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 PCT/ EP96/ 02269 Ester-free synthetic
l;ubricating oils This invention relates to synthetic
| ubricating Wdﬁ/a;ﬂg use in lubricating internal conbuidTaPpog kI eSS,
havi ng good conpatibility with elastoneric seals and good 5 stability.
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vi scosity &t ordeyitey qualife fgrer given multidradecbilndesignatiohasest ocks is one way of
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The basest ocks ich are typically used in lubricating oils nay b
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25 The viscosity characteristic of a basestock on which a iubricating oil is based is
typically expressed by the neutral number of the oil (e.g., S150N) with a higher neutral
number being associated with a higher viscosity at a given temperature. Blending
basestocks is one way of modifying the viscosity properties of the resulting lubricating
oil. The basestocks which are typically used in lubricating oils may be synthetic or

30 natural oils. Unfortunately, merély blending basestocks of different viscosity
characteristics may not enable the formulator to meet the fow and high temperature
viscosity requirements of some multigrade oils. The formulator's primary tool for

- achieving this goal is an additive conventionally referred to as a viscosity modifier (VM)
or viscosity index improver (V.1. improver).

35

A monofunctional VM is conventionaliy an oil-soluble fong chain polymer. A
muitifunctional VM (or alternately MFVM) is an oil soluble polymer which has been
chemically modified e.g., functionalized and derivatized, to impart dispersancy as well
as viscaosity modification.

40
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For multigrade oils to neet the high tgnperature viscosity requirenents, it
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25 In addition increasingly severe performance requirements for lubricants as well
as environmental considerations has fead to increasing use of synthetic basestocks, ito
the extent of lubricants becoming fuily synthetic - i.e., using only synthetic basestocks.
However, such synthetic lubricants have not previously been formulated with
polyalphaolefin oligomers as the basestock without ester basestocks being used in

30 addition to provide seal compatibility, particularly with fluorocarbon seals, and
adequate solubility of the additives used to formulate the lubricants. Inadequate
additive solubility in the basestock gives rise to problems of stability with additives
tending to fall out of solution on storage, which is clearly unacceptable. Synthetic ester
basestocks have drawbacks - for example, they may give rise to excessive wear of

35 valve train components.

Additives which enhance the seal compatibility of conventional lubricants are
known. US-A-4840552 and Research Disclosures, May 1992, No. 337, page 348
describe the use of dicarboxylic acid anhydrides for this purpose but there is no
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DETAI LED DESCR! Welghti(M.) of from 700 to 000; apSESTOOK 20 The basestock
used in the lubricating oil of the invention conprises synthetic oils
ot her than ester oils nd | substantially free of natural oils so that
the lubricating™ awsogg Bre described as fully synthetic.

Addi tives used in fornul atl ng | ubricating oils often contain diluent oil;
this diluent  DETAILED DESCRIPTION

A BASESTOCK

20 The basestock used in the lubricating oit of the invention comprises synthetic
oils other than ester oils, and is substantially free of natural oils so that the lubricating
oil may be described as fully synthetic.

Additives used in formulating lubricating oils often contain diluent oif; this diluent
25 ol introduced with additives is not included within the term "basestock" as that term is
used herein, which is confined to the oil used to dilute the additives to form the finished
lubricating oil. Thus, it is not exciuded that the lubricating oils may contain small
amounts of natural oils introduced in the form of such diluents, but typically the
amounts of such natural diluent oils will amount to no more than 18% by weight of the
30 finished lubricating oil.

The lubricating oil basestock conveniently has a viscosity of from 2.5 to 12
. mm2/s, and preferably from2.5t0 9 mmé2/s, at 100°C. Non-organic-acid-ester synthetic
basestocks include chlorofluorocarbon polymers, silicones, silicate esters, fluoresters
. 35 and polyphenyl ethers, but polyaiphaolefin oligomers (PAO) are particularly preferred.
Commercially available PAQ basestocks of this type include; SHF 41, 61 and 82
available from Mobil Carporation, Synfluid 2, 4 and 6 available from Oronite and
Durasyn 106 and 164 available from Albemarie Corporation.
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non-conj ugated diolefin (e.g., a copolyner of isobutylene and butadi ene, or
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a C4 refinery stream.

