(12) NACH DEM VERTRAG | JBER DI E | NTERNATI ONALE ZUSAMVENARBEI T AUF DEM
GEBI ET DES PATENTWESENS (PCT) VEROFFENTLI CHTE | NTERNATI ONALE ANMELDUNG
(19) Weltorganisation fibr geistiges Ei gentum

[T ~2nNACHIDEM YERTRAG WERWWTIEBNMH)W@@PPEWWWW AUF DEMGEBINTIDER) | | ]| |
H);l : liB Int ena?f}‘@HBWE%ENBFPFPoVE(‘%‘ﬁENWET% DRV ELIGANYEFRMNG i chungsdat nm
CT

|
|
(
P

mnégég%onal eﬂHVeroffegE;Iiil chu?g ager - L Novenber 2007 (01.11.2007)
algSlatiin figrgdidt ntamt § i T

Best i nmungsst aat BrmétealsBtironi cfe anég '.l mmymllmmmmmﬁmm‘lmﬂ@@“ﬂ"”m’m
(2006.01) HOLF1/09 (2006.01) jede verdidn are ti onal z cehchtsartez_ AE,
AG AL, @@ Iperpptipgales é’@ﬁ (égf} e/ p@T( 204 W BB
G BI(—I ;SR B\Noveber CN, GO CR. QU éé BE,
ES, (2] Dol ARakasndkhenZel chen: R . an

GH GM éT% abiNvotdgoostty, | Borrires cdoddny | S, %ﬁm &@yﬁ& E’“l"”"ﬁ?’ ¢ é"kﬁéﬁE

LA, LC, LK Hm,zlo((zmgon nt eHwaMnlm%eg Annel deMaATLAY, AZ, B\, BB, BG, HBLBR,EWBYWACAI\/D

1@ _Ig:\;ll If%?l"lﬁ’ﬂ‘”“ﬂi’ﬂ‘”"p?m‘% Ré«pfrll 2007 (ég%i@gﬁjmﬁi@wgg

}ﬂ, o ZW &Eymgssprache Deutsg@Lﬁ'&JLq‘ﬁA,ﬁz,,Mme

VC, W\ (26) 2/l bloeps. dab@inungs M2rec e NI BeNZSeM PE.JH)PL, PT, RO, RS,
Besti nmmungsst aaten (soweit niche anders ang?_g P, SH. & Slﬁsécﬁé" §%F¥ﬂ é‘?"e
regl onal 255 Emsicmeseptreisar t ) . ARl PO ( Bl 30) ﬂ&&%&% UG PSP G YR 48 G\
SD SL SZ, TZ, @60 23e6e0dG6dden (sonb nichA\pletsln 23%6 r
(2 04 2%):.?“% bt our asi sched™ AZede VR baK@sw'KZSchN@chtﬂ?) ; ﬁ
europai sgf A ourBErisBG, CH, CY, CZ, DE, . MW) S S U
|E, IS, IT hibpostibhiadV, 2hBpril 0P (p5.0AP000| (P:%‘ Ié%st(,?gm Kzﬁ@gdkpll
Ausnah_rre , ~ PL. PT, 120, SE, SI SK TR), GrBy, I, IT, Ly, 00, LS
VACUUNEEHREZEe 3¢ igafon mie s GAMmpm, RAG9Y, SMK, TRIFRAPIEE, BISH,
D, [&E SOpy gag,éwg@gw e Pt ¢t @M GagaY %)GW Héd‘é‘h“?!é%{d"‘)

#31- 0&=The BGGKIE&U#ﬁBG HﬁHJ&ﬂqomsSlHﬂ@ﬁFSﬁéaﬁorGJ.QQSgg) (SG. Veroffentllcht: mt
mt_errEl onabsinacher chenberi cht (72) Er Yetamelicht: and - vor Abl auf der fur
Ander u=en der Ans ruche gel tenden (75) £ friinmrerenyo Rechapabenbeticktir  f ur US X

REPPELES ¥ ofenkt i d i ® '
Vier nergg%?’ @re Ersﬁg&%)sﬁs G\% @‘ﬁ}oﬁm ﬁh’f"? e éﬁgﬁ“ "‘"ge"

(DE). ZELLMANN, Volker [DE/DE]; Wi]dhausstr 24,
63589 Linsengericht (DE). Zur Erklirung der Zweibuchstaben-Codes und der anderen Ab-
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(74) Anwalt: SCHWEIGER, Martin; 1 Coleman Street des and Abbreviations”) am Anfang jeder reguliiren Ausgabe der
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(54) Title: AGING-RESISTANT PERMANENT MAGNET MADE FROM AN ALLOY POWDER AND METHOD FOR PRO-
DUCING SAME

