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WO 2005/052960 PCT/US2004/039859 COATING FORMULATION AND
APPLICATION OF ORGANIC PASSIVATION LAYER ONTO
wo WFANBASED RARE EARTH POWDERS 5 Cross-Referenge-{a,Relatashgso

Applications This application claims the benefit of priority of United States
Provisional Patent Application No. 60/524,633, filed November 25, 2003,
the disclosure of which is herein incorporated by reference in its entire%.

COATINGFRMIAAFION ANBAIBE RTINS F R AL RAFSTVATION
formuieAS A PO dREMNBASHAN Reb B BARAYREOMWIDEIBAagnet

materials, such as neodymiume-iron-boron type magnetic powders
manufactured from rapid solidification processes for, among other things,
the purpose of Lasssrdisieranea i Riglaties Apptications hen exposed to
aggressive environments or for passivation. The present invention also
Thisi s igsveaplaimothadsnmy dosting iorfntrshitassdiayesional Patent
earth-transition metal-boron (RE-TM-B) magnet powders. Background of
ApplicatigreNaveRtEd bt dprd Pty as 3ie a8 the ditklpam h srlvahag st in
have been used in various advanced motors and electronic devices. With
incorporatid by ERARP RSB B RHEESYs and electronic 20 devices, it is necessary to
reduce the size of magnets used. To enable effective miniaturization and
efficient energy or signakigldot thedmeentign| for these applications to
demand magnets of high flux densities. Factors determining the flux
ThieprateWrimswEeR gaivhiecosis PradAaaT i B arathd e e metal-
arts: the type of magnet materials used_and the volume fraction of the :
boron (Rﬁqxbﬁé%)rﬁaa@rélgﬂﬁﬁ%@éesﬁﬁ‘w SCHBHEBHTHEYHEEEOD S YPRESS Repders
selecting the type of magnetic materials are strongly influenced by the
manufacrsﬁ&&%w@% Kefifshpmerogasyemiopivaeap piltcibHEsT e pupRRerof
binder used for making polymer bonded magnets must be able to provide

corrosiongyHaE A AR FREKI TR 6 X Rotachia dRERSBAIBR YHGBIRERtS 98 for

__maintain the designed shape specification up to the, . . )
passivation. . The present mvention also relates to methods of applymg coating formulations

to rare earth-transition metal-boron (RE-TM-B) magnet powders.

Background of the Invention

Isotropic polymer bonded rare earth permanent magnets have been used in various
advanced motors and electronic devices, With the miniaturization of motors and electronic
devices, it is necessary to reduce the size of magnets used. To enable effective

miniaturization and efficient energy or signal output, it is essential for these applications to

demand magnets of high flux densities. Factors determining the flux density of isotropic

polymer bonded magnets can be divided into two parts: the type of magnet materials used
and the volume fraction of the ma;g-net materials in these polymer bonded magnets.

The criteria for selecting the type of magnetic materials are strongly influenced by the
operation conditions demanded by the given applications. The polymer binder used for
making polymer bonded magnets must be able to provide sufficient mechanical strength to

hold magnet powder together and maintain the designed shape specification up to the
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WO 2005/052960 PCT/11S20041039859 intended operation temperature
and to sustain that operation temperature without softening, deforming or
WO 20pe4kd60 The magnetic materials must provide sufficient flUBCHH GeiéHi 39859
the desired properties at the operation temperature without substantial
Iosg (()jf ma_lgnet;z?tion. The flux aging loss of a magnet material provides
_ an indication of the magnet material's stabilit I9eni
intended SRRSO ST Oy L e o P A AR St

ect the magnetic
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s ABEHIE R0 SOMREROUory s atlegioss il koo
powder in the polymer-bonded magnets, typically stated as a mass or volume fraction, is

determined by the polymer binder type, molecular weight of the polymer binder, and the
methodology applied in order to combine said materials effectively. Depending on the
molding method, various polymers are available for making isotropic bonded magnets.

Compression molding, injection molding, extrusion and calendering are well-known means

* for producing polymer-bonded magnets in commercial quantities.

Compression-molded or compacted magnets allow magnets to reach high, desirabl;a
volume fraction (greater than 83%) required to achieve strong magnetic properties.
Typically, thermosetting polymers, such as, epoxies, phenolics, and other crosslinkable resins
with their respective curing agents are used with the ideology of producing maguets that will
less affected by heat or chemical attack than the non-coated powders. These materials are

initjally low molecular weight substances that can be easily applied as coatings for the
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2 WO 2005/052960 PCT/US2004/039859 magnetic powders. The
components can be molded and cured to produce magnets that are
wo 2h8Sistangto high temperatures (typically, not much gréater tper%‘,%gg &)/039%9
and chemical solvents. The extent of crosslinking or the crosslin 3en5|ty k
of the thermosetting binder governs the coating's overall resistance to
oxidation and corrosion as well as the mechanical 5 strength of the final
magnetic praypess. Altsighigadienfs ofsbiidofildedhadridaddn podtiaieitigs that are
magnetic powders increases and becomes deleterious to the magnetic
resistant tproigbrireeposdascopinaipmoogrel glegngahio giiéthomdvhensichl
industry term "loading" refers to the proportion of magnet powder in the
solvents. fiful ¢rtaptef prosiivtkp emibe caaidlive demsdtinolodiedbdrinte ¢ bt
10 magnet system in order to alleviate oxidative effects on the metallic
governs it ep PanEcl oy ctaliedisSate soRutisiatiNoa8is88ragienaskuaibastiad. mechanical
discloses the use of various chelating agents and antioxidants in the
strength ofgihe aahoggéd magnets of polyphenylene sulfide (PPS), nylon 12
(polyamide), and polyethernitrile (liquid crystal polymer) thermoplastic
Avmglereabipgs efirolbsttfilite dhmexideticn ppieatid . thih e StacgmRdtant

No. 5,395,695 to Shain et al. discloses 15 incorporating successive layers

- increases gfdhenotiass daficavepioxinovsiadicsinperigpotysipentihmioitidegree of

magnet material for improvements in oxidation resistance, with an
organic paligghasisbarthtiesaquetniatioy donding thefesripBsarepotianef anagnat
Guschl et al. describe the benefits of incorporating an aminosilane
powder ircthaiing ByEntbpiredud. politaierlvidsiiiiscs sippinétegdiecns dulfidee bimuled
. See J. Xiao and J. U. Otaigbe, "High Performance, Lightweight
magnet sYSHaRHb pIEEIR aHe vote aridainsychNiaihetsthovaetaties fifler symigler rémited
577:75-80 (1999); P. C.-Guschl, H. S. Kim, and J.U. Otaigbe, "Effects of a
States Pateg-Ne. 3. fdghidtitorlnapa ik dyglomisgivsest polphdisising safideynd
~J. Appl. Poly. Sci., 83:1091-1102 (2002). However, the results disclosed
antioxidapisrifedie FarererBrBandrd prsagis SleppoRirnysetsswifidp s fodembs
on the order of about 80%, which is lower than those achievable in

(polyamideyniprbBalypianitimlg sytbesyisnl fdymer) thermoplastic binders for use in

extrudf;fl magnet compositions. United States Patent No. 5,395,695 to Shain et al. discloses
incorporating successive layers of an antioxidant, an epoxy novolac resin, and polystyrene
onto the magnet material for improvements in oxidation resistance, with an emphasis on the
sequential layering of the components: Xiao et al. and Guschl et al. describe the benefits of
incorporating an aminosilane coupling agent onto the powders within a polyphenylene sulfide
binder. See J. Xiao and J. U. Otaigbe, “High Performance, Lightweight Thermoplatic/Rare

Earth Alloy Magnets,” Mat. Res. So. Symp. Proc., 577:75-80 (1999); P. C. Guschl, H. S.

Kim, and J.U. Otaigbe, “Effects of a Nd-Fe-B Magnetic Filler on the Crystallization of

Poly(phenylene sulfide),” J. Appl. Poly. Sci., §3:1091-1102 (2002). However, the results

disclosed in these references were based solely on magnets with powder loadings on the order
of about 80%, which is lower than those achievable in compression-molding magnets (on the

order of about 90% or more). United States Patent No. 4,876,305 to Mazany (“Mazany™)
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25 order of about 90% or more). United States Patent No. 4,876,305 to
Mazany ("Mazany") 3 WO 2005/052960 PCT/US2004/039859 describes
WO gb%/g%lggation of a combination of aminosilanes and epoxysilape CauPliRiGso
agents with epoxy resins for oxidation resistance, comparing oxidation
rates to treated and non- treated samples. The concentrations of magnetic
material in the magnets disclosed in Mazany were fairly low, the magnetic
describes PReR@Ia@ e sesutinhianagnetspmaopilthestandagienysHaoe s ogdipgagents
considered relevant. United States Patent No. 5,087,302 to Lin et at
with epogiselonesonprabess vdsivarme, orggrotitaaidatiaringe to tearse Md-mnB
powders during a milling step to produce sintered magnets with improved
treated samMpBRetithEemnante;kasroiitpgmdioxidation redistarmekcislercdsince
the milled magnet powder-organotitanate mixture is subjected to a )
Mazany Rigb{amperalute kb gegassingaechnifte reartimemagnssphercla Hrereing
to manufacture the sintered NdFeB magnets, the organotitanate is
loss, are hoMRreiakddegassed” from the metallic powders. Recently published
coupling agents that have been utilized in bonded magnet systems are
Uhe-arganstitanatas@si0sigzo nrEimated. Sevkrsh Japanesevpems
describe the use of these agents and NdFeB powders with mainly nylon
organotithgateSiadpa Xy tesins NRPB:fBspovalers Kbuittgen subinthetamepRisdeesy sintered
thermosetting binders. See, e.g., JP-03165504 to T. Hitoshi et al.;
magnets ¥R03APRBRA tadvhetioskinikocdP04RINiTOING dnidvbehirikistangg. However, .
JP-04257203 to T. Hitoshi et al. These disclosures are directed to

 since theapfllieatienadoriojedtioo:gaotdingatadiextusisrsupiedod &l Hbihcgmperature

magnets, because the specification of the material types and
degassingasopasiiions adiseiasedhtieheir falbwis betoontiecteghetiénowdBideB

loadings disclosed in the present 20 invention. Chen et al. disclose thata
magnetsginaingeityienseiasechtradae egrporiitintbanalimepssiibonded

magnet system improved the bonding of the components and overall

rsaesilie paishedtonglinggeentStatbatheserouilémicin honded fagaFs Eiems

M. Ma, "The Effect of the Coupling Agent on the Packing Density and
are the dEeniosianaBe kadiorGiNdFeBanY Several Japanese patents describe the use of
these agents and NdFeB powders with mainly nylon 12 resin, epoxy resins, PPS resin, and
other such thermoplastic or thermosetting binders. See, e.g., JP-03165504 to T. Hitoshi et al.;
TP-03222303 to M. Yoshihiko; JP-04011701 to M. Yoshihiko; and JP-04257203 to T. Hitoshi
et al. These disclosures are directed to applications to injection-molding and extrusion-
produced bonded magnets, because the specification of the material types and compositions
disclosed therein fall well below the magnetic powder loadings disclosed in the present
invention. Chen et al. disclose that a diaminoethylene-based titanate incorporated into a
NdFeB-epoxy-bonded magnet system improved the bonding of the components and overall
specific density of the magnet. See Q. Chen, J. Asuncion, J. Landi, and B. M. Ma, “The
Effect of the Coupling Agent on the Packing Density and Corrosion Behavior of NdFeB and
SmCo Bonded Magnets,” 1. Appl. Phys., 85:8:5684-3686 (1999). However, no mention is

made of the effects of the titanate on the flux aging loss of the magnet material or of the
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SmCo Bonded Magnets," J. Appl. Phys., 85:8:5684-5686 (1999).
However, no mention is 25 made of the effects of the titanate on the flux
aging loss of the magnet material or of the 4 method in which the titanate
was incorporated into the system. The present invention provides a more
effective technique for protecting rare earth-transition metal-boron
magnetic materials through a performing liquid coating procedure on the
method narehéchtihéransisiernsmetatouroted agoehpowwttens . THvepprasgntisubntion
is applicable, for example, to compression 5 molding magnets. Summary
providesof thertnuféatiore kechfitgt @ Spestotheies sqpreadedransipiclynstlidifiechraregnetic
earth-transition metal-boron magnet material, comprising a rare
material edithetghnsitiofometal-hquahawmegrepioondies cadted nthaledetingion metal-
comprising, in an amount by weight of the magnet 10 powder, of about
boron mAghsveightiparcEht toralvatiinveveighti pappbntide afvorgamplitaivatengpression-
~organozirconate coupling agent, about 0.18 weight percent to about 4.46
moldingweightpercent of an epoxy resin, about 0.01 weight percent to about 0.27
weight percent of an amine-based hardener, about 0.004 weight percent
to about 0.09 weight pefuennei-ariideclenamticand about 0.003 weight
percent to about 0.27 weight percent of lubricant; wherein the 15 general
Tiormief theecquhting agentdsd(RAp AT ol di{cORrY phathwherttRis a
neopentyl(diallyl), dioctyl, or (2,2-diallyloxymethyl)butyl group, Ti or Zr has

metal-béroboardinationaisbernisifR sarplespHispyvophdshhatovor cyclic

pyrophosphato segment, and Y is a dioctyl or ditridecyl end group, with 1
magnet powded.contderéthbodiatiegte @G phie iegisip rovided:at fgpidtyebo idifedragect

earth-transition metal-boron magnet material, where the coating
powder,aefmpoises. Alvaiigll. paxaightopsreeint weagittetondightnpegsentivitde or

organotitanate or organozirconate coupling agent, about 0.43 weight

organozpergent touahogtaantightwddéhweoldhtepepssy ﬂces‘muaéd@t‘@m pesiggint of an

percent to about 0.18 weight
epoxy resin, about 0.01 weight percent to about 0.27 weight percent of an amine-based

hardener, about 0.004 weight percent to about 0.09 weight percent of an accelerator, and

about 0.003 weight percent to about 0.27 weight percent of lubricant; wherein the
general form of the coupling agent is:
RO-)(Ti or Z)(-OR V)i
where R is a neopentyl{(diallyl), dioctyl, of (2,2-diallyloxymethyhbutyl group, Ti or Zr has a
coordination number of 4, R’ is a phosphito, pyrophosphato or cyclic pyrophosphato segment,

and Y is a dioctyl or ditridecyl end group, with 1 <n <4. In one embodiment,

there is provided a rapidly solidified rare earth-transition metal-boron

magnet material, where the coating comprises about 0.1 weight percent to about 1 weight
percent of the organotitanate or organozirconate coupling agent, about 0.43 weight percent to
about 3 weight percent of the epoxy resin, about 0.025 weight percent to about 0.18 weight
pércent of mé, amine-based hardener, about 0.009 weight percent to about 0.06 weight percent

of the accelerator, and about 0.009 weight percent to about 0.19 weight percent of the
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percent of the amine-based hardener, about 0.009 weight percent to
about 0.06 weight percent 25 of the accelerator, and about 0.009 weight
percent to about 0.19 weight percent of the 5 lubricant. In a specific
embodiment of the disclosure, the coating formulations of the first aspect
- consists essentially of the recited components in the recited percentage
ranges. In a second aspect, there is provided a rapidly solidified rare
lubricaniednth wandiiomB dieeiinsion fagpsrmierantashipramgtiona the
earth-transition metal-boron magnet powder coated with a coating
first aspeo it SreaiirbmolmenyaeiprBPerendg Akt TBERdIcGERIEA 0.225
weight percent to about 4.25 weight percent of epichlorohydrin/cresol
ranges. novolac epoxy resin, about 0.01 Weight percent to about 0.26 weight
percent of dicyandiamide hardener, about 0.005 weight percent to about
10085 ovsighpgrerdene of arevided arramidtephisiiehinte setbERBH Rbout
0.004 weight percent to about 0.27 weight percent of zinc stearate
metal-bdulbricagtcmuk ol @B IEIGH 56? CaRbT a2 HdIgi i percent of

an organotitanate coupling agent of the form (RO-)Ti(-ORY)s ere R is
magnet pontspenti@iaiflR ToHEE S UBBFHIREIOh %ﬁ%ﬂg@ ,W’%QS ol RE gl

pyrophosphato 15 segment, and Y is a diocty] end group. In.qne .
powder, erhoaifbAE St eighs provRida abﬁa’;sié@%m?dﬁ‘i‘é@?%ﬁfé‘%gft?ﬂfgﬂcéﬁ%%dm‘/mm

metal-boron magnet material, where the coating comprises abctJuEO.68
novolacwpiglytiosiaeriions QYUY oLt Reset be ARt O éﬁ”f di & resol

novolac epoxy resin, about 0.04 weight percent to about 0.1

th
dicyandipenidmhariidivya b RO raehe PEET(® BeWd p‘é’F&%%ttvl\%}a%%lﬁf an

0.055 weight percent 20 of the aromatic, tertiary amine accelerajor, a
ﬁ%oﬁ%‘g'gewa%%%?
lubricant. In a specific embodiment of the disclosure coati
of zin il st G BOHORSD S O RRSFSTIS N RS el Rggosnt of an
components in the recited percentage ranges. ‘
organotitanate coupling agent of the form :

lﬁ'ércent

(RO-YTi(-ORY);
where R is a neopentyl(diallyl), Ti has a coordination number of 4, R is a pyrophosphato
segment, and Y is a dioctyl end group. in one embodiment, there is provided a

rapidly solidified rare earth-transition metal-boron magnet material,

where the coating comprises about 0.68 weight percent to about 2.76 weight percent of
epichlorohydrin/cresol novolac €poxy resin, about 0.04 weight percent to about 0.17 weight
percent of dicyandiamide hardener, about 0.01 weight percent to about 0.055 weight percent

of the aromatic, tertiary amine accelerator, about 0.01 weight percent to about 0.175 weight

percent of the zine stearate lubricant. In a specific embodiment of the disclosure, the
coating formulations of the second aspect consists essentially of the recited

components in the recited percentage ranges.



10

k5

20

25

6 In a third aspect, there is provided a rapidly solidified rare
earth-transition metal-boron magnet material, comprising a rare
earth-transition metal-boron magnet powder; and an organotitanate or
organozirconate coupling agent of the general form. (RO-),(Ti or Zr)(-OR
Y)" 5 where R is a neopentyl(diallyl), dioctyl, or (2,2-diallyoxymethyl)butyl
group, Tior Zr has a_coordination number of 4, R is a %-&05 hit9,
ToyrSpid gpPrite RS SiRrpYIdHOEBRALS sliifiset ek ‘%%“8}68& or
ditridecyl end group, with 1:5 n <_ 4; where the coupling agent is present

metal-boid@magnetintanywieight pfithe:mage ehpbwes dicabaata)-Hovei gt gpetqentder;
to about 1 weight percent. In one embodiment, there is provided a rapidly

and an ofelidifiechd@ carereathittansiieoupbie - dmarnfbgaeherdtérial, where the
organotitanate or organozirconate coupling agent is of the form: (RO-)(Ti
or Zr)(-ORY)&Ruhigyd Foisza)nerpaniyl (diallyl) group, Ti has a coordination
number of 4, R is-a pyrophosphato segment, and Y is a dioctyl end

where R gsQuikopberd(dial by pliogalg ents2plesratapm th pinbanyd gripy Tielg Hl dfis a

- the magnet powder of about 0.35 weight percent to about 0.75 weight

coordinapeicantberaspeRific &pinaginent piiitesibalosireydtie ppathgsphato segment,
formulations of the third aspect consists essentially of the recited

and Y isecodppepentdinithe yeeiié graayceitay e rangéswires fiurthed et stine is jsesent
provided a rapidly solidified rare earth-transition 20 metal-boron magnet

in an amBaieb@weipoibihg magnet gariiddr afisitont Meétakiphigreroagnetpowdeweight
comprising a pre-coating of an organotitanate or organozirconate coupling

percent. 3@ ent ehthedgererahonms fROIY«(T: orZdi @RMIALIR where R is a
neopentyl(diallyl), dioctyl, or (2,2-diallyloxymethyl)butyl group, Ti or 25 Zr

rare earthasasbdondinatictonoumhesad 4y Rdaa whesphitargyroptosphato or cyclic
pyrophosphato

organozirconate coupling agent is of the form:

(RO-)(Ti or Zr)(-ORY);

where R is a neopentyl(diallyl) group, Tihas a coor.:.dmation numbef of 4, R isa
pyrophosphato segment, and Y is a dioctyl end group, where the coupling agent is present in
an amount by weight of the magnet powder of about 0.35 weight percent to about 0.75
weight percent. In a specific embodiment éf the disclosure, the coéting-formulations
of the third aspect consists essentially of the recited components in the recited
percentage ranges.

