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present invention relates to a |ubrication system particularly for the

| ubrication of internal conbustion engines, to provide inproved ({3
econony and fuel econony retention. Y 10 Wth environnmental standards
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20 Qil-soluble esters are one well-known group of additives that may enhance fuel economy
performance. In general, these esters are able to provide good lubricity between sliding

s surfaces. The polar moieties of the molecules assist them to adsorb to metal surfaces, resulting
in reduced metal-metal contact. There are many references on the use of esters and/or modified

: esters, e.g. sulphurised esters, to improve fuel economy. Examples include the esters described
' 25 in EP-A-0853100, EP-A-0649459, WO-A-93/21288, EP-A-0206748,
US-A-4495088, US-A-4243538 and US-A-4289635. Further examples of ester lubricity
additives and their use in lubricant compositions are disclosed in US-A-4175047, US-A-
4879052 and WO 96/01302. These latter references describe esters which are groups of

adipate and so-called "polyol-esters" that are derivatives of alcohols with 2 to 4 hydroxyl

30 groups (-OH).

The present invention provides a novel approach to the problem of improving fuel economy
and fuel economy retention, by providing a binary liquid system comprising two substantially
immiscible liquid phases. More specifically, the present invention provides a lubrication system

35 comprising



“imm scible Iiquid phases. Mre specifically, the present invention provides
a lubrication system 35 conprising -2 23 0OCI 2003 a) a first liquid phase
. conprising a base oil having a kinematjc viscosity at 100C (KV r;:lisﬁﬁ)p Idﬂﬂ]
the range from2 to 100 cSt, and 5 b) "& second |liquid phase conprising a
polar organic liquid that is substantially immscible with said first
liquid phase. Ap used'n’ﬂe]imiid,pha:wecomm'rsmgsé base "olili Ireving 4 kipametic viveesity a
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i nvention may be any of e conventional |y “use ing oils and is
preferdbly a niner als‘-ﬂbﬁt?mla Ysynthetic oil 15 or a m xture of mneral and
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i ncl ude pdisyused dkrem, tho kytresstore; bindrvyliduediz erwens e sompssitisn that composdss, et c.
20 The ba | rably..pas:a.: o} , wef erably
from4 toﬁ?%.%%sé%ﬁtﬁkgc{%ﬁlgé h&lﬁ\eéh%%geﬁl?to% Hlsgtetfegég?r&\ twwegarg{lase
conpr 18 es ligwidedagss, a3 distipgnsneddram ap emulaen andigerrsion 11 n@rféld?ne Rhaéq Brably a
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of polyol and nonohydric al cohols, preferably a m xture of a polyol and a
nonohydri c al cohol and a diluent which is an ester of a dicarboxylic acid
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15 or a mixture of mineral and synthetic oils. Mineral basestocks can be any
conventionally refined basestocks, for instance solvent refined, hydrotreated, or
isomerised, e.g. wax-isomerised, basestocks. Synthetic basestocks that may be used

include poly-olefin, polybutene, alkylbenzene, esters, silicone oils, etc.

20  The base oil preferably has a KV;y of from 3 to 50cSt, more preferably from 4 to 10
cSt.

According to the invention, the second liquid phase comprises an ester of a polybasic

acid or anhydride thereof, preferably a dicarboxylic acid, and an alcohol which is
25  polyol alcohol or a mixture of polyol and monohydric alcohols, preferably a mixture

of a polyol and a monohydric alcchol and a diluent which is an ester of a dicarboxylic

acid and a monohydric alcohol wherein the volume ratio of the complex ester to the

diluent is in the range of 10:1 to 1:10. The polyol is preferably branched. More

preferably, the second liquid phase comprises a complex alcohol ester that is the
30  reaction product of a polyol of the general formula

R(OH),

wherein R is an aliphatic or cyclo-aliphatic hydrocarbyl group having 2 to 20 carbon
atoms and n is at least 2,

a polybasic acid or an anhydride thereof provided that the ratio of equivalents

35  of said polybasic acid to equivalents of alcohol from said polyol is in the range from

