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RESI N- FREE SUCCI NIl M DES The present invention relates to novel pure

hydr ocar byl substituted succinyl ating agents and substantially pure
derivatives thereof, to a nethod for the preparationThis bhhehhﬁlﬁ@éﬁﬁhyéheet
substituted SUCC|nyIat|ng agents and the derivatives, and to e use

" thereof as additives for fuel and lubricants. 5 Aq q7 S are an
i nportant means of maintaining engine performance elthé? byfclieani ng and/ or
| ubricating noving parts of the engine. It is well known in the art to
prepare hydrocarbyl substituted succinylating agents (hereafter "HSSA"),
and specifically poly(iso)butenyl succinic anhydrides (hereafter "PlIBSAs")
by the reaction of a poly(iso)butene withlmaleic 10 anhydri de and to
convert the PIBSAs to the correspondi ng succinim des. These succi ni m des
are used as fuel additives in view of their ability to clean and/or
maintain in a clean condition carburettors, manifolds, inlet valve ports
and the like in an internal conbustion engine. However, the PIBSAs and the
correspondi ng succi ni m des produced by conventional routes, eg by reaction
15 with maleic anhydride and the subsequent reaction of the PIBSA with a
pol yam ne, normally contain undesirable resins which not only show a
significant discrepancy between the real and apparent succinylation in the
mal ei ni sed product (due to tIRESIN<RRER: SyfcamaMipEsed and/ or unreact ed
mal ei ¢ anhydride) but also adversely affect the detergency properties of
such 20 additives. Mreover, the nmethod of manufacturing these additives

by Lhe Lntered o o Hil Srunsl 2t ot 5 Rl G S RRRREC, e
undesirabl e pr cdodhylating Bgents ahidsubstantiaifiepure Idemmwds themmd‘ qoraauetheahforl n an
nuernel, comousid SR Pl ISR el R | I
packagi ng cont aieﬁmqusu@nd ﬁ@rtb@lumtberb@fasuaddmegm ﬁlel arzd 1 l’tthe envi r onnent
accidental |y or as WAaHigives are an important mears 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
.(hereafter "HSSA"), and specifically poly(iso)butenyl succinic anhydrides
(hereafter "PIBSAs") by the reaction of a poly(iso)b'utene with maleic
10  anhydride and to convert the PIBSAs to the corresponding succinimides.
These succinimides are used as fuel additives in view of their ability to clean
and/or maintain in a clean condition carburettors, manifolds, inlet valve ports
and the like in an internal combustion engine. However, the PIBSAs and the
corresponding succinimides produced by conventional routes, eg by reaction
15 with maleic anhydride and the subsequent reaction of the PIBSA with a
polyamine, normally contain undesirable resins which not only show a
significant discrepancy between the real and apparent succinylation in the
maleinised product (due to the presence of resinified and/or unreacted maleic
anhydride) but also adversely affect the detergency properties of such
20  additives. Moreover, the method of manufacturing these additives by the
intermediate chlorination route is also undesirable because the presence of any

chlorine in the succinimide product may give rise to undesirable products such

as dioxin under the conditions prevalent in an internal combustion engine. In

addition, the presence of chlorine is, in any case, environmentally undesirable
25  should such products or the packaging containing such products be discharged



“For instance, GB-A-1483729 which relates to a process for producing an
ester of PIBSA with a polyval ent al cohol, describedhjs sptheaepiacemonbatsetby
the thermal nal ei ni sation of polyisobutene with nmaleic anhydrl de fél | owed 5
by washing of the resultant product with a mxtureD%Re
nonoal cohol . However, the washed product still has aci nber of 0.85
mlli-equival ent residual acid per gram w#i ch signifies the presence of
acidic inpurities in the washed product. This reference makes no mention of
the chlorine content of the washed PIBSA. Simlarly, FR A-2321508

(equi val ent 10nto the ea@ranmentagddentallyaras Mestea process for produci ng Pl BSA

by initial thernal F@t‘iﬁht@h@@@fﬂ%—ﬁ%?@é Whﬁﬁl?b!ht‘é@?o WipkdtesPloPprodasihy dri de
fol |l oned by chlorlnatl%ggh e reactl\%r W{:\h e, at eIevatedftphE erature
The resul t ant 35%8HEQf BIBSAnwith gpelyyalentzicopo es(cgbgqurppzfraté%o r ender ed
free of tarry u@rthducarmabmammxag ofpoliisebuténetwitlemaleid enhpdrixeyfbliewedohol  and
wat er. The_wa odu ai,d t er of 1.60 neqg/g
whi ch al so®si @&18 gntrpéﬂ&?gwltgfq@@(ﬁ?@f%%gﬁ ‘?J?Jgs In this case
also there is mmmuhobn}hwwaetmhed prodaediistil hagan acid nemberofi085P1 BSA

al t hough this t he use
of chl gl’l ne to‘ni?g-n% et enp{?ﬁa@gggf}%@&m&m?@agp@g? HY gfeﬁé@%%_%%dag%s%

descri bes pol yEPEfAfRS ﬂpb§ﬂa§1mdda'°§%cﬂhisée orgnce pig ‘Eﬁd?q ’EPE%m“éﬁ ths BsAs,
essential |y freorie dontéttiofehediash€RPIBIA SimilarlpFR-A-2321508 ¢@juidialinhg at

bonds and’8. priOERANGAINIEIRsGIksSR picket (PO é#héri?%’é‘ﬁwé@f ReRelct ' 1 he
pol yol ef i n. | malkinisation ofipolyisobutene/with mdlemtwh;admddalldw%bjoelﬂmmmbmd from
the reaction pgﬁﬂéjf;éa% 19%( ﬁl{d(t]u}é AR t[eaqg{ld%ratﬁ?%t r’f}fetﬂe :lﬂta\% ng%g%@tlﬁﬁlan Not abl y,

the 25 acid va From 98 milli

equi val ent of dilutgdiwith Vdut&:ﬁ?gﬂ&ﬁﬂ*hﬂ%ﬂﬂ“iﬁﬁ‘&%ﬁﬁl%ﬁ‘%@é@ by washingl e 4 in

whi ch this valyjh b fniktuté oFT8Bpldpy ldléohbﬁarﬂ'wﬁéiér measlhesgraﬁms yad ues t hat
ced refained r |es as nqw,.been

AR SN o I T T W
resi nous produgidic tapurespIndhis edbe alsd theheisnomeanioanditearsaumecofi ni des
procuced, by USRS R0 Hnd B R 8L YAt Bpub oo kol
amounts considering the use of chlorine to complete the PIBSA forming
reaction. Again, EP-A-0355895 describes polyolefin substituted succinic
20 anhydrides, eg PIBSAs, essentially free of chlorine by reaction of a polyolefin
' containing at least 70% of the terminal groupings in a structure having alpha
olefinic bonds and a process for their production by thermal maleinisation of
the polyolefin. In this document, tarry products are said to be removed from
the reaction products by filtration and/or extraction with water. Notably, the
25  acid value of the resultant products vary from 2.40 to 2.98 milli equivalent of
residual acid/gram in all the Examples except Example 4 in which this value is
1.23 mmol/g It is clear from these acid values that the PIBSA produced
retained residual acids/impurities. '
"It has now been found that HSSAs which are substantially free _of
30  undesirable and resinous products can be produced and the corresponding
succinimides produced by the reaction of these HSSAs with a polyamine
perform remarkably better as detergents in gasoline and diesel fuels than the

imides produced from unpurified HSSAs.
Accordingly, the present invention is a hydrocarbyl substltuted
35  succinylating agent in which the real and apparent mole ratios of succinyl



i m deé produced from unpurified HSSAs. Accordingly, the present invention

i § a hydrocarbyl substituted 35 succi nyl ati ng age heétnd
apparent nole ratios of succinyl 3 groups to hydrd’%“’%*:\&t)wig groups e??g

substantially equival ent and which contains | ess that 250p f _chlorine.
The nol e ratios of succinyl groups to hydrocarbyl grbates (l@!ﬂﬁfﬁls al so
known as the substitution ratio or the sucginylation ratio) can be

calcul ated by s measuri ng the base equivalent (ng KOH g) of the

succi nyl ated product. For the purposes of the present invention, this nole

rati o of succi ; &gwa t cci nyl
groups is cal cgrdut;gée?'?g ﬁé’h é%r‘é%ﬂ%ﬁﬁéﬁw lawﬁ%ggg}gbgéggﬁwal ent (ny
KOH g) x 100 eSSthat25OPPm°fc 0“(‘&) 112200 - (98 x base equi val ent)
conversi on where therli%a&@leﬁﬁms\/@ﬂsﬁ@ém lﬁrddibaio ﬁjdrbdf@bﬁ%%\x $vhichés gsgver si on

is the percentage. con r5|

cor r espondi ng EI%% ;{ SB'Q‘?‘PBT gsgrtﬁgg&qnxﬁéa{tjgﬁpéﬁa? E? °ﬂ?}@§8d Px

cal cul ated wsi rrg:_asﬂrmm&as&qm‘tﬁpmt@agmg) of the sitSBylatedprodpetaFont "

real " ol o r afiepspOs A bih it Bl Bl IRRSBE peckl BRI D T T
succinyl gr oupbydrosadyl g@msbwnwltbasuopmamomm cdemlated framthei ti es. The
"real " succi nyggﬁdt%géy,wo i s cal cul ated using the above equation (1) but
substituting the base eqw val ent of the HSSA after 20 purification eg by
washi ng aH,%grd N Ql L, ow 19 ‘g.n e. The HSSA is di fjted eg with
hept ane ( al=v ey -‘ FO. y s solution is placed in a |large

separating funne lfé’BYfé's'%l vent, eg an acetone-water
m xture (ca. 360/hste tHe\b)a.se edpﬂvarletttusxhaﬂ‘oﬁtheHBSAtamd&hsodmuermnn is thet he

soet one vt e Bhsfuge BEh AR il Npro R DR o bl A,

If the ratio descnbed in equation (1) above is calculated using the base

15  equivalent of the HSSA, an "apparent" substitution ratio is obtained which
does not normally correspond to the "real" mole ratio of succinyl moieties to
hydrocarbyl groups bound to the succinyl groups since the HSSA typically
contains acidic impurities. The "real” succinylatipn ratio is calculated using the
above equation (1) but substituting the base equivalent of the HSSA after