In a fourth aspect, there is provided a rapidly solidified rare earth-transition

metal-boron magnet material, comprising a rare earth-transition metal-boron

magnet powder comprising a pre-coating of an organotitanate or organozirconate coupling

~ agent of the general form:

(RO-)u(Ti 0r Z1)(-OR V)ay
where R is a neopentyl(diallyl), dioctyl, or (2,2-diallyloxymethylybutyl group, Ti or

Zr has a coordination number of 4, R’ is a phosphito, pyrophosphato or cyclic pyrophosphato
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7 segment, and Y is a dioctyl or ditridecyl end group, with 1 <n <4,
present in an amount by weight of the magnet powder of about 0.1 weight
percent to about 1 weight percent; and a further coating comprising, in an
amount by total weight of the final mixture, of about 0.18 weight percent
to about 4.46 weight percent of an epoxy resin, about 0.01 weight percent
to 5 about 0.27 weight percent of an amine-based hardener, about 0.004tb
segmentyweit Nt oerdirtyb ashtidecsb HeigIIBe Feht of B dcBafsraioP ShaARGH"Y
0.003 weight percent to about 0.27 weight percent of a lubricant. In one,
weight ofthbottkgrenpamsis i phowodd ¥ eHuRPSSRiRaP P é%ﬁ’tﬁt[-‘fra‘ﬁ%ﬁfétnan 2
metal-boron magnet material, where the further coating comprises about
further OMBEEIGHTPEEEN 1D ABOURBHIARSH: PEE N e HBR) TRSH b AP D55
10 weight percent to about 0.18 weight percent of amine-based hardener
weight jebout C000WdightVpiT PRI RIS ICEDBW &R FRAY A OF FERBIb RS
and about 0.009 weight percent'to about 0.19 weight percent of lubricant.
about 0.27 aveshtificrernbolimemties-hscd SRsisns,; 1hett Ot YeishtREEHY & % ut
fourth aspect consists essentially of the recited components in th ,)(;?citedht
0.09 wepdigemtagbobayeselGatvn fifth 2gye O Ofere g RFTRRDE ] Fgﬁféﬁﬁ“ weig
: solidified rare earth-transition m%}rgl-boronvrpcggr}iet material, comprising a
percentrafie edrihanansiton FAGREBEIIN 5(Jgf§éfrﬁowaer comprising a 7
. pre-coating of an organotitanate coupling agent of the form (R -)%]r’riéf-BOR .
rapidly MRdifere:R mahnaonrey e b GOUBAEIHAEHE S dHER & gratine
4, R is a 20 pyrophosphato segment, and Y is a dioctyl end group, pres&BES

comprises abaudddtbsishe psveottinabaah A BEFEPEBLTR BB S HGH

percent to about 0.75 weight percent; and a further coating comprising,.i
weight peramctur&bbywei§h¥d€fﬁ@ﬁ¢§ﬂhﬂf<ﬂi¥é‘}%b%§d¥%@2§%’ﬁgﬁ%ﬁg{ cg%il%t

about 4.25 weight percent of epichlorohydrin/cresol novolac epox res{n, bout
percentababibud QO msrcant o sl Y% %él@ﬁ’ﬂlﬁé}gg ﬁt%‘f’l&}%&é grakiga e

hardener, about 0.005 25 weight percent to about 0.085 weight B}ercent of
0.19 wellanoematic otz amite: 408 i pﬁm@%ﬁgxem of the disclosire, the

coating formulations of the fourth aspect consists essentially of the recited
components in the recited percentage ranges.

Tn a fifth aspect, there is provided a rapidly solidified rare earth-transition
metal-boron magnet material, comprising a rare earth-transition metal-boron magnet powder
comprising a pre-coating of an organotitanate coupling agent of the form

(RO-TH(-ORY)s
where R is a neopentyl(diallyl) group, Ti has a coordination number of 4, R is a
pyrophosphato segment, and Y 1s a dioctyl end group, present in an amount by weight of the
magnet powder of about 0.35 weight percent to about 0.75 weight percent; and a further
coating comprising, in an 5mount by weight of the final mixture, of about 0.225 weight
percent to about 4.25 weight percent of epichlorohydrin/cresol novolac epoxy resin, about
0.01 weight percent to about 0.26 weight percent of. dicyandiamide hardener, about 0.005

weight percent to about 0.085 weight percent of an aromatic, tertiary amine accelerator, and



8 about 0.004 weight percent to about 0.27 weight percent of zinc stearate
lubricant. In one embodiment, there is provided a rapidly solidified rare
earth-transition metal-boron magnet material comprising the pre-coating

- of the organotitanate coupling agent at a concentration range of 0.35 -
0.75% by weight of the rare earth-transition metal-boron powder; and the
further coating of, by total weight, 0.680% - 2.76% epichlorohydrin/cresol

about 0.0MDVRiaGEREXLEsIALE04Q 7 Qdightp dicyandigiide-hard emetic£:010 -
0.055% of the aromatic, tertiary amine accelerator, 0.010 - 0.175% zinc

In one emStearatat, ltbHcant v idspecificiembudimant ot therrliselestees, the coating
formulations of the fifth aspect consists essentially of the recited

metal-bor6@mpoRens B iite-tesiecnperegRtagmrangeshtn a sixth aspect, there is
provided a rapidly solidified rare earth-transition metal-boron magnet

organotitameiterialpiogymising a sancmdraidransitonHctal-Ho i nraymeighowtite rare
coated with a coating comprising, in an amount by weight of the magnet
earth-tranpicivd enged -hbowt poB8weightipeloshetsedon ofShweiyitt werdan O3 -
: epoxy resin, about 0.035 weight percent to about 0.15 weight percent of
2.76% epwhlamineltiaced dlarcieriec, atomytiosinl Weight péréédndicy sintiatid@Shardener,
weight percent of an accelerator, about 0.04 weight percent to about 0.16
0.010 - 0.0&Ghopercentoitic) ubican rabvu@getwsi it er Oehiti® abaus@Bate
weight percent of an organoclay, and about 0.35 weight percent to about

lubricant 075 spesifit pateshtehanidhyastieaethsreoriBsoRTEBhaieERIpling
agent of the general form (RO-)II(Ti or Zr)(-OR Y)4 _nwhere R is a

the fifth aspapentyidiatyiyntidbtyf tre(ediaibiymppmsisyinsbe i, Tior Zr has

a coordination number of 4, R is a phosphito, pyrophosphato or cyclic
percentageyapieesphato segment, and Y is a dioctyl or.ditridecyl end group, with 1
< n < 4. In one embodiment, there is provided a rapidly solidified rare
In earmhtmpmumhmmpbnmdﬁdﬁagn@ﬂm&iﬁﬁ@mﬁé?@m HUipiRg agent

is an organotitanate coupling agent of the form -
metal-boeron magnet material, comprising a rare cafth—transition metal-boron magnet powder

coated with a coating comprising, in an amount by weight of the magnet powder, of about
0.65 weight percent to about 2.5 weight percent of an epoxy resin, about 0.035 weight
percent fo about 0.15 weight percent of an amine-based hardener, about 0.01 weight percent
to about (.05 weight percent of an accelerator, about (.04 weight percent to about 0.16
weight percent of a lubricant, about 0.001 weighﬁ percent to about 0.3 weight percent of an
organoclay, and about 0.35 weight percent to about 0.75 weight percent of an organotitanate
or organozirconate coupling agent of the general form
(RO-)(Ti or ZO)(-OR Vs

where R is 2 neopentyl(dia}llyi), dioctyl, or (2,2-diallyoxymethybbutyl group, Tior Zrhas a
coordination number of 4, R is a phosphito, pyrophosphato or cyclic pyrophosphato segment,

and Y is a diocty! or ditridecyl end g"r.oup, with 1 <n<4.Inone embodimént, there

is provided a rapidly solidified rare earth-transition metal-boron

magnet material, wherein the coupling agent is an organotitanate coupling agent of the form
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9 (RO-)Ti(-ORY)3 where R is a neopentyl(diallyl), Ti has a coordination

number of 4, R is a pyrophosphato segment, and Y is a dioetyl end group.
In another embodiment, the epoxy resin is epichlorohydrin/cresol novolac
epoxy resin, the amine-based 5 hardener is dicyandiamide hardener, the
accelerator is an aromatic, tertiary amine accelerator, the lubricant is zinc

stearate, and the organoclay comprises h]igfa%hydroxyethyl) methyl tallow
alkyl ammonium salts with bentBfiel r@Rother embodiment, the coating

of the rapidly solidified rare earth-transition metal-boron magnet. material
winmeRises aberen(l0dielybight srasRPIGEHR @@Wﬁfgrﬂl\lt’ggi'c@rﬁ of an
organoclay comprising his 10 (hydroxyethyl) methyl tallow alkyl -
pyropho@FRARO RigMsaltesndith ibentionite; emdrebyut0 8B height percent to about
) 0.75 weight percent of an organotitanate coupling agent of the %)grm iro-based o
embodin{RO T (ORY y3siuhisr epRchiosoha S pRIEALAIAINTL 4T RRLXY EoBPainafgR™ e >25¢
number of 4, R 'is a pyrophosphato segment, and Y is a dioetyl end

( n
hardenexgiodipyimdimpisifimeiensdihtascelorio e HISERIBAHS: (REEPARYRS ccelerator,
formulations of the sixth aspect consists essentially of the re,

cited

the lubricamjporientsiéartte, rociide PN CPEHIYGESS |W%(Q§gmﬁeggjéi Gethghgptiow

is provided a rapidly solidified rare earth-transition metal-boron magnet
alkyl ammatevial selosypitisiprytoniiee aateheirrmiontisal- B5r6A% g net powder;

a pre-coating of a POSS additive in an amount by weight of the magnet Out
of the rapilisloololifibdutT: EWHHEBEE A UGESHEIGHEFETERhECTR > 400

further coating comprising, in an amount by total weight of the miﬁxure, of
0.001 walhupersdmveighppefck Heista SRRt WIS PRTES T BRBH SR resin,

. about 0.03 weight percent to about 0.17 weight percent of an ot

(hydroxgetingd) byl Iallcwsn i IsEURONIT s hFRRT BERO T B 35 08 (g ieee

percent of an accelerator, about 0.035 to about 0.175 weight erc%nt ofa
percent1@about 0.75 weight percent of an organotitanate coupling agent of the form

~ (RO-Ti(-ORY)3
 where R is a neopentyl(diallyl), Ti has a coordination number of 4, Risa

pyrophosphato segment, and Y is a dioctyl end group. In a specific embodiment of
the disclésure, the coating formulations of the sixth aspect consists essentially of the
recited components in the recited percentage ranges.

In a seventh aspect, there is provided a rapidly solidified rare earth-transition
metal-boron magnet material, comprising a rare earth-transition metal-boron magnet
powder; a pre-coating of a POSS additive in an amount by weight of the magnet

powder of about (.1 weight percent to about 5 weight percent; and a further coating

comprising, in an amount by total weight of the mixture, of

about 0.54 weight percent to about 2.75 weight percent of an epoxy resin, about 0.03 weight
percent to about 0.17 weight percent of an amine-based hardener, about 0.01 weight percent

to about 0.06 weight percent of an accelerator, about 0.035 to about 0.175 weight percent of a

10
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lubricant, about 0.35 weight percent to about 0.75 weight percent of an
organotitanate or organozirconate coupling agent of the general form
(RO-).(Tior Zr)(-ORY)4_1 where R is a neopentyl(diallyl), dioctyl, or
(2,2-diallyloxymethyl)butyl group, Ti or 5 Zr has a coordination number of
4 or 5, R'is a phosphito, pyrophosphato or cyclic pyrophosphato
segment, and Y is a dioctyl or ditridecyl end group, with 15 n < 4, about
lubricant, DO W8 HhiepErcpatcoraoaic0b 3 vedgitpemoent of an eigrediEkagicerd
about 0.003 weight percent to about 0.015 weight percent of an
organozirantiaxidenpgeageint ofitheganedihiorm there is provided a rapidly solidified
rare earth-transition metal-boron 10 magnet material, where the coupling
agent is an gRfanetfavaté¥elpig-agent of the form (RO-)Ti(-OR Y)3
where R is a neopentyl(diallyl), Ti has a coordination number of 4, R is a
whyrophissphatpeseygiiiealybndivcisladiGhBAdeityroypethydPadifigroup, Ti or
embodiment of the disclosure, the coating formulations of the seventh
Zr has a @epéttationsistaEsseiviaihSoR 15 tphrephid, comypboephsin theydsited
percentage ranges. In another embodiment, the POSS additive is
pyrophostisitaselphentybod ¥iexydiyciyhexdifidS Sl ¢ndgotpr eitbbdirent, twut
- antioxidant agent is a butylated reaction product ofp-cresol and

© 0.003 weiliby plapentadidnath oS daighirparotef ambgationay, tiel epox/:88hweight

epi.chlorohydrin/cresol novolac epoxy resin, the amine 20 based hardener

percent tdsibieyartiamidethadenetofve astelddarsrizeah bronmatielbefiagp-amine

accelerator, the lubricant is zinc stearate lubricant; and the organo clay
there is padditden isHiBy(hgddofigdtiayh) cadthirhtsiioow akyklabetiednium salts with
bentonite. In another.embodiment, the pre-coating is a trisilanolphenyl or
magnet nepeniykychshedy ROIBagmamennrginuibvangdopeiingracdiihabon
1 weight percent, by weight of 25 the magnet powder; and the further
coating comprises, by total weigRPafliteORY )3

where R is a neopehfyl(diallyl), Ti has a coordination number of 4,-R’ isa

pyrophosphato segment, and Y is a dioctyl end group. In specific embodiment of the

disclosure, the coating formulations of the seventh aspect consists essentially of
the recited com?onents in the recited percentage ranges.

In another embodiment, the POSS additive is trisilanolpheny! or
epoxycyclohexyl POSS. In another embodiment, the antioxidant agent is a butylated
reaction product of p-cresol and dicyclopentadiene antioxidant. In another
embodiment, the epoxy resin is epichlorohydrin/cresol novolac epoxy resin, the amine-
based hardener is dicyandiamide hardener, the accelerator is an aromatic, tertiary
amine accelerator, the lubricant ié zinc stearate lubricant; and the organo clay additive
is bis (hydroxyethyl) methy! tallow alkyl ammonium salts with bentonite.

- In another embodiment, the pre-coating is a trisilanolphenyl or epoxycyclohexyl
POSS in an amount of about 0.1 weight percent to about 1 weight percent, by weight of
the magnet powder; and the further coating comprises, by total weight of the

11
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mixture, of about 0.54 weight percent to about 2.75 weight percent of
epichlorohydrin/cresol novolac epoxy resin, about 0.03 weight percent to
about 0.17 weight percent of dicyandiamide hardener, about 0.01 weight
percent to about 0.06 weight percent of an aromatic, tertiary amine
accelerator, about 0.035 weight percent to about 0.175 weight 5 percent

oo S AR PO T ML REILG POUSTEMcc
o A O R L
oSO Rh0H S ST o %@% RS EL RIS,
o SO RIS ISP SISO Ree s g i

%%hth aspect, tr%re IS rowded a process of I|qU|d coating a rapidly
percenty .arﬁ‘é&t%% 8 Yransition metal-boron magnet material,

comp d|e eps of rovdrn quI n.com rrsr asolve o
SGeeBt RS RO CoHHIAG beert dneRg g gyt coupling

hardener an accelerator and a lubricant, Whereln said homogeneous
agent of g a_homogeneous 8 - 25% solution; combining a rare

earth-transition metal-boron mag@ﬁs a(: ith the homogeneous
solution to form a slurry mixture; rr??l]gl he sfurty mixture 20 periodically;

and maintaining said slyr e ata te erature betwe 0-60C, -
R S %e%s@ét S SRR BB R e o S dvent

is acetone or tetrah diﬁ Qfuran r|o s other ts C
PO B SEES M v EAELIE B 2bog GO %@%ﬁmeﬂt to about
oclay, antioxidant a ent ano tit rngatee %%F%) Q%t%&;
0.07 Wﬁlé‘blﬂ’?éc% P‘bP’i%&Eh"fy@é § g@ TS BodIMment,
the mixture is maintained % t per ﬁtH e betw en ]
armolfig L SHDHERI B tZOn R Gt gmour 013Vt
percent of a butylated reaction product of p-cresol and dicyclopentadiene antioxidant.
In an eighth aspect, there is provided a process of liquid-coating a rapidly solidified
rare earth-transition metal-boron magnet material, comprising die steps of providing a

solution comprising a solvent, an organotitanate or organozirconate coupling agent, an epoxy

-resin, hardener, an accelerator, and a lubricant, wherein said homogeneous solution is a

hoinogeneous 8 - 25% solution; combining a rare earth-transition metal-boron magnet
material with the homogeneous solution to form a slurry mixture; stirring the slorry mixture
periodically; and maintaining said slurry mixture 2.1?..3. temperature between 40-60°C, such that
said solvent evaporates. In different embodiments, the solvent is acetone or tetrahydrofuran.
Various other components can be introduced into to the homogeneous 8 - 25% solution,
including an organoclay, an antioxidant agent, an organotitanate or organozirconate couial'mg

agent, or both types f coupling agents. In a specific embodiment, the mixture is maintained at

- a temperature between 50-60°C. In an alternate embodiment, the rare earth-transition metal-

12



boron material is pre-treated by dissolving an organotitanate or an
organozirconate coupling agent in acetone to form a 50% solution; adding
the rare earth-transition metal-boron powder into the solution; and
evaporating the acetone solvent to produce the pre-treated rare earth-
transition metal-boron powder. In a specific embodiment, the solvent is
tetrahydrofuran, and the process further comprises pre-treating the rare
earth-transition metal-boron powder by dissolving a POSS additive in

boron mdeHaudrRfiurande $ormsaeplie Selution: adding-the 4are SAUPH LRSI pling
metal-boron powder into the solution; and evaporating the tetrahydrofuran

agent in $R=BIRAYGB PRI 16 YsRiesh AR ThransLion Ma AR OR-paWRE, gbwder
specific embodiment of the process of liquid-coating a rapidly solidifie

into the SARISA hransitionimeta-baRRManeh MAIHAb:AE CRANAGLANSISSarth-
essentially of the recited components in the recited percentage ranges. In

transitioPNERBE Jotheie ifRropided-atapidineplidiicd iareaa il iansiioRm  and
metal-boron magnet material, comprising a rare earth-transition

the procdRStRRG OLPASDCH DALGH LA BH A -CORAIRGEORSIDURG S5 S8Ry
of, in an amount by 'weight of the magnet powder, of about 0.1 weight

GissolvinRel ERNE S0 AMENE LW RlghE eGSR Ol ABLRIIAROHARAIE O QUIRROZICORAS .-
coupling agent, about 0.18 weight percent to about 4.46 weight percent of

fransitio®MEROXEAESILRRULR QlNSIGRLREISE R 4R0ML e raigNt- RereeR of

_ an amine-based hardener, about 0.004 weight percent to about 0.09

produce WRONe-ReleantAL a0 AcealRiloh ARd1ab0ML ,0QdweighthersevhiBodiment of
about 0.27 weight percent of a lubricant; wherein the general form of the

the proc&RWRNg:RUSHHa LR Pahidi A GQRa e NBIR BHSANRPE S cialyLy

- “dioctyl, or (2,2-d|é:IIonxymethyI)butyI group, Ti or Zr has a coordination

material WEBSHREDRsigHE &ge&eﬂiﬁom@%&m&%ﬁﬁ%mmﬁ%m
segment, and Y is a dioctyl or ditridecyl end group, with 1 <n<4. lna

ranges. t€Nth aspect, there is provided a rapidly solidified rare earth-transition

‘ metal-boron magnet material, comprising a rare earth-transition:

metal-boron magnet . , . .
In a ninth aspect, fnere is provided a rapidly solidified rare earth-transition

metal-boron magnet material, comprising a rare earth-transition metal-boron magnet
powder coated with 2 coating consisting essentially of, in an amount by Weight of the
magnet powder, of about (.1 weight percent to about 1 weight percent of an
organotitanate or organozirconate coupling agent, about .18 weight percent to about
4.46 weight percent of an epoxy resin, about 0.01 weight percent to about 0.27 weight
percent of an amine-based hardener, about 0.004 weight percent fo about 0.09 weight
percent of an accelerator, and about 0.003 weight percent to about 0.27 weight percent
of a lubricant; wherein the general form of the coupling agent is

(RO-Ju(Ti or ZE)(-OR'Y)arp
where R is a neopentvl{(dialiyl), dioctyl, or (2,2-diallvloxymethylybuty! group, Ti or

Zr has a coordination number of 4, R is a phosphite, pyrophosphato or cyclic



powder coated with a coating consisting essentially of, in an amount by
weight of the magnet powder, of about 0.225 weight percent to about
4.25 weight percent of epiehlorohydrin/cresol novolac epoxy resin, about
0.01 weight percent to about 0.26 weight percent of dicyandiamide
hardener, about 0.005 weight percent to about 0.085 weight percent of an

py%fggg\%glﬁat{)egg CAMING ?Clg%l %58&9{7’1 %Eﬂ%l%é)ogﬁ é’}{aaé%% ?%Sﬂtlt‘g § g%t

eight pércent of zinc stearate lubricant, t 0.35 weight

t 7 [ ' lj t
s i B R S

megg%gmtmgm@ﬁg@&ﬁ &Vlgﬁiﬁn@g?&% @{&ﬁsg%e%&gﬂg%?magm

ioctyl end group. In an ‘elovent aspect, there is provided a rapidly

pofRlieg e s R0 St M Lbaren MaenRLINARIRL ONSEG he

essentially of a rare earth- transition metal-boron magnet powtler; and an

ma%%"’f_’%%%&?‘@f%&ﬁgﬁﬂ%i@?&%ﬁ{ée@é{ﬂ'iﬁ@%@&ﬁ%% agfg@% ’Lg]g%@

(Tior'’Zr(-OR'Y)4. whe is a neopentyl(diallyl),

ep@l%@ggxaﬁymmxﬂm;xk %%s&g rLQr ﬁoﬁ%.@l%@fgﬁ? g@'&%ﬂw@?&{&efg@a

R is a phosphite, pyrophosphato or cyclic pyrophosphato segment, an

wdi R g rdiridaavand grosm it d £ o dwlf gg}vs%d?éit?t%%%%%:ﬁ.o%

agent is present in an amount by weight of the magnet

wlehweightngreentp.ahout L weight percent. Ina %‘Smfb%ﬁ%&éﬂﬁ%@&m

provided a rapidly solidified raré earth-transition metal-boron magn

to %ﬁf@bﬁ&@?@%@&%%ﬁzﬁﬁf%ﬁ%l&&%&ﬁﬁ%ﬁ%’}@u‘?@%‘ %&e'rgﬂ"f‘ percent
powder consisting essentially of a pre-coating of an organotitanat
to SRR i@.@ﬁ%@lﬁ%éﬂ%ﬁ?&%ﬁ)@g&&%&@ %oupling agent of the form

(RO-)Ti-OR'Y )3
where R is a neopentyl(diallvl), T1 has a coordination number of 4, R'is a
pyrophosphato segment, and Y is a diocty! end group.

