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WD 2004/ 072311 PCT/ US2004/ 003288 HI GHLY QUENCHABLE
Fe- BASED RARE EARTH MATERI ALS FOR FERRI TE REPLACEMENT

w6 2604Ez310F THE | NVENTI ON The present inventi ORCTAIS208503288
to highly quenchabl e Fe-based rare earth magnetic
materials that are made froma rapid solidification
process and exhibit good 10 corrosion resistance and
thermal stability. The invention enconpasses isotropic

Nd-Fe-B type MRgiglHicy U Pe-BUREIS, T aPI
Sol 1 di n a]oy-IX: ) | m

speed vvitgﬁéimﬁjdwﬁfilirkitr M e prod i.||9@|

Nd- Fe-B type materials. Mre specifically, the
invention relates to isotropic Nd-Fe-B type nmagnetic
materials with remanence gBI% and intrinsic coercivity
(Hc:) val ues of bet WEERD7OE TREINYENIEMY 6.5 to 9.9

15 kQe, respectively, at roomtenperature. The
i nvent i on Hiesmeseat mverstidnaeltas de HighhgnenshabimBe biised mare earth

th t terials, which are suitable for direct
rfl@%}egg g{%ﬁa %t#qgtr?% 'ﬁ@fié frow’zj@pﬂ Wﬁﬁﬁ%ﬁl@@ Bepoessrand eghibytgood

. . i N . .
AR s POV o N 2B e

tysethafmaticmkterids maanften smgidebidifientiopycys8arith a broader optimal
Al t hough Nd2Fel4B-type bonded magnets are found in )
sReGH tYipgPve Hga thad peedciaresiising qoay entipnakddd-Fert bype gnaterials.

' l. ] t. m . .
i e T A PRI 2 TRt i
ienan@ice (B an@ ansndi©coc2avidy BN Siafuek Bgb&vderen0as 8igies bh€6.5 to 9.9
applications of Nd2Fel4B-type bonded nmagnets and
k(g% FERSFHGLY Aliopmrfampenatre quhﬁ wypatinn alsn wlatesdo bonded magnets

R o S e R g R SR B LB BBl g

DeRHRd Biritotbe frBes &f SanPhBehtidRp! acement  of _
~anisotropic sintered ferrite magnets with isotropic

bonded Nd2Fel4B-type bonded magnets woul d of fer at

| east three adv . j I n

manuf act uri ng, ?@éamg&%%ﬁigiwﬁﬁg§gﬂﬁg)§ropl c

bonded Nd2Fel4B magnets, and_ (3) nore versatile )
nmagnet i zi ni§otRRi¢ Ndrie, S typperchcnue mataiighdiaye bagn eged for making

I Iy d ' S ' ded -
bRl BVARS e3P B R0, bSLE QPR RRIRY g cona i
manhddiing edgeepplidations; iitiembiet sige seHU inirl shlleSthah Ea€6f magnets
ferrites, so the processin

made from anisotropic sintered ferrites (or ceramic ferrites). One of the means for

A

diversifying and enhancing the applications of Nd,Fe, ,B-type bonded magnets and
increasing their market is to expand into the traditional ferrite segments by replacing '
anisotropic sintered ferrite magnets with isotropic bonded Nd,Fe,,B-type magnets.
Direct replacement of anisotropic sintered ferrite magnets with isotropic
bonded Nd,Fe, B-type bonded magnets would offer at least three advantages: (1) cost
saving in manufacturing, (2) higher performance of isotropic bonded Nd,Fe,,B magnets,
and (3) more versatile magnetizing patterns of the bonded magnets, which allow for
advanced applications. Isotropic bonded Nd,Fe,,B type magnets do not require grain

aligning or high temperature sintering as required for sintered ferrites, so the processing



10

15

20

25

1 WD 2004/072311 PCT/ US2004/ 003288 and manufacturi ng
costs can be drastically reduced. The near net shape

wonoeskooeiion of isotropic bonded Nd2Fel4B bondedT/UsS2004/003288

magnets al so represents a cost savings advant age when

conpared to the slicing, grinding, and machini ng

required for anisotropic sintered ferrites. The

hi gher Br values (typically 5 to 6 kG for bonded NdFeB

magnets, as conpared to 3.5 5 to 4.5 kG for

il rﬁmummrﬁlngo@ts eaete Hektidadlesedusd TREHear newdhapSproduction of

(typicall to 8 M30Oe for isotropic bonded NdFeB

ﬁngm %@ I\Bb%eﬁ* b@ndteé rrsagn@ts Alsg repmeRentsgy coghsay e égyaptage when
ra'retdﬁ‘ﬁ)the :91cm|$0 g}mc?x Can 0% ﬁllndange}e%iR?ecp R gﬁg tn%ggg {éxféged ferrites.

OWs a e energy usage o

TI[b e glgr Be ﬂalﬁ@é/(ty‘;ﬁczmgeﬂ']to@m dsresbntied NhBéB afaghts SRich@phred to 3.5
sintered ferrites inally, the isotropic nature o

2@ 4o anjgesropisrididercddgrntessansh@Das Vﬁblﬁé(typléaébbi to 8 MGOe for

BT A 1R B BB o o Plnefea e B G f st feetes
FNEGRIPIORE FesS BN l%hd%@ ifalch &S alshANEWEh mdré Bnerbyp SHFCRAL sage of

bonde nagne ‘s shoul d exhibit certain specific
whgietoin gy gigan deyiceFdrenaxmppied to thae of adstteopiBsintated ferites. Finally,

{8 iR PG BEISS b eEP R Dt e R o T PHgnetizing
PRS- foJ&éﬁ%nﬁé}%téﬁ%ﬁﬁé@hﬁplm&nsbe hi ghly 15

quenchabl e usi’ng current nelt spinning or jet casting
t echnol ogi Es endbidditrct mpbhcemomta bof amsqsiapad sintevedsenrides; Bowever, the

oS bedsi sone saola B oS pediic Alaficriaisypor exampl, the
@lFéeE’mﬁgnély %M‘E@éﬂﬁ)@rﬂ%&“ Sélln? :p%cﬁleéﬁ‘inqa@% qﬁ%ﬁy kd/meet the

adﬁugta le to neet the versatrfie applicatio
ec«banmmdssale'blﬁprcﬁmomm foir heewalngaysts o fhos ithed mates hle mhudt be highly

al | ow ustable el enents to i ndepen troI
Qraclsd lﬁeng CuzFr} Wltaa@ﬁew&mtwlngutﬁcq@aﬁag{qs thoggadditional
h
éag%lg?g Y ﬁgfér?épr ggthFl t y en cgﬁpg}légg lt}%orﬁf}%ae\?é fc))l%opertles’
agpi, &r@tB,pImI,canﬂi(BH%agdalﬁm; of the N?ﬂyEf JSsmatdrials shpuiddielre‘@hly adjustable

t enper at ur e es, For exa the isotropic hon
'i‘?ﬁﬁn%é the ‘éeﬁ%‘di“oa patinyd cEBRr r efoxs; tl'gr?zlopqcoqelpo&gon should allow

dﬁﬁ{téo?ée %ﬁfsq g@ﬁggﬁ’% E&lir%gﬂ% B;;Iéf},lrh'g\tjlvf& L éﬂcﬁablhﬂl In addition,

err|

the $sa®pic2%d Bequenid tomded Melgietd shiduldpexhitt Eoraytable thermal stability
i sotropic £0Mers exhibit typical Br and _HC val ues
Whera%m?@e toghat of an@ﬁ?mc §in eesedlffrrp@eeverr%@ﬂércqnewémg temperature

IVXH gsh F'S?%Qarﬁ@e StPE ¥s§§' ic boﬂ?égprrﬁ!é%e't’sséﬁah dex ﬁﬂ#t{{:%w r?%a}fg)ge: B, and H;

sotro erri acerrents
a{araeaérisaSS e Ale St thataif anisbreopia gneiddfearitecati 80 tarndo °C and low

ﬁg?l;gemftg Po%sgeV| ces, thus preventing the

Conventional Nd,Fe, ,Btype melt spun isotropic powders exhibit typical B,
and H; values of around 8.5-8.9 kG and 9 to 11 kOe, respectively, which make this type of
powders usually suitable for anisotropic sintered ferrite replacements. The higher B,

values could saturate the magnetic circuit and choke the devices, thus preventing the

realization of the benefit of the high values. To solve this problem, bonded magnet
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realization of the benefit of the high values. To
solve this problem bonded magnet 2 WD 2004/072311

wOCH#982004/ 003288 manuf acturers have usual | yPasas2@4/003288

non- magneti c powder, such as' Qu 'or A, to dilute the
concentration of magnetic powder and to bring the B

values to the desired |l evels. However, this represents

an additional step in magnet nmanufacturing process and
thus adds costs to the finished magnets. 5 The high
thhnufachakisdmye esplyusdd yndrimagndticgloerdet, lsach 40CK GeAl o dilute the
conventional Nd2Fel4B type bonded nets aIs
PregeRtion oL BARSHC PPYBPEHId B PriRg gie? ‘?&‘? it eﬂ§51f‘?¢o'§1fels

Mé\%‘i’ AR %) géeE@B%Qd{tﬁﬁﬁl' s'ie%sm P Fﬁ?f&ctﬁﬁxk%@%o@sfs and thus

['ess t’han magnet I'zi ng
adﬂgnodtm«d&h@ﬁnﬁhétﬁ&a@&muffl CI ent to fully nmagnetize
the nagnets in device er, this magneti zi

{1l d o i ThUREh By Aot sspeaialy s iadhes Braaneic o?convennonal
R R Bl bR ek o SN B ANCE BRGNS

ho& aaRvasyiagetraf fehitghedhildt HQvakdes of Mad thes 43fkOe, a magnet1zmg
conventional isotropic Nd2Fel4B bonded magnet can not

fipdd withy ppale manifile of Bk Qais sefdigient tocfuly gragnetivedbe megnsin devices.

RS0 TR BP AR R P T RBULTSR e Bions

N@Gepﬁgﬁ%tm&tdib@: bdrided hiaghists teRbhdonasléaévedd| Wltﬁbuttﬁéﬁigrfully
facilities. This 15 azimoach however, does not take

m@gnetlm ma@g@t@gesm bigheryB, ¢xdl; valyesl af sopwanéianaldsotropic Nd,Fe,,B

vene t nni n e hno have
PO BB TR e Rl Phd R o BB RE fFues ponded
rh@@%@%ﬁuﬂab’tﬁféré"ﬁév@fds@d SowderaRavihd RVPH,, W 8lueP dtable a full
materials of higher magnetic performance. However,

magrgptlmtlomh@nmth@mg@aﬂlzmgf@ncus cutrervtly ajf@dable @hﬂhylr\mtﬂhtles This

R S N R ST

exanpl e, Wigay B%r@%m&@s ofomb2 Zpl&%%i; ttééhf(@lbgﬁﬁa@t al® been

Clainms that use of refractory neta provides a
Cb@nmn@d to tmgméthenmcmstrad:tlm@f lez‘fm@-t?peghatenaie m:an/atempt to

SHTER Fizgid e GReE GBS formtr e Y & oh ST ipdhfcterpted effors
hda,e deat &7 “ﬁihage?f&at pratedsih 1§1g‘ﬁﬂvtehﬁﬁts%ltﬂdﬁ?fd¥h§h 0 Bpecific

controls grain gromﬁ d mai ntains the coerci
hetenals Bhd/ougiphhatgmst Eoperaatple, 45 Sf Paterdt N 5¢022{938.to X&jima etal.
however, often form

fractor t addi ti ons,
cBimd b e LR Pietpleprafider pormpnentynagnet matepiel exhibiting high
bdie Bfcel ﬂ&h@ﬁ&ggbgdgig@@hﬁﬁﬂo%@mggﬁéfzm, hiH &3 sion resistance,

average grain si
and stable performance. The patent claims that the addition of the M element controls the

grain growth and maintains the coercive force through high temperatures for a long time.
Refractory metal additions, however, often form refractory metal-borides and may
decrease the B, value of the magnetic materials obtained, unless average grain size and
refractory metal-borides cén be carefully controlled and uniformly dispersed throughout
the materials to enable exchange coupling to occur. Further, the inclusion of refractory

metals in alloy composition, as disclosed in the Yajima patent may actually narrow the
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refractory netal -borides can be carefully controlled
and uniformy dispersed throughout the naterials to

wenedog2zaxchange coupling to occur. Further, tReT/US2004/003288

inclusion of refractory netals in alloy conposition,
as disclosed in the Yajinma patent may actual ly narrow
the 3 WD 2004/072311 PCT/ US2004/ 003288 opti nmal wheel
speed wi ndow for achi eving hi gh performance powders.

U S.- Patent No. 4,765,848 to Mhri et -al. clains that
dphendl ndeeipspead wonloof for imhiannig bigh @erformanae powdmsrt h bas ed
melt spun materials reduces material cast

the alleged Fagnchl cfrﬂ%%%@tMP‘é” &cHi e tbﬁi the incrporation of
E@gr{d/éxj @é fEQafEaeQHg%h&ldQﬁélf %‘H@Hz&&q dﬁ@é@%ateﬁh 'c85t5 However, the

pat ent does not ose vays In
I@B@Mbttﬁdri iyt coft isedHieved by s%rﬁ'mmn@mﬁgnama)peﬁermance Moreover, this
nproved. U,S. Patent Nos. 4,402,770 and 4,409,043 to
meé%m da¢%1&qtél§@lqsﬁ wapsa which thefayenchgpiliyief mglt s pregsers may be
c I
gl os e #z{t?rﬁ Nos i ﬁ?f?@ and E%&PP{"%@I@S& (ﬂg%lgé% the use of La for

contra
;Iﬁl‘bﬁﬁk&ﬁg iR spiaREfeyB i uBorsaifbwévier, \tidsd 93ten¢s@lod1©$ td#€edse how to
evels. U. S Patent No. 6,478,891 to Arai_clains that
yssd-afe sowrolshomagrstic psopsriigsoramalp the B iand £h: vluesytowdesired levels.

nom nal i

R, (Fel ygg%)?a{enf,)l,(}ozé ?f?fi, ?%ztﬂlAral c\:Nﬁlénrsetha/t t&e usg of 0. O<2 to 1.5 at% of
A1 f an Moy wikinon¥indl cothpsition &f R,(fF@ . '{‘09 OWB)ZXI Wh@feﬁ_l <x<9.0,
1.5, inproves the performance &rial conposed

0k yhat@, a6k 3afd.8 amh®6f ixow ﬁhhs,eimprdil'ee t}mqieefmnnaﬂue;\MMmtenals
does not disclose the various_jnpact of A add

eomgposedaf hasd apgh SR IIABRSUCIASES o e BHORt BOYEYer 49@8 nof dléclose the
Pelavig act gg%’l %c%h{ﬂ% te FBnncﬁ%: 0 Qtrh EhreSRT o bgge wetting behavior
process 20 T EEE TR ans.. on NEgn. |

Alinghdl aﬁﬁlﬁng 3PR2pastiigprcksset.hat a grooved wheel

with ceram c coating ecan inprove the netic

pr oper t1 esAGH eheh IERBAmsy gk Mz 452919566 GI0RRY reports that a
w&%\?ﬂj&g%‘m}%&w &L oat{n% %Yrﬁ?ro@e g&%%%ﬁﬁ«t} bpo;ﬂﬁxg{es of melt spun
inaefiels0Miid Gaittied lﬂﬂnbﬁb’bﬁeﬁt@hoxlusveﬁ dnexived d mgdifiemidrosiicutent jet
facilities. Moreover, the approach only addresses nelt

AR POEPIBEW cad peasesss prdytheraloreiis wnsyitaige mrgﬁlweqtmg manufacture
ﬁi@ﬁ?gg‘ i Nfo?eo%e lrtﬁ)e éf)f;j)trcl) 20 o a/bqléig}eggeg ’meITp s\’\?r%n%ﬁ%& &F%s usmg relatively

usual’ esli l' ecause

Bigh i8] dpeéds. ah EE)Mdﬂzbﬁoﬁ Situaa64h H@kve&adhigﬁﬁﬁ}%%@%ed is usually
machi ne wear. erefore, there is still a need for

ungssirahle beamuiseriemBkesthe prasgtsanere diffigtls ta eansrohpmdhincreases machine
relatively high Br and H, ,; values and exhibiting
good corrosion resistance

Therefore, there is still a need for isotropic Nd-Fe-B type magnetic

materials with relatively high B, and H; values and exhibiting good corrosion resistance
and thermal stability. There is also a need for such materials to have good quenchability,
e.g., during rapid solidification processes, such that they are suitable for replacement of

anisotropic sintered ferrites in many applications.
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25 and thermal stability. There is also a need for
such materials to have good quenchability, e.g.,

wdauaooang2aiapi d solidification processes, such tRat/ushey003288

are suitable for replacenment of anisotropic sintered

ferrites in many applications. 4 WD 2004/072311

PCT/ US2004/ 003288 SUMMARY OF THE | NVENTI ON The

present invention provides RE-TM B-type nmagnetic

materials made by rapid solidification process and

bonded magnets pr UMMARYOOFITHEANMIENTEONat erials. 5

The magnetic nmaterials of this invention exhibit

rel ativel yThi gls&h iRt proVRlet RE-POUBAPRma SRt 42tQhls made by

resi stance and thermal stability. The materials also

ravdsodiddibatore prokedsiang byndedgnagnetsquodurgd fimpi the magnetic materials.
lidification prpcesses.. These.qual.ities t

T et BB HERR BT iopiexh piseku BRdh ang L. values and good

SH AR reRbiancH dhiGh&fhafl &hwilitye STHemARARY s 3RB |h59@%6&1'1ﬁ1€né}ﬁbility,
a first aspect, t he pr esent” I nventi on enconpasses a

eggdetingrapat siid#icatimprocdBeh dbhebe qualree pAthedndiyrias make them

r api olidification process, followed by a thermal

bl f?hﬁpgﬁ%@aﬁ anighgenis alﬂtegieda{mge% BrpEmLAnRiEatage

of about 300, £t Qstpgg@ﬂllt_?_ﬁ)%%gntcﬁtfé}{tioﬁQﬂ%m?aasgeshal;ﬁsqg e§§ material that

to about 120 m nu e magneti c mater
basrpos ptepaed biyn rapidsblidifipgicngirdags, foddwed by a thermal annealing

éﬁ%l aR a%??F | 00- u-v-w x-yCoMNTXBy, wherein R is Nd,

CT; Ry Bﬁa{ i tempERRBire Fnge oF Byt 3R " Grie abput $00 5 C for about 0.5
Hd : - Al referr [ .

