1 MPROVED PROCESS FOR PREPARI NG POLYALKENYLSUCCI NI M DES ' The present
invention relates to a process of preparing polyal kenylsuccinimdes. Mre
particularly, the present invention relates to an inproved process for
preparing chlorine-free and mneral oil-free 5 pol yal kenyl succi ni m 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

Hydr ocar byl sIMPROVED®ROEGESS FOR PREPM@NG/P@)LW
pol yam nes, are known materials which have been w (ramglq{tﬂ}s/'edj@, N@éégs
detergents. For exanple, U S. Patent No. 4,240,803 describes the use of

al kenyl succiThiergrégsntiiiveamisAlreResd @ 4 BRI posits. Also, US.
Patent No. 4,482,357 di scl oses addi tlsve %S??gké;% ﬂgr di esel fuels which

i ncl ude a hPBW@E‘&ﬂb’?HC@G@UdW iloee partisulady, rtheipiesen thvention edlatéd wawf coke
deposition 1 se ad tJ v m xt Additives are an
i mpor t ant mgﬂé%g%aﬁﬁ&%%gﬁéﬁ %%gﬁag 0;5'5'?1‘ @@’%ﬁérﬁh@'ﬂ fg¢ ¢l eani ng

and/ or | ubr i palyalkgnwlauwmnﬂ@és Ravihg fahﬁaoﬁ#ﬂghﬂl%veﬂlésé thated h ooy the art
to prepare hédro arb substi t ut ed succi nyl ati ng agents, and speci f| cally

pol yi sobut en plyaliepy! v&c"am«\%ﬁ naee QMihBSMQ?eS@Oftthe preseott irorentibnaare
pol yi sobut engag,gupgﬂ},lasgﬁh 95%3%%‘3@*&?69&??@{9\5 \flgrBé'Hg?lr}Hﬁ I_BSAs to the

correspondl ng succlnimdes react pol yam ne as
described in U S. Patent No. 5, 644,001. These sucm ni mdes are used as

fuel additives for their ain in a clean
<condi tion carburetors, mn?ﬁhpdéde?ﬂ@%ﬁngﬁ&j@ﬂrﬁow uel injectors and

the like in an intdr naI combustion engine. 25 The polyi sobutenyl succinic
anhydri de i b roducedq, f ol n two main processes. The
first pr oceggﬁq:@ﬁg':bg[ gucg;‘?r}f@rcgq$§egh @ﬁgl?% deriv FBmoialigdenact i on bet ween
mal ei ¢ dbhydrolgemined, sl pHowremataitds Whidf R&R been widely used as fuel

detergents. For example, U.S. Patent 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

hydrocarbyl succinimide or succinamide and the reduction of coke depaosition

15 by the use of these additive mixtures.

Additives are an important means of maintaining engine performance either by
B 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 polyethylene polyamine as described in U.S.
- Patent No. 5,644,001. These succinimides are used as fuel additives for their
ability to él(_aan and/or maintain in a clean condition carburetors, manifolds, inlet

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

25 The po!yasobutenyi succinic anhydride intermediate may be produced followmg

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



rTeferred in the art as the thermal ene reaction. Elevated tenperatures
above 200C are required to obtain good reaction yields. These high
tenmperatures lead to the formation of resin (sedinent) which is believed
to be due to the 5 polynerization and/or deconposition of maleic anhydride.
The formation 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 inter nﬁ@ﬂ‘é@@ﬁtlﬁnﬁﬁ@c’ﬂq@rl&mﬁanmaiem:farﬂlg/dede[amdcbmytmte@e anddsioftemi m des

f di . 5,644,001, th
undesi rabl o TlEitRUMFHEERE 25 406 Gl tng Peesinne Flelo eapariuiey Movacen ¢ he
real and app0erCt afd!fjuiretiab oBthih gggﬁlgéa&%ﬂlé\kﬁeﬁh fﬂgﬁtteﬁ%'égal]h the

presence of resinified and/ or unr I ¢ anhy

adversel y af feé!éittOtth%f@maémg@fcgsspr(e@mmem)swmth swbdahe»@ddbtbe/@m td thet he
second type orlna_lon of the ne is first carried
15 out, fpl I g\/\é’ﬁ{ egﬁgﬁ(%ne é@@&g %TPBﬁ' I8¢ OFHE"'%'FIIE’S' I’fiﬁ)f%ﬁlﬁ‘t'@ﬁé’ with

mal ei ¢ anhyﬂTdsdensoTllitbls resinee Sedkaehtas s@fﬁdaﬁ@aﬁwun?é ééﬁj g ﬂ'ﬁ%r‘?‘t ure,

t han t he therrra ne reaction process, Wwth high vyi e? out the

formation of S8 tthﬁlplﬁﬁﬁmﬂnsbfbﬂs%@aﬁ rmmddlﬁ*d@/m anurﬁerrpediwtesmtthéenyl

dual chl
2nd 20 env r%ﬁ%h%ﬁﬁ“‘*?éﬁ'&%ﬁ%g’%@a%@d%Hﬁ&ﬁﬁ%é?? e nbae dr i SHuR al s and
pot ent i al famamdlngmoMShEaWndes 5BA00T, ThossIGRASSrHIO NS, inlfiéd ndRY ari se

under t @dltlonﬁqﬁgeval ent in an internal conbustion engi ne, make the
use of t Q¥ Erid SisGrieprnayrhatween the resd andrappasentauosiylationaliso known

tq be a pOlﬁ]@ﬂﬂél@rmééprr%héﬂ S0 RE Bl B RS AR B b ™

systens, i.e. as in tic con
di scussi on absleis amh@r@e@bubalsomd&érﬁdﬁe&ﬁﬁﬁt th Betsrganel pidpertisy oesirandi ng
succinim des cﬂ]g{ z I ly results in resin and various other side products.
Renovi ng t he Y- and ot her side products require a filtration step,
generally performed on pressure filters, e.g. Schenk-type filters, using a
filter
, In the second type of process, the chlorination 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
7 ) ' - 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 to 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 cofresponding 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 filters, using a filter

30  aid. Furthermore, the viscosity of PIBSAs and the corresponding succinimides
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‘30 aid. Furthernore, the viscosity of PIBSAs and the corresponding
succinimdes 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 disposed. However, a significant amount of desired product renains
adsorbed on the filter cake as well and therefore 5 results in reduced

yi el d of the 'PRERAEIS filisgtien siepdndusiriaky diﬁlwﬂeTlhl@BIQ)rh)@ellﬂuil(ﬁm?éhémclily amth
ormed” duri ng
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- efficiency ofthe IrmueBatulr@t@dtﬂit@ﬁcﬁkéiistmgpos@@%%e%r %Qgﬁﬁi% n{ Qh%ﬂtﬁf"” ng

t he reaction., Pol ne having a high 10 concentrati erm na
vinyl i dene b&‘?&ge% FemaiRg astsorfiedpn threcfiltesoake rasavel srd dnsrefarads t o

higher cogverggi rﬁ%%@@@ﬁ%ﬁ'tﬂ@ﬁ eq}&gozs BpoI ybutenes, also called

"reactive pol ybutene een ac F3- catal yzed pol yneri zati on
of isobutyl ene. Conventional polybutenes, forned by cationic

POl YT 2Rt 98 e L WU RO PEASF R R D e

5,071,919 di smwmaeeanmmmeammnv@mm agn@mfetéﬁéjb%eséwﬁﬁgwafurgw' ating -
h as maleic anhydri

agents by re cth n acjdic reactant suc
-substantiall ?gﬂgF“% Pl?dﬁﬁw‘éf?y heeaffigieneycoithiel gheoreaetion meldythe of

ol yi sobut en f | cta nmer of at ast 1:1,
IC2)0 %row ded ??ﬁuﬂgt@f%@iﬁuehg@ﬁg Lﬂﬁlg‘&h%ﬁ%@g& gﬁﬁé‘é‘%’ﬂ%h?‘”&g%ﬂ@ﬁpol yner
has tertf nacommrynamaemétemdngwaea@@ohbg (greagdrithan 59 Wild,) apé RRfe under

super- at m)s ssyre d ring at |l east a substantial pOrtion of t he
reaction ?ﬁg?‘iﬂfsetﬂt e osvessiemand laertsesimpnbdinaseni xt ur es

formed by t h §l b@t@ﬁé§%ﬂs<§@§ﬂéﬁ | A

5,229, 022 vvhllbcf\: di scl oses the ? éér;ﬁrrvtug3 50' Utgg%cﬁ\genb%% a‘él?sﬁv?@:l?é(rﬁfﬁ‘ol efin

pol yner s haveaiglyaed pglymesizationlof eidbetﬂénedﬂmv(antlmal plebUtéﬁ@@Q‘brmed by
cationic polymerization using aluminium chloride catalyst have a relatively low

