FUNCTIGNALIZED PO_LYMER AS CREASE ADDI TI VE The present invention relates to
grease conpositions which contain a func- tionalized polynmer which serves
as a thickener or rheology nodifier. Geases typically conprise a base oi
and a thickener, which is normally an acid-containing material. In sone

I nstances polyners al so have been added to grease conpositions in an
attenpt to inprove perfornmance characteristics such as dropping points,
cone penetration, water wash-off, or ojl separation. U S. Patent 3,591, 499,
Morway, July 6, 1971, discloses a greaSe containing a netal salt of an

a, w-di carboxyli'c acid of nol ecul ar wei ght 500-2500. The nmetal can be an
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ids, the nmetals being | east divale and netal conplexes. U S. Patent
4,877, 557, Kaﬁemag@l@e, cane peneigatiopayater wash-ofcor oiliseperatiens a | u- bri cating
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unnodi fi ed potpwéheswa!thpersaempabmﬂla nipgPibto A Sreasqatrystire.of 300 to 12, 000.
Australian publisiesl Patensafesal ahiinfh, RGN 4011969, Odiktoses mékiil cating

grease conprising_a paraffini ¢ mneral oil, a cal cl um conpl ex soap
t hi ckener, argntaining complexes of oxidized polyethylene, containing functional oxygen

groups e.g. carbonyl, carboxyl, hydroxy, etc. The material is useful in production
of grease-like compositions. The composition is a mixture of the oxidized poly-
ethylene an.d a complexing agent selected from metal salts, metal salts of fatty ac-
ids, the metals being at least divalent, and metal complexes.

U.S. Patent 4,877,557, Kaneshige et al., October 31, 1989, discloses a lu-
bricating oil composition comprising a synthetic hydrocarbon lubricating oil, a load
withstapding additive, and a liquid modified ethylene/o-olefin random copolymer.
.The load withstanding additive is roughly divided. into an oiliness agent and an ex-
treme preééﬁre agent. The oiliness agent can be higher fatty acids such as oleic

. acid and stearic acid. Extreme pressure agents include, for example, organic metal
type extreme pressure agents. The lpad;withstandin'g additives can be used singly
’ or in the form of a mixture of two or more of them. The liquid copolymer is pre-
pared from an unmodified polymer with a number average molecular weight of 300

to 12,000 "
Australian published Patent Application 500,927 discloses a lubricating

grease comprisihg a paraffinic mineral oil, a calcium complex soap thickener, and



2 an. organic terpolymer of 65% ethyl ene, 5% ester conononer, and 0.01-3%
acid consnomer, melt index 0.5 to 200. U.S. Patent 5,275,747, Gutierrez et
al ., January 4, 1994, discloses a deriv- atized ethylene al pha olefin

pol ymer useful as a nultifunctional viscosity index im prover additive for
ol eagi nous conpositions. The al pha-olefin polyner is term- nally
unsaturated and has a nunber average nol ectl ar wei ght of above 20,000 to
about 500,000. It is substituted with nono-or dicarboxylic acid-producing
noie- ties; it can be reacted with netals to formsalts. The additive has
mul ti f uncti onam oyganie serpplymetcof 65%6 rethydeney '58p ester eomangmennand: Oed%hgcid
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ber average nefmapesiien.ei ght of at | east about 50,000; a netallic species

capabl e . . . . . . .
P The present invention provides a composition comprising an oil of lubricat-

ing viscosity; a pélyoleﬁn_'having grafted acid functionality, said polyolefin having
a number average molecular weight of at least about 50,000; a metallic species ca-
pable of interacting with the acid functionality of said polyolefin to cause associ-
ation among the acid groups; and a co-thickening agent; said polyolefin being pre-
sent in .an amount sufficient to increase the viscosity of the composition. The in-
vention also provides a composiﬁon comprising a gelled overbased matérial dis-
persed in an oleophilic liquid medium; and a polymer containing acid functionality,
present in an amount sufficient to increase the viscosity of the composition. The
* invention further provides a concentrate comprising a polyolefin having grafted
carngzl_ic acid functionality, said polyoleﬁh having a number average molecular
weight of at least about 50,000; a co-thickening agent; and a concentrate-
forming amount of an oleophilié medium. Further, the present invention provides
a method for preparing a greése, comprising combining an oil of lubricating vis-
cosity; a polyolefin having grafted acid functionality, said polyolefin having a num-

ber average molecular weight of at least about 50,000; a metallic species capable



3 & inferacting with the acid functionality of said polyolefin to cause
associ atron anong the acid groups; and a co-thickening agent. Various
preferred features and enbodi nents of the invention are hereinafter
desciibed by way of non-limting'illustration. Greases are typically
prepared by thickening an oil basestock. The greases of this invention are
oi | -based, that is, they conprise an oil hich has been thick- ened with a
t hi ckener, also referred to as a thickening agent. Greases are generally

di stinguished fromoils in that they exhibit a yield point (at room

t enperat ure f interacting sithethet acid fonctionalitynof saidopalyolgfin rtor causpaassoejatioR| ow
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are often heterogeneous compositions, comprising a suspension of one material,

often a fibrous crystalline material, in another. Oils, on the other hand, are nor-
mally more uniform, at least on a macroscopic scale, often comprising an appar-
ently homogeneous solution of materials. Oils often exhibit Newtonian flow be-

havior; greases do not.

The oil of lubricating viscosity.
The grease compositions of this invention employ an oil of lubricating vis-

cosity,.including natural or synthetic lubricating oils and mixtures thereof. Natural
-oils include animal oils, vegetable oils, mineral oils, solvent or acid treated mineral
oils, and oils derived from coal or shale. Synthetic lubricating oils include hydro-
carbon oils, halo-substituted hydrocarbon oils, alkylene oxide polymers, esters of
" carboxylic acids and polyols, esters of polycarboxylic acids and alcohols, esters of
: phosphorus-containing acids, polymeric tetrahydrofurans, silicone-based oils and
mixtures thereof.
Specific examples of oils of lubricating viscosity are described in US Patent

4,326,972 and European Patent Publication 107,282. A basic, brief description of



4 lubri gant base oils appears in an article by D.V. Brock, "Lubricant Base
G ls," Lu- bricant Engineering, volune 43, pages 184-185, March 1987. A
description of oils of lubricating viscosity occurs in US Patent 4,582,618
(Davis) (colum 2, line 37 through colum 3, line 63, inclusive). Another
source of information regarding oils used to prepare lubricating greases is
NLG Lubricating G ease @Guide. Na- tional Lubricating Grease Institute,
Kansas City, M ssouri- (1987), pp. 1.06-1.49. The co-t hi ckeni ng agent.
Grease thickeners are well known in the art of grease fornulation, and they

' th t th t
Context o« HBrERAGATE ofh sEREFOIM S ety 11-No HRPbIoReRRt Bise Qs
agent can bebﬁﬁéﬁr%@e%éee?ing, vBlurte 48! Eké‘é&efsﬂiw%'ﬂélﬁi@@? ”gA%%pthﬂ“o? s

because the Co- , _when preseht, does ndt provide the sole or
necessarily eileof lubeicptingreisgosityuscrarsin US dPatdrt ck582,618 @avisp(wplwns 2, lme

o ovi ded r at AABIDYE ORI Fokn S haeHgVE) ATTRHEICE OF IDERAHIY (PEaRING
pol yner, desgf 9?&1 Ip?%{ai’é llulﬂ-?étaﬂﬂ’%éréﬁs?? id R ?9[ LObRE d b%ﬁ'ﬂbnﬁa

part through | S |n I on W BCIres wh

in the C0mi)Oﬁbhaldmb@iadtm%ﬁG?Basaflﬁstitﬁmklaﬁsasfcuﬁtl‘ﬂfswﬁﬁ (o3} Pp. the6-ac(b91 func-
tionality of the po] e Conventional grease thickeners (i.e., the
co-thi ckenerﬂ_ﬁﬂﬂ_&ﬁﬂuﬂgmhzed as sinple netal soap thickeners, soap

known 1 the art . Crr@etbieReSs R Rell Bpdhndn B of Wlhsk Rofineied Mg
i ndi cat e t hecgmpfisedné of the majer %Bin?ﬁﬁérftk ofthe/presstitiaventidng! Insthk tconfdxt bt t Y
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(c) of the pﬁﬁ%ﬁgﬂaﬂ&v e'ﬂdsoﬂolymer, described in detail below, is believed to provide
thickening in part through its interaction with metallic species which are also pre-
- sent in the compoéition and which are capable of interacting with the acid func-
tionality of the polyolefin.
Conventional grease thickeners (i.e., the co-thickeners) can be categorized
. as simple metal soap fhickeners, soap complexes, and non-soap thickeners. Simple
metal soap thickeners are well known in the art. The term "simple metal soaps" is
. generally used to indicate the substantially stoichioxﬁetrically neutral metal salts of
fatty acids. By substantially stoichiometrically ﬁeutral is meant that the metal salt
contains 90% to 110% of the metal required to prepare the stoichiometrically
neutral salt, preferably about 100%, e.g., 95% to 102%. Thus, the co-thickening
agent of the present invention can.be a metal soap or an acidic material (including
fatty acids, described below) which interacts with a metallic species to form a
metal soap. The metallic species can be pre-reacted with the acidic material to

form the soap before it is added to the grease composition, or the acidic material

can be reacted in situ with the metallic species which is supplied as component (c)

of the present invention.



Fatfy acfds are defined herein as carboxylic acids containing from8 to 24,
preferably from12 to 18 carbon atons. The fatty acids are usually

nmonocar box- ylic acids. Exanples of useful fatty acids are capric,

pal mtic, stearic, oleic and others. M xtures of acids are useful.
Preferred carboxylic acids are linear; that is they are substantially free
of hydrocarbon branching. Particularly useful acids are the

hydr oxy-substituted fatty acids such as hy? droxy stearic acid wherein one
or nore hydroxy groups nay be |located at posi- tions internal to the carbon
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is generally conducted in situ in the base oil making up the grease.

Whether the metal soap is prepared from a fatty acid or an ester such as a
fat, greases are usually prepared in a grease kettle, by forming a mixture of the
base oil, fat, ester‘ or fatty acid and metal-containing reactant to form the soap in-
situ. Additives for use in the grease may be added during grease manufacture, but
are often added following formation of tile base greasé.

The metals of the metal soaps are typically alkali metals, alkaline earth
metals ahd alurhinum. For purposes of cost and ease of processing, the metals are
sometimes incorporated into the thickener by reacting the fat, ester or fatty acid
with basic metal containing reactants such as oxides, hydroxides, carbonates and
alkoxides (typically lower alkoxides, those containing from 1 to 7 carbon atoms in
the alkdxy' group). The soap may also be prepared from the metal itself although
many metals are either too reactive or insufficiently reactive with the fat, ester or
fatty acid to permit convenient processing. Preferred metals are lithium, sodium,
calcium, magnesium, barium and aluminum. Especially preferred are lithium, alu-

minum and calcium; lithium is particularly preferred.



Preferred fatty acids are stearic acid, palmtic acid, oleic and their
corre- sponding esters, including glycerides (fats). Hydroxy-substituted
acids and the corresponding esters, including fats are particularly
preferred. Conpl ex greases are those which are prepared using soap-salt
conpl exes as the thickening agent, and are |ikewi se well known to those
skilled in the art. Soap- salt conplexes conprise a salt of a fatty acid
and a non-fatty acid. Fatty acids have bden described in detail above;
non-fatty acids typically include short chain (e.g. 6 or fewer carbon
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conpl ex greases are described, in nore detail on pages 2.13-2.15 of the
above- ment i(6igeFapmydic, capric)cane tlso @aluded inuthecmixtpre. s Fagmplasagk sudly soap
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Preparation of complex greases is well known. In some instances (calcium

complex greases, for example) a short-chain alkanoic acid is reacted with a metal
base (e.g., lime) while the fatty acid salt is being formed. Altematively:, a two-step

" process can be employed, in which a normal soap is formed, which is then
"complexed" by reaction with additional metal base and low weight acid. In other
instances the procedure can be more complicated, if for example the acids and

~ bases do not efficiently react together directly. Various methods of preparing
complex greases are described, in more detail on pages 2.13-2.15 of the above-
mentioned NLGI Lubricating Grease Guide. | '
Non-soap greases are 'prepé,red using non-soap thickeners. These inciude
inorganic powders such as or'gano-cléys, fine fumed silicas, fine carbon blacks, and
pigments such as copper phthalb‘cyanine. Other non-soap greases employ poly-
meric thickeners such as-polyu_reas. The polyureas can be formed in situ in the
grease by mixing oil with suitable amines in a grease kettle, and slowly adding an

oil solution of an isocyanate or a diisocyanate. Non-soap thickeners are described

in pages 2.15-2.17 of NLGI Lubricating Grease Guide.



In traditional grease fornulation, thickeners are incorporated into a base
oily typrcally, an oil of lubricating viscosity in amunts typically from1l
to 30% by weight, nore often from1l to 15% by wei ght, of the base grease
conposition. In many cases, the amount of thickener used to thicken the
base oil constitutes from5%to 25% by wei ght of base grease. In other
cases from2%to 15% by wei ght of thickengr is present in the base grease.
The specific amount of thickener required often depends on the thickener
enpl oyed. The type and amount of thickener em ployed is frequently
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Feduced by sORPR @bds Bl The (TR Siflofed Thelias, g “ERERE SF TbhBieE Fon-

aci d-functi oppdyedqsd fréquefily (dictate@as) tHRNdéMired Usdturl ofthedgiedsd. UMitiel 9paldnged
oil with a netallic species. Acid functionalized oil can be prepared as a

byproduct of ameuntazef alsodictased bydhe desiredhgonsistenay] whiphis taeniegsure of el de-
- comonent (0o & Rl 85 el e SR el e, ESAF oo
L1 7C2 T Sy APyt 9ot oMl ASTMI 17
hydrocar - boASTMiD-1103t hTypes andramouhtst dfethickenersctp ¢mployi dreiwelhkaéwadoont o
than those | e St i (361 G7rase arhaad e Ruker, scribed i tnd NG Fbicatide
(AL 0 TSR GEAT S O A A ot i . 2o
condi tions avidésacsigrificany@ontion éf thef thivkehingProperty of thenmieasslitcis pobssible to
result, in a?gduec\é%ﬂé amount (];futrl]lgtciof-)trl]xiczliczni%gcagegthli); [a(x? g;i)gr%p?igsen;MOJrn?zompared
with the above-listed amounts. Thus the amounts of the co-thickener can typically
be reduced by 50%.

