FPO4- 0090- OOSG- NM DESCRI PTI ON LUBRI CATI NG O L FOR ALUM NUM WORKI NG
Technical Field [0001] The present invention relates to a lubricating 5 oi
for al um num worki ng. Background Art [0002] In heat exchangers used in
refrigerating systens such as refrigerators or air-conditionersq-aban-nopG-NM
fins are used. Alum numfins are manufactured by 10 deformati on processing
such as overhang processing, drawing, punching, curling and ironing of a

pl ate-1i ke al um num nenber (alum numnmaterial). [0003] The working of these
aluminumfin materials is normally performed using an oil. This oil is a
synthetic 15 hydrocarbon such as abEsseg@&rablNin or the |ike (e.g., Japanese
Lai d-open Patent Publication No. Hei 2-133495). Disclosure of the Invention
[ 0004] The oi LUBRICATISGabRE tORt ABUHMINDMNUORKING mat eri al after working

must be renoved by heating. For this 20 purpose, the oil is required to
have at | eastTacbeitalnFigddatility. [0005] However, if the volatility of
the oil is high, its viscosity decreases and sufficient working qualities

are not obtai hed01A so, iTheéheamdntr enmentngntoeldiesaltond nubrds ftimgrat eri al
obt ai ned vaporizes before an oil renoval step, the alumnumfins cone into
di rect Scont actiwi threathmonher wotking.
Background Art
[0002] In heat exchangers used in refrigerating
systems suchasrefrigeratorsorair-conditioners, aluminum
fins are used. Aluminum fins are manufactured by
10 deformationprocessing such as overhangprocessing, drawing,
punching, curlingandironingofaplate-likealuminummenmber
{aluminum material).
{0003] The working of these aluminum fin materials is
normaily performed using an oil. This 0il is a synthetic
15 hydrocarbon such as an isoparaffin or the like (e.qg.,
Japanese lLaid-open Patent Publication No. Hei 2-133495).
Disclosure of the Invention

[0004] The ©il which remains to the aluminum fin

material after workingmust be removed by heating. For this

20 purpose, the oil is required to have at least a certain
volatility.
[0005] However, if the volatility of the 0il is high,

its viscosity decreases and sufficient working qualities
arenot obtained. Also, iftheoil remainingto the aluminum
25 finmaterial obtained vaporizes before an 0il removal step,

the aluminum fins come into direct contact with each other



FP04- 0090- OOSG-NM in the storage, transport and assenbly steps. This | eads
to scratches, and lubricity during assenbly are inadequate. On the other
hand, if an oil which does not easily vaporize is used to prevent

scratches, the oil can no longer be 5 conpletely renoved in ges-00don-enoyatnM
step. [0006] Forthispurpose, theoil is required to vaporize wth difficulty
at roomtenperature, but on the other hand to vaporize quickly and
sufficiently at the set tenperature in the oil renoval step. Further, from
t he vi ewpoi nt of 10 preventing unpl easant odor and skin irritation, an oil
whi ch i s not excessistelnagegl atribhepios tdestr €dset00073 t &oweverhi d he eid s
available in the prior art could not be said to satisfy all these

requi rement s. to[s@Q@8khkts, i snd hebefiarie yadu obh ¢ et sehblljea P¢ esare gl denvent i on,
whi ch was conceived in view of the above problens, to provide a lubricating
oi | for alum omwmhwpkherg idh ifasn gobdhiatkidbg squat idd L)y eapdid ze
conpletely renoved in the oil renoval step and can al so prevent scratching
of worked materiiabd as wekleas waplagadant, dder @nd skhnnor Lbhakirome 20

[ 0009] To solve the above problens, as a result of intensive studies, the

i nvent br has dospbeeebd témdvédy Usi hige aiim nemakadi ktkavi ng specific
qualities, a lubricating oil for alum numworking which did not easily
vapori ze at roondét enper afar ehbapuraper, zgd: o apidlne @nd ebnplvetelry zien t he
oil 25 renoval step, these two qualities being carefully balanced, was

obt ai ned, andwi bl glilfdd dd tiyhe tpresentenprmattuon,. L&t on the other hand

to vaporize guickly and sufficiently at the set temperature
in the oil removal step. Further, from the viewpoint of
10 preventing unpleasant odor and skin irritation, an oil
which is not excessively volatile is desired.
[0007] However, the oils available in the prior art
could not be said to satisfy all these requirements.
[o008] It is therefore an object of the present
15 invention, whichwas conceivedinviewof the above problems,
to provide a lubricating oil for aluminum working which has
good working qualities, can be completely removed in the
01l removal step and can also prevent scratching of worked
materials as well as unpleasant odcor and skin irritation.
20 [0009] To selve the above problems, as a result of
intensive studies, the inventor hasdiscovered that byusing
a mineral cil having specific qualities, a lubricating oil
for aluminum working which did not easily vaporize at room
temperature but vaporized rapidly and completely in the oil
25 removal step, these two qualities being carefullybalanced,

was obtained, and this led to the present invention.



FP04- 0090- 00SG-NM [0010] Namely, the lubricating oil for alum num worki ng

of the present invention conprises a mneral oil in which the aromatics
content is 5 % by volunme or less, the naphthenics content is 10-85 % by
volune, the initial 5 boiling point is 150C or higher, the entgueigdosd-so@E20G
or lower, the difference between the initial boiling point and end point is
100C or less, and the kinematic viscosity at 40Cis 1.2-3.0mR/s. Best

Modes for Carrying Qut the Invention 10 [0011] Hereinafter, preferred

enbodi nents of the present invention are explained. [0012] The lubricating

oi | for alum ppmopr ki ng Mfmdlhe phesebtibtb¥edthgn e€dNpricyesaaniniernal oi
havi ng an aromatics content of 5 % by volune or |ess, a naphthenics content

of 15 10- 85 %Y%duyk Mol unfe,thengramennti tinalentidiolhi agmpaeiinte otz H50Eradr ohilgher, an
end point of 320C or |ower, wherein the difference between the initial
boi I i ng poi ntirmanhiend tpa rtromag iB0Coont drgsd,s @&nd blye vkilnesabirc 1esscosi ty at
40Cis 1.2-3.0mR/s. This mneral oil can be used as a base oil 20 for the
| ubricati ng otite frapradhem inmowartkintg i of 1 0-h@5 pt ésento luny,emthieotinif0Q13] The
aromatics content of the mneral oil is 5 % by volunme or less, preferably 3
% by vbl une drollkwsy pmiret ipr éfSéreabloy Ri%hley ,vdaherenor pbeas asd3g0ickl nore
preferably 25 1 % by volune or |less. By setting the aronmatics content to be
not hi gher t han loheraf bhesdi Of arppere bieweenuhpeeasantal doiling point
and end point is 100°C or less, and the kinematic viscosity
at 40°C is 1.2-3.0mm°/s.
Best Modes for Carrying Out the Invention
10 [0011] Hereinafter, preferred embodiments of the
present invention are explained.
[0012} The lubricating oil for aluminumworking of the
present inventioncomprisesamineraloilhavinganaromatics
content of 5 % by volume or less, a naphthenics content of
15 10-85 % by volume, and an initial boiling point of 150°C
or higher, an end point of 320°C or lower, wherein the
difference between the initial boiling point and end point
is 100°C or less, and the kinematic viscosity at 40°C is
1.2-3.0mm"/s. This mineral oil can be used as a base 0il
20 for the lubricating oil for aluminum working of the present
invention.
[0G13] The aromatics content of the mineral oil is 5 %
by volume or less, preferably 3 % by volume or less, more
preferably 2 $ by volume or less and still more preferably

25 1 % by volume or less. By setting the aromatics content

to be not higher than the aforesaid upper limit, unpleasant



FP04- 0090- 00SG- NM odor and skin irritation can be prevented. Aromatics
content in the context of the present invention neans a value neasured by
the fluorescence indicator adsorption nmethod of JIS K 2536 "Petrol eum

Pr oduct - Hydr ocar bon Type Test". 5 [0014] The napht henics content of the
mneral oil is 10 % by volune or higher, preferably 15 % by RAdldHf® Or-005G-NM
hi gher, nore preferably 20 % by volune or higher, still nore preferably
25% % by vol unme or higher and nost preferably 30 % by vol unme or higher. By
setting the naphthenics content 10 to be not | ower than aforesaid | ower
limt, oil renoval property in the oil renoval step and working properties
are good. Ovddie snfeskhand,rile triapht heni b qomeemited. 85A%mby ivel ume or
| ess, preferably 80 % by volune or less and nore preferably 90 % by vol une
or |ess. By settigig thdhEscompithedi tde porsent: irovdret hon meiagler vahae t he
aforesaid upper limt, volatilization of the oil at roomtenperature can
be prevent ed.mg0015d The thar 4l kpnesseront entichtbheadnepalicoi neithodnot
particularly limted, but the paraffinics content is 20 preferably 15 % by
vol ume or hi ghlerdISmifr @ Sgibefl Belibbyer® P byuvstydrroreboandypei Testire
preferably 25 % by volunme or higher. By setting the paraffinics content to
be not> | ownerlQhih t he afldvesardthenecs canteny valthe mivensl eddants odor
of the oil can be prevented. On the other hand, the 25 paraffinics content

i s preferabl yl 85 g p9luae greh bFheesprefnged lpr b érabigl8newnhigbeume or

| ess and still nore 4 .
more preferably 20 % by volume or higher, still more

preferably 25% % by volume or higher and most preferably
30 $byvolume or higher. Bysettingthenaphthenics content
i0 to be not lower than aforesaid lower limit, oll removal
property in the 0il removal step and working properties are
good. On the other hand, the naphthenics content is 85 $
by volume or less, preferably 80 $ by volume or less and
more preferably 90 3 by volume or less. By setting the
15 naphthenics content tobenot higher than the aforesaid upper
limit, volatilization of the o0il at room temperature can
be prevented.
(0015] The paraffinics content of the mineral oil is
not particularly limited, but the paraffinics content is
20 preferably 15 % by volume or higher, more preferably 20 %
by volume more, and still more preferably 25 % by volume
or higher. By setting the paraffinics content to be not
iower thantheaforesaidlowerlimitingvalue, theunpleasant
odor of the 0il can be prevented. On the other hand, the
25 paraffinics content is preferably 85 % by volume or less,

more preferably 80 % by volume or less and still more



FP04- 0090- 00SG- NM pref erabl y90 %byvol uneorl ess. By settingtheparaffinics
content to be not higher than the aforesaid upper limt, an anti-adhesion

ef fect during working can be enhanced. [0016] The napht hene and paraffinics
contents are 5 calcul ated after determ ning these proportiongpnatioca®Wdidsc-—Nm
the nol ecul ar ion strength obtained by nass spectronetry by Flionization
(using a glass reservoir). The neasurenent nethod is shown in detail bel ow
(1) 120g of silica gel (Grade 923, Fuji Davison Chemi cals) 10 having a

nom nal di aneter of 74-149m and activated by drying at about 175C for 3

hours, is pagkesfdruialy d8mmyadsampd bon estsubert; ek teliuly e chr afBt agraphy
having a |l ength of 980mm (2) 75m of n-pentane is introduced to wet the
silica gel hefrorehant bE5nE3) hAbbetr 2gaef thanpkerksaaecupptel yimeighed,
diluted with the same volune of n-pentane, and the obtained solution is

i ntroduced. (&) atein ddiessiunf acef aft: tder sepler sohyt N beaehrantBa.upper
end of the silica gel, 140m of n-pentane is introduced to 20 separate

sat ur at ed hydi®@ziagbon cormpenendshtrantk t Ardelaatad fiisrical | @steshf s oaxrkhe | ower
end of the adsorption tube. (5) The solvent is distilled off by putting the
eluate5from da)cwted afaey dtaporiatiorg tard cgosapalr at ens hadriecawben
conponent is thereby obtained. 25 (6) Type analysis is perforned on the
sat ur at ed hydrlor ardderruleonpjonest rebgahnetthi aed( by meth apaassompeelyr onet er
fs o byFlionization (usingaglassreservoir}. Themeasurement
method is shown in detail below.
" (1) 120g of silica gel (Grade 923, Fuji Davison Chemicals)
10 havinganominal diameter of 74-149%9umand activatedbydrying
at about 175°C for 3 hours, is packed in an 18mm adsorption
tube for elution chromatography having a length of 980mm.
(2) 75ml of n-pentane is introduced to wet the silica gel
beforehand.
15 (3) About 2g of sample is accurately weighed, diluted with
the same volume of n-pentane, and the obtained solution is
introduced.
(4) When the surface of the sample sclution reaches the upper
end of the silica gel, 140ml of n—-pentane is introduced to
20 separate saturated hydrocarbon components, and the eluate
is collected from the lower end of the adscrption tube.
{5) The solvent is distilled off by putting the eluate from
{4) on a rotary evaporator, and a saturated hydrocarbon
component is thereby obtained.

25 (6) Type analysis is performed on the saturated hydrocarbon

component obtained from (5) with a mass spectrometer. As



FP0O4- 0090- OOSG- NM the ionizing nethod for the mass analysis, the F

i oni zing met hod which enploys a glass reservoir is used. The nass

spectroneter used is JM5-AX 505H, JEOL Co., Ltd. The neasurenent conditions
are as follows: 5 Accelerating voltage: 3.0kV Cathode voltageosS0096kYosg-NM
Anal yzi ng power: Approx. 500 Emtter: Carbon emtter Current: 5mA 10 Test
range: Mass nunber 35-700 Auxiliary oven tenperature: 300C Filter
tenperature: 300C Main oven tenperature: 350C Sanple injection rate: 1m 15
(7) Isotope correction is perforned on the nol ecular ions obtainedby the

mass anal ysi stioé i(da)iziandnbrasut her mass mawbenalyaiel assé fRcabing it 0 two
types, i.e., paraffins (C ,H2,,12) and naphthenes (C'H2,,, C'H2r, 2r
C'Hn_4 . . .m¢thos wmiteh Nexioystheghwbarrésactrbonsief ushe.i onic strengths
of each type are 20 cal cul ated, and the amount of each type in the total
saturated hytheasdorpeatponetts usedel erMmeny JiheH paradlf iow .GS Ltent ent
and naphthenics content in the total sanple are also cal cul ated based on
t he anmount of Thatmeasedetydr ccatddni oaonpoaeat obtabwed in (5). 25 [0017]
Details of data processing based on the type analysis nethod in nass
spectronmetry hyc&leranizatventage: B.0kV
Cathode wvoltage:; -5 ~ 6kV
Analyzing power: Approx. 500
Emitter: Carbon emitter
Current: 5mA
10 Test range: Mass number 35-700
Auxiliary oven temperature: 300°C
Filter temperature: 300°C
Main oven temperature: 350°C
Sample injection rate: lum
15 (7) Isotope correction is performed con the melecular ions
obtainedbythemassanalysisof (6), and fromthemass number,
a classification into two types, i.e., paraffins (CpHoniz)
and naphthenes (CiH:n, CiHzp-2, CuHzpneq ...), is made. Next,
the molar fractions of the ionic strengths of each type are
20 calculated, and the amount of each type inthe total saturated
hydrocarbon components is determined. The paraffinics
content and naphthenics content in the total sample are also
calculated based on the amount of saturated hydrocarbon
component obtained in (5).

