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Multlgrade onls usually also contain one or more viscosity modifiers

(VM) which are longer chain polymers, which may be functionalised to
provide other properties when they are known as multnfunctlonal VMs (or
MFVMs), but primarily act to improve the viscosity characteristics of the oil

20 over the operating range. Thus the VM acts to increase viscosity at high
temperature to provide more protection to the engine at high speeds, without
unduly increasir - viscosity at low temperatures which would otherwise make
starting a cold - - jine difficult. High temperature performance is usually
measured in terms of the kinematic viscosity (kV) at 100°C (ASTM D445),

25 while low temperature performance is measured in terms of cold cranking
simulator (CCS) viscosity (ASTM D5293, which is a revision of ASTM
D2602)

Viscosity grades are defined by the SAE Classification system
30 according to these two temperature measurements. SAE J300 defines the
following grades: |
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Multigrade oils meet the requwements of both low temperature and
5  high temperature perfomanoe, and are thus |dent|ﬁed by reference to both
relevant grades. For example a 5W30 mult_lgrade o_l_l has viscosity
characteristics that satisfy both the SW and the 30 Visoosity grade
requirements - i.e. a maximum CCS viscosity of 3500.10 Pa.s at -25°C, a
minimum KV1 00°C of 9.3 mm2/s and a maximum kV100°C of <12.5 mm2/s.
10
Viscosity modifi iers comprise polymers havnng an Mu of at Ieast
20,000. For ease of handling viscosity modifiers are usually employed as oil
solutions of such polymers. When used in engines, oils are subjected to high
mechanical shear, for example in bearings, pumps and gears, or to chemical
15 aftack such as oxidation, and the longer polymer chains of viscosity modifiers
are broken which reduces their contribution to viscosity performance. '

Shear stability is a measure of the ability of an oil to resist permanent
viscosity loss under high shear - the more shear stable an oil , the smaller the
20 viscosity loss when subjected to shear. Polymeric viscosity modifiers which
make a significant contribution to kV100°C are not completely shear stable.
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(according to SABSIZOM; - ae)/he npdd 180, t he shear test and to suffer a .
kV100[err] C viscosity | oss not exceeding 15%in the Kurt-Obahn D esel Fuel
I njector test. Thus for_a nultigrade oil eting the 40 grade requirenment
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Specifications for lubricants may be set in terms of a maximum foss of
viscosity and/or minimum limit on after shear viscosity. The most severe
requirements for oil shear stability at present are for s that meet the

20 VWS500.00 specification and proposed ACEA specifi: -on, which require the
kV100°C of the oil to be in grade (according to SAE J300) at the end of the
shear test and to suffer a kV100°C viscosity loss not exceedihg 15% inthe
Kurt-Orbahn Diesel Fuel Injector test. Thus for a muitigrade oil meeting the

~ 40 grade requirement of SAE J300 (e.g. a 15W/40 or 10W/40 oil) the oil must

25 have a minimum kV100°C of 12.5 mm2/s at the end of the test and a

maximum kV100°C viscosity loss of 15%.

Economic VMs such as olefin copolymers have poor shear stability
(high SSI). VMs with low SSI tend to be expensive. Shorter chain polymers
30  which are used in functionalised form as dispersants are much more shear
stable but make only a small contribution to kV100°C. Thus the contribution
to kV100°C made by the polyisobutenyl succinimide dispersants described
for example in US-A-4234435 is limited. In addition, attempts to increase
viscosity contribution of conventional dispersants by increasing the treat rate
35 can lead to problems with seal compatability and low temperature viscosity
- performance, which if combatted by lighter basestocks results in loss of
diesel performance. "
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Such multigrade crankcase oils formulated with this new class of
- dispersant and without viscosity modifiers provide more economical oils
which in addition may provide better diesel performance and seal
compatability. The oils are also substantially shear stable - that is lose no
20 measureable amount (within the normal eXperifnental tolérahdes) of kV100°C
on being subjected to shear in the Kurt-Orbahn test - and so have application
for the most demanding applications where high performance is required,
such as in turbocharged engines and racing engines, with reduced
mechanical breakdown of the oil. :

25 : - .
Accordingly in one aspect the invention provides a multigrade
crankcase lubricating oil substantially free of viscosity modifier additives
derived from a polymer having an Mn_af greater than 7000, which oil
comprises: : D ' '
30 a) basestock, and R

b).a detergent inhibitor package of lubricating il additives, which
package inciudes an ashless dispersant comprising an oil soluble polymeric
hydrocarbon backbone having functional groups in-which the hydrocarbon
backbone is derived from an ethylene alpha-olefin (EAO) copolymer or alpha-

35  olefin homo- or copolymer having an Mn of from:500 to. 7000, and preferably
having >30% of terminal vinylidene unsaturation. - |
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-from a pol y#000, teprovide impfovedadiese! performeanice, such as improvesksabts per sant
conmpri si ng 8o &shng? bHBIGF reduced piston deposits in diesel engine lubrication

15 and/or reduced turbocharger intercooler deposits and/or improved seal
compatability. The invention further providés a process of improving soot
dispersancy and/or reduced piston deposits in diesel engines and/or reduced
turbocharger intercooler deposits and/or improving seal compatability in an
engine, in which the engine is lubricated with a multigrade crankcase oil i)

20  substantially free of viscosity modifier derived from a polymer having an M
of greater than 7000, and ii) containing an ashless dispersant comprising an
oil soluble polymeric hydrocarbon backbone having functional groups in
which the hydrocarbon backbone is derived from an ethylene alpha-olefin
(EAO) copolymer or alpha-olefin homo- or copolymer having an M. of from

25 500 to 7000.

The multigrade crankcase lubricating oils to which the various
embodiments of the invention apply are preferably multigrades having a low
temperature SAE grade of lower visbosity than 20W, and thus desirably

30  15Wn, 10Wn or SWn multigrades and even lower viscosity grades that have
been proposed such as OWn multigrades. Particularly preferred multigrades
are 15W30, 15W40, 10W30, 10W40, 5W20 and SW30.
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whi ch t heilsmaybe usetdtidesirads of t he i nvention apply are preferabl y

mul tigrades having a | ow tenperature SAE grade of | ower viscosity than 20W
and thus desirably 30 15Wh, 10Wh or 5Wh nul ti grades and even | ower
visca@ity gradks t IABHLEESDISRERSANToposed such as OWd mul ti gr ades.
Particularly preferred nultigrades are 15W80, 15W0, 10W80, 10WAO, 5W20 and

SWBO. WO 9 Fhgdshless dlspersant compnses an oil soluble C%Klymhe}?nc ook g
est ocC use in
ﬁ '

he 1 ubr PYAFI<AEO0N PARYOTRNSWNG SUREH O GrhR? BIet AFR CopAdRGR ¢ or nat ur a
oi | s usedsssciating withsparticlesitodie digpersed. (Typically, the dispersants
comprise amine, alcohol, amide, or éster polar moieties attached to the
15  polymer backbone often via a bridging group. The ashless dispersant may
be, for example, seiected from oil soluble salts, esters, amino-esters, amides,
imides, and oxazolines of long chain hydrocarbon substituted mono and
dicarboxylic acids or their anhydndes thiocarboxylate derivatives of long
chain hydrocarbons; long chain ahphatlc hydrocarbons having a polyamme
20 attached directly thereto; and Mannich condensatnon products formed by
condensing a long chain subststuted phenol with formaldehyde and

polyalkylene polyamlne

_ The 0il soluble polymeric hydrocarbon backbone used in an ashless
dispersants in the detergent inhibitor package is selected from ethylene
25 alpha-olefin (EAO) copolymers and alpha-olefin homo- and copolymers such
as may be prepared using the new metallocene catalyst chemistry, which may
have a high degree (e.g., >30%) of terminal vinylidene unsaturation. The
term alpha-olefin is used herein to refer to an olefin of the formula: _

IR!
H— C ==CH2
30 wherein R’ is preferably a Cf1 - C1g alkyl group. The fequirement for

terminal vinylidene unsaturation refers to the presence in the polymer of the
following structure: |



5 ignited and conpression-ignited engines. The lubricating oil base stock
conveni entWp 9582618 Vvi scosity of about 2.5 to about 12 nmi er rd¢SE®382273
preferably about 2.5 to about 9 nn{err]/; at 100[err]C. M xtures of
synthetic and natural base oils may be uSed if desired. 10 B.