(54) Bezelchnung: ALTERUNGSBESTANDIGER DAUERMAGNET AUS EINEM LEGIERUNGSPULVER UND VERFAH-
REN ZU SEINER HERSTELLUNG

(57) Abstract: The invention relates to a method for producing pressed permanent magnets, comprising the following steps: pro-
viding a mixture of at Jeast one magnetic powder and one duroplastic binder and pressing said mixture to form a moulding body.
In order to obtain a durable and particularly reliable protection against oxidation and corrosion, the moulding body is impregnated
with an acid-solvent mixture in an impregnation bath before hardening of the duroplastic binder, whereby the entire surface of the
*4 permanent magnet is covered with a reaction layer.

0 A

(57) Zusammenfassung: Ein Verfahren zur Herstellung von gepressten Dauermagneten umfasst folgende Schritte: Es wird ein
&3\ Gemisch zumindest aus einem Magnetpulver und einem duroplastischen Binder bereitgestellt und zu einem Formkdrper gepresst.
) Um einen dauerhaften und besonders zuverlissigen Oxidations- und Korrosionsschutz zu erreichen, wird der Formk&rper vor dem
€\ Aushirten des duroplastischen Binders in einem Imprégnierbad mit einem S#nre-Losungsmittel-Gemisch imprégniert und auf diese
Weise die gesamte Oberfliche des Dauermagneten mit einer Reaktionsschicht tiberzogen.
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in a greatynariety of precisely predeterm ned shapes by

Such pressed permanent magnets are, however, porous, which may result in oxidation
or corrosion, for example by air and humidity, both in the curing process and in later
use, in particular at elevated temperatures. The result is an ageing of the permanent
magnet accompanied by a worsening of its magnetic properties. The term “ageing” of
the magnet is here understood to mean a reduction of its magnetic properties in the

course of time, in particular at elevated operating temperatures.

The ageing of the magnet can be inhibited by avoiding high operating temperatures.
This limiting of the operating temperatures to, for example, 100°C is, however,
undesirable, as it prevents the application of pressed permanent magnets in many

desirable fields, such as motors.

Various approaches have so far only resulted in insufficient and temporary protection
of the permanent magnet against oxidation and corrosion. A thin coating for the

finished magnet has been shown to be permeable and moreover easily damaged.



means of injection noulding or pressing technol ogy w thout requiring any
conpl ex and costly reworking. Pressed,permanent magnets, in particular
per manent magnets pressed in a nmould at anbient tenperature and wi thout
heated tools fromthe alloy powder and a thernosetting binder and then
cured, have particularly good magnetic properties and can noreover be
produced very economically using very short cycle tinmes. Such pressed
per manent BRayA8d $1hA¢ disclosesiemethod foubs prductiomefipressedipermanexi dati on  or
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it prevents the application of pressed permanent magnets in many desirable
fields, suehatdsanfopesmanenyarqlei®nappr oaches have so far only resulted in
insufficient and tenporary protection of the pernanent magnet agai nst

oxi dation and corrosion. Athin coating for the finished nagnet has been
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coating pr; %rsixﬁﬁe pressing process. However, as the coating is damaged

in many places In the pressing process, resulting in new uncoated
surfaces, a sufficient protection against oxidation and corrosion cannot

be ensure Even an addit.ional . inpregnation w.th a.synt .G resin as
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can be pr odhickdan heusad $i tepiperateranahove 100°C without ageing prematurely.

According to the invention, these problems are solved by the subject matter of the
independent patent claims. Advantageous further developments of the invention are

the subject matter of the dependent claims.

A method according to the invention for the production of magnets comprises the
following steps: First, a mixture of a magnetic powder and a thermosetting binder is
provided and pressed to produce a moulded body of a desired shape. This moulded
body is then exposed to a mixture of acid and solvent in an impregnating bath. The
thermosetting binder is then cured. Sﬁitable acids include phosphoric acid, oxalic

acid, boric acid and chromic acid.

