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COVPCSI TION 5 FIELD OF THE | NVENTI ON The present invention pertains to

| ubri catwa@1/#947 conpositions conprising 10 interpol yne?g'r’!:‘g??(za?‘ﬁi ng (1)
et hylene; (2) one or nore vinylic nononers selected fromthe group

consi sting of aromatic, hindered aliphatic and cycloaliphatic vinylic
nononers, and (3) one or nore polynerizable C3 to C20 ol efinic nononers.
These polynmers serve as viscosity inproving agents. 15 BACKGROUND OF THE
| NVENTI ON The viscosity of lubricating oils, particularly the viscosity of

m neral oil I | I on
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Vi scosity inppro ers are discussed hy Ra d. "L ri cant Add tlves",
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al kenyl ar enm&ﬁbﬂsgﬁﬂé) Sh& B mofd ﬁd}ﬁaérmsrescﬁoecml@lam mambﬂersprmge art to
be effective viscosity index (VI) inprovers for lubricating 30 oils. US.

Pat. Nos. 3POlymersserveds Miseesityampoving agem80, 905 (Sorgo): and 3, 772. 169
(Small et al.) are concerned with the use of hydrogenated random

but adi ene-styrene copol yrrers as VI i nprovers for lubricating oils. These
copol ymdps BACKHGROEL Oj A PCT/ USO0/ 29395 t he copol yneri zati on,
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oil is increased, the viscosity usnally decreases.
The function of a viscosity improver in lubricating oil compositidns is o
20 reduce the extent of the decrease in viscosity as the temperature is raised or to reduce
the extent of the increase in viscosity as the temperature is lowered, or both. Thus, a-
viscosity improver ameliorates the change of viscosity of an oil containing it with
changes in temperature. The fluidity characteristics of the oil are improved.
Viscosity improvers are usually polymeric materials and are often referred 10
25  as viscosity index improvers. Many patents relating to viscosity improvers a;re
discussed by Ranney (Ed.), “Lubricant Additives”, Noyes Data Corp. (1973), pp 93-
145.
) A number of hydroocnated alkenylarene—conjuvated diene mterpolymers are. . '
" known in the pnor art to be effective v13cos:ty index (VI) nnprovers for lubricating
30 oils. U.S. Pat. Nos. 3,554,911 (Schiff et al.); 3.630,905 (Sorgo): and 3,772.169
(Small et al.) are concerned with the use of hydrogenated random bﬁtadiene-st_vrene

copolymers as VI improvers for lubricating oils. These copolymers are prepared by



5 characteristics of hydrocarbon oils by addition of normal nono-olefin
polynmers. U S. Patent 3,772,196 (St. Clair et al.) describes |ubricating
oi | s {W¥o1l30848r Nal conbustion engi nes that have w de RCIMSNRAIS e operati ng
characteristics. The conposition contains a conbination of a 2-bl ock
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covered by al ph@o%@?‘%%ﬁfg%g‘gy?ﬁlﬁc apﬁo‘% r QuBRERHEE M 16PH Y ndom

i nt er pgl y ahdractéxistics 6Ehydebdatbonrils by akiditishl 6 ndtal Rlohy-bRAia/pélyiyers.ar omat i ¢
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ar e dd€cr ifoddsoprene). ockParide nértdin pédr PEiGt depredsentpanh \anlmbsicamt stdok Hayimeg now

found useful i.n the | | cafd Ng oil conpositions of this 25 invention are
descri bed g1§f0ﬁ§y§pgga?tjépmea§t,aé§72, 201. Other patent publications provide
limted generi ovamf Gh@nGemhasc ifohp@ky dielis copolyghidiy bt/ siior laein@é adpphed- ol ef i n
materials. Exanples 1n JP 07/278,230 are |inmted to 2 nole percent or |ess
i ncor por atbiegk GPPolymEsencThe, iBfempaluners of phe- BF@RG ANYHHBR y#fEr EndRBNe of

t hese ref qhéwngrg_aches the wuse of such polyners as viscosity inproving
addi tives for lubricating oil 30 conpositions. 2 WO 01/30947

PCT/ USX 29395 Thel geregighcless of i matesjals reoveredl r by vatpharqiefin/hiadgred tvinyisnt i nue to
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| ubricating applications,” and = especi y those based on

al pha- ol ef ¢thylenexihylcaramatic ropomen imepgymersdl kagwn dn itlyd ame/For gxample,
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interpolymers as described in EP 415815 A, offer a range of material structures and

20 properties which makes them useful for varied applications, including the
compatibilization of blends of polyethylene and polystyrene as described in U.S.
Patent 5,460,818. Random copolymers of aromatic vinyl monomer and an alpha-
olefin having 4 to 12 carbon atoms are described in U.S. Patent 5,244,996.
Interpolymers of the type now found useful in the lubricating oil compositions of this

25  invention are described in U.S. Patent 5,872,201. Other patent publications provide
limited generic reference to terpolymers of ethylene/styrene/alpha-olefin materials.
Examples in JP (7/278,230 are limited to 2 mole percent or less incorporation of
styrene in ethylene/ alpha-olefin copolymers. None of these references teaches the
use of such polymers as viscosity improving additives for lubricating oil

30 compositions.



5 as viscosity inprovers for lubricating oils and as thickeners for

| ubricating greases. Desired inproved or superior characteristics to

currentys pf the art materials can include, but aperfgjosoigdi ted to

perfornmance characteristics such as extended tenperature range of :

application and | ow tenperature performance and i nproved conpatibility .

with a variety oflthougk offutilityoin théit ohe right,Celforts \congRuel fakthyr &pahdiedel C 0i | s

10 and high Viis%%iti ty i pdex base stocks. The in}ugr,pol nmers_used in the
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of this invention provide an effective technology to address such needs.

15 SUMVARY hylemefstyrmpeimroplymes. Jubsesiingiapplicatiprfinelafe niesofithe pelymersat i ng
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viscosity and a ?ﬁ?}ggﬁéﬁv%rggggu%ﬁ@dlnq rogivi ng sam‘::)unf:, o¥ a 5%55‘%%#’% ly

random i nt ePgsited impraved of supegiof charageristicsetol curnent ftate of thart afeterialsi@ns t o :

about 98.5 ; per.cent ' e, o] t.:Q. 5 b 20 nol e
R85 SHCARE R b, i Cpohalce OBy (b 8 Bkendil

percent of ‘one Gr nore Vi € group si sting
of ar onat | empbiate ratgeadfl goplitation anidlowy cdmpetatys aperiormante| angt improvedr s; and
(3) fromabout .1.to about 80 |, rcent. of .one _or nore ol efinic, nononers
havi ng 1 onfBREEBLEG Y & yarett Bosits, SBrCAERE RGRRs: Croas SR fis
i nventi @ paid @R YistesityuladCodsk RebcRi. | Tﬁ@rlﬁgeagmwr@fsslxse@@n SRNRbHSARY oil

I nt er pol yners conpri si ng. (1) from about to about 98.5 nol e percent of
et hyl ene’ ( 2§ompasitions itthis, mvensio se tlessocastly sopwparednio bydregepatad| vievlisononer

selected f : . | ' is : | tic, and
cycl oal  phar e ool AR B e, e e B R B A o
percent of efifestive teghpadogy; to addreggapcloneets.ni ¢ nononmers. 30 I n one enbodi nent,
the interpolynmers of the present invention can conprise any three such
nononers enunerated herein; these interpolynmers can conprise the 3 1IiTT
WO 01/ 30947 SEMYIARYOOFTIHISINVENEON nuner at ed pol yneri zabl e nononers, with
the third nono 3) bein ne t 0.0l efi.nic noner. The
I nt erpol yners g?f ’t’%}g ?'ﬁs’gg?"%f)ﬂ\féﬁfef cfﬁ l%rhcaﬁlég { %‘ece°“é}$%9‘§f?§}s 88%’8?1‘%?,

major amount of an oil of lubricating viscosity and a minor, viscosity improving

amount, of a substantially random interpolymer resulting from polymerizing (1) from
about 19.5 to about 98.5 mole percent of ethylene; (2) from about 0.5 to about 60
20  mole percent of one or more vinylic monomers selected from the group consisting of
aromatic, hindered aliphatic, and cycloaliphatic vinylic monomers; and (3) from about
1 to about 80 mole percent of one or more olefinic monomers having from 3 to about
20 carbon atoms.
One aspect of the present invention pertains to lubricating oil compositions
25  comprising interpolymers comprising (1) from about 19.5 to about 98.5 mole percent
of ethylene (2) from about 0.5 to about 60 mole percent of a vinylic monomer selected
from the group consisting of aromatic and hindered aliphatic, and cycloaliphatic
vinylic monomers, and (3) from about 1 to about 80 mole percent of one or more Cz
to Cyy olefinic monomers.
30 In one embodiment, the interpolymers of the present invention can comprise

any three such monomers enumerated herein; these interpolymers can comprise the

2pplisatiens. c¥ifpared to



conpound or substituent not specifically enunerated herein when desired.
Also, the 5 present invention can be free of any conponent, conpound or
subst&kﬁﬁﬁﬁ%ﬁven t hough such conponent, conpound or spdFUSIOREI Was
originally believed to be a-part of the inventiifi. The interpolynmers of
the present invention provide an inprovenent in one or nore of the

proper t i eshree efurperated polysietiyatile) thonomers| with itieethird gnamoher {3)deingomeved 10
conpatibilihg '}h a wde variety of oils of lubricating viscosity,

especi al | §© ‘g‘m’ e PPEMEY i ndex oils and particularly synthetic oils.
"DETAI LED DESCRAE! itdergdtynidre of MyvE-iidseXy ifiéntiorain"Beefrp® lof ray "contponard her ei n
to indicate a polynmer wherein three. 15 different anoger_s arq#ollaglnerized
to make t FEMPERRM,PLSHRbSUIuEH Dot gpegifically, panmespiod bevein when gesigd, Msp, e | ndj cat e
a pol ymer pi\eheihleriidh@en B¢ rri®6andichmPbient, cofpBoREsSsubsttuifeyéibihbigd to make
the interpolynmer. The term "substantially randonf in the substantially
random i ntsaeh epmpenent, sompeunsi ofpubstityans was opgmally belinved (@ kg pinartaf bt i ¢
nonomers Q. 'tilagered al i phatic 20 vinylic nonomers, and one or nore C3 to
C20 ol efinic nononers as used herein neans that the distribution of the
mononer s of saiThe integpabyrhersref theapredent inlesntiontpeavithy an ithproBemens ah lohe or

statistical nodel. or by .a first or second order, Markovi.an statistical

Todel | as TEECH HEIPBpUTes shétpis JiseBSRn aeR hahpaif R i Fbdied ) o
Car bontgl3 dduipatibiling Gvith s adasrivariéty esfsoilsNefvinteicktingl 9i8d)sity 2 Bspepially Thighb .
Preferably, the substantially random i nterpol yner does not contain nore
than 15 peY’é"é’ﬁ’ctyH?L‘Jiel‘Hgs‘ﬂS’tP&F“c& r?ﬁ'n@F"‘W‘FFyI ic aromatic nonomer in bl ocks
of vinylic aromatic nononer of nore than 3 units. Mre preferably, the
interpolynmer is not characterized by a high degree of either isotacticity
or syndi ot RELA DESCRIPHON OF THEINVENHENCar bon- 13 NVR spectrum of the

