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LUBRICATING COMPOSITIONS FOR TRANSMISBIONS

Technical ficld

The present invention relates to lubricating compositions for ransnuissions, in
particnlar for gear boxes, and to their use for Hmiting fuel consumption of motor
vehicles. The compositions avcording o the invention are suitable for any types of
vehicle, notably Hehd duty vehicles, and are particudarly suitable for vehicles with
hivbeid engines.

Present snvironmental concems, notably with view to reducing carbon
dioxide emissions, indues an urgent need for reducing fuel consumption of Hght duty
automotive vehicles or tucks, as well a3 building site machines or agriculiural
machines. In particular, there exists an increasing demand for ergans such as the
sugine, the transmissions, the reduction gears, the compressors and hvdranlic
systems which contribute to redueing energy consuraption.

Accordingly, the lubricants used in these organs should allow reduction of
frictional and splashing losses to a level as low as possible. It is known 1o one skilled
in the art that lowering the viscosity of the fubricant ofl is 8 means for improving fuel
savings achieved al the fransmissions.

Power train (PT) bench tests including an engine/gear boxes assembly have
thereby shown that fuel savings which are made are directly proportional fo the
viscosity of the transmission Iubricant at the operating femperatuee, which is
generally located betwsen 20 and 40°C for a use of the vehicles on short trips. The
best performances are obtained with ofly of kinematic viscosity measured according
o the ASTM D448 standard, to be located at about 20mm¥s &t the operating
femperainre,

Moreover, manufacturers”  specifications  systematically  umpose  for
transmission oils for private vehicles, a viscosity at 100°C {or KV 100} a5 measursd
according fo the ASTM D445 standard, comprised between § and 15mm¥s, most
often comprised between & and Smum™s, preferentially targeted around & Smm¥s.

This Hmitation i related © mechanical design considerations for gear b@xgxsg
/3, the
dimenstoning of the parts should be modified in order to reduce the Joad per mxi’i

ol

bearings, gears. Indesd, below a limiting viscosity of about Smn®

surface, since the hubricant does not sufficiently participate in supporting said load.
The viseosity behavior of oils strongly depends on the bases used, in their
formulation, in an amount of at least S0% by mass in general.
Thus, the fornmlation of transmission oils having a strong effect on fuel
savings, or further strong fuel-saving properties or so-called “fuel eco™ properties,

will preferentially resort to Inbricant bases having a very high viscosity index or VL
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The visgosity index or VI of a base measured according to the ASTM DRITG
standand quantifies s capacity of Hmiting its temperature-dependent changes in
vispostiies, from the measwrement of fis Kinematic viscostly at 40°C (KV4Q) and
OO0 KV T00) messured avcording @ the ASTM DA4S standard.

The VI of keown conventional mineral bases is 8t most of the order or 200G
With certain synthetic oils, 1t {8 possible to aftain very high Vis, of the order of 488,
bt this high VI is scoompanted cither by strong viscosity or by constyatnis on
sohbility of the additives, with which 1t 15 not possible {o tmpart o the lubricant,
propertios for protecting the gears, for controliing friction, ..., expeoted by the
manufzcturer, It iz therefors diffionl to formulale transmission off with eco fued
properties in majority fom these bases, Thelr cost and thewr availability are also a3
problem for large scale industrialization of lubricants tacorporating them in majority,

Certain fatty acid estors of natural origin buvinsically have a very high Vi of
the order of 280, or even 30 and beyond, combined with low viscosity, However,
one skilled in the art 18 not encouraged o use these exters for automotive lubricants,
i partiowdar for engloes and transmissions, since the ostors of this type, lguid at
room temperature, have at least one Jouble bond on thelr acid chain, which gives
them very low resistance © oxidation, whenes a risk of degradation during operation,

These osters, nsed as bases, do not in particular satisfy high temperature
oxidation tests, either catalyzed or wol, which are part of the specification of
sutometive manufacturers for these applications.

The document EP 1 785 478 describes a lobricating composition comprising
an exter, 8 viscosily index enbancer, such as a polvalphaolefin, and at least ome
sulfar-containing or phosphorus-sulfur-containing compound.

Surprisingly, the spplicant noticed that § was possible to foromlate
transmaission ofls with very high VI, of more than 250 or funther 280, preferentially
more than 300, or even of the order of 328 and beyond, from bases of natural origin
of the fatty scid pethyl oster types, and having an operating Hfetime comparable
with that of existing comumercial products. Otls for gear boxes in particular should be

designed for “filled for Ife” conditions, 1e. they are never emptied throughont the

i
&

lifetime of the veliele,

Without intending to be bound by any theory, ot scoms that these esters,
which form, at the surfhees of the fHetional parts, films with which hydrodynamic
How conditions may be maintained ander a high load, Bmit heating of the oils during
operation, Thus, i spite of the poor rosults on the standard oxidation iests, the
oporating rosults are quite satisfastory,

Short deseription of the invention
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The prosent invention relates to lubeicuting compositions for gear boxes, with
a hinematic viscosity s 100°C messured according o the ASTM D448 standard,
comprised between 5.5 and Tmm¥fs, comprising

~ one ov more phosphonis-containing, sulfurcontaining or phosphorus-sulfiar-
containing anthwear andior extreme pressure additives,

~ ab least 30% by weight of at least one fatly acld methyl sster of formula
ROOOUH;, whersin R i3 3 paraffinie or olefinic group containing fromy 11 10 23,
preferentially from 13 to 1% cavhon atoms,

and

« gither at least one compound sslected from the group of heawy
polyaiphaciefine with a kinomatic viscosity at 100°0 measursd according to the
ASTM 1435 standard comprised between B0 and 3,000m%s and with a meiecuim
muaas by weight above 2,500 dalvons,

~ ar at keast one compennd sclected Hom the group of Hghtweigh
polyaiphaclefins with & Kinematic viscosity & 100°C measursd according to the
ASTR D45 standard comyprised botween 15 and Smm™s, with a kinematic

Th D443 standard, comprised

hetwoen 4 and 3hmm¥s, and a molecular mass by weight of less than 300 daltons, in

viseesity 8t 40°C moasured accprding to the AS

combination with one or more compounds of the polvmethacrylate type with a
moelecular mass by weight below 30,000 daltons,

According to an smbodiment, the hubricant composition comprises al least
20% by welght of at least one fatty acid methyl ester of {ormula 8 COOCH,,
wherein Ry 18 a mono-, di- or tr-unsaturated olefinie group containing from 11 1w 23,
preferentially fromy 15 10 19 atomy, preferentially 17 carbon stoms,

According to s embodiment, the hubricant composition comprises at least
20% by welght of at least one fatly acid methyl ester of formula ROCDOCH;,
wherein Ry I8 a monc-unsafurated group containing from 11 o 23, preferentially

o

from 15 10 19 atoms, preferentially

¥
£

carbon atoms,

Preferably, the unsatwrations of the olefinic groups Ry andlor R are in the ofs
cordigurating,

Preferably in the lubricating composition, the mass percentage of heavy
polyalphaclefings) is at feast 10% and the mass perventage of fatty acld methyl
sster{s} is at least 6%,

According o an embodiment, the lulwieating composition comprises al least
30% by weight, preferentially at lsast 33%% by weighi, of at least one fatty acid
methyl ester of formula RyCOOCH, whersin Ry I8 2 mones di- or wi-unsaturated
olefinic group containing from 11 o 23, preferentially Hrom 15 0 19 atoms,
weforentially 17 carbon atowms.
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According o an embodiment, the lubricating composition comprises at least
45% -wewht, preforentially at least 50% by weight, of &t least one fatty scid
methyl ester of formula R&Q(}L‘%“ wherein R: 18 a mono-unsaturated olefinde
group contatning from 11 o 23, preferentially from 135 to 19 atoms, preferentially 17
carbon atems.

Preferably in the lubricaling composition, the mass percentage of lightweight
polvalphaclefinds) s at least 10% and the muass percemtage of the mixturs of
polymethacryiote(s) and Sty acid methyd oster{s) is at logst 60%.

