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WO 2005/ 052960 PCT/ US2004/ 039859 COATI NG FORMULATI ON
AND APPLI CATI ON OF ORGANI C PASSI VATI ON  LAYER ONTO
WO ROSHBRABED RARE EARTH POWDERS 5 Cr 0ss- Ref er enP€T/U82004/039859
Rel at ed Applications This application clains the
benefit of priority of United States Provisiona
Patent Application No. 60/524,633, filed Novenber 25
COATIDE F TN ANBARPEECATEONDE QRGNS BASSTEATION
by refAY¥ERONTQIRONBASKHED RAREIEFABTH ROWDERS i on
10 The present invention relates to coating
formul ations for rare earth-transition netal - boron

(RE-TM B) nagneks-iRieehe to. RAHed Asplications
neodym um i ron-bor on type nmagneilrc powders
p a . . | i .
R YRR e Bich SOy of Bk SRS o aten
. oxi dat i j.St. when d.ta.aggressive . . .
Applicgiyt RoMLsECH SeNovatier FrRB: AR BRER Micn is herein
) invention also relates to nmethods of applying coating
incorpgrgieghbly deficemse anity entiefye eart h-transiti on netal - bor on
(RE-TM B) magnet powders. Background of the Invention
| sotropi ¢ pol yner bdiieldd@f the Bnventiolm per nanent nagnets
have been used in various advanced notors and
efRGireRit mveleinGeRites ¥ thatingFomula@éndrfozatd eunthofrashiodrmetal-
and el ectronic 20 devices, it is necessary to reduce

boron (RIETM-35 _nﬁgnﬁﬁﬁﬁ\:@ﬁﬁs,%@ﬁj as 1QIGRARhErRER64 typR magnetic ?owders

mni aturization and efficient energy or signal outpu

| | S . [ .. | C .
a8 BB Qe Ragb S R0l Brind S TR hose o

the %}ux ,ensitg of isotropic gol ner. bonded nm ne%s
corrosipR AneYer B GRHEECHAPBC ETpEPesed PSSR LS T IagIRar o for

materials used and the volunme fraction of the magnet
passivatigme rihglpsesent invensionsisoypiaies o mgEwdpraf pralying zsatmef%rmulatlons
criteria for selecting the type of magnetic materials
to rare @agh-sitangitigh ynetatbbromn(®EITMB) nagna pemwatison condi ti ons
demanded by the given applications. The pol yner binder

used for rmaking pad ndendrRdnvagieai S nust be abl e

to provide sufficrent nechanical strength to hold
RAAG: &pﬁﬁf ther FRinBh Ak RordelenaV€ BLaNGLd $h 3RS0
specl ?ga |onb{’fggtao tﬁga@\%em{)lg/ 05%{660 .

advanc%g-rrr/lo o%oa%é/e%?c’ggr?lg 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 magnet 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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I ntended operation tenperature and to sustain that
operation tenperature wthout softening, deformng or
whe@aksreen The magnetic materials nmust provi dePCT/US2004/039859
sufficient flux to sustain the desired properties at
the operation tenperature w thout substantial |oss of
magneti zation. The flux aging |oss of a magnet )
intendedaiperatiah tqanperatdeesangrio iswddio &kt operafion teanperajwnstwithout softening,
material's stability 5 to heat and protection from
deform) GrQrbaken A MThxh Sadic Wear@titd masyprotide suffficizht flantcedubmit the
the nmagnetic materials' ability to retain magnetic
red ' ' ' ' izdt#én. The
desired; I}rgéergésle% éﬁe} %eg&gggﬁgﬁlg&%t@é wiRbhBuBstahiPRRS B HiaBBetizAliéh. T

onded magnet ultimately
determnes th net's. PLidy. [ . 10 -
flux aglilorcoits et e ey el at ol of Pt paterials sabiley
magnet is to be used for high tenperature,
t0 et AP PIRIBRIOBHE THEOGYS BEkTVPGE SEEFIGRT VS gt g

of the constituent 10 materials and change in overall
magnetimgrgriats’ pbidipetotictsn mhgnstig fhe aviehiise Saentiops aiisdAEe t he

utility of the bonded nagnets. The conbi nati on and
temper@filesN ' Ehedfuxt dpenOlogeet cbaaddd magneultimatetyeddtegnes bemdgnet s

allow the desired properties previously discussed to

utility Hﬁvvegi%hh b 718480 lafi’d §iRluREsh midigiREREhE bohddBgaglet is to be used
powder

I'n the pol yner-bonded nagnets, typically stated
ioBSed ' ' ' Vi Qb Sk Rb e EdiRtituent

for h1g§§?r§}%qgtﬁ§q %{é’ élr%aﬁé)ilgg ﬁq Fﬁgﬁfggﬁfba?lj L\?\)/F_\Hl:l-)g]ﬁ’tg og{a{%e pol yner He
.bi nder, and the . nethaodol ogy..appl i in.ord

materigl o§ FrgaoTRE L FRgna e et ey BBl fitapgs te

_nol ding nethod, various polyners are available for

utility pathiehgndesompgisic bonded magnets. Conpressi on nol di ng,
injection nolding, extrusion and cal endering are
VEhd edontsinatiomemdsimdunts qf tlrdorgimig apd mpgaeticyoriddals sheyhd aldow the
in comercial quantities. 20 Conpression-nol ded or

desire® PFOPaRicS PreVRaRBL dis@istedvo bR gpinizetl and easihedi i amount of magnet
desirable volune fraction (greater than 83% required

powdetrgn ﬂl%o 1 InREInABEIE (i ficAlyORREd he&S madydH vollrhe fraction, is
t hernosett

I ng polynmers, such’as, epoxies, phenolics,
and, ot her crossl. i e ' i blvlE BREIEL IaNE& th
deternypieq by,the po sergjrmedég glg) q %BEEﬁI?ﬁ\éve%{égﬁ %g? gp{ pr g@uéi ng ©
magnets that wiIl |ess affected,by heat or, chepc
methogp RRE KPR OFS e rEaae SHe FEISToH Gy Reper o &) the
are 25 initially Iow nol ecul ar wei ght. subst ances t hat
moldiegmethod eeationy pafypicreere axailable fon grakimgisqtpapic bongps magnets.
2005/ 052960 PCT/ US2004/ 039859
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, desirable
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 magnets that will

less affected by heat or chemical attack than the non-coated powders. These materials are

initially low molecular weight substances that can be easily applied as coatings for the
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magneti c powders. The conponents can be nol ded and
cured to produce magnets that are resistant to high
wao eqopesasur es (typically, not nuch greater thaPCRBS20E)/039859

and chem cal solvents. The extent of crosslinking or

t he crosslink density of the thernosetting binder

governs the coating's overall resistance to oxidation
magnetiapowdars.oEheepnagongatsican be nipddadernd guraddp praiuse maggeth that are

the final magnet. At high | oadings of solid filler the
resistaiotd Hiphi temp@ratuedst (cgdicadlly, hdtenwshgredterthpo28EE) andohemasks

and becones deleterious to the nagnetic properties

solvenﬁ%e gAY eLreRf ottcﬂéassh%g ) ﬂl%%r&fslnﬂ@ﬂ@ﬂﬁy of tHeFh&fios&@Ang binder
where the industry term"l oading"” refers to the

govemg tl?egcg)(r: 1f1{,Q %ﬁgél‘aﬁ?ﬁ%ﬁl&%}fe RO ¥ORid artd Dok dl%ﬁlas KRANS ttl%ehmechamcal

ives are I ntroduced 1 nto
net systemin order to alleviate
Streng‘g?&]gﬁtdfw‘gmég %cts on the metallic filler particles.
United States Patent No. 5,888,416 to | kuma et a
gl lnadingp ef splid flfer fag oxidasionmetentinhef the ElegactisRowders
antioxidants in the rare-earth bonded nagnets of
increages hypbeoyies deleuiofis thethé BREhctiayrbpartidPbecnssl of dind lhe) degree of
and polyethernitrile (liquid crystal polyner)
organit PRAGEEIBh aShdre tHY iNA@S, @i “los@ng Nref&X to' thd @EoPORGNEST magnet
conpositions. United States Patent No. 5,395,695 to

powdeFﬂ?t'hQ fiRhl rﬂﬁ%neg hﬁ)ﬁh&s ?eﬁﬁcdl NEALREY AL HIRBGLREShY Bonded

ayers of tioxi an epoxy novol ac resin, and

w5 BN P RYERE c
sequentlal yering of th nents,. X.ao et. al. an
States EGBo 0854 o dEmh e €Edoneiiese of vai i o peiges and
an am nosi | ane coupling agent onto the powders within
antioxislapis |nym¢emy+e@rtb bended magnets of potyphepdene suﬂ:ﬁl%(Pi’ﬁd nylon j2

O ai gbe, "Hi gh Performance, Lightweight

(polyaiﬂikm),rmﬂl;@lyediemnﬂe qizd r:ty(staAbblgmeNHbﬂﬁt@ld‘stWhhldeﬁd@t use in
So. Synp. Proc., 577:75-80 (1999): P. C. Guschl, H. S.

extrudgd fﬁa Gorh b&ltl@s@'lﬁﬂ@bd_ Stikd Pabs MY, 58895k95eo0 Ihhﬁigzﬁ gl. dicloses
er on Phe Crystalllzatlon of Pol y(phenyl ene

( lyst
e 50 L e s e
oo BRI o AR o e
achi evable in conpreSS|on nol di ng_magnpets (on .t !
sequensiali yeing offBe £orupoReFs- nbipe ¥l al ipad %EPC%F%‘@S&Q%IG@HE@ ﬁa?eflts of
4,876,305 to Mazany ("Mazany") 3 WD 2005/052960
1ncorp9ﬁﬁhglw e ieass®upling 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., 83:1091-1102 (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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descri bes the application of a conbination of
am nosi | anes and epoxysilane coupling agents wth
wepwgPs9esi ns for oxidation resistance, conparP@rUS2004/039859
oxidation rates to treated and non- treated sanpl es.
The concentrations of magnetic material in the nagnets
di scl osed in Mizany were fairly |ow, the magnetic
describgy thp eppliceiom6f 4 bmmbiestinnt efruminegjlaeesandepgxysilape coupling agents
aging 5 loss, are not considered relevant. United
with epok PF@ s o sxidatda redisticé, fidpdringloxidacibn 2dtes witmatedsad nan-
process where an organotitanate is added to coarse
treated Nt gé.Bl“dl&oé/éﬁll@&ﬁraﬁHﬁé Qlﬁmﬁ felohA&tiad ie helRagAbR ikeRosed in
Sintere magnets wth 1 hproved nmagneti c T emmance,

v RS S B PR Sl 7 i

subéﬁ%ct_ed to a high-tenperature 10 degassi ng techni que .
loss, arg ROEGeNpidetet releYaéphere in order to manufacture the

sintered NdFeB nmgnets, the organotitanate is renoved
&nited SgrasssRatent Noo MOBAS0Rte kil 4@l shsmtnsesa prasessivheye an
publ i shed coupling agents that have been utilized in
organohi@ngeds Mg & cayset NirFe-Bpewddre dorigma ofilling stepés peadice sintered
organozi rconates. Several Japanese patents describe

t&‘ﬁ% Sed thiBRBc AGRHNSe, BderciNd dR]RVWAC 6L rasistdhcamHolwever, .
magne{rﬁgflon 2r reesi%?l%e%oxy resins, PPS resin, and 15 ot her

. h [ . o1 1] ' empera
e ISR T D5 S
s ol 0 ARl Mo BEDH B orn

e discrosures
are directed to applications tg injection-mnoldi and
magnetsx the @Egapatitapils dLEEIP VB A edf LS e e Lg% pstpllic E%&gs.
specification of the material types and conpositions
Reehiby publishet aiuplifg hgentetbht hrve daen wilized dgnbended geagaet systems
| oadi ngs disclosed in the present 20 invention. Chen
are the®rgalotit:hes hAs 6rghhddircansteansevest fyanese paeeaadesdriberiag ase of
incorporated into a NdFeB-epoxy-bonded nagnet system
| dF58 pBRALL REthOhainl\En B ETPD R]H, SpddyttesiHE PIS| resin, and
thesea§g@§:?¥‘?g dengi ty of thealnahgn}gt. See Q.pChen, J

oo S5 ol Sy P b4t o v

Behavi or of NdFeB d ne . o p
oo SR 058, P BB PR s
25 made of the effects of the titanate on the flux .
et al. hesagisclosures retdiescied dm epplisations lgIngptiasrmplding apdgprusion-
2005/ 052960 PCT/ US2004/ 039859 .
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,” J. Appl. Phys., 85:8:5684-5686 (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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method in which the titanate was incorporated into the
system The present invention provides a nore
we@bdososio¢@ t echni que for protecting rare PCT/US2004/039859

earth-transition netal -boron magnetic materials

through a performng liquid coating procedure on the

rare earth-transition netal - boron magnet powders. The
methodinestsch thertitamtd was insorpprakdddiatel the sysiem.ekagrpresent fgyention

conpression 5 nol ding magnets. Summary of the _
providésrhvlﬁﬁltei éifeclive Rclirifqisd foe plunetiting mire ehhie-tyansitiemmeiatbervni oagnetic

provides a rapidly solidified rare earth- transition

i i WESH N8 procaiR dnSthé ar@edréi-Bansition metal-
e A 0 PR O S o 0o s

tal -boron magnet powder coated

with a coati co S0 | [ ion-
boron et AgRaR 1 0 b g s g S e T eriple  m sssion

_about 1 weight percent of an organotitanate or
moldingBagRs%i r conat e coupl i ng agent, about 0.18 wei ght

percent to about 4.46 weight percent of an epoxy

resin, about 0.01 Swmmary sbthednyentiompout 0. 27 wei ght

percent of an am ne-based hardener, about 0.004

VIRiagitet geb@iement; the poasant iyaSiongreidespanpidh sabidifind rare earth-

accel erator, and about 0.003 wei ght percent to about
transition 2det e A6 mR8h& Sitter@l, nlpiingtaite eafinargeitenanctildyaron

of 15 the coupling agent is: (RO )n(Ti or Zr)(-OR

magne{ﬁfdf d %}'gg?{eﬁ Wit aSC({injg )eﬁrgpfﬁﬂné,qh ah bflohnt #j @&gﬁﬂ of tR¢ magnet

yl oxynme roup, Ti or Zr has a

coqrdi natjon. nunber of 4 R js i .
powicy RSP SRR PRSP e Tt sRRRIPA g
is a dioctyl or ditridecyl end group, wt <.n. 5 4
organqzifcenate @01@1195 STk DGR WeREht RETOPRtia ADoK qe‘%#o%%‘?ﬂ‘é??f?em of an
the invention provides a rapidly solidified rare
epoxy eesirt, liboutAn@] weight pascealt tyarayh 0. 2 enpight PaEeERY ofan anjipepased
the coating conprises about 0.1 weight percent to
harder@BQbbutl). 9@ whicht petaend atafut 0108 vorighapetdeninfaneacoglerator, and
or ganozi rconat e coupling agent, about 0.43 wei ght
t 0808 S otk DercBROK abdut' @D Y Keidhe peredit oFfa libieagp OBe gepsiahform of
abou about Og.oggrcv\ei ght percent gt%gbabout 0. 18 wei ght
percent of the am ne-based hardener, about 0.009
thecogﬁl%%geﬁtelrsbent to about 0.06 wei ght percent 25 of the

accel erator d.abo 9 wei ght percent to about
0.19 wei ght (%@Béérhf’r %‘%)('{91329)43 VO 2005/ 052960
PCT/ US2004/ 039859 ) .
where R is a neopentyl(diallyl), dioctyl, or (2,2-diallyloxymethyl)butyl 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 first aspect according to the first
embodiment, the invention provides 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
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
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| ubricant. In specific enbodi nent of the invention,
the coating fornulations of the first enbodi nent of
wa b@sospeent i on consi sts essentially of the recP@BEUS2004/039859

conponents in the recited percentage ranges. In a

second enbodi nent, the present invention provides a

rapidly solidified rare earth- 5 transition i
lubricantetiaspdifioembhediment ofethe irivaitions dreproating fprautasioas of the first

earth-transition netal -boron magnet powder coated
embodMhdnl ofthe G dnfiBn CORINT Sdsagiallyf &t racitaddoniponesti ghthe oécited

the magnet powder, of about 0.225 wei ght percent to

25 wei ght percent of epichlorohydrin/cr esol
pm@em%%%%#ééiepoxy resin, about 0.01 weight percent to

R gé%“’g‘:dcz?g%b\%ﬁ%ht g fealifNeptbh BYRRGS %ggﬁ&g{%ﬁ?ﬁﬁﬁ "rare earth-

ercent of an 10 aropatic, tertiary amne accel erator
transitig@ sgtalhopoymagicy mat%giéeﬁwrw&gé*&aﬁ/%ﬁg]é@a@?a me%al'ab"mﬂ
percent of zinc stearate |lubricant, and about 0.35
magnetwivgder cpated with a eatibg comprishee, ik Ay Amopeirtyekeighfof dhe magnet
organotitanate coupling agent of the form
powdef, Bab kit 0- 2By dghtwprerett f8 dbound. Db wpiht percetitalf pichloroiydrin/cresol
has a coordinati on nunber of 4, Ris a pyrophosphato

lat® é;f?g&?n'ﬂﬁ bRRE.0Y Wil piicRt thlabeid). 26 @dizht pétcentlof r st
pove aasBe t of %he secondg}gr?godi ment, the invention

. rovi des rapi
dicyanflafipé ek ABSHLY 0BG el piel FE SRR IR SRS pbIcER of an
conpr.i ses about . 0. 68 [ per.cent t b .
aromatjg, {iefHATYFERIRE AECELFT tobiaﬁﬁwtgﬂ%%ngﬁt/l)ceﬁ%é&f"o ér;%i/% '%Z@’é” | percent
resin, about 0.04 mei%ht percent to abo L69.17 meight ¢
of zinqséeasen lubsicant, eychaAvh g evaigit gerrent to 2880 B> Weiehbpghint of an
percent to about 0.055 wei ght percent 20 of the
organditamee donplihg nganhoftherfome accel erator,- about 0.01
wei ght percent to about 0.175 weight percent of the
zi nc st ear afrO)TrORAN} . 1 n specific enmbodi nent of the
i nvention, the coating fornulations of the second

| i § h e QHS hehberaFIe ied hosphato
Whmeggg%SE§F§%%@E%%Q%Q%2%§EE?n %he recit%d percentgggg P

segmeéﬁ%ﬁ@ in% %td?{éﬁ\%tilge%?{%? 0 960 R ag?%g Q ﬁ{%%géﬁigl e;ﬁ%dﬁn&ﬁ,i the

ti'on prov s a rapi

) solidified rare earth-transjtion.netal.-boron .
invenGRRTPTIFS & BN OIIo b e G 1grgp nigAd haterial,

met al - boron magnet powder; .
where the coating comprises about 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. In specific embodiment of the invention, the coating

formulations of the second embodiment of the invention consists essentially of the recited

components in the recited percentage ranges.
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and an organotitanate or organozirconate coupling
agent of the general form (RO )n(Ti or Zr)(-OR Y)4 n 5
wob@sesReo s a neopentyl (diallyl), dioctyl, or PCT/US2004/039859

