LOW MCLECULAR WVEI GHT BRANCHED ALKENYL SUCCI NI C ACI D DERI VATI VES PREPARED
'FROM LOW MOLECULAR VEI GHT POLY!I SOBUTENE AND UNSATURATED ACI DI C REAGENTS 5
BACKGROUND OF THE I NVENTION It is well known in the art that

al kenyl succi ni ¢ anhydri des (ASAs) nade from al pha olefins and nal eic
~anhydri de are useful as paper sizing agents in the paper industry. Paper
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15 alpha olefins requires an additional olefin isomerization step.

This invention is directed to new low molecular weight branched alkenyl
succiic acid derivatives (ASAD) that may be prepared by reacting a low
molecular weight polyisobutene (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 trnan-smissioh 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.




This reaction is typically carried out at el evated tenperatures either neat
or in a solvent or diluent. 1 One drawback to using an al pha olefin to
prepare the ASA is that the resulting ASAis typically a glassy solid. A
sol'id ASA is undesirabl e because a solid. ASA cannot be handled 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.

- Achi eving such a consistency may be acconplished by heating the solid ASA
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either. Also the need to isonerize the olefin to an internal olefin
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production of the ASAD, is not necessary for the

with reagents that isomerize the doublé bend to an internal position in the
15  alkyl-chain. When this isomerized olefin reacts with the unsaturated acidic
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 improvefnent
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

3 | molecular weight branched ASAD is used. Since no solvent is required, the

25 step of removing the solvent is not necéssary either. Also the need fo
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 Boerzél et al., U.S. Patent No. 4,152,499, disclose isobutene polymers having
' a degree of polymerization of from 10 fo 100, where the proportion of
theoretically possible terminal double bonds is greater than in conventional

polybutene preducts.
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production of the | ow nol ecul ar wei ght branched ASAD of this invention. 30
Boerzel et al., U S. Patent No. 4,152,499, disclose isobutéene polyners
having a degree of polynerization of from 10 to 100, where the proportion
of theoretically possible term nal double bonds is greater than in
conventional pol ybutene products 2 Sanson, U.S. Patent No. 4, 605, 808,
di scl oses a proces of_cati.onj g .- pol. rization of 1-aql efins,
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5,137, 980, dicaciamgtc bbid dnbydniddsars pdper padingdadenty.l succinic acids or acid
deri vat il es that are useful in the 20 manufacture of pol ybutenyl succinic
acid estérs, polybutenyl succinimdes or succinamdes, and pol ybutenyl

succi ni ¢ esOriopaheties LS. P&aat N6, 365 B39 dlseRizel 9 Moca¥ifoekhe Or conbi nations

thereof. Harrison, et al., U 'S Patent No. 6,156,850, disclose a process for
. preparation of alkylated diphenylamine antioxidant which comprises al_kylati?lg

diphenylamine with polyisobutene in the presence of a clay catalyst, wherein
the polyisobutylene has an average molecuiar weight in the range of 120 to
15 600 and wherein the polyisobutylene contains at least 25% methylvinylidene

. isomer.

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 polybutenyl succinic acid esters, polybutenyl succinimides or
succinamides, and polybutenyl succinic ester-amides by reaction with

alcohols or amines, or combinations thereof.

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

.25  preparation of a polyatkyenyl 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, disclose 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 cils. The
long-chain polymeric substituent may be straight or branched chain and

3




.25 preparation of a polyal kyenyl derivative of an unsaturated acidic
reagent. Specifically, the reaction is started in the absence of a strong
acid. The strong acid is |ater added when at | east 25% of the polyal kene
is.converted to a polyal kenyl derivative of an unsaturated acidic reagent.
30 Ratner.et at, U S. Patent No. 3,189, 544, discl ose hi ghly det er gent
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a nol ecular weight of 300_10 . 5000. 5 Ruhe, Jr., U S. Patent No.
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| solvent which comprises the reaction product of an unsaturated acidic

reactant and a high molecular weigh olefin.

15 '
Zaweski, et al., U.S. Patent No. 3,476,774, disclose a process for producing
an oieﬁnically 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 anhydnde and increased vyield of alkenylsuccnnic anhydride

by the use of catalytic amount of p- alkenylbenzenesulfonlc acid.
25 Sp‘encer et al., U.S. Patent No. 5,777,025, disclose reacting C4~C1q
- dicarboxyfic 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.



olefin with an al pha, 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 nol ecul ar

wei ght al kene-with mal ei c anhydri de and i ncreased yield of al kenyl succinic
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amide; imide, or metal salt derivative of the low molecular weight branched
15 A§AD_ The preferred low mgl‘ecular. weight branched ASAD is liquid at

-ambient temperature.
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In a first aspect, there is provided one or more iow molecular weight branched
alkenyl succinic acid derivatives having the formula:

20

(A)

wheréin X and X' are independently selected from the group consisting of.

25 —OH; —OR', wherein R'is alkyl of 1 to 8 carbon atofns; —NHy: —Cl:
—Br; and —OM+, wherein M+ is the equivalent of at least oneof a metai,
ammonium or alkyl ammonium cation wherein the alkyl group has 110 8
carbon atoms; and X and X' when taken together are —O— or -NH—; R is a

5




In a first aspect, there is provided one or nore | ow nol ecul ar wei ght
branched al kenyl succinic acid derivatives having the forhmula: 20 O R X
X O(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 -OM+, wherein M+ is the equivalent of at |east one of a
met al , anmoni anmoni .u ca}lipon wherein the al kyl group.has 1 to 8

m or  al kyl f
car bon ator‘rﬁ’f’wésr?gus?" ouP Rha MKl AT PYyBPisstlagweight polyebNgY R js a 5

pol yi sobut egydup@rtihgiford aBbdt8Hceatiut BOWaRRYreRBHAT pied aBly fRsth ¥bsgPut enyl
groups havi qg fromabout 8 to about 32 carbon atons, preferably from about
12 to about 1240 @RPHord GRrbRR atoges: deEved frem apelysobulene hanegledsy at | east -

-* 50% of t hgompsfuib WdiiARRRNE SRIREr ;ﬂhﬁﬁi—édﬂsﬁﬁhﬁlﬁsb .eépleimer-,The | ow 5
mol ecul ar wei ght branched ASAD may further be reacted to formone-or nore
of an ,anﬁdeﬂug*?qub%rtwaiﬁbf baanched S Al mhaseiurther bareactdddie faem ionatdrveorand a

metal  salt of'ﬁ;'i L¥fdd H&ivaﬁ!?(% An‘i%étégﬁ&e&%’ti% By g&%ﬂ%‘%ﬂdéﬁﬁ%’mﬁmy be

prepared by e reaction o or nodre unsaturated aci reagents and
one or norespibtigiivdivet enes having from about 8 to about 32 carbon atons,

preferably fromabout 12 to about 28 carbon atons and at | east 50% of the
met hyl vinyl i dene i soner .plus tri-substituted i somer content. The reaction

may be -car r iFae lowitmoldvataraldight branohey ABAD aif hezgephsed hietherreaetisreofof st rong
- acids. T&? ons 8F lec)?é Lequsa?griagédcacidic reagents and one or more polyisobutenes
having from about 8 to about 32 carbon atoms, preferably from about 12 to

about 28 carbon atoms and at least 50% of the methylvinylidene isomer plus
tri-substituted isomer content. The reaction may be carried out thermally or-
may be catalyzed by the presence of strong acids. The unsaturated acidic

15  reagent may comprise maleic anhydride. The polyisobutene may comprise a
mixture further comprising about 5 wt. % to about 20 wt. % CsgHug; about
35 wt. % to about 55 wt. % C42Hz4. about 20 wt. % to about 30 wt. % CigHap.
about 8 wt. % to about 15 wt. % CasHgo; about 2 wt % to about 8 wt % CasHas,

: and about 0.5 wt % to about 2 wt. % CogHss, Thé low molecular weight iBs

20 have an average molecular weight of about 450 or less. Preferred low
molecular weight PIBs have an average molecular weight of about 120 to
about 392. More preferred low molecular weight PIB has a molecuiar 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%. -




15 reagent may conprise nal ei c anhydride. The pol yi sobutene may conprise a
m xture further conprising about 5 wt. %to about 20 w. % C8H16; about 35
w. %to about 55 wt. % Cl2H24; about 20 wt. % to about 30 wt. % CL6H32;
about 8 wt. % to about 15 wt. 9% C20H40; about 2 wt % to, aboutl_fﬁ%1 W A
C24H48;  and dp@usecnd aspesh toeratsmrovded a oy cxalesdar weight SipnAbed AFAR

wei ght Pl . ; Lght of about 450 or |ess.

Pr eferred&ﬁ%@%"H@%Z%'gﬁ%e?%ﬁ/g%@{lgﬂngg&#%{%%h aver age nol ecul ar wei ght of
about 120 to about 392. More preferred | ow nol ecul ar weight PIB has a

mol ecul ar wei ght of about 120 to about 300. Prefegrably, the :
nmet hyl vi nyl i dene i sonmer co the I ow nol eful ar weight PIB will be at
| east 40% nore prefers ndfeven nore preferably, at

| east 60% 6 In a seco i ded a | ow nol ecul ar wei ght
‘branched ASAD conpri |l owirg st¢lyctures : O O (1)
nO O O(2)_~~ d Ip@nis a whole integer from
| to 6. . ‘

- (B8)

wherein n is a whole integer from 1 to 6.

N

In a third aébect, there is provided a process for making a low molecular weight
branched alkenyl succinic acid derivative comprising:

reacting an unsaturated acidic reagent either with a lovu; molecular
“weight polyisobutene having from about 8 to about 32 ’c&bon atoms, wherein |
at least about 50 % of the olefinic bonds of the. polyisob_l.l_tené comprises
‘methylvinylidene isomer plus tri-substituted isomer, or with aﬂmixture of low -
molecular weight polyisobutenes-having from about 8 to about 32 carbon |
~ atoms, wherein at least about 50 % of the olefinic bonds of the polyisobutenes -
_oom;?ﬂ'ses methylvinylidene isomer plus tri-substituted isomer.




In a third aspect, there is provided a process for nmaking a | ow nol ecul ar
wei ght branched al kenyl succinic acid derivative conprising: reacting an
unsaturated acidic reagent either with a | ow nol ecul ar wei ght

pol yi sobut ene having from about 8 to about 32 carbon atons, wherein at

| east. about 50 % of the olefinic bonds of thepoly.'isobutene conprises
nmet hyl vi nyl i dene i somer plus tri-substituted isoner, or wwth a m xture of

|l ow nol ecul ar wHl ghtoustl aspetiy tieresisharovitgdr ﬁqu@@w%ﬁn{ékirt%ﬁgufov@%&@élhgp

atoms, wher ¢} fdaly % of .the ol efinic bonds of th
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isomer. 7 In a faurth aspect, there is provided a process for naking a | ow
mol ecul ar  wei git) FFRHIEREN Ynsaiuiated agidicrieagent althebe withgidlyisoluteaé ni ni de

conpr i si ng:haviny freRebblos 36 aBBSE: i dic reagent, either w th
pol yi sobutentﬁ having from gbouté%e%gs_gbouk'ggg“@@r%fm’dﬁf‘% % with a
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pol yi sobut Eﬂ'@'sebﬂtﬁﬂﬁsgr three triigthane gMdeﬁ?ecﬁlaﬁw_ét mlﬂé@igldgmé,@&,ilnh%gg_ .
_isomer, an ; roduct a) Wi a pol yam ne. a fi
_aspect, ther'e(etﬁfl)véﬁ@ra%bléE%ﬁ%‘ﬁ%‘%?"“ﬁﬂ#’gﬂwﬁ&/' @E@dr wei ght branched -

al kenyl “succi ni(h) westihg thegradiet geEgwWith 4 g6’ P R NZ-W (O wherein
- Wconprises one or nore of : 7a ' ' ' -

In a fifth aspect, there is provided one or rno;e low molecular weight
branched alkenyl succinimides having the general formula of:

L . .0

N—Z—W

©

H 2
wherein W coniprises one or more of :
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R O-NNO and R4 (D) wherein Ris a polyisobutenyl group having from
about 8 to about 32 carbon atoms or a mxture of |ow nolecul ar wei ght

pol yi sobut enyl groups having from 5 about 8 to about 32 carbon atonms
derived froma pol yi sobutene having at |east 50% of the nethylvinylidene

| somer plus tri-substituted isomer; Zis one or nore polyam ne |inking
radi cals; and wherein R3 and R4 are independently hydrogen, alkyl of 1 to
10. carbon atons, phenyl lar taken together, are alkylene of 2 to 5 carbon
atons to forma ring group/—3}0 This succinimde may be a part of a

| ubricating oil conposition cbnprising a mjor anDunpRgf oi | of

| ubricating viscosity d anount of this suhlci ni m derThi's
succinimde nay al so be a rt a lubricajjyng oil égncentrate conpri si ng
fromabout 10 wt. %to about 90 wt. % of this 15 succininide and from about
90 wt. %to about 10 wt. %of an oil of lubricating viscosity. {fhys

succi ni m de na al.so be a part. of a fuel concentrate conprising a major

anount of aWh P'f?é'? R '%?MIESQHWMQMU@ Bvigrrem sboyks to amutﬁzg:aﬂpcrn t he range
of about 15%&@0@%{11@(}9%\@%ié’cd‘é&%gﬁ’%ﬁéo&ftﬁfgﬁouyg rf onf Nl S
e or clic 0 car bonat es

succi nim de may al so bﬁ%:gost treate
or one ot n@baitSitgehouhdsdearbon afwhy dedvdsbiiemespaiyidelbuterabaying at condi ti ons

L0 Lo dneegtt ARk & BROLEhRAAeH RBRES BRA S Bl iLalof Yk bfip ©21PONA" @

i s ethyl ene car nate I'sper g 2Bt of a
| ubri cati ngOfanrmmﬂiyﬂmmemgktagmadwa!saamhwhemin Rh\anpcﬁstare irefpeddelitlyper sant

and a mmj or t i lLubricatin helubrlcatlng oi l
25 concent rlﬁgg%y'a@%m goeJ“% 19%%056‘6?5?9 %8 % of this
r. post- - alkylene of 2 to 5 carbon atoms to form a nng group.
10 -

This succinimide may be a part of a lubricating oil composition comprising a

rﬁajor 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. % fo 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 sfabie 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
i) "~ conditions to form one or more post-treated diépersants. A preferred cyclic
carbonate is ethylene carbonate. This post-treated dispersant may be a part
of a lubricating oit comprising a minor amount of the post-treated dlspersant
and a major amount of an oil of lubricating wscos:ty 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 one or more post-treated dispersants. |
30




treated dispersant and from90 wt. %to about 10 wt. % of an-oil of

| ubricating viscosity. The polynmer nay al.so be post-treated with one or
nore of boron oxide, boron halide, boric acid, and esters of boric acid
under reactive conditions to formone or nore post-treated di spersants. 30

8 Discl 4 i . L d .
feacting ( a}’*ﬁ%&q?ﬁ PropesPIRRRE b Blte 8 AR IETLMA n R tergtna)
one or nore (A@davunglestlasaveight braaglet ASAD ﬂirebal)edjﬁgereyctiﬁgge) one or more g

| yi sobut . | ' 8 2 t
her e at I onsttlrBihd aG@e Badbrt 2P bhe B by BRlYiscsiiiatie "vei gn

wherein at | east 50% of rrwei ght

pol yi sobut en&optai frenmakeoulr&Hf about 3% cantb@rc atoms amd giheralo 2y IeLDSOTSES

conpri se.get ' ' S ri-supstituted isoger, and:(db) one
or nore pg‘l3 ygbr‘r% }rfl)'ee@‘i Iﬂe ac‘?@ﬂgggrw %ﬁ?%@érﬁﬁ?gﬁg‘@%’yﬁo wepe or the gt 1.0 or
gr eat er, * ‘and low sialecuiayweightpelyisobutenés compaieuethyrinyflése Eﬁﬁﬂmtﬁ; de may
be prepared I?H'—s{:ﬁ%&ti ~a mxture under 10 reactive conditjons wherein the
m xture conprises ongagforﬂﬁf'@r\%cf&)%ﬁ’Bﬁmoﬁ?p%ﬂjﬂ?s-b-m%éﬁ@dj%ﬁb’%f one or
nor e unsat ur ataychave alsacdigiagans 6f R0Gréater, Hiid %feﬁablgqm %98%?.??& havi ng
I'ess than abqut 31-2 cgrbon atqns, and one or nore polyam nes. The

. unsat ur at ed §§ i C4T;2J§&E§H%V’%Hﬁyp§é)rﬁﬁﬁ@ﬂiw regptingiaindisture undesi xt h

“aspect, 1ermaciveonditlens whbrth TR M6 comfhiils dif & BlKRBEyguCcC! Ni C

acid derivative %eparedﬂ%y a process conprissing: reactrng an unsaturated
act di ¢ reage¥eigbtbragehesd ASAD | ofwnecirevereatnsabigted agidicyeagints and onavi ng

L from abou{.‘&)ﬁ,ﬁo,@t}%’ i Al OB, L t_lLeast about 50 % of the
¢ dlefinic bonds of t hié'sﬁg‘r“%ﬁ{é%@a}”@ﬁ2‘5%0%%%;"2’[@65&%W| Py PRLRBS 0L o e
pl us tri-sulfBereRAly’minesmeihe uisatratedaacidic reagertimayeompibeaidiic Wei ght
pol yi sobut e%y@qd" ng from about 8 to about 32 carbon atons, wherein at
- | east about 00f the ol efinic bonds of the polyisobut.enes - ‘

I
.

In a sixth aspect, there is provided a low molecular weight branched alkenyi
succiljic acid derivative 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 étoms, wher:ein at least
about 50 % of the olefinic bonds of thﬁe' po'!yisobutene comprise
3_0 methylvinylidene isomer plus tri~substituted isomer, or with a mixture of low _
-molecular weight polyisobutenes having from about 8 to ‘a_bout 32 carbon
atoms, wherein at least about 50 % of the olefinic bonds of the polyisobutenes
-comprise methy:I:{E:inylidene isomer plus tri-substituted isomer.

