TITLE OF | NVENTION Water-Soluble Fluid for Use in Machining of Rare Earth
Magnet 5 10 TECHNICAL FIELD This invention relates to a water-soluble
fluid for is use in machining of rare earth magnet. More particularly, it
relates to a water-soluble fluid conprising an organic acid and a basic
conpound to which a polyneric flocculant is added for preventing the fluid
from bubbling and clouding during its service in the nmachining of rare
earth magnet for thereby 20 inproving the efficiency and accuracy of
machi ni ng operati on. BACKGROUNDLIERE ORaiMVENMFI®ONmagnet i s manufactured by
finely digddinGammld @ la #dOoNsdATEURM1TAY A RarPB S AMignet
transition 25 netals, followed by conpaction and sintering. |f desired,

the sintered block is cut, ground or otherw se nachined into a magnet
produst of the desired shape and di nmensions. Since rare earth magnet can
be oxidized at el evated tenperature, with its properties degraded, the
machi ni ng operation is carried out 30 while cooling, typically using a
machi ning fluid therefor. The machining fluids are generally
divided into two types, the fluid of water-insoluble type used as such for
t he mai n purpose of lubrication and the fluid of water-soluble type used
after dilution with water for the main purpose of 35 cooling. Nowadays,

wat efg sol ubl e fluids are nost often used fromthe consi derations of
operation efficiency and fire hazard. In the nmachining of rare earth
magnet, water-soluble fluids are used fromthe considerations of
operation efficiency and safety because the constituent rare earth netals
are susceptible to oxidation. E ing is performed using a

wat er-soluble 5 fluid for cooli%%? 2l ated due to the heat

gener at i on assddiig davsintiiomatdldtag tthe oliyss sedavles & ndak tfiore at hi gh
tenmpgy at kg &HaﬁlaEﬁﬁﬁlHByo?erﬁ)ﬂed'eé%QhV\'hEBn%terM@er}{)&P%Eﬁ ]’{lﬁer&t

form ng the oxide and/ hydr oxi de of rarée earth
resul ti ngetRERPEENRNFARGSEr E°10Pgenérariry compar aiad PPoﬁFﬂﬁélﬁaﬁéﬂdsoluble'
fl ui plf byaadset bhsng abmﬁagnat H:@ szﬁaahatal pB1gRbReE @ibkizmnaatt he BhagBa
specific raV|t el g s to se arate
parti cul &8 g™ anﬁ?ogg %E% PPﬁggﬂaﬁeénér89R8§%n§u955ﬁ8 din the
fluid white SHEVibaldnlshe|meuhanedg Pfiusare earth magnet for thereby

20 improving the efficiency and accuracy of machining operation.

BACKGROUND ART

Rare earth magnet is manufactured by finely dividing an

alloy or alloys based on rare earth metals and transition

25 metals, followed by compaction and sintering. If desired, the
sintered block is cut, ground or otherwise machined into a
magnet product of the desired shape and dimensiocons. Since rare
earth magnet can be oxidized at elevated temperature, with its
properties degraded, the machining operation is carried out

30 while coeiing, typically using a machining fluid therefor.

The machining fluids are generally divided into two .
types, the fluid of water-insoluble type used as such for the
main purpose of lubrication and the fluid of water-soluble
type used after dilution with water for the main purpose of

35 cooling. Nowadays, water-soluble fluids are most often used
from the considerations of operation efficiency and fire

hazard. In the machining of rare earth magnet, water-soluble



15 the fluid beconmes turbid. Wrse, particul ates deposit on the surface of
a workpi ece, adversely affecting the quality of the workpiece. A so sone
particul at e oxi de and/ or hydroxi de can form a hydrophobic salt with an
organic acid present in the machining fluid, which salt is taken into
bubbl es generated 20 during the machining to increase the stability of

bubbl es. #% @ 5 tusdB e e & GaMRERd Jatdrt-didhan, bei ng

extingui shed, .and eventually overflow the machi ning systemor fluid
reser voi eI i3 Pl e e arise dicopermatiidnieart igren@arddd safety.