(2, 2-diall yoxynet hyl )butyl group, Ti or Zr has a

coordi nati on nunber of 4, R'is a phosphito,

pyr ophosphato or cyclic pyrophosphato segnent, and Y .

ils aahici embydiment, the invetsionipresidesqriopidly salidifier rare gqrth-tgansition

where the coupling agent is present in an anmount by
metal-BRb® Haghdt nieripaerispvwiere efithaipaisition. retwebarbh magnet powder;

percent to about 1 weight percent. In a first aspect

and an?)fgl%altngﬁtahme fof 8?%5?2%&6&%@0&@3@ APERIUTI BN RHePH f6lS 2

y sol i 10 rare earth-transition
nmet al - boro Al L]k, where the organotitanate
or organozRpggﬂgfﬁxg%B%pFﬁé¢%gent is of the form
RO ) (Ti or Zr) (- re.Ris a peapentyl (diall
where Brioabeopem el S o e DR O REebP T orrhas o
pyrophosphat o segnent, and Y is a dioctyl end group,
coordindtenauniber e R iingphesehito.ipyrqphesphato erryCHEPHRPBEHHP segment,
by wei ght of the magnet powder of about 0.35 weight
and Y B diecty] sradiahleoyl édd gpowe ingtht]l Per € énwherk thes@aiplifg agent is present
enbodi ment of the invention, the coating fornulations
in an a¥fouht"Sy whitht & BERREWERIwdRf of ddut 0 eRtigin peteisiosbsut 1 weight
essential 'y of the recited conponents In the recited
efCe i JaftiLd: th & FRRk ided'§ rapidly solidified
Perceﬁgng‘eanﬁsg%s%ﬁ‘?togv}il‘géetsmljg%rng"&“ y S RO ovide g rapidly sl
transitijon t.al - bor on nmagnet t eri conprising a
e e e R b
conprising_a pre-coating of an organotitanate or
organqyiigenate Feupbing eee dupl thade™igent of the general form
(RO)N(Ti or Zr)(-OR Y)4 n where Ris a
neopent yl ( dRODEIi)or Zai(RR YD3 or
(2,2-diallyloxymethyl)butyl group, Ti or 25 Zr has a
where PRI c0périt gipdialiyilp gfoup! Tilhas & cobslizatiphmapibet of 4, R is a
pyr ophosphato or cyclic pyrophosphato 7 WO
B410 320t Pial YWR2P8hEQB&RP& ous SetigRdthe cdlpling dgenBis present in
pwpméggcéylégg ditridecyl eﬁg group? with 1 <_ﬁ% < 4,
resent .| & ' bt RONWIRE 0.75
an a0 o HATEH: pBcerBl s B35 GeTRORE

ercent to a i ght percent;

and a . . . . .
weight percent. In specific embodiment of the invention, the coating formulations of the

third embodiment of the invention consists essentially of the recited components in the
recited percentage ranges.

In a fourth embodiment, the invention provides 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-)o(Ti or Zr)(-OR Y)4.n
where R is a neopentyl(diallyl), dioctyl, or (2,2-diallyloxymethyl)butyl group, Ti or

7r has a coordination number of 4, R’ is a phosphito, pyrophosphato or cyclic pyrophosphato
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further coating conprising, in an anmount by total
wei ght of the final m xture, of about 0.18 weight
w@ersesoed o about 4.46 wei ght percent of an epP&EHUS2004/039859
resin, about 0.01 weight percent to 5 about 0.27
wei ght percent of an am ne-based hardener, about 0.004
wei ght percent to about 0.09 weight percent of an
segmend i eisal dioctybordiiadiecyl efid @EBipwwithHt < pers graserign 4b ggount by
0.27 weight percent of a lubricant. In a first aspect
weight 6f tHel#agdnBUsdviee GD BN weibhiepercenent dbont Preithd percent; and a
rapidly solidified rare earth-transition netal -boron
! oy D" b1 Shi bB&& 0.18
further RAING oM Rirs Uty an A0 Gt b EorbIU iR of EREAihd] Gix LU

g per cen t 3 wei ght percent of

. ,.epoxy resin, out. 0. 025 10 wei ght r [

weight gbst it 4B vt ercan et Bl e R B8R O yfBflthercent o
0. 009 wei ght ercent to aboyt 0.06 wejght rcent  of

about (REupishtpeent ahen s Birbaae ot gro L0 Eoke RS & abou

0.19 wei ght percent of lubricant. In specific .
0.09 weighiogtireanhof of adchleratory amd abont 0002 weisht pergentrto phentL:3owsight
of the fourth enmbodi ment of the invention consists
percenESSEIbliednt.y Irof fitshespeeciftipsifoucthrepibodiment, the iventi@cpiogies a
percentage ranges. 15 In a fifth enbodi ment, the
rapidly s@l’iﬁﬁfeﬂ heREANIHAGStien FRPIBoYorSBAdrdt fagial, #lre the further coating
earth-transition netal-boron magnet materi al,
COMDI |5 B9 R iR b cER" Lit4 | 3 epdRY PiATREHRI0.025
Compnﬁ%%é)}l%'g% W% igh g Pgrﬁglg t% 'rag&gggg %l%ﬂ%&gn oerﬂga azot I'Tanat e
.. coupling,.age of .the form.(RQ ).Ti (5 3 L.S.:
weight P BB B P 15 g DBt pineptised Fgeed, IOt 6.0 bWdigne
nunber of 4, Ris a 20 pyrophosphato se nt,.and Y is
percentitogibost §:06 wigiEhypergpnt ob pecsdgrator.ng ﬁb‘&l}%@dﬂ}@e‘ﬁ%}g\’/@emt fprabout
the nmagnet powder of about 0.35 weight percent to
0.19 walphtiperBeni bf Wbirighit. e spwific erabuflimentiof thesinventiony thegoating
conprising, in an amount by weight of the fina
formullighsbfehe RurdReibodnaR of Wl igVdntiop eomsing essentixiliy e the. 12Bited
wei ght percent of epichl orohydrin/cresol novol ac epoxy

Comp&g%%th@q?éi%flgggcgétia {4ats percent to about 0.26 weight

percent o ndi am d€ hardener, about 0.005 25
ofbeaty BEb6ERent ARk R0A A0 BRI o At tansition

2005/ 052960 PCT/ US2004/ 039859 _.about.0. 004, wei ght
metal-BRTOBEPRENE Ay CONPIRP (T eﬁfé‘}'E’%‘?ﬁeﬁ%’f mgtal; il dBgepptpowder

lubricant. In a first aspect of the fifth enbodi nment
comprising hpreiaoating poHan ongprotitanAkequahng pgsRf akthe dormypi gl v

solidified ,

(RO-)Ti(-OR Y)3
where R is a neopentyl(diallyl) group, Ti has a coordination number of 4, Risa

pyrophosphato segment, and Y is 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 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
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rare earth-transition netal -boron magnet materia
conprising the pre-coating of the organotitanate
w@owplosaeg0 agent at a concentration range of 0.BSI/US2004/039859
0. 75% by wei ght of the rare 5 earth-transition
met al - boron powder; and the further coating of, by
total weight, 0.680% - 2.76% epi chorohydrin/cresol i
about 0,004 oleitht aazyt to @out 0.27. Weight pedceny ofsing sipanat lbrigpat. In a first
hardener, 0.010 - 0.055% of the aromatic, tertiary
aspect GFThBFREMBbERRNOSS the irdEftion, theliAGSatitinprositlesn mipally solidified
[ ubricant. In specific enbodi nent of the invention,
rare eart MarfsiRid @&af—g&gﬂ Inﬁigh&r}ﬁatelfialtcﬁﬁl;{ri'sfn% Hhe %@b@dﬁﬁ@ﬁi thef

€ i nventiron consisSts essentially of the recited

conponents in the recited. 10 o SreidhPofth
organo Gl COmBarRE A 2 PGP RHhiBR ST GRS e Sreighfofhe rare

solidified rare earth-transition .nmetal-bor.on. }
earth-trpvsitéqn mptal-befeR PPYRG a%é ﬁ@&@tﬁe&r@ﬁ@%& %f;EY F‘?q%lnwe‘rg@‘g 6850%

met al - boron magnet powder coated with a coatiggf d
2.76% epetpoiobiydun/ciesol mavelap epaxyupsined-§H - 9179 heliggaiside hardener,

powder, of about 0.65 weight percent to about 2.5
0.010 -0 3% oP@E avttatiof testinrg posnye acedleratoraBOiA - 0.103% aivg yearate

15 percent to about 0.15 weight percent of an

T TN pRaBESnbRTi HRRESE thahRbiitidh, Bk criighforparatient of the fifth

lubncmaz?\trk?outpO. 05 wei éht percent of an accel erator, about

0. 04 wei gh B hkGecitidi BRtpoR&Lts 8the @écited
embodjmgiy Pﬁ,@ﬁtrf egg%? &%.Eségo%ségﬁgkto percent to about 0.3

wei ght percent of an organoclay, and about 0.35
percenwg?&%eger cent to about 0.75 wei ght percent of an

organotitanate or organozircqnate couplin ent of .
tthe sigéh gmgpdlft@mnﬂmnymo;l,p(qylg%sra pidly %Qdﬁeiii 1%r Z{ragsition
is a neopentyl (diallyl), dioctyl, or.

metal-fctoR niizadtinyaserjaiptomyirising atargeasiipranyitiogmetal-ppyen gagnet powder
coordi nati on nunber of 4, Ris a phosphito,

coated RAOPERSRR @bAPASing Vi lhh anpyndphwsightefdhs egeesipowdan ¢f ¥bout
is a dioctyl or ditridecyl end group, with 1 < n < 4.

0.65 wlk%g%{rk&ft&o ARests wlightRrdenf &fan éii%’ﬁ? @i Aboutt0hEs 5 weight

ron provides a rapidly soliditfied rare

percengﬁ);qﬁag)pﬁé ? 2 ngeg?u gFﬁgﬁt%lf R APk -BR e A RHACher "RIoRE @).?'1 weight percent

'R agent I s an organotitanate

coupling agent of the form 2005/.0529
(0 oI RO BBIGEIA 861 pikelerHi 2bau 04 VRN IRREEE o bout 016
neopent%/I (diallyl), Ti has a coordinati OB nun‘oﬁr of 4,
weightRpareengof 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-)(Ti or Zr)(-OR Y4
where R is a neopentyl(diallyl), dioctyl, or (2,2-diallyoxymethyl)butyl 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 a first aspect of the fifth
embodiment, the invention provides 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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pyrophosphato segnent, and Y is a dioctyl end group.
In a first aspect of the fifth enbodinent, the epoxy

WO e®5052960 epi chl or ohydri n/ cresol novol ac epoxyPCEERI904/039859
t he am ne-based 5 hardener is dicyandi anm de hardener,
the accelerator is an aromatic, tertiary am ne
accelerator, the lubricant is zjnc stearate, and the
or ganocl ay conpri ses bi ROHYdr@QRyYBE hyl ) net hyl tall ow
al kyl ammonium salts with bentonite. In a second
AR isof néob@ntfi/i(aﬁanylge,rmﬁg mesérdidation aombemaf 4, & istahe
rapidly solidified rare earth-transition netal -boron

pyroph@ﬂ%étgﬁgm%r.ﬁg&\%e WI[ gﬁ{@fg?ﬁ@ snBeHp. IPa B ayRLOMttheEifthent

3 cent” of  an organocl ay
. | Si s 10 d e
cmbod SRR LA P kPRIl s S e bt

percent to about 0.75 wei ght percent of an.. .
hardends sy alepaTckmiae GRS PR GUSRRAIOY Brart Hamp-jriary amine accelerator,
(RO-)Ti(-ORY)3 where Ris a neopentyl (diallyl), Ti hi;\s11
the lubicano Braifncsedrate, mdrtheergatoday @mprises bisghydp ymgthyl tallow
segnent, and Y is a dioctyl end group. In specific )
alkyl aififHoARinTE41Es with béionitkd b avesvhd aspect bitthe 6t emgpodiment, the coating
formul ations of the sixth embodi nent of the invention
of the rﬁ@ﬁfy SiificRS SR kBl %si8bn briteal hoedH Beg0 MacRN tamprises bout
reci'ted percentage ranges. In a seventh enbodi nent,
the invento i | 4 05 @nloBlal LERpFGRE bis
0.001 veig tﬂerﬁepg{r?sa}%to IR%(%’,X %?%t -%%{)C?Ig[nd?r%g n‘(ge)‘itn raterial, g
conprising a.rar arth-transiti isht
(rydropadh elii] EHoRgep dam PR nk b RPEpL: AR Sre e
in an anmount by weight of 20 the magnet powder. of
percentiocbout). 15 weighh pers@?t ©6 AR OFgInREATALe sng%némgg%é’.f s fiorm
after which a further coating is_applied, which
conprises, in an anount @®O-HBUAIRXes ght of the
m xture, of about 0.54 weight percent to about, 2.75
WehGER iBamespintaldidiye Mokys 4 esirdinaddonimiger 08 4vBiight
percent to about 0.17 wei ght percent of an am ne-based

pyropﬂ\%)&glfgﬂi%1 gé&g}e"ﬁp,%ti WisGlaidG {10 Peus Stspedific 3ibodinténd6f the

cent of an accel erator, about 0.035 to about
. 0.175 veigh € t Q I 38 Pention consists
1nvent1‘9@|—$zl@§56tggg %5‘83%58& %fgi;l? %é%lt? a do%l%)[ﬁé) .35 vvefimglr?tn

percent to about 0.75 weight percent of
essentighly b Biej rﬁ‘&ﬁgt‘@n&one‘ﬁ Ej’avﬁ‘c’) gefcr‘tﬁg H%’EF%&%%%P g‘%g agent of
the general form (RO),,(Ti or Zr)(-ORY)4 n...
Ina s:qeventh embodimen(t, the 2nver(1tion prov1deg 2(1 rapl(;ﬁr solidified rare earth-

transition metal-boron magnet material, comprising a rare earth-transition metal-boron
magnet powder; which has been pre-coated with a POSS additive in an amount by weight of
the magnet powder of about 0.1 weight percent to about 5 weight percent; after which a
further coating is applied, which comprises, 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 weight percent of a

10
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where R is a neopentyl(diallyl), dioctyl, or
(2, 2-diallyloxynethyl)butyl group, Ti or 5 Zr has a
w@omsdsaret i on nunber of 4 or 5, R is a phosphiPCI/US2004/039859

pyr ophosphato or cyclic pyrophosphate segnent, and Y
is a dioctyl or ditridecyl end group, with 1 < n:5 4,
about 0.003 wei ght percent to about 0.055 weight

lubricapte plowih 0.35f weightopegeanbtel Bput QR welshl pergew(nf aporgapptitanate or
percent to about 0.015 wei ght percent of an

organo@ifddnai cbaplnggent of tha gendralifetmaspect of the seventh
enbodi nent, the invention provides a rapidly

sol i di fi ed (Reyg (BN (IORNYS)fi on netal -boron 10 magnet
material, where the coupling agent is an

HESR LA SP o i T
7 has § GRoraiEnoR AP & ot 8 Piokeiip BV PR B sl

enbodi nent of the invention, the coating fornulat%ogs
pyrophesphatmsegmeah rnd dnis ddlieatvitor ditrideryl ppd 8P owItE & i st 4 apgut
essentially of the recited conponents in the recited

0.003 weighigrereaye ta zhuyeB.055 weighs peroerd of sp erganoélay,rad sboett-(03 weight
enbodi nent, the POSS additive is trisilanol phenyl or

percenEROBEYE.D P ight PESEnt of an antidxidaat aggmecin ofirst hepesienfdin seventh
enbodi ment, the antioxidant agent is a butyl ated

embodgrﬁ?&F {h@ En\f%hﬁgﬁl ﬁfogfﬁefs B'r&ﬁiﬁ@%bli@i@i@d dire ¥R Bandiackh fRfil-boron

nti oxi dant. | ourth aspect of the seventh

Thodi ¢ h . : .

magnef Bl Giste.fod So TR agbih Bo bR GG LR e 2R form
di di am de hard , er at [
aLgﬁg?iL?nlestig:yegﬁ{ne&ggeiﬁ%ﬁg a,oihgslﬁgricant is

zinc stearate lubricant; and the organo clay additive
i whase R is laygopsapd(dighlyD), e hps2 ceasdingtipmpwpber ohdoRi i
salts with bentonite. In a fifth aspect of the seventh

pyroplRpiado semtient,tand Yiser dioatyl engl greum Inrspséifiaembpiierent obthe
epoxycycl ohexyl POSS in an anpunt of about 0.1 weight

inventRA! &R 1batlfy APAUIatidnd\6H tBE tevBRhE@iHodimeth o heviavgition @bnsists
he magnet” powder; and the further coating conprises,

t
i
e L

o SR eSSy
e Db R B o

about 0.06 wei ght percent of an ) o
agent is a butylated reaction product of p-cresol and dicyclopentadiene antioxidant. In a

fourth aspect of the seventh 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 is zinc stearate lubricant; and the organo
clay additive is bis (hydroxyethyl) methyl tallow alkyl ammonium salts with bentonite.