FRTRES 5 90 RGNS, SHORLORI e AP0 SRS ol o

paoditage! 0O R { REY, Bef;, R M A,B Caheréin Riis Nd, Pr, Didymium (a nature

conbi nation thereof; Mis one or_nore of Zr, Nb, Ti

myxturg of il andyPragh @ cpmposifien af 39 ubNeospsntfseredered to inhis
%blic@tﬁ‘cgl b%‘ thla Fgr\glé&eﬁ\dl\/lt ’ﬂ or X%Léﬁ%ﬁxa&gﬁ t}%reolﬁ’ RMs L\Qf’ Ce):(, Y, ao?%l

are as fo

Eorfiisativn theBoff ¥/ ik dng, dd fnote §20r, NH) T MCr] VO Mos W <add, BAEAd T is one
<y 12. In, addition, the magnetic material exhibits a
pignare of ddeMppfuyand . Furtherotheyisbigs [ & uG W.at, 20d 3raas follows:

a5, W20 S SO L bl U

apou as

24H9cH, AR Yhagriel€ nfafdiall e Bbitd fenRbQTBONAGRSST L IbdR6.5 kG to

the preparation of the nmagnetic material of the

o 8,5tk G andeant intrimsicscoaramafyt s ivalne nffrom gbent 6.0&d tngbout 9.9

ﬁ@ocess at -a nom nal wheel speed of from about 10
ter/second to about 60 25 meter/second. More

ot or | Secom o e Rt B Raoa T e
pisparifiorcofihb odignetivt matetial ofitieeprese yeitior isamelbepitning or jet-
casting process at a nominal wheel speed of from about 10 meter/second to about 60
meter/second. More specifically, the nominal wheel speed is from about 15 meter/second
to about 50 meter/second. In another specific embodiment, the wheel speed is from about
35 meter/second to about 45 meter/second. Preferably, the actual wheel speed is within
plus or minus 0.5%, 1.0%, 5.0%, 10%, 15%, 20%, 25% or 30% of the nominal wheel
speed and that the nominal Wheel speed is an optimum wheel speed of producing the

magnetic material by the rapid solidification process, followed by the thermal annealing
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35 neter/second to about 45 neter/second. Preferably,

the actual wheel speed is within plus or mnus 0.5%
wb.200407310% 10% 15% 20% 25% or 30% of the ROWIUS2004/003288
wheel speed and that the nom nal wheel speed is an

opti mum wheel speed of producing the 30 nagnetic

material by the rapid solidification process, followed

by the thermal annealing 5 WO 2004/072311

PCT/ US2004/ 003288 process.. In yet another
peicbssdilmyeitanothee emhedimeht, dratbeatmal gmpﬁabog procassaised &t théde

preparatign of the ma mat er i.al r
plergBRDR Gh e aamelt FEpeY ot Ge 8GR esfion i AR gRG kg gnee of
a@&ﬁ%@OzQQOQb&QWO@b’@for %b&ﬁ 23BQPduth® Minawkes. I n

speci fic enbodi nents of the present invention, Mis

sel ect ed flim spracific, em‘tﬁ)dNbgantopf dne@mﬁbntrlawnmnﬂkﬂelsedﬁctahﬂom Zr,

is selected fromA tlont
Nppee %‘ﬁf@%ﬁnﬁﬁl%ﬁhﬁiﬁd 8 155 e TSR AL E%fm“ thereof.
j s magnetlc rraterlals wher ei n
I\{I(ﬂégava? 2@8%%@%%@ and y are independent
of each oftThepresonk 1ﬁaédtlomatsb|mc¢rh1ms‘se:sl thagrieng matearaipogherein the
02< a<_0. 6, 10<_u< -0.1 w< 0.8,2<_x< 5 and .
valyes 101 @; U1 Workh@hd § a@engqpsnﬁ@ﬁaé%%hﬁ@}ea gad bl his tep fllowing
gi‘% %(%g d%66vl%<§15< 19 (?<V—<W)S()p ZW<%)§2<—X<5 and 4 < y < 10.

&Q &uﬁ@@ar@és ihl;luaalb 26, 0¥ (25 91% w2006 B< 5, 6.2 % 40.7,2.5 <
E .1. I'n another specific enbodlnent
xti]é 5yaﬂdfes )oi 6é amrblOaB aze B85, 11814 owst1.0.00d vse &5 &3& W < 0.6,3

and 0.1 s x < 1. |In another enbodi nent r es%P

5 hﬁéﬁwﬁﬂ‘bﬁ T %gh’e&qo@eﬁﬁﬁe& ficgmbosliragny; g‘iet‘@ Ugs Bffa and x are as
f@ Ocdlfro bl Gto about 8.5 kG and H;

0% ?Po e to about 9.9 kCe.

Speci f i Callhﬁnothaeerﬂlﬂﬂlﬁkﬁéﬂt(bf R Redent inR¥itidy, e Iﬁ%gﬁ[etlc material
value of from about 7.2 kGto about 7.8 kG an

epchﬂbetperEd galu pf fram &bout/apdfé} tofabbuichd éi@oaamd 139 Walk@f &Qm about 6.5

7. I t h
Eeippei %0 B, SpiiehGi e msntti maRE e o g et fom
a'tsSiuami kGitB Qﬁ&ﬁ”ﬂ@l&@' aYId 1ﬁﬂeﬁéndé&ﬁlﬂyuﬁ1 |, vhle®f &datibodt 6.7 kOe to
to about 9. O her speC|f| c enbodi nents

atbbult ha k@ee s%éwrnamvlgnms magnctm malf@nalhfafﬁumm@ B, rvatueraf difom about 7.8

|ts ear. stoic 4B t
@Wg‘% 8% e }%P?’@é{“g; eéff é«ﬁﬁg)ﬁ KORgg,About 9.5
yf fraction; that the rraterl aI has crystal grain sizes

ranging from about 1 nmto about 80 inn or,
speci f i calOther $pecificantotinigitneof the presenttinvidtinminclude that the

material exhibits a near stoichiometric Nd,Fe, B type single-phase microstructure, as
determined by X-Ray diffraction; that the material has crystal grain sizes ranging from
about 1 nm to about 80 nm or, specifically, from about 10 nm to about 40 nm.

In a second aspect, the present invention encompasses a bonded magnet
comprising a magnetic material and a bonding agent. The magnetic material has been
prepared by a rapid solidification process, followed by a thermal annealing process,
preferably at a temperature range of about 300 °C to about 800 °C for about 0.5 minutes

to about 120 minutes. Further, the magnetic material has the composition, in atomic
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25 In a second aspect, the present invention
enconpasses a bonded magnet conprising a nmagnetic

worbt@roradiiand a bondi ng agent. The magneti c naPeriuak004/003288

has been prepared by a rapid solidification process,
foll owed by a thermal annealing process, preferably
at a tenperature range of about 300 C to about 800 C
for about 0.5 mnutes to about 120 m nutes. Further,

‘the magnetic material has the conposition, in atomc 6

| R0/ OFF BB LR, PEH,,|IS2 00 U0 BB SwhereincR it Mg ePr, Bidymium (a nature

tp}xtur%%é% qﬂlzi]ep(rg'l(t) ﬁépms&ﬁﬁfﬁ%r@ﬁ) Rhmggcgfg}glgﬁtﬁg{ t%ereof R'is La, Ce,
FOOROH frﬁﬂlﬁﬁlo%fthMQf %Zgr&re%ﬁ)moré’ bf &, QT NEL WO/, Wfand I\Ellf and T

t hereo Y, or a conbi nat’ion fhereo
isonebemore o e M, (Zr and\Bl, Filrthef;lthe Mlud\dtfpr Au, e, HEnd y are as
and T is one or a Si . Further,

M@Wa@ Dos A o0 %7 T 03 O e DBl ar & lad < K P < v < 12,

%:clﬁ?n—gnle ﬁflaﬁ%ﬁ}l §eh9 éfbtnés anr% gfen\lxe 3 1*3‘5'3?; ﬁl%g'ld bout 6.5kGto

SRR BNERanBin Mﬁidﬂ;ﬁb @%ro‘nmw lyoauhe of Eokﬁvoat 6.8x0etto &b&lt 9.9
kG and an intrinsic coerC|V|ty (H ;) value of from

WBout 6.0 kOe to about 9.9 kQCe. In one speC|f|c

mbod he bopd de .10
(enyf)olngmnlto{ﬂ %%8%%3 %h‘glgg‘ﬂal‘g}epg éhe(sl?ﬁ@o Xg‘%‘?ﬁ %ﬁ%n(y, Bolyamide
?nycﬁlt) %Jdlﬂrﬁh@nﬁ@xﬁé’ﬁ@ﬁde((@@@) a 1Rfuid iyt |p@l'y$ner (DEPELOf combinations

n anot her specific embodi ment, fhe bondi ng agent
thgreofieln amtipr bprsificomebaslimenty ée banding agens ferdies comgnmsmﬁ or more

%%1{3@9 1S sgReE o i oo et 0ol by A Sster, stearic
p a nt a0 r&(? SYatie Ia‘gldcg Hﬁh%l&ﬁﬂﬁ‘ rwelgitlcgﬂl%le% Q@ﬂef‘ aQ§1tl§5ha§H ester of

hritol, palmtic acid, a polyethylene based
puttaary:thntol thnﬁmtamit, e pobrthykne basfl ll.ﬂﬁ'lqmmoamerarm iad estar of

f t d, | | ef |
fidetantt 230 epoishSangfiet ety X pad wonosBy W ity bis-
ZmRe! yes @%Eoﬁgay‘arﬂfdg hy 44 ]% FtRarfoRitr SR hi RhEidntent, a maleic

anhydride, a gl | -functional acrylic Rardener,
anhydride, elaglmléyl—fammomawmmmbnpt aincistﬁ'aw and)alpetymenc plasticizer.

speci fic enbodi ments of the pr i nvention, | cl ude
tﬁat t he 531}?6 éPF ?}E‘?Of‘:%'ﬁ{aﬁg io? prwnw.gt,vgrmon incly ﬁiﬁ'glat the

DRI bt DY DS 1M R A Rsy 44 Om abou

6.0n &4 tomboate). 0396 fzincsteardte;Ghatl thablordied enaghetfhras mpahmmlcé)c&fﬁclent
to, abgut 10; that the magnet exhjbit a flux-aging |l oss

oF lopd ige of fiam abpwiA-2 & ThSihag %lm&gnei gshieitadinaiggng loss of less
hﬁlﬁ éaﬁoutté@% .&ﬂ%ﬁ.ag@(gﬁe]]bg!@ is) s GRIRE SRR is made by
I'njection nol di

ng, ng, cal en érlng, extrusion,
somipessig molding inje¢tion molding, calendering, extrusion, screen printing, or a

combination thereof, and that the magnet is made by compression molding at a
temperature ranges of 40°C to 200°C.

In a third aspect, the present invention encompasses a method of making a
magnetic material. The method comprises forming a melt comprising the composition, in
atomic percentage, of (R;R').F€40.yv.w.ryCOM, T, B,; rapidly solidifying the melt to

obtain a magnetic powder; and thermally annealing the magnetic powder at a temperature



conbi nation thereof; and that the magnet is nade by

conpression nolding at a 25 tenperature ranges of 40C
woaoR@03111 n a third aspect, the present invenPCDMWS2004/003288

enconpasses a nethod of meking a magnetic material.

The met hod conprises formng a nelt conprising the

conposition, in atomc percentage, of (R _aR a)”

Fe, 00-" " w X yCoMMXBy; rapidly solidifying the nelt

to obtain-a magnetic powder; and thermally annealing

ik ofamet 350 T1O valshiouaB0G° € dopaboat b mlﬁuwﬂomlll Xe@intites;
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30

PCT/ US2004/ 003288 range of about Fﬁg E ut 800 g
vrfeﬁrela@olatNd@ 5, L (% %at%wﬁt%% At gat CCWPé’FIé‘PHO

ul t-ur
8 T GBI 18y e o

drhesreof Zr, Rb, T3, Cray, U, W, arﬂrHﬁ;lamb'ﬂ?‘ms maﬁoranomh)élﬁédﬂn, (i, and Si.
is one or nmore of Zr, Nb, Ti,
Eswiders thesvadies forra, nlov,e*wdf, ang y apgas erOW&r%OlsF a %0 &u? ﬁwe? 13,0<v

509§£)V(‘21| uglséflo@lss' X % '5, gma ¥L§ 1%”%1 gdcs{lon 6‘2188 \éﬁnategal
e%‘(ﬁfbus 'relgar]eni n’gB() §a.lu§of ﬁ‘&q a‘ﬂ)ou1<6 ¥ k& to hBoutl8s E@@h& 'aﬁ)[htrmsw

e magnetic terial exhibits a remanence (B) value
otrcivigriapeaiue 6f ﬁoﬂn@bbwt @O EOE t@aouw & %de.an i ntri nS| c
coercivity (Hc; e .of gr om abo#

9.9 koe. IR aaSpg%)g adi e © r@p]lglyssto @éﬁ‘rﬂgrc 8%8?? a melt-
s%ﬂlrﬁ 8 & ﬁbtn&sﬁﬁ’ ob&8 St AnfBildar WiiQel% éé'(‘lrliﬂ'iﬁm@ ﬁbout 10 meter/second to

jet-casting process at a nom nal eel speed of from
dlooti60 meteﬁeéoend shoashecficalipdii n@dinakbwbed] speednglfroltabeut 35

specifically, the nonj nal eed is fro abo
REeheeRt i PoutA SO ceronthe PLaa o 2 Brlot Sk lst‘ﬂghm plus

| | ks 9
IR 0305 TRk DB 520 95 %}0@F%ef%%f%ﬁ‘n"§feel speed
addeRht tﬁ@ﬁc&dmaﬁwﬂedl bpdedtnhﬁh ogtivhina lwhehespleed pBerdducingthe magnetic
opti mum wheel speed of producing th magnetl 15 .
ma&e@ahtanth@papedw@hdaf&aaog gracasss fol é?zy&%@e’g%a apptaligggepoess.
by the thermal annealing process. BRI EF DESCRI PTI ON
OF THE FI GURES Figure 1 shows a conparison of the

second quadr antBRINEDESURPTION OF THEVGUERESO C of a
commercially avail able anisotropic sintered ferrite of

hi gh Br anﬁgﬁﬁolf shoRsUaD ahgorf Sahe fcoAd qﬁa?ﬁ’itft Ql@ﬂn‘ﬁgnetlzatlon

bonded magnet the pre ent I nvention, "which
sabeses 206C oBh commercikly availatble ;anrsot?op{mntemd f&m/te IOﬁ hgh B, and H;

fractions of isotropic FeB of 65 and 75. vol %
alpesretipthaholia isoteqpin fondes ﬁ%ettogféh%@emma(amﬁ@wh has values

gﬁg,@gﬂgtlééﬁ{d 8= 7 kOe, with volume fractions of isotropic NdFeB of 65 and 75
vol%.

Figure 2 shows a comparison of the second quadrant demagnetization
curves at 100 °C of a commercially available anisotropic sintered ferrite of high B, and H;
values with that of an isotropic bonded magnet of the present invention, which has values
of B, = 7.5 kG and H; = 7 kOe, when measured at 20 °C, with volume fractions of
isotropic NdFeB of 65 and 75 vol%.

Figure 3 shows a schematic diagram illustrating the operating point of a

bonded magnet of the present invention along a load line of 1.
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25 curves at 100 C of a commercially avail abl e

ani sotropic sintered ferrite of high Br and Hc;
woabu@s2amt h that of an isotropic bonded nagnepCwofUsking/003288

present invention, which has values of Br = 7.5 kG

and H, = 7 kOe, when neasured at 20 C, with vol une

fractions of isotropic NdFeB of 65 and 75 vol %

Figure 3 shows a schematic diagramillustrating the

operating point. of a 30 bonded magnet of the present

i nvent i on LR sRow@bothpaiiofiof dperBtindpANQ4t 00Z3dnld 100°C of
PCT/ US2004/ 003288 Figure 4 shows a conpari son of

NofFeBaypaigotpaiinbender m@netantinodone frandpsp ity gad 75 vol% with that
i.sot ropi.c .bon nets with volune fractions of 65

°§ﬁ'€i‘s9t§‘$p\}‘b?1@1 dtf%rrqa of ani sotropic sintered

ferrites. P’i:%lﬁé'ﬁfﬂl@stﬂatés WSY5i8d1@Sel Bspidiith € hen¥BAHi li§WubvY 0TIV, Fe ,B-
guenchabi ity curve of 2FeldB- 5 type material s.

tﬁeguaterizﬁ_s.shows a conparison of the nelt sp| nn| ng

habi | .t f trad I
o o o ik B30 b PO BB B Benrghy comes of
o¥dftfondl NRIFE, BISsLAALWRnGHE Wiﬁh@bt ﬂeﬁﬁ&‘to%&t@l gddifidiwith a more
present ihvéntion. Fi gure 7 illustrates the

dgsiesbdhqixnthdbylity enweof dte Ianseat Inygntofn. t he present 10
|nvent|ond¥\nth n m nal o

(MWD. 62La Tagesades thop fﬁﬂtbéh‘%@%r‘@s ofpryaijqy ¢f the present
1h drish Wfﬁlerﬁm]ilhﬁ c%ﬁ?y@gllﬁ@ﬁ 'ok LMM CHlkYy eﬁl 59378 g@} @Ll @, of

e present I nvention wt on O

( MVD. 62LaEigid} Blllbdtetds. tﬂ@qxﬂenE]ZaHﬁhtt}Amefes IS a19 alloyFofthe pregent
shows a derragnet i zation c

ipxARtios Hikcosgnal 1‘305@9?‘@09 9 b@&@a@@ Gers el oo s e

present i I Bhiiéh Wheebra 15 speed of
17.8 m's frﬁég']% agﬁﬁ%gﬁtnglat 640C%or 2 mn. /[~

(MMEgzgugg“ e, ghaual, %(B{ Aovdief f the prasent(ixRDYiopadlespunat a wheel
0.38)11.5Fe78.92r0.5 A13.2B5.9 powder of

sphed off E'sTny's fOHO‘éfﬁ{l b?ziﬁnwﬂlflg A0 Gtiow WHeel  speed of
17.8 nf's fl‘gll | 248%n Eﬁ%s?@&e ffﬁgtm%f )C%J- geqn n.

Figure 11 FAASHY SS1 on Croscopy

(_M IﬁR%L 78, owder of the present invention melt-spun at a wheel
%)3?9817%%) 11.5 e 92r 0. 5A13. 2B5. 9 powder of the

sgmee&eihﬂ $ nvefullowred ﬂwlatmesaﬂmg abf408Cvihe2 minspeed of 17. 8

ms follo neal i at. 6 or :

Show the. BORRS DRSS aBrpatsseLlgErn, Fihfony (EHS itbee ora

QRECLEHTY  Fe., 71, Al ,Bs, powder of the present invention melt-spun at a wheel

speed of 17.8 m/s followed by énnealing at 640°C for 2 min.