20  purification eg by washing according to the following procedure.

The HSSA is diluted eg with heptane (HSSA/heptane ca. 30/70 v/v)

and this solution is placed in a large separating funnel together with an aqueous

solvent, eg an acetone-water mixture (ca. 30/50 v/v), the ratio of the heptane
solution to the acetone-water mixture being about 2:1 v/v. The contents of the
25  separating funnel are then shaken thoroughly and then allowed to separate.”
Two layers are formed of which the lower, aqueous layer is run off and kept.
The upper, heptane layer is rewashed with a fresh aliquot of acetone-water
" mixture and again separated as previously. Thereafter the heptane layer is
washed twice more with pure water and then separated. n-Butanol can
30 advantageously be added to break any emulsions formed during the separation.
The combined aqueous-acetone layers can be then evaporated to a volume of
about 100 ml and then extracted several times with a solvent, eg petroleum
ether. The ether-washed aqueous layer can be then finally separated and
evaporated to dryness and heated to 170°C. The ether fractions can also be
35  evaporated under vacuum until all the ether solvent has been removed. The



"Two [ayers are fornmed of which the |ower, aqueous layer is run off and
kept. The upper, heptane |ayer is rewashed with a fresh Ii . -
acetone-water m xture and again separated as previ %E]?I'ﬁ H@#@é?@é?’ ?‘Illeest
hept ane | ayer is washed twice nore with pure water. and th separ at ed.
n- But anol can 30 advant ageously be added to br ealpgagry iﬂjﬁ ns forned
~during the separation. The combi ned aqueou$-acet one layer an be then
evaporated to a volune of about 100 ml and then extracted several tines

with a solvent, eg petroleumether. The ether-washed aqueous |ayer can be
then finally s eresiduabdscond materabeaatbetombingd yithdhe arigintldweptade laget[mdr] The

ether {1 act | onsigaBIRhA% G tREcomARMEERaHOARLINAEHI al | the

et her sol vent has been re i SCous terlal can be

conbi ned with t$&@PEFatignnal heﬁéﬁb‘i%d@ﬁ behingafign this step isdieatedtes te 1803G wnder
conbi ned et her - mpnanerﬁmsiaw@oxmmme 'éVap%YétRﬁr&‘tthé’ﬁhueHiﬂa &ghitue |eft

behi nd after this,st er vacuum e residual

sol i ds from he W&B@E%F?Wﬁeg’?t ‘?°r1|@% @&ﬁ 4‘ g§ar5rpées§nt &%ed to
ensure that no mmmblglK@H/g)@ﬁﬁdsreskmal mhdsﬁ'nmth'e"loegalnasahereheptaab ent (ny
KO ) o e, B4 1o Blcalived ERIThE REIP LAY BriGh PG S EREARRA) SV ers 1S ther

measured and t he SuUccl Ion'Ta s ca ate feature of the
HSSAs of the present Aifgotre oﬂheHzSSAhaf therpeqsentapmmems thaidthessapparente r at i os

are substanti aldng r%ﬂMh&%'rﬁﬁ&sar@!’ub&f&ﬁ%&lﬁ%ﬁﬁﬁﬁhﬂ”Bl he exfﬂéik%r@”t'a' ly

equivalent” is n lon, that the
di scr epancy©bet @B@ﬁa?tf@yr"éﬂl"dﬁml%ﬁiﬁ&ff@ﬁ a‘i‘éﬂ’@‘? e specifiratiomthat gr oups t o
hydrocar byl gr cthpdliscrepahey bstardeicihe rdal &tﬂsa‘iapir’aﬁﬁmelel'at@duﬂoﬂsheﬁnﬂ ﬁ)L\?EOdUCt =

St Rl RS e g B e o
substituted sucsibsiphtiallyfyecsofarsinsaand other sudesizdhilybppmdactsd by reacting a
e e PSS AL B, il VBB
n- and i so- su stltut d succmylatmg agent and is suitably prepared by reacting a poly is0)
butene (hereafter "PIB"), which may be a polymer of n-butene, iso-butene or a
copolymer of the two from a mixed feedstock comprising both n- and iso-
butenes, with maleic anhydride (hereafter "MIA"). This reaction gives rise to a
poly(iso)butenyl succinic anhydride (hereafter "PIBSA"). PIBs when used for
20  producing these PIBSAs may be conventional PIBs such as HY VIS® or PIBs
which have a high_terminal unsaturation, ie PIBs chains which terminate in a
=CHj function. Conventional PIBs usually have less than 50% of the chains
with terminal unsaturation and most commercial products have less than 20%
of chains with terminal unsaturation. The preferred PIBs used for producing
25  the PIBSAs of the present invention have >50% of the chains with terminal
unsaturation. The number average molecular weight (hereafter "Mn") of the
PIB when used is at least 500, and is preferably >750. A typical example of
" such a PIB is ULTRAVIS® (ex BP Chemicals Ltd) and a process for
producing this polymer is claimed and described in our published EP-A-
30 145235, ULTRAVIS® can be produced in grades which have a terminal
unsaturation (ie =CHjy end group) content of over 60% and in Mn ranging
from 750-5000. Such PIBs can be produced substantially free of chlorine by
the process described in our published EP-A-145235.
The PIB is reacted with MA to form the PIBSA as stated above. No
35  chlorination of the PIB is needed to facilitate the reaction with MA. The



butenes, with maleic anhydride (hereafter "MA"). This reaction gives rise
to a poly(iso)butenyl succinic anhydride (hereafter Th&]ﬁsme), ﬂwn used
for 20 producing these PIBSAs may be conventional PlBs such as Mr]
or PIBs which have a high, term nal unsaturation, § Pleg gl whi ch
termnate in a =CH2 function. Conventional PIBs usu h Ss than 50%
of the chains with terminal unsaturation ahd nost conmmercial products have
| ess than 20% of chains with term nal unsaturation. The preferred PIBs used
for producing 25 the PIBSAs of the present invention have >50% of the
chains with teresa'ctiah ivsuitablyrcatriedrout hthe prosbere of\adiigtgboiling sslwémr wei ght

(750 A typi cartiSlan Sotld it RO HATH o0 Prn 8T e ROABIec i BB AL 2P Y
Ltd) and a pr oEesthxs meactiom dtis iprefenablie $hap che My andsP mmbstmullﬂdsua bed in
our published E@eﬁfu%@eranﬁ%@mg“ﬁ A _@g%hﬁﬁﬂsebﬁne%ﬁx%ﬁ@ fin grades

whi ch have a termnp %‘ﬁ] nsa gratl end group) content of over 60%

and in M r-'angPH Sira L?HUD ¥¥®. Such PIBs can be produced substantially

fP Ir Ee of chl Or:j ne by 1&@&@&%&&%@%&@ oubirthe abs&mbwne@@&wmw% The
is reacte t as te

chl orination oﬁg{ gegllbgn‘?c?%%&é’a ael“\s?‘;tgx?'ﬂ%le§ ggﬁ*&ﬁta&sish MA. The

5 reaction is #eludeithy Lemisacids aglnlumlmumncmm!aenr(zllcsdfalmmugtﬁdhded i ng _

sol vent although a We‘ﬁ%?éﬁo'nscerﬂ?éraﬁﬁsﬁ? ﬂx?}nbfeﬂﬁs{a{t]lgﬁ ﬁ'ﬁs m&bﬁﬂi’ acted with

nolten MA. For this reac B are
substanti al®y dPfto 403G, cpseforablydfrom 18080 24056 i npurities, in order to

m ni mI Ise the format iR grbdiet ﬁgfmd\@ssmﬂ]gms@n&m ﬁmxmre%hﬁnﬁ@mf gionis
normal ly carri ence of an ecessary,
a catal yst can§ g%gﬁsgﬁpe@ﬁwgﬂ regins %Y?r 5('#99%/%‘}‘%"?0'_%?8%5% s aci ds
eg al umi ni unt r hetareof the starting RIB amd wmmertuﬂnbatliedHB is Thierinetad before
“tenperature f OFeatcB.bﬁva\lﬁAni sation step is suitably from
15 The HSSA of the present invention can be produced by a number of

processes. A mild thermal maleinisation can give the product directly or a

conventional thermal maleinisation can be followed by a purification procedure

to remove any resins formed during the maleinisation. Such procedures

include filtration, washing or solvent precipitation.