In a seventh :@spect, there is provided a low molecular weight branched alkenyl
succinimide produced by a process comprising: .

20 (a) reacting an unsaturated acidic reagent eithér with a fow rolecular 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 po!ﬁsobutené or the
mixture of low molecular weight polyisobutenés comprise methylvinylidene

25  isomer plus trisubstituted isomer; and (b) reacting the product of (a) with a
~ polyamine. ' - | -




conprise methylvinylidene isomer plus tri-substituted isonmer. In a seventh
- aspect, there is provided a | ow nol ecul ar wei ght branched al kenyl

succi ni m de produced by a process conprising:. 20 (a) reacting an
unsaturated acidic reagent either with a | ow nol ecul ar wei ght

pol yi sobutene or with a m xture of | ow nol ecul ar wei ght pol yi sobut enes

whi ch contain from abqut a Of1R, . el . st
about 50 % of t ha a&eé?q#lﬁl %%%%és l%ﬁg‘l‘i‘t ﬁ% ﬁgd’v\\ﬁ (?r%" g‘%:u@?%%‘ﬁ[ p%cfhy'?és(')tk)ou ene
or the mompnsingh major avha@ai|airanneil of lutpiziaging oisdosite andanpiinsieamount of

met hyl vi nyl i dene .25 i soner plus trisubst.i ed i soner, and (b) reacting the
product df"( ﬁyCW'WF% "R5¢ ;}%ﬁ’%@r% #‘gnbait()g}”(f'hé"aé‘b@l?ﬁ”t t‘W((eFé' i/g ‘%r%ﬁgded
a | ubri cafucamiride. COMPQSriel eREAMPRONGMbEHIRGeR, Rir8lis POHAEd YnelBr MidreGhel

| ubricating viscosity and a m nor anmount of this succinimde, nore
part i cul Zongenteigatthet comprise g Majahamound oftan dpest stabile oleqphilici agasic | n

one exa”@oﬁr&@%@ﬁh?ﬁﬂ*the? e98§ ShAAHOMI e é‘?%ﬁ?m 4AB8FE aBP% mifiQNSABLAGHES

that conprise a nmaJor anoun an inert e ol eophilic organic sol vent

- boi | i ng ithistswecinimige. of about 150 F to about 400F and a minor anmount of

this.succinimde. In a ninth aspect, there is provided a |ubricating

. concentrate copprisi fr 10 . to 90 wt. % of the conposition as defi ned
“above and fro 6"{"8#?%6‘) cirqh%_%

! fs RIRvidsd shlgbgcatingeanceniratecareprising §peciQ
there is prooiwed,of el RsRNoLES i S i tagle @ eaphilic
or gani ¢ sol vent _b(gi ling in the| range cga]?i ?oénng%oﬁﬁh I@Sriztgtooﬁﬁgglﬁ‘ a%?f%“om
about 5 t gro@ssdilugBtwei ght percent of the succininide as defined above.ln a

el eventh aspect, there is provided a lubricating oil conposition conprising--

a maj or anount of an oil of lubricating viscosity and a minor amount of the
al kenyl succilRi @ tegihdaspadt,tiere és asoddéd nedfus @oacentrate comprising an inert

* | stable oleophilic organic solvent boiling in the range of from about 150°F to 400°F
N and from about 5 to about 70 weight percent of the succinimide as defined above.

L]

: In a eleventh aspect, there is provided a lubricating oil composition comprising
' a major amount of an oil of lubricating viscosity and a minor amount of the alkenyl
succinic acid derivative as defined above.

In a twelfth aspect, there is provided a lubricating concentrate comprising from

10 to 90 wt. % of the product as defined above and from 90 to 10 wt. % of an organic
diluent. :

In a thirteenth aspect, there is provided 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 fo about 70 weight percent of the product as defined above. |
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In a twelfth aspect, there is provided a |ubricating concentrate conpri sing
from 10 to 90 wt. % of the product as defined above and from 90 to 10 Wt .
% of an organig fdyrtleg,qntag & t: P, ere is id fuel

a pe H{Eré |§§rfnébid%8 5% h&lf &fgr&ri)ey M‘é’ﬁt 98] fheng

concentrate corrprl sing an | nert ol eop h|
in the raﬁ{j‘éa%Of%wmgﬂuqtammmsmgnF and from about 5 to about 70
wei ght percent of the product as defined above. 9a In a fourteenth aspect,

there is provi d@dlymg@hdilﬂd r@;f:elﬁ%j)@i‘fébt% éhﬁﬁrl‘-tq)fftﬁ ?M:,a[]?] sodid ,g aof a paper

product c risin applying a Iitquid repe ng e ve anDu of t he
al kenyl ‘S%EVW%OEEI?H" 1&@@%&?"“’%@%@% af thetpepehpragiict il sseh aur f ace of
t he paperw@yﬂmgtdrb ofWakerd ﬂs@@rmg L_on,the urface has an
initial gnt act an er‘great enr t han dﬁ '@s’%ﬂagg{ﬁ@ f . In a
fifteent ha8 $8cand Jassthan gbputoifded a fri ctl on nodi fyi ng composition
conprising fromabout 0.1 to 10 wei ght percent of the al kenyl succinic acid

derivative as pefd igen mO\é%ﬁ]é&d fe J'gra%% %(gl% m(ﬁ{;l Si n‘ggrzlapgsg %%t or

* hydraulic fluid or a transms&ion Tli
. post - t r eafRAPURING d’n@noabonjreOOf tat HO fraightwi mcemabbwtemgenﬂ iSRBhic acid

nono-carb d na es, under reactive conditions. The
. car bonat egé"ﬂyaa?/ corrpcrk{}g‘l EJPﬁ'&ﬁé‘F@mbpgei | sEprisingaa tragtar; hysraulig oi |

“"conprl Si n@Jldonajttansmrmm ﬂmﬂ, an oil of lubricating viscosity and a m nor
armunt of this post-treated succininide, or nore particularly, about 0.10
w. % about 10 . %of this E)OSt -treated succinimde. Al so disclosed

is a fuel hig; JSHegiimide. B8¥pPEsingtirested rwithoone of mreneft ti dbllowing

ol eophi | carbonaeey, C lif e of .about 50F t o about
400F and a m nor ar%n%ﬁlqg n?-ﬁlﬁléddr{éﬁ?_ }r@a @"%ﬁa HEPn dén §turepelive

di scl osedonditonend her cartrcmamsstméy Qﬂirﬁﬁn%’%hﬂbﬂé d(%?boﬁéf%pal;)rsglé%dt 24t ng

succi ni mdes ‘t‘HSeén E&%ﬁﬁéu%& ac?nr}sl%l:[ gr%?)%m\{mo} anaoﬂ o? I?j[)rlcatm
g viscosity and a

R 7 mmor amount of this post-treated succinimide, or more particularly, about 0.10 wt. %

to about 10 wt. % of this post-treated succinimide. Also disclosed is a fuel

concentrate comprising a major amount of an inert stable oleophilic organic solvent

o boiling in the range of about 150°F to about 400°F and a rhinor amount of this post-

treated succinimide. Further disclosed: is 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 estefs of boric acid. The succitiimides

may also be post-treated with one or

9b




boron oxi de, boron halide, boric acid, and esters of boric acid. The
succinimdes nmay also be post-treated with one or 9b nore of boron oxide,
boron halide, boric acid, and esters of boric acid. Disclosed is a
lubricating oil conprising a major anmount of oil of lubricating viscosity

.and a mnor anount of the succinimde post treated with a boron conpound.

D scl d,..i f - Si. ' t .qf | t

ot abl oo Ja0iR: ot o SARTEOLLMAIdB BRN: A el BRR affiRoRoilyofibokBgk s o
about 400 aobricatimgnoil campuisingoh mbjok anso\arti ofi ol 8 lubAitatdap viRRESItVERE a
treated with one or re boron _con[?ounds. DEFI NI TIONS -10 As used in this:
pat ent apﬁT'P@%@WBH?t %‘@ﬂ%&ccme@t R fregied wih a deson orareReunyl- dlliseiasethye
the foll oy quél%ﬂbé'ﬂ?atlé@ogﬁﬁi 4ink 'E@éﬁﬁuﬁf@tﬁp@%ﬁrﬁé%sﬁp%ﬂm@ o['ggﬂ;nl'fﬁ

"P1B" is an abbreviation f pol?yi sobut ene. 1 e terns W no ar

wei ght Pl Bolvest beilingirethe trange BE abouat 160%ptd akolitr408°Fabwlia rBinbp aaloont 082

b ' . I | ar .wei gh I han 450 and
wherei n ooty suERicaR, IR nd¥ BeB TP Gale Wt or R e RcioinresBie:

plus tn-substituted isoner. 20 The term "net hyl vi nyl i dene" or
"met hyl vi nyl i dene isomer” refers to olefins and polyal kyl ene conponents

“havi ng the fhegmaioigs vi nyl i dene structure CH2 RXCH3 (E) wherein Ris
" pol yi'sobutyl group having | ess than about 29 carbon atons. 25 The term

t ri subdPi-t fisedbadda s patsrdeppticatioing hetheionl npbtapifalized; ke SiBR@AGNt S havi ng

ot h‘?‘ fol Fowighygnd I‘iév%'"ihg%ﬂo%ﬁg rﬁéén?ﬁésu&rﬁeysaggeciééall?;tated 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 *methyivinylidene isomer” refers to olefins and
polyalkylene components having the foltowing vinylidene structure
' CH,

.
€

L

whe_rein_ R is polyisobutyl group having less than ‘ai')out 29 carbon atoms:'
_ 25 The term trisubstituted isomer refers to olefins and polyatkylene components
having the following trisubstituted structure

H CH;

K CH

G)
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(F). 10 wherein R is polyisobutyl group having |ess than about 28 carbon
atons. The term "succinimde" is understood in the art to include any of
the amde; 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 alkenyl- or alkyl-substituted succinic acid or
anhydri de whereJa IR igrRohdsobatyl gFRuP Rypving ieps thanabout 2Bdesben atoarscl osed in
nunerous references and are well known in the art. Certain fundanental 10
types of succininides and related materials enconpassed by the termof art
"succi ni m ddhedemn fsugginimida” is. ubdersdoashin the sirt to I9g@]e7 8@y otthe EBnide;l ;" -

3,024, 237; ;34100673 ; X ) ; 2,46, . the disclosures
of ‘which ar Ierﬁm%'e‘fgtgbg |Cﬁ%o%%§?%?ag%? g’)r/%rgéfb S’&ﬁ%é@%gﬁ%@ CElG - Total Base
Nunmber" &r ‘amBydrideafithy an tnineh el rmpredbmirart pseducts)iiowelventaré o nil | i grans of

KOH in | gr : e, Thus  hi gher TBN _ nunbers reflect npre al kaline
product s angmf‘%ﬁe'wz(?%gﬁéendathbsr SHPJ}F‘S%E&QFH?WJY aceetpd as r‘?‘?@'ﬂ%nﬁ]’eof a sanpl e
may be det epriduetiofoyrehSEdh OF sitkegl- oPARGEsubtinASY seddisie agdUWrval ent

rocedure. 20 The term "SAP' refers to poni fication Nunber and may be
8et erm ned Bphyc{}ﬁg% HRipEeq yhegel ﬂ'sﬂgff'M'ﬁ@g? afgdisgigaedin any ot her

equi val ent n@merr@UtRrencedntife WAIMNowANh thehR! TerinTRhahmiatsl Nunber and
may be determ negsby,the' procedure described in ASTM Test No. D 664 or any

ot her edfi viPEROT syCiimiflpsandmlated watarialcencampassad pytibe temtofiatt ed from
the saponi f tsgtihRRidgUarBRhught in U.S. Patent Nos. 2,992,708: 3,018,291; 3,024,237

) - 3,100,673, 3,219,666; 3,172,892; and 3,272,746, fhe disclosures of which are
‘ ' hereby incorporated by reference. -
. 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 alkeny! or .élkyl__
succinic anhydride product and the molecular weight of the starting polyolefin.
The actives content of the alkeny! or alkyl succinic anhydride productis |

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

11




30 (ng KOH per gram of sanple), the actives content of the al kenyl or alkyl
succi ni ¢ anhydri de product and the nol ecul ar weight of the starting

pol yol efin. The actives content of the al kenyl or al kyl succinic anhydride:
product is neasured in terns of the actives fraction, wherein an actives
fraction of 1.0 is 11 equivalent to 100 wei ght percent actives.
Accordingly, an actives fraction of 0.5 would correspond to 50 wei ght
percent act iQEaleft o 100 weight pergentadtives haceddingly. aprachves fracdispini ¢ .
anhydri de pr@@%hl@éorf&#s@ﬁ&to 5GwaIAY Peicdat AddeRo!l yol efin can be cal cul ated
I n accordance with the tollowng "equation: MXP Succinic ratio PO =
(CXA)-(Mm XP) wherein 10 P = saponification nunber of the atkenyl or

al kyl succi n j A = i Lop: of the

al kenyl or g{rﬁyﬁgﬁéﬂcﬁaﬂﬁgfg%@k“yég@a |”g&'“@Pad"@aﬁﬁ%§§°rJ”§€‘g¢'2§%ﬁn| ecul ar
wei ght of t leahydide andplygoletin edn be calsalagsi irasicerdanae wilbithe follovingl ei ¢
anhydri de) Je% é‘ﬁ:n.conversi on factor=112220 (for conversion of gram nol es of
al kenyl . or - y? ‘succi ni ¢ anhydride per gramof sanple to mlligrams of
KCH per gram of sanple). The actives fraction of the al kenyl or alkyl
~succi ni c anhydride may be 20 determ ned f&jo he percent of unreacted

pol yol efin according to the 'fs%cliﬁv{\é g._prdecdure. A 5.0 gram sanple of the
reaction product of naleic anhydride (CXA)-{M_XP) - .

"wherein
10 P= saponification number of the alkenyl or alkyl succinic anhydride
sample {mg KOH/g) | i
A= actives fraction of the alkenyl or alkyl succinic anhydride sample ‘
g 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-moies of alkenyl or

alkyl succinic anhydride per gram of sample to milligrams 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 sizé 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

Percent UnreactedPolyolefin = "
, Sample Wéight

X100
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1 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 wth 1 li-ter of a suitable solvent. The percent unreacted
polyolefin is 25 determ ned by renoving the sol vent under vacuum fromthe
eluent and weighing the residue. Percent unreacted polyolefin is

cal-cul at ed cor di to the follqw formula: Net Weightqf Residue
Percent Unr :ﬁbe[ ‘38'98?9/%@%% 4?%‘5653?5 g'e %gﬁ‘b‘ﬁ &r Eﬁ'rtcc‘f? %*Hgfgﬂ@? (j’ﬁ?‘iﬁg rcent
actives for it kelcalakenydmatie péicht Wireattat poRdlifliusie) the ®steila; 1 s cal cul at ed
froomthe percent unreacted polyolefin using the formula: Wi ght Percent
Actives = 100 -Percenjt pnreact ed_ Pol yol efin 5 The actives frattion of the
al kenyl or al kyl sueghtireradhbndivede: 160 1 PBRenOdEHtad PHIyBRfAHO! | OWS:
ActivesFraction = Wi ght Percent Actives 100 10 The percent conversion of
pol yol ef Pn.is cal cul ated fromthe wei ght percent actives as follows:

Per cent Convefd &dlives frastio of tRE bRV dValich suddiic ankyMiefStch W . YactivesX M

+ [100 - wt.%actives]
calculated as follows:

AclivesFraction. = WeightPercgntActives
100
10 , ) _
" The percent conversion of polyolefin is ca!culétéd from the weight percent
' ' actives as follows:
PercentConversion =
15

: M
wt.% actives X £
M,, + M, XSR]

M
wt.%activesX £ 100 — wt.% acti
{ bactive: (Mpo " [MmaXSR]H+ [ wt.% actives]

wherein , )
Mpo = n_umber of average molecular weight of the starting polyolefin
Mma = 98(molecular weight of maleic anhydride)

gL 5

20 SR = succinic ratio of alkenyl or alkyl succinié anhydride product

ftis, of course, understood that alkeny! 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. '
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[ I.M + [MmaXSR])) wherein Mo = nunber of average nol ecul ar wei ght of
the starting polyolefin Mm = 98(nol ecul ar wei ght of mal €i ¢ anhydride) 20
SR = succinic ratio of al kenyl or al kyl succinic anhydride product It is,

of course, understood that al kenyl or al kyl succinic anhydride products
havi ng high succinic ratios can be bl ended with other al kenyl succinic _
anhydri des having |ower succinic ratios, for exanple ratios of around 1.0,
to 25 provide an al kenyl succinic anhydride product having an”internediate

succini ¢! r METAILED DESCRUENONESERTE IQMENFIGHE | NVENTION 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 ASAB-TRy be

prepared by AL a0 idllecuthOWeighRIRaHEREd ASIagNt PIB with an unsaturated acidic
reagent thermally or optionally catalyzed in the presence of a-strong

acid. 10s t;i Preferred | ow nol ecul ar wei ght branched ASAD i ncl ude those in
whi ch an. unpsaturated acidjc reagent, nmost preferably maleic anhydride, is
i

react ed wi t PNELMRRFAIMEPERAthiginvaRtgnis play megcylas wetghtbrawhed ASABY e,
preferably xRy mdhdeu®ir W@étﬁ1br§1%éM§A@rnﬁﬁ%€|l a re%gtitq(ggrloﬂm e of
I ses thyl vi ny

the ol efiinic bonds of 15 the PIB conpr i I‘dene isoner plus

tri-substit olasularyright Pipmithcamunsaturates! anidin yéageny thedmally osoner content  of

the PIB W | hptidhail bs&l t t 409 preferably at |east 50% -
pti *’er ab{zed l?r?tq% e;gg%@ﬁ%og}fé orTH .

and even nore pre y at
.10

o Preferred iow molecular weight branched ASAD include those in which an

P : ' unsaturated acidic reagent, most preferably maleic anhydride, is reacted with

\ a _Iow molecular weight PIB wherein about 50 % or mor,e,- 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 itsé{f, be at

least 40%, more preferably at least 50%, and even more preferably at Iéaét

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 mixfures of indi\(idual molecules of different molecular weights.