1.6:1to02:1, and

a monohydric alcohol, provided that the ratio of equivalents of said
monohydric alcohol to equivalents of said polybasic acid is in the range from 0.84:1
to 1.2:1;



preferably, the second |iquid phase conprises a conplex al cohol ester that
is the 30 reaction product of a polyol of the general fornula R(IOH"
wherein Ris an aliphatic or cyclo-aliphatic hydrocarbyl group hgvipol 203 o
20 carbon atons and n is at |east 2, a polybasic acid or an anhydride

t hereof provided that the ratio of equival®nts 35 of said polybasic acid
to equival ents of alcohol fromsaid polyol is in the range from 1.6:1 to
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Preferred complex esters comprise the polyol, the polybasic acid or anhydride, and the

monochydric alcohol in a ratio of substantially 1:3:3, or substantially 1:3:2.

20  Information as to the manufacture of such complex alcohol esters may be found in WO
98/10040, WO 98/10041 and WO 98/45389. These esters are generally known as complex
alcohol esters (CALE). Initially, attempts were made to find methods of solubilizing various
forms of CALE, because of its low solubility in engine oils. Tt has surprisingly been found,
however, that a two-phase system with engine oil as the first phase, and a CALE as the second

25 phase, although the phases are essentially immiscible, provides an engine oil that exhibits both

improved fuel economy and fuel economy retention.

The complex alcohol esters with the above mentioned ratios 1:3:3 and 1:3:2 respectively have
the stylised structures (A) and (B) respectively.
30

D — [ AT -Jo—— AD D ——[- AT -J—— OH

AD AD

35 (A) (B)




forms of CALE, because of its low solubility in engine oils. It has
surprisingly been found, however, that a two-phase systemw th engi ne oil
-as the first phase, and a CALE as the second 25 phase, although t g (ffhia88s
are essentially immscible, provides an engine oil ‘that exhibits both

i nproved fuel econony and fuel econony retention. The conpl ex al cohol
esters with the above mentioned ratios 1: %73 and 1:3:2 respectively have
the stylised structures (A) and (B) respectively. 30 D[- AT -] AD D [- AT
-] OH 1 AD AD 35 (A (B) 2 3 OCT 2003 5 In these fornmulae, D represents an
al kyl group derived fromthe nonohydric al cohol, A represents of the acid
noi ety, and T.represents.the group deri,ved fromt polyol, n represents

t he nunberfo'hFSé:p%) ”:?Fﬁ’ anetpé‘?seﬁtﬁ(f”tﬁgy]e@PBPéjanCéFﬁ?B’i B&Imgnakydon eésohol 8h n
bei ng from . 2 I typi.cally has the
foll ow ng ;;(rl%%g:rnfsi %%96 ﬁé\/? g??gwlaﬂighgg%ﬂggtg?mﬁgFgmﬁfig‘%ﬁgﬁ?{j@’yfg-%%ﬁpﬁeg‘i”f5

nost pref enlabhymi&- @ epBiting Sk, :90 1heprsadesahlpicalQOnitBPss WRSh bghﬁff,e{nalplté/l
120- 150 Because of their relatively high nolecular weight, which is

preferably in the range of 500 to 1500, and with the preferred esters of |
for rrull% (A), having nol ecul ar weights from700 to 1 100, the conpl ex =
al cohol” esters are used as m xtures of the conplex ester of forrmula A or

of formul aAR usel i Bhidnpedntheldvs GRLESiHE M dmdirgiRaaxyldpenaei d and a 20
nonohydri ¢ al cohol, such as diisodecyl diadipate (DI DA) or ditertiary decyl

adi pate (DTDA).
KVio00 5-100 c81, more preferably 10-60 cSt, most preferably 15-20 ¢St
Vi 80-180, preferably 100-160, most preferably 120-150
15 |
Because of their relatively high molecular weight, whieh is preferzbly in the range of 500 10
1500, and with the preferred esters of formula (A), having molecular weights from 700 to
1100, the complex alcohol esters are used as mixiures of the complex ester of formula A or
of formula B, with a diluent, is an ester of a dicarboxylic acid and a
20 monohydric alcohol, such as diisedecy! diadipate (DIDA) or ditertiary decyl adipate (DTDA).
Diisodecyl phthalate may be used if desired. The proportion of complex
alcohol ester to diluent is preferably from 10:110 1:10 by volume, more preferably from 5:1

10 1:5 and espeaally from 2:1 10 1:1 by volume.