25 [0017] Details cof data processing based on the type

analysis method in mass spectrometry by FI ionization are



FP04- 0090- OOSG-NM given in "N ppon G| Review', Vol. 33, No. 4,

135-142, especially paragraph "2.2.3: Data Processing.” [0018] The initial
boiling point of the mneral oil 1is 150C or higher, preferably 160C or

hi gher, and nore 5 preferably 155C or higher. By setting thepioaoio@lo-00sc-NM
boiling point of the mneral oil to be not |lower than the aforesaid |ower
limt, volatilization of the oil at roomtenperature can be conpletely
prevented. On the other hand, the end point of the mneral oil is 320C or

| ower, but preferably 10 320C or | ower and nore preferably 300C or |ower.
Bysetting thkewndipotmipedntdiel mergral" oivb1lt03Be Mot 4)i gher1sbanabhe

af oresaid upper limting value, oil renoval properties in the oil renoval

step are satisfpaetianyly fwraherapt e . 3 apaatarersidderence bet ween the
initial boiling point 15 and endpoint of the mneral oil is 100C or |ess,

preferably 9@Q@iar] | ess gnd tpreipfieberabhy BOCnor olfesie Bynseblivgl this
tenperature difference to be not nore than the aforesaid wupper limt, the

dual objectivies afsopcevenhiggevol pkelfezabilgnl 60Pcobk At gheem teapesature and
facilitating oil renmoval in 20 the oil renoval step can be achieved. Herein,
the imtial phaifdraglipol bf°and ehdhpol ntBy Bethenprgdsennhiitiwentdé ohingans a
val ue neasured based on JIS K 2254: "Petrol eum Product Distillation Test
Met hod. " [ 00%2]infhefkilembhieeali stdsid peofiot Nevw Nethan ohk @fore@5a48C i s
1.2-3.0mR/s. Specifically, the kinematic viscosity of the mneral oil at
40C i s 1. 2mPlesvenr Lhingheryolatilization of the 0il at room temperature
can be completely prevented. On the other hand, the end
point of the mineral oil is 320°C or lower, but preferably
i0 320°Cor lower andmorepreferably300°Cor lower. Bysetting
the end point of the mineral oil to be not higher than the
aforesaid upper limiting value, 0il removal properties in
the o0il removal step are satisfactory. Further, the
temperature difference between the initial beiling point
15 and end point of themineral 0il is 100°C or less, preferably
90°C or less and more preferably 80°C or less. By setting
this temperaturedifference tobenotmore than the aforesaid
upper limit, thedual objectiveofpreventingvolatilization
of c0il at room temperature and facilitating oil removal in
20 the oil removal step can be achieved. Herein, the initial
boiling point and end point in the present invention means
a value measured based on JIS K 2254: "Petroleum Product
Distillation Test Method.”
[0019] The kinematic viscosity of the mineral oil at

25 49°C is 1.2-3.0mm°/s. Specifically, the kinematic

viscosity of the mineral oil at 40°C is 1.2mm°/s or higher,



FPO4- 0090- OOSG NM preferably 1.3mm®2/s or higher and nore preferably 1 .4mm
2/s or higher. By setting the kinematic viscosity to be not |ower than the
aforesaid lower limt, working properties can be inproved. On the other
hand, the kinematic V|sc05|ty 5 of the mneral oil at 40Cis 3.0mR/s or

| ower, preferably 2.8mm/s or lower and nore preferably 2. ZHHPA 0701 Qdes-NM
By setting the kinematic viscosity to be not higher than the aforesaid
upper limt, the dual objective of preventing volatilization of oil at room
t enperature and facilitating 10 oil renoval in the oil renoval step can be
achieved. [0020] The mineral oil used in the present invention can be

obt ai ned by Bu®feEPhy 4 f%mf /éc?i—'&tﬂ@tﬁ%iaﬁ@dmﬁye preferabhy ordime /i | at
normal pressure to one, or a suitable _combination of two or nore, refining
techni ques sBEMEENAE. s X SRt tdews Fha tiingmadols aHts co&irtac ticoke not
hydrocracking solvent dewaxi ng, hydrorefining, sulfuric acid treatnent

and clay trehHeht R iR aker 95Akd dowsdi ILiRy (poMe ¥id 9 BECPesit ifisgher , t he
end point is 320C or |ower, and the difference between the initial boiling
poi nt and en@@RECMIREOYRBC Oothe otéss n30de 1 eBakeeMdh! € Nd SCorsdit varount  of
lubricating odl t he nineral oil content in the | ubricating oil for

al umi fum  woP kiThte BADERE L ES &t APRbeht o™ /5 oF ehoitisy BoeleRybidss  or

hi gher, nore prefp abl 65 % by nass or and still 25 nore preferably
70 % by nass o?mri. Iy eetdich g Atife prrﬁ%aakr 1%i4 - TBhY'EnOTt dOBEMot | ess

than the aforesaid Iome 8
By setting the kinematic viscosity to be not higher than

the aforesaid upper limit, the dual objective of preventing
volatilization of 0il at room temperature and facilitating
10 0il removal in the o0il removal step can be achieved.
[C020] The mireral oil used in the present invention
can be obtained by subjecting the fraction obtained by
distilling crude oil at normal pressure toone, or a suitable
combination of two or more, refining techniques such as
15 solvent deasphalting, solvent extraction, hydrocracking,
solvent dewaxing, hydrorefining, sulfuric acid treatment
and clay treatment so that the initial boilingpoint is 150°C
or higher, theendpoint is 320°Cor lower, and thedifference
between the initial boiling point and end point is 100°C
20 or less.
[00211 Based on the total amount of lubricating oil,
the mineral oil content in the lubricating oil for aluminum
working of the present invention is preferably 60 % by mass
or higher, more preferably 65 % by mass or higher, and still
25 more preferably 70 % by mass or higher. By setting the

mineral oil content fto be not less than the aforesaid lower



FP0O4- 0090-OOSG-NM |imt, working environnment is inproved in ternms of
absence of unpl easant odor and skin roughening and oil renoval property in
the oil renpval step is satisfactory. This lubricating oil may conprise

only the aforesaid mneral oil, 5 or may further contain base oils
(henceforth "other base oils") and various additives other REGBITI®GE-00SG-NM
mneral oil. Wen this lubricating oil contains various other base oils

and various additives, the mneral oil content is not particularly limted.
But the mneral oil content is 10 preferably 99.9 % by nass or | ess and nore
preferably 99.5 % by mass or |ess based on the total amount of |ubricating
oil. [0022] Theit ubrirddtrigngnoikofmenal Lsmimpmoverkiingt ofms hef aprseserd
i nvention can contain the follow ng optional 15 conponents. [0023] The
| ubri cati ng of | ufipieasamt nodoworkidng kdfn thmighresent ahdvenii eemearslal so
contai n an oxygen-containing conpound. This oxygen-contai ning conpound may
be at | east poneeoxygem- clont @i hi ngnooaposhndpsdlsecked sfilaamoa ygr oapi s20
conprising the foll ow ng conponents (Al )-(A8): (Al) Al kylene oxi de adduct of
a pol yhydri ciabcotwt ithawi hga Bebuby ds ©xyll ot o ps cated ad druirer z Averlage
nol ecul ar weight of 100 to 1000 (A2) Hydrocarbyl ether or hydrocarbyl ester
of thé af or esnimhy ZB1rddrmomentt a0A baEA3p iPal yalkkyledne tgl Yodheraviamg a nunber
average nol ecular 9
0ils") and various additives other than this mineral oil.
When this lubricating oil centains various other base oils
and various additives, the mineral oil content is not
— particularly limited. But the mineral oil content is
10 preferably 99.9 % by mass or less and more preferably 29.5 %
by mass or less based on the total amount of lubricating
oil.
[(0022] The lubricating il for aluminumworking of the
present invention can contain the following optional
15 components.
[0023] The lubricating oil for aluminum working of the
present invention can also contain an oxygen-containing
compound. This oxygen—-containing compound may be at least
one oxygen-containing compound selected from a group
20 comprising the following components (Al)}-{A8):
(A1) Alkylene oxide adduct of a polyhydric alcohol having
3-6 hydroxyl groups and a number average molecular weight
of 100 to 1000
(A2} Hydrocarbyl ether or hydrocarbyl ester of the aforesaid
25 component (Al)

(A3) Polyalkylene glycel having a number average molecular



FP04- 0090- 00SG- NM wei ght of 100 to 1000 (A4) Hydrocarbyl ether or

hydr ocar byl ester of the aforesaid conponent (A3) (A5) D hydric al coho
havi ng 2-20 carbon atons 5 (A6) Hydrocarbyl ether or hydrocarbyl ester of

the aforesaid conponent (AS) (A7) Trihydric alcohol having 3-20 carbon

atons (A8) Hydrocarbyl ether or hydrocarbyl ester of the af fR8&T@O90-005G-NM
conponent (A7) 10 [0024] The pol yhydric al cohol which fornms conponent (Al)
has 3-6 hydroxyl groups. Exanpl es of a polyhydric alcohol having 3-6

hydr oxyl groups include the follow ng polyhydric alcohols, and al so
saccharides. [0025] Exanples of such pol yhydric al cohols |nclude 15

gl ycerol, poW%bﬁ9Ee95l1€E|Hﬁr%oo Otetraners of glycerol such as diglycerol,

triglycerol | ycer trimethyl oyl al kane ( tri nmet hyl ol et hane,
trimet hyl ol p#%ﬁé %ry %é) LA BETREI0 G %F@rtqsft Faseds rararishf |

pentaerythritol, Benta erythritol, 1,2,4-butanetriol, 20
1, 3, 5- pentanE?WPB?e §, %8l hexanetriol, 1,2, 3,4-butanetetrol, sorbitol,

sorbitan, sorb%E g gcerl condensate r|b|toI arabitol, xylltol
manni t ol , | DipEPFioI2 %Whlaflvaﬂa 3redt 6RTPPPOSEPMS25 Exanpl es of

sacch rldes xyl ose, bi ri bose, .rhammose, glucose, fructose,
galacgose nZﬁﬁbgﬁdrggpggg JforhydrocarbylesterCJ the aforesaid

component (AS)

(A7) Trihydric alcohol having 3-20 carbon atoms

(A8) Hydrocarbyl ether or hydrocarbyl ester of the aforesaid
— component (A7)

10 [0024] The polyhydric alcohol which forms component
(Al) has 3-6 hydroxyl groups. Examples of a polyhydric
alcohol having 3-6 hydroxyl groups include the following
polyhydric alcoheols, and also saccharides.

[0025] Examples of such polyhydric alcchols include

15 glycerol, polyglycerol (dimers - tetramers of glycerol such
as diglycerol, triglycercl, tetraglycerol), trimethyloyl
alkane (e.g., trimethylolethane, trimethylolpropane,
trimethyloylbutane) and dimers-tetramers thereof,
pentaerythritol, dipenta erythritol, 1,2,4-butanetriol,

20 1,3, b-pentanetriol, 1,2,6~hexanetricl,
1,2,3,4~-butanetetrol, sorbitel, sorbitan, sorbitol
glycerin condensate, ribitol, arabitol, xylitol, mannitol,
iditel, talitol, dulcitol and allitol.

[C026]
25 Examples of saccharides are xylose, arabinose, ribose,

rhamnose, glucose, fructose, galactcse, mannose, sorbose,

10



FPO4- 0090- OOSG NM cel | obi ose, maltose, isonmaltose, trehal ose and sucrose.
[ 0027] Anong these, fromthe viewpoint of excellent working properties,
trimethyl oyl al kane and sorbitol are preferred. As the al kyl ene oxi de which
forns conponent (Al), 5 an al kyl ene oxi de having 2-6 carbon atons but
preferably 2-4 carbon atons is used. [0028] Exanples of an mb&yteoecexvde-nM
havi ng 2-6 carbon atons are ethyl ene oxide, propylene oxide, 1,2-epoxy
but ane (a-butyl ene oxide), 2,3-epoxybutane ((3-butylene oxide), 10
1, 2- epoxy- | - et hyl propane, 1, 2-epoxyheptane and 1, 2-epoxyhexane. Anmong
these, fromthe viewpoint of excellent working properties, ethylene oxide,
propyl ene oxelléohndsbut phehesexi deomré tpsef, etretiallmite etrhy|sererasd de  and
propyl ene oxide are nore preferred. 15 [0029] Wien two or nore types of
al kyl ene oxi de0aré usedhmoherehese nofpantiiloularewpgoiniatd bresxare ittt ype of
pol ynmeri zati on of the oxyal kyl ene group, which may be random
copol yneri zawpoking ook copel ymeineahy boyl Rl kdes avdeso riine aldnd ene
oxide is added to the polyhydric al cohol having 20 3-6 hydroxyl groups, it
may be addedptefaktrethe Awythexilkylgmeups]dewhithnayrdrecaddedennl yalt)g sone
hydr oxyl groups. Anmong these, fromthe viewoint of excellent working
propekties, bbh abkkpleferoxdle dadidd t219 @idtbdarhe topdr dxyd prgrfeups 125 [ 0030]
The nunber average nol ecul ar wei ght (M) of conponent (Al) is 100 to 1000,
and preferabPy4108rbong88toms1is used.
[0028] Examples of an alkylene oxide having 2-6 carbon
atoms are ethylene oxide, propylene oxide, 1,2-epoxy butane
(x-butylene oxide), 2,3-epoxybutane (B-butylene oxide),
10 1,2-epoxy-l-methylpropane, 1, 2~-epoxyheptane and
1, 2-epoxyhexane. Among these, from the viewpolnt of
excellent working properties, ethylene oxide, propylene
oxide and butylene oxide are preferred, but ethylene oxide
and propylene oxide are more preferred.
15 [0029] When two or more types of alkylene oxide are
used, there is no particular limitation on the type of
polymerizationof theoxyalkylene group, whichmaybe random
copolymerizationorblock copolymerization. Further, when
the alkylene oxide is added to the polvhydric alcohol having
20 3-6 hydroxyl groups, it may be added to all the hydroxyl
groups, or it may be added only to some hydroxyl groups.
Among fthese, from the viewpoint of excellent working
properties, it is preferred to add it to all the hydroxyl
groups.

25 [0030] The number average molecular weight (Mn} of

component (Al) is 100 to 1000, and preferably 100 to 800.
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FPO4- 0090- OOSG NM 11 Mh s 1€ss than 100, the solubility with respect to
the mneral oil falls which is undesirable. On the other hand, if M is
nore than 1000, oil nmay renmain on the surface of the work piece after
working in the oil renoval step, which 5 isundesirable.

Mhi nt hepr esent i nvent i onneanst henunber average nol ecul ar weikgt4 coneT @ @9G 191
standard pol ystyrene by gel perneation chromatography (GPC). [0031] The
conponent (Al) is obtained by reaction between the al kyl ene oxide and the
pol yhydric al cohol having 10 3-6hydroxyl groups so that Mh is 100 to 1000.
Al ternativel a mxture of al kyl ene oxi de adducts of pol yhydric al cohol s
havi ng 3-6 hiﬁ@@k&ﬁ éﬁéﬁpgh%%ﬂé%heﬁhﬁysthbéééﬁﬂeﬂlﬁht¥ﬁﬁpe%ﬁ %Pfﬁ%ﬁure of
comerci al al kyl ene oxi de_adducts of pol yhydric al cohols having 3-

hydroxyl gr obipRehRy Cailsb? bes i@%‘pé?d%ré%ﬁ%v’%ﬁ%?t | 1% £BR Cb’qfh%lhlhélﬁéit:ogr aphy
so that Mh is_ 100 to 1000. The conponent (Al) nay be used al one, or two or
nore may be t&eH iiF B EhHPB, 17868291 FHea ¥ drfemEntont AR |Sé1rtﬁr?§9n)¢(fr ocar byl
ether or hydrocarbyl ester_ of the al kyl ene oxi de adduct of the 20

pol yhydri c afe®r8Ir havERE BEEhYarsiHy §f oulss OdtteF e8P Vih StapP 188 icd 1000,

and preferably 100 to 800. [0033] The conponent (A2) is obtained_ by

hydr ocar byl - % HBFRFiLEAPILEN d%négﬁ%¥33¥%%? bANEENSAPP W2t Fhe gumosE t er i nal
hydr oxyl gro $s of th al kyl ene, oxi de adduct 25 of conponent (Al). This

hydr ocar byl {Yotpdmdy l?@uéarh‘ﬁﬁﬂ%}&%roﬁé‘t‘fe@frt@@ptﬁaﬁﬁalfi“gd&lrckﬁoééﬁs gh€&Coms, such

as an al kyl _ 12
y by gel permeation chromatography (GPC).

[0031] The component (Al) is obtained by reaction
- between the alkylene oxide and the polyhydric alcchol having
10 3-6hydroxyl groupssothatMnis100to1000. Alternatively,
a mixture of alkylene oxide adducts of polyhydric alcchols
having 3-6é hydroxyl groups obtained by any desired method
or a mixture of commercial alkylene oxide adducts of
polyhydric alcohols having 3-6 hydroxyl groups may also be
15 separated by distillation or chromatography so that Mn is
100 to 1000. The component (Al) may ke used alone, or two
or more may be used in admixture.
[0032] The component {A2) is the hydrocarbyl ether or
hydrocarbyl ester of the alkylene oxide adduct of the
20 polyhydric alcohol having 3-6 hydroxyl groups whereof Mn
is 100 to 1000, and preferably 100 to 800.
[0033] The component (A2) is obtained by
hydrocarbyl-etherificationor esterificationofpartorall
of the terminal hydroxyl groups of the alkylene oxide adduct
25 of component (Al). This hydrocarbyl group may be a

hydrocarbon group having 1-24 carbon atoms, such as an alkyl

12



FPO4- 0090- 00SG NM group having 1-24 carbon atons, al kenyl group having 2-24
carbon atons, cycloal kyl group having 5-7 carbon atons, al kyl cycl oal kyl
havi ng 6-11 carbon atons, aryl group having 6-10 carbon atons, alkyl aryl
group havi ng?-18 carbon atons 5 and aryl al kyl group having 7-18 carbon
atoms. [0034] Exanples of an alkyl group having 1-24 carbon FR{bn808PeC0SC-NM
net hyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl,
tert-butyl, straight o rbranched chain pentyl, straight or branched chain
hexyl, straight or 10 branched chain heptyl, straight or branched chain
octyl group, stragq?t or. branched chain nonil, strai ght or branched chain
decyl, strai §htUBribfHHENed CRAFROGNEECTE, 3t FanghtIbrub Braiidhed <dthi n
dodecyl , straiggt or branched ch?kn tridecyl, ,strai%ht or branched chain
tetradecyl, SEFRPYhEEIFShr GRChed ! 1B cHAPHPpBATARECYT, SEF&CEhE e Dr anched

chai n hexadec strai ght or hranched chain heptadecyl, straight or
branched ch& k&%gyg %%gp¥l$ﬁﬁﬁ%ﬁ§_%}q@é%ﬂﬂﬁ%P%ﬁa@ﬁﬂ%ﬁ%@%@%%Vl%ﬁraight