Figure 12 show the EDAX (Energy Dispersive Analytical X-ray) spectrum
of an overview of a (MM, 5,10 35); 5450210 sAl; ,Bs o powder of the preserit invention

melt-spun at a wheel speed of 17.8 m/s followed by annealing at 640°C for 2 min.
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of an overvi ew of a
(MWD. 62La0. 38) 11. 5Fe78. 9Zr 0. 5A13. 2B5. 9 powder of the

wonres@tdiinvention nelt-spun at a wheel speedprof/u$Z008/003288

nms followed by annealing at 640C for 2 mn. 25 9 WO
2004/ 072311 PCT/ US2004/ 003288 DETAI LED DESCRI PTI ON OF
THE | NVENTI ON The present invention enconpasses a
R2Fel4B- based magnetic material that conprises three

~ distinct types of elenments to independently and

si mul t aneousDETA(IL)lED BMRH’"RIM QUEFHEaN VENTION
(i) adjus the Br .Hal val ues of V%% terlal
)

Speci fical | )}/’e PE eﬁ%mr’rﬁ‘feé’lnf’ﬁlen%’fmﬁaﬁ?e§ aiRe i G?ch‘fi?'&ﬂﬁﬁ% gterial that
3bh [
Sl 2 s R RO O 080 ) oty
snh@bgt}pm@mhabdupmd (um) tadmuet the Buartdidy, yalubssofithé arateaial.
SRR BEATY: P gnatFial of g eptios compiots llgys P amRnglompositions
i
UL A5 6 0Bl B
E nrlhd:ﬂf thetneaténig) conteint bee qrancehebill 51, Wi, 0r Qu tb helpad weMipulating the

gﬁbq}é eel speed required for nelt spinning.
K iCsrie b FlpAp manipylatingdheryaliggt Hi.cedionp potpere of

}Jl% Véﬁ'% e s RAaY ZP rN‘ts)lel Ay ‘M{T‘W az&ndtlgff %ﬁ?ﬁro§%{he%‘ﬁgnchab1hty

ens the wheél spéed w’ndow for o

queneticeghe btimenedsal speedirddluiretl for Qeelt @ﬁidiuﬁg ODhe&C&@bination of Al,
| so be |ncorporated to i nprove the reversible
P AR leBITP G A twelingdichayiehahhisid mekd mwheel ayrface and

Eméﬁer%sccf?g%éaq?&% \91?188\?/%1[ f?lllaae héncgﬁ'} SIf 1(1{1‘%8% ute Co-

i nven ovi dés a nore |ra

aditiomcdn ﬁﬁtdb@ﬁ&@m@raf@h&@hm@fdv@)’(h@&ﬂ&@ﬁ)ﬂd fefipetafat coefﬁ01ent of B,
al  ows mani pul ati on of key magnetic properties and

@O@HHOW saows peed Thusdesmpased wmwvergmnlmﬂ@glm, ﬂhaqutsent invention

f t B
PRI Bt e e B oo st in Y6y Pl Slbofiampepion th
amé\ﬁﬁﬁqﬁﬂi@hﬁuﬁh Bf REyEHadiREE bEdpRrtled aﬁaﬁﬁr&a%ﬁe@%ﬁeeg §m}1/dow for melt

The all oy conpositions of this invention are
qmem@a a&btheut megifihg curPnt wihietli configerationst Banded ntaghats made from the

A 5 D6 PRt P e ogoh b GLBRRie SR et 1 ey applications.
optimal whegl aﬁ%e&gn}%shfbng of &hﬁhb%&ﬁtoﬁeﬁ% g}tﬂgh nquag @;@#le » which,

wheel speed wi ndow, ‘as conpared t
wpthavthe ndntwtmfmhvs ﬁrmenthm, oukans thyt the mvaerizlocal be produced by a rapid

SSlifgofinescetn it depi s puad VisaLieed "o plsiel broad
P PRl el MR, % TBAPERA T BE oplindl ndl 8%%’%? yindow for
prodiieing bbyventiesal tiwdaria®) Forterarhplecwheh using a laboratory jet caster, the
optimum wheel speed required to produce the highly quenchable magnetic materials of the
present invention is less than 25 meter/second (m/s), preferably less than 20 meter/second,
with an optimal quenching speed window of at least +15%, preferably +25% of the

optimal wheel speed. Under actual production conditions, the optimum wheel speed

required to produce the highly quenchable magnetic materials of the present invention is

10
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with an opti mal quenching speed w ndow of at [ east
15% preferably 25% of the optiml wheel speed. Under

wactaa 2t oduct i on condi tions, the opti num wheetTasem®md 003288

required to produce the highly quenchabl e nmagnetic
materials of the present invention is 10 WO

2004/ 072311 PCT/ US2004/ 003288 | ess than 60

net er/ second, preferably |less than 50 neter/second,

with an optimal quenching speed w ndow of at | east.
1:8%haP6 @ hefepédond 308keaibly f2es Bk b0dieterfsecdnds pédin optimal
Wthi.n the neaning of the present invention, "optinmum
qisaeliing g@@d wn(ndp_vy pf z}t,leashé Y, Qrﬁ@r%éﬁo%ﬁé dhe eiigpal wheel speed.
produces the,optinum Br dH... val a

5 anneal in ﬁhﬁﬁ%Fﬂgﬁwngg?ggﬁﬁgehtngg#ﬁgbeé%ﬁﬁﬁkgﬁkmﬁp&ﬁ

(e a), wekidsdhPHaes $p& thatgrodired the\odfiirRen Bl dudi M @alues after thermal
certain range, magnetic materials are always produced

annedling. Fusthewds dtwal ovhee spepdin reglhgorld peicaseeingpidabdy varies within

im0 s TREHR%eP e T 5P gy rver
BRE Al Bbed EnG! RABINAREMRERHE f thePresent ihPeHRoW €Plimal
speed and that produce nagnetiCc materials with

jukephing speedwindow sis defnédasnwheshbpeds thatiareigloge pudsrogsd the

t hat prqduced psing the,opti num.wheel. speed.. .

iR iier eed Sttt rBen AP T feriaR St dspisel py lmost
BN BPﬁldoﬁcanﬁ@sQfsQHéi‘i)%HlﬁEd ding e in%?@)heﬁf%g@&. Sopeciﬁcally,
within plus or mnus 0.5% 1.0% 5.0% 10% 15% 20% 25%

the nB3Q%etod matedalndithapresent ptvientidn odndel profuped at #sactual wheel speed

e lgovnt b3y iy 02 Mol 98 20 S B AT R minal

%ﬁgPQRM£kF§€§:ze of the jet casting nozzle, the liquid

ten a y) pouring rate to the wheel surface,
di anet er oAs tilseoyerdd Igyathit ipngenttimadntion ttie opfwmei wheel speed (V)
mat eri al . Thus, _the opti num wheel .speed for ﬁrodum

PRE VRV GRPrAtgdn ks Biohis dhepriiceriiteqtitag 15t eAsiing gozzle, the liquid
%@%ﬁ%lgk&% hte %ﬁle\(ﬂ{&é} sg%f%gé,mﬂét.ell@f th® je@@%ﬁhﬁ g&ﬁleel, and

en using a oratory jet-caster a
wheshnadvexril. Zbud, theadpoiniun® h2€l speddefor prdocidg tindidghlyeeadhable
producti on_conditions. The .uni que characters of the
pregagiviaterilbof the BreseaReniign P4 Y4B EOmHeoHeh dPiaary 4%

. . S,

RS Sl Dy R Pt Bl el dtito

hehistcodund &% t@Pprbiteotidn ondiitne r T OMigle ¢Haeacaps bNhapresent
wheel speed. This conbination of flexible optimal

ivertion’ speteiakinalye Segnapadla tubrirednesdanitehesgarious optimal wheel
L
D5gdrBogemE aptiBumveieatipeed.SThie combidadon of flexible optimal wheel
speed and broad speed window enables the production of the highly quenchable magnetic
materials of the present invention. Moreover, this highly quenchable characteristic of the
materials enables one to increase the productivity by making it possible for one to use
multiple nozzles for jet casting. Alternatively, one may also increase the liquid pouring

rate, e.g., by enlarging the orifice size of the jet casting nozzle, to the wheel surface if a

higher wheel speed is desirable for high productivity.

11
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mat eri al s enabl es one to increase the productivity by
meking it possible for one to use nmultiple nozzles

woaoo4joerzicasti ng. Alternatively, one may al so PATUSa8E/003288

the liquid pouring rate, e.g., by enlarging the
orifice size of the jet casting nozzle, to the whee
surface if a higher wheel speed is desirable for high
productivity. 11 WO 2004/072311 PCT/ US2004/ 003288

Typi cal room tenperature nmagnetic properties of the -

present i Mispidal mionstempeetiransagneiid properieyaf the pofseBinntion’s
about 7.5 0.5 kG-and a valy at ab ut 0 .5
mitgrial an&dﬁém%@ B Phaé)%aﬁé&‘g éll_(lfl.?h %&i{q #i agoat 7.0+£0.5

V fc nfiteriakc@xdlii 28 a‘ﬂieyfaibeﬁt@&‘)ﬂ:oskc; d
%élﬁ?i kegﬁ‘a&RfeHﬁg& q{&&e rr%oulgatS txﬁe mat e\Fl al of the e an
IDf edendf dbouehd Bons kOeeAlthowwhithbmiterial of the pezsq:rhameantmn often
m crostructure, the nmaterials may_al so contain

eRh_IbétillBl%lq:éh?é? migpsacsBeAES matsfinls HaY8lee ﬁ%@lntﬂé%RaﬁwB/a -Fe or

t of dt
b g eyt o3 B Rin 8P e FidRlies. Oter
;ﬁépdrh& MBS RAENdR pRMdeRAnt Behddemagddat oftthepr@Bdn® fiv@htion include
has very fine grain size, e.g., fromabout 10nmto

thigdhe ma@riahhastvent ﬁmmamtsm e8l, fronysbaail rgm te gloud #0 Mg that the

S GG Rt TR porhaBARL e alige frofh pafedE e o%y bonded
ﬂi%%@s with BC {ﬁé&ehﬁ&%o%ﬁﬁ:ﬁbr@ % wae minaosd, afe leskQBarlS $%Ghhen aged at

hour s. in one aspect, the present invention
mOd@ideQOQahomgneti c material that has a specific
conposi ti and is pre arald solidification
o obess.  whintiase afseh Shiererpe v Rfirard Vet b ogAc Material tha
Igd(%) %%?@cqiﬁc PRh&iRR shdat Eﬁ?or agraeﬁtﬁiﬁ%oﬁ&ﬁgﬁldﬂfpr@&&y twhich is

C to about 800 out- 0.5 mnutes to about
folowed byt dermhinnadaling mogess, lpeefmghleett iagemperttarg mhge of about 300

TN AR T
ﬁ@tjeﬁgl Rhitits ARARRYEe B3 ?V}lﬂ% of ﬁoﬁ%ldﬁt 85 ﬁG'&S%bOIErBGS kG and an

speci fic conposition of the nmagnetic material can be
1d&fnsmexzbetm{1ty (B,;) sdloedf frpmrabent @g &Oe to about 9.9 kOe.

(R _aR J"Fel 00_" VWx xBy, wherein Ri .
Pr, " Di dymi g JP&cl figGomRPY] P%n% agnglic Nafegﬁlscapf‘) z'ﬁﬁaed as, in

SRERGRELdRe o, A0, IO, TPEINL BB S BpIeR1GE 221 Sy (o

i intiatur©of NG ané@Bf at ARoniposition ofabodt NdyrPa, s, also represented in the
conbi nation thereof; Mis one or nore of Zr,

resent/mvgptiondyy thagyirpol MYk oF & cambinagipn HsFotoh 1N~a G Y, ora
c%l’nblﬁlﬁfzm%‘gerleﬁf" M e ok Bford BF R, 85, &, VUM, W ndHf; QIWT is one

ar e
& Hdre AAIOMA, Cx anﬁ Sk3 Farthier2the Galiks fow al uOv, v, <<andy arechs follows:

513 2_211520.8,7sus 13,0<v<20,00l<w<1,01<x<5and4<y<12.

In specific embodiments of the present invention, M is selected from Zr,
Nb, or a combination thereof and T is selected from Al, Mn, or a comBination thereof.
More specifically, M is Zr and T is Al.

The present invention also encompasses specific magnetic materials

wherein the values for a, u, v, w, X, and y are independent of each other and fall within the

12
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25 I n specific enbodi ments of the present invention, M
is selected from Zr, Nb, or a conbi nati on thereof and

wo 200®i/0sed1ect ed from Al, Mh, or a conbi nati on therastan4/003288

More specifically, Mis Zr and T is Al. The present

i nvention al so enconpasses specific magnetic materials

wherein the values for a, u, v, w, x, and y are

i ndependent of each other and fall within the 12 WO

2004/ 072311 PCT/ US2004/ 003288 " fol | owi ng ranges: 0.2<_

Pllowiglafges102< 41 9.6,30 OF< 19, 0¢ 19,1000.1 s w <08 X< x < 5,and 4 <

0. 8, X <_ .5, and 4'< y< 10. Oher specific ranges

¥ ndOudBherGpasfiazanges dcludd: 0.2& < 42 0.9' 1< w<d2,8<0:2,02<w<

< W 0.7,2.5< xs4.5, an < 6, 5,

TS 5 04451855 565 08 TEPB.TS < s 1570 3 <2503 ¢
; 5,7 < 1. PEM

B da e e B Tn iR SRBBAGR, the values of a and

Paftls Tolldws<0.08- da @it adlo.f< x<1. 1. Magnetic materials

of the present invention can be made from nolten

al | oys of Magndieghatedials offfhe prasentrinventioh cam be mage doyn molten

b5 £ g GBe B Py S G PO o
RERSERRingr fRlcaBihe AbbAY. 1 ek Bpinfirly RYELOMDpbERS, a molten

surface of a rapidly spinning wheel. "UpOn contacti ng
alhy i3 twh eeflowaed drae ¢he suhfecawf] a repidly $poyning wheele Uponpentacting the

ri bhons, which lidify into fl | at el. .
b e, o e gk b et b ggNTieRIso Ly i fge or platele
@Jrﬁcl%?.l ?Ilﬁé He¥ oﬁ’{air{eﬁltﬁrog%}gd@%ﬁ)ﬁgirﬁn‘giéy reldt V38 brittle and have a very

rystalline mcrostruct s can al so be
fitis tripetnlline ustbesdrotureo Mk lakesctan lalsb e duttiedrcgushed or ¢oonminuted
groduce magnets. The rapid solidification suitable for

¢arehemgared fhRieANseIR2gSE: udes a mel t- 15 spinning or
jet-castin : j f; .
bout 10 mepErPEERTcRtenfol AL (IR TreSRORNRlon iiHics o mel
spinting pefet-tastiak pyodessoanaaloatinal Whenkdpeed sEfandbout IHonettr/second to
22 nmeter/second, when using a | aboyatory jet-cas

aheyé P> mAlaarcoefBeTesRed Bl ash about Ha mifpitergn f0 about 22

. . : : .
BB SRR £1:8Bi Ry Rt o, (RGP AARAT o BHER b ifions, the
Alpalit qubfchibleahAgR o Rthtdrialsdfakk prefentitventiciecabrisk produced at a

nore 20 specifically fromabout 15 nmeter/second to

aopinal whealspead/of drophabous AQ nictesiseeamd ie abopt 6Qaneer/seeens, gr more
t @%’ t 4 . -
\s/%oeé‘, c%fsf}r) grg a{B%hF H §1%I.CG9EQCOI1§ ?(ﬁ%#ﬁl? ﬁéel ﬂe?é%%co%t em about 35

usua means t process tan

BRtdrREconand hisdut 88 mdtédifseetaEl drsguse 10veMdptiinyah edidel speed usually
the magnetic powders of the Eresent i nventj on

mepnetbatihe pragesshn be Rglericanirelled, s desrerge Bt Vg producing the
magnetic powders of the present invention represents an advantage in melt spinning or jet
casting as it in indicates that a lower wheel speed can be used to produce powder of the
same quality.

The present invention also provides that the magnetic material can be
produced at a broad optimal wheel speed window. Specifically, the actual wheel speed
used in the rapid solidification process is within plus or minus 0.5%, 1.0%, 5.0%, 10%,

15%, 20%, 25% or 30% of the nominal wheel speed of the nominal wheel speed and,
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casting as it in indicates that a | ower wheel speed
can be used to produce powder of the 25 sane quality.

wohe4preaent i nvention al so provides that the Pagmskioa003288

material can be produced at a broad optimal wheel
speed wi ndow. Specifically, the actual wheel speed
used in the rapid solidification process is within
plus or mnus 0.5% 1.0% 5.0% 10% 15% 20% 25% or
30% of the nom nal wheel speed-of the nom nal whee

ppfegblynthe nymlmm@mp@@@ BD opmnmmewb@ﬂ/smmsroducmg the magnetic

I N T -

t he rapi d S[‘hbfe‘ﬂcbx%' @ahighly AleAsRHk clfaﬁicté?y\@ﬁthp}ﬂrets&ﬁ invention’s
thermal annealing process. Therefore, the highly

dqursoritape aloh anabde beﬂﬁr oduséivity by emmlttmgemrcmd she alloy pour rate

B SRR L e ot e g v, i

whashle abzd8Gad/op USiHg ﬁn%h%ﬁ%ﬁé@?pe%ﬁé arging the orifice
size of jet casting nozzle, using multiple nozzle,

and/ or usi dgcordigsto thﬂwekem prenisoniomgnelicmatedals hesually powders,
BB 2 Bl R BBy oo rute rapsa AR s orie todmerasghe
ﬁ{a‘gﬁ&%spraﬁeﬁ'tl&e aAny &ﬁﬁh@ﬁilyteﬁ%{l%g g&ﬁt thedfthdnt n{BREHMEIah Be used,

properties. Any comonly’e : eat treatnent
pithdvgl thaneab geatinpsteplfiefebdbpergiiprisee alrealing the goivdersst &p

referably compri .ng the powders at a
?eé?ﬁfé? 10 el %%%S@%&%%ﬂ T 6 120 Rpites, op pregably between 600
t °c0
T COr Rl g b ISR 10 R 043 B e poperic
mag netic piloperthérapecifincabodiment ke plebent SRadonTeINg mednetic
ese i nvention, the magnetic material exhibits
biger o) SRt B VAR Slbern Ao IHEEG 6 DS (k@ apHinlue of from
f t .9 ke, .
RS2 a0 R, At fiin RO mietal S a8
vallua of fbmfabom AL &G toﬁbaum kG aabant, 7va&1d<d'£ fedisl aBdut 6,7 kOe to

of fromabout 6.7 kCe to about 7.3 kCe.
& 7k eﬁ[{]emﬁ%\@lmg%@@gr@tlﬁmaémaé exlekits ®Bt value gf from about 7.8

5%1 i 2‘)@% S B o RIS Do T Y R

specific emnlmilspaﬁlﬁ@.exﬁf)odlim%nﬂ@ o€ 8 PredefiviQREtRIA ihElGH'G8t the
that, the_ 20 nmaterial exhibits a near stoichionetric

Rabarieh epehibigs ponagy ﬁ@l@%@@N%Eﬁi&wmmglﬁﬁ)ha%mlcmstrucuue as
Qe EAITLD B X0 iR Dh] AEARE kil ABlcehabd) ofBh SeStonBRE from

sl zes Tahgl ng
Blﬁbun Mndi to £PEc’V htdr] specificaly, #BALEboEO1 MAMIE aBHRWD O

rm Figure 1 illustrates a comparison, at room temperature or about 20°C, of
the second quadrant demagnetization curves of a typical anisotropic sintered ferrite having
a B, 0of 4.5 kG and H,; of 4.5 kOe with two polymer-bonded magnets made from the
isotropic NdFeB based powders of this invention. The isotropic powders used for this
illustration exhibits a B, value of about 7.5 kG, H_, value of about 7 kOe, and (BH),,,, of 11
MGOe at room temperature. The two bonded magnets contain volume fractions of

approximately 65 and 75 vol% magnetic powder, corresponding respectively to the nylon
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Figure 1 illustrates a conparison, at roomtenperature

or about 20C, of the second quadrant denagneti zation
wouom@s2ai a typical anisotropic sintered ferrPC®US2004/003288

having 25 a Br of 4.5 kGand H, of 4.5 kCe with two

pol yner - bonded nmagnets made fromthe isotropic NdFeB

based powders of this invention. The isotropic powders

used for this illustration exhibits a Br val ue of

-~about 7.5 kG Hc; value of .about 7 kGCe, and (BH)m of
and-epd¥is@dnatd magivts prpatafidrethe TdueropisdN diteRtpeiv deg MEes65 and 75

contain volunme fractions of approxinmately 65 and 75
%MOI%Tmfgﬁ@éPIilScar bimersd for dplanesg sREXYTH orﬂ@éwweﬁp%velw by

1 (E.le ng &s an\é% 126 e/ré)e%ga %lfalggdnl'fﬁ%%%9§§&§)% wé’m&jbe allowable

8§¥ ‘ded nagnet are e I1sotropic

?@Eﬁl@ﬁw %ﬁﬁ)unﬁ&f%o@ﬁﬂ@ﬁé&ﬂ@%&’d@ﬁ%ﬂﬂﬁg f)mamaﬁlma@ear e
ypl cal for nylon and epoxy-bonded magnet

respect i vél gan chaarly bienlisrsy ff@mem%lalr@%t the @r ang Hyyvalues of the two
|
§1 HopIc $[9§3 Var%ﬁﬁnﬁga rrlha&n\?/t% ayeni? %c%tqﬁ%r# {88 (ﬁqﬂé ?m?cgcrsolp}]cssmtered

féi?i@éjmfdﬁ{et NRior& nende g tH@BQﬁﬁﬁe of the Vs@krUﬁlSi b@hdédm@m are higher
51t can clearly be observed fromFig. 1 that the Br

ﬂamdhat ofitbmanigytiopioNimerd Hersisewber dealond fres otipdlipgsgthevalues of

n that of the ani.sofropi.c S t d ef
WBRbeie P ERey B ARoRiE e ShR B HrudEE bt SoffBRaEL
pIRREl HpRERions, I8 meah 1AL &@Qiotl‘bfpldN@F eBb&idetd dRighets can deliver
sinter d ferrite where the load |ines (dotted Iines,

rhére flualthasthe Anisethimih smteeedr@mte sagnetd forye givien mBgRsitigicircuit design.
val ue of the B/ H rat a e
TR oMt OIS, HISR SHICHEY Gl S PPl i phieg e @8&%"88?18 NdFeB
d magnets can deliver nore flux than the
ani sotropic sintered ferrite nagnets for a given
magnet i ¢ dligmei2tilldesitgyra simllar enperisewotibe seaond quadienfy
ef ficient. designs.can. be achieved w.th th is tropic
1”@8%%‘Hvﬁsa‘bﬁ?é’13§“soff%18rs@t?eg fatite iR Bhs e 3 cpry-bonded
ﬁél%ﬁ%?srdf??@saﬂ{e Jd16m S BaOHhs IHGPH A Fighe d %ﬁﬁﬁq@b”@abbﬁ"te the fact

ves of an ani sotropic sintered SFerrite wth
thyd aaisoavpiceimeryd faritestiowsagositise tefmnemtuganaffmnu néHc,, while that

QAo R PGB STGES 5 B IRty PF BAdisotopic RdPeB
lpc?fﬁ}:& h}\égréét?g%ﬁﬂ @fafg:ggr 18 Qfles WHRA Lo gax'é'ﬁ to thAPbf £niddi@bic sintered

negnets I's negative, It can
fetr@taat 1/0036 LY 1rhb@tantllyﬁthb Boturog af 1N1E¢>B: NbBeRlbonded magnets are

magnet s exhi bit higher Br_val ues_ wh [ o that
Dt gAY 5o R ST IaF 00 i T GO g of Breates than 1.

