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(7i) ·:_:;W~. EsSo RESEARal~:~GIN~ ppsitioris variQUs ~-~·~i''~ildiUveifor.vis~ BlllUNG CoMPANY,a Corporation duly organ~' ~sity index iniproveriient.: In : r~sirig .. tlie isoo and ~sting under the laws of the State· v!$~sity ind~ of.ltib#cimt:co:trip9si1i<)ns ,by 45 of Delaware; Unitaj States: of AiiJ.erica, of additives.· recourse Jias>been made. to ... the . ·.·. 5. LlrideiJ,; 'New . Jersey, .. :uriited States )>f .iD:tfOdµction. of jong:.chitiriecf comp0unds :pt ·· .. · AnJ.erica. ·do, hereby declare the inventioµ; the j:tat:iJre of 1inea,r:j:JolffeCJ:s; genera1lyJhe · •for: which we pray that a patent may. b.e hig4est V.I~. increase ;being .obtilined.~fr()iri granted to ·us, and ;the method by which itjs polyme(s ofthe ·greatest chain Jengtli: Whil¢ 50 . ... . to be performed. to be partj.cularly d~tjbed ss .. ~.)+~•.h.n_. p ac(J.t1
9
ym.· ry· ~n1:·n.:c V.pr.Io.d .. uun··.ctS .. · .P· ... r·h

0
a.v·.ve· .em, ben·e·_e +. n··'geenree·_-~~.·.· . .Y.s: . ·. > 10 ·in and:--by the following stji.tem.ent:'.~ ... ·.. . ·. .......Sfa1 .. th lli1 .• . . .. . • . This. iilvention is concerned with .. oils be.en, Prior to th~ present .in,veri.tion~·: a lifuit · · .· ' .. : contailling certain _polymers prepared frC>n.i to V.I. improvement-witl;i.oµt incutring .. eori-. "~thylene and at least cme other alpha-olefin; commitant lin:titing,factoi"s, :·: •: :.:· : : · . 55 : · !ill .i,mportant property of a lubricant For example, apart 'from: the atfa.Q:mieri~ > .1~ eo~position:is the rate at \Vhfoh its v~seosity of V.I. imptovenien4· •consideratiori. must changes as a fµnction of temperature .. The also be given to the s9l:ubility: of .iP.e. polymer - . re1atioi;iship ·betweefr. the \i-isoosity and",tem- a~ditive in the base CQll)pQsitic)n~ as· we11 as · peratui"e i~J:c>riunonly eX:pressed as the yis;• the· additive stability ·agajnst · 'breakdowri 60 •. 

