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57316.577 R-TM B Per manent Magnet Menber having | nproved Corrosion

Resi stance and Method of "Produci ng Sane The present invention relates to an
R-TM B permanent magnet nenber having an inproved corrosion reS|stance

to the régent trend of mniaturization of electric and el ectroni @) Etﬁazg>\c1
appl i ances havigyg1é gfe§ perfornmance, permanent nagnet nenbers, parts

such appliances, are al so denmanded to. have hi gher performnce and smal | er

si zes. Conveéntionally nost powerful permanent magnets are rare earth

met al - cobalt (R-Co) aemaemenmgﬂﬂﬁs Mabgtﬁeﬁ mamne:pomvinb Bm‘ﬁhz‘loE’remer manent
magnet ‘has been de%el_, : 5T R
represents one or D

transition nmetal based on Fe or Co, part of mhlch nay be substltuted by

other metals or non-jgd 3hSesant 5@3‘1:‘3.%?9&%]%@&‘ e eLmySpnce the

R-TM B per manent nagnets are easl rust ed eir surfaces are provided
with anti- oxi (ﬂ%ﬂ}‘%"ét#‘ﬂ@nﬁﬁyﬁﬁyb% DAVHRE ah ANPRQYIDFRRTPELPBt ance.
The types of thasigtawsed zi ng coating Iayers proposed so far include a
ni ckel plating Iayer -an anﬁé OX|d|2|ngﬁres oalln | ayer..an AL ion

plating layer, etc. D®nOt HBf refrenk #2%188eRTpai d much
attention aszmelédtxicvandneheetkonleaaﬂpﬁnannesnhayiﬁganngheslon

o1 Shancs Pl A biedc 0GOS aee PR, Lok QR
antl-oxuduzurm;annixaneeﬁbngrea9ésolﬁam@ﬁdqdu$0 have higher performance
-and smaller sizes. Conventionally most powerful
permanent magnets are rare earth metal-cobalt (R-Co)’
permanent magnets, but a more powerful R-TM-B permanent
magnet has been developed (JP 59-46008) In the above
R-TM-B magnet R represents one or more rare earth '
metals including ¥, TM represents a transition metal
based on. Fe or Co, part of which may be substituted by
other metals or non-metals, and B represents boron.
'However) since the R-TM-B permanent magnets are
easily rusted, their surfaces are provided with anti-
oxidizing coating layers to improve their corrosion
resistance. The types of the anti-oxidizing coating
layefs proposed so far include a nickel plating layer,
an anti-okidizing resin eoating layer, an Al ion blating
. layer, etc. Among them, the nickel plating layer has
been paid much attention as an effective means for
easily improving the corrosion resistance of the R-TM-B
permanent magnets (Japanese Patent Laid-Open No. 60~
54406) . The nickel plating layer is more advantageous
than the anti-oxidizing resin eoating lJayer in that the
former shows higher mechanical strength and smaller
' moisture absorption.

\,/'

Neverthelessh unllke the ant1-ox1dlzlng resin
coatlng



former shows hi gher necharical strength.and snmaller noisture absorption.
Nevert hel ess, unlike the anti-oxidizing resin coating | ayer, the nickel
pl ati ng | ayer di sadvantageously has pinholes. Therefore, despite its |ow
moi sture absorption, noisture perneates the nickel plating layer tqda
surface of the permanent magnet through pinholes of the nickel plating -

| ayer & e thé 5 -C WOy o] f r manent magnet.
To sol VERYICE,I_ ;h%p?glﬁgﬁﬁﬂgg?ﬁobasy egt tag%g?gnﬁg\%fe’&%geﬁagrg?&?é " A two-layer N
pl at i ngThetefork, despitéicids ofowe omistgre absokpiion) ahdisguieaprmatds an
anti-oxidizing resin to cover pinholes (Japanese Patent Laid-COpen No.

63- 1107the) nickel plating -layer to 1o suviace of the cpermanentemiagust t he adhesi on of

a | ower (nickel . i ng.layer. to,an. upper nickel, plating, | ayer or to an
anti - oShfa}'é'? r@‘%%sngg&%l ﬂ’é’a‘f’gﬁgf’f‘ggn{ﬂfﬁeﬂ%&?&W&n%ﬁ%t ance of the
upger @i&% p ' I a8 Laghdedi zi Ng resin coating |ayer are
notB. Slr}% |m%n‘%@g%ggrgﬁgﬂeﬁy?ﬂf‘%‘gggﬂnrm%%@?& fail to provide a high 15
corrosion resi st apgedlve thés probldm P et nbusmpiethaRbeea. | n addition,
the plated R-TM B permanent nmagnet nenbers are likely to be covered with a
t hi n orproposed:i | & tworlagep Ny plating macthRod)MaBmethodifncoatimges nenbers from
bei ng we] | ﬁgier,ed t 0 substrates. Acgordi ngl_é,_.-.i-:n order tq hond the R-TM B
20 pricksh plating glayer felBern Ji-oxIdiZINg Mpsitie to sovercBinhalesr ¢l ectronic
appl i anges st rongl il 2l S L TDOLGE AnNts 11Q AbARY OVe the adhesi on properties of
the R T@%Baﬂ%ﬁp t Jﬁﬂé‘?"ﬁ%@r 26.3 33017595 o - Accordingly, an
opjpect of the pr g36Rbvér]Via the Above ! Methods, the adhesion of a lower

nickel plating layer to an upper nickel plating layer or to an anti- g

oxidizing resin coating layer, and the corrosion resistance of the

upper niékel plating. layef and the ahti-oxidizing resin coating layer

are not sufficient. Ac_cof_di_ngly, ‘these methods fail to provide a high
15 corrosion resistance to the R-TM-B -'pérmanent magnet members.

