| DESCRI PTI ON WATER- SOLUBLE METALWORKI NG O L AGENT AND USAGE THEREOF
TECHNI CAL FI ELD [0001] 5The present invention relates to a

wat er - sol ubl e netal working oil agent usable for netal working such as
cutting and grinding and a nethod of using the same. BACKGROUND ART

[ 0002] For cuttln? and grinding, mneral oils, animal and vegetable

oils or s NM's 10 are frequently blended with a conpound

havi ng sur, vi de._a wat er-sol ubl e oi

agent ﬁ%&ﬁﬁé@ﬁ% B AC EORNEL Bl Al BT S GE iy
nulsion qF 4& Representative exanples of the conpound
havi ng surface-active propertles are fatty acid am ne salts,

polyoxyalkylene(ghy ol s and nono- or di-ether conpounds thereof 15
For instance, |n order to increase the antifoam ng capabilities and

decay fesi st anceh@freBedddiRhtis®tekberod \Lvat@g&n&bl& %@al%ﬁéuﬁ%@u lagéén? bisabld for
has been suggested to blend an am ne salt of a ricinolel

pol yner ( seealWatkény suchtae cating end YrindiyPhedd ngthodarabihh Bhehhier i de has
been bl ended to enhance efficiency in cutting or grlndlng However,
since it WALKORMBNDARTthat the use of paraffin chloride may | ead
to em ssion of dioxin, which is harnful to 20human body, or the |iKke,
it has been sugB@Q?bd to blend a conmpound such as sulfiir or

O L B s B ALt Shhonl of %;@aézzéas@;@g; s,as;;gy;m%zm
T oA Rk R e 2ol o A PR S e oSt B provide o
Wien a oi ly,a0881LRSoidlia %Qﬁt?%ﬁ&j dify %aa%rﬁﬂtw&tlﬂt & %%%Beue use\é\hpo?ysﬁé‘%"‘“% oy

provi ded by bl ending an am ne sa a recinolelrc aci
m ner al oOkhulsios ddsiedifeor netal working of a difficult-to-cut materi al
such as atitaniumalloy, a load on a tool is increased because of a

shortage in | ubRéepredeytanive teliemplek @f thdricompo@siuhdving Burface@@H6€ Groperties are
lifetime 5of the tool or the |ike. Wen sul fur or phosphorous is

bl ended aBttgiasis angiad silts, Pab/emalkylclagyMEalm mnoho-rmydladwelcsmbymah‘sftbmof
the envirgonnent and human hody. [0005] Accord%bf an obj ect
of th&i nE%anﬁféﬂcq: dn OFfles tpvReeasy thapelifoawingosapabilities enst Heqay resistazagentia
capabl e of provi an _exce chinapility to difficult-to-
Tonachi ne"ART GG S A AT éirﬁff%?leﬁal@a Lol s g
chl ori ne, life

VEANS FOR é%%%ﬂéﬁﬁ%%%%&%%@ BBOLBHHPED. "y, gp@lin EuiBuaf e B

above- meng et oRIAR @B icREGPIIEREnd Br 88RERE SHBN el Csince it was pointed out
that the use of paraffin chloride may lead to emission of dioxin, which is harmful to
20 human body, or the like, it has been suggested to blend a compound such as sulfur or
phosphorus in place of paraffin chloride (see Patent Literature 2).
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15i nvention, there are provided the follow ng water-sol uble

met al wor ki ng oil agent and nethod of using the sane. (1)A

wat er - sol ubl e netal working oil agent pravi ded by bl ending the

foll owi ng conponents A, B, Cand D. (A) at |east one of a condensed
fatty acid obtained by dehydration-condensing a ricino eic 20 acid,
and a condensed g0t § lc peEnd s adlipdesedyindBatpulr iteratire dndeimishh rig peovided by
nonoval ent . carboxyli ¢ acid with an al coholic hydroxyl group of a
condensed PFEA{1g N ATTIERC H5CIadRg aRad i ROBEnaRch & mgnesalr pibi isobssdc for

i d; B ; i ded. dehyd i f .
= ronoval KETEBNIEH ef SaNEHER4Pielh bREb Y o Vi Bine ey ol e ache s
25(C) an ﬁ{&éé‘ée&gém 2 dfaéPh l}\ﬁ\@rg&{yo?lﬁ}q? LD, i 'Fe%P sfeinga[hfedgbeéirﬁfetime

conmponent A1s 1 ngss 5 0r nNore o anmount "o

and a bl egd theatdoP offihé Mre COMRANGHr By hmﬁﬁ" ofi Lot
anount of the oiOI agent t(32)It (S prr e%gr%g%le t é%q{i%dgg%saélaﬂ%finﬁ %t?nt
agent is Liednfrop, it ulaliadgerseld affedtNBd &ironment M HuimanDoRyef erabl e t hat

the netal working oil agent is used for end milling. (4) It is
pref erabl e that[Q0A&] net al working oil agent is used for netal working
of a difficult-to-machine material. (5) It is preferable that the

di fficul t-to- mebpsaieinght ein apbitd ofethsf invensinium ta picvatd um aitkoyaluble
5a nickel allo ghesi um all | oy, a niobiumalloy, a tantalum

alloy, a W&Fi}‘ﬁé@é{?ﬁw 1986Y, caRablarristrenidng #y exeellenamariisabibetsl diffcnlato-
e 1SR Bl R AR P P, s o
el o K biLofblss B8P BoIel) B TiRinld b4 Lhal the ater: sol ub e

met al wor ki ng” ol rsed at a concentration of 3 vol % or nore.