Proferably, in the nbvicating composition, the rafio betweesn the mass
percentage of polymethacrylate(s) and the mass poreeitage of fanty soid seter{s) s
comprised between 0.8 and 1.2

According to an embodiment, the lubricant composition comprises at least
5% by weight, preferentially at least 90% by weighy, ever more preferentially s
feast 95% by weight, of oue or more fatty avid methy! exters of formula RCOOCH,,
wherein B iy & paraffinic or olefinie group containing fom 11 t0 23, ;mfw entially
from 13 to ¥ carbon atoms, based on the todel weight of fatty acid esters prosent iy
satd lulwicating composition,

According to an emabodiment, the lubricating composition comprises at least
T3% by weight, preforontially af least 80% by weight of at least one fatty seid methyl
ester of forraula RyCOOCH:, wherein Ry 15 8 mono- & or tri-unsatrated olefinic
group mmwmﬁg from 11 f0 23, preferentially from 15 10 19 atoms, preferentdally 17
carbon atoms, based on the twial weight of Sty acid osters prosent in sald hubrivating
composition,

According o an ambmi;imﬁm, the lubricating composition comprises at least
§3% by welght, preforentially al least 70% by weight of at least one fatty achd methyl
sater of formula RyCOOCH;, whersin Ry s 8 mono-unsanurated slefinic group

£

contaiming from 11 to 23, proforentially fom 13 o 19 atoms, preferentially 17
carbon atomy, based on the total weight of Sty acid exters present {n sald lubricating
composition,
Preferably, the unsaturations of the olefinic groups Ry andfor §o are in the ofs
configuration,
According to an embodiment, the hibricating composition comprises at mogst
13% by weight, preferentially at most 10% by weight, of seturated fatty acld osters,
based on the total weight of fatty acid esters prosent in said lubricating composition.
Agcording ©o an embodiment, in the lobricating composition, the mtie $/P
between the mass content of the sulfur element measured scconding o the ASTM
D2623 standand and the content of the phosphorus element mezasured according io
the ASTM DSTES standard fn sald lubricating compositions is comprised betwesn 3
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and 60, preferentially less than 39, preferentiafly lsss than 20, even wmors
preforentially loss than 1, or further comprised between 3 and 180,

According to an embodiment, the lubrivant composition has & VI as
measured aveording o the ASTM D270 standard, of greater than 250, preferentally
greater than 280, still more preferentially grester than 360,

Ancther aspect of the Invention relates to the wse of lubricating compositions

.'*)

for gear boxes ag desoribed above, it order to generate fuel savings of more than 136,

&

prefeventially more thas 2.5%, measweed under standard conditions of the NEDC &
aceording 1o the :i.ire«;‘.-tiva EEC $0/CELGT setting national upper smission Hmits i“
cortain atmosphenie polutants “Emdssion test oyeles for the cortification of E;ga duty
vehicles in Burope”, Brossels, 2001}, on motor vehicles equipped with manual or
auwtomatic gear boxes, or with automated manval goar boxes,

Preferably, the fusl saviags sre generated on light duty vebivle englnes,
preforentially hybeid vehicles.

A preforsmtial use relates to vehdcles equipped with a manual gear box or
autovated manual gear boxes,

Pinally, the present fnvention relates 0 the use of fatty acid methy! ester
bases containing at least 35% by weight, preforentially at loast 90%, and even more
preferentially at least 0% of fatty acid methyl ssters of formula ROCOCH,, whersin
R iy & parallinic or plefinie group contadning from 11 to 23, prefersutially from 1310
19 carbon atoms, with VI greater than 230, and with a kinematic viscosity at 1006°C
of leas than Toun®s, as a lubrloeting base for fornmulating gear box oils in order to
generate fuel savings of more than 196, preferemially more than 2.9%, measured
under the standard additions of the NEDC test according o the directive ERO
SHCRIAN O setting national upper emission lmils for coerialn atmospheric
pollatants {« Emission test oyeles for certification of lght duty vehicles in Burope »,
Hrusaels, 2001

Preferably, compositions sre wsed, which comprise at least 73% by wsight,

22

preferentially af least 8% by weight of at least one fatty xoid rethyl ester of formula
RyCORCH,, whereln By {5 2 mones di- or iri-unsaturated olefinic group containing
from 11 o 23, preferentially frova 153 te 19 atoms, preferentially 17 carkon atoms,

Preferably, compositions ars used which comprise at loast §5% by weight,
preferentially at least 70% by weight of at least one fatty acid methyl ester of formula
RyCOOCH,, wherein Ry is 2 mono-unsatasated olefinic group comdaining from 11 {o
23, preferentially from 15t 19 atorns, preferemtially 17 carbon atoms,

Preferably, compositions are wed whereln the nosaturations of the olefinie
groups K, andfor By are In the ol configuration.

Detatled desceription of the mventiony
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The lubricant con qmsii'iﬂns aceording o the invention are compositions for
transissions, more particniarty for gear boxes, with which significant foel savings
may be made on velicles, in particular on light duty vehicles, notably hybrd
vehicles,

These fuel savings sre measured by submitting 8 power train 1o the test bench
or an sctual vehicle 1o an NEDIC model oyele, {also designated as ECEEUDC cyele)
according to the directive EEC SG/UEH01 O setting national upper emission Hmits
for certain atmospheric pothstants {Hotssion teat eyeles for the certification of light
duty vehicles in Europe™) Brussels, 2001

These performances are strongly correlated with thelr low Kinematic

o~

viscosity, notably thelr Kinernatic visoosity at /°C (represemtative of the operating
temperatee on short frips), whach s of the order of 20 to 25mnd®s, measured
according o te ASTM D448 standard.

For considerations on protecting mechaics! parts, the oils according to the

invention have a kinpmatic viscosity at 100°C imposed by the manufacturers
comprised between 5.5 and Tromn¥s, prefeventially between & and Trun®s, even more
prefeventially between § and 6.7mmh, measured according to the ASTM D43
standard.

Thus, the oils asccording to the invention should, in order to ensure thelr
protective role for mechadeal parts while generating foel savings, have high Vis
{ASTM 23703, groater than 250, preforentially greater than 280, even more
preferentially greater than 300, or of the order of 320 and more.

For this purpose, these oily according to the invention are formudated fom
fubricant bases of the Taity acid methyl ester type with a ‘fnm V1 {groater than 2503,
and with a kinematic viscosity at 100°C of less than Tmm¥s, such as those described
hereafter, contbined with heavy PAUs, or else with Hghtweight PAOs in association
with PMAs, andfor optionally certain other compounds known to one skilled in the
axrt g8 thickening additives,

In particular, the oils according to the invention contain at least 30% by
weight of gt least one Tty actd methyl ester of formula RCOOCH:, wherein R ix a
paraffinic or olefinic group containing from 11 o 23, preferemially fom 13 v 19
carbon atoms. With {his mintmom comtent # i possible {o reach the high Vis and the
low viscosity dering operation genersting the fuel-saving effect,

The oils avcording fo the tnvention may comain at least 35, at least 50, or
farther at least 88, 70, or 30% of such fatty scid methyl esters. |t should be noted that
very high contents of such esters, beyond 70% by weight, or beyond 0% by weight,
may have an unfavorable offect on the level of insoluble materials formed during the
ageing of the oil,
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Thix is why their content will generally be comprised between 30 and S0%, or
further between 30 and 70%. In the alternatives containing lightweight PAO in
combinatinn with PMA, their content will generally be comprised bobween 30 and
3%, or further between 30 and 40%

Preferemtially, the m;{émﬁiv f&tﬁ\,‘“ acid  methyl eslery are of Hrnda
RCOOGCH;, wherein K i & mono- di- or funsaturated olefinie group containing
from 11 o 23, prefersntially from 15 1o 19 atoms, proferentially 17 carbon atoms
The lubricating compositions for gear boxes sccording to the invention preferentially
contain gt least 20% by weight, preferentially ot least 25% by welght of such esters.

Still more prefersatially, the majorily fatty acid metd esters arve of formula
RoCOOCH;, wherein Ry is & mono-wnsatueated olefinde group comtaining from 1 to
23, preferenmtially fromy I8 w0 19 stoms, preforestially 17 cachon atoms. The
fubriceling compositions for gear boxes sccording fo the invention preferentially
contain af least 2096 by welght of such exters.

All these esters preferentially stem frow fatty acid methyl oster bases as
described balow.

The base system of the lubrioants acoording 1o the present invention may also
be completed with other bases, tnsofar that the VI of sald hubricating ump(mmms is
greater than 250, preferentially greater than 280, sl further preferentially great
than 300 or of the order of 320 and more, and the kinematic viscosity a1 100°C ssi‘
said tubricating compositions is comprised between 5.5 and 7mum®s, preferentially
between 6 and 8 Smmds,

°

These other bases may be bases of mineral, synthetic or natwral origin,
However, preferentially, no base containing fatty acid esters other than the fatty acid
methe! oster bases deseribed below will be ussd.