25  The diluent is uscd in the mixture because undiluted CALE of the operable molecular weight
range is too viscous for convenient handling, It is found that when the diluted CALE is mixed
with the engine oil, the CALE , with a minor proportion of the diluent, separates as the lower

phase, with the major proportion of the diluent passing into the upper phase of engine oil.

30 Thus in another aspect the invention provides a Jubrication system comprising:
(a) a first liquid comprising a base oil having a KV 5 of from 2 1o 100 ¢S, and
(b) a second liguid comprising a polar organic liquid and a diluent, the polar

organic liquid being substantially immiscible with the first liquid such that when the two liquids

35 (a) and (b) arc mixcd they scttle to form a'lwo~phn5c Jiguid comprising a first phase that is rich




Di i sodecyl phthalate may be used if desired. The proportion of conplex

al cohol ester to diluent is preferably from210:1 to 1:10 by vol une, nore
preferably from5:1 to 1:5 and especially from2:1 to 1:1 by vol J0E] 185
The diluent is used in the m xture because undiluted CALE of the operable
nol ecul ar weight range is too viscous forsconvenient handling, It is found
that when the diluted CALE is rnixed wth the engine oil, the CALE, wth
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CALE is incorporated into the lubrication systemof the present invention.
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anount fr onn @ @dolAt Hoii% feallesk%ebaicd@n the total weight of the lubricant composition. The
20 other additives are cach preferably included in zn amount from 0.01 to 5 wi% based on the
total weight of the lubricant composition, These additive treat levels refer to the amount of
active ingredients, i.c. the actual additive component, and do not include any diluent or carrier
fluid. Thesc additives may be dissolved or dispersed into either the first, base oil phase or he
second, organic polar liguid phase, or may be distributed across both phases. Preferably,
25 however, the additives are In'corporaied into the first, base oil phase. Indeed an advantage of
the present invention is that the immiscible organic polar liquid phasc may be combined with
an alrecady formulated lubricant, e.g. a fully formulated engine oil. The improvement in fuel
economy and fuel economy retention benefit brought by the immiscible polar organic liquid

appears to be largely independent of the nature of the base oil and Jubricant additives selected

30 for the major portion of the lubrication system.
Thus in a further aspect the present invention provides a lubricalion system comprising!

(2) a first liquid phase comprising fully formulated lubricant composition, and




total weight of the lubricant conposition. These additive treat |evels
refer to the anount of active ingredients, i.e. the actual addiéi%&
conponent, and do not include any diluent or carrier fluid. The é T 2003
additives may be dissolved or dispersed into either the first, base oi
phase or the second, organic polar |iquidgphase, or may be distributed
across both phases. Preferably, 25 however, the additives are incorporated
into the first base oi l phase | ndeed an advant age of the present
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fuel econony retention. The present invention also prOV|des a net hod of
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ester [a], base oil| [b] and additives 20 [c] together, this conmposition

exhi bi ts hi gAded taibe cBgipp Simpltarnshioddh wmnme%to the engineIsqaEntiallii ch i s
t he conventional engine oil conposition. The CALE content may be I to 30%

by
Where CALE is used in a single blend, which includes the ester [a], base oil [b] and additives

20 [c] together, this composition exhibits higher fuel economy than does a mixture of [b] and [c],
which is the conventional engine oil composition. The CALE content may be 1 to 30% by
weight based on the total weight of the mixture of [a], [b] and [c], preferably, 1 to 20%, more
preferably 5-10% by weight.

25 Where CALE is added separately, with [a] being added to the engine after the mixture of [b]
and [c], immediately or after a certain period, the fuel economy is surprisingly improved after
addition of [a]. The amount of CALE may be i to 30% by weight, based on the total weight
of the final mixture of [a], [b] and [c], preferably 1 to 20%, by weight more preferably 5-10%
by weight. In addition, it has been found that this improved fuel economy may be retained for

30 a duration equivalent to at least 10,000 miles.