10[ 0007] MEANS FOrResORbENGSOIH PRy pEtkwor ki ng oi | agent according to
t he above aspect of the invention is excellent in friction

modi fi cati on beflo@egn a tool and a material, so that the water-soluble
met al wor ki ng oil agent can significantly prolong the lifetinme of the

t ool even when lbebrigr dppbivedhe absve-pehli@wddpbbieats| tedordinpabi d@ects of the
material s such as_ titaniumand a 15titanium alloy. DESCRI PTI ON OF
ENBODIVENTYSJIO0BY ate pamanany o allvene wakesroplubirbeetabentcing oflhgent and
i nvention @a\é\a%er.-s | ubl e met al wor ki ng oil agent (hereinafter

al so ref ePFUQIPEUSRE ¥ MEgent ) i's provided by bl ending 20t he

foll ow d D | h o th il [
a”st ook St on Pheseoletle e gRorkiag, S NerE UIER v, Mieling i Biowiine

| east one.pfrAes@PdenNseshd @ity acid obtained by
dehydrati on-condensing a ricinoleic acid, and a condensed fatty acid

obt ai nedoﬂo A ehysit sfaNcHaBten Fitftachi BRARNYADLE Heh FRARMYdrdEn A% Qg\ﬁf'nbi”éic

an al coholic hydroxyl group of a condensed fatty acid obtal ned
25deh3fdr adcidynameio ndenslengdafarty cadid| ebitainealC by ddhBiiradibn-@6h&nsiae NP akdbvalent
provided by a dehydration condensate of a nonoval ent or nultival ent
al cohol attdbaxyhenedawishtangdgdbolty hiydroagl gropL)of ancandensed datpatid dbfaded by
wat er

dehydration-condensing a ricinoleic acid;

(B) an ester compound provided by a dehydration condensate of a monovalent or

multivalent alcohol and a monovalent carboxylic acid;

25  (C) an amine compound; and
(D) water. A blend ratio of the component A is 10 mass% or more of a total amount of the
oil agent and a blend ratio of the component B is 5 mass% or more of the total amount of

the oil agent.

(2) It is preferable that the metalworking oil agent is used for cutting and grinding.



4 [0009] First of all, the conponent A will be described. The
conponent A is obtained by dehydration pol ycondensati on of a
ricinoleic acid (12-hydroxyoctadeca-9-efonic acid). For instance,
when the ricinoleic acid is heated to approxi mately 200 degrees C

under an inert at.nmosphere, the dehydration pol ycondensation is
started t provﬁd%pﬁﬁﬁ@ﬁ9@Bﬁgﬁﬁgga%WﬁkmﬁOH@E@ﬁISH%ﬁfhfﬁﬁhyébWEensed

enbodi nent) | ootoh PHRErelmReh it TR N 87 58 ChrbendB i byt of
obt ai ned QﬁﬁggPMgﬁgF@gQﬁ%%ﬁagondensation of a nonoval ent carboxylic

acid with an alco _ roxyl group of a polycondensed fatty acid
obt ai ned bg) I@%@é@h&?&%!é’cﬂaﬁﬁé YEpAdeRsakinh: M Be?ita{]i's%'nggk ﬁf&éiuﬂﬁ'aqita grl]l y,

pol ycondensed tty acid is obtainable by er addi ng a’nonova

car boxy! i @ natietallay, b eageledivieralby, ArmipBuMCARYE R Sk Bulallb o MbFbBOSH Slloy
aci d descri bed above for dehydration pol ycondensation. 15The ’
monoval ent twrgsteoxallby,c swhldsused ahda highehamzanesatdebn, whi ch may be
saturated or unsaturated, is preferably a carboxylic acid having 4 or
nore car bth at ofismpidied ¢ eisinache avatsarsblsle inetaliedriiinganil agenthiecladimk|diluting
nunber of _carbon ato is unreacted to remain, the carboxylic acid is
li kel y t othEnypieEso HWEEWFT@PY%{BF@ Qrepentowith Jlater feusg 1sp dhatothe oatensoluble
Exanpl es of  the saturated. carboxylic aci.d are caproic acid, enanthic
acid, capf faithgoré(él?gd?‘{ GeenbE us cfﬁ%%??é’ﬁ%fﬁ@i“&“&%?éffj%éf 2°goni ¢ aci d,

