17 August 2006 POLYMERI C DI SPERSANTS PREPARED FROM COPCLYMERS OF LOW
MOLECULAR WEI GHT ~ POLYI SOBUTENE AND UNSATURATED ACI DI C REAGENst 2006
'BACKGROUND OF THE | NVENTION This invention is directed to a new | ow

nol ecul ar wei ght copol yner (The PI B/ UAR copol yner) that nay be prepared by
reacting a | ow nol ecul ar weight polyisobutene (PIB) having | ess than about
32 carbon atonms w th arOLWYMERIC DISBERSANTS PREFARED N t he presence of a
free radical initiator. No chain 10 transfer agent is. required to prepare
t he | ow nol ecul ar RROKHIOPOBY MERS QFpbOWMIOLECISL AR BVEMIH T opol ynmer may be
useful as is, or as an internediate for (1) polysuccinimdes, (2) _
detergents or diRPEYESOBYTENE ANDAUNSATURATEIEASIDICIREAGIGINTpOI nt
depressants and (4) surface sizing agents for paper. The PFB/ UAR copol yner
may be used by itself or as the ester, amde, imde 15 or netal salt

derivative of the PIB/ UA ?ﬁﬂ‘?h%ﬁ q%rﬁ-lﬁr:ﬁﬁgylﬂcﬁQUAR copol yners are
of'e

liquid at anbient terrpera{\ure nown fin/unsaturated acidic
reagent - copol ynEfis m@ﬂip@snstd:maedrtma rb@uﬂrvep@taﬂldnwenge*acbbmignan al pha ol efin

with an unsatur aci dic reagent .in the presen a free radlcal

it ator O SlEaRR ot Ga0GRY b hspaal Y debdte o RaneESyaE

tenper at ur @eigdt pbisobeRhe OP1B) hading$&dsviBBh aBbutddd &8BéR aldhRwitianr eaction is
carried out neat, the resultant copolynmers have a hi Fctlh degree of

pol yner i 7 ateAural RAdiF ssagans in the presegieechritre mdivpEntiaioy Mo RIFA nol ecul ar
wei ght 4o Tr Q‘Qhéf{ePé\%‘?&!r‘tYS r Llréd %Eaﬂﬁﬂé‘?&mmol 1M'Wél<\';l\a¢iiBthRl ower carbon

nunber 25 or l'ar wel ght for a copol yner s desired; it was
necessary tepalgeer. JheHPABhJﬁsR apflgneagantbedigefulgs iher espol yrrer prepar ati on

to pronot em?é}ﬁ’le'a até 'fcﬁg'? e;%lyﬁu-gmnﬁn 8%5 b@gé&gf’%&{?&of‘é\@ﬁé} ér{té Wﬁ ﬁﬁ’ent causes

such copol ymer's ower Rt T2 At ion, results in
a | ower cao:bfnels (ﬁJrnmenr paintideprbsaseits mmdl (a@dua‘acave:zg\lgtageﬁ& far papeT. t enper at ur e

O Lot oSS % b e R FSL il SRR ey er e
nunmber jandol @wtarehiegedaitivaet wﬁtPtBTwﬂHIdop@@mdr.yﬁretémd PIB/UAR
copqumers are liquid at ambient temperature.

It is known that olefinfunsaturated acidic reagent copolymer
compositions may be prepared by reacting an alpha olefin with an
unsaturated acidic reagent in the presence of a free radical initiator. This

20 - reaction is typically carried out at elevated temperatures either neat or in a
solvent or diluent. When the reaction is carried out neat, the resuitant
copolymers have a higﬁ degree of polymerization, which results in a
high carbon number and a high molecular weight.

Traditionally, if a lower degree of polymerization, lower carbon number

25 orlow molecular weight for a copolymer was desired; it was necessary to use
a chain transfer agent during the copolymer preparation to-promote chain
transfer. This is because the chain transfer agent causes such copolymers to
have a lower degree of polymerization, which results in a IoWer carbon-
number and a lower molecular weight.

30 A high temperature of reaction may be used alone or in combination
with chain transfer agents to encourage a fow degree of polymerization and
the resulting low carbon number and low molecular weight. Traditionaily, the

key factors used to influence the degree of polymerization for a

-




. key factors used to influence the degree of polynerization for a 1 17
August 2006, 1 copol ymerization reaction were conbi ni ng f rature
*and particular 2 chain transfer agents selected for the d%gree 0

pol yneri zation they inpart. 3 One draw back to using an al pha olefin to

prepare the copolymer is 4 that the resulting copolynmer is typically a

gl assy spol i I d copol yner
Gannot o Hopgmiizatof RERbHert Sompintls AR1ERpE AT MR AuaH. T Pl

Bef or e faur té¢hain ransfesagarnds salectsid fdr theptsigyereof polyrhesdzationtibepimpeght t o a
‘consi stency tha ' ' ' lished b

heat i ng%t hg sol |tO opo y%%ﬁ%lgﬁgh%é?g]%ﬁnétoﬁ%qé‘gttﬂgcggﬁgrﬁ% 'ﬁg poi n%/ or
usi ng a4so|tha’m1en'eSLdilmgsod:pmyme: istiggitallyg glbssycsid| yAreslid soplyinesr is 10 cost |y,
and the ddlt f a solvent .is often not a%ti al,. T{}isis because it is
11 Gosis annieRBaile hBoathd S i Sasver Gfoof hEFebiRr el Bpaesdoeq. and
the 12 gsolregdiy ét@nbt@nth@n’iijeﬁﬁﬁﬁ@d Béfoﬂerfuﬁnémaeésw% SdligHopWiyirer

environnental 13 regul ations. 14 The Pl B/ UAR copoly i's_an inprovement

“over al pha haisdeibg br@@*&éﬁé‘l GARsistency ﬂt‘%&a’“?é@%@éﬂ‘i’ed%?@w sthigmay bg chai n
transf erg agRbm gﬁsr{&tby ﬂ@atfrf’g%brs%ﬁd% rﬁ@lairoea fg’ﬁﬁ}éaéﬁr%’ﬁﬁ%‘%’ﬁﬁo' gl ymer at the

desired. | ow nol ecul ar "17 weight. Fur , sinc polynmer is
“liquid, %t melting poinkerdsiag @ &Cﬂﬂeﬂlip @B%@vﬁ e Heptingt®y eonRlyrogrds pitem by usi ng

addi ti Ol'?)al oc{&@@h a9|d tﬁggﬁaﬁoﬁg)lf Yi%ﬁvengg &@58’[0‘? PHI:?’CEI Blthlljélghbe%gg%%gﬁ{ : : ggted

Since no s t'1s require renovin
necessalrly eleshable tdnelﬁow’dnel sujvent befoys ﬂteca:dpoﬂyrmm hseeasﬁd agdahe®l B/ UAR

dor i vathye YohBafte< R ARG AEa0A R e SoBt SRy SR AR Lot ni i de by

reacting alfegmaﬁﬁrgfl n 24 prepared copolymers wth polyam nes and al kenyl
or aIkyI succinic acid 25 derivative. These advantages include: (1) no
chai n tlfansfer J@eﬁleReamlww isoqn improyesaertovenalbbegleltR copol yner

havi ng {he c@E§I&ﬁ1‘%¢s inQWorFBE;?@éﬂs aBukkistHal ly, a ch chairfishsér aéééﬂ?sﬁné the Pl B/ UAR

copolymer is liquid, 1t does not requi melting or e addition of a
~ sol ventlébefrequireditopaepase the EIBAARedolimgratibe desirddiosemalegulapd (3) since

sol venty ;i s Jaelnt” eAhLE glncy}ﬁe PIBNAK cHR55mERE fA4CitiondE erc%ggélrﬁ %

18 dissolve the PIB/UAR copolymer by using additional heat or addmg solvent
19 before the PIB/UAR copolymer is used. Since no solvent is required, the step
20 of removing the solvent is not necessary either.

21 Preparing a polysuccihimide by reacting a PIB/UAR copolymer with a
22 polyamine and an alkenyl or alkyl succinic acid derivative offers several

23  advantages over preparing a polysuccinimide by reacting alpha olefin

24 prepared copolymers with polyamines and alkenyl or alky! succinic acid

25 derivative. These advantages include: (1) no chain transfer agent is required
26 to produce the PIB/UAR copolymer having the desired low molecular weight,
27 and (2) since the PIB/UAR copolymer is liquid, it does not require melting or
28 the addition ofé solvent before it can be used to make a polysuccinimide and
29  (3) since solvent is not required, the solvent does not have to be removed

30 thus eliminating handling or disposal cost.

31
32 SUMMARY OF THE INVENTION
33 Disclosed herein is a new low molecular weight copolymer (The PIB/UAR

34 copolymer) that may be prepared by reacting a low molecular
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30 thus elimnating handling or disposal cost. 31 32 SUMVARY OF THE

| NVENTI ON 33 Di scl osed herein is a new | ow nol ecul ar wei gfit sgQRPGEET (The
PI B/ UAR 34 copolyner) that may be prepared by reacting a Iov\@"g %ecul ar -2
17 August 2006 weight polyisobutene (Pl B) having |ess than about 32 carbon

at ons W th'e@ht palymbureaéeabxsymhvmgr %%gethbnlabédi%ﬂ)r@b'iﬁ&i?%t&ﬁs awafrr %ﬁ radi cal
initiator, trans%j‘golp ent is required to prepare
y

nol ecul ar R}%‘&ﬁ W@’@Aﬂag rPreseice @) B/fm?’%%l'wﬁ%tprnd‘g‘o t?Ea’[]sef ul as

i's, or astramférdigentiztiequited @ plebhre Rl W& URGLAIIAY Waight ERYUARIRPEIGALE OF
pour point “depressants and (4)

_dIS ersan e 0| or fuel
sur]l‘o ace s?@? r@é‘}gﬁt?pf) Mesapay . BE!'H&"#—N‘ B‘?SUA%R eo@s Pheitermedialie fors€d by
itself orp(aysmhamﬁﬁsar(z) deterlents of die e@éntaﬁbualubéaént oudﬁrelsvils) yﬁ:rqiot:ﬁthe

i en

Pl Bl UAR 0 Pl.B/ UAR co
t enper at u eﬁ%g%rﬂ]%gﬁtsﬂﬁgcq RAYY \écfpr gfap%quél' hBrE:‘%MRlGHQ@'WF‘PbWaYt here is
provi ded be aswmwmelf or aamdlgstéménWﬁﬁﬁé Srondtl st derivativetf theTﬁIB/L(J)AF@ M X

wher ei n: e i cal ferent and are each -OH, --0-
hydr ocar b‘fﬂp ﬂ'e ﬁf—&% COPOM“erd?ay@\hﬂ id@lnarientipmpPeRiYEe equi val ent of
one or nore ”EAéHo%mg?{@H)ﬂb%eé‘trH?t@%@&nt%&hﬁﬁsthe@fé e?%%'&ﬁ,ﬂ} f-oget her

as -0-; nis a whole integer from1lto 3; one of sobut yl
‘havi ng | eBayving{he gsneralfp atons and the other one of R and R2 is nethyl;
mis a whole integer of from1l to 3; '

X X
O
Ry
R \‘Ter.
E
- —m Iy

wherein:

Xand X' are identical or different and are each —OH; —O—
hydrocarbyl; —NH,; —NH; —Cl; —Br; or —OM+, wherein M+
is one equivalent of one or more metals, amimoniums and amine
cations; and X and X' taken together as —O— ;

nisa whole mteger from 1 to 3;

one of Ry and Ryis polyisobutyl having less than 28 carbon atoms and
the other one of Ry and Ry is methyl:

m is a whole integer of from 1 to 3;

X is a whole integer of from 1 to 20;

~Int. is an initiating radical; and
Ter. is a terminating group. |




X is a whole integer of froml to 20; Int. is an initiating radical; and
"Ter. is atermnating group. 3 17 August 2006 |In one enbpﬂkﬁg,ﬁgzoddﬁere may
be provided one or nore PIBMAR copol ynmers having the general “formnmula: x x
int P2 Ter. n Mx wherein X and X conprise one or nore of: -OH
- 0- hydr ocar byl ; , Wherein M+ conprises one eqw val ent
of at |east ondBfe ﬁmbﬂgf‘"ﬁf‘t tW%p&ﬂﬂd%?%orda?rﬁﬁB /UHRICOPOlRE Xt aken
t oget her &avin@the gehetfifidfiukes a whole integer from1l to 3; Rl conprises
met hyl ; R2 conprises polyisobutyl having | ess than 32 carbon atons; m
conprises a whole integer of from1l to 3; x conprises a whole integer of
from1l to 20; Int. conprises at |east one initiating radical; and Ter.
conprises at |least one termnating group. The PIB/ UAR copol ynmer nay
include either RL and R2 that conprises 3a 17_August 2006 nethyl and the
other of RI and R2 that f:~orrpr|ses pol ¥ sobutyl having about 5 to about 25
carbon atons. The Pl B/ UPR copol yner may[be |iguid at anbient tenperature.
The Pl B/ UAR copol ynmer may conprise one|jor nore of an am de derivative, an
ester derivative, an imnmgde dej vdive @nd a tal salt derivative. The
Pl B/ UAR copol yner may ha egree of | polymerization of about
1.1 to about 20. The PI B may haye|a nunber average nol ecul ar
31

wei ght of about 231 to i corqﬁin 0 a second aspect of the
present invention, ther:¢

Int-7]
" Ter.

wherein

- Xand X' comprise one or more of: —OH; —QO—hydrocarbyl; —NH2; —CI;
—Br; —OM+, wherein M+ comprises one equivalent of at ieast one of a
metal, ammonium and amine cation; and X and X' taken together as —O— ;
n comprises a whole integer from 1 to 3; R1 comprises methyl; R2 comprises
polyisobutyl having less than 32 carbon atoms; m comprises a whole integer
of from 1 to 3; x comprises a whole integer of from 1 to 20; Int. comprises at
least one initiating radical; and Ter. comprises at least one terminating

group. The PIB/UAR copolymer may include either R1 and R2 that comprises
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copol ynmer prepared by the polynerization of a. one or nore unsaturated
acidic reagents and b. one or nore polyi sobutenes having 'ﬁﬁfg&%ﬁzs
carbon atons, <c. in the presence of one or nore free radical” Initiators.
The PI B/ UAR copol yner may be prepared by the polynerization of one or nore

unsat ur at L.dj r . ' | ess
Lhan aboueyBt afling BRI R Al ReAnaE ARERSPO pHNROBTREV B 5 | o

i niht i at Frm.ab“bﬂut%mbtbmammsl a?héd?lB/lnARgﬁmoflymgrh iy kgidrat ahrbli)anhydri de.

" The pol yi sobut ene ri ses m xture further conprising about 5 w.
%t o aboJ@%rakure%r%ﬁ%d"ﬁ/ﬁeﬂeaxmmas%:%paﬁ%eﬂeﬁ ngre @ham2H24;  about
20 W . % 4 idRbear Q : ; ; . . %
C20H40; a @{Jt 2 V&a%og/oe}["%ng ?(()-;ﬁj @éééwﬂve%%%gﬁﬂggg:gﬁtﬁ éa%%%tgqgé?jrg\? N\f%)to about
2 w. % Ghaiabive THheRIBAUARxapaismanmay kavecampréragealagrae of e havi ng a

nunber aver,age .nol ecul ar wei ght 0, ou 0 about 240. The Pl B/ UAR
Copol ynrPaereRiTLpLAtatel,  f abaitetratie PIFIDAR Bafolier X AP E 11 s
amount - of niABEE Methgd ndbilar WaRHR BF abblh231 td ABSuIRYPs. of pol yi sobut ene
having | ess than about 32 carbon atons, nore preferably |ess than about 28

carbon atons, Acporiding tor & s2eosd @abpert fofribé presanntinhtidr, dRencaidi p@lidediid | at or
mer and a second step of reacting a

to for ma (f)li I’S't rlei q_uci’g | B/ HJAR C(E)fnol%/f

portion SPOYRET REPLEY PY qif P Br AR opol yner with a second anount of
unsat ur at eda, asiglbemoesoAshturated eRi¢ réadais apll pol yi sobut ene having | ess
t han about 32 carbon atons, nore preferably | ess than about 28 carbon

atoms, in tRe O @s@RER Polyisgbytansschaving lessdhan 28«carben atomseni tiator. 4 17
O e 0o, A6 PhEMRed g By BREpes lphlfgBigec | nversy o (e e

The PIB/UAR copolymer may be prepared by the polymerization of one

“or more unsaturated acidic reagents and one or more polyisobutenes having

less than about 32 carbon atoms in the presence of one or more free radical

initiators. This unsaturated acidic reagent may comprise maleic anhydride.

"The polyiscbutene may comprises a mixture further comprising about

5 wt. % to about 20 wt. % CgHqs, about 35 wt. % to about 55 wt. % CqaHos,

about 20 wt. % to about 30 wi. % CigH3p. about 8 wt. % to about 15 wt. %

CzoHao; about 2 wt % to about 8 wt % CpsH4s. and about 0.5 wt % to about

2wt % CagHss. The polyisobutene may also comprise a mixture having a

number average molecular weight (M;) of about 150 to about 240. The

PIB/UAR copolymer may be prepared by performing a first step of reacting a

first amount of unsaturated acidic reagent with a first amount of polyisobutene

having less than about 32 carbon atoms, more preferably less than about

28 carbon atoms, in the presence of a first amount of free radical initiator to

form a first liquid PIB/UAR copolymer and a second step of reacting a portion

of the first liquid PIB/UAR copolymer with a second amount of unsaturated

acidic reagent, a second amount of polyisobutene ha'ving less than about 32

carbon atoms, more preferably less than about 28 carbon atoms, in the

presence of a second amount of free radical initiator.




X wherein:
pol yi sobutyl havi ng
R2 is nethyl;
of from1l to 20; Int.

nis a whole integer form!|

to 3;one of R and R2 is

l ess than 28 carbon atoms and the otfef ®k R and
mis a whole integer of from1l to 3; l\5\%{§f92e|nteger

is an initiating radicals;

X 1S

and Ter. is a

term nating gpeiRRding rkooaethﬁarb&%emﬁ thé nﬁeé%hB/.MRu&pp%w prawaeanl 80

conprlse one or nore COpO

yners

havi ng t he general

formula: Int:1 Ter. L

L- ml'- CTPP'K"%M@P’@BW%%F%?‘?% ‘a whole integer froml| to 3, Riconprises

met hyl, R2 conprises poly
conprises a whol e integer

froml to 20, Int. conpris
conpri ses one or nore tern
met hyl and the other of R
2006 polyi sobutyls having
copolynmer nmay be liquid a
be prepared by reacting nj

Lsobut yl

from |
S one or nore
nati ng groups

havi ng | ess than 32 carbon atons, m
t o8, [ [

R2 may al so conprise

e or nore 5 17 August
rbon atonms. This Pl B/ UAR
Thi s Pl B/ UAR copol yner nmay
e or nore polyisobutenes

having | ess than about 3g
in the presence of one or’
copol yner may have an aver
about 20, nore preferably nd average nol ecul ar

wei ght of about 231 to about 10, 920 The pol yi sob#t ene used to nake this
Pl B/ UAR copol%ﬁﬁ rdlBY conprise about 5 wt. %to about 20 wt. % C81HI 16,
about 35 wt. about 55 wt. % Cl12H24, about 20 wt. %to about 30 wt. %
C16H32,  about n&s atwhdle integdoformlbtond;ondERIHHY RalsopolyBobltyVhbeingbout 8 wt

% C241- 148, and abput 0.5 wt %to about 2 wt. % C28H56. TheRpoI yi sobut ene
used to make this lessthan 28 carbon atoms and the other one of Ry and Rz is

Tetors. This Pl B/ UAR
ilzation of about 1.1 to

methyl;
m is a whole integer of from 1 to 3;
X is a whole integer of from 1 to 20;
Int. is an initiating radicals; and
Ter. is a terminating group.

in one embodiment, the PIB/UAR copolymer may also comprise one or more
copolymers having the general formula:

o)
R
k-7 ‘A\ :
R | }Ter.
~  —n
— —m
— ~ x

wherein n comprises a whole integer from 1 to 3, R1comp;’ises methyl, R, comprises
- polyisobutyl having less than 32 carbon atoms, m comprises a whole integer of from -
110 3, x comprises a whole integer of from 1 to 20, Int. comprises one or more-
| initiating radicals and Ter.-comprises one or more terminating groups. R, and R; may

also comprise methyl and the other of Ryand R; may comprise one or more.




Pl-B/ UAR copol ynmer may have a nunber average nol ecul ar weight (M) of about
150 to about 240. This Pl B/ UAR copol yner nay be used w tfq‘gﬁt@éﬁ t ene
having | ess than about 32 carbon atons with maleic anhydride in the
presence of one or nore free radical initiators to make nore of this
copolymer. This Pl B/ UAR copol yner nm be prepared by performng a first
step of rBS¥EPRYYIS hevingabeut ?7‘@@?@85% $8mEN alersint Mhist PIRYAR Ferel¥@enci di ¢

reagent Widy b2 liquidsdt apibisht terfpera@be/ | HOO ptEﬁﬂARtbagbweL B b?td@hr@pWE h32
carpoon atons, In e

carbon atons,. mr&y@rﬂ{ﬁ{ygr_‘?m? | ess than about 2

presence Giacing ma ride wth ppe.gr MmoeR RokYIsqbiteneg haying éese dramabort 3%t | qui d
Pl B/ UAR  eapeh withis, fitfle pref@@BR8sdafibndtons as tdgredeRRIdf A8 oPfnotded i 1 St
liquid Pl B/ Uéf. .gé)gol erfr, V\e)taz second anmount of unsaturated acidijc
reagent , - PUR JAHRQFount Mgt P! Wﬁ?i e eMREVING PBsAVEragH 988E5¢t B2 car bon
at oms, nDpElyRERLAILARI MbbESE 1 th aBoutadd) Wiored BreferabR Mb3LONS o iaBolith) Aiesence of
a second anobunt initiator. Accordlré 0 a fourth aspect of

B’}%I f\rqlee radi cal t g tg
the presefAYSTRIR BIISCHRT Wetat 8F pROY 28 iteabed 182Pnehne Relisobyleng aisg@ fer al
formul a omaké khid PIB/UARcopblymenhfiy@iofipriYé bBout & C b 40006 e sicgMR
consi st ng of ..R.ard wherein: R is at |east one of one or nore pol yal kyl s
and one ofPeHrRE WiHél 'félq{’éhgé Wiather el 8B 38 WaPacln 2boshd0 pé1 Pt eldnes each
have a nabas@ wi W& ghdutab vt A €53, WBOG: 2 Bt % fo IR It B9, PaMdyi sobut yl
having | ess than 28 carbon atons; . .

about 0.5 wt % fo about 2 wt. % CyxHss, The polyisobutene used to make this

PIB/UAR copolymer may have a number average molecular weight (M,) of about 150

to about 240. This PIB/UAR copolymer may be used with polyisobutene having less

than about 32 carbon atoms with maleic anhydride in the presence of one or more

free radical initiators to make more of this copolymer. This PIB/UAR copolymer may

be prepared by performing a first step of reacting a first

5




Zis a polyannine linking radical rn is a whole integer of froml to 3, n
is a whole integer of froml to 3; 6 17 August 2006 X ip; % 6|nteger
of froml to 20; Int. is an initiating radical; Ter.is a ter |ng
group; and wherein R3 and R4 are independently hydrogen, alkyl, phenyl, or
t aken t ogempent ofresatulaked agidic reaggnt/withaa firsh gmguoigf .polyrsobutene hiamdg feeat | t here
may be pr o] ' t | a of Irt
i SBRULS o GmR b b rell ks’ o BBUCHE ot PR R ompr 1 ses
at Ieast t'ilﬁd)f@fensﬁ@fc&ﬂﬁba{proﬂ qfd’l‘dwtesiimhmzttaltm torform edfirstgigLidaPIBAMER wher ei n
the pol yal I e cyl ar | east
1000; R1 c |eggésh dﬁ% ﬁ%&ﬁéﬁgoﬁcp%agﬁysge poPgﬂngbﬁt@' ﬁﬁ \}3‘#{‘3 ﬂé’é@% han 32
carbon atepe Y@th\m seepndareount ofronsatyetedaaddic edgenk arsgcomdbainocaitof m
conpri ses r { eger of
From 1t PHiche Boiiflost inad B0k 42 cafoh SR, SESPRMR foos' BREDT cos
one or mﬁl’@utmw@h atprsidindbe presdmge. of(acnqcond;amoumsofcﬁneem:ml intitatori nat i ng

d de |
2yt~ phenyl g a TR o R etog. SRR RE o Aot T &

having the general formula of:

[— w — N
| ——
z i
0]
R
1] \‘/{\\
R | [Ter
— -n
[ Am
— —X
wherein:
w is selected from the group consisting of:
R
0 —N
| and Ry
wherein:

R is at least one of one or more polyalkyls and one or more
- polyalkenes, wherein the polyalkyls and polyalkenes each have
a molecular weight of at least 1000;
R is methyl; .
" Rzis polyisobutyl having less than 28 carbon atoms;
Z is a polyamine linking radical
m is'a whole integer of from 1 to 3;

n is a whole integer of from 1 to 3;

6 .




pol ymer may be a part of a lubricating oil conposition conprising a major
amount of oil of lubricating viscosity and a m nor anountjph,tiSodye! ymer .
This polyner may al so be a part of a lubricating oil concentFfate
conprising from about 10 wt. %to about 90 wt. % of this polyner and from
about 90 wt. %to about 10 wt. %of an oil of lubricating viscosity. This
pol yner may al ¥ostewholegategespf flomukko @8hcentrat e conprising a maj or anount
of an inert stghl o} il rgani ¢ solvent boiling in the range of
about 150 degr gﬁ"s@lﬂn |b§%ﬂ§g5%c§ﬁc%oo degrees F. and a m nor anmount of this
pol ymer. This PeRisWRRrmbeativigygretupnayd al so be post treated with one or nore
cyclic carBonat&sﬂg one Cfﬁr nore |inear nopno- or poly-carbonates under
reactive WBAGIN ol Rerredndarepdrntyhydiooen 7iut. pheav: wdakandpestaerire. A

pr ef err edalgylehé B §ivd BaRghUbs et hyl ene carbonate. This post-treated

di spersant -may be a part of a lubricating oil conprising a m nor anount of
the post-treated dispersant and a major anount of an oil of lubricating
viscosity. Thelr dHY dntsddirigntOthbreCABE BAHFVIdRd BRY of HIERS p&ifmersHalingligit 10 wt.
% to about 90 \C/;yt % of this post-treated dispersant and from 90 wt.%to
about 10 9E"YAIP MBS 1 of Iubricating viscosity. Thepol ynermay al so be
post-treated with one or nore of boron oxide, boron halide, boric acid,

and esters of boric acid under;reactiwe coRditionsjto formone or nore
post- treated dispersants. Accgrdinglio a flifth gspect of the present
invention, there is provided a g|prepdaréd by reacting a m xture
under reactive conditions wher ure cqnprises: a. one or nore of
an al kenyl acid derivative and inicla¢id derivative, b. one or
nore copol yners of (1) one or idic reagents and (2) one
or nore polyi sobutenes having | n|atonms, and C. one or
“nore polyam nes. Discl osed her gt r|preparing one or nore
succi nim des conprising reatting a m xture e}{?,cti ve conditions in
the presence of one or nore frige radical i ors;  wherein the mxture
can conprise one ore nore of at |east one n

X
wherein W comprises one or more of :

R

| ad Ry

wherein R comprises at least one of one or more polyalkyls and one or more
polyalkenes wherein the polyalkyls and polyalkenes each have a molecular
weight of at least 1000; R1comprises methyl; R2 comprises polyisobutyl
‘having less than 32 carbon atoms; Z comprises one or more polyamine linking
radicals; m comprises a whole integer of from 1 to 3; n comprises a whole
integer of from 1 to 3; x comprises a whole integer of from 1 to 20; Int.
comprises one or more initiating radicals; Ter. comprises one or more

terminating groups; and wherein R3 and R4 are independently hydrogen,

6a




7 17 August 2006 al kenyl acid derivative and at |east one al kyl succinic
acid derivative and one or nore Pl B/ UAR copol yners prepafeg @étj@%cti ng
one or nore unsaturated acidic reagents with one or nore po][l | sobut enes
having | ess than about 32 carbon atons and one or nore pol yam nes. The

acid deri alayl, phengyohtakendogethes anahlkytenctbigivedh rimgagrbupr dfhid. 1 to about
1.4. This succini mde np’}n%/ bﬁ@@?br epared by reacting a m xture under reactive
condi t i onRONREF By be @ RATke ricipe iadlcompasition GRINBNSINIHMANeny| aci d
der i vati VamBish GbirbHUbAURRIViScaSyand'S tiGF ABunPBrt X paRfifarc YRRl YITer s of
one or nore unsaturated acidic reagents and one or nore polyl sobutenes
havi ng | epdlymieamayalee be2a partda iubticating eihcorentrate comprisaig/foines. Thi s

Succi nat i S 60 3 14 36alt o B, mlRisioamt and Fom abgHtdd s8o% obout 1.4

The unsat gi@itad WE o6 of ah SRBTIbAEMINGOAREISHY. THLhSIyAENIRAY R0 e ¢l osed
herein is a lubricating oil conposition cohprising a major anount of an

oi | of | ubait ebaifug) cpnsedisateycamprisingianvajammmint of anHnertstadeni ni de, nore

Bhout o0 tipsepieBitiantt sdlientbpgitie Bhatiar bl 0BRSS Bocr o "

Di scl osedabitrit 400 deyreésSP. ang a0mhint? aendiftlof 68 pBiniét ePhiFIB/IGAR conprise a
maj-or anount of an inert stable ol eophilic organic solvent boiling in the

range of GaReiMMarTpayalfae pest treatedomith aue casresyclic cathonates abr  anount
ange. o . roH 7 v
of the g elinBldeaond 6 hell Baftioliits BigRPRchi€ Bbititthb fo 8f o7 s ©

under r e onveoropoktitreated didpersamntspAgirefentsaycyeliopaisenate iy bthytergar bonat e.
Di sclosed further _herein.is a luybricating oil conprising a najor anount of
an oi | ofcArbeatesThisgpestdeenied dispaisantmay beaprh of adubmgatingsil - ¢ r eat ed
succinim K i { : 9 ; ~t+ % of
this postéﬁpeﬁinedgggﬁggfﬁmu@gbgﬁﬂﬁ p?é?ﬁ%%%%@ﬁ%ﬁs aﬁt tﬁ?‘&f%ﬁ"%%‘i%?‘%ﬂt wt. % of
an oil ofoflantoil afdubnicatingsdscosity. Theslubdsating diecenceriteatalrsay eofmpebe

concentr Foem aBalt JI(? {Nrt].%AatonafHo%rt Q%W\Btu % o?{his? goistr-]t%éte?itd%gglaeersant 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.