Angﬁ,e%%qg{héateg Gt Bof ¥R PhicibnUeligh! G RRiRONHEDO °C if one

uses the isotropic NdFeB bonded magnets, as compared to anisotropic sintered ferrite, for
a fixed magnetic circuit.

Figure 3 shows the second quadrant demagnetization curves of a typical
bonded magnet of the present invention operating along a load line of 1, i.e., B/H = -1.
The intersection of the B-curve with the load line is the operating point, the coordinates of

which can be described with two variables, H, and B, and expressed as (Hy, By). When
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hi gher than that of anisotropic sintered ferrite at

100 C for load lines of greater than 1. Again, this
wondi4parxas t hat nore energy efficient designs eamnusenn4/003288

achieved at 100 Cif one wuses the isotropic NdFeB

bonded magnets, as conpared to anisotropic sintered

ferrite, for a fixed magnetic circuit. 25 Figure 3

shows the second quadrant demagneti zation curves of a

typi cal bonded magnet of the pr esent i nvention

cop@aid N mh@eg fr h ghdn Iappllﬁ:aﬂf)n Tit isiimporta/tbicompdre theTx’rtmeratmg
i ntersection of the B-curve with the Joad line is the

ey ¢ sualyJughar magniudes of Hla3ae Bs 25rdesifft-ch can be

e Al A g

peSARAL Shgwinvip Figgael snd DrF& @hvalerpphe abidlaa va]lut:s d)ﬁH are used
i mportant to Cog&ar e their operatjng _points.
tonPefremcthigreranid begeeth éhesuaeaat@gw@mtpéamwr% @nt&red ferrite

%{2 L’tﬁggﬂﬁz?SZStlg?é\%f’%Ll?tﬁ)y "hel p\%ﬂ&‘ﬁﬁg gbf?ﬁ%ﬂs %&%&}_{ Honded

IEAHAYE R BNERumE hﬁct@cﬁﬁéﬂ dﬂa&dVTcﬂ % a@fhd‘dd)n@ﬁ;ﬁmd&fgdemﬁethre are (-
construct this %o can be seen, the operatin
T

250k Qe, 20H1&Niand (PopkQ@e gmchﬂe? k@) frsppaciselys TQ@s, @othbontled magnets

kQe The t

st g ool Hn S A etk e o1 o simered
favie. 7Rt MU W) Ble dpbaItia pbiRS BN afBofr65TP Sinbdréd RrdteShifts to (-1.98
2.3 kCe, 2.24kG and?Z?kOeand( 2.7 kQ

kQies P23 tiG) eng theTcm@spomdmg tyborornd. apayyroeBdedshegnetsi aghatr(-2.0 kOe,

FRB LR ko 280 SNBSS, KEGD. SR ByhPhsgncs

RRD; @SS nP@hMdR fof Hﬂ endBl, SBkA 0Hhparsl B Bhesk Botropi@ sintered
shifts'to (-1.98 2. 93 kG and the correspondi ng

flt(ngt@n gnd epoxykbonded m;gnets are at (-2.0 kCe, g.o
-2.28 . e 2,
ot ropi ¢ Wk FHREes Tl isp EFe i et o irag Bigperties

dad répiskeBelisphepic SRRREd RirifeQuitiat s&ﬁﬁ@ rgstﬁé fieRh&l stablhty or

sintered ferrite. 15 Thus, Fig. ustrates that
desmignajing fidddet00y riltiese ntndsmaa ée pppipmlrtblaag ap@aeation with load

Lo Ereaehtan N i FES Seraesfaiey T bOwsrugRets 2ffyrolume
i{‘AC% Hof‘§5 %)IQA) ST{bq r%#;a(.ar@(flﬁo Qotpog)é I tlﬁgo%?%qﬁYhB of 7.5+

IOﬂWIt neso

5 k@mna HIeEMBI0sS k@t e dffativl m@iﬂﬂzemﬁg;b&bplc\smté‘red( Certiteefor
fraction of 65 vol%to 75 vol % prepared fromisotropic
anbeatiopewp&r 190 %Gh Br of 7.5 20 0.5 kGand H 7 0.5

kQe can efg 1%9116 5%%%&&%&%@%%@0%&8 HERRleh ® BhfA1ERa magnetic

ferrite fo
properties, namely B,, H,;, and (BH),,,,, for conventional R,Fe,,B type materials prepared

by melt spinning or jet casting and (ii) the wheel speed used to obtain them. Such graphs
are referred herein as the quenchability curve for the magnetic materials. As illustrated, at
low wheel speeds, the precursor materials are under-quenched and are thus crystallized or
partially crystallized with coarse grains. Since grains have already crystallized in the as-
spun or as-quenched state, thermal annealing would not improve the magnetic properties

regardless of the temperature applied. The B, H, or (BH),,,, values are equal to or less
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applications up to 100 C. Figure 5 illustrates the
rel ati onship between (i) normalized nmagnetic

wonropatites, nanely Br, H, and (BH)m for conventisemalo32ss
R2Fel4B type naterials prepared by nelt spinning or

jet casting and (ii) the wheel speed used to obtain

them Such graphs 25 are referred herein as the
guenchability curve for the magnetic materials. As
illustrated, at |ow wheel speeds, the precursor

theati that iakise Br@iencttbdrstayel emahe dptimal lyagqeenthedsregiops thalprécnesdrs are
or partially crystallized with coarse grains ‘

fyrearepecrysaling | ApRrapriee faarapl nsalingpiiopuaids usgaé‘dﬁe%g Better
R R N S S A

vapek.| AdhlgﬂihﬂleBI spekls, therprédaidons aelovesquunehabatal thttoareymost likely,
less 16 WD 2004/ 072311 PCT/ US2004/ 003288 than t hat,
riapoqryiallise qmmﬁbwrmrah@ls inRatie RBprriibe PrguEaE Raterals are

1S9
W 0 Bl A P R ORIRLUSHR R g o
dsteéstsi&re gradﬁfgfdmﬂ ghéal Wih @f)tlﬁlﬁlﬁi thesidl aunédii@pths ln?a@ﬁet&ﬁdopernes
results in increases in Br or (BH)max _val ues.

d@ivglhpmallssﬁré detger thmethesfe@im%maélmuén@\sté g PEAPEHY annealed

t like
P it R Bl s R YBA L e damate i
PFBduRdOr dlaSeriil & fulth@dvr QYRChall enctigebvetdiedyethe prededtaii@ftors, a
driving force during crystallization which leads to

lewere¥ s and byeasienwipdow droulE ¥q, (WWlﬂefd{itﬂaﬁmeltrﬁ@ puopnd V) lead to the

BROSBAER: o} o HmOR BT CHBRRL Y R e BB A s
B RSN the RO aliRlle 8TRIr@Snelll: :ﬁﬁ’nﬁlhé befdt edstiab 9iicess. ne
in Figure 5 indicates that the properties degrade

f urt her i fFig@re |6r5éows s@chqmmtlerd@ramslhﬁamatmgtheowact of refractory

S, 89, SRS OUB R P S LT Bty
sf?hrﬁﬁﬁ dr Wagﬁl%rﬂ'd@i@ip}{él\@ Fb eB@yﬂeQnétEﬁals Eﬂﬁﬁit a broad quenchability

ari ations of , ;an Hym around Vow in
quewd wiklp high \Q@Q«k@m&d aah@wl mj“sgune@r &sﬁmtometnbatdmon shifts the

gfwgie réz b\!veer e (rl g%aﬁgtgjd §§ #{n@%t %&1?{“ ggh%%thty durve becomes

' t
i gt oty o

pradevingdrstinpalypareached\prevaidors adi in hiss gesirab)ecfor pewderrpgoductlon The

N N SR I e

Q}[%ngﬁa%ﬂfﬁ chve r(g‘)%de?%{' ﬁﬁﬁfer lar@diiyi pn shifts the

ow'to a’ owe esl gnat°é’d as Vow2). But
t he guenchAbillustryted i Elgs tﬁeamlrﬁast is desisableatorppeducaimalispun
nmeans a reduced_ processi ng.wi ndaw and i ncrease
RICEUISQrE Wik o wheel speed near the'V,,, (optimally quenched state followed by
isothermal annealing to obtain nano-scaled grains with good uniformity. Over-quenched
precursors usually can not be annealed to good B, and H; values because of the excessive
grain growth during crystallization. Under-quenched precursors contain grains of large

size and usually do not show good magnetic properties even after annealing. For melt
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20 producing optinmally quenched precursors and is |ess
desirabl e for powder production. The nobst desirable
woasm/omgaail d be a | ow Vow (desi gnated as Vow3 i RCFiUg208/003288
6) with a broad quenchability curve (a w der or

flatter curve around Vow). As illustrated in Figs. 5

and 6, it is desirable to produce nelt spun

precursors with a wheel speed near the Vow (optimally
quenched state) followed by 25 isothermal annealing to . .
sphihiigtnd anpowdeal ;edd@nan nsbroad twheg apeadnivindowiforyachieving powder of
Over-quenched precursors usually can noi}gbe anneal ed

opgmygbaagictish ap Havapigésatiecs disoutred Hethe Resserjipeention.
grain gr o%%hrgl# ilﬁ‘sgrai:ers%ﬁte?ll#xbllé%tf'tMarHﬂgﬁ bf guﬁﬁc&m}ammx with

precursors Rtainogran arge size and”ust

tﬁ@mﬁnkplﬁhﬂl‘gv@%mﬁe@ n&ddi for md@cﬁﬁg pewday erthafonenal composition of
anneal i n For melt 17 WD 2004/072311
(MBS s adHsa3 BB 8AL shisnprotisled Ry thePravsnbiaw eniond L4 gragnal variation

&?r ad %ﬁﬂﬂ S@%h‘é‘%%%‘ﬁ it 8536?\%3 ﬁdi&%{lgw@c%%p%fsition of this
iBVenEioN st eballily B@&oﬁﬁ&ﬁﬂﬂimtlﬂygﬁmﬁmg Br jebtgting in'a con51stent manner.
illustrates an exanple of the variation of Br

and (BH) wéﬁgw@hllustt@@sméleﬁa@plemf ithejvantesien OEBeéFa., HAbBH),,, with

s e Pt R Bartor mOAR A2 b S OER 3l g cgybosicion of
(MMO %Lﬁ?fg gFeggw:aps 0%13 SB Qﬁ@ﬁx‘é&ide& Bitiad pr@ﬂan@fnv@ﬁmod* A gradual

I s observed, |nd|cat|ng
m@tlmﬂﬁ&.s HLA aml (BH)LJ;J Msth whwbmeﬁ@ is again ohseryetlyagsia indicating the

rodu ed nelt spinnin jet.casting,.in.a.
BiReFEoR AL TATRYERIOn nauruo e pRASET b BEIaRinBing gyt cpping n
Joggseéﬁtrm%ﬂegn of Br, Hr ;, and (BHymax with the nelt
spi nni ng wheel speed used for produci ng powders with

nom nal c dﬁgwsﬁt illosirapds a db@nagnetization curve of

GHE BT AR, S e SR Ry n v
g@éd 8t f?oif]m?sf fo ?Eweh’kﬁ am?&g % B 40 CbhE Pk ea%'pr@ﬁ@&%y t‘ﬁe present

gal n observe nindicating the conposition
ibhéionNThs ces i ety smadihl andBquire.oHowéet thygnett propert1es obtained are
spi nni (8 or jet casti cansj st ent manner.

I ‘g7u5r5ek Ky Fulsk k@?,é’éldgﬂgéfmg AéZiM&Qen curve of 15
MVD. 62L feth
ér esent ?;’1\?/1@%3]%) n ﬁﬁit(a?es%ﬁ L}g'mg%gﬁa\%ﬁeel g%ergfc’fl?eS
(IS, gzghol Qz)ﬁﬂe %Zr(gmg%BL J flvek nfeltQpuf at a B/hﬁelmpeeﬂbof 17.8 my/s followed
provid ed present invention. The curve is very

@fmﬂlmﬂi 6§Q‘i§éf<@ 2 mpisvaEprofisg by ithe pesspeinvprtiony b%léth?éﬁawr
e re o @ Dol iy Padiobaliitise oY Mlice piciegte -
®8811EhiA 288 ¢ = 1.227 nm, confirming that the novel alloys are a 2:14:1 type single-
phase material.

Figure 11 illustrates a Transmission Electron Microscopy (TEM) image of
(MM, e,Lag 35) 11 5F 75021, sAL; ,Bs o powder melt—spun' at a wheel speed of 17.8 m/s followed
by annealing at 640°C for 2 min, as provided by the present invention. The average grain
size is about 20 to 25 nm. The fine and uniform grain size distribution results in a good

squareness of the demagnetization curve. For illustration, the EDAX (Energy Dispersive
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20 (MWD. 62La0. 38) 11. 5Fe78. 9Zr 0. 5Al 3. 2B5. 9 powder
melt-spun at a wheel speed of 17.8 mis foll owed by

wanoeareag at 640C for 2 min, as provided by tReT/US2004/003288

present invention. Al the major peaks are found to

belong to the tetragonal structure with the lattice
paraneters of a = 0.8811 nmand ¢ = 1.227 rim

confirm ng that the novel alloys are a 2:14:1 type

singl e- phase material. 25 Figure 11 illustrates a

Ahiadaral XshPspEdtRed 60 8n Meg CoseR) f(eiﬁ@/hms ﬁ“n‘tg gram‘ boundary is shown.
(NDJO. 62La0. 38) 11. 5Fe78. 9Zr 0..5A13. 2B

il gure plinThe charagtraistic peske of bid B L. ﬁq‘ @rfaaﬂ Bo%@cfleaﬂy be detected.
anneal i ng Lﬁ"ﬁn@ﬁ&%sﬁ%ﬁ tge eQent%eB{l&Y bg)%ﬁjdeQ% btoggebd m%igrfb

present i nven Sl ze

cofpZiving A madhetié hﬁ%nahﬁdtmlb(frﬂiﬂ'g @,reﬁl nnse mi8grdtis ifatdilal heybeen
results in a good squareness of the derragnetl zation
peenayes byRorapid aohdtfmauiQerOCQSSefOEm PEAdhegnabanpsaling pracess at a
2004/ 072311 4 JS2
SRt Boihe 4 oRRLI00 s Bt B0 oG o ARR Y e ke 120

RipuRYaFNrthey, B ¥Bnetid MatEHglHas t}i'e?oom-lﬂ'bﬁlti%hafnaﬁérﬁfcl pekdefitage, of (R,.
eaks of Nd, Pr, La, Al, Zr and B can clearly be

2 Baoad.... /G0 Mn b ewhereipdt is Nd s, Bidysunm (pmeleirg awure of Nd and
d b t i
S W SOl (EsRed & e Vapre

abikesh the'?ecﬂT W@'bﬁé’ oph‘xoﬁb Jfam Mbsoi, (9] Vi vRt WoRnd Hf:, and T is one
process, fol d by ath her mal ~ anneal i ng process at a

aremgre DﬁAlll,anI@lln ged 6t. Bther, tBOValae for abswt wg@0ard ¥ @re as follows:
t O t t bout 0 Fur
(B e e 58 02 A D T b s LA 18
PRLRET O e foibriol o b ARk TR F A DR M B g5 kG 1o
a@bodt P kat andnposinic meroifwtykdﬁc,)?ﬁdﬁu@ofzﬁ)m abouta.0 kOe to about 9.9

conbination thereof; R is La, Ce, Y, or a 10
ination thereof; Mis one or nore of Zr, Nb, Ti,

Cr V, M, ]ﬁJ ;I
Cu, and Si'. \%u ?I?%lfw “The vg tu@‘% %? g(rimg §?19JV\? r@l;c:re%ﬁgpoxy,
polyngidenylai)) Iml\ﬁ)henﬁeﬁklsulﬁﬁé > (PP8), and la<hqu1d crystalline polymer (LCP).

13,0 <v<_20,0.01 < w 1 x <5 and 4:! _y<_ 12.
Ipgmofigrisieribi embrdinigThe b@%& agenbfurbgreqsnprises one ot more

{d@ﬁ%g Qeclgcté %roﬁﬁ%llﬁ &olec[lﬁ.mv%%% ﬁl‘cﬁj M ohd £ t@?&% esal)?er stearic

an rntrinsi coercCl ue O

hd) bl didx P steflc 4did,altgh m%le‘&ulh’évﬁe@t céxﬁpl@ﬁl estéip & tarig dhain ester of
enbodi nent, the bondi n gﬂ is one or nore of epoxy
Rﬁﬂ%?@%@l Akt ycldmaamt gnechpsed lbricert copggirateppresier of

&gm% a&d}lg %)gﬂly 'sgp%nﬂ?edyen%r o% JTI%IEQaIHC acid, a polyolefin wax, a fatty bis-

amide, a fatty acid secondary amide, a polyoctanomer with high trans content, a maleic

anhydride, a glycidyl-functional acrylic hardener, zinc stearate, and a polymeric plasticizer.
The bonded magnet of the present invention can be produced from the
magnetic material through a variety of pressing/molding processes, including, but not
limited to, compression molding, extrusion, injection molding, calendering, screen
printing, spin casting, and slurry coating. In a specific embodiment, the bonded magnet of

the present invention is made, after the magnetic powders have been heat treated and
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In anot her specific enbodi nent, the bondi ng agent
further conprises one or nore additives selected from

wa 2t04g23amol ecul ar wei ght nul ti-functional fattypcaciseno4/003288

ester, stearic 20 acid, hydroxy stearic acid, a high

nol ecul ar wei ght conples ester, a long chain ester of
pentaerythritol, palmtic acid, a polyethylene based

| ubri cant concentrate, an ester of nontanic acid, a
partly saponified ester of nontanic acid, a polyolefin
weixed Withh eiethindihg ageatibg@omprdssibh Yndging. secondary. am de,

a pol yoctanoner wi'th high trans content, a maleic

anhydr i de, Oih&gspecilas smbediments ﬁﬁtheamsym @vertiogénelnde a bonded

N R B .

