WO 2004/ 074412 PCT/ EP2004/ 050150 - 1 LUBRICATING O L COWOSI TI ONS The
present invention relates to lubricating oil conpositions which suppress

t he formatj@ReRforahrdge and which have excel | ent st or agecwERdd/e30y50 | ow
friction properties, small pressure transm ssion |oss, |ow supply 5
pressure loss in pipe-work, and low flamuability. The "Law Concerning the
Rati onalisation of the Use of Energy" was enacted as a result of the Kyoto
Conference on the Prevention of dobal Warmng (COP3). Thus, for exanple,
some 3,500 factories world-w de have 10 been designated "C ass 1 Energy
Control Designated Factories" and energy conservation in factories and
busi nesses has proceeded. Since energy conservation also signifies a
reduction of costs the problemis being tackled positively at the present
time. 15 In Japan, it is thought that about 56% of all electrical power
consunption is accounted for by the use of 'electric notors. Hence,

- considerable energy conservation in the hydraulic systens which are used to
convert the electric notor outpubst@amist qaressedserioss 20 requi red. Hydraulic

systens are distinguished in that the "oil" which is the notive power
transmtting nmediumhas Jow conpressibility.and s it Ls Sssible to use
hi gher pressures and to ihn;,:grreifse The out pult tﬁi ?(11 respect’ ?glthe 25 wei ght

e
of a machi ne, and for “TEM 1 VAIGHE STER AT EHE ™ T4t °$ﬁé‘fdgf H&ddi vi si on,
concentration and spe€dc<kdnaty etcelipht theragptstyid  povelev clanctien achi eved easi |y,
such oils are w del yptgedibd) dmaduptédsate appbiicaichanrss, Y 28944 074412
PCT/ EP2004/ 05015Q; 2 m;ggmgyggggkhgpghghg Q@nggqggmmggg@ysl, publ i shed in
The "Law Concerning the Rationalisation of the Use
( of Energy" was enacted as a result of the Kyoto

Conference on the Prevention of Global Warming [(COP3}.

Thus, for example, some 3,500 factories world-wide have
10 been designated "Class 1 Energy Control Designatéd

Factories" and enerdy conservation in factories and

businesses has proceeded. Since energy ceonservation alse

signifies a reduction of costs the problem is being

tackled positively at the present time.
15 In Japan, it is thought that about 56% of all

electrical power consumption is accounted for by the use

of electric motors. Hence, considerable energy

conservation in the hydraulic systems which are used to

convert the electric motor output to oil pressure is
20 required.

Hydraulic systems are distinguished in that the

"pil" which is the metive power transmitting medium has

low compressibility and so it is possible to use higher

pressures and to increase the output with respect to the
25 weight of a machine, and for many reasons such as the

fact that the division, concentration and speed contrcl

of the motive power can be achieved easily, such oils are

widely used in industrial applications.



1985 by the Lubrication News Agency Co. Ltd., describes that the feed
pressure loss in hydraulic pipe-wrk based on the Bernoulli's theoremis

proportion g the density 5 of the oil both in a vacuuprpipsiodpshiid a
vent ed piﬁ§¢2&gp%g@f branch pipe or linked pipe. That isp?o say, the supply

pressure | oss can be reduced by reducing the density if the kinematic
viscosity and the pipe-work are the sanme, and it is also shown that at the
same time an 10 inprovenent in flowrate efficiency can be devised by
reduci ng the density. Moreover, since the supply pressure loss in hydraulic
pi pe-work is converted to heat and sound etc., it is suggested that the
generation of heat and noise are al so suppressed by reducing the 15
density. Since reduced friction also contributes to inproving energy
conservation, low friction properties to an extent where stick. slip does
not arise in steel-steel situations is Téquired. Punp design and size

greatly affect the efficien Q i aulic system Therefore, efforts
in industry have concen#?%ﬁ%ﬁa%ﬁﬁﬁafﬁgg%@§%%'5ﬁﬂ%%§TFW%FgW y:" Moreover, in
“oh

recent years progress’PoRarte érEmc fvs preass Gf edthasiepedhehade with a
view to increasing theat ¢ff fedaneyswt lhydialydgueiepgy-ioramgsedssi on and
reduci ng 25 the supploy fieesssilil 9SSeorkh tiRBhbiorci @seaLCHhRS: 9t focussed on
fluid properti es,ri oto_lgeghetﬂgﬁo_m%ea that,. r%%%ete%d the ‘%;:;{P}%l j}‘pig[ exanpl e the

i nt roduction of ction no lers into Itigrade hydra c fluids.
| ndeed, in this regarfd®30 TAistF§ Hak kot Pdevel’dpelf anhy2ét didar d
met hodol ogi es to nedseRle ArResuenepefy caf Pt cpeney bofregudiyaitbal i ¢ syst em
Accordi ng to a sci entdefisicy papee vietreasedidoysibegns Sae RapsraxrxCite Additi ves
(Placek, Herzog, Nevede23hd142003): WRL20044 044412 RELEP20Q4(050150 3
10 improvement in flow-rate efficiency can be devised by
reducing the density. Moreover, since the supply
pressure loss in hydraulic pipe-work is converted to heat
and sound etc., it is suggested that the generation of
heat and noise are also suppressed by reducing the
15 density. Since reduced friction also contributes to
improving energy conservation, low friction properties to
an extent where stick-slip does not arise in steel-steel
situations is reguired.
Pump design and size greatly affect the efficiency
20 of a hydraulic system. Therefore, efforts in industry
have concentrated upon improving pump efficiency.
Moreover, in rscent years progress toward even higher
pressures has been made with a view to increasing the
efficiency of hydraulic energy transmission and reducing
25 the supply pressure loss.
Hitherto, research has not focussed on fluid
properties, other than those that affect the pump, for
example the introduction of friction modifiers into
multigrade hydraulic fluids. Indeed, in this regard
30 industry has not developed any standard methodologies to
measure the enexgy efficiency of a hydraulic system.
According to a scientific paper released py Degussa-

Rohmax 0il Additives (Placek, Herzog, Neveu 23/01/2003)



fluids wwth a high viscosity index (nultigrade or HVI oils) have been shown
to be nore energy efficient than Ilower VI oils. Savings occur during
start-up sangod/omme due to operating viscosity being adGiTEFRIHHOSES0| ower 5
tenperatures. At higher tenperatures (80-100C) HVI oils again contribute to
energy savings, of up to 20% due to inproved flow rate, conpared with
standard fluids. The present invention now surprisingly enables energy
conservation to be achieved by inproving the 10 perfornmance of nonograde
hydraulic oils as the hydraulic nedia for increasing the efficiency of
hydraulic energy transm ssion. Accordingly, the present invention provides
a lubricating oil conposition conprising lubricating oil 15 base oil,
wherein said conposition has a kinematic viscosity at 40C of from 18 to 60
mP/s, a viscosity index of from130 to 150 and a density at 15C of from
0.80 to 0.84 g.cm 3. Japanese fire regulations were revised in June 2002 20
and sone | ubri cati ngtniiks priedugt s gpfvikbasty pobsd B0CQHe abave were
re-designated in theyiResigoated Fl.ammble mo]}@tegg}gg,l fsammeble Liquid O ass”
and the regulatlons cancerning thelr st or age .and managenent greatly

rel axed. On this bas?’st he“Hand I THYoe SETE lfrlF?Jl?F?%a‘t‘Fi APBFI*"25 products of
fl ash point 250C or &dWovie H@%ﬁﬁéénV@F@éﬁﬁybngdﬂééﬁvﬁﬁd fur tdver nore, since

t hey have superior fieeraransgerenighpr opareraegeassnabb’c) tireraiss a great
demand by the end usglis {Rt:iBigh+d l-ashy pabilgs) WorigLal izpg Qid «oproducts. 30

In a preferred enbodipml. ofdhe, pr esghl. INENLLAN. WhgLe 15 provided

| ubricating oil conposition In b%ﬁ he density been reduced
by about 10% when WO 200%107431Y FCTEPR00YP 1%10‘9‘13’ engbles
{ energy conservation te be achieved by improving the

10 performance of monograde hydraulic oils as the hydraulic
media for increasing the efficiency of hydraulic energy
transmission.

Accordingly, the present invention provides a
lubricating oil composition comprising lubricating oil

15 base 0il, wherein said composition has a kinematic
viscosity at 40°C of from 18 to 60 mm2/s, a viscoesity
index of from 130 to 150 and a density at 15°C of from
0.80 to 0.84 g.cm™ 3,

Japanese fire regulations were revised in June 2002

20 and some lubricating oil preducts of flash peint 250°C or
akove were re-designated in the "Designated Flammable
Material Flammable Ligquid Class" and the regulations
concerning their storage and management greatly relaxed.
On this basis the handling costs of lubricating oil

25 products of flash point 250°C or above has been greatly
reduced and furthermore, since they have superior fire
management properties as well, there is a great demand by
the end users for high flash point lubricating oil
products.

30 In a preferred embodiment of the present invention
there is provided a lubricating oil composition in which

not only has the density been reduced by about 10% when



conpared with the commercial industrial lubricating oil products of the
sane viscosity and which surprisingly has an energy conserving effect, but

whi ch al squbage@-hl@sh point of at least 250C as neasur edmp2dl4Bsd4s@205 by
5 using a narrow cut base oil. However, the narrow cut base oils having a

high flash point for industrial lubricating oil products are very
different in terns of their nolecular weight distribution fromthe usual
base oils used by those in 10 the industry and the proportion of high

nol ecul ar wei ght hydrocarbon conponents is very snmall. Consequently, the
solubilities of lubricating oil additives which control various aspects of
performance are very low and there is a disadvantage in that turbidity and
preci,Fitates are 15 produced, and these materials cannot be used as

i ndustrial lubricating oils. Whilst, such narrow cut base oils have been
used in recent years in autonobile lubriccaring oils such as engine oils

and automatic gear boy,thLl ekl Bldefe: 2 dahl1es8a! MBI CRLING, OF [ products
have hi gh nol ecul ar wei ght ashless dispersants such as succinic acid

ani de- based di sper sa?ﬁ°g“°66rﬁ§oﬁﬁd%ad‘emé?°éw AMfotites SUFPFEFHHA 2D 10% per
100 parts by wei ght afrdensspncenseheingafifentts etbhicatisnaghasi 4 faddi ti ves are

therefore dispersed i poihbh@r A51d38f @Y Clt ndlasRaQlyl s1stbebe Ls no particul ar
problemw th sol bilitxﬁakpmewgrm:Fh% hi.gh nol ecul ar wei ght ashl ess

. & - 19 . . .
di spersants used 1 n t he adt omobi e ﬁ%r?iatlng oils, cannot be used in

hydraul i ¢ applications eVENTH" tPeAET3Y ThtBES 619 BYS I Fali9® omt., e.g. 0.1
%Mv ., due to enulsifFeabireirt frot hrelvprrésle Adeioitivemper progh¢tehades an
undesi rabl e property téherafodrentNEh 2004/ 7 4dkti2 RCIMER20840050150 - 5
distribution from the usual base oils used by those in
10 the industry and the proportion of high molecular weight
hydrocarbon components is very small. Conseguently, the
solubilities of lubricating oil additives which control
various aspects of performance are very low and there is
a disadvantage in that turbidity and precieitates are
1% produced, and these materials cannot be used as
industrial lubricating oils.
Whilst, such narrow-cut base oils have been used in
recent years in automchile lubricating oils such as
engine oils and automatic gear box lubricating cils,
20 these lubricating oil products have high molecular weight
ashless dispersants such as succinic acid amide-based
dispersants compounded therein amcunts of from 1 to 10%
per 100 parts by weight and, since the various -
lubricating o0il additives are therefore dispersed in the
25 narrow-cut base cil, there is no particular problem with
solubility.
However, the high molecular weight ashless
dispersants used in the automcbile lubricating oils,
cannot be used in hydraulic applications even at treat
30 rates of less than 1 %$wt., e.g. 0.1 %Swt., due to
emulsification in the presence of water, which is an

undesirable property therefor.



~In the present invention, the solubility, the low friction properties and
anti-rust properties when using a specified narrowcut base oil in

i ndust ri al wiooni/eatiang oils with a view to increasi ng eRET@EPIOBHSESYat i on
“and 5 having a high flash point may be surprisingly inproved by the use of
a specific am ne conpound. In Japanese Unexam ned Patent Application Laid
Open 2002-338 983, there is disclosed a lubricating oil conposition where
an al kyl am ne has been added to a 10 lubricating oil base oil, but the
anount of anti-rust agent is greatly reduced by conbining the al kyl am nes
with the anti-rust agent and, as a result, the extreme pressure performance
by the anti-rust agent is suppressed to the |Iowest |evel. There is no

di sclosure in said 15 docunent which suggests the prinmary am ne having a
tertiary alkyl group in the present invention as the primary amne In
Japanese Unexam ned Patent Application Laid Open H8-134488, there is

di scl osed a lubricating oid +:R0pReaR0SVELQB: War 81abiayl antne;has been added

to a lubricating oil fH@§f&>n0§rkper'E@é@e¥r%rant§%Q{ ?Ec?pgré{’és wﬁé”ns%‘g yrated linear
chai n al kyl groups are dlél osed t he al ‘?rou s. and re is no

di scl osure of the br i “5F’i°|’"a°r“t PRy 6P| SVak- 1 W«?émﬁgﬁa in the 25

| ubricating oil conpo8iisi Hits aoflat"h@ Hrresentd ErFentcPesvatir evver, it is only
di scl osed in sai d5 docwwend athigh famsh piiht why ¢h hasriaidkinenmbiel vy scosity of

| SO VG10-220 (400) i snpuéf 6f heshet Ofic tahenel tapdzating oil base oil. In

Japanese Unexam ned Patenf A%%bés%a&ne)‘?a’}!mlreaa'g gaieﬂppl§patljg‘nlLa71163 Q, there are

di scl osed a mixture of bran trary._a primary amn s and a met hod
for its production. FE° 2"§38d?8§clt8§reed”f ﬁést‘:l?sr?fjs ARTHEHY G5eful as a

pgl y-functi onal addit Feeofigior wedrs, an| aifsylapane Wy bich 2INY 2064/ 074412

