SPECI FI CATI ON HYDRAULIC O L COVMPCSI TION 5 Technical Field [00.01]

* The present invention is rel SBRCIBIGAR¥MNulic oil conposition, and
nore particularly, to a hydraulic oil conposition which has good
energy saving properties, thermal stability (sludge resistance),
wear resistance, seizure resistance (scuffing resistance),

demul sj Rj 11 roperties. friction-reducing properties of sliding
parts %‘S@%@F&BEMQS?@I%M y used in the hydraulic machine
field, machine tool field, industrial machine field and the I|ike.

Background Art [0002] A hydraulic oil is a power transmission fluid
used for the actuation of power 15 transm ssion, force control,

shqck absorptiop, and the like in a hydraulic systemincluding
hy?r:au??cimﬁﬁtﬁieﬁjery, equi pnrent and the like and also fulfils the
function of lubricating sliding parts. There exist netal to netal or

met al [0®0llibber (resin) and the like sliding parts in a punp, a
control valve, a hydraulic cylinder and the like in a hydraulic

circuit. Th mgfeééﬂt lgxﬁ%e?ﬁ%% RirklatkAss ath}dfaMﬁE' ph%gg%gﬁi{iﬁn,%ﬂ%ﬂe pafticularly,

required to goo I on characteristics as wear
resi st ancg\, s%',zur.e resi stanc%éﬁiill d friction-redycin roperties i
I )

t hese @ #AYARuHSAlkscomposiioh Whish hasngqad-encrey, saying ety thesmpl ability

actuation system has been increasingly sophisticated, there have
been nghydge agsistands)] evelh eesistanwe] séigura n@sisianeC (scaffingf rdsiseanby)d rdettiulsibility
systemis controlled by a spool valve in order to perform precise

el or Rk AeiRRRRLERE onehustsRaitR phfty aiq e G s Mifibfy b8 in he
decreased if sludge is generated in the hydraulic oil, there has been
st r onghydraulic machine field, machine tool field, industrial machine field and the like.
Background Art
[0002]
A hydraulic oil is a power transmission fluid used for the actuation of power
15 transmission, force control, shock absorption and the like in a hydraulic system including
hyciraulic machinery, equipment and the like and also fulfils the function of lubricating sliding
parts.
There exist metal to metal or metal to rubber (resin) and the like sliding parts in a
pump, a control valve, a hydraulic cylinder and the like in a hydraulic circuit. The hydraulic
20  oil used in such hydraulic circuit is required to have good friction characteristics such as wear
resistance, seizure resistance and friction-reducing properties in these sliding parts.
In addition, in recent years, as a hydraulic actuation system has been increasingly

sophisticated, there have been many cases where the flow rate and direction of the hydraulic

system is controlled by a spool valve in order to perform precise control at high speed and a



denmanded a hydraulic oil to be used which has excellent friction
* char acsetve sialvesisaddpesed: Since stheeperformancecef swohi solidgbver aixd sérmocealve is
whi ch may prevent the generation of sludge. 5 Further, fromthe

Vi eWwpoj:nk: Vi ot

soph stBnfbey SRt A 8 e IS HARRRRC L, B po besp, sromply
and prevention of oil tenperature rise by reducing the resistance in
t he sl dethangded s hydrajlgooidto bermsed vhichahasyexcellens friction chrracieristics and at the

(ZnDTP) had been wi dely used as an antiwear 10 agent of a hydraulic

oi | . fitne e£SUNLRt ﬂ%?ﬁ%ﬁc%@ﬁ ﬁfﬂ}y‘b‘i’e\ﬁht fhe gﬁg&a@&%m ot be

used by ending wt aulitc oif 'tor a l period of time. In
addition, the antiwear _effect of ZnDITP is caused by the formation, of
a Rard coat qr,n%awhasvwmfnb SEAFEEY: SBHDE. thereehas) dgwanded the
However, since the friction coefficient of the sliding parts is

I ncr easoplistigatidrh of tiee hpdraglic ofl suble as qadwdiohi dfloss eneigy andtpré@ntieh df oil
that the use of ZnDTP is preferable from 15 the vi ewpoi nt of energy

o car PR RA Y becieh i FAGlBe T Bk R B L8yt i c ol T
does not contain ZnDTP. For exanple, there has been proposed a

hydr aul0083bi | in which an aromatic phosphate ester, a phosphite
ester and its amne salt, a thiophosphate and a

O di t hi ophosehgyertiatt), Z&R dRABYHAACHDTI iR Yt #d1PLRAGSdnohtiRear

antiwear agent in place of P (for exanple, refer to Patent

EO ugﬁgstesét éf piy&%ﬂﬁé’ )°§lat Homever, ?éh@%ﬁéhggﬁﬁhdﬁ @@M&g%ﬁm peige

resi stance (sludge preventing properties) and wear resistance and
still bhsedvsy blending ovithi thip heanti bildsr 8 ldngdperiodi of timd. \IhiadBitiony theesdtiwear
the needs of 2 sophistication and energy saving of the hydraulic
act uat é@erlt ¥ 2hBTP is [:Quosgﬁ1 ]oy the formation of a hard coated film such as iron phosphate onto
a metal surface. However, since the friction coefficient of the sliding parts is increased by
the formation of the coated film, it may not be said that the use of ZnDTP is preferable from
15 the viewpoint of energy saving.
Consequently, there has been studied a hydraulic oil using a so-called non-zinc based
antiwear agent wherein the hydraulic oil does not contain ZnDTP.
For example, there has been proposed a hydraulic oil in which an aromatic phosphate
ester, a phosphite ester and its amine salt, a thiophosphate and a B-dithiophosphorylated
20 propionic acid compound are blended as an antiwear agent in place of ZnDTP (for example,
refer to Patent Documents 1, 2 and 3).
However, it may not be said that these hydraulic oils fully satisfy friction

characteristics such as sludge resistance (sludge preventing properties) and wear resistance

and still leave room for improvement as a hydraulic oil which may meet the needs of



In addition, there is disclosed a conposition (for exanple, refer to
Pat ent saphistication anf} eriergyvsiaving of thelydranlicashuatiomsystesg phor us and/ or

sul fur based conpound and N-ol eyl sarcosine 5 are used in conbination
in pl afR0d L ZnDTP, and further, a conposition (for exanple, refer to
Pat ent “Docunent 5) conpri si ng, I n conbi nation, a

phosphor us- contalnln arb xylic acid gonpound and a dispersiqn type
viscosity in &é‘b‘ﬂ%eé‘ra compasiipn{for example, Gefghfﬂ Patgnt Jeocument
hydraulic oils suff|C|entIy have friction characteristics such as

s| udge4y pswhich af Anfiexidalica phedphortus Rfid/BFf Qilfi bassd) cortpdund ahd Neslefls&66sine
10 Accordingly, there is not yet found a hydraulic 0|I satlsfyl ng in

a bal anced pmnner er savi pertd thermal
(sagBeised 2 apbipation. B PG o E2uER 250 e s SiaBeRuich 5r pitaple ol to
resi stance), demulsibility properties, friction-reducing properties

of sl PatiengDpamhentail)dcdmpridimggein comabitiatimng adphvsplbros-cdntaininghgatbanylic acid
oil. [0005] 15 Patent Docunent 1: Japanese Patent Lai d-Open

Publ i C@(’iﬁxﬁ@u@fﬁd'ﬂ @%@? gﬁﬁqu e Japanese Patent
Lai d- Open |catq1i%?e %%ﬁ%‘/‘?@ atent” Docunent 3: Japanese
Pat ent Lai d- Qpen Publication No.  2002-265971 Patent cument

Japanese Pat Haweven at asynnes by iseid: thah these hydrmlic calsgep F’ﬁ@@htha"e friction
Docunent - 5: Japanese Patent Lai d-OQpen Publication No. 2005-307203 20

Di scl ogharactétistics Sudhrié SRidige FesBtaet ¢sliddeprO@niing Eﬁﬂ)ehies)élﬁl Wl @eistatice.
[ 0006] Under these conditions, the Obj ect of the present invention is

t d d t t f b
ol cncr gAY oot oS S5 bl Bt e manmer
resi stance), wear resistance, seizure resistance (scuffing

resi st emecgy ,sadiagu pmiperties;t yheqnab jstability s(sluidge cesistancedd wesan registamae; tSeizare
of sliding parts and the |ike, which are denanded of

resistance (scuffing resistance), demulsibility properties, friction-reducing properties of

sliding parts and the like, which are demanded of the hydraulic oil.
[0005]
15 Patent Document 1: Japanese Patent Laid-Open Publication No. H10-67993
Patent Document 2: Japanese Patent Laid-Open Publication No. H11-217577
Patent Document 3: Japanese Patent Laid-Open Publication No. 2002-265971
Patent Document 4: Japanese Patent Laid-Open Publication No. 2002-129180
Patent Document 5: Japanese Patent Laid-Open Publication No. 2005-307203
20 Disclosure of the Invention .
Problems to be Solved by the Invention
[0006]
Under these conditions, the object of the present invention is to provide a hydraulic

oil composition satisfying in a balanced manner energy saving properties, thermal stability



the hydraulic oil. Means for Solving the Problems 5 [0007] As a_ .
* resul t (dudgsaresistance) (wkiae sesistantsy stigprearasistanee: |(scuffing resistanss), t depulsibility
satisfying the required performance for the hydraulic oil in a

bal anc Efinti ' : ty; | gat

the. pr ERpSRies fictbRedledy Bloptiike Ot fifine HpIS and WAl 1l AN Bl detiandid of
specific-properties with a pol ymet hacryl at e-based vi scosity index

i rrprovg}elﬁ’éﬁ oil. 10 nol ecul ar~ wei ght in a specific range, an acid

am de conpound, a specific phosphate ester based conpound and a
speci f Meahs!firiSolvidg tHeProbRmsr espectively at a predetermined ratio.

The present invention has been conpl eted based on such findings. In
ot her Wc}i the present invention provides [0008] 15 [1] a

hydr au é) il conposition conprising blending a base oil having a

sul fur content of |ess than 0.03% by mass, a content of saturated
conponent of Ascit resals of ehmast3didies/ tondevslopaa hydraulid o} compesitiofn satisfying the
than 80 and an absolute viscosity at 40 Cof 1 to 1000 nPa s with

(A 1 AL T AP safnet! ' '

 mpr ov R pe¥orfEe for e MOUITRL R 36 4 1aldaectf o, B deéseit )R found
50000, (B). 0.005.to0 fg% by mass of _.an acid am de conpound, (C) 0.005,
to 5% Bipt thes ebisetivenok theprpseat mysntion: may,becashigyed by blending @obsseoil having
represented by the follow ng general formula (11-1): 4 [Chem cal

For mul gpetific tpréperties with a polymethacrylate-based viscosity index improver having a

10  molecular weight in a specific range, an acid amide compound, a specific phosphate ester
based compound and a specific lubricity improver respectively at a predetermined ratio. The
present invention has been completed based on such findings.