25

Another preferred class of olefin polymers is ethylene alpha-olefin (EAQ)

copolymers or alpha-olefin homo- and copolymers having in each case a high degree
(e.g. >30%) of terminal vinylidene unsaturation. That is, the polymer has the structure:
P-HCR = CH2 wherein P is the polymer chain and R is a C4 - C1g alkyl group, typically

30 methyl or ethyl. Preferably the polymers have at least 50% of the polymer chains with
terminal vinylidene unsaturation. EAO copolymers of this type'preferably contain 1 to
50 wt.% ethylene, and more preferably 5 to 45 wt. % ethylene. Such polymers may -
contain more than one alpha-olefin and may contain one or more C3 to Co> diolefins.
Also usable are mixtures of EAO's of low ethylene content with EAO's of high ethylene

35 content. The EAO's may aiso be mixed or blended with PIB's of various M.'s or
components derived from these may be mixed or blended. Atactic prapylene oligomer
typically having M. of from 700 to 500 may also be used, as described in EP-A-
490454.
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Suitabl e ol efin polyners and copol yners, such as polyi sobutenes, may be
prepared by catiaonic polynerization of hydrocar bon feedstreans, usually
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Tetal | ocdhe ERNGESENGRIE f?ﬂ%ﬁ%ﬁﬁ '?%k i hﬁ?"f‘*m*ee@f% RO g
preferably aﬁe'é‘@q‘%-t%‘r‘m"ep rus Qffitgo éfheé{am 8Benes
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are described, for example, in US-A-4871705, 4937299, 5017714, 5120867, 4665208,
5153157, 5198401, 5241025, 5057475, 5096867, 5055438, 5227440, 5064802, EP-A-

25 129368, 520732, 277003, 277004, 420436; W091/04257, 93/08221, 93/08199 and
94/13715.

The M, for such polymers can be determined by several known techniques. A
convenient method for such determination is by gel permeation chromatography (GPC)
30  which additionally provides molecular weight distribution information, see W. W. Yau,
J. J. Kirkiand and D. D. Bly, "Modern Size Exclusion Liquid Chromatography”, John
Wiley and Sons, New York, 1978,

The dicarboxylic acid or anhydride is preferably a succinic acid or anhydride.

. 35 These preferred products may be prepared by known functionalisation reactions which
include: halogenation of the polymer at an olefinic bond and subsequent reaction of
the halogenated polymer with maileic acid or anhydride; and reaction of the polymer
with maleic acid or anhydride by the “ene" reaction absent halogenation. Particularly
preferred succinic anhydrides are those with a polyisobutenyl backbone, typically

40 having an M. of from 700 to 2500, for example 800 to 1100.
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The di car boxwe&!eaéﬁadzﬁd tathg aelymer backbppe often y"éﬁbﬂﬂgﬂm gripa JdRegshisss
package i n adispersantasbe Sforbxdniple, sdledted ﬁomrsolubte sdits, ésterﬁ afthmesters) an

anount of fr s unt
correspondi n&“{‘% 1%"%& %ng%ﬁ(ézoe{%es o 'ogh I'n a?bdfs anou n%dhgn?rg@n 0.1to
1 mass % icarboxylic a%ﬁj‘i’rtthﬁ'ﬁ an Hﬂﬁeﬁi W@&aﬁ%@mdﬁ fyatives %fd‘éﬂg ¢hain package
typi cal | yo i naydrdearbohs;dsmg chain aliphitic hydrticarbone haling 'a polyamine tattachetidirectly

detergents, gRbdiBx4 PNaRnicA Sbhddikation BRddudts rhimdd by dbndensing a long chain

substituted phenol with formaldehyde and polyalkylene polyamine.

The oil soluble polymeric hydrocarbon backbone is typically an olfin potymer as
described above, and will usually have number average molecular weight (M) within
25 the range of from 300 to 20,000. The M. of the backbone is preferably within the
range of 500 to 10,000, more preferably 700 to 5,000 where the use of the backbone is
to prepare a component having the primary function of dispersancy. Hetero polymers
such as polyepoxides are also usable to prepare components. Both relatively iow
molecular weight (M. 500 to 1500) and relatively high molecular weight (M. 1500 to
306 5,000 or greater) polymers are useful o make dispersants. Particularly useful olefin
polymers for use in dispersants have M. within t_he range of from 1500 to 3000.

