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ot her, obj ede broadep thedipld of zppkFatiny ant ages of the present invention will becone
cl ear e frdth It is possible to prevent any magnetic particles from separating from the magnet.
(5) It is possible to prevent any cracking of the magnet.
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(7) it is possible to enhance the strength of a device in which the magnet is used.
The above and other objects, features and advantages of the present invention will become clearer from
45 the following description of preferred examples.
The following examples rolate to powder bonded rare-earth permanent magnets, but the invention is
also applicable to sintered rare-earth permanent magnets and cast rare-earth permanent magnets.

Example 1
50
As the basic material for the magnet, the composition NdisFesoBs represented by the compound in
terms of percentage was used. A thin film of this material obtained by a rapid-quenching thin film producing
process was pulverized in a ball mill to obtain magnetic particles having a diameter of about 177 um. The
magnetic particles were sufficiently milled after 1-3% by weight of epoxy resin had been added thersto and
s5 the mixture was then pressed to obtain a predetermined molded body. The molded body was cured at a
temperature of approximately 155°C for approximately one hour to become hard. The resulting powder
bonded permanent magnet was coated with the respective coating materials indicated in table 1.



45 the follow ng descri‘ption of preferred exanples. The foll ow ng exanpl es
relate to powder bonded rare-eartgp posgdgpasi nagnets, but the invention is
al so applicable to sintered rare-earth permanent nagnets and cast
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In the same way as in example 1, powder bonded magnets were produced. These magnets were

repeatedly coated with a fluoroplastic to a thickness of 0.5 um, 1 um, 10 um, 30 um, 50 um and 70 um,
respectively. In a corrosion resistance test, the coated magnets were exposed to an atmosphere of a
tomperatur of about 80°C and a humidity of about 90%. Table 3 shows the rust condition of the magnets

35 after 10, 100 and 500 h, respectively.
Table 3
\/ © Thickness of coating film Time
10h 100h | 500h
0.5 um [ ] [iv]
1.0 em 1]] [ [Iv]
- 10 um m 0 m
30 um m | m ]
50 um 1} 1] i
70 um ] [ M
(Temperature: 60 * C, Humidity: 90%)
50
As apparent from Table 3, when the thickness of the coating layer is not more than 1 um, it is
impossible to obtain a corrosion resistance sufficient for practical use. if the thickness of the coating layer is
more than 50 um, it is possible to obtain a sufficient corrosion resistance without any corrosion.
o .

Example 3

Two solutions of fluoroplastics with differont densities were prepared. A first powder bonded permanent
magnet was coated with the solution having a higher density one time to obtain a coating layer having a

7



EP 0 286 990 B1 hi gher thickness of about 10 Pam . A second powder bonded
per manent magnet was coated W tgp plagsgegg§ sol ution three times to obtain a
coating layer structure having a total thickness of about 10 am In a
corrosion resistance test both magnets were exposed to an at nosphere of
appr oxihighdrathigknésd @Caksnich Ocu.rin U Aisebiobd/ paviderctppded permrahant yaghet/as Toated witht thecathali t i on
of t he sohatigndires tiheseto drin 4 @Oatiag day&OSrutiyre rhaving: e ttotal ghigkness of rabauk 40 @uh. tihat by a
r epeat @orrasion trésistanger testctoth magnetsewere) papsadrio @p ratnepsphere ofcapproximetelip 605C ashieeved.
npl dumidiysoftanproxiaely. 99t Ehej rust consition Ricthermgensts after 100109 and $80 h.trpspectively,
con;pbs irevPRied i P FEoPoaiRd/qa2ating Brogess AIMOP THerPHEOMPSIPN resiFAReR iR eehievedk er s of
percentage was used. Athin filmof this material obtained by a
rapid-&ﬁ%ﬂﬂbﬁng thin filmproducing process was pulverized in a ball Wi|
aneter

mmgngt 16 EF?gge%é@a* a‘rftg”ﬁfsﬂi éﬁé %Zé:gap%r‘ SS 238 100‘?5‘? } 9800y

1 qung
resi Tq

i ercentage, W&S#\% IS materi 11
bal §' ” a
pr edet n*’ ‘j§§ ié% a&.cn ofapo&@
appr OX'aaa%h Ie) wa@mea &n%ﬁaa .neh 910 @dd ﬁema sod ded

