disclosed that the
resulting ene reaction product mxture can be enpl oyed, without filtering,
centrifuging, clarification, 5 phase separation or other conventi onal
product purification treatnments. U S. Patent No. 5,739,355 discloses a

process for phgaEA hermakengreaclians undergapglitions igwhieh 1ha lesmatisndéi ni ¢

hvdrid . . . i . . - an
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aromati c sol ven hat, is selected from.tol e.and xylenes. Reagents have
21 56 been: emPTOHSl Rl 3% he oWt WRA TS CoriicROng: oRERCEDN he
formati onsof Fhaéé saparatiefliofBfter cohvEftorf BRociiee Plrifidktion! theataitd | on  of a
strong acid (such as sulfonic acid) to the process of preparing a

pol yal kenyl derivative of an unsaturated acidic reagent results in a faster
rate of 15 1 eas! pant Nod By3000 @keloads agﬁéée%%gggi%ctiéﬂ%f%n'éik\ﬁglS“CC' nic

ratio. U S Patent No. 5,777,025 di scl oses a proc or preparin
pol yal kenyl asbydridsa ovpslyakemysussinic aahygdrideiwitibowtformdingarebioxyy ac eaet d

conmpounds co NN Lnsigni ficant .appunts of sedi ment by reacting the

i car boxy! | ¢ SAAT BBt HEF M eE BB AIRINAE A PO TaIRR et bSiisghUfbnes
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at nospheres in the presence of a sedinent-inhibiting anount of hydrocarbyl

substitul@d sohydideingn aromatic sotand thatip selectsbiremdolliesel ansbyylengs.ocess of
reacting a polyal kene having a M of at |east 300 with an unsaturated
acidic reagent at elevated tenperatures in the absence of a strong acid

gnt il at | ea&eagg%SdTaVﬁ'@SQbeQ@Egmlmiﬂifbeémwlt@@ reactiorpisl graek ény | f
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el evat ed t enpénatrongacid(subk agrsedfoniceadid) ta théFfmsQﬁipﬂepﬁéﬁl@é\VGFt at | east
sone of the uni'eact ed pol yal kene to additiona
polyalkenyl derivative of an unsaturated acidic reagent results in a faster rate of

15  reaction, higher conversion, less sediment, and a lower succinic ratio.

U.S. Patent No. 5,777,025 discloses a process for preparing polyalkenyl
derivatives of monosaturated Cy4 to Cyg dicarboxylic acid compounds containing
insignificant amounts of sediment by reacting the dicarboxylic acid producing
compound with a polyalkylene at high temperature and under high inert gas

20  partial pressure above 2 atmosph.eres in the presence of a sediment-inhibiting
amount of hydrocarbyl substituted sulfonic acid.

U.S. Patent No. 6,156,850 disqloses a process of reacting a polyalkene having
a Mn of at least 300 with an unsaturated acidic reagent at elevated
temperatures in the absence of a strong acid until at least 25% of the

25  polyalkene is converted to a polyalkenyl derivative of an unsaturated acidic
reagent, continuing the reaction of the polyalkene with an excess of the
unsaturated acidic reagent at elevated temperatures in the presence of a

strong acid to convert at least some of the unreacted polyalkene to additional

4-



-4 pol yal kenyl derivative of an unsaturated acidic reagent, and renoving
the unreacted unsaturated acidic reagent. The process may be conducted at
at nospheri c, sub-atnospheric or super-atnospheric. Preferably, the pressure
I S super-atnospheric. There is no disclosure in the patent that the process
5 results in a product having |l ow sedinent, particularly a sedinent |evel
less than 0.1 wt % SUMVARY OF THE | NVENTI ON The present invention

provi des a sbpayyrlkengdlerivative of ae Lhssitirated mcittie ssagsint, andreamadving the

eyl ar) | yval kenyl i nnj_des. That i.s 10 based
on the ai scovaRgcldhehirady riBid R Reat TRePREr bty B GG A e
unfiltered aathmosphdrid! Sub-BahyspHeriRIdroupet-AtospHBRY PaSfepdlly RhE Hré®surad

pol yal kenyl succi ni mi de with | ow sedi nent havi ng equi val ent” det er gency
properties t I3 ner-atmesplgna ] kl@@lwerﬁﬁlpéumnaae ipgentdhatithstpreegssr at ed
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filtration sOdpwbt%.t he pol yal kenyl succi nic anhydride and the increase of
production capacity due to the absence of diluent, i.e., solvent” when the
am nation reaction is perfornmed. The process of the present invention may

be conducted at | ow pressuresSUMMARY QF SHEIWENTSONand results in a
pol yal kenyl succi ni m de product having 20 a sedi nent |evel |ess than 0.1 vol

% based on the total volunme of the diluted product. The process of the

present i nvellhé presentiviention Phevigéasimplificdaandéeatictivapritiesalkeny!
derivative of an unsaturated acidic realgent bé 25 (i) reacting a
pol yal kyl enePieR@RE SHCRRinvides: parigweargpolyalkenylaucciomidas Thatgragessiis

reagent f ehgyai SHtﬁeegEg@?éJWtﬁét tAQUnithafion RUaBESH cn B SMidmA BT pReres 1n

t he absence of a stron
unfittered and undiluted polyalkenylsuccinic anhydride and provides a

polyalkenylsuccinimide with low sediment having equivalent detergency
properties than if the polyalkenylsuccinic anhydride is first filtrated before the
amination procedure. The process of the present invention is very cost

15 effective, which is attributed to the elimination of the filtration step of the
polyalkenylsuccinic anhydride and the increase of production capacity due to
the absence of diluent, i.e., solvent,, when the amination reaction is performed.
The process of the present invention may be conducted at low pressures
(below 2 atmospheres) and results in a polyalkenylsuccinimide product having

20  asediment level less than 0.1 vol %, based on the total volume of the diluted

product. The process of the present invention comprises the steps of:

(a)  preparing a polyalkenyl! derivative of an unsaturated acidic

‘reagent by

(i) reacting a polyalkylene having a Mn of at least 300 with an
25 unsaturated acidic reagent at elevated temperatures and at a
pressure below 2 atmospheres in the absence of a strong acid
until at least 25% of the polyalkylene is converted to a

polyalkenyl derivative of an unsaturated acidic reagent;



until at |east 25% of the polyal kylene is converted to a polyal kenyl
derivative of an unsaturated acidic reagent; -5 5 10 renovi ng the unreacted
unsaturated acidic reagent to yield an wunfiltered pol yal kenyl derivative
of an unsaturated acidic reagent containing a sedinment |evel of |ess than
0.1 w % Dbased on the total weight of the polyal kenyl derivative of the
unsaturated acidic reagent; (b) reacting the unfiltered product of step (a)
with a pol yan ne hafi)ng gentinuiag thevaactior of the pelyalkylene avith arepxetssuafi ng t he

product of step (b) wthgym LL-free t. seguent |y
filtering the diluted pr(t:) ugrﬁéeﬁgra%%ﬁéldg: re%@%%‘k%%%gﬂi%m&g%ﬁt%%pa}%uct
having a sedinent |evel keapréseume Bebw 2etmbspihaesth tie pleeehos af avol une of
the diluted product In ang_t her enmbodi ment, the present invention further

provi des a product prod§¥eRS BFdLCsonved at leash o] the kneagied of - 20b( a)25
i | yal k I | | Wel agent
preparing; a polyal keny ??%Nﬁ%&én\éecooiddflylﬁg:éﬂg@gﬂﬁééwt AL Eof 4729 y

(i1) continuing the reac the po n an excess of the
unsat urat ed aci di ¢ r eagennsaturgbd aaidiciraageperaaidur es and at a pressure

bel ow 2 at nospheres in the presence of a strong acid to convert at | east
sonme of the unreacted polyal kylene to additional polyal kenyl derivative of
an unsaturated aci {iir r esrgeving the dnfdacteceansatogied poidicakckygerie Yiediarg a M
of at least 300 with an - .

, untfiltered polyalkenyl derivative of an unsaturated acidic

reagent containing a sediment level of less than 0.1 wt %,
10 . based on the total weight of the polyalkenyl derivative of the

unsaturated acidic reagent;

(b) reacting the unfiltered product of step (a) with a polyamine having at

least one basic nitrogen atom;
(c} diluting the product of step (b) with mineral cil-free solvent; and

15 (d) subsequently filtering the diluted product to yield a
polyalkenylsuccinimide product having a sediment level less than 0.1

vol %, based on the total volume of the diluted product.