According to a fifth aspect of the present invention, there is provided a
- succinimide prepared by reacting a mixture under reactive conditions wherein the
mixture comprises:

a. one or more of an alkenyl acid derivative and an
alkylsuccinic acid derivative,
b. ‘one or more copolymers of 7
(1)  one or more unsaturated acidic reagents and
(2) one or more polyisobutenes having less than
28 carbon atoms, and |

C. " one or more polyamines.

Disclosed herein is a process for preparing one or more succinimides comprising
~ reacting a mixture under reactive conditions in the presence of one or more free radical
_initiators, wherein the mixture can comprise one ore more of at least one

7




ol eophilic organic solvent boiling in the range of about 150 degrees F. to
about 400 degrees F. and a mi nor anount of this post-trep gd ggdﬁgi m de.
Di.scl osed herein is one or nore post-treated succinim des pre%%lrtled y
treating succinimdes under reactive conditions with a one or nore of boron
oxi de, boron haljde, .boric acid, and esters of _boric acid. The

succi ni m TR Gl @%“@gwe;?&dt 2t leadl 8RS AASUSRINIG ACLAaNSHIVE GshoRs de,
boron hal igjenokOPIETUAH s &S bedrsyred@t L hd- oDl inis

al so lubricating oil cqrrpetlﬂg'?ﬁg E r‘gdjr%r bg%é%ﬁn%‘?hgoqu[ﬁ@% ﬁﬁﬁi}lca‘%fng

Vi scosi t y agitlic aeagerds withoane wfmohe pelyisobotariesehadng lese tiadabouth32 a bor on

d. Di d herein is al f yel trat i Si i
anount - of APThATETS AR CESHTeBRS PPBaBiiER; ANSGIHLAENYINE MEVITRER: T ange
of about slbBine&eH ¢8%o bf dvoubhwh 14000 dawieess F TREGIRCNiIMRIe AEYUE of this

i
succi nim de that has been post treated wth one or nore boron conpounds. -8
17 August Prermred Rycieegling aymixdurs waderaepelive einditienswbeesin thewixiuren

provi des far i A as.defined in the first, aspect,
conpri si n%"ﬁ’ﬁa’@g gr?ggoonrrem t&%ﬁg'@ﬁ@%ﬁ@%‘dﬁ@é‘? 8!’5 PeabUSHECNiCEF Y ne or
nmor e pol yidesibathenesndaori mgoreesspolyhidis 28§ eaEbep bR RuNsAtdrBRdRRREACE Of
one or nore free radical initiators. According to a seventh aspect of the

. present i ARRFRNS @hdrRNG O ;g5egRalyisebuenas havimgr less taanm @gorhd2 cewedyner as
~defined i i £ SiN fd rst. e f.r i first

amopunt of %E)dnrﬂg’oérﬁanébg%zﬁﬁ%{eu‘%g%@é& gT@Sréggglbh Eitewﬁnta ﬁ < n%fs%s anount of

~one.or nomorpacid derivatives thathaved sessndtionrall8 of abbanframaatiout 1.1 te

presence of a first amount of one or nore free radical initiators to forma

first liquid copolynmer and a second step of reacting a portion of the

first liquid copolynmer with a second anmount of unsaturated acidic reagent,

a second anount of polyisobutene having |ess than 28 carbon atons in the

presence of a second anount of free radical initiator. According to an

ei ghth aspect of the present invention,there is provided a nethod for

maki ng the copol ymer as defined in the third aspect conprising reacting

mal ei ¢ anhydride w th pol yi sobutene having | ess than 28 carbon atons in the

presence of free radical initiator. According to a ninth aspect of the

present invention, there is provided a ' '
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met hod for making the copolyner as defined in the third aspect conprising
reacting nmaleic anhydrlde with one or nore polylsobutenep7$ﬁ¥ip?b(ﬁss t han
28 carbon atons in the presence of one or nore free radica nitrators.
According to a tenth aspect of the present invention.there is provided a
met hod for making the copol yner conprising reacting polyi sobutene having

| ess t haapopbl Aa%b@nnaatumedmldlcmeagar& maymoiprise maleickahpdridsence of one or

fmore fre%lS{l@Qé'&Fﬁérein%ta' I@Erﬂfaﬁn fﬂc&ﬂ?ﬂgﬁoﬁg&ﬁpﬁﬁﬁf ﬁﬁ{@%@ﬁl{ﬂe&} Lped in the

third aspec ordin even
i nvent i oril,of hbrieafing msmaltgladdan mimet bmduhmf thlslelungjnlrﬂiae anpr@l yer as defi ned

in the t e S a fi reacting a first anmount of
mal ei ¢ atﬁ%@r"f%@ %’?@0@3\?" /%Fog "Y}f%&hg{)% nor e pol yi sobut enes havi ng
| ess tharsu@&nmadbandaﬁomrabd:mgohﬁ %rt@aaameio)m 3/, Tof BA bil oR WBKBAtIGf one or nore
free radlcal |n|t| to forma first liquid copolynmer and a second step

of react ity ﬁ'%@r‘ ergifds plspane granerg fugirancaelrats that a8 econd amount

of mal ei Gopiphxdsl lﬂgoﬁaﬁloﬁnﬁﬁ%ﬂﬁe@%@ol%pfﬂﬂ?or%ém'&‘%bﬁ‘veﬁ%dl'lrgﬁﬁut enes
having | ess than carbon atons in th e&resence of a second anount of one

or nore fih@Engegiabaut 134 dedsiees k. toabaut 400 degrses Poasd aayaoramentt o a
twel fth agppeiuinihie Present invention, there is provided a |ubricating
oi | conposition conprising a major anount of an oil of lubricating

vi scosity and a ni¥higsueginiide mfayba@optairgatedvmd;mheformmiemﬁt%he fourth

aspect . resent vention, there
1S orovi (AR ol del IhRal BRG L RNRES ol na FaRRBAER B e 5% 10 90
w . % of redrmlvgobydlhonsas'l'hectmfbdrmdbs may hemfpnse'rethmmﬁrb@mief rom90 w.%to
10 wt . % | ubr i, ca i.n 0Si t Accor.di n eenth
aspect %ﬁ ?"‘111%%‘%’ fié'é*é?ﬁh‘%fﬂ'{?é%? lﬁmi%afmﬂa?' cqrgp %P@EH%@ 0?@ ﬁ&%t rate
conpri si Rpriealify ASCEHIY ARk aqh:n@ﬁamaahttof&h@@ogt-ﬁbﬁ@e@Ubéuﬁin@dé}@ﬂ'nibre30| vent
boiling in the range of 65 degrees centigrade (150 degrees F.) to 204

degr ees PBHICHEF%ROQUAAB WieYrtaabout 90 whdo & Hispestd suscinimidegiidy ner  as
Srions (SO0 BRGS0 frogFuney b IRLRIO RIS LIS
t r eat i ngherin patlsere rfU%ls:Od@tBntm@l comprising faonajohamount of an inert stable
~ oleophilic organic solvent boiling in the range of about 150 degrees F. to about
400 degrees F. and a minor amount of this post-treated succinimide.
Disclosed herein 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 esters of boric acid. The succinimides may also be

post-treated with one or more of boron oxide, boron halide, boric acid, and esters

of boric acid. Disclosed herein is also lubricating oil comprising a major amount of

oil of lubricating viscosity and a minor amount of the succinimide post treated with

a boron compound. Disclosed herein is also a fuel concentrate comprising a

major amount of an inert stable oleophilic organic solvent boiling in the range of

about 150 degrees F. to about 400 degrees F. and a minor amount of this

succinimide that has been post treated with one or more boron compounds.




aspect with one or nore cyclic carbonate or nore |inear nono- or

pol y-carbonate under reactive conditions. According to arﬁAé@ﬁ?ﬂkB aspect
of the present invention, there is provided a |lubricating oif conposition
conprising a major amount of an oil of lubricating Viscosity and a m nor
anount of the dispersant as defined in the fifteenth aspect According to a

‘'seventeenth ag resent ventlo t rovi ded

| ubri cating 0| &E%H@g % Eqrpaﬁ%‘?ﬁgﬂfsf %E‘?SFBﬁtf‘fﬁf% prgwgg .Od(%a)pf t he

post -t r eatakihgdihs pepslymer as diéihed érd tHenfitsheasgact, tc&ﬁrttrislngsrpaag\gamb Brom 90
%to 1 . Ll of lubricating viscosjt ccordi n an

ei gh(t eent & \zgéspjé%glhpaft&{]ﬁéd'ﬁrrggg?#s iAVeR?S %H mqrﬁeqnéy %6 UISPEY i (‘-5'5‘ 355

post - t r eathen 28 capleorsaiomns [ir thp presdnby of oreadn moretfiee rambatmﬁttata:s% defined i ndt he

fourth aspec ' condi tions with.one.or,.nore o or.on oxi de,

bor on har; do. AcddRid «§ BEei ABEE o BECorttan (ARG, HRRE & BovBRE

ni net eent meﬂ’gpief@t makinghtbe popalgmer as defirtadoin, thé fiest aspsct momprisiag aafirspr ocess

for prepa Gi hat ¢ r,ses. reactin m xt ure

undeP r ga%ft ﬁ\%@%ﬁ@ét%{sﬁa'ﬁ er&g|°ﬁ1e?cﬁ§"%ﬁexl{nﬁ?®r%%%?'ﬁ?ergag%{“s g’r’tﬁ %r nore of

at | east fitshamaliderfiphe acindredeiyisciiitares diaging tessdiast 28 carborh htyohesunmmi C aci g

derivativ 1 red.by the. proc as, defi ne

in the si teﬁgg%e;c;&e% dﬂgn@O?BRgh%&E’Fepfé égﬁ%g@!t'ak&gqf 'Hga S ﬁlufq/ventleth

‘aspect of cctmtéy!mr@’drﬁ séaoné stepaf readtieg @ postiqmmn‘\theiﬁm mqmd udtpal;amnvmgn oi |

conpositi an

Auggst 20 % 8\“ Saéﬂgédr[?%f ansg?drgt%dﬁagﬁ?éq%gﬁrat 158 ‘Wé’ %%‘t!'i ﬂf‘?ﬁe} &g‘ée’t?en ned in

t he fift hhaxdpetass tham:@Bcbamgprt atoanst inetheypreserse afspsetonaf armbent pofefgeent

i nventi on, adg%ﬁ{,\ﬁla provided a lubricating oil concentrate conprising from

10 wt. %'t of the succinimde as defined in the fifth aspect and
from90 wt. %A@O&dlng/vtq &b @ightin aspéct aff theilpréseat invgntion] theresist provided¢ ar ding to a

d f uel
ety oS8RI b Mo EP Sl A i bRl For GO 2 Ve
or gani ¢ s@hlgimanbysiride ngth polyisebuteme dvaving GBswl ¢are 28 aaetini gloadein( 20 degr ees
F.) to @%Sgﬁ&rcﬂ?l%e%ﬂédl%t?a‘?& (400 degrees F.) and a m nor anount of the

sucm ni m
According to a ninth aspect of the present invention, there is provided a

method for making the copolymer as defined in the third aspect comprising reacting
maleic anhydride with one or more polyisobutenes having less than 28 carbon
atoms in the presence of one or more free radical initiators.

According to a tenth aspect of the present invention,there is provided a
method for making the copolymer comprising reacting polyisobutene having less
than 28 carbon atoms with maleic anhydride in the presence of one or more free
radical initiators and one or more copolymers as defined in the third aspect.

According to an eleventh aspect of the present invention,there is provided a
method for making the copolymer as defined in the third aspect comprising a first
step of reacting a first amount of maleic anhydride with -a first amount of one or
more polyisobutenes having less than 28 carbon atoms in the presence of a first
amount of one or more free radical initiators to form a first liquid copolymer and a
second step of reacting a portion of the first liguid copolymer with a second amount

- of maleic anhydride and a second amount of one or more polyisobutenes having
less than 28 carbon atoms in the presence of a second amount of one or more free -
radical initiators. - '
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as defined in the fifth aspect. According to a twenty-third aspect of the
present invention, there is provided a post-treated sucgiznid lezo%epared

by treating the succinimde as defined in the fifth aspect under reactive

conditions with one or nore of |inear nono-carbonate and poly-carbonate.

o ovi ded” 2 1AGSPIE B A Rl S BRBE et BR I e KGPo R ot © 'S

| ubri cat i hricating osil cympositian composing reo umdjoroambirg pfoah - dir eAtddicatingci ni m de

as defineg.ln. V- 1 1 A I N 0, nty-fifth aspect
of the prgigéec{r%ft{(?ﬁ%é\rﬁ@ﬁ%rn%rﬁ%ég‘é@'?%%gr §5?§§§ﬁ%d 'ﬁt erfpgglﬁ\léﬁ%e%” concentrate
conpri si ng f résootdingio. §dhiecdth aspddt of thehwegsd inventiat, dbre d31poividediade as

defined i e 3 -1 hi > fr 9 - 9% 0 . % 0 an oil
of | ubri CQJP f'ﬁ%mé}@c%%}s‘?%@a{egﬁ%ﬁﬁ%ﬁ%ﬁ% 1(9 %&ﬂ@wﬁ%&?&%&‘wﬁr e{sne pr esent
i nvent i ondefinedrie thes fqurtbvdsged aral froml Scwhtietot T0atve %c ofham iof iof dubsicatijgor anount
of an i neCich‘o%Et?bl e oleophilic organic solvent boiling in the range of 65

I gr’

degrees cen ade (150 degrees F.) to 204 degrees centigrade (400 degrees
F.) and a mi nwcordingitota fourtednth mepecttof dat presert uiroentionyitioere as pabefdedad i n t he

t ty-t hj ' ty- t . . t
vent 1 ontde] paRRFAe CORERLAGN ridlo iR of o5 WER elbufts BREbTe olelis™y ="
treating sdleens hodingiinithe ramge dtBbndatiréas cérdigfadet (15asiegreesufiddo 20dact i ve
diti . . Y ' ' d, d

coters. of degheododtiigl (AR fecfoodt®) S o Rl HSrRB BTInE BoHRr aF SpliB T ccent
i nvent i onin théréaudhiaspgntovi ded a lubricating oil conprising a major anmount

f il | Akl ' ' ] \ . f P ted
Suce i m de. SCc® A HREGH pddibr o BB AIRHIGh, flerd RyBORES b P00
Accor di ngpasttreatededisperssinh prepasqebby tretinghthepabgrertas definediiorthe fdwethe i s

I ded | : LSd | t ' t abl

b1 copht || 2oRerCkitF 8AE BF okt By TRHCHERAoFHER, fHeaP B 0P holf PaltBRbte ' o1 ade
(1150 degunsies reaclive eon@iions.degr ees centi grade (400 degrees F.) and a minor
amount of -t heyRBRfind foSPLkRenhUspel! & HE ASeAEOGHn thetdfs Gty zSeventh

aspect .

lubricating oil composition comprising a major amount of an oil of Iubricating
viscosity and a minor amount of the dispersant as defined in the fifteenth aspect.

According to a seventeenth aspect of the present invention, there is provided
a lubricating oil concentrate comprising from 10 wt. % to 90 wt. % of the post-
treated dispersant as defined in the fifteenth aspect and from 90 wt.% to 10 wt.% of
an oil of lubricating viscosity.

According to an eighteenth aspect of the present invention, there is provided
a post-treated dispersant prepared by treating the polymer as defined in the fourth
aspect under reactive conditions with one or more of boron oxide, boron halide,
boric acid, and esters of boric acid.

According to a nineteenth aspect of the present invention, there is provided a

. process for preparing one or more succinimides that combrises reacting a mixture

under reactive conditions, wherein the mixture comprises: a. one or more of at least
one alkenyl acid derivative and at least one alkylsuccinic acid derivative, b. one or
more copolymers prepared by the process as defined in the sixth aspect and one
or more polyamines.

According to a twentieth aspect of the present invention, there is provided a |
lubricating oil composition comprising a major amount of an oil of Iubricatihg
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According to a thirtieth aspect of the present invention, there is provided
a conposition conprising one or nore copolyners as defi ngdA VE006.
According to a thirty-first aspect of the present invention, tThere is

provi ded a conposition conprising one or nore polyners as deflned in the
fourth as | | f fesent

o OnQ@E(?ISitP( gﬁ?%%ﬂbp&g&gwt%f fh&bs;uﬁ%ﬁglfrﬁﬁ@g‘gd%ﬁ%%ﬁ th3 flﬂ"\%gP%e composi ti on
as defined i nA¢qgedingia a fvearty-tiist aspect ¢i-the p@tseniasmrpn tAGIIBOS gravigletl@ a

LY GRS cchleohitfi RORBRANG IR W0l ol IPhExd 5 e Abalit

lubricating oil "concentrate co 8 e conp05|t|on as ined in the

t hirti et hagdefinad intthe fifth spes rodtfrorn8e artdh ity 160 ovt&o hiantoji-of dubricatingspect  of
the presegjcddpyention, there is provided a fuel concentrate conprising the
conposition as defined in the thirtieth or thirty-first aspect. -8d 17
August 2006 AcRRIINF tOESARERYISERPRE avpEct DRAINENDreBemh inventian, thess is

under st anghﬂ'ﬂiegfa il c%nb%\f?d?é b&ﬂpnétﬁdc Qﬁﬁﬂ‘ﬁ%rﬁﬁ nt oP4n m%ﬂpsté oléy;m?l formul as
present ed t hroughout an . fornu as are exenp only, and
shoul d noprgaé'ccﬁcsah@mr beiling i ﬂherfamgewgf Qﬂwéegrne%nent@nadeamﬁﬂ@emr@@;ﬁ xtos one
enbodi nen havi ng a
(R ow mef ecs gﬁéheﬁ‘gﬁ% AR RS e SR L

triet hyl efA®fefneddm 'ﬁ§1|’¢9t at 165 degrees C. to form 9 a (4)

pol ysucci ni m g&ordlty & mwﬁwﬂwasab&%f@ﬁey?#égemﬁéermbﬁ%s% .wgmaaeg (5)
cyclic carbonate to yield a (6) post-trea succinimd

DEFI NI TI ORgoststreried, seerinimiderpraprarad ditireating meawcgmlmmﬁ@tsr@fm@d ime

capi tal i zggh aéftRt udderf bt é&d&u@ﬁﬁ.th%\ﬁ@ 6rhﬁorfe03%ﬂ lﬁgbr“ﬁ\o%%%@ Steun! ess
specifically stated 15 otherwi se. term I's an abbreviation
for polyi §'E§1\;Eﬁllé'ﬁ@'.b°'1@teThe terns "I ow rml ecul ar wei ght P113" refers herein
to PIBs that ack8rdii'd entySdsrih Q?]:?bc@QPIHé p?%eﬁﬂh?&ﬂ%n%@@gls phovidbge terms

"1 ow nol ecul ar wei ght Pl B/ UAR copol yrer
a lubricating oill comprising a major amount of an oil of lubricating viscosity and a

minor amount of the post-treated succinimide as defined in the twenty-third aspect.

According to a twenty-fifth aspect of the present invention, there is provided a
lubricating oil concentrate comprising from 10 wt.% to 90 wt.% of the post-treated
succinimide as defined in the twenty-third aspect and from 90 wt.% to 10 wt.% of
an oil of lubricating viscosity.

According to a twenty-sixth aspect of the present invention, there is provided
a fuel concentrate comprising a major amount of an inert stable oleophilic organic
solvent boiling in the range of 65 degrees centigrade (150 degrees F.) to 204
degrees centigrade (400 degrees F.) and a minor amount of the post-treated
succinimide as defined in the twenty-third aspect.

According to a twenty-seventh aspect of the present invention, there is
provided a post-treated succinimide prepared by treating the succinimide as
defined in the fifth aspect under reactive conditions with one or more of boron
oxide, boron halide, boric acid, and esters of boric acid.

According to a twenty-eighth aspect of the present invention, there is provided
a lubricating oil comprising a major amount of an oil lubricating viscosity and a
‘minor amount of the post-treated succinimide as defined in the twenty-seventh
aspect. |




20 copolyner" refers to a copol yner prepared using | ow nol ecul ar wei ght
PIB. 21 The term "degree of polynerization" expresses th‘?’A@ﬁﬁ@ibo%f a
linear 22 polyner and refers to the nunber of repeating (nononeric) units
in the chain. 23 The nunber average nol ecul ar wei ght of a polyner is the
product of thg.2fqifl§H . j ' . : : I mol ecul ar
wei ght of the %5 rlegea%mﬁﬁmﬁﬂwﬁ%zﬁ%ﬁn&{&eﬁéﬁ%mﬂﬁ{Eﬁ,&% ﬁ}\{g\\(/’@%gge degree
of pol ynerifyelcpagentraie ¢amprisingd maiedampunt of iadiineyt stéige nigobhific ergeniage

poly ? g
mol ecul ar g¥eédtMoiiRh it fhe : r ecul ar wei ght
of the reSeati ng”u?lilt. 2r8 é/h%f%[sgreézq'e%)&ebg%g@%jmdggye%r%g%g?s%%o a
succi ni ni degdreespentisrads (@@ degrees Baend ermippoameunt of the pospiogatecer with an
al kyl or glidciimldeHecdiRe&i g,@é,ﬂ 1 and a polyam ne. -9 17 August
2006 1 The ter me"_al ky’l %/(?E?ﬁ%{ enewg%‘?eﬁﬁ'aﬁ%%j nyl i dene isonmer” refers to
ol efi ns 2 andA¢ergiag ig pethistialls apprnt of $heh araseyt inMentionl thevé isgprevidetiiadene
st ruct.ur ecofblésition doMpristhg e of i [ ing |less than about
29 car bonc%torrbllar]d Igniss% l.gv\eh"frbrtgﬁépy@%%g?%%ﬁr?)é’udt.aq%%b about 6 carbon
atons. 6 The AOFing i@ thirty-ifss penech gbthe" prasent dnventiery drare tshatovidetila pr ovi de
an 7 _act bafpdiitiReRibriding v QPRbrd PaimEALRRBS I A fiftnduptdd a .
pol ynerization 8 reaction. Chalin transfer reactions stop growi ng chain
radi cal and shegerding to Hily-wasend aspact obthadeesenhinyensioni heter iamsdvided esul ts in
shorter caquniRatin®¥e EorhPrisipihecoMpolby Z&'defiRdd mh@qqigiem"ﬁrr thifRHfeL! ar
wei ghts. Typical chain transtfer | | agents nay I nclude nercaptans,
aromatic %%}?ﬁbunds with benzylic 12 hydrogens, hal ogenated hydrocarbons
such as_car botdoRhifefh Miylfhirdathect Bt B/ BaBkritGeARSE Tl 1 fholidgg ber ™
“succinimde” is understood in the art to Include nmany of he am de,
i m de, et kbricglipg ol coperpitralg eoraprising be mempegition es definad brihe thidiethuorci nic 16
anhydri deghyiitstdspasl ne. The predom nant products, however, are 17
succi ni m des and t‘_)hi s term has been generally accepted as neaning the 18
product of a ASaEtinGle athiryfReHyaspest ofdhe presentinyantion.dhiers i priovided aci d or

fuel concentrate comprising the composition as defined in the thirtieth or thirty-first
aspect.
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- 19 amhydride with pol yanni ne. Al kenyl or al kyl succinimdes are disclosed

in 20 nunerous references and are well known in the art. i
fundanental 21 types of succinimdes and rel ated materi gl@e%@oirpggssed by
the termof art 22 "succinimde" are taught in U S. Patent Nos. 2,992, 708;
3,018, 291; 3,024,237, 23 3,100,673; 3,219,666; 3,172,892; and 3, 272, 746,
t he di scl osures of which are 24 hereby incorporated by reference. 25 The

term"T r. ' ers to the anount of base 26

equi val ?gﬁﬁ%@@ﬂ qu%ﬁrﬁrﬁﬁgwlﬁﬁi of sanpl e. Thus, higher TBN 27

nunbers ¥ ef | ect Tmawétltﬂ@hmd@s@h@ﬂgfdf%@ﬂﬂ/ehﬂ?rf ‘?éf@Fe%c@ et ﬁﬂé‘%ﬁ'dteatkgal inity
es

28 reserve. 2 a npl e may be det erm ned D2896
29 or ardy dPRAP" %ﬁ?i@lsé%tﬁdﬂ?fae@mnt@nd in Grig 7. ﬁﬁh@dgtmtﬂe@ere reenplaym " SAP"

refers t50 Sagnird sHalicoot NeriBaE G adfY; d by the procedure
described in ASTM D94 or any ther %qw 5@%9% n%%ﬁ?ci)dgﬁdure The term " TAN'

refers to Tot al Nﬁ&ldﬁﬂﬁtﬁe?”%ﬁ?mbwmebéomt‘émﬁédewwEnthhe procedur e
described iy A t The "succinic
ratio" nay A (E%?MCB oL eFrg-%l)& ﬁéﬂl@ Ig‘%ﬁ#%{l%@?}‘ﬁg ﬁﬁ%ﬂ‘f'smy'@ﬁ’—'ﬁ Ber gram of
sanpl e) 8 tH@ﬂm:[)ia%eece:d‘(ﬁbmetfwlerteltﬂraininaeYTEM) atl 1op| degpemoC NoGommhy dr i de

pr oduct gan of the startin oI yol ef n The actives
content “of | %%%o%éﬁ@wn%e gﬁlﬁ%&sﬁ%ﬁnﬂpg é‘?ﬁwg ¥#his 10 neasured
in term® of(5) tieliachiboasteltogild ane) phgtebbdrblpticbmpsidbr action of 1.0 is
equi vaé?nt to 100 wei ght percent actives. Accordingly, an actives fraction

of woul d correspond to 50 wei ght percent actives. The succinic ratio

of the 1al K@BHINOTIONSKY| succinic: anhydride product of maleic anhydride
and pol xol efin can be _calculated in accordance with the 15 foll ow ng
equati an MPO XPASigediminis paientapplicationaphetherernot qpitalidesy then

14 following terms have the following meanings unless specifically stated

15  otherwise.