bstanti al | lom.i ALer RAlATRT - | th
i chai n ot ot teBbRReY TR wlelbherthn RS B ASp BN E MR, Mish 0oc "°
repr estht i diffesint heonomen dieacbadpoerized eto omakeactbei terpilpmies equBrcesmshoul d

t dw. f,.th t al. K f th ' hai,d hyl
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fromthe | ewasmeslarepdlgmerided toifake theddtespolymer.ncr enent s of one unit provi ded

that there is a,ns]g F%gr;nat'sluggtar?tgall?’t ralngglnsl't in the substantially random interpolymer

comprising ethylene, one or more vinylic aromatic monomers or hindered aliphatic
20  vinylic monomers, and one or more C; to Cy olefinic monomers as used herein
means that the distribution of the monomers of said interpolymer can be described by
the Bernoulli statistical model or by a first or second order Markovian statistical
model, as descibed by J. C. Randall in POLYMER SEQUENCE
DETERMINATION, Carbon-13 NMR Method, Academic Press, New York (1977),
25  pp. 71-78. Preferably, the substantially random interpolymer does not contain more
than 15 percent of the total amount of vinylic aromatic monomer in blocks of vinylic
aromatic monomer of more than 3 units. More preferably, the interpolymer is not
characterized by a high degree of either isotacticity or syndiotacticity. This means
that in the Carbon-13 NMR spectrum of the substantially random interpolymer the

30 peak areas corresponding to the main chain methylene and methine carbons



5 2 units between any |ower value and any higher value. As an exanple, if
it is stated that the anmount of a conponent or a value of a process

vari abl s, for exanple, tenperature, pressure, _iJ the |ike
IS, for‘ggi’%r‘g, froml to 90, preferably from 20 to §E*R§%r gk'|3ref erably
from30 to 70, it is intended that values such as 15 to 85, 22 to 68, 43

to 51, 30 tpenadnBhse; Al ' L fication. For 10
val ues which ar es{,%glgﬁ?%ﬁét%gé%u\ﬁg&&%i S coh@?%&%ﬁ%‘ﬁ%‘%h&%&%% 0. 001,

0.01 or 0. 175 nercenynfithgpiota peak arerefthe maingghain ethylpheandonethina catbens.

et voen the. | owded s vhles rARRT e AT A0VRATudt BT 7

consi der ed thoufper ealpe isintemehiiof dné onit piosided fHat thetd iom separstionsdfat least manner .
15 The it ol yners used in the | ybricating.oil conpositions of the
present ° i E’HF?"SH"?B&BV?% era\{arqeéaggtany ﬁ*ﬁi’&r e PR AR SRR L IS ptleds r om
about 19.5 th& thd@tibunt 982 omporhCordValud 600probas vardibld Such S Uor Sampl®r €
preferably from about 30 to about 94  nple percent of ethylene; (2) from

about 0.5 t'EMBHBYFS. BIPsSYsr.dimas and e likoih fon sxample.fgom 449, 4P, prefer m

preferably Hy 1880246 préfetaBlyAHRGH B0 20 700G B iMEHded Mat YaluedKich as Eda 52,?2ar omatic
vinylic nmononers or hinderéd aliphatic vinylic nononers, an 3§ rom
about | to alSutt380 51pP0fteriRoety. dre exprebaly enumerated o Jhis 6pecifieationprisrer abl y

om0 vl AOHS 8Pl 56 65 Rps BB BB R GRS 0
is 100 nol easpappoapmiate. Thbesaedrg lohlyaereampies ofovbatuis sspecifcailyt infelvdadl hndhllt he

10, 000, pr cleay B Binsfiou RO St el etsieriahe bizber o
from about GfheOiimetatatbardtto BbGomderedMvdl eCexpedssty \wtataiinsthiafapphicariby g @car bon

pol ymer are.%ﬁterm' ned using well known nmethods described in the
literature. S"BY¥BI®E™of procedures for determining the nol ecular weights

are gellyperneat it mbrHETHneE" @B Yin ((f€Rbrlcalisd off WMpositiond 4L 1R predditon 30
chr omat ogr aphy). and vapor IDhase osnonetry (\7PO). These and ot her procedure

are descr i BY¥IUCR CREREFD Aislepti piee diffesent monomess, K1) fromyabounyd.H 19 3bmu 7 |

PCT/ US00/ 29305, pReferablfy fRinY aboutd4 fFdbahess, %&@H&%ﬁy fHEMbeit30 to abktk 68! |
University Press (1953), ChaJater VI, p 66- 316
mole percent of ethylene; (2) from about 0.

J) to about 60, preferably from about 1 to -
about 55, more preferably from about 1 to about 50 mole percent of one or more '
20 aromatic vinylic monomers or hindered aliphatic vinylic monomers, and (3) from
about 1 to about 80, preferably from about 4 to about 65, more preferably from about
5 to about 50 mole percent of one or more C; to Cyg olefin monomers. It is to be

understood that the total amount of (1), (2) and (3) is 100 mole percent.

The weight average molecular weight (M,) of the interpolymers of the

25  present invention is usually greater than about 10,000, preferably from about 50,000
to about 700,000, more preferably from about 80,000 to about 350,000. Molecular
weights of the hydrocarbon polymer are determined using well known methods
described in the literature. Examples of procedures for determining the molecular
weights are gel permeation chromatography (GPC) (also known as size-exclusion

30 chromatography) and vapor phase osmometry (VPO). These and other procedures are

described in numerous publications including:



"Macronol ecul es, an Introduction to Polyner Science", F.A Bovey and F. H
Wnsl ow, Editors, Academ c Press (1979), pp. 296-312, and 5 WW Yau, J.J.
Ki 1kl aifp1Rgss;0- D Bly, "Mddern Size Exclusion Liquid péhussmbsgr aphy”, John
Wl ey and ons, New York, 1979. Ml ecul ar wei ght:"val ues referred to herein
~are direct nol ecular weights determned using GPC with nultiangle |ight
scattering andppefRias! i“PentipRS Xoff Polymée t CemistPy”, S06HelP NORiOeksitE SPREsS
described jn_the literature, for exanple in Barth et al., 10 Chem cal

Anal ysi s, 75P). Chepter Vil BR 203 Rods of Pol ymer Characterization", John

“Wley & Sons, (Wa8binolddulR8 annR6&5tE0R So PBRineF 8Bich&:"UFed Bdvey ufg FIrC
enpl oyi ng__ pol ystyrene standards. It is Sart lcularly preferred that the

i nt er pol y¥éinslow, Egiters, Aspdemicdiress{1979)pmx: g¥0-3kdbrandEspecial |y preferred is
the tegpol ynmer gpher & )1y D odp "8 d MOVIRE> oner,
nmor e p?ef erably 'st'y?lgﬁ’e?g'g%&%g?rp%ﬁeﬁfﬁ( %}'l s;&\5 an alr%ﬁéa%c’)‘?ﬁg?%[’h %&v@g from 3
t o about Chrematbgraplay”odnhn Wileyearnr SxneMdsh Wodnd9@9. nore ol efinic nononers
selected from roup consisting of .pr l.ene utene-1. -4-net hyl -1 -
pentene, pente cﬁi, kﬂe&@ﬁg- fa@ﬁgbl 8?5‘?129 %Péefﬂearﬁr‘ggegﬁtm?lﬁq}’éﬂt WS’&WS
parti cul ardetenined assiy GPE with| audlfignglenighl yeateting ad@ refractive index for

et hyl ene! st yrene/ propyl ene; ethyl enel styrene/ 4-net hyl -1 - pent ene;

ot hyl one/ SEFFUSTL/SICH Biosires are SRFFBRLINDS TS, {5 s5ampledn Barh et al.,

et hyl qoe/ tnenBed | AratyRisl VBB 11 NGRS MEtRIER -of PRl st CiibackRzRridt? &S Of

al pha-ol ef i ns. which can be enployed as ol efinic nononer(s) (3).|nclude
for exanplWiley RoSensg §HH94). nOther iprensrwres ghat sampbe usesl inglude SFR(heRplaying 3 to
about 12, S%g{ees Ly from3 to about 8 carbon 25 atoms. Suitable
olefinic orers I ch can be enpl oyed as ol efinic nononer(s) (3) include
strained ring dte$ipmsticulerly psfermdbthanahe. infeapdljyroed af | thiss inivestidre issa ol ef i ni c
nmonomner ( S) Lncl yde propyl.ene, . 4-net hyl -1 - pent ene entene. 1, hexene-1,
octene- 1 tgx%giyg}f e ngé-jpfgg{}%@}{egf%?q i 8’%‘5&%’#%&? ‘(’Eﬁrm&o%‘gg?%'f’“ﬁ f‘ef)t)l B hi nder ed
al i phats c aomatic yimyhahiopbmed, enoat pfdferabigstyterdd, rad compenent {3)risrdagpiant (2) 30
Suitable vinyljc.arpmatjc nononers for use as canponent (2) include, for
oxarpl e, HELL b BEB AbBy T o TaR S THRaL e AbHPTE S

PCT/ US00/ 2382meré\selected from the group consisting of propylene, butene-1, 4-methyl-1-

pentene, pentene-1, hexene-1 and octene-1.
The present invention particularly concerns the following terpolymers:
20  ethylene/styrene/propylene;  ethylene/styrene/4-methyl-1-pentene; ethylene/styrene/
hexene-1; ethylene/styrene/octene-1; and ethylene/styrene/1-butene.

Suitable alpha-olefins, or combinations of alpha-olefins. which can be
employed as olefinic monomer(s) (3) include for example, those containing from 3 to
about 20, preferably from 3 to about 12, more preferably from 3 to about 8§ carbon

25 atoms. Suitable olefinic monomers which can be employed as olefinic monomer(s)
(3) include strained ring olefins such as norbornene. Particularly suitable as olefinic
monomer(s) (3) include propylene, 4-methyl-1-pentene, pentene-1, hexene-1, octene-
1 and butene-1. The olefinic reactant (3) does not include hindered aliphatic and
cycloaliphatic olefins as defined herein for reactant (2)

30 Suitable vinylic aromatic monomers for use as component (2) include, for

example, those represented by the followin g formula:



(CH2)n R1- C=CH2 wherein Rl is selected fromthe group of radicals

consi sting of hydrogen and hydrocarbyl groups, preferably al kyl or aryl
groups ﬁﬁﬁﬁﬁkally al kyl radicals 5 containing from bchRisgfides 4 carbon
at ons XWP re preferably hydrogen or nmethyl; and Ar is a phenyl group or a
phenyl group substituted with from1l to 3 substituents selected fromthe
group consisting of halo, Cl.4-alkyl, agand Cl.4 hal oal kyl; and n has a

val ue fromzero to about 6, preferably fromzero to about 2, nore
preferably zero. Exenplary nonovi nyl(CBpr omati c nononers ‘i ncl ude styrene,
vinyl toluene, alpha 10 methyl styrene} t-butyl styrene, chlorostyrene,

I ncluding all isomers of these cqﬂpGQﬁde}hand the like. Particularly
sui t abl e such nononers include styrene and | ower al kyl- or

hal ogen-substitut ed derivatives thereof. Preferred npnoners include
styrene, aMbemim® hyis sslegledfeom tthe granpepf sadicals comsigsingngfi hydrogensamsbt i t ut ed

deri ' hq-, - : - , th
ing. nal ogiabereHLERNg. pHfchil] TS o lefouns "aelBN MR RS, "

the |i k. Aomuinimgfrem érto atoutrfocachanraérms aral moeet preferabiyohydrogen artryetieyie.

