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COVPOSI TI ONS The present invention relates to

wo admiozatz ng oi | composi ti ons which suppress PEEFEP2004/050150

formati on of sludge and which have excellent storage
stability, low friction properties, small pressure
transm ssion |l oss, |low supply 5 pressure loss in

pi pe-work, and low flanmability. The "Law Concerni ng
the Rationalisation of the Use of Energy" was enacted
as a result of the Kyoto Conference on the Prevention
of & obal Warmng (COP3). Thus, for exanple, sone
3,500 factories world-w de have 10 been desi gnhat ed
"Class 1 Energy Control Designated Factories" and
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proceeded. Since energy conservation also signifies a
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positively at the present tinme. 15 In Japan, it is
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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
"oil" which is the motive 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 control
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
w@eeeAHwatk based on the Bernoulli's theorem i BCT/EP2004/050150
proportional to the density 5 of the oil both in a
vacuum pi pe and in a vented pipe, elbow, branch pipe
or linked pipe. That is to say, the supply pressure
| oss can be reduced by reducing the density if the
ki nematic viscosity and the pipe-work are the sane,
and it is also shown that at the same tinme an 10
i nprovenent in flowrate efficiency can be devi sed by
reduci ng the density. Moreover, since the supply
pressure loss in hydraulic pipg-work is converted to
heat and sound etc., it is suggested that the
gener ati on of Thehgaravdfel Fhodsiandioekabsre 3 pphesaed iby
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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 recent 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 energy efficiency of a hydraulic system.

According to a scientific paper released by Degussa-

Rohmax Oil Additives (Placek, Herzog, Neveu 23/01/2003)
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fluids with a high viscosity index (nultigrade or HVI
oi | s) have been shown to be nore energy efficient than

conditions due to operating viscosity being

achi evable at | 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

I nvention now surprisingly enables energy
conservation to be achieved by inproving the 10

per f ormance of nonograde hydraulic oils as the
hydraulic nedia for increasing the efficiency of
hydraul i c energy transm ssion. Accordingly, the
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reduced by ahout -1Qo% shen, 40, 2004/ 074412 , .
PCT/ EP2004/ 050156 4 30" to lS\GDan% a density ag 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 products of flash point 250°C or
above were re-designated in the "Designated Flammable
Material Flammable Liguid 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

Savi ngs occur during start-up PCT/EP2004/050150



conpared with the comrercial industrial |ubricating

oil products of the sane viscosity and which
waorpraingl y has an energy conserving effect PCEP2004/050150

whi ch al so has a flash point of at |east 250C as

measured by JI'S K 2265 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 ternms of their nol ecul ar wei ght

di stribution 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 small.

Consequently, the solubilitigeg of lubricating oi

addi tives which control various aspects of
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therefor. WO ﬁQ.QéM,OZM%rP@éﬁ%QQ%igégﬁobeeh éed in
recent years in automobile lubricating oils such as
engine oils and automatic gear box lubricating oils,
20 these lubricating oil products have high molecular weight
ashless dispersants such as succinic acid amide—based
dispersants compounded therein amounts of from 1 to 10%
per 100 parts by weight and, since the various
lubricating oil additives are therefore dispersed in the
25 narrow-cut base o0il, there is no particular problem with
solubility.

However, the high molecular weight ashless
dispersants used in the automobile lubricating oils,
cannot be used in hydraulic applications even at treat

30 rates of less than 1 %wt., e.g. 0.1 %wt., due to
emulsification in the presence of water, which is an

undesirable property therefor.



In the present invention, the solubility, the | ow
friction properties and anti-rust properties when
waiging7412 speci fied narrow cut base oil in i ndRST/EPZNN4/050150
lubricating oils with a view to increasing energy
conservation and 5 having a high flash point may be
surprisingly inproved by the use of a specific am ne
conmpound. | n Japanese Unexani ned Patent Application
Laid Open 2002-338 983, there is disclosed a
| ubricating oil conposition where an al kyl am ne has
been added to a 10 lubricating oil base oil, but the
anmount of anti-rust agent is greatly reduced by
conbi ning the alkylamnes w1th the anti-rust agent
and, as a result, the extrene pressure performance by
t he anti - rust Iagenréssnsupphessedhe tserdbha tl 0OWeS tiow
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20 composition where alkylamine has been added to a
lubricating oil base oil. However, saturated or
unsaturated linear chain alkyl groups are disclosed for
the alkyl groups and there is no disclosure of the
branched tertiary alkyl primary amines used in the
25 lubricating oil compositions of the present invention.
Moreover, it is only disclosed in said document that an
0il which has a kinematic viscosity of ISO VG10-220
(40°C) is preferred for the lubricating oil base oil.
In Japanese Unexamined Patent Application Laid Open
30 H11-71330, 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 Ilubricating oil base oil of the present
wOo pwentd44on. | n Japanese Unexani ned Pat ent Appl PCHEPZIN4/050150
Laid open 2001-172659, there is disclosed a hydraulic
oil 5 conposition for shock-absorbers in which
al i phatic am nes which have Cl2 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
- lubricating oil base oil used is preferably a base
oi | of which the m ninumvalue of the kinenmatic
"~ viscosity at 40Cis preferably 8 m2/s and nore
desi r abl yadpaimg®/ syt andetfzendrbxdcmasmry/ ahitd 9fyqdRe the
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95, but there Hase 09, dbSGl 0AUFE gOfups b ok UK ALIBGSO]
base oi l resent, invention, 20 I n Japanes
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br anched F%#Plaf?pﬁﬁﬁleﬁroﬂgéséFdFWE freasdny 10
i nvent i onmd/s, jagd dihs ckgiged vhhat oft hiee kitbkidteatyiiBgsoiyl
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is pr ef er abz}c¥ 6@ xfIHQJsStMc%QOﬁ/ &ZMllgly at least 80 and

PCT/ EPZOO{;‘A@SQJSE}Qabl} at least 95, but there is no disclosure of
the lubricating oil base oil of the present invention.

20 In Japanese Unexamined Patent Application Laid Open
2001-172660, there is disclosed a hydraulic oil
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 o0il base oil, but there is no disclosure which suggests
the branched tertiary alkyl groups of the present
invention. It is disclosed that the lubricating oil base
oil used is preferably a base oil of which the minimum
value of the kinematic viscosity at 40°C is preferably 8

30 mn?/s and more desirably 10 mm2/s, and the maximum value

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



and nore desirably 40 m2/s. It is further disclosed
that fromthe viewpoint of mnimsing as far as
w@omgiopd4e2 the change in the danping force thePCI/EP2004/050150
viscosity index is preferably at [ east 80 and nore
desirably at least 95, 5 but there is no disclosure of
the lubricating oil base oil of the present
i nvention. 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 amne the sane as the amne 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
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of the present 1nvention. g resent invention

surpri si néf?flfftéﬁﬁ gesPae ?ﬁ}b?ﬁdc yl?ﬁﬁ i 1228 SPESFE i on
wi t h whi chfgthet formarrby wd 2307 SFRrdeE 1S osluppicezided
evenlivhenIthe disclaked tipti Gat imdgeokd abgdi tthy @se af ean
conpounded;i1 whivelrnhas &xeehl @te St Ahagenenst@bilskddcy
which has [ow friction gggpegyles with which WO

2004/ 0744132 “PCTHERTGO%I s ghd moze desirably 10

mmZ/s, and the maximum value of the kinematic viscosity
at 40°C is preferably 60 mm2/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 80 and more desirably at least 95, but there is no

disclosure of 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 o0il 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 loss in pipe-work is small, and
wabiogh74aas | ow flammability. In a preferred PCI/EP2004/050150

enbodi nent, the present invention 5 provides a

| ubricating oil conposition conprising |lubricating

oil base oil, wherein said conposition has a

ki nematic viscosity at 40C of from 18 to 60 nmR/s, a

viscosity index of from 130 to 150, a density at 15C

of from0.80 to 0.84 g.cm3 and a flash point of at

| east 10 220C as neasured by JIS K 2265. In a

preferred enbodi nent of the present invention, the

| ubricating oil conposition rmay _further conprise a

primary am ne which has a C8 to C20 tertiary al kyl

group Wwhitshreanaudsetreepriesentless by sgenerakn ferdmuia (1)

bel ow Cxbiwty pkess@eHRyesi m bipeMd2k (1) smal® LAHRAEL has
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have fromQeQ0ict0:8,s0Par e J%yf%ﬁ'ﬁh{o of HMF primary

am ne represented by general formula (1)
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proviges adydtalliicos @) lors & gmghine tool oll, a gear
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< i

and a heat tranafar-SFish oD Y047 Grakierent inven
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conposi ti g cRfcat he ﬁ%%gﬁgediﬂ}vﬂgiaqnformula (1) below

CxHoxsa

on,

CyHays1 C—NH; (1)

15 CzHozs1

wherein x is an integer of value from 1 to 17, y is an
integer of value from 1 to 17, z is an integer of value
from 1 to 17, and x + 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
formula (1) is compounded per 100 parts by weight of the
lubricating oil composition.

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

turbine oil, a bearing oil and a heat transfer fluid



The lubricating oil base oil conponent fromwhich the

| ubricating oil conposition of the present invention
w®2008/0z@anst i tuted is a base oil which conpri seBCT/EP2004/050150

petrol eum based and/or synthetic hydrocarbons. In a

preferred enbodi nent, the l[ubricating oil

conpositions of the present invention have the sane

ki nematic viscosity, viscosity index, density and

flash 10 point of the lubricating oil base oil because

of the major effect provided by the properties of the

base oil which is conpounded therein. Hence, in terns

of the properties of the lubricating oil base oil

used in the present invention, gthe kinematic 15

viscosity at 40C neasured on the basis of the test

nmet hod | aivbexddovwduhmicali® KiR288tiwsgenebipduiadir o 181 0

60 f mﬂz{) f,lul}fﬁﬁ.eft&gg%bhyc&{pemxz& tapltﬁé% pgé@f,f infA; JIOT €

preferably frem 28, : . 1.t the Kkinematic

viscosity at 40C alt?i%féll]ﬁge@%%ﬁ oé{l) oS eh BVEh 20

t hough t he densi fy 1% T o™ PHe ¥uphIt)° Bressuiersheics in

hydr aul i ¢ ‘8qarfieHed g pebatsr kil $iebrgirdereatetrandnt he

ener gy cohsedvdnd{prpemtiortiamgectscobmevi t ably poor.