16 The term "PIB” is an abbreviation for polyisobutene.

17 The terms “low molecular weight PIB” refers herein to PIBs that

18 comprise less than about 32 carbons atoms. |

19 The terms “low molecular weight PIB/UAR copolymer” or “PIB/UAR

20 copolymer” refers to a copolymer prepared using low molecular weight PIB.
21 The term "degree of polymerization” expresses the length of a linear
22 polymer and refers to the number of repeating (monomeric) units in the chain.
23 The number average molecular weight of a polymer is the product of the

24  degree of polymerization and the number average molecular weight of the

25 repeating unit (monomer). Accordingly, the average degree of polymerization
26  is calculated by dividing the number average molecular weight of the polymer
27 by the number average molecular weight of the repeating unit.

28 The term "polysuccinimide" refers to a succinimide comprising the

29 reaction product of a copolymer with an alkyl or alkenyi succinic acylating

30 agent and a polyamine.




- P saponification nunber of the al kenyl or al kyl succinic anhydride 20

sanple (my KOHI g) A actives fraction of the alkenyl or aljyh I C
anhydri de sanple Moo nunber average nol ecul ar wei ght of theu@tgfe?rqolgng
pol yol efin Mra=98 (nol ecul ar wei ght of nal ei G anhydride) C conversion
factor=1 12220 (for conversion of gramnoles of al kenyl or 25 al kyl

succi ni c1 anhydr i T e "gk@Nrfidsimek ealk@vifylloeh8 isyiBerO tefbidHoRRLHngr am of
sanpl e) .. The ctlvEs fraction of the alkenyl or alkyl succinic anhydride
may be Het apdpolel YIRBFCPROp@its baving the follewingetnyligeye stesstireaccor di ng to
the following procedure. A 5.0 gramsanple of the reaction product of

mal ei ¢ anhydride 30 and polyolefin is_dissolved in hexane, placed in a
colum of 80.0 grans of silica gel ( isil 62, a 140 angstrom pore size
silica gel), and eluted with 1 liter &f hexane. The percent unreacted
pol yol efin is determ ned by renovingj 17RAugust 2006 the hexane sol vent
under vatuum fromthe eluent and wei ghing the residue. Percent (g react ed

pol yolefin is cal culated according to the follow ng formul a: Net i ght of
| e\ei ght -5 The wei ght

Resi due , P n nr eact edPol,yolefin X100, Sa \
per cent 4acﬁ‘|£’ '\q/%g}nf%}s ‘f(ﬁgs%%glrﬁ}%v"@rleﬁ @'P agﬂ%ﬁf’%rbﬁﬁﬁ}%? ged Ryisoduct is

cal cul atsed ibwenar hkylpsrabent 1 toabastoeshribed y@hffi n using the fornula: Wi ght
Percent Actives Percent. Unreacted Polyolefin 10 The actives

= 100 = ; . .
fractior® of the T&P&%"ﬁ%‘*&"‘ E?'véif?f WRAE i Meansamygentdeat will praside @l cul ated as
fol | ows:7 Weictité hfiﬁb?@@br Ré&fob¥s thabehh E@%E&@&étéﬁﬁuiin¢ aﬁ]o%éﬁ_%a-hr&? percent
conversion of polyclefin is calculated fromthe werght ‘percent actives as
fol | ows:3 PERRERNCoR@IRdiamsTervgadtivas stopessgwiighain radical and start a

9 newoneinits place. Thus chain transfer results in shorter chains, lower

10 degree of polymerization and lower molecular weights. Typical chain transfer

11 agents may include mercaptans, aromatic compounds with benzylic

12 hydrogens, halogenated hydrocarbons such as carbon tetrachloride and

13 carbon tetrabromide
14 The term “succinimide” is understood in the art to include many of the
15 amide, imide, efc. species that are also formed by the reaction of a succinic
16 anhydride with an amine. The predominant products, however, are

17 succinimides and this term has been generally accepted as meaning the

18  product of a reaction of alkeny!- or alkyl-substituted succinic acid or

19 anhydride with polyamine. Alkenyl or alkyl succinimides are disclosed in

20 numerous references and are well known in the art. Certain fundamental

21 types of succinimides and related materials encompassed by the term of art
22 “succinimide” are taught in U.S. Patent Nos, 2,992,708; 3,018,291; 3,024,237;
23 3,100,673; 3,219,666; 3,172,892; and 3,272,746, the disclosures of which are
24  hereby incorporated by reference.

25 The term “Total Base Number” or “TBN”" refers to the amount of base
26  equivalent to milligrams of KOH in 1 gram of sample. Thus, higher TBN

27 numbers reflect more alkaline products and therefore a greater alkalinity

28 reserve. The TBN of a sample may be determined by ASTM Test No. D2896- .

29 or any other equivalent procedure.
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20(’|VPO+[M,XSRI) wt. %ctivesX np~ + [100 - wt.%ctives] | (MPO +

IMXSRI)1 -12 ----mmmmmmmm e e e eme i e e 17 Augish 1
wherein 2 Mp~ = nunber of average nol ecul ar wei ght of the stg “P%OQOG

polyolefin 3 M-, = 98(nol ecul ar wei ght of naleic anhydride) 4 SR =
succinic ratio gj a%l kepé/%P,,or al kc}/l succi ni ¢ _anhydride product 5 It is; of
~course, under st 6‘8_ Eat jl‘i@&ﬁ?i §?p%'wt'°§lﬁﬂ@bﬁr@“§ﬁﬂi’fﬁdwde 6 products

havi ng hi ghickiffihdtl By iRl Ar8SeiA® dBScrpeaM ASTM DB4 Y BRY ofldf Rl alénfucci nic

anhydri des having | ower succinic ratios, for exanple ratios o? around 8
1.0, to prNPeRsUE al kenyl succinic anhydride product having an
internediate 9 Welt 3t} i fni.c ratios for
t he al kenyl or gﬁgﬁgngu@'ﬁﬁ%t&? t%?%hﬂéﬁgmﬂeégggaﬁ%gbgﬁ%ﬁég@engdﬁ)ﬁ prepari ng
t he addidt i vespoaicetdhiesddsatiked indhSEVE 66Q2onamatiber eqanalabioprocgdupelt | ess t han
about 2. Succinig_a I ] »W.th succini 13, ratios.of. about 2, when
reacted with amkﬁ%saﬁmaé\%}'énga%érglg&&e ‘iaﬁ%aq%‘?HPN‘BS&RP%""%%W”B@FFmo| e and
post - t r eat ¢uigWl®H per gyah oCsamaplbRnié actives caniel 6f the ikeNgrtor #lkydgl y, succinic
rati os of about. 1'&8[ Iesa a}re preferred. 16 17 DETAILED DESCRI PTI ON OF
THE | NVENTPERFNESRYIHIGPBRFI AR leopalsauat Wikl tarpigaingeraly ding hi s
i nvention W&e%oﬁ@&%dﬂ&ﬁtdTﬁfeeéER@rWbpaﬂﬂgirsﬁ}c@inﬂ)sani%ri&z@%rﬂu@f igAR copol yner.
The PI B/ UAR copol yner may be prepared by 21 reacting a | ow nol ecul ar wei ght
PI B wi tA afmensyeadindeses efdhapetiesdipstioniwharpie apactyee fenie ofl.@isree
radical i nhligheh 2RANELA( SELelBHAR AARAINATT S hORkUGBldpse |0 whi ch
an unsaturated 24 acidic reagent, nost preferably maleic anhydride, is
copol yner i 2&oweidisogerpand RS 0mweigbieacentesicives. FI B and wherei n about 20 % or
more, preferabl .00 % r re_preferred, about 80 % or
more of the ol e??%?@é%%gg%lo&f%?%g{keﬁﬂ o?a!kgpsg.:c%lc anrl)hy rak produc 3t

maleic anhydride and polyolefin can be calculated in accordance with the

15 following equation:

L M, XP
Succinic ratio = =
(C X A) - (Mma XP)
wherein
P = saponification number of the alkeny! or alkyl succinic anhydride
20 sample {mg KOH/qg)
A= actives fraction of the alkeny! or aikyl succinic anhydride sample

Mpo =number average molecular weight of the starting polyolefin

Mma=98 (molecular weight of maleic anhydride)

C = conversion factor=112220 (for conversion of gram-moles of atkenyl or
25 ~ 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
determined from the percent of unreacted polyolefin according to the following
procedure. A 5.0 gram sample of the reaction product of maleic anhydride

30 - and polyolefin is dissolved in hexane, placed in a column of 80.0 grams of
-silica gel (Davisil 62, a 140 angstrom pore size silica gel), and eluted with

-1 liter of hexane. The percent unreacted polyolefin is determined by removing

.-'11"




27 PIB conprises al kylvinylidene. 28 Mire preferred Pl B/ UAR copol yners
include those in which an 29 unsaturated acidic reagent,;770s rably
mal ei ¢ anhydride, is 30 copolynerized with a | ow nol ecul ar V\eéuéﬁ%ﬁlg?B
wherein about 20 % or nore, 31 preferably about 50 % or nore, and nore
preferred about 80 % or nore of the olefinic bonds of the PIB conprises
net hyl vi ny thedeexane_spiveny updgjugeugrpdem iesiluam apdpeighieg thenepideenpri se a

m xt ure of ' < P reyh .ar wei ght
because |oﬁe%@gh%?{%%'%F§L’E§"§ﬁéﬁe§)&€?§5§§°ﬁ%ﬁ@c{ﬁ co@% ymers are
generally m xtures of individual nolecules of different nolecular weights.
Al so, the Pl B/ UAR copolyner may 5 co .se Pl.B/ UAR copol yner nol ecul es
havi ng different degP@mtlm‘reapt@diaorméﬁnzanweh&e'ghtGFEQSMQPBK%R copol yners have an
average degree of polymerization of abowemgleWsighto about 20, and nore
preferably fromabout 1.5 to about 10, The Pl B/ UAR copol yners have a
nunber average nol ecul ar wei ght of about 10 231 to about 10,920. Anong .

ot her féactors, Thewpighépatcennactines bom the aliasgddr atkyl $dveinduamgnidsidag fi ndi ng

any. chai nPIaNer SRy e d Pamihe Re s PRt ER pe R (ors MMt " ent.

~tenperatures. Thus, the Pl B/ UAR copol yners are prepared by reacting a |low

nol ecul ar weight PIB ip which. a hi proportjon of 15 unsaturation, about
20% or nore is inVJtef%'k E?WT‘R/{]‘W?? 63&%‘8@1‘1‘?@“@[{P%F@H%%“F M an unsat urat ed
acidic reagent in the presence of a free radical initiator. The succinic
ratio of the Pl B/ UAR copol yner nay be greater than 1 or less than 1. The

" Pl B/ UAK copol ynbie fgliyepdragliernseiibe phgnyroradiydsuscintmanhysiigeimtiiegopol yners may
have the genehigled’RrBI&: 20 X, X 0 Int~" R2 Ter.

WeightPercent Actives
100

ActivesFraction =

15 The percent conversion of polyolefin is calculated from the weight percent

actives as follows:

PercentConversion =
M
wt.% activesx( = ]
-0 M, + M, XSR]
wt.%activesX £ + [100 — wt.% actives]
M,, + M, XSR] |
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n M:x (C -14 17 August 2006 wherein: X and X conprise one or nore of

-OH, -0-hydrocarbyl; -NH2; -d; -Br; -OW, wherein Mt Coﬁpﬂxﬁﬁ§ @@e
equi val ent of one or nore netals, anmoniuns or am ne cations; an and
Xtake together as 5 -0- so as to forman anhydride; nis a whol e I nt eger

fromlto 3; R conprises nethyl; R2 conprises polyisobutyl having | ess
than 32 lcar\mﬂfe'mt ons, preferably about 5 to about 25 carbon atoms; 10 m

conpris f froml to rises.a whole integer of

frgrr)n 1 t%(s) pre i@?gvea{g%%{mge ”&)a %et@?t oﬁpes e pﬁllyé’f%{]“abl y 2to 8; Int.

conpri sés d\ﬂﬂa@rQS(molecularWte@htOrgna@wmﬂWEInd@)nd Ter. conprises one or nore
substituents are a result of the

1'E(rare21 pggﬂ Q%Qrﬁlsﬁfﬂﬁ'(?rrat'%g#eé]k‘?ry?ﬁ %'Bﬂrsé'CP'ﬁ@ aahgdngeProgpsl yimer . Typi cal

(Int,) and (Ter !t).agmfcwpsserrauderst@@lwﬁaauQerF}l or%‘ikﬁ%u@c.ﬁ@aﬁhﬁ%deo CO- RGO
CcC-0-; 20 wherein R5 i§ hXdrogen aryl, alkaryl,

cycl oal l@yl prg¢%§(pav1595|ggaﬁuggm¢ rafies/ran ke kienged “&t?(ﬂthﬁlal@wl al kynyl ; or
al kyl,  arylsuegini! artfydtide¥HdviliAblvér succinic ratios, for example ratios of around
8 1.0, to provide an alkenyl succinic anhydride product having an intermediate '
9  succinic ratio.
10 in general, suitable succinic ratios for the alkenyl or alkyl succinic
11 anhydride reactants employed in preparing the additives of this invention are
12 greater than about 1 but less than about 2. Succinic anhydrides with succinic
13 ratios of about 2, when reacted with amines having greater than 4 nitrogen
14 atoms per mole and post-treated with a cyclic carbonate, form gels.
15 Accordingly, succinic ratios of about 1.7 or less are preferred.
16
17 DETAILED DESCRIPTION OF THE INVENTION
18  A.THE PIB/UAR COPOLYMER

19 One embodiment of this invention is a copolymer referred to herein as
20  the PIB/UAR copolymer. The PIB/UAR copolymer may be prepared by

21  reacting a low molecular weight PIB with an unsaturated acidic reagent in the
22 presence of a free radical initiator.

23 Preferred PIB/UAR copolymers include those in which an unsaturated
24 acidic reagent, most preferably maleic anhydride, is copolymerized with a low
25 molecular weight PIB and wherein about 20 % or more, preferably about 50 %
26 or more, and more preferred about 80 % or more of the olefinic bonds of the

27 PIB comprises alkylvinylidene. _

28 More preferred PIB/UAR copolymers include those in which an
| 29  unsaturated acidic reagent, most preferably maleic anhydride, is

30 copolymerized with a low molecular weight PIB wherein about 20 % or more,
31  preferably about 50 % or more, and more preferred about 80 % or more of the

32 olefinic bonds of the PIB comprises methylvinylidene.

-13 -




substituted wwth | to 4 substituents independently selected fromnitrile,
keto, halogen, nitro, alkyl, aryl, and the like; and R 6,8RgxR 70" €

i ndependently hydrogen, alkyl, aryl, alkaryl, and the like. =15 17 August
2006 In a preferred enbodi nent, when mal eic anhydride is used as the
unsaturated acidic reagent, the reaction produces PlIB/ UAR copol yners

- predoni nat el y oPIW/HAR aricdymerg niay earhprisesa qixtiigt of loRndlecular weight X ( E)

wherein Rl e Ter .. ar def.i in formula (C. 10
A - Low vB B S edap B ehidiae e lo BILPE R MBIl et ar

wei ght Pl B®IB asgd tesprepassP IBidARadopotynis asr pererallyomixturke of gxlavidhla, one or
nore of 32 carbon at , 28 carbon .atong, 24 atons, 20 carbon
atons. 16 CHBRIFA =B ERHRR weih b isaricd A PHB FORDURET V) e

- preferred kompred P@IUAR v&idifiherthBiecdies aURY dFRréhtiBgpbausf 8 to about 28
carbon atons, Most preferred | ow nolecular weight PI'Bs conprise from about

12 to aboupoﬁg‘eé’é?%h atoms. Preferred | ow nol ecul ar weight PlBs have a
mol ecul ar wei ghiLObiEbA cﬁp{@yr}ﬁérs Ha%8 Bin AVBFRiePir8E bgg um\gggglo%f' ar wei ght

Pl Bs have a nol ecul ar wei g 0 about 112 to about % preferred | ow
mol ecul ar @epht 1 @ @b ad20a200 mene emie@binieinglabout 1.8e@bouts®. t theabout  392.

‘"The PI B in$ | L.Qn | Lodi v nmol ecul ar
We?ght ISDI gfjﬁr%’p@cﬁu (géb\sé%g'%é-'g’grag? )r%glgﬁno ercu}égaﬁ%v\rﬁl&gh?@!' Wﬁ@rﬁl)&g{ ‘Jﬁt?aéy]tof | ow
nmol ecullér #81 trhabdit B, S%0gAmengmihes Bactmy, the paddenDinveBtiorlCkhaseden C20, C24

%2 and Ct‘?’l% srlrj?rl)r‘las(frlljgl ﬁﬁdin&%t%@&%ipg%%%n %; tﬁe%l%fﬂ]ﬂﬁecrgpioﬁrrr]neqa Oeg%gpr I'se the
: require the use of any chain transfer agents and the PIB/UAR copolymer is '

liquid at ambient temperatures. Thus, the PIB/UAR copolymers are prepared

by reacting a low molecular weight PIB in which a high proportion of
15  unsaturation, about 20% or more is in the alkylvinylidene configuration, with

an unsaturated acidic reagent in the presence of a free radical initiator.

The succinic ratio of the PIB/UAR copolymer may be greater than 1 or
less than 1. The PIB/UAR copolymer may be alternating or random. The

PIB/UAR copolymers may have the general formula:

20
— B -
X X
0 0
. R1
' Intst] \‘/j\\ :
_ R, [ Ter.

— —n

= ~m

©)
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25 of | ow nol ecul ar wei ght PIB nol ecul es that have been separated accordi ng
to carbon nunber. For exanple, a PIB mxture may be di stij}xg%,zsggodgrovi de
conpositions that conprise one or nore OF C8, Cl2, Cl6, C20, 4, C28. or
- C32 -16 17 August 2006 1 nolecules. Preferred | ow nol ecul ar wei ght PlIBs of
this invention are those 2 that are used as a m xture of varying nol ecul ar
wei ghts. Awheggisrred low 3 nol ecul ar weight PIB mixture may have the M of

about 150 . ferrgd,. |l o | ecul ar, weight PLB m xture may
conpri se tﬁ(ga%bggﬁqnipﬁm%ﬁgqn%a@orﬁ@%f%ﬁ 8 % 10 _gﬁ%%f)cﬁr ylnﬁf’%T-C ’16, about 35
W . %to about —63r55—WM+ WtET2ih-MPeomplioed o2Dewdivalént of chb@iima3® Wt . %

Cl161-132, about 8 &\ﬂt %to. 7 about. 15@&“ %Céou% 13% about w % to about
8w % C241- 148Meiid ABTRUGISCRATING Coliens: 2BE LA 2B\ teodeIBea321- 164 and
hi gher speci es maY—coips isRrakMUUntYddAdast % or | ess of the total. 10 The

ol efinic bonds aof a. pref rregl | ow nol ecul ar weight PIB may 11 conprise
about 20 %4t 2@ > INRQe Agh 1 §° dbout 50 % or nmore, and more 12 preferred
about 80 YRQEomPFiSePmett)e al kyl vinylidene isomer. 13 The ol efinic bonds of
a nore preferred | ow nol'ecul ar weight PIB may 14 conprise about 20 % or
nore, pref Be G@NprisgsoRelyisobulyidtavingriess thaa 3rosasbarsajonet, praferdblybadbwut 80 % or
nore of the net 1 ldc%w | t. 16 Preferred PIBs include those Pl Bs
prepared using gl’i%ﬂrxgl)é%s“ %duétlBﬂ:gs, 17 (BF3) catalyst. The preparation of
Pl Bs i h0 whincdonpriseset Wholeiimpgerdedfon $eo8r 18 conpri ses a hi gh percent age

4, 605, 805, < EQPMBT ca e (e BFbvd i broiapl atut 360GPPUCITy o 1 hey

may be a distilther preéabble® tofs; hi gher nol ecul ar wei ght 21 pol ybut ene. 22
23 A(2) UNSATURATED ACI DI C REAGENT 24 The term "unsaturated acidic reagent”
refers to MalMPISES PlREY imere M5igingadicalsofnd he general formula: 0 0 C -

CH~CH - . C Ter. comprises one or more terminating groups.
15 The Int. and Ter. substituents are a resuli of the free radical initiator

used to prepare the PIB/UAR copolymer. Typical (int.) and (Ter.) groups may

include:
/0 /O
R® — jR®— 0 — ; R°*—C ; RR— 0 — ¢ ;
\ \0——
RS o
RES—0—¢C-—0 — ;R°E— ¢
Rr7 \Og

| (D)
20 wherein R is hydrogen, alkyl, aryl, alkaryl, cycloalkyl, alkoxy, cycloalkoxy,

' acyl, alkenyl, cycloalkenyl, alkynyl; or alkyl, aryl or alkaryl optionally
substituted with 1 to 4 substituents independently selected from nitrile, keto,
halogen, nitro, alkyl, aryl, and the like; and R® and R” are independently

- hydrogen, alkyl, aryl, alkaryl, and the like. ' ‘
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26 X X. 27 (G 28 wherein X and X are the sane or different, provided
that at least one of X and 29 X is a group that is capabi'pAggugtgﬁ(%i ng to
esterify alcohols, formam des, or -17 17 August 2006 | amne salts with
amonia or amnes, formnetal salts with reactive netals or 2 basically
reacting netal conmpounds and ot herw se function as acylating 3 agents.

Typi cal Iy, X andh Xqoaiprred enfhodtéronaheig railgs ahadrideay useias tiee one 4 or
nore of -OH; -&-r}égro%ar bgl' BC%/& when M+ represents one 5 equivalent of a
netal, a SAatsH agifisEgght Bir. reagiin progyces BB/UAR a9pplyRers t oget her X and
X may be - @redamidaiehpofftne iRWirRYyHukde. Preferably, 7 X and X are such
that both carboxylic functions can enter into acylation 8 reactions. Mleic
anhydride is a preferred unsaturated acidic reagent. QGher 9 suitable
unsat urgted aci dic reagents include el ectron-deficient olefins such as 10
nonophenyl mal ei ¢ anhydri de; nononethyl, dinmethyl, nonochloro, 1 |1

nmonobr ono, nonofl uoro, dichlfpro and difLuoro nahei c anhydride, N-phenyl 12
mal ei m de and ot her substitufed nal ei m des; isomal ei mdes; fumaric acid,

13 mal eic acid, alkyl hydrogen nal eates |and fdrnarates, dialkyl furnarates
and 14 nul eates, fumaronilic acigs and i¢ acids; and maleonitrile,
and 15 fumaronitrile. 16 1Y 0 NI TI ATOR 18 A free radical
initiator is a nolecular frg rimore 19 unpaired el ectrons
that are capable of initiati nfreaction. 20 Any free
radical initiator may ini [P{ ation described herein. 21
Such initiators are well kn \elger, the choice of free
radical 22 initiator may bg infl uenced p feaction tenperature used.
23 The preferred free radic initiatorspare tRe per oxi de-type 24

pol ynmeri zation initiators and the azo-type pol ynerization initiators.

Radi ation 25 may al so be used to initiate the reaction, if dese’cEr)ed. 26 The

peroxi de-type free radical initiator nay be organic or inorgani
_ wherein Ry, Rz, n, m, x, Int. and Ter. are as defined in formula (C).

10 A(1) LOW MOLECULAR WEIGHT POLYISOBUTENE (PIB)
' Preferred low molecular weight PIBs comprise less than about

32 carbon atoms, for example, one or more of 32 carbon atoms, 28 carbon
atoms, 24 carbon atoms, 20 carbon atoms, 16 carbon atoms, 12 carbon
atoms, and 8 carbon atoms. More preferred low molecular weight PIBs

15 comprise from about 8 to about 28 carbon atoms. Most preferred low

" molecular weight PIBs comprise from about 12 to about 28 carbon atoms.

Preferred fow molecular weight PIBs have a molecular weight of about 448 or
less. More preferred low molecuiar weight PIBs have a molecular weight of -
about 112 to about 392. Most preferred tow molecular weight PIB has a

20 - molecular weight of about 168 to about 392.

The PIBs of this invention may be mixtures of individual low molecular
weight PIB molecules of varying molecular weights. A mixture of low
molecular weight PIBs might comprise any or all of Cgs, C12, C1s, Co0, Co4 Cos
and Cs; molecules. One embodiment of this invention may comprise the use

25  of low molecutar weight PIB molecules that have been separated according to
carbon number. For example, a PIB mixture may be distilled to provide

compositio_n__s that comprise one or more of Cg, C1, C1s, C2p, C24, C2g, 0 Cap
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27 Organic free radical initiators may have the general formla:

ROOR wherein 28 R conprises any organic radical and R coppgjsfposae or
nore of hydrogen 29 and any organic radical. Both R and R nay be organic

radi cals, preferably 30 hydrocarbon, aroyl, and acyl radicals, carrying,
if desired, substituents such 31 as hal ogens. Preferred peroxides include
di - tert - but yolgmiesi Besfetred lowbmblecuB? waidHe FYBeszaRtifverdbl atk fdsay |

per oxi de2 Sékgxamﬁ of aqther suitable peroxides, which in no way are
linmiting 2He a2 APdyie Jerpung moleeulardyaighie roriederedioner tertiary
butyl  pes oxnfbfscularwidight PIBwakete #R0%avé ths M, 6hhRRED 1O %boREPXI de;
tertiary, butyl hydroperoxicle-1 cumene hydroperoxide; diacetyl peroxide;
acetyl h¥droper déipé‘:éc?"e‘t"ﬂ%\t Wl%@%%ﬁdﬁﬁm@w& epy campriseithel  per benzoat e;
and the 3 i kesiollie: Sl ¥ e KATBBLHL wi YR IckiEIab %5 wt % to about

al pha, al pha' - azobi si sobutyronitri are a -known free radical
pronot i Aaver ol gHoaTalkeil 28 ¢, Yotepinoutl SO may%IRsidef abmd 8ast. Ohtise havi ng

present 4n i &Rl e ar é\ﬁ% i I i,¢ radjcal tjsfy the
bal ance, ata ea15t oﬁ*g%?%%p@%t i S ;ﬁ@%"%?ﬁ&?{%ﬁ B 104 OLﬁgrs‘ﬁVgry

car bon. & h%rtosaboub®Me % Gzsbisc oBpblgndad ihighlen deecidsrhapeempfise bbsoitt ed t o,

p- br onokenz di nj 1Q f]uoborate; p-tolyidi azoam nobenzene;

p- brom)g’gnz%%(f? §§%ﬁ% §fﬁhﬁ8%‘Pin de; azonethane and pheny[ di azoni um hal i des.
A suitall e |ist Tie alefinit horeds sferpefsits lsymbechiaundightrle SayPat . No.
2,551, 813, Paul Pi nkne The anmount of free radical .

i ssued 951 to .
initiator t(@%ecﬁ%%%égg%gri are Preferabit akpit 5%%6&5&%%133%“9@ arge extent

on_the Par {prefeied dboit 80%06r MekaGiRE alUiigdhaRbgp! ar - PIB used and the
reaction conditions. A preferred initiator 1s one that is soluble in the

‘reactiod nmedi umTherdefiyie kendser ednereaprefaieeddpwingleculaoreighyPlBemapet ween
about §400%cksRd A WE -1y r | acidic
reagent, with pqfr ef%lragiej%o Z’H%urﬁ?%?hﬁ%%éw %Booytt gg.%BE&fr%%(ﬁﬁarﬁéﬁt 20 0.10:1

g P
mol es. 15t ipsefsiretiaboutide traer mbve qidhy methyleinylidiene ésopesrat ure is sufficiently
P;g?cgﬁ6;’r -?-ﬁlé R LA IAS RRHAH S plgl SreBh2h uts:cr)1gpar BaSSrifdlgggesi red free
' 17 (BF3) catalyst. The preparation of PIBs in which the methylvinylidene isomer

18 comprises a high percentage' of the total composition is described in U.S. Pat.
19 Nos. 4,152,499 and 4,605,808. Low molecular weight PIB may be prepared
20  directly or they may be a distilled fraction of higher molecular weight

"~ 21 polybutene. |

22
23 A(2) UNSATURATED ACIDIC REAGENT
24 The term “unsaturated acidic reagent” refers to maleic or fumaric

- 25 reagents of the general formula:

o O

N\ /

¢ — CH==CH — C

/ N

26 X X
27 (G)
28 wherein X and X' are the same or different, provided that at least one of X and

29 X'is a group that is capable of reacting to esterify alcohols, form amides, or.
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-hal f«life values for known free radical initiators at various tenperatures

are readily available fromthe literature. See, for exanp l‘ﬁ‘é%l\l/g:&z I 1ing,
25 "Free Radicals in Solution", John Wley and Sons, Inc. ork (1957).

