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This invention is directed to new low molecular weight branched alkenyl
succinic acid derivatives (ASAD) that may be prepared by reacting a low
molecular weight polyisocbutene (PIB) having less than about 32 carbon atoms
20 with an unsaturated acidic reagent. The low molecular weight branched
alkenyl succinic acid derivative may be useful as is, or as an intermediate for
(1) low molecular weight branched succinimides, (2) detergents or dispersants
for lube oil or fuels, (3) pour point depressants, (4) surface sizing agents for
paper and (5) friction modifiers for automatic transmission fluids and |
25  continuous variable transmissions (CVTs). The low molecular weight
branched ASAD may be used by itself or as the ester, amide, imide or metal
salt derivative of.the low molecular weight branched ASAD. Preferred low

molecular weight branched ASADs are liquid at ambient temperature.

30 ltis known that olefinfunsaturated acidic reagent ASA compositions may be
prepared by reacting an olefin with an unsaturated acidic reagent thermally.
This reaction is typically carried out at elevated temperatures either neat or in

a solvent or diluent.



a solvent or diluent. 1 One drawback to using an al pha olefin to prepare
the ASAis that the resulting ASA is typically a glassy solid. A solid ASA
i s undesirabl e because a solid ASA cannot be handl ed easily or punped
readily at anbient tenperatures 5 Before further processing, a solid ASA
has to be brought to a consistency that may be punped readily. Achieving
such a consistency may be acconplished by heating the solid ASAto a
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either. Also the need to isonerize the olefin to an internal olefin
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reagent to form an ASA, the desired ASA is usually a liquid at room
temperature. The addition of such an isomerization step is often costly and

thus undesirable.

20 The low molecular weight branched ASAD of this invention is an improvement
over alpha olefin ASAs. Since the low molecular weight branched ASAD of
this invention is liquid, it is not necessary to dissolve the low molecular weight
branched ASAD by using additional heat or adding solvent before the low
molecular weight branched ASAD is used. Since no solvent is required, the

25  step of removing the solvent is not necessary either. Also the need to
isomerize the olefin to an internal olefin position, which is an additional step
and can increase the cost of production of the ASAD, is not necessary for the

production of the low molecular weight branched ASAD of this invention.

30 Boerzel et al., U.S. Patent No. 4,152,499, disclose isobutene polymers having
a degree of polymerization of from 10 to 100, where the proportion of
theoretically possible terminal double bonds is greater than in conventional

polybutene products.



a degree of polynerization of from10 to 100, where the proportion of
theoretically possible term nal double bonds is greater than in
conventional pol ybutene products. 2 Samson, U.S. Patent No. 4, 605, 808,

di scl oses a process for cationic polynerization of 1-olefins, particularly
i sobut ene, thereby producing polyisobutenes with a relatively high degree
of term nal Haseaam bt$.dratanidNo.FRGDNGOS, divtlesas apromesgfor cefiorbet ween 500 and

5000, The i GRuRIARSEA 801 Qiia! 54 IhNaly NORRLHE LA, ollify ol vT sobut ene

pol ymers are pdriicu ucin mal ei ¢
anhydri de. V\@D@imbgteeiesawlth a téfﬁwel%d’mglmtjegma (ﬁ‘témﬂnﬁxﬁm,sanliraﬁdmﬁi usi ng

substituted clic rbox I|c Cld K| dri sizin ents. 10
Onopchenko, agn glgamghxpa] hégg %%@d@ Srrr@:ﬁﬁgg fci?ronf‘ﬂbafg

plr Eplar ati on ge_ﬁm&hédﬂlnahmdatdjnphﬂwbamsﬁﬂutéﬁé Ip@Kbe?@Eré’Wrﬁ&fﬁ%tFﬁﬁf@r |

al kyl ati ng i phen utene in the presence of a clay

cat al yst, mQF@%'FVQﬂF@Uﬁ%W}'#kB@?ﬁ g gs an average nol ecul ar weight in
the range of 120 to 15 600 and wherein the polyisobutyl ene contains at
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acid esters, polybutenyl sucm nim ci nam des, and pol ybut enyl
succi ni c1@st er am des by reaction with alcohols or am nes, or conbinations
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DeGonia et al., U.S. Patent No. 5,137,980, disclose the formation of
polybutenyl succinic acids or acid derivatives that are useful in the

20  manufacture of polybuteny! succinic acid esters, polybutenyl succinimides or
succinamides, and polybutenyl succinic ester-amides by reaction with

alcohols or amines, or combinations thereof.

Harrison et al., U.S. Patent No. 6,156,850, disclose a process for the

25  preparation of a polyaikyenyl derivative of an unsaturated acidic reagent.
Specifically, the reaction is started in the absence of a strong acid. The
strong acid is later added when at least 25% of the polyalkene is converted to

a polyalkenyl derivative of an unsaturated acidic reagent.

30 Ratneretal., U.S. Patent No. 3,189,544, disciose highly detergent non-ash
forming mineral lubricating oil compositions. A small amount of an oil-soluble
organic suifonic acid salt of amino-imide of a long-chain monosubstituted
polymeric hydrocarbyl succinic anhydride is added to lubricating oils. The

long-chain polymeric substituent may be straight or branched chain and

3



a pol yal kenyl derivative of an unsaturated acidic reagent. 30 Ratner et
al., US. Patent No. 3,189,544, disclose highly detergent non-ash formng
mneral lubricating oil conpositions. A small anmount of an oil-soluble
organic sulfonic acid salt of am no-imde of a | ong-chain nonosubstituted

pol ymeri c hydrocar C|n anh dr|d i s ,added to lubricating oils. The
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Zaweski, et al., U.S. Patent No. 3,476,774, disclose a process for producing
an olefinically substituted carboxylic acid or derivative by the reaction of an

olefin with an alpha, beta- unsaturated carboxylic acid or derivative.

20 Cahill et al., U.S. Patent No. 3,819,660 disclose suppressing fumaric acid
sublimation and tar formation during reaction of 168 to 900 molecular weight
alkene with maleic anhydride and increased yield of alkenylsuccinic anhydride

by the use of catalytic amount of p—alkenylbenzénesulfonic acid.

25 S_pencer etal, U.S. Patent No. 5,777,025, disclose reacting C4-Cqo
dicarboxylic acid with a polyalkene at high temperature and under high inert
gas partial pressure in the presence of a sediment-inhibiting amount of

hydrocarbyl substituted sulfonic acid.

30 Davison, RW., “The Sizing of Paper,” TAPPI, Vol. 58, No. 3 (March 1975) pp.

48-57, summarizes qualities of paper sizing agents.



by the use of catalytic anount of p-al kenyl benzenesul fonic acid. 25 Spencer
et al., US Patent No. 5,777,025, disclose reacting C4-Cl0 dicarboxylic
acid with a pol yal kene at high tenperature and under high inert gas
partial pressure in the presence of a sedinent-inhibiting amount of

hydr ocar byl substituted sul fqpi id. 3 V] R W, "The Sizing of
Paper," TAPPI, Vol. 58, No. %%%@f%%%{’éﬁ&pg? sumari zes qualities
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derivatives ﬂWﬁH&SSE%ﬂLf'%?Hﬁ cgntinugug ve;dg)ible transmissions (CVTs). The low

molecular weight branched ASAD may be used by itself or as the ester,
amide, imide, or metal salt derivative of the low molecular weight branched
15 ASAD. The preferred low mglecuiar weight branched ASAD is liquid at

ambient temperature.

This invention comprises one or more low molecular weight branched alkenyl
succinic acid derivatives having the formula:
20

(A)

wherein X and X' are independently selected from the group consisting of:
25 —OH; —OR!, wherein R is alkyl of 1 to 8 carbon atoms; —NH,; —Cl;

—Br; and —OM+, wherein M+ is the equivalent of at least one of a metal,

ammonium or alkyl ammonium cation wherein the alkyl group has 1 to 8

carbon atoms; and X and X' when taken together are —QO— or -NH--; R is a



wherein X and X' are independently selected fromthe group consisting of:
25 -OH, ----OR, wherein RL is alkyl of 1 to 8 carbon atons; -NH2; -d;
-Br; and -OW, wherein M+ is the equivalent of at |east one of a netal,
anmoni um or al kyl ammoni um cati on wherein the alkyl group has 1 to 8
carbon atons; and X and X when taken together are -0- or -NH-; Ris a5
pol yi sobut enylolyigahutenyt gepupiotaumitue dof ow molesuldr areighdipghisabaterivs obut eny

havi f b
72716 about - 5 WA ART o OuER R becf ShBh B RS A0me ol ™) Sast

50% of the ndiZHglabonly28 damheniadonerdapivad froni a pulysbbuienedavimgratieasthe | ow 5
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met al  sabt desleswdan weighflirantie ASABaubpfuriver gb reduted thfotmABARmRyrebe
prepared by the reacti,on of 10 one or nore unsatyrated acidic agents and
one or nore 6’2?9@%@%93%‘@2"’%@ BefeF fenatiean '@1"5‘%38% Weﬁd@amﬁgﬁi at ons,
preferably fgaidah@tivel2 to about 28 carbon atons and at | east 50% of the
met hyl vi nyl i dene i sonmer plus tri-substituted isoner content. The reaction
may be carried out thermally or may be catal yzed by the presence of strong

acids. The U'Tﬁ@tléwﬂicﬁ@c@&i\ﬁéi&t]@aﬁmAmaf%rBfép%%mgLeCreéeﬁlyrijnj de. The

pol yi sobutene may conprise a  mxture further” conprising about 5 w. %to
about 2010t . 098 C8PILES UagRIUtatgbagidic rengentapodonsBrwmore wolgisphatenesbout 20 wt .

2w oo abaai"s T IREE 1 #P0tin Cablon althg i3RIy RetfandB B Seves.
The | ow nol esbbutr28sirgon alnBsarkbatiesst S af/theagethyivingtiddrerisomieghlusof about
(o o ERERBE ol OB “ EhO  ET BRAFRG To h
has a nol eculreay beetagblyzedby thiequesdite dfatrahgutids0TheRmebkiratet vacididie
et hyl vi Y h pe%%%n{'r%g%{)m%ﬁgé (r:'\n%tleig ]:':mhydride. The polyisobutene may comprise a
mixture further comprising about 5 wt. % to about 20 wt. % CgH1s, about
35 wt. % to about 55 wt. % C12MHa4; about 20 wi. % to about 30 wt. % CisHas,
about 8 wt. % to about 15 wt. % CooHao; about 2 wt % to about 8 wt % CasHas:
7 and about 0.5 wt % to about 2 wt. % CagHse. The low molecular weight PiBs
20 have an average molecular weight of about 450 or less. Preferred low
molecutar weight PIBs have an average molecular weight of about 120 to
about 392. More preferred low molecular weight PIB has a molecular weight
of about 120 to about 300. Preferably, the methylvinylidene isomer content of
the low molecular weight PIB will be at least 40%, more preferably, at least

25  50%, and even more preferably, at least 60%.



the I ow nol ecular weight PIB will be at |east 40% nore preferably, at

| east 25 50% and even nore preferably, at |least 60% 6 Preferably, the | ow
nol ecul ar wei ght branched ASAD of this invention nay also conprise one or
nore doubl e bond isoners having the general formula: (1) (2) (3) 5 (B)
wherein n is a whole integer from1l to 6. This invention may al so conprise
one or nore dlietsranivithe dovhaplasylar meighidrnchied AsrAR PAtN invepgonaierein W

conprises on of v .7 - : reel is a
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8 to about 32 carbon atons ri ved—from a pol yi sobut ene having at | east.
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or nore pol yam ne |inking i ; er e and R4 are independently
hydr ogen, al kyl of 1 to , phenyl orgtakenytogether, are
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wherein n is a whole integer from 1 to 6.
This invention may also comprise one or more succinimides having the
general formula of:
O
R
N—Z—W
0

10 _ ()

wherein W comprises one or more of :



This succinimde may be a part of a lubricating oil conposition conprising
a mjor anount of oil of lubricating viscosity and a m nor anount of this
succinim de. This succinimde my also be a part of a lubricating oil
concentrate conprising fromabout 10 . %to about 90 wt. % of this 15
succi ni mde and from about 90 wt. %to about 10 wt. % of an oil of

| ubricating viscosity. ThRs' succinimde may al so be a part of a fuel

concentrate conprising a r amount of an inert stable ol eophilic

organi c solvent boiling ir/the range of about 150F to out 400F and a

m nor anount of this p r. I S succinimde my—a £0°be post treated
with one or nore cyclic 20 chrborfates or one or nore [ftgear mono- or

pol y- car bonat es under reacti Ve conditions t8%orm one nore post-treated

di spersants. A preferred cyclic carbonate is ethylene carbonate. §$‘II S
post-treated di spersant may be a part of a lubricating oil corrpri( fng a
m nor anmount wiferéihdR paspoliiseritedyl dreanehsang fromdbout 8ab aboaidricdrbof an oi |

of lubricating viscosity. The lubricatin il 25 concentrate nay,. conprise
Fr om about. 161G S5 PR SWaTalpediar KO hpaY BRaem G AH ) B Sant  and
from 90 ws. %hbat &kPslout B2Warbdk Aibrmaiefived Bbrl 41BblyEabiRee havigosi ty. The
pol ymer may al so _be post-treated with one or nore of boron oxide, boron

|
hal i de, bori ¢e3stpB% cfiiae Eﬁt@ﬂ‘énﬁdﬁeﬁﬁﬁ%"%dil“éﬁ Wingdstifuggtispren £imiis i ons to
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or nore succinimades conprises reacting (a) a |'ow nol ecul ar wei ght
branched ASAbDygioggar allgyliey 1rte d8carhpnapmenpheny! aplaken togedher ateed aci dic

reagents wit Byl 2hQ7o tBrSG&(P\A%& %Méqﬁ% g?ﬁgog\%;tiéé:_h contain fromabout 8 to

about 32 carbon atons an erein at Tleas 5 the ol efinic bonds of
t he | ow ABl ecul ar wei ght pol yi sobutene or the m xture of |ow nol ecul ar
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major amount of oil of lubricating viscosity and a minor amount of this
succinimide. This succinimide may also be a part of a lubricating oil
concentrate comprising from about 10 wt. % to about 90 wt. % of this

15 succinimide and from about 90 wt. % to about 10 wt. % of an oil of lubricating
viscosity. This succinimide may also be a part of a fuel concentrate
comprising a major amount of an inert stable oleophilic organic solvent boiling
in the range of about 150°F to about 400°F and a minor amount of this

~ polymer. This succinimide may also be post treated with one or more cyclic

20  carbonates or one or more linear mono- or poly-carbonates under reactive
conditions to form one or more post-treated dispersants. A preferred cyclic
carbonate is ethylene carbonate. This post-treated dispersant may be a part
of a lubricating oil comprising a minor amount of the post-treated dispersant
and a major amount of an oil of lubricating viscosity. The lubricating oil

25  concentrate may comprise from about 10 wt. % to about 90 wt. % of this post-
treated dispersant and from 90 wt. % to about 10 wt. % of an oil of lubricating
viscosity. The polymer may also be post-treated with one or more of boron
oxide, boron halide, boric acid, and esters of boric acid under reactive
conditions to form cne or more post-treated dispersants.
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may have a succinic ratio of 1.0 or greater, and preferably fromabout 1.1
to about 1.4. This succininmde nay be prepared by reacting a m xture under
10 reactive conditions wherein the nmixture conprises one or nore | ow

nol ecul ar wei ght branched ASAD of one or nore unsaturated acidic reagents
and one or rmre pol %{%sobutenes having | ess.than about 32 c atons, and

one or nor e ‘PBIGFERT HELTERHININERT PR Catkimides CEAGERES F?%??'&Q) @ se mal eic

anhydride. Thig maé@néﬂ\néigﬁﬁyraﬁ@rmmsmapkéﬂyréd:ay ratiRg (1 XEshbleon 15
conprising a major anmount of an oil of lubricating viscosity and a m nor

amount of t hiupsatwatediasidirereagenis WHy t2) eae &r mpre pebigo bgtems\mhicl’%to about 10
w.  %of thig, %ﬁ?ﬁbméﬂdﬂﬁetJ'?abéut'ﬁ@&bbﬁ%tdﬁé’aﬁ@%@k&ﬁa?%%s@éowe fuel

concentrates that conprise a ngj o amount of an 1 nert sta eophl lic
organi ¢ sdl vdhe olefinicibaydi of thedowanglecar weisiht pelgBrbutenalpstiic Modwearid a

m nor 20 an%wtma% L[I%exﬁ?@ﬁf%w&é&ﬂgne TS ﬁéé%ie{hb{ rﬁ/ﬁdé’@é’nsBﬁe ki Lreat ed

with one or nore o car bona nono- car nat es and
pol y- car bonattéspbstitdied isaraer, ane (b)anmdmrtmompolgrmlnear Ebeat:@siamytwﬁ)npn se

et hyl ene car Th| .0V nt| QN 2 | ubr i

conpri sing aqﬁ@rﬁ Vea%ﬂ c[img]ra 5’n00| gg@ﬂb%ﬁ@ %§§r§’%{)’itj§°§8§ﬁ$ g%éga m nor
anmount of thmopbw tTmm:tlmthrsmmlmayrbd@,repHred bprmqu&gra\imbrtmeltmdeabout 0.10
W . %to bout é 'é hls )%Lgated . succini mde Uﬁ‘f ventlon
may al so omﬁ?"f‘ E(e§°f‘ﬁ P YhE RGMEriSgS oe fRMare lavh aTan inert
stabl e ol eoplidigitt mémummV@franebﬁldnaﬂ&gmsatdrﬁ@d%@mr@m@geﬁfs ama%ﬁe 150F to
about 400F and a m nor anmpunt of this t?xOSt treated succinimde. This

i nventi on nayPf E¥HBPPYISObHIENSE hawing lesssihap ababdl carber aims.¢&s Pestiar ed by

treati ng SUC%&brﬁo%ﬁuh@bdef hé Gﬁafétur‘é?e&é’élélbtré%é‘htmé onfpridagn&kicor € of
boron oxi de, boron "halide, boric acid, and esters of boric acid. The

succi ni i des ashydrides Thivswentn may campsisp@ Igbricating edcempasitianone or 9 nore
of boron ;9xi ¢8mpheg™ Malor fouRPét £n FbAubAMinGAbSitPand 8 hifioCl - Thi's

amount of this succinimide, more particularly, about 0.10 wt. % to about 10 wt.
% of this succinimide. This invention may comprise one or more fuel
concentrates that comprise a major amount of an inert stable oleophilic
organic solvent boiling in the range of about 150°F to about 400°F and a minor

20 amount of this succinimide.