According to an idea on which the invention is based, the entire surface of the

magnet, which forms an interface with an ambient atmosphere and thus a surface
affected by oxidising and corrosive substances, should be protected to provide an
effective protection against oxidation and corrosion, i.e. in particular the internal

surfaces of the magnet or the particles of which it consists. In place of a protective



The present invention is further based on the problem of specifying a
pressed pernmanent magnet with a partigularly effective oxidation and
corrosion protection, which can be used in tenperatures above 100C w t hout
ageing prematurely. According to the invention, these problens are sol ved
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interface should be protected by a protective |layer fornmed by the action

of an acid, such as a phosphating layer. In place of or in addition to
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| ayer can Hyecoatiyd + éfchossiblelimmediatelp aftert the prssngprocessertbe mytal werfanss ous

noul ded body i.n. an i npregnatjng bath cont aini a.mxture of cacid and
sol vent . %Sﬁgl% P SlV%W%iaEg%ssP?%/?S PHIEE" WQ?‘HF@%?’?%%&Q%% sol vent
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The moulded body is advantageously retained in the impregnating bath for at least 15
minutes, for example for 30 minutes. This ensures the formation of a sufficiently thick
phosphating layer for the passivation of the surface. The retention time can be reduced

by tempering the impregnating bath.

The impregnating solution, which advantageously has a composition of 2 to 6 percent
by weight of 85%-prosphoric acid, preferably orthophosphoric acid HsPOq, 1 to 2
percent by weight of distilled water, rest alcohol or another common solvent, or even
just phosphoric acid dissolved or dispersed in water, enters the externally accessible
interstitial space of the pressed body as a result of the capillary effect. This effect can,
however, be additionally supported by exposing the impregnating bath with the
moulded body to a vacuum during the impregnation process. This vacuum promotes
the escape of air from the interstitial space and accelerates the flow of impregnating
agents into the pores. This flow can be improved further by introducing a gas into the
space above the impregnating bath following the removal of air from the interstitial

space, whereby a positive pressure is generated.



accessible to corrosive substances such as oxygen and hum dity by neans of
a chemcal reaction under the parti ciEati on of phosphoric acid. The
penetration of substances into the accessible interstitial space is used
to advantage in the inpregna- tion process. The noul ded body is

advant ageously retained in the inpregnating bath for at |east 15 m nutes,
for exanple for 30 mnutes. This ensures the formation of a sufficiently
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removal ofcrgitdl okiepEribmer thebeiptihi granl is ns@siged. Wher eby a positive pressure is
generated. 4 In one enbodi nent of the invention, the nagnetic powder used
is anetal or alloy powder, in particular a hard magnetic all oy powder.
The magnet | . i .o i aF 87 I 1 oy
poudor o, PeoR CESEREUAR i bebaft Rl (HE RafaRlcERhadl BrCo AndoR |
exanpl e prsmmiedan be aedas dicragtivest h the rapid solidi- fication process or
t he hydrogenati on di sproportionation desorption reconbination (HDDR)
process. In this process, which is described in detail in US 6,709, 533 B2,
the rel atjwy : IRl is 501 aldly

di sintegra hg?vﬁ&&%ﬁ%@ lrecs)stézgg%ig{lﬁg%gﬂ%{r&?oﬂg; ?dr}ggﬁrggdgﬁ)lblis Egsu tn% o] df orma very
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grain is maintained. Alloys of sanmarium and cobalt containing the hard
magneti c phde o580 olyme raa@/fgqaer and coarser powders tend to have worse magnetic

properties and age more quickly. For additional protection against ageing, the

particles of the magnetic powder may be coated even before the impregnation

process, for example with a phosphating layer.

The mixture is advantageously pressed to produce a moulded body under a pressure
of 8 t/cm® at room temperature. In this process, the mixture can be exposed to a

magnetic field.

The moulded body is for example cured at a temperature of at least 170°C, typically
in an oven in the presence of air. The curing process takes approximately 60 minutes.

The curing conditions are determined by the type of thermosetting material.

In a further embodiment, the impregnation process using the mixture of phosphoric
acid and solvent is followed by a second impregnation step, wherein the moulded
body is additionally impregnated with an epoxy resin. Between its impregnation with

the mixture of phosphoric acid and solvent and the second impregnation step and/or



SmLCo5 can be used as alternatives. The average particle size d of the
magneti ¢ powder advantageously is 50 [ms d:5 150 m This average
particle size allows for an advant ageous packing density of 75%to 80%
vol une ratio. Finer and coarser powders tend to have worse magnetic
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face with an ambient atmosphere, wherein this surface of the permanent magnet is

coated with a reaction layer, preferably a phosphating layer.

As rare eatth alloy powders, Nd-Fe-B alloys, which contain the hard magnetic phase
Nd,Feq4B and are for example produced in accordance with the rapid solidification
process or the hydrogenation disproportionation desorption recombination (HDDR)
process, or alloys of samarium and cobalt, which contain the hard magnetic phases

Sm,Co17 and/or Sm;Cos, can be provided.