Furt hernore, id aiﬁref&:récﬁgﬁaoﬁhﬁﬁt,18herwr§cattbr%noﬂ()t onl y

s it inmRessiklg.to pal [ Roi Nt of at

| east 25 %grgiiétibut. thggé P%}%l?%g?%h%%gga‘{?ﬁ;éss%?e

equi pment T n - Whi ¢hoprobl BRECAFY $BIH thnteRAnd flash

resi $f anc@FAPt Hicsiesicagifgedilr 2ask il Moraey of , thehe

ki nemat i ¢ ™yioscdgedtyrairiddd @yr efeernopettidsooheli€bike oil

corr espon@sichoisl S@pded2 ande1nSO VA6 in the 30

viscosity di sfdibuti @ Rf .4 1 Lal. I ing.Qils

as defi n?gl E%’]el S 34%8. and %g%%%%ﬁﬁ;zﬁp tbv%%lf]f o e

2004/ 07441 1 EP2004/ 850150 **<" 1531 e its “ BF e

Vi scosi ty Vigraeity & Hi'gReasusebst tthe bpgidext diegristi es

that the wemperatdsendapendences af dgehaallyubichcat idgo

of I viscoghdyy, ipSe20Bh A00.s1QrsLXBTP! €54 LE

preferably from 28 to 51 mm2/s. If the kinematic

viscosity at 40°C is higher than 60 mm?/s then even

20 though the density is low, 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 mm2/s then not only is
it impossible to maintain a 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 ISO VG46 in the

30 viscosity distribution of industrial lubricating oils as

defined in ISO 3448 and ASTM D 2422.



tenperature of the hydraulic oil when hydraulic

equi pnment 5 is first started is low and, while a
whyanam4iz oil which has a | ow viscosity i ndeRCTEP1004/050150

have a high viscosity, a hydraulic oil which has a

hi gh viscosity index will have a |low viscosity at |ow

tenperature and 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

JIS K 2283 is generally from130 to 150, preferably

from132 to 150 and nost desirably from 135 to 150.

15 For exanple, in a case wherg the kinematic

viscosity at 40Cis 46 mR/s and the viscosity index

is 110, the RPriert ¢ the stosiity iatexl 0Chigh 283046y

MR/ s, Whiiheex fighbBles thaCas tampbndex hépeéd%Qcé BE the

Ki nemat i clubﬁegghg)elgt‘,lgcgg@ ;gg Jangl'n% s and. i f_the

scosi t t 1s 20 ongaﬁ"ﬁ%f’ s*™*nd
;”he rogmyttgx%%g%(téltr ure O%EQE hé{gmutt Eraty8 sy - BFYjPment

accor di ng ‘ot e s?ﬁl%%doé? t9” Priewrilamdhsicardéc hke which
el ectri calP2pewery consuhptiiea dlsdarnereasessdobity, a
accor danceydsutie shewkimesati oV ive sl dyYingdx i GNhave

V|SCOS|tya|ﬂgﬁ%mbéut9g§QOg%§ﬁ£§Qh§eagg EedUCIngﬂtn?
pomﬁr COﬂ%g

i
i nvention, g[ﬁte g‘enps?w?r °°ntsu"f§’(fno$ Fhaé“t L1pubr| catl ng oi |
base '6i | nmeastifEd %ytecrﬁ%"ﬁéf‘ﬁ@a%eé?lesr@a?ﬁrhhglqahﬂelg
density ofatubti e figtioi bredefti redndion, JbiB Kisc2249 i s
gener al | y if¢esn0d80nd0i0 584K (226M13, gepERN B akny1330:.f rom

0.81to O 184 'E&g}a%ly @PJmelﬁ&_% ﬁﬁbgyd ESsQ”&eQi).Sa%g’y Eg mVD
2004/ 074412, RCT/;EP2004/ 050150 - 11 0.

nost _desi rabl¥ from0.820 to 0.830 g. cm3 I\/breover
hydr atl i ¢ equf PrEft™fendr aPSF BifeP dPe ingmatignvigicpsity
t enper at ure 40fc L¥ amndd/ st ;d6OE, v:bu$s1m itd@ GAasw,ofhe 5 a

density at;Jal.Qf Qe84 P.CMh3 1 L DS densi Ly,  when, .
viscosity index is 130 the kinematic viscosity at 10°C is
250.1 mm2/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 viscosity index, and since the
electrical power consumption also increases in accordance
with the kinematic viscosity, a high viscosity index is
also 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 0.815 to



cal cul ated using the density cal cul ati on net hod
indicated in JIS K 2249, at 40Cis 0.8233 g.cm 3, at
WGOE4/034402 8167 g.cm 3 and at 60C is 0.8100 g. CPEBEPRN4050150
so the density at 40C is preferably not nore than
0.8167 10 g.cm 3, the density at 50C is preferably not
nore than 0.8167 g.cm 3 and the density at 60C is
preferably not nore than 0.8100 g.cm 3. Furthernore,
since a lubricating oil conposition which has |ow
friction properties contributes to energy 15
conservation, it is preferred that there are | ow
friction properties such that stick-slip does not
occur in steel- steel situatiops. In ternms of the
flash point, the flash point of the |ubricating oil
base oi | asssgBAstPethdusisBgiethanG exal @pgh 20 o nul a
defi ned |g LS K 2265 is generally at |east 220C,
preferably 250C, nore preferably at |east 252C, even
more pref er ablSfSHET] SESPUHSERIIRG gereRE L rbettes at
paral | el Bologr apeerasicd ak krepwn tonso°c) | SicKi2 265 ke &C,

a val ye of af, st m)st32 desi rable for
ensuring an asélttg% ]fszg%gol "of’ g}tle THEEY YBBC It

i s hi ghl yc%iléglraft‘é%l“é“’tghﬁ’le eﬁéltﬁfl FFPIpbicRtTeted PRgeated
272C, as mtea'swmezjmb,y ad [48°KiL 266233 Ignerd-Be 2d apenese fire

regul ati o i sed u Y. 0 sorrrtne of the
convent | oﬁzallgﬁl\éa‘g“s 4 gegr% Ceum%pglgafcf ' 364t Hea

fl ash poi RTS8 2508 CattdrEasenselwertereleassi fd.8tb7as

desi gnat ed. - Jnombhasipt e |5a’lcslsO£reE(L§B'ﬂHpJ,@m‘LﬂeqwaqS
and WO 2004/,074412;PCT/ | IE_P2004/tOSOlSO - t he
danger ous mat eri Al managerent ¥ e§uildt ﬁ%ﬁ§effe6?blf’r1’é’§e
mat eri al Wereetbgr @ag1op qeina”xed and so a flash point of
250C or aboverurshedrsiel abhe. a@bﬁlb@u@& IE@I caﬁﬂgltlon

mat eri al wﬂﬂéh @sfloﬁsgglélgbdw r rtie 7 i3} ute Xeén's sai d
to b§5 above th he i q rous %ao?)fgrﬁéa% §Q| aSéCI icatl on.

conselvat 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 indoor parallel tolerance as laid down in
JIS K 2265 is 8°C, a value of at least 258°C is most
25 desirable for ensuring an actual flash point 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



Storage stability of a lubricating oil conposition 1is
essential for providing useful perfornmance as an

WO pabu®tinl | ubricating oil. On the other handPCT/EP2004/050150
troubles 10 may arise in precision hydraulic systens,
for exanple, in the case of lubricating oi
conpositions where turbidity or precipitation occurs.
Any of the petrol eumbased lubricating oil base oils
whi ch 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 hydrogenation
refined base oils. The narrawcut base oils wherein
the nol ecul ar 20 wei ght distribution of the
hydr ocar bGhs derperdrs dpdse adinanageSeny efegul3al dn® V¥ o ke 2
cited as baseiai hareweehydeisali shyso § hese apditions.
The three jtypes gfo,narrQucuf base oil that may be
conveni ently enployed in the present invention are 25
namel y: (1) t A& AT gHTSy 1per BRjensrletite raslect daseodi | s
whi ch5haversa ori goosiit saiddeweofbord theaslyedod material
(typical | y1ids0mcadidb. t 0 155) obtai ned by
hydr o- cracki n t i racking) .t he sl ack wax
m%ich i s sepa?g%%% %¥¥%%%§6%V%%KH‘%%ﬁ%&Pﬁbc%§°?ﬁwm
material iR TRE PHeSEnbe o9 2523t Aey&rminee i Th t he
| i near chaPt#spaErafitbrisatipe oil sofrekhe ethet hahd,anchetks
par aflfi ns mai\@- 2004y Pra4ildian REd/aEP2004LQB01H0 exampld, 14 2)
| ubri cati nge @hde bﬁS@ar@Ealt&ndl\'bllc Goxﬁ@yiQiéusV\Lh%Qé)%LE}Mdity

index is at J.easti13Q (dypically 145 to 155) obtained
by produci ng Qeav I near chainvgaraffins in the

Fischer-Tropscﬂ'Bgé%%§§”ﬁﬁ?Pémﬁ FYGETRtitdes basebuns
monoxi de GBtRi &8 B PEPReTEigs| Tk Eard ghovsr voess
(par Pal oxiwgatdnon) vel imather plesgasinvemt hanei@ter) in
general these properties cannot be realised with solvent
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 conditions.
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 paraffins;



are used and then subjecting this material to a

catal ytic cracking and isonerization process in the
W@ 2098/0W2y2 as descri bed above; and 10 (3) the oPEf/EP2004/050150

ol i gomer synt hetic hydrocarbon base oils (viscosity

i ndex at | east 130) obtained by the

honmopol yneri zati on or copol yneri zati on of nononers

sel ected fromanong the linear chain or branched

ol efi n- based hydrocarbons which have from5 to 15, 15

and preferably from8 to 12, carbon atons, can be

procured fromthe Esso Mobil Co., the BP Anpbco Co.,

the Chevron Texaco Co and the Fortam Co. for exanple.