Fatty acid methyl sxter hases

The bases sadd to be of the fatty acid ester type, used in the formulation of
hubricants according to the nvention, hers designated by “fatty actd methyl ester
basey™ are in fact faity acid ester mixtures, comprising at least 859 by weight,
p’;‘e'%n‘:r;tia}éy at least %0% or av least 5296, preferentially at least 95%%, still mose
preferentially at feast B8%% or further at least 39% by weight of fatly acid m ‘%;}-*i
eaters, of forrmula RCOOCH;, whereln B is & paraffinie or slefinie group comaining
from 1o 23, preforentially from 13 to 19 carbon atoms.

The faty acld methyl ester bases used in the lubricants according to the
invention are also preferentially and practically free of impuritics of the ethyl ester
type or more generally of aloohol esters Including 2 carbon atoms oy mors.

They are also practically free of monos di- or ti-ghveerddes, or further of

compounds of the sterol {vitamin E) type, or tecopherols,

TIRIRE
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Such impurities way indeed have an impact on the viscosity level and the VI
of the exter bases, notably leading o lower values of V1 than desived (Vis of loss than
a50%

Thus, the tolgd confents of sueh impurities will be less than 3% by mass,
preferentially less than 10%, or 8% or 5% by nasy in the ester bases osed for
fonmulating the lubrioands sccording to the invention, stil furder preferentiadly luss
than J% or less than 1% by mass,

These fatty ackd wethyl ester bases preferentially contain at least 70% by
weight, preferantially at Ieast 75%, still more preferentially at loast 80% by wms;hi of
at Jeast one fanty actd methy! ester of formula By COOCH,, wherein Ry 15 a mono- i
& nti~umamm.tﬁd olefinie group containing from 11 to 23, preforentially fom 15
I8 atoms, prefeventially 17 carbon atoms.

Preferentially, these fatty scid methyl ester buses contain a feast 85% by
weight, proferentially at least T0% by weight of at least one fanty scld methy! ester of
formula RyCOQCH,, whersin Ry Iy & mono-unsaturated olefinic group containing
from 11 1o 23, proforentindly fron 15 to 19 atoms, preferentially 17 carbon stoms,

Preferably, the average chadn length of the ity acide making op the esters of
sard bases 15 cornprised between 17 and 15,

fn these faity acid methyl ester bases, the unsatuwration(s) of the groups Ry
andfor Ry aee prefercutially in the ofs form.

The “els™ configuration designates the “boat”™ form, where both hydrogens
ave on the same side of the double bond C=C, the “irans” configuration designates
the chair foum,

The iy or sans configurs tie;m of s&fé monc-unsaturated falty acid methyl

sters affects the technical characteristice. A ¢fs double bond generates & bend in the
carbors chaty while the frans double ”i hond rather has an exiended structure.

The unsaturated fatty acids ave prosent in muadority in their “ois” form in the
natural state. The “raee ™ form is present in the natural state in an amount froem about
2o 8% by weight fn rdlk fats, o an amount of about 4.5% by mass in beef and
matton meat fats. However it s obtadned in majority during industrial processes for
hydrogenating poly-unsaturated fatty chains present in certain oils,

Preferentially, these Bty acid methy! ester bases contain loss than 5% by

weight, of unsaturated Rty acld methy! eders having & least one unsahuration of

their olefinie chain in the rany form (hereafier “frany unsaturated fatty acid misthyl

esters™),

The faty ackd esters may be obladned from fatty acids themselves stemming
from natural resources or sloe from synthetic fatty acids, obtained for example fom
potroleun: cuiy,
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By fatty acids ave designated here mono-aclds with a Haewr hydrocarbon

chain including from § 10 24 carbon atoms. They may be sulurated, mono-
unsatwratad of poly-unsaturated. The fatly acids from natural rescurces nclade an

even numnber of carbon atoms.

These are for example methy! ssters of palmitolete acid (16<1}, olsic acid {I1%-
1}, Hnoleie acid {182}, Inolenic acid (18-3), elcasenoic acid (20-1), eruvie acid (32
13 or nervonic actd (24-1). Olete acld methy! ester is more preferred (18-1)

Among the iam acid methyl esters above, in particular those of palmitnleic

v

acld (16-1}, olele acid (18-1), and Huolele acid (18-2) will be preferred as maenty

A

compounds. Glele acid methy! ester i more preferred.

They are for example present in vegeteble oils as triglyveerides, or glveerol
wiesters. Hydrolysis of the trighyeerides loads to the corresponding fatty acids and to
glyeerol, Methyl esters are obtained by esterification of the fatty acids or divectly by
transesterifioation of the otls with methanal.

As natural off, mention may be nade of copraly, palm, olive, groundnut,
rapeseed and sunflowsr oils, sither conventional or genstically wodified o as ©
enrich thelr olele actd content (oloic rapesesd and sunflower), sova bean, cotton, heef
sallow ails...

Prefoventially, the fatty scid methy! ester basse used in the invention are of
natial origin, particulady of plart off origin, for example obtained from pain, olive,
groundout off or from conventional or oleie rapeseed or sunflower ¢ls.

The bases of the Buty acid methyl ester type used in the fnvention typically
have a kinematic viscosity at 100°C, as moaswred by ARTM D44S, comprised
tetween 1.5 and 10mun™s, preforentially between 1.5 and Tmm¥s, and a VI (ASTM
22707 of the order of 230 1o 400,

The VI of these ba:*em typicatly grester than 280, preferentially greater than
288, or Durther greater than 300, or of the order of 320 and above.

They are used as a lobricating base in the compositions according to the
present invention, and tepresent at least 30% by weight of the finished Iubricant,
preferentially at feast 35% by weight. They muy be present up o contents of the
order of at Jeast 30%, or 0%, or T0%, or even at least B0% by weight based on the

total weight of lubricant.

X

The lobricants according o the lovention, formulated with fatty acid methyd
ester bases with 2 high V1 as desoribed above, exhibit excellent results in fuel savings
when they are for example nsed as an ofl for & gear box,

They also have very good thermal stability, as measured during tests of the

GFCT-021-A-80 type, when bubbling of air is replaced with nitrogen bubbling.

M AN g T
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Iy order to avold any ambigudty, it is specified that the minimuom ameant of
30% of fally scid methyl esters present fn the compositions acconding to the
invention, and the mintmwn ameunt of 8536 of fatty acld methy! osters present in the
bases of the fatty acid methyl ester type deseribed above, do not take inte accout
any possible esters in the form of sulfur-containing, phosphorus-containing or
phosphorus-sutfr conpoonds which are known as ati-wear and exireme presswgs
agents.

These amounts also do not take into ascount possible borate esters known as
friction modifving additives,

Polvalphaalefins snd PMA:

Heavy pelvalphaclefins:

it

The polyalphaciefins used tn the lnbricating compositions according to the
present invention are sald 1o be heavy or viscosity polyvalphanlefins. By mixing them

& Y

with esters and optiopally PMA, described above, # is possible to atialn in the

fubrivating compositions acverding o the lovention, the desired viscosily targs

=

{(betwesn 3.5 and Toumds, preforemtially betwesn & and Tmm¥s, still more
proferentially between 6 and & Tran®™s &t 100°0), withow degrading the VI which

~4

remaing greater than 250,

The compounds of the “heavy™ polyaiphaciefin (PAD) tvpe or “viscasty™
palvalphaclefin type sntering the composition according to the invention are sslected
from PAQOs with a kinematic viscosity st 10070 messured according to ASTM D443
comprised between 40 and 3,000m™, prefercatially comprised between 150 and

1,500, preferentially between 300 and 1,200mum¥s.

£

i3

Thelr molecular mass by weight Mw is greater than 2,500 daltons, typically

w3

of the order of 4,000 to 50,000 approximately.

Thelr vumber average molecular mase Mo is gmsﬁa—:r than 2,500 daltons,
typically comprised between 1000 and 20,000, preferentially between 3,000 and
1,000, proferentially betwesn 3,008 and 7040

Their polydispersity index Mw/Mn is of the order of 1.1 to § and more.

These polyalphaclefing are for cxample olained from monomers such as
octens, decene, dodeeene, tetradecene, hexadecens, sfo,, alone or a3 a mixtare with
ather olefing

They moay be used alons or as 8 mixturs in the mmpssitiam cording W the
invention, and represent at least 1096 by weight of said compositions. Their mass
percertage 1§ preferably losy then 30% by wmgh{ i sald compositions, in order 1o
avend solubility constraints of the additives or oo high viscosity constraints. In other
words, the mass poreentage of heavy polvalphaolefine will be suffictently high in
arder o give the compositions the required viscosity, but should remadn within

TLAEBEAEN
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certain Hmits du order to svold leading to too viscous compositions or generating
solobility problems of the additives,

it i typieally comprised between 10 and 25%, or 10 and 20% by weight or
between 15 and 25% by weight or between 10 and 18% by weight, preferentially
between 15 and 18% by weight of the iuhrxc:zmm fw a gear box acmrémg to the
invention,

Preferably, when the lubricating compositions for gear boxes according to the
imvention contain heavy PAGH as desertbed above, the porcentage of fatty acid
methy! esters of formula RCOOCH,, whersin R i 2 paraffinic or olefinic group
coraining from 11 to 23, preferentially from 13 o 1% cobon atoms, in said
composifions, is greater than 60%

Preferentially, they then contain at least 30% by weight, preferentially at lsast
353% by weight of at least one ffty acid methyl ester of formula RyCOOCH,,
wherein R; is 2 moue-, di- or tet-uosaturated olefinic group containing from 11 0 23,
preferentially from 13 to 19 atoms, preforpntially 17 carbon atoms.