i sonop@noi ¢ acigmoﬁfpric aci d, neodecanoic acid, lauric acid,

myristic acid, palmtic acid, stearic acid, arachidic acid, behenic
acid and |'ignocerd GaisBiubXAERIws kR dihSadhd SRt gefg tﬁé‘fas’&)éygsggctaoq{tge
are undecylenic acid, oleic acid, elaidic acid, erlicic acid, néervonic
acid, |inoivestiacistexcyiidnt molfitdlon d6didcattnasdive@nt GoslGnd a AralekiAls§RhG the
acid, stearidonic acid, eicosapentaenoic acid and docosahexaenoic

aci d. 25[ @atetjoluble metaNeorkingt dib aganpen esignifBcantly | proleng ke lifheee of bie tool
conponent B is a dehydrati on-condensate of a nonoval ent or

mul ti val efienavhesrhsinganpliad Hpsrocaled dtffieult-tompthise awkatiald uchehtrmnivor sl a
the c onent B is an ester conpound. The nonoval ent or nultival ent

al coht) i LAY YMPticularly linited but a variety of alcohols my be

usabl e. t al cohol are: aliphatic
nDnoaIcoE%Egegggaﬂggkﬁ§?¥§¥ﬂgﬁ@%ﬂgﬁg et hyl al cohol, npropyl al coho

or isopropyl a”g@bﬂl, a variety of butyl alcohols, a variety of

pentyl al cohols, a‘variety of hexyl alcohols, a variety of octyl

al cohol's, a vari@loydiag Weay| e:@hpeho! smbstdmanty i @L Yillgfznt%deﬁcxw\lfate -soluble
al cohol s; alicyclic nonoal cohols such as cycl opentyl al coho and

Scycl ohexyttabvardhng] il ayedt @erimiice alabd kifbatd © Al"odhga")SHehvaRIIS MM ding
al cohol and phenet hyl al cohol [0012] Exanpl es of the dival ent
al cohd ahe foliwipaabmpordntoAoBs CsaudD.ds cthdnywarde the 9it egent fir opytlengution
gl ycol, butylene glycol, neopentyl ene glycol and tetranethyl ene

gl ycol ; dR@ndabtodts dilussd with ekl ¥sesuch as cycl ohexanedi ol ~ and

o it SATHIRS Sl AR 368 kel By B ol
trimethyl t , ' | b : 1, 3.5 t i.ol; d
alr: (r:ricl %/ca%gﬁ?c% o?sciﬂééﬂggg% ﬁgc%)‘:g‘ﬁéb%gﬁ}@{]d?.% g’%l?fgﬁﬁgn'%gg ensing ' Tonovalent

cycl ohexangidxyTeLBaNAh a@%ﬂé@bﬁé hgaro%?leortoﬁ ro?\éaéogl?%qsgfﬁc gﬁr'{liygyc% o%la?n%gooly

are aliphatic”al cohols suc s pentaerythritol,

tri glascerdefydaibRicb@lensing a Haetholdentiaer yt hritol As the
nonoval ent carboxylic acid for formng the conponent B, the

nmonoval er(B) car lestey |dompaahd frovidéd g Boddhpéradonn@nesisa® bs aUsRABb®Hent or
[ 0013] ) Next, the conponent C wl| be described. The
conponentm@tivaleatraleghiohandomooaypdem darbdrgicaariche conpound may be a

primary, secondary or tertiary am ne or an al cohol am ne.
(C) an amin€ compound

(D) water



st earyl di propanol am ne, | auryl di et hanol am ne, oct yl di propanol am ne, 10

but yl di et hanol am ne, met hyl di et hanol am ne, cycl ohexyl di et hanol am ne,

benzyl di et hanol am ne, phenyl di et hanol am ne, tol yl di propanol am ne,

xyl yl di et hanol am ne, triethanol am ne, tripropanol am ne and

triisopropanolaﬁhg@ These am ne conpounds can be conbi ned

wi th the conponen L (carboxylic acid) to provide an amne salt to

contribute to ap g AV aERind . | upl Lityand 15l ubrjcity..