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

6]

XI

25
| A
- wherein X and X' are independently selected from the group consisting of:
—OH; —OR/, wherein R'is atkkylof 10 8 carbon atoms; --NHj;; —CF;
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20 Low nol ecul ar wei ght branched ASAD nmay conprise a m xture of |ow

nol ecul ar wei ght PI B nol ecul es of varying nol ecul ar wei ght” because | ow
nol ecul ar wei ght PIB used to prepare | ow nol ecul ar wei ght branched ASAD
are generally m xtures of individual nolecules of different nol ecul ar
wei ghts. The | ow nol ecul ar wei ght branched ASAD may have the general

formula: O X 25 A V\/ner in X an in entI sel ected from
t he group cor r?f“%nggyﬁ* }” 'e%"@?eé]tﬁ??g]eﬁp‘yf)q&td t'o 8 carbon
at oms; "NH2amn€3mumbﬁaﬂ@ramﬁﬁﬂnmﬂ&’&tlomﬁﬁé@lrﬂtﬁbﬂblkﬁg@@upN@é $Itt§80f at | east
one of a metal, -- ammonj um or_ al % t),\Zlﬂmmm um cat 1 on, wher e al kyI

group has 1037508 atag e KX ahdogethghat rikerPft @re -0- or

-NH S Ris ap olyﬁ@b&tbﬁ@@#&%ﬂa%%% 8f lo# bisbWaEwRlght BWyEBbﬁtéHMar Ve ght
pol yi sobut eny roug@u havi ng from about 8 to about 32 carbon atons,

pref erabby 8iogRs HB¥ine from abeutdhiaabopt 32 gafhen aemssprefipblydton abayta -
pol yi sobut egg t@%étﬁ@Saéarﬂ)cﬁ?éqoméggﬁ% X u{;&gﬁ%ﬁﬁh&t@xé 'h99ﬂ§ At fyger plus

tri-substituted 1soner branched ASAD nmay
further. beb5d%afteeimethyhinylideng iscspenplussis- wbétlturtedr@ome@f Tha lewi de

derivative, %ﬂacﬁ?atr %ﬁ%'fdﬂgnﬁ?ﬁﬁmﬂ@ﬁh&%‘g dcYea&fonSH‘ﬁ?rgafl net al sél t

derivative. "Pnea pre en ma I"C anhydr s used as the
unsat ur at edcompms;h mer aagerd of amanimaiﬂrivaﬁvep rancestersddrivative ldndmidsy | ow

m)l ecul ?(5 \Agerﬂra ive i /aArrSIe 2 saﬁ? derivative.

S - 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 ‘ n

(1)

" @

Re)

(®)

15




15 0(1) Y41 OO (2) - Yj1O0n O Y4 O(3) n O(B) 15 wherein n is a whole
integer from1 to 6. The distribution of isonmer (1) is from about 5%to
about 60% The distribution of isoner (2) is fromabout 10%to about 30%
The distribution of isonmer (3)_ 5 is fromabout 5%to about 45% Although
isomers (1), (2) and (3) in Fornula (B) are the predom nate structures
whi ch are produced, other. structures were also detected using NW
anal ysis. TH eﬁeg’orh’éra%}f"i‘f'r“?“&ﬁ'i WA if&6control I ed greatly by whéther an 10
al kyl benzenesul fonic acid catalyst i's enpl oyed during the reaction between
the. unsaturated acidic reagent and the | ow nol ecul ar wei ght P1B,
Typi cal | y, The déﬁﬁf%ﬂtmOfb%?ﬁ'g%{émff%ﬂiaéoat:% te abapl Q% dhgdisiribylionn ¢ he
product -conbpisbmed (2)Ts KoHT St 1090FRABoUt 3%, (Phe disBibuiBd oPisbRier (W
nol ecul ar weight branched ASAD isoners. In- the alternative, it an alkyl
benzenesl f Brifam a0put 4ttaapeut 48%15 not used, then the product contains a
majority of the (1) isonmer. Characterization of the isoners (1), (2), and
(3) in Figure (B) has been carried :

L 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 controlied 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

et

mixture of isomers (1), (2), (3) and other fow molecular weight branched
ASAD isomers. In the -altemétive, 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.




out using 1H and 13C NMR spectroscopy for the case where n = 2. The 1H and
13C NWR assignnent for isoner (1) is reported in Table A 716 Table A -- NWMR
Assi gnnent for Isoner (1) -Carbon Carbon Carbon Proton Proton Prob_.

Chem cal Assignnment Type Chem cal Coupling Assignment Shift, Shift, ppm

Constants, ppmHz 173.65 Cd C- - -- 170.04 C4 C-- - - 142.71 C6 C -
116.84 C7 CH2 4.90 - Vinylidene fé)lggé CH2 1.33 -- HH 56.34 C10 CH2
1.37 -- Ho 50.81 C8 CH2 1.98, 1. 97 56 C5 CH2 2.80, 2.30 Joe=14.69

Ho, HE '39.52 C2 CH 3. 30 JadR#3sidgrifmehdtrds@dher (1JAOC=4. 16, JAE 10. 59 37.52

9 C-- - 3650 C11-C QQQnmm_r)onA 2_70-Jae=19 He

32.51 c13 | Cartbor. T JGamency § €41805 bo Proly nji Prebnss| c1s FEBDY- 09] Nt hyl
Chemical Assignment Type | Chemical | Coupling Assignment
Shift, | Shift, ppm | Constants, | - o
ppm ' Hz
173.65 C1 ¢ = = -
170.04 c4 C - - -
142.71 C6 C -
116.84 C7 CH, | 4.90 = Vinylidene
. 58.02 T2 CHz 1.33 = An
) 175634 [ C10 CHs 1.37 - Ho
50.81 C8 CH; | 1.98,1.97 T He
39.56 C5 CH; | 2.80,2.30 | Joe=14.63 Ho. He
39.52 c2 CH 3.30 Jrs=9.42,- Ha
Jac=5.84,
Jap=4.16,
) . Jae=10.59
37.52 C9 C = B
36.50 C11 c - = ~
33.80 C3 CHo | 3.04,2.70 | Jac=19.33 Ha, Ho
32.51 C13 c = = =
| 3237 C16 CHs 0.99 — — | Methyl
) 30.58 C15 CHs 1.09 — | Methyl
5915, C14 TH3 | 104,103] - Methyl
28.95

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




29.15, Cl4 CH3 1.04, 1.03 -- Methyl 28.95 Wherein the Carbon and Hydrogen
atons are labeled in the structures below 1 121 109 86 52 1 1HHAO i U
16 15 14 7 3 4 |FfgHH - FtO 5 O 17 Li kew se the NWR assignnent for isomer
(2) is reported in Table B. -- Table B --- NMR Assi gnnent: for |soner (2).
Car bon Carbon Carbon Proton Proton Proton Chem cal Assignnent Type

Chem cal Couplin l.gunent m,Shi ft ) ppm Hz 173. 93
ClLC-- -- -EB(GW%*Q%W@SS'Q""‘G" 'foﬂﬁﬁ’p”‘?% @'sfﬂ’%r%é@ L‘aa('ﬂiee?r 126.75 6 C -
- 57.80 Cl2 CH2 1.29 -- - HH 57.00 ClO CH2 1.53 - HG 43.34 C5 CH2 2.63,
2.17 Joe=14.10 Ho, HE 39.24 C2 CH 3,26 JAB=0.72, HA JAC=6.03, JAO=4.72,

Jae=10.93 37.23 9 C -- -- - e
NMR Assignment for Isomer (2).

Carbon Carbon Carbon | Proton | Profon . Proton )

Chemical | Assighment|{ Type | Chemical | Coupling Assignment
Shift, ppm Shift, Constants,
ppm Hz
17393 | ¢ T P -
17038 | C4 C = ] =
[ 14078 c8 .| CH 5.9 - Olefin
) 12675 ce | ¢ | , —_ -
57.80 Ci2 | cCH, 1.29 — An
57.00 | C10 cH, | 15 | = Fo
4334 c5 CH, 263,217 | doe=14.10 o, He
39.04 ¢ CH 326 | Jm=072. Ha
" Jac=6.03,
Jap=4.72,
Jag=10.93
37.23 Co c - - =
36.50 E c = = -
33.31 ~C3 CH, |2.95,2.70] Jsc=19.10 Ha, Ho
32.51 c13 c = N =
= 32.37 C16 CH3 — . — _ -
30.58 C15 [ CHs - - =
36.29 Ci4 CHa - = -
~16.63 c7 CHs 174, - Methyl

8




36.50 C11 C-- -- -- 33.31 C3 CH2 2.95, 2.70 Jac=19.10 HB, He 32.51 Cl3 C
-- -- --32.37 C16 CH3 -- 30.58 C15 CH3 -- -- -- 30.29 Cl14 CH3 - - - 16.63
C7 CH3 1.74. - Methyl ,5 18 Werein the Carbon and Hydrogen are | abeled in
the structures below -- 12 909 8652 14 16 4 15 14 7 3 O HA O HH HFT~ Ho
HE C O HB 5 Likewi se the NVR assignment for isomer (3) is reported in '
Table C. 1 DR "HRf-Car bon Car bon
Prot on Prot g\rl]ﬂ_%?léﬁg%_c_a_r - ﬁlﬁgg%%t&rég%#giﬁﬁq%eegget%%al Coupl i ng

Assi gnnent Shlft1 ppm Shift, Congtants, ppmHz 172.38 . C- - - 170.11
A4 C- -- - ,

5 Likewise the NMR assignment for isomer (3) is reported in Table C.

O

ey
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141.98 C6 C -- 121.38 C5 CH5.10 - defin 58.02 C12 CH2 1.32 - HH 56.56
Cl0 CH2 1.35 - HG 54.97 C8 CH2 2.06 -- - HF 40.59 C2 CH™4.03 JAB=10. 17,
"HA Jac=5.80, JAD=8.30 37.50 C9 C- 36.50 C11 C- 35.74 C3 CH2 3.25, 2.72
JBC=18.92 HB, Hc 32.51 C13. C-- - -- 32.37 Cl6 CH3 -- -- -- 30.58 Cl5 CH3
- -- --.29.27 C14 CH3-- - -- 20.11 C7 CH3 1.81 - -- Vinyl Methyl Werein ,
t he Carbon and Hydrogen are | abel ed +%)lt e structures below 512 1 1 109
865210 164 1514 7 3 020 HA®®AHH He VNG HF HF C O

NMR Assignment for Isomer (3).

‘Carbon | Carbon Carbon | Proton Proton | - Protea— -
Chemical | Assignment | Type | Chemical { Coupling Assignment
| shift, ppm - Shift, | Constants, | o
" ppm  Hz
172.38 ci C - T =
17011 | C4 T - - =
141.98 C6 C — = -
121.38 C5 CH | 5140 |. - Olefin
58.02 c12 CH 132 - Fin
oy {5656 C10 “GHz 135 = ~  He
5497 | ©C8 | CHa 2.06 _— Hr
40.59 c2 CH 4.03 Jaa=10.17, Fa
‘ JAC=_5.80, '
: Ja0=8.30 .
37.50 ce | ¢© - g -
36.50 C11 C - - —
35.74 Cc3 CH; 325,272 | Jec=18.92 Ha, He
32.51 C13. C - - -
32.37 Ci6 | CHs - - -
30.58 C15 CH; - - —~
29.27 C14 CHs = = =
/e 26.11 C7 “CHs 1.81 - — | Vinyl Methyl

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

5




Hg A 1. Low Ml ecul ar Wi ght Pol yi osbutene (PNB) The | ow nol ecul ar wei ght

Pl Bs enpl oyed conprise fromabout 8 to about 5 32 carbon atons, for

exanpl e, 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 Pl Bs conprise fromabout 12 to about 32
carbon atons. Mre preferred | ow, nol ecul ar weight PlBs conprise from about
12 to about 28 carboy’ at pmsa The | ow nol ecul ar 10 wei ght Pl Bs Thave a number
aver age nol eguh; S| @. or less. Preferred | ow nol ecul ar

wei ght Pl Bs 0T w] ecular  wei ght of about 120 to about

392. More preferred Iow nmol ecwf ar wei ght PIBs have a nunber -aver age

nmol ecul ar. ht o bout 300. The PIBs of this invention
may be mi xt rﬂ Mﬁ?ﬁ‘ﬁ?'&iﬁﬁ Q'Ptdzvﬁ?l &’ ght - PI B nol ecul es-of

varyi ng -nol ecul ar weights. A mxture of | ow rml ecul ar weight PIBs m ght
conpri se an% all of C8, Cl2, Cl6, C20, C24, C28 and C32 nol ecules. One
embodi nent ~ bhe iqw gofepulan weight Figs @mmﬁe@é:wseée%ﬁbpw toghasdul ar wei ght
Pl B nol egul 16 Sﬁz&% ab mber. For
exanpl e g?géltr%%bt ur egrrfggeegeﬁﬁl St F%ﬁ’ oqggg\%d%& '?(r:tgnrr%os???E)Hriygll t hat
conpri se onetoms 24 rcarhsin atgms CAQ cargee ata@ns, 16 arbocadmsr12c3abomol ecul es.
Preferred nrﬁgp r r I l.ar [ tion are
t hose that ar e%uggéé%a%ggorlm&\gf'@) F% r%é:lrl&@nrﬂ &Bc ecuf’@ht F)mSs"r?ﬁrh‘;“stéfll'he | ow

mol ‘ecul ar weorgtebolBt Etmabwtazmrmmmwmqebrﬁéna@m rn@&i@:umrmagm 25

Preferred | | .3 t | | ht .of .about 120 t
about | 302, MEEEaEromh SPM 7Pt RAE cariatens. LS a7 MBEURR, e ght
.- 9f abouto-. M@ighopmave%oﬁhmﬁemefr@ger@dldcqmmugmuifaboummr 188 mi xture

“ay conpri se thefollo 30 about 5 wt. %to about 2 % C8HL16,
abgut gg wt Presgrren loygnele ggiamvergé)g B?Bs haveanun‘?ber average mo ecular °

weight of about 120 to about 392. More preferred low molecular weight PIBs

have a number average molecular weight of about 120 to about 300..

15  The PiBs of this invention may be mixtures of individual low molecular weight
PIB molecules of varying molecutar weights. A mixture of low molecular
weight PIBs might comprise any or all of' Ca, C12, Ci6, C20, C24 Cogand Cso
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 proyide

| compositions that comprise one or more of Cs, Ci2, C16, G20, Ca4, Cyzg,0r Ca2

D ' 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 fo
about 392. More preferred low molecular weight PIB has a molecular weight
 of about 120 to about 300. |

- A preferred low molecutar weight PIB mixture may comprise the fol!owing:
30 about 5 wt. % to about 20 wt. % CgHyg, about 35 wt: % to about 55 wt. %
' C12Ha4, about 20 wt. % to about 30 wt. % CgHap, about 8 wt. % to about 15

21




Cl2H24, about 20 wt. % to about 30 wt. 9% Cl6H32, about 8 wt. %to about 15.
21 wt. % C20H40, about 2 wt %to about 8 wt % C24H43, and about 0.5 wt
/a-to about 2 wt % C28H56. C32H64 and hi gher species nmay conprise about 2
w % or less of the total. 5 The olefinic bonds of the |Iow nol ecul ar

wei ght PIB conprise about 50 % or nore, preferably about 70 % or nore, and
~nore preferghl bq h, hy pl us
tri-substitut e(y @zgof‘f’ér &gre eratgl%:{b%u%k‘{&t %Od\éﬁ—tl I%%duﬁyédtﬁg% /SBJ“I; wi |l have
a net hyl vi npbodehet VisOmkiss. c@ﬁH@ﬂanthigdaEr speaaes magZompoise apoaf 2rakly at

| east 50% preferably at |least 10. 60% Preferred PIBs
I ncl ude tho e%ﬁgﬁiﬂb”géir ed using a boron triflouride (BF3) -catalyst. The

preparation of PIBs in which the nethylvinylidene isoner conprises a high

per cent age t al 0|t|o din Pat . ,,15: Nos.
165, 408 alie PR Bos T 0 P DO P REH PIB e REse BB R G i rect 1y
or they mynmeg)rdfesémyba&tfma%tdrqﬁo@f ahi ahee %W@tsomogahtor pol ybut ene.
A 2. Unsaturated_ Acidic ReaPent 20 The term "unsaturated a c reagent”

refers to nHI6E &f the methyivinylidengjsamer pus tisubgiitnieddsomer e ra lyo ccH=cH -C
X )C (F)  2menBarmbBediaPRibight PIEwilfaved Reti)l V{Wliﬂfeﬁé %Pner%ﬁ!@lﬁ'%ﬂai hat at

| east one of. X and X is-agroup that is capable of reacting to esterify
~al cohol s, quaﬁt ﬁ@,%d@@re pieferably at least 50%, and even more preferably at least
10 60%

-Preferred PIBs include those Pl_Bs-prepared using a boron triflouride (BF3)

Sz’

catalyst. The preparation of PIBs in which the methylvinylidene isomer
comprises a high percentage of the total composition is déscribed in U.S. Pat.