In a fifth aspect of the seventh 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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aromatic, tertiary am ne accel erator, about 0.03 5
wei ght percent to about 0.175 weight 5 percent of
waQpms/osemr at e | ubri cant, about 0.35 wei ght pePCENS20040039859

about 0.75 wei ght percent of an organotitanate

coupling agent of the form (RO )Ti(-OR Y)3 where Ris

a neopentyl (diallyl), Ti has a coordination nunber of
mixturé, of Rbeutd). ¥owpightpdresns krmahous 2gAevaight peerent ofepichiprefaydyin/cresol

end group, about 0.003 wei ght percent to about 0.07
novolavep@it repia stenit 008 vedighn pegaanttb ayowtdnt weighgpdrcent of

(hydroxyethyl) nmethyl tallow al kyl anmmoniumsalts

dicyanMahBa DRI QR tHoufNd] derht p&céfd 3o Whdg blocPREiSRITerdet of an
about 0.015 weight percent of a butylated reaction

aroma@c{1 g&g?@ a%iPQ é&ref‘e?%&)r ap t%i.%%ag@?se?%h?{&eab%ﬁ{ 02?5 daihe

sent rnventron al'so prov process

liquid-coating.a rapidly solidified 15 rare

percengggz(%g ftF%fﬁ?ing et al - bor on magnet material ,
conprising the steps of providing a sojution | )
cibept §-35 meight percoririe aboyy OJrSQ\gﬁg]@ti nexgent af @) organotitanate coupling
or ganozi rconate coupling agent, an epoxy resin,

agent ¢fahelfmey , an accel erator, and a |ubricant, wherein
sai d honogeneous solution is a honbgeneous 8 - 25%
sol ution; conbining a r aROYEEGRIYHANSI ti on
net al - boron magnet naterial with the honbgeneous
SPhtt ROA fg&gé&{tmcﬁalﬁllqa I Had'd X3d#iRatisd hithbdBf YR ghurry

m xture riodically; and maintaining said slurry
1 Xt t t . t -
pyronifPitd Sslonl TP E QR I SR Pt ton SERIPaht g dbou
ol toi t tetrah . [ th
0.07 v {Ei BTt SR ATBBOTAY FURRRGEE P by rarios hoBNEiDbT e

- 25% sol ution, including an organoclay, an .
ammonitt] gkt dith beagpmife, andrabepid A%t Wﬁlﬁgbl’féc@t to about 0.015 weight
organozirconate coupling agent, or both types f
percet of p bitythtatyeattion product sppeidsolandnbicdiopentadient entioxidant.e
is maintained at 25 - a tenperature between 50-60C. In

ahhrleSnd alvenesbAgh pRMdes b peodesy & 1aflid-bodtingnshpidnsolidified
netal - 12 WD 2005/ 052960 PCT/ US2004/ 039859  bor on

rare e%%t%ﬂsﬂloni et Borbh GRERE MMe 1SS BB steps of providing a

anotitanate or an-organozirconate COUp| I ng agent

.in acetone to forma 50%sol ution: i .
soluiqg e A LT 8 LSBT RS Cp stiapArRE il eear, an cpoxy
. solution; and evaporating the acet or&en sol vent tol o
resin, pardengscan geselprator luhricagt.evherpinisaid homogeneous solution is a

homogeneous 8 - 25% solution; combining a rare earth-transition metal-boron magnet
material with the homogeneous solution to form a slurry mixture; stirring the slurry mixture
periodically; and maintaining said slurry mixture at a 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 coupling

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
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transition netal -boron powder. In a specific

enbodi nent, the solvent is tetrahydrofuran, and 5 the
WEe@sOs964 urt her conprises pre-treating the raP@&Ir/UusS2004/039859

earth-transition netal -boron powder by dissolving a

POSS additive in tetrahydrofuran to forma 50%

solution; adding the rare earth- transition

boron nfeéradl 1memaad\wehssomag trhergemitifariabmor aarmdgancaporratd ¢RyPling
the tetrahydrofuran to produce said pre-treated rare

agent u?éﬂe&ﬁett& 8351 4 507 sBRkdh; 9AiRthe eatel edirth-transipacintiab-boron powder
diment of the process of liquid-coating a-rapidly

into therﬁé)iuglg{nf %ndd?\)'aé&guﬁgﬁ{erhc&{oﬁg SdibdiR Do PRIdGE: B8 HRNUEREN Rire d4tth-

coating consists essentially of the
reci t conponents in t Cit
wansitig ik -PRGETRORE b PPECOPE e REG S Lo e, and

| oss at 180C after 100 hours of cured. PC &nets der b
the progdss furthes COmprises me—ge@wﬁhc; e %gh‘rtransi@nr_rpéﬂf—g on pawder by

conparison of the flux aging loss for cured PC-2
dissolvimgre0Ss edditecin teeatudfrentto fyata 80%sgbtopprddingthe rare earth-

hours. Figure 3. A conparison of the flux aging | oss

tran51t1f)ﬁ’ fne@dﬂ'b@fbn%v?dcﬂﬁﬁﬂ tessotiftioh| ast evaporatifigtiettbtrahydrofuran to
nmbodi nents aged at 180C for 100 hours. Figure 4: A

- & G {rhinsirRl M&tal-B6:8n hewden MadpRaFi@embodiment of
P“’d“"‘rérggﬁﬁ {l(ﬁarrst tﬁl r(IJI 20 and fifth errbodl ments aged

the pro%zgﬂg&é%ba 18%0%20 li'(%,g ol 1%&'& f%} %earﬁl HZns ﬂ}ﬁeﬂapﬁéroﬁfmagnet

gne and wt out LI

coupling agent after. O ours at 180 %2;
materigh Gaceatiie qﬁpﬁﬁtsggﬂieﬁaaﬁ Qg felef bampiienf 18““’36139“ ?Ce“tage

silanated MQP-BTM | i qui d-coated nmagnets at 180C after

ranges/8 hours. 25 Detail ed Description of the Invention 13
WO 2005/ 052960 PCT/ US2004/ 039859 The present

i nvention provi deBrizd Bescriptioy i rapidly
solidified rare earth transition netal -boron

(FREarb: Bluxt 4926 oGNstaormgnat oo hoeisasficated, PG:adnapeetsodsh and
of “applying ~ such fornulations to the nagnet

withouT® cg{lﬂ)lﬁlg agem‘t h enphasis on their protection agai nst

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.

Figure 4: A comparison of the flux aging loss for cured PC-2 magnets of first, third
and fifth embodiments aged at 200°C for 100 hours.

Figure 5. Flux aging loss of MQP 14-12™ bonded magnets with and without LICA
38 coupling agent after 100 hours at 180, 200, and 225°C.

Figure 6. Flux aging loss of non-silanated and silanated MQP-B™ liquid-coated

magnets at 180°C after 78 hours.

Detailed Description of the Invention

13
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oxi dation. Specifically, the flux aging |oss of any
bonded magnet nust be mnimzed in 5 order for high
wa eqopesasur e applications to be considered. WPCEUSIIN4/039859
bei ng bound by any specific theory, it is believed
that the incorporation of organic materials, such as
polymers w th the inorganic netallic powders_ provides
Therprsant ivepties proaides soatingrfexewlatiensi farxapiddy S@Eﬁ@%‘ﬂ@?"e‘%anh'
by reducing the reactivity of the filler surfaces or '
transiti&i’m@ﬁ!lb&@ﬁi(RE—TMﬂBP@F)H‘baﬁdadnnagnetie netals, andmgtheds of applying
nol ecul es to the filler surfaces. Additionally, the
fAlsl Qidhi et Eliexaddiinst t
such foéﬁﬁgﬁgxrsgg i erllhté%/rﬁ# a1l Gid hsifl 88 fiRer stbte & y

or produci ng bonded nmagnets. The
o i ng. f | gt i N
oxidatiGi ApeE SE B 56 S B 108 SE Cunied afignty e Belimized in
order Cqraeh tempSracisn dapHFons 10 ReQTTIRRET. (aita g TORREby any

achi evable fromother nmethods. Prior art references
specificiitsatyoitds belimyerbthet the icopparaiéon ofouaanigBalesiptsy SHRAS polymers
those achievable in the present invention, which is 15
with the indrfiomeatlicfovalkeairodfids & meabototpagdvate andipiceefpxidative
wei ght of the magnet. For exanple, magnets nade

tendenlziggc) %redﬁci% theXRAMRG BY kiRy el &t hiffhete of B Bcredsinythe perhzeation of

am de such asS injection-nolded bonded magnets,
usyal | | | 5%dtiRioAREH thd&hddpotRiesdllow a
energetl¢ °7fyeg§§ Hg(g&tlr%gégs E%E‘H% p%ll\llﬁ g{rhtﬁ%eg'r f@ggp{)nd%g to aéta)l?)but ©
) 50- 70% volume. The prior _art faor nets,
higher dehe ObBPYHON BegpAar D etidieiEbon8Ries 5
bl endi ng techni ques. These t hods physically mx
&@mﬁ@ngamhgpn%mra%esmﬁ ﬁ%%@?ﬁpnhﬁwe oy I3{1@,V“‘ﬁ/if‘t’’fhb"“ded
the magnetic powders in the absence of solvents. )
magnefSomiahigharpoavist adings,ripr déghes praportising §f Eagneiguaterigls contained
order to formthe solid magnets by initially fus[;g
in the fif@ maAAHERMHas apEwedle fefnvsiar théiBodsn driganit cefpentésaligdose
These resultant magnets contain weakly bound

| §SadthdsNonenuh fiRkehdtieabRIE ihesredent BRehtion, avhich is
ngk%ﬂ%#%gg%g£poro§%tg, whi ch can be 14 V[;?%65/052960

o PR35 4 AR 5 Gt g e

si ca
properties. Liquid cqating.te iques. a J
—— e R i R OR BN R Rl
g
uni form organic |ayer on the powders. This resulft] .
injectiominfodded l:tqnggi mg@ms}; gy contair? only about 85% to about M‘% %g' 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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5 effective oxidation protection follow ng the cure
reaction of the thernosetting binder. Both |liquid and
W@ 0054152960 ssol vabl e resins and ot her addi ti vesP@r/&S2004/039859

perm ssible for the application process. The

pol ymer - coat ed powders of the present invention have

i nproved thermal stability in conparison to the
detrimefg ireteirns pHovddationaflon eging luss frad, overtlenagnetic and/ physical
' protection can be 10 achi eved through the addition of
pﬂmeﬂﬁgrticular specialty chem cal additives. Wile certain

anti oxi dants can be effective for protective purposes

?ﬁ?clu?ﬁ? ;!}‘?%@é%&h%‘eg‘ ssRERSRALSH Ml %sso@ﬁﬁeid%it}géiﬁtb‘iermmg’by

ers oxygen | ecul’es fromreaching the
L filler. surfaces. Because he [ ' ;
provi o o ST A o O R PP s more
deposited on the filler particl.es uch as in .
effectivsimpaiasion prateop b ine gy gy i B LBaRaB g Yoy Both

oxi dation 15 protection. In other words, little to no
liquid dndtselidadissotvabletresenarndrashermgdiliiives aretviermispible for theapplication
particles and these additives may occur (such as in a
p]_.ocesg,:hem'sorption). Possi bl e side reactions of binders
with reactive epoxide functional groups of epoxy
fﬁt%!ﬂag/rﬂayco%a%%bfs g prént MvkatasH havg einbroved tirmal stability
activ

am ne groups. However, although conplete

. rotecti,on fr ' 0 j :
in comfyfof {6 ¥ued LR P LATHICaP, FEMHROhoRZemRRA PiofeciBh canybe
. does aid in_gxidation prevention. ACGQrLGi.n :

achiovich panmeniee risfien o eofielirapSapi Gieafieg Ryl yblie Eerain
anti oxi dant agents to provide further flux agin Io§ﬁl

antioxidents sambreffectinn for DAPtertHte PUERESAH ILIOmST eXigHE B Wé%}“’ ot the
agents include a butylated reaction product of

antioxidasnts @Ayl mAdig deticycigen ervleles frnareaching derfiller gadaces. Because
tetrakis-[nmethyl ene-(3,5-di-tert.-butyl-4-hydroxy-

the antfdXAMANBioRT Rt Rty arpenicddartis thelinMOn2HEE AlbaGeeited on the
PCT/ US2004/ 039859 As used herein, the term "epoxy

filler péﬁi%ieﬁi;uéheag @ a ;;Zﬁydée%]?%thﬁ} PrBcddB He§thaoé lititee abilidin' Bsdation

ontai ni ng epo nctional groups with an aromatic

e

partid%gggaglég&@gérgg %E&%E%@Aa\ﬁf g)é q@%@fpﬁg@% ﬁ%'Ss 'i?l-{ehs?de reactions
ndoraith re e G AN LT et O 490 Esins sy happes i thd

of binderewith redveive aperidaifuaetional giotps of gpoxy y happ

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.
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t he manufacture of the final cured magnets. It has
been di scovered that coupling agents all ow protection
whyoodas2oed altering the powders surface throuPgir/UuS2004/039859
beneficial chem cal or weaker physical (hydrogen)
bonding. It is believed that the coupling agents form
protective |layers on the powder that are conpatible 10
axwuspd hemir, did tgrm Eepixiywesing frefp pir syptlietic @hgureé prunredrted resins
wi th the surrounding organi c passivation coating,
contai€¢ Bpdxideinalstal bR withbs hasphdtierbabiioneeNoi-Migniting examples of
conponents of the magnet. The preferred coupling
. j j ' i t ovi de
epoxy PR ARG cr AR ARl R BT AR O Gt on.
e osi.l ane coupling .agents-have heen .
epictlogy FERETaFRe G Bor Rt o HE NPt bt S Efstondspp i e
_aqueous and/or alcohol -rich solutions, due to their .
specialtyaddifivast(g enicorplng aegRte. aHOEdaR eic haigiig Hie laﬂ}{iﬁgﬁate prior to
present on filler particles such as glass fibers,
the mamefasturdyfthe Kinelesyred magrnetm and silicates. A nonol ayer
of reacted organosilane is forned on the filler
S hiFtsRn digtbadradtzoasphisghgans alfaw paéotign biyevay of altering the
hydrol ysis reaction in water. The am ne-based sil anes,
LORR BB R of Real®R phyHON Wyt ygeny BondiRs. It is
POWdeg{ﬁug%géé]?ﬁg& e toeglﬁgpchi gh reactivi ?yybet ween %hz I onlgg
. Bro el QNS ' . Ry :
oetiovfib 7 S6LI LA Pk Epo R Pl et chRERAR (AT compative
functional. group of.epox resi.ns, The af.orenent.iq .
and polialy e Y drDPSoiafay ates mut e S Rle RGPS BASHation
_particle couples those two entities together, and &ﬂe
coatingpexyitting additiensd inteyaction hebvecarbe comBYIFE S e wAsHShe 1he
silane and epoxy resin. Utimately, this creates a
prefered essplimketnts fowapplicgidnniu theinmentiongryvids thegaaltssablility to the
conmponent of the system 16 WO 2005/ 052960
nmgmfgﬁah§2QQAd@@ﬁ859 Due to their greater coupling
effect and ease of reaction with filler particles in

ngjﬁgﬁﬁﬂg %og[%lié% %Q\A/I}%tlg gﬁ@e be@h YROPEAERPRI PR BEanic-inorganic

E)r nozircon ch have simlar reaction
e R ARG B 4 RO s
st gp i ! e 5 G BB PRl e
silica gs;f\gggvi@;? ipggl%?loltal;gr %ﬁgi?éd (;)r]:gar}olgi(alalllqe:yig rf(?rlrr%é?iio% tl?g fdiller 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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reactions during pretreatnent. The organotitanates or
organozi rconates allow at best three coupling sites,
WwW@Rwsn0spIs0 se to nore conpl ete coverage of a nOPOCI/EY®N4/039859
In addition to this information, organotitanates can
al so react with surface protons of inorganic filler
particulates that may be devoid of hydroxyl groups.
The (o tlganetitéraoapnpeffat gahemse of oaatien wih éﬁb@pmg gl im e
to aid in the curing process to create the bonded
absencd BNl venP Y Sdrdtivanhde Aald G fihokifcdnbrs ¢whish haté sildilagreaction
process. Thése agents can be applied to filler
sur ' o icH ' dkenrlieng
mecharfii 3FE ot e ok Mo R B oo e i s e et
nder. or nj ect |

t hi ) L Y o)
ool PSSR RSyl FE 0 ARl el o
sol vent- bl ending or |iquid coati ‘iifh d. of .
group qxppp Fblat pasticle:dppeRding ¥Bow e ckiETL i e FasrelySisrangadensation

organi ¢ coupling agents, concentrations that range
reactiohedwirgrprércatment. The ovganbiitanetes)pit Orgarazireonatescallont aifhspt three
opti mal properties (e.g. enhanced processing, '
coupliffBGRaiGak risé fempidvongléte sowmageanfd mbmtayeal In addition to this
resistance). This statenent is particularly inportant
infor B@BH 4 f MR TaBO pdBshs BRGIME ESnic Tiller particulates
mfmmtflrtg(?négg%ap | négtéﬁ%ééhnatqss&aeg%g% to the system t Een t he P
| ower t ot.ent i I talso found
that g § e o BSOERY PopE R B RGP 5 Bl DB cpnR Ll
related to the anount. of neti¢c naterial . S
to aid aS RSO RN 0GR P sopr g Ly rEdf B cros
appropri ate coupling with mninml _reduyction . d'.
linkingprgoess i Theseagents cansbe agnbicd & fillef s&kfﬁ%s"é%sq;’refﬁ%ﬁfmd%m trect
agents are on the order of one mcron at these
melt-bladgproasdes nethnthe pblyned bindenandeinerganicSiligr eithé #gompounder or
added to polyneric systens called "nanofillers” or 25
injectiof AHORREAIKIEY Bfuir8 Y prétfeatiiiaid Mhisrievantikabdamses on the solvent-
I nprovenents in a systems thermal stability, 17 WO

blendiégglg{écﬂﬁ& 8&%1"93{@%9@%%&%9 mechani cal strengt hs,

per meabl processability. These
e T Y L : .
e R TP e A 5 P 0k St e
becweruhamnd L0 (P8 vsiEhue RHsiat B SPARBLTOBEH &4 snped

mcrons). Wth this mnute dinension the aspect .
processaigj mschanival strenigth, edhesiva, andyhenyeal 1esestange) opS ST

give rise to the nmentioned inprovenents in overall )
particlb@p afipdrest fof yigs mahufecnessftpolymar®ndéd 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,
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these nanofillers can vary within 0.1 to 10. 0% by
wei ght relative to the polyner binder. Exanples of a
w@eoosestoby used nanofiller material are clay fPCT/EB8204/039859

(typically bentonite or nontnorillonite). This

material is nodified, for exanple, with alkyl ammoni um

salts in order to guarantee proper conpatibility with
mecharfite? strargthsy oxygearpeaheability sied ‘borcgssabitityayEttesa pdditivastare primarily

popul ar new addition to the growng field of polyner

inorgani@ AT EITRRE b £51i¢PPasb@ b itudthreWikts 6lghiid Gunceibgalities. At least one of
t hernopl astic systens. Specifically for thernosets,

: I Sthd i X qirhieR¥ns).
the o O N B o G o PEREROLOL B0 ot
.. ,di spersion of the organoclays', silic .
With thg, %é‘menf‘ﬂgt%eoﬁsyﬁ%?a %gtg%&/‘ss?i b oélsth g%/%?é ?/(gf%rlé) 88?‘?9”1‘

~_enhancenent. 15 Anot her fam Ly of the_nanqfillers.
give risgitq thefuentioned aproyeRents i eralb propertigs. i WHcal CPRerNfations of
has the general name of polyhedral oligoneric )
these naidfflesoeanoxgneghior). PESE).0Rdyweightrlatise fbaeelyener binder.
si | sesqui oxanes or PCSS are referred to herein as
Exampld3@B8 cadehtly wed nindfilks enaterinipreunastikere (typioplly bedomife or
nano-si zed silica-based cages wth a vast nunber of

montmBFifamts), Thistedib¥a mbliBfRd, f3r eRAhple SWRE hik§NarRinohitén §EMStin
appropriate functionality, whether reactive or 20

order t(l?] gga:r%\%tf:% @%P?Jn%og%a%ﬁx% Rg%]%g@ rrféfra&i)?'ﬂlﬁtreﬁﬂi'? TR P58 Moclays” are a

uni qu nanoconposi t es.