It is possible that the co-thickening agent can be an acid-functionalized oil
or the reaction product of an acid functionalized oil with a metallic species. Acid
functionalized oil can be prepared as a byproduct of the grafting reaction whereby
the acid-grafted polyolefin, component (b) of the present invention, is prepared. If
an olefin polymer is grafted by a solvent-based free radical reaction, for example,
described in greater detail below, the solvent can be a mineral oil. If this is the
case, a certain amount of acid functionality may become attached to the hydrocar-
bon chain of the oil in much the same Way that it is grafted onto the polymer. The
hydrocarbon chains in an oil are normglly much shorter than those in an olefin
polymer, and the end result can be a mi)‘cture of fatty acid molecules in an oil me-
dium. Alternatively, acid-functionalized oil can be. prepared by subjecting mineral
oil by itself to grafting conditions as described below. The functionalized oil

molecules which result, in any event, can function as a co-thickening.agent. They



8 may ber |solated and added separately, if desired, or they can be added as
a part ofs the mediumin which the acid-grafted polyolefln I's supplied. The
grafted pol yol efin. The polyolefin of the present invention is a polyolefin
onto which has been grafted acid functlonallty The pol yol efin onto which
the acid functionality is grafted is a polyner which consists inits main
chain essentially of olefin,nono- ners, an8 preferably a-olefin nonomers.
The polyol efins of the present invention thus exclude polyners which have a

pol yrer Dok bk beGelhtedkanbaded soRuitiats, i d6ttedm sy G0 by a0daikns § RBIt ofhc
pol yners enpl W@ﬂe&ﬁﬂxf i QﬁggFﬁ@&élﬁgrwﬁgg@ééwgﬁgﬁ?et hyl ene and at

| east one ot her a- wherein [err] is
- strai ght chai ﬂ‘hegrtﬁ@pﬂgdleﬁhal n al kyl radi cal corrprl sing 1 to 18 carbon

S D i bl A
e

tridecene-1, gﬁéﬁeﬂdﬁcﬁpﬁlyherﬁﬁmbﬁ%ﬁﬁﬁl@ i itshfdin Mﬁ%@kn%mll?%ﬁﬁdﬂﬁ%d—
oct adecene- 1 nonadecene-1 and m xtures thereof (e.g., mxtures of

propyl ene andmiers tamieprefembiyj ot-hbﬂhuim)omdfs.e fﬁhqu}yaiéﬂmoﬁtm(prpmrtsnmmlon
et hyl ene- propyl ene ners, et h | ene- butene-1 cop %gers an the |ike.
Preferred pol mﬁm vuﬂvseﬁemewr 9 ﬁéynﬁqcp SPAYPIRRES

and but ene- 1, %&gﬁem-&f % rtﬁg Bhyﬂi?@ﬁ%ﬁ%fboql:eefshgﬁ & 0g: PRHGHGs acid

i ncl udi ng et hy propyl ene di ene yners an y- rene di ene
pol ymer s suchmmteyg and-thetikeli ene rubber polyners. The styr ene di ene

copol yners may be E_epared from styrenes such_as Stﬁ rene ha- et hyl
styrene, ortho-net )hle polymenscemployed methwmvgmtmem & poldy etbylpnem;d

Grene. wihi oh ¢8hicathaa SR -0t hav e ok @‘in%?ﬁg‘s SR R et
dienes | ncl udgygh B‘f-rb\f%ﬁ‘dh%d chai AlfTEARAr e UG o bR AR retorbly

i soprene and buta prene a |ene eing particula
preferred. M R i e aﬁovetfohnalaris dikybef fidmd] e6 8scazben aiohts, Wadfmore preferably

is alkyl of from 1 to 2 carbon atoms. Therefore, useful comonomers with ethylene

in this invention include propylene, 1-butene, hexene-1, octene-1, 4-methyl-
pentene-1, decene-1, dodecene-1, tridecene-l, tetradecene-1, pentadecene—l, hex-
adecene-1, heptadecene-1, octadecene-1, nonadecene-1 and mixtures thereof (e.g.,
mixtures of propylene and 1-butene, and the like).

Exemplary of sucﬁ poiymers are ethylene-propylene copolymers, ethylene-
butene-~1 copolymers and the like. Preferred polymers are copolymers of ethylene
and proﬁyl_ene and ethyiene and butene-1. Other preferred polymers are a—olefin-
diene polymers, including ethylene-propylene diene ("EPDM") polymers and sty-
rene diene polymers such as styrene-butadiene rubber polymers.

E The styrene-diene copolymers may be prepared from styrenes such as sty-
rene, -alpha-methyl sty_rené, ortho-methyl styrene, meta-methyl styrene, para-methyl
styre-ne, “pax"a-tertiary butyl styrene, etc. Preferably the diene is a conjugated diene
which contains from 4 to 6 carbon atoms. Examples of conjugated dienes include
piperylene, 2,3-dimethyl-1,3-butadiene, chloroprene, isoprene and 1,3-butadiene,
with isoprene and butadiene being particularly preferred. Mixtures of such conju-

gated dienes are also useful.



9 The styrene content of these copolymers is typically in the range of
about 20%to about 70% by wei ght, preferably about 40%to about 60% by

wei ght. The aliphatic conjugated di ene content of these copolyners is
typically in the range of about 30%to about 80% by weight, preferably
about 40% to about 60% by wei ght. Styrene-di ene copol yners can be prepared
by méthods well known in the art. Such copol ynmers usually are prepared by
ani oni ¢ pol ynerization using, for exanple? an al kali mnetal hydrocarbon
(e.g., sec-butyllithium as a polynerization catalyst. O her polynerization

t echni ques such as,emul si on pol | zation can be . nd
~in particular st y?fé‘ﬁgsgﬂfaﬁ?@‘ﬁ{%gg §,°°8§H¥“Eés Fsa'f@gc%ﬂ&g%gﬁ%/g&eﬂr% ?g%%ooc
copol yners, opof & syt F09rky 4R ferabl{?aBO ARG bRt 60% Iy Weighe Mhe
whi ch t he corgrgrf{)tr%rpers are ra’Fndo?%q{‘/yl?)E‘ré nea?lay randonly_arran e?in t he
pol ymer chai alipldtizcéonjugatéd diene cantent bf these icopblyoierpisetypically in theerange of| y
| ong chains of one type of . r arg.joined o ane . o e rel athy,
| ong chai ns Gbo‘&néi)%e& tagﬁgt?gﬁ%%waWS ’bP’E?E?{aEI(XpB %{%‘%g{oe aﬁﬂ'&s@["ﬁlb&hi ch
relatively s@pe(éélﬁr chai ns of one type nononer alternate with simlar chains
of another type. Another type of suitable polymer is radial or "star"
pol yners. Di ene- c@Siyreheidigeccupolymers candre prephnedr ipgerethats well kobwni iontheo as
to re- nove a substantial portion of their al efini c, doybl e .bonds

Techni ques f @rt. aSuelncopelymersysuallysarg Rrepayes b, YHoneP EriZaHAn USR8, fSs e

of skill in the t and ne CFd bed.i ] ' e e
Briefly, hyd%ﬁ’gﬂ t Pgr?%l(agl ﬁ@&%%ﬁ?{%@gﬁb@gbgﬁgggﬁﬂgﬁ_'-Lm cso%)m rre?‘gih\t}\ﬁo'? h
hydrogen at gdfafyfst.2IOREPHSIymerigdtRistechsiques suth asremndsion polymerizatiah cantbel yst
such as col |l oidal nickel, palladiumsupported on char- coal, etc. In

general, it msepreferred that these copolyners, for reasons of oxidative

stability, contain,no re tham.about 5% an ref er ahl out

0. 5% resi dual ol eﬁl}'ﬁ 50%5% 3?5&"? 8ﬁHbﬁ‘f?ﬁr?1sgyr%3€'id§en§fca°?) ﬁéﬁf’g{% ﬁl}’tﬁg@?do

~ carbon-to- Cafckgalygﬁyellﬂwk EAPUIAES, B FdHdBn BlecR\¢opalyther® Residotn cSpulymers
n-be

~unsaturation.c measured by a nunber of neans well known to those of
" skill in the ane thossiniwhich the cameniomedsRare andonlysor praslyciandemly errarged in

copol ymers contaip no di scer.nible unsaturati,on, .as _deferm ne
af or enent i ondhe POHMYISRIN pglg COpP yf“é&%ﬁ\"’qﬂlé’é_é in wfxilcfl one or Sad¥ xlem‘ively

long chains of one type of monomer are joined to one or more relatively long
chains of another type; and random block copolymers are those in which relatively
shorter chains of 6ne type monomer alternate with similar chains of another type.
Another type of suitable polymer is radial or "star" polymers.

Diene-containing copolymers can be hydrogenated in solution so as to re-
move a substantial portion of their olefinic double bonds. Techniques for accom-
plishing-this hydrogenation aré well known to those of skill in the art and need not
be described in detail at this point. Briefly, hydrogenation is accomplished by
contacting the copolymers with hydrogen at super-atmospheric pressures in the
presence of a metal catalyst such as colloidal nickel, palladium supported on char-
coal, etc. In general, it is preferred that these copolymers, for reasons of oxidative.
stability, contain no more than a_bbut 5% and preferably no more than about 0.5%
residual olefinic unsaturation on the basis of the total number of carbon-to-carbon
covalent linkages within the ﬁverége molecule. Such unsaturation can be measured
by a number of means well known to those of skill in the art, such as infrared,
NMR, etc. Most preferably, these copolymers contain no discernible unsaturation,

as determined by the aforementioned-mentioned analytical techniques.

{



10 7Cert ai n et hyl ene- propyl ene pol yners and certain styrene-butadi ene poly-
mers are well known el astoners which are commercially available froma
variety of sources. If the olefin polymer is an ethyl ene copol yner, the
nol ar et hyl ene content is preferably in the range of 20 to 80 percent, and
nore preferably 30 to 70 per- cent. Wien propyl ene and/ or butene-1 are
enpl oyed as conononer(s) with ethyl- ene, 1&he et hyl ene content of such
copolynmers is nost preferably 45 to 65 percent, although higher or | ower

et hyl ene contents .be esent ref er t rs.,used in
This i nvention ar &GtaS ethYIER PIoRYIedE. yrasm%&eﬁ%b&w@ URHERE ALY ¢ o
degree of cr I

soluble in mxﬁéer?a ¢ %Wh?dé'ﬁ# eia'ﬁ r%%@mgd{ F& JRR] @Hlﬁﬁpavatrl]legﬁ#t ?éﬁl égﬁgy
possess a nurdffsbumer- age rml ecul ar wei ght of at |least greater than

50, 000, preferably’ at |east 100 000, nore preferably at |east 150,000, and
most preferably atifitheolefingliypmer lscaéhethzllensf copelymes| theunelas iethylene eentestc ced

pr ot or ably s0bPousoRE s iBbe 8F 285 W ortgns B EIERUeE Iy Ao T pekT <
can be det er rgefi Whn prof}lcHe dﬁdedt&fé?P'a%'&% lo@e&%‘coﬁﬁﬁbﬂf&'&no SYBhiklp ety

such determnation is by size exclusion chronat dgraph al so wn as “gel

per neat i on cfmemhemhyipw cogem) of suchaopalydiers tsrmbktyplpfmbl&e@ tmﬁécpmnnt

wei ght distri t| on, and

ay. " todern P oUSE HAahee P o S o0 CORENtS Mkl g Drossah, MpdgreltabIBo i
ol enon & ol RR PR inv Ui Sub AERBRALY othlefle RBmbFlyriter and

i ndex gener alex}ibitay eleigees aﬂlcmtdlmnty/\m@hthat awHery lfmﬁ:tiomﬁﬁed Tthey arefreadily

pol ymers of the present invention preferably have a nelt i ndex of up to 20
dg/ m n, noreSp Qamelmly’fdols{o 10 dg/ min. The polymers enployed in this

procedur os whi o e oy PR BIIRRYRE i s iefton Bpmatatil pBSsess 4 el s
g(r)esent | nvengeoledilat Wéﬁgh’i’%flﬁf waatr afeY tRA 507000, Zpreferably A Béast X001068,
nprising ol efins such as al ins having from3 to 20 carbon "at ons,

i ncl udi ng normﬂeqirefesalﬂjaahleast ]:ﬁ(b(m(] and mast bt&fenbly & lpastc 200,008 0Generally,

the polymers should not exceed a number average molecular weight of 500,000,

preferably 400,000, and more_pjreferably 300,000. The number average molecular
weight for such polymers can be determined by several known techniques. A con-
venient method for such determination is by size exclusion chromatography (also
known as gel permeation chromatography (GPC)) which additionally provides
molecular weight distribution information, see W. W. Yau, J. J. Kirkland and D.
'D. Bly,."Modern Size Exclusion Liquid Chromatography", John Wiley and Sons,
New York, 1979. |
A measurement which is complementary to a polymer's molecular weight is
the melt index (ASTM D-1238). Polymers of high melt index generally have low
+ molecular. weight, and vice versa. The grafted polymers of the present invention
preferably have a melt index of up to 20 dg/min, more preferably 0.1 to 10 dg/min.
" The polymers employed in this invention may generally be prepared sub-
stantially in accordance with procedures which are well known in the art. The
polymers for use in the present invention can thus be prepared by polymerizing
monomer mixtures comprising olefins such as alpha-olefins hé,ving from 3 to 20

carbon atoms, including monoolefins such as propylene, 1-butene, 2-butene, iso-



but ene,: 1- pent ene, 1-hexene, 1-heptene, 1-octene, 1-nonene, 1-decene, 2,
pent ene, propylene tetranmer, diisobutylene, and triisobutylene; diolefins
such as 1, 3- butadiene, 1,2-pentadiene, 1, 3-penatdiene, isoprene,