St more pmi'ammzaii}', they then comfain af least 43% by weight,
preferentially af least 30% by weight of at least one fatty acid methyl ester of formula
RpCOQCH;, whersin Ry is 8 mono-unsaturated olsfinic group contalning from 11 1o
23, preferentially from 15810 19 sfoms, preferentially 17 carbon atoms.

PMA and lightweight pobvalphaclefing

The compositions acoprding 1o the invention may be formmlated with
signifivant levels of vnsaturated fatty actd methy! oster base (50% by weight of the
base, or even 60, 70% and beyond, which respectively corresponds to percentages of
unsatorated OOy, preferentially Cie-Uas preferentially Chs fatty acid methyl esters,
of the order of 33% of 35%, 45% or 50% or more based on the total weight of
fubricant).

This being the vase, these compositions bave the drawback of not heing
compaiible with all the grades of elastomeric gaskets, notably those of the serylate
and fnoroelastomer type.

For fi';iss purpose, in g variant of the Invention, & portion of the anount of ester
base used s substituted in order to replace # with one or mors compounds of the
polymethacryiate type (PMA), which are compounds well-known to ons skilled in
the art, notably pecurring as thickening polymers in lubricating formulations.

The FMAs of the present invention have a kinematic viscosity gt 100°C,
messirsd according o the ASTM D443 standard, preferably of lees than S00mm¥fs,
or stilf loss than 250mm®s or funther of the order of 200mm™s.
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Freferentially, the mass mmmmvﬁ‘ of PMA will be sciected so that the
mixture of fatty acid methyl estor and of FMA represents at least 80% by weight in
the fubricants aceording to the invention.

Prefersntially, the mass percentage of PMA will substantially be eguivalent to

3

that of fatty acid wmethyl esters, feo the ratio between the mass percentage of
polymethaeryiateds) and the mase porcendage of faty acid ester(s) I8 comprised
between 0.8 and 1.2

The additton of these PMAs does not notably degrade the VI of the
commpositions according to the invention,

i order to faciitate thelr mixing in a lubricating composition, commeraial
polymethacrylates appesr a8 compounds mnsif‘tin@ of polymer in predilution base
oil. Said polymethacrylate compounds thus consist of 30 to 60% by weight, typically
(%% by weight of polymer (active materiall, in the ;*}rf:{is}'ﬁ:im ol

The mass peroentages of PMA mentioned in the present description refer to
the percentage of compound formed by the polymer mixtuee (active material) plus
the predilution oil.

The PMAs ueed in the pompositions according to the fnvention have a rather
low molecular mass by weight, of loss than 30,000 daltons. Thefr tncorporation
however forces incorporation of & co~solvent, with which i will be alse possible to
observe the kinematic viscosity target ab 100°C comprised between 5.5 and Ton¥ls
and 1o improve compatibility with the elastomers for the Tubricants according to the
nvenRtion.

This co-solvent should not sither degrade the VI of the compositions,

Thus, I vardants of the invention comprising FMAs, lightweight
polyalphasiefing PAQ are invorporated &8 8 so-solvent of sadd PRMAs.

The PMAs as described sbove are thickening additives well-knows 1o one
skilled in the ant, the role of which is to increase hot aud cold viscosity alike.

I w variant of the invention, one or several other thickening additives also
known to cne skilled in the ant are used @3 an altemative fo these PMAs, In
combination with the Hgloweight pobvalphaclefing described hereaffer ss #
co-solvent. These other thickening additves may be nsed alone or as & mixtare, and
optionally as & mixture with the PMAs, exactly under the same conditions as with the
FhiAs,

These other thickeners will be selected for their high VI {grester than 200,
preferentially gromter than 258, or further groater than 280, or further grester than
304, -prere;‘ermm?.\f of the order of 320 or more), and for their shear resistance adapted
to & gse in lubricants for 8 gear bax,

TidERgsey
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t i3 thus possible to use, in order to substitute a portion of the ester hass
amount wsed in the compositiony sceording to the invention, polvalphaclefin
(PAQYethylene copalymers, such as for example LUCANT® marketed by Mitsud, or
ethylene-propylene dimers (EPDM), such as for example TRILENE CF 80 marketed
by LYON Copolymers, or styrene-aoryvlate copolymers or dertvatives or copolymers
of PMA. Polyisobutenes (PIB} do not provide sufficlemt VI and OCP o
starpolyraees are not stable o shearing.

Some of these compounds, such as EFDM, appear ay liguid compoudy
almost exclusively consisting of polymerie active material (e, for example Trilene
dmost exclusively consists of EFDIM L

(ither ones appear as eompounds consisting of polymer {setive material) in

Ano

-

preditution base ol This is o '%xa:n;ﬁa the case of PAOVethyvlene copolymers,
B,

o

which consist of 30 to 88% by waight, typically 50% by weight of polymer (agtive
waterial) o the ;sm(iihsiim ol
When this is the case, the mass peroentages of thickeners mentioned in the
present deseription, refer o the percentage of compound formed by the polvmeric
mixture {(active material) plus the predifution ol
Preferentially, the mass porpertage of the thickeners, alone or as a mixture, or

s an opticnal mixture with the PMAs described above, will be selected 30 that the

S.\.'l

mixture of fatty acid methy! ester, of thickener(s), and of optionally FMA, represents
at loast 609 by weight in the hubricaniz sccording o the invention.

Preferentially, the mass percentage of the thickener(s), or of the mixture of
thickeners and FMA, will substantially be eguivalent to that of the fatty scid methy!
5Ty,

That i3 to say that the rafio between the mass ;}s:‘:rc-emaga of the thickener(s) or
of the mixture of thickeners and PMA, and the mass percentage of fatty acid ester(s)
is comprised betwesn 0.8 and 1.2,

Lightweipht PAQK;

AEARARERIRE

Like the heavy polyalphaslefing, lightweight polvalphaolefine wme for

example oblained from monomers sueh as octens, decene, dodecens, tetradecens,
hexadecens, ste., slone or ay & wixture with other olefins. They may also be ussed
alone or as a mixtwe in the compositions according ie the invention,

So-called Hghtweight PAOs have a kinematic viscosity at 100°C measured
according to the ASTM D445 standard, comprised between 1.5 and émum¥s,
preferentially less than Jrnds, of the order of 2mm¥s, a kKinematic viscosity at 4090

measured according o the AR } M D44S standard cmnpme’i between 4 aad 32mmds,

o @

prefersntially losy than Smny?

e

. of the order of Smm¥s, and & melecular mass by
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weight (obtained by gas chromatography) of less than 500, preferentially less than
300, typieally of the order of 290 or 283 Daltons.
They preferably represent at least 10% by weight of the fubricants for & gear

ey

box accovding o the nvention, Thelr mass percentage is proferably less than 30% by
welght in said lubricants, so as 1o avoid solubdlity constraints of the additives, In
other words, the mass percentage of Hgltweight polvalphaolefing will be sufficiently
high in order to solubilize the amounts of PMA (andfor other thickeners as deseribed
above} required for giving the compositions the required viscosity, but it should
remain within certain imils in order to avold the solubility problems of the additives.
Typieaily, their wass percentage is comprised between 10 and 25%, preferentially
hetween 15 and 25% by weight, ofthe o -s::m*gmsxtu'ms avcording to the mvention.

