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A LUBRI CATI NG O L ADDI TI VE COVWPOSI TION  AND METHOD COF
MAKI NG THE SAME This application is a '
Continuation-ln-Part of prior co-pending U S. Patent
5 Application No. 11/118,550, filed April 29, 2005.

FI ELD OF THE | NVENTI ON The present invention is

di rected toAdDUBRPCAVING @b RBHMYELLRMPAQRIITION
conposition that, i [ j s it is

al so directed 3@“#ﬁ@gﬁﬁgEgﬁﬁiﬂgk“ﬁﬁaﬁﬁgSfﬁggsane.
BACKGROUND OF THE I NVENTION 15 It is known to enpl oy

ni trogen containi ng dispersants and/or detergents in
t fidis dpplinaticn iserContinuatipndaianigelginor 66rasEHsing s S‘D%Wy

oneplieteadte 3PS M BERGIeRRer i or -

anhydride with an am ne or polyamne to produce an

al kenyl succi ni m de or_an al kenyl suc1ci nam c acid as
det er i ned by sel ecWMr eaction. One
probl em facing the [ubricant manufacturer is

di spersancy of particulate matter in internal
COHRUsbh@n iengitioass diFedtbdt@at inpivered disfegsantadditive
particul ate matter dis ersaq £ i.n fi

i cy nay. result te

P omionton A fagscadLamIna ror by 40 et Bl dnigProsess o

THE RELATED ART Liu et al., U S. Patent
@%5%% di scl oses a lubricating oil conposition
that conprises a nmajor anount of an oil of lubricating
viscosity; and ] f hStic
conbi nati on, of RG%: = 'E?N\SVEW‘@NSdi tive and
30 a dispersant additive, said combination conprising:

(i) a polyisobutylene suecinimde (PlBSAD alad (ri il)‘ i

anit stknpiverie-gonRipy NBIREEE FEBI D disPelapdnppd/or degtergents in the
esni V) . ~ Lidot s RBBw HisekAsRs an

':3]8[??'\7@6%8&@8&%?“%2&; %%“n%‘?&f’ﬁ%g an oﬁitﬁl{?;ed et hyl ene

conebarEBitd@itelgenpednipeundy ara E3eCho thalrphdionsicsl ef i n

and, optionally, a non-conjugated diene t.r

whlleriiis CRUeACH 4 OBV HILE 21 AP Ry BE RSO arRatuce an

anﬁk%ﬁl&&%irﬂ@e@r’eﬁ{ Ql';@ltn;i/!%uccinamic acid as determined by selected
conditions of reaction. One problem facing the lubricant manufacturer is
dispersancy of particulate matter in internal combustion engines. Failure {o
have adequate paﬁiculate matter dispersancy may resutlt in filter plugging,

sludge accumulation, and oil thickening.

DESCRIPTION OF THE RELATED ART

Liu et al.. U.S. Patent No. 6,117,825, discloses a lubricating oll composition
that comprises a major amount of an oil of lubricating viscosity; and a minor
amount of a synergistic combinat.ion',\of an antioxidant-dispersant additive and
a dispersant additive, said combination comprising: (i) a polyisobutylene

succinimide (PIBSAD) and (i) an ethylene-propylene succinimide (LEPSAD).




5 pol yam ne conpound. Gunther et al., U S Patent No.
6, 512, 055, discloses a copol yner obtained by free
radi cal copol ynerization of at |east one

nonoet hyl eni cal |y unsaturated C4-C6 dicarboxylic acid
or anhydride thereof, an oligoner, and one 10 .
mges iy 8§, Caltdnt No$a1 368, 88% dlisdogesuardadditive benpesition

al., U 'S Patent_ No. 6,284, 71§, di sc{?gse's a |l ubri Céti ng
oidomRTisifsoan PRERCHSIRIFSS REPAVTEBPT EaReV BT ChRG ™
c A Al dped e ] eQP@kyERY td@id which has
o%n@#é/@gte%ﬁeﬁﬁbﬁ%?i{y?é%inggﬁogﬁjgr?sat ulr at eél rC4 C6 l15_

di tesmberyledavitica dororaldatiyglérdcarpaundranst with an gnpigemsprmatic
and .one. nonoet hyl eni cal | y unsat urated conpound,

5 WHRAERNEHO RSPy ner is further reacted with an
amne. Harrison et al., U S. Patent No. 5,792, 729,

di scl oses a dispersant ter polo)érrer_ 20 and .
pdBysibec ehalnildé Reapolpt6.6n2.086r fiselases amoprlymer obtained by

terpolypers. T 1erno ' | ; ted
A Spg e B TE R e R BRI Greaturate
I eggenldicarbdxyiit etidnor @tgdadd iderdo® abstigbueedral @f¢ n in
the presence of a free radical (initiator. 25 Barr et

10 al moneetBylepigadn tnspiuraed zoMPeSNd di scl oses a
lubricating oil additive conposition that is the
reaction product of (i) a copolynerized olefin and
unsahiheated . cahPaieht MoadPitai7 16g degenes ronbhestingiaih a
free radical initiator, .an a succinimde frag
ac§RIPesiHy FRRRFEIHH as‘HB@??rglﬂ?@d‘di 7 CH2 WHPEEP el W free
acylfdd Eggﬁg%ﬁz% & RALYAHREmYASIRYIBnicARy unsaturated C4-Cs

hydrocar substituted 30 succinic acyl ating agent
15 i sdippepaykdady or eabydrde hepeifyan efgamandndP&cyl at i ng

agent upder .condi tipns _ 0
e B e R Al T i fop e rBhner
“hy 0620 Wth wsiUdsikt ut ed succinic acyl ating agent. -2
Harrison et al., U S. Patent No. 6,451,920, discloses
copol ynerizing a polyal kene and an unsaturated acidic

reagents, &0l d CEizdg ??@’ disd[MsBaGl @&ersant terpolymer
: po?%éﬁ'ﬁgé‘n‘get A\I‘VI ;arlﬁ\gt iﬁgt)éﬂaggt Er ated Ac) SF{: r eag%ﬂ at
20 el eMatoed/succinimide compositions derived from the terpolymers. The
terpolymer is obfained by free radical copolymerization of an unsaturated
acidic reagent, a 1-olefin, and a 1,1-disubstituted olefin in the presence of a

free radical initiator.

25 Barr et al., U.S. Patent No. 5,670,462, discloses a libricating oil additive
composition that is the reaction product of {i) a copolymerized olefin and
unsaturated carboxylic acylating agent monomer with a free radical initiator
and (i) a succinimide prepared from an acyclic hydrocarbyl substijuied
succinic acylating agent and a polyamine wherein the hydrocarbyl substituted

30 succinic acylating agent is prepared by reacting a polyolefin and an acylating
agent under conditions such that at least 75 mole % of the starting polyolefin

is converted to the hydrocarbyl-substituted succinic acylating agent.
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tenperatures in the presence of a strong acid. 5 Chung
et al., U S Patent Nos.. 5,427,702 and 5,744, 429,

di sclose a m xture of derivatized ethyl ene-al pha

ol efin copol yners, wherein functional groups are
grafted onto the copolyner. The functionalized

ﬂ@ﬂhs)b%t dis U”E'S XegteWt NB. 8l451] ®AB Wi eafcopolyandriring a
cohol , including polyol, amno al cohol etc. tq form

1pohyalktenefand<ﬁn wiraituratest agiriorepagel foliepes iy reaaHne PO%
Eedlgpoigia r A ' H tﬁé uﬁ'rc,aturé‘feﬁ Aokt ?é}:i MNP at elevated

Ios s novel “copolyners unsaturat ed
at‘érﬁ;b@raﬁﬁ@@trﬁ!hte%ar@@@hdﬁ oha mrbegabmlr wei ght ol efins’

Wwherein at |east 20% of the total high nol ecul ar

wei ght ol efin conprises the 15 al kylvinylidene isoner

““t%'h%rr\ GoRP! ¥ '@rﬁatéﬁ@\l§§e¥f uby "?’32@4@@‘7@@@9 #8close a mixture of
rlgatlng ol'l's an uel's and al so may be used to

prepeatzepatydaccialihs detn capdlyotierwinssin. lunetieral groups are

addltlves seful in | at Qi
De@motﬁm SR AR S e PRt s e a

s@%ﬁ@%ﬁ‘ aﬁ%n’{héceﬁléblﬁ(y mfciLIde psReuemind artotbl etento form
0| is admxed with a copol ymer rfeactant that is
f unuitidunationst deosity indax isHerer adHpsueRINBRRE™A ani no
aromati ¢ conpound. 25 SUMVARY OF THE INVENTION In its
br oadest enbodi nent, the present invention is directed
t ¢4aRsEH bt 0lWB| patdriNg. Gat i NEoO D dis@dstis honeel copolymers of
conposition prepared by the process which co riﬁss.
r snseiugied Go(dy reactadasnddigh B‘fO'%fHéaFf‘B‘P‘BBmﬁfgﬁs wherein at
COPOURRE 81 (o' 13ied higr BRI WS B PesinByisds o

copoly tion o conponents conpri Si ng:

( aa)lky&mn)l'lei@ab rmﬂemhnatdmplohﬁnmmlary ugaBhts rdaetp@dsms @28
5 nonocar boxyl i ¢ a\m d or ester ther(ﬂ) 4-C28
lubricating oils and uels and also may be used o prepare polySdccinimides

and other post-treated additives useful in lubricating oils and fuels.

BRIEF DESCRIPTION OF THE DRAWING

Figure 1 iliustrates the effect on viscosity of the product when diluent oil is
admixed with a copolymer reactant that is further reacted with an ether

compound and an amino aromatic compound.

SUMMARY OF THE INVENTION

In its broadest embodiment, the present invention is directed to an oil-soluble
lubricating oil additive composition prepared by the process which comprises

reacting

(A)  atteast cne of the following copolymers:
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di carboxylic acid, anhydride or ester thereof; (b) at

| east one 1- olefln conprising about 2 to 40 carbon
atons or at |east one polyol efin conprising about 4 to
10 360 carbon atonms and having a term na

copol ynmeri zable group in the formof a vinyl,

vinyl i g?ne 9rcoﬁb??)ﬁ*uer‘ﬂﬂ?%hé@%?Qreé}fa@i!ﬁ! ebpaTyprkEStEon of
thereof; and (c) | east oné nonool efin conpound
which is 150©@p@h9N§MQﬂmmsw9Mtr1the nmononers of (a)
and (b) and is selected fromthe group consisting of:
(1) an alkyl vinyl ether and an allyl alkyl ether
where the abkyl afaupohs nordetyenicaly saturated Ca-Cog
di al kyl am no or 20 al koxy substituted or is

unsubst i t ut ed, aﬁwr@é‘fﬁft&xﬁ"%@C'fir%rﬁséﬁdéﬁ?rei’f't% Gaorit 40
carbon atoms; (g ca )@legléltzldaghﬂfd ozaébtéh?ﬁle'ﬁé’dfam de
of a nnnoethylenlca unsat ur at ed nmono-

di carboxylic acid of from about 3 to about 10 carbon

at ons where the al kyl tituent cantains ro
‘1 to about 4 ca%%shf’ﬁ '0’?% C%rﬁpf\f"gprﬂhob’él&

of carboxylic aci@sn@brbf %‘5‘5’{ Stk QQQHR&T@] cb%pﬂﬁmgak&)um to

carbon atons; (4) an Nvinyl substituted
ni t r ogen- cont ai n3Ag calrtmrea@ma::and:hawng@h@ﬁmr@hgoladymgylzable

at | east one 1l-olefin. c ris

about 40 carbon %Y motlgng?rm gggt\”n ﬁm'@gﬁg ?é;ita%yl vinylidene
conpri sing from abeus odmi@urlabéreddrenr bon 5 at ons

and having a term nal copolynerizable group in the

formof a vinyl, vinyiidene or alkyl vinylidene group

or m xtures her eplq, LAY nIShAR compound which is

copolymerizable with the monomers of (a) and (b} and is

selected from the group consisting of:

(1) an aikyl vinyl ether and an allyl alkyl ether where
the alkyl group is hydroxyl, amino, dialkylamino or
alkoxy substituted or is unsubstituted, and

containing from about 1 to about 40 carbon atoms;

{2) an alkyl amine and an N-alkylamide of a
rnonoethylenically unsaturated mono- or
dicarboxylic acid of from about 3 to about 10
carbon atoms where the alkyl substituent contains

from about 1 to about 40 carbon atoms,

(3)  an N-vinylcarboxamide of carboxylic acids of from

about 1 to about 8 carbon atoms;

(4) an N-vinyl substituted nitrogen-containing
heterocyclic compound; and

-4 -
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enployed in (i)(b); 10 (ii) a copolyner obtained by
reacting conpound (i)(a) and compound(i)(b) in the
presence of a free radical initiator; (iii) a

copol ymer obtained by (a) reacting conpound (i) (a)

with 15 conmpound (i)(b) or (i)(c) in a non-free

radi cal catalyzed reaction in the presence of

copol yner (i) orﬁgopohMeastQmé)-m%ﬁdmmﬁmﬁ@ngmpnwebyutZto
contacti ng copol ymer

with the non-free r aéli)%lgl %@Bﬁé@ﬂﬁ&g@% ge&qt BP%@S&VOieﬁn
of conpound (i)(a) aE&nﬁﬂQ‘H@‘fﬂﬁn %‘bb(]pt) t@éb&ut)iﬁ@ carbon
i)

wherei n the copol ymer of , O (iii); with
(B) at |east one et heatmﬂwpodlhavmglaatﬁrm&hﬁ@n@ Ferizable

t f t.h
group consls I o1 4ot PO, o AR B
am no thiol, and a polyefidie §RIupr maided hdredf, provided that

| east one aromatic aminé. The present invention is
also directed to a | ub @Iafm@g]mwect@rmﬁéh@ pame as the olefin

conprising a maj or angH_%o}peanIﬁg )&gf of lubricating

viscosity and a m nor the lubricating
oi | additive conposition prepared by the process
whi ch conprlses reacting (A) at |east one

f ol | owilllly cGpeRPREREN obta@e(i By ’&%B‘%W‘P@Pu%t(gdg‘ﬁéadby

free radical | LOMPRBEMASical initiator;

conpri si ng: g%%nﬁpﬂpeégbbﬁg%n%cnoﬁ Pen%cga lyI

unsat ur at ed C3-C28 nonocar boxyl ic acid or ester

t her eof , 3 dicarbo aci.d, anhydri .

ester tier et Coﬁ\ﬁm%‘i Oq’t@%efj%n@ ieaGIn&qqm%%tﬁFﬁfﬁ)é&\ﬁ'th |

about 2 to abpayouh® (i)(b) or (i)(c) in a non-free radical catalyzed reaction
in the presence of copolymer (i) or copolymer (i) or both; or by
(b} contacting copolymer (i) or copolymer (i) or both with the
non-free radical catalyzed reaction product of compound (i)(a)
and compound (i){b) or (i){c), wherein the copolymer of (i}, (i} or

(iii); with

(B)  at least one ether compound selected from the group consisting of an
ether polyamine, a polyether pclyamine, a polyether amino alcohol, a

polyether amino thiol, and a polyether polyol; and
(Cy  atleast one aromatic amine.

The present invention is aiso directed to a lubricating oil composition
comprising a major amount of an oil of lubricating viscosity and a minor
amount of the lubricating oil additive composition prepared by the process

which comprises reacting

(A)  atleast one of the following copolymers:
_5 .
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10 carbon atons or at |east one polyolefin conprising
from about 4 to about 360 carbon atons and having a
termnal copolymerizable group in the formof a
vinyl, vinylidene or alkyl vinylidene group or

m xtures thereof; and 15 (c) at |east one nonool efin
conpound which is copolynerizable with the nononers
of (a) and (b) and is selected fromthe group

consi sil ng afcopplineambdhikgd byifrad radided copeldmeanzatiory pf
al kyl ~ether where 20 the.alkyl group is hydroxyl,

ani no, di al KYMRANEISGPMR{SK¥ky substituted or is

unsubstituted, and containing fromabout 1 to about
40 carbon atons; (2) an al kyl am ne and an

N-al kyl anmi déa)of  at least prmbsnegttafricaynsabaaiadbelos

nmono- or dicarb | ' o f about
10 carbon atons QF é@%%ﬁ%?é‘?@%%%ﬁ ﬁ%tegﬁ'tar&“natéﬁﬁ ns
fromabout 1 to akatiodfic eaidbanhadraisor el Beraot,

N-vi nyl car boxam de of carboxylic acids of from about
1 to about 8 carbon atons; -6 (4) an N-vinyl

substi tut ed gyt LAPRASFORE 310 coRBHERA@HE © to about 40
compound; a (5) at Teast one l-olefin conprising
from about 2 to cartaboatbréQorcaidast cabqudyefimcompesing from

one polyolefin ¢ rising fr about 4 to ahqut . 360 .
carbon, atons aﬁgo %@f%ag%U&ﬂﬁﬁﬂanéé%ﬁﬁﬁaﬁaé’m g terminal
group in the for ebs&y_a,evﬁzaw@%rﬁuayﬁ-y@f@ﬂn%aahhyll viny!idene or

vi nyl i dene group or m xtures ereof, provided that 10

the ol ef i n enpl opdy! visyldine preoupareniaiirenthaseef pRd
enpl oyed in (i)(b);
(c) atleast one monoolefin compound which is
copolymerizable with the monomers of (a) and (b) and is

selected from the group consisting of:

{1) an alkyl vinyl ether and an allyl alkyl ether where
the alkyl group is hydroxyl, aming, dialkylamino or
alkoxy substituted or is unsubstituted, and

containing from about 1 to about 40 carbon atoms;

(2) an alkyl amine and an N-alkylamide of a
monoethylenically unsaturated mono- or
~ dicarboxylic acid of from about 3 to about 10
carbon atoms where the alkyl substituent contains

rom about 1 to about 40 carbon atoms;

-'(3) an N—vinyl(_:arboxamide of carboxylic acids of from

about 1 to about 8 carbon atoms;
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(ii) a copolynmer obtained by reacting conpound (i) (a)
and conpound(i)(b) in the presence of a free radical
initiator; 15 (iii) a copol yner obtained by (a)
reacting conpound (i)(a) with conpound (i) (b) or
(i)(c) in a non-free radical catalyzed reaction in
the presence of @9polaHmRLvikyl)subbtitGRRONNEGEN-ChhRiIMNg
both; or by (b) contacting copolymnmer (i) or copolyner
(ii) or both with théweterasgalia¢aereu: @d cat al yzed
reacti on product of conpound (i)(a) and conpound
(i)(b) or Olc); wth (B) at |east one ether conpound
sel ected from t h@)gr atpeastumiest-blednabnamisiret iem about 2 to
pol yam ne, a pol yether, polyam ne, a pol yether, am n )
al cohol, a 25 pol yet?@?“t 'G%b%?tsa"fi)s %%%* 1ﬁa%tcﬂ%?‘ﬂ¥?|ef'n

_polyol; and (Q at | pr‘?sgﬁg AORTRL 4.8 42481 S¥Ryut BB carbon
al so dif

present invention is ected to a nethod of
maki ng a | ubri cati ng atioims 36 bakdig everrcioapessialyoarizable

whi ch conprises reacting (A), af |east .one .
fol I owi ng copol yner s:grﬁ%)” )ﬂ&eo{%‘irﬁ@rv'gﬂt 5@&%%&%0??%%‘
radi cal copol yneri zat \Hﬁﬂio%fne_ FO0P O aNkisrexOprd | pevided that

(a) at | east one nonoethylenically unsaturated C3-C28 _
5 monocar boxyl i ¢ aci dtheroleft empiayeddenot he saroeas the olefin

. di carboxylic acid, an%%‘gpé’fgﬁ ir??i}(g?ﬁt er thereof; (b) at
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| east one 1-olefin co g about 2 to about 40
carbon atons or at |east one polyol efin conprising
from 10 about 4 to about 360 carbon atons ap havé ng
a terni(ihal edEePYRSToPABNEd §Y GERCINY THePe &g) an

vinyl, vi ny'cbﬂhgpsng@éb)?b;wg pHSBACLAPaG & QiR Binitiator

m xtures there east one nobnoo [
conmpound which is 15 copol yneri zable with the nononers

g)ngia)st{i%ﬂg %Eg_op%wgnérsobtgigleg %tye(g) lf’era% mé %ce)rr%rcﬁlrjl (i}(a) with
compound (i)(b) or (i){c) in a non-free radical catalyzed reaction
in the presence of copolymer (i} or copolymer (i) or both; or by
~ {b) contacting copolymer (i) or copolymer (i} or both with the
non-free radical catalyzed reaction product of compound (i)(a)

and compound (i}(b) or (i}{c); with
(B)  atleast one ether compound selected from the group consisting of an
ether polyamine, a polyether polyamine, a polyether amino alcohol, a
polyether amino thiol, and a polyether polyol; and

(C) atleast one aromatic amine.

The present invention is also directed to a method of making a lubricating oil

additive composition which comprises reacting

(A) atleast one of the following copolymers:

=~
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(1) an alkyl vinyl ether and an allyl alkyl ether
where the alkyl group is hydroxyl, am no,

di al kyl am no or 20 al koxy substituted or is
unsubstituted, and containing fromabout 1 to about 40
carbon atonms. (2) an al kyl amne and an N-alkylanide

di car boxyl i c aci rom about 3toaout car
at onms wher e cohpoakkigl cosmrssing: uent contains from about
1 to about 40 carbon atons; (3) an N-vinyl carboxam de
of carboxylic acids of from 30 about 1 to about 8

carbon at onggy (4ht RAsNb ﬂ%ﬂno%ﬂ%dné&ﬁ(%saturated 03 8
ni tr ogen- contalnlng het er ocycl i'c’ conpound {5)

at | east one 1- olefriocadenylié stld@rﬁﬁtﬂﬁtbb@@f 02@40028
about 40 carbon gtoms o | ea

conprising from WOXZY '?8C'gb8[}6§(§g% aﬁ:‘% rthga ons

and having a terninal copolymerizable group in the
formof a vi n% vi nyl i dene or al kyl _ vinylidene group
or ni xt ures (Pher @bleasppag il qdefin sembrising fgneppgaut 2 To about 40

enpl oyed i s not tcg?oo% RSt S bbg)olmrpg&ﬂphgng from

(i)(b); 10 (ii) acopo Mer obt al ne react
conmpound (i) (a) @lbdut¢m¢rabwtd{80)¢(ebb>ommdrheapdé\saemgea tfrminal

a free radical initiator op r obtai.ned

by (a) reacting @Q%UUP‘?(H‘Z?P?(%?UWQ&’ f%r%gﬁﬁo‘ﬂ% vinylidene or
(1.0 or (1) () ity Gl §up 3 ialurlia) varpeing

reaction in the presence of” copolynmer (i)

copol ynmer (ii) or both or by (b) contacting

copol ymer (i), or .¢onQk Y ddderd ot dichhe
copolymerizable with the monomers of (a) and (b) and is

selected from the group consisting of:

(1} an alkyl vinyl ether and an allyl alkyl ether where
the alkyl group is hydroxyl, amino, dialkylamino or
‘alkoxy substituted or is unsubstituted, and

containing from about 1 to about 40 carbon atoms;

(2} an alkyl amine and an N-alkylamide of a
monoethylenically unsaturated mono- of
dicarboxylic acid of from about 3 to about 10
carbon atoms where the alkyl substituent contains

from about 1 to about 40 carbon atoms,;

(3)  an N-vinyicarboxamide of carboxylic acids of from

about 1 to‘about 8 carbon atoms;

(4} an N-vinyl substituted nitrogen-containing
heterocyclic compound, and
.8



10

15 The term

non-free radical catalyzed reaction product of

conpound (i) (a) and conpound (i)(b) or (i)(c); wth
20 (B) at |east one ether conmpound selected fromthe
group consisting of an ether polyam ne, a polyether
pol yam ne, a pol yether am no al cohol, a polyether
amno thiol, and a pol yether polyol; and 25 (C) at

| east one aromatic am ne. Accordingly, the present

i nvention rel at e)t o alesst-dnentoledinalontpriirgcfadrnmpoat P to
addi tives which are useful as dispersants in an

i nternal combustion edffitHé? cag@omtpﬂpiggatWQnm@@eﬂn
OF THE | NVENTI ON \WAi | Gorhbfesihd! Vet bidltisstosinfiP B0 Bhirdr0
various nodifications and alternative forms, specific
enbodi ments thereof aatdnsr acheaehg adescinkbegpalymerizable

detail. It -9 should_be understood, however. that t
description herein ofg@b’&!?ﬁ'i‘%?or@ﬁ%@d‘f'ﬂ%wﬁwqudsenﬁo?r aiﬂﬁ
intended to Iimt theyjh{iRitel @Bub @r titGURRS thbRIdf Arovided that
forms disclosed, but on the contrary, the intention
is to cover all nodifihealgbnhemplaygdiiyapkiesameas the olefin
alternatives falling within. the spirit and scope of

the invention 5 as de&nﬁ%@ﬁg)}nm@%appended cl ai ns.
Definitions The followng terns used with the

description are defined as such: 10 The term"PIB" is

an abbBvi a@i @wolEreT RGNS By reAdinITHENRA NG HR)BSE | s

an abbrevi at. ; Vi | NG hde.
or BBV RTUER I PEPLEERes o IR GRIBTINPELER.

enpl oyed wi-thin the scope of the present invention

~which ar, | f_polyi sobut d o
Tonoet R e PRERC URISSIEnEE Y on KSR hBHORAP B AYF) 11

15

acid or est ehnlReh8qfb) F f(i)(\%}]i@g% Qﬁ&ﬁ%&@ﬂ#&gmtb@z@@k@bctaon

anhydri de or ester thereo have car boxyl
groups, pr efiettEbpressuecphtapalroand), orpegoporsfi(Bghuaaih; or by

goues e B ot FLEEH A0TSR A

20

25

30

non-free radical catalyzed reaction product of compound (i)(a}

and compound (1}(b} or {i}(c); with
(B)  at least one ether compound selected from the group consisting of an
ether polyamine, a polyether polyamine, a polyether amino alcohol, a
‘polyether amino thiol, and a polyether polyol; and

(C) atleast one aromatic amine.

Accordingly, the present invention relates tc multi-functional lubricating ofl

‘additives which are useful as dispersants in an internal combustion engine.

DETAILED DESCRIPTION OF THE INVENTION

While the invention is susceptible to various modifications and alternative
forms, specific embodiments thereof and are herein described in detaii. 1t

-9-
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general formula: 0 0~0 2 4 cc. R R3 n 25 whereinn
is one or greater; R, R2, R3 and R4 are selected from
hydrogen, nethyl and polyi sobutyl having at | east
about 30 carbon atons (preferably at |east about 50
carbon atons) wherein either R and R2 are hydrogen

a d [ - L [l i
oty BhoerisBaCh el 1 MS B3 Rk petolRiotsBeatt

R, Elerﬁbfh i2ntssis rmlet im&énc@ﬂidogimﬁt ’fbtel‘iﬁt‘ferit'&mrlolwda pabicuidr fmes

pol yPl BSA copol yner nay be al ternating, block, or

7 dibrgnReITAEL DRH1R CQNGEY NG PBLE SrieRgver BbMECHEalpnS.
havi.n " . Ao M . .
e BT Y e L T e et o he vere”
graupefomddiysthie mgpefded clgns.--C , --0-- |ower al kyl or
taken together are --0-- to forma succinic 10

anhydride group. The term"--0O=-1ower alkyl" is nmeant
t opbfmealiskie al koxy of fromabout 1 to about 6 carbon
atons. The term "degree of polynerization" refers to

the average nunber of repeating structural units in

PP AR B o BT b B bR ARG doelhe Lo
The term “PIB” is an abbreviation for polyisobutene.