The permanent magnet according to the invention may have a remanence of 1.0 T and
a coercitive field strength of 1060 kA/m. Its high energy product combined with a
high dimensional stability resulting from the pressing procéss opens up a great variety
of applications, for example in motors. The durably high load carrying capacity even
at elevated temperatures, which is required for such applications, is ensured by the

phosphating layer.



magnets produced in this way are reliably protected agai nst oxidation and
corrosion. According to the present ifvention, a pressed, porous permanent
magnet made froma rare earth alloy powder and a thernosetting bi nder has
a surface representing an inter- face with an anbi ent atnosphere, wherein
this surf g e § 1 ] i ligyer,
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appar ent rtbqepnafab reypancpge INRipE-Ee-Bpermaret %%ﬁéla%coé [4ifg to the

i nventi On;inve{fiitigﬂfe 3 is another diagrammatic representation of the
chronol ogi'cal "devel opnent of the apparent renmanence Jr' of Nd-Fe-B
per mmnent magnets according to the invention; Figure 4 is a diagrammtic

representation aof the chronol ogi cal,. devel opnent, of .the . cha of the
magnetic fHiIgEeHs F\Iélagéa-ngn?}éprWﬁ‘%@?ﬁat}?&dﬁglﬂesag%%?%hcﬂéle}’%ogrﬁeéﬂ%? Hention: and
F} gﬂle 5 | fafee bR ATERC Fuk R NSEABYckfifnddt nfaBfets hicorith@@i thal devel oprent
o] e

invention; and

Figure 5 is a diagrammatic representation of the chronological development of the

ageing losses of Sm-Co permanent magnets according to the invention.

In a first embodiment of the method, which is identified as “example 1” in Figure 1, a
mixture of 1.6 percent by weight of a thermosetting binder with the rest being a rare
earth magpetic powder such as HDDR-Nd-Fe-B powder and various additives, if
applicable, is oriented in a magnetic field and then pressed under a pressure of 8 t/cm’
at room temperature to produce a moulded body with the dimensions 10 x 10 x 8.5
mm. The moulded body has a magnetic packing density of 75% and a porosity of
approximately 17%.

After the pressing process, the moulded body is placed in a solution consisting of 4
percent by weight of 85% phosphoric acid, 1.2 percent by weight of distilled water
and 94.8 percent by weight of isopropanol. The isopropanol may be replaced by
another solvent, such as acetone, ethanol, butanol or water. This step is identified in
Figure 1 as “S-impregnation”, an abbreviation for acid (Séure-) impregnation. During

the impregnating process, the container with the impregnating solution and the



agei ng | osses of Sm Co permanent magnets according to the invention. In a
first enbodi nent of the nethod, which .}s identified as "exanple 1" in
Figure 1, a mxture of 1.6 percent by weight of a thernopsetting binder
with the rest being a rare earth magnetic powder such as HDDR- Nd- Fe- B

powder an \{ﬁlﬁédodf)%i qg%]bﬁjécy QS0 alvacufi B 157031?*)5’ to 'f§c1ﬁ’tra{eecﬂé gda he?o@alfmgna ic

field and a pressure o roomtenperature to
produce a fmwhn:tbtﬂle logly ofiiht ImnphagnahnmohltmmsntmOheqnllf@stmass@ce rr%rfter'ﬁﬁle moul ded

body h K densi f. % and I
179 At mibnsysheaehRg precbsenovie el PGy e st i BBED it on ©
consi sti ng, %Pésotlif&rfu?egra?ﬁ?émw%ﬁﬁi(ggﬁg‘&lﬁ% (R%gﬁo%%irc acid, 1.2 percent by

wei ght of wat er per cent wei ght of |sopropanol The
i sopropanol may be replaced by another solvent, such as acetone, ethanol,

but anol or water. This step_is iden ‘ 1 "S- egnat i on"
an abbr eV| a@.swnﬂ@mb&éwné %%@P@%thqqt’rﬁﬁhé‘g‘rféfc%ﬂﬂfe |er’f@mafél‘?e 1n eant ing
process, nﬁ@cﬁg@ﬁﬂﬁfl ﬁé%ﬁzﬁ'l %}Q%P 1@&&9%¥Wéaﬁ 80Uy dePro@Rsand e Curingpul ded

body is su jecte to a vacuu 150 nbar to facilitate the escape of air
from and tphecessifim mlsasiecomﬂalmprpgnagngsuepghs momlded IbOdmsantph@mwdem gbpthj g
space. After

ded ti
oha then clmRHIIVousRsty BroBunRfical S0kt TR S et 0 b
presence Gfiggk fi-as HR-ipr&aRfioh’s iR abbrowatodfor &)th@n@ﬁ(ﬁm&tofm ifipresatiodent i fi ed