ASHLESS DI SPERSANT The ashl ess di spersant conprises an oil sol uble
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unsat ur at i ospegtrescapicranalysis, tifretion or £-4 N&Rerei nto refer to an ol efin of
the formula: [err] 30 wherein R is preferably a (err] - (err]

al kyl gheup. The Thasij $6I0BIY pblgmerieHjidiétarbbRHackBoRe Mkbg'gat i on refers to
the presence in the poJyner of the Fol| ow n tructuyre: WO 95/ 34615
PCT/ EP95/ Ozgwgmopolymgr @/g poﬂ/propy ene) or a cogoFymer of two or more oP suc:?\

olefins (e.g., copolymers of ethylene and an alpha-olefin such as propylene

or butylene, or copolymers of two different alpha-oleﬁns). Other copolymers

include those in which a minor molar amount of the copolymer monomers,

15 e.g., 1to 10 mole %, is an a,a-diene, such as a C3 to C22 non-conjugated
diolefin {e.g., a copolymer of isobutylene and butadiene, or a copolymer of
ethylene, propylene and 1,4-hexadiene or 5-ethylidene-2-norbornene). -
Atactic propylene oligomer typically having M. of from 700 to 5000 may also
be used, as described in EP-A-490454, as well as heteropolymers such as

20 polyepoxides. _ : -

 One preferred class of olefin polymers is polybutenes and specifically
poly-n-butenes, such as may be prepared by polymerization of a C4 refinery
stream. Other preferred classes of olefin polymers are EAO copolymers that
preferably contain 1 to 50 mole% ethylene, and more preferably 5 to 48
25 mole% ethylene. Such polymers may _contaih more than one alpha-olefin and

may contain one or more C3 to C22 diolefins. Also usable are mixtures of

EAO's of varying ethylene content. Different polymer types, e.g., EAO, may
also be mixed or blended, as well as - slymers differing in M.; components
derived from these also may be mixea or blended. '

30 The olefin polymers and copolymers preferably have an M. of from
700 to 5000, more preferably 2000 to 5000. i“olymer molecular weight,
specifically Mx, can be determined by various known technique's. One
convenient method is gel permeation chromatography (GPC), which
additionally provides molecular weight distribution information (see W. W,



7 [err] wherein Poly is the polynmer chain and Ris typi caIIy a C[err] -
Cerr] woloshegi§oup, typically nmethyl or ethyl. Preferably, f‘)’ gers will
have at | east 50% and nost preferably at |east 60% of the pol'yrmer chai ns
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propyl ene ol i Wn of from 700 to 5000 may al so be
used, as descri EPOAWLENMETT o5 el | as het eropol yners such as 20

pol yepoxi des. One preferred cl ass of olefin polynmers is pol ybutenes and
speci fical ol y-n- but enes ch as may be prepared by polynerization of a
C4 refi rﬁﬂc{/ e Eme @QFPE!V'“GF%PE Wﬁgﬂﬁimmﬂﬂ@ﬁcﬂg?ﬁﬂss are- EAO
copol ynefpHowsat preferably contain 1 to 50 nol e% et hyl ene, and nore
preferably 5 to 48 25 nole% ethyl ene. Such poelyners may contain nore than |,
one al pha- ol ef i n MmnximoEss neomomer h @Mn ®moh%rmonoer2] to Clerr] diolefins.

Al so usabl e aDe= T W‘s Wne content. Different
pol ymer types llbd‘*}ﬁ%ri%no ®al so be mxed or ended, as well as polyners

differing in M conponents der|ved fromthese al so may be m xed or
bl enl@ed. 30 The ol efin polyners and copol yners preferably have an M
of from . _ : )

In a prefered aspéct of the invention the degree of pblymerisation of
copolymers used in the invention is at least 45, typncally from 50 to 165, more
preferably 55 to 140.

P'articixlarl_y preferred cdpolymers are efHYIene butene cepolymers.

15 In a prefered aspect of the invention the olefin polymers and
copolymers may be prepared by various catalytic polymerization processes
using metallocene catalysts which are, for example, bulky ligand transition
Tetal compounds of the formula: |

(LImM[Aln

20 where L is a bulky ligand; A is a leaving group, M is a transition metal, and m
ind n are such that the total ligand valency corresponds to the transition
netal valency. Preferably the catalyst is four co-ordinate such that the

-sompound is ionizable to a 1% valency state

The ligands L and A may be bridged to each other, and if two ligands
25 \andlorlL are preseht they may be bridged. The metallocene compound
t1ay be a full sandwich compound having two or more ligands L which may be
tyclopentadieny! ligands or cyclopentadienyl derived ligands, or they may be
I -alf sandwich compounds having one such ligand L. The ligand may be



700 to 5000, nore preferably 2000 to 5000. Polyner nol ecul ar wei ght,

speci fi camgy9d8asisan be determ ned by vari ous known techni OpEeFEpdsR273
gonveni ent nmethod is gel perneation chrgmat ography (GPC), which

additional ly provides nol ecul ar weight distribution information (see W W
WD 95/ 34615 PCT/ EP95/ 02273 8 Yau,

J. J. Kirkland and S . t hy",
John Wi ey 0P8 ?vwvo&kanvlg%?"hg‘aﬁ eRpRDIRar TS heica 18 1 cul a1y

for | ower transitioremetali ght pol yners, is vapor pressure osnonetry (see,
e.g., ASTM D3592) 5 The degree of polynerisation Dierr] of a

Do Ut ed as 1 SPEREmMdRrIRg ibaRaERRY ¥ EBR] 1§nd HangRanTRem Bldhi | T
degree of pmngtnrmayshe I'QM’P ﬁo@orﬁmmmemetai amﬂon alanthaoideiar at | east
45, typbcchYnfdeol'i'éﬁQtlbﬁrﬁé‘tﬁl Wﬂﬁn@é‘@rmﬁin%%@m Bﬁfﬁq cularly

preferred copgl yners e et hyl ene ynmer s n a prefered
aspect of PaEticYadypreferede ol efin pol yners and copol yners nay be prepared
by various catal ytic polynerization processes using netallocene catal ysts

}mi chI are, for andsmaly\be smudnedmmnsubmummlammnuncm- @i, t he
(0T | Sk G Loy B0 Ay o Bl 0, 1 °
cor r espondOptiondily the substiiuent(spmaly acilasrane oiPmere beidges between tie/st i s
four Cqy0r figaRHE ardfdt IbBAhg'dtBups andlor transition metal. Such bridges typically

COmprise one or more of a carbon, germanium, silicon, phosphorus or

nitrogen atom-containing radical, and preferably the bridge places a one

- atom link between the entities being bridged, although that atom may and
often does carry other substituents.