In addition, the plated R-TM-B pefma_riet_it magnet

members are likgly. to '_be_ cpvetec_l v_vith a thin qrganié film, which

prevents the R-TM-B permanent magnet members from being well

.adhered to substrates. Accordingly, in order to bond the R-TM-B
20  permanent magnet members to the substrates of electric or -

electronic appliances strongly, it is important to improve the U

adhesion properti_eé of the R-TM-B permanent magnet membets_.i'

25 - Accordingly, an object of the present invention is to
provide a highly reliable, highly cOrrosion-resiétant" R-TM-B
permanent magnet member. |

- Another 'obje'ct of the pres'ent '_inventioh :is to provide a

-..2 -



R

pr6vide a highty reliable, highly corrosion-resistant R TM B permanent
magnet nenber. Anot her object of the present invention is to provide a -2-
met hod of.- produci ng such an R-TM B per manent magnet nenber. A further

obj ect of_the present invention is to provide a highly corrosion-resistant
R- TM B per maneRethoghaf mrasducing hsychdandReTMoB pegpenends magnst in one
aspect the prega@bdylventi on provides an R-TH B per manent. magnet nenber
havi ng an inproved corrosion resjstance conprising an R TM B per manent
magnet body having & IHINGE idhiesly ki fhe, Peessniodnyention Wokef TM
andI Od?- 8%Yof TBrowiiaree iah HigIEY eserios D6A-PEsIBLanta RETIRE Ihbaiaieént

i ncl udi ng Y,

represents one qr nore transi.tion nmetals including at |east
Fe as a main c%{lﬁ'g etnﬂe% @'*’%br%%‘é 't§d§8ﬁbﬁ’f‘_?§_f’&’e§- B per manent
magnet body bei ng pMhwisiedmiane aspettl| theapregendy dnvientiion providesss
of 5-20 um angpnt Reqmu Bt [ : ' i nsgs of 2-
20A forned on gz‘i‘i d ni.ckﬁelrbp .atlérg(ellg?/gﬁé% ﬂlgmm%%g?lﬁga}ﬁﬁn%rgﬁr mat e pl ating
bath free fronfOrrOFdoAtixesistante mma§§5e99 BRe RyTlsEh ParmananHn

provides a net hagriet LEEY RAkild '@ SomPodtBobS! BYN el gGNIE BUEE S5

el e above, RS T LT 9% gL TRge DR Pl gt v o

havi ng a one or more rare earth metals including Y, TM represents
one or more transition metals including at least Fe as a
main component, and B represents boron, said R-TM-B

: permanent magnet body being provided with a nickel

(. plating layer having a thickness of's-zo'um,.aﬁd then
with a chromate coating layer having a thickness of 2~
20A formed on said nickel plating layer by immersing in
a chromate plating bath free from strong acid.

In another aspect, the present invention provides a
method for manufacturing an R-TM-B permanent magnet
member as defined above, said method comprising férming
a nickel plating layer having a thickness of 5-20 um on
a surface of an R-TM-B permanent magnet body having a
composition, by weight, of 5~40% of R, 50~90% of TM and
0.2-8% of B, wherein R represents one or more rare earth
metals including ¥, TM represents one or more transition
metals including at least Fe as a main component, and B
represents boron and immersing the thus—formed Ni-plated
body in a chromate plating bath free from strong acid to
provide a chromate coating layer having a thickness of
2~-20A formed on said nickel plating layer.

. The chromate bath may be an agueous solution of
chromic anhydride or dichromic acid. The chromate
coated member can be washed with water and dried.

In a preferred embodiment the chromate-coated
member is then subjected to an immersion treatment in an
alkali solution.



conposi tion, by weight,” of 5-40% of R, 50-90% of TM and 0. 2-8% of B,
wherein R represents one or nore rare earth netals including Y, ™
represents one or nore transition nmetals including at | east Fe as a nain
conponent, and B represents boron and imersing.the thus-forned N -QL_at ed
body in a chrBaeiR—EMaBi RErBanent, s@gneimrankey hayingoabr ovide a Chronmat e

foatl ng inﬁb‘ﬁ?]v@@thzaﬁrésiBth@gi%tﬁfnc% %cﬁﬁ:lﬂﬁ? 20 é?&:ﬂﬁkam p:qazjl ng
ayer chr omat e an aqueoys sol utjpn of chrom ¢ anhkydride or
i 2t o RIEARGE. SHEORAPORET PEcbRCORTARAI: URYEBbLRacHERRL RS waPer  and

“dri ed. Immmeﬁm&ﬂeﬁﬁbmdgmnt body tlaviired ea coompdsireibn; by t hen

subj ect n@’ Emgrﬁbgn ler gat %ntgolgp oarnéﬁjI kﬂa goéuggogf "3 The RRTM B
per manen et “heRber “havi NG -an i npr oved corr osl on reS|staﬁce accordi ng
to a st mhemmharrepneaentﬁt obe ph'elqﬂl@sé?ﬁr‘? reeFthonetadpri ses an R-TM B

per manenin mfﬁgbﬁd}"rﬁai!-éﬁg'eéeﬁ%@p%s'ﬁﬂ@fbl@i’oﬂﬁhéﬁél Baseade of R
50-90% of 1M and 0. 2-8 B, . wherein R resents one or nore rare earth

netal s iRt lﬁﬁ"ﬂgBYre?RIeﬁﬁﬁng bREON, "'Ic% BPermauent BAIPET and B
repr eserﬁéd}bolbéﬂngsprdvfdiw Bm.hr Iaanmﬁemtedl byt bagnlapeevi ded with a

| ower I o] | Cr and Sn, and
an upper %?%.’e% g??ﬂg Fayéﬁ S‘g't?;! ;B m'ﬂ“blali?-% Nangua& Sn and Zn,
the | onenppexri webal piatingl aayﬁag' lselected from Ni, Ni-S, Ni-P,

Cr, Sn and 2n, the lower and upper metal plating layers

being different from each other, and the upper metal
plating layer being lessxnoble_by,_iooanTpr more, than'
the lower metal plating with respect to a:natural oo/
potential in a 5-%-NaCl aqueous solution.. o
In the R-TM-B permanent magnet of the present
invention, when R (one or more rare earth metals
including Y) is less than 5 weight %, sufficient iHc
cannot be obtained, and when it exceédsn4o weight %, the
Br of the R-TM-B permanent magnet decreases. Thus, the
amount of R is preferably_5-4o weight %. TM



bei‘ng different fromeach other, and the upper netal plating |ayer being -
| ess noble by, 100 mV or nore, than the |ower netal plating with respect to
a natural. potential in a 5-% Nad aqueous solution. In the R-TM B permanent
magnet ok.the present invention, when R (one or nore rare earth nmetals _
including Y) is less than 5 weight % sufficient iHc cannot he obtai ned,
and when it ekt diedsvhichmiayhbe opartinlly Bubstinited WIthMCB pedfornNit Thgnet
decreases. *Thus, the unt.of R is preferably 5-40 weight % TM -4-