as "exanmple 2" in Figure 1, an additional inpregnating step Is added
bet ween t HeitidHyi angpcpum©é eppraxicnatels 60, ibagsuppPHE e $scapp Of Air frogpthgn g

h | d
Tt a1 diPoRbEbenes Sl A REaRaRFret JPAaRIRERY %b@mﬁ?#se%%ﬁt fied in

Figure 1 age eifry dhegRntinpthe péws.ditierca idtidenricilas epdmysit ilchitiduast st of f -)

i npregnation. Initial Ig a vacuum of approxi mately 800 nbar supports the

escape of temperpugnof¥0°Cinterstitial space, and then a positive pressure of
approxi mately 200 nbar accelerates the entry of the resin into the pores.

The cure is identical to exanple 1, but at a tenperature of 190C. In a

third embqgdia¥Rird emBbdififni, whichapidehiified ase kempler”an Figure 1 Fhemethod,is t he
method is carried out as_in_exanple 2, bgt t he drtwa%StGE bet ween the two
i npr egnat mqgl@tcylggs jngexample 2, but the drymg step between the pregnating Steps is

omifted.

In a fourth embodiment, which is identified as “example 4” in Figure 1, the moulded
body is at least partially subjected to a first curing step before impregnation. T his
offers the advantage that the moulded body is less vulnerable when being handled in
the impregnating and drying steps. Minor oxidation and corrosion damage may,
however, have to be tolerated, because the moulded body is subjected to high
temperatures and possibly to air before being protected by impregnation. After the

impregnating and drying processes, the curing of the moulded body is completed.

Figure 1 describes possible variants of the method by way of example only.
Combinations thereof and further process steps are conceivable, for example if
additional coatings are to be applied to the moulded body or certain properties of the
moulded body are to be adjusted to requirements. Working in a protective atmosphere
is also conceivable, for example if the curing step has to be carried out before

impregnation.




omtted. In a fourth enbodinent, which is identified as "exanple 4" in
Figure 1, the noulded body is at |ea partially subjected to a first
curing step before inpregnation. This ~offers the advantage that the

nmoul ded body is | ess vul nerabl e when being handled in the inpregnating and
drying steps. Mnor oxidation and corrosi on damage nmay, however, have to
be tol erated, because the noul ded body is subjected to high tenperatures
and possi IHigurés? &i 5 shoef the eesoks ofjsepico dfmt etrdmentngimed abimpovingilteer t he

i npregnating and dryi ng rgtrocesses, the curi na. of the m)LtJ.I delﬂ body .i s

conpl et ed resistngg (@ ageingalthe permagetanagnets ageqrdingdo e ppertion: gy Way of
exanpl e onl e &ﬂéﬂ%dr@tﬁ?ntﬁ Bﬁg,@xﬁan@ﬂqnﬁgﬂeﬁshﬁideﬁ‘i&ﬁ & NEFEBpoMder

concei vabl e, For e anple 1 additional coatings are to be applied to the
moul ded bady Figure £ rdpa¢seniirgipesshiessents ort premanant nvhgdeth ouiyle fiom anSpeCad; ust ed
to requirenents. Working in a protective atnosphere is also conceivable,
for exampl®AEPUGPRVlring step has to be carried out before inpregnation.
8 Figures 2 to 5 show the results of series of nmeasurenments ainmed at
improving the resistance to ageing of the permanent magnets according to
t he i nventhigure 2hlleptnates tix qlmondogl@qé%ewﬁmm of g anpPERBITERABHCH dr RhRent

magnets made from an Nd- Fes;.B poywder I QU r.eptr. asurenents
on per nané’ﬁfm?f’ﬁﬁﬂ]@?%neﬁﬁ%@ rq]P%Prﬂ %‘ﬁ%%gzﬁ{x @%E “ﬁ%éghﬁlg? i “2636%\%@?%% |%gpg82

i |1 ustrat eandebalushaea 6y daikealinckereplesqiveit ageingtdipeappenembgressmanence Jr'  of
a permanent magnet according to the invention ich.is % ngﬁs re for

agei ng. Tpsoduged ueing themeshodstaseptBipgip sxamples ]ﬂe?'sa“\r,‘\@p?‘e‘%‘%‘ﬁf’ t %g@i ng of

per manent d.- usi i les 1, 2
nd3 i gy ShiraGl 87 deBRihE it Rrqiph RS RE TR AEBAR 5 2
represent prédicad esvgniidnaily pier. manienqpregmgdesingphoviathed acandiagtd teal |y, i.e.

not i npregnated using the nethod according to.th i nvention,. The graphs
rel ating tiBvenben.the gephspelafingly the B%P?Wteﬁ@?(ﬁ%@njhi@te&oﬁﬁc‘f%d EK2 invention
are very g#?él@%ﬁ%no%?ﬁg@r?ﬁ&@ ko SRChrRHEPahd MRISEmerbd! ‘Phib fidtfeahérolrel or e

shows cle nmprovenent obtai nabl e by using the nethod according
to the i rshews cloarlpthat the gmproveinenizibtaipabibis using theangthed agearding e the)r ead of

the val S nvention rosgr conventional methods is greater than the spread of the values measured

on permanent magnets produced using different variants of the method according to

the invention.