In other words, the present invention provides
[0008]
15 [1] a hydraulic oil composition comprising blending
a base oil having a sulfur content of less than 0.03% by mass, a content of saturated
component of not less than 90% by mass, a viscosity index of not less than 80 and an absolute
viscosity at 40 °C of 1 to 1000 mPa « s with
(A) 1 to 20% by mass of a polymethacrylate-based viscosity index improver having
20  an weight average molecular weight of 10000 to 50000,
(B) 0.005 to 5% by mass of an acid amide compound,
(C) 0.005 to 5% by mass of an acid phosphate ester compound (c-1)
[0009]

represented by the following general formula (II-1):



R1I-O-P=O (I1-1) R2-O(In the fornmula, R represents a hydrogen

- atomor a hy{ClessicdlForaal] having 1 to 18 carbon atons and RZ

represents a hydrocarbon group having 1 to 18 carbon atons.) and/or

5 an acid phosphite ester conmpound (c-2) [0010] represented by the

- foIIowHﬂ@ ral formula (11-2): [Chem cal Fornmula 2] R3-O P-CH
(11-2) R4-0°1 I n the formul a, i@) epresents a hydrogen atomor a

hydrocaRbU‘nQ =0 ng 1td*" 1@ 'clbbon atons and R represents a

hydr ocar hon up having 1 to 18 carbon atons.), and (D) 0.005 to 5%

by masRor— | east one kind selected froma pol yhydric al cohol

ester, an al kanol am ne, an olefin sulfide and a thiocarbamate

conpound, and further [2], a hydraulic oil conposition described in

the above [ 1{IndBenf g‘lbqemmgachyémsen atom gr 8 dydRpCAReR gHruphavingyL to

one kind sel ect ed from (E) an amine salt of an acid phosphate ester

PN Et et vt R e ity e
(! \Q an acid phosphite ester compound (c-2)
[0010]
represented by the following general formula (II-2):
[Chemical Formula 2]

3_

/P—OH -« =(1I-2)

R*—0
10 (In the formula, R represents a hydrogen atom or a hydrocarbon group having 1 to
18 carbon atoms and R* represents a hydrocarbon group having 1 to 18 carbon atoms.), and
(D) 0.005 to 5% by mass of at least one kind selected from a polyhydric alcohol ester,
an alkanolamine, an olefin sulfide and a thiocarbamate compound, and further
[2] a hydraulic oil composition described in the above [1] comprising blending 0.005
15 to 5% by mass of at least one kind selected from (E) an amine salt of an acid phosphate ester
compound and
[0011]
a phosphate triester compound represented by the following general formula (IV):
[Chemical Formula 3]

20



R-0 (Inthe formula, R7 to RO each independently represent a
. hydroci_:.é )on group having 1 to 18 carbon atons). Effect of the
I nvent if®nN 0012] According to the present invention, there may be

provi dedga hydr Lc 0il composiphki,on which has excel |l ent energy
- saving erEzZFﬁg#'T r mal sggbfkhli (sl udge resistance), wear

resi stapge, zure resistance (scuffing resistance), denulsibility
pr oper e§7()friction-reducing properties of sliding parts and the
like and is suitably used in the hydraulic 10 machine field, machine

R

the present invention is a conposition conprising blending a base
oi |, (M 1%cabonatemshcryl ate based viscosity index inprover, (B) an
acid am de 15 conpound, (C) an acid phosphate ester compound (c-1)

and/ or Effactasfithe Rivestidd t € ester conpound (c-2) and (D) a lubricity
| nprover. The base oil used in the hydraulic oil conposition of the

pr ent) 'l?rxention is required to have a sulfur content of |ess than
0. 03% Q’i ss, a content of saturated conponent of not |ess than 90%
by mass, a viscosity index of not |ess than 80 and an absol ute

vi scosi ty at Adgording? o othe 1present Od@entiom, therel imayhdebprovided| ahhgdraulic oil
sul fur content of not |ess than 0.03% by nmass and a content of

satura 3 o] Y PSS ﬂeﬁﬁf efih&hdal Oftali
presen{:&?%vent | gﬁﬁ Fg frllké)ét %%%eliseafp?n%?gfm@?( yﬂgx fo e ’ectguse o%tal%lnﬁl p(glg(rlge
oxidatiop stability, the increase, of a?i d val ue and_t he g%ﬂerat i on,
of sl ubR§H SeAE Fesigtance. 5izure, rssistange| (cyfimgoresistaner); demullibiy, PEqnewiss,

metal The
friction-reducing properties of sliding parts and the like and is suitably used in the hydraulic

10  machine field, machine tool field, industrial machine field and the like.
Best Mode for Carrying Out the Invention
[0013]
| The hydraulic oil composition of the present invention is a composition comprising
blending a base oil, (A) a polymethacrylate based viscosity index improver, (B) an acid amide
15 compound, (C) an acid phosphate ester compound (c-1) and/or an acid phosphite ester
compound (c-2) and (D) a lubricity improver.

The base oil used in the hydraulic oil composition of the present invention is required
to have a sulfur content of less than 0.03% by mass, a content of saturated component of not
less than 90% by mass, a viscosity index of not less than 80 and an absolute viscosity at 40 °C

20 ofi to 1000 mPa - s.
If the base oil has a sulfur content of not less than 0.03% by mass and a content of

saturated component of less than 90% by mass, the effect of the present invention is not



sul fur content is preferably not nore than 0.02% by nass and nore

- pref er slffigieRay eRdrted Betase df-thd Podhyoxidtidn stabilitgldthé ikreasé BE acid Vaketandfthe
saturated conponent is preferably not less than 5 95% by mass and

nmore preferabl of |ess.than,98% by mass. | nci dent al | t he sul fur
. cont eneonesatin afi e, fadmer Wit e ingt i oty Agash pbafptrofis Bibial The
content of saturated conponent is a value neasured in accordance with

ASTM Dsulfift@éntehhisguielierabiyn noti otertharh6.62%0by masssangl momecpureferably notemorsfthan
| ess than 80, the viscosity 10 decreases at high tenperatures and

Lgﬁ d l u ? r()il %"Bg RihsO€ rfn%&ﬁg&g tﬂescdnit i |o¥ P&tﬂra%%oglrﬁg);ﬁergnqg p%{]}gragﬁ{:%ﬁgﬁss than

he vIscosity incr es at Tow tenpera
failure of a pu occur. The viscosity index is preferably not

np nmay
| ess t 3% yooassraad meare ppafermblynot Jess than 98%xby mass. 120 from t he
vi ewpoi nt of wi dening the usable tenperature range froml ow

t enper at ur esircientillgthe SURRF BbntERSs alvahlemealtiiddin dccotdafice/ WiBIFS Ky 2541
I ndex is a value neasured in accordance with "Testing Methods for

Ki nemati ¢ Vi scosity. and | cul ati ng Method for Vjscosity |nde
O e i the. SRt ot A et Jo S B e pocosiacd it A5TM D
the base oil has an absolute viscosity at 40 C of less than 1 nPa s,

the |uB@0Zating 20 performance is insufficient, abnormal wear or
seizure is likely to occur and the risk of fire is high. On the

other hand, }f JfRGoRagCHI basB s %Esibéi%déhg di)ﬂh%?%?ilé 46 Ot (R vls%gny
mPa s, the “viscous resistance I s increas alt” I'ow tenpéeratures an
the suction to the punp is interrupted, thereby possibly causing

nmal@ undesreasenat high tampesatures gpd theclubrieagigipgrformancpds likely tq deprease. "On the
characteristics, risk of fire and the vi scous resi stance at | ow

DS el Uit ket eyphsnlol e SOmE R 0 o
prefer gct:)clu¥ 1'Phet %sgo%%y nu?(ﬁax i preferably not less than 100 and more preferably not less than
lZQ from the viewpoint of widening the usable temperature range from low temperatures to
high temperatures.
15 Incidentally, the viscosity index is a value measured in accordance with “Testing
Methods for Kinematic Viscosity and Calculating Method for Viscosity Index of Crude Oil
and Petroleum Products” described in JIS K 2283.
[0014]
If the base oil has an absolute viscosity at 40 °C of less than 1 mPa - s, the lubricating
20 performance is insufficient, abnormal wear or seizure is likely to occur and the risk of fire is
high. On the other hand, if the base oil has an absolute viscosity exceeding 1000 mPa - s, the
viscous resistance is increased at low temperatures and the suction to the pump is interrupted,

thefeby possibly causing malfunction of machines. From the viewpoint of the friction

characteristics, risk of fire and the viscous resistance at low temperatures, the base oil has an



As the base oil, there may be used either a mneral oil or a
synt hehbso hitk vistOsilyt G02E dft3 tol5BO nhHS s MBHEprEfefibEy § ite 300 hiPaF Sad &pbéially
particular limtations on the type of the mneral oil 5 and the

synt heti ¢ 0j d hess. The mineral oil includes, for exanple, a
- par affpﬁ%ﬂgb@d%ﬁpﬁgbéﬁaol f- an internediate base nmineral oil, a
napht hene based mi neral oil or the Iike which is obtained by a usual
puri fi cati onAsehdbaseik theas mayglbeaised either faiminaeraboil and syptetic)eih a6 lang as it
purification. In addition, the synthetic oil includes, for exanple,
pol ybu ' 1 - [ ] r ' of:
exanpl Iéi@g‘& {lﬁg%ﬁoﬁe ?&31 bggi&g ag%:?'é @é&gkp%ﬁﬁosg%? é%ée erO?:tdrl\eet;lhﬁ%e{é& Sil
like), various ethers (for exanple, pol yphen¥l ether and the like)
and f uanddhe syntheticopib and ethess.o mirieral; qih includea.cfor gxample, @mparaffin based
and the like. In the present invention, the base oils may be used
Si ngl Y nftherhloif, Uhdnfepdé difite tasd WinePAl oill R mMApkthEiitSbdsbe® irfifkral dilordhdilike Svhich
t he above synthetic oils may be used singly or in 15 conbi nation of
two or,nore. kiinds thereof.. Further, one. or re kinds of t ] ner aj.
o s " 8 0btgiREd Y sl aificate ettiod, Ahais BNt Sufiacl apdchykqgeastion
conbi nati on. [0015] The pol ynet hacryl at e- based vi scosity i ndex
i npr ovpurifiéatiohe conponent (A) in the hydraulic oil conposition of
the present invention has a wei ght average nol ecul ar weight in 20

t he range of 1,10 1.0 0 : haglxdiat &

viscosity i ngiéxglﬁﬁr}ﬁr vglrQ gg%*ﬁtg’gsapﬁg?mgé%%ﬁe, a ljgol%’l }Onﬁg%%l%bale%n
di spersion type polynethacrylate and the like. [If the

pol 4 ne{eralefipl e polynen d varions esters (fonersmplennolyadesteradibasiouarigstes, ghosphate
nmol ecul ar weight of |ess than 10000, the viscosity index inproving

ef f ect etByariilthe ke Watibed &Bérs Y for xMrhpRIpolyphenfEether and the like) and further an
pol ynet hacryl at e- based vi scosity index 1nprover has a wei ght average

8 nol ecul ar. wei ght exceedi 50000, I .S cut when in use
onat nionhized pdbert s AR ran T SR rabdthe e ot be
sufficiently exerted. The pol ynet hacryl at e- based