15 pe WE\%E& ARGhRtature|c %prfr diy fﬁ 6 DAESHroxinEH e REUY PSHRIH
coat £d péhdahont g ﬁe@sﬂﬂck‘sdﬁﬂg%ﬂ&dr HndBt gaFrhaRbrit rhagrdt Gt ©datbd) w-FI@-lﬂ'Ieererect-'Bab' e 4

20 Samébﬁng Mateials IHidaRY @Y Tadl ratio t hi ckness
of the No. - (wei ght)
coatina layer fum 25 21 epoxy resin ; PTFE

= 99:1 10 22 Iable boxy resin : PTFE = 98:2
8\;&0 epoxy resin : PTFE = 95:5

0 24 esi.n PTFE =

10 30 gample C%%&d%%%, - PCTFE ra%-j.e 30 thickness of the

18 26 No. phenol resin : PTEE = { coating lave m
10 27 n oo, = 5Q: 5

12 3 o8t eheag ﬁre%é}" ¢ edi n PAFE o= °893 9‘60 40 10

20 29 22 spe»m negsim = PTFE = 9B:25 8

9 30 23 Pepay resin : :PCPpEg = =60940

1140 31 poRy henol o L. 0.8 = 75.75
15 The fifigneti ceBPﬂfeFteFéS‘ were BIFEo| | Gws80¢BA),,, =11. 0( 1/ 47T) KTA cm

Br=7.2 28-1T i HepBx§ i-a&/lﬁw) KA perreHc=5. §oe3n/ 40 ) . kAjgm density=6.4 45
(g/crrB) Sarrpl es, 21 - re eéggﬁgd for about 1500 h to an atnosphere of

a constant tenpgpgpﬁ}e a TonfPaAP nhuni di t #0of 95% The
magnet i 27 pr operphenoand-estla appeRFAnce &cospesoon condi gpon) of the exposed

sanpkses,gf ter tg Enbie?[agﬁﬂt are ovvn Ln gal Lg 5. In aggition, a magnet
s a

whi ch had not bten clda I's ého |n TEbI conpéFati ve exanple. 50
65 8 2%P 0 28phepolBresibl e:5 ETFE 55:45

. 30 . phenol resin : PCTFE = 60:40 11

o 31 phenol resin : PTFE = 25:75 15

The magnetic properties were as follows:

(BH)max =110 (1/4x)kTA/cm, Br=7.2 107'T iHc=9.8 (10/4x)+kA/cm, bHc =5.0 (10/4x)+kA/cm, density =6.4
45 (g/cm?3).

Samples 21 - 32 were exposed for about 1500 h to an atmosphere of a constant temperature of 60°C
and a constant humidity of 95%. The magnetic properties and the appearance (corrosion condition) of the
exposed samples after that treatment are shown in Table 5. In addition, a magnet which had not been
coated is shown in Table 5 as a comparative example.

50



Sanpte No. Br (1 0-1T)® Magnetic properties ( BH) max
corrosion condition ((1/4vr)KkTA crgp,;)x;&%%p/m r)kAlcm iHc

((10/4|r)kAIch) 21 6.8 9.4
.6 [111] 22 6.8 4.8 9.7
89 [ill 23 6.9 . Table5 4.8 9.6
9.2 [11] 10 24 7.1 5.0 9.8
ig g . Sample NET Fr QE"T) ; gnetic properties g i ((1/&?)2?:;:: ) corrc%i_oécondition
11.Q_, § [ 13 27 1 48 10.0
10. 9 EU 28 bHc ((1pl42r)kA/cm) iHe ((10/4z)kéfcm) 9.8
10.9 21 [1]] 4% {62 9.44. 8 86 9. fil
10. 8 22 [If] 3B 482 9.75.0 8.9 9. @
10.9 23 [I|]] %b 889 964.8 * 9.2 9.}
8.5 24 [I1Il1] 7™ 56.5 98 4.5 10.7 N2
7.9 25 [ | \“ 2@ Jconpasdtive pxanpled ( Tenper a0dre: K0 | I,
Hum dity: [95%6 As [sha@wWn ijn Tabb& 4, the co&8 ng naterild® of| sanpllle 21 has
an PTFE cante?t of] | dds tlhan 248by we| ght % wher ti nglimat erifal