Sui tabl e "hindered aliphatic or,cycloaliphatic.vi.nylic nononers” for use as
conponent s MOAT & PrraaY 8P OF &, SR SAfinue Wi ror 1R o ipedtuents
cor r espondisélectédfroinithe MFQMMnEW HbAC, Fakyl2 Bnd ey kaledlkyl; i Rasw R i s
selected fromthe group of radicals consisting of derogen and hydrocar byl
groups, pr &hius 0m, Zeroig |abgt & prefergbly fsam zgxo,tocabont ¢. moRs, prefesghly. 2¢1e-
cont ai ni ng gk hfdnahaiiic droRfafid SRondhiRASindltde Wréned Valye talilae, hogen or
met hyl ; 25 andmlgé i sna s?!ecri cally bul ky, lal | phat’i ¢ eEub_s}'?i t uent Ql(gj\ up to 20
car bond90 omeghyissynens.i \outyl surensd ciierostyiraenhdnclpding allr isamersy of ethesBy t he
term"steri.cal u ol ol 3 A ' .
substi t uentcsx?lg$%grg’na ?eil%kgégﬁg&g tsgﬁgaf?ﬁ %%ﬁ po: yner I Zat |eo£r§ﬁe{f)€h§qt andard
Zi egl er - Naflowerpdity}-ner hategenesnbstiauted gearivatives thereoft Prefempd mxinbmersi intiudg hyl ene
70011 W . 01130947 PCTI US00/ 2939 i i.ons. Prefernr i nder ed
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of styrene, such as ortho-, meta-, and para-methylstyrene, the ring halogenated

15  styrenes, para-vinyl toluene or mixtures thereof, and the like. A more preferred
monovinylic aromatic monormer is styrene.

Suitable "hindered aliphatic or cycloaliphatic vinylic monomers" for use as

components (2) include addition polymerizable vinylic monomers corresponding to

the following formula:

R2
|

1 =
20 R'—C —-CH:

wherein R' is selected from the group of radicals consisting of hydrogen and
hydrocarbyl groups, preferably alkyl or aryl groups, especially alkyl radicals
containing from 1 to about 4 carbon atoms and more preferably hydrogen or methyl;
25  and R?is a sterically bulky, aliphatic substituent of up to 20 carbons; or alternatively
R! and R? together form a ring system. By the term "sterically bulky" it is meant that
the monomer bearing this substituent is normally incapable of addition polymerization

by standard Ziegler-Natta polymerization catalysts at a rate comparable with ethylene

ST



those in which one of the carbon atons bearing ethylenic unsaturation is
tertiary or quaternary substituted. Exanples of such substituents include
cyclig¢ aliphatic groups such as cycl ohexyl, cycl ohexggytseofgsdsooct enyl, or
ring 3‘[9(?/‘!'3%%?7 aryl substituted 5 derivatives thereof, tert-butyl,
_norbornyl, and the |like. Mdst preferred hindered aliphatic or

cycl oal i phjiyrtensafidilsl ProRARPHRASrea ARpiatR)Or c961f6£li¥hﬁii@0ﬁyﬁ@ﬁmhhﬂex\é%é ous

i soneric vinyl-ring substituted derivatives of cycl ohexene and substituted
cycl ohexerthase inrwhich enthof theerscbon stomp esringeethydenie unggtysation is tgBiagy PE vi nyl

" cycl ohexa eq.%r st ?}Ia'hpdg s ;i : Ok nt
I nventi onr@% eirggorsgparé as %%(grs?%g%?\ﬁ%gg%\%, 41 léél)éh %tﬁ% engget al .)
whi ch i s isucbrasorysichexyie cpélohexpyyly efdoemenyl,i or ring adkyli ereaxy]l spbssitused ed

operating condi.tions for pol [z Jea n . es from
at nospher i §°‘1§(§h§"8 @5’68 ’atfﬁg)ilgﬂ’epgég%ﬁ% %@rr%%r g{‘eﬁrgglb&f ?rgfhér&d%ﬁé&?% 200 C.

Pol ymer i zajliphatc anclyclsaliphaticednyiiv compoundstare atind icydlohéxanp andithe esioabove t he
For mat1 on. SPHESe VRGNS o SIRBHD R AEFSh iy riEFICBEETEn BFodUBEEa esul { i ng
fromfree gnidieréneROl anae ré-auayﬁ&ae-z\limrtanafe.eparEsEEcimtse Suifableanti aidyy random

I nterpolyners of the present”invention as will be described hereinafter, an
anount of cysiehekane. vinylic aromatic honopol ymer may be forned due to

horbpojyer | 2al Rl sGbsiaitall ) SaNddh ihfergbi RHEL | & (RNBRIM {HOURNE' can\BE

i ndi cates pol ystyrene nmay be present "~ 1™ the styrene nmononer and I's not

al ways gengprepared asldescribed in ERp ALG4k6;§ 15Steyens at @k whigh is inhorporataddeprimsence of
pol ystyrene_  in.the pol r _nmay, be avoi u f r r of

B0 721 e oy Feistends Bow i erpleoR SbPtng Salifort for 3ol STEpBRA8RE" 01, o
not desi r aldaetidrarare presidres frompamesphefic tupao[B006 enhospheres tahd tempdriteres
resulting in hazy oil blends. e vinylic agromatic honopol yner be
separ at ed f’?"mntz:ﬁ)e ei:rff’e#(gbléne;&yf‘\mﬁ%?l"?eﬂ?, Ypreackss Fﬁ’BPﬂQ‘%\T[’f’B‘&Wﬂﬁ%ues such
as sel gst i YénprRGichiabevel 8 alifopBlyfiehizdtionnebirare BOtheSeipieiNe mbAsmést her the
interpolymer or the vinylic aromatic honopol yner. For exanpl e,

a
pol yst yr en@&YoREHS i fegmarinn efesomesargounitpk, ?mlmamwawgg%gmda%d in

acetone. F t PRE&I !,Hgﬂ S d j kithelaSiti d that
t he copol yqrr%sru is’tﬂr f@%?‘gé i nveg{ﬂi on géyeoﬁé S‘ggltléa%}?ﬁdlg%? %L;ebgtag%lggﬁgﬁr@

aromat i ¢ hdrieypelyynesy of ke persentlinyention 8s will ba degghed Faginafsa0inamommnt of

atactic vinylic aromatic homopolymer may be formed due to homopolymerization of

20 the vinylic aromatic monomer. However, NMR indicates polystyrene may be present
in the styrene monomer and is not always generated during the polymerization
reaction. Thus, the presence of polystyrene in the polymer may be avoided by use of
styrene monomer of suitable purity.

The presence of vinylic aromatic homopolymer is in general not desirable for

25  the purposes of the present invention, often resulting in hazy oil blends. The vinylic
aromatic homopolymer may be separated from the interpolymer, if desired, by
extraction techniques such as selective precipitation from solution with a non-solvent
for either the interpolymer or the vinylic aromatic homopolymer. For example, a
polystyrene containing polymer is dissolved in hexane and coagulated in acetone. For

30 the purpose of the present invention it is preferred that the copolymers of this

invention are substantially free of vinylic aromatic homopolymer As used here,



"substantially free" neans the copolynmer contains no anount of vinylic
aromatic honopol yner that woul d cause objectionabl e haze or ot her
|ncorrpat|bll|t ina lubricating oil conposition. Pregf o

copol yr?@? 139%% ce of vi nylic aromati ¢ honopol yner. anp es of sw tabl e
catal ysts and nethods for preparing the substantially randomi nterpolyners,
of the presemi iRy Shes 8RRl | dnfRs A MiolihSor viRblic aRhdud28: U S
Patent No. SCPSTHEL: 1e8" gl Hleoép 5. 470,°695: “as we | v |
Nos. 5, 055 Mm&powp@blhaﬂwpulﬂ Goss 3ai¢cn®pbls4hm29r Gthmmcbsmaulﬁh%m 292;

5, 321, 106; 347 ; 23, 4.6 0. 703, 187
and 10 5. 87‘@%@? éﬁl cogn?p?é\?\h%{o ghepﬁgf?leaﬁiyé go P°§%‘$‘9’ 1g§§eo‘réng15‘éxr§2ﬁc %’gogrrlaﬁ%r at ed
herei n by riehepelyaer. The substantially random i nterpol yners of the pr esent
i nventi n can also b ed he net hods .descri bed by [.a te et aI
in WO 9 /32095 %Vmﬁgﬁn‘gr Fligpe “\5@/@ E‘ gﬁn&"fl PEpTe: MEsSuPEaiYogy, p.
25 (Septerrt:eﬁdohesaaerpowxher@fofvmlecﬁre@he inveRG6H RoE AdigtosBerial BEPy-4168E5;ence |n
their entirety. Further preparative nethods whi cg‘e%%]q%cbe appl icable for

the i nt er pdibrAeT14.828; Tt EgteatNe . 123831 Uoh PagpeN A% U@ as US-t he

|iterature.phQiRoQ @“5’053’@@@ 56%79”5’&)96 ééﬁﬁ%owmﬂn?ﬂ@iso P§.489,19887 to
2396 [1990]g and D Anni el 10 et al Jour nal Appl ol ymer Sci ence,

Vol ume 58, 5.33gH$; B7341,02406. 3§QQQ33]§ 7%9%%%%99&36 Lﬁsﬁﬁcﬂasa%@@dﬁ?tﬂné system
b d | hl d
R L i

Preprints, Am C]’lmmusstanudmy\tandam imerpdlimaens)of ¢ preser Snvaptige sab 830 b8 7

[ 1994]) have re nmeri zat i,0 S | 3

cat al yst topﬁ?ﬂfgé)ﬁ%ﬁ’&dﬂ?%@‘g‘%dﬁé é% gf % g%e anﬁf@%@z eﬂ‘{’ﬁ’ﬁe‘%‘ al .

g} Jour Sal of?ﬁg%/ﬂﬂﬁbol?ahd/ﬁﬂ’laﬁm maamlof\gw plhrml (Septembagmd 21,40 ftwhidl&@ [ 1994])
ave descri bed the copol ynerization of et ne and 25 styrene usjpg a