Three permanent magnets were produced in accordance with each of the three
methods according to the invention and with a conventional method. In each case, the
average of the measured values of the three permanent magnets was plotted. All
magnets were stored at approximately 120°C in the presence of air to represent a
realistic loading of the magnets, and the apparent remanence J;” was measured at
varying time intervals. The series of measurements shown in Figure 3 follow the same

pattern, but all magnets were magnetised before each measurement.

Figures 2 and 3 show that the losses in the apparent remanence J;’, which are a
measure for the ageing of the magnets, are noticeably lower for the magnets according
to the invention than for the non-impregnated magnets. The open triangles mark

values measured on magnets impregnated with a plastic material in addition to their



on permanent magnets produced using different variants of the nethod
according to the invention. Three pergranent magnets were produced in
accordance with each of the three nmethods according to the invention and
with a conventional nethod. In each case, the average of the neasured

val ues of the three.pe : . re stored
at approxiaﬁ@t]@%@gﬁ%‘%’ r[?%g? g%}l%?%g%g%zhe\ggﬁgglr}&% %I%gggﬁle%lgﬁ?@%ﬂgr%g Istic

| oadi ng ofoftches Rgiiay impdgidel wppacidnt remanence Jr' was neasured at
varying tinme intervals. The series of neasurenents shown in Figure 3 follow
the sane pattern, but all nmagnets were magneti sed before each neasurenent.
Fi gures Zﬁgg . I BRng r', which
are a neas r%ﬁfs %?\9%’“%%Qg%ogpgb?ég?éftﬁgp#%g%gftg?E{%réées%%ltg%a{ggeablgkﬁif‘soﬂer for the
magnet s aanasaiemgnt fooagdimg Josses bhsedontpeamarfent sttuvturalodemagpy thg nagaeds nagnet s.
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| osses of Lhf%ed 1RADHSn@h&1 Adcbid 16 th BReAtid & valRs of wafchees es

excl usivel'y I npregnated wth acid.” Fi ?ure 4 shows the chronol ogi cal

devel opnerindiofted byebiokes Baes, shovelpssss iof less than 49 aftermeers trasrk®RP hpwss, agei ng
| osses based, o ermanent, structural da e gneti sed
bef ore eac‘ﬁ“]r?‘éﬁ% E?IE’% n.ahﬂ'l%o Fo Waglheg%%% h%e}%gé&%ng%ﬁte gm&%%l%t ced using

t he met hodyppcording to the invention, the values of which are indicated
by broken lines, show | osses of |less than 1% after nore than 1000 hours,
whi |l e the conventionally produced magnets show average | osses of

appr oxi mat.g] 4. 7% . Fi il B8kl 85ic faridig opppar ent
remanence Iﬁg&’regﬁﬂvzsr?ealteg)?gﬁégé%g ¥ Aaflﬂﬁéé %geﬁt pr oguceecf?ﬁozll n% tahelhrrgt ﬁod
accor di ng thapnehgrotiived nkingnhd metiivd apmediag tovht lintention &bty paodepedittthon
Sn2Col7 consisting of 15% Fe, 25.2% g%r s% g% t hea{)f(gvxgﬁr h%vi ng an
aver age paioy epmpesien emaGag consiting Rk L d‘:r%e S S Pr GHUcL 4P P& or dance
W th the vag] BIRRLE I0f 170 GHL §né NeisHréiced B RLBRBAS rom the
sane pom&%&lngt% a\?\n&tagéc() Flﬁﬁgzgé)nat? gn "as (I:’[lcrgl ar at i%)ve exanples for the
series of vigatevariadt®ftsamsploWin Figuké gUvegits Wereiproduced fromethe sdngrur es, t he
results of the neasurenments on ) .

powder but without impregnation as comparative examples for the series of measure-

ments shown in Figure 5. As in the other figures, the results of the measurements on

the magnets according to the invention are indicated by broken lines, while the results

of the reference measurements are indicated by a continuous line. Figure 5 shows that

resistance to ageing can be improved significantly by impregnation in the Sm-Co

magnets as well.