In another embodiment, the present invention further provides a product

produced by a process comprising the steps of:

20 (a) preparing a polyalkenyl derivative of an unsaturated acidic
reagent by

(i) reacting a polyatkylene having a Mn of at least 300 with an
unsaturated acidic reagent at elevated temperatures and
at a pressure below 2 atmospheres in the absence of a

25 strong acid until at least 25% of the polyalkylene is



unsaturated acidic reagent at elevated tenperatures and at a pressure
bel ow 2 at nospheres in the absence of a strong acid until at |east 25% of
t he pol yal kylene is -6 converted to a pol yal kenyl derivative of an
unsaturated acidic reagent; 5 10 (ii) continuing the reaction of the

pol yal kyl ene with an excess of the unsaturated acidic reagent at el evated
“tenperatures and at a pressure bel ow 2 atnobspheres in the presence of a
strong acid to convert at |oR¥eriedipapolyaienyhdeiative of galunsakyretate to
addi ti onal polyal kenyl deri%ﬁﬁépﬁgﬁ%ta” unsaturated acidic reagent; and
renovi ng the unreacted unséiura e acidic reagent to yield an unfiltered
pol yal kenyl derivative of an unsaturated acidic reagent containing a

sedi ment | evel of |ess:{ha 1 9 I | ght t he
pol yal kenyl derivati g} of r}:to EH‘%’H ait-'etﬁ%%g'\éﬁgg% @Qﬁ’éﬁ%ﬁ{e;mgnﬁé‘%ﬁ ng the
product of step (a) w th agithey ansatardied angictedgenbat clébatedechpstaturist rogen

atom (c). diluting the product of step (b) with mneral oi|-free solvent;
and (d) Subsequently fil teﬁf}ﬁ’gatt%feéﬁwlﬁ@%i%r%@mspbﬁf%ﬁl@ﬁ%@f@%@%@ d a

pol yal kenyl succi ni m de prodygi; r@%&'@ 8 ﬁ@%{ DERLst S4Fs of Lha .1 vol
% based on the total volune o? e] gcl’late progtsjct. ‘Lﬁg ﬁ?olr’\g o?%eg?
factors, the present i nventpolyalkyernseaddiionah pobmitkeniykderyative odaary t hat
pol yal kenyl succi ni m des which are subst.antially free of undesirable
sedi ment and resi nous side U&Sagﬁﬁfteg %‘ﬁicﬁ%amd. The products of the
present invention are excellent ashless, |low viscosity detergents and are

(i) removing the unreacted unsaturated acidic reagent to yield

10 an unfiltered polyalkenyl derivative of an unsaturated
acidic reagent containing a sediment level of less than 0.1

wt %, based on the total weight of the polyalkenyl

derivative of the unsaturated acidic reagent;

(b)  reacting the product of step (a) with a polyamine having at least

15 one basic nitrogen atom;
(c)  diluting the product of step (b) with mineral oil-free solvent; and

(d)  subsequently filtering the diluted product of step (c) to vield a
polyalkenylsuccinimide product having a sediment level less than

0.1 vol %, based on the total volume of the diluted product.

- 20 Among other factors, the present invention is based on the surprising discovery
that polyalkenylsuécinimides which are substantially free of undesirable
sediment and resinous side products can be produced. The products of the
present invention are excellent ashless, low viscosity detergents and are
therefore useful as fuel additives employed in gasoline or diesel hydrocarbon

25 fuels. Moreover, the low chlorine levels of the product of the present invention

provide an environmental advantage.



therefore useful as fuel additives enployed in gasoline or diesel

hydr ocarbon 25 fuels. Mreover, the |ow chlorine |evels of the product of
the present invention provide an environnental advantage. -7 DETAILED
DESCRI PTI ON OF THE | NVENTI ON As stated above, the present invention relates
to a process of preparing succinimde detergents. Mdrre particularly, the
present invention relat roved ﬁrocess for ﬁre aring

0. an _i
pol yal kenyl succi ni m des%rSFa 'HE%BES PTION QF TEHE INMENF 0.1 vol %

preferably | ess than 0.05 vol % nore preferably less than 0.02 vol %
nost prefera%l@%/ | ess than 0.01 vol 9% based on the total volunme of the

di l uted proddtstatedeahovgcihepresaminwionielalesissa procesa)of prepsiinang a

pol yal kenyl dgréiMitiby Gesd u Cidli ' acting
a pol yal kyl ene ﬂavilng ae I\r/ﬂé@tP | th%?% Eé@%ﬁ%é'g %Qt;ﬁeé%%ﬁ\%ng%rré% é{’# ?’:IOC%; iC
reagent at -elirepaived precqasifat prepariag gobalienysuesiaimided @khoingZeaglirostpher es in
t he absence of tron I d nt i t | east 25%of the polyal kylene is
convert ed_gt o?%’e?sp%ﬁg?qg'bﬁ;)lvo(ljgz?{im‘ﬁﬁ%@y iﬁsséhaﬁﬁﬁ mléa{”e@i'oé%\fgl‘ﬁf@ 3b8algent ;
(i) continuiyh b10e vobag trhest prbferdifly RASHALK BIENGoIW, [ Batl S aRsetal 15 the
unsaturated acidic reagent at elevated tenperatures and at a pressure bel ow
2 at nospher eyolume pthgrdilstattierodiicia Thetprosrpsasinprisesdbesteps aft | east some of
t he unreacted polyal kylene to additional polyal kenyl derivative of an
unsaturated acidic reagent; and 20 (iii) renoving the unreacted unsaturated
aci di ¢ reagefR) t opsapeiridganpolyakenyl eleddatpuel ofdrkemsdturided aeitioreagéntlny
unsaturated acidic reagent containing a sedinent |level of less than 0.1 wt

% based on the total weight of the polyal kenyl derivative of the
(i} reacting a polyalkylene having a Mn of at least 300 with an

10 unsaturated acidic reagent at elevated temperatures and at a
pressure below 2 atmospheres in the absence of a strong acid
until at least 25% of the polyaikylene is converted to a

polyalkenyl derivative of an unsaturated acidic reagent;

(i)  continuing the reaction of the polyalkylene with an excess of
15 the unsaturated acidic reagent at elevated temperatures and
at a pressure below 2 atmospheres in the presence of a
strong acid to convert at least some of the unreacted
polyalkylene to additional polyalkenyl derivative of an
unsaturated acidic reagent; and

20 (i)  removing the unreacted unsaturated acidic reagent to yield an
unfiltered polyalkenyl derivative of an unsaturated acidic
reagent containing a sediment level of Ieés than 0.1 wt %,

. based on the total weight of the polyalkenyl derivative of the
unsaturated acidic reagent;

25 (b)  reacting the unfiltered product of step (a) with a polyamine having

at least one basic nitrogen atom;



unsaturated acidic reagent; 25 (b) reacting the unfiltered product of step
(a) with a polyam ne having at |east one basic nitrogen atom -8 (c)
diluting the product of step (b) with mneral oil free solvent; and (d)
subsequently filtering the diluted product to yield a

pol yal kenyl succi ni m de product having a sedinent |evel less than 0.1 vol

% based on the total volune of the diluted product. 5 THE POLYALKYLENE The
pol yal kyl ene can (@ a giutingdhegirodudtiofgtep @by péthahinerafdilfressolvent; andbe a
copolymer of two or nore types of olefins. Preferably, the polyal kylene is
a polybutene, nore preferably a polyisobutene, and nost preferably a

pol yi sobut ene whefdi n aubsesmentlerofy theailpted/podot ondeldas

met hyl vi nyl i dene 10 end oups. Pr.eferabl he pol yal.kyl ene has nunmber
average nol ecul ar  wei aﬂ'thQ‘ SB‘FC'@W'(E%BE‘{dyL@bB?V'Bgéf%’Hﬁﬂ)ﬁ%ﬂ@ﬂ?%g‘uﬁ“ 500
to 2500, and nore preparaloy, bdded dinaltotdtQoRtie/af the! fideed Srdduem about 500
to 1300. THE UNSATURATED ACI DI C REAGENT The term "unsaturated acidic

reagent” refers to maleic or fumaric reactants of 15 the general formula O

0 CHNCHC X X' wherein X and X pgue pgdvey spReLefnedi fferent, provided that
at least one of X and X is a group that is capable of reacting to

esterify al cohols, formanides, or amne salts with amonia or am nes,

form netal sghboNdIkyIERaEaN b8 SFSIFher &a %P\ﬁ?@?@%f'&eﬂrﬁ?}%?t?aélﬂl BELal

conpounds and otherwi'se function as ac gents. y, X and/or
X is -OH, -O0chpdyoeaobidq or Mdpe types of alafimst Boaferably, 18e golyatky¥neciara be - 0-

so as to for @oﬂ(%%}@,/%c;rg %’reiglr'éaglf Eiap%llﬁllsobétgr?cg aé%rneiogtugrgferab!y a
polyisobutene wherein at least 50% of the polyiscbutene has methylvinylidene
10  end groups. Preferably, the polyalkylene has a number average molecular
weight (Mn) of at least 300, preferably from about 500 to 2500, and more
preferably, the Mn of the polyalkylene is from about 500 to 1300.