The oil soluble polymeric hydrocarbon backbone may be functionalized to
incorporate a functional group into the backbone of the polymer, or as pendant groups
35  from the polymer backbone. The functional group typically will be polar and contain
one or more hetero atoms such as P, O, S, N, halogen, or boron. It can be attached to
a saturated hydrocarbon part of the oil soluble polymeric hydrocarbon backbone via
substitution reactions or to an olefinic portion via addition or cycloaddition reactions.
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(e.9., as i NaffeImptunds include mono- and polyamines, e.g. polyalkylene and

polyoxyalkylene polyamines of about 2 to 60, conveniently 2 to 40 {e.g., 3 to 20), total

25 carbon atoms and about 1 to 12, conveniently 3 to 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-diaminoethane; 1,3-
diaminopropane; 1,4-diaminobutane; 1,6-diaminohexane; polyethylene amines such as

30 diethylene triamine; triethylene tetramine; tetrasthylene pentamine; and
polypropyleneamines such as 1,2-propylene diamine; and di-(1,2-propylene)triamine.

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

35 amido-amines as disclosed in US 4,857,217, 4,956,107; 4,963,275; and 5,229,022.
Also usable is tris(hydroxymethyl}amino methane (THAM) as described in US
4,102,798; 4,113,639, 4,116,876; and UK 989,409. Dendrimers, star-like amines, and
comb-structure amines may also be used. Similarly, one may use the condensed
amines disclosed in US §,053,162. The functionalized polymer is reacted with the
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am nes, and ur e am nes larly, one may
use the”bondensed am nes disclosed in US 5,053, 152. The functionalized
pol ymer is reacti funttiontlkeations, derivatizations, and post-treatments described in the

following patents may also be adapted to functionalize and/or derivatize the preferred
polymers described above: 3275554, 3565804, 3442808, 3442808, 3087336 and
3254025.
30
3. DETERGENT

Metal-containing or ash-forming detergents function both as detergents to
reduce or remove deposits and as acid neutralizers or rust inhibitors, thereby reducing
35  wear and corrosion and extending engine life. Detergents generally comprise a polar
head with a long hydrophobic tail, with the polar head comprising a metat salt of an
acidic organic compound. The salts may contain a substantially stoichiometric amount
of the metal in which case they are usually described as normal or neutral salts, and
would typically have a total base number or TBN (as may be measured by ASTM
40  D2896) of from O to 80. It is possible to inciude large amounts of a metal base by
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The oil soluble sulfonates or alkaryl sulfonic acids may be neutralized with
oxides, hydroxides, alkoxides, carbonates, carboxylate, sulfides, hydrosulfides,
nitrates, borates and ethers of the metal. The amount of metal compound is chosen
having regard to the desired TBN of the final product but typically ranges from about

30 100 to 220 wt % (preferably at least 125 wt %) of that stoichiometrically required.

Metal salts of phenols and sulfurised phenols are prepared by reaction with an
appropriate metal compound such as an oxide or hydroxide and neutral or overbased
products may be obtained by methods well known in the art. Sulfurised phenols may be

. 35 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.
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sul furised phenols are prepared by reaction with an appropriate netal
conpound such” as an oxi de or hydroxi ﬂT} eutral or overbased

products may be obtai ned by net hods I\L kn in the art. Sulfurised
phenol s may be 35 prepared by react nog’a p e'hol with sul fur or a sufur
cont ai ni ng conmpound such as R >

wherein R and R' may be the same or different hydrocarbyt radicals containing from 1

25 to 18, preferably 2 to 12, carbon atoms and including radicals such as alkyl, alkenyl,
aryl, arylalkyl, alkaryl and cycloaliphatic radicals. Particuiarly preferred as R and R'
groups are alky! groups of 2 to 8 carbon atoms. Thus, the radicals may, for example,
be ethyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, amyl, n-hexyl, i-hexyl, n-octyl,
decyl, dodecyl, octadecyl, 2-ethylhexy!, phenyl, butylphenyl, cyciohexyt,