-~

Preferentially, the mass porcentage of lghtweight PADS o at feast 10% and
the mass percentage of PMA(Y) (andfor other thickeners described above) will be
selected so that the fatty acid methy! ester mixture with the PMA(S) and/or with the
sther thickeners as desoribed above, represents at least 80% by weight in the
lubricating compositions for gear boxes according to the hwention,

Stll more prefersutially, the mass percentage of PMALS) andior of other
thickener(s) as described above, will be substantially equivalent to that of fatty scid

methy! esters, Le. the ratio between the mass percentage of polymethaerviate{e) and

the mass percentage of fatty sold ester(s) is comprised batween 0.8 and 1.2

The thereby formulated compositions according to the lnvention, with fatty
aeid methyl ester bases, with PMA and lghtweight PAD, have less aggrossivenses
than the aliernatives only containing methy! ester and heavy PAQ, during dynamic

tests conducted on gaskets of various grades. In partionlar, less change in volume and
fess detertoration of the mechanical properties are observed on Huoroslastomer

Morgover, an almost complete absence of insoluble materialy was noticed for
the oils according to the invention contalning PMA and lightweight PAQ, after
oxidation tests GFCT-021-4-80 at 160°C, which is a significant improvement as
compared with the other variant.,

When thermal ageing tests are carried nut, under the conditions of GECT-
G1-A-80, at 160°C, and by replacing alr bubbling with nitrogen bubbling, initial
thickening is seey, probebly due o a fransesterification phenomenon between the
FMA and the methyl ester, and then subsequent stability of the product,

Qther base oils;

The lubricating compositions according to the nvention mayv contain as

tubricating bases, in addition to the faity acid methyl esters described above, in
combination with heavy PAOs or lightweight PAOs and PMAs, any type of lobricant
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bases known o ope skilled in the art, inscfar that the VI of said lubricating
compositions s grester than 2580, preforemiially prester than 280, still more
preforentially groster than 300, or of the order of 328 and more, and the kinematic
viseosity at 100°0 of sald lubricating compositions Is comprised between .5 and
Foan®s, Thess base oils may be of minerad, synthetie or natural origin

The mineral base oile may inchude any types of base obiadned by atmospheric
and i vocwe distillation of corude oil, followed by refining operations such @
extraction with a solven, deasphalting, dewaxing with a solvent, hydrotreatmen,

>

vdrocrackmg and hydroisamerization, hydrofinishing

Syathetic base oils may invlude oils belonging 1o the groups IV, V and Vi of
the APD classifiostion,  including  polyalphaciefins,  pelyv{imtornal  olefing),
allcylaromatios, alkvibenzene, alkvinaphthalenes, estors, diesiers, polyol esters such
as pentasrythritol esters, alphaclefin oligomers and ester oligomers, polyalkylens
ghveals.

Preferentially, no base contpining fatty acid esters other than the bases of the
fatty acid methyvl ester iype deseribed above will be gesd

Viscosity and Vi of the oils ascording to the lnvention,

The nils according o the invention are characierized by a very high VI Thelr
¥, measored according to the ASTM 2370 stendard, s grester than 234,
preferentially greater than 280, or further greater than 300, or Awther of the order of
320 sud more.

They are also characterized by low viscosity al operating temperatures
{viscosity values at the temperatiurs of use, value of the temperatures of use), and &
kinematic viscosity at 100°C, KVI00, measwed according to the ASTM D4g3s
standdard, comprised betwesn 5.3 and Tmm®s, preforentially compuised between §
and & Saun¥s

The viscosity behavier of the lubwicants is determined by the bases and the
thickening and VI modifier addifives used in thelr formulation.

In partivular, 3t s tmportant In order 1o atlain very high V1 values of the oils
according to the invention, that the mono-unsaturated fatty actd methy] ester(s) used
themsehves have a very high VL

Now, the V1 of these wosaturated fany acld mothyl esters is strongly affected
by the presence of impuritiss, notably by the presence of esters of unsaturated fatty
actds and of aleobole other than wmethanol, for example sthanol, Conumercial futy
aeid methyl esters thus have Vis which may vary in a very largs range, as shown by
the VEvalues of commercial oleates below, extracted fom the Unichema catalog,

Methyl olente KV 10D S 18 Vi 320
{sopropyi oleate KV 100 28 Vi 231
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Isobutyl aleate KV 100 = 2.3 Vi= 229
Zeethyvihexyl
olgate KV 160 5= 2728 Y¥i= 1549

Amtiwear andlor extrems pressure additives

The lubricating compositions according to the present invention conigin at
feast one phosphorps-spifhr-containing, sulfiee or phosphorps-containing antbwear
arwdfor extreme pressure agent, preferentially present at contents comprized between

401 and 13%, ;.:sf&re;v:iaéi;s between .81 and 5% by weight based on the total
weight of lubricas.

The composittons aceording o the invertion proforentially contain both the
subfur clemeont and the phosphoras slement. Preferentially, they contain either af least
one phosphorus~containing additive and at least ong sulfw-containing additive, or at
teast one phosphorns-saifur additive.

The mass contents of the clement sulfur are typically of the order of 1 10 3
by weight (acconding to the fﬁmuia.{ims and the goals) and the phosphonus contents

of the order of 500 1o 3,000 ppm (scconding to the formulations and the goals),
Phosphornus-sulfir antiwesr and extrame pressnre additives,

Phosphoros-snlftr sntfwerr and extroms presswee additives used in the
present investion are for example and in 8 non-Hmibiing way, thiophosphoric acid,
thinphosphorous ackd, osters of these aclds, salis and dithiophosphates, particularly
sine dithophosphaies,

As exampies of phosphorus-sulfur antiwear and exirenss pressues additives,
wention may bo made of those which telude 1 o 3 sulfir atoms, such ag

monobutylibiophosphate,  moncoctylthiophosphate,  monclawylihiophosphate,

dibutyb-thiophosphate, dilaurylithiophoaphate, tribuiylthiophosphate,
trinetythiophosphats, triphenyittophoespate, trilauevivhiophosphate,
monobutyliinophosplite, mienooctyithiophite, monolawryltiiophosphite,
dibnstvithiophosphite, dilmarvi-thiophosphite, tibutylthiophosphite,

trinctyithiophosphite, trig}henﬁi}mphos‘ tte, tilanrylthiophosphite and their salis,
Examples of salts of the esters of thiophosphoric scid and of thiophosphorous

acid are those obtained by reaction with 8 nittogen-contalning compound such as
L

gnmonia o an amine or with zine oxide or sine chloride,
Fhosphorus-containing ativear and extreme pressure additives,

The hubricating compositions according 1o the present invention may alo
contain phosphorus-containing antiwear and extreme pressure addittves, sach as for
example alkyl ;mc«sp%zates or alkyl phosphonates, phosphoric acid, phosphorons acid,
mone-, di- and wwi-esters of phosphorous acid and of phosphorie acld and thelr salts.

Sulfur-containing antivesr and exireme pressurs addisives.
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Mention may for example be made of sulfur-containing antiwear and extrems
pressure additives, of dithincgrhamates, thiadiaroles and benzothisroles, sulfue-
eontaning olefing

The most curent suifnecontaining olefing are further called SIRs, for
“Sulfurized IsoButylones™ These sulfur-conaining olefins are generally oluained by
a sulfurization maction of clofing with sulfie, hydrogen sulfide or alkaline metad

sulfide hydrates, for example sodinm salfide.

Cortadn particalar sulfurcontaining olefing may be obtained by catalyte

methods, for example by reaction of bydrogen sulfide with ischutylene in the

«

B»A

presence of & catalyst. These methods lead to purer products, with s better defined
styucturs, having # higher sulfur content (ASTM D622} and a gonerally lower sctive
sutfur content (ASTM D-1862) than currently nsed SiBs,

8P ratin.

In the lubricating compositions for tranam ;*«xmm the sulfur content of the
base ail or of the base oil mixture, as well as the respective amounts of phosphorus-
sulfir, phosphorus-containing, and szﬁﬁzr»smﬁaﬁ'ﬁng exirgrue prossure additives,
notably sulfip-comtaining olefing, are generally selected so that sald compositions
have a ratio between thelr sulfiy slement content, as measured by the ASTM D822
standard and thely phosphorus cloment content, as mosswred by the ASTM DSIRS
standard, Lo B/F, at}mjgmxad between 3 and 86,

The transmission lubricants having & ratio 8P greater than 30 are penerally
products of the “cconomical” type with a very low additive treatment lovel and
recuced phosphorus contents,

Mixed prodocts for gear boxes and driving axies gensrally have an §/P value

Sy

3 AN

comprised between 20 and 30, preferentially close to 20, which corresponds to
minimizing the amount of sulfur for improving compatibility with syncloomeshes,

The products having a ratio of less than 20 are intended for gear boxes rather
than for deiving axles.