20 
·····.cow"· hs~.c .·.··:·inc.hdan.~ge·· (V ... 1. 1:tltl;)e~· ... Lm· ubvr

1
_lsco·can .... Sl~t·ycowm1.thpcisvitiar;~~.·.s_ .. · under shear stresses encountered in·its appJi;. lch "" (!ation. In th~ syntqesis of po1~erfo V.I. _ ·:f;ions iii temperature have a greater viseosity agents to date.· K h~: ·generaJiy been found . index than do· oo'mpositions whose '\tiScositY': th!it sol~bil_i~y)mtf ~shear :~µlbility are' .. in~ . is ma~rially affected by changes in tem..: ~erse.ly pt9po~o~al)o the.::moleculat :W~igb,t 65 . · per,ature; One of the major ~uirements of of the polymer; Smce:Jhe .gr~test y,I. effect .25 . Iubricati.rig oils is their satisfactory viscoS.ity~ has been ob~ned ftoiri .' pt)lyiners :. of· the · •... temperature characteristics.••· 'These charac. highest zn.ol.e¢u]ar. weight, e.tfeCti:v;eness has. . . .. · teristics. ate necessary in .order that the oils ~advalitageoqsly, be~ ~acrificed in oroer. t~ .. Will :fiot Jose;~eir fiuidity but will show mt ~e.. ·_p,:op_e.r .stif:'!>,.U~ty:. ii:t teSpecf..to;'resi'st.:. 70 c;:qually _gdod 'perf0nnance Within a re1atiVely:. ance against'· shear -stresses >and ·to · attain' 30 ",\i\lide temperatuN range to which they iilay the 'd~ed ·soltlbjljiy ()fjhe ~dditives: Tii:us; : be exposed Jn service. The wider the pos.; tJ1e·y.1 imprcMrig:c;hatacte~istic 9f a(:iditives · 9ible temperature variations~ · the smaller has been ,und~jni:J>Iy restrjcted T;>Y limitation .should be the change in ·viscosity with. tenl"". of<one of: the afotenieiitfonoo ·characteristics. 75 ··. · .. , .peratµre. · .. . ·:· . . . : . . . Another' featijre 9f V.i; fulpl'OversJs the 35' <.In r~ing natural peti"oleUlll oils ()r ·m: aID,~unt. of ~~ditiv¢ .!1ecessarily.-~ti1iied .hi .:_ •.. •• pteparil1g synthetiC qilS~ if,iS econonlica11y Oider to attam·the desiredY.I; unprovem:ent • . ··• ·· . ·feasible to i:mpt:ove their viscosity index only · T.llis measure ~ eff~veri.ess, of an additj.:Ye, · .. ·:. . up to a :certairi maxim.um inasmuch as fur- ~ reflected, _by tht) llPl6urltS utiliZed~ :may be . 80 . thei; treatment has _only an additional neglig.: · • tef~.t:e<.i .to' ~~ the· thjclcening _potency of ·the, .. 4Q •.· ible effect on . visoosity index . chara-cteristies~ · a.dq1t1v~. •• It · .1s. reaqily. :. apparent, . ther~fpr~ ,. -·.·. ·• ~~!Eh~~~~~.: b~t~d':: s::?oo!: ·~!;~~4,'.~~;~!v~~~.~1;fh~ , ;. : [Pric~: 1.5pJ : · . . · · · 
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solubility~ etc .• it is highly desirable ~ pre- double bond. and. while a single olefinic 
pare a V.I. improver which has a thickening monomer is preferable, mixtures of these 
potency such that smaller amounts of addi- C, to C28 olefinic monomers may be em­
tive as compared to amounts conventionally · ployed. 

5 employed can be utilized to attain the desired The monomers may be polymerized in 
improvements, th~ . presence of various solvents. e.g. ali-

In accordance with this invention oil · phatic, naphthenic, aromatic alid halogen­
compositions comprise a major proportion ated hydrocarbon solvents, miiieral oils, or 70 
by weight of a lubricating oil and a minor an excess of the higher alpha-olefin such as 

10 proportion by weight of an oil-soluble poly- propylene may be used. 
mer comprising ethylene and a Ca.:......CU · The l'olymers used as additives in the oil 
alpha-olefin, said polymer having the follow- compositions of this invention may be ob-
ing combination of parameters: tained by the use of hydrogen gas and a 75 

15 
(a) an ethylene content within the range 

between 70 and 91 mole %. 
(b) a degree of crystallinity less than 25%. 

(c) an Mw/Mn ratio less than 4.0, and 
(d) a viscosity average molecular weight 

of between 10,000 alid 200,000. 

20 The polymers contained in lubri~~ oils 
are found to have an unusual comblliation of 
properties including excellent V.J. improv­
mg ·characteristics, high thickening potency, 
low haze characteristics alid superior shear 

25 stability. Such combination. of properti~ 
renders the polymers especially u~~ful m 
lubricating oil of both the mineral and .Syn~ 
thetic type. In general, these ethylene-alpha­
olefin _ p6lymers may be described a~ crys~l-

30 line-amorpbous, low mol~ular "'._eI~t vy1th 
a narrow molecular weight distribution, 
essentially unbranched random polymers 
with relatively small regions of ethylene or 
alpha-olefin, homopolymers sequences, i.e .• 

35 a degree of crystallinity less than 25%. 
· A_process for preparing these polymers .is 

described and claimed in our co-pending 
Patent Application No. 31921/68 (Serial No. 
1,239,082)~ -

40 The Ca to Ci.a alpha-olefins may be linear 
or branched where the branching occurs 
three or more carbon atoms from the double 
bond, and while a single olefin is preferable. 
mixtures of these Ca to C18 olefins may be 