30 methylcyclopentyl, propenyl, butenyl. In order to obtain oil solubility, the total number
of carbon atoms (i.e. R and R') in the dithiophosphoric acid will generally be about 5 or
greater. The zinc dihydrocarby! dithiophosphate can therefore comprise zinc dialkyl
dithiophosphates. Conveniently at least 50 {(mole) % of the alcchols used to introduce
hydrocarbyl groups into the dithiophosphoric acids are secondary alcchols. ‘

35 :
Oxidation inhibitors or antioxidants reduce the tendency of mineral oils 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



hydrogen sul fide, sulfur nonohalide or sulfur dihalide, to form products
“which are generally m xtures of conpounds in which 2 or nore phenols
are bridged by sul fur cont ai ni ng bri dges. WO 96/ 39478

PCT/ EP96/ 022%« s _ PCT/ERY8/02269
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and cycl oal i phag |5.¥ W Part icularly preferred as R and R groups
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exanpl e, .
Friction modifiers may be included to improve fuel economy. Qil-soluble

20 alkoxylated mono- and diamines are well known to improve boundary layer iubrication.
The amines may be used as such or in the form of an adduct or reaction product with a

boron compound such as a boric oxide, boron halide, metaborate, boric acid or a
mono-, di- or triatkyl borate.

25 Other friction modifiers include esters formed by reacting carboxylic acids and
anhydrides with alkanols. Other conventional friction modifiers generally consist of a
polar terminal group (e.g. carboxyl or 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

30 described by M. Beizer in the “Journal of Tribology" (1982), Vol. 114, pp. 675-682 and
M. Belzer and S. Jahanmir in "Lubrication Science" (1988), Vol. 1, pp. 3-26.

Rust inhibitors selected from the group consisting of nonionic polyoxyalkylene

polyols and esters thereof, polyoxyalkylene phenols, and anionic alky! sulfonic acids
35  may be used.

Copper and lead bearing corrosion inhibitors may be used, but are typically not
required with the formulation of the present invention. Typically such compounds are
the thiadiazole polysulfides containing from 5 to 50 carbon atoms, their derivatives and

40 polymers thereof. Derivatives of 1,3,4 thiadiazoles such as those described in U.S.



be ethyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, anyl, n-hexyl,
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am nes nmay be used as such or in t formof an adduct or reaction product
mitha Y b or BRSROSEUOHfrt b Rryided bydrany copRuRds KElde.An ARIoRBamA At ¢,
bori ¢ aci d the palysiloxanentype, fordixample, silicariekgil otmolydimethyl siloxane.

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

C. ViscosiTY MODIFIERS
30
The viscosity modifier may be monofunctional or multifunctional. Suitable
compounds for use as monofunctional viscosity modifiers are generally high molecutar
weight hydrocarbon polymers, including polyesters. Oil soluble viscosity modifying
polymers generally have weight average molecular weights of from about 10,000 to
35 1,000,000, preferably 20,000 to 500,000, which may be determined by gel permeation
chromatography {as described above) or by light scattering.

Representative examples of suitable viscosity modifiers are polyisobutylene,
copolymers of ethylene and propylene and higher alpha-olefins, polymethacrylates,
49 polyalkyimethacrylates, methacrylate copolymers, copolymers of an unsaturated



25 O her friction nodifiers include esters fornmed by reacting
carboxylic acids and anhydri des with al kanols. O her conventi onal
friction m)di fiers generally consist of a polar termnal group (e.g
car boxyl or ? % coval ently.bonded to an ol eophillic pcrEbytagg@ar bon
chain. Esters of carboxylic acids and anhydrides w th al kanols are
described in US 4,702,850. Exanples of othgr conventional friction

nodi fiers are 30 described by M Belzer 1n the "Journal of Tribol ogy"

|
*Lubr catv.oon%%%g %"%&Eﬁa@ﬁ‘“’fﬂd ier Bolyfits B tyrene HAUEE dofbrs,
i nhi bi t or s ¢ Rastiad (!Wﬂfﬂﬂef‘ﬁ dsopaly "E?S?l %tV‘iqi'&’@PPWGﬁt #MWWPR?I ene
pol yol s andsemere/butalisnepds wpib by the/partisllycinairogenatéd homopblpmersof butddigte