1, 5-'hexadi ene, 2-chloro-1,3 butadiene, aromatic ol efins such as styrene,
a-net hyl styrene, ortho-nethyl sty- rene, neta-nethyl styrene, para-nethyl
styrene, and para-t-butyl styrene; and m xtures thereof) in the presence of
a catal yst system deéescribed bel ow. The ¢b- ronomer content can be
controlled through the selection of the catal yst conpo- nent and by

trolli th tial th ' 4.Ih |t -
pol yrmors. o Sragnlens! LTRRERS {oheRsiy Lront St |CBReLideccit Oe BORERDI v

mers, and rapd ePolgy € a3 I Ay FQdyicti on
of the reacﬁgn?ﬂ%%lf 3%1%?3 airgi fﬁ“@%&“@ ﬁl%ﬁ&ﬁl%e%r ogié g?ggsﬁof’

cat al ysts, [bmtddiend, ak,2 pentaidiend] &,F-penatdienen iseprene; 1 Srhexadiene] 2t¢hisro-1,3
general | y known_as coordi,naai on catalysts or Ziegler- Nata cat al g&ﬁs, and

conpri ses a owkadiene, asamafic Rlefins such aécﬁw@%iweﬂ%gaﬁwsne,pcﬂ%me iSkyr

usi ng coordi [ o SdtSrel e c L p [

rangi ng bet vl\-/ggﬁgi F%Fafﬁteg*r% §[1ng lr’?’ 9%%’?‘2#‘4!&5%@%%‘2"8 l% g??WdW], .E'a%d_
Reaction ti maixtires oheresf)tin thé poesdnceruf ¥ Javalyst Systen alestritedubelow. Ther ¢o-t 0
several mnutes or |ess, depending upon factors-such as reaction

te (rjr_per at ur E_,'T?WWCWE‘?@ heocontrelindothyersh ﬂ’@ﬁlﬁel%ﬁi@mﬁe‘hﬁi%&%‘ywwm o
o' Gi ven set isnt bR by EoRirbITRnt BRfal hrShcd dF SR8t BHRGRRES' TR shullE |

the pol yner iiﬁ@?b%éﬁ Ichn DR gulydel-&thsahcladiMzeRnldb® polyrhérs38fdckrad 1’pr;°

3,000 bar), and generally at a pressure within the range of 4 to 200

(40 to 2, 00Gnérsyynd mndomddoclpeafolymedtsy, t he pol ynerization will be

conpleted at a prgssure wthin the range of, 5 .to 150 MPa (50 tg 1,500 bar)
&I‘}‘ PG‘A‘P’FcR]fglF i

After pol ymerizat ¢ lysts,pmployed ip t eB'E?_Ld 'Eeﬁét_aé‘ét% Yers(¥ey.
by conventi qialideSGa kﬂH@vﬁ. 6&8 Bréad Elg&t S’Fédt{lﬁstk,hﬁarﬁ%btiﬁgrshftﬁﬁlk%r pﬁgrﬁ{-' on
medium wi th water or an alcohol, such as methanol, propanol, 1sopfopanol,

etc., or corizagowloffa-aslefimy is lpenemlly Uiione hecabrdihstidn eatabisysror iZieglesn
reaction), the product polynmer can be recovered by processes well known in
the art. AnyNataecatalystsoand comprigesmmetal atom rithicestain complexing igandser .

' Polymerization using coordination catalysis is generally conducted at tem-
peratures ranging between 20° and 300° C, preferably between 30° and 200° C.
Reaction time is not critical and may vary from several hours or more to several
minutes or less, depending upon factors such as reaction temperature, the mono-
mers to be copolymerized, and the like. One of ordinary skill in the art may readily
obtain the optimum reaction time for a given set of reaction parameters by routine
experinientation. Preferably, the polymerization will be completed at a pressure of
1 to 300 MPa (10 to 3,000 bar), and generally at a pressure within the range of 4
to 200 MPa (40 to 2,000 bar), and most preferably, the polymerization will be
completed at a pressure within the range of 5 to 150 MPa (50 to 1,500 bar).

After polymerization and, optionally, deactivation of the catalyst (e.g., by
conventional techniques such as contacting the polymerization reaction medium
with water or an alcohol, such as methanol, 'propanol, isopropanol, etc., or cooling
or flashing the medium to terminate the polymerization reaction), the product

polymer can be recovered by processes well known in the art. Any excess reac-

tants may be flashed off from the polymer.



12 iPol yreri zation can al so be effected using free radical initiators in a
wel.l - known process, generally enploying higher pressures than are used
with coordi- nation catalysts. The pol ynerization nay be conducted

enpl oying |iquid mononer, such as liquid propylene, or mxtures of liquid
nononers (such as m xtures of liquid pro- pylene and 1-butene), as the
reaction nedium Alternatively, polyneriZﬁgion may be acconplished in the
presence of a hydrocarbon inert to the polynmerizati on such as but ane,

pent ane, isopentane, hexane, isooctane, decane, toluene, xylene, and the

like. I'n those si ﬁ%ﬁ%ﬁ%&%%&ﬁ;{k& B efRired LUsﬁf(% freé adicell inithoRCiny A%vell-

product that woul uced a given set operating conditions is
hi gher than gaowai prodessagsnerilly employirpnhigherspressunes ithart hree psedowithr codirdic
~control of nolecular weight, such as the use of hydrogen and/ or

pol yneri zat.i oatiergptélystsare control, may be used in the process of this

I nvention. If so i .he. no i ' gl jeh lade
presence of hydroé@% ‘E°§9'P 8%$I@hexggﬁf6n§§ﬁ% g@’é@ﬁ“@h‘éﬁt *.n%ﬁig{vg\%{\’/’edru l,ahtaEe
pol ymers ar e 1iguif fropylene; of fiddlures dffiiquid hvhoniers(such s mixturks afl diquid pro-]
gas, that is, the absence of H2 gas added in ampunts_ effective ,to,sub-

stantial |y r @ylene andel-butepe)rasrtbe geastion medigm: Altaspativalyr polymerizatigq, may

Do wetght - e aeeblitheddn SET Drest VAo GinR fert Rthe poibaadiin dch | o"
the moles of g 'Bﬁtéﬁleeééxﬁaﬂ@ RYPRhEane RexRE ildoctdiR, Betanebidlgéid, Rplensgnd theen

carrying out the polynerization in a batch-type fashion, the reaction
diluent (if dke) and the al pha-ol efin conononer(s) are charged at

- appropriate ra- tios to a sujtable reactor. re shayl d. e taken t |

~ingredients are dif, thase sityations suherein etwﬁlﬁg‘z‘ﬁf Qv%éf%nﬁf ﬁﬁsg‘g‘aﬂeﬁrpgﬁ%‘h&

- nol ecul ar si ' rd : bhditi highePthannde? t he
reactor. Subg}e{%ﬁﬂdﬁéghﬂgy? g .gé}gfgs?p%%%g?igeﬁbﬁﬂgagggﬂt ie\lglhyst (njf

any), or fir sired)d@nycefthe stchniques dnotwarin thecpricrtart fort canteol iof- moleadacweighti | e

At e nat [ vel yich M8 thaes i ARESBORIEH DOETREFRIAN SERFRBE| HOYOLFSENE and
monomer o may 60 MRt Bgeiof 1 APEptOR 58 iSirE. e peRypertiiiion BAF be car-
unreact ed nDRR out injthe presence of hydrogen to lower the polymer molecular weight.

However, the polymers are preferably formed in the substantial absence of
added H; gas, that is, the absence Qf H; gas added in amounts effective to sub-
stantially reduce the polymer molecular weight. More preferably, the polymeriza-
tions will be conducted employing less than 5 parts per million by weight, and
more preferably less than 1 ppm, of added H; gas, based on the moles of the olefin
monomers charged to the polymerization zone.

When carrying out the polymerization in a batch-type fashion, the reaction
diluent (if any) and the alpha-olefin comonomer(s) are charged at appropriate ra-
tios to a suitable reactor. Care should be taken that all ingredients are dry, with

7 the reactants typically being passed through molecular sieves or other drying
means prior to their introduction into the reactor. Subsequently, either the catalyst
and then the cocatalyst (if any), or first the cocatalyst and then the catalyst are in-
troduced while agitating the reacfion mixture, thereby causing polymerization to
commence. Alternatively, the catalyst and cocatalyst may be premixed in a solvent
and then charged to the reactor. As polymer is being formed, additional monomers

may be added to the reactor. Upon completion of the reaction, unreacted mono-



13 mer and solvent are either flashed or distilled off, if necessary by
vacuum and the | ow nol ecul ar wei ght copol yner withdrawn fromthe reactor.
The pol ynerization nay be conducted in a continuous manner by simulta-
neously feeding the reaction diluent (if enployed), nononmers, catalyst and
cocata- |lyst (if any) to a reactor and w thdraw ng sol vent, unreacted
mononer and poly- mer fromthe reactor solds to allow a residence tine of
i ngredi ents | ong enough for form ng polyner of the desired nol ecul ar

wei ght; and separafi t he po r,from reaet.pon mxture. The grafied
hot 4 Funct i orPt 35 S0eRrTp Ry Bred o8 gl A it Robeliay Surachtlh, 3hd the

et hyl enei cal | g,gé# | ﬁ% biEH @t l,eh can undergo graft
reaction wt hm%”ﬁ'gaggfﬂy% e *ﬁ%gf}. tabﬁgmggigvgg canﬂﬁ%\ﬁﬁtgg' et hyl eneical ly
unsat u- rated sul fThe polytsrizatign atdydse somducted] inud tomimionsimanner by simulta-

phosphor us- cont ai ni ng_.aci ds such as phosphoni c acids, and carboxylic acids
and their equiepaskyfeedinpths eaaction diluent (if esnloyed), monemprsy patalysh and sogata-

t hei r deri vatyye rgi ' - t )

monounsat ur atel o5eBY 6 ethor sl WitbuPlring SoiveRE iedet & ombmer and pol-
groups are Vigenfilom (e feactcd?Csdt &t allewarrgidenée tirt ofingr@dierits ot endigh

| east one, preferably both, of said adjacent carbon atons are part of said
nono unsat u- fosforming(palymeref the: desired anolgenlarsweightisandhseparatingstherpatymen C5
al cohol derivgd rCIBno- r di.—xfsters of (i); (iii) nonounsaturated C3 to C10
nonocar boxy! i EOBEE FHGECEIMXHE car bon- carbon doubl e bond is allylic to the
car boxy group, i. r [ V- TARE | : d svdd 11)
such as CL to C5 glncl:%%#é(}g? iéf\‘/ie 'mggelﬁ%r&{jiﬂ%e s%&g&ﬂ%#éj??w/@éﬂéﬁiggﬁv“
reaction wi t hrofaeam ethyleneicdilycunsaturatedascid-sbntaining redetamo whichs san ruridergo
carboxylic reactant becones, saturated. Thus, for exanple, use of maleic

anhydri de | gﬁgﬁtfsaﬁlqsb‘f"iﬁhéhe pelyelefiny Sutabjeracids ceniinglude athylenpigally fn&ptu-
pol yrerf or megt R SoBtE il itk s RIS sef PRBRfeRehRaiping ATy o,

functional i t ysughas! phdaphersio \eidse dnd Carlioxglié Woidsi adodbeirVequivalenter Prfercéd
polynmer to be nost ef- fectively used in the present invention. This

~ conversi on casihmonomers grecearboxylisdacids or their derivatives, particularly materials se-
lected from (i) monounsaturated C4 to C10 dicarboxylic acid wherein (a) the car-

boxyl groups are vicinal, (i.e. located on adjacent carbon atoms) and (bS at least
one, preferably both, of said adjacent carbon atoms are part of said mono unsatu-
ration; (ii) derivatives of (i) such as anhydrides or C1 to CS5 alcohol derived mono-
or di-esters of (i); (iii) monounsaturated C3 to C10 monocarboxylic acid wherein
the carbon-carbon double bond is allylic to the carboxy group, i.e., of the structure
_ 0
e
an&. (iv) derivatives of (iii) such as C1 to C5 alcohol deriqu mono- or di-
esters of (iii). Upon reaction with the polymer, the monounsaturation of the
‘s monounsaturated carboxylic reactant becomes saturated. Thus, for example, use of
maleic anhydride leads to a pofymer substituted with succinic anhydride, and
acrylic acid leads to a polymer substituted with propionic acid. If the polymer
formed py reaction contains anhydride or ester functionality, such functionality
should be converted to acid functionality in order for the polymer to be most ef-
fectively used in the present invention. This conversion can be readily conducted

by well known hydrolysis methods.



