1 Description Non-ageing permanent magnet made from an alloy powder and
method for the production thereof The invention relates to a permanent
magnet pressed from an alloy powder and a thermosetting binder. It further
relates to a method for the production of such a permanent magnet.
Permanent magnets which consist of an alloy powder, in particular a rare
earth powder, and possibly of fuF¥SEHRRIOES, and which are bonded using
a plastic material, can be produced in a great variety of precisely
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without requiringgarty noethies dod tostly reduddron Rheaxsedfpermanent
magnets, in particular permanent magnets pressed in a mould at ambient
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thermaseling binder aad ihen pured hae prrichlad dod magneic
propenﬂles ANd Can Moreover be produced very economically using very short
cylegenimres N"Bgaei.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.
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times.

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.



EP 1 583 111 Al discloses a method for the production of pressed permanent
magnets, wherein the individual powdeé' particles are provided with a
protective coating prior to the 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
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from JP 63304602-A cannot ensure reliable and permanent protection. The
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invention, these problems are solved by the subject matter of the
inSRARBIRIRSERATE R RSBV antageous further developments of the
invention are the subject matter of the dependent claims. A method according
to-the [nxanion et s praducton.et madnets samprises iis falloning steps:
First, a Mixtare of 4 magnetic pow: & and A therm segnng inder is pr%wded
arigipresssly axigedidocend eauasidreritignd pertaving thaiegiecaniie prslucked
bady, igHhemerpesed to a mixture of acid and solvent in an impregnating
bath. The thermosetting binder is then cured. Suitable acids include
phosphoric acid, oxalic acid, boric acid and chromic acid. According to an
iderheorasdticibetion Briticneishassiosh thepestisensidpatiphtepregaet, which
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internal surfaces of the magnet or the particles of which it consists. In place
of a protective 3 coating, which, in view of the resulting deviation from the
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the action of an acitd, such as a pf@ﬁghaﬂng layer. In place of or in addition to
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oxalate, chromate or combinations thereof. Such a protective layer can be
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may be affected b oxidisi_r%g and carrosive substances. The method
a
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sugé%c%%ﬁc a%irt?(ljecﬁ')oﬁ%rg&a/e substances such as oxygen and humidity by
means of a chemical reaction under the participation of phosphoric acid. The
penetration of substances into the accessible interstitial space is used to
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surfaces of the magnet or the particles of which it consists. In place of a protective



The impregnating solution, which advantageously has a composition of 2 to 6
percent by weight of 85%-prosphoric agid, preferably orthophosphoric acid
H3PO4, 1 to 2 percent by weight of distilled water, rest alcohol or another
common solvent, or even just phosphoric acid dissolved or dispersed in
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supported by exposing the impregnating bath with the moulded body to a
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powder, in_particular a hard magnetic alloy powder. The magnetic powders
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process, which is described in detail in US 6,709,533 B2, the relatively
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atmosphere and then recombines to form a very fine-grained structure, while
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canbedsed s llematies, The vcrads arlice size fhobihe magnetic
powder advanhtageously 1550 U um. ' This’average particle size allows
foslstaihea mimibe ascpstdiie idestitiay sohES%(IEe BOR vatagre ndtie IrMnegnand
c%§%p&g¥ggjers 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
witherphsahpdugidayeantheonsiytrsai ik aivae ingeoyshingrpasddria peduse
a mou{de bodX ung 3 ressyre_ﬂli.S t/cm2 "fﬁ room Eem rature.. In fhi%.
minutes, forexanmle Tor 3G ainutes. This ensures the formation ﬁa sdttrciently i
process; the mixture can be exposedto a magnetic field. The moulded body
is fopspkatinglayrirtad the passinpéonnfrthosufdendtheToE)tigpidalcan baredeasdn
thgwﬁ:@ gfeqphp}' aqwér}gtp_rocess takes approximate!y 60 minl_Jtes. The
curing conditions are determined by the type of thermosetting material. In a

further embodiment, the impregnation process using the mixture of
phosphgrisgasith@eslsplvamiish ialliRiwvagdebyss sasardripaiaamnationotgRrcent
wherein Ple ylded body is additionally impregnated. with oxy.resin.
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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.