PCT/ EP2004/ 0501560 lubricating oil base oil, but the amount of anti-rust

agent is greatly reduced by combining the alkylamines
with the anti-rust agent and, as a result, the extreme
pressure performance by the anti-rust agent is suppressed
to the lowest level. There is no disclosure in said
15 document which suggests the primary amine having a
tertiary alkyl group in the present invention as the
primary amine.
In Japanese Unexamined Patent Application Laid Open
H8-134488, there is disclosed a lubricating oil
20 composition where alkylamine has been added to a
lubricating oil! base 0il. However, saturated or
unsaturated linear chain alkyl groups are disclosed for
the alkyl groups and there is no disclosure of the
?H branched tertiary alkyl primary amines used in the
25 lubricating oil compositions of the present invention.
Morecver, it is only disclosed in said document that an
01l which has a kinematic viscosity of ISO VG10-2Z0
{40°C) is preferred for the lubricating oil base oil.
In Japanese Unexamined Patent Application Laid Open
30 F11-71330, there are disclosed a mixture of branched
tertiary alkyl primary amines and a method for its
production. It is disclosed that this amine is useful as

a poly-functional additive for fuels, lubricating oils



6 and paints, but there is no disclosure which suggests the |ubricating

oil base oil of the present invention. |In Japanese Unexam ned Patent

Appl i cati og,d-aigdotR 2001- 172659, there is disclosed a fygddbidsoke! 5
conposition for shoc -absorbers in which aliphatic am nes which have C12 to
Cl4 al kyl groups and/or al kenyl groups are included in a lubricating oil
base oil, but there is no disclosure which suggests the branched tertiary

al kyl groups of the present invention. It is disclosed that 10 the

| ubricating oil base oil used is preferably a base oil of which the m ni num
val ue of the kinematic viscosity at 40Cis preferably 8 mR2/s and nore
desirably 10 n2/s, and the maxi num val ue of the kinematic viscosity at 40C
is preferably 60 m2/s and nore desirably 40 15 mm2/s. It is also disclosed
that fromthe viewpoint of mnimsing as far as possible the change in the
danping force the viscosity index is preferably at least 80 and nore
desirably at | east 95, cp ngse&% 1S na dis Ig(%re of, the lubrjicating oil
base oil of the preseRt® THVEHt | 20 P ISP ARese UNSRSWPHEG® BT ent
Application Laid QOenl‘leBﬁP‘?E?%le“et%ér%f ‘F“§ Bres¥Ito¥wardomydraul i ¢ oi |
conposition for shock- absbr bersesshieearahddpPrrentc RAeptiere iomeichodeas al kyl

groups and/ or al kenyl 2gnoupssahiche Rav@scibiom Jyd@ubiccanbon atons are

included in a |ubgicatifngs25.:0kl, gﬁo%s.a%gémguxn Lﬁ%a%la&a@Qc disgl osure which
suggests the branched tertlar)ll/%]é 1r1agrou ) present 1nvention. It:
oi

i s disclosed that theFIBrRE e “ﬁ?ﬁaﬁgéﬁaﬁgﬂﬁ?é¥@Fﬁbly a base
oi | of which the m ni mmminazadedeirot lnhweicktinenwl ibese/ bEICoSIt yheat i40C i S

preferably 8 30 mMR/ snangsd10s8e d@si 8loyschOrnanBhsoneand {ike, EByLmum val ue of

t he ki nematic viscosi fer 6 47074312
PCTI EP2004/'050150_ - %yougg oF 4! 2 RLETRL ARG 04 MPLSYR.4A0Y

the lubricating oil base 0il used is preferably a base

0il of which the minimum value of the kinematic viscosity
at 40°C is preferably 8 mm?/s and more desirably 10

mml /s, and the maximum value of the kinematic viscosity
at 40°C is preferably 60 mmZ/s and moxe desirably 40

15 mm?/s. It is also disclosed that from the viewpoint of
minimizsing as far as possible the change in the damping
force the viscosity index is preferably at least 80 and
more desirably at least 95, but there iz no disclosure of
the lubricating oil base oil of the present invention.

20 In Japanese Unexamined Patent Application Laid Open
2001-172660, there is disclesed a hydraulic cil
composition for shock-absorbers where aliphatic amine
which has alkyl groups and/or alkenyl groups which have
from 3 to 8 carbon atoms are included in a lubricating

25 oil base oil, but there is no disclosure which suggests
the branched tertiary alkyl grdups of the present
inventieon., It is disclosed that the lubricating oil base
0il used is preferably a base oil of which the minimum
value of the kinematic wviscosity at 40°C is preferably 8

30 mnZ/s and more desirably 10 mm?/s, and the maximum value

of the kinematic viscosity at 40°C is preferably 60 mnl /s



~and nore desirably 40 nmm2/s. It is further disclosed that fromthe
viewpoint of mnimsing as far as possible the change in the danping force
t he vi scosmwon2uondania s preferably at | east 80 and nore RESVERZOINOSHESO| east
"95, 5 but there is no disclosure of the lubricating oil base oil of the
present invention. In Japanese Unexam ned Patent Application Laid Open
2002- 194376, there is disclosed a hydraulic oil conposition for

shock- absorbers where an aliphatic 10 primary anm ne the sane as the anine in
the present invention is conpounded in a lubricating oil base oil, but no
particular limtation is inposed upon the lubricating oil base oil and any
can be used provided that it is generally used as a lubricating oil base
oil. 15 It is disclosed that, as indicated above, the use of an oil of

whi ch the m ninumvalue of the kinematic viscosity at 40C is preferably 8
m2/s and nore desirably 10 mR/s, and the nmaxi nrum val ue of the kinematic

viscosity at 40C is peferalbi.60 MBhs.and. mor g, desifably.#0 20 me/s is
desirable. It is dlsc&9§er0th§t fronlkh% vi.ewpoint of mnimsing as far as
possi bl e the change in - the damping for Ce™RE IS ESPE v° iMaEX T s preferably
at least 80 and nor e 'GeSPPPHDEY tht Pw4ABY 9T BGt VIErRSEE findends di scl osure of
the fact that the vispesetaply adexastsstabn bodeedstrabBP atindasthes.density i s not
nmore than 0.84 g.€£m 3p@Stnekd 1khR @asfs0fe bhend UMdicathf1g;0bdsebase oil of the

present invention. Thg p Jd.ovention surprisingly provides a

| ubricating oil conpogft§%2§€}fﬁeéhP%%?Fﬁg'fornation of 30 sludge is
suppressed even when the UsUERP"SE0PFEELTHgPSFT SR T3tV 8st4f €P8dnpounded,
whi ch has excel | ent st@Ralfé376stiabid it Wissdhiche hadrabbw idi ction properties,
wi{t h whi ch WO 2004/ 07 4#tt2siPGH ER2004¢-Bb8kb6 s widre an aliphatic

10 primary amine the same as the amine in the present
invention is compounded in a lubricating oil base oil,
but no particular limitation is imposed upon the
lubricating oil base oil and any can be used provided
that it is generally used as a lubricating oil base oil.

15 It is disclosed that, as indicated above, the use of an
oil of which the minimum value of the kinematic viscosity
at 40°C is preferably 8 mm?/s and more desirably 10
mmZ/s, and the maximum value of the kinematic viscosity
at 40°C is preferably 60 mmZ/s and more desirably 40

20 mm?/s is desirable. It is disclosed that from the
viewpoint of minimising as far as possible the change in
the damping force the viscosity index is preferably at

| ’ least B0 and more desirably at least 95, but there is no
disclosure cf the fact that the viscosity index is at

25 least 130 and the density is not more than 0.84 g.cm‘3 as
in the case of the lubricating oil base cil of the
present invention.

The present invention surprisingly provides a
lubricating oil composition with which the formation of

30 sludge is suppressed even when the usual lubricating oil
additives are compounded, which has excellent storage

stability, which has low friction properties, with which



the pressure transmssion loss is small, with which the supply pressure

| oss in pi pe work is small, and which has low flammbility. In a preferred
enbodi Mentyy, E gsent invention 5 provides a |ubricat ipgg/grabos@eepesi tion
conpri si ng I ubri cat| ng oil base oil, wherein said conposition has a

Ki nematic viscosity at 40C of from18 to 60 nmm2/s, a viscosity index of
from130 to 150, a density at 15C of from0.80 to 0.84 g.cm3 and a fl ash
poi nt of at |east 10 220C as neasured by JIS K 2265. In a preferred

enbodi nent of the present invention, the lubricating oil conposition may
further conprise a primary am ne which has a C8 to C20 tertiary al kyl group
whi ch can be represented by general fornula (1) below C HzZ.l Cyl12y41- i C
- NH_ (1) 15 C H2z+1 wherein x is an integer of value froml1l to 17, y is an
integer of value from1 to 17, z is an integer of value from1l to 17, and X
+y +zis an integer of value from7 to %9. 20 The | ubricating oi

conposi tion of the pr@@eﬁtessdr@vt%ms;n@g;lgmxos%%vg&uﬁntJ Dﬂ‘éﬁ tfhgom 0.001 to

5.0 parts by weight of | mery _amne re r esent ed eneral formula
(1) is conpounded per “fﬁ%)" E égts“re ‘%vvéll“g‘ﬁf”e 6’1"&( A Sm‘i”dbﬁ d&ﬁﬂb ol

conposi tion. 25 The pt¥sEPrdcaidénti on further provides a hydraulic oil, a
machi ne tool oil, a gear Wi prefecopir@ssioentoidhe wesdmirbikereiei |, a bearing
oil and a heat trﬁnsfﬁov{deuiglm&(g% 91714%.3043@4,,@@2,@914/1&350150 g _ wherein
ubricating ol | addi ti4es..3r6 camhaunded . fate, Lhs comgosgtco% hd1g, o |

conposition of the present Invention. atin base" oi | conponent
from whi ch kinematic viscosity at 40°C of from 1B to 60 mm?/s, a

viscosity index of from 130 to 150, a density at 15°C of
from 0.80 to 0.84 g.cm™? and a flash point of at least
10 220°C as measured by JIS K 2265.
In a preferred embodiment of the present invention,
the lubricating oil composition may further comprise a

primary amine which has a Cg to Cpg tertiary alkyl group

which can be represented by general formula (1) below

CpHzxn

CyHayar

C—NH; (1)

15 Czlzz41

wherein x is an integer of value frem 1 to 17, ¥ is an
integer of value from 1 to 17, = is an integer of value
from 1 to 17, and = + ¥y + z is an integer of value from 7
to 19.

20 The lubricating oil composition of the present
invention may conveniently have from 0.001 to 5.0 parts
by weight of the primary amine represented by general
formulza (1} is compounded per 100 parts by weight of the
lubricating oil composition.

25 The present invention further provides a hydraulic
0il, a machine tool o0il, a gear oil, a compressor oil, a

turbine oil, a beering oil and 2 heat transfer fluid



the lubricating oil conposition of the present invention 5 is constituted
is a base oil which conprises petroleum based and/or synthetic

hydr ocar bows. 20bm07a41ar ef erred enbodi ment, the | ubricati ngPEITEP2¢HM4PUEE ti ons
of the present invention have the sane kinematic viscosity, viscosity

i ndex, density and flash 10 point of the lubricating oil base oil because of
the nmajor effect provided by the properties of the base oil which is
conpounded therein. Hence, in ternms of the properties of the lubricating

oil base oil used in the present invention, the kinematic 15 viscosity at
40C measured on the basis of the test nethod laid down in JIS K 2283 is
generally from18 to 60 mm2/s, preferably from25 to 53 mmR/s, and nore
preferably from28 to 51 mR/s. If the kinematic viscosity at 40C is higher
than 60 nmmR2/s then even 20 though the density is |ow, the supply pressure

|l oss in hydraulic equi pnent pipe-work is considerable and the energy
conser vi ng per f or mancehergin havidsablgyojpositivitathesiDiutied ithtd thd s | ess than
18 m2/s then not onl yudrScaridy bsTP@SSbAk Lont & H:Pé piabdt ankhagh point of at

| east 25 250C, but then there ar mglso types.pf e QQLQREmmv&1d1“h'Ch pr obl ens
arise with wear resistance an i$ undesira over, the kinematic

viscosity at 40C refefte H“brf‘i?tﬁlfr%‘ll CEBFTELEBONIENY BFEFSD VSPtiaRd | SO V46 i n

the 30 viscosity distkfsenstonted 15 rderserdialvhidbrimpatsengebidisumas  defined in

| SO 3448 and ASTM D 2422d WD 2004410 ¢ 44 d-PGEEER20041050150 - 10 In terns

of the viscosity index, ahhgheihsLoskhlinehillae Shoflatigs,ahat the

t enperature dependence Om& E E’ catlﬂg 0|1u“ﬁ%g93¥%y is small and, for
he ra

res inve

exanple, t he tenperatu TIC ol E‘IC GQUIannt
/ klnematlc v1scos;ty, v1sc051ty index, den51 y and flash
: 14q point of the lubricating oil base oil because of the

major effect provided by the properties of the base eil
which is compounded therein.
Hence, in terms of the properties cof the lubricating

0il base oil used in the present invention, the kinematic
15 viscosity at 40°C measured on the basis of the test

method laid down in JIS K 2283 is generally from 18 to 60
mmZ/s, preferably from 25 to 53 mm2/s, and more
preferably from 28 to 51 mm2/s. If the kinematic

viscosity at 40°C is higber than 60 mmZ/s then even

48]
(=)

though the density is leow, the supply pressure loss in
hydraulic equipment pipe-work is considerable and the
energy conserving performance is inevitably poor.
Furthermore, if it is less than 18 mmé/s then not only is
it impossible to maintain a2 flash point of at least
25 250°C, but then there are also types of equipment in
which problems arise with wear resistance and this is
undesirable.
Moreover, the kinematic viscosity at 40°C referred
to herein corresponds to ISO VG32 and IS0 VG46 in the
30 viscosity distribution of industrial lubricating oils as

defined in IS0 3448 and ASTM D 2422,



5is first started is low and, while a hydraulic oil which has a |ow
viscosity index wll have a high viscosity, a hydraulic oil which has a
hi gh vi scQgh bonslondex W I have a low viscosity at | ow trOapEPZRU6®IHNd it is
possible to reduce the power consunption on start-up. 10 Here, in terns of
the properties of the lubricating base oil used in the present invention,
the viscosity index as defined in JZS K 2283 is generally from 130 to 150,
preferably from 132 to 150 and nost desirably from 135 to 150. 15 For
exanple, in a case where the kinematic viscosity at 40Cis 46 mmR2/s and the
viscosity index is 110, the Kkinematic viscosity at 10C is 283.06 m2/s,
while if the viscosity index is 130 the kinematic viscosity at 10C is

250.1 m®2/s and if the viscosity index is 135 then it is 20 242.98 m2/s and
the room tenperature viscosity changes p?ggedly according to the viscosity
i ndex, and since the electrical power consunption also increases in

accordance with the ki nefadeifs ¥i $605id¥sit9 Hlagh YinsgosiiNsdpdex is also
desirabl e for reduci nj.gxdg:bgigg%m% &%J‘%H{TQ%A QL0 %épe.%%\é‘%te " WPl N the present
t he u IP ol

invention, the density at 15C of t lubricatin asé oil neasured by
the method for neasurPR*HRE BeISFINLOf 11 6B U g™ sP™rdef ithfed in JI'S K
2249 i s general ly fr omrRRr8Dre PLOtB4hvgravhi @ pipresfreh byl i8Gakiroent0. 81 to 0. 84
g.cm 3, nore desisrablas firemsBadidd it QoM@2004/10 74432 PGT/ HERP2004({ 050150 - 11

0.835 g.cm 3 and nostydeshbablsofhomhQe.8201100. 8300 &C85:3,, Mreover,
hydraul i ¢ equi pnent Q?PEL@LlXiOB%E Hggaaﬁ. qgrglu tenper at (ir e of from40 to
60C, but in the case Of 5 a density-at® 156 6 0 84 5Ent"3; Fle density,
when cal cul at ed usi ng® tRe "HERSIW At CiFBt R B ntthtd 1§ REtéatele

reduce the power consumption on start-up.