by el |l known hydrol ysis nethods. 14 Exenpl ary of such nonounsat urat ed
carboxylic reactants are fumaric acid, itaconic acid, maleic acid, naleic
anhydride, chloromal eic acid, chloronaleic anhy- dride, acrylic acid,

met hacrylic acid, crotonic acid, cinnamc acid, and | ower alkyl (e.g., Cl1
to C4 al kyl) aC|d esters of the foregoing, e.g., nethyl mal eate, ethyl fu-
marate, nethyl fumarate, etc: Maleic acidlénd its derivatives are
particularly suit- able. Typically, 0.01 to 50 g of said nonounsaturated

boxyl i t h to th h
ot o commonly ¢ no UL PO S RS LerBRius Poslatf i Rl Sl
necessarily riaaehiccid) rh&l&ché!wliﬁh‘léib &ih&%ﬁlbr&%béid acid e&ﬂ&n@ﬂialexb%nﬂ?-'ed

case the reaction m xt'ure contai n unreacted poly- mer. The unreac
pol yner is t)dmdeahtlyhncam& anethactylic acid; hmtomacat:ldorcmmnnmaaﬂ bnd lower glkgHuct

m xture, str ed nsat ra car bo Cc react S e
aSngSCI’I bedl(!E’l)%" ¢ﬂé9?£¥@%@u P%tgﬁ'sz § rfa g I%e!‘!ﬁ@’ rm#s!efre S%h'rgges
of nbnounsat ct fschrg _
pol ymer char gﬁﬂaﬁ'g ﬁgﬁﬁﬁgﬁgna?mhlgt lc%&gﬁa?éﬁin g?g%ne r aaﬁ@éﬁrl%%mﬁot)

i s based upomble.) determ nation of the saponification nunber of the.
resulting product m xture using ﬁt assi um hydr oxi de; and i t he nunber

average nol ecul ar Tnieally, &0k g Ey‘?ﬁeﬁ“ mwsatugﬂt% @Mlaaegc%t pre

Fooul ti ng. pr SHBEed ﬁlf?ﬂe%cqﬁﬁ&?%éfzs? Pt ifeddh it doubBaly B b "°

functional i t Ywould be'T. p@g]g(&to refer to t he product m xture whether or not
it contains any unreacted polymer chains. Accordingly, the amunt of
carboxylic acid fUNeot albnﬁthetpol;met will pecebsasily pescy withf the moncbunsatumieti;cabe
0.001 to 0.5 wei ercent which it is neant

Somri se thi Sogufid ek %fmtcgw $14e the séactian TEpgise oVl contain, uiisacred RALyr
that the amoypd. qfhe 24 ag{l y%&ﬁﬁérdisf Sll}pﬁai Fénfovid froqﬁtlfé &]acﬁan mitRirght

percent, and nore pr t percent. € nonounsat ur at ed

carboxylic r &uttheproduct mixtureciteigped bﬁ aﬁg madriodmisatoratéd earbalxylit eéactarty is

vari ety of nethods. For exanple, the Xmer can be first hal o-
employed as described heremafter C aracterization of the average number of

moles of monounsaturated carboxylic reactant which have reacted per mole of
polymer charged to the reaction (whether it has undergone reaction or not) is
based upon (i) determination of the saponification number of the resulting product
mixture using potassium hydroxide; and (ii) the number average molecular weight
of the polymer chafgegi, usihg techniques well known in the art. This characteriza-
tion is defined withﬂ reference to the resulting product mixture. The term
"polyolefin having grafted acid functionality" is intended to refer to the product
mixture w_hgther or not it contains any unreacted polymer chains.
Acc.ordingly, the amount of carboxylic acid functionality on the grafted
polyolefin will normally be 0.001 to 0.5 weight percent, by which it is meant that
s -COOH groups will comprise this weight percent of the grgfted polyolefin. It is
preferred that the amount of carboxylic acid functionality will be 0.01 to 2 weight
percent, and more preferably 0.1 to 1 weight percent.
The monounsaturated carboxylic reactant can be reacted with (grafted to)

the polyolefin by a variety of methods. For example, the polymer can be first halo-



15¢tgenated, chlorinated or bromnated to 0.05 to 2 wt. % preferably 0.1 to
1 wt. %.chlorine or bronine, based on the weight of polyner, by passing the
chlorine or brom ne through the polynmer at a tenperature of [err] to [err],
preferably [err] to [err]., e.g. [err] to [err]., for 0.5 to 10, preferably
1 to 7 hours. The hal o- genated polynmer may then be reacted with sufficient
nonounsat ur at ed carboxylic reactant at [err] to [err]., usually [err] to
[err]., for about 0.5 to 10, e.g. 3 to 8 Hours, so the product obtained

wi |-l contain the desired anount of the nobnoun- saturated carboxylic

react ant per o) ; I L. AP S 1S r

type are taugﬁgtigdﬁ {l]l MEPE@@B&&S@? ,%gg;to ,%%ngé?e%?)%g'}?t 6?%‘ %

Al ternati vel ghlotifie o Uryitirie, dased bf the wWeight BfUsclymer, itlgl ther éhl6fim or can
be m xed and heated whil e addi ng chl orine tofq{h% ho?@rrrg?gr iglal -e Processes of

this type arbramise|theoughithe polymersat a tempergure of $0%to 2503 C, queferably 110%764;
4,110, 349; 4,234, 435; and . Ko A, 440 9. ternativyel t he af t,i ng
reaction cantcbi_é? h "ree%rcﬁdoﬁotie@/\eénfqrh%g gﬁm@l’tﬁéﬁﬂ% ﬁﬁ%{l}%‘rﬁ'a?%?)&?ﬁ' C
reactant enpgeydted Palyiﬂe?qnayaﬂieﬁade teRtied Atk suffitidnt mordotmSatBated *hitidaglic
reaction, a radical Source such as dicunyl peroxide can extract a hydrogen

at om fr om t heeagtany at 1 0@htn 250 €ausuallyal §0°de 2358iC: afor abbet 0AdiocH), eg. 3 ke
chai n can ingei{act WIE_I tion in a graft
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i ter alt housfutster pEBRtR, Mabidf pel udil SrRe MARciiEH potymes Profedsd of
aci d- cont ai nthig generaheype are taoghtgmnBbiSil Pat. Nuost 8(087436; 3]17E802; B 27R,746.
grafting can be by, a sol veniﬁféee rocess or a solvent process. In a
sol vent - f reeAgww&wsly, the poleer; ¥ thermongunsatungtad \6UROKYIC FACaNt$annbend
t he carboxyl | ' . SO At - .
pol yol ef i n a?qﬁéff’ﬁa@%whyﬁgagﬁ‘@%@ frget%ethgﬁo? gﬁ H’itg@aeld??c&e\én%%aqqfﬂﬁisttﬁge

reaction tenmp®s disdlosed Sinf UoSN PR Wes.[ 81215,709es3,230587;180 120744 4]110349,
preferably 220 to [err]. Although not necessary, the reaction can be
carried out #234;435nend imUdEshA€0,218uch as nitrogen. The sol vent-free

[TELLON, Can 2 AR, TRY NG Rl BB bR o
' olefin and the carboxylic reactant employing a free radical initiator. In this type of

grafting reaction, a radical source such as dicumyl peroxide can extract a hydrogen
atom from the 'pol&mer chain, leaving a free radical. ‘The radical on the chain can
interact with a point of ethylenic unsaturation in a graft comonomer and lead to
addition of the comonomer to the chain. One or more comonomer molecules can
be grafted to the polymer chain at such a radical site, although the formation of
long side chains of numerous acid-containing monomers is not generally contem-
plated. .

Free radical grafting can be by a solvent-free proceés or a solvent process.
In a solvent-free process, the reaction temperature between the polyolefin and the
carboxylic reactant will depend to some extent on the type of polyolefin as well as
the type of initiator system used. Generally the reaction temperature is from 100 .
to 300°C, desirably 160 to 260°C, and preferably 220 to 260°C. Although not
necessary, the reaction can be carried out in an inert atmosphere such as nitrogen.

The solvent-free reaction can take place in any suitable vessel, device, or -
apparatus without the presence of a solvent. The reaction can be suitably con-

ducted in a blending device such as an extruder, a Banbury™ blender, a two-roll



ducted in a bl ending device such as an extruder, a Banburym bl ender, a
two-roll 16 mlIl, or-the like. The bl endi ng device can inpart high
mechani cal ener gy, whi ch can lead to scission of the chains of the

pol yol efin. Such chain scission is not nec- essarily desired, but it may be
desired in situations where the nol ecul ar wei ght of the starting polyolefin
Is greater than desired and hence can be g oken down to a suitable |evel.

Al ternatively, a high mechanical energy i éut may be desired if the viscous
nature of the polyolefin requires high nmechanical energy mxing for proc-

essing. Hi gh chanj c n_b X

devi ces note b8§3he ? k [:@h"gweﬁ%ﬁ 4%'31' Lféh g%gbhﬁnﬁgt [ Cc{ﬁaﬁﬁ?h%er%,re lents.
As a side re-cafGéddid scidsidnSof! the ¢lhins bbaie ?&&MGﬂﬁ Such Rhaincscisivies not aegice.
chain ends which serve as reaction sites for the carboxylic reactant. Thus

it is specul assatily ldasired, dhut iemay bamlleswﬂd iansitugtionsrpchere the m@lﬂcglss Wﬁl&@ of
reaction sites in agddit o, t hose eaj e free tor.
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organi ¢ per oxi es and the vario ani c azo conpou nds The amount . of

initiator is visoous euaalrb)of(ihé)i:o]yelefmmequmessmghpmatmntcabgnexgy ghxmgffor lpsoc-
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per oxi de exanone per oxi

per benzoat e détion1it lis fiought that B&yﬁxed chaindy0 bﬂwl&ncbrbdummmxpendywh)ch&ewe
hexyne, 2, 5- dlnethyl-2 5- d|(t ut yl per oxyl ) hexane,

2, 5-di met hy| -83, iBactiose pisesy for th ercemmk@n@ct&m puEhus ipds specplated thatnhigh me-

hydr oper oxi de edh 2§51r %lw_ rrg}tb ﬁ%%{ﬁgg fle é#%g%prgé %QQP&_S,QR%M& é}?luttoyﬂ[hose created

hydr oper oxi d n- zoate,

t hereof . Pr eflﬁ'&gqr&rﬁaﬁhpinn%wl des are benzoyl peroxi de and t-butyl

per benzoat e xtures of two or nore of the above peroxi des can also be
used, Naturally, Hanolidendo cprromntc ﬂurmmmsmwcdem repntionysites, fiie radicak:

d to t,h t end J t | | d
be. thor - ougHiNgieroriare EEaeqalty, uShE: Tops e Qf e REorpindISE the TR0l Shashity ]
gr gc?g;gglss 7 H@fax‘&f th%LUafrﬁBE BreinieaY oCedtipounds! MheQnfouri Wfifitiator is gen-

erally 0. 01 percent to 5.0 percent by weight of the polyolefin and carboxylic reac-
tant, preferably 0.05 to 2.0 percent by weight. Typical organic peroxides include
benzoyl peroxide, t-butyl peroxypivalate, 2,4-dichlorobenzoy] peroxide, decanoyl
peroxide, propionyl peroxide, hydroxyheptyl peroxide, cyclohexanone peroxide, t-
butyl perbenzoate, dicumyl peroxide; 2,5-dimethyl-2,5,di(t-butylperoxyl)-3-
hexyne; 2,5-dimethyl-2,5-di(t-butylperoxyl)hexane, 2,5-dimethyl-2,5-dibenzoyl-
peroxyhexane, t-butyl peroxide, cumene hydroperoxide, 2,5-dimethyl-2,5-
di(hydroperoxy)hexane, t-butyl hydroperoxide, lauroyl pefoxide, t-amyl perben-
zoate, and mixtures thereof. Preferred organic peroxides are benzoyl peroxide and
t-butyl perbenzoate. Mixtures of two or more of the above peroxides can also be
used, Naturally, handling of the peroxides should be done with the utmost care
due to their tendency to decompose or violently react. The user should be thor-
oughly familiar with their properties as well as proper handling procedures.

Examples of suitable organic azo initiators include 2,2'-azobis(2-methyl-
propionitrile), 2,2'-azobis(2-methylvaleronitrile), and 4,4'-azobis(4-cyanovaleric
acid). |



propionitrile), 2,2'-azobis(2-methylvaleronitrile), and .