This succinimide may be post-treated with one or more of the following
carbonates, linear mono-carbonates and poly-carbonates, under reactive
conditions. The carbonates may comprise ethylene carbonate. This invention

25 may comprise a lubricating oil comprising a major amount of an oil of
lubricating viscosity and a minor amount of this post-treated succinimide, or
more particularly, about 0.10 wi. % to about 10 wi. % of this post-treated
succinimide. This invention may also comprise a fuel concentrate comprising
a major amount of an inert stable oleophilic organic solvent boiling in the

30 range of about 150°F to about 400°F and a minor amount of this post-treated
succinimide. This invention may comprise one or more post-treated
succinimides prepared by treating succinimides under reactive conditions with
a one or more of boron oxide, boron halide, boric acid, and esters of boric

acid. The succinimides of this invention may also be post-treated with one or

9



invention may al so conprise lubricating oil conprising a major anmount of
oil of lubricating viscosity and a m nor anount of the succinimde post
treated with a boron conpound. This invention nmay conprise a fuel
concentrate conprising 5 a nmgjor anount of an inert stable ol eophilic
organi c solvent boiling in the range of about 150F to about 400F and a
m nor anpunt reeretdfiborearuedde barere halideaboriagcideand pefets efrhwaicagidai thisone or

nore boron Ccop ‘Dfrg : i bt hi lkcat i on,
whet her or ngt cagﬂtﬁl ize%l%%h@?gﬂbﬁgﬁ@g&ﬁggﬂ%@%%ﬁqﬁﬁ%ﬁ%ﬁ'@%’?r?g%?}eani ngs
unl ess speci flilriating gisavsity andhe mngamding of thensucpinBhide poshtredtbd axithaa i on f or
pol yi sobut eng, T I i Pl B r in to PlIBs
that conpri SZDO]{ r o%jrng%%nﬁc{' nﬁ“? EJnQ(\élB{@iajlt’ ﬁ%g c?gn%%%}}g‘?]oér%? Cg{‘l%gtg Gr?ﬂﬁ%r@d&]aver age
nol ecul ar sweiaginkjor bemsint dfsan iheh statide wlzepkilio opydnibsdlesre bodingan e at | east
50% of the nethyl vvinyli i Songr us tri-substituted.isoner..20 The
Cer m ~ et byl T PR 18T PR HoR gt ghiant b SRFRgid ne®and
pol yal kyl ene tisgtienerhpoatieaed Wil drel dranbretborbmybingemsdsst r uct ure CH2 CH3
(E) wherein R is polyisobutyl group having | ess than }about 29 carbon
atonms. 25 The termtrisubstituted isomer refers to ol efins and pol yal kyl ene

conmponents g INOTIDNG fol lowing trisubstituted structure HCH3 R CH3 (F)

10 wherein R is polyisobutyl grpug@gavi ng | ess than about 28 carbon atons.
The t er m®sudsiUsiediiaévis patephaeplicaiorny whetheroraiot capjtalized. fae fdlgying t he

am de, " terms have the following meanings unless specifically stated otherwise.
The term “PIB” is an abbreviation for polyisobutene.

15 The terms “low molecular weight PIB" refer herein to PIBs that comprise from
about 8 to about 32 carbons atoms and a number average molecular weight
less than 450 and wherein polybutene contains at least 50% of the

methylvinylidene isomer plus tri-substituted isomer.

20  The term "methylvinylidene" or "methylvinylidene isomer” refers to olefins and

polyalkylene components having the following vinylidene structure

CH,

PN

R CH;

(E)

wherein R is polyisobutyl group having less than about 29 carbon atoms.
25  The term trisubstituted isomer refers to olefins and polyalkylene components

having the following trisubstituted structure

H CH;
R CHs;

(F)

10



imde, etc. species that are also formed by the reaction of a succinic 5
anhydride with an am ne. The predom nant products, however, are
succinimdes and this term has been generally accepted as neaning the
product of a reaction of al kenyl- or alkyl-substituted succinic acid or
anhydride with polyam ne. Al kenyl or alkyl succinimdes are disclosed in
nuner ous r ef exleerersk énploipisebutgl grolm hawing tfesshiearmabout@8rdzaaben stontkaent al 10
types of succininmides and related materials enconpassed by the termof art
‘succinimde"” are taught in U S. Patent Nos. 2,992,708; 3,018, 291;

3,024, 237, ﬁﬁ&@rﬁ?@uc&:&i& EOoridedstdd@ irBPe; arﬂndnau@aanyéﬁthetdnﬁddl scl osures
of which are. h i ncorporated by reference. 15 The term Total Base

Nunber" or "7 Ie - §PECiED thah greyalsa imisd ylee re%‘fﬁ\?ﬂ\f)ilae‘?ﬂcc’f‘&; mlligrams of

KCOH in | gr amrhydSdeiats an Hitife. hfhg:ﬂ%do'ﬁﬁhbntWBM@ HoWehvBE largor € al kal i ne
products and theref ore a (ﬂreat er alkalinit reserve. The TBN of a sanple

may be det er riusERipigens tgrmas t@m%eneaallyaﬂwe@tfeﬁé\s reeRN NG thent
procedure. - 20, dfigst6fbReackdR of dﬁgsc P &%l@ﬂ@%tuﬁdt@@%h%:&‘%@%r and may be

determ ned by the procedure I'n ASTM . or any ot her
equi val ent ;ﬂf‘@d@ﬂﬁﬁ with pelyamina. etlkeny aNalkylesuscinimides eraaflisplosed Munber and

may e det et HRslol rdiliench! AGPAN GeliRal Rofl LR, ASTUA ERliahRnidp 004 or any

ot her equi val pr ocedur e succinic ra HE"ea at ed from
t he saponifi dgpesof suaobiprides88nd rajath]ﬂwqiemaigeammpamﬂrﬂyethe terdneobart i ves

ol ecul ar wei SHETITYE 2% Y R TR o PoBENBR, 2 82,264 FTRES LSR02Me5Hr ¢ e
al kenyl or al3$00,618; G, MK6661By12|802; pho GLRTR 745, thedisclosdek bf digisaref t he

i fr ion of 1.0 i 11
aqt lves fr aCthererBy l\rlivcr:}:)erpg}atecf1 Qy re%rle\r/agg action o Ois

15  The term "Total Base Number” or “TBN” refers to the amount of base
equivalent to milligrams of KOH in 1 gram of sample. Thus, higher TBN
numbers reflect more alkaline products and therefore a greater alkalinity
reserve. The TBN of a sample may be determined by ASTM Test No. D2896
or any other equivalent procedure.

20
The term "SAP" refers to Saponification Number and may be determined by
the procedure described in ASTM Test No. D94 or any other equivalent

procedure.

25  The term “TAN" refers to Total Acid Number and may be determined by the
procedure described in ASTM Test No. D 664 or any other equivalent

procedure.

The “succinic ratio” may be calculated from the saponification number

30 (mg KOH per gram of sample), the actives content of the alkenyl or alkyl
succinic anhydride product and the molecular weight of the starting polyolefin.
The actives content of the alkenyl or alkyl succinic anhydride product is

measured in ferms of the actives fraction, wherein an actives fraction of 1.0 is

11



equi valent to 100 wei ght percent actives. Accordingly, an actives fraction
of 0.5 would correspond to 50 wei ght percent actives. The succinic ratio
of the al kenyl or al kyl succinic anhydride product of naleic 5 anhydride
and pol yol efin can be calculated in accordance with the foll ow ng
equation: Succinic ratio = MWX P (C XA - (Mm X P) wherein 10 P =
saponi fi cat i emuivaléntto 660 Wb@habdmeem aatives Rgtordingby, ahacﬁv&wﬁmﬁ'@e ofsanpl e
(ny KC]—I/g) A =_act ves fra {0@ e al k tI or al kyl succinic anhydride
sanpl e 0.5 CQ&W@P%@% gglﬁ’l PGWEPS%%/'VS? the starting polyol efin
Mra= 98 (rml ecul ar weight of maleic anhydr| de) 15 C = conversion factor=1

12220 (for cqnversion of | e ken ni c. anhydri de
per gram of dAgpUEcg rﬁ‘f'?fg“’ @\eaﬂ@ew OWEHSV ﬁé‘Fc'éfc Wf’”%%ﬁ{ﬂd@):f: ohfRRleE i ves
fraction gf tafﬂ.ﬂ dideeand pé]{/oi@frk?z‘én B ealcliatecPiRBedbiddAcaithibe Z8liodeiger m ned
fromthe percen%{ of unreacted polyolefin according to the foll ow ng
procedure. A®gustigftam sanple of the reaction product of maleic anhydride
and polyolefin is dissolved in a suitable. solvent, placed in a colum of
80.0 grams of silica gel (Davisil 62, a 140 angstrom pore size silica
gel), and eluted with 1 liter of a sw t abl 8,0 vent. The percent unreacted
pol yolefin is 25 deterni ned b)}3 ngctm_ml \/xq:s)t under vacuum fromthe
eluent and weighing the residue. Percent unredcted polyolefinis

cal cul ated according to the followi ng formula: Percent UnreactedPol yol efin
= Net Wei ght-v\g{er‘gﬁsi due X 100 Sanple Wi ght

10 P = saponification number of the alkenyl or alkyl succinic anhydride
sample {mg KOH/g)
A= actives fraction of the alkenyl or alkyl succinic anhydride sample
Mpo= number average molecular weight of the starting polyolefin
Mma= 98 (molecular weight of maleic anhydride)
15 C= conversion factor=112220 (for conversion of gram-moles of alkenyl or
alkyl succinic anhydride per gram of sample to mifligrams of KOH

per gram of sample).

The actives fraction of the alkenyl or alkyl succinic anhydride may be

20 determined from the percent of unreacted polyolefin according to the following
procedure. A 5.0 gram sample of the reaction product of maleic anhydride
and polyolefin is dissolved in a suitable solvent, placed in a column of 80.0
grams of silica gel (Davisil 62, a 140 angstrom pore size silica gel), and eluted
with 1 liter of a suitable solvent. The percent unreacted polyolefin is

25 determined by removing the solvent under vacuum from the eluent and

' weighing the residue. Percent unreacted polyolefin is calculated according to

the following formula:

Net Weightof Residue
Sample Weight

Percent UnreactedPolyolefin = X100

12



12 The wei ght percent actives for the al kenyl or al kyl succinic anhydride
product is calculated fromthe percent unreacted pol yol efin using the
formul a: Weight Percent Actives = 100 - Percent Unreacted Polyolefin 5 The
actives fraction of the al kenyl or alkyl succinic anhydride is then
calculated as follows: ActivesFraction = Wight PercentActives 100 10 The
per cent conveths waight perebytaiatiiesfar she alkeny! ar atkyt suneinihanhyirightpreodudent

SR it vt | VBERCRpS R BERh Sl Rodeh olus RGeSy o Vo

nunber of average nol ecul ar wei ght of the starting polyolefin Mm =

98 I I i gh d ' f alk I
o alkyl succi ni ¢ alYENTE T Ader 1 100 5P gupeaes Brfiekitood that

al kenyl or5 al kyl succinic anhydride products haV| ng hi gh succinic ratios

can be bl end wth other a CCi anh s hayi | ower
succinic rati q;tlgpstr (gIIIS%I:I’Ik%I’I aIIWE&WEP”I XI?%& de an al kenyl
succini c anhyﬂldme@egwmwshaw ng an i nternedi at e sucm n| c ratio. 13

ActivesEraction = WeightPercent Actives
100
10 _
The percent conversion of polyolefin is calculated from the weight percent
actives as follows:
PercentConversion =
15

Mpo

+ M., XSR]I

M
wt.%activesX o + [100 — wt.% actives]
M, + M., XSR]

wt.% actives X [
M.oo

wherein '
Mge = number of average molecular weight of the starting polyolefin
Mma= 98(molecular weight of maleic anhydride)

20 SR = succinic ratio of atkenyl or alkyl succinic anhydride product

Itis, of course, understood that alkenyl or alkyl succinic anhydride products

having high succinic ratios can be blended with other alkenyl succinic

anhydrides having lower succinic ratios, for example ratios of around 1.0, to
25 provide an alkenyl succinic anhydride product having an intermediate succinic

ratio.

13



DETAI LED DESCRI PTI ON OF THE | NVENTI ON A. Low nol ecul ar wei ght branched ASAD
5 One enbodi nent of this invention is a | ow nol ecul ar wei ght branched ASAD.
The | ow nol ecul ar wei ght branched ASAD may be prepared by reacting a | ow
nol ecul ar weight PIB with an unsaturated acidic reagent thermally or
optionally catalyzed in the presence of a strong acid. 10 Preferred | ow

nmol ecul ar 'wei ght branched ASAD i nclude those in which an unsaturated

aci di c reage E%f i Q@(ﬁr e, is reacted with a |low
nmol ecul ar \Aelr%%TﬂE'l%)B er(%flﬁl?!a %t@ighg%ﬁor m%dr)g preferably about 70% or
nore, and nore preferably about 80 % or nore of the olefinic bonds of 15
the PIB conprj ses, nethyl vinylidene i soney, us tri-substituted isoner.
Preferably, t .g.onv%{lm}faéyml < 'ﬂt ﬁa§'8ﬁ%‘g§\cgotﬂ$ent of the PIB wll, by itself,
be at |east 40% nore preferably at |east 50% and even nore preferably at

| east 60% 20 Low nol ecul ar wei ght branched ASAD nmay conprise a m xture of
| ow nol ecul naweingbdinfinBofhibiscioudriondé avew ymoigouian vesightcoraneheghASABcause | ow

I I -qght, Pl B d to. | ecul ar wei ght branched ASAD
e gonar al Ty oW PES R wRigRl SRk Ted SEABINELEs ProntFedPL s By
vei ghts.  Thendlesulanheight RIS wigh ghunbatansbe dcidbABagat thaurilly be gener al

formula. O R 25 (A) , wherein X and X are independently selected from
t he group coﬁgﬁglﬂmd:a})ﬁ"yz-e@#f’?hfiﬁf‘%seﬁﬁ’%?@ AreRd #ddal kyl of | to 8 carbon

atons; -NMbi2; -O;
Preferred low molecular weight branched ASAD include those in which an
unsaturated acidic reagent, most preferably maleic anhydride, is reacted with
a low molecular weight PIB wherein about 50 % or more, preferably about
70% or more, and more preferably about 80 % or more of the olefinic bonds of

15 = the PIB comprises methylvinylidene isomer plus tri-substituted isomer.

Preferably, the methylvinylidene isomer content of the PIB will, by itself, be at
least 40%, more preferably at least 50%, and even more preferably at least
60%.

20 Low molecular weight branched ASAD may comprise a mixture of low
molecular weight PIB molecules of varying molecular weight because low
molecular weight PIB used to prepare low molecular weight branched ASAD
are generally mixtures of individual molecules of different molecular weights.

The low molecular weight branched ASAD may have the general formula:

O

Xl’

25
(A)
wherein X and X' are independently selected from the group consisting of:
—OH; —OR, wherein R'is alkyl of 1 fo 8 carbon atoms; —NH,; —ClI;

14



14 -Br; and -Ow, wherein M+ is equivalent of at |east one of a netal,
anmoni um or al kyl ammoni um cati on wherein the al kyl group has 1 to 8
carbon atons; and X and X when taken together are -0- or -NH-; Ris a
pol yi sobut enyl group or a m xture of |ow nol ecul ar wei ght polyi sobutenyl 5
groups having from about 8 to about 32 carbon atons, preferably from about
12 to about 28BtanderOM-omhereienilvisdeduiaient qiet lsasbong ehemeddli ng at | east

50% of the: Al i j . [ i i The |

ool moul ar we BRI AR SR BT whikad WAk haoTRb e The (o8 L
one or nore chrimm stoindpante i aat Kwehemtakest egether Bvat-iQre; orarNiini idés a0

deri vati d | |t derivati | ; i t, wh
ol o1 o anhyaPPhBIREtyLaBYb of Aanikhirs Bliow MefelleF WRid BoBTRBUARL"  20FT
produces the giqldstvivirg fr@wv?hlhinhe&_td amommlgimeoriiattBhkgm;ﬁmbgp‘rcfn _allg)stﬂ_( 1) ( f2)

3 B) 15 r '‘n ole Infeger _from 0, O, e distri Ion O

o e (1) 13805 sholi A e 96 Bormn dterv g s BowBb et FRsfte i brer 02)
i's from aboutspdPabthe n@&ﬁ}rﬁinﬁﬂi’&\e—fméﬂ Sits trbbtbaruted iSopTeITheddw 5 is from

about 5% to about 45%_ Although i|isoners %{, EZ) and gB%) in Formula (B) are
the predoni nSdeculanwelighttrangiiadASAPanaY Butheeae rerdied ISP es were al so

detected usi ggm H%oﬁeélrmré of INEMIIROABYIvAHLS 4l Betbl @dhivaSve Qi madé ed greatly
by whet her an 18 al kyl benzenesuifonic acid catalyst is enployed during the
reacti on 1pet @edyative and a metal sailt derivative.

In a preferred embodiment, when maleic anhydride is used as the unsaturated
acidic reagent, the reaction produces the following low molecular weight

PIB/ASAD isomers:
15

(B)

15



the unsaturated acidic reagent and the | ow nol ecul ar wei ght PIB. Typically,
i f an al kyl benzenesul fonic acid catalyst is used, then the product
contains a mxture of isomers (1), (2), (3) and other |ow nol ecul ar wei ght
branched ASAD isoners. In the alternative, if an al kyl benzenesulfonic
acid catalyst is 15 not used, then the product contains a mgjority of the
(1) isomer. eHgreice tsra whals miegef frethd 9 §oners (1), (2), and (3) in Figure (B)
has been carried out using 1H and' 3C NVMR spectroscopy for the case where n
= 2. The 1H and 13C NMR assignnent for isonmer (1) is reported in Table A
16 Tabl e A NVReAlsfiputicemf isamer (4 pisdfron Bho@as%dn abPput @i Pribealistriigiten cal

paConst ant s RORT G2k ToHTphd 1056 kifbltsble. (HZUGREIRA ¥PRSIel o) 7

5 is from about 5% to about 45%. -

Although isomers (1), (2) and (3) in Formula (B) are the predominate
structures which are produced, other structures were also detected using
NMR analysis. The isomer distribution is controlled greatly by whether an

10 - alkyl benzenesulfonic acid catalyst is employed during the reaction between
the unsaturated acidic reagent and the low molecular weight PIB. Typically, if
an alkyl benzenesulfonic acid catalyst is used, then the product contains a
mixture of isomers (1), (2), {3) and other low molecular weight branched
ASAD isomers. In the alternative, if an alkyl benzenesulfonic acid catalyst is

15  not used, then the product contains a majority of the (1) isomer.
Characterization of the isomers (1), (2), and (3) in Figure (B) has been carried

out using "H and *C NMR spectroscopy for the case where n =2. The 'H

and *C NMR assignment for isomer (1) is reported in Table A.
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116. 84C7CH24. 90- - Vi nyl i dene 58. 02C12CH21. 33-- Ha 56. 34C10CH21. 37- - HG
50. 81C8CH21. 98, 1.97--HF 39.56C5CH22. 80, 2.30Joe=14. 69HD, HE JAB=9. 42,
39. 52C2CH3. 30JAC=5. 84, HA JAC=4.16, JAe=10.59 37.52C9C-----

36. 50C11GC------ 33.80C3CH23. 04, 2.70Jac=19-33HB, He 32.51C13C------
32. 37C16CH30. 99- - Met hyl 30. 58C15CH31. 09- - Met hyl 29. 15, Cl14CH31. 04,
1.03--Methyl 28.95 Werein the CarbonTghlg¢ Mydrogen atons are | abeled in the
e S 1 T8 MM AT e s, o o (2
Carbon Carbon Carbon Proton Proton Proton
Chemical | Assignment | Type Chemical | Coupling Assignment
Shift, Shift, ppm | Constants,
ppm Hz
173.65 C1 C - - --
170.04 C4 Cc - - -
142.71 C6 C -
116.84 Cc7 CH> 4.90 - Vinylidene
58.02 C12 CHz 1.33 - Hu
56.34 C10 CH: 1.37 - He
50.81 C8 CHz 1.98, 1.97 - He
39.56 C5 CH, 2.80,2.30 | Joe=14.69 Hp, He
39.52 C2 CH 3.30 Jag=9.42, Ha
Jac=5.84,
Jap=%4.16,
Jae=10.59
37.52 C9 C - - -
36.50 C1i1 C - - -
33.80 C3 CHy 3.04,2.70 | Jec=19.33 Hg, He
32.51 C13 C - -- -
32.37 C16 CHa 0.99 - Methyl
30.58 C15 CHs 1.09 - Methyl
29.15, C14 CH3 1.04, 1.03 - Methyl
28.95

Wherein the Carbon and Hydrogen atoms are labeled in the structures below:

17



Carbon Proton Proton Chem cal Carbon Carbon Chem cal Coupling Proton
Shift, ppmAssi gnnent TypeShi ft, Constants, Assignnment ppnHz 173.93C C
170. 38C4AC---- 140.78C8CH5.29--A efin 126. 75C6C-- 57.80C12CH21. 29- - HH
57. 00C10CH21. 53-- HG 43. 34C5CH22. 63, 2.17Joe=14. 10H0, HE JAB=9. 72,

39. 24C2CH3. 26JAC=6. 03, HA JAC=4.72, JAE=10.93
Likewise the NMR assignment for isomer (2) is reported in Table B.