The term “PIBSA” is an abbreviation for polyisobutenyt succinic anhydride.

The term “polyPIBSA” refers to a class of copolymers employed within the
scope of the present invention which are copolymers of polyisobutene and a
monoethylenically unsaturated Ci-Cgs monocarboxylic acid or ester thereof, or
a C.-C,g dicarboxylic acid, anhydride or ester thereof which have carboxyl
groups, preferably succinic groups, and polyisobutyl' groups. The preferred
polyPIBSA is a copolymer of polyisohutene and maleic anhydride having the

general formula:

wherein n is one or greater; Ry, Ry, Rs and Ry are selected from hydrogen,
methyl and polyisobutyl having at least about 30 carbon atoms (preferably at
least about 50 carbon atoms) wherein either Ry and R; are hydrogen and one

of Ry and Ry is methyl and the other is polyisobutyl, or Ry and R4 are
. _ 10 - .



copol ynmeri zati on of at

- "l-olefin"
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t he doubl e

be cal |l ed al pha-ol efi ns,

structure:
ol.ef,in nol

| east 3 nononers. The term
refers to a nonounsaturated ol efin that has
20 bond in the 1-position. They can al so
and have the follow ng
CH2=CHR 25 where Ris the rest of the

¢ ST S abst Rt Fad sty raiREhiet i BgBlrBbLA. The

Vigty Plgepecapotfmdr mbiiak di@endting, blokck 0w ragdsir uct ur e:
-11 CH2 = CR5 R6 wherein R5 and R6 are the sane or
different, and constitute the rest of the olefin
cull.e.. Prefer =Y | yl
g?{)rﬁep%éranauef[ﬁsgﬁﬁl r r?aige'ré %gﬁiﬂ#ﬁ% 't%#% ﬁgﬁgfgpm m de"
is understood in the art to include many of the am de,

imde, etc. species which are so fornmed by the
reaction of a succinic anhydrige with an am ne. The
predom nant product, homeve@;_L sycci ni m de 10 and

actepted as neaning the
al kenyl - or

this term has been generall %1
product of a reaction of a k

al kyl -substituted succinic acidhor Zanhydri de with an
am ne. Al kenyl or al kyl succinimdes are disclosed in
numerous references and are wePl known in the art.
Certain fundanental types of succinimdes and related
mat eri al s enconpassed by the termof art "succinim.de"
arwhergingit anchZ e indspepdeetit selpeted Jrogothergrgup consisting of

3175 553 -G oTbn AT BRI A B i secivs

heseiyirite eesuro Makadm by Orédweseaieg” isTheatteaoimclude alkoxy of
"pol ysuccinimde" refers to the reaction product of a
suleenAbout 2¢0 ot E¥RCRIAPRE copol ymer with an anmi ne.
The term "al kenyl or al kyl succinic acid derivative"
refers to a structure having the formula: 0O

The term “degree of polymerization” refers to the average number of

repeating structural units in the polymer chain.

The term "terpolymer"” refers to a polymer derived from the free radical

copolymerization of at least 3 monomers.
The term "1-olefin" refers to a monounsaturated olefin that has the double
bond in the 1-position. They can also be called alpha-olefins, and have the
following structure:

CH,; = CHR

where R is the rest of the olefin molecule.

The term "1 1-disubstituted olefin” refers to a disubstituted olefin, also called a

vinylidene olefin, that has the fol!owing- structure:

- 11 -
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HIl RfTGCL | H2CGCM 25 wherein R7 is selected from
hydr ogen, nethyl and pol yi sobutyl having at. | east

about 30 carbon atons (preferably at |east about 50
carbon atons); wherein L and M are independently
selected fromthe group consisting of --OH, --Cd, -12
--0-- lower alkyl or tak to are --0-- to form
an al kenyl or alkylsuccig?}_c!:2 gﬁ%gﬁ%ide group. The term
"al kyl vi nyl i dene" or "al kyl vinylidene isoner" refers
to,high lecylar .. 5 weight ol efins and I kyl en
SRR FEErREs A 1RSSR POaRRET Tyt PRt The Yot ® tne
SblaanthsieculE2PrdfSradiyl @ithBERE b RES & $néthlydro@p, and the other is
substituted al kyl of sufficient chain length to give

t het. resulting nolecule solubility in lubricating oils
and fuels, thus R8 generally has at |east about 30
carbon atons, preferably at |east about 50 carbon

atrpagernanslidsthimiid” wendastadd infthé bt ahgude tang ailtieeitmide,
6 carbon atons 15 The term "soluble in |ubricating

oiTider efce FRO¢IGS MhiChabEIaleq fasmed halherFartianokh SUgve
 SoPlARIALLS SRNRECTRL A ARERENS FUAl s suconimc
progdhititems had heeh genetdily glucepledad meanmeigghe podddat of a
Lgé,q?qﬁénga?,agﬁ%&i %@&!éﬂb?%ﬁﬁ% oclcﬁ’unr?]rélp@?%ré)nlh%fdlrigg with an
malaeal lﬁken%r%hgtyli ackisRadds Aenasdosd lrendneR)udltetdredces

in lubricating o'l to their reaction products.
Typil cae welldnefims thawitn§eabsuiungameatd dyiesor! swseigimides and

suffice. The term"high nol Ne) Kyl ,

- vl patii SR Raa Y BF e BL ol B Mo R ie fpygnt n

wWej ghbateue Noshaloobivesp Bariec $1; ¥,eparer H1aud Bg3saeh 9,666,
3,172,892: and 3,272,746, the disclosures of which are hereby incorporated

by reference.

The term “polysuccinimide” refers to the reaction product of a succinic

group-containing copolymer with an amine.

The term "alkenyl or alkylsuccinic acid derivative” refers to a structure having

the formula:

wherein Ryis selected from hydrogen, methyl and polyisobutyl having at least
aboul 30 carbon atoms (preferably at least about 50 carbon atoms); wherein L
and M are independently selected from the group consisting of —~OH, -Cl,

S 12 -
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sufficient nolecular weight are soluble in lubricating
oil. Typically these high nolecular weight polyalkyl
groups have at |east about 30 carbon atons, '
preferably at |east about 50 carbon atons. These high
nol ecul ar wei ght pol yal kyl groups nmay be derived from

P TS gL By AT

i ;dbpéntegtduy. hydrogen or a hydrocarbyl group. The
term"alkyl" refers to both straight- and

branched-chai n al kyl groups. 5 The term"|ower al kyl"

r gherisrrh CalRlis iyl @ RURS “RIRYIVRG s RMsaheift rdetsto mdfecular
carbon atons and includes primary, secondary an

t eveighirajefiiskgnd gelyalsyiene Pppinsaienisobeyinathe follgwingrgnylindene
'%ﬁhgﬁﬁe for exanple, nethyl, ethyl, n-propyl,

i sopropyl, n-butyl, sec- butyl t- butyl n- pentyl,
iso-pentyl, n-hexyl and the Iike. 10 The term
"pol yal kyl" refers to an alkyl group that is generally
derived from polyol efins ch are polyners or

copol ymers of nono-ol efinsi{ particularly ‘

1- mono- ol efins, such as ethyl ene, propyl ene, butyl ene,

and the like. Preferably,/t nono- ol efi n enpl oyed
will have from about 2 about

4 15 carbon atonms,
and nore preferably, frem about 3 R4 o0 about 12 carbon
atons. . Vlore preferred nono-ol efins include

propyl ene, butylene, particularly isobutylene,

1 aedener aRidy @ apsitufdaeiigs roe@um@@rﬁf @hsfnl |BRgiRrteRAfEthe
from such nono-ol efins include polypr opg3 ene,

ﬂmgs Rs generaliy has

e
g e e R R R
OIdnd RARi bW eaRPNGIRIM iadBuPT epabed dyatthe qtoocess
whi ch conprises reacting 25
The term "soluble in lubricating oil” refers to the ability of a material to dissolve

in aliphatic and aromatic hydrocarbons such as lubricating oils or fuels in

essentially ali proportions.

The term “high molecutar weight olefins” refers to olefins {including
polymerized olefins having a residual unsaturation) of sufficient molecular
weight and chain length to lend solubility in lubricating cil to their reaction

products. Typically olefins having about 30 carbons or more suffice.

The term “high molecular weight polyalkyl” refers to polyalkyl groups ot
sufficient molecular weight such that the products prepared having such
) suﬁkﬂentnuﬂecukﬂ\Ne@htaresoﬁﬂﬂeinIubncaﬁngtﬂL'TypmaHytheseEﬂgh
- molecular weight polyalkyl groups have at least about 30 carbon atoms,
preferably at least about 50 carbon atoms. These high molecular weight

polyalkyt groups may be derived from high molecular weight polyolefins.

-13-
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(A) at |east one of the follow ng copolyners: (i) a
copol ynmer obtained by free radical copolynerization of
conmponents conprising: 30 (a) at |east one
nonoet hyl eni cal | y unsaturated C3-C23 nonocarboxylic
acid or ester thereof, or C4-C28 dicarboxylic acid,

' e hgreaf . .. i %)) e :
1T Sl BrBhar s 10 BRGS0 kA T reGengenty
| maibgemer pdilydaloafbyh gomnpri si ng about 4 to 360 carbon
atons and having a term nal copol ynerizable 5 group in
the formof a vinyl, vinylidene or alkyl vinylidene
OYR& RerR "dMyrt (&S 16 Bth_eé{faiigﬁtD dnl Dradhdde@idin ang cT;rou S.
nonool ef i n ‘conmpound which Ts copol ynerizable with the
nmononmers of (a) and (b) and is 10 selected fromthe

aTRs Perir RovELoRE: Rkl Pl i gl 5oy ar G fiout o
apamen bk kydamdindeOsrimahk e¥Yosdiis aintiuéenpalkiisgroups.

unsubstituted, and 15 containing 1 to 40 carbon atons;
(2ypiad lavry plikdraraersinglusge. fergiynaied methyt. eshyl, n-propyl,

RO PSR IR RSB SRR e e

substituent contains 1 to 40 carbon atons; (3) an
N-vi nyl carboxanj de of carboxylic acids of 1 to 8
c?dh%é?i”htﬂﬂ%@ﬁkymz@??f&)m 3R q%gx} GFRMP @@E)ﬁggqqﬁr@@/ c?eraved from
NHELBRARs GANLALR! Rymers or copolymers of mono-olefins, particularly
1-mono-olefins, such as ethylene, propylene, butylene, and the iike.

Preferably, the mono-olefin employed will have from about 2 to about 24

carbon atoms, and more preferably, from about 3 to about 12 carbon atoms.

More preferred mono-olefins include propylene, butylene, particularly
"iscbutylene, 1-octene and 1-decene. Preferred, polyolefins prepared from
such mono-olefins include polypropylene, polybutene, especially

polyisobutene.

The Lubricating Qil Additive Composition

One embodiment of the present invention is an oil-soluble lubricating ol

additive composition prepared by the process which comprises reacting
(A)  atleast one of the following copolymers:

{0 a copolymer obtained by free radical copolymerization of

components comprising:

(a)  atleast one monoethyienically unsaturated C3-Cos
monocarboxylic acid or ester thereof, or C4-Cag
dicarboxylic acid, anhydride or esier thereof;

-4 -
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het erocycl i c conmpound; and (5) at |east one 1l-olefin
conprising about 2 to 30 40 carbon atons or at |east
one polyolefin conprising about 4 to about 360 carbon
atonms and having a term nal copol ynerizable group in
the formof a vinyl, vinylidene or alkyl vinylidene
group -15 or m xtures thereof, provided that the
olefin enployed is not the same as the olefin

enpl oyed i) (i )4thdastDre 1 bie’fmc&ﬁﬁb é’ﬂci?jg% apBLERY 40 B rbon
reacting conpound (i)(a) and conpound(i)(b) in the

presence of a fraemsaliaideastming palyelefin compyisiag about 4 to

i 1 vompound (1 LGP E AR RTR N chluperizable

catal yzed react i @dup Ithefdrieofd elﬁgncrn RlieropobixPBlinylidene
(i) or copol yner (i1) or, both; gb) contacti ng

copol ymer (i) or9TeHpEr ymxiures F*)e"éi')f @Bﬂh with the
non-free radical catal yzed reaction product of
conpound (i)(a) and conpound (i)(b) or (i)(c); with
15 (B) at |@ast aineaﬁtdmrmoonp@ﬁnd:osﬁicemtie/dﬂtmmthe

group consi sting of  an er _pal yam ne, et her .
pol yani ne, a pol §RROhEpe %ﬁt}q M%@on%{nerﬁ f)f@ ‘F?b) andis
am no thiol, andseﬁ'e@@li)‘l%tnli‘%{e Qﬂﬂuﬁoéons?sﬁlﬁsg(o@ at | east

one aronmti c am ne. Copol yner
Monoet hyl eni cal |'y Unsat urat ed Monocar boxylic Acid or
Ester Thereof oy, D carb

SANRe id, Anhydr,i ar.
Ester Thereof 2 1 n t%a%y 'Bﬁkéﬁﬁ%’m @8§ﬂyla$l§¥lgg§?rwhere :
one nonoet hyl eni cal | whensil Wrak®® K228, amino, dialkylamino or
nmonocar boxylic acid or ester thereof, or CA- C28

di car boxylic acid, aanK@F}{ slebgituted or 'is unsubstituted, and
containing 1 to 40 carbon atoms;

(2)  an alkyl amine and an N-alkylamide of a
monoethylenically unsaturated mono- or
- dicarboxylic acid of 3 to 10 carbon atoms where
the alky! substituent coniains 1 to 40 carbon

atoms;

{3} an N-vinylcarboxamide of carboxylic acids of 1 to

8 carbon atoms;

(4) an N-vinyl substituted nitrogen-containing

heterocyciic compound; and

{(5) at least one 1-olefin comprising about 2 to
40 carbon atoms or at least one polyolefin
comprising about 4 to about 360 carbon atoms and
having a terminal copolymerizable group in the
form of a vinyl, vinylidene or alkyl vinylidene group
- 15 .
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ester thereof is used to prepare the copol yners of
copolynmer (i). Preferably the at |east one
nonoet hyl eni cal I y unsat urat ed C3-C28 nonocar boxylic
acid or 30 ester thereof, or C4-C28 dicarboxylic acid,
anhydride or ester thereof is a dicarboxylic acid,
anhydride or ester tharnagiures Wereof heoBeseak tHopmiha
of the preferred dicarboxylic acid, anhydride or ester
thereof is as foll owsmploged s neirthe sgrre-asttie defin emplogyed
X. 5 wherein X and ﬁ'(®&, the same or different,

provi ded that at | east *of X and X is a group
that is capable of reacting to esterify al cohols, form
amdes _or amne salts with ammonja or am nes, form

metal 881 t s2 ®RPPAYFEAePIaletRY ApRCUNGCORRIURS) (i)iﬁ') and
reacting ne ' £, LN .
acyl ating 10 Ao 1R PhesGE B e GelenE iRy
--O hydrocarbyl, Ow where M+ represents one

e N

--0--so0 ascéragémmiﬂs)baﬁ(ﬂ)\(@r;hCéﬁmon-_F’ré@fr%ieQﬂ daty28d rébction

are such that both carboxylic functions can entér into
acyl ati on r@dbeipserenclbl @opomisrdi)icd eopslyaep(igfaryadia; or by
react ant. er _suitable 15 reactants incl.ude .

cl ot r on- defd)EPBIRLTGH &pPAYEi IR S5 EORGBISR GHT teth aye the
anhydri de; pem@eetrhical SitAREEY Fead@PAGEBEGI A compound (i)(a)
nonobr ono, nonofl uoro, dichloro and difluoro naleic

anhydri de; AR$HEemPPHad &tk @6 (HaH vother substi tut ed

mal ei m des, isomal ei mides; fumaric acid, maleic acid,

al kyl  hydrogen nal eates and fumarates, dialkyl

f yBpr abekaahchaaiheatesyound selected from the group consisting of an

ether polyamine, a polyether polyamine, a polyether amino alcohol, a

polyether amino thiol, and a polyether polyol: and

(C) atleast one aromatic amine.

Copolymer (i)

(a)  The Monoethylenically Unsaturated Monocarboxylic Acid or Ester

Thereof or Dicarboxylic Acid, Anhydride or Ester Thereof

In the present invention, at least one monoethylenically unsaturated Cs-Cos

monocarboxylic acid or ester thereof, or C4-Cyg dicarboxylic acid, anhydride or

ester thereof is used to prepare the copolymers of copoiymer (i). Preferably

the at least one monoethylenically unsaturated C3-Cps monocarboxyiic acid or

ester thereof, or C4-Cog dicarboxylic acid, anhydride or ester thereof is a

dicarboxylic acid, anhydride or ester thereof.

- 16 -




20 fumaronilic acids and mal eani c aci ds; and

mal eonitrile and fumaronitrile. Suitable nononers for
(a) are nonoethyl enically unsaturated di carboxylic
acids or anhydrides of from about 4 to 28 carbon atons
selected fromthe group consisting of maleic acid,

f rd [

il Ry PE e Kffule, BERR fiofficth AERBAIE 40id 2 ffydfiBe or ester
atheyeofiides foltomsoni ¢ anhydride, citraconi ¢ anhydride
and net hyl enemal oni ¢ anhydri de and m xtures of these
W th one anot her, anong which nmaleic anhydride is
preferred. -17 Ot her suitable nononers are

nonoet hyl eni cal | ¢ unsaturated C3- C2s- nnno@arboxyllc
aci ds sel ected fréﬂlthe group con3|st|ng;©f acrylic
acid, nethacrylic agid, dinethacryliczscid,

et hyl acrylic acid, cr6tUn16HaCI@H at1 §lacetic acid
and vinyl acetic acud anong whi ch acryl\c and

nmet hacrylic acid afe 5 preferred. Anot her group of
suitabl e mononer€ is Cl-C40 al kyl esters o
nonoet hyl eneci al | y unsaturated C3-010 nono- or

di carboxylic acids such as ethyl acrylate, butyl
a%ﬁé'ré\ﬁ@( ar?tf Rt %Yé tt%c{éfﬁéb?dlf%‘?@ﬁ(t pﬂ‘)‘?/[]déd%%t agfé‘égﬂdhe of X
acryl ate, octadecyl acrylate and e esters of

i metdst ris al grab tiedlis capdhie e rexfctihg dmeaboiyt alc@holtsofozisl amides

%%%@%tﬁ%&wﬁ@@@éﬂorﬁ%ﬂgﬁ l a;jgr’g? g\e E%ghex reactive metals

g B@&EM I@Je%ctlﬁq)ﬁ'%?éﬂcﬂﬂ n@atpd dhduhyd furRtieatse, acylating

10

15

20
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nonodecyl” mal ea ecyl nal eate, nonooct adecyl

naalgeatseTytam@Hy i aetanéc | o, eﬁ@ydrp@prbmheohﬂ*-de%\ﬂar

PoLYEL L Do 2l 1S B GSERLorh MR BPRind EaRln oGy, —c

I east a@@ﬁa!@ﬁhd@étﬁéﬂ R GRIpr t@m bg -aboub a4 thdod6@ncartydnide.
atons and_ having a termnal copol yneri zabl e gr ouger U

t trretesabty & and mre sychyhatde carooxgiigncirhy FFa
%gfétlbﬁ r@é('@f LAY, q‘@lalref(gae ﬁ?{}rogi%@gg kr@ e‘?rfe'gr}%gg%rnt ROgRALURSble
caebaanatmmde pieefrenaielfiyteht olefinbouth 8s moramhﬁnyemalelc
Caarn ydrl é %rwrgnomet%yl %1methyi monochloro, monobromo, monofluoro,
dichloro and diflucro maleic anhydride; N-phenyimaleimide and other
substituted maleimides, isomaleimides; fumaric acid, maleic acid, alkyl
hydrogen maleates and fumarates, dialkyl fumarates and maleates,

fumaronilic acids and maleanic acids; and maleonitrile and fumaronitrile.

Suitable monomers for (a) are monoethylenically unsaturated dicarboxylic
acids or anhydrides of from about 4 to 28 carbon atoms selected from the

group consisting of maleic acid, fumaric acid, itaconic acid, mesaconic acid,

methylenemalonic acid, citraconic acid, maleic anhydride, itaconic anhydride,

citraconic anhydride and méthy[enemalonic anhydride and mixtures of these

with one another, among which maleic anhydride is preferred.

-7 -




decene, dodecene, octadecene and m xtures of C20-C24
-1l-olefins and C24- C23-1-olefins, nore preferably
fromabout 10 to about 20 carbon atons. 25 Preferably
1-ol efins, which are also known as al pha olefins, with
nunber average nol ecul ar weights in the range

L@findn SRBLRI mBROMCA SroRfiBAGKLAENICH lnsdTalREHb3Cos-
wel ghts in the range of 20 bei ng nore

p ne:fr@caé?d)xymbamdexakepleei frcah ﬂh@g@it@fqml&ﬁbg &if pedylic peish,

the her f af.fin a
Aot GV reid PRt A St B amg £ e afigopiviacetio

ata@iasaﬂdwuﬁﬂab@mgém Mot ehichairgr aid eefirpicefdidiard s

t he et hyl ene growth process whic gi ves_even nunber

c RFeHed] ARotAS! gmabz@tqﬁ sHitalye r”&@%meréli%ﬁ%ﬁéo edyhgstereof
TSI BRSO R B BB 24 s o

- | etie/ natylaie etﬁurtl}l%cayiateeaséthyl_ amipflaien ddcydyactiate; d8cedyl acrylate,
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oy sritaand i guors o Bdertiply Col ot Bpr e o Fagmabou
Cq 40(3 %3, aﬂ:b‘ﬁ ShnRe g ‘?néth iaf@tzeét'hﬂlm%xﬁ‘lrrﬂethacrylate decyl

commercially readi'l'y ‘avai | e, and because they o of f er
a mlahacra@n@ cb:adanmwbmethactm@tel, mmglphum mateateplibely| meleate,

tail nd th ol ter | ar
s TaeiorRY S aopik (B B el o Ly BB o)
Slg,gcqu;@;ypmayé@@fl ns for preparing copolymer (i) are
pol yol efi'ns conprising about 4 to about 360 carbon

atons. These pol yners have a nunber average nol ecul ar

ht - f 56 to about 5000 g/ nol.
Igﬁgg%c%%mfﬁggéﬁggégol|goners of ethyl ene, of
butene i ncl udi ng i sobutene, and of branched isoners
pent ene, hexene, octene and of decene, the

cdp@mej REEEFRIBI BN QS @ IRast Qiecliplen COmPTisIT Gyt 208 4fyarbon
Prassalor a@letc?lg?ohgpm Bfeflﬂ co cgﬁiléln A4l et Qirbon atoms and
El( fvin J olig pro enes and ol i gopropene

m hetvu*r@& te{rfnumalmzmpalynwingbcgralbm)m thedorro af ow!, ainyfidepgmar

particul ar 15 ali goi sobut enes, as obtai nable, for

e)?élﬁfﬂl“'@yf‘g Qﬁuﬁdsﬁ%pﬁé’eﬂ 27 02 604, corresponding

U S. Patent No. 4,152,499, are preferred. Mxtures of

the stated oligoners are also suitable, for examp

i Sctitabdss 1 @ﬂefmsrfyt piepadng copeli@er &) gwpaﬁ%frpﬁsab@tr?eﬁo about

SUA(} carlbon a?ou%g | pe%fe erFéc'b@ fr%nggﬁ&gt 6bt%dat$d?1t YoRarb@t Ef&né\l%uch as

decene, dodecene, octadecene and mixtures of Cao-Cz4 -1-olefins and Caa-
Cog-1-0lefins, more preferably from about 10 to about 20 carbon atoms.
Preferably 1-olefins, which are also known as alpha olefins, with number
average molecular weights in the range 100-4,500 or more are preferred, with
molecular weights in the range of 200-2,000 being more preferred. For
example, alpha olefins obtained from the thermal cracking of paraffin wax.
Generally, these olefins range from about 5 to about 20 carbon atoms in
length. Another source of alpha olefins is the ethylene growth process which
gives even number carbon olefins. Another source of olefins is by the
dimerization of alpha olefins over an appropriate catalyst such as the well
known Ziegler catalyst. Internal olefins are easily obtained by the
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10

15

20

30

6, 030, 930 which is herein incorporated by reference.
The nol ecul ar weights 20 of the oligoners may be
deternmined in a conventional nmanner by gel perneation
chr omat ogr aphy. The copol yneri zabl e polyolefin that is
reacted wth the unsaturated nono- or di- carboxylic

react ant .are I [S Conprising, a ' "
ORIt s Bl nCO R QRSB Sl o R G

by yfeeitsly, 1-8RbiHE Yoanes @g apenianpecauboaRespalayerais acan

be honopol yners such as pol yi sobutyl ene as we] | a%
c6pEIngereiady spadilygvapahle, <t Heanuseithey slieha desirablé balance of
C : AN ; .
AL R e U S A
WabbAengs. idixoreaoielafinsof aty s ccibp empi@edrononer s, e. g.,
fromabout 1 to 30 about 20 nole %is a C4-C3

nonconj ugated diolefin, e.g., a copol yner of

i %Q}?t%peén@a olefsk RRLABAEREG DpofynsORe! HERblefishh@iiiing

propy nd 1, 4- "hexadi'ene, ‘etc. -19 The pol yol efin
paibpoed tasbatl 36Ccarbai méorhs othedeonnlyme tsohaugoy hUBEET average

o ToneCuaPy 2Rl o R aPHT S R o otea et Taibiss &
CAh DN’ Afomdrs Bf StHykmel bebitieaB imelueiiy igoburehghdnd of

olefins used to Pr epare the copol yners of the resent
i ivanchieshisamergeieerdens, nexenar edede apd @l deaen the

nmo| ecul es. j I I - i WeYe [RVE |
c P bl el e Bloupl B RE ST e b B Mt e of
a \m?(,tMmﬁid@lﬁﬁ.ehj'rlgm«ylmmﬁi@ﬁhargrm,gﬂﬁgpprm)lpxaabkyrd g)ﬂig@g:lpfs)p@ﬁe
varyl ng nol ecul ar wel t SO, mxtures of copo nmer
mé&uﬁ_é@f H&o! %?lai@’ftf?@%@m 2% Caéﬁ)ﬁeaégméfa“do in parfictiar
p%%ﬁ%&bﬁ?&de@na%b aiDIP TOALESAp e ThE ARGty T A B 0% 504,
present 1 nvention have an average degree  of

palay reepbpdinigdi SoPateroNayMeHiZed 99, pre freefabey. Mbdwestsd dhe
bout 20

1.11to and re preferably f

t os%ﬁ&ﬂa}lgj?ﬁ?ef ﬁgfﬁt @f;o-ﬁhlggiﬂ}gn " &xgmpﬁe, &lé%lg%%n gp&%ie%esand
other alpha olefins. Other suitable polyolefins are described in U.S. Patent No.
6,030,930 which is herein incorporated by reference. The molecular weights
of the oligomers may be determined in a conventional manner by gel

permeation chromatography.

The copolymerizable polyolefin that is reacted with the unsaturated mono- or
di- carboxylic reactant are polymers comprising a major amount of C,-Cs
mono-olefin, e.g., ethylene, propylene, butylene, isobutylene and peniene.
These polymers can be homopolymers such as polyisobutylene as well as
copolymers of 2 or more such olefins such as copolymers of: ethylene and
propylene, butylene, and isobutylene, etc. Other copolymers include those in
which a minar amount of the copolymer monomers, e.g., from about 1 to
about 20 mole % is a C4-Cg nonconjugated diolefin, e.g., a copolymer of
isobutylene and butadiene or a copolymer of ethylene, propylene and 1,4-

hexadieng, etc.