is Fe which najpawatf ﬁggulsyp@é%blx §Be%ﬂvﬁotbﬂwelsha/ oWhen Brifelessount of
TMis preferal STy | . Wgn s less than 0.2 weight % the
R2Fel14B phase,m%‘tl %?%é%gé%w‘?&pﬁéﬁﬁaﬁg o r?agffiz? @?sﬁo?tzflfﬁ ly forned,
resultinginhgﬂh Neha i . B0 ¥ er i )oe 8
weight % a p asegﬁ%’gesidrg?%feléf%ort ﬁ}%rﬁf@t’g’r %@?Pﬁésﬁggg‘é’a?s’, é‘ﬁgsu ting in
| ow Br. Bhe aQ@munhe oéther itmnd; efhernlit wxdeedsS 8%oWmighe uht . pdve andesirdblef Ga,
Al, Ti, vV, G, M, Zr, H, No, Ta, M, Ge, Sb, Sn, Bi, etc. may be added to
the R TM B pefofamesgnaticypeepertics appspesm drasgltingrini low Bw| | Thei amountinfse

el ements are preferapl % ight ot Jess. The R-TM B per manent . nagnet
body of the p eé%rﬂm"?%@t(p%s\é\% eWsi8Muced by any methods including a

sintering nethod, a nel ' t RQde: 6f7Cev 1 e RTM B
per manent nagnet -body ppggﬁre}g&: n&a%smﬁ?&e’gh%'eﬁlné Zaégrfégsbég‘awx‘tzlq’ an
organi ¢ sol ve@e, 888l SASBi, etc. may be added to the R-TM-B permanent magnet

10  depending upon its application. These elements are preferably 5%

by weight or less.

- The R-TM-B permanent ma_ghéi Body 6f the present
inveﬁtion may be produced bj any methods including a sintering
method, a melt quenching method, etc. |

15 The R-TM-B permanent magnet body produced in a

desired shape is dcgreas_ed' with an organic solvent and then
subjected to a pretreatmeht. In- the pretreatment, an acidic solution
is preferably used to remove a surface layer degenerated by
working and to activate a surface of the R-TM-B permanent magnet
20 - body. Strong ‘acids such as sulfuric acid, hydrochloric acid, etc. are
effective for the -activation,-'but to avoid the pretreatment from
: affeciing the R-TM-B " permanent magnet itself, it is preferable to
carry out a first etching by 2-10 volume % of nitric aéid and then a
~ second etching by a mixed acid of 5-10 volum¢ % of a peroxide such
25 as hydrogen peroxide; and 10-30 volume % of a weak acid such as
acetic acid, formic acid, etc. '
Next, the nickel plating is carried out. The nickel plating
"can be conducted by using a Watts bath, a sulfamate bath, or an
-5-



subjected to a pretreatment. In the pretreatnent, an acidic solution is
preferably used to renove a surface | ayer ‘degenerated by working and to
activate a surface of the R-TM B pernmanent maghet 20 body. Strong acids
such as sulfuric acid, hydrochloric acid, etc, are effective for the .
activation, but to avoi d t he pretreatrrent from affecting the RTMB

per mar@ninoag dath) andf the tbatls isr pfeferdbly 4 cbright oneubeeadser at et chi ng by
2-10 volune % of nitric acid and then a second etching by a m xed acid of

5-10 vinlinplating gensratosi a uvondesicable cqlslmwr @grstabeﬂmtw.and 10- 30

I O/ h t f t Next, th
x?clliel Q&qt%ymzﬁiéﬁ*lfﬁgéﬁgagﬁ?ﬁ e I% ofalaé'tl%h ¢ %b‘@ égnguct e)c(l by ugl ng
2 Vot ulililyer pHdE BBl ndl (B Shesiof "HRE el oidlessend e bath 1S

prefera ecause a I ng generates an undesirabl e

cgl umar cryst a'Oﬁé rexainple. of e ‘é&ﬁipiisiti/en tofedst Wafé Bathcisc200be used for
an undercoat in a nulti-1layer plating because it has good adhesi on and

smal | Mreﬁsuck':l sulfate, 60 g/l aheickehqhloride ande 400gfloof thosie of the Watts
bath is 290 fﬁnckel sulfate, 60 [err] of nickel chloride and 40 [err]
of borddd AL of 4.6. One exanple of the composition of the sulfamate

Lerr) of 10 %v‘? (SRS of oo AFBFpicith S, Whe Rl il B O, PO OF

‘the ampnaR S hicket sxﬂﬁxﬁaer]sooymbf»lsﬁbkaubmme aRd[30 g/ @F anmoni um

chl oride and 20. [err] of boric aci d at pH of 5.5. The ni ckel pl ati ng S
NI ri ebordeitackd ab pHirofeh0. density of - o _
i One example of the composition of the ammonate bath \d'

is 150 gll of nickel sulfate, 20 g/l of ammonium. chloride and 20 gll
of boric acid at pH of 5.5.
The nickel plating is carried out at a current .densit'y of
15 1-2 A/dm2, at a temperature of 45-60°C for 1-3 hours When these
" conditions are not met, the desired nickel platmg layer cannot be
formed. The resulting nickel plating layer preferably has a
‘thickness of 5-20 pm.
After .the compleuon of the mckel platmg and washmg
20 .- with water, a chromate treatment is- carried out by -immersing- the _
Ni-plated R-TM-B permanent magnet body i-n a-chromic acid - - - - \.J
solution. The temperature of the chromic ecid -solution is
preferably 20-80°C, and the immersion time is preferably 1-10
minutes. To activate the immersion treatment, it is preferable to -
25  use an aqueous acid solution ha'ving ‘a high acidity. Here, the
important point is to usec an agueous solution of chromic acid .
containing no strong acid such as sulfuric acid, hydrochloric acid

and nitric acid.