Table B
NMR Assignment for Isomer (2).
Carbon Carbon Carbon Proton Proton Proton
Chemical | Assignment| Type Chemical | Coupling Assignment
Shift, ppm Shift, Constants,
ppm Hz
173.93 C1 C - = -
170.38 C4 c - - -
140.78 cs . CH 5.29 - Olefin
126.75 C6 C , - -
57.80 C12 CH; 1.29 - Hy
57.00 C10 CHa 1.53 - Hg
43.34 C5 CH> 2.63,2.17 | Jee=14.10 Hp, He
39.24 C2 CH 3.26 Jag=9.72, Ha
‘ Jac=6.03,
Jan=4.72,
Jae=10.93
37.23 Cc9 C -- -- -
36.50 C11 C -- -- -
33.31 C3 CH; 295,270 Jsgc=19.10 Hg, Hc
32.51 C13 C - - -
32.37 C16 CHs - - -
30.58 C15 CH3 - - -
30.29 C14 CHj - - -
16.63 C7 CHs 1.74 -- Methyl

18



37.23C9C ----- 36. 50C11GC------ 33.31C3CH22. 95, 2.70Jac=19. 10HB, Hc
32.51C13CG--- - - 32.37C1l6CH3------ 30. 58C15CH3~--- - 30.29C14CH3------ .

16. 63C7CH31. 74--Methyl 5 18 Werein the Carbon and Hydrogen are | abeled in
the structures below 5 Likew se the NVR assignnent for isoner (3) is
reported in Table C. 19 Table C NWR Assignment for Isoner (3). Carbon

Prot on Pr ot oWherimihedbarban god Hydraasn ardanaled indba shruslyras: erlew: shift,
ppmAssi gnnent TypeShi ft, Constants, _Assi gnment

5 Likewise the NMR assignment for isomer (3} is reported in Table C.
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ppntz 172.38C1C------ 170.11AC ----- 141. 98C6C--- - - -

121. 38C5CH5. 10-- A efin 58.02C12CH21. 32-- HH 56. 56C10CH21. 35- - HG
54.97C8CH22. 06- - HF JAs=10.17, 40.59C2CH4. 03JAG=5.80, HA JAD=8. 30

37.5009C - - --- 36. 50C11G------ 35. 74C3CH23. 25, 2.72Jec=18.92Hs, Hc
32.51C13CG------- 32.37C16CH3------ 30. 58C15CH3- - - - - - 2927Cl4CH3- - - - - -

20. 11F C7CH31. 81--Vinyl Methyl Wherei fabkeCCarbon and Hydrogen are | abel ed

in the structures below. 5 1 3 20 A Mol ecul ar Wi ght
Pol yi osbutene (P[B) The | ow ﬁ%’ﬁ‘éc%?ségn%ﬁ't ﬂ'ﬁsﬁ"ﬁtwrrpl oyed conprise from

about 8 to gbatdrbon Carbon Carbon | Proton Proton Proton
Chemical | Assignment| Type | Chemical | Coupling Assignment
Shift, ppm Shift, Constants,
ppm Hz
172.38 C1 C - A - -
170.11 C4 C - - -
141.98 C6 C - - -
121.38 C5 CH 510 - Olefin
58.02 c12 CH 1.32 - Hir
56.56 C10 CH> 1.35 - Hg
54.97 C8 CH; 2.06 - Hr
40.59 Cc2 CH 4.03 Jag=10.17, Ha
Jac=5.80,
Jap=8.30

37.50 C9 — C - - =
36.50 C11 C -- - -
35.74 C3 CHz 3.25,2.72 | Jec=18.92 Hg, He
32.51 C13 C - - -
32.37 Cie CHs - - --
30.58 C15 CHs - - -
29.27 C14 CHs -- - -
50.11 C7 CHa 1.81 = Vinyl Methyl

- Wherein the Carbon and Hydrogen are labeled in the structures below:
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5 32 carbon atons, for exanple, one or nore of 32 carbon atons, 28 carbon
atons, 24 carbon atons, 20 carbon atons, 16 carbon atons, 12 carbon atons,
and 8 carbon atons. Preferred | ow nol ecul ar wei ght PIBs conprise from
about 12 to about 32 carbon atons. More preferred | ow nol ecul ar wei ght

PI Bs conprise fromabout 12 to about 28 carbon atoms. The | ow nol ecul ar 10
wei ght PI Bs hayje a | ecul ar wei ght of about 450 or |ess.
Preferred lo have a nunber average nol ecular wei ght
of about 120 t'@/gbe¥i »¥32. rred | ow nol ecul ar weight PIBs have a
nunber average nofecdl ar’ weig of ab®ut 120 to about 300. 15 The PI Bs of
this invention may be mixtures 6f individual |ow nolecular weight PIB

nmol ecul es of AudriyowdoletelanMeightPghissbuteneXPB)e of | ow nol ecul ar  wei ght
PI Bs m ght conprise any or all of C8, Cl2, Cl6, C20, C24, C28 and C32

nol ecul es. One enbodi nent of this invention may conprise the use of |ow
nol gcul ar nﬁ/eiTghtioxl?lrﬁ)Iemﬂml iglst P[Baterh&umd:)aﬁnprmmd mt%d;.iagd:@aﬂd;wtg tg 20
carbon nunber,.. For exa ., a PIB mxture may..he djsti]le 0 provide
Conmosi 11 ns ARUTABRRS B Seie M OTOBE Tabe flong 35 Eoh 26, o

C32  nol ecul ggom&Eref @bt aRiE) 20 cAVSIPEBNsONG BBHRAH GMs W2 88boR! Bs of this
invention are those that are used_as a m xture of varying nol ecul ar

wei ghts. Th@lanasy angl &earban aipansy hPraterErd I @olecisr wield FYRPIISR about

450 or less. iy &N taDHEAbbAVEITRABEN LB mIRNSBIprEleRedIsW ndledRtbageiLAr Wi ght
of about 120 to about 392. Mre preferred | ow nol ecul ar weight PI'B has a

mol ecul ar weiFdfRs comprismsom abpot 13 it 280@rbon ploatser Fhedowgwolesviee ul ar

wei ght Pl i i | L RO i %1t o about

20 o orler et DIEFk P TRURDEY Bheh Mt e GaBbe 2a0r 58! 1 200

about 30 wt . FiefeirediBRy mebenutar8vaight RiBs baad autunitter 2vermge Mol€RAEK0, about 2

w %to abou 9 ~14 . %t % C28H56.

C32H64 and h&”&ﬁgé‘\rﬁﬁogégé% ééO#%%bg%Z??@gé eferti jghgfoteBgHheignl bied <!
have a number average molecular weight of about 120 to about 300.

TN

15  The PIBs of this invention may be mixtures of individual low molecular weight
PIB molecules of varying molecular weights. A mixture of low molecular
weight PIBs might comprise any or all of Cg, C12, C4s, C20, C24. C2sand Cs;
molecules. One embodiment of this invention may comprise the use of low
molecular weight PIB molecules that have been separated according to

20  carbon number. For example, a PIB mixture may be distilled to provide
compositions that comprise one or more of Cg, Cyz, C1g, Cap, Cag, Cog, 0r Ca2
molecules. Preferred number average low molecular weight PiBs of this
invention are those that are used as a mixture of varying molecular weights.
The low molecular weight PIBs have a molecular weight of about 450 or less.

25 Preferred low molecular weight PiBs have a molecular weight of about 120 to
about 392. More preferred low molecular weight PIB has a molecular weight
of about 120 to about 300.

A preferred low molecular weight PIB mixture may comprise the following:
30 about 5 wt. % to about 20 wt. % CsHig, about 35 wit. % to about 55 wt. %

C12Ha24, about 20 wt. % to about 30 wt. % C4sH3z, about 8 wi. % to about 15
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or less of the total. 5 The ol efinic bonds of the | ow nol ecul ar weight PIB
conpri se about 50 % or nore, preferably about 70 % or nore, and nore
preferably about 80 % or nore of the nethylvinylidene isoner plus
tri-substituted isonmer. Preferably, the |ow nolecular weight PIB w Il have

a nmethylvinylid i soner content of at |east 40% nore preferably at

| east 50% an -%gw%gow%%gfatﬂ "’}b‘?d{tsl‘@tzfgtCZEU‘*BS@@Q PP%‘fte(??é‘@%/P ®Bs incl ude
those Pl Bs prgpgf det%oamﬂasa. tzgﬁwahalr@r@ﬂﬂsbé@eé Rlad)contiftisalapdhit 2 e _
preparation of PIBs in ich the nmethylvinylidene’isonmer conprises a high
per cent age oforiess afdbatotalonposition is described in U S. Pat. 15 Nos.
4,152,499 and 4, 605,808. Low nol ecul ar weight PIB nay be prepared directly

or they may be a distilled fraction of higher nolecular weight polybutene.
A. 2. Unsatbur athedoigi@nie bendzeeidbatove molaularevaight B aompdise dibaut 20 & eeagent "

refers to mal gl ri | 0,00 CCH=CH -
X (B SR BREBY oyl I Rofk. enlrbo Bt N BESH B brey That a
| east one of morerd the rethyvimdidene amear plusdpadubetitofedriseroer. ngreferablyt eri fy

e O B 0B wel P SALARA bR Bop ot HeRei S Al
ot her wi se f uhedstd0%asnae prefeiabty zﬂﬂe@@eﬁlm%,.anﬁ)ﬁ:ﬁenahd)mpréfem %t le@spri se

functional g(r@g/ps that may conprise one or nore of -OH ---OR, wherein Rl
is an al )(?I ! to 8 carbon atons;

Preferred PIBs include those PIBs prepared using a boron trifiouride (BF3)
catalyst. The preparation of PIBs in which the methylvinylidene isomer
comprises a high percentage of the total composition is described in U.S. Pat.

15 Nos. 4,152,499 and 4,605,808. Low molecular weight PIB may be prepared
directly or they may be a distilled fraction of higher molecular weight

polybutene.

A.2. Unsaturated Acidic Reagent
20
The term “unsaturated acidic reagent” refers to maleic or fumaric reagents of

the general formula:

AN /

C — CH=—CH — C

/ AN

X X

(F)
25 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 salfs with ammonia or amines, form metal salts with reactive metals or

basically reacting metal compounds and otherwise function as acylating
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- OW *when M+ represents one equivalent of a netal, amonium or am ne
cation; -NH2; -d; -Br; or taken together X and X may be -0--- so as to 5
form an anhydride or nmay be -NHto forma succinimde. Preferably, X and X
are such that both carboxylic functions can enter into acylation reactions.
Mal ei ¢ anhydride is a preferred unsaturated acidic reagent. Qher suitable
unsaturated aagefite TypagdpDs and ! u@tapﬂéeamhbmﬁnaﬂgfdl@beﬂi‘ét rﬂéyeoﬁdrﬁﬁnﬁlﬁﬂib as

nonophenyl naleic a y de nomnet h yl nochl or.o,
nonobr ono, nDWdT‘P{?o‘? Qgg’ lﬂy I '8 %@ZP@;‘&”@W ?femSN- phenyl
mal ei m de and—mmelwr&uhm Irépté@éhtﬂ&héle@uﬁi@&nt bb® kA éﬂ]dﬁ)ﬁlurﬁ Wienhife aci d,

mal ei ¢ acid, alk | eates and fummrates, dialky f umar at es and
mal eat es, furfedt ﬁlT’* % g‘é gﬁ& %@'@.{htpse@@fﬁsa”da?ﬁd“%?"em@ﬁ?q’ 8s fand

fumaronitry | eforrﬁ%n%rﬁnydffd!@oﬁhé?'ﬂ@ Ay dd f&ﬁmtaﬁélﬁﬂdfrﬁﬂdéng’rééia@ly edRf s to an
acid having a pKa of [ess than about 4. Preferably, the strong acid is an

oi | -sol ubl e, %tafaﬁgclb#@éhp@ %b%yh@mnﬁv%cwenﬁbmﬂpﬂa@r@ﬁgtlw ds woul d
work (e.g. HGhale dri Pl?ferr nQatuM%roeac@E%ﬁeﬂpldth %‘% ong acid

is an al kyl aryl sulfonic ac St| nor e era group of
sai d al kyl arqnsawaﬂedrﬁccdlfatﬁaaehf@smﬂu@@ﬁbctron@ef@amtmfr@tm as Even nor e

preterr 0,1 AR ASBEIRHSEI ot Bl ooty o o

contains 12 car as an af kyl aryl
sul foni c 185 anompbrorrmot aniﬂwqya,rcﬁcﬁilom arid diﬂtpm‘oyadalkmraﬁlhydimie \P\aphems/l of an

No. 6. 156, asgi kide g sl BhEGuTaRTAS bR nEy apts polly

ref erence. Prraﬁlercaimicy,amyhlﬁ,’yckugémmamaa@s and Rindraendiaikpl famawt@mhdi n the

range of from 30 0.0025%. b bas on th t ot al ht of pol yal kene.
8 4" ConoaaISRles BTN R B NER ety &0 MFGHPE"BP%&%E%%‘ ASAD

fumaronitrile.
15
A.3. The Strong Acid

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, but even

20  inorganic strong acids would work {e.g. HCl, H2SO4, HNO3, HF, etc.). More

~ preferably, the strong acid is an alkyl aryl sulfonic acid. Still more preferably,

the alkyl group of said alky! aryl sulfonic acid has from 4 to 30 carbon atoms.
Even more pre_ferred is an alkyl benzenesulfonic acid in which the alkyl group
contains 12 carbons. The use of a strong acid, such as an alkyl aryl suifonic

25  acid, in the preparation of a polyalkenyl derivative of an unsaturated acidic
reagent is disclosed in Harrison et al., U.S. Patent No. 6,156,850, the

disclosure of which is inborporated herein by reference.

Preferably, the sulfonic acid is present in an amount in the range of from
30 0.0025% to 1% based on the total weight of polyalkene.
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The | ow nol ecul ar wei ght branched ASAD nay be prepared by reacting a low 5
nol ecul ar weight PIB with an unsaturated acidic reagent thermally or
optionally in the presence of a strong acid. The reaction nay be conducted
neat, that is, the | ow nolecular weight PIB and the unsaturated acidic
reagent are conbined in the proper ratio, and then 10 stirred at the
reaction tenpedaGeneral Frepsiatiohiofil.dw MolesulasWadigiyt BrarichedelSADO result in
the substantially conplete conversion of the reactive isonmers of the | ow
nmol ecul ar weight PIB to the | ow nolecular weight branched ASAD. Suitable

reaction ti meghdrew melcb@ibnReighibrafbite®ASAR MBPBE Prepirtd bpredingerioneact i on
times between two and ten _hours. ow nol ecul ar vve‘j%ht PI B, and the

h The |
unsat ur at 8d dePlgr¢ar waigbht!B Wﬁ@aﬁé'”g%tﬁ‘ﬁ}ﬁﬁtac'@@d@?ﬁ@?tt MY i t abl e

nmanner. No sQipfigRAl if theBidiseREk ofré"gtroribd@&&t ant factors are intinmate contact
of the | ow nolecul ar weight PIB and 20 unsaturated acidic reagent. The

reaction, for exanple, may be conducted in a batch systemin which all the
| ow ol ecul arThaglagBiainy b BHAGed Rk, fdt Ys, e Bw MbktUPwRigHipeat ur at ed
aci di c reagent. Tﬁe 1 owg\r/m?ec.uﬁarev\e%agﬁﬁt PISB_ ma _W al'so be a_c?ded

i nt er mi t t ent 1apddhe copaturaied stidictreagend ape rembineddn thet ropahtiocanbheant s i n

t he reactlioon sﬁréﬁ%&ﬂmé%c@nst%nﬁa% é&ﬂ.%ed continuously to a 25 stirred reactor
ap ot ’

wi t h contii'nuous "Fenoval 0 ion"of the product to a recovery train or
to other reactors in series. The reaction may al so take place in a tubular

reactor in ich the component be, added, at,, one,_qr _nnre i,nts al on
the tube. 30 TedePaln TR SR el SUYHATLELGSE Pahd SHpdpaflvonieEon: 1200
L 0 abogt Zg%nv@'sbhemﬂmt peaktivanisabend oﬂt&@%vt(mbo@émﬂﬁ_ o r vaSgHE .PIBhfe tm@ﬁm: on may
e conducted at, a ressure su e to e boilin 0i nt t he | ow

mol ecul ar wei"@ﬂ’{f’c"g%"l ‘&?'Eﬁtbtﬂf"@?f&d 'ﬁr'g%bca?ﬁ”ﬁ‘hgﬂﬁa?t@ctlrﬁ%g"ﬁaé’ b@(;t?%twsanout 35 at
at nosphernikc Rheshdr® s WithSlefdfRSSHERS fib¥s bemiéeadwo Baitealnbirshi gher 24

The low molecular weight PIB, and the unsaturated acidic reagent, may be
_ brought together in any suitable manner. No solvent is required. The

important factors are intimate contact of the low molecular weight PIB and

20  unsaturated acidic reagent. The reaction, for example, may be conducted in a
batch system in which all the low molecular weight PIB is added initially to a
mixture of unsaturated acidic reagent. The low molecular weight PIB may
also be added intermittently or continuously to the other reactants. The
components in the reaction mixture may also be added continuously to a

25  stirred reactor with continuous removal of a portion of the product to a
recovery train or to other reactors in series. The reaction may also take place
in a tubular reactor in which the components may be added at one or more

points along the tube.

30 The reaction may be conducted at a temperature of about 120°C to about
240°C, preferably from about 180°C to about 230°C.