In an eleventh aspect, there is provided a rapidly solidiﬁed. rare earth-
transition metal-boron magnet material, consisting essentially of a rare earth-
transition metal-boron magnet powder; and an organotitanate or organozirconate
coupling agent of the general form

{(RO-3(Ti or Zr)(-OR'Y sy
where R is a neopentyl(diallyl), dioctyl, or (2.2-dialiyoxymelhyl)butyl group, Ti or Zr
has & coordination number of 4, R is a phosphite, pyrophosphato or cvelic
pyrophosphato segment, and Y is a dioctyl or ditridecy! end group, with | <n <4;
wherein said coupling agent is present in an amount by weight of the magnet powder
of about 0.1 weight percent 1o about 1 weight percent.

in a twelfth aspect, there is provided a rapidly solidified rare earth-transition

metal-boron magnet material, comprising a rare earth-transition metal-boron magnet

-~
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where R is a neopentyl(diallyl) group, Ti has a coordination number of 4.
R'is a pyrophosphato segment, and Y is a dioctyl end group, present in
an amount by weight of the magnet powder of about 0.3 5 weight percent
to about 0.75 weight percent; and a further coating consisting essentially
of, in an amount by weight of the final mixture, of about 0.225 weight
percentio.ahout 4.25 weight percent of epicinorohydrin/cresol novolac
poepoxy resiSn, ﬁboat 061’weigr§t perceln t%?a%lo%r 8%%1%%%%051&6%?1? or of
mdisygndiamide hardener, about 0.005 weight percent to about 0.085
weight percent of an aromatic, tertiary amine accelerator, and about
O.OOA(N@_i g Rﬁ@?ﬂt to about 0.27 weight percent of zinc stearate
lubricant. In"a thirteenth aspect, there is provided a rapidly solidified rare
WS Uanaon. MEIARRRran MAGnGLTReral STRTSING A e & 5 o
earth-transition metal-boron magnet powder coate With & coa ing
yRRising coseRtiallol ynap ameunt by gh (e maanet powder,
P of ab(%t 0?65 Weight percent to abo%t §5%://§ h# %3%33%% of an %%%\% weight
of I R BRI DI ROrS QI L AL o IR PELOI AP and
- [ 0 W |gln’[

amine-based hardener, about 0.01 ght percent to about O e

2 FRSICERLAfANARGeIaIAtaL. Ahgut Q:04 Lqﬁés&%fﬁs%é%ﬁb@g%gé%%& Dt

percent of a lubricant; about 0.001 weight percent to abou we

of ee&a@@tzqfs%?gg@ﬁ@s@x,t@qgﬁ@%@ﬂ@&éA@{?ggaeﬁ%?%@&é&?ar%%%&Qniémsfoz

weight percent of an organotitanate or organozirconate toupling- agent o

nolRg.0epsIa. fasm SB&TMR%&)%%@{%&Q}%% %B?ﬁeo%%@%?g&%ﬂ@@llyl),

dioctyl, or’(2,2-diallyoxymethyi group, Tior Zr has acoordination

dizﬂ%ﬂg?ﬁﬁfge‘ha%éﬁe@, RBYSP b'%SW@m%Q&{‘P e ra%ﬁy? 'O%? weight }\al\elzlrt%e}it of

pyrophosphato segment, and Y is a dioctyl or ditridecyl end grotip,

an St d@louRRBIR AsRacl: MBte SRV Rd A AR Bl ol difiadh (2,
earth transition' metal-boron magnet material, compriSing: a rare
weSAhdransi e nimeRhrate lubricant.

In a thirteenth aspect, there is provided a rapidly solidified rare earth-transition
metai-boron magnet material. comprising a rare earth-transition metal-boron magnet
powder coated with a coating consisting essentially of, in an aﬁom{ by weight of the
magnet powder, of about 0.65 weight percent to about 2.5 weight percent of an epoxy
resin, about 0.035 weight percent to about (.15 weight percent of an amine-based
hardener, about (.01 weight percent to about .05 weight percent of an accelerator,
about (.04 weight percent to about 0.16 weight percent of a lubricant, about 0.001
weight percent to about 0.3 weight percent of an organoclay, and about 0.35 wejght
percent to about 0.75 weight percent of an organofitanate or organozirconate coupling
agent of the general form

(RO-)W(Ti or Zr){-OR"Y Y4,

where R is a neopentyl(diallyl), dioctyl, or (2.2-diallyoxymethyDbutyl group, Ti or

Zr has a coordination number of 4, R' is a phosphite, pyrophosphato or cyclic

,._d
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boron magnet powder; a pre-coating of a POSS additive present in an
amount by weight of the magnet powder of about 0.1 weight percent to
about 5 weight percent; and a further coating consisting essentially of, in
an amount my total weight of the mixture, of about 0.54 weight percent to
about 2.75 weight percent of an epoxy resin, about 0.03 weight percent to

PYRBBAERTA!P RREBID PR S I PSS HA SR VBBl 3.6 = 4

weight percent to about 0.06 weight percent of an accelerator, about
0.035 tT AP PABSHeigRt Rt Stha tRiin ECLRHIR DS GRsthnt
percent to about 0.75 weight percent of an organotitanate or _
AR ITORFRITRAER SRR RGERIEbI NI HRRAF BFREARE e ipn metal-
Zr)(-OR'Y)4_" where R is a neopentyl(diallyl), dioctyl, or
bozgl}zztﬁ%fpsﬁ BRYTAEthg BBRRAG LB TP OIS ARSI G ABIRIBES! 4
or 5, R'is a phosphito, pyrophosphato or cyclic pyrophosphato segment,
WeiEht ¥ e B B PR NRRA S VRATP S S Aoy tietRBbReToent
weight percent to about 0.055 weight percent of an organoclay, and %bout
ng g i@%%@@ﬁ%%%ﬁﬁ@?tﬁﬁ? {eighh et SPa P E YA the
agent. In a fifteenth aspect, there is provided a process of liquid-coating a
mixiieny ! SBRMiTeA TaYe S SRiBRetal-bBR ARG Aot FROXY Tesin.
comprising: providing a solution consisting esser%%ially of a solvent, an
abirySrBtitR Rﬁ%&%ﬂ%ﬂé@ ESEIiAY SeY. FhapBs;PRasmhardener.
hardener, an accelerator, and a lubricant, wherein said homogeneous ___
bR Hoh W HRRESGBELTROB U SEy S iBT-EBh iw%ﬂ%fﬁé%a?%?ﬁf 0.035
transition metal-boron magnet material with said homogeneous soLl)Jtior?)to
to P&Wao-k?arwefﬁmﬁ&@ﬁr?ﬁ@lgaracaﬁmﬁ%&%fé BEtRHiBSIRF A fRya00ut 075
maintaining said slurry mixture at a temperature between 40-60C, such
Wit BEIGRSO R BURDOIHARE ™ SR SRICERTT ASHRLR 4R8rRSS it RFaT e
rapidly solidified rare earth-transition metal-boron magnet material,
¥oBmprising a rare earth transition metal-boron powder

(RO-)(Ti or Zr)(~OR'Y Jan
where R is a neopentyl{diallyl}, dioctyl, or (2.2-diallyloxymethylybutyl group, Ti or
Zr has a coordination number of 4 or 5, R' 1s a phosphito, pyrophosphato or cyclic
pvrophosphato segment, and Y is & dioctyt or ditridecy! end group, with 1 <n <4,
about §.003 weight percent to about 0.055 weight percent of an organoclay, and about
0.003 weight percent to about 0.015 weight percent of an antioxidant agent.

In a fifteenth aspect, there is provided a process of liguid-coating a rapidly
solidified rare earth-transition metal-boron magnet material, comprising: providing a
solution consisting essentially of a solvent, an organotitanate or organozirconate
coupling agent, an epoxy resin, hardener, an accelerator, and a lubricant, wherein said
homogeneous solution is a homogeneous § - 25% solution; combining a rare earth-
transition metal-boron magnet material with said homogeneous solution to form a
slurry mixture; stirring said slurry mixture ﬁeriodicaliy; and maintaining said slurry
mixture at a temperature between 40-60°C, such that said solvent evaporates.
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consisting essentially of a pre-coating of an organotitanate or
organozirconate coupling agent of the general form (RO-)(Ti or Zr)(-OR
Y)4.n where R is a neopentyl(diallyl), dioctyl, or (2,2-diallyloxymethyl)butyi
group, Ti or Zr has a coordination number of 4, R™ is a phosphito,

PYropRasPAaaArEyelic (RYFORNGSRARIG %%ﬂ%g&t’s%ﬂgi%e@ %r%ig%%f?g 1sition

ditridecyl end group, with 1 < n < 4," presentin an amount by wel

mdDE-MAGN 9&%%519&@9%5&%&5%@9%9@&8?&% tﬁ%PgP%%ﬂtl%e%ﬂggrto nt%)yfder

percent; and a further coating consisting essentially of, In an amoun

colatalineightef.ihe finahmbduie, %ff%9.%fgbgn%%%@A@&P@ggg{gx&?ﬁg&w |

4.46 weight percent of an epoxy resin, about 0.01 weight percent to about
Cogg%gvgégﬁg@q@égrgﬁr@%ine-based hardener, about 0.004 weight
percent to about 0.09 weight percent of an accelerator, and about 0.003
weight percent to about 0.27 weight percent of a lubricant. Brief
Description & BraiirlisdHglken1: Flux aging loss at 180C after 100
hours of cured PC-2 magnets with and without a coupling agent. Figure 2:
AEBFpErisGrier e tidialidy Hestdr eufdd Rt Ryagnets phimash eroup, Ti
embodiment aged at 180C for 100 hours. Figure 3: A comparison of the
OF i a8 i GORFSUT S PP PEE-Of tha Gt aftfirsphitnd pounhepiodimentiic
~aged at 180C for 100 hours, lid Figure 4: A comparison of the flux aging
PISEDSPRErLtr BReR g ne s Bripstytmrdlisndrtiftreambodipierith Aged t,
200C, for 100 hours. Figure S. Flux aging.loss of MQP 14-12TM bonded
IR SRS ARRORRE WitkEshl RE Areggamigd myvalgent attentlDD Wolgls: akABe: to
200, and 225C. Fi%lirf:igg. Flux aging loss of non-silanated and silanated

abfto b B RRYRERCRE

a further coating consisting essentially of, in an am;mﬁt by total weight of the final
mixture, of about 0.18 weight percent to about 4.46 weight percent of an epoxy resin,
about 0.01 weight percent to-about 0.27 weight percent of an amine-based hardener,
about 0.004 weight percent to about 0.09 weight percent of an accelerator, and about

0.063 weight percent to about .27 weight percent of a lubricant.

Brief Description Of The Drawinos

Figure 1: Flux aging loss at 180°C after 100 hours of cured PC-2 magnets with and
without a eoupling agent.

Figure 2: A comparison of the flux aging loss for cured PC-2 magnets of each
embodiment aged at 180°C for 100 hours.

Figure 3: A comparison of the flux aging loss for cured PC-2 magnets of first and

fourth embodiments aged at 180°C for 100 hours,



mamets at 180C after 78 hours. Detailed Description of the invention 13e
WO 2005/052960 PCT/US20041039859 The present invention provides
coating formulations for rapidly solidified rare earth transition metal-boron
(RE-TM-B)-type bonded magnetic materials, and methods of applying
such formulations to the magnet materials, with emphasis on their
protection against oxidation. Specifically, the flux aging loss of any
bonded magnet must be minimized in 5 order for high temperature
applications to be considered. While not being bound by any specific
theory, it is believed that the incorporation of organic materials, such as
polymers with the inorganic metallic powders provides a means to
passivate and prevent oxidative tendencies by reducing the reactivity of .
th&ilise <o racespAriAPE b disivg REnsEeRe BT &lery BIREBRS gEAIrst, third
molecules to the filler surfaces. Additionally, the coated powders allow a |0
and Tiigrrmmledjraentt SESAAIANG FoitbifyTor producing bonded magnets.
The coating formulations and processes of the present invention provide
forthewrict TaRETSWIS: RighEDadrder fobemdgs, magnstg et e oriigAgt LICA
of magnet materials contained in the final magnet, than achievable from
38 cothéngristisdsicPior hovefatehtbSdisaRbd2magnets with powder
loadings lower than those achievable in the present invention, which is 15 -
onTfmitrfeFof-amug 369% 95 BeRst ogtsdbrrdsitanyodeldRfoFiibliaugrraated
For example, magnets made using, e.g., polyphenylene sulfide (PPS) or
magmstiort 180j6ohfeamidehosgeh as injection-molded bonded magnets, usually
contain only about 85% to about 93% by weight or less of magnet
powder, correspondifiectaidéh a5 ceinbornefible fnyenbie@mprior art for
bonded magnets, using polymeric binders, has focused on dry 20
blending techniques. These methods physically mix organic powders,
such as thermosetting resins, with the magnetic powders in the absence
of solvents. Compaction and/or compression molding are used in order to
form the solid magnets by initially fusing the
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organic powder between the inorganic particles. These resultant magnets

contain weakly bound particulates with nonuniformities and, as a result, a
wo egnaesed porosity, which can be 14 WO 2005/052960 PCT/US2004/039859

PCT/US2004/039859 detrimental in terms of oxidation, flux aging loss,

and overall magnetic and physical properties. Liquid coating techniques

assuage these problems associated with dry blendin raviding a )
TW&%&&%%%H%s%mé?wmgﬁ%tﬁﬁ ﬁgpﬁﬂfﬁl&‘%‘. §f16§)%ﬁ‘r pgarth
more 5 effective oxidation protecti nfoIIov'yinfggthe. urer act'%% f the

transitionymeiNEar G Birfddr SEOIRGGENS sh Pashel GrbaEVAS PSS an(P Stdplyme

additives are permissible for the application process. The pol me]rl-lgszpated
such fornpgalinaste inasrast AtalsHEtioN %E?h?ﬁi%g &?tﬁ’é.l?ﬁ%tlﬂg BBt

- comparison to the magnetic pO\é\fers ﬁlo e. Further, mor(fJ effeIc&inmeZed .
oxidationprdpsetfértbarilis e agme et Mhatghen o] TR PP & TAF Specialty
chemical additives. While certain antjgxidan n be effective fo

Ko VA B R By
__ mildly deters oxygen molecules from reaching the filtler urf%%gstB% ause.
specific theemntiosibritvRiblbELIRS BROPEE QEHSHEFEUSTHIR the: Bifvder hatrix
and deposited on the_filler particles (such as in a physisorption pro
with the FRESEHHG STHALE PABTIRF A ST TASE) ST S G ATy

r wor

_no interaction betwee,n_thermopl’g1 tic bi%gers, filler garti%les %{led teheseemmn of
tendenciefdaltRrdusing cEar ieiiPALH WGBSy PEEEIIREIRS PSEEoRe

of binders with reactive epoxide_functigng). groups af epoxy resins, ma
enerectcpiSEh PO O SD BB Rad SR e S LS o
‘ although complete protection. fram oxidation may, npt be possible for
higher d‘@ﬁ"e?g ﬁ&é@lﬁ%ﬁ%%i&ﬁ}?ﬂf{ﬁ?ﬁ% ??Hlé%rgésl?éei%naac%%?gid in oxidation

prevention, Accordingly, e Inentve (atons o SRR SRR

INg 10Ss ress?a%rgg.
Non-limiting examples of antioxidant agents include a butylated r ion -
magnets M%l}’ég%ﬁfr;g?%?@&% gs, Le. ,)iug%er pgoportmns 0 magnetymg%gnﬁg%ﬂfbmed

in the final magnet, than achievable from other methods. Prior art references disclose

magnets with powder loadings lower than those achievable in the present invention, which is
on the order of about 95% to about 99% or more by weight of the magnet. For example,
magnets made using, e.g., polyphenylene sulfide (PPS) or nylon 12 (polyamide), such as
injection-molded bonded magnets, usually contain only about 85% to about 93% by weight
or less of magnet powder, corresponding to about 50-70% by volume.

The prior art for bonded magnets, using polymeric binders, has focused on dry
blending techniques. These methods physically mix organic powders, such as thermosetting
resins, with the magnetic powders in the absence of solvents. Compaction and/or
compression molding are used in order to form the solid magnets by initially fusing the
organic powder between the inorganic particles. These resultant magnets contain weakly

bound particulates with nonuniformities and, as a result, a degree of porosity, which can be

14
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dicyclopentadiene antioxidant, and tetrakis-[methylene-(3,5-di-tert:
butyl-4-hydrox§(;_cinnamate)] methane antioxidants. @5 WO 2005/052960

wo 2hst4bbeg004/039859 As used herein, the term "epoxy res%},@%@%ggsg
synthetic uncured or unreacted resins containing epoxide functiona

groups with an aromatic backbone. Non-limiting examples of epoxy resins
include epichlorohydrin/cresol novolac epoxy resin and
detrimentpichiorshyfdriidaisphehol Agepplogsasid types] Thempoxent atedicsated
powders with the 5 specialty additives (e.g., coupling agents, antioxidants,
propertiesetc.) are in the uncured state prior to the manufacture of the final cured
magnets. It has been discovered that coupling agents allow protection by
Liyay ofalieriegihieupowndergsidac pitiisoghabanidicibnitedajchleading by
weaker physical (hydrogen) bonding. It is believed that the coupling
providingagerifsiiaragardtcelve daybepow does pFhiter shiting e wdmpatiecyignanore
potentially reactive, if appropriately selected, with the surrounding organic
effective (ddsii@iiprotecidintplzevimittihg additmetbn tdrtotiterbesesiérethader. Both
components of the magnet. The preferred coupling agents for application
liquid andidhé, itisesivahlprosiceatbothet stiditivgtenthpemingitde Sonitienpolicritivh.
Organosilane coupling agents have been used extensively for )
process. organic-inorganic 15 systems within aqueous and/or alcohol-rich
solutions, due to their reactivity with surface hydroxyl chemical groups
Theresbnhendilitedpoticles siitheas elemshitmtioniuted hynroxrddbersuplgtability
and silicates. A monolayer of reacted organosilane is formed on the filler
in compasifacettihragktopdedestisiontol Buikgrtecty ¢iétyicerpriaetivm hates,
The amine-based silanes, or aminosilanes, are among the most )
achieved Gomrgiotiy adéidiao o partsutuspocinbyhigméelthddjtesyShilpsqaaem
pair electrons that reside on a nitrogen atom of primary, secondary and
antioxidatéstian/temifesina ftpapoiidaiunetonsl woasoreh &% Pregase Thihe
aforementioned reaction of the silane with the inorganic filler particle
antioxidaotuplbsmildly deters oxygen molecules from reaching the filler surfaces. Because

the antioxidant molecules are freely suspended within the binder matrix and deposited on the
filler parti¢les (such as in a physisorption process), they have limited ability in oxidation
protection. In other words, little to no interaction between thermoplastic b_'mdc‘rs, filler
particles and these additives may occur (such as in a chemisorption). Possible side reactions
of binders with reactive epoxide functional groups of epoxy resins may happen if the
antioxidant agent contains active amine groups. However, although complete protection
from oxidation may not be possible for systems that contain solely antioxidants, theif use
does aid in oxidation prevention. Accordingly, the inventive formulations may optionally
contain antioxidant agents to provide further flux aging loss resistance. Non-limiting
examples of antioxidant agents include a butylated reaction product of p-cresol and
dicyclopentadiene antioxidant, and tetrakis-[methylene~(3,5-di-tert.-butyl-4-hydroxy-

cinnamate)} methane antioxidants.

15



10

15

20

25

those two entities together, and the epoxy-amine reaction establishes a
bond between the silane and epoxy resin. Ultimately, this creates a
wo nnagsinked structure involving every 25 reactable componeRCofis2004/039859
system. 16 WO 2005/052960 PCT/US2004/039859 Due to their greater

coupling effect and ease of reaction with filler particles in the absence of a
solvent, organotitanate and organgzirconates (ywhich have gimilar reakgt'on

ABEFATER) G PR CEROBR TIPS cAELFHiOr BRSPS AR BTG e oine

nes in some

. . respects. The orgatiosilanes offer typically. a single cqupling site on the
containing SR HIF UGS TG S ARG P A BN Retg o ©f
upon the extent of the hydrolysis and condensation reactions during

epoxy fﬁﬁ%@ﬁ%ﬂ?@ﬁ?%ﬁ O PRI ASHARRS allow at best three
cpiclon P AR By G S R S R B e e

o L et P, o b SO0 o

0 aid’in
the curin%ﬁrocess to create the bonded magnet, possibly by aiding in the
the manghardarqipk g HRGLERETHAER Sy ents can be applied to filler surfaces via

solvent-blending or direct melt-blending processes with the ol¥n]§r. he

T IR SR S R AE B L R RN M AT PR

' treatment. This i tion f { | -.blendi :

pomien e e SRR S A o B D

. these organic coupling agents, conceritratio'ns Eﬁat range. t(Rg%v‘%/reeenmg)ﬂ1_ati le
believedfhat 1§ SEHBlREAGHISA T L RIRA fo rg Bt a Broperies (&g  enhanced
processing, mechanical streﬁgjgﬁt%],sadhesl n,.and chemical resistance

an oL e FRRTAT) TG ot e WAL B bsevaton
cning O RS LA SR e,
ooy CRURMB G OPREE S GP T AT B NLSe Sop S e
magnet ahd it osidaign 9 With minimal

Organosilane coupling agents have been .us'ed extensively for organic-inorganic
systems within aqueous and/or alcohol-rich solutions, due to their reactivity with surface
hydroxyl chemical groups present on filler particles such as glass fibers, metal hydroxides,
silica and silicates. A monolayer of reacted organosilane is formed on the filler surface
through condensation, following the hydrolysis reaction in water.