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 ieast one metallocene and an alumoxéne

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

-3-



‘content wth nonounsaturated carboxylic reactants in the presence of a
catal yst system conprising at | east one netall ocene and an al unoxane
conmpound. The patent discloses that the ethyl ene-a-olefin polynmers readily
-3 undergo thernmal ene reactions under conditions in which the formation of
sedi ment or other byproducts contributing to product haze is greatly
mnimzed or avoided altogether. It is further disclosed that the

resul ti ng endndemethermaignaiteactionsuoder canditmssnWidgle the furtiatioh dfi | t eri ng,

centrifugi NgenGiald:ifi ' hase .separafion or other conyventional

product puri ?glg?él'dct)r? rt?j ?Léargﬂq E?Sds‘!%tg%?@.”gﬁﬁrf%iﬂP’N&‘.UC%B%%ES@’SE'EN gunigizad 5

process for pradided aitogéthen Iniskarmbr disaBYEA ks t8E reStith Eﬁé')‘éagéﬂb%i nic
e

anhydride w thout formng resin by an ene- s_ég}ghems redction tween an
olefin or a BB?CE’GF ET"Fter%%TPP(ﬁﬂFFHPY%ﬂ,WtHﬂuéﬁ reheentrifuginghaladficatoont ent  of

~external slouphgs 9 |.c.10. anhydride in an
aromatic sol \Eenteb?hat aﬁén ggf)g]ce'ttr ggﬂyélgﬁqagﬁﬁoecﬂgt EHﬁﬂ%%Oéﬁé%aﬂmqﬁg%tgent s have

al so been enployed in the thermal ene reaction in order to reduce the

formation of (gar edi = | en shown that the_.addifion of a

strong acid 's%cﬁatggpgél ?c??lg tr:gt Sécé'g?lgggs gﬁéoﬁﬁ%féggr%ﬁlcﬂpaﬁé,ap@k%yl

pol yal keny| @ehydrigiei orgobfalleenylsuteiticaabRitiROMBhGut O AERARLre5ABY 415 chB- @

faster rate of .15 .reaction, higher conversion, |ess sedinent, ang a | owner

“succi nic ratPEEYp Eagign RED ag ofefin opa palyetefiss particubarbcpalyisbbutenes
preparing pofhysehieny! i | t A C10 ,di car boxylic
aci d conpounds cont qicr?in%%& o?f%geéﬁélf%gﬁggﬁ {@oﬁ?tfgagb% Y nf’mgﬁn‘rf“@%t ing -
the di cadboxgnhydrideiinl aprasdonetio golveobiret inlsstetteddrarltyiakl lpdegMndy. gh
tenperature and under high inert gas 20 partial pressure above 2

at nospheres in the presence of a sedinent-inhibiting anount of hydrocar byl

substi t ut ed Beadanis baveatso bhéch efmplaet iNthe thethfal 8RO réhafdromesdar By ocess of
reacting a p%I ' Wh of at |east 300 with an unsaturated

al keng havyin a
acidic r eagél fmgﬁ’ @@@é@“%{@fﬁ%meﬂh lhas bererbewnithat therasidgionci d
until at | eastta steSPhcilifSuch as sulfonic acid) to the process of preparing a
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 C,4 to Cq 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.

St

U.S. Patent No. 6,156,850 disc_loses a process of reacting a polyalkene having
a Mn of at least 300 with an unsaturated acidic reagent at elevated
temperatures in the absen_ce 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 o convert at least some of the unreacted polyalkene to additional
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25 pol yal kene is converted to a pol yal kenyl derivative of an unsaturated
acidic reagent, continuing the reaction of the polyal kene with an excess
of the wunsaturated acidic reagent at elevated tenperatures in the presence
of a strong acid to convert at |east some of the unreacted pol yal kene to
addi tional 4 polyal kenyl derivative of an unsaturated acidic reagent, and

removing the oavesengtidensiveraftatuasitdidted 8RO FeaddM, MPRSASVINBYRDE

conduct ed at Bhneofggh(ﬁri <, sub- at rpspheri c or super-at rmspcﬁerl C.
Preferably, the preceliPasaiuaiedasidiarerggiiel he pravassaniy beccatidctasar e in

h h . | havi ' ,
par 1 qularl y o Sodmo Fayal seae s bh s FoR i e et versren

particularly a sedinent | evel
The di scl osur e'Spiup@r@éooapienip Thdreds aodiiedssurefin 86 PuRrRHOAaRS Rbcess

preparing Succihi,pi , rti.cular ol.yal kenyl succi nm des. That process
is based on 'tllheleghg% ﬂ?%@é&@“%%ﬁ“% g@(ﬁéﬁ%@%&@@ﬂm gedimeat fsael lBssddaon
the wunfilteredtamd%undi | uted pol yal kenyl succi ni ¢ anhydri de and provides a
pol yal kenyl succi nimide with | ow sedi nent havi ng equi val ent detergency
properties than if the pol yal kenyl succi nic anhydride is first filtrated

before the amination procedur egyfipgag an be very cost

effective, which is attributed towﬁﬁ%ﬁgﬁ?h?ﬁ§€ﬂ@&@@$fﬁﬂﬁ filtration step of

t he polyal kenyl succi nic anhydri de and the increase of production capacity
vent" when the am nation reaction

s per or e RO BOUR A v BedsEetetRive eraes Pow pr cssur es
preparing pol yrfilteray landasidmBABSlyak@IPILELAR adilrdeehs 8;6vides a
polyalkenylsuccinimide with low sediment having equivalent detergency
properties than if the polyalkenylsuccinic anhydride is first filtrated before the
amination procedure. The disclosed process can be very cost
- 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,, whén the aminatidn reaction is performed.
The disclosed process may be conducted at low pressures
- (below 2 atmospheres) an_d results in a polyalkenylsuccinimide product having
: : -a sediment level less than 0.1 vol %, based on the total volume of the diluted

product.

-In one aspect, there is provided a process of preparing polyalkenylsuccinimides
comprising the steps of:

| (@)  preparing a polyalkenyl derivative of an unsaturated acidic
‘reagent by

(i) reacting a polyalkylene 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 alstrong acid
until at least 25% of the polyalkyiene is converted to a
polya!kenyl derivative of an unsaturated acidic reagent;
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(a) preparing a polyal kenyl derivative of an unsaturated acidic reagent by
(i) reacting a polyal kylene having a Wn of at |east 300 with an

unsaturated acidic reagent at elevated tenperatures and at a pressure

bel ow 2 atnospheres in the absence of a strong acid wuntil at |east 25% of
t he pol yal kyl ene is converted to a polyal kenyl derivative of an
unsaturated acidic reggent; -5 (ii) continuing the reaction of the

pol yal kyl ene wi th an (#k c eseprginuingrbeuegelian of the retyatikydemeaitbran axceslseyfat ed

tenperatures and at a pr r .at nospheres,in_t resence of a
strong acid to convert at qﬁég@t@ag@%@go C'@ﬁée%@%'ﬁégf?@aﬁe%f@% r@?ﬂ”@ﬁ@”ﬂo
addi tional pol yal kenyl derdtwuapriessuref below 2amaisphat@dinabdiresér@gsns; and
(iii) renoving the unreact?d une"sfgéurated acidic reagent to yield an
unfiltered polyal kenyl derStPREiaR ki covanatdeastaome atthei enrepetagknt

contai ningga sedi nent | evely : g d on the total
wei ght of the polyal kenyl %Reyr%if“ygfg?%te& %@ﬂpﬁ%é p\@r&aﬁelﬂ%(gggﬁ&aigﬂeo&@'} eagent ;
(b) reacting the unfilter éadspturaiedtadidic séager(ipanavi t h a pol yanmi ne having at

| east one basic nitrogen atomy (c) diluting the product of step (b) with
mneral oil-free solvent; and 15 (d) subsequently filtering the diluted

product to yield a (o) yardmaayihgubeiunreraied Bhostufdted A¢IdIE réagietl td Gt hRvel
less than 0.1 vol % based %n the total volune of the diluted product. In
‘anot her aspect, there is B fa@@Oéyag'f%%e@nvqu@mf@éwwtwq&e@aew

conprising the steps of . Rdedl chRRftg B%RiMBMBLETIEsFEN Gl W2 2N
. 1% 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 oil-free solvent; and

