PONDERS FOR RARE EARTH MAGNETS, RARE EARTH MAGNETS AND
METHODS FOR MANUFACTURI NG THE SAME TECHNI CAL FI ELD
wQ 0@00)53The present invention relates to powdePGI/EP2006/009149
rare earth- iron-boron-netal (R Fe-B-M permanent
magnets and to nethods of producing the powders and
the nmagnets . BACKGROUND [0002] Permanent rare earth-
i ron-boron-netal (R Fe-B-M lmagnets are generally
produced by powder metallurgical nethods. Firstly, an
ingot is produced by a casting nethod. The ingot may
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the ingot may be produced by a rapid solidification
%ﬁ;ﬁg@as strip casting. The solidified ingot is
ven an annealing heat treatnent to
honogeni se the conposition. [0003] The ingot may then
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material, is then further pulverised to produce a
BA@g%gﬁ . [0004] A magnet is produced fromthe powder
r metallurgy. The powder is conpacted in a

magnetic field to forma textured green body which is
[0ddmEn gi Permanshnt exrhng earth-iron-boron-metal (R-Fe-B-M)

magnets are generally produced by powder metallurgical
methods. Firstly, an ingot is produced by a casting method.
The ingot may be produced by casting the molten alloy into a
mold, where it cools comparatively slowly. Alternatively, the
ingot may be produced by a rapid solidification method such
as strip casting. The solidified ingot is typically given an

annealing heat treatment to homogenise the composition.

[0003] The ingot may then be given a hydrogenation
treatment which is typically used to coarsely pulverise the
solidified ingot due to the effects of hydrogen embrittlement
of phases within the alloy. The ingot, or resulting coarsely
pulverised material, is then further pulverised to produce a

powder.

[0004] A magnet is produced from the powder by powder
metallurgy. The powder is compacted in a magnetic field to
form a textured green body which is then given a sintering

heat treatment in order to produce a permanent magnet.

[0005] It is known that the magnetic properties, in
particular the coercive force and the squareness of the J(H)

curve, as well as the corrosion resistance and the
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heat treatment in order to produce a pernmanent nagnet
[0005] It is known that the magnetic properties, in

w@arorioeisk@r the coercive force and the squar enPGEFEPR{006/009149

the J(H) curve, as well as the corrosion resistance

and thetenperature stability of the sintered magnet

depend on the grain size as well as on the conposition

of the magnet. The conmposi tilon and grain size of the

sintered magnet are, in turn, dependent on the

particle size and conposition of the powder. R-Fe-B-M
te@pﬂﬁkﬂﬂi&ﬂﬂﬁaﬂkmmm@rqfrahheﬁidtérEdumagnstnﬁhmﬁaétGﬁb the

in large quantjiies and,,conse e nd
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produce high-quality rare earth, iron boron

R- Fe- B-
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pow{aot Ak lp ki ndswalrappireGaticweselr) WitHert heyf tiagule to
used. It is also desired to inprove the corrosion
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O
P proylde - er and (R-Fe-B-M sintered
expragistes whi ch have high quality magnetic properties,
an i nproved tenperature and corrosion stability and

rodduch can bg more.cost-&f fgebived yebr edveaade MQP8Huality

e invention also seeks to provide cost-effective
rayet dadsh of remnbbaerur(Rnget R-1k- Binfepohdepdapes more cost

efpeeétr!iavne%r)]ft écBF%'s to promote all kinds of applications in
which they can be used. It is also desired to improve the
corrosion stability and the temperature stability of such

magnets.
SUMMARY

{oo07] The invention seeks to provide (R-Fe-B-M) powder
and (R-Fe-B-M) sintered magnets which have high quality
magnetic properties, an improved temperature and corrosion

stability and which can be more cost-effectively produced.

(oo008] The invention also seeks to provide cost-effective
methods of manufacturing (R-Fe-B-M) powder and permanent (R-

Fe-B-M) sintered magnets.

fooo9] The invention provides a powder for use in a R-Fe-
M-B type permanent magnet and a R-Fe-M-B type permanent
magnet consisting essentially by weight, of 28.00 £ R £
32.00%, where R is at least one rare earth element including
Y and the sum of Dy + Tb > 0.5, 0.50 £ B £ 2.00%, 0.50 S Co £
3.50%, 0.050 < M < 0.5%, where M is one or more of the



B-M sintered magnets. [0 009] The invention provides

a powder for use in a RFe- MB type pernanent nmagnet
war@7a4R20e- M B t ype pernmanent nagnet consi st i PQI/EP2006/009149

essentially by weight, of 28.00 R 32.00% where Ris

at least one rare earth elenent including Y and the

sumof Dy + Tb > 0.5, 0.50 B 2.00% 0.50 Co 3.50%

0.050 M 0.5% where Mis @ne or nore of theel ements

Ga, Cu and Al, 0.25 % O 0.5m % 0.15%or less of C

, balance Fe. [0010] The powder conprises an oxygen
elenmntetha),f @ 2ndvBk 00 BSwiok< ADtRolghwt¥n Printi preless

Greased oxygen content is undesirable as the

of ¢ 'a@["’i NSt the hard magnetic phase and the remance

of the magnet is reduced, an oxygen content in this
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in e per nmanent net S and
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oxygen cont ent, in this context a ver
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whi ch has two di sadvantages. During the sinterin
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I'ncrease, generally speaking, by a factor of around
three. Therefore, a powder with an average particle
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oxi&éﬁaégntent, in this context a very low oxygen content is
used to describe an oxygen éontent of less than 0.25 wt%,
easily get a <coarse grain structure which has two
disadvantages. During the sintering process, the particle
size of the powder having an oxygen content of less 0.25 wt%
is observed to increase, generally speaking, by a factor of
around three. Therefore, a powder with an average particle

size of 4 um produces a magnet with an average grain size of

12 pm. However, as the grain size of the magnet increases,
the coercive field strength is reduced. Therxefore, the
properties of the magnet are limited by the particle size of
the powder. This problem is avoided by increasing the oxygen
content of the powder to provide a powder with an oxygen

content in the range 0.25 wt%< O S 0.5wt%.

[0012] A further problem which is obserxrved in magnets with
an oxygen content of less than 0.25 wt% is the appearance of
abnormal grain growth. Abnormal grain growth is wused to
describe the phenomenon in where a few grains grow faster and

reach a size of several hundred microns whereas the rest of



12 mm . However, as the grain size of the nmagnet

i ncreases, the coercive field strength is reduced.
wab@rmeissee, the properties of the magnet are |POT/ERIOEY09149

the particle size of the powder. This problemis

avoi ded by increasing the oxygen content of the powder

to provide a powder with an oxygen content in the

range 0.25 wt% 0 0.5wt % [6012] A further problem

whi ch is observed in nmagnets with an oxygen content of

| ess than 0.25 wt% is the appearance of abnormal grain
thegmagnet Awsormaionpedi grghiowsh zes ofisedor oedaspl ¢ barovrd 12

phenonenon in where a few grains grow faster and re%gh

pm.y Aboerigl sgvainl KendRed SRS oy Ghéletes ipKatigr of the

squidllhesaBgretnbas @ Twydrel grain size of, for exanple
around 12 mm. Abnormal grain growh |leads to a

deterioration of the squareness of the B-H | oop.
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I nvention, "the sintering activity IS reduced.
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Xa e or powder. according.to the inventio iLch
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magnet produced fromthis powder with an average
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and , a magnet produced from this powder with an average

particle size of 4 pum has an average grain size of around 8
um. This is in contrast to powderé’with an oxygen content
outside of the range according to the invention which produce
a magnet with an average grain size of 12 um from a powder

with an average particle size of 4 um. Therefore, the
coercive field strength of the magnet fabricated from powder
of a particular particle size is increased as the grain size
of the sintered magnet is reduced. For the same reason,

abnormal grain growth is also reduced.

[0015] If the oxygen content is greater than 0.5 wt%, the
remnance 1is more significantly reduced and the advantage
provided by the increase in the coercive field strength is
lost. In a further embodiment, the oxygen content is 0.3 wt%

<O £ 0.45 wt%.

[0016] Powder for producing R-Fe-B-M magnets having a

compogition according to the invention also simplifies the



outsi de of the range according to the invention which
produce a nmagnet with an average grain size of 12 mm
wo c@moss3powder with an average particle size OPCHEPIN6/009149
Therefore, the coercive field strength of the magnet
fabricated from powder of a particular particle size
is increased as the grain size of the sintered magnet
i s reduced. For the sane re@son, abnormal grain growh
is also reduced. [0015] If the oxygen content is
greater than 0.5 W% the remance is nore
marmri]f@mithird:agt yoredace8iand the atedm &jeeprafvider) pyntered
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p er wth a larger particle size. Consequently, the
frooul vee i pavilen geocedtharefoBe. silfpl PRIGERGHF Shdiore cost-

o fUQGEs yt.ime to carry out the pulverisation is
reduced” "The powder and nmagnets produced fromthe

powder can, therefore, be manufactured nore . )
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phases with Nd and Co/Fe at the sintering temperature
although they are not present in significant amounts in the

hard magnetic phase.

[0018] Therefore, the advantage of the wmolten phase
sintering, which produces a fast densification at relatively
low sintering temperatures, is retained. Since only minor
amounts of Ga and Cu can be dissolved in the hardmagnetic
R,Fe14B grains, rapid grain growth is slowed down
substantially. Therefore, the grain growth by sintering is
also reduced and, as previously described, abnormal grain
growth is avoided. Therefore, the additions of gallium and/or
copper also influence the relationship between powder
particle size and the grain size of the sintered magnet and
further reduce the increase in grain size of a magnet

sintered from powder of a particular particle size.