of samqje [31 #as gn PPFE [cont eff of n]pre t §8n 70% by W& ght| As Bhown ifn
Tabl e 5, Hot h®sany| es7221 and 3%8have p pool&corrgsi ont%esi st ancelll Exanpj e 5
30 In tlhe e way-2as |fin ex&’rpl e 4 powdé& bonded 1 2] ed.
These magrlet sSWwerd r ge edly ¢Bated hith S | uor

thi ckness |of 0.5 dm anm 10 30 bm 582rn In
a corrasi dreompsatisd examplet est, t he coated magnets were exposed to an

at ne€pher d(iperatiengoe catumidipfosmpout 60 | C and a humidity of about 90%
Table 6 srmmmmﬁmmwﬁ—me—am—see—h
respectivel s % 5 Ab thyya& h&ﬁ&gnap gfﬁﬁi THe c ﬁé?\ 2% by weight
10h 10 as 1 6: ridl ot ample 31 has oont fmore ? . As shown in
[i] 11 5, botL 5a pl §1 Uﬁm have a poor corroswn resi

[1] 45 ur na

urn Examplel5 I] [] (Terrperature. 80’ C, Hum dity: 90% 50

As apparem—#r'vm Tabl e 6, when the thickness of the coating |ayer is not

nore than 1idie saine vy ia8Tao 8implecs, tpowdid hondad dnagibts’ A6re PRoAUGRE] THe8s frgnets were
suf fi ci eniepéatediypoated withod fluomplastit fayériue a thidkodes oS5 i, 1 e, 10Qab,i30@n, 89 2ih and 70101 €
t han 50 amm, ie$pectvelp.0s 2idotrasioh pesiiahai tast,ches crfafor Ciagntts wape expesedito aregtingdphers of a

Wi t hout atemperann o 2bauh 60 Exand eimBlity Bf ahgutto%. Tablsi & shows the ingst cdnditiont di dhermeagnais | n
t hi s caseafter Hk 190mand 680 h.irespeckidly. aFe74Co7Bs represented by the conpound in
terms @ percentage was used. Athin filmof this material obtained by a
rapi d- quenching thin filmproducing pr&¥% was pul verized in a ball mll
to obtain nagnetic particles having a dianeter of |ess 9

Thickness of coating film Time
N 10h | 100h | s00h
0.5 um 1] [vi (v}
1.0um m [m ]
10 uro 1] m [
30 um m m m
45 50 um U] L] U]
70 um m m m
(Temperature: 60 *C, Humidity: 90%)

§0 As apparent from Table 6, when the thickness of the coating layer is not more than 1 um, it is
impossible to obtain a corrosion resistance sufficient for practical use. if the thickness of the coating layer is
more than 50 um, it is possible to obtain a sufficient corrosion resistance without any corrosion.

Example 6

s —

As the basic material for the magnet in this case, the composition NdysFe74Co7Bs represented by the
compound in terms of percentage was used. A thin film of this material obtained by a rapid-quenching thin
film producing process was pulverized in a ball mill to obtain magnetic particles having a diameter of less

9



EP'0 285 990 Bl than 120 am The negnetic particles were sufficiently
mlled after 1-3% by wei ght of gpRpds degin had been added thereto and the
m xture was then pressed to obtain a predeterm ned nol ded body. The nol ded
body was cured at a tenperature of approximately 160 I C for approxi mately
one hothan 120 uohThe magnstisoadiales Wae siditiepiyr mitadeafter 153%) e teight hicepoxygedin haddgpegrowder
bondedadded therete @od e gwdire wasdhenpreisead ta\phitdin & predetesmipestcnolded bEdy: Glaet moldpdrbadher | al s
i ndi cavasguied alRalginpergture Phapproximately 160G breappioximatpin gnenhpuitp jobtkin a powder bonded

r ati o permanent magneth The resylingopowdprebo permanent magnet was coated with the respective