1t Here, in terms of the properties of the lubricating
base o0il used in the present invention, the viscosity
index as defined in JIS K 2283 is generally from 130 tc
15G, preferably from 132 to 150 and most desirably from
135 to 150.

15 For example, in a case where the kinematic viscosity
at 40°C is 46 mm?/s and the viscosity index is 110, the
kinematic viscosity at 10°C is 283.06 mm?/s, while if the
viscosity index is 13C the kinematic viscosity at 10°C is
250.1 mm?/s and if the viscosity index is 135 then it is

20 242.98 mm2/s and the room temperature viscosity changes
markedly according to the viscesity index, and since the
electrical power consumption also increases in accordance
with the kinematic viscosity, a high viscosity index is
alsc desirable for reducing the power consumption on

25 start-up.

In the present invention, the density at 15°C of the
lubricating oil base o0il measured by the method for

measuring the density of lubricating oil defined in JIS K
2249 is generally from 0.80 to 0.84 g.cm™3, preferably

30 from 0,81 to 0.84 g.cm™ 3, more desirably from 9.815 to



in JIS K 2249, at 40Cis 0.8233 g.cm3, at 50Cis 0.8167 g.em3 and at 60C
is 0.8100 gocm3, and so the density at 40C is preferably not nore than
0.8167 10 woem4B7+tihe density at 50C is preferably not nBEFEPHAH0S03503167
g.cm3 and the density at 60C is preferably not nore than 0.8100 g.cm 3.
Furthernore, since a lubricating oil conposition which has low friction
properties contributes to energy 15 conservation, it is preferred that
there are low friction properties such that stick-slip does not occur in
steel - steel situations. In ternms of the flash point, the flash point of the
| ubricating oil base oil as neasured using the C eveland 20 fornula defined
in JISIC 2265 is generally at |east 220C, preferably 250C, nore preferably
at | east 252C, even nore preferably at |east 256C. Since the indoor

parallel tolerance as laid down in JIS K;2265 is 8C, a value of at |east
258C is nost 25 desirable for ensuring an actual flash point of at |east
250C. It is highly desByabl®-1 had nbdteadsh amhy geémt.d26 co25&360 272C, as
neasured by JIS K 2265, n the Japanese fire regul ations revised in June
2002, some of the corVéntional class 4 petrol eum products 30 with a flash
poi nt of 250C and above WRTSE'ET a¥EFTied *aGLPERES| GRATY PPATREbe naterial s or
fl ammabl e |iqui ds andn\WB120044:Q7é41x Bt/ 8PROBRLODL 50 the d2e okhe danger ous
material nmanagengnt re ulatigp§5%or BQﬁsecman%Ei | were_greatly rel axed and

so a flash point of 2B0& Gr *apdve™] & "desiFabl e Gt Re "8Fher hand, materia

with a flash point of°4c2785C B aBY €156t SrHF 16 1ok "aey e et anger ous
material classificatinofs Storgge: sicahisl 4.y330§.a-3,ubr iseatisng oi |l composition

0.8167 g.cm“3 and at 60°C is 0.8100 g.cm“3, and s¢ the
density at 40°C is preferably not more than 0.8167

10 g.em~3, the density at 50°C is preferably not more than
0.8167 g.cm™3 and the density at 60°C is preferably not

mere than 0.8100 g.cm‘3.
Furthermore, since a lubricating oil composition
which has low friction properties contributes to energy
15 conservation, it is preferred that there are low friction
properties such that stick-slip does not occur in steel-
steel situations.
In terms of the flash point, the flash point of the
lubricating oil base oil as measured using the Cleveland
20 formula defined in JIS K 2265 is generally at least
220°C, preferably 250°C, more preferably at least 252°C,
even more preferably at least 256°C.
Since the indocr parallel tolerance as laid down in
JIS K 2265 1s 8°C, a value of at least 258°C is most
25 desirable for ensuring an actual flash peoint of at least
250°C. It is highly desirable that the flash point is
258 to 272°C, as measured by JIS K 2265.
In the Japanese fire regulations revised in June

2002, some of the conventional class 4 petroleum products
30 with a flash point of 250°C and above were classified as

designated flammable materials or flammable liguids and



is essential for providing useful performance as an industrial [ubricating
oil. On the other hand, troubles 10 may arise in precision hydraulic
systens, Kpm4A0Re, in the case of lubricating oil corpwaiPtitensiwher e
turbidity or precipitation occurs. Any of the petrol eum based | ubricating
oil base oils which have the properties outlined above can be 15
conveniently used in the present invention. However, in general these
properties cannot be realised with solvent refined base oils and ordinary
hydr ogenati on refined base oils. The narrow cut base oils wherein the

nol ecul ar 20 wei ght distribution of the hydrocarbons in the base oil is
very narrow can be cited as base oils which do satisfy these conditions.
The three types of narrow cut base oil that may be conveniently enployed in
the present invention are 25 nanely: (1)_ he hi ghly hydrogenated cracked
base oils which have a viscosity index o “at least 130 (typically from 145

to 155) obtained by hydr @mgs36KnbGr{NatAbYdrkft r&u@EKENT)Yot REss ack wax whi ch
is separated by 30 soly gggqurﬁgékqg,gé?ggygmpggglgjsln th resence of a
ra

catal yst in which the 11near ¢ inS are” 1somérized to branched
paraffins; WO 2004/07%@T2°P€#TEP?09#1659350 13 (2) lubricating oil base
oi I s which have a vi scosidnythel sttlex hagl, atatérgastwidi30 (ibypbeatl of 145 t o 155)

obtai ned by produci ng; A%y Lieal - GHANP AL il Suanbdlo LG, dd:2gher - Tr opsch
process where hydrogen and 5 carbon nonoxi de obtai ned by the gasi fication

process (partial oxi @&tT6Aj**6f natural gas (methane etc.) are used and
t hen subj ecti ng t hi s nmat ertPrdoetdaility of a lubricating oil composition

is essential for providing useful performance as an
industrial lubricating oil. On the other hand, troubles
10 may arise in precision hydraulic systems, for example, in
the case of lubricating oil compositions where turbidity
or precipitation occurs.
Any of the petroleum-based lubricating oil base oils
which have the properties outlined azbove can be
15 conveniently used in the present invention. However, in
general these properties cannot be realised with sclvent
refined base oils and ordinary hydrogenation refined base
oils.
The narrow-cut base oils wherein the molecular
20 weight distribution of the hydrocarbons in the base oil
is very narrow can be cited as base oils which do satisfy
these ceonditions.
The three types of narrow-cut base oil that may be
conveniently employed in the present invention are
25 namely:
{1} the highly hydrogenated cracked base oils which have
a viscosity index of at least 130 {typically from
145 to 155) obtained by hydro-cracking {catalytic
cracking) the slack wax which is separated by
30 solvent de-waxing as raw material in the presence of
a catalyst in which the linear chain paraffins are ‘

isomerized to branched parzffins;



- catalytic cracking and isonerization process in the sane way as descri bed
above; and 10 (3) the olefin oligoner synthetic hydrocarbon base oils

(vi scosi t ywormdex07at12| east 130) obtai ned by the honopol yREA{EFAYGE01?

- copol yneri zation of nononmers selected fromanong the |inear chain or
branched ol efin-based hydrocarbons which have from5 to 15, 15 and
preferably from8 to 12, carbon atons, can be procured fromthe Esso Mobi
Co., the BP Ambco Co., the Chevron Texaco Co and the Foxtam Co. for
exanpl e. The Fischer-Tropsch derived base oil may any 20 Fischer-Tropsch
derived base oil as disclosed in for exanple EP-A-776959, EP-A-668342,

WO A- 9721788, WD-0015736,. W)-0014183, WO 0014187, W-0014183, WO 0014179,
WO 0008115, WD-9941332, EP-1029029, WO 0118156 and WD 0157166. 25 In the
present invention, these three types of _narrow cut base oil are used
individually or in the form of mxtures so as to provide the prescribed

vi scosity. Such narro¥icutwboidasing| 56 hexhiobls vieisheeralal yisgeody vol atilisation
resi stance. For exanple, maen iant!SExV/Eao 36p32:105 ade tbnskthe viscosity
classification for industgical,.hulri catc O nodl S ihsSa P I conbi ni ng
these base oils, the resul;_h %ihi:T f? 33% v &ggﬁfﬁgﬁsxgs defined in
ASTM D 5800 i s SU{)pressed Yt 688668 r°§ Ch\/ﬁ"ﬁ&m‘i*ﬁ?ﬁz{‘ FOBRTFEP20041050150 -
14 Furthernore, the voIa?ﬁP%lP%§§“¥e§%a¥REWEK¥ restiicatipn Phesesgase of an

| SO VG 46 grade oil preparedtian dxbhixtsametweaturdlsgdsesetbdnaretb?% Hence, these
narrow cut base oils can a:l $RdhRqsabd B b8nsuULiaRl@ fAar.d wbricating oils
where 5 involatility is, LegiedA%uldadd S iBisaQbn 3-5QUPLESSE"

| ubricating oils for exa

;
I
§

ame way as described above; and
10 (3} the clefin oligomer synthetic hydrocarbon base oils
{viscosity index at least 130) obtained by the
homopolymerization or copolymerization of monomers
selected from among the linear chain or branched
olefin-based hydrocarbons which have from 5 teo 15,
15 and preferably from 8 to 12, carbon atoms, can be
procured from the Essc Mobil Co., the BF Amoco Co.,
the Chevron Texaco Co and the Fortam Co. for
example.
The Fischer-Traopsch derived base oil may any

20 Fischer-Tropsch derived base o0il as disclosed in for
example EP-A-77695%9, EP-A-668342, WO-A-9721786,
WO-0015736, WO-00141838, WO-0014187, WO-0014183,
WC-0014173, WO-0008115, W0-9941332, EP-1025029,
WO-0118156 and WO-0157166.

25 In the present invention, these three types of
narrow—cut base o0il are uszed individually or in the form
of mixtures so as to provide the prescribed viscosity.

Such narrow-cut ¢ils also exhibit especially gecod
volatilisation resistance. For example, when an IS0 VG

30 32 grade in the viscosity classification for industrial_
lubricating oils is prepared by combining these base
cils, the result in a volatile loss test (NQACK} as
defined in ASTM D 5800 is suppressed to 8% or less.



Furthernore, the conposition of these narrowcut base oils is such that
with the nethod of neasurenent |aid down in ASTM D 3238, the aromatic

content (%HobSo7lf2not nore than 0.1 w3 and the paraff ipeToEMmb@EMKIIGHCD) |s
at least 85 w% the iso-paraffin content is at least 80 w% the el enental

sul phur content is not nore than 50 ppm the elenental nitrogen content is
not nore than 5 ppm the total polar material is not nore than 1s and the
15 properties are: refractive index at least 1.45, aniline point at |east
120C and they are colourless and transparent, being classified as LO.5
using the colour test nethod laid dowm in ASTM D 1500. The formation of

sl udge even on adm xing the usual 20 lubricating oil additives can be
surprisingly suppressed while maintaining the excellent properties

i ndicated above as a lubricating oil base oil by adding a prinmary am ne
conpound whi ch can be represented by genefé&l- fornmula (1) as herein before

described. 25 The amﬂﬂtche%ogtéeget.hgrJoﬂ%ri%/eug@snges%O&B%Pdre&glﬁ{)?nsS??é[ ed by

general formula (1) conpoun Int ricating ol C osition of the
present invention is ‘ff)E'i"“ngfc’ér%fbﬁ/O Y% Sho=tricoDt RE5PA°0 Parte PV ght ,
preferably from 0.001i% é2G. B:angdr t Biyyrewrhepist narardorpsesedesisrabl y from 0. 001
to 0.05 30 part by weighthe per 0@ parbsebsprwribghbtiof dihe wnbtebricating oil
conposi ti on. VO 2004/ HA4L2RETLERZN04L Q50150 13, Sampbgs,of the al iphatic
hydrocarbyl groups represented, by, CXH2X+1, CyH2y+l and H2Z+l in the
above- nentioned general formula (f% "Atl'tide the methyl group, ethyl group,
n- propyl group, isopropylTi TG ntbUCHIPos tyroap, PE oSBT oup, sec- butyl
group, tert-butyl grokgse cithes|gupedhatchighnthamtkthrdant heguperttyl groups, the
i near chain and br anchedwhexydsmgmois, thdardrabRatonebd Mmcands

10 not more than 0.1 wt% and the paraffin content (%Cp) is
at least 83 wt%, the iso-paraffin content is at least 80
wt%, the elemental sulphur content is not more than 50
ppri, the elemental nitrogen content is not more than 5
ppm, the total polar material is not more than 1% and the

15 properties are: refractive index at least 1.45, aniline
peint at least 120°C and they are colourless and
transparent, being classified as L0.5 using the colour
test method laid down in ASTM D 1500,

The formation of sludge even on admixing the usual

20 lubricating oil additives can be surprisingly suppressed
while maintaining the excellent properties indicated
above as a lubricating oil base oil by adding a primary
amine compound which can be represented by general T
formula {1} as herein before described.