The lubricating compositions according to the present invention have an S/
ratio a3 defined above, comprised between 3 and 60, or further botween 5 and 80,
move preferentially less than 30, preferentially lese than 20, sl more ;31*&1‘“&;‘&;}&%.&&”3*
ieas than 1S orthan 10,

Other addidves,

The lubricating compositions according to the tnvention may alse contain any
types of additives adapted to thelr use, known to one skilled in the art for their use in
formulations of oils for transmissions, for example one or several additives selectod
from ficton modifier additives, antioxidant &mizm' es {for example amine

LEABEIGN
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antioxidants), corrosion inhbibltors, mesem at the uwsual levels reguired for the
apphication.
Friction modifien,

Friction medifier additives allow Himitation of friction under Umiting o
mixed lubrication conditions by forming monolayvers adsorbed on the surfaces of
metalsy the fatty acid wethyl esters wsed as & base in the lubricants according to the
frvention have thiy property. However, when they wee used as friction modifler
addittves in iuhrica‘img compositions, thelr mass percentege Is less than (0%,
generally comprised betwesn .01 and 5% by weight based on the total weight of the
fulricating compaosition.

Said lebricants according to the invention may further contaln, as friction
modifiers, molecules such as fatty acids, fatty aminey, sither sthoxyiated or not, fatty
acids, amides obtained from fatty acids and amiines, or further succinimides femed
by reaction of aliphatic succinie acids and primary amines, imidavoles, tertiary
amtines,  aliphatic  phosphonates,  phosphates,  thiophosphonates,  aliphatie
thiophosphotes, orpanie derbvatives of molybdenum,

The aliphatic chains of these compounds penerally have a minimum of §
carbon atoms,

Other  friction modifisr additives may  contain  combinations of di
hydroxyalkylamises, N-substituted with an aliphatic group having about 14 io 20
carbon atoms, optionally combined with trimethylene dimmines, having at least one
aliphatic N-substituert, or with imidazeles Nesubstitoted with aliphatic hydroxvalkyl
RTOUDS,

These compounds may preforentially be present at levels comprised betwesn
0.01%% and 10% by weaight in the lubricants according to the present fnvention,

Pour poit depressants,

The compositions sccording fo the wention may contain one or more
additives of 3 powr point depressant additive. For example these may be
polvacrylates, ethybviny! acotates, ethyvlens copolymers, condensstion derivatives of
naphthalene

These additives may typically be present In an amount fom 0.1 o 2% by
weight.

Anticorrosion agents and sopper-nassivatiog agemis,

These are for example compounds such as ;mivzszmutem: succinie anhvdrides,
sulfonates, thiadiazeles, mereaptobenzothiazole. They are typieally present in the
lobricating compositions according 1o the Invention &t im‘ﬁ}s comprised between 4,01

X
S

and 198 by weight
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The otls scoording fo the nvention may also contain all types of additives
sujtable for their use, and notably:
® defergents such as for example calcium, sodivm, magnestum,
barium sulfonates, salicylates, present at levels comprised betwesn § and 5% by
weight,
® dispersants such as derivatives of polyisobutyiene sucoinic
anhydride, between O and 5%,
® antingidants, which may for example be amine antioxidams
{octadiphenylanvines, phonybalpba-naphthyl amines, ee) phenclic antioxidants
{BHT and derivatives), sulfur-containing antioxidants (sulfurized phenates),
The present invention also refates to the use of the ubricating compositions

o

for gear boxes as described above for gensrating fuel savings of more than 1%,
preferentially more than 2.5%, as measured under the standard conditions of the
NEDC test according to the DHrective EEC SU/CR1/0T setting the national upper
emission limits for certain atmespheric pollutants “Bmission test oyeles for the
certification of light duty ‘s,-'a;zhic,‘aas in E.nm;}e” Brussels, 2001}, on motor vehigles.
The compositions according to the invention are particelarly sulteble for
generating fuel savings on lght d m‘y gasoline or divscl vehicles, or equipped with a

P

hybrid electric motor,

Indesd, in the operation of a hybrid motor, the kinetic energy is repoversd and
accpmudated during braking for ;sub\cqucm restovation. The gear box oil thevefore
has an all the more significant impact on fushsavings gonerated in such a vehicle
sinee the goar box 1s also actusted in demism{mn phases.

Another aspect of the invention also relates {o the tse of bases of the fatly
acid methyl ester type as deseribed above as a lobricating base for formmlating oils
for gear boxes generating fuel savings of more than 19, preferentially more than
2.5%, measwred onder the standard conditions of the NEDU test according o the
Directive BEC SU/CRLOL setiing the nationsl upper emission lmits for cetain
atmospherde pollutants {« Emission test waiv\ for the certification of light daty
vehicle in Burope », Brussels, 20013 These bases are profecentially nsed at lovels of
al least 30% by weight of the finished lubricant, preiemmzaiiv at least 358% by
weight. They may be pressnt up to levels of the order of at least 530%, or 60%, or
TO%, or even at loast 80% by welght based on the total lubricant weight.

Example 1 Preparation of Inbricating compositions

Lubricating compositions according 1o the invention {oils A and B} are
B
prepared, comprising al least 38% by weight of a lubwicating base consisti ing in

majority of unsaturated fatty acid methy! esters, and the characteristios of which are

------
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aet out in Table 1. The percentages srs mass percentages based on the total welght of

lnbricant,
Tabde 10 hase of unsaturated fatty acld methyl esters, | Base of fatty acid methyl

SSters

Fatty acid methy! esters {(EN 14103

Content of methyl esters of Cip-Cas Sty acids {g/100g of 83,2

base, aos Qrdms o d&sf F’\ 141683 standard;

Saturated methyl ester content, (g/100g of base, according to 9.2

the EN 143 i}"‘ standard)

Content of methyl esters of mono-, dis, iri- ‘mg:;twats;:{i ¢is 0.6

Cie~Cas acgdb, {g/100g of base, sccording to the BN 14103

standard}

Coutent of mothy! esters of mono-unsaturated ofs CigeCan 731

acids, (21000 of base, according o the BN 14102 standard)

\ixﬁwi oleate content {g/100g of base, according to the EN 64.9
§41{m m&ﬂdd&u

Free glyecerol "giEUUg of b&se} < (LO0S
Monoglyeerides {(g/1lg of base) <0005
Diglycerides (g/100g of base) 0.01
Triglyoerides {gA90g of base) Q.08
Total glycerol {g/100g of base} 0411
Average fatty acid chain length 177
KY 100 {ASTM 445, mmVs, 23
VE{ASTM DRI70 E 320

The heavy PAQ osed in ofl A is available under the commercial reforence
spectracyn 1000 from ExxouMobll Chemicals, having s kinematic viseosity at
THEC of 1,000mm¥s.

The light PAGD psed fn oil B is marketesd by Exxon Mobil Chemicals under
the reference SHEF-Z3, having a kinematic viscosity at 100°C of 1.8mun%s.

The polymethacrylate used in oil B is PAS 501 provided by Sanye Chemical,

The saditivation of the thereby prepared compositions according to the
invention Is a standard additivation of lubricams for a gear box. These compositions
comprise 9.3% by mass of the package for gears marketed by Lubrizol under the
reference 08 215497, and containing:

- & phosphorus-containing aotiwear agent,

~ & sulfur-containing exireme pressure agent,

- a corrosion inhibitor of the dimercaptanbenzothiadiazol type,

~ an amine antioxidan.

FLAZREY
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Table 2 groups the characteristics of the oils A and B according to the
invention. The todicated % are mass %6 based on the total weight of the hebricant.
Table 2: characteristics of the oils according to ' A B
the invention
Trade name Chermeal nature Function
QF 215467 {ear package BA% | RA3%
Sturaco TORRS Amine phosphate  [Priction modifier 0.5% | 05%
Fatty acid methyl ester base| Fatty acid methyl  Base 73.8% {1545%
PAS 501 PMA Rase ~ 34,8%
Spectracyn 100 Heavy FAO KV 100 Thickener & VI 16 -
1000 mum™s snhancer
PAD 2 SHF2Y Lightweight BAG, [Thickener & VI - 20
KVI0U L8 mm'ls  lenhancer
SM31 Antifoam » 0.08%
Yiscoplex 1256 PRI (standing for | 0.2% -
pour pmm
depressant)
TOTAL: 100% | 1060%
RV40, nun™/s (ASTM 1908 | 2149
D48}
KV 100, mm s {ASTM 653 | .51
D445
YI(ASTM D227y 323 291
RV 10 me {ASTM 118
D453
S {ASTM D2622 and 6.56 .58
ASTM DS18S respectivelyy

Example 2 NERC et

Meazurements of the heating-up of the operating oils and of fuel consumption

are conducted by subjecting @ test bench engine or that of an sctual vehicle to the

NEDC model oyele, (also desigrated as BOE EUDC) sccording to the directive BEC

SO/ACRIAT 01 setting national upper smission Hmits for certain atmossheris
L

pellotants ("Emission test cycles for the certifivation of Hght duty vehicles
Europe”, Brussels, 2001}, The characteristics of this engine cycle are set out
Fig. 1, which describss the imposed speed (in kavhour) versus time {in seconds),

the BECE 15 and BUDC cycles, respectively,

n
in
n

The NERC cycle corresponds to 4 ECE eyeles and one BUDC cyele: NEDC

=4 x BCE 15+ EUDC,

Table 2 below sumvmarizes the overall characteristics of this ovele,

representative of the average daily trips in Burope.
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Tabled: ECELS and BUDC eyales

Characteristies Uit ECE 18 I RULS
Tistange km dx1.013=4.082 68355
Duration 3 4x195=780 460
Average speed kvl 187, mehuding stop 82.6
Maximum spesd ket 56 120

This NEDC cycle is camied owt on an engine bench, which uses 2 gasoline
engine with a power of 88 kW, a manoal goar box and a Clemessy robot for changing
SORTS.