[ 0015] The conponent %BIOB 8%%{1]%}%%’61% &ﬁlgeé‘i Theacg%‘mon?%t %ﬁ 8%?‘“?‘?‘133’

vater is deliyd@idi palyesddyndatioh tegd; frieintaieg@-&w'lt%\ﬂ%x? -Fnonic aci
pally Al Ié aggnt éct%&'&g.@&%?nbcyamd).

distilled water and may be tap water. The ol rovide

bl endi ng Fheimtave Wieurthe copoRiSd A hatda to BperokinRbRIbOr @l @s @ y A8 an
component A is 10 nmass% or nore of the total anount oOf the oiF agent,
pr ef er abl ynepOatmasE i thavdehydotion pelytcotdensaimnun stactd tdproRide aaigﬂ?éondensed
nor e prefg%ably 30 mass% or nmore of the total amount of the oi

agent . WhERDtatl. sueha policpedensed faity eeidioneable s the chbmpendnh anactBrdims e
the oil agent ,is unlikely to be sufficiently effective in friction
modi i cat FOPRIHY SS19P8RYHRt i on of the lifetime of a tool, though
dependi ng on a ﬁ@gbiution ratio (described later). [0016] The
bl end ratio of e ctonponent Bis 5 nmass% or nore of the total anount

of the oil ageny I 9 t he t.otal ,anount  of
the oil agent, nor g&gégeg{r)gﬁpym%@%%@%@r%]E%fa"%h%btf”(‘}?%l%y%HW@“OD
of they oi boraigedtion \Wren ntdievikanehb@Liie Rid witht fie NS
than 5 mass% the oil agen? i's uﬁli%gly to bé su?ﬁ?@@§2??§05¥%§%%P¢§?a
in frictipolycodefised dhitpacidrbiginal Bndaliydeationf pdif@ntédetiddBr 9fichdiQO aci
t hough depending on a dilution ratio (descri%eﬂﬁﬁater). [00{§] 5ForaCld
pr epar i ngSudiea pollycangented (fattpedid Sobbthinable, bywlttker dddomgnomensvdRnticarboxylic
added to tﬁﬁ conponents A, B and C. The ratio of the water for

pr epar i ng?@hdosthscRehygraionopolyeonsieasata a1f| fhei ricinolewngeidoflescribed above for
appr oxi maéegll ﬁ&? rraslsr%t 75 mass% When the ratio of the water is

| ess t han"BYHEEE8POVRCHIYGRents A to C are difficult to be

di ved, whi j . fi f th t ock lution. W
the Tt o of t neilPRaGRt ERnBhORAR LB 6 LHLS RS o rtbmay dasehocmed
t ranspor toanmutaef it *yasef%gx%gi %%waﬁg%%'ﬁ FGERRLY gﬁbgggcggg hegause

reduci ng handl eabi I'i t st otk so

di | uted whdh 2@drbbxilit défPhavind iRl @ik AP RECRLEALIAY QfuntdiCed to remain
resulting fluid is 3 vol%or nore. A nore preferable concentration
after thehdichibbkgiv acld is Kkély vokffitam nimoenforkatiie shbiebr Rhatanakiie dofbabn.
concentration is 10 vol % When the concentration after the water

di | uti on Bgmpdescofitharpt@ated|cpboriéc 4didnct daprainbdi& engnthiz doid, caprylic acid, 2-
suffi%ientl effective in friction nodification and prol ongation of
the 14°f etSURENGRNYC 35t . pelargonic acid, slserAngneie 3+id, eehptin aacid, hieodrempicaaaid,
enbodi ne re all the blended conponents to

does ,not .necessarily.requi € | ,
be uni forr};rlﬁri/c fds BYYEE iaﬁ’%t ﬂ%l"ﬁlﬁiagllé( WHEER 3ty apchidie agidobghenic acid and
20sol ut i e, dil , e conponent s. may be djssol ved in
2O ar sper SBErRtact, MeRfles M kR GTRRORE uEia T s Cerblie 2etd oleie
conponentaciB¥lakitc il thed : b t. as.i s.an .qbj.ect.
of the invention is’é??gfﬁggﬁg?&%g%gﬁﬁg¥ggggsﬂéy?EgFﬁ@%f@’?r @g f acig,
met al deasliidlatiokcid aftedaniciatRiapichgpatestoic fiPa%t &b siHEe.ans A

anti oxi dant nay be added Exanpl es of the lubricity I nprover
are Bbneral oi[Q0ldynthetic oil, vegetable oil, organic acid and
surfactant. Exanpl es of the mneral oil are: a distillate oi

obt ai ned by di Stk Ithagomperenaf will thasdesoihede The lcomponent B is a dehydration-
internedia%f-base crude ojl or a naggthene-base crude oil at an
or di nar y “O#Is3sUe &fi 2 dneyrovalest oy mpKiyaient alcahdl aing apnessvalest dirboxylicatcidrin

resi due o{l undgr % dininishgg. ressure; and a refined oil obtai ned
other words, the component B i§ an ester ¢ompound. The monovalent or multivalent

alcohol is not particularly limited but a variety of alcohols may be usable. Examples of the