The amine-based silanes, or aminosilanes, are among the most commonly used
silanes, due to the high reactivity between the lone pair electrons that reside on a nitrogen
atom of primary, secondary and tertiary amines and the epoxide functional group of epoxy
resins. The aforementioned reaction of the silane with the inorganic filler particle couples
those two entities together, and the epoxy-amine reaction establishes a bond between the

silane and epoxy resin. Ultimately, this creates a crosslinked structure involving every

reactable component of the system.
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reduction of magnetic properties. Typical thicknesses of coupling agents
are on the ordér of one micron at these concentrat|(§ns mentloned New
WO 2 Raigdals are belng added to polymeric systems called " r}cg 9!%%%?839
"nanoadditives” and are showing remarkable improvements in a system’s
thermal stability, 17 WO 2005/052960 PCT/US2004/039859 mechanical
strengths, oxygen permeability and processability. These additives are
Dyyineidi grengaciaphtecsiisishod assitiofdasednstribtitevithtwiganiche
funetionalities. At least one of the spatial dimensions of said nanofillers is
absence oDf Higvean anaiestiange (RO06dztadtomaton&hilithahismilutecaction
dimension the aspect ratios tend to be on the order of 100 to 1000, which
mechanisiQievisedertbé mestivraddimiroverpenisilaneyénalbpropeitiets. Tibical
- concentrations of these nanofillers can vary within 0.1 to 10.0% by weight
organosilataibfectayhqiblymardbindenl ifxaitptesinf melureatlyitsedingladfiiboxyl
material are clay fillers (typically bentonite or montmorillonite). This
group on thafeliial piatichd ifeskriding aoptbs wite st lof therpdrmlrisand ¢nndﬁ—d®ti@fl
guarantee proper compatibility with the matrix material. These
reactions (RIganpelayatmata Thoomualartitevatas ditiorgaochizogranin glhmrdabbmﬁlshr@r
~ . nanocomposites for both thermosetting and thermoplastic systems.
coupling Specifieallyrfoe tharmesatsipeganoeiags hiwavestngée clivaddition to this
~incorporated either through high-shear melt or solvent blending. Effective
informaticispegsionioftites ocxgalmcteys' silizate fayepscivmugioot gheipbljenparticulates
: phase yields favorable property enhancement. 15 Another family of the
that may badefiliersihstiotighgihapha3listelgrecdived nuchganeniiopnaiesstaigo found
general name of polyhedral oligomeric silsesquioxanes or POSS.

to a1d in tRotyhidr phookgomericasi| fesopidzd mescor P OB Sy teditieg ibthe fsMias

"POSS additives." These compounds are comprised of nano-sized

linking pisiies-bAbeskcages withtx waptied tnifdlasfsorfpsic vig ﬁ@tmmhi@sdlpgdrse}lrect
selection of the most appropriate functionality, whether reactive or 20

melt-blenidiag pracesiovwitiathe polymerbindetamd irotgsstnfdlieybrithiea sasnayiedss or
polymer
injection molder, which require no pretreatment. This invention focuses on the solvent-

blending or liquid coating method of application.

Because of the efficiency of these organic coupling agents, concentrations that range
between 0.1 and 1.0 % (by weight) are sufficient for optimal properties (e.g. enhanced
processing, mechanical strength, adhesion, and chemical resistance). This statement is
particularly important for the manufacture of polymer-bonded magnets. The more coupling
agents added to the system, then the lower the potential magnetic strength of the magnet will
be, since the magnetic flux is directly related to the amount of magnetic material present.
The use of small amounts of the coupling agents allows appropriate coupling with minimal
reduction of magnetic properties. Typical thicknesses of coupling agents are on the order of
one micron at these concentrations mentioned.

| New materials are being added to polymeric systems called “nanofillers” or

“nanoadditives” and are showing remarkable improvements in a system’s thermal stability,

17
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- With thisinvisntiodiniesiorghscwrasaratine degdie hrconthe FY6hRH

incorporpsdpjthaiiupgstobiEh 58 melt or solvent blending

nanocomposites. Through liquid coating with the organotitanates and/or
organozirconates, nanofillers (e.g., organoclays, POSS additives) and
wo Rtieddants in the presence of an epoxy resin, dicyandiamigerhargesnerosss

tertiary amine accelerator, and zinc stearate lubricant, the present 25
invention provides a high-volume fraction bonded magnet by way of
compression or 18 WO 2005/052960 PCT/US2004/039859 .compaction .

mechaniorloldhigThenyeen aeserabibiyrasd AEaRcahdi Yehhif tha BN R fis AR anLy
coupling agent in the mixture during and after the steps of mixing the

inorganicouutierpsishnssssildrrsbAed sHaGHES Naporsaric leﬁt@%]a‘i‘.%ﬁr%% isihone of
intimate mixing between organotitanate and various components aids in

the spatiafiditiensigne of b deachilgnetsoh e SARAMEET FRIF6ANANLL O JRcEs)-
improved flux aging loss. In specific embodiments of the gresent

%@n}%%’ which

admixed with the other constituents of the coating formulation. In other
give rise eprthodersinneEtiTBIRANINS IHOGFHRNBIRBFEES ogF B§ahtRmcaRHLons of
coupling agent can be added to the magnet powder in a pre-coating step
these nariséideesinarovuntivilin®id SO ChIstives BHlEh %Hhﬂ}ﬁfd?fﬁ?ﬁfam&a?&o
The addition of accelerator in the coating formulations of the present
Exampleobnorrepsduetd aanelilipmmetanialarn Qap PUs iR SR fnet

from a temperature on the order of around 200'C or. more to a.

- montmotdlopiés htFaioMMSTALIL PG Thd 05 AR 3 1R bt AORTIE I HHB

possibility of oxidation of the magnet material during the formation _of the

order o BATERE PRIOPRS CORRAISRESHER 6 PG UIdE Ho ndis LB Rtk 21 @

lower flux 15 agging loss, and better performance. The ad itign of the ttine
popular netyriedditieighmeRware idton PPRSLHFIRGFPEIRBIIY D Bl tiggnosettme

magnet from the die press, which helps prolong the life of the die press.
and thertThelpS SHIAEN TORCAILA DY GBS BE SRR SRR BN R Y1y

rare earth- transition metal-boron (RE-TM-BI) mdagne&) e\é\/&l‘?er%,i Ssp%%q 8805 the

organoclays’ silicate layers throughout the polymer phase yields favorable property
enhancement.

Another family of the nanofillers distinction that has lately received much attention
has the general name of polyhedral oligomeric silsesquioxanes or POSS. Polyhedral
oligomeric silsesquioxanes or POSS are referred to herein as “POSS additives.” These
compounds are comprised of nano-sized silica-based cages with a vast number of organic
functionalities. Proper selection of the most appropriate functionality, whether reactive or
inert, can allow many polymeric systems to become hybridized into unique polymer
Nanccomposites.

Through liquid coating with the organotitanates and/or organozirconates, nanofillers
(e.s., organoclays, POSS additives) and antioxidants in the presence of an epoxy resin,
dicyandiamide hardener, tertiary amine accelerator, and zinc stearate lubricant, the present

invention provides a high-volume fraction bonded magnet by way of compression of
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20 magnetic powders manufactured from rapid solidification processes
for, among othﬁer_ things, the purpose of corrosion and oxidation

WO 2re_sios_tagnce when exposed to aggressive environments. The coatin%; _
f8pifiation preferably contains an epoxy binder, curing agé)ﬁ{?fa[wz 04/039859

accelerating agent, and a lubricant. By incorporating coupling agents and
optionally, other specialty additives with the magnetic powder and the

compactiof HINERP CIY CARRARESt SR IR RO Rt AE 6055ASaNate
prevention, enhanced adhesion and dispersion between the filler and

coupling 28 i the WiReRQR/NREARA Hiel thiSRYAAIPIARHH: lasRSGABMpositions

achieved. This invention is applicable to all such rare earth-transition

with the r{RgiRHRWAL (RETMRhIRanaidandesdducedbydapistsolidiicationnd

and encompasses both the bonded magnet products that consist of

various cofRBRANANE of thamaleyials mentianad andsthedannlisaiiappifocesses, |

Experimental testing of the magnets of the present invention revealed 5

such as inipl%%m%gthgﬁ%&rti&% rvesdiaithaeosting faewusaticasfithie

invention. Solvent or liquid coating is an effective manner in which each

organotitaAHABICTOMBoRERN £8RoBEIRIERsE wEhEalicbllvihaniclas | thasibeat of
discovered that applying a low-viscosity, volatile carrier fluid containing

the coating BIPAEEHON - IAIaRYBRGIghE R defcRPRANR) habekadeitives: or
.effectively allows the deposition of a protective, organic layer on the

organozirtBAGRSLISARRONERr s BieEIRbIBNho hingda e deiRe plurecadngitieps.

This procedure ensures a fast and simple production of compression

before intfIARRRIE ofitbicharaiashsBioehid 03 Pewdgiadaohighatiemperature
applications. In another aspect, the present invention provides rapidly
TIeoligifiedd ara.ealtiisansitiencantal oranARnsTof R fypemagreation
materials with a protective passivation 15 coating for high temperature

reduces G ChAAGrRESHEEOR¥IFENGRER I DeBIalcthaherdadmagneisaterdamibe
from the coated magnetic powders that have been compacted and

order of aSHRREIUEENCEWBE: tJ Reciapeitingcmdechmagntts, Tat larise femghe
liquid coating process, including organotitanate coupling agents in the

temperatR SENRUS HT pﬁ?ﬁwfﬂ? BificaRLIMREMERREEH 4 terial during the formation
of the bonded miagnet. This is beneficial for providing a bonded magnet with a lower flux
aging loss, and better performance.

The addition of the lubricant results in lower ejection pressures for removing the -
honded magnet from the die press, which helps prolong the life of the die press.

The present invention also provides a coating formulation applicable to rare carth-
transition metal-boron (RE-TM-B) magnet powders, such as _neodymium—iron-boron-type
magnetic powders manufactured from rapid solidification processes for, among other things,
the purpose of corrosion and oxidation resistance when exposed to aggressive environments.
The coating formulation preferably contains an epoxy binder, curing agent, an accelerating
agent, and a lubricant. By incorporating coupling agents and optionally, other specialty
additives with the magnetic powder and the organic epoxy components additional oxidation

and corrosion prevention, ephanced ddhesion and dispersion between the filler and matrix
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loss aging as compared to magnets made without coupling agent at
temperatures or exceeding 20 180 C. Figure 1 shows the stark contrast in

w0 thes/aging loss at 180C after 100 hours between magnets (aqoarasSng)at®ss9
load line PC = 2) formulated in the absence of coupling agents (No CA) or
that have been liquid-coated with an organotitanate or organozirconate

agent (LICA 38, KZ OPPR, KR 55). The presence of the grganic. coupli
phases gt qtiebs TheqBEFEE TR LB e P o

suitable for numerous high temperature/corrQsive 25 enviconment
boron (REp%§t?dﬁ§gW98%mﬁf§%P?h’@E§é§%ﬂaﬁﬁ%tﬁ%ﬁnérgnﬁlosc 68 ,bfbh

WO 2005/052960 PCT/11S2004/039859 _incltfginggone nogs-cou Jede d'and the
the bondedgneiRs pewhels dhateRPaist ot BRI RE B P SRR TS
_passivation. The exemplary coupled systems in{tj de a cou Iir‘}% tlon revealed
applicatiegyprrcesse dESBWHRER LB IR G LGE A Lo BSR e BN RS
coupling agent-nanoadditive-coated, powders. 5 In many embadiments,
the excepHeNdEERETHERARENSS FAMEE RS IRE BRI ¢ ‘t‘qﬁé%"%%%"rﬁapidly

solidified then thermally annealed, preferably within the temperature ran
S oG OC LS BTSSP T2 GTLEHHE R HDo Tt o

material has the compositign, in atomi¢ percentage, of R". Feloo. " . .
be blended 3o HEEDETR Erein TS ity FpRoRaTE LRV e SRy
M is one or more of Zr, Nb, Ti, Cr, V, Mo, W, Hf, Al, Mn, Cu, 10 and SI.

volatle FRHEAAR VRIS BAITS A FRUE TN SIALY PECFT SO ind
~20,0:Sw S7and4<x< 10. In addition, the ma n(itic matetﬁal exh{;ggg
additivesofSRHHENCR BAdEmSHORBbAREIS A PIHE 33T SR IR

coercivity (H;) value from about 5.0 to ab utt 15 k%% Arrg))éerg,uurrrfljbe%rs 1%1‘63 a fast
powderstHRAFHGIBRIPRY BERAPRTE B EErOTHAY BELMERES, suthias Tirea

~ formaldehyde (amino resins), phenolics, thermosetti yureth e
and simpRTHEOHIRP BT A g ey e e o for igh
- contain functional groups that react with functional groups of the resin

temperagijyg 2l d to cause the crosslinking.or cure reaction. Examples of
e 2 et (oo HrOVRRNaf Rl braman ey empatc
transition metal-boron (RE-TM-B) type magnetic materials with a protective passivation
coating for high temperature and aggressive enviromment exposure. The bonded magnets are
formed from the coated magnetic powders that have been compac&d and subsequently cured.
The resulting bonded magnets, that arise from the ligmid coating process, including
organotitanate coupling agents in the epoxy system, show significant improvement in flux
loss aging as compared to magnets made without coupling agent at temperatures or exceeding
180 °C. Figure 1 shows the stark contrast in flux aging loss at 180°C after 100 hours between
magnets (operating at a load line PC = 2) formulated in the absence of coupling agents (No
CA) or that have been liquid-coated with an organotitanate or organozirconate agent (LICA
38, KZ OPPR, KR 55). The presence of the organic coupling agent reduces the degree of
oxidation of these powders, making them suitable for numerous high temperatare/corrosive

environment applications. Five embodiments of the present invention are disclosed,
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adducts; amidoamines; polyamides; or anhydrides. Typically, these
agents are add.eﬂd to the resin at about 1 to 6 phr (per hundred parts

WO zﬁg%yzgggpending on the desired extent of cure of 20 the ﬁ?ﬁé‘f%ﬁ&@f&gsm

product. The accelerator, which increases the reactivity of the curing
agent, can be a tertiary amine, e.g. imidazole, amine adduct, or
amine-based complex, e.g. BF3 mono-ethylamine complex. Accelerator
including coBcentralignsdalawithiic hevdngesodrd sodifphr chigl @hseigiqiopessing,
a lubricant such as fatty acids, metal (e.g., zinc or calcium) stearates,
systems fHugEapolyiner dsirsepgijaietioupiqolyestes resinds etcoiplisgdgdiyproatiyl
lubricants are 25 measured relative to the amount of solid filler present.
powder, altvgglancapiatignigngeaietpbridantn t WoORGUS/)508GManocadditive-coated
PCT/US2004/039859 may be 0.01 to 0.5 phf (per hundred parts filler) and
powders. is dependent on the desired final properties of the resulting bonded
magnet. Antioxidant concentrations tend to exist within the range of 0.5 to
Inhfphefperdbuacie dipaptesaginyanapaséés|foragapgemnrateital that has
consumption in a system. 5 The appropriate amounts of coupling agent .
been rapidRcholadiofien e thenrgdiyoniaydet] preigsblydualithvie) ther tarspeificesyastear!
are determined empirically for optimization of its final desired magnet
300 °C toUpertigsatnaforainty dneucdAteninatisn iegesgictouptitgiaigest{he
organoclays and POSS additive added to the entire system should fall
compositistihin Sdni pOvelygeeidR (Based.on AinddnBef Blraemdh dsfilfaryate@ash
10.0% by weight (based on amount of resin), and 0.1 to 10 1.0% by
clement iwdigiht gbasadmvamonstafbirdef ZndNiidh), tasdedtiveNV.IHE 4hddficCu,
embodiments, a multifunctional epichlorohydrin/cresol novolac epoxy
and Si. Fesiar,with elkies frdiamiseandringragefitl aver{fafy arine dé celeratéPdhd w
' zinc stearate lubricating agent in the polymer binder system are used for
< 7 and 4empredSiommmadditin plwposeschothateciabinbihiel exaraiercedBplirgue from
agent. Any of the following coupling agents are 15 applicable to this
about 6 térabemtida: ldBganbsilaneisacganvtivaydide) valpmbeicabee s, Qiwabout 15 kOe.
organozircoaluminates. For these embodiments the recommended

Apguptingeagé therfmosating polymer binders may be selected, such as, urea
formaldehyde (amino rcs‘ins); phenolics, thermosetting polyurcthaneﬂresins, alkyd resins, or
epoxy resins. Curing agents or-hardeners contain functional groups that react with functional
groups of the resin and are required to cause the crosslinking or cure reaction. Examples of
curing agents are aliphatic (linear), cycloaliphatic, tertiary, and aromatic amines; amine
adducts; amidoamines; polyamides; or anhydrides. Typically, these agents are added to the
resin at about 1 to 6 phr (per hundred parts resin), depending on the desired extent of cure of
the final crosslinked product. The accelerator, which increases the reactivity of the curing
agent, can be a tertiary amine, e.g. imidazole, amine ad&uct, or amine-based complex, e.g.
BY; mono-ethylamine complex. Accelerator concentrations fall within the range of 1 to 4 phr.

For ease of processing, a hibricant such as fatty acids, metal (e.g., zinc or calcium) stearates,

* fluoropolymier resins; polyolefin or polyester resins, etc. is used. Typically lubricants are

measured relative to the amount of solid filler present. The concentration range of lubricant
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epoxy-bonded RE-TM-B magnets are the organotitanates and
organozirconates, which are of the general form (RO-),Ti(-OXR Y)4-, 20

w0 BangofREe),Zr(-OX R Y)n The RO is the hydrolyzable group HEt/tsacts/ 039859
with surface protons or hydroxyl groups, where R may be short or long

chained alkyls (monoalkoxy) or unsaturated allyls (neoalkoxy). Tiand Zr
are typically tetravalent titanium an

d zirconium atoms, rﬁs%egitrivglym\é\[here
may be 0.8t B (REyBIRIGRE APy ARSI SRR OIS e Binder
_ functional groups, such as 22 WO 2005/052960 PCTIUS@OQ?/O%{?S 8%ihin
propertieppbtisrisrslipRariRs BpBiho AT SRYFCHBERN [1E. RS the
thermoplastic functional group such as: aljphatic nfi non-pglargas gﬁpyl,
the range )15 ety REsREBYPEFetBA SRk r‘i‘?&éaﬂﬁ Fﬁﬁaﬁi\/ B EE & benzyl
groups; or aromatic benzyl, cumyl phenyl groups. Y is the thermosetting
consumMpHMHCHCh AYHF8Up that typically is reactive, e.g. amino or vinyl groups. 5 n

represents the functionality of the molecule. A functionality of n = 2 impli
Thios PR S RPOB P AP HEHDLE GHOAU hiF e EenOeIEy HRlBoss

organofunctional groups for compatibility \yith. the polymer binder.... .
additive) Exmpesief $HE A ER STTRNBRA RO a8 BTG S R dta ol desired

gents are
displayed in Table 1. The liquid coupling agent organotitanates and

magnet pEegarEsir R Ne BOPGHHSERRAT RTINS e Fgastays and
; . o :

ross S e ST LB g e o

s G S TS T, L BRSSO

Ica

Name, Titanate ra Type R (CH3)2-HC- isopropyl.monoalkoxy 14
1.0% by weight (based on ammﬁ)t of b1g1der gnd%%eri gsp@&vc?y. y.

In a specific embodiments, a multifunctional epichlorohydrin/cresol novolac epoxy
resin, Vwith a dicyandiamide curing agent, a tertiary amine accelerator and zinc stearate
lubricating agent in the polymer binder system are used for compression-molding purposes
both including and ex.ch.lding coupling agent. Any of the following coupling agents are
applicable to this invention: organosilanes, orgapotitanates, organozirconates, and
organozircoaluminates. For these embodiments the recommended coupling agents for the
epoxy-bonded RE-TM-B magnets are the organotitanates and organozirconates, which are of
the general form

(RO-),Ti(-OXR Y)sn
and
(RO-)Zr(-OX RY )an

The RO is the hydrolyzable group that reacts with surface protons or hydroxyl groups,
where R may be short or long chained alkyls (monoalkoxy) or unsaturated allyls (neoatkoxy).
Ti and Zr are typically tetravalent titanium and zirconium atoms, respectively, where both

may have higher or lower valence as well. X is the binder functional groups, such as
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H3C- methyl monoalkoxy 1 C7H15-H2C- octyl alkoxy 1-4
CH3CH2C(CI{120CH2CH=CH2)-H2C- 2,2-diallyloxymethyl allyloxy 4

noa

OXy

-(C=0)C(CH3)=CH2 methacryl monoalkoxy 2-3 -(0=S=0)-AR-CI2H25
dodecylbenzenesulfonyl monoalkoxy 3 -(HO-P=0)-O-(P=0)-(C5H17)2 yro
phosphatoNSBdRBRiR NeRalkaxyitiol belfiapiLcarandirceniing dtonismay!hsie

coordination numbers greater than 4. AR is an aromatic benzene unit. 15

CH20CH2 CH3CH2C-H2C- neopentyl(diallyl)oxy @J y )
CH20CH2 R',X,Y -(C=0)C17H35 isostearoyl mo 198? 5%%/339339

functional Bhedigalicired; bojtkiyperatepnipdhe pripanytdnetiiegybtsosiofthy groups;
functional segment. Information taken from Ken React Reference Manual.
napthenic 1he igliR goniint dsopbeasviqrivapavoppraptiatesofianiiol propp groups.
: dissolution of the organic resin, hardener, accelerator, lubricant and -
Y is the theoxRlBgiageRicRalar graljcisalrepisli0ssuahtas, alkamoigopr vinyl groups.

alkoxy-based alcohols andaprotie solvents, such as, ketones, aromatics,
n represen@eh@lficRibaske ethasmskasefuif duapingatieginfdissdlitipheiplichere
solvents may not 23 WO 2005/052960 PCT/US2004/039859 always be
exist two RA¥ISADI8;EUE tablbepOpsibirl side sraatidniotmmrogomnpofratingnpelilitity

molecule with the epoxide group of the resin monomer. Since most
with the palyiner baséa cHsingsigeofslandhrimeeferativadidep ohasolevupbisgthgents are
aforementioned solvents could be appropriate for these components.
displayed Bieptsles orfatlyqatideaytinispalarsinctttnetesontainginotachoxipmreth
ion. 5 Many of the organotitanates and organozirconates can vary in
pyrophosiadubiliivl with pleicti titalerSoivetivaaTe s opiiosptmadde, ishosshiiecting for
~ phosphito-functional titanates/zirconates, due
oxidation resistance, due to their reactive nature with surface protons and hydroxyls present

on the magnetic powders surfaces.