251t is heltavedddaiuddup i am ickiearicee by separating particul ate
oxi de and/ or hydr oxi de out ‘ﬁj&t.he systemas s re forned. If

on as the
this is done by it tFE JFUEIHI S L LEEECEMEY BN ﬁex’ﬁgﬁﬁéggl’ﬁ‘é{:‘%ms
conpl ex dddidhé&omnicoicdlinignyv ebtipsntresheatedaded. td t the Uhek begSrmsion

desi rabl @slshohalblC yhhemathfs ARG/ ofnd MO dRLA1 e Senanaled foget her

with chips using a sinple separagor such as a settling separator o
magnet i c Pd@patemperafigeethall fhay weyceei ovidpr¢ddvith cwatemtdy avail abl e

for suchaseparabi 8kygkh, CeBiHAE PReVbkias Neng bt | MPaAe: & igWing.of rare
earth 35 mgget usi.ng water-sol uble fluid, no patent docunents refer to

the turbfGrty BREMubbiRI Yot iR FrPTH Y A%y MaghindRg 3%€ t he
i nvent or gekpow]llyheeeazaeedvfirbabtre noapat esd 1 WO MENI B twy ke ddtaqripey at ed

herein by_r .0 Lon Lj at ent . Docunent 1. JP- A HO8- 020765 5
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wat er - _soEEbVéFYI grdmsenprisinngt anhopyansechca duetrith@ fraisi< twomeEpand twhi ch
i's mni mpé?;%'ibﬁlQHQbbkﬂ&eaﬁﬂdf&@uﬂyéﬁogﬁ%ng Plr i8N UES hBel RELL0
machining of rare earth magnet and thus e fe_ctl_ve or inproving the

ef fici enEySEABCGECEPaE}Cof LHAENYRLHY BperBiubh. isTHe L Gietitest-s Bave f ound
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is given anti-foapi ng propert addi a nmeric_floccul ent t hereto
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from bubwbrkpiand. cliolmh repurgang lidud ader vixddel Antiernhglicbknge otariar e
earth Mgheh o hydroplOBiLNYENL | ONRTAY| SEFadi MU AT SRIUUE Tl gl or use
i n machi ning of fare earth magnet, ‘Tn the Torm of “an aqueous 20 's61 uti on
conpri si Rgchhnbrgahieidei Whighpaglt orpven, indivd hulpoleanareneritedcul ent .

Pref gy abhyrihfetRO! HABKL ik 066 U Adtted s B ION Q01 RYY W HbHhlRcCUiant ,
nore preferab i/ a 1_Eol(gacr | am de pol yneric floccul ant. The pol yneric
f1 occul aftTFEYpiRAFPyPUBPLeR R FIPSrFHR SRtRaY dhagy B2 1, 000 ppm
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25 It is believed that the problem is overcome by
separating particulate oxide and/or hydroxide out of the
system as soon as they are formed. If this 1s done by
filtration using a pressure filter, the process becomes
complex and the initial investment is increased. It would be

30 most desirable if particulate oxide and/or hydroxide can be
separated together with chips using a simple separator such
as a settling separator or magnetic separator. Regrettably no
effective method is currently available for such separation.
In conjunction with the cutting and grinding of rare earth

35 magnet using water-scluble fluid, no patent documents refer
to the turbidity and bubble generation of the fluid. As long