The Fi scher-Tropsch derived hage_oil may any 20

Fi scher-Tropsch derived base oil as disclosed in for

exanpl e EP2A- Y#B969ingERL1Ab56 8842 whiMD v 72 3i/B88s:ty

WO- 0015736, W)m@QL413&31ea\£\01@6>1<4Jf§Za11yQ490c1,4ﬂ5§

VO 0014179, V\@QQ&% Wi 9941332, Ozg
WO- 0118156 and %.606 1% gf’é’ ln ar csaeuﬁtparaff:ms

i nvention, these ?h%s’ecee y °é’§°ho¥°r°°ﬁ%$r Y’tﬁﬁﬁdﬁﬁr%%én‘bl I
are used i ndi Waararwx&ﬁe ?‘ﬁa%rﬁé Hyofhm gaeﬁfmb@tomrpescese
as to provi de (nareiapregdatidedoV h80esli tas (BHEihe etc.
narr ow cut oi ks aeleaoanedeLnbistzbﬁSﬁ%Qit@hé %230 o o

volatilisati ogatr ?ﬁ|1§tc§£1§<§ng Erglr ?o%\ t:Lo V\A;gclz’]e g'r}nlt%o VG
30 32 grade ip the VIS&OSIt assification

C
i ndusgrial | ubr I cating ec?lcflbg‘? &*Prefated by conbl ni ng

t hesé® basd® offtesolefife oHastfirt synphegiy sydropdmeonl bes bidst
(NOACK) as défispredti andASTHYI Da58060)i sotsuppressed to 8%
or less. WO 20dpd 744122 PGTHERQO M D550 of ndbmers

Fur t her nor e, Léleceéglékdllaﬁodg%% Lﬁéér LNORGK) . L Ec%u't in
the case of 0 prepared in

same_way is eeéfén 0% ﬁréseWL’tcﬁelbaé” fart 8vﬁ°cb5t
base'dils can®™ ?léeéenﬁglysﬁ‘fod‘ § 5°J&: sarteatitens.opan be
| ubri cati ng opiosungefrem 5he Fyol ddbil iChby, itlss BP @gjetor @d, as
in the case 0fheaClROMRr BSSE@ Co and the Fortam Co. for

example.

The Fischer-Tropsch derived base cil may any

20 Fischer-Tropsch derived base oil as disclosed in for
example EP-A-77695%, EP-A-668342, WO~-A-9721788,
WO-0015736, WO-0014188, WO-0014187, WO-0014183,
WO-0014179, wWO-0008115, WO-9941332, EP-1029029,
WO-0118156 and WO-0157166.

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

Such narrow-cut oils also exhibit especially good
volatilisation resistance. For example, when an ISO VG

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



lubricating oils for exanple. Furthernore, the
conposition of these narrowcut base oils is such

wao bat/on4th t he met hod of neasurenent | aid dowCT/RPABTHA0150
D 3238, the aromatic content (%CA) is 10 not nore than
0.1 % and the paraffin content (%p) is at |east 85
w% the iso-paraffin content is at least 80 w% the
el enental sul phur content is not nore than 50 ppm
the elenmental nitrogen content is not nore than 5
ppm the total polar material is not nore than 1% and
the 15 properties are: refractive index at |east 1.45,
aniline point at |east 120C and they are col ourl ess
and transparent, being classifjied as LO.5 using the
colour test nethod |aid down in ASTM D 1500. The
f or mat i on Fofthsindgkgetievenatine aded kg (rtdaex)u,%@ht i2Qne
| ubricati BgseObf laﬁd@d) tvb;/zz%sgx%@é‘ opﬁ p§éﬂ’ape[d| l%{eﬁtﬂl %?Hg véaryt s
suppr esse nt.ai e_exce
i nglpcat edqs oévégaa{lgwa }ﬁBrl ‘cat Thg>orl Basesovripsn
addi ng a 5%~°r° F Y2+l H% BURBBUAY WHIFEH Enote vhere
repr egent eevBytigeetakeauitadme &n 19 cas bhereinpbetear e
descri bedlu25cathey amsuir @famgllae primary am ne conpound
|r egr esent ed Mtg&ﬁ@eal thg cHoMs@tlfnﬁ)ofC&gp@E%‘z@?g—vcgﬂt :: gﬁ
ubri cati 0 co on._.0 e ese
i s pref erggT ufls M f%gs%,i{ 5" Lﬁ meth{’)g Emﬁ% "Gt
pref erabl y d?%%“d“oﬁf“%%” thﬁaf‘rrf’mab'yc \‘Rlé‘}t@ﬁ‘t (*Gphdisnpst
desi FAbl y P 8M0LEO1°-£ 0't0. 408 tBO ppagffihyonmentghisce) pier
100 part sabyewsi ghtveof tHehtso-patbrdic abhtdge Qislat 1east 80
conposi ti @, W2 &Qﬁt@fééﬂp&uf@ﬂt%ﬁ’@QQ%oQ%QJéQhan‘ 5015

Exanpl eS mt € In n n gnyl it re a
represent g{c)i 'bgﬁ\:"scé?\(l &né)zrﬂéi tll&ég g : Ig#& A Phe

above- nmeftl” onedtogtéhéjf’jeﬁr a&?ﬁﬁF als(’ﬁt “i‘Oﬁ‘EItB%félf 1jad the
met hy? gr 8EPE=i6t Ryt grsap;ivaiptopyl 1gebupis i sopiopyl
group, n- potnyl at51gE0UPGci Ha0UEY largoipr1seGnhut I
group, t ertgangfsgr)ékt g]EéchP ’clastsbﬂe!ilagelﬁ)r 5 %@B‘lg tl%ngolour
branched Q I’]:t Methgcl‘? down in ILSITll\’d]eaQSOO.

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
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 invention is preferably from
0.001 to 1.0 part by weight, preferably from 0.001 to 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.



chai n and branched hexyl groups, the linear chain and
branched heptyl groups, the linear chain and branched

we@ednlo7ginups, the linear chain and branched nPCEEP2004/050150
groups, 10 the linear chain and branched decyl groups,
the linear chain and branched undecyl groups, the
l'inear 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 conmpouynds which have a
tertiary C8 to C20 al kyl group which can be used in
the |ubricati Fgmetds orhsosliiphaging hpdro2dbyhigsodppvent i on
i ncl ude dwﬂephykgemty&mgupstyb ]egmiaggh IgnkggaTmm_

di methyl hexyl,.sy Auted. n di met hy
heptyl substitute §%%E é a%1ﬁé ?ﬁ@?f%hm9|mmum

subst i t ut ed et R afiPA¥Y! di- iy h‘}FPPTr?@hlylgr%bSIt-lptttml ed
met hy! ani AESPdilfetdiyl stheey sestbet i drutedearethy)agidas,
25 di et hyke dodec yhaisubst itidned pa®dyh Y] 880N ene di; ELNYI
tetr adeCthﬁumlE'ﬂertc%gd mylﬂ t{’:;:@lﬁpsnet’heqllgeeat h%/l hexg ecyl

substi tut gd, pRish D& odTeL Ny,
substitute Q/Jpéwn? ep ’rreli J1ne rt% mrf‘é‘ﬂthF"Ched

subst it ut egy negtrﬁ arﬁhﬁe“neaﬁecthh’;ﬂ argt RiAncrgydnyl groups,
substd t ut BY MeeRyIchHiRmed hretdiyd detshydrodss, undenyibar
subst i t ut ethipenhHranhee pnabet byduphexsd hr@ylb%t,alhtgn@d
met hyl ani m&ncmdedolay&ylbéﬂaws Stblbsltlhéaut &8sy, 'J}?é g)éi fg‘

TP 074412

di et hyl h t t
PICE_IE'; Epzoo%%%dé o s’utthg HE et CX‘I ocflflbraé’u]besdt FYardegy?

net h am he, “di e ehlJIne? f}faéﬂé"&?lbrar?ﬂ PeRtagesyl groups,
met h§ ani &, 2idepi GRR Betyrncsebseistertvadironst gl ari ne,
dipropyl heryt coibsioptiutetedreéhiydam Reoupsdi propy!
octyl substituted smbhpkam ae, prgfé}EQp}{J:lmg%pXJ\lné

substi t ut edprBbbyham NSe Propyl tituted
rrethylamnep prop§| butf}a pentyl §u€ (iu#%' group

netllyq an17ﬂ§c can be used inh the lubricating 011 compositions of
thls invention include dimethylpentyl substituted

methylamine, dimethyl hexyl substituted methylamine,
dimethyl heptyl substituted methylamine, dimethyl octyl
substituted methylamine, dimethyl nonyl substituted
methylamine, dimethyl decyl substituted methylamine,

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,



propyl butyl hexyl substituted nethylam ne, propyl

butyl octyl substituted nethylam ne, tributyl
waeamghi#ut ed net hyl am ne, di butyl pentyl substPCT/ERH04/050150

nmet hyl am ne, 10 di butyl hexyl substituted

met hyl am ne, di butyl octyl substituted nethylam ne,

tripentyl substituted nethylam ne, dipentyl octyl

substituted nethylam ne, and trihexyl substituted

met hyl ami 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, extrene pressure,, additives,

oi | -inmproving agents, antifoamng agents, 20 viscosity

i ndex i npr&EhY calgR W stipoued eohbnidepHeSSAN kSt radecyl

cl eani ng dm&mams&nh&my&mhmaf&é&qﬁgQﬂéﬁ.éﬁgt§H£%

enul si fi Cﬁgﬂhgfgnég@n&&r E@@ IQQYlag&%gltugxd Ifl@clhylamlne,

am ne- bas anglo ant s
di al kyl di ﬁ’en‘if’f L PR AR Methylamine, dipropyl decyl

p,p - |00F%Stb‘iuf5ﬁ‘éﬁ?’1h§i=ﬁmh’éer 2BrYlsdidhtdssubkattuprioduced
under t hem¢thgthaicgespppalt boryl 't8oti0f udxt i3 " nddyyi1bhSie,
Sei ko KagaidpyCaudyl Raxpl s@bstluted methylamlne, propi/l butyl

met hyl bengydyldéugm%yéeg e@l%/l%ﬂqﬁ 1%2%212130 I;I-sp }

tyl phen moa
?n(;ng ?_ bé t%nl ml%é gtr:ﬁ n%ené)ﬁ.dsubs 1tuted methylamine,

y
nono-9 ctyFHWﬁHeEVWéﬁWH@?tgﬁdBF§Q@WHP%prh@nybymm1nes
such as dpulsgitgted]pethnidmpite nydipenani B sanaited
di (2- et hyhethyromyd, pligayy) adFt N€substituted methylamine, and

al kyl phenylimbeyiaphthylam Nes,sich. as octyl phenyl -1 -
napht hyl am ne and naégédodec ﬁ, henyl -1 - napht hyl anmi ne, 1