In the present invention, the base oils may be used singly or in combination of two or

more kinds thereof. In addition, the above synthetic oils may be used singly or in
15 coxﬁbination of two or more kinds thereof. Further, one or more kinds of the mineral oils
and one or more kinds of the synthetic oils may be used in combination.
[0015]
The polymethacrylate-based viscosity index improver of the component (A) in the
hydraulic oil composition of the present invention has a weight average molecular weight in
20  the range of 10000 to 50000, and such polymethacrylate-based viscosity index improver
includes, for example, a polymethacrylate, a dispersion type polymethacrylate and the like.
If ﬁe polymethacrylate-based viscosity index improver has a weight average molecular
weight of less than 10000, the viscosity index improving effect may not be sufficiently

exerted. If the polymethacrylate-based viscosity index improver has a weight average



viscosity index inprover preferably has a wei ght average nol ecul ar
wei ght molecule weigigeexebeding 30000, thd Polither s lctt wdhen it huk¢/ and hisusvithe Glicosity
average nol ecular weight 1s a value relative to pol ystyrene neasured

by a gel, perneation ghr.onat ogr.aphy 2C). . et h |4 t r
. Phvent R BB Ying Dofekt OBy V" BE T, Sraiiid i SRR RE s esed
any particular limtation and includes, for exanple, a copol yner of
met hacwviscedity index imapronen proferably das ai weight awsrageamolecilamweight &t thel range of
unsat urated bond. 10 The nitrogen-contai ni ng nononer having an
et hyl ePbGOG‘ﬂBWOﬁﬁ.at ed bond includes dinethylam nonmet hyl net hacryl at e,
di et hyl'am nonet hyl met hacryl ate, di net hyl am noet hyl net hacryl at e,
di et hyl am noet hyl net hacryl ate, 2-nethyl-5-vinyl pyridine, .
nordhol i nonelnsidentallyatheyweight avemes oo lpenlen wylgﬁbtswa@lw gglative to polystyrene
N-vinyl pyrrolidone and a mxture thereof. 15 [0016] The
copol ygRahi#ed bPh gePperMmeion EHrbmatogtaphe (GPCY Aethad! r ogen- cont ai ni ng

nononer - having an ethylenic unsaturated bond is preferably 80:20 to

95:5 by mass n the draulic oil conpasition of th resent .
CventTon. ¢ Ittg greseal HERRn, anY HispEROR vt b mEtte R iy g ised vhout
the conponent (A) may be used singly or in conbination of two 20 or
nor e kamyl particulae dimitationaant incbudess f exaiplé, on capalymer of methacrylaté with a

the range of | to 20 % by nass based on the total anmount of the

CONMPOS it . bt vﬁ%%'mth' : tﬁ@P o by mass, the

Vi scosrfttl;/o%ig?lggé | gr%\g/?‘?\%élgﬁe t m lﬁ%%ﬁg% su ibg'}%{ntly exerted,
while if the _addition ampunt exceeds 20% by nmass, an inprqvenent jn
thi effect e¥heduteegenrconiampg Jaenoaer haying: an sthylanic, yasatyrated bpngdyincludes
addi ti on anount of the conponent (A) is preferably 1 to 15% by nass

and nodgnethyl@mtionidtylmhetacdlite,oy nmass. diethylaminomethylmethacrylate,

dimethylaminoethylmethacrylate, diethylaminoethylmethacrylate, 2-methyl-5-vinylpyridine,
morpholinomethylmethacrylate, morpholinoethylmethacrylate, N-vinylpyrrolidone and a
mixture thereof.
15 [0016]
The copolymerization ratio of methacrylate to the nitrogen-containing monomer
having an ethylenic unsaturated bond is preferably 80:20 to 95:5 by mass.
In the hydraulic oil composition of the present invention, the polymethacrylate-based
viscosity index improvers of the component (A) may be used singly or in combination of two
20  or more kinds thereof. In addition, the addition amount is selected in the range of 1 to 20 %
by MS based on the total amount of the composition. If the addition amount is less than
1% by mass, the viscosity index improving effect may not be sufficiently exerted, while if the
addition amount exceeds 20% by mass, an improvement in the effect expected from the added

amount is not observed.



[0017] The acid am de conpound of the conponent (B) in the hydraulic

- oi | conpositiTRe a@dltloﬁaﬁlbﬁnﬂlfﬁﬁ@&mpdhéﬁﬂ(A)QB pteferabl 1260213% b§ mass and more
condensation reaction product of a fatty ‘acid and"a pol yal kyl ene

pol ya nc for exanple, a condensation reaction product
- of a fﬂ&?ag]gétﬂ ]‘rQUfEYI a8t 0 24 carbon atoms and a pol yet hyl ene
pol yam ne represented by the following general fornula (1)

H2N( CHPEHZNH) %44 (1) 10 (In the fornmula, n represents a nunber of 2 to
6 in average.) [0018] The fatty acid having 8 to 24 carbon atons

ana. i et uges 10§ 3 il AR Ot SBnpthedt oy ANAE B Rafe bR chipPidhyof

fatty acid such as octane acid, nonane acid, decane acid, undecane
acid, thedpresens inwéndiont ist preferablne addensation freactide quoduct of it fastyt aeld cadca
acid (stearic acid), hydr oxyoct adecane acid, icosanoic acid,

heni Cogélt}gjrl](gilege ig@l yaHfhO SR BLRdeS 'f&v T@%%ﬁ&&)siﬁd:ﬂneaétﬂnrﬁﬁ&ﬁ‘%?h%ﬁy

aci d i"d, decene aC| dodécene aci d, tetradecene acid
hexadece, eﬁéapl oct adecene aci ei.c.acid nonadec

d
i cosendf 8 9?4 casbenaipms apo thyleng 1o aaemrepmspgfg&eﬁc following

tetracosenoic acid and the like, as well as branched fatty acids
cor r es genegalfgrriniie (Bt 0. 20 Anong these, preferable is isostearic acid
which is a branched fatty acid having the total nunber of carbon

atons of 18 ﬁ&% il e, {he specific exanples of the
pol yet hyl enep ne r epresented by the general formula (1)

I ncl ude, for exa et hyl ene di am ne, diethylene triam ne,
t ri&t hyl ene @@QEIMM@@@?S@@Wﬁ&& fimaverage.)pent aet hyl ene
hexam ne, hexaet hyl ene heptam ne, and the |Iike.

[0018]

The fatty acid having 8 to 24 carbon atoms includes a linear or branched, saturated or
unsaturated fatty acid and includes, for example, a linear saturated and linear unsaturated fatty
acid such as octane acid, nonane acid, decane acid, undecane acid, dodecane acid, tetradecane

15 acid, hexadecane acid, octadecane acid (stearic acid), hydroxyoctadecane acid, icosanoic acid,
henicosanoic acid, docosanoic acid, tricosanoic acid, tetracosanoic acid, octenoic acid, decene
acid, dodecene acid, tetradecene acid, hexadecene acid, octadecene acid (oleic acid),
nonadecene acid, icosenoic acid, henicosenoic acid, docosenoic acid, tricosenoic acid,
tet;acosenoic acid and the like, as well as branched fatty acids corresponding thereto.

20 Among these, preferable is isostearic acid which is a branched fatty acid having the
total number of carbon atoms of 18.

[0019]
Meanwhile, the specific examples of the polyethylenepolyamine represented by the

general formula (I) include, for example, ethylene diamine, diethylene triamine, triethylene

10



[ 0020] The acid am de conpound (B) used in the hydraulic oil

CONPOS tetfadiing) tettde thylimR R Atamirke, | yiefe héxaliifd, eRddthyléne! IRPEHMIAE] and the
product obtained by using the fatty acid and poI yal kyl ene " pol yam ne
as reagiion raw materials. The reaction product may be obtai ned by

* condend&tion reaction of a fatty acid and a pol yal kyl ene pol yani ne
by a known nethod. For example, the fatty acid and pol yal kyl ene

pol yani0020fre reacted at a reaction tenperature of 100 to 150 C for
a reaction tinme of 1 to 5 hours. In this case, the ratio of the fatty

acid to the K n a L

Is arbitrar yﬂ?%é@d #mﬁg %gﬁtg?\%} é# ﬁtetctileyac%%lfh% (?IL 1%%§%pﬁés%nt
is slightly in excess. In the present I nvention, the aci d am de
corfpoulnyentitn istpreferahlyparattion prejuctrehtained bysesing thegfatty aeidiand polyalkylene
conbi nati on of two or nore kinds thereof. The addition anpunt of the

conpon &nuﬁ)as'réad'tlﬂntrm nﬁa%i'ms OfTH- B4%ioh 3»05%&2 : Mhajbe %btaﬂfeﬁfb?r&ﬁﬂéhsatlon

0.01 to 5% by nmass and nmore preferabl 0 3% by nmaSs, based
on the total unt 0 e 03|t|on n the h U|IC
corrposfetaF’B?P qsrc{eeré% polyalkHepe Rolyamig }Yt%@%ﬁ'&%ﬁ ?rcsxampﬁqaéhe
acid phosphate ester conpound is a conmpound represented by t he

f ol | owfatty sgithaidapolyalkylene polyamink)are Zéicted (it d|redctibanémperatary oflil 00 t6]150 °C
HX R-OP=0 U-1) R2 011 [0023] In the general forrmula (I1-1),

R is ?or'&yrgﬁ&%‘ﬁ%&é M %5 %mli%dr ﬂ,C@.isbc%Qe, Wik %?Yﬁenﬁt& acid to the polyalkylene

10  polyamine used as reaction raw materials is arbitrary, but it is preferable that the polyalkylene
polyamine is slightly in excess.

In the present invention, the acid amide compounds of these components (B) may be
used singly or in combination of two or more kinds thereof. The addition amount of the
corpponents (B) is in the range of 0.005 to 5% by mass, preferably 0.01 to 5% by mass and

15  more preferably 0.02 to 3% by mass, based on the total amount of the composition.
[0021]

In the hydraulic oil composition of the present invention, among the components (C),
the acid phosphate ester compound is a compound represented by the following general
formula (II-1).