. 20 A preferred process involves washing with a polar solvent. It is
obvious and conventional to clean a succinimide eg by a polar solvent washing
in order to render the same free of unwanted impurities before being employed
as a detergent or as.a dispersant in eg lubricating oil or fuel compositions.
However, due to the inherent dispersancy properties of the succinimide, the

25 succinimide has a tendency to form very stable emulsions with polar solvents,
especially water, thereby making the cleaning step extremely difficult. The
inventive feature is to avoid trying to clean the derivative of HSSA such as eg
the succinimide, but cleaning instead the HSSA used for producing the |
derivative, such as eg the succinimide prior to the imination reaction. In this

30  way the polar maleic anhydride resins are removed before they are aminated.
This step has the added advantage of increased efficiency of removing the
maleic anhydride resins before they are aminated in that the maleic anhydride
resins are more polar than the corresponding aminated maleic anhydride resin.

The cleaning procedure will be described below using crude PIBSA as
35  aspecific example of the impure HSSA. Thus, the crude PIBSA is diluted



*10 100 to [err], preferably from180 to [err]. i Product fromthis

el ei ni sation step is a mxture containing the PIBS hsmaﬂbéau ﬁthﬁ
resins and various side products depending upon the nature of the st

PI'B and whether or not the PMis chlorinated beforepggact aw;l1 MA. 15
The HSSA of the present invention can be produced by a nu of processes.
A nild thermal naleinisation can give the fproduct directly or a
conventional thermal nal einisation can be followed by a purification
procedure to renove any resins fornmed during the nmal einisation. Such
procedur es i nclwitlea hiohtpoldrisolventwasias ey avarombtiesdlvent solduionandrdally 0

A prelerred br Q3RRed Rl SRR AR e AOLRR 15D cubdarinpDvl ous

order to renderfreaef resinpand etdaenmpunmmeén‘e prqancssmgég thenext éta5@| ke errpl oyed
as a detergent Iﬁfec@éf difh ﬂ)‘rﬁ?ﬁf éﬁﬁ‘ﬁe thd PIBS A (0 éntdaird afirlg With fhee!

conposi tions. wever e i nherent dis sanc er of the
suggl ni mi de5 t Hiydperarb @LRR’:Y%‘F Ardfo i H@@aﬁﬁ@ﬁﬂénﬁyﬁ‘EWH %’r“ﬁ{ﬁé?- %‘fé‘

elmﬂ sions with &Qﬁ@PIB@AYﬁﬁ%sﬁed tﬁmg!f_ﬁdiﬂtbwbddabgbf diat‘tﬁﬁ&hyus“mkﬂhrfgtet hed _

cl eaning ste xtr | cult e vent | I Ur e..d trylin
to cl eag thepdeﬁaﬁ‘&a‘pﬁ?fé A5Hoglantia %‘ﬂngg{hééesl”h%mgﬂt&'gfﬁ"%%&g arﬁ%?t%\éF%ani né °
i nstead t he HShdubetulkaf the BEBRA isgetdvered@s thedfilirate, Thediitrate sederived

succi nim de pri 'hbte%hﬁé'r &wgn@&lb by Bftinfa Eealflﬁdr%%ﬁﬂgs&%rﬁ wiich 1svemfezfaﬁr; pol ar

mal ei ¢ anhydri resins are re are, am na S step has
t he added d@varﬂQi@'eaf@flS FWF@&&%WWQ!? &/ﬁbyh%wdr@%mm@ Yok andis ei ¢

anhydri de resingp H&E%'f?e&x@ﬁt tr@ﬁnddhdtdiﬁén%nhgsnmllﬁ uﬂwgﬁﬁ”l ge
resins are nore n orres ed nal ej ¢, anhydri de
resin. The cl eéhgg’ggg%gﬁmp S\Bt sychqpo atﬁé&é’?’%f) |05<9()gff§a|t?ﬁigs Ereﬂttﬁ nd) BSA as
35 a speci fi cwateanPhis sedoridrvteaning step chibbécarfibdioyt bintreatingdbe BUBSA i s

di | uted Wi g sk MUhRPhAluck BF YRR i WRE a B9dAaB0R TBIVGS -Salnent sol d

conmer ci al | y as
15  polar solvent. Where a polar solvent is used, a polar solvent phase containing

substantially all of the resins and other undersirable materials can be separated
from an organic hydrocarbon phase. The organic phase separated contains the
cleaned PIBSA and the solvent mixture and is substantially free of any of the
undesirable products or resins. The cleaning procedure can be repeated

20  several times in order to ensure that substantially all of the impurities and resins
have been removed. The end point in such a cleaning process can be detected
by monitoring the acidity of the polar solvent phase until the acidity thereof is
substantially constant. Such testing ensures that any acidity values in the
purified PIBSA is due to the succinyl groups in the PIBSA and not due to any

25  impurities such as unreacted MA or MA resins or other by-products associated
with the PIBSA. The cleaned PIBSA can be recovered from the solvent, if
desired, by removal of the hydrocarbon solvent eg by stripping or evaporation.
If the PIBSA is to be further reacted with an amine to produce an imide, the
organic phase from the cleaning stages can be used as such without removal of

30  the solvent. ' |

Thus, according to a further embodiment, the present invention is a

process for the preparation of purified HSSA in which the real and apparent.
mole ratios of succinyl groups to hydrocarbyl groups are substantially
equivalent and which contains less than 250ppm of chlorine, said process

35  comprising: | '



HAN 8;572 (ex Exxon Chem cals) and then cleaned to render It substantially
free of resins and other inpurities before progreSS| ﬁaeft
The effect of dilution is to enable the PIBSA to be t:[;'gcfegﬁéng WI?
the 5 hydr ocar bon sol vent andtofaC|I|tatef|Iter|ng In ,;thlonal
step, .the diluted crude PB SA is passed thrdugh a filgge: b L%

di atomaceous earth filter cake, where a substantial portion of the resin

and other inpurities are retained and the bulk of the PIBSA is recovered as
the filtrate. The fil teasting &polglsd)maenensith maleiaarhisdiidectocfonmcnt}ySS Anndrat e

M xing wi th a sglvent il fiRRClat Bl BrvenPBhlrBRd, LiRfiRt ant i al Iy

I mm scible wth'the %s I'S capa renovi ng any
remmi ni ng resins and dssined predudsi r abl e impurities in the Pl BSA. Exanpl es of

such pol ar solvents iWgbygR y&%@%@%ﬁﬂia‘&ﬂ%sso%}édmh%oftﬂa'&%sx?éﬂcond

cl eaning step can be,carried qut. by treating cru - elther as
such or after dPPOb imthgires aad HM%&MM#“%P inyl gwa%?hssim%bya

sol vent. Where ?r dPsaherdii EM'SB&bstaﬁtlﬂﬁﬁé‘éuwﬁleﬁpitﬁfm%@|rH2ﬁ:EEd withse contai ni ng
substantially all of the refﬂ#&@%’ ot her undersua | e materials can be

separated from &n or FA"H espending SeReIde i ¢ phase separat ed
cont ai ns the cl baned aBIdBﬁ)hohmfohh&mmepdndmgmwmrand is substantially

free of any of ghe unggsh babhEoREAMSS &Y ed S WIS iR TIgRIfIC AU &

can be repeated 20 ‘severa nsure th ially
all of the ¥hpuriti esomespondingsslthave been renoved. The end point in such a

cl eaning pr OCeSThE?Jkdé@:nﬁﬁ!d@@eﬁ@rs%dﬁEP&Hlt’sQFé fhgn Lb& a%(‘ddéitmés ®r fullg opO! ar
sol vent phase UPI{IJ the acidi'ty thereof 1s substantially constant. Such

testing ensures téﬂy acidity values in the purified PIBSA is due to the

succi nyl groups |n t WWheh theAIBeA mfehctdalesﬁeelaﬂyﬂwltaipolyaﬂiﬁuétd pdussihb as
.associated wi th.the PlIBSA.

unreacted MA or resi,ns o Bﬁ’ b1 é:

The cl eaned Pl Bgﬁ{rﬁ‘?r?nsg‘gr i’g{? é*Efn-Y Bﬁ‘f"ﬁ“ﬂ‘é ﬁr’%’ﬁi’ © Amonasior Ris- by renoval
of the hydrxar &mxmmﬁdﬁemtd\e@He;eaﬁerrbeppfengdmasa\l%iBSI'ht&thlIB‘SIsm PIBSA is
to be further rgagied mt&g@&b@mw@ d%ﬂenpinad%&ﬁaaﬂ%bm&ﬂmmmsorgam ¢ phase

fromthe cleaning sta renoval of t he
sol vent. Thus, accor aﬁ't*rigfqaétl@ Yetiweandhe elpansd PRBAA and ke pelyampe cenbention is

a process for tbgried @Rdoptibilly f theprdsériceéf bosWentd Whi ch the real and
appar ent ‘The reactant polyamine used for this step is suitably an amine which has
20  at least two basic nitrogen atoms of which at least one is a primary amino
group. A polyamine substituted with -OH groups or alkoxy groups or
polyoxyalkylene groups can also be used in this step. Specific examples of the
polyamines that may be used include ethylene diamine, dimethylamino
propylamine, triethylene tetramine, tetracthylene pentamine, N-hydroxyethyl
25  ethylenediamine and 'polyéther amines.