WO 20041 074415 BOF) EO5005) GEGTS6S gt n4FHE HY | ami ne,
ar yl napht MATATATHRES OElu EHPa tiRe iR -oB- uﬁﬁam@?wrwmm
phenyl - 2- RxphtsiyttamiveetionNt hexyl phenyl - 2- napht hyl am ne
and N—octylphamyl«a%maphthykﬁ@hﬁeaddahaﬂyE@meQJanines
such as Nad¥is@idhSQPrREV a&cﬁlvgtkﬁ@)/'e%}%gé aping.and

N N - di ph?(ﬂﬂ).{]clve plg§f]—¥|.!npero§1ng agerrll:s, antifoaming agents,

20 viscosity 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'-dioctyl-diphenylamine

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

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



and phenot hi azi nes such as phenot hi azi ne (e.g.

phenot hi azi ne, produced by the Hodogaya Kagaku Co.)
w@r4/034472 di oct yl phenot hi azi ne. Exanpl es of PCT/EP2004/050150

sul phur - based anti-oxidants include 10

di al kyl sul phites such as di dodecyl sul phite and

di octyl sul phite, thiodipropionic acid esters such as

di dodecyl t hi odi pr opi onat e,

di oct adecyl t hi odi pr opi onat e,

di nyri styl t hi odi propi onate 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

i nclude 2-t- butyl phenol, 2-t-putyl-4-nethyl phenol,

2-t-butyl -5- methyl phenol, 2,4-di-t-butyl phenol,

2, 4-di nmet ﬁ?sfhjigzllaminﬁutayylplh@ﬁbyl,amines such as phenyl-1-

2-t - but y| adehtetiaeioy plpeerol S 2- Baﬁhtlkylﬁryﬁjne4N21Qxylphenyl 2-
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and 2, 6- dhvhetnottutayilnemped;dﬁyéophﬁmaé ,I-Ionﬂa,g@yadi(a'gtaku?Eo.) and

but yl - 4- abkoxyphenetstsueiheas 2, 6-di-t-butyl -

met hoxyphen0| E)@leeg '0 gjlp urblggt <.!l anti et hgxr}éphen9l
35% %},, lh roxybenzyl ner capto fgyllacedfeate
al ky et elft © éf‘sh%i’%?f%?ﬁg‘ﬁﬁe) pibpi onat es
SUCh as ndl(ﬁéﬂgd@@y}%3th(13dlproplonlc acid esters such as

5- di - t - butydoddeviyiidpdivyqienytk) glopreRateiddpfgitehtas
t hat produced:dtndetodibapl srade 26esi gnation " Yoshi nox
SS" by the.qatesh I , N

(3,55 t- but§ EE&%%?%%%&%%Q 3t)5r Sg?%ng%éa%ﬁd 2' -

et hyI exyIb Jf

5-di - t - but yI - BAYEF GEyRRBHYPIEE GpFritdaats Wolude 2-t-
2004/ 074422 yPOIRAERP2D 044 Q502 5@ thylpA®iol, 2-t-butyl-5-

2, 6-d-t - bu¢tplyesiiet, My a6 Pretb €SO 4-dinethyl-6-t -
2,2 -met hﬁlﬂ%@}@'xenpl S£4i ﬁJt JyJ4—r§et£o we}{!ﬂph§qo L)t ?%Ch as

2, 2" 5 et hyl.eneb () y eno such as
2 —
that “produce Xyp T &L 55 eS| ”B’ oR AR A
W 400" bypfﬁ%“eﬁa\ﬂ)&@ﬁc‘fh? t%aﬂk@ﬁl%mon “hnteeni bR by the
Kawaguchi Kagaku Co.,), 2,6-di-t-butyl-4-alkylphenols

such as 2, 6-di-t-butylphenol, 2,6-di-t-butyl-4-
methylphenol and 2, 6-di-t~butyl-4-ethylphenol, 2,6-di-t-
25 butyl-4-alkoxyphenols such as 2,6~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 S5” by the Yoshitomi Seiyaku Co.), n-butyl-3-
(3,5-di-t-butyl-4-hydroxyphenyl)propionate and 2'-
ethylhexyl—3—(3,5—di—t—butyl—4-hydroxyphenyl)propionate,



5 Co.) and 2, 2-net hyl enebi s(4-et hyl -6-t-butyl phenol)

(such as that produced under the trade designation
wO 2owaga12 W 500" by the Kawaguchi Kagaku Co. ), PCT/EP2004/050150

bi sphenol s such as

4, 4" -butylidenebi s(3-nethyl-6-t-butyl phenol (such as

that produced under the trade designation "Antage

W 300" by 10 the Kawaguchi Kagaku Co.),

4,4 -met hyl enebi s(2, 6-di-t- butyl phenol) (such as that

produced under the trade designation "lonox 220AH' by

the Shell Japan Co.), 4,4'- bis(2,6-di-t-butylphenol),

2,2-(di -p- hydroxyphenyl ) propane (bi sphenol A,

produced by the Shell 15 Japan Co.),

2,2-bis(3,5-di-t-butyl-4- hydroxyphenyl)propane
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3 9- bi S{l %Ing@.tonyllor%x[ﬁ ije Shell Japan Co.), 4,4'-

A
t-butyl P Bhem
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(such as thﬁéltoxmf@m}é@@%md@rlsnfﬁéﬂ Paderddessd @natlff 6Pel30
"Sumiibi zersafAB80S. ) by, Suwrs 3050 Kagakin4- 4, 4' -t hi obi s( 3-
net hyl - 6- trybitkydRh@nPlobades UG B ascibhal 1 pleadiiced s under

the tr adeg,uglﬁ%&%?)t | PnANf 208 RG1-RY 1 1Ne, Kaunaoyehi-
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produced JipgeEqs hadedeshgnatd;Qheidd 9ARNOXxl 402 b bihe
the G ba Yoshitomi Seiyaku Co.), 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,l-dimethyl-2-[3=-(3-
t-butyl-4-hydroxy-5-methylphenyl) -
propionyloxylethyl}2,4,8,10-tetraoxaspiro[5,5]undecane
{such as that produced under the trade designation
30 “Sumilizer GA80” by Sumitomo 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 Chemicals Co.),
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i nvention |ncru e be azol e nzotriazol e
derlvatlvé§“Wﬁ@FﬂﬂHnﬁwt%é HEYRPRAA be AX8ET9°BY 61 es such
as 4-lfet hybirenzdes iaag oHebuBlrmnRly rsadtelivdzol es such
as 5- net hybhenzetksi azol e and 5- et hyl benzotri azol e,

1- al kyl benzot ki 320168 ShtGEBhA8s-ba WD 20044 A4 E23c1ude

PCT/ EP2004/,020150Q . 1. AQ
di octyl am nonet 9 % fSph iy Sélﬁrﬁgts rtlrjépzhgnyl, phOSphlt(F}éami-

al kyl t ol uttff%fffﬁl §h°§‘if’d-ﬁe' SO O éFﬁsns"cs’t*h -2, 3-

trioctadecyl phosphite and tridecyl phosphite, and
tridodecyl trithiophosphite.

These antioxidants can be conveniently used
individually or in the form of a combination of number of
types in an amount within the range of from 0.0l to 2.0

25 parts by weight, per 100 parts by weight of lubricating
oil composition.

Examples of metal de-activating agents which can be
conveniently used in the lubricating oil composition of
the present invention include benzotriazole and

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

ethylbenzotriazole, l-alkylbenzotriazoles such as 1-



tolutriazol e, benzimdazole and benzi m dazol e

derivatives including 2-(al kyldithio)benzi m dazol es
weowh/0ag12 5 (octyl dithio)benzim dazol e, PCT/EP2004/050150

2- (decyl di t hi 0) benzi mi dazol e and

2- (dodecyl di t hi 0) benzi m dazol e and 2-(al kyl di t hi o) -

tol ui m dazol es such as 2-(octyl dithio)tol uimdazol e,

2- (decyl dithio)toluimdazole and 2

(dodecyl di t hi o)t ol ui m dazol e, indazole and indazole 10

derivatives including 4-al kylindazol es,

5-al kyl i ndazol es and tol ui ndazol es, benzot hi azol e and

benzot hi azol e derivatives including

2- mer capt obenzot hi azol e (such gs_. that produced under

the trade designation "Thiolite B- 3100" by the

Chi yoda Kalgedkul@dnmetid1-153{cahdopkizé1e, agnbegnzit-r i azol es

such as 2-al£ﬁ@¥])ﬁ|t£llatz$hle9)skl@n%Qtlhhﬁég}l@m;ﬂ@rgetgyl 2,3-

(20((:;?/:(3: g?{og)tgga{%gpit e?lglgrlé aezgle and ﬁenumldazole derivatives

2- (hexyl di'ffi® % of df+ﬁyé§ﬁ5P%?)Eﬁ?dlmldaz°les such as 2-
2-oct 9| dit ﬁ?@}fﬁb{-ﬁifngnldgzo(lpq R @@cyldithio)benzimidazole
di al kyl di tshit Ge &dobeuyydixbenzothiiazohesns wehi1as a2 N -N-

di et hyl di tthl&ﬁﬁ:l’ab&lréh’lS)JBIEQZthcaiﬁllguo?toﬁ“vm%azole, 2-
di buty! dltng&@afthm@l 'agé%g agole and 2-(N N

di hexyl dit nzot |azole and benzot hi azol e
derivati ves i ngll n’g Oéul Niaﬁlo indazole and indazole

di al R§1 di tdﬁfldé‘alrvbaﬁ‘?‘Fl)‘ltiJéllgu‘t‘lﬁi“afémdesolsmh &y2addo Ns
di et hyl di tehi cearibdrrylest dleniduhiaz alecaraingkn2{dNidNodé hexyl -
di t hi ocar karh)ivel uhhinazgl ﬁ-melkl%ﬂ%g&@gml@zﬁ@rdsMél byes