Where an engine is treated with [a], before being filled with a mixture of [b] and [¢], so that
CALE is added in a manner analogous to flushing oil, or pre-treatment oil for flushing or break-
in, the CALE is believed to coat the metal surface, leading to lower friction and reduced wear.
35 Thus, this modified surface is responsible for improved fuel economy and wear-protection for

a long service period compared to the operation without CALE treatment. The preferred



wei ght based on the total weight of the mxture of [a], [b] and [c],
preferably, | to 20% nore preferably 5-10% by wei ght. 25 Were CALE is
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organi ¢ | i quioanpatedayith wepg the dehricaiagoiplage. bef ore additi on of the

| ubricatdng oil. It is found that the effect of adding the polar organic
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20 In this test, a Mercedes M111 E29, 2 litre, 4 cylinder, 16 valve, DOHC engine runs on a test
bench. The operation mode is the ECE & EUDC test cycle.
ECE @ 20, 33 and 75°C (oil gallery)
EUDC @ 88°C (oil gallery)

25 The reference oils were
RL 191:baseline reference oil
15W40, SH performance and HTHS>3.5 cP
RL 190:high detergency flushing oil

30 The initial fuel economy test

The first stage is the measurement of fuel consumption whilst running the reference oil
(RL191), duration 2.5 hours. The reference oil is replaced with a candidate by the so-called
flying flush system. The flying flush allows oils to be changed without the need to stop the
35 engine. Using this procedure has been shown to improve the day-to-day repeatability of the

test significantly. Following the flying flush, an initial fuel economy measurement of 2.5 hours
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subsequent 2.5 hour measuring cycles are then repeated (3rd cycle). The
fuel cdrfsunption of the third cycle is recorded as the test result and is
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Extended fuel economy test

20 The extended M111 engine test, named M111E, is based on an experimental procedure

developed by the Applicants for measuring fuel economy retention.

In the extended test, the M111 test cycles (the initial three test cycles constitute the
standard M111 fuel economy test) are repeated 21 times. Each test cycle is followed by
25  a period of steady state ageing. For the M111E test, ageing has been extended to be
equivalent to 500 miles. The total test is thus equivalent to about 10,000 miles, and takes
about 185 hours. Fuel consumption measurements are taken at every cycle, hence every
500 miles. The fuel consumption of the reference oil RL 191 is measured both at the
beginning and end of the test, thereby allowing uninterrupted ageing of the candidate oil.
30 Correction of possible engine drift during the test is normally performed by use of a

moving average.

The invention will be further described with reference to the following non-limiting
Examples.
35

Example 1 {comparative)




Ext ended fuel econony test 20 The extended M | | engine test, naned M |

| E, is based on an experinental procedure developed by the Applicants for
nmeasuri ng fuel econony retention. In the extended test, the M | f [ﬁeﬁ#}
cycles (the initial three test cycles constitute the standard NI Q 3.1e|
econony test) are repeated 21 tines. Each-test cycle is followed by 25 a
period of steady state ageing. For the ML11lE test, ageing has been extended
to be equi valent to 500 mles. The total test is thus equival ent to about
10, 000 raea% %%@g QL o l&AvERINS! e o.Pmmbh%snﬁawnﬁmts are
t aken at ever (? Ende every 500 mil The fuel consunption of the
ref erence 0|dcoﬁlm319Th¢ sil ra:amnsesdbjo%lghabastﬂl@n thegitanvaightaofdhend, e tdfe
test, thereby allow ng uninterrupted agei ng of tohe candi date oil ..
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by use of a dpﬁl\(/kiﬁ ?lf%g..r FHE visk y'dﬂ%ﬁ%@ttehﬁ ‘Mflt}jxe ﬂﬁsl%g oEX Ere%ﬁﬁ:‘i isedow th

reference to Wi ng non- i ng arrp es anpl e

(conpar ati verade of the SAELOB clésifictivn. CTigiaitial fiebeqonomyses, measumdv\elth aonal
-engine oil formulation was tested in fuel econo r% The oi|l conprises, by
wei ght bAsedensedesdt tengingdn egmplighcewith the methpdoCEE L-5diTy 96, THebesonomg oy of

vi scosity ind ver an 6% 0of. h tigve
package. Thé® {ﬁpg%,sg@. '??s RHE "g(,gte TP F%g'%oo?\ﬁf %b'%ng‘lp ﬁpgb&??g%?rg&\%ﬁlhdf
SW30 gradehofswie IBRGiICd faS&mbleCiadhbas 1. 6TREfeNécohéthy buglthertsneany vas
measured with a 10 rcedes M 11 engine in conpliance with the nethod, CEC