Ti C 4/ NdCL3PRRJePrate F&ﬂﬂm ggreémﬂeyg °“§é‘PFFé§/ ﬁé‘ﬁ‘eél’fepﬁeﬁzé? é\‘iﬁ‘Pﬁs Uﬁﬁﬁm

Phys., 5 19%fay B®agiflitablé 96 3he FRGHAlyMeMf éehﬁﬁlvﬁxﬁﬁﬁ' HaVe bechoddsaibeaf
styrene W|th et hyl ene using r

(CH3) 2N( t er - tea figratyecilamga @Ag ﬁwn@&%&m% Ehemp Malpras 121)iragen £38fdPhod

i ncl udes th%dﬁﬁtﬁﬁlﬁ% shéﬁmaeﬂo P4l ﬁbenmq&ﬁ%&wy%r@kﬁh@e wmrsé kg)/ vinyl
aromati c nononer interpolynmers such as propyl ene/ styrene and 3

but ene/ st yr pages db@drﬁméd[ 9951). ®pored . thajouses 0P 42 @%Yﬂfassyﬁfgﬁe@aied PRt Sui
Petrochem C@Ethyiaﬂﬂfﬂﬁ&ia&ngsa\)ﬂé) ahtl lcyQbpdnBRiARRimidh GrikMEREP QGRS NEr €1 n by

ref erence.
20 prepare an ethylene-styrene copolymer. Xu and Lin (Polymer Preprints,

Am.Chem.Soc.,Div. Polym. Chem.) Volume 35, pages 686,687 [1994]) have reported
copolymerization using a TiCly/NdCl3/Al(iBu); catalyst to give random copolymers

of styrene and propylene. Lu et al. (Journal of Applied Polymer Science, Volume 53,
pages 1453 to 1460 [1994]) have described the copolymerization of ethylene and
25  styrene using a TiCly/NdCly/MgCl, /AI(Et); catalyst. Sernetz et al. (Macromol. Chem.
Phys., v 197, pp 1071-1083, 1996) have described copolymerization of styrene with
ethylene  using  1°-(Cs(CHs)4Si(CHs)N(tert-C4Hp)) TiClo/methylaluminoxane.
Another suitable method includes the method disclosed for the manufacture of alpha -
olefin/fvinyl aromatic monomer interpolymers such as propylene/styrene and.
30  butene/styrene described in U.S. Pat. No. 5,244,996, assigned to Mitsui Petrochemical

Industries Ltd. All of the above are incorporated herein by reference.



rirr WD 01/30947 PCT/ USOQO 29395 Additives such as organi c antioxidants
(e.g., hindered phenols such as, for exanple, | RGANO) Cl1010), phosphites
(e.g. WORBWHSTM 168)), both from Ciba- Ceigy, UV staBETUSeN29395and the |ike
can also be included in the interpolyners, addi t‘i've concentrat es and

lubricating oil nposi tions of the preseny inve t extent 5
that they do nd%‘fq“ﬁ‘feérsluéﬁ‘ @S FEAG H’E“Wﬂ?&ﬁcé& -phig %“F | “‘8? & &6 by

Appl i cant sxarhBR, RGANGX® f@YHnespHtes (d.5.) HRGARDET 168)), 6o ﬁ@lnY@RJES used in

the lubricatin oi | conpositions of the i nvention, but are not to be

“const rued @aeY .sm)thzﬁ@ askthe dike ean also boimcluded i the ipterpolymprsraddiye Al |
|
tenper at ‘”&:ﬁ egane ? %36{1%'0@ %ms &Oﬂhxgig sbmhbﬂﬁxfon, tPthk xfenf YPI C2

pol ymeri zat | o surized froma sStainless
st eel Hol cthatth&y dmnﬁnntmfcneojgﬁnhe nnlmnesctmypertlgmdlstr(oserbd by Applicdnts: eact or

equi pped wth net i c Lven sol ution
of nethyl al umﬁ&n@ﬁg‘”’("f leg g a{w tﬁlg/op% %@?H‘@Sﬁ Eﬁ}%o nol e%
i so-butyl mgcmumsmdns of ﬂ&nnﬂd‘xﬁs&dﬁm mchcn b be thestraediag tmrhmmdg Ithemcbpogen.
Freshly d|$|‘té.blled styrene 15 an%‘ﬁ ol efin (see Tabl e?:Fé e added, and
t he honoge ﬁg‘vﬁﬁ“ﬂ jpgny manpeqe 'BE’PQ‘PEHCS&?ECE SHFES t(éﬁperature (see
Table 1). pHiomelisdiofesi red tenperature is reached, the reactor is

W t

pressuri ze the desired amount of ethyl ene gsee Tables 1-2). Finally,
a hept the sol utInon tymicakpolipresizavem diabrxaps fseg Tpblerd) i pressurizeg BOW 3, which

contai ns 3(,Anleded mrdwwhn&m mixﬁowﬂgwdah %%mamr@a&&%qgﬁé&sl (CH

)2N(tert-CAHI))TI A 2 (9.6 to forma eneous sol ution
sol uti on i withd@edmagneti¢adlyr sim'lcmr suwnntgr mechanigfan wi& hhept@ienisalugibn bef oni ng

homogeneoe TNRTLYIRIIFCL 23 18RS LB A ISHLARLSLALLR, Sofien pert od

of tine see he et’h ene Fom the reactor

pressuri ZI goubsids fien)pressurizedriniot thé reaior lmadﬁreﬁﬁbg‘dn WFrelshly distiliedsigrenat o
iso-pr coh to which HC 5 5-25 nL; 18 M has been added.
Pol yrre F‘P4 qﬁan%se?hmsﬁ btaé%l 15’9?%@5& the c BPPRIEnERps, FEXIEdEd Wi t h

fresh i 50 &feﬁﬁ&itat@é ﬁPdE@'demfeB thpJ?Eﬂu?c {%E@?@lﬁé lb Sdnéé’ﬁﬁt&gxré’d t%n-g)b The
coagul ated polymer is air dried for - hen dried to constant

wei ght at oreeshied, the yeastas i m&qqnzﬂwnh éfwaciqsirqubarswrmoﬁ athilene (seerlgbles c
material i§.%)eEnamy, Pieptadaaufitiby OF hedSMAdhihdMna348 g, 47.7 mL; 7 wi% A,

which  contains 30 mole%  iso-butyl groups, is mixed with
20  1°-(Cs(CHa),Si(CH3)N(zert-C.Ho))TiCl, (9.6 mg) to form a homogeneous solution.
This solution is added to the reactor under nitrogen within 5 min of becoming
homogeneous. The polymerization reaction is terminated after a given period of time
(see Table 1) by venting the ethylene from the reactor and pressurizing the polymer
cement from the reactor under nitrogen into iso-propyl alcohol (2 L), to which HCl
25  (15-25 mL; 18 M) has been added.
Polymer Purification;
The coagulated polymer is collected and rinsed with fresh iso-propyl alcohol
(1L). This process is repeated 2-3 times. The coagulated polymer is air dried for 24-
48 h and is then dried to constant weight at 50°C in a vacuum oven. Any remaining
30 aluminum inorganic material is removed by exhaustively centrifuging a

tetrahydrofuran solution (0.1-0.15 g/mL) of the polymer, in which the aluminum

10



tetrahydrofuran solution (0.1-0.15 g/nL) of the polyner, in which the
alum num 10 WO 01/30947 PCT/ US00/ 29395 inorganic nmaterial is insoluble.
The pol wﬁlq esgndecanted fromthe insoluble material, oRagMogesdsi n fresh
| SO- propy cohol air dried for 24-48 h, and then dried to constant

wei ght at 50 Cin a vacuumoven. This process is repeated from2-3 tines.
Any  honopol meﬁg;me m&mﬁf@ geinfolitble.t TRe PollyeEis deﬁmtﬁmdh@msﬁﬁﬁlg%zﬂéﬂdﬁg a

o 8 BB 5 e et b, b 2oL B e et o

dried for 24wéi§hthat ¢ inheRadhishedvenO TH® Pdcaditis Wepediel f?émioﬁuiﬂasaA Cuum

oven. This process can also be repeated if necessary I f the pol
contai ns pol BRERpEbISTEs AspRent idhe Palymeris F%%‘fe drhyycoagylatingea tefrakiydr gran
di ssol veds i ngoiRea6.1a0 | y 10
pol ystyrene. The :(ntlerfo%o Lgf%gﬁdgﬁ om @ﬁ%&ﬁ%ﬁgtg 2’@ T{% ggﬁggus
sol ution is paypereld therepoliected byt deqmuamn,m dified for 39048 heand themadtizdviot h

exane. styr SRERARCVEgt R BE, B Shdh odf) phis Pertaf o R Rpeaef 17

55 60 0.583 nezeday. 1If Bpalymet cortdifs aolgaxgreﬁs h6fhoPolmer, 4BE palydiéd mibyNEX,
201.9 212 54,5. 4 74. 8 hex 212 35.6 20 3 .5 496,1 374.8
hex, 201.9 243" refy B digsolyed s g 4‘?@%‘% o it icsippe.cafiastiygly rempving 1
374.8 hexy Zsblysdyrede? The 151@rp2>1yx§er49@rcé- fx%?x{-luﬁptﬁﬁﬁés xiQQthxoﬁér%oﬁsgscﬁgm% is9 496.1
374.8 hex, 2 9 212 86 70 0.5 ; ans (h), hours_(nlL)

mlliliters f?’ﬁ&?‘b)v hen 3, 1), wtfo @P“%ﬂfé %P?lbf@ﬁrlsd%ﬁg@é"“h(‘ﬂ’@ﬁljal oilhexene

Table 1
Heptane Reaction
- (mL) from | Ethylene | Temp,

Example | Hexane (g) | Stvrene a-olefin(g) | MAO {psig) °C) | Time (h)
1 489.2 4545 oct, 163.2 212 55 60 0.583
2 339.1 318.2 oct, 228.8 212 55 60 0.5
3 496.1 374.8 hex, 201.9 212 54.5 40 2
4 496.1 374.8 hex, 201.9 212 35.6 20 3
5 496.1 374.8 hex, 201.9 212 45 30 2
6 496.1 374.8 hex, 201.9 212 545 40 2
7 496.1 374.8 hex, 201.9 212 58 50 2
8 496.1 374.8 hex, 201.9 212 73 60 2
9 496.1 374.8 hex, 201.9 212 86 70 0.5

15  (g)- grams
(h) — hours
(mL) — milliliters
(psig) — pound per square inch, gauge
(hex) — hexene
20  (oct) —octene

11
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20 (oct) - octene 11 HT WD 01130947 PCTJUSQOQ 29395 Table 2 Feed (nole %
Feed Rati o Exanple Styrene a-ol efin Ethylene Styrene-ethyl ene

a-ole ﬁ%ﬁ&%\gl ene 1 68.2 22.7 9.1 7.5 2.5 2 52.7 35p@rrgookowsd 2.9 3
51.8 . .6 3.8 2.5 4.51.8 34.6 13.6 3.8 2.5 5 51.8 34.6 13.6 3.8 2.5

6 51.8 34.6 13.6 3.8 2.5 7 51.8 34.6 13.6 3.8 2.5 8 51.8 34.6 13.6 3.8

2.5 951.8 34.6 13.6 3.8 2.5 ResulTable Results are tabulated in Tabl es
3-4. 5 Table 3 Exanple Conversion % Yield Al/Ti Activity 1 83 562.3 2,235

5853 2 8¢ 510 2, 235 619Feed(ritdle %8 12, 27 2967 4PeedRatio 12, 275 634 5 13
"84 12, 275144006127 176.5 12 275 2042 761 3505 12 275 5300 8 46 382.9
12, 275 63((EXamply | 38yrepe p woisfing| Bthylene | Syrepgiefivieneyy) oplefin-cthviene

1 68.2 227 9.1 75 25

2 52.7 35.2 121 4.4 2.9

3 51.8 34.6 13.6 3.8 2.5

4 51.8 34.6 13.6 3.8 2.5

5 51.8 34.6 13.6 38 25

6 51.8 34.6 13.6 38 2.5

7 51.8 34.6 13.6 3.8 25

8 51.8 34.6 136 3.8 2.5

9 51.8 34.6 13.6 38 2.5

Results:

Resuits are tabulated in Tables 3-4.