( weig hopting materials ingligaied ip dablg By er (um) 41 pol yester resin . PTFE
= 99:1 12 18 42

pol yester resin . PTFE = 98:2 wpable 7

7 43 pol yester resin : PIFE = 95:5

0.6, 44 pol yester resin . PTFE = 80:20

10 2o zsimple coatingahyeerbalresin: ratIdFE= tHickhess of the

15 KJ- 'y 46 poI yester resi Niweid TFE = Oﬁ 0) aver

11 47 —PFAT=

13 48 (4ol yest@obpaﬁse%orw;n EPP'H"EE?@ ap:1 12

20 26 4492 (Pol yqss Bredb@Rotedph 60) -5 = B4 7

8 50 henol : poI]\./ester epoxy=20: 30 50 . PCTFE= 60:40
10 30 ( pheRATYRALRS (8810 ooy v RFFHH %0)95:5 0.6 PTFE =
25: 75 44 polyester resin 13: 3STFE -Tf@omgnetic properi@;es were as

foIIows (BHm_. . =11.5 (1/47)KkTA/ ¢ 0-1T, iHc=9.4

(104 W) RSN cm polyester 3%3‘ r- kv r%qﬁ' en5| = 6.6(g/ CnB). 1%arrp| es 41 -
5t+"wer dﬁexposecbdlyeﬂmptrém h to PEFE(t=:0g0wWI® of a constapl tenperature
of 60* a y of % _The nmaghetic propertjes and the
appearénqcer@f:orrosmé&%%_%l ) of ~- ~40"* "'exposed sarrplgg after that
treat né@ (Dolysateriepaxys0350) nt EER t i=on,6Qs4Mmgnet whi ch ha@ not been

coafed o5 Prayred gbe @n&@@asdz)onwﬁ ive gyl e. 45 50 55 40 EP O
285 990 Bl TabI e %& No. Br (1 O-'T) Magneti c prope%tles

( BH) max0© &% on ((1/47r)kTA/crr) bHc ((10/4w)kA/cm) i Hc
EI(I10/ 4w) kAl @ﬁosﬁézo 30:56) 9 a7t PCTFE= 60: 4809 8.5 1010 0 9.6
[ |f 4%2‘ (Phe’r.?lg'9°lyes"—er' 4.7 8.8 10. 4

[11] 10 epoity=20:30: 504 : PTPFE3 25:75 9.1 13 11.4
[1] 45 7.3 4.8 9.0 11.5

[I] 46 7.4 4.8 8.9 11.3

El ] 36 The magnetic properties were as follows:

(BH)nax=11.5 (1/42)kTAlcm, Br=74 107'T, iHc=9.4 (10/4x)ekA/cm, bHc=4.8 (10/4x)skA/cm,
density = 6.6(g/cm?®).
Samples 41 - 51 were exposed for about 1500 h to an atmosphere of a constant temperature of 60°C
, and a constant humidity of 95%. The magnetic properties and the appearance (corrosion condition) of the
\/40 exposed samples after that treatment are shown in Table 8. In addition, a magnet which had not been
coated is shown in Table 8 as a comparative example.

50
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g/agnet e pré) pq.Let }nggsnet of claim 1, whgreHn)t r|n [ﬁ\?&gﬁk pﬂiﬁ ujw iuorl
107, 47 KA/ %hyl resin; a copglymer resm qﬁg
( ( r ) c 4-flugrinated eth and 6-ﬂuor|nate royzlene, a copolymer rdsin 4~fluor|nated ethylene,
9.6 40 6-fi tt ltié]’ ropylene and luoroalkoxyethylend; -a copolymer resin of 4-qu ted ethylene and
10.0 s ethyl olymer resin %—ﬂuonnated ethyle hlonde. a copolymer résinSof 3-fluorinated
10. 4 ethy! eI chibﬁde and ethylérﬂa fluorinated vﬁlylﬁhene resin; fluorinatdd Hnyl resin and mixtures tHeredt.
11. 4 7.3 4.8 : 9.0
11.5 3. The fnhdnetflﬁ claim 1 or 2, Wwhérein’ the organic resih @ the coating includes sai@.fillorine resin mixed
11. 3 45 with & bdcortl/organic resin séledted from the group 4or@|stmg of epoxy resins, p§yester resins, acrylic
11.3 resing,|phentBresins and mixiureis thereof. 4.9 9.1
11. 2 [1]
4. The magnet of any of clalms 1t03, wherem the coating has a thickness of no more than 50 um.
so 5- The magnet of any of claims 1 to 4, wherein the permanent magnet member is a powder bonded
magnet.
6. The magnet of any of claims 1 to 4, v.vherein the permanent magnet member is a sintered magnet.
s5 7- The magnet of any of claims 1 to 4, wherein the permanent magnet member is a cast magnet.
8. The magnet of claim 5, wherein the powder bonded permanent magnet is selected from the group

consisting of rare-earth transition metal intermetallic compounds; and intermetallic compounds including
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4. The magnet of any of claims 1 to 3, wherein the coating has a thickness of no more than 50 um.