sul foni c acj 'ﬂﬁgg‘?ors m;!ﬁgm‘;dwnyi snzene Copper and | ead bearing

corrosion in e use ut are typically not required with
the forrul ati on of the present invention. Typically such compounds are
t he it hi adi azol e Tihe/nuitifuhctibral viecdsity modifidrmay Be bpe B0mpbee b polytrethacnistes r

derivati vesyg tlé@i hy gﬁ ﬁ\ﬁ'ﬁﬁmoﬁ&he&aédcﬁ ééy ié;{éeghhi adi azol es

h h
Eg% E|?>36} Og\gggpyr ndmone or methylaminosthyl methacrylate; ethylene-propyjene

Pat . Nos. zcobwmas ;:hréctmaﬁmﬁ:é ﬁprmat&e& aifogaistedistar pplymess reaCleldawithsa i | ar

mat eri agos )9!!:0 a ﬂﬁfehy érﬂ:! He§re£’cﬁ‘éd whﬁ%n ahifie; gr\ 5% e?pﬁy% %
:dglg'z i \?;es a?‘gl IRee Y!F%ré?;ﬁ' 9%?9?%?"% '959 alﬁkao 'ﬁlcgﬂp‘é(m%s such

as those desolutidnest meit gisfte@aithrethyligricallyi unsativatelia ditarb6Lyli8 2eid derivative and
Benzotri az%‘éﬁréi&rté @hﬁ‘éﬁ%ﬂﬁ{méo fall within this class of additives. \Wen

t hese npoun s are inclided in the lubricating conposition, they are
preferrably present I n an anount not exceding 0.2 w % active
i ngr edi ent . A preferred rultifarictiormatviscositf madnﬁerrwmprﬁse'sragdermtimm keng- be

used. A prejy Eﬁé %ﬁafﬁ% frigH l:érh{)bi’é:ﬂ@ afi %EEPB&%?XQ h}oﬁS@ﬁLe‘r hsakn 0 522.

It is obtain talned

by reacti ng®¥eF ﬁgém&&}afaa&%\mﬁf%{mﬁcﬁww 100,008, ?‘H}cﬁ'eﬂ'ﬂ?e d-w 'ﬁ@?ﬁjl%l fier
shoul d be udicarbakylic dobd miatamiat; amic(e)emnegpt@ne amine, diddinta pagticularly pm@arM| ent A

Lreat rate gind ftlethfleflo-ARraUdIedH .eds Bifferla) GATICH Efheig

ressant’s OVers, POV\BI’

P t
tﬁgr Po! nm H?’%Eﬁtn'f‘%?ﬂf@?rdﬂfﬁéeﬁi’e%@@ @"‘?P *q tor44 gﬁ LRefReMe pour ed.
Such addi t i mesomeeunits derivet frokmaipha-olefin oab) fwmﬁbds 80anhightipeecentimionbmer

i nprove t heyhigyudrR@R%Font eth§iehk &ndifiom 80 td B8 weight percent monomer units derived
from alpha olefin, or a mixture of a) and b).

25 The muitifunctional viscosity modifiers used in the present invention may be
prepared by known techniques. The preferred mixture of derivatized ethylene-alpha
olefin copolymers may be prepared by functionalising and derivatising ethylene alpha-
olefin copolymers such as described in EP-A-616616 and WO-A-84/13763.

30 The viscosity modifier used in the invention will be used in an amount to give the
required viscosity characteristics. Since they are typically used in the form of oil
solutions the amount of additive employed will depend on the concentration of polymer
in the oil solution comprising the additive. However by way of illustration, typical oil
sofutions of polymer used as VMs are used in amount of from 1 to 30% of the blended

35 oil. The amount of VM as active ingredient of the oil is generally from 0.01 to 6 wi%,
and more preferably from 0.1 to 2 wi%.

When jubricating compositions contain one or more of the above-mentioned
additives, each additive is typically biended into the base oil in an amount which
40  enables the additive to provide its desired function. Representative effective amounts
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The components may be incorporated into a base oil in any convenient way.
Thus, each of the components can be added directly to the oil by dispersing or
dissolving it in the oif at the desired level of concentration. Such blending may occur at

ambient
10

temperature or at an elevated temperature.