(0019] In a further embodiment of the powder and permanent
magnet, R is one or more of the elements Nd, Pr, Dy and Tb,

0.50% < Co < 1.5%, 0.05% < Ga < 0.25% and 0.05% < Cu < 0.20%.



phases with Nd and Co/Fe at the sintering tenperature
al though they are not present in significant anounts
w0 noovieessbar d magneti c phase. [0018] Ther ef or e, PCTYEP2006/009149
advant age of the nolten phase sintering, which
produces a fast densif ication at relatively low
sintering tenperatures, is retained. Since only m nor
amounts of Ga and Cu can be @i ssolved in the _
har dmagneti ¢ R2Fel4B grains, rapid grain growh is
sl owed down substantially. Therefore, the grain growth
[0630ki nt eftieng nasvd@irso credubedeandn asverey oysinticle size

[ be rmal. ain growt.h is avoided.
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size and the grain size of the sintered nmagnet a
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i nt d f owder of a particular particle size.
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20 mm.. In an alternative enbodi nent, the powder has
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particles greater than around 15 s powder can

be used _
[0021] The permanent sintered magnet may have an average
grain size of around 7.6 pm to around 4.2 pm. This provides
the magnet with magnetic properties, in particular a J(H)
curve and coercive force which are suitable for a wide rang

of applications and provides a magnet with good corrosion

resistance.

[0022] In an embodiment, a magnet has an average grain
size of around 7.6 pm and in a HAST corrosion test has a mass

loss of less than lmg/cm® after 10 days.

[0023] In an embodiment, a magnet has an average grain

size of around 4.2 pm and in a HAST corrosion test has a mass

loss of less than 0.1lmg/cm® after 10 days.

[0024] In a further embodiment, a magnet has an average
grain size of around 4.2 pm and in a HAST corrosion test has

a mass loss of less than 1lmg/cm® after 100 days.



to fabricate magnets with good magnetic properties,
since, as previously described, the conposition of the
w@owdess3x t h a conposition according to the i NREEPZING/009149
| eads to a reduced grain size of the nmagnet produced
usi ng the powder. [0021] The permanent sintered magnet
may have an average grain size of around 7.6 mmto
around 4.2 mm. This provi dés the nagnet w th magnetic
properties, in particular a J(H) curve and coercive
force which are suitable for a wi de rang of
[0o02ppl i carthensnaadt poovalies zebagrettoi thtlhodsl ebr pvedvping

resi stance. [.0022], | n_e dinent, a ne
POWEAGEr 4GE §°5i “si%z'bfeég‘gr 8t d%? F“égﬁﬁutSnggugﬁl‘gaQ%g m R-
Fe-80KM pSivABr&est has a mass loss of Iess than Ing/cm 2
after 10 days. [0023] In an enbodi nent, a nmagnet has

an_average grai ize of around 4.2 d i T.
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~ magnet has an average grain size of around. 4. and.
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0. g0 8 X af tegs 100, day < [W025) . ghe dneenty ofks abs® or more
. Trelates to nmethods of produci ng powder for use in
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formar @tearlielasel eppat ingbudi nghereimd tthe swwlédibjed Thngot
coéggaégb Ofggelg Zaggggrsed o-Fe, and RyFe;uB and R-rich
constituents. The at least one ingot 1is annealed at a
temperature in the range of approximately 800°C to

approximately 1200°C under an inert atmosphere of Ar or under
vaéuum to form an ingot which is free of the «-Fe phase. The
at least one ingot is treated in hydrogen gas in order to
hydrogenate the R-rich constituents. The at least one ingot
is then coarsely pulverised and a fine pulverisation of the
coarsely pulverised powder is performed in an atmosphere
comprising  oxygen, oxidizing the  powder. The finely
pulverised powder comprises an oxygen content of 0.25 wt%< O

< 0.5 wt%.

[0027] It has been found that the ingots may be more
easily pulverised and that powder having a smaller particle
gize distribution can be produced using the method according
to the invention. The casting conditions and homogenisation
conditions of the invention produce an ingot or ingots which
are essentially free of the a-Fe phase. This has been found

to lead to a more reliable pulverisation of the ingots.



0.50 Co 3.50% 0.050 M 0.5% where Mis one or
nore of the elements Ga, Cu and Al, 0.25 % 0 0.5%
wO23883320 | ess of C, balance Fe is nelted. TheCHEPY6/009149
is then cast to format |east one ingot, wherein the
solidified ingot conprises finely dispersed a-Fe, and
R2Fel 4B and R-rich constituents. The at | east one
ingot is annealed at a tenpétature in the range of
approxi mately 8000C to approxi mately 12000C under an
i nert atnosphere of Ar or under vacuumto form an
[0029bt whitthhias falee dfedrhefaupd phase.thfheintrodastion of

ingot.is treated.in hydrogen s in order to
ox Pl (oaRkihg, | ERE PHih8 MYUOHRIL 000 " BESSEad O hagt e
advagodge sthdtenagoakséd yopat ey | Sedfanded dhnehe outside of

ul verisation of the coarsely pul verised powder, is .
eh T RS eR RAvdE R g et E e b P fnd B YeR. Gistribution

of oxtdli Btytfert Redpendestaditei dy el ¥neubyeaésed powder
conpri ses an oxygen content of 0.25 W% O 0.5 W%
0027] 1t has _heen found that the jngots nay be nore

[o ly pdiSedld@y afdSth? pbRdttIRRA ngied shydragenation
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met hod according to the invention. The casting ,
PRI t REnstRfhdTRERoFEFtEat THFh cBRaPefondosmpdt during the

cadtMEPt HPH-PESIUGLe ARokBIRL SR v RAAL SLeiaBN 2t drogenated.
essentially free of the a-Fe phase. This has been

The¢ ouhttdrogeraticen acanditi@ls ableagul veri sat i Beref uhéform

hyéfgggé}éfg%?SLflttﬂés fﬁﬁ?) Q%&@hfogpght ?545? and to an
I ntToducti on of oxygen uring the fine pulverisation

improsessclraskihg of the ingots. It is also possible to
eliminate a coarse crushing step if sufficient cracking is

achieved by the hydrogenation treatment.

[0030] In a further embodiment an alloy is melted in which
R is one or more of the elements Nd, Pr, Dy and Tb, 0.50% <

Co < 1.5%, 0.05% < Ga < 0.25% and 0.05% < Cu < 0.20%.

[0031] In an embodiment, the said ingot has smallest

dimensions in the range of 5 mm to 30 mm.

[0032] In an embodiment, the powder has an average
particle size (FSSS) in the range of around 4 um to around

2.1 pm and contains no particles greater than around 20 um.

[0033] In an embodiment, the at 1least one ingot has
dimensions in the range of 15 mm to 25 mm and said powder

after said fine pulverisation has an average particle size
(FSSS) 1in the range of around 4 pm to around 2.1 pm and

contains no particles greater than around 20 pm.



advant age that an oxide coating is formed on the
out si de of the pulverised powder particles. This
WO o230 di stribution of the oxygen and the sPEDEP100§009149
of the powder. [0029] The alloy casting conditions and
hydr ogenati on treatnment of the invention also sinplify
the pul verisation process as the rare earth rich
phases, forned during the cdsting process, are nore
easily and reliably hydrogenated . The hydrogenation
conditions lead to a nore uniform hydrogenation of the
[oozdde eafhhani embphiment arfdhe viroosprbied &8 aBRYHregd at

the ingots., It i inel-e jJp nate a coarse
a t@ﬂ}i’fﬁiag r?t%%&féf‘gréﬁgf]?oﬁlg%gﬁﬁoc?ag ?ngé?i&'achi eved by
t he hydrogenation treatnment. [0030] In a further

[ocarsiodi mEnt aaneabbdyment methedydrogenefingi $soperbprmed at
nore of the, el enents Rroo d 0.50% < Co <
a (e 3ubBopet R S dt Bon B sl % e 3 %0s

[0031] In an enbodi ment, the said ingot has small est
[oodiaTensi ans am thbodamget of themmiydr@@naning003] PeAL armed

nbodi ment , -t pe, powder, v ri i [
undfeisdy 9 TR et KRGS of ARRIAY M G AT S Funa 1
howdd Carbandsioohgardi cl es greater than around 20 mm.

[0033] In an enbodi nent, the at |east one ingot has

di mensi Qns in the.range of : d [ ;
Oiiier af: & STPACHRRE purve P e bt 108, A8 psREdamed in
1 ey tdfchgdgbaen( FS6Iround Ite hoamge of around 4 mmto

around 2.1 nm and
{o038] In an embodiment, after said hydrogenating, said

ingot is cooled to around 100°C under Ar gas.

[(0039] It was found that the decomposition of the ingots
is reduced by selecting a hydrogenation temperatures of
greater than 450° C. By avoiding decomposition of the ingots,
the ingots can be more easily removed from the furnace and
the composition of the final powder is more reliable as the
ingots are less likely to absorb impurities such as 0, C and

N.

{0040] By selecting a hydrogenation temperature of less
than around 600°C, the absorpticon of hydrogen is reduced to a

level at which decomposition of the hardmagnetic Nd;Fei,B

compound into NdH;, a-Fe and Fey B is avoided.

[0041] In a further embodiment, the fine pulverisation is
performed in two steps. This embodiment has the advantage
that a reduced average particle size, as well as a smaller
particle size distribution can be provided by a simple re-

pulverisation of the finely pulverised powder.



contains no particles greater than around 20 mm

.[0034] In an enbodi nent, the hydrogenat ing is
w@eso7osizedl at a tenperature between around 45CPOER2VA6/009149

600 OC . [0035] In an enbodi ment, the hydrogenating is

perfornmed at a tenperature between around 500 0C and

550 0C . [0036] In an enbodi nent, the hydrogenating is

performed under 0.5 to 1.5¥ars of hydrogen gas for

between around 1 hour to around 10 hours. [0037] In an

enbodi nent, the hydrogenating is perforned in 1 bar of
[oohgdlir ogen f driratountir® hopwsveriGu38n | nofin EMBodi ¢RANSSLlY

after said hydrogenati i di.ingat ] ol
pul§Ebe kel GO e D torrel) Gl off) 18800 uthabBnere. 2
secbhe desenpasiéininmforn e isagat € inslyeguteerbyed powder is

sel ecting a hydrogenati on tenperatures of_ great t
theRs@eEt TRy daddi AP HEERHEES FPORE DT The TRERL S CHHa Ling
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e conposition of the final powder is nore reliable
compripRe BRRgOEYISRe cPBESNE| Rely WBﬂébQoFbQ-ﬁpmﬁ%i%@er the

sec%ﬁghfgﬁeO?u16%f¥5$é¥on.[0040] By selecting a
ydrogenation tenperature of |ess than around 600 0C
t he absorption of hydrogen is _reduced to _a. level

[00dRich dEoRPoSIMPPBAMBRE { hehfaf d#henbtTe Rﬂ%ﬁ%?ﬂi?égon and
saiﬁggggﬁﬂg EEEQ $§?¢ iAthenand FerfiedMiteda [0044111.

urther enpbodi nent, the fine pulverisation is

performed in two steps. This enbodi ment hgs tPe
[00ddVant age an embodiment, after gail irst

fine
pulverisation, the powder has an average particle size
(FSSS)of around 4 um and a particle size distribution in

which 30% of particles have a diameter of more than around 10
pum and around 1% of the particles have a diameter of greater

than between around 20 pm and around 25 pm.