15 The metallocene may also contain a further displaceable ligand,
preferably displaced by a cocatalyst - a leaving group - that is usually
selected from a wide variety of hydrocarbyl groups and halogens. '

Such polymerizations, catalysts, and cocatalysts or activators are

: described, for example, in US-A-4530914, 4665208, 4808561, 4871705,

20 4897455, 4937299, 4952716, 5017714, 5055438, 5057475, 5064802,
5096867, 5120867, 5124418, 5153157, 5198401, 5227440, 5241025; EP-A-
129368, 277003, 277004, 420436, 520732; and WO-A-91/04257, 92/00333,
93/08199, 93/08221, 94/07928 and 94/13715. - '

The oil soluble polymeric hydrocarbon backbone may be

25 functlonahzed to incorporate a functional group into the backbone of the .
polymer, or as one or more groups pendant from the polymer backbone. The
functional group typically will be polar and contain one or more hetero atoms
suchas P, O, S, N, halogen, or boron. It can be attached to a saturated
hydrocarbon part of the oil soluble polymeric hydrocarbon backbone via

30  substitution reactions or to an olefinic portion via addition or cycloaddition
reactions. Alternatively, the functional group can be incorporated into the
polymer in conjunction with oxidation or cleavage of the polymer chain end
(e.g., as in ozonolysis).



conpound is ionizable to a 1[err] valency state. The ligands L and A nmay be
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The functionalized oil soluble po!ymerlc hydrocarbon backbone is then
15 further derivatized with a nucleophilic reactant such as an amine, amino-
alcohol, alcohol, metal compound or mixture thereof to form a corresponding
derivative. Useful amine compounds for derivatizing functionalized polymers
comprise at least one amine and can comprise one or more additional amine
or other reactive or polar groups. These amines may be hydrocarbyl amines
20 or may be predominantly hydrocarbyl amines in which the hydrocarby! group
* includes other groups, e.g., hydroxy groups, alkoxy groups, amide groups,
nitriles, imidazoline groups, and the like. Particularly useful amine
compounds include mono- and polyamines, e.g. polyalkylene and
polyoxyalkylene polyamines of about 2 to 60, conveniently 2 to 40 (e.g., 3 to
25 20), total carbon atoms and about 1 to 12, conveniently 3t0 12, and
~ preferably 3 to 9 nitrogen atoms in the molecule Mixtures of amine
- compounds may advantageously be used such as those prepared by reaction
of alkylene dihalide with ammonia. Preferred amines are aliphatic saturated
amines, including, e.g., 1 2—d|am|noethane 1 3-d|am|nopropane 1 4-
30 diaminobutane; 1,6-diaminohexane; polyethylene amines such as dlethylene
triamine; triethylene tetramine; tetraethylene pentamlne and
“ polypropyleneamines such as 1,2-propylene dlamlne and dl-(1 2-
propylene)triamine.

Other useful amine compounds include: alicyclic diamines such as
35  1,4-di(aminomethyl) cyclohexane, and heterocyclic nitrogen compounds such
as imidazolines. A particularly useful class of amines are the polyamido and



-5096867, 5120867, 5124418, 5153157, 5198401, 5227440, 5241025; EP-A- 129368,

277003, %J 20436, 520732; and WO A-91/04257, 92/0033
93/ 08221, é%’%ﬁ%S and 94/ 13715. The oil sol ubl e pol yneri csﬁrl%rﬁé)%gr%‘%gn

‘backbone may be 25 functionalized to Mncorporate a functlonal group into
the backbone of the polymer; or as one or nore groups pendant fromthe
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pol yner i sUSn228,022i.t h nal ei c acid or anhydride); react ion of the pol yner
S5 wth an unsaturated functional conpound by the "ene" reacti on absent
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d t f
Fhe " poloy ramaybe-deriyateed wiBYTEI CPEIPOHNCH SUsh AR AT 40d ng o
Koch-type p& wﬁmarcehblstdrqﬂmamm bompbuads sach asaphemds andneo posi tion;

L ackmRl ARG abohils' ol Srbiiiad 12D, PUGRrROEREH R Bt °°
t hi'ocar boxihel alkylene radical/contains feond 2 teel catborvatoms: Qtherusefuly ai r
oxi dation pEtRoGT. afRBRYISIAELAR gIfERrol, SAGhE:BIdeRE of Blycafal fiordistearate
15 of glycerol, monomethyl ether of glycerol, pentaerythritol, dipentaerythritol,
“and mixtures thereof. An ester dispersant may also be derived from
unsaturated alcohols such as 'ally'l alcohol, cihnamyl alcohol, propargyl
alcohol, 1-cyclohexane-3-ol, and oleyl alcohol. Still other classes of the
alcohols capable of yielding ashless dispersants comprise the ether-alcohols
20 and including, for example, the oxy-alkylene, oxy-afylene. They are
exemplified by ether-alcohols having up to 150 oxy-alkylene radicals in which
the alkylene radical contains from 1 to 8 carbon atoms. The ester
dlspersants may be di-esters of succinic acids or acidic esters, i.e., partially
esterified succinic acids; as well as partlally esterified polyhydric alcohols or
25 phenols, i.e., esters having free alcohols or phenolic hydroxyl radicals. An
ester dispersant may be prepared by one of several known methods as
illustrated, for example, in US 3,381,022.

A preferred group of ashless dispersants includes those substituted
with succinic anhydride groups and reacted with polyethylene amines (e.g.,
30 tetraethylene pentamine), aminoalcohols such as trismethylolaminomethane
and optionally additional reactants such as zicohols and reactive metals e.g.,
peniaerythritol, and combinations thereof). Also useful are dispersants
wherein a polyamine is attached directly to the backbone by' the methods
shown in'US 3,275,554 and 3,565,804 where a halogen group on a
35 halogenated hydrocarbon is displaced with various alkylene polyamiries.



The functionalized oil soluble polymeric hydrocarbon backbone is then 15
further wigsd34gid zed Wi th a nucleophilic reactant such as gapgpdsiBss32M no-
al cohol, al cohol, netal conmpound or nixture thereof to forma correspondl ng
derivative. Usef uI am ne conpounds f o} derivati zi ng functionalized pol yners
conprise at |east one am ne and can conprise one or nofe additional am ne
or other reactive or polar groups. These am nes may be hydrocarbyl am nes
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di am nes such as 35 1 ,4-di(am nonet hyI) cycl-ohexane, and heterocyclic
ni trogen commleeohfmlbnamd)hndmdeﬁvaﬂzéd oléfiy polyneps based ass of

e/ pos e imBl 4ihedz8h Leing HBialRicine Saalyst systems areglescriped in
4, 956, 10 publicatihsidentified abog@o, 022. Al so usable is
tris(hydroxynet hyl)am no nmet hane (THAM as described in US 4, 102, 798;

4,113,639, 4, iy &Zésrs%ﬁi‘céﬁb%&%rtﬂ@? Leréstediya v%hélybféfé’méﬁ‘uaﬁél and

conb-structure amn e us
15 post treatments such as oratlon as generally taught in US 3,087,936 and

3,254,025. This is readily accomplished by treating an acyl nitrogen-
containing dispersant with a boron compound selected from the group
consisting of boron oxide, boron halides, boron acids and esters of boron
acids, in an amount to provide from about 0.1 atomic proportlon of boron for

20 each mole of the acylated nitrogen compos_:tlon to ab_out 20 atomic
proportions of boron for each atomic proporlien_of ni_trogen of the acylated
nitrogen composition. Usefully the dispersants contain from about 0.05 to 2.0
wt. %, e.g. 0.05 to 0.7 wt. % boron based on the total weight of the borated
acy! nitrogen compound. The boron, which appeers be in the product as