Through .|iquid coating wth the organotitanates d.or ..
populab R AP 6 v e eI T e gt Rk P aReinRbening
POSS additives) and antioxidants in the presence off an
and thespoRlpstiessisiems. Hpesifipdlhater hermarcie 9Eganoglays haye pegelfcetively
accel erator, and zinc stearate |lubricant, the present
incorp@atei rithert throngh highi-dhear melh pysplvalt blendinga Eiffeotiverdisprssion of the
magnet by way of conpression or 18 WO 2005/ 052960
organolfa¥s 82004 039 8h8ughva @ ol yeneriphhdl yigds Taverabix propatyof

the present invention retain the organotitanate
enhancoRidRl. i Ng agent in the mxture during and after the
steps of mxing the coating conpositions wth the
t. Po as | £l t.hat IOk :
RSty SRIEE el gldigs? s BHALr BB haf Wity ol VER o attention
aids in yieldi epoxy- bonded magnets w n e
has thegeneig] Ak 6t pelvlicgie Oiéomﬁf&? a@%aqlﬁ?’fﬁ?e%aﬁ %35 oE@fVﬁ?Cﬁ al
speci fic enbodi nents of the present invention, the
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
nanocomposites.

Through liquid coating with the organotitanates and/or organozirconates, nanofillers
(e.g., 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 or
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organotitanate or organozirconate coupling agent are
adm xed with the other constituents of the coating
w0 o00s05260 on. | n ot her enbodi ment of the i nvene@DOS20041€39859
organotitanate or organozirconate coupling agent can
be added to the magnet powder in a pre-coating step
before introduction of the eother constituents of the
compactieAdidinf o The netlicds of #@ pesencitdértionmenin the ordasptesiici n
the coating fornul ati ons of the present invention
couplinggg&ft‘?ﬁ HRixEHE id0EnS SRPEKR I RefsUT 16ik B the godting compdsitions
net froma tenperature on the order of around

with thﬁ:2 g\%'g]ﬁ:et %{9}7&{&%% %s it(}s fouh§ e E@éhlﬁgﬁmgfe rﬁ{%(%wetvjvz& Segarldianate and

enperature reduces the possibility of
oxi dati on of .the nagnet terjal duri '
various SOMPRECH? AE iR WY ‘?poﬁ‘ﬁ'l%gm&%d 15%%#% ‘g}qg Ie}dpaglrc &EP oVi gl ng’
a bonded nagnet with a | ower fl ux 10? agi n }oss . angn
such asimpresied fhmragingdasse. In spreifigiembediments of the Pretint MYftion, te
results in lower ejection pressures for renoving the
organoti@nate dr oE@Netirdonatmcoying ageprass sdmiged otithbe phepeansiiignts of
the life of the die press. The present invention also
the coaBh® YorffSatAnC IabilRetbsditieat dfahe apphiias iccorganatibanate or
eafth- transition netal-boron (RE-TM B) magnet

or%no?i?c\ylﬁﬁ{esco#gﬂﬁﬁ‘a t BEOSYIdEM the MBI WP th 2PrerRENeE step
e powder's nut att

ured fromrapid solidification

rocesses [,..anmndg.. r [ pose of
before B%ﬁl%h"ff&ﬁ‘a ot %Dég P%tﬁ&‘rg L P{sét%g@rég %@ﬁlag gfpl)'os ed to
aggressive environnents. The coati.ng f.ormul atio .
o0 Hismypr GETA AR Toe BRI IBrRBron iR Rodah Avention
accelerating agent, and a |lubricant. By incorporatin
reduces thepiuring tergearatyresiot Crepinsha brydedgnpgnet pmg tgmpyrature on the
additives with the nagneti c powder and the organic

order SFREBIHMACOIPORE Adse flktlictriperbire of arbahd 47025 Enelloser cagiHn
prevention, enhanced adhesi on and di spersi on between

the filler,and il 19, ial during the formation

ceopesly TN B PR SABREOi ne e Formasi
invention is_applicabl.e to all,. such rare .

ofthe bandeA 74ERls, TR PRBCAS! (BomONie Side Frnggriaritydlgpss fux
produced by rapid solidification and enconpasses both

aging lobw ahdheléet pesfgrreancgr oduct s t hat consi st of

conbi nations of the materials nentioned and the )
apipd aduadioroof the hibeissesesulEx prelowes pieation pressurry forf repjoying the
magnets of the present invention revealed 5 the

bondeg XEBRLH RRAkhdiB BRI, vtficliRdlpypdldngahe Lifecoftladie pgess.

ormul ations of the invention.

The present invention also provides a coating formulation applicable to rare earth-
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, enhanced adhesion and dispersion between the filler and matrix
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Solvent or liquid coating is an effective nanner in
whi ch each organi c conponent can be bl ended with
walosgsPsl | er particles. It has been di scover eRCT/I82004/039859

applying a | owviscosity, volatile carrier fluid
cont ai ni ng di ssol ved | ow nol ecul ar wei ght bi nder
conponents and additives effectively allows the

phases dermsichievsd. oThid ipvention isi applicabig@mrallcsuch yare eanth-traesition metal-
magneti ¢ 10 powders undér anbi ent or

boron (ﬁﬁdﬁﬁaﬁﬁmﬁgﬂﬂg?bﬁrﬁ% Préduded by eipsd solidificafivn ardlem@mpasses both

ensur es and si npl e production of conpression

the bonagi‘g‘ggllé%% @r&du%fé tﬂatcc% Lighr c&%bM@hsO&WH@ Fidrfals rﬁ%ﬁfb‘ned and the

re app |ca fons. I n another aspect,

spplicaBG proeessF i EHT BHP L0651 B SRR Y B drir@eﬁ*’m%&n rgvealed
materials with a protective, pa si vat.ion Coat for

the excpptifmal pepertias deréved fepma Higrooating, n@H IPB%ﬂétﬁF 1%")‘?8
The bonded magnets are forned fromthe coated
ISeieat odliquiddentmgtihan effectize baanerds yaeh eagh grganic component can
subsequently cured. The resulting bonded magnets,

be bleddB@tvidlsoRe fillePpartibies.| itk Geaodma:dvgrerirtbaie@p],ymgmlo&dvmgosuy,
organotitanate coupling agents in the epoxy system

volaulé!%?}/i’exsmg& 'céﬁtﬁﬁh dl&@bﬁ&\dqwnﬁolbémaﬂ Wightl Kifder 20inPpEndss and

e s made w t hout coupl i ng agent at

addltlvg:i g& e'%lg%ll‘fh §¥]t% rtheea(e%%g%oﬂ df gg q]r&%vg or H[a%e orP ﬁf%"iﬁa Bgc

ux agrn oss at OC after

hours bet ween nets er atl oad
powdersyunelgs HOPIARIGR MOLTHE SIBAGHEE toPatisTi ?Wa Pa%cgﬁl%‘@%eﬁges a fast
CA) or that have been |iquid-coated mﬁ&{ %
and siroplg rastuctiomaf conopressiqrumolsable Jifatidscanjeth RE-TMVER poggdersdor high-
OPPR, KR 55). The presence of the organic coupling
temper@a@@dtppliedii@ss the degree of oxidation of these
powder s, nmaking them suitable for nunmerous high
tﬁ%@th@% g@étcﬂfeﬁﬁ’@deﬁﬁmv&ﬁloﬂlpm\flmrfﬁmﬁl}a@mkhfmuamrth-
Five enbodi nents of the present invention are

transmg)n rﬁét%% on @qgé g@gc RlaléridpP iR aP38&D e passivation

ing o e non d”magnetic powder system and

. four .coupl ed, ma
coning i g ARSI i yv;%ﬂez&go.&ﬁaﬁt%géom oFE P s
ent - coat ed wd
Fome b et B B O SRy cured
powders. 5 In many enbodlnents the present invengion
The repuléiug Hesded magpatst ihet arisedrana therligid gpgéing process, ncluding

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 temperature/corrosive

environment applications. Five embodiments of the present invention are disclosed,
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been rapidly solidified then thermally anneal ed,
preferably within the tenperature range of 300 Cto
W@2®S051960 about 0.5 to about 120 mi nutes. The PEDOEI004039859

material has the conposition, in atom c percentage, of

R' Feloo_u v_WX yCo,, M\BX, wherein Ris any rare

earth elenment including yttrium Mis one or nore of
includis ond\on-Joupldd maghetidpowdér sybterdnd fivh, caBpled mEgnerid peyder

Further, the values for u, v, wand x are as foll ows:
systemd T pssTvatidn, AheE eXemplary Q&upled systémanttlvlieT couplidfagdnt-coated

addi'tion, the magnetic material exhibits a remanence

B Ustehl-Qi0x v chépl t-Afhoadditive-coated
poic ETRELEAy A 2, RO S A g
about 15 kCe. Any nunber of thernosetting pol yner

powdelsi nder s may be sel ected, such as, urea fornmal dehyde

(am no resins), phenolics, thernosettin ol yur et, €
rlagnany emfodifaenite dheRresesf NVeRtinIRYidesa ; .et&mf“ﬁ AR has
agents or hardeners contain functional groups that

been rapdig soldifibd thencheromably angpatedppretrrahlyiavithits the tefperafuge range of
required to cause the crosslinking or cure reaction.

300 °CES 300 CEfor @hout OLF ion®oag X Minates. The pinghétic fbieriellras the
cycl oaliphatic, tertiary, and aromatic am nes; am ne

CihSy | ARRA18E Sof REL YA deo, 01, B Einde &. any rare earth
Compo%g%?iblaﬁt?/@ﬁ] hese aggent S a%g(g added to the resin at

boyt ..1 t0.6 phy. r r [ [
cemerJiEiah 8y Fub L Rl JURLELR R8I 15 i o, slamendi .
crosslinked prqoduct. The accel grat or., _whi i Acreas
and Si( fFarthezathervgliey et Ve 400 4ig o LOURNE: 7 S SeEliohes Y= w
amne, e.g. imdazole, am ne adduct, or anine- ba%]g(;
< 7 amohpkes, 10 Iy addigrs, the meagaetinmalatiplexhis pdgmanence (B;) value from
Accel erator concentrations fall wthin the range of 1
about 6 @o dbap 12 kGRm andsteinsic coersity<Hay valne frobr shoah$.Odoabouid 5 kOe.
fatty acids, metal (e.g., zinc or calciun stearates,
fhye heﬁ%ymeﬁrﬁ)wﬁﬁ% BBimee bikleR miy odejesdde sudhes) wsa
etc’ is used. Typically lubricants are 25 neasured

| 48 e, ind } €5 s, alth@resins,
o 1554, sl b S .o

PCT/ US2004/ 039859 b ) . 0.5 WA Bflctional
cPOXYFEES AR A PP ot SR ool hGEa T WIH flcriona
properties of the resulting bonded .magnet. Ani.i oxida
groupg o e FesitendoHs r%ﬂélﬁeg o caRe C&?ﬁsﬁ\%ﬂng E’h%“f 5‘??5@0%?}5"6.“@’&“ of
to 1.5 phr (per hundred ﬁ).art s resin), and are useful |,
curing agentsyeyeyaliphatic (lowhr), exshenliphatico Feriiary canghaserapkic amipgg amine
appropriate amounts of coupling agent and nanofiller
adductse agidoagiigRnpelyayidesncrRaBRIrides. 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 adduct, or amine-based complex, e.g.
BF; mono-ethylamine complex. Accelerator concentrations fall within the range of 1 to 4 phr.
For ease of processing, a lubricant such as fatty acids, metal (e.g., zinc or calcium) stearates,

fluoropolymer 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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additive) for a specific systemare determ ned
enpirically for optimzation of its final desired
wore@aes29pr operti es. Preferably the concentrati PCT/DS20g€639859
of coupling agent, organoclays and POSS additive
added to the entire systemshould fall within 0.1 to
1. 0% by wei ght (based on anount of binder and i
may be Did11t610)5 pHE.(Perttmndfdqath filleniagh is {dpesdsit on therdesised Gpal
resin), and 0.1 to 10 1.0% by wei ght (based on anmpunt
properti%g oPiHRIEultd b dnlibd ﬁfa?met.f espiegidattedoyiceritfationsiead td éxist within
enbodi nents, a nultifunctional epichlorohydrin/cresol
NOoV; di@dical
the rangg R} 9o FRGHY (oek i5ldied et nEy BB B e

| ubri cati ng agent in the polyner binder systemare
Consumllj’é‘@l?ln?%Fysﬁ%i‘rpr essi on- ol di ng purposes both including

and excl udi ng coupling agent. y of .the foll ow

Tba ppprapgrielg emounis of 09@1%51%?18&@5 bapofiletietr pEgHpqlayand POSS

organosi | anes, organotitanates, organozirconates, and. .
additiveyfoan epscifasysien aradetisrmined empisalls herouitimirationigh dts final desired

recommended coupling agents for the epoxy-bonded
magnefFropdvtics. MaeRebsy Akeohdwntatigannpis afratpkngagent, organoclays and

or ganozi rconates, which are of the general form

POSS {S%Qll‘)se a;Bi}c]léd %ﬁ? Xﬂt‘ﬂrz@%st&g sfB6ld FAIRPithin. ( tOKOR BY #elgh(based on

ol yzabl e group that reacts with surface
rat.ons of ~hydr - TENoRE 0B AR, £ 0.1 to
amoun{)%tﬂﬂn eﬁé‘f‘%&ﬁg i Ew‘g 1?’%3@2?/&%}@@@3%9%%%? ur at ed ntgl lyl's
(neoal koxy). Ti and..Zr,are.typically.tetraval ent
1.0% be/iweaghtdhasaaanfﬁwe%gfm"?%?fM?lﬁgrés‘ﬁ%%%‘%@i‘/-y, wher e bot h
25 may have_ hi gher or | ower valence aﬁvgl . X is the
Hidpecifio aobpdimentsgr swafungtinngl epichlomhygsinierssgl meyela epoxy
PCT/ US2004/ 039859 phosphat o, phosphito, )
resin, Wiyt @ fhgspdianile carihg agerit, a teriappamine aseelcraRr apd zing stearate
thernoplastic functional group such as: aliphatic and
lubricaBifP aB&t3h tHe Py Windeh B?rsyém afeCiisgdl forl agtresaionytholgimgupsposes
napt henic and mldly pol ar dodecyl benzyl groups; or
; Tt | enxhy 8f @eRsllowiNg icSupliM@ agents are
both mt%Luélr1 wroinglt‘i’t%?%g ucﬁcy{%%%@gr ou% that typi %al I%/h?s

. reactive e.qg. amng.or vj S ieEii&S sid S
apphc"{bﬁ%toftbﬁdm%wgfli Qreangeilines. %&%ﬁ@%ﬁrﬁ%}é}t ional Ity of
=2 inmli that t .
organor;ircoalurlngrz)ltels.e %‘or th%se er&?cgdeunents 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)4n

and
(RO-)Zr(-OX RY)4n
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 (neoalkoxy).
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

22



10

15

20

exi st two reactive hydrol yzabl e groups and two
organof unctional groups for compatibility wth the
weolope96bi nder. Exanpl es of the various PCT/US2004/039859
functionalities of these coupling agents are
di splayed in Table 1. The liquid coupling agent
organoti tanates and organozirconates with
phosphityy sieisphsipd) alymphosphptopsipfiinyb chibagk etcuRds therhermapdashs
were found to be nost effective for 10 oxidation
functiofidld SrSUPAICE as: GiPh4tR dnl@ioh-poa ¢dopyapyhdiutyl coatylt isostearbplcgroups;
protons and hydroxyls present on the magnetic powders

napthergﬁ éﬁcﬁﬁlﬂﬁ}y Oér(ﬁgj &d@cylgéfﬁg{#reﬁﬁsl; o h@rRSic BEnA ARRBH phéfidgfoups.

orga _|rfonate co i ng agents Synbol Chem ca
. ou em.cal. Name Tjtan . - HC-
vis R A ORI iy Y5, S R e o s
C7H 5- H2C-. octyl alk0ﬁy -4 . . PSR h
n repregERECHe SrcHonriy of therpy @@éfc- A gunctionality of 9.7 - iippigs that there
allyloxy 4 CH2=CHCH20OCH2 CH3CH2C- H2C-
exist twgm;p(ﬁt\;te}h(yglibé?zgf%d FgBrgrxgzs and bup leasepofunctippal g &y gompatibility
y N Y - (C= i sost ear oyl nonoal koxy 3
with the ?Q—?@e@b(ﬂd@ﬁ =Etinpled éfahe yiriows fomitiooaljtica-o these coupling agents are
O0=S=0) - AR- C12H25 dodecyl benzenesul f onyl nonoal koxy 3
display:?g HOr 501 ; @neRrld Py agenPiizenha st Hdregalokioeonatts with
e titanium and zirconium atonms nmay have coordi nation
nu rs. Qar . AR i i .
pror IR SRR 180 it o SR BT
.. connecting, atom of the functional se
oxidatiph PP HcH LI TP e PR s e dp s Rigsemt
l'iquid coating process requires an appropriate sol vent

on the fagngsicqyserdes Fefti on of the organic resin,
har dener, accelerator, lubricant and coupling agent.

Po| Eablepl; Bymictéonaksireupn oforzangtijanateand qrganogirgonals ceuplipe agents
Symbold]l koxy- bfSeunizgalcGrmips and agr ot Chenugal Name ' sjcHlifanate | n
klet ones, aronmati cs, Type
R (CH3),-HC- isopropyl monoalkoxy | 1-4"
HsC- methyl monoalkoxy | 1
C7H;5-H,C- octyl alkoxy 1-4

CH;CH,C(CH,OCH,CH=CH,)-HC- 2,2-diallyloxymethyl allyloxy 4

CH,=CHCH,OCH,

CH;CH,C-H,C- neopentyl(diallyl)oxy | neoalkoxy 1
CH,=CHCH,OCH,
R XY ~(C=0)C7H3s isostearoyl monoalkoxy | 3
-(C=0)C(CH3)=CH, methacryl monoalkoxy | 2-3
-(0=8=0)-AR-Ci2H;s dodecylbenzenesulfonyl | monoalkoxy | 3
-(HO-P=0)-0-(P=0)-(CsHi7)2 pyrophosphato neoalkoxy 3

TThe titanium and zirconium atoms may have coordination numbers greater than 4.

AR is an aromatic benzene unit.

The italicized, bold-type atom is the primary connecting atom of the functional segment.
Information taken from Ken React Reference Manual.