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

- In another aspect, there is provided a product
produced by a process comprising the steps of:

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

(B reacting a polyalkylene 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 o : strong acid until at least 25% of the polya!kylene‘is



reagent by (i) reacting a polyal kyl ene having a Mh of at |east 300 with an
unsaturated acidic reagent at el evated tenperatures and at a pressure

bel ow 2 atnmospheres in the absence of a 25 strong acid until at |east 25%
of the polyalkylene is -6_ converted to a pol yal kenyl derivative of an
unsaturated acidic reagent; (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 presseRWeHEHdR Dpelyabepy alesiyative ohan pnssemsiedof a

strong acid to convert at Iega&icsrgg?e f the unreacted polyal kylene to
addi ti onal polyal kenyl derivative of ah unsaturated acidic reagent; and
(ii1) renmoving the unreacted unsaturated acidic reagent to yield an

unfiltered pol yal kenyl rivaticye. of sat t ed ci,di c reagent
contai ni ng a sedi nent I(ggel (g)?h,?z@? t{‘%gﬁg&'oﬁ‘ é’ﬂ;\tﬁe%ol ‘a”%ﬁ‘”t?‘t%‘ PYRESS
vei ght of the polyal kenyl defithe ahsutiratedtduedic RsRjdH &t @%@@é&i&n?@%ﬁﬁ@&i

(b) reacting the product of step (a) with a polyam ne having at least one
basi ¢ nitrogen atom (c) di IW%@PF@%F@JEQ'@W%&@@WQ@? inihenpresescabf

oil-free solvent; and d I i (! il d pro t of
slte_p (c) fo;i eld a pol(yél idé%n)ty S %@P%ﬁ)j%{’h{é&’g%%ﬁ g‘ﬁ%@:‘ﬁg@ éﬁ?ﬂéﬁt | evel
less than 0.1 vol % based pofyaliheneteaadditibnatpodfalkdig! delivi@ed erafduct . 5

Among other factors, the disclosure is.hased on the surprising discovery
that - pol yal kenyl succi ni m dE8SAMRRIANUCG feRGAK: a2 | y free of undesirabl e

sedi nent and
(i)  removing the unreacted unsaturated acidic reagent to yield
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
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 yield a
polyalkenylsuccinimide product having a sediment leve! less than
0.1 vol %, based on the total volume of the diluted product.
Among other factors, the disclosure is based on the surprising discovery that

polyalkenylsuccinimides which are substantially free of undesirable sediment and

resinous side products can be produced. The disclosed products are excelient ashless,
fow viscosity detergents and are

therefore useful as fuel additives employed in gasoline or diesel hydrocarbon
fuels. Moreover, the low chlorine levels of the disclosed product can provide an
environmental advantage. ‘



‘resi nous side products can be produced. The discl osed products are
excel l ent ashless, |low viscosity detergents and are therefore useful as
fuel additives enployed in gasoline or diesel hydrocarbon fuels. Mreover,
the low chlorine | evels of the disclosed product can provide an

envi ronment al advantage. -7 DETAI LED DESCRI PTI ON OF THE | NVENTI ON As st at ed

above, the present invention relates to a process of preparing succinimde
detergents. Mre particHEFANEDR RESGRIPTHONIOR JittE INVENTIONS to an

i nproved process for preparing polyal kenyl succi ni m des having sedi nent 5
| evel s less than 0.1 vol % preferably less than 0.05 vol % nore
preferably | &sstaledabayeptheiesent inventioprrefatest g pressstdiqnefardy vol %’

'he steps. of Sga ol BeleTlel. hBFe Bkl By ClR RSteqnGeReR ointes ff A ed
- aci di ¢ reageimpinyed procgssdor pripating PollkerlyRuecianiday raviMy QidiRknd €ast 300

with an 0 t}&se%turat ed aci dig rea%ent at élevated tenperatures and at a
pressure Pel gssias@lan! %, praterahlx lassdhan 0D% veldhgmece prefarabiy leas

| east 25% of VALY ¢ j [ pRel yal ken derivative of
2 ansat ur at SSTeLPaNEE P XA rb Rraisl KRR D ol Ohy et gt Bl

pol yal kyl enevellitiie efithexdilatesl produdis Thb prosatdonasmesahib ditépd smgent at

el evated tenperatures and at a pressure bel ow 2 atnospheres in the
presence of a strong acid to convert at |east sone of the unreacted

pol yal kyl ene(a@)o apiepaiingal pcmvdﬂkawtaewatwdf\eﬁmws%t@fat@maciumhgéﬁﬁ acidic
reagent; and 20 (iii) renoving the unreacted unsaturated acidi € redgent to
yiield an wunfiltered pol yal kenyl derivative of an unsaturated acidic

. réagent containing &) sedreditingl £pdilalRflehe havinbannv Jr Mied8t 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 polyalkylene 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 (iii) removing the unreacted unsaturated acidic reagent to yield an
' unfiltered polyalkenyt derivative of an unsaturated acidic
reagent containing a sediment level of leés 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:;



‘based on the total weight of the polyal kenyl derivative of the wunsaturated
acidic reagent; 25 (b) reacting the unfiltered product of step (a) with a
pol yam 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
havi ng a sedinent |level less than 0.1 vol % based on the total volune of -

~ the diluted produée). 5diihgiBerEYEENSIEhG)MatlyminarhiesiEf-688okent dpl ymer
of a single type of olefin, or it can be a copolyner of two or nore types
of olefins. Preferably, the polyal kylene is a polybutene, nore preferably

a pol yi sobut ene, .&hjd mesbseuehdy lbingthendiltés phoduens WerRr#i n at | east 50%
of the polyisobutene has %wl vinyl i dene 10 end groups. Preferably, the
pol yal kyl ene has a nunBeWalkenyisdecipipide praguct lavigata sedimest level lesadhars0o,

preferably from about BGOd0, 290% | y: f the
pol yal kyl ene is from about 5/60 to 1%%%Lﬂvﬁ%@i%%%éﬁm&¢§{% GENT The
term"unsaturated acidic reagent” refers to maleic or fumaric reactants of .

15 the gemeral formula: O \O C-ghiE erein X and X are the
sane or different, provided that at ?Q%Yﬁéﬁgﬁgy%nand X is a group that

is capable of reacting to esterify alcohols, formamdes, or amne salts
Pt T 12 PN end BATLIE 3l okl GBS MFCH Bl 30 o
agents. Typi cepdiymeobives or miste types Qflolef@shpesteniRithe polyeiylaibistaken
t o.)get her polybutene, more preferably a polyisobutene, and most preferably a

polyisobutene wherein at least 50% of the polyisobutene 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;

- 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, N Ha, and taken together