01009 &)faeoutfm@‘!%tzhfé staakRd; iadlont & ﬁlld%llibt dha( ﬁﬁé @f)é/mféfance coefficient or
FreSS|n /nDIdlng grocesses i ncl udi ng, but not

qarhiling oT from abonil.& s& ot A abanded eregnetshasrexhibiti e fukexging loss of

I erin e Lntin casti
L e LR 08 390 5 R B A el b mace
&ﬁﬂﬂ%ﬁ’sldfﬁﬂﬁﬁﬁngo jedtioq n%l&ﬁlgnéalérf(‘%ﬁﬂé IeQBulidn rﬁ%g:@n ﬁfnt{l/% ora
t he magnetic ers have Been heat treated and P

QCU@WP@@'@hire n@gbo@dndoamsmam ecompressitthmobiinglitagemperature
ogpr.essi on nol ding. Ot her specific
%S(ﬁf&(t:go g(?d &he present invention include a bonded
magnet _t hat, LOMRGLSES h i 2 i
about 5% epoxy aﬁ ron1lgou n%%{gﬂ% %b%%é%H%gﬁfnmkmga
magmetsIIMemle Tha ntmdmde:dnmgmﬂbrmh@ta hels c@npﬁﬁﬂ@ﬁf@%@mposmon in
coefficient or.5 load line of fromabout 0.2 to about

IIMICPHENRS: A Fnedt Jedivat-. MhCmM@TXBy,fmmﬂlywﬂldg’ymgﬁ@ ro¢lt to
bisisi 4 dﬂ]gﬁwﬁp Ha& 928 oG eﬁﬁlgétﬂgmggﬁé%{c rPogv%F dzlﬁu gterhperature

a bon et that 1s ma ST 0

rangecf abont BISD diCng abewt|geocter ﬂoﬂ ghoud VLT M EIuGSR, to 6618 8N0 minutes. With
gglntlng, or a . conmbination thereof; and a bonded

gidp W@wlt@an%ﬂwg RnDifymeiprg 2 aetuge mrg@rceftrm@d Prat
0
6 ﬁl (ﬁlonve 1§ d?ﬁ5 e%goco}%sngdglgﬁgﬁgé tﬁl&ﬁ%é&)fa C%’k% g gombination

magaloétMGs ot @rhéte ofzherrem og Vg gy W sl FIR il Mds 8nd™® thore of Al
conErl sing the COﬁ'pOSI ti on, In at om c per cent age, of

eﬁ@ﬁhethexaV@MBm v Mapq, aidyy sxsl dsdollgwsn§.0lhea < 0.8, 7

rrel t obt n nd t her pal |

bkt i B el ARee bl 2 g £ 82 Bt el s magneti
ﬂﬁteﬁ@%l@ég rEmbhRer@P ?]vglgg of by b@@toéjg K65 13 a'%ﬁ}% £ ﬁGtagd an
about 120 m nut es. reg ar e compositi
lﬂmr§1d®erdi>my H_ Jyaiue nf ﬁramr%buir@O e ttol aBoud . Q\Man d Pr

at conposjtion .of 0..75Pro, 25), or a_conbipation

t her eof ; g Pepific C%Odlﬁnen&rt hestep abrapiily spidifying comprises a melt-

spinning or jet-casting process at a nominal wheel speed of from about 10 meter/second to
about 60 meter/second. More specifically, the nominal wheel speed is less than about 20
meter/second when using a laboratory jet-caster, and from about 35 meter/second to about
45 meter/second under actual production conditions. Preferably, the actual wheel speed
used in the melt-spinning or jet-casting process is within plus or minus 0.5%, 1.0}%, 5.0%,

10%, 15%, 20%, 25% or 30% of the nominal wheel speed and that the nominal wheel
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thereof; Mis one or nore of Zr, Nb, Ti, Cr, V, M, W

and Hf; and T is one or nore of Al, M), Cu, and Si.
weéuoddvezziit he values for a, u, v, w, X, and y RCEUS2004/003288

follows: 0.01 < a< 0.8, 7 < u <13, 0 < v _< 20,

0.0l < w <1, 001 s x <55 and 4 < y <12. In

addition, the magnetic 20 material exhibits a

remanence (Be) value of fromabout 6.5 kG to about 8.5
kG and an intrinsic coercivity (Hc;) value of from

speadits dn.dptikiuen wvhedpesd i pPodiCig themags@Rahitesal by the rapid
“enbodi nent, the step of rapidly solidifying conprises

soligifiqation progessnigllewed by thedbennt apregbiag 870gessa noni nal

wheel spee f : er. - ut, 60

ot or / secani tefpE PLRES M Bt i aBEE M P RGH n B, such

&€ dorhpoditess of RRrmaketit mdtrdb ramt eolidiaeatsh phb&RsddsSihbanal

a |l aboratory jet-caster, and fromabout 35 )

srcelineEeeerst eoraetsion pIgcaseaserrmagvtic prenertiesif (g magnetic

roduct i ondi;tions. Preferabl the act ual wheel
BRI SRR R, e it PEaR et oo
process is within plus or mnus 0.5% 1.0% 5.0%

10% 15% 20% 25% or 30% of the nom nal wheel speed
and that the nom nal wheel 20 WO 2004/072311

PCT/ US2004/ 003288 speed is an opti mum wheel ' speed of
produci ng the magnetic material by the rapid
solidification process, followed by the therm
anneal i ng process. Further, the various enbodi nents
di scl osed and/or discussed herein, such as the
conpositions of the magnetic nmaterial, rapid
solidification processes, thermal 5 annealing
processes, conpression processes, and magnetic
properties of the nagnetic material and the bonded
magnet, are enconpassed by the nethod. 21 WO

2004/ 072311 PCT/ US2004/ 003288 EXAMPLE 1 All oy ingots
havi ng conpositions, in atom c percentage, of R2Fel4B,
R2( Fe0. 95Co00. 05) 14B, and

(MM _Zlaa)1l. 5Fe82. 5-v-w XCovZrwAl xB6.0 , where R= Nd,
Pr or Ndo75Pr0.25 (represented by MM, were prepared
by arc nelting. A laboratoryjet caster 5 wth a

nmetal lic wheel of good thermal conductivity was used
for nelt-spinning. A wheel speed of 10 to 30

net er/ second (ms) was used to prepare the sanples.
Mel t-spun ribbons were crushed to | ess than 40 nesh
and anneal ed at a tenperature in the range of 600 to
700 C for about four mnutes to devel op the desired
val ues of B, and He,. Since B, and H
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val ues of bonded nmagnets usually depend on the type
and anount of binder plus additives 10 used, their
wonropatiles can be scaled within certain rangeBCT/US2004/003288
Therefore, it is nore convenient if one uses powder
properties to conpare performance. Table | lists the
nom nal conposition, optinmm wheel speed (VW used
for nelt spinning, and the corresponding Br, H, .1,
and (BH) max val ues of .powders prepared. Table I 15
PBAMBILE @onposi tion Vow Br Hcl (BH),,, ax Remarks
(Formul a ExpreSS|on) ms kG kCe M30e Nd2Fel4B1:24.5
8. 81 9. Allpy inRothaving CommosieDs, A APmIs PICAR24% O§R1E 5,

RN R

I@ﬂmgffrf,) (re?f ft€Db PHIBOY) Wb préPardd bH afd. théltiAg.6 Alldb&atory jet caster
Contro NdO. 75Pr 0. 25)2SFeo.95Cp0.05)14B 24.7 8,66
with a n@talicwheel of gogyl thermal conductivity was used for melt-spinning. A wheel

S%%/l\d/? ﬂ?-ﬂi‘tgqﬁ Ogt% se%ond (%n/g)sik/gs ﬁ"s%ﬁ % Sl%ﬁal% tﬂ'eg Sa?npqes5 ]let-gpun ribbons

1 on

&&%nﬁﬁéda@r 13&)tﬁ§n 5r@é& 8datinbdedattNetpSBiur il fheQange T 600 to 700
.1 11.4 This Invention

Q\Maml_ &y rintes srécrsloptnedsied velnpsoBRsng Hog Yince Bpnd H
| t : ..
e o8Pt e RS ERRY & s ey s i gyt 95Pipdey ply additives

L%e@ thélr fropbities bAYENIdaRA within certain ranges. Therefore, it is more convenient

MVb- 61Lao- 39) 11. 5Fe76. 5Co2. 5Zr 0. 5AI' 3. 1B5. 9 17.5 7.61
16 086 uses poWderprppertiest togompd® performance. Table I lists the nominal

GPmRS)S %hzggtﬁg%x% %}ﬁgglr%?%(ﬁ&g) useﬁ (%or‘r)r'f‘fézli3 szll%%ng, a%Zl tﬁe Zor?e%pondmg
M. SRL@IN38 ) dheobBRvdbidfepAe®- SAI 3. 5B5.9 17.8 7. 54

7 1°11. 2 ThI™ T nventi on

(MMVO, 13Lao-37)11. 5Fe79. 1Zro.TahIGI 0B5. 9 17.5 7.63 7.1
11.5 This I nvention

( MVD. wmmga)nbmsuﬁaws 6Zr oviAl 3. B35. 9 HJ. 5 (BHJ..7 Remarks
10.9 I*Brﬁmi 5 _kOe _ MGOe

11.1 This 1AV f, on 37’ JControl
( MVD. 62La0°f3‘5)4§11 5Fe7895Zr 0%4,&?1325%@6 17. 509/ 54 1901 Lpntol

20

25

30

35

Thi s | niNeptRren).F2B8 WO 2004/ 8723118.6€CT/ US2004/ 04%28& ontrol
As can Nse(Feae®rooddfe cont r ol 24t er$81 s widt’h 15.7  Control
st oi chi yuEedsiC@o-RRBe14B or FAFe0. H8T00. §%) 148149  Control

conpesl, LPoRE(FeMtn, g),/8= Nd, B or 8B exBitbit B3.7andcontrol

Hc: val ues of

(MM,.50l29-50)12-5F€76-6515.4206 3Bs 19.5 7.51 71 10.7  This invention
(MM,.ssLag-35)11-5F€756C0, 21 sAl3 sBsg  18.0 7.57 7.1 114  This Invention
(MMy-gsL@g-37)41-5F€755C0, 5Zrp sAl; gBsg  18.0 7.41 7.2 10.5  This Invention
(MM,.5:L80-43)11-5F€766C0, 2l A3 oBsg  17.7 7.53 6.6 10.4  This Invention
(MM, .5;La5-39)11-5F€765C0, 52T sAl; 1 Bsg  17.5 7.61 6.8 11.2  This Invention
(MM;.6oL80-38)11-5F€764C0. 2l sAla ,Bsg 177 7.61 7.0 11.4  This Invention
(MM,.eoL80-38)14-5F€761C0. 2 Als sBsg 17.8 7.54 71 11.2  This Invention

(MM,.ssLa5.57)11-sF€79.1Z00 sAls 6Bs o 17.56 7.63 7.1 11.5  This Invention

(MMg.sal@g-36)11-5F€78.6Z70.5Al2 5Bs 175 7.47 71 10.9  This Invention

(MM-63L.80-37)41-5F€78.6270.5Al3 5Bs 17.7 7.50 7.1 11.1  This Invention

(MMy.e,L80.50)11.6F €75 0cZ00 Al B o 17.5 7.54 7.1 11.2  This Invention
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nore than 8 kG and 7.5 kQOe, respectively. Because of
these high values, they are not suitable for making
woaomad2amagnet s to directly replace ani sotropi BCT/US2004/003288
sintered ferrites. 5 Mreover, the optinmm wheel speed
Vow required for nelt spinning or jet casting is
around 24.5 m's, indicating they are not highly
quenchable. In contrast, naterials of the present
invention, with approprlate addi tions of La, Zr, A,
or Co corlthmaE i bezi, the)chmtlxbltrnﬁenalawdhldajlchlaﬂnae& R;FeIZB Br
G and H,; of ' kQCe. Furthernore
%z(@%wiq% ahtB P@awﬂm%ﬁ Wh‘ﬁe%v\N@z&RQf Wl%fsblhﬁsendéémvalues of

%&quérpé géqﬂng Y. Stltt?ef* géét \%gfu %écgﬁfsecoq{m 'h'i% %%ues/'\fﬁf;};lgre not

I scussed herei ere Ions 1 n eprese

suitatlk ifér iagkipg berkRE ntgned i divdctly@epla®d dnisotoplursintered ferrites.
1%Igt casting.. EXAMPLE 2 15 All oy ingots having
FROBE teoREmuwWhed §pRedp\br eaitiigd o welt Rpinmag opist castipg is

(ﬁa{sa slg)n(fé%tlég ‘tlgey\?a\}?gigt hﬁlﬁégﬁg}cﬁv\ﬁe . gpgontraat gw,gtepals of the

;Qes%ﬁt 1nWEntQ)n§w‘itﬁ aPpropaitd additions Of L) Z3; Al, oEb&oRibaREbE Exhibit B,
are neltin Al aboratorﬁmdet caster with a
aWétI‘&l yaluesi et & 85 koo Hief e 0.5 Aau Burthemprogsesignifeant reduction

S ni el ed to 30 ..
loa AL DS Pl dim 5o BRERH D B EneBificl dih o Gltpgs. s
d¥edubseierein Ahdst boRBRoEh &7 C kdpsébest difipliBs® ptodadipQoi®sIfor melt
and anneal ed at a tenperature in the range of 00 to

spOMg frget cabitag four minutes to devel op the desired
val ues of B, and Hc;. Since B, and Hcl val ues of
bonded nagnets usually depend on the type and anpunt
PXkARpPOdern plus additives used, their properties can
be scaled within certain ranges Therefore, it is nore

Com o Ay b e RRYES s 3R5H sf%eﬁtjgg QPR B,
I by ere
i e ol e I

71 b9, 0.3 w= 8ddo OBHndasc A1 tadsd, o‘fer mmaied by repaekbiag. A laboratory

Ag;%s%""‘” SR PR SRR PR By ini

eEspeed6F Kﬁolg@ﬁn&gﬁsem(lﬂﬁﬂ-@aﬂfﬁ% pRPak tBesafnfflds. Melt-spun
0.86 5.5 8.6 12.1 Control
ribbons were crushed to less than 40 mesh and annealed at a temperature in the range of

600 to 700 °C for about four minutes to develop the desired values of B, and H,;. Since B,
and H; values of bonded magnets usually depend on the type and amount of binder plus
additives used, their properties can be scaled within certain ranges. Therefore, it is more
convenient if one uses powder properties to compare performance. Table II lists the
nominal composition, optimum wheel speed (V,) used for melt spinning, and the

corresponding B,, My(-3kOe), M/B, ratio, H;, and (BH),,,, values of powders prepared.
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5 Nd10Fe81B9 8.58 7.44 0.87 5.4 7.1 13.3 Control

Nd10Fe80Blo 8.05 6.49 0.81 4.8 7.2 10.7 Control
wOldd@reYABl1l 7.64 6.08 0.80 4.7 7.1 9.6 Contr oPCT/US2004/003288

Nd10Fe78.51311 7.54 6.02 0.80 4.7 6.9 9.4 Control

Nd10Fe78.51311.5 7.45 5.70 0.77 4.5 6.7 8.8 Control 10

Nd10Fe78.5B11.5 7.58 5.99 0.79 4.7 6.8 9.4 Control

Nd10. 1Fe78.51311.4 7.51 5.90 0.79 4.6 6.9 9.2 Control

Nd10. 2Fe78. 5B11..3 7.63 6.22 0.82 4.8 7.0 9.9 Control

(M\Wb. 65Lao. 35) 11. 5Fe78. SAlab3&ib. 3Bs. 9 7.39 6.53 0..88 .
Nomn# COmpBsifiod NI S Tnvengj on &G  M/B, H, H, " (BH),, Remarks

(MVb. 63Lao. 37) 11.'5Fe79. 1A13(-8kbpa). 5B5. 9 7. 63 6.84 0.90

5.7 7.1 11.5 Thi s Inverﬂd on kg kOe kOe MGOe

h G4l Ao 26\ 11 _EECA70 oAl D L7, [l Y i .
N T o A A R Ll ST
% 50 _;5 Control
o Lad 85) 1 %Fe?
.6 1 1j

31 a0. 37) 11. 5Fe78 SRR 2 g oo
i(g)? Control
Control

Control
R ut
17(3 7COI’Y@§SIthnS Control
5 g2pd yeg 9

4
)

¥97r0 5B5 g 7.54 6

%w B 11.1 This Inveé%l
E}Eﬁ @ri'on 20 .1 val ue§4§

0
0.
f

gt m\'pi'&vw

.70
gh®BEachi eved Al tho
:%(’1 b%“ﬁzloo By, wherg% too §9  Control
Y cont r ol s), &3l gn écar@,t&g_dl figrengg ingg Control
e’ﬁad?f‘eﬁszatl on curve s7quare$1ess can be notl ced. In onre

this exanple 3kOe) rep
Waes‘tﬂoe 155?1781‘61%2

ﬁlﬁq eh sg%\?ﬁ

E entis the g?' 29 160 s Invention

reld er %tge This Invention
This Invention

squ%
tg §SI E?%l 603151% This Invention
O a8)41.9 , 5 9 _‘_ 7. _This Invention
curve squar eness. Because of the |nprovenent in

squareness (0.77 to 0.82 of controls and 0.88 to 0.90
of t hi sAlthowshtB,enil H tvaéues BEY 5 20.5 kGlandJ.G0- Dl ean st achieved

BRI e e e T
sY%'iﬁééﬁt ﬁiﬂ%retnge B EerMekBiiAtiof eRkve @h&a)renesE?frfﬂ\ﬂ%—rﬁ)’d%ed-\I InGMis

ots avi ng conposi ti ons, in atom ¢ per cent age, of
eé(bmdbleahzaa)ﬂi@e)&lépiﬁﬂerﬁs th Ena_gm?tZraAbl;l BBagiredvon themosylar e applied

Tt & BiRD e Gt D tafte B SuGpht Jefamrefizaign curve s
"[ftﬁ)lrs léesi?zﬁ%@fy )eh%‘l ﬁlsed : %ﬁle@f THOrakiB o?®1 (- 3kOe)/B can also be

meter / secon 0 prepare the sanples.
uyed hs apimdicaudirbﬁlhhmgnetlzatlm vente squareness. Because of the improvement

in squareness (0.77 to 0.82 of controls and 0.88 to 0.90 of this invention), the (BH),,,

values of powder of this invention are consequently higher than that of the controls (10.6

to 11.2 MGOe of this invention versus 8.8 to 9.6 MGOe of controls).

EXAMPLE 3

Alloy ingots having compositions, in atomic percentage, of (MM, ,La,),;sFeg 6.
waZT AL B; o, were prepared by arc melting. A laboratory jet caster with a metallic wheel
of good thermal conductivity was used for melt-spinning. A wheel speed of 10 to 30

meter/second (m/s) was used to prepare the samples. Melt-spun ribbons were crushed to
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24 WD 2004/072311 PCT/ US2004/ 003288 |ess than 40 nesh

and' anneal ed at a tenperature in the range of 600 to
w@QW4@7txn1 about four minutes to devel op the #esiusem4/003288

values of Br and H,;. Since Br and H,; val ues of

bonded magnets usually depend on the type and anount'

of binder plus additives used, their properties can

be scaled within certain ranges. Therefore, it is nore

convenient-if one uses ‘5 powder properties to conpare

188 thLr 78R Esh andabh&ldd dt al tbis &aiuh@lrﬂﬁﬂ'hﬁgh o800 & 700etafor about

Al contents, optinmmwhee eed (VW _ used for nelt '

fowi miuteg to éwgalqpm;e defired ypbige pE@ ayd Hy Sinqg B, agd &l values of bonded -

%%ﬁ‘@ﬁ@# 0? %&O\i\}gr%g%g R ed%{ etdbm&- ?r?p fﬁ(ﬂ&dk&g Rﬁ? %exr

YoF &tk c3R bO sChlél Rithih. RrtBin3enges. 1Tﬁer3f01=é ithis Gadte E@ﬂlven{bnaﬁ one uses
0.0 1.9 21.2 7.83 5.0 6.8 11.3 Control 0.26 0.0 3.

ROder frogertiss @ cbn@an_elp@fownmeolTabBe 1L Ligss e pomimpl 2@, %r, and Al

7.96 5.6.7.3 11. 7 Co 3.3.5 20.