45 ~ployed. It ·is most preferred,_ howeyer, 
that the ethylene monomer be copolymenzed 
with propylene. Suitable examples of Ca to 
C18 alpha-olefins include, among others, 
propylene; 1-butene, 1-pentene, 1-hexene, 

50 t~hepteiie, _ l~octene, 1~nonene, 1-decene, 
4 - methyl-1-pentene. 4 - methyl-1- hex.ene, 
5 -methyl-1-hexene, 4,4-dimethyl~l-pentene. 
4 - methyl-1-heptene, 5 - methyl-1,heptene, 
6-methyl-1-heptene, 4.4~dimethyl-1-hexene, 

55 5,6,5 -triniethyl-1-heptene and mixtures 
thereof. _ 
· When propylene is employed as the .co­

monomer,. i.e .• with ethylene, ·one m.ay also 
use a_ C, to C28 alpha-olefin. These unsatu-

60 rated monomers are also -preferably linear, 
but .may be branched where the branching 
occurs three' or more carbon atoms from the 

specific Ziegler-type catalyst, e.g. a mixture 
of an organo-aluminium halide and a vana­
dium oxy halide. Further details of the 
method of polymerisation are described in 
our Patent Application No. 31921/68 (Serial 80 
No. 1,239,082). 

The ethylene-alpha-olefin polymers used 
in the oil compositions of this invention will 
have a viscosity average molecular weight 

(Mv) of 10,000 to 200,000, preferably 30,000 85 
to 100,000. Unless otherwise specified, the 
term "molecular weight" as used herein 
means molecular weight based on viscosity 
measurement. The molecular weights indi­
cated herein _ aJid in the claims hereof were 90 
determined by viscosity measurements in 
decalin at 135oC and calculated by the 

formula {'Ill = (Ki x lo-4) Mv 0.74 in 
which ['1}] represents intrinsic viscosity. ~nd 

95 K1 varied from 2.22 for a polymer contammg 
no ethylene, i.e .• a homopolymer of propyl-
ene, to 5.86 for a homopolymer of ethylene. 
In this connection. K1 = 1.15K wherein K 

relates '11 and Mv ~r~ing ~o ~e !11ethod 
outlined by G .. Moraglio m Churu.ca 1 Indus- 100 
tria 41, 984 (1959). 

The polymers used in the composi~ons of 
this invention may be further described as 
containing from 70 to 91 mole %. prefer­
ably 78-88 mole %. of ethylene and fi."om 1?5 
9 to 30 mole %. preferably 12 to 22 mole %; 
of the aforedescribed alpha-olefin and when 
propylene is used as the Ca to clB alpha 
olefin, O to 10 mole %. ·e.g., 0.5-5.0 mole %. 

110 of the. C,-C28 alpha-olefin. . . 
The polymers used in the compos1tio!1 .of 

this invention have a degree of crystallinity 
less than -- 25% and· a· surprisingly narl"C?w. 
molecular weight· distribution. The surpns­
ingly narrow mo~ecular weight distribution 1 ~5 
of the polymers is shown by the fact that . 

the number average molecular weight, ~ 
and the weight-average molecular weight, 

Mw of the ethylene-alpha-olefin polymers : _ ': 
are 'nearly equal in value. As is generally 120 
known, ·only. when there is ~ne molecular. 
species, all molecules of which . haye· the 
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.:;:·· . 3 _..._..__,..._..;._,...__._..~'--'-'-_,...-'--'-_,...-'-~"--'-·~·---_,...~.,..,,...,~___,.....,....,__..__,..._,......,.__,..._,..._,..._,..._,..._ , silme. molec;qlai, weigJi~ will tile :'valli~ ·of > .Acc9rdillgly,·_dfff~i:cntial· :ther!llal .analysis . . . .. '• . ·' . : and x~ray<dll.fraction patteriis .. indicate:a ·'-./~ .· Mn and Mw ~."equaJ~ The J:uurowm61ec\y.~r' -~degree 'of ¢'tY~ity of less tb.illi 25% and 6S · · :!"ei~t. diStriptJti!->11! q~. ~ ~lymers ()f th}s generallf'a:·d¢8ree 'oferystiilllilitY within the , ~v~~tion may be character1st'.d. by ~e ratio. Jh:1f:~o~~~.~~f'~~··=v:~:~~~%~~r11f:. ·.· .. · s · '. Mw /Mn··· wherem···. 'said .- ratio · .18 · 1ess··.· than· :·'·tile copolymers ·to ·exhibit sriperior'propertieso aoout 4~0: .1. pi:_P.fera~ly less $!ill 2.6: J, ¢;g~, . ' the degree :of'CI:ystallirilty. should reside with'.' 70 