Table 1. Functional groups of organotitanate and organozirconate coupling agents

Symbol

Chemical Group

Chemical Name

‘Titanate
Type

n

R

(CH3)-HC-
H.l-
C7Hys-HoC-

CH=CHCH,OCH, . _
CH;CH,C-HC-
CHz'v-“CHCH?_OCHz

CH;CH,C(CHOCH,CH=CH,)-H,C- |

isopropyl
methyl
octyl
2,2-diallyloxymethyl

neépentyl(diailjri)oxy

monoalkoxy

monoalkoxy
alkoxy
allyloxy

neoalkoxy

1-47

1-4

R XY

~A(C=0)Cy7Hss
(C=0)C(CH3)=CH,
-(0=8=0)-AR-Ci2Hys

{HO-P=0)-0-(P=0)-(CsHi7)

isostearoyl
methacryl
dodecylbenzenesulfonyl
pyrophosphato

- monoalkoxy
-monoalkoxy

monoalkoxy
neoalkoxy

2-3

W

TI'he titanium and zirconiwm atoms may have coordination numbers greater than 4.
AR i$ an aromatic benzene unit.

The italicized, bold-type atom is the primary connecting atom of the functional segment.

Information taken from Ken React Reference Mapual.

The liguid coating process requires an appropriate solvent for proper dissolution of

the organic resin, hardener, accelerator, lubricant and coupling agent. Polar protic solvents,

such as, alkanols or aikoxy;based alcohols and aprotic solvents, such as, kétones, aromatics,

and glycol-based ethers are useful for epoxy resin dissolution. Protic solvents may not
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to their aprotic polarity, have very good solubility in the following solvents:
isopropanol, xylene, toluene, dioctyl phthalate and ketones. Other
wo wosplingmgents of different functionality may have limited setuisilggon /039859

most conventional solvents. When using the to recommended
components in this invention, acetone has proven to be a very acceptable
carrier fluid, for both coupled and non,—couE_)Ied systems, becau%a gg‘ i Slecule

atways bepeliis 51 8is8EHR HreDaaHEE R At TS I A HIGR VAR S PRSI S Embient
temperature. Various embodiments_of the invention 7Eoné[(giti(r; and/or ret?n%illig

with the eppraferiRE R (B SEERUROIBte PO GITAN SPHRTAP S Sttems s,

the first embodiment of the present. 15 invention, th {ﬁJE-TM-B matg@etth o
acceleratpen e o Wanaruleiibe A IBHsTRIoRG HS 8&RF6&°6§ 3¢ appropriait 1or thes

epichlorohydrinteresol novolac epoxy resin, g dicyandiamide curin ent,
——— A A e b e

agent in

acetone..Once added to the organics solution, mixi .?f the.!?lE-Ti\/lc-Uléar
Many of ﬁh&@ﬁé@fﬁfﬁ%@@%@?ﬁiﬁb@%ﬁmﬁ%ﬁ%ﬂuﬁ%‘ﬂégﬁ% Ehole BEm

temperature for solvent removal. 2Q In the second emhodiment of. the
solvents TR ey TPNEABH G IS A dn RAROH OB 0t I ReE P tes, due
~magnet powders through a precoating process, An o .
to their R¥GHAMNRHAYe HSHHF RO AT fﬂéﬂmgl@fg&‘é%ésw&g%f%%a&°"
stirred followed by the subsequent e oratior]é of aceton

xylene, Tﬁl@?ﬁ@a@é%ﬁﬂ* aéaﬁom&?% °an8th PELGTEER Hgtggﬁ%tsrﬁ%;ﬁ:]{g%%%edure
S T L by BT R
e e e e LS i s
R o o g e ST

s acetone solution of t
epichiorohydrin/cresol novolac epo><§/i resin, a 5 (glif(rz%andiamide curing
fes

ingrediegfevel bt fagh YARATPERURE At Fiat Lppsi ricating agent, and

s B B st S PR RUuif H PAGP Bhxing

procedure in order to obtain optimal characteristics. In the first embodiment of the present
invention, the RE-TM-B magnet powders are coated with a homogeneous solution of the
epichlorohydrin/cresol novolac epoxy resin, a dicyandiamide curing agent, a tertiary amine
accelerator and zine stearate lubricating agent in acetone. Once added to the organics
solution, mixing of the RE-TM-B magnet powders continues while the mixture is heated
above room temperature for solvent removal.

In the second embodiment of the present invention, a coupling agent is incorporated
with the RE-TM-B magnet powders through a precoating process. An organotitanate—acgtone
solution is added to the magnetic powders and stirred followed by the subsequent evaporation
of acetone. The pretreated RE-TM-B powders are then subjected to the mixing procedure as

in the first embodiment that includes the epoxy system Organic COmponents.
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are reduced accordingly in order to maintain an RE-TM-B powder mass
percent of 98.83% when incorporating the coupling agent. Figure 2 shows
wo 280Bkhekhe flux aging loss results for cured magnets accoggingtg hg,; 859
first, second and third embodiments of the present 10 invention. As can %e
seen in Figure 2, the magnetic material according to the second
embodiment (Precoated CA) exhibits improved properties over the )
In tagneticmbatbinamihibefiss e bodinient (hooGdaemneteneoupling agent 1s
incorporation of the coupling agent (CA) through precoating;the magnet
incorporatpbwitbriicFRIFABYIFD neagnet phadesmehtiof epeflusvatingosssisfap@pasents
' RE-TM-B powders is attained when the organotitanate is admixed with the
through arepbwix systeoresenifonBiid MsBemgrint Bigudsa foe tHendidiveiiitodiment
(Admixed CA). The magnetic material according to the fourth embodiment
homogeneofithegresend imventitihe kpschlsintijal folerasitiory tdah eperigrstic faterial
' of the third embodiment, but differs due to the addition of bentonite clay
dicyandiapolvaderitime bes, beertiohe aidatipirekeiatbtodopinanis hovispdregetatynd
methyl tallow alkyl ammonium salts within the admixing acetone solution.
the couplififnesreintiVbeardotimtsaviahets ofitheogsing Ay adeablacacdraiod 8 brieant
are reduced accordingly in order to maintain a magnetic powder weight
are reducederammtnfedy i8%rddran matuao atin G-I Gl eovedeaysamigere st AWS &
plot-of the flux aging loss results for cured magnets according to the first
when incoapetdtogtherobenlinngagersf Figurydrnhon s Przlohebiboidus sBnnheesults
additive of the treated bentonite clay powder within the admixing acetone
for cured swignits resuling® Wosn 510820 sudrltgsPodrntBebthp Rresent
significant improvement in the flux loss of the magnetic material according
inventionto the fourth embodiment as compared to the first embodiment. The
magnetic material according to the fifth embodiment of the present
Asiveiorednin Higuril3r formagnesis eatseshagneednmiditatescid fourth
embodiment, but differs due to 5 the initial precoating of a silanol-POSS
embodimenkttBsereanied fodp emhihi@rigm;oaﬁd[ﬁ@ﬁg@%gger the magnetic material of the

first embodiment (No CA) due to the incorporation of the coupling agent (CA) through

precoating:the magnet powders. Furthermore, an enhancement of th(?‘ flux aging loss of the
RE-TM-B powders is attained when the organotitanate is admixed with the epoxy system
components, as seen in Figure 2 for the third embodiment (Admixed CA).

The magnetic material according to the fourth embodiment of the present invention
has a similar formulation to the magnetic material of the third embodiment, but differs due to
the addition of bentonite clay powder that has been chemically treated to contain bis
(hydroxyethyl) methy! tallow alkyl ammonium salts within the admixing acetone solution.
The relative amounts of the resin, curing agent, accelerator and lubricant are reduced

accordingly in order to maintain a magnetic powder weight percent of 97.6% when

| incorporating the organoclays. Figure 3 shows a plot of the flux aging loss results for cured.

magnets according to the first and fourth embodiments of the invention. The incorporation of

the additive of the treated bentonite clay powder within the admixing acetone solution results
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pqwders. A POSS-tetrahydrofuran (THF) solution is added and then
stirred with the magnetic powders, followed by the evaporation of the

wo ZibiEoebeent. The pretreated powders are then subjected taHREUBIRIP39859
procedure in the fourth embodiment with admixing the organics-acetone
_solutlon. The relative amounts of the resin, curing agent, accelerator and
io lubricant are reduced accordingly in order to m intaLn a mgg%

in a signifRRdEIRTRYTSRCHE indhe Sk loge o féﬁ]ﬁ%grtb%% | '%P ' aCcol §Ghe fourth

; ; _ e organoclays.
Figure 4 shows the improved flux aging loss results for cured magnets

"/mbo‘ﬁmfcqﬁrﬁ?ﬁﬁpgfﬁé;)fﬁﬁ ERbTaRAEHEEE - compared to the cured magnets of

e fir t i .

Cmmar R 35S R TR
. epic orohydrin/cresol novola in EPO A i

sl oy e SR e S ORI Bl sheest

raary amine

lerator, F : -
the imﬁagééﬁ@%’;gﬁg%?m“g}?”gﬁ S»}gg ,;é%i%%% and zine Stearate In,a 81 ic

V58 BUEEISHAP, 8nd zinc

stearate are added together with the acetone in a glass 500 . .
poders TGRS W ST B G oP SR AT oS hats.

_solution of the organic components. The TN-B der |
magneticamiep el Y60GY R RITHER %{fg\%m%&%%“ﬁ%%%&é%%% one ™

to sufficiently immerse the powders in. the solution (roughl .
e then 61 A FEHAS RTOPAB SN AL LA BT brd g & e

s o 3 R A A el

~ PCT/US2004/039859 hot plate and heated at 50C. T -
bricaoAgerEABAR) SEHPER A AEOEE LG A B P S et of

97.6% W oggggmﬁ}? &é%%%i?ﬁﬁﬁé&&%‘&%%e 31% %‘1’1%99(7@8'1]@35 lgéing loss
results for cured magnets according to the fifth embodiment as compared to the cured
magnets of the first and third embodiments.
Examples

Example 1

Commercially available MQP™-B powder is liquid-coated with an
epichlorohydrin/cresol novolac epoxy resin EPON 164™ (Shell Chemical Company),
dicyandiamide curing agent (SKW Trostberg), a tertiary amine accelerator, Fenuron ™,
(SKW Trostberg), and zinc stearate in a 8% acetone solution. The resin, curing agent,
accelerator, and zinc stearate are added together with the acetone in 2 glass 500 mL beaker.
The mixture is stirred periodically in order to produce a homogeneous solution of the organic
components. The MOQP™.B powder is subsequently added to the solution, allowing the
addition of more acetone to sufficiently immerse the powders in the solution (roughly 1 mL
of acetone per 5 grams of MQP powder). The overall proportions and compositions of the

components are shown in Table la. The beaker containing the mixture is then placed on a
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Component Mass O Wei ht Percent (%) Exam le 1 MQP -B 100.0 98.272
EPON 164 Re(sm 1.600 1.572 Dicyandiamide O. 096’0 094 Accelerator
_ 31 Zinc Stearate 0.030 0.029 5 Example 2 Com
wo 2%\7%%%%£MQP"-B powder is liquid-coated with 0.6% LICA gﬁﬁﬂ%&mw >
Petrochemicals, Inc.) (see Table 2). The coupling agent is added to
acetone in a glass 500 mL beaker creating a 50% solution. The
hot plate ahiQledtE Bt poidel s added toatiee dlosidatiprstiatalvihgletbagdition of
more acetone to sufficiently immerse the powders in the solution. The
evaporatescOrapesitiphscofthiecimponests arershawedifrFabie deThe bedkpread evenly
containing the mixture is then placed on a hot plate and is heated at 50C.

 on a flat sukhe.€oritehia dnepdrodically stirred while the acetone evaporates. For

complete drying the powders are removed from the beaker and spread
evenly on a flat surface within ”&ah!ﬂie hood 15 Table 2 Oran otitanate/Or
anozircon&ltengemslivig ad A58 g€ Lthemical

" Name LICA 38 neopentyl(d|dﬂ¥hmpﬂﬂtr1(d|octvl) Dvronhoohato titanate KR
551 tetrM@P-dilyoxymethy)bli910 di(ditridecy)Pd& Hito titanate KR 238M
methgdApats fiiacHosial aminelagidflict of di(dioctRpyrophosphate
ethylenpititamdianid OPPR cyt{®¢dioctyl) pyrophf8phato dioftyl

| Accelerator 0.032 0.031 '

Zinc Stearate : 0.030 0.029

Example 2
Commercially available MQP™-B powder is liquid-coated with 0.6% LICA 38™

(Kenrich Petrochemicals, Inc.) (see Table 2). The coupling agent is added to acetone in a
glasé 500 mL beaker creating a 50% solution. The MQP™.B powder is added to the
solution, allowing the addition of more acetone to sufficieritly immerse the powders in the
seluti(;r;.‘ The compositions of the components are shown in Table 3. The beaker containing
the mixture is then placed on a hot plate and is heated at. 50°C. The contents are periodically
stirred while the acetone evaporates. For complete drying the powders are xemovéd.frbm.the
beakef and spread evenly on a flat surfacé within a fume hood.

Table 2. Organotitanate/Organoczirconate Coupling agent Nemenclature

Coupling Agent | Chemical Name
LICA 38" neopentyl(diallyl)oxy-tri(dioctyl)
_pyrophophato titanate
KR 55 tetra(2,2-diallyoxymethyl)butyl-

di{ditridecyl)phosphito titanate
KR 238M™ | methacrylate functional amine adduct of
di(dioctyl)pyrophosphate ethylene titanate

KZ OPPR™ cyclo (dioctyl) pyrophosphate dioctyl
| ___zirconate
SIA0610™ f{-aminopropyltnethoxysilane

Table 3. Composition of Example 2
[ Component | Mass(g) T Weight Percent (%) |
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zirconate SIA0610 -amino ro yltriethoxysilane Table 3. Composition of

Example 2 Component Mass O 71YJht Percent (%) 27 WO 2005/052960
WO 20BDAIBR004/039859 - ---------- - Exam le 2 MQP -B ROD/US39 898859

LICA 38 0.611 0.607 Example 3 Commercially available MQPTM-B

powder is pre-coated with LICA 38TM (Kenrich Petrochemicals, Inc.)

before furtherliguid-coating-v 0 ofnovplac 5
epoxy resin EBON.-164TM-(Shell T ertical Com%rg)gg dicyandiamide
curing (QI%A{/ Trostbetg), 49 iaryamine a"c'é—‘ﬁrataf, FenuronTM,
(SKwW Tm@fmé), and zinc =f09.u@]}n a-18%-acetone-selution-The

<l
coupling agent is added together with the acetone in a glass 500 mL
~ beaker in a 50/50 solution. The mixture is stirred periodically in order to
Examplen}oduce a homogeneous solution of the organic components. The

MQPTM-B powder is subsgguently 10 added to the sglution. ing the
ChroH S SFEIaEOHaS SHRERATS APPSR T bl 1 mgReich
solution. The overall proportions and compositions of the powder and
Petrocheum Gy oAt RSB FeiSE B HULERFer BRI e hArela
then placed aon,a hot plate and is heated at. 50C.,The contents are
cpony tep AL S ST B A I SHTRG BHOM ST

powders are removed from the beak%?@q&r read g)ve ly 13 on a {Ieatr ate ina;
Trostberl fdeB MR AFRE RGBT BRI Iy Qs the PIdaBasie?
' powders are added to the 8% acetong solytion vy'thﬁge%)ﬁox resin, gg}

> d one m'a gggSOO
8% acetoagesniubiesel ARG UIMS Arents AR REEUEREH & Hifowe

o}
evaporate while the powder-organics-acetone .. .
mlL. beaker 11? a 50/50 so}ution.pThe mixtu%e ?s stirred periodically in order to produce a

homogeneous solution of the organic components. The MQP™-B powder is subsequently
added to the solution, allowing the addition of more acetone to sufficiently immerse the
powders in the solution. The overall proportions and compositions of the powder and
coupling agent are shown in Table 3. The beaker containmg the mixture is then placed on a
hot plate and is heated at 50°C. The contents are periodically stirred while the acetone
evaporates. For complete drying the powders are removed from the beaker and spread evenly
on a flat surface within a fume hood. Following the drying step, the precoated powders are
a&ded to the 8% acetone solution with epoxy tesin, curing agent, accelerator, and zine
stearate. The acetone is then allowed to evaporate while the powder-organics-acetone

mixture is periodically stirred. Table 4 shows the respective amounts of each component.

Table 4. Compositions of Example 3 and 4

Component | Mass (g) | Weight Percent (%)
Examples 3 and 4
MQP™-B 100.0 98.272
EPON 164 Resin 1.044 1.026
Dicyandiamide 0.063 0.062
Accelerator 0.021 0.021
Zinc Stearate 0.020 0.019
LICA 38 0.611 | 0.600
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mixture is periodically stirred. Table 4 shows the respective amounts of
each componént Table 4. Corn ositions of Exam le 3 and 4 Component
WO 2Mgf%§2?,}{velght Percent (%) Examples 3 and 4 .044 1.026 %ﬁ%’%é) 1;5 450
=Accelerator0.0221 00.0 98.272 .021 0.021 .020 0.019 O.g 00
28 WO 2005/052960 PCT/1JS20041039859 Example 4 Commercially
available MQPTM-B powder is admixed with LICA 38TM (Kenrich
Example getrochemicals, Inc.), an epichlorohydrinleresol novolac epoxy resin
EPON 164TM (Shell Chemical Company), dicyandiamide curing agent
CokSiMETDstherahia s8Rl B1ve datcealerated, wdnlichT M (SEkbrich
Trostberg), and zinc stearate in a 8% acetone solution. The resin, curing
PetrochenA@ARI LSRR GiRh sinh plearaiesahtoiiclnatpary aciedROpétie: TWiRhell
acetone in a glass 500 mL beaker, creating a 8% organics solution. The
Chemical Obdipeeig, sticiea dieriodecaliyrp agﬁﬂm(SKWdﬂmﬁ)ﬁgbmmaewsmelutlon
of the organic components. The MQPTM-B powder is subsequently
acceleratoﬁ@&ﬂx@l% (SHOWOT: abiesyi) gatine zntd itiomaoé imaré Aoeanededufficieihe
io immerse the powders in the solution (see Table 4 for compositions).

resin, curitpadeagkrcdeniaininidbe mixtuslisthare placetiehtagetqiatsharmtticne in a

heated at 50C. The contents are periodically stirred while the acetone

* glass 500 eyapedREeScEagomPibterguiing thingmwdBrs Mistremiowhitdprtodically in

beaker and spread evenly on a flat surface within a fume hood. Tgiure 1
order to pRWS dh@itogaging solution of the organic components. The MQP™-B powder

' is subsequently added to the solution, allowing the addition of more acetone to sufficiently

immerse the powders in the solution (see Table 4 for compositions). The beaker containing

. the mixture is then placed on a hot plate and is heated at 50°C. The contents are periodically

stirred while the acetone evaporates. For complete drying the powders are removed from the
beaker and spread evenly on a flat surface within a fume hood. Figure 1 shows the tlux aging
loss results .of magnets following this recipe compared to other organotitanates or
o.rganozirc;nates or no coupling agent at all. Figure 2 shows a comf)arison of the products of
the liquid-coating methods in the absence of 2 coupling agent (Example 1), precoated
MQPTM“B with coupling agent (Example 3), and admixed MOQP™.B with coupling agent, as
described in the first and second embodiments of the mvention.