5Exanpl es of the synthetic oil are: |ow nol ecul ar-wei ght pol ybut ene;

| ow- nol ecul ar -wei ght pol ypropyl ene; al kyl aromati c conpounds such as

al kyl benzene and al kyl napht hal ene; silicone oil; and fluorine oil

(e.g. fluorocarbon and perfl uoropol yet her). Exanpl es of the
veget abl e 0] | oL 4. |.i il. .cangl a oi enne ojl,,

sunf | over "LgyRbs AEHERBChphaPe'siShoRlobnoiS 30 & Grovt SEHREFhgyatcohol. n-
castor oi i Ol ] . I t.h iC
acid are ?g%?slaihdglﬂ gfg?)g,l% é?pg} %%?%Qa%ivg?ﬁy s%fﬁgﬁgﬁoa?‘gohg%i § , Sgg%%)? ?Oc pentyl
aci d, | auklceh@le] Ovarktyeaf iekyPdlisholh ShiGetd oF HetyPABARIE a8fatifhy of decyl alcohols
p-tert-butyl benzoic acid, adipic acid, suberic acid, sebacCic a0|3,

azel ai ¢ aendlaandetg addodng! dicaloils . alibxdiRph@malbhbheususd aetapehiyRERoBY] and
anionic surfactant, a cationic surfactant, a 15 nonionic surfactant
and an’ anpyeliaxiyt alsolrdl aztdaaromatix alighatis abbholssuanaobénzyksicdiad tiad phateehyl
an al kyl benzene sul fonate and an al pha ol efin sul fonate. Exanpl es of
the catioAi®hurfactant are quat ernary ammoni um salts such as al kyl
trimethyl ammn't();mal t, dial kyl dinmethyl anmmonium salt and al kyl

di met hyl benzyl nium salt. Exanples of the nonionic surfactant

20 al kyl - pheny! 50REPY oL BEAHAEERSLE &, it eBRboR R EN Ehidlne Efcol

pol yoxyet it f i e fatty
DO oKy € Sl SN 8RRl B hopS D HOLNPHNELINARDS LBLLY g
t he amphotdyiclic albohalgtsath aé SyAbkkhReNid ane c(y@lo!ﬁ@izﬁ‘i'eﬂﬁléﬂa%bﬁ’ﬁxan{ﬁ@égzéﬂthe
Exanpl es of the netal deactivator are benzotriazole, I mdazoline,

pyrim di neivakaer ialcaholveseandipghbtiadbirzidle. such as Exa#mi, esrifkthyRpropane,
antioxi dant are: am ne antioxidants such as al kyl ated di phenyl am ne,
phenyl - a- apgihryledminpcrimethyddlkytant el hBSAyentaaemaybendydliapdliveslcqhiobrmkh as
antioxi dants such as 2,6-di-tert-butyl phenol,

4, 4" - et hg,ytiq{g:gftgqn?glf;algg -yeloheraeyimieangl. ) Examples of the tetravalent or higher
i sooctyl-3-(,.3,,5-di-~ter.t-bu - 4- hydr oxyphenyl ) pr opi onat.e. and .

n- oct adecéi&?—l & %I-IIHV‘EI? éfctc’bx}%§”%¥§P9%¥MP@V‘$5§’EW‘?= gralyceimsarbitol and
sul f urant j0xi chasdi l auryl-3, 3' - thiodi propionate; phosphorus
ant i oifdaﬂ@éﬁtgﬁﬁ&%@ phosphi te; and nol ybdenum anti oxi dants.

Exanpl es of theasbagtfbddvaflft 8ol k%P RRESH | d

5benzoi m dazol e preservative B aExaPrpﬁ)és tE\réan %ﬁ@%&%ﬁg%ﬁ%iﬁ t
are net hyt#bdsiytioneiddbt forinkigohe sbhp&@NEAQE isadd pol yacryl ate. [0022]

As descri bed above, the water-sol uble nmetal working oil agent

according to th@013J0 exenpl ary enbodi nent can be diluted with water

as necessary so that its concentration is adjusted suitably for the
usage, and thusNedn tive cpaweretl ¢ wpblbecddstebdidn Tiar icompomet af wer ki mgine
fields such as au&%in , grinding, punchi ng, polishing, squeezing,
drawi 11y affi"RuEEt A2 CRARBINASBINBF @ RAEDHYWSHRNAYY Gir| terigBnamine or an
accordi ng. L9 4 Q%_i]}exerrpl ary enbodi nent, which is excellent in

lubricity, 1S Sui “abl e for metal wor Ki ng of so-called 15

difficult-to-rmJ%tjd' j al: i fica ter-soluble .