20 [0022]
| [Chemical Formula 4]
H—O0

R‘—o—/\—P=o =)
R>—0

11



to 18 carbon atonms, and R2 is a hydrocarbon group having | to 18
car bon[@i28s. The hydrocarbon group having 1 to 18 carbon atons
I ncl udes an al kyl group having 1 to 18 5 carbon atons an al kenyl

group havi ng [m ‘ﬁ t
carbon at ons, nzthE ﬂFB (Sﬁ ﬂhavr ng @ﬁmﬁgn%@ ca E%& at orrshgr%ﬁ)tlﬁmgl
l'i ke. The aIkyI group an alke group may be |inear, branched or
cycl i cto dBcrarbon atpms; and Rexiarmph m;bmuegsoupehamg 1gtooli$) carhonyatoms.ohe
n-propyl group, isopropyl group, n-butyl group, isobutyl group,
sec- bu t1y \ t

&roc&B@ﬁ‘ %pﬁ vd?%’oc Vo 98 UibonVa@bm® YfciRfR ?&Pgﬂﬁn NAAdL 150 18

hexyl oups groups 10 various varrous
dodecyl grou varrous tetr decy r oups varrous adecyl roups
vard ousatBes Ak jan glksny kgr%lyﬂrﬂmsr&% n @p?)rgr@map g6 18
group, propenyl group, various butenyl groups vari ous hexenyl

gr oupscarbéu afonss, as afilkyl goap hsving Artb d8scarlsb@catoms agd thepkke. v arhecilisyl group
dodecenyl groups, various tetradecenyl groups, various hexadecenyl

gr oups ' t pent 0

o oup KM i AEES4 hicar BB o HRHENSA B ool Wlmplo L RUERR

i ncl udes; for exanple, phenyl group, tryl group, xylyl group,

napht hgtougr ethyl graup.tmvpropykgroup.isoprapylgraum y-busylgroup sabuéyl zreup, sep-butyl
carbon atons includes, for exanple, benzyl group, phenethyl group,
napht hidost P-b@ye YRidug! I Qhifious elxd VFRJ&%E‘GH?M%
nethyl%gﬁﬁihyl&g?hgﬁugroup adgﬁgﬁéiow%e The 10 nurber of Cg?%gﬂqm,
atonms of R R2 is prefera in the range of 3.to 36, ,
acklbr dvarys, degy! giupRatipus ea&% group-eYarigus fetradeqyl igzeupss rfarrﬂlrSﬁ@xadecyl
groups so that the total nunber of carbon atons is in the range of 3

to 36. glfdﬁﬁﬁ%rﬁhsodﬁd@yb@@ﬁpﬂ ayelopéritgl groaproyciotlexyd grape ﬁﬂﬁchrbvp tprepenyl

general formula (I1-1) is an acid phosphate nonoester or acid

For - oxiipe YEH, bueyl B Farkid Ratha BRARS. el Rt poas Shious

phosphat e, rrono(dr) 2- et hJ/I hexyl aci d phosphat e,
decenyl groups, various dodecenyl groups, various tetradecenyl groups, various hexadecenyl

groups, various octadecenyl groups, cyclopentenyl group, cyclohexenyl group and the like.

15 | The aryl group having 6 to 18 carbon atoms includes, for example, phenyl group, tryl
group, xylyl group, naphthyl group and the like, and the aralkyl group having 7 to 18 carbon
atoms includes, for example, benzyl group, phenethyl group, naphthylmethyl group,
methylbenzyl group, methylphenethyl group, methylnaphthylmethyl group and the like.

The total number of carbon atoms of R' and R? is preferably in the range of 3 to 36,

20  and accordingly, R' and R?are each selected as appropriate from the groups so that the total
number of carbon atoms is in the range of 3 to 36.

[0024]
The acid phosphate ester compound represented by the general formula (II-1) is an

acid phosphate monoester or acid phosphate diester.

12



nono( di ) - decyl aci d phosphate, nono(di)-Ilaurylacid phosphate,
« nono(di) -t ri Theacicphibsphite npinat er diesteo (utilydesy far sxginple] digqnb (i phaprepylacid

nono(di)-pal mtylacid phosphate, 5 nono(di)-stearylacid phosphate,

A I G T ey

conpound represented by the follow ng general formula (11-2). [0026] .
10 [ Chaenefdi)-tenylasich Phosphatep muama(di){gurylagid Rahosphate,t hmo rtgidecylacid
formula (11-2), R3 is the sane as R in the general forrmula (I1-1)

and  Ripbdphhfee gﬁﬁtﬁfogtgi)-ﬁﬁfrmﬂ&ic[ 11pRosphate! he n‘i&f&diﬁ%g]%yil&id he phosphate,

general formufa (II- I'n addition, ‘"the total nu r of carbon
atons of .and R4 |s the sanme inp.th ase .of the acid phosphate 15
est2r G900 h&feﬁr@amgpfg’éﬂ'at%umw e Y@ﬂd-afaosphntreﬂ@c% hg?rosphat e
ester conpound of the general formula (11-2) includes, for exanple,

mono( d{0023] et hyl hexyl hydrogen phosphite, nono(di)-decyl hydrogen
phosphite, nono(di)-dodecyl hydrogen phosphite

phospi o AR FcPRpUIIRhche AR b S SSib bl 6662 i

nmono(di ) - 9- oct adecenyl hyrogen phosphite (rmnoi[di ) - ol eyl hydr ogen
phosphrempoundrspresentsd by theyipHgwing generphospulat(H-And the |i ke. [0027]

13 In the present invention, as these conponents (C), the acid
phosphm@@ster conpounds of (c-1) may be used singly or in
conbi nati on of two or nore kinds thereof. In

10 [Chemical Formula 5]

3_
R°—0_

P—OH  +--(I-2)
R'—0"

In the general formula (1I-2), R is the same as R' in the general formula (II-1) and
R* in the general formula (II-2) is the same as R? in the general formula (II-1). In addition,
the total number of carbon atoms of R? and R* is the same in the case of the acid phosphate

15  ester compound in the general formula (II-1).

The acid phosphate ester compound of the general formula (II-2) includes, for
example, mono(di)-2-ethylhexylhydrogen phosphite, mono(di)-decylhydrogen phosphite,
mono(di)-dodecylhydrogen phosphite (mono(di)-laurylhydrogen phosphite),
moho(di)-octadecylhydrogen phosphite (mono(di)-stearylhydrogen phosphite),

20  mono(di)-9-octadecenylhyrogen phosphite (mono(di)-oleylhydrogen phosphite),
mono(di)-phenylhydrogen phosphite and the like.

[0027]

13



addition, the acid phosphite ester conpounds of (c-2) may be used
singly or i nltdh®ipreseant ninwéntiomywcaso these reomiponenss t (€9 ébé . acidiphiosphate  ester
there may be used, in conbination, one or nore kinds of 5 the acid

phosph r )1 - ' i d
Phospn P S of (e s Wed irgly o kolibnylon 28 o b AtRe Rinds el CIn
conponents (C) is 0.005 to 5% by mass, preferably 0,01 to 3% by mass
and ropddisip;the asid phosphite te@terz%rmomd%g (chhduay leﬂwﬁémsbt ef in cgmbingtion pf
the conposition. In addition, in the relationship with the addition

anount +Q$ ot fidre RIAAPHRAIES Flﬁ):herttﬁ&e(iﬂim\%@&,% %bﬁihﬁo@@@%r wdré Ridds of
the mass ratio of (B) to (C is 10 preferably 0.1 to 4.0 and nore

preferably.0.5 to 3.0. If the ati,o of

BT & ©t e diphospfart ester sampaspf o DB GRS Ar Mot kiBaé 61t Bkl mbatahits seter
rubber (resin) may be prevented. [0028] In the hydraulic oil

conpos compoursls dff{e-2)r eTheadditior amoont, ofathe tchmpbnemts (T i 0.003 oVE% byf mass,
15 the conponent (D), there may be used at | east one kind sel ected

froma ' ' L Qe i
ui 11 QBB B 39 BE tmacP Bhd o BRI ANF LI TARPILEE 0ol (H ' Bl
partial ester of the caomponent_ (D), the pon dr| Cc aI cohol used as
raw rAEopR] offhe compasition.ncin addiiony i thegela fionshircwith the additien amowns of the
al i phatic polyols. The aliphatic polyols include, for exanple, a

di hydr t6mpbiecdBO(BY Uhe dinpdhénts QU 43¢ \d@ed s Qhati G mhfnaitia! ¥EM) to (C) is
tr|ethylene egcoI propylene gl ycol, trlnethylene gl ycol,

o oL kB IR s 4IPSl S 800 s

tetrahydric or higher al cohol such as diglycerin, tiglycerin,

pent aedy, lthe tlattering (stivkasdipy phendnmnon rbetweencthe @ylindes ralnd trobber Tresin) undyebe
of the ester bonds in the partial ester is not particularly limted

i f at 14 one hydroxyl group is present. The hydrocarbyl group
constituting the ester bond is preferably an al kyl group or al kenyl
gr oup F(?O\éis?g 6 to 20 carbon atons and includes, for

In the hydraulic oil composition of the present invention, as the lubricity improver of
15  the component (D), there may be used at least one kind selected from a polyhydric alcohol
partial ester, an alkanolamine, an olefin sulfide and a dithiocarbamate compound.
In the polyhydric alcohol partial ester of the component (D), the polyhydric alcohol
used as a raw material preferably includes, but not particularly limited to, aliphatic polyols.
The aliphatic polyols include, for example, a dihydric alcohol such as ethylene glycol,
20 dieﬁylene glycol, triethylene glycol, propylene glycol, trimethylene glycol, tetramethylene
glycol and neopentyl glycol; a trihydric alcohol such as glycerin, trimethylolethane and
trimethylolpropane; and a tetrahydric or higher alcohol such as diglycerin, triglycerin,
pentaerythritol, dipentaerythritol, mannitol and sorbitol.

The number of the ester bonds in the partial ester is not particularly limited if at least

14



exanpl e, various hexyl groups, octyl groups, decyl groups, dodecyl

gr oups pné¢ diydeakyt \grogp dsi presentie XHlte hydrogarbyb groupc tembtittinggtheuester bond is
hexenyl groups, octenyl groups, decenyl groups, 5 dodecenyl groups,

tetrad 0 e . r QUKD
. [ooz0) PAcHbICh HR3! iSEHCAREN e BRALB GCIECEEGT Honl B Beludes, for
al cohol include, but not l|imted to, neopentylglycol nonol aurate,
neopenexanplocvrions hexii} grenns: ectylgzoynsndscylgsoups, dodeaybgroups;itetradecyl groups,
neopent yl gl ycol nonost earate, neopentyl gl ycol nonoi sostearate, 10
LT o IO PR BB ElohgRienyl' BB LRI GRS WBikAy! ,
di myri statkél,Esr ?ﬁﬁﬁgt hyl ol pro anlngrmno-y o?doiliiip’al m tgt , 1 Froups
tri met hyl ol propane nonqQ- or. distearate, frinethylol propape nono- or
dusdst 2%’"&9&’1 &PYRSe SRSAY. erowpsy hexatiscensl SrQRLA; OFtadgsRav BRoUDS.
di stearate, glycerin nono- or diisostearate and the |ike. The parti al
est er s[@29] he pol yhydric al cohol of the conponents (D) may be used
15 singly or in conbination of two or nore kinds thereof. [0030] The

ol efin sulfi e J.ubnicl '

el s | e sl hte AR Sy RE IR B, bt o
general formula (I11) R5-S,-R6 ... (IIl) 20 (In the formula, R5

r epr es timited ate, aleRpensylglycoli pomalanrate, neopentylgtycob srpnemymistataraeopentylglycol
represents an al kyl group or al kenyl group having 3 to 20 carbon

at ons, nRAGpAntiGRY, €S %@Bﬁeng;fl% lyB16 9 Sfno Al stelrdte, %ﬁgl OURtbnoRYstb&ate,

obt ai ned by reacting an in having 3 to 20 ¢ atons or its

di r to tetramer with a sul furj zi ng agent, such as sul fur, sulfur .
chi®ri Hémstg% Opange MQROY Hor eql%lﬁt?», %neq@alar@aa? e NGy [0F  Simyristate,
| sobut ene, diisobutene and the Iike. 15 In the present invention, the

ol ef i ntrimeéthyldipropdnet hon®npern edipalfithtepa yrimethylodtopaneg| ndonddr drn distearate,
conbi nati on of two or nore kinds thereof.

trimethylolpropane mono- or diisostearate, glycerin mono- or dilaurate, glycerin mono- or
distearate, glycerin mono- or diisostearate and the like.
The partial esters of the polyhydric alcohol of the components (D) may be used
15  singly or in combination of two or more kinds thereof.
[0030]
The olefin sulfide as the lubricity improver of the component (D) includes, for
qumple, a compound represented by the following general formula (III)
R-S,-RS ...(1ID)
20  (In the formula, R’ represents an alkenyl group having 3 to 20 carbon atoms, R® represents an
alkyl group or alkenyl group having 3 to 20 carbon atoms, and a represents an integer of 1 to
8.) The compound may be obtained by reacting an olefin having 3 to 20 carbon atoms or its
dimer to tetramer with a sulfurizing agent such as sulfur, sulfur chloride or the like. As the

olefin, preferable are propylene, isobutene, diisobutene and the like.