25 dehydrated boric acid polymers (primarily (HBO2)3), is believed to attach to
the dispersant imides and diimides as amine salts _e.g., the metaborate salt of
the diimide. Boration is readily carried out by adding from about 0.05 to 4,
e.g., 1to 3 wt. % (based on the weight of acyl nitrogen compound) of a boron
compound, preferably boric acid, usually as a slurry, to the acyl nitrogen

30 compound and heating with stirring at from 135° to 190° C, e.g., 140°-170° C,
for from 1 to 5 hours followed by nitrogen stripping: Alternatively, the boron
treatment can be carried out by adding boric acid to a hot reaction mixture of
the dicarboxylic acid material and amine while removing water. -

35 OTHER DETERGENT INHIBITOR PACKAGE ADDlTlVES

Fl



5 Sinmilarly, one may use the condensed amines disclosed in US 5,053, 152.
The funct Wm98/345¢81 pol yner is reacted with the am ne conpoupdrzpssu2g3ng to
conventional techni ques as described i n1 sEP- A 208, 560; US 4,234,435 and US
5,229, 022: The functionalized oil soluble pol ynmeri c hydrocarbon backbones -
also 10 may be derivatized with hydroxy corrpounds such as nonohydric and
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various al @%@ma ehmjealie. Such overbased detergents may have a TBN of 150 or
greater, and typically of from 250 to 450 or more.
20
_ Detergents that may be used include oil-soluble neutral and overbased
sulfonates, phenates, sulfurized phenates, thiophosphonates, salicylates, and
naphthenates and other oil-soluble carboxylates of a metal, particularly the
alkali or alkaline earth metals, e.g., sodium, potassium, lithium, calcium, and
25 magnesium. The most commonly used metals are calcium and magnesium,
which may both be present in detergents used in a fubricant, and mixtures of
calcium and/or magnesium with sodium. - Particularly convenient metal
detergents are neutral and overbased caicium sulfonates having TBN of from
20 to 450 TBN, and neutral and overbased caicium phenates and sulfurized
30 phenates having TBN of from 50 to 450.

Sulfonates may be prepared from sulfonic acids which are typically
obtained by the sulfonation of alkyl sUbstitut_ed aromatic hydrocarbons such
-as those ebtained from the fractionation of petroleum or by the alkylation of
35 aromatic hydrocarbons. Examples included those obtained by alkylating
benzene, toluene, xylene, naphthalene, diphenyl or their halogen derivatives -
such as chlorobenzene, chiorotoluene and chioronaphthalene. The
elkylation may be carried out in the presence of a catalyst with alkylating
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Anot her wid o346 ashl ess d| spersants conprises Manni ch bagepgpaggsnat i on
products. Cenerally, these are prepargd by condensi ng about one nole of an
al kyl - substituted nono- or pol yhydroxy benzene with about 1 to 2.5 nol es of
carbonyl conpounds (e.g., fornaldehyde and 5 par af or mal dehyde) and about
0.5 to 2 nol es paol yal kyl ene gol yam ne as discl osed, for exanple, in US
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are described in publications identified above. The dispersant can be
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each at|oithat s!owhwrhetm:awjreqmremen of the acylated nitrogen conposition.
Useful 'y the dispersants contain fromabout 0.05 to 2.0 w.- % e.g. 0.05 to

0.7 wt. % boron based on the total weight of the borated acyl nitrogen
conpound. The Netabsalts\of plnemipmmﬁmsedtpher\ds)amprepare& bydeagtibrat ed
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t he di spersant es an es as m ne e net aborate sal t
of 15  neutral or overbased products may be o tamedsby metho Il known in the
art. Sulfurised phenols may be prepared by reacting a phenol with sulfur or a
| sufur containing compound such as hydrogen sulfide, sulfur monohalide or
sulfur dihalide, to form products which are generally mixtures of compounds

in which 2 or more phenols are bridged by sulfur containing bridges..

20 .
Dihydrocarbyl dithiophosphate metal salts are frequently used as anti-
wear and antioxidant agents. The metal may be an alkali or alkaline earth
' metal, or aluminum, lead, tin, molybdenum, manganese; nickel or copper.
The zinc salts are most commonly used in lubricating oil in amounts of 0.1 to
25 10, preferably 0.2 to 2 wt. %, based upon the total weight of the lubricating oil
composition. They may be prepared in accordance with known techniques by
first forming a dihydrocarbyl dithiophosphoric acid (DDPA), usually by
\ reaction of one or more alcohol or a phenol with P2S5 and then neutralizing
'the formed DDPA with a zinc compound. For example, a dithiophosphoric
30 acid may be made by reacting mixtures of primary and secondary alcohols.
Alternatively, multiple dithiophosphoric acids can be prepared where the
hydrocarbyl groups on one are entirely secondary in character and the
‘hydrocarbyl groups on the others are entirely primary in character. To make
the zinc salt any basic or neutral zinc compound could be used but the
oxides, hydroxides and carbonates are most generally employed.
Commercial additives frequently contain an excess of zinc due to use of an
excess of the basic zinc compound in the neutralization reaction.

3
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fhe diinmide. Boration is readily carried out by addi ng from about 0.05 to
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Addi ti onal Tellewingfeemyla: ¢ ypically incorporated into the conmpositions of
the present invention. Exanples of &&ifemlltlves are netal or ash-
cont ai ni ng detergents, anti oxi dant t ar agents, friction nodifiers,
rust inhibitors, anti-foam ng agents &t iers, and pour poi nt
depressants. 5 Metal -contai ni ng -or |RY for LNg detergents function both as
detergents to reduce or remove deposits and~as acid neutralizers or rust

i nhi bitars, whéwimWamemmayq:mMsamé ordifferent hydrotarbyl ¢adicals engine life.
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conpound. MI@S suchras atkyl alkenyl, anhsarylalkyl) alikand @ndieysiagliphatiarount  of
the netal 'r'% Pg%ﬁf&tlﬁ}?ﬁre?éﬁe& %'ﬁi y&uﬁg%réamg@ps%f é‘?d’gr al

salts, and wo ave tota
nmeasur ed byCarBoNatemss)lheis, theoradicals may, f%%ﬁi“ﬁi&sbﬁlﬁﬂé)"t B'Q"ﬁﬂylu&e | ar ge

AT, S0 TOBE, ADGGE T, B baRE amA, Ameyt Sl rRodyl AecgRoung, Such
resul ting Mﬂg&!ﬁ) &"RH’ Mﬁn ﬂwyﬁiﬂfv@ﬁﬁe@d éPBP@Qnt as the outer
| ayer of a mietrajlcy@mr(tﬁ, propemyhdnaemyl. 1ih oedéreto Ghtaim ot solubility] thettetaent s
may have a dbhef of edtosh atoms (i.e. R and R') in the dithiophosphoric acid will

'generally be about 5 or greater. The zinc dihydrocarbyl dithiophosphate can

15 therefore comprise zinc dialkyl dithiophosphates. Conveniently at least 50
(mole) % of the ailcohols used to introducé hydrocarbyl groups into the
dithiophosphoric acids are secondary alcohols.