15 Nos. 4,152,499 and 4,605,808. Low molecutar 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:
0 0
' | - /c — CH==CH — C
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 tha_t is capable of reacting to esterify alcohals, form amides, or
. amine salts with ammonia or amines, form metal salts with reactive metals or

basi'caliy reacting metal compounds and otherwise function as acylating




amne salts wth anmonia or amnes, formnetal salts with reactive netals

r " basically reacting netal conpounds and ot herw se function as acyl ating
22 agents. Typically, X and X conprise functional groups that may conprise
one or nore of -OH -ORS, wherein RL is an alkyl of 1 to 8 carbon atons;
-OW when M+ represents one equivalent of a netal, ammonium or-arriine--
cation; -NH2; -C; -Br; or taken together X and X may be -0- so as to. 5
form an anhpgentgelgricaliyX l@édX'VFPW@"’P‘@firﬁCﬁOBE@l@cq)lerﬁ‘ﬁémaPrC@ﬂmﬂé@IO?e X and X

are such. thgt rr% (o) Qf (_:g@p,oub,—@ Hgl(‘et"ll Mg %@amgrgf I‘tolg’l&é}baﬁ)éhﬁ,% .on reactions.

Mal ei-c anhy e ls a preferré d unsat ur i ¢ reagent ‘her suitable
unsat ur at ed—d@Mdi leefeugeaprgsem langeeqpiivedant of 2 cmétab g el ] Oﬁ@FﬁS’@Ch as

nmonophenyl  ngl ¢ g#c mayd f@ﬂgggﬁ gﬁdfe he(il'@r]i mg%@)f gﬁ sﬁ\l pheny!

nmonobr ono, MONOT| uoro chIoTo a uoro anhydr

mal ei m dg afmlrrmmmhwlubebr malyé:té -AdHeHoifolasa susmmah@e rﬁ’rd&ablyumnndc aci d,
fumar at es and

mal ei ¢ aci d,,, al k ates..and funmar at.es, djal k
ol e o eistion At R G RctRG ot AL SR polefion Fraqtoe: ard
- fumaronitri M@lendénwcﬁideT@@ pﬁiféﬁé@ uAGAtdrATBE atiflicifel éritoOtharGiuitableef ers to an

aci d havi ng s;:{)Ka of ss than about 4. Preferab I)é the strong acid is an
0i | - sol ubl eUnsatyigiey %Cr' e Hpagents ’HCIUHG@’W@H‘deﬁG'ePEB 8& PEch8$ ong aci ds woul d

work (e..g. Hehop rk&ﬁ% dride; ﬁfoﬁometﬂwrﬁnefh@f %&mc}ﬂor&he strong acid is
suI oni ¢ aci

an. al kyl aryl . Still rmore preferably, he al kyI group of
sai-d al K| @&opebroma; mﬂr@ﬂ'a%rpddﬁa@m paddiflupep @@f%arwwnd@ohlﬂa enflren nore

preferred 'r?la Rk Cﬁe ol o iéoor[hlaféuﬂﬁ'eg lb@l’n‘éfé'lrﬁ es MR cn jroup

contains 12 c ons. a strong aci such as an al aryl
sul foni ¢ J5malsiciecid el by@pgparsaleatns and Aumetajas, Kistl faoatalest v of an

“~unsat ur‘at edmgﬁe < fumaronilic acids and maleanic acids; and maleonitrile, and
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 oi!—soluble,.strong organic acid, but. even .
~ 20 inorganic strong acids would work (e.g. HCI, HoSO4, HNO3, HF, etc.). More
. preférably, the strong acid is an alkyl aryl sulfonic acid. Still more preferably,
. the alkyl group of said atkyl aryl sulfonic acid has from 4 to 30 carbon atoms.
Even more preferred is an alkyl benzenesulfonic acid in which the alkyl group -
| \ contains 12 cafbons. T_he use of a strong acid, such as an alkyl aryl sulfonic
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 incorporated herein by reference.

Preferably, the suifonic acid is present in an amount in the range of from
306 0.0025% to 1% based on the total weight of polyalkene.
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reagent is disclosed in Harrison et al., US. Patent No. 6,156,850, the

di scl osure of which is incorporated herein by reference. Preferably, the
sul fonic acid is present in an amount in the range of from 30 0.0025%to 1
% based on the total weight of polyal kene. 23 A 4. General Preparation of
Low Mol ecul ar Wei ght Branched ASAD The | ow nol ecul ar wei ght branched ASAD
may be prepared by reacting-a-low nolecular weight PIB with an unsaturated
aci di ¢ r eagehf- Grberah PropanatiopsfilevaMojequlat WeightBranechedfAGABt r ong aci d.
.The reaction may be conducted neat, that is, the | ow nol ecul ar weight PIB
~and the unsaturated acidic reagent are conbined in the proper ratio, and
then 10 st ithedawanoletidar waight anclathdBADunay be Pheparediby ireactingredoivs usual |y
sufficient t e ' | ion of the :
reacti ve%i son(r?%{e@ﬁ%'i‘&?'ﬁgt %@Wﬁﬁ?i@ﬁ?@k ?A&%%aﬁﬁﬂgﬁ%%)t tﬁ«%ﬂeﬂ%’a‘%g%r mol eeul ar
wei ght br ancipddnalgAbtheSpicisahdaeofrestadnigoacid.i mres nmay be bet ween 15 one and 24
hours, with preferred reaction tinmes between two and ten hours. The |ow
nol ecul ar weight PIB, and the unsaturated acidic reagent, may be brought

t'oget her i n Teyreattidnahhg barbncictedaesOthueR), tHeslowanoleteidr weiydt PiBpor t ant
factors are iat%rrate contact, of the | ow rm*),ecgl, ar. wei 8ht Pl B ac{}gl 20
5 g

unsat ur at ed 288t Hnsaly acigig £eagedt freFom aiedrrapensgiioan Hucted in

a bat chosystiggd antheltesétioh terdpefathew nol ecul ar wei ght PIB is added
initially to a mxture of unsaturated acidic-reagent. The | ow nol ecul ar

wei ght PIB may also be added intermttently or cont.inuously to the other

tants. - 2aGt | - : - dded
reactants. g regaianggﬁé;fswua@ﬁ aﬁﬁé.gm%!r %mggw@bm.aag%@fmé e

continuously to a tirred reactor w I nuous r of a portion

.-of the prodegepversion of fhecreaelive isomers afithe tovoetaculas aeight£1Brto See lovs.  The
vreaction My, il afadliGhtl A Ghod ASAD! WAHARE £ERBh Umdd i 'bEbdiga£ OmPonent s

may be adde one o
15 one and 24 hours, with preferred reaction times between two and ten hours,

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 reat:tant_s. 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

recavery frain 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 o -the boiling point of
the low molecular weight polyisobutene. Typically the reaction is carried out
- 35 atatmospheric pressure but higher pressures may be used. Typically higher

24




poi nts along the tube. 30 The reaction may. be conducted at a tenperature of
about 120C to about 240C, preferably from about 180C to about 230C. The
reacti on may be conducted at any pressure suitable to the boiling point of

t he | ow nol ecul ar wei ght pol yi sobutene. Typically the reaction is carried
out 35 at atnospheric pressure but higher pressures may be used. Typically
hi gher 24 pressures are ysed to, prevent .the |ow npl ecul.a ' A

pol ybut ene TN e Lﬁ%‘?ﬁ;‘ﬂ”‘ﬂ@"* &Sﬁ?ﬁ@qﬁcﬁg%‘@’gﬁp?cﬁg%t?’{’]eegﬁé%c $on zone

t hrough di stanhlafidefiom bEMgrepioved $®nmitie reactiamzbiet thcbugh distiiiatioror i n
continuous node. 5 The unsaturated acidic reagent charge may theoretically
range from0.5 to 2 noles of unsaturated acidic reagent per -note-of nethyl

vinylidene iHBrocess mBlyBe ddna6cted /f Batah oy id dshtmosad ioabed aci di c reagent
charge ranges from0.9 "to 1.1. Wen the charge nole ratio .is_greater, a

“product Aay The uselatedingidic waaenl ¢harge afheorglicallygangs omIh? 1P 2especi al | y
wherein the syce bﬁbﬁse{t]l?rratéa éc?d;&%ag(eeﬁ@g@fmhilagﬂ ethyiVinyii@85d isBmeiRy be

carried out at atnospheric pressu ot er tenperatures, it may be
desirabl e t ®1Br dcremreferabhetheamsaiorated iaghliq spagenichargel @nges fpm ©.9suppr ess
the | oss of t |.di g@&{ asr%s t he
reaction ist%gtslghwh?hgqerggég %&Jﬁigaq@gé g{él%rt‘%'gg p\zgn ttra"a e @(r)m%ﬁttaﬁ%esi red
reacti on’ t empatairsi? enhydhides per Biscltaim,atspecially dheraire tigesitccinigraie indded at

" Py ; ; y ! So 5l
based” upBn” SFEEt gt ebpieattiinnay bR eBriacEfin o RRose ol bREBur At o7 Ve
~strong aci dhigjhér tarnperatirestit may bé debieatdé topgsamizd théheactdhdighthalita.on is

conpl et'e, renoval .of 20 any uynreacted, unsaturated acjdi¢c reagent and _
{f}jnl’ eact ed oll fR%)%?UB@GS%K*@gﬂfﬁ Sfcmét%? rﬂﬁ'ﬁ%ﬁ%&“{%’éﬁ?é@e&%r t enper at ur e
“from about }p@6eto about 250C, preferably from about 180C to about 200C,
whi | e appl yi ng : :

15  If the reaction is batch, the reactor may be stirred and heated to the desired
reaction temperature, and the unsaturated acidic reagent may be added at the
appropriate timeftimes 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, while applying

sufficient vacuum,
25  If the reaction is run conﬁnuoquy, 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
3D 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. lt is envisioned that a wiped film

25



sufficient vacuum 25 If the reaction is run continuously, a continuous
stirred tank reactor (CSTR) or series of such reactors nay be used. PIB
and unsaturated acidic reagent nay be fed continuously at appropriate
rates so as to naintain a certain |level of conversion of the reactants to
PI B | ow nol ecul ar wei ght branched ASA. It is _ envisioned that the product

streamfromthe reactor .th i s heat ed e ure in,the range of
2bout 150C EUMSHBEE o SaueE s PLPETaRIep M e R e HGRPRBEU  180C Lo
about 200C bpestiohp of f any unreacted unsaturated acidic 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 -stmlar types

of - equi pentydiRy a MuskidraoRcn®ls ﬁch'n%céé@éﬁ%ﬂ; Pre%@?éﬁb'l@\ﬁ moiséngr & diluent

or a solvent is not necessarg to prepare ow ol ecul ar . 5 wei ght
br anched® ASKEight branshedAp Abbbuiawe mpy Bedised if dogived \é(hﬂﬂ ladilentis  enpl oyed,

t hose di| “evﬁngi&ygétth 5& dfifihd tHaf Pel‘ﬁug&%?ﬁ@lébtat%t&ﬁ re | nerﬁh%dt hare

preferred n"a so vent I's enp oye sol v
react ant s afi® petuied Vhen mdlvanéswfeyece¢olvsmsvlhat areripgrt betheenoved after

507 Asab pr oERhts, Snd BradlRETHeR Rl S VSR P el ek " and sy
unr eact ed attledlttseﬂmri$ n?ljo;r[g?gz@wﬁ:agrcl?hepowagﬁagﬁgrWﬁghtl lfufnphaﬁgu o ot
o ™ ABBL R g EonRRiestly SELBILISE SHiPoEnL LT and BRE T no
reaction i funréasteti edidicizagbht t%aaidvxénn@m pﬂﬁmuréseﬁrcﬁraeﬁﬂraebl on of |ow

nmol ecul ar wei ght branched,  ASA done in the presence of a strong
. 28' d. Wien $ER3YQRg Selverf q'%t'"a@ﬁ’ﬂaras&;@aﬁatwntar@ e dikar Lhough oot eRUIEdw
~frol ecul ar V\Gi'srﬂé}%mﬁ%@an%faﬁd]ﬁr‘%o—solvents may be used during the reaction if
desired.
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
emp]oyed 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 will also contam at least 40% of the methylvinylidene

f_Y

25  isomer, more preferably at Ieast 60% of the methylvrnyhdene isomer, and

even more preferably at least 70% of the methylvrnylldene isomer.

- 26




invention, the | ow nolecular weight PIBis 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 wll
contain at |least 50% of the nmethylvinylidene plus trisubstituted isoner,
nore preferably at |east 70% of the nethylvinylidene plus trisubstituted

i soner, and§¥gft @ﬁet rably at | east about 80% of the nethylvinylidene
plus trisub FUREEY M S e . Preferably, the PIB will also contain at |east
40% of the nethylvinylidene 25 isoner, nore preferably at | east 60% of the

met hyl vi nyl i dene | sqner nd . even nore preferably at | east 70% of the
met hyl vi nyl Qerembadiment Ofgtélssnvesu@ei'%?rﬁuafée'"ﬁ%%%&ﬁm %Fﬁfegﬁg%% s

i nvention i hiefei Hs &l oW ThslecdifakeigRYbRfche] ABABCsURINIAIRL s a | ow
nmol ecul ar wei ght, hbranched ASAD succinimde. This 5 succinim de .may be

depi ct edSas SufdnigidrRMaY beglapited apthegaperalfernalac)  wherein: Wconpri ses
~one or nore of: R c¢cr _R3 NON 10 and R4 (D) wherein Ris a

pol yi sobut enyl group having from about’ 8 to about 32 carbon atons,
preferably about 12 to 28 carhgn atons, or a mxture of |ow nolecul ar

N—Z—W

e | . (©)
o wherein;

. W comprises one or more of;

10 I'\l © and Ry

‘ | | (D)
wherein R is a polyisobutenyl 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 ato_.ms,

135 preferably about 12 to 28 carbon atoms, derived from a PIB having greater

g

than 50% methylvinylid'ene isomer plus methyivinytidene tri-substituted
isomer; Z is one or more polyamine linking radicals; and wherein R; and Ry
are independently hydrogen, alkyl of 1 to 10 carbon atoms, phenyl or taken

together, are alkyl-ene of 2 to 5 carbon atoms to form a ring group.




wei ght pol yi sobutenyl groups having from about 8 to about 32 carbon atons,
15 preferably about 12 to 28 carbon atons, derived froma Pl G having
greater than 50% net hyl vi nyl i dene i sonmer plus nethyl vinylidene
tri-substituted isoner; Zis one or nore polyamne |inking radicals; and
wherein R3 and R4 are independently hydrogen, alkyl of 1 to 10 carbon
atons, phenyl or taken together, are alkylene of 2 to 5 carbon atons to
forma ring group. 27 The conpound of fornula (C) may be considered a | ow
mol ecul ar WehglbmpbumhohiedndSAD) snrcheconsiderad ¢ low meleduleedeight t he reacti on

of a low | ecul ar, | ght . branched. ASAD wi t.h pol yam ne., Because the | ow
nol ecul ar \T\Bﬁﬁ‘ﬁﬁe‘gﬁg Cmgésﬂl’fﬂiﬁr’ﬁr?ﬂq%fgdrﬁyxtﬁﬁ fga%@{/' Otrs?g'nl?‘gkﬁ**about' 5 from
0.4 to 1.0 RpwcuRl Wdight BramMeaxSAR withra polyamitleerBe@iusbave ol ecul ar  wei ght

branched ASAD, ot her  structures be present. In additj.on to the
pr edom nant MelRes]aRweight bﬁ"ﬁ*‘&ﬂrﬁ#@@ﬂ?‘“ﬁ'ﬁ@g‘? E%FT%W%CPP{""Q WWal 1y contain

more compl exomaRgtd P10 QPGS oﬁPayﬁﬁqméc;séHeQ@imwmv@holédaiaﬁometI ng and
sequential reactions. Referring to fornula ‘(qC),. the preferred conmpounds or
conpound ni Weightbrageaed ABHL offpsistiugtures B1ay beqiei®ittecul ar wei ght PI B, and
wherein.Z is a polyam no radical having about from3 to 7, nore
preferably;, about 4 to 5 nitrogen atons 15 and 8 to 20 carbon atons. B.I.
Synt hesi s oln adslitiaviib dlee pradovdnagpttsuptiBingde of firiubie(Q) tha ceadtionivde conposi ti on

or opar ed by VBRRRLFTHh e AL ARSUR BRI A oBHERA BB B 0o it

‘a pol yant nhecamgletingraraicdaquentiairdattiomss. Typically, the reaction is
~ conducted at tenperatures in the range of from about 140C to about 180C
~preferably from about 150C to about 170 C for fromabout 1 to about 10

| “hours, - pr ef rerling forform@B oY, the pecfehed toMpbandsor dympaald mixtires are
" those wherein R is a low molecular weight PIB, and wherein Z is a polyamino
radical having about from 3 to 7, more preferably, about 4 to 5 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 o '
) * about 180°C, preferably from about 150°C to about 170°C for from about 1 to.
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 a‘Iso 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

're_action product. However, the eXpense of this would rarely be justified for




25 reaction is conducted at about atnospheric pressure; however, higher or
|l ovier pressures can al so be used depending on the reactiorm tenperature
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

m xtures. In_theory, ure compounds cquld be obtained, for e | e by
usi ng pure eaﬁﬁﬁﬂﬁ§§“5§53 éﬁﬁﬂgﬁpgﬁ§ﬂﬁﬂyhgﬁng@ﬁgﬂéy?ﬁﬂﬂ8ﬂfg?W%%@£sired pure
conpounds fp@emiktirer eacti on product. However, the expense of this would
‘rarely be justified for 28 comrerci al purposes and accordingly the
commercial product will generally be a mxture. Water, present—in the

system or gpnérdbREchVINtthE syfamtdrjenefattd By dd Rexctbh bf tHe drhimelvawy ol ecul ar
.wei ght branched ASAD, is p nmoved "fromthe reaction._system

> referably re ed ,
during the thedpwandleculacweightbrapphed ASADe i prefarally rempyebifad &t h nitrogen
or distillatd tyg | ; ; ngtri pped at
el evat ed te}#ggfr?%q %gé%h(c{t@%%g‘?%&?g%@?o@%g@gﬁ g%%@%ﬁ%éﬁhﬂrggsur es to
remove any Wwih aitiogen oo dijstiftetinns Aftexrreasiipnivompielisn the systere may Be oduct . B. 2.