I nCl Udl ng t?:at( QJ:J%XLQI IEI‘JAEZLO)Cngga %9!_ gtloﬁ O%.l te

2- (octyld| QJogbg %¥a€% ecy benzoxazol e
30 and 2- K eﬁ?@%ﬁ ®1'e Znd 2-

(al kyPdit HF‘W&%’FB%B&B%P@%‘&%% sa@ 2= Poctyl -

di t hi 0) t ol (hewaighes) béhzfiheesdieiahfli2e) t ol uoxazol e and

2- (dodecyldityhiahtobsaxazolte, bhisadiiazake tdarhmatines
WO 2004/ 02441 25 RCHER20044 050480201 241 | Nl udi ng

2, 5- b's(alk&kQLLQA<)t£mau¢%t9'§q5320|es such as

20 dialkyldithiocarbamyl)benzothiazoles such as 2-(N,N-
diethyldithiocarbamyl)benzothiazole, 2-(N,N-
dibutyldithiocarbamyl)benzothiazole and 2-(N,N-
dihexyldithiocarbamyl)benzothiazole, and benzothiazole
derivatives including 2-(N,N-

25 dialkyldithiocarbamyl)toluthiazoles such as 2-(N,N-
diethyldithiocarbamyl)toluthiazole and 2 (N,N-dihexyl~
dithiocarbamyl)toluthiazole, benzoxazole 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)toluoxazole, 2-(decyldithio)toluoxazole and

2-(dodecyldithio) toluoxazole, thiadiazole derivatives



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

whe@ddoderyl dit hi o) -1, 3, 4-t hi adi azol e and 1, 2 BCT/EP2004/050150
bi s(octadecyl dithio)-1, 3,4-thiadi azole, 2,5-bis(N, N

dialkyldithiocarbanyl)-1,3,4-thiadiazoles 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-t hi adi azol e and
2,5- bis(N, N-dioctyldithiocarbamnyl)-1, 3, 4-thiadiazol e,
and 2 10

N, N-di al tyl di t hi ocar banyl - 5-nercapto-1, 3, 4-thi adi azol e
s such as

2-N, N-di but yl di t hi ocar banyl - 5- percapt o- 1, 3, 4-

t hi adi azol e and

2- N, N- di octrgludiinche Gebishairyldi Bhieric apt-Ohiadiazoles such as
1, 3, 4- t hi adb-azelmeptyamidnid) Lﬁ,épi@hg@g;zg@g i yas including

1- al kyl %’1é(n%£§l@zm1§)s-l,s#9h:h@asdlazole
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1-di octyl
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lubricating oil composition.

Examples of the antifoaming agents which can be
conveniently used include organosilicates such as
dimethylpolysiloxane, diethylsilicate and fluorosilicone,
and non-silicone antifoaming agents such as

25 polyalkylacrylates. These can be conveniently used
individually or 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
viscosity improving agents such as polymethacrylates and

olefin copolymers such as ethylene-propylene copolymers



and styrene-di ene copol yners, and di spersing type
vi scosity inproving agents where nitrogen-contai ni ng
worweners2 have been copol yneri zed in these mat BCT/BPR04/050150
The anount added can be conveniently within the range
of from5 0 to 20 parts by weight, per 100 parts by
wei ght of lubricating oil conposition. However, when
the viscosity of the lubricating oil conposition is
adj usted by adding a viscosity index inproving agent,
the flash point is inevitably |owered and so the
anount of viscosity index 10 inproving agent
conmpounded is preferably fromO to 5 parts by weight
and nmore desirably fromO to-Zzparts by weight, while
nost desirablg no viscosity index inproving agent is
conmpounded@GEErre-dBrgmePEang, tdhe dderersPai tipbe
depr essantsscofiaty ayovhey adéht€ @Rat@ N i@Bddey-Jds@AningC! ude
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al kenyl succ?ronn?aaé:’?,m ST R&Hyee éﬁé’éﬁ?ir%bléc‘?rﬁm dstefs, and
25 nodi fi %?ftﬁrh@d‘thﬁ%t st FaFecienrabbf Fom Mitble borervy
conpoundsveighd stillphgrt conpaunds ¥iGEoBXaNpls. inbheSey
can be caﬁmembeaﬁﬁamaaﬁeﬁaimdividualIy or in the form

Of a_ conbi naé}éagﬁ'h.egfofath@%? ogmf &%Q ssants ant %nt
Wt hié’] t hgonvgnargl.gt used lnni} 6

per 100 parts A F’°erﬂ‘8?}138’é}le?ngi‘)‘ieF‘

conposi ti %?‘}ymeéfanﬁl‘ﬁ ??P hextErrecpressat én agentts and
oi | - i npro\shHY thygemos dthatommayL e Comrertyentibnt, used

i ncl ude tdvepsitib pliurebasecyexi remmspressure additives

such as WO 2O@A/{l&lé‘%&h@%@%@%ﬁép@?&%éngents 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 individually or in the form of a
combination of a number of types in an amount within the
range of from 0.0l to 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,
wa@bkdlomaizapt ans, benzot hi ophene and PCT/EP2004/050150
2,2' -dithiobis(benzothiazole), and aliphatic oil-
I mprovi ng agents such as fatty acid am des and fatty
acid 5 esters. These extrene pressure agents and
oi l -inproving agents can be conveniently used
individually or in the formof a conbination of a
nunber of types in anobunts wthin the range of from
0.1 to 2 parts by weight, per 100 parts by wei ght of
| ubricating oil conposition. 10 In nost cases,
adequate anti-rusting performagce can be realised by
the addition of a lubricating oil conposition of the
present i MVEFYTBRM Bt dileetylenlhbighedialkeyellyofiphides,
ant i - r ust oPenkUPARRCEPhEE, I AGyline Sdpt s AGERIEMIEEne Wl N
the use enyi'refuxesis Heh&@hllg'z@.l.elfylaﬁa 9%'&1&%8¢1115

phenoxyacef .86 e Aates.. agg ol ines, conpound
pr oduced un%ler t%h;sjg ?érsgg‘le% i tk dz TSP ITBEY 155

the King Thdust i€ Ehrere z?ﬁ?fst“fFeF?ené? Raf ot hrrriovinal t s
or am ne2%Ale scantbﬁecoﬂwea’ewth\PJaM(el)@yaidcyllaspamghm| C
acid estéprm df scéosadtion cfapanese ddngypasiinadoRatent
20 Appli catingn thaidndden ckh- 220268 @and Lhe.alkalipe

earth metg .sakts, ofi.phQ g .esters disclosed in
EP- A,0801116 " cank?ybe l@onviﬁ?%rn"?m%se% WCRGUE"

affecting the™t "Mt &Fon ade@H%ltrea‘?:“ttér‘i“é’ﬁnési?eﬁﬁéﬁance can
al kal i ne Barethtiiel & t8alepditarrechdmvkettat Flyesie
anti - rust cegesitéot an the rconvenhentiop, Us€dheR3 higher-

|nd|V|duah&¢1aﬁ mﬂntﬂ@tﬁﬁfﬂ%ﬂ%c@lgqgghgéiEQchﬁdgme

nunber  of,; &YPRS i r@qpcsﬁ i n.th oL200¢ of from
0.01.to0 2 1parts T \Mh%%ég sk les B 9nvveight of

b,
lubricati Rg o= c6nmy aCl g ygﬁtes’l'ﬁé‘l ijbﬁes' compound
anti - enul §f‘1‘dP%e§t F’tﬁ’ﬁr é@%ﬁﬂdeu%eéagngéwer‘aq—wrlqpo krsthe
| ubri cat i kEpgotiduatddes Fy-esardarrebe ationyerwtantdiys used as
ant i - emul smifk cat i ONcrRgRRLR -1 khealyblsbeaking Lk
COWpOSI ti Qﬂ:%r@fdl&ch.@sepirﬁﬁ@!ﬂanés@vﬁggémqged Jah:%)(t can be
convepi ently, used, i1 AMRUNLS, within the range of from

metal salts of phosphate esters disclosed in EP-A-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

oil 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



WD 2004/ 074412 PCT/ EP2004/ 050150 - 24 0.0005 to 0.5
part by wei ght, per 100 parts by wei ght of

WO edriozati ng oil conposition. The |ubricating BCT/EP2004/050150
conpositions of the present invention can be used as
industrial lubricating oils and, 5 in particular, as
hydraulic oils. Mreover, they are al so useful as heat
transfer fluids, nachine 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 following exasyples relating to
hydraulic oils which are not intended to Iimt the
scope of PHEOS gpesérmart pyesstdhon pen 1ahwawayby Exanples
15 The baderotdtsnapdl adebiitves conpounded in Exanpl es
1 to 10 and ﬁ@nﬂ@Eﬁkkﬁﬁ éﬁaﬂﬂ :%nL%f%%e“ere S

descri bed; Bas el I MB 5 and
Shel | XHVI TI\/IQ%l%g Can%e usr’?ldxaes ntdusg:fahl }ubfhcaﬁjrrt?pﬁlrltslaélﬁs

by wef ght l’bPa’St(%cul’Z‘G' 4‘& ertEparie: aMergseeroj thepfare

ki nemat i c2dAosesssit ys aeat40@neferatioins, 3R2cmmR/ o1 Shed, |
XHVI 5.2 ber sihe, praduehr afi1§otuente SRWAXLNG G oShel |
MDS VXY aReffdabad €n 3Se.0bi @ha@dsuﬁgﬂmnéhsdlh 1 YOR,

Mal Shel | 25 I
e ayZ'sgllé‘Q“?ﬂ“e Ul P L SiGat et T

8.2, '4s her eI RDEFOFE YEsUTPHAHL Werke Atseatheeoget her
in  propoftiestise iy wei fpitowdfa SxampD5 tdapimepar eydaaulbase
oi | of ki piivathich viseosiityenadd 40Gat 30 abslitr 46
mP/s. Bagfstdd idrenBGh Vinam@l &I n (ki nematic viscosity
at 100C pf. .6 m?2/s) procured fromthe BP Anpbco Co.

and
15 The base oils and additives compounded in Examples 1

to 10 and Comparative Examples 1 to 15 were as described
below.