L-54-T-96. Rkl econonmy is represented as percentage inprovement of fuel
consunption over the reference oil of the 15W40 grade. The oil of Exanple
1 shows 1.67% fuel econonmy over the reference oil. 15 Exanple 2

15 Example?2
Test oils were prepared by mixing CALE, diluted with diisodecyladipate in the

proportion of CALE to diisodecyl adipate of 3:2 by volume, and together with the same
conventional additive package, VI improver and poly-a-olefin as used in Example 1. The
oil compositions are in Table 1. The initial fuel economy of oils was evaluated by the
20  same procedure as in Example 1. The results demonstrated that increasing the guantity
of CALE improved fuel economy by amounts in the range 2.00 to 3.51% over reference

oil,
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reference qigble 2 3 OCT 2003 -10 5 Table 1 Exanpl e nunber 2 12-22-32-4

Pol y-ol efin

(Wt 9% 74, 469, 664, 7564, 75

Addi ti

ve package (wt

16. 016. 016. 016. 0

VI inproverf(w%4.64.44.254.25 CALE (dilyted) (W %5.030.015. 0f15.0 % F. E.
i mprovenent . 002. 513. 512. 60 I n Exanple 2-4 the insol ubl g part t he CALE
(i.e. all t @eﬁamnlecrwrrév@par ated as a| Rower %Hase 2a\hs rdrbded. [The | ower
fuel econony—nprovenment—shows—that+t—+s[the—tnsotuble—porti which is
| argely responsible for the inprovefl fuel |economy. 10 Eqanple The test
was started %tho]'&m wicky used in Expmple I gnger |ighessarmeyqpfpcedure as in
Exanple 1. RAftér the nmeasurenent of|initigl fuel {econo 700mYy of the
di luted CALE, that is 10% by vol ung based on thi total jvolunme pf the oil,
as used in nple 2, was 15 added pnd m Xed with the rynni ng | w thout
st oppage of é‘rﬁ’&itﬁfé Péﬁ‘@rgﬁt(%ﬁ’) The epdffe |obe? at | df-Oras [ i nued
t hereaf t er gno—fuer—econony was meapuredpertoditattyag—per—the ML11E
test descriped above. After additiop of CALE, fu¢l econagny inprpvenent
gradual |y i penempesenpsttbeached a stazdy Stose, fang ng |f4mn 2.7 to 3. 0%
i mpr ovenent

CALE (diluted) (wt%) 5.0 10.0 15.0 15.0

% F.E. improvement 2.00 2.51 3.51 2.60

10

15

20

In Example 2-4 the insoluble part of the CALE (i.e. all that which separated as a lower

phase) was removed. The lower fuel economy improvement shows that it is the insoluble

portion which is largely responsible for the improved fuel economy.

Example 3

The test was started with the oil used in Example 1 under the same procedure as in

Example 1. After the measurement of initial fuel economy, 700ml of the diluted CALE,

that is 10% by volume based on the total volume of the oil, as used in Example 2, was

added and mixed with the running oil without stoppage of engine operation. The engine

operation was continued thereafter and fuel economy was measured periodically as per

the M111E test described above. After addition of CALE, fuel economy improvement

gradually increased and reached a steady state, ranging from 2.7 to 3.0% improvement

after a period equivalent to about 2,000 miles services.