The Pol yam fy ) . . : ast three
ami ne i £ oa0RP o deraed TaRBeRRbE RN A RO PrcRlsdRE ThTee
ni t r ogens peessmke tolamowdasity voiatdé eompdnaints tipatl rpayrbe esedeat imibef r om about 6
to abouLlO n:gt rogen atons -per nolecule. The nunber of am ne nitrogen

atons p ‘Efre of polyamne is calculated as follows: Average nunber
of nitrogen = % x Mi, atons in nolecule of polyam ne 14x 100 20

)

B.2. The Polyamine Reactant

The polyamine reactant should have at least three an"'nine.nitroge'ri-atoms :
15 per molecule, and preferably 4 to 12 amine nitrogens 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 calculated as follows:

Average number of nitrogen = NN=xM,

atoms in molecule of polyamine T 14x100

20 '
- wherein % N

%5, Mpa

percent nitrogen in polyamine or polyamine mixture

H

number average molecular weight of the polyamine or

polyamine mixture

23 | Preferred polyalkylene polyamines comprise from about 4 to about 20 carbon
atoms, there being preferabiy from 2 to 3 carbon atoms per alkylene unit. The
polyamine preferably has a carbon-fo-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: Tet%aethylene pentamine

| "30 (TEPA), pentaethylene hexamine, Dow E-100® heavy polyamine {number
= 303, available from Dow Chemical Com.pany, Midland, ML.}, and Union

. -Carbide HPA-X heavy polyamine (number average molecular weight = 275,




wherein % N = percent nitrogen in polyamne or polyamne mxture Ma =
nunber average nol ecul ar-wei ght of the polyam ne or polyamne m xture 25
Preferred pol yal kyl ene pol yam nes conprise fromabout 4 to about 20 carbon
atoms, there being preferably from2 to 3 carbon atoms per al kyl ene unit.

e l0h Y2 BB RS e KRB L IARPRCT T 254 B 20Ut 1+
t he conpoundsenﬁommss isomeesitsuch ak rbcénmhedtdheirf mi!j/aJWnBQ. antighé peidviilspne

(pﬁmr&ran.r ne d?g;{ PA lsgggtqtéﬁ r‘?Yl ene hex '_ne&q%évwg;l %gi' heavy pf)l )allﬁ(rjn ne

Uni on  Car bi ctmlyamne@ hEBAYX h@dwqmlmmhate‘rm%my&mﬁﬁs Hﬁb@@rﬁg@rbf“ﬁ' ght =
Cay bi de Cor poration, Danbur Such

275, 29 available.fr ﬁL;J [ )
ani nes er?corﬁ?&’ggx'mégwe Sa@ﬁ%ﬂ't@g%@%% @H@Pwepﬁlﬁ?ﬁﬂﬂﬁﬁ@é and t he

previously Wnﬂﬁ@ﬁg@ﬂ&éﬂ;ﬂéﬁ&&éxé&bﬁﬁ@sﬂﬁ@ i ncludi ng
hydrocar byl - substituted polyam nes. HPA-X heavy polyam ne ("HPA-X")

contains an average of 5 approximately 6.5 am ne nitrogen atons per

mol ecul e.  SuqgihehAam ,ngpémﬁ.%g&eﬁgﬁg@%ﬁ&ﬁlﬁdﬂlﬁﬁ@ﬁﬁ"gm“ ‘%egul ts. The

pol yanm ne reactant” may be be a
m xture of coMyIMEkcaniTqueds reflgcingmenuientialmmilymnines sTha bemmensial ci al 10

| ' | d
oL YAt a0 poyRAFCAER DD XA V50 900 B BSOS
prepar ed by pr@qnuhqtmhhzhe peeragé camippsition indicatéd eF sredeiviphs) THPA

omber o c. Propess O R TRRPon of SRR ReeRa R e ari e,

?ﬂt t he corrpaml aimomonia Will Hefve lbeth laivee biid Righ®r anfthd men®derd, bigatrergy mul a of
t he tot al am ?(i)ﬂ&)O.SItIOn will closely approxi mate that of TEPA.
stituted piperazines and pentaethylene hexamine, but the composition 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

{\) _ 4 polyamine reactant contains an average of about 5.2 nitrogen atoms
25  per mole.

- 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. |

30




- Ot her exanpl es of suitable polyam nes include adm xtures of am nes of

various sizes, provided that the overall m xture contains-at |east 4 :
nitrogen 20 atons per nolecule. Included within these suitable pol yam nes
are mxtures of diethylene triamne ("DETA") and heavy pol yam ne. A
preferred polyam ne adm xture reactant is a m xture containing 20% by

wei ght DETA and 80% by weight HPA-X; as determ ned by the nmethod descri bed
her ei n, thi €. Poef-Ereatmmenf®| yani ne reactant contains an average of about 5.2
nitrogen atons 25 per nole. Methods of preparing polyam nes and their
reactions are detailed in Sidgew ck's THE ORGANI C CHEM STRY OF NI TROGEN,

Cl ar endon Pies ASA$wrcthimideg86parkidlusing the GRHEMoEERIAr GFeighRGMheredOVPOUNDS,

Criw Ca. TERBREL el 0o Bonfleod il st afet o Bogin S50

. Post - Tr est npat. NloTh@3A34B, tHecdisdbstird of phizhds edotpiratgd hieeeiti @y nol ecul ar

wei ght branched ASAD nay be post-treated with a wid vari ety of :
Post- L r eat | FdeTPRGR ARACSen Fadting spiinicgsyialng SaSng st 3 Ggs M osur e of whi ch
i s.incorpor alagdnfaqsh Bive ghst-treafed@nsylic h&8 ldRReMIvVERRAiIdRdiond GeAtHrE acyl ating
agents with a variety of reagents t0 give post-treated carboxylic acid

derivative ‘i@ RAsHCfRidegpad dgtesgents islubdtasiag QHliceNAOSEIONENd det er gent s

in 1 ubri cat E50sinpié AP ARbbisane ofdﬁ@rAmga&&mmﬁJ@pféhéﬁﬁ ¥hedf the ASAD
succi ni mi de prepared using the 510 | ow nol ecul ar wel ght branched ASAD may be
i npr ovetd bylowgnelerdar wiight branghed ASADAMBY hgtimprovad bykegctiossuth ai n sone

reduction ig fl Hg,r@ﬁ&@%ﬁﬁh@?%%ﬂﬁ in S&ﬂgp&}l{cﬁblll bl quor&%yl\ﬁgﬁ %Iasrt(?hérh gﬁy

general |y b& nore an o e ~reducli ng e concentration-o

-~car bonat ed quspatibitiaa tHveyer, this mayngérieghlty lof mbhethanndisetlsyedediliceiger sancy. " The
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increased dispersancy. The resulting modified polymer has one or more
15 nitrogens of the polyamino moiety substituted with a hydroxy hydrocarbyl’

:oxycarbonyl, a hydroxy poly(oxyalkylene) 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
femperatures 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.

: »\' c. ) N

25 The reaction may be conducted neat, wherein both the polymer and the cyclic
carbonate are'com‘bined in the proper ratio, either alone or in the presenbe of
a catalyst {(such as an abidic, basic or Lewis acid catalyst). Examples of
suitable catalysts include, for example, phosphoric acid, boron trifluoride, alkyl
, 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,

31




oxycar bonyl, a hydroxy pol y(oxyal kyl ene) oxycarbonyl, a hydroxyal kyl ene,
hydr oxyal kyl enepol y(oxyal kyl ene), or m xture thereof. The cyclic carbonate
post-treatment may be conducted under conditions 20 sufficient to cause
reaction of the cyclic carbonate with secondary am no group of the

pol yam no substituents. Typically, the reaction is conducted at

t enper at ure 0 P&l £rom about
1600 fon b BeflnyAhot i aTRAR Ppre Go. T 8 SRR, erdtanyiEl @oaRlurel | 2T 2001
The react'i odeseibeddo posdisedtgmblyzesiho aﬂdeayle:rmll@bsdmdmmqml vy;tt'e-nydmd the cyclic

bonat d i I th
of o cat al setonaREaKaER e arRics dhadtirest HBATAD slFANEUSE: Sty Exampl 6o
of suitable catalysts i ncI ude, for exanple, phosphoric acid, boron

trifluoride, or aryl sulfonic acid, alkali, or alkali arbonat e.
The sane? sol‘”\m‘éﬂ‘éﬂy erefedfqdda'ﬁ{'%cer?oae@dﬁ%ad1r§eﬁ!'e¥daw2r¢n% @‘d@%’ﬂe to the
preparing tRgiorald). succi ninde may al so be used in the cyclic carbonate
post-treatnment. The reaction of polyam no al kenyl or alkyl succinindes
with cyclic carbonates is known in the art and is described in US. Pat.
No. 4,612, 1% y
General ly, Ee nﬁ%@ ug?lé’egi’ %gc(ég%bgé%@t Iﬁg%cfi{nﬁi@g? ost llrﬂeéat@ﬁlg zﬂcﬁgﬁyl or
al kyl succi mprefm@ly\/bamrtymn the tbemrbﬁc@lwmhmpf em@nmvgap@bmetdmed post

my e 103. I abyeraEhdpineRs pRie SRENGHA TS, WhEh Fhehulkiadr o7 Oyl ¢

car bonat e etqniaegrqtbnemddtmnqnes(ﬂ'EPAemnmnitedrva&otﬁn@equweﬂemrcﬁfsacabicy based upon
the theoret| L caI of basjc  ni ens _contai ne he pol yam no
substituent @ dFH aé) CridHY t?ﬁh?qgmﬁle @”@3’88%@”9&0% & et raet hyl ene

" ‘pentani ne (FEEBiﬁhglb‘fs sRRRiBREW thevtetiAy cyaafid badic AltkYensC anhydride and

one equivalent of the | ow nol ecul ar wei ght, Pl Bl UAR, "t he
Accordingly, a molar charge of 2 would require that two mo{es of cyclic

15 carbonate be added for each basic nitrogen or in this case 6 moles of cyclic,
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 typ_ically)in the range of from about 1:1 to about

20 41 ,'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 secondafy amines of a polyamino alkenyl or alkyl succinimide to
form two types of compounds. First, strong bases including unhindered

M

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 hydrocarby!

carbamic esters with some hydfoxyhydrocarbylamine derivatives also bemg
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resulting bis succinimde will theoretically contain 3 basic nitrogens.
Accordingly, a nolar charge of 2 would require that two noles of cyclic 15
carbonat e be added for each basic nitrogen or in this case 6 noles of
cyclic. carbonate for each nol e equival ent of polyal kyl'ene succi ni m de or
succi ni m de prepared from TEPA. Ml e ratios of the cyclic carbonate to the
basic am necnitr.o . ] 1,4 m in the
process of |sd|° ﬁggr?ﬁ{nghe}}%’?@ﬁ%éégglggar%osle:%%%tﬁkie'%ﬁg%ggé%%%%ngout 1:1to
about 20 4: polyaixyalsylghe ppadyreeshifthé canpaehboeasteds dnd thheabout 3: 1. As descri bed

in US. Pat a4, 0612 132 . cyelic.carbonat react with the prinmary
and seco‘ndam}d'\@ﬁ}fwg ocgfbyiargguﬁyé Vﬁggeaﬁrggﬁﬁﬁ%i?d%yl succinimde to form
two types of conpounds. First, strong bases including unhindered 25 am nes
such as prinpary i nes.and sone second amnes.  react, w t-h.an- equival ent
of “cyelis clPpasALoRETne bl GBI reRe U Shent BB bases.
such as hi ndeperamemepbat-ieaat ISAD BBICIRIRAGS piphafediiisiog the/lehent of  the
same cyclic carbonate to form a k%jroxyal kyl eneam ne, || (Unli ke the

k
carbamat e pPoiRselas waight branshsd AR Mayelse Re repcied it ngPg‘geﬁf‘?fﬁéi r 30

basicity.) &RGRFHbalcbmpdifd t6 RS taRld Bssatshits nadink UitlyviRry thd el d a
m xture of products. en the nolar charge of the cycliC carbonate to the

_basi ¢ ni't r ogeape &fithis investierilnediitienite batipaeid (beyon|asid), exampleg 6f porti on of
the prigary ‘ 1 f (T TIyaa BT [ erted to
hydr oy Ty F Aeiq SER SEApLURE AERB bofiif pRUEE dih B A ne

deri vat i veshericacithdbenerally ranmbdut g equivatmiteta alduw 10equivatends above about

and the hy Rl DleRud o BRAEGEY DEYSE T he b oduced: 5 The ASAD

“succi ni nde prepared using the | ow nol ecul ar wei ght branched ASAD and the

| ost-treate AD succi ni m de prepared using,the | ow ,.nol ecul ar, wei ght
Dy anched QAR 46 GubpasieRad e cEpee tebne gy, uicoripodiias"®! ¢

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. ,3,592,677);
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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simlar boron conpound to form borated di spersants having utility within
the scope of this invention. In addition to boric acid (boron acid),
exanpl es of 10 suitable boron conpounds include boron oxides, boron halides
‘and esters of boric acid. Generally fromabout 0.1 equivalents to about 10
equi val ents of boron conpound to succini mde nmaybe used. In addition to )

the carbonat e anghgakitSufGhiclabastyl 1881 PRNING. 318, saMRynds 15 may be

post-treated, or further post-treatnment, with a variety of post- treatnents
desi gned .t.o i npr MSEPHIQﬁbﬁaZdﬂﬂﬁéﬁbnt properties. Such post treatments

‘i ncl ude those sutgqﬂ%rgg (ggjc lﬂj"an ,@gs %fzfé %O 5%336 241 003,

her eby | ncor pora treaft nents may t reat ment
with: 20. Inorganlﬂﬂ(qbfbmmw@r b Pati ie. 3154@.ﬁh$hrat es (e g. U S Pat. Nos.

-3,403, 102 and 4, g4 ounds (e ., US Pat.

No. 3,50Z,677); gﬁﬁ*&@‘g’gg&?&eo@ggeﬁ aoégﬁzégfgn corrpounds as al ready
not ed herein 25 Magesulﬂoﬁia (d:’g.thBJd%at Eol&’845695)1nd 4,652, 387); Carboxylic
"aci d, polycarbo C anh des | (e.g., US
Pat. Nos. 3,708, ééjzb &Oﬂyég% '?d %%0 p%‘Py@%&g%gﬁgs or thi oexpoxi des

(e.g., U S Pat . SNﬂéte @aﬁéﬁgaﬂeﬁi m&oﬁaﬁer@@ wSAPQEhmggmewyone
(e.g., US Pat. 458 Car bon di sul ﬁ; 5% Pat .
3,256,185); d y@iyﬁlﬂ la?t@na (e. 9UU§3 Bat Nogo#. 37-@333 4.5%p; @rééb‘Bt?H ur ea or

| guanl ding (e.g. 4@6§27€%ndh‘@$’1 A1312, 619; 3,865,813; and British Patent
3 . .

GB 1, 065, 595)
Cyclic carbonate or thiocarbonate linear monocarbonate or

_ : polycarbonate, or chlorofarmate (e.g., U.S. Pat. Nos. 4,612,132;
ke | . 4,647,390; 4,648,886; 4,670,170); - '
‘ Nifrogen-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

Ll

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 -

By Brifish Patent GB 2,440,811); -

25 Hydroxy-protected chlorodicarbonyloxy compound
(e.g., U.S. Pat. No. 4,614,522);
‘Lactam, thiolactam, thiolactone or dithiolactone
(e.g., U.S. Pat: Nos. 4,614,603, and 4,666,460}, _
Cyclic carbamate, cyclic thiocarbamate or Cyclie dithiocarbamate

30 7. {e.g., U.S. Pat. Nos. 4,663,062 and 4,666,459);

S Hydroxyaliphatic carboxylic acid (e.g., U.S. Pat. Nos. 4,482,464;

4,521,318;4,713,189), | o
Oxidizing agent (e.g., U.S. Pat. No. 4,379,064);

Combination of phosphorus pentasulfide and a polyalkylene pc)lyamine
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Organic sulfonic acid (e.g., US. Pat. No. 3,189,544 and British Patent GB
2,140,811); Al kenyl cyanide (e.g., U 'S. Pat. Nos. 3,278,550 and 3, 366, 569);
..___.._. Diketene (e.g., US Pat. No. 3,546,243); 5 A diisocyanate
(e.g., US. Pat. No. 3,573,205); Al kane sultone (e.g., US. Pat. No.
3,749,695); 1, 3-Dicarbonyl Corrpound (e.g., US Pat. No. 4,579,675);

Sul fate .of. al ko Iat | nol (e.g., US. Pat. No. 3,954, 639);
Cyclic | actone E&Y’ l?% % ?%}) , 617, 138 4,645, 515; 4,668,246; .10

4,963, 275; and @c@ﬁﬁmaﬂd@af@;mmcaaﬁbmmtadmyddnmmm sulfuroear

nonocar bonate or_ ,.pol.ycarb nat e chl.or e U S. Pat. Nos.
4612 132: 4, eFdcelo lfi% @63 %Af’%g@sl %?‘5 Hﬁﬁﬁ%‘é%ﬂ-‘)@om ai i hg ™
carboxyl i ¢ aci d eeniginatids & a R?drazﬁe%?xi;i Bdoradigulfidd British Patent GB

2, 140, 811) Hydr oxy- pr.ot ect ed_chl orodi car bonyl oxy compound - (e.g.; U.S.
Pat. No- 4,614, é%ﬂ)ué;dacqtaﬂ? i"’ﬁqgf’gﬂi ‘am thiol actone or dithol actone

(e.g., US. Pat Cdﬂﬁlﬁnaﬁ’oxﬁéﬂarﬁé@e% &@g@héﬁg) 20 Cyclic carbonate or

t hi ocarbonate |'i near nonocar bonate or 0%9 ycar bonate, or chl oroformate
(e.g., U S Pat(eBod)SaPgh MNop3d649£2845,030049%5888,380: and 4, 670, 170) :

N ¢ ogen-cont al gighiaeAr 0B 41 h O eter Bl Bihosngidead and.
compound (e.g. {eB. Sl SPRat. Nw 3, 8656M40)522) ; Lactam thiolactam thiolactone
or dit hl'00| aCt ON mbination of a hydroxyaliphatic carboxylic acid and a boric acid
(e.g., U.S. Pat. No. 4,554,086);.
o ) ' : Combination of a hydroxyaliphatic carboxylic acid, then formaldehyde
and a phenol (e.g., U.S. Pat. No. 4,636,322); _
_ Combination of a hydroxyaliphatic carboﬁ(ylic acid and then an aliphatic
15 dicarboxylic acid (e.g., U.S. Pat. No. 4,663,064);
' ‘Combination of formaldehyde and a phenol and then g!yCo‘Iic acid
(e.g., U.S. Pat. No. 4,699,724);
Combination of a hydroxya!iph'atic 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 total 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 "
\} o o then a nitroscaromatic amine optionally followed by a boron cbmpound
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
i (e.g.. U.S. Pat. No._4,963,275 and 4,971,711).
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(e.g., US. Pat: Nos. 4,614,603, and 4, 666,460); Cyclic carbamate, cyclic

t hi ocarbamate 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); xidizing agent (e.g., U S. Pat. No.
4,379, 064); Conbination of phosphorus pentasul fide and a pol yal kyl ene

poI yam ne 185, 647); - Conbination of carboxylic
~acid or gtﬁd“ﬁjy a’tm?] eltd(:))ﬁt' c'Shﬁ'f)rs“lgjlfur or sulfur chloride (e.g., US.