This method is also performed under the same conditions by using MQP™ -14-12
powders. Figure 5 displays the flux aging results at various texﬁpéramres for MQP™ -14-12
magnets in the absence of comprised of LICA 38™ (No LICA), and including 0.6% LICA
38™. |
Example 5

" Commercially available MOP™-B powder is admixed with KR 55™ (Kenrich

Petrochemicals, Inc.), an epichlorohydrin/cresol novolac époxy resin EPON 164™ (Shell
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loss results of magnets following this recipe compared to other
organotitanates or 15 organozirconates or no coupling agent at all. Figure
WO 280sheegs® comparison of the products of the liquid-coating PAEYRGAOHACHIES?
absence of a coupling agent (Example 1), precoated MQPTM-B with
coupling agent (Example 3), and admixed MQPTM-B with coupling agent,
~_as described in the first and.second ?‘Sﬁe iments qj the inve t;%'ghis
Chemical (@ iRBNS 40 HEHBTHIE TR s ag?%%%%ﬁg%f‘&ﬁh%%‘qw
-14-12 20 powders, Figyre 5 displays the flux aging.results at Various Ty,
aCCel@fat%rﬁE@%&Hres(ﬁ)gmaﬁﬁlsﬁﬂ"?ﬁlfﬁ%ﬁéﬁﬁé%rﬁﬁﬁeaa%%’e%cgéoggé\émpriséd of

LICA 38TM (No LICA), and including 0.6% LICA ,38TM. Exam .
resin, curiQB AFRBRAISII TR EIE MBI B SO RRAIE r‘%ﬁ%ér °w‘.’$§?£ é%gﬁe“’“e e

(Kenrich 25 Petrochemicals, Inc.), an epichlprohydrin/cresol ) X
elass 500 8y ESinCEBORG TOFT FHEEHSH UM 2000 I0ager Srired BEtftcaly n
' PCT/US2003/039859 Chemical Company), dicyandiami j
oxdet to PR BEBERHER AT A U R, (S & Bowder
Trostberg), and zinc, stearatg in a 8% acefone salution. T [ i
s subsc g, HORE 6P I T AR A D SAB A A o gy

& are together with
acetone in a glass 500 mL b r, creating a 8% organi i .
s s i b S T S G B ooing

_solution of the organjc components, The MQRB powder |
e i GRS M SR SRR DA Rl et

. immerse the powders in the solution (seg Table 5 for co it T
rived e SoH AP T RO Tl S KPS e Fiey e

at 50C. The contents are periodically stirred,while QR6/s the flux agin
beaker %&m@g?‘lﬂéﬁrogo%ﬁ%?@ef?%@v’t%é}{ pao%/{vl éarg%or‘é' gerﬁ?é%ﬁgfronﬁ the o BE
beaker and spread evenly on a flat surface within a fyme. hood Figure 1
loss fes“%&ﬁ?ﬁ%%%i‘&ﬁ&‘%% SSRGS rﬁgrgerﬁ%%?gf%%g#g tﬁis recicpe
compared to other, organotitg{}gﬁes or organozirconates or no coupling

organoz%c‘gcgmt%ﬁ Qjpo coupling agent

Table 5. Compositions of Example 5

Component | Mass(g) | Weight Percent (%)
Example 5
MOQP™M-B 100.0 98.272
EPON 164 Resin 1.137 1.117
Dicyandiamide 0.068 0.067
Accelerator 0.023 0.022
Zinc Stearate 0.021 0.021
KR 55 0.509 0.500

Example 6

Commercially available MOQP™.B powder is admixed with KZ OPPR™ (Kenrich
Petrochemicals, Inc.), an epichlorohydrin/cresol novolac epoxy resin EPON 164™ (Shell
Chemical Company), dicyandiamide curing agent (SKW Trostberg), a tertiary amine
accelerator, Fenuron™, (SKW Trostberg), and zinc stearate in a 8% acetone solution. The
resin, curing agent, accelerator, zinc stearate and titanate are added together with acetone in a

glass 500 mL beaker, creating a 8% organics solution. The mixture is stirred periodically in
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Table 5. Com ositions of Exam 1e 5 Component Mass (g) Wei ht Percent
(%) Exam le 5.MQP -B 100.0 98.272 EPON 164 Résin 1.137 1.117
wo 2hisyaglipmide 0.068 0.067 Accelerator 0.023 0.022 Zinc $ gfﬁﬁéﬁg

0.021 KR 55 0.509 0.500 15 Example 6 Commercially available B~
powder is admixed with KZ OPPRTh (Kenrich Petrochemicals, hie.), an
epichlorohydrin/cresol novolac epoxy resin EPON 164 t (Shell Chemical

order to pfadmpanydigyanciamitigiouriighegaat@KiatTrostheig) e IAQRTY o der
accelerator, FenuronT, (SKW Trostberg), and zinc stearate in a 8%

is subsequatelpaddol ttion: TietR0 rebawingthg aditibracteleratorctpne toteeliatently
and titanate are added together with acetone in a glass 500 mL beaker,

immerse threpdingaSivtbegahitosdtat drablhe fondongpissiiiorsyl Jariotlies fni
WO 2005/052960 PCT/US2004/039859 order to produce a

the mixtuhontgendacsisalutiost pidecnddaniedonfiiiteiis: Fnsanmemoivddelly
is subsequently added to the solution, allowing the addition of more

stirred whikeflonactasiefiempthytesm Rer settjdqoviying thalpesdhrtore(seporadia@n the
for compositions). The beaker containing the mixture is then placed ona =

beaker anHapptatbeand heate dat HOkEcT witltiortdntsclreqsbribigios |y $rows dbevhiteaging
the acetone evaporates. For complete drying the powders are removed

loss resulfsayfrti@nbadodioarnogsihie actpeeriynparediiat gbdacrzevidiiinaien hood.
Figure 1 shows the flux aging loss results of magnets following this recipe

organozircomapared o othelivggamotitdadites or organozirconates or no coupling

- agent at all: _
' Tabie 6. Compositions of Example 6
Component | Mass(g) | Weight Percent (%)
Example 6
MQpP'™-B - 1000 98.272
EPON 164 Resin 1.137 1.117
Dicyandiamide 0.068 0.067
Accelerator 0.023 0.022 .
Zinc Stearate 0.021 0.021
KZ OPPR™ 0.509 0.500
Example 7

Commercially available MQP™.B powder is pretreated in a 0.5% aqueous solution of
the anﬁnosilane s1A0610™ (Gelest). The powders are stirred for 10 minutes, and then they
are placed in an oven at 110°C for 30 minutes followed by drying under a fume hood for 24
hours. An 8% solution of an epichlorohydrin/cresol novolac epoxy resin EPON 164™ (Shell
Chemical Company), dicyandiamide curing agent (SKW Trostberg), a tertiary amine
accelerator, Fenuron™, (SKW Trostberg), and zinc stearate in a acetone is prepared in a glass
500 mL beaker. Stirring of the mixture is performed periodically in order to produce a
homogeneous solution of the organic components. The dry silane-coated powders are
subsequently added to the acetone solution, allowing the addition of more acetone to

sufficiently immerse the powders in the solution. The overall proportions and compositions
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Table 6. Compositions of Example 6 Component Mass (g) Weight
Percent (%) Example 6 MQP B 100.0 98.272 EPON 164 Resin 1.137
wo Zbdslos2¥cyandiamide 0.068 0.067 Accelerator 0.023 0.022 pZing St@ansiesss
0.021 0.021 KZ OPPR 0.509 0.500 10 Example 7 Commercially
available MQPT-B powder is pretreated in a 0.5% aqueous solution of the
aminosilane SIAO610T§afGeIest). The powders are ﬁgrre,d for 10 inuiesé don
of the copRgneRiA e A Habaelsr arl BYERAKC FOE A D R ANES Tolo Wl b
drying under a fume hood for 24 15 hours, An 8%, solution of an
2 hot plalegehibreIYcR T ST BRE S B TS BN TR Y e SR
Company), dicyandiamide curing agent (SKW Trostherg), a tertiary amine
evaporatgrooB BT (SR VP TSR RS B P BT ety
prepared in a glass 500 mL beaker. Stirring of the mixture,js erforrped ¢
on 2 lat perssiCHN T DRIBF RIS MBS RBIE R SRR AREARR: ©

components. The.dry silane-coated powders arg,20 subsequently added
anseated g EREROM ST S RSB AP ol BBV e R o

~_sufficiently immerse the powders in the solution. The overall proportions
the liquidegdBMBPERTESHs 31 WO 2005/052960 PCT/US2004/039859 of the

components are shown in Table 7. The beaker containing the mixture is
thenpple ‘¥ A0 %Sé;gﬂ SOfel%ampiﬁ%n gt

at 7 conten re
periodid \iass %gms hﬁ;_réercen @/la 9) irying the

N moved from-th ”?\'!!.‘,R ~
powderﬁe}f&)pg,,._.ﬁwd from-the-heardt uqd_spfeam?g}y—————
EPON 164 Resin 1.137 1.550
Dicyandiamide 0.068 0.094
Accelerator 0.023 0.031
| Zinc Stearate 0.021 0.029
SIA0610™ 0.031 0.030

Example 8

Commercially available MQP™.B powder is admixed with organotitanate LICA

38™ (Kenrich Petrochemicals, Inc.), an epichlorohydrin/cresol novolac epoxy resin EPON

164™ (Shell Chemical Company), dicyandiamide curing agent (SKW Trostberg), a tertiary
amine accelerator, Fenuron'™, (SKW Trostberg), zinc stearate, and organoclay Cloisite
30B™ (Southern Clay Products) in a 8% acetone solution. The resin, curing agent,
accclérater, zine stearate, organotitanate, and organoclay are added together with acetone ina
glass 500 mL beaker. The mixture is stirred periodically in order to produce a homogeneous
solution of the organic components. The MQP™.B powder is subsequently added to the
solution, allowing the addition of more acetone to sufficiently immerse the powders in the
solution (see Table 8 for compositions). The beaker containing the mixture is then placed on

a hot plate and heated at 50°C. The contents are periodically stirred while the acetone
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on a flat surface within a fume hood. Figure 6 shows a comparison the flux
aging loss of 8 untreated (uncoupled) MQPTM-B anQ’I SIA0610-coated
2T '1-B that have been subjected to the liquid-coating pro Table _
wo 2@4%%%1§ositions of Exam le7 Component Mass (g) Weight é%cfé%% 08’}0? 9859

Example 7 MQP -B 100.0 98.272 EPON 164 Resin 1.137 1.550
Dicyandiamide 0.068 0.094 Accelerator 0.023 0.031 Zinc Stearate 0.021

evaporated). 029 coANEEAB,0311R:GR0v dexample @ dodddromeheidliyiavaitabipread evenly
MQPTM-B powder is admixed with organotitanate LICA 38TM (Kenrich

on 2 flat si€itechighiicalfird)y@n epichlorohydrin/cresol novolac epoxy resin
EPON 164TH (Shell Chemical Company), dicyandiamide curing agent
(SKW Trostberq), a Tehie8yConyindiiacoblzratple FenuronTM, (SKW
Trostderg) Crinpsteartite, and\dagafmiclaly EkigiePeormM Southern Clay
Produgts) in a 8% acetone sdixtimplEl¥e resin, curing agent, 16
accelenxtQP 2ihB stearate, orgari®itanate, and offaiticiay areladded
togetheEWitN dédtBieeiin a | glass400 ml beaker. IH# mixture is stirred
periodidaityanditgeiito proflucele0BBmogeneous GORition of the organic
componerislethiierMQPTM:-B powder is subsequériBBadded tg the
solutidrziallayviaeatbe addition aj.n¥are a¢etone tasdficiently immerse the
powderg i AhggBblution (ske Takles8 forjcompositions). The beaker
containip#ie:mogde is then glaced on{20 a hotlate and heated at 50C.
The conients aré periodically stirred while the acetone 32 WO
2005/052960 PCT/US2004/039859 '

Example 9

Commercially available MQP™-B powder is precoated with a trisilanolphenyl

POSS™ additive (Hybrid Plastics) before further liquid-coating with an

“epichlorohydrin/cresol novoiac epoxy resin EPON 164™ (Shell Chemical Company),

dicyandiamide coring agent (SKW Trostberg), a tertiary amine accelerator, Fenuron™,
(SKW Trostberg), zinc stearate, an organotitanate LICA 38™ (Kenrich Petrochemicals, Inc.)
an organ(.:)clay Cloisite 30B™ (Southern Clay Products), and an antioxidant Ralox Lc™
(Degussa, butylated reaction product of p-cresol and dicyclepentadiene) in a 8% acetone
solution. -The resin, curing agent, accelerator, zinc stearate, organotitanate, organoclay and
antioxidant are added together with acetone int a glass 500 mL beaker. The mixture is stirred
periodically in order to produce a homogeneous solution of the organic components. The
MOQP™.B powder is subsequently added to the solution, allowing the addition of more
acetone to sufficiently immerse the poﬁders in the solution (see Table 9 for compositions).
The beaker containing the mixture is then placed on a hot plate and heated at 50°C. The
contents are periodically stirred while the acetone evaporates. For complete drying the
powders are removed from the beaker and spread evenly on a flat surface within a fume

hood.
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evaporates. For complete drying the powders are removed from the

beaker and spread evenly on a flat surface within a fume hood. Table 8.
wo %@ppesifion of Example 8 Component Mass (g) Weight Peggerviah /639859

Example 8 MQP -B 100 97.605 EPON 164 Resin 1.457 1.422

Dicyandiarnide 0.087 0.085 Accelerator 0.029 0.028 Zinc Stearate 0.091

0.089 LICA 38 0. 615 0 600 Cloisite 30B 0.175 0.171 5 Example 9

CO m&@@@m 8 tad \Anth o
trisflanalph&r mmﬁm AR, bt Berseat(ia)

||q id- Coatmo with.an Pnl(‘hl(ﬁ’gﬂmﬁﬂ‘rnc LLnovolac nggéy_;esﬂo EPON
164WRRReR Chemical Comphny)0%ya diamidede? y-agent{SKW

TrostRdy, Jo4dReaiy amine achelek&_ Ee nurontml4B9SKW Trostberg),
zin¢ Bearaizanderganotitanatb 1 168638 (Kenrich BL9%themical , hie.)
an oyeredalatpiCloisite 30BTm [(Solern dlay ProdfidtE) and an
antioXidast&alex LC m_(Dequissal8afylated reactiéi§fbduct of p-cresol
and disyalgsetitadiene) in a 8% acdidie splution. Thé8sin, curihg agent,
acceleleinte 208 Stearate, organotldidte, organocldy®¥d _antioxjdant are
addetitogeibpheitl RGRENE in a Pe¥¥500 mL beakek2¥he mixtyre is
stirred at5xperiOdically in order to pidfiite ajhomogefiédds solution of the
organic components. The MQP-B powder is subsequently added to the
solution, allowing the addition of more acetone to sufficiently immerse the
powders in the solution (seeMabétl Shfansompositions). The beaker
containing the mixture is then placed on a hot plate and heated at 50C.
MER® modifications and variations of this invention can be made without departing

from its spirit and scope, as will be apparent to those skilled in the art. The specific
embodiments described herein are offered by way of example only, and the invention is to be
limited only by the terms of the appended claims, along with the full scope of equivalents to

which such claims are entitled.

References Cited

All references cited herein are incorporated herein by reference in their entirety and
for all purposes to the same extent as if each individual publication or patent or patent

application was specifically and individually indicated to be incorporated by reference in its

entirety for all purposes.
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contents are pg}iodically stirred while the acetone evaporates. For
complete drying the 20 powders are removed from th@e beaker and spread
a flat surface within a fume hood. 33 WO 2005/052960
wo 2@@%%@@004/039859 Table 9. Composition of Exam le 9 C%%ﬁ%%gﬁf/ 039859
Mass () Wei ht Percent (%a) Exam le 9 M(?p _B 100.0 97.605 EPON
164 Resin 1.050 1.025 Dicyandiamide 0.063 0.061 Accelerator 0.021
WHAT 1DE281vime Hearate 0.066 0.0 44 LICA 38 0.130 0.490 Cloisit 330B
0.615 0.600 Trisilanolphenyl POSS 0.500 0.123 Ralox LC 0.011 0.011

1. A Miseeylappeirdany madifiaalivns angdyaiationsehthim ventien£aAhe; a

made without departing 5 from its spirit and scope, as will be apparent to

ratbesaiskililed ddiheca-tbsnspasiic RwhedivaniswRe & et Nere iR Rising, in

offered by way of example only, and the invention is to be limited only by

anth@sRHNG Ok Bighappanded alaipswalenarwiibihe. fulksenpe-ot o W aeats

to which such claims are entitled. References Cited 10 All references

weliBeifeesein &f eringaspetaiadib oraifbyraferpRee dohaizantalaang (o

all purposes to the same extent as if each individual publication or patent
walgaierdent to about 4.46 weight percent of an epoxy resin, about 0.01 weight
percent to about 0.27 weight perceﬁt of an amine-based hardener, about 0.004 weight
percent to about 0.09 weight percent of an acceierator, and about 0.003 weight percent
to about 0.27 weight percent of a lubricant;
‘wherein the general form of the cdupling agent is

RO-)(Ti ot ZH-ORY )4 N

where R is a neopentyl{diallyl), dioctyl, or (2,2-diallyloxymethyDbutyl group, Ti or

Zr has a coordination number of 4, R is a phosphito, pyrophosphato or cyclic

pyrophosphato segment, and Y is a dioctyl or ditridecyl end group, with 1 < n<4.

2. The rapidly solidified rare earth-transition metal-boron magnet material of claim 1,
wherein said coating comprises about 0.1 weight percent to about 1 weighi; percent of
the organotitanate or organozirconate coupling agent, about 0.43 weight percent to
about 3 weight percent of the epoxy resin, about 0.025 weight percent to about 0.18
weight percent of the amine-based hardener, about 0.009 weight percent to about 0.06
weight percent of the accelerator, and about 0.009 weight percent to about 0.19

weight percent of the lubricant.

3. A rapidly solidified rare earth-transition metal-boron magnet material, comprising a

rare earth-transition metal-boron magnet powder coated with a coating comprising, in
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application was specifically and individually indicated to be incorporated
by reference in its entirety for all purposes. 34 WO 2005/052960

w0 2066/0A68004/039859 WHAT IS CLAIMED IS: 1. A rapidly satidifiethsanessss

earth-transition metal-boron magnet material, comprising a rare
earth-transition metal-boron magnet powder coated with a coating
comprising, in an amount by weight of the magnet powder, of about 0.
anweigRider ceeiehs abBus Dz RN QDL SrraretiRiE g o about
organozirconate coupling agent, about 0.18 weight percent tq about. 4.46.
4.%@;%@@@%?&% FRABEIR &%ﬁ%iaﬁ?xﬁéFé&tﬁaogb@{&tlo%gm
- weight percent of an amine-based hardener, about 0,004 weigh cent
perscalb i abosY MAAGREBBIRAEBH BN A8 FEERTR 6&5’%‘5%% preisht
percent to about 0.27 weight percent of a lubricant; 10 wherein the
pegembial Fopt Bithe LIRS AERHR SO ROTHEF Eﬁ“ﬁ%@?@“@ﬁﬁ‘f&ﬂ?&% ppout
is a neopentyl(diallyl), dioctyl, or (2,2-diallyloxymethyl %L;%l gr%ttgg,é}l'i oqu ;
& phEGE &Gt
-pyrophosphato segment, and Y is a dioctyl or ditridecyl end group, with 1
023 woight pecocre e BRI Lo NEFHR PAFESRA A AR-GTETRST BT SEIBE 2eent
magnet material of claim 1, wherein said coating comprises about 0.1
ofiibigierPercent to about 1 weight percent of the organotitanate or
org_anozircor_late coupling agent, about 0.43 weight percent to about 3
\évilgf{%zo Ve ¥R this epoxy resin, about 0.025 weight percent to about
. ) weight percent of the amine-based hardener, about 0.009 weight
wherenist ARG HE T HERAOOr I SERTIRRRSF s Kobi 0,009

weight percent to about 0.19 weight percent of the lubricant.
pyrophosphato segment, and Y 1s a diocty end group.

. The rapidly solidified rare earth-transition metal-boron magnet material of claim 3,

wherein said coating compriseg ahout 0.68 weight percent to about 2.76 weight
percent of epichlorohydrin/cresol novolac epoxy resin, about 0.04 weight percent to
about 0.17 weight percent of dicyandiamide hardener, about 0.01 weight percent to
about 0.055 weight percent of the aromatic, tertiary amine accelerator, about 0.01

weight percent to about 0. 175 weight percent of the zinc stearate lubricant.

. A rapidly solidified rare earth-transition metal-boron magnet material, comprising &

rare earth-transition metal-boron magnet powder; and
an organotitanate or organozirconate coupling agent of the general form
(RO-)o(Ti o1 Zr)(-OR Y)an
where R is a neopentyl(diallyl), dioctyl, or (2,2-diallyoxymethyl)butyl group, TiorZr
has a coordination number of 4, R is a phosphito, pyrophosphato or cyclic

pyrophosphato segment, and Y is a dioctyl or ditridecyl end group, with 1 < n<4;
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3. A rapidly solidified rare earth-transition metal-boron magnet material,
comprising a 25 rare earth-transition metal-boron magnet powder coated

WO z&s%ggz%%atmg comprising, in 35 WO 2005/052960 PCT/US2004/039859

an amount by weight of the magnet powder, of about 0.225]F’v(\/jé[‘|‘6’ﬁt2 %Oé/g:égﬁfg
to about 4.25 weight percent of epichlorohydrin/cresol novolac epoxy
resin, about 0.01 weight percent to about 0.26 weight percent of
wiliesandidnoide hegdepat iapbaidt: 80 bnvaightitieroangho albutlxdB88 powder
weight percent of an aromatic, tertiary amine accelerator, about 5 0.004
of WBHINPELCehtpakent & 2Boneighepgrosnteadzinc stearate lubricant, and
about 0.35 weight percent to about 0.75 weight percent of an
organotitanate coupling agent of the form (RO-)Ti(-OR Y)3 where R is a
neopentyl(diallyl), Ti has a coordination number of 4, Risa 10

6. ThHyropddsphatisdgmenrtrdnddnigiaioetyl eocbgianpnet. mideriapidlyiaim 5,

solidified rare earth-transition metal-boron magnet material of claim 3,
whdielieinidaideanating gerposesaticidndté8oupidit peroeistddthbduti. 76
weight percent of epichlorohydrin/cresol novolac epoxy resin, about 0.04
Weigmmmnbtﬁiﬁ“@mp.ﬂ weight percent of dicyandiamide
hardener, about 0.01 weight percent to about 0.055 weight percent of the
whERNREC iestipes st igboaienp! 07 saut@Adinatightupebeeof t Rbisut
0.175 weight percent of the zinc stearate lubricant. 5. A rapidly solidified
pyasghesptirisangitient mathivoero diceagrekirgederial, comprising a 20 rare
earth-transition metal-boron magnet powder; and an organotitanate or
whegdn ezt ongitigpapting apestufithengemarat TormeEOaf e magnet powder
Zr)(-ORY)w, where R is a neopentyl(diallyl), dioctyl, or
of( AxduialBdxaizdthythoety| gratiputll.df Freipbsmereotdination number of 4,
- R is a phosphito, pyrophosphato or cyclic

. A rapidly solidified rare earth-transition metal-boron magnet material, comprising a

rare earth-transition metal-boron magnet powder coﬁprising a pre-coafing of an
organotitanate or organoiirconate coupling agent of the general foﬁn
RO-)o(Ti or ZE-OR ¥z

~where R is a neopentyl(dialtyl), dioctyl, or (2,2-diallyloxymethyl)butyl group, Ti
or 7r has a coordination number of 4, R' is a phosphito, pyrophesphato or cyclic
pyrophosphato segment, and Y is a dioctyl or ditridecyl end group, with 1 =n <4,
present in an amount by weight of the magnet powder of about 0.1 weight percent to
about 1 weight percent; and

a further coating comprising, in an amount by total weight of the final mixture, of

about 0.18 weight percent to about 4.46 weight percent of an epoxy resin, about 0.01
weight percent to about 0.27 weight percent of an amine-based hardener, about 0,004
weight percent to about 0.09 weight percent of an accelerator, and about 0.003 weight

percént to about 0:27 weight percent of alubricant.
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15 n:1S 4; 36 WO 2005/052960 PCT/US2004/039859 wherein said

wo %esping@gent is present in an amount by weight of the magaetywdarosss

8.
5
0.
i0
15
20
10.
25

1918 A AHOHE L PRI TR

of about 0.1 weight percent to about 1 weight percent. 6. The rapidly
solidified rare earth-transition metal-boron magnet material of claim 5, 5
wherein said organotitanate or organozirconate coupling agent is of the
form (RO-)(Ti or Zr)(-OR Y)3 where R is a neopentyl(diallyl) group, Ti has

a coordination_ number of 4, R' is.a pyrophaosphato segment, agfﬁé%ﬁqa

Throagidbneedidfipd ve Fa s HRMEGERIMG AbRATIE PREEHRSH By
weight of the magnet powder 10 of about 0.35 weight percent fo about .