Alternatively, the half-life values are avail able fromthe various
suppliers of free radical initiators. Table I lists the half-life
t enper atiur esnifiesalés witimaemadia of amhesafdiahethnddlisatity easlivedmetakesr hal f-1ife.

The hal f-life.t er ture i.s the erature required for a free radi cal
initiaté {£gs l&?ﬁ}{n%af’ g mE&R! cemequpy ng ?%W%@f%sct'anﬁﬁlaéwafﬂ% hi gher the

hal f-1iBe tagapsr Ayplesly, k%dlm%mptna@fmﬁlnénéilgfr l__[%thhﬂ%a risghé al
initiat ust 2006 Tabl e HALF- TURES OF VAR QUS

19 17 Au
FREE R%DI @K@qfﬂpfrm%d:aﬁ&f@ﬂmarwjb—%ﬁmww regpreggnts o e Free Radi cal

I nitiatars fhaNERNELS 4 0 Hr Hs. 10 Hrs.
Di al kyl Per%m des: 17&6%6%%%1 5 1égﬁn%&onbut%9ber%okl I -t-anyl

per oxi dé Téakengogatber )iggdeBdeie—ﬁﬁwlsqmm%Dm aﬂ:&hhgz&dk:!el]?leféﬂiblyll? 2,
hexane. per SkbrareSugr it boh dlone o RN REREINS adiphe0 54 a0
Di per ox?car&anﬂan%si\ﬂaldic-aemwmdfmww mefanve;d unSattrsated rridic el Oliter69 64
Di acyl 5) er gffiieﬂ)‘?é unsaturated acidic reagents include electron-deficient olefins such as

10 monophenyl maleic anhydride; monomethyl, dimethyi, monochloro,

11 monobromo, monofluoro, dichloro and difluoro maleic anhydride, N-phenyl

12 maleimide and other substituted maleimides; isomaleimides; fumaric acid,

13 maleic acid, alkyl hydrogen maleates and fumarates, dialkyl fumarates and

14 maleates, fumaronilic acids and maleanic acids; and maleonitrite, and

15 fumaronitrile.

16
17 A{3) FREE RADICAL INITIATOR
18 A free radical initiator is a molecular fragment having one or more

19 unpaired electrons that are capable of initiating a polymerization reaction.
20  Any free radical initiator may initiate the copolymerization described herein.
21 Such initiators are well known in the art. However, the choice of free radical
22  initiator may be influenced by the reaction temperature used.
23 The preferred free radical initiators are the peroxide-type
24 polyrherization initiators and the azo-type polymerization initiators. Radiation
25 may also be used to initiate the reaction, if desired. |
26 The peroxide-type free radical initiator may be organic or inorganic.
27  Organic free radical initiators may have the general formula: ROOR' wherein
28 R comprises. any organic radical and R' comprises one or more of hydrogen
29  and any organic radical. Both R and R’ may be organic radicals, preferably
30 hydrocarbon, aroyl, and acyl radicals, carrying, if desired, substituents such
31  as halogens. Preferred peroxides include di-tert-butyl peroxide, tert-buty!

.32 peroxybenzoate, and dicumyl peroxide.

- 33 Examples of other suitable peroxides, which in no way are limiting,
: 3.4 - include benzoyl peroxide; lauroyl peroxide; other tertiary butyl peroxides;




- enpl oyed. For exanple, it nay be 10 desirable to add an i ni

-« di decanoyl peroxide In carrying out the process of the invention, a single
free radical initiator or a mxture of free radical ini tfﬂ&?@ % be
a%or havi ng a
| ow deconposition tenperature as the mxture is warmng to reaction
tenperature, and then add an initiator having a higher deconposition
t enper at ur @,4dichloecbEnzbyirperedde; hesialy lgh@rhytiedeoxie; duetrgper at ur es.

Al ternativel a_copbi,natjon of.jinitiators could both be added rior to
heatt g anioaBebal dRiehRPe e pat e R i havi ng & hi g 15

deconposi t dshyligsreryairberextevashidni mithi prbanatd: BaGthe . woul d | ater become
active as the tenperature rose. The initiator may al so be added over tine.
For exanple, if @B3nazaiReApmPquadsclypidedbyith a short half-l1ife, e.g., 5-20

minut ess  akiphRRIFIRAGLHEIBIsbEIPhMiIE! Sre aldd'6BIkRGWA ’Fz!etairééli?éz gr%o%ﬁ added over
t hat free

a period of time so an adequate 20 concentration o ragi cals wll

be avai | abMaterals ddiesaaze isempesads oy perdefiged vs thpsechaviny presentyi el ds of t he

desired pr - R Ve Ly I TR g 8 4) GENERAL
PREPARATI QQP%E—‘BIBF %%&Aﬁ”%oﬁoﬁvﬂﬂﬁrﬁ‘ﬂeo "B W%%BM@%S&%%B@( prepared by
reacting alelasivonavof wbich & preéirgbly aRhéhed toha mntiam sathonaOtebraaitatile reagent in
the presence of a free radical initiator. 5 The reactiqon nmay be conducted
neat " ¢ hat e SopRauadsiRabigiftar denighicd ey B Rebeirenrratiimac di ¢

r eagento anfludboeater peolyaitizoamiriddehiérie) p-oMobeRimeithzohiint RRIrptigPer ratio,

and then stirred at tgeht‘reﬁgg,tion tenperature. The reaction tinme is usually

suf fi ci ent 2Y"FHEHE AN R '2gYUYRAEIEPS A SR Estef aErdieesi on of the

reactive isanpsshdimblige FOmMdIRILESUPSE Neeb gl d1hBissdéd Mayldhqol| Bl UAR
copol ynmer. Suitable reaction tinmes may be between one and 24 hours, with
preferred PRAANIGIEY i nes between two and ten hours. The | ow nol ecul ar

\tI)uraioghFl PI B, unsgidisabes &Gl rg?iEglqgﬁQ{or t@ﬁﬁxpfr%engxc! 10l 63adlafbs | ator may be
ght together 1n any suitable manner. sol ven IS required. The
i npor t Bnt  depsngs $0 arlergerspiterd oo tibe padictlaonitidter dadeeten ltee lvamolecular
PIB used and the reaction conditions. A preferred initiator is one that is
soluble in the reaction medium. Preferred concentrations of initiator may be
between about 0.001:1 and about 0.2:1 moles of initiator per mole of acidic
reagent, with preferred amounts between bout 0.005:1 and about
20 0.10:1 moles.
It is preferred that the polymerization temperature is sufficiently high to
break down the free radical initiator to produce the desired free radical s. The
hatf-life values for known frée radical initiators at various temperatures are
, readily available from the literature. See, for example, C. Walling,
25 "Free Radicals in Scolution", John Wiley and Sons, Inc., New York (1957).
Alternatively, the half-life values are available from the various suppliers of
free radical initiators. Table 1 lists the half-life temperatures for a number of
free radical initiators at a given half-life. The hali-life temperature is the
temperature required for a free radical initiator to exhibit a specified half-life.
30  As arule, the higher the half-life temperature, the lower the half-life of the free

radical initiator.
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In carrying out the process of the invention, a single free radical initiator

or a mixture of free radical initiators may be employed. For example, it may be

desirable to add an initiator having a low decomposition temperature as the

mixture is warming to reaction temperature, and then add an initiator having a

higher decomposition temperature as the mixture reaches higher reaction

temperatures. Alternatively, a combination of initiators could both be added

prior to heating and reaction. In this case, an initiator having a high

decomposition temperature would initially be inert, but would later become

active as the temperature rose.

The initiator may also be added over time. For example, if an initiator is

chosen with a short half-life, e.g., 5-20 minutes, at the reaction temperature,

then the initiator may be added over a period of time so that an adequate

concentration of free radicais will be available throughout the reaction period

to give improved yields of the desired product.
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unsaturated acidic reagent and free radical initiator. In light of this
.phenonenon, previously formed Pl B/ UAR copol ymer may be usgd ﬁéhsff(ﬁiﬁl itate
new reactions of | ow nol ecul ar wei ght PIB, unsaturated acl d{\c reagent and
free radical initiator reactants. Using the PIB/ UAR copolymer to facilitate
this 15 reaction is referred to herein as the heel process A preferred

met hod to Aé4) GENERABI RREPARFOTIOROFRIBIUAR IGEAPOBYBERSs is to conbine the

| ow nol ecul ar | LB, .t rated acidic reagen and Pl B/ UAR
copol yner ; hea\tNﬁlt]%PESB/Qé\%)?OrPgﬁnggnét%auw%%Eﬁp(%'heq?bé’nﬁ?@?g ?i?wand t hen add the
free radi caloleculdrivadigiht PABiwith araimdatiimtanicaddic tedgabt @ theacésamne 20 a

tenperature. This p.rﬁ.c?%ss may be conducted in batch or in continuous node.
The PI B/ UA 8‘86?3%?"@) 12%r use the heel process nay be obtained by

retainiig a porthereaefion hryBeRdAdBceanreiy MRt i§ BeNow RicRidutiiswdighl. Preferred
Pl B/ UAR coBoI ynmers for use in the heel process _include the coB,oI ymer
product - of PH&itae ensaiuipipd dedisiaagesihang the tiearadigal gRttiator gre ¢pebivedf erred 25

vol ume rat jonefy d&/r%aﬁeﬁpérymremth@%d@ﬂbﬁ%@éJamé.ght PIB in the heel
process is between 1:1 and 1:100. A nore preferred volune ratio of PIBIUAR

copol yrmer to | olhensiastien tmevebigiatly Bufliciont theshid il thersobetestialy bet ween 1: 1.5
: d 1:4. T ' t d 30
e L 5 TES R AR o RERLLANG Tty 0 AL E0eBl B I

tenperatureé i degr ees a degrees C.,
and noi® ptoghePABIUAR copolabeutSultabledegetmadintgs may Abdisttwd&EOonkegnees C. At

~ lower reackjon te ratures the reaction m xture beconme too viscous
“and ey r G PESINIG POEHIS] ErapAT e SR g ] BRREER. - 22 17 August
2006 The heel THelegaRolkEaal WeighirRIB, hdsatesled Bcididrabgbntpepgess or a

conti nuous pr oge_s.s. The reaction tenperature ran%e may be about 90 degrees

C. to 210 Geirabdualtigior BRy bsupeghiegetagidi@ny soitaRlg mansies. Nosolvesh degrees C.

- The unsat ugabgeleC i THeCinpRRaRacoPRBRANTRY%E PRI LF ARl bW melet@age from 1 to
2 nol es of unsaturated acidic reagent per nole of nethyl vinylidene isomer

of PIBI5> Tywrighi PIp anthensatwetedsiiidiareagsnt indhererpncpef ereaegéedicat  about 0. 1
Mol es. 1 i L4k OfnePRlacff Yor eeathyi) gy HIZBIHURLLA £64Eh GyERARRNT

which the low molecutar weight PIB is added all initially to a mixture of
unsaturated acidic reagent and free radical initiator. The low molecular weight
PIB may aiso be added intermittently or continuously to the other reactants.
20 Alternatively, the reagents may be combined in other orders; for example, the
unsaturated acidic reagent and free radical initiator may be added to iow
molecular weight PIB. The components in the reaction mixiure may also be
added continuously to a stirred reactor with continuous removal of a portion of
the product to a recovery train or to other reactors in series. The reaction may
25  also take place in a tubular reactor in which the components may be added at
one or more points along the tube.
| The reaction may be conducted at a temperature of about -
30 degrees C. to about 210 degrees C., preferably from about 40 degrees C.
to about 150 degrees C. As noted in the section regarding freé radical
30 initiators, it is preferred that the polymerization temperature is sufficiently high
to decompose the free radical initiator to produce the desired free radicals.
.For example, using benzoyl peroxide as the initiator, the reaction temperature
may be between about 75 degrees C. and about 90 degrees C., preferably
‘between about 80 degrees C. and about 85 degrees C. The degree of
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“although this may vary. The reaction may be carried out at atnospheric
pressure. At higher tenperatures, it nmay be desirable to pjgg b the 10
~reactor slightly (i.e., 10 psig) to suppress the loss of unsaturated acidic
reagent to the vapor phase. If a batch reaction is used, PIB/ UAR copol yner
froma previous run and | ow nol ecul ar wei ght PIB may be charged to the
react or. Apohmtdrization isrinversely propastionabicetbeltempeeditgiet TRIUB, itighd B/ UAR

copol ymer L . ility .of turated acidjc reagent in
ho m xt ur coaPRdEpBRIREE Ll ORI bl IR CBi iR Blival yrer i s
not added gartwukfyfowidegted ahpelynsaizaton.oin genendipafferttod Adactiosat urated aci di c
reagent solubil it e rate of, reagtjon . b negatively affected, and
the f or mat GSRGH %Eﬁtl%e [ epAMpieKRY &M@Bnﬁéﬁnﬁfé‘ea LRSI Soduct i vi ty,
the m ngnmuiearE@usdeobmpPbs¥ bMR<arral MiRfort Péta uﬁte%%&ﬂtde%!idé O maintain
total solubility of the unsaturated acidic reagent charge should be used.

The react oY BES lmperairafdypisallyerbaus 18P dedwmsisie®rigieri on  tenperature,
and the unsat urlied el ol e Weidh b RE haliufilby bBIdld Bhgymay | be added
tep. Reactron times wll

at the appropriate tine/tinmes during this s vary

. wi t h' t enperad thefree mstieatinitiatpoieacttoferar PHHUAR coppltmerethed?IBIUAR r adi cal 25

initiators i I e, f. .any. unreact ed
e e cop Rt 85 9B Pah S 000 B TN e B TR o
~ t enper &b ur phenpnadrount fatliitetetiegesction df ensdactdd BaIndeguleeweight PIB, ef er abl y

'..abot 180 § . Lo about 200 degrees .C., il e applying sufficient
| va_cﬂum Thﬁgg‘aﬁ'?%ieedg%?‘%'cé?%eur{[ gnggre?(gg(ag@aw%ggmﬁh@; ﬁﬂ@f%: ng flrJeeI r adi cal
30 i ni ti at phendnieridh pretésiishofrhed PIBIUARNEIgANG] ifay Be €OBA tselitstirred

tank reactor éC?TR g[i) serjes of such reactors may be used. PIB,
unsat ur at eBPUETHAUENS PhigyenPlecHizrweiobe PR ginsaluratad Eciioreanayt 3 f ed

cont i NUOUSrYe AdicHPMiIRE! RkBtantAlIgsin m@ra?@ﬁ%gb%@% ERfk AL Misevel of
conversion of the reactants to 2a 17 August 200 Pl Bl UAR copol ynmer. It is

- envi si bhed'ogrin riefasieddaderen pe din heepradessr eactor  then is heated to a
R T e
~. is to combine the low molecular weight PIB, the unsaturated acidic reagent
and PIB/UAR copolymer; heat this combination to reaction temperature; and
- then add the free radical initiator while maintaining a suitable reaction
20  temperature. This process may be conducted in batch or in continuous mode.
' The PIB/UAR copolymer for use the heel process may be obtained by
retaining a portion of the PIB/UAR copolymer from a previous run. Preferred
PIB/UAR copolymers for use in the heel process include the copolymer
product of maleic anhydride and low molecular weight PIB. The preferred
25 volume ratio of PIB/UAR copolymer to low molecular weight PIB in the heel
process is between 1:1 and 1:100. A more preferred volume ratio of PIB/UAR
copolymer to low molecular weight PIB in the heel process is between
1:1.5 and 1:4. '
_ The heel process reaction may be conducted at a preferred
30 temperature in the range of about 90 degrees C. to about 210 degrees C.,
and more pfefe'rably from about 130 degrees C. to about 150 degrees C. At
lower reaction temperatures the reaction mixture may become too viscous

~and may require a sotvent to obtain satisfactory reaction.
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- about 200 degrees C. to strip off any unreacted unsaturated acidic reagent
.5 and to deconpose any remmining free radical initiator. Magysm sgy al so be
used to facilitate removing any unreacted unsaturated acidic reagent. It is
envi sioned that a wiped filmevaporator or simlar types of equi pnent may
be suitable for this type of operation. In general, after the reaction is

deened conpl et e ThEteekxangdsereabljon hely bvfisadah ¥ biatkch prbeegsescet i on m xture is
heated to deCf)niPose an%/ﬁ ?s duaci initiator. For a di-tert-butyl peroxide
i ni tiator, CAMUGUSHIRTESS T e [eaction taraperatuse Ftge meobaaiPWes C. Usi ng

di | uent isgoa;te?r@@sa@swmot& PSRRI shd PefdthBly UBBuCPIOdegFBEs BUfo Oone may be
used if desire When dil uer?t IS errpl%?ed [aé/hose diluents that are 15
inert to t HEOeHrests | hpynprtbtaied acidisrragend chalgednay thegretigalbthg a sol vent

i s. not 5ECORRR tohOl BILHBIES &hﬁsﬁbgft&@%ﬁf&n@éyﬁgw&% of¥igmgRY be used if

desired. When a solvent is e vents are inert to the
reactants am!l@@m@@mr Oﬁ?fl%aymﬁ@"ypﬂm‘iwﬁ milicabinitiaity reay belchaiged atay i ncl ude

acetone, ! ahhal W {0dil AitiariBBBOH {Th il é‘xaseaa&ra?eod SOhgT St

di chl or oet hane, "t ol ue enzene, enes r'the |ike.
Sol vent s rrajthdnmhmmaylvam €he tezeiion ussfhd a:mrssd oat aitcatﬂnos@mmr equired. The

Pl B/ UAR co &1 §a?e co veni en ﬁ@‘%ar at ed .f r@m any sol vent

‘used and a Rignel dppperailigsd 'f”a%)pe BACI'ORESSBI St ¥ 8ures  such as

 phase separ@aotmrngaw rentiodistd)itd kappress tHy 1964 of drttpateantdidibe |ike. 25
‘Though not U|re dis erS|ng agents and/or co-solvents may be used

duri ng theref & 1% ev]apaegf;arsgd Using a chain transfer agent to prepare the

Pl B/ UAR copol yngg w‘tcﬁ .@a@nod BVRes] P@/UAR%OTWE%?% t r\gﬂ% ﬂgpt ;agflI er
| S g S

agent,” however, used if desired
enpl oyed, @ndigw F}Oﬁiﬁﬂaéw\’%‘éﬂﬁ mayshe goarged tq erreagter. vheuffidertratie s and
product s ¥ 6f BRmBeull KRB #B 1o PRIUAR é&’&yﬂ%?%%%%sw%c o CCl N M DES. ne

enbodi nment I's Tnvention s a poly e referred to herein
‘as a PR/ UsRubiblyolfymmeatusated aoidivi rdegeﬂthm thepmbyurerat r&czkon conditions is

preferred. If PIB/UAR copolymer is not added at a sufficient level so as to
maintain total unsaturated acidic reagent solubility, the rate of reaction may be
negatively affected, and the formation of resin may be likely. To maximize
reactor productivity, the minimum amount of PIB/UAR copolymer that is
20 optimal to maintain total solubility of the unsaturated acidic réagen’t charge
should be used. The reactor may be stirred and heated to the desired reaction
temperature, and the unsaturated acidic reagent and free radical initiator may
be added at fhe appropriate time/times during this step. Reaction times will
vary with temperature, concentration of reactants, and types of free radical
25  initiators. When the reaction is complete, removal of any unreacted
. y_p\s,giurated acidic reagent may be accomplished by increasing the reactor
“t.em'perature to about 150 degrees C. to about 250 degrees C., preferably
about 180 degrees C. to about 200 degrees C., while applying sufficient
vacuum. This procedure also tends to decompose any remaining free radical
30 initiator.
If the reaction is run continuously, a continuous stirred tank reactor
(CSTR) or series of such reactors may be used. PIB, unsaturated acidic
reagent, and free radical initiator may be fed continuously at appropriate

~tates so as to maintain a certain level of conversion of the reactants to
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- pol ysucci ni m de and may be depicted as the general formula: W NR Int R2
Jer. n M5 x (H wherein: Wconprises one or nore of: 1#afghstSiog-N N O
and R4 10 R conprises at |east one of: one or nore polyal kyl's and one or
nore pol yal kyl enes, each of which have a nunber average nol ecul ar wei ght
of at |east about 1000, 15 preferably from about 1800 to about 3,000; R

conpri ses rRBiyAR degolgmeprit isesvis@ingd tedtuhy brduaci stgedne §6nt thaneddocar bon
5 to about 25 carbon a ri ses one or

O PSR RO 2 5k 28RO 20, S0 JoD B P £ COPIL s one OF
to 3; n comBpu dRffeds ONOMEpichire®gin He rfahg@Tr%niébcﬁrt 180 dégrebé \ygust 2006  x
conprises a whole integer of fr om 1 to 20, dpr eferably about 2 to about 10,
nor e pref er3f9,260 dggrges C. to strip off any unreacted unsaturated acidic reagent
5 and to decompose any remaining free radical initiator. Vacuum may also be
used to facilitate removing any unreacted unsaturated acidic reagent. It is
envisioned that a wiped film evaporator or similar typés of equipment rmay be
suitable for this type of operation.
| In gene'rél, after the reaction is deemed complete, for example, by
10 NMR analysis, the reaction mixture is heated to decompose any residual
| initiator. For a di-tert-butyl peroxide initiator, this temperature is typically about
160 degrees C. '
Using diluent is not necessary to prepare the PIB/UAR copolymer but
one may be used if desired. When diluent is employed, those diluents that are
15 inert to the reactants and products formed are preferred.
Using a solvent is not necessary to prepare the PIB/UAR copolymer,
but one may be used if desired. When a solvent is employed, solvents that
are inert fo the reactants and products formed are preferred. Suitable
solvents may include acetone, tetrahydrofuran, chloroform, methylene
20  chloride, dichioroethane, toiuene, dioxane, chlorobenzene, xylerfes, or the
like. Solvents may be removed after their usefulness is no longer required.
The PIB/UAR copolymer product may be conveniently separated from any
solvent used and any unreacted acidic reagent by conventional procedures
such as phase separation,. solvent distiltation, precipitation and the like.
25  Though not required, dispersing agents and/or co-solvents may be used
during the reaction if desired.
Using a chain transfer agent to prepare the PIB/UAR copolymer of this

invention is not required. A chain transfer agent, however, may be used if
desired. When a chain transfer agent is employed, chain transfer agents that

30 are inert to the reactants and products formed are preferred.
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Int. conprises one or nore initiating radicals; Ter. conprises one or nore
term nating groups; and 5 wherein R3 and R4 are mdependep;tA,yg,jgygjOggen

al kyl, phenyl, or taken together are alkylene to give a ring group. The
conpound of . forrmula (H) nmay be considered a PI B/ UAR copol yner succini m de
and is produced by the reaction of a PIB/UAR copolyner with a nononer (the
al kene or &. IPSQL\%SJé@CFNIM@EISd derivative) in 10 which the nononer is |inked
to the pol yner . 0 i eca e Pl B/ UAR
copol ynmer succi era m t@raﬁ'r% 'H)trc;gﬁr;g]"%%gn 'gllénéﬂlgo%%‘%tj&%a?{)nr%ygy !F'e[rgedtltg

equi val ent kendin ab kdHBIUAR cabd;lyhmeusmmnm@cﬁnsiﬁolymt isve& per equival ent of

Pl B/ UAR copo] yne d about .fr equi val.ent s of pol yam ne per
equi val ent B8bgﬁ?qyﬁ'@ﬁ% 'bcfmé‘m?rfﬂﬁ’&fg?%% &ed‘e&%:‘}?r\%ﬂl?ve plus 15 Pl B/ UAR
copol ymer, other structures,—such @s t hose presented in for rrul as (J) and
(K) may al so be present, dependi nglon the.ratio$ of al kenyl or

al kyl succinic acid derivativjg, PlIBrUAR capol yner and polyamne. Int.- . R

Ter. 00 WR2 O-NL~-ON|RR! R 'fTer. {Inn n M- X 0) (K 20

wherein W R Rl, and R2, Z,. ,N dmti., Tdariare the sane as descri bed
|

in formula (H). For exanplej| if\the/ratjjo %f al kenyl or al kyl succinic

acid _ ‘ 1
IntA] ‘\/{\\ '

‘ Rg [ Ter.
—  —n
_ .
5 — —x
(H)
wherein:
W comprises one or more of:
R
L, R
3
A —
0 N0 N\R
! and 4
10
(1)
R comprises at least one of:
one or more polyalkyls and one or more polyalkylenes, each of which
have a number average molecular weight of at least about 1000,
15 preferably from about 1800 to about 3,000;

R1 comprises methyl; _
Rz comprises polyisobutyl having less than 32 carbon atoms, preferably about
5 to about 25 carbon atoms; |
.Z comprises one or more polyamine linking radicals;
20 m comprises a whole integer of from 1 to 3;

n comprises a whole integer of from 1 to 3;
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~derivative per equival ent of unsaturated acidic reagent copolyner is 1.0:1,
and the ratio of polyam ne to the sumof the al kenyl or ajkyh&iesags ¢ acid
-26 17 August 2006 derivative plus unsaturated acidic reagent copolyner is
0.5:1, then structure (H) would predom nate. However, if the ratio of

al kenyl or al kyl succinic acid derivative per equivalent of PlIB/ UAR

copol yrmer ixscopngriegra whale idteder 6iTebnk h8o 20 abreferably RBbMEP T EbdR@noequi val ent
of al kenyl or al kyl succinic _acid derivative 5 plus unsaturated acidic

_ reagent copol ymBTEIeEERblY 2{®8n structures (J) and (K) will predomnate,
when Wis It BompRsddomsldf Ho%‘ﬁwitiaiin# hejikad-i o of al kenyl or al kyl succinic
acid derivative EO_ per equival ent of PIB/UAR copol ymer is greater than 1:1
‘and t he r atlies. empriseisyei gienere tainkiealng eoups;lapidsucci ni ¢ aci d derivative

~plus PIB/ U \ LS, . t and (K) woul d .
predom ?at @Ee\?\ﬁgﬁig\ﬁ& kﬁjﬁ{fﬁﬁ%’épﬁ){ %%d%g@h%%@&ﬁmaﬁ%ol ymer of
formul a ( Hioggtddr, areraliigne olrgive 4 Bnggemtp.on will typically contain nore
conplex reactio roducts .a 0 rs because of ing and sequenti al
reactions, and EQ%&BEPOPHQ OEF%&HH{E@W“&P%W%@%FHia(ciﬂg@?’%ﬁderi vative nmight
cont ai n _norcepblpaer soecisitidd Bhd isqirbicdddsy thavbgitibnta PIBpgarhai n al kyl or
~al kenyl grou conbai n unsatyrated acidic reagent oligoners. 20

Referring FBB‘Plg":nﬁﬁWg g ppnomss {the, alkepg or gy syiceinis 3ud dedrasivelits or
conpoung MykidH B8 nérorh&08 AnNdtPioshe pBiyhierdinks By BadiRenial iMin@f bet ween

1800 and 3000; R_is a nmethyl, R2 is a low nolecular weight PIB, Zis a
pol yami no FaditalaBesavsa tiedBidAR conriBmes saccinipyide mixddrernady gontaibout 4 to 5

rom 5t hr oo B9A 0% kP ECaGRuNAR BReRY i ftie ol Ligheqlteoer o 2
PO LYSUCCI meNe@Bvalent of PIB/UAR copolymer, and about from 0.4 to 1.0 equivalents
of polyamine per equivalent of alklenyl or alkylsuccinic acid derivative plus
15  PIB/UAR copolymer, other structures, such as those presented in
formulas (J) and (K) may also be present, depending on the ratios of alkenyl

or alkylsuccinic acid derivative, PIB/UAR copolymer and polyamine.