300nm ng to the inclusion of a polyneric flocculant, the water-soluble
fluid all ows particul ate oxi de and/ or hydroxi de formed during nachining to
be aggl onerated together and settled down along with netal chips. Then the
particul ates and chips can be separated fromthe fluid by a sinple 35
separator such as a settling separator or magnetic separator. The
i nvention cqrtral enerat i i ti I b s.,and cl.oudi ng
of the V\/aseﬁseoﬁl?grleeh%r%i E& gﬁi'i %eq;r?a&q:l%)r(liaﬁ;g%ng gggrégeggfgﬁﬁa%%%%m e
t her eby itepbeviingorperatéfichenein iy waftanea®e -of machi ni ng operati on.
DESCRI PTI ON OF EMBCDI MENTS 5A water-sol uble fluid conprising an organic
acid and a basi‘eliensduddiss i ntended for use in machining of rare earth
magnet. The watmeit&ot Wl @mdiy d aceordimsg tepdhes | nvention further
conprises a polyneric flocculant. Although the organic acid used in the
wat er2sol uble 10 fluid is not particularly Iimted, carboxylic acids are
preferred, and aliphatic camDI®CHASURFCIOFS INVENTIION preferred. O the
al i phatic carb | ic. agGi ds, n pc.and. di i cy d r ef
Sui t abl e nnnobgéyéhgﬁgﬁg%%ngﬁgdgggébgﬁgﬁcl%dﬁgih%3ﬁ§%5%%%%%f%_gﬁgﬁégganoic
aci d. SuifflabfeceBpyiparg carcdrsanie|amial selhe bagdcdconpdendrdiai cisaci d.
These acidaifR¥eACiNSEELRL LN Md IMNAHIRY W8l 1¥8 QErUPEE in the The
organic acid. is preferably present in a concentration of 1 to 5 g/L. A
conctht r BECBARORY| eEsTRRa AT IMGHRE Y didetheforEfeRELAt FOF usti ng ef f ect
rel ati veimgrthnQOtﬁaréﬂﬁfciééncfgﬁr@cﬁ@rddmﬁmgn'_ ol ﬁigcﬂﬁﬁﬂh@eﬁpefé.tﬁ)ﬁ.
concentration i) excess .o e organi c acid is not conpletely
di ssol ved in r Jé’nv(?r{tr?gse}%e‘%és #%V(grtgﬁquiat ﬂaéced:u'ts.orlﬁh)elep%ﬁlﬁet ate may
adver sel gompiréstinghenmacgianicg aspdr anidora bysdlcoggmpgunkde isogilvenf or
injectin 1e L i .0 1.0 r-.SQl ubl e fluid
may be e??ﬁgrf?%@?ﬂgnggzggrg?;gﬁi%gﬁgﬁg?gbpgggwggégn?gwggﬁégﬁﬁds i ncl ude
sodiUh1hPE?ﬁ%ﬁ@eaaadtb@¢a§§ﬁuPPHV@@é%FdélOSGFﬂ&BWeiér@&ﬁﬁ@téﬁﬁpéeﬁds
include grkapakanynehes¥ehias FABROBUBBIShATHAS, cdbatiRagolhaming, iagd
trlethanolanlne._lntgr 30 %Lla, triethanolam ne is nopst preferred. The
concent r 3BT BACEF TPhERFaRPERLBABEuRE FEE6r EFELELINGIBGLal to or nore than
t he neutr al i zatthen iegewntdlcentprefviides @ gater -awilthblld filhe & aueendskeat | on of
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nore speghiinalhiy £18ckA14n@.times the neutralization equivalent of the

2 .

organi c aci d. ] ] o
Preferably, the polymeric flocculant is a nonionic

polymeric flocculant, more preferably a polyacrylamide
polymeric flocculant. The polymeric flocculant is typically
25 present in a concentration of 5 to 1,000 ppm.
The fluid is best suited for use in machining of

neodymium-iron-boron magnet.

ADVANTAGEQUS EFFECTS OF INVENTION

30 Owing to the inclusion of a polymeric flocculant, the

water-soluble fluid allows particulate oxide and/or hydroxide
formed during machining to be agglomerated together and
settled down along with metal chips. Then the particulates
and chips can be separated from the fluid by a simple

35 separator such as a settling separator or magnetic separator.
The invention controls the generation of inextinguishable
bubbles and clouding of the water-soluble fluid during