-6 -



15 1-2 A/dn®, ‘at a tenperature of [err] for 1-3 hours. Wen these
conditions are not net, the desired nickel plating |ayer cannot be forned.
The resul.ting nickel plating layer preferably has a thickness of 5-20 um
Af ter th)ew.-.corrpl etion of the nickel plating and washing 20 with water, a
chromate treatnent is carried out by imersing the Ni-plated R-TM B

per manent magnet body i A schrbmate ctreatmend olsunswally Tdaeried put dnuthe @rtt he
chromc acid . solution js pr.eferabl err], and. the.i rsion time is
preferably 1- PY BsH& @s¢ @c??@aﬁ@y‘i‘{?@ e P@Pﬁnat%gﬁmn%'ﬁf",m? ofia

preferable to e » AG] ol Wty an k ‘hjrgh L dity.
Here, the i n‘p&’té‘ﬁt aépﬁ(?l‘ pfﬁ?‘?g?%‘?ﬁeg;%’%é‘?ué%@;%QSP%'g% g h%’%r S%C%Hfgci d
cont ai ni ng No agid fluAthdiP UhE BRrciHatel teatmenrd of MIH QHBSOHY Snv&ittbind
nitric acid. -6- A chromate treatnment is usually carried out in the art
by using & chnheichramid acidusohniowis agxcvessivelys mativatedy ucdusidg athet r ong
acid. However, if a,strong acid is contained in the chromc acid solution -
in the chronatddssoluedencofi Nif frome theenicke! plating ilayer. 5 Thist isc usdesimtdeaci d -
solution is excessively activated,, causin he_di ssol ution of Ni_fromthe
i ckel pl ati noeragts it Yehters o adubRng o shecreuiine | iBRute (Pata on o
the resulting t @ aC ] EALI oW u 1yi Nivoies] - L 0o

| ayer. Al so, : rfﬁeﬁgt'rgg%%ﬂgiggs%g%@neog?gggt ?ﬂ cene?o'pl at| néﬂ+ Z{/dédr}% o the

)T T e i g s roch Bt gl
chronm c Qi d dwidyt throughe the rpinhelesnof rthe onickek plating layen:| there '
.. permanent magnet body is likely to be corroded. Therefore, the
~ chromic acid solution used in the immersion treatment should be
free from the stfong acid. ‘
| In. the chromic acid solution which is an aqueous
15 solution of éhromic anhydride or dichromic acid, the Cr
concentration is ---preférably 0.01 mol/l or more, particularly 0.05-
0.1 mol/l, to activate the immersion treatment. '
| The chromate coating layer formed by a chromate -
treatment is extremely thin (2-20A), but it shows good adhesion to
20 the underlying nickel plating layer. Also, it is amorphous, has no -
pores ‘and shows high repulsion to water. Accordingly, the
underlying layer is extremely well proteétcd from moistuore.
When the chromate coating layer with broken- spots ‘is brought into
contact with water, Cr*6 ions are dissolved at the broken spots, so
25 that these ions function to suppress the corrosion of the underlyfng'

metal layer. By these corrosion-preventing functions of the

chromate coating layer, the corrosion resistance of the R-TM-B

-7 -



free fromthe strong acid. In the chromic acid solution which is an aqueous
15 solutiaon of chrom c anhydride or dichromc acid, the C concentration
is preferably 0.01 [err] or nore, particularly 0.05- 0.1 [err], to_activate
the imersion treatment. The chromate coating layer formed by a chugiate
treatment is extrenely thin (2-20A), but .it shows good adhesion to 20 - the
under | ypermanesit emagnet | ngemhqerls Mrmvvfﬁd i s.anor phous, has no . pores and

EQ?E’ZEQI?%FF”'S@%{ She Tacinsian ropenieaf b CHOMIEHRE  ng | ayer
G sool Vol B B et ifhles BAdy 88" & oe uhBrail y Fitmbd on 007

suppr es@:ﬂahﬁncﬂkﬁaﬁs b@lf?xt n, %ﬁmﬁrh tptieTRhe! crd¥fite-cBidd F6e. -

corrosi on-preventing nctions of the chromate coatl ng layer, the corrosi on

re§i st MM Bofperfi@antnil hagnes- body pisr immersedminy ras aikaliesoluaonnw oved. Wien
the adhesi on properties of the chronate-coated R-TM B per nanent nagnet body
are to @movprothin organie iﬂ’l%aWb!PhMIS Hikely atoc bei formed ithereopor this

P D05 T il B 5983 S e wr BVGfegly R RRIRIRE O A 7, T oo
o ed JaGeoRcalS. Shdsi S pilisEied ki W 25 dURRREAHY YT X des o

al kal i s such as so tas'si un} etc. eI I quescent

conpoungsmpdandé.hi T6e aghifehveC sefficiemt aéc&gsncy,thﬁ kel i soigtiohi on 10
preferably has a concentration -of 3 % by weight or nore,; partlcul arIy

41 m% bprefiesabhy .hatl soconceatmation] of Sol%t by weighprosf erors)y
particularly 4-10% by wexght Also, the alkali solution is preferably \J

at a temperature of _20-_80°C, and the immersion time is preferably -
1-10 minutes.
After the complenon of the alkah immersion treatment,
15 the R-'I‘M-B permanent magnet member is dried. - The drying -
- temperature is preferably 20-120°C. Since excess heating -
deteriorates the corrosion resistance of the chromate treatment, the
drying _tcmpeiaturc should not exceed 120°C..
| Apart from the above .treatment, the R-TM-B
20 permanent magnet members can be provided with excellent - -
corrosion resistance by applying two metal layers made of different
metal components. Specifically, a lower metal plating layer selected
froin 'Ni, Ni-S, Ni-P, Cu, Cr and. Sn, and an upper metal plating layer -
selected from Ni, Ni-S, Ni-P, Cr, Sn and Zn, which are different from
25 each other, are f_ormed.
When a lower plating layer made of a more noble metal
and an upper plating layer made of a less noble ‘metal are formed
on a substrate surface, the upper plating layer predominantly is

-8 - .