before the curing of the thermosetting binder, the moulded body is
advantageously dried, for example by gvacuation. The acidic impregnating
solution may, however, already contain a dissolved or dispersed plastic
substance, for example a thermosetting resin. The resistance to ageing of the
magnet according to the invention can be improved further if inorganic
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solution ejther concurrently or in a further step._ The method according to the
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reaction layer, whereby the magnets produced in this way are reliably
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ambient atmosphere, wherein this surface of the permanent magnet is coated
with a reaction layer, preferably a phosphating layer. As rare earth alloy
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and are for example produced in accordance with the rapid solidification
protuSesRiHE My Gg aliefiaiVEisproportionation desorption recombination
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invention are explained reater detail below with reference to the
ad¥8RspaiYi ﬁéaf@i?é’é'ﬂii AIBgHBYE chart of preferred embodiments of

the method for the production of permanent magnets; Figure 2 is a
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permanent magnets according to the invention;

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



Figure 4 is a diagrammatic representation of the chronological development
of the change of the magnetic flux of Nbd-Fe-B permanent magnets according
to the invention; and Figure 5 is a diagrammatic representation of the

chronological development of the ageing losses of Sm-Co permanent
magfaeashaceoind od e therieasHirenRinger fikstraeuisisdibaeyiividvrniaasamsty,
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weight of a thermosetting binder with the rest being a rare earth magnetic
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is placed in a solution consisting of 4 percent by weight of 85% phosphoric
acid, 1. 2 ercent by weight of distilled water and 94.8 percent by weight of
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space. After 30 minutes, the moulded body is removed, dried by evacuation
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presgneas moaiicedia heoang eambldimeniteditiedaiatiogidatiiahng identified as
"example 2" in Figure 1, an additional impregnating step is added between
the drying process and the curing process. In this second impregnating step,
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'K-impregnation”, an abbreviation for plastic S{Kunststoff ) impregnation.
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theomtersliticd spBGen RIYer theferapRsitprRpressigrryRl approximately 200 mbar
accelerates the entry of the resin into the pores. The cure is identical to
example 1, but at a temperature of 190C. In a third embodiment, which is
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fourth embodiment, which is identified as "example 4" in Figure 1, the
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processes, the curing of the moulded body is completed. Figure 1 describes
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8 Figures 2 to 5 show the results of series of measurements aimed at
improving the resistance to ageing of tEe permanent magnets according to
the invention, Figures 2 to 4 representing measurements on permanent
magnets made from an Nd-Fe-B powder and Figure 5 representing
mESNEMRID bipiaMeRi e erfxg linethiaredies fetall BriRCwithdgieeanse to
pqngigcdﬂg%?i ifigateates the chronological development of the apparent
remanence Jr' of a permanent magnet according to the invention, which is a
measure for ageing. The values illustrated by broken lines represent the
agdinged perflanemirnofgredés @ ediboeingsingftine meboddsralkeproingtian of
ex&rpnﬁ)gﬁgngngﬁ@%_B in Figure 1, while the values illustrated by a continuous
line represenf’1 € ageing of a permanent magnet produced conventionally,
i.e. not impregnated using the method according to the invention. The graphs
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very close to one another and almost merge. This figure therefore shows
clBBPRT RPN RS by BRNSH T BT RRTAIRE By S RREHEBIJR HEBYERHG o the
invention over conventional methods is greater than the spread of the values
messiied O ARIANEIL MAAnels Rroduced pina diffsrent yarlants oL i
méthod according to the invention. Three permanen? maghets were produced
in the eopaeant ecmitheecech’ of ihé-tarBeerivanenignagoeitiaertditgddtvention and
wiﬁh\,gnggﬂyentional method. In each case, the average of the measured
values of the three permanent magnets was plotted. All magnets were stored
at approximately 120C in the presence of air to represent a realistic loading
of Rhigimnagnettagindthd aepamniatRmante et ramsogiedsisedbpinear gingdime
inlervals The seresohmeasyremants shown in Flare 2 faflow the, same
patterr, but all magnets were magnetiSed before each measurement. Figures
2 ivdrBighiandthat the losses in the apparent remanence Jr', 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
triﬁf%‘l@s'?d%zirﬁi'@%[@B@%H%é%?éﬁ‘@ﬂ%Bbﬂ’@tghirr?mﬁ@@%{éia‘ﬁ?ﬁﬁfﬁemé’éﬁﬁe
magerial lssse ditEM-Tothainadencidagnpregiatinng threageingdesses of these
magnets are slightly higher than those of cores exclusively impregnated with
acid. Figure 4 shows the chronological development of the losses in magnetic
flua adistrarbsdireentoit e mefbint Wdrck s lidentidieslapsexasmént ‘sStrdogual 1, a
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graph shows that the maﬁnets roduced using the method according to the
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al%bm%gigﬂéimCoﬁ consisting of 15% Fe, 25.2% Sm, rest Co, the
powder having an average particle size of 110 um. The magnet was
produced in accordance with the variant of example 1 in Figure 1. Magnets
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comparative exam or the series. easurements. shown.in Figure 5. As
B DL R AR b R Bl the s et
acuor8ing tercerd Mﬁ@bnoaﬁmmdm@dmy bupkmaﬂim!esay\bﬁ I.emmee.uébjalts of
(e iRfEISBRE T eASCRERIR ARIRCIGREHITY ACRRURHRURNRCIGEIRHHE