Oxidation inhibitors or antioxidants reduce the tendency of mineral oils

20 to deteriorate in service which deterioration can be evidenced by the products
of oxidation such as sludge and varnish-like deposits on the metal surfaces
and by viscosity growth. Such oxidation inhibitors include hindered phenols,
alkaline earth metal salts of alkylphenolthioesters having preferably Cg to
C12 alkyl side chains, calcium nenylphenol sulfide, ashless oil soluble

25  phenates and sulfurized phenates, phosphosulfurized or sulfurized
hydrocarbons, phosphorous esters, metal thiocarbamates, oil 'soluble copper
compounds as described in US 4,867,890, and molybdenum contalnmg
compounds. -

30 Typical oil soluble aromatic amines having at least two aromatic
groups attached directly to one amine nitrogen contain from 6 to 16 carbon
atoms. The amines may contain more than two aromatic groups.
Compounds having a total of at least three aromatic groups in which two
aromatic groups are linked by a covalent bond or by an atom or group (e.g.,

35  an oxygen or sulfur atom, or a -CO-, -SO2- or alkylene group) and two are



greater, and typically of from250 to 450 or nore. 20 Detergents that may

be usedwpreksyis oil -sol ubl e neutral and overbased sul fonq.tqéIB HEasat es,
sul furized phenates, thiophosphonate salicyl ates, and napht henates and

S

ot her oil-sol uble carboxylates of a ﬁ%t al, particularly the alkali or
al kaline earth netals, e.g., sodium potassium lithium calcium and 25
magnesi um The nbst commonly used netals are cal ci um and nagnesi um which
may bot hdirectlyrattaghed to ane aminenitrogenise cansidered aromaticiamines. ur es  of

cal ci um ' bdi [ iy - R4 . et al
detergen?g@?%mﬁgﬂp ﬁgfwg?\ %%elyl;ﬂge %tEGquu%hégr.wggtgg%gﬂms TBN of from
20 to 45eeleied from aliad: cyaloglky, 6@9 _ Wa?ﬂ'uﬁpﬂﬁéﬂﬁ?-e@’q{ﬁﬂaﬁﬂq uri zed 30
phenat esnitrawgrogps BN of from 50 to 450. Sul fonates may be prepared from

sul f%ni c acids which are typically obtained by the sulfonation of alkyl
substii tuted aromati c hydrocarbons such as those obtained fromthe

fracti onat i onFrétigremodifiers'tay bg indleded to/impriove faél €Conamyr®il- c

hydr ocar ' u . ' ' ne,
o1 uene, SS01s, A BIaGR B 6 diatings b Yl S R HOURAL ., ch o
chl or obelayenlyibrication.ofhe aminesmaydie used agisushiaria the farmuokamat i on may be
carri ed ayductorresctiresodkiet With@d B&bﬁ'dﬁﬁpﬁﬁﬁd‘sﬁéﬂf&h%%&% %id\9;0 95/34615
PCT/ EP95/ 02273 .14 %nt s having f r,am about Séﬁo r’rgr? t'han car bon at ons.
The 1 kBondialiden qietaborate, hoyitacid ¢ @ MEBAN. Sivet sl BOFIS: 50 or nor e
carbon atoms, preferably fromabout 16 to about 60 carbon atoms per alkyl
substituted tel.C.. MDD Ef 0j] S ' fonates or al karyl
sul foni ¢ aci 3@%&'&%@&#@?@?&%’ &ggé%é%P&Péégs %[N&Si:s es,
car bonat reacting carboxylic acidsuarid enbydrides with alkanols. O_the_r conventional
. friction modifiers generally consist of a polar ter_tnina! group (e';g. carboxyl or
15 hydroxyl) covalently bonded to an oleophillic hydrocarbon chain. Esters of

carboxylic acids and anhydrides with alkanols are described in US 4,702,850.

Examples of other conventional friction modifiers are described by M. Belzer

in the "Journal of Tribology" (1992), Vol. 114, pp. 675-682 and M. Belzer and

S. Jahanmir in "Lubrication Science" (1988), Vol. 1, pp. 3-26.

20
Rust inhibitors selected from the group consisting of nonionic
polyoxyalkylene polyols and esters thereof, polyoky_a_lkylene phenols, and
anionic alky! sulfonic acids may be used. When the formulation of the |
present invention is used, these anti-rust inhibitors are not generally required.
25

Copper and lead bearing corrosion inhibitdr_s may be used, but are

lypically not required with the formulation of the present invention. Typically
such compounds are the thiadiazole polysulfides c':ontaining from 5 to 50
sarbon atoms, their derivatives and polymers thereof. Derivatives of 1,3,4

30 hiadiazoles such as those described in U.S. Pat. Nos. 2,719,125; 2,719,126;
and 3,087,932; are typical. Other similar materials are described in U.S. Pat.
Nos. 3,821,236; 3,904,537, 4,097,387, 4,107,059; 4,136,043; 4,188,299; and
1,193,882, Other additives are the thio and polythio sulfenamides of
‘hiadiazoles such as those described in UK. Patent Specification No.

35  ,560,830. Benzotriazoles derivatives also fall within this class of a_ddiﬁves.
'When these compounds are included in the lubricating composition, they are
preferrably present in an amount not exceding 0.2 wt % active ingredient.



ﬁydrosulfldes nitrates, borates and ethers of the netal. The anmount of
metal conmRg %’5@ chosen having regard to the desired TBN o%éj&g?&b%g
product but ypically ranges from about 100 to 220 Wt % y at
| east 125 wt % of that stoichiometricalTy required. Metal salts of phenols
and sul furi.sed phenol S are prepared by reaction with an appropriate netal

conpound such as an oxide or hydroxide and 15" neutral or overbased
products may be Alsheilhnamount ofca denmisifying t:mponentmhqbum -BuAf.uri sed

Cont ai ni no PR HEERSING RRpbAGAsRRERbetinER S0 80,01k R Ablhitegt ¢,

di hal i de, thy reaoﬁngramakylemm:ude mtb aeaddictiobtained hyreasting @ipistnds i n
whi ch 2
D hydr ocar &M’?W %@%ﬁ?@éﬁeta oIppdenilishersholsLe Bhodabaiend |

and ant iSoxifet ﬁﬂ“@a‘?gfﬁd'ﬁﬁt aAtegat rate %ﬂyQQpl 14@0L%th netal,
or alum nurmagggglacﬁ\yélmgmawhgwﬁvmanese ni ckel or° copper. The zinc
salts are nost commonly used in lubricating oil in amunts of 0.1.to 25

10, preferably 0.2 to 2 wt. % based upon the total weight of the
| ubricating oil Poumpsint depressants, otherivisepkrgwn @8 lube ail flowlimprevers, h known

Lsual |y by PUEEHNE %ﬂuﬁhi%ﬁe%sﬁédéﬁ@@ﬁﬁ%s?’u&%ﬁ@ﬁ%ﬁ%ﬁ%@bﬁﬁe@r f]
and t hel neSuchadditivgs ane welirknowrDDPypical of those additivesovhich improvedhep! e,
Secongary AP D ot Mol oot st by T

secondary | opifosphori ¢ acl ds can be

prepar ed wRGalale_opalymersany Pob'lalk)’ﬂ!@ chylatesie entirely secondary in
character and the hydr ocar byl groups on the others are entirely primary in
character. To the i nc_sal t an basi ¢ or neutral  zin ound coul d
be used but the f@‘é’é H'Wrmwsdp ﬁ#fﬁqngﬂeneral |y

enpl oyem. Cantifoam’aat ofithé polyahoﬁnectype,tfoy exampie, rsiliconexcibespolydimethytue t o
use of an egifo?éﬁe()f the basic zinc conpound in the neutralization reaction.

Some of the above-mentioned additives can provide a multiplicity of
effects; thus for example, a single additive may act as a dispersant-oxidation
20 inhibitor. This approach is well known and does not require further
~elaboration.

When lubricating compositions contain one or more of the above-
mentioned additives, each additive is typically blended into the base oil in an
25 amount which enables the additive to provide its desired function. -
Representative effective amounts of such additives, when used in crankcase
lubricants, are listed below. All the values listed are stated as mass percent
active ingredient.