Preferably all the additives except for the viscosity modifier and the pour point
depressant are biended into a concentrate or additive package described herein as the
detergent inhibitor package, that is subsequentily 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

15

desired concentration in the final formulation when the concentrate is combined with a
predetermined amount of base lubricant.

Preferably the detergent inhibitor package is made in accordance with the

20

method described in US-A-4938880. That patent describes making a premix of

ashiess dispersant and metal detergents that is pre-blended at a temperature of at
least about 100°C. Thereafter the pre-mix is cooled to at least 85°C and the additional
components are added.

LY



10 carboxylic acid derivative and then reacted wth an am ne;

.“hydr ogenat ed styrene- but adi ene- et hyl ene oxi de bl ock copol yners; and
et hyl ene al phaol efin copol yners solution or nelt grafted with
ethyleni cal | yyHsafgated a dicarboxylic acid derivative angcrgpesai@n
reacted wth an"amne. 15 A preferred nmultifunctional viscosity
nmodi fier conprises a derivatized ethyl eneqg al pha ol efin copol yner
conprising an adduct of (i) a copolyner havi ng a nunber aver age
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et hyl enel pha ol efdl n copoln%/r;ers may be prepared by functionalising and
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additive to prOV| de its desired functl on. Representative effective anmounts
WO 96/ 39478 The resuits in the following table show that the formulations of the invention

PCT/ EP9§4 02062 h
addi ti ves, whe ncolﬂg % ib|]enWl(§l‘rI tghe Eeaa ése Bker %hg zfr? {n spar %}P’g f?rlrrg{iat@ qf) éﬁd %et %plgigmﬁ&c
val ues PSRty a WSQP Enging perfarmance ag ewigeacrd by the ability
- of the oils to meet the requirements of A.P.1. SH, despite the absence of organic acid
ester in the basestock.
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containg detergents, antioxidant, anti-wear add

friction modifier;

itive, anti-foam additive, demulsifier,

__ 2=apolyisobutenyl succinic anhydride (prepared from polyisobutene
having M. of about 950 as measured by GPC

ADDI Tl VE MASS % MASS %
» (Broad) (Preferred) Ashl ess Di spersant
.0.1 -20 1-8 Met al detergents 0.1 -15
0.2 -9 Corrosion I nhibitor 0-5 pcrEPIS/O226 - 1.5
‘Metal di hydr SERTBY8di t hi ophosphate 0.1 -6 0.1 -4 -
Ant i - oxi dant 0\555 0.01 - 2
Pour Poi nt Depressant 0.01 - 0.01-1.5
Anti - Foam ng Agent 0 -Iéble 1 0. 001-0. 15
Suppl enental Anti-wear Agents 0.-1.0 0- 0.5
Friction qbd??heu =5 =15 -
Vi scosi ty (Exampia 1 00110 0 25 . 1 3{Comparative)
Basest ock | Additive package Bal ance Bal ance
The conporjents npy be 1 ncorporated into a base oil in any convenient way.
Thus, eacH St —tHal-cq : - 2 ; ; Fsi ng
or di dsaisic parkage!i n t of { concef.4hti on.{ Such
bl endi ng n BSAE T at anbi egbgt enperjat ure qfgat an gl evateg
t enper at urfe—=+6 —ttre—addtitrves
Vi scosity NMiscesitr modifiarhe pour poi nt depressant. are bl ended into h
concent r atjqmass®@yli t i ve package descri bed herein as the det er gent
:CInE: lsolhtegrl _Et IS subs;_ﬂBenﬂy Tend_eqtldno ba.>est0f:R“1‘td) make
concent r atjdviobll SHEB1 t ypi lcalbialanbe t 500l at dblancedortOBi n|t healenkéi toit@8(s] in
proper angdypiassteqy provi dej t he desired concentrationfin the final
f or mul atiﬁ f ' predeternred
anmount of |JeleStangs i cant . Preferably the detergent inhibitér
package i q compatibititccor dance with the 20 net hod described in US- A- 4938880.
That patert makj ng a m X of ['ess dispers and ngt al
det ergents Y‘ﬁ%ﬁgl@ﬁ‘ﬁ bl gnded g‘fa t enpgr at ur ?‘Ef at I eg@f; about
100[ err] C.{{MBR)=pPEEE2 8ol nre-nix is cooled to at least185[err]C and the
addi ti onal] EfongatiopBR®redM § are adged. 216 WO} 96/ 39448
PCT/ EP96/ 02(%52 pass > 160
Cracks - pass = none none yes
none
Footnotes: 1 = a detergent inhibitor package comprising ashless dispersant, metal-