met al working oil a e?’lS{TB f gﬁé_sﬁlhﬁl 59? g%?%% E%Hﬁﬁbﬁfog%}% ) rr-lonopmpanolamme,
di fficul t mbRoiE®RRBpHISIaABALT | AbSinUEBu@SRolt | b%iﬂ@%ﬂeﬂ*@%ﬂaﬁgf alphBYamfe
ni ckel alloy, a magnesiumalloy, a niobiumalloy, a ntal um al' "oy, &

nol ybdenugenatiamine, ahéxyhgihen catlobdkylainifé,aidalyefdins! e@hryBMng stearylamine,

hi gh- manganese steel. In particular, the water-sol ubl e netal worKing
oi | a¥fentolpdaminecmdbeyzyisainee for end nmilling of difficult-to-
20machi ne materi al s. In the exenplary enbodi nent, a conpound

cont ai ni ng chl dpiaawless ff the oseqondaphomise nay bhicthvlamives, I sopdesilamine,
Hovvever,e%g ansi deration of, environnmental burden and adverse .
i nf | uence¥PYH HURAN tylgrigey s ediBxyianeiBgm o theh cktiskglipniteg s disktysamine,

el ement Scnpaﬁll‘y anqglse,l glaséelaxflapn%nre,egi%?e?/ijami@éf C(ﬁégzglgrr}ir?e,tcl?gchggo annrljilnéa,r f)/iperazine,



The water-sol ubl e metal working oil agent (the stock solution) was
prepared in 5accordance with blend presgriptions shown in Tables |
and 2 Details of each of the conponents are as follows. [0024] Table

1 111

txdl lozl I | 191 1 JGF - 1' IC Izz 1 sz. 88 9*X3l Z

1 oF 1 (ﬁiikolﬁo;ganlolamine, stearylethanolamine,  decylethanolamine, hexylpropanolamine,

10

15

20

25

benzilethanolamine, phenylethanolamine and tolylpropanolamine.

[0014]

Examples of the tertiary amine are tributylamine, tripentylamine, trihexylamine,
tricyclohexylamine,  trioctylamine, trilaurylamine, tristearylamine, trioleylamine,
tribenzylamine, methyldicyclohexylamine, dioleylethanolamine, dilaurylpropanolamine,

dioctylethanolamine, dibutylethanolamine, diethylethanolamine, dimethylethanolamine,

dihexylpropanolamine, dibutylpropanolamine, oleyldiethanolamine,
stearyldipropanolamine, lauryldiethanolamine, octyldipropanolamine,
butyldiethanolamine, methyldiethanolamine, cyclohexyldiethanolamine,

benzyldiethanolamine, phenyldiethanolamine, tolyldipropanolamine, xylyldiethanolamine,
triethanolamine, tripropanolamine and triisopropanolamine.

These amine compounds can be combined with the component A {carboxylic
acid) to provide an amine salt to contribute to an improvement in water solubility and
lubricity.

[0015]

The component D for forming the oil agent is water. The water is not particularly
limited to high-purity water such as distilled water and may be tap water.

The oil agent is provided by blending the above four components A to D. The
blend ratio of the component A is 10 mass% or more of the total amount of the oil agent,
preferably 20 mass% or more of the total amount of the oil agent, more preferably 30
mass% or more of the total amount of the oil agent. When the blend ratio of the
component A is less than 10 mass%, the oil agent is unlikely to be sufficiently effective in
friction modification and prolongation of the lifetime of a tool, though depending on a
dilution ratio (described [ater).

[0016]

The blend ratio of the component B is 5 mass% or more of the total amount of the
oil agent, preferably 10 mass% or more of the total amount of the oil agent, more

preferably 15 mass% or more of the total amount of the oil agent. When the blend ratio of
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the component B is less than 5 mass%, the oil agent is unlikely to be sufficiently effective
in friction modification and prolongation of the lifetime of a tool, though depending on a
dilution ratio (described later).

[0017]

For preparing the oil agent (stock solution), water (component D) is added to the
components A, B and C. The ratio of the water for preparing the stock solution is
preferably in a range of approximately 5 mass% to 75 mass%. When the ratio of the water
is less than 5 mass%, the components A to C are difficult to be dissolved, which
complicates preparation of the stock solution. When the ratio of the water exceeds 75
mass”e, the storage amount and the transport amount of the stock solution become
excessive, thereby reducing handleability.

[0018]

The stock solution is further diluted with water in use. A preferable concentration
of the resulting fluid is 3 vol% or more. A more preferable concentration after the dilution
i1s 5 vol% or more. A further preferable total concentration is 10 vol%. When the
concentration after the water dilution is less than 3 vol%, the fluid is unlikely to be
sufficiently effective in friction modification and prolongation of the lifetime of a tool.

It should be noted that the exemplary embodiment does not necessarily require all
the blended components to be uniformly dissolved in the fluid (which may be the stock
solution or be diluted). Thus, these components may be dissolved in a dispersed state such
as emulsion.

100197

Any other component may be further added to the oil agent as long as an object of
the invention is attainable. For instance, a lubricity improver, a metal deactivator, an
antifoaming agent, a bactericide and an antioxidant may be added.

Examples of the lubricity improver are mineral oil, synthetic oil vegetable oil,
organic acid and surfactant.