- 19 -



10

15

20

25

30

The present invention enploys at |east one nonool efin
conpound which is copolynerizable with the nononers
of (a) and (b) and is selected fromthe 20 group
consisting of: (1) an alkyl vinyl ether and an ally)

al kyl ether where the al kyl group is hydroxyl, am no,
di 1:00. qr S | d [

e bR R BTG b Lol e bopeap sepbor

Agtovas, Rothoatio pesfe2bly @ Yo 200 abkydn svimseaadehaa preferably from
N-al kyl am de of _a nonoet hyl enically unsaturated nono-

oRbe ke WosBAYtd 73 SPEP Y @0P%m about 3 to about 10

carbon atons where the al kyl substituent contains
fromabout | to about 40 carbon atons; 30 (3) an
NS¥iaeythe dnigiometdcdiar ofeiglair deftyd isedicl mepate theswpalynars pf the
to about 8 _.carbon atops; .-20 (4). an N-vinyl . _
SBESERL (VERISH Prodie e b it sy T RroaV P eevies phailfeient
aptbleditdr whighRafaiieal koRbfihdt rEOBBIIES rddLIRRP gerictally

40 carbon afons or at |east one polyolefin conprising

f contaitbaumixiaire of kipbweolgewiat wekgdn patveiky! arvdps Bf Having a

P ABhrGORRL R B B SR at RS i M@kt
t BepeRs, of poRhatedtibhakil bbigo@k@id. n enpl oyed is not the

sane as the olefin enployed in (i)(b); (1) 10
Sui t abl e nmonomers i nclude the foll ow ng: vinyl and

a | al t . . ' i _
a5t e erB S e aE Dol oo o 3E8e deBry o
apdlyreizadbkyt 1roadirestbr, mayfecasly yrofruatbdiar!. $ thsbdutudhesd

such as hydroxyl, am.no,  dial i no or al koxy.
Eﬂﬁﬁﬁﬂ%@gﬁgﬂyﬁéﬁh?@mvf%§ﬁo@ ﬂégﬁﬂgthyl vi nyl et her
15 propyl vinyl ether, isobutyl vinyl ether,
2-et hyl hexyl vinyl ether, decylvinyl ether, dodecyl
viioly| dhkedvionoetchiddeyhpoinmy| et her,

2- (di et hyl yam no) et hyl vi nyl

The present invention employs at least cne monoolefin compound which is
copolymerizable with the monomers of (a) and (b) and is selected from the

group consisting of:

(1) an alkyl vinyl ether and an allyl alkyl ether where the alkyl group is
hydroxyl, amino, dialkylamino or alkoxy substituted or is unsubstituted,

and containing from about 1 to about 40 carbon atomns;

(2)  -an alkyl amine and an N-alkylamide of a monoethylenically unsaturated
mono- or dicarboxylic acid of from about 3 to about 10 carbon atloms
where the alkyl substituent contains from about 1 to about 40 carbon

atoms;

(3) an N-vinylcarboxamide of carboxylic acids of from about 1 to about 8

carbon atoms;
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T gr?d,@amin@ PbRIFEBSUEXPBPIES BB U

et her, 2-(di-n-butylam no)ethyl vinyl ether, and the
corresponding allyl ethers. (2) 20 Another group of
nononers conprises Cl-C40 al kyl amines and C,-C40 -N
al kyl am des of nonoet hyl enically unsaturated C3 -Clo
-nDno- or dicarboxylic acids, such as

A RSB RS Mol PN, PEIBELM rompopge: ana

mat hacryl am de, 25 N-tert-butyl acryl am de,

N-octyiacryl am de, N, N -di butél acrélcarri de,
NRodelipagtiangc Hplefif canRirin NeBeY el RRPREGYNSAM @ least
(3) QRS S 41

foll oanéS‘BB&p%rﬁn Hﬁbql%‘“’m ﬁ?@es 0 4t gglpggge(@?(? E&agagln atoms and
from abanihg & te:nmabbm;)cﬁymanfmine gtcmpsm tee cﬁd:maef Mmyl

vi nyl f or na N- et for m'd -

N1 ny R T kR TG POREIoP SRS disranf fEovided that
N- Vi ny{ebisfih ¥ hpf e fot tHéL YAy s I%héretéwle%@@y@mamlﬂ@)
and N-vinyl propionam de. (4) 5 Another group of

nmononers includes the follow ng: Nvinyl conpounds of

ni{)r ogen-cont ai ni ng heterocyl es, such as

i nylimdazole, Nvinylnethylimdazole,

N-vi nyl pyrrolidone and N-vinyl capr oI act am 10 (5)
Suitable 1-ol efins conprise about

aﬁ@ﬁebiegn@ﬁwg@ ipclpde iha kliging vmyl aa@ @d'ytﬁjk% &#b‘%fﬁ where the

sl ST E RO b OSBRI e v e
e?eraailniay nienodefy fusthel Subdtitednter Richl sohydronyi, asirad, pha
lefins, wth nunber average m)tLecu

Bondigs eful g eher
gi'r(gk%wly?%leﬁ el? ﬂo ! iefhdhe-di@f] H&%@lnfyf Qﬂﬁbﬂbﬁt‘yivm

preferred r éxanp

"o IedfernSocdﬁsﬂyavmg!cbtﬁeo mdd@dyh‘enm@th@rr ae(rdiaﬁ@ylmmirb)ethyl vmyi

ether, 2-(di-n-butylamino)ethyl! vinyl ether, and the corresponding allyl ethers.

(2)

Another group of monomers comprises C4-Cag alkyl amines and C1-Cag
-N- alkylamides of monoethylenically unsaturated C, -Cqp -mono- or
.dicarboxylic acids, such as dimethylaminoethyl acrylate, diethylaminoethyl
acrylate, dibutylamindethyl methacrylate, acrylamide, methacrylamide,
N-tert-butylacrylamide, N-octylacrylamide, N,N' -dibutylacrylamide,

N-dodecylmethacrylamide and N-octadecylmethacrylamide.

(3)

Another group of monomers includes the following: N-vinylcarboxamides of
carboxylic acids of from about 1 to about 8 carbon atoms, such as N-

vinylformamide, N-vinyl-N-methylformamide, N-vinylacetamide, N-vinyl-N-
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paraffin wax may be enpl oyed. Cenerally, these olefins
range fromabout 5 to 20. about 20 carbon atons in

| engt h. Anot her source of alpha olefins is the

et hyl ene growt h process which gives even nunber carbon
ol efins. Another source of olefins is by the

di neri zati on of al pha ol efins over an appropriate

caetivipsetramide. A viniENvrihy laraiarmide; Noglind-N-meihylgfopionamide
I e easily obtained by the
|%%ﬁ§?@§gﬂlgdng pha ol efins over a suitable
catal yst such as 25 silica. Preferably, 1-olefins from
Cl10- C30 are used because these nmaterials are

rcially readily avail able, and because they offer
a desirabl e balance of the Iength of the nol ecul ar
tail, and the solubility of the terpolyner in nonpolar
s@lhcrtlaat grouploftuoresmers iotlefien theafalowings Nsviny hegrapogads of

f
s A N S E R S i i UL AR
dRsghyipethylimiddelaN-vingyudiiaene But Nvoinyldaprdlactahe,
t hose met hods which are -22 disclosed in the

foll owi ng patents, which are herein incorporated by

reference: Harrison et at., U S. Patent No.

5792, 729; Gunther et al., U S. Patent No. 6,284, 716;
and Gunther et at., U S Patent No 6,512,055. 5 1In

one enbodi nent of the resent ntion the copaql r

r el -elefing comppieh ggqug% CAMONARY Ipaé* Py 6 about
;i P et d

| £18 BbY 0 cABERRORE PAINTES BoBirs, SRABOSAE o one an

Tmuxtawsl of Cobtig t bofeding resdsC pf Cshil ©l¢finse A $f@rﬁkﬁbﬁt%tﬁf4ﬂs
least@gsne of non

0‘6’ THE Wn gﬁ%gnﬁ]ﬁ otgtl%%%r}i%%égﬁ? Xgﬂégygdﬂolecular

esfef’fnts IBE§hge Bf frdnthsaitpexbydbout Bﬁt}d,nr@ li)r@‘@h‘yédr witl
or ester thereof; a branched ol efin;

rmn:dmxtuéeinwe:ghts igdhe ranige eieas a@@@béﬁ%ﬁ@ @bPléfa‘&%O psingdrae

s whi ¢ I
apf% T Pl ABpE SRR, E] ity IR inal cracking of
aﬁifﬁfpﬁrbﬁ(ﬂn%ybé BaWIoHD Cashirely, ftt@aésmailetmg rdriige from about 5 to
copol yners he nonocar boyxlic acid or ter?]tﬁgere%?
S

oﬁ au %Q@Qﬁ@?n,aéor@g,nalqﬂgth AMMRIAEY SUTEF éépé}a 0S5
pr e@i%r?ebga Hal e, A gwgl‘fBy@%r&eﬂﬁﬁﬂhw%a%boﬁIoﬁéﬂn@smother

source of o!eflns is by the dlmenzataon of alpha olefins over an appropriate

o catalyst such as the well known Ziegler catalyst. Internal olefins are easlly

25

30

obtained by the isomerization of alpha olefins over a suitable catalyst such as

silica. Preferably, 1-olefins from C15-Cag are used because these materials are

commercially readily available, and because they offer a desirable balance of
the length of the molecular tail, and the solubility of the terpolymer in nonpolar

solvents. Mixtures of olefins are also suitable.
Preparation of Copalymer (i)
Copolymer reactant (i) may be prepared from well known methods which are

described in the art including, but not limited to, those methods which are
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The degree of polynerization of the terpolyners can

vary over a wde range. 20 In general, terpolyners of

hi gh nol ecul ar wei ght can be produced at | ow
tenperatures, and terpolynmers of |ow nol ecul ar wei ght

can be produced at high tenperatures. The
terpolynerization is conducted in the presence of a
sdipelagkintthedolloxdng gptents which pEr bereinEksrpIQategby reference:

SHng@Bhgt BP! yrerd zahd r%‘ 5 ?gg vab%ﬁn P P8I ow@atem

oun suc as te at e, terybutyl
plabn@aeec‘z’aﬁpam(eeuntmxe{ kaUt Ml?ple?aiehymhe&énaiﬁé
tertbutyl perisobutyrate, di-tert-butyl peroxide,
di -tent-anyl peroxide, diacetyl peroxydicaronate and

d!ncé/r%l SRBSYh S BF 9{@;5r%senﬂﬁvé\%ﬂ)nctﬂ@%‘rbﬁﬂﬁner&%&aﬂﬁls a

-azobi si sobutyrontrile. The intiators may be
us@gﬂai&bmﬂsuommasﬁrmydﬂde teerpolyimen. Eh@S@tﬁmpﬁﬁmefﬂéﬂb&OmPOSGd

[ ailsasiRe Siege) Ry eeaeerdet Fel Y

di (t-butyl) peroxide, dicunyl peroxide or azo type
initiator, e.g., isobutylnitrile type initiators.

P_lfmle@!bfr the Eemolym@rfa@f thig ipBEHON GsrEaINRt deRRs OpRE snepiamers
a 5 t(i)@zfgre&l%or%ﬁ § Eblp@ﬂsm of: a%g E@éarr ic abi?BPedter

ere y ‘ITncor porat ererence 1 n

t iRiréofedt 4 HrRayboxiesiPboasihtres arastel therardea btamched
prepare terpolyners. Both patents al so descr,ib N
valefiat gnda e %ftrbﬂ%seeef@bﬁ'aﬁ%(?mme“%@?@ﬁﬂ gm

SESG &gmgt'sewh[?:ﬁ'(?anqg@ FRth {é?pélbﬁle@apé!t%atiﬁ?fbmgﬁiymers or
prepa e sane nmanner as’ copol yner

dekeck |témdlyhe§rswnd cBoded grmpare(d by kll@»Nlh rﬁll’@ﬁ:ﬂﬁlh@‘p for making

enbodi nent t he ent co

r @9@‘3&'@?@ & m%@%} 5?@{}'0&9{ ia’[ebghelr%% cﬁ(gA téggyitc acid or
| eARjarRiCoAGehBAM sabtid fHﬁﬁ #ayealBdhGReréBeviously
nonocar boxylic acid or ester thereof, or a Ca-C28

didesafasesypieferablydnalgihgrinidgeeor ester thereof and (b)
at | east one copolynerizabl e pol yner conposed of at
| east 3 ol efin nol ecul es of propene 15 or of a

b%@‘ﬂ%@@eéoﬁb@?ﬂn@n@étldﬁ ehthaheyblyndre cabotry blecambdm range.
atons, having a er average nol ecul M: . of

f ﬂrmgea@@utterpmrwsaﬁamh BOFGU %H@*QW&W’%@ afctc&ﬁﬁ‘i’ (A FOW

vi %@F%@%ﬂgé,ﬁ%&&ﬁ&?%er@of B& £8P viEiyhHr be produced at

high temperatures.

The terpolymerization is conducted in the presence of a suitable free radical
initiator. Examples of suitable polymerization initiators are peroxide
compounds, such as terybutyl perpivalate, terybutyl perneocecanoate,
tery-butylperethythexanoate, tertbutylperisobutyrate, di-tert-butyl peroxide,
di-tert-amyl peroxide, diacetyl peroxydicaronate and dicyclohexyldicaronate,
or azo compounds, such as 2,2' -azobisisobutyrontrile. The intiators may be
used alone or as a mixture with one aﬁother. Redox co-initiators may also be
present. Preferably, the initiator is a peroxide type initiator, e.g., di{t-butyl)
peroxide, dicumyl peroxide or azo type initiator, e.g., isobutylnitrile type
initiators. Procedures for preparing poly 1-olefin copolymers are, for example,
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al kyl vinylidene group in the presence of a free
radical initiator. 20 Thus, preferred copolyners of
the present invention are prepared by reacting a
"reactive" high nolecular weight olefin in which a
high proportion of unsaturation, at |east about 20%
is in the al kylvinylidene configuratiagn

.g., CH2
Raescrieqive Hes 1 HoNRd 00 ARG A0 RAYI 18y heihiindarbaeied by
aféfé(rleneafe irs fr' é?]'tlféél{( Sﬂﬂ%‘:erbrb@@@ﬁv@stc%ulc%é’ Gséch&‘) prepare

resulting nolecu [ty 1n lubricating oils and
fU&p@ym@huikﬂ@pa@mhﬁmm¢UyshﬂxaaNahe@sﬁ:mb@Mﬁs30 car bon
atons, preferably at |east about 50 carbon atons and
RO is a lower alkyl of fromabout 1 to about 6 carbon

- 2hpaNATE (i szﬁérem vasRiduIatie s aebliyednieans @aktiom ddrebe
presence of a free radical initiator. The roduct

cbisplayebin tha Sarle BANRRT asgCyBIyEek () e\fh@cfalﬁd:le%efa% pglow.
groups and has an average degree of polynerization of
1 or greater. 5 The preferred copolyners (ii) of the

p eRimdriwent i on have the general formula: w, z o |
|-3%R4 HHRL R3n 10 wherein W and Z' are
i ndependently selected fromthe group consisting of

anéhothepembbc%?ernt %# pc{géeﬁte}h\%hﬂo‘ﬁgﬂ{@ HNfler rddictaritds a

rma succinic an group, n'is orle or greater;
aﬁdpcﬁ?glmeRabtaR&daﬂdreBétnag ) St ll et @duefmomdtyﬂeogehy
| ower. al k of fromahout 1 t abOlfl ﬁ bon et%ms,
aRbBSHMEHERbisd ceg mgnocar oxylic acid or ester t ereo ora Cy-Uos
dicarboxylic acid, anhydride or ester thereof and (b) at least one
copolymerizable polymer composed of at least 3 olefin molecules of propene
or of a branched 1-olefin of from about 4 to about 10 carbon atoms, having a
number average molecular weight M, of from about 112 to about 5000, and
having a terminal copolymerizable group in the form of a vinyi, vinylidene or

atky! vinylidene group in the presence of a free radical initiator.
Thus, preferred copolymers of the present invention are prepared by reacting

a "reactive™ high molecular weight olefin in which a high preportion of

unsaturation, at least about 20% is in the alkylvinylidene configuration, e.g.,

CH,

ﬁ{// Rg

wherein Rg and Ry are an alkyl or substituted alkyl of sufficient chain le?'ngth to

give the resulting molecule stability in fubricating oils and fuels, thus Rag
generally has at least about 30 carbon atoms, preferably at least about

50 carbon atoms and Rg is a lower alkyl of from about 1 o about 6 carbon

-4 .
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15
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15 wei ght polyal kyl wherein either RL and R2 are

hydr ogen and one of R3 and R4 is |ower alkyl and the

ot her is high nolecular weight polyal kyl, or R3 and R4
are hydrogen and one of Rl and R2 is |ower al kyl and

t he other is high nolecular weight polyalkyl. 20

Copol y (ii) may be alternating, block, or

|afoa18pweth SnrtsakHBisdi ardic reafiant iRdheresancs &f |33tg’3‘°1’ adical
usgdi@s the reactant, the reaction produces

copofyners predon1nate|y of the follow ng fornul a:

- Pise Pradiudt Sopblyrser Hys R rnating polybikylenesrid smcibogroups and

to about 100, pref ron1ab about 20,

Heas purapaieis SRt RrEotb b and R1. " R

R3 and R4 are selected 5 from hydrogen, Iomer aIkyI of

fromabout 1 to about 6 carbon atons and her

nbhe prefairedepptiympe §iapkijte, pr\ﬁﬁ@meanheretiqrﬂéaveﬁ egedersl

%h Fdrogen and one of R3 and R4 is |ower al kyl and
er is high nol ecular weight polyalkyl or R3

and R4 are hydrogen and one of R, and R2 is | ower

al kyl and the other is high_nolecular i ght

pol yal kyl . 10 Preferabldyy, thé& high nol ecul ar wei ght

pol yal kyl group Has at |l east |about 30 carnbon at ons

ast=&bout 50—cdt bpn éFo ). Preferred
i ght holy kyl gfoups include

pol yi sobut yl ed—poF ugyt—gr oups

i ncl ude those ha |ng nurtber averagé nnhec | ar wei ghts

15 of from about {500 to about 5000R; not:e preferably

from about 900 to, about 2500. Preferred/l ower al kyl

groups include nmethyl and ethyl; especially preferred

| ower al kyl groups include nethyl A particularly

preferred class of olefin polyners conprises the

pol ybut enes,

hi gh - nol ecul ar

wherein W' and Z' are independently selected from the group consisting of

WOH;{}-wwaamwommwnk@mmﬂamﬂ{%JOMWna&mdmcamewe
group, n is one or greater; and Ry, Rz, Rz and Rqare selected from hydrogen,
loweramylofﬂon1about1toaboutG<xnbonaknns,andiﬂghnﬂﬂeCMar
weight polyalkyl wherein either Ry and R; are hydrogen and one of Rz and R4
Blowera&ylamﬂﬁm(ﬁhersiﬂghrnobcMarwe@htpoWaRw,ongandFh
are hydrogen and one of Ry and R is lower alkyl and the other is high

molecular weight polyalkyl.
Copolymer (i) may be alternating, block, or random.

In a preferred embodiment, when maleic anhydride is used as the reactant,

memmdmnpKMWﬁsmmOWmaspmdmmnﬂdydﬂmﬁdbwmgﬁmeK
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20 which are prepared by polynerization of isobutene.
These pol ybutenes are readily avail abl e commerci al
materials well known to those skilled in the art.

'Di scl osures thereof will be found, for exanple, in

U.S. Patent Nos. 4,152,499 and 4, 605, 808, which are
herein incorporated by reference for their disclosures
of suitable polybutenes. 25 Preferably,
1, 1-disubstitute ed to prgvide a high
mol ecul ar  wei gh 'T 'ﬁ4t e terpol ymer.
Preferably the 1, 1-di sufsti tfuted ol efi|n

average M, o

One

met hyl vi nyl i dene \pol yi sobut yl ene. Prefer
copol yrneri zabl e pol yner conprises a hi nol ecul ar
wei ght 5 pol yal kyl group which is derived froma high
nmol ecul ar meight ol efin. The high nol ecul ar wei ght

W asa o Al BrrcRce 1bp. HaRr oy SRET OP vy SRR H 20
: ‘n?ﬁkgrtﬁgaréf%réd”@ﬁoﬁq%oru??% tabB 0t 1@%@4 tR20R3 iapdTR) 4l Rlected

atible m neral oils, fuels and the
| iftoen hydmgem Heweail EMWl\ﬂf frpin deoid 1 ooatmut Sfcarpen RiagRs and

ggu,%efﬂw ar%e?l\ﬁ%fg»g?lg Ihqkﬁlo%%llﬁqe %g%} F% ic?ﬁ?taﬁ@h%ﬂtogen and

W@n@%lr@ramgauov@émkmnartae geneiahigh rﬁbl)et:ullae&ranght
nmol ecul es having different nol ecul ar wei hts and aﬁwéand

hm@é’aéﬂtﬂ pEQSﬁD@Rea[ﬁ Bh‘éqﬁ)gﬁérané % 9 dtn ah 'Saloéﬁ"r‘?@
at@ th§? ng@{]%pdl Lﬁ’ér\ke?g p&ggk ranch per 4 carbon

fain cularly preferredthat
there be about one branch per 2 carbon atonms along

R L e

C%é?r[")bﬁ %%dn?é“g)‘?r—geréﬂlfgi Fé%stEbcht%@‘ ARSH ants). BRsfEEreB high
car

on at ons preferably fromolefins of from
ahnukc@atwe@beMymkwanbonsaumnkemﬁwaOMﬁVEﬁQH@$é?%ﬁ$W€d

fro yl ene ar sobut l.ene.
SRR e o BTGRP auerans lerrryoions
1 -of from about 500 to about 5000, more preferably from about 900 to about
2500. Preferred lower alkyl groups include methyl and ethyl; especially

preferred lower alkyl groups inciude methyl.

A particularty preferred class of olefin polymers comprises the polybutenes,
which are prepared by polymerization of isobutene. These polybutenes are
readily available commercial materials well known o those skiﬂed in the art.
Disclosures thereof will be found, for example, in U.S. Patent Nos. 4,152,499
and 4,605,808, which are- herein incorporated by reference for their

disclosures of suitable polybutenes.

 Preferably, 1,1-disubstituted clefins are used to provide a high molecular
weight, oil soluble tail in the terpolymer. Preferably the 1 1-disubstituted olefin

has a number average M, of from about 500 to about 5000. One particularly
.26 -




10

15

20

25

30

ol efins. The branch may be of from about 1 to about 4
carbon atons, nore wusually of fromabout 1 to about 2
carbon atons and preferably nmethyl. The preferred

al kyl vi nyl i dene i somer conprises a nethyl- or

et hyl vinylidene 25 isoner, nore preferably the

nmet hyl vi nyl i dene i soner. The especially preferred hi&?as

nipEll drdighsgifitted okfings augéﬂiithsgw&%pglyﬁﬁgutyiene, su

C i nvention are polyi sobut enes
\Nﬂl cﬁlﬁw\?ﬁ%@reﬁ%é}dysﬁlgggﬁéabout 20% of the nore

reacti ve nethylvinylidene isonmer, preferably at 30

I t t 50% and. ferably at | t about .
7 B5sicahit i AT EGRIR eRKSST ROPRIES: AGLE: Pl dALyeon
UpbRAIKPFSroep NS IsSderiliag fﬁfrﬁ%@ﬂ%ﬁ heiiar waight olefin. The high
pol yi sObut enes in which the nethyl vinylidené isoner

- comedularsveight gafins pgediribemreprraten phideteapglymers of the

conpositiaon.i s _described . ! P . .

1 PR kB liort A C LN B o Ptk O <E3Bat Uiegesviing

S cHmpasetied i2bevBle if apal domiatibld Witemitdral pilssesls and the like;
invention is prepared by reacti n(% an olefin al?_d an |
uasditoe atalyinyivene isompitcdfie hightneepylaswricht glefig qomgyises
r adi L 0t T, 4t he preparation of
c%glﬁ%slngﬂ?&{ti%(f% ?gtht?e@%[f&qbegﬁ | 'tFrDF‘i' son, U.S. Patent

No. 5,112,507, which is herein incorporated by 10
reference in iﬁs entjrety. The reac}i on, ma

comeldTdumateckaraHpeRLalGins F iV BHETEY Bfigovles
Z%QIQﬂgQ{ifér%hfi ol IR WA andQantinalauast 6. brahén per

degre polymerization is inversely proportional to
t énpeban atams Abogrtdé shhip, pfaderablyest isaghceedrrpaeh pegyh carbon

I I i ght. I it t
e B 2nguge et eRge Gbbrel e KR g R0y pre
t heak@Asdd DBarbsncRRREGlad @k chabpTheddBtindedasrelragiefins
degree of pol I%{[marl zation of about 1.3 was obtai ned

3 .
Howesy eenvenfertiiorpiisei Rty AlkrnesdHaREed Pyahe polymerization of
t DR, 40k g B from olefins of
ol e fisfh Bhod S W attliep, ARogR e R iR ERT S
from about 3 to about 4 carbon atoms, and more preferably from propylene or
isobutylene. The addition-polymerizable olefins employed are normally 1-
olefins. The branch may be of from about 1 to about 4 carbon atoms, more

usually of from about 1 to about 2 carbon atoms and preferably methyl.

The preferred alkylvinylidene isomer comprises a methyl- or ethylvinylidene

" isomer, more preferably the methylvinylidene 1somer.

The especially preferred high molecular weight olefins used to prepare the
copolymers of the present invention are polyisobutenes which comprise at
least about 20% of the more reactive methylvinylidene isomer, preferably at

least about 50% and more preferably at least about 70%. Suitable

polyisobutenes include those prepared using BF; catalysis. The preparation of

such polyisobutenes in which the methyivinylidene isomer comprises a high
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The reaction may be conducted neat, that is, both the
hi gh nol ecul ar weight olefin, acidic reactant and the
free radical initiator are conmbined in the proper
ratio, and then stirred at the reaction tenperature.
25 Alternatively, the reaction may be conducted in a

diluent. For exanple, the reactants nmay be conbined
i peraentepe ofithe Bialcaninosiionie tescilied indé St FgsntiNes.

[ re and free radical initiator are
l%ﬂﬁgﬁgg%ﬁ‘c‘i’ ‘?ﬁ@%%gé acetone, tetrahydrofuran,

chl orof orm nethyl ene chl ori de, dichl oroethane,

tol uene, di oxane, chl orobenzene, xylenes, or the

| Preparaioney’ GeROBALHEY on i s conplete, 30 volatile
conponents may be stripped off. Wen a diluent is
enployed, it is preferably inert to the reactants and
pA9 dutddsafaveredpalpeher ¢ii) gd tier pldsgntiseention isgrepaved ity
sufficient to ensure efficient mxing. ,-28 In the
Sl En SHF B S By B B et AT theptgsSioe of a free
0 e HHeNFoc B BFARB LB Kb B cafolpmeliy Ndedcbed
the reaction. In general, the copol ynerization can be

i i iaraten, By, dnjertrtde T 412,687, whichisberein insogmeasated by
initiators. are.well known in the art. However, the
cHEFE8Cof" £ ERYPRHi cal  initiator may be influenced by
the reaction tenperature enployed. The preferred '

free-radical initiators are the peroxide-type
pbhy Keadtipatan be icangveted @ adauperius,-alnye -50°C to about

; : S ML 10
PILTE SR WA ot g eon spebe
ppoigrictieatiops ihveaselyqabpaitional tbitamperatare. Becordyegly doothe

FI1Gire DiSNGIes Rl DI ARy OB & A MR Bmploy
! | arm 1 ‘
;Eﬁgég&% t%ﬁ%@réth?es%%&é%%ﬁﬁg% sitth8 ge AtionYe coItadmet

organi ¢ radical . 2 and R 13 can be _
oabaui 3& &dhoalvelager ddgrealsf polynyaiizetian bbabowryd wagrptained.