Base Oil 1: Shell XHVI™ 5.2 and Shell XHVI™ §.2 were
mixed together in proportions by weight of 56 :
20 44 to prepare a base oil of kinematic viscosity
at 40°C of about 32 mm2/s. Shell XHVI 5.2 is
the product of solvent dewaxing a Shell MDS
Wazxy Reffinate as obtained from Shell MDS
(Malaysia) Sdn. Bld. Shell XHVI 8.2 is a

25 mineral oil.
Base Oil 2: Shell XHVI™ 5.2 and Shell XHVI™ 8.2, as
hereinbefore described, were mixed together in
proportions by weight of 5 : 95 to prepare a
base o0il of kinematic viscosity at 40°C of
30 about 46 mm2/s.

Base Oil 3: Poly-a-clefin (kinematic viscosity at 100°C

of 6 mm?2/s) procured from the BP Amoco Co. and



WD 2004/ 074412 PCT/ EP2004/ 050150 - 25 a
poly-a-olefin (kinematic viscosity at 100C of 8
WOon@A®8Y44i7 om t he same conpany were m xed t ogeP¢EFEP1004/050150
proportions by weight of 94 : 6 to prepare a base oil
of kinematic viscosity at 5 40C of about 32 mm?/s.
Base Ol 4. Poly-a-olefin (kinematic viscosity at 100C
of 6 nmm/s) procured fromthe BP Anbco Co. and a
pol y-a-olefin (kinematic viscosity at 100C of 8
m2/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 nmmR/s. Base
Q1 5: Solvent refined base ai}s (500N) and sol vent
refined oil (150N) classified as Goup 1 as 15
specified i n Appendsdy- Eo@éflAPdklﬂeE@&clﬂjsdosdewat byodche

Aner i c?n Pet Lol eulp ﬁ%fﬁst) Ve W Qgﬁrsrl?ra(eecompt gg‘?gergerglﬁ%ge
DO e s S  ggort e o by 3 —agre
20 Base O | 6: Solvgeatt x efdenedd Hakimewithic (vEOON) tyand

sol veat refined @kd of LBAN) sCheysi fied sim Ibarl y ash
Goup 1 re moxed together in ortions by weight
of 48 : W% o) prgpar]é’g% Paye o e‘“@‘? ¢ KiSAwTRY j=¢ 100°C
viscosity at 40C <f ¢ alodlst péBeurn® ffsom 2B BasEGi do. 7ang

Sol vent refined k@%&yoﬁ-loléégowneﬂQQc Jl¥ggsgg3§g§t1|0%

refined oil (150N) cla sified simlarly as Goup 2
were mxed toget Hér® R/ Shrigpbits SHS BRPPIR iTe BkeD
98 td%prepare a Uas@edpiih reprokiivemiyieigitse0si 1 Y7 ab
40C of 30 about 32eparB/=baddi20A4kédAL12 viscosity at
PCT/ EP2004/ 050150, e¢ o2810ut 46 mm2/s.

Base Oil 5: Solvent 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 Bmerican Petroleum Society were mixed
together in proportions by weight of 20 : 80 to
prepare a base oil of kinematic viscosity at
40°C of about 32 mm?/s.

20 Base 0Oil 6: Solvent refined base oil (500N) and solvent
refined oil (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 mm2/s.

25 Base Oil 7: Solvent refined base oil (500N) and
hydrogenation refined oil (150N) classified
similarly as Group 2 were mixed together in
proportions by weight of 2 : 98 to prepare a

base o0il of kinematic viscosity at 40°C of

30 about 32 mm2/s.



Base G| 8: Solvent refined base oil (500N and

solvent refined oil (150N) classified simlarly as
w@z@up7@12ver e m xed together in proportions byPCWEPIZIN/050150

of 39 : 61 to prepare a base oil of 5 kinematic

viscosity at 40C of about 46 mmR/s. Base Ol O

Sol vent refined base oil (150N) and hydrogenation

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 kinematic 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 Gouped were ni xed toget her

in proportions by 15 weight of 92 : 8 to prepare a

base oil &fse Kilnkmativerty rsfdosi baseatil 40000f arabadllrerd6

m2/s. Anmine 1: deeinRaroyl amsone Qeidridaden:ihe, t.cade

desi gnation "Pringbe JMre Whi.gh

branched terti ar%ggj k%tJ %r oyps Og%?gllcﬁgd}r??ocgmnﬁ & YRohm

20 and Haas Co. Am Fi rary PR e S8FY °th@ér t he

t r ade® desi gnat i orkiremPriqypircogtRat Wit bt hbas:tGle2mt?a's C14

branched Baertilasy salvioyl rgnoupsasebdiai neeh)f £2m t he Rohm

and Haas Co. 25 AFiNGenditid] &me)é 2 ﬂ%ox@%ﬂ%ﬂqgg the
trade designatio octyl

" Pr

groups obt ai neerflrllar]tyh E&BCW ecfe lxe CRItIFH e 4:
Primary anine sol’d°Refiti&rs tbﬁé’el‘?héd‘éf 8%3|?g“>n‘a<t PEFPATE AT ne
T" i B9whi ch a t aldeeawotionpaiiemibt fcO¥iRBost Be at 30°cabkyl
group obtained frgm tggamlng gn Co WD 2004/ 074412
PCT/ EP2004/ 050150 ¢ 20, 5: Primary am ne sold
under the"tTade desi? V%ril’i)eﬁme‘dﬁﬁ‘?is?lé’lbﬁ""’o { 1R EopEn
oi | conponent as 1°Flfw’é‘e°1 oil (150N) classified similarly as

Group 3 were mixed together in proportions by

15 weight of 92 : 8 to prepare a base oil of
kinematic viscosity at 40°C of about 46 mm2/s.
Amine l: Primary amine sold under the trade designation
“Primene JMT” which has Cl6 to 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 C12 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 obtained fromthe Lion Co. Am ne 6:
Primary am ne sold under the trade designation 5

woO 2ooina4CD’ with a linear C8 al kyl group obt aPeEEPI00050150
the Lion Co. Other Additives Additive 1: A m xture of
35 W % am ne- based anti oxi dant sold under the trade
desi gnation "Irganox 10 L57" by the C ba-CGeigy Co.,
50 wt % phenol based anti oxi dant sol d 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-Geigy Co. Addiisive 2: A mxture of 90
W % anti-wear agent sold wunder the trade designation
"Lubri zol MEP5®: Bndy dniby okl wG@er thndrdk® ads¥%nation
friction controlltagneagentitacd damnar cdnp@eh# agleche

desi gnati on "EnasahyMa:RQ"obb¥ink@Q:r&Prne AAdi ¢ ve 31 A

m xture of, g,g M %.ant ar ent. sold under t he trade
desi gpat i on "Reof 03 ljg\g% S SO Rger %la ade, degignation

anti-frust agent sortf u%DdeY’lth’el“‘lef”éG% 2 B8 g¥PaPi on
"Hitec 536" by Et¥yringd fromgthapgdgngfo-corr osi on

i nhi bitor ogkggrdAdupgegs t he trade designation "Sarkosyl
0" by G ba 1 ?o . \éyt % arli ne- based anti oxi dant
sol d 30 un((j:ler the élr%lé35| Ynati PP PRFEngkieg Fantpy
the same conmpany aftt289% hphetel braseti oNDIrganox
20041074412 PCT/ EPRDO4Y088:16da-cei@dBCo.anto e giasabi-sol d
under the trade desisglahiRidant l<ganonuek k35" raks0 by

the sane company. dé&@{m&&s“ljrgsn%xllQBS” by the same

company, 10 wt% anti-rust agent sold under

the trade designation “Lubrizecl 859" by
15 Lubrizol Co. and 5 wt% corrosion inhibitor
sold under the trade designation “Sarkosyl 0”
by the Ciba-Geigy Co.
Additive 2: A mixture 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 “Emasol MO-50“ by Kao Co.
Additive 3: A mixture of 50 wt% anti-wear agent sold
under the trade designation “Recfos 657 by
25 Kao Co., 5 wt% anti-rust agent sold under the
trade designation “Hitec 536” by Ethyl Co., 3
wt% of corrosion inhibitor sold under the
trade designation “Sarkosyl 0” by Ciba-Geigy
Co., 17 wt% amine-based antioxidant sold
30 under the trade designation “Irganox L57” by

the same company and 25 wt% phenol-based



Table 1 Exanple No. 1 2 3 45 Base Ol 1 98.97% Base
Ol 2 98.97%98.970 Base G| 3 98.90% 98.97% Base Q|
wa@20ding11 0. 03% 0. 1% 0. 03% Am ne 2 0. 03% 0. OBCH/EP2004/050150
Additive 1 1.00% 1. 00% 1.00% 1. 00% 1. 00% Ki nenmatic
Viscosity 31.7 46.1 46.1 31.9 31.9 at 40C (mR/s)
Viscosity Index 150 145 145 135 135 Density at 15C
0.826 0.833 0.833 0.831 0.831 (g.cm 3) Flash Point
(C) 252 258 258 258 258 Storage Stability Pass Pass
Pass Pass Pass Stick-slip Pass Pass Pass Pass Pass
resi stance 5 WO 2004/ 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 0i-l2s4- 98. 97% Anmine 1 0. 10%
0.10% Amine 2 0.03%0.03% Anine 3 0.03% Additive 1
1. 00% 1. 00% 1. 00% 2rdeRifprfesd1ung@9/sheAtehdt i aceigatliof0%
Kinematic 31.9 31. 9Irfbnok B3E590a8d. dy tN s6RSEInyardl 40C
(mMme/ s)

Examples 1 to 10

Table 1
Example No. 1 2 3 4 5
Base 0il 1 98.97%
Base 0il 2 98.97% | 98.97%
Base 0il 3 98.90% | 98.97%
Base 0il 4
Amine 1 0.03% 0.1% 0.03%
Anmine 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 31.9 3i.9
at_40°C  (mmZ/s)