The reaction may be conducted at any pressure suitable fo the boiling point of
the low molecular weight polyisobutene. Typically the reaction is carried out

35  at atmospheric pressure but higher pressures may be used. Typically higher
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pressures are used to prevent the | ow nol ecul ar wei ght pol ybutene or mal eic
anhydri de from being renoved fromthe reaction zone through distillation.
This process may be conducted in batch or in continuous node. 5 The

unsat urated aci dic reagent charge may theoretically range fromO0.5 to 2

nol es of unsaturated acidic reagent per nole of nethyl vinylidene jsonmer of
PI B. More prgMepsiiey athesadiodrevast &ie law mpleculanyeight palybetene grgaeicr om 0. 9

to L L. hen diecRlsnen SBEAblen foinMERkElon ARl AHYIE ABMicRen or Tod t hat

contains 2 an S per aln, especia eln the succinic ratio
is 10 greater than 1. The reaction nmay be carried out at atnospheric

pressure. At i r I ' it pressuri ze the
reactor sli gh?%g%l%l.’eg% m%aéogﬁdgétefjéﬁ g%%}érég&gﬁ@uﬁgégq of unsat ur at ed
aci di ¢ r edgenthd undaheategipmidic pregeet clidbgeé mayHbeereticallyorngs froat @b to Zhe

b i d .ed he desired J , d
e unsat o anBaeael ieBied AAlE foadboh B R G5l AARBHe KM ol £ e
during this sRIBp.M&tegatictably thaamsatdrhtedarcidid aspdntigiange raagisifoom 0.9

t t , t] f tants, f t t [ d
concent r at i oo+ ASeBS FTEEIEPIS YaleS ErRAFe ZRrPate R b ed Bolerova o

20 any unr eacdophing2 ahHyd@idRe pae PIB ehaif 2espicialip vhersie a6 estontietdtio isay be
acconplished by increasing the reactor tenperature from about 150C to

about 2506 pFresier Byt 1 Hisdesstion megdbe qagriehovtat spesphighic REesiyhey Mg

sufficient vaginHPterpedaturbDat MBPGkidRRIrkSe o PrexaifizdhaUshtor AighPli&uous
stirred tank reactor (CSTR) or "series of such reactors nmay be used. PIB

and unsat ur at¥upsia) listppesg dir lossralunsatyratpdoanidic reroesE o tie vaepF opri at e
rates so as tgjmpintain a certain level of conversion of the reactants to
PI B | ow nol ecular” wei ght branched ASA. It is envisioned that the product
streamfromthe reactor then is heated to a 33 tenperature in the range of

about 2008 + Jr EBoEhaER1S A ReSLalabinh Lh diigy AMEL] BThERRUTed 80C 1O

about 20 unreacted unsatur
reaction temperature, and the unsaturated acidic reagent may be added at the

appropriate time/times during this step. Reaction times will vary based upon
reaction temperature, concentration of reactants, use of the strong acid and
concentration of the strong acid. When the reaction is complete, removal of
20 any unreacted unsaturated acidic reagent and unreacted olefin may be
accomplished by increasing the reactor temperature from about 150°C to
about 250°C, preferably from about 180°C to about 200°C, white applying

sufficient vacuum.

25  Ifthe reaction is run continuously, a continuous stirred tank reactor (CSTR) or
series of such reactors may be used. PIB and unsaturated acidic reagent
may be fed continuously at appropriate rates so as to maintain a certain level
of conversion of the reactants to PIB low molecular weight branched ASA. Itis

. envisioned that the product stream from the reactor then is heated to a

3) temperature in the range of about 150°C to about 250°C and preferably in the
range from about 180°C to about 200°C to strip off any unreacted unsaturated
acidic reagent. Vacuum may also be used to facilitate removing any

unreacted unsaturated acidic reagent. It is envisioned that a wiped film

25



acidirc reagent. Vacuum may al so be used to facilitate renoving any
unreacted unsaturated acidic reagent. It is envisioned that a wiped film 25
evaporator or simlar types of equipnent may be suitable for this type of
operation Using a diluent or a solvent is not necessary to prepare the | ow
nol ecul ar 5 wei ght branched ASAD but one may be used if desired. \Wen a

di luent is erpleggeior enrigiardypesol equimentanay be svitablefarilis tyecefant s and
products forqﬁﬁwa@ﬁﬁ preferred. Wien a solvent is enployed, solvents that
are inert to the Teactants and products forned are preferred. Sol vents nmay
be renoved after their usefulness is no |onger required. The | ow nol ecul ar

vel gt br anchidyhQ, AR B UG En R ke Se BB SpLI Y RERREALEML ™ 2y

sol vent used and¥any unreac P 2o ocedur es
such as phas amerghtp:aaad:ﬁammssl 0lbue obe ehastbd Lisdd IbdeSdeeWhBrt atilnténd t he

used duri ng REPPUEE EhdsE iuelsdBR g erE B resdrn e gt il
preparati on afre besferred.etHenra wvg’ftus BimpREREdsaNeAits thmmé)med_(w@hé n the
presence of a stron cid. f:n a stron acid_is O%ed in the

prepar ati on GFA¢HARS| RBfuAts SR RC WS@@) §P'VFH§5§“3Y G ERPPRA altgfe | ow

mol ecul ar - weiygi usdfBinkss fsﬁh'%ﬂbﬁ M‘ehﬂlréd‘eTh@ﬁﬁ\FMb@cﬁ%r@\fé‘@it%r&ﬂ&@ﬁem in the
presence of about 0.0025%to out 1.0% of the strong acid based on the

total weil§ht ASALPPERduTh@apibe qs»née@eaw sensrated dom anms@vemteasgﬂ #goanyof t he
met hyl vi nyl i dene, Rl discibic's ?z%ﬁb?ﬁ 'bﬁ/‘ébﬁgedt%ﬂ cORIrEs B & gé ﬁ@ %’e at |east 70%

of the nethylvinylidene p stitut | soner, preferably at
| east about 8epaistionsoivent HistiNationl pw@mapcbrusncﬂ thesllidestTl”mmdeOIt pamied,

el erably. Pl Mol Shapr BT Bhel SEEeADIOS y BBy YL one

25 isoner, y at eas e~ me ne isomer, and
even nore prdiaelr@cbl y at | east 70% of the nethylvinylidene isoner.

15 Optionally, the described preparation of low molecular weight branched ASAD
may be done in the presence of a strong acid. When a strong acid is
employed in the preparation of the low molecular weight ASAD of this
invention, the low molecular weight PIB is reacted with the unsaturated acidic
reagent in the presence of about 0.0025% to about 1.0% of the strong acid

20  based on the total weight of PIB. The PIB preferably will contain at least 50%
of the methylvinylidene plus trisubstituted isomer, more preferably at least

© 70% of the methylvinylidene plus trisubstituted isomer, and most preferably at
least about 80% of the methylvinylidene plus trisubstituted isomer.
Preferably, the PIB wil also contain at least 40% of the methylvinylidene
25  isomer, more preferably at least 60'% of the methylvinylidene isomer, and

even more preferably at least 70% of the methylvinylidene isomer.
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26 B: Succinimdes One enbodi nent of this invention is a succinimde that
may be referred to herein as a | ow nol ecul ar wei ght branched ASAD
succinimde. This 5 succininmde may be depicted as the general formula: (O
10 wherein: Wconprises one or nore of: R,R3 NO NI and R4 (D) wherein
R is a polyisobutenyl group having from about 8 to about 32 carbon atons,
pref erabl y abduPuacinkwides carbon atons, or a mixture of |ow nol ecul ar

wei ght pol yi sobut enyl groups having from about 8 to about 32 carbon atons,
15 preferably about 12 to 28 carbon atons, derived froma PIB having

gr eat er than GuaembrHimant af thitierenticsoser syscimmidetthgt manhe ireferred to

tri-substitut o . I . r I Lne. 1.l nkj radicals; and
wherein R3 an%qﬁ a%’faHrT@(Mirr]qI 8%@'%@@%%9\%b@&ﬁ%@%ﬁ%'ﬁ%"{'@mﬁﬁgg1o car bon

at ons, pheénylsuscinireile maytdepieted aartbe gekgilabftemafa:2 to 5 carbon atons to
forma ring group. 27 The conpound of fornula (C) nmay be considered a | ow
nol ecul ar wei ght branched ASAD succi nfn de and i s produced by the reaction
of a low nolecular weight branghed ASAD wi th a pol yam ne. Because the | ow
nmol ecul ar wei ght branched ASAD LAty de m xture may contain about 5 from
0.4 to 1.0 equival ents of polyamn I\}a_cuizv_alvgnt of | ow nol ecul ar

(C)
wherein:

W comprises one or more of:

10 | and R4

(D)
wherein R is a polyisobuteny! group having from about 8 to about 32 carbon
atoms, preferably about 12 to 28 carbon atoms, or a mixture of low molecular
weight polyisobutenyl groups having from about 8 to about 32 carbon atoms,

15  preferably about 12 to 28 carbon atoms, derived from a PIB having greater
than 50% methylvinylidene isomer plus methylvinylidene tri-substituted
isomer; Z is one or more polyamine linking radicals; and wherein Rz and Ry
are independently hydrogen, alkyl of 1 to 10 carbon atoms, pheny! or taken

together, are alkylene of 2 to 5 carbon atoms to form a ring group.
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wei ght branched ASAD, other structures may be present. In addition to the
predom nant succinimde of formula (C) the reaction wll typically contain
nore conpl ex reaction products and structures because of 10 conpeting and
sequential reactions. Referring to formula (C), the preferred compounds or
compound m xtures are those wherein Ris a |ow nol ecul ar weight PIB, and
wherein Z is a polyamno radical having about from3 to 7, nore

preferably, alb%orﬂpdtﬂd%f%ﬁﬁt%ﬁﬁ) gﬁa coﬂa@idé@d Bloomacarf et ons. B. 1.
Synt hesi s of Low Mol ecul ar Wi ght Succi ni m de A succini m de conposition

conpri si ng | dVARRIICEASAP W‘@‘m‘d%ﬁﬁ%tﬁ’rﬁ@d%@&tﬁyw regetanefia '@é’s my be
prepared by %@éaﬂéme h6raf&Rd EQAbQWtﬂ@lp%ﬁﬂél'lﬁﬁe V‘Bﬁ&iﬂseﬁﬁéwed ASAD wi t h

a p0| yam ne reac Ive conditions reaction is
conduct ed at fﬂ@ﬁ@dﬁBW@IGEEDI‘BHCHQMSAHQ%ICQWW@Qrmlaﬁbmlfnaywctal@ab@%“out 180C,

pr ef er abl fr t ‘pﬂ%[ﬂ out 10
hour s, préferfa 9%9#01#%% %Igﬂg?glbgg%ut%ﬁﬁo d ypl Caﬂ‘n eéjrlsz reaction
i s conduct ed vmagmbmamcf@dr#&lﬁhmther grustigas eayHmneresent. hi gher or | ower
pressures can al so be used depending on the reaction tenperature desired
and the boiling point of the reactants or solvent if a solvent is used. As

not ed herein/ln tabeitim&ﬁﬁkmiemmﬂnahy@jamﬁmiﬁehﬁfamﬁ!a((clrteebeaamemtlhere are 30

secondary produycts or oducts, and the re ctant tures. |n theory,
por e Comonn PGz BorSFaBteXeRctER AR B I g TG ket Slinds as
react ant qoan@omp,@ﬂ.;%gﬁ@g@@@ﬂ,ap@racﬁm de5| red pure conpounds fromthe
reaction product wever, the expense of this would rarely be justified

for 28 comercial purposes and accordingly the commercial product wll

general |y b‘?{éerﬁh@jwfcﬁmu rtheFHr@f%ﬁ'BH cbﬁpbhﬁd§%§@(ﬁﬂ?&ﬁncgt%ﬂﬁu@%%¢e by the
reaction of the anine wth the [ ow nol ecul ar wej branched ASAD, is

preferably r&mpeedhareim ishelow molecular weight PIB, and wherean Z is a polyamino
radical having about from 3 to 7, more preferably, about 4 to & nitrogen atoms

15 and 8 to 20 carbon atoms.
B.1. Synthesis of Low Molecular Weight PIB Succinimide

A succinimide composition comprising low molecular weight branched ASAD

20 succinimides may be prepared by contacting the desired low molecular weight
branched ASAD with a polyamine under reactive conditions. Typically, the
reaction is conducted at temperatures in the range of from about 140°C to
about 180°C, preferably from about 150°C to about 170°C for from about 1 fo
about 10 hours, preferably from about 4 to about 6 hours. Typically the

25  reaction is conducted at about atmospheric pressure; however, higher or
lower pressures can also be used depending on the reaction temperature

desired and the boiling point of the reactants or solvent if a solvent is used.

As noted herein, the reaction will typically be a mixture because there are

30 secondary products or byproducts and the reactants are mixtures. In theory,
pure compounds could be obtained, for example by using pure compounds as
reactants and then separating out the desired pure compounds from the

reaction product. However, the expense of this would rarely be justified for
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reaction systemduring the course of the reaction via azeotroping,
stripping with nitrogen or distillation. After reaction conpletion, the
system may be stripped at elevated tenperatures (typically 100C to 250" C)
and reduced pressures to renove any vol atile conponents that may be
present in the 10 product. B.2. The Pol yam ne Reactant The pol yam ne

react ant shoOfMgReR! gUrAosas and ﬁp@ydmw%emoméﬁl aroghst will geperaliifpl ecul e,
and preferablps 4nfi@ude?2 am ne nitrogens per nolecule. Mst preferred are

pol yanmi nes having from about 6 to about 10 nitrogen atons per nolecule.
The nunber of am ne nitrogen atons per nolecule of polyamne is calcul ated

as fol | ows: W%g@%%{em%@% BPgSHerate%‘ﬁ hMFQa&FoWHi“tI‘: afffeShigh e of

pol yam ne 14x trogen in yam ne or
pol yam ne 5ni xhe tosv mipfessutar meidid branayed S A) leocﬂfalrablye‘legmvedffromﬁ'!epol yani ne

Sbobt 4 ro atBrol el M RuR S e Yt S A A or HRPSEE ' 5O
ca: Egg_ ?E) E)mstmpmrn]abwrl em(s)mm]fl?r(; m]i;tgg Lqmtuyrao?mplepomftbe ahdtgrhaay ael es o
cul tabi e pol FUHPRAS AIRiR s ides ey e ReBeincham reReh

invention i ngrskserddie reflove\wWnd¥olaliRt éatapdnEnen@aprial m@serﬁ% (hEEPA)
pent aet hyI ene hexam ne, Dow E- 1000 heavy pol yam ne (nunber = 303,

avai | abl d0f r R4 Cheni cal Conmpany, Mdland, M.), and Union Carbide
HPA- X heavy pol yam ne (nunber average nol ecul ar . vei ght = 275, 29 avail able
from Uni on Carbi de Corporation, Danbury, CT.). Such am nes enconpass

i soners, suclB-AsThe BabmineRgastar] yani nes, and the previously

The polyamine reactant should have at least three amine nitrogen atoms
15 per molecule, and preferably 4 to 12 amine nifrogens per molecule. Most
preferred are polyamines having from about 6 to about 10 nitrogen atoms
per molecule. The number of amine nitrogen atoms per molecule of

polyamine is caiculated as follows:

Average number of nitrogen = Y%NxM,,
atoms in molecule of polyamine 14x 100
20

wherein % N

percent nitrogen in polyamine or polyamine mixture
Mpa = number average molecular weight of the polyamine or

polyamine mixture

25  Preferred polyalkylene polyamines comprise from about 4 to about 20 carbon
atoms, there being preferably from 2 to 3 carbon atoms per alkylene unit. The
polyamine preferably has a carbon-to-nitrogen ratio of from about 1:1 to about
10:1. Examples of suitable polyamines that may be used to form the
compounds of this invention include the following: Tetraethylene pentamine

30 (TEPA), pentaethylene hexamine, Dow E-100% heavy polyamine (number
= 303, available from Dow Chemical Company, Midland, Ml.), and Union

Carbide HPA-X heavy polyamine (number average molecular weight = 275,
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menti oned substituted pol yam nes, including hydrocarbyl-substituted

pol yam nes. HPA- X heavy pol yanm ne ("HPA-X"') contains an average of 5
approximately 6.5 am ne nitrogen atons per nolecule. Such heavy polyam nes
general ly afford excellent results. The polyami ne reactant may be a single
conmpound but typically will be a mnixture of conpounds reflecting

conmerci al pcNpdARladem Wﬁ@"&ﬁfﬁﬁ’ﬁc@%ofﬁyoﬁop?@ﬁrﬁecﬁh Sughpmings y be a
m xture i n W {8,085 FonRG¥ &i2h a\%QﬁQRéF ng? n'%%eamf N Op}rgﬁoaé’! rage

conposi tion indicated. For ‘exa yner| at| on of
aziridine or mﬁ@lwﬁﬁub@muw m!mme@en@ymeg@yd@narw tlazteaill have bot h

[ over and It QaAACHRRIRAERY SoldaminEina oY BN RLAR a7] nes and

pent aet hyl en exam n'e osition w | ar TEPA and t he
enpirical oranplr%imtateﬂm@&ammw ndrgee atmnpq»s'r triotavuld. |$UCI’CH1QIB@'I y appr oxi mat e
t hat of TEPA. S i | yam nes include adm xtures of
am nes of vzfrl us sfg ,‘L"@?%f\%{raee% I%&t ﬁ%’g Soveral | mixture contains at

| east 4 nit rogen 20 atons per nol ecul e. Included within these suitable

pol yani nes ar tur.es i et h | ene r| amne (" A" heavy

ol yam ne. A HPAATEGS peRyat Y badamdepampat b ey Wi

cont ai ni ng ZGﬁMmye m@pomE%m:ngQ%mercmpapémhﬂ% Xheaﬁmdﬁé@rd!n ned by

t he met hod descri bedwﬂerel n this preferred ol yam ne reactant contains an

average df abGHAMNS “W'S@lé’nb%?érﬂf’émﬁ%'”p‘%'ﬂ'cﬂﬁpé OF RRYSHBLECrROYSEpar i ng

pol yani nes arp@edd?ﬁhéterm%b%@rﬁeeod#ﬁmutcﬁﬁna.eate§' %‘%‘\é'k&r‘ﬁf)% FHPAORGAN C
CHEM STRY OF NI TROGEN, C arendon Press, Oxford | 'er”s’ CHEM STRY

OF ORGANI C Coreramnbay thspelmseszationi of #aisidinig of, the eaniian B dichiooesthyland
Ki rk- O hmer 1aNes 1 cially
Vol unes 2, p%ngggﬁ{lw E@!ﬁ%@osmr eat rrewg merfiBés g, PEPAS |

substituted piperazines and pentaethylene hexamine, but the compOSItlon will

15 be largely TEPA and the empirical formula of the total amine composition will

closely approximate that of TEPA.

Other examples of suitable polyamines include admixtures of amines of
various sizes, provided that the overall mixture contains at least 4 nitrogen

20  atoms per molecule. Included within these suitable polyamines are mixtures
of diethylene triamine ("DETA") and heavy polyamine. A preferred polyamine
admixture reactant is a mixture containing 20% by weight DETA and 80% by
weight HPA-X; as determined by the method described herein, this preferred
polyamine reactant contains an average of about 5.2 nitrogen atoms

25  permole.