WD 95/ 34615 : PCT/ EP95/ 02273 15 The
pref err gplp 3454141 hydr ocar byl dithi ophosphates are oil solg ﬁ*@";‘?‘#&’c’ of

di hydr ocar byl dithi ophosphoric aci dSR&gd may be. represente

following fornula: [err] 5 wherein nd R nmay be the sane or different
hydr ocar byl radicals containing from1l to 18, preferably 2 to 12, carbon
atons and including radicals such as al kyl, al kenyl, aryl, arylalkyl,

al karyl and_cycloaliphatic radicals, Particularly Dreferred as R and R

groups are roups of 2 to 8 carbon at Qigasges. -th bcal s [y, for
exanpl e, beaAB%lwé n-propyl, i- 10 propyl, but I - fPtAA 'gec-bjtyl ,
anyl, n-hexy i-hexyl n-octyl decyl “dodd{Broa Tadp re hexyl ,
phenyl , but yAgﬂggyb,swggmhexyl , methylcycl qpmeﬂ_tnb progenyg, butenyl. In
order to o |*{1 O] _SolrpgpriTty, tne totar n rar car aroIs e. R
and R) in ' ' id wi 18 he J02-% or gleater.

The zi nc dihgefresiohtinhibitor hi ophosphat e can 19 t§eref ore jqpoyrg se zifc

di al kyl d|tr gi)gr](asrohﬁtes. Ea VEN  ently at | 2)5 U (T g) 70 1 bl cohol s

used to int 'BP Q$Eh Bio t#O-NrBni aong L are

secondary af sgmbmermlaim.oﬂdannhl bitors or PU§ oxi dant § g.pgucest he
t endency of ne 1S 20 .tO0 deterrorateli €LvVice ] erirbration
can be ZVI dﬁﬁgpﬁﬂ@t r%f S- of aovidatid d’h mﬁ ac_clh jg‘]

varni sh-1i keAd&.mmg enbe netal surfaces mwdsby Vi sccsoom.gnmt h} Such

oxidation i de ed henol [.Kal I ne rgﬁ netal jsalts
N .J: -x phL\/ I nr&'s o ("’]"ﬁL i Chai ns,

of al kyl phejg : il
cal ci um nonyﬂ?mtd:tmeodmei'l de ashl ess oil soI lﬂb-ls 25 phqrat ¢$H and

Shosphor oust Mg ecer SURRBACRRSe Ol ol 7 O Balbhés " IEANGE Ll ds s
described in US 4,867,890, and nol ybdenum cont ai ni ng conpounds. 30
Typical oil s %‘H%&né&ﬁéﬁ&'n‘ia?ﬁk RcorPalatad ifto 4 68 oit'iR 2Ry EHviehient
way. Thus, each of the components can be added directly to the oil by
5  dispersing or dissolving it in the oil at the desired level of concentration.
Such blending may occur at amblent temperature or at an ‘elevated
temperature.

Preferably all the additives except for the pour point depressant are
10 blended into a concentrate or additive package described herein as the
detergent inhibitor package, that is subsequently blended into basestock to
make finished lubricant. Use of such concentrates is conventional. The
concentrate will typically be formulated to contain the additive(s) in proper
amounts to provide the desired concentration in the final formulation when
15 the concentrate is combined with a predetermined amount of base lubricant.

Preferably the concentrate is made in accordance with the method
described in US 4,938,880. That patent describes making a premix of
ashiess dispersant and metal detergents that is pre-blended at a temperature

20 of at least about 100°C. Thereafter the pre-mix is cooled to at least 85°C and
the additional components are added.

The final formulations may employ from 2 to 15 mass % and preferably
5 to 10 mass %, typically about 7 to 8 mass % of the concentrate or additive
25  package with the remainder being base oil.



groups attached directly to one amine nitrogen contain from6 to 16 carbon

atons. Thewewspsasay contain nore than two aromatic groupsPchmgmqlg;
having a total of at |east three aromatll% groups in which two aronmatic
groups are linked by a coval ent bond or "by an atomor group (e.g., 35 an
oxygen or sulfur atom or a -CO, -SOerr]- or alkylene group) and two are
WO 95/ 34615 PCT/ EP95/ 02273 16 '
directly attached to one am ne nitrogen al so considered aromati c am nes.

The aromatic ri riive inventipiveifliHow beluescrtibé@d bofmugtratioman@ witpst i tuents

sel ected fro K Y ryl acyl anino, hydroxy,
and nitro gfre gcgéolt—l?éliqlﬁgﬂh%@ E Wa‘ge%%?gdéﬂe ﬁ%ﬁa fuel
econony. O motedpalu treat edtes of Bl additivesareaeported @srmass percerit activewn t o

| mprove bouip.g yer lubrication. The am nes may be used as such or in
the form of uct or reaction product with a boron compound such as a
bori c oxi de, 10 boron halide, netaborate, boric acid or a nono-, di- or

trial kyl boggdmplest her friction nodifiers are known, Anong these are esters
fornmed by r_é'chE'n_car oxlic CIdS ag aln drides w.th al kanols, O her
convent i on sPF'PﬁgF Mgt ’E%H'a‘? ?Pc?fg'@gffb Inveptiotal group
ﬁ eag- car qubtmg SKE melvtswh s @ifeaudns fop adt8W40 grads werd prép arleg |
yar oc a ano S
e dodtr Hud Y, Pingal Besedioek i‘v@%ﬁﬁév%x @Wa@%&@&ﬂﬁﬁl 8@*‘}\4}
modi fi er s caraodrtsofiGOON minenal Basestock), atdetergent inhibitorf packagel By ( 1992) :
Vol . 114 J tion
Sci ence” (M@Eébéﬁﬁtaiﬂﬂ i %Hjégg g%?,gurs%m @M@F‘?Q'é’ea}" ?[‘ é@?f romthe
group consicGANtaRing dﬂf@m@ﬂiﬁcfr&ip?dﬂ?@f RE demrulsifiey and amvantiforat agenter eof
pol yoxyal k kit theB€HIakS dispaisants identified in Table 1 below, and a separate pour
15 point depressant. The oil comprised comprised 12.7% DI package, 0.2%
pour point depressant, and the amounts of VM and 600N basestock are given
in the table, the balance being 150N basestock. The kV100°C and CCS (-15
"°C) viscosities for each oil was measured and the resulits are shown in Table
2. Comparisons are provided by oils blended with conventional dispersants
20  with and without VM. The VM used in these comparisons was an oil solution
of an ethylene propylene copolymer having an SSlof25.
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required. 25 Copper and | ead bearing
required with the

are typ

ically not

sul fonic acids may be used. When the fornul ation of the

these anti-rust inhibitors arep@gipapaghal |y

!

orrosion inhibitors may be used, but
rrmul ation of -the present i

nventi on.