Pat . Nos 3 390, 086; 3,470,098); - -- - Conbination of a hydrazine and

P omyde. and ey aabSud: weioR praitied RopDAEASRD susstmgidsagiasio. o5, "
039, 307) ;. Casshigtatilew nidlecularavaigitbigndiied m@dﬂﬂdqﬁsﬁtreﬁlfeddﬂﬁmoph%pho“ C

acid (e.g 74 nbi nati on of a_ hydroxyal i phatic

car boxyl sa éepa"@ﬂee%"@y%l@mgéha loy g@ew'm nweiglshranghed 4SAB Allgde) |
Conbi nat i OnvﬂftcrﬂaHéYst@ﬁMé’d ha@ma;@ lfs%fth’%éﬂet&'géﬁt'%d &zgt?é}sénﬂrmlt%ﬁyde and a

phenol (e.g., US. No. 2); Conbination of hydr oxyal i phatic
car boxyl i c aden %@ém H&ﬁlcatfnmmlsmv&(hmusqcsaaﬁ@tﬁm?pr d!sa@m@n@et@ese U.S.

gﬁ;col ic ac %ga't?ééhay%éa? 398@ 1&‘9%58"'3@‘3‘/"% &Eﬂe ﬁ%ttghgﬁﬁéﬁtﬁg%nt hen
hydr oxyal i pleatmpositian isod yiréferably at ahoubQ S wichedoiabouhd wt.fhend satei socyanat e
(e-9. 18' pRferddf) at bbbt 1 B Y to about 6 wt.% of the total lubricating oit

composttlon

The lubricating oil used with these additive compasitions may be mineréi oil or
synthetic oils of iubricatir_lg viscosity and preferably‘ suitable for use in the

15  crankcase of an internat combustion engine. Crankcase lubricating oils
ordinarily have a viscosity of about 1300 ¢St at 0°F (-18°C) to 22.7 ¢St at
210°F (99°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 PAQ, 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 oil
in this invention may include paraffinic, naphthenic and other oils that are
ordinarily used in lubricating oil compositions. Synthetic oils include bdth

e g 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 Cgta C42 alpha olefins such as 1-decene
trimer are especially useful. Alkyl benzenes of propef viscosity, such as

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

i example, blends of 10 to 25 wt.% hydrdgenated 1-decene trimer with 75 to 90
wt.% 150 SUS {(100°F) mineral oil are preferred as a lubricating oil base.
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20 Conbi nation of inorganic acid or anhydride of phosphorus or a parti al

or total sulfur analog thereof and a boron conpound (e.g., U S. Pat. No.
4,857, 214); Conbination of an organic diacid then an unsaturated fatty acid
and then a nitrosoaromatic am ne optionally, followed by a boron conpound
25 and then a gl ycoI ating agent (e.g., U S. Pat. No. 4,973, 412);

Conbi nati on t 963, 278) ;
Conbi nat i on o? %ﬁmg @q%%g%ﬂ%%g %etérlélcgé ;§09§]<gnﬁrée e%ge@@éﬁg%ga@ e.g.,

U S. Pat. chiuﬂegmmwzm 9BOt. Ldatsiboat 1®wt.68, preferdabdy framtaboat @G etde bor on

corrpound JDa . .and. 4. 97,1, 7 o, Lubricating
: Corrp05| I ONS Ut‘lﬁgﬁmﬁ W&rr% gkﬂfﬁ%rrﬁj\%@'ﬁé?{{5%839’&’}99%0%%%“%}?‘2“&%

sucm ni m desbowdi® wt.%, ptesfenaglytfm hboutmal wic%l taraboet mmm@mmd ASAD and
post-tretedAAP de, using th ow N | ar. wet ght

by ancheds ASAAAEYPS dpsCHiRS bifell-of RuRls e FoREs URos FEMBRGRIIC det or gent
and di sper sginieragsl niakmﬁemw@wltdmme mﬁngoémp‘;ahg afid @tdrége Vigitettsed as
detergents ersants, these dditives be used at about 0.1 to

dis
“about 10 wt 3)696#8 95 dhe gengeniratss .'M{qurart déa%oeremrah YaRPlRfef er abl y at

about 0.5 Wyplehthea %sut? éﬁtth%(?tﬁ%oﬁ@é;ﬁra%@nqu{eefe%hwn%d%wt | wt.%to
about 6 wt.% of the tot | ubricating o onposi tion. The |ubricating oil

‘used with tw&geaterw'tsﬂv@r%ﬁ%@mwmgmmmﬁmer€a4ltabie|lumcatlggrwlﬁet ic oils
f ub
o oAl p@grﬁamé@@mﬁ&e%m{ @é\é}&l%v%ew [st%rgirfw tﬂée‘Jalﬁ{Ebrl ca‘% ng oils

crankcase of an I'nternal conbust
ordi narily Bateaboutit®8Eaybylt bfhwataabﬁeam (S8iS)at 100°H (388C), altbo@gh 7 cSt at

ﬁ%lOﬁF (9;9=C) ar”‘gl J)HBHI&RWQ%C%{ysmgagetﬂ%eg.er' ved from synthetic Qr nat ur al

- Other additives that may be used include rust inhibitors, foam inhibitors,
15 corrasion inhibitors, metal deactivators, pour point depressants, antioxidants,

and a variety of other well-known additives.

It is also contemplated that the additives described herein may be erﬁployed
, 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
wi.%.

) © E.Fuel Compositions .
25 |
The ASADs of the present invention and derivatives thereof may also be
| employed as additives for hydrocarbon fuels. The prop'er 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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sources. Hydrocarbon synthetic oils may include, for exanple, oils prepared
fromthe polynerization of ethylene, i.e., polyal phaolefin or PAQ, or from
20 hydrocarbon synt hesis procedures using carbon nonoxi de and hydrogen
gases such as in a Fisher-Tropsch process. Mneral oil for use as the base
oil in this invention nay include paraffinic, naphthenic and other oils
that are oydifaihb ddmess dasdibbh heal FADBRY 4d #R%I Synthetic oils

i ncl ude both ﬂydrocar bon s%/hrﬁnﬁe(?rg o':1 Pﬁ'ﬁéfosynt hetflsc esters. Useful

synt heti ¢ hydnegrdrais nsig an nertistableidieophiljaiotanet sotvand betlinglipthe ol ef i ns

havi ng t he e r gonmers of C6to Cl2
al pha ol efi gér&% 6@%?%5%%%@%%@%& %g"raégi%égfgce@: %f%@nﬁisﬂgf ul —Akyl
benzenes of hpdoperbonissbest isypreferretl. fsefedied sobepts nbdudebenzmye al so be used.

30 Hydrogar n0|Is bl ende t. ticC 0|Is fut. For

cxami ¢ o1 Bl pdipfe 20 AERebodng YRS r A datEitieTe, ARSI 1 5% 5 o0
b% 150« SUSicbllhﬁléla)‘abwte}mIB odarboalaleoms @‘Lzhmdscqso;aaﬂdubﬁmmaﬂcmzrmll base. 36

Lubri Catl ng | tr es are .al so e Sl,one sSe. conc ntrat es

oo Tot N bt RS st Podribing e, YAl BuiO0 o NS BA 1 ¢ om about

90 Wt . % ' t ORI fh Usehnifththe fuekBdaitiVe Ofn Ihefibicahtatrate SHeTnouread from

about 10 wt, % o, _about 90 w %@greferabl y from about 10 Wt.9%to about 50

. % of- t hthesadgifiyewil eedigrrdy. be pbgULR PEMre W3t ang Qwerﬁﬂbé"%*(ﬁ?@@ﬁ@r ates
_Cont ai nyGuf bbGitemt w4 bhERStabY o KBt PAY BO@Yatloft BOA! Sndidi8g shi pping and
storage. Suitable difuents or concentrates 1 nclude any inert diluent,
preferably Wf@'ﬁbfchfomewtﬁ@aﬁ%éoabpyb%‘éM% so that the concentrate may
be readily mxed with Jlubricating oils to prepare lubricating oil
;. gonposi tions. Suitable lubricating oils 10 that may be used as diluents
“typi cal l'y hBv8udaee Sizing Agentshe range from about 35.to about 500 Saybol t
Uni ver sal Seconds (SUS) at 100F (38C), although any oil of lubricating
Vi scosMy may be used. :

15  ltis has also been discovered that the low molecular weight branched ASAD

described herein may be used as is or as an intermediate for surface sizing
agents for paper products. Typically the ASAD is applied (i.e. either to the
surface of the papef, 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
wetﬁng and prevents the liquid from penetrating the surface of the paper
product. | |

£ _ G. Pour Point Depressants S
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

depressants.
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 molecutar weight branched ASAD all of which are described
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QG her additives that may be used include rust inhibitors, foaminhibitors,
15 corrosion inhibitors, nmetal deactivators; pour point depressants,
antioxidants, and a variety of other well-known additives. It is also
contenpl ated that the additives described herein may be enpl oyed as

di spersants and detergents in hydraulic.fluids, marine crankcase |ubricants

20 and the ki, }@&% ) ; jiel | bout 0.1

to about 10 OEe‘?n wel ght fa%sqﬁ%lec)%r g?]ﬁgﬁﬁn%tyféaﬂfﬁ '%%gﬁrﬁaggﬁ{lé i to about

8 w. % Ecoﬁtrrelousj@rrvpnablertmnsnﬁssm (Thenh) Alsiiss 'Eﬁeseerpwesemy bewventi on and

derivatives I rbon

fuel s. The Hg%ggfg%:oo@én %Fgﬁoﬁ %HP%%qa%??ﬁggmégéﬁ i P}éggé&?}?t hat are

necessary t at abdut@vewt. Metodﬂmut 8avt. %lahdmecpfeﬁemmwei atmmfrpcm Yol tms_“r S .
e R VBl e e BRSO Ml MBSkl oot e
General Iy, R wdidte Hrﬁmdqismchdcbmmdégmu@ﬁgmmﬂ the base f uel

is 10 to 1000 i ght parts per preferably from 30 to 5000 parts
per mll7on "‘éﬁ‘ﬁﬂttq’%‘@hﬁgrp‘sp%ﬁ) @“onﬁhgﬁatefi@@m) PUCCHIidesiBPdPgent s are

present,:a h@iﬁ@%e RIPMBleciar %@h@ﬁfﬁr&hé@ﬁ@b bR PAtiMRSEYy uddvar mddi tives
described herern may be fornul ated as a concentrate, using an inert

stabl e of eoﬁHﬁomaélcéfﬁgaﬁﬁ%l%ﬁlW meyife rryquﬁ capacityranede raediaieosick150F t o
about 490F. o gmibd hydr ocar bon sol vent is preferred.
vent |nc usdé?é%l%&%hg; ' Ot%au ' il

Preferred s0 enze ene, Xxylene or higher-boiling
aromati ¢s ‘'or aronmatic thinners. Aliphatic alcohols of about 3 to 8 carbon

2o, e PR RRA e RPN LGAEHL GhposloR YU AR &7 ke 11

._j1‘?§onb| nat i on wr on s
o synthetic orls of lubricating viscosity and preferably surtable for use in 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 -¢P 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 PAO, 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 0il in this invention may include paraffinic,
naphthenic and other oils 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 C42 alpha olefins such as 1-decene frimer are especially useful. Alky! .

benzenes of proper viscasity, 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 80
wt.% 150 SUS (100°F) mineral oil are preferred as a lubricating oil base.

© Transmission fluid additive packages (concentrates) are also envisioned.

These concentrates usually include from about 90 wt.% to about 10 wt.%,
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suitable for use with the fuel additive. In the fuel concentrate, the
amount of the additive will ordinarily be about.5 or nore”wt. % and
generally not exceed 10 about 70 wt.% preferably from about 5 w.%to
about 50 wt. and nore preferably fromabout 10 wt.%to about 25 w.% F.
Surface Sizing Agents 15 It is has al so been discovered that the | ow

nmol ecul ar wei ght  branched D, ,descr i grein ma used as is or as an
i nt er medi at é’r%SFabB’uf?‘?'H OE@W& /‘gg)gé?ﬂ”g%ﬂaa }ﬁ'a(gé'?n %tl%tﬁﬁ%qcsa%nqypi cally the
ASQD i s apphisedsify ahrei fr@Tatan@pt’t@wt.b@to éwdtﬁoavts%, ;irbferl;alﬁlpéxfom abom]'EﬂEr simlar
substrate, or in the pulp mxture) in such ~a way that a dr of water on
the cel |l ul o¥& @Eﬂ?%ﬁ%ﬂé@‘- /anOfittH?@%ﬂgit’VE%ﬁ?%lbegﬁ&@"Qg.yﬁﬁc@g)f'gﬁe‘t‘h‘aﬁ' 90 and
l'ess than 1Q@3ncerhiitds/tdliaih RAMHCRAPIRIARS nidke thériched to M@:ﬁdlé@@r’iﬁ%d‘ prevents
the liquid frompenetrating the surface of the paper product. G -Pour -

Poi nt -Defr e§biRRMNg arphstorages Saitsbleclijeaisfratheronseitratae NcbiderdNeBeltar wei ght
. branched AS | S04 MR ' L ggpedi ate for

pour poi nt é@é%rﬁgé@gér{'?@g agaﬁlﬁi‘f%ﬂ angﬁggfé?ﬁwg?%lt%é%ﬁ‘z&r%&tkﬁg echar wei ght
br anched” AShB readilyi mixat! uéth luhribatiog oflg ta prephiubriestegilgomrasifianspr anched

wei ght " br an SR RRSERHFER (AP BV B SR AP et PRa b M BRGEY)
friction nodithecatgefromddiout 8840 abeut 509d8iybolt dlrtiarsaliSeconds ¢BUS) atious| y
01 to WBoutdas GBS gt T TR S bhbT N B 8o ably. ~ at  about
0.5 wm.%to about 8 wt.% and nore preferably at about | w.%to .
) Other additives that may be used include rust inhibitors, foam inhibitors,
R corrosion inhibitors, metal deactivators, pour point depressants, antioxidants,
and a variety of other well-known additives. |
i5
Itis also contemplated that the alkeny! succinic acid derivative described
herein may be emplbyed as friction modifiers for tractor hydradilic fluids, other
power transmission fiuids and thé,f 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 0.5 fo 8 wit.%.