-9 X and X can be -0- so as to forman anhydride. Preferably, X and Xare
such that both carboxylic functions can enter into acylation reactions.
Mal ei ¢ anhydride is a preferred unsaturated acidic reactant. O her
suitable wunsaturated acidic reactants include el ectron-deficient ol efins
such as 5 nonophenyl nual ei ¢ anhydri de; nononethyl, dinmethyl, maleic
anhydri de, N-_ phenyl nal ei m de and other substituted nal ei m des;

i somal ei ni desk aRdpaERR beabr o asdbdorm aoi ahhydlidy] Piefelnble X ared Xohrssughd

f tes, di f . d | f onilic.aci d I [
acias and mitdart BT RncGR PR Bl S3THHRR ressistie WBISCThe st T ong

aci d used i n anhgdpde tes preférréd anPa0sRBEH doi€ Rdd@ahthekmss dfablecr ease
conversion of the gol yal kyl ene and unsaturated acidic reagent to the

pol yal kenyl dEsplideiedaciic madianiainclude glesonideficieat elefins Anchgsot her

factors, &t et of. i,ment .for .during the
conver si on. {@6 Ik'?ﬁ)eﬂét‘?l make&%oﬁg r'gtgr ﬁlo%@?é;bgl, %igﬁ%tﬁylamaﬁjelﬁggﬁﬁar "ge' a of

l ess than abeienyl malireideramdl othet Sebstitutedgnaieinides; iddmaidimiRlsy Rlfarist r ong
organi c acid, re '%refffrﬂﬁbw’ t he strontg acid is a sulfonic acid. Still
nor e pr’eferaﬁfswf MBI AGHG SltvLhvdiepan imalgates and fumaratesudiedii fumaiates Most
preferably, WAg mhkstesIfpiaoal f onj |.d. has_ from about
4 to 30 carbon ator_ns_.es% Pr g?ili?tgg %ﬁ@%ﬁ@%ﬁ?@gaﬁﬁﬁ'lazgdprﬁ@é%rﬁn n an
amount i n t hEUmamriles from about ~0.0025 wt %to 1.0 wt % nore preferably

0.025 wt %to 0.1 wt % and nost preferably, 0.05to 0.1 w % based on
the total weight of polyal kyl ene. PREPARI NG THE PCOLYALKENYL DERI VATI VE OF

:Ay UNSATURATED ACI DI C REAGENT 25 THE STR@NER&CH i on of the pol yal kenyl
dérivative of an unsaturated acidic reagent, the nole ratio of unsaturated

- acidic reagent to polyal kylene is -10
_ - The strong acid 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.

15 The term "strong acid" refers to an acid having a pK; of less than about 4.

- Preferably, the strong acid is an oil-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 alkyl group of the alkyt

" aryl sulfonic acid has from about 4 to 30 carbon atoms.

- 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-



"preferably at least 1.0:1. Mre preferably, that nole ratio is from about
1.0:1to 4.0:1. Preferably, the unsaturated acidic reagent is added over
an extended tine 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, the polyal kylene is reacted with an unsaturated acidic
reagent at el ev‘git%etﬁ tﬁ eratures and at a pressure bel ow 2 atnospheres in
t he absence d¥CRARY§ @'35&1-9:%%(3 refarably: thed male ratieeisfesing ablyt ¢! tos
~converted tqgg@1pol yal kenyl derivative of an unsaturated acidic reagent.
Preferably, 10 between about 25% and 80% of the pol yal kyl ene is converted
to pol yal kenyl derivative in the absence of a strong acid. Mre

poryal kenyl Sactuany e nopREeaRtid fo gerk Weel G Buc R e Ie G B, i <

I's achi eved Ipgriaddsuah ahEomtatong 142104 haurd)hestead oo bll bhenésldh ior@er tefqei he
unsat ur at i,di ¢ reagent. One can neasure the % conversion of the

%d i\c 15 C !
reaction By &EN GANRESIRNANRA Mipimigesediieeki | led in the art. For exanple one
met hod for neasuring the weight %actives is to separate unreacted

pol yi sobutene from. the product with colum _chronmat ography using a
“non- pol ar somégﬂpn@ﬂﬁh‘ggfocﬁﬁﬁ tbs%mbr%ylm@rr@,actemghan hasabirated dadipacked

with silica ' | ~okn this case, the
unr eact ed po%%eéghggiﬁgaﬁeg q%m%@%hﬁ%u%iﬁgtgfﬁse@% g%@ﬁ[}%gtép%@pr@ M et ai ned
on the col unthe abgencetdia stongracid sndhvatleasttZsy, bf ¢8 psiheksianslie chbddrdds

el uted, the nreag}ggﬁ% giol bugene I s weighed. Then subtraction of the
wei ght of the BRP 8 %%’!Vy?' Y ehan Mngatiratedianidic rorgetit Prsferablhpl e added

to the ct) unBetwaseeh AU 285y A5l BAY Bf el | h l'e and

mul tiplication by 100, gives the wei gﬁ%&%&%@%?cwgﬁ% t(g I‘?@%I”gl nis

cal cul at ed f defivative intheyahsericac iavatsongsacid. Mbee prefemtiiy, betwessabbed in U. S.

Pat ent  No. 56@%Sar9£?5%%f the polyalkylene is converted to polyatkenyl derivative in the
absence of a strong acid. In practice, 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 exémple, 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\)aporated 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 % actives using the procedure
described in U.S. Patent No. 5,625,004.

-11-



“In step (ii), the reaction is continued with an excess of unsaturated
acidic reagent at elevated tenperatures and at a pressure bel ow 2

at nospheres in the presence of a strong acid to convert at |east sone of

t he unreacted polyal kylene to additional polyal kenyl derivative of an
unsaturated acidic 5 reagent. The tenperature of the reaction in steps (i)
and (ii) can vary over a wide range. Preferably, the tenperature is in the

range of frofa atspt(ﬁi),lﬁ@réédi@h?é@orﬁinu@@witkﬁ’%ﬁ%’%ﬁ%@s & yibelrdd gelgract | on
. o 1.

occurs is below 2 atnpspheres, from about at nospheres, and nore
preferably ffepgedatelevatedtempesaturesanthet e pressiire hebmep atmosphereldn

unreacted un L Qi t 1S renmoved by v um distillation,

yi el di ng an ﬁ% Pfet%%rﬁg%ﬁfé%gﬁ Pg% g:g]e%o(fci@leﬁte ?asgé‘Ph?a‘?ﬁ/!‘& Wyeased ynsat ur at ed
aci di ¢ r eagepblyatiytemiertoragiditionetipogalkehpidrivefivé 6p8n LRaausted Mcide

preferably less than 0.05 Wt % nore preferably less than 0.02 vt % and

nost  pre eré%ﬂ%ﬁnlt'ess than 0.01 wt % based on the total weight of the
pol yal kenyl 15 derivative of the unsaturated acidic reagent. Further

details of s a)(i) through (a)(iii) may be found in U S Patent No.
6, 156, 850 anfjfﬁ@ﬁ@%apéaé&@swae WeRetion ig strpseb)and(ip cpo vaneavdra widd rangeposes.

PREPARI NG THR &6t Ifﬁ‘%%rﬁé%& ' he.pol val k | pi, . de__can be
pr epar ed byH‘rsgact% the u |F®gﬁ%ﬁgﬁ§ﬁ5§8ﬂfﬁpg%g%%ﬁnﬁi‘gﬁgﬁ Eﬁ@})&vgﬁ?ve of
-an unsat ur at ptgsadtadatowhica ffenteadiondecer ibpeldhe dinasphees, fearabhad 4 n the
previ ous sec{i,g%, wth a go%%gm ne having at |east one basic nitrogen
atom The poldyhmididiospBelies. ad gise syeferably Siomabeut khdn Tihatmesphesesr e
about 0.1 to 1.5 equivalents of polyam ne per equivalent of acidic groups

in the pg yal kenyl..derivative of an unsaturated acidic reagent. 25
Prefer abﬁiy, a‘IQ 53‘6'?{ )c‘él}n%%“P%eaﬁg%humﬂlﬁée%ﬂcidé‘a@ﬁgehfr isgemioved darvastoms and

about 4 to GRriIkALAPeRhREn uRiRLEH2RAYIIEY bBYNRHY Ald/LR080rahoms. - 12
) unsaturated acidic reagent containing a sediment level of less than 0.1 wt %,
preferably less than 0.05 wt %, more preferably less than 0.02 wt %, and most
preferably less than 0.01 wt %, based on the total weight of the polyalkeny!
15 derivative of the unsaturated acidic reagent.

Further details of steps (a)(i) through (a)(iii) may be found in U.S. Patent No.
6,156,850 and the disclosure which is hereby incorporated for all purposes.