. : L~: l to 2.2 i 1. . .. . . . : ;' . 'mm: <.v·.:en·· .. e .•. ti~O~·e.angn·.····l·u.·.hiy~L.·~ao:.fcari~: .. ·.i~.:····~n· · .. to··.cm·. ~m~.l .. 8ep~.o.~i.~o;oil.iis .• _· .... ·ma·.m··· ·y·· this.·.·b·.·.·e.·.·;· ·.; .. .• . 't'he deteiwf~·~uon:"'oi the. r~tlo Mw/M,.ri w uu LA.l .... 
10 

.·. was-m.a<Je -by i!l~. gttJ pen.µ~,aqon chrom~o-" enipfoy~ a~; tht{ base material, su~h ,as graphy (GPClcr:t~re~~qu~ .. The procedure parilffui ~se~;:naphth~~ ·base or mixed 7S :_used ~ ~; ~qJloW&; f()~ ;pi)ly~~yr.ene 'gel paraffiti·b~se·distilla:te:oi~idt;tal.oils. Para~ : separation colw.n~ -~ntfµg.w.g avei:age•-gel ·ffin base· :.diStl11ate.1ubricatillg ·oil fracti()ns ;: :· ·· pore Sizes of 106, 10~ IQ"' .~~ 108 A, respOO- . are.; usc;d : . .iJ,i: the : ~oririulati<>.ii of prenliµiri. · tively'; were coIIQ.ected in ~eri,es for the grade.ino~r oil su~h·as contemplated. in thi$ · .·. IS·. fractiOnatip,n;,qf th~.J~9l}'P)<fJ,". The solv;erit .llivention. Bro~dly:speaking, a minerallubr~- 80 . · .. ,, .employed W!lS trichJ,orohqef!e, and JJlf? :.catiti.g_ oil havirig ~ SUSvi~~osity ·at lQO~F ·.· separati0..1,1s w~r~·~nduCWQ; at 135°C ·using betwe¢n;about 5.0.-and 1000 may beusect m 'a flow rate of L~./:Qliµ. Th~ ~amples we~C. the; formulation. of the improved IUbtici.o.ts : introduced ink> -tl;te . .sy_,stem as:,0.5 wt;%solu~ of~thls mvention.' Uswilly tiie viscc>sity range · .. ·20 Jions using_ ~~Anjectj.on time of 60 sec: .A. falls(ootween: .70: and 300 SUS at 100°F~ SS ... · ., -correlation·. ~b~~P ; . ;c::luµ~:i;i; yolUJ:~1e · <ex~ The ··weiI•knp:wri syritheticJubricati.iig · bases pressed as "co.upts": y.rith ·Qll~ count equal of;the ester or. ether'; type may also be u$00 to s ml.) an,d ~olecular 'we,ight relevant to as· the lul>ricating J;ase oil.. • .. •: . . .. : . ··•·· ·.•· th~e operating. co.qditions : . ~as obtained · The eopolymers · or terpolymei:s: are· ein~ · 2S · from the peak elution. yolumes of a series of pl,oyed as additives in the oil compasitions 90 :naqow . polystyrene fractio~ of known,,·. of· this invention in concentrations of less .. . . molecular wei&Jlt. The: calibr~t,i.on standaftis thiln.':50%, . preferably O;l to 10 wt.%~ pr~ .· ...... ···obtained 4-olll Pressure Ch~cal ~~~·Pitt~. ferably between.'.0.5andS~O:)vt.%J>asedon ··· ··. ·. ;burg. Pa. covered ~moleci;t.1arweigbtrange: · the\compos.iti9if''.being·· treated~ so ·as to· :. 30 . ,from 4,8q<> to 2.145,000. The s.tandard . .tnole~. accopplish"·l~e desifed objects~ ,It ~s. to be 9S · culai- weights~ were conv~. to eqwvalent understood that such _ranges are flexible and chain length values (A) and Jhe correlation.· . will be deterriiin.Cd by: the _particular charac'.'· .. between equiyalent Chain. lep.gth and count ter :of the comp()~ition, e:g;Jubricating oil~ ·to . number (elution volume) w~ employed jn. · which the additive is added. Typkally. such . 