The reaction between the PIBSA and the polyamine is suitably carried
out at a temperature in the range from 100 to 200°C, preferably from 50 to
190°C and a pressure from 1 to 5 bar gauge.

The relative molar ratios of the PIBSA to the polyamine in the reaction

30  mixture is suitably in the range from 2:1 to 1:1. Irrespective of the relative
ratios of the two components in this reaction, it must be ensured that the
resultant product is substantially free of any unreacted polyamine before being
incorporated in a fuel formulation.

According to yet another embodiment, the present invention is a

35  derivative of an HSSA in which the hydrocarbyl substitutent groups is a



“mol e’ ratios of succinyl groups to hydrocarbyl groups are substantially

-equi val ent and which contains | ess than 250ppm of Ch’i’ﬁ}%iiﬁﬂne %MWWS
conpri si ng: 7 a. reacting a poly(iso)butene wth maleic anhydride to

forman HSSA and b. cl eaning the HSSA so fornmed by sol vant traction to
obtain the desired product. When the HSSA is a Pl BSADated & pr oduced
Is of the desired 5 purity, ie the real 8&nd apparent nole ratios of

succi nyl groups to hydrocarbyl groups therein are substantially equival ent,
it can be reacted wth: a. an amne to formthe correspondi ng '

sgccr:]i ni m del, b.poly(is%)btﬁhﬁyﬁﬁfdup!ﬁhi‘cﬁﬁét‘walgee Banrisddey adiestgr os4 salt or,h c.10

with a nmetal conpou uch as egq the ro i e
.correspondi ng séﬁ:i?‘.ngﬁﬁggé PLRFERS %S?ﬁq’&gE?lov%g%ﬂeﬁgmgé%%r'ggaﬂ%? sagg{}%h% hen used
as addi tives famofeuetiss ofthé suncingbgrosps tolthmpalisapbBenyligsoupsdst ed especial |y
with a pol yam | L d : 1yl succi ni m de,
this may be a %R%@n@él%gﬁal%@%nﬁgé@tgﬁg?Hr%gf eﬂgﬁg p#dl iép%}g?%%?ter be referred

to as "PIBSIS'. Such Aresdingse a further embedimgnty theprgiant IySaien §& Arecestiel  and

I Ebri c?ti ng oi |fofr9géa.‘|jcﬁ{gi LN d'vatmo?cre_gﬁéaq:{s)shhewmh ithé heal ah&a;rpfacbnf’l B|SA and

t he pol yam ne can be . caryied out. optionally. i e, presence .50l vent .
The reactant pdMplefaties Gé'bﬁ5‘1“'6}“3'1(HP@%P&’SM@"@HH"X@V“BEa%?rﬁuﬁga%ﬁ%h has 20
at |east two bagqjuivalért andeontaiholess thin 250 ppm of chledsd, seideproeesacompmsing: ani no
group. A polyanine s : | - Ektggx L r

pol yoxyal kyl engl'groulﬁ%géﬂgyéﬁggyggée&%nge ﬂ?ﬁglltéﬁisdgﬂg%@p. pggiaﬁ?%:gségarrpl es of

t he pol yanixtes b.hat elggningthedtSSA seformed by WY%&W%“&M“&SP% B8t hyl ani no
propyl am ne, triethyhgpgsd)BitedVsiRinylafihg a€inPifl Which Beteahartcapphteliy dr oxyet hyl
mole ratios of succinyl groups to poly(iso)butenyl groups is
substantially the same and contains less than 250 ppm of chlorine, and
c. reacting the cleaned succinylating agent with a reagent selected from
15 the group consisting of:
i a polyamine which has at least two basic nitrogen atoms of
which at least one is primary, and optionally carries hydroxy,
alkoxy or polyoxyalkylene substituent groups,

il an aliphatic hydroxy compound containing at least one ~-OH
20 group, and
iii. a metal hydroxide or a metal oxide,

so as to respectively form the corresponding succinimide,succinate ester or
succinate salt. | 3
The PIBSI thus produced can be used for blending into lubricating oils,
25  or as gasoline additives optionally in a solvent and/or a carrier which may be a
synthetic or a mineral oil. If the polyamine is substituted by alkoxy or
polyoxyalkylene groups it may be unnecessary to use a carrier. A particular
feature of the PIBSIs produced by the process of the present invention is that
they are substantially free of chlorine. This is a particular advantage when such
30  PIBSIs are used as additives for the fuels or lubricants used in internal
combustion engines.

Thus, according to a yet further embodiment, the present invention is a
lubricating oil or fuel composition comprising a poly(iso)butenyl succinimide in
which the real and apparent mole ratios of succinyl groups to poly(iso)butenyl

35  groups are substantially equivalent.



25 et hyl enedi am ne and pol yet her am nes. The reaction between the PIBSA
and the polyanine is suitably carried out at a tenperature in the range
from100 to [err], preferably from50 to [err] and a pﬁ@asuh@rep‘%m@‘&ow
bar gauge. The relative nolar ratios of the PIBSA to the pol yanine in the
reaction 30 m xture is swtably|ntherangefrom21to I
Irrespective of the relative ratios of the 2wo corrpon&@[‘%- | S reactlon
it nmust be ensured that the resultant product is substantlally free of any
unr eact ed pol yam ne before being incorporated in a fuel formulation.
Accordi ng to yet anoflherpresshidiention is futtheqilestmted witheeferenceite thee 35

derivative of agy Egalxp{wgg.h the hydrocarbyl substitutent groups is a
8 pol y(iso)buten I'ch derivative is an imde, an ester or a salt
obt ai nabl e by aﬁéﬂ! BLE Hescribed bl ow and in which the real and apparent

mole ratios of f§he s irAtion SFPMRA-t o the pol y(iso)butenyl groups is
substantially ea and C | ess than, 250 m of chlorjne. 5
According t@ a fﬁéﬁmﬁﬁ% nﬁﬂti ®]Oetegminal HWH‘B’QHH“ Pepfaxp&(?? e8% for
produci ng a der BPaChensicals Led)eﬁd%&éamth 2 M99 frivldriexcessadf moltenddadsent nol e
rati os of the sggﬁl nyl groups to poly(iso)butenyl groups are substantially
equi val ent and 3t ns | ess than 250 ppm of chlorine, said process

conpri si ng: a. - redteiMiB wasﬂmhbpdmsb?ﬁmmd@rwsuhsmwi:pdgmﬁﬁmﬁmm form
an HSSA, 10 eablof 2 MIAknNIR VFQ%M dEQIIRL P18 5\9%11' o@ﬂfﬁﬁ&ﬁt nto

obtalnapoly(lso Buten Succin t1ng agent e rea
appar ent no¥®k rhedresl f@frewe&waytheg heatgd tor SpGI%ngcﬂ‘%é@é‘H?P “@‘Fléfu ps i S
subst ant i alhl y f gggﬁﬂﬂﬁgiﬁdr@@t@t' phedsuré ﬁﬁ%bélh&“h&ﬁ@ ap%arftaé gmgg{ ém%crt gnm d 1;
{ ﬁgmglr ggpt angl ?&F’l?a lewas samBB%ﬁ\éa%ﬁ“ UL tq RSB pasi c
ni trogen atons rdmove excess unreacted MA. The resultant product free of unreacted MA
was diluted 80/20 v/v with an aromatic hydrocarbon solvent (HAN 8572, ex
15  Exxon Chemicals) and filtered through a bed of diatomaceous earth to remove
insoluble poly-maleic anhydride resins. The resultant filtrate containing
PIBSA can be used as such or after the removal of the HAN 8572 solvent for
further processing. This is an example of a PIBSA which is oil-free and the
final PIBSI formulation produced therefrom will also be oil-free.
20 The same general procedure was used to produce HYVIS® 10 PIBSA
except that the reaction time for HYVIS® 10 PIBSA was four hours as gainst
2 hours for ULTRAVIS® 10 PIBSA.
In the case where the final PIBSI formulation is an oil-containing
formulation, the dilution of the crude PIBSA product, after removal of
25 unreacted MA, is carried out using a mineral oil which is solvent neutral grade
130/150 and this oil remains in the final PIBSI formulation substantially
unchanged as does the HAN 8572 when used.
1.2 Preparation of Purified PIBSAs:
Oil-free ULTRAVIS®10 PIBSA (200g) as produced in Example 1.1
30  after filtration through a diatomaceous earth filter cake and still containing
substantially all of the HAN 8572 solvent was further diluted with 1 : 1 v/v
with a mixture of xylene/butanol (4:6 v/v). Water (400g) was then added to
the above mixture and the mixture was stirred vigorously for 30 minutes. The
mixture was transferred to a separating funnel and then allowed to stand to
35  enable separation of aqueous and organic phases to occur. The lower aqueous