PREPARING THE POLYALKENYLSUCCINIMIDES

PR
s

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-



"Typically, the reaction is conducted at tenperatures in the range of from
about 60 Cto 180 C, preferably about 150 Cto 170 C for from about 30
mnutes to about 6 hours, preferably about 1 to 3 hours. Typically, the
reactiron is conducted at about atnospheric pressure; however, higher or

| ower pressures 5 can also be used. Water, present in the system or
generated by_this reaction, s preferably renoved fromthe reaction system
during the co¥Psalnthe FRactipads copdiucied attamparatues indihe nange oféom Beolutced

pressures capgple i L S lghnation aof t wat er forned

during the rggcteitgﬂ%bsﬁtpg%ﬁeéé%gﬁbgén%@ (gg%?tg\%? ré?ma?qﬁ)r'r{‘g%dpmu es

br anched- chatalsautéchours, preferably alddut Heto@/Bdirs, TASYAY, the RfackiOATM nat i ons
ine nitrogen atons of such polyam nes will be

t hereof . Generall t he am
separ at ed frﬁ?ﬁ"—tlﬂ%é%ﬁg?li‘@ft %W%Phﬁ%ﬁﬁsﬁm; bawswer, Nghanor lower. pregsilingani nes
havi ng .arg ang t ' I ' may. al.so
Cont ai'none. IS Bl BB Ay et R R P i e t0

hydr oxyl gr oigprefesalyig memeved dvirmtheareaatitro sydtornidrineoee doatéeobfhef rom 15 1: 1
‘to about 10: a%gﬁnearti.cu.l ar | E}]ﬁf erregig I n preparing the conpounds of the

present inventiron' us ﬂap%mgd{rgdg 9% RedueREPiEssUrRsCat be agblieditions of -
the pol yan nlachitRo s oBGRERIONI T ahd Wb AbERbring B Rltiof DSt i Ut i onal

e

i somers are possible and each of these possi sonmers |I's enconpassed
within the present invention. 20 A particularly preferred group of

pol yam nes f@git | ' At O )| pol yam nes,
I ncl udi ng)oal kylletab?gpgpgnj ﬁ%és%g%ﬁg eE%Y@gqmyﬁe%ﬁc%%ﬁ)ﬁﬁﬁin%}s&&ﬁﬁ aort‘?//'%'r’%m |y
cont ai n Wbolke gvdlie. acydlics erogpmbiastions dedabGeneailyothe2mivar hiroger afins

Preferably, | kyl ene groups of such_pol yal kyl ene. pol yam nes w ||
"~ contain froréf}@gﬁtp%%m%gwlrﬁ%ﬁeﬁf‘@i%q f'ﬁm HARPBLeEBY At feashivosadigbut 2 to
4 carbon at catemsPhé | belyaitihes BNihg BheaRRby Shdoth@Ns: LORS TREE those
havi ng the formul a: pHg'tlel-(Ri N _H)gH -13 N RRAALBES ThE

. polyamine 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 1:1to about 10:1 are particutarly 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 inventibn.

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-(R1NH);-H

-13-



‘wherein R is a straight- or branched-chain al kyl ene group havi ng about 2
to 6 carbon atons, preferably about 2 to 4 carbon atons, nost preferably
about 2 carbon atons, i.e., ethylene (-CH2CH2-); and a is an integer from
1 to about 10, preferably 1 to about 4, and nore preferably 3. 5 Exanples
of suitabl e polyal kyl ene pol yam nes i ncl ude et hyl enedi am ne,

propyl enedi am ne, isopropyl enedi am ne, butyl enedi am ne, pentyl enedi am ne,
hexyl enedi am/hereigiRatinp sifpight: anbranchedohaimyalieylene igesipkraving. about 2 to 6

di met hyl am n i N I ronyl enetriam ne, di-butyl enetriam ne,

di -sec- but y%@%r%tgﬁshgfﬁgﬁbﬁgﬁgﬁ@ﬁe@éf ?%[Qoﬂi%%ﬁ‘stm%i éﬁ?@'@&?@[ i ne,
10 triisobut ghewetatomsane.nethyidtic H%H@%h@hﬁ%tegs{*ﬁ%thw g@]@uq%am ne,
di met hyl am nopr.o h{am’ ne, and m xtures thereof. ParticCularly preferred

pol yal kyl enepﬁ%@{% héa abewt Srand maipreferably 3.di et hyl enet ri ani ne,
triethylenetetraam ne, and tetraethyl enepentam ne. More preferred are

et hyl enedéa Lne, diethylenetriamne, and triethylenetetraam ne. 15 Most
pr ef er ably, ”FESWRI%@&%@%@ privalkgens pelypatnes ingludei ethiighediatete,aan ne.

Many of the ] SUi r e in th resent inventiqn are
comrerci al | yﬁg\%ﬁﬁggﬁzmggdﬁgp L@NL&?&&WE%‘P%@P@H‘W”%P%M@"ﬁﬁw&wnar e wel |
known i n t hehemflenddiamincadfdteylensiibrfite, diiropyieRafriangingm nes and their
reactions ar & detgiled in Sidgew ck's' The Organic Chem stry of Nitrogen",
20 Cl arendon 'Wé@@?”@ﬁ%?@{ amifep diisppropylesetriendne sdibytytsnetiiaraimes di-sec-
Conmpounds™, i I ?‘ﬂ?‘% | . T .and. Kirk-Q hmer's
"Encycl opedi%ﬁg’gﬂg@ainnanggnle C ﬂr%%%%@ra{ﬁ%ﬁg’r%ﬁ?é%%ggeﬂm%y Vol une 2, pp.
99-116. & tihisobutyienetevaaroing, ketraatagenepentading, evtddtigienchexamine,

pol yal kenyl succi.ni.ni de is with a mneral oil-free solvent,

il uted X
preferably admgiANNOPLRXIAMINe, fRd mixkires thefeohs ar onatic sol vent is

particularly suitable to facilitate filtration due to the |owering of the

product vis Sr.#'tlﬁli.’a whi ch al | %ins the use of |ess ex';])ensi ve filtration

met hods, e. 3?3 iglariy prefrred moaliyensnpelyaminesayeathyanediatee.f i | ter s,

W t hout the digQlepbtidhihe! i ce.qf i | oil.is ticularly

mvant ageoe n?f Abtriai 8! trRtfllendtErARRMEC 8nd tetB AR RheBbhtamin® b
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 “Encyciopedia of
Chemical Technology", 2nd Ed., especially Volume 2, pp. 99-116.

At the conclusion of the reaction, the resulting polyatkenylsuccinimide 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 fhe 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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'-14 additive applications. Indeed, when used as a gasoline detergent, the
presence of mneral oil diluent will induce the formation of conbustion
chanber deposits (CCD). For exanple, the aromatic solvent, used for the
dilution of the succininmide, 5 may be selected fromthe group consisting
of toluene, xylene, light alkylate, Aromatic 100, Aronmatic 150, Aronatic
200, Shellsolv AB, Caromax 20, Caromax 29 and HAN 857. For safety issues,
aromati c sol wdditiyewpplicatiomsgindett awhep oisedl aaregassinerddcrgeBthe Rr&faiab! v,
ow

the aromatic _golvent is.light alkylate, which is a mxture o

nol ecul ar \/\BPEﬁT”%(PL?" ﬁ@ﬁﬂ»@' Wéﬁg@:&f) formationgficpathustion chamber gieposits ed
from conpani gsCcpnoduci ng branched al kyl benzene (BAB) or |inear

al kyl benzene (LAB). In the present invention, .light alkyl ates obtai ned
fromBAB distillation are preferred. The aromatic solvent is preferably

t | e, t 20 10 50 W %
ana ot e | preoran et o e R e PR Rlorlr B8 boiiod, oceds of
the pr etse'?"ltT My ‘v‘@ﬁcﬁﬁd fmtmg?u:pmﬁsmi]pg{tﬁ tolubag e, lighbaRpRee, of
oroduct w11t 490.6pRGle D, pediatie 200, Sheutaly KB, CoimasE0 ne il ut eq

duct, i.eCardinh : | i evel of
product, i .eCargmay 2blepaANSS BT g@ﬁeltf %gﬁ%ée,%ﬁﬁt%gﬁbvgﬁ@%kﬂﬁ%t wéﬁve 0

t he pol yal kepyl succi ni m de product w | ow e
preferably |-€%541 poahars. prefermd. ddoramtetenably pthefarpatatiy sobent ishight Glifdateol %

based on th - the.di | uted t. Th dycts of th
rocess of VAR St oflav Bbicousn ol ShiPecacns Credr baitoNat 1 uel
addi ti ve® i ncayabepurehasad fﬂima@rhpbn@sqaraadcihg%réﬁ&%d %@ﬁbe%ﬁé‘fﬁﬁg or,

mneral oil jin t%ﬁw i luted product enhances Their use ness as
addi tives si'ftegr eBe (lAB: iy theypiesent invention, dight dikylated obtainédn of

combusti on omﬁtg;q i T roduct.s of the prace of the
present invention %g\?/scemi‘ilés@ac or?rﬂee&ﬁg@e?rgnwé\co%ﬁhﬁ“ bgpﬁﬁe %@E’fﬁ@re{sﬁﬁ?n
hi ghl y -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 iess than.0.02 vol %, and most preferably less than 0.01 vol
- %, based on the total 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 additiv_es 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 chlorine levels below 10 ppm, making them highly
d_esirable alternative additives compared to comparable products produced by
the chiorination PIBSA process.