The following examples are included to demonstrate preferred embodiments
of the invention. If should be appreciated by those of skill in the ért 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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5 about 6 wt.%of the total transm ssion fluid (oil) conposition. These | ow
mol ecul ar . wei ght branched ASAD, succi ni nmi des nade using the |ow 7 nol ecul ar
wei ght branched ASAD and post-treated ASAD succi ninm des made S using the
| ow nol ecul ar wei ght branched ASAD are particularly useful in automatic
~transm ssion fluids to provide torque capacity and to nediate stick 10 slip
during transm ssion | ock up (shudd;)) Tlhe | ubricating oil used with these -
additive conpositions may be m ner synthetic oils of lubricating
viscosity and pr efBfa’ﬁ%irﬁt:é#b‘f&h\nﬁMﬁﬂécMﬁﬁW&giﬂrBrmh@mﬁ$ADtFansm ssion or
CVT. Typical automatic transm ssion fluids oils 15 have a viscosity of

about 20. ¢ StoRinddtaidraved ?rﬁ m@t(cgf-c;é)&%ua@ﬁaﬂ chf U £Rudber addtEge0 1000 cP at
0

-20C. The transni ssion fluids derived from synthetic or

ot al R o e BeUIEEpEItE aF ST (0 S4BT kY A ety gRe SRRl o, of | s
prepared fréHﬁtéﬂ”t%fPQ'ﬂ‘/UBﬁéjé%'sﬁBsﬁ’tﬁte‘%}t|Q¥rh@ﬂ€onténteof11I°/9|VV§§ phaelefin or PAQ

or from hydrocarbon synthesis procedures usi n%c@gé carbon nonoxi de and

hydr ogen gawﬁsl’f@lﬁiﬂf’ladsydrlﬂea%:ﬂ@ﬂeﬂ 218 op eh 209" hougs.nEh@malgic for use as
the base O'.,%%Hgtﬂn&@h/%s gﬁﬁg&tid ﬁgrh g't?n Wa%asro%fa'dﬂltﬁp fulld@htgni ¢ and

~other oils are ordrnari ricatrn corrp05|t|ons
Synt het ic anbkeia ard*lyddeellwt tmolqmifammi@utrPlEiwlﬂamH moia)ldtls (@MR)want hetic

2 pha okbe o, TP A NG BT Bl ot iad bRAEABRTEL o™ 2

ol i gonef's ods iﬁ%ntrém@léd B distiflaticed i urﬁtﬁermaiér @@urétcﬁl@aemmt A totsl ofir e

especiatly ul benzenes. of, pro VISCQ , u h as didodecyl
_benzene. nay%aﬁ?&b fd@”lﬁtfg@d” B’Etéﬂ%iﬁﬁﬁﬁ 'P@J %F@WHB Ré&tic oils may
I'so be usefgdl.4 migp | @A sirh opﬂwel&naﬁoaéu%d %rhmdr ogenat ed

'-ldecenetrlrrer W|th to 90 wt. % 150 SUS (100F) mneral oil are - :
© preferred dyepamlign ischomagndiabledse.  Transmi ssion fluid additive packages
(concergl'tsr)at es) are al so envi si oned - These concentrates usually include

from aboyt 90 wt. %to about 10 wt.
" Examples 2-9

A number of additional reactions of low molecular weight P1B and maleic
+.  anhydride were carried out using the procedure in example 1. [n 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 mixiure 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
sy 25 Table 1. _




39 preferably fromabout 90 wt. % to about 50 w.% of an oil of lubricating
--viscosity and fromabout 10 wt.%to about 90 w.% preferably from about
10 wt.%to about 50 wt.% of the additives described herein. Typically,
the--- concentrates contain sufficient diluent to nmake them easy to handl e
during 5 shipping and storage. Suitable diluents for the concentrates
include any inert diluent, preferabypyap oil of lubricating viscosity, so
that the concentrate may be readi | y mxed with lubricating oils to prepare
| ubri cat i ngReat¢tienGpoditiarsridsingduw MalecidanWeaiabt RIP withsGraater Magnbe used

as diluents t | tero tO about

500 Saybol +_UyE ey IRBhick a5 SR ARARY IS OEF ERiten> 1D oL ot
| ulrexcpt PR \idtd i CYR rathebe Tasef Ter@.herWiaddi Wves What | shesicabp  u%ed |i N4 ude
rugt iphibitgrs, floam iinhi blt@fs} ¢ePry polidn ovithi |oedidues), st a| Mv TSP

dedctilat orst pour-pnoi-dt depresspnts—ant -dants- & ‘a—vaf et v—of +helr
welll Tkh acldPt“Fveg"g 157t]id a % on Bér%l ated |t hat théf ;?i'; k:r:a”s ccﬁﬂ

acijd2dp€ievat if W3284s 84 hed- hertei h ﬂ@y bas.48npl oyed as- fr|i digsidn| nBRPf i| er'8-7f o
t r qCEOI YO AW e {T 68 §%ori(9 Har | PEReET| TLaT[SHs 251 (08275 U Gguanp vhie 11 kel |

Whgn sp enpl gyed, it he

ddit{ve is added at| fromfabout |0.1 to]10% by wei ght
tolthel oil, and prleferadf¥ |fron 20 abFut 0.5 toi8 wt, % The followilng _
exdnpl ESwar ¢ || 920 |okeF { Gotefrodst | a2® pf eferlr 8472 rtb@HPArentiguid of PHG | 107
i njentjon. 1Y shoyl d be appfeciafed byl thoge of gkill ijn the prt that the-

25 |dP'scoer ed br t o] f-unctfi on velT actice

t eqhpgres—dirselodedJ—therexpaptesthat—Helgw e represen b oS ™
. X . o PEAETT 586 %H.
1%3¢ U:m: \%’?ﬁ ¥ T 83‘ril_n Fﬁe p I ?: ‘
i ndentj on, and tHus yaclﬁ‘e consj dered to qonstitjute prleferref m)des, for

; ) t 9 BrpELT Ce| osovVever ROSe1PT] sked T| TA tihesart] sheal|dfiquie |1 ghe ¢f 10ie
“prgsent discllosure,. zap%yde,l at ej t hat jmany jchangds may jbe made in the
spacific enbodinents ik . _ _ _ ‘
7 |Cs 030 | 067 | Boric| 14 140 | - 8.16 .58.6 liquid 58.0 10.7
. acid ' ' ,
8 | Cis 030 | 067 [ Suf. | 14 | 140 | - 243 | 7772 | liqud | 580 10.7
' acid . o -
9 [Cis 030 | 067 | Suf. | 14 140 - 5.81 70.49 | liquid 58.0 10.7
acid ’

10 2 MV.= methylvinylidene isomer

_b TSI = tri-substituted isomer

=y
L
o

Comparative Exaniple A
15 |
Tetradecene 19.64g, 0.1 mol was reacted with maleic anhydride 9.31g,
0.0.095 mol at 190 °C for 4 hours. The maleic 'anhydridellow molecular
weight PIB CMR was 0.95. The mixture tumed brown in color. The
-ﬁnreacted maleic anhydride was then removed by distiliation under water
20  aspirator vacuum. A solid product was obfained. A summary of-the

conditions used for this preparation is shown in Table 2.




are disclosed and still obtain a like or simlar result w thout departing
fromthe 30 spirit and scope of the invention. 40 Exanple | -- Preparation
of Low Mol ecul ar Wei ght Branched ASAD Low nol ecul ar -wei ght PI B (C20- C28
distillation cut) with a nunber average 5 nol ecul ar wei ght of 308.7
(75.10g, 0.243 nol), and a nethylvinylidene isomer content of 73.1% and a
ti-substituted i somer contenicqhpdéative B@mpiesd-Ad w th maleic anhydride,
21.46g, 0.218 nol at 200C for 4 ﬁours The maleic anhydride was added in
portions:at 180C via a solid addition funnel. The nmualeic anhydride/low

nol ecul ar | AR erB s Xt ure

t ur ned brom %%%;J(gr MHQ&J@eﬁéﬁ%H&eﬁel C Saﬁﬁ?/géﬁ%lge%s then” fremoved by
di sti || at.i ocauiedarutwit somaspsestherunveaniedelefin wes semeved bgvaoy!dt | i qui d

pr oduct S 9 ne lﬁﬁé uihe 1:4 g/ KOH g.
sanpl e. g/a Hfﬁ%hav dAl Qf% g'%% (%sgggqgéslé 0'{09%@ p%%% a|t2(|90n is shown in
Tabl e 1.. 15bx&mprmh®<aﬁwﬂesﬁE mndihe0.050 baddiatidovad addescheforeshastingon mol ecul ar

Lo Ot P RS o BB RatSTCa G AL b S e T

di stillatiomndth E&amglégrmzz@ﬁﬁﬁoqumm Wwab abiddd beforavheatirigs oThedeed. For
exanpl e i n exanpl es 7, 0.05 borlcr%% was added to the reaction
m xture bef @xemn@étqrﬂaisomnw fasdde T 9, 0.1g of an al kyl benzene
sul foni ggaci d was added to the reaction m xture before heati.ng. A sunmmary
of the conditions used for these preIIJ.aratl ons is shown in 25 Tabl e 1.

Reaction Conditions Using Alpha-Olefins

1 Algha | #mol CMR Other Time, | Temp, | T Wit - Wit wit ghysicai
Otefin hr ‘C | prod ovhd | residue | state
A |Cu 01 | 09 - ] 190 - — T 1429 | sofid
B | Cu 01 | 09 |SufAcd| 4 190 ~ - 16.84 | solid
C [Cu 084 | 09 - 4 200 | 21558 | - T solid
D | Cu D46 | 0.9 - 4 170 | 12185 ] = | - | soid
E |Cu 033 | 09 Boric 3 200 ~ | 2986 | 580 | sold
acid - |
F | Cu 0.33 | 0.67 = 1 200 = 34.38 | 2449 | solid
Cua 0.33 | 067 | Hydro- 4 200 - 30.14 | 3221 | solid
quincne
H |[Cu 033 | 067 | Boric ! 200 = 2251.| 4854 | solid
. acid
) ‘
15
20
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41 Table | Reaction Conditions Using Low Mol ecular Weight PIB with G eater
Than 50% Met hyl vi nyl i dene |soner and Tri-substituted | somer Content Ex.

PIB # nol CMR other Tine, Tenp, W W wt physical %% (hr) (C prod ovhd
residue state W' TO 1 Cza28 0.243 0.9 -- .4 200 73.07 - - liquid 73.1 11
2 C16 0.326 0.9 - 4 200 86.49 -- - liquid 58.0 10.7 3 Cp_28 0.225 0.67

Boric 4 200 - 18.23 52. 75 liquid 73, JI cid 4 C16 0.30.0.67 Boric 4 200
- 30.75 31.62 liquid 58.0 10.7 a&*d™ed8 0.30 0.67 Boric 12 180 -- 8.34

55.0 liquid 58.40géBchle REdshratién 6f LoROMOI&LUIRWeigHtBriehed ASAD 71. 93
liquid 58.0 10.7 acid 7 C16 0.30 0.67 Boric 14 140 - 8.16 58.6 liquid 58.0
10.7 acid 8 C16 0.30 0.67 Sulf. 14 140 -- 2.43 77.72 liqui d-58:0710. 7

aci d 9 CI6 fhAflrlaiehs sioblrckdfr 1.9%18drafh (9.4 ol Bugich 7 acid 10 a

W = net hyl vi nyl i dene i soner = tri-substituted isomger Conparative
Exani pl eSA oligomersy baidaga @umeeagerage maiesulpyeigbteft U@ atpmic wasei c

anhydri de 9y5ida m.u.) and 73% methylvinylidene isomer content, was charged. The
reactor was pressurized to 20 p.s.i.g. with nitrogen, stf;red and heated to
130°C. One mole equivalent of maleic anhydride was added to the reactor
over about 6 hours. The temperaturé 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,
" . unreacted olefin and maleic anhydride were removed by disfillation. Then the
s o _product was purified by filtration. The product vielded 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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0.0.095 nol at 190 C for 4 hours. The nal ei c anhydride/l ow nol ecul ar
wei'ght PIB CVR was 0.95. The m xture turned brown in color. The unreacted
mal ei ¢ anhydri de 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 Table 2. 42 Conparative Exanples B-H A nunber
of other. reaction using different thﬁﬁﬁ %pd conditions were also carried
out. In sone cases the unreacted ol Wwas renoved by vacuum 5
distillation. AMdifionalLeeMoleasiasWeightPIB/MahiibiArdrydnake Readticrgded. . For
exanple in Exanples E and H 0. 05g borig achd was added before heating. In
exanple B 0.5 g of an al kyl benzene sul 6Pt aci d was added before heatlng

And. i n Exaffg€ G M, ZRPiBY (Toap1 nNUReaTasd¢d heflopieysieat i 11g. ’Tl"%se

exanpl es afe also supmarized in Table|2. 10| Tabl el 2 React W Li ons

Usi ng Al phh-O efins Ex. AlpRa # A9 CCVR O herYiene, Sty |- | physi cal

A efin hr Cyodeghdcr EsTORE St TS Cl 0 gy -9 13 ,ﬂdr O73- |- 1#4. 129 solid
b B YOS 4 160 e 0. 84

*

B Cla 0.1 D. ._ACI 116.84_s0l1d | C Cl4 9_4 700.215.58 -
solid D CL41D.}4@28. PCts 4{134% 122285 ;- 2.5 $dH4.4 E_tmd 0. 86 4. dBoyic 3
200 i

c
0 2985 5315 soli-d—atidFICiA 08306 5o d 20034 -3812A-A0sOHd
G C14 0.33| 0167 Mr pCrees 50818 | 3844|3551 sTOq"?d Tquid {7707 |71
' 247 {Cisos| 283 | 1891 | 65 | 89.2 | Liquid | 77 | 1t
14 1596 [Caoga | 136 | 1944 | 35 | 916 | Lqud | 78 | 11 |

5 * MV= Methylvinylidene isomer
** TS|= Tri-substituted isomer
Example 15
Preparation of ASAD Succinimdes

10 'Lo_wr 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 L 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 number was 1.59 mg KOH/g sample, and the v1scos:ty @ 100°C
) " was 209 ¢St. This product is shown in Table 2.

Examples 16-22
20
Additional succinimides were prepared using the low molecular weight ASAD
using the procedure of Example 15 using different amounts of different
polyamines. The resulté of the preparétion of the additional succinimides are

summarized in Table 4.

- 25
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quinone HC. 0.33 0.67 Boric 4 200 - 22.51 48.54 solid acid 15 20, 43
Exanple 10 -- Large Scale Preparation of Low Ml ecul ar Wi ght Branched ASAD
I'n a 4-liter stainless steel reactor, 1.9 kilogranms (10.8 nol) of

i sobutyl ene 5 oligoners, having a nunber average nol ecul ar wei ght of 176
atomc mass -units (a.mu.) and 73% net hyl vi nyl i dene i somer content, was
charged. The reactor was pressurize @&?F %0 p.s.i.g. with nitrogen, stirred
and heated to 130C. One nol e equi val f mal ei c anhydri de was added to
the reactor W@paﬁ\i@i@lﬁtoffsmmldibﬂﬁﬁmrﬁhwmwm&ﬁ HoRfan#iRest 130C for
15 hours, 10 and then increased - to 225C gver - our at
225C, unr eact & ol%’f‘lnﬁ a]rﬁ!"l?&}’%ﬁyéﬂ%h)/d}‘i de{ WéPMe remo¥8 @y—drdtill ation.
vi scous,. yel l ow__qil. .15 Exarml es. . 11-14 A _nunber  of ade

Then the product |was purfigjpd by filtygation. qoweggﬂec was a
' dactions of

| ow nol ecul ar {8 JHIETAB @h8mal ei ¢ anByadr | d=1\ﬁ@re car[r2®d out {sing the
procedure in ¢xagnghe=ip—Thg—reactant—RlB~va ——arerr—of—c4qr bon ,
atons. The regulty ljo?f‘%xair%ses 10-14 a g'ﬂZ %0\‘/‘% in T(;b e 3. 44 Table 3
-- Addi tional {How Nt Rcul [20.85¢i ght Pl B| BHidei c| Adlgydr i dg Belacti ony' Results
Ex. Mh PIB AR\ ¢ [0/ nh\lcl cal /e -
> AP TRR T0dP 542  |1.81 181
{19 |TEPA ]0.85 949 |031 259
20 |TEPA [05 B 6.58 1.65 168
o 21 JHPA 0.85 {114 1.16 . | 662
“) |22 [HPA 0.5 ' 7.94 1.23 256
Example 23

5 A 10.0036 gram amount of ASAD from Example 2 was mixed with 0.005
- grams of Cy, alkylbenzene sulfonic acid for 15 minutes. The Cy, 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. {somers
(1), (2)and (3)in Table 5 refer to structures (1), (2) and (3) respeciively, in
Formuia (B) herein.




no. 100C yield state W TSI** 10 176 C8.28 441 21.1 7.5 84.6 Liquid 73 11
11 224 Cl16 344 22.3 2.5 67.1 Liquid 66 11 12 198 Cl2 28 318 38.4 4.0 76.8
Liquid 70 11 13 247 C16-28 2,83 189.1 6.5 89.2 Liquid 77 11 14 296 020.28
136 194.4 3.5 91.6 Liquid 78 11 5 " M= Methylvinylidene isoner TSI=
Td-substituted i somer Exanple 15 Preparation of ASAD Succi ni ndes 10 Low
nol ecul ar wei ght branched ASAD from exanple 10, 133.1 g, 0.41 nol, was
reacted with diethylene triamne, 35.71g 0.35 nol, at 150C using a three
neck 500 nlL flask equi pped with a nerdmiieiscal stirrer, Dean Stark trap,
condenser, and addition fH@’Pe‘ll The m ne/ anhli/g‘r?i de CVR was 0.85. After
heati ng overni ght a total lsqnp ?E‘rp%%o ed. To t hirs—was added

15 52. 27¢g growatitﬂ TEHABHl | &R (OF | 1dorRPbipY 1sumeg () )| - Isohier &) T Odawt had 6. 61
W, the tp gh i g number|was 1.5p ng, KOHg 2rrp| ¢, apd tie ,ggmz&osmy @
100C was This prpduct is shown i Ta )l e 4. Exanpl|es
Addi ti onal s uRd n| m des wefe prepared using the | ow nol eculjar vei ght ASAD
usi ng the permdure of Exanpl e 15 Usi ng di fif erent amounts gf differfent
pol yam nesi—fhe-reputts of [ the prepat q!_lgl on Uf 1‘.7'|e qadi-gromgt—sgETimi m des
are sunmakized in| Tabie 4} 25 45 [fable 4
> 500 1 150 40 17 14 29
500 4 150 29 20 25 | 26
500 1 200 20 23 32 25
| 500 4 200 9 | 23 T4 27
) - [T500 18- | 200 6 25 27 | 42

i E
»




Preparation of Succini m desUsing Varyi ng Anounts of Pol yam nes Ex. Am ne
Am ne/ anhydride %N TAN Vis @- = CMR ng KOH g 1000, cSt 715 DETA 0.85 6.61
1.59 209 16 DETA 0.5 4.71 2.48 111 17 TETA 0.85 8.04 2.48 121 18 TETA 0.5
5.42 1.81 181 19 TEPA 0.85 9.49 0.31 259 20 TEPA 0.5 6.58 1.65 168 21
HPA 0.85 11.4 1.16 662 22 HPA 0.5 7.94 1.23 256 Exanple 23 5 A 10.0036
gram anmount QfayfsAD from Exanple 2 was mixed with 0.005 granms of Cl2
al kyl benzene sulfonic acid for 15 nminutes. The Cl12 al kyl benzene sulfonic
was at 0.05% Portions of the m xture were heated at either 150C or at

200C for eith ' four . oF eiaht een hours. The pr.oduct conposition was
anal yzed bytllai H@&%S"ﬁ&%ﬁﬁ%@@%@ﬁ%&'ﬁﬂﬁwﬁﬂ@geﬂ\ﬁm i"on of 10
the ol efi n thegicomulaThe conposition results are reported in Table 5. |soners
(1), (2) and (3) in Table 5 refer to structures (1), (2) and (3); "~ _
respectively, in Fornmula (B) herein. 4® Table 5 M xed | soner Conposition
Results Quantity Time (h) Tenp (19 I so (1) Isoner (2) Isomer (3) O her

Strong % % % | soner % Acid x
X -
s 0
Y " wherein |
' X and X' are independently selected from the grdup consisting of: —OH; . .
—OR?, wherein R' is alky! of 1 to 8 carbon atoms; —NH,;; —Cl: —Br: and
10 _ —OM+, wherein M+ is the equiVaIent 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 ——0— or -NH~: R is a polyisobutenyl
group or a mixture of low.molecular weight polyisobutényl 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 d'eriv,a'tiveA |
N according to claim 1, wherein R is a-polyisobutenyl group or a mixture of low -
) . molecular weight polyisobutenyl groups having from about 12 to about 28

20 carbon atoms.