- _ -
int.~ 'R*]
,/\l///_Ter.
W
. 0 R
; o
(R
N Z
0 0
R Ry
Int7] \‘/{\\
' R | [Ter.
— —n
— . m

) (K)

20 wherein W, R, Ry, and Ry, Z, m, n, x, Int., Ter are the same as described in
formula (H). For example, if the ratio of alkenyl or alkyi succinic acid
derivative per equivalent of unsaturated acidic reagent copolymer is 1.0:1,

and the ratio of polyamine to the sum of the alkenyl or alkylsuccinic acid
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“ A suecinimde conposition conprising PlB/ UAR copol yner succi ni m des may be
prepared by contacting the desired al kyl or alkenyl succ1mAgg@gng6
‘derivative with a PIBIUAR copol yner and pol yani ne under 5 reactive
conditions: RX X, 0 0 + Ter. + H2ZN-Z-NH2 POLYSUCCINIMDE 0= R, X ~r Int.
"R n (A (B) 10 wherein R Rl, R2, Z, X, X, n, (Int) and (Ter) are as
def i ned herde'rimaﬁ\fémilss pmsﬁmﬁed acidiy peaggdnkt szomijacisemS Bytheostractuieng from

about 0.5 t |l ent s al ken | succinic. acid
derivati vet“(q)rgggtd '(5‘%P ‘r'eadtion E r)a“Bé’)[a%M BF ﬁ‘ﬂ‘%ﬁf?ﬂfﬁac? ol ymer
(react ant Een’*&ativeep@neqmvél‘%) oBPiB/ 3 ARfoopBlyato i gl@aﬂertﬂﬁmﬁbOUénsth@: equi val ent s
of amne (reactant C of reacti r i val ent al ken | or

ol kT suce! D SRR Pt Piuv Rt A RO R o CRfyetPLs Pl B/ UAR

. copol yngr pheasisafiradicidie aeigefcdoiymeris 0 €fthéh efudBielqd) dr (@ first add
the al kenyl or al kyl succinic acid derivative and the PIB/ UAR copol ymer

t oget her améll @ ﬁéﬁnme-tWée%W'9am ne. 20 A nore preferred nethod is to first
-m x the al kenyl or alkylsuccinic acid derivative and the PI B/ UAR

copol ymer together using a ratio-controlled mixing systemin which t hese
two conponents are sinultaneously /chargefl into a m xing device, such as a
.static mxer, at the desired weight or le ratio. In |ike manner, the

al kenyl or al kyl succinic acid der/ivative and the PIB/ UAR 25 copol yner

m xture is then conbined wtlio pol yam eing a ratio-controlled

m xi ng systemin which these two ¢ ents are sinultaneously charged
into a mxing device, such as a statiE mxer, at the

(L)
In addition, if th; ratio of alkenyl or alkylsuccinic acid derivative
io per equivalent of PIB/UAR copolymer is greater fhan 1:1 and the ratio of
polyamine to alkenyl or alkylsuccinic acid derivative plus PIB/UAR copolymer
is about 1.0:1, then structures (H) and (K) would predominate, when W is
NH..
In addition to the bredominant polymer of formula (H), (J), or (K}, the
15 reaction will typically contain more complex reaction products and polymers
because of competing and sequential reactions, and because the alkenyl or
alkylsuccinic acid derivative might contain more than one succinic anhydride
moiety per long chain alkyl or alkenyl group or contain unsaturated acidic
reagent oligomers.
20 - Referring to formulas (H), (J}, .or (K}, the preferred compounds or
| compound mixtures are those wherein R is a PIB having an Mn of between
1800 and 3000; R4 is a methyl, R, is a low molecular wéight PIB;Zisa
polyamino radical having about from 3 to 7, more preferably, about _
4 to 5 nitrogen atoms and 8 to 20 carbon atoms; and x is a whole integer of

25  from 2 through 20. -
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- desived weight or nole ratio, -28 17 August 2006 1 Typically, the reaction
.I's conducted at tenperatures in the range of 2 about from + Aty degr ees
C. to about 180 degrees C., preferably about 3 150 degrees C' to about 170.
degrees C. for about from1 to 10 hours, 4 preferably 4 to 6 hours.
Typically the reaction is conducted at about 5 atnospheric pressure;
however ; hiBjhe8YNTHESM IOHTHEROEESUERIMIMIOE e used 6 depending on the

. reaction tenperature desired and the baqili int of the 7 reactants or
“solvent if a so?\ﬁé'ﬁ?‘nfr@'aﬁé’%‘.poﬁ‘ﬂ% Cﬂ@?@ﬁ”ﬂgg%mﬁlf:ww'@%ti on will

typically kecanimidddinay BeGresded Beentadting theSRERBAANY S ARBIGES Or

byproducts and the reactants_are m xtures. In 10 theory, pure conpounds

coul d be oBHeiinE@Cidkdrvativaite alRB R gopelymer and pelypBinedsndss react ants and
then separ gdddfide @Hhdilibig-desired pure 12 conpounds fromthe reaction
product. However, the expense of this would 13 rarely be justified for
commerci al purposes and accordingly the cormercial 14 product w |
general ly be & m xture in_which fornmulas (H), (J), and (K) will be 15 the
predom nant coppounds. 16{ WAt er ,x\presemt in the systemor generated by the
reaction of t ine 17w th c¢inic or naleic anhydride noieties of
(react ant ' (1 eackantt BlofZTdilet iron M) FOLEUGCNMDE
succi ni m de, i r ef er abl 19 the reaction systemduring the
course of the reaction 'lVi azeotropimgf 20 stripping with nitrogen or
distillation. After rea€fjon conpl ethzo , the system 21 may be stripped at
el evated tenperatures (typically 100 degrees C. to 22 250 degrees C.) and
reduced pressurgng to renove any ol atil e conponent 3 23 that may be present
in the product. 24 25 (13)(1)(E¥ THE ALKENYL OR ALKYLSUCCI NI C ACI D

DERI VATI VES 26 Al kyl and al kenyl succinic acid derivatives having a

cal cul ated succinic 27 ratio of fromabout 1:1 to about 2.5:1,jgnd
preferably fromabout 1:1 to about 28 1.5:1, may be used in the present
process. Mre preferably, the al kyl or 29 al kenyl succinic acid derivatives

have a sucgh&®id RNRE 3, 2, ff xahouht) Gh@TTah ek as defined herein.

This process is typically conducted by contacting from about 0.5 {o about

10 equivalents of alkenyl or alkylsuccinic acid derivative (reactant A of
reaction (M)) per mole of PIB/UAR copolymer (reactant B of reaction (M)} and

15 from about 0.4 to about 1.0 equivalents of amine (reactant C of reaction (M))
per equivalent of aikenyl or alkylsuccinic acid derivative (reactant A of
reaction (M)) plus PIB/UAR copolymer (reactant B of reaction (M)). A
preferred method is to first add the alkenyl or alkylsuccinic acid derivative and
th_e PIB/UAR copolymer together and then add the polyamine.

20 A more preferred method is to first mix the alkenyl or alkylsuccinic acid
derivative and the PIB/UAR copolymer together using a ratio-controlled mixing
system in which these two components are simu’ltanéousty charged into a

~ mixing device, such as a static mixer, at the desired weight or mole ratio. ln.
like manner, the élkenyl or alkylsuccinic acid derivative and the PIB/UAR

25  copolymer mixture is then combined with the polyamine using a
ratio-contralled mixing system in which these two components are
simultaneously charged into a mixing device, such as a static mixer, at the

desired weight or mole ratio.
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-30 1:1 to about 1.4. Most preferably al kyl or al kenyl succi ni c anhydri des

are 31 used. Accordingly, alkenyl succinic anhydride prepla;rgggdgyzddge
thermal 32 process is preferred, because the cal cul ated succination ratio

of material 33 prepared by this process is typically 1.0 to 1.4, and
because the product is 34 essentially chlorine-free since chlorine is not

usEddi n 1t he syntiypRaly, thefatiforNsditnidud@att tehiseraRireinkié paRyeStcCi ni ¢
anhydr i

is th i duct_ of | yal kyl ferabl
ol 31 sobut Rt ipiateut SheBedTRpae (abed iobientan . pgpBbiRobhe, or hi gh
met hyl visny | i5teqgyresy ¢ eabeleNn 88yreBs cUsGhtolt i8R 1 BrePRsRLI on of such

pol yal kyl ene succini ¢ _anhydrides.” Thermal, chlorination, 5 free radical,
aci d cattal Wreigrakly 43m6 hetise rTypicadis e amgtioneispondudtad ahakoutpr epar at i on.

Exanpl eg of. ' I ini L de | Pl BSA
(polvyi sgbut%ﬁ?#@%@?ﬁ%ﬁ%n@&??ﬁe eg@!oﬁgei@@s%ﬁﬁgénﬁa{?%ﬁ% fﬂ,@ﬁgﬂi
3, 361, 6¥3; deeodinganiton reachsatateperature desired ardl thBdioding pdint oBfHE72, 892; a

m xt ur e ;of I ' i.on BSA described in U S. Patent No. 10
3,912, 7%4; f%?‘gﬁ@&&%?ﬂ?ﬁﬂt%%@ I'%gﬂg‘ltjfescri bed in U S. Patent No.

4,234, 485; Pol pBINs&Al klesinr tHeadactionivB.tygiedligiie Nedxture, bebausdihenad

5,175, 2g5; _hi gh inic ratip PolyPIBSA described in US Patent Nos.
S 565, 595 AR SoeTHEN Weacs phBmBHYCARR SR pUEINeE & Pt ent Nos.

5, 286, 709, thénrdiré 36mpamttsdbibbd OBiaitdBRA XBARI b mih@gehréret hylvinylidene
15 pol ggutene des%éi bed in U S, Patent Nos. 4,152,6499, 5,137,978, and
5, 137, 980; CAMGRURIR.S rRactanty ansl bepsapatatiag pubiherdesiied®rs | vi nyl i dene

pol ybutenecd hdeelort [ ' ' | No. EP 355
L e e S A L R

aci d PIBSAraielyciq iuslifiedior commexpial purpases snd azcodiohniieRonupersial 20 Pat ent
U5 ot enbigeet WO DBe cripaite i Aot pHb ) P e HOHBECa T on "o,
EP 6021863theTpreddininanbseampsunals. each of these documents is incorporated
el Ty ¥ o RS, bRk ASK I D o g RSP BE e BBy o o
pol yol &1 i nwiththerguainidof malgiclaiiydride MIStcd st (Ractant A of reaction (M))

18  and (reactant B of reaction (M)) alkyl succinimide, is preferably removed from

19  the reaction system during the course of the reaction via azeotroping,

20  stripping with nitrogen or distillation. After reaction completion, the system

21 may be stripped at elevated temperatures (typically 100 degrees C. to

22 250 degrees C.) and reduced pressures to remove any volatile components

23 that may be present in the product.

24
25  (B)}{1)(A) THE ALKENYL OR ALKYLSUCCINIC ACID DERIVATIVES
26 Alkyl and alkenylsuccinic acid derivatives having a calculated succinic

27  ratio of from about 1:1 to about 2.5:1, and preferably from about 1:1 to about

28 1.5:1, may be used in the present process. More preferably, the alkyl or
29 alkenyl succinic acid derivatives have a succination ratio of about from about
- 30 1.1to about 1.4. Most preferably alkyl or alkenylsuccinic anhydrides are

31  used. Accordingly, alkenyl succinic anhydride prepared by the thermal

32 process is preferred, because the calculated succination ratio of material

33 prepared by this process is typically 1.0 to 1.4, and because the prodﬁct is

34 essentially chlorine-free since chlorine is not used in the synthesis.
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Mv Mh ratio of 1:1 to 5:1. In a preferred enbodiment, the al kenyl or alkyl
group of the succinimde has an M value from 1800 to 300 {}@g; deferred
are al kenyl or alkyl substituents having an M of from 2000 to 2508

Sui tabl e pol yolefin polynmers for reaction with maleic anhydride include 30
~pol ynmers conprising a major amount of C2 to C5 nonoolefin, e.g., ethylene,
propyl ene, but yihemelydliadenasuyaciranhvdrige it tegeadtios mocﬂwt@lf 8 may be

h | f
mor e suoh dPLEERRrARtthE AR A0 o BBl SRwERE SPBEhe “butyi ene.
and i sobut yoissbutane, oOhigbrmetbploinytiders pmtmtdeemehamg blemsddlrﬂhwea m nor -30

--------------------- 17 Au ust nt e copol yner
mononers (& r%oafatioq o SN Riiggens s B‘é"%l" ”F%S gherﬁﬁi&ﬂsﬂrlﬁ'ﬁﬁ?‘bd di ol efi n,
e.g., aSComdeyﬁﬂllbalofacrtjmwyzddeBﬂaﬁf]dth@ﬂbﬁﬁb@@ﬁ]a?rbeause@QOlé’m3r of ethyl ene,

etc. A particularly preferred class of olefin

propyl ene and 1, 4- hexadi ene,
pol yirers f &reRasatian- oé.xqmlﬁs ﬁ’ﬁ‘?“é‘ able BO'&?{MQW gecEigprhydsisles mee pol ybut enes,
whi ch-are iRl PN (myngmtéﬁﬁfsheamc%fnh%}?deg eBBRddh Uls b#étsﬂﬁ 2-butene

and i sobut ene Especial |y desirable are @m& utenes contalining a
subst ant i alNGPoIrd7% ghisfinatinn BIEY deastiibed inliS dinientin. 3THR, 882 wbut ene may

contai n M A ATGUAL i larRUASIENEn PIBSA ResBRATh TBYRRR RE | ncor por at ed

in the polyner. These pol ybutenes are y avail e comer ci al
mat.eri dPs w2, 1040 hightssiceinissratis IRIBSAdies arilidukindl. 6. PaexaNpl 234838y ocedur es

il lustrati r f rial f.oun for exanpl e,
inUs paoy Sﬁigsdgggf%ﬂ%g P?féfgﬁ',o%s'g?1%?8?%,}/‘%%9?75'%79,450; 3,912, 764
and 4,b|605, afg&,suhanmt.b WISAt(%dculﬁbediﬁftiﬁEerﬁﬁeni ROS. 556%1 B%Qiagm osurels ofb
suitable p _ T nyl. or. al kylsuccini c_anhydride may al so be
pr epar ed uglﬁrng%{qg ﬁe@f)acg%"i‘lr}gﬁg PS}b‘?CL‘Qd’J Pv B3Nt Mognd %@@%?9 vi nyl i dene

pol yal kyl eaemgruwt an@eremrdcm P'I%A%&Jéfﬂﬁn‘ﬂ%bﬁiﬂndzﬂ . Patent Nos.
4,152, 499; 5 071 © ' 5,137,980; 5, 286, 823; 9; b5, 688, 887;

publ i shed Pﬂ‘tf’é‘ﬂfﬁa% ﬁSﬂ%ﬂbedABM PcReteghyonsbat 499, M%%@@sm and publ i shed
Eur opean PalianiosdOnigRRLield afis PR ifae T B ActrRAYIQSR7381A, 611 of

whi ch are her eby
polybutene described in European Patent Application Publication

No. EP 355 895; terpolymer PIBSA described in U.S. Patent No. 5,792,729;
sulfonic acid PIBSA described in U.S. Patent No. 5,777,025 and European
20  Patent Application Publication No. EP 542 380; and purified PIBSA described
in U.S. Patent No. 5,523,417 and European Patent Application Publication
No. EP 602 863. The disclosures of each of these documents is incorporated
herein by reference in their entirety.
In accordance with the invention, the alkenyl or alkyt succinic anhydride
25  reactant is derived from a polyolefin having a Mn from 1000 to 5000 and a
Mw/Mn ratio of 1:1 to 5:1. In a preferred embodiment, the alkeny! or alkyl
“group of the succinimide has an-Mn value from 1800 to 3000. Most preferred
are alkeny! or alkyl substituents having an Mn of from 2000 to 2500.
Suitable polyolefin polymers for reaction with maleic anhydride include
30 polymers comprising a major amount of C, to Cs monoolefin, e.g., ethylene,
propylene, butylene, iso-butylene and pentene. The polymers may be
homopolymers, such as polyisobutylene, as well as copolymers of two or -
‘more such olefins, such as copolymers of: ethylene and propylene, butylene,

- and isobutylene, etc, Other copolymers include those in which a minor
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i ncorfporated by reference in their entirety. O her polyal kenes nay al so be
used including, for exanple, polyal kenes; prepared using sPS@JE
catalysts. 25 (B)(1)(B) THE PI Bl UAR COPOLYMER The PI B/ UAR Copol ynmer of this
synthesis reaction is the PIB/UAR Copol yner of this invention and is

previ ously described herein. -31 17 August 2006 (B)(1)(C THE POLYAM NE
REACTANT THeENgs1t wh Hieropolsmar anenashergl (6. ohal® 20 mokea%), may be adhitn&ani t r ogen

" atoms per | : r cably 4 } . i er. | ecul e. Most
Dreferred arnBonPUseEEL A & eblol S bhBaH B E RGN aiom
per nol eculcepoiyherobsthytenef pmleeemﬂﬂogea;(aiigm gher (r)ml ecl\:/tLJI e of polyam ne

is calculated as fol.l . _Avera nu r.of nitrogen atons in

nol ecul e of pol %‘d?ﬁrh%tﬂ%ﬁy &fe{edEF@aﬁ% Se%?@}éwqy'ﬁgfst@ﬁfear@%? ngﬁ’?l‘ﬁ'cpol yam ne

or. pol yam mehgindeicampddesiha palybuknes, vavien ageprmbasibppomieaittionl the

pol yam ne o Preferred pol %gl _I%I ene pol yam nes conprise
el

| ;
from about'ogfofl %é arln? g?é@u%gfpuéqwd FHEW@ gerbrdasyBble a'eom 2 to 3

carbon at oEslyBaferdkcohMang BisubsthRgalReoYSHIBA B! it &I RREYORAS a
carbon-to-nitrogen ratio of 15 fromabout 1: 1 to 10:1. Exanples of
sui t abl e péiopainge st ienRAlYhHgNSBIaY Sontairminorfasmotints ef adisnadwhids t hi s

T

M dl and0 Mrgadilymaaiatiie nommeastidinataRals Xvelbnoppiol thase sidliddinrtherrtaver age

o el M5Bt R PED SR R B Lo
pol yami nes foumd fdrlexapipéy ipUsS \Patents iNvsed,2 15109t 823 387palsyg/esoes, i ncl uding
Cont ai ns. aroeERsd HR A HEE B fereb ki PO e LR e per
ol ecul e.  fuatdib@asepof yambresogRResad |y afford
15 The alkeny! or alkylsuccinic anhydride may also be prepared using the
so-called highly reactive or high methyl vinylidene polyalkylene, most
commonly PIB, such as described in U.S. Patent Nos. 4,152,499 5,071,919;
5,137,980; 5,286,823, 5,254,649; 5,688,887; published International
Applications Numbers; WO 9310063-A1; and published European Patent
20  Applications Numbers 0355895-A; sand 0587381A, all of which are hereby
incorporated by reference in their entirety. Other polyalkenes may also be
used including, for example, polyalkenes prepared using metallocene

catalysts.
25 (B)}1)(B) THE PIB/UAR COPOLYMER

The PIB/UAR Copolymer of this synthesis reaction is the PIB/UAR

Copolymer of this invention and is previously described herein.
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" 25 excellent results. The pol yam ne reactant may be a single conpound but
typically will be a mxture of conpounds reflecting comwﬁr&'%{stmﬁyam nes.

The commercial polyanmine will typically be a mxture in which one or

several conpounds predom nate with the average conposition indicated. For

exanpl e, TEPA 30 prepared by the polynerization of aziridine or the

reacti on of(BHi1HE) dHEePOLYSMENERBASTAMNT a wi | | have both | ower and hi gher

am ne nenbers, - St d. piperazines and nt aet hyl ene
hexani ne, but tﬁgggg%gsg% Ifegn%ﬁ%h&ﬁ'@g\?v%??%@a coBEe rﬁﬁogeen gely TEPA and
t he enpi ri aidm$ penmote, ahd phefetablyed tan? amigonpogetd per mblebulecMose! y

approxi mat e tfhat of TEPA. . O f}%&. eéfa(ggl %s o% s%}a?l e.pol yam nes i ncl ude
admi xt ur es PEFCHRH A6 PEYamings; syadToR @boyt &t tHRAYIrQ9e8 BU8Sal | mixture
contains atpet ARsdcufe. MHié AGABeDOHNINE NRFIgeMUtERY IpBr moliukderd Wi thin these
sui t abl e pol ?/am_nes are mxtures of diethylene triam ne ("DETA") and heavy

pol yani ne. PRYgFuRR S &ryRied aaifellowsadni xt ure reactant is a mxture |

cont ai ni ng 20% by wei ght DETA and 80% by wei ght HPA-X; as determ ned by
the nmethod described herein, this preferred polyamne reactant contains an
aver age of JsudgSNIMAet ¢farfeegest ons ¥0O per Y%yl>ed Met hods of preparing

pol yam nesggﬁp%aé%ﬁ(&%c&g i n%grdet ail edThg—lo@“dgevm' ck's THE ORGANI C

CHEM STRY arendon ess, Oxfor 1966; Noller's CHEM STRY
OF ORGANI C COVWPOUNDS, Saunders, Phil adel phia, 2nd Ed., 1957; and

Ki rk- & hrrer'.s ENCY; EDI A OF Ct:HEM CAL TECHNOL , 15 2nd Ed., especially
Vol umes 2, "H§Te1dg. PR = Pereshs AR BRI MO RANATIER MM e pr epar ed

using e PI B/ UAR QIppot Higiberayekge Adstalhf Raightofht poRaiseorvari ety of
post-treating reagents. U S. Pat. 20 No. 4,234,435, the disclosure of which

is incorporated herein P IvaatiRe Blvdire di scl oses reacting succinic acylating
agents with a vardfated Q&E/éhl%ﬂgﬁé‘b§ly§91ir9§sv&>m;f}%§tffotnﬁ 8B8bQt Ryl i c acid

derivative conpositions at are useful as polysuccinimdes and detergents
in |ubricat? ﬁgrt@im at@r@ﬁ«pusgrq bejng preferably from 2 to 3 carbon atoms

per alkylene unit. The polyamine preferably has a carbon-to-nitrogen ratio of
15 fromabout 1:1 to 10:1. Examples of suitable polyamines that may be used to
form the compounds of this invention include the following: TEPA,
pentaethylene hexamine, Dow E-100% heavy polyamine (number = 303,
available from Dow Chemical Company, Midland, Mi.), and Union Carbide
HPA-X heavy polyamine (humber average molecular weight = 275, available
20  from Union Carbide Corporation, Danbury, CT.). Such amines encompass
isomers, such as branched-chain polyamines, and the previously mentioned
substituted polyamines, including hydrocarbyl-substituted polyamines. HPA-X
“heavy polyamine (*HPA-X") contains an average of approximately 6.5 amine
nitrogen atoms per molecule. Such heavy polyamines generally afford
25  exceflent resulis.
The polyamine reactant may be a single compound but typically will be
a mixture of compounds reflecting commercial polyamines. The commercial
polyamine will typically be a mixture in which one or several compounds
predominate with the average composition indicated. For example, TEPA
30 prepared by the polymerization of aziridine or the reaction of dichloroethylene
- and ammonia will have both lower and higher amine members, e.g., TETA,

substituted piperazines and penta’ethyléne hexamine, but the composition will
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- For exanpl e, the dispersancy of the polysuccinimde prepared using 25 the
-PI' Bl UAR copol ymer may be inproved by reaction with a cyclifagalbangte-
This may result in sone reduction in fluorocarbon el astomer conpatibility.
However, this may generally be nore than offset by reducing the
concentration of the carbonated post-treated polymer in light of the
i ncreased belisspay J&Reyandithe erepittalifognuin df fheadtap abymetorhpssittomenitr nor e

nitrogens gf the 30 polyamn jety substituted with a hydroxy hydrocar byl
oxycar bonyﬁa,os%{y aﬂ@@%@"@g%tﬁﬁ ‘kyl ene) oxycarbonyl, a hydroxyal kyl ene,

hydr oxyal kyl enepky &anigiek ok eniglble polyHinkicdligclide b@dixturdb of axfldsefcar bonat e
post-treatment may be conducted under conditions sufficient to cause

reaction of3MNE S&pe| providar Bbridbe oxpa raiskiemaentpins atleasy4 Aigager 2006 - ami no
group of tASnRYYMBIRUISURRIIddSRErN 6hTa§8's%ﬁé6|¥po%ﬁmiﬁ&@&:%'rﬁﬂtdrés conduct ed

at tenperatures of about from about egree C. to about 250 degrees C.,
pr ef er abl yoftdiethylape triamipe (dagFAs end hepwy pplyaminz0 A gesjereespolgamimed nost

preferred deqr. -2%5 : o, The reaction
may be con%@@e@gﬁ%gﬂgﬁdﬁg?égﬁ%g?w%m po%’?#e%?e@ﬁgjﬁf%g(ﬁ\gﬁglﬁ C’ carbonate
are conbi neeighnHPAeX; @safsdermiadd by thes triethodadezoebad heneirt, lds ppefesenhce of a
catal yst (sych as an_.acidic,. basic or Lews Ld.catal yst). Exanples of
Ul tabre CRTAYEE TR Tns AR siasesT ShRuSEA GHBRARMEbor on
trifluaridsermdisyl or aryl sulfonic acid, alkali or al kaline carbonate. The
sanme 10 solvents or diJuents as described herein wwth respect to the

preparing the Bpdsnil RIERBINGEBRYARINes aE thelr (RaciophatedeteNRA INc car bonat e
- post -t r eatg@Rbwick SHREGRNIOCHElSPRY PARITMGRNKERY ndRIn BlkY ] O£ i m des
with cyclic carbonates is known in the art and is described in U S. Pat.
No. 4, 612, 1058; NofieirsebyENIAER PoPRBANICKONRIUNDENSaUndats,; thjladaibhiset v .
Ceneral ly, p -OmSSCE 1 al kenyl or
al kyl succ%&rﬁ'dqeg@@%ﬁﬁqﬁvcﬁ%?‘c car%%%gé&ggﬁg%gﬁ%%%%m@@ﬁo post treat
t he PIIB/ UARddopoespesially Nahames 2upmrddy1ti.ef erred cyclic carbonate may be
1, 3-di oxol an-2-one (ethylene carbonate). The nolar charge of cyclic
carbonate enployed in the post-treatnent

C. POST-TREATMENTS

The polysuccinimide prepared using the PIB/UAR copolymer may be
post-ireated with a wide variety of post-treating reagents. U.S. Pat.

20 No. 4,234,435, the disclosure of which is incorporated herein by reference,
discloses reacting succinic-acylating agents with a variety of reagents to give
post-treated carboxylic acid derivative compositions that are useful as
polysuccinimides and detergents in lubricating oil compositions.

For exarﬁpie, the dispersancy' of the polysuccinimide prepared using

25  the PIB/UAR copolymer may be improved by reaction with a cyclic carbonate.