-15-



desirable alternative additives conpared to conparabl e products produced by
the chlorination PlIBSA process. -15 EXAMPLES The invention will be further
illustrated by the foll ow ng exanples, which set forth particularly

advant ageous net hod enbodi nents. While the Exanples are provided to
illustrate the present invention, they are not intended to limt it. This 5
application is intended to cover those various changes and substitutions

that nay be made by those skilled i EXARPAUES W t hout departing fromthe
spirit and scope of the appended clains. Exanple 1 1000 parts of high
met hyl vi nyl i dene pol yi sobutene (PIB) having a Mh of about 10 1000 (BASF

d i ssopal 100be ir&&fvﬁimwﬁlybaifWérdma@éwbgfﬁﬁé foNewirRfdetmpiasawhilheddll ess
steel reactoy. The.reia tor was heated to 220 C under a nitrogen
at nosphere. éﬁ%‘ep rfieulady advantageouscmethayl embprisnentacivhile ihe Exemples atchese

conditions f IR amsdaad | B O ter . nati.on, . the
react or \/vas‘gif))rV essuri zed a?%t%'%géiﬁﬁgyg?l‘%?@eyagr?o@(gﬁgégégﬂ gﬁg H@'W'mﬁe n.
Once the 915 appiication isiatdreiddithicever #msenariolibehihgsd and dubsintions il el gd g
anhydride ( corre ding to,a MAPIB nole ratio of 1.49:1, was adde
at a const a%)“%ee{“ad? ??%ﬁ%sea%g@?ﬁjc@ e arhivitbeutdeparing fram thesmintand

condi tions Vjopeithé abpeAdéPEiafls, M nutes. After this time, the second
addition of MA, corresponding to a MAPIB nole ratio of 0.51:1, was added

at a constant rate over 21 minutes. At the end 20 of the second mal eic

anhydride addition, 0.05 wt % of CA4-(&Q, sul fonic acid was added to
the reactor. The reaction conditions werr'rgbfréryajrnt ained two additional hours
under an absolute pressure of 1.7 atnospheres. After this period, the

[actor s mW SRR 668k ORI Lo ROBRRUES UL e ABRIES,
(absol uflg) 108 @ASH Glissomml ¢000.88%ansthyhinylabet coarhydihseddenss a
stainless steel reactor. The reactor was heated to 220 °C under a nitrogen
atmosphere. Once the reactor 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
N mole ratio of 0.51:1, was added at a constant rate over 21 minutes. At the end
20  ofthe second maleic anhydride addition, 0.05 wt % of C4~Cag alkyl suffonic 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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the reactor 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 with nitrogen to atnospheric pressure and cool ed
down. The wunfiltered, undiluted polyisobutenyl succinic anhydride (PlBSA)
has a -16 saponification nunber of 118 ng KOH g, an active content of. 91.5
w % and sedinent of 0.045 wt % 1000 parts of unfiltered PlIBSA were
“charged i nt oSaponification remuobemed 18 ml KOHNR cihastitioslcontdrit 001 .8 WEPARABE er ,

and ni trogensé@beebfog@%r@%r ogen flow, the 5 PIBSA was heated to about

70C. 138.1 pafr t triethyl enetetram ne (TETA, purchased from

Del am ne Corporation) was added over a 15 mnute period. After the end of

t he TETA addjtion, the t er at was raised to 165 C and maintained for

1 hour. Afteﬁé(?[ﬁBa'ﬁ%PﬁP%@[%%ﬁi?’dééﬁﬂﬁ%’e charged e Asgaotor ieayipped wiaeat i on was
renoved by niretRSSIBaISteR PthBm | ﬂge i over a

45 m nute period. The rea'gqthi onHﬁ%%rﬁ%gq n\?\{/a gﬁgtéé'gﬁlﬁ%érﬂgggeﬁﬁawgh%t ed

usi ng 708 5 BEIA wes haated taalgutat0eC( 48811l pdrtseof donormmefdigivr on Oronite

Co LLC) 4 ' d | al filt d ' 1 I t

il Ler medi amgRyerstod B e A R Bt R claine Comerauers wis sdded nas
sol t comteprat 15 M) \ : i ASTM

DI300) - 2. 50, and. sadl mentr o beual 9] o B8TRTA siofichh, the Efhikratte)

Exanpl e 2- THéaPrassal (gatopPG andadaintained fori 1 hoummaftee theRoldRrrpéisd! the

Exanpl e 1 usj the sane reactants except that the MA was added in a
si ngl e addi '?AII %'t%r folcﬁ"e@d (ﬁg@@ttgfa AW aR fengved by aitrogarestrigpivgdingaron of t he

PLB, _t hdOmalretacdfprisbuey {3bamnt Ay 8980845 Minkf Gerddl, Tiid LA Hilpre’ 2 1

was added at a constant rate ovér 3.0 hour
addition, 0Wasgodedto i@ *Csarid dihited asing 75 pdre of ighealk@ars Givanaiet hen

ooy, heat MMErRIRR S5 GoRReaELLCIPFhS Hitel Toateril ok Hleva tatng 1
pm polyester filter media and analyzed. The diluted polyalkenylsuccinimide
product has 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 simitar 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 21, 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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after the end of the MA addition follow ng the sanme procedure as descri bed
in 25 Exanple 1. The obtained unfiltered, undiluted polyi sobutenyl

succi ni ¢ anhydride (PIBSA) has a saponification nunber of 119.5 ng KOH g,
~an active content of 91.2 wt % and sedinent of 0.004 wt % (0.01 vol %.
-17 Using the general conditions described in Exanple 1, 1000 parts of
unfiltered PIBSA from Exanple 2 were charged into four neck reactor and
heated to alsing the generalgonditians slestrileshimetxaraplet t, i 1000ypartedfatfitatate

TETA, h dded st f
the vt br £ o ESSp ol ExER T2 Wer B BRI Youlbefis Pty 20 hbSBtedlct "
di | uted usi ngb(YtBJYCB"C mamz p@ﬁsbﬁ@ohin%}tiaﬁﬂ@thﬂéﬁetefrﬁﬁnﬁé kTE’Fﬂ ﬁ@t{:ﬁéﬁé’d was

filtered umgg lmm ester filter media and analyze The diluted
pol yal keny| stie el &%@M@i'oﬂ)a‘é{e@ addnd; éfter sinping OfB@\ﬁat@rfGIJnerobr cent

ni trogen:g 2. 5 vol %

(0.01 vol %(t?)%f! e fﬁe%?{riﬁ aé@}?EMi@l@g‘r@ﬁatp gf?@e“ﬁx@%%ﬁi&ﬁg%bgs&’@greact ants
and the sanepgrénef thic lighoakglate. TR diltee thaterigdiosss fikadd dsrthF FSIyéste?xcept
with a MAPIB nole ratio of 1.6:1 and no sulfonic acid alys The PIB