15 | , The fi nal enploy from5 to 25 mass % and
preferably 5 to 18 mﬂmmum m’m about 10 to 15 mass % of the
concentrate or additive package wrths * the remai nder being base oil. 5
The inventi ow% 4g0W be described by of illustration onl yperieshgieer ence
f ol T'ow

to the ng exanples. In the exanples, unless otherw se noted, al

treat rates of all additives are repgrted as nmass percent active

i ngredient. Exanples 1 and 2. and Conparative Exanole 3 10

Synt heti c SBAIMSY 40 nul tigrade passenger car notor oils neeting the A P. 1

SH quality level were prepared by blending into a PAO basestock, Mobil
SHF 61, an

addi tiv kage w th, out. the .u
pol yi sobut é‘nyl %ﬁX@f‘ﬁ*‘%E‘Qﬁ o 1efor anin ?rﬁﬁg‘boé?%ﬁg'fs?(?wlﬂg%m %%‘?%ﬁ?shaw ng
Mh of about 950 as neasured by GPC), and 15 PARATONE 8002, an olefin
COPSl YIS 100! 164y DisBERGK SluEAE o sk Bty foo of BARKCT
( SRE) AKG PIHE S %%ﬁ%&%ﬂ@?‘“aﬁ%ﬁf@ WIFBV. 334 ¢ est %/dat ed
29.10. 93). The results in the follow ng table show that the
formul ati ons ofbtmddmﬁa&ageeompﬁangamafdcbw wﬁdﬁ:mb@dmﬁoayndawbe the

Ctabil ity and g Eﬁ%@%@f‘?‘%bﬁﬁ%@ﬁ@% tene oty eRRSa RIS

the oi 18 to rree\t\'elshb( iffoanEP 10 M00pand | . SH despite the absence of
organic acid ester in the basestock WO 96/ 39478

.'?gg{ EP$196/ 02269 ﬂwscos:ty madifier. 1 %6 3
(Conpar at i ve) Addi ti ve package (mass % basi ¢ package[err]
12.11 2. 1R1dbricating oit as claimed th didim 1, iR lv.‘?’r‘ﬁz‘?{tﬂb'lksestock comprises 0. 25
0.5 ival leg Vi sc05| ty nodifier (mass % TONE 8002
11.0 15 polyalphaolejn gijgom 11.0

3. A lubricating oil as claimed in claim 1 or claim 2, in which the dicarboxylic acnd or -’
anhydride is a succinic acid or anhydride.

0 4. A lubricating oil as claimed in claim 3, in which the succinic anhydride has a
polyisobutenyl backbone.

5. A lubricating oil as claimed in claim 4, in which the polyisobuteny! backbone has
an M. of from 700 to 2500.

25
6. A lubricating oil as claimed in any of the preceding claims, in which the

dicarboxylic acid or anhydride is present in the oil in an amount of from 0.01 io 5 mass
%.

30 7. A lubricating oil as claimed in claim 6, in which the dicarboxylic acid or
anhydride is present in the oil in an amount of from 0.1 to 1 mass %.

P 8. A lubricating oil as claimed in any of the preceding claims, in which the additive
package includes one or more of ashless dispersant, metal detergent, corrosion

. 35 inhibitor, anti-wear additive, antioxidant, pour point depressant, antifoam agent and
friction modifier.