at “a tenperature of [err] and the inmmersion tine is preferably 1-10

m nutes. After the conpletion of the alkali inmersion treatnent, 15 t he
R-TM B per manent magnet nenber  is dried. The drying tenperature is

pr ef erabjy [err]. Since excess heating deteriorates the corrosion

resi stance of the chromate treatnent, the drying tenperature should not

exceed [err]. dissolved rovdaude ciheke el eitweehietiz TvwRr28nd upssrmanent

magnet menbers can be provided with excellent - corrosion resistance by
appl yi ng two mestal plating slayéde inf naivrak penentisl aso ahap morrdsion Speavietdsal |y,
a lower netal .plating |ayer selected fromN,,. [terr], and an upper netal

pl ating | ayer fiom cthec4PPEh Alating Nayey. \That isy thesyippes m,talmafamgarlwer
different fro ... each ot.her re rnmed. VWien a | r..plajing Jayer nade
of a nore nqbg}ég%é'tsafma%'&oéﬁ fgﬁ%r %F@F{Tﬁ'& ll.(\%@%‘? rﬂ%t&gvﬁpuggl t?é’?‘g nSbi e net al
are formd O”cﬁthﬂdﬁ’é&l{fgﬁoﬁé P FFom! BBrrdRRS. PITRE! SilbstA(E isPaROM Nantly is
- 8- di ssol ved becadsé of the relation between the | ower and upper netal
pl ating | ayer protecreak fremh potresional , Byo thisaconasicis-peevemtinge fdacfioamn t he
upper plating layer. That is, the upper netal plating |ayer exhibits an
anodi ¢ ef f ect the\gorcosion remtanmua{) the R+ RYl-Baypermapest magoethauember y
protected fromcorrosign. The substrate is also protected from corrosion.
By this corrol APRA¥8nting function, the corrosion resistance of the

TS permanent megnetgBekuge |G prbled iy HitBon, 1e s
10  important that the upper metal plating layer is less noble by 100
U mV.or more than the lower metal plating layer with respect 'Fo' a
natural potential in a S-weight %-NaCl aqueous solution. Unless the
upper metal plating layer is less noble by 100 mV or more than the
lower metal plating layer with r.es'pec.t to a natural potential,
15  sufficient coﬁosion-preventing effect cannot be obtained by a
combination of the lower and upper metal plating layers.

Each metal plating layer is formed on the R-TM-B
permanent magnet body by aﬁ electroplating method, an electroless
plating_ method, a deposition method, etc., depending upon the |

20 abplicatibn of the R-TM-B permanent magnet member. The -
thickness of each metal plating layer is preferably 5-20 pm.
Incidentally, the treatment with the ‘above alkali
. solution' may be carried out after the f_orm‘ation of the two metal
plating layers. |
25 ' The present invention will be described in further "detail

by ways of the following Examples.



————

10 inportant that the upper netal plating |ayer is |ess rioble by 100 mV~
or nore than the |lower netal plating |ayerr wwth respect to a natural
potential in a 5-weight %[err] aqueous solution. Unless the upper petal
plating layer is less noble by 100 nV or nore than the |ower netal. what i ng

layer with respect to a natural potential, 15 suf fici ent

corr osi on- preventAlngalhiy dtalvmgaranobnipesnhﬂﬁloﬁed by a -conbi nation of the

| ower atl | ayers. Each netal plating |ayer is-formed on
the R %ﬁﬁéﬁg maé; GdV’aByPT&Ra’éqdebl'r@blaa@ iTAGItnG; sl the

I t I t had th di th
20 ré’f‘s‘ﬁﬁﬁe& ?%%&gw“-‘?har"'ﬁh o festrinh s fifomll”Tha’. "ol Chness o
each metal platimg, ?uﬁ@ﬂfzﬁﬁaﬁl Yae- gtgl ed 16! Qgg, hlift: pihe treatment

Soru t

wi th the above aIkaI| lon may be carrie out af t ﬁefo mat i on of
the twusieg adn Natgasgas ay puiverbzation medium, to obiain [fimes powdervent i on wil |
be described in further detail by ways of the follow ng Exanpl es. Exanples
1 and 2heCBpM-B | pernmBnenp| magne haging anAaverdgey diameteg of cdSposi tion of
[err] was Eﬁgggsed by an arc nelting, and the resulting ingot was crushed
by a st ‘and a disc mll. Thereafter, pulverization was conducted in

ajetmllby5 | oobtaln
fi ne powder of the %Wﬁ%ﬁ%%t ﬁ‘r%r%gende);& Jﬂﬂﬁgﬂ&avera Canet er of
3.5 umfiéidSer - 1510é Im_epeqwihaicmas tavdhéeéomﬁrései@pmhwbﬁanaaﬁwnet ic

10 pressure of -2 tonfem2, The resulting green body was sintered at

1090°C for 2 hours in vacusm. The sintered body was cut to a size o
of 25 mm x 25 mm x 10 mm, and then heated at 900°C at 2 hours
in an argon atmosphere. It was then rapidly quenched, and kept at
600°C for 1 hour in an arg‘oﬁ atmosphere.
15 With respect 10 each of the resulting samples, a first_ :
etching by 5 volume % of nitric acid and -then a séc_ond etching"by' a
| -mixed acid of 10 volume % of h_yk‘lrogen p_eroxid_e:" and 25 volume %
of acetic acid were 'condpctgd. Thereafter, varions surface
treatments were conducted under the conditions shown in Table 1.
20 The nickel 'plating layers of samples (Examples 1 and 2,
Comparative Examples 1 and 3) had a thlckness of 10 pm, and a
sample (Comparanvs Example 2) had a- lower Tayes . havmg a .
thickness of 5 um and an upper layer having a tluckness of 5 pm.
With respect to cach sample shown in Table 1, a
25 corrosipn test (80°C, 90% RH, 500 hours) and a salt spray test (35°C,
5% NaCl, 100 hours) were conducted. The results are shown in -
Table 2. '

- 10 -



field of 15 kOe in perpendicular to the conpression direction at a 10
pressure of 2 ton/cn2. The resulting green body was sintered at [err] for 2
hours in.vacuum The sintered body was cut to a size of 25 mmx 25 nmx 10
mm and’ @en heated at [err] at 2 hours in an argon atnosphere. It was

t hen rapi dly quenched, and kept at [err] for 1 hour in an argon atnosphere.
15 . \&th rgspect to ch the resulting sanples, a first
etching by & volugg %af, nitric agyd agg then a second etching by a m-xed
acid of 10 vol une &6 of ydrogen p om% and 25 vol unme % of acetic acid
were conducted. T reaf vario ace treatments were conduct ed under
the conditions shqwrsl n-TabI e 1. @o 88 : The nickel plating |ayers
of sanpl es (Exanpl:as:l ané‘ 2, Compargat iyeg Exanpl es 1 and 3) had a thickness
of 10-um and a s E&npar atl e 2) had a |ower layer having a
t hi ckness of 5 um ra,d Hpper Ia & h&¥Vig a thickness of 5 um Wth