“dehydrati on edia andeanadyzedy She difrtes! polyalkeayigucdimmide pradict has a

anhydri de, A 1 15 at
2 const ant 1 atLTRLOR 008 @ A aplcEnERIGGR, > el B Ehek TR AN 3 %o
1210 C and t h&6beandskdirhentntl0i5orah ¥hYeI0T de! Wabeforsl fitradibnp constant rate
over 100 mnutes. After the end of the maleic anhydride addition, the
reaction tenperature was maintained during 5 hours under an absol ute
pnessurdlof about 1.7 at nmospher@emphbgtiverEeafpieds mal ei ¢ anhydri de was
~elimnated in the 20 same manner as described in Exanple 1. The unfiltered,
undi l uted polyisobutenyl succinic anhydride (PIBSA) has a saponification
nunber -of 1Tthe ﬁan&%aanmmthevgarﬁ@@bﬁéial9Po<?éhu$e%er8/qﬁeé a%estEﬁBé of

0.02 vol % .The uncatal yzed PIBSA was first luted w .5 w %of an
aromatic solid mple 1, except with a MA:PiB mole ratlo of 1.6:1 and no sulfomc acid

catalyst. The PIB dehydratlon 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 thé 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. Aﬂér cooling down, the succinimide was further diluted with the
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(Caromax 20 purchased from Carless) and filtered through filter aid. The 25
filtered and diluted PIBSA has a saponification nunber of 94.8 ng KOH g and
sedi rent content of 0.005 vol % 1000 parts of the filtered Pl BSA was
reacted with 111.2 parts of TETA (Del am ne Corporation) at 165C for one
hour. The water fornmed during the reaction was elimnated by distillation
at atnospheric pressure. After cooling down, the succinimde was further
di | uted wi t hardreatid Solsenttatiages the sarhe nitrd gurpedntbhtas BRBmBIdST PERA 2c@Y.ent

as Exanpl es n . O .8 wt, 9%9. The diluted material was anal yZed as
havi ng a sol ée@?’g(g‘énﬁ-ﬁ?\%w@é.@amﬂ?' was gaatygrt as haviigea solvepl content: 3303 or
(ASTM D1500) it 2, Harcsmdii . o, Vi1 % ,@@@gz =X 8_% i

Per f or mance Then gie%ugeot ;ﬂ)?(@éuéébn Nzggggé /&ouI?rn%\ﬁest %5939%)' rI]19\/6?5}@0%5%
to eval uat evV@lhH4. det ergency 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 8. TABLE | Tests fgihpRR23cIDS i ' 5 C Kg/1 0.841
Sul fur Content ppm w w 346 ERihplB R XD Bndine PARbINal@e> € 9L, 2 535 4

10% C 239.2 _20% C 251 30% C 260.2 40%c 269.1

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-95/3
Density @ 15 °C KaAl 0.841
Sulfur Content ppm wiw 346
Distillation
tnitial Point °C 195
5% °C . 228.4
10% °C 2392
20% C 251
30% °C 260.2
40% °‘C 269.1
50% *C 277.4
60% °C 288.1
70% °C : 2094
80% C 3136
" : 90% C 3327
J 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 target the same active material
content (e.g., 2.8 wi %.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

15 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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50% C 277.4 60%C 288.1 70%c 299.4 80%C 313.6 90%C 332.7 95%c -
352.3 Final Point ¢ 362.8 10 Each test was conpared to base fuel alone.
The sol vent concentration of the polyal kenyl succi ni m des was adjusted to
target the same active material content (e.g., 2.8 wt %nitrogen) and the
pol yal kenyl succi ni m des were tested at the sane treat rate. Results are
shown in Table 2. The residual flow provides an indication of deposit

bui | dup i n tdembosiratenjeedetdmentdl effecodes té perfdfming $ha dalindtloPWeakhien bRss

deposit buil dup. |jllrhe 8 s show sim | ar performance between the

pol yal kenyl s Sdﬂftﬁ{%{-z %#ge‘gpa{?'%e‘ﬂ?;ﬂ W%V@E@%Sl&c'mh@%@fﬁﬂmf@wﬂkenti on
dth hod i ' | - d trat

Getri mont al T R Y B o PRl By B e ™

detrinental effect due to pe e an nationTeac t he

unfiltered FEfBEAve doadodil) thenesepaf spdfokizngdia leading o higheofolyibebptyrsent

[ ti d I i | | d d t | X t

Y718 S W i AR 54

pol i sobut ylthe eupprsssiaif of ameishshvp s RRIoRY SRR IERRSHEPI Ni c aci d
i

anhydrides; and (2) the suppression of an expensive ration step
“and 't he red¥a$i8Mmajerialisitch asdhefitrdtionshedd.as the filtrati on head. TABLE 2
Fuel tested Residual flow at 0.1 mmneedle |lift Base fuel 8.3% Base fuel +
55 ppm w w. of Exanple 1 19.5% Base fuel + 110 ppmw w of Exanple 1 23.6%

TABLE 2
1

Fuel tested Residual flow at 0.1 mm needle [ift
Base fuei 8.3%

~ Base fuel + 55 ppm w/w of Example 1 19.5%
Base fuel + 110 ppm wiw of Example 1 23.6%
Base fuel + 55 ppm wiw of
Mammarativa Dvanamla A 19'2%

Base fuel + 110 ppm wiw of
~ e I o f 23.0%
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Base fuel + 55 ppmw w of c-mle A 19.2% Base fuel + 110 ppmw w of Kk |
-20 aims: 1. A process of preparing pol yal kenyl succi ni m des conpri si ng
the steps of: (a) preparing a polyal kenyl derivative of an unsaturated
acidic 5 reagent by (i) reacting a polyal kyl ene having a Wn of at | east
300 with an wunsaturated acidic reagent at el evated tenperatures and at a
pressure below 2 atnospheres in the absence of a strong acid until at

| east 25% d@lainie pol yal kyl ene is 10 converted to a pol yal kenyl derivative
of an unsaturated acidic reagent; (ii) continuing the reaction of the

pol yal kyl ene with an excess of the unsaturated acidic reagent at el evated

tenperatures and at Ap m&ggw é@érm@ lgol?ﬁ Qﬁ&ﬁﬁl daeggﬁr@lrrg en% of 15 a

strong acid to convert at Ieas some “of reacte e to
addi tional polyal kenypferfe®fi vati ve of an unsat urated acidic reagent; and
(iii) removing the unreacted unsaturated acidic reagent to yield an
unfiltered pol yal kenyl derivative of an unsaturated acidic 20 reagent
cont ai ni ng a sedi menta) ev¢irepdring:a polyadkerdy Hevivative blesrednsatutdted taeidid

wei ght of the polyal kenyl derl VEE)'[I ve of the unsaturated acidic reagent;

(i) reacting a polyalkylene having a Mn of at least 300 with an
unsaturated acidic reagent at elevated temperatures and at
o S 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;

(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

16 : 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 to 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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(b) reacting the unfiltered product of step (a) with a polyam ne having at
| east one basic nitrogen atom -21 (c) diluting the product of step (b)
with mneral oil-free solvent; and (d) subsequently filtering the diluted
product of step (c) to yield a polyal kenyl succi ni m de product having a
sedinent level 5 less than 0.1 vol % based on the total volune of the
diluted product. 2. Kak prditéisg the poodlictof stepciiwithimiderakoibfrea sehept:(a) ,
the polyalkylene is reacted, with the unsaturated acidic reagent in the
absence of a strong acid Lﬂﬂql bet ween about 25% and 80% of the 10

pol yal kyl ene is converted to the polyal kenyl derivative of an unsaturated

i di t 3. Th dpng. t | aj wh ini t , th
ol yal kyl ene i s reactdll wiRePAGSGLrdik 6 dlfed erabiyensiancl Hyicibsence
of a strong acid until betmggpa%ﬂyﬁsuéé’i%rﬁiﬂgﬁé%&fh%@ é%e@%é{. Kyeene s

converted to the polyal kenyl derivative of unsat aci dic reagent.
4. The Process accordi ng tessthan®.1,vep Yarbasedimer thertotaiechohgaf khyd ene is a

pol ybutene. 5. The process;agc i to claim4 wherein the polybutene is a
20 pol yi sobutene. 6. The aﬂggee(gé%a?@%&r ding to claim5 wherein at |east 50%

of the polyisobutene has nethylvinylidene end groups. 7. The process

according to any, one-Qf the precedi,ng cl ai ns erein the pol yal kyl ene has
a Mh of ?rom ab)(')él',lt 5 et%rOEgg%gccqrgg% fo Saim 1 w ere?n in step (g), tl>1/e Y

polyalkylene is reacted with the unsaturated acidic reagent in the
absence of a strong acid until between about 25% and 80% of the