The polyneric flocculant used in the water-soluble fluid may be sel ected
fromanionic, cationic, nonionic and anphol ytic hi gh-nol ecul ar - wei ght
conmpounds. Suitable anionic polyneric flocculants include

acryl am de/ sodi um acryl ate copol yners and 5 acryl am de/ sodi um
acrylanido 2- met hyl pr opanesul f onat e copol yners. Suitable cationic

pol ymeri ¢ f h&%&%@f%&sﬂa¥§'é¥%€ﬂ 9%%%”%%EIQ %@Q@F H%&& ar%esa't

pol ymers, ylam noacrylate quaternary salt acryla e cop Iyners and
pol yam diedé lpjgneohlamd decudFicyalsife maehiodng peleymddiosn-10 fl occul ants

i ncl ude pol yacryl am de base polyneric floccul ants. Suitable anpholytic
pol yneric floccul ants include acr Ianlde/acr lic
aci d/ al kyl ani no( met h) acr y| BE#CE ABCDEERTSners. Of these, the
noni ofi ¢ pol ymar v tfd 100l es ﬂLﬁLd)rcﬁfr@’ﬂleﬁ.ngMdrh dﬂyarrm:l yagildy lawd de base
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wei ght of | ess AH&PUE dd e Vi R9isk sadodaultde i tadi1soybla

TlocguleﬁiumutmsanaelPa&kaeuwetggt1eh1$eae th2Bokya1066 apAysbarkess sol uble
in the mater-soléble ase po#§ner|c flocc%Ient

| uid. . The pol am de
i s comePEPAFTye9s 89Q|F&BPQatF8rCQ¥§ % LCyRGEHSt ALt FREE RERESET®Sanf | oc
from Sangsé €henh¢abhhmdusbambsxyuud acids, mohbeapakysmt dibhedcul ent is
preferab e cen 0 preferably
10 to 50 ¥%§%13 sesareRy” me$%%%59? Thomobds fe 201 8T p IRLGe P C 0
concent ractancde Besé tnanaaoppnﬁ@aﬂ faidl deganehicedecithe Blakialkebe ef f ect of

contyol | jRga£98MLR9aaNdneh Qudl B8pafl caaE9RCERbAAELABABiEXGEs§. of 1, 000
ppm no further inprovenent in the effect nay be obtalined, and a

corr espoRaPHg PréAEaBRY Ref hEPd ALoBss PEy lRngdBdsEPEel pLatrecert Here -

naghrnhng oggr@tboargaih@ bﬁgawa@e@@yﬂaﬁabeyfbwd%;?& hase oi |, defoaner,
and other additives suc s,an_ext,rene; pressure itiv antj.corrosive,
At i oxi GHRVCEREECORBRANRE o8 dbed A | FORREH TRl {9heth LEA t 1RAS Ty be
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not Jnp h I i.d_ LS R t :Hﬁé
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limtati @gsdPved in water and the excess may precipitate out. The

precipitate may adversely affect the machining operation by
clogging the nozzle for injecting the fluid.

25 The basic compound used in the water-soluble fluid may
be either inorganic or organic. Suitable inorganic compounds
include sodium hydroxide and potassium hydroxide. Suitable
organic compounds include alkanolamines such as
monoethanolamine, diethanolamine, and triethanolamine. Inter

30 alia, triethanolamine is most preferred. The concentration of
the basic compound is preferably equal to or more than the
neutralization eguivalent of the organic acid. If the
concentration of the basic compound is below the neutralization
eguivalent, the organic acid may be difficultly dissolved in

35 water and precipitate out. 8Specifically, the concentration of
the basic compound is 1.0 to 3.0 times, more specifically 1.2

to 2.0 times the neutralization equivalent of the organic acid.