the magnets according to the invention are indicated by broken lines, while
the results of the reference neasurengnts are indicated by a continuous
line. Figure 5 shows that resistance'to ageing can be inproved
significantly by inpregnation in the SmCo magnets as well. 10 Cainms [1]
Met hod for the production of magnets, conprising the follow ng steps: -
the provision of a mxture of at Ieézéidﬁ%e magneti ¢ powder and a

C

t hernosetting binder; - pressing to e a porous noul ded body; - the
i npregnation of the noul ded body in an inpregnating bath with a solution
containing an acid; - the curing of the thernosetting binder. [2] Mthod

accordi ng (ip cl agthdd for eRFraGicionh L Fhabiets, RBiptibiag 38 follb@ingcepsai ni ng an

acid cont J\iﬁs phosphoric acid. [3] I\/Eitibhod agcordi ng to claim1l or 2,

characterised in tihapravision pfa migtaeiof gt lsattiene awgaeticayuler eabh of 2 to 6

percent by weight of 85% h(i)radgpori c acid, 1 to 2 percent by weight of
O b

distilled water an®® Ossf?tlzlal c?o . [4] Method according to any of clains 1

to 3, charact eri.segtetsing togrodute alpetc@smouldddibodyof the noul ded body in the
i npregnating bath is at least 15 mnutes. [5] Method accordi nrg to any of
claims 1 to 4, -chiifimpeenaiion of the mawldedodynigaadmRicehaNERah WiPR  he

noul ded body is su&jlﬁﬁ}ne&nfagﬂiwﬁégﬁm and/or to a positive pressure during

t he i npregnati on process. according to any of clainms 1 to 5,
characterised in tthaturing of the thermosetting binder.

[2] Method according to claim 1,
characterised in that

the solution containing an acid contains phosphoric acid.

3] Method according to claim 1 or 2,
characterised in that
the impregnating bath has a composition of 2 to 6 percent by weight of 85%-
phosphoric acid, 1 to 2 percent by weight of distilled water and rest alcohol.

[4] Method according to any of claims 1 to 3,
characterised in that
the retention time of the moulded body in the impregnating bath is at least 15

minutes.

[5] Method according to any of claims 1 to 4,
characterised in that
the impregnating bath with the moulded body is subjected to a vacuum

and/or to a positive pressure during the impregnation process.

[6] Method according to any of claims 1 to 5,
characterised in that

a metal or alloy powder is used as a magnetic powder.




a netal or alloy powder is used as a magnetic powder. 11 [7] Method
according to any of clains 1 to 6, chagracterised in that a hard nagnetic

al l oy powder is used as a magnetic powder. [8] Method according to any of
claims 1 to 7, characterised in that an all oy powder of neodym um iron and

boron contaj ni nq,the. hard.magnet i h 2Fel4B is used as a magnetic
powder . [S{?j Met %ﬁﬁg%ﬁ%f’ﬁﬂ%l%tagyé’%?ag}]gzFoaés\’lsrrs 1 to 8, characterised in
that an all oy pewskaetefifedsammiti um and cobalt containing the hard magnetic
phase SnmRCol7 or SmlCo5 is used as a magnetic powder. [10] Method
according to any hefd mpgnaiis alloy powder ig pigd 26 @ anaZBelic PoWdsiat t he aver age
particle size d of the magnetic powder is 50 [tms d..!-. 150 m [11]

Met hod according to any of clains 1 to 10, characterised in that a coating
is appli ec[S}o t IMethad hécotdisg of any lod chineto ¢, powder. [12] Method according
to any of clains_1 to 11, characterised in that the inpregnating bath with
t he noul ded bodfh?@‘@ﬂﬁﬁdé&ﬂ@ﬂ to a positive pressure after the application

of the vacuum i i .
%ﬁﬁ]lg%{nﬂﬁéjr AGEFhilE, {r8n 8RYb&bn ebhingltht Baridnagnetic

characterised i e mxture 1s pressed at roomtenperature to produce

a nmoul ded body afhase NpFegB iy esedfis 6 ntagoetit mpwdenre. [ 14] Met hod according to
any of clains 1 to 13, 12 characterised in that

[9] Method according to any of claims 1 to 8,
characterised in that
an alloy powder of samarium and cobalt containing the hard magnetic phase

Sm,Co17 or Sm;Cos is used as a magnetic powder.

[10] Method according to any of claims 1 to 9,
characterised in that

the average particle size d of the magnetic powder is 50 um =< d < 150 pm.

[11]  Method according to any of claims 1 to 10,
characterised in that

a coating is applied to the particles of the magnetic powder.