Stral gnt or BT BRGHER R AFHER0GHIYILAEA0 GEPUPA T GFS Hr ACHEEP ey |
ght or Br o¢ , Fanc ehETPT i cosyl
ar oupohavi ng? 58 22 EUEDEL SEGHE GREL 0Pyl PsEPAPGH S6CMBranched chain
Droperyl . SHOBIT O, SLENEhR; CaLy DU Il o SLisL ol o b anched 26 chain
hept enyl, Sté@%ﬁgtagé %E%%%H?dégﬁﬁfl és%ropyl, isopropyl, n-butyl,
isobutyl, sec-butyl, tert-butyl, straight orbranchedchain
- pentyl, straight or branched chain hexyl, straight or
10 branchedchainheptyl, straight orbranchedchainoctyl group,
straight or branched chainnonyl, straight or branched chain
decyl, straight or branched chain undecyl, straight or
branched chaindodecyl, straight orbranchedchaintridecyl,
straight or branched chain tetradecyl, straight or branched
15 chain pentadecyl, straight or branched chain hexadecyl,
straight or branched chain heptadecyl, straight or branched
chain octadecyl, straight or branched chain nonadecyl,
straightorbranchedchainicosyl group, straight orbranched
chain henicosyl, straight or branched chain docosyl,
20 straight or branchedchaintricosyl and straight or branched
chain tetracosyl.
[0035] Examples of an alkenyl group having 2-24 carbon
atoms are vinyl, straight or branched chain propenyl,
straight or branched chain butenyl, straight or branched

25 chainpentenyl, straight orbranchedchainhexenyi, straight

or branched chain heptenyl, straight or branched chain

13



A e e ——
FPO4- 0090- OOSG- NM octenyl, straight or branched chain nonenyl, straight or
branched chai n decenyl, straight or branched chai n uodecenyl, straight or
branched chai n dodecenyl, straight or branched chain tridecenyl, straight
or branched chain tetradecenyl, 5 straight or branched chain entadecengl,
straight or branched chain hexadecenyl, straight or branchéd&hait?0-005G-NM
hept adecenyl, strai ght or branched chain oct adecenyl group, straight or
branched chai n nonadecenyl group, straight or branched chain icosenyl,
straight or branched chain 10 heni cosenyl, straight or branched chain
docosenyl, straight or branched chaln trlcosenyl and strai ght or branched

chain tet ra%%%%rhif/]r §o08e] M BRI R %%ﬂ%n@ro@ﬁw% 08~ 7 car bon
atons are cyclo c| ohexyl and cycl ohepty 15 Exanpl es of a
aIkyIcycIoaJ??? %%Ehﬁééqﬁfqﬁﬂﬁf%%f%bﬁh5?6ﬁE@ﬂQ?%%@%9¥%V€ﬁ@§@@Mﬂ

dlnethylcyclogentg%agrou

p élncludln all struyctural isomers) ,neth et hyl
PgOaf T é?@lu&&tﬁ%rﬂoﬁ%ﬁ@e@y shreiapk Qﬂ&/é’féﬁ@ﬁlﬁﬂy

cycl opentyl

(including al]l] structural isone met hyl cycl ohexyl, 20 di et hyl cycl ohexyl
(i ncl udi ng a??a%?FﬁéﬁﬁFépyisoﬁ%?%}ghtﬁﬁ%%?F%FH?ﬂé?E?Hhéﬁ?Faéﬁﬁ@Pdavng al
structural |soner ﬁ dlet gcloh (|nclud|ng all structural isoners),
met hyPcycl oh®pt$19 i P& %9% ehept JJKlH%PEE?ﬁ@ AL, sttt Grsoners),

met hyl et hyl cycl ohe i ncl udi all 25 structural isomers) and
di et hyl cycl og‘ﬁ%lb? (?]ﬁémd ﬁéagglcené’tlru&t&%g Somerkyangs ed chain

heptadecenyl, straight or branched chainoctadecenyl group,

straight or branched chain nonadecenyl group, straight or

b

. branched chain icosenyl, straight or branched chain

10 henicosenyl, straight or branched chaindocosenyl, straight

or branched chain tricosenyl, and straight or branched chain
tetracosenyl.

f0036] Examplesofacycloalkyl grouphaving 5-7 carbon

atoms are cyclopentyl, cyclohexyl and c¢ycloheptyl.

15 Examplesof aalkylcycloalkyl group having 6-11 carbon atoms

are methylcyclopentyl, dimethylcyclopentyl group

{includingall structural isomers), methylethylcyclopentyl

(including all structural isocmers), diethylcyclopentyl

{including all structural isomers), methylcyclohexyl,

20 dimethylcyclohexyl (including all structural isomers),

methylethylcyclohexyl {including all structural isomers),

diethylcyclohexyl (including all structural isomers),

methylcycloheptyl, dimethylcycloheptyl (including all

structural isomers), methylethylcycloheptyl (includingall

25 structural isomers) and diethylecyclo heptyl (including all

structural isomers).
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FPO4- 0090- OOSG-NM [ 0037] Exampl es of an aryl group having 6-10 carbon atons

are phenyl

and napht hyl. Exanples of an arylal kyl group having?-18

car bon

atons are tolyl (including all structural isomers), xylyl (including all

structural

strai ght
i soners),
i soners),

structural

al |

structural
(i ncl udi ng afpog?}uctur %3muRhef 9T &1 3 WhitI i MEiciel 6 dithigr @y | phenyl

i somers), 5 ethylphenyl (including all structural isoners
or branched chain propyl phenyl (including all struWaPo9
strai ght or branched chain butyl phenyl (including all structural
straight or branched chain r °~ pentyl phenyl (including al

%loose—NM

i somers), straight 10 or branched chai n hexyl phenyl (i ncluding

isoners), straight or branched chain hep%ylphenyl

(including all structural Jisoners), straight or branched chain nonyl phenyl

(i ncl udi ng afFo%s asemitirapn
decyl phenyl

undecyl pheny
chai n dodecyl phen

L -Stxanghes 6 & ahvhedkyhgneup
Tihe

all  structural isoners). 20 [0038]

Pginclﬁding all structural isomers), straight or branched chain

GdPriP " eFPEEEARAFCL ¥ bridrSi udida 3¢ + SitgmCtor B anched

Exanpl es

i ncl udi ng,
of an aryl al k¥ m‘@?%tp( Itfg\(c/]iﬁhu]gl ggﬂﬂ%rlﬁ)n AHtloms LFNE Y | 1 SHERA) ret hyl |

phenyl
isoneP

excel | ent

fw‘
N

10

15

20

25

I i ncl udi .' .. ph | bytyl (includi but yl
T Oy SR P RO L g
RHEAR M R e R

isomers), straight or branchedchainbutylphenyl {including
all structural isomers), straight or branched chain
pentylphenyl (including ail structural isomers), straight
or branched chain hexylphenyl (including all structural
isomers), straight or branched chain heptylphenyl
{(including all structural isomers), straight or kranched
chain octylphenyl (including all structural isomers),
straight or branched chain nonyiphenyl (including all
structural isomers}, straight orbranched chaindecylphenyl
{(including all structural isomers), straight or branched
chain undecylphenyl (including all structural isomers) and
straight or branched chain dodecyl phenyl (including all
structural isomers).

[0038] Examples of an arylalkyl group having 7-12
carbon atoms are benzyl, phenyl ethyl, phenylpropyl
(including propyl isomers), phenylbutyl (including butyl
isomers}, phenylpentyl (including pentyl isomers), and
phenylhexyl (including hexyl 1somers).

(0039) Among these, from the viewpoint of excellent

working properties, straight or branched chain alkyl groups
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15 FPO4- 0090- OOSG-NM havi ng 2-18 carbon atons and straight or branched
chai n al kenyl groups having 2-18 carbon atons are preferred, and straight
or branched al kyl groups and ol eyl groups (residue obtained by renoving a
hydroxyl group fromol eyl alcohol) 5 having 3-12 carbon atons are nore
preferred. [0040] The acid used for esterification is usual IBr@®-casboxyEizenm
acid. This carboxylic acid may be a nonobasic acid or a polybasic acid, but
a nonobasic acid is usually used. Exanples of a nonobasic acid are fatty
acids having 10 6-24 carbon atons, and straight or branched chain acids may
be used. The nonobasic acid may be a saturated fatty acid, unsaturated
fatty acid ohawinyx2uie ofrbothatpfb4ihdExarpledtobrabsatnuhaicedHatty acid
are straight or branched chain hexanoic acid, straight or branched chain
15 oct anoi ¢ atkdny$Stgmigit heribgahehed attaim anonanate @cd fhrsédaiaght or
branched chai n decanoic acid, straight or branched chain undecanoic acid,
strai ght or btaathed caharancdedecandi gravpd,sid ailght @robwanchked caai n
tridecanoic acid, straight or branched chain tetradecanoic acid, straight
or 20 branchedtzhaed penteardedanpachadidxydt gavght f:osm hrlanched cothdin
hexadecanoi c acid, straight or branched chain octadecanoic acid, straight
or branched kbauing Byd? oxyootmdetamsi eracindrespraifght-edr. br anched chain
nonadecanoi ¢ acid, straight or branched chain eicosanoic 25 acid, straight
or branched ¢hain] henei cisanrgiid asied, fosteal ght £ brabianchedisoteal Iy docosanoi ¢
acid, straight or

carboxylic acid. This carboxylic acid may be a monobasic

aclid or a polybasic acid, but a monobasic acid is usually
used. Examples of a monobasic acid are fatty acids having
10 6-24 carbon atoms, and straight or branched chain acids may
be used. The monobasic acid may be a saturated fatty acid,
unsaturated fatty acid or a mixture of both.
f0041] Examples of a saturated fattyacid are straight
or branched chain hexanoic acid, straight or branched chain
15 octanoic acid, straight or branched chain nonanoic acid,
straight or branched chain decanoic acid, straight or
branched chain undecanocic acid, straight or branched chain
dodecanoicacid, straight orbranchedchaintridecancicacid,
straight or branched chain tetradecanoic acid, straight or
20 branched chain pentadecancic acid, straight cor branched
chain hexadecanoic acid, straight or branched chain
octadecanolc acid, straight or branched chain
hydroxyoctadecanoic acid, straight or branched chain
nonadecanoic acid, straight or branched chain eicosancic
25 acid, straight or branched chain heneicosancic acid,

straight or branched chain docosanoic acid, straight or
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16 FPO4-0090- OOSG-NM branched chain tricosanoic acid, and straight or
branched chain tetracosanoic acid. [0042] Exanples of an unsaturated fatty
acid are straight or branched chain hexenoic acid, straight or 5 branched
chain heptenoic acid, straight or branched chain octenoic acid, straight or
branched chai n nonenoic acid, straight or branched chai n detrenoi @ &ct@)sSG-NM
straight or branched chain undecenoic acid, straight or branched chain
dodecenoi ¢ acid, straight or branched chain tridecenoic 10 acid, straight or
branched chain tetradecenoic acid, straight or branched chai n pentadecenoic
acid, straight or branched chain hexadecenoic acid, straight or branched
chain oct adecanthed atiadn stiabghthodre bBeade hadd char ani gliny drrokyaaicadeicenoi ¢
acid, straight or branched chain 15 nonadecenoi c acid, straight or branched
chai n ei coseniodtn weidhcstamd ghtaoidbranched chai n henei cosenoi ¢ acid,
straight or branched chain docosenoic acid, straight or branched chain
tricosenoi c aeV4) and stianghtesorobr anchedsathaahetietfizddosenoid acied. 20
[ 0043] Anmong these, saturated fatty acids having 8-20 carbon atonms and
unsat urat ed fatayglaci ds henainufpe8t 2thaiam bbaxeabtdns acanrt theraioghkt ores, are
preferred. The conponent (A2) maybe used al one, or two or nore nmaybe used
i n adf xt ur ebraf@odd jchGampbretenpA8) acsda pot yaghylenerginadeld wheieof 25 Mh
is 100 to 1000, and is obtained by homopol ynerization or copol ynerization
of an al kyl emetexd e drand ngt2-a6 addr won branched chain nonenocic acid,
straight or branched chain decenoic acid, straight or
branched chain undecenoic acid, straight or branched chain
- dodecenoic acid, straight or branched chain tridecenoic
10 acid, straight or branched chain tetradecencic acid,
straight or branched chain pentadecenocic acid, straight or
branchedchainhexadecenoicacid, straight or branchedchain
octadecenocic acid, straight or branched chain
hydroxyoctadecenoic acid, straight or branched chain
15 nonadecenocic acid, straight or branched chain eicosenocic
acid, straight or branched c¢hain heneicosenoic acid,
straight or branched chain docosencic acid, straight or
branched chain tricosenoic acid, and straight or branched
chain tetracosencic acid.
20 [0043] Anmong these, saturated fatty acids having 8-20
carbon atoms and unsaturated fatty acids having 8-20 carbon
atoms, and their mixtures, are preferred. The component
(A2) maybeusedalone, or two crmoremaybe used inadmixture.
[0044] Component (A3) isapolyalkylene glycol whereof
25 Mn is 100 to 1000, and is obtained by homopclymerization

or copolymerization of an alkylene oxide having 2-6 carbon
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17 FPO4-0090-O0SG-NM atonms or preferably 2-4 carbon atons. Exanples of an
al kyl ene oxi de having 2-6 carbon atons are the al kyl ene oxides nentioned in
t he description of conponent (Al). Anong these, fromthe viewpoint of

excel l ent working 5 properties, ethylene oxide, propylene oxmges-anghdusydengy
oxi de are preferred, but ethyl ene oxide and propyl ene oxide are nore

preferred. [0045] When two or nore types of al kyl ene oxide are wused in the
preparation of the polyal kyl ene glycol, the type 10 of polynerization of
t he oxyal kyl ene group is not particularly limted, i.e., block

copol yneri zaatoms may lpe e feetdfoaryner- or ceandamacepe ymerizati 08 ARy he
performed. [0046] For the conponent (A3), M of the polyal kyl ene gl ycol

nust be 100 &bk}0&fe emidpriefetadl y-420atpoR08toAs1arpolyal kilkenera ycol
havi ngMh of | ess than 100 is undesirable since its solubility in the

m neral oil osidew méhtibredt har thkantssaina vl Kyt eaemgbyeak haviing Mh of
nore than 1000 is wundesirable since it may cause oil remaining on the
surface of Ahengortkedenuterdml tabt eridbisooit oenDyvateblep: 20rkQ047] For
t he conponent (A3), when the al kylene oxide 1is polynerized, the materi al

used Aay be sucpetthiads Metitsyldd dxo dD0Gr Al Eisna opaldkaldnd ene valeyeol
m xture obtained by any desired nethod or a m xture of comrerci al
pol yal kyl eneox gliy @alespnefe beed e partaé edy byndicstiidd ahdgir @y dioprtidgr aphy 25
so that Mh is 100 to 1000. The component (A3) may be used alone, or two or
nore may be asednone goinekéured.
. 10045] When two or more types of alkylene oxide are
‘\,, used in the preparation of the polyalkylene glycol, the type
10 of polymerization of the oxyalkylene group is not
particularly limited, i.e., block copolymerization may be
performed or random copolymerization may be performed.
[0046] For the component (A3), Mn of the pelyalkylene
glycol must be 100 to 1000, and preferably 120 to 700. A
15 polyalkyleneglycol havingMnof less than 100 isundesirable
since its solubility in themineral 0il is low. On the other
hand, a polyalkylene glycol having Mn of more than 1000 is
undesirable since it may cause o1l remaining on the surface
of the worked material after the oil removal step.
20 [(0047] For the component (A3), when the alkylene oxide
is polymerized, the material used may be such that Mn is
100 to 1000. Also, apolyalkylene glycol mixture obtained
byanydesiredmethodoramixture of commercial polyalkylene
glycols may be separated by distillation or chromatography
25 so that Mn is 100 to 1000. The component (A3) may be used

alone, or two or more may be used in admixture.
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18 FPO4- 0090- 00SG-NM [0048] The conponent (A4) is obtained by hydrocar byl
etherification or hydrocarbyl esterification of a polyal kyl ene glycol for
which Mh is 100 to 1000, and preferably 120 to 700. As the conponent (A4),
part or all 5 of the term nal hydroxyl groups in the polyal kyteneogbycobsgofm
conponent (A3) may be hydrocarbyl -etherified or hydrocarbyl-esterified.
Herein, the hydrocarbyl group is a hydrocarbon group having 1-24 carbon
atons, specific exanples being the groups nentioned in the description of

10 conponent (A2). Anong these, fromthe viewpoint of excellent working

properties, $bpaByht or Dhanchedrodrad Na4al kyl olgf @upsd hey im@ ¢S 1Bar bon
atons and straight or branched chain al kenyl groups having 2-18 carbon

atons are peeheriédcaandnal byl grelfos:and; 0l eystgr 0Epsatiesi dug 1% obt ai ned
by renoving a hydroxyl group fromol eyl alcohol) having 3-12 carbon atons
are nore prepeiyetlkyl8049ylAscdonphonenhi A4 Mn the pooducs oboest erd yi ng
term nal hydroxyl groups in the polyal kyl ene glycol of conmponent (A3) nmay
al so be usedpréfierabidsiased 700.20 estter ichingaticont Ay )hepthe asuall
carboxylic acids. This carboxylic acid may be a nonobasic acid or a

pol ybasi ¢ acod,thdtkeraimicbastcxatigrdispuidnathy musedk 11Sppeid igd yexanpl es
are the acids nentioned in the description of conponent (A2) . The
conponent (Ad¥Y neymbenarsed Glnemagr tao brydrorerimy -<dhdrd flised ior
adm xture. [0050] The conponent (A5) is a dival ent alcohol having
- hydrocarbyl-esterified. Herein, the hydrocarbyl group is
a hydrocarbon group having 1-24 carbon atoms, specific
- examples being the groups mentioned in the description of
10 component (AZ2). Among these, from the viewpoint of
excellent working properties, straight or branched chain
alkyl groups having 2-18 carbon atoms and straight or
branched chain alkenyl groups having 2-18 carbon atoms are
preferred, and alkyl groups and oleyl dgroups (residue
15 obtained by removing a hydroxyl group from oleyl alcohol)
having 3-12 carbon atoms are more preferred.
[00491 As component (A4), the product of esterifying
terminal hydroxyl groups in the polyalkylene glycol of
component (A3} may also be used. The acids used for
20 esterification may be the usual carboxylic acids. This
carboxylic acid may be a monobasic acid or a polybkasic acid,
but a monobasic acid is usually used. Specific examples
aretheacidsmentionedinthedescriptioncf component (A2).
The component (A4) may be used alcone, or two or more may

25 be used in admixture.