THE UNSATURATED ACIDIC REAGENT

The term "unsaturated acidic reagent” refers to maleic or fumaric reactants of

15  the general formula:

0 0}

N\ /

C — CH===CH — C

/

X X

. wherein X and X' are the same or different, provided that at least one of X and
X' is a group that is capable of reacting to esterify alcohols, form amides, or
amine salts with ammonia or amines, form metal salts with reactive metals or
20  basically reacting metal compounds and otherwise function as acylating

agents. Typically, X and/or X' is -OH, -O-hydrocarbyl, ;NHZ, and taken together



t hat both carboxylic functions can enter into acylation reactions. Mileic
anhydride is a preferred unsaturated acidic reactant. O her suitable
unsaturated acidic reactants include electron-deficient olefins such as 5
nonophenyl mal ei ¢ anhydri de; nononet hyl, dinmethyl, maleic anhydride, N
phenyl mal ei m de and ot her substituted nmal ei m des; isomal eimdes; fumaric
acid, maleic acid,  alkyl hydrogen naleates and fumarates, dial kyl fumarates
and mal eat es X UGrt 671 ge cOagp @s taierman eahydrida iRreferably, FangoRiareisueh and

fumaronitril ?hat%tﬂ_ﬁgrq?g@ﬁpg@#cgﬁg@g g o8 liaﬂoh'?g tf.[oﬂg.t QI%IIGR(E ocess of

t he present invention conversion 0 yal kyl ene and
unsat ur at ed anhgdide Bappreferred thsaturatéy atidioveactiait| Qfifar ¢aitathlean unsat ur at ed

aci dic reagent. Among other factors, |t also helps to_|lower, the amunt of
sedi nent for H@&aﬁkﬁ?ﬁeﬂ@ﬁ%f ? §1%ife %lgcfr%-d?ﬁ?'gmt'%@FI%@U%%" refers to

an actd hgvi iorfophéhythalefSantyifBieahnbniting HiffetifiDindiei BRnpddRN-act d 1S
an oil-soluble, strong organic acid. Mre ™Pprefera ly, the strong acid is a
sul foni ¢ aci ¢hegylimaleimide gndedtbensubsiituted maitihides; iseroakkimisleanfushand ar vyl

sul fonic acid,. t preterably, .the al kyl gro of the al ar sul fonic
aci d has frprﬁcﬁgﬁﬁle@ QCBJ_??g‘YLﬁ)!(HBﬂe'A ateg@naﬁﬂ?'@r%tﬁﬁy&aﬁb%%ﬁﬁ c acid
i s present | mndmaleBtsd! firfafoRficrRiEarkf malimieiaus; al RfSoitiddng 1.0 w
% nore preferably 0.025 wt %to 0.1 w % and nost preferably, 0.05 to

0.1 wt % badeBashilfilee total weight of polyal kyl ene. PREPARI NG THE
POLYALKENYL DERI VATI VE OF AN UNSATURATED ACI DI C REAGENT 25 In the
preparation of the polyal kenyl derivative of an unsaturated acidic
reagent, 1®he nole ratio of unsaturldlEeSTROINGACElgent to pol yal kyl ene is
-10 preferably at least 1.0:1. More preferably, that nole ratio is from
about 1.0:1 to 4.0:1. Preferably, the unsaturated acidic reagent is added
over an ext efddedstongeacid used in the process of the present invention helps to increase

conversion of the polyalkylene and unsaturated acidic reagent to the
polyalkenyl derivative of an unsaturated acidic reagent. Among other factors, it

also helps to lower the amount of sediment formed during the conversion.

16 The term "strong acid" refers to an acid having a pKa of less than about 4.
Preferably, the strong acid is an oif-soluble, strong organic acid. More
preferably, the strong acid is a sulfonic acid. Still more preferably, the sulfonic
acid is an alkyl aryl sulfonic acid. Most preferably, the alkyi group of the alkyi

aryl sulfonic acid has from about 4 to 30 carbon atorns.

20  Preferably, the sulfonic acid is present in an amount in the range of from about
0.0025 wt % to 1.0 wt %, more preferably 0.025 wt % to 0.1 wt %, and most
preferably, 0.05 to 0.1 wt %, based on the total weight of polyalkylene.

PREPARING THE POLYALKENYL DERIVATIVE OF AN UNSATURATED
ACIDIC REAGENT

25 Inthe preparation of the polyalkenyl derivative of an unsaturated acidic

reagent, the mole ratio of unsaturated acidic reagent to polyalkylene is

-10-



period (such as fromabout 1/2 to 4 hours) instead of all at once, in order
to get 5 high conversion and mnimze sedinent. In step (i) of the process,
t he pol yal kylene is reacted with an unsaturated acidic reagent at el evated
tenperatures and at a pressure below 2 atnospheres in the absence of a
strong acid until at |east 25% of the polyal kylene is converted to a

pol yal kenyl derj vative of unsaturated acjidic reagent. Preferably, 10
bet ween aboutpr?tjg%‘ H@F@G%‘&B”t- gdtrgtarably that W’%E%\F’e’?tf@(ﬂ” £boubi Pl teeny!
derivative iy @he absence of a strong acid. Mre preferably, between about
60% and 75% of the pol yal kyl ene is converted to pol yal kenyl derivative in
the absence of a strong acid. In practice, this is achieved by adding the

strong acid F%fetrg'&y,ﬁtgg satstenddidic f&%g%fent ﬁé“&ddk!lﬁ@'&%’ & Sﬂeﬁ&é&“tiﬁker eage

nt.
15 One can neasure % conversion o reaction by any neans known to
soneone ski | Ipedod fsudteasmfrom #mut d¥atpd doursy imstehd df &ibat orees; in ondertthgebei ght
% actives.is arate uare.act.ed Bainélrnstobut ene fromthe product with

col um cﬁror?}!ﬂch)‘gfﬁa Vﬁwoﬁgp (jmﬁ'rﬂ'éﬁ-s sol vent such as, for exanple,

hexane, where the colum is packed with silica gel, alumna, or other

suitabl e 20 adsprbant.., In this case, the unreacted pqlyi sobutene is eluted
by the hexamilr,1 SPeQn qfiige Prasess; er%’ﬁ@"ﬂ&%ﬁ%ﬁ r@ﬁﬁteg’d’plﬁ'h%f' Uﬂﬁ%‘féﬁratﬁﬁé‘qfﬂ‘kang
i s evapor at e‘i‘eégjé?ﬂ‘atbf@aﬁa%l@}hf‘péﬁ@l@?eé én({?hﬁ% ; sdule bH!UmF?%ﬁr‘égP i ey ene is

wei ghed. Then ‘subtraction of ‘the welgh e unreacte utene from
the total weitlghabsgncesefrpstcongiaed undl ateasi?aimef thempolyalklediis dongerted s by

the total weight of 25 | e, | tiplication by 10Q, _ai th i ght %
actives. The W6 netyaiet BReEvE L offlnsabire el adle Riadah PHEEH s uoi no
the procedur @etwiest ab&&P5% abld B309%Faf el pdWpalkyieRd s S6Hverted taRIVkdnyi t he

reaction is continued with an excess of unsaturated acidic reagent at
el evat ed t enpieFi¥atiNecs thpabaence ofraskengasid) Mare prafambin debycem abouke

presence of S ' t
pol yal kyl ene%t0 o/ct' é@@?ts ?%%gﬁhbgjolﬁaigk%i%g c(ﬁ%“??'\?%l‘fI ?(858 Igf% TkaGh uc}}ééﬁ{aﬁ?%ﬁrﬁ@eaci dic
5 reagent. absence of a strong acid. In pracitice, this is achieved by adding the strong acid

at the end of the addition of the unsaturated acidic reagent.

- 15 One can measure the % conversion of the reaction by any means known to

someone skilled in the art. For example one method for measuring the weight
% actives is to separate unreacted polyisobutene from the product with column
chromatography using a non-polar solvent such as, for example, hexane,
where the column is packed with silica gel, alumina, or other suitable

20 adsorbant. Inthis case, the unreacted polyisobutene is eluted by the hexane,
and the PIBSA is retained on the column. After the hexane is e\faporated from
the sample that is eluted, the unreacted polybutene is weighed. Then
subtraction of the weight of the unreacted polybutene from the total weight of
sample added to the column, and then dividing this by the total weight of

25  sample and multiplication by 100, gives the weight % actives. The %
conversion is calculated from the weight % &ctives using the procedure
described in U.S. Patent No. 5,625,004.