“which at least one is primary, and opt i.dnally carries hydroxy, alkoxy or

-pol yoxyal kyl ene substituent groups, ii. an ali phgid i th&%ﬁ%eﬁﬁﬁpm
containing at |east one -COH 20 group, and iii. a netal

hydroxi de or a netal oxide, so as to respectively formtﬂ?q @{;espondl ng
succi ni nmi de, succi nate ester or succinate salt. TheDat&S| 'f hiis produced can
be used for blending into lubricating oil§0 25 or as gasoline additives
optionally in a solvent and/or a carrier which may be a synthetic or a
mneral oil. If the polyamne is substituted by al koxy or pol yoxyal kyl ene
groups it nay hgetwasssgaeaedardaunsff. The swashing prmecpaema@uemteﬂevamgr e of the

Pl BSI d h
cubst anti ai |y Fpibr gHEeRIeGEF AP aghdFyd GRaRldy E’Eﬂiﬁ;ﬁ %‘a%*?‘aﬁ}qeﬁysﬁéﬁ 30

PIBSlIs are useunafiectatihiyt theavash.oThe wsammbwgr was themdist S¥PUIR tont er nal
conbustion engj pgs ethulﬂf %%&er‘éb‘@tot&n@véfﬁ{e drpadidsolvaitbadd mﬁésddahe

present inventlon ricatjng. ol osi tion c ing a

pol y(i so) bik enWatﬁju&bierYP?H tat pysifi \ﬁﬁf@#ﬁﬁ’és P%“glmé‘ﬁ{}'@%‘b"ﬁgpr&%ﬁ %° rat i 0s of
succi nyl gr oupﬂqetdbrmbaﬁdlﬁg)rmmenyl 35 groups are subst ant ially

equi val ent . DI £ sent dnve tl | 1 ¥ > h
reference to t"1 B Haraig led L : Spratr on - of PBSA 5

A PIB (M ca. 950, mmﬁﬁwmwvlsmlo PBSA(?&QO g)msenamcb%qcefduaotpr ox. 67% ex
BP Chemicals L r\ﬁ,‘éﬁi ?8\}; E“%r ?to;%%%nmﬂoﬁbnﬁﬁ‘iﬁ%ngiedrfﬁ“e” MA as

follows: The P rised to B %J }
nitrogen 10  atmosphericto vacuum istillation and fi te a stirrer and dropping Tunne

The flask was heated to 175°C and tetraethylene pentamine ("TEPA", 36.0 g)
added via the dropping funnel over 15-20 minutes. The flask temperature was
held at 175°C for a further 3 hours and vacuum applied to aid removal of
water as it was formed. The product was then allowed to cool and analysed

15 for nitrogen content. The final product had a total nitrogen content of 3.0 %
w/w, a basic nitrogen content of 1.45 % w/w and an alkalinity value of 58.3
mg KOH/g.

Example 3 - Preparation of Purified ULTRAVIS® 10 PIBS] ( Bis
succinimide):

20 Purified ULTRAVIS® 10 PIBSA (300 g) produced according to the
process of Example 1.2 was charged to a 1 litre round-bottomed flask rigged
for distillation and fitted with a stirrer and dropping funnel. The flask contents
were heated to 175°C and triethylene tetramine ("TETA", 16 g) added
dropwise over 15-20 minutes. The flask contents were maintained at 175°C

25  under partial vacuum for a further 3 hours. Water formed during the reaction
was distilled off under vacuum. The resultant PIBSI product had a total

- nitrogen content of 1.88% w/w and an alkalinity value of 23.8 mg KOH/g.
In a series of Comparative Tests ( "CT", not according to the
invention), further samples of PIBSI were prepared which had not been water-

30  washed to remove any residual resinous or other undesirable impurities. These

are described below:
CT1. _Preparation of unclean ULTRAVIS®10 PIBSI (Mono succinimide):
ULTRAVIS®10 PIBSA (450g, PIBSA No. 76 mg KOH/g) prepared
as in Example 1.1 above,dilutrd 80/20 v/v with an aromatic hydrocarbon
35 solvent (HAN 8572, ex Exxon Chemicals) and filtered through a




in areactor. Mdlten MA was then added to the PIB over a period of about 1
10 hour. The reactor was then heated to [err] during the add &gﬁ\dﬂnisheet
mai ntaining the reactor pressure for about 2 hours. Ahis ig/thesieR pr oduct
was formed which was stripped under vacuum for -4 hours-to substantially
renove excess unreacted MA. The resultant product freﬁ fi tfed MA was
diluted 80/20 v/v with an at'omatic hydrocanbon sol ven %—IA { ex 15
Exxon Chem cals) and filtered through a bed of diatomaceous earth to renove
i nsol ubl e poly-mal ei ¢ anhydri de resins. The resultant filtrate containing

PI BSA can be usamt@ﬁa&wbe@:&hﬁ&ér%kw@saﬁ@uab aCIflxtI'éWﬁasWFNte%W&ém vent for
further processhwqg%Thl S.is.an |-free and the

final PIBSI for B?P%?%ﬁﬂeﬂgﬁmeﬁ"g§F%H9&ef"ie"a‘i°\§/ge'i§8" i *‘P%“e“ 20
The sane gener apu;:geo CBkthylenetstrarnind (TTETA "0 AULEg}HYRY Sfaeged tolttie BEBAingX cept

that th t f, i t 2
hours Tor U TRaIGeLr The THTAVSHE] {dded dropu i oyl s JBthinlIREY Prii iR e
fornulation §s éﬁmmrawc@maaﬂnw@ to giserslpwrty torl75f¢1@V@l‘ 3 heyrs and thetliberatedide

PI BSA product, Wai&rcdll&ﬁf%ﬁ{th@fl)e%"?and Stanersd ve SPIEBTWitkla 9&§|c using a
m neral oil whi ch is sol vent utr 130/1 0. and h&h remains in
the final PIBSI “#ER&?BP&PFGGHOEQ'ﬁ% P qutgl nitresenroatens of f W? andian 8572
when used. 1.2 alkilisipavalue of2®s nigKOH/ged PIBSAs: Q| -free ULTRAVI S[err] 10
Pl BSA (200g) as prod after rough a
(i atomsceous ear Lh f i adpion s e} h°\gwﬁm@88fs?rhven5°@u%§% Bra R O
the HAN 8570 soHMVIS®d9 Holybutene and cammetcially sold as ADXK 20h(mbnerimide) by e of
xyl ene/ but anol {difis YAV UK 8o S%QQ'PI}I @ﬁ‘p%%%}qu;{gd to the above mi xture
S

and the m xture_was stirred vigorou m nutes. The m xture was
transferred to &% in at ndthen allowed to stand to 35 enabl e

separation of aqueouBaaiflesUfIRIPIBSY PApRRd abcdrfingto the Exdnipley andqueous 10
- Comparative Tests above were tested to evaluate their peformance by

15  replacing on a weight for weight basis the detergent component of a modern
high-performance engine inlet system detergent package. The detergent
package used was ADX3866, a commercial package available from BP
Chemicals (Additives) Ltd.
The results are given in the Tables below:

20
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‘|l ayer was separated and run off. The washi ng proceqyre‘mas repeated using
further quantities of water (200g) until the acidit?“bﬁfhﬁéeﬂ wapt sheetr
was unaffected by the wash. The organic | ayer was then distilled under
vacuumto a tenperature of about [err] to renove Lb@ugrgmtq£Q§blvents and
any residual 5 water. The resultant pysified PIBSA was Uséd in subsequent
preparations of the corresponding PIBSI. Exanple 2 - Preparation of
Purified ULTRAVI S[err] 10 PIBSI (Mno-imde): Purified ULTR err] 10 PIBSA
(300 g) prepared according to Exanple 1.2 above was charged to a

round- bottonmed flask rigged for 10 at nospheric to vacuumdistillation and
fitted with a stirrer and dropping funnel. The flask was heated to [err]
and tetraethyl ene pentam ne ("TEPA", 36.0 g) added via the dropping funnel
over 15-20 mnutes. The flask tenperature was held at [err] for a further 3
hours and vacuum applied to aid renoval of water as it was forned. The
product was then allowed to cool and anal ysed 15 for nitrogen content.