The liquid 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 alkoxy;based alcohols and aprotic solvents, such as, ketones, aromatics,

and glycol-based ethers are useful for epoxy resin dissolution. Protic solvents may not
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and gl ycol -based ethers are useful for epoxy resin
di ssolution. Protic solvents may not 23 WO
wWQBSHE92O60 PCT/ US2004/ 039859 al ways be advi BeEbU82004/039859

due to the possible side reaction of a proton-donating
solvent nolecule wth the epoxide group of the resin
nmononer. Since nobst am ne-based curing agents and

always e adviestdé,alus tatte qossible sivsireartion of apheorflonasingrsolvspie@olecule
sol vents could be appropriate for these conponents.

with thSbFeHidd BPup bf ftRirkdin Aindfedr $insd S0st@hiae-bajedarrinpayents and
contain the carboxylate ion. 5 Many of the

accelergfg?sﬁ’%lg ﬁ)lk){ag ﬂ%ﬁ%ﬁle@pﬂe HHANAR L E@BA Eifts 60_?;\_1%% Bahbpropriate for these

particular sol vents.
r ophosphat o-,. phosphat,o-. ;and £ 0- i ;
compofeis e P CUREE LS M po g @ ieL M i GBIk fon
have very good solubility in the follow pg. sol ents:1
Many ¢fshe piggaeiiipnates gndaiganogrqnates cary vy ﬁgfﬁﬁﬁﬁﬁé é%é’aﬁl’?& ar
ketones. Ot her coupling agents of different, )
solventsu e pyromhosphatveyphosphatd-i ardphesghitonfineiienal fifrnatss/girconates, due
conventional solvents. \Wen using the 10 recomended
to theiCAPIBRNSIN Ayl Raviehiesy govdesotubility imthetfoliew mgsolyents elopropiwl,
a very acceptable carrier fluid, for both coupled and

xylene?f%ﬂieﬁ?,%ﬂb& | SWHEAISERnd REGAS ©Bér doupliddagdntsyofidifferent
di ssolve the ingredients well and high vapor pressure

. at..anbi ent tem e . ' i .
e

procedure in order to obtain optiml characteristi
recompPndeOAORERLS b ih HEFRIOBT SEIFB0 BPOBSHEN (1B § T RbreBRTIe

the RE-TM B nmagnet powders are coated with a .. .
carriertfbid fereath soaplpd andbroteoupled SYHERA RECIG Y its ARILE, i dissolve the

novol ac epoxy resin, a dicyandiam de curing agent, a
ingrediegitstwell yndeigh eapagresserat anbigndempaatigeear at e

| ubricating agent in acetone. Once added to the

OV §3hlisGEnboddhetith 6the Aivehiion edntih endibr TevuiBe apgoret mixing

powders continues while the m xture is heated above

procedu?[%m ddr&éms ro@#a‘ﬁ'i ﬁ%tﬁrﬁél BRfa¥eAbtids e MR HR! firstZéinBdditbi@ of etOitdsent
enno or t

I ment present invention, a coupling agent

invent.iqsfi]r %éﬁé'm_%e%g%WWHéag%g %@?&%ﬁﬂ@ﬂ&ﬁ&g&%@%&uﬁm of the
anotitanat e-acetone soluytion.is .added to

or . he .. .
cpichIFgRBHGER ErepR NP B APRICIY P LT B SRR CBy1 Pl Terary amine
subsequent evaporation of acetone. The pretreated .
acceleREoTvdBipDsiehsats lehricatingreeatis) asetong PHCs pldeg;tq fligpraanics
procedure as in the first enmbodi nent that includes
solutiért) enieipgy tisyREAV B gmphat powdps wentimies 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-acetone
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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24 WD 2005/ 052960 PCT/ US2004/039859 1In the third
enbodi nent of the present invention, the
wW@e@anssd anat e coupling agent i s incorporat edP@I/UR2004€39859

RE- TM B magnet powders and the epoxy system organic

conponents through an adm xi ng process. The RE-TM B

magnet powders are blended with a honpgeneous acetone |

Biothe thinrentfodimenteyittehpreseohind eitinne thessganetitasiateccoupling agent 1s

resin, a 5 dicyandiam de curing agent, a tertiary
incorpo@df@cf‘@iﬂ@ SR ETM-B maghdl powtiesand ehel apbky systém grgagéntomponents

and the coupling agent. The relative anmounts of the

resin.:. Gyl IR aRE. I ' twitlfs €
throughrazl ddd&l)gﬁgi)k&g%s?glgfé RE-AMS Sh81e® bordsks lapblbadatwit

uce cor y In order to maintain an RE-TM B

owder nass rce of . 98. 3%, . ' 0 ,ng:t he
homog gt FeRg A eI B GBS AR L A AR B Rt 8
aging loss results  for cured nmagnets according.to_t
dieyandhiimie cugeg agsal ArErtiaR BINEABERNTARRCCH S HE 5@?&38?& agfgg and
I nvention. As can be seen in Figure 2, the rragnetiﬁ )
the coupiingageat. Beoelative gmpunts hthegevnduriagBsentnsselerator and lubricant
(Precoated CA) exhibits inproved properties over the
are rediBR@RAEIIrEinpBLiA ok ddr t@fatritéin af RESTMeBipostidermiasy pocadnpf 9#%3%
to the incorporation of the coupling agent (CA)

when i%&?&&‘%ﬁhr% tRE @&Qﬁﬁ{ftg e i FIRED ShowRONPIRE 6f thEWTixgimgrloss results
a

n ‘en cement o he flux aging |loss of the 15

I | ' iBRAGF iRk Rnt S
for Cur‘%‘ﬁ?%eegs a\%?{(‘%ﬁ{gﬁtg t@%@%ﬁé%qé’% %g{)&n%g%(getgt s, as seen in
Figure 2 for the third enbodi nent (Adm xed CA). The

inventiggneti ¢ material according to the fourth enmbodi ment

of the present invention has a sjmlatr forpulation to

Visecandg e 18 Figire 2 e TAEnEHemaierALACS g s<tpnd
differs due to the addition of bentonite clay powder

embodirhatt (Prasoabsle@AL h;dribmﬂrngromdemmws(pv(@bﬂleamgf@gg npfprial of the
(hydroxyethyl) nmethyl tallow al kyl amoni um salts

first enddithéht (K6 Gxddueitd thedinedrporatisw binhi enuplinfreene(Cat)i theough
anounts of the resin, curing agent, accel erator and

P FwdetdUtftherm&re C4fidihdhoemeht 6f Gheflukging loss of the
precoa{r%g?g}egj?%hg@ﬁmgﬁeti c powder wei ght percent of 97.6%

RE-T ]\@4%%0\%46?§ ﬁ é&?{n@& 'w@lgn ‘F}Ig:e rggrﬂ)@i%ﬁ{e%’ §drpﬁeg With the %B&WSS yStem

1 ux “agi ss results Tor cured nagnets
compoptorge P, 0 B At 6] THoePosg AU EEGAT: Ve of

;%; r:;;iéggg ?1@?;{;&] ggci@;d?pg? lgaa e ?gumrlt‘ilegml\)lgdtirlgliegt otf ee &%ggnzc( %nrllgntion
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) methyl 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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25 WD 2005/ 052960 PCT/ US2004/039859 in a significant
i nprovenent in the flux | oss of the nagnetic nateri al
wa@ewsnshony to the fourth enbodi mnent as conparkdI/US20041€39859

first enbodi ment. The magnetic material according to
the fifth enbodi nent of the present invention has a
simlar formulation to the nmagnetic material of the

in a sighiGiosirt im@rdvesientinthe fhut lods Of e snagnetia waBrinhascpiding tgthe fourth
precoating of a silanol-POSS with phenyl group

embodifteifAs QRHatddto e fikerfiB@iftehc powders. A
POSS-t et rahydrofuran (THF) solution is added and then

ibé rﬁn{)a gg?tm &1&61%15.1%%:% Ig_]%e(é .('gl'lfe RENEEESdindcat bONE ?ré@é’nttiﬁk%ntion has

ation o vent. The pretreated powders
. .,are then subjected to the. mXxi [ ' ’
o il SR L B A RS CH Tk e Sl But Bffers dve o

solution. The relative amounts of the resin, curi 9neti
the initabpweoatinges Relanal P QS kwih PRGTBA it UBsonALY podfe magnetic
accordingly in order to maintain a magnetic powder
powderee AgPOS pecteabydrofiran GUEBYsoltam 15 ﬂd@ﬁdfﬁ@aéhmfglftqﬂlé’*’lth the
organocl ays. Figure 4 shows the inproved flux aging
magneﬂiégg&vddiﬁ%ﬂlldvﬁedf ¥ the v gratharsiise BHEGpVienty The irétecatddf pawders
enbodi nent as conpared to the cured nmagnets of the

' hi Y B fhe FHNATBINBSAimERt iR BMMEidg the
are me&‘?@éﬁtﬁglqlghggg ablgdél%l\/rlg?TM B powder 1i s liquid- célgﬁ ed

with - dri r L .
orgamc‘%;aaﬁo?}g aqlﬁﬁ%rgﬁl%r r%%ﬁggafg{gﬁﬁ@%hae%y@ c'i‘lgllng%gﬁ%fi %c?hélgiéhtor and
Bt R TR —

stearate in a 8% acetone solution. The resin, curi nr%

97.6% adenincopmraibrgecthe praapeclaysn digirad %P@éﬂ%?tlglpa?"é’diﬁ’d‘eﬁl loss
together with the acetone in a glass 500 nL beaker.

results Thecuitddnagestd accstding edhpEfth ctibodinhent pncaspprsed toghe cured
produce a honogeneous solution of the organic

magneGUTRENERE 8nd thite eMBSIMdAtpowWder i s subsequent|y added
to the solution, allowing the addition of nore

acetone to sufficiently Eiﬁfﬁ%ﬁ@ the powders in the
solution (roughly 1 nL T one per 5 grams of MXP

Joo er). The overall proportions and conpositions of
Exampled 55" conponents are shown in Table |a. The beaker

containing the m xturg,Ls then. pglaced on, a.
Commercial?y available MQPﬁ/I-h powder 1sF11qu1cEcoa?ed 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 a 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 (roughly 1 mL
of acetone per 5 grams of MQP powder). The overall proportions and compositions of the

components are shown in Table 1a. The beaker containing the mixture is then placed on a
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26 WD 2005/ 052960 PCT/ US2004/ 039859 hot plate and
heated at 50C. The contents are periodically stirred
wokioses9he acet one evaporates. For conpl et e dpgI/nsRobse39859
powders are renoved fromthe beaker and spread evenly
on a flat surface within a fume hood. Table in Conp
onent Mass (g) Weight Percent (% Exanple 1 MQP -B
hot platd @8d BeA&1 &AD°C EPtblcdbéntRewsi periddisaidy sti hile the acetone
: Di cyandi am.de 0.096 0.094 Accelerator 0.032 0.031

evapordisD FopkSRAPRICASi33IRe Powdds ae riangl ko thiobeakecamd spyead evenl
P avai | abl ebl\/QD'I?lé%poij%r is liquid-coated wth O. 6‘5276 ¢

f % SHEM Keordgsh Petrochemicals, Inc.) (see Table
ona ag u%f%e COU%?I ng agent is added to acetone in a glass
500 nL beaker creating fle;Dqg/f?so! ution. The MPT"r-B

powder +scadded—to—tihe Ut R vl 1 .00
addi ti r}n_—é?ﬂ%‘?@“gcctl o"u;ﬁ’?%@ #%@%@ﬁ%@ﬁ%ﬁﬂ: t he
powder $_in the soluti chxample rpesiti-eps—of—the
conponeM@ParB shownlin ¥¥e 3| The ai ni ng
the mi xFRON iL64 Resn pl ack800n al hot pilat’é and ils
heat ed [@ic@@iamie _cont efOF6 ar e| peri o4l |y stirred
whi | e thecalegk@ne evaporapnss. Fpr conmpl03tle dryijng the
powder S AregkaARved firomploBe Dfaker amRospread evenly
on a flat—surtacewthim a fune hood. 15 Table 2.
Efbanot : t?nat e/ go aln_ozi rconat e Coupling agent
nmencl at ure upling Agent Chem cal Name LI CA 38
E___H!éaxamt i tgﬁgigl (diallyl)oxy-tri(dioctyl) pyrophophato
Commercially available MQP™-B powder is liquid-coated with 0.6% LICA 3g™

(Kenrich Petrochemicals, Inc.) (see Table 2). The coupling agent is added to acetone in a
glass 500 mL beaker creating a 50% solution. The MQP™.B powder is added to the
solution, allowing the addition of more acetone to sufficiently immerse the powders in the
solution.v 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 removed from the

beaker and spread evenly on a flat surface within a fume hood.

Table 2. Organotitanate/Organozirconate Coupling agent Nomenclature

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) pyrophosphato dioctyl
zirconate
SIA0610™ y-aminopropyltriethoxysilane

Table 3. Composition of Example 2
[ Component | Mass (g) | Weight Percent (%) |
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KR 55 tetra(2, 2-diallyoxymet hyl)butyl -
di (ditridecyl)phosphito titanate KR 238M M
woredolas29yd at e functional am ne adduct of PCT/US2004/039859

di (di octyl) pyrophosphate ethylene titanate KZ OPPR

cyclo (dioctyl) pyrophosphato dioctyl zirconate

Sl A0610 y-am nopropyltriethoxysilane Table 3

Conposi{ti on of Exanpl e Exifapk X g) Wi ht Per cent (9% .

ConponemQB™ -0 2005/ 0529@0.0PCTf US20099.980859 [Exanpl e

2 MP 1By 99. 393 | LI§#1138 P- 611 9.4007 Exanple’ 3

Commer crarty avartabte MOPTM B powder 1S pre-coat ed

¥m tthI OlA 38T(|§/I (Kenrich Petrochem cals, Inc.) before
urther liquid-coating with an epichl orohydrin/cresol

Exampledo| ac 5 epoxy resin EPON 164T||[\)/I ( Shel | >(/:herri cal

Conpany), di cyandi am curing agent (SKW Trqst e

Coramially i BT oB @pBAer IEeHoSH A Uk BIGR 36 tRenrich
Trostberg), and zinc stearate in a 8% acetone

Petroctseatitdls,dnc.) Béferecimuthés liqpidgentingiveithaaitepichloxghy érin/cighel movolac
the acetone in a glass 500 nL beaker in a 50/50

epoxy SRIMEPON- 1631 (SHeN!CHetnit 4 Conipang) dpguidiatiitel duying agant (EKW
to produce a honogeneous solution of the organic .
Q , : NOWAEY i : :

Trostb g e e e 2y ppn il searate in &
acetone.to. sufficiently. . / 0.t

5% acBRAGIA TS CBUBHE el b ARG pa v RE B S Boh i { ags s00
the powder and coupling agent are. shown.in .Table 3.

L besiiie b ARP SEHPRT fPBGHIRE e ReHCRIP LR POk Braics
hot plate and is heated at 50C._ The cgptents are

homogeaedus dplutibh pf thejorgasdc ogmpasentse The MQRe -B powder 1s 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 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. Following the drying step, the precoated powders are
added to the 8% acetone solution with epoxy resin, curing agent, accelerator, and zinc
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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evaporates. For conplete drying the powders are
removed fromthe beaker and spread evenly 15 on a flat
waensas®em t hin a fune hood. Fol |l owi ng the dryPemyuUsS10e4039859

the precoated powders are added to the 8% acetone
solution with epoxy resin, curing agent, accelerator,
and zinc stearate. The acetone is then allowed to

ExampRVApor ate whil e the powder-organi cs-acetone mixture
'S periodically stirred. Table 4 shows the respective

BRI Galff aRRGHe MOPEYiENbowdeR i RidixeithaIC 3818 (Benrich
Exarrpl eag’f%nd 4e Cgﬁponen(zwl\/ass (g;(ev\éi ght Percergt I(KOI/;

Petroch?n?f&l l, En_scag%tgjl&%clglo dfiﬁc%g&'dggg%c %5%}(637 ERPEERE 16865 (Shell

0. 021 0. 02 Zi yantl am 0 2 Accel erator
.0, : i.nc .Stearate O, | 1
chemis| Soornd deyiisugs ek Ui abagtet ity
nmer cj.al |y avail abl e T™ B j '
acceleratiot, Fenuron 65K Reastaees). mﬁ%%@?ﬁ%m&g?@% R gf)rg Sbfjfion. The
epi chl or ohydri n/ cresol novol ac epoxy resin EPON 164TM
resin, ciShehdent, Gheiératal, AQunysearyty and ritapaicdirarded tegeihes yvitigcatone in a

(SKW Trostberg), a tertiary amne 5 accel erator,

glass STEHIRATM creSUY T8 Rrbati@)solaiod. Ahamisteaisatiered perodically in
acetone solution. The resin, curing agent,

order tc?@g)gllﬁeg e?ltl(\sl)rmfl? %eﬂa&fs ORI %@é&gaﬁi& E@fﬁgérﬁ:nﬁsf. arrdder™-B powder

acetone In a ass 500 nL beaker,

is subsEqnts s B R RiciAby e MaitDE ot Hedodeto sufficiently

r uce a
S— A O TR A R
(he mishOre o piscrdion pOAHBIS 0 1 IGO0 o T0 GEHE g Petibdically

for conpositions). The beaker contai ning

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 flux aging
loss results of magnets following this recipe compared to other organotitanates or
organozirconates or no coupling agent at all. Figure 2 shows a comparison of the products of
the liquid-coating methods in the absence of a coupling agent (Example 1), precoated
MQPTM—B with coupling agent (Example 3), and admixed MQP™.B with coupling agent, as
described in the first and second embodiments of the invention.