15



* hexyl - nonopr opanol an ne,

[ 0031] The al kanolamine in the lubricity inprover of the conponent
- (D) i ncl udes]n thepresentcinwention, the odefinssubfidestof theccomponenty(iD)andyobe used singly
-substituted am ne having 4 to 60 carbon atons such as
St eary by FRONRHARG! Gk Sr nibfekinasTRAGENa! nol an ne,
enzyl - nono€et hanol am ne,
phenyl - nonoet hanol am ne, tolyl-nonopropanol an ne,
di ol ey[0@3dhoet hanol ani ne, dil auryl - monopr opanol ani ne,
di octyl - nonoet hanol am ne, di hexyl - monopr opanol am ne,

di but yI - nonofpho RAGRLARIAE in Rh& Mhbritit HApBYE b the d6mponent (D) includes, for
st earyl -di propanol am ne, | auryl-di et hanol am ne,

octyl - di prqpangl am ne, .butyl-di ef hanql ami ne, . benzyl - dj et hanol am ne,
phehy| exATRRR O tiutedagyigs ong SFS’S’&%‘F%“HE? h&wg/?‘ I%géfw B PlQmS Fuch as
tri et hanol am ne and tripropanol am ne. These al kanol am nes nmay be used

si ngl ystesryl-monosthansliming, of tdeeybmonvethaliiolaiine, t her lpsxyl-mbnoprdpaatilanhine,
t hi ocarbamat e conpound in the lubricity inprover of the conponent (D)

pref er ' r. exa l.sdi but .
di t hi o%&@?’é&%‘%@ﬁ‘&hebi rs@*"o@‘r'@?h‘b%?"g%‘g’?’barra&lykﬁ‘d’mpmpamhmme’
met hyl enebi stridecyl dithiocarbamate. These thiocarbamate conpounds
may bedigdeyd-manegthanelaming, c ondilawsylimenapropenelamine, 20 dioelyl-mongethanolamine,
thereof. [0033] In the hydraulic oil conposition of the present

i nvent gikexylafohdiRopdhlantind, Y | "RIBMSE-mBhopropsholadiReNeNt d16-diethanolamine,
pol yhydric” al cohol partial esters, " al kanol am nes, ol efin sulfides and

O e B eSO BRERT e EEoRpEorah BB  Ror,

conponent (D) is selected in the range of 0.005 to 5% by nass based
on t hebémdyhliedmnulaiming, phasylatictharildming, tolyl-diprepand thniing xydytadiethaniodamine,
| ess t han

triethanolamine and tripropanolamine.

These alkanolamines may be used singly or in combination of two or more kinds

thereof.
15 [0032]

The thiocarbamate compound in the lubricity improver of the component (D)
preferably includes, for example, methylenebisdibutyl dithiocarbamate, methylenebisdioctyl
dithiocarbamate and methylenebistridecyl dithiocarbamate.

These thiocarbamate compounds may be used singly or in combination of two or

20 mofe kinds thereof.
[0033]

In the hydraulic oil composition of the present invention, as the lubricity improver of

the component (D), polyhydric alcohol partial esters, alkanolamines, olefin sulfides and

dithiocarbamate compounds may be used alone or in combination of two or more of them.
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0. 005% by nmass, the effect of the friction reduction at sliding parts

- of t helihgdttiten,ithe additiomamiountid the canpomentr @)us sélectedhimctheveange of 9105 20 580

| nprovenent between the rubber material and netal 5 at the actuator
and the,lJ i [ dem i it K .

+ oert ol it PR fie Sul aoUCE P! SBSEHER AN ahBufis Joss than

mass, the generation of sludge . is increased and the denulsibility

pr oper 0i098%eby:mass; the effest efithe frietionredudtion ab sliding pats efithe hydmylicpurpp and
i nprover of the conponent (D) is preferably 0.01 to 5% by mass, nore

pref er gl ffictiOn RAubfon3ahidovedrResistanted impfdvefieni BiitRedd tBE RitHet MatbridPatdometht
by mass. 10 [0034] In the hydraulic oil conposition of the present

invention, as the lybricjty enhancer . ( there may, be further used
T cast s BouwpR auil e ke POURIE i e At Srotein. s Akely' Bhbe ed

ester and a phosphate triester conmpound where appropriate. By so
doi ng, suffieientlf,f while dff thiraelditiolardamouny exegeds\586 byrayassethe geheratior of ahudgel .is
15 [0035] As the amne salt of the acid phosphate ester, there nmay be

gener o PPl o3 thr Yopn oty bibyBrRS RS Grchiby” Pl RAIGE albub{ B she

salt, there may be used a nono-substituted am ne, di-substituted
ani ne lubmigity imprayss of the ecamporene(IMais iprefereblyc0.8b te ¥4 by mass rmore ygeferably
Exanpl es of the nono-substituted am ne include butylam ne,

pentyl giu3ne 3% BeMinbPdid RrthénmbRRefiétably 0105 tPDo\byatiasse, | auryl am ne,
stearyl am ne, ol eylam ne, benzylam ne and the I'i ke. Exanples of the
di @Ubféd#“:ﬂt ed am ne include dibutyl am ne, dipentylam ne,

di nexyk e, dicycl ohexyl am ne, dioctylam ne, dilauryl am ne,

di stearyl am ne, diol eyl am ne, di benzylam ne and the |ke. Exanpl es of
the tri-subsin thetledraulié¢ gihtorapositidrnioftherpreseny iventiom, ak rthg hibrigity ehhancer
tri hexylamne, tricyclohexylamne, trioctylamne, trilaurylam ne,

Cri ST eyl Ny b Ledr! B I ledst bREMN QRS HOfh A S G 8 acicic
phosphate ester and a phosphate triester compound where appropriate. By so doing, the
effect of the lubricity improver may be further enhanced.

15 [0035]

As the amine salt of the acid phosphate ester, there may be used an amine salt of the
acid phosphate ester represented by the general formula (II-1). As an amine compound
constituting the amine salt, there may be used a mono-substituted amine, di-substituted amine
and tri-substituted amine having 4 to 60 carbon atoms.

20 Examples of the mono-substituted amine include butylamine, pentylamine,
hexylamine, cyclohexylamine, octylamine, laurylamine, stearylamine, oleylamine,
benzylamine and the like. Examples of the di-substituted amine include dibutylamine,
dipentylamine,  dihexylamine, dicyclohexylamine, dioctylamine, dilaurylamine,

distearylamine, dioleylamine, dibenzylamine and the like. Examples of the tri-substituted
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al kanol am ne, for exanple, stearyl-m onoethanol an ne,

- decyl - pmiecihélade aibubylngine, ipehtyldimine ribHsNmhias] tﬁeyclohexylamme trioctylamine,
benzyl - nonoet hanol anme, phenyl - nonoet hanol am ne,

tol yl no ano di ol e I - m)noet no
RPRRAE e R h@mﬁwarreamébe like, and further an
di hexyl - nonopr opanol am ne, di but yI m onopropanol am ne,
ol eyl - dikendlanaas] ndor sterample; distraryh-ammoathanelamineyir >deeyii-m01l1mﬂtﬂlmhmmp,

octyl - di propanol am ne, butyl -di et hanol anm ne, benzyl -di et hanol am ne,

phenyl oI yl -di BL o I} xyl '
tr| et han 'am ng}% ri pfopanﬂ%lﬁgﬂ%% Pke. %% nglé{gggwﬁe’
gounds may be used singly or in conbi natlon of two or nore kinds
eotolylrmonaromaelastioe phatdioleyl-menasthanglspinmd i dilaurybmesaprgpanolamine,
represented by the followng general forrmula (1V): 15 [0037]

[ Chemi ggletyFaidhsbaidlamiBe; O BitesyFmhopropafiblanting- 0 diB@BMonbp Il&f’l) i

fornula, R7 to RO are the sane as RZ in the general forrrula(

11l KyesFeUBable stead dinardpo hrige Ikl eibbao B p“wfgapm?lamme,

phosphate, for exanple, triphenyl phosphate, tricresyl phosphate,

benzy| batyhdietHanolahmsy fbahzy]-dethanottingihe, phenylkdisthinadlaminiey folbyltdipropanolamine,
phosphat e, et hyl di butyl phosphat e, 18 cresyl di phenyl phosphate,

g: ((::ate?\%'gﬂeny gﬁfelﬁ%] ﬁ%ﬂsng) e, pro;fq{)%g%%g%ﬁgﬁ ?j‘phosphate

di (propyl phenyl ) phenyl
l(dj py‘ P T?{ s)egmmg compounds may be used singly or in combination of two or more kinds

thereof.
[0036]

The phosphate triester compound is a compound represented by the following

general formula (IV):
15  [0037]
[Chemical Formula 6]
R'—0
RE—0p=0 e (1V)
Re—0"
[0038]

(In the formula, R” to R® are the same as R in the general formula (II).) and includes a triaryl
20 phosphate, a trialkyl phosphate, a trialkylaryl phosphate, a triarylalkyl phosphate and a
trialkenyl phosphate, for example, triphenyl phosphate, tricresyl phosphate, benzyldiphenyl

phosphate, ethyldiphenyl phosphate, tributyl phosphate, ethyldibutyl phosphate,

18



phosphate, triethyl phenyl phosphate, tripropyl phenyl phosphate,

- but yl ptresydiphertyd nyphosplatss pidiaresylpticaplut phasplsts:| ) ethydphanypdiphapiyht phosphate,
tri butyl phenyl phosphate, trihexyl phosphate, 5

LT 2 BRI pBOheASERAD] Bt o RS
5P ot i 5B B

am ne salts of the acid phosphate ester nmay be used singly or in

conbi ngtidsphate) di(B\ﬁylph@n)g)phei’ﬂe%ﬁﬂsﬁm%t #idasOfheny N pRsiphite Oftihelfle phosphate,
S nay

phosphat e ester conpoun e used singly or 1n conbination of two
or nore. kinds thereof.  Further e, .there m e din c | hation
ond or Fied ey BpfTsphpen sk Phisphalss Sy oo blpaistd, phombae,
or nore kinds of phosphate triester conpounds. The addition anpount

of t hetripahmityl phbstaje, tristeasyl| phosphite, tridléyd phasphetecind@hdlike.t 0 5% by

mass, preferably 0.01 to 5% by mass and nore 15 preferably 0.02 to
2% by Wg based on the total anpunt of the conposition. [0040] In

ra

t he hy ic oil conposition of the present invention, a detergent
di spersant may . be further added, if necessary. As the detergent

di spersant, Ahdhe lubrisity enhancer of (Bl whichsmay be added when meededin the present

20 a netal -based detergent dispersant. Here, the ashlers detergent

di speringéition) tHelfifie sdle ofeheadild phosphiateieselhid be ub&d sifigly @R tiEdthbigation of
I m de succi nates, benzyl am nes, boron-contalning benzyl am nes and

t like. The netal,- based, defetgent dispersant includes, far .
e Dl W or. e R4 P T 1o SR The SheBHE Bler <elinetinds ey Frps sinaly
phenates, metal salicylates, nmetal phosphonates and the |ike. These
ashl eser detcemjyannow@t%Mamt moeen Kinde t therebfi s dlirthetroonge ithereli mae beaused in
may be used
combination one or more kinds of amine salts of an acid phosphate ester and one or more
kinds of phosphate triester compounds. The addition amount of the component (E) is
selected in the range of 0.005 to 5% by mass, preferably 0.01 to 5% by mass and more
15  preferably 0.02 to 2% by mass, based on the total amount of the composition.
[0040]
In the hydraulic oil composition of the present invention, a detergent dispersant may
be further added, if necessary.
As the detergent dispersant, there may be used an ashless detergent dispersant and/or
20 a metal-based detergent dispersant.
Here, the ashless detergent dispersant includes, for example, succinimide,
boron-containing imide succinates, benzyl amines, boron-containing benzyl amines and the
like.