The final prod 3 )i t r ogenFTomtgmMT O 330 %W w, a basic
nitrogen contemnt of 1.4 and an pl kal [ nifty |vafue of 58.3 ng KOH g.
Exanple 3 - Pr¢paratf o ilfi ed UTRAVI Bl err]] 10 PIBSI (Bis
succinimde): 2 g ' iled ULTRNg Slerr] 30 PIBSA (300 g) produced
according to the dnpl e 1.25wq§ %Q rdedf{to a 1 litre
r ound- bot t oned | i gl distil|axigphonii|fEqted with a stirrer and
droppi ng funnel}. 8 Ila nfents wef € hgated tlo [ferr] and triethylene
tetram ne (" TEJAS, d) d dropmﬁse;pv 15-40 fi nutes. The flask
contents were fal nt d [elr] 25 undef part]i al vacuum for a further 3
hours. Water fd4rmed gurfinyg the|reacti o wasjdipti{iT éd off under vacuum The
resul tant PIBSI product h%gH tfotal nifrogep contegi of 1.88% w w and an
al kalinity val ye of 2§:8t *J«}Vg. I n ser | es| of nparative Tests ("CT",
not according fo,t he| EvENtSoid), furthpr, safphlem|ak| Pl BSI were prepared
whi ch had not kegnggga_rg@ S|washed I & rgn8eSir8|residual resinous or
ot her undesiratl g qg-lgeg.-ghese ar eﬁjés:gb§ gegl oW
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CTl iDrepar ation of unclean ULTRAVI S[err]10 PIBSI (I\/bno succi nimde):

ULTRAVI S[err] 10 PIBSA (450g, PIBSA No. 76 ng KOH g) _prepared as in ?%e
1.1 above,dilutrd 80/20 v/v with an aromatic hydrocar gs% °?§ E}?Ei(

8572, ex Exxon Chemicals) and filtered through a 11 di at us earth

filter cake was charged to a 1 litre flaskl3fitted witmat@, SHZWBF dr oppi ng
funnel, Dean and Stark receiver, condenser "and nitrogen pur Tri et hyl ene
tetram ne ("TETA", 22.25g) was charged to the droppi ng funnel. The TETA was

th dded d | f Kk t
Al Toued To i se si oMy PR Aeblsy LndZishe St i Sanim ey SBEPRRLy
collected in tiheer[bimnamrmgr@anﬂy supepior fththesegafprios aRt @88 thati pukifjangths ifiaal

ni trogen cont qm,dgggegggg/ﬁ t&%@hot&ﬁﬁ&ﬁﬂ{ A BpRlbe ferifhot and an

al kalinity value o
conventi onal HEES e HSS Asderived fiom and conner0|ally

sol d as AD¥ ZqJIY(\H‘S@ahM@RﬁVH@* b| s Lt d UK was al so used in the
o epar od hccor di mg SSMPHS SHERVISE paliavienn (008 1Ll FRBAY BRmR e t est od
E gee\égl gcr’alt 2n§ h@0ogpelees mﬁeﬁel!?!uﬂj&ted &4 ﬁ:glreﬁgsraggrrt] aeaoﬁombﬁmé i emlcgibtsa:[ 2?15| S
det er gent ) pac klﬁ\%ﬁ?%?ﬁ&tsggg@ea% ﬁ&‘yglgaﬁgaﬂé)ﬁ’&%‘b" '\/\%? g%%ﬁn ntag) ?/c i al
package avai | dilewf (The @rdChemductslBIRSHAR)iin éach Spselwere sTﬂimJed@§ exdess are given
in the Talpes Qﬁ-leé’@’i’ed £ih1e1C ariffydfide and the stripped product in each case dissolved in

heptane (800 ml). Celite filter aid was mixed with each of the heptane solutions of

the PIBSAs which were then stirred for several minutes. Each of the mixtures

were then separately filtered through a Celite filter cake. The resultant filtrates

containing the respective PIBSA in heptane were washed twice with a

15  water/acetone mixture (60/40 v/v, 300 ml) and after each washing the mixed

solutions were allowed to separate into an organic phase and an aqueous phase. In

each case, the aqueous layer was discarded and the organic phase recovered after

the second washing was stripped of the sovent. The resultant solvent-free product

was heated in each case to 180°C in a rotary evaporator under a strong vacuum for

20 one hour to form a cleaned PIBSA of the present invention. The procedure was
repeated to produce a further aliquot each of trhe cleaned PIBSAs from HYVIS®
and ULTRAVIS® so as to obtain a combined weight of PIBSAs in each case of
about 500g. The analysis of the product obtained is shown below in Table 3:
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12 [err] 13 The results in Tables 1 and 2 show that the succini m des of
the present invention are significantly superior to Tit®iscthef replkicement shewtd
that purifying the final imde again, eg by washing, does no{ significantly
further inprove performance. Exanple 5 - Further pr At & cl eaned
HSSAs derived from5 HYVI S[err] and ULTRAVI S[err] pl est of HYVI S[err]
pol ybut ene (200g) and ULTRAVI S[err] pol ybutene (200g) were separately

subjected to a mal einisation reaction using in each case a nol ar excess of
mal ei ¢ anhydri de using feact|or] cpnditions shown in Table 3 bel ow. The
crude products (PIBSAs)| &n epcl] chse were stripped of excess 10 unr eact ed
mal ei ¢ anhydri de and t gst*r pded} product in each case dissolved in heptane
(800 mM). Celite filter Eﬂ&uvas nl xed with each of the heptane solutions of
t he PI BSAs which were tfh Lifqfrefd for several minutes. Each of the
m xtures were then separ§t y&[iRfered through a Celite filter cake. The
resultant filtrates cont&@ rghe tdp respective PIBSA in heptane were washed
twice with a 15 vvater/ac.é__ft@ m xture (60/40 v/v, 300 nl) and after each
washi ng the m xed sol ut]i @hsswerte gl l owed to separate into an organi c phase
and an aqueous phase. l{ngeach ¢asp, the aqueous |ayer was discarded and the
organi ¢ phase recovered after the] second washi ng was stripped of the
sovent. The resultant S -firele product was heated in each case to [err]
in arotary evaporator fugder| afstyong vacuum for 20 one hour to forma
cl eaned PIBSA of the prlegen} i pvention. The procedure was repeated to
produce a further aliqydE @ch|of| trhe cleaned PIBSAs from[err] and
ULTRAVI S[err] so as to tang g:onbi ned wei ght of PIBSAs in each case of
5 2 =f <
=
(>
\O
e g °> <| 5
= gl o| &
wl S| &
2 " °
=
=
S Ul v w»n
© TI]K
2
2 <l v
z g
4
o
_ B
-
[
e £
S 3 ;
(e}
[
E &
i
| =
a
=] .m < .8
=z | ] & 8
S B
Z 8
4 < g
AR v <
m |2 3 [ s
o e g 2
>l = E =
& L=/




é_bout ’ 500g. The anal ysis of the product obtained is shown below in Table 3:

2530 35 M4 lerr] 15 Exarple 6 - Preparation ofnSuetid}dHidisment Meet

washed HYVI S[err] PIBSA (285.5g) from Exanpl e 5 above Wwas re

(14.83g) for 3 hours at [err] in a stirred reactor provided wi%a ni trogen
sparge. The by-product water fromthe reactjon nm xtudatenasH ?% ed by 5
the nitrogen sparge. Simlarly, the washed Terr] PIBSA from Examaple 5 was
reacted with TETA for 3 hours at [err] and the by-product was renoved, as

previously, wth a ni t6r en.spar g The oducts from both these reactions
were bis-succi Mﬁ% : M—'-!}@E%—aa pcct Sas detergents in a comerci al
formul ati on ADX3866 Tax washdd HYIVISR RIBSA (285.5g) drame Exemplerfyabove evas reaatedent
‘| evel s used an . h BV, re t I . . -
VBT (TEBEIGH: ol AR a0 M A iy

Preéparation of succini mdes L nven

of Pl BSAs wer e mitiagen spargeYUhshy-prqdughwater firrmhg|rezqtionraixture wias samavgd bjre
process desgri g nitfodendypaflec o above but the products fromthe initial