[0050] The component (AL) is adivalent alcochol having
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19 FPO4-0090-005G-NM 2-20 carbon atonms, but preferably 3-18 carbon atons.
Herein, divalent al cohol neans that there is no ether linkage in the
nol ecul e. Exanpl es of a dival ent al cohol having 2-20 carbon atons are
et hyl ene glycol, 1,3-propane diol, 5 propylene glycol, 1,4-bui@neycdoloosg-—nM
1, 2-butane diol, 2-nethyl-1,3-propane diol, 1,5-pentane diol, neopentyl
glycol, 1, 6-hexanediol, 2-ethyl-2-nethyl -1, 3-propane diol,
2-met hyl -2, 4-pentane diol, 1,7-heptane diol, 2-nethyl-2-propyl-1, 3-propane
diol, 10 2,2-diethyl-1, 3-propane diol, 1,8-octane diol, 1,9-nonane diol,
2-butyl - 2- et hyt s ta3bphcpane dbot préfiadeqane gleakbonk tbmdinderanda rdi ol ,
1, 12-dodecane diol, 1,13-tridecane diol, 1,14-tetradecane diol,
1, 15- hept aded¢angl ¢ bl a1 cdhdb-exadagane iate ik Lié haptadaganaqd aly
1,18-octa 15 decane diol, 1,19-nonadecane diol and 1, 20-icosadecane diol.
[ 0051] From the molevpaient akaewaelsl efit a whikagnt priapgidl esvidkdutame diol,
1, 5-pentane diol, neopentyl glycol, 1,6-hexane diol, 2-nethyl-2,4-pentane
diol, 20 2-ethyhe2- netdmd - hrad- peopanedéeolgl dcdt hept,anerdiine #i8209ct ane
diol, 1,9-nonane diol, 1,10-decane diol, 1,11-undecane diol and
1, 12- dodecanerdppl e e qirefal,r ed., 4-Fthecaxenpaiient, (A5 -maydve usiedlal one, or
two or nore may be used in adm xture. 25 [0052] The conponent (A6) is
obt ai ned by hydsolcarby) 3-ptdesand i davilen lgro-padriaesy byl o st erbbietatilon of a
di val ent

glycol, 1, 6~hexanediol, Z-ethyl-2-methyl-1, 3-propanediol,

Z2-methyl-2, 4-pentane diol, 1, 7-heptane diol,
- Z-methyl-2-propyl-1, 3~propane diol,
10 2,2~diethyl-1,3~-propane diol, 1,8-octane diol, 1, 9-nonane

diol, 2-butyl-2-ethyl~1, 3-propane diol, 1,10-decane diol,
1,11~undecane diol, 1,12-dodecane dicl, 1,13-tridecane
dieol, 1,l4-tetradecane diol, 1,15-heptadecane diol,

1,1l6-hexadecane diol, 1,17-heptadecane diol, 1,18-ccta

15 decane diol, 1,192-nonadecane diol and 1,20-i1icosadecane
diol.
[0051] From the viewpoint of excellent working

properties, 4-butane diol, 1,5-pentane diocl, neopentyl
glycol, 1,6~hexane dicl, 2-methyl-2,4-pentane diol,

20 2-ethyl-2-methyl-1, 3~propanediol, 1, 7-heptane diol,
1,8-octane diol, 1,9-nonane diol, 1,10-decane diol,
1, 1l1-undecane diocl and 1,12-dodecane diol are preferred.
The component (A5) may be used alone, or two or more may
be used in admixture.

25 [0052] The component (A6) is obtained by hydrocarbyl

etherification or hydrocarbyl esterification of a divalent

20



20 FPO4-0090- 00SG-NM al cohol having 2-20 carbon atons, and preferably 3-18
carbon atons (excluding those having an ether linkage in the nolecule) . As
t he conponent (A6) , part or all of the termnal hydroxyl groups in the

di basi ¢ al cohol of conponent (AS) 5 nay be hydrocarbyl -etherified or

hydr ocar byl -esterified. Herein, the hydrocarbyl group is a BHRI-00EF0OONSG-NM
group having 1-24 carbon atons, specific exanples being the groups
mentioned in the description of conponent (A2) . Anong these, fromthe

vi ewpoi nt of excellent working properties, straight 10 or branched chain

al kyl groups having 2-18 carbon atons and straight or branched chain

al kenyl gr oupscdiavl hgv2ni& -cdr benboatxnenar anppebdrrath ] voir 1 @lkkylbogr oups and
ol eyl groups (residue obtained by renoving a hydroxyl group from ol eyl

al cohol ) havanhgm3- 12xcanbBongattbws carteaniore pnekdhread. 1 itbkd §0534 The
conponent (A6) may al so be obtained by esterification of one or both of the
term nal hydnokgtubepupss e tbepdnbasi (@G phof ocaipjanehte CASinalhe aci ds
used for esterification nmay be the usual carboxylic acids. This carboxylic
acid may be aydomophsimowges drothe pdbplsas elachtl 20 botpaneoioldasiic acid is
usual |y used. Specific exanples are those nentioned in the description of
conpohent (AR3y beAhyeiroicarblye -esheriiffiicat bonhpfircoapbrénestAd). fienl.y one of
the term nal hydroxyl groups (partial ester) , or both of the term nal

hydr oxyl gr otipse {fulthegdsy@rdcafbyhgrdivpal et h28ratevhoh ofowwhponeat (AS)
may be esterified. Anong these, fromthe viewpoint of excellent working
properties, ih24 carbon atoms, specific examples being the groups

mentionedinthedescriptionof component (A2). 2Among these,
— fromthe viewpoint of excellent workingproperties, straight
10 or branched chain alkyl groups having 2~18 carbon atoms and
straight or branched chain alkenyl groups having 2-18 carbon
atoms are preferred, but alkyl groups and oleyl groups
(residue obtained by removing a hydroxyl group from oleyl
alcohol) having 3-12 carbon atoms are more preferred.
15 [0053] The component (A6) may also be obtained by
esterificationofoneorbothof the terminal hydroxyl groups
in the dibasic acid of component {(A5). The acids used for
esterification may be the usual carboxylic acids. This
carboxylic acid may be a moncbasic acid or a pelybasic acid,
20 but a monobasic acid is usually used. Specific examples
are those mentioned in the description of component (AZ).
Also, in the esterification of component (A6), only one of
the terminal hydroxyl groups (partial ester), or both of
the terminal hydroxyl groups (full ester) of the divalent
25 alcohol of component (A5} may be esterified. Among these,

from the viewpoint of excellent working properties, the

21



21 FP04-0090- O0OSG-NM parti al
used al one, or two or nore may be used in adm xture.
(A7) is a trivalent alcohol having 3-20 carbon atons,
carbon atons. Herein, 5 the trivalent alcohol
| i nkage in the nol ecul e. Exanples of a trival ent al cohol
atons are glycerin, 1, 2, 3-butane trio 1,1, 2, 4-but ane

5-pentane triol, 1,3,5-pentane triol, 1,2, 3-pentane tri

ester is preferred. The conponent (A6) may be
[ 0054] The conponent
and preferably 3-18
does not have an et her

ha v B! 33 (0D ~ ©as om

triol,

ol ,

1, 2,
1, 2, 4- pent ane

triol, 1,2,6-hexane 10 triol,
1, 2, 5- hexanetri ol ,
triol,

1, 2, 9-nonane triol,

1, 3, 4- hexanetri ol ,
1, 4, Sehekbmk esttiegl 1 s pr2 farhept anfhetcommpondn, @r@chagard niseld,
1, 2, 10-decane triol,

1, 2, 3-hexane triol, 1,2, 4-hexane triol,

1, 3, 5-hexanetriol, 1,3, 6-hexane

1,2, 11-undecane triol, 15

1, 2, 12-dodecabentriol , tdg o1 3ndre dezaneet nsel, it, adtdxtetreadecane tri ol

1, 2, 15- pent adecane triol,
triol,
triol.

1,2, 14-tetradecane triol,

1, 2, 16- hexadecane triol, 1,2,17-heptadecane

1, 2, 180 o¢t adecarithg componénp, (Rd- nomadedand strti @1 candl hdv2an20- i cosane
20 [ 0055] Anopng these,
properties, 1720 t2rdodedams ,tandbrefer2pl3-i+itegahentaticals.

fromthe viewoint of excellent working
Herein,

1, 2, 15- pent adecane triol, 1,2,16-hexadecane

triol5
preferred. The conponent (A7) may be used al one,
in adm xturenclecule.

or two

or

1, 2, 17e Heptvaderdanal cohol domb ho2, h8vedcimedbamel inkafearre t2%

nore may be used

Examples of a trivalent alcohol having 3-20

carbon atoms areglycerin, 1,2, 3-butane triol, 1,2, 4-butane

triol, 1,2, S5-pentane triol, 1,3, 5-pentane triol,
-~ 1,2,3-pentane triol, 1,2,4-pentane triol, 1,2,6-hexane

10 triol, 1,2,3-hexane triol, 1,2, 4-hexane triol,
1,2,5-hexane triol, 1,3, 4-hexane tricl, 1,3, 5-hexane triol,
1,3, 6-hexane triol, 1,4,5-hexane triol, 1,2,7-heptane
triol, 1,2, 8-octane triol, 1,2,9-nonane tricl,
1,2,10-decane triol, 1,2,11l-undecane triol,

15 1,2,12-dodecane triol, 1,2,13-tridecane triol,
1,2,14-tetradecane triol, 1,2,15-pentadecane tricl,
1,2, 16-hexadecane triol, 1,2,17-heptadecane triol,
1,2,18-octadecane triol, 1,2,19%-nonadecane triol and

-
1,2,20-icosane triol.

20 [0055] Among these, from the viewpoint of excellent
working properties, 1,2,12-dodecane triol,
1,2,13-tridecane triol, 1,2,14-tetradecane triol,
1,2,15-pentadecane triol, 1,2, l6-hexadecane triol,
1,2,17-heptadecane triocl and 1,2,18-octadecane triol are

25 preferred. The component (A7) may be used alone, or two

or more may be used in admixture.
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22 FP04-0090- OOSG-NM [0056) The conponent (A8) is obtained by
hydr ocar byl -etherification or esterification of a trivalent al cohol having
3-20 carbon atonms, and preferably 3-18 carbon atons (excluding those with
an ether linkage 5 in the nolecule) . As the conponent (A8),_part or all of
the termnal hydroxyl groups in the trivalent alcohol of copdheht?Pa?ySHay™M
be hydrocarbyl -etherified or hydrocarbyl-esterified. Herein, the
hydr ocar byl group is a hydrocarbon group having 1-24 carbon atons, specific
10 exanpl es being the groups nmentioned in the description of component (A2)

Anong t hes m t he |emp0|nt of xcel | ent working_properties, straight
or branched iﬂggh? aIkyI ?oup%o%%Q?ﬁag éAggrboﬁsato t@ndest r aitght or

b hed ch | k 18 b t, 15 f d, d
al Kyl o oupel SHCGRBYY O RS Fr er 468 ot ai Redhy reroviy ahycroxy

f | coh ' 3-12 b t f d
f0057] The 8%5%8%2%%9 ) }w@?ﬁ'a%egb%-%@?%r REE By Ot G4 ST IOf one or
Il of the t I d th t b d f t
(A7), Tho att iR CRBOCR ofe ikt QPR at %&{%aaij's%a PSSR ot ds.
monobis . actd Fad RELFRY £Eeq AR 1 %ﬂi‘%‘%&d oy PR el mork itmed i n
the d t 25 Al th t f
component (ABSS @%}f@ﬂgﬁl‘é%ﬁrm St %H%Saf"w'afofﬁ Sa?te“ e test or) or

all of the

component (A may Dbe hydrocarbyl-etherified or
hydrocarbyl-esterified. Herein, the hydrocarbyl group is
— a hydrocarbon group having 1-24 carbon atoms, specific
10 examples being the groups menticned in the description of
component (AZ2). Among these, from the viewpoint of
excellent working properties, straight or branched chain
alkyl groups having 2-18 carbon atoms and straight or
branched chain alkenyl groups having 2-18 carbon atoms are
15 preferred, and alkyl groups and oleyl groups (residue
obtained by removing a hydroxyl group from oleyl alcohol)

having 3-12 carbon atoms are more preferred.
[0057] The component (A8) may also be obtained by
esterificationof oneor all of the terminal hydroxyl groups
20 in the tribasic acid of component {A7). The acids used for
esterification may be the usual carboxylic acids. This
carboxylic acidmay be a monobasic acid or a polybasic acid,
but a monobasic acid is usually used. Specific examples
are those mentioned in the description of component (A2).
25 Also, in the esterification of component (A8), only one of

the terminal hydroxyl groups (partial ester) or all of the
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23 FP04-0090- O0OSG-NM term nal hydroxyl groups (full ester) of the trivalent
al cohol of conponent (A7) may be esterified. Anong these, fromthe
vi ewpoi nt of excellent working properties, the partial ester is preferred.
5 [0058] The conponent (A8) is the hydrocarbyl ether or partial ester of,
anong conponents (A7) , 1, 2, 3-butane triol, 1,2, 4-butane §%9%100402005G-NM
5-pentane triol, 1,3,5-pentane triol, 1,2,3-pentane triol, 1,2, 4-pentane
triol, 1,2,6-hexane triol, 1,2, 3-hexanetriol, 1,2,4-hexane triol, 10
1,2,5-hexane triol, 1,3, 4-hexane triol, 1,3,5-hexane triol, 1,3, 6-hexane
triol and 1,4,5-hexane triol. As conponent. (A8), one of these conpounds may
be used aIonﬁér%?n?gohgproﬁﬁiegﬁﬁypﬁe(&ﬁ;}i?ﬁ%éﬁﬁX?Gréhe[@ﬁﬁﬂaHQ?ﬁhe
present invention,. on 15 oxygen-cont ai ni ng conpound sel ected fromthe
above conpoﬁiﬁ?gé%ﬁﬁ 9Pﬂ§?Peé§ égibﬂﬁﬁég?i%ﬁt%£P¥h%gorﬁﬂﬂ%ﬂ'these'
oxygen- cont aiL.ni ng,_co ounds.og d'ffereﬂi structure, may be used. Anong the

af oresai d cohpSHehtS YRAIYPPARY Of r GRTEALCTYi BRESIRE BECELEE LSSt WS ki ng

ties, t (A3 20 t (A4), t (AS d t
(AS) “ore profErioh. Ut ChipOREELTAS), Component (Af) and tompononi . (AB)

ore e, prefgags. LOOGHL. The aroun of, oorgen coptalning, compound i n the
preferably 0,041, 8.3y, amsR,0f cthgohetal APRYTt, o7l brLgating o -
1,2,4~butane triol, 1,2, 5-pentane tricl, 1,3,5-pentane
triol, 1,2, 3-pentane triol, 1,2,4-pentane triol,
— 1,2, 6-hexane triol, 1,2, 3-hexane tricl, 1,2, 4-hexane triol,
10 1,2,5-hexane triol, 1,3, 4-hexane triol, 1, 3, 5-hexane triol,
1,3, 6-hexane tricl and 1,4, 5-hexane triol. As component
(A8B), one of these compocunds may be used alone, cr two or
more may be used in admixture.
[0059] Iin the present invention, one
15 oxygen-containing compound selected from the above
compenents (Al)-(A8), or a composition of two or more
oxygen-containing compounds of different structure, may be
used. Among the aforesaild components {(Al)-(A8), from the
viewpoint of excellent working properties, component {A3),
20 component (RA4), component (A5) and component (A8) are
preferred, but component (A3), component (A4) and component
(A8) are more preferred.
(0060] The amount of oxygen-containing compound in the
lubricatingoil foraluminumworkingof thepresent invention

25 is preferably 0.01 to 5 % by mass of the total amount of

lubricating oil. Specifically, the amount of

24
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24 FPO04- 0090- OOSG- NM oxygen-cont ai ni ng conpound is 0.01 % by nass or nore,
preferably 0.05 % by mass or nore, and preferably 0.1 % by mass or nore. On
t he other hand, the anpbunt of oxygen-containing conpound is 5 % bymass or

| ess, preferably 5 2.5 % by mass or |less and nore preferably 2.0 % by nass

or less. If the ambunt of oxygen-containing conpound is todF%ha???0weekEngs
properties may be poor, and if the amount is too |large, an anount-rel ated
effect may not be obtained. rti" [0061] The lubricating oil for

al um nummor ki ng of the 10 present invention may further contain an oily

agent. To enhance workin %groperties, t he oilﬁ agent is preferably at
b g

| east one typPRYSFNoFPy-4 9 sEPBBPERY rioim Gnbhg®t By T19FF ofF g ponent s

(Bl)-(B3). The ?i|X fge %g?gso includes oily agents which are usually used
in |ubricatiRgErasaty V(B ® BYBES (R PWSHoRRFeRE S AFEBROY S - E B3)PY

Car boxylic acids [0062] The ester w@ich i.s conponent (Bl) is obtained 20 by
reacting an BFEdhdtt aftPLE car byl F° adidiefrhe'alibondiie n&P P wdnoval ent

al cohol or a polyhydric alcohol. The  carhaxylic acid may be a npnobasic
aci d or a poPYBAEH AT M FHEEBPOTRE ROV BAS SATCLPGT, PECSEaAALY

Stral ght o br anbREGPERE! NE EEsos TF aDRB T AR, 2 Al CONB AR g 1- 24
car bon atonslgég.n%%h%%%lémggg ng%’oxygen—containing compound is too
small, working properties may be poor, and if the amount
is too large, an amount-related effect may not be obtained.
- [0061)] The lubricating oil for aluminumworking of the
10 present invention may further contain an oily agent. To
enhance working properties, the oily agent is preferably
at least one type of oily agent selected from among the
following components (B1)-(B3). The oily agent also
includes o0ily agents which are usually used in lubricating
15 oil.
{Bl) Esters
(B2) Monovalent alcohols
(B3) Carboxylic acids
[0062] The ester which is component (Bl) is obtained
20 by reacting an alcohol and a carboxylic acid. The alcohol
may be a monovalent alcohol or a polyhydric alcohol. The
carboxylic acid may be a monobasic acid or a polybasic acid.
[0063] The monovalent alcohol is usually a monovalent
alcohol having 1-24 carbon atoms. This alcchol may be
25 straight or branched chain. Examples of a monovalent

alcohol having 1-24 carbon atoms are methanol, ethanol,

25



25 FP04-0090- 00SG-NM strai ght or branched chain propanol, straight or
branched chai n butanol, straight or branched chain octanol, straight or
branched chai n nonanol, straight or branched chain decanol, straight or
branched chai n undecanol, straight or branched 5 chain dodecanol st rai ght
or branched chain tridecanol, straight or branched chain t&EO4etOHE00SG-NM
straight or branched chain pentadecanol strai ght or branched chain
hexadecanol , straight or branched chain heptadecanol, strai ght or branched
chai n octadecanol, straight or branched 10 chai n nonadecanol, straight or
branched chai n elcosanol straight or branched chain henelcosanol strai ght
or branched 'crai H'% ﬂchgéﬁﬁpegnﬁhé%?d?]ﬁPﬁalﬁ? brédcnsd e Rdi Rranstescosanol .