I di.cal s, ° ' i,f desired [ :
BP0 deRe Toafl YraPanil T al BTl (gBRuP4sE
dibyd@b-dadrdd oPssIgHicAgatich 61Ut 1D @ik detained
di -tert-anyl peroxide. 20 Exanples of other suitable
peroxi des, which in no way are limting, include

benzoyl .peroxi de: | |_peraxide; athek. terti iy weiaht
bﬁﬁ?lrg%(ét%&ﬁgégg’% carRUERY nd2e Al fehoiRE hidreFRLIar weig
olefin, acidic reactant and the free radical initiator are combined in the proper

ratio, and then stirred at the reaction temperature.

Alternatively, the reaction may be conducted in a diluent. For example, the
reactants may be combined in a solvent. Suitable solvents include those in
which the reactants and free radical initiator are soluble and include acetone,
tetrahydrofuran, chloroform, methylene chloride, dibh]oroethane, {oluene,
dioxane, chlorobenzene, xylenes, or the like. After the reaction is complete,
volatile componentis may be stripped off. When a diluent is employed, it is
preferably inert to the reactants and products formed and is generally used in

an amount sufficient to ensure efficient mixing.
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2, 4-di chl orobenzoyl peroxide; tertiary butyl
hydr oper oxi de; cunene hydroperoxi de; diacetyl

- peroxide; acetyl hydroperoxide;

di et hyl peroxycarbonate; tertiary butyl perbenzoate;
and the like. 25 The azo-type conpounds, typified by
al pha, al pha'  -azobi si sobutyronitrile, are also
vl the lneiaratior ef p@JzﬂPmApﬁmwdugew&ﬁéwa)b&ain%lé\sésgﬁﬂo
o having present in
t'ﬁfégér)r%ppé QmsQ%S%Q%ﬁﬂmﬁtﬁeﬂ%&% oa bal ances are
satisfied by organl c radicals, at Ieast one of which
f bl t dt tert b :

S B e o e G s B0 S Bt
tQucfPlrﬁfé?@i‘%baﬁ'@Zu\?‘éT%c%?W tH@‘er{ Ll’%\)?@k%ralth% choice of free radical

ol yl di azoam nobenzene; r omobenzenedi azoni um
hlylduam rdey beaufbresichd iy the demtenyﬂemmamr@ gmpadyades. A
suitable list of azo-type -29 conpounds can be found
in US. Patent No. 2,551,813, issued May 8, 1951 to
PaKd Péf@l?@@ﬁeeﬂé@|C@W[§t0:%farbrihé Rk Shdé-6 195/1enzation
excl u5|ve of radiation, of course, depen to a
| l@rt@aéoréﬂr@rihe@rwtth@e galymafmaarm iimitiatoss. d?amf@yeeﬁn glge be

cltd) EPREY e Coflot BT o “course, be sol ubl o

|n the reacti on nedi um The usual concentrati ons of
initiator are between 0.001:1 and 0.2:1 nol es of

i hhe Peffdsbrenttesr astical dnitialer FeRdepIpaNi qrineanisy thsd

p%ﬁf?%ﬁ% on %%ﬁ%gﬁghggdrﬁ%%@%é R gj@? ?aglﬁéznlts |a§‘ thrgﬁmc

t mdicad akd dRwns tshhectedwirdamathergroma poosiatng bhleych‘egem add any

f d I b

e e L WM e
aReutbcdRen Q@ﬂi AROMYI %al@ﬁ%r@%ﬁ@' ﬁ’d@ﬁffé’&?%ﬁbéﬁgléhts%h as

and about 85C 'hi gher’ and 15 I ovier t enperatures can be
h@ﬂoggee@l, eta. Bigferatd petsriss inande diftert-bupépatarids dicumyl

e out . 20C a d about 200C, with preferred
?r‘p?g‘}cget mgaqt%@?wéféﬁe 50C and about 150C. |

Examples of other suitable peroxides, which in no way are limiting, inciude

" benzoyl! peroxide; lauroyl peroxide; other tertiary butyl peroxides;

2 4-dichlorobenzoyl peroxide; tertiary butyl hydroperoxide; cumene
hydroperoxide; diacetyl peroxide; acetyl hydroperoxide;

diethylperoxycarbonate; tertiary butyl perbenzoate; and the like.

The azo-type compounds, typified by alpha,alpha’ -azobisisobutyronitrile, are
also well-known free-radical promoting materials. These azo compounds can
be defined as those having present in the molecule group --N=N wherein the
balances are satisfied by organic radicals, at least one of which is preferably
attached to a tertiary carbon. Other suitable azo compounds include, but are
not limited to, p-bromobenzenediazonium fluoroborate;
p-tolyldiazoaminobenzene; p-bromobenzenediazonium hydroxide;
azomethane and phenyldiazonium halides. A suitable list of azo-type
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The reaction pressure should be sufficient to maintain
the solvent in the liquid 20 phase. Pressures can
therefore vary between about atnospheric and 100 psig
or higher, but the preferred pressure is atnospheric.
The reaction tinme is usually sufficient to result in
the substantially conplete conversion of the acidi
rfé%tvamd%w be ghinddnde ot BatemiNmi2.%h bBiH isgiepMay 8 1951 to

geﬂyﬂﬁﬁe The reaction tine is suitable between one

d% with preferred reaction tinmes between 2

and 10 hours As not ed above, the subject reaction is

et Rk E oY doidiive aheuiaten. Shiaulie. tangnds
3 & Brhé akRint %ﬁ@h@ﬁaﬁfaglég Wit hH&n. ithe ARY rAdicbank %Iefm

manner. The inportant factors are intimte contact of

t heechagth thﬁ)te@@umtacomwtrgm Tmeemitmtcanuuacoﬁm@rs@.ahﬁ soitble in
t he resence a free-ra pr.oduci n terial

e AR BRENRS, M ssf SonCAR ot E A T eeR

batooh : sy8d e MheN&s bhaitteHhdreheeWf atidieictatar®! Wikth Prdfsrred

-30 | added all initially to a m xture of acidic

r egeuakstbetveen Oy 1 and &tPvient or the high nol ecul ar

wei ght olefin can be added intermttently or

-~ continuously to the reactor. Alternatively, the

r ¥ae palyinserivayiob eerapemiurednist i efficientehigh tb @reak down the
exanpl e, acidic reactant and initiator be added to
hingRtericduafere heidpsired fmesradicals ﬁqﬁ@xaaﬁ%@ dtsing penzoyl

nP@lIoliﬁfe @%ﬁhﬂa%gg%‘?@@ﬁlﬁp@néé}aM@ chR3eteen about 75°C

xture can be a continuously to a stirred reactor
wa bt abont 9010 wseferamipbatweasin abqdB0F Grandf akidue SPFO ighter and

| et SRR st bR o8 ol RS Wiy b e o el res

| Beiaghalt&Ben BHOGERBC AMERBH M 2da:ec WWeth prefepemdl t@mperdit s
olefin is added initially to t e 10 reactor, and then

t hetwasingakout 88¢¢ ant ahewt flpe° Gnl t i ator are added

gradually over tinme. The reaction can al so suitably
take place in a coil-type reactor where the

CPhp oagitioh ;ﬂé@s@d@ﬁdu@tbeﬂﬁﬂﬁlcﬁanﬂw @afaintise abvet inltae liquid
coil. Copolymer iii 15
phase. Pressures can therefore vary between about atmospheric and

100 psig or higher, but the preferred pressure is atmospheric.

The reaction time is usually sufficient to result in the substantially complete
conversion of the acidic reactant and high motecular weight olefin to
copolymer. The reaction time is suitable between one and 24 hours, with

preferred reaction times between 2 and 10 hours,

As noted above, the subject reaction is a solution-type polymerization
reaction. The high molecular weight olefin, acidic reactant, solvent and
initiator can be brought together in any. suitable manner. The important factors
are intimate contact of the high molecular weight olefin and acidic reactant in
the presence of a free- radlcal producmg matenal, The reaction, for example,
can be conducted ina batc,h system where the high molecular weight olefin is
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I n one enbodi ment, copolynmer reactant (iii) is

obt ai ned by a copol yner obtained by (a) reacting
compound (i)(a) with conpound (i)(b) or (i)(c) in a
non-free radical catalyzed reaction in the presence of
copol yrmer (i) or copolyner (ii) or both; or by (b)
contactin or  copol ynmer, (ii

b
et MLy B o S ke aBoERE Pty PR SREMEr
P¢1 Hﬂgr \Q?l)gég?ﬂe iﬁ'?:gn‘i%'@@cg&plg éAH@éntg or(do)nelﬁbously to the

para fon o pr oces
preaparra&itemamfemdbe Irgarﬂant(smay besoddsiced hne«zthef orders for

o pac Tgp arenCamb 0! ey mscrddeaSyoR Pigesrcweiont

' 8Ieﬁh$n ﬁfétrbééﬁoy In'a‘hoﬁfé?qﬁéﬁneﬁft & dhp@RINHE in BRYreaction
unreacted ol efin, generally the nore hindered 30

otmfturesary beaddecheonfinuuslyrip|d stisrrsl fetaﬁmr vith eitinueyst

R ot e P Ry W B

ds&a@wy& ahomerdngﬁn@mtr@mtmm@rb@sa@@dtmﬂnmefnatch
under free radical conditions, are_reacted

nﬁmﬁhwiﬁﬁwathﬁy\lgjhm%ggré@e@@t elefin Isygdded mltlahly to the

' WP&%? @(Méncthggic%lgfezﬁ:?é:ﬂr yrghﬂgqmlato‘? rar%dﬁ@ I)gradually over

Icar I'cacrd or an anh e or ester
uﬂﬂh@[ Thhedéaimlbn(vandai!m snisably take, plate trempei-aine esctdr where the
from about 180§ to about 280C. These conditions are
SEAPEPeR’s HH8 @eiéEB”ePBP“H?éEﬁF§ﬁE”E g process
PIBSA. Optionally, this reaction takes place in 5 the
presence of a strong acid, such as sulfonic acid. See
f @opelampl(@) U. S.  Patent No. 6,156,850. Optionally, a
sol vent may be used to dissolve the reactants. The
reaction solvent nust be one which dissolves both the

aq:r‘n ghé ehRelASh, ansbiyher F&%ntkﬂ? @d)tﬁ@lﬂie@irbyl\alcgbblymer

olefin. It is necessary to dissolve the ac
r ohtaing by rapginaearepernd (&) yik SomERRdgH! bfié” fple)ina
brl ont
S S DA DR TRA SRR b P e o
S@bp@!@tnem‘(@to@lom orlm (bpeomtacu\m ctpdlipmer €5 ot tapelymer (i} or
ners are _sol UQ 15 Sui tabl e sol vent ncl ud% .
| Pih s dtunat G8CSRSA brAENEO Ry BB SOHEMACAG U ()

and compeound (i)(b) or (I){c)

Preparation of Copolymer (iif)

A process for the preparation of copolymer (iii) is described, for example, in
Harrison, et al., U.S. Patent No. 6,451,920, which is herein incorporated by

reference in its entirety.

In process step (a) above, any unreacted olefin, generally the more hindered
olleﬁns, i.e., the beta-vinylidene, that do not react readily with the
monoethylenically unsaturated Cs-Cpg monocarboxylic acid or ester thereof, or
Ca-Cas dicarboxylic acid or an anhydride or ester thereof, under free radical
conditions, are reacted with monoethylenically unsaturated C3-Cas
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~nol ecul e.

fromabout 6 to about 20 carbon atons; ketones having
fromabout 3 to about 5 carbon atonms; and liquid
saturated aliphatic di hal ogenated hydrocarbons havi ng

" fromabout 1 to about 5 carbon atons per nol ecul e,

preferably from about 1 to about 3 carbon atons per
is nmeant | i qui nder t he

daﬁmqarmf@h%ﬁcm%ﬁﬁéﬁ%r hgradnor $a C@&ﬁéc%f%%}’ SRALEED
%eﬁ@é BPBster tﬁetf‘&%lh ah&&%\%nﬁaﬁc&{dﬁfﬁsabé Yanén%’ér@ﬁﬁ@& of

on atons. aoen IS nmeant ,
afrmuabooiﬂ&(ﬁﬂvteraqu%oﬁé Ehase tdualitions araﬁlrdlléysiclﬂv@se used

t.h di t ant I

T RPN TG RS 4TBPAG CrBBaN o SS5eHRd BRpERleRe i
gia 'p@eé@‘ncé Qf wedhion ti;cad“tu %cﬁfésemﬂoarc Fed Ghde flrefxamgls L2S.
sui tably between and 100:1 and is preferably

U%atmbhimb‘ 458,88Ad 4:1. Suitable solvents include the
ket ones having fromabout 3 to about 6 carbon atons
and the saturated dichlorinated hydrocarbons having

fopraraiigud sdiveet mahdetused thsdeeeﬁherrabentg dimeateaatiorl
to about 3, carbon atons es. of su

SR RSt h@mﬁ@éfvhlsmd*%ﬁoéf%wth T e SRicTgactis 830 e high
Q‘?\E{%ﬁﬁﬁ%& gt%gﬁﬁ oft¥in, ﬂ‘@h@ﬁ% sdiF i ﬂs@ﬁlw 'tl@h@’@?o reactant and

and net I sobutyl ketone; 2. aronmatic
hyigh mﬂettuhanazvelghtbleas sokwrtnebmg thymem@ mamﬁttt obu@gkin the

o@qi%ql%}%ﬂg%tﬁgg@%nh%laggmiﬁ g% oundqggts t’he so Venq must also
%%@gléfgh@h&hhﬁé %ﬁ@ﬂﬁcoé@l}méf@ém&ﬂ@ne

| or oet hane; -di chl or oet hane;
1, 3- di br onopr opane; 1 2 di br onmopr opane;

i L B PEEFo y Pr 1R a 88A8 v

1 HhemRuRs ehheboPz@pamen dodsdkstidhes abuhgrigim about 3 to about
1, 5-di bronopent ane;  and 1, 5- dlchloropentane
nﬁﬁﬁ[haélsa’[@fmst Aed g@@gléat@ggqq glphatic dihalogenated hydrocarbons

bﬁé\ﬁﬁ& GOk Qcyéw.ﬁt1h%l é/b%qft) B&arbdratoms per mofecule, preferably from

about 1 to about 3 carbon atoms per molecule. By “liquid" is meant liquid
under the conditions of polymerization: in the dihalogenated hydrocarbons,
the halogens are preferably on adjacent carbon atoms. By "halogen” is meant
F. Cl and Br. The amount of solvent must be such that it can dissolve the
acidic reactant and high molecular weight olefin in addition to the resulting
copolymers. The volume ratio of solvent to high molecular weight olefin is

suitably between 1:1 and 100:1 and is preferably between 1.5:1 and 4:1.
Suitable solvents include the ketones having from about 3 to about 6 carbon
atoms and the saturated dichlorinated hydrocarbons having from about 1 to

about 5, more preferably from about 1 to about 3, carbon atoms.

Examples of suitable solvents include, but are not limited to:
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The copol yner is conveniently separated from sol vent
and any unreacted acidic reactant by conventiona
procedures such as phase separation, solvent
distillation, precipitation and the like. If desired,
di spersing agents and/or co-solvents may be used
durinqﬁthe reaction. 20 The Rolyisobuten I sgccinic
ahhy drieRNesPPBENGS: 3RSt MEIhYe Wi@&qq,ﬁ%ﬂ glonggand
copol y . i) or (ii), is generally prepared
by a Hﬂshgﬁﬁgﬁﬁﬁﬁ%?ééknomn processes including the
nmet hod di scl osed within. For exanple, there is a

[l -known .t hermal .proces see, e.0.,.US P No.
35-361,%?553?0 HYAGCARANT) FUCRY eI s apa b Ghe:
process (see, e.g., US. Patent. No. 3,172,892), a
conbi nation of the thermal and chlorination processes
(3ee, satgatedsiiBalopenated Nero@roarss, peah ,aSb@fPB{éme@tha“a
strong_ acid process e LS :
3,819, %@@ﬂgﬁ{ﬁe@éﬂ%ﬁ%&ﬁf‘?ig‘ﬂﬂgﬂ%@%ﬂ"ﬁag; ’cgﬂ‘ﬁﬁ?%@%é? es
(see, 1Wdichiblodthdniat et didbhBrodiha®s, 1799imomhobr@khe030) .
Such 30 conpositions I nclude one-to-one nononeric
adduct §2(diremaprepaney 1S-dibserapts-MREYIP8PERY, 666 and

3, 361, D22 B pfildnead TUBRIPHGELME 1 hichiopRla-e:

adduct s'"havi ngal'kenyl - derive stituents adducted

wi t h at-breas-cddropré s dihidichipraupsnget,5-dibromopentane;
al kenyl -derived substituent (see, e.g., U S. Patent

No. 4,21 2sdrhlompeptdng Pene succi ni ¢ anhydri des al so
can be produced thermally also from 5 high -

nmet hyl vi nyl i dene pol ybutene as disclosed in U S.

P4t ent midures, of §2 209ve, sThh @spheresenashyiathyleione.

di scussed in U S. Patent No. 5,241,003 for the case
where the succinic ratiois less than 1.3 and in EP O

355e89pokAter ihobasentiyiepardibe frencedineret dratay insreacted
greater than 1.3. European licatjons EP 0 6

_ App 02 863
ardidEMegcEgy bggonvemignel oceayreRtsURD asphssg sgparation, solvent

di scl.os v for i N . 4/
A T e
anBydnictes pragmrnetd dwmnghtthgheasiony| vi nyl i dene

pol ybutene. A pol yal kyl ene succinic anhydride with a
succinic ratio of 1.0 is disclosed. One

The polyisobutenyl succinic anhydride (PIBSA), which may be directly added
to copolymer reactant (i) or (ii}, is generally prepared by a number of
well-known processes including the method disclosed within. For example,
there is a well-known thermal process (see, e.g., U.S. Patent No. 3,361,673},
an equally well-known chlorination process (see, e.g., U.5. Patent.

.No. 3,172,892), a combination of the thermal and chiorination processes
(see, e.g., U.S. Patent No. 3,912,764), catalytic strong acid processés

(see, e.g., U.S. Patent Nos. 3,819,660 and 6,156,850}, and free radical
processes (see, e.g., U.S. Patent Nos. 5,286,799 and 5,319,030). Such
compositions include one-to-one monomeric adducts (see, e.g., US Patent
Nos. 3,219.666 and 3,381,022), as well as high succinic ratio nroducts,

adducts having alkenyl-derived substituents adducted_with at least
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advant age of pol yal kyl ene succi ni c anhydri de from hi gh
nmet hyl vi nyl i dene pol ybutene is that it can be
prepared essentially free of chlorine. U S. Patent 15
No. 4, 234,435 teaches a preferred pol yal kene-derived
substituent group with a nunber average (Me) in the
range of from about 1500 to about 3200. For
pbB)ﬁMGP’@WOUB% pespkendideived spbstitdent{sade-9alkrPagatent
&% s from about 1700 to about 2400. This
also 't eaches that the succinimdes nust have a
su00|n|c ratio of at least 1.3. That is, there should

b I 1.3. 20
Bo G Re suFy et ided vea SBOHR rBakrF gl BHEY bivgdom
gﬁ@ﬁ %éc’flﬁkwmyrcﬁ@\esﬁtﬂ%ﬂéﬁe b@tdnesu@sié@uh@ Bephfc@NG. 3,152,499

er “sui tabl e al kenyl succinic anhydrides

i ki yriecesshs fusthes sliscubeel! indJ. uPsterpd e 246003 for the case

SuheeDE s TRy E80 less B SR £ 8 BB A
?ﬁg@%&ﬁ@%ubﬁinmh@@@@a@ﬂha@ﬂ 3 lEirpseseApplicatiens i on,

furth ted 30 with
cBith LTS by, e sait BB g Bhose

e
P E iy

e followng structure H2.
- DREIDERe SOOI AT HUS WHB LR EoRYA 9 91 hE e BRRER]: One
h¥§5 %‘egf y%)ﬁﬂéﬁ@%ﬁ@é’h;c% yﬁrﬂﬁ‘é"f’rbﬁghibh%@thﬂbwtldéne

and n is degr ee of
ppblyheirelnrea$ thont it cBerter memremesawtlgw fyee Rbehipang.ddish Eqtent

2Kt G LrSen” alvler SRR D VGNP Pl BBl g

tg R SRGga S in the range of from about 1500 to about 3200. For

polybutenes, an especially preferred number average (Mp) range is from

about 1700 to about 2400. This patent also teaches that the succinimides

must have a succinic ratio of at least 1.3. That is, there should be at least 1.3
suceinic groups per equivalent weight of polyalkene-derived substituent

group. Most preferably, the succinic ratio shouid be from 1510 2.5.
Other suitable alkeny! succinic anhydrides includes those described in
U.S. Patent No. 6,030,930, Typical alkenyl used in the preparation are

ethylene and 1-butene copolymers.

(B) The Ether Compounds

in one embodiment of the present invention, the copolymer is further reacted
with an ether compound capable of linking two succinimide groups. Suitable

ether compounds include, but are not limited to, the foilowing:
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preferably from about 10 to about 50, and even nore
preferably fromabout 15 to about 25 ether units. 15
The pol yet her pol yam nes can be based on pol yners

-derived from C2-C6 epoxides such as ethyl ene oxide,

propyl ene oxide, and butyl ene oxide. Exanples of

pol yet her_pol yam nes are sold under the Jeffam ne(r)
bRt o/ g8negmer ci al |y avai | abl e from Hunst man
Corporation |ocated in Houston, Texas. 20 O her
exanpl es of suitable polyether arri nes include .

p &xgopyesed irsaitebleyiotyethe rpoliyesineide copgodsts frav ingghehe
follow ng structure: H2N-(H2C)304(CH2)4 0 } 1(CH2)4-0
( Ctrén.1 25 wherein n is the degree of

pol yrrerl zation (i.e., nunber of nonomer ether wunits).
-35 Pol yet her Ami ne Derivatives Furthernore, the

copol ymer reactant may be reacted with a pol yet her

ami no alcohol or amn thi?. 5, Pol yet her Agi no

Al cohol Typi cal'l'y, amni ho al'¢8hol s, may be folffed when

the al cohol end| graupg of a| compund ange ngt
conpl et el yy! an‘r@es—d t-@g—reactonsNHsuch
as 10 reductiVé anination."Al so, Jone may initiate a

- polymer chain (i.e. grQw propyl enfe or ethyl ene oxide)

10

15

20

25

froman am no group and t hereforérhave an am no on

one end of the rrerca|n [ n|t|a
a|wftﬂﬁ%m Reisiniagsn e&ﬂvéwg ‘% n%h@fﬁa@nby eafHLPraﬁ@V’ngr}mm

mé:b%ﬁ % Whodh 45‘!: ﬁé atrﬁirxmsnthe d%?ré':é(@f% (PehatRn. Gllegally

0 her am no a dl's i ncl ude €onpounds havi ng the

f cbihé pmlya@esipolyatmm& suitable for use in the present invention will contain
at least about one ether unit, preferably from about 5 to about 100, more
preferably from about 10 to about 50, and even more preferably from about 15

10 about 25 ether units.

The polyether polyamines can be based on polymers derived from Cp-Ce
epoxides such as ethylene oxide, propylene oxide, and butylene oxide.
Examples of polyether polyamines are sold under the Jeffamine® brand and

are commercially available from Hunstman Corporation located in Houston,

Texas.

Other examples of suitable polyetheramines include polyoxytetramethylene

polyamine compounds having the foltowing structure:

HaN-( ~€ CH,) }f (CHy)4—O——(CHy)3—NH,

wherein 1 is the degree of polymerization (i.e., number of menomer ether

units).
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RIS RIS RI5 | R1 R 21 HNHCOHCOGCGCGOHnN
20 wherein R15 is independently a hydrogen or

hydr ocar byl group, having about 1 to about 4 carbons,
and n is the degree of polynerization. Generally, the
pol yet her am no al cohols, suitable for use in the
present invention will contain at |east about one
et’?@fefﬂ?{”‘ﬂm”"fﬁ'%WWBW from about 5 to about 100, nore
25 preferably from about 10 to about 50, and even nore
preferably fromabout 15 to about 25 ether units. -36
C):Hweﬁweemarm Iﬂwccm‘ohsnet eesicta ahaehd ercmighwithlaguiyttiser amino
n et ramet hyl eneam no al cohol conpounds
hf\i’?‘#ﬁ’??hg @m structure: H2N-(H20)3 0 (CH2)4-0O
(CH2) 4 O(CH2)4 CH 5 n-1 wherein n is the degree of
pol yneri zati on. Pol yether Am no Thiol 10 Exanpl es of
sufal/gefher poinmetilsenalim no thiol s i ncl ude conpounds
having the following structure: RI6 Rib RI6 H2 H2 H2
H2N-CC OCGCCOGCGGSHHHH n 15 wherein R16 is

| OgRemdeahing Acdnoil agebeformedvaear thylalgholpnd lhavipegof a

from

compound are not completely converted to amines during reactions, such as
reductive amination. Also, one may initiate a polymer chain {i.e. grow
propylene or ethylene oxide) from an amino group and therefore have an
amino on one end of the polymer chain (i.e. initiator) and an alcohol terminus,

or an amine internaily in the molecule with alcohol termini.

Examples of suitable polyetheramino alcohols include compounds having the

following structure:

Ris Ris Ris
I Ho | Ho Hy
HoN C C O C C 9] C C OH
H \ / et
n

wherein Ris is independently a hydrogen or hydrocarbyl group, having about 1
tb about 4 carbons, and n is the degree of polymerization. Generally, the
polyether amino alcohols, suitable for use in the present invention will contain
at least about one ether unit, preferably from about 5 to about 100, more
preferably from about 10 to about 50, and even more preferably from about 15

| to about 25 ether units.

_36 -



about 1 to about 4 carbons and n is the degree of

pol yneri zati on. Ot her exanples of suitable

pol yet heram no thiols include 20

pol yoxyt et ranmet hyl eneam no thiol having the foll ow ng
structure: H2N-(H2C)3 04 (CH2)4 O (CH2)4-0 (CH2) 4 SH
Yn wherein n is the ree of merjzati 25 -37
c%w@f grayplesHd Syéﬁvétﬁﬁgj‘eéﬂﬁﬁ@@’ﬂﬂl%qoé"oﬁﬂ? Hgﬁe for use

I ut
AR S nsspiar i basatoangy
rmn&:ttpreefer ably from about 10 to about 50, and even
nore preferably from about 15 to about 25 ether
units. 5 Ether Polyamnes Ether D amnes 10 In yet

anot her enbodi ment ofy the present invention, the
copolyner nay be reacted Mﬁth ether dlan1nes
%ﬁ gm-nee (@H Hig),—e0pet-y o) —
suc onxyprop [ -1 d|a nopropane
|sodecyloxypropyl -dlan1n pfhopane,
|sododecyloxypropyl 1 3-di am nopr opane,
dodecyl/tetradecyloxypropyl 1, 3- dlan1nopropane,
i sotri decy|, ox 3- di_am nopr opane,
t P ?%Hb8ﬁ¥gﬁV%$ §0fE°§”EF5ﬁ?hB propane. Pol yet her
Polyol 20 In yet another enbodi nent of the present
i nvention, the copolymer my be reacted with a
pBblyetteendoat/aiali ng at | east two hydroxyl end groups.
10 to form an ester. The pol yether polyols have the
follow ng structure: _
Examples of suitable polyetheramino thiols include compounds having the

following structure: i

16 R1g
' Hy Hy
C O C g SH

15

wherein Ryg is independently a hydrogen or hydrocarbyl group, having from

about 1 to about 4 carbons and n is the degree of polymerization.