Typi cal ly such conpounds are the thiadiazole polysul f.ides containing fromb5
to 50 carbon atons,

1,3,4 30 hiadiazoles such as thos
2,719,126; and 3,087,932; are typical.

their derivatives and pol yners thereof.
ribed in U S Pat.
Qher simlar

Deri
Nos.

vatives of
2,719, 125;

materials are

descrl bEt=TTTU S, Pt 3 B2, 230, 3, o0, 53/ 09T 387 —2107, 059;
4,136, 0l3:Di a__am’l ToR BR2 O her es are the thilo and
pol yt hi P sul fenam dgs of hi adi pzofegfiinsiUCH asyg, hoSE efigiahé ij{Peg 2 N JUK Pat ent
Speci fifpation No. 3% ,560,830] Benzotridzoles defivativgs aPsolfall within
this clphss—of-additlves  \hen e _(mele¥eNdd in tHe
| ubricafing cepnposi|ipacoray Bre gef errabl;;yoa)rebenhji n |angggoynt not
exceding U.Z WL Y% agt LVE_lLngrepr ent, 957 SATITS :
PCT/ EP9BL02272 17 Al SEBEOP, 5 280, | 47, be used. A
preferrpd demul si fyl nggcomaanent i ssqdescrfi bagao n EP 880, 32[1e8n] [It is
obt ai nefl by react| np an_al kyl epe ox] de Wt h _an_adgduct (ﬁfa'l'n'e"d'ﬁy reacting
a bis- ngir d Mt aqu A S| hol- TJ3 A |I s ion g d be used at
a levell5 nos exce=d'anon=AMrrass %g4act i e mmed ent;g Altrsgé nate of
0.001 tp 0 05, mass redignt 1§ c nient PoLr 0l Nt
depr essShit S~ G}f hnr MY ng | e LL' q %ng . S l Fa )%I i he m nl mum
tenperafure ar whi ch EBEOAAM d| wi | |57 | ow or 36000 peslrec. 1691 $uch .
additivps are_,well kn Ical of, thode trives [ rqve the | ow
tenpera-f°f8&1'4*_ g%%‘w e ’Jj%ggd‘ ca'fw(
f umar at LIV| nyA acet at PIBSARAM nEr s and pol yalzhm mef haay y| 4t e30.3
B PIBSA/PAM 950 0 17.0-
Table 2
5 S L .
Example |Dispersant | Dispttreat |VvMtreat [80ON | Kkvioeec |ccs
(ai% [ce basestock3 | Ol ¢15°0) P
treat (%) | (mmé/s)
1 1 3.63 0 12.18 12.8 325
2 2 2.75 0 11.56 12.8 32.5
3 3 2.55 0 13.55 12.8 32.5
4 4 5.12 0 4.05 12.8 32.5
5 5 6.28 ~ 0 4.04 12.8 - 325
6 6 4.45 0 8.24 12.8 32.5
7 7 2.31 0 16.57 12.8 32.5
A 8 8 3.9 0 8.53 12.8 32.5
| _Comp.1 A 3.0 7.49 13.8 14.0 32.5
| _Comp. 2 B _ 4.5 8.02 14.0 14.0 32.5
._Comp. 3 A 7.19 0 0 9.45* 32.5
| Comp.4 | A 10.54 o 0 12.8 459
| Comp. 5 A 6.3 4.56- 0 14.0 32.5




Foam control can be provided by many conpounds including an 15 antifoamant

of the pol 43§ e type, for exanple, silicone oil or polydj

si | oxane. é@%%ﬂﬁggthé above- nentioned additives can providquﬁﬁhpﬁ%ﬁp?city

of effects; thus for exanpl.e, a single &lditive may act as a

di spersant - oxi dati on-20 inhibitor..Thi's approach is well known and does

not require further elaboration. Wien |ubricating conpositions contain one

or nore of FoenéteeCEBOD/FANCN BHated it i- VANE prepatedibyalfi biingGvith goaimfid!dny

bl ended i nt o&@e 8 se oil in an 25 f"‘”‘-’nﬁ{‘t whi ch enabl the additive to

provi de it s “H¥ene Bylene gopplymy fungtipfalis: (04 GALPODY!GERUE; V@ig’f‘?ﬂmnﬁ"%ﬁ%h

addi tives, destribedsinWVO-A-94/13709; PIBSA/PAM =(bordted] polyisabltemyl sutcinimhide\dispsrdant, he

val ues |i st gdnar ercent active ingredient. WD 95/ 34615
305 ot poe Hioe P ’

PCT/ EP95/ 0227 MASS. % MASS %
(Broad) 5 3.@Q0Nd7asestachs a\sh| wboil igisesteckwitha basestock neutral number of 800- 20 1
- 8 Metal det efgpieor a 15W/au oil 0.1 -15 0.2 - 9 Corrosion

. I'nhi bitor - 0- 5 0 - 1.5 Metal dihydrocar byl -
di t hi ophosphate 0.1 - 6 0.1 - 4 Supplenmental anti-oxidant 0-5

'0.01 - 1.5 Pour RxaniplesnrtoBsiisw 15W/40 oils formQigiéd without VM. 01- 1.5
At —voar AGESrative Examples 1,2 and § shaly trat o acfigyeyaivin g Wi he' *
0 - 5" 10 same CCS péniermancer it 5/mecessary Rremploy significantamounts of VMBal ance
The conponeyiich i/ ndiSsHedr dtle Andtellbss thedidBePpéfidrndtite 61N ilsHY
discussed above. The higher viscosity of the oils also means that it fuel '
economy performance is worse than the oils of the invention. Comparative
~ Examples 3 and 4 show that in the absence of VM the conventional oils do
15 not meet the viscosity requirements for a 15W/40 oil.

The oils of the invention provide very good dispersancy and also have
good elastomer compatability, as compared to conventional oils.



way. Thus, each o X as .f£an be added directly to the oil by 5

di sper SiyyPasPiysfd |s e e oil at the desired | Ehos/0227

concentration. Suc occur ey e ‘orat an
ur ;

el evat ed tenper at al | 22Hp THP %E@(cept for the pour

poi nt depressant are 10 bI ended into aim.nﬁg I tive package
described herein as the detergent inhibitor package, that is subsequently
bl ended i nto Eiaimet ock to make finished lubricant. Use of such concentrates
i's conventional. The concentrate will typically be fornulated to contain

the additive(s) in proper anpunts to provide the desired concentration in
t he fi nall. Asnuitigeade,erapkease iubricating gilssbstantially freabvigeesity t h a

pr edet er figafbratitVestderRid b peRfier HEIVING BANTY of Padte RAH 700, i's made
in accor%ﬁi\@l th t.he net hod descrl bed in 4,938, 880. That patent

descri be GOMPHSES x of ashl ess di spersant and netal detergents that
IS pre-bh bdgsbtat,kaandarrperature 20 of at least about. 100[err]C. Thereafter

are addel) 514?3«5#&%@?@%@%9?@éﬁ%@‘%ﬂ?ﬁ%@ Wikt hna

pr ef er abinclidescari ashiess digpersantccomprising @n 6il solublepelynfericf t he concentrate
O Y3 6AaRn fid RueRal RS iR T oo, °5; 22015
onl yloy t hagkhenesisderivedfremian etbyleng airbamiefn (EAC) ﬁ@petymn aralphad ess

ot her w sgigfipiifsmo2or céﬁdgyrhef ﬁéﬁhgcén M./ offf6in!800° 7000." eported as mass

percent active 5 ingredient. Exanples A series of nultigrade crankcase
| ubricating oils according to the invention neeting SAE J300 viscosity

speci fi c2i Anrol d9claiméd i élairgri dre wiiikhethe ethglene alpha-olefin (EAQ)
copolymer or alpha-olefin homo- or copolymer has >30% of terminal
15 vinylidene unsaturation.

3. An oil as claimed in either of claims 1 and 2, which has a low temperature
SAE grade of lower viscosity than 20W.

20 4. An oil as claimed in claim 3, which is a 1SW30, 15W40, 10W30, 10W40,
SW20 or SW30 muiltigrade.

5. An oil as claimed in any of claims 1 to 4, which is substantially shear stable
in the Kurt-Orbahn test.

6. An oil as claimed in any of claims 1 to 5, in which thé detergent inhibitor
package contributes at least 5Smm2/s of the initial kV100°C of the lubricating
oil.

30 7. An oil as claimed in claim 6, in which the detergent inhibitor package
contributes at least 6 mm2/s of the initial kV100°C of the lubricating oil.

8. An oil as claimed in any of claims 1 to 7, in which the polymeric
hydrocarbon backbone is derived from an ethylene alpha-olefin (EAO)
35  copolymer which has an M. of from 2000 to 5000.