respect to each sanple shown in Table 1, a 25 corrosion test [err] 90%
RH, 500 hours) and a salt spray test [err] 5% [err] 100 hours) were
conducted. The results are shown in Table 2. - 10- [err]4.4 Q c¢)
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.~ * >d~~~ " °  :>C g E Eg ~~~~~ E 7FE. - 12 - It is
clear fromTable 2 that the R TM B:permanent magnet nenbers of the present
i nvention show extrenmely inprdved corrosion resistance than the
conventiconal ones. 5 Exanple 3 An alloy having a conposition of [err]
was prepared by an arc nelting, and the resulting ingot was crushed by a
stanp m || and a disc my lis clBa eAjrheTableulY fiat Zie! RITMLB G¥iridtefl | N a
jet mll by.10 using an N2 gas as a pulverization nmedium to obtain fine
powder of the nRagiMtBnpemberserf tingnpricsestyiingentionvshowe ediremelgr of 3.5 um
(FSSS). The fine powder was, nol ded while applying a nmagnetic field of 15
kOe i n' per pendMPEP¥ed ; GoRrREion, Fpsistancen than 4B gAnyentional onepy essure of 2
ton/cnm2. The resulting green body was sintered at [err] for 2 hours in
vacuum The sintered body was cut to a size of 18 mfmx 10 nmx 6 nm and

t hen heatsd a%&qﬂﬁ? 2 hours in an argon atnosphere. It -was then rapidly
quenched, and Kkept a err] for 1 hour in an argon atnosphere. 20

Wth respect to the resr ialipys haying, aacémpesitionhcbf ng by 5 vol une % of
nitric -acid and.then second etching by a m xed acid of 10 vol une % of
hydr ogen per oXYdeFemeC 06,2807 0036.5 W8S iRrepaed biran aghdoeltiag, and the

Thereafter, variqus surface treat mednbs wer e condji teg under t condi ti ons
shown in Tabl desuiting ingot was crushe y a stamp mill and a disc mill.

Thereafter, pulverization was conducted in a jet mill by
10 using an N, gas as.a pulverization medium, to obtain fine powder of
the. R-TM-B permaneat magnet having an average diameter of 3.5
‘pm (FSSS). )
The fine powder was molded while épplying a magnetic

—

field of 15 kOc¢ in perpendicular to the compression direction at a

15 pressure of 2 ton/cmZ. The resulting green body was sintered at
1090°C for 2 hours in vacuum. The sintered body was cut to a size
of 18 mm x 10 mm x 6 mm, and then heated at 900°C at 2 hours in
an. argon atmosphere. It was then rapidly quenched, and kept at

| 600°C for 1 hour in an argon atmosphere. '

20 . "With respect to the resulting sample, a first etching '_by 5
volume % of nitric acid and then. a second etching by a mixed acid
of 10 volume % of hydrogen peroxide and 25 volume % of acetic
acid ﬁrere conducted. Thereafter, various surface treatments were
conducted under the conditions shown in Table 3.

25 The sample was subjected to a plating treatment in a
bright Watts bath, and then washed with water, The composition of
the bright Watts bath was as follows:

NiSO; 270 g/l | -
- 13 -



25 . The sanpl e was subjected to a plating treatmwent in a
bright Watts bath, and-then washed with water. The conposition of the
bright Watts bath was as follows: [err] - 13 -~ [err] [err] It was then
i mer sed in an aqueous solution of 10 [err] of [err] for 5 mnutes. i,
Subsequently. it was washed with 5 water, immersed in an aqueous

sol ution of 50 [egdy,for gsnppute, and then dried at [err] forn 5 mnutes.
The sanpl e prepared #n the sime manner as in Exanpl e 10 3 was subjected
to a plating treddgB@4: i n38 pflight Watts bath having the sanme conposition
as in Exanple 3, washed with water and then inmersed in an aqueous sol ution
of 10 [err] for Htnwasttben immggsed: i ranagueeusysolution of 10ngHr sed in an

aqueous I ONe [err]of K t [errl for 1 mnufe, then 15

dri ed a?ts%'rﬁﬁ a?%&%&stoﬁf nﬁt', 'f“@%‘%%ﬂ?‘é&wﬁ{ &as, gﬂéﬁ%‘h ‘?’ﬂ the same
magner n}ﬁﬁﬂ&ﬁ s Sa:ﬁiéBh " aphn ‘l{:;ﬁﬁ! Blindd a bright.
V\a?ts bgﬁﬁ!IZ g@iﬁgw@he sangc%:og%ﬁ%!giﬁ §Q sl ?fn arrprﬁ%e@o&@washed Wi th
wat er, fid1t fiffiuieTEGS 8bn @ritd a0UODSE F6¥ S insinugs, 15 [err] of [err] for 5
mnutes. It was then washed wth wat er, immersed in an aqueous sol ution of
50 [err]of NaCOH at 20 Cfor 1 mnute, and then dried at.  [err]for 5

m nutes_ 25 Incidentally, the nickel plating |ayers of all
sanpl e ' ' ' o

Lies

The sample prepared in the same manner as in Example
10 3 was subjected to a plating treatment in a bright Watts bath
having the same' composition as in Example 3, washed with water u
and then immersed in an aqueous solution of 10 g/l of CrO4 at50°C
for 5 minutes. It was then washed with water, immersed in an
_ aqueous solutién_ of 50 g/l of KOH at 20°C for 1 minute, and then
15 dried at 100°C for 5 minutes.