Other examples of suitable polyetheraminao thiols inciude

20  polyoxytetramethyleneamino thiol having the following structure:
HoN—(H,C)y——0O (CH5)4 O (CHp)y—O-——(CHy),—SH

wherein n is the degree of polymerization.

25 ‘
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255 RMRITRMI HHI HH21 HOGCOCCOGHOH n
wherein R17 ‘is independently a hydrogen or hydrocar byl
group, having from about 1 to about 4 carbons, and n

is the degree of polynerization. -38 O her exanples of
sui tabl e pol yet her pol yol s include

pol yoxyt et ranmet hyl ene pol yol conpounds, such as those
r@éreralyl the palyetheraminmibialy suitlla feraisepe the presand dgvention

f rom DuPon rpor ati V1o VJ
SRR BLGREASLAYL BTt L, AR BRUAY6 SRA 100
(ra S5 fEERIY 4rdPirabd N 0 whels@itr50) ahd evbe nlergr mrefarbibly from
pol ymeri zation, 10 Suitabl e polyether polyols include,
bROUAr! & IR gPoN 4R 6@ UB!St he fol | owi ng:

pol yoxyet hyl ene gl ycol, pol yoxypropyl ene gl ycol,

pol yoxybutyl ene glycol, and pol yoxytetranethyl ene

. gEtheoPolyaiifidee nunber average nol ecul ar wei ght of the

presently enpl oyed polyether polyol will generally
range from about 150 to about 5000, preferably from

apgiit rhORineq about: 2000. Ceneral ly, the polyether
conmpounds suitable for use in the present invention

20 will contain at |east one ether unit preferably

f bout 5 t.0 about , . |y
b8 3Bter Bano g rdRe pelRg inRLRb R AR ot ARa be
t kUKt BtHY BRImiHBS { SuitdBReetahihys atd eautdy eithdhe

conpounds suitable for use.in the present invention

260y MBe sdeh iag dgcyiesweRyy 1 SriEaBIRI ORI or a

m_xt,ur f r as
p@PQ%%ﬁ@gwﬁﬁﬁgﬁé?§%§@§9%§%%3Féne) di ami ne. The mi xture
ofso8bletylanyptpyim)B-diaminopropane,
dodecyl/tetradecyloxypropyl-1,3-diaminopropane,
isotridecyloxypropyl-1,3-diaminopropane,

tetradecyloxypropy-1,3-diaminopropane.
Polyether Polyol
In yet another embodiment of the present invention, the copolymer may be

reacted with a polyether containing at least two hydroxyl end groups to form

an ester. The polyether polyols have the following structure:

Rq7 Rq7 Ry7
Hy | l Ho Hy &
H H

OH

wherein Ry is independently a hydrogen or hydrocarbyl group, having from

about 1 to about 4 carbons, and n is the degree of polymerization.
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be bl ock, random or alternating copolyners. The
presently enployed ether conpounds are capable of
reacting with at | east two carboxylic acid groups or
anhydri de derivatives thereof. 30 -39 Cenerally, the
copol ymer may be reacted with-a m xture of polyether
pol yam nes, polyether am no al cohols, polyether am no
thiols, polyether pol yol s, or ether diamnes to form

e AN T B A R S R
(oKl @%W@Imr sEH Mamds@ remﬂetﬁfoWTemhm@ mch may be

derivative, éet her et her di mai nes nd ettEer

t PHERBARY frombiay on&fﬁ@rp@@@tmryWnangtoa T pua 0aviReRe

a Sﬁﬂ mno aromatic 10 sel ected fromthe group
céor%lgl S Sr1t$:m§;ﬁf"%( a) N-aryl phenyl enedi am ne, (b)

am nocar bazol e, (c) am no-indazolinone, (d)
am nonercaptotriazole, (e) am nopetrimdine; and (f)
aryl oxyphenyl ene am ne. Preferred arj no aromatic

conpounds a d i bed L ows~ 115 ar

N-arvyl phenyPg)n (gf?g:l)ﬁ ne pgpr ggﬁ@l\gob tﬁ&éﬁ%)d‘r %‘_{a:

R20 H R78-Aryl-N Rig 20 in which 34is H --NHaryl,
- NHal karyl, or a branched or straight chain radical
havi ng from about 4 to about 24 carbon atons that can
be al kyl, al kenyl, al koxyl, aralkyl or alkaryl; R19

i svhereipi) is the NEPEEXpolymerFaiar; - NHal kyl |

--NHaral kyl, --CH2 --aryl--NH2, in which n and m each
have a value fromabout 1 to about 10; and R20.is

h)ﬂﬂft@@}%rpol@éthw polgbls eimyilide, Zﬁltalrémi&y!hmﬁm &, kipé folomwing:
al kary havi ng from about 4 to @ t

rowe R Ere e WP RYREBFORIETNE AV G pﬂewW@%ﬁa'e%%%O‘ and
p%!;}}!'xytetramethyiene giycol.

The number average molecular weight of the presently employed polyether
polyol will generally range from about 150 to about 5000, preferably from
about 500 to about 2000.

Generally, the polyether compounds suitable for use in the present invention
will contain at least one ether unit preferably from about 5 to about 100, more
preferably from about 10 to about 50, and even more preferred from about

15 1o about 25 ether units.

Generally, the polyether compounds suitable for use in the present invention
may be derived from only one ether type or a mixture of ether types, such as
poly(oxyethylene—co-oxypropylené) diamine. The mixture of ether units may
be block, random, or alternating copolymers. The presently employed ether
compounds are capable of reacting with at least two carboxylic acid groups or

anhydride derivatives thereof. .
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phenyl phenyl enedi am nes (NPPDA), for exanple,

N- phenyl -1, 4- phenyl enedi am ne,

N- phenyl - 1, 3- phenyl enedi am ne, and

N- phenyl - 1, 2- phenyl enedi am ne and N-naphthyl -1, -40

4- phenyl enedi am ne. QG her pol yan nes of NPPDA may al so
be included, such as N-am noprop

| -
- Brenipliphiéeydopnbmenag be f@@qtedw%b@ g HEPepolyether

RV EBSRES RS st BohR A foisl pPRI <o o B BbS 20

ap&lyblsoor @ﬂhbedmlmm@@ltcs’@lrmfmmmgre‘ sfomiddsn lalm!dieas andleetdrs.
14 carbon atons, 10 (c) an am no-i ndazol i none

represent ed bythefornula O -NH2 HN R23 NH 15

1 ey 41t Rygggen or an al kyl radical having

- f 14 carbon atons; and -41 (d) an
~am noner captotriazol e represented by the formula: N

NE'? add?gi_'onNto tﬂe'etﬁer compound (i.e. polyether polyamine, polyether
polyamine derivative, polyether polyo!, ether dimaines and ether triamine)
above, the copolymer is also reacted with at least one amino aromatic
selected from the group consisting of (a) N-arylphenylenediamine,

(b} aminocarbazole, (c} amino-indazolinone, (d) aminomercaptotriazole,

(e} aminoperimidine; and (f) aryloxyphenylene amine.
Preferred amino aromatic compounds are described as follows:

(a) an N—arylphenylehediamine represented by the formula:

: ____—/ R
Rgg—-Ary!“H \ I/
Ria

in which Ry is H, --NHaryl, -NHalkaryl, or a branched or straight chain
radical having from about 4 to about 24 carbon atoms that can be alkyi,
alkenyl, alkoxyl, aralky! or alkaryl; Rig is ~NHz, —-(NH(CHz)-n)}--m NH,, -
-NHalkyl, -NHaralkyl, -CH, --aryl--NHy, in which n and m each have a
value from about 1 to about 10; and Ry is hydrogen, alkyl, alkenyl,
élkoxyi, aralkyl, or alkary!, having from about 4 to about 24 carbon
_atoms. Particularly preferred N~ary]ﬁhenyienediamines are N-
phenylphenylenediamines (NPPDA), for example, |
N-phenyi-1,4-phenylenediamine, N-phenyt-1 ,S-phenyrlenedia_mine, and
N-phenyl-1,2-phenylenediamine and N-naphthyl-1, |
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(e) an am noperi mdi ne represented by the fornula:

NH2 N~NH Rea 10 in which R24 represents hydrogen or
an al kyl radical having fromabout 1 to about 14
carbon atons; and (f) an aryl oxyphenyl eneam ne
represented by the formula: /\ R27 R25Ary| O\ 15
R26 in which R25 is H, --NHaryl, -NHal karyl,

r anchettpbenyenedigmine Rihar pelxaimings WA\}PH@/% mamaé%'aﬁ 4

to aboﬁEiuaédcﬁqu\% Qt aré%ﬁ%%@_@@&}eneﬁlaﬁﬂw

al koxy ar al or a

--(NH(CH2)-- --mNH2 - -42 -NHal kyl, or --NHaral kyl,
n which n a d each haye vaI e from about 1 to

a@éut fi‘ﬁmoéfﬁa) |e§ref?3¢t5‘¥%§¥1 ]U ®PYEa) kenyl

al koxyl, aralkyl, or alkaryl, having from about 4 to
about 24 carbon atoms. A particularly preferred

aryl oxyphenyl enea+ti | . 5 Met hod of
Maki ng the Lubr asitNan The

/gddi tive
char

| ubricating oi
process conpri gi ng the reactan/fcopolyner
(e g , at | east>gne- of copol ymerg (|) 1) and 10

S e3 7 o4 onal |y
, d_hedti ng at a tenperature
of from about 80C to about IB¥YOC. Optionally, diluent
oil may be charged optionally under a nitrogen purge
in the sane reactor, thereby producing a diluted

‘copol yner reactant. The anount of diluent oil in the
di luted copolyner is up to about 80 weight % nore

pr ef er meghith HJ; ant aboehck hdapenbently Ghrasenhtyd¥gemdr an
nost preferred from about 30 to  about

5 i,ght %
Bot h afksherkemoradical Naimelramebayt éttﬁ@?oo\gg:‘ig gﬁ{lﬁ%ﬂ atoms,

(c) an amino-indazolinone represented by the formula:

in which Ry is hydrogen or an alkyl radical having from about 1 tc

about 14 carbon atoms; and
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pol yet her am ne, pol yet heram ne derivative and/ or

pol yet her polyol are <charged, optionally under a
nitrogen purge, to the reactor. This mxture is
heated under a nitrogen purge to a tenperature in
range from about 130C to 20 about 200C. Optionally, a
vacuumis applied to the m xture for about 0.5 to
aBBut 2n emsuperceptofiErslerepreryeday dhe forpula:
lubricating oil additive conposition can also be nade
using a process conprising simnmultaneously charging
all the reactants (reactant (i), . 25 (i1),
or (iii); the am no aronmati and the ether
conmpound whi ch consi sts | edst one of a

pol yet her pol yam ne, °f no al coho

pol yet heram no thiol, 1 ne and polyether
pol yol) at the desired " the reactor. One
or nore of the reactants ca?J e charged at an

el evated tenperature to faci/litate m xi ng and
reaction. A static mixer cah be 30 used to facilitate

- mxing of the reactants as they are being charged to

10

15

the reactor. The reaction is carried out for about
0.5 to about 2 hours at a tenperature from about 130C
t g.\abo SHGY plied to the
rggctlghaﬁﬁgﬁﬁﬁgm @%P%gk%ﬁgtreacyﬁgﬁﬁggglod -43
Preferably, the ratio of polyetheram ne,

pol yet heram ne derivative aR@{or pol yet her pol yol to
nonoet hyl eni cal | y unsat ur at ed “C3-C28 nmonocar boxyl i c
acid or ester or C4-C28 digarboxylic acid, anhydride
or ester is 0.45 to 0.05; 5 preferred, the ratio
is 0.40 to 0.1; even no prefefNHed, the ratio is 0.35
to 0.20; nost preferred, the ratio is 0.33.
Preferably, the ratio ofl_am no aromatic conpound to
nonoet hyl eni cally up , [
acid or ester thereof A- C28 10|di carboxylic acid,
anhydride or ester ijg 0.95 tjo 0.107jmofRe preferred,

the ratio is 0.40 to.0. 207 por e preferred, the
ratio is 0.35 to 0.25; nost preférred, the ratio is

0.33. In one enbodi ment of the invention t he non free
radi-cal catal yzed reaction 15 product of conpound

(i) (a) irawbic@d%q@@e@r@sentﬁ(rqugerw)E\rrtylkyk/uaritq@' hgwng from about

ContaQH%gabout14cammnzﬁ0W$,and

H an aryloxyphenyleneamine represented by the formula:

REE

in which Rys is H, —-NHaryl, -NHalkaryl, or ranched or straight chain
radical having from about 4 to about 24 carbon atoms that can be atkyi,
alkenyl, alkoxyl, aralky! or alkaryl; Ryg is ~NHz, —-(NH{CHz}--n)--m NHa, -
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wi th either copolynmer (i) or copolyner (ii) or both,
may be contacted in the presence of conponent (QC
(i.e. the aromatic anmne) prior to the addition of
conponent (B) (i.e. the ether conpound). 20
Lubricating Q| Conposition The lubricating oi
additivy it scribhed above is ner a
Rdded THSRIEASMERRIBTZE Wt aramin e T Fanraita fiom
novi ngapaittisto Ut el R,/ @trﬁ;rﬁﬂfﬁen %W%%‘n?ﬂ alkoxyl, aralkyl,
engi nes, %ears and transm ssions. :hg pi cal t he
| ubrl catal gybihavipg feasmpbsiit 4 émabeutt cqu@e@mms A particularly
i nvent t
L uor 1 c TR R I AR ot inRlorBirs e
| ubricating oil additive conposition. The base oi
eqolo ed_may. be any of a Mﬁde variety of oils of
o aking the LRbyica ,.e Additiva GO t'brlcatlng
Vi scosity used in such conp05|t|ons may be mnera
oils or synthetic oils. A base oil having a viscosity
oflhatlubbreasiog 2il 5ddiSte aom@(bsitiands prqpaued ppamrobed ovor@PEing
at _.or desi r abl

f b ..
of ﬁ@%fh%éea@wwﬁ o Loy HOERE e HEoRPA TS 00 b and
fhy M Bt%(ﬁ‘llbee'hleﬁetﬁ)QH MR, 65@0@?%@&1‘ a hfirdd@hSpurge, and

~|nvent|on i nclude,” for exanple, paraffinic,

napAtiteal 2 teanperatuie of fﬁblrrsahd\ﬁﬁoa@ do ebdinbfl°Cy Qlél@dallsn
Synt etic oils

¢ AP B2 s SRRPTbhb BT A A MEEHES pltdenigfg st

SYéﬁdﬂ@t tﬁér@k&f glosuaing andikited espsipeee fadi@mi Mhetdifount of
desired viscosity. 5 Hydrocarbon synthetic oils

i AlVe Sl in He @i@é@ﬁap@oolweélsmﬁeba@wtfﬁﬁdwﬂwe"/o moreﬁreferred

p%wsw ?‘b; 18 %b?gt & E%Egﬁ?g/% zHﬁJ %%E{ggr?zg%ﬁédsﬂﬁﬂaﬁdﬁ@3o to

prboeith(y @sighs P/mgBmardmmnnmmhMICarnnﬁnBMHWheg;aeleysmme,
t hetic

- Fi sh T h. Usef yl
P PSR O oS EFRT LR MGUYG Spoloy RERESr PRMSRA"®

okghigas, B@’dd&gy LRGeS ARG REES! hYhe RSRES @hlsymﬁ@ure is

usefdl are the hydrogenat ed liquid oligoners of Co t
Cheaigidphulepbefirogenspigpe ds @ termpecaee I.nrrange fromi aiewtsb'io Cto

b Eal e tuen Yekui R i lieh i e Hafle 481 G ALS o

t hpoest emduff o @PRVEIXBEXY Wateraci ds and pol ycar boxylic

acids, as well as nono- hydroxy
The lubricating oil additive composition can also be made using a process
comprising simultaneousty charging all the reactants (reactant copolymer (i),
(i), or {iin); the amino aromatic amine; and the ether compound which consisis
of at least one of a polyether polyamine, polyether amino alcohot,
polyetheramino thiol, ether polyamine and pelyether polyol) at the desired

- ratios into the reactor. One or more of the reactants can be charged at an
elevated temperature to facilitate mixing and reaction. A static mixer can be
used to facilitate mixing of the reactants as they are being charged to the
reactor. The reaction is carried out for about 0.5 to abeut 2 heurs at a
ternperature from about 130°C to about 200°C. Optionally a vacuum is applied
to the reaction mixiure during the reaction period.
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al kanol s and pol yols. Typical exanples are didodecyl

adi pate, pentaerythritol 15 tetracaproate,

di - 2- et hyl hexyl adi pate, dil auryl sebacate, and the

i ke. Conplex esters prepared from m xtures of nono

and di carboxylic acids and nono and di hydroxy

al kanol s can al so be used. Blends of mneral oils wth
synthetic oils are also useful. 20 Thus, the base oi
CRAFERLA, s fdii%%fﬁﬁﬁ@tﬁér‘&nﬁibf@epd??&ﬁel%mtne @eﬁ@‘éﬁd&%dlor
napht heni'c base oil’, or a synthetic hydrocarbon or
ngﬁlyﬁV@rmw o maidetinfieniodihi wmatwgteck/@s-aozsnwocmb@xyhc acid

GREnBt beCaRALuR o B ELE. R Bl Bt to 0.05: more

I mee@tre@rthaisat‘ﬂwe 0.4bKd 0t ieden eidre peksfietred etheqamosd 0i36ro
of the present invention is added to an oil of

| G0 Hlﬁsff REFIOTeEdEPI9tiq isd-éBy producing a Iubricating
oi | conposition. The [lubricating oil conposition
contacts the engine, inproving dispersancy.
Aan:fecﬁbmglﬂye rdtheofmesierdromatie sbimpouns tahsmoatitdatiedlyt o
a met hod i_mpr ovi ng 30 di s“ger sancy

CHTISE 6 Cebgh HETORPe Y b SE6-GhAFAP PG LHe-

enghaxid Qc@h&nﬁ)}df?ird'e(‘tﬁ'tésﬂgr Q'O' 9531%"@)%' ﬁwb%‘ﬁ)l‘gfer‘i'&? the ratio

invention -45 Optionally, the [ubricating o di'tive

corpasite Dcﬁﬁ) gesic mdre grafeoed, theyrabe is 086do &s2F Mol preferred,

a&gltlve en used in fuels, the proper concentration
fREo %8 tive that is necessary to achieve the

desired detergency i s dependent upon a variety of

factors including the type of fuel used, the presence

ofn et;membediesd Q) éie Bventien dpenearites welical palalyzed reaction

c BRI PEroricund TRE B Yo 80T Blal bofie PR Sleopppotes

t antﬁ;@a,nta@Ocmlghtar sp@rré@q%eﬁemub bi both, pragfiey @chhtyctbtionﬁhe
30to 5,080 parts | i on of theadltlve
oPIRSENgR O P%’@ﬁf’%e%lr é%%staﬁtam‘ﬁai“‘eé@é?e &on i s a@ﬂhféoﬂ of

?rggllngbygmr(gy(pie NS 8fhar c%ﬂ@o%ﬂ@ tives described herein

e fornul'ated as a icentrate, 10 using an
inert stable ol eophilic solvent boiling in the range

o[ ﬁboﬂt ;&295400!: 565 6-204.4C). Preferred sol vents
be PR B0 di esel fuel range.

Preferably, an aliphatic or an aromati c hydrocarbon

solvent is used, such as a ‘
The lubricating oil additive composition described above is generally added to

a base oil that is sufficient to lubricate moving parts, for example internal
combustion engines, gears, and transmissions. Typically, the lubricating oil
composition of the present invention comprises a major amount of an oil of
lubricating viscosity and a minor amount of the lubricating oil additive

. composition.

The base oit employed may be any of a wide variety of oils of lubricating
viscosity. The base cil of lubricating viscosity used in such compositions may
be mineral oils or synthetic oils. A base oil having a viscosity of at least

2.5 ¢St at 40°C and a pour point below 20°C, preferably at or below 0°C, is
desirable. The base ocils may be derived from synthetic or natural sources.
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benzene, toluene, xylene or higher-boiling aromatics

or aromatic thinners. Aliphatic alcohols of about 3
to 8 carbon atons, such as isopropanol, 15

i sobutyl carbinol, n-butanol and the like in

conmbi nation with hydrocarbon solvents are al so

t abl & for use the f additive. In the fue

Mﬁf&%ﬁl?'!ﬁf@ up s P fate B in s AU ONJBCIHPP fopramble,
Obdidi@it, | napAthdr@@sid BthRe LIS Hat BYe o%é}w u%@lfﬂ@ﬁﬁé&ﬁlﬂgyon
not exceed 70 percent by weight, preferably fromb5
500mapsitions. &y@t@ft@m&lb|nyclw@rfor1®<enmlesbmbmﬁtoq@dwm\wnthetlc

' | e d l.]
Bt SR PeR ARy BRI PREEREER tifaballed by
bHydmtﬁdﬁm‘i,lrﬂttﬁet@rmlsWy aelldeNidrigRgnine ois QRepEd fidRethe
i nvention, 25 EXAMPLES Exanple 1 Preparation of

TePlBIEyiRaton @fo%iav@ﬁarquva}lph@@em@aefi’ﬁﬁawﬁ 8f otk pgpared from

TR R RO 15 B3 AR

rrgah;d suayds niesn%;sbem"mpisch @iomeubs%%jmtwhyrﬂocarbon oils

) BASF | 2300 h
C bRt e e aleie Rougo g Brovar Srpes i Gibecialy
gg@éfﬁpéﬂeetﬁe %E}Qrog@eﬁaﬁa\ﬂqrcpu‘?@ghg‘?ﬁl@@%?@rﬂ 8109, %@ﬁtﬁ 'ﬁgéffns such as

gr ans heXadecene was al so charge
r ddiscone trimelr. Likevags, tadityébemeq’tasrcef overserhaéstosdy tsuch3GC.

SERERRPH Brneag e it DY Sn BEur B Pl psters of
hmﬂnocéxfbb@ﬂ]mmmnd bb@cﬁiﬁd&?l&eébld\@%sfﬁéh 59nidie- ydroxy

reactor 5 Space at a ra scnB/ m n.
gPEABOIEENEI RO lhy o as cxampleseira distasiesyididipatpl pentaerythritol

P Ran 7 T AR AR By S 80 7 o Gamprex

rrabtemp@phmﬂrde ratlregl IoCtmﬁytb amﬁrdwérdex;ﬂhaarcgjmd\ﬁﬁmo and
f|n| hed, the tenperature of the reactor -

AR RO SR B betfrsEhBIend Y Fipia! Ofith e¥pigHo oit
wag: hieatediio 190C. 10 During the heating of the

reactor, the pressure was gradually lowered to

Thus, the base oil can be a refined paraffin type base oil, a refined naphthenic
base oif, or a synthetic hydrocarbon or non-hydrocarbon oil of lubricating

viscosity. The base oil can also be a mixture of mineral and synthetic oils.

Method of Use of the Present Invention

The lubricating oil additive composition of the present invention is added to an
oil of lubricating viscosity thereby producing a lubricating oil composition. The
lubricating oil composition contacts the engine, improving dispersancy.
Accordingly, the present invention is also directed to a method of improving
dispersancy in an internal combustion engine which comprises operating the

engine with the lubricati_ng oil composition of the invention.
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20 mm Hg when the tenperature of the reactor reached
180C. The - tenperature was held at 190C and the
pressure was held at 20 mm Hg for 1 hour during which
15 granms of condensate was col |l ected. The product was
cool ed and a yield of 2693 grans of copolynmer (i) was
tai ned. 15 Ter pol ymer Pr eparation with
ﬁgefﬂonﬁ“&aww@n@g Qi '\gﬁ@?mww i1y deggriboglpbovgrEaype
m@a A5 Y Hdavtve d 8 ReR P ¥ R}é)ﬁsyltﬁél YicBECEPHRRRS the
0 average nol egu [ ar a/ew g% %?M f ggﬂ% CZS%)O and a
rmidnwa/hhay Isi nfee sayrio ewhievefthaliesired @%e(rgﬂm@ﬂs |C®pendent

o S5aia B rescrBR BN e R 16T Hor 4B Prosenet 87 Giner

tcﬁé{@@eﬂwéﬁd@ﬁ@ﬂsbﬁ{d & othéﬂQdcﬂlH@éeh%?@ Gﬁﬁgﬁﬁ?eﬁmﬁé\ﬂar the
receiver. m%r ans 1-hexadecene was al so har ed to

trﬁage@@@aﬁent entHidhegididived tﬁﬁé(baﬂﬂefuﬁh§ Helgt HHOQQ)WeIth

& eg AR PreBlab I PhUAR < RoDorERARE ARtk Bve

houther Akt tedisydrapreddin, @uésrs@gamdmsdm@ ddalitiveemay be used.
react or. . head space at._a rate of 500 scnB/m n. 4802

gT*&Ghﬁ HEves ee%ﬁﬂ%x,earhed@!namay hefogpdatedns abrelcanasRifats)
bH‘?n Q%b‘ieeﬁse%w!:tséﬂf%ﬂ Ebh’n%% Héjaggé%ff QFou% 400°F

ter ei c an ydrl e an cuny
p(éﬁcﬁeﬁde 480 pr Graigreedselvel tﬁmhnsthegasolhm d)reairpseeléudrrenge

h'j';L‘?% b[Vea ct was maintained at not
hé‘”rag’?[]fﬁf(f A2k @F%?&ﬁr&/ \?/ﬁ@r fs Y'?‘eé:[alsé‘ah asa
bc)/erﬁ%%b' f&uéﬁ@%le%@% fﬁéhé}tlﬁﬁﬁngz%ﬁiat%%? atr&%attc thinners.

emper at ure reached about 170 3 grans of sulfonic
a/éslulcdla(nd@kmmds ot e ol § @@r@pmﬂ’aomﬁ %\ucrh &3 moerccﬁanal kyl

LB REN R AR e Bk 15 pO F BB AR e B
adrNEntd AR aldoramabrt ek Ms@ﬁz&rtﬁﬁh@h@élgjdwwbhqn tﬁélhfeﬂml c

~acid, 3201 grans mal ei ¢ anhydride was fed to

resesiralsy dhe apewnt oitheasd 't'Vﬂw‘é’”é}ee@@U“raé”X:@H?ﬁ%’q 5 pasent by
r t
ageiohE A gindlaly do sB 1T BEres Rt gy BBl i s to 50
r @&t tricod ppsfedidy frmasﬂmtcoiz@dxenghtaaetrmmer ature bel ow
190C and t hen
The following examples are presented to illustrate specific embodiments of

this invention and are not to be construed in any way as limiting the scope of

the invention.