The metal-based detergent dispersant includes, for example, neutral, basic or
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singly or in conbination of two or nore kinds thereof. The detergent
- di sper sapdrbdsic in¢pil calfonates, hetali pheantes; nmetal salicyapgs] metalgihebphonated ahd the
1% by nass based on the total ampbunt of the 5 conposition. [0041] To

t he hy ul 4 [ i 1] b, i '

added” T Hfies8 apniEERREh ir QRoBioalsl od I E Bhort MeRberp Boolyaief iR s used
a pour - poi nt depressant an antifoam ng agent, a denul sifying agent
and t heinglyker, mlcfombemgenfywo ©p moge inds thenenfo bjl‘be detergent dispepsanh is typically
pr esent |nvent|on is not inpaired. As the antioxidant, there may be

prefer 101

o e et Sl af P GGlrbRaR1A 001K B3ty 58 Maled B BE YAt of the
phenol - based ant|OX|dants whi ch have been conventionally used as an
ant oxcempesifien- | ubricating oils, any phenol -based 15 anti oxi dant

may be accordingly selected and used wi t hout any particul ar

lim ta{o(pn] The phenol - based anti oxi dant includes, for exanple,
nonocyclic phenol s such as 2,6-di-tert-butyl-4-nmethyl phenol,
2,6-di-tert- 4- et h enol ri-tert-.butyvl phenol ,
2T b Rl B aBlonid o e kSl RORTRRL oy pdded an
2, 4-di net hyl - 6-tert-butyl phenol,

, 6- di antioxiddntt \al rustmvmﬂvthl}tl aavimesake idegdtivetosn@l pourpint depressant, an
, 6-di -tert-anyl -4-net hyl phenol ,

OCT a%ﬁféhmﬁf(% F &ﬁﬁ‘% é%ehﬁéﬁd 1hid sk P R8s ady, 43 IR hStHR Wbjdctife of

- et hyl enebi s( 2, 6- d| -tert-butyl phenol),
_i Sheoresept IyeRHan is pot impareder t - but yI phenol ),
rret hyl enebi s(4- net hyl -6-tert-butyl phenol),

- bi s( 2, 6Adithé efitioxtidiny, thérenady) be fn%‘ferably used a phenol-based antioxidant and an
bi s(2-nmet hyl -6-tert-butyl phenol)

4-et hyl - 6-tert-butyl phenol),
Pﬁ/e'%eq‘ﬁ‘i i 't hyl -6-tert-butyl phenol),
-t hi obi s(4- et hyI 6-tert-butyl phenol),
As the phenol-based antioxidant, among known phenol-based antioxidants which

Me_l\ze_"e_nﬁse

?ﬁ

I\)-hl\)_-b-b_l\)-b-b_:) NN

have been conventionally used as an antioxidant for lubricating oils, any phenol-based
15 antioxidant may be accordingly selected and used without any particular limitation. The
phenol-based antioxidant includes, for example, monocyclic phenols such as
2,6-di-tert-butyl-4-methylphenol, 2,6-di-tert-butyl-4-ethylphenol, 2,4,6-tri-tert-butylphenol,
2,6;di-tert-butyl-4-hydroxymethylpheno1, 2,6-di-tert-butylphenol,
2,4-dimethyl-6-tert-butylphenol, 2,6-di-tert-butyl-4-(N,N-dimethylaminomethyl)phenol,
20  2,6-di-tert-amyl-4-methylphenol,
n-octadecyl-3-(4-hydroxy-3,5-di-tert-butylphenyi)propionate and the like; and polycyclic
phenols such as 4,4’-methylenebis(2,6-di-tert-butylphenol),
4,4’-isopropylidenebis(2,6-di-tert-butylphenol),

2,2’-methylenebis(4-methyl-6-tert-butylphenol), 4,4°-bis(2,6-di-tert-butylphenol),

20



4, 4" -t hiobis(3-nethyl-6-tert-butyl phenol) and the |ike. Anbng these,
- nmonocy dl4’dbigidaenahy-6-trebytyipheoclgd f r om2,2tempthelenebis(d-etiiyli6atertebivtyiphenod),
[ 0042] As the am ne-based anti oxi dant, anong known am ne-based

 Tor utr] Suyighdl G R PER SRR T2 AR R S B
sel ected and used without any particular limtation. The am ne-based
ant i oxédé+thiobist3-methy]-6ftert-busylpheine]) anddthehley| smong Hwsedmenedyoli¢ ghenols

specifically an 10 al kyl at ed di phenyl am ne having an al kyl group

havi ng (qq,hp tsél‘iﬂe[ di phenyl am ne,
rmnooc?‘%l%'ig%ﬁgﬁy amﬂir%e\?é ﬁ’gnonony ?egﬁenyl am ne,

4,4' -di but yl di phenyl am ne, 4, 4'-di hexyl di phenyl am ne,
4, B di BQ,Q‘V di phenyl am ne, 4, 4'-di nonyl di phenyl am ne,
t et rabut yl di phenyl am ne, tetrahexyl di phenyl am ne,

tetraoctyl di pkehyhminértased Sitioxitany, lationp khywa aivie-bizdd hitdoNiddfes whitH have
napht hyl am ne based 15 anti oxi dant, specifically an al kyl -substituted

phenyl ; a- napht hyl am ne havi ng 3 t. carbon. at.ons_includin ..
B a hPRgA Simreorpil oed B i Anodant frcRbntHl e B, G Aoy Paeidant
hexyl phenyl - a- napht hyl am ne, outyl phenyl - a- napht hyl am ne,

nony| phayybe accordinglliyselentedcandausdd twitholut key pantionlgr dimétation.t hEhelaminerhased
am ne based antioxidant is nore preferable to the naphthyl am ne

based gfﬁg,?man,ghfdegw&rh%x&hﬁmpoi flgpt%y'id iné2bdsed t antfoRSaRt, € EilciRafly | &n

an 20 al kyl ated di phenyl am ne” havi ng an” al kyl group havi ng to 20

carbon atons. anqg especial|y . preferaple is, 4,4 -di( to, C20
al 14& )aﬁy%m?l&ﬂmﬂ %451\% apnalkyl gxoup havinge %53 gaon atoms such as
phenol - based anti oxi dants may be used singly or in conbination of

two or diphegylmiis t her eof mdndodtliphenplantihs; am ne- baﬁ&dmaﬂylagvhéﬂbdm&le,
S

may be 21 used singly or in conbination of two or nore Kkin

t hereof.  ,Further, there may bge used i combi.nat i on ,0ne,.or. e ki nds

of - phefdr SufinetgRisn: s ot BRe e IRREn e 4rF isty Hphenyiaiie,
4,4’-dinonyldiphenylamine, tetrabutyldiphenylamine, tetrahexyldiphenylamine,

tetraoctyldiphenylamine, tetranonyldiphenylamine and the like; and a naphthylamine based
15 antioxidant, specifically an alkyl-substituted phenyl-a-naphthylamine having 3 to 20 carbon
atoms including o-naphthylamine, phenyl-a-naphthylamine, butylphenyl-o-naphthylamine,
hexylphenyl-a-naphthylamine, octylphenyl-a-naphthylamine, nonylphenyl-a-naphthylamine
and the like. Among these, the diphenyl amine based antioxidant is more preferable to the
naphthyl amine based antioxidant from the viewpoint of the effect, and preferable is an
20  alkylated diphenylamine having an alkyl group having 3 to 20 carbon atoms and especially
preferable is 4,4’-di(C; to Cyp alkyl)diphenylamine.
[0043]
In the present invention, the phenol-based antioxidants may be used singly or in

combination of two or more kinds thereof. In addition, the amine-based antioxidants may be
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am ne-based antioxidants. In the present invention, the addition
- anount uséd sihglyaurtih @smbiration iof tivy orr amdre kirds Ghertof. Fufthér)thieye mag beasdd in
preferably 0.1 to 1% by mass based on the total anobunt of the

Commos S 40, S0 e e LRt 0 i

sul fonate, a succinate ester and the like. The addition amount of
t hese anune-based entioxidantsyents i s typically approxi mately 0.01 to 5% by
10 mass and preferably 0.03 to 1% by nmass based on the total anount

of the conpogi : | SIS AmOint! kLo f ga]g,n@l
ot her properﬁieﬂseéﬂpr e{ ﬁrrgfg* (gtéct | vatdgr | nél%@%&%‘%@ﬁz@ﬁe, 05 to
t hi adi azgl e and the like. The addition _ ampunt_  of these netal .
deatt i ¢i% bx mass agd prefarably . loiool % by mass,based en thefgtal ampunt.ofithe eompositiog,
0.5% by mass based on the total amount of the conposition, fromthe

vi ew/poﬁmnmﬁvﬁ&vq)oiriﬁammaron@w&m? afd) Othet pdpetieperties. The
pour - poi nt depressant includes a polynethacrylate having a wei ght
averag§ Oﬁﬂ)ecul ar wei ght of approximately 50000 to 150000. The

addi ti 91 armount of the pour-point depressants is typically 0.1 to 5%
by mass and preferably 0.2 to 2% by mass based on the total anount

of the conpodhe irast-préventive hgent iinphydss atmetal sulfonatécatsicninaté ester andhthe like.
other 20 properties. [0045] The antifoam ng agent preferably

| ncl udgshe addivibs Tioudd of thERGuNANEFEnBIE L%mgggiﬁage%vp@aﬂaéw 0.0938598by

properties are effectively exerted by ng™t he "pol'yner si’licone
LS50 b0 i B4 e O A Sk, o
suitable-is a fluorine-containing organopol ysi |l oxane such

the viewpoint of the addition effect and other properties.