W@#S%éﬁ@%f”ﬁ%%éiﬂ?*ﬁ%?&%ﬁﬁé&I‘i’éﬁﬁ%ﬁ-ﬁr‘é’%ﬁ%ﬁ%??ﬁﬁ’éﬁf8r?b°“‘ 3 weight
metal-boron magnet material, comprising a rare earth-tra sitéon )

Pl DoTO FRAGHEEIVIRERT igiﬁlg%?g 3%@885&%‘)8?%&-1 weight percent
organotitanate or organozirconate coupling agent of the, %?’gﬁ;ﬁl form.15

of seesdyaprinor s SRYepETWARGRE R 904 WESHERRTRANAI AL A1 cteht

(2,2-diallyloxymethyl)butyl group, Ti_or Zr has a coordination ber, qof 4,
DR HBGAES BRI AR BRAN SO SR BREPRAB LS il v
is a dioctyl or ditridecyl end group, with 1 <_n :S 4, presentin an amount
peipetiphtad IHBritAlinet powder of about 0.1 weight percent to 20 about 1
weight percent; and a further coating comprising, in an amount by total
weight of the final mixture, of about 0.18 weight percent to about 4.46
weight percent of an epoxy resin, about ?1.01 weight percent.to about 0.27
AR ERRBRIEdr a7 SR BRIk R 2 SR OOR It BRREERE 2
to about 0.09 weight percent of an accel%{ator, and about 0.003 Weigpt
?I‘aﬁ,‘ﬁfsﬂl&éﬁlg a pre—coatmg an

organotitanate coupling agent of the form
(RO—)Ti(—OR’Y)g

where R is a neopentyl(diallyl) group, Ti has a coordination number of 4, R is a
pyrophosphato segment, and Y is a dioctyl end group, present in an amount by weight
of the magpet powder of about 0.35 weight percent to about 0.75 weight percent; and

a further coating comprising, in an amount by weight of the final mixture, of about
0.225 weight percent to about 4.25 weight percent of epichlorohydrin/cresol novolac
epoxy resin, about 0.01 weight percent to about 0.26 weight percent of dicyandiamide
hardener, about 0.005 weight percent to about 0.085 weight percent of an aromatic,
tertiary amine accelerator, and about 0.004 weight percent to about 0.27 weight

percent of zinc stearate lubricant.

The rapidly solidified rare earth-transition metal-boron magnet material of claim 9,
comprising the pre-coating of the organotitanate coupling agent at a concentration

range of 0.35 — 0.75% by weight of the rare earth-transition metal-boron powder; and
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37 WO 2005/052960 PCT/US2004/039859 8. The rapidly solidified rare
earth-transition. metal-boron magnet material of clainz{j, wherein said
h ating comprises about 0.43 weight percent to about 3 weight
wo Jf)ldeit’ég‘g%tg gf said epoxy resin, about 0.025 weight percent to gggﬁ({%}%gmwsw
weight percent 5 of said amine-based hardener, about 0.009 weight
percent to about 0.06 weight percent of said accelerator, and about 0.009

whightrpescenitiopaliob ol weigit, (pes0sht of Badel dphitidawnih Qirdvfapicdly
solidified rare earth-transition metal-boron magnet material, comprising a

no¥Olsargerythesiansitioh-aaipodarymainetip bivdieneoiPising.a55% of the
pre-coating of an organotitanate coupling agent of the form (RO-)Ti(-OR

- arof3tiwheneifyiamine apesitriiaialiyl) igrogpi 7bidhatne cearainhitaivmumber of

4, Ris a pyrophosphato segment, and Y is a dioctyl end group, present in
an amount by weight 15 of the magnet powder of about 0.35 weight
percent to about 0.75 weight percent; and a further coating comprising, in
ahlamoupidhy swBilifiedtthe dindl-nixtitiopofhabhbbbro?@hgueighttpeindent to
about 4.25 weight percent of epichlorohydrinlcresol novolac epoxy resin,

coalpoisil Alrave igihthperoehido mbolitG26 waiglht perednt afatitdyaittiarndeng
hardener, about 0.005 weight percent to about 0.085 weight percent of an

coanidatis, idAnentanntlyi e it elftiatanagnek pooudep,. 00 4hweidht perceht to

about 0.27 weight percent of zinc stearate lubricant. 10. The rapidly
pesadidifiedbxare2cavthiptarsitientnod tal-qurop rexg wiom0d % wkighirpedcent to

comprising the pre-coating of the organotitanate coupling agent at a
abootQditratight 3 emamg efof0a8bnctbised hardeaighbohih@.@dreveight percent to

~ earth-transition metal-boron powder; and 38 WO 20051052960
abBP@ DUSRAH0BI8EE of an accelerator, about 0.04 weight percent to about 0.16
weight percent of a lubricant, about 0.001 weight percent to about 0.3 weight percent
of an organoclay, and about 0.35 weight percent to about 0.75 weight percent of an
organotitanate or organozirconate coupling agent of the general form
(RO-)u(Ti or Zr)(-OR 'Y )as
where R is a neopentyl(diallyl), dioctyl, or (2,2-diallyoxymethyDbutyl group, Ti

or Zr has a coordination number of 4, R is a phosphito, pyrophosphato or cyclic

pyrophosphato segment, and Y is a dioctyl or ditridecyl end group, with 1 < n<4.

12. The rapidly solidified rare earth-transition metal-boron magnet material of claim 11,
wherein the coupling agent is an organotitanate coupling agent of the form
(RO-)Ti(-ORY);
where R is a neopentyl(diallyl), Ti has a coordination number of 4, Risa

pyrophosphato segment, and Y is a dioctyl end group.

13. The rapidly solidified rare earth-transition metal-boron material of claim 11, wherein:
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the further coating of, by total weight, 0.680% - 2.76%
epichlorohydrin/cresol novolac epoxy resin, 0.040 - 0.170% dicyandiamide

w0 Joasdenags 0.010 - 0.055% of the aromatic, tertiary amine ageelesgbon/o39839

15.

0.010 - 0.175% zinc stearate lubricant. 5 11. A rapidly solidified rare
earth transition metal-boron magnet material, comprising a rare

th -transition metal- wder coated with a coating '
R, rﬁrarrsarms?rﬁtiébwiqg PR Bt of about 0.5
We ht per ent o el perc fan epoxy resin, about 0.035
S e

ﬁfet ‘3‘?’&?{ 'amine-based hardener,
@Et 0.01 wei ercent to 10 gbout 0,05 wei ercent of an
i DB i BEAEACH S 6061 BB weight percent of
about 0,001 weight percent to about 0.3 weight percent of an
%5 I'Ei?ﬁlﬁrtﬁl %B%ﬁtteﬁr f&fyht percent to about 0.75 weight percent of

an, organotitanate or Q ozjycqnate lin of t eneral form

e R D P BT g sals

g}é)dr oxymethyl)butyl group, Ti or Zr has a coordination number of 4,
ei)hrto pyrophosphato or cyclic pyrophosphato segment, and Y

is a dioctyl or ditridecyl end group, with 1:5 n < 4. 12. The rapidly solidified
rare earth transition metal-boron magnet material of claim 11, 20 wherein

S R

h d diocty!
%@?f éé‘rgﬁréﬁvié’ﬁy Hhe g%%rfﬁ%@ﬁ@@ﬁ di %&r‘é’ﬁnﬁtﬂtﬂ% )
clarﬁ? 11, Whe in: 39 W 2005/05296 @/%32004/ 398%? th SR

WS RESTAR %‘hy‘&ﬁ“fﬁﬁ: oﬁW&?géged% N

ag%ggﬂl%rl Is.s CX/atrﬂqJeaxrl?(l)%?teh %EQCF about 0.35 weight percent to about .75 weight

percent of an organotitanate coupling agent of the form
(RO-)Ti(-ORY)s
where R is a neopentyl(diallyl), Ti has a coordination number of 4, R'isa

pyrophosphato segment, and Y is a dioctyl end group.

A rapidly solidified rare earth-fransition metal-boron magnet material, comprising:

a rare earth-transition metal-boron magnet powder;

a pre-coating of a POSS additive present in an amount by weight of the magnet
powder of about 0.1 weight percent to about 5 weight percent; and

a further coating comprising, in an amount my total weight of the mixture, of about
0.54 weight percent to about 2.75 weight percent of an epoxy resin, about 0.03 weight
percent to about 0.17 weight percent of an amine-based hardener, about 0.01 weight

percent to about 0.06 weight percent of an accelerator, about 0.035 to about 0.175
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the accelerator is an aromatic, tertiary amine accelerator, the lubricant is
zinc stearate; dnd 5 the organoelay comprises his (hydroxyethyl) methyl
tallow alkyl ammonium salts with bentonite. 14. The rapidly solidified rare

WO R&tharahsition metal-boron magnet material of claim 11, wifeF&{i-4at{3989

coating comprises about 0.001 weight percent to about 0.3 10 weight
percent of an organoclay comprising his (hydroxyethyl) methyl tallow alkyl

waigirpeicentseitsluhthchentboite 0 &idwahigut 3% reigiiqr Tetdeighbptrcent
0.75 weight percent of an organotitanate coupling agent of the form

of( RO FI(DRY)E whepaRisa@naopenplifdialpdht b ias @ceardination
number of 4, R is a 15 pyrophosphato segment, and Y is a dioctyl end
group. 15. ARPilliiTsotidiffedinie) earth-transition metal-boron magnet
material, comprising: a rare earth-transition metal-boron magnet powder;

- whepr& doatingpiuyRASS Boditve Tpreseri-didly kxaustyy)meightof#) i or

16.

17.

18.

19.

magnet 20 powder of about 0.1 weight percent to about 5 weight percent;

Zidrd a forthinadatingndompfidiogsjiRais aplowsphiny, ietaipkeightef Saeyclic
mixture, of about 0.54 weight percent to about 2.75 weight percent of an

pyepphosphato, sigownl. 080ikightdjperybot titalecyieAd geightyitscent okan
amine-based hardener, about 0.01 weight percent to about 0.06 weight

abpetdbtdianght petecatdo, ot 0MH35 tdshbput@l T 40 drddabclay, and
2005/052960 PCT/US2004/039859 weight percent of a lubricant, about

ab0189)\\egvearcenttntababbt PDMRigkishe reentnobAmncrganaidtan aear

organozirconate coupling agent of the general form (RO-),(Ti or Zr)(-OR
Y)4_n
The rapidly solidified rare earth-transition metal-boron magnet material of claim 15,
wherein the coupling agent is an organotitanate coupling agent of the form
(RO-)Ti(-ORY);3.

where R is a neopentyl(dially}), Ti has a coordination number of 4, Risa

pyrophosphato segment, and Y is a dioctyl end group.

The rapidly solidified rare earth-transition metal-boron magnet material of claim 15,

wherein the POSS additive is trisilanolphenyl or epoxycyclohexyl POSS.

The rapidly solidified rare earth-transition metal-boron magnet material of claim 15,
wherein the antioxidant agent is a butylated reaction product of p-cresol and

dicyclopentadiene antioxidant.

The rapidly solidified rare earth-transition metal-boron magnet material of claim 15,
wherein:

. the epoxy resin is epichlorohydrin/cresol novolac epoxy resin,
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where R is a neopentyl(diallyl), dioctyl, or (2,2-diallyloxymethyl)butyl
group, Tior 5 Zr has a coordination number of 4 or 5, R is a phosphito,

wo 20¥seehsphato or cyclic pyrophosphato segment, and Y is acaiagtxiare39sse

20. Thigs

ditridecyl end group, with 1:5 r< 4, about 0.003 weight percent to about
0.055 weight percent of an organoclay, and about 0.003 weight percent to
about 0.015 weight percent of an aptioxidant agent. 10 16. The rapidly
sohairBtaRe e SR s I raRdaBISH ukReb material of claim 15,
wherein the coupling agent is an organotltanate coupling agent of the form
(REE PSSR 3 AR RS REBRR AR AR5 5F Ris a coordination

number of 4, Ris.a p rophos hato egment, and Y is a dioctyl end group.
1??71“4?1:}83?5;5%@“&3{ ﬁ‘%pansmon metal-boron magnet

material of claim 15 Whe e POSS additive is trisilan enyl or
egBRYEFEIHERY qué‘gge &1&’?&%@ %‘gr?%L?Ba pium salts

metal-boron magnet materlal of claim 15, 20 Whereln the ant|OX|dant

Wé%‘ @%‘“Sutylated reaction product of p-cresol and dicyclopentadiene
antioxidant. 19. The rapidly solidified rare earth-transition metal-boron
magnet material of claim 15 Whereln 25 the epoxy resin is

eplchlorohyd n/cresol nov esin,, 41 WO 2005/0529
55 G DR T AR RS i 15,

hard_er_wer, the accelerator is an aromatlc, tertiary amine accelerator, the
“R#AE%Nt is zinc stearate lubricant; and the organo clay additive is his

Y L o A S TG SR 2y BB B8 o Ginount of

. about 0.1 weight percent to about 1 Weighf percent, by weight of the magnet powder;

and

said further coating comprises, by total weight of the miixture, of about 0.54

“weight percent to about 2.75 weight percent of epichlorohydrin/cresol novolac epoxy

resin, about 0.03 weight percent to about 0.17 weight percent of dicyandiamide
hardener, about 0.01 weight percent to about 0.06 weight percent of an aromatic,
tertiary amine accelerator, about 0.035 weight percent to about 0.175 weight percent
of zinc stearate lubricant,

about 0.35 weight percent to about 0.75 weight percent of an organotitanate
coupling agent of the form

(RO-Ti(-ORY);

‘where R is 2 neopentyl(diallyl), Ti has a coordination number of 4, R'isa

pyrophosphato segment, and Y is a dioctyl end group,
about 0.003 weight percent to about 0.07 weight percent of an organoclay comprising

bis (hydroxyethyl) methy! tallow alkyl ammonium salts with bentonite, and
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20. The rapidly solidified rare earth-transition metal-boron magnet material
of claim 15, W(ﬁerein: said pre-coating is a trisilanolqhényl or
e pxycyclohexyl POSS in an amount of 10 about 0.1 weight percent to

wo Zgg?ﬂﬂﬂzf‘%eight percent, by weight of the magnet powder; aRfel<BfdoRMIFaF59
coating comprises, by total weight of the mixture, of about 0.54 weight
percent to about 2.75 weight percent of epichlorohydrin/cresol novolac

eRBYt (RS, AR PL3:WalghbATeEN5IAARRLE A WY M PR BNt QL ction
dicyandiamide 15 hardener, about 0.01 Weigtﬁt percent to about 0.06

prot@ighbPEIGRRLDIRNBEPMAis AR aRNRR ACCelerator, about 0.03 5
weight percent to about 0.175 weight percent of zinc stearate lubricant,

about 0.35 weight percent to about 0.75 weight percent of an
organotitanate coupling agent of the form 20 (RO-)Ti(-OR Y)3 where R is

- 21. A peepestyl(@irllybati @ s.piappsdination HMbemolh 4 Rilshanetal-boron
pyrophosphato segment, and Y is a dioctyl end group, about 0.003 weight

mpeiseniateraost ARk meight percent of an organoclay comprising bis
(hydroxyethyl) methyl tallow alkyl ammonium salts with bentonite, and 42

CpAdOiBARSIRB2960 BEFAIS00HABABEA Rkt QAN WRIghiREFERBh1R:

about 0.015 weight percent of a butylated reaction product of p-cresol

codplithicyaian antasieneaRtideRAbr 2dn AcRIRERSS, Ahiow RN dherein said

rapidly solidified rare earth-transition metal-boron 5 magnet material,
ho2GapHSHIY sRIaN NG A1ReHuen-cRRPIISHEY So3eieit, an organotitanate or

organozirconate
combining a rare earth-transition metal-boron magnet material with said
homogeneous solution to form a slurry mixture;
stirring said slurry mixture periodically; and

maintaining said slurry mixture at a ternperature between 40-60°C, such that said

solvent evaporates.
22. The process of claim 21, wherein the solvent is acetone.

23. The process of claim 22, further comprising introducing an organoclay into the

homogeneous 8 - 25% solution.

24. The process of claim 22, further comprising introducing an antioxidant agent into to

the homogeneous 8 - 25% solution.

25. The process of claim 22, wherein both an organotitanate and an organozirconate

coupling agent are added to the homogeneous 8 - 25% solution.
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coupling agent, an epoxy resin, hardener, an accelerator, and a lubricant,
wherein said homogeneous solution is a homogeneous 8 - 25% solution;

WO 2@@%@&9 a rare earth-transition metal-boron magnet matefjgjrmiggaggjglmsg

26.

27.

28.

omogeneous solution to form a slurry mixture; stirring said slurry

mixture periodically; and maintaining said slurry mixture at a temperature

between 40-60C, such that said solvent evaporates. 15 22. The process
Tot glaine@ biwhene i théhsulvertidsnaicdton s PRITARHTotadeTapURiFFEIEIWeen

further comprising introducing an organoclay into the homogeneous 8 -
50845 6dlution. 20 24. The process of claim 22, further comprising

introducing an antioxidant agent into to the homogeneous 8 - 25%

solution. 25. The process of claim 22, wherein both an organotitanate and

an organozirconate coupling agent are added to the homogeneous 8 -
T26YreoistioncREm TR0/ 08256 PO TS 2H0 N0 898 59rtharamsEion

process of claim 22, wherein said mixture is maintained at a temperature
nialvberoio0Beria] by diFkel prgceserptuthinnale furhergurapiiemgte coupling

pre-treating the rare earth-transition 5 metal-boron material by dissolving
agenbiganistitasatesdp frorgdAdzidstian addipingeaamnanisiinsitionaetal-

to form a 50% solution; adding the rare earth-transition metal- boron )
hoowdervirder intosbhusidntionided apeirernineHbasettms solvesi tnspdygesaid

said pre-treated rare earth-transition metal-boron powder. 10 28. The
poeccessbfactadaritryuhisienmsiid-selos mowdetrahydrofuran, and said

process further comprises pre-treating the rare earth-transitio

metal-boron powder by '

The procesls of claim 21, wherein said solvent is tetrahydrofuran, and said process

~ further comprises pre-treating the rare earth-transition metal-boron powder by

dissolving a POSS additive in tetrahydrofuran to form a 50% solution; adding the rare

earth-transition metal-boron powder into the solution; and evaporating the

- tetrahydrofuran to produce said pre-treated rare earth-transition metal-boron powder.

29.

A rapidly solidified rare earth-transition metal-boron magnet material, comprising a
rare earth-transition metal-boron magnet powder coated with a coating consisting
essentially of, in an amount by weight of the magnet powder, of about 0.1 weight
percent to about 1 weight percent of an organotitanate or organozirconate coupling
agent, about 0.18 {veight percent to about 4.46 weight percent of an epoxy resin, about
0.01 weight percent to about 0.27 weight percent of an amine-based hardener, about
0.004 weight percent to about 0.09 weight percent of an accelerator, and about 0.003
weight percent to about 0.27 weight percent of a lubricant;

wherein the general form of the coupling agent is

(RO-)(Ti or ZD(-OR YV)sn
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dissolving a POSS additive in tetrahydrofuran to form a 50% solution;
adding the rarg_earth-transition metal-boron powder(i‘nto the solution; and
evaporating the tetrahydrofuran to produce said pre-treated rare

WO 20053 Mhsition metal-boron powder. 15 29. A rapidly solidffelf§pa04/039859

30.

31.

earth-transition metal-boron magnet material, comprising a rare
earth-transition metal-boron magnet powder coated with a coating

wikarSiStngnespenyaiii0fyin A8 AMosNChY AveIRé ofihemaaiet gewsleri or

of about 0.1 weight percent to about 1 weight percent of an

Zrdiganetitadateivnargabeziscanrtes coppinnhR8, pgamnahput Dot Syuaight
percent to about 4.46 weight percent of an epoxy resin, about 0.01 weight

pypepbespliataBephidn/ eight perernt of dvan¥ng-Baserhhardemer.abouy,

0.004 weight percent to about 0.09 weight percent of an accelerator, and
about 0.003 weight percent to about 0.27 weight percent of a lubricant;
wherein the general form of the coupling agent is 25 (RO-).(Ti or Zr)(-OR

ThE)¢apidl (ONAHR2ADRIREAIBORETHIS RAA/O3LREMawhare ReiSablof claim 29,
neopentyl(diallyl), dioctyl, or (2,2-diallyloxymethyl)butyl group, Ti or Zr has

wieedorsitbtioning ehsiving, &sisaapipagivios yToptighppatear ey Hisut 1
pyrophosphato segment, and Y is a dioctyl or ditridecyl end group, with 1

weight igedccn 36F hberapioliisaticlfiest fane Aadhdrosipon mekalt bavea 0.43
magnet material of claim 29, wherein said coating consisting essentially

welghbperctnl welghiyderedghipabattcl tieigbkpessaNtabbihe.025 weight
organotitanate or organozirconate coupling agent, about 0.43 weight

pepaaiend thalxoll 8 weighttpreceend OihthansipextyasediRardener, GHIADOMEIght
percent to about 0.18 weight percent of the amine-based hardener, about

wd B Pd0aneighibpatCedd tocibinylcdebit whiibhpatkemoef ihe Aece @ or,
and about 0.009
weight percent to about 0.19 weight percent of the Iubricant.