Examples of the mineral oil are: a distillate oil obtained by distilling a paraffin-

base crude oil, an intermediate-base crude oil or a naphthene-base crude oil at an ordinary
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pressure or distilling an ordinary-pressure-distillation residue oil under a diminished
pressure; and a refined oil obtained by refining the distilled oil in accordance with an
ordinary method, which specifically includes a solvent refined oil, a hydrogenated refined
oil, a dewaxing treated oil and a white clay treated oil.

Examples of the synthetic oil are: low-molecular-weight polybutene; low-
molecular-weight polypropylene; alkylaromatic compounds such as alkylbenzene and
alkylnaphthalene; silicone oil; and fluorine oil (e.g. fluorocarbon and perfluoropolyether).

Examples of the vegetable oil are cotton oil, olive oil, canola oil, benne oil,
sunflower seed oil, coconut oil, palm oil, tall oil, soybean oil, castor oil and linseed oil.

[0020]

Examples of the organic acid are caprylic acid, pelargonic acid, isononanoic acid,
capric acid, lauric acid, stearic acid, oleic acid, benzoic acid, p-tert-butylbenzoic acid,
adipic acid, suberic acid, sebacic acid, azelaic acid and dodecane diacid.

Examples of the surfactant are an anionic surfactant, a cationic surfactant, a
nonionic surfactant and an amphoteric surfactant. Examples of the anionic surfactant are
an alkylbenzene sulfonate and an alpha olefin sulfonate. Examples of the cationic
surfactant are quaternary ammonium salts such as alkyl trimethyl ammonium salt, dialkyl
dimethyl ammonium salt and alkyl dimethyl benzyl ammonium salt. Examples of the
nonionic surfactant are: ethers such as polyoxyethylene alkyl ether and polyoxyethylene
alkyl phenyl ether; esters such as sorbitan fatty acid ester, polyoxyethylene sorbitan fatty
acid ester and polyoxyethylene fatty acid ester; and amides such as fatty acid
alkanolamide. An example of the amphoteric surfactant is alkylbetaine (a betaine system).

[0021]

Examples of the metal deactivator are benzotriazole, imidazoline, pyrimidine
derivatives and thiadiazole.

Examples of the antioxidant are: amine antioxidants such as alkylated
diphenylamine, phenyl-o-naphthylamine and alkylated phenyl-o-naphthylamine; phenol
antioxidants such as 2,6-di-tert-butylphenol, 4,4'-methylenebis(2,6-di-tert-butylphenol),

isooctyl-3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionate and n-octadecyl-3-(3,5-di-tert-
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butyl-4-hydroxyphenyl)propionate;  sulfur  antioxidants such  as dilauryl-3,3'-
thiodipropionate; phosphorus antioxidants such as phosphite; and molybdenum
antioxidants.

Examples of the bactericide are a triazine preservative and an alkyl
benzoimidazole preservative.

Examples of the antifoaming agent are methylsilicone oil, fluorosilicone oil and
polyacrylate.

[0022]

As described above, the water-soluble metalworking oil agent according to the
exemplary embodiment can be diluted with water as necessary so that its concentration is
adjusted suitably for the usage, and thus can be favorably applicable in various
metalworking fields such as cutting, grinding, punching, polishing, squeezing, drawing
and flatting. The water-soluble metalworking oil agent according to the exemplary
embodiment, which is excellent in lubricity, is suitable for metalworking of so-called
difficult-to-machine materials. Specifically, the water-soluble metalworking oil agent is
suitable for metalworking of difficult-to-machine materials such as titanium, a titanium
alloy, a nickel alloy, a magnesium alloy, a niobium alloy, a tantalum alloy, a molybdenum
alloy, a tungsten alloy, a stainless steel and a high-manganese steel. In particular, the
water-soluble metalworking oil agent is favorably usable for end milling of difficult-to-
machine materials.

In the exemplary embodiment, a compound containing chlorine, sulfur or
phosphorus may be further blended. However, in consideration of environmental burden
and adverse influences on human body, the use of a compound containing such an element
should basically be reduced. According to the exemplary embodiment, it is possible to
provide an excellent machinability to difficult-to-machine materials without blending a
compound containing chlorine, sulfur or phosphorus.

Examples

[0023]
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The water-soluble metalworking oil agent (the stock solution) was prepared in
5 accordance with blend prescriptions shown in Tables 1 and 2. Details of each of the

components are as follows.
[0024]
Table 1
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[0026]
1) Under a nitrogen atmosphere, a ricinoleic acid was subjected to dehydration

condensation while being heated at 200 degrees C. After being added with a lauric acid,
the ricinoleic acid was further subjected to dehydration condensation while being heated,
thereby obtaining a dehydration-polycondensed fatty acid 1 (acid value: 85 mgKOH/g,
hydroxyl value: 9 mgKOH/g, saponification value: 200 mgKOH/g).