25 The amount of the primary amine compound represented
by general formula (1) compounded in the lubricating oil
composition of the present inventicn is preferably from
0.001 to 1.0 part by weight, preferably from 0.001 teo 0.5
part by weight, and most desirably from 0.001 to 0.05

30 part by weight, per 100 parts by weight of the

lubricating cil composition.



branched heptyl groups, the linear chain and branched octyl groups, the

| i near chain and branched nonyl groups, 10 the linear chain and branched
decyl growps zetihesshi near chain and branched undecyl gr otfpYEPAREO Hear
chain and branched dodecyl groups, the linear chain and branched tridecyl
groups, the linear chain and branched tetradecyl groups, the linear chain
and branched pentadecyl groups, 15 the linear chain and branched hexadecyl
groups and the |I|inear chain and branched heptadecyl groups. Actual exanples
of the preferred primary am ne conpounds which have a tertiary C8 to C20
al kyl group which can be used in the lubricating oil conpositions of 20
this invention include dinethylpentyl substituted nethylam ne, dinethyl
hexyl substituted nethylam ne, dinmethyl heptyl substituted nethyl am ne,

di ret hyl octyl substituted nethyl am ne,- &4 oet hyl nonyl substituted

met hyl am ne, di nethyl decyl substituted nethylam ne, 25 dinethyl dodecyl
substituted net hyl am ne, Edimrethyf the etirhaiec Hvdsghsivi tarbed net hyl am ne,

di met hyl hexadecyl smbﬁﬁEMuﬁed nﬁbhylagmgela&EtQMg+§htheh§&kL substi tut ed
met hyl am ne, nethyl eth nt hst. t ted am ne, nethyl ethyl
nonyl substituted nefﬁg?ﬁﬁgﬁgm% = #“F]j ﬁ' %& MRS s 541 t ut ed

net hyl ani ne, diethyl %Pr%’ﬂbé’t’?”t"mle%“ﬁ%t h’iﬂpé‘?ﬁyhegm‘d:i et hyyibut yl
substituted nethyl arMraes. Hoktthy|orhex ydecsubst ptavbedenetingh asvrbmre, WO
2004/ 074412 PCT/ EP2004k05045H0cha1in s beHnehdaypen®@fl Yloupsbsid tideed met hyl am ne,

diethyl tetradecyl sybsti, m@gcﬂ@%tmlamgs, gipraRyl o g&mndsubst'tut ed
nmet hyl am ne, di propyl, he sub§t tuted am ne, |propyl octyl

substit ut ed nethylanﬁﬁ@“cﬂfﬁfgﬁ P”&%Eyﬁh% 3t §t??ﬂléﬁjﬁﬁFﬁv1anlne propyl
dibutyl substituted SfeThyramenéle piepyrha0t3pe Permhyd rsubiseicrrired
met hyl am ne, prigpyl thegtdinedrexhyslin sud Starcuddedkcnetohydramene lipfaopyl but yl

chain and branched undecyl groups, the linear chain and

branched dodecyl groups, the linear chain and branched

tridecyl groups, the linear chain and biranched tetradecyl

groups, the linear chain and branched pentadecyl groups,

15 the linear chain and branched hexadecyl groups and the
linear chain and branched heptadecyl groups.
Actual examples of the preferred primary amine

compounds which have a tertiary Cg to Cpg alkyl group

which can be used in the lubricating oil compositions of

20 this invention_include dimethylpentyl substituted
methylamine, dimethyl hexyl substituted methylamine,
dimethyl heptyl substituted methylamine, dimethyl octyl
substituted methylamine, dimethyl nonyl substituted
methylamine, dimethyl decyl substituted methylanmine,

25 dimethyl dodecyl substituted methylamine, dimethyl
tetradecyl substituted methylamine, dimethyl hexadecyl
substituted methylamine, methyl ethyl hexyl substituted
methylamine, methyl ethyl pentyl substituted methylamine,
methyl ethyl nonyl substituted methylamine, methyl ethyl

30 undecyl substituted methylamine, diethyl hexyl
substituted methylamine, diethyl butyl substituted
methylamine, diethyl hexyl substituted methylamine,



octyl substituted nmethylam ne, tributyl substituted nethylam ne, dibutyl
pentyl substituted nethylam ne, 10 di butyl hexyl substituted nethylam ne,
di butyl ocyye08Mashi tuted methyl amne, tripentyl substi traTeEP200mdshsham ne,
di pentyl octyl substituted nethylam ne, and trihexyl substituted

met hyl am ne. Various additives which are generally used in 15 lubricating
oil conpositions can be used appropriately in the present invention. Thus,
known | ubricating oil additives such as antioxidants, netal deactivators,
extrenme pressure additives, oil-inproving agents, antifoam ng agents, 20
viscosity index inproving agents, pour point depressants, cleaning

di spersants, anti-rust agents and anti- enulsification agents can be added.
Exanpl es of am ne-based anti oxi dants include dial kyl di phenyl am nes such as
p, p' -di octyl -di phenylam ne )~. 25 (such as that produced under the trade
desi gnati on "Sonofl ex OD 3" by the Seiko‘@ﬁgéku Co.), p,p' -di-a-

net hyl benzyl - di phenyl R 8itd1 NuBsddbioeh RREIYLw N Paze@6t YLRRA8NY am ne,
monoal kyl di pheny! am neg sUeh.Ag.aone: e Rutyl di.phanyl.ap e, and

mono- out y! di phenyl ani ne. 301 STdT AT’ p 8H¥V, am nes such as di- (2, 4-
di et hyl phenyl ) am ne aftF #i22%t HypFeat syt pivehyFryecamithglanine,
al kyl phenyl -1 - napht hyfesrmdsesut lyulas i og ey npiheiaplind - dipaphtihddcaim ne and

n-t - dodecyl phenyl s | - naplt fypk aivhév@y1ahi WO RQPA/ 8ibddh2.Red{EP2004/ 050150 17

napht hyl am ne, aryl naQ@cth Yajmm,nﬁx%pﬁugﬂ ?‘%e%@%kzééiig&@%&ﬁ%]aﬂgepe’
phenyl-2-naphthy|amnef ngxlphepyl-%1tntht3%£anlne and | . .

N-oct yl phenyl - 2- napht RyFanine.” "PRedyTenedrant fes™ stien® S8 YN R di i sopr opy! - p
5 phenyl enedi ani ne an8 ™ NUPHilpHEA It B pHeny FETEET ‘afbaeit tethd phenot hi azi nes
such as phenot hi azi neme(teyga_mine, dibutyl pentyl substituted methylamine,

10 diboutyl hexyl substituted methylamine, dibutyl octyl
substituted methylamine, tripentyl substituted
methylamine, dipentyl octyl substituted methylamine, and
trihexyl substituted methylamine.

Various additives which are generally used in

15 lubricating oil compositions can be used appropriately in
the present invention.

Thus, known lubricating cil additives such a=s
antioxidants, metal deactivators, extreme pressure
additives, oil-improving agents, antifcaming agents,

20 viscesity index improving agents, pour point depressants,
cleaning dispersants, anti~rust agents and anti-
emulsification agents can be added.

Examples of amine-based antioxidants include
dialkyldiphenylamines such as p,p'-diocctyl-diphenylamine

25 {such as that produced under the trade designation
“Sonoflex 0D-3” by the Seiko Kagaku Co.), p,p'-di-o-
methylbenzyl-diphenylamine and W-p~butylphenyl-N-p'-
octylphenylamine, monoalkyldiphenylamines such as mono-t-
butyldiphenylamine and mono-ectyldiphenylamine,

30 bis{dialkylphenyl}amines such as di-({2,4-
diethylphenyl)amine and di{2-ethyl-4-nonylphenyl)amine,
alkylphenyl-l1-naphthylamines such as octylphenyl-1-
naphthylamine and n-t-dodecylphenyil-l-naphthylamine, 1-



- phenot hi azi ne, produced by the Hodogaya Kagaku Co.) and
3, 7-di oct yl phenot hi azi ne. Exanpl es of sul phur-based anti-oxi dants i ncl ude
10 di al kylwolphiies2such as di dodecyl sul phite and di oct PESHPHKiHLI150
“thiodipropionic acid esters such as di dodecylthi odi propi onate,
di oct adecyl t hi odi propi onate, dinyristylthiodipropionate and
dodecyl oct adecyl t hi odi propi onate, and 2-nercapto 15 benzi m dazol e. Exanpl es
of phenol - based anti oxi dants include 2-t- butyl phenol,
2-t-butyl -4-met hyl phenol, 2-t-butyl-5- nethyl phenol, 2,4-di-t-butyl phenol,
2,4-di met hyl -6-t- butyl phenol, 2-t-butyl -4-nmethoxyphenol, 3-t-butyl-4 20
nmet hoxyphenol , 2, 5-di-t-butyl hydroqui none (such as that produced under the
trade designation "Anteeji DBH' by the Kawaguchi Kagaku Co.,),
2,6-di-t-butyl -4-al kyi phenols such as 2;6sdi-t-butyl phenol,
2,6-di-t-butyl-4 1,. methyl phenol and 2, 6-di-t-butyl -4-ethyl phenol,
2,6-di-t- 25 butyl - 4-zFREYyPHENOF Y 1eare R yAgripe 5 sefib- 35 Bhenyl-14- net hoxypheno
and 2, 6-di-t-butyl - 4-esthowyphenobhenBl-B-réiphthylamine, N-hexylphenyl-2-
Eébgt 3(;! - :1- Byflr szbﬁnéyépnary%@aw@g& XL@@ﬁpa&r@a-zakﬁ%kﬁﬁmne, t adecyl - 3- (3

, 5-di -t -butyl -4-hy enyl. i,on _su as .n-_ octadecyl -3-(3,
5-di-t-butyl-4-hydrox&%ﬁé%§ ,%&%g{gﬁ%igsggﬁ(gﬁ%ﬁxa%ﬂt%at.p(oduced under the
trade designatior " YOSATIT85 &GRS 59 (' YoATHommP SeiS R EH ), n- but yl - 3-
(3, 5-di -t -butyl - 4- hy drmgixghshety$ 2 pesopicd et eheastdizine de iyl hexyl - 3- (3,
5-di -t-butyl - 4- hydr oxyphemydingr epidoceat g, tAMDi2004E ke441.2cPCTInEP2004/ 050150
- 18 2,6-d-t-but yl-a-diethvhamiig:RaCcresol, 2,2'-nethylene-
bi s(4-al kyl -6-t-butyl phengl ) .such as .2, 2'-nethyl enebi s(4-
met hyl - 6-t - but yl phenol él;%‘c ge° hsé‘?Phﬁngéﬁeg‘g%‘%n" 3F thé "“YFade designation
" Ant age W 400" b thedlﬁ M@WHfteRasg\akkﬁs didodecylsulphite and

dioctylsulphite, thiodipropicnic acid esters such as
didedecylthiodipropionate, dioctadecylthiodipropionate,
dimyristylthiodipropiocnate and
dodecyloctadecylithiodipropicnate, and 2-mercapto-

15 benzimidazole.

Examples of phencl-based antioxidants include 2-t-
butylphenol, 2-t-butyl-4-methylphenol, Z2-t-butyl-5-
methylphencl, 2,4-di-t-butylphenol, 2,4-~dimethyl-&-t-
butylphencl, 2-t-butyl-4-methoxyphenol, 3-t-butyl-4-

20 methoxyphenol, 2,5-di-t-butylhydroguinone (such as that
produced under the trade designaticn “Anteeji DBHY by the
Kawaguchi Kagaku Co..), 2,6-di-t-butyl-4-alkylphenols
such as 2, 6-di-t-butylphencl, 2,6-di-t-butyl-4-
methylphenol and 2, 6-di-t-butyl-4-ethylphenal, 2,6-di-t-

25 butyl-4-alkoxyphenols such as 2, é-di-t-butyl-4-
methoxyphenol and 2, 6-di-t-butyl-4~ethoxyphenol, 3,5-di-
t-butyl-4-hydroxybenzylmercaptooctylacetate, alkyl-3-
{3,5-di-t-butyl-4-hydroxyphenyl}propionates such as n-
octadecyl-3-{(3, 5-di-t-butyl-4-hydroxyphenyl)propionate

30 (such as that produced under the trade designation
“Yoshinox 857 by the Yoshitomi Seiyaku Co.), n-butyl-3-
(3,5~di-t~butyl-4-hydroxyphenyl)prepionate and 2°'-
ethylhexyl-3-(3,5-di-t-butyl-4-hydroxyphenyl)propicnate,



5 Co.) and 2, 2-nethyl enebis(4-ethyl- 6-t-butyl phenol) (such as that
produced under the trade designation "Antage W500" by the Kawaguchi Kagaku
Co.), bisphansbsosuch as 4,4 '-but ylidenebi s(3-nethyl - Gedrioedoyd/@bemnol
(such as that produced under the trade designation "Antage W300" by 10 the
Kawaguchi Kagaku Co.), 4,4'-methyl enebis(2,6-di-t- butyl phenol) (such as
t hat produced under the trade designation "lIonox 220AH' by the Shell Japan
Co.), 4,4 - bis(2,6-di-t-butyl phenol), 2,2-(di-p hydrox_yphenyl) propane
(bi sphenol A, produced by the Shell 15 Japan Co.),
2,2-bis(3,5-di-t-butyl-4- hydroxyphenyl ) propane, 4,4'-cyclohexylidenebis(2,
6-t- butyl phenol), hexanethyl enegl ycol -bi s[3-(3,5-di-t-butyl -
4- hydr oxyphenyl ) propi onate] (such as that produced under the trade
designation "lrganox L109" by the Ci ba 20 Speciality Chem cals Co.),
triethyl enegl ycol bi s[3-(3-t- butyl -4- hydifd®y-5- net hyl phenyl ) propi onat €]
(such as that produced. _under the trade designati.on,6 " Tom nox. 917" by the
Yoshitom Seiyaku Co. i,dﬁ g,nCZSI-Jtty%imo53)[mﬁ?heyt(iFlr“yllm-3 Spgf?,s%l-’di?’-zir:memy enes
but yl - 4- hydr oxypheny| Ppr'épitbHaf eT el dd TRALS pr-daueBd 2Bbisider the trade
designation "lrganox h4th5¥-shy-bhhapkEicbh (sSpewi elak tnroGlretiuged s ti0. ) ,
3, 9- bi s( I1 | - ?i rrﬁt hg/l - 2rdd3-de3ignhbtdHt Vhee hJ)leo"o@Xa&- éfenmwlaydcpb&@%mr .
propi onyl oxy] et hyd ) 2, , 10- § et I; unde u s that

4)2: 80 8. 2 4 SLIAKASALE AL SuG] 1 Q%s%ggbwgg)y G Qs

produced under the trade designation izer G Sumi t ono
Kagaku), 4,4'-thi obi sf’?-th%f”ﬁ‘%f"fe@- PoBLtDs prERoe i PeteR 481 %at produced
under the trade desi §nfi & thartEdycRCaPBYr £mne - Kawvalgnels skgaku Co.) and
2, 2' -t hi obi s(4, 6- di - t 4butyityesenainckysthMWOs-20044 OF44d12 (RET/EP2R04/ 950150 -
19 pol yphenol s such @sodu&dd akics cABtRYdER8: Futdad, e fe-d=biit ¥l - 4
hydroxyphenyl) ggopi enakel..imthage, (such,as gl RLAdYERd,, ynder trade
des gnatl on | rganox %L’lt]&?g'l:eno% Esugh dés t%at produced under the trade
designation “Ionox 220AH” by the Shell Japan Co.)}, 4,4°'-
bis {2, 6-di-t-butyliphenol}, 2,2-(di-p-
hydroxzyphenyl)propane (bisphenol A, produced by the Shell
15 Japan Co.), 2,2-bis(3,5-di-t-butyl-4-
hydroxyphenyl)propane, 4,4'-cyclohexylidenebis{2, 6-t-
butylphencl), hexamethyleneglycel-bisi3-(3,5-di-t-butyl-
4-hydroxyphenyl) propionate] (such as that produced under
the trade designation “Irganox L103” by the Ciba
20 Speciality Chemicals Co.), triethyleneglycolbis[3-(3-t-
butyl-4-hydroxy-5-methylphenyl)propicnate] (such as that
produced under the trade designation “Teminox 917" by the
Yoshitomi Seiyaku Ceo.), 2,2'-thio-[diethyl-3-(3,5-di-t~
butyl-4-hydroxyphenyl)propionate] (such as that produced
25 under the trade designation “Irganox L115” by the Ciba
Speciality Chemicals Co.), 3,9-bis{l,lil-dimethyl-2-[3-(3-
t-butyl-4-hydroxy-5-methylphenyl)-
propionyvloxylethyl)2,4,6,10~tetraoxaspiro[5, S}lundecane
{such as that produced under the trade designation
30 “Sumilizer GA80” by Sumitome Kagaku}, 4,4'-thiobis{3-
methyl-6-t-butylphenol) [such as that produced under the
trade designation “Antage RC” by the Kawaguchi Kagaku
Co.) and 2,2'-thiobis(4,6-di-t-butylresorcinol),