4, &' -azobi s(4-cyanoval eric acid). 17 The extent of the reaction of the
carboxylic reactant onto the polyolefin can be nmeasured by the total acid
nunber ("TAN'), defined as the ng of KOH re- quired to neutralize the acid
functional groups of one gramof the graft polymer. The TAN is desirably
0.1 to 60, preferably 0.5 to 20. As an al {ernative to the solvent-free
reaction, a solvent grafting process can be enpl oyed. The sol vent used can
be any conmon or conventional solvent known to those skilled in the art.
Solvents include Ui ¥RhOUE il FéactiBh T dhi Ccatboxyhiti feabtait oReth the polgistafins uch
as natural or synthetic lubricating oils described in de- tail above. O her
sol vent s i ncloaddermédsnred Hyothet tot:? @oidNeumbex| ("TANE),adefined a5 the1mg of KOH re-
napht heni c oils, di phenyl dodecanes, djdodecyl benzenes, hydr.ogenat ed decene,
ol i - goners, Guigdtoaeutializethe mg;ﬁmwaﬁ 3\'581“.9 rRn€gragy &jb‘}e 5‘3’%\/3 Foul d
be ad- juste . . 1 1SL054 r lon mxture is suitable
for m xing. %/%’lufnya fﬁ%ﬂ%ﬁy gi ﬁ)céjldﬁ %ﬂ%wg'%tg’a%aér cent by weight of the
total reaction m xAsag altéfatitetd thraolvent-fite Gedotiongla solvenngmfiing process ¢ane
various reactants and initia- tors are generally the same as set forth
above. The vée employedct Tha sedventeused scanche @nyi ¢ammoneeh saaventional gelvent o

are general ly, al so, the sa S t _for uj t \, | s

or cont ai ner SN ﬁ’eﬁ@ﬁﬁls@egéﬁgﬁe At O%ﬂv%ﬁ%é@l@ﬂﬁe@rﬁg%?% Mgl:&’] a?é?&

initially addgghatifig Ba¥esoeks, isich af aaturdbrosyathiticaubribaitigosils déseribed ietecan

-be initially purged wwth an inert gas such as ni t(;(ggént. Longer. resjdence
a:

ti mes are sontailiabeve.r Othdrsolvents inglude refined Kisto2 hminegal pagaffinicer

general ly larger . anpunt aof .reactgnts coptaineg in such e { | ssel -
Al t hough t he '?@hﬁl?‘é?ﬁ %?’5&*‘*’8}2@0 %ca["&?’_r‘{}&?%c @Fﬁfnef’ﬁwgéee’%g%drrgr%cr#‘ §' o
somewhat lo"‘@%om&s,gan Utestdt @ra'bbvﬁ." t 9hé @hfolint 8f bflr érl sdMeént BhBuK b add.
The process i'S generally carried out by heating the solvent to a suitable
reaction tenpastet such thetehpeisgositf oftheseadtiom mudent iarsditable JormixiogdiBpd ve
over a matter of hours. The carboxylic reagtant.is then added.. The free
radi cal i nitiGallythe Q'lﬁﬁgéﬁgéﬁtQ%/P%B%d’yamﬂg %%f'h‘@éet(affﬁ?cggnwmﬁﬁ‘t ed at a
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dropwi se over a perio es or even hour ter the addi-
tors are generally the same as set forth above. The various reaction parameters,

conditions, methods, and the like, are generally also the same as set forth above.
Suitable reaction vessels or contdiners are génerally used. In one embodiment, a
mineral oil is initially added to a vessel in a desired amount and heated. The vessel
can be initially purged with an inert gas such as nitrogen. Longer residence times
are sometimes required for a solvent-based reaction, to react the generally larger
amount of reactants contained in such a reaction vessel. Although the tempera-
tures can be 100°C to 300°C, they are commonly somewhat lower, e.g., 130°C to
180°C, with 140°C to 175°C being preferred. The process is generally carried out
by heating the solvent to a suitable reaction temperature. The polyolefin is then
* added and allowed to dissolve over a matter of hours. The carboxylic reactant is
| then added. The free radical initiator is subsequently added and the reaction is
' cond;xctéd at a suitable temperature. The initiator is preferably added slowly, for
example dropwise over a period of many minutes or even hours. After the addi-
tion is complete, the mixture is held at reaction temperature until a desired yield is
obtained, typically for 1/2 to 2 hours. Naturally, shorter or longer time periods

can be used if desired.



tien is.conplete, the mxture is held at reaction tenperature until a
desired.yield is obtained, typically for 1/2 to 2 hours. Naturally, shorter

or longer tine periods can be used if desired. @ 18 If the solvent is a
m neral oil, one of the products of the functionalizing re- action can be
acid-functionalized oil, which can serve as a co-thickening agent, as

descri bed above. Mire detailed informatiopn on free radical grafting
reactions of the solvent- free and sol vent®type can be found in PCT
publication WD 87/03890. Grafting can al so occur by an "ene" reaction

~ whereby an unsatur d_go- nQuer C ' i s on_0n
the polyner chain ]\?}tge 3&8%[;?8.’1?@5@! Sﬁ’l %rﬁe %Ehrgengﬁﬁ?étlgr??félr‘%m %ighgiil%ﬁég

~mononer. The gtibf cah beuei-Rindtion4lized dil) Whichoédnysert®bs 8 td-thicleningeagent, as
byproduct of the initial polynerization reaction or it can be in- troduced

i nt ent i onal | ydelsgribedatioyeeri zati on with a diene such as 1, 3-but adi ene or

nor bornadi ene. It wll .be.understopd that the polyglefins.of thihs ipnvention
whi ch are grafted Y8 S%taﬂ?‘gé‘g{ﬁm%ﬁonao%ﬁﬁﬁ F@ﬁﬁl%’%@ﬂgcregﬁé%se%ﬂ&ﬁ sgglegg-.
mxture of PGy idsol i fiflanBedolind n PETPbliATP WO EIgBE00n be used in -
t he conpositions of the priesent 1n- vention, so long as the functional

maj ority of the poGsafiing chn alsoi scous by dm tenehaeadtiomawherebytancensaturatedoeat

above. The anount of the grafted ol yol efin uscﬁd in the cor’rB.ositi ns of the
of o

pres- ent i nJRORQMES feacts Witha ske of upsatusatinr onjhe polymer.chain Via; 3 pyqhiceacs;

t he conpositi S : -de [ QN
tost. conpar AP TG BFEDE of pfe ARRNRELTTRE SRE OF IRIMUEARS BN (ol
recogni zed, ahercéhairsean béatbypfodugt of thednitial polyaferization nedctioneordtican be in-
conponent of the conpositiaon which affects the stiffness of tgg rease;
indeed, it idrosuced ntentionally; bie copolymerzationywitha diepg suelap-1.3nbytadiefe df ¢ he
metal lic specj ?E?Jﬁngi nghaps al so the co-thickening agent to lead to an
increase int A, | any event, the amount of the grafted polyolefin
in the conpositi on¥ilbedindersiddd thabthebolydlefidofthisinvemisrcwhich az@grafted
preferably 0.5 to 5 weight percent. The actual anount enployed will depend,
of course, orcanthe presenjrasa sifgle ipolymericrspecies or a8 Phduker of polymers, @adithat

that is desi rnGuI:jv:'tur-le_Q of ag%éﬁ pglsy%(ljers can be used in the compositions of the present in-

vention, so long as the functional majority of the polymer which is used has the
characteristics described above.

The amounf of the grafted polyolefin used in the compositions of the pres-
ent invention is an amount sufficient to increase the stiffness of the composition as
measured by the above-described ASTM cone penetration test, compared to the
stiffness in the absence of this component. It is recognized, of course, that the
grafted-polyolefin is not the only component of the composition which affects the
stiffness of the grease; indeed, it is believed that the grafted polyolefin may coop-
erate with the metallic species and perhaps also the co-thickening agent to lead to
an-increase in thickness. In any event, the amount of the grafted polyolefin in the
composition should normally be 0.1 to 10 weight percent, and preferably 0.5 to 5
weight percent. The actual amount employed will depend, of course, on the de-
gree of thickening or other property modification that is desired. The amount used
will also depend to some extent on the amount of acid functionality which is
grafted onto the polyolefin: smaller amounts of highly grafted polymer may be
used or larger amounts of lightly grafted polymer may be required. When the

polymer is grafted with carboxylic acid functionality, it is preferred that the



w 1 al so depend to sone extent on the anount of acid functionality which

i s:grafted onto the polyolefin: smaller anounts of highly grafted polyner
may be used or larger anmounts of lightly grafted pol yner nay be required.
When the polynmer is grafted with carboxylic acid functionality, it is
preferred that the 19 anount of polymer in the composition be such that
t he carboxylic acid functional- ity derived® fromthe polyner anobunt to
0.001 to 0.1 weight percent of the com position. Preferably the anmount of
carboxylic acid functiqgnality derived.fromth rafted pol ymer .in the
conposi tion \/\i“PP“‘H@%P‘ﬁWe’E thegompasian bes at %%a,"g? iccacid functiqngl-,
conposition ¢ Le ' bngp | ef -
pol yol ef i n cha tgghgg%?rgﬁk%b%@geggg{%@g%mfg 1t fupgﬁcgrfﬁigﬁéggg%g:&?ghg&ow (as
-COOH), the opesitibn. Pveferably tlenamblint o edrboxylie. 4tid fmogionalisr deriviedcfromothel i C
acid functionali t% derived fromthe,graft,«f The netallic

| | efin.
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in connection wth the co-thickening agent or netal soap, and indeed, the
netal | i ¢ spect@@OEBn thecoearplb compositipn welli coatrin 8l Winweight pervent vanboxylic agidr t

- of the co-thigkeping..agent. vert hel gs the . netallic species is
consi der ed asﬁ‘&"@%ﬁ%?’@&%ﬁgm hﬁfgf?ﬁ%fs?'é@@ﬁ{'- i nvention. Thus the
netallic Spe-Tﬁéﬁﬁtﬁﬁaﬁﬁﬁ&' be supplied as a salt or an oxide or hydroxide.
It can al so be supplted as an overbased salt. The netal can be supplied
- separately from t h€hgfinkl mdjopa@omponkntf ofithe present imventidreist avmesgilic species ca-
“interact in sity tq, cause aggregatiqn anmong t.he acid groups, or the ]
© pol ymeric aciEPlg‘? 83]5%“‘{3&?!“83%&? agd dunchia ‘EYh@‘aFMBFﬂY%JﬁgnH@ CAY8R @530¢13-he
form of salts: I, 24l f r.al i el '
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avai | abl e fr ogorethdtriagtbeenideseribiedesbovelift conhctioiPRithahe docthickeingnageadord
to the netallic species is that the netal ions should either be or becone

at | east in paetal seamaindtindead, the metallic specias canibe supplied,dfidesired, @longhwith
ol Yol f i . 19oE ViR & pest OF RO EPARRKANG, Aent; Rvertheleds, the etalic Spéties™
considered as a separate element of the present invention. Thus the metallic spe-
cies can also be supplied as a salt or an oxide or hydroxide. It can also be supplied
as an overbased salt. The metal can be supplied separately from the grafted poly-
olefin, such that the two species interact in situ to cause aggregation among the
acid groups, or the polymeric acid groups can be prereacted with the metal and be
added in the form of salts. Such partially or fully neutralized acidic polymer chains
are somet_ix_nes referred to as ionomers; these materials are commercially available
from a vaﬁety of sources. The only important feature in regard to the metallic
species is that the metal ions should either be or become at least in part associated
» with the grafted acid functionality of the polyolefin. If the metallic species is
added separately from the grafted polyolefin, the metal jons should have sufficient
solub"i_lity or mobility in the medium under conditions of mixing that they can be-
come at least in part associated with, neutralize, or otherwise interact with the acid
groups in order to impart a measure of association among those groups.
The amount of the metallic species is an amount sufficient to promote a

measure of association among the acid groups of the acid polymer. Preferably the



sol ubilsity or nmobility in the nmediumunder conditions of m xing that they
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as superbasing or hyperbasing, is a means for supplying a large quantity of basic
material in a form which is soluble or dispérsible in oil. Overbased products have
been long used in iubricant technology to provide detergent additives.

Overbased materials are generally single phase, homogeneous systems
characterized by a metal content in excess of that which would be present accord-
ing to the stoichiometry of the metal and the particular acidic organic compound
reacted- with the metai. The amount of excess metal is commonly expressed in
terms of metal ratio. The term "metal ratio” is the ratio of the total equivalents of
the metal to the equivaients of the acidic organic compound. A neutral metal salt
has a metal ratio of one. A salt having 4.5 times as much metal as present in a
normal salt will have metal excess of 3.5 equivalents, or a ratio of 4.5. The basic
salts of the present invention often have a metal ratio of 1.5 to 30, preferably 3 to
25, and more preferably 7 to 20.

Overbased materials are prepared by reacting an acidic material, normally
an acidic gas such as SO, or CO,;, and most éommonly carbon dioxide, with a

mixture comprising an acidic organic compound, a reaction medium normally com-



salts of the present invention often have a netal ratio of 1.5 to 30,
preferably 3 to 25, and nore preferably 7 to 20. Overbased materials are
prepared by reacting an acidic material, normally an acidic gas such as
[err] or [err], and nost comonly carbon dioxide, with a m xture conpri sing
an acidic organi c conpound, a reaction nediumnormally com 21 prising
an ol eophilic nmedium a stoichionetric excess of a netal base, and pref-
erably a pronoter. The ol eophilic nediu Lised for prepari ng and contai ni ng
overbased mate- rials will normally be an inert solvent for the acidic
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aromatic, mono- or polycarboxylic acid or acid-producing compounds. These car-
boxylic acids include lower molecular weight carboxylic acids as well as higher
molecular weight éarboxylic acids (e.g. having more than 8 or more carbon at-
oms). Carboxylic acids, particularly the higher carboxylic acids, are preferably
soluble in the oleéphil_ic medium. Usually, in order to provide the desired solubil-
ity, the number of carbon atoms in a carboxylic acid should be at least 8, e.g., 8 to
400, preferably 10 to 50, and more preferably 10 to 22.