G ORI SRR Do) tpe340Igmt iy, gh cotgesBorting B, H,
,,]anégBﬁ) Tmﬁuelsr@,\fgg‘t,agg ared. 0.5 3.3 17.7 7.50 5.6

7 "this | nvention’ 0.38 0.5 3.2 17.5 7.54 5.6

7.1 11.2 This Invention 20abdeIld 3 |ists the La, Zr,

and Al contents and optinmum wheel speed (VW used for

prduci ngr (MM aplaa)y, . SFed2. 6- WMxZr r M xB5. BHapd Révgarks

coprespogding Br, Hykt, amd (Rgem vskbues M@dehough

trol
. 8 -gho KO8, ét Ca’ﬁ §' eégitr
creg S i nq@aa ng1 OZTC&Q
. S d‘ﬁﬁgeasg%n SEpr eﬁgnts My Control
r@ t SBhHaNI Ng 4gr Je§3 caségng a§0@ Y€ nvention
ol Spoe§d cafis be ysed tg produce powder of 1dfe $AMRvention
Qlé@ﬂ ty.q8 | oyer wheel spegd usdigl |y seans {1  This Invention

PlhGgesSs 4.5 mr@zcontﬂ?@l | abl5§ I't5 gan ay $0 beqppsefyigrhvention
that—Br—and H—vatues—of—apout—7. 5 KG and 7. 0 ROe can

be achieved in many ways. For 30 exanple, at Zr = 0.5
at% when the. La_content éjﬁcls |ncr£ased frqm

0. 38, nggphe)} lists the La, Zr, an ontents and optimum w ee{)speed E ) used
for producing (MM, La,),, sFeg, 6.4+ Z0ALBs o and the corresponding B,, H,, H;, and

(BH),,, values. Although all of them exhibit B, values of around 7.5 + 0.2 kG and HCi

24, 5
oun

values of around 7 % 0.1 kOe, it can clearly be seen that the V ,, decreases with increasing
Zr and Al contents. This decrease in V,, represents an advantage in melt spinning or jet
casting as a lower wheel speed can be used to produce powder of the same quality. A
lower wheel speed usually means the process is more controllable. It can also be observed
that B, and H,; values of about 7.5 kG and 7.0 kOe can be achieved in many ways. For
example, at Zr = 0.5 at%, when the La content (a) is increased from 0.36 to 0.38, nearly
identical B, and H,; values can be obtained by decreasing the Al content (x) from 3.5 to 3.2
at%. By varying the La and Al contents and their combinations, alloy designers can
actually use two relatively independent variables to control the V,, B,, and H values in

desired combinations.
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identical Br and H, values can be obtained by
decreasing the Al content (x) from3.5to 3.2 at% By

woaopsionggiihe La and Al contents and their conbPaatisens/ 003288

all oy designers can actually use two relatively

I ndependent variables to control the V," Br, and H
values in desired conbinations. 25 WD 2004/072311
PCT/ US2004/ 003288 EXAMPLE 4 All oy i ngots havi ng
conpositions, in atom c percentage, of ‘
EMAMELEA 11 . SFe82 o W xZr W5i xBS 9, were prepared by

- arc nelting. A laboratoryjet caster with a netallic

wheel 5 Rlo,aagsls bl FBbmAARUE! intidHicHRRocagd oM, a'),,spegz,ﬁ_ N

mel t- spi nni'ng. A wheél speed of net er /' secdnd’
(31 Bas waseuertapedinepaneltitge 4 @tbpmsry JNB:IaStelswuh a metallic wheel

bb ushed to ss than 40 sh
ot el ool wi st R ToIBoRaRE. ot Wb Shesd 7650 i 30
t
frf%fer/?&g)ﬁﬁ (m?s? '.Nas ﬁ%]égilé% %?eﬁa%dtﬂ%%h a ug%ltgs‘?ﬁh h%ﬁ%liésg\lléf@ Srushed to
leagthen 40 usash Iahey amiepledat @ tenifjeeatusepe tendngnoi 690 tof700 °C for about

nder Ius a |t|v 10..t hei pro erties_can_ be
m}a‘} b ltes qﬁlf?‘g}ﬁ%@? otHhaRd flor STGEE 280 Fgnglues of
r
g%ﬁég?ﬁ Ets uEual@ &ﬁ@fr} tg?‘é%?hee r:]lg%ﬁ%tt ?ﬁﬁn&e‘? Bﬁg %&Ex@es used,
E&equmomemﬁss:,an bpkcaieﬂmxﬂmaeﬂert&peﬂnge(s \/Vl)hetEfené ft GHmBRI cbnvement if
spi nni ng, .and the correspondi ng

pisHyses pawderreRestigsyto ,sawaéqe@effp%%ncéd Tahls det%m yomigal La, Zr,

T o860 B blpogs bR OGmg ffeling uf{p E6Fesponding

B, ), B,,,Gind .(BH},9, PalBes®f powderé.pdephfed? Control 0.45 0.4
0.0 20.3 7.96 5.6 7.3 11.7 Control 0.41 0.4 2.3 18.5
7.56 5.6 7.0 11.3 This Invention 0.54 0.4 2.4 18.3

7.45 5.3 6.5 10.7 This I nvehabledV 25 As can be seen,
the VWdecreases with increasing Zr and Si contents.

For exanmple, a VWof 24.5 ms i1s required to prepare
anLgpt i mzn quergh onya compositign W ghout (@)Y ZRefarks
Si a’:’lddltlvpn Th@ VW decr eaggs frgsm 24. |§)J° %\ﬁ)séaerris

Wi Ot At s 245 795 52 75 105  Control
030 00 19 190 807 56 7.3 122  Control
045 04 00 203 796 56 73 117 Control
041 04 23 185 756 56 7.0 113 This Invention
054 0.4 24 183 745 53 6.5 10.7  This Invention

As can be seen, the V,, decreases with increasing Zr and Si contents. For
example, a V,, of 24.5 m/s is required to prepare an optimum quench on a composition
without any Zr or Si addition. The V,, decreases from 24.5 to 20.3 m/s with a 0.4 at% Zr
addition, and from 24.5 m/s to 19.0 m/s with a 1.9 at% Si addition. A combination of 0.4
at% Zr with a 2.3 at% Si addition can further bring down the V_ to 18.5 m/s. As
demonstrated, within these composition ranges, isotropic powders with B, values of 7.5 +

0.5 kG and H; values of 7 + 0.5 kOe can readily be obtained at V,, of less than 20 m/s.
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addition, and from24.5 ms to 19.0 ms wth a 1.9 at%

Si addition. A conbination of 0.4 30 at% Zr with a 2.3
wakd4d72zaddi ti on can further bring down the VWtco/Uu$8005/003288

ms. As denonstrated, within these conposition

ranges, isotropic powders with B, values of 7.5 0.5

kG and H, values of 7 0.5 kGe can readily be obtained

at VWof less than 20 m's. 26 WO 2004/ 072311

PCT/ US2004/ 003288 EXAMPLE 5 Al'l oy ingots ‘having

- EXAMBLLEISONs, i.n atonic percentage, of .

(R-_alaa)l 1. 5Fe82.5 Wh,, B6.0, where R = '

( Ndo. 75Pley IEots RavaTEosHs bignpyin a?oémﬁ@PIiCPW@ge Af (Rl aLa )115F 8.

NRRBEHARE 154 PR L 8, BB o2 S boror

jeh@eter Wﬁ%&'n&ﬁlh@ QvHe@l c;ngl,oB& &Iﬁr{rﬁﬁﬁﬂﬂdct(\ﬁi}&)/as\/md Bsrhlklt-Spinning.
grepare t he sanpl es. &@/ ri bbons were crushed
ovhieelsspeecheinl (10 30uveierisegonchine/a) was wied 4o prappierthe saneplpsy Melt-spun
e _range o or bou r,

L5 8/6 cﬁgshggg 68%8‘\?398 &es% fan%rnrgaﬁl C?dl_alqgt é}gt‘il mttﬁ)e ; range of
400 to 78b BE ForodbohoRUL ARG [dSvélsy eel déstﬂ@pﬁeﬂﬁesQTfB Bﬁd HCI Since B,
type and amount of binder plus additives used, their

&hevalu@@f @and@ens@mtsewu t ¢dpand en the Gipe angksgount of binder plus

refor nore 1 nt if. one us
TGS Ricd ety el apor FOTRE MR cptipindBeety TheRRatE it is more
&%%ﬁiah k@n@m Dk &Rt Fesah dotnPRrepRIfbABARBITABI B lists th

M( - 3kCé Fﬁ@w E& ﬁax ng Sgg of powderse e e
mmpa]rlsdanthlceants 36d uaa dbnearonrsl@(g BRkiaf-3kPe)El], H, and (BH),,,,
éﬁ@g adeemarksd a X kG kG kCe kCe Me 0.3* 0.0

of pewdersprepagedi o 4 control 0.3* 1.0 7.92 6.75 5.2

6.9 11.4 Control 20 0.3* 2. Qaﬁle"@ 6.42 5.0 6.8 10. 4
This Invention 0.3* 3.0 7.10 6.16 4.9 6.8 9.6 This
+vent+ : :
0.3* 2.0 7. 48 6. 42 5. his | enti 25
0.28 2. 0Mr 55 6551 5“@?*?"‘63) Thi s |Twent {iHmx o RgmMarks
1.727.75 6X74 5. 467, 0 11K8 Thj sk‘Pﬁvent kgp  MGOe

0.3* 0.0 8.38 7.13 5.3 7.0 124  Contro!
0.3* 1.0 7.92 6.75 52 6.9 114  Control
0.3* 2.0 7.48 6.42 5.0 6.8 10.4  This Invention
0.3* 3.0 7.10 6.16 4.9 6.8 9.6 This Invention
0.3* 4.0 6.71 5.89 4.8 6.8 8.9 Control
0.3* 2.0 7.48 6.42 5.0 6.8 104  This Invention
0.28* 2.0 7.55 6.61 5.3 7.0 10.9  This Invention
0.3* 1.7 7.75 6.74 54 7.0 11.3  This Invention
0.3** 1.9 7.54 6.53 5.0 6.6 10.7  This Invention
Note:
* R=MM = (Nd,.7sPr5.5)
** R=Nd

As can be seen, without any Mn addition, a B, value of 8.38 kG was obtained
on (Ry,La, ), sFeg, sBgo- This value is too high for direct anisotropic sintered ferrite
replacement. Similarly, when Mn was increased to 4 8{1%, a B, of 6.71 kG was obtained.

This value is too low for direct anisotropic sintered ferrite replacement. The Mn content
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0.3** 1.9 7.54 6.53 5.0 6.6 10.7 This Invention Note:
30 * R=MM = (Ndo. 75Pro.25) ** R=Nd As can be seen,

woizodamarziany Mh addition, a Br val ue of 8.38 k&CWas2004/003288

obtai ned on (RO.7La0.3)11.5Fe82.5B6.0 This value is

too high for direct anisotropic sintered ferrite 35
replacenent. Simlarly, when M was increased to 4

at% a Br of 6.71 kG was obtained. This value is too

| ow for direct anisotropic sintered ferrite ‘

e BHERRIHin a EteaiMPareO RS Ethin de<irdiB AANMs GoiZfidett sintered ferrite
“PCT/ US2004/ 003288 needs to be within a certain range '
relaciteal. nMoewiver ovhen compadg the fwel cerapesidonstviieepnstant Mn content

A BLTTPFE AERCELRET A0 R Coteamangr oAy e conten

IEFﬁroﬂﬂ@' Hemdd 28/ r&p@&@e?y Ol“ﬂi@@f&haﬂe@@as@ liﬁ Bh B&ﬁet’ﬁ)élso increases the
adj usting the La content rom 0. 30 and 0. 28,

B, enjves frowel 48 toThp 5 k6l |Tg)m dmmmstfatsethaht\&camdqmémt vatighjes, namely
i ncreases the 5 Br . val ues fr%§h7 A48 to 7.55 kG Thi

PPV R YRR b i Galigs oy ders. In this
dae, Mt whihd b(égtﬂe Qﬁeb@ﬁgntt\%nﬁblm% B@ﬁﬁQh@B}’va?@dl\s}h%ﬂ Ltahﬁu@a to

and H,,; values of wder's. his case

dohtrol Hg¥jabkwmsleThe mapaca&»ﬂ Iea todB as:igl seconddrg effectvaall ussbamglected
La is used to ontrol H .;.Values. The inpact of La
W@W%ﬁnqﬂﬂﬁgtg@EU%H@P?ﬁéﬁ?QEFBHW&%EH Mbe negl ected when
conpared to the dom nant effect arising fromM. 10
EXAMPLE 6 All oy ingots having conpositions, in atomc
PXAMPLE®e, of (MWD. 65La0. 35)11. 5Fe32. 5- W XNb Mh. B6. 0

Wer e pr amk d@é/haa'lir% é&hﬁdsﬂ@ns An bripdic peieEnhgt, of ast er
with a netalllc wh good thermal conductivity was

(O4MglgsF-autss) e qussvahnMng% oNembr@parm@ by geagelgng 16 lalaprgteryjet caster

/
b B Mt T 5o BB b PSP S B g A whee
s:}‘)@Qd SNER| 30N abr/ecb RIRRAPWEY Bsell o bfé@a&&h@ﬁnﬁﬂesﬁ Qelt-8pun ribbons
00 C for about four mnutes to develop the desire

wetewesshed toBessghah 4§ mesh askanBealadhat aempersture &1 Bk ragepd §00 to 700

[ d t d
A 5 TR0 b IS AR AT, e
SRl b¥hdeal rﬁaél%fstlﬁhﬂly’ @pefSon ARy Aldemduint bEbi®Erlus additives
convenient 20 1f one uses powder properties to_ conpare

wedf theinpropertic¥ a be ddaledi withgn ceréaimiangps] Bierefore, it is more convenient
if one uses powder properties to compare performance. Table VI lists the Nb and Si
contents, optimum wheel speed (V) used for melt spinning, and the corresponding B,,

M,(-3kOe), H,, and (BH),,,, values of powders prepared.

Table VI
Nb Si V.. B, M,(-3kOe) H, H, (BH),., Remarks
w X m/s kG kG kOe kOe MGOe
0.0 0.0 24.0 8.30 6.76 5.1 6.7 11.4 Control
0.2 0.0 20.0 8.15 6.80 49 6.8 11.5 Control
0.3 0.0 19.0 8.24 6.91 54 7.1 11.8 Control

0.3 36 18.0 7.53 6.77 54 7.3 11.3 This Invention
0.2 3.8 19.0 7.46 6.67 5.2 7.0 11.0 This Invention
0.2 3.7 18.0 7.62 6.76 5.3 7.3 11.3 This Invention
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contents, optinum wheel speed (Vow) used for nelt
spi nni ng, and the corresponding Br, M(-3kCe), H,

wand4(Byima, , val ues of powders prepared. Tabl eCYiusS2i4/003288

No Si Vold Br Mi(-3kCe) He H, (BH),,,a" Remarks w x

ms kG kG kOe kCe M30e 0.0 0.0 24.0 8.30 6.76 5.1 6.7

11. 4 Contr ol 0.2 0.0 20.0 8.15 6.80 4.9 6.8 11.5

Cont r ol 0.3 0.0 19.0 8.24 6.91 5.4 7.1 11.8 Control

30 0.3 3.6 18.0 7.53 6.77 5.4 7.3 11..3 This Invention

0.2 3.8 19.0 7.46 6.67 5.2 7.0 11.0 This Invention

0.2 3. 7p38avelsebr, B2 468, 8f Vb 4dditiba d8cr¥htes tHeW HEdn@ D4 t280 m/s. A
WO 2004/ 072311 PCT/ US2004/ 003288 As can. be seen 0.2

fart19¢r afcrodse adlzslbtcominntofe@n @asted. 3 hido Mingsitheo M, 24 %m0 This

i ncrease in Nb.copte fromO0.2.to
iRyl SRR HiedeHig Yov dURBROEY G0 QLIS ARE 15 and
8%!:2; E; m%?éébtﬁﬁé@@héﬂﬁle'm &ﬁl@éﬁ@é 29 aMp.2.and lIVBRYE 'imth%ﬁt any Si
val ues of 5 and 5 8.24 kG were obtained when t b

additivenie By ealafts o itwpit ndedtiignats tiadel fropn e powders would be
addi tion,. The B, val ues qf. i otr pIC bo

t?ﬁa_@i@ﬁ oG iree HRU S B R EreiF i TR Tty 'fﬂ%adribtfo Belfis
i@éy&aﬁa&m@bﬁngb&h% aHd HeVale§ td @R |d@§i?e'@ier9ﬁges e 73044, s lf@rhnd 7.0+

i nsuffici®ent to bring both” Br and
OvakQegedpectivedy. diashis edser aiuge $.60b 378 ﬁ%)oﬁSﬂanemdd To Bring both B,

s i G CrblicratisbrS AHI DOk A (hioo10v el otor P S rom
1orARoURSH AR £ oicRBRS ooy R Binch RS Rch Sy

al'so lowers t ow from
noder ate but secondary inprovenment in quenchability.
EXAMPLE 7 15 / Alloy ingots having conpositions, in
EXAMELBEr cent age, of
(MWD. 65La0. 35) 11. 5Fe82. 5_W XMASi . B6. 0 were prepared by
ar c nel AllngingAts mvirgatonmpppidibns; as kemic mrt:tnt@a;ref allic
wheel _ of goFod t he |. conducti vit

§

(Wi oo o o Wi Pt DYt et Bbpraseryii caster
\%1%%)116%?0 WEEH of Bo gscﬁf lﬁ@ﬁﬁa@ chicAMIPIES usdfibt m§§ Winning. A wheel

OoNns were cr to less than 40 nesh
spastbat] 18do 80 nzetérdsepardain/s)ewasused & prepaye thof safplest M&166pun ribbons
were crushed to less than 40 mesh and annealed at a temperature in the range of 600 to 700
°C for about four minutes to develop the desired values of B, and H ;. Since B, and H,;
values of bonded magnets usually depend on the type and amount of binder plus additives
used, their propertieé can be scaled within certain ranges. Therefore, it is more convenient
if one uses powder properties to compare performance. Table VII lists the nominal

composition, optimum wheel speed (V) used for melt spinning, and the corresponding

B,, My(-3kOe), M/B, ratio, H, and (BH),,,, values of powders prepared.
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20 C for about four mnutes to devel op the desired

val ues of Br and HClL. Since Br and Hl val ues of
woaomad2amagnet s usual |y depend on the type andpammwsmio4/003288

of binder plus additives wused, their properties can

be scaled within certain ranges. Therefore, it is nore

convenient if one uses powder properties to conpare

performance. Table VIl lists the nom nal conposition,

opti mum wheel speed (Vow) used for nelt.spinning, and
.the corresponding 25 Br, MNibi8K¥CE), MIBr ratio, H

and (BH)ma, val ues of pomders prepared. 30 29 WO

20047 072311 PCT/USZ0047 003288 —Tabl & VIT M S Br

l’l’% 3k(g) MigBr m oze) MgIEH)

kQal\/GOaM:

l VA Q /] VA
0.3 3.6 7.53 6 77 0. 90 5.4M7=."$b11.3 This | nvention
92 3. 807 463%5 67 6889 5%2 0 4%. o f‘rﬁu s Hv‘SemQOBIi:\g:
3. >89 5 3 94T.3 This In ti
;gr%_ Zr % % 35 9757 0.%¥ 5. 83% 3 1231 CoHtt ol hisdpvgntion
6%, 3537B 33 T9t088 56977 2 4% 0 CBAtrol /8.5 3116 7Th Invention
©.81 0389 5.7027.3 8164 TH-8 | nvehti on7-30. 4 U.3L Thiginvention
6.88 0.90 5.6 7.1 11.6 This Invention 20 0.4 4.5 7.50
6.76 0.90 5.5 7.0 11.3 THWsZrnvention MCr 25 1.3 0 '
P91 6.89 0.8% 5.27371 1@-88 Thi 8.8] nverBi on 1311 3 Canifl23
®45 0.85 4.83%.9 838 Thi®8a nvehti on 72. 4 11310 7 Osntrol
®.50 03¢ 5.7637.2 €816 THI-&8 | nveAti on7.31. 3 M.2 ThBInvention
.48 0486 5.7617.0 8886 THI-20 | nvéﬁtl on7.1 11.6  This Invention
04 4.5 7.50 6.76 0.90 7.0 11.3 This Invention
M=Cr
1.3 o ' 791 6.59 0.83 5.2 7.1 10.9 This Invention
1.3 2 7.23 6.15 0.85 4.9 6.9 9.6 This Invention
1.4 1.1 7.57 6.50 0.86 5.2 7.2 10.6 This Invention
1.3 1.2

7.55 6.48 0.86 5.0 7.0 10.6  This Invention

In this example, it is demonstrated that Nb, Zr, or Cr can all be used in combination
with Si to bring B, and H,; to desired ranges. Because of the differences in the atomic radii,
the desired amount of Nb, Zr, or Cr varies from 0.2-0.3 to 0.4-0.5 and 1.3-1.4 at% for Nb, Zr,
and Cr, respectively. The optimum amount of Si also needs to be adjusted accordingly. In
other words, for each pair of M and T, there is a set of w and x combinations to meet the
targets for B, and H,;. This also suggests that B, and H; values can be independently adjusted
to the desired ranges with certain degree of freedom. Based on these results, the M /B, ratio
decreases in the order of Zr, Nb, and Cr. This suggests that Zr is the preferable refractory

element compared to Nb or Cr if one looks for the best demagnetization curve squareness.
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30 In this exanple, it is denonstrated that No, Zr, or
Cr can all be used in conbination with Si to bring Br
wand4kci3ino desired ranges. Because of the difPerasems/ 003288

in the atomc radii, the desired anount of Nb, Zr, or

Cr varies from0.2-0.3 to 0.4-0.5 and 1.3-1.4 at%for
Nb, Zr, and Cr, respectively. The optinum anount of