A rapidly solidified rare earth-transition metal-boron magnet material, comprising a
rarg earth-transition metal-boron magnet powder coated with a coating consisting
essentially of, in an amount by weight of the magnet powder, of about 0.225 weight
percent to about 4.25 weight percent of epichlorohydrin/cresol novolac epoiy resin,
about 0.01 weight percent to about 0.26 weight percent of dicyandiamide hardener,
about 0.005 weight percent to abéut 0.085 weight percent of an aromatic, tertiary
amine accelerator, about 0.004 weight percent to about 0.27 weight percent of zinc
stearate lubricant, and about 0.35 weight percent to about 0.75 weight percent éf an
organotiténate coupling agent of the form

(RO-)Ti(-OR'Y);
where R is a neopentyl(dially}), Ti has a coordination number of 4, R is a

pyrophosphato segment, and Y is a dioctyl end group.
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weight percent to about 0.19 weight percent of the lubricant. 31. A rapidly
solidified rare earth-transition metal-boron magnet material, comprising a

WO z%g%gfgéﬁ-transition metal-boron magnet powder coated with g gQaking 39839

32.

consisting 15 essentially of, in an amount by weight of the magnet

powder, of about 0.225 weight percent to about 4.25 weight percent of

epichlorohydrin/cresol novolac epoxy resin, about 0.01 weight percent to
Thipeundl v sakidigisd sare éritatarRs HARIRMRlcheaPa erascA BER ERbOE S Y.

percent to about 0.085 weight percent of an aromatic, tertiary amine
whexed e pai COmbBE D UDHS FEIGREREF QL BT BshRTEII & ARRLE- 76

zinc 20 stearate lubricant, and about 0.35 weight percent to about 0.75

- waielyrirperabnt epishlospyarBniaiaeh ROUPRR GRYHESIHDRYHH 04 weight

(RO-)Ti(-OR Y)3 where R is a neopentyl(diallyl), Ti has a coordination =
DHOPRbE abw;tp@-ibw@galams@@@mgﬂs@@%ﬁwwwg%in 8%y greight
25 45 WO 2005/052960 PCT/US2004/039859 32. The rapidly solidified

| PRI EHFREEHION Wt PR RSAt AL B ATRASK I BHETATES ferelaion

a0 R iYiEE RRERS EAPAGIORYIATTERSRTREUR

said coating consists essentially of about 0.68 weight percent to about
é%@p%%j fegrisbdatcant

0.04 weight percent to about 0.17. weight percent of dicyandiamide

~“hardener, about 0.01 weight 5 percent to about 0.055 weight percent of

33.

34.

the aromatic, tertiary amine accelerator, about 0.01 weight percent to,
Agepifdly 195 is) RIS SEEN BRI IME RsRPLE MBAREtTPaisE 2 Gty e

solidified rare earth-transition metal-boron magnet material, consisting
cssgBEAllAINS Gratrasar BN ARG AR BISF AL RGREEpGWHer; and 10

an organotitanate or organozirconate coupling agent of the general form
ApRERINitnate @gjﬁg@;@iﬁmnate coupling agent of the general Torm

(RO-)u(Ti or ZE(-OR Y)a

where R is a neopentyl(diallyl), dioctyl, or (2,2-diallyoxymethylbutyl group, Ti or Zr

has a coordination number of 4, R is a phosphito, pyrophosphato or cyclic
pyrophosphato segment, and Y is a dioctyl or ditridecyl end group, with 1 < n<4;
wherein said coupling agent is present in an amount by weight of the magnet powder

of about 0.1 weight percent to about 1 weight percent.

The rapidly solidified rare earth-transition metal-boron magnet material of claim 33,

wherein said organotitanate or organozirconate coupling agent is of the form
(RO-X(Ti or Zr)}(-ORY)s

where R is a ﬁeopentyl(diallyl) group, Ti has a coordination number of 4, Risa

pyrophosphato segment, and Y is a dioctyl end group;

wherein said coupling agent is present in an amount by weight of the magnet powder

of about 0.35 weight percent to about 0.75 weight percent.
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where R is a neopentyl(diallyl), dioctyl, or (2,2-diallyoxymethyl)butyl group,
Tior Zr has a coordination number of 4, R" is a phosphito, pyrophosphato

wo 285s505lie, Pyrophosphato segment, and Y is a dioctyl or ditrid >¢ nd ,
© gr%%é’r%g\g\‘}ith 1 < n<4; 15 wherein said coupling agent is prlle)(s%cn Sler%ogﬁm”w

amount by weight of the magnet powder of about 0.1 weight percent to
about 1 weight percent. 34. The rapidly solidified rare earth-transition
35. A mptdlsboriidificdgnst eutetiabofiolaine@3bovhenehyseidmrganotitanptiaiop a
organozirconate coupling agent is of the form 20 (RO-)(Ti or Zr)(-ORY)3
rawigerdLR i stneopetly{diatlyhagret poFideas anentirgirationi siyifer ok4, R
is a pyrophosphato segment, and Y is a dioctyl end group; wherein said
cogtinplifguagegariotpragtntiorgarasioumiaby cveigteodghet nfaboebpeaiiarm
of about 0.35 weight percent to about 0.75 weight percent. 25 46 WO
2005/05296(ROTIUSE G0)/030852, 35. A rapidly solidified rare
earth-transition metal-boron magnet material, comprising a rare
eathbre Bnisitoreopetiidididly hagresyhow (b ebnlidtingresbehballyl @reup, Ti
pre- coating of an organotitanate or organozirconate coupling agent of the
or gerharal fornd (RO (Mo Y(-OFRY )1 0 B jinieoRpizrapheapentooiaiyiy,
- dioctyl, or (2,2-diallyloxymethyl)butyl group, Ti or Zr has a coordination
pyrphbsnheta seenwaipindsPhite digetidwshitiatecyt eydlpopyroptosphate 4,
segment, and.Y is a dioctyl or ditridecyl end group, with 1 _<n <4,.
Prefedntaim amawmiden veighialf Hreobessehpgwdep ofvdeno Ddbwutghilpaeigtito
percent to about 1 weight percent; and 10 a further coating consisting
abpusérveitiareaeat andount by total weight of the final mixture, of about

0.18 weight percent to about 4.46 weight percent of an epoxy resin,
a further coating consisting essentially of, in an amount by total weight of the final

mixturé, of about 0.18 weight percent to about 4.46 weight percent of an epoxy resin,
about (.01 weight percent to about (.27 weight percent of an amine-based hardener,
about 0.004 weight percent to about 0.09 weight percent of an accelerator, and about

0.003 weight percent to about 0.27 weight percent of a lubricant.

36. The rapidly solidified rare earth-transition metal-boron magnet material of claim 33,
wherein said further coating consisting essentially of about 0.43 weight percent to
about 3 weight percent of said epoxy resin, about 0.025 weight percent to about 0.18
weight percent of said amine-based hardener, about 0.009 weight percent to about
0.06 weight percent of said accelerator, and about 0.009 weight percent to about 0.19

weight percent of said Jubricant.

37. A rapidly solidified rare earth-transition metal-boron magnet material, comprising a
rare earth-transition metal-boron magnet powder consisting essentially of a pre-

coating of an organotitanate coupling agent of the form -
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about 0.01 weight percent to about 0.27 weight percent of an
amine-based hardener, about 0.004 weight percent to about 0.09 weight

woO Reteemgaf an accelerator, and about 0.003 weight percent ta-ghouh@ 879859

weight percent of a lubricant. 15 36. The rapidly solidified rare
earth-transition metal-boron magnet material of claim 35, wherein said
further coating_consisting essentially of about 0.43 weight percent to
abou@%’éﬁﬁ%?@ént of said epoxy resin, about 0.025 weight percent to
about 0.18 weight percent of said amine-based hardener, about O 0(?{%._
W&Bﬁ’fep%ﬂéé’rﬂ%%%@é]d}é@ﬁ%?gﬂ? PR AP UOLAH FLRBIBPSTR Sl 18 8
about 0.009 weight percent to about 0.19, weight percent of said lubricant,

PEPPRORRBRIR SSOMFTEGPArE ExrtAIAEHSARSBRSRRSBITH M4 et oHatdnaveieht

comprising a rare earth-transition metal-boron magnet powder consisting

* ofGedARNS 03 5 SRRtk e P SHER AP ARHL oy SBHP RN “nd

38.

39.

form 47 WO 2005/052960 PCT/US2004/039859 (RO-)Ti(-OR Y)3 wher
R L WHsh FRAHPR AR BiD B oRPALE %ft:’é‘o‘?ﬂiﬁ’gf?b‘ﬁtrh}’n’fb‘gég}&%), t&@ig%ﬁ

pyrophosphato segment, and Y is a dioctyl end group, present in an ‘
kiB6in® by 2O N BEFSEDIWIST b AECRE B HERhEbercent to

about 0.75 weight percent; and 5 a further coating cqnsisting essenﬂall
£

R0l VB ER) BB SR RS -Rh -k SERH B35 gho 026
percent to abqut 4.25 weight percent of epichlorohydrin/cresol novolac
WP, LGS B AEEEn RS Uk 0 S SRS B et 0 085
dicyandiamide hardener, about 0.005 weight percent t abbouoqu)BES ;
ISR RBEREEL B 2 HH el AR A e P P 5 6
weight 10 per eég to ahout 0.27 weight percent of zinc stearate lubricant. .
PEECHYE ?QB}HI@' i W@%ﬁrﬁ’f—ﬁ%g‘iﬁ%ﬁﬁ% 58¥on magnet material

of claim 37,

The rapidly solidified rare earth-transition metal-boron magnet material of claim 37,
consisting essentially of the pre-coating of the organotitaﬁate coupling agent at a
concentration range of 0.35 — 0.75% by weight of the rare earth-transition metal-
boron powder; and

the further coating of, by total weight, 0.680% - 2.76% epichlorohydrin/cresol
novolac epoxy resin, 0.040 - 0.170% dicyandiamide hardener, 0.010 - 0.055% of the

aromatic, tertiary amine accelerator, 0.010 - 0.175% zinc stearate lubricant.

A rapidly solidified rare earth-transition metal-boron magnet material, comprising a
rare earth-transition metal-boron magnet powder coated with a coating consisting
essentially of, in an amount by weight of the magnet powder, of about 0.65 weight
percent to about 2.5 weight percent of an epoxy resin, about 0.035 weight percent to
about 0.15 weight percent of an amine-based hardener, about 0.01 weight percent to

about 0.05 weight percent of an accelerator, about 0.04 weight percent to about 0.16
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consisting essentially of the pre-coating of the organotitanate coupling

agent at a coricentration range of 0.35 - 0.75% by weight of the rare

W0 2 0aﬂ_,}rfgyztrg;lnsition‘metal 15 boron powder; and the further coating of, by total

Waight, 0.680% - 2.76% epichlorohydrin/cresol novolac epB&y #&S1+/039859
0.040 - 0.170% dicyandiamide hardener, 0.010 - 0.055% of the aromaitic,
tertiary amine accelerator, 0.010 - 0.175% zinc stearate lubricant. 20 39. A

wehidheselidifies arecaatthtisansidon wetal peresmagnehieterialeht percent
comprising a rare earth-transition metal-boron magnet powder coateg

of withrzpoating endsistingD. 8ssesigalpatdi an Aneuny by wieltiatdheor an
magnet powder, of about 0.65 weight percent to about 2.5 weight percent

orgirntiepary sesigaafioriodA3oonplity pereest te: abeuhrdgnweight
percent of an amine-based hardener, about 0.01 weight percent to 25

about 0.05 \@ighi (e ment ol Bxcelerator, about 0.04 weight percent to
about 0.16 48 WO 2005/052960 PCT/US2004/039859 weight percent of

awiberie®nts abeupehOAldHightdieccnbiq el WaisiiyPRIGS N ErohaNT

organoclay, and about 0.35 weight' percent to about 0.75 weight percent of
or &ir leeganoditdinatnnargberard FdR dteaqiising A geRssidgshaenaralégum

(RO-).(Tior Zr)(-OR Y)4" 5 where R is a neopentyl(diallyl), dioctyl; or

py(2rhalipiytaxyepatiyd) audyY gsouictiyboZditideayt eaiiinatipnAgmberpk 4,
R is a phosphito, pyrophosphato or cyclic pyrophosphato segment, and Y

..Is a dioctyl or ditridecyl end group, with 1 <_ n :S 4. 40. The rapidly
solidified rare earth-transition metal-boron magnet material of claim 39,

40. TheGaphHiresolitified uptinepeyeririsitonargi disenaigagauplingeagest chihe39,

form (RO-)Ti(-OR Y)3 where R is a neopentyl(diallyl), Ti has a _

witwenlhationpling beewf id 2R crangitophosplidiosaegment dantbns a
dioctyl end group.

(RO-)Ti(-ORY)s
where R is a neopentyl(diailyl), Ti has a coordination number of 4, R is a-

pyrophosphato segment, and Y is a dioctyl end group.

41. The rapidly solidified rare earth-transition metal-boron material of claim 39, wherein:
. the epoxy resin is epichlorohydrin/cresol novolac epoxy resin,
the arﬁine«based hardener is dicyandiamide hardener,
the accelerator is an aromatic, tertiary amine accelerator,
the lubricant is zinc stearate: and
the organoclay comprises bis (hydroxyethyl) methyl tallow alkyl ammonium salts

with bentonite.

42. The rapidly solidified rare earth-transition metal-boron magnet material of claim 39,
wherein said coating consisting essentially of about 0.001 weight percent to about 0.3

weight percent of an organoclay comprising bis (hydroxyethyl) methyl tallow alky]

49. -



15 41. The rapidly solidified rare earth-transition metal-boron material of
claim 39, wherein: the epoxy resin is epichlorohydrin/cresol novolac

w0 RPuy25esin, the amine-based hardener is dicyandiamide hardenenedineszssss

43,
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accelerator is an aromatic, tertiary amine accelerator, the lubricant is zinc

stearate; and 20 the organoclay comprises his (hydroxyethyl) methyl

tallow, alkyl ammonium salts with bentonite. 42. The rapidly olidifie% rare
PRI EHETON HREBAIIRSHSH ARYGaL i P EBRTTSY, AR} Ly ieht

coating consisting essentially, of about 0,001 weight percent to about 0.3
POIBSHER RN 1%&@%’6‘@15?%%%5@%5 (hydroxyethyl) methyl

tallow alkyl 49 WO 2005/05296Q PCT/US2004/039859 ammonium salts

with bentonite; and about 0.35 \A@S’F&%@'@&ﬁé about 0.75 weight

ercent of an organotitanate coupling agent of the form (RO-)Ti(-OR Y)3

TS fUgREBRAtHARIENyH PP AL A CBHARIITR L Mo %2R is a

5 pyrophosphato segment, and Y is a dioctyl end group. 43. A rapidly
PRI S P RO AiERIHGTEN $Fhet material, comprising: a

rare earth-transition metal-boron magnet powder; a pre-coating of a POSS

additive present in an amount by weight of the magnet 10 powder of

about 0.1 We‘ig?ghgi percenE to abqut 5 weight percent; and a further coatin

AcRL G e ARy 3F U SHOBURE Ay YRR MR S FhisteRer 5 e:
SR IR B ABARBLEP RGNt percent of an
BB Bl ALK A ABALT O3S 28 DB OIEIGHE AEET of
pgv!flélgzr‘ig g{)’o%?gﬁt xgé?fgh\évgé (r:]etnrt) %Cai)rg)tutt% %’&%‘19 pé?cent; and
a further coating consisting essentially of, in an amount my total weight of the
mixture, of about .54 weight percent to about 2.75 weight percént of an epoxy resin,
about 0.03 weight percent to about 0.17 weight percent of an amine-based hardener,
about 0.01 Weight.perccnf to about 0~06 weight percent- of an accelerator, about 0.035
to about 0.175 weight percent of a lubricant, about 0.35 weight percent to about 0.75
weight percent of an organotitanate or organozirconate coupling agent of the general
form

(RO-)(Ti or ZO)(-OR Y)an
where R is a neopentyl(dialiyl), dioctyl, or (2,2-diallyloxymethyl)butyl group, Ti or
Zr has a coordination number of 4 or 5, R is a phosphito, pyrophosphato or cyclic
pyrophosphato segment, and Y is a dioctyl or ditridecyl end group, with 1 < n <4,

about 0.003 weight percent to about 0.055 weight percent of an organoclay, and

about 0.003 weight percent to about 0.015 weight percent of an antioxidant agent.
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weight percent of an organotitanate or organozirconate coupling agent of
the general fofm (RO-)n(Ti or Zr)(-ORY)4n where R{is a

EWP@ I(diallyl), dioctyl, or (2,2-diallyloxymethyl)butyl group, Ti or 20 Zr
W = -
02 as a g‘(g)){)rdination number of 4 or 5, R is a phosphito, pyrorﬁ?&%%? 5/8#2859

cyclic pyrophosphate segment, and Y is a dioctyl or ditridecyl end group,
with 1 < n <4, about 0.003 weight percent to about 0.055 weight percent
44. Tiot eapdiigantdifigdanc: abiut@:B03oweaight! fercentteakout @04 Divdight 43,

percent of an antioxidant agent. 50 WO 2005/052960

wREAiIHUB2004089850n¢4 ahhegapidiysatidifiepl s e garntbittha sdian
metal-boron magnet material of claim 43, wherein the coupling agent is
an organotitanate coupling ager(m{]‘EG@Rin?gO-)Ti(-ORY)S where R is
a neopentyl(diallyl), Ti has a coordination number of 4, R'isa 5

wiytroBhis spiraiesaad (diztity Byt Yids aaioatidaeiot gronlerds, 4 ke repidly
solidified rare earth-transition metal-boron magnet material of claim 43,

5 pywdErespitite RE@®Sdaid e isrisderydlakepsdugy. epoxycyclohexyl POSS.

- 10 46. The rapidly solidified rare earth-transition metal-boron magnet
material of claim 43, wherein the antioxidant agent is a butylated reaction
product of p-cresol and dicyclopentadiene antioxidant. 47. The rapidly

45. Theotuifidlg salelifaxdiram peitiobrmsiadhboranlmhagnetamaterimbofrolbiNddm 43,
15 wherein: the epoxy resin is epichlorohydrin/cresol novolac epoxy resin,
whiseeantinePbiseadditde ietrisidinyiphdigihide pargeydohthxayiadOSiBrator is
an aromatic, tertiary amine accelerator, the lubricant is zinc stearate
lubricant; and -

10 46. The rapidly solidified rare earth-transition metal-boron magnet material of claim 43,
wherein the antioxidant agent is a butylated reaction product of p-cresol and

dicyclopentadiene antioxidant.

. 47. The rapidly solidified rare earth-transition metal-boron magnet material of claim 43,
15 wherein:
the epoxy resin is epichlorohydrin/cresol novolac epoxy resin,
the amine-based hardener is dicyandiamide hardener,
| the accelerator is an aromatic, tertiary amine accelerator,
the lubricant is zinc stearate lubricant; and
20 the organo clay additive is bis (hydroxyethyl) methyl tallow alkyl ammonium salts

with bentonite.

48. The rapidly solidified rare earth-transition metal-boron magnet material of claim 43,

wherein:
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20 the organo clay additive is bis (hydroxyethyl) methyl tallow alkyl
ammonium salts with bentonite. 48. The rapidly solidified rare

w0 ®adthstegpsition metal-boron magnet material of claim 43, wherais:&ii 6359

49.

2005/052960 PCT/US2004/039859 said pre-coating is a trisilanolphenyl

or epoxycyclohexyl POSS in an amount of about 0.1 weight percent to

about 1 weight percent, by weight of the magnet powder; and said further _

co%mﬁ@@o?@%ﬁgse%géﬁ{%fglaﬁ?w f&&?W@f@ﬂf@Pﬁ%é{ﬁﬁSﬁﬁé{*&P aupsc!

0.54 weight percent to about 2.75 weight percent of epichlorohydrin/cresol
ok WKy P ABO8 SF PB Pl MR O, 1P JRAgR POV der:

percent of dicyandiamide hardener, about 0.01 weight percent to about

06 weight percent of an aromatic, tertiary amine accelerator, about
0.035 weight percent to about 0.175 weight percent of zinc stearate

lutSAKAAITREr 49810 S UG R RS Y P ROBUIET B Felg A f et W aft

organotitanate coupling agent of the form (RO-)Ti%OR_Y)B Wﬂeéehﬁ is a
ah@e;&ﬁﬁ/w&agmeﬁqeﬁa%oaﬂg%%aiﬁaﬁbﬁsﬁﬁm@% Ripdilprohydrin/cresol

pyrophosphato segment, and Y is a dioctyl end growsz, 5 about 0.003

NG TRPCERETS- A0 687 WRigttasEreRhtoot ot b BElsh RSy
his (hydroxyethyl) methyl tallow alkyl ammonium salts with bentonite, and
SRR IGFR e PO e B IR E B o & R of an
reaction product of p-cresol and dicyclopentadie eantioxida%0204

TRBEESs ST BB RSB TaRE Y Ot e e ARt igRrut O D18 weight

metal-boron magnet material, comprising: -
percent of zinc stearate lubricant,

about 0.35 weight percent to about 0.75 weight percent of an organotitanate

coupling agent of the form
(ROTi(-ORY)s

where R is a neopentyl(diallyl), Ti has a coordination number of 4, R is a’
pyrophosphato segment, and Y is a dioctyl end group,
about 0.003 weight percént to about 0.07 weight percent of an organoclay comprising
bis (hydroxyethyl) methyl tallow alkyl ammonium salts with bentonite, and

about 0.003 weight percent to about 0.015 weight percent of a butylated reaction

product of p-cresol and dicyclopentadiene antioxidant.

A process of liguid-coating a rapidly solidified rare earth-transition metal-boron
magnet material, comprising: |

providing a solution consisting essentially of a solvent, an organotitanate or
organozirconate coupling agent, an epoxy resin, hardener, an accelerator, and a

lubricant, wherein said homogeneous solution is a homogeneous 8 - 25% solution;
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providing a solution consisting essentially of a solvent, an organotitanate
or organozich’nate coupling agent, an epoxy resin, t‘l"a'rdener, an
accelerator, and a lubricant, wherein said homogeneous solution is a

WO 5iogeReous 8 - 25% solution; 52 WO 2005/052960  PCT/US2004/039859
PCT/US2004/039859 combining a rare earth-transition metal-boron
magnet material with said homogeneous solution to form a slurry mixture;
stingisisl shreyeatktara pedadicalbansh maitaining.saldaUrtymixture
at a temperature between 40-60C, such that said solvent 5 evaporates.

hobdbgeneous solution to form a slurry mixture;

stirring said slury mixture periodically; and
maintaining said sturry mixture at a temperature between 40-60°C, such that said solvent

evaporaies.
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