5
Table 3
Example | Conversion % Yield (g) AVTi Activity *
1 83 562.3 2,235 5853
2 86 510 2,235 6190
3 27 178 12,275 2967
4 9 57.1 12,275 634
5 13 84 12,275 1400
6 27 176.5 12,275 2942
7 61 350.5 12,275 5800
8 66 3829 12,275 6300
9 69 397.3 l 12,275 26,200
o * (Kg/mole Ti/h)

12
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Other Additives

# differential refractive index

Additive concentrates and lubricating oil compositions of this invention may

contain other additives. The use of such additives is optional and the presence thereof .

in the compositions of this invention will depend on the particular use and level of

performance required. Thus the other additive may be included or excluded. Additive

concentrates of this invention typically comprise from about 0.1% to about 30% by

weight of interpolymer and from about 70% to about 99.9% by weight of a

substantially, inert, normally liquid, organic diluent.

acid, often referred to as

zinc dithiophosphates,

Lubricating oil compositions often comprise zinc salts of a dithiophosphoric
zinc 0,0-dihydrocarbyl

dithiophosphates, and other commonly used names. They are sometimes referred to

by the abbreviation ZDP. One or more zinc salts of dithiophosphoric acids may be

present in a minor amount to provide additional extreme pressure, anti-wear and anti-

oxidancy performance.

20

Other additives that may optionally be used in the lubricating oils of this

invention include, for example, detergents, dispersants, supplemental viscosity

1

3



I nvention include, for exanple, detergents, dispersants, supplenental
viscosity 13 TIIT WO 01/30947 PCT/USOQO 29395 i nprovers, oxidation

I nhi biyld diBesageNt s, corrosion inhibiting agents, pour p¥/wvsc2eePr essi ng
agents, extrene pressure agents, anti-wear agents, color stabilizers,
friction nodifiers, and anti-foam agents. Extrene pressure agents and
corrosi onimprpversi dxidation j inhibisingi agentsyepnrepsigni inhibigngreagents, inodl rMé” i n t he

ryar ocar badeiind i SERe YefleE bl Wk eagbtis I 26, ! ©

" i ncl udi ng mafiifiersirand antb-foamaagentsy i hydr ocar bon phosphites, nol ybdenum

conpounds, and e like. O her oxjdation inhibit.ing.agents i d
materi al s such]':fgg'e'gf= r?ﬁsé‘irsag?ﬂ‘?)ﬁ’édn%m%?ﬁi ng&m#ﬁﬁg’?}& "B%eaﬁ%qqg,b’%gz‘peci ally
those Bavintdy becinthudéd/ inathk vbm@ositigas of tiedinkentiohGaré exdoplifiedbyt ghlorijtagadps i n t he

position ortho to the phenolic - roup, and others. Such paierials are
wel | knovwé‘?gamﬁﬁg@cﬁqb"%% P}'ﬂa"ﬁcrf‘“’gr_'ﬁiég 5‘?‘#&1?&3‘5}?@?&?&93&%%1@. ers
(al so songfihyiRscaftthahd GhyldfocafboM iph6phitdsy Iﬂo_l’yl'ﬁénur? BHXhPORIGS, 26 thd IGOSi tY

2

nodi fiers) nay be included in thé conpositiions of this invention.

Vi scosity i npr &ithersoxigation dnfubitipg permisipelyde materiglsisueh poalkylass dirhsayl 15

pol ynet ha L .C }ﬁnfdege , e | ] I KL
styrenes, Cz&ﬁeﬂslét:s’erl |e(§1e g%ﬁ"%he%[%?cmgﬁ%grgg co%o%f%?@ﬁy#gg%snat ed

al kenyllar gemiaryc butyl geonps! ind thenpositimpodyhre tas therphepolicy DBf grawp, dud| othérenct i onal
viscosity dnproyer whj,¢h al so, have. di rsant and/ or anti oxi dancy
properti esé‘{éBé“ﬁ\ﬁ"r&??&] H’&iﬁ%@‘% gopwf)%’noglsﬁ&ﬁggheu%gd In addition to. the
products of t hisudiiarenviscosity impedveps GioCiometifres 2efeted ¢ ab eidcosityndaxr ous

publi cations including those [Fnt [ oneg%:on ngreb Background of tt%e [ nventi on.
Each of t HEPEYSTHIOT CATPEIRG MAdifEeBaY Be Meded 1p g, rEnpositigng, T it or ence.
Pour poi NtinGéi#ichS S ¥dcdsifiP YmPRdvers Cart d@dally pblignead] dintludigC polgROktadess and

| ubricating oils described herein. Those which may be used are described in
the 2B | iRdymethacaylif itk sy | hydreggpated) dienss @obmars. cgolyalkyh stygenes. see f or

exanpl e, paggifgof 3',1.&%' hiefnt G did VESh ' r ennedy
Smith (Lezi us-ﬁlgidl esé Corrpa%y %‘& glil“géhelr?(,ﬁ)c'g?eée\}.ge’:l ;ﬁggﬁ%{%ihg& fg%%ﬂ.%eg%ur poi nt

depr essant ¢eniigated| di¢nsr cophlymepyasbpal yal¢finshi Multifvrgtionalnvisqosith fmpoeersf or t hei r
preparati Oahﬁﬂdalgé]%'a{;e Lﬁ?s%ex@ﬁnq gﬁl?&'r EIR:%Qidancy properties are known and may

optionally be used in addition to the products of this invention. Such products are

20  described in numerous publications including those mentioned in the Background of
the Invention. Each of these publications is hereby expressly incorporated by
reference.

Pour point depressants may be included in the additive concentrates and
lubricating oils described herein. Those which may be used are described in the

25  literature and are well-known to those skilled in the art; see for example, page 8 of
"Lubricant Additives” by C.V. Smalheer and R. Kennedy Smith (Lezius-Hiles
Company Publisher, Cleveland, Ohio, 1967). Pour point depressants useful for the
purpose of this invention, techniques for their preparation and their use are described
in U. S. Patent Nos. 2,387,501; 2,015,748; 2,655.479; 1,815,022; 2,191,498,

30 2,666,748; 2,721,877; 2,721,878; 3,250,715; and 5,707,943 which are expressly

incorporated herein by reference for their relevant disclosures.
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in U S. Patent Nos. 2,387,501; 2,015, 748; 2,655,479; 1,815,022; 2,191, 498;
30 2,666, 748; 2,721,877; 2,721,878; 3,250,715; and 5,707,943 which are

expr essywi ora6vaPr porated herein by reference for their pereseoossdi scl osures.
14 WO 01/30947 PCTI USOQO 29395 Anti-foam agents used to reduce or prevent
the formation of stable foaminclude silicones or organic polyners.

Exanpl es of thesAnaﬂdamchg'eﬁthomed @ néducé @arpremmﬂm'fdrimﬁm @fatallmmdnbed in

"Foam Cont r ol Henr T Ker at i 1976) :
pages 125- 13‘21“%3 s@@?@‘?“g‘é‘y ?’5"‘% él“néﬁa‘ﬁ f?&“‘ﬁ?ﬁ] WRing or
ashl ess typeompdiftions sk Bésefbd A" Féaﬁlecm AgRhe", HyCHBry T, exderbar mdye§ol ubl e

neutral and_basic salts of alkali or alkaline earth netals with sul fonic
aci ds, car b Gureration 19MePages 124162 gani ¢ phosphorus aci ds characteri zed

by a | east one dpeRfdenfsdnblUspbRamtt B HaId#he ésﬂl‘iﬁl&ﬁ:cmgl?r dsl%&‘ tyB@Sirge sal t "
is used to designate netal salts whefein the netal is 0 preSent in

st oi chi onet pshcprofycing, defergentsrane exemplifiedt bie o rsghyle: newiyaly aaéuha@msaltsrné
| at t ed
by the.  expria of e banf BBl yich ByscRolciusp G iyt St BALAIH bkl 21 BF

nunber of @besphedueadids dfaracmmbd py aieasttone dnmlcexﬂton-m-phdspbmmahﬂkage
stoichionetric a unt Jhus for exanple ha aIt contain tw ce
the anount of ne W‘&Fa{ 1 Hg@g i‘?@f’%ﬁi a? t[ﬁ E&Jé net al
ratio (M®) @feséht iBagtbichidfetricaly) dargeC Bibaiite ThdnOthe pPrgamiar ichd) ranchlusm t hem

are wel | knomn to those Skl| ed in the art ang ed no} be, discussed in
detai | her e Felgig aRQURY Mg tpéesﬁmlndﬁgaﬁlé:r §‘§'ﬁt s‘si -ycH}dF“t?EFddé% e the

fact that, eg@RaNH MBe@D ride® @BBRVated! MR), wWhidh fleldefitianhs e dumB&r spNt nay
upon conbustlon yield 20 a nonvolatile residue such as boric oxide or

phosphor us §e#vaisns ef metahpresent comparsd 4o gonownal], Firichigmets ot TS, and
therefore dggScy Qrg)lé"aeb& @sﬁ?tc tai‘fl [ @hidd g ﬁﬁg%rﬁrbf e3P ¢S] Q’Edtt 2 types

are known in t any o mare sul t e for use
| ubri caifs sfoichidreetiieamountohas T m;ta‘l ohtio (MRY ofi 2e Basic 1selty and technigues fReact i on

east  about PEeanhend Gyl b il weldboN b tfiRe SOREER the AR ilclin 82 Mogen

cont ai ni ng (dmcmsmhdlsdmkheras am ne, organic hydroxy corrpounds such as

phenol s and al cqfgled; e 150" GsgolBh Mk SRR Blibie S PP tul 1 NES°

depending on its constitution, the detergent or dispersant may upon combustion yield

20 a nonvolatile residue such as boric oxide or phosphorus pentoxide; however, it does
not ordinarily contain metal and therefore does not yield a metal-containing ash on
combustion. Many types are known in the art, and any of them are suitable for use in
the lubricants of this invention. The following are illustrative:

(1) Reaction products of carboxylic acids (or derivatives thereof) containing

25 at least about 34 and preferably at least about 54 carbon atoms with nitrogen
containing compounds such as amine, organic hydroxy compounds such as phenols
and alcohols, and/or basic inorganic materials. Examples of these “carboxylic
dispersants” are described in British Patent number 1,306,529 and in many U.S.
patents including the following:

30
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di spersants" are described in British Patent nunber 1,306,529 and in many
U S. patents including the following: 30 15 I T WD 01/ 30947 PCT/ USOQ 29395
3, 163@@,3%4299, 141 3,574,101 3,184,474 3,415,750 3, schoustdidezes, 215, 707
3,433 30,904 3,219,666 3,444,170 3,632,510 3,271,310 3,448, 048
3,632,511 3,272,746 3,448,049 3,697,428 3,281,357 3,451,933 3,725,441

3, 306, 908 3, 454, 603 163,603, 886 3, 331,398,348l 3, 467, 6683/5742,304 435 3,316, 177
3,501, 405 4,491, 52 40,281 3,5 5, 696, 060 , 542 3,541,012

5. 696, 067 3, 346, 4 Mﬁ% 678 5. 7330 750501 'os3 516343 250 R 26! 433

~ 3.381, 022 3,567, 633,2(12)70Reacti on psddse4 of rel at ByB0D,YOHI gh nol ecul ar

wei ght aliphatic or yclic hali th am nes r abl y pol yal kyl ene
pol yam nes. These 8 char act e?g;%d "am ne 3165%'3& ants" and exanpl es

t hereof are descri gqe}lf3qo exanpl e, 3458033the fol | owigag 541 S. patents:
3,275,554 3,454,555 3, 438. 757 3, 565. 804 (3) Reaction products of alkyl
phenol s in which t B&TAIM61 gr oups é&ﬁ?&ﬁ?ﬁs at | eadt692888t 30 carbon atons

wi t h al dehydes (esg%l al)|517y for rral d and am neggzgq4i especially
pol yal kyl ene pol yani ne whi ch ar acteri ze Manni ch
di spersants". The B3s06/908! s descrl 64641667t he fol | o#il9§.886 S. patents are
illustrative:' 3, %?ﬂfs%% 3, 725, 48%,467,668 4,234 435
3,316,177 3,501,405 4,491,527
3,340,281 3,522,179 5,696,060
3,341,542 3,541,012 5,696,067
3,346,493 3,541.678 5,779,742
3,351,552 3,542,680 RE 26,433
3.381,022 3,567,637

(2) Reaction products of relatively high molecular weight aliphatic or
alicyclic halides with amines, preferably polyalkylene polyamines. These may be
 characterized as “amine dispersants” and examples thereof are described for example,
5 in the following U.S. patents:
3,275,554 3,454,555
3,438.757 3,565.804
(3) Reaction products of alkyl phenols in which the alkyl groups contains at
least about 30 carbon atoms with aldehydes (especially formaldehyde) and amines
10 (especially polyalkylene polyamines), which may be characterized as “Mannich
dispersants”. The materials described in the following U. S. patents are illustrative:”

3,413,347 3,725,480
3,697,574 3,726,882
3,725,277
15 (4) Products obtained by post-treating the carboxylic amine or Mannich

dispersants with such reagents as urea, thiourea, carbon disulfide, aldehydes, ketones,

16



3,697,574 3,726,882 3,725,277 15 (4) Products obtained by post-treating
the carboxylic am ne or Mannich dispersants with such reagents as urea,

t hi our @@ o189 0Nn di sul fide, al dehydes, ketones, 16 WDCXiusbaresss

PCT/ USO0/ 29395 carboxylic acids, hydrocarbon-substituted succinic
anhydrides, nitriles, epoxides, boron conpounds, phosphorus conpounds or
the |ike. Besbgxylic yacidst dyirkabof-subistiguedk suedinig ides. baitrilesy epaxides] | owi ng

U S. patentgs; 5 ) 3 312,619
5. 502! 677 SUEab LB, lipfipnit Somhotad oiote T8 by el o0 01
3, 367, 943 3kib® 8reGiéscribed ith8 Bdlowdn@UA. paents:, 373, 111 3, 539, 633 3, 697, 574

3, 256, 185 3, 403 573,01 , 7157 783,550 3, 3,579, 450
3,703,536 3, 288][%@96% 455, 83'%%‘%‘%1 598 33‘,‘9%0%0308 3%%’19.3%28 3, 455, 832
3,600, 372 3, 708 371182,936 234, 438,312,6)9 Pol yme3,502:6WF copol Br6A9220f
oil-solubilizin nopers such_as _decyl 5 t hacryl ate,, vinyl decyl ether
and hi gh nol ecul%é’r%%v&i-’ght ol éﬁﬁﬁé% th mf’n%ﬁqgg cont ai3rﬁ4ﬁtj5gol ar
substituents, e.spie03g1 noal kyheprosy! at es ns33mfshacryl atgsz,g3gcryl am des  and
pol y- (oxyet hyl ene) - substi tuted acrgl ates. These may be characterized as

"pol ymeric di sp&24028" and 8333ples t herddIeBe di scBHHEP7n the fol | owi ng
U'S.patents: 10,6339, 658 348860730 3. 44MhR0 3. 68%749sy3, 519, 565

3,702,300 The abdve:noted pafent’s are incdrporated heréein by reference for
t heir discl osur &278{550ashl es3.442.8p%r sant s3,579%A50he aboB¢Z3l336st r at ed ot her

Concent rat i on of BOARNEL Fo”ad 3588 oo by YT UsualtPArtgi ng from
3,281,428 3,455,832 3,600,372 3,708,522
4,234,435
(5) Polymers and copolymers of oil-solubilizing monomers such as decy]
5 methacrylate, vinyl decyl ether and high molecular weight olefins with monomers
containing polar substituents, e.g., aminoalkyl acrylates or methacrylates, acrylamides
and poly-(oxyethylene)-substituted acrylates. These may be characterized as

“polymeric dispersants” and examples thereof are disclosed in the following U.S.

patents:
10 3,329,658 3,666,730
3,449,250 3,687,849
3,519,565 3,702,300

The above-noted patents are incorporated herein by reference for their disclosures of
ashless dispersants.

15 The above-illustrated other additives may each be present in lubricating
compositions at a concentration of as little as 0.001% by weight, usually ranging from
about 0.01% to about 20% by weight. In most instances, they each contribute from
about 0.1% to about 10% by weight, more often up to about 5% by weight.

Additive Concentrates
20 The various additive-compositions of this invention described herein can be

added directly to the oil of lubricating viscosity. Preferably, however, they are diluted

17



about 0.01%to about 20% by weight. In nost instances, they each contribute
from about 0.1%to about 10% by wei ght, nore often up to about 5% by

wei ghgvo‘ﬁgﬂ;},i ve Concentrates 20 The various additi vepcrosgmaeissi ons of this
i nvention described herein can be added directly to the oil of l|ubricating
viscosity. Preferably, however, they are diluted 17 11T WO 01/ 30947

PCT/ US00/ 2@8R% mﬁshnﬁalgulixsﬁ-taniohﬂhlllw hqﬂﬁr brgaﬂii@rdﬂiiehly shdhqus chingrgiabilcadi | uent

such as mneral, oil, syn h as a p phaol efi n,_napht ha,
benzene, tHMEHE °8rs“‘k]§ﬁ%ﬁé’°yla thP‘bngr‘i‘ %ﬂﬂéa ﬁ?‘@rﬂrr"dh"é‘e’ Hogr

concent r at padiivd doricERri. '%s@@&i&n@&t@s dsﬁalﬁbédiﬁpr?s@%bo@o W gHalis 3d% equent | y
fromabout 1% to about 20% by wei nore often from about 5 5%to about

15% by wei Bhwveight, fteﬁéeﬂth’tfé‘?l}é@bw%é st‘-b*FbOPh?%% ibyesightomoEsRftaReiora 8PMi n, i n

additio AR
her ei na ovg%eto (FE?{% &onc trat%lggﬁg?é prepgf;%ﬁc?hgya{rﬁogl%% t§get%§g t he
desired conpaﬂdamnspnqmtmeathceh@awsdmpwmﬂ)atamtnslesqn@a&hﬂymhm t han 150

C, often no nor an _about 130 C , freqguentl a 115 C
10 Lubri cating I“C%nﬁ%‘éﬁe #r%)tﬁ% The PIAST pgir}yrrlélr’pﬁ%f %Pép?[ﬁ%en?ﬁ%‘ﬁ are
useful as vbmpﬁmhtsyoftm)atmlemdalgmpbﬁturesTba;angriessuhad1501 Gi ofen Jotyore NPr ovi ng
anount s, |y, ts t hat than 50% by wei ght of the

| ubri cati né?aglal °‘&tc}1?ﬁ1 Plf’ieﬁ t“ﬂr%\"rﬁa]aﬂrag%'ﬁgaﬁt of an oil of lubricating

Vi scosijpy, UuBﬁéanhSOlIdJ@rnPbdnuﬂfs | ubricating viscosity conprises greater than
15 50% by wei ght ubricating oil conpaosition. Preferably, they are

used in ~anount Ihe ieFPAlymMerHel iioiniention are usghy As VisgoBY {BPTGWING 2g8/He of t en
from about 'IQIB? abeCused P Wiscdsity %m%ﬁ% ng?urﬁg t%] P or Walodh, fﬁfatT{%fe'l@ss

| ubricating o conposi tion. Lubfi cat’ing Vi scosity _
| ubri cat i nghano¥¥e by weighs of thetlhbricaking eil tcompositign witharmajor amburt@hen ot i ng 20

viscosity, dJenglidi "iﬁ]&tﬁ{e{&g‘}‘a‘%'| tﬁ% g%ﬂd %ﬁ&*ﬁﬁcﬁgc%%ﬁygoﬁéﬁs%s %Q% ures

t hereof. MXture o trea
pol yal difaol 5% byowtightaofl tm:olupasitmg oil Icsmpeméon oereﬁerabs)edhey\latwnah ini | s

ol ude s k8 AL ASBBASEL B Dk e i A PR .
l'i quid pet rabo8iS% by weight of the total weight of the lubricating oil composition.
The Oil of Lubricating Viscosity
The lubricating compositions of this invention employ an oil of lubricating
20  viscosity, including natural or synthetic lubricating oils and mixtures thereof. Mixture of
mineral oil and synthetic oils, particularly polyalphaolefin oils and polyester oils. are
often used.
Natural oils include animal oils and vegetable oils (e.g. castor oil, lard oil and
other vegetable acid esters) as well as mineral lubricating oils such as liquid petroleum
25 oils and solvent-treated or acid treated mineral lubricating oils of the paraffinic,
naphthenic or mixed paraffinic-naphthenic types. Hydrotreated or hydrocracked oils are
included within the scope of useful oils of lubricating viscosity.
Oils of lubricating viscosity derived from coal or shale are also useful. Synthetic
lubricaiing oils include hydrocarbon oils and halosubstituted hydrocarbon oils such as
30 polymerized and interpolymerized olefins, etc. and mixtures thereof, alkylbenzenes,
polyphenyl, (e.g., biphenyls, terphenyls, alkylated polyphenyls, etc.), alkylated dipheny!