3s the analysis of ethylene-alp~-olCfiii~. •. tq~:· addit~ve.S" are sold' as concentrates wherein 100 :propylene, distr:i"Q.ution:curv~. • . ; .: the' additive is. Present·in .. amot1i1U; of fropi The treatment of the raw GPG data. (m 5 to 50 Wt::<~.- preferably 10 to 25 .wt·%· .. ,. ·the forni of continuotjsly plott¢d cmves) for based oil ·the total amount of the hydro;;. :the eihyJene-~ph~-oJeµn. · san;aples ~ssenti.ally <;arbqp. s()lyent, : e.g. mineral. oils; Jiexane, ·. 40 f9llowed ~sslcal :molecul~ :\fejght distr1J>u ... : hep!~e ifucl ,the· like. emJ?l()yed for the 105 tion techDlqµes .. For. a giv~ :sample the additive.. : . . , . -:: ,. . . . · .. . .. height. of tb,~ \U~t),":ibut.ion. ~qrve above .the . .' .'J'.he-~p()l~~~·ort~e terpoJyme~ ?ID bfi ba~ Ime .was ,me,asur~ (~ ~Y co~ven1ent empl()Yeq ~l9ne J,n;lub~1ca~tco~pos1tions of. .<. units) at_ r~ar ~u!J.on. vofome ~terv~ the prese~t·mven~gn,_.,or.~ d~1red~ -~an ~ AS. over. ihe entu:e distributio;q.< The intetval . employed m.C()Jµb1nationw1th other visco.s~ty 110 .· eni.ployed:was ! count (2! m:J.), The height. index ,iinp:fov,ers iii ordet to ·a1fect tha.~ , · · ·•·· at .a. given· count was taken as a measure of.. characteristic' .of the · base lubricant: coin~ · ·· : the .Vleig~t frac?-on of the sample h.a~ing -~· · i,loSition. H<·Clemed~ sai4 cop?lymers ~r ·~er­eqwvalent cham length conesponding to. : pqlyril~ts:-niay be·'.en:iployed m combmati?n SO. th~tpanicular elutioi:i vplUJ?-e. The ~eas9red · ;With(?Ul~ additives. for example •. ~our pom~ 115 heights .w~ the~ ~omial~'. .'t9 ~ield the· cJ.e~~~ts! . detergent. t}'{>~· additives, cx_>r .. corresponding --weight fr~CtiQ~~. · ~h.ich . ~ere ·· · ·. ros10:n mh1b1tors,: . anti-oxidan,ts, ·: sludge m­used to: compute the num.ber.a.Yerage equ1va-.:. . ·. hibitofs. and metal deactivators-. · .·· . . .. lent chain .~ngth and :the weight averag~ ·.·· · ... ·. :·.: .. , .. :. · .. ,. 'SS equivalent cruµn length~. : ' .·. ·: · .. <. ':. · EXAMPLE 1 · •· .';' .. ·· . ·. < . With re~d to the .<fegree of crysalluuty . · Ethylene and _.propylene . were continu- 120 ,· .. of the eopqlym.ers u~ed. in the present iII."' .. : ously. p0lymetized .Jn th~ presence .of I}·'." ventiori, it w~ found _tjlat two, independent heptane ·so!Verit;_,: .V~J~:AlaEtsCJ!,. ·:and techniques employed to dete~e same led . hydrogen; The polymenzation, rea,Ctio11 was ., 60 to unexpectedly .. good .experunental .agree-_ car:ried. out in a "two;-litre glass ·rea,ctor 071 ... •· .... ~ent>~e two ~ethods. u~ ~~~-.f{~~y equipped Witl:i ·a mpnomer inlett~be, catalyst l:z:> ·· < diffracti()n, .8,ll4· Qilfe.r~Jl1ial;:t4~'1 ,~jtly~~-: : . ~~to. ~~-8:uµys~}?Ie,; solven~.· inlet ~~~W 