-Speciality Chemcals Co.), 1,1,3-tris(2-nethyl-4-hydroxy 5 5-t-butyl phenyl)
but ane (such as that produced under trade designation "Yoshinox 930" by the
Yoshi tom SEO8MP7Ed2), 1,3,5-trinethyl-2,4,6-tris(3,5- dPETAEBRMYNS0450

‘hydr oxybenzyl ) benzene (such as that produced under trade designation

"l onox 330" by the Shell Japan Co.), bis 10

(3,3 -bis(4'-hydroxy-3'-t-butyl phenyl)butyric acid)glycol ester,

2-(3',5 -di-t-butyl -4-hydroxyphenyl)nethyl-4 (2", 4 "-di-t-but

yl - 3" - hydroxyphenyl ) net hyl - 6-t-butyl phenol and

2, 6-bis(2'-hydroxy-3'-t-butyl-5"-nethyl benzyl)-4- nethyl phenol, and
p-t-butyl phenol - formal dehyde 15 condensates and p-t-butyl phenol -
acet al dehyde condensates. Exanpl es of phosphorus-based anti oxi dants incl ude
triaryl phosphites such as triphenyl phosphite and tricresyl phosphite,
trial kyl phosphites such as 20 trioctadecyl phosphite and tridecyl

phosphite, and trido@enyherbrd thinophaspbidsguetihess zant boxidagt,s-can be

conveniently used i nql_wdg%m%yggrdpgogapgmg& Qg qucg acsom)a%ggg Lon,of nunber of
types in an anount mnthln Ujg of arts by weight,

per 100 parts by wei ght°% P?%‘?m”°n‘D”Fm%dﬁpﬁsg¥FBﬁClEkanples of neta
de-activating agents ﬁﬁ?%hhééﬁhﬁﬁﬂaEbﬁWénﬂehﬁrvnagbﬂﬂﬁhbﬂH@dFWBr|catlng oi
conposition of the presenatylprvehbiene | (sahugetienzotuceaznle arwie 30

benzotriazol e derivat ic¥egnidied vaMohkho4vyalhkWobargat £d:320] €s.,5uch as

4-met hyl benzotri azol e, g)§¥1 enzptriazal es, sugh ., as,_5- nethylbenzotrlazole
and 5- ethylbenzotrlafo? i hE bénzot r@azo Z%Esuch as 1 WO 2004/074412

PCT/ EP2004/ 050150 - 2(5‘Y8‘i°6%b:39"fyé?ﬁe|‘i6‘??§t KyFE 25 3*HeRFOE T aZore, "7 3#d the 1-
alikyl tol utri azol es suchs&@sationi"&ery|3afi Rorrbe §)$Ll2Jagan Co.), bis-

10 [3:3'-bis{4'-hydroxy-3'-t-butylphenyl}butyric acid]lglycol
ester, 2-(3',5'-di-t-butyl-4-hydroxyphenylimethyl-4-
{2",4"-di~t-butyl-3"-hydroxyphenyl)methyl-6—t-butylphenol
and 2,6-bis(2'~hydroxy-3'-t-butyl-5'-methylbenzyl)-4-
methylphenol, and p-t-butylphencl - formaldehyde

15 condensates and p-t-butylphenol - acetaldehyde
condensates.

Examples of phospherus—-hased antioxidants include
triaryl phosphites such as triphenyl phosphite and
tricresyl phosphite, trialkyl phosphites such as

20 trioctadecyl phosphite and tridecyl phosphite, and
tridodecyl trithiophosphite.

These antioxidants can be conveniently nsed
individually or in the form of a combination of number of
types in an amount within the range of from 0.01 teo 2.0

25 parts by weight, per 100 parts by weight of lubricating
01l composition.

Examples of metal de-activating agents which can be
conveniently used in the lubricating cil composition of
the present invention iaclude benzotriazele and

30 benzotriazole derivatives including the 4-
alkylbenzotriazoles such as 4-methylbenzotriazole, 5-
alkylbenzotriazoles such as 5-methylbenzotriarzole and 5-

ethylbenzotriazole, l-alkylbenzotriazoles such as 1-



tolutriazol e, benzimdazol e and benzi m dazol e derivatives including
2- (al kyl di t hi 0) benzi m dazol es such as 2 5 (octyl dithio)benzimdazol e,
2

- (decyl di 3 spolsigiam dazol e and 2- (dodecyl di t hi 0) benzi piTiBERbSBND
2-(al kyl dithio)- toluimdazoles such as 2-(octyldithio)toluimdazole, 2-
(decyl dithio)tol uimdazole and 2 (dodecyl dithio)tol uimdazole, indazole and
i ndazol e 10 derivatives including 4-al kylindazol es, 5-al kylindazoles and

t ol ui ndazol es, benzot hi azol e and benzot hi azol e derivatives including

2- mer capt obenzot hi azol e (such as that produced under the trade designation
"Thiolite B- 3100" by the Chiyoda Kagaku Co.), 2 15

(al kyl di t hi o) benzotri azol es such as 2- (hexyldithio)benzothi azole and 2-
(octyl dithio)benzot hiazol e, 2-(al kyldithio)tol uthiazoles such as

2- (hexyl dit hi o)tol uthiazol e and 2-octyldithio)toluazole, 2-(N N 20

di al kyl di t hi ocar barryl ) benzot hi azol es such &7 2- (N, N-

di et hyl di t hi ocar banyl )Jhen Patmm&%m €. 4- -
di but yl di t hi ocar banyl dgéyﬁgot i azol e A (ﬁemo’&mzom' and the 1

(N
di hexyl di t hi ocar bany E%Fﬁ?ﬁfﬁféS“QhésHeﬁ%ﬁf#ﬁﬁ?ﬁ?%myﬂﬁr?vat|ves
including 2-(N, N 25 dﬁaP%yPﬁPPhl@@3@B5ﬁyﬁ3@0@ﬁ@ﬁﬂa¥@k@§ Suetrtaes2- (N, N
di et hyl di t hi ocar banyl )intlehitgh?-azDiyediandh) BéiNcdidex gheh di tzhi ocar banyl)

t ol lﬁt hi agol( e, tblegg?)ﬁaéilg)@lgﬁﬁldﬁ@&dz\fﬁ%azdlgc|2Ume@%1d2fh(1§4t}éxl1QEéaQb@ ggnzoéazm es
such as oct yl di t hi n decyl di thj nzoxa an
2- dodecyldlthlo)benzoxazglépgn Qﬁgh iFé T di dﬁﬁﬁgélolu Q% th uch as

2-(octyl dithio) tol u&)?é‘fo‘@“’st(%‘é‘&‘:)?Fm B rilc ) uB%%é‘i‘BPi‘e“’é?rdz‘

2- (dodecyl di t hi 0) t ol ugswzeiteiolthivagidazdkesndet-i vati ves WO 2004/ 074412

PCT/ EP2004/ 050150 21 (dbdeel1sdinig) ) &mbisbad Kylddidi1Bi ) -ibadode t hi adi azol es

such as 10 derivatives including 4-alkylindazeles, S-alkylindazoles

and toluindazoles, benzothiazole and benzothiazole
derivatives including Z-mercaptobenzothiazole (such as

that produced under the trade designation “Thiolite B-

3100” by the Chiyocda Kagaku Co.), 2-

15 (zlkyldithio)benzotriazoles such as 2-
(hexvidithio)benzeothiazole and 2-
(octyldithio}benzothiazole, 2-{alkyldithio)toluthiazcles
such as 2- (hexyldithio}toluthiazole and
2-pctyldithio}toluazole, 2- [N,N-

20 dialkyldithiocarbamyl)benzothiazoles such as 2- (N,N-
diethyldithiocarbamyl)benzothiazole, 2-(M,N-
dibutyldithiocarbamyl)benzothiazole and 2-(N,N-
dihexyldithiccarbamyl)benzothiazole, and benzothiazole
derivatives including 2-{d, N-

25 dialkyldithiocarbamyl)toluthiazoles such as 2-(N,N-
diethyldithiccarbamyl)toluthiazole and 2 (N,N-dihexyl~-
dithiocarbamyl}toluthiazole, benzoxazcle derivatives
including 2-(alkyldithio)benzoxazoles such as
2- (octyldithio)benzoxazole, 2-{decyldithio)benzoxazole

30 and 2-dodecyldithio)benzoxazole and 2-
(alkyldithio)toluoxazoles such as 2-{octyl-
dithio)tolucxazole, 2~ {decyldithio}toluoxazcle and

2-{dodecyldithio)toluoxazole, thiadiazole derivatives



.2,5-bis(heptyldithio)-1, 3, 4-thi adi azole, 2,5-

bi s(nonyl dithio)-1, 3, 4-thi adi azol e, 2, 5-

bi s( dodecyid fohi/@pa1k, 3, 4-t hi adi azole and 1,2 5 PCT/EP2004/050150
“bi s(octadecyl dithio)-1, 3, 4-thiadi azol e, 2,5-bis(N, N

di al kyl di t hi ocarbanyl)-1, 3, 4-t hi adi azol es such as 2, 5-

bi s(N, N-di et hyl di t hi ocar banyl ) -1, 3, 4-t hi adi azol e, 2, 5-

bi s(N, N-di butyl di t hi ocarbanyl)-1, 3, 4-thi adi azol e and 2, 5-

bi s(N, N-di octyl di t hi ocarbanyl )-1, 3, 4-t hi adi azol e, and 2 10

N, N- di ackyl di t hi ocar banyl - 5- mer capto- 1., 3, 4-t hi adi azol es such as

2-N, N-di butyl di t hi ocar banyl - 5-nercapto-1, 3, 4- thiadiazole and

2- N, N-di octyl di t hi ocar bamyl -5-nmercapto- 1, 3, 4-thi adiazole, and triazole
derivatives including 1- all:yl-2,4-triazo}les such as

1-di octyl am nonet hyl - 2, 4- 15 triazole. These netal de- activating agents can
be conveniently used1hﬂdummduaL$¥(ﬂ%ykﬂﬂhheafmmnhﬁﬁ¢ﬁz&gghmaahgon of a

nunmber of types in an -»amumheﬁwymtnmt;hle3r@-@9ﬁd9£mu oms_0.01 to 0.5 parts by
wei ght, per 100 parts, %((non gt o) 4, 9, 1ad1azo?t' ngﬁ oil” conposition. Exanples
of the antifoam ng agen Whren e % conveni eAtly used include
organosi | i cates such &%5“H?%ﬁ#ﬁ??ﬁ%ﬂy%ﬂFH%aW@7¢G|@WhVPS|Ilcate and
fluorosilicone, and montosiddecanechasit-ifoamhngiiageat 8, suchyas 25

pol yal kyl acryl at es. Tra@mymrahﬁeammmi @rht—hylawﬁe@hesim&\éisdyally or in the

formof a conbination,of ,ayny unts w.thjip the range of
from0.0001 to 0.1 pg N stﬁhtngL¥9 3%n9bysﬁbf§h'”gf | ubricating

conposi tion. 30 Exanpﬁ%@‘ ¥‘VF§%BEF CTﬁﬁ@%’“ﬁﬁToVFﬁﬁl gents Which can be
cqnvenlently used i ncledg@l WG%W§W§BéF@Fﬁ@mm9bé—3w|§@eévrympwwﬂGV|ng agent s
such as pol ynet haeryl at estiarg1laiohekimanopoinymeps-suG h-assaet faybene- propyl ene
copolyners WO 2004/0744&2aEGIﬁEE&QQQhQﬁQL&Qﬂwmyﬁgﬂmrmmto1,&4—

thiadiazole and 2-N,N-dioctyldithiocarbamyl-5-mercapto-

1,3,4-thiadiazole, and triazole derivatives including 1-

alkyl-2,4-triazoles such as l-dioctylamincmethyl-2,4-
15 triazole.

These metal de-activating agents can be conveniently

used individually or in the form of a combination of a

number of types in an amount within the range of from

0.01 to 0.5 parts by weight, per 100 parts by weight of
20 lubricating oil composition.