[0045] In an embodiment, after said second fine

pulverisation, the powder has an average particle size (FSSS)
in the range of around 4 pm to around 2.1 pm and contains no

particles greater than around 20 um.

[o046] In an embodiment, the powder has an average
particle size (FSSS) of around 4 pm and a particle size
distribution in which 30% of particles have a particle
diameter of more than around 10 pm, and around 1% have a
diameter of greater of between around 20 um and around 25 pm
after the first fine pulverisation. The powder has an
particle grain size (FSSS) in the range of around 4 um to
around 2.1 pm and contains no particles greater than around

10 pm after the second fine pulverisation.



that a reduced average particle size, as well as a

smal I er particle size distribution can be provided by
wa@2@7gd3e0 r epul veri sati on of the finely pul verPGEEP2006/009149

powder.[0042] A first fine pulverisation of the

coarsel ypul veri sed powder is perfornmed in an inert

at nosphere. A second fine pulverisation of said finely

pul verised powder is then pérformed in an atmosphere

conpri sing oxygen, oxidizing said finely pulverised

powder. The finely pul verised powder conprises an
[o0oagygen Toat bmer(.izf wife Orovidesssaheehod Hey sweigiiy R-Fe-

Jfine.pulverisation. 43] _ jyment, the first
B MfPﬂgdgﬁlb%r?E%1%9§$ &R %sgigkgeé%%g 956 "pul veri sat i on
is performed using a jet mll. [0044] In an
[ooeaagdlnﬁntalhéyetssatdvideétwmi¢ha@QWRM&SQ&HbXNWe#QRFI of
0 r _has era articl.e size (ESSS) n
28'5191 as_ﬁdRa ‘paggi’%é’ sg@eéorﬁ stri'but ‘Fén ll(er‘?1 \?hi %rgé 33%}% bdren
eleRahti chesuditvg v shangtierswi abrdy thafb ar cfd 10 58ms B <

and around 1% of_the particle v i ter, of
2-oﬁrﬁeapeﬁotgaﬂobgt%/\/e%%'arom?ﬁcﬁ) fgp'{;%n §ng‘ar§5§’ae2‘% Hinone °F
morEO?QSthnﬁggm@ﬁ?ﬁdyﬂeaglEﬁﬁieu”saLdsseeeedofﬁne.s%, 0.15%
ul verisation, e powder has an average parti.cle size
or Erssssyf i 6 tPRLanARE of TRFoAMGCY WAS t'SEFAY S, I nAIICt -
and contains no particles greater than around 20 nm.

[00k9946] &imalaenPodideiHe grhes iRRedembddimant avehagpre-cast
~ particle size (FESSS) of around 4 nmand a particle
ingstze i@ stame@ledn iat wi cht SR WEr t i10 esHfaveapoe  ©f

app?®kikGt€1y 800°c to approximately 1200° C under an inert

atmosphere of Ar or under vacuum to form an ingot which is
free of the a-Fe phase. The ingot is then treated in hydrogen
gas in order to hydrogenate the R-rich constituents and then
coarsely pulverised. A fine pulverisation of the coarsely
pulverised powder is performed in an atmosphere comprising
oxygen, oxidizing said powder. The finely pulverised powder

comprises an oxygen content of 0.25 wt%< O £ 0.5 wtk.

[0050] In an embodiment, an alloy is provided in which R
is one or more of the elements Nd, Pr, Dy and Tb, 0.50% < Co

< 1.5%, 0.05% < Ga < 0.25% and 0.05% < Cu < 0.20%.

[0051] In an embodiment, the powder has an average
particle size (FSSS) in the range of around 2.5 pm to around

3 um.

[0052] In an embodiment, the ingot has dimensions in the

range of 20 mm to 30 mm.

[0053] In an embodiment, the hydrogenating is performed at

a temperature between around 450°C and 600°C.



di ameter of nore than around 10 nm, and around 1%

have a di aneter of greater of between around 20 nm and
w@e@ands32d nm after the first fine pul veri sati POT/EF{06/009149

powder has an particle grain size (FSSS) in the range

of around 4 nmto around 2.1 mm and contai ns no

particles greater than around 10 nm after the second

fine pul verisation.[0047] T invention also provides

a met hod by which R Fe- B-M powder is produced froma

pre-cast ingot. [0048] An alloy is provided which
(00&a@dpri s&s by embghinerdf, Zhe)hydrog2neddngwher peRfowned at

| . |
2 t&?“%%ag‘q%r%? gbee%g%g‘ %%@558%19%9%6&%536" %Bc'%e 0. 050

M 0.5% where Mis one or nore of the elenents Ga, Cu
[ooasd Al , I6. 2h wellsodimént5% the 15%duogenssing Gs performed
al ance Fe._ The_alloy_.has the form of_ an.ingot. [.0049
unc%er'as_rl‘il? f‘oEt H@rﬁré\% Sre968dPRENtE T hbeer%”reéa-ncaas ourd 1

hournget arsuaanealleshad. a tenperature in the range of
approxi mately 800 OC to approximately 1200 C under an

i nert atnosphere_of, Ar_or der. vacuumto form an
(0dsAgot whPoi serpaaitiasy nEhg ty Rt Tpg° f, oPer formed
undeen baeabednydirdetl G¥an agadsntns ohisiers t 0 hydrogenat e

the R-rich constituents and then coarsely pul veri sed.

A _fine pulverisation of the_coarsely pulverised, powder
(0457 ] per f GPnet i ESHPHFROE phePE S S1 i BLyGaRELon.  the
ing®¢i diezicBgleai €o pavsierd 10bech uneéy mklyeyised powder

conpri ses an oxygen content of 0.25 wt% 0 0.5 wt %

[04%%?50] &Heagnsgggggﬁng¥éoE¥Lf§t£%ytgsap%%¥£ggdo%np¥gé&ging
a permanent R-Fe-B-M magnet. Powder is provided which
consists essentially by weight, of 28.00 < R S 32.00%, where
R is at least one rare earth element including Y and the sum
of Dy + Tb > 0.5, 0.50 £ B < 2.00%, 0.50 £ Co £ 3.50%, 0.050
< M < 0.5%, where M is one or more of the elements Ga, Cu and
Al, 0.25 wt%< O £ 0.5%, 0.15% or less of C, balance Fe. The
powder is compacted in a magnetic field to form a textured

compact. The compact is then sintered to produce a magnet.

[0059] In an embodiment, the powder has an average
particle size according to FSSS and said magnet has an
average grain size. The average grain size of said magnet is
no more than 2.5 times the average particle -size of said

powder.

[0060] In an alternative embodiment, the average grain
size of said magnet is no more than twice the average

particle size of said powder.



is one or nore of the elenents Nd, Pr, Dy and Tb,

0.50% < Co < 1.5% 0.05% < G < 0.25% and 0.05% < Cu <
W@ 2@08453p0051] I n an enbodi nent, the powder haBCHEP2006/009149

average particle size (FSSS) in the range of around

2.5 Mmto around 3 mm. [0052] In an enbodi nent, the

i ngot has dinensions in the range of 20 nmto 30 nm

[0053] In an enbodi ment, tHe® hydrogenating is

performed at a tenperature bet ween around 450 0C and

600 OC .[0054] In an enbodi nent, the hydrogenating is
[ooganf or nEd aana Qr@qﬁammr,e af ponyerad amegREts0baVEg  an

and 550 QC . [005 In an e n t he
averpgeo§EAati fiy ?sl?ae?fﬁ?%ed ‘{ﬁ@glpﬁg % oMl BOpAPRuGHd -2 Mm
is Rgen %Stﬁ@rsﬂ:&t wWreniatewhdgl hour to around 10

ours. [0056] In an enbodi nent, the hydrogenating is

performed under 1 bar of hydrogen for around, 5 E ur a
[00[6@(357] IR & Brfdwrmstoodimeat "Ejgegna’t?o ab’fh‘éate
by ﬁg%o' $tepo! £dd Opﬂ&a»ﬂ%a%qgnogx%@% ArTH@aspod b8t ter

e invention also relates to a nethod of producing a

saiger rerond RPPéVBrWWFEt hasoway aé’eﬁ'?S?I dearv\hﬁ:%ﬁ size

consi sts es L wei ght f %
ac g“@gRtios % é’?st rooﬁéldr affr‘gL ar?ch et OQQ@Q i nclpﬁg dnd yhe
magiiRd tdEe UM ofcdding Thae Bn5aver5§e Bra2n0@dze0.dD aﬂmund
3.50% 0.050 M 0.5% where Mis one or nore of the
7. ellomspt $rCandCh- Arm-Al, 0.25 W% 0 0.5% O0.15% or
: | ess of C, balance Fe. The

BRIEF DESCRIPTION OF THE DRAWINGS

[0063] The invention is now explained in detail in the

following with reference to the drawings.

[o064] Fig. 1: Graph showing the percentage of H;-
absorbed by ingots with a size of around 20 mm to 30 mm at

400 °C and a H; pressure of about 1 bar.