This method is also performed under the same conditions by using MQP™ -14-12
powders. Figure 5 displays the flux aging results at various temperatures 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 MQP™-B powder is admixed with KR 55™ (Kenrich

Petrochemicals, Inc.), an epichlorohydrin/cresol novolac epoxy resin EPON 164™ (Shell
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the m xture is then placed on a hot plate and is
heated at 50C. The contents are periodically stirred
wokioses9he acet one evaporates. For conpl ete drRCTYS1004039859

powders are renoved fromthe beaker and spread evenly

on a flat surface within a fume hood. Figure 1 shows

the flux aging loss results of magnets following this
ChemichECoRpap0/dieyaedianddotirarg apega@di Wiliogberg), @rtertigry amine

or ganozi rconates or no coupling agent at all. Figure 2

accelerzr?&?‘P’Em?roﬁWS‘KWbesﬂferé)hﬁlcpiiﬂ@ibtéirateﬁﬁ a Sheacetone solution. The
I qui d-coating nmethods 1 n the absence of a coupling

resin, cxgxglg%ge%&é%%rgtogz:in%%%ﬁ:ﬁgtaﬁ&l tig?l}{%gﬁrélwﬁlgé’%}m tt&%e%ﬁ:‘r‘ Wifthetone in a

adm xe th coupling
agent, as described in.the,firs nd C Y .
etass SEPBbclenRet €EBTHE O RIS O 1L Ak B Mingg periodicaly in

performed under the sane conditions by usi M{B d
order to produce pliomeggaerus soltign o ths eyys ﬁ%P%/qﬁ’é‘tSf nglil\%iv’n g b powaet
results at various tenperatures for MOPTM -14-12 .
is subsevpgniby added td the salusioncalogfing thepdiditied of mare @thgwmspﬁfglently

LICA), and including 0.6%LICA 38TM Exanple 5 o
immer: wila Inthavatutieb(sec VRHE N Br panplesitidns). b beaklenvontpining
KR 55TH (Kenrich 25 Petrochem cals, Inc.), an

' I Bhd SorfbtiNark Géidlicall
the B e B 00u 050608 Chamcal

.- ny) .. di cyandi am ' SN he
sifred SRR I el Y R e, T SPHpLPa 38R e b (R RE from o
Trostberg), and zinc steacrate in 8% acet :
beaker gl gRrPahcveheon 4 B Nirface P sy hoody Eigpie Liligws e flux aging
stearate and titanate are added together with acetone
loss resulits af myigaess @Y ing thisripe compatedite §thsr AR aRAiesor
solution. The mxture is stirred periodically in 5
organo@ire&iatds @r po cduplmgagharmvgdneous sol ution of the organic
conmponents. The MQPTM B powder is subsequently added
to the sol ution, Tablk SWdoagpoditivas efdi¥amplef of nore acetone
to sufffici @atdpwneﬁmeﬁsMhisquoWeight Pertchat (o) Ut i on
(see Tgble 5 Tor CONPOSiHyagiisle 5 The beaker cont aini ng
the m xthme_thhen pracegoql a[hot pbgbgrand 1%
\Ij\lﬁialt :dt E%Pg%g‘mxégmugniujm re[Periogf g Ty Sii rred

e [ el
H-oRE—evaipot or—con drying the
pomdersw‘ﬁgd f 1 om ﬁ@ 10-1b '“tb'(ijé spread

\ 3
evenl y lohcosleraiay surf ace WWehin : — Figure 1
shows” t h&iné Stearate)i ng 0.021 0.021
KR 55™ 0.509 0.500
Example 6

Commercially available MQP™.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, FenuronTM, (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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| oss results of magnets follow ng this recipe conpared
to other organotitanates or organozirconates or no
w@ouwphsaag agent at all. Table 5. Conpositions PET/US2004/039859

Exanpl e 5 Conponent Mass (g) Wei ght Percent (%
Exanple 5 MQP B 100.0 98.272 EPON 164 Resin 1.137
1.117 Dicyandi am de 0.068 0.067 Accelerator 0.0

order tdprddice Zhomogsneausabition©f the(rgaiic ceRPGENG. Jie MQ?%%B powder
15 Exanple 6 Commercially avail abl e MQPTM B powder is

is subs@ﬁ@h%ﬁﬁ’dd@tl&@ tH6% o IBR TV ofwiad theck ditdatof aedie atara@lestp sufficiently

, an eplchlorohydrln/cresol novol ac epoxy resin

- %v@é%i‘%% Uit e
ac cel

the mifigay R pPiced 8 A AERF St B5H e Fﬁ?ﬁd ETHE8 ooyt e Beriodicall
curing agent, accel erator

e TR L T B S P
beaker, creating a 8% organics solution. The m xture

beaker iasd spread extnfeon oftcartage Wihingofuwe Ipods Fimye §ghows the flux aging
PCT/ US2004/ 039859 order to produce a honpbgeneous

loss resi@ts bf m2Bn&@f fdllvaving dasiecipe compaed s othEhergMigtitamigsowder
is subsequently added to the solution, allow ng the

oanoéﬁgd QR A5 cBRSIRcaeeERaNL 0 suf fici ently inmerse the
s V\d&'rs mtggﬁsga&%tlon (see Table 6 for

CO"DOS'“ ons) . ThenbeWshipostRl diEthifle 6t he m xture is
then plrEceg gihofedl0l P! NikssqBy | SEight PercemG %) e

cont entjs—are pm oat Ldl T leu white the aget one
evapor ates corpl lﬂk ﬂl i 5

cvapor ahanpThier_compt et i noTehe padsss arel
sur f acd E§Q Ml1§4§6ﬁ111}rrp hnn]r'l137l:| mlrp 1 dh i the {1 ux
agi ng | Disyandiauides of PR s floll owi%P% his reci pe
conpar gdAteelendther or ganotQ.2at ¢s_or  0.022 .
Zinc Stearate 0.021 0.021
K7z OPPR™ 0.509 0.500

Example 7

Commercially available MQP™.B powder is pretreated in a 0.5% aqueous solution of
the aminosilane SIA0610™ (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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organozirconates or no coupling agent at all. Table 6.
Conpositions of Exanple 6 Conponent Mass (g) Wei ht
weensese( %) Exanple 6 MP -B 100.0 98.272 HBERONUSBENM4/039859

Resin 1.137 -1.117 D cyandi am de 0.068 0.067
Accel erator 0.023 0.022 Zinc Stearate 0.021 0.021 KZ
OPPR 0.509 0.500 10 Exanple 7 Commercially avail able

of the dvRIpDners pewtewniis Tpbler Sht dedaken contdinkss the ousiuse is then placed on
solution of the am nosilane SI AO610Tm (Cel est). The

a hot pﬁﬂé’ﬁlﬁrh%at%ﬂ @t 5090, Tad chtentd Breferiotislly svitted Wkide theeyetons e
pl aced in an oven at 110C for 30 m nutes foll owed by

evaporﬁjtg%/ U oc%ﬁ%?éte ﬁr;fn?grﬁah Iﬁ%%ﬁlfs fe nfholn'éd AQHI the bBRkeB¥ad spread evenly

o0 o Foro fresol novol ac epoxy

resi.n

o SR R g R TARTSHIRRA g el
umreatgé”@&ia@éﬁcf)?ﬂ@%ac&! ot Ssifsp éx?é%ﬁ%gtﬁ& 556 bt

beaker. Stirring of the m xture is perforned

the liquércbadigoabégssi n order to produce a honbgeneous
sol ution of the organic conponents. The dry
si | ane- coat ed poviibk3. ostiions ofifxempleht | to the
acet ond_soCommiponental | owiMigsst(e £We1ghbﬂeménmﬁ%)a
acetong to sufficient| Exafipté 3e t he powders injthe
sol uti c—ﬂﬂl@ pverarl IETTAE andggonpositi pns 31
VO ZOOuEj 354.'E5§f _uu41/ 85y of Tfigsconpongnt s

ey ST SO i A T

Ot —at bd at
50C. THeAGSSIraiRt s arelpe o000 cally ot 0y feagd ot
acet one @naﬁtﬁﬂpﬁ@s For b9 et e dryi diP Fe nowfler s
are rendId®610'0m t he heakB®3land soread)‘é?xﬁbnlv

—C LA I

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,
accelérator, zinc stearate, organotitanate, and organoclay are added together with acetone in a
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 fune hood. Figure 6 shows a
conparison the flux aging loss of 5 untreated
w@ eovsospbed) MPTM B and Sl A0610- coat ed MPTM BUT/0181004/039859
have been subjected to the |liquid-coating process.
Table 7. Conpositions of Examl|e7 Conponent Mass (g)
Wei ght Percent (% Exanple 7 MQP -B 100.0 98. 272
evapor@BRONFat Gdmiesd dryingltB pawB&S arcDienparediframi the beakses andspyend evenly
Accel erator 0.023 0.031 Zinc Stearate 0.021 0.029
on a flaPsiRe Qyithi® 3 fule @881, Exanple 8 10 Commercial ly
avai | abl e MOPTM B powder is adm xed with
organotitanate LhGhe 83&mpbdimlof EXinipis 0Cheni cal s,
Inc.), [@an @&hﬁ%&&ohyjr IVMsS (85O Way PG c&it0%) resin
EPON  I64Tm(Shel G”"E"é | pany), di cyandi ajm de
curing ﬁ& ;M_’ SKW-Trostbe —ayt '“97805 am e
accel enats Eenuron—{(SKW-Irestberg)y—z-rtc—stearat e
and orgﬁ?m:]@“ Resins: | o 1998 Tm | sout hdeR20 ay '
Pr oduct| Dicyandigndds acet ond®- ¥l ut { on TP n_curing
agent , |Mcelertdrer at or | zi0M@29t ear at e, Od28anot i t anat e,
and or gafc$eyraty € adgded @det her wi t 10.G8%t one [ n a
gl ass SQGcRIzP¥aker. The gwopst ure i s sto.gooed
peri odi (@Ibf;sﬁe,'S@Bm der|To g{duce¢ a hompganeous
sol uti on—ot—the—orgamni cconponents._The MPTM B powder
[ Zd_su_bsequ?nt |y added to the solution, allow ng the
addition of nore acetone to sufficiently i merse the
Examplg@ders in the solution (see Table 8 fgr
conpositions). The b er containing the mxture . is
tGemmptciallychvaitatie MQR ot Biitoatder ismieaqated tithg trisgenollroyl
contents are periodically stirred while the acetone
POSS 32242 B b8 PRsAcHGEfdSAo0! HggdRoating/ aibent es. For
conplete drying the powders are renoved fromthe
epichl BRI/ @8eb] BBV SladleSEyin EPON 164™ (Shell Chemical Company),

dicyandiamide curing agent (SKW Trostberg), a tertiary amine accelerator, Fenuron™™,
(SKW Trostberg), zinc stearate, an organotitanate LICA 38™ (Kenrich Petrochemicals, Inc.)
an organoclay Cloisite 30B™ (Southern Clay Products), and an antioxidant Ralox Lc™
(Degussa, butylated reaction product of p-cresol and dicyclopentadiene) in a 8% acetone
solution. The resin, curing agent, accelerator, zinc stearate, organotitanate, organoclay and
antioxidant are added together with acetone in a 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 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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on a flat surface within a fune hood. 8 Table 8.

Conposi tion of Exanpl e Conponent Mass () Wi ht
weeosemoe( %49 Exanple 8 MQP -B 100 97. 605 EPQMT/682004/039859

Resin 1.457 1.422 Dicyandi am de 0.087 0.085

Accel erator 0.029 0.028 Zinc Stearate 0.091 0.089

LICA 38""m0.615 0.600 Cloisite 30B 0.175 0.171 5

Exanpl e 9 Conmmer Tikdd 9. Compusitiompf| Exanip9- B powder |

pr ecloat ed Gomponentr i si | dndlaiségly || WeightPercent( %)vie

(Hybrid Plastics) beforExdaiple®er |iquid-coating With

an elplcg_nmlqgohydrl n/ cresjol 1powol gc epoxy.608si n ERON

164T Neida I ' cai Companysh |df cyangdpasn de curing

la:gﬁﬂ ]R Sl)a:];\llalqlrhijdlbecmcl\ll _5_]]_) ; |,.,l ?j 636[[ . arm neO'@@kel er atjor,
He O SKWHoestber ZHe—ste; C, dll

or ga AFWl‘?WQ?p\l | CA_38TM { Kerri cH Petreihbm-cal-s

| nc. _@ﬁrﬁ?ﬁé@ﬁngcj_uﬂ_oh si4906308Tm ( SolORErn g Ay
Pr odpuEiGA 38and an ant i oxi dght30Rallox | CT99 Degussia,
but y| @laslter3®®Cti on product ®615- cresol 84680
di cyfTrepenbhiesyl®POSS1 a Bo%mSM: one sol QfRdn. The
resi TR afodm agent, accel g @ior,| zi nc eiaar at e,
or ganotTtanate, organoctay and anti oxi dant are added
together with acetone in a glass 500 nL beaker. The
m xture is stirred 15 rigdically in order to produce
a honogeneous sol uti orﬁgﬁggﬁ%@é‘-ﬁgani c components. The
MOPTm B_powder is subsequently added to the salutjon, .
Mmm@gpﬁpnaaml yRERIOBE Pt HIvERNGAE O yagswlhgptﬁﬁq ng
i mrerse the powders in the solution (see Table 9 for
from ite epiribaid scopes s will he aprratmito Swne siiledhip thaartmlle speific
then placed on a hot plate and heated at 50C. The
embod GRS EMstrivddencheih hfedbfEeabd by sy of exhmyie balyt el the davention is to be
evaporates. For conplete drying the

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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20 powders are renoved fromthe beaker and spread
evenly on a flat surface within a funme hood. 33 WO

WQeO50898060 PCT/ US2004/ 039859 Table 9. ConpoRCT/USI004639859

Exanpl e 9 Conmponent Mass (g) Weight Percent (%)
Exanple 9 MQP -B 100.0 97.605 EPON 164 Resin 1.050
1.025 Dicyandiam de 0.063 0.061 Accelerator 0.021

WHATOSA2DAIMEDCISSt ear ate 0. 066 0.064 LICA 8 m Tm 0. 130

1.

0.490 Coisite 30B 0.615 0.600 Trisilanol phenyl POSS
QA RBRIP sdiBfiedakOdarthGrihs Aibh et HoroMhfeht radte@alSciviitising a

nodi ficati ons and variations of this invention can be

Tt ROR R BT R BRA SEegrin.
S SRS R A SRR FLEhRAtt

limted only by the terms of the appended_ clains

avedghy Pafcent Qffps rgAnotignalsor OFLABETGRAREMOYPHRE agrAat @hout 0.18
such clains are entitled. References Cited 10 Al

vedfi gt pamest toiabedt 4146 weightipercdn ob ap epatyadsineabeintn0.0Y weight
reference in their entirety and for all purposes to

tpafeREIBRbENL®DT watght Herea lof ki einitiechidbd patbibnes 2dboan0.004 weight
patent or patent application was specifically and

| Attt @BUBbh0.0 %gﬂ §&cd:R oPSn hAGRTROE, ah& dbdi OB&I &R Sercent
mn1ts entirety for all purposes.
to about 0.27 weight percent of a lubricant;
wherein the general form of the coupling agent is
(RO-)(Ti or Zr)(-ORY)sn
where R is a neopentyl(diallyl), dioctyl, or (2,2-diallyloxymethyl)butyl 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.

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 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 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.

. 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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34 WD 2005/ 052960 PCT/ US2004/ 039859 WHAT 1S CLAI MED
IS: 1. Arapidly solidified rare earth-transition

wWOoreialsdeer on magnet material, conprising a raP€I/UuS2004/039859

earth-transition netal - boron nagnet powder coated with

a coating conprising, in an anount by weight of the
magnet powder, of about 0.1 weight percent to about 1
Bn wabaitbypesighndf thé magned pgwdert big@wt 8.285 weight percent to about
or ganozi rconate coupling agent, about 0.18 weight

REBGRAEhttpRrROM epctidiolRirBitdreso noeslic efoxgmesipabyput 0.01 weight
resin, about 0.01 weight percent to about 0.27 weight

g&rcglﬁrf{) ?(gut %ﬁf Xl of@E{ERARmide Rfdbnd; ARt BBDYRleight

ercen ght percent of an

Sgr%grllt\ié aﬁ t(lﬁerc%np gfg . & anF&C ?@JE \%ﬁmrmmg ngﬁpé?hﬂ)r about

ener al form of the couplin ent i.s )
B00g vaxebpperasneabeurd 2 L HbOErt f Cie Syt lubiar and about
dioctyl, or (2,2-diallyloxymethyl)butyl group, or
D3 Shasight peoentfovoubd 7hweksbi percent of pn joszaaoliies’s H‘P‘t‘lﬂmg agent
pyr ophosphato or cyclic pyrophosphato segnent, and Y
Bt foiractyl or ditridecyl end group, with 1 5 n < 4.
15 2. The rapidly solidified rare earth-transition
et al (ReypR-BROPEt material of claim1, wherein said
coati ng corrprl ses about 0.1 weight percent to about 1

%g%hk iP8h Sﬁéﬁ’l eﬁ@é:ﬂ%}ll‘beTPﬁ&%BM ﬁﬁﬁm‘i’ﬁber of 4, R isa

ng agent, about 0.43 wei ght

percent to about 3 nt of th
w@o@%swwngﬁ%%ﬁe BTG H. 18520 wer ght

percent of the am ne-based hardener, about 0.009

wei ght percent to about 0.06 wei ght percent of the

accel erator, and about 0.009 wei ?ht percent to about
4

bgran magnehmagsial pglclalm 3,

solidified rare earth-transition netal -boron nagnet
ReREin Bhid ©animg Ecthprdses abai Or68rveeiglatrtecent grebiotii L6 weight

nmet al - boron nagnet powder coated with a coating
GRIRGE §f Echibidhydin/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 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) 4
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 or cyclic

pyrophosphato segment, and Y is a dioctyl or ditridecyl end group, with1 < n<4;
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WD 2005/ 052960 PCT/ US2004/ 039859 an anount by wei ght
of the nmagnet powder, of about 0.225 wei ght percent to

W@bwans29d0 25 wei ght percent of epi chl orohydri nPCT/ESW4/039859

novol ac epoxy resin, about 0.01 weight percent to

about 0.26 wei ght percent of dicyandi am de hardener,

about 0.005 weight percent to about 0.085 wei ght

etecain said oaplingragent is presengrin am pypownt hyeweightcdfdhemegnet powder
about 5 0.004 wei ght percent to about 0.27 wei ght

RELBER. OlveBhipersdiR @6 abcut l Waigit paicentand about 0. 35

wei ght percent to about 0.75 wei ght percent of an
organotitanate coupling agent of the form

(RO)Ti(-ORY)3 where Ris a neopentyl (diallyl), Ti

- i opnobaR SR QB A G reed oo mytepis g tim

4. The rapidly solidified rare earth-transjti

e B MR ROl R CEPaF SR AR SEeihis oL b form g
coating conprises ahout 0.68 wei ght percent to about

2. 76 VRN opdnCOR Yiaf epi chl or ohydrin/ cresol novol ac
epoxy resin, about 0.04 weight percent to 15 about
OwHefe Rl @ kol @1illy0f grdinp,yEihds avdatdirtation emaber o Bt is a

0. 01 wei ght percent to about 0.055 weight percent of

t QpBkd Sogntel land!VisHHiv@ylasagheust or, about 0.01
v\@?%lﬁ{o percer%t to about 0.17 vve%ghtpapercent of the