Examples of the antifeoaming agents which can be

conveniently used include crgancsilicates such as

dimethylpelysiloxane, diethylsilicate and fluorosilicone,

and non-silicone antifcaming agents such as
25 polyalkylacrylates. These can be conveniently used

individually ox in the form of a combination of a number

of types in amounts within the range of from 0.0001 to

0.1 part by weight, per 100 parts by weight of

lubricating composition.
30 Examples of viscosity index improving agents which

can be conveniently used include non-dispersing type

viscesity improving agents such as polymethacrylates and

olefin copolymers such as ethylene-propylene copolymers



and styrene-di ene copol yners, and di spersing type viscosity inproving
agents where nitrogen-containing nononers have been copol ynerized in these
mat eri al s. wHg&oy@@int added can be conveniently within tRE/ERGE50ISf rom 5
0 to 20 parts by weight, per 100 parts by weight of [lubricating oi
conposi tion. However, when the viscosity of the lubricating oil conposition
is adjusted by adding a viscosity index inproving agent, the flash point is
inevitably | owered and so the anpunt of viscosity index 10 inproving agent
conpounded is preferably fromO to 5 parts by weight and nore desirably
fromO to 2 parts by weight, while nost desirably no viscosity index
i nproving agent is conpounded at all. Exanples of the pour point
depressants that may be 15 conveniently used include pol ynet hacryl at e- based
pol yners. These can be conveniently used_ijy amounts w thin the range of
fromO0.01 to 5 parts by weight, per 100 parts of |ubricating oi
conposi tion. Exanpl esa@f stfienchoaBi ddge1gh&Rer58 MYs@GeHSehhat may 20 be
conveni ently used incLHggngtﬁ£ﬁg@§§?%gﬁgggggq&§ﬁ§ggnm as_neutral or basic

al ka

al kaline earth nmetal sul phonates, I ne eart netaruﬁﬁgﬁates and

al kaline earth netal "CEMFEIHFSE" SRR TR 18T HISPEPEEIEs sdeh as

al kenyl succi ni ni des, arehyRdsdueas i eorgetigrieet witsin drdr@%e rpdditbr ed product s
derived therefrontw t h Boz0pagengowids, @rdieulaphiby cenpausrds for exanpl e.
These can be conveni eihya.addech kagbyicddal |eOler] Bndhend ook, a

conbi nation of a nunb f es..in a nount. wi.thi,n th r e of fromO0.01
to 1 part by weight, géﬁgid%¥§§§?£96§P§§“ﬁggﬁﬁ%léﬁdPﬁtﬁgééf%%%goi

conmposi tion. Exanpl es®of**8XtHet ' prE8E(iY agdht $Pafd® i P20t iprovi ng agent s
that may be conveni enthyritabdd liovekdded sthde subphiurt basetite xniene pressure
addi tives such asoWO 20041 {3441t2: P&GELIR2H04/056:4501y from 0 to 5

parts by weight and more desirably from 0 to 2 parts by
weilght, while most desirably no viscosity index improving
agent is compounded at all.
Examples of the pour point depressants that may be
15 conveniently used include polymethacrylate-based
polymers. These can be conveniently used in amounts
within the range of from 0.01 te 5 parts by weight, per
100 parts of lubricating oil composition.
Examples of the cleaning dispersing agents that may
20 be conveniently used include metal-based detergents such
as neutral or basic alkaline earth metal sulphonates,
alkaline earth metal phenates and alkaline earth metal
salicylates, and ash-less dispersants such as
alkenylsuccinimides, alkenyl succinic acid esters, and
25 modified products derived therefrom with boron compounds
and sulphur compounds for example. These can be
conveniently added individuwally or in the form of a
combination of a number of types in an amount within the
range of from 0.01 te 1 part by weight, per 100 parts by
30 weight of lubricating oil composition.
Examples of extreme pressure agents and oil-
improving agents that may be conveniently used include

the sulphur-based extreme pressure additives such as



.23 di al kysul phi des, di benzyl sul phi de, di al kyl pol ysul phi des,
di benzyl pol ysul phi de, al kyl ner capt ans, benzot hi ophene and

2, 2' -di t hi wioi ®(bemmat hi azol e), and aliphatic oil- inproviPdd/EGeH8018ch as
-fatty acid am des and fatty acid 5 esters. These extreme pressure agents and
oi | -inproving agents can be conveniently used individually or in the form

of a conbination of a nunber of types in anounts wthin the range of from
0.1 to 2 parts by weight, per 100 parts by weight of lubricating oil
conposition. 10 In nost cases, adequate anti-rusting performance can be
realised by the addition of a lubricating oil conposition of the present

i nvention, but when a higher- level of anti-rust performance is required in
accordance wth the use environnent, then N al kyl sarcosines, 15
phenoxyacetic acid al kyl ates, im dazolines;s conpound produced under the
trade designation "K-Corr100" by the King Industries Co., and their alkali
netal salts or am nedtakisslriides. NdikeydyldielikRex pad kylraspakmagéa, ¢ aci d
esters disclosed i n JapaagsgclysevpardenedkRaéaitadd, ApRbiicati-an kai d Open

H6- 200268 and the al kald.ng galt hiniBtal.Sal t snPhifhosphate esters disclosed
in EP-A-0801116 can be conveni ent use i hicgiugmi%ffectl ng the filtration

I Wt
characteristics when aAl'Kaline 6art i ne aﬁdatgyala‘fs AFESS FBMTXEd. *“these
anti-rust agents tan BESCHNVERFRAEFPIUSEWFSPS perafyiFolatiiymsevira the form of
a conbi nation of a nuaiperts cef beyyregenientayoet sndividorXiyt hreir amge of from 0. 01
to 2 parts by weight pefm dOQ Rapinschy ovel ghiber ofr 1ygbt iigakbngs O |
conposi tion. The knowp; anf icnemulsl £+ ¢akd 91 a89enis: uque%ﬁl?%g_l ly 30 as

| ubricating oil additives can be conven ent ‘TX used as anti-emnmulsification
agents in the |ubricatihg>ofI>ciptsrt il8re U e Ra' SPESEHt nventi on. They
can be conveniedfly usedt AeHNBIME S 2dRREie Nt e vphing eeaforfisngmcan

be realised by the addition of a lubricating oil
composition of the present invention, but when a higher-
level of anti-rust performance is required in accordance
with the use environment, then N-alkylsarcosines,

15 phenexyacetic acid alkylates, imidazolines, compound
produced under the trade designation “K-Corrl00“ by the
King Industries Co., and their alkali metal salts ox
amine salts, the N-acyl-N-alkoxyalkylasparaginic acid
esters disclosed in Japanese Unexamined Patent

20 Application Laid Open H6-200268 and the alkaline earth
metal salts of phosphate esters disclosed in EP-2-0801116
can be conveniently used without affecting the filtration
characteristics when alkaline earth metal salts are
admixed. These anti-~rust agents can be conveniently used

25 individually or in the form of a combination of a number
of types in amounts within the range of from 0.01 to
2 parts by weight per 100 parts by weight, of lubricating
il composition.

The known anti-emulsification agents used generally

30 as lubricating oil additives can be conveniently used as
anti-emulsification agents in the lubricating oil
compositions of the present invention. They can be

conveniently used in amounts within the range of from



WO 2004/ 074412 PCT/ EP2004/ 050150 - 24 0.0005 to 0.5 part by weight, per
100 parts by weight of lubricating oil conposition. The |ubricating oi
conposi ti ogsy abybAg1Present  invention can be used as i norGSIEPaD4050030i cat i ng
oils and, 5 in particular, as hydraulic oils. Mreover, they are al so
useful as heat transfer fluids, machine tool oils, gear oils, conpressor
oils, turbine oils, bearing oils and greases in view of their surprising
ability to elimnate the pressure loss in hydraulic pipe-work. 10 The
present invention will now be described with reference to the follow ng
exanples relating to hydraulic oils which are not intended to limt the
scope of the present invention in any way. Exanples 15 The base oils and
addi tives conpounded in Exanples 1 to 10 and Conparative Exanples 1 to 15
were as described below Base Ol 1: Shel], XHVIT' 5.2 and Shell XHVITM 8.2
were m xed together in proportions by weight of 56 20 44 to prepare a base
oi Il of kinematic viscosdoby tato.40Grofyakest:, 32r 38h Sart@hs) e 2V1o5. 2 IS the

product of solvent de 0g:a shel ._Waxy Reffinate as obtained from
Shel | NMDS (Nhlaysia)wggﬁ. Bl . Sﬁ%ppgiﬁM' 8.2 is a 25 mneral oil. Base Ol

2: Shell XHVIT" 5.2 and SHEI PUPRERFETN 8125 B H&F & nB&f & tescri bed, were
m xed together in préportioormsniie wedget ingfistBial gBrigtprepdseard, base oil of
ki nemati c viscosity atn4Qfiiefi1230 aabodtads BR/sS. MBasesrQ thed:arPol y-a-ol efin
(ki nemati c viscosi ty Qisoltg)&%l Qg h@aMln%)erpflqg&g,erﬁgcﬁfngn%clobe}igg Amoco Co. and
gear oils, compresscor oils, turbine oils, bearing oils
and greases in view of their surprising ability to
eliminate the pressure loss in hydraulic pipe-work.
1G The present invention will new be described with
reference to the following examples relating te hydraulic
oils which are not intended to limit the scope of the
present invention in any way.
Examples
15 The base oils and additives compounded in Examples 1
to 10 and Comparative Examples 1 to 15 were as described
below.
Base 0il 1: Shell XHVI™ 5.2 and Shell XHVI™ 8.2 were
mixed together in proportions by weight of 56 :
20 44 to prepare a base 0il of kinematic viscosity
at 40°C of about 32 mm?/s. Shell XHVI 5.2 is
the product of seclvent dewaxing a Shell MDS
Waxzy Reffinate as obtained from Shell MDS
{Malaysia) &dn. Bld. Shell ¥XRVI 8.2 is a
25 mineral oil.
Base 0il 2: Shell XHVI™ 5.2 and Shell XHVI™ B.2, as
hereinbefore described, were mixed teogether in
proportions by weight of 5 : 895 to prepare a
base oil of kinematic viscosity at 40°C of
30 about 46 mmZ/s.

Base 0il 3: Poly-da-clefin (kinematic viscosity at 100°C

of 6 mm?/s) procured from the BP Amoco Co. and



‘WD 2004/ 074412 PCT/ EP2004/ 050150 25 a poly-a-olefin (kinematic viscosity
at 100C of B nmmR/s) fromthe sane conpany were m xed together in

proporti onswdyoweigit of 94 : 6 to prepare a base oil ofPGIERARY (58150
‘'viscosity at 5 40C of about 32 mmR/s. Base O | 4. Poly-a-olefin (kinematic
viscosity at 100C of 6 mR/s) procured fromthe BP Anmbco Co. and a
poly-a-olefin (kinematic viscosity at 100C of 8 mmR/s) fromthe sane
conpany were m xed 10 together in proportions by weight of 3 : 97 to
prepare a base oil of kinematic viscosity at 40C of about 46 mmR/s. Base
Ol 5: Solvent refined base oil (SOON) and solvent refined oil (150N)
classified as Goup 1 as 15 specified in Appendix E of APl 1509 |aid down
by the Anmerican Petrol eum Society were m xed together in proportions by
wei ght of 20 : 80 to prepare a base oil _of; kinematic viscosity at 40C of
‘about 32 m2/s. 20 Base G| 6: Solvent refined base oil (SOON) and sol vent
refined oil (150N) cl assifiec sbrv-d-aléfin a&inttQuPrilciref L aiied together in
proportions by weight of 46 ; 52 prepare a base oil of  kinematic
viscosity at 40C of about 46 %ﬁgf?%%i§£§g§%?ffF 7B VERt™Fet i ned base oi
(500N) and hydrogenation refi°AEdebiP FEIBONPCE PSS 9teef 8i:nfltarly as G oup
2 were m xed together in praoperdreonsassyoivedfghirenfri? visQ8ityoatprepare a base

oi | of kinematic yiscosity at,,;40G: qf,..:30 ghout 32 m2/s. WO 2004/ 074412
PCT/ EP2004/ 050150 26

Base 0il 4: Poly-a-olefin (kinematic viscosity at 100°C

of 6 mm?/s) procured from the BE Amoco Ce. and
a poly-o-clefin {(kinematic viscosity at 100°C
of B mmZ/s) from the same company were mixed

10 together in proportions by weight of 3 : 97 to
prepare a base o0il of kinematic viscosity at
40°C of about 46 mmZ/s.

Base 0il 5: Selvent refined base oil (500N) and solvent

refined oil (150N) classified as Group 1 as

15 specified in Appendix E of API 1509 laid down
by the American Petroleum Society were mixed
together in proportions by weight of 20 : 80 to
prepare a base cil of kinematic viscosity at
40°C of about 32 mmZ/s.

20 Base 0il é: Soclvent refined base oil (500M) and sclivent
refined o0il (150N) classified similarly as
Group 1 were mixed together in proportions by
weight of 48 : 52 to prepare a base oil of
kinematic viscosity at 40°C of about 46 mme/s.

25 Base Cil 7: Solvent refined base oil (500N} and
hydrogenation refined oil (130N} classified
similarly as Group 2 were mixed together in
propertions by weight of 2 : 98 to prepare a

base oil of kinematic viscesity at 40°C of

30 about 32 mml/s.



Base G| 8: Solvent refined base oil (500N) and solvent refined oil (150N)
classified simlarly as Goup 2 were m xed together in proportions by

wei ght of 39300987542 Prepare a base oil of 5 kinematic viECoePiyy@En140C of
about 46 mmR/s. Base G| 9: Solvent refined base oil (150N) and

hydr ogenation refined oil (100N) classified simlarly as Goup 3 were m xed
together in proportions by weight of 75 : 25 to prepare a 10 base oil of

ki nematic viscosity at 40C of about 32 mmR/s. Base O 10: Sol vent refined
base oil (500N) and solvent refined oil (150N) classified simlarly as

G oup 3 were m xed together in proportions by 15 weight of 92 : 8 to prepare
a base oil of kinematic viscosity at 40C of about 46 mmR/s. Am ne 1:
Primary am ne sold under the trade designation "Prinene JMI™ which has Cl6
to C22 branched tertiary alkyl groups obt %i_ned fromthe Rohm 20 and Haas
Co. Amne 2: Primary am ne sold under the Prade desi gnation "Prinene B1R

Wnidch has Cl12 to Cl4 brangheg sdi€ktd ggfxn@,: iéa\éke (grlog@ﬁmomda%ghggntf romthe Rohm
and Haas Co. 25 Amine 3: Primar, . ne nder_the.frade designation
"Pri mene TOA" which has CB t-oc%ﬁ?mé?dﬁ%@) %g?sg?heéids?“rl%aﬁ?fﬁé Rohm and Haas
Co. Anine 4: Primary am ne sdF¥Pupdére PHEPAHEHESiRGARATEHNS® ®Ani ne T" in
which a tallow conponent fornsithiect 30 :afitkyd rearetpadhsaioakdifrom t he Lion

Co. WD 2004/ 074412 PCT/ EP20044Q5Q480,i 502y ANioRE 0B anblii BLY22M ne sol d
under the trade desi gggstei on .. Amine ggmgg Eahseaoiqall%lgi Iandcorrponent as the

: vent
hydrogenation refined oil (100N) classified
similarly as Group 3 were mixed together in
preportions by weight of 75 : 25 to prepare a

10 base oil of kinematic viscosity at 40°C of
about 32 mmZ/s.

Base 0il 10: Solvent refined base oil (500N) and solvent
refined oil (150K) classified similarly as
Group 3 were mixed together in proportions by

i5 weight of 92 : 8 to prepare a base oil of
kinematic viscosity at 40°C of about 46 mm2/s.

Amine 1: Primary amine sold under the trade designation
“Primene JMT” which has C16 te C22 branched
tertiary alkyl groups obtained from the Rohm

20 and Haas Co.

Amine 2: Primary amine sold under the trade designation
“Primene 81R"” which has ClZ to Cl4 branched
tertiary alkyl groups obtained from the Rohm
and Haas Co.

25 Amine 3: Primary amine sold under the trade designation
“Primene TOA” which has C8 t-octyl groups
obtained from the Rohm and Haas Co.

Amine 4: Primary amine sold under the trade designation
“amine T” in which a tallow component forms the

30 alkyl group obtained from the Lion Co.