- This may result in some reduction in flucrocarbon elastomer compatibility.
However, this may generally be more than offset by reducing the
concentration of the carbonated post-treated polymer in light of the increased
dispersancy. The resulting modified polymer has one or more nitrogens of the

30  polyamino moiety substituted with a hydroxy hydrocarbyl oxycarbonyl, a
hydroxy poly(oxyalkylene) oxycarbonyl, a hydroxyalkylene,
hydroxyatkylenepoly(oxyalkylene), or mixture thereof. |

The cyclic carbonate post-treatment may be conducted under

conditions sufficient to cause reaction of the cyclic carbonate with secondary -
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© 20 reaction is preferably based upon the theoretical nunber of basic
‘nitrogens contained in the polyam no substituent of the gugghRigode. Thus,
when one equival ent of tetraethylene pentamne (TEPA) is reacted with one
equi val ent” of succinic anhydride and one equival ent of the PIB/ UAR
copolymer, the resulting his succinimde will theoretically contain 3
basic nit r@@msgromsom@m%uaﬁ@m sustiiggnis. tipeadiy, e readlionliel require that two

ol o5 O CUGldfed ATIRPBLE,BE HRUIGH (LA B3RN0 BB &1 /gD O N this case

6 nol es of cyc car or each fent pol yal kyl ene
succi ni m d%mdegrsas:& .rprefedada!pfrepmtﬁnhtﬂﬁ&)ma@mc I\Yblabomazu(b@egnéea he cyclic

car bonat e am ne nit n_of al ke succi ni m de
used in thé @@%pgﬁ%rgter{ﬁ(:{%cp{pgpr{,ng%eg{ﬁeaqu?q gﬁ?%ta’lgoﬁgﬁeqsh range of from
about 151 to abmigreadtidn n@&bﬁ%buﬂé@h@éﬁml’wrélhwrﬁmtﬂolﬁnér dr@ about 3:1 As
. described jn U S Pat. 132 cyclic carbonates may react wth the

primary anf&ege&ﬁ%?w&%af%gmm)msdﬁb '"S?d?fpﬁ%r rAtiRefither glong|qeyt thesuccei ni ni de

to form tV‘&eEH:E&%f‘Hc&QI@@%U%aS BhBeldic, BhERNG LRABESCHH Relaydhng 34 17 August
2006 unhindered am nes such as primary am nes and some- secondary am nes,

react wi t hogmlguplstithie @ﬁta’dﬁéll"‘é”@ﬁhﬁ@mi@w@s@bw&a@d d@eam c ester.
S d, hi t th
econ ' tﬂﬁt%r%, ?ﬁg?s a %If@ﬁlchdlcnld %[)o fi o gﬁ%ﬂﬁ?EXrbﬁﬂhﬁyZP% )%gﬁef‘nler eact w

an equi val ent cyclic car orm-a kyl enear ni ne
5 1 i nkHge. saugmits &reditueatscay tesanhed hpreotiwidh sespevd thiperpoeyaringythenear ni ne

P bonar e HE/IMR PROVnAEhCaY e vERER Bpadols edbbraBiErbiouRlsrle ot ¢ he
Icg(s:!si CaC?; Ponaﬂetretrjea%thﬁlfof?ﬁ?am:ﬂd) hﬂ(@@ﬂ;brrl(aﬂkyﬂ beccsmmewn\fﬂd@dhs at)ﬁgt 1 or
succi ni mi 0‘@996?"%? %BW\%?B?% ‘{}) Hay%e{?ﬁwgﬁg g'dgg{c%r@?ﬁpgi% Bgén c esters

wi th some Hurstsomybypdrneabhyéfermme, ﬂ%slétﬁ?étye@enéﬂaﬁp tRebRtetiieded. As the
nole ratio is rai sed above about i ncreased anopunts of poly(oxyal kyl ene)

pol yrmeb’s d#espﬁléecbtgrmtﬁr@abg@!@rgmgrﬁ{quwbor alkyl succinimides with cyclic
hydr oxyhy dinscaRd @Y BRSE hysiol (6ot Cfﬁ@h&bw copbyfin@0! ysucci ni i de

prepared using t B/ UAR copoly ost treated
pol ysucci ni m dé mﬁré@daréxdpmﬁtrr@ @MC %@DU&R map@ByTn%ﬂlqmgan ~2-0ne
{ethylene carbonate).
The molar charge of cyclic carbonate employed in the post-treatment

20 reaction is preferably based upon the theoretical number of basic nitrogens
contained in the polyaminc substituent of the succinimide. Thus, when 6ne
equivalent of tetraethylene pentamine (TEPA) is reacted with one equivalent
of succinic anhydride and one equivalent of the PIB/UAR copolymer, the
resulting bis succinimide will theoreticaﬂ‘y contain 3 basic nitrogens.

25  Accordingly, a molar charge of 2 would require that two moles of cyclic
carbonate be added for each basic nitrogen or in this case 6 moles of cyclic
carbonate for each mole equivalent of polyalkylene suc_éinimide or
succinimide prepared from TEPA. Mole ratios of the cyclic carbonate to the
basic amine nitrogen of the polyamino alkenyl succinimide used in the

30  process of this invention are typically in the range of from about 1:1 to about
4:1; although preferably from about 2:1 to about 3:1.

_ As described in U.S. Pat. No. 4,612,1 32, cyclic carbonates may react 7
with the primary and secondary amines of a polyamino alkenyl or alkyl -

succinimide to__form two types of compounds. First, strong hases including
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“also be reacted with boric acid or a simlar boron conpound to form borated
di spersants having utility within the scope of this invenij g8@eust Bogddi tion
to boric acid (boron acid), exanples of suitable boron conpounds I ncl ude
boron oxides, boron halides and esters of boric acid. Generally from about
20 0. 1 eqU|vaIents to 10 equival ents of boron conpound to succinimde may

' be used. uphigdared Fnines suseagBiHeRARINGS@NEGONE sedoftdgoaminesat nents, t he

conpounds 'F@é’ct% hishr %Lﬁ\{éa?&ft%fl%c‘% cBW&n%:Fét artHLc’i&% %%HB%%C elfeth a variety of

post-treatnents rove or erent properties. Such 25
post-treat @nosdlmmand@bamwmﬁamdqed semmtdrwmrm%?nw refictwih Pat. No.

5,241, 003, fer . Such .treatnents may i nclude
Creatent A CHOVRET SEHBIBiecesht ruBetaE flonm HiAlIakIER Y U S Par.
Nos. 3, ﬂ03llﬂ%ea(‘lﬂhmzeﬁ%c%abnat@ﬁro@ugantm;l Wm@maf g Mymam@mﬂdgts(e g.l, U. g
Pat . osphor.o entasu i des; Boron conpounds as al ready
not ed heref%a'n(tge'éz’és'ﬂfg ARG (e Feqetonet® Qistic Bogepaiahsy Vielhe 17
August 2008 mitdird KplodGcta CWiken B Mfé?a’rtlﬁhé)’dé & tRE cfl8lic camborhit té flemeand/ or acid
halides (e.qg.,_ U'S. Pat. Nos. 3,708,522 and 4, 948, 386) gom des

pol yepoxi aPBYC aitragen & fsosticgiimideds gbout] g lepyta lam&porsoa&s the18 and
5, 026, 495) Fnﬁlaﬁ" Mé’éjc%neérykﬁlﬂggo uggirﬁrﬁdavﬁﬁ bg@ané‘te% r%a%)xy Car bon

~disul fide ycCl Pat .
4, 617, 1387) hydipearbyk ¢eobrro Qsterguethus@mhxc&oyhydtmcsrbmlnemwa@esl2 619

2,260 519. bR e e Py Q9388 bnud IR CEMRRHE LT © 1
~cyani de ( eamgounts.dbpoRétxyaldglene BpAyideBbOr tha dathabfib £5699 and the
hydroxyhydrocarbylamine-derivatives may be produced.
The polysuccinimide prepared using the PIB/UAR copolymer and the
15 post-treated polysuccinimide prepared using the PIB/UAR copolymer may
also be reacted with boric acid or a similar boron compound to form borated
- dispersants having utility within the scope of this invention. In addition to boric
acid (boron acid), examples of suitable boron compounds include boron
oxides, boron halides and esters of boric acid. Generally from about
20 0.1 equivalents to 10 equivalents of boron compound to succinimide may be .
used.
in addition to the carbonate and boric acid post-treatments, the
compounds may be post-treated, or further post-treatment, with a variety of
post-treatments designed to improve or impart different properties. Such
25  post-treatments include those summarized in columns 27-29 of U.S. Pat.
No. 5,241,003, hereby ihcorporated by reference. Such treatments may
include treatment with: - ‘
Inorganic phosphorous acids or anhydrates (e.g., U.S. Pat.
Nos. 3,403,102 and 4,648,980): |
30 ‘Organic phosphorous compounds (e.g., U.S. Pat. No. 3,502,677);
Phosphorous pentasulfides;
Boron compounds as already noted herein
{e.g., U.S. Pat. Nos. 3,178,663 and 4,652,387);
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~Di ketene (e.g., U S. Pat- No. 3,546, 243); A diisocyanate (e.g., U S. Pat-

 No. 3,573, 205); 15 Al kane sultone (e.g., US. Pat. No. 3 7Agg&9§()06

1, 3-Dicarbonyl Conpound (e.g., U.S. Pat. No. 4,579,675); Sulfate of

al koxyl at ed ‘al cohol or phenol (e.g., US. Pat. No. 3,954,639); Cyclic

| actone (e.g., U S. Pat. Nos. 4,617,138; 4,645,515; 4,668, 246; 4,963, 275;
and 4,971, 711) ; Qeb@ytit Acidcpelpeathoxylioracidsi anydiidesaadior asidrhatidesocar bonat e

or polycar bonaggggg!‘szpégéﬁ%gé;}%%?%ragg49&0%63Pat Nos. 4,612, 132;

4,647, 390; 4,648, gen-c i ni ng carboxyllc aci d
(e.g., U S.  Pat Epéxidéd pbR8pamdtesBrithiostpodileent GB 2, 140, 811); 25

Hydr oxy- protected ch r icarb (e.g., US Pat. No.
4,614, 522), Lac?%ﬂl 4% o‘%a@f’ #Qgh%ﬁé@gg@%‘%}% thol actone (e.g., U.S.
Pat. Nos. 4, 614 a¢fhyasdr fket0hE (éQO)U sOpet. INe. ga:s@cgg@?e or thiocarbonate,

| i near rmnocarbonate or 30 plycarbonate, or chloroformate (e.g., U S. Pat.

Nos. 4,612, 132; Cambgydisybide (52196@638%@ Nan#246486)170): Ni t r ogen- cont ai ni ng

car boxylic aci dGq idbl e . § sPah NY¥04 s47981);598 and British Patent GB
2,440, 811); Fwdroxy ected chl or odi carbonyloxy conpound -36 17 August

2006 (e.g., U. Sre®d OUFRBOF guanidingZ2)g;, U.&c PatnNashB@12&1803.860i8Bact one or

di thi ol actone %ﬁd%l isiPPSt nF%IB hlgg 59§ 614, 603, and 4, 666, 460); Cyclic
carbarnate, cycll |ocar ar na ‘e or {)cl ic dithiocarbarnate 5 (e.g., US.

Pat. Nd§. 4, 66300gzhiandfohiGadd4&8),;U.SHydr dboy &) 1i8pliddiandcar boxylic acid
(e.g., US Pat .521,318; 4,713,189); Oxidizing agent

(3 U8 o oeaty B

Alkenyl cyanide (e.g., U.S. Pat. Nos. 3,278,550 and 3,366,569);
Diketene (e.g., U.S. Pat. No. 3,546,243);
A diisocyanate {e.g., U.S. Pat. No. 3,573,205);

15 Alkane sultone (e.g., U.S. Pat. No. 3,749,695);
1,3-Dicarbonyl Compound (e.g., U.S. Pat. No. 4,579,675);
Sulfate of alkoxylated alcohol or phenol (e.g., U.S. Pat. No. 3,954,639);
Cyclic lactone {e.g., U.S. Pat. Nos. 4,617,138; 4,645,515; 4,668,246;
4,963,275; and 4,971,711);

.20 Cyclic carbonate or thiocarbonate linear monocarbonate or

polycarbonate, or chloroformate (e.g., U.S. Pat. Nos. 4,612,132;
4,647,390, 4,648,886, 4,670,170);
Nitrogen-containing carboxylic acid {e.g., U.S. Pat. 4,971,598 and
British Patent GB 2,140,811);

25 Hydroxy—prdtected chiorodicarbonyloxy compound
(e.g., U.S. Pat. No. 4,614,522);
|actam, thiolactam, thiolactone or ditholactone .
(e.g., U.S. Pat. Nos. 4,614,603 and 4,666,460);
Cyclic carbonate or thiocarbonate, linear monocarbonate or

30 plycarbonate, or chloroformate (e.g., U.S. Pat. Nos. 4,612,132;
4,647,390; 4,646,860; and 4,670,170);
Nitrogen-containing carboxylic acid (e.g., U.S. Pat. No. 4,971,598 and . -
British Patent GB 2,440,811);

‘ Hydroky—protected chlorodicarbonyloxy compound .
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Conbi nati on of phosphorus pentasul fide and a pol yal kyl ene pol yam ne 10
(e.g., US Pat. No. 3,185,647); Conbination of carboxyllpygﬁggtgmkpn
al dehyde or ketone and sulfur or sulfur chloride (e.g., US. Nos.
3,390, 086; 3,470,098); Conbination of a-hydrazine and carbon dISU|fIde
(e.g. U S Pat. No. 3,519,564); 15 Conbination of an al dehyde and a phenol
(e.g., US Pat(egb$JSSP&4N022$1452Q§O 249; 5,039, 307); Conbination of an

al dehyde and an, O di ester of ophosphoric acid (e.g., US. Pat. No.

3, 865, 740) ; ConbPRENT (SSIH %f' gba@a ”Slqrﬁﬁg't‘#a&%boxyl ic acid and a boric
acid 20 (e.g., (dgSuU.Babat. Nes. 465—560@%4@@@460?“ on of a hydr oxyal i phatic
carboxylic aC|d fhen fornal dehyde and a phenol (e U S. Pat. No.

4, 636, 322) ; Conﬁyﬁléﬁ?Qfﬁa@ﬁteachﬁ;‘)@rtb'?%ﬂbﬁm pecwm&wp@@aa@t@ and then an
ali-phatisc di cagfpgxyj SCP&CNQS(@GQBOE ,$? %gg . 4,663,064); 25
eno

-Combi nati on of mal dehyde and a p n chollc acid (e.g.,
U S. Pat. No. 4*'89@X72mhatf€@ﬁﬁl0ﬁﬂtqaﬂ1ﬂ tﬁfgaUr@d?aixpdas: Hh82.484.car boxylic acid

or oxalic acid e ocyanate (e,g. U S. Pat. No. 4,713,191);
Combi nat i on of ?%ﬁg%% g@gﬁébgr anhydri de of phosphorus or a partial 30

or total sulfur Oamhdnmg;agdmr(e@f LﬁﬁdPatbﬂr@rB?@o@ﬁmund (e.g., US. Pat. No.
4,857,214); n_of, ani c di saturated fatty acid
Shdthen a it LOEBHARRAT ERGS T RORTEHS 5D R PSRRI BT S PBRITHe ¢ orpound
and thqg a glycgi @t UG rgenb. §,889,6471. S. Pat. No 4,973, 412) -37 17 August

2006 Conbi nat| wﬁ an al dehyde and a triazole q U S. Pat. No.
4,963, 278) : PRRINaYAN of C%W%Y'ﬁeﬁ%‘éf haldghyds a&%ﬁ ane H@‘ﬁs‘&ﬁﬁé’t‘on conpound

(e.g., US Pat sulllPchibrid81e 492).6. Pat. Nos. 3,390,086; 3,470,098);

Combination of a hydrazine and carbon disulfide .
{e.g. U.S. Pat. No. 3,519,564);

15 Cqmbination of an aldehyde and a phenol
(e.g., U.S. Pat. Nos. 3,649,229; 5,030,249; 5,039,307);
Combination of an aldehyde and an O-diester of dithiophosphoric acid
(e.g., U.S. Pat. No. 3,865,740);
Combination of a hydroxyaliphatic carboxytic acid and a boric acid

20 (e.g., U.S. Pat. No. 4,554,086);
C-ombination of a hydroxyaliphatic carboxylic acid, then formaldehyde
and a phenol (e.g., U.S. Pat. No. 4,636,322);
Combination of a hydroxyaliphatic carboxylic acid and then an aliphatic
dicarboxylic acid (e.g., U.S. Pat. No. 4,663,064); |

25 Combination of formaldehyde and a phenol and then glycolic acid
(e.g., U.S. Pat. No. 4,699,724);
Combination of a hydroxyaliphatic carboxylic acid or oxalic acid and
then a diisocyanate (e.g. U.S. Pat. No. 4,713,191);
Combination of inorganic acid or anhydride of phosphorus or a partial

30 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
thena nitrosoa'romatic amine optionally followed by a boron compound
and then a glycolating agent (e.g., U.S. Pat. No. 4,973,412);
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-5 Conbi nation of cyclic |actone and a boron conpound (e.g., U S. Pat.
4,963,275 and 4,971,711). D. LUBRI CATING O L COWQCSI TI O\'Si'?-rﬂﬁgﬁﬁioﬁ

copol ymer, polys uccin imides nmade using the PIB/ UAR 10 copol yner
post-treated po |ysuccinimides made using the PIl 3/ UAR copol yner al I of
whi ch are described herein are useful as detergent and dispersant

addi ti ves when Ggedbiﬁaﬁomobahe@lehw@a endl o.trizgdn used as detergents or

. di spersants, these 3?4;8used at about 0.2 to about 10 wt. % of
the total [ubri a?r g 0| o?n and preferably at about 0.5 wt. %to
about. 15 8 %WtCo%bamﬂormfen prdehm@bhd!aatzammenla Wéron%olrpoahdut 6 wt. % of

t he total Iubr cat co on. The lubricating oil used with these
addi ti ve conpos ef$ oh?rﬁ%\} e ‘{Tﬁé)ﬁ‘éé’@ oil or synthetic oils of lubricating
viscosity and pcemgiaiiby opéidieRiceoricOsind d%6rdicdsourigankcase of an inter nal
conmbusti on engi ne. Crankcase |ubricati ng 20 oils ordinarily have a

viscosity of ab®f- YIoEatdio 498 Jeyrees. F1.419)22. 7 cSt at” 210 degrees F.
(99 degrees C.). The lubricating oils may be derived from synthetic or

nat ural sources. Hydrocarbon synthetic oils may include, for exanple, oils
prepar ed fD@hUﬁiﬂCﬁJlNﬁé?lLﬁ@Mé@‘?dﬂ@ﬂﬁyl ene, i.e., polyal phaolefin or PAQ

or 1 om hydr oCapho gy AR Bl SR e PR. SR FRIPHPRKI de and

hydrogen gases such as i1n opsc process. neral "ol for use as
the base ocd)polymemml ]bcmtmtiteﬂrpmwrcmnumwemleafsﬁdgﬂhe PIBA#&pRt heni ¢ and

other oils th t ar ar sed nl bricati.n co sitions.
yneher! o sonmaa Aot et it b gl feiie ieroafREs ot hor' o
esters. Usgispérsapiddintives m‘bédrdé@aﬁb%n@hﬂufg SIRC ke uée@kﬁdﬂd&@}@éﬁws of 30

al pha ol efins having the p Per vi scosity. The dﬁgr ogenat ed |iqujd
ol i gomer s OkfiskgEenB1thess 6‘?1%1 s Be digefl anabqutdhe imabeyti Pt % & especi al Iy

useful . Al {el ot RBAERRR) &IfcoPﬁﬁb%ﬁ?bn\éin%igﬁéfefré(biy %Wa‘t‘%&% digofes vhotpenzene may
al so be used. Fydrocarbon oi | | ende synthetic oils may al so be

usef ul 15 Fo# % ek dping meyeaxeferaply alopirayt 25vinge w/@h‘yléfrﬁ)‘gbﬁ/apéﬁ'eltﬂﬁ’écene trinmer

with -38 I?’E”é'{ gs(;ﬂ c%?r%snt%ﬁ to 90 wt. % 150 SUS (100 degrees F) m neral
oil are preterre
The Iubncatmg oil used with these additive compositions may be

mineral oil or synthetic oils of lubricating viscosity and preferably suitable for
‘ use in the crankcase of an internal combustion engine. Crankcase lubricating
20  oils ordinarily have a viscosity of about 1300 ¢St at 0 degrees F. to 22.7 ¢St at
210 degrées F. (99 degrees 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 PAO, or from hydrocarbon synthesis procedures using
25  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 both hydrocarbon synthetic oils and
synthetic ésters. Useful synthetic hydrocarbon oils include liquid polymers of
30 alpha olefins having the proper viscosity. The hydrogenated liquid oligomers
of Cgto Cy2 alpha olefins such as 1-decene trimer are especially useful. Alkyl
‘benzenes of proper viscosity, such as didodecyl benzene may also be used.
Hydrocarbon oils blended with synthetic oils may also be useful. For

example, blends of 10 to 25 wt. % hydrogenated 1-decene trimer with
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- lubricating oil base. Lubricating oil concentrates are al so envi si oned

.These concentrates wusually include fromabout 90 wt. %t ﬁ@@gf %
preferably fromabout 5 90 wt. %to about 50 wt. of an oil |cat|ng
viscosity and fromabout 10 wt. %to about 90 wt. preferably from about 10
w. %to about 50 wt. of the additives described herein, Typically, the
concentr at &5 te 00twal % 150f $WSi( €M deghebs ENtmiherairaik ard preferasmsys 80 handl e during
shi ppi ng el_gﬁ){storacﬁ&l Suitable diluents for the concentrates include any
i nert dil uét'cd Bty an oil of 10 lubricating viscosity, so that the

concentrate Wﬁyuktﬁacéﬁxc’r’gjbl Yorder@ted 4r8 alsotvisicHedNTheée SoricenRERRAr €
| ubricating oil n&aom tions. Suitable lubricating oils that may be used

as dil uent ES‘ﬂE’})’M@é &/fromabout 88 wsi%yo ?ho'#th@‘f’fap(gé)r‘?fﬁbﬁﬁ%ﬁgﬁ‘tab% to about
500 Saybol QOW'?’QB%QBLI(S%:\QP(% &S (ﬁtlut;]fggﬁ%qgm and(f?tﬁngﬁggees C.),

al t hough any oi cating viscosity nme r additives
t hat may béﬂuée% th ebbuldR0 wtiSh, praferalily tem, akiovd A winhi thiabout 50 wdreosi on

i i 01 ¢ Bl EE6LL SR RrciRONiB), e USREGRRRR Sonta ki iant s, and

avarletyo Fer e nowWn a VES I's aso con t hat the

addi tives dasmt tdodkd éremn nasplo rtm}dlee@mlr@ysmbmsg dng pmm@mt&utabl@ det ergents
in hydrauli can% a@nd t he Ilke When so

c fl mari ne crankc
ool ayed. . EEner i Sicnaigs P b S et ds B er ght ot he
oi | . Pief elubbtatingalisdos®Ms0.that the BoMbentrate malbe reRIRCGRIXEUGNH The proper
concentrat| on of the additive described herein that are 25 necessary to

achi eve t hibPHgRINgNs de Pesngen kpricafing il cornasdions; eviteble lubgeptingRilst upon a
variety of yhaggne ds@@la‘édillﬂgntrshfplééﬂﬂ%agg visdslinintde rérﬂfe frcl%%%%[]?e of other

detergents or dispersants; or other "additives, etc. CGenerally, however,
t he range 6$tca@IEQLﬁ|50@ Sevhelt HnivarsabBerondsHSUSA ¢ 1p0degreesT0 to 10, 000 wei ght

part s Per B doRihe €9 SRR 4ol I BRALARARRLBAY b ARLuEd, Ton of - 30 the

additive p base tergenhts Yare préesent, a |l esser
anount 1f the a(ﬂlthet ad@txvmhbmasbd usé’ﬁnmah.dmmm\neb:bde&fodmd herein may be

f I d. f I hili [
col vent  bolT A Kot ERBOR: Pl Pufloraghira iR A sl oo aeqr cos

F.  An al i pitakidanty, afth aakaegtdf ot diaidachonditiveent is preferred. Preferred
it is also contemplated that the additives described herein may be
employed as dispersants and detergents in hydraulic fluids, marine crankcase
20  lubricants and the like. When so employed, the additive is added at from
about 0 1 to 10 % by weight to the oil. Preferably, at from 0.5 to 8 wt. %.

E. FUEL COMPOSITIONS
The proper concentration of the additive described herein that are
25 necessary to achieve the desired detergency in fuel compositions is
dependent upon a Variety of factors 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'mitlion of
30. the additive per part of base fuel. if other detergents are present, a lesser
amount of the additive may be used. The additives described herein may be
formulated as a fuel concentrate, using an inert stable oleophilic organic
-solvent boiling in the range of about 150 degrees.F. to about 400 degrees F.

An aliphatic or an aromatic hydrocarbon solvent is preferred. Preferred
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39 17 August 2006 solvents include benzene, toluene, xylene or

hi gher-boiling aromatics or aromatic thinners. Aliphatic pjgﬁ)%gt) soggf about
3 to 8 carbon atons, such as isopropanol, isobutylcarbinol ut anol and
the like, in conbination with hydrocarbon solvents are also suitable for

use with the fuel additive. In the 5 fuel concentrate, the anount of the -
addi ti ve wisblvebts ioﬂdﬁﬁaehzeﬁebe’)lm@mylén@pr higberebeiting &tommaticgener al | y not

e oooUhaf il HES S MR o son 4k SRR TR % o
Sl ZI NG AGEMEﬁsnb;ianoa raitﬂmmbmnpuanmbltahathé e, B EdrbiRatiepaitymer s descri bed
herein ed a S an | termedi at e f surface sizing agents
for paper BF‘HB%’&@@T%' Soi‘f?”?ﬁ ABAER i? iBEpRE YAt ‘p“Ief additivg. dpytheont enpl at ed
that thg Pl JoRar R0, xn@hmo@ﬂs@ﬂth@addlh@é @hllbe mé@@ bSgHo@F &S Or as an
intermediate for pour point depressants. 20 The fol I'owi ng exanples are

i ncl uded tﬁ‘%@%ﬂéﬁ%@r&f@fwﬂt@wem B it s Praferablyrian ebew. I t shoul d
be appr eci atygdoby, éﬂb%%@o% fzkénld' 1;:’?—: ;Sr@ﬁerabl bl 4k 1bRG. &AL

di sclosed in the exanples that follow nmay e resent technlques dlscovered
by the inv@htdr% o function well in the practlce of the 25 invention, and
‘thus may be considered to constitute preferred nodes for its practice.
‘However, those of skill in the art should, in |ight of the present

~di scl od0r eF. SpﬁFMES&INI@AGmmS changes may be made in the specific

W Ehout - depar (AR SRAEREL R tinereluBedpphiess Prvaherdietao 17
August 200fmayfbearseldead is GBa&28 iMkRPhéMReFoPOlI4TR sizif 8§t dorlgapn Aromati c

Sol vent
products.

15 . G.POUR POINT DEPRESSANTS
it is also contemplated that the PIB/UAR copolymers described herein

may be used as is or as an intermediate for pour point depressants.

20
The following examples are included to demonstrate preferred

embodiments of the invention. It should be appreciated by those of skill in the
art that the techniques disclosed in the examples that follow may represent
techniques discovered by the inventor to function well in the practice of the

25 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 -spirit and scope of the invention.
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“5 Low nol ecul ar weight PIB,128.0 g (0.57 nol) was added to 157.39g of C9
-aromatic solvent ina 1L three neck flask equipped with g 2" K
trap, a heating mantle, and a mechanical stirrer. The |ow nofrecul ar wei ght
PIB conprised a m xture of about 47% hexane solvent plus C8 isonmer and
about 53% C12-C28 isonmers. This m xture was stirred and 10 heated at 130
degrees Cto distill out the hexarﬂéxaimi!qme C8 isonmers and to azeotrope
out any water. To this m'xt cf‘_ anhydride (O. 51 nol ) was
added. To the resulting mg h@o ‘Ci 9 rﬂl -t-butyl peroxide
(0.012 nol) was added in f|v por |ons ove V\% hour period. Then the

t enper at.ure was, i ncr d to hel d 't e for 3 hours. 15
The ar O%ﬁtl ¢ solFU¥ARS 3% éﬁﬂga@%e(gfq @%7 Och?ﬁﬁ‘dg\%‘i? t PIB were then
renoved by 1675399Idfmglabdimaﬂc é&ﬁbrdagaeeah@e nEte sk agut ngﬁed fithat al of 40. 969

of produc was_ obt ai ne This product had a SAP numper of- 290ng KOH g
sanpl e. R Sarkdiane Aeng MAnteenma meshagical stierMIbadaw 1851, 20

Bcample 2 riSgiStidibRe1B LR (GA e PLBh YR, GPRRGUMTOL nEFRARSnL Bl AT OBt i o

Solvent 25 In this exanple, I'ow nol ecul ar wei ght were first distilled
to remove Carspraen@iskabiut 8%t Cartes lmeyners. Thisrmixture Masetirrdd end| | ati on, the

low mgscuhgatedv%'%g%s} PSR DO HE i 2 %0, BRAUK ahly 370 C10, about

16% C2 out out 1 I sonmers. M Xtur e was pr epar ed
by addi ng ammpeg)tmanmaa&roﬁ'wtthxs reistuveni0. 8 tg 620k anfhytihée distilled | ow

nol ecul ar 3 i 8 a 3L four C ui pped with a
heating ma _F’Q”?ﬁoq)%gsﬁéﬁ C sf {Eger% 'ﬁﬁr@ g‘"&gnaé?tgf‘%ﬁ I(%a &q‘ﬁ?s Ir[:‘lpxt ure was -
heiat ed at ﬂ:egbxdhggoe)ae rﬁbl) Wasladﬂ@:.‘ilﬁl ﬁvet;ﬁm:omt gattwlotrtmﬁ p_ﬁgdd.mrﬁen 33668‘9

- maleic an ride u er oxj de was added in
five porti HTV‘? M “"?‘ﬁ%%'r"& eaﬁ"ﬂ‘é%i@%ﬂ?ﬁ“ﬁﬁsrﬁ )@f‘ﬂr’ék&&?‘f’t lRER WR&R-ed at 150

degr eess C. TRS apyRAtH Pifent Ahe aﬁ?bﬁr@%tééq§wtrh§l@cul§m¥@ﬁt PIB ReMAfHHM tO give a

product that -41 17 August
removed by distillation at 190 degrees C. under vacuum. A total of 40.96g of

zaﬁﬂ
|%u |

product was obtained. This product had a SAP number of 290mg
KOH/g sample. The M, as determined by GPC was 930 and the M,, was

1851.
20
‘ Example 2
Predistilled C4,-C2s PIB/JUAR
Copolymer Prepared In An Aromatic Solvent
25 In this example, low molecular weight PIB were first distilled to remove

any hexane diluent and any Cg isomers. After distillation, the low molecular
weight PiB comprised about 36.2% C.,, about 41.4% Cys, about 16% Cayg,
about 5% Ca4, and about 1.3% Cég isomers. A mixture was prepared by
adding 427.3 g of Cq aromatic solvent to 520.4g of the distilled low molecular
| 30 weight PIB (2.48mol} in a 3L four-neck flask equipped with a heating mantle,
magnetic stirrer and a Dean Stark trap. This mixture was heated at
- 134 degrees C. to remove water. Then, to this mixture, 206.8g maleic
anhydride (2.1 1 mol), and 6.5 ml di-t-butylperoxide was added in five portions
over 3 hours. The resulting mixture was then heated at 150 degrees C.