D 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 polyatkenyl 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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8. The process according to any one of clains 1 to 6 wherein the

pol yal kyl ene has a Wnh of from about 500 to 1300. 9. The process according
to any one of the preceding clains wherein the unsaturated acidic reagent
is mal eic anhydride. 5 10. The process according to any one of the

precedi ng clains_wherein the nole ratio of unsaturated acidic reagent to
pol yal kyl ene is &t | g pmagss aceardimmhto anyose of skdosdi togh ibeasin tbae of t he

preceding clains wh i reaction d.s condu at pressure from
about 1.4 to 10 1. 9%%5%%@%:@% alW‘ qﬂiorgﬁgggﬁéggé%gﬁﬁpng to any one of
claims 1 to 10 wherein the reaction is conducted at a pressure from about
1.5to0 1.8 at pher-gs, ... The process _accordi to a one, of the
preceding cl ai rmm})S 15 eer,??é.%ﬁs?ﬁgcquﬁ}g] Q'EYB”?Q_‘CQ%? qucf’gég_\]‘gﬁﬁf's strong
organic acid. 14. ThehqrepcRsuret@aitddciif @agbl ibdn %ghﬁy&rlg%._stfong
organic acid is a sulfonic acid. 15. The process according to claim14

wherein the sulfonic acid is an alkyl aryl sulfonic acid. 20 16. The

pr ocess5accor di M. 0 THeRiobSs whesidity id'anRbiY bor Bl cBliind aindd ky! ary!

sul fonic acid has from about 4 to 30 carbon atons. process
accordi ng to any one Wfereindihgsmale ratio of unisaturatedtduidic sedgentito acid is

present in an anount an of fram about 0.0025%to 1.0 wt % based
on the total weight 8%’%3‘%%’5?&#32‘48?“ {9?18 The process according to any

one of clains 14 to 16 wherein the sulfonic acid is present in an anount
in the range of 1t|romﬁ_1lbout 0.025%t0 0.1 wt % based on the total weight of
pol yal kyl ene. . € process according to any one of the preceding claims

) _ : 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

15 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 ciaim 14 wherein the sulfonic acid is an
| alky! aryt sulfonic acid.

20 16.  The process according to claim 15 wherein the atkyl 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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19. The process according to any one of clainms 14 to 16 wherein the 5
sulfonic acid is present in an anount in the range of fromabout 0.05%to
0.1 wt % based on the total weight of polyal kylene. 20. The process
according to any one of the preceding clains wherein the polyanine has
fromabout 2 to 12 am.ne nitrogen atons and from about 2 to 24 carbon
atons. 10 21. ThB.pr ot progessageariingtaayy one obtclaime e lecHivhgrain Hiers

wherein the pol yam ne, | er i froma polyal kyl epne pol yani_.ne ont ai ni ng
from about 2 to 12 aerﬁdr@n% %‘?‘égsgﬁreaﬁeghﬁ‘ BXPP&?(A“ Q’@o’?ﬂ“g qq](‘;r%a Q¥bhon
atoms. 22. The procedx025%otocd.Navit® bés@ﬂ@r?tke%%@ié?%‘fﬂﬁd&%él@léﬂé.e”e 15
pol yam ne has the formula: H2ZN-(R -NH2) a-H wherein is an al kyl ene group

having fromabout 2 to 6 carbon atonms and a is an integer from1l to about

10. 23. The process aﬂ@bﬂic@gsfa@c&dﬁ?}gﬂ@é’n%@?%ifEIa"iYn55|4 1 ﬁePefinirL?O”;g

20 to apout 4. 24. The process according to claim?22 or 23 wherein

fromabBut 2 to 4 c&HUWERICAWHES presendp. amhmopnbiete mogeradiftogn tboatny one
of clains 22 to 24 bt lLyal kyl ene l.yam ne is ethyl enedi anm ne,
di et hyl enetri am ne, m@??e"?‘ﬁﬁir\“étl%tt‘?/aggﬁior?et,heég%r'éﬁ‘%&#ﬁo@f‘?’é P ne. 26.

The process according to any one of clains 22 to 24 wherein the 5
pol yal kyl ene polyam is triethyl enetetraanm ne, 27. The prqcess according
" to any one of thz)gaprgg]ee rrﬁ)&eﬁ?QF%‘(r%r%'%th%r?yno'f%Qfm%@rﬁéﬁgﬁigl‘g?'% solvent is

an aromatic sol vent. wibreifBefoNafimeatfsthiibdu? 20 e Hisibgen t he
aronmati c sol vent
: 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 polyatkylene 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:

HaN-(Ry-NHo),-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 Rjis from about
2 to 4 carbon atoms.
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is selected. fromthe group consisting of toluene, xylene, light 10

al kyl ate, Aromatic 100, Aromatic 150, and Aromatic 200. 29. The process
according to any one of clains 1 to 27 wherein the aromatic solvent is
i ght al kylate. 30. The process according to any one of the preceding
claims wherein the sedinent |evel of the polyal kenyl succinimde is |ess
15 than 0. 05 vol23, pHRBrasessiascosting to/anyinpe of cldis 32 ot2dwhemiutte  31.

The process accordin f . i t0,.29. wherein the 1} sediment
| evel of the polyal kg)ré} @Slg'gép%:b J’%’émﬁé?% g@}%ﬂ?gﬁa@!%%{}%“ﬂe@”ﬁ ¥ on the
total volume of the driethylghateloshurnine, 32 tetftthylenssSRanmesr ding to any one
of clains 1 to 29 wherein the 20 sedinent |evel of the

pol yal kenyl succinimde is less than 0.01 vol 9% based on the total volune

of. the diluted menducthe BRceds Rcosidiig B AHERE oPLiainB OB B WRERNA &g t he
steps of: (a) preparing a polyal kenyl deri'vative of an unsaturated acidic

reagent®by -25 (i) T alkyjene polvpsiing isiigtmdoneigtraaminef at | east 300 with
an unsaturated acidic reagent at el evated tenperatures and at a pressure
bel ow 2 at nospheres in the absence of a strong acid until at |east 25% of
the pol yal kyl ené’i s Fheoproseseaceardingiol 3ry da pf thiepiecatingeclaifsan

unsaturated acidic LA ¢ (1. ontdnuing the reactign of the

pol yal kyl ene wi th an excgg]smeo'#"r{eﬁ%’ %‘h@%ﬁ' ﬁ?&?@ﬂ'sﬁn ﬂﬁoénéigaifgmnqat el evat ed
tenperatures and at a pressure below 2 atnospheres in the presence of 10 a
strong acid to nvert at | east so of the reacted pol yal kyl ene to

addi ti onal pol ygﬁkengﬁvedérpf:gg?-p%orgﬁgatﬂ claim 27 Wherein the arofatic Sofvent

o : 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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unsaturated acidic reagent; and (iii) renmoving the unreacted unsaturated
acidic reagent to yield an unfiltered polyal kenyl derivative of an
unsaturated acidic 15 reagent containing a sedinment |level of Iess than 0.1
wt % based on the total weight of the polyal kenyl derivative of the

0T yan e having at | Ghot AN ERVAIRTIEDE SIS 5otk Wi apn
product of step (b) with nifeitalated boldicCRaRNY &P Igvéiéﬁ tehfberStUPSEAHE Rt | Y

filtering the diluted product of step (c) to yield
pol yal kenyl succi ni m de pr od REeSshise bava2 stthiospherdsdn éhe hbsandehafira 0. 1 vol

% based on the volume of Lbe, di Lyt ed oraduch.o- 48,. 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

(iii) ~ 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 polyalkenyl derivative of

the unsaturated acidic reagent;

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

one basic nitrogen atom;

ol
\HA_,/

20 (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 volume of the diluted product.
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