3. The low molecular weight branched alkenyl succinic acid derivative

according fo claim 1 or 2, wherein R is a polyisobutenyl group or a mixturé of low

molecular weight polyisobuteny! gfoups having from about 8 to about 32 '
25 carbon atoms, derived from a polyisobutene having at :Ieast 70% of the

. methylvinylidene isomer plus tri-substituted isomer.




(Ppm) 0 - -- 48 17 8 27 500 1 150 40 17 14 29 500 4 150 29 20 25 26 500"
1 200 20 23 32 25 500 4 200 9 23 41 27 500 18 200°6 25 27 42 47 CLAI Vs:
1. A low nol ecul ar wei ght branched al kenyl succinic acid derivative haw ng
--- the formula: O RX X 5 Owherein X and X are independently
selected fromthe group consisting of. -OH, -ORS, wherein RL is alkyl of 1

to 8 carbon ,at o == Cle SBre o an 0 -Owvt. wherein. Mt is the

equi val ent gf @}gﬁ?ga%é%udgr ‘g‘?'gﬁt ?@P&'F?“d_%'ﬁﬁ%sﬂ?ﬁ"&? acﬁjle%”va ¥¥oni um cati on,
~wher ei n t heaatdrdingdo elaimiBasvhirdin RBis eqpdivisolaitens graupcor Xmaeke ¥Flowhen t aken
together are -0- or -NH: R is. a polyisobutenyl ro or, a, mxture of

| ow. nol ecul H]D’?/%'ilédlwe' I%‘%W@i@gr%'i)ﬁu g'“ﬁ&é”hag‘?mﬁﬁo%&%ﬁ 281G about 32
carbon at onsarbdfHtvfas, daret &rohPh pbERRBLEMAES HARgA st 8B9 ek 50% of the
met hyl vi nyl i dene i somer plus tri-substituted isonmer. 2. The 1 ow nol ecul ar

vei ght bt anBwdwnYideye isomerphisctriagubgtitytad isamele. according to claim 1,

wherein R is a polyisobutenyl group or a m xture of |ow

5. A low molecular weight branched alkenyl succinic acid derivative
-comprising a mixture.of the following structures:

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

l
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mol ecul ar wei ght pol yi sobutenyl 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 2, wherein Ris a polyisobutenyl group
or a mxture of |Iow nolecular weight polyisobutenyl groups having from
about 8 to about 32 25 'carbon atons, derived from a polyi sobutene having

t| t 709 ' ' ' I tri- ' ted | .
36 4 The | o kol SameEFh At IR0 ARG i PR MR At T ve -
accordi ng t d%taabo8 450heficdomeR(3)i s a pol yi sobutenyl group or a m xture of

| ow nol ecul ar wei ght polyi sobutenyl groups having fromabout 8 to about
32--- carbon atons, derived from a polyi sobutene having. at | east~ 80% of the

5 met hyl vi nyd.i Alpnreebs forenakitdg's 16w mdedisdr waigieitbra6EERT alkényl Sutdiicnol ecul ar
wei ght branched al kenyl succinic acid derivative conprising a mxture. of
the foll dwi r?éj'cg‘?t?"iyéﬁ\(%%wf’@'wi( 1) n0OO(2 nO O O(3) r n 10 wherein
nis a whole integRfinh bATndatuPatée acidic reagent either with a low molecutar
‘weight polyisobutene having from about 8 to about 32 'ﬁmon atoms, wherein
at least about 50 % of the olefinic bonds of the polyisobutene comprises
methylvinylidene isomer plus tri-substituted isomer, or with a mixture of low
10 molecutar weight polyisobutenes having from ébout 8 to about 32 carbon
atoms, wherein at least about 50 %.of the olefinic bonds of the polyiscbutenes

PN , 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 §, 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 hmdl'eculér weight
S . polyisobutene or said mixture of low molecular weight polyisobutenes
25  comprises one or more Cg, Cqz, C1g, Ca0, Cag, Cas, or C3o 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, Cs2, Cis, Coo, Ca4, or Cog molecules having an

average molecuiar 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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6. The low nol ecul ar wei ght branched al kenyl succinic acid derivative of

15 claimb5, wherein the m xture of isomers conprises fromabout 5%to about
49 60% of isoner (1), from about 10%to about 30% of isoner (2) and .from
about 5% to about 45% of isomer (3). 7. A.process for making a | ow

nol ecul ar wei ght” branched al kenyl succinic 5 acid derivative conprising:
reacting an unsaturated acidic reagent either wwth a | ow m)l ecul ar wei ght
pol yi sobut ene having from about 8 to about 32 carbon atoms,  wherein at

| east. about456 Wocﬂsstfbemaﬂkm@miow :lnolmtslaof:veﬁdiébpmioﬁed(ﬂﬂmhmmn@rl ses

met hyl vi nyl | substituted isoner, or with a m xture of

s ti
| ow 10 nol e%%ﬁg?“‘\@ &ﬁ“cg!é‘ ﬁdgocﬁm PRI havi ng from about 8 to—about 32
carbon atons, wWaprreactigfan eﬁ?&ttu@hﬂilém&ﬁ rSagdnt leltheolvigh polyBobarse of the

ol yi sobut epe ris nme |'i dene i song |l us tri-substituted
P oror % Reing frORTAROUL B 1B BhPYI 4 CATEPE BHS LR & e o e on | s
conduct ed [ ﬁhoté&alar inié:@?ﬂ%@"&b%utﬁne%'ﬁ@élngﬁﬁﬂﬁ%ﬂsﬁm f@ab6ua2 Gubsh The process

according to claim?7 whe the reaction is conducted at a

t enper at ur ed Pf‘ﬁrﬁ%’ﬁﬁmm |9®tt3@0!a{b6@f% olfbe oefinipbangds dfiaither Beess according .
to claim?7, p&g@éb@ene‘!@ﬁf fk &ﬂﬁe (&JFI%%MB[%ﬁh%r G\fégtﬂ'h'gﬁ) obbit d&ng QS at ure

fromabout 180 "C to about ccor Cai m 7, .
wher.ei n sai metfwi;vl%d@mlsamam@h@mx-sq@ahtyta;hb@men@rndr said mxture of |ow

nmol ecul wei ght A or nore C8, .Cl2, Cl6, C20,
C24, C2 or éb%aégﬁg? ‘ﬁgg;&?@?é& avéi)%g'g%ﬁ?ecul ar wei ght Iess t han
300. 12. The process accordl ng to claim7: or 11, wherein said | ow

nol ecul ar ' al |sobut.en of..sai d xture of .| ow Iec |ght
pol vi soput o PRt ReetaBRio ShimgenBae s g BaS llele i

““mol ecul es havineitesyen atoms per molecule.

* 15 16. The process according te 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 reactiof! (a) occurs in the’
7 " presence of Cq2 alkyl benzenesulfonic acid. '
25

19. A low molecular weight branched alkenyl succinimide having the formula:
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average nol ecul ar wei ght of about 120 to 300. 13. The process according to
claim7, wherein said unsaturated acidic reagent is nmaleit anhydride. 50
14. A process for making a | ow nol ecul ar wei ght branched al kenyl succinic
acid derivative succinimde conprising: (a) reacting an unsaturated acidic
reagent either with polyisobutene 5 having fromabout 8 to about 32 carbon:
atons or wt xture .of | ow nDIecPIar wei ght pol yi sobut enes having from
about 8 to ¥ 8&%”@%08%Wﬂ8ﬁﬁ°%?shgm&ﬁa wherein at |east about 50 % of the

ol efinic bonds of either the polyisobutenes or the m xture of

| ow. nol ecul ar wei ght pol yi sobut ene conprise nethylvinylidene isomer plus
tri-substitutdd isomer; and 10 (b) reacting the product of (arwth a

pol yam ne. - -. . The process according to claim 14, wherein said -

pol yam ne has dt | gast 3 amine nitrogen at per nol ecule. 15 16. The
process acc I | aim 14 or 15, wher¢|n~“said polyam ne has from about
4 am ne nitrogeni™ato to about am ne n| Jogen atons per nolecule. 17.

The process accol di ng to claiml 15 or wher ei n sai d pol yani ne has
from 20 about 6 am ne nitrogen atoms to about 10 amine nitrogen atons per
nol ecul e. 18. The process according to claim 14, wherein reaction (a)
occurs is twhersin Bigagqmlyisol@tenydigkoup lating:iemudtfoohBdo abbdt 326arbon A | ow

-molecul ar gl ght ol A0 oAb HbeASSRLBhBAGisDRNEAN drBGpd RAIKY flom O R
about 8 to about 32 carbon atoms derived from a polyisobutene having at
least 50% of the methylvinylidene isomer plus tri-substituted isomer; Z is one

) 3 ~or more polyamine linking radicals; and wherein R; and R, 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; Cao, Cag, OF C,g 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. Alow molecular weight branched alkenyl 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 fow




N-Z- W 0 51 wherein Wconprises one or nore of. R-NR3 Nand R4 5
wherein R is a polyisobutenyl group having fromabout 8 to about 32 carbon
‘atonms or a mxture of |ow nolecul ar wei ght polyisobutenyl groups having
from about 8 to about 32 carbon atons derived from a polyi sobutene having
at least 50% of the nethylvinylidene isonmer plus tri-substituted isoner; Z
Is one or nore polyam ne |inking radicals; and wherein R3 and R4 are

i ndependent Fplagvidrpigigihidelyisnhufenesthavingfram aboub 8o abews32 ¢gMBAYI or taken
together, agfomdliidrén MasPabduBosBdr Tl BIARR Hodbf MndiiBohutbhsp. 20
The conposition according to claim 19, erein R conprises one or nore C8,
Cl2, Cl6; CeompGgemethyhipgideoe dsomear plustripgubsiiuéed isopti ti on according to
claim19, wherein Z is a polyam no radical having fromabout 3 to about 7
nitrogen atons and from about 8 to 20 carbon - atons. 20 22. The .cenposition
accordi n§ t 84clthemprdduad pratfucedbygagimedss accardgiol) yaniaino 28adhewdin tHeavi ng from

0 o 2o PR PR AR ke B OB e B R ™ 2
prepar ed ' by palyjsbheiess, whepn stilegst abeacsi Ngofthewisfitlicbatdofthe di ¢ r eagent
e L el (TR SSUL AL vel L ORI SSRUY e AU NG i gsangut 8 to
© or with a mixture of low molecular weight polyisobutenes, wherein at least
10 about 50 % of the olefinic bonds of the polyisobutenes comprise

methylvinylidene isomer plus tri-substituted isomer, occurs in the presence of

oy ' C12 alkyl benzenesulfonic acid.

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

[P

_ mixture of low molecular weight polyisobutenés comprise methy!vinylidéne
25  isomer plus trisubstituted isomer; and (b) reacting the product of (a) with a

polyamine.

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

30  Cy2 alkyl benzenesulfonic acid.

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

maleic anhydridé.




about 50 % of the olefinic bonds of the polyisobutene conprise 30
nmet hyl vi nyl i dene i somer plus tri-substituted isoner, or wwth a m xture of
- low 52 nol ecul ar wei ght pol yi sobut enes 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 nethylvinylidene isomer plus tri-substituted
isomer. 5 24. The product produced by a process according to claim23;
Wwherein the reaction of the unsaturated acidic reagent either with a | ow
nol ecul ar weegm|ubﬂcétmgsmbj¢hmmemow@emhemgta inafs rbatisf adoivedf the
olefinic bolg% ﬁlsobutene co qg; se net.hyl vinyl.idene isonmer plus
tri-susbsti @at"?%‘a f ANINRT AMRIERE Ofte SRCHHFIR P weght
pol yi sobut enes, mhereln at | east 10 about 50 % of the ol efinic bonds of the
- pol yi sobut epes conpri se nethylvinylidene isoner §Ius tri-substituted

i somer, dccaPs A HbHGAling copeent@te pomprising frem H) 10,90 we Yz éhleul f oni ¢ aci d. 25.
The pr oduct cOMPESESH oPaifh %Qﬁ@%nﬂﬁ?fyﬁﬂg %Qaf%h% n?t?dﬂd@ﬂ?r einthe 15
ydrid 26.° A 1ow nol ecul ar wei ght

unsaturated acldic reagent is nmaleic an
branched al kenyl succini m de produced by a process conprising: 20 (a)

reacting ansinadhil A-Bdn@ft UofphEAGERingk LhBle ot MCJ%@%MQ% gar wei ght

pol yi sobutene or wt IPOW roP &6 Ul ol'y1'so ut enes
whi ch  cont bgiling ntﬂlea@uu& offramo ahanthSOBI’z’tcna@mJErarmitfm alanut Svealmiut at | east

about 5 %, of bonds. of t 1 oy, nol ecul ar wei ght pol yi sobut ene
or the P?*n X?@yvgsggﬁp?.g FB“@S&F&?‘"%’%H{]&B'HP %'sobutends conpri se
nEthyIvinyIidene 25 isomer plus trlsubstltuted i soner; and (b) reacting the
product of The | ow nol ecul ar, wei.ght branched

~al kenyl suc nﬁdv%l@aﬁ?%er?eé@pw cwe&egg aJpaigr ARyt S 4 olfeh 26, wherein
“feaction (aubACAINGS/idddsiy 8nd BRFRHCAN SNt of the succinimide of claim 26.

- 15 33. Alubricating oil 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 {o 10 wt. % of an organic diluent.

35. A fuel concentrate comprising an inert stable oleophilic organic solvent
boili_ng in the range of from about 150°F to 400°F and from about 15 to about.
' *“ﬁ - 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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30 C12 al kyl benzenesul fonic acid. 28. The | ow nol ecul ar wei ght branched
al kenyl succinimide produced by a process according to claim 26, wherein
the unsaturated acidic reagent is nmaleic anhydride. 53 29. A lubricating
~oi |l conposition conprising a nmajor anount of an oil of |ubricating
viscosity and a minor anmpunt of the succinimde of claim19.--- 5 30. A

l'ubricating C rate r|S|n from1Q to 90 w. % e . conposition
of "ol o m 1938nd FiPtion 56FHRE GoRPoSuph Eolnang gamabrut b 10k o
concent r at e perdpE bthBGildhyi SiRicinicaal lderivhtRentTicldim 10dripa rajerdmienmit  boi | i ng
in the range_of from about 150F to 400F and fron1aboHt 5 to about 10 70
wei ght per CQB?" eempHeing gdeactarRydeule id6na Hansmissioniiyidy, § cating oi |
conposition conprising a najor anount of an oil of [lubricating viscosity
and a m nor anount of the succinimde of claim26. 15 33. A lubricating
oi | conposition-conprising a major anount of an oil of lubricating
viscosity and a m nor anount of the al kenyl succinic acid derivative of
claim1l. 34. Alubricating concentrate conprising from10 to 90 w. % of
the product of 20 claim1l and from90 to 10 wt. % of an organic dil uent.
35. A fuel concentrate conprising an inert stable ol eophilic organic
solvent boiling.in the range of from about 150F to 400F and from about 5

- to about. 70 weight percent of the product of claim1l. 25 36. A nethod of
repelling 1iquid fromthe surface of a paper product conprising: applying
aliquid repelling effective amobunt of the al kenyl succinic acid 30
derivative of. claim1 to the cellul 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 |l ess than about 101. 54 37: A friction nodifying
conposition conmprising fromabout 0.1 to 10 weight percent of the_ al kenyl
succinic acid derivative of claiml and a major amount of oil conprising a
tractor hydraulic fluid or a transm ssion fluid. 55 LOW MOLECULAR VEI GHT
BRANCHED ALKENYL SUCCI NI C ACI D DERI VATI VES PREPARED FROM LOW MOLECULAR

VEEI GHT POLYI SOBUTENE AND UNSATURATED ACI DI C REAGENTS ABSTRACT 5 This
Lnvention 1S SOAMGLEERLARMLGEI BRARCHED AMRENL SIRTGREE AieTY!
succinic acid derivatrve at nmay bé prepared reacting a | ow nol ecul ar

wel gt POl YT SODBIRRGATIVES P ARED BRORPOUIW RMOIECUEAR WEIGATRON "t OrTs,

and wherein at |east about % 0 I ni ¢ bonds of the polyi sobutene

~conprises met hyl poiywhs 88UTENI2 ARID enﬁmmﬁemmmﬁhmems wi'th an 10
od of ma -

0

unsaturated acidic reagent and neth Ing sanme, resulting in al kenyl
succinic acid derivative isoners, ?,{éis.@{&e\f./ mol ecul ar wei ght branched
al keriyi succinimde and. met hod of nakKing sane. 56

5  This invention is directed to.a new low molecular weight branched alkenyl
succinic acid derivative that may be prepared by reacting a low molecular
weight polyisobutene (PIB} having from about 8 to about 32 carbon atoms, -
and wherein at least about 50 % of the olefinic bonds of the polyisobutene

comprises methylvinylidene isomer plus tri-substituted isomer, with an .

10 unsaturated acidic reagent and method of making same, resdlting in alkenyi-
succinic acid derivative isomers; and a low molecular weight branched alkeny!
suceinimide and method of making same.
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