35 overnight. The solvent was then removed in a vacuum to give a product that
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~had a SAP nunmber of 21 Ong KOH/ g sanple. The M of this product was 1642,
and the M was 2250 as determned by GPC. Exanple 3 5 Clgy AL pReaddeef i n/ Ma
Copol ymer Prepared In An Aronmatic Solvent A m xture was prepared by addi ng
60.45g C9 aromatic solvent to 49.31g tetradecene-1 (0.251 nol). After

addi ng 22.17g mal eic anhydride 10 (0.226 nol) to this m xture, the

resul ting niad ausaPwasniwaf @domg K3/gdegnges The Myt this ghdducowagnove any

wat er. Then m xt yre of 22 | ei ¢ aphydride (0.226 nol) and 0. 54g
di -tert-but@ﬁadzp@i] med@W(“@?%zqr?ﬁ%S@%@'%ﬂggﬁgﬁpﬁthr ee equal portions over |
hour to the dehydrated solvent/tetradecene-1/naleic anhydride m xture. The

resulting mxture was 15 heated overni ?ht at 135 degrees C. Then the
sol vent was renpved in a vacuum AFKamg@fe 8f 67. 09g product was obtai ned.

‘The SAPgsnunber for this pedufdha\BRiadRaT Hesample. The M for this
sanpl e was 4188 and the M%@‘? d%‘p,,s,&n%@gm cgvggicm Alpha Olefin/MA

Copol ynmer Prepared Wt hout vent m xXture was prepared by adding 74.51g
mal ei ¢ anhydri d 9, t ~ 532 nmol). This
m xture was heal% e@ﬁt%rgv{aggpr%%%gtgg a%%%gaénodg‘rlé ?@E%ﬁﬁﬁﬁ%{ tTtQ yl peroxide (75
[r_rml) w?s a&ﬂj@tyiengde@r?quali.’éﬁ)bngbl)oMeo?:édiing Iﬁgafﬁmaleic.anfﬁlydridé he y |
enper at ure r ed to. egrees C. ., an e, reactjon was continue
over ni.éﬁt. @#g%ﬁ?%hf?c"glsd‘f‘m”f‘ﬁ&ge r“gsé@ﬂgdﬂ"%ﬁg "‘faﬁé"ﬁ’aget‘fop H9%5°% vacuum t o
remove any glirgveatjitdo ddnd ! smowseneThen dhistups ORIC 7d atisic SARydhdeber of
199ngy KOH 14010, and_a M of 33900. Exanples 5-8

g{ sanple, had a M of ) )
show t hat [(Bw2RenALaNhP-Steidhiart-yty negamxide pbY yae!) Was adged it epar ed using t he
C12- C28 Pl B\t RRUS p 30N LERIMBIH R 891N hydAtdieel - process, as described
herein was used, 3% -42 _

solvent/tetradecene-1/maleic anhydride mixture. The resuiting mixture was

15 heated overnight at 135 degrees C. Then the solvent was removed in a
vacuum. A total of 67.09g product was obtained. The SAP number for this
product was 288mg KOH/g sample. The M, for this sample was 4188 and the

My was 7334.

B 20 _ Example 4
C44 Alpha Olefin/MA
Copolymer Prepared Without Solvent
. A mixture was prepared by adding 74.51g maleic anhydride

25  (0.760 mol} to 300.91 g tetradecene-1 (1.532 mol). This mixture was heated
to 131 degrees C., and 1.1g di-tert-butyl peroxide (75 mmol) was added in
5 equal portions over three hours. Then the temperature was raised to
150 degrees C., and the reaction was continued overnight. The product_ of
this reaction was then stripped in a vacuum to remove any unreacted

30 tetradecene-1. This product had a SAP number of 199mg KOH/g sample,
had a M, of 14010, and a M, of 33900. 7

Examples 5-8 show that low molecular weight PIB/UAR copolymer may

be prepared using the C42-Cs PIB without any aromatic solvent. A heel
process, as described herein was used. ' |

35
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17 August 2006 Exanple 5 C12-C28 Pl B/ UAR Copol yner Prepared Using A Heel

, Process and No Additional Solvent 5 A mixture was prepared Ly ipgg 30. 02g

O Cl2-C28 PIB (0.143 nmol) to 30.02g O Cl12-C28 PIBI UAR copol yner that was

prepared as described in Exanple 2. Wiile stirring this mxture, 12.61g

~ mal ei ¢ anhydride (0.129 nol) was added. Then, five equal portions of
0.212g of di-tert-butyl peroxide (Exatipleol) were added to the Pl B/ Pl B/ UAR

copol yner/ mal ei ¢ anhydri 1 e over 5 hours. The tenperature was
thgn iyncr eased to 1 % dé"g‘ BIE@J%%é E:WB’? dPRAR ey ni ght Tm)s process
d’f&ﬁeﬁ and ditioRabPobEBd  and had a SAP

resulted in a produtSitt
nunber ‘of 254ng KOH/ g sanpl e. nple 6 15 Additional Cl12-CG24 Pl Bl UAR
Copol yn&r Pr epaft 8tixtues WQSPF@%W pidee39.0R9 i ktufes REs(CotEBPRE by addi ng

38339 O G38520CH 8, (OohARTRl ey (38320 farEh B UBB: gopayer pr cpared

as directed 1 n”Exa m xt ure eated to 100 degrees C.
VWi | e stirEkamgpletid Wihade ghising 16is myurémiﬁéw raathigcanihgdrid@(0L620 wol)) was added.

Over three i t ' five equal

portions. ‘?’%ggf@%elggﬁgge% é’gpé%%nr%l énlfc(r) giﬁgék ?@eﬁ%@ﬁ)ﬁgg?%ed% and held

there overmmtmndlheemarﬂwdttofnherﬁlBIFhBﬁJRFea@mdlmeﬂmdlemﬁm?/dndaber of 250ny
a 7 Addi tional

Cro. %0 PhmuAR Vs B it BRE fraPesraties gS e RBisasP oos deas® “Euam ¢ s

was repeat gdamt$ hald tﬁ&e‘lﬂ/emtgﬁt tings fToBéddABsGiasenh dilditQmat Hadapbe 6, 63.63g

Cl12-C28 PI B (0. 309 %@b) and 27.26 g mal ei ¢_anhydri de . 278 nol).

Di -tert - bul447. gdVoRl 485D angdads %BIW“W&EOBWQ@ R 3@ -ibed in Exanple

6. The product fromthis reaction had a SAP nunber of 262.5, a 35 M of

1578, and a M of 2691.
Exampie 6

i5 Additional C3-Cy4 PIBIUAR
Copolymer Prepared Using The Heel Process

A mixture was prepared by adding 38.33g of C42-Cys PIB (0.183 mol) to
A 38.37g of PIB/UAR copolymer prepared as directed in Example 5. This
20 mixture was heated to 100 degrees C. While stirring the mixture, 16.10g
maleic anhydride (0.164 mol) was added. Over three hours, 0.265g
di-tert-buty! peroxide was added in five equal portions. The temperature was
then increased to 150 degree C and held there overnight. The product from
this reaction had a SAP number of 250mg KOH/g sample, a M, of 1471, and a
25 M, of 2502.

Example 7

Additional C4>-C»4 PIBIUAR
Copolymer Prepared Using The Heel Process
30

Example 6 was repeated using 63.44 g of the PIB/UAR copolymer from
Example 6, 63.63g Cy,-Cas PIB (0.309 mol), and 27.26 g maleic anhydride
(0.278 mol). Di-tert-butyl peroxide 0.45g (3 mmol) was added as in described
in Example 6. The préduct from this reaction had a SAP number of 262.5, a
35  Myof 1578, and a M,, of 2691.
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t =43 teemes --a-- - -- 17 August 2006 Table 2 Table 2 includes chem cal and
.physi cal properties for |ow nmolecular weight Pl B/ UAR copp} XiiBiss26u£pared
with and without solvent, |ow nolecular weight PlIB/ UAR copolyners prepared
usi ng the heel process, and al pha 5 ofefin copolyners prepared with and '
wi t hout solvent. The results of Exanples 1, 2, 3, 4, 5, 6 and 7 are
presented in Table 2 and show that &wble2w th a sol vent, using Cl4 al pha

olefin to prepa oppl.ynme roduced a. copol ymer. that was hi gher in

nol ecul ar wei ght[rgp%aﬁ’“fzﬁ‘ggw:@?%ﬁ%ﬂ %ﬁeﬁ‘xﬁ‘@?m{% teSBsloprBplgFdar usi ng t he
C12- C28 Pl BuglhittPIBIUAR cbpetyme gl pephreahfith dhewiteslt sdReRf Rvesdiceused.  Note
t hat PI B/ UAR_copal éjlmers are liquid at anbient tenperature, whereas apha

ol efi n copdfQiFREFIBAIAR sepoiymsts RpRIeHIUSINGLhp best piceessErAfBINdaSt art i ng

Physi cak Prgesg W\ Swith JBY 6/ M | vent by by My
of or Heel Copg%?r?e%‘ Pr oc%?s?ag Gl\glc @Cwlgga-llljtgﬂ%g]?fpﬁgﬁ%&[tgvgfwbl ecular Liquid
sol vent 93&xaBmies20(E, 3Wdi g aml Bare pewentvdliedabler2 anyd shaiv that eeat 1642 2250

210 Wi ght,Pl o ef | e 4 4 Al pha olefin
Sebi 0w Shu! ol tB AP L APnBlefl 12 BISKEt » EREGRE? f%?%%ﬂ A Heel 1487
2452 254 vepghmnePiiBt Rree tiger W mbtegtilar Sefghe tiian the PIB/UAR copolymer
' that was prepared using the C12-Cog PIB with or without solvent when the heel

10  process is used. Note that PIB/UAR copolymers are liquid at ambient

temperature, whereas apha olefin copolymers are solid at ambient

temperature.
Example Starting Physical | Presence Mn Mw | SAP No.
material Properties | of Solvent b b M
of or Heel y y 9
Copolymer | Process GPC | GPC | KOH/g
' sample
1 Low Molecular Liquid solvent 930 1851 280
Weight PIB
2 Low Molecular Liquid solvent 1642 | 2250 | 210
Weight PiB
3 Alpha olefin Solid | solvent 4188 | 7334 288
4 Alpha olefin Solid Without | 14010 ; 33900 199
solvent
5 Low Molecular Liquid Heel 1487 | 2452 254
: Weight PIB Process
Without
Solvent R
6 Low Molecular Liquid Heel 1471 | 2502 | 250
Weight PIB Process '
' : Without
Solvent
7 Low Molecular | Liquid Heel 1678 | 2691 262.5
Weight PIB 1 Process
: Without
Soivent
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6 Low Mol ecul ar Liquid Heel 1471 2502 250 Wi ght PIB Process W thout
Solvent 7 Low Mol ecular Liquid Heel 1578 2691 262.5 Wi gﬁtA%@t cess
Wthout Solvent -44 - -------- 17 August 2006 Exanple e

Pol ysucci ni m de Prepared Using The Cl12-C28 PI Bl UAR Copol yner 5 A m xture
was prepared by addi ng 229. 06g Pl BSA 2300 ( SAP nunber 50.4 ng KOH g sanpl e,
0.103 nole), 226.79g dil uent oiI %x&lnpﬂa?& 10g of the Cl2-C28 PI Bl UAR

copol yner from Exanpl e | cm EE%ETE gd/g sanple, 0.0442 nole) to

a three neck flask eqwgg ) tirrer, nitrogen inlet,
Dean Stark trap, and heat!fy f”f 823 ;‘5\"‘[5 Pl B/ UAR copol ymer
rati o was 70130 on an anhydrl de basis. This .neans that there were 70 nol es

of PI BSA anhydr Aggixtuee @Qsm‘ﬁp%Sed)i) alfliBg UAR 0BgmiBEAdB00Af ter this m xture
was heated to 100 degrees ! 21.21g HPA (0. 0771 nol e% was added whil e

stirring f&PAT THEWET 5§dng KGH{g sammriC: S ropie) a8 Fasdentoll. a0tk xt ure was

heated to 1‘?5@50‘?9&9 é% -d4 PWBMA@R cg‘pcﬂg]h##@rﬁ'éyamﬂﬂﬁ VeAPfnmRe that had 1.45
o%N, 31.0 TBN, haze of a viscosity at 100 degrees C of

153 cSt. E%nm léOb!/mﬁ@ml@ 0. 0@&21€rol¢édp>astbce@ ngakiflesls eqwippePritBar ed 20 The
G frorent DacnafCaifel stfpehTES cRintalRtar, ARl bl EieRlie, RROZT 1
proper 1@ esPIBBA tmEﬁUARmmotymemwmicsw“\ﬁO){Bﬂ OFedpl antdride basis. This
means that there were 70 moles of PIBSA anhydride to 30 moles of
PIB/UAR anhydride. After this mixture was heated to 100 degrees C.,
21.21g HPA (0.0771 mole) was added while stirring for 1 hour. The
, aminefanhydride CMR was 0.525. This mixture was heated to 165°C for
15 72 hours. A polysuccinimide was formed that had 1.45 %N, 31.0 TBN,

0.24 TAN, haze of 2.8%, and a viscosity at 100 degrees C of 153 c5t.

Example 9 and 10

B} Other Polysuccinimides Were Prepared
20

The procedure for Example 8 was repeated except that different
amines and different amine/anhydride CMR was used. The chemical and
physical properties for these products are shown in Table 3.

25 Table 3
' Table 3 includes chemical and physical properties for polysuccinimides
made with-a 70 to 30 ratio of PIBSA to PIB/UAR copolymer on an anhydride -
basis and C12-Cgs PIB/UAR copolymer. The results from Examples 8-10 show
that a polysuccinimide may be prepared using the Cu—ng PIB/UAR

30 copolymer prepared as directed in these examples.

Example | Amine | Amine/PIBS | %N | TBN | Vis @ TAN haze
A CMR 100°C :

8 HPA 0.525 1451310} 153 0.24 2.8

g TETA 0.5 0.82 1131 160 0.97 = 0.8

10 HPA 0.5 1.35 1 28.1| 165 0.67 1.2
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25 Table 3 Table 3 includes chem cal and physical properties for

pol ysuccinimdes mnade with a 70 to 30 ratio of PIBSA to H@é&ﬁzmpol ymer
on an anhydride basis and Cl12-C28 PIBI UAR copol yner. The results from
Exanpl es 8-10 show that a polysuccinimde may be prepared using the
Cl12-C28 Pl B/ UAR 30 copol yner prepared as directed in these exanpl es.
Exanpl e Ami ne Ami ne/ PI BS %N TBN ViExa@mpleazad A CVR 1 OOOC ! ~L 8 HPA 0.525
1.45 31.0 153 0.24 2.8 9 TETA&lySulkifitmilt-Fbst60 0.97 0.8 10 HPA 0.5 1.35
28.1 165 0.67 1.2 -45 -Treatment Using EQYHIRE CaYeharExample 11 :

Pol ysucci ni m de Post Treatnent Using Ethyl ene Carbonate 5 A m xture was
prepared by addiyng; L.ak: of r to 185. 659 of
a pol ysgcci nim égg%ﬁ%g%gdﬁggg%grsggra? ’Qg 2;32&%9%?8% OP‘?‘E‘?LG%% xture was

pr epar ed i garbanatesie- 18606 disskolpsiricippeide wirefarad asdebaitiedah stirrer, a

heating ma n nitr n.inlet at.165 degree . while the mxture
was being s Pr Zedg' iﬂ'& ’@ﬁ%wawfﬁ%%eé%? ﬁﬁ?‘geglf ﬁ?%%qlﬂ’ﬁpeﬂfﬁ‘gérh%at ed for 14
hours. The n}wcxglduical dtinckr 1a ?éatg%j, m%ﬂtleﬁaﬁEE&\lniltl@gag inTﬁtNat 168ategyreds @1 -OEJ%Q ﬁnd a
vi scosi-ty at . rees C. of 4 t aml e -1 Preparation er 15
Post -t 1 ot AENIPYRS SR R es BiTgd s CTN (I Ve A atbrae e s and 10
were post Wwaeaicatb®r 14hbart erhd prof@mabie 3lyN2q 7 pBR, §.26Meaghen cal  and
physical properties of the post-treated polysuccinim des of Exanples 11-

13" ar e shoWdZg af ThB¥e and a viscosity at degrees C. of 426 ¢St.

Example 12-13

Preparation Of Other
15 Post-treated Polysuccinimides

Polysuccinimides of Examples 8, 9, and 10 were post treated as

directed in Example 11.

20 Table 4
The chemical and physical properties of the post-treated

polysuccinimides of Examples 11— 13 are shown in Table 4.

Post-treated Polysuccinimide | %N 17BN Viscosity | TAN | Haze
Polysuccinimides | from Example @ 100°C
11 8 137 {1786 426 0.2 11.0
12 . 9 081 | 75 182 <0.05 57
13 : 10 1.29 | 163 372 | 0.06 6.1
25 Example 14

Polysuccinimide Prepared
Using C42-C2; PIB/UAR Copolymer

A mixture was prepared by adding 49.9g PIB/UAR copolymer prepared
30 according to example 1 (SAP 290mg KOH/g sample 0.129 mole) to 11259 of
 amixture of sulfonic acid catalyzed PIBSA 2300 and diluent oi
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- Post+treated Pol ysuccinimde %N TBN Viscosity TAN Haze Pol ysucci ni m des
from Exanple @1000C 11 8 1.37 17.6 426 0.2 11.0 12 9 0.4 ot 36% <0. 05
5.7 13 1.29 16.3 372 0.06 6.1 25 Exanple 14 Pol ysuccini m de Prepared

Usi ng C12-C28 PI B/ UAR Copol ymer A m xture was prepared by addi ng 49.9g

Pl B/ UAR copol ymer prepared 30 according to exanple 1 (SAP 290ng KOH g
sanpl e 0. 12SAR0Iubdr@0lrhgd KD satnpig, XX 30 sok) a&dlﬁ?ﬁgloﬁia&@ltiwa}aﬂ@émzed Pl BSA

2300 and di |l .uent, oil 2006 SAP nunber 30 KOH g sanpl e,
5230 ol ) chiiagag ik dask emIAERY i Ao eRIRd e et RBE | sk

equi pped Widh ehrog@HIRas. Thé PIBSA tdPA/URR a%myln@ar rafdWadeamonar k trap.
The PIBSA to PI B/ UAR copol yner ratio was 70/ an anhydri de basis- This

m xture wa@NRGYEAe Bagipo Tasgrkse was hgatpdgos§0aisgrage/C( 80215 nol e) was
“added. The 7 s heated for 6
hour s a}- 175%' (?g’glr“gggwgﬁanolg‘ﬁée%% gr taﬁmIe glt“?gegs C. %tot al of 7.2m
wat er was @cﬂ.lTéu@mwemaalh@atedﬁU@rhm Rbtlf0 dé@tree@ﬁodud:thefnrmetdﬂps reaction

was then r t it ) that was
added overe@.6éj%acr)eu\/grs's(l.EI %ﬁ&saﬁiég% %ﬂ%ﬂ%&\@ Og&%g %L@ﬁ(gtzréou% é&e was heat ed
to 170" C f diheptodrett from fﬁlmerept:mdmas frfemrread:ted withelot $7goflesteyidne22 %N, TBN
15.7, TAN 1 .05, v SI at 100 rees 254_c.St haze of 11.9%
Eeanpl o 15 HPOBRIVGRE T Rt viRasbEd 6VEnt sk E55 prodtafeRKERR po y rer

Usi ng- A TweaBboRBteThA®@esva iBatddce1 MRE fBF £PALGY. tYedfdRgFBmIAR HPA (21. 7
mmole) to a solution of 102.86g sulfonic acid catal yzed PI BSA 2300 ( SAP

- 52.5 ng KOFgastionhagdnt &N, I8 i7eYANNdO%ivisgenity o 1000dearaes ©n a t hree neck

flask equi EB&'@SWatnG é"ﬁaﬂe"@l‘rﬂeﬁﬂ stirrer, heating mantl e and Dean Stark
trap. After heatiing t

Example 15

15 Polysuccinimide Prepared Using C1,-Cy;
PIB/UAR Copolymer Using A Two Step Process

A mixture was prepared by adding 5.96g HPA (21.7 mmole) to a
solution of 102.86g sulfonic acid catalyzed PIBSA 2300 (SAP 52.5 mg KOH/g
20 sample, 48 mmole) and diluent oil 97.14g in a three neck flask equipped with
an overhead stirrer, heating mantle and Dean Stark trap. After heating this
mixture at 160°C for four hours, 8.6g of the C1,-C,5 PIB/UAR copolymer from
example 2 (SAP 210 mg KOH/g sample, 16 mmole) was added drop wise
: over 30 minutes. The PIBSA to PIB/UAR copolymer ratio was 75/25 on an
25  anhydride basis. Then an additional 1.98g (7.2 mmole) of HPA was added to
the mixture. The mixture was then heated at 160 degrees C. overnight. The
amine/anhydride CMR was 0.45. The product from this reaction had
1.30 %N, and had a viscosity at 100 degrees C. of 234 cSt.
30 Example 16

Soot Thickening Bench Test Results For Polysuccinimides And
Post-treated Polysuccinimides Made From C4,-C,3 PIB/UAR Copolymer

~ The polysuccinimides and.post-treated polysuccinimides from

35 Examples 8-13 were reacted in the soot thickening bench test. In this test
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. mxture at 1600C for four hours, 8.6g of the Cl12-C28 PI B/ UAR copol ynmer from
exanple 2 (SAP 210 ng KOH g sanple, 16 mmol e) was added dfpgugﬁﬁgoo@ver 30
m nutes, The PIBSA to PI B/ UAR copol ymer ratio was 75/25 on an 25 anhydri de
basis. Then.an additional 1.98g (7.2 nmole) of HPA was added to the

m xture. The mixture was then heated at 160 degrees C. overnight. The

am nel anhy@giodgoGh¥li&stwampls Was wEittherdusidcdd infd 4 b niikidet hbedkehad 1. 30 O,
- and had a 3{1 sc.osité(ﬁt 3220 Q}agre s C_of 234 cSt. 30 Exanple 16 Soot

Thi ckeni ng | BANE pVaPAddegest pvaiqad X Buiofs [Mc FPRR gesk Agen CpEtq r eat ed

Pol ysucci nirpt aastuMdas 560 $A2tHeaS 5B/ AR FoRal &'tf?i‘dfcato-'ﬂhﬁ sB@nsucci ni m des

‘and post-treated pol %sucm n imides from35 Exanples 8-13 were reacted in
t he soot tﬁaf@la@rnﬂﬁg)u discrrrpes black.rvasingeddet 60 s usingAugust 2006 9&0 g of

the test s i'M i -m.llily:ter beaker. To
this wags agugﬁegdﬁ sipg%rwﬁlu ca EQ%Q 9%}48(‘?'%33%2?@0%%@% #érégr%'@bot Co. The

m xt ur e wasagitlin peeh fond0tnhentes tab b8 do H6egfedsiC.i Theavistesitg ofther . A second
sanpl e w thou r i xed f 60 sec. .using a 5 Wllens
ol ron HibhPBesRisNEd fleBRlied B0 KB G BEE St "Vt uom oven Tor
30 m nut esviatorhbtet.OlHebpadeghtetssosity iibeade ¥eaJdlouiagd bheompaingt@pl es was

t hen neasured at 0 degrees.C ysi. capillary_. visconeter. The percent
viscosity Y'ﬁ%‘?sgtisoiﬁ?ﬁa? @?%Hﬂ'tglagg "H{}]"%E:'gﬁ?fggp P&é‘h@“ﬁf?‘@g%?rttbe of the

sanpl esp W pércandiidddsip HersreRe bbltacke didpessdnle of mwﬂiéﬁ@nl.omgr cent
-viscosity increase the better the dispersancy of the dispersant. The

resul ts fr&sHihEoRdBe spa thickaning beast iest am shovwn iSHERIE $n Table 5. Table 5
Tabl e 5 includes soot thickening bench test results for polysuccinimde 15
made from C12-C28 PI B/ UAR copol yner. Based on the soot thickening bench
tests, Exanples 8-13 show that the Tedde 5soot t hi ckening results were

obt ai ned when 1 i_nst f EC nost
treat ment was t%i%slgglaﬁp%zmgﬁnﬁ#gﬂ%ﬁﬁ%g}# eS:E %}ﬁ%{g"?‘%%%%ﬁ i scosity
15 made from C2-Cyg PIB/UAR copolymer. Based on the soot thickening bench
tests, Examples 8-13 show that the best soot thickening results were obtained

when the amine was HPA instead of TETA, and when EC post treatment was

used.
Example | Amine/anhydride Amine EC/BN CMR % Viscosity

CMR 3 Increase
0.525 HPA 0 100

9 0.525 HPA 2 29

10 0.5 - TETA . 0 267

11 0.5 TETA 2 135

12 : 0.5 HPA 0 111

13 0.5 HPA 2 36

20 Example 17

Samples were tested in the ASTM D-5967-99A extended version
(Mack T-8E) diesel engine oil test. This test evaluates the soot handling
capability of a engine crankcase oil with regard to viscosity. In other

25 words, this test evaluates a oil's ability to control viscosity increase due to
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CMR Increase 8 0.525 HPA 0 100 9 0,525 HPA 2 29 10 0.5 TETA 0 267 11
0.5 TETA 2 135 12 0.5 HPA O ill 13 0.5 HPA 2 36 20 Exanp} gudkt SaEp! es
were tested in the ASTM D 5967- 99A extended version (Mack T-8E) diesel
engine oil test. This test evaluates the soot handling capability of a
engi ne crankcase oil with regard to viscosity. In other 25 words, this test
eval uat es a oébotdoadiid intthie bd. lngrehend], ¥l vistysilynecreaseindivatdso -48 J 7
August 2006 soot. | oadin |n the oil. In general, a | ower viscosity

i ncrease i ndi BHREOF B, €nerformance. The field service simulated was

heavy-duty, stonh@rfiéicg@ra@@rsmﬁu@t@dwsfhedwmtﬁ@,Ripérﬁﬁ@%Bﬁeraﬁaﬁ‘vﬁtﬁst engi ne
was a Mack E7-350, fixed time, in-line si X cyli nder configuration 11

.GBA77623, opewgbﬁaﬁb@?dmﬁoJheé‘?srt@l@émet%ﬁ‘%@)éfl%k 4354, ixed o) Bdineconpr essi on
i gni ti o engi ge cyiier Eé’ﬁf%u?é{ﬁ)n FIEOKEreLoflerl biand, frisigkes.  The engs ne

was rated at 350" bhp rom Each test was hour s 'under const ant
rated speed t@rizpqhamdcmmrc@cb!@d].scqmnraswmnmonmgm erheolptre aindel , i nt ake

air and 10 |§Pﬁ4§earg§nh§9|6dyz iSORer b 8%@%5\&% ack pressure anq i nl et

air restriction I'evel's was al's6 ¢on tests, the engi ne was
fl ushed for 23%Mbhs@itsd0 tplne Resh tdsewtasaob hoﬂii’s&;rﬁielrcﬁhithﬁtrrams al so checked

for plugging, Ol re t.aken e 5 rs and anal yzed for

ki nematic vi st6EH a)pdj{)?cg éctﬂsé’%’ ‘é’“tﬁf*ﬁ é’ég‘%r Elﬁ“? A EeHT 89 Mk was 15
1,8 religtive iviake @#hifokd eAPleiatOres. ﬁmaastaiacﬂ ﬁés@ﬂ@hndmm& 75 sl ope at
275 hrs or 5.8%soot. The passing |imt was 2.1 relative vis @