Exanples 1 to 3 and Conparative Exanples 1 and 2 Preparation of test fluid
Test fluids (Exanples 1 to 3) were prepared by adding 15 an anmount (in
Table 1) of a polyneric flocculant to an aqueous solution containing 2 g/L
of dodecanedioic acid and 10 g/L of triethanol am ne. Conparative Exanmple 1
I's the aqueous sol ution of dodecanedioic acid and triethanol am ne.
Conparative Exafp y I blLe fluid
(Fi necut 9025 byeNg) y@éerch?ggf%Cﬁhrﬁ fo%%‘( 1,§theoﬁ%t@% ﬁ%g%c%ulfgﬁ é wer e
used i n EBRInpkeselecteqd. fﬁ@ml@mnqnxﬂn3qa§mqplhhoaegnennc Sad f arneghN-BOgP

(pol yacr wli gl fl61BRh SE W1 gHE1 SlhphRHO6) 5 A Jdurisies, Ltd.
25 CationiC polyneric.floccul ant:™ Sanf| oc C- 009P ial Ky I am nonet hacryl ate
" quat er nafy}oSSPLapbF y#pFlude acrAmdR /o didmy RCTY%266) corahyBehafit al

|ndus§rLa&r¥Laﬂ1dQMﬁbai@@/a¢w§uéﬂidb42uﬁdﬁ§yy@&o§a?ﬁémlfeﬁ%t@etho? o Q
100-nmL bot t S C e test u a ) of. machi ne
chi pe.of CHEBIHELRT | SHTLRbH o SREGRBES RRFERCHES & LItEior LRt es. and
al | oned tdkglantnéwetbaceylate qerticthary( 2;)alEvabﬂ|amena Af ter the fI uid was
hel d for %, ie 0 byhhl.e L i f?@
turbi dlty 0 &H ?agﬁf]d&t% ea‘:’/vere sS"ﬁ\c/ﬂs/ua?IYyblﬁln!sipe H%I) e res are
shown i nquéﬁﬁfél@lner @1?%1%11@% eVl tabid RREHIhPAYMETE S ol | owi ng
Critegi OR1o&dnlBREHUDDEBSde rggs dx} Ql%n&deswﬁebgeb&ﬁéné%éwm&s
‘X: many bubbl es heaV|I tur able 1 Exanpl

Suitablé amp 01 tic polymerlc filocculants include

acrylamide/acrylic acid/alkylamino{meth)acrylate quaternary

salt copolymers. Of these, the nonionic polymeric flocculants

are preferred, with the polyacrylamide base polymeric

15 flocculants being more preferred.
When a polyacrylamide base polymeric flocculant is

used as the flocculant, it preferably has an average

molecular weight of 6x10° to 12x10°, more preferably 8x10° to

10x10° as measured by gel permeation chromatography (GPC)

20 versus polystyrene standards. A flocculant with a molecular

weight of less than 6x10° may have a less flocculating
ability. A flocculant with a molecular weight of more than
12x10° may be less soluble in the water-soluble fluid. The
polyvacrylamide base polymeric flocculant is commercially

25 available, for example, under the trade name of Sanfloc from
Sanyo Chemical Industries, Ltd.

The polymeric flocculant is preferably present in a
concentration of 5 to 1,000 ppm, more preferably 10 to 500
ppm, based on the weight of the water-soluble fluid. A

30 concentration of less than 5 ppm may fail to achieve the
desired effect of controlling foaming and clouding. At a
concentration in excess of 1,000 ppm, no further improvement
in the effect may be obtained, and a corresponding increase in
fluid viscosity may adversely affect the machining operation.

35 In the water-soluble fluid, a base oil, defoamer, and

other additives such as an extreme-pressure additive,



Conparative Exanple 1 2 3 1 2 Polyneric flocculent (PPm N500P 100 5 00
C-009P 0 0 100 O After 5 loin Bubbling

anticorrosive, antioxidant and colorant may be added, if

desired. These additives may be used in any desired amounts

as long as the benefits of the invention are not impaired.
The water-soluble fluid is especially suited for use

5 in machining of neodymium-iron-boron magnet blocks.

EXAMPLE
Examples of the invention are given below by way of
illustration and not by way of limitation.

i0
Examples 1 to 3 and Comparative Examples 1 and 2

Preparation of test f£luid
Test fluids (Examples 1 to 3) were prepared by adding

15 an amount (in Table 1) of a polymeric flocculant to an
aqueous solution containing 2 g/L of dodecanedioic acid and
10 g/L of triethanolamine. Comparative Example 1 is the
aqueous solution of dodecanedioic acid and triethanolamine.
Comparative Example 2 is a commercially available

20 water-soluble fluid (Finecut 9025 by Neos Co., Ltd.). The

following polymeric flocculants were used in Examples 1 to 3.