[0065] FPig. 2: Graph showing the percentage of H-
absorbed by ingots with a size of around 1 mm to 2 mm at 500

°C and a H; pressure of about 1 bar.

[0066] Fig. 3: Graph showing the percentage of H;-
absorbed by ingots with a size of around 20 mm to 30 mm at

550 °C and a H; pressure of about 1 bar.

[0067] Fig. 4: Graph showing the percentage of H;-
absorbed by ingots with a size of around 20 mm to 30 mm at

700 °C and a H; pressure of about 1 bar.



powder is conpacted in a magnetic field to forma

textured conpact. The conpact is then sintered to
w@e@does2@ nagnet. [00 59] In an enbodi nent, tPET/PP2A0€009149

has an average particle size according to FSSS and

said magnet has an average grain size. The average

grain size of said nagnet is no nore than 2.5 tines

the average particle size ofl4said powder . [0060] In

an alternative enbodi nent, the average grain size of

said magnet is no nore than twi ce the average particle
[0868k of Bigd powder Jra@dl] shawangenthoeli nefffecta of sifter

roPEL 8 PodRE P AR Fadoin s B YAt Snkosd Fiss of
rethel @@ NDIFesiMiBenlbgy pORBRt, Iwheaef Mr ibenl entodigentcu .

the powder is fabricated by a two step fine
The powder after said secqnd

eri sation process. ,
[ogﬁ%teri ssﬁgjtq‘on ias aN av8r a§e°BaPei ¢t siSF SEdcordi ngifter
rot &t F&GESsptear aunsh 4the Mpalr@ ianeunt z& 64188 ALt of re-

. t aft [ i ng has an average grain size of
mi LF e F Mo PO oY GRIMASE 2 THATE BRREFRBESOR) F.ONCR

THE DRAW NGS [ 0063] The invention is now explained in
[owetlai | imigt.he7f ol | gvapy Vsinwilh%f elf]}%’lCQ‘etLaﬁlbﬁship between
draw ngs. [0064] Fig. 1 : G aph show ng the percentage
gryEn I—E}g%\bQ%r i&gﬁ’ FATYF60s MR ta A% P LFISutt 20 the

powde BEIINALE £4@8n0 CoRpged ddhdurgsure of about 1 bar.

[0071] Fig. 8: Graph showing the temperature dependence
of the coercivity field strength of Nd-Fe-M-B magnets, where

M is Al, Ga, Co, Cu, fabricated from sintered powered with a

particle size of 4.1 pm and 2.6 um.

[0072] Fig. 9: Demagnetisation curves J(H) of Nd-Fe-B
magnets, fabricated from sintered remilled Nd-Fe-M-B- powder,

where M is Al, Ga, Co, Cu, with an average particle size of

2.6 um.

[0073] Fig. 10: Graph showing the weight increase in a
HAST test of Nd-Fe-M-B-magnets, where M is Al, Ga, Co, Cu,

with an average grain size of 7.6 pum and 4.2 pum which were

fabricated from sintered powder with an average particle size

of 4.1 pym and 2.6 pm respectively.

{0074] Fig. 11: Graph showing the weight increase in a
PCT test of Nd-Fe-M-B-magnets, where M is Al, Ga, Co, Cu,

with an average grain size of 7.6 um and 4.2 um which were

fabricated from sintered powder with an average particle size

of 4.1 ym and 2.6 um respectively.



[0065] Fig. 2 : Gaph showi ng the percentage of H2-
absorbed by ingots with a size of around 1 nmto 2 mm
wW@ro030830C and a H2 pressure of about 1 bar. [POB6P2006/009149
Fig. 3 : Gaph show ng the percentage of H2- absorbed
by ingots with a size of around 20 nmto 30 nm at 550
OC and a H2 pressure of about 1 bar. [0067] Fig. 4 :
G aph showi ng the percent ageSof H2- absorbed by ingots
with a size of around 20 mmto 30 mmat 700 OC and a
H2 pressure of about 1 bar.[0068] Fig. 5 : G aph
[oastsdwi ng Tehéeeflf:ect Hpdragdriadringot earidirt iopeediroh waauldge of

article size according to,_FSSS,of -m | ed - Fe- .
by AR Bkt LA e LS. AFtmetn 1SCoE iR L 1B068T R, Paeh
satur@tdph Show pgathed ef hectiof thef werighot ajdion speedsN the

on the particle size_ distributi,on of rem|| ed .
spag-fis- B ‘é?qw'poﬁ\%rév\m&ae WSi sthg | meklmey apgorptions
raddD0 @chFicd whichGhiapha 8 tKH thenl @lhat weRght pghehvwerd/ or

grain size of the sintered magnet and particle size of
the lgaspewaerifvradigd erent oxygen contents. [0071] Fig.

8 : Graph show ng the tenperature dependence of the

[ogr ci vithy1Li el d.strengiRlacaf cAd- FenMyBngagnehs, wWpewgered
Mis A, Ga, Co, Cu, fabricated fromsintered_ paowered

deqgnpesd tpgnt | Bredurye of Anyd¥rAenites 6 @R . yphyrgpaenated
inééﬂ% a%tér5€989£§%' 419N Gde¥esadi s A orlipithiemB .

magnets, fabricated fromsintered rem || ed Nd-Fe-M B-

powder, where Mis A, Ga, Co, Cu, with_an average
[Oq%%hj cl &ablge3pf Contamination uptake of hydrogenated and

unhydrogehated alloys. The hydrogenatéd alloys were
homogenised before the hydrogenation at 1060°C to 1120°C for
12h to 60 h.

fo078] Table 4: Surface damage of nickel-coated sintered

Nd-Fe-B-M magnets with various grain sizes.

DETAILED DESCRIPTION

Composition

[c079] A powder for use in a R-Fe-M-B type permanent
magnet was fabricated using powder metallurgical techniques.
An alloy having a composition of 30% Nd, 0,1% Pr, 0,2% Dy,
0,5% Tb, 0,93% B, 0,25% Ga, 0,7% Co, 0,08% Cu, 0,10% Al was
melted and cast to produce plates having a thickness of 20 mm

which comprise a finely dispersed a-Fe phase.

Casting and Homogenising

(o080l The cast plates were given a solid solution heat
treatment at around 1120°C for 12 hours. The ingots were then

cooled to a temperature of between around 500°C to around



2.6 mm. [0073] Fig. 10: Gaph show ng the weight
increase in a HAST test of Nd-Fe-MB-nmagnets, where M
WO 200A0453@R, Co, Cu, with an average grain si zePOI/EF2086/009149

nm and 4.2 nm whi ch were fabricated from sintered

powder with an average particle size o f 4.1 mm and

2.6 mmrespectively. [0074] Fig. 11: Graph show ng the

wei ght increase in a PCT tesf of Nd- Fe- M B- nagnet s,

where Mis A, Ga, Co, Cu, with an average grain size

of 7.6 mmand 4.2 nm which were fabricated from
stlmtlﬁgc&(é’k pewdemosbhBranodvergge parthel éushaeeof Afiter the
. mm an .6 mMmrespectively.[0075] Table 1 : .
hoTEGGeRLOPNG EARTFEFons- nd  FESHT t Yo5F hiRintiyy £ree
froéM lt%su—ﬁ’@ebﬁ%%ﬁ nee is the time after which saturation

was reached, is the weight gain, DV is the specific

H2 uptake, and DV/Dtmax is the maxi num absor ptions
Hydwmdgenagaeoh of which is calculated fromthe weight gain

and/or the gas quantity added. [0076] Table 2 :
[0 ygU' tSaS gg&ggew@ mwleéaecdneqﬁcmwweho?emfema & the

hydr ogenat d unhydrogenated i ngots after stora%e
homg;_qemirs_edndmgqmi bus crokedi t¢@n§.naP8©77i]heT apree-parth rich
nt am nati.on upt ake o roge d,an :
PhRRAR dr Bt 1%1 ﬁl(%/es. gl]'I%%}gh'%/)cglr gglé‘ﬁa%quﬂlé?f%@‘és g hence
to ssrogen sedilef puévehésbydr Dye naydcrgeata tios) tgeatgent was
1120 OC for 12h to 60 h . .[0Q78] e :
card%ﬁ?gggu&f aﬁi 8 tg?mg%%aaftuerae in lee algge 56‘0 tdSLgJOa‘%e

k sintére

[0082] The hydrogenation heat treatment was carried out by
replacing the argon by hydrogen and then maintaining the
ingots under one bar of hydrogen at the desired temperature

for around five hours.

[0083] After the hydrogenation heat treatment, the furnace
was refilled with argon. The ingots were then cooled to
around 100°C in argon and then transferred in air into a

container which was flushed with argon.

[o084] Results of experiments to determine the absorption
rate are given in Table 1. The absorption rate was calculated
from the weight gain and gas usage. The gas usage was 10 to
15 1/kg of hydrogen with a maximum absorption rate of 10 to

20 1/kgh.