5. The magnet of any of claims 1 to 4, wherein the permanent magnet member is a powder bonded
magnet.

60

6. The magnet of any of claims 1 to 4, wherein the permanent magnet member is a sintered magnet.

s5 I The magnet of any of claims 1 to 4, wherein the permanent magnet member is a cast magnet.

8. The magnet of claim 5, wherein the powder bonded permanent magnet is selected from the group
consisting of rare-earth iransition metal intermetallic compounds; and intermetallic compounds including
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stelI't, wobei der '‘Magnet nit einer wasserfesten Beschichtung aus sinem
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ei nem der Am#Bkache 1 bis 4, wobei das Pernanent magnet-El enent ein
gegos&ener I\/agnet i st. & I\/agnet nach Anspruch 5, wobel der pul vergebundene
Per gnent né’gﬁ '%9(' dﬁm'f"é‘i’hafzn‘!"&’ [igem J@trafiuorgtbylqnharg; jgingm Copolymer-
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Ver bi ndung {YREpPY 'n°'"° ﬁ s e I Wéﬂﬁg‘ “gra?f‘l?fyel ner
Menge {/E S(g éﬁth rhéI 1z a Ig en Eth&%j: qu;all auonelglen cpél}y jli

el ner ng?\ar%? Fﬁﬂeﬁ zlﬁ%iG IS %E e nes

Hal bretal | s 0 belté're enents |n elner nge zvmschen etwa 4 und 9
At om % éO Magnet m%gprG&WO&P§E ij%hd p&lla I-Q F&HIJ g@sEl%HH gg{'ﬁuorharz im

Per manent Meg@iRti kit SNBM tzwektsh SEREE uﬁt&rﬁpﬂeiyﬁﬁkén | bifbstohbrzon, Acrylharzen,

Pul vegd si elpHégingkdhtind GB@I36Hoh aﬁ,hﬁshsbﬁmhuﬁwm&sﬁusammnset zung, um nagnetische
Teil chen zu erhal ten; M schen der magnetischen Teilchen mt einem

war mehar 4. baagiet hisch Zinend rdecAnspiGets 151413, 2kbb 6 fdivcselsehithtubibeine Dicke vol/RiEHR mdESA50les
Gem sches, wmnautielsen gebundenen Magneten zu erhalten; und Halrten des

pul ver gebundenen Magneten. 10. Magnet nach Anspruch 9. wobel es sich bel
dem wesr n%h Magistnash elfam deumseilcheEphix ¢.veobel desRetehrentmidnet-Elerfidat Gin 2BvAGDuriss-
Revend! | canerdfegnet istUn ai mant permanent a terres rares ayant la fornul a
gébn~rale R-Fo-B dans |aquolle R rengsente un netal de la famlle des

terres rfr dagnet gachaginam derefnspriicheel, Bls A yebei i3 ParapentreagnotElemenistim gesistesiani que

5 =gqet anM‘?&"e&%nt une epai sseur superieure & 1 um caract6rl 96 on co quo
| a resin e.du revetepent, conti une resine fluyoree dans

pr opor ti B '?% Ao AG05 0,52 L e bR bEh o oot
totale. 1029 aimant de |l a revendication 1, dans |laquel |a resine fluorde

est sel eézt 'NBB&@ ﬁacﬁ %ﬂ?prtlcﬁ_ Sm&glpo%r pulvergebundene Permanentmagnet ausgewahlt ist unter interme-
45 tallischen Seltenerden-Ubergangsmetall-Verbindungen; und intermetallischen Verbindungen unter Ein-

schiuB mindestens eines Seltenerdenmetalls in einer Menge zwischen 8 und 18 Atom-%, Eisen oder
anderer Ubergangsmetalle in einer Menge zwischen etwa 73 und 88 Atom-% und Bor oder sines
anderen Halbmetalls oder Halbleiterelements in siner Menge zwischen eiwa 4 und 9 Atom-%.