EXAMPLES

Example 1
Preparation of Terpolymer (Copolymer (1))

2513 grams of high methylvinylidene polyisobutylene having a number
average molecular weight (Mn) of about 2300 and a methylvinylidene content
of about 78% (which is available from BASF as Glissopal® 2300) was
charged fo a 4-L reactor equipped with agitator, temperature controlier and
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diluted with 46,600 grans of 100 Neutral oil. This

yi el ded about 119,500 grans of oil-diluted.copolymner
(iii). Small anpbunts of sedinent were renoved using a
pressure filter and di atomaceous earth such as
Celite(r) 512. 10 Exanple 3 Preparation of QI

le. L b t 30
o SHNRaI A e eeinar S S o & A B e
r@@g@@ to! e adton) éﬁoom]@mg@w@fnﬁﬂdréwgg ®dafed 18 150°C. Traces
tenperature of 140C. The = char pql yner was put

uRidBRISHIrG yvaie iemered by parding 2 @ scnh/minewﬂs@a@ through the
L 2o 3o AU AR UM SRl R AT EAS d ks
(heRPEFYcanata citanfd sumdeninal 78 Btgragsnnalermhyérae and

O Lo Sis eis R PR b 0t @ 202 U NNGPEE e nRATIA o0
4QRIMRS o P Y ﬁheCrEQEt%?QVéPZ %Barieat eg@%ﬁ%%ﬂﬂﬁ] c?%rand

nitrogen purge. The reactor iIs
rrﬂrt;umgbmerpuldge:haﬁ’gmg wege fiaishied, {hat teomaeatuee vbiheusadtor was

Th | f
e o R e TRl 5 0, RSBy 0
HBQI tHeOhé’é't CHf'tﬁ’@ ré’ﬁ:'ior%lﬁ'@pre%@u@wbé’@\*eﬂﬁﬁi o WERE" 8!

procedure of Exanpl es 4-7 Conparati ve
EXAnpn & when ﬁmf@ﬂmﬂt@@ obtite l’&?@dtcmreawesm iprdihezed

| #%F“&ﬁ%) ngr a",ﬂgg% deglbqu #Aﬂ,};g%\ T%rrbelsgrur:éAw%%ﬁteldgt%tmm Hg for

pb h;aow@indg/mma 1@ @mﬁbeommensateTw%l%cPWWd uct was
AmnelAme ne 1 Amne 2

@%a@ﬁérsg%'d/ﬂfrﬁﬁ%gr@vg@feﬁa@y@ewwa&mmmeae
An_hydrlde ~9) (g) Content (g) Content- -48

Examgie 2
Terpolymer Preparation with Post Treatment Step (Copolymer (iii))

67,984 grams of high methylvinylidene polyisobutylene having a number
average molecular weight (M,) of about 2300 and a methylvinylidene content
of about 78% (which is available from BASF as Glissopal® 2300) was
charged to a 30-gallon reactor equipped with agitator, temperature controller
and overhead condenser and receiver. 733 grams 1-hexadecene was also
charged to the reactor, and the agitated mixture was heated to 150°C. Traces
of moisture were removed by sparging 6.7 si/min nitrogen through the
mixture for about an hour. After drying, the nitrogen was fed to the reactor
head space at a rate of 500 scm>/min. 4802 grams maleic anhydride and

441 grams of melted dicumyl peroxide were fed simultaneously to the reactor

over 2 hours. After the maleic anhydride and dicumyl peroxide charging were

'finished, the temperature of the reactor was maintained at 150°C for another
1.5 hours. The resulting terpolymer was then posi-treated by heating from
150°C to about 232°C. When the temperature reached about 170°C,

68.3 grams of sulfonic acid (derived from a sulfonation of a mixture of atkyl
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3 300 NPPDA 17.72 0.80 PPO DA 400 /nol 4.76 010 4 300
NPPDA 8.840.40 PPO DA 400 /nol 14.4 0.30 5 75 NPPDA
1.29 0.23 PTMO DA 1000 11.5 0.38 g/nol 6 100 NPPDA
1.70 0.23 PEO DA 2000 g/nol 30.8 0.38 7 100 4-PA 4.0
0.-55 PPO DA 4000 /nol 36.0 0.23 NPPDA:

N- phenyl phenyl enedi ani ne 'PPO DA: Pol ypropyl ene oxi de

- d:remﬁen@s‘») RS mgeddd (ha fﬂﬂC&fear&(hQﬂstlT@l was pentinuedoniine

tto?‘iérﬁ‘ﬁ@rgp}de ¢8 ddéali(%\tak@gé e\g@‘t%x afte cfggrglr]gotsr’}te

enoxyanl arati

Tst&f@thCticth ra@xmmgmmsrraaletmwdrhfe V@@i mahaydamer over about
dj ami ne Pol ymer Amine | CVR Anine
%%@gtor

d‘lﬁ?'éfeTﬂ?hgﬁ Si”%ﬁ%’i’”@%’ was st tp hold ﬁé19 31%%

%ﬁ%m WEER n*(;%&ﬁa’d@ﬁgéﬁy@%ﬁggo DAP%)?O%Q?#DG?’F%?ZO ]
RITH_E f@ﬁ()lm prmiu:ﬁbxggﬁ NDA|E@W mmtlﬂﬁ Ih&lOVBYQQ:ﬁ inaeﬂr:%@
S i AB DY BN S A LB e AR by T

ExfTB0 @ gfank¥ 8%[@“0'(@6‘ 8 o@'ﬂer%ﬁib Ubrheil bHIYUNeRbH Sedieht were

Addi'tive 88 grams of polynmer prepared according to
ERamyed UBinged prasisareybitertanchdiataraseanusardby suchmg Celle® o12.
purge and heated to a tenperature of 140C. The 20
charged pol ynmer was put under a vacuum for 45-60

mnutes. In the sane reacEQamETgs% grarrs of dil uent

oil was charged. In the sane reactor ranms of
Nphenyphen?r%ahlwh@ﬂW@@A}meﬁgtir&@ﬂ@égﬂtwﬁder a

300 grams of polymer prepared according to Example 2 were charged to a
reactor under a nitrogen purge and heated to a temperature of 140°C. The
charged polymer was put under a vacuum for 45-60 minutes. In the same
reactor, 22.5 grams of diluent oil was charged. In the same reactor,

17.72 grams of N-phenyphenylenediamine {N-PPDA) was charged under a
nitrogen purge. 4.76 grams of polypropyleneoxide diamine (PPO DA, having
-an approximate number average molecular weight of 400} was slowly charged
to the same reactor under a nitrogen purge. The reactor is heated to 150°C
under a nitrogen purge. The reactor is put under a vacuum for 1.5 hours to
remove water. The charge mole ratio of N-PPDA to anhydride was 0.8. The

charge mole ratio of PPO DA to anhydride was 0.10.

Following the general procedure of Exampié 3, Examples 4-7 and

Comparative Examples E-F were carried out and are also summarized in

_ Table 1 and Table 1A.

Table 1: Post Treated Terpolyher reacted with NPPDA or 4-PA and
polyoxyalkylene diamine

Polymer
Example | Charge

{@)

Amine 1
Type

Amine 1

Charge

(9}

CMR
Amine 1
Anhydride
Content

Amine 2 Type

Amine 2
Charge
(9)

CMR
Amine 2
Anhydride
Content
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ni trogen purge. 26.04 grans of polyethyl eneoxide

di am ne (PEO DA, having an approxi mate nunber average
nol ecul ar wei ght of 1000) was slowy 25 charged to the
same reactor under a nitrogen purge. The reactor is
heated to 150C under a nitrogen purge. The reactor is

put .under a vacuumfor 1 5 hours.1o renmpves-excess

vat el 3Ghe .5Dgo ng178 . at 08%¢ 'R-P@CQ’W Ofg‘;m n.’y%f:éde g';g
| das 0.3 TRCPDAL, 86401 o 040 o | EFORE@ame dopldde i e

fas 0.38. | UEDRq Ivg ng tﬁgbger%’%d—%/r @edure 0!1%‘1‘_5' 0.38

Exanpteo B parphe 9yand Cwsa' tHEVEDA SORTRREY Ao | 036

Joti a1 I ”4~ A ot % aty UTBB b4 28h0Tglnd 401 35 02 0.23

‘ an

pouyner (no post

'_ntjﬁE F;ﬁﬂn%@h%ﬁ%é j}fﬁggg%r and polyox alk |ene

3 (I)g ne 2 CVR Exanpl e
y@ﬁ Ani ne 2 Type Charge

AN féA pet %%OX 9'&‘@8% (g) (g) Content (9

@ohRflent BPEFNPPIANS. 46 0.23 PEO DA 1000 /nol 26.04

0.39 9 105 NPPDA 4.24 0.33 PEO DA 500 g/nol 12.14

0.33 PEO DA: Pol yet hyl ene oxide dianmine -50 i Table

2PiblCoapaoabivEtamphEss:. FestJobytes rTe(rp@ynpﬂ@greacted with

t r eat nepblyokpaikfiese dwrbinepol yoxyal kyl ene di am ne

EX%EF?(P%m;& ARy driyete

Amine 2

Poy“rerAmnel ne Amighet T JAm ne 2 Am ne |2
PgﬂﬂeTNn]?

none noﬁe A _PEQ DA

CMR

i rlgemfsitydri d 2 Ty Amine 2
471 d) ArGourtden (’S-Sﬁ%nfpent Ae 00" | Anhydride
QQ glomtsht 2I7. 89 0.5 B Content

fFone | NAC PEO e 4D0Neendl  1VA13 0PED D& 1980 HpAl @M@

0.5

K A _PECDA |1 1are / hphoreg ig2 IWAS PEO DA 2000 g/mol | 37.87

0.5

10

15

20

25

NPPDA: N-phenylphenylenediamine
PPQ DA: Polypropylene oxide diamine
PEO DA: Polyethyléne oxide diamine

Example 8
Preparation of Oil Soluble Lubricating Oif Additive

88 grams of polymer prepared according to Example 1 were charged to a
reactor under a nitrogen purge and heated to a temperature of 140°C. The
charged polymer was put under a vacuum for 45-60 minutes. In the same
reéctor, 72.46 grams of diluent oil was charged. In the same reactor,

2.46 grams of N-phenyphenylenediamine (N-PPDA) was charged under a

nitrogen purge. 26.04 grams of polyethyleneoxide diamine (PEO DA, having

an approximate number average molecular weight of 1000) was slowly

charged to the same reactor under a nitrogen purge. The reactor is heated to

150°C under a nitrogen purge. The reactor is put under a vacuum for

1.5 hours to removes excess water. The charge mole ratio of N-PPDA to

anhydride was 0.23. The charge mole ratio of PEO DA to anhydride was 0.39.
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D 60 none none NV A PEO DA 2000 g/nol 39.49 0.5 PEO

DA: Pol yet hyl ene oxi de diam ne 5 Exanple 10 Pol yPI BSA
Preparation with Post Treatnment Step (Copolyner (iii))
52,178 grans of high nethylvinylidene polyisobutyl ene
havi ng a nunber 10 average nol ecul ar wei ght (M) of
about 2300 and a nethylvinylidene content of about
Folowinitied geseralpidcabliee ¢irtomnBASR, &xadrle Saral ¢emparative

300 h d t 30- gal t '
RPRPIRR A B CORpeRT ang Uon cporrano g TR 2
Baenser and receiver. 14,267 grans of a high

met hyl vi nyl i dene pol yi sobutyl ene havi ng a nunber
aver age nol ecul ar wei ght 15 (M) of about 1000 and a

XL Gene. ConLERALQE ARALLC 8 2UbH MBPEIA L
5 j\%&’?ﬁabl éggfa%@ig%g éﬁrﬁiﬁtl ssgpa#%trﬁ%{%[g? was c%arged

to thePPY 2

anitatod. - m-xtHure
LA LAY ¥

p=S ant +
T AT U C—WaS recacrcu 11U CMR

am bl end of hidimine2  , . -

150Cpoifhks| produdeehire 166, r

Exarft hy(tha'rg@yl'?%,%eg pzrlaggesomﬁ'“iig > hawineg Tapnunpefhage | annvdride
averag®) nmo| ecul af (@i ght ~Jho@bbut 1800. Traces & Content
0T St UpE ERPRHATOVER by SPas Ui NEEG®AGI000 §hdolll N 26.04 0.39

I tTOORP thKpEgh | T he4m Xt U g3 at | RBOCA 50 gaoul _an.14 0.33

DA ethIENE BlideTdimiNel r 0gen was fed to the
reacgg? ﬁggd'gpace at a rate of 500 scnB/mn. reactor

5426 granms mal ei ¢ anhydri de and 499 granms of nelted

di cunyl peroxide were fed to the reactor

si mul t aneously over 2 hours. After the maleic
anhydri de and di cunyl peroxide chargi ng were finished,
the 25 tenperature of the reactor was maintained at
150C for another 1.5 hours. The resulting polyPl BSA
was then post-treated by heating from 150C to about
232C. When the tenperature reached about 170C, 66.7
grans of sulfonic acid (derived froma sulfonation of
a m xture of al kyl benzenes) was -51 charged to the
reactor and heating was continued until the reactor
tenperature reached about 232C. Immedi ately after
charging the sulfonic acid, 3617 granms of naleic
anhydride was fed to the reactor over about

S50 -




1 hour.

The pressure control
psig. The reactor
232C and 10.3 psig for 2 hours.

was set to hold at 10.3
5 tenperature was held at about
The reaction product

was cooled to a tenperature bel ow 190C and t hen

diluted with 46, 200 grarrs of 100 Neutr al

i el ded about 118, 400
@hle 2Arfeomparadife &ed

‘ﬁsﬂs”éz Pyoly e 0@%9@%

oil. This

ranms of oil-diluted pol yPl BSA
- Teepadymeetroveest drsiatigenat) reacted

i at omaceous earth such as
anple 11 Preparation of QO

10

15

20

25

20 an approxi mate nunber_average nol ecul ar wei ght of
4000 g/ nmol) was slowy charged to the same reactor

under a nitrogen purge.
under a nitrogen purge.

vacuum f or

1.5 hours to

The react

%he r Eaﬁ

s heated to
IS put under a

or
or
ter.

rati cPEyPBSIOPRegpa@mhyith Pdet Tﬁ&%&n@nﬁ@t@pﬁ@%p@%eﬁﬁ(m
nole ratio of PEO DA to anhydri de was 0. 38.

Fol | ow ng the general

I
SAT Grambrsr Ho AR HRRER
Babiage3Aolechiar Walyhe (
rea te th NPPDA a
b RO STk e

procedure of Exanple 11,

R R

n) Ratiout 2860 edd BohyPyRSA/lidehy mentent

Addmri vd 100 gr ans of [ CMR
mej—) anpine 110 V\As;i'1 @rged %é:'ye@l&minez
tr@aer Anhvdyge gnd cated to a (q) Anhydride
C. The CeASrigad pol yner_was |pui Content
9260 niMHht e PEquDAH@gimﬂlp ~ 27.89 0.5
sHE gllll\gﬁf r*lFiEQ FPPJCC 1 ;\.St he 0.5
nang o G”N?&Ln &5 nwzmo,ggﬁcﬂi B2 0.5
ot hel Hndor A oS QAR lga0dd |05
F&p YR digae di ani ne (PPO DA, havi ng

150C

The charge nol e

Sip AR =8 aRorelenar 08 e ne

EnShRMUHas 80-88iIch ABLRE cduibpes WlrsgetdMidRperature controller

“and overhead condenser and receiver. 14,267 grams of a high

methylvinylidene polyisobutylene having a number average moiecuiarr weight

(M) of about 1000 and a methylvinylidene content of about 82% (which is

available from BASF as Glissopal® 1000) was charged to the reactor and the

agitated mixture was heated to 150°C. This produced a 66,445 gram biend of

high methylvinylidene polyisobutylene having a number average molecular

weight of about 1800. Traces of moisture were removed by sparging

6.7 sL/min nitregen through the mixture at 150°C for about an hour. After

drying, the nitrogen was fed to the reactor head space at a rate of

500 scm®/min.reactor. 5426 grams maleic anhydride and 499 grams of melted

dicumyl peroxide were fed {o the reactor simultaneously over 2 hours. After

the maleic anhydride and dicumyl peroxide charging were finished, the

temperature of the reactor was maintained at 150°C for another 1.5 hours.
The resuiting polyPIBSA was then post-ireated by heating from 150°C fo
about 232°C. When the temperature reached about 170°C, 66.7 grams of

sulfonic actd (derived from a sulfonation of a mixture of alkyl benzenes) was
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Type Anhydri de Anhydride (9) (g) Content 19) Content
11 100 NPPDA 1.79 0.23 PPO DA 4000 /ol 64.6 0.38 12
75 NPPDA 1.29 0.22 PTMO DA 1000 g/nol 12.5 0.39 13 75
NPPDA 1.29 0.22 PEO DA 1000 /nol 12.5 0.39 14 100
NPPDA 1.79 0.23 PPO DA 400 /nol 6.46 0.38 NPPDA:

N- phenyl phenyl enedi am ne 5 PEO DA: Pol yet hyl ene oxi de
dihargqtblo thecpaptor anl Dot waneorinugs Lmt'hmerf@actpwo DA:

L T

ol'ynmer reacte
datm‘n&ﬁié ?Ig{raml@cﬂfymﬂelc,&mmmldb @R fgthiatbe2e @NR 0B apolué

1 Ch Ch
ARG e ohees R aeh g P%?ea%% Ry B Frcror
Q@H%;%F‘étu@\ﬂh@ﬁbid 4pab60t porve Agmeo Féaz%ulcéoo / ol
. H 85 none none NV A PEO D 2 g/ nol 41. 46

Ol repetpDArodust was kopleddo exteawernteis ?@O‘Ex'f@l‘?p@ @ngighen

P P I gr ans
SIERRLR 3B AR RO oh Rl e AR 1o,
VB, SQE grarid et:cﬂ @ll‘utprﬂ?PlEM)Sm%!I abeuintslO0Rdimdniawere
nmet hyI Vi nyI i dene content of about 76% V\,hl ch i

demae using,a alassHEbler BngHiEasECaAYs £ lizﬁa%a%@eéb?@) 512.
G i ssopal 1000) was charged to a reactor and the

reactor was heated to a tenperature of about 150C.

589 grams nal ei ¢ anhydri d&aange 34. 14 grans of  di cunyl

peroxi de were fed.to the r The t rature of
the react or PURREMAIR]) ?ﬁft(gﬁ?%g‘%iﬁ L‘i@(?@t’f‘gﬁq&gdﬁ‘%r after
the mal ei ¢ anhydride and di cunyl peroxide are charged

to the reactor. The reactor was heated to about 200C
100 grams of polymer prepared according to Example 10 were charged to a

reactor under a nitrogen purge and heated to a temperature of 140°C. The
charged pé!ymer was put under a vacuum for 45-60 minutes. In the same
reactor, 66.4 grams of diluent oil was charged. In the same reactor,

1.79 grams of N-phenyphenylenediamine (N-PPDA} was charged under a
nitrogen purge. 64.6 grams of polypropyleneoxide diamine (PPO DA, having
an approximate number average molecular weight of 4000 g/mol) was slowly
charged to the same reactor under a nitrogen purge. The reactor is heated to
150°C under a nitrogen purge. The reactor is put under a vacuum for

1.5 hours to remove water. The charge mole ratio of N-PPDA to anhydride
was 0.23. The charge mole ratio of PEO DA to anhydride was 0.38.

Following the general procedure of Example 11, Examples 12-14 and

Comparative Examples G-H were carried cut and are also summarized in
Table 3 and Table 3A.
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25 over a period of about 1.0 hour, after which a
vacuum was applied to reduce the pressure to O psia
whi |l e nmaintaining the tenperature at 200C. The
reactor was hel d under vacuum pressure for about 1.5
hours at 200C. The -53 reactor pressure was then

i ncreased to anbient conditions and the product was
then filtered to provide the neat product. Exanple 16

5‘@5&62%0""3 ﬁg i ﬁaﬂvbgﬁé}%@%@sﬁﬁn\aﬂ?NQ& Aot 1°

Eﬁ%%?ﬂﬂ%th%g R amind® 75 NPPDA 3740 TS _

wer.e (" unde a- ni-t-r-ogen BUEge and EIR
healbcﬂ}dnetrc Le eAraJheme The char ged polﬂ\mnnea Amine 2
Examp\QaSCpafge UI'(% a |veaoargen f ) nm Awnesd . Tyden t he (Yaige Anhydride ;
10| r daict gr, '80. 7 gr(a)rrs r+t|er1t oil was charded.@n | content B
11 The Sge |TREs AT 3780 faﬁ'_’éa Of T FPO DA 4000 gimol 646 0.38 |
72 Fphenyphenypggdiany nel (No PPDA) PiRas THYRbggeholnder2a 0.39
13 N LT OGEN [PupRss |121 3907 ANS0 03 POIPEP oronpb gMRoXI |de 12.5 0.39 |
iz diamiae (PREPEA | haveng] aocappl eromai@oRtmder aversgge 0.38 |
FBAT arNWeicBlibhehydR8diawase ST owl y charged to the
5 @@’@w@ac}b& 'eﬂ‘rﬂ}%'é c?krdbl Lizp@e8 purge. The reactor was
g% ? f_,g@lal;,%éogen purge. The reactor
urs to renoves |
m@ Etéﬁne %'?% e)acpr%lﬁea%'gtg io of NNPPDA to o
d char ge nol
%%Eéh%ds?%@r%i‘%d oé/é’m%é\ P eg e B BaRonrakiliee
10 arE')@ﬁrml e 16, Exanples 17 and 18 were..20 carried—out
and ;ag;)en@I S0 summBmized ijn FAK g4 Table 4 Amine 2 Afn?gz
ExamPedt chirgat|eG361'y PI@&A_gepc%/ r'dl(raeac:t;erﬁinee/\za1nh>eNPF’DAhemnad Anhydride
pol yoxg}al kyl & dj amigne R glﬁ% ine 1 CMR Anine(® Content
Gu"r‘ '-‘0'5” n6ﬂél ne _'J'noﬁ'-‘gu rre LN/AI:)( W(FDF(H'?UO%OH PE5 06 05
Hxl,u\ r gc85/-\n||yuhb e AN 0 2 'ypﬁ/AC”a{TMﬁ) DAW@ € q9p 0.5

15

20

Example 15
Preparation of PolyPIBSA (Copolymer (1i})

4005 grams of high methylvinylidene polyisobutene having a number average

molecular weight (M) of about 1000 and a methylvinylidene content of about
76% (which is commercially available from BASF and is known as
Glissopal 1000) was charged to a reactor and the reactor was heated to a
temperature of about 150°C. 589 grams maleic anhydride and 54.14 grams of
dicumy! peroxide were fed to the reactor. The temperature of the reactor was

maintained at 150°C for 1.0 hour after the maleic anhydride and dicumyl

~ peroxide are charged to the reactor. The reactor was heated to about 200°C

over a period of about 1.0 hour, after which a vacuum was applied fo reduce
the pressure t0 0 psia while maintaining the temperature at 200°C. The

reactor was held under vacuum pressure for about 1.5 hours at 200°C. The
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17 75 NPPDA 11.79 0 80 PECDA 2000 g/nol 16.0 0.10

18 75 NPPDA 1 1 . 0 5 DA 2000 g/nmol 20 0 0 125 NPPDA:
N- phenyl phenyl enedi am ne 25 PEO DA: Pol yet hyl ene oxi de
di ami ne PPO DA: Pol ypropyl ene oxi de di am ne Exanpl es
A-H are conparative exanpl es, which are conpared to
Exdanples 3-9, 11-14 and 16-18 of the present
iectartiressurd hasdbeam icatases to3dmbieahpbretitions angitepenoddct

by r.eac ne of . the copolynmers enployed in the
W%%%féerﬂht%%%g? PR T ey al kyl ene di am ne and
W t hout an aromatic -54 am ne. The product of
Conpar ative Exanples A and B exhi bited haze, when
di ssol ved in a |ubricatibByample 1&hich is consi dered an
undesi r abl i ni ng
5 Conparati vzjr%:gja {)r)( Ok @”a@?[%%q‘g‘rbzﬁgﬁr}%épEsbc{aﬁmgel when
di ssolved in a Iubrlcat|ng oil, which is also

consi dered an 5 undesirable uallt in a dispersant.

By SEIRD &F PYYReERERRATRd a@sgrdlnatqﬁxea”ﬂaiel‘e‘i were phfAEe o 2
L%%*&Wey gl UGB helb (D B PR RIOEN The

m ne an

: a}mfgeld grohmterfwanpat weler allecuues (drdiSre) priadest s tbé sahe
exa 0.the inv tio are ojuble in an oil of

10 RS0 er e sy o 56, B toeaetes Brrtes L ow

|
%’%ooﬁ%f?bﬁéﬁfw??%ydf‘se@@“%‘f%%&gmwﬁ?D’&o SR unor

h&nogrg PaIrgr gerres a@eoimmwmlwpxw@.cgwpme(q% &A, having

SRR e e M PO s 2t B

PEeS3e vartehaigea tivogen plrde. MBactactortus me@@bcvvtd B0°C
. agitator, tenperature controller, and over heafd
15 éaﬁ%re@@érrog&ﬁdwrr% elinfefeactaraErssPf unfst Srv@ceuelog 1.5 hours to

@és@?@%&:pgh{e%ha}?éﬁd@ o GF 1! chFgl?/g 16 Shh AR was

m Aut el ¢ anhydrid
O 23. The charge mo1e ratio of PEO DA to anhydride was 0.38.

Following the general procedure of Example 16, Examples 17 and 18 were

20 carried out and are also summarized in Table 4.