-11-



The tenperature of the reaction in steps (i) and (ii) can vary over a w de
range. Preferably, the tenperature is in the range of fromabout 180 Cto
240 C. The pressure at which the reaction occurs is below 2 atnospheres,
fromabout 1.4 to 1.9 atnospheres, and nore preferably fromabout 1.5 to
1.8 atnospheres. 10 In step (iii), the unreacted unsaturated acidic reagent
I's renmoved by vacuum distillation, yielding an unfiltered, undil uted

pol yal keny!  Hestepdii), e tgfaction isesdinuedvdth an ercessrafagsaturatedt asidicng a

sedinent level_ of .less th 0. ferabl ess n 0.05 W % nore
preferably |E%asge[nﬁgﬁe%v6’r§%&;;n@er% ?ﬁ&‘fa %Péﬁfséflé?o*) eé? esEie N wt %
based on t hetepprised oha sitbn E@idﬂ@'dﬁ@l‘\/éﬂ%‘fiea%'ﬁsgﬁl'é'dﬁhé‘étﬁréHctéd‘e
unsaturated acidic reagent. Further details of steps (a)(i) through

(a)(iii) may pelvalkyieng tomdditignakpeluaikemd derigatisrofgBnunsaiusated arigig osur e
which is f%el Fcorporat ed for all purposes. PREPARI NG THE
POLYALKENYLS Iq M DES The pol yal kenyl succi ni m de can be prepared by
reacting the unfiltered, 20 undiluted polyal kenyl derivative of an

unsat ur at ed gels t descrl b d in the
previ ous sect?clﬁ %géﬁ%é%”%gpé’g%‘éﬁﬂg@’e@é @t qe@zé?g?f%@ PE ANV PBEN
atom The poPyefarabty, the tériplateand W@»@ mngéﬁpﬂﬂhﬁabcﬁnqmoﬂﬁﬁfo 240, e
about 0.1 to 1.5 equjval ents of polyam ne per equival ent of acidi cgroups

in the pol yaPl&ssyre alwhigath %eqﬁloarvceﬁ@dﬁ delaveqd aimpapleres algemtabops 1
Pref erably, - & 9l atibPheles aﬁ&w@ﬁag@ Aly HRAPELANLE 1041 SERELALAE and

about 4 to 20 car atonk, prefe ving our rogen a
Typically, the reaction is conducted at tenperatures in the range of from

about 685 C I t 30

minutes o EaPnBUacRy dndnitthed At AgbdlrarBled STVARHR .
reaction is dnhtlhimineghe&imgibmumf aenmsphe;tuted poaikengl ddrivative of ahi gher or

| ower pressur Wat er, presiqyte“ipg the system or

generated by! F?ﬁtgré}i%(g@pﬁw eagggt ‘fﬁ"g?'é}r&ﬁ yedigan lose Hean Bdcwt Bn system
during the Cﬁkérfél%b Ie&%&drﬁ@@?'vﬁr%vhﬁrébféﬁ&%'bﬂglegé‘%n @.'()@1[\‘9[?% éangz?ﬁdé‘fEd

pressures can [ acilitate't imnation o wat er forned
‘during the rgmferab tess than 0.01 wt %, based on the total weight of the polyalkenyl

15  derivative of the unsaturated acidic reagent.

Further details of steps (a)(i) through (a)(iii) may be found in U.S. Patent No.
16,156,850 and the disclosure which is hereby incorporated for all purposes.

PREPARING THE POLYALKENYLSUCCINIMIDES

The polyalkenylsuccinimide can be prepared by reacting the unfiltered,

20  undiluted polyalkenyl derivative of an unsaturated acidic reagent, produced by
the reactions described in the previous section, with a polyamine having at
least one basic nitrogen atom. The polyamine should be employed in amounts
such that there are about 0.1 to 1.5 equivalents of polyamine per equivalent of
acidic groups in the polyalkenyl derivative of an unsaturated acidic reagent.

25  Preferably, a polyamine is used having at least three nitrogen atoms and about

4 to 20 carbon atoms, preferably having four nitrogen atoms.

-12-



Sui t abl e pol yam nes can have a straight- or branched-chain structure and
may 10 be cyclic, acyclic, or conbinations thereof. CGenerally, the am ne
nitrogen atons of such polyamnes will be separated from one another by at
| east ~two carbon atons, i.e., polyam nes having an am nal structure are
not suitable. The polyam ne may al so contain one or nore oxygen atons,
typically present as an ether or a hydroxyl group. Pol yam nes having a
car bon- t o- ni t YRigaWY. the reaciipnis eprdustad at tegpgrawres i thegpage af fromuabouty

preferred. |goPERRAROYE W&ei‘énllﬂf%&i%ﬁ oc {1 f(%i&%fg{;r@"a%%it 3 n‘n‘iﬁidgs{% a

pol yam ne where the various rogen atons o amne are
geonet ri cal | {o abputvheurs, prefereblyadboitili $b i3t hdurerBypicallyntfesreactomp@ssi bl e and

each of these possible is rs is.enconpassed within the present
venti on. - 260RURRY PERPS B BPRRGHT B SaGu OB Bl Pl REANGPTASEIBR ¢t he

present imvegan a%oadé?usétﬂ'WQiéfY[lbr%QSnﬂﬁ'tb{é‘_ 'sft@is‘n or d¥HerSed DyAthleBRfon,

di am nes. Such pol yal kyl ene pol yam nes wi typically contain about” 2 to
12 ni trogen Btueterably ramoved froppthexgactiomsystamattingithefoeuedd of thehe al kyl ene

groups of su A | vam nes.w,l | ¢contain from about to 6
carbon at onsf%%xﬁ é‘%bgfg‘glwf ﬁﬁﬁ‘)gfg' §Bgﬂ?e(£plie(§sgre§aqa&0lhe QP@I‘%}Z to

Parti cul ar | yfaflititelthe eimindtickydfens watdrfafimeg duang thdeetbavi ng the formil a:
H2N- (RLINH) a-H - 13 wherein RL is a straight- or branched-chai n al kyl ene

group having about 2 to 6 carbon atons, preferably about 2 to 4 carbon

atons, nost gurhslePolyardhes tar hatdahARigHtOBBbrahcRed-cRhMYdtRIRELG- -);
and a is an mteaj%; froml to about 10,  preferably 1 to about 4, and nore

pr ef er ably 3be Sy¢lica apydis. oF caubinatiors fergedl Generallyptieaminesiitrpaen attens

pent yi ened agt aish AEBYHESSAl B s Bard PR D NE AP kD o U NS BERGA™ e
di propyl enet atomns, he,, potyaminby havingepr ampitahsiricuradaiesetrsoftgblenehei ani ne,
di butyl enetriam ne, di -s?c- but%ll enetriam ne, triethyl enetetraam ne,
tripropyl encPerRUR may also contain one or more oxygen atoms;, typically present as an

ether or a hydroxyl group. Polyamines having a carbon-to-nitrogen ratio of from
15 1:1 to about 10:1 are particularly preferred.

In preparing the compounds of the present invention using a polyamine where
the various nitrogen atoms of the polyamine are not geometrically equivalent,
several substitutional isomers are possible and each of these possible isomers

is encompassed within the present invention.

20 A particularly preferred group of polyamines for use in the present invention are
polyalkylene polyamines, including alkylene diamines. Such polyalkylene
polyamines will typically contain about 2 to 12 nitrogen atoms and about 2 to
24 carbon atoms. Preferably, the alkylene groups of such polyalkylene
polyamines will contain from about 2 to 6 carbon atoms, more preferably from

25 about 2 to 4 carbon atoms.

Particularly suitable polyalkylene polyamines are those having the formula:

HaN-(R{NH),-H

-13-



10 triisobutyl enetetraam ne, tetraethyl enepentam ne, pentaethyl enehexan ne,
di nmet hyl am nopropyl am ne, and m xtures thereof. Particularly preferred

pol yal kyi ene pol yani nes are et hyl enedi am ne, diethyl enetrian ne,

triethyl enetetraam ne, and tetraethyl enepentanmine. More preferred are

et hyl enedi am ne, diethylenetriamne, and triethyl enetetraam ne. 15 Most.
preferably, polyal kyl ene polyan ne is especially triethyl enetetraam ne.
Many of the MOEIRIFFdS asiiaigiitt er branchedchanalyienegwup having about 2t
comrerci al |y ~ayak Vi ' e wel l
known in the artl.n gb%é@%?f%%g!gﬁén@@ 8%%#5;8)&%%@?%0%%@%%8%%%%
reactions . ar eattenztoms, i.e, Sthytens ERHsCHHxear@ ginam irflbgen fsdmyl tof adbutriagen”,

20 C arendon_Pr.es ford, 1966; Noller's, "Chem stry of Organic
Conpounds", p@iﬁ‘ﬁi’@f&% ?’ﬁ‘?ll’ta‘é@rﬁﬁlm‘ﬁfe PRl 5-1057; and Kirk- Ot hner' s
"Encycl opedi a of Chem cal Technol ogy”, 2nd Ed., especially Volume 2, pp.
99-116. the concl ysi gn of the reaction, .the resulting .

pol yal ke%l SEE@WP% ‘Elﬁgq'@b@i WQ!Y%HVIQW palvamirgripgludg;atyleaedigginent |
preferably a }ﬂ#@d' sal f r t i
particul arl yBlécﬁjir t abl Eaaﬁ?@g’f %@Pfﬁ:pty faQtP%dh%ﬁ P ?h?@glr?%gg%n?g@‘t %%]r?%héragrr\'ahé’of t he

product vi scbexylgnediamite, didtbylenetiamins difropwsseteigpiingj ve filtration

t hods, e.g,.f i_nst filt | ' b \ ' filt ,
W thout "t he dredhypmintaR S, 2SRt Be B e PV et s 0 pein ar  y
advant ageousbiiyldniéstiamiké, ﬂ%ﬁéﬂﬁaﬁ@@hi@tﬁ;{?@ﬁyiahé{@ﬁagmimen used as a

gasoline detergent, the presence of mneral oil diluent wll induce the

for mat i off? of trisnhuideneiatraaming tetrrgibyWenepentanime, pestaciRdapekexarnipear omat i ¢
sol vent, usegq: Lutd on. of . Lnimde, 5 may be selected from
the group coﬁ@ﬁ%@yl%'gﬁ%&rbgwémg aﬁ;dhﬁﬁyggihﬁ%{gbgl kyl at e, yAI‘OfYB.t I c 100,
Aromatic 150, Aronmtic 200, Shellsolv AB, Caronmax 20, Caromax 29 and HAN
857. F f . ' ith a high flash point are
oeierred nepHePRN IR s RinAingnd B EnlidsiaR b MBngieRifes Mar e, ° v ch
I's a m xtur ediethylevetrianiey tduthyiehdletraairing, RedzetacthGRneBehtantinb SMepé vent

preferred are ethylenediamine, diethylenetriamine, and triethylenetetraamine.