~al kyl group obtai ned fromthe Lion Co. Amne 6: Primary am ne sold under the
trade designation 5 "Amne OD' with a linear C8 al kyl gro1p obt ai ned from
the Lion Oa/0 pHeH4Bdditives Additive 1: A mixture of 35 RitIgERAMPe B4 sed
“antioxidant sold under the trade designation "lIrganox 10 L57" by the

C ba-Geigy Co., 50 w % phenol based anti oxi dant sold under the trade

desi gnation "lrganox L135" by the sane conpany, 10 wt% anti-rust agent sold
under the trade designation "Lubrizol 859" by 15 Lubrizol Co. and 5 wt
corrosion inhibitor sold under the trade designation "Sarkosyl 0" by the
Ci ba-CGeigy Co. Additive 2: A mxture of 90 wt % anti-wear agent sold under
the trade designation "Lubrizol 1375" 20 by Lubrizol Co. and 10 wt %
friction controlling agent sold under the trade designation "Enmasol MO SO
by Kao Co. Additive 3: A mxture of 50 wtfbanti-wear agent sold under the
trade designation "Reofos 65" by 25 Kao Co., 5 wt% anti-rust agent sold
under the trade desi §f&€ivn E“Fll‘atré(?ms%'“llﬁ‘y”“fifhwe Epde Bsiggedbonf corrosion

i nhibitor sold under the trateirgesi"gmationlhSatkasydnett’ abyn& ba- Gei gy Co. ,
17 wt % anmi ne- based anti oxi dandixgi0bebudpunaes sthecier ade €esi gnation "Irganox

L57" by the same company @ndﬁ%éary dapheng! oRasel. Y2004 9rad)2
PCT/ EP2004/ 050150 28 antiox|d un er the tra esi gnati on

"] rganox L135" al 30 by the safB* rt‘f"o?ﬁ)anv EXSAD RS B7°1D

obtained from the Lion Co.

Other Additives
Additive 1: A mixture of 35 wt% amine-based antioxidant
( scld under the trade designation “Irganox
10 L57” by the Ciba-Geigy Co., 50 wt% phenol-
based antioxidant sold under the trade
designation “Irganox L135" by the same
company, 10 wt% anti-rust agent sold under
the trade designation “Lubrizol 859" by
15 Lubrizol Co. and 5 wt% corrosion inhibitor
sold under the trade designaticn “Sarkosyl 07
by the Ciba-Geigy Co.
Rdditive Z: A mixture of 90 wt% anti-wear agent sold
under the trade designation “Lubrizel 1375"
20 by Lubrizol Co. and 10 wt% friction-
controlling agent =cld under the trade
designation “Emasol MO-50“ by Kao Co.
Additive 3: A mixture of 50 wt% anti-wear agent sold
; under the trade designation “Reofos 65" by
25 Kao Co., 5 wt% anti-rust agent sold under the
trade designation “Hitec 536“ by Ethyl Co., 3
wt% of corrosion inhibiter sold under the
trade designation “Sarkosyl 07 by Ciba-Geigy
Co., 17 wt% amine-based antioxidant socld
30 under the trade designation “Irganox L37” by

the same company zand 25 wt% phenol-basad



Table 1 Exanple No. 1 3 45 Base Ol 1 98.97% Base G| 2 98.97% 98. 97% Base
Ol 3 98.90%98.97% Base Gl 4 Arine 1 0.03%0.1%0.03% Amine 2 0.03%

0. 03% Addi tigysodos20% 1. 00% 1. 00" 1.00% 1. 00% Ki nemat i FCHEBRISGH NI, 7
46.1 46.1 31.9 31.9 at 40C (m®2/s) Viscosity Index 150 145 145 135 135
Density at 15C 0.826 0.833 0.833 0.831 0.831 (g.cm3) Flash Point (C) 252
258 258 258 258 Storage Stability Pass Pass Pass Pass Pass Stick-slip Pass
1 Pass Pass Pass Pass resistance 5 WO 2003/074412 PCT/ EP2004/ 050150 29
Table 2 Exanple No. 6 7 8 9 10 Base G| 3 98.97% 98. 97% 98. 90% 98. 10% Base
Gl 4 98.97% Anine 1 0.10%0.10% Anm ne 2 0.03% 0.03% Ami ne 3 0.03%
Additive 1 1.00% 1.00% 1.00%% Additive 2 1.00% Additive 3 1.00% Kinematic
31.9 31.9 46.1 31.9 32.1 Viscosity at 40C (m®/s)

- 28 -

antioxidant sold under the trade designation

“Irganex L1357 alsc by the same company.

Examples 1 to 10

Table 1
Example No. 1 2 3 4 5
Base 0il 1 98.87% :
Base Qil 2 98.97% | 98.57%
Base 0il 3 98.50% )| 98.97%
Base 011 4
Amine 1 0.03% Q0.1% 0.03%
Amine 2 0.03% 0.03%
Additive 1 1.00% [1.00% [1.00% [1.00% 1.00%

Kinematic Viscosity |31.7 46.1 46.1 31.8 31.9
at 40°C  (mmZ/s)

Viscosity Index 156 145 145 135 135
Density at 15°C 0.826 (0.833 (0.833 (0.831 G.831
{g.cm™3)

Flash Point (°C) 252 258 258 258 258
Storage Stability Pass Pass FPass Pass Pass
Stick-slip Pass Facss Pass Pass Pass
resistance




Viscosity index 135 135 137 135 135 Density at 15C 0.831 0.831 0.834 0.831
0.833 (g.cm 3) Flash Point (C) 258 258 262 258 258 Storage Stability Pass
Pass Pass Rue30R#&36:12Sti ck-slip Pass Pass Pass Pass Pass PEEEPHOHAHASO
Conparative Exanples 1 to 15 Table 3 Conparative Exanple No. 1 2 3 4 Base
Gl 1 98.97%Base O1 2 Ease Ol 3 98.97% 99.00% 98.97% Base Ol 4 Amine 4
0.03% Amine 5 0.03%0.03% Additive 1 1.00% 1.00% 1.00% 1.00% Ki nematic
Viscosity at 31.7 31.9 31.9 31.9 40C (mR/s) Viscosity Index 150 135 135
135 Density at 15C (g.cm 3) 0.826 0.831 0.831 0.831 Flash Point (C) 252
258 258 258 Storage Stability Fail Fail Pass Fail Stick-slip resistance
Pass Pass Fail Pass 5 WD 2004/074412 PCT/ EP2004/ 050150 - 30 Table 4

Conparative Exanple 5 6 7 8 9 No. Base G| 4 98.97% Base G| 5 98.97%
98.97% Base oil 6 98.97% Base Q1| 7 98. 97%s -

Table 2
Example No. 6 7 8 9 10
Base 0il 3 98.97% [ 98.97% 98.90% 198.10%
Base 0il 4 98.97%
Amine 1 0.10% |0.10%
Amine 2 0.03% 0.03%
Amine 3 0.03%
Additive 1 1.00% 1.00% |1.00%
Additive 2 1.00%
Additive 3 1.00%
Kinematic 31.9° 31.9 46.1 31.9 32.1
Viscesity at 40°C
{mm?/s)
Viscosity Index 135 135 137 135 135
Density at 15°C 06.831 0.831 |0.834 0.831 [D0D.833
(g.cm‘3)
Flash Point (°C) 258 258 262 258 258
Storage Stability Pass Pass Pass Pass Pass
Stick-slip Pass Pass Fass Pass Pass
resistance

Comparative Exampieés 1 to 15

Table 3
Comparative Example No. i 2 3 4
Base 0il 1 98.97%
Base Qil 2
Base 0il 3 98.97% [ 99,00% | 92.97%
Base 0il 4
Amine 4 0.03%
Amine 5 0.03% 0.03%
Additive 1 1.00% 1.00% 1.00% 1.00%
Kinematic Viscosity at 31.7 31.9 31.8 31.9
40°C {(mmZ/s)
Viscosity Index 150 135 135 135
Density at 15°C (g.cm’3) 0.826 0.831 0.831 0.6831
Flash Point {°C) 252 258 258 258
Storage Stability Fail Fail Pass Fail
Stick-slip resistance Pass Pass Fail Pass




Amine 1 0.03%0.03%0.03% Amne 4 0.03% Amne 5 0.03% Additive 1 1.00%
1.00% 1.00% 1. 00% 1. 00% Kinematic Viscosity 46.1 31.5 31.5 45.6 32.0 at
40C (mM2/ shwyi2ec@idry | ndex 137 106 106 108 102 Density acTi pehodon8840 0.870
0.870 0.875 0.864 (g.cm3) Flash Point (C 262 231 231 245 220 Storage
Stability Fail Pass Pass Pass Pass Stick-slip Pass | Pass Pass Pass Pass
resi stance Table 5 Conparative 10 11 12 13 14 15 Exanple No. Base G| 3
98.97% 99.00% Base G| 7 98.97% Base O 8 98.97% Base oil 9 98.97% Base
oil 10 98.97% Amne 1 0.03%0.03% Amine 4 0.03% Amine 5 0.03% 0. 03% -
Additive 1 1.00% 1.00% 1. 00% 1. 00% Additive 2 1.00% 1.00% Kinematic 32.0
45.9 31.9 46.0 31.9 31.9 Viscosity at 40c (mmR/s) Viscosity Index 102 107
128 127 135 135 Density at 150C 0.864 0.867 0.841 0.847 0.831 0.831 (g.cm

3) Flash Point (C) 220 232 242 252 258 258,,Storage Pass Pass Pass Pass Fail
Fai |

Table 4
Comparative Example 5 6. 7 g 9
No.
Base 0il 4 98.97%
Base 0il 5 98.97% | 98.97%
Base Cil 6 98.97%
Base 0il 7 898.897%
Bmine 1 0.03% 0.03% G.03%
Amine 4 0.03%
Amine 5 0.03%
Additive 1 1.00% (1.00% 1.00% 11.00% 1.00%

Kinematic Viscosity|46.1 31.5 31.5 45.8 32.0
at 40°C (mmZ/s)

Viscosity Index 137 106 106 108 102
Density at 15°C 0.834 (0.870 |0.870 |0G.875 |0.864
(g.cm™3)
Flash Point {°C) 262 231 231 245 220
Storage Stability Fail Pass Pass Pass Pass
Stick-slip Pass Pass Pass Pass Pass
resistance

Table 5
Comparative 10 11 12 13 14 15
Example No.
Base 01l 3 98.97% | 99.00%
Base -0il 7 98.57%
Base 0il 8 98.97%
Base 0il @ 98.97%
Base 0il 10 98.97%
Amine 1 0.03% 0.03%
Bmine 4 0.03%
Amine 5 0.03% 0.03%
Additive 1 1.00% 1.00% 1.00% 1.00%
Additive 2 1.00% 1.00%
Kinematic 32.0 45.8 31.9 46.0 31.8 31.9

Viscosity at
40°C (mm2/s)

Viscosity Index 102 107 128 127 135 1358
Density at 15°C 0.864 0.867 0.841 0.847 0.831 0.831
(g.cm=3)

Flash Point {°C) |220 232 242 252 258 258
Sterage Pass Pass Pass Pass Fail Fail
Stability

Stick-slip Pass Pass Pass Pass Pass Pass
resistance




Stability Stick-slip Pass Pass Pass Pass Pass Pass resistance WO

2004/ 074412 PCT/ EP2004/ 050150 31 The various performance test nethods used
in the Exampkes/oand2 Conparative Exanpl es above are out | i FEEPIGH/@W1S0
‘Stick-slip Resistance Test 5 The sanple oil was coated between steel test
pieces noved at a slip rate of 12.7 mmimnute with a |oading of 22.4 kgf
using a stick-slip tester produced by the C ncinnati Mlacron Co. (fornerly
ASTM D 2877) and whether or not sticking occurred was assessed in order to
10 evaluate the lowfriction - energy conserving properties of the sanple
oil. Lubricating oils where stick-slip occurred had a high coefficient of
friction and were wunsatisfactory in terns of energy conservation and
therefore assessed a failure. 15 Storage Stability The sanple oil was
introduced into a clear gloss bottle and keft to stand in the dark in the
open air in winter wwith a view to evaluating solubility, and those where
there was no turbidity or Thy egiippt a¢dofrenrrmtesyrme2iodseyrsed ddj thdged t 0 have
passed the test. MoreaMgipied Bl caperetaid EXmPPRl ot @rd/akd1@gegr adual |y
between 5 and -5"C. By,feans of the present invention it is surprisingly
possible to provide a teq{hg{i uReesg‘Ls r_inproving solubility, reducing friction
and inproving anti-ru using a specified am ne conpound
conjointly when using a §b%€?’fpi1%d’lha‘ﬁ‘? GRetedtbepiese P4 Fertagiersrdust ri al

| ubricating oil. The |mgbed eatki fige ocirte cONMPOS mbirongeofith helgpregest | nventi on
have excell ent ther rralzzoxikgiﬁhisﬂia aSTsaib:ikl-siltiy,tester produced by the

Cincinnati Milacron Co. (formerly ASTM D 2877) and
whether or not sticking occurred was assessed in order to

10 evaluate the low-friction - energy conserving properties
of the sample oil. Lubricating oils where stick-slip
occurred had a high coefficient of friction and were
unsatisfactory in terms of energy conservation and
therefore assessed a failure.

15 Storage Stability

The sample 0il was introduced into a clear gloss
bottle and left to stand in the dark in the open air in
winter with a view to evaluating solubility, and those
where there was no turbidity or precipitate formation

20 were adjudged to have passed the test. Moreover, the
open air temperature varied gradually betwsen 5 and -5°C.

By means of the present inventien it is surprisingly
possible to provide a technigue for improving solubility,
reducing fricticn and improving anti-rust properties by

25 using a specified amine compecund conjointly when using a
specified narrow-cut base oil in an industrial
lubricating oil.

The lubricating oil compositions of the present
invention have excellent thermal oxidation stability,

30 lubricating properties and filtration characteristics
from the viewpoint of both the safety aspects and the

actual performance of the compositions.



30 lubricating properties and filtration characteristics fromthe vi ewpoi nt
of both the safety aspects and the actual performance of the conpositions.
WO 2004107444 30R%WT44EP2004/ 050150 32 It will be appreci aret/Erhmt/osdiso

ki nematic viscosity at 40C, viscosity index and density of the fluids in
the above tables are resultant fromthe base oil used therein. 5 Exanple
11 and Conparative Exanples 16 to 18 The fornulations tested in Exanple 11
and Conparative Exanples 16-18 were as described in Table 6: WO 2004/ 074412
PCT/ EP2004/ 050150 a mHH HmwHWCH1-1 > DUGHUO %HHDNH

HOHI Sb WMHHWNHHNHAH>7 17, C3 N U OOHNNI NHa) >m
CLUHHWH HHNtoO END4LHDCa DHOOoOmMm Ul Er UmCEAH
Hoo >HOH>1 dHUL NHOCNCWI) r HHMNWHOOH.O NHEILW
ND NHCNtTDN UD-J UNODUCO_%‘Z(_OrOm X HNCHHHO-H.-I
-HNU 10 to
It will be appreciated that the kinematic viscosity

at 40°C, viscosity index and density of the fluids in the

above tables are resultant from the base o0il used

therein.