[ 0064] The pal yhydric alcohol jis usually a polyhydric 15 al cohol having a
val ency of 27 %‘%E?tﬁ%#er%%}gﬁ%or é?léﬁ%ﬁ% ShaeitA§ta val ency
of 2-10 are ethyl ene % ycol , diethy Iene coI polyethylene gl ycol (3-15
et hyl ene oxi YePEAPERFS BP&&%Qﬂﬂ?%ﬂw%%?al@?%P5§§QQﬂ?%ﬂ9%% degsh@dropyl ene
glycol (3-15 | ene oxi de units) 3- propanediol, 1, 0. pro%anedlo

1, 3- butaned|%£ %'QOBJ?%ﬁ@H?%@Cﬁ?”ﬁb?ﬁ??Cinﬁlpr%ﬁﬁﬁégﬁt6P7branc

2yl -1 Soptgpanedlol o 1 2 pen %fy%%f’bra@meﬁfé‘hg?ﬁoFygﬁ%@%pai (o5
alyoert o Soiafalk o2 LAY cﬁhﬁhe} o Haeradecansl) “ReE MY or
branched chain pentadecanol, straight or branched chain
hexadecanol, straight or branched chain heptadecanol,
- straight orbranchedchainoctadecancl, straight or branched
10 chain nonadecancl, straight or branched chain eicosanol,
straight or branched chain heneicosanol, straight or
branched chain tricosancl and straight or branched chain
tetracosanol.
[0064] The polyhydric alcohol is usually a polyhydric
15 alcohol having a valency of 2-10 but preferably 2-6.
Examples of an alcohol having a valency of 2-10 are ethylene
glycol, diethylene glycol, polyethylene glycol (3-15
ethylene oxideunits), propyleneglycol, dipropyleneglycol,
polypropylene glycol (3-15 propylene oxide units),
20 1, 3-propanediol, 1,2-propanediol, 1, 3-butanediol,
1, 4-butanediol, 2-methyl-1,2-propane diol,
2-methyl-1, 3~-propanediol, 1,2-pentane dicl, 1,3-pentane
diol, 1, 4-pentanediol, 1, 5-pentanediol, neopentyl glycol,
glycerin, polyglycerins (2-8 glycerin units, e.g.,
25 diglycerol, triglycercl, tetraglycerol),

trimethyloylalkanes {e.qg., trimethylolethane,

26



26 FP04-0090- O0OSG-NM tri net hyl ol propane, trinethyl oyl butane) and

di mers-octaners thereof, pentaerythritol and diners-tetranmers thereof,
1,2,4-butane triol, 1,3,5-pentane triol, 1,2,6-hexane triol, 1,2, 3, 4-butane
5 tetrol, sorbitol, sorbitan, sorbitol glycerin condensate, pgddid®bo-00s5c-NM
arabitol, xylitol and mannitol. [0065] Saccharides such as xyl ose, arabitol,
ri bose, rhammose, glucose, fructose, gal actose, mannose, sorbose, W

cel | obi ose, nmltose, isomaitose, trehal ose and sucrose, can 10 al so be
used. [0066] Anobng these, polyhydric alcohols having a valency of 2-6 such
as ethyl ene gtysethytbephybene, gl ycol , trpekyayhyhenatahygol (nmorerpyef erably
3-10 ethylene oxide wunits), propylene glycol, dipropylene glycol, 15

pol ypropyl engigtysebc(amees pr ef ettadtanS- 10 preptene dides1 uni t $ha

1, 3- propanedi ol , 2-methyl -1, 2-propanedi ol, 2-nethyl-1, 3-propanediol,
neopentyl glygtweérsgtycesmers di gltheerolt, trigl yzesabutdné met hyl-ayigl kanes

(e.g., trinethylolethane, trimethylol propane, 20 trimethyl oyl butane) and
di mers-tetranppsstheneahe tpenlaelythsihekandi peabaer vt br izt a-pukaed- but ane
triol, 1,3,5-pentane triol, 1,2,6-hexane triol, 1,2,3,4-butane tetrol,

sor bi bol , sotbéitabh, sothiticdl, gbybeétin, condensal e;l yddhirt ebndanhabitt=gl ,
xylitol and mannitol, and m xtures 25 thereof, are nore preferred. Further,
et hyl ene gl ycobitopr opyhiehecy) yeol i toeopedt yhnglyeal., gl ycerin,

[0065] Saccharides such as xylose, arabitol, ribose,

rhamnose, glucose, fructose, galactose, mannose, sorbose,

-~ cellobiose, maltose, isomaltose, trehalose and sucrose, can
10 also be used.
[0066] Among these, polyhydric alcohols having a

valency of 2-6 such as ethylene glycel, diethylene glycol,
polyethylene glycol (more preferably 3-10 ethylene oxide
units), propylene glycol, dipropylene glycol,
15 polypropylene glycol (more preferably 3-10 propylene oxide
units), 1, 3-propanediol, 2-methyl-1, 2-propanediol,
2-methyl-1, 3-propanediol, necpentyl glycol, glycercl,
diglycerol, triglycerol, trimethyloylalkanes (e.qg.,
trimethylolethane, frimethylol propane,
20 trimethyloylbutane) and dimers-tetramers thereof,
pentaerythritol, dipentaerythritcl, 1,2,4—buténe triol,
1,3,5-pentane triol, 1,2,6-hexane triol, 1,2,3,4-butane
tetrol, sorbitol, sorbitan, sorbitol glycerin condensate,
ribitel, arabitol, =xylitol and mannitol, and mixtures
25 thereof, are more preferred. Further, ethylene glycol,

propylene glycol, neopentyl glycol, glycerin,
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27 FP0O4-0090-00SG-NM trinethylol ethane, trinethylol propane,
pentaerythritol, sorbitan and m xtures thereof are still nore preferred.

[ 0067] The nonobasic acid which forns the ester oil nay be a straight or
branched chain fatty acid having 6-24 5 carbon atons. The nonobasic acid %M
be a saturated fatty acid, unsaturated fatty acid, or a m x&Ufe ¢RePeBPSG-

[ 0068] Exanples of a saturated fatty acid are straight or branched chain
hexanoi ¢ acid, straight or branched chain octanoic acid, straight or
branched chai n nonanoic acid, 10 straight or branched chain decanoic acid,

strai ght chain._r, branch ndecano cid, straight or branched chain
dodeLgnoic atFamétﬁﬁiaﬁtgg?HBra%%H%LﬁEﬁH? ISaa| | n&iEe é&ﬁy(ﬁ%ﬁqﬁﬁght or
branched chain %egradec noi ¢, aci d, tralght or rinched chai ent adecanoi ¢
aci d, strai ght or “Bfaft éﬁlﬁguﬁﬁir REx8dedifioftiad |d°r§tP§F§n branched
chain octad 8@950 acrdIé strai ht or bra ed ch dr ox octadecanorc
aci d, straigﬁﬁ br anchEf dHat %b%dﬂ%k %?Qi QFm%t L& Yrlanched
chai n ei cosanoi aci r ed c henei cosanoi c d, 20
strai ght or %?%ﬁ%% gh% Lﬁd%%é) 3“§£ gal§tgﬁkgﬁtaﬁrd %&&%é%%% ain
tricosanoic d stra ht or branched. .chainp tetr i d 0069
Exarrp es 1)f §n %%%a iUt At ed at1'y"a t‘alsr%ﬂ%ﬂ%ﬁ} fit® ogratdt1 afc‘?fie&ag&a’rn [ ]
hexenoi ¢ aC|gcl§tra£%h%urat 55 ggnched chai n heg n0|c Cld trai ght or
branched chaf ' ott h acr g’ YgRt18r BFafcRdd "RRSI ﬁdﬁ& di ¢ acid,

[0068] Examples of a saturated fatty acid are straight
~ or branched chain hexanoic acid, straight or branched chain
7\_, octanoic acid, straight or branched chain ncnanoic acid,

10 straight or branched chain decanoic acid, straight chain

r branched undecanoic acid, straight or branched chain

dodecanoicacid, straight orbranched chaintridecanoicacid,

straight or branched chain tetradecanoic acid, straight or
branched chain pentadecancic acid, straight or branched

15 chain hexadecanoic acid, straight or branched chain
octadecanoic acid, straight or branched chain
hydroxyoctadecanoic acid, straight or branched chain
nonadecanoic acid, straight or branched chain eicosancic
acid, straight or branched chain heneicosancic acid,

20 straight or branched chain docosancic acid, straight or
branched chain tricosanocic acid, and straight or branched
chain tetracosanoic acid.

[0069] Examples of an unsaturated fatty acid are

straight or branched chain hexenoic acid, straight or

25 branched chain heptenoic acid, straight or branched chain

octenoic acid, straight or branched chain nonenoic acid,

28



28 FP04-0090- 00SG-NM strai ght or branched chain decenoic acid, straight or
branched chai n undecenoi c acid, straight or branched chain dodecenoic acid,
straight or branched chain tridecenoic acid, straight or branched chain
tetradecenoic acid, 5 straight or branched chain pentadecengigyAChElyo-oosg-nm
straight or branched chain hexadecenoic acid, straight or branched chain

oct adecenoi ¢ acid, straight or branched chain hydroxyoctadecenoic acid,
straight or branched chain nonadecenoic acid, straight or branched chain

ei cosenoi ¢ 10 acid, straight or branched chain heneicosenoic acid, straight

or branched ghaingdeceseni ad, chial dbkcabicbranchedsehai gnirigosenoic
acid, and straight or branched chain tetracosenoic acid. Anong these,

saturated fapiyncheddhaaviinge8erEicaidnn, alans grnsatyr Al aded aity aci ds 15
havi ng B-20 carbon atons and m xtures thereof are preferred. [0070]

Exanpl es of @cpetybastCadchd {oraiggctbe BSLEFheAl bhake dhbasieraeids having
2-16 carbon atons, and trinellitic acid. The dibasic acid having 2-16

carbon atomszci@y he rstilg@itghdr ohRranehed-ghahn tand ddyes; @ sty ated 20
di basic acid or unsaturated dibasic acid, or a mxture thereof. [0071]

Exanpkes of a:saighatedodihanbg At ith peatelkhanedicoke;: aci g Propansdi oi c
acid, straight or branched chain butanedioic acid, straight or branched

chain 25 pentanedhed ehaththe slddicaitti chai @, ek rheyaned 9k snagkd chasty ai ght or
branched chai n octanedioic acid, straight or
octadecenoic acid, straight or branched chain
hydroxyoctadecenoic acid, straight or branched chain
- nonadecenoic acid, straight or branched chain eicosencic
10 acid, straight or branched chain heneicosenocic acid,
straight or branched chain docosenoic acid, straight or
branched chain tricosenoic acid, and straight or branched
chain tetracosencic acid. 2Among these, saturated farty
acids having 8-20 carbon atoms, unsaturated fatty acids
15 having 8-20 carbon atoms andmixtures thereof arepreferred.
[(0070] Examples of a polybasic acid forming the ester
0il are dibasic acids having 2-16 carbon atoms, and

trimeliiticacid. Thedibasicacidhaving?2-16carbonatoms

may be straight or branched chain, and may be a saturated

20 dibasic acid or unsaturated dibasic acid, or a mixture
thereot.
[0071] Examples of a saturated dibasic acid are

ethanedioic acid, propanedioic acid, straight cr branched
chain butanedicic acid, straight or branched chain
25 pentanedioic acid, straight chain or hexanedioic acid,

straight or branched chain octanedioic acid, straight or
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29 FP04-0090- OOSG-NM branched chai n nonanedi oi ¢ acid, straight or branched
chai n decanedi oi c acid, straight or branched chai n undecanedi oic acid,
straight or branched chain dodecanedi oic acid, straight or branched chain
tridecanedioic acid, straight 5 or branched chain tetradecanedi oi ¢ acid,
straight or branched chain heptadecanedioic acid, and straifgHt4 ot0%br anchetM
chai n hexadecanedi oi c acid. [00721 Exanples of an unsaturated dibasic acid
are r straight chain or hexenedioic acid, straight or branched 10 chain
octenedi oi ¢ acid, straight or branched chai n nonenedi oi c acid, straight or
branched chai n decenedigic acid, straight or branched chai n undecenedi oi c
acid, strai ghinOReBCRACREP MG Gi b Ecared? br 2l et @F REanghed chairpr anched
chain tridecenedioic acid, straight or branched 15 chain tetradecenedioic
aci d, strai ghtcehredt aheRed denalhdl gepiddbEerebre ekt andgransdigiight or
branched chai n, hexadecenedi oi c_acid. [00731 Exanples of the ester oil are
the fol | owi ngCLLonsSAeiedt(19y - CaPchsd eshainoidodraned i @seed dabt ai ned
20 by reaction of any al cohol and carboxylic acid as shown by the follow ng
typi cal conpohERtEt K HrenhtepshEidutardpcanediced arddet 6TreRBNESt er of
a nonghydric al cohol and a npnobasic acid (2b) Ester of a polyhydric

al cohdl ~and @ nbreh&sdEd aeryin 2GR ediGia abABhy dTiEoher and a

pol ybasic acid (4b) Ester of a polyhydric al cohol and a pol ybasic acid
branchéd chain heptadecdnedicic acid, and straight or

branched chain hexadecanedioic acid.
[0072] Examples of an unsaturated dibasic acid are
- straight chain or hexenedioic acid, straight or branched
10 chain octenedioic acid, straight or branched chain
nonenedioic acid, straight or branched chain decenedioic
acid, straight or branched chain undecenedioic acid,
straight or branched chain dodecenediocic acid, straight or
branched chain tridecenedioic acid, straight or branched
15 chain tetradecenediocic acid, straight or branched chain
heptadecenedioic acid, and straight or branched chain
hexadecenedioic acid.
[00731 Examples of the ester 0il are the following
""""" components (1b)-{7b). Theesteroilmaybeanesterobtalned
20 by reaction of any alcohol and carboxylic acid as shown by
the following typical compconents, but is not particularly
limited thereto:
(1b) Ester of a monchydric alcohol and a monobasic acid

(2b) Ester of a polyhydric alcochol and a monobasic acid

25 (3b) Ester of a monohydric alcohel and a polybasic acid

m

(4b) Ester of a pelyhydric alcohol and polybasic acid
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30 FP0O4-0090-O0SG- NM (5b) M xed ester of a m xture of a nonohydric al cohol
and pol yhydric al cohol, and a pol ybasic acid (6b) M xed ester of a

pol yhydric al cohol and a m xture of a nonobasic acid and a pol ybasic acid 5
(7b) Mxed ester of a mixture of a nmonohydric alcohol and arpelyhyEsLi60sc- M
al cohol, and a m xture of a nonobasic acid and a pol ybasic acid [0074] Vﬁen
a polyhydric alcohol is used as the aforesaid alcohol conponent, the ester
is a perfect ester 10 wherein all the hydroxyl groups in the polyhydric

al cohol are esterified. Wien a polybasic acid is used as the aforesaid

carboxylic a¢td) apiponedcert Re ashektiBY § & mdeNREt: e RIoIer (D all the
carboxyl groups in the polybasic acid are esterified, or a partial ester

wherein 15 ppstyefdthe sarbexy| grhaupsphepBLERiW Lhout being esterified.
[0075] The ester oil may be any of the above. Anmong the above, fromthe

vi ewpoi nt of (excak et aMrdd RE Rr OPEVhESic £1BdhelthedestErxiafr& Jnohydric
al cohol and nonobasic acid, is preferred. 20 [0076] The total nunber of

carbon at onBaiMohbBaEst eicidsaddas laalgbw;@gae&di_s not particularly
limted, but from the viewpoint of enhancing working properties, the total

nunbes of caxppn Mi0e® ddtdhefestRixtarpref ef akinbhyOf i MA@ ohdPIAG
preferably 9 or nore, and nost preferably 11 or nore. 25 If the total nunber

of carbon atemmliyhydie estiebhbs, toed langfrurkhef & hénabgseat&Fi @assi bility
of increasing stains or

a pelybasic acid

[10074] When a polyhydric alcohol is used as the
- aforesaid alcohol component, the ester is a perfect ester

10 wherein all the hydroxyl groups in the polyhydric alcohol
are esterified. When a polybasic acid is used as the
aforesaid carboxylic acid component, the ester may be a
perfect ester wherein all the carboxyl groups in the
polybasic acid are esterified, or a partial ester wherein

15 part of the carboxyl groups remainwithout beingesterified.
[0075] The ester oil may be any of the above. Among
the above, fromtheviewpointofexcellentworkingproperties,
{1b), the ester of a monohydric alcohel and moncbasic acid,
is preferred.