The carboxylic acids include saturated énd unsaturated acids. Examples of
such useful acids include dodecanoic acid, decanoic acid, tall oil acid, 10-methyl-
-tetradecanoic acid, 3-ethyl-hexadecanoic acid, and 8-methyl-octadecanoic acid,
palmitic acid, stearic acid, myristic acid, oleic acid, linoleic acid, behenic acid,
hexatriacontanoic acid, tetrapropylenyl-substituted glutaric acid, polybutenyl-
substituted succinic acid derived from a polybutene (Mn = 200-1500), polypro-
penyl-substituted succinic acid derived from a polypropene, (Mn = 200-1000),
octadecyl-subsﬁtuted- adipic acid, chlorostearic acid, 12-hydroxystearic acid, 9-
methylstearic acid, dichlorostearic acid, ricinoleic acid, lesquerellic acid, sfearyl-

benzoic acid, eicosanyl-substituted naphthoic acid, dilauryl-decahydronaphthalene



hexatriacontanoi c acid, tetrapropylenyl-substituted glutaric acid,

po) ybut enyl - substituted succinic acid derived froma pol ybutene (M =
200- 1500), polypro- penyl-substituted succinic acid derived froma

pol ypropene, (WMh = 200-1000), octadecyl-substituted adipic acid,

chl orostearic acid, 12-hydroxystearic acid, 9- nethylstearic acid,
dichlorostearic acid, ricinoleic acid, lesquerellic acid, stearyl- benzoic
aci d, eicosanyl-substituted naphthoic aci%d, di | auryl - decahydr onapht hal ene
22 carboxylic acid, mxtures of any of these acids, their alkali and
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represented for the most part by one of the following formulae: R;-T-(SOs), and
: R3-(SOs3), whereixi T is a cyclic nucleus such as, for example, benzene, naphtha-
lene, anthracene, diphenylene oxide, diphenylene sulfide, petroleum naphthenes,
etc.; R, is an aliphatic group such as alkyl, alkenyl, alkoxy, alkoxyalkyl, etc.;
(R2)+T contains a total of at least about 15 carbon atoms; and R; is an aliphatic
Ihydrocarbyl group containing at least about 15 carbon atoms. Examples of R; are
alkyl, alkenyl, alkoxyalkyl, carboalkoxyalkyl, etc. Specific examples of R3 are
groups derived from petrolatum, saturated and unsaturated paraffin wax, and the
above-described polyalkenes. The groups T, Rz, and R in the above Formulae can
also contain other inorganic or organic substituents in addition to those enumer-
ated above such as, for example, hydroxy, mercapto, halogen, nitro, amino, ni-

troso, sulfide, disulfide, etc. In the above Formulae, a and b are at least 1.

Phosphorus-containing acids are also useful in making basic metal salts and
include any phosphorus acids such as phosphoric acid or esters; and thiophospho-

rus acids or esters, including mono and dithiophosphorus acids or esters. Prefera-

bly, the phosphorus acids or esters contain at least one, preferably two, hydrocar-



al so contain other inorganic or organic substituents in addition to those
enuner - , at ed above such as, for exanple, hydroxy, nercapto, hal ogen, nitro,
amno, ni- troso, sulfide, disulfide, etc. In the above Fornmulae, a and b
are at | east 1. Phosphorus-containing acids are also useful in making basic
metal salts and include any phosphorus acids such as phosphoric acid or
esters; and thiophospho- rus acids or estgrs, I ncl udi ng nono and

di t hi ophosphorus acids or esters. Prefera bly, the phosphorus acids or
esters contain at |east one, preferably two, hydrocar- 23 byl groups
containing f + .50 a . 50T 0 r C dRbsihe- N
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3,232, 883. Thes-phetaining ueid$ wisefuh inrelie preséntsinventivm bresdéscsibed dn JéSe Pareng
represented by the fornmula [err] wherein [err] is a hydrocarbyl group; Ar
is an ar onat B& ; a and b are independently nunbers of at |east one,
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netal s of the net conpound i ncl ude al . metals (sodium Hg’ot assi um
lithium et cl¢asaabout 8 aliphdtioogrbbB atemsipsovded bysthe RupgroupsHer @aeh phenol

metal s are preferably _godi um ,potassium -lithium apd, copper, nor r ef
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(sodium, potassium, lithium, etc.) as well as Group IB metals such as copper. The

Group I metals are preferably sodium, potassium, lithium and copper, more pref-
erably sodium or botassium; and more preferably sodium. The Group II metals of
the metal base include the alkaline earth metals (magnesium, 'calcium, barium, etc.)
as well as the Group IIB metals such as zinc or cadmium. Preferably the Group II
metals are magnesium, calcium, barium, or zinc, preferably magnesium or calcium,
more preferably calcium. Generally the metal compounds are delivered as metal
salts. The .anionic portion of the salt can be hydroxyl, oxide, carbonate, borate,
nitrate, etc.
Promoters are chemicals which are sometimes employed to facilitate the
" incorporation of metal into the basic metal compositions. Among the chemicals
useful as promoters are water, ammonium hydroxide, organic acids of up to about
8 carbon atoms, nitric acid, hydrochloric acid, metal compIexihg agents such as
alkyl salicylaldoxime, and alkali metal hydroxides such as lithium hydroxide, so-
dium hydroxide and potassium hydroxide, and mono- and polyhydric alcohols of
up to about 30 carbon atoms. Examples of the alcohols include methanol, ethanol,

isopropanol, dodecanol, behenyl alcohol, ethylene glycol, monomethyl ether of



Pronmoters are chem cals which are sonetines enployed to facilitate the

i ncorporation of netal into the basic netal conpositions. Anpbng the

chemi cal s useful as pronoters are water, ammoni um hydroxi de, organic acids
of up to about 8 carbon atons, nitric acid, hydrochloric acid, netal

conpl exi ng agents such as al kyl salicyl al doxi ne, and al kali netal

hydroxi des such as |ithium hydroxi de, so24di um hydroxi de and pot assi um
hydr oxi de, and nDno- and pol yhydric alcohols of up to about 30 carbon
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I nvention the overbased nmaterial can be described as a m xture of a netal

salt of an dfgunally about 2kt dS93C (ROT n 300RE), anoreapfiem abaut A8 mpPF G 6h et e
description 2‘60°15$‘.e'1%%9c§§t3n5t8{e of ﬁl%areéurigngo rogrerrl')%sé/d Bro%uct is not known, but it

can be described as a single phase homogeneous mixture of the solvent and either

(1) a metal complex formed from the metal base, the carbon dioxide, and the or-
ganic acid imd/or (2) an amorphous metal salt formed from the reaction of the car-
bon dioxide with the metal base and the organic acid. For purposes of the present
invention the overbased material can be described as a mixture of a metal salt of an
organic acid material with a metal carbonate.

A more complete description of the process for preparing ordinary over-
based mafeﬁals can be found in U.S. Patent 3,766,067, McMillen. An aiternative
method for preparing, in particular, overbased saturated carboxylates is disclosed

'+ in greater detail in U.S. Patent 5,401,424,
‘ The overbased material of this aspect 6f the invention can be used as an
additive without further treatment, but it is preferably first converted to a gel to
function more effectively as a co-thickening agent. This conversion can be ef-
fected by the method set forth in U.S. Patent 3,492,231, McMiillen.
 An improved gelation process for, in particular, overbased saturated car-
boxylatés is set forth in the above-mentioned U.S. Patent 5,401,424. In summary,

the initial overbased material which is farther converted to a gel is a mixture con-



based materials can be found in U S. Patent 3,766,067, McMIlen. An
alternative nethod for preparing, in particular, overbased saturated
carboxylates is disclosed in greater detail in U S. Patent 5,401, 424. The
overbased material of this aspect of the invention can be used as an
additive without further treatnent, but it is preferably first converted to
a gel to function nore effectively as a é@-thickening agent. This
conversion can be ef- fected by the nethod set forth in U S. Patent
3,492, 231, : ' ' : [ [ - :
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conpo- sition to be gelled. The higher acCid used in this aspect of the
present i nvebasedrcomypositiconcprépared -astdasoribed ahové.east 8 carbon atoms. It is
preferably a carbgxylic aci The | ower
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sition to be gelled.

The higher acid used in this aspect of the present invention is an acid con-
taining at ieast 8 carbon atoms. It is preferably a carboxylic acid containing 10 to
22 carbon atoms. The lower acid used in this aspect of the present invention is an
organic acid containing fewer than 6 carbon atoms, and preferably 1 to 4 carbon
atoms. Preferred lower acids include formic acid, acetic acid, propionic acid, bu-
tyric acid, valeric acid, branched chain isomers of such acids, and mixtures of such
acids. Thé ;nost preferred lower acid is acetic acid, although materials functionally
equivalent to acetic acid (e.g. acetic anhydride, ammonium acetate, acetyl halides,

'y Or acetate esters) can also be used.

Ordinary overbased materials can be gelled, i.e. converted into a gel-like or
colloidal structure, by homogenizing a "conversion agent" and the overbased
starting material. The term "conversion agent" is intended to describe a class of

very diverse materials which possess the property of being able to convert the



atonms. Preferred | ower -acids include formc acid, acetic acid, propionic
aci-d, bu- tyric acid, valeric acid, branched chain isoners of such acids,
and m xtures of such acids. The nost preferred |ower acid is-acetic acid,

al though materials functionally equivalent to acetic acid (e.g. acetic
anhydri de, ammoni um acetate, acetyl halides, or acetate esters) can al so be
used. Ordinary overbased materials can be.gelled, i.e. converted into a

‘gel -1i ke or colloidal structure, by hono i zing a "conversion agent" and

t he overbased starting material. The term "conversion agent” is intended to
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achi eved by winiespberongadids, phosphoriis abids.canfieraids) and eatbomdiokide @artidwased
starting materjals, preferably at the reflux tenperature or a tenperature
slightly bel darininecontination withavater)r Gelatiomis mormslly achipvedoby wigorous agita-
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to be to aid in the gelation of the overbaséd material. The amount of the
or- gani ¢ acmbnipal8?C 40 1SAYCror slightly Higher. Convedsion of owerbasedamaterialsito a
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formed from ?M%Miﬂé:ﬁt ed car- boxylic acid. Mdre specifically, the nolar

rati o of the acid of fewer than 6 carbon atons to the acidic organic
materi al of at | eThe fdnctionbofithet organicsacid hheing feweo tianl 6 toartianl atomsdis e e
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lit- ganic acid material having fewer than 6 carbon atoms is an amount suitable to
provide a measurable increase in the rate of conversion or gelation of the over-
based composition; when the overbased material is formed from a saturated car-
boxylic acid. More specifically, the molar ratio of the acid of fewer than 6 carbon
atoms to the acidic organic material of at least 8 carbon atoms is preferably 0.2:1
to 5:1, and more preferably 0.5:1 to 2:1. When less than 0.2 parts are used the in-
crease in rate is less pronounced, and when more than 5 parts are used there is lit-
tle further practical advantagé to be gained. Within approximately this range, the
rate of gelation increases with increasing content of the lower acidic organic ma-
terial. |

The gelled material obtained by the above or any equivalent processes can
be used without further treatment. However, it is often desirable to remove the
volatile materials, ihcluding water and alcohol conversion agents, from the com-
position. This can be effected by further heating the composition to 100-200°C for
a sufficient length of time to achieve the desired degree of removal. The heating

may be conducted under vacuum if desired, in which case the temperatures and



tle further practical advantage to be gained. Wthin approximtely this
range, the rate of gelation increases with increasing content of the | ower
acidic organic ma- terial. The gelled material obtained by the above or any
equi val ent processes can be used w thout further treatnment. However, it is
often desirable to renove the volatile materials, including water and

al cohol conversion agents, fromthe com $ sition. This can be effected by
further heating the conposition to [err] r a sufficient length of tinme to
achi eve the desired degree of renoval. The heating nmay be conducted under
vacuum i f desired. in which,case the t ratyres and. 7 Lies n, he
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art. It is fypéRAr possible to conpletely isolate the solid conponents of
the gelled material as dry or nearly dry solids. (In this context the term
"solid" or "soliddt isfurthere possible ol gorapletely lisolateythensalid zompobents a6fs the
materials with a high.solids content whicgh, still contain a relatively snal
amount of r eelEd mateel a8 9 Spnean, A polidsy | (o this, cpprest fhs ferm yplic” or

. preparing the bt ' dh matEsH | | id @;
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Lum can | ead lse/atione} gol c%mgeﬁﬂtesm Ry Brepgping|the coEtRasHiamIn AR olsapbilic
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~indirect heatbyreviaposatidhy i Xylendd] forf dxaaibte, Avotild be ddnsideretetblatife orgahicacom-
dialysis, precipitation, extrac- tion, filtration, and centrifugation can
al so be enpl ®puads.o Hegfingof thegektn a guitehle semperature aadéoy subjectig it ¥ASd s
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di spersed in an appropriate nedium can provide a grease. The ge
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possible to FHrye'\iRa,r and' frdelegeD %Fylslké)n &E‘lexg n%%llodsnsu%ﬂ as (!Iial(§'£'>is,I gre%?pitation, extrac-

tion, filtration, and centrifugation can also be employed to isplate the solid compo-

nents, even if the medium is not volatile. The solid material thus isolated may be
stored or transpofted in this form and later recombined with an appropriate
amount of a medium such as an oleophilic medium (e.g. an oil). The solids materi-
als, when dispersed in an appropriate medium, can provide a grease. The gelled
material serves as a co-thickening agent for the grease.

It is also possible to prepare a dispersion of a gel in an oil or in an
oleophilic medium different from that in which the gel was ofiginally prepared, i.e.,
a "replacement medium," by a solvent exchange process. Removal of the original
liquid medium can be effected other physical or chemical methods appropriate to
the specific combination of materials at hand, which will be apparent to one skilled
in the art. |

The components of the present invention can be combined by any conven-
- tional means suitable for forming a grease. Typically a mixer is charged with oil, a

co-thickener, other desired additives, and the functionalized polymer of the pres-
ent invention. Separately, a metal ion source is dissolved in water. The two mix-

tures are combined and heated to permit reaction to occur, while removing water



" invention can be

ol eophilLic nmediumdifferent fromthat in which the gel was originally
prepared, i.e., a "replacenent nedium" by a solvent exchange process.
Renoval of the original liquid nediumcan be effected other physical or
chemical methods appropriate to the specific conbination of materials at
hand, which will be apparent to one skilled in the art. The conponents of
the present invention can be conbi ned by ggy conven- tional neans suitable
for formng a grease. Typically a mxer i$°charged with oil, a

co-thi ckener, other desired additives, and the functionalized pol yner of
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The ol eophi | ithickening rageat, gsndeselibyd above,| amf al cdridentrhierfprming amoant ofand it
can be, if desired, an acid-functionalized oil, prepared as _described above
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such as polyamines which could lead to premature crosslinking. The particular
amounts which could be tolerated will depend, of course, on the specific materials
involved and can be readily determined by those of skill in the art.