Methods of preparing polyamines and their reactions are detailed in
Sidgewick’s THE ORGANIC CHEMISTRY OF NITROGEN, Clarendon Press, Oxford,
1966; Noller's CHEMISTRY OF ORGANIC COMPOUNDS, Saunders, Philadelphia,

30 2nd Ed., 1957; and Kirk-Othmer's ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY,
2nd Ed., especially Volumes 2, pp. 99-116.
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The ASAD succi ni m de prepared using the | ow nol ecul ar wei ght branched ASAD
may be post-treated with a wide variety of - post-treating reagents. US. 5
Pat. No. 4,234,435, the disclosure of which is incorporated herein by
reference, discloses reacting succinic acylating agents with a variety of
reagents to give post-treated carboxylic acid derivative conpositions that
are useful oG PedtyReatmantsi des and detergents in lubricating oil
conpositions. For exanple, the dispersancy of the ASAD succini m de
prepared using the 10 | ow nol ecul ar wei ght branched ASAD may be i nproved by
reaction wt hrrm ASHDIsuccinmiibie padpared bsiag iy lonastlctulanwaiyie bradheti on in

fl uorocar bon storrer atipi|ity wever .S m eneraII be nore
t han of f set (‘]nlﬂy %posttgéaé‘?fﬁ‘ﬂ@ﬁ?r"‘é{?? Ay of H%Sr}éﬁ?agﬁéég r eat ed
polymer im | it Nef4 bBe 436 NhE pRBufd W:é@fbﬁﬁeorﬁb%té@ﬁéﬂeﬁd 3,%) m)d' fied

pol yner has one or nore 15 nitrogens of ol yam no noi etgysubstl t ut ed

with a hydr oX§fergnfico giselopes raneling sueyic aCﬂHWw@@ﬁms wih A ek /Y1 ene)
oxycar bonyl, er%? i%%{%:ﬁﬁéﬁﬂ?at Eéﬁ%?%hé%éfd’ﬁ&ﬂ%@@é%%ﬁé‘iuﬁa{é §13@hre OF

m Xxture ther ic car onate post -treat ment be conduct ed under
condi tions :_t@e&ufasup@|yén@cmmldﬁﬁﬁm d@a@entmndﬂbmﬁtin@%pomp@atf@dﬁqate with

secondr, 2TElh AR, Yo BB IMAE UL RS kit e

reaction is conduc enperdtures’ o 0 about
250C, prdber dﬂwwdiemﬂmamjgmt bra@ﬂ@dtbshlmy 2o praved by stactionfwdthraed from

about 50C to out 80 e rein
both t he ol ABR GartbTate. e MY EEf bl B AR Shot Qo o

ratio, eithercosipatisilityr HbWetrd?tetmsﬁ asgeacadly be rﬁ@feetharsbffééﬂb'a‘ﬁ‘redemag aci dic,
oxampl o) prodimenienianin SEbb s adRstreatn Ry redn 1gh B8 font ¢ aci o
al kali or al mremmgémg@icﬁ; THE ecAITRy rﬁ@cﬂlﬂ@dlb&y%rﬁgs dhé@emo&eas descri bed
herein with respect to the preparing the ASAD _ succini nde al so be used

in the C)}él i 8”@&95695#@ WW'P@&@%WtSUbWBteIdé@&? BHArgKy BW&?&?&% al kenyl or
al kyl succi nipt@sol thforeky Bolg@PARALRS) oxycarbonyl, a hydroxyalkylene,

hydroxyalkylenepoly(oxyalkylene), or mixture thereof.

The cyclic carbonate post-treatment may be conducted under conditions

20 sufficient to cause reaction of the cyclic carbonate with secondary amino
group of the polyamino substituents. Typically, the reaction is conducted at
temperatures of about from about 0°C to about 250°C, preferably from about
100°C to about 200°C and most preferred from about 50°C to about 180°C.

25  The reaction may be conducted neat, wherein both the polymer and the cyclic
carbonate are combined in the proper ratio, either alone or in the presence of
a catalyst (such as an acidic, basic or Lewis acid catalyst). Examples of
suitable catalysts include, for example, phosphoric acid, boron trifluoride, atkyl
or aryl sulfonic acid, alkali or alkaline carbonate. The same solvents or

30 diluents as described herein with respect to the preparing the ASAD

succinimde may also be used in the cyclic carbonate post-treatment.

The reaction of polyamino alkenyl or alkyl succinimides with cyclic carbonates
is known in the art and is described in U.S. Pat. No. 4,612,132,
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Is known in the art and is described in U S. Pat. No. 4,612,132, 31 hereby
I ncorporated by reference, inits entirety. Cenerally, the procedures
described to post-treat polyam no al kenyl or al kyl succinimdes with cyclic
carbonates may al so be applied to post treat the ASAD succinimde. 5 A
particularly preferred cyclic carbonate nay be 1, 3-di oxol an-2-one (ethyl ene
car bonat e) . Tesehinaprpered by eefetsiicei © isariioeint @ersrplho el prasetnees

post -treat e ' g I he . ,Gal nunber of
Basi ¢ i1 ogekstian Wb EpPhal RS i RE Sl oo R IP AN Ll 0

succi ni nmi de. Chranatesheay else eyapplietdoposfireat éhe ASARydusninimidat ani ne ( TEPA)
Is reacted wth one equival ent of succinic anhydride and one equival ent of
the | ow nol ecul ar weight PIB/UAR, the resulting bis succinimde wll

t heor et i cal | yA paritalarly Brdfesed cydlit cagemate maAg berigd-dgixplans2-oné dethgleaege of 2
woul d require_that . two noles of cyclic 15 carbonate be added for each basic
ni trogen or icﬁirl?%aée)case 6 noles of cyclic. carbonate for each nole

equi val ent of polyal kyl ene succi nim de or succinimde prepared from TEPA.

Mol e rati os the cyclic carbonate to the basic anine njtrogen of the
ool yari no_al KAMOBLERTEE of Bielig Satparite rabloyed e RostiTRPLNSTRYRARIOBN ar e

typi call'y ini¢ peférabgdaebd Upemitab®ebrelicd! AUV badie nﬁi&ggn@'cbh@i&%ﬂ
preferably fromabouf 2:1 to _about 3:1. As described in U S. Pat. No.

4,612, 1330 cyrihelyampastbstitaent of i sucginimiden dhup rhesy gnesparivalentfar y
anines of a palyANIER® BEMEMIe @TEF%})@Fea%%&H Hhé’@aﬁig%ieﬁ%mdc%ié ypes of

conpounds. First, 'strong bases including I nder ec am nes such as
primary ani n@éshydrilesneorsedrivkient aifia oy mplegular wieight RIB/UARUithal ent  of:
cyclic carbopat g : . r ) t . - red bases, such
as hi ndered gecoh@lé)gg?naﬁg‘s@e @;R%ng?ﬁ&nct% htaé'ﬁgg)%g?vnét{?%%bf t he sane
cycl i c car bohsterdirgly, ermolar hiyarge oy alvikole resmare rieatl tivo kkagles of tirdlicke  t he

carbamat §5pr ediithare Bd'SadbiP XA EXLERRATEAS: B ARG 6 FoRlsbrheid
carbonate for each mole equivalent of polyalkylene succinimide or
succinimide prepared from TEPA. Mole ratios of the cyclic carbonate to the
basic amine nitrogen of the polyamino alkenyl succinimide used in the
process of this invention are typica!lylin the range of from about 1:1 to about

20  4:1, although preferably from about 2:1 to about 3:1.

As described in U.S. Pat. No. 4,612,132, cyclic carbonates may react with the
primary and secondary amines of a polyamino alkenyl or alkyl succinimide to
form two types of compounds. First, strong bases including unhindered

25  amines such as primary amines and some secondary amines, react with an
equivalent of cyclic carbonate to produce a carbamic ester. Second, hindered
bases, such as hindered secondary amines, may react with an equivalent of
the same cyclic carbonate to form a hydroxyalkyleneamine linkage. (Unlike
the carbamate products, the hydroxyalkyleneamine products retain their

30  basicity.) Accordingly, the reaction of a cyclic carbonate may yield a mixture of
products. When the molar charge of the cyclic carbonate to the basic nitrogen
of the succinimide is about 1 or less, a large portion of the primary and
secondary amines of the succinimide will be converted to hydroxy hydrocarbyl

carbamic esters with some hydroxyhydrocarbylamine derivatives also being
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30 basicity.) Accordingly, the reaction of a cyclic carbonate may yield a
m xture of products. Wen the nolar charge of the cyclic carbonate to the
basic nitrogen of the succinimde is about 1 or less, a large portion of
the primary and secondary amines of the succinimde will be converted to
hydroxy hydrocarbyl carbam c esters with sone hydroxyhydrocar byl am ne
derivatives dpreeedéisripe swle mtiedsl raiged abeveahtaut datnceegsed eaiateds above about

1, i ncreased %%& %f“eggﬁ'ﬁ{%% gbrl Vgcimlcgg{eygrg gyf the carbanic esters

and the hyd|po m ne- Ives may e produced. 5 The ASAD
succi ni nde pihggenxgdydrecargylatmind-devivatives olayrbewsiogtedor anched ASAD and t he
post-treated ASAD succi nim de prepared using the | ow nolecul ar weight
branched ASAD may al so be reacted with boric acid or a simlar boron
conpound o flien$eb atednididegeepanet usirgpvha dow mdlédwanweightbrehehedscope of

Sui tabl 6 bor APAB AR RSN ER GAEABAP S CH RTINS PPy oh NP TP nd csters of

boric acid. m@méﬂw@,f;mqima@mm@m rﬁawmalberﬂasctéom&thmﬂncmlcemval ents of
boron conmpound }o succl ni m de In addition t rbonat e and

o iR nlay BT APROUNEHB T PO ARLCISRET SRR NS iid WEE She .

further post stsERbIMRLInveMtioR. A AtRsiticRtts Uéﬁcl&@ﬁit(bbfcﬁﬁédmnbﬁarﬁg@'swed to
inprove or inpart. different properties uch ost-treatments include those

summari z48 i U haPcERPURHS INolidedgron omiessbcmm halides arg asfprs of

i ncor por at ed e t Udte w th: 20
I norggnl C ph(t))g%f g?@uggg%ﬁ% ﬁr%%\%“@?iﬂ?@é%%&éﬁ? h%(?us. Pacéqi%Nrgggf& 403, 102

and 4, 648, 98bpronayapriunddhssptioinide meyhsolseds (e.g., U. S Pat. No.
3,502,677); Phosphorous pentasul fides; Boron conpounds as al ready noted
her ei n

In addition to the carbonate and boric acid post-treatments, the compounds

15 may be post-treated, or further post-treatment, with a variety of post-
treatments designed to improve or impart different properties. Such
post-treatments include those summarized in columns 27-29 of U.S. Pat.
No. 5,241,003, hereby incorporated by reference. Such treatments may
include treatment with:

20 ] Inorganic phosphorous acids or anhydrates {e.g., U.S. Pat.

Nos. 3,403,102 and 4,648,980); |

Organic phosphorous compounds (e.g., U.S. Pat. No. 3,502,677);
Phosphorous pentasulfides;

Boron compounds as already noted herein

25 (e.g., U.S. Pat. Nos. 3,178,663 and 4,652,387);

Carboxylic acid, polycarboxylic acids, anhydrides and/or acid halides
{e.g., U.S. Pat. Nos. 3,708,522 and 4,948,386);
Epoxides polyepoxiates or thioexpoxides
(e.g., U.S. Pat. Nos. 3,859,318 and 5,026,495);
30 Aldehyde or ketone (e.g., U.S. Pat. No. 3,458,530);
Carbon disulfide (e.g., U.S. Pat. No. 3,256,185);
Glycidol (e.g., U.S. Pat. No. 4,617,137);
Urea, thourea or guanidine (e.g., U.S. Pat. Nos. 3,312,619; 3,865,813;
and British Patent GB 1,065,595);
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25 (e.g., U S Pat. Nos. 3,178,663 and 4, 652,387); Carboxylic acid,

pol ycar boxylic acids, anhydrides and/or acid halides (e.g., US. Pat. Nos.
3,708,522 and 4, 948, 386); Epoxi des pol yepoxi ates or thi oexpoxi des (e.qg.,

U S. Pat. Nos. 3,859,318 and 5, 026, 495); 30 Al dehyde or ketone (e.g., U S
Pat. No. 3,458,530); Carbon disulfide (e.g., US. Pat. No. 3,256, 185);

d ycidol (e.g. U.(Bgamigisulforic agidden, 1133 PatiNa 3, t85heandr guani dine (e.g

U S. Pat. Nos. 3 ﬁ%aﬁ@teé]%e%féggé%gg)land British Patent GB 1,065, 595); 33

Organi c sul fonic aci No. 3,189,544 and British Patent GB
2,140, 811) ; Al kenWikenyhoyatéde((e.gy, U.SUFaL. Fag. .3, 2:55Ba27 8, Iﬁﬁ(ﬁb‘@md 3, 366, 569) ;

Di ketene (e.g., U.S, . Pat 6,24, dii socyanate (e.g., U S. Pat.
No. 3,573, 205): Whelrde @dr HrE ’533 %4@34@5 No. 3,749, 695):

1, 3- Di car Bonyl Oom&bdye(r@.t@(egU% MNOI\BSYEZBBQ 675); Sulfate

of . al koxyl at ed al gghol nol U. No. 3,954,639); Cyclic
lactone (e.g., U, ke, tng%? éfl“él '9%*8”"4?8&5%??@9 4,668, 246, . 10
4,963,275, and 4, amo?obmonym@mp@un@(@ nas. Pat. Nbl mcsagtm'lsgzte Ilnear

nonocar bonat e or % carbonate, or ch orofor Li, % 3

4,612, 132; 4, 647 Shigate y‘@tﬁ@aﬂo*@ﬁ@f@?@'}c’ o § at:&‘%?c

car boxyli ¢ acid ( &yt |ale%o§e (E@t .8, P4l N\e38431¢ 13854 Bublg18h4 Bakenss; GB
2,140, 811) Hydr oxy 6%rot ect ed chl or odi car bonyl oxy conmpound " (e.g., U.S.

Pat. No..l8 614, 52#4)963.275; and 4,971,711);
Cyclic carbonate or thiocarbonate linear monocarbonate or

polycarbonate, or chloroformate (e.g., U.S. Pat. Nos. 4,612,132;
4,647,390; 4,648,886; 4,670,170);
Nitrogen-containing carboxylic acid (e.g., U.S. Pat. 4,971,598 and
15 British Patent GB 2,140,811},
Hydroxy-protected chlorodicarbonyloxy compound
(e.g., U.S. Pat. No. 4,614,522);
Lactam, thiolactam, thiolactone or ditholactone
(e.g., U.S. Pat. Nos. 4,614,603 and 4,666,460);
20 Cyclic carbonate or thiocarbonate, linear monocarbonate or
plycarbonate, or chloroformate (e.g., U.S. Pat. Nos. 4,612,132;
4,647,390; 4,646,860; and 4,670,170),
Nitrogen-containing carboxylic acid (e.g., U.S. Pat. No. 4,971,598 and
British Patent GB 2,440,811);
25 Hydroxy-protected chlorodicarbonyloxy compound
(e.g., U.S. Pat. No. 4,614,522),
Lactam, thiolactam, thiotactone or dithiolactone
(e.g., U.S. Pat. Nos. 4,614,603, and 4,666,460);
Cyclic carbamate, cyclic thiocarbamate or cyclic dithiocarbamate
30 | (e.g., U.S. Pat. Nos. 4,663,062 and 4,666,459);
Hydroxyaliphatic carboxylic acid (e.g., U.S. Pat. Nos. 4,482,464,
4,521,318, 4,713,189);
Oxidizing agent (e.g., U.S. Pat. No. 4,379,064);

Combination of phosphorus pentasulfide and a polyalkylene polyamine
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Lactam thiolactam thiolactone or ditholactone (e.g., U S. Pat. Nos.
4,614,603 and 4, 666,460); 20 Cyclic carbonate or thiocarbonate, |inear
nonocar bonate or plycarbonate, or chloroformate (e.g., U S. Pat. Nos.
4,612,132; 4;647,390; 4,646,860; and 4,670,170); N trogen-containing
carboxylic acid (e.g., US. Pat. No. 4,971,598 and British Patent GB
2,440, 811) ; 25 Hyth.ox-Pricatedoedl18h/64vhdi car bonyl oxy conpound (e.g., U S

Pat. No. 4,614,522); ] i_0l ac i LR one

(g U S Tpat. RBTETRTRAR cyBo R R b b SRR REn bR 0T

t hi ocar bormat e or syifurichlotide lié.gc & BaRat &los38,300,086; 3478,09B3t . Nos. 4, 663, 062
and 4, 666, 459) ; droxyal i phati g carboxylic acid (e.g., U S. Pat. Nos.
4,482, 464; 4,521} §T§’,‘r¥a$?'7fg?ti“ﬁ(éﬁ‘,z'@?%‘?/‘ﬁrﬁa"@5‘8 ¥€e.g., U S Pat. No.

4, 379, 0643; Conbi (tag.i0s. pht. NwIE® 584)pent asul fide and a pol yal kyl ene

pol yam ne 34 (e.g,, U.S. Pat. 3,185, 647); Conbi nati on of carboxylic
acid or an al dehy@@”@f“%@f‘@h@”%@ﬂ?@ﬂfj aoqr?engm fur chloride (e.g., U.S.
Pat. Nos. 3,390, 0@{3? 8.4 #ht0983.:3,642000./0030P4®f5 @3d1yginazi ne and car bon
disulfide 5 (e.g. U'S, Pat. No. 3,519, 564); Conbi nation of an al dehyde and

a phenol (e.g., UCembmationhan alsiehyde and an)-ginsterof dithioghespheriy acid

Conbi nation of anakdghyqe,iand fge7dhpst er of dithi ophosphoric acid
(e.g., US. Pat. @ " 3,865, 740); 10 Cof'rbi nati on of a hydroxyal iJ)hati c

car boxyl it aci d aGdmiinadion of adiydroxyaliphatic carboxylic acid and a boric act
(e.g., U.S. Pat. No. 4,554,086);
Combination of a hydroxyaliphatic carboxylic acid, then formaldehyde
and a phenol (e.g., U.S. Pat. No. 4,636,322);
Combination of a hydroxyaliphatic carboxylic acid and then an aliphatic
15 dicarboxytic acid (e.q., U.S. Pat. No. 4,663,064);
Combination of formaldehyde and a phenol and then glycolic acid
(e.g., U.S. Pat. No. 4,699,724),
Combination of a hydroxyaliphatic carboxylic acid or oxalic acid and
then a diisocyanate (e.g. U.S. Pat. No. 4,713,191);
20 Combination of inorganic acid or anhydride of phosphorus or a partial
or fotal sulfur analog thereof and a boron compound
(e.g., U.S. Pat. No. 4,857,214);
Combination of an organic diacid then an unsaturated fatty acid and
then a nitrosoaromatic amine optionally followed by a boron compound
25 and then a glycolating agent {e.g., U.S. Pat. No. 4,973,412);
Combination of an aldehyde and a triazole
{e.g., U.S. Pat. No. 4,963,278);
Combination of an aldehyde and a triazole then a boron compound
(e.g., U.S. Pat. No. 4,981,492),
30 Combination of cyclic lactone and a boron compound
(e.g., U.S. Pat. No. 4,963,275 and 4,971,711).
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(e.g., US. Pat. No. 4,554,086); Conbination of a hydroxyaliphatic
carboxylic acid, then fornmal dehyde and a phenol (e.g., US. Pat. No.