shows that resistance to ageing can be improved significantly by _
infeghassnSrinREgIHien M dpReeyigdandar acid (Saure-) impregnation. During

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



10 Claims 1.Method for the production of magnets, comprising the following
steps: the provision of a mixture of at I7east one magnetic powder and a
thermosetting binder; pressing to produce a porous moulded body; the

impregnation of the moulded body in an impregnating bath with a solution
contaitartopafydeiibigsted trinyash theohadiobetth e |Hakethe enerpofiair

acEeRHEAE i S JktRE RFBRIGRERRE YBIKARN into the interstitial space. After 30

minutes, the moulded body is removed, dried by evacuation and then cured in an oven

for 60 minutes at a temperature of 170°C in the presence of air.

In a second embodiment of the method, which is identified as “example 2” in Figure
1, an additional impregnating step is added between the drying process and the curing
process. In this second impregnating step, the moulded body is impregnated in a bath
with a liquid, low-viscosity two-component epoxy resin. This step is identified in
Figure 1 as “K-impregnation”, an abbreviation for plastic (Kunststoff-) impregnation.
Initially, a vacuum of approximately 800 mbar supports the escape of air from the
interstitial space, and then a positive pressure of approximately 200 mbar accelerates
the entry of the resin into the pores. The cure is identical to example 1, but at a

temperature of 190°C.

In a third embodiment, which is identified as “example 3” in Figure 1, the method is
carried out as in example 2, but the drying step between the two impregnating steps is

omitted.

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. This
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.



the solution containing an acid contains phosphoric acid. 3. Method
according to claim 1 or 2, characteriseg 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

baly irdhadBereanaLRg RAbBriSALIRR ShhEURINEHESIPe YRS RGEPIRING to
any of claims 1 to 4, characterised in that the impregnating bath with the
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the isppregtatorgoessstson\ietinackaccaying taderfyont ataiug-4-Bopbwder

and Figure 5 representing measurements on permanent magnets made from an Sm-Co

magnetic powder.