s0 9. Magnet nach Anspruch 5, wobei das pulvergebundene Permanenimagnet-Element durch folgende
Stufen erhiitlich ist:
Pulverisierung einer magnetischen Legierungszusammensetzung, um magnetische Teilchen zu
erhalten;
Mischen der magnetischen Teilchen mit einem wérmehértbaren Harz, um ein Gemisch zu erhalten;
55 Verpressen des Gemisches, um sinen gebundenen Magneten zu erhalten; und
Hérten des pulvergebundenen Magneten.

10. Magnet nach Anspruch 9, wobei es sich bei dem wirmehirtbaren Harz um ein Epoxyharz handelt.
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d' ai ment PeLwwastde I8 eaveridRktdN AMDULE) derisIERS! m:ﬂuheorgaﬁu&dmeaémt coh@enk B résine

revendeecat i @iorés, mdlampds avecjurdl se¢andd wdeind organiquaoe Bt sdleglionnde dana (rdroupd colaprarmit

sef\ett i onne desarésindsaspgryo dgsarésines de Poipesten dies esingarpliges, des résinaephéhdlinups o dase

terres raresmélngedde pdiibsacix de transiton; et des conposes internetalliques

conprenant au noins un netal de |a famIIe des terres rares en un

pour cent afye L'aimsnt dglunecqysiopriade dastrovendigatiang 4@ B dens lepge)je rgvftement soune Gpaigsenr oui

netal &e tr 8QLiPes Ywériewre 3 pOum. 40 - pour cent age atom que corrprl s entre

environ 73 et,L 88% at du, bore ou un autre sem.- nt

seni conduft éﬁ'f“a%‘rig"dﬁ"“ﬁlgg o ij%g%g 'g‘ﬁ?"a’tﬁe‘ 4nﬁ?"is§°qé‘ﬂt'”r ﬁ'“ﬂ;‘"’atd ayognt permanent
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L' ai mant de “PeP&YER | oquel la structure d'aiment permanent

& poudr e ag r b r [ 0 I V.
on puI X drq’f‘s gorﬁg{%} deel uRe §ue¢cgitwg 383 fﬁ%})g%aetg%a n?t dé?rg ?equcl) llJar Qf?:gt?r"ej d ‘?}n é’F éermanent
particul es magn t| ques on rrel ange | es part | cuI es magn~ti ques avec une
rdsi ne t her pQsldncieSad bfoidRtith a8 fetdhakatidhs 11842046 loqldl [ Ridkire | dirhiRt FHESeRAT
CONMPr eSSi 0N cordRidlen AR LIRBAIcodld) ai MENt A structure aggl om-rCe; et on durcit

| " ai magt & poudre aggl omdrde. 50 10. L'aimant de |la revendication 9, dans
roquel | as.r egivast dehg kevBriicatioh 5 adhs Goqldl raiiaR pb@fahdhe 2 PPMNY agghomérkd est sélectionné
ClL N  8ans’e droupe quilcomPlend ds& composés intermétalliques de terres rares et de métaux de transiton;

et des composés intermétalliques comprenant au moins un métal de la famille des terres rares en un
pourcentage atomique compris entre environ 8 et 18%, du fer ou un autre métal de transition en un
pourcentage atomique compris entre environ 73 et 88%, et du bore ou un autre semi-métal ou élément
semiconducteur en un pourcentage atomique compris entre 4 et 9%.

N

8. L'aimant de la revendication 5, dans lequel la structure d'aiment permanent a poudre agglomérée peut
&tre obtenue par les opérations suivantes :
45 on pulvérise une composition d'alliage magnétique pour obtenir des particules magnétiques;
on mélange les particules magnétiques avec une résine thermodurcissable pour obtenir un
mélange;
on moule le mélange par compression, pour obtenir un aimant & structure agglomérée; et
on durcit I'aimant & poudre agglomérée.

10. L'aimant de la revendication 9, dans fequel la résine thermodurcissable est une résine époxy.
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