Si al so needs to be adjusted accordingly. In 35 other
words, for each pair of Mand T, there is a set of w

EXAgﬂq,Egconbl nations to meet the targets for Br and Hc;
This al so suggests that Br and H. .; values can be

o AR B MBGRCRS AR OERN () e
CoMﬁﬂBg Al ére préfRfddenses meltidghe\ Dibdrkorfet £asterNvith alfrdataﬂ:nc wheel of
hi's suggests that Zr is the preferable refractor

goodélneémmo Betpatyerestusedr srelicgpinming nd Wheskspeed pf 1@1@ Hest

o LGP BB PG 1y AR AR o e

than £0ARISAHd HMSaled Bt Alefipetitpe ic@Brage of 800 (Vo %ﬂ.ﬂ)&)abcﬁ& four
.582.s xCo"ZrwAl xB6.0 were I_irﬁgared by arc nelting
minufgs |t<aé@feéapoth9 dpsiredyabes pf B ang peg Bi @dvmeéﬂﬂu%ﬁfoféonded

od t cond CtIVI : -
o b B SIS A LRGeS L e
can be %oaﬂé@%ﬁfﬁ deRBInS AR © Therl¥Riré, 1618 tiork cHR@RTenET e Gk sToRedller
to less than 40 nmesh and annealed at a temperature in

propdrties toangwarsfpesdomanse7 oble Yiblisthibai.af GorZr, anhat eantengs, optimum

evel e Sir d val ues
whee 55t O BERECAPI il B0 o6 SR N0 Brc oo, R o values of
powdeYPtre ﬁg}gdanount of bi nder plus additives used, their
properties 10 can be scaled within certain ranges.
Therefore, it is nore corbabbi ¥BEL i f one uses powder
properties to conpare performance. Table VIII |ists
the La, Co, Zr, and Al contents, optinum wheel speed
La(V’ Co USﬁd f% nely  spi ngi ng, ﬁmd t {@#1) COT I e POREnBks
( Bf) max Val uegg of m\/\deﬁvﬁ;@g epared. Table

0.00 . . . . . . . ontrol

0.26 2.0 0.3 3.5 20.0 7.67 7.8 11.9 303 This Invention
0.35 2.5 0.5 3.8 18.0 7.57 741 114 302 This Invention
0.37 2.5 0.5 3.8 18.0 7.41 7.2 10.5 302 This Invention
0.43 2.5 0.5 3.0 177 7.53 6.6 10.4 301 This Invention
0.39 2.5 0.5 3.1 17.5 7.61 6.8 11.2 302 This Invention
0.38 2.5 0.5 3.2 17.7 7.61 7.0 11.4 302 This Invention
0.38 2.5 0.5 3.5 17.8 7.54 7.1 11.2 303 This Invention

In this example, it is Idemonstrated that La, Co, Zr, and Al can be combined in
various ways to obtain melt spun powders with B, and H,; in the ranges of 7.5 + 0.5 kG and 7.0
+ 0.5 kOe, respectively. More specifically, La, Al, Zr, and Co are incorporated to adjust H,
B, V,,, and T, of these alloy powders. They can all be adjusted in various combinations to

obtain the desired B,, H;, V,, or T,.

ci? ow?
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av wx kG kG M3 0.00 0.0 0.0 0.0
14.6 307 Control 20 0.26 2.0 0.3 3.5
wa20®/038831 This Invention 0.35 2.5 0.5
7.1 11.4 302 This Invention 0.37 2.5 0. 18.
7.41 7.2 10.5 302 This Invention 0.43 2.5 0.5 3.
17.7 7.53 6.6 10.4 301 This Invention 0.39 2.5 0.
3.1 17.5 7.61 6.8 11.2 302 This Invention 25 0. 38
0.5 3.2 17.7 7.61 7.0 11.4 302 This Invention 0.3
EXARMHELP95 3.5 17.8 7.54 7.1 11.2 303 This Invention In
' this exanple, it is dennnstrated that La, Co, Zr, and

e S L R

Nb_ XBanderé pﬁbpafed%y&r&ﬁéltlrfgesﬂpﬁbbtaﬁﬁy yet chdd¢rewith a metallic wheel of
speci fically, and Co are incorporated to

good ghtjmel conductwgw%vaawd Gnepett: spining ed &Vigel Ppedaiibios’0
meterZ é/ﬂ‘f (%%/ F‘?Zl zladse gslgcrl gogbréﬁérg SI,KJ: é}.’m %&t-gﬁ@%@ﬁ%ﬁ% drfished to less

than APReé0AdIhhedT6d A{US2RBE/008 2BHe rﬁ?@éMPEEO & 70d cl!Blfolr amit Sour

havi ng COI’TEOSI tions, in atomc percen

minu{enRt Acine) b dsied 3 aluenof By . KBS OERd RS aonged
magrﬁkélgﬁbrfdepgncb%h‘leqor aa&@]ra%léulqg uﬁ? %&e p)l/lYg V\%lghtﬂleggge?b heﬁ properties

can b@%&éle@@itﬂiﬁ' Rftaindanhie eI THRRIER, Riis é@rdd@n%ﬁﬁﬁﬁcﬁdeﬁﬁé@pﬁivder
(ms) was used to prepare the sanples. Melt- spun

propariitsionemperepecfounined. TebledXdists the haddb.raadif\lgqgtents, optimum

whee] B b Sl SR AL et S BP AT Bt bl Vtues of

powddfs BepA@fl H ;. Since Br and H val ues of bonded
nagne%s usual |y depend on the type and anount of
bi nder plus additives usedableH& r properties 10 can be
scaled within certain ranges. Therefore, it is nore
convenrent Tf one uses powder properties to conpare
paer f or ggnce. 'I;qbl e Ixﬁ I ists ghe Lay No, apd A ﬁBH)"‘“ Remarks
gontent‘g optl;rum V\:n.l%e| qu@d (\/W(Oysed f(Qé meNtGOe

9.2
7.8
T/US7004/003288
0
0

24.5 8.60
20.0 7.67
3.8 18. BC
0.5 3.8

5
2.5
8

O.g Control
0.30 0.00 0.00 24.0 8.39 5.4 7.0 12.7  Control
0.35 0.00 0.00 24.0 8.30 5.1 6.7 11.4  Control
0.35 0.00 0.00 24.0 8.33 5.0 6.6 11.3  Control
0.35 0.50 0.00 20.0 8.30 52 7.2 11.6  Control
0.40 0.50 0.00 19.0 8.24 6.5 71 121  Control
0.50 0.50 0.00 18.0 7.59 4.8 6.3 9.4 Control
0.37 0.50 2.20 17.0 7.53 5.7 7.8 11.0  This Invention
0.40 0.30 220 - 18.0 7.56 5.2 6.8 10.8  This Invention
0.37 . 0.30 2.40 20.0 7.49 4.9 6.6 10.9  This Invention
0.37 0.35 2.35 21.0 7.67 5.2 7.0 11.2  This Invention
0.38 0.37 2.63 21.4 7.46 5.1 6.9 10.7  This Invention

This example demonstrates that with various La additions, one can bring the H,;
from 9.2 kOe of MM, sFeg; (Bs  to the range of 7.0 £0.5 kOe. Also, La-addition has limited
impact to V. With 0.5 at% Nb addition, a slight increase in H (from 6.6 to 7.2 kOe) can be -
noticed at the cost of B, (from 8.33 to 8.30 kG). More importantly, the V,,, decreases from 24
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15 La Nb Al VWWBr H H., (BHnmx Remarks a w x ms kG
kCe kOCe M3Ce 0.00 0.00 0.00 24.5 8.60 6.2 9.2 14.6
wQ@ami40231120 0. 30 0.00 0.00 24.0 8.39 5.4 7.0 RET/US2004/003288

Control 0.35 0.00 0.00 24.0 8.30 5.1 6.7 11.4 Control
0.35 0.00 0.00 24.0 8.33 5.0 6.6 11.3 Control 0.35

0.50 0.00 20.0 8.30 5.2 7.2 11.6 Control 25 0.40 0.50
0.00 19.0 8.24 5.5 7.1 12.1 Control 0.50 0.50 0.00

18.0 7.59 4.8 6.3 9.4 Control. 0.37 0.50 2.20 17.0

for thd N3 sZm'pleBto]ZD /s Tt Ssanmile ndentainingd). % 6t%ONBQin@icafing 8n 0

7.56 5.2.6.8 10,8 _.This.lnventiaon 0,37.0,30 2.40 3
improygmentzn 2ouderEhepily; VAN ﬁ\?etﬁle "% b1 3803 camreadily
. 7 g | 7
BT Aake il By A
conteftesiB RE1 m&ﬁﬁslntthaﬂesweﬁ IB uad Hg unstHaaa@cbft’T SmaQ 5 kibend 419 + 0.5 kOe,
bring the H,; fro of WML1

5Fe83. 6
respwtw@&@ Rgwepep the B’w@ereaﬁs §thtLYafr%Iadu7ttP 8§ %gﬁSﬁPg%ﬁatS that Nb is

il TR AE A0 aferthailyt, WEh bpignOa T 2. M

demodadtrdidrah @it caf edSent{dliyedj 8t 83 B4 3 .a80 Vk (Gndepardently to certain
importantly, the V decreases from24 32 WO

degrep004/ 072311 PCT/ US2004/ 003288 ,for the Nb-free sanple
to 20 ms for a sanple. containing. 0.5 at % Nb,
indicating an inprovenent in alloy quenchability.

EXAMBIDE about 2.2 to 2.4 at% Al addition, one can readily
bring the Br to the desire range of 7.5 0.5 kG At A
| evel s Adfoyingots baving cempgsitiend ietadnicinerawmtase s £40.F e

Covgrwé ®9n\§l %éa%(ﬁydggﬁét{g)%%@ 1n§ng glﬁdedé: oxtigﬁc %91’[}95 metallic
wheel &ego\éw theHla PSR CEVityoRid vsed !f&ljétl&éstir% 24 wﬂesl sp&&d 630 to 45
uggests that Nbo is <critical to the alloy

meteldgmcm]@ys) wasyusqu preppp ﬁ]@gﬁamlg Jetrcastisibbenrgwee crushed to less than
conbi.nat i

S exanp Q t.hat ,ene_can
40 m al?%fl a& %fEPefF‘i‘ﬂé Se OE@?EP %Séﬁ)@ @%‘c?’)r Iiibo i%@ Hagutﬁ; to develop
the dEPre@ . bl . gﬁﬁé ®Cand H,; of bonded magnets usually depend on the type and
amount of binder plus additives used, their properties can be scaled with certain ranges.
Therefore, it is more convenient if one uses powder properties to compare performance. Table

X lists the La, Zr, Al, and total rare earth content (u), optimum wheel speed (V) used for jet

casting, and the corresponding B,, H, and (BH),,,, values of powders prepared.

Table X
La Zr Al TRE Vo B, H, 3BH),... Remark

a w X u m/s kG kQe MGOe

- - 0.02 11.8 46 8.90 9.10 15.51 Control

- - 0.03 12.1 45 8.75 10.0 15.08 Control
0.01 0.01 0.93 11.1 43 8.49 8.52 14.33 This Invention
0.01 0.01 1.02 11.2 42 8.42 8.57 13.95 This Invention
0.01 0.01 1.49 11.3 41 8.36 8.90 13.95 This Invention
0.01 0.01 1.86 11.6 41 8.10 10.25 13.45 This Invention
0.01 0.01 2.35 11.0 141 8.26 8.67 13.45 This Invention
0.01 0.01 2.61 114 41 7.95 9.20 12.82  This Invention
0.01 0.01 2.79 11.3 40 7.81 9.11 12.32  This Invention
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10 EXAMPLE 10 All oy ingots having conpositions, in

atom c percentage, of (MM _alLaa)" Fe94i-u-X-

wOCw4A72311 Al , , B5. 9 were prepared by induction peruiSmg4/003288
A production jet caster with a netallic wheel of good
thermal conductivity was used for jet casting. A wheel
speed of 30 to 45 neter/second (mMs) was used to

prepare the sanple. Jet-cast ribbons were crushed to
less than 15 40 nesh and anneal ed"at a tenperature

rage ofTigQ Qxﬁ@pl@ QBmEnitRkesaRAyitB Faiibitul BAlditone 23t @R manipulate
the desired Br and Hc;. Since Br and H_of bonded

the Bysglnet of rosgratit powége mdthghe géneral f@@ﬂlﬁﬁ af (MNDLIR) Bfos 1.

CoZs o i Y i F aff e C HhsopPlyPSt 14T Blscdol, one can
also ﬁl%ﬁ%ﬁﬁ'teet‘% H_fvaBR8 besReEn @@/\Qﬂrl(piﬂ@é Eij/ §c§u§tﬁ1gQﬁm1%re earth
performance.” Table X lists the La, , and total

(TRE)auoateaarWhthmdﬂut(e Op and gr ammlwmb@bptgp@redvl(ewspeqiseaﬂso

dor By oS R B G L Byt ey L,z

THE: I
or 68, 15 M AR o o Bk SR e

lowet ¥, ] ald&ishinfibditftidh df5Smpsvedmuermhabilitydl 0. 01 0.93 11.1
43 8.49 8.52 14.33 This Invention 0.01 0.01 1.02 11.2
42 8.42 8.57 13.95 This Invention 0.01 0.01 1.49 11.3

8.90 13.95 This Invention 30 0.01 0.01 1.86
XAilv}P E3€J . .
E g‘ 8.10 10.25 13.45 This Invention 0.01 0.01

2.35 11, %141 26.8 67 13 45 This |nvention %01
0,01 2. Alloy ingplsfavinggcogBsisitips, BAteiCPe ey n 0.01

81 2 (81173 OB/, G dPbyBc IiMlfin nxtﬁuolra i
MM B0 53915 S S P SE e P g kG jebaster with
metallénwhed pfgesl ﬂhhnmal cmmddatxvmy wasusseAl foamdlt{spmnm,g Amehe@hspeed of 10

to 3(g1§g|@$/§élpcao¥lg l(rfq@s g/aaps | u%?eg(éfga nes I C ‘?%lrll’? n\%ons Were crushed to

less ¥R 404fesh aﬁ&ﬁ%aﬁedta@ a%ﬁﬂ@ﬁﬁre@gw raﬂg@om t% 700 k&forl dbout four
conjunctiron wtht control, one can also

minutedioplelelbp tltéﬂfsirbd, va,laéswiﬁB ked Hee Epexﬁbamtbdma@ﬁsk@e plgppared by

mix;?ag{tlijpSt x4 téqu_ ;oo 14 eéx%/;agﬁe(f %{x}t? tzﬁ‘g %1{ g‘g{ﬁ Pndteg for about 30
minSBECHR A28 compound was then compression-molded in air with a compression
pressure of about 4 T/cm? to form magnets with diameters of about 9.72 mm and with a
permeance coefficient of 2 (PC=2). They were then cured at 175 °C for 30 minutes to form
thermoset epoxy-bonded magnets. PA-11 and PPS bonded magnets were prepared by mixing
Polyamide PA-11 or Polyphenylene Sulfide (PPS) resins with internal lubricants at powder
{/olume fractions of 65 and 60 vol%, respectively. These mixtures were then compounded at
temperatures of 280 and 310 °C, to form Polyamide PA-11 and PPS based compounds,
respectively. The compounds were then injection molded in a steel mold to obtain magnets
with diameters of about 9.72 mm and with a permeance coefficient of 2 (PC=2). All magnets
were pulse magnetized with a peak magnetizing field of 40 kOe prior to measurement. A

hysteresis graph with a temperature stage was used to measure the magnet properties at 20 and
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35

decreases to about 40 to 43 m's when conpared to the
45-46 m's of alloys without any La, Zr or A
waddi4torzais. Thi s suggests that a dilute La andpZr/us2004/003288

addition inproves the quenchability. The | ower Vow

also is an indication of inproved quenchability. 10
EXAMPLE 11 ~~~ Alloy ingots having a conposition, in
atom c percentage, of

(MVD. 62La0. 38) 11. 5Fe78. 9Zr 0. 5A13. 2B5. 9 were prepared

100 10y, Babie Welikts A volurhaBastinasfeppey, Pokgintile WAL 11, @nd PPS in bonded
metal | i c wheel of good thermal ~conductivity was

used

magnesy andetheir spiirefRPRGNE B \hhe and €pfdhek \wlucsomessuesl 4830 and 100 °C.

meter/second (nf's) was useid Legxfrepare t he sanpl es.

Mel t-spun ri bbons were crus“i'ﬁ o |ess than 40 nesh
——and-annealed at--a tenperatireinthe range of 600 {0

700 C for about four mnutes to develop the desired

val ues of Br andVelume EpoRy- bonddd magrtdi s wePHmx ~ Remarks

prepared by mi xFf#§tiethe powder with 2 wt % epoxy and

0.02 W % zi nc stedplit e arkf dry- kPended kPer abGOe30

m nutes. The m xed conmpound was then

conpr esst on- nol ded 1 n q\hréaSMetertQOG@npr €SSt on 20
pressure of about 4 T/c to formmagnets wth

Anisgifopitetigiered Gprrigoout> 9. 72 dland #o08h a 456r meaddd®®  Control
IsotrepiePewder ent of 2 (PC=2). 7PRey wEM8 t hed-18ur ed 1hE2 1 7Bhigdnvention
Epody@Bondéd Mhgnat es t o 76er m  Bleer nosato4epoxy-obonded. 71 This Invention
PA-TTERpnaéctsMadnét 11 ands5RPS barsded nagret s w@re pr epidr edTH®Invention
PPSrBoxdetgMadret yam de 6% 11 dr55Pol yghenyl ed®4Sul f i4d3® ( PR Invention

resins with internal lubricants at powder vol une

fractions of 65 and 60Mmeadured atepeCti vel y. These
AnispfropiaSigigredEeritet herr onpodiyded aB.825 t edPdr at urdesS of Control
Isotr@@OPewder 310 C, to form Péloyam dd.1PA- 114&idd PPS.18as ethis Invention

Epoitnsttagnet r espectis vel y 5 0bhe cempoundg 7were t4N  This Invention
PA-11BdRGéd MAgrEP| ded i psa staeds nol d.4p0 oblgizn MGt S This Invention

PPSWohBediiiaiiet ers of gpout 9.062 mmzand w ulyza perzmancenis Invention
coefficient of 2 (PC=2). Al nagnets were pulse

magnet i Agdayhl Beol, READ Lilrgddhgts gl 9?19& %ﬁ KER rangi
prior to measurenent. A yst er esi S glr ap WEh a s anehs from
60 td epadfat:ihilet Bl eedeeswed 9. S5s0 d.49%GkGreodLi(& Tlkse valynere all higher than

perties at, 20 d.34 WD 2004/ 072311
that F@@é@&ﬂl@@@%@a CTETG?{‘@? caifEl) &rmfaiﬂé/t thedhof these magnets range

o 511 904108 £20°0, BBV 4 gl 0
sintevad feaste. HiglsBraxd Hitvalits amdn 2@oré endrgp leffickdnt applidatiomean be

.Br He, H_, BHmax Remarks Fraction . ) .
designed using isotropic bonded magnets of this invention. At 100 °C, the B, of isotropic

bonded magnets ranges from 4.0 to 5.0 kG. They are all higher than the 3.78 kG of anisotropic
sintered ferrite. At this temperature range, the H, of isotropic bonded magnets varies from
3.21 to 4.11 kOe. These values are comparable to that of anisotropic sintered ferrite.
Similarly, the (BH),,,, of bonded magnets are around 3.31 to 4.95 MGOe and comparable to
that of anisotropic sintered ferrite at the same temperature. Again, this demonstrates that a
more energy efficiency application can be designed using isotropic bonded magnets of this

invention.
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vol % kG kCe kCe M30e 10 Measured at 20 C Anisotropic
Sintered Ferrite > 99 4.50 4.08 4.50 5.02 Contr ol
woOoeirogpaic Powder 7.55 5.49 7.10 11.22 Thi s | npemuiSem4/003288