The range of fuel economy

improvement was about 1% greater than the last measurement before adding CALE, and

was retained until the end of the test. The total operating time was translated to 10,000

miles service period.




after a period equivalent to about 2,000 m|es services. The range of fuel
econony 20 inprovenent was about 1% greater than the |ast neasurenent

bef ore addi ng CALE, and was retained until the end of the test. gﬁ&]tc%tnfl
operating tine was translated to 10,000 mles service period. 2

2003 5 Exanple 4 This exanpl e denonstrati@s the superior fuel econony
performance achi eved by operating an engine with the binary system
according to the invention, by firstly adding the diluted CALE phase

f ol | owedgby f or mul ated engine oil, relative to the perfornmance of
the engi ne%gﬁg% -10 The test was run in a 1.8 litre gasoline Ford
Mondeo vehi Clftgs @damplecthmst&tﬁyhmipammel ecctioeny\peiformanceechiceebypqpedatingt h a
fuel nmeter to enable the amount of fuel consuned. per unlt@i)f 8_@2@ wgorse
power pr odud8@nge Béthithe Sinarydystem ageardipg r%weaws@zw byfiestly adding iedt i on
t he engi ne at r and
15 the fuel \Qg%]ﬁ]g%rﬁ}gpst |f§lg°w§§é) u%gffo%ﬂmﬁteﬂ%hélﬂe &h%t ee?]&op E’JA”}& ﬂ'wo days
with the fuwhbiedyitdiRti c engine oil forrrul ati on used in Exanpl e 1 above
and the fuel consunption neasured. Next the reference oil RL191 was run
again foP two days to ensure the base case fuel consunption stayed the

Fi nal | t f th
it ed CaLtsteapmngren LTS BiithE ol TPt P h R Ay P08 e
operated for TRQvéﬂlaé'h% edRpFeAnGitt 4 iRl tbBRr &) GHabe usdrhAMme offuelconb@med per

oi | -insoluble CALE. The engine was then stopped and drained to renove the
excess CALE ynitasfebraké harsk |ploms pofducérbtd be measiyed. hdioi estabhighi adasy fasgdvel above

was then added, the engine operated .for, t day.s and S tion
Toasur oq. - 2ESOTHETPRRIPY ETEHONBORTAR FReres ROREVTE TS ECE O NPT et | on
(w t houg st hg h%c&%ﬁ@)m gusyred.f Rl e r?%i%@ﬂé’th@@hfa%ﬁﬁ%ﬁtw&gst\ﬂ& fase
reference oil R191 of 6/% whereas e addi tionh of the CALE phase
fol | owed by fulhesyyhetinengioe eihfrirmelaton udedimbkamiilo h abaweand Shelfuohconsusigiont | cant
performance | gg%\rn%\clielﬁxt the reference oil RL191 was run again for two days to ensure the base
case fuel consumption stayed the same. Finally, the engine was operated using a binary
system: 700ml of the diluted CALE of Example 2 above was added to the engine and the
20  engine operated for 20 minutes to condition the engine surface with the oil-insoluble
CALE. The engine was then stopped and drained to remove the excess CALE phase.
6.3 litres of the fully synthetic engine oil used above was then added, the engine operated

for two days and the fuel consumption measured.

25  The results showed that the synthetic engine oil formulation (without the CALE phase)
gave a fuel economy performance over the base reference oil R191 of 0.67%, whereas
the addition of the CALE phase followed by the synthetic engine oil formulation gave

3.11%, a significant performance improvement.



- 12- CLAIMS 1. A two phase lubrication systemconprising 2 3 OCT 2093 5 a)
a first liquid phase conprising a base oil having a kinematic viscosity at
| O0C in the range from 10 to 100 cSt, and b) a second pol ar organic
liquid that is substantially inmmscibleawith said first |iquid}Rglg$ejpnd
whi ch conprises a conplex ester that is the reaction product of a
nmonohydri ¢ al cohol, a polyol, and a.¢EI¥@ﬁ§ic acid or anhydride thereof,
and a diluent 10 which is an ester ofL& carboxylic acid and a nonohydric
al cohol wherein the volunme ratio of the conplex ester to the diluent is in

the range of 10 ‘Jw(} ajseil%nc%uo@js&mcﬁﬁﬁﬁ systemas clained in claiml, !