15 Most preferably, polyalkylene polyamine is especially triethylenetetraamine.

Many of the polyamines suitable for use in the present invention are
commercially available and others may be prepared by methods which are well
known in the art. For example, methods for preparing amines and their
reactions are detailed in Sidgewick's "The Organic Chemistry of Nitrogen",

20  Clarendon Press, Oxford, 1966; Noller's "Chemistry of Organic Compounds",
Saunders, Philadelphia, 2nd Ed., 1957; and Kirk-Othmer's "Encyclopedia of
Chemical Technology", 2nd Ed., especially Volume 2, pp. 99-116.

At the conclusion of the reaction, the resulting polyalkenylsuccinimide is diluted
with a mineral oil-free solvent, preferably an aromatic solvent. The use of an
25 aromatic solvent is particularly suitable to facilitate filtration due to the lowering
of the product viscosity, which allows the use of less expensive filtration
methods, e.g. for instance filtration using bag or cartridge filters, without the

use of filter aid. The absence of mineral oil is particularly advantageous in fuel
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10 can be purchased from conpani es produci ng branched al kyl benzene (BAB) or
| i near al kyl benzene (LAB). In the present invention, |light alkylates
obtained from BAB distillation are preferred. The aromatic solvent is
preferably present in the polyal kenyl succinim de in an anmount of about 20
to 50 wt % and nore preferably in an anount of about 30 to 40 vt % 15
The process of the present invention is characterized by the substanti al
absence of = sedditigaapplisaional indeed hwherdsedas d gasslinefdetdrgent, the presence

| yal k I L. 0i g d Wil be, bel 0.1 | % b t he total
Vol time of "¢ nd HlerPLr ARl Ml e S erafia iy PotfBusiion FRaTDR debrds y, -
the sedi men{CCenel of the polyal kenyl succini mde product will be bel ow

0.05 vol % 20 nore preferably |less than 0.02 vol % and nost preferably
| ess than 0.01 vol % based on the total volune of the diluted product.

The product s Fof ek&@pRY, Breamondtict Stiveit agRit fol FEHItRR Gt YaBEiHImiBE! se as
detergents for fuel additives in gasoline and diesel fuels and the I|ike.

The absefceM#AY be felealeddram the graipdiangisting of teluene, ewytents dght Alkylate,

Ul . e . . % St
Loward the 1 orouieie 18grARE R A6TAT 280 Sudisoly ABT BalgmBIRE L7 oduct s of
the process Glardhex 29rasiANI 857¢ For eafdhaiseuad, sromatiosohentLwith & fighow 10

ppm maki ng them hj ghl esirable alternatjve additives conpared to
conparabl e p 6%995‘%!’ B’Eg%'ﬁe%woﬁk@efﬁﬁ@fayi herarematic solvept isclicty alkyiage,

EXAMPLES Theyinaveiaty I g ha f |
exanpl es, V\hlm}cr[] slgtd ﬁp%%hdféa;}?tnﬁ%ﬁma%v)\/’élghygﬂl(? %%gg%'ls?é/‘%fﬁaﬂgjgh%o&%ﬁt S.
Wi | e t h0 Exaaplbespuckasedrfonm dethpanied produciag dramehenr sikgbenzene@AB oer t hey
are not intepded t imt i is, 5 applicatign is.intended to cover those
vari ous l:han %%araﬂ{@’lé?ﬂfﬁnﬁt(ffﬁgnE%F‘?lBfé)speﬁﬁﬂf‘vﬁ@ﬁ%dQhwh“ﬁ’%g%%ogﬁ“l'%d_ in the
ar ; vwlte hgut HORPBABWsHIBREsh BREpratbiéd. BidarontREsdWerlt R pARERRALHreskAL B

w in the polyalkenylsuccinimide in an amount of about 20 to 50 wt %, and more

preferably in an amount of about 30 to 40 wt %.

15 The process of the present invention is characterized by the substantial
absence of sediment. Typically, the sediment level of the
polyalkenylsuccinimide product will be below 0.1 vol %, based on the total
volume of the diluted product, i.e., polyalkenylsuccinimide. Preferably, th'e
sediment level of the polyalkenylsuccinimide product will be below 0.05 vol %,

20  more preferably less than 0.02 vol %, and most preferably less than 0.01 vol
%, based on the fotal volume of the diluted product.

The products of the process of the present invention are useful per se as
detergents for fuel additives in gasoline and diesel fuels and the like. The
absence of mineral oil in the diluted product enhances their usefulness as fuel
25  additives since mineral oils tend to contribute toward the formation of
combustion chamber deposits (CCD). The products of the process of the
.present invention have also chiorine levels below 10 ppm, making them highly
desirable alternative additives compared to comparable products produced by

the chlorination PIBSA process.
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1000 parts of high nethylvinylidene polyisobutene (PIB) having a M of
about 10 1000 (BASF dissopal 1000, 88% nethyl vinylidene content) was
added to a stainless steel reactor. The reactor was heated to 220 C under a
nitrogen atnosphere. Once the reactor reached 220 C, the reactor was held
at these conditions for PIB dehydration for 15 m nutes. After dehydration,
the reactor was pressurized to approximtely 1.7 atnospheres using
nitrogen. Once the 15 reactor reache&EXAMPLESessure, the first addition of
mal ei ¢ anhydride (MA), corresponding to a MAPIB nole ratio of 1.49:1, was
added at a constant rate, in the absence of sulfonic acid. The reaction
condi ti ons wéhe imintioniwilbbe futhadliustiated by theMdlewirigexsarmples, which ss¢cond

ddi t i f . i ng_t VAPl le ratio,. qf .0.51:1, dded
o Const antorraibgaRY S5 Ataboads MeademBRu sty Rivle vl Bxagings g e
anhydr i de adgidvidat toQtratd tHé presEdt ORI Mheysarel itiigtenakd to i ifdeed to

the reactor. The reaction conditions were maintained two additional hours
under an absaPRiicatipp éssitpndegito coveathese yeepes changes and substijetionsithat he

oty appi i D60 e EERAT N SHRE ARG o) PUAGRFan L Panfine AN B o cur y

(absol ut e) i scapadefrtht@ppendsd claisexcess of mal ei ¢ anhydride. Once the
react or pressure reached less than 50 mm nmercury (absolute), this
condition was held for about 1 hour. At the end of this hold period, the
reactor was pressurized W th nitrogeRxdmpRri Tospheric pressure and cool ed
down. The unfiltered, undiluted polyisobutenyl succinic anhydride (Pl BSA)
has a -16 saponification nunber of 118 ng KOH g, an active content of 91.5

w % and  sed0O®phrtobf Aighdhethlylviftylid&Rd paRidobuttineUFR] h&vieg aRURSA apBLE
charged into a reactor equipped with a nmechanical stirrer, thernoneter,
and ni t riYen1900 EAStiseopal 1088 A8Y mRthivieylidsneicesenibwanedded te@ about
L0 oo & PRl BRI o AU ALGL A 1708 T bR o
t he TETA addatmaspherdidOraniherr@boioe reached 220 °C, the reactor was held at these
conditions for PIB dehydration for 15 minutes. After dehydration, the reactor
‘was pressurized to approximately 1.7 atmospheres using nitrogen. Once the
15  reactor reached this pressure, the first addition of maleic anhydride (MA),
'corresponding to a MA:PIB mole ratio of 1.49:1, was added at a constant rate,
in the absence of sulfonic acid. The reaction conditions were maintained for 90
minutes. After this time, the second addition of MA, corresponding to a MA:PIB
mole ratio of 0.51:1, was added at a constant rate over 21 minutes. At the end
20  of the second maleic anhydride addition, 0.05 wt % of C4-Caq alkyl sulfonic acid
was added to the reactor. The reaction conditions were maintained two
additional hours under an absolute pressure of 1.7 atmospheres. After this
period, the reactor was depressurized to atmospheric pressure. Then, a
vacuum was slowly applied, and the reactor depressurized to less than 50 mm
25 mercury (absolute) in order to remove the excess of maleic anhydride. Once
the reactor pressure reached less than 50 mm mercury (absolute), this
condition was held for about 1 hour. At the end of this hold period, the reactor
was pressurized with nitrogen to atmospheric pressure and cooled down. The