4. 8% soot: 0.¢strisiignlevels “@S@}ﬁ%%ﬁtm"ﬁﬁd th@e@] igpls. He enawasor 5. 8% soot .

flushed for 2 hours with the next test oil. The oil filter was also checked for
plugging. Oil samples were taken every 25 hours and analyzed for
_ kinematic viscosity at 100 degrees C. The passing limit for EO-M+ was
15 1.8 relative vis @ 4.8% soot; 0.5 siope at 4.8% soot; and 0.75 slope at
' 275 hrs or 5.8% soot. The passing limit for CH-4 was 2.1 relative _
vis @ 4.8% soot; 0.75 slope at 4.8% soot; and 1.0 slope at 275 hrs or
5.8% soot.
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- -49 17 August 2006 Table 6 Table 6 includes Mack T-8E di esel engine oil
test results for fully formulated oils conprising either;sagplsadhe0r B,
~detergent, zinc dithiophosphate wear inhibitor, oxidation inhibitor, other
i nhibitors and other 5 comonly used additives in a group 1 base oil with
VI inprover to give 15WO0 type oil. Sanple A is a polysuccini mde prepared
froman al pha ol efin copolymer in s&hbi¢&ormand Sanple Bis a

pol ysucci ni m de : I cuI ar. wej ght P R copol ynmer of
this invention. T algé%ﬁﬁagd%{ﬁ@cm ié))%{ g@ se(i)II tgﬁ{g'%ﬁglts folr lTlAsts Sanpl e B
had equi vafamulgied by mnpmimg)eltlié} sSamie A oAB ActerddntMin€H- 4 SAMPLE | i mit
limt 250 oot 2.6. 2. 6. Rel ative vis @4~ 8

soot 1.42 ft@\‘%gh@é’\?@ rdaﬁggqrngﬁpaﬁp@ﬂhéitg@o&he@gﬂ&bitpzs ?”‘%Oﬁ‘ei Adj ust ed
rel ative vismatond ui’é?éadsazﬁﬁtwe&n@@@r A1 8565610t VI ImBrod8r £ eOl J~5] Slope @
275 hrs or 8% 6.31 0,70 75 1 0 soot -50 17 August 2 | What is

cl ai med i s19%404ype gl céawpmfs%avivwgcouwdgew@paned?fwn@lphazpl@‘w X

copolymer in solid form and Sample B is a polysuccinimide prepared from a
low molecular weight PIB/UAR copolymer of this invention. Based on the

Mack T-8E diesel engine oil tests, Sample B had equivalent performance to

10  Sample A.
A B EO-M’ CH-4
SAMPLE : limit limit
1,250 hr Soot % 54 5.8
300 hr Soot % 6.2 6.9
Relative vis @ 4.8% soot 1.42 1.53
Severity adjustment 0.24 0.19
1.66 1.72 1.8 2.1
Adjusted relative vis at 4.8%
soot : .
| Slope @ 4.8% soot _ 0.15 0.38 0.5 0.75
Slope @ 275 hrs or 5.8% 0.31 0.70 0.75 1.0
soof -
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Int Ter. n Mx 6 7 8 wherein: 9 X and Xare identical or different and
are each -OH -0 10 hydrocarbyl; -NH2; -NH, -O; -Br; or fMieubgeei n M
11 is one equival ent of one or nore netals, amoni uns and am he 12
cations; and X and Xtaken together as -0-; 13 nis a whole integer froml
to 3; 14 one of R, and R2 is polyisobutyl having | ess than 28 carbon atons
and 15 the other one of R and R2 is nethyl; 16 mis a whole integer of
fromlto 3; 17 x is a whole integer of from1 to 20; 18 Int. is an
initiating radical; and 19 Ter. is a termnating group. 20 21 2. A

copol ynmer aofeaflisdaitiedGsal m 1, wherein one of R and R2 is polyisobutyl
22 having 5 to 25 carbon atons. 23 17 August 2006 1 3. A copol ynmer of
Claim1l er claim2, wherein the copolyner is liquid at 2 anbient
temperatyre.3 4 opdlyRRPHRVIRIthEGRAEMIgnhgaany one of the preceding
clainms, conprising % Xne or re an am de derivative, an ester
derivative, an imde 6 derivative and a netal salt derivative. 7 8 5. A
copol ynmeg according to any one of the preceding clainms, wherein the

(_ —_
X X
O
Ry
A ‘\/}\
nt R | TTer.
— —n
um__ —m — %

6

7

8 wherein:

9 X and X' are identical or different and are each —OH; —O—
10 _ hydrocarbyl;, —NH,; —NH; —CI; —Br; or —OM+, wherein M+
11 is one equivalent of one or more metals, ammoniums and amine
12 cations; and X and X' taken together as —O—; '
13 n is a whole integer from 1 to 3;
14 one of Ry and Rz is polyisobutyl having less than 28 carbon atoms and
15 : the other one of Ry and R;is methyl;
16 m is a whole integer of from 1 to 3; |
17 X is a whole integer of from 1 to 20;
18 Int. is an initiating radical; and
19 Ter. is a terminating group.
20 |
21 2. A copolymer according to Claim 1, wherein one of Ry and R; is polyisobutyl
22 having 5to 25 carbon atoms. ' ' | |

- 23
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9 copol yner has an average degree of polynerization of 1.1 to 20. 10 11 6.
A copol yner prepared by the polynerization of 12 a. one 97 ARBLE 2006
unsaturated acidic reagents and 13 b. one or nore polyi sobutenes; having

| ess than 28 carbon atons, 14 C. in the presence of one or nore free
radical initiators. 15 16 7. The copolynmer of Claim6 wherein the
unsaturated acidic reagent conprises 17 maleic anhydride. 18 19 8. The
copolymer of Claim6 or claim7, wherein the polyisobutene conprises: 20
21 a. 5wm. %to 20 wt. % C81-116, 22 b. 35 wm. %to 55 wt. % Cl21-124,
23 C. 20 Wt . 3% t cA3Opatymenaf1BaiaR; oriaich 2 Svhereithieacapblymher i$diGiaHAo, 25
e. 2w %to 8 w %6%2{‘3@48 art1d 26 f. 0.5 wm %to 2 w. % C28H56. 27 28
9. The co%ol yner 3%) i%p?@ lérﬁy one of clainms 6 to 8, having a nunmber 29
aver age mol ecul ar wei ght of 231 to 10,920. 30 31 10. The copol yner
according to any one of clains 6 to 9, prepared fromone or 32 nore

pol yi sobtt ens; ~ cHREPPYMY ascatdingteanyena@f theprasedirgvalaiats coB®risirigecul ar
wei ght (Mh) O 15 - 7 st 2006 1 .11. A net hod for naking
t he copo:g;rrer of %?Fn%? 8@%?@?%8#&%@‘@’@8 &F derivalive A Inideat ur at ed

acidic réagents wdérivative and awieeal palticyvativenes having 3 less than 28
carbon atons in the presence of one or nore free radical 4 initiators.

8 b A copolymer according to any one of the preceding claims, wherein the
9 copolymer has an average degree of polymerization of 1.11to0 20.
10
11 6. A copolymer prepared by the polymerization of
12 a. one or more unsaturated acidic reagents and
13 b. one or more polyisobutenes having less than 28 carbon atoms,
14 C. in the presence of one or more free radical initiators.
15
16 7. The copolymer of Claim 6 wherein the unsaturated acidic reagent comprises
17 maleic anhydride.
18 '
19 8. The copolymer of Claim 6 or claim 7, wherein the polyisobutene comprises:
20
21 a. 5wt % to 20 wt. % CgHyg,
22 b. 35 wt. % to 55 wt. % CisHas,
23 c. 20 wt. % to 30 wt. % CigHay,
24 d. 8 wt. % t0 15 wt. % CapHag,
25 e. 2 wt % to 8 wt % C,4H4s, and
26 f. 0.5 wt % to 2 wt, % CagHss.
27
28 9. The copolymer according to any one of claims 6 to 8, having a number
29 average molecular weight of 231 to 10,920.
30
31 10.  The copolymer according to any one of claims 6 to 9, prepared from one or
32 more polyisobutenes comprising a mixture having a number average
‘33 - molecular wéight {M,) of 150 to 240. | |
34
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5 6 12. A nmethod of Caim1ll, wherein the unsaturated acidic reagent
conprises 7 maleic anhydride. 8 9 13. A: nethod for naﬁhng%ggu@ pol ymer
of Claiml conprising a first 10 step of reacting a first anount of one or
nore unsaturated acidic reagents 11 with a first anmpount of one or nore
pol yi sobut enes having | ess than 28 carbon 12 atons in the presence of a
first anmount of one or nore free radical initiators to 13 forma first
~liquid copolyner and a second step of reacting a portion of the first 14

l'iquid cppol ymer Wt secopd unt of un urated acidic reagent, a 15
second. ahoudl- o Afaried it FakBo e Rt net B flaih ok CaPisRodehilSohe ne 1
presence2 of a seawns vasaturited bicitlice®apants odith biné tor aaere. polyisoblierles. having
copol ynmer havi nglthe gegearal formnul a:, ?1 L P2 In Ttgr. m 19 X . 20 %1 |
wherei n:®22 n ise5SREM &35 ﬁ?rgﬁgra PMS K the presencgqob gng U mpresireg fadigal | o
pol yi sobait yl havinitiatdress than 28 carbon atons and 25 the other one of R
and R2 ii nmethyl; 26 mis a whole integer of from1l to 3; -53 17 August
2006 1 is a whole integer of from1l to 20; 2 Int. is an initiating
radi cal ;6 andi2. 3 Aemethod & CRINT Natwigeid rthe unséturdied 2cidic eayyeny @empadesC ai m
14, V\,heu;i n one of R ehng.RZ conpri ses polyi sobutyl

malei¢ anhydride.

8

g 13. A 'method for making the copolymer of Claim 1 comprising a first _
10 ) step of reacting a first amount of one or more unsaturated acidic reagents
11 - with a first amount of one or more polyisobutenes having less than 28 carbon
12 atoms in the presence of a first amount of one or more free radical initiators to
13 form a first liquid copolymer and a second step of reacting a portion of the first
14 liquid copolymer with a second amount of unsaturated acidic reagent, a
15 second amount of polyisobutene having less than 28 carbon atoms in the
16 presence of a second amount of free radical initiator.
17
18- 14. A copolymer having the general formula:

P | - B —
O
B
I R [ er.
— —/n
— —m

19 - =X
20
21 wherein:
22 nisa .whole integer from 1 to 3;
23
24 -one of Ry and Rzis polyisobutyl having less than 28 carbon atoms and
25 ~ the other one of Ry and R is methyl; '
26 "~ mis awhole integer of from 110 3;
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6 having 5 to 25 carbon atons. 7 8 16. A copolynmer of Claim14 or claim
15, wherein the copolyner is liquid at 9 anbient tenperajupfeusiPooell 17. A
met hod for nmaking the copolynmer of Caim 14 conprising reacti% 12 mal eic
anhydride with polyi sobutene having | ess than 28 carbon atons 13 in the
presence of free radical initiator. 14 15 18. The copol yner of any one of
Clains 14 to 16, wherein the copolyner has an 16 average degree of

pol ymeri zation of 1.1 to 20. 17 18 19. A copolyner of any one of C aim 14,
Claim15, Claim116 or chg rrljnie? r\tgﬁr ei thé% t he copol yner has an average

degree of pol ymerf 53 ¥ A %1 20. A nethod for making the

copol yner of O aipt, 3¢ apGAMatiSy ReUiER2gh4 N9 mal eic 22 anhydride Wth one or
nore pol yi sobutenes having | ess than 28 carbon atons 23 in the presence of
one or ndre free Terdiscaterminating grasip. 24 25 21. The nethod of cl ai m 20,
wher ei n the pol yi sobutene conprises: 26 27 a. 5w. %to 20 wt. 6/6

C,,H,,;,428 b. 35 wt. %to 55 wt- % Cl2H24, 29 C. 20 wt. %to 30 wt. %

G rH32, 530 5. 8 Avcopdigrher d5CIKIm 1% WRelPone 3 RE-and RY citprized B@is%@?ﬂm&
and 32 0.5 wt %1052\%;%. % C28H -1 6~ 33 -54 17 August 2005 22. A
copol ymeP of O ail@vig, r‘@rﬁP"tW@"‘éopol ymer has a nunber average 2

nol ecul a7 wei ght of 231 to 10, 920.
8 16. A copolymer of Claim 14 or claim 15, wherein the copolymer is liquid at

9 ambient temperature.

10

11 17. A method for making the copolymer of Claim 14 comprising reacting

12 maleic anhydride with polyisobutene having less than 28 carbon atoms
13 in the presence of free radical initiator.

14

15 18.  The copolymer of any one of Claims 14 to 16, wherein the copolymer has an
16 average degree of polymerization of 1.1 to 20.
17

18 19. A copolymer of any one of Claim 14, Claim 15, Claim 16 or claim 18, wherein
19 the copolymer has an average degree of polymerization of 1.5 to 10.
20 '

21 20. A method for making the copolymer of Claim 14 comprising reacting maleic

22 anhydride with one or more polyisobutenes having less than 28 carbon atoms
23 in the presence of one or more free radical initiators.

24 ' |

25 21, The method of claim 20, wherein the polyisobutene comprises:

26 |

27 a. 5wt % to20 wt. % CgHys,

28 b. 35 wt. % to 55 wt. % CqaHas,

29 c. 20wt % to 30 wt. % CygHap,

30 d. 8 wt. % to 15 wt. % CyHag,
31 | e. 2wt % to 8 wt % Cy4H4e, and

32 f. 0.5 wt % to 2 wt. % CogHss. ' _ : i

33
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3 4 23. A nmethod of Caim20, wherein the polyi sobutene has a nunber
average 5 molecular weight (M) of 150 to 240. 6 7 24. Qﬁ#@gﬁ)

nmaki ng the copol ymer conprising reacting 8 polyisobutene haV| ess than
28 carbon atonms with mal eic anhydride in the 9 presence of one or nore
free radical initiators and one or nore copolynmers of 10 Claim114. 11 12
25. A nmethod for making the copolyner of Caim114 conprising a 13 first
step of reacting a first amount of maleic anhydride with a first anmount of

14 one or ngre polylsobutenes having | ess than 28 carbon atons in the 15
presence! of 2% fi PsEORGIIRR oL 131 br Wil theesonohinerahas Ai numhesravefagss or m a

16 first2liquid eapdidiRieigéf 83 pRCobet ep of reacting a portion of the
first liguid 17 copolyner with a second amount of mal ei ¢ anhydride and a
second arnount 18 of one or nore polyi sobutenes having | ess than 28 carbon

atonms ingthesl9 Wﬁ}%ﬂf&ﬁoptlaﬂnggﬁ%rémetpd?ﬁsw&%n‘ér hd8 b endnites év@ﬂal
initiators. 20 21 26. A pal rrer hawngthe general fornula of- P2

Ter. L9 -Mx mojecar weig W& 450 $5240.i s sel ected fromthe group
consi stigg of- -55 17 August 2006 2 3

7 24, A method for making the copolymer comprising reacting

8 polyisobutene having less than 28 carbon atoms with maleic anhydride in the
9 \ presence of one or more free radical initiators and one or more copolymers of
10 Claim 14,
11 _
12 25. A method for making the copolymer of Claim 14 comprising a
13 first step of reacting a first amount of maleic anhydride with a first amount‘ of
14 one or more polyisobutenes having less than 28 carbon atoms in the
15 presence of a first amount of one or more free radical initiators to form a
16 first liquid copolymer and a second step of reacting a portion of the first liquid
17 copolymer with a second amount of maleic anhydride and a second amount
18 of one or more polyisobutenes having less than 28 carbon atoms in the
19 presence of a second amount of one or more free radical initiators.
20

21  26. A polymer having the.general formula of:

~ W B _
:Z B ] —
@)
R
It ‘\//+\\ |
R \“ﬁx
—  —n
— —m
22
23
24 wherein:
25 W isselected from the group consisting of:
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4 wherein: 5 Ris at |east one of one or nore polyal kyls and one or nore 6
pol yal kenes, wherein the polyal kyls and pol yal kenes each jraxg 822@%

nol ecul ar weight of at least 1000; 8 R, is nmethyl; 9 R2 is po ylso utyl |
havi ng | ess than 28 carbon atons; 10 Zis a polyanlne l'i nking radical 11 m
is-a whole integer of from1l to & 12 nis a whole integer of from1l to 3;
13 x is a whole integer of from1l to 20; 14 Int. is an initiating radical;
15 Ter. is atermnating group; and 16 wherein R3 and R4 are independently
hydr ogen, al kyl, phenyl, or taken 17 together are alkylene to give a ring
group.. 18 19 27. A lubricating oil conposition conprising a nmgjor anount

of an oil of 20 lubricating viscosity and a m nor anount of the polynmer of
Claim26. 21 22 28. A Iﬁ%ricating oil concentrate conprising from10 w.%
to 90 wt.% of the 23 pol r of laim26 and from90 w.%to 10 w. % of an
oi | of 24 lubricating vistosity. 25 26 29. A fuel con trate conprising a

maj or anmount of an in 7 ol eophilic orga sof vent boiling in
‘the range of 65 degrees cenm¥igr -56 17 August 20 1 (150 degrees F.)
to 204 degrees centigrade (400 degrees F.) a 2m amount of the

pol ymer gf Claim26. 3 4 30. A post-treated dispersant prepared by
treati ng”the polyner of Cdaim26 with 5 one or nore cyclic carbonate or one
- or nore hinear nyfirefpf pol y-carbonate 6 under reactive conditions.

5 R is at least one of one or more polyalkyls and one or more
6 polyalkenes, wherein the polyalkyls and polyalkenes each have
7 a molecular weight of at least 1000; '
8 R1 is methyl;
9 Rz is polyisobutyl having less than 28 carbon atoms;
10 Z is a polyamine linking radical
11 m is a whole integer of from 1 to 3;
12 n is a whole integer of from 1 to 3;
13 X is a whole integer of from 1 to 20;
14 Int. is an initiating radical;
15 Ter. is a terminating group; and
16 wherein R; and Ry are independently hydrogen, alkyl, phenyl, or taken
17 together are alkylene to give a ring group.
18
19 27.  Alubricating oil composition comprising a major amount of an oil of
20 lubricating viscosity and a minor amount of the polymer of Claim 26.
21
22 28. A lubricating oil concentrate comprising from 10 wt.% to 90 wt.% of the
23 polymer of Claim 26 and from 90 wt.% to 10 wt.% of an oil of
24 lubricating viscosity.
25

26 29.  Afuel concentrate comprising a major amount of an inert stable
.27 ~ oleophilic organic solvent boiling in the range of 65 degrees centigrade
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7 8 31. The post-treated di spersant of Claim 30, wherein said cyclic
carbonate is 9 ethylene carbonate. 10 11 32. A |ubricatjmng,aisd 2006
conposition conprising a najor anount of an oil of lubricating 12
viscosity and a m nor amount of the dispersant of Claim30. 13 14 33. A

| ubricating oil concentrate conprising from10 w.%to 90 w. % of the post-
15 treated dispersant of daim30 and from90 w.%to 10 w.% of an oil of

16 lubricating viscosity. 17 18 34. A post-treated di spersant prepared by
19 reactive conditions Wth one or

treating,the pol of Claim,?2 nder §

more of bBoron oxxﬁé dﬁgﬁﬁ‘afﬁﬂlt? ggﬂ dsgress erntigrade (A0 degrepsfs) and 8or i ¢

acid. 212 22 35. nfineF aRRYAt bPePAPABF BECRRHG S8, Nore succi ni ni des that

conprises reacting a 23 mxture under reactive conditions, wherein the

m xture donprises: 24 25 a. one or nore of at |east one al kenyl acid
27 b. one or

derivatiye d at, | east ..one al kyl succinic¢ acid derivatjve, [

nore copol y%g'rs %‘rpé)ﬁgﬁ%%eig'si)%a%%@ Ryt %39 ?hel@?y% keimgd@ithone or
nore pol §ani nes. ondor Bbré@yclit qarimmagsorf ave @ @PARY lire@r avR00Or paly-earbonate

succi ni ng des of ' £in 32 the acid derivative has a succination
ratio o;%from 1. %@5%&%&6%%’@0}]317 August 2006 1 37. A succinimde
prepared’ by reacting a mixture under reactive conditions 2 wherein the

mxture oy Sefhe Post-treated dispersant of Claim 30, wherein said cyclic carbonate is

9 ethylene carbonate.
10
11 32, Alubricating oil composition comprising a major amount of an ol of lubricating
12 viscosity and a minor amount of the dispersant of Claim 30.
13
14 33. A lubricating oil concentrate comprising from 10 wt.% to 90 wt.% of the post-
15 treated dispersant of Claim 30 and from 90 wt.% to 10 wt.% of an oil of
16 lubricating viscosity.
17
18 34. A post-treated dispersant prepared by treating the polymer of Claim 26 under
19 . ~ reactive conditions with one or more of boron oxide, boron halide, boric acid,
20 and esters of boric acid.
21
22 :35. A process for preparing one or more succinimides that comprises reacting a
.23 - mixture under reactive conditions, wherein the mixture comprises:
24
25 - a. - one or more of at least one alkenyl acid derivative and at least
26 one alkylsuccinic acid derivative,
27 . b. one or more copolymers prepared by the process of Claim 11
28 and
29 : C. one or more polyamines.
31 36. A process for preparing one or more succinimides of Claim 35, wherein
32 the acid derivative has a succination ratio of from 1.1 to 1.4.

33
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4 'a. one or nore of an al kenyl acid derivative and an al kyl succinic 5 acid
derivative, 6 b. one or nore copolyners of 7 (1) one or npr saig4r at ed
acidic reagents and 8 (2) one or nore polyl sobutenes having I'ess than 28
carbon 9 atons, and 10 C. one or nore polyamnes. 11 12 38. The

succi nimde of Caim37, wherein the acid derivatives have a 13
succination ratio of from1.1 to 1.4. 14 15 39. The succinimde of Caim
37 or claim 38, wherein the unsaturated 16 acidic reagent conprises naleic
anhydri df 3,1,3 18 40. A |l ybri catia oi | conposjtion conprisjing a _ngjor
amount of arfoi | ‘HPUCHBIMIAS PFRRAMP %ywﬁgetm aynixpire dingden spadiive sendibienshe
succi ni npde of 2 i i | ubricating oil concentrate

conpri simrzlg from %@ﬁqwgom%%%g%ﬁsﬁe 23 succinimde of Claim37 and
from90 &t.%to 10 wt. % of an oil of 24 lubricating viscosity. 25 26 42. A
fuel congentrate conprising a maor amount .of an jnert stable 27 ql eophilic
organi c $ol vent Boili RS ‘?qu'ﬂée ?ta%@ﬁ(@f]yg?)c'aé’&"'g@@"%@ﬂq iaarail@zsucgg‘m% 150
degrees §.) to 204 degiRP8eh@ilfiedr ade (400 degrees F.) and a 29 mi nor
amount of the succinimde of daim37. 30 -58 17 August 2006 1 43. A

post -treft ed suc®ini nione Qrrropes eepdlymersal i ng t he succinimde of 2 Caim 37

e Bt Con RS Yl briRGrelindRifatSl acii RlagBhiand o27Ponate and

8 (2)  one or more polyisobutenes having less than 28 carbon
9 : atoms, and

10 c. one or more polyamines.

11

12 38. The succinimide of Claim 37, wherein the acid derivatives have a

13 succination ratio of from 1.1 to 1.4.

14

15 39. The succinimide of Claim 37 or claim 38, wherein the unsaturated

16 acidic reagent comprises maleic anhydride.

17 |

18 40. A lubricating oil composition comprising a major amount of an oil of

19 lubricating viscosity and a minor amount of the succinimide of

20 Claim 37.

21

22 41.  Alubricating oil concentrate comprising from 10 wt.% to 90 wt.% of the

23 succinimide of Claim 37 and frém 90 wt.% to 10 wt.% of an oil of

24 fubricating viscosity.

25 |

26 42. A fuel concentrate comprising a major amount of an inert stable

27 oleophilic organic solvent boiling in the range of 65 degrees centigrade

28 (150 dégrees F.) to 204 degrees centigrade (400 éegrees F.)and a

29 . minor amount of the succinimide of Claim 37.

30 '
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4 5 44. The post-treated succinimde of Caim43, wherein the carbonate 6
conpri ses ethylene carbonate. 7 8 45. A lubricating oil ppmaéliﬁb a nmaj or
anount of an oil of lubricating 9 viscosity and a mnor anpunt of the
post-treated succinimde of 10 Caim43. 12 46. A lubricating oil
.concentrate conprising from10 w.%to 90 wt. % of the 13 post-treated
succinimde of Caim43 and from90 w.%to 10 wt.% of 14 an oil of

| ubricating viscosity. 15 16 47. A fuel concentrate conprising a mgjor
amount of an inert stable 17 ol eophilic organic solvent boiling in the
range of 165 #3gr edposttreatpdssiecini®idel ppdeed by srefting the 0ctivindeof

centigra (400 dggre F.) and a 19 m.nor apount of the post-treated
succi ni m'ci'ge of G§P“'ﬁn4er§ UNGgy reqctive CWer SWHEQf‘@d)rW@WfﬁWPﬁEW”@par ed by
treating 3 he succtatbbhgR sid pdR-6adoRkRy under reactive conditions with one

or nore of boron oxide, 23 boron halide, boric acid, and esters of boric
acid. 24425 49. A lubricating oil conprising a major anmount of an oil of

| ubri catimng 6 Vi i inor, a nt t he post-treate

succi n e 4F° 2EPEPede8 sDokiRks U hte A3onRerd s caBpnfe
concentr & e conprégmpdses aylehea@oriatef an inert stable 2 ol eophilic
organi c solvent boiling in the range of 65 degrees centigrade 3 (150

degrees E.) to 204 degrees centigrade (400 degrees F.) and a 4 minor anount

of the pegst 'ié.eatﬁ%bﬂé%ﬁhgigwf‘é&pg{sgﬁ girl@&jéﬁgmgimf’ oPan offof RIFAREtAG O"

conprising oneé or nore co

9 viscosity and a minor amount of the post-treated succinimide of
10 Claim 43.
11
12 46. A lubricating oil concentrate comprising from 10 wt.% to 90 wt.% of the
13 post-treated succinimide of Claim 43 and from 90 wt.% to 10 wt.% of
14 an oil of lubricating viscosity.
15 |
16 47.  Afuel concentrate comprising a major amount of an inert stable
17 oleophilic organic solvent boiling in the range of 65 degrees centigrade
18 (150 degrees F.) to 204 degrees centigrade (400 degrees F.) and a
19 minor amount of the post-treated succinimide of Claim 43.
20
21 48. A posttreated succinimide prepared by treating the succinimide of
22 " Claim 37 under reactive conditions with one or more of boron oxide,
23 boron halide, boric acid, and esters of boric acid.
24
25 49. A lubricating oil comprising a major amount of an oil of lubricating
26 viscosity and a minor amount of the post-treated succinimide of
27 - Claim 48.
28 '
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7 clainms 1-10, 14-16, 18-19, and 22. 8 9 52. A conposition conprising one
or nore polyners of claim?26. 10 11 53. A lubricating 0iﬂ7&9§{}§{ﬂlz(ﬁ)i6n9 t he
conposition of claim51 or claimb5b2. 12 13 54. A lubricating ol
concentrate conprising the conposition of claim51 or 14 claim52. 15 16
55. A fuel concentrate conprising the conposition of claimb51 or claim52.
17 18 19 20 -60

1 560. A fuel concentrate comprising a major amount of an inert stable
2 oleophilic organic solvent boiling in the range of 65 degrees centigrade
3 (150 degrees F.) to 204 degrees centigrade (400 degrees F.) and a
4 minor amount of the post-treated succinimide of Claim 48.
5
- 6 51. A composition comprising one or more copolymers of any one of
7 claims 1-10, 14-16, 18-19, and 22.
8
9 ' 52. A composition comprising one or more polymers of claim 26.
10
11 53. A lubricating oil comprising the composition of claim 51 or claim 52.
12
13  54.  Alubricating oil concentrate comprising the composition of claim 51 or
14 claim 52.
15
16 55, A fuel concenirate comprising the composition of claim 51 or claim 52.
17 |
18
19
20
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