In the concentrate of this invention, the amount of the oleophilic medium,
such as an oil, will be less than in the fully formulated composition. The amount
of oleophilic medium will be at least the minimum amount required to provide the
desired physical properties such as improved handleability. Relatively small
amounts of oil can be added to form an oil-extended solid composition; larger
amounts can be used to provide a fluid concentrate. Suitable amounts of
oleophilic medium in the concentrate can broadly be 5 to 98% by weight; prefera-
bly the amount of oleophilic medium will be 50 to 95%, and more preferably 80 to
90%. The amounts of the active ingredients in a concentrate will normally be in-
creased, compared to the amount present in a final formulatfon, corresponding to
the reduction in the amount of the oleophilic medium or oil. Preferably the grafted
olefin will comprise 3 to 30 percent by weight of the concentrate. Generally the

relative amounts of the polyolefin and the co-thickening agent will be about the
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groups which, while primarily hydrocarbon in character, contain atoms other than

carbon present in a chain or ring otherwise composed of carbon atoms.

The following non-limiting Exaﬂnpies serve to illustrate embodiments of the

invention. :
EXAMPLES
Example 1. Preparation of Functionalized Polymer.

. To a 5 L, four-necked flask equipped with a stirrer, nitrogen inlet, subsurface tube, ther-
mowell, and condenser, is charged 2121 g of stock mineral oil (#151). The oil is stirred and heated
to 160°C under a nitrogen flow of about 8 L/hr (0.3 SCFH). To the flask is added 374.3 gLz®
7060 ethylene/propylene/dicyclopentadiene polymer, number averge molecular weight about
115,000 (from The Lubrizol Corporation), in the form of 1 cm cubes, over the course of about 1
hour. ‘The mixture is thereafter stirred for an additional 2 hours and allowed to cool overnight.

The mixture is heated under nitrogen to 160°C with stirring for 3 hours. Maleic
anhydride, 3.8 g, is added and the mixture stirred for an additional 15 minutes. To the
mixture is added 3.8 g di-t-butyl peroxide, dropwise, over 1 hour at 160°C. The tempera-
ture is maintained for an additional 2.5 hours; thereafter the nitrogen flow is increased to 42
L/hr (1.5 SCFH) for 1.5 hours. The flask is cooled and sealed overnight. The mixture is
heated under nitrogen for an additional 3 hours at 160°C. Upon cooling the product
(without further isolation) is maleic anhydride functionalized olefin copolymer in oil. '



To:a 51, four-necked flask equi pped with a stirrer, nitrogen inlet,
subsurface tube, ther- nowell, and condenser, is charged 2121 g of stock
mneral oil (#151). The oil is stirred and heated to [err] under a nitrogen
fl ow of about 8 L/hr (0.3 SCFH). To the flask is added 374.3 g [err] 7060
et hyl ene/ propyl ene/ di cycl opnt adi ene pol yner,, nunber averge nol ecul ar

wei ght about 115,000 (from The ‘Lubri zol Carporation), in the formof 1 cm
cubes, over the course of about 11 hour. 3Phe mixture is thereafter stirred
for an additional 2 hours and allowed to cool overnight. The m xture is
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To a 5 L, fopinutesc KEH@ rhikefd<is ehpreatier stirvdd! for an additidrial 2.5 Houfsagdrallowedto cool
subsurface tube, thernmowell, and condenser, is charged 2428 g of stock

mneral oil E¥er@ight: The oil is stirred and heated to [err] under a nitrogen

fl ow of about 11 hr .(0.4 . Jo.the f| | s..added 2 7Q60
polymer in the fo Mﬁedﬁﬁ%&fiﬂo {;?gepﬁgelgéjﬁ ggﬁg&mg%.ogfaleg%hﬁ&gﬁeég& The
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cool overnight. The m xture is heated under " nitrogen to [err| wth .
stirring. Maheirs Thesedetionds maitained iat 1303Q dor. aneadditiopalrd haurs; ¢hereaftarithe dlaskais g
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of Functi onal 1€8) PreparatidiwofFuhetidnafized Polyawked fl ask is added 2607.9 g of
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fol - The Lubrizol Corporation), in oil. The oil is heated to 130°C with stirring under a nitrogen
flow of about 1.4 L/hr (0.05 SCFH). To the flask is added 27.3 g maleic anhydride, fol-
lowed by stirring at temperature for 20 minutes. To the mixture is added, dropwise over 2
hours, a solution of 6.6 h t-butylperoxybenzoate in 30 g toluene. After addition is complete
the mixture is stirred for an additional 4 hours at 130°C. The product is vacuum stripped at
150°C ahd 2.7 kPa (20 mm Hg). The product (without further isolation) is maleic anhy-
 dride functionalized styrene butadiene copolymer rubber in oil.
Example 4. Preparation of Functionalized Polymer. . '
To a 12 L four-necked flask is added 2500 g of a solution of 10% the LZ®
7341 styrene butadiene copolymer rubber, in oil. The oil is heated to 130°C with stirring
under a nitrogen flow of about 3 L/hr (0.1 SCFH). To the flask is added 75 g maleic an-
hydride, followed by stirring at temperature for 20 minutes. To the mixture is added,
dropwise over 2 hours, a solution of 18.8 g t-butylperoxybenzoate in 58.3 g toluene. After
addition is complete the mixture is stirred for an additional 4 hours at 130°C. The product
is vacuum stripped at 150°C and 2.7 kPa (20 mm Hg). The product (without further isola-
tion) is maleic anhydride functionalized Styrene butadiene copolymer mbber.in oil.
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Exanpl e 5 Preparation of Gease. To a large [err] mxér i's charged 2400 ¢
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The mixture is cooled to 80°C.
The mixture' is‘; milled on a Sonic Trihomo™ mill for 1 pass. The resulting material
is a grease which has the following physical characteristics:
Penetration (ASTM D-217):
Ostroke: 264
60 stroke: 253
10,000 stroke: 248
Water spray off (ASTM D-4049): 13.5%
Droppihg point (ASTM D-2265): 180°C
Example 6. Preparation of Grease.

o Example 5 is substantially repeated except that the functionalized polymer has a
total acid number of 30. The final addition of 800 SUS mineral oil is 910.5g. The grease
which is prepared has the following properties:

Penetration (ASTM D-21 7:
-0 stroke : 303
60 stroke: 300



is a geease which has the follow ng physical characteristics: Penetration
(ASTM D-217): O stroke: 264 60 stroke: 253 10, 000 stroke: 248
Water spray off (ASTM D-4049): 13. 5% Droppi ng point (ASTM D-2265): [err]
Exarnpl e 6. Preparation of G ease. Exanple 5 is substantially repeated
except that the functionalized polyner has a total acid nunber of 30. The
final addition of 800 SUS mineral oil is3910.5g. The grease which is
prepared has the follow ng properties: Penetration (ASTM D-217): 0 stroke:
303 60 stroke: =~ 300 32 10,000 stroke: 293 Water spray off (ASTM
D-4049) : 15% Dr oppi ngjogstroke:( ASTBHID- 2265): [err] Exanple 7. Preparation of

Grease. To the ap&a;rat us of Exanmple 5 is charged 2731 g of 800 SUS
| ubricating oi, 2 tgsn@ynﬁ‘dASI@EéQﬂ% 13% d, 10 g naphthenic acid, 2 g

anti f oam agent fram Dow.Cor nj 6 r] 2002 functionalized

et hyl ene/ propyl en@f%ﬁpgﬁé’goﬁmqﬁggﬁi gg&ﬁ m cont ai ni ng 0.4 wei ght percent
acid functi opgdmgle/'7.CPlefathfidrst GiasBR! €i ¢ anhydride (from The Lubrizol Cor po-
ration). The mxture is heated to [err] and maintained at tenperature 15
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cooled to | ® rati n). The mixture is heated to 110°C and maintained at temperature 15 minutes, thereaf-

ter cooled to 80°C. | |

In a separate beaker is charged 44 g LiOHH,O, 160 g water, and 1.6 g calcium
hydroxide. The mixture is heated to 80°C.

The two mixtures are combined at 80°C, mixed, and heated to 100°C, holding at’
temperature for 1-1.5 hours to remove the water. Thereafter the mixture is heated to
198°C, then cooled to 170°C. The pH is measured, and 906.6 g 800 SUS mineral o is
slowly added over 10 minutes. The mixture is cooled to 80°C.

The mixture is milled on a Charlotte™ mill for one pass. The grease which is pre-

pared has the following properties:
Penetration (ASTM D-217):
Ostroke: 281
60 stroke: 208
10,000 stroke: 297
Water spray off (ASTM D-4049) triplicate runs: 0.06%, 12.7%, 11.9%.
Example 8. Preparation of Grease.

* To a 9.5 L (2.5 gallon) Pilot™ mixer is charged 5890.5 g of 800 SUS lubricating
oil, 569.5g 12-hydroxystearic acid, and 85 g LZ® 2002 functionalized rubber. The mixture
is héated t0-82-93°C (180-200°F).

~ Ina separgie beaker are mixed 3.4 g calcium hydroxide, 425 g water, and 1169 g
LiOHH,O0, and heated to 71-82°C (160-180°F). _

The two mixtures are slowly combined and heated to 93-121°C (200-250°F) and

maintained at temperature for 1-1.5 hours. ‘Thereafter the mixture is heated to 193-199°C



The mxture is mlled on a Charlotte[err] ml|l|l for one pass. The grease
whi ch irs. pre- pared has the follow ng properties: Penetration (ASTM D-217):
Ost r oke: 281 60 stroke: 298 10,000 stroke: . 297 Water spray off
(ASTM D-4049) triplicate runs: 0.06% 12.7% 11.9% Exanple8. Preparation
of Gease. To a 9.5 L (2.5 gallon) [err] mxer is charged 5890.5 g of 800
SUS | ubricating oil, 569.5g 12-hydroxysggaric acid, -and 85 g [err] 2002
functionalized rubber. The mi xture is heated to [err] In a separate beaker
are mxed 3.4 g cal cium hydroxi de, 425 g water, and 116.9 g [err] and

heated to [@803907R) ahdheldatttmperatuse for 35 mistugesc Tolthemniktura is daded 2aB4tDg BOQ r |
and mai ntai ned at tenperature for 1-1 '

.5 h . Th f1 th t '
neat ed to [ SUEpi overzperied of 10 mimes Broding eapnide FECHIOF) HoRRLLY omy ¢ he

m xture is o/ us_ al i ' o

provi di ng c%#?’ﬁgoﬁgé[georf?‘] Q%S'I%I éﬁé pﬁ:&é’@faggve g@é‘?@f*’gg&# Q% '335 (gﬁd daltnve’

st andard grfefThe BibizolGoforaide). t TheaniRfiedis Sirrdddt témper@lrefell/Rihver. from The
Lubri zol Corporation). The mxture is stirred at tenperature for 1/2 hour.
The mixture is nihe mixtue ismilled on aGharlotteI™ mill fomenespassy e grease whighiix prer s
pre- pared has %S%gftﬁh' ow n roperties: Penetration (ASTM D-217): 0O

st roke: %@ G ogRng p 10, 000 stroke: 335 Water spray off
(ASTM D4049) : 3. PéfebrifdiASTM DL Efjer ence) . Preparation of Gease. To a
Hobart[err] mxer is charged 268 § 12-hydroxystearic acid, 10 g naphthenic
acid, 2 g antifoam agdstroke om D288 Cor ni ng, and 1839.2 g 800 SUS oil. The

m xture i s heated _t o] E&«rst{xlke: 320
10,000 stroke: 335

Water spray off (ASTM D-4049). 3.4%
Example 9. (reference). Preparation of Grease.

To a Hobart™ mixer is charged 268 g 12-hydroxystearic acid, 10 g naphthenic
acid, 2 g antifoam agent from Dow Coming, and 1839.2 g 800 SUS oil. The mixture is
heated to 82°C.

l In a separate beaker is combined 40 g LIOHH;O, 1.6 g calcium hydroxide, and 240
g water. The mixture is heated to 82°C.

The contents of the beaker (at 82°C) are added to the mixture in the Hobart™
mixer. The combined mixture is heated to 100°C for 1.5 hours, then to 198°C over 30
minutes. The mixture is cooled to 160°C and a solution of 4% LZ® 7060 olefin rubber, not
functionalized, in oil, is added over a period of 20 minutes. The mixture is cooled to 50°C
and milled for one pass on a Charlotte™ mill. . The grease which is prepared has the fol-

lowing properties:
Penetration (ASTM D-217):
L 0 stroke : 300

. 60 stroke: 295
10,000 stroke: 310
Water spray off (ASTM D-4049): 64%
Dropping point (ASTM D-2265): 187°C
Example 10. Functionalized polymer in gelled overbased carboxylate grease.