unfiltered, undiluted polyisobutenyl succinic anhydride (PIBSA) has a
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was raised to 165 C and maintained for 1 hour. After the hol ding period,
the water forned during the reaction was renoved by nitrogen stri pping
under 10 reduced pressure (30 mMmm Hg) over a 45 mnute period. The reaction
m xture was cooled to 110 C and diluted using 706.5 parts of |ight

al kyl ate (available from Chevron Oronite Conmpany LLC). The diluted
material was filtered using | mpolyester filter nedia and anal yzed. The
di | uted pol ysapifigasioosiumbergé 118mod K- gasn active ventent of@ bStwt Brargl wt %
percent nitr : 9%, COl or 15 (ASTM D1500): 2.51D, and sedi nent:
0.01 vol % (8&@'3]9\9%98@&0 f“c'ﬁ/é' filtration). Exanple 2 The PI BSA was produced
in a simlar manner as described in Exanple | using the sane reactants

except that ed. i sinale addjtion. The reactqr .was heated
£o 500 c o 1000 BB P uRflERe Piaga anh R bl rodon s GRPR Ruvits

cor r espondi nghethamiciitindd thehRomatdroand ndichenviAiet. asstes iogen iGRsthent rate
over 3.0 hours. At the end of the MA addition, 0.1 wt %of the sulfonic

aci d was addBiBSAmastheatedio abautifeq. $BSWinariscficemmerciad2C over a  one hour

iod. Th WoTel| : \ ) th
brd of ¢ o MReL YRt e T SRR DA CotRMAES ofiE" "
Exanpl e 1. Toeerabtamirdtepdriodt Aftertheugretl bithed A yiddition| theylensparaiuné C

anhydride (Pl BSA%iphas a_ saponi fication nunber of 119.5 _KOH/ g, an active
content of 9wadraipediqu b Se@ndanaingained fur4l hpundfter the Helding perasl, #e t he

general condjtj rﬁje?ﬁ rh i E;ﬁm Of: -und i | d Pl BSA
from Exanpl gwé{e\?ve%r:'re C gl#%ﬁﬁ}en'{ég ourlagé%rlgo‘r]"%%gy Eﬁﬂ‘é 2l %{%Qﬁ@g I'[ngfe":‘about 70
C. 140. 2(par tesiuoéd pozssare (30 mint Hey) bybeadbahinats periddl B repatiohasigidre f rom

Del am ne Oor@oration) were added, After stripping of the water forned 5

during the rwagcprelgddadi18q6i @%dM%,USEWQﬁ-g@@E(ﬁ afdighigelkyletei(aysilaje731. 5
f th | I d |_adl .t Ls 1 p.
ol yester TP raedaf Orahfe Cotfbdly (Ol TRE LIS mikal et HiBfed GiRg 1t 0 ™

product has @m mobyester fileo nieztkh and Snalyekd 9T hedilvledtpoydikagsicchimiet %
col or (ASTM D1500?: 2.6D, and sedinent: 0.005 vol % (0.01 vol % before
filtration).Producthas a solvent content: 37.8 wt %, percent nitrogen: 2.81 wt %, color

15 (ASTM D1500): 2.5D, and sediment: 0.01 vol % (0.02 vol % before filtration).

Example 2

The PIBSA was produced in a similar manner as described in Example 1 using
the same reactants except that the MA was added in a single addition. The
reactor was heated to 220 °C. After dehydration of the PIB, the maleic

20  anhydride, corresponding to a MA:PIB mole ratio of 2:1, was added ata
constant rate over 3.0 hours. At the end of the MA addition, 0.1 wt % of the
sulfonic acid was added. The reactor was then slowly heated to 232°C over a
one hour period. The stripping of the unreacted MA was started 30 minutes
after the end of the MA addition following the same procedure as described in

25 Example 1. The obtained unfiltered, undiluted polyisobutenyl succinic
anhydride (PIBSA) has a saponification number of 119.5 mg KOH/g, an active
content of 91.2 wt % and sediment of 0.004 wt % (0.01 vol %).
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10 Conparative Exanple A The sane reactants and the same general procedure
were used as described in Exanple 1, except with a MAPIB nole ratio of
1.6:1 and no sulfonic acid catalyst. The PIB dehydrati on was perforned at
2175 C. The first addition of maleic anhydride, corresponding to a MA:PIB
nole ratio of 0.46:1, was added 15 at a constant rate over 15 mnutes at
175 C. The terrperature was -increased to 210 C and the rest. of the naleic
anhydri de waYsigdba agners! conditians desgrbedondrxampe i 1008 partarafamnfitaredend of
the maleic a i ai ned
during 5 hou?ig%And'%?n g%g%g%?méég%hégﬁr’g Opu?ﬂ%?ﬁf@%dﬁ'éﬁaq@ gﬁés The
unr eact ed nmabbout AhN.dr4002 paes oébommmmt:aﬁtnemylametéﬁamﬁ@mqnurabased

d bed Ex 1. Th filt d | ut | but e
anhydr i de.(PrBSAIERIIT CORARORLUGICARIRIASEY STPPIE ofeReRPL OrEiSthor | ve.
content of BGu%q‘ﬁhe%e%Bﬁoﬁﬁﬁﬂ EBBlinPdoln ORe\itbd et WaSdiedual 51 BSA was

first diluted w . % of an aromatic solvent (CaromaX 20 purchased
from Car | esspadsdf fhid light atkytate.olighdifuted enatarial. wé’shﬁlté?ﬁdhsirtge‘i euh polgrestiel ut ed

Pl BSA h ficat d di tent of
0. 005 vol % TBaDeaAn ST he e’ paRRKETS cirﬁevcé%ﬁrqdu*?cﬂhﬁ%”ze;ar U
of TETA (Del 3688t bR 89 Isqm)%abeﬂe@'a?nﬁ@peﬁnf 7'8%%, &her ngﬂ(@’rmm%

during the reaction was elim nated illation at atnospheric
‘pressure. Af 28D, vl sadimentig, 0&51@1%&%Dﬂ|\4¢i tebekase filiatiney. diluted with the
-18 aromatic solvent to target the sanme nitrogen content as Exanples | and
2 (e.g. 2.8w %. The diluted material was anal yzed as having a sol vent
content:133.3 wt % percent nitfogwarativesBxampkpAcol or (ASTM D1500): 2. 5D,
‘sedinment: 0.005 vol % 5 Exanple 3: XUD9 Engi ne Performance The Peugeot
XUD9 Nozzle Fouling Test (CEC F-23-A-01) was used to evaluate the

det er gency pibpeatiecsastants odd the sameaenedaliprotcdure were ssedfastdascripeésent

' nvention. E%C xén%rsﬂte Y\%xcep vrvftheg l\ﬁK:tPlanm&E P atio o? % 1%% %orseLIl’re nic acid
catalyst. The PIB dehydration was performed at 175 °C. The first addition of
maleic anhydride, corresponding to a MA:PIB mole ratio of 0.46:1, was added

15 at a constant rate over 15 minutes at 175 °C. The temperature was increased
to 210 °C and the rest of the maleic anhydride was added at a constant rate
over 100 minutes. After the end of the maleic anhydride addition, the reaction
temperature was maintained during 5 hours under an absolute pressure of
about 1.7 atmospheres. The unreacted rﬁaleic anhydride was eliminated in the

20 same manner as described in Example 1. The unfiltered, undiluted

| ‘polyisobutenyl succinic anhydride (PIBSA) has a saponification number of 114
mg KOH/g, an active content of 84.5 wt % and sediment of 0.02 vol %.

The uncatalyzed PIBSA was first diluted with 20.5 wt % of an aromatic solvent
(Caromax 20 purchased from Carless) and filtered through filter aid. The

25 filtered and diluted PIBSA has a saponification number of 94.8 mg KOH/g and
sediment content of 0.005 vol %. 1000 parts of the filtered PIBSA was reacted
with 111.2 parts of TETA (Delamine Corporation) at 165°C for one hour. The
water formed during the reaction was eliminated by distillation at atmospheric

pressure. Aftér cooling down, the succinimide was further diluted with the
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fuel, purchased from Hal termann, whose characteristics are shown in Table
1. TABLE I TestsUnitRF93-T-9513 Density @15 CKgl 1 0.841 Sul fur Contentppm
W w346 Distillation "C195 Initial Point 5%228.4 10%C239.2 20%C251
309€C260. 2 409%C269. 1 509%C277. 4 60%C288. 1 70%C299. 4 80%C313. 6 90%C332. 7
959%C352. 3 Fi nal Point C362.8 10 Each test was conpared to base fuel al one.
The sol vent concentration of the polyal kenyl succini mdes was adjusted to
target the sarmmatinsaleentdo éaiiget thecgame nitraqgengeontentSasiExamplesriogmah 2 (amd t he

| yal k I I ng, A t est. t th ane treat rate. Resul are
Chown 1 n Yantd B et et ahphig{ivadool ed Bhel k% soflt oty o3t
bui I dup in t{e%, yRircértirfteddin: 218ewhpghelort(ASTAP D1890H UBSDf sinehh®.0@$ s
deposit -buil dup. The results show sim | ar performance between the

pol yal kenyl skelcieni ni de prepared by the process of the present invention
and the succinimde of the conparative exanple and thus -19

5 Example 3: XUD9 Engine Performance

The Peugeot XUD9 Nozzle Fouling Test (CEC F-23-A-01) was used to
evaluate the detergency properties of products obtained in the process of the
present invention. Each test was carried out in CEC-R-F93-T-95/3 reference

fuel, purchased from Haltermann, whose characteristics are shown in Table 1.