18



25 oils and solvent-treated or acid treated mneral lubricating oils of the
paraffinic, naphthenic or m xed paraffinic-naphthenic types. Hydrotreated
or hyd "ﬁghgﬁé oil's are included within the scope of p&Hgédehofs! s of

| ubrica I'scosity. Ols of lubricating viscosity derived fromcoal or
shal e are al so useful. Synthetic |lubricating oils include hydrocarbon oils,

and hal osubsthdrd ghe dilpatbt QB pHeRPANsulfides ahidl EieirdgerivafiveBOhnaloys iaa 8 thodidlbgues

i nt erpol yrrerl zed oI | ns, etc. and m xtures thereof, alkyl benzenes,
pol yphenyl , E’@O enyI s, terphenyls, alkylated pol yphenyls, etc.),
al kyl ated di phenAdk 1eﬁ§o¥i& 34 dhfettpd %ﬁ@éemﬁﬁ\tb@rtﬁer@&dmﬁi thuseat ed

di phenyl sul fides and thelr erlvatlves analogs and honol ogues t her eof

and the |i k@hemtmne}@dmmbmmﬂh}ﬁ@b@nmmﬂtbé epietifjeption, cHetilieption.ag.i ves
ther eof s Anchal i3 SmePbiglsgs (%fq&lmvﬂg*nﬂ%g'i@)f%lmﬂroﬁyﬁﬁt% ‘i up&EN modi fi ed by

esterifi cat I on, eri i on Stitute ot her ¢l asses of known
synt hetic | ubr i cAnoﬂng suitdbie dldsa bf syatheticlubsenting dilothhtaoan be nsedivbmpaseasle of

h I J h b d f
3 car boxy | PR PRGCRORRack® R ERR Bt 86E COBR BibedeonyT SR ana

pol yols or psiyoicbiiyeftet polysis. Ot her synthetic lubricating oils include
| iquid esters of phosphor.us-contain 0..aci,ds,

t et r ahydr of ur ans$ {Rm%ﬁuedulmcs%?hsos%ﬁa ligyig estgEs ¢ PR é’@sf’}l?}ﬁfséi"f‘%’éf‘g refined
and rerggi n%ilds%&?m@d &Bﬁfydxwruﬁsamﬁategmh&@ldmeeaﬁd #elike.as m xtures of

two or nore of any of these) of the t dlsclosed her ei nabove can used in

the conposi ti onsUnefinede rﬁﬂf@ém rerpfia Ptlih cither; satpab @r SyMthetis @s (wedlses
obtalned di gkl of PSP florp B HEAE RbsePYThE Bipb QisPRMderdthdoB M Lan' WEA fiET

purlflcatlontreatrrent I ne s are sim ar to t unrelned oils
except theythcammpbsemsmfrthheresm mtcer@bn nUmﬁn@r oiffpare thqﬁgrobtamdtdusctlyst eps to

orove one g {1k S B QG S BHRLL AR b AcRR bk Sa ifafce e

simlar to ose use ain re s whi ch
have begn ezlnﬁlaﬂdcy thes etefinedSelsvexcept tEe;chaveebeehlfnﬂﬂerardaedomtme or more

addi tional | ocessed by. ‘techni ques di rected pent
S (1 oaa! | HRRRoR SE R mrr e e A anors grEgiEs ¢ KerEaL ot & i by
above-descr gheslssad dishil&fto lthtlsé useditd OBtatni refisedli dily aﬁlﬁl&dgd) vamed biks whiahibevd in 111,

U S. 4, 326, nd , Eur gpean Pat ent, Pub |§at| o 107 g')t h of ich are .
her eby i nc o P el dn gemirer Syueh SHs o8P, °§ YoRrgresed -t ai ned
therein. techniques directed to removal of spent additives and oil brcakdown products.

20 Specific examples of the above-described oils of lubricating viscosity are given

in Chamberlin OI, U.S. 4,326,972 and European Patent Publication 107,282, both of

which are hereby incbrporatcd herein by reference for relevant disclosures contained
therein.

A basic, brief description of lubricant base oils appears in an article by D.V.

25 Brock, “Lubrication Engineering”, Volume 43, pages 184-5, March, 1987, which

article is expressly incorporated by reference for relevant disclosures contained
therein.

The following examples illustrate lubricating oil compositions of this

invention. All parts are parts by weight. Amounts are on an oil or diluent free basis,

30 except for products of Examples set forth herein which are as prepared, including

diluent, if any.
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A basic, brief description of |ubricant base oils appears in an article by
D.V. 25 Brock, "Lubrication Engi-neering", Volune 43, pages 184-5, March,
1987, wedthiBtvazarticle is expressly incorporated by refRGRR8298F rel evant
di scl osures contained therein. The follow ng exanples illustrate
_lubricati ng oi | cog)ositions of this invention. Al parts are parts by
wei ght. A £ on an oil or diluent free basis, 30 except for
products of ExagHh&SerSfiditve dolcdhfrafd! 1 pegﬂaséa RomBindic® D3 Gfhns i dafciutsli Ng
diluent, if any. 19 ~I11'f WO %1/ 30914_ CTI U OO’291395§.} Exgigml es A-BA
" mast er addeverkased MBe?Dralkd benzepe spleniel apid, 062 maps eRlsHM o3arbpsedt R al ci um
over based S | | £l t ' ver based
ﬁ.?fayl%?%b@rlz@(é QRIS 554 g&g;@gﬁ%uﬂ? obdrbRRh! RmEdkoh WiV e O

(MR 2.8) a enzene s nic aci arts nmagnesi um o

14.7) a8 kybengehesdfonR: itl, 16160 paits pblyistbutflend 6L S~ N50) subkithiebi saeidic W -
1750) substituted succinic anhydride-ethyl ene polyam ne bottons reaction
product, 7aBwdpde-ethylspe nolyaming) bottemss reasiipn BERGIEEL BfYIPas g pBB e hi oat e,

2.78 parts; LU Sk j : 519 parts
sul furi zedlsgﬂltog%l en@yﬁﬁ‘%ﬁ%’y ai&gﬁ%,tcélg?%ggf%cgﬁ%bgﬁrﬂ%@%%ﬁ% of a
ker osene seulfurizegh atiyl phenoind18i pairts ssulfuxizedebutadieresbuty] acrplatet Digls-Addegodi um

based Lyi - 1000) . i . i ni i d,

055 par t s *355c5 Dlosiohrtiof & Rdiotr Vendebybea oLt idont Whtbame Tl 200"

pent aengt hg&&%-wwgmqlsy?m&mbﬁ@@sé (AN, Priooosiubstuid fRéihe Aiky! at ed
I C

di phenvl am ne and suf lent nm_peral oil to bring the total weight of the
addi tive cé8Sergartat golydsobiienpanivs, 15 I0Q) nsubstitutedonymosinici cavhydddz- pr epar ed

by conmbining 11 pan f the st.er caqncentrate .02 parts . \wei ght of a
hydr ogenat 88‘“@?%&‘8@"’@1}?3‘& YIRS SFAFHER P C"t‘h%‘Pipﬁ‘a? é‘g‘tyiaﬁ“gﬁwgﬁ?ﬁof t he
product of aiivee dndduffriét nfixeaRilto bfing tHeftbtal wEghibfIRe &lditde conbartetiock

(Petro- Canaga SAE 5W30) to prepare 100 parts by weight of oil
conpositi ort00 PaES:; | s regardi ng each are provided in the follow ng tabl e:
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concentrate, 0.02 parts by weight of a hydrogenated styrene butadiene copolymer and

the indicated amount of the product of the indicated Example in sufficient mineral oil
basestock (Petro-Canada SAE 5W-30) to prepare 100 parts by weight of oil

composition. Details regarding each are provided in the following table:

Example A B C D E F
Product of Example/(pbw): 1185 |31.00 |4075 |7132 |8146 | 9/1.64
Viscosity Index (D-2270) : 175 167 168 155 153 150
Shear Characteristics: 10.31 8.65 8.24 9.025 9.31 9.74
30 Pass Orbahn (D-6278) ¢St
@100°C
% SSI (D-6022) 17.8 485 67.2 38.0 30.9 20.6
Cold Cranking Vis, cP @-25°C | 3,850 2,920 3,620 3,810 3,950 4,190
(D-5283)
HTHS Vis, cP @150°C 3.4 3.11 3.29 3.21 3.20 3.24
(D-4683)
MRV Vis cP @-35°C 35,900 | 19,800 | 33,900 |28,100 | 34,200 | 29,200
(D04684)

20  (pbw) — parts by weight
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Vi scosity I ndex (D2270) 175 167 168 155 153 150 Shear Characteristics:
10.31 8.65 8.24 1 9.025 9.31 9.74 30 Pass Orbahn (D 6278) cSt @O00C % SSI
(D 6022 9.5 67.2 38.0 30.9 20.6 Cold Cranking Vi ussdhs@s25C 3. 850
2,920 3*6’%"3“@‘@10 3,950 4,190 (D-5293) HTHS Vis, cP @50C 3.44 3.11 3.29
3.21 3.20 3.24 (D-4683) MRV Vis cP @ 35C 35, 900 19, 800 33,900 28, 100
34,200 29,200 (D04684) 20 (pbw) - parts by weight 20 WD 01/30947