Table 4: Post-treated PolyPIBSA polymer reacted with NPPDA and
polyoxyalkylene diamine

- CMR . CMR
Polymer : Amine 1 . Amine 2 -
Exampie charge A?;;Z 1 chargs Aﬁ?;{gi; e Amine 2 Type charge Aﬁ?;g‘?%ge
(@ (9) Content @) Content
16 75 NPPDA 3.40 0.23 PPO DA 400 g/mal 12.3 0.38
17 75 NPPDA 11.79 0.80 PEQ DA 2000 g/mol 16.0 0.10
18 75 NPPDA 11.05 0.75 PPO DA 2000 g/mol | 20.0 0.125

NFPPDA: N-phenylphenylenediamine
25 PEO DA: Polyethylene oxide diamine
PPO DA: Polypropylene oxide diamine

Examples A-H are comparative examples, which are compared to
Examples 3-9, 11-14 and 16-18 of the pfesent invention. The comparative
.30 examples were prepared by reacting one of the copolymers employed in the

present invention with 2 polyoxyalkylene diamine and without an aromatic
- 54 - '
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27.86 grans di cunyl peroxide in a 50% solution wth
xyl ene were fed sinultaneously to the reactor over
297 mnutes. After the mal eic anhydride and di cunyl
per oxi de charging was finished, the tenperature of the
reactor 25 was nmintained at 153C for another 30

m nutes. The reactor was. heated to a tenperat

2680 M0RIOAEFt S RBRATRIVE EXamplBE A 21t & oxateA 1 %Ze when

_\fi HH/@H 1%91ul§f%|t1h§%llt %hf&#g“c%ngﬂ%réﬂ 85 SHO8sibIO q9§ht? ina

'e mai ntaining“the tenperature at approxi mately
ﬁmp@rsameTheemmnfngdéomeamtuad?emnvmemaﬁH fprress anénsauble

b 1 .h t. 0 h t th
2RVhed bl BiRas B R Sl RO e
fuhhégraﬂﬂetqgamwa%ﬂé?@arﬁteat product- -55 | Examole 20
84.2 grans of polyner prepared according to Exanple

19, 56.8 granms base 5 oil, and 17.39 grams

RIS BRI R e e, et TR 08 M By

reastb®with Bigh aneiehqhlkens digatredaid ematorhatipermata) rexhidited

19C to a tenperature of 160C and the contents were

dttlerhiazg. anrbdifi et fesae e el Usoresulina oty BsA! ffaseelgs of
mgég@gg g!?eesé(]&efl gﬂaﬂd? SBn@a‘{% he pro%ecu' ar vei ght

according to ess descri bed
in US. Patent No. 6,156,850) was charged to the

reactor, To the reactor, 57.3 ranms of polyethyl ene
oxi de di ani ne (PEO DA Ié@ﬂh@jﬁ Edr approxi mat e number
average nol ﬁ?é’da@ét:c\ﬂ’?bgbéw 061898 ARy IBAVIERYC be

pur chased from Hunt sman Cor porati on, Houston, Texas,
havi ng t he tradéﬂhﬂiféiw@flf)@m«@omg@fl B3). A vacuum
was applied 15 to the reactor. The viscosity of the
resulting reaction product was 259.3 cSt.at 100C

%mlohm/\g:ramd dih‘q:\cgyﬂﬁﬁﬁtﬂwehémdig’ & nofnblex avplage2@olecular weight
npl es 21-22 were carried ut and are summrlzed in

TM@) of ghoud §5Pamde metwlﬂnwmeél%c%%nﬁd?ﬂa@@%%q Vrhigh 1s
RARLAE ¥t ReDEPRA8R%m Company as TPC-535) was charged to a

10-L reactor equipped with agitator, temperature controlier, and overhead
condenser and receiver. Traces of moisture were removed by heating fo
153°C under nitrogen for about 45 minutes. 715 grams maieic anhydride and
27.86 grams dicumyl peroxide in a 50% solution with xylene were fed
simultaneously o the reactor over 297 minutes. After the maleic anhydride
and dicumyl peroxide charging was finished, the temperature of the reactor
was maintained at 153°C for another 30 minutes. The reactor was heated to a

temperature of about 190°C for approximately 1 hour after which a vacuum

‘was applied to reduce the pressure o 0 psia while maintaining the

temperature at approximately 190°C. The reactor was held under vacuum

pressure for about 1 hour at 180°C. The reactor pressure was then increased

to ambient conditions and the product was filtered to provide the heat product.
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pol oxyal k | ene.diam ne CMR Polyner Amne 1 CVR Am ne
2 Arine 1 Anine 1 Anine 2 Anine 2 I!E1l Exanpl e Charge

Charge 0C Content Content 20 -~ 20 842 NPPDA 17.39
PEO DA 57.36 - 259.3 _ 600 /~mol ------- 21
126. 3 NPPDA 10.9 TEGD 22.17 164.2 1 _ L 22 156.4

NPPDA 12.42 TEGD 25.34 124.7 NPPDA:

N- phenyl phenyl enedi am ne PEO DA: pol yoxyet hyl ene

di am ne 25 TEGD: triethy ol diamne -56
Exanpl e 23 Exanples 5, 1 Rl é: whi ch exenmplify the
I ubrl cating oil additive conposition of the present

ACEaES QLaRNGhel RIaBP SRR AGD BRI 30t o0 BHafs base

BRasHd £839 IE.?anaQN phanynddenyfeptmhinbivisret hafgspry se
and control” viscosity increase resulting fromthe
A000 mloglass resmidyoA niiregd sweepvtasyniredeeatlo sirpgctehd he

th f
B SR ATk i A ok B Rl BlurB i 9B:c
hhe#edomehis VdewWifreBaTenhd Gdibicanbor @ﬂmPtmpbam on
by 10 Col unbi a Chenmical Co., to form a m xt ur
@@Wt%bﬁtaﬁ@ Wﬁ?ﬁbﬁlnﬁﬁib@lf@@@edﬁ@‘ecwté‘??'a@@{ 205K made

Q&Jélm%qg tlté}é P%&@ eSSE cPl rﬁ’t'l{l%] 6,186 8*5@?@\@9' |
con ns car |s t onogehi zed
@Eas@dao tolheg) I‘easslweﬁfotth6 S@m:tom 6ﬁr’tﬁ§3egmam of moly&bylebe oxide
condstothorou m X t.he carbon bl ac

FicEene aPEO BehPaaari TR PESEIS hi R aNEAdE eSS weioht
Rk 86K ahd ﬁm&pn%?%sﬁﬁr@hééed from Huntsman Corporation, Houston,

Texas, having the trade name Jeffamine® ED-series). A vacuum was applied

5

1

jen]

15 to the reactor. The viscosity of the resulting reaction product was 259.3 ¢St at

100°C.

| Following the general procedure of Example 20, Examples 21-22 were carried
out and are summarized in Table 5.

20
Table 5: PIB/Maleic Anhydride Copolymer reacted with NPPDA and
polyoxyalkylene diamine

CMR CMR |

Polymer Amine 1 Amine 2

Amine 2

Example

Charge
(g)

Amine 1
Type

Charge
{9)

Amine 1
Anhydride
Content

Amine 2
Type

Charge
(9)

Anhydride
Content

ViscositycSt
@ 100°C

20

84.2

NPPDA

17.39

PEO DA
600 g/mol

57.36

2593

21

126.3

NPPDA

10.8

TEGD

22.17

164.2

156.4

NPRDA

12.42

TEGD

25.34

124.7 -

22

25

NPPDA: N-phenylphenylenediamine
PEO DA: polyoxyethylene diamine
triethylene glycol diamine

TEGD:
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15 100C for 30 mnutes. The viscosity of the oi
contai ning carbon black is neasured according to
nmet hods that are well known in the art. The percent
viscosity increase is calcul ated according to the
followng formula: %viscosity increase = [(visCb -

visf)t(visr) x 100] 20 visCb scosity of carbon
black in oil visf: viscé§§1$ﬁ%¥éfresh oil Using the
soot thickening bench test, the percent viscosity
i ncrease calculated 25 for the additive conmposition

@‘xaﬂweﬁ,a‘rfpa@%m,,wmmh expEnpiily the lebricatinglcitastliplel  was
FOPREEErd f: PRSI AL O B R B brlh Akt

Iwﬂ)(@aiﬁel @¢ing Aot ﬂiléﬂé\mn@b@w}i feky OehivterRashiengedbiiy of the
make an additive package: 0.8 wt % of a netal corr05| on

TR HQEY to disRerem aBSiFéPBFP'o‘HSCP%HV WAGreRs ERILENY fremAngy o
?Hgﬁ&)h% o?ﬁgﬂ A B ék aos%aselgﬁggtlér L@@ﬁtﬂb@oo@@rﬁél@eﬁﬁ@ﬁench

ca crum et'éerg package
¢egif thenigugsidy ophérah @llmmeaasatﬁcf mrrmnesto]sesQTm %ezh nd is

T a0 1% N B | AT bg sl YRRV . i

il idsd Qekethicayeo. I@@FdﬁfﬁQ@ n%ﬁ%r@g&ﬁglrﬁrﬁg Qggﬂdé%t%lyg{i grams

basest ocks which consists of 67.0 w%" -5 i,
@wewtm#@oaﬁbprwl@&k entl ,4Sagfan@¢rw/elE§tasirmb)oTih©test e#l which

i ch b chased.from ExxonMbi,l .
Pl BRR bR, RARSTDRFGaREF R S oL spagrbissue
GRfRRkeAleY for@d-74 @émﬂcﬁ,ttbqnornghgrrﬂ&ah@ dakisorf BraaK hathetie
| ubricating oil conposition o he present invention,

digsh oM hae sesultingotegk o sentaiecerTbeN AT 1§ S SPgaTTedoRt
%@n@lfﬁt?mar”tes % \%Q(;d’ﬁ? SF % L Sgﬁﬁﬂw ﬁ@gg{tﬂon black is

formulated conparison ol he resu soot
trhdadoesd pocdrdimghohesthods thas wreraeil kedwinrin Tablbe. Bhe percent
Tabl e 6; Soot Thi ckeni ng Bench Test Result nple %
VISSesily Wfqé‘n“@r%&@@u@é@ﬂ)g@q_fﬁ@ér’@ he 691*05"”@7?%”!5@%
Treated Terpolynmer reacted with NPPDA and
pol yoxyal kyl ene di am ne

% viscosity increase = [(ViScno - ViSto)/(ViSg) x 100]

ViSeno: Viscosity of carbon black in oil

visfe:  viscosity of fresh oi

Using the soot thickening bench test, the percent viscosity increase calculated
for the additive composition of for Examples 5, 11, and 20 in a formutated oil
was compared to a formulated oil that does not contain the lubricating oil

additive composition of the present invention. The following additives were

- blended to make an additive package: 0.8 wi% of a metal corroston inhibitor

and an oxidation inhibitor package, 0.2 wt% friction modifier, 0.2 wt% pour

point depressant, 3.9 wt% of a calcium based detergent package containing a -

phenate and a sulfonate, 1.89 wit% zinc dithiophosphate, 5.0 parts per million
foam inhibitor, and 6.6 wit% viscosity index improver. This blended additive
package was added to a mixture of basestocks which consists of 67.0 wit%
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11 283.4 Post-treated PolyPlI BSA polyner reacted wth
NPPDA and pol yoxyal kyl ene di am ne 20 44.0 PIB/ Maleic
Anhydri de Copol ymer reacted with NPPDA and,

pol yoxyal kyl ene di am ne Conparison > 350.0 (too

Vi scose to neasure) No copol yrmer/ NPPDA/

polq)goxyal kyl ene_ di am ne dispersant additi

raduP? 8ilgt Ope %@6}“159N&{’eﬁﬂﬁg?4b‘@% tExm%@Othaii &%l{ ‘éf which
&t bk Eﬁr&%&@@%mvl‘ém&iﬂ Cblg)‘brrt it o?ﬁ)ﬁ\/ﬁrgﬁna to provxde

'ubricating oil itive conpos
ithe eatiperativeed foromdatiarh dio mrbeapseﬂ@e‘ntmuhammmlgatmg oil

i ncrease i ate oil that d ont ai.
(R, bR Rledidh, arbByoaRiy 6wt oh ¥ Bilifve
RbegRItiodn b Eahles M € indWaswhe %oy trégRdIo e fRRARNH!Ed
since the test enployed only neasures percent
VIOEHEISPY Gilncr ease up to 350% This test indicates

that the lubricating oil additive conposition of the
present invention has good dispersant properties. 20
Bimnielselt4f théaiopdinyukeningrispahatsome SunZzrigidiims] ifle 6.

hi gh nmet hyl vi nyl i dene pol yi sobut yl ene havi ng a nunber
aver age nol ecul ar wei ght (M) of about 2300 and a

TRIY bY S0 111806 £OBLRH TedRAyibout 82% (which is

am ' T UMV oSy Anerbade> > OP T LT “’s’éfvip!é!"ﬁt?sc‘nﬂﬁ‘bxﬂeu

to a O- allan rea(‘tor equi pped Wi th agitator

|t enper at iPé5control ler, -58 pr&ssdreieddistRolmPEragevith

over head condenser, recei ver arﬁpgpﬁ-aﬂ‘égo'mxya"‘iy@éed'ami”e

tran 7753 adacaena-ad

t+a -3 ans 1-hexadecene—was—al-so—charged
reacr?tqor gﬁ%l the agitated m xt %gﬁ@éégﬁgé?%ﬁgf ay@ggg%ﬁge

and the rleactor pressure contrgl

M g Traggs of oI sture Wer e TEENER ARNy SEaE S thePrefcied
L/mn 5 nitrogen through the mxfiknerHakn@fdskyAdiene diamine
hour. Aftier drying, the nitrogen was fed to the

r@aghodon heddo s piac es@tbe @ ncatee)of| N, copdiynmritiPPBAQY cg=&mene
mal ei ¢ anhydri de_and_308_gr ang dgfnirgi dispegantladpidreoxi de

were fed sinultaneously to the reactor over 2 hours.

SHi B e oon s s b aiEe gk T i Batvigposty

ViAgreBBE BERGNRE I@ricating ol additive composition of the present invention
was lower than the percent viscosity increase in a formulated oil that does not
contain the lubricating oil additive composition of the present invention, which
was too viscous {o measure since the test employed only measures percent
viscosity increase. up to 350%. This test indicates that the lubricating oil

additive composition of the present invention has good dispersant properties.

Example 24
Terpolymer Preparation

71,277 grams of high methylvinylidene polyiscbutvlene having a number
average molecular weight (Mn} of about 2300 and a methylvinylidene content
of about 82% (which is available from BASF as Glissopal® 2300} was

charged to a 30-gallon reactor equipped with agitator, temperature controller,
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10 150C for another 1.5 hours. At the end of the
reaction period, a 234 gram sanple was taken, and
then reactor was heated to 165C. During the heating
of the reactor, the pressure was gradually lowered to
30 mMmm Hg when the tenperature of the reactor reached
about 160C. The tenperature was held at 165C and the
pwregswe:omhgllafearm avergeadneorgenssr, receer anlipfhagswhy iee
a cted r
eol t rap§ﬂ g%\%ﬁs]b?%(g\g%é% Wﬁg atlsroe%rlé%} %@?@C%}% eé%{ g afﬁgfri’]aeyrrs

oégltamtﬂmnsateewéxerﬁemed theshEatndphd @al;ﬁﬁ@r@ydne aontrbkar was
rams at the end of the vacuumdistill ati on.

b?eé & P MAeHIy HEGEFPhMorstie WeigaRMeNEd 0¥ FHR HY @z% Elmin
:ﬁ@@erggwdélgqﬂ; h%smi]g(flﬂ@ oo M%n@mﬁlﬂngqﬂe%ﬂbﬁﬂwas

copol ymer ed. Th
pﬁeddu the westatihseti apgeel at a ratedyf nd tiomnab 0P4graGs F0dieic

o TG AP ORa g i Ot ke BeGEoer Giied S BB sodst 1o the
Uedbhor X ePBbErs2Aftépthiah Rl aftydREe RAaH i t-amyA ero><|de
previously dried m xture of 49,346 pounds of high

ntmahigllﬂglwwe ifigished, theltgmperiuse efiibe Feantorgvas m@ained at

SIETEr AGPRELAS nellfe- ding Pt Bihion R0, £24 gram

ay@hplell®s fakem HaShed Pe@SoGvhs eprb (o )1 689©00)uaﬁgitrﬂezaeatmg
pounds of 1- hexadecene was charged to a 10, 000- %allon

r efbe seadeuiispRigseiervagoratally onerpbindmen Hy when the

C d

SRR o BESERUE oA AL S PTea IR SE BBy s et o
116@’@@@&1@@%@%9‘@ 0030 henepor drhouaddrithevhich no
agitated m xture was. -59 heated to 15Q0C an

e
FerskiRatecun FOen Bdhe feheni o gy &2 T t@%?%%&??m of the
Sr‘é&%ﬂ/et Bolidieed ?@Fén% oPEGtheRakELVIBR Weafkat Apaenieset and

€ pressure. pounds of mal ei ¢ anhydri de and

- Zsﬁotpeu&@igrms ai theeannlwf the vaxiure disdifiatidrediiter breaking the

simul tan the react t

AT i SR B R R P S TR S R

Ves&ed bRl shestd of 178, sbergramatai e polfynich€) m@aqﬁmmeas“rhe

mai ntai ned at 150C for another 1.5 hours. The r 0a

wardyehwag disghargse to a drum containing 46,500 grams of 10 eutraf oil
to give an oil concentration of 38.0 wi% and a diluted product weight of

122,350 grams.

Example 25
Terpolymer Preparation

A previously dried mixture of 49,346 pounds of high methylvinylidene
polyisobutylene having a number average molecular weight (Mn) of about
2300, a methylvinylidene content of about 78% (which is available from BASH
as Glissopal® 2300) and 121 pounds of 1-hexadecene was charged to a
10,000-gallon reactor equipped with agitator, temperature controller, pressure
controller and overhead condenser and receiver. An additional 537 pounds of
1-hexadecene was charged to the reactor, and the agitated mixture was
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and the pressure was gradually | owered to 30 nm Hg.

The tenperature was held at 165C and the pressure was

held at 30 nmHg for 1 hour. After breaking the

vacuum wi th nitrogen, the product was cool ed and 3,151

| bs of 10 Terpolynmer was renoved fromthe reactor and
of this saggle was stored in druns. The

P@ﬁiﬁdﬁpﬂéﬂpﬁ; Gaddbe pErssura AehtERllcsget e -8 psigdenitrangn
E%eg% e re%%fd 'ﬁ%g@ %g)égé lr\lAﬁ‘n sQfsehiab Q:Bb% s u‘é‘ﬁgéssﬁﬁe 59415

pounds. Exanple esl s of i nimde
fploumiér ef peleymanhyCoideand 235 pRurgk didi-t-af02 peliogiawsreofed

Ter ner, frgm Exappl e 24 .an rans of 0 .
REARE BT R RERER (st 2 50, Ay I BB Shnpdie and o

gty ﬁgfdxﬁieoéharélﬁ@ﬂ\?érétfhﬂ&edc%téﬁide%tur@bﬁ@@%ﬁctor was

control |l er and overhead condenser, receiver and

andinigined2a 180YC ffereanathagr. 1.5iheses. e reerisoMaveicaitd &ad§5°C

3 h i, eh h
PR PR MeS b e e SER 3R Aot P [efipd 8 as
Teldal 101C 4@l the proistire MasTdI@ avGamm ey f@ijlﬂt&k&dAﬁer
m xture was heated to 85-95C and the reactor

GHS FGHYERVI Diogso. SenBpaie WAS ¢Ra'PdGeA. 5 %%T Ws of
A A BTET e 0 b
nmdhﬂms dvrerragainod eorduat maalt@msfmfecgtb&; stoeage facikal gedotal

to.th eact Techar res ondedt0034 nol es
SRR o T REar AR e Gb S hBRe of anhydr i de i n
the Terpol yner and 0. 33 rml es of polyethyl eneoxi de

di am ne per nole of anhydride in the Terpolyner. The
reactor pressure control Egemgs28et at 750 nm Hg with

a head ace 30 chB/mn nitro .
The. SyalBRS P RHEd e S BB LORBIN AT B A
at a final tenperature of 165C for 1.5 hours. The
pressure was_gradually lowered to 100 nm Hg and t he

r 28 6ngra/xza§05€e@>o§m sendr@mpliedd eod Gam- hgrase 0300
co&# L3l ﬁ%r%ﬁ%}éggwé ' T_&}‘égé‘to%?ﬁ@{j&ﬁ WItErbegit%?cﬂ'Cfei‘Pﬁdpé(\?&re

ed "an I've  a ccinim4d
Zﬁ)&ﬁoﬁergpmﬁure depltdoting a@d bh@rhgeﬂebaﬁeme]cﬁﬁbenerahd off- gas

mpl e 26, EXx |es 27-36 were carri a
Sl 1o inee TADEDeY Mok 2B E%%tég‘eda%W? beia Fhe Separate

il 4eRie @ theWeSctor increased the oil concentration in the Terpolymer to a
total of 52.8 wi%. The agitated mixture was heated to 85-95°C and the reactor
head space was purged with 150 scm®/min of nitrogen. 55.4 grams of N-
phenyiphenylenediamine and 288.8 grams of a polyethyleneoxide diamine
(having.-an approximate number average molecular weight of 913) were
charged to the reactor. The charges corresponded to 0.34 moles of N-
phenylphenylenediamine per mole of anhydride in the Terpolymer and 0.33
moles of polyethyleneoxide diamine per mole of anhydride in the Terpolymer.
The reactor pressure controller was set at 750 mm Hg with a head space
purge of 150 scm®/min of nitrogen. The reactor was heated to 165°C over 2
hours and held at a final temperature of 165°C for 1.5 hours. The pressure

was gradually lowered to 100 mm Hg and the reactor was held at 165°C and
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added at the end during cool down so that the product
sanpl es were conpared on the sane concentration
basis. In Exanples 30-33, the vacuum distillation
period to renove traces of water was omtted. 10 Table
8 lists the kinematic viscosity (at 100C) of the
product sanples of Exanples 26-36, while Figure 1
nqm@m deder 3G ainHas deramovs gm@a@@s plowatgr.f ey riegetor was

SORSE 2% RS Bk e T8 f IS

dllutlon of the Terpol yner before t he |mdat|on

B e 0y DB EERGh 2 e

5 Wt%ﬁ'a%@%uﬁ{rﬁg‘&% H":%%fésvtm SRRk &ib%s%sci[%nﬂ%t@emomlwas
results 1n lower normalized product VISCOSItéﬁ
hadytedratiioe eadiduddg cpobdtwen se ittt die pyodust p&irﬁﬁ wefere
Table 7;, T rea NP DA an
ﬁ&%fﬁ%%ﬁé@;@ﬁg ﬁ@te Ortg'a% & W@ﬁ%po 33, the vacuum
Aﬂ@kflﬁah@ﬁgbnblﬁ’ﬁ’@«%rh@v&l%&ééﬁoﬁmt&melméd.Ter pol ymer
| uent NPPDA PEO DA Anhydri de Anhydri de Vacuum
_ Exam |e Preparation (9) (JCVR CMR Distillation
4,2 1 4
o SHRIEE Rt B il sl
Excdrpies 246-&35hie 9@&341 ﬁiasti’ata%hé.cﬁ)arﬁg'b 0. v&’i:o‘mﬁ foraBfferent
Exanpl e 25 1488.1 1147.0 62,1 327.9 0.33 33 rg (P
EqnFenEabens aigmse @0 the étfr@“lgs‘z’%m@*vems U@eé%e(‘r{ﬁ gqandas is
% RePhed &tr%%rrl\@ano%Z
5 %ﬁr@ﬂﬁg%&%@*@ gy oAt e e
Eean@d)reaﬂéctiﬂ%oﬂtcﬁm € 162 328, The usd o133 alan U’Bﬂ
' e 25 1488.2.912.0 61.8 327.9 0..33
15 EI%mﬁ vg‘ezéeiwgﬁsm%t@ﬁ @f@f'%ﬁcgaf?da%v'%%osgy d$§§ usé %g more
E&fiﬁf&luﬁs %5101@%@&122@% rod6dt s R Ty 9 The IdyHr 33 rmifakzed
"NPPDA: N-phenyl phenyl enedi am ne
product viscosity is preferred.
Table 7: Terpolymer reacted with NPPDA and polyethyleneoxide diamine
20
Reaction Charges
Additional NPPDAte | PEODAtO
Terpolymer Terpolymer Dituent Ol NPPDA PEQ DA | Anhydride Anhydride Vacuum
Example | Preparation (g9) (g) (g {9} CMR CMR Distillation
26 Example 24 2025.1 634.1 554 288.8 0.34 0.33 Yes
27 Example 25 1286.6 1380.C 534 283.5 0.33 0.33 Yes
28 Example 24 23500 285.4 63.2 3351 0.23 0.33 Yes
29 Example 25 1488.1 1147.0 62.1 327.8 0.33 0.33 Yes
30 Example 25 1488.2 801.2 61.8 328.2 0.33 0.33 Na
31 Exampie 25 1488.0 1148.9 61.8 3279 0.33 0.33 No
32 Example 25 1488.2 912.0 61.8 3331 0.33 0.34 Na
33 Example 25 1488.2 912.¢ 623 328.1 .34 0.33 Ne
34 Example 25 1488.2 912.0 61.8 3278 0.33 0.33 Yes
35 Example 25 14881 801.2 61.8 327.9 0.33 0.33 Yes
36 Example 25 1488.0 912.0 61.9 327.9 0.33 0.33 Yes

NPPDA:; N-phenylphenylenediamine
PEC DA: Polyethylenesxide diamine
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PEO DA: Pol yet hyl eneoxi de diamne '.. -61 Table 8:
Effect of diluent oil in the starting reaction mxture
on the product viscosity (normalized to sane oil
content) Total Product Viscosity Terpolynmer Product
at 46.2-47 wt% Terpolyner G| Content Ol Content Ql
Content Exanple Preparation wt% w% (cSt at 1000
debex@nipifect 2 digerg o m U\&Qt@ﬁm@zmaekaﬂmlétuz%oeih%pa%“-@t
Arosity gRrmrizesl i saneo)l zoserd) 499.5 29 Exanpl e 25
43.5 46.2 528.0 30 Exanple 25 35.0 46.2 549.8 31
Exanpl e 25 43.5 46;2 5&& 9 (32 Exanplie Bbdud8isdsitd6.|2
551. 9 33| Exanpl e 2513@yRer46. 2 Pbid 1 | 3datbcampe 25
38. 0 46. 2| 53fpokmer 3D Exedvphie (250185t 46. 2 @B2wB 36
Exame® 25 38&aRid6i2 5296 § |twes under gtieadrd)hat
Al t hegigh modifieat i onssaand Vari atéd ons| of thesi nventi on
can be madeswidBolt departiing fgeom the spisziet and
scopgs t hel egfmpid@l Y suedy |ijm taté onsi shouhdsbe
nposed as ak@nd-Bdiicated i n it he.appended ckapns. -62 |
NHAT 34 S CLAEMER S| 1. 3540 oill - sabubl €| | ubrkgat i ng [oi |
nddi & ve Copp@sdki On pegpar gd bysihe | process which
ConMprh Ses rg@g;@g@g 5 (9@)9 at |l easgzone| of thaofoll omi ng

COPOLYMEr $: Evample 25 38.0 46.2 557.1
34 Example 26 38.0 46.2 537.4
35 Example 25 35.0 46.2 562.8
36 . Example 25 38.0 . 46.2 529.6

It is understood that although modifications and variations of the invention can
be made without departing from the spirit and scope thereof, only such

fimitations should be imposed as are indicated in the appended claims.
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(i) a copolyner obtained by free radica

copol yneri zation of conponents conprising: 10 (a) at

| east one monoet hyl eni cally unsaturated C3-C28

nonocar boxylic acid or ester thereof, or C4-C28

di carboxylic acid, anhydride or ester thereof; 15 (b)
at |least one 1-olefin conprising about 2 to 40 carbon
Had 15 CLAIMEIALS: one pol yol efin conprising about 4
to 360 carbon atons and having a term na

opol 1. Zabl t r
\qll nyl %ﬁgcﬂe or Igll‘%r[%%ng%“ %%ﬁte\%g@ona%o%?aﬂnﬁagtpﬂ%dsbﬁ6he
t her epfoceandviich c@hph%teamnegrmnool efin conmpound
which is copolynerizable with the nononmers of (a) and

(b) and is selected fromthe group consisting of: 25

(1) a'@Aﬁl k)ﬁt le‘éberne Sﬁﬂﬂ%rfoﬁéw:nﬁrbc%loﬁ%e@ kyl ether
where 't

group is hydroxyl, "am.no,
di al kyl am no or al koxy substi tut ed or is

unsubstitu and ofe) nt ai ni.ng f,rom about t J
40 car bon Qfomsa CPE? g‘r?raﬂb@' e V:FE % &i aq];cogolg'%e?iggﬁén of
N-al kyl am de of C@npa@ﬂqgtda)yﬂl @iig@l |y unsaturated nono-

or -63 dicarboxylic acid of from about 3 to about 10
carbon atons where the al kyl substituent contains

fromabout 1t O(Eﬁbouét Iégst‘:&{t?%no@%icaﬁly unsaturated C3-Cag

monocarboxylic acid or ester thereof, or C4-Coza

dicarboxylic acid, anhydride or ester thereof;