AR T R T Y S R N M AR U oL
anhydride and fwith @BIA &r 3 Rours at § 75-08QAC sndithe bprprodudt wWasebmbved] &d t er cake.
Th? previously, with a nitrogen sparge.
The products from both these reactions were bis-succinimides which were
10 used as detergents in a commercial formulation ADX3866 (ex Adibis Ltd) used for
engine testing. The treatment levels used and results achieved are tabulated in
~ Table 4 below.
CT2 - Preparation of succinimides (not according to the invention):
A further set of PIBSAs were made from HYVIS® and ULTRAVIS®
15 following the process described in Examaple 5 above but the products from the
initial reaction of polybutene with maleic anhydride were not diluted in heptane
and were not washed. Each product was separately stripped of excess maleic
anhydride and filtered at 100°C through a pre-prepared Celite filter cake. The
acidities (PIBSA No. mg KOH/g) of the filtered PIBSAs were measured in each
20 case and they were then reacted separately with an appropriate quantity of TETA
[Wt of TETA added = (wt of PIBSA x PIBSA No. x 146 x 0.5)/112200] to make
the corresponding bis-succinimide. The reaction in each case was carried out as
previously at 175-180°C for 3 hours, and by-product water was removed by a
nitrogen sparge. The resultant bis-succinimides were used as detergent in a
25  commercial formulation ADX3866 (ex Adibis Ltd) used for engine testing as
previously. The treatment levels used and the results achieved are tabulated in
Table 4 below:
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“acidities (PIBSA No. ng KOH g) of the filtered PIBSAs were neasured in each
20 case and they were then reacted separately with_an.a d rent sheet
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0.5)/112200] to nmake the corresponding bis-succinimde. Ther % tion in
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by- product water was renoved by a nitrogen sparge. The resultant _

bi s-succinim des were used as detergent in a 25 comerci al fornul ation
ADX3866 (ex Adibis Ltd) used for engine testing as previously. The
treatnment |evels used and the results achieved are tabulated in Table 4

bel ow. 30 35 16 0 7 ThE aboje results show that formulations
whi ch use succj pj m ompurified PlBSAs of the present invention
perform signif i tgr than thg,se pbf the prior art in respect of
val ve cleanliness. g E°‘7 = Y MW PIBSA in which the real and
apparent nole he poly(lsofbutanyl groups to succinyl groups were
substantial ly was pf epared by| reacting HYVI S[err] pol ybutene
(200g, M 2045 - Wwe-ge—(2B g) at [err] for six hours. The
apparent nole iojof the reactlon prodJct after stripping excess naleic
anhydri de and fig tionlin n‘in%ral oil fhrough a Celite filter bed in
m neral 10 oi -5/\/&5 95 ;‘Ig-he Feal hol e fatio after a washi ng procedure as
described in the gf ® o o '
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text above was found to be 0.89. Thus, the products before vvashi ng had
~substantially the same nole ratio as that of the washe IS s

that the products of the present invention can be prod(j.ced by ’PB@EQ@@Q shoet
whi ch do not involve washing. 15 20 25 30 35 18 CI awgg.

hydr ocar byl substituted succinyl ating agent (HSSA) - h th |scr epancy
bet ween the real and apparent nole ratios @7 the SUCCI nyl groups to
hydrocarbyl groups is less than 0.1 and which contai ns | ess than 250 ppm of

chl orine. 2. A process for producing an HSSA in which the di screpancy
bet ween t he real andThp pboaresultsishowahat dsrnnflatidrs wluclm us:y#ucgmnmﬁes fram
hydrocar byl gr qlipss rh%%&f*tﬁ@w%sém HREnH Skl TAng,%%ut n Al P Of
chl orine, sai d rocess conpri si I ng i SO ene WI

mal ei ¢ anhydri etpaoreftrmawpmsgivalamalemnes% cl eanl ng the HSSA so

formed by sol VWI on to obtain the desired product, said sol vent
extraction step corrp

i,on di | ut t he, HSSA w a
non- pol ar sél vent, ﬂBrg%‘ " ‘t”é‘F’i‘HﬁrPﬂéngPP regt 'F‘B%Agtf'?%ﬂf‘sf’?éﬁ’gg‘bg%% t he
bul k of the r esgmupsﬂtb sucoinyl gmsnps wtaneesabamthlly equxdulenawds preparied by eactih ‘f t hﬁ ’
HSSA as a is ot her
pur L s, i1 (EYVIS® polsbuee (P0B8in 3045) A B aphifidk 83y el Gasdf
optional step (8i% howrsndthewpparent melewatit bithedeaaﬂsnpmduqn aﬁemnmngcxcessnt
capabl e of maleic anhydride and filtration in mineral oil through a Celite filter bed in mineral
10 oil was 0.95. The real mole ratio after a washing procedure as described in the
text above was found to be 0.89.
Thus, the products before washing had substantially the same mole ratio as
that of the washed product. This shows that the products of the present invention
can be produced by processes which do not involve washing.
15

20

25

30

35



renoving any remaining resins and other inpurities in the filtrate or the
-HSSA and is substantially immscible with the non-pol ar 20

solvent in the filtrate, or, the HSSA, iv. separat|-||r}ﬁ;s Y &hbe
phase containing the resin and other inpurities fromthe non uent
phase containing the HSSA, or, when step (i) is not used, th and
This Is the replacenent sheet 19 Cains: 1. A fuel Mepo T§
conprising a derivative of a hydrocarbyl substituted succinylating agent

(HSSA) in which the discrepancy between the real and- apparent nole ratios
of the succinyl groups to the hydrocarbyl groups is less than 0.1, and

whi ch contains |ess than 250 ppmof chlorine. 5 2. A fuel conp05|t|on
according to Caim1 wherein the hydrocarbyl group is a pol yner of
n-butene, isobutene or a copolymer of the;dwo froma mxed feedstock

conprising both n- and iso-butenes. 3. A fuel conposition according to
Claim2 wherein the pol y(iso)butene has >50%of the chains termnally
unsaturated. 10 4, A fuel conposition according to daim2 or 3

wherein the poI y(| so) butene has _a nunber aver age nmol ecuI ar wei ght of at

| east 500. fue 05|t|on accor edy claim
wher ei n the HSSA der mw l a SUCCI te ester or
succinate salt deriyv n " of the (1) a
pol yani ne which has at | 6as tvvo aS| C nitrogen atons of whi ch at | east.

one is primary and optionally carries hydroxy, alkoxy or polyoxyalkylene
substituent groGldmsor (ii) an aliphatic hydroxy conpound containing at

least one - CH 9§ 0up, AfydrbédrbyidubBitited NG aBEnAHERA in PhicHGhe

discrepancy between the real and apparent mole ratios of the succinyl groups
to hydrocarbyl groups is less than 0.1 and which contains less than 250 ppm of
chlorine.
s 2. A process for producing an HSSA in which the discrepancy between the
real and apparent mole ratios of the succinyl groups to hydrocarby! groups is less
- than 0.1 and which contains less than 250 ppm of chlorine, said process

comprising:
a. reacting a poly(iso)butene with maleic anhydride to form an HSSA, and
10 b cleaning the HSSA so formed by solvent extraction to obtain the desired

product, said solvent extraction step comprising:

i. optionally diluting the HSSA with a non-polar solvent,

ii. filtering the diluted HSSA from (i) to remove the bulk of the resin
and other impurities as a residue and a solution of the HSSA as a

15 filtrate substantially free of resins and other impurities,

iii. intimately mixing the filtrate from (ii) or, when optional step (i) is
not used, the undiluted HSSA, with a polar solvent capable of
removing any remaining resins and other impurities in the filtrate
or the HSSA and is substantially immiscible with the non-polar

20 _ solvent in the filtrate, or, the HSSA,

iv. separating the polar solvent phase containing the resin and other
impurities from the non’-polaf diluent phase containing the HSSA,
or, when step (i) is not used, the HSSA, and



20 6. A fuel conposition according to any one of clainms 2 to 5,

wherein the HSSA derivative is prepared by a processngrg)mesH?' \cone
reacting a poly(iso)butene with maleic anhydride to forman H anné s{'ﬁf'

cl eaning the HSSA so fornmed by sol vent extraction to obt a| n qdﬁSi red
product said solvent extraction step conprising: 25Date tional ly

diluting the HSSA with a non pol ar sol vent, 20 (ii) flltering t he
“diluted HSSA from (i) to renove the bul k of the resin and ot her i mpurities
- as residue and a solution of the HSSA as a filtrate substantially free of
~resins and other inpurities, (iii) intimately mxing the filtrate from(ii)
or, when the optional step (i) is not 5 : used, the undiluted HSSA,
with a polar sol vent capable of renovi @ any remaining resins and ot her
inmpurities in the fitltrate or the HSSA and is substantially inmscible with
t he non-pol ar solvent in the filtrate or the HSSA, (iv) separating the

pol ar sol vent phase containingthe-+esin-and other 1 0 I mpurities

fromthe non-pol ar dlluen g the HSSA or, when step (i) is
- not used, the HSSA and, ”‘nmmm”l@ _-cI eaned HSSA therefrom as such,
~or, when step (i) is used *bye r enmD\w non-pol ar diluent phase

cont ai ni ng,t heClein@ (c) ‘reacting the cl eaned succi nyl ating agent with a

e st Bt RSB parias SR it e e s

primary and opsuccinglating agent i(EISSA) dir which thé disorgpancy betweenythé keal end- -

one. - Ot g oup, SRS mle s °f¥“%b8“§yﬁﬁ§%syox. CRAIBCa RS Hof e 00"

OXI SO as to
respectively f%le%FW@B%ﬂﬁsﬁ ghioringicci nate ester or

5 2. A fuel composition according to Clmm 1 wherein the hydrocarbyl group is
& polymer of n-butene, isobutene or a copolymer of the two from a mixed
feedstock comprising both n- and iso-butenes.