.. ··.: :. ~·. 
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condenser, stirrer. product recovery outlet 
and a temperature control jacket .. Provision 
was made to continuously control the rate of 
addition of monomer, ·hydrogen. solvent. 

S catalyst and co-catalyst. The ·reaction was 
carried out continuously under conditions of 
constant volume ·and pressure (i.e., l atrn~) 
by controlling the rate of feed introduction 
and product removal. The ethylene· and pro-

10 pylene monomers were purified by contact 
with hot (e.g., 150°C) copper oxide and 
molecular sieves. Purification of the solvent. 
i.e., n-heptane, was· effected by passage 
through a bed of alUiilina and silica gel. 

15 Similarly. the hydrogen gas was dried by 
passage through a silica gel· bed .. The entire 
system was maintained oxygen and moisture­
free by blanketing with nitrogen. A solution 
of vanadium oxychloride (VOCls) in h~hep-

20 tane corresponding to a 0.03 molar solution 
was introdueed through the catalyst inlet 
while a solution of ethyl aluminium sesqui­
chloride'. (AI~:etsCla) in ·Ii-heptane corre­
~ponding· to a· 0.12 molar solution ·was in-

25 troduced through . the co-catalyst inlet. The 
reactor operating conditions were as shown 
in Table I. 

TABLE I 
Temperatiire •. °C. . · SS 

30 Solvent Volume, litres@ I attn., 2S°C. l;S 
Monomer Feed Composition 

· Volume % propylene 75 
Volume % ethylene . 25 

Monomer Feed Rate, litres/minute 3.0 
35 Hydrogen Feed Rate, 

cc./minute@ 1atm.25°C 30 
VOC!a Catalyst Solution Feed Rate, 

cc./min. 1.0 
Catalyst Composition, AI/V molar ratio S;O 

40 Reactor Residence Time, minutes 20 

A sample of the product stream was re­
moved and a polymeric product was· re­
covered by steam distilling off the solvent 
and vacuum drying. ·the product at sooe. 

45 0.7 weight% of ~"polymer was dissolved 
in a lubricating oil in order to determirie 
the V.I. and thickening efficiency of the re­
sulting oil composition. The copolymer re­
covered had the properties shown in Table II. 

50. TABLE II 
Mole % Ethylene 
Inherent Viscosity 

@ 13S°C decalin. di/ g 
V.I. <11 

SS Thickening Efficiency <21 

77.0 

2.01 
135 

2.7 

<u Viscosity IIideX as · determined by 
ASTM D-S67 in Refereru:e Oil lSO which 
is a solvent extracted. neutral. paraffinic~type 
oil of about 46.53 SUS at 210°F and 189.9 

60 SUS at 100°F. · 
. <2> Thickening Efficiency is the· ratio of 
Wt.% ·polyisobutylene (20,000 Staudinger 

mol. wt.) required to thicken Reference ·Oil 
150 to a viscosity of 12 ± .S cs. at 210°F / 
w~. % ethy~ene-propylene copolymer re­
quired to thicken Reference Oil lSO to the 
same viscosity. · 