[0085] At hydrogenation temperatures of less than 500° C,
the surface of the ingots was observed to decompose into a
powder. The results of these experiments are given in Table
2. The formation of a powdered decomposition product is not
desired as, firstly, the ingots cannot be easily removed from

the furnace. Secondly, the composition of the final powder is



Nd- Fe- B-M magnets wth various grain sizes. DETAILED
DESCRI PTI ON Conposition [0079] A powder for use in a
WRR2G6e/0M3B) t ype per manent magnet was fabri cat edPCEEPZY06/009149
powder netal |l urgical techniques. An alloy having a
conposition of 30% Nd, 0,1% Pr, O, 2% Dy, 0,5% Tb,
0,93% B, 0,25% Ga, 0,7% Co, 0,08% Cu, 0,10% A | was
nelted and cast to produce pl7ates having a thickness
of 20 mm whi ch conprise a finely dispersed a-Fe phase.
Casting and Honogeni sing [0080] The cast plates were
adgevenlp abfedtsdl ati ehehdatohpesi tis podic@Unghsliti20 picks
2 hour Th |ng were then cooled to a
UPy éWB‘éFé%h‘?% %‘fcsfb en ?Ban% 500 OC to around550 OC
under an atnosphere of argon in the furnace. After the
[oherbgeni Bat i diydrepinmibn t Bemp8get srawr Q:i?sﬁﬁﬂialt@ﬂ Y than
fre& fromthe a-Fe phase dr ogenati on [ 0081]
0

ArRUBT ogeRat i“on &Y &4t tRELYt HeRIBe AFEHRE 96N nmiéogen was
ObB@WQ@nESE‘%ei NORcT el . ON@er; 4 O iARMe diie: e eapt Bue to

rich phases rerminin%éinthe al l oy to form Nd-hydr
thgdegenpesibipe Rbr dheadiasinsgnesitsdd.FanhB compound Into
dr nat.i.on t nt. carried. out at a
Ndﬁ;e/ @%%t %?’éi P R e 8055, hass €. [0082] The
hydrogenatl on heat treatment was carried out by
[0p&p] aci rthe heean}os kqt hleairtdmn anﬂeth&mtﬁ@l atrai ngg@n in
r
Fl%hz?eé nQ.Otg‘ uQ}der On%lc%r t:]c hy noag ttpxg q%%roegenation
enper at ur@
temperature and size of the ingots on the maximum absorption
rate was investigated. These results show that ingots with a
size of 20 to 30 mm can be fully hydrogenated in the desired

temperature range.

[0088] After the hydrogenation heat treatment was been
carried out, the ingots were then further processed to

produce a powder.

Stability of Ingots

[0089] The stability of hydrogenated alloy ingots was also
investigated. The ingots were stored for 44 to 220 days in
air and the percentage of the ingot which had decomposed was
determined. The decomposition product has the form of a
powder. Therefore, the percentage was determined by passing

the sample through a 500 pm sieve and weighing the portion of

the sample which had a grain size of less than 500 pm.

[0090] The results of these experiments are given in Table
2 and results in which the values have been normalised for an
ingot size of 25mm and a storage time of 100 days are given

in table 3. Table 3 also gives the results of experiments to



for around five hours. [0083] After the hydrogenation

heat treatnent, the furnace was refilled wth argon.
wab@7iosged s were then cooled to around 100 OC PCI/BPZYO61009149

and then transferred in air into a contai ner which was

flushed with argon. [0084] Results of experinments to

determ ne the absorption rate are given in Table 1

The absorption rate was cal aal ated fromthe wei ght

gain and gas usage. The gas usage was 10 to 15 I/ kg of

hydrogen wi th a maxi num absorption rate of 10 to 20
defékgine [ @B85] uptakey dio@genat i®nah@Mer @bukemiRht 1&8S during

than 500 C, the surface of the ingots was observed to
SEQE ¥ Tpose into a powder. The results of these

experinments are given in Table 2 . The formation of a
[oponHer ecrHieeoReSIlitisORHIWO AL itheNAlngdRSl BMdrBSenated at

firstl t he i ngots cannot be easily renpve fron1t%e
500 [F Y BeGHUPE Teleadspbsrti bie ofuxnace iovehn powdep °C
witsasy 65 2pli iahhect g defionpasidd Qi dpdu

easily %ﬁ{cks upgi ﬁggfi@tgfésggugﬁgas é,ﬂ %Ha%€%N %erefore'
the 0bsBiliey Afdithegdnaticuenasrperiagotes icf wuahat easidanand

ﬁgé%”g%éi 0 n tedly |ar unt of
Cc.)hyd ogenéhagho §§$VS§R?§P§§ g%%o%%%dgﬁﬁgggggtHgﬁﬁﬁFs’ as
digtaseadiia E® 66822309 tBk. deconpositi on of the
har dmagneti ¢ Nd2Fel 4B conpound into NdH 2 , a-Fe and
pulRRXB i;eh is al so undesired. [0087] The results of
forther experinents are given in Figures 1 to 4 in

whi ch the effect of the hydrogenation
[0092] 'The ingots were then crushed to produce a coarse

powder and then finely pulverised by milling the coarsely

pulverised powder in a jet miil to produce a powder with an

average particle size (FSSS) of around 3 pm.

[0093] It is known that the magnetic properties of the
magnets produced using the powder aré dependent on the grain
size of the sintered magnet and on the particle size of the
powder. In a further study the effects of performing a second
fine pulverisation of the already finely pulverised powder
was performed. The finely pulverised powder was milled for a
second time in a jet mill and the effect of the second
treatment on the average particle size and particle size

distribution was investigated.

[0094] A rare earth iron boron alloy powder with an
average particle size of 4 pum was pulverised for a second
time in a jet mill with increased sifter rotation speed. As
can be seen in figure 5, the average particle size decreases

with increasing sifter speed.



tenperature and size of the ingots on the maxi mum
absorption rate was investigated. These results show

W0 b@r/osszgot s with a size of 20 to 30 mm can bePE€TIEP3006/009149
hydrogenated in the desired tenperature range . [0088]
After the hydrogenation heat. treatnment was been
carried out, the ingots were then further processed to
produce a powder. Stabilitysf Ingots [0089] The
stability of hydrogenated alloy ingots was al so
i nvestigated. The ingots were stored for 44 to 220

[0088YS inTRér @pnfedthe grer caifitage @bekHe Bngongwhileh hesbond

deconposed was deterni ned. The decopposition product
DULNEZ1PABLPBr AT CREpONRIET LS HhoFdFer ol THe Phrictn kge 2150
inve@Eigdeteam Ad-by RassdiD frla saephestibesughodn SO0 FiBure

sieve and weighing the portion o f the sanple which

6, Wi avighdi ro%i glee obareibsle hahzs001 aRr Lbyooyp cue, which
" gRUlLeq! pLNBSELMPAI MM kG H V6 LBalabd e 2 ahh b
wasre%éﬁ%se?n %h?cﬁut e val ues ﬁaseobéen normal i sed for ©
seean thgot shee wEmidSmwdh apdwdess orerprtaings ofsgentiRxyky no
are_given in tapble 3 . Table 3 also gives the results
Par&ﬂcéﬁﬁewﬁ%rﬁss%%ﬁj&rWﬁetPﬂ’é tht'ke of 0, Cand N
contam nation during storage. [0091] These results
MagBBew that the ingots hydrogenated at 500 to 550 OC can
be Tel oaded fromthe furnace even at 100 OC without
ignificant increase of _the oxyge i_.cku Ther ef or g

s .
[008Rd hanBPFFAYRTTC t nBRADET DgeSEEd | 6P§ag§dnuclxgbsi%ﬁese

powdBés. The powders were mixed with a lubricant, aligned in
a magnetic field and isostatically pressed to form rods of
diameter 40mm and length 195 mm. The green bodies were then
sintered at 1060 °C or 1070 °C for 3 hours in vacuum and 1
hour in Ar. The blocks were then given a further annealing

treatment at 480°C.

[0097] The relatioﬁship between the average grain size of
the magnets in comparison with the average particle size of
the powder from which it was fabricated was investigated, see
Figure 7. A magnet fabricated from powder with an average
FSSS particle size of 4.2 pm has an average gdgrain size of 7.6

pm and a magnet fabricated from powder with an average FSSS

particle size of 2.6 pum has an average grain size of 4.1 pm.
The grain size of the magnets is, therefore, less than double

the particle size of the alloy powder from which it was made.

[0098] Also, Figure 7 shows the relationship between the
grain size of the sintered magnet and particle size
(according to FS8SS) of the powder for powders having
different oxygen contents. A grain growth factor of 3.2 was

observed for magnets produced from powders with an oxygen



consequent |y cheaper conpared to the standard process,
as disclosed in EP 0992309 BlI. Pulverisation [00 92]
wab@7iosgged s were then crushed to produce a coaPGEEP2006/009149

powder and then finely pulverised by mlling the

coarsely pulverised powder in a jet mll to produce a
powder with an average particle size (FSSS) of around

3 mm. [0093] It is known td9at the magnetic properties

of the magnets produced using the powder are dependent

on the grain size of the sintered magnet and on the

conRahti b S 22 ofvtthe povwgierin | grewthr tiwrtost ud§ thet was
ef fects of performng a second fine‘P | verisation of

obsepwed| rfxdy™R IS PEPIRFFSed THBWRS p‘%ﬁ‘t r g O*Ygen

contRecl 1 BEl Yo B vekksedap m WggoWth! efhdt@r acsecon® was
timeinajet mll and the effect of the secaond
obserwetindinr onagiet fiveraguecedr thirere RYWAETEdWHER t PRI £XYIen

con%%%% digtrg Qut i gpewas, i %ﬁ?ﬂ g%}Sch[(¥£é%gr Ackare, o was
earth Tron boron all oy powder th an average particle
obsgirzedoffor nmag@st pubredised ffooma pewdawd t¥vheh | ANa tgen

mll with increased sifter rotation speed. A s can be
contepf %k Er%%ﬁ@zs‘, the average particle size decreases

with increasing sifter speed.[0095] The effect of
[oosishit er Bpeedudedi ngicreassecdhdtipell geaisatsiier o tPrserved

article size distributi I [ [ o
onl aﬁoﬁemggrelﬁg?r%%t haénréeié‘&q:tns s%n%v(\a%%i %gl\é%%rgﬂ%&%iﬁ wes.
ForWifdhenfs tdetipaahi dxygenz ecatitstati bof | dbassuthan Whi26h wt#,
there is a large tendency to form a very coarse and undesired

microstructure.

[00100] The effect of the powder particle size on the
coercive force of sintered magnets fabricated using the
powder can be seen in figure 8. The coercive field strength
increases from around 13kOe for alloy powder with an particle

size of 4 pm to around 16.5 kOe for a magnet fabricated from

an alloy powder with an average particle size of 2.1 um. The
J(H) curves for these magnets are shown in figure 9. Because
of their higher coercivity, fine grained magnets can be

applied at higher temperatures.