3. A fuel composition according to Claim 2 wherein the poly(iso)butene
has >50% of the chains terminally unsaturated.
10 4. A fuel composition according to Claim 2 or 3 wherein the
poly(iso)butene has a number average molecular weight of at least 500.
5. A fuel composition according to any preceding claim, wherein the HSSA
derivative comprises a succinimide, succinate ester or succinate salt derived from a
reaction of the HSSA with
18 ()  apolyamine which has at least two basic nitrogen atoms of which at least,
one is primary and optionally carries hydroxy, alkoxy or polyoxyalkylene
substituent groups, or
(i)  an aliphatic hydroxy compound containing at least one -OH group, or
. (iif) & metal hydroxide or a metal oxide.
20 6. A fuel composition according to any one of claims 2 to 5, wherein the"
HSSA derivative is prepared by a process compriéing‘
(a) reacting a poly(iso)butene with malsic anhydride to form an HSSA, and
(b) cleaning the HSSA so formed by solvent extraction to obtain the desired
product said solvent extraction step comprising:
25 (i) optionally diluting the HSSA with a non polar solvcnt-,




succinate salt. 7. A fuel conposition according to claim5 or 6, wherein
t he pol yani ne used is selected fromthe group consisting of ethylene

di am ne, dimethylanmino 25 propyl arni ne, diethyl ene Thisdsithe repincarent sheet
tetram ne, tetraethylene pentam ne and N hydroxyethyl ethyl enedi am ne. 8.

A fuel conposition according to Claim6 or 7 wherein gitep (g)5[/3garried
out by reacting poly(iso)butene with maleic anhydride™n anpdnt's rangi ng
from1:0.5 to 1:5 nmolar ratio of poly(iso)butene to naleic anhydride. 30

9. A fuel ing to a&@ one of Clains 6 to 8 wherein step
(a) is carrizegﬂmwﬂuﬂulﬂﬂuﬂmﬂmce of a catalyst. 10. A fuel conposition
according to any Sne‘of"C%irs 6 to 9 wherein step (a) is carried out at a
tenperature fromf[err]. 11. A fuel conposition according to any one of
Clains 6 to 10 wherein_the 35 cleaning step (b) is carried out using a
sol vent conpri si G &itgrinethe diptpd HSSA fromy () tp remoye thppulk d
according to C ai m ¢thepimepusities o cesisvie and ggplption af shaSS At ash filtreta oxygenat ed
sol vents and wat er . subdtantially frecbf reeiapasd bineningaritietli ng to Caim 1l or 12
wherei n the cl eagiyghesdaRély nlitink SheMiraietRom () &Y wiidh tid bitina0stb @) tHRkt | ons
products fgom step (gdg, b whdButedBXSAI GitR b p3 Rk ¥SRES GBIRE bf tdiSoving any

hydr ocarbon ol vent aidnsROlal ana Al HE imguE/ 5 Blo AARHILIMEROL arblevents
separ ates Into a pOSh st%ﬁgggm%§ee‘vﬂﬂ & g%@%ﬁ%ogvﬁr{%g%hwop aese such

that the polar solv contal ns ‘subs he resins and

ot her undesirabl e, H al s whereas the organi c hydrocarbon sol vent phase
contains the ctedf2FRUBLIHLP ol Felvant phass sontpninethe tesirand Rihef o 1 abl e

resins orY@ndesir abli@Pﬁgﬁﬁ%ﬁfﬂéP%‘.m‘IH?‘“ dilpent phasecopigining e feF T o5 Vi
conposi tion conpri sisep thie not ueed, e E3SApdduci ng a derivative of a
hydr ocar byl subst@vb ireeeiesing thgieencd FES Sy thrrefrgrhi@S ARch, priwhensteth@) isused,
di screpancy bet ween vherrcagls thrdoappler diltentpheseraintasng the fagie
(c) reacting the cleaned succinylating agent with a reagent selected from the group
15 consisting of:
(i) a polyamine which has at least two basic nitrogen atoms of which et least
one is primary and optionally carries hydroxy, alkoxy or polyoxyalikylene
substituent groups .
{ii) an aliphatic hydroxy compound containing at least one -OH group and
20 (iii) a metal hydroxide or a metal oxide
50 as to respectively form the corresponding succinimide, succinate ester or
succinate sait.
7. A fuel composition according to claim S or 6, wherein the polyamine
used is selected from the group consisting of ethylene diamine, dimethylamino
25  propylamine, diethylene tiiamine, triethylene tetramine, tetraethylene
pentamine and N-hydroxyethyl ethylenediamine.
8. A fuel comnposition according to Claim 6 or 7 wherein step (a) is
carried out by reacting poly(isa)butene with maleic anhydride in amounts
ranging from 1:0.5 to 1:5 molar ratio of poly(iso)butene to maleic anhydride.
30 9. A fuel composition according to any one of Claims 6 to 8 wherein step.
(a) is cartied out in the absence of a catalyst. '
10. - A fuel composition according to any one of Claims 6 to 9 wherein step
(a) is carried out at a temperature from 100-240°C. -
11. A fuel composition according to any one of Claims 6 to 10 wherein the
35 cleaning step (b) is carried out using a solvent comprising a polar solvent.



succi nyl groups to the hydrocarbyl groups is less than 0.1, and which
contains |less 15 than 250 ppmof chlorine, by (a) reacting a heet
pol y(iso)butene with mal eic anhydride to formthe HSSAThE® ma)repheﬁgﬁm&

t he HSSA so—f-onned-by. SOJALEDL extraction to obtain the desired product said

sol vent extr rising: (i) optionally dilutin ml’-lq with a
non polar soﬂfﬂ'ﬂ"m ul l A1) filtering the diluted [Pﬁgg f:ng ,Q)Ato
renove the b 0] i i ‘and other i%4purities as residue and a sol ution
of the HSSA as a filtrate substantially free of resins and ot her

Impurities, (iii) intimately mxing the filtrate from(ii) or, when the
optional step {y) t us th | sal vent
capable of re [ ngiatﬂé cggxpebgi’tlon MHAM@%@%W@ tixﬁioga?ﬁave urities
in the filtratselested fiemiaggernted sodventdandamatenl |y inmisicible with the

- non-polar sol vet 'R&E&Jnﬂ#&s&%%c%rd&@%‘@% libxviz%ﬁx@?{;ﬂﬂe'@#ﬁ% pol ar

sol vent phase contai,nin esi n an urities omt as on- pol ar

di | uent phase & ’ﬁpﬁﬁ‘efll%‘t empmn&ﬁbweaeﬁonsm ucts fromsten (A i3 not
used, the BSSAmbiese dﬂ/sbweﬁcscaompﬂmgtmmmpkolm&@ shapslvé@s, such, or,

wh t P t
vhen 51b. (1 bielhyhe Mk i tat e S ol St RS L ' 19
sel ected from ofganiyripdpocadyor Maselgmhfthaﬁﬁe polarsol(mit phageadoptainne Whl ch has

at least two b LS primary
and optional | yglgdarS&rl esyrﬁﬁggP tfgg&? oxy or % “kenﬁl ene S&ES{‘I t uent
groups (ii) anogmm hwmwaemg mvglsapcm@aﬂbsswwapurr]
group and 9@ i ﬁeaoﬁhﬁhn@éﬂﬁmlréhﬂxm@dmtctgxmdau&s SO as to
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(1) producing a derivative of a hydrocarbyl substituted succinylating agent - "
(HSSA) in which the discrepancy between the real and apparent mole ratios of the
succinyl groups to the hydrocarbyl groups is less than 0.1, and which contains less
15 than 250 ppm of chlorine, by | '
(2) reacting a poly(iso)butene with maleic anhydride to form the HSSA, and
()  cleaning the HSSA so formed by solvent extraction to obtain the desired
product said solvent extraction step comprising:
(i) optionally diluting the HSSA with a non polar solvent,
20 (ii) filtering the diluted HSSA from (i) to remove the bulk of the resin and
' other impurities as residue and a solution of the HSSA as a fiitrate
_substantially free of resins and other impurities, |
(iif) intimetely mixing the filtrate from (ii) or, when the optional step (i) is not
used, the undiluted HSSA, with a polar solvent capable of removing any
25 remaining resins and other impurities in the filtrate or the HSSA and is* .
substantially immisicible with the non-polar solvent in the filtrate or the
HSSA,
{(iv) separating the polar solvent phase containing the resin and other
impurities from the non-polar diluent phase containing the HSSA or, when
30 step (i) is not used, the HSSA and,
(v) recovering the cleaned HSSA thereform as such, or, When-step (i) is used,
by removing the non-polar diluent phase containing the same
(c) reacting the cleaned succinylating agent with a reagent selected from the group
consisting of. |
35 (0 a polyamine which has at least two basic nitrogen atoms of which at least




succinate salt; and (2) incorporating the HSSA derivative into a fuel. 10

This is the r_e;ﬂmemom sheet
oate: #]3]%

""" 22

one is primary and optionally carries hydroxy, alkoxy or polyoxyalkylcne
substituent groups
(ii) - an afiphatic hydroxy compound containing at least one -OH group and
(iii) a metal hydroxide or a metal oxide
5 50 as to respectively form the corresponding succxmnnde, succinate ester or
succinate salt; and
(2) incorporating the HSSA derivative into a fuel.
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