(b} at least one 1-olefin comprising about 2 to 40
carbon atoms or at least one polyolefin comprising -
about 4 to 360 carbon atomns and having a terminal
copolymerizable group in the form of a vinyl,
vinylidene or alkyl vinylidene group or mixtures

thereof; and

(c) at least one monaoolefin compound which is
copolymerizable with the monomers of (&) and (b)

and is selected from the group consisting of:

(1) analkyl vinyl ether and an allyl alkyi ether
where the aikyl group is hydroxyl, amino,
dialkylamino or alkoxy substituted or is

- unsubstituted, and containing from about 1 to

about 40 carbon atoms;

(2) an alkyl amine-and an N-alkylamide of a

monoethylenically unsaturated mono- or
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(3) an N-vinyl carboxam de of carboxylic acids of from
about 1 to about 8 carbon atons; (4) an N-vinyl
substituted nitrogen-containing 10 heterocyclic
conmpound; and (5) at |east one 1-olefin conprising
about 2 to 40 carbon atons or at |east one polyolefin
conprising about 4 to about 360 carbon 15 atons_and
havi ng a terninal copol ygarbamlie ackkfdpm fbpHes fopRput 10
of ‘a vinyl, vinylidene o tomé & fdBB SN QUBsREent
m xtures thereof, provi gﬁrﬁ%tmthe oleeﬁlgn [ oyed
is not the sanme as the cbefdire Eoplabeed 1ito apoy{ #§ cagen
(ii) a copolyner obtained, by reacting conpound (i) (a)
and conpound(i)(b) in tﬁéoré?*esence of a free radical
initiator; (iii) a copolynmer obtained by (a) reacting
conpound (i)(a) 25 with cogpo_und (i)(b) or (i)(c). in a
non-free radical cébal yaed-viescartsxanide pecybexsyitcacids of
of copolyner (i) or copgl [ Léii r th: .b)
contacting copol ynmer (i )%O%}n%:oo gl%r?g)rou |gi rbooﬁ—{%%s(‘
with the non-free radical catalyzed reaction product
of conmpound (i)(a) and 30 conpound (i)(b). or (i)(c);.
with -64 (B) at |et5t ofB NeviRgls %B’t@éileéc'%%&%mmg
fromthe group consisti ”H?tE‘?‘g?ﬁ“C%H‘ﬁE’”H@?'é{ ine, a
pol yet her pol yam ne, a polyether amnho al cohol, a
pol yether am no thiol, and a pol yether polyol; and 5
(C) at |east. one ar tic,ampnpe. 2. The lubricatin
oi | additive _con'posf i _onaBl%aE{]%‘P%%fI?T{\bw%‘?'EPHS'N abodt 2 to
copolymer (iii)(b), sai digQRAbH BN dr fNeEQRMYPEYolefin
(ii) or both are
comprising about 4 to about 360 carbon
atoms and having a terminal copolymerizable
group in the form of a vinyl, vinylidene or
alkyl vinylidene group or mixtures thereof,
provided that the olefin employed is not the

same as the olefin employed in (i)(b};

(i} a copolymer obtained by reacting compound (ij}(a} and

compound(i}(b) in the presence of a free radical initiator,

(i)  a copolymer obtained by (a) reacting compound (i{(@)
with compound (i)(b) or {i)(c) in a non-free radical
catalyzed reaction in the presence of copolymer (i) or
copolymer (i) or both; or by (b) contacting copolymer (i)
or copolymer (i) or both with the non-free radical
cata!y;ed reaction product of compound (i)(a) and

compound (i)(b) or ((c); with
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contacted wth the non-free radi cal catal yzed reaction
product of 10 conpound (i) (a) and conpound .(i)(b) or
(i)(c) in the presence of conponent (C. 3. The

| ubricating oil additive conposition of claiml,

wherein in step (A) said copol yrrer (i), said

copol é# or said copoly E%%J is adm xed 15
vvith 'e%$tlonet%@leél§9”‘;ﬁpéﬂﬁéﬁ teg pmibg group consisting
copolyner [ C

A e e e o A e
di | ut ed coploblywea piodyadipert @mmlodbiol &0 pelyRhes polted and

| ubricating oil additive conposition of claim4,
wherein the total anmount of oil in the diluted

copol yrer aSehsiURaRVIMhatzOaWing t 0 about 60 wt% 6.
The lubricating oil additive conposition of claims5,

wherein the total 25 amount of oil in the diluted

2heCt S Tuialins B ReBlhve oot Giihm Popndield 2,
wher eb@pdlhﬁee(riﬂﬂf)TsQﬂWWnérB() ) drcopol@hdreiiner both are

pol yam ne bricating oil additive
conpoSPRpslFdorititing mersireqmadisnhcalaiyzep srapdipRaroduct of

I I
o5 arr el BRp =K e G e AR PR e 2T
to abouﬂnpSnezﬁr Bon atonms. 9. The lubricating oil
additive conposition of claim8 wherein the 5

oxyal kyl ene noi ety is oxyethylene or oxypropyl ene, or

Al Xt urgs |UBT'&%EI§QBH aln‘aitwylﬁ)rﬁfﬁ%ﬂi&%f' cf?ﬁnp"i I wBdrih tVetep (A)

conposition of Tlaim9 wherein the polyether
pol yaﬁ@ldelQpQIWr)(ljxy@ﬂhl}@ID@Wm&ﬂ (Andmeaid topalymeTHig) is admixed

{/\Aliglel‘% tdﬂgergt' (ljl ddr'eH/\f)?o&ucnﬁ)gogldtllu eréi cogpoy}n%rm 1

4. The lubricating oil additive composition of claim 3, wherein the total

amount of otl in the diluted copolymer is up to about 80 wt%.

5. The lubricating oil additive composition of claim 4, wherein the total
amount of oif in the diluted copolymer is from about 20 wi% to about 60
wi%.

6. The lubricating oil additive composition of claim 5, wherein the total

amount of oil in the diluted cobolymer is from about 30 wt% to about 50

wit%.

7. - The lubricating oil additive composition of claim 1, wherein the ether

compound (B) is a polyether polyamine.

8. - The lubricating oil additive composition of claim 3, wherein the

polyether polyamine is a polyoxyaikylene diamine wherein each
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copolymer is copolyner (i). 12. The |ubricating oi
additive conposition of claim1 wherein the 15

copol ymer is copolymer (ii). 13. The lubricating oi
addi tive conposition of claim 12 wherein copolymner
(ii) is polyPIBSA, obtained by the free radica

catal yzed reaction of maleic anhydride and

pol yi §@M@F?I%Wéf‘d’2t§w§ﬁ¥ capansmRM kerhd o rPodfurebea
conposgidhon of claim1l wherein the copolyner is
copolynmer (iii). 15. The lubricating oil additive
conposition of claim1 wherein the aromatic 25 am ne

i.s selected. fr.om r.oup consi stin f. .

& ary 1 Brenyioatitiel ARe sRiand dyim 8 wherein the
anm nookyuliagend Risty iaBkRaRpEsaRY okyprap@kae, or mixtures
am noperimdi ne, and aryl oxyphenyl eneam ne. 16. The
| ubri ey oi | additive conposition of claim15
wherein the 30 aromatic amne is

N-aryl phenyl enedi am ne. 17. The lubricating oil

addi t iMhe lateriadiag il eniddivedoatposittondfealiainnd therein the polyether
N- aryl phenyl enedi ani ne i s N-phenyl phenyl enedi ani ne.
-66 18° y"f’ﬂé”@ @b?qlﬁ%yﬁﬁ'@”%ﬁ digqHi€i ve conposition of
claim1 wherein conpound (i)(b) of copolynmer (i) is
pol yi sobut ene havi ng a nunber average nol ecul ar

vidi. ghfThéNtyricafing lod wtd diBeQzongpdsitonTdfeciaiobt mdere¢inghei |

“additive conpositi n of .claiml wherein (i)(a) is a

di car GBROVIET 5tPPOMRRY W i de or ester thereof. 20. The

lubricating oil additive conposition of claim19
wherein wherein 10 (i)(a) is maleic anhydride or
€t er Thiedulertsfating pil apiddeudnnmretiigigofoiipinad avhareie the

conposi ti f ' erein the nonoolefin of

(i )(c)"OPg'gQ‘e?-'So?‘ge‘?aq%%ﬁ 52 A I'ubricating oil

conmposition conprising a major anmount of an oil of

13.  The lubricating oil additive composition of claim 12 wherein copolymer
(ii) is polyPIBSA, obtained by the free radical catalyzed reaction of

maleic anhydride and polyiscbutylene.

14. - The lubricating oit additive composition of claim 1 wherein the

copolymer is copolymer (iii).

15.  The lubricating ol additive composition of claim 1 wherein the aromatic
amine is selected from a group consisting of N-arylphenylenediamine,
aminocarbazole, amino-indazolinone, aminomercaptotriazole,

aminoperimidine, and aryloxyphenyleneamine.

16.  The lubricating oil additive composition of claim 15 wherein the

aromatic amine is N-arylphenylenediamine.

17.  The lubricating oil additive composition of claim 16 wherein the
N-arylphenylenediamine is N-phenylphenylenediamine.
| | 66 -
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| ubricating viscosity and a m nor anount of the
lubricating oil additive conposition prepared by the
process which conprises reacting (A at |east one of
the followi ng copolyners: 20 (i) a copol yner obtained
by free radical copolynerization of conponents
conprising: (a) at |east one nonoethylenically
unsaturated C3-C28 25 nonocarboxylic acid or ester
tBer eghe IHricati D@%%dih%%ﬁﬁﬁ?&)ﬂdncof%iﬁ 1 hBYER icdmpdiund
ester thereof b) | east one 1-olefin conprising
about (igb} of ermoixcmtb(@ns absobotens hindag B MDY EHKRERSS | n
conpr | rbon atoms and havi ng
a ter H%Orkéa]ﬁ% %%g%ﬁgtn@{lﬁé éﬁ%&%o(ﬁog in the formof a
vinyl, vinylidene or alkyl V|nyI|dene group or

m xtures thereof; and -67 (c)_at |east one nonool efin

aantha Iyipriceking @il a@éﬁwﬁ;ﬂ@m%&@w@w 1 WOeRRSHEY & @
of (a}d %%%Pe\, aglan%ll\ iR cﬁrﬁs?é’r tf'\E- ¢t he group

consi st I'ng V|ny ther and an allyl
al kyl ether where the aIkyI group is hydroxyl am no,

i_al kyl anm no ralko substit ted or
A5 b SHETUA Gerting ) QOB SRR R Tk i 19 whsrea issgin
40 cag; F(%?ls‘%ﬁfﬁo ar(t%bn%@ Rldeydr agidee and an

N-al kyl'am de of a “nonoethyl eni cally unsat urated nono-

or dicarboxyli c acid of fromabout 3 to about 15 10

(‘qu boq'hat[%rr?ca ng o atdlgiﬁiv%l c%posutposnté clfa[m1 wherein the

monoolefin of (i)(c) is a 1-olefin.

22. A lubricating oil composition comprising a major amount of an oil of
lubricating viscosity and a minor amount of the lubricating oil additive

composition prepared by the process which comprises reacting
(A}  atleast one of the following copolymers:

() a copolymer obtained by free radical copolymerization of

components comprising:

(a)  atleast one monoethylenically unsaturated C3-Cas
~ monocarboxylic acid or ester thereof, or a C4-Cos

dicarboxylic acid, anhydride or ester thereof;

(b)  atleast one 1-olefin comprising about 2 to 40
carbon atoms or at least one polyolefin comprising
about 4 to 360 carbon atoms and having a terminal

~ copolymerizable group in the form of a vinyl,
vinylidene or alky! vinylidene greup or mixtures
thereof, and
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contains 1 to 40 carbon atons; (3) an

N-vi nyl car boxani de of carboxylic acids of from about
1 to about 8 carbon atonms; 20 (4) an N-vinyl
substituted nitrogen-containing heterocyclic
conpound; and (5) at |east one 1-ol efin conprising
about 2 to 25 40 carbon atons or at |east one

pol yol efin conprising about 4 to about 360 carbon

atoms and havingea t gf faaebn s ARAGKIERAIEANI RGN isn

the formof a vi nyI vi nyl i dene or al kyl" vinylidene
group or 30 mi xtur escomiyl@@flzalpiewifd@e mératmergef ¢hledich(b)
enpl oyed is not the sa as,_th efin_ enplo | Ne.
(i)(b): -68 (ii) a céBgﬁilﬁ%'?Ctggtf&?%%e %V”P&SE%‘S%Q of
conmpound (i)(a) and conpound(i)(b) in the presence of

a free radical initiator; (iii) opol yner obt ai ned

by (a) reacting conpblind gnyfia) V'n5| ehaigdapalivialkyl ether

(i)(b) or (i)(c) in a non rggﬁ{ aﬁh@;’t}r? é:%tra)dy&gp amino,

reaction in the presence copo

copol ynmer (ii) or both; omdﬂwlér’ﬁhmcmrﬁnaﬁ@lmgsmom ymer
(i) or copolynmer (ii) or both vvltgthe non- f
radi cal catal yzed reacti SRSyt #1d %%'BU‘WJ“(’T‘)QPSPH

and 10 conmpound (i) (b) ortc(é%fglgt)m rBBn%@m@t | east

one ether conpound sel ected fromthe group consi sting
of an ether pol yam ne, a poI yet her pol yam ne, a

pol yether amno alc et her hj d
a pol yet her pol yol ; g%d 18 n %fine and ﬁ( I'amxde G

monoethylenica[ly unsaturated mono- or
dicarboxylic acid of from about 3 to about
10 carbon atoms where the alky! substituent

contains 1 1o 40 carbon atoms;

(3) an N-vinylcarboxamide of carboxylic acids

of from about 1 to about 8 carbon atoms;

{4) an N-vinyi substituted nitrogen-containing

heterocyclic compound; and

{5) at least one 1-olefin comprising about 2 to
40 carbon atoms or at least one polyolefin
comprising about 4 to about 360 carbon
atoms and having a terminal
copolymerizable group in the form of a vinyi,
vinylidene or alkyl vinylidene group or
mixtures thereof, provided that the olefin
employed is not the same as the olefin

employed in (i)(b);
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(C) at least one aromatic am ne. 23. The lubricating
oi |l additive conposition of claim?22, wherein in
copolymer (iii)(b), said copolynmer (i) or copol yner
(ii) or both are 20 contacted with the non-free

radi cal catalyzed reaction product of conpound (i)(a)

d b
component [ty . 35Shainet bidbed Pherrhogatii g O(@) and
conposi tion of %rﬁb@ﬂu%?(u)(%ﬁﬁ!@é Brdsensé 8Pa (dk radieabmitthtor;
copol yner (i), said copolymer (ii) or said copolyner

(iii) is admxed with diluent oil, thereby producing

" di 1 ut od | , . S
composi ¢ 1 ol ot SELPRVRr FEne B, (s e d
oil in the dil uivad coa*@miuyan‘e(r)(b)&)rlm(cbm abontfregOranical 30
26. The lubricatin addi tive conposition

f cl
25, wherein theC@t@g@?d reaginn inghe aquqnﬁepﬁé%ﬁﬁvm%ég or
copol yner is erS‘&@WBf (i Qr Molfi: to‘? Spyéoﬁgctiﬁ@c@pdlﬁﬂef 0!

27. The lubricating ol dt I've C ositionof ‘cl
26, wherein theot ommiyman(n)mxr both with thennoméediradical
copolymer is from

L YTl et SR rea i micDe a At Jﬁc"”a%@ﬁs

the ether compeyndo(R (h®) @r BRLY Skifker pol yam ne.
The lubricating oi corrp05| tion of claim28, wher e| n

the polyether 10 polyam ne is a pol yoxyal kyl ene

ot By bl 507 B SRS A e bM Bk consisting
| ubri cati ngy @h|ett€é3rm%rh1n@naqfol3@t!@érm&\&\mvher&Ipblytelﬂeer amino

oxyal kyl ene noiety i's oxyethylene or oxypropyl
m it ur )e/s t éGaket, a gc:gyether gmingthuot and a po y%therypo?y(ﬁ and

(C)  atleast one aromatic amine.

23.  The lubricating oii additive composition of claim 22, wherein in
copolymer (ii)(b), said copolymer (i) or copolymer (i) or both are
contacted with the non-free radicai catalyzed reaction product of
compound (i)(a) and compound (i)(b) or (i)(c) in the presence of

component (C).

24 The lubricating oil additive composition of claim 22, wherein in step (A)
said copolymer (i), said copolymer (i) or said copolymer (ill) is admixed

with diluent oil, thereby producing a diluted copolymer.

25.  The lubricating oil additive composition of claim 24, wherein the total

amount of oil in the diluted copolymer is up to about 80 wi%.

26.  The lubricating oil additive composition of claim 25, wherein the total
amount of oil in the diluted copolymer is from about 20 wt% to about 60
wi%.
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31. The lubricating oil conposition of claim30
wherein the pol yether polyam ne is pol yoxyethyl ene

di ami ne. 32. The lubricating oil conposition of claim
22 wherein the copolyner is 20 copolyner (i). 33. The
| ubricating oil conposition of claim22 wherein the
copolynmer is copolyner (ii). 25 34. The lubricating
oi | conposition of claim33 wherein copolyner (ii) is

P, yp'ﬁ%ﬁubﬁ@ét%‘ "kﬁldacmf J@@orﬁb@ﬁtté 9[’ Gt Sogt\,%é(r%ﬁ'gthe total |

reacti on of mal € an uty ene

The | wmowdtof ng trothe djbmmsomlpmeofs fmra|abpﬂt23®\m%éorabout 50

the copglynmer is 30 copolymer (iii). 36. The

| ubri f'ng oil conposition of claim22 wherein the
aromatic amne is selected froma group consisting of
N—aryLPhen | enedi am ne, -70 am nocar bazol e,

248 no-ihedaberatingrail campesitien ehgrin 22.avkersin the ether

am nopb%%ﬂgﬁl qﬁ’co o .i t_ieg)ﬁloﬂgmﬁgeneam ne. 37. The

| ubri cati'ng oi aim 36 wherein the
aromatic amne 5 is N arylphenyl enedi am ne. 38. The

T T ST
39. T%] aH‘Pﬁché"é Hb%o?(ggalkg%'ﬁ@%éﬁw n%nmr‘{gr?ﬁs@édﬁ‘ ARylene unit

wher ei'n ‘compoun copol yner

pol yi sodividenlly bantaing feomaivbet 2 &v & cagematbesul ar
wei ght (M) of about 2300 40. The lubricating oi
conposition of claim39 wherein (i)(a) is a 15

QMParbﬂ%y%bﬁmﬁQMQmi@ﬂﬂﬁgéhgﬁoP&a%§E§&Wkﬁ@ﬁQﬁéoxﬂékwghé

| ubricating oil conposition of claim22 wherein

wher eimoiety) isaxyethylanel @i axyarpydrieder orixteesdihetdndr eof .
20 42. The lubricating oil conposition of claim22
wherein the nonoolefin of (i)(c) is a 1-olefin

31.  The lubricating oil composition of claim 30 wherein the polyether

polyamine is poiyoxyethylene diamine.

32.  The lubricating oil composition of claim 22 wherein the copolymer is

copolymer (i).

33.  The lubricating oit composition of claim 22 wherein the copolymer is

copolymer (ii).

- 34, The lubricating oil composition of claim 33 wherein copolymer (i) is

polyPIBSA, obtained by the free radical catalyzed reaction of maleic

anhydride and polyisobutylene.

35.  The lubricating oil composition of claim 22 wherein the copolymer is

‘copolymer (Hi}.

36.  The lubricating oif composition of claim 22 wherein the aromatic amine
is selected from a group consisting of N-arylphenylenediamine,
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-71 4 43. A nethod of making a |ubricating oi

addi tive conposition which conprises reacting (A) at
| east one of the follow ng copolyners: 5 (i) a

copol ymer obtai ned by free radical copol ynerization of
conmponents conprising: (a) at |east one
nonoet hyl eni cal |y unsaturated C3-C28 10 ]

nonoc AFHRGATPRZURI amiBe-iBdazninpRer epmongrcaptoiazel,

di car (orar:TeTNo | [ -t hereof; (b) at
Ieastggﬁ§h¥?gﬁgpgha§@% ?ﬁﬁﬁﬁﬂgﬁﬁﬁ%ﬁﬁﬁéo 40 car bon
atons or at |east one polyolefin 15 conprising about

4.to0 0 .carbon atons and having a ternin
SZoo1 J Re i

| o
pol y REABIARIRY Sl GgpRGsHiaReof ¢ mﬁ%whswﬁm aromatic amine

vi nyl i 0QngyIBheAlikYbd¥4iHye | dene group or m xtures
thereof; and 20 (c) at |east one nonool efin conpound
which is copolynerizabie with the nononers of (a) and

d,is.selected fromth , f: (1
3 a1 TP GG e ST S ROPrenTe 25
wher e N-Agipteryler@tiiniing $s RYSHOXW hengdnd@iamine.
di al kyl am no or al koxy substituted or is

unsubstituted, and containing fromabout 1 to about

NPl by P cPo o1 b losih &l 2 VR R Ry i) o

or dicopsibewyl(ih & peliidobhiche drvRgauhudbto aadadt Molecular

carbon atons where the al kyl substituent
weight (Mp} of about 2300.

40.  The lubricating oil composition of claim 39 wherein (i}(a) is a

dicarboxylic acid, anhydride or ester thereof.

41, The lubricating oil composition of claim 22 wherein wherein (i)(a} is

maleic anhydride or ester thereof.

42.  The lubricating oil composition'of claim 22 wherein the monoolefin of

{(H{c) is a 1-oiefin.
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-72 contains fromabout 1 to about 40 carbon atons;

(3) an N-vinyl carboxam de of carboxylic acids 5 of-
fromabout 1 to about 8 carbon atons; (4) an N vinyl
substituted nitrogen-containing heterocyclic

compound; and 10 (5) at |east one 1-olefin conprising
about 2 to 40 carbon atons or at | east one pol yol efin
ddnpr Psinethcabaiunaking @ labocatingcd! addithencompositiommdrich
havi ng_a term nal. copol ymeri zabl e group in the form of

a vingp?m”fgs5%%§wgdene or al kyl vinylidene group or

m xtures thereof, provided that the olefin enployed

is not the sane as the olefin enployed in (i)(b); 20
(iii) (A) copblepsbenepi Biedetlowiareapeiinme scompound (i) (a)
and conpound(i)(b) in the presence of- a free radica
initiator; (iii) a copolyner obtained by (a) reacting
conpound (i) (a) awdpblyeesmshinigiediby(fhe erdiddl copdlymeriaation of
non-free radi cal 25 catal yzed reaction in the presence
of copol yner (i FOBWONEBEAYRRISNGi) or both; or by (b)
contacting copolyner (i) or copolyner (ii) or both

with the non-free radical catalyzed reaction product

of conpound (i) (@) aatieasbopeomahogihyldicalty (n9atepied C3-Cos
with 30 (B) at |east one ether conpound, sel ected from
the group consi sti ngMBPCEPRYHePCHS\ERlEFHRETERT or a ECas
pol yet her pol yam ne, gpapabyat Beld arhpridebeestel thereof,

pol yet her ami no thiol, and a pol yether polyol; and
(b) at least one 1-olefin comprising about 2 o
.40 carbon atoms or at least one polyolefin
comprising about 4 to 360 carbon atoms and
having a terminal copolymerizable group in the
form of a vinyl, vinylidene or alkyl vinylidene group

or mixtures thereof; and

(c) at least one monoolefin compound which is
copolymerizabie with the monomers of {a) and (b)

and is selected from the group consisting of:

(N an alkyl vinyl ether and an allyl atkkyl ether
where the alkyl group is hydroxyl, amino,
dialkylamino or alkoxy substituted or is
unsubstituted, and containing from about 1

to about 40 carbon atoms;

('2)‘ an alkyl amine and an N-alkylamide of a
monoethylenically unsaturated mono- or
dicarboxylic acid of from about 3 to about
10 carbon atoms where the alkyl substituent
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-73 (C) at least one aromatic am ne. 44. The

| ubricating oil additive conposition of claim43,
wherein in 5 copolyner (iii)(b), said copolymer (i) or
copolynmer (ii) or both are contacted with the
non-free radical catal yzed reaction product of

conpound (i) (a) and conpound (i)(b) or (i)(c) in the
presence of conponent (Qantdios4®m Fheutl Ul aleatidfigcasben
addi tive conposition of claim43, wherein in step (A
sai d copolyner (i), said ¢8B8Fymer (ii) or said
copolynmer (iii) is admxed wth diluent oil, thereby
producing a diluted copolyner. 46. The lubricating oil
addi tive conposition(3®f ckaNwingcatiespaide phearpgydic acids
15 anmount of oil in the dj I ' :
about 80 W% 47. The Cunt i ?ar?g%ﬁgﬁﬁé‘gﬁéﬁ?55&0“%‘“3'
conmposition of claimd46, wherein the total anount of

oil in the diluted copolyner is from.about 20 wt%¢ta .
about 60 wt% 20 484 Theah hb¥ingka by t‘g? “Eﬁﬂ’&ﬁf‘ﬁ?@t@‘”mg

conposi tion of claim47, ubersdRitBsmbstiad: ammount of
oil in the diluted copol yner tl%g)%f]rom Ebout' 30 % to
about 50 wt% 25 49. A nethod of inproving soot

di spersancy in an internal, conpustion . engine.wich
conpri ses operating zfﬁe eﬂb'leﬁgpg\'}i“? LY ?%Pﬁ%% ?%811’(2’{0
oi | conposition conprisiAg cArkH KondBuatticddt odiel padfolefin
| ubricating viscosity and an effective anmunt_ of the

“lubricating oil additive composingiaheubft to@pbaihs@l carpen

atoms and having a terminal
copolymerizable group in the form of a vinyl,
vinylidene or alkyl vinylidene group or
mixtﬁres thereof, provided that the olefin
employed is not the same as the olefin

employed in (i}b);

(i)  a copolymer obtained by reacting compound (i}(a) and

compound(i)(b) in the presence of a free radical initiator;

(i) a copolymer obtained by (a) reacting compound {i}(a)
with compound (i)(b) or {i)(c) in a non-free radical
| catalyzed reaction in the presence of copolymer {1} or
copolymer (i) or both; or by (b} contacling copolymer n
or copolymer (i} or both with the non-free radical
catalyzed reaction product of compound (iY(a) and

compound (i)(b) or (i)}{c); with

(B)  atleast one ether compound selected from the group consisting
of an ether polyamine, a polyether polyamine, a polyether amino
alcohol, a polyether amino thiol, and a polyether polyof; and
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49.

(C) atleast one aromatic amine.

The lubricating oil additive composition of claim 43, wherein in

copolymer (iii)(b), said copolymer (i} or copolymer (ii) or both are
contacted with the non-free radical catalyzed reaction product of
compound (i){(a) and compound (i){b} or (i}(c) in the presence of

component (C).

The lubricating oil additive composition of claim 43, wherein in step (A)

~ said copolymer (i), said copolymer (i) or said copolymer (iii) is admixed

with diluent oil, thereby producing a dituted copolymer.

The lubricating oif additive composition of claim 45, wherein the total

amount of oil in the diluted copolymer is up to about 80 wt%.

The lubricating oil additive composition of claim 46, wherein the total
amount of oil in the diluted copolymer is from about 20 wt% to about 60

wi%.

The lubricating oil additive composition of claim 47, wherein the total
amount of oil in the diluted copolymer is from about 30 wi% to about 50

wit%o.

A method of improving soot dispersancy in an internal combustion

engine which comprises operating the engine with the fubricating oll

.composition comprising a major amount of oil of lubricating viscosity

and an effective amount of the lubricating oil additive composition of

ciaim 1.
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