Corrosion Resistance

{00101] The corrosion resistance of magnets fabricated from
powders of differing average particle size was also
investigated. From the results of the highly accelerated
stress test (HAST 130° C, 95% relative humidity, 2.6 bar
pressure) and the pressure cooker test (PCT: 130° C., 100%

humidity, 2.7 bar pressure) are shown in figures 10 and 11.



was neasured by Fraunhofer diffraction, is reduced. It

can be seen that the rem || ed powders contai ned
wes®eniizad |y no particles with a size greater POEHEPI06/009149

mm . Magnets [0096] Pernmanent nagnets were fabricated

fromthese powders. The powders were mxed with a

| ubricant, aligned in a nagnetic field and

isostatically pressed to f@&imrods of diameter 40mm

and |l ength 195 mm The green bodi es were then sintered

at 1060 OC or 1070 C for 3 hours in vacuum and 1 hour
The Mna¥necker HbOrks ater erddesl Joy epoadéts t haviagneal smgller

treatment at 480Q0C . [0Q97] The rel ationshi p between
averiRgeagER AR eS YIRS 28 SFPE RS heeIACHIT CERPEFPEOR-

with the average particle size of the powder from
[oo%lzqh | £a¥8s habnbhat ele WaSsiTVESE I @At RelaswaendTit@UIEE Tthe

. A magnet fabricated from powder with an average FSSS
Suqﬁ@ﬁﬁl@ﬁ@a§E2é00N14CQaﬁﬁﬁhﬂégﬁﬁt%v%%%@eag?éﬁﬁeE?Q% gferage
gr s%anig%sgaggﬂlgsatgdmtﬁg tﬁl%@”hﬁ%ﬁ@@é With &Nsmaller

average F particle size of as an average
gragmalﬁlsezeSbbW4 a npedudgtk graifncsi zdeserincaihghet during
co t t herefore, |ess than double the particle size of

% anlloy powder fromwhich it was made. [0098] Al so,

Figure 7 shows the rel ationship between the grain size

of the sintered nagnet and particle size (according to

FSSS) of the powder for powders having different

oxygen contents. A grain growh factor of 3.2 was



observed for magnets produced from powders with an
oxygencontent of 0.22 wt% A grain growh factor of
wQ2eh7mes20bser ved for magnets produced from poR@EER2006/009149
wi th an oxygen content of 0.29 wt% A grain growth
factor of 2.0 was observed for magnets produced from
powders with an oxygen content of 0.43 wt% A grain
grow h factor of 1.9 was ob&8&rved for nagnets produced
from powders with an oxygen content of 0.62 wt%
[0099] A reduced increase of the grain size is
Whathsies vdchiorldy for nmagnets with an oxygen content
| arger than 0.25 wm % For rragnets wi th an oxygen

cont ac s than., there is a lar
I ten né:owieorfc? m"; evéPy c aéqg:y@ﬁd@&r%ﬂegt magnet
NG i sDist iy lérsgentham@%ymﬁgﬁ{tf eelt ob.bbe<povelesz oos,
particle size on the coercive force_of sintered
& febAtcafeltuSPRAGEATR Sidiide cleBANbel sekifing Y and
figlrmd of Fhescesrciyesfigldh st mergbhohycr fases i om
around 13kqge for all oy povvder with an particle size of
@Tﬁﬂﬁtooarogﬁné M6<50 k&, ftere ﬁ‘hgﬁepnﬁabrlmaedbﬁ‘lt@m
Qﬂéﬂér@é @"@V"d@{x %&hA?n VR 309 Parkigle,sige Of 4 ot Yess
nmm . J(H) curves for these nmagnets are shown Tn
quglﬁ?r,e 09 1SfBea§aiL|Séso©ftW16h>arldm@hé‘e coercivity, fine
grai ned magnets can be applied at higher tenperatures.
Corrosi on Resistance [00101] The corrosion resistance
2. of rrageetderf fbri vateinfa ArFoWler sypk dethsiénty magnet,

verae article,size s al so
CCO ng E clalm : W ereain

R is one or more of the elements Nd, Pr, Dy and Tb, 0.50%

< Co < 1.5%, 0.05% < Ga < 0.25% and 0.05% < Cu < 0.20%.

3. A powder for use in a R-Fe-M-B type permanent magnet

7

according to claim 1, wherein

said powder has an average particle size (FSSS) in the
range of around 4 pum to around 2.1 um and contains no

particles greater than around 20 pm.

4, A powder for use in a R-Fe-M-B type permanent magnet,
according to claim 1, wherein

said powder has an average particle size (FSSS) in the
range of around 2.5 pum to around 3 pm and no particles

greater than around 15 pm.



investigated. Fromthe results of the highly
accel erated stress test (HAST 130 C, 95% rel ative
woeerdiByy 2.6 bar pressure) and the pressure BODRE2006/009149
test (PCT: 130 C, 100% hum dity, 2.7 bar pressure)
are shown in figures 10 and 11. The magnets fabri cated
fromalloy powders having a snaller average grain size
have an i nproved corrosion23esi stance. [00102] Table 4
shows the results from nmeasurenments of the surface
damage to Ni coated magnets with a different average
. graiphrskaem-Bhegee r@tﬂmmomﬁgnmt bahs wgingt £ssienhially
smal | er grai n size ow _a_reduced surf

Bt BPLERE! | Oh ndthe Cost PRgOMat “RErT i ifedt Feash one

RAWHEL{-Ph &B&mndrt Qn%lﬁ@quBYt aﬁ@ @leér@.nxenif mgrgmelrb >
consi sting essentiall O%

Wh&r eOREPs< o f‘re?aé?(Oﬂoné’ |59ré 89r§hge$%ﬁ'erﬂ (ﬁ5r?c| UH,
%ng6W %Bégg1 R%M%15W' F102e20f 0t RO e BomehtRD%a, Ocﬁoan@O
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where Mis one or nore of the
allermntzs @3 <Gm @rid 54, 0012% arokess 05%. @.-15% or less
% {)gh 5%orless of N balance Fe. 2 . A
S5wler PROFES e ‘?h a R Fe-MB type permanent magnet,
accordi ng to cI aim1l , wherein Ris one or nore of the

el enent s Dy and Th, O. 20% < % 9

- Ga & & f@%waﬁdtbp%@/%@a@fnf G505 @Ccoﬁdgnognﬁer %flgé{? 5.
WiRreAna R-Fe-M B type pernanent magnet according to
Fﬁl ?,Iémpplng’sg\){»\hqﬁ%re@% P%fsal 1L RQUder 1R 2V 298 P 6805

< Co < 1.5%, 0.05% < Ga < 0.25% and 0.05% < Cu < 0.20%.

A R-Fe-M-B type permanent magnet according to claim 5,
wherein
said magnet has an average grain size of around 7.6 pm to
around 4.2 um.

A R-Fe-M-B type permanent magnet according to claim 5,
wherein
said magnet has an average grain size of around 7.6 um and
in a HAST corrosion test has a weight loss of less than
lmg/cm? after 10 days.

9. A R-Fe-M-B type permanent magnet according to claim 5,

wherein
said magnet has an average grain size of around 4.2 pm and
in a HAST corrosion test has a weight loss of less than

0.1lmg/cm® after 10 days.



range of around 4 mmto around 2.1 nm and contains no
particles greater than around 20 mm. 4 . A powder for

wQs®7045320 R- Fe- M B type pernanent nagnet, accoPCi/RERODE009149

10.

claim1 , wherein said powler has an average particle
size (FSSS) in the range of around 2.5 nmto around 3
mm and no particles greater than around 15 nm.5 . A
R-Fe-M B type pernanent nagdet consisting essentially
by weight, of 28.00 R 32.00% where Ris at |east one
rare earth elenent including Y and the sumof Dy + Tb
> Op5g-Pe -5 Bpe D¥nedtShaghet Scdd¥iding. 860cldim 5,
0.5% where Mis one or nore of the elenents Ga, Cu
uh@irei\;tn 0.25 wt % o o 5% 0.15%or less of C, 0.15%

l,ess of ba e

?Ira 29 ot accor ?%1%'0%5%%: a\%ﬁ{e%gl ?1 %2 um and
Qﬁeaomm‘)rcﬁ:ﬁoshhﬁl e_le%l&ehhs Aldwe Rght Dy:%n@fTb;ese 5@%1<

1,5% 0.05%< Ga < 0.25%and 0.05% < Cu < 0.20%

?mQ/W‘RalféeM éopyﬁéyﬁerrranent magnet according to
claim5 , wherein said magnet has an average grain
size of around 7.6 mmto around 4.2 nm. 8 . A
R-Fe- M B type pernmanent nmagnet according to claimb5 ,
wherei n said magnet has an average grain size of
around 7 .6 mm and



in a HAST corrosion test has a weight |oss of |ess
than Ing/cm 2 after 10 days. 9 . A R Fe-MB type

w@aeomessnt nmagnet according to claim5 , wher ePCI/BPI006/009149

11

12.

magnet has an average grain size of around 4.2 nmm and

in a HAST corrosion test has a weight |oss of |ess

than O .Ing/cm 2 after 10 days.10. A R-Fe-MB type

per manent magnet according £86 claim5 , wherein said

magnet has an average grain size of around 4.2 mm and

in a HAST corrosion test has a weight |oss of |ess

t han?l n@eEhed afe @roly@edppydets Ponmudmdint ®-Produletype
M B- M type ermnent nmagnets

gﬁ%ﬁ%@?‘%‘g ta#ﬁq%ts 6 g te/}geg anral P6y consi sti ng

essemelaixhg doy a/]ﬂlogfht:pneﬁsQBn@Oesﬁnt&%.lQG}o/tby\l\helighR | Sf

sf .o rth el ement . i ncl d|n Y and t he
sum g? éf/ EeRI' SovBRre B 19 ‘?fo(jb tsgnecpare earth
3. 50%e@e195Q1.nqudQn§%( whgr €hdM din ¥ DYF +"BHe0h they 5o
eIemgntsGa 0.25 % 0 0.5% 0. 15% or

| ess~of T2 ‘7(9‘1'5% élo §e§§ df3 NP O% bl -5 <FY¥; ScBst¥ ngvhere
sai dyal & Qnd Qf Aoreabs! eRSte A0%s, megﬁan%iheo 25

solidified ingot conpri ses f Inely di sperse
R2FeMdB: dhd: R-5SitchOc bRt p¥ ukgrs ;ofathedl. i1A§ cai tesmgof N,
at a,iepel aidire in the range of approxi mately 800 0C

to approxi mat €ly 1200 C under an
casting said alloy to form at least one ingot, wherein

the solidified ingot comprises finely dispersed o-Fe,
and R;Fe;,B and R-rich constituents;

- annealing said ingot at a temperature in the range of
approximately 800°C to approximately 1200° C under an

inert atmosphere of Ar or under vacuum to form an ingot

which is free of said a-Fe phase;

- treating said ingots in hydrogen gas in order to
hydrogenate the R-rich constituents;

- coarsely pulverising said ingot;

- performing a fine pulverisation of said coarsely
pulverised powder in an atmosphere comprising oxygen,
oxidizing said powder;

wherein said finely pulverised powder comprises an oxygen

content of 0.25 wt%< O £ 0.5 wt%.