In a separate beaker is conbined 40 g [err] 1.6 g cal ci um hydroxi de, and
240 g water. The mxture is heated to [err] The contents of the beaker (at
[err]) are added to the m xture in the [err] mxer. The conbined mxture is
heated to [err] for 1.5 hours, then to [err] over 30 mnutes. The m xture
Is cooled to [err] and a solution of 4% ([err] 7060 ol efin rubber, not
functionalized, in oil, is added over a3geriod of 20 m nutes. The m xture
is cooled to [err] and mlled for one pass on a Charlotte[err] mll. . The
grease which is prepared has the fol- |ow ng properties: Penetration (ASTM
D-217): 0 strokeTo alargeflaskis sharpéd21000 g ARe5ADNQREafEtic olt,c1000 g afiOparefiinic

spray off ( STM D- 4049) . 64% ASTM D- 2 . Exanpl e
10. Functio kpﬂ%ng D@ °ISQE'%8€8H}§ e‘EéFl%‘?é? g‘%“@t’éﬂ‘ zed styrene- 34 1
a large fla @,E,qr E’@P %J?L | i el AR
paraffinic E{r&lagﬁrtl&%?a and 10(51? ﬁQng*g,/Q {elné(;ir\]&g t%’r?ga@rra%?;g
gnh¥ﬂr| de Ions:mmgathetnsﬂmtd &E'mﬂimdmtaﬁcbmmt tmepdb)th@nuxtmrbt Mddbdmgntﬁarpl eOI
e mxture is ate err] w continu-, Qus stirrjn irre
for 30 mi nuc¥ glmatovsgwé ‘aﬁm@oomnvmom%p@mealamdmseé &lisma €& um
over based t |, O. [ o] er&.i s
further addgédegﬁ 9g @%‘ﬁgﬁ\&% %Od€¥56§@g§l SAI :&02‘8%5?@%;? I'k é;ﬁ%’ﬂ Iﬁ"e and 65 g

wat er. The Heatéd foe50°€. Pﬁﬁﬂﬁdnﬁcﬁxré%rﬂedl'@obﬂbﬁomw&lﬂmm andssd gtion

of 60 g glacial acetic acid and 60 g water, dropw se over_ 15 minutes, while
mai nt ai ni ngwates @pvpa&%teui%nmutqsw emmnmsatweme:ratmetrw%"cheat ed to

mxture |- hoat od D Fpt mRBRs At Fefe srappug fC for sbpubl s Bl W ety
t hereby remgyl genatﬁiﬁ ThImBiture 6§ Keutdd B 2581 M- swepE with dlitdégeni 4t 1900he (0.5 | | ed

for one pass on a 3-roll mll. The grease which is pre- pared has the
fol | owi ng pSGﬁHD,ﬂhﬁ&yMﬂ%ﬂg&?QG)got'mmmw 0 stroke: 273

The mixture is cooled milled for one pass on a 3-roll mill. The grease which is pre-

pared has the following properties:
Penetration (ASTM D-217):
Ostroke: - 273
60 stroke: 294
10,000 stroke: 308
Water spray off (ASTM D-4049): 70.5%
Example 11, (reference)
Example 10 is substantially repeated except that the functionalized styrene-
- | butadiene polymer is omitted. The grease which is prepared has the following properties:
Penetration (AS'IM D-217):
0 stroke : 307
60 stroke: 339
¥ 10,000 stroke: 343
Water spray off (ASTM D-404§): 99.7%
Example 12. (reference) .
Example 10 is substantially repeated except that the functionalized styrene-
butadiene polymer is replaced by a correspondmg amount of the same polymer without
maleic anhydride functionalization. The grease which is prepared has the following proper-

ties:



60: str oke: 294 10, 000 stroke: 308 Water spray off (ASTM D-4049):
70:5% Exanpl e 11. (reference) Exanple 10 is substantially repeated except
that the functionalized styrene- butadi ene polyner is omtted. The grease
which is prepared has the follow ng properties: Penetration (ASTM D 217): 0
st roke: 307 60 stroke: 339 10, 000 stroke: 343 Water spray off
(ASTM D-4049) : 99. 7% Exanple 12. (refererde) Exanple 10 is substantially
repeat ed except that the functionalized styrene- butadi ene polymner is

repl aced by a correspondi ng anount of the sane pol yner w thout naleic
anhydri de functionalization. The grease which is prepared has the foll ow ng
proper- ties: Pan&trdtioh (ASTHDL2AHIM D-217) © O stroke: 294 60 stroke:
313 10, 000 stroke: 328 "Water spray off (ASTM D-4049): 98. 7% Exanpl e 13.
(reference) Exanple 10 Ostrekenst ar94al |y repeated except that the
functionalized styrene-_ butadi ene polynmer is replaced by a correspondi ng
anmount of Shel |l vis| err]m@'Pk%i styﬂé‘ne- | soprene bl ock copolyner of simlar

nol ecul ar wei ght to a |, without mal ei c anhydri de
functionalization. f?@gr@%%xmnﬁc is prepared has the follow ng

properties: Penet NitePspriy St (ASTM DN049): 98.7%Ke:! 311 60 stroke: 323
10, 000 stroke: 336 % :

Example 13. (reference)

Example 10 is substantially repeated except that the functionalized styrene-
butadiene polymer is replaced by a corresponding amount of Shellvis™ 40, a styrene-
isoprene block copolymer of similar molecular weight to that of Example I, without maleic
anhydride finctionalization. The grease which is prepared has the following properties:

Penetration (ASTM D-217): '

0 stroke : 311

~ 60stroke: 323

10,000 stroke: 336

Water spray off (ASTM D-4049): 98.3%

Except in the Examples, or where otherwise explicitly indicated, all numeri-
-cal quantities in this description specifying amounts’ of materials, reaction condi-
tions, number of carbon atoms, and the like, are to be understood as modified by
the word "about.” Unless otherwise indicated, each chemical or composition re-
ferred 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 norméliy understood to be present in the commercial grade. However, the
amount of each chemical component is presented exclusive of any solvent or dilu-
» ent oil which may be customarily present in the commercial material, unless oth-
erwise indicated. As used hereih; the expression "consisting essentially of" permits
the inclusion of substances which do not materially affect the basic and novel char-

acteristics of the composition under consideration.



Wat er spray off (A_STM D4049): 98. 3% Except in the Exanples, or where
otherwise explicitly indicated, all nuneri- cal quantities in this
description specifying amounts of materials, reaction condi- tions;—ntirber

of carbon atons, and the like, are to be understoodﬁﬂl"ﬁm{' e word
"about." Unl ess otherw se indicated, each chenical; o Jmﬂ"mHHf;
ferred to herein should be interpreted asbbei ng a conherci &l Wrasle terial
whi ch may contain the isoners, by-products, derivatives, and ot her such
materials which are normal ly understoo@n#% present in the comerci al
grade. However, the anmpbunt of each che onponent i s presented

excl usi ve of any spIA(eampogitidhlcUmpﬁsmgpiI whi ch may be custonmarily present
in the commercial materjal, unless oth- erw se indicated. As used herein,
the expression " c{@sanseil afiubsicating wiseasityf * permits the inclusion of

subst ances whi ch not terially af t . asi ¢ and. novel , char - .
acteristics of t hgb%c%Pﬂg’gﬁ?ﬁtﬁoh&‘ﬂ%gaﬁ&%ﬁgﬁl@ﬁ% f‘Uﬁ‘.ﬁty’ sa:éjg\?@gle%p ving a
conposi ti on gekbér sNerdh j f ' ' viscosity; (b) a

pol yol ef i n havi n%14 %}reg%ee‘ga)gg?@r?Jfﬁlgcl?iog%g%%@’gggd pol yol efin having a
nunber average no(ecainetaliieispbtientaprblé of iiteradtifigGvitl the acidefuattionalitpafi es

capabl e of i nt.&rai:ti ng with the acid functiopnaljty of said polyolefinto
cause associ 8¢ PALY: o; ¢Ause assgcigtion gmong the aeid groups; @Adckeni ng agent ;

sai d pol yol efin bg&mc&_gﬁggé}%# 9595" anmount sufficient to increase the

viscos- ity of the“’conposi . The conposition of claim1 wherein the

pol yol efin contai Eﬂd(boﬂ!ﬂﬁeﬁmb&ng@rmht edic amnbudy sifficientcr creake cheaviscos-
functionality and has a nelt index of up to 20 dg/mn. 3. The conposition

of claim 1 oity of thewwompgsitien.n the anount of grafted polyolefin in the

COmpos! {101 15 O, e oo fbe BEAEGR, 1 hereh o BERSEH Sy ) o

D YT ML RAAE B Eb e A TAKOR 10 uF o i ROSFGE "
20 dg/min. - '

3. The composition of claim 1 or claim 2 wherein the amount of grafted
polyolefin in the compositionis 0.1 to 10 weight percent.

4. The composition of any prec’eding claim wherein the grafted polyolefin
is an a—olefin/diene copolymer or a hydrogenated a—olefin/diene copolymer.

5. The composition of ény preceding claim wherein the metallic species is a
metal selected from alkali metals, alkaline earth metals, and aluminum, and is pres-
ent in an amount at least sufficient to neutralize substantially all of the acidic com-
ponents in the composition. '
| 6. A composition comprising:

(a) 5. gelled overbased material dispersed in

(b) an oleophilic liquid medium; and

3 (c) a polymer containing acid ﬁmctiohality, present in an amount sufficient
to increase the viscosity of the composition.

7. The composition of claim 6 wherein the gelled overbased material is a
gelled overbased carboxyiate material, dispersed in an oleophilic medium and ob-
tained by preparing a mixture of (1) a fluid carbonated overbased material in an
oleophilic medium, which mixture contains a metal salt of at least one organic acid

material containing at least 8 carbon atoms, and (ii) an alcohol or an alcohol-water



netal selected fromalkali netals, alkaline earth nmetals, and al um num and
is pres- ent in an anount at |east sufficient to neut+alize substantially
all of the acidic com ponents in the conposition. 6 conpositien—_.
conprising: (a) a gelled overbased material dispers ' I hilic
liquid medium and (c) a polyner containing acid fun ' lﬁﬂ%ﬁnt in
-~ an anount sufficient to increase the vis8®dsity of ‘the conpbsition. af. The
conposition of claim6 wherein the gelled overbased material is a gelled

over based caroxy| ate. erial - dispersed.in an ol eophilic nmedi ym and ob-
tai ned by pré) r%h@eag"ﬁ dP‘é{‘B'F °(fls(ﬁ and; (in)y; and;cempyi éﬂiWEHP&’E'é@F‘ RAthe | al
in an ol eoPWd&eﬂﬁ@éﬁm}ﬁgﬂ{%%ﬁ%e contains a netal salt of at |east -
one organic acid . material containing at |east 8 carbon atons, and (ii) an
al cohol or an al d&hdTherabmpositiof oftlsim 7ewhbrin ithe fluid carbonatal vefbayednd
(ii); and rermvi.gg t, Iq?ast a portion of the volatile materials fromsaid
m xture. 8. Maigrn oﬂ%@i §0 FOPrISgsa metal st of at deast fangi ergenichacidt material

—0

over based : k3l ' l.s rises a netal salt of at |east one
organic acﬁbﬁ%"?@-ﬂ$§w‘éﬁo‘%‘?§ﬁn°f&ﬁ'§° *than 6 carbon atons. 9. The

conposi tion of amy The campokitioffoffanyon o Ghifisns t4'8 \Pﬁéﬂéﬁﬁglecq&ﬂgmbﬁwﬁ-

0.001 to 5 weight percent carboxylicC acid functionality.
conposi t i ont¥ns 80P1das weight aereentcarboxylistasidefunctiomalityount of pol yner in

th i ti 4% O to 10 ' .. 11. Th it f
of ol al e 6 t o 10%nEhe RmbpetBarkhab b ah claligh 6110n0 HBMERHooPRURt OF o
nydr ogenat egolmibrah thd iABESIGORM OTR6 10%7eighh SBGRN! rate comprising: a

pol yol efin having grafted acid function " pol yol efin having a num
:ber average nol eddl aFheveomposition af ahg ame dFl4iNE;6 to ¢0-whéreirethersblpmenis and
‘a concentrate-for nr) anount. of an ol eophilic nmedium 13. A nethod for

gge,'ﬁ 81@% ePRolymer o hydregenated oi~olefin/diene copolymer.

12. A concentrate comprising:

preparing a2Ble

a polyolefin having grafted acid functionality, said polyolefin having a num-
ber average molecular weight of at least 50,000; -

a co-thickening agent; and

a concentrate-forming amount of an oleophilic medium.

13. A method for preparing a grease, comprising combining

(a) an oil of lubricating viscosity;

(b) a polyolefin having grafted acid functionality, said polyolefin having a
number average molecuiar weight of at least 50,000;

(c) a metallic species capable of interacting with the acid functionality of
said polyolefin to cause association among the acid groups; and

(d) a co-thickening agent.



——

(a) an oil of lubricating viscosity; (b) a polyolefin having grafted acid
functionality, said polyolefin having a nunber average nol ecul ar_wei ght of
at |east 50,000; (c) a netallic species capabl e; of interact i'riﬁ with the

acid functionality of said polyolefin to cause as

groups; and (d) a co-thickening agent. . 38 14: H“ﬂlﬁﬂlﬂﬂﬁ

rngm he acid
i

substantially to herein described with reference to any oné of e’>‘<arrp| es 5

to 8. 15.

A conposition conprising a polyner containing acid

functionality, which polynmer is substantialdg as herein described with
reference to any one of exanples 1 to 8. 16. A concentrate conprising a
pol yol efin having grafted acid functionality, which polyolefinis

. Substantially as herein described with reference to any one of exanples 1

to 8. 17.

A nmethod of preparing grease, which nethod is substantially as

. herein described witg ref %{/ %S%ﬁ%ﬁsﬁtﬁéﬂ;{?%ﬁﬁ'ﬁ&fﬁ’eh%ﬁ‘ reférence to any

G ease whenever prepared

one of examples 5 to 8.

15. A composition comprising a polymer containing acid functionality,
which polymer is substantially as herein described with reference to any one of
examples 1 to 8. '

16. A concentrate comprising a polyolefin having grafted acid

- functionality, which polyolefin is substantially as herein described with reference to any

one of examples 1 to 8.
17. A method of preparing grease, which method is substantially as herein
described with reference to any one of examples 5 to 8.

18. Grease whenever prepared by the method of claim 17.