5 Example 11 and Comparative Examples 16 to 18

The formulaticns tested in Example 11 and

Comparative Examples 16-18 were as described in Table 6:
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HHU wWNNCOO IlaLCalU 'oO>v EE+) wmCCtom tOH> -|
-HWmMEEOMM )" OOCmMHEEN!J Omrl to Wtv H-Ha" 0>NUHHV
O CO0 U wae2mwibh&g1D 4 H> HNO Wi a EOUH E U WerDerzdosoNig C N C
OT HHHO N A WD 2004/074412 PCT/ EP2004/ 050150 - 34 Test nmethod A suite
of tests was run with a Denison PVH 57 variabl e displacenent piston punp,
at different tenperatures, pressures and oil flow. 5 The test conditions
were designed to mmc industrial applications where possible. Maxinmm 120
Bar pressure, 2500 revs mn-1, 49 L mn-1; Tenperature range between 35 C
and 75 C Maxi num 10 120 Bar pressure; 2500 revs mn 1, 49 L mn-1 ; Vks
avai |l abl e between 17 ¢St and 100 cst. Measurenents of case drain (|eakage)
taken to <calculate volunetric efficiency; 15 0 These are at specific
tenperatures to sinmulate the use of a VG 46_fluid.

Test method
A suite of tests was run with a Denison PVH 57
variable displacement piston pump, at different
temperatures, pressures and oil flow.
5 The test conditions were designed to mimic
industrial applications where possible.
* Maximum 120 Bar pressure, 2500 revs min-1, 49 L
min-1;
e Temperature range between 35 °C and 75 °C Maximum
10 120 Bar pressure;
e 2500 revs min™!, 49 L min~};
* Vks available between 17 ¢St and 100 ¢St.
= Measurements of case drain (leakage} taken to
calculate volumetric efficiency:

15 @ These are at specific temperatures to simulate the

use of a VG 46 fiuid.

Temperature (°C)

ISO 46 ISO 68
68 80
59 70
50 &0
42 50
32 40
23 30
12 20

* A HBM torque transducer was used to take
measurements of torgue, along with calibrated
20 speed and input power readings and the mechanical

efficiency was calculated.



Tenperature (C) 1SO 46 1SO 68 68 80 59 70 50 60 42 50 32 40 23 30 12
20 A HBMtorque transducer was used to take neasurenents of torque, along
wi t h cal i breoeab+20+8peed and i nput power readi ngs and t heP@EERALCNS)
efficiency was cal cul ated. WO 2004/ 074412 PCT/ EP2004/ 050150 35 The first
test assessed the effects (predicted as no effect) that the relationship
between altering swash plate angle or drive speed have on punp efficiency.
The swash plate was set at different angles and then given 5 running
conditions achieved, set flow rate, speed, tenperature and pressure so that
the di splacenent of the punp was the only variable. Efficiency calculations
were then perfornmed on the data gathered and any effect was found to be
bel ow t he scope of the neasuring equi pnent, 10 hence the relationship is
assuned to be negligible. Al other testsiyywere run by differing the drive
speed, with a constant swash plate angle to maintain a constant flow A
series of constant flow ante ptessisse sbestal wer efisets Ihefithedks vari ed

tenperatures; to assesgrédte @hi @ad ofatidnenResaltdnea08r: gl uaBLric efficiency

(and 10 a | esser extent, JEEianCaly Ll a061h-phUTR-CONd, L hgns Operation
of a Denison hydl’ aulic gl st late wagpset ag different angles and then given

5 running conditions achieved, set flow rate, speed,
temperature and pressure so that the displacement of the
pump was the only variable. Efficiency calculations were
then performed on the data gathered and any effect was

{ found to be below the scope of the measuring equipment,
10 hence the relationship is assumed to be negligible.
All other tests were run by differing the drive
speed, with a constant swash plate angle teo maintain a
constant flow.
A series of constant flow and pressure tests were be
15 run at varied temperatures; to assess the effect of
temperature on velumetric efficiency {(and tc a lesser
extent mechanical efficiency).

Pump conditions

Operation of a Denison hydraulic piston pump rig
20 used to assess hydraulic fluids and pump efficiency,
including electrical fauwlt-finding and calibration of the
torque transducer. A contact box with an over-current
switch controls the rig, and a dial linked to an
(' electronic contxrol box allows the drive shaft speed to be
25 adjusted. Fluid temperature is varied between room
temperature and 50°C. Pressure is varied between 0 Bar
and 130 Bar under normal test conditions, using a manual
screw-in valve.
Periodically maintenance and cleaning may be
30 required, such as fluid changes and adjustments to the

swash plate.

s Tilter changes were performed between fluid

changes.



20 used to assess hydraulic fluids and punp efficiency,
electrical fault-finding and calibration of the
cont act boxwwoizbdyoamiover-current switch controls the rigpcampen+ds@ko | i nked
to an electronic control box allows the drive shaft speed to be 25
adjusted. Fluid tenperature is varied between room tenperature and 80C.

i ncl udi ng
torque transducer. A

Pressure is varied between 0 Bar and 130 Bar under normal test conditions,
using a manual screwin valve. Periodically maintenance and cl eaning may be
30 required, such as fluid changes and adjustnents to the swash plate.

Filter changes were perforned between fluid
PCT/ EP2004/ 050150 -36 1-litre sanples of fluid were taken before and
after each test. Vks at 40C and 100C, water content and cleanliness
measurenents were taken before and 5 after,each test. Overview of results
(N.B. The dynamic viscosity and density mere measured using at Stabinger
Aut omat ed vi sconeter at 40C;- mmel Sampidd€oOEhRL JMBASHLNEBNLS. ghe derived from
Deni son 10 efficiency rig tgsts ?.Je 7 Exanple 11 Conp. EX. Ex.
Comp. Ex. 16 18 17 Viscosity 138 100 180 150 |ndex Density 0.8340 0. 8567
0.9044 0.8598 Tenper at ure stsui”d‘lfﬂcui”d‘ POG-duFeaic@ntepE)anRel at i ve Rel ati ve
Rel ati ve Rel ati ve cleanliness measurements were taken before and

changes. WD 2004/ 074412

5 after each test.

Overviaw of results

{(N.B. The dynamic viscosity and density were measured
using at Stabinger Automated viscometer at 40°C, while

the other measurements are derived from Denison

10 efficiency rig tests).
Table 7
Example 11 |Comp. Ex. |[Comp. Ex. Comp. Ex.
16 18 17
Viscosity 13e 100 130 150
Index
Density 0.8340 0.8567 0.9044 0.8598
Temperature | Fluid Fluid Fluid Fluid
{°C) Reljative Relative Relative Relative
Efficiency | Efficiency |Efficiency |Efficiency
(%) (%) (%) (%)
45 92.1
50 82.3
55 92.5 91.9 91.9 91.8
60 92.7 2.1 92
65 2.9 82.2 92.1 91.7
70 892.3 82.2
75 82.5 92.3 91.@6

15

20

It is apparent from Tables 6 and 7 that the

formulation of Example 11 has not only a higher VI than

the conventional anti-wear hydraunlic oil of Comparative

Example 16, but also has a significantly lower density.

The above results in Table 7 show that the

formulation of Example 11 surprisingly has the highest

relative efficiency as the pump requires less energy per

unit of fluid pumped.

It would be expected in real

systems where a much higher proportion of pipework exists




Efficiency Efficiency Efficiency Efficiency MM 45 92.1 50 92.3 55 92.5
91.9 91.9 91.8 60 92.7 92.1 92 65 92.9 92.1 92.1 91.7 70 92.3 92.2 75 92.5
92.3 91.6 wda200s/0apparent from Tables 6 and 7 that the f{RETERAIVGAINGS
‘Exanpl e 11 has not only a higher VI than 15 the conventional anti-wear
hydraulic oil of Conparative Exanple 16, but also has a significantly | ower
density. The above results in Table 7 show that the fornmul ati on of Exanple
11 surprisingly has the highest relative efficiency as the punp requires

| ess energy per 20 unit of fluid punped. It would be expected in real
systens where a nuch hi gher proportion of pipework exists WO 2004/ 074412
PCT/ EP2004/ 050150 37 that the benefit would be of the order of 5% or nore,
whi ch could be determ ned by nonitoring electricity consunption. Thus, it
is also surprising that in the test rig, as;;% systemdom nated by the punp,
the density does make a significant contribution to energy efficiency, this
woul d not be expect edttatctdediengfit o'ogbhvent itbnakddrheDEy dpased on  viscosity

i ndex, and may be attrihut @dulaOpd hereefifme€ by GhnitdyRgndiccMiisGQsity, whereas VI
is calculated from 10 kingmatd,c viscosity. The present invention makes it
possi bl e to make use of NArr oy gqut base oils in industrial lubricating oils
to increase energy conservatioh &fdst AFPE AR Fitash PoitRTE “thet e necessary
and to pr ovi de | ubti Cagysﬁgm gpinated by the pump, the density does make a

significant contribution to energy efficiency, this would

not be expected according to conventional theory based on
viscosity index, and may be attributed to the effect of
t dynamic viscosity, whereas VI is calculated from
10 kinematic viscosity.

The present invention makes it possible to make use
of narrow-cut base oils in industrial lubricating oils to
increase energy conservation and raise the flash point
where necessary and to provide lubricating oil

15 compositions which, when compared with commercial
industrial lubricating oils of the same viscesity, have a
density reduced by some 10% and which surprisingly have
an energy conserving effect.

Furthermore, the lubricating oil compecsitions of the

20 present invention may be used in a wide range of
industrial lubricating oils, such as hydraulic oils,
machine tool oils, gear oils, compresscr oils, turbine

oils, bearing oils, heat transfer fluids and greases.



15 conpositions which, when conpared with conmmercial industrial lubricating
oils of the sane viscosity, have a density reduced by sonme 10% and whi ch
sur pri si ngwo have7448n ener gy conserving effect. Further noOPEI/EPHE/PWHBTY cat i ng
oi | conpositions of the 20 present invention rmay be used in a w de range of
industrial lubricating oils, such as hydraulic oils, machine tool oils,

gear oils, conpressor oils, turbine oils, bearing oils, heat transfer
fluids and greases. WD 2004/ 074412 PCT/ EP2004/050150 - 38 CL AI MS 1. A
| ubricating oil conposition conprising lubricating oil base oil, wherein
said conmposition has a kinematic viscosity at 40C of from18 to 60 nR/s, a
viscosity index of from 130 to 150 and a density at 15C of from5 0.80 to
0.84 g.cm3. 2. Alubricating oil conpositiof, _according to Claimil,

further conprising a primary am ne which has a C8 to C20 tertiary alkyl
group which can be represented by general forrmula (1) bel ow CxH2x. 1
CyH2y.1-c-NH2 (1) 10 C=H, -+l wherein x istdnli®afeger of value from1 to 17,
y is an integer of value from1 to 17, z is an integer of value from1l to

17, and x +y + z is an i e@gaficRingalebbOMoh cd@riQng l&écaté&né ubricating
oi I conposition accor dgurigbatsg qlalwg&%m %‘ﬁﬁE&r!stich%”L? QQ(:L parts by
0

wei ght of the primary amne represente enera roula fﬁ3
conpounded per 100 paYltSSOEt}VYwél"@FFt Obff“t“héﬁ Itatﬁolf@ﬁﬁrng ‘BF¢°Se‘€mp03| tion. 20

4. A lubricating oil compesistion 136GerdhNgat0a&Y:y08€ 15°C of from
5 0.8C to 0.84 g.cm™3.
2. A lubricating oil composition, accerding to Claim 1,

further comprising a primary amine which has a Cg to Cog

tertiary alkyl group which can be represented by general
formuela (1) below

CXHZ)Hl

CyHays1 C——NH, (L

10 Calazag

wherein % is an integer of value from 1 teo 17, y is an
inteéer of value from 1 to 17, z is an integer of wvalue
from 1 to 17, and x + v + z is an integer of value from 7
to 19.

15 3. A lubricating oil compeosition accoxding to Claim 2,
wherein from 0.001 to 5.0 parts by weight of the primary
amine represented by general formula (1) is compounded
per 100 parts by weight of the lubricating oil
composition.

20 4. A lubricating o0il composition according te any one
of Claims 1 to 3, wherein the compositicon has a flash
point of at least 220°C as measured by JIS K2265.

5. A lubricating oil composition according to any one
of Claims 1 to 4, wherein the lubricating oil base oil is

25 a Fischer-Tropsch derived base ¢il.



of Claims 1 to 3, wherein the conposition has a flash point of at |east
220C as neasured by JIS K2265. 5. A lubricating oil conposition according to
any one of Clains 1 to 4, wherein the lubricating oil base oil is 25 a

Fi scher-Tropsch derived base oil. - 39 6. A lubricating oil conposition
according to any one of clains 1 to 5, 3gherein said conposition has a
viscosity index of from135 to 150. 7. A lubricating oil conposition

according toeny @ngup2ihtChal 851 lodmbdhi e Qicko3dlidaCoBPas)tiRD has a
ki nematic viscosity at_40c of "from25 to 53 mmR/s. 8. X | ubri'cating oi
conposi tion &EcEHAART Lotany s oMeRTIFR FaithEOTPOS LFLoNBREI A sai d conposition

has a densit yss@bshk9miRa8t b8 Préff 3FH31580 9. A lubricating oil o
conposition according to agg one of Cains 1 to 8, wherein said conposition
B

further conprised dBETéFaRHRE PhbriemaIsiFion 2s¢@rcivnestocprYt@@e from

anti oxi gant s,ofMeghimdeactbval Okfer&¥d ISRy RiASi® 10808kl ¥es, oil -inproving
agents, antifoam ng agents, 25 viscosity i ndex inproving agents, pour point
depressant s, kitlemamirgvidsepaisgnas, 4600t bfr febmagdnts BBGmEALs -

el o1 {1 Ca 90, 20840, 88, oLy 2 LUl ng oL L compest Ly on according o
oi |, a conpregselradik, 1atbeql theps{ersaild Wohpodiktioh Res- Ai Benddgyor a
bearing Oll-of from 0,81 to 0.84 g.cm -.

10 8. A lubricéting oil compositicn according to any ons
of Claims 1 to B,‘wherein said composition further
comprises one ¢r moxe lubricating oil additives selectead
from antioxidants, metal deactivators, extreme pressure
additives, oil-improving agents, antifoaming agents,

15 viscosity index improving agants, powr point depressants,
cleaning dispersants, anti-rust.agents and anti-
emulsification agents.

10, Use of a lubricating oil composition according to
any one of Claims 1 to % as a hydraulic oil, a machine

20 tool oil, a geaxr oil, a compressor oil, a heat transfer

fluid, a turbine.oil, and/or a bearing oil.