Figure 2 illustrates the chronological development of the apparent remanence J,” of a
permanent magnet according to the invention, which is a measure for ageing. The
values illustrated by broken lines represent the ageing of permanent magnets
produced using the methods according to examples 1, 2 and 3 in Figure 1, while the
values illustrated by a continuous line represent the ageing of a permanent magnet
produced conventionally, i.e. not impregnated using the method according to the
invention. The graphs relating to the values obtained from the method according to
the invention are very close to one another and almost merge. This figure therefore
shows clearly that the improvement obtainable by using the method according to the
invention over 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



characterised in that a metal or alloy powder is used as a magnetic powder.
7.Method according to any of claims 140 6, 11 characterised in that a hard
magnetic alloy powder is used as a magnetic powder. 8. Method according to
any of claims 1 to 7, characterised in that an alloy powder of neodymium, iron
ark¢iBdmiiegoAiarihaethee va g s3ea ghérsenasie s serdight B highesdhaaghgse

magRstis fensiesnPinirietasaarding to any of claims 1 to 8,

Figure 4 shows the chronological development of the losses in magnetic flux as a
measurement for ageing losses based on permanent structural damage; the magnets
were magnetised before each measurement. The graph shows that the magnets
produced using the method according to the invention, the values of which are
indicated by broken lines, show losses of less than 1% after more than 1000 hours,
while the conventionally produced magnets show average losses of approximately
4.7%.

Figure 5 illustrates ageing losses of the apparent remanence J;” on the example of a
magnet produced using the method according to the invention from a powder with the
alloy composition Sm,Co;7 consisting of 15% Fe, 25.2% Sm, rest Co, the powder
having an average particle size of 110 um. The magnet was produced in accordance
with the variant of example 1 in Figure 1. Magnets were produced from the same
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.



characterised in that an alloy powder of samarium and cobalt containing the
hard magnetic phase Sm2Co17 or Sirh os 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 um. 11.
Method according to any of claims 1G#@im, characterised in that a coating is
applied to the particles of the magnetic powder. 12. Method according to any

of claims jtghdd rehnkastriicashiBrtfabies, IFdRIGHIAIBE RAIBMAEtRS:
moulded b0d1¥| is subjected to a positjve pressure after the aﬁglica(}ion of the
vacuum. " e provision of a mixture of at least one magnetic powder and a
thermosetting binder;
- pressing to produce a porous moulded body;
- the impregnation of the moulded body in an impregnating bath with a
solution containing an acid;

- the curing 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.

7. Method according to any of claims 1 to 6,



13. Method according to any of claims 1 to 12, characterised in that the
mixture is pressed at room temperaturg, to produce a moulded body at a
pressure of 6 t/cm2 or more. 14. Method according to any of claims 1 to 13,
characterised in that 12 the mixture is exposed to a magnetic field during the
pressing [hacssesised iMbeehod according to any of claims 1 to 14,

characterisgghd themoyslpdeprd)kds suseRhindhe Riggance of air at a
temperature of at least 120C. 16. Method according to any of claims 1 to 15,
8. Method according to any of claims 1 to 7,
characterised in that
an alloy powder of neodymium, iron and boron containing the hard magnetic

phase Ns;Fe14B is used as a magnetic powder.

0. 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,Coy7 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 pm < d <150 pum.

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

pressure of 6 t/cm? or more.

14. Method according to any of claims 1 to 13,

characterised in that



characterised in that a second impregnation step with an epoxy resin follows
the impregnation of the moulded bodyl\yith 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 aitit INKEEERXPASEALEAaTieInetie pielBdwiatHog riesshirdip@eesany 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

cldfins 1 tY19oAASFAiBHIR 4T heletms Lutbn containing an acid contains
inorganic cemaperiesti$n that

16.

17.

18.

19.

the moulded body is cured in the presence of air at a temperature of at least
120°C.

Method according to any of claims 1 to 15,
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.

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.

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.

Method according to any of claims 1 to 17,
characterised in that
the solution containing an acid contains inorganic components.