Nonionic polymeric flocculant: Sanfloc N-500P
(polyacrylamide, molecular weight 10x10°},
Sanyo Chemical Industries, Ltd.
25 Cationic polymeric floccﬁlant: Sanfloc C-009P
(alkylaminomethacrylate quaternary salt polymer,

molecular weight 2x10°%), Sanyo Chemical Industries, Ltd.

Bubbling/turbidity evaluation

30 (1) Test method
A 100-mL bottle was charged with 50 mli of the test

fluid and 5 g of machined chips of neodymium-jiron-boron
magnet, which were shaken f£or 30 minutes and allowed to stand

for a certain period.



O AAX X Turbidity 0O A Ax x After 1 hr Bubbling 0 0 0 X X Turbidity O
0 :

{2) Evaluation
After the fluid was held for 5 minutes and 1 hour, bubbles
on the liquid surface and the turbidity of the liquid phase were
visually inspected. The results are shown in Table 1. The f£luid
5 was evaluated according to the following criterion.
(O: no bubbles, not turbid

A some bubbles, some turbid

X : many bubbles, heavily turbid

10 Table 1
Example Comparative Example

1 2 3 1 2
Polymeric N-500P 100 5 0 0 -
flocculant (ppm) [ - ggep 0 0 100 0 -
Bubbling O A D X X

After 5 min
Turbidity O AN A X X
Bubbling O O O X X

After 1 hr
Turbidity O O O x X

It is demonstrated that the water-soluble fluids of
Examples 1 to 3 are effective for controlling bubbling and
15 clouding and thus suitable for use in machining of rare earth
magnet blocks.
The pelymeric flocculant is effective in preventing
the water-soluble fluid from bubbling and clouding during its
service in the machining of rare earth magnet for thereby

20 improving the efficiency and accuracy of machining operation.



0 X X It is denonstrated that the water-soluble fluids of
Exanples 1 to 3 are effective for controlling bubbling and 15 cl oudi ng and
thus suitable for use in machining of rare earth magnet bl ocks. The
polyneric flocculant is effective in preventing the water-soluble fluid
fron1bubb|ing and clouding during its service in the machining of rare
earth magnet;for thereby 20 inproving the efficiency and accuracy of
nachlnlng operatlon CLAIMS: 1. A water-soluble fluid for use in
machining of rare earth magnet, in the formof an aqueous sol ution

conprising 5 am GfHant Cs@thsh e a Dasd Ce&ONRAUING, RAMch n POL VORI i Lre _
flocculant. 2. The fluid of cIa|n1I wherein the polynmeric flocculant is a

noni oni ¢ SFSTNERAGREY o ddul R ToIp of aph@queagys @Plé!té‘l% ZORRETSIRGt he

noni ofi ¢ apolbyiganic Hdaulanadic ada@lome,y =i e gaalywsatiicc fl occul ant.

4. The fl b% oE 23Ry one of claims 1 to 3 wherein the 15 polyneric
floccul ant I'’s present in a concentration of 5to 1,000 ppm 5. The fluid

of any one of clains 1 to 4, which is used in machining of
neOdyniuﬁtironﬂﬁ&fQﬂJﬂ@ﬂﬂﬁ%'claim 1 wherein the polymeric flocculant
is a nonionic polymeric flocculant.
10
3. The fluid of claim 2 wherein the nonioconic polymeric

flocculant is a polyacrylamide polymeric flocculant.

4, The fluid of any one of claims 1 to 3 wherein the
15 polymeric flocculant is present in a concentration of 5 to
1,000 ppm.

5. The fluid of any one of claims 1 to 4, which is used

in machining of neodymium-iron-boron magnet.