The reference ol (REF) iz g conunercial oil for » manual gear box used in
lightweight private vehicles, of grade 7AW, with a kinematic viscosity of fmm¥s
at 100°C and with a V1 of the ceder of 130, formulated with standard paraffivic hases
of Group I {essentially of the Sculvent Neutral 150 type).

Example 3; measurement of the heating-up of the oils during aperation

The inttial temperature of the oils is 23°C. The fingl temperature of the pear
box olls tested at the end of the test is set out in Table 4 below.

It is observed that the mils according to the invention A and B, formulated
swith af least 35% by mass of 2 fatty acid methy! ester type base, lead to heating-ups
which are muoch lower than those of the commercial reference. Bt i also soen that
doring tests simulating driving over rather short trips, representative of the average of
daily trips, the eperating temperature of the gear box oils i3 comprised between 40
and 50°C.

Tabls 4: rise In temperaturs of the eils during operation

A ) REF
Initial T (°0) 22 . 73
Final T 00 443 347 50
AT (50 224 22.7 28

Examople 4 measurement of fuel savings

The fuel consumption is celeulated acconding to the directive FEC 90/CR1/M
setting national upper emission Hmits for cortain atmospheric pollutants “Braission
st oyeles for the certification of Eig i duty vehicles in Burope”, Brussels, 2001) The
amount of gas emitted in the exhaust is measured and the fuel mass consumption is
thereby traced back.
The obtained results ave sef out in Table § below.

Table & Measurement of fuchesvings with the oils A B REF
sceording to the invention ‘ ‘
nitial teraperature °C 2280 228 220

TLAERS M
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Table & Messurerment of fuebsavings with the pile A B REF
acvording {o the lnvention
Final temperature after NERC, °C 23.3 228 280
Fuel savings/REF, after NERC R 2.5% 0%

{mass % of consuenption}

it is seen that significant fel savings are obtained with the oils A and B

¥

aceording to the invention. Hemting-up is also Hmited (§ 1o 6 degrees less than the
reference).

Moreover, duriag NEDC tests as deseribed above, but conducted on hybrid
vehicles of greater power, squipped with sutomatio gear boxes, these oils have

extubited fuel savings of the Qre;ier of 3%,

The hybrid vebicle used included an automatic mechanical gear box i order
1o apply 8 gear-change strategy spe ciﬁa o the a;.stimz;:‘.atma of hiybrid operation.

it should be noted that for automatic gear boxes, the divestive BEC SH/CR1G1
does not impose, Hke for nunual gesr boxes, points s‘:‘m* chianging gears. The lalter are

mang, ged i an optimized way by & computer. It is therefors diffienlt to compare
these {ast west resulis with the previous ones.

§§m\ ever, in operating a hybrid sngloe, slowing down (with energy recovery)
is perfornied for brakiog. Therefore it may reasonably be imagined that gear box ofl
therefore has an impact all the more significant on fued savings generated in such a
vehiele,

Example 5: correlation botween fuel savings and kinematic viscosity s140°C

Taking into accoundt the operating temperature conditions, fuel savings under
the conditions described above in Example 4 were measured for different goar box
atls, and these savings were corvslated with ‘:h(-)if Kinematie viscosity at 40°C,

The resulis are set out fn Table & bm{)w

Table & A B H LOS I & REF

KV 40, mmdfs IBHE L 24R L2660 | 2080 {3110 | 4800
Fuel savings/REF, after NEDC | 3% FERL I 0.8% | L% 0%
(ass %% of consumption) :

Table & convelation betwsen fuel sav mma and kinematic viscosity at 40°C.

The oils A and B are oils & ‘mimv 0 tiv‘ invertion, the characteristies of
which are setout in Table 2, and REF is the reforence for fuel consumption deseribed
abave,

The oit U is 8 gear bex oil hoving the same additivation as oils & and B, bat
formulated from wineral bages of group T and T with a VI of 160,

The oif & s ofl for 2 gear box formulated from bases of gronp I, KV 100 =
§.000mm¥s, VI of the order of 150

TIEANAIOM
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Ol H s simtlar to ofl O with & VI of 200,
{1t is seen that the achivved :‘Cm:% savings ave all the higher since the kinematic
H

viscosity at 405 in fow, with a gussi-linesr correlation,

Bxavople & level of lasoluble materiads in the oils aceording to the invention,

An oxidation test was conduted sccording to the GFCTO21-A90 standard,
at AR, on ails according fo the Invention, The oifs A and B are those for which the

characteristiog are set owt in Table 2. The resulls are st out in Table 7 below,

Table 7 A B

New ol

B4, muns, {908 21.49

RVI00, nun¥s. &.53 6,51

Ead of test '

KV, mm¥s, S4.85

KV 100, munfs, 14,02 1654
Irsolobles (mass %4} 83 .6

Table 7: oxidation tosts ap 1400C GPCTOR A8
Net swrprisingly, # 1\ seen that the ofls according to the invention poorly

resist o high tempersture oxidizing conditions, with a significant fnerease in their
kinematic viscosity, However, thelr leve! of Insolulde materials i low. In particular,
the oils B, formulated with fany sold methyl esters combined with PMAs and
Hghtweight PAGs, have an exeeptionally low Jevel of insoluble materials.

Example 7: thermal stability o the vils secording to the invention,

A thermal ageing test was oonducted on the oils A and B according to the
ivention. This test ia secomplished under the conditions of the standardized test
GPOT-021-A-80, at 160°0, but bubbling with nitrogen is substiruted for bubbling
with air so as to be ;;siacsfi under noteoxidizing conditions. This lack of oxvgen from
the air is representative of the confinement in which is placed the gear box oil &
operation, The time-dependent ci&m% in the Kingmatie viscosity at 100°C of the olls
A and B gecording to the Invention during the test Is copled into the Table 8 below:

Table 8 Time Chowrs) i A OB

Kinematio viscosity & fnew oib) #5.53 §.51

at 100 °C {mm®/s) 4 7.44 11.83
85 187 1237
136 .69 12.83
g 774 1343
188 .76 13.26
192 781 1341
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’I’aiﬁs & tme-dependent change of the kinenmatic viscosity at 100°C versus
g, thermal ageing test at 180°C,
it is seen that oil A Is very stable in temperature. For oil B, a significant injtial
inorease n viscosity is noticed, but the product remaings highly stable over time. The
level of insoluble materials measured for both oils is very low, 0.01 and 0,063,
respectively, after 200 hours of tes
(hl B therefore has the advantage of an exceptionally low inseluble material
level after the oxidation test, with one *i{imms,ge of the Initial thickening noticed
durim thernsal ageing tests.
Oil A, as for &, 1s very stable thermally, with very high levels of insoluble
waterials during oxidation tests,
The acid mumber passes from 3.5 6.3 for the ofl A, which shows very low
degradation of the fatty acid methyl ester hase,
The seid number passes from 3.7 to 2.1 for the oil B, which is not surprising
i B considersd that the initlal thickening phenomenon is due to 2
ransesterification veaction of the fatty acid methyl esters with the heavy alochols of
the PMA.
Example 8 measurenment of the operating Hfe time of the oils according to the

invention,
Aractual test was conducted on a running vebicle, & Peugsot 307, the manual
gear box of which s lubricated with the il B.
The viscosity of the oil representative of Hs ageing, the Jevels of certain metal
clements, representative of the wear of mechanical parts, as well as the level of
certain clements {miabiy Ca, dn, P, Mg, Mo, B, Ngi, were memured and their

presence gives the possibility of checking whether the additives of the ol are noy
degraded.

The results are set ovd in Table ¢ hereafter

In particalar, it i3 notied that the viscosity at 100 and at 40°C, has remained
constant to within errors of measurement,

In fact, a slight decrease of KV 100 iy observed: this is the effect of the

shearing during operation.