The metal deactivator includes benzotriazole, thiadiazole and the like. The addition
amount of these metal deactivators is typically 0.005 to 1% by mass and preferably 0.007 to
0.5% by mass based on the total amount of the composition, from the viewpoint of the

15  addition effect and other properties.

The pour-point depressant includes a polymethacrylate having a weight average
molecular weight of approximately 50000 to 150000. The addition amount of the pour-point
deﬁressants is typically 0.1 to 5% by mass and preferably 0.2 to 2% by mass based on the
total amount of the composition, from the viewpoint of the addition effect and other

20  properties.
[0045]
The antifoaming agent preferably includes a polymer silicone based antifoaming

agent and éntifoaming properties are effectively exerted by adding the polymer silicone based

antifoaming agent.
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as trifluoropropylmethyl silicone oil. The polyner silicone based

- anti f oanung @Thenpolymer adilieonepr bdsed ahmtifoamingh eagemto Lintludds, afopr @xampleg! 3n

0.0001 to 0.5% by mass, nore preferably 5 0.0005 to 0.3% by nass,

e babEaealuibRane FRL ey ARUATERT Sl ool FpMopHBRl Qe soon

The Demul si fying Agent includes _a conventionally known one, for )
exanpl as tefluorgpropyiinethylr siliconenpils udhe polymerysilicone basedrantifpaming agent is
castor oil and a petroleum sulfonate salt, a cationic surfactant

such a i tm;df xash b 1d )
furthe?d(ged%%%gélﬂggr%ate 0 e[g rfl‘;si‘?g‘tr?eom 8?%2‘?1p%g5(£ﬁ%g¥?§eﬁﬂg\ﬁrﬁ%m§ly
mol ecul ar wei ght of approximtely 1500 to 10000, and specifically a
0013 0x D085 o e by et dpsed en the tetafagpoust of the camipapiben, Fors the Fiewpoist af

an al kyl eneoxi de adduct of an al kyl phenol -f or nal dehyde

pol ycoticadanice befweer te antiforniihg effest adld evenoniibefficiedsgnt i nvention is a
hydraulic oil conposition conprising 15 blending a specific base

O ocorborshe Sihukahl A, UARCE SRRSO AERBSIS S o B, an

conprising a specific base oil, conponents (A) to (D and further
t hese awianie stanhsuchias a sulfate ester salt) of ¢as2 il andea potrolewrnisulfonate salt, a
conposition of the present invention has good energy saving 20

Pr Oper t4tfshic ufictit sichdRial cida_terﬁa’i& Wi silt 8AF & irm‘\‘ﬁ_ﬁ{ﬁn_ég%éé&nﬂrmﬂher a

scuffing. resistance, denulsibility properties and fricti reduci ng

i qupereiegate S eyl dHR A BP B ERROR e Ring A o Ll ek e mately

nol di ng nachine, a nmachine tool, a construction machine and iron
manuf at$a0 ton000QLamhspetificalivda pplyoxyalieyletepobygiycobaddanesiereofakie dicarboxylic

hydraulic oil for other hydraulic equipnent, for exanple, an 23
| ndust Eéi&,l anrd%oaﬁkﬁ&geo%cﬂ%g&&lf Ioifiin gﬁ(?iﬁ%x% liforx%aéﬁgjdg f)olycondensate.
[0046]
As mentioned above, the present invention is a hydraulic oil composition comprising
15 blending a specific base oil, components (A) to (D) and further these components and the
component (E), and is a hydraulic oil compositioh typically comprising a specific base oil,
coxﬁponents (A) to (D) and further these components and the component (E).
[0047]
The hydraulic oil composition of the present invention has good energy saving
20 properties, thermal stability (sludge resistance), wear resistance, scuffing resistance,
demulsibility properties and friction-reducing properties of sliding parts. Therefore, it is
suitably used as a hydraulic oil used for hydraulic equipment such as an injection molding

machine, a machine tool, a construction machine and iron manufacturing equipment, and

provides a good performance as a hydraulic oil for other hydraulic equipment, for example, an
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[ 0048] Next, the present invention will be explained in nore detail
by exaindnstsial iobot aridea hysirpulissdematarnvention is in no way linmted by

t hese exanples. Incidentally, the various properties were determ ned
by theg %Qg\n ng nmethods. (1) Properties of Base O - Sulfur

Cont ent termned in accordance with JIS K 2541 - Content of
saturated conponent: Determ ned in accordance with ASTM D 2007 10 -
Absol ut®48] scosi ty at 40 C Determined by calculating fromthe
kinematic viscosity at 40 C neasured in accordance with JIS K 2283

and the densm&t theVpeséiti ihventibal S¥ill BEEPIAhELH nibré defil e;eanuplédﬂ bt &h
K 2283 [0049] eP’erformatence of Hydraulic O éorrpos???on 15 (a) ©

H| - Pressure Vane Runp Test .Jh wer consunption (kW and
anP’E?é?nté‘F‘fePE?%f’f‘c‘?nﬂ M&G ifﬁ are deternined by

form ng a hydraulic circuit by using TG<I MEC SQP2-12" as a vane punp
and per f or m hgidehtallgthe saricus propbetiest were deterinined by thwf followirtgemgthodd. ur e
of 60 C, revolution of 1200 rpm and pressure of 17.5 MPa. 20 (b)

Ther mal St abj{hi mf? ordance with "Testing Method for Thermal
Stability oftle%%elﬁgel% ng specified in JI'S K 2540, the thernal
stability test is carried out,in an air constant-tenperature bath at

150 C for 7 udylur{ontentetermined innceorgdancewitleJISike2d4hg is filtered

with a filter to determne the sludge amount in the sanple oil. 24

551 SEAMTaR e e Tk ke s AS I
10 - Absolute Viscosity at 40 °C: Determined by calculating from the kinematic
viscosity at 40 °C measured in accordance with JIS K 2283 and the density
- Viscosity Index: Determined in accordance with JIS K 2283
[0049]
(2) Performance of Hydraulic Oil Composition
15 (a) High-Pressure Vane Pump Test
The power consumption (kW) and mechanical efficiency under normal operation are
determined by forming a hydraulic circuit by using “TOKIMEC SQP2-12” as a vane pump
and performing the operation under the conditions of oil temperature of 60 °C, revolution of
1200 rpm and pressure of 17.5 MPa.
20 : (b) Thermal Stability Test
In accordance with “Testing Method for Thermal Stability of Lubricating Oils"
specified in JIS K 2540, the thermal stability test is carried out in an air constant-temperature
ba?h at 150 °C for 7 days and then the sample oil after testing is filtered with a filter to

determine the sludge amount in the sample oil.
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conditions of 90 C, 1450 rpm and 15 mi nutes and the seizure

-~ resi stance i §)SepuesRBesistande\bytHZG Geailest of scuffing generation | oad.

5 (d) Denulsibility Properties In accordance wwth MS K 2520, the

" denulsibilit dilce Sithy ) [ t - i aﬁg&a

for the emul glll on layer S‘t%})tﬁ:r%g%ﬁp? r?i?gggg’grl:gg} g?&ﬁ%%s%%?lggt%n the
(mn). (&) Friction Coefficient 10 Using a Bowden-type reciprocati ng{h

dynani eonditiens; of P0; ‘€5 11450 ramand |5 mingias anduthe seizangresiftanceds mrpresepied by the

under the followi ng conditions. O tenperature: 25 C Load: 19.6 N

Sl i di ngtagt 6f g geéherioaJoadl | di ng velocity: 60 mimin Sliding

frequency: 5 reciprocations Sliding material: Rubber material for

t he. upper par U- §Q1,.. mpnuf actured by NOK Inc.) Chrone coated steel

plate for th@)lé?wﬁs'é%%f%xl mm manufactured 20 by Test piece

Inc.) [0050] The type of each conponent used in the preparation of

t he hydraul i in acdordamcposith JIhK 25203 sthé aetmmisibilityljesBats 84 OQ islcarried out to

Paraf finic hydrogenated mneral oil conforming to API C assification,

2 cont Sapop SR ke R (Wl crRARb ThygR tp Aot L. G0 o Bl ARG

a conten turated conpon nmas sScosi
of 121 and an absolute viscosity at 40 C of
(min).
(e) Friction Coefficient
10 Using a Bowden-type reciprocating dynamic friction tester, the friction coefficient p

is determined under the following conditions.
Oil temperature: 25 °C
Load: 19.6 N
Sliding distance: 40 mm
15 Sliding velocity: 60 mm/min
Sliding frequency: 5 reciprocations
Sliding material:
Rubber material for the upper part (U-801, manufactured by NOK Inc.)
Chrome coated steel plate for the lower part (50x100x1mm, manufactured
20 by Test piece Inc.)
[OQSO]
The type of each component used in the preparation of the hydraulic oil composition
is as follows.

(1) Base Oil-1: Paraffinic hydrogenated mineral oil conforming to API Classification,
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29.21 nPa s. (2) Base Ol-2: Hydrogenated paraffinic mneral oil,
- havi ngGsoupulli, havingna enlfuro¢ontent of otrmpaze 01%1b% massymsenntent of sarated
. of saturated conponent of 98% by nass, a viscosity index of 118 and

" an abs rﬂﬁch t £ 999! Jis@sity ndt& dTH21 dhd dndd bdsity!dt49°C of
| mpr ovgé: 3 aﬁet%c%ﬁ{aafée’lghaw rﬁlga wei ght aver agebsmgﬁfar y wel ght0
of 37000 &4) Aci d Am de Conpound: Condensate of isostearic acid and

10 t et #%et MPaen®pent ani ne (5) Acid Phosphate Ester-1: O ey |acid

phosphate (6) Acid Phosphate Ester-2: di-(2-ethyl hexyl) phosphate

(7) Acid PhogpiBdse dibReHydiogehAtyd phnaflini€ etindthIO6iD Mavéhg 4 Sdlfur content of not
Al kanol am ne@l\l— al kyl diH-yet hanol am ne 15 (9) Fatty Acid dyceride:
b

d yceride e 0% mass , of nogl yceri de 0% mass of . .
i 3y cBPrey g O hoby, st b ot Bt GatmPpiesf bt hY i aeviscosity
But ene sul fide (11) Thi ocarbamate: Mt hyl ene

bi s( di imdey bfll I ramicar dtmalmtecyisdosRy at’™d0 tC phidkPbatPa ‘est er am ne sal t:
Mono(di)-nethyl acid phosphate dodecylamne 20 salt (13) Triester

Phosphat e: Tgq 4 hOXi - .
o oot or - TR Rolok bR ARE hoving o veight yerage moleulas