4,636, 322); Conbi nation of a hydroxyaliphatic carboxylic acid and then an
al i phatic 15 dicarboxylic acid (e.g., U S. Pat. No. 4,663,064);

Conbi nation of formal dehyde and a phenol and then glycolic acid (e.g.,

U.S. Pat. No.DA,d9i;ating)Otl Comppositions of a hydroxyal i phatic carboxylic acid
or oxalic acid and then a diisocyanate (e.g. U S Pat. No. 4,713,191); 20
Conbi nation of inorganic acid or anhydride of phosphorus or a partial or
total sulfur ‘lémaabwgndalbemIame@hdbmnbmmASA@rmmmﬁADesugcininhjdés nizale. No.

4,857, 214); Combi I on an or c nsat d fatty acid

and then a r’dsﬂgo@S H%&‘?%’%{M%@"atg)ﬁ“ 3"1{‘%“‘? glib%&gn conmpound

ég m[a)md t hgn %fu@bﬁﬁﬁli:iéé Lﬂ@i@eagﬁigtthéﬁ)\@molééu&rv%ht mm&am%&u 063, 278)
ination o na e nd.a tri

Conbi nat i on &N ‘g"e'%'é E?f&”rharlerqsﬁiﬁ qeﬁﬁﬂgf&%ﬁ@m%%&?ﬁ& vege. g.

U S Pat. wréerﬂ%?edﬁtm{)bncgﬂwgcgmblwaéh QBe®hs G}éfél g]@nté esa@a@rs@nﬁ}, ehdzer on

compound (e.g., U S. Pat. 4,963,275 and 4 Lubr| cating

O Conposit aoHven Byt wﬁﬂdef&mbawt Qditgabout thh%dofA@mtaHabmémg oil
succi ni m des sitisR 2Rg ﬁr%r&l&?‘ét‘gﬂgﬁ%'sﬁ\h %ﬁh%’%u% %@%ﬁﬁﬁjﬁ%’?@ and

post-treated ASAP 5 succinim e usin I'ow ol ecul ar wei ght

br anched 1ASADreferabhy at atiiut i vei% tdabout 6 ad. %leffélﬂrtofal ibtisating oiks det er gent
and di spersa%gﬁgghghves when used in lubricating oils. Wen used as
detergents or spersants t hese

The lubricating oil used with these additive compositions may be mineral oil or
synthetic oils of lubricating viscosity and preferably suitable for use in the

15 crankcase of an internal combustion engine. Crankcase lubricating oils
ordinarily have a viscosity of about 1300 ¢St at 0°F (-18°C) to 22.7 cSt at
210°F (89°C). The lubricating oils may be derived from synthetic or natural
sources. Hydrocarbon synthetic oils may include, for example, oils prepared
from the polymerization of ethylene, i.e., polyalphaolefin or PAQO, or from

20  hydrocarbon synthesis procedures using carbon monoxide and hydrogen
gases such as in a Fisher-Tropsch process. Mineral oil for use as the base oll
in this invention may include paraffinic, naphthenic and other oils that are
ordinarily used in lubricating Qil compositions. Synthetic oils include both
hydrocarbon synthetic oils and synthetic esters. Useful synthetic hydrocarbon

25 oils include liquid polymers of alpha olefins having the proper viscosity. The
hydrogenated liquid oligomers of Cgto C42 alpha olefins such as 1-decene
trimer are.especially useful. Alkyl benzenes of proper viscosity, such as

didodecyl benzene may also be used.
30  Hydrocarbon oils blended with synthetic oils may also be useful. For

example, blends of 10 to 25 wt. % hydrogenated 1-decene trimer with 75 to 90
wt.% 150 SUS (100°F) minerat oil are preferred as a lubricating oil base.
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addi tives may be used at about 0. 1 to about 10 wt-% of the total

| ubricating oil conposition and preferably at about 0.5 wt.%to about 8
wt.% and nore 10 preferably at about | w.%to about 6 wt.% of the total
| ubricating oi | conposition. The lubricating oil used with these additive
conposi tions be mperal oil or synthetic oils of lubricating VI scosity

and pref er abl lyibg&afﬂ%@fbcqrt?ﬁntﬁgf@s iahe plsg %'S&ngﬁk{,%ée GPnegNtiateusHaly

combusti on engéiige SHAMNRASE wWtUbtd §64itNG Ml%spre%ramyafdrﬂ, Mb&ﬁ\% WYl scosity
of about 1300 cSt at OF (-18' G to 22.7 cS The

| ubricating dPIaBoHS0 wé % ef ay el of h@ﬁp%tm\h%qqs&y éﬁd fraﬂua%nut 19cwitr°éé§.
Hydr ocar bon %H&hhgé\nﬁ"/o' réfe yfrBﬁx'aLB?)‘ﬁt 1{)% %Eg%if&@so%‘% 6?:8"” ed from

t he pol ynerization of l ene, 1. in or ~or from 20
hydr ocar bédn sdditives ﬂgsmt@ddtﬁneies Twsncal@/ @mmeMamumtamdUﬂﬁy@nbgen gases
such as in a QPF s ase oil
in this i nven(flhg'ﬂﬁ%arqé ?’n‘déég Sgg(r?gfs’ ??I%d@%ﬁ hﬁ)'f.) L né)r{:d %ﬁ ot r;éelfr}%b% s that
are ordinar idnlyenlséd tha cbnbserit(zms mgludelangzm'rqarb@luenbrmefe&hlu aebitlofoi | s

i ncl ude bot h, hydt.ocarbon, synthetic oils, and synthetj.c est Usef ul
aynt hoti o hy dioteing isassty? Y ikt i edicpRirARimaY P RIS sfReF iRl of of i ns
havi ng t he prhmtpr&ratmg sitoOR) ﬁmparﬁhebndmidg@ﬂenﬁtpeditlbmgusdltaﬂle bireatndbilsCo to
C12 al ph are esrg Ci %IQI useful . Al kyl

| 1.-d .
benzannede?! ShatBay bS BeST et gidGTs Roically higo wetsHiv s PrapiRithe Lved.

30 Hydrocarbgs t@ldb%u%{ﬁﬁgﬁ’godwlBrhvérﬁQIthnﬂs@SUS) Hﬁ’l’OCﬁF?@S'@q slgRfugh. For
exarrpl e, blends of 10 to 2 % hydrogenated 1 -decene triner with 75 to

90 . % 150 28ygil of ihriegting viseosity 53ay kg ¥sqskef erred as a | ubricating oil
base 36 Lubricating oil concentrates are also envisioned. These
concentrates usuall I nclude fromabout 90 wt. % to about 10 wt. %
preferably fihe Mivesdhgitmay be ysed gtudsgusitinkibiters, fganoinhibgpry, ubri cat i ng

Vi scosi tys a“@o?rB&%ﬂﬂﬁ&g%&gp&t%L%@éc‘ﬂva@RQBBuP;S’oiM‘Edé’{?reéHa%@, LRARbNMahk@m about

10 wt. %t 0 about
and a variety of other well-known additives.

It is also contemplated that the additives described herein may be employed

as dispersants and detergents in hydraulic fluids, marine crankcase lubricants
20  and the like. When so employed, the additive is added at from about 0.1 to

about 10% by weight to the oil, and preferably, from about 0.5 to about 8

wt. %.

E. Fuel Compositions

25
The ASADs of the present invention and derivatives thereof may also be
employed as additives for hydrocarbon fuels. The proper concentration of the
additive described herein that are necessary to achieve the desired
detergency in fuel compositions is dependent upon a variety of factors

30 including the type of fuel used, the presence of other detergents or
dispersants or other additives, etc. Generally, however, the range of additive
concentration in the base fuel is 10 to 10,000 weight parts per million,
preferably from 30 to 5000 parts per million of the additive per part of base

fuel. if other detergents are present, a lesser amount of the additive may be
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5 additives described herein. Typically, the concentrates contain
sufficient diluent to nake them easy to handl e during shipping and
storage. Suitable diluents for the concentrates include any inert diluent,
preferably an oil of lubricating viscosity, so that the concentrate may be

readily m xed wit | ubri cating oils to prepare |ubrjcating oil

conposi ti ons.“sgﬂi Hgﬁlagdit‘ﬁﬁ? AesaibRg Nereie may EF]ES’("‘HE\?‘?JO%S @s‘:'é% as diluents
typically hav@n¥emeRs)dsing an ket stag 8ldophiiic gatic sabedtboaliguh tRd0 Saybol t
Uni ver sal Seconds f(SUS) at _100F (38‘%’5 al though any oil of lubricating

vi scosity mayfange eialut tpRErtoahart 4015 Yirlinhalic Beani3eMaticc] ude rust
inhibitors, fRAMLENININE js drafctir %‘b@?t&éd%l@n&@iﬁ@!ud@‘%ﬁke%aCt Ivators,

f
pour point depressants, antioxidants, and a variety of other well-known
addi tivess | ttolugnexyienesithighsr-aoiing erematigseorarameati hinngss c Alipaficher ei n may
be enpl oyed i t 4L e { smari ne
crankcase | ut??c?) ggh,tsdg%r%a{;%g) ?Egmﬁﬁé&ﬂ%‘%ﬁzhs&% IergF)%ﬁa(g’, 'S{"{%%W'ga’ |"'EE?\/e is
added at from-tfenel ahdihe bke,dboombibdtien withdiydrocathont sodvarits areaalgo pr ef er abl vy,

from about 0._5. £ .0 . Fu it 25 T of the
present inve 5 E it%lﬁe gﬁgﬂéé@p\;&if@e&ad? H'(\alg'e i# tf}{%&g&gﬁ%g%é@ggtee%& %ﬁ%@%%?s

addi ti ves: f othéydititheawitl @ndihadily e aboat Hioo peore o196 end gehemily abt éxoeeedaddi ti ve
descri bed herein af,are necessary,to achieve th esire detergency in
el comBo EPBSY et e pERERD b Abat AFEYE Y o afl 8 Shgadict udi g t he
type of fuel prsfeghbiyifiemRbEGETTE®RL. % todouk 28eitesgents or  di spersants or
other additives, etc. Generally, however, the range of additive

concentration in the base fuel is 10 to 10,000 wei ght parts per mllion,
preferably fgrogyud@ckSiaAgRgass per nmllion of the additive per part of
base fuel. If other detergents are present, a |esser anount of the

additive may be 37 ‘
15 ltis has also been discovered that the low molecular weight branched ASAD

described herein may be used as is or as an infermediate for surface sizing
agents for paper products. Typically the ASAD is applied (i.e. either to the
surface of the paper, or other similar substrate, or in the pulp mixturé) in such
a way that a drop of water on the cellulose surface has an initial contact angle
20 greater than 90° and less than 101°. Applying the ASAD allows for limited
wetting and prevents the liquid from penetrating the surface of the paper

product.

G. Pour Point Depressants

25
It is also contemplated that the low molecular weight branched ASAD
described herein may be used as is or as an intermediate for pour point

depressantis.
30 H. Transmission Fluids

The low molecular weight branched ASAD succinimides made using the low
molecular weight branched ASAD, and post-treated ASAD succinimides made

using the low molecular weight branched ASAD all of which are described
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used. The additives described herein may be fornulated as a fuel
concentrate, using an inert stable ol eophilic organic solvent boiling in
the range of about 150F to about 400F. An aliphatic or an aromatic

hydr ocar bon sol vent is preferred Preferred sol vents include benzene, 5 .

t ol uene, xylene or |I|ngF§ronat|c Qr aromatic, thinner Ali phatic

al cohol s of Bp 3§ef‘ efg %%&BB?P fication addities Wi Yethis automatic or

i sobut yl car bldmhnuodsr;bwrew trérryrlm&érsn kc.mkr) ﬂdlﬂs cwn@éenaddlmsvmw p8ydr ocar bon
solvents are also suitable for use with the el additive. In the fuel

concent rat e, 4sed ahabawk0-bfo aboud 19%%@?@“%‘%"4" odrceﬁmsrtlpy e RIBSRPIE or nore
-3 and_genesabbit 09wEX §588bik® PRI oM pierRBIg LREBBY §Louabout &

.% to about ) nore prefera from about % t o.about 25

wt .% F. surfai»@et @Mir"/mgf th@émattra@mrssrpe ﬂh@s(ori] %nmeetwrduﬁweé%fd that the
| ow 1ol ecul ar, 8@%&9%@@&(‘ ﬁ%éﬁS&QADd‘é‘&é‘d:ﬁ:Pﬁc?esﬂﬁéﬁé Usug§¥hé’ﬁa sed as is or

as an interne ace sizing gents for products. Typically
the ASAD is appkcwar Weigbt branciret ABADtanel pCﬁh-ftrBatE@ MADrwcpiaim?des oradst her

Sl SUbS e By S R TR0 SYE B Bulty kDB, 0P ©f

water on the ¢ ose su S an tn al act an greater than
90 and | ess tduwomat@ltransppipdiyim ﬂgdkhﬁpr@%ﬁt&fd%pﬁaorty andrid eddiatestickag and

prevents the Li rom pene urface of the paper product G
Pour Poi H‘b D@b?gggﬁ%i@"%%ﬁpﬁ% %ht‘g‘ﬁ‘? irrpl ated that the | ow nol ecul ar

wei ght branched ASAD descri bed herer n may be used as is or as an

I nt ermedi ate _for pour, point Eressants 30 H Transm ssion Fl ur ds The | ow

mol ecul ar weilgRtiulicating o4 ”ﬁ\@kﬂ't ReRseRIAIlYECOmRAS RS ekt e Minkia! abPecul ar
wei ght  brancReghAiABls aNdbMesihg ViseasiBtartYerarHBy isDitahid ¢ JHRAR an

automatic transmission or CVT. Typical automatic transmission fluids oils
15  have a viscosity of about 20 ¢St at 40°C to 7.5 ¢St at 100°C, and 16000 cP at
' -40°C to 1000 cP at -20°C. The transmission fluids oils may be derived from
synthetic or natural sources. Hydrocarbon synthetic oils may include, for
example, oils prepared from the polymerization of ethylene,
i.e., polyalphaolefin or PAQ, or from hydrocarbon synthesis procedures using
20  carbon monoxide and hydrogen gases such as in a Fisher-Tropsch process.
Mineral oil for use as the base oil in this invention may include paraffinic,
naphthenic and other cils that are ordinarily used in lubricating oil
compositions. Synthetic oils include both hydrocarbon synthetic oils and
synthetic esters. Useful synthetic hydrocarbon oils include liquid polymers of
25  alpha olefins having the proper viscosity. The hydrogenated liquid oligomers
of Cgto Cy2 alpha olefins such as 1-decene trimer are especially useful. Alkyl

benzenes of proper viscosity, such as didodecyl benzene may also be used.

Hydrocarbon oils blended with synthetic oils may also be useful. For
30 example, blends of 10 to 25 wt.% hydrogenated 1-decene trimer with 75 to 90
wt.% 150 SUS (100°F) mineral oil are preferred as a lubricating oil base.

Transmission fluid additive packages (concentraies) are also envisioned.

These concenfrates usually include from about 90 wt.% to about 10 wt.%,
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using the | ow nol ecul ar wei ght branched ASAD all of which are described 38

herein are useful as friction nodification additives when used in automatic
or continuously variable transm ssion (CVT) fluids. These additives nay be
used at about 0.1 to about 10 wt.% of the total oil conposition and

pref erably at about 0.5 wt.%to about 8 wt.% and nore preferably at about

I . % to ‘5 gieigraldy frormebsiut PO avtt% tahboutdfswi. %s pban oil ka;lb(l@ﬁltlnp conposi ti on.

These | ow. (=Y ?615; 9?)%[0" rfpé}ﬁ the | ow
nmol ecul ar \Aenﬁjé%%g n@ﬁ?@q@@aﬁ@ p(t)s rteat edA’Ag% suI cini %Béggﬂ)rrade
usi ng t he | owifélteabbair S0net. %hbfmeawdwsﬁsmlmmaint i Typically ythesef ul in
automatic transm ssi,on fl.,ui ds r tor aci nmedi at e
stick 10 sli &08&?“%39}9? F%’H@ﬁ gt %‘?{R dﬁg‘f{n aé%ﬁﬁﬁ@r%)asyfééapﬁlgrﬂ}@ggl ng oil
used with st heshippistland mragmrﬁmtableommmaﬁobmendmeaﬂrates linchude smyninketic oils
of lubricati n(%Pw SCO and fera sul t, gg %% use in,an automatic

i

|
transni ssi on GHeRbyRre qﬁ?ﬁy@zﬂ oi BIPI%EE‘\ 8 PgRY the GPUELRAL™E have a
vi scosity of bedtinRieStwiel lubGting olls fo pRipars IUBABSINPAITHAORER. at - 40C

to 1000 cP at_-20C. The transm ssion fluids oils may be derived from

synt heti c or SiHabledubdcatipg oils thap mayche weaf ag dilusets B/P&al"éhﬁ’éﬁ/‘”?ﬁ%‘?'wde f or

exanmpl e, oil gy m@%g@@roh{ %Jt@%t@%%ﬂ?ﬂ‘)(lozgé}/m GhivesBYS EMds(SBS) at
pol yal phaol efi n or o] from i rocar bon synthesis procedures using 20

car bon ndfoxi1®9° fafis’ ﬁ}icﬁﬁbg%h gy ek oklybrcaling viscasity sy eTyssgsch process.
M neral oil for use as the base oil in this invention may include
paraffinic, naphthenic and other oils that are ordinarily used in

| ubri cati ng dther addifesithatongy bswneﬂnMdmemustinhibﬁowdéaanmtﬂhibim ocar bon

synt hetic oil Iy oils
vl ude 11 quinBRPYHREGE mEeERhRER Aoty Bt pE U TeRG Y SHESRORB,S: 1
The hydr ogenained Warmwdfmihelg.oeremowmhddlﬁvém Cl2 al pha ol efins such as
1- decene :Sri mer are especially useful- Al kyl benzenes of proper viscosity,
such as d’dodecyl benzene may al so be used.

Itis also contemplated that the alkenyl succinic acid derivative described

herein may be employed as friction modifiers for tractor hydraulic fluids, other
power transmission fluids and the like. When so employed, the additive is
added at from about 0.1 to 10% by weight to the oil, and preferably, from

20 about 0.5t0 8 wi.%.