wher ei n the conpl ex ester reacti on product of a nonohydric al cohol,
a polyol, and a dlcarboxyllc acid. 15 3. A lubrication systemas clained

in claim 2, Wh% ein atﬂ}§t] Rase @&tnﬁﬁmhé abh& oil RAGld PRinPhadeeiscitya pol yol
of the gene erein is an aliphatic or

"
cycl o- allﬁhgipgj g?ﬁ@&? Bu Hé%ﬁﬁﬂ 2 to 20 carbon 20 atoms and n is

at | east 2, abpol yb&ﬁc@dmol;&mr@mﬁwﬂqmdeqat iﬂuegﬁntiullg\lnﬁﬂﬁblbll@amtltmd rati o of |
o € R e B WP Rt LT B B Plad o™
provi ded tivaphydréc althO(b, afolpeuandsd miybasmfaoschommﬂmdm&wtbmeef apg agilooMol t o |

equi vah enﬂﬁn&f is %ﬂ'egtePQ{ g‘ﬁ%‘bﬁxﬁﬁ! ﬂ:ld d J‘mBH&l}rd%@ choﬁﬁ%&e&‘lhé—v@]ﬁm% 2: 1 |

wherein sald estﬁ bijts a %& 8)0 | ess than or
equal to 132@@ thﬁamfapkfiwgsrstqtpefi @("Iﬁé'ilflé bengs t:d 700 cSt at 40C. 4.
A Iubrlcatlon systemas clained in any one of clains 1 to 3, wherein the

F (r)! x,g![ hyl 61 Ipf Ogﬁ#@%&:g‘t?orf sryg a5 zﬁlrxllteg lm 9] atht ?l whérglln € cé’mfajlleg tcg@rnl%\ 'the
reaction product of a monohydric alcohol, a polyol, and a dicarboxylic acid.
15
3. A lubrication system as claimed in claim 2, wherein the complex ester is the
reaction product of a polyol of the general formula

R(CH)n

wherein R is an aliphatic or cyclo-aliphatic hydrocarbyl group having 2 to 20 carbon
20  atoms and n is at least 2,
a polybasic or an anhydride thereof provided that the ratio of equivalents of said
polybasic acid to equivalents of alcohol from said polyol is in the range from 1.6:1 to
2:1, and
a monohydric alcohol, provided that the ratio of equivalents of said monohydric
25 alcohol to equivalents of said polybasic acid is in the range from 0.84:1 to 1.2:1;
wherein said complex alcoho! ester exhibits a pour point of less than or equal to —20°C
and a viscosity in the range from 100 to 700 cSt at 40°C.

4. A lubrication system as claimed in any one of claims 1 to 3, wherein the polyol
30 s selected from neopentyl glycol, trimethylolethane, trimethylolpropane,
trimethylolbutane, monopentaerythritol, di-pentaerythritol and mixtures thereof.

5. A lubrication system as claimed in claims 2 to 4, wherein the dibasic acid

or anhydride has 2 to 12 carbon atoms.




trimet hyl ol but ane, nonopentaerythritol, di-pentaerythritol and m xtures
thereof. 5. A lubrication systemas clained in clains 2 to 4, wherein the

- dibasic acid or anhydride has 2 to 12 carbon atons. -13 7 3 O 9210§P9%36'
A lubrication systemas clained in claim5, wherein the dibasic id or
anhydride is selected from adi pic, azelaic, sebacic and dodecanedi oic

aci ds, succinic anhydride, glutaric anhydride, adipic anhydride, naleic
anhydride, phthalic anhydride, _nadig anhydride,_neth%lnadL anhydri de,
hexahydr ofht hal/h &OESAYRI YaeasscI#imeddan slagh Ry Whsraiadhe fi ﬁ%??ﬁéé’?c acid. 7. A

| ubri cati g I 1 ;0 i : i-p the
nnnohydrigﬂgﬁﬁgﬁgFkﬂgg&%ﬁ?ﬁﬁ%ghgéé gﬁ’%%%ﬁé?ﬁég&gﬁmkdﬁﬁ%g?g%??%ﬁhgysten1as
cl ai med i anaydridenglucdriccnhi dide] adipicanhydrites inialeihanhydiodg pbthabs terydoidapr i ses