20 [0076] The total number of carbon atoms in the ester
used as an oily agent is not particulariy limited, but from
the viewpoint of enhancing working properties, the total
number of carbon atoms in the ester is preferably 7 or more,
more preferably 9 or more, and most preferably 11 or more.

25 If the total number of carbon atoms in the ester is too large,

there is a greater possibility of increasing stains or
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31 FPO4-0090- 00SG NM corrosion, so the total nunber of carbon atons is
preferably 26 or less, nore preferably 24 or |l ess and nost preferably 22 or

| ess. [0077] The nonohydric al cohol of component (B2) may 5 be one of the
conpounds enunerated as an al cohol formng the ester in thepgescihpblepseliyy
the aforesaid conmponent (Bl) . Fromthe viewpoint of excellent working
properties, thetotal nunber of carbon atons in the nonohydric al cohol is
preferably 6 or nore, but nore preferably 8 or nore and nost 10 preferably

10 or nore. If the total nunber of carbon atons is too large, there is a

greater possibikbbyolf doEREaASItRY nSthide RS OFa £O6K QAR i S@AdiR @) nurber
of carbon atons is preferably 20 or less, nore preferably 18 or | ess and

nost preferabbyord@eers,| R88e dbe[OPA8] y The oganbexyhhg racd td e seamponent (B3)
may be a nonobasic acid or a polybasic acid. This carboxylic acid”™ may be

one of the cpppeundespentioned as a carboxylic acid formng the ester in
the description of the aforesaid conponent (Bl). Anobng these, fromthe

vi ewpoi nt of [207excel | enthavakde sty @F DPEs 1df5e 1 aiPRobasditerCi s i ef erred.
Al so, fromthe viewoint of excellent working properties, the total nunber

of cabbon atpasoha ¢herltardmmpdurtdacdrthns 2 fefey abl W1 Ro M Anibly nore
preferably 8 or nore and nost preferably 10 or nore. If the total nhunber of

carbon at onstRb eis$ elr0in L AE gies cirliena drso At BEeaEAe POSBEBbbh¥n ef (HNcr easi ng
stains or corrosion, so the total nunber of carbon atons
Fromtheviewpointofexcellentworkingproperties, thetotal
number of carbon atoms in the monohydric alcohol is
- preferably 6 or more, but more preferably 8 or more and most
10 preferably 10 or more. If the total number of carbon atoms
is too large, there is a greater possibility of increasing
stains or corrosion, so the total number of carbon atoms
is preferably 20 or less, more preferably 18 or less and
most preferably 16 or less.
15 [6078] The carboxylic acid of component (B3) may be
a monobasic acid or a polybasic acid. This carboxylic acid
may be one of the compcounds mentioned as a carboxylic acid
forming the ester in the description of the aforesaid
component (B1l). Among these, from the wviewpoint of
20 excellent workingproperties, amonobasicacidispreferred.
Also, from the viewpoint of excellent working properties,
the total number of carbon atoms in the carboxylic acid is
preferably 6 or more, but more preferably 8 or more and most
preferably 10 or more. If the total number of carbon atoms

25 is too large, there is a greater possibility of increasing

stains or corrosion, so the total number of carbon atoms
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32 FP04-0090-00SG-NM is preferably 20 or less, nore preferably 18 or |ess
and nost preferably 16 or less. [0079] The oily agent used in the

| ubricating oil for alum numworking of the present invention nmay be only
one, 5 or a mxture of two or nore, selected fromanong the various oily
agents nentioned above, but fromthe viewoint of enhanci nd Rt «PHYe-005G-NM
properties, (1) an ester having a total of 7-26 carbon atons obtained from
a nonohydric acid and nonobasic acid, (2) a nonohydric al cohol having 6-20
carbon 10 atons, (3) a nonobasic acid having 6-20 carbon atons, and

m xtures thereof, are preferred. [0080] The anmpbunt of oily agent is
preferably OLDRUD WHHY s L DHdSEF of e PEGIAT AR B 6 HEwss éad ng oi |
for alum num working of the present invention. Froma viewoint 15 of
wor ki ng propBPEt d_r et ahbuht ©F b8F§-agent is preferably 0.01 % by nass
or nore, nnrg greferably 0.05 % by nmass or . nore and still nore preferably
0.07 % by masSY6?’ nore. O iRy BTRBE YRl 1N EREnBlpbtat1RE qie To4T ge,
there is a greater possibility of increasing stains or corrosion, so the
anount 20 of 2B HR &R KR D PEF R ARLFE SES el By eRadSToMaY RS OTHGF €NSpr ef er abl y
7 % by mass or less and still nore preferabl 5 % by mass or |ess. [0081]
The | %bri cat?h§ BHFEEEF o1 b rﬂfnﬁ“%?kisr?gl%‘?t%qiléroﬁk EBRP GhR/ BAELER Scan

further contajp an al kél benzene gavi n% 25 a kinematic viscosit
&n

, of
1-60mm2/ s atOHBC 2By bSi HEOHAPECH RYPEENz EWE i h’éh%fBF%ETQPélnéi f agent in

ConjunCtion’enhancing working properties, (1) an ester having a total
of 7-26 carbon atoms obtained from a monohydric acid and
monobasic acid, (2) amonohydric alcohol having 6-20 carbon

10 atoms, (3) a monobasic acid having 6-20 carbon atoms, and
mixtures thereof, are preferred.

[0080] The amount of cily agent is preferably 0.01-10%
by mass based on the total weight of lubricating oil for
aluminumworkingof thepresent invention. Fromaviewpoint

15 ofworkingproperties, the amocuntofoilyagent ispreferably
0.01 % by mass or more, nore preferably 0.05 % by mass or
more and still more preferably 0.07 % by mass or more. On
the other hand, if the amount is too large, there is a greater
possibilityof increasing stains or corrosion, so the amount

o]

20 of oily agent is preferably 10 % by mass or less, more
preferably 7 % by mass or less and still more preferably
5 % by mass or less.
[0081] The Iubricating oil for aluminumworking of the
present inventioncan further containanalkylbenzene having

25 a kinematic viscosity of 1-60mm°/s at 40°C. By using this

ailkylbenzene and the aforesaid oily agent in conjunction,
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33 FP04-0090-00sG NM the addition effect of the oily agent can be further
enhanced. [00821 If the kinematic viscosity at 40C of the al kyl benzene is
|l ess than Inm 2/s, it nmay not be possible to obtain an addition effect. On
the other hand, if the 5 kinematic viscosity exceeds 60m®2/s, the oi

remai ning on the workpiece surface after working may increas2d4FPoaP-pASS—1M
vi ewpoi nt, the kinematic viscosity at 40C of the alkylbenzene is preferably
40mmR/s or less, and nore preferably 20m®2/s. 10 [0083] The al kyl group
conbined with the benzene ring of the al kyl benzene may be strai ght or

branched chain. The .nunb of carbon atons in the alkyl group is not
particularlykﬂF@ﬁgﬁéquﬁﬁ¥%ﬁF%fE eQﬁ%%ﬁgﬁQQHi?QQﬁérgaﬁgﬁﬁdgﬂﬂﬁgis
referred. 1 41 EX I of .an al kyl group having 1-40 carbon atons
gre net hyl , gphg?, strai t%§F B?éﬁﬁﬁﬂﬁxﬁhg?ﬁcgﬁbﬁylﬁ% st gRE dhranched
chain butyl, kr 'ght or brafched chai Qpntyl, strai ght or branched chain
hexyl , straiaﬁ Yz# NAFRRchad %ﬁ%ihhﬁ%p£wm, St ridi gy ROF s octyl
roup, 20 straight or branched. chai p_nonyl, straight or branched chain
gecyP, strai ﬂtg%f'ab?a%h% thie %ﬂﬁ%‘&g%/, & rté}eggtﬂtth Nsishched i n

dodecyl . " ghallapscpenche ohain Uit dagrl . stpaight or branched chalr

chain hexadogyl 2P aiaak Nl PLcBrapehied chet 1 hept eyl st r el gt o
this viewpoint, the kinematic viscosity at 40°C of the

. alkylbenzene is preferably 40mm®/s or less, and more

;._, preferably 20mm®/s.

10 [0083] The alkyl group combined with the benzene ring
of the alkylbenzene may be straight or branched chain. The
number of carbon atoms in the alkyl group is not particularly
limited, but an alkyl group having 1-40 carbon atoms is
preferred.

15 [0084] Examples of an alkyl group having 1-40 carbon
atoms are methyl, ethyl, straight or branched chain propyl,
straight or branched chainbutyl, straight or branched chain
pentyl, straight or branched chain hexyl, straight or
branchedchainheptyl, straightorbranchedchainoctyl group,

20 straight or branched chainnonyl, straight or branched chain
decyl, straight cor branched chain undecyl, straight or
branched chaindodecyl, straight orbranchedchaintridecyl,
straight or branched chain tetradecyl, straight or branched
chain pentadecyl, straight or branched chain hexadecyl,

25 straight or branched chain heptadecyl, straight or branched

chain octadecyl, straight or branched chain nonadecyl,
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34 FP04-0090- 00SG NM straight or branched chain icosyl group, straight or
branched chai n heni cosyl, straight or branched chain docosyl, straight or
branched chain tricosyl, straight or branched chain tetracosyl, straight or
branched chain pentacosyl, 5 straight or branched chain hexacosyl, straight
or branched chain heptacosyl, straight or branched chain oéﬂ%%%%%@?O—OOSG—NM
strai ght or branched chai n nonacosyl, straight or branched chain
triacontyl, straight or branched chain hentriacontyl, straight or branched
chain dotriacontryl, straight or 10 branched chain tritriacontyl, straight
or branched chain  tetratriacontyl, straight or branched chain
pentatriacmﬁ%ﬁ?l%ﬁ?QFSH@nSPﬂﬁgﬂﬂ%ﬁﬁc%ﬁégHrﬁéPmﬁﬁ%ﬁkQHW@Fbr@@ﬁﬁ%ﬂu or
branched chain heptatriacontyl, straight or. branched chain octatriacontyl,
straight or PFaMEhEGRdRAPH 115 %%ﬁ%%gbgcéﬁinFa%ﬁBegtﬁ%ﬁ@ﬁt grcpEatehed chain
tetracontyl. £0085 The nunBer of substjtutions by alkyl groups.in the
al kyl benzene® ts2 &alaty PEARChEH Clpd bh T HECRT Bl ol tta igih t sraBrerepesdnd
availability, an al kyl benzene having one or two al kyl groups, i.e., a
mono- al kyl berzehie, P &F a5 ey 155 OF RIATSHGFe ChRdPeBELEFE St
preferred. The al kyl benzene y not only be an aJ kyl benzene having a
si ngl struc?E%%%g%%F“a?E%n%hggi?ﬁPélgﬁxéFQ§Wﬁen§Eﬁ %gﬁﬁﬁFhBraBFpﬁgrent
structures.y£0086] The nDIecuIa{ wei ght of_ the alﬁylgenzene is not 25
particul ar | y"PHH tRP EHRS ¥ Hons Tt 9 ewpbi RE2BFeAeCAaLPt PEhACEFFdet, it is

referably 1 hi gher re preferabl .
preferably gi?raolrght!, %rebl’far?glge%healpn %O%a%gSXIl, straight or branched

chaintriacontyl, straight orbranchedchainhentriacontyl,

-
- straight or branched chain dotriacontryl, straight or
10‘ branched chain tritriacontyil, straight or branched chain
tetratriacontyl, straight or branched chain

pentatriacontyl, straight or branched chain hexatriacontyl,
straight or branched chain heptatriacontyl, straight or
branched chain octatriacontyl, straight or branched chain
15 nonatriacontyl, and straight or branched chain tetracontyl.
foossl The number of substitutions by alkyl groups in
the alkylbenzene is usually 1-4, but from the viewpoint of
stability and availability, an alkylbenzene having one or
two alkyl groups, i.e., a mono-alkylibenzene,
20 di-alkylbenzene or a mixture thereof, are most preferred.
The alkylbenzene may not only be an alkylbenzene having a
single structure, but alsoamixture of alkylbenzenes having
different structures.
[0086] The molecular weight of the alkylbenzene is not
25 particularly limited, but fromthe viewpeint of the addition

effect, it is preferably 100 or higher, and more preferably
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35 FP04- 0090- O0OSG- NM 130 or higher. If the nolecular weight is too |arge,
there is a greater possibility that oils remaining on the workpiece surface
after working will increase, so the nolecular weight is preferably 340 or

| ess, and nore preferably 320 or less. 5 [0087] The method of manufacturing
the aforesaid alkyl benzene may be any desired method known F%Oﬂﬁ%O%Proﬁﬁ@
is not particularly limted, but it may for exanple be manufactured by an
al kyl ati on synt hesis using t he following starting materials. 10 [0088]
Exanpl es of an aronatic conmpound used as a starting material are benzene,
t ol uene, xyl | benz yl eth Ibenzene di et hyl benzene and

m Xt ures the?ggf ?‘ Irkyl i?etﬁbe g Betd Fo\/\'feFoon*b‘th%t 9t e such as
et hyl ene, propyl ene,, but ene 5 |sobut ne, but prefe a straight or
br anched chaﬁﬁ dﬁ%ﬁ??@rﬁgéﬁﬁg g %@téﬁyb%h ﬁfgﬁﬁlGBPgﬁﬁé%g PIIRARSGS zat i on

of ropyl ene str t or. branched. chain olefin ha carbon atons
obtaPnegyby 59F§?§&%¥§%I &kl%%g§3? Wcré?ﬁﬁTSPI vgﬁgpgﬁrﬂﬁﬂ%ﬂﬁhylene
or pol ypropyl ene 2 ht _or_ branched chal fin E Vi n 40 car bon
atons obt aij ﬁ@cpfb‘%fesragb ‘?1l|53ar5rsafff3‘ir1 ?‘?]6%%’& PFRCRY OrfES such as

theredt: (00801 The &l kT S gl 96 R rﬁh%,ﬁ?% ey oshe o

catal yst kno the art ch as Frie e f catalyst or an aC|d
catal yst. Exﬁﬁfn%}/?b gegeﬁl} e%gl aré:_\r/acfl gire tgro% ]tcnown in t¥1e art and

is not particularly limited, but it may for example be
manufacturedby an alkylation synthesis using the following
L starting materials.

10 [0088] Examples of an aromatic compound used as a
starting material are benzene, toluene, Xxylene,
ethylbenzene, methylethylbenzene, diethylbenzene and
mixtures thereof. The alkylating agent may be a lower
mono-olefin, such as ethylene, propylene, butene and

15 isobutene, but preferablyastraightorbranchedchainolefin
having 6-40 carbon atoms obtained by polymerization of
propylene; a straight or branched chain olefin having 6-40
carbon atoms cbtained by pyrolysis of wax, heavy o0il,
petroleum fraction, polyethylene or polypropylene; a

20 straight or branched chain olefin having 9-40 carbon atoms
obtained by separating n-paraffin from petroleum fractions
such as light o©il or kerosene, and olefination using a
catalyst; and mixtures therect.