In particndar, no increase in viscosity due to an oxidetion problem of the oif iy
observed. The V1 also remains within valoes with whick an FE (Fuel Feo) effect may
be attained.

These excellent results are a prion related to moderate heating-up undergone
by oils during operation, and o the confinement of the oils in the gear boxes, which

Hrnits contact with oxygen of the air.
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The (P, (a, Znj clement comtent in the maln additives for gesr boxes
measured by HOF also remains constant 1o within errors of measurement,

A slight “increase” of thelr content is observed: this may he due
svaporation, but more likely due 1o the "natural” ancertainty of the measurements on
HCF under the follow-up conditions, as well as i the represemtativity of the sampling.

The observed wear levels are low and do not allow detection of any
abnormality in the protection of th members of the gear box by the lubricant.

The low acid number measured on the off after 30,000 km of & vehicle test
also allows the conclusion to by drawn on the absence of degradation of the esters

used as 2 lubwicating base.

Table § B {initiah) B {after 30,008 km vehicle
tosdy
{Hl
KV 40 °C Gam'/s, ASTM 2148 225
3445y
KV 10098 wnis, ARTM &.51 8.3
D4R
VI{ASTM D270 281 58
Additives
Caloium ppm 3480 3578
dine ppm 1649 1686
Phosphorus ppm 218G 2286
Wear
Fe ppm - 47
Pb ppm <16 4
O poym - 18
Snppm - <
Cr ppm - 1
Al ppra - &
Ni ppm - <1
Acid number 16
Table 9 time-dependent change of the physico-chenical paramet s and of

the slement contents of the il during operation,
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Srabadaim! igdnypontak

. Az ASTM D445 seabvdny szerint mért, 100%C-on 5,5 €5 7 mm¥fs k82t i~

-

nematikus viszkozitdel kendkészitmény sebessdgvaitdhoz, amaly magdban fogial
~ ey vagy Wbh foszfortarialmy, kéntartalmd vagy fossfo<kéntartalmi kopdsgdtld ésivagy

axtrém nyomasais adsidket,

~ legalabh 30 Wmegt legaldbd egy RUQOCH; képlatd zeirsav-matil-dsztert, ahol B jelents~
s 11-33 szdnatomes paraffine vagy olefincsoport,

I
i

~ vagy legaiabh egy olabh csoporthd! vilasziolt vegyiietel: az ASTM D443 sm&wny axes
rint mért, 100%C-on 90 &8 3,000 mm¥s kdztty Kinematikus viszkozitdss % 2,500
daltonndl nagyoblb molekuistdmegl nehdz poli{aifa-clefinek],

- vagy legaldbl egy aldbhd csoporthdt vilaszton vegylietat: ax ASTM DE4S srabwvény sze-
g mért, 100°C-on 1,5 &8 8§ oundfs kSOt kinematibus visrkonitdss, az ASTM
D45 spabvany srerint mért, 40%C-on 4 és 30 mur’fs kordtt kinematikug viszkozi-
tast, &5 500 dalton alettl molekulatémeqd kionyd poli(alfa-ole sfingk) kombindcidban
Sgy vagy thb 30,000 daltonndl kisebb molekulstémegd polimetakeiidt tpusd ve-
gyitlattal,

énymﬁt szenintl kendkészitmény, amely legaldbb 20 thmeg% leg-

Splatl zsirsav-mati-doztert tartalmaz, ahol B, jelentdse 1123 szén-
rEsen, kﬁtsz‘er@ism vagy hdromsrorosan telftetien olefincsoport

¢
]
e
b
4
@
@
&

3. Ax 1. vagy 2. génypont seerind ksnékégzi&ménm amely ipgalébb 20 tWmegts
tegaiabl egy RaO0QCH; képletdt ssirsav-metii-$sstert tartalmaz, shol B, ielentdee {1-23
szénatomos egvsrarasen telitetian §§afincmpm‘ix

&, A 2. vagy 3. igenypont szerintl kendkdsxitmény, ahol az Ry defvagy &, cso-
portekban az olefincsoportol telitetien kitésst dsz konfigurdcididak,

™

&. Ar -4, igdnypontok bérmelvike sperinti kendkdszitmdny, shol & nshér
polii{affa-olefin{ak]) Wmeg szézaldka legaldbb 10%, &5 ahol az REQOCH: kapletll zsivanv-
-mreti-észtar tmeg srdzaidha legaldbb 60%.

8. Az % ig€nypont szerintl kendhdészitmdny, amely logaldbb 50 Omegd% lag
alabh egy RyCOQCH; keépletl rsirsav-mstii-dartert tartalmaz, shol B, jelentdse 1123 széne
alomos sgyszeresen, kélszeresen vagy hiromszorosan teiftetien slefingsoport,

Fs Az 5. vagy 8. igénypont sserintl kendkészitmény, amsly logaldbb 45 t8megd
legaldbb egy RyUOOCH; kipletll zslrsav-meti-dsztert tartalmay, ahol &, jelentdse 11-23
seénatomos sgysrerasen taiitation olefincsopart,

8. Az 1-7. igdnvpontol bdrmeivike szerntl kendkésaitmény, amely 3 kendks-

seitményben 8vd zsirsav-észierek Ssszes Bmegdrs vonatkortatva legaldbh BS témeg%
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legalabb egy vagy bbb RUQOCH; képletd ssirsav-meti-dsztert tartalmez, shol 8 felentdse
3 szénatomos paraffin- vagy olefincsoport.

€. Az 1-8. igdnypontok barmelvike szerintl kenSkésziimény, azeal jellemezve,

PR

hogy 2 kén (8) dsszetevd, ASTM D2622 szabwvany srarint mért, $s a foszfor {P} Ssszetevd,

ASTH DEIRS szabvdny szerint mért, témen szerint tartalmdnak &/F ardnya a kendkészit-

menyekben, 3 ¢s 80 kzdit,
8. Az 1-9. igdnypontok barmuslyike szerint sebessdgualtdhor vald kendkdszit-

2

meny alkalmazasa az TEN S0/081/01 irdnyely sparinti NUEC teszt szabvinyos kiriimdnyei

gre

2Ot motores Armdveken meghatdrozott t8hh mint 1 % Jzemanvag megtakaritdsrs,

hasonlitve & kinnyd stameélygdpidrmivek manudlis sebességvaitéidhan alkalmazott

g

DA

&

e
7SWRO mindsdgdl, 100%C-on 8 mm¥s kinamatikus viszhozitis &5 158 viszkozitdsd indexd,
8z I csoportba tartord hagvomanyos alap parsffinokial =idaiiott olajjal,

1. IS

o~

Replets, ahol R islentdge 11423 szénat:‘{ms garaffin- vagy olefincsoport, alep metih

2

frsavak legaldbb 85 tOmeg®% 2sirsavematib-ésatert tartalmasd, RCDOCH,

f

~-é$ztera§ﬁa§~:‘s amalyek ASTM DRI70 szabvany szerint meért viszkozitds! indexs nagyobb,
mint 280, dx ASTM D448 gzabvdny sverint méart kinemattkus visskozitésa 100°C-on kisebh,

:

mint 7 mm%"g atkalmazdss slap kendanyvagkent sebessdgviltd olajok elballitésdra, amelysek
8hh mint 1 % iizemanyag msgtakaritdst eredményeznel ax EBK SO/CBL/01 iranvelyv sz~
riti NDEC teszt szabvdnyos kdrimdnpst k28t mérve, a kinoyd személvgépidrmivek
manudlis sebességvaiididben skalmazott PSWEG mindséall, 100%C-on 8 mmt'fs kinemati-
kus viszkozitasd és 150 visskoritdsd indexd;, az I ceoportba tartord hagyomdnyos alap pa-
raffinokikal aidaliitett olafial Ssszehasniva.

1. A 11 igénypory szerindi atkalmazas, abol a2 slap zsirsav-metii-dsaterak foge

B 78 témegth-ban legaldbh gy R UCOCH, képletd sirsav-mstil-dsztert tartalmaznak,
ahol By jelentése 11-23 szenatomes egysrevesen, kStszorasen vagy hdromszorosan telitets
tony alafingsoport.

% A 1 igdnypont searintl alkaimazds, shol ax alap ssirsav-metil-észterak lags
slabh 65 timegde-ban legaldhb egy RCOOCH; képletll roirsav-metii-dastert tartalrmaznak,
ahot R jelentdse 11-33 srénatomos sgyszerssen teitetien siefincsaport,

& =

4. A 1L, wvagy 120 inénypont szerint alkaimazds, ahol ax Ry ésfvagy Ry

LROnEr.

tokban az elefincsopariok telitetien kdtésel oisr konfiguradcidiliak.

A meghstaimazoll:

TIAIRG a8
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