E.xAMPLl! 2 

65"._,r 

T~ cii:ample serves to illustrate the· cor­
relation between the degree of crystalliriity 70 
of a copolymer used in the oil compositions 
of this invention and its potency as a V.L 
improver. In this example, a number of 
ethylene-propylene copolymers were pre~ 
pared in .accordance with the procedure of 75 
Example 1 .. except that the ethylene-pro­
pylene- feed ·ratios were ·controlled to give 
vario~s polymer ~mpositions which ~~re 
exammed ··for therr degrees of crystallinity 
by X-r~y diffraction. The procedure utiliZed 80 
was similar to that of Weidinger and Het­
inans, Maki'omolekular Chem., 50, 98 (1961). 
The method of determining the crystalline 
fractiOn in the ethylene~propylene polymer 
consisted of: (1) obtaining a diffractogram 85 
of the ethylene-propylene copolymer sample. 
(2) measuring the amorphous and crystalline 
areas of the diffractogram and (3) calculat-
ing the percent crystallinity froin these two 
measurements. 90 

The method is based upon taking a series of 
diffractograms of ethylene-propylene-copoly­
mer samples ·that vary in crystallinity. The 
data is normalized to the same absorbance. A 
plot of the normalized crystalline area versus 95 
the normalized amorphous gives a linear 
relations between the two quantities. This 
allows the calculation of the · crystalling 
fraction in any other sample from the ob-
served crystalline and amorphous· areas. 100 

1.0 weight % of the polymer was dissolved 
in the same oil as used in ·Example 1 to 
detenriine the V .I. and thickening efficiency 
of the resulting oil composition. The V.I. 
of each of these ethylene-propylene copoly- lOS 
mer samples were compared at equal vis­
cosity average molecular weight (equal 
thickening power) and the resulting data in 
terms of. percent crystallinity and V.I. are 
presented in Table ill. . 110 

TABLE ill 

Thick-
Sample Mole % ening % 

No. Ethylene Power Crystallinity V.I. 

1 
2 

.3 
4 
5 
6 

72 
77 
78 
80· 
81 
82 

• · Insoluble iri oil. 

2.0 
2.0 
2.0 
2.0 
2.0 
• 

2.64 
ll.47 
13.87 
19;15 
24.82 

• 

131 us 
136 . 
140 
136 
131 
• 12() 

It ·can be seen from the foregoing. that 

_..-. 
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the polymer crystallinity has an important 
effect on the V.I. properties of the polymer. 

WHAT WE CLAIM IS:-
1. An oil coifipoSition comprising a 

S major proportion by weight of a lubricating 
oil and a minor proportion by weight of an 
oil-soluble polymer comprising ethylene and 
a Cr-C.a alpha-olefin, said polymer having 
the followjng combination of parameters: 

10 (a} an ethylene content within the range 
between 70 and 91 mole %. · 

15 

(b} a degree of crystallinity less than 25%. 

(c) an Mw/Mn ratio less than 4.0. and 
(d) a viscoSity average molecular weight 

of between 10.000 and 200.000. 

2. A composition according to claim 1 
wherein said polymer has an ethylene con­
tent of between 78 and 88 mole%. 

3. A composition according to either of 

20 claims 1 and 2 wherein the ratio Mw /Mn 
is less than 2.6 : 1. 

4. A com,t?osition according to any one 
of the precedmg claims wherein said poly­
mer has a viscosity average molecular weight 

25 of between 30,000 and 100,000. 
5. A composition according to any one 

of the preceding claims wherein said alpha­
olefin is propylene. 

6. A composition according to claim 5 
wherein said polymer contains UJ? to 10 30 
mole % of a third monomer wl:iich is a 
C.i--C28 ajpha-olefin. 

7. A ooinposition according to any one 
of the preceding claims wherein the degree 
of crystallinity is between 1 and 20%. 35 

8. A composition according to claim 7 
wherein said degree of crystallinity is be­
tween 3 and 18%. 

9. A composition according to any one 
of the preceding claims wherein said lubri- 40 
eating oil has a viscosity of between SO SUS 
and 1000 SUS at I00°F. 

10. A composition according to any one 
of the preceding claims which contains 0.1 
to 10 weight %. based on the total compo- 45 
sition of said polymer. 

U. A composition according to claim 1 
wherein the amount of polymer is 0.5 to 5.0 
weight % based on the total composition. 

12. An oil concentrate comprising a 50 
hydrocarbon solvent and S to SO weight % 
based on solvent of the polymer as defined 
in any one of claims 1-8. 

13. An oil composition according to 
claim 1 substantially as hereinbefore des- 55 
cribed with reference to the Examples. 