Example 3 |
The sample pre_pated in the same manner as in Example
3 was subjected to a plating treatment in a bright Watts bath |
20 having the same composition as in Example 3, washed with water,
and then immersed in an aqueous solution of 15 g/l of
N2a,Cry,04°2H,0 at 50°C for 5 minutes. It was then washed with
water, immersed in an aqueous solution of 50 g/l of NaOH at20°C
for 1 minute, and then dried at' 100°C for S minutes. -
25 _ In_cidcntéll'y;. the nickel plating layers of all' samples-
(Examples 3-5) had a thickness of 10 pm. '
With respect to ezlxch sample, a corrosion test (80°C, 90%
RH, 500 hours) and an adhcsibn test according to ASTM D 1002-64
- 14 -



(Exanpl es 3-5) had a thickness of 10 um Wth respect to each sanple, a
corrosion test [err]90% RH, 500 hours) and an adhesion test according to
ASTM D 1002-64 - 14 - (shear strength test) were conducted. The
corrosien resistance was evaluated on a sanple placed in a

const ant™fenperature bath at [err], 90% RH for 500 hours. As a result, no

change was obggheded stiangty RIMP!wereiconductdaianpl e Nos. 3-5. In the
adhesi on test, an.acrypl ¢ adhesive was used, and curing conditions were

roomtenperature and 24Theucsfréficniresistdncet wasechslndesd toh @aghmpIdp! e vas
a steel plate iASTM.D 1002), and a bonding length was 12.5 nm The .

measur ement ced in & ceastantdemperatpeebatly a1p80YC.000% RHifor 500 results
are shown in Jable 3, Table Adheﬁi on 15 . :
Strength ExanBPE As 4 (il 50 change Was obseryed on any samples 5§ s

Tabl o 3 that ERETWIEREEC3- 300N Magnet member s subj ected to the al kali
:megilegn treatment 25 In shecadReésiOnt st,han PicryHB! adesivé | Was &iyéw,@ﬂdenel y
' curing conditions were room temperature and 24 hours. A

substrate to be bonded to each sample was a steel plate (ASTM D

1002), and a boﬁding_ length was 12.5 mm. The measurement was

10 _ conducted at a peeling speed of 5 mm/min. The results are shown

| in Table 3.
v .
Table 3
Adhesion
15 Strength
Example No, (kg/cm?2)(1)
3 200
4 200
"5 200
20 |
Note: (1) Measured according to ASTM D 1002-64,

It is clear from Table 3 that the R-TM-B permanent
magnet members subjected to the alkali immersion treatment
25 according to the present invention show ecxtremely improved
adhesion properties than the conventional ones; while maintaining

. good corrosion resistance.

- 15 -
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adhesi on properties than the conventional ones, while naintaining good

corrosion resistance. Exanpl es 6-8. Conparitive Exanples 4-6 An all oy

having a conposition of [err] was prepared by an arc nelti ng, and the

resulting ingot was crushed by a stanp mll and a disc mlIl. 5

Thereafter pul verr zation was conduct ed inajet mll by using an Nfgas as
aplesn 6 b3 it e : pswdde6of the R-TM B per manent

magnet havr ng an average d| anet er of 3 5 um (FSSS). The fine powder was

nol ded while appA?r aloy hﬂi@h&t# c,composm%wf of 15 kCe in perpendicular to

th t f Th | t
body v A onee Sy ERppSlect %ét%?r@ by ehole Bt abf Menody vas cut
to a sigsaui Jxﬁ awaler By ﬁhﬂnﬁt@a{ s@mile1at 2 hours in an
argon at nosp eré: I't was then ?apr y quenched kept at 15 [err] for

15hour in an ar dDhereafes, palverization ofast bendmuﬂtimgt jenmhitb byes coat ed
with netal plating |ayers under the conditions as shown in Table 4 to

provi desmssmpNe gamashe mdvmttqn m%kﬂﬂhgtmhﬁﬂ fine powdenof s

el ectr and "B" denote | ectrol e at
Composiih BTN BEBermERe BrAsoeh SaaH %Z@v Aimgion,ef. 3.5 16 -

nm (FSSS) _
The fine powder was molded while applymg a magnetic

The

10 field of 15 kOe in perpendicular to the compression direction at a
pressure of 2 ton/cm2. The resulting greea body was sintered at
1090°C for 2 hours in vacuum. The sintered body was cut to a size
of 18 mm x 10 mm x 6 mm, and then heated at 90()_°C at 2 hours in
an -atgon atmosphere. It was then rapidly quenched, and kept at

15  600°C for 1 hour in an argon atmosphere. | |

Each of the resultmg samples was coated with metal |
plaung layers under the conditions as shown in Table 4 to provide a
sample. In the column of "coating method," A" denotes
electroplating, and “B" denotes eleétroless plating.

20 - The composition of each metal plating bath used was as

follows:

- 16 -



Metal Plating Bach Conposition [err] (weight % N-'S-

Ni SO4. 270 [err] [err] [err] <« Brightener: 10 [err] N -P

Ni SO4: 270 [err] [err] 45 [err | [err]

30 [er?‘]@odi um Hypophosphite: 30 [err] Ni Ni SO4: 270
[err] [err]: 45 [err] 15 Metal Plating H3BCB:
30 [err] [err]: 250 [err] H2SO4:.  Bath3 Gampositjear r] Rochel l e salt:
[err] 20 . Metal Plating —(Weighua|%n: 53 [err] Sodium

hydroxi de: 10 [err] Sodiumcarbonate: 4.2 [err] 25 Wt h
respect to each sanple sho®¥¥n Table 4, ¥sirosi od7Pe8¥ (80C, 90% RH,
1000 houPs) and a salt spray test [err] wHiGhiconduct8dg/IThe results are

shown in Table 5. - 17 - H,BO;: 30 g/t :
. -~ Brightener: 10 mi/l :
_ Ni-P NiSO,: 270 g/t
| . NiCl: - 45 g/t
10 o - | HyBOy: 30 g/l
S ' Sodium Hypophosphite:
_ 30 gnt
N NiSO,: 270 g/t
- _ NiCl,: 45 g/l
15 | H;BO;: 30 gt
. o oy 250 g/l
\J o | H,SO4: 3 gt
Qa . uSOg - 14 g/l
. . Rochelle salt: 455 g/l
20 Formalin: 53 g/l

Sodium hydroxide: . 10 g/f
Sodium carbonate: 4.2 g/l

25 With respect to each sample shown in- Table 4, a
corrosion test (80°C; 90% RH, 1000 hours) and a salt spray test
(35°C_, 5% NaCl, 200 hdurs) were conducted. The results are shown
in ':fable 5. | | '