[0089] The alkylationcatalystused foralkylationmay

25 be a catalyst known in the art, such as a Friedel Crafts

catalyst or an acid catalyst. Examples of a Friedel Crafts
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36 FP04-0090-00SG NM catal yst are al um num chl oride and zinc chlori de.
Exanpl es of an acid catalyst are sulfuric acid, phosphoric acid,
tungstosilicic acid, hydrofluoric acid and activated clay. [0090] To
prepare an alkylbenzene having a kinematic 5 viscosity of 1-60mR/s at 40C,
it is convenient in practice to separate for exanple a m xtER& 010 % 00SG-1NM
al kyl benzene obtained by the aforesaid nethod and a commerci al al kyl benzene
by distillation or chromatography to obtain the al kyl benzene fraction
having a kinematic viscosity of 1-60mR/s. 10 [0091] The al kyl benzene anount
can be 0.1-50 % py mass of the total anount of lubricating oil for alum num
working of "E‘W_eaJpY%fséﬁte IR RE L BF AP L BGEGIRT 15t ¢ hExagdilEson
effect, this m)unt i eferabl 0.1 %by mass _qr nore,  nore preferably
0.5 % by nasS oﬁnrﬁﬁ%s éé\ P EYFE ﬁ%r%uﬁgubFEf@Féﬁ?yp?0§P59rﬁ§s§céﬂanre On
the other hand, if the anount is too there is a greater possibility
that of | remmcgsaﬁh%agafﬂfaéaéds@fm%%a@pudee@dﬁqw@mpa@m i

i ncrease, E@é@ amount_is preferably % b %l mass or |ess, nore
preferably 4b Ymass or° Pé@@argnans%%wl%? eBe faf HY P K38°86 Wby nass
or less. [0092] The lu cating oil r.alum num worki ng of the  present

i nventi on mayt 4%‘??%@? %ofn %5 a Sstt &4 Q)ﬁ;[ EH&%CBPEFPHen aVt R§a6Lt46car bon

atons. When this lubricatin cont.ai ns str t chain olefin,
fubricity | S eFeRabaEEd ezga J%aﬁ%qﬁﬁ LR STAHAS PRGEES t han 6

carbon at Omsb htah a o%vgsfalla Q,%I rc]it ‘an al Scorr%t%ter%:lila liylge]znozre%eer to have

distillation or chromatography to obtain the alkylbenzene
fraction having a kinematic viscosity of 1-60mm“/s.

10 [00981] The alkylbenzene amount can be 0.1-50 % by mass
of the total amount of lubricating oil for aluminum working
of thepresent invention. Fromtheviewpointof theaddition
effect, this amount is preferably 0.1 % by mass or more,
more preferably 0.5 % by mass or more, and still more

15 preferably 1 % by mass or more. On the other hand, if the
amount is too high, there is a greater possibility that oil
remaining on the surface of the workpiece after working will
increase, so this amount is preferably 50 &% by mass or less,
morepreferably40%bymassorless, andstillmorepreferably

20 30 % by mass or less.

[0092] The lubricating oil for aluminum working of the
present inventionmay further containastraightchainolefin
having 6-40 carbon atoms. When this lubricating oil
contains a straight chain olefin, lubricity is even better.
25 As a straight chain olefin having less than 6 carbon atoms

has a low flash point, it is not suitable. In order to have
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37 FP04-0090-00SG NM a flash point of suitable magnitude, the nunber of
carbon atons is preferably 8 or higher, nore preferably 10 or higher, and
still nmore preferably 12 or higher. On the other hand, if the nunber of
carbon atomnms exceeds 40, the olefin becones 5 solid-like makimgaidodbfhbedlig
to use, and as m xing and dissolution in other conponents (mneral oils and
additives) becones difficult, it is unsuitable. Mreover, a straight chain
ol efin having nore than 40 carbon atonms is not conmon, and is difficult to
procure. In view of these facts, a 10 straight chain olefin having 30 or

| ess carbon atbhssh goipriebér sedtap0893% githi adst, r ahghtwtthed b Olefigbrimay have
one, two or nore double bonds in the nolecule, but an olefin having one

doubl e bond &sopséfsgrreeite rabfey Posittiigite 0f mdhe pdetfirablly bood HisyHat,
particularly limted, but fromthe viewoint of excelling in lubricity,
strai ght chaandd Efliinmbaei puge eratloliplie bendi gitet he ®Ndheiother el efin, is
preferred. [0094] The straight chain olefin may be 1l-octene, 1-decene,
1- docesene, ifttdta adebenef dahexadaoene ex28elisotd Adeeante DIn bd@@seNe, or a
m xture of two ornore thereof. Also, straight chains ol efin obtai ned by
vari obs manabacttullhg mekhmg quesdcabhi del tsted, usticharad fomiexkanplad t he
et hyl ene ol i goner obtained by pol ynerizing ethylene by the usual nethods.
The strai ght dthaphublefiiin atdye thecmpyn bt sf(rtihesa lconjpoandsddied valsone, or a
m xture of two or nore thereof.
becomes difficult, it is unsuitable. Moreover, a straight
chain clefin having more than 40 carbon atoms is not common,
~ and is difficult to procure. 1In view of these facts, a
10 straight chain olefin having 30 or less carbon atoms is
preferred.
[0083] This straight chain olefin may have one, two
or more double bonds in the molecule, but an clefin having
cne double bond is preferred. The position of the double
15 bond is not particularly limited, but from the viewpoint
of excelling in lubricity, straight chain olefin having a
double bond at the end, i.e., n-o olefin, is preferred.
(0094] The straight chain oclefin may be l-octene,
l1-decene, l1-docesene, l-tetradecene, l-hexadecene,
20 l-octadeceneor l-icosene, oramixtureof twoormore thereof.
Also, straight chains olefin obtained by wvarious
manufacturing techniques can be used, such as for example
the ethylene oligomer obtained by polymerizing ethylene by
the usual methods. The straight chain olefin may be any

25 of these compounds used alcone, or a mixture of tws or more

thereof.
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38 FP04- 0090- 00SG-NM [0095] If the lubricating oil for alum num working of
the present invention contains a straight chain olef in, anong the
oxygen- cont ai ni ng conpounds of the aforesaid conponents (Al)-(A8),

conponent (A3), conponent (A4), conponent (A5) 5 or conponent (AS) are
preferably used in conjunction, and conponent (A3) or conporetd-{AS)-apec-NM
nore preferably used in conjunction. If the oxygen-containing conpound and
straight chain olefin are used together, lubricity further inproves due to
their synergistic effect, working properties 10 are excellent, and oi

removal qualities in the oil renpval step also inprove. [0096] The anount

of straight ¢R8PR)ol efinlf $har bubraryptingurit rfom eheminewpednking @enhhanci ng
the lubricity of the lubricating oil for alum numworking of the present

i nvention, 15heRresgrbumvens inederbdlys @ Vprni grdschoin npeé i npmmepr ef er abl y
3 % by mass or nore and still nore preferably 5 % by mass or nore of the
tot al anount tBe dyEercaritg loilhg @ipdiends hérthehahdr ef adrhacingporieavipoi nt  of
obtaining an addition-anount related effect, this anount is preferably 30 %
by mass or 20ALe&s$A8 hpreopraiasiabiig)25combpnaass (Bf) | esynonest i (ASnor e
preferably 20 % by mass or | ess of the total amount of lubricating oil.

[ 0097F I n therledrreReithg A8i)l akér PARGAT AAYWBERE NN ofon e Prassemnd
invention, in order to further enhance the 25 excellent effect, a synthetic
oi | (synt het FemPabeREatihy i Cprpeyealtsdhbe aFertete ay afemydlled usEd s

synthetic oil , ) ,
in conjunction. If the oxygen-containing compcecund and

straight chain olefin are used together, lubricity further
improvesdue Lo their synergisticeffect, workingproperties
10 are excellent, and cil removal qualities in the ¢il removal
step also improve.
(0096] The amount of straight chainolefinisarbitrary,
but from the viewpoint of enhancing the lubricity of the
lubricatingoil foraluminumworkingof thepresent invention,
15 this amount is preferably 1l 2 bymass ormore, more preferably
3 % by mass or more and still more preferably 5 % by mass
or more of the total amount of lubricatingoil. On the other
hand, from the viewpoint of obtaining an addition-amount
related effect, this amount i1s preferably 30 % by mass or
20 less, more preferably 25 % by mass or less and still more
preferably 20 % by mass or less of the total amount of
lubricating oil.
[0097] In the lubricating cil for aluminum working of
the present invention, in order tc further enhance the
25 excellent effect, a synthetic oil (synthetic lubricating

0il) may also be blended as required. This synthetic oil
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39 FP04- 0090- OOSG- NM should normal Iy have a kinematic viscosity of
0.5-500m®2/s and particularly 0.5-30mR2/s at 40C. The synthetic oil may be
an olefin other than the aforesaid straight chain olefin (e.g., a branched
ol efin such as pol ybutene or 5 polypropyl ene), or the hydri derof-ohes-obefinm
may be used. It is particularly preferred that this olefinis a |ow
nol ecul ar wei ght pol ypropyl ene, a-olefin oligonmer, or a mxture thereof. If
the lubricating oil for alum num working of the present invention contains
these synthetic 10 oils, there is not much unpl easant odor during use so the
wor ki ng envi sbanedtnomprlavedavend degieasi ag igualsiittiyes fof . 5+ heoswtface of
the workpi ece after working also inprove. The anmount of this synthetic oi
is nornmal |y 20d%bytessarby 0e5s30bwt/ pref erGit y IhPoshy timss oroilless,
based on the 15 total anount of lubricating oil for alum num working of the
present invem&iyope §10098fim dthheed ubirarcathieng feire fa0rd altiws i workimg  of
the present invention, in order to further enhance its outstanding effects,
one, two or obeéiaddietigves ssucteashan 20eéitr emedpresspvéyvaddiehieve,r an
antioxidant, a rust preventive, a corrosion inhibitor and a defoam ng
agent > my belfprobgieceht aimétheasydedderell. tHiG089 fthExanpl dse afsean
extreme-pressure additive are phosphorus conpounds such as tricresyl
phosphat e an@t 25 prgénomttalli predepowddstsuchtlass doaeéfkyldist ki dphosphori c
acid zinc. Exanples of an antioxidant are phenolic
molecular weight polypropylene, o-olefin oligomer, or a
mixture thereof. If the lubricating ocil for aluminum
working of the present invention contains these synthetic
10 oils, there is not much unpleasant odor during use so the
working environment improves, and degreasing qualities of
the surface of the workpiece after working also improve.
The amount of this synthetic o0il is normally 20 % by mass
or less, but preferably 15 % by mass or less, based on the
15 total amount of lubricating oil for aluminum working of the
present invention.
[0098] In the lubricating oil for aluminum working of
the present invention, in order to further enhance its
outstanding effects, one, two or more additives such as an
20 extreme-pressure additive, an antioxidant, a rust
preventive, a corrosion inhibitor and a defoaming agent,
may be further contained as required.
[0099] Examples of an extreme-pressure additive are
phosphorus compounds such as tricresyl phosphate and

25 organometallic compounds such as dialkyldithiophesphoric

acid zinc. Examples of an anticxidant are phenolic
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40 FPO04-0090- 00SG NM conpounds such as 2,6-di-tert-butyl-p-cresol (DBPC),
aromati ¢ am nes such as phenyl - ca- napht hyl am ne and organonetallic
conpounds such as dial kyl dithiophosphoric acid zinc. Exanples of a rust
preventive are salts of fatty 5 acids such as ol eic acid, suphanatoes-such;-ag,
di nonyl napht hal ene sul fonate, partial esters of polyhydric alcohols such as
sorbitan nono-ol eate, amnes and their derivatives, and phosphate esters
and their derivatives. An exanple of a corrosion inhibitor is benzotriazole
or the 10 |like. An exanple of a defoam ng agent are silicone conpounds.
[0100] The teirdowamuntueh t he af peesattdeaddbtitye-pscraeonal [prts) % by mass
or less, but preferably 10 % by mass or |ess, based on the total weight of
| ubri cati ng enidmatarc  Hxialasm rsurahwordkd ngotodn hex-pigskethyl aMenéi oand[ 0101]
The viscosity of the lubricating oil for alum num working of the present
i nvention i ympnguartdldilacbypolihdist @deh g ditlkylpdetet oot pabri be
kinematic viscosity at 40Cis 1.0-5.0mR/s. Specifically, the kinematic 20
viscosity ofadiezinbri atdmgl«d bfat r48€ prevatef es ableysalis @mRistor hi gher,
nore preferably 1. 2mm®/s or higher, still nore preferably 1.3m®2/s or
hi ghes and rasidsprebeachbl yas 1. 4dwRks oachidghersulBSorsetds ng stlad ki aematic
viscosity of the lubricating oil to be not |ower than the aforesaid | ower
25 limt, gabichomrikiaphipr2operd sesfoaatbe pebttdialedst Opstdfepol Peydrband, t he
ki nematic viscosity of the lubricating oil at 40C

alcohols such as sorbitan mono-ocleate, amines and their

derivatives, and phosphate esters and their derivatives.

An example of a corrosion inhibitor is benzotriazole or the

10 like. An example of a defoaming agent are silicone
compounds.
[0100] The total amount of the aforesaid additive is

normalliy 15 % by mass or less, but preferably 10 % by mass
or less, based on the total weight of lubricating oil for
15 aluminum working of the present invention.
[0101] The viscosity of the lubricating oil for
aluminumwerkingof thepresent inventionisnotparticularly
limited, but it is preferred that the kinematic viscosity
at 40°C is 1.0-5.0mm°/s. Specifically, the kinematic
20 viscosity of the lubricating oil at 40°C. is preferably
1.0mm*/s or higher, more preferablyl.mez/s orhigher, still
more preferably 1.3mm’/s or higher and most preferably
1.4mm°/s or higher. By setting the kinematic viscosity of
the lubricating 0oil to be not lower than the aforesaid iower
25 limit, goodworkingproperties canbeobtained. Ontheother

hand, the kinematic viscosityof the lubricatingoil at 40°C
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41 FP04-0090-O0sG-NM is preferably 5.0m2/s or |ower, nore preferably
3.0m2/s or lower, still nore preferably 2.8m®2/s or |ower and nost
preferably 2. 7m®/s or lower. By setting the kinenmatic viscosity of the
| ubricating oil to be not higher than the 5 aforesaid upper |jim

vapori zation of the oil at room tenperature can be preventeﬁPQﬁl@@9868855FNM
renmoval qualities in the oil renoval step can be obtained. [0102] The

| ubricating oil of the present invention nay be used as an oil for working
of al um num and it is 10 particularly suitable as an oil for morking of an

| um fin, | f ft | b
21 Ui num al |59 BERC o 0L o VLB S\BF oBHF Tt RGre B T REPhg B P ohe

| um k - d f nb

wherein t he éggﬁéﬁipgﬁﬂﬁﬁﬁg%éf%?%ggﬁhﬁg?lxa?sgﬁPyéﬁ05 ﬁ?ﬁ?Sgﬁﬁ?%@aﬁ?Fnler
2 d h

e eI D U (AR A

gener al , case a precoa

Kk l. Ly I but
ﬁﬁén'QSrE?299§S§§% PVaTE R Egﬁ§§cﬁ%en§og?22§¢” RO RSt he
| ub t f b t th f d
oxygen: contal A Ra 2 SEREE . LOTAST I q?gﬂgihera % ﬁ??ﬁ?ﬁﬂégnggé%%?[ﬁ?a'

COMPrI 519 ReRELAELOREeSLAN cundet oyer, Loruelon LS alamaum (11 25

and a hydrop m forne rs-un erlayer aredfa Sj st ant
under| ayer ey, Pﬁeagiingéﬂggéf step can be obtained.