Zi NG RS AhGid oL inAn a8Rufll ¥y RRlghBbf th€thdeRESpowde
S FR B Pk Rt in AR By BEIahEb e Shghipowder
conpri sj a. .20 rare earth-transition tal - boron
et Bient Brgetie oBabiTL PaRht REGT"

or ganozi rconate coupling agent of the general form
(RO),,(Ti or Zr)(-OR Y)4_" where Ris a

neopentyl (diallyl), dioctyl, or

. (& rapidiyasbligifiest mere kegtth-uansitionymetab-borpin agnet matesigl, gomprising a

coordi nati on nunber of 4, R'is a phosphito,

PMEORRBSEARtNGhetaBdrbs nRgngpoodbosphaisnge pressthatingntian
Yis a dioctyl or ditridecyl end group, with 1.5 n< 4;

s e e e
the magnet GOMGEM or Zr)(-OR Y)an
where R is a neopentyl(diallyl), dioctyl, or (2,2-diallyloxymethyl)butyl 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,
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

percent to about 0.27 weight percent of a lubricant.
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of about 0.1 weight percent to about 1 weight percent.
6. The rapidly solidified rare earth-transition

worea0als396r on magnet material of claim5, 5 wWhBCEUS2004/039859
sai d organotitanate or organozirconate coupling agent
is of the form (RO )(Ti or Zr)(-ORY)3 where Ris a
neopentyl (diallyl) group, Ti has a coordinati on nunber
of 4, Ris a pyrophosphato segnent, and Y is a
di octyl end group; wherein said coupling agent is

8. [hesepitilyi solidifica Mard RhrtiDyransitighinei-bbive magneemafeoiatief claim 7,
10 of about 0.35 wei ght percent to about 0.75 weight
Relee&Rkaid Furtfer BRI doniRlsbdidoued 4B Bt peictnt thaBshtI WBight
nmet al - boron magnet material, conprising a rare
earth- N - r .5
A
cqupl.i ng agent . of the gener form15 (RO J)n(H.0r .
22 R eyt ngiaehen yRE0 085 s et o pbot U eight
or (2,2-dialIonxynethyI)buth group, Ti or Zr has a
stsedt ofzeidasceleratray ans about RO09 weighppeyseriite about 0.19 weight
pyr ophosphato or cyclic pyrophosphato segnent, and Y
ipereentiofoaidlubocandi t ri decyl end group, with 1 < n < 4,
present in an anmount by wei ght of the magnet powder of
about 0.1 weight percent to 20 about 1 weight
percent; and a further coating conprising, in an

9. 8&?@%\%\1@?é{lﬁ&iﬁE@{ar@@érﬂﬁ&a&'tidd}ﬁetfﬂ-ﬂﬁjon_'ﬁil Y RateRhl ciRPNing a

ght percent to about 4.46 weight percenf of an

Bt g i Rl B R R AR3dk m

wei ght, percent_to about_ 0.09 wei ght percent of an
AEs@otitapatscoupling aasBLe!t the U3 wei ght 25 percent to
about 0. 27 wei ght percent of a lubricant. 37 WO
2005/ OBEBHO(-OBTY 13S2004/ 039859 8. The rapidly
solidified rare earth-transition netal -boron magnet
mat evhierd R &f a wdopemoyl{dialihl pedup, Toha o cootdisationontmntregof 4, R is a
conpri ses about 0.43 weight percent to about 3 weight
pittko SintbnERAAY s @didotyladdidWroh, Bsenteh @i hmount by weight

percent” to about 0.18 wei ght percent
of the magnet 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.

10. 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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5 of said am ne-based hardener, about 0.009 weight
percent to about 0.06 wei ght percent of said

wa@ewmehsded or, and about 0. 009 wei ght percent tRPCHDS20D4/039859

12.

13.

0.19 weight percent of said lubricant. 9. A rapidly
solidified rare earth-transition netal - boron nagnet
material, conprising a 10 rare earth-transition

netthe flytheo noatagoétbydoted seighoBp805% ng.78 7prnactdenghydrip/ exesol
an organotitanate coupling agent of the form

61 ) Tepoxhestn, .040he). E70% dRyandisafieriaydeqel, 810191-)10.055% of the
group, Ti has a coordination nunber of 4, Ris a
ROnRRRORANAY AmBRUIBAEratARNGI0D0 L 6.195% 96d stéar@B Mt AHD .
present in an anount by weight 15 of the nagnet powder
of about 0.35 wei ght percent to about 0.75 wei ght
percent; and a further coating conprising, in an

amount. by. wei ght.of the final.mxtur of abouyt 0.225
e b BedE s s o G B it S g mantid
epi chl orohydrin/cresol novolac epoxy resin, about )
QODPrigiag grere sartle aansition a@@lrbomnzeag%{wdeﬁ@%téﬁ fvithra coating
di cyandi am de hardener, about 0.005 wei ght percent to
abmptisifg (8 5nwaioght bypeeighinef thé nagnetrpomsier, of alkt 05t weight
am ne accel erator, and about 0.004 wei ght percent to
?@&@ﬁt t8-aBAutV®s Fhight pat&r df a®tpadynesiaf #due0.0335 woight pértent to
0. The rapidly solidified rare earth-transition

S@lo, %91%%’1%&21% o{‘%fe ShinRlba®dd Er@ddd, SboutdPIPHEeRhSercent to

the pre-co organotitanate coupling agent

a centration 25 ran of - % [

3pol (L GFRLBRAT o B ARPRENSh b B il a8 ghe 0.6
2

mﬁﬁpcgg (Pfgﬁggrgqagg U% O(?OAi/\gg)ig tggg;géngfoéq%l% 5'% rWeight percent

epi chl orohydri n/ cresol novol ac epoxy resin, 0.040 -

of a7 osgadpegnadil abow d-Ivaveiehicnercapt tp1about @75 5ight percpret of an

aromatic, tertiary am ne accelerator, 0.010 - 0.175%

srgfotitaaate i erdanbrircoant cobplink. agéntr afthelgonesd fomh f i ed

rare earth-transition netal -boron magnet materi al,

conpri si ng (RO-A(A ReFjlor'vasi tion metal - boron nmagnet

powder coated With a coating conprising, in an anount

by WRLEH isQJneBB&tW&Qﬂl)mMﬁ[ or @f2-8RAYx By MRt Froup, 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.

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(-OR'Y)s

where R is a neopentyl(diallyl), 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 material of claim 11, wherein:
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percent to about 2.5 weight percent of an epoxy resin,
about 0.035 weight percent to about 0.15 wei ght

wpersesoe®f an am ne- based hardener, about 0. ORCTHERIPNL/039859

percent to 10 about 0.05 wei ght percent of an

accel erator, about 0.04 weight percent to about 0.16
wei ght percent of a lubricant, about 0.001 weight

per BEFPOxpIesiuis epighlvrehyrgpicrasel rasiolac eppxnrestk ganocl ay,
and about 0.35 weight percent to about 0.75 wei ght

per theramioé-based hardgaeras dicymatiamiie hardpacnzi r conat e
coupling agent of the general form(RO),,(Ti or

Zr) fire@celdratdr islén ABREEC, Rertigrytarniiee Resdothiodi al 1yl ),
di octyl, or (2,2-diallyoxynmethyl)butyl group, Ti or

Zr BRSuBH&APdiRatd2Re uaber of 4, Ris a phosphito,

pyrophosphato or cyc i'’c pyrophosphato segnent, and Y

i's di_oct or di.tri.decyl. end ou with 1-5 n < 4,

15, Boeiaiot|ayRombi sty e P ID Sttt AP finibotiium sas
net al - bor.on magnet material of claim1l, 20 wherein

tYHEh beailiteng agent is an organotitanate coupling agent

of the form (RO)Ti(-ORY)3 where Ris a

neopentyl (diallyl), Ti has a coordinati on nunber of 4,

Ris a pyrophosphato segnent, and Y is a dioctyl end

gr o4p. Thizbrapidly sblidiffed i@l edrts-ofainghtibh @tkt4ldoeon magnet material of
earth-transition nmetal -boron nmaterial of claim1l1,

WEREl 1) whedSn Y¥RI 8RRl R8RPE0RBHLHPEP (e LBPFaent td 8bout 0.3

epoxy resin is epichlorohydrin/cresol novol ac epoxy

r : - (P

RE il pelcdie A EARREY BRPERTL Gyl RRSh MR allow ally
am ne .accel er r,. the lLupri I.S,zinc steagrate; .
el hh Feiapte Gng APaudH weh{emtia et A 675 weight
met hyl tallow al kyl ammpniumsalts wth bentonite.
percenhel asqreangpitanglic eoupliegiagent af Gedem t r ansi ti on

met al - boron magnet material of claim 11, wherein said
coating conprises about O(ROITUeDBM)s percent to about

0.3 10 weight percent of an organocl ay conpriging bi s

(vihyede RXY @ nBypentyIREidil), Tahdsaneadrdinhtion number of 4, R is a

pyrophosphato segment, and Y is a dioctyl end group.

15. 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 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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amoni um salts with bentonite; and about 0.35 weight
percent to about 0.75 weight percent of an

Wo@e@ansost anat e coupling agent of the form PCT/US2004/039859
(RO)Ti(-ORY)3 where Ris a neopentyl (diallyl), Ti
has a coordi nati on nunber of 4, Ris a 15
pyrophosphat o segnent, and Y is a dioctyl end group.
WEishk percenicnfya lubricant. mbewgt (-3 weight pescent hahaui 845 weight percent
nmet al - boron nmagnet material, conprising: a rare
©fnt brganatitanite onorgenadirchoate noupdipgeemaftler genaral form
pre-coating of a POSS additive present in an anount by

wei ght of t(R@-)}I@'IQQEtZr)(QﬁR’E‘Qmer of about 0.1 wei ght
percent to about 5 weight percent; and a further

S, L B AL Bl i
T e 500 0 R0 BB B o

am ne-based hardener, .about Q.01 weight _percent to
RBEPROtPhaE SReMERk and Y deadiastyl on diteideqybend seup.apidul < n<4,
0. 035 to about 0.175 40 WD 2005/ 052960
RETUtOS BN ¢igRORE@Nt (oedbght 0.087 weight pércent(ofibn brganoglay, and
about 0.35 wei ght percent to about 0.75 weight percent
abowr.@03p@cight feactat & abound.Qd% azighe peraée of anl phiidxddmg agént.
of the general form (RO )n(Ti or Zr)(-OR "Y)4-n where
R is a neopentyl(diallyl), dioctyl, or
(2,2-diallyloxymethyl)butyl group, Ti or 5 Zr has a
r.di:pat i . r . I i . .
16. 38 TR p ity RS Lol whnlom melh SoRoiiAaR i frial of plgon 15,
i§ a.di.octyl..or ditridecyl end group, Wth < n:.5 4,
ST eGERPUE wiral b SEnoR BRaB sakbnegiest g i for
percent of an organoclay, and about 0.003 wei ght
percent to about 0.015 weRPTHOREM of an

antioxidant agent. 10 16. The rapidly solidified rare
adietdRtis ansortentyh(divdlyh) Thimasercooatinaionmairdet of 4,H icd ai m
15, wherein the coupling agent is an organotitanate
P9tiphbsithatgRBinend, aid¥ if @ dctyl BEY pidup: ORY) 3 where R i's
a neopentyl (diallyl), Ti has a coordination nunber of
4, Ris a

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

wherein the POSS additive is trisilanolphenyl or epoxycyclohexyl POSS.

18. 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.

19. 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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pyrophosphato segnent, and Y is a dioctyl end group.
15 17. The rapidly solidified rare earth-transition

worea0als396r on magnet material of claim 15,  wheP&i/nS100€039859

POSS additive is trisilanol phenyl or epoxycycl ohexyl
PCSS. 18. The rapidly solidified rare earth-transition
met al - boron magnet material_ of claim15, 20 wherein

t heﬂlﬁﬁm%b@ﬁ&ﬁglaﬁlgéﬁtls Higyandirpide heedgneleact i on pr oduct
of p-cresol and dicycl opentadi ene anti oxi dant. 19.
Thethe apeadémptos o andirbietdc, tertieryemming ataebmatdt,i on

nmet al - boron nmagnet material of claim15, wherein: 25

t hethe PEbicaheis izihd sSealidé Bidkia@ydyr i n/ cresol novol ac
epoxy resin, 41 WO 2005/052960 PCT/ US2004/ 039859 the

am pe- r: :
S BP SRR, b8 AR DAL o s
accel erat.or, the lubricant is zinc stearate

Imﬁ’rel?e@é?ﬂlt,e' and the organo clay additive is bis
(hydroxyethyl) nmethyl tallow al kyl ammoniumsalts 5

wWith bentonite. 20. The rapidly solidified rare
earth-transition nmetal -boron nmagnet nmaterial of claim

20. B rapitlsrsolidified aing eprile-trensitipmmerad-barcormagrehmetepiabof/dlaim 15,

or epoxycycl ohexyl POSS in an anmount of 10 about 0.1
wetiegdih: percent to about 1 wei ght percent, by weight of
t he magnet powder; and said further coating

CONPYid pRScoalMg §0f RsilMRIEHhydr e?h%‘%d?cﬂl@iﬁaP(ﬁS ﬁ‘lt&h%rflount of

0.54 weight percent to about wei ght percent o

' LnLGr ' .
GG 2 BLRL P LR GRSy 8y iRt povce
di ﬁyandi am de 15 hardener, about 0.01 wei ght percent
AP%about 0. 06 wei ght percent of an aromatic, tertiary
am ne_accel erator, about 0.035 wei ght percent to about
0. 1554 fther coasimgcapprises, by total weight of the 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 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)3

where R is a neopentyl(diallyl), Ti has a coordination number of 4, Risa
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) methyl tallow alkyl ammonium salts with bentonite, and
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of zinc stearate |ubricant, about 0.35 weight percent

to about 0.75 wei ght percent of an organotitanate
w@ouwphsarg agent of the form 20 (RO ) Ti (- OR Y) 3PCTHAIS2004/639859

is a neopentyl (diallyl), Ti has a coordi nati on nunber

of 4, Ris a pyrophosphato segnent, and Y is a dioctyl

end group, about 0.003 weight percent to about 0.07 )

vei ot BOP3 sveighs pereantde ghers AUy weigirnessengof pbuiylated reaction

(hydroxyethyl) nmethyl tallow al kyl amonium salts with

ipesttuonoft [ creavichnd 2icEl dPponadiea At bxRERL. US2004/ 039859

about 0.003 wei ght percent to about 0.015 wei ght

percent of a butylated reaction product of p-cresol

and di cycl opent adi ene anti oxi dant. 21. A process of

21. 4 P8l o8 el B B 301 A HEE o B Rapsiton ctal-boron
conprijsing., provi.ding a solution conprising a solvent,
é?\agf’tg‘gﬁtga?]l’ EWQP%SIB% or ganozi rconate coupling agent,
an epoxy resin, hardener, an accelerator, and a .
| u bPﬁOEK%fig a §utien pPNRSNE hinlrPbridiganabitapatey organgzirconate
honogeneous 8 - 25% sol ution; conmbining a rare
canpling agants ian epexymesial hasdenen anmgerderapt andi sdubriganh vategrein said
10 honogeneous solution to forma slurry m xture;
Slohiogeus soldtish rd ongehess 3peadv doladdbh;y; and
mai ntaining said slurry mxture at a tenperature

bet ¥&ehinfHy HAfe eatthCianksitdh nfRhIhorSPIMUEAt neHARD WAHSRId 15
22. The process of claim21l, wherein the solvent is

qi%ﬁfo%@f?eoué E?lrl]lﬁ?lg gﬁfo?rﬁ%ssfurp}r mfdedlem 22, further

conprrsin cl'ng an “organotlay into the

honpgeneou - 25% sol utj.o 20.24. The process of
o} aRHES SAif aftevaRduR Jeredicll: ARY aduci e o

anti oxi dant agent into to the honogeneous 8 - 25% )
sol meinggining said slurry mixture at a temperature 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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25. The process of claim 22, wherein both an
organotitanate and an organozirconate coupling agent
wae@sasided t o t he honbgeneous 8 - 25% sol ut i onPCRBES2084/039859
WD 2005/ 052960 PCT/ US2004/ 039859 26. The process of
claim?22, wherein said mxture is maintained at a
tenperature between 50-60 C. 27, The process of claim
26.2Ehe mrogesh e claignP?.i wherein seid mixaue jsigaintaened pt a temperature between
earth-transition 5 nmetal -boron material by dissol ving
#i0-60 Yanot i t anat e or an organozirconate coupling
agent in said acetone to forma 50% sol ution; addi ng
the rare earth-transition netal - boron powder into the
sol ution; and evaporating the acetone solvent to

t .