The following examples are included to demonstrate preferred emboediments
of the invention. It should be appreciated by those of skill in the art that the
techniques disclosed in the examples that follow may represent techniques
25  discovered by the inventor to function well in the practice of the invention, and
thus may be considered to constitute preferred modes for its practice.
However, those of skill in the art should, in light of the present disclosure,
appreciate that many changes may be made in the specific embodiments that
are disclosed and still obtain a like or similar result without departing from the

30  spirit and scope of the invention.
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Hydr ocarbon oils blended with synthetic oils may al so be useful. For 30
exanpl e, blends of 10 to 25 wt. % hydrogenated 1-decene triner with 75 to 90
wt. % 150 SUS (100F) mneral oil are preferred as a lubricating oil base.
Transm ssion fluid additive packages (concentrates) are al so envi sioned.
These concentrates usually include fromabout 90 wt.%to about 10 wt.% 39
preferably from about 90 w. %to abobxampled . o, of an oil of |ubricating

viscosity and from qQ%BE¥éltﬁ] Y8k QaGReUiar Wei ?rﬁnﬁ’éﬁéc?ﬁg jpy from about 10

Ww.%to about 50 wt. % dltlves escri erein yp| cally, the

concent rat es gwsfeeuaww%%m@%jcg e QAR LRI EATr LBohaadl e duri ng

5 shi ppi ng an orage & concentt at es 4 ncl ude any
inert di Buemmoleqn:larf\eelgbﬂ of 308.0(75. tig, IOL231r& woab)i Engi ¥ msthydvinylidese isdmagr t he

concentrate na e iI e Lu i e

| ubricating W%teé‘g%%ii??‘i a r"%%&'%‘?% 'ﬁop'ber C?(E}l PH ?’s‘t“’? R (%ae(‘?ray be used
as dil ugn]t S twitbi malblcyamﬁrdﬂdellacw 0218 motétéZOOémgmtfhmrsaHOBtmaélct o about
500 Saybolt Unjver sal s (SUS 1Q 100 8 t hou any oil of
| ubri cating \ﬂ“b&‘%gf ‘?fg '?Scfath@o géﬂi’ﬁ??@&i ‘ﬁ{gﬁ % ’bgﬂl?sed i ncl ude
rust inhibit %aeucfa@.ﬁwﬁddnbw rh&lesular #RIghPIB Bharabinkbié @4t (ommmuas

deacti vators, our poi nt depressants, antioxidants and a variety of other

wel | - knowf ac |V&%m’>¢'9'eltt"ﬁe§’ bipwB iz 69lPE nhhar@aciedimalgic anwdrde " succi ni ¢

acid derivati m@@éa b)}‘ﬁﬁﬂlaﬂoﬂ%dgﬁwﬁfépla@;’z(?éioﬁéia(futhtA%’caﬂ&d' fiers for
tractor hydrau |ds ower transm ssion fluids and the I|ike.

Whien so enpl d’ﬁéﬂg QinGU'édlﬂDfﬂlmtéI&SSJbt%iﬁ@‘é@aéﬁaﬂ regtaPptiigetian numbend, by wei ght

to the ofl. ahd AERESAR bl O RAIGMS 1R BorldtichoMoctbiolifs 1ol | ow ng

exanpl es are'inclu ate p erre ments of the
i nvention. | preyeoatich lbehawpnm?fableeld by those of skill in the art that the
t echni ques di sclosed in the exanples that follow may represent techniques

Examples 2-9

A number of additional reactions of low moleculfar weight PIB and maleic
anhydride were carried out using the procedure in exampie 1. In some cases
20 unreacted PIB was removed by vacuum distillation. Also in some cases a
resin inhibitor was also added. For example in examples 3-7, 0.05g boric acid
was added to the reaction mixture before heating. In examples 8 and 9, 0.1g
- of an alkylbenzene sulfonic acid was added to the reaction mixture before
. heating. A summary of the conditions used for these preparations is shown in
25 Table 1.
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25 di scovered by the inventor to function well in the practice of the
invention, and thus may be considered to constitute preferred nodes for

its practice. However, those of skill in the art should, in light of the
present disclosure, appreciate that many changes nmay be made in the
specific enbodi nents that are discl osreg_& ard still obtain a like or simlar
result w thout departing fromthe f¢1t and scope of the invention. 40

Exanple | Pr q@@dﬁwmoﬁaubﬂww&hgq,@mﬂ&msﬁm BlvitAirchey THHreCUl ar

wei ght PIB (C20-C28 distillation cut) with a nunber average 5 nol ecul ar

wei ght of 308. 750%5 Mesgylvinylidenedgprper and Ta'-ﬁu'?wm%ﬂq%@r@om@aﬁer

cont g TOTpE3" T #RATEMR | binaSIHRSE, T W& IWt T WP eMiye O piybicdo] reacyed
wi t h{mallei ¢ anhydri de, 2. 464 r? 218( I 19 !00\% f()rres. h()urs Th | ei Cqp
anhydri de was hdded|in pbrtiond™ht| 1 ‘f% a 20 § 58T funne The

mal eil c1 drihyer i 082%d\W 9Bl ecul a|r hei gh’kaOPI B3&har ge mpl e—rafi ttﬂu(dCl\ )73vi!as 101

0. 90 oMe, M XT Jbegs Yréied| brown kn [COlo@T .| 86§ {UNLeagt ed Ml Rju@ gniesdr 1 d€10.7

haeldict I l.Aat.h ndar \vr\'l- oxr Nnont r At Ay \ '\f\llllm At Nt o

V\B.S 1 I’\DI" rullu‘v’ C I—MI.I \.II'I I.a I CCT A, T ray T V O UTLI ~\ T nf
73. O‘Zg?c A% qu 2‘%‘? ot | WEE lobf ai Lﬂgbt Hat™ hadmf;l%sapsoém f i c 5% nfa'kr?ber gf1

201. 4 ng/ KOH g| sanplle. A sgfmary df the |condiiti ons|used for thi|s

prep@ratliggn 1S Iwown 047 [Telice 14 15 doganpl-es | 3or5A| reimael mhsidaddigsioonal 10.7
reactiorjs of | pw nol ecul pr CM\Bl ght |PIB and nalleic anhydride werle carrij ed
out using the procedure |nexjanpleg 1. In somp cases 20 upreacted Pl B mas

remoyed {Bys vaclialdil 47| ﬁ?flco T4Asd80n [some | cB8ts | a®59 esi #avidnhi 58Cor| wH
al soj added. Fof exanpl e | aciexjanpl gs 3-7,) 0.0%g boric aci¢l was |added [to the

reac |6Ji' Clll)\l.u q)éac Lbi'&_ &fci ”UM- L 11-6'6'01? pi_co osgslu :7?,1_9_@. MUIdU' a4 10.7

al ky| benjzéhe sulfonic aciwas added to the feacti pn m xture before
7 | Cw 0.30 | 0.67 | Boric | 14 1490 | - 8.16 58.6 liquid 58.0 10.7
acid
8 [ C 0.30 | 067 | Sulf. | 14 140 - 243 | 77.72 | liquid 58.0 10.7
acid
9 | Cs 0.30 | 0.67 | Sulf. [ 14 140 - 581 | 7049 | Iliquid 58.0 10.7
acid

10 ? MV = methylvinylidene isomer

b TS| = tri-substituted isomer

Comparative Example A
15
Tetradecene 19.64¢g, 0.1 mol was reacted with maleic anhydride 9.31g,
0.0.095 mol at 190 °C for 4 hours. The maleic anhydride/low molecutar
weight PIB CMR was 0.95. The mixture turmed brown in coler. The
unreacted maleic anhydride was then removed by distillation under water
20  aspirator vacuum. A solid product was obtained. A summary of the

conditions used for this preparation is shown in Table 2.
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heating. A summary of the conditions used for these preparations is shown
in 25 Table 1. 41 Table | Reaction Conditions Using Low Ml ecul ar Wi ght
PIB with Geater Than 50% Methyl vinylidene Isomer and Tri-substituted

| somer Content Ex.FlIB# nol CMRot her Ti e, Tenp, W W W physi cal %%

(hr) (' C) prodovhdresi duest at e 8TSI b

1C20_280. 2430. 9- - ' 420073. 07- - - PMparafive Bxamples B-H

2C160. 3260. 9- - 420086. 49- - - - | i qui d58. 010. 7

3C2a_280. 2250, 67Bori c4200--18, 2352. 75| j gw d73.111 acid

4C160. 300. 67HbPHPEODL otBey reggiionsysing, difigemt fmss ndgagditions were also

5C160. 300. 67Beiicd 4180n s8mdtage i rdadied SRfin v r@moved by vacuum

6C160. 300. 67Bori c14160-5. 5571. 93l i qui d58.010. 7 aci d

7C160. 300567 sitillaton 48lsogin son® ¢Aseq @ ¢S, iohibitar vias @fso added. For

8C160. 300. 67 Yhnpldi népléé”ﬁ?ana% 'Ocﬁﬁgg)rtﬁrcoajcﬂi @a@‘éﬂ@ed before heating. In

9C160. 300. 67Sul f. 14140- 8170. 491'i quird58. 010. 7 acid W =

met hyl vi nyl i cxamplesBiks g of amsikybenzens guanic wéwasaﬁd@d b@&rpaeatfmge Exanpl e

A 15 And in Example G 0.22g hydroquirone was added before heating. These
examples are also summarized in Table 2.
10
Table 2
Reaction Conditions Using Alpha-Olefins
Ex. | Alpha | #mol | CMR Other Time, | Temp, Wit Wit Wit physical
Olefin hr C prod ovhd | residue | state
A Cyq 0.1 0.9 - 4 190 - - 14.29 solid
B Cia 0.1 0.9 | Sulf. Acid 4 190 — - 16.84 solid
C L 0.84 0.8 - 4 200 215.58 - - solid
D Cia 0.46 0.9 - 4 170 121.85 e - solid
E Ca 0.33 0.9 Boric 3 200 - 29.86 58.0 solid
acid
F Cis 0.33 | 067 - 4 200 - 34.38 | 2449 solid
G Cia 033 | 0.67 Hydro- 4 200 - 30.14 32.21 solid
quinone
H Cua 0.33 | 0.67 Boric 4 200 - 22.51 48.54 solid
acid
i5
20
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Tetradecene 19.64g, 0.1 nol was reacted with mal ei c anhydride 9. 31g,
0.0.095 nol at 190 C for 4 hours. The nmal ei ¢ anhydri de/l ow nol ecul ar
wei ght PIB CMR was 0.95. The m xture turned brown in color. The unreacted
mal ei ¢ anhydride was then renoved by distillation under water 20 aspirator
vacuum A solid product was obtained. A summary of the conditions used for
this preparation is shown in Tabl e ZExamplectharati ve Exanpl es B-H A nunber

of other reacti pigissoneBrbh&itlh df RS MUIL-EAPHALANBIRIRLAASAD Car i ed

out. In sone cases the unre efin was renove y vacuum
distillation. Also, in sone cases a resin inhibitor was al so added. For

crample L ESRIPLGS: i 0 5aubet iRl e RIS IRl 110,

exanple B 0 enzeéene sufl was a ofe heating.
And i n Exanpldaig@ners Bgvihy drroombercveraggsmalideldr bvefght of héhaionge messse

TSP (LR e S P Rl S
A ef i nhr Cpr odtexdtdr was gressuidted 1AQDARs 19, Rith Alden; stitredael hahted to
BC10.0. 10. 9Sqlf3fO°C.ASngA'r%c?lg_e_qhi_v%I%h?éF r%laie?c anhydride was added to the reactor
over about 6 hours. The temperature was held at about 130°C for.15 hours,
10 and then increased to 225°C over 7 hours. After one hour at 225°C,
| unrgacted olefin and maleic anhydride were removed by distillation. Then the
product was purified by filtration. The product yielded was a viscous, yellow

oil.

15 Examples 11-14
A number of additional reactions of low molecular weight PIB and maleic
anhydride were carried out using the procedure in example 10. The reactant

PIB varied in number of carbon atoms. The results of Examples 10-14 are
20 shown in Table 3.
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CC140. 840. 9--4200215.58----solid DC, 40. 460. 9--4170121. 85----solid

EC140. 330. 9Bori ¢ 3200--29. 8658. 0solid acid

FC140. 330. 67--4200- - 34. 3824. 49so0l i d GC140. 330. 67Hydr o-

4200- - 30. 1432. 21sol i d qui none HC740. 330. 67Bori c 4200-22.5148. 54so0lid acid
15 20" 43 Exanple 10 Large Scal e Preparation of Low Ml ecul ar Wi ght
Branched ASAD In a 4-liter stainless $ab@3 reactor, 1.9 kilogranms (10.8

mol ) of i sobut yAgaftionaPl bR MEREulPILIDH! PIBMILIGT ANRIRRf RBASGMST vei ght
of 176 atom c mass wunits (a.mu.) and 73% net hyl vi iyl | dene i soner content,
was charged. The reactor was pressuriz&esulfs20 p.s.i.g. with nitrogen,

stirred and pa-toT 330 Ca e vt B et atrery;, o e g arhydride; was '
added to thejﬁgg}a:tlt\)nf' o%@r a%)gﬁt M&L@Jrg&éﬁe t%npenggd(?éel vvaé Ael c/f at about
130C for 15|hour$, 10|and thewn.i hdf@4dsed to 228€doyestale hguMy” JAFSIET | one
hour at 225( i ed—otet fredretc ' e 3oV

~ N Fa rn A H Amkbasaley ¢ a enl |
di stillation. 19hen Pne 8B ( dﬁﬁ el 1‘E>ur i fYF%d b%rlﬂfsi rlr'g?'fjor. 7 he mf(?duct
yi el ded was [a1yT $qays| Cyel llosu4 o] 122.35 | Egawpli 7.4 1F U4quid | 66 | 11

roly o
T I

12 | 198 | Cqa28| 318 38.4 4.0 76.8 | Liquid 70 11
13 | 247 | Cie2s | 283 | 189.1 6.5 89.2 | Liquid 77 11
14 | 296 | Cop2s| 136 | 1944 3.5 91.6 | Liquid 78 11

5 * MV= Methylvinylidene isomer
** TSI= Tri-substituted isomer
Example 15
Preparation of ASAD Succihimdes

10  Low molecular weight branched ASAD from example 10, 133.1g, 0.41 mol,
was reacted with diethylene triamine, 35.71g 0.35 mol, at 150°C using a three
neck 500 mL flask equipped with a mechanical stirrer, Dean Stark trap,
condenser, and addition funnel. The amine/anhydride CMR was 0.85. After
heating overnight a total of 12 mL water was recovered. To this was added

15 52.27g group 2, 100N diluent oil (25% by weight). This product had 6.61%N,

~ the total acid numbér was 1.59 mg KOH/g sample, and the viscosify @ 100°C
was 209 ¢St. This product is shown in Table 4.

Examples 16-22
20
Additional succinimides were prepared using the iow molecular weight ASAD
using the procedure of Example 15 using different amounts of different
polyamines. The results of the preparation of the additional succinimides are
summarized in Table 4.
25
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A nunber of additional reactions of |ow nolecular weight PIB and nal eic
anhydri de were carried out using the procedure in exanple 10. The reactant
PIB varied in nunber of carbon atonms. The results of Exanples 10-14 are 20
shown in Table 3. 44 Table 3 Additional Low Ml ecul ar Wi ght PIBIMleic
Anhydride Reactions' Results Ex.M PIBSAP Vis @ Col or % physi cal % %

no. 100Cyi el dst at eM* TSI ** 10176C8_2844aple 47 584. 6Li qui d7311

13557C10. 338 ABPIENEhL O ARt G SRS onttnl GPLAMBERT o )

* MW= Met hyl vi X defmines opdminefanhiySlide r%NsubstTAi\ht ed |s\ﬁn@ Ex_arrpl e 15

Preparati on of [ASAD Succin 10 Low nmol ecul & g\(lﬁgﬁ (ﬂﬁfc ASAD from
exanple 10, 133.1 ¢g, 0.41 ,was reacgted WHH1 (é/l ene T'riamine,
35.71g 0. 35 nol|,15at] QBOL usdeg a three |gaxtkk 500.58L fl aske@xui pped with a
nmechani cal stiner+DeapStark trap—condense and auch—H—en—i—u-m.el The
am ne/ anhydri de 1evR BatA0. 8%° Aft eF 4.71 2.48 1

17 { TETA |0.85 8.04 2.48 121

18 | TETA |05 542 1.81 181

19 | TEPA [0.85 0.49 0.31 259

20 | TEPA |05 6.58 1.65 168

21 | HPA 0.85 11.4 1.16 . |1 662

22 | HPA 0.5 7.94 1.23 256

Exampie 23

5 A 10.0036 gram amount of ASAD from Example 2 was mixed with 0.005
grams of Cs2 alkylbenzene sulfonic acid for 15 minutes. The Cq2 alkylbenzene
sulfonic was at 0.05%. Portions of the mixture were heated at either 150°C or
at 200°C for either one, four or eighteen hours. The product composition was
analyzed by "H NMR and the composition was determined by integration of

10 the olefin region. The composition results are reported in Table 5. Isomers
(1), (2) and (3) in Table 5 refer to structures (1), (2) and {3), respectively, in
Formula (B) herein. ' '
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heating overnight a total of 12 nL water was recovered. To this was added
15 52.27g group 2, 100N diluent oil (25% by weight). This product had 6.61
%N, - the total acid nunmber was 1.59 ng KOH g sanple, and the viscosity @
100C was 209 cSt. This product is shown in Table 4. Exanples 16-22 20
Addi ti onal succinimdes were prepared using the | ow nol ecul ar wei ght ASAD
using the procedure of Exanple 15 using different anmounts of different

pol yam nes. The results of the prepargLjyof the additional succinimdes
are summarized in Table 4. 25 45 Table 4 Preparatlon of Succi ni m des Usi ng
Varyi ng Anmounts of Pol yam m&se@smnsmmrunnmuué 9NTAN Vis @ CVRg

o EY 0 o5s | oAt 1 Ty b Ve T ot Rk f Tk 496) poéher
20TEPAO. 56. 581588368 21H PAQ. 8511. 41. 16662 22HPAD. 57. 941° 23256 8R8np| e 23 5
A 10. 0036 gramAgirount of ASAD from Exanple 2 was miXed with 0.006
(ppm)
0 - - 48 17 8 27
500 1 150 40 17 14| 29
500 4 150 29 20 25 26
500 ] 200 20 23 32 25
500 4 200 9 23 41 27
500 18 200 6 25 27 42

47



grans of C12 al kyl benzene sulfonic acid for 15 mi nut es. The C12

al kyl benzene sulfonic was at 0.05% Portions of the m xture were heated at
ei ther 150C or at 200C for either one, four or eighteen hours. The product
conposi tion was analyzed by 'H NVR and the conposition was determni ned by

I ntegration of %&{I he olefin region. The conposition results are reported
in Table 5. 15k * (1), (2) and (3) in Table 5 refer to structures (1),
(2) and (3), respectively, in Formula (B) herein. 46 Table 5 M xed |soner
Conposition Results Quantity Qher Strong Tinme (h)Tenp ("C)lsomer (1)

| somer (2) | sbnérloyvanolesyaeweiabt brayphsd alkpnyl sticcinic4gidrdava500 b2%040171429
500415029202548 0420020233225 5004200. 9234127 500182006252742 47 CLAI MS:

O
R
X
Xl
5 o)
wherein .
X and X' are independently selected from the group consisting of: —OH; . .
—OR', wherein R is alkyl of 1 to 8 carbon atoms; —NH,; —Cl; —Br; and
10 —OM-+, wherein M+ is the equivalent of at least one of a metal, ammonium or

alkyl ammonium cation, wherein the alkyl group has 1 to 8 carbon atoms; and
Xand X' when taken together are —O— or —-NH--; R is a polyisobutenyl
group or a mixture of low molecular weight polyisobutenyl groups having from
about 8 to about 32 carbon atoms, derived from a polyisobutene having at

15 least 50% of the methylvinylidene isomer plus tri-substituted isomer.