(0102] The lubricating oil of the present invention
may be used as an oil for working of aluminum, and it is
10 particularly suitable as an o0il for working of an aluminum
fin. The aluminum fin is often made of pure aluminum, but
an aluminum alloy can also be used. Moreover, the
lubricatingoil foraluminumworkingof thepresent invention
can be used for a precoat member wherein the surface of the
15 aluminum fin is given a hydrophilic film treatment, and for
a member which has not received such treatment. In general,
in the case of a preccat member, it is highly possible that
working can be performed using an oil comprising only a
mineral o©il, but when working a material which has not
20 received precoat treatment, the lubricating oil of the
present invention preferably contains the aforesaid
oxygen—-containing compound.
[0103] In this context, "film" means a filmcomprising
a corresion-resistant underlayer formed on the aluminum fin
25 and a hydrophilic film formed on this underlayer. The

corrosion-resistant underlayer may be an 1inorganic
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42 FP04- 0090- 00SG NM underl ayer or an organi c underl| ayer. Exanples of an

i norgani ¢ underl ayer are a chromate underl ayer, boehmite underl ayer,
silicate underlayer or conbinations thereof. Exanples of an organic
under | ayer which are often used are 5 vinyl resins such as poepyy+oybo-00sc-NM
chl oride-vinyl acetate, polyethylene and pol ypropyl ene, acrylic resins,
epoxy resins, urethane resins, styrene resins, phenol resins, fluorine
resins, silicon resins, diallyl phthalate resin, polycarbonate resins,

pol yam de resins, alkyde resins, 10 pol yester resins, urea nelamne resin,

pol yacet al resdaraaderfidrerai esiriganil0l@dde Theydydr ophidnsl &4 | memayn f or
exanple be the follow ng conponents (Cl)-(C5): (C) a mxture of a | ow

nol ecul ar weightganganicdeohppendard & hamiong tae eydeamd vegf Ol eand tan al kal i
silicate as its main ingredients, (C2) special water glass having a product

obt ai ned by addendayarwat el ot ehlreder gand © quolapreri reanpound Hea ddve,
af oresaid conponent (Cl) as its main conponent, 20 (C3) a silicate such as
sodi um si | i cEkemp pet asfs iaune sghhtatiendants et evh iglnsse stkeaigs@giake silica
gel or alumna sol, (C4) a hydrophilic-nodified organic polynmer obtained by
reactiong a cvosgli mksngsagenh conmprekynognyl | owl ovl dedulvanylweicgiita ter,gani ¢
conpound having a carbonyl group with a 25 hydrophilic organic polyner,
(C5) a hydropbiyethpbeygi nghdapedhypliromdichiegd rgahic resins, epoxy
resins, urethane resins, styrene resins, phenol resins,
fluorine resins, silicon resins, diallyl phthalate resin,
— polycarbonate resins, polyamide resins, alkyde resins,
10 polyester resins, ureamelamine resin, polyacetal resin and
fiber resins.
{0104} The hydrophilic film may for example be the
following components (Cl)-(C5):
(Cl) a mixture of a low melecular weight organic compound
15 having a carbonyl group and an alkali silicate as its main
ingredients,
(C2) special water glass having a product obtained by adding
a water-soluble organic polymer compound to the aforesaid
component (Cl) as its main component,
20 (C3) asilicate such as scdium silicate, potassium silicate
and water glass, silicic acid, silica gel or alumina sol,
{C4) a hydrophilic-modified organic polymer cbtained by
reacting a crosslinking agent comprising a low molecular
welght organic compound having a carbonyl group with a

25 hydrophilic organic polymer,

(C5) a hydrophilic polyvinyl alcohol-modified organic

43



43 FP04- 0090- 00SG NM pol yner obtai ned by reacting a polyvinyl a | coho |
hydrophi | ic organic polynmer with a water-sol uble organic polyner and a
crosslinking agent. [0105] The alum num fin can be worked by for exanple 5
over hang wor ki ng, draw ng, punching, curling and ironing WFEIO@E0-003CG-NM
cylindrical wall around a tube insertion hole is drawn up. [0106]

[ EXAMPLES] The present invention will now be described in further 10 detail
referring to suitable exanples, but it should be wunderstood that the

present invention is not limted to these exanples. [0107] <Exanples 1-12,

Conpar ati ve fxappeesbladnediby Bxaopl €5 abdid and, ICenpanal hyeirbpdmlies 1-4,
15 lubricating oils for alum numworking were prepared using the conponents

shown bel ow. ofenanopmt ymd r edicth conpanrantsoliubIde dddric aldingneai larfcor
al um num wor ki ng of each Exanple or Conparative Exanple, is shown in Table
1, respectivelyros¢Mneiay o4é)t20 Mneral oil 1: Aromatics content 0. 5 0
by vol une, naphthenics content 45 % by volune, paraffinics content 54.5 %
by volurme, ({0iobal boilThy yleimMmA3¥En end poiwdrR68E Y Kidrer&iaing 1evi SCOSi ty
(40C) 2.18mR/s Mneral oil 2: Aromatics content 0.3 % by vol une,
napht heni cs o26rkang entrithg, %rawivet umeingiaraf f icvurds reprinenti. r3sh i%goy
volume, initial boiling point 158C, end point 179C, kinematic
wherein a cylindrical wall around a tube insertion hole is
drawn up.
[010¢0] (EXAMPLES]
The present inventionwill nowbe described in further
10 detail referring to suitable examples, but it should be
understood that the present invention isnot limited to these
examples.
[0107] <Examples 1-12, Comparative Examples 1-4>
In Exanmples 1-12 and Comparative Examples 1-4,
15 lubricating cils for aluminum working were prepared using
the components shown below. The amount of each component
in the lubricating cil for aluminum working of each Example
or Comparative Example, is shown in Table 1, respectively.
(Mineral oil)
20 Mineraloil l: Aromatics content 0.5 % by volume, naphthenics
content 45 % by volume, paraffinics content 54.5 % by volume,
initial boiling point 231°C, end pecint 268°C, kinematic
viscosity (40°C) 2.18mm”/s
Mineral oil 2: Aromatics content 0.3 % by volume, naphthenics

25 content 65.7 $ by volume, paraffinics content 34 % by volunme,

initial boiling point 158°C, end point 1792°C, kinematic
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44 FP0O4- 0090- OOSG NM viscosity (40C) 1.85m2/s Mneral oil 3: Aromatics
content 2 % by vol une, naphthenics content 58 % by vol une, paraffinics
content 40 % by volunme, initial boiling point 244C, end point 288C,
kinematic 5 viscosity (400 2.63mmR/s Mneral oil 4: |soparepfianod@0-6eby-nm
volume, initial boiling point 161C, end point 263C, kinematic viscosity
(400 2.45mR/s Mneral oil 5. Aromatics content 14 % by vol une,
napht henics 10 content 28 % by vol unme, paraffinics content 58 % by vol une,
initial boiling point 211C, end point 258C, kinematic viscosity (40C)
2.11mR2/ s M mesabsotly G40ACONat BEamCoOst ent 0.3 % by vol une, napht henics
content 6 % by volune, paraffinics content 93.7 % by volune, 15 initial
boi | i ng poi NnMi86t&] end3pdmin288G ddmenst P byi ebshé y A Pheh idmP/ s
Mneral oil 7: Aromatics content 0. 8 % by vol une, naphthenics content 93 %
by vol une, papafénhics idoptveritung,2psrby fyalgsecontantisd sbey kigigmpoi nt 241C,
end point 277C, kinematic 20 viscosity (400 2.68m2/s (Oxygen-containing
conmpound) 1 inbMx&lreodligyypeinh déaPeat endngotihitolas®t e ,i kimamasid ati o of
1:1 2: Dilauric acid ester of polyethylene glycol (average 25 nolecul ar
wei ghtt 200) 8iskbadtput §0°et her 68fhmpod ypr opyl ene gl ycol (average
Mineral oil 4: Isoparaffin 100 % by volume, initial boiling
point 161°C, end point 263°C, kinematic viscosity (40°C)
2.45mm*/ s
Mineral oil 5: Aromatics content 14 % by volume, naphthenics
10 content 28 % by volume, paraffinics content 58 % by volume,
initial boiling point 211°C, end point 258°C, kinematic
viscosity (40°C) 2.1lmm?/s
Mineraloil 6: Aromatics content 0.3 % by volume, naphthenics
content 6 % by volume, paraffinics content 93.7 % by volume,
15 initial beoiling point 251°C, end point 288°C, kinematic
viscosity (40°C) 2.74mm’/s
Mineraloil 7: Aromatics content 0.8 £ by volume, naphthenics
content 93 % by volume, paraffinics content 6.2 % by volume,
initial boiling point 241°C, end peint 277°C, kinematic
20 viscosity (40°C) 2.68mm"/s
(Oxygen—-containing compound)

1: Mixtureof glycerindioleate andtrioleate inamass ratio

of 1:1

2: Dilauric acid ester of polyethylene glycol (average
25 molecular weight 200)

3: Mono-butyl ether of polypropylene glycol (average
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45 FP04- 0090- OOSG NM nol ecul ar wei ght 200) 4: Dilauric acid ester of
pol yet hyl ene glycol (average nolecular weight 200) 5: M xture of
tripropyl ene glycol (nolecular weight 192) 5 and tetrapropyl ene glycol
(rol ecul ar weight 250) in a nass ratio of 3:1 6: Mono-ol eylFrmiheroed-00sc-NM
tetraet hyl ene glycol (nolecular weight 194) 7: Diol eoyl ether of
tetraethyl ene glycol (nolecular weight 10 194) 8. Distearic acid ester of
pol yet hyl ene gl ycol (average nolecular weight 300) 9: Propyl ene oxide
adduct of glycerin (average nol ecul ar weight 250) 46 FP04-0090- 00SG NM
[0108] Tabl endldtwl&E wedght M OEE X Uwn NO OUX oo
4: Dilauric acid ester of polyethylene glyccl (average
molecular weight 200)
5: Mixture cof tripropylene glycol {molecular weight 192)
5 and tetrapropylene glycol {(molecular weight 250) in a mass
ratio of 3:1
6: Monc-oleyl ether of tetraethylene glycol (molecular
weight 194)
7: Dioleoyl ether of tetraethylene gilycol (molecular weight
10 194)
8: Distearic acid ester of polyethylene glycol (average
molecular weight 300)

9: Propylene oxide adduct of glycerin {average molecular

weight 250)
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[0109] The fellowing evaluation tests were performed

on each lubricating o0il in Examples 1-12 and Comparative

5 Examples 1-4.
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x0 WNthVi[lcOr NMV)Ot0Or m0) 0 al0Ttj] T mNmOODOTC
OeExcEE v OO0 O [0109] The follow ng evaluation tests were perforned
on each lubricating oil in Exanples 1-12 and Conparative 5 Exanples 1-4. 47
FP04- 0090- OOSG- NM [0110] (Lubricating quality test) The lubricating oils of
Exanpl es 1-12 and Conparative Exanples 1-4 were applied to BnO&taoRou0DSG-NM
pl ate according to JIS A 1050, and the coefficient of friction was neasured
5 by a Bowden test. The | oad was set to 200g and the sliding velocity was
set to 100mm's. The results are shown in Table 2. [0111] (Cdor test) The

| ubricating oils of Exanples 1-12 and Conparative 10 Exanples 1-4 were
heated to 40€C014Ad an or awblepattsat gstlingstpetdormed by 10 paneli sts.
Each paneli st eval uated odor by assigning points on the follow ng scal e,
and the average s€bedusricaliinsamel § sifsExasp tad dullat @ud Campevertzige: scor e

of 2.5 points or higher was denoted as A, and less than 2.5 15 points was
denot ed as BExXF@Blessit ¢ swere atoWed aasl eluminum plate according

to JIS A 1050, and the coefficient of friction was measured
5 by a Bowden test. The load was set to 200g and the sliding
velocity was set to 100mm/s. The results are shown in Table
2.
[0111] (Cdor test)
The lubricating oils of Examples 1-12 and Comparative
10 Examples 1-4 were heated to 40°C, and an organcleptics test
was performedby l0panelists. Eachpanelistevaluatedodor
by assigning points on the following scale, and the average
score for all panelists was calculated. An average score
of 2.5 points or higher was denoted as A, and less than 2.5
15 points was dencted as B. The results are shown in Table
2.
One point: There is odor.
Two points: There is a little odor.
Three points: There is no odor.
20 [0112] {Skin irritation test)
[0113] Commercial adhesive bandages carrying 0.5ml of
eachof the lubricatingoils of Examples 1-12 and Comparative
Examples 1-4wereaffixedtothe inner armsof thel0panelists,
and the state of the skin after 24 hours was observed. The
25 state of each panelist's skin was evaluated by assigning

points on the following scale, and the average score for
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2. One point: There is odor. Two points: There is a little odor. Three
points: There is no odor. 20 [0112] (Skin irritation test) [0113] Commrerci al
adhesi ve bandages carrying 0.5m of each of the lubricating oils of
Exanpl es 1-12 and Conparative Exanples 1-4 were affixed to the inner arns
of the 10 panelists, and the state of the skin after 24 hourBC&aSCBbsepgedNM
The 25 state of each panelist's skin was eval uated by assigning points on
the followi ng scale, and the average score for 48 FP04-0090- OOSG-NM al |
panel i sts was cal cul ated. An average score of 2. 5 points or higher was
denoted as A, and less than 2.5 was denoted as B. The results are shown in
Tabl e 2. OneapéipanelSkits Wass calctabedd.5 AwevporgbscdSid of 2s 5ydd ightd vy
irritated. Three points: No change in the skin. [0114] (Volatility test 1)
3g of each ofrtheghebrizatdanpieid sisof, Eranpless 1EH2n and vConpharatti ek
Exanpl es 1-4 were placed in a pre-weighed 10 |aboratory dish of dianeter
7cm and | ef 8si B-a BoC ndmrhbstate f ohown hbur BabBab8equent |y, the | aboratory
di sh was wei ghed, and the proportion of lubricating oil which had
vol atilized Opaspeanhtul 8ked. iFhérrésakted.are shown in Table 2. [0115]
(Volatility test 2) 15 A specinen of an alumnummaterial rinsed with a
5 Two points: Skin is slightly irritated.
Three points: No change 1in the skin.
[0114] (Volatility test 1)
3g of each of the lubricating oils of Examples 1-12
— and Comparative Examples 1-4 were placed in a pre-weighed
10 laboratorydishofdiameter 7cm, andleft ina 30°C thermostat
for 7Thours. Subsequently, the laboratorydishwasweighed,
and the proportion of lubricating oil which had volatilized
was calculated. The results are shown in Table 2.
[0115] (Volatility test 2)
15 A specimen of an aluminum material rinsed with a
solvent was left in a 130°C thermostat for 32 minutes, and
the weight of the specimen was determined. This was taken
as A{g). Next, this specimen was cooled to room temperature
in a dessicator, and each lubricating oil of Examples 1-12
20 and Comparative Examples 1-4 was coated on the specimen to
give 2g/cm’, The weights of the specimen before and after
coatingwere determined, andwere respectively takenasB{qg)
and C(g). This specimen was left for 3 minutes in a 130°C
thermostat, and the weight of the specimen was immediately

25 determined. This was taken as D{(qg). From the values A,

B, C, D, the volatilized amount of each lubricating oil was
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solvent was left in a 130C thernostat for 3 mnutes, and the weight of the
speci nen was determ ned. This was taken as A (g) . Next, this specinen was
cooled to roomtenperature in a dessicator, and each lubricating oil of
Exanpl es 1-12 20 and Conparative Exanples 1-4 was coated on rirhe -spes s d¢-om
gi ve 2g/cn2. The weights of the specinmen before and after coating were
determ ned, and were respectively taken as B(g) and C(g) . This specinen
was |eft for 3 mnutes in a 130C thernostat, and the wei ght of the specinen
was i mredi ately 25 determi ned. This was taken as D(g). Fromthe values A

B, C, D, theahdatdldezedcarpunt tof teradtollidwicpegngtobh . Wise rdQults

FPO4- 0090- OOSG- NM cal cul ated according to the foll owi ng equation. The
results are stwwhdwn Tabll2e W] atilized amount (% by mass) =

100x(D-A)/ (G B) 50 FP04-0090-005G NM [0116] Table 2 a VNr Ewo < Qa'
rn a mmmvVdaWid iedd (amdint a(N by Enxsam m Wo0x hD-A} K{C-Bm
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[0116]
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Industrial Applicability

the present inventicn

As described above,

[0117]
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I ndustrial Applicability [0117] As descri bed above, the present invention

51 FP04-0090-0O0SG NM provides a lubricating oil for alum num worki ng havi ng
sufficient working properties, allow ng conplete renoval ofFrdd-dome@n)@sd-NM
removal step, and which can prevent danage to a workpiece after working, as
wel | as preventing odor 5 and skin irritation. 52 CLAIMS 1. A lubricating
oil for working of aluminumfin, conprising: a mineral oil in which the
aromatics content is 5%by volunme or |ess, the naphthenics contents is

10- 85% by vopuoeidédea inbriaktbagl ioid paimtalsmib0€ eocrkighehavtibey end
point is 288C or less, the difference between the initial boiling point and
end point isul0HC ent |vesskirangtdye: ki inegvata 1 om isep Sicmp 1att 4 @6 miosra 1

of 0il in an o0il removal step, and which can prevent damage
to a workpliece after working, as well as preventing odor

5 and skin irritation.
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1.2-3.0mR/s, and at | east one oxygen-contai ning conpound selected froma
group conprising the foll ow ng conponents (Al) (Al) al kylene oxide adduct of
a polyhydric al cohol having 3-6 hydroxyl groups and a nunber average

nol ecul ar wei ght of 100 to 1000 (A2) hydrocarbyl ether or hydrocarbyl ester
of the aforesaid conmponent (Al) (A3) polyal kyl ene glycol having a nunber
average nol ecular weight of 100 to 1000 (A4) hydrocarbyl ether or
hydrocarbyl ester of the aforesaid & qsb nent (A3) (A5) dihydric al cohol
havi ng 2-20 carbon atons (A6) hydrocar et her or hydrocarbyl ester of the
aforesai d conponent (A5) (A7) trihydric alcohol having 3-20 carbon atons 53

(A8) hydrocar gth er.ar Qﬁ rgcgrQ%:lesteg qﬂlthe gtoresaidico onent
(A7). 2. A met 08 ofF MWtk P ATTRENTE | ALV i e TUBYI€APERg  oi |
according to @ ahifeal54oil in which the aromatics content is 5% by
volume or less, the naphthenics contents is 10-85% by volume, the
initial boiling point is 150°C or higher, the end point is 288°C
or less, the difference between the initial boiling point and end
point is 100°C or less, and the kinematic wviscosity at 40°C is

1.2-3.0mm*/s, and

at least one oxygen-containing compound selected from a

group comprising the following components (Al)-(A8):
{Al} alkylene oxide adduct of a polyhydric alcohol having
3-6 hydroxyl groups and a number average molecular weight of 100

to 1000

(a2) hydrocarbyl ether or hydrocarbyl ester of the

aforesaid component (Al)

(A3) polyalkylene glycel having a number average molecular

weight of 100 to 1000

(A4) hydrocarbyl ether or hydrocarbyl ester of the

aforesaid component (A3)
{a5}) dihydric alcohol having 2-20 carbon atoms

(A6) hydrocarbyl ether or hydrocarbyl ester of the

aforesald component (AS5)

(A7) trihydric alcohol having 3-20 carbon atoms
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{A8) hydrocarbyl ether or Thydrocarbyl ester of the

aforesaid component (A7).

2. A method for working of aluminum £f£in, using the lubricating

oil according to Claim 1.
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