3. An oil as claimed in any of claims 1 to 8, in which the polymeric backbone
s an _EAO copolymer containing 5 to 48 wt.% ethyiene.

* [ L L] S *




10 from a nineral basestock (which was a blend of 150N mi neral oil wth
vari ous [-.-.-.-------u-——- et ock) , a detergent i nhp®fkpysosskage

(DI package) cont rn-‘.ﬁ@SHEEEBMB&E‘\H SPp. rsant ZDDP, anti oxi dant, netal -
cont ai ni ng deterg 1l et derrul sifier and an antifoam
agent, with the aswess spersants i1dentified in Table 1 below, and a
separate pour 15 point depressant The oil conprised conprised 12. 7% DI
package, 0.2% pour point depressant, and the anpunts of VM and 600N

basest ock aye A dib8s 'clhu‘hbﬂ ih &dif 8 bP el R WHiH tHe AlpRb-dlafis % Batenelhe
kV100[err] C and CCS (-15 [err]C) viscosities for each oil was neasured and
the results are shown in Table 2. Conparisons are provi ded by oils bl ended

wi th convertii. dmedil ds siaimedrin any®f chaitms htol10) inhwhich hé pdlyenéfié used in these

conpar $on gy iScatioR iackitni hal s degtBe Y bUiREr Ui i dtleaaPl y o1 havi no
PCT/ EP95/ 02273 20 Table 1 Di soer sant Type 1

Pol yner terqg g oil 8@@ ﬁl% RAif1, iny whiéh te ﬁb@%é fi‘ﬁi&"dr&%rfon( GPC)

———

mol e% 1 93.2 2
(EBCO’ F/?AM backbone 5'95 a degree Qfmwmensatwssof from 50 tp 165 EBCQO' PAM
64. 4700 51 126.7 4 EBCOY PAM - 65
3300 2400

10 53‘% Ap oil as c?aumgéMms 1 E) ‘Ej in v%ch the polyny&hydrocar@gy

73 77 backb&RE defived from a polymerisation usinga metallocéne catalyst03. 1 8

"EBCO' PAM 62 3500 35 ' 84.4 A Pl BSA/ PAM
2200 0 39.3 B : Pl BSA/ PAM
950 14. The use) in @ multigrade crankcase oil substantially free of viscosity

modifier derived from a polymer having an M. of greater than 7000, of an
15  ashless dispersant comprising an oil soluble polymeric hydrocarbon
backbone having functional groups in which the hydrocarbon backbone is
derived from an ethylene alpha-olefin (EAQ) copolymer or alpha-olefin homo-
or copolymer having an Mx of from 500 to 7000, to provide improved diesel
ubrication, such as improved soot dispersancy and/or reduced piston
20 deposits in diesel engine lubrication, and/or reduced turbocharger intercooler
deposits and/or improved seal compatability.

15. A process of improving soot dispersancy and/or reduced piston deposits
in diesel engines and/or reduced turbocharger intercooler deposits and/or

25  improving seal compatability'in an engine, in which the engine is lubricated
with a multigrade crankcase oil i) subsiantially free of viscosity modifier
derived from a polymer having' an M. of greater than 7000, and ii) containing
an ashless dispersant comprising an oil soluble polymeric hydrocarbon
backbone having functional groups in which the hydrocarbon backbone is

30 derived from an ethyiene aipha-olefin (EAO) copolymer or alpha-olefin homo-
or copolymer having an M. of from 500 to 7000.
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4 5_ 12 0 4. 05 12.8 32.5 5 5
6. 28 Claims 4.04 12.8 32. 5 6 . 6 4. 45
0 8.24 12.8 32.5 7 2.31 0
16. 57 oA 8ar nkcase flibrizafing oil which i€'g 15W30, 1539!&2 10W30, 18yy4q, 5W20°- >3
14.0 or SM%nmgﬁagfadg substantiglly free of v:sp0§1ty modifiegadditives derived from a
54-4(53* poly%??)eérﬁ'éé\??ﬁ@ anMn of gréater than 7060 ]\ﬁhlch oil com;S’nses 00
12.8 45, 9* Corrp 5 A 6 3 4. 56 0

1@#’ o a 2§2bﬁsestowa and 34615 . .

PCT/ EP95 7 PAM. . i

[err] w ﬁ’g %ocf%]’s oq%g '@ilB@?’r&ﬁ%%5%0@4&53@{&3‘5@%&@%r ﬁa?%cg &éte h ay

(|; ?rB gc&?%; | lrg:im:lqs 3n asKless dispersanihcomplising ahesit solobl poiymnA 3ulraSarben

deqr e o RN hEBIMERSHA bRANs P afich ek ByaFSefBor Babkndne (B dEve ,
with a bﬁomsam’emylene aipharalefio(EANO)cmpalymegeraiphaaiefin hemwrmopolsmerpl es
1to9 SEQYY éo acfg d?‘térﬁl@a,%&lgq% Mﬁéﬂﬂ?ﬁyoﬁ'\éndﬁ%m of fréh Eﬁ@ﬁ%@@ol and

5 show t ieve W t
2 An oil as claimed in claim 1 which is substantially shear stable in the Kurt-
Orbahn test.
3. An oil as claimed in claim 1 or claim 2, in which the detergent inhibitor

package contributes at least 5mm2/s of the initial kV100°C of the lubricating oil.

4. An oil as claimed in claim 3, in which the detergent inhibitor p_ackége
contributes at least 6mm2/s of the initial kV100°C of the lubricating oil.

5. An oil as claimed in any of claims 1 to 4, in which the polymeric hydrocarbon
backbone is derived from an ethylene alpha-olefin (EAO) copolymer which has an

Mn of from 2000 to 5000.

6. An oil as claimed in any of claims 1 to 5, in Which the polymeric backbone is
an EAO copolymer containing 5 to 48 wt.% ethylene.

7. An oil as claimed in any proceedings claim in which the alpha-olefin is butene.

8. An oil as claimed in any of claims 1 to 7, in which the polymeric hydrocérbon
backbone has a degree of polymerisation of at least 45.

9. An oil as claimed in claim 8, in which the degree of polymerisation of from 50
. to 165. ' '
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| ubricating oi age I ncludes an ashless
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kV100][ er ftdtficating loil dsitlaimed imgnyiof cladms 1 tan1®i| as clained in claim3, in
whi ch the detergent inhibitor package contributes at |east 6nmjerr]/s of
the initial kV OO[err]C of the lubricating oil. 5. An oil as clainmed in
any of clainms 1 to 4, in which the polyneric hydrocarbon -backbone is
derived from an ethyl ene al pha-olefin (EAO copol yner which has an Mh of

from 2000 to 5000. 6. An oil as clained in any of clains 1 to 5, in which
t he pol yneric backbone is . _
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(54) Titlee MULTIGRADE LUBRICATING COMPOSITIONS CONTAINING NO VISCOSITY MODIFIER
(S7) Abstract

" This invention relates to shear stable multigrade oils for crankcase lubrication of gasoline and diesel engines which oils are substantially
free of viscosity modifier additives and comprise a detergent inhibitor package of lubricating oil additives, which package includes an ashless
dispersant comprising an oil soluble polymeric hydrocarbon backbone having functional groups in which the hydrocarbon backbone is derived
from an ethylene alpha-olefin (EAO) copolymer or alpha-olefin homo- or copolymer an Mn of from 500 to 7000. Such multigrade crankcase
oils without viscosity modifiers are more economical and may provide better diesel performance and seal compatibility, The oils are also
substantially shear stable and may be used in turbocharged engines and racing engines, with reduced mechanical breakdown of the oil.