2. The low molecular weight branched alkenyl succinic acid derivative
according to claim 1, wherein R is a polyisobutenyt group or a mixture of low
molecular weight polyisobutenyl groups having from about 12 to about 28

20 carbon atoms.

3. The fow molecular weight branched alkenyl succinic acid derivative

according to claim 1 or 2, wherein R is a polyisobutenyl group or a mixture of low

molecular weight polyisobutenyl groups having from about 8 to about 32
25  carbon atoms, derived from a polyisobutene having at least 70% of the

methylvinylidene isomer plus tri-substituted isomer.
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1. A'low nol ecul ar wei ght branched al kenyl succinic acid derivative having
the formula: 5 wherein X and X' are independently selected fromthe group
consisting of. -OH, -OR, wherein RL is alkyl of | to 8 carbon atons;
-NH2; -d; -Br; and 10 -Ow, wherein Mt is the equivalent of at |east one
of a netal, ammonium or al kyl ammoni um cation, wherein the al kyl group has
1 to 8 car borfallgdow axlpcular eiphkbratebad eicanl susginidecid dedvate or - NH--; R

is a polyiso 5t | ar i ght
ol yi Sobut enylt oo caHPs indtell Kie BoflsobMrIRBAS o s AlShRNIRE, deri ved
from a pol yi Jodlec@aewhight polysobuteby!gasps Bdogiromhebort 8 iy abouly32 dene i soner

I I - subst | | | |, [ hed al k I
Cucaini ¢ aci ] Ghmes §Rlec fom M BB A gt BB Bogh B = = e

pol yi sobutenyhethyloinplideneaisomet plue trhbubstitutedopgarl ar wei ght pol yi sobut enyl
groups having from about 12 to about 28 20 carbon atons. 3. The | ow
nol ecul ar wei ght branched al kenyl succinic acid derivative according to

claim1l or 25 vhRieindlddulas weightlbyarsopled iyl Sicimic adid Aefivaiver e of | ow
nol ecul ar wei ght pol yi spbut enyl groups having from about 8 to about 32 25

car bon at ons COHBF PRSP Fpdire! lowihgrdmEtResii ng at | east 70% of the
~methyl vinylidene isonmer plus tri-substituted isomer. 48 4. The | ow

nol ecul ar wei ght branched al kenyl succinic acid derivative according to
claim3, wherein Ris a polyisobutenyl ghoup or a mixture of low nolecular
wei ght pol yi sobut I ps having frogff about 8 to about 32 carbon atons,
derived from i hawvivag at Ifeast 80% of the 5 nethylvinylidene
i soner plus tri i i .Y~ 5.\A | ow nol ecul ar wei ght branched

al kenyl succi i [ O (1)

0
0O
X
o @
n
O
O
/
o @
1t
O

10

wherein n is a whole integer from 1 to 6.

6. The low molecular weight branched alkenyl succinic acid derivative of

15 claim 5, wherein the mixture of isomers comprises from about 5% to about
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conprising a m xture of the followng structures: (1) (2) (3) 10 wherein n
Is a whole integer from1l to 6. 6. The | ow nol ecul ar wei ght branched

al kenyl succinic acid derivative of 15 claimb5, wherein the m xture of

i somers conprises from about 5%to about | 49 60% of isoner (1), from about
10% to about 30% of isoner and from about 5% to about 45% of isoner.

(3) 7. A procéds qftﬁOﬂ?ﬁﬂﬁh&Oa' At HBletaabaut wePeehisnane éad diace aheut

succinic 5 a%qog%bygg%\bg[s%g{gprgp ng: reacting an unsaturated acidic
reagent either wth a | ow nol ecul’ar wei ght polyi sobutene having from about

8 to about 32 carbon atons, wherein at |east about 50 % of the olefinic

bonds of the 70Ohﬁréc%‘étfgﬂﬂaQﬂg%rlb\ﬁﬁol?gﬁLp%%a*éhp%langﬁ&?a‘k@ﬂ cBlnH:S

tri-substituted i'sonmer ure o ar Wei g
pol yi sobutSeneacithdeiivedivé compabiogt 8 to about 32 carbon atons, wher el n at

| east about 50 % qQf_the ol efi ond of th ob tene orrpri ses

nmet hyl vi nyl i dene i g%%lg a&msaﬂ{,rfxte? {ffﬁgg&??@}ﬁ{é\fﬁ'l F ess

accor di ng t o wkightmpdlyisobeteat hatihg froﬁ.aebomrs losamlﬂdggfaﬁbbri ﬂoﬁFewhé@lmr esence
of al kyl benz nes 9 _T r,oc cordin o claim Tor 8,
wherein the r Bho&sf’coc%rﬂjgfé‘? Q@fB’P d?é’ﬁ%@r%‘ﬁﬂ?‘ébqtﬁg‘?rf%@8[|§esl20 Cto
about 240 C ra@thwmyT&@mens@m@s§fu§¢:¢-@cﬂ¢tmmeﬂ@sdiﬁew Bt ith & Miixte oMy €1 n the
reaction is conduct ed at a nperature from about 180 'C to about 230 C.

11. The pPocd8S ea@%wanghbp@lwselw&ewwhamfr@nhafwt@ tp @horbB2eabaN wei ght
- atoms, wherein at least about 50 % of the olefinic bonds of the polyisobutenes

comprises methylvinylidene isomer plus tri-substituted isomer.

8. The process according to claim 7, wherein the reaction is conducted in thé

15  presence of alkyl benzenesulfonic acid.

9. The process according to claim 7.or 8, wherein the reaction is conducted at a

temperature from about 120 °C to about 240 °C.

20 10. The process according to claim 7, 8 or 9, wherein the reaction is conducted at a
temperature from about 180 °C to about 230 °C.

11. The process according to claim 7, wherein said low molecular weight
polyisobutene or said mixture of low molecular weight polyisobutenes
25 comprises one or more Cg, Cq2, Cyg, Cag, Ca4, Cas or C32 molecules having an

average molecular weight less than 300.

12. The process according to claim 7. or 11, wherein said low molecular weight
polyisobutene or said mixture of low molecular weight polyisobutenes
30 comprises one or more Cg, C1a, C1s, Can, C24, Or Cog molecules having an

average molecular weight of about 120 to 300.

13. The process according to claim 7, wherein said unsaturated acidic

reagent is maleic anhydride.
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pol yi sobutene or said m xture of |ow nol ecul ar wei ght polyi sobutenes 25
conpri ses one or nore C8, Cl2, Cl6, C20, C24. (C28, or C32 nol ecul es having
an average nol ecul ar weight | ess than 300. 12. The process according to
claim7, or 11, wherein said | ow nol ecul ar wei ght polyisobutene or said
m xture of | ow nol ecul ar wei ght pol yi sobutenes 30 conpri ses one or nore C8,
Cl2, Gs, C20, C24, or C28 nol ecul es having an average nol ecul ar wei ght of

b 120 0 ' : i m 7y jn.said
o0 20 ot 0% e PSP @RI el a5 Bttt
maki ng a | owacol dariviative smtofitnider comoprégingtl kenyl. succinic acid derivative

succi ni m de conprising:..(a) reacti an. unsat urat.ed acjidi c.reagent either

W th pol'yi sobur entd) BHeH0S e FESlARs AR BRHE GRS 0T Bl or it n

a mi xt ures5of hiaoing froph aboilited tovetiogh B2 patbtrssiburisen edthhawintigref gfasvabout 8 to

about 32 carbo t ons, and wher ei t “l.east ahou ?0 % of _the olefinic
Fasloqulr tatge

in
bonds of eit w&e CQHBQRLE?.%%S VIRG KO, 84Q4 PHSNEATBRDI ar wei ght

pol yi sobut engtsidbhid $herdi®hbiehii aDdut BOMS of BRIBIEfIME BEndS bf SitHeg thd ut ed
i soner; and 10 (b) reacting the product of Sa) wi th a pol yam ne. 15. The

process accoPalvgbuienes g eimixtyRa dpw moalerigoysiahh ReyisriditeRe FeBBESS  anine
ni trogen at Oyt &in?@eﬁﬁ%(ﬁner 4 Gi-sUtigitREQ EBRferamPr ding to claim 14 or

15, wherein sai ol yam ne has from about 4 am ne nitrogen atons to about
12 ami nelfi trogeandtfminséhe praslustof (@) with a pgapingcess according to claim
14, 15 or 16, wherein said polyam ne has from 20 about 6 am ne nitrogen
atons to about 10 amine nitrogen atons per nolecule. 18. The process
accor di ng t 016! dhmptdcesateeceidng oadaimoi, (vereicaaidspolpamine has at least 3

amine nitrogen atoms per molecule.

~ 15 16. The process according to claim 14 or 15, wherein said polyamine has from
about 4 amine nitrogen atoms to about 12 amine nitrogen atoms per

molecule.

17. The process according to claim 14, 15 or 16, wherein said polyamine has from
20  about 6 amine nitrogen atoms to about 10 amine nitrogen atoms per

molecule.
18. The process according to claim 14, wherein reaction (a) occurs in the

presence of Cqz alkyl benzenesulfonic acid.
25

19. A low molecular weight branched alkenyl succinimide having the formula:

N—Z—W
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presence of Cl2 al kyl benzenesulfonic acid. 25 19. A | ow nol ecul ar wei ght
branched al kenyl succinimde having the fornula: 0 51 wherein Wconprises
one or nore of. and R4 5 wherein Ris a polyisobutenyl group having from
about 8 to about 32 carbon atoms or a mxture of |ow nol ecul ar wei ght

pol yi sobut enyl groups having from about 8 to about 32 carbon atons derived
from a pol yi sdisneiaVé chmprisgs ate of sws¢ 060% of t he net hyl vinyli dene isonmer
plus tri-substituted isomer; Z is one or nore polyam ne |inking radicals;
and wherein R3 and R4 are independently 10 hydrogen, alkyl of 1 to 10
carbon atons, pRenyI or taken together, are alkylene of 2 to 5 carbon
atons to forma king group. 20. The conposition according to claim19,.
wherein R conprisesione or nore C38, Cl2, Cl@{ Cep, C24, or C28 noieties.
15 21. The ¢ i tiYqn according to clai m-4¢, wherein Z is a pol yan no

radi cal having fNom aPout 3 to about 7 nithggen atons and from about 8 to
20 carbon atons. 120 22. The corrp@%‘fti on accfg‘?di ng to claim19 or 21,
wherein Z is a polyam no radical having fromabout 4 to 5 nitrogen atons
and from about 8 to about 20 carbon atons. 23. A | ow nol ecul ar wei ght
branched al keimgkeis FCBidphAlyiB6hEtefBIGrod hiing RBMPARIABAE abYuB3 PEABBAS
conprising: reacting an unsaturated acidic reagent either with a_| ow

nol ecul ar weRles opa Mixtyehet lewanelagiiagweigbhpelysabutgnyl @rawsufaving #afhon

SE)IOSF . O‘Qﬂf;ﬁ%ﬂggﬁrﬁp {roleé’ﬁefut 3908 orPRorisUeril/B8 fBhES bBlysoBoRde Hlvidds
least 50% of the methylvinylidene isomer plus tri-substituted isomer; Z is one

or more polyamine linking radicals; and wherein Rs and Ry are independently
10 hydrogen, alkyl of 1 to 10 carbon atoms, phenyl or taken together, are

alkylene of 2 to 5 carbon atoms to form a ring group.

20. The composition according to claim 19, wherein R comprises one or more
Cs, C12, C1s: C20, Caa, oF Cog moieties.

15
21. The composition according to claim 19, wherein Z is a polyamino radical
having from about 3 to about 7 nitrogen atoms and from about 8 to 20 carbon

atoms.

20 22. The composition according to claim 19 or 21, wherein Z is a polyamino radical
having from about 4 to 5 nitrogen atoms and from about 8 to about 20 carbon

atoms,

23. A low molecular weight branched atkenyl succinic acid derivative

25 prepared by a process comprising:

reacting an unsaturated acidic reagent either with a low molecular weight
polyisobutene having from about 8 to about 32 carbon atoms, wherein at least
about 50 % of the olefinic bonds of the polyisobutene comprise

30  methylvinylidene isomer plus tri-substituted isomer, or with a mixture of low
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30 net hyl vinylidene isoner plus tri-substituted isomer, or with a mxture
of low 52 nol ecul ar wei ght pol yi sobutenes having from about 8 to about 32
carbon atons, wherein at |east about 50 % of the ol efinic bonds of the
pol yi sobut enes conprise nethyl vinylidene isomer plus tri-substituted
isoner 5 24. The product produced by a process according to claim 23,
wherein the m@técmlameigﬁt pdlgiscinganes haeay fromdhiout 8agabbuel2 barboni th a | ow

et ni ¢ bondlour. PR FaL Bhve derrins S RERRo I BIMESPUbEs pi s

tri-susbstit Wopthriss eR&RylvinPRdanetiforieinpiis ti-sulsdtitdtewvigophacul ar wei ght
pol yi sobut enes, wherein at |east 10 about 50 % of the ol efinic bonds of the

poi yi sobut enes conprise nethylvinylidene isoner plus tri-substituted

| somer, ogcurgy, 'met,%deém@a&%dqjya&%%e@é Eb!éor@ﬁ@%@'&%%ﬂ'%oﬂﬂh@reﬁﬁtﬁb 25 The
pr oduct produced by a process according to claim23, wherein the

unsat ur at ed deaetios of deryensaturatedacidie readnnd eitarr witipa o rrtﬁkﬁe%ﬁréfﬁjgf&r wei ght
branched al kﬁ%}?ura | WHLHSH BE RALCAHRB0 onHéQﬁﬁﬁmEPHR&ééftﬂ@ 20 (a)

reacting an ed aci di ¢ reagent erther wt ow nol ecul ar wei ght
pol yi sobut eneotyisakiutencecamipriserractbflvinglidens isemen pluadii-ghsbsgiiitpi dstmerenes

whi ch cont ai 0 t at | east
about 50 % q?"{{ﬁ' %ﬂg ﬁgrﬂfgov%ﬂ“%b&% V?‘ﬁ%ﬁad’ow ﬁ%&%&e‘%@%{ Qﬁyi sobut ene
or the mt uraboaf 50 efv\bfrthé@tafhmrbomdlsgiﬁithqopdﬂynsemhiahemesmposqar| se

met hyl vi nyl i d soner S trisu ti uted isoner reacting
t he product &F&)"w ewedsorﬁg @Hﬁ'&rﬁﬁgbsgg‘ éfﬁé’"}%ﬁ?ﬁﬂ%!{hﬁﬁgrpréﬁ;%n&ﬁt br anched
al kenyl SUCCImbm}@Bb@fzgdggﬂﬁ)n&ya(ﬁj process according to claim26, wherein
reaction (a) occurs in the presence of 30 Cl2 alkyl benzenesul fonic acid.

28. The | ow nol ecul ar wei ght branched al kenyl succi nim de produced by a
25. The product produced by a process according to claim 23, wherein the

15 unsaturated acidic reagent is maleic anhydride.

26. A low molecular weight branched alkenyl éuccinimide produced by a

process comprising:

20 (a) reacting an unsaturated acidic reagent either with a low molecular weight
polyisobutene or with a mixture of low molecular weight polyisobutenes which
contain from about 8 to about 32 carbon atoms and wherein at least about 50
% of the olefinic bonds of the low molecular weight polyisobutene or the
mixture of low molecular weight polyisobutenes comprise methylvinylidene

25 isomer plus trisubstituted isomer; and (b) reacting the product of (a) with a

polyamine.

27. The low molecular weight branched alkenyl succinimide produced by a
process according to claim 26, wherein reaction (a) occurs in the presence of

30 C;2 alkyl benzenesulfonic acid.

28. The low molecular weight branched alkenyl succinimide produced by a
process according to claim 26, wherein the unsaturated acidic reagent is

maleic anhydridé.
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process according to claim26, wherein the unsaturated acidic reagent is
mal ei ¢ anhydride. 53 29, A lubricating oil conposition conprising a nmajor
anount of an oil of [lubricating viscosity and a m nor anount of the
succinimde of claim19. 5 30. A lubricating concentrate conprising from 10
to 90 wt. % of the conposition of claim19 and from90 to 10 wt. % of .an
organic diluent. 31. A fuel concentrate conprising an inert stable

ol eophilic organ : i i 150F to 400F
and from abou@' giﬁlgﬁg%ﬁéﬁgﬂ Clcgﬂ%'tv\n% égcﬁ?ﬁr‘rplﬁ1 c%ﬁ%?%gr?%@?%gﬁ?’ﬁﬁ% de of claim
19. 32. A | uliwbratinggisooditycowiposiindramaotpf theisugciainmeg of clamodBt of an oi |
of lubricating viscosity and a m nor anount of the succinimde of claim
26. 15 33. A lubricating oil conposition conprising a major anount of an

oi | of | gbri30atA hbrivatBeasincynieatd cemprising fomd0to 00 with® dfltkenyl succinic
acid derivative of claiml1. 34. A luhricatin oncentr.ate cqnprising from
10 050w hmpPStiag opFBi 10 26 o IR e G g8 oo wt - oot an
organic diluent. 35. A fuel concentrate conprising an inert stable

ol eophilic organi olvent boiling in the range of from about 150F to 400F
and from abodt- @%?w?ratWWIwarb@eefeﬁﬁabl%mepﬁb'“ﬁp&mm sQve| ai m 1. 25

36. A net hod pgfling §Pfel fafge bf fiinthidol® 56 Fao AB0 &1 AEmBHRAPS to REAGIUCT
conpri si ng: _ %%pl ying a Ifquid repelling effective amount of the al kenyl
ci

succinict vargiidieresnt iof thegjucgininide Df cl@imA&. cel | ul ose surface of the
paper product in such a way that a drop of water on the surface has an
initial contact angle greater than 90 and | ess than about 101 . 54

- 32. Alubricating oil composition comprising a major amount of an oil of

lubricating viscosity and a minor amount of the succinimide of claim 26.

15 33. Alubricating oif composition comprising a major amount of an oil of
lubricating viscosity and a minor amount of the alkenyl succinic acid derivative

of claim 1.

34. A lubricating concentrate comprising from 10 to 90 wt. % of the product of

20 claim 1 and from 90 to 10 wi. % of an organic diluent.

35. A fuel concentrate comprising an inert stable oleophilic organic solvent
boiling in the range of from about 150°F to 400°F and from about 5 to about.
70 weight percent of the product of claim 1.

25
36. A method of repelling liquid from the surface of a paper product

comprising:

applying a liquid repelling effective amount of the alkenyl succinic acid
30 derivative of claim 1 to the cellulose surface of the paper product in such a
way that a drop of water on the surface has an initial contact angle greater
than 90° and less than about 101°.
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37. Afriction nodifying conposition conprising fromabout 0.1 to 10 wei ght
percent of the al kenyl succinic acid derivative of claiml1l and a maj or
anount of oil conprising a tractor hydraulic fluid or a transm ssion

fluid. 55

37. A friction modifying composition comprising from about 0.1 to 10 weight
percent of the alkenyl succinic acid derivative of claim 1 and a major amount

of oil comprising a tractor hydraulic fiuid or a transmission fluid.
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