8. The use of a hydrocarbyl substituted dicarboxylic acid or anhydride, in which the
hydrocarby! group has a& number average molecular weight (Ma ) of from 700 to 5000,
40 in combination with a synthetic basestock of lubricating oif viscosity substantially free of



Mobi | SHF 61 balance to 10 bal ance to 100
. (mass % El ast oner uiTenS|Ie strength 9.4
9.1 8.5 lﬂu“ H “ El ongati on at break 199

- 216 WO 96739478-88 (@6 pass > 160 Cracks - pas®eCHWEPI62269 none
“none yes none Footnotes: 1 = a detergent inhibitor
package conprising ashl ess di spersant, t&ktal - contai ng detergents,
antioxi dant, anti-wear additive, anti-foamadditive, denmulsifier, 5

friction nisthhitirsl oils and synthetic organiz atidesdtyr silsh it Eroyideaisymittic Iu’:tmwdr [ de

%r o6 7‘;827@ SR ABIA SSHBILRIBR enginB WHiGHis BrBhiBIBWih calomr 854S UhE GaBle. G°C

PCT/ EP96/ 02269 17

CLAI V5 1. A synthetic lubricating oil for an internal conbustion
engi ne which conprises: 5 a. a synthetic basestock of lubricating
oil viscosity substantially free of both natural oils and
synthetic organic acid ester oils; b. an additive package

conprising a hydrocarbyl substituted dicarboxylic acid or
anhydride in which the hydrocarbyl group has a nunber average nol ecul ar 10

wei ght (M) of from 700 to 5000; and c. a viscosity nodifier.
2. A lubricating oil as clainmed in claim1, in which the basestock
conprises 15 polyal phaol efin oligomers. 3. A lubricating oil as

clained in claiml or claim2, in which the dicarboxylic acid or
anhydride is a succinic acid or anhydri de.
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20 , 4. A lubricating oil as r‘fﬁd“%‘r-: claim 3, in which the succikrirep
‘anhydrl ‘de has..a& pol yi sob ggy( “backbone. 5. A lubricatiggpweil
as' cl ai ned_i\n cl-ai.m 4 [ n he pol yi sobut enyl backbone ha an Mnh
of from 740 to 2500. A lubricating oil as clai n;:]l),tg:m ny of
the precmg cI V\/mmimtﬁm'mm ACPROFERIYORYANIATOE | d Or Ngdg i de s
!n a. amount of f rBFFEME™H 5 nass 30 7. A

<A

fichifin O} | '” ap_ai tefdltiohst PBhGork Ndkber, TES SWO 96/39478
njagy of the preceding clainms, in which

44 1@’@5 one (ré3niptexsatiohal Bublichtiss Dateli SIg Becgebrrt1996 (B120F)

Y [ nh| bi tor hnt ij- wear additive, anti nt, pour
ant | f oam agent and friction nodi 9. The
aelaanmgwmmt ed PETERTHRY P sgate: AT EA FAT
(ﬂpmdmwnbuﬁgmour) hag yay RS oG Y er agRL,PRlsacul ar we of
from 700 to 5000, 40 in conmbination withia synthetic basestock of
| ubrica petld SCOSity substantially figg.af - WD 96/ 39478
PCT/ EP9é#08%ﬁﬁm S June 1995 (05,06.95) GB With international selfoh regeRl N nat ur al
oi I's and synthetic organic acid ester oil$, to provide a synthetic
| ubri ca E é% r.nal nbus;bnﬂg&w which is conpatible with
el ast ongr” fie & %ggg%msmﬂ 190082ast Linden

Avenue, Linden, NJ 07036 (US).

(72) Invenitor; and
(75) Inventor/Applicant (for US only): ROBSON, Robert [GB/GB};
4 Park Road, Abingdon, Oxfordshire OX14 1DF (GB).

(74) Agents: NORTHOVER, Robezt, Frank ¢t al,; Exxon Chemical
Limited, Exxon Chemical Technology Centre, P.O. Box 1,
Abingdon, Oxfordshire OX13 6BB (GB).

(54) Title: ESTER-FREE SYNTHETIC LUBRICATING OILS
(57) Abstract

Synthetic lubricating oils for use in lubricating internal combustion engines, having good compatibility with elastomeric seals and
good stability, but without malnng use of organic acid ester basestocks, comprise a synthetic basestock such as polyalphaolefin oligomers,

an additive package comprising a hydrocarbyl substituted dicarboxylic acid or anhydeide in which the hydrocarbyl group has a number
average molecutar weight (Mn) of from 760 to 5000 and a viscosity modifier.

A