2. pf&i#“%s?%%%a@% AR SEoiRE pFeLtludy BPR} LAk psiien
mher i n_sai is tetra furan and s
ReeStdon Risleripy Sbngh et GREvHlE 3&6.%511@5@%%01% coupling
earth-transition metal - boron powder by dissolvin
PEes igdaidiacetent ko fosneatNes Ao Addins th jereacashotansiti ion metal-
solution; adding the rare earth-transition
rwran pivodarintpdbeistlution; end exapewting ilracetond selvaptdo ardduge said
the tetrahydrofuran to produce said pre-treated rare
gaeliiRated ansichithfransitiah mel-borop@wekeler. 15 29. A rapidly
solidified rare earth-transition netal -boron nagnet
material, conprising a rare earth-transition
nmet al - boron magnet powder coated with a coati ng

28 oﬁ{ésﬂrgéésggf clgié\fa %]t\!vﬁllrr&}ﬂ <2 sofdrg_nLﬁQ t&f@?@oﬁﬂ%n %Fltd p%cess

percen
per cent of an anotltan e or

355‘5?&99 FTREiS e EHBR FISgs G b A OIe BN G5HbY

percent to about 4.46 wei ght percent of an epoxy

rcbgﬁolwmm BOSS agdgive,ip mguqhyctr@ﬁ@@mo form ael S@utzop wadigs the rare

percent of an am ne-based hardener, about 0.004

veairth Fitangition endtalt teoratb powdedd k0 tlwesio@;lktiorp and evaponting the

accel erator, and about 0.003 weight percent to about

Qe&Zhya@cbqub&l tD PreRIoE sl pre-tretded Qe éarthwiaisRion héiel-boron powder.

gener al formof the coupling agent is
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 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 percent to about 0.27 weight percent of a lubricant;

wherein the general form of the coupling agent is

(RO-)y(Ti or Z)(-OR Y)4n
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25 (RO )Nn(Ti or Zr)(-OR "Y)4-n 44 WO 2005/ 052960
PCT/ US2004/ 039859 where R is a neopentyl (diallyl),

wWa@le@sHnydoe0 or (2, 2-di al | yl oxymet hyl ) butyl gr oupPCTUS2904/039859

Zr has a coordination nunber of 4, R s a phosphito,
pyr ophosphato or cyclic pyrophosphato segnent, and Y
is a dioctyl or ditridecyl end group, with 1:5 n:5 4.
gvimge Ryt a neepenenl{dia bl dioptydpr :(%ﬁéhazl exymgthylhueyl@goup, Ti or
met al - boron nagnet material of claim?29, wherein said
Cadts agoadirsitioh nnmbesefelRi &l phosphith pyutopBoshhaei ogleyclic
percent to about 1 weight percent of the

yesPhObpHabd RotheRf, a0 ¥aiR Azl EARGRriaeP bhd grod@ewith 1 < n < 4.
about 0.43 weight percent to about wei ght ~ per cent
of the epoxy resin, about 0.025 weight percent to
about 0.18 wei ght percent of the am ne-based hardener,

30 3R i e e BB s RO s i caim 29,

percent to about 0,19 weight percent of the |ubricant.
Fiheroan saidicopingseamisigiing eertially of 3bew O 1 weignt pespent to about 1
net al - boron magnet material, conprising a rare
evegight-percensoft the nrgapotithndio poergasepieongio volepling agem dahwiut 0.43
a coating consisting 15 essentially of, in an anount
byeiyigtipghdenofo dbbet 3ragipat pgrosud ef the@por tusin, BbARD.0MSiveright
percent to about 4.25 wei ght percent of

gﬁ'k&:ﬁi & oI/ &éi?ﬁt%rd%ﬁb’&ﬁ tRE aRRRXDasE@Brlener 2HBHL 0.009
.01 wei ght percent to about 0.26 weight percent of

SIS R O B BT o
I, 0. 004 ' J

SrRRERGH: arOeROgte gt Rercat SR B by i cant - and
about 0.35 wei ght percent to about 0.75 wei ght percent

of an organotitanate coupling agent of the form
(RO)Ti(-ORY)3 where Ris a neopentyl(diallyl), Ti

31.hMasapadly colidifind tdare panthitrivesitiapf métal-Borios neagnptymaiphials pdrapmsing a

segnent, and Y is a dioctyl end group. 25 45
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 0.225 weight
percent to about 4.25 weight percent of epichlorohydrin/cresol novolac epoky 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, 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 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 is a

pyrophosphato segment, and Y is a dioctyl end group.
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WO 2005/ 052960 PCT/ US2004/ 039859 32. The rapidly
solidified rare earth-transition netal -boron magnet

woraioenszbo of cl ai m 31, wherein said coating coPGI/ESH04/039859
essentially of about 0.68 weight percent to about 2.76
wei ght percent of epichlorohydrin/cresol novol ac epoxy
resin, about 0.04 weight percent to about 0.17 V\qu

32. Jhe sanidlysplidifieg argicaii-tranyidonieal-bormanagne! mateyiel efitlaig 31,
percent to about 0.055 weight percent of the aromatic,
tvdietdimpaid anatirg @nsisls essntally ofatbout 0.68 Gkight peletntpe nbeutt2.76
to about 0.175 wei ght percent of the zinc stearate

Iwedagtit aFtent ofBpichibro@pirildtesoPhbeblad &fbxK36sdn, about 0.04 weight
earth-transition netal -boron magnet naterial,

Egeﬂ:%*lﬁ()'aﬂgut%s ff:‘{%%g‘ﬂ{ f())éfcéfft of‘dfc 6§rﬁfdte MaldeEsS hﬁdu‘? 8,01 weight

boron nagne wder ; organotf i tanate or

%ntot%)l t’lﬁé% SCV%)I_% L:nﬁ gﬁﬁs rag(;ngét%et ?at]rgel ra?rlmef e?crce erator,
neopent yl (di al | yl di octyl , or
Qoxg %Qléwégg@;(m%@?q §l{9@f 91%76 W‘@Eﬁ;‘t peticeyyof ghe zipg stegrate lubricant.
coordi nati on nunber of 4, Ris a phosphito,
pyr ophosphato or cyclic pyrophosphato segnent, and Y
is a dioctyl or ditridecyl end group, with 1 < n:5 4,
33. Yoraphtity evlidified thre earl-irgithpanétal-Sorph @g@nét hitedsl, eomistihg
by wei ght of the magnet powder of about 0.1 wei ght

Fé@sreﬁﬁﬁlly 610 ABROEH:thltrMRItHRAIMARIERBH madflet phiklef;aRi A ¥
solidified rare earth-transition netal - boron magnet

e

(RO) where Ris a
neope%i‘[g'%gglfﬂr%}(% , Ti has a coordination nunber

of 4, Rs a rophosphat o segnent, and Y is a dioctyl.
mr@Rémnem%éﬁdéﬁl@B» époe%mr%%a -dig]lsioxymsthyhbuwhgropp, Ti or Zr
an anmount by wei ght of the magnet powder of about

ha$5 comilghatiop enmbert oftdo Rais auythoSplii®, prioghtsphatooe nyclic25

46 WD 2005/ 052960 PCT/ US2004/039859 35. A rapidly
$9tdplibéphach degfrengand N-it b ARk liop ditiieédl eDgO0p, WgN ek n <4;
material, conprising a

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.

34. 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-)(Ti or Zr)(-OR Y)s
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;
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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rare earth-transition netal -boron magnet powder
consisting essentially of a pre- coating of an

W@e@anssd anat e or organozi rconate coupli ng ageeit/usfoo4/039859

35.

36.

37.

the general form (RO),,(Ti or Zr)(-OR 'Y)4-n 5 where
R is a neopentyl(diallyl), di octyl, or

2-di al | yl oxymet hyl)butyl group, Ti or Zr has a
dbtﬂpmlﬁ é@lildvjftedrm earthofrangitior metsl-borph swghetmaterial, comprising a
pyr ophosphato or cyclic pyrophosphato segnent, and Y
irgre@arth-oahyition metkl thorabernygnee pawdgraopsistivig dysdntidiln of 4 pre-
present in an anount by wei ght of the magnet powder of

%Béﬁﬁig & ah WRhiibikarREY ot DRganbgircohaRUoupliNEhEHAt oPBE G8Mkral form
and 10 a further coatrng consrstrng essentially of, in

an anount lo f the final m xture, of
about 0. 18%&98’&? per cent T about 4.46 wei ght percent

0. 27hgEng e frEpel B ot BRT REGER b Bug L. T

0. 004 wei ght percent_to about 0.09 weight percent of

&6 Za Baet evudiationpembpobds RS ippphasehinmypebesnhata ¢ cyclic
about 0.27 weight percent of a lubricant. 15 36. The 3
papiptibypheitd seginfent dnd Xrie adioctyl-or didridedyl end geupl witod gim <4,
magnet material of claim35, wherein said further

Poeehiig afenRsiuat by geRdseithe aldgietqfovalep ot abud 8. 1Wadighttpercent to
percent to about 3 weight percent of said epoxy

Bt wakAtberleriZmavei ght percent to about 0.18
wei ght pércent of sai d am ne-based hardener, about

0. O eh SBiRSLASing RuARGHS o % B BB MEIALIPRERSALe e fina

about 0.1 er cent of said | ubricant. . .
R ffég?‘r‘t\gf %g‘é(alg tReECeukh i gpopt %gré W, PR OPfﬁBPBHXY resin,
magnet material, conprising a rare earth-transition

r@b@@t‘r Q. @bweightraryaent () akaiep- ovpighiperrgnieeismraniag-bysedthagdener,
pre 25 coating of an organotitanate coupling agent of
taheutf(OGY wdighVierea0 & 4©206.09 RCIghp2004) dF3a86&elerator, and about
(RO)Ti(-OR Y)3 where Ris a neopentyl (diallyl) group,
0.003aseightofacedt fRdboaN0. DY KREIht Bércént dR'a lhsricnt.

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
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 lubricant.

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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pyrophosphato segnent, and Y is a dioctyl end group,
present in an anount by weight of the nagnet powder

w@hooalos960 0. 35 wei ght percent to about 0.75 weP@US2004/039859

38.

39.

percent; and 5 a further coating consisting
essentially of, in an anmount by weight of the final
m xture, of about 0.225 wei ght percent to about 4.25
wei ghtRPeYlde@R BB  epi chl orohydri n/ cresol novol ac
epoxy resin, about 0.01 weight percent to about 0.26
wei ghereReisearopaitylddiedhgioap] Hichak arcderdnatioamartbePoDQR is a
wei ght percent to about 0.085 weight percent of an
biphatd REtledl, ¥n@WiHe d&fcg;qleﬁa t RE¢ht FPAYAmMO: weight
%@éﬂﬁt p}mg pe?cent to about 0.27 %e?%h? per cent onngiQﬁc &
] . T . B E .
LAl ORGP IR AR 0TS s o
37, .consisting essentiall.y of the pre-cqating of. th
o G fETRT aiting BT RS el ot i 5 BoghEdRor el i
range of 0.35 - 0.75% by weight of the rare
Saitupe. of abeyt 229 weighiipetiosnbigrabaut bl sieighh perceri of
further coating of, by total weight, 0.680%- 2.76%
epichlviraryahipdrésol sowdasl eporpvasimebapdddl weightper@ndtOabout 0.26
0.170% di cyandi am de hardener, 0.010 - 0.055% of the
avedgipefoent ¢ dic Rhyiatide tarrdges |a0oat 005 WeighOpercéht do/df6ut 0.085
zinc stearate lubricant. 20 39. A rapidly solidified

Rt ght SRFcelir ST ANBOhAtRY) tFBA andiRd %em&?hﬁlm&& b®b4 wei%ht

conprising a rare earth-transition netal -boron nmagne

P o SRR M G o A b B BB o ucior . o ”

about 0.65 weight percent to about 2.5 wei ght percent

of an epoxy resin, about 0.035 weight percent to

about 0.15 wei ght percent of an am ne-based hardener,
é[ih@mplél.yophwéieg igre gattle-eransition metakiheren magyst metegiat of claim 37,
percent of an accel erator, about 0.04 weight percent
tconafiogtesfenti6lly 4Bth¥\Pr20@ihg o2 S6:0or PGt iUERAGLLPBOB ANt at a
wei ght percent of a lubricant, about 0.001 wei ght

RehERhtibOraabo Bt 0.95 3 5% BY weest Ohthe rofe safth AFa@SAGE nityal-
and about 0.35 weight percent to about 0.75 wei ght

Y=Y & 4Q organotitanate or organozirconate
coupling agent of the general form (RO )n(Ti or

Zr) &1& %?rtl'lepcg'atﬁng 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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5 where Ris a neopentyl(diallyl), dioctyl, or
(2, 2-diall yoxynet hyl)butyl group, Ti or Zr has a

w@omsasaed i on nunber of 4, Ri s a phosphito, PCT/US2004/039859

pyr ophosphato or cyclic pyrophosphato segnent, and Y

is a dioctyl or ditridecyl end group, with 1:5 n :S 4.

40. The rapidly solidified rare earth-transition

rveaight petnenhnofrrlyhacantebent (00 bweightipere@ fo abot (Fevaipit percent
the coupling agent is an organotitanate coupling agent

of ah lbegahoclay, anB@byufi (3 0ReghBpastxat o &bdus 045 weight percent of an
neopentyl (diallyl), Ti has a coordination nunber of 4,

Rrgdrdtithnat)dr @ §£’1P&ﬁ19te§:@ﬁﬁl¥ﬂ§ ageAN6F tfe bénealdbRgt Yl end
group 15 41 he rapidly solidified rare

eart h- trans(ﬁtd? eretze (_1919 n material of claim 39,
i e ésm

wher ei n: oxy T & epl chl orohydrin/cresol

o oy ai S aeoRel el G e B2l ety bty roup, i

aromatic, tertiary am ne accel er ator, the lubricant

0§ 77 haga spardmatien nyRber g 4 Reis @rpélambéwayyreghmph@@ o1 pydic
(hydroxyet hyl) methyl tallow al kyl ammoni um salts
wiytdphbspitabmsegeient} 2nd Yhie ardaquitylloy dstoldedil £nd grovpy with 1 < n<4.
earth-transition netal -boron magnet material of claim
39, wherein said coating consisting essentially of

about 0.001 wei ght percent to about 0.3 25 weight

40. pﬁfe‘%?ﬁhlﬁohﬁfﬁeﬁ&%%%ﬁ BnSAER Rl 'B%r&i Radddy Haff e Uhin 39,

t'al  ow al kyl 49 WO 2005/ 052960
P 04/ 03 nd
DS RRSREE Afens BBy aglsSeo ke R} Bt Forf
percent of an organotitan oupling agent of the
form(RO)Ti(-OR Y)3 V\herg&g()&g'(gkﬁbpentyl (di allyl),
Ti has a coordination nunber of 4, R is a
pyespRds pmaersnsdiahil), Tahs aycqosdigatifmoptgher eﬁér Ririvap.

43. Arapidly solidified rare earth-transition

met@ihobpiraomsagagne tandt ismididctylcmdprowgi.ng:  a rare
earth-transition netal - boron magnet powder;

41. The rapidly solidified rare earth-transition metal-boron material of claim 39, 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; 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 alkyl
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a pre-coating of a POSS additive present in an anount
by wei ght of the magnet 10 powder of about 0.1 weight

wW@ersesmoet o about 5 wei ght percent; and a f urtP@&F/US2004/039859

coating consisting essentially of, in an anount ny

total weight of the mxture, of about 0.54 weight
percent to about 2.75 wei ght percent of an epoxy
BEEReTIUM SRk with begonits; ghd abai Okt weighiisaeent ®. abpuiei’ §veight
percent of an am ne-based hardener, about 0.01 wei ght
perceeindf dancorghmotitante@oupkingidgenpefithe fisrmof an

accel erator, about 0.035 15 to about 0.175 wei ght

percent of a |ubricant, am@l?'r@@ﬁ Yyei ght percent to
about 0.75 weight percent of an organotitanate or

?{R?&rﬁ ﬁ&?ﬁ%&ﬁ' @%L) ’gﬂha%%qe%ﬁgﬁ tlogenél%%? b, RTELM
%%9(8’%5%’% F(i/ﬁe&?;?ﬁ%f‘ﬂ‘%/?j)lggt Ct}dreéﬂﬁ,m“?r or 20 Zr has a

coordi nati on nunber of 4 or 5, R is a phosphito,
pyrophosphato or cyclic pyrophosphato segnent, and Y
is a dioctyl or ditridecyl end group, with 1 < n:5 4,

43. dorapidly solidfiekiaghearibetransiontroetableron Magse masen#ls comprising:

percent of an organoclay, and about 0.003 wei ght
pateatthittnsiion inddal bbonvah gl ppedeent of an
anti oxi dant agent. 50 WD 2005/ 052960 PCT/ U82004/ 039859

4%re -Ebﬁlﬂgafﬂ'acﬂdssi S diGhd I!n%%n[ # 4n aﬁﬁédﬂf' bg Rt ok af magﬁwt

netal - boron nmagnet material of claim4 Wherein t

ﬁ)‘ﬁ%‘&' L BHRT p@g g;e%%a Qbbi NG gnERuRklIgaagent of
%3&%?%%%%%% ﬁséf’%tl ﬁéma%r%%%?’gotygp@@{ %r the’
end group. 45. The rapidly solidified rare

dBixEUC-tof AReUtO: nw pightneresst treberkAdd weight ppigPnior apleppry resin,
43, wherein the POSS additive is trisilanol phenyl or

@bOlXtyQ:(%: WelgbkpedrcdaDBBaboli0 048 .weigte pespnfyansmiinetbfsedhardener,
rare earth-transition netal -boron nagnet material of

@baiit0.éBweighhgdrednd td due0106Gwdigaperoagitdtani sscélerator, about 0.035
butyl ated reacti on product of p-cresol and

W G¥& OPERLAGLIR PRercRR drRGuBAnt, 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 Zr)(-OR Y)4n
where R is a neopentyl(diallyl), 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.

50



10

15

20

47. The rapidly solidified rare earth-transition
net al - boron nmagnet material of claim43, 15 wherein:

W0 b@sefosy resin i s epichlorohydrin/cresol novPCHUS2004/039859
epoxy resin, the am ne-based hardener is
di cyandi am de hardener, the accelerator is an
aromatic, tertiary am ne accelerator, the |ubricant -

44 i Bheznpidlystobidifted aatie gprth-transition meta horanemagngh prtasiah of claim 43,
additive is bis (hydroxyethyl) nmethyl tallow al kyl
aniepéin Whe salplisg agdnt v dneorpanititaratedduplingagenpofithy form
solidified rare earth-transition netal -boron magnet
material of claimd43, whgg@hi-OR WP 2005/ 052960
PCT/ US2004/ 039859 said pre-coating I1s a

t.[4d S | : ' unt
S PR BRI TR R L o A Cra AT
b i ght of the magpet powder: . and said further
e THogP A e GRL I8 AL GO, Lot al vied ght of
the m xture, of 5 about 0.54 weight percent to about
2. 75 wei ght percent of epichlorohydrin/cresol novol ac
epoxy resin, about 0.03 weight percent to about 0.17
45 \iBheghpidpesotidifiedatire edithymnsitianinthéal Heratemegnet aintartal of daim 43,
wei ght percent to about 0.06 wei ght percent of an
ayRdteinithe POSS tatldifiye &rtisitandipheh@r @tepbxycyblobiéxyd POUSS.
wei ght percent to about 0.175 weight percent of zinc
stearate lubricant, 10 about 0.35 wei ght percent to
about 0.75 wei ght percent of an organotitanate

upl i agq of t form. i - i
R R S T e
4, Ris a tophosphatq s nt, .and Y is a dioct
SHemapant oS GBOE RO oo TIArEArcHon pioucol Baot o o7
wei ght percent of an organoclay conprising
dicyclopentadiene antioxidant.

~ 47. The rapidly solidified rare earth-transition metal-boron magnet material of claim 43,
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
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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bi s (hydroxyethyl) nmethyl tallow al kyl ammonium salts
with bentonite, and about 0.003 wei ght percent to

W@b@mansP6M15 wei ght percent of a butyl ated reaPCT/082004/039859

49.

product of p-cresol and dicycl opentadi ene anti oxi dant.

20 49. A process of liquid-coating a rapidly

solidified rare earth-transition netal -boron magnet

mat egifl ate-caatingisi sirisganglphenybenaporyeyslaex d P Q@Thi) ant ameypnt of
essentially of a solvent, an organotitanate or

abgan® weixhn péreetac pboutd aeight percent, dyoxeighted ithe, magnet powder;
har dener, an accelerator, and a |ubricant, wherein

Saigd honpbgeneous sol ution is a honbgeneous 8 - 25%
solution; 52 WD 2005/052960 PCT/ US2004/ 039859

conpi e?gé}ﬁiglgicgﬁﬁ%tﬂi ! L80iaf1l Sglbg{ﬁg,ai SBRhOSE AR HRhure, of

materral w hontgeneous” s on
pNAPRN T E MG TE S A2 T —
tég)ggleg;: g;&fregigf ;Alﬁ)?l? OL(l)g -V\?e(i)é:it pzlljcl:%llgt tE) I;%E)utsoa.l{ 7dwgiog|h%/ ngtcent %f
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)s
where R is a neopentyl(diallyl), Ti has a coordination number of 4, Risa
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 liquid-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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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 temperature between 40-60°C, such that said solvent

evaporates.
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