TABLE 1
Tests Unit RF93-T-085/3
Density @ 15 °C Kgfl 0.841
Sulfur Content ppr whiw 3456
Distillation
Inifial Point °C 195
5% *C . 2284
10% °C 239.2
20% °C 251
30% °C 260.2
40% °C 269.1
50% °C 2774
60% °C 288.1
70% °C 2004
80% °C 3136
90% °C 332.7
95% °C 352.3
Final Point °C 362.8

10 [Each test was compared to base fuel alone. The solvent concentration of the
polyalkenylsuccinimides was adjusted to farget the same active material
content (e.g., 2.8 wt % nitrogen) and the polyalkenylsuccinimides were tested
at the same treat rate. Results are shown in Table 2. The residual flow
provides an indication of deposit buildup in the fuel injector. The higher the

156 residual flow, the less deposit buildup. The results show similar performance
between the polyalkenylsuccinimide prepared by the process of the present

invention and the succinimide of the comparative example and thus
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denonstrate no detrinmental effect due to performng the am nation reaction
on the unfiltered PIBSA. However, the polyal kenyl succi ni m des of the
present invention described in Exanples 1 and 2 are advantageously nore
cost effective due to (1) the use of sulfonic acid | eading to higher

pol yi sobutyl ene 5 conversion and | ow sedi nent pol yi sobutyl ene succinic acid
anhydri des; and (2) the suppression of an expensive PIBSA filtration step
and t he redudemonstiite needatdmental effebtdgaitchperfortieg the amirtstion reaetibn GABLE 2

Fuel tested eedle ift Base f @6Ba e fuel + 55
bom wiw of - et tade ] e MR S St iS00 pase
fuel + 55 ppﬁ\r@ﬁﬁérﬂtﬁé&nﬁédﬁi@&aﬁﬂﬁs tahd Q@ HBAWHRcdsN éleaddst: 1. A

process of preparing pol %al kenyl succi ni m des conprising the st e&; (a)
( gent

preparing a PERGHNEIBRIP (AEiewss W@Lﬂfﬂﬂ@rﬁ%@@m@éﬂgh@ RﬁMSOlEUtN by
10 15 20 |
T oA apom o a0 T 1 Bl

bel ow 2 at nutkzprwppsessmrt Meambmmwwﬁ’l%ﬁsfﬂtmngn atapanahthd re@lﬁjch@ra@f 25% of

t he pol yal kyl e e |s converted tqg a al kenyl derivative of an
unsat ur at ed WaBEdTEeralsgig-as the fttratlo l¥
.-
TABLE 2

Fuel tested Residual flow at 0.1 mm needle lift

Base fuet 8.3%

Base fuel + 55 ppm wiw of Example 1 19.5%

Base fuel + 110 ppm w/w of Example 1 23.6%

P T e pm Wi of 19.2%

Base fue[r-l-;l L?,PH,{'.:V{\W of 23.0%
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(ii1) continuing the reaction of the polyal kylene with an excess of the
unsaturated acidic reagent at el evated tenperatures and at a pressure

bel ow 2 at nospheres in the presence of a strong acid to convert at | east
some of the unreacted polyal kylene to additional polyal kenyl derivative of
an unsaturated acidic reagent; and (iii) renoving the unreacted
unsaturated acidic reagent to yield an unfiltered polyal kenyl derivative
of an unsatClaatsed acidic reagent containing a sedinent |evel of |ess than
0.1 w % based on the total weight of the polyal kenyl derivative of the
unsaturated acidic reagent; (b) reacting the unfiltered product of step (a)
with a pol yam nd. hawA pmcess lof pséparing heigalkemyisucdsimidéoompadingdhedi | uti ng
t he product of step wih mneral oil-free solvent; and 5 10 15 (d)
subsequently filteri ﬁ?ggﬁsn%-di | uted product of step (c) to yield a

pol yal kenyl succi ni m de product having a sedinent |level Iless than 0.1 vol

% based on the total volune of the diluted product. 2. The process
according to clai m 1(@her &r@PRING2 DFIVeeNY derivaive efian vrsaturated agidiced wit h
the unsgturated acidic reng%% tilﬂ,the absence of a strong acid until

bet ween about 25% and 80% o rh pol yal kyl ene is converted to the

pol yal kenyl derivative of an wunsaturated acidic reagent 3. The process

according to claiml whey ebleidy 5HERafend RSving a Mn of at least 300 with an

unsaturated acidic reagent at elevated temperatures and at
a pressure below 2 atmospheres in the absence of a
strong acid until at least 25% of the polyalkylene is

10 converted to a polyalkenyl derivative of an unsaturated

acidic reagent;

(ii) continuing the reaction of the polyalkylene with an excess
of the unsaturated acidic reagent at elevated temperatures
and at a pressure below 2 atmospheres in the presence of

15 a strong acid to convert at least some of the unreacted
polyalkylene to additional polyalkenyl derivative of an

unsaturated acidic reagent; and

(iii) removing the unreacted unsaturated acidic reagent fo yield
an unfiltered polyalkenyl derivative of an unsaturated acidic
20 reagent containing a sediment level of less than 0.1 wt %,
based on the total weight of the polyalkenyl derivative of

the unsaturated acidic reagent;

(b)  reacting the unfiltered product of step (a) with a polyamine

having at least one basic nitrogen atom;
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pol yal kyl ene is reacted wth the unsaturated acidic reagent in the absence
of a strong acid until between about 60% and 75% of the polyal kylene is
converted to the pol yal kenyl derivative of an unsaturated acidic reagent.
4. The process according to claiml1l, 2 or 3 wherein the polyalkylene is a

pol ybutene. 5. The pr,ocess, accordi n 0 cgai m 4 wherejn the polybutene is a
20 pol yi sobut ene. 6. (Fhe p?’r“b'ﬁ@g@%EMH step @Qw'tﬁ‘]’g"\ﬁf@r@r &polvesst 50%
of the polyisobutene has gif hyl vinylidene end groups. 7. The process

according to any one of the preceding clains wherein the polyal kyl ene has
a Mh of fromabout 500 to 2500. -22 8. The process according to any one of

claim 1 to 6 wher el faj he subbiabiy RsiriAhedMbtrodirories e pRdibe, 1300

9. The process accordihg to any one o ng clarns I n the
unsat ur at ed aci di ¢ r eagenta palyalkbpylsuagihiymide geodict Havintha spdiosatdea cor di ng

to any pgne of the precedi cl. ai grein the nole ratjo of unsaturated
aci di c Peagent to polyal E%’Seh‘?ni@q Q’H]I/‘régﬁse?.%‘. ipe tofpl i’?'.”"ﬁn@f g}eocess

according to any one of thkRuEsRdueE clains wherein the reaction is
conducted at a pressure fromabout 1.4 to 1.9 atnospheres. 12. The process
according to any one of clainms 1 to 10 wherein the reaction is conducted

at a pressure from abid prbcBs$ Qcéor%infgbﬁlﬁiﬁmr\ﬁ%reﬂﬁn sk ss according
to any one of the preced?n cl ai s wherein the st roﬁg(éabgziﬁ?i s an
oi | -sol ubl e, strong ®olatkydene isdreacted with the unsaturated acidic reagent in the
absence of a strong acid until between about 25% and 80% of the
10 polyalkylene is converted to the polyalkenyl derivative of an

unsaturated acidic reagent

3. The process according to claim 1 wherein in step (a), the
polyalkylene is reacted with the unsaturated acidic reagent in the
absence of a strong acid until between about 60% and 75% of the

15 polyalkylene is converted to the polyalkenyl derivative of an

unsaturated acidic reagent.

4, The process according to claim 1, 2 or 3 wherein the polyalkylene
is a polybutene.

5. The process according to claim 4 wherein the polybutene is a
20 polyisobutene.
6. The process according to claim 5 wherein at least 50% of the

polyisobutene has methylvinylidene end groups.