Viscosity Index 150 145 145 135 135
Density at 15°C 0.826 |0.833 [0.833 |0.831 [0.831
{(g.cm™3)

Flash Point (°C) 252 258 258 258 258
Storage Stability Pass Pass Pass Pass Pass
Stick-slip Pass Pass 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.cm3) Flash Point

w@ B)o4a%81258 262 258 258 Storage Stability PaRGI/ER=84/050150
Pass Pass Pass Stick-slip Pass Pass Pass Pass Pass
resi stance Conparative Exanples 1 to 15 Table 3
Conparative Exanple No. 1 2 3 4 Base Gl 1 98.97%
Base G| 2 Base O 3 98.97% 99.00% 98.97% Base G| 4
Anmine 4 0.03% Amne 5 0.03%0.03%Additive 1 1.00%
1.00% 1. 00% 1. 00% Kinematic Viscosity at 31.7 31.9
31.9 31.9 40C (m®2/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 Stojsage Stability Fail Fail
Pass Fail Stick-slip resistance Pass Pass Fail Pass
5 WD 2004/ 074412 PCT/ EP2004/ 050480 - 30 Table 4

Conpar at i[egaripXa®pl € 5 6 [6 3 9 [71NO. SE Q4498597
Base O | §a88e87409897 9‘%5?9’7? Stor b 98 9B P
98.97% |[Base 0i1 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% |21.00%
Additive 2 1.00%
Additive 3 1.00%
Kinematic 31.9 31.9 46.1 31.9 32.1
Viscosity at 40°C
(mm?/s)
Viscosity Index 135 135 137 135 135
Density at 15°C 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 Pass Pass
Stick-slip Pass Pass Pass Pass Pass
resistance

Comparative Examples 1 to 15

Table 3
Comparative Example No. 1 2 3 4
Base 0il 1 98.97%
Base 0il 2
Base 0il 3 98.97% | 99.00% | 98.97%
Base Oil 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 31.9 31.9
40°C_ (mm2/s)
Viscosity Index 150 135 135 135
Density at 15°C {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




Amne 1 0.03% 0.03% 0. 03%

Additive 1 1.00% 1.00% 1. 00% 1. 00% 1. 00%
wOoR®e0%41y 46.1 31.5 31.5 45.6 32.0
Viscosity Index 137 106 106 108 102 Density at 15C

0.834 0.870 0.870 0.875 0. 864

Ki nemati c
at 40C (r POREBR)004/050150

(C) 262 231 231 245 220 Storage Stability Fail

Pass Pass Pass

(g.cm 3) Flash Point

Pass

Stick-slip Pass Pass Pass Pass Pass

resi stance Table 5 Conparative 10 11 12 13 14 15

Exanpl e No. Base QO |

3 98.97% 99. 00%

Bas

e Ol

7

Am ne 4 0.03% Am ne 5 0.03%

98.97% Base Ol 8 98.97% Base Gl 9 98.97% Base Q1 10
98.97% Amine 1 0.039i 0.03% Anmine 4 0.03% Am ne 5
0.03% 0.03% Additive 1 1.00% 3. 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 {am®/4s) Viscosity | ndex
102 107 1787 i858t [ DaNsITysat TI5% O 864867
0.841 0.847-0.831 0.631 | (g.cm3) Flash Point (C) 220
232 242 2BZs<2b8 758 St Of@y€zHasS Pass Pass Pags Fai
Fai | Base 0il 5 98.97% 1 98.97%

Base 0il 6 98.97%

Base 01l 7 98.97%

Amine 1 0.03% 0.03% 0.03%

Amine 4 0.03%

Amine 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 40°C (mmZ/s)

Viscosity Index 137 106 106 108 102

Density at 15°C 0.834 0.870 |0.870 |0.875 |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 0il 3 98.97% | 99,00%

Base 0il 7 98.97%

Base 0il 8 98.97%

Base 0il 9 98.97%

Base 0il 10 98.97%

Amine 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

40°C (mm?/s)

Viscosity Index 102 107 128 127 135 135

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

Storage 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
resi stance WO 2004/ 074412 PCT/ EP2004/ 050150 - 31 The
wo ansoug1per f or mance test net hods used in the PENEPPLEE50150

and Conparati ve Exanpl es above are outlined bel ow
Stick-slip Resistance Test 5 The sanple oil was coated
bet ween steel test pieces noved at a slip rate of
12.7 mimnute with a | oading of 22.4 kgf using a
stick-slip tester produced by the GCincinnati M acron
Co. (fornmerly ASTM D 2877) and whether or not
sticking occurred was assessed in order to 10 evaluate
the lowfriction - energy conserving properties of
the sample oil. Lubricating aii;s-where stick-slip
occurred had a high coefficient of friction and were
unsat i sf act or Jhe retieysmeerérmerrer tapt cebis@s watd an taad

t her ef or e rasgesseth aorbaiak ikeeExahSlStpbagerSt@liddat y The
sanpl e oi .was introduced into a clear gloss bottle

and | eft tsgicit—é”‘ﬂd }genistc[gn%edl%gt in the open air in

W nter w . ing solubility, and those
wher e’t here Wa¥ AT®LUCHE 87t §oBrT pREtrpistefletEbmiatsson
20 wer e adprrdgedatdihaye passddut/hwtegtith Mipedwerot
the open2ais x§EopRyat sriek\sarg eestgr adetakdy ppetaveen 5
and -5(r) GinciB¥atBANS O cbhesh&SGNsmh BVAAL) QRe it 1S
.Sur pri .SI ng,k\é{ heo%s! l%l: estg.c%igr gc\:/c!ugle awatsegsrsl;gés(lge' n.f grrder to

i mprovi ng so ubility, reducing $r 1 Ct TR and i nprovi ng
anti ‘fust PropET f?eeif’%ffrw%nu-s PTRF 9% CSHEET P SFoRATH IS
conpound cénjhei serbly viken luiirafieg oSpedieft etdidrasinw cut
base oil icacwefed Aglusthiptalodihrietabt TPi@ibn arkh@ere

| ubri cati ngsDibrac@¥Pasi tde@NSr Qhedd)eoRELS8NEL shavent i on

have excellent fhel,oRl., oxEdatlon stability,

15 Storage Stability

The sample oil 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. Moxeover, the
open air temperature varied gradually between 5 and -5°C.

By means of the present invention it is surprisingly
possible to provide a technique for improving solubility,
reducing friction and improving anti-rust properties by

25 using a specified amine compound 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 viewpoi nt of both the safety
wazpenta1and the actual performance of the  PCT/EP2004/050150
conposi tions. WD 2004/ 074412 PCT/ EP2004/ 050150 - 32
It will be appreciated that the kinematic 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: WD 2004/074412 PCT/ EP2004/050150 00 r~ Hro 4-1 ?
'000HA UOC CO -PSA "~ (azgJL HNrl I x tO Wri
0O0)i r-143J0-1H-rn>mG30 0co 0440 .-1
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U G 0, U W> 5 WD 2004/ 074412 PCT/ EP2004/ 050150 -
34 Test method A suite of tests was run with a
woeitdor1PVH 57 vari abl e di spl acenent pi st on PCIPP2084/050150
different tenperatures, pressures and oil flow. 5 The
test conditions were designed to mmc industrial
applications where possible. Mxinum 120 Bar
pressure, 2500 revs min-1, 49 L mnmn-1; Tenperature
range between 35 C and 75 C Maxi mnum 10 120 Bar
pressure; 2500 revs min-, 49 L mn-; Vks available
between 17 ¢St and 100 cSt. (r) Measurenents of case
drain (|l eakage) taken to calculate volunetric
efficiency, 15 o These are at_ gpecific tenperatures to
simulate the wuse of a VG 46 fluid. Tenperature (O
| SO 46 | SEeglme®@d 80 59 70 50 60 42 50 32 40 23
30 12 20  AnHBMd of guastwaansduaer Was:stsestit ¢ t ake

measur enents; .fe hpgpgg@meﬁlaggon%m %@'Aﬂe%r?td 20 speed
and input  power read Su es\?\&ﬁgﬁb]orrec ani cal

efficiency V eraturfdu‘f At¥74412
PCT/ E§’2004/ Os@lj_aseest cogS:.tlons were designed to mimic

industrial applications where possible.

e 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 cSt and 100 cSt.

e Measurements of case drain (leakage) taken to
calculate volumetric efficiency;

15 @ These are at specific temperatures to simulate the
use of a VG 46 fluid.

Temperature (°C)

ISO 46 ISO 68
68 80
59 70
50 60
42 50
32 40
23 30
12 20

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

efficiency was calculated.



The first test assessed the effects (predicted as no
effect) that the relationship between altering swash
w@b@be7anyl e or drive speed have on punp effi CPENER2004/050150
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 spl acenent of the punp was the only vari abl e.
Ef ficiency cal cul ations were then performed on the
data gathered and any effect was found to be bel ow
the scope of the neasuring equi pnent, 10 hence the
relationship is assuned to be negligible. Al other
tests were run by differing thg drive speed, with a
constant swash plate angle to maintain a constant
flow A serieBhofisbrnstantsehigntienetfpries Suk@ct@stsS no
were be 3Brdctn tait V@S r@dtioRBMENRtideaS1t6Qnase88S the
effect of plst%nprgﬁ@towc@lwsyegwm meﬁg A cfa:',%y tand

to a | esser ewasspg ca t C|enc

condi ti ons ‘ﬁJe? SFC & %n e§%nn Ehe[ﬁ‘l %JtVS?l
punp Pig rZﬁ‘lB%édnﬁlBl%ésaé’gﬁevPﬁ/df%tuF °(',’ lfa‘rtﬁm gecednd punp
ef fi ci encyemeeragiednmgrelsect ¢ chdt fimufiispidcaginngpfard
cal i brati @anOfad BRe oh1Gr cHiCahé ARSHUCRKY Al&OMided wHAX
with an overs gylrfgmtj wetgafaacggme&gé %n& he L rh]%ct %@9 a

di al Ilnkdtoa ectronlc CQ% box al

drive shaft Speed® b 6 Be 588 45184 meﬁurmd’ fqélﬁ%r??f‘%ture
is vafied hﬁ%ﬁ%@nrﬁléwsﬁlén‘ﬁe?séffﬂﬁdet%ﬁﬂ ngYEIiBressur e
is varied bet Welenti@rBarts arrd MB(PyBariferiderthacrivgl t est
condi t i ONSpedtSivigh & B@AtERAL swSET PWHE NinYA V€ maintain a

Per i odi caldhysagd ri&nance and cl eani ng nmay be 30
required, suc Jlu es,, an justnents to the
swash pl ate. QFS Ir% eSrOécgonspaeng vvé)‘r*"en é)r? 5red” %5 een
flui d® chdhyes. NFLETRFOTHET 2 tPG?F?PZ‘é’M‘?féS‘EﬂS‘?)

temperature on volumetric efficiency (and to 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 fault-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 control box allows the drive shaft speed to be
25 adjusted. Fluid temperature is varied between room
temperature and 80°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.

e Filter changes were performed between fluid

changes.