A method to produce powders for use in R-Fe-B-M type
permanent magnets according to claim 11, wherein
R is one or more of the elements Nd, Pr, Dy and Tb, 0.50%

< Co < 1.5%, 0.05% < Ga < 0.25% and 0.05% < Cu < 0.20%.



i nert atnosphere of Ar or under vacuumto form an
ingot which is free of said a-Fe phase; treating said

WO ponss3ein hydrogen gas in order to hydrogenat BCT/RR2006/009149
R-rich constituents; coarsely pulverising said ingot;
performng a fine pulverisation of said coarsely
pul veri sed powder in an atnosphere conprising oxygen,
oxi di zing said powder; wher@én said finely pul verised
powder conprises an oxygen content of 0.25 wt% O 0.5
wt% 12. A nethod to produce powders for use in

13 R- FeA Bedd o epeirmeneat p@ﬁ@éﬁhsfc&flmkdiiﬁgﬁmd}a@] rgyﬁa
wherein Ris one or nore, of the _elenents , Pr,
SHAT PRI, SOOPEC oneCar T FOSAAITGL L« WhStRtmnd
GaYopewder< hBes288b i3 rAydrgidiad fie Bﬁeéu@ﬁs%gy\dﬁ{ $ HeOr
use in R-Fe-B-Mtype pernmanent magnets according to
dagign P, amoundi A4 pai to powderd 2agd am anérage gharst inel e
size (ESSS) in the range of around 4 mmto around 2.1
RAEF 165N BEPAEShot PaR 13 XIWYE Fle#ifler t han around 20 mm

14. A nmethod to produce powders for use in R-Fe-B-M

type pernmanent nagnets according to claim1l, wherein

14.sai ® peided kasprandageregeders tiicsl @sei zp RASSH-M rtyigee
I a . Q. AarQu : and no .particles
ér eat g’ %Btth E:T%Bg?%% n%c @&r%?ﬁga t%S %qi§%n?}1 o d"%?eoreplrno duce
paidepowor bse am Rdmrd® Margpele size (FSSS) in the

range of around 2.5 pm to around 3 um and no particles

greater than around 15 pm.

15. A method to produce powders for use in R-Fe-B-M type
permanent magnets according to claim 11, wherein
said ingot has smallest dimensions in the range of 5 mm to

30 mm.

1s6. A method to produce powders for use in R-Fe-B-M type
permanent magnets according to claim 11, wherein
said ingot has smallest dimensions in the range of 15 mm
to 25 mm and said powder after said fine pulverisation has

an average particle size (FSSS) in the range of around 4
pm to around 2.1 pum and contains no particles greater than

around 20 um.

17. A method to produce powders for use in R-Fe-B-M type
permanent magnets according to claim 11, wherein
said hydrogenating is performed at a temperature between

around 450°C and 600°C.



w@200mM¥5316. A nmet hod to produce powders for usBCT/RP2006/009149

per manent magnets according to claim 11, wherein said
i ngot has smallest dinensions in the range of 5 mmto

R- Fe-B-M type pernmanent nagnets according to claim 11,
wherein said ingot has smallest dinmensions in the
range of 15 mmto 25 nm and said powder after said
fine pulverisation has an aggrage particle size (FSSS)
in the range of around 4 mnmto around 2.1 nm and
contains no particles greater than around 20 nm. 17.

18 A e hestHodl 10 BtoeupeVEEIGe FOTE A5 @igien 1 R- RerS- B YR

19

20.

21.

22.

23.

per manent magnets according to claim 11, wherein said

MREVPES pRFFOFMERE di0 &£1edfpal at WX et ween
&kﬁ%ﬂd@%@%g@ﬁé@ﬂﬂg699 fég%edAa%EEhngﬁé%ig§¥g“3%tween
powders for use in R-Fe-B-Mtype permanent nagnets

#§ 06 endi P9AAC- wherein said hydrogenating is
performed at a tenperature between around 500 0C and
550 0C . 19. A nethod to produce powders for use in

‘R- Féh Biehiogip §opproduentpovedet Soacasedingribe-@-af roybeé,

a hydr ogenat j.ng i.s perforped under, 0.5 to
PRt S S, o B R B TTr otfRF i honr co
@@adnhyﬂ@ogenaslnéﬂxs Aarsidiaedt anfeodoicse PWIer Hak-ar of

rmanent. magnets according to

BVErRPES, et et PO aPUREnaL AT | g Bours.

around 1 bar of

A method to produce powders for use in R-Fe-B-M type
permanent magnets according to claim 19, wherein
said hydrogenating is performed at around 1 bar of

hydrogen for around 5 hours.

A method to produce powders for use in R-Fe-B-M type
permanent magnets according to claim 18, wherein
said hydrogenating is performed under 0.5 to 1.5 bars of

hydrogen gas for between around 1 hour to around 10 hours.

A method to produce powders for use in R-Fe-B-M type
permanent magnets according to claim 21, wherein
said hydrogenating is performed at around 1 bar of

hydrogen for around 5 hours.

A method to produce powders for use in R-Fe-B-M type
permanent magnets according to claim 11, wherein
after said hydrogenating, said ingot is cooled to around

100°C under Ar gas.



hydrogen for around 5 hours . 21. A nethod to produce
powders for use in R-Fe-B-Mtype pernmanent nagnets

W@emondiday to claim18, wherein said hydr ogenaeGCTiBP1086/009149

performed under 0.5 to 1.5 bars of hydrogen gas for
between around 1 hour to around 10 hours. 22 . A

nmet hod to produce powders for use in R-Fe-B-Mtype

per manent magnets accordi ng28o claim 21, wherein said
hydrogenating is perforned at around 1 bar of hydrogen
for around 5 hours . 23. A nethod to produce powders

24 for AiseethodR-tee pholiutyppopesrantit yseghat R -gecordi
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26.

27.

t I 11, wherein after said _hydrogenating, sal'gﬁ)
I SRORa oo G aPa GO ARG AvhgReimg A

nei D E iR RPLOdeeesROVEE! Ss f;‘}grﬂ&%e'dnlg Efo Bsddpype
per manent magnets according to claim1l, wherein said

fine pulverisation is perforned intw steps. 25. A

et oG d i@ Jf q@uggoegwgfgl ud & e iﬁe RBEMEINRE . o

per manent magnets acco claim 24, Wherein a
fHQﬁmaﬂﬁnﬁempgheesisa@wxﬂumﬁtxnmﬂaamaﬁ&elwh¢méﬂmrlsed

0 [ r t nos and a .
B dSar TR R IEr et S S el PRRBRSLY e
peonder iis performe@ iﬂl&ﬂ1ﬁﬁéﬁﬁSﬁF&bspB@g@rdﬁaf&lsecond
en, .oxi di zj f ul veri sed powder
%%é%b HlVSFaS?#hg? % Qﬁ#léigﬁqﬁoﬁﬂ YerbiRs iRl is
(peyge&mednﬁﬁnhnOaémbyﬁwéiéJd%m%rm%%hgféﬁwgéﬁmf6%%&¥¥1ng
.gaQ% %gkg ;ISS'$é¥Esed powder, wherein said finely

pulverised powder comprises an oxygen content 0.25 wt%< O

£ 0.5 wt% after the second fine pulverisation.

A method to produce powders for use in R-Fe-B-M type
permanent magnets according to claim 24, wherein
said first fine pulverisation and said second fine

pulverisation is performed using a jet mill.

A method to produce powders for use in R-Fe-B-M type
permanent magnets according to claim 24, wherein
after said first fine pulverisation, said powder has an
average particle size (FSSS)of around 4 um and a particle
size distribution, wherein 30% of grains have a diameter
of more than around 10 pum, and afound 1 % of grains have a
diameter of greater than between around 20 pum and around

25 pm.



26. A nethod to produce powders for use in R Fe-B-M

type pernmanent magnets according to claim 24, wherein
w@200d/0§33est fine pul verisation and sai d secondPdT/RE2006/009149

pul verisation is perforned using a jet mll. 27. A

nmet hod to produce powders for use in R Fe-B-Mtype

per manent magnets according to claim 24, wherein after

said first fine pulverisati@f, said powder has an

average particle size (FSSS) of around 4 nm and a

particle size distribution, wherein 30% of grains have
28a di ame¢erodftarpredubanpendens fdr MBe ian®k-geognd dy 36

' r of greater than_ between

of %aale}% have g di arretg ) !
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according to claim24, wherein after said second fine

pireksd s aTed cleapdzpoliess haisn atheavenggeopastdwd 4 pm
S Z%éPFSSS) i.n the range of around 4 nmto around 2.1

nrf? WhtailnEmnarPafPried B gredpatichan areatrr 2thamm
arind JELhod to produce powders for use in R-Fe-B-M

type pernmanent nmagnets according to claim 24, wherein

said powder has an average particle size (FSSS) of

0g aro dm maq?nd a Qarti cle_ size distribution, wherein
"30%°0f %#zﬁ ShRYBULCH AP LY diondiser 18f Rnbe eBthadivpe
Petiztheh® MEYne0sdaddSttichdl t% kavema2di agrL£L 1 pf

reater of between around 20 mm and around 25 nm after
tgsl‘?el%f beger; Hgsp%ql\,@fq:gagq Apr&igle size (FSSS)of around 4

pm and a particle size distribution, wherein 30% of grains
have a particle diamete: of more than around 10 um, and
around 1 % have a diameter of greater of between around 20
pm and around 25 um after the first fine pulverisation and
said powder has an particle grain size (FSSS) in the range
of around 4 pm to around 2.1 pum and contains no particles

greater than around 10 um after the second fine

pulverisation.



sai d powder has an particle grain size (FSSS) in the
range of around 4 mmto around 2.1 mm and contai ns no

w@2a0r/H0¢386 greater than around 10 mm after thePGEERP2006/009149

30.