7. The process according to any one of the preceding claims
wherein the polyalkylene has a Mn of from about 500 to 2500.
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14. The process according to claim 13 wherein the strong organic acid is a
sul fonic acid. 15. The process according to claim 14 wherein the sulfonic
acid is an alkyl aryl sulfonic acid. 20 16. The process according to claim
15 wherein the al kyl group of the alkyl aryl sulfonic acid has from about
4 to 30 carbon The process accordi nggto any one of clainms 14 to

ons..17. _
16 wherein the Sul f oliCPREPES PECHAINGLIR afy0ne DERBIMS 1itR & WReradmiRe of fr om
about 0.0025%to 1. dewmﬁ@@ﬁ@ﬁgswhrl—?ﬁtdpﬁ abolies@hio $8odo! yal kyl ene. - 23
0

18. The process according to any one clainms 14 to 16 wherein the
sulfonic acid is present in an anount in the range of fromabout 0.025%to

0.1 wt % based ap themé)ﬁ,@,lceggbgﬁéadg{gl%oém%hp?%epr@géﬁ?gwg”g ocess

according to any one of claims 1 nic acid is
present in an anount wherehetheamgaturbtdd aciditireageniOis 06ateicoarthytiride. % based on
the total weight of polyal kyl ene. 20. The process according to any one of
the preceding clains wherein the polyam ne has fromabout 2 to 12 am ne
nitrogeh atons Hhd fltenpmicess a2cendir@ytocambome af thespret8diddy. cldihes process

according to any one of the, precedi | ai erei.n the | yami ne is
derived from a pol yal ﬁrgﬁ‘ethﬁd'f‘ﬁ?@rﬁaﬂg O?Haﬁgg‘\fﬁt\éﬂ@qﬂ '6@%@%5302 to 12 anine
nitrogen atoms and frgyRaliRRene iPatiBagh ay bon atoms. 22. The process

according to claim?2 erein the polyal kyl ene 15 pol yam ne has the
formul a: H2N-(R1-NH2)a H wherein R, is an al kyl ene group havi ng from about

2 10 6 carbon 2105 FHipRckSs ABcorairkRPR aly QT8 bf i FReYHIngYlaims
wherein the reaction is conducted at a pressure from about 1.4 to

10 1.9 atmospheres.

12.  The process according to any one of claims 1 to 10 wherein the
reaction is conducted at a pressure from about 1.5 to 1.8

atmospheres.

13.  The process according to any one of the preceding claims

156 wherein the strong acid is an oil-soluble, strong organic acid.

14.  The process according to claim 13 wherein the strong organic

acid is a sulfonic acid.

15.  The process according to claim 14 wherein the sulfonic acid is an
alkyl aryl sulfonic acid.

20 16.  The process according to claim 15 wherein the alkyl group of the
alkyl aryl sulfonic acid has from about 4 to 30 carbon atoms.

17.  The process according to any one of claims 14 to 16 wherein the
sulfonic acid is present in an amount in the range of from about
0.0025% to 1.0 wt % based on the total weight of polyalkylene.
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23. The process according to claim22 wherein a is an integer from1l 20 to
about 4. 24. The process according to claim?22 or 23 wherein R is from
about 2 to 4 carbon atoms. 25. 26. 5 27. 28. 10 29. 30. 15 31. 32. 20 33.
The process according to any one of clainms 22 to 24 wherein the

pol yal kyl ene pol yam I s et hyl enedi ami ne, diethyl enetriamne,

tri et hyl enet et r adtn ngﬁ’%?@@?géé??{ INShio R ht AR nglam%16rt%é@s‘§h%!'@ﬂbm ng to

any one of clains 22 M%ﬁlg:é(&?ﬁseﬂ)ﬂéséhﬁin Phivdulyintihe rARbY BFHBm hout

triethyl enetetraam ne. process according to any one of the preceding
claims wherein the Mf.025%ltodl.1 w2 dasel vertheitstahweight i polyaiolarent . The
process according to claim27 wherein the aromatic solvent 1is selected
fromthe group consisting of toluene, xylene, light alkylate, Aromatic
100, Aromatic 1518, ankhefprocess acérdingfiocamyr aneebclaguenditodtiwhensin thee of
cl ai ns % to 27 wherei nfthe aromatic P'OI vent is,| i%ht al k;(/)lf?te.

sulfonic acid is presenf’in an amount in the range of from about

0.05% to 0.1 wt % based on the total weight of polyalkylene.

20. The process according to any one of the preceding claims
wherein the polyamine has from about 2 to 12 amine nitrogen

atoms and from about 2 to 24 carbon atoms.

10 21.  The process according to any one of the preceding claims
wherein the polyamine is derived from a polyalkylene polyamine
containing from about 2 to 12 amine nitrogen atoms and from

about 2 to 24 carbon atoms.

22.  The process according to claim 21 wherein the polyalkylene
15 polyamine has the formula:

HaoN-(R1-NH2),-H

wherein Ry is an alkylene group having from about 2 to 6 carbon

atoms and a is an integer from 1 to about 10.

23.  The process according to claim 22 wherein a is an integer from 1
20 to about 4.

24. The process according to claim 22 or 23 wherein R, is from about

2 to 4 carbon atoms.
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The process according to any one of the preceding clains wherein the

sedi nent | evel of the polyal kenylsuccinimde is less than 0.05 vol %
based on the total volune of the diluted product. The process according to
any one of clainms 1 to 29 wherein the sedinent | evel of the

ol yal kenyl succi,p m is |less than,0.02 vol base n_the total, vol une
P e et oq” Pbaucthe RiaseSs abaaing oo e ohoBs 4240 26 Wherpirthe Lo 26

wherein the sedinent | han 0 01
vol 9% based on the F%d(; aﬁﬁsgé Sﬁe%g? ﬁJt?' ﬁ%&g?%egﬁlp gdﬂ??wéi{%ﬁt'ﬁﬁ'ﬁ"cé

produced by a procesdrigthylarietetrapmine, ot tgimetiyleriepentampwri ng a pol yal kenyl
derivative of an unsaturated acidic reagent by -25 5 10 15 (i) reacting a
pol yal kyl ene having a Mh of at least 300 with an unsaturated acidic
reagent at el evdtted t'ﬁlﬁppmeasascmluiﬂwato any pnesbdambaldo22 wheresptiner es i n
t he absence of a straon H?’d unt h”ﬁSO/ 0,0 the ol yal kyl ene is
convert8dd to a pol yal yﬁ@?ﬂ? W@edﬁ e eletpa ' aci di ¢ reagent;

, (1) continuing the reaction of the polyal kyl ene with an excess of the
unsat ur ated aci ent at el evated te er at and at a pressure

bel ow 2 at nosph es i 1 ROcHPR aarging to ap ‘Prﬂ%ﬁg hé"o‘PrEC? NgSR at | east
some of the unreact e%hé]%fn\’ﬁllekrﬁlr%'ﬂﬁ d.prré@l%%ﬁmlarpaloméd&wverﬁer' vative of

an unsaturated acidic reagent; and

28. The process according to claim 27 wherein the aromatic solvent
is selected from the group consisting of toluene, xylene, light
10 alkylate, Aromatic 100, Aromatic 150, and Aromatic 200.

29. The process according to any one of claims 1 to 27 wherein the

aromatic solvent is light alkylate.

30. The process according to any one of the preceding claims
wherein the sediment level of the polyalkenylsuccinimide is less

15 than 0.05 vol %, based on the total volume of the diluted product.

31. The process according to any one of claims 1 to 29 wherein the
sediment level of the polyalkenylsuccinimide is less than 0.02 vol
%, based on the total volume of the diluted product.

32. The process according to any one of claims 1 to 29 wherein the
20 sediment level of the polyalkenylsuccinimide is less than 0.01 vol
%, based on the total volume of the diluted product.

33. A product produced by a process comprising the steps of:

(a)  preparing a polyalkenyl derivative of an unsaturated acidic

reagent by
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renovi ng the unreacted unsaturated acidic reagent to yield an unfiltered
pol yal kenyl derivative of an unsaturated acidic reagent containing a
sediment level of less than 0.1 wt % based on the total weight of the

pol yal kenyl derivative of the unsaturated acidic reagent; (b) reacting the

duct of st th vapi ' t i ot
Brom 20°(c) art it gDt ne TSPEAEE rRRvARA Y pinh B 2P T 3pB gL 40"
sol vent; and (d) subsequeninsatdratdceation rehgent atuiehtod eslnperadlirestafl 41c) to

yield a polyal kenyl succi ni m de product_having a sedinent |evel |ess than
0.1 vol % based on the vdl Brassyfe balgwd? plinesphiaragitthe absence of a

strong acid until at least 25% of the polyalkylene is
5 converted to a polyalkenyl derivative of an unsaturated

acidic reagent;

(i) continuing the reaction of the polyalkylene with an excess
of the unsaturated acidic reagent at elevated temperatures
and at a pressure below 2 atmospheres in the presence of

10 a strong acid to convert at least some of the unreacted
polyalkylene to additional polyalkenyl derivative of an

unsaturated acidic reagent; and

(i)  removing the unreacted unsaturated acidic reagent to yield
an unfiltered polyalkenyl derivative of an unsaturated acidic
15 reagent containing a sediment level of less than 0.1 wt %,
based on the total weight of the polyalkeny! derivative of

the unsaturated acidic reagent;

(b)  reacting the product of step (a) with a polyamine having at least

one basic nitrogen atom;
20 (c}  diluting the product of step (b} with mineral oil-free solvent; and

(d)  subsequently filtering the diluted product of step (c) to yield a
polyalkenylsuccinimide product having a sediment level less than
0.1 vol %, based on the volume of the diluted product.
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