-17 -
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-1t is clear fromTable 5 that the R-TM B per manent magnet nenbers of the
present invention show extrenely inproved corrosion resistance than the
conventional ones. As described above in detail; the RTM B permane 5
magnet based on an rare earth nmetal, iron and boron is provided w tlan
extrenmely improved corrosion resistance by the plating layers accordi ng to
the present invenlti ncleag, fram Tabje jmthasithey Rﬁ&\dcﬁr peEmanemdat ed R- TM B
per manent magnet ms)eéf' Ln the alkali solution, the adhesion properties of
1

the R TI¥8R58 S ‘the, presant | JyenHon, show (SXIRMEYY nor oved. - 20 -

CLAI M5: improved corrosion resistance than the cdrivehtiohal oddk, R TM B per manent
magnet nehber having an | nproved corrosion resistance conprising an RRTM B

pernanent magnet Agdiedttibtiedd abov® nmodetadilnthed R MNIB pesthafent0% of R,
50-90% of TM and 0. 2-8% of B, wherein R represents one or nore rare earth
mePal s magnetiibased, or\an aare wanths roetal,oirompaadt baron tis oprovided s i ncl udi ng
at least ,Fe as a nmin conponent, and,B represents boron, said R-TM B
permnemthréé‘n&x%?rlybmﬁo \GOTEQSIQR ¢ Fesistanes by phe: Plaingyer having a

t hi ckne b= ing. t hen Wt 0 ty | ayer having a

t hi cknegag'egé %@8%@0#%\9@'60_%?%& ] %‘@Egpﬁ‘p %ﬁ%&?a&%’%@xﬁﬂﬂgr sing in a
chromat ghed| clirbfitht®oltdd G-TMOR PetMifieC i flagret Mermibésd BnPeidrBnent nagnet
menber havi ng an i nproved corrosion resistance and adhesi on properties
conpr i salkaliasolution,Btiee radkesion propertiesodf thevRATM-B permanent

10 magnet members are gxu_'emely improved.

- 20 -



conposi tion, by ‘weight, of 5-40% of R, 50-90% of TM and 0. 2-8% of B,-
wherein R represents one or nore-rare earth netal s lﬂ

represents one or nore transition nmetals includi ng m ﬂl[mgg Imai n
conpagent,, gggxﬁsr .epresents boron, said R-TM B per manent rragiet bei ng
prOV|ded Wi ‘ckel plating Iayer haV|ng a thickness of 5-20 umand a
chromate coatjng | ayer having a thickness:;of 2-20A fornmed on said nickel

plating laygr by prgleyle bé‘rﬁaﬁ@ﬁ@”ﬁ&?né@ Reinb%‘%: fr{aRi!ixﬁj rgMg acid, and

t hen subjectedto an imersion treatnent in an kal 1 solution. 3. An
R-TM B per mdREFOViat) RArFRsben KesirtrRes FH“‘E’F&I%“E an R-T¥eBein said

5 fT:\/t Et p:[C &Q‘Biaﬂéiﬁﬂﬁﬂia Baaybl]gamﬁgbaeem@osﬁéﬁmre b keeightling, to
of .n Ic.aci t t chi
by a m xed 8& %Scig]\% ﬂggé“o?fh g‘ SBgang % (ﬁf%’da‘fgeé%{l ﬁu?rel (r’}?of
acetic apldreprégbnts oﬁerot Wore Aara-ENrBhpmahaﬁanlnn&pﬁingeﬁbeTMas
claimed in 3up,Anedls g&ge%fclqsfagtegﬂmm\mreeeagg "EndTHELRY OBt L T eat ment
gt e- coat e

of said chro B per manent magnet is cond uc ed in an
aqueous sol deast dfe sli apaiar eemRenspty opRLs ﬁu’ﬂ’%ﬁﬁ(’?% baron, \yn R TM B

per manent nRgRQy HIEAROH ﬁérﬁéﬁéﬁ@dmhﬂné&YbQHQ %Erﬂgﬂﬁﬁbdadéd4w1th a
substantially as _herein, described n% d for r@ugﬁggturlng an
R-TM B magn&ickaidl at1ng layer hav1ng ickness o

then with a chromate coating layer having a thickness of

2-20A formed on said nickel plating layer by immersing
in a chromate plating bath free from strong acid.

2. An R-TM-B permanent magnet member having an
improved corrosion resistance and adhesion properties
comprising an R-TM-B permanent magnet body having a
éomposition, by weight, of 5-40% of R, 50-90% of TM and
0.2~8% of B, wherein R represents one or more rare earth
metals including Y, TM represents one or more transition
metals including at least Fe as a main component, and B
represents boron, said R-TM-B permanent magnet body
being provided with a nickel plating layer having a
thickness of 5-20 um and a chromate coating layer having
a thickness of 2-20A formed on said nickel plating layer
by immersing in a chromate bath free from strong acid,

N\ and then subjected to an immersion treatment in an
alkali solution.

3. An R-TM-B permanent magnet member as claimed in
claim 1 or 2, wherein said R-TM-B permanent magnet body
has been subjected, before nickel plating, to a first
etching by 2-10 volume % of nitric acid and then a
second etching by a mixed acid of 5-10 volume % of
hydrogen peroxiéé and 10-30 volume % of acetic acid.



e —

" as defined in claim1, said method comf,i!lﬂ mmummma ni ckel pl ating
~layer having a‘thickness of 5-20 um on - TM B per nanent

magnet body having a conposition, by weight, of %- 40%*of R 50- 90% of -JM
and 0. 2-8% of B rein R represents one or nore rare earth.netals 7~
Crudind | T KRFUSRNpEriABesE Meandl HAALT AR L SHPACLIGRRY at TEast
Fe as a rmmen abHnpraeptreceddng cdpimsgntvhermeion tinel immersion t he

thus-for&g% e t 1% LRy U5 1 ' = rom streng acid
to provide a%%%ﬁa?g.ggg%ii ?8”?’3‘%‘? havi negieaﬁt'ﬁ?-cﬁn gg;f%ﬁsg?ZOA formed on
sai d ni clagnehitlhedy| d§epondugked in an aqueous solution of |

sodium hydroxide or potassium hydroxide.

5. An R-TM-B permaneht.magnet member as claimed in any
one of claims 1 to 4 substantially as herein described.’

6. A method for manufacturing an R-TM-B magnet member
as defined in claim 1, said method comprising forming a
nickel plating layet'having a thickness of $-20 um on a
surface of an R-TM-B permanent magnet body having a
composition, by weight,. of 5-40% of R, 50-90% of TM and
0.2-8% of B, wherein R represents one or more rare earth = )/
metals including Y, TM represents one or more transition
metals including at least Fe as a main component, and B
represents boron and-immersing the thus-formed Ni-plated
body in a chromate plating bath free from strong acid to
provide a chromate coating layer having a thickness of
2-20A formed on said nickel plating layer.

- 22 -