Pol yhydrj c al cohol al kenyl succi nate ester (16) Metal Deactivator:
Benzot WERBbPEIMed deactivator 26 (17) Demul sifying Agent:-
pol yoxyet hyl enepol yoxypropyl ene glycol (18) Antifoam ng Agent:
Pol ynet hacr y(4gt e Aeib edAaiidé f 0goinpeurlyenCondensate of isostearic acid and
10 tetracthylenepentamine
(5) Acid Phosphate Ester-1: Oley lacid phosphate
}(6) Acid Phosphate Ester-2: di-(2-ethylhexyl) phosphate
(7) Acid Phosphite Ester-1: Oleyl hydrogen phosphite
(8) Alkanolamine: N-alkyl di-ethanolamine
15 (9) Fatty Acid Glyceride: Glyceride Oleate (60% by mass of monoglyceride, 20% by
m of diglyceride and 20% by mass of triglyceride)
(10) Olefin Sulfide: Butene sulfide
(11) Thiocarbamate: Methylene bis(dibutyldithiocarbamate)
(12) Acid phosphate ester amine salt: Mono(di)-methyl acid phosphate dodecylamine
20 salt
(1'3) Triester Phosphate: Tricresylphosphate
(14) Antioxidant: 2,6-di-tert-butyl-4-methylphenol
(15) Rust-preventive Agent: Polyhydric alcohol alkenylsuccinate ester

(16) Metal Deactivator: Benzotriazole-based deactivator
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[0051] Exanples 1 to 4 and Conparative Exanple 1 5 Each hydraulic oil
conposi ti on ()i DeguldifyingAgerti polpoxysthylenepolydetprepyleneagdycabr epar ed and

- the performance of each conposition was eval uated. The results are

. chyvlnaiolne oi ﬂ?@y&ﬁ:ﬁﬂgﬁglﬁs Pbﬁﬁ{“ ng -a & sco}nﬁ%%%&?mﬁgcg ﬁl Y

Corrparatlve Exanple 1. 10 [0052] [Table 1] 15 20 27 Exanpl es
Conpar #805l¢ Examle | 1 2 3 4 1 Blending Base oil-1 Residue Residue
Resi due - Zn-based Conposition Base oil-2 - Residue conmercially (%

by nmass) Vi SE%szhwqw@Wwé g 100 5.00 5.00 available oil
Acid am de can 0.05 0.08 0.05°0.10 Acid Acid phosphate 0.05 0.05

P SOSZEP St Shggt erl{ ilyérpuf) gquls o) AQI d %aosph teec(;m;;ositlon ghown 3 Fable” 1%Was

prepared and the performance of each composition was evaluated. The results are shown in

Table 1.
Meanwhile, there was used a Zn-based commercially available oil (hydraulic oil)
having a viscosity index of 108 in Comparative Example 1.
10  [0052]

[Table 1]

15

20
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Lubricity Al kanolam ne 0.05 - inprover Fatty acid - 0.05 glyceride
~ Oefin sulfide 0.05 0.05 0.05 - '1lhiocarbemate 0.20 Lubricity Anore
- salt ¢+—602—-6-0820-02~ecnhanecer—aecid “h"sp..m\, ester—Phosphate—0-—406
- 0.40 (.40 - triester Qther Antioxi g5H™5545 0.45 0.45 0. 45 ajgm g
* Rust-preventive 0 05 0. 05 0. 05 0. 055—=agen 2l.w;t & 30 CF 0401 O~ )T S0

deacti 1+—~6—641¢ A ‘-qléllt l_f a1 _ﬁ 5

A} D No e a¥s L A b

0.10 (‘ggﬁfuw : . A A S T O Residlg iherCcially

39. 1 J O o R e © 7 308 O 40 % H0ob 73,002 avatable o

VI Scosi 157 Adid imide oo i ST TUe g o8 T UM PRESSUTFHsT O™ Tp 160 O 18. 7

18.8 38 8 19. 5 Acid Acid phosphate | 0.05 0.05 n :

phosphate eater-1
(Phosphite) Acid phosphate | - - - 0.20
ester ester -2
Acid phosphite | - - 0.05 -
ester-1
Lubricity Alkanolamine | 0.05 - - -
improver Fatty acid | - - - 0.05
| glyceride
Olefin sulfide | 0.05 0.05 0.05 -
Thiocarbamate | - - - 0.20
Lubricity Amine salt of | 0.02 0.02 0.02 -
enhancer acid phosphate
ester
Phosphate 0.40 0.40 0.40 -
triester
Other Antioxidant 045 0.45 0.45 0.45
additives Rust-preventive | 0.05 0.05 0.05 0.05
| agent
Metal 0.01 0.01 0.01 0.02
deactivator
Demulsifying 0.01 0.01 0.01 0.10
Agent
Antifoaming 0.10 0.10 0.10 0.10
agent
Performance | Absolute 40 °C 354 35.6 35.8 36.9 39.1
Evaluation viscosity 60 °C 17.5 17.5 17.5 18.1 17.5
(mPa * s)
Viscosity - 157 157 157 160 108
Index
High-pressure | Power 18.6 18.7 18.8 18.8 19.5
vane pump | Consumption
test (kW)
Mechanical 92.6 92.5 92.5 922 914
efficiency (%)
Thermal Sludge amount | 37 31 20 15 210
stability (mg/100 mL)
Seizure resistance by FZG gear | 12 12 12 12 12
test (Scuffing Stage)
Demulsibilty properties (min) 20 15 15 20 20
(Degree of demulsification)
Friction coefficient pn by | 0.121 0.136 0.138 0.117 0.253
Bowden test
[0053]

From Table 1, the following facts are understood.
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vane punp Consunption test Mechanical 92.6 92.5 92.5 92.2 91.4
- efficiency ' Theresilts Sif ubigbighrpressure3vang pusp t&§ dbtinedsinadnyl oft Exampl€s0l ta 4
Sei zure resistance by FZG gear 12 12 12 12 12 test (Scuffing Stage)

Denul sipi Lt ' ] l . i f gatd

P ot orene Shpdle 8 bbfEEpdfir Noriimpliont o thekeni ) (SRS | TR 1cSBs of the
[0053] From Table 1, the follow ng facts are understood. 28 The

resul t FZ§F testeo it any wiExamplesolintg 4 satisfiedt Hith stagerorahigher of the ISO
Exanples 1 to 4 were excellent in both power consunption and

mechanispalifiédtions. €Tke/ reshts orahe!lthérm@i stabfity Fbtaih&s in ‘dﬁ%%ﬂ%ﬁle@ﬂ%o 4
of Exanples 1 to 4 satisfied 10th stage or” higher of the |SO

specifications. .-The results of the thermal stabjlity obtained.jin an
oF “Bxarwed Wi eipresiSindnn amonat of Jndss wiemrr el smalk g ich thaf et the
was extrenely small conpared with that of the Zn-based commercially
avai | aldmbased comniéocinlly availableExi i Condparative Examiplé 3. oThé besultatof the water
separation properties test obtained in any of Exanples 1 to 4

cont ! gk Rl B ISP 04 Y SGRRIE) 57 Bl o s

Exanples 1 to 4 showed that the friction coefficient was reduced for .
t he r uslsawlsibititynpropestigs might be maintained. The results of the Bowden test obtained in

any of Examples 1 to 4 showed that the friction coefficient was reduced for the rubber
10  material.

Industrial Applicability

[0054]

The hydraulic oil composition of the present invention has good energy saving

properties, thermal stability (sludge resistance), wear resistance, seizure resistance (scuffing
15 resistance), demulsibility properties, friction-reducing properties of sliding parts and the like,

and is suitably used in the hydraulic machine field, machine tool field, industrial machine

field and the like.

20
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Industrial Applicability [0054] The hydraulic oil conposition of the
present invention has good energy s&lamms properties, thermal
stability (sludge resistance), wear resistance, seizure resistance

(scuffiyng 137 : %’ﬁ%}npo | Skt erties,

fricti (%'n- reducl{y(ralgdl%%opert | egﬁgp"é’fnp‘é%‘%%%"g?t and the like, and is
suitably used in the hydraulic machine field, machine tool field,

i ndust 8 base ik baying 3 isulfur spmfenthef |lgsg ctharp §.03%0 dhyamess, a coptept; of saturated
oi | conposition conprising blending a base oil having a sul fur

cont engofponed 8 hdta8ss ThdidIho% by TS, a AscoRity Hlex OF nsElbss tAAES0 afPAPIRB Rite
of not less than 90% by nass, "a viscosity index of not |ess than 80
and, an absqlute 5 viscaosity at 40, Cof 1 to 1000 npa s with (A) 1
to 520%""89°W§’§%9f éé’fdépﬁ?gé fa 'y With- based vi scosity index inprover
havi ng an wei ght average nol ecul ar wei ght of 10000 to 50000, (B)

0. 005 (A) Bt D§%rtysnassiof apohanethacnyldie-tasedoviscadity (rdex GmPfifvet haviflg &y weight

mass of an acid phosphate ester conpound (c-1) represented by the 10

fol |l ow mcal Fornmula 1] H Ox R1-O P=0O
(11 1%%%%%%%@%&A@o%ib®£r esents a hydrogen atomor a
hydrocar bon group having 1 to 18 carbon atons and RZ represents a
hydr oc 8h®A0ytoilp biyamass §f an aeid agideeasepeuadons. ) and/or an acid

(C) 0.005 to 5% by mass of an acid phosphate ester compound (c-1) represented by the

10 following general formula (II-1)

[Chemical Formula 1]
H—O
1\
R —O;—P=O =« =(II-1)
R?—0

(In the formula, R' represents a hydrogen atom or a hydrocarbon group having 1 to 18 carbon
atoms and R? represents a hydrocarbon group having 1 to 18 carbon atoms.) and/or an acid
15 phosphite ester compound (c-2) represented by the following general formula (11-2)

[Chemical Formula 2]
3
R™—O
. SP=OH -2
R—O

(In the formula, R® represents a hydrogen atom or a hydrocarbon group having 1 to
18 carbon atoms and R* represents a hydrocarbon group having 1 to 18 carbon atoms.), and

20 (D) 0.005 to 5% by mass of at least one kind selected from a polyhydric alcohol ester, an

30
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15 phosphite ester conpound (c-2) represented by the follow ng

gener ahlkhnolaming, 4riolefin shifiderand althibear e2pmpemdD. P-OH (11-2) (In
the formula, R3 represents a hydrogen atom or a hydrocarbon group

havi ng 1piher e h3MidAAN %ﬂ%ﬁg SitioRhcRRIN 16 Rlatm? , REHpPISAE MELdHEPYB05 to
having 1 to {’8 cca og %toms. Iﬁ ar‘?g2 20&?%) 0.005°to %b)g/ mass ggf at

| east gne. ki nd SF| ected from a pol yhydric al cohol ester,

30
al kanoP#nby&asuat 8l leastpngind seleciad; fiom (F)rmarmingsalkt Oé@ﬁp?sad:aboszhate ester

Further, the hydraulic oil conposition according to claim1,

conpri %ﬁ?oxhidedlﬂl A phésphiie thiester SSmpoindBesresttedt by heSbllowihgkgeneral formula
selected Trom (E) an am ne salt of an acid phosphate ester ~conpound
an%ea ﬂ%.sphate triester conpound represented by the follow ng
generaormula 5 (1V): [Chem cal Fornula 3] R7-0 R8-0-P=0 (1v)
RO _0/ (In the formula, R7 to RO each independently represent a

hydr ocar bon [Chenpcdi®ormglal3]t o 18 carbon atons). 10 31

7
R™—0
N
R8—07P=O <« (IV)
R—0

(In- the formula, R” to R’ each independently represent a hydrocarbon group having 1 to 18
carbon atoms).

10
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