31.

fine pulverisation.30. A nmethod of producing a powder
for use in the manufacture of R-Fe-B-Mtype permanent
magnets, conprising providing an alloy consisting
essentially by weight, of Z® 00 R 32.00% where Ris
at least one rare earth elenent including Y and the
sumof Dy + Tb > 0.5, 0.50 < B 2.00% 0.50 Co

3. 50%ne@nB800f Mrénddnge pewlbirsfoneuss imrmeof the
elements Ga, Cu and Al, 0.25 wt% 0 0.5% 0.15% or
ressfarture of BYBenBMesYPET PREMARRIG RAINEE S/ s SPgPTising

al | g%fo%\ﬁ'lﬁgegneafPéymﬁnﬁ%t'lﬁgoéss%mlﬁ%ﬁw&ght of

i ng at a nperature in the range of approximately
800 2BC 000 <aBpk 0X2 n#d el le‘@Z@OR tsupblekeast ione frare earth

at mospher uum t in 50
c?ﬁr s régcﬁld a?t#]a e %%ag’{enn fe%rgngfbsal mggts
| n kydr €genogas ¢ ns@rdeto t503h\'}dPogen@5@ % e RO.i5h where

constituents; coarsel ul v r|S| sai d.i ngot
per forfi RGSaCFi ‘H%r%u?‘%; % §§L mﬁn ai co%lrse 0.25
pul verised<powder o nsm cﬁt mespheEec ¢ onprssing Jmsysgexf N,

OX|d|2|ng sai d powder; rei.n sajd finel pulverl ed
powdrerl 38SRpFEs e82 bt BhdJe ﬁ"aé’dﬁlﬁeﬁb % b5 St

wt Abnneallng said ingot at a temperature in the range of
approximately 800°C to approximately 1200° C under an

inert atmosphere of Ar or under vacuum to form an ingot

which is free of said a-Fe phase;

- treating said ingots in hydrogen gas in order to
hydrogenate the R-rich constituents;

- coarsely pulverising said ingot;

- performing a fine pulverisation of said coarsely
pulverised powder in an atmosphere comprising oxygen,
oxidizing said powder;

wherein said finely pulverised powder comprises an oxygen

content of 0.25 wt%< O £ 0.5 wt%.

A method of producing powders for use in the

manufacture of R-Fe-B-M type permanent magnets according

to claim 30, wherein

R is one or more of the elements Nd, Pr, Dy and Tb, 0.50%

< Co < 1.5%, 0.05% < Ga < 0.25% and 0.05% < Cu < 0.20%.



31. A nethod of producing powders for use in the
manuf acture of R Fe-B-Mtype permanent nagnets

W@emwondidey to claim 30, wherein Ris one or noPEI/BP2006I@9149

el ements Nd, Pr, Dy and Th, 0.50% < Co < 1.5% 0.05% <
Ga < 0.25% and 0.05% < Cu < 0.20% 32 . A nethod of
produci ng powders for use in the manufacture of
R-Fe-B-M type permanent magBets according to claim 31,
wherei n said powder has an average particle size
(FSSS) in the range of around 2.5 mmto around 3 mm.

3233 . pAndEidn e @rBEAdYRE PONESFS A deeihNtRerare

33

34.

35.

36.

37.

earth magnet according to claim 31, wherein said ingot
Heanwh srgico®s RnFehB-Y akiee gferIBngntt Bagne hgn a3prding
ned hod, tp JAr ogdyuee.ppwders for use in a rare earth
magnet according to claim 33, wherein said

hsadrd gamvaleim gassapeaveragel pHritd dlenperat (FESDF Dettleen
around 450 0C and 600 0OC . 35. A _nethod to produce
PRARES OF GToyse £n° a'ParR AW Faffet according to
claim 33, wherein said hydrogenating is perforned at a
tenperature of between around 500 OC and 550 0C . 36.

A et ierkhas! frogyedugevaeyderpriqrsaisenin pararesanth

'@%l‘?ett aeeaLaiAg L9 SlamBA, y)M%‘if ghn said
hydr ogenat i ng |H§ per?or med%ﬁn er 8? to 1.5 bars of
readirdb gaxgogababodiben seems airowie rahgarof olarourth 26 mm.
hour s

A method to produce powders for use in a rare earth
magnet according to claim 33, wherein

said hydrogenating is performed at a temperature of

between around 450°C and 600°C.

A method to produce powders for use in a rare earth
magnet according to claim 33, wherein
said hydrogenating is performed at a temperature of

between around 500°C and 550°C.

A method to produce powders for use in a rare earth
magnet according to claim 34, wherein
said hydrogenating is performed under 0.5 to 1.5 bars of

hydrogen gas for between around 1 hour to around 10 hours.

A method to produce powders for use in a rare earth
magnet according to claim 36, wherein
said hydrogenating is performed at arcund 1 bar hydrogen

for around 5 hours.



37. A nethod to produce powders for use in a rare
earth magnet according to claim 36, wherein said

whyrogsnati ng is performed at around 1 bar hyRGECTDBR2006/009149

38

39

40.

for around 5 hours .38. A nethod to produce powders for
use in a rare earth nagnet according to claim 35,
wherein said hydrogenating is perforned under 0.5 to
1.5 bars of hydrogen gas f@&2 between around 1 hour to
around 10 hours. 39. A nethod to produce powders for
use in a rare earth nagnet according to claim 38,

.pheeehsdsesd dptydlicegeaidets £orpesé otmed mirearcaurnt thagnet

bar hydrogen for around 5 hours . 40. A nethod to
preaueengoe et iR UsdeF®AMr are earth magnet
@%QQrH&HQoééhé%fﬂénfglpéﬂf%&ﬁbﬂ ahd&f ¢ do 1.5 bars of
hydr ogenating, said ingot is cooled to around 10Q OC
bydepgan gas. 2ar bBRtssRo@resnfr dieer a-R-POUBMI Ly paurs -
per manent magnet conpri sing: providi ng powder

consi sting essentially by weight, of 28.00 R 32.00%

.V\hememlatihsdatolpn@dum&qvaieetseémrhueeeimm rard Sy Y

and the su Dy, B 2.00% 0.50 Co
§‘a§6‘57t 606%6 rl\ﬁ t'15°§§"’u\5\‘7neré ngé]s?g%)ne or nore of the
ehede Al 8r&8endkt vnd AlpexEo2bedt & &reufd SYobal. hy%rogen
| ess of C 0.15% or |l ess of N, bal ance Fe;
d‘-é’ﬁpéff’i‘ﬁ@ §a]i‘%luiﬁ)wder in a rragnetl c field to forma

A method to produce powders for use in a rare earth
magnet according to claim 30, wherein
after said hydrogenating, said ingot is cooled to around

100°9C under Ar gas.



textured conpact; sintering said conpact to produce a
magnet. 42. A method to produce a R-Fe-B-Mtype .

weenmessat magnet according to claim4l, wher ePCI/ER2006/009149
powder has an average particle size according to FSSS
and said magnet has a average grain size, wherein said
average grain size of said magnet is no nore than 2.5
times the average particle 3Bze of said powder. 43. A
nmet hod to produce a R Fe-B-Mtype pernmanent nagnet
according to claim4l, wherein in said step of _

41 si ntRrmethal sionpebadcaBgnRiFaBAIME ype peemnafend Mdhet
size in .a range of about 7.6 mmto about 4.2 mmis
prORICed ™ 4. A nethod to produce a R-Fe-B-Mtype

r BASALd twaaeCebHk N 10y dldMedhr1Pheleldi s d of
ngder aftlg%gs@gi d second pulr:;/ger‘i sation hg‘; gn abgz?dagg
par t3&1¥ & Re SadRoPBFngvhere oS soRtafieaat dand yamwe earth

ar oufhrferft _'I'Hc@ﬂgiﬁgig M'@&%@ CoeSHPL €M iR, h&‘;,arb.so

average grain size of aroun .6 M to-around 4.2 'mm".
£ B 2.00%, 0.50 £ Co £ 3.50%, 0.050 £ M £ 0.5%, where
M is one or more of the elements Ga, Cu and Al, 0.25
wt¥< O £ 0.5%, 0.15% or less of C, 0.15% or less of N,
balance Fe;

- compacting said powder in a magnetic field to form a
textured compact;

- sintering said compact to produce a magnet.

42, A method to produce a R-Fe-B-M type permanent magnet
according to claim 41, wherein
said powder has an average particle size according to FSSS
and said magnet has a average grain size, wherein said
average grain size of said magnet is no more than 2.5

times the average particle size of said powder.

43. A method to produce a R-Fe-B-M type permanent magnet
according to claim 41, wherein

in said step of sintering a sintered magnet having an
average grain size in a range of about 7.6 pum to about 4.2

pm is produced.



WO 2007/045320 PCT/EP2006/009149

44.

‘according to claim 41, wherein

34
A method to produce a R-Fe-B-M type permanent magnet

said powder after said second pulverisation has an average
particle size according to FSSS of around 4.1 pm to around
2.6 um and said magnet after sintering has an average

grain size of around 7.6 pm to around 4.2 pum.