t he olyol ,. th o] ybasi cid_or .anhydride and.th nohydr i al cohol
e POt Sl B bl P g MGy g Rlalii fipanas PRLmBEG: oo o

cl ai med i pnRBAREeS Bhlybhsid &8d 1 to 8 wherein the 15 conpl ex ester conprises
up to 70 weight % baséd on the total weight of ester and diluent. 10. A

| ubrication systemas clainmed in any precedi ng clai mwherein the phases (a)

and (b) are conpjined befqore use, .20.11. A |ulricatiqn.s m clainmed in
2y one ool arkieEeagSySfial e fita e el 36 oy BBl 88 i P
during thezgiRukee: Atokis Gas 3% 1Acdrbbi htoalsi on system as claimed in any one of
clainms 1 to 11 which 25 additionally conprises an additive package. -14 2
3 0C 2003 5 13. Alubrication systemas clained in any one of Clains 1 to

12 V\/n% el 3.1 he Mb?ltcation system as claimed in any one of claims 1 to 7, wherein the
complex ester comprises the polyol, the polybasic acid or anhydride and the

monohydric alcohol in a ratio of substantially 1:3:3 or 1:3:2.

9. A lubrication system as claimed in any one of claims 1 to 8 wherein the
15 complex ester comprises up to 70 weight % based on the total weight of ester and

diluent.

10. A lubrication system as claimed in any preceding claim wherein the phases (a)
and (b) are combined before use.

20
11. A lubrication system as claimed in any one of claims 1 to 9 wherein the phases

(a) and (b) are combined during the course of use.

12. A lubrication system as claimed in any one of claims 1 to 11 which

25  additionally comprises an additive package.




l'iquid phase (a) conprises a fully formul ated | ubricant conposition
suitable for use in an internal conbustion engine. 14. Use of a
_conposition as clainmed in any one of _@gainms 1 10 13 in |ubricati®eh?fi10
engine to inprove fuel econony. 15. Use of a conposition as clainmed in any
one of Clainms 1 to 13 in lubricating an engine to inprove fuel econony

retention. 15 16. A nethod of lubricating an jinternal g i ne
whi chScoms.i sed lalidtaign SYBEWHSE @F%éﬂ anf@ber ?flc@ta]inbsn?églg? 'er{ﬁézés‘bg}%aﬁﬁgd in

any one of ins |, to 13 and.operati : L D&, ;

cl ai med i #0ued BhaE(® STEVERT %Hég%'gs@%?‘g%ﬁhBﬁ?%k@é‘éﬂﬁ”ﬁ@ﬁ%ﬁhﬁ20 t hey
are added t k 30 18. A nmethod as clained in Caim1l6 wherein
phases (alﬁeg%aétl?&%ﬂg{bégjeg}%ﬁgd to the engine sinultaneously. 19. A nethod as
claimed in Caim116 wherein phases (a) and (b) are added to the engine
sequentially. 20. A nethod as clainmed in Caim16 wherein Rme ﬁgéll S
added to tlhe ehiyenéalbefppstiophaisleined)in a3y onp ofEAaHE 148 18] 'Bi o ai m 20
wherei n excess phase (A)J)e] is drained fromthe engine before phase (a) is

added© engine 10 improve economy.
15.  Use of a composition as claimed in any one of Claims 1 1013 in lubricating an

engine 1o improve fuel economy retention.

15 16 A method of Jubricating an internal combustion engine which comprises adding

10 the engine a lubrication system as claimed in any one of Claims 1 t0 13 and operating

. the engine.

17. A method as claimed in Claim 16 wherein phases (2) and (b) are combined before

20  they are added to the engine.

18. A method as claimed in Claim 16 wherein phases (2) and (b) are added 10 the

engine simultaneously.

25 19. A method as claimed in Claim 16 wherein phases () and (b) are added to the

engine sequentially.

20. A method as claimed in Claim 16 wherein phase (b) is added 10 the engine before
phase (a).

30
5] A method as claimed in Claim 20 wherein excess phase (b) is drained from the

engine before phase (a) is added.