PCT/ US00129395 | 1y jis kndoR Wt Sdpad oﬁﬁ@ﬁa&ﬁaﬁs@Ssdi%&@ﬁlb@b&n@%ﬁfdcbﬁ%@ﬁﬂﬂe may
interact in the final formulation, so that the conponénts of the final

formul at i on fragulasions se that din cqmppapents ipbdhe finaltforpulation may be\differsaidiromor
t t t di
i nstance, mehgl thf’tnzﬁ'e (xf?lfuallf_ﬁgdegr gggxgh&{ag@ &gﬁaﬁgé e(g? Qfgﬂ E defa o#hge%aﬁi"' Ic

sites of other ecul es orne
pr oduct s 5f ormigrhte) po othempicidié sijes bE othenpoeleulesn ahetmedquseﬁmmd therent i on i n

its intende o S L verthel ess,
all such no |¢i;ﬁ‘§g’f‘ :’Eg%s‘ﬂ g‘%“&ﬂea"ﬁ@o‘?ﬁ'r g’%‘ﬁﬁ?&)éa?’g ‘%\m osgl%g V\ﬁN%P] RIeFR scope
of the pr esinvﬁntmmwnam imended lnse, miayseon suscaptéblé bHeasy memnpasmeNet'dsrﬂaeless,
conposition red 10 adm xi.n bed aboyv Each
of the docu r@?‘ggf\'/aéi?“f 8“&564?8%9?“? ﬁr%gr‘%ﬁ‘é‘sf% B?“?H?f o Bhice.
Except in thﬁesémafmbﬁfon, @hie PREIMP ifRBONVeRconthael Thd Eb&npcﬁﬁh&ﬁ{:@?are&lb
nunerical quantities in this description specifying anounts of materials,

react i onlOcorAPixipg the cOmpOBRIGS ¢ascH P¥- nunber of carbon atons, and the
like, are to be yndpLEHROGCERed ré?alq'écf tPEbIY id iﬁ@ox‘ﬁ@fa@e &P&thty reiUFélnééS
ot herw se indicated, each chem cal conposition referred to herein

shoul d be i rExsepir &t dhe &sarbeliehgora“@gmmwase gkpliritly rindiegteds| allpupierieady
contain the ciu%ﬂ s Sin @er s{ ng;gfoESSpg(cé’i?%hy %o%ﬂﬁ'@ of %ﬂﬂeﬁhpe{ea&}bﬁhconﬁﬁgﬁi lals

whi ch are no resen ormer ci al

However. t hema]mmlmt weughmamhmbehe:ﬁ aagioncasomps nadt the shkp,rarsentbcmxﬂxmtmélaae of

any 15 modified by the word "about”. Unless otherwise indicated, each chemical or
composition referred to herein should be interpreted as being a commercial grade
material which may contain the isomers, by-products, derivatives, and other such
materials which are normally understood to be present in the commercial grade.
However. the amount of each chemical component is presented exclusive of any

20  solvent or diluent oil which may be customarily present in the commercial material,
unless otherwise indicated. It is to be understood that the upper and lower amount,
range, and ratio limits set forth herein may be independently combined. As used
herein, the expression "consisting essentially of” permits the inclusion of substances
which do not materially affect the basic and novel characteristics of the composition

25  under consideration.

While the invention has been explained in relation to its preferred
embodiments, it is to be understood that various modifications thereof will become
apparent to those skilled in the art upon reading the specification. Therefore, it is to
be understood that the invention disclosed herein is intended to cover such

30 modifications that fall within the scope of the appended claims.
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20 solvent or diluent oil which may be customarily present in the
commercial material, wunless otherwise indicated. It is to be understood
t hat %eo g’gﬁgr and | ower amount, range, and ratio |ipgf/gsgaRbaos0rth herein
may be At pendent|ly conbi ned. As used herein, the expression "consisting
~essentially of' permts the inclusion of substances which do not
materially affect the basic and novel characteristics of the conposition
25 under consideration. Wiile the invention has been explained in relation
toits preferred enbodinents, it is to be understood that various
" nodi fi cat im&iiagmisw |1 becone apparent to those skilled in the art
upon reading the specification. Therefore, it is to be understood that the
i nvention disclosed herein is intended to cover such 30 nodifications that

fall wsthin the, s¢ of t.he a ed cl ai.ng. 1L 1/30947

pcT/ usdor 2305 A viBHCaRe c‘?‘gi"%‘g‘gggg" eottpASHE 2 r‘.g%’g# i%‘%°“\éﬁ°?c%‘n%§sf’ i on
conpri & ndubricaling rvistositynandfa Mminop) visedsity Zrdgtdwlixig:_atn:o}mt, \of SC ebistantialiyd

m nor, ViscosSity i ovi ng anmouynt, of a substanptia random

o by aPdare SurmblgRer RenTLTS Bt Pl ng L f Fom hsbe 9390 8508 Brbur o8, 5
4 nole @erﬁemtg:eﬁ{en@éﬁmkﬁaﬁ; (@ 2ot Btk B30 labsuit BOLrHol8 PeiébntGs o lof nfdes cent  of
one or nore vinylic nononers selected fromthe group, consisting of

aromatit, WnWircmeromers selegted fromghe gepup ronsisting af areraatis, pipdered @lipbatisr s; and
(3) fr i : ; LAi C
rmnome*?‘%n havi r?lgljofa%%rﬁﬁ g%ﬂg hgg%ﬁ}t&%éé? ?g‘??c})trfmgt? S%I{tquksza‘.%%@ﬁﬁgrﬁéae? f ng oil
conpositi oof are or mwreroltfinia aranomerschapimgdrom 3 19 aboahP0 carben atpmy om about 25 to
about 95 nol e percent of ethylene; conmponent (2) conprises from 3 about 1
to about 55 nole percent of one or nore aromatic vinylic nononers or 4

hi nder ed ali phaThelubticaing| ailaddnpoaition of iclajth i lcwhereiarensponamndl coaompmizent ( 3)
conprisges .5 from about 4 about 65 nol.e. percent of e or.nore olefinic
oo hESPPORY Ao oot BS i irosy of st isReLahonta: @) SofbritR SRR at 1 ng
oi | conposabiudn &f atduRiss Molehsreind of VP W afidre (AkdmESNNiTyHEE Snondrigr® 6t about 30
to about 94 nol yercent of ethyl ene;  conponent (2) conprises from 3 about
1 to abbut h@éﬂ%& Phatic O& Gyclpalingakc ¥wnylipmenomeFeandcomnepent SheRmBRRSES: and 4

conponest Erdin AOURS to>boul §PRLRYRHEnOf e PRk AOMP honBREAGAVINgfrdalie OF
' 3 to about 20 carbon atoms.

3. The lubricating oil composition of claim 2 wherein component (1) comprises
from about 30 to about 94 mole percent of ethylene; component (2) comprises from
about 1 to about 50 mole percent of one or more aromatic vinylic monomers; and

component (3) comprises from about 5 to about 50 mole percent of one or more

wm AW N

olefinic monomers having from 3 to about 20 carbon atoms.

[—y

4. The lubricating oil composition of claim 1 wherein the interpolymer has M,,
2 ranging from about 10,000 to about 700,000.

5. The lubricating oil composition of claim 1 wherein the interpolymer is a
2 terpolymer; component (2) is an aromatic vinylic monomer; and component (3) is an

alpha olefin having from 3 to about 12 carbon atoms.

s
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5 ol efinic nononmers having from3 to about 20 carbon atons. 1 4. The

| ubricating oil conposition of claiml1l wherein the interpolyner has M, 2
rangin %?’bout 10,000 to about 700,000. 1 5. The |gdysoahdsng Oi |
conposi (i“(;)ln claim1 wherein the interpolyner is a 2 terpol yner;
conmponent (2) is an aromatic vinylic nmonomer, and conponent (3) is an 3
al pha oljef ig) haviRQubkdihg ofl 2o E@Hﬂ'ﬂionl@f &ﬁhppﬂvhéfeﬂi'&méldnbhﬂ dzé)isl dtjrehd;! 11|
AREREE IIIII M S 22 WO 01/ 30947 PCT/ US00/ 29395 1 ricating oil
conposi 4 orﬁﬂéfcqmmnmtl(ﬂhér@emfcmmf{ monpmers; saleated from ghed grwpponent
(3) is agne &5 pl MR C{ 8dndhL r 3 5|st|ng
of propyl ene, . g:r?e @&5 - et h E"i pen?ﬁggp, ?)petnt egﬂé‘%% %e;H(aéE%nel 1 %

oct ene- # 1oc;ene'uhe | ubri cating oi I conposition of claim2 wherein the
interpolymer is a 2 terpolymer; conponent (2) is an aromatic vinylic
nmononer; and conponent (3) is an 3 olefinic nmononer having from3 to about
12 car bdn &k ons.The mbria'dnnglqibcbmmsﬁtm of blaunrmmteummeofnmbd'ymef isMaer ei n

t he i nterpol risa 2t ol ymer nen rene; _and
SRR g B LR W G R S R A P O
but enes,3 hegiéfic foRBMe il rdha310900uﬂ!?cdrb@fdt6ﬁ§.' ng oil conposition of.

claim?7 wherein conponent (2) is styrene; 2 and conponent (3) is an al pha
olefin having from3 to about 8 carbon atons. 1 10. The |ubricating oil

composi ty org of  Chil ordcai! &i Bk MIMRICEE clafh 1 SibetoH] ﬂﬂ:emterg?]]ZHQr gogronent
(3) is propyl ene, butene- 4 | -1-pentene, pentene-1 xene- 1

oct ene- 2 orterpehymarneomeponent (2) isTtyreneylond cempengenb(3) iv enlentesd fromrthe grovpai m 10
wher ei n conpanen e lubricating oi

conposi taicon%g cl*a gé%@e eé?m@én%?@g%{gznle ](%Slyls butene-1. 1 13. The
lubricating oil conposition of claim10 wherein conponent (3) is hexene-1
1 14. The |ubr oi.l ¢ 03|t|on 10 wherein gnent (3) is
octene & 415 The fobhithns 68 BERRENtT of telh F el SR GLBO | 0% ¢ o
about 3@®% band\mngabhema)oi arfalphdsiefinhavadg frorh 3nd about Bicerbphktosl resulting . -
from pol ynmeri zi ng

1 10.  The lubricating oil composition of claim 7 wherein component (2) is styrene;
2 and component (3) is propylene, butene-1, 4-methyl-1-pentene, pentene-1, hexene-1, -

3  octene-1 or norbornene.

1 11. The lubricating oil composition of claim 10 wherein component (3) is

~

propylene.

1 12,  The lubricating oil composition of claim 10 wherein component (3) is butene-1.

1 13.  The lubricating oil composition of claim 10 wherein component (3) is hexene-1

1 14.  The lubricating oil composition of claim 10 wherein component (3) is octene-1.

1 15. An additive concentrate comprising from about 0.1% to about 30% by weight

8]

of a substantially random interpolymer resulting from polymerizing

||||\|I| Illlll IlIll I\Ill |\ ||I|
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(1) fromabout 19.5 to about 98.5 nole percent of ethylene; 4 (2) from
aboutwq)a 947about 60 nol e percent of one or nore Vi nyét/osioRes8ers 5
selected fromthe group consisting of aromatic, hindered aliphatic, and

.cycloaliphatic 6 vinylic nmononmers; and 7 (3) fromabout | to about 80 nole

percen3 of one(1)r fromrabom ¥9{3 wi abourD8S Mok pefcehtwofi atigylénepm 3 t o about 20
car bon ,at ons,

d.9 f t 70%to0 about 99.9%by weight of
Cbotadti al Ty Plorpm SRS shou ) iR SR ST Be Fs e,

addi ti e aeReRAffoM theGirow éintisifg blisirohfatic, amndRiddSiliphatid, ah€e§dlodipaiour poi nt
2 depressant. 1 17. The additive concentrate of claim 15 further conprising
at | eadt ofiwylisrgenamersiandnt i oxi dant. |1 huh111111011111111111shit 24

7 (3) from about 1 to about 80 mole percent of one or more olefinic monomers
8 having from 3 to about 20 carbon atoms, and
9 from about 70% to about 99.9% by weight of a substantially inert, normally liquid,

10  organic diluent.

16.  The additive concentrate of claim 15 further comprising at least one pour point

2  depressant.

1 17.  The additive concentrate of claim 15 further comprising at least one organic

(8]

antioxidant.
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