[12] Method according to any of claims 1 to 11,
characterised in that
the impregnating bath with the moulded body is subjected to a positive

pressure after the application of the vacuum.

[13] Method according to any of claims 1 to 12,
characterised in that
the mixture is pressed at room temperature to produce a moulded body at a

2
pressure of 6 t/cm” or more.

[14] Method according to any of claims 1 to 13,



the mxture is exposed to a magnetic field during the pressing process.

[ 15] Method according to any of cl al 1 to 14, characterised in that the
noul ded body is cured in the presence 8f air at a tenperature of at | east
120C. [16] Method according to any of clains 1 to 15, characterised in
that a second i n ep with an epoxy resin follows the

i npregnati on of %H%rﬁa ﬁ%ﬁlﬁgt@tbody with the phosphoric acid and sol vent
mxture. [17] MalidwtktaeGoeporg! toa magetic field dueing tiacpressimpaptocess.t hat t he

noul ded body is dried between its inpregnation with the phosphoric acid

and solvent m xture and the second i npregnation step. [18] Method according
to any of i that the solution containing an
acid cont Jﬁrg mM%th& ?%31;%1% ria %g(rélf ofg(t)drgham c conponents. [19] Method
according to anymmﬁdehaﬂnnﬂiuto 17, characterlsed in that the solution
contai ni ng an ac ont i nor gani.c nts. S or ous

per manent magnet %ﬂP‘%ﬁﬁyalSF%e “ég’retﬂﬁe ‘ﬁ é gat“reoféﬁé?ﬁ setting
bi nder, charactgppged in that the surface of the permanent magnet which
forms an interface wWith the anbient atnosphere is coated with a protective
| ayer fornmed by a reaction wth an acid. 13 [21] Pernmanent nagnet

according to claim?2 racterised.in . th the protective | ayer contains
phosphat g_[16] Methog accordal 1ng to any of cﬂums 1to fg P Y

characterised in that
a second impregnation step with an epoxy resin follows the impregnation of

the moulded body with the phosphoric acid and solvent mixture.

[17]  Method according to claim 16,
characterised in that
the moulded body is dried between its impregnation with the phosphoric acid

and solvent mixture and the second impregnation step.

[18]  Method according to any of claims 1 to 17,
characterised in that
the solution containing an acid contains a plastic material and/or organic

components.

[19]  Method according to any of claims 1 to 17,
characterised in that

the solution containing an acid contains inorganic components.

[20] Pressed, porous permanent magnet made from a rare earth alloy powder and
a thermosetting binder,
characterised in that
the surface of the permanent magnet which forms an interface with the
ambient atmosphere is coated with a protective layer formed by a reaction

with an acid.



[ 22] Permanent magnet according to claim 20, characterised in that the
protective |ayer contains nol ybdate. %23] Per manent magnet according to
claim 20, characterised in that the B otective layer contains tungstate.
[ 24] Permanent magnet according to claim 20, characterised in that the
protective | ayer contains vanadate. [25] Permanent magnet according to
claim 20, characterised in that the protective |layer contains titanate.

[ 26] Permmgnt PRERHenPRESHH bOBrdifg ANMaigf 2651 ai 8 20 to 25, characterised
in that a powder of neodym um iron and boron with the conposition Nd2Fel4B

produced in accehaagtedsediin thad hydr ogenat i on di sproportionation desorption
reconbi nati on (&%%R%E?E%‘%cl%%r c:'oﬁtapﬂ'sg)}ﬁb%%gte‘?s a rare earth all oy powder. [27]

Per manent magne I'hg’to any alfrs 20 to 25, <characterised in
that a powder of sanarium and cobalt with the conposition Sm2Col7 or SmilCo5
is provided as a rare earth alloy powder.
[22]  Permanent magnet according to claim 20,
characterised in that

the protective layer contains molybdate.

[23]  Permanent magnet according to claim 20,
characterised in that

the protective layer contains tungstate.

[24]  Permanent magnet according to claim 20,
characterised in that

the protective layer contains vanadate.

[25]  Permanent magnet according to claim 20,
characterised in that

the protective layer contains titanate.

[26]  Permanent magnet according to any of claims 20 to 25,
characterised in that
a powder of neodymium, iron and boron with the composition Nd;Fe1,B
produced in accordance with a hydrogenation disproportionation desorption

recombination (HDDR) process is provided as a rare earth alloy powder.

[27] Permanent magnet according to any of claims 20 to 25,
characterised in that
a powder of samarium and cobalt with the composition SmyCoy7 or SmyCos

is provided as a rare earth alloy powder.