2) Under a nitrogen atmosphere, a ricinoleic acid was subjected to dehydration
condensation while being heated at 200 degrees C, thereby obtaining a dehydration-
polycondensed fatty acid 2 (acid value: 52 mgKOH/g, hydroxyl value: 20 mgKOH/g,
saponification value: 196 mgKOH/g).

3) a naphthene mineral oil (kinematic viscosity at 40 degrees C: 26 mm?*/s)

[0027]

The stock solution prepared based on each blend prescription was diluted with
water and the following properties thereof were evaluated. Evaluation results are shown in
Tables 1 and 2.

Friction Modification

A friction portion was slid under the following conditions using a reciprocating
friction testing machine for a friction test and a friction coefficient was measured after a
final sliding motion,

Testing sphere: diameter...3/16 inches, material. .. superhard

Testing plate: material...a titanium alloy (Ti-6Al-4V)

Load: 1.96 N (200 gf)

Sliding speed: 20 mm/s

Shiding distance: 40 mm

The number of sliding motions: 10 times

Testing temperature: 25 degrees C

Diluted concentration: 10 vol% (water dilution)

(The stock solution of Examiale I was measured also for diluted concentrations of 5 vol%

and 2.5 vol%.)
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Machinability (End Milling)

End milling was conducted under the following conditions using a vertical
machining center. It was understood that a tool lifetime ran out when the flank wear of a
tool exceeded 0.2 mm or tool breakage occurred. A machining time before the tool
lifetime ran out was compared among Examples and Comparatives.

Used equipment: Vertical Machining Center NV500001/A40 manufactured by
Mori Setki Co., Ltd.

Machined material: Ti-6AL-4V, & 150 x 30 mm, disk-like shape

Insert: XOMX090308TR-ME06, F40M (S30-type) manufactured by SECO
TOOLS

Cutter: Helical Micro Turbo R217.69-2020.3-016-09.2 manufactured by SECO
TOOLS

Holder: HSK63A Milling Chuck CT20A manufactured by NT TOOL
CORPORATION

Cutting speed: 55 m/min

Cutting dimension: ap (a tool-axial direction) = 2 mm, ae (a tool-radial direction)
=16 mm

Feeding: 0.1 mm/tooth

Oil-supply method: external oil supply, 3.7 L/min

Diluted concentration: 10 vol% (water dilution)

[0029]

Evaluation Results

As shown in Table 1, it has been understood that since the water-soluble
metalworking oil agent according to the invention is prepared by blending only the
predetermined three components in the predetermined amounts, the water-soluble
metalworking oil agent exhibits a small friction coefficient, and can thus prolong the tool

lifetime even when used for metalworking of difficult-to-machine materials. The stock
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17 CLAIMS) 1. & Glepd FatiGon BF gommapiy Ricngadit ohgert ohthevpigbameyat of the
bl endisng {ipgodypl | oW ng conponents A, B, C and D:

2, The water-soluble metalworking oil agent according to claim 1, wherein the
metalworking oil agent is used for cutting and grinding.

3. The water-soluble metalworking oil agent according to claim 2, wherein the
metalworking oil agent is used for end milling.

20 4. The water-soluble metalworking oil agent according to any one of claims 1 to 3,
wherein the metalworking oil agent is used for metalworking of a difficult-to-machine
material.

5. The water-soluble metalworking oil agent according to claim 4, wherein the
difficult-to-machine material is one of titanium, a titanium alloy, a nickel alloy, a

25  magnesium alloy, a niobium alloy, a tantalum alloy, a molybdenum alloy, a tungsten alloy,
a stainless steel and a high-manganese steel.

6. A method of using the water-soluble metalworking oil agent according to any

one of claims 1 to 5, comprising diluting the water-soluble metalworking oil agent with
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and (D) water, wherein a blend ratio of the conponent Ais 10
mass% or nore of a total amount of the oil agent, and a
blend ratio of the conponent Bis 5 nass% or nore of the total anpunt
of the 150il agent. 2. The water-sol uble netal working oil agent
according to claim1l1, wherein the netalworking oil agent is used for
cutting and grinding. 3. The water-sol uble nmetal working oil agent
according to claim?2, wherein the netal working oil agent is used for

end mlling. 204. The water-sol ubl e netal working oil agent according
to any one of clainms 1 to 3, wherein the netalworking oil agent is
used for netalwrking of a difficult-to-machine material. 5. The

wat er - sol ubl e netal working oil agent according to claim4, wherein
the difficult-to-machine material is one of titanium a titanium

all oy, a nickel alloy, a 25nmagnesium alloy, a niobiumalloy, a
tantal um al l oy, a nol ybdenum all oy, a tungsten alloy, a stainless
steel and a hi gh-manganese steel. 6. A nmethod of using the

wat er - sol ubl e netal working oil agent according to any one of clains 1
to 5, conprising diluting the water-soluble netal working oil agent
with 18 water in use so that the water-sol uble netal working oi

agent is used at a concentration of 3 vol % or nore.