- 36 1-litre sanples of fluid were taken before and
after each test. Vks at 40C and 100C, water content
w@na4/0Td4emnl i ness neasurenents were taken bef oP€I/EPINO4/E50150
after each test. Overview of results (N B. The dynam c
viscosity and density were neasured using at
St abi nger Aut omat ed vi sconeter at 40C, while
ot her neasurenents are derived from Deni son 10
efficiency rig tests). Table 7 Exanple 11 Conp. EX.
Conp. Ex. Conmp. Ex. 16 18 17 Viscosity 136 100 180
150 Index Density 0.8340 0.8567 0.9044 0.8598
Tenperature Fluid Fluid Fluid Fluid (C Relative
Rel ati ve Rel ative Rel ative Effigiency Efficiency
Efficiency Efficiency (o) (o) (9 (% 45 92.1 50
92.3 55 92. 50 911-9:t93 . QmAls & 60:iDderl QFed pI2r65%n92. 9
92.2 92.1 91.7 ,¢48 9243 22.2 75 92.5 92.3 91.6 It is
apparent from Tables 6 and 7 that the fornulation of
Exanpl e 11 has 8t* ol § &I HPYiterata* £a4A1 574 he
conventi onal arfilpaniéeess Wparuatiients péde ofeCorpar atnilve
Exanplbe 16, butataé:;seadnasesa. significantly | ower
density. o"l;ggv,gb%e relg,:ults in Table 7 show that the
fornul at i Zarpre—1 surprisingly has the highest

(N.B. The dynamic viscosity and density were measured

t he

using at Stabinger Automated viscometer at 40°C, while
the other measurements are derived from Denison

10 efficiency rig tests).

Table 7

15

20

Example 11

Comp. Ex.
16

Comp. Ex.
18

Comp. Ex.
17

Viscosity
Index

136

100

180

150

Density

0.8340

0.8567

0.9044

0.8598

Temperature
(°C)

Fluid
Relative
Efficiency
(%)

Fluid
Relative
Efficiency

(%)

Fluid
Relative
Efficiency

(%)

Fluid
Relative
Efficiency
(%)

45

92.1

50

92.3

55

92.5

91.

91.9

91.8

60

92.7

92.

92

65

92.9

92.

92.1

91.7

70

92.

92.

N

75

GWINF|w

92.

92.3

91.6

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 hydraulic 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



relative efficiency as the punp requires | ess energy
per 20 unit of fluid punped. It would be expected in
WO e@i/0smst ens where a much hi gher proportion oPCT/EP2004/050150
pi pewor k exi sts WD 2004/ 074412 PCT/ EP2004/ 050150 - 37
that the benefit would be of the order of 5% or nore,
whi ch coul d be determ ned by nonitoring electricity
consunption. Thus, it is also surprising that in the
test rig, a 5 systemdom nated by the punp, the
density does make a significant contribution to
energy efficiency, this would not be expected
according to conventional theory based on viscosity
i ndex, and nmay be attributed tq,the effect of dynamc
viscosity, whereas VI is calculated from 10 ki nematic
Vi scosi ty.thifhehpreesent wonMdert pHherekes o 5905 Sdobd,e to
make use wfichabii@WwCtdteDAs8s 8y |m3nﬂt9rﬂnecgi§$trrhé.l
| ubri cati ng,0i §u%o |ncrease ener gy conservat i on and
raise the flag| There necessary and to provide
| ubricating 0| 5 co 50% FYBRSIRITRT, 1Whkh tetnfier el
with cCommetérd d°“llﬁ"i‘f8§tbﬁ|‘fé‘}e qugibr Fesati¢msitoides wfketzhe
same Vi scositificiraveneribaensitd yenkagueRtoibycis omes 10%d
and whi ch stirgs bgletgkyaddeni@ng ad cerﬂpeﬁig)énglo@&,‘ggylbg&d on
effect. FWJ.tsQ&rlE@tlgdext Ilﬁd mg?rbla Ca%t:t:.%gtegl ghengpfselcg IOQHS

of the 20 reseﬂyclnventgon na

range of I'ndustrial® FUbiERri F 1%FF§ml§ﬁ8ﬁr3%

hydr alfl i ¢ 'BPFEEEC HRAFHE: t ool 0|Is gear oils,

conpr essor 0|H@eIF@%%Pnevm@vmgmmbeatkngﬁ@héSpnheamse
transfer fduhdsoand: gieasas.in\WQa28Q4107d412ting oils to

PC—I-/ EP2OO%HQ@&%@QHEI&&ZO%J‘IVAlLD M’)§r;_tseAc}‘Jeup.L L&%E:’.n@g

oi | conposjtion.g risih ubr j in oi | _base oil
wher ei n sa“:'r1 &QSJ? onq%d%”v“L ﬁ%nﬁ%?cg V13003|ty at

40C of fro‘?ﬁmli‘?lflc?n%(?’hh??@/‘@en &OTPED B} Hpycommercial

industrial lubricating oils of the same viscosity, have a
density reduced by some 10% and which surprisingly have
an energy conserving effect.
Furthermore, the lubricating oil compositions 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, compressor oils, turbine

oils, bearing oils, heat transfer fluids and greases.



index of from130 to 150 and a density at 15C of from
50.60to 0.84 g.cm3. 2. Alubricating oi

W@ po3i4tt on, according to aim1l, further CPOPEPR0HS0150
a primary am ne which has a C8 to C20 tertiary alkyl
group which can be represented by general formula (1)
bel ow CxH2x+1 | CyH2y+1- i - NH2 (1) 10 CZH2z+
wherein x is an integer of value from1 to 17, y is an
integer of value from1 to 17, z is an integer of
value froml1l to 17, and x +y + z is an integer of
value from7 to 19. 15 3. A lubricating oi
conposition according to O ai m.2g _wherein fromO0.001
to 5.0 parts by weight of the prinary am ne
represented by general formula & i s conpounded per
100 parts by wei ght of the | &*ifcatifhg oi
conposition. 20 4. A lubricating oil conposition

accor di ng 1.0 anyuRbetif oLl a:lmﬂﬁs:l.llctnoco%prl\yﬂﬁgr @L!lkﬂ‘l&;%?ﬂg

conposi t i omh@ageamﬁl @ﬁaenpgmt coqlgosthlne@a%t 220G.a3
measured by JI'S K22 [ ubri cati

conp05|t|dﬁSSEEB¥GFﬁ@Ci655ﬁV‘Bhé°68f ‘hlﬁ§1$DFBW4,
wher ei n t hawdbxibEi at 1B t8ils0 hase @inkitySat 25ca&f from
FischE{ Trygéch g%rivedﬁbase oi |l . WD 2004/ 074412
PCT/ EP2004 6. A lubricating oi

conposi ti ofr acdt ot G0 oHnGPBRE tiw acredime to C&riB, 1,
wher ei n saﬁut@@npugnﬁn@nahaswayammscmspmmasmd@yt@tzo
from 135 t@érl—f%gy aszylAgidépr‘Jhgéat l:anxgbé)lréprgge'mgdsbsg ggﬂeral
according 1o any gne.; of C ains to 6, wherein said
composi tion has™ a %lnenatlc VISCOSIty at 40C of from
25 to 53 m2/s. 8. A Iubrl?%¥?ng oi | conposition
according to any one

CyHagpt1

C—NH, (1)

10 CzHazya

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

15 3. A lubricating oil composition according 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 oil composition according to any one
of Claims 1 to 3, wherein the composition 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 oil.



of Clainms 1 to 7, wherein said conposition has a
density of fromO0.81 to 0.84 g.cm3. 10 9. A

wo edwajozatti ng oi | conposition according to any POEEPIN4/050150
Clainms 1 to 8, wherein said conposition further
conprises one or nore lubricating oil additives
selected from antioxidants, nmetal deactivators,
extrene pressure additives, oil-inproving agents,
antifoam ng agents, 15 viscosity index inproving
agents, pour point depressants, cleaning dispersants,
anti-rust agents and anti- enulsification agents. 10.
Use of a lubricating oil conposition according to any
one of Claims 1 to 9 as a hydra@gic oil, a machine 20

tool oil, a gear o dﬁ npressor oil, a heat tranfer
. b i £
fluid, a turbine rlTa l?? Omgéﬁﬁe%ﬂn HGOHtipg to any one

of Claims 1 to 5, wherein said comp051tlon has a

viscosity index of from 135 to 150.
7. A lubricating oil composition according to any one

5 of Claims 1 to 6, wherein said composition has a

kinematic viscosity at 40°C of from 25 to 53 mm?Z/s.

8. A lubricating oil composition according to any one
of Claims 1 to 7, wherein said composition has a density
of from 0.81 to 0.84 g.cm™3.

10 9. A lubricating oil composition according to any one
of Claims 1 to 8, wherein said composition further
comprises one or more lubricating oil additives selected
from antioxidants, metal deactivators, extreme pressure
additives, oil-improving agents, antifoaming agents,

i5 viscosity index improving agents, pour 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 9 as a hydraulic oil, a machine

20 tool oil, a gear oil, a compressor oil, a heat tranfer

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