K. J. VERYARD. 
15 Suffolk Street, 
London, S.W.l, 

Agent for the Applicants. 

Printed for Her Majesty's Stationery Office by Burgess & Son (Abingdon), Ltd:-1971. 
Published at The Patent Office, 25 Southampton Buildings, London, WOA lAY 

from which copies may be obtained • 
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.. ·the p()J~er :crystaliinity has .an iJnport~t 6. A composition according to claim S 

efflX;t ori :the y.I.·properties. of the polymer. wherein said polymer contains u,p to 10 30 

.. ·,WHAT WE.CLAIM IS:~ c~ al~~-:. monomer which is a 

.: ·, L An ··oil ·composjtio:ri. comprising a 7. A c;omposition according to any one 
s• major proportion by wejghr of a lub:ricating of the preeeding claims wherein the degree 

:. oil:and. a minot.pfoportic:m by weight of an .of ci'ystallinity is betw~n 1 and 20%. 35 
:: oil-solub'e polyin~r cQtilprising ~ethylene and 8. ,A. ·composition according to claim 7 
.•· ;a:Ca--018 . alpha•olefin~-~d· polymer having wherein said degree of crystallinity is be-
.. the' followjng combinatfon :. of ; pili'~eters: tween 3 and 18%. -

9. A composition. according to any one 
10 (a) ail ethylene. coQ.tent within ·tb.e range of the pr~g .. claQn.s wherein said lubri- 40 

eating oil has a viscoSity of between 50 SUS betWeen ·7oi and 91: inole %. . ' 
(b). a degree otcrystailhlityless than 25%, ·. ·.;. .··· ... ·: .·. :· .. . • .. 

. :· _ .. :.:.:·:-..__;;. · .. 

>{c) lilt Mw/~iirr11ti9 less thanA.O, and 
. (d) tl ·visc()si~y·: averag¢: molecular weight 

JS:·, .. ,. of. betwee11' 11),()QO and. 200,QOO. 

and 1000 SUS at 100°F. 
10. A composition according to any one 

of the preceding claims which contains 0.1 
to 10 weight %. based on: the total compo~ 45 
sition of said polymer; 

11. A composition according to claim 1 
. · . 2 A comp0sitioil a~icJing 'to. claim 1 wherein the amount of polymer is 0.5 to 5.0 
· wb,ereiri ··said p0lymer. has an ethylene con- weight % based on: the total composition. 

tent of between 78 Wid 88 .mole %~ 12. An oil concentrate comprising a 50 
3. A composition acc6rding to either of hydrocarbon solvent and 5 to 50 weight % 

· · · · · .. ·· · · ·- _ based on solvent ·ot tjie polymer as defined 
20 claims 1 arid 2 wherein the ratio Mw/Mn in any one of claims 1-8. 

is _J~:~lll~~i~on aCC()rtllng: to: any one c1a~; l~u~!1anti~§o~tih!re=f!:g de~ 55 
·of the preced~g clainls::wherein stild po1y- cribed with reference to the Examples. 
mer has a viseoSity average inoleeu:tar weight 

25 ·Qf bet\Veen 30,000 arid 100,000. · .: · 
. : · 5. A cotriposition aeoord~8·~: any .one 
· · of ·.the preeediilg ·claims ·wh.erein'. ~aid. alpha .. 

olefi1t is propylene. ·· ·· · · · · · 
• • :. i 

K. I. VERYARD, 
15 _Suffolk Street, 
LOn<ion. S.W.l, 

Agent for the Applicants . 

· · Pririt~ f0r;Het Majesty's Stationtiry OffiCtl by Bur8tlSs & Son (Abingdon), Ltd.-1971. 
· .. · 'Published at The htent omce, 25 Southampton Bilildings, London, WC2A 1A Y . . . . . . . .. . ' ·r.(Om wmch Copies may be obtained. . 

' - --------------·-·------ ' 

···:·· ... 

. .. :·" ·-:_·;, 

·.: .. 

: •i'. •. :·. 

·: : .. :_ ..• , ::: . ."·: .. :. 