Epoxy Bonded Magnet 75%5.69 5.04 7.05 6.71 This

I nvention PA-11 Bonded Magnet 65% 4.93 4.44 7.04 5.13

This Invention 15 PPS Bonded Magnet 60% 4.55 4.13 7.04

4.39 This Invention Measured at 100 C Ani sotropic

Sintered Ferrite > 99 3.78 3.84 5.94. 3. 53 Control 20
EXAMRLE @pi ¢ Powder 6.67 4.11 4.77 8.13 This Invention

Epoxy Bonded Magnet 75 5.00 3.71 4.77 4.95 This

| nvent i Oy iRGstd haBRP 6/ iIMREaRHoBRor inddtodi @ ferben(a egfcﬁﬂqula

This Invention PPS Bonded Magnet 60 4.00 3.21 4. 77
expre3sid), THMM, plent)i gRe,2Z A\ GBr, Weregeenared yotre opligng. A laboratory

e S Ay Ty e S R AL 0 S, 4
wheeapsrPe-g@ 88 0 A HGStePE&oRl (m/¥) 9RS hisddBPrepaltithe AmpIBE Melt-spun

Isotropic sintered ferrite (the control). Simlarly,
ribbohfevetd, crushied tdkesetham g0 @tesh nad genealed aba fendiBratoreSn Gk rfagee of 600 to

at. 20 C Again, they are all higher t t
700 “C ot e T PIoD Uy ‘}'*RGEF‘_S&‘_“EIP%% Qﬁ‘@ﬁ i FPery-GRged
o I 0 .
o QU AL T 0 e LA G0 2400 L3S o i
stearate usddycslenddt fa0bo@ 30 ténuBes. (Fheirsiatd opinpourtionabatien compression-

magnets ranges from4.0 to 5 0 kG,6 They are all high
moldegh ghaif With 3. CPEIPRESSION PATHSWEOf 8RR 4 Ts’P"H? dreapraRTY CEJ.Z%A&’ 100,

bS, t : i i Co )
3 TSV 00 0 s ot
of 2 20.0AN3ERMsE draph Wad used t@miesirs hp intaghetirepates at 20 °C. Table

ferrite.  Simlarly, the (BH mof bonded magnets are
XT ligtsghmB, 3l:3and B.oyaenaneasered ghpiatnf eaggets propgied fepm powder

.. ani sotropic.sin ferritesat-Lh ne tenperature.
with AR R S BT ST A EL N e B B e oy
efficiency application can be designed using isotropic
bonded magnets of this invention. 35 WO 2004/072311
PCT/ US2004/ 003288 EXANVPLEabkke X¥I| oy i ngots havi ng
nom nal conposition, in atom c _percentage (formula

Volume B, AB, c H, BH, . Remarks
Fraction B(T)/B(20)
Vol% kG kG kOe kOe MGOe
Powder Properties 7.55 549 7.10 11.22
Pressed at 20°C 75.0 569 0.00 1.00 504 7.05 6.71 Control
Pressed at 80°C 76.0 576 0.08 1.01 510 7.04 6.86 This Invention

Pressed at 100°C 76.5 580 0.1 1.02 513 7.05 6.94 This Invention
Pressed at 120 °C 77.0 584 0.15 1.03 516  7.04 7.02 This Invention

As can be seen, compression molding at between 80 and 120 °C improves the
B, values by approximately 1 to 3 % (B(T)/B,(20) of 1.01 to 1.03 or AB, of 0.08 to 0.15 kG),
when compared to the control magnet pressed at 20 °C. As a result, slight increases in H,

(about 0.06 to 0.12 kOe or about 0.5 to 2% improvement) and (BH),,,, (approximately 1 to
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10

expression), of (MW.62Lao. 38)11. 5Fe78.9Zr0. 5A13. 2B5. 9
were prepared by arc nelting. A laboratory 5 jet

woast@ 23t h a netallic wheel of good thermal PCT/US2004/003288
conductivity was used for nelt-spinning. A wheel speed
of 10 to 30 neter/second (mMs) was used to prepare the
sanples. Melt-spun ribbons were crushed to | ess than
40 nmesh and anneal ed at a tenperature in the range of

~ 600 to 700 C for about four mnutes.to develop the .

5%irfiRSVérBéht V@ i@ WefnoBted Mhikidemoinpore thosatiadtagesefeiploying warm

were prepared by m xing the powder prepared with 2 wt%

compagiisay foamerknerpony-Fondadanagnetsi ear at e and dry- bl ended

for about 30 m nutes. The m xed conpound was then

conpression- nolded in air with a conpression pressure

of abouthdprééeanhvaitidreR®eat 8ésesb&f andxpBihedld@feraByidind also by

120C to form magnets with diameters of about 9.72 nm .
referenvd tovihelprecegiogesamplss edadhf deseréherin dgtailihg propamptiomof the magnetic

powdstoprey s bindi BB e BT B ERE PHECHRIR alsodggronsiac
the sipRrbEBYd ¥xP6Sed PR ?@M@? 8f @b nffdnbis afd nBAGRRS FowieB P tBE present
from powder = 15 W th nom nal conposition of

inverftiiuD 02 Ipacsc@idp bLarbpley Sredtusiraing 8nlyBBd dn faag kit the@cope of the

prese\é%%nl%)eng@g 2[5[)%1'1':[{/5'? ;g%%&?é&%eﬁ@eﬁ }&fﬁ égﬁhﬁgpny modifications, both
to prof RS R&thddsdmay b Brattiedl withaid de}[?a[rﬁﬁé 8dmAthe BApodafll scope of
5.69 0.00 1.00 5704°7.05 6.71 Control 25 Pressed at
this 80&tv6. 0 5.76 0.08 1.01 5.10 7.04 6.86 This Invention
Pressed at 100C 76.5 5.80 0.11 1.02 5.13 7.05 6.94
This Invention Pressed at 120 C 77.0 5.84 0.15 1.03
5.16 7.04 7.02 This Invention As can be seen,
conpression nol ding at between 80 and 120 C i nproves
the 30 B. values by approxinmately Ito 3 %
(Br(T)Br(20) of 1.01 to 1.03 or ABr of 0.08 to 0.15
kG, when conpared to the control nagnet pressed at
20 C. As a result, slight increases in H (about 0.06
to 0.12 kCe or about 0.5 to 2% i nprovenent) and
(BHyma, (approximately | to 36 WD 2004/ 072311
PCT/ US2004/ 003288 5% nprovenent) can al so be noti ced.
Thi s denonstrates the advantages of enploying warm
conmpaction for maki ng epoxy-bonded- magnets. The
present invention has been descri bed and expl ai ned
general ly, and al so by :
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5 reference to the precedi ng exanpl es which descri be
in detail the preparation of the nagnetic powders and
woOheodporsded nmagnets of the present invention. PO®/US2004/003288
exanpl es al so denonstrate the superior and unexpected
properties of the magnets and magneti c powders of the
present invention. The precedi ng exanples are
illustrative only and in no way limt the scope of the
present invention. It will be apparent to those
Wisdtil$ Cbdmied Iscthe. art that many nodifications, both 10
to products and net hods, may be practiced w t hout
departing fromthe purpose and scope of this
|nv tlo
gLl oy migné@fe &%@%&%ﬁ@&é’,@g{epﬁg? %ﬁ a&gﬁ&%@mdﬂ‘\@ﬂkn process,
follplweﬁ) by edhdpnabanmaplick [motdseli shidoabgretic pravaesd hav1n§the composition, in
follomed by a thermal annealing process, said magnetic
atorpig REIPAL2 R4 ng the conposition, in atomc

per cent age, {H(ﬁpr ) F%bﬁggﬁf”’ X- YCo, MAT XBYy

wherein Ris a Aature m xture of Nd

and Pr atwlepsip®sisING Pr, Elﬁyllﬂdﬁil (DiditGre 2biktur@bf Hd and Pr at composition
conbi nati on thereof; R is La, Ce, Y, or a combination

of Nehabsas); OM Pamiinatiosy thewofidy & bk Cer Y, fba combingtion tyerepfs M is one or

BN 5, 0 bR B B hef plfyr Ryu 2 B,

and 4 <wherein 017, < 8h. WRE @i 13, hes PRANE0i ﬂwt«enl@i <x<5,and
exhi bits a remanence (B) val ue of from about 6.5

4 <tyo<dBoud 8.5 kG and an intrinsic coercivity (Hc) vaI ue

of from about. 6.0 kCe to abo 9.9 kCe.
magnet i ¢ HREFeiptha magnegie g?amr@lf e&smé&tse% Fﬁma@énﬁﬁ)dvalue of from about

6. 53@ fodibbhCas | k@rhnaraﬁqms%: %05}01 Agp)s%ﬁ@ﬁl)f‘@orﬂr tf6.(% lFoo?nto about

et-casting process Wt eel s ee
99adolwt 10 meter/second to about 60 rreter/second. 20 3.
The magnetic material of claim2, wherein the nom na
wheel speed is from about 15 neter/second to about 50

metes/ se I I

T T
melpiningar getebabtingalyoctss Whrmtcﬁﬁlbsleﬁlmeﬂspeed of from about 10
meter/second to about 60 meter/second.

3. The magnetic material of claim 2, wherein the nominal wheel speed is from

about 15 meter/second to about 50 meter/second.

4. The magnetic material of claim 2, wherein the nominal wheel speed is from

about 35 meter/second to about 45 meter/second.

5. The magnetic material of claim 2, wherein an actual wheel speed is within

plus or minus 0.5%, 1.0%, 5.0%, 10%, 15%, 20%, 25% or 30% of the nominal wheel speed.

6. The magnetic material of claim 2, wherein the nominal wheel speed is an
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5. The magnetic material of claim2, wherein an actual
wheel speed is within plus or mnus 0.5% 1.0%

w6 20040188 15% 20% 25% or 30% of the nom nal wheel/Uus2004/003288
speed. 30 6. The magnetic material of claim 2,
wherei n the nom nal wheel speed is an 38 WO
2004/ 072311 PCT/ US2004/ 003288 opti mum wheel speed of
produci ng the magnetic material by the rapid
solidification process, - followed by the therm

optu@ﬁﬂﬁﬁlﬁden §heldl 6€FIucing tHEhﬁagfﬁgﬂ eitaterialray eei rapidablidifidhtion process,
1, wherein the thermal annealing process is at 5 a :

- followendpwrthe theanslangealial Pagssét 300 C to about 800 C for

about 0.5 to about 120 m nutes. 8. The magnetic

material of claim7, wherein the thermal annealing

progess Tke Mhgnedic n@ABEI JF blabn 1 pRHeredf thabieinalbOedlirigdrocess is at
about 700 C for about 2 to about 10 minutes. 10 9. The

a tempeyaerd rengraefabiont 3Q8F ° & taaghent 800rHe fer abom 9.8 taboutd20 giinutes.
a conbination thereof and T is A, M, or a
conbi nation thereof. 10. The magnetic material of
clagm 9, THhREEhdtic Mdtsriad of 813t T, WherBln thd $helhal dfd@aling process is at
magnetic material of claimal, wherein 0.2 < a< 0.6,

a teriPeratararange df3aboot 609 IC tcxabo;ut)?OQ) @ fer aheu? B gbouk10 minutes.
5,and4_y<_ 10. 12. The nmgnetic material of claim 11,
mhereln 0.25 < a < 0.5 11 <u~< 12, 0 <v 5

V"Tﬁe_&aggetw%naﬁendl_o)f clirft15whafeth R is 'ZJ:,YN 5.%r%: co?x@)matlon

13 The magnefic material of ciaim 12, wherein 0.3
ther€of4Bd T1i§ A3, Mn, or a conilfinatjonGhereof.v < 2.5, 0.3 < w _<

0.6, 3 <x<_ 4, and 5.7 <y <_ 6.1. 14. The

magnetic material of claim1, wherein 0.01 a <_ 0.1

and;§.1 ¢ gae 218321 b7 c1aFD, WRGRRE MrisTRlbga Tak A9f

cIa|n11 In e magnetic material exhibits a Br

val ue of fron1about 7.0 kG to about 8.0 kG and,

i ndependently, an H;, val ue_ of fr%WIabout

abodt- @hm@gn%@ W@@@iﬁm& Pfew%%fom/%égesﬁsw 13,0sv<

The netl of claim 15, wherein the
10, é’gggnvé'tsl terT al mﬁg s ‘a Br value of from about

7.2 kG to about 7.8 kG and, i ndependently, an H,;
val ue of from about
12. The magnetic material of claim 11, wherein 0.25 <a<05,11<u<12,0<v

<5,02<w<0.7,25<x<45and5<y<6.5.

13. The magnetic material of claim 12, wherein 0.3 <a<0.45,11.3 <u<11.7,0
<v<2503<w<06,3<x<4,and57<y<6.1.

14.  The magnetic material of claim 1, wherein 0.0l <a<0.1and 0.1 <x< 1.

15.  The magnetic material of claim 1, wherein the magnetic material exhibits a B,
value of from about 7.0 kG to about 8.0 kG and, independently, an H; value of from about 6.5
kOe to about 9.9 kOe.
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6.7 kOe to about 7.3 kCe. 5 17. The nagnetic materi al

of claim 15, wherein the nagnetic material exhibits a
wo2o0aesz1 of from about Br val ue of from abouPCT82006003288

to about 8.3 kG and, independently, an H 8.5 kCe to

about 9.5 kOe. 18. The magnetic material of claim1,

wherein the material exhibits a near 10 stoichionetric

Nd2Fel4B type singl e-phase mcrostructure, as

determined by X-Ray diffraction. 19. The magnetl c

mat gg.i al TR mabdtidindaterid OF Eliafin 1 B awli@félﬂrth@fnaﬁﬁeﬁlcﬁﬁatétﬁaﬂ|exh1b1ts a
grain sizes ranging fromabout 1 nmto about 80 nm

B, vdlge ghiromiabontalh &6 te aheutdh§ & aod, infienendamly, ¢mBy eplveoh&om about
terial crystal grain sizes ranging from about
6.7 Wrﬁbf’BtJﬂgﬁ & 20 nm 21. A bonded nagnet conprising a
magnetic material and a bondi ng agent, said mnagnetic
mat eri al 'having been prepared by a rapid
5 sol 13i f i The inegngticacatersal of olaimwéowhsreia the magestieghaterial exhibits a

B V%S glgr rlrrlﬁga(l_y to’fgig}[tB%S@% ﬁg@%ﬁb;ﬂa t erén 1y, ¥II r{lglue o% from about

351&5{;{06;{3'0@9@5@(@30 u- W X- YCOXWI XBy V\,herel n Ris Nd, Pr,
dym um (a nature m xture of Nd and Pr at conp05|t|on ‘

of Ndo. 75Pro. 25), or a conbination thereof; R is La,
Mis,one

Cor i Ok 2SR N2 LN TRELeql M5 20 e 28 B TEY S

10 stou%ﬁ%rﬁetg.g g\ﬂ M‘tyfgérggﬁgﬂ?d& glé&?ﬁgﬁd}i Oag Qi%terréunxed i)y 5X Rg}r/] ((jhffractlon.

4sy<_ 1 and wherein the rmgnetl c material exhibits a
rerranence (B) val.ue of fr u 40 WO 2004/ 07231 .
PCTAUS200dreobanstc mgtasiak @P‘f go‘ﬁl@ereméhmafﬂil&{ bas CWS%al grain S1zes
']Hﬁ d—ln;éal ue of from about 6.0 kCe to
ran&ﬁ'gﬂfﬁbg%lﬁq%ﬂ tl'% onded magnet of claim 21,
V\,her ein the bondi ng agent is epoxy, 5 pol yam de

(nylon), pol yphenyl ene sul f| de (PPS), o
15 crydPal | Themengieapaicriamy clasp 19cheicHs e GHOeTah Bpsesystal grain sizes

‘an%&‘im’?ur q%qmmaoggﬂl%{lt@énﬁ! aim 22, wherein the bonding

er conprises

21. A bonded magnet comprising a magnetic material and a bonding agent, said
magnetic material having been prepared by a rapid solidification process, followed by a
20 thermal annealing process, said magnetic material having the composition, in atomic
percentage, of
R R')Fe100uvwxyCOMT,By
wherein R is Nd, Pr, Didymium (a nature mixture of Nd and Pr at composition
of Nd, ;5Pr,,5), or 2 combination thereof; R' is La, Ce, Y, or a combination thereof; M is one
25  ormore of Zr, Nb, Ti, Cr, V, Mo, W, and Hf; and T is one or more of Al, Mn, Cu, and Si,
wherein0.01 <a2<0.8,7<u<13,0sv<20,001l<w<1,01<x<5,and
4<yx<12,and

wherein the magnetic material exhibits a remanence (B,) value of from about
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one or nore additives selected froma high nolecul ar
wei ght nmulti-functional fatty acid ester, 10 stearic
weaeim/o7dr oxy stearic acid, a high nol ecul ar weirgist004/003288
conples ester, a long chain ester of pentaerythritol,
pal mtic acid, a polyethylene based | ubricant
concentrate, an ester of nontanic acid, a partly
saponi fied ester of nontanic acid, a polyolefin wax, a
fatty bis-amde, a fatty acid secondary am de, a
6.5 R0 (BOATNRG antl tah ilttighic coavitg@HL pdlue af fimhabout 6.0 kOe to about
anhydride, a glycidyl-functional acrylic hardener,
9.9k%0¢c stearate, and a polymeric plasticizer. 15 24. The
bonded magnet of claim 23, wherein the magnet
conprises, by weight, fromabout 1%to about 5% epoxy

and24 r onTidedtide® nfibfietto? caixaztl, Ahekk the bondihg agat:  epoxy,
25. The bonded magnet of claim 24, wherein the nagnet

t : g
polyiarsida (pdemepeivehepylene sylfide (BRI, vlquid gaystalkine rlymeidkCP), or
qgo t 0.2 t% about 10. 26. The bonded magnet of claim
comnatigns Areol no " rmgnet exhibit a flux-aging | oss of
| ess than about 6.0% when aged at 100 C for 100 hours.
25 27. The bonded nagnet of claim21, wherein the )
magddt | Therbetuled ynagoeimfetaiing?, whetet g bonding agens further comprises

ond b RapnBRes weisantom S8R REuR AR ey R boid este,

stedlo aci) B @loRy LREETRANE! hibB niHAta1R Y SRR RB Rk @Kter, ADbEH dMgin ester of
at a tenperature ranges of 40C to 200C. 41 WO

perR@Dh®2 JRImBCHCIIS2 PO BYBRE Bascd Jubrivankedreentedie, wakbiayof
TR AN ST KN —
a fétﬁeécﬁnge#orﬁﬁlwghi&e; a P50 MInRY with KigRkrdhy ccﬁ@éﬂit,ﬁ/ﬁl}ﬂ'eﬂﬂanhydride, a

to ‘obtain a magnetic powder; therm
glyaidyk filnctiond heyhwbardener, povstearatat aml 4 potpeeat plasticizange
of about 350 C to about 800 C for about 0.5 mnutes
to about 120 m nutes; wherein Ris Nd, Pr, Ddymum(a

natyge m f 1R Rietrh et &mprises, by weight
T A %, OB gy v

froify about Bocoaboutdts epoxtyraad dmin abduit §.0d Pieto aboud.Odbrzencodtearate.
Zr, Nb, Ti, C, V, Mo, W and H; and T is one or nore
of Al, WMh, Cu, and Si, wherein 0.01 : a< 0.8, 7<

u: 1233 ’ Yt b¥ndedInadheldr Tt 34, wheleif the mameP A a phfm¥ince

12, an
coefficient or load line of from about 0.2 to about 10.

26.  The bonded magnet of claim 25, wherein the magnet exhibit a flux-aging loss
of less than about 6.0% when aged at 100 °C for 100 hours.

27.  The bonded magnet of claim 21, wherein the magnet is made by compression

molding, injection molding, calendering, extrusion, screen printing, or a combination thereof.

28.  The bonded magnet of claim 27, wherein the magnet is made by compression

molding at a temperature ranges of 40°C to 200°C.
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wherein the magnetic material exhibits a remanence (B)
val ue of fromabout 6.5 kG to about 8.5 kG and an
wonooinsiic coercivity (H,;) value of from abourPC®U82000803288
to about 15 9.9 kCe. 30. The nethod of claim 29,
wherein the rapidly solidifying conprises a nelt-
spinning or jet-casting process at a nom nal whee
speed of from about 10 neter/second to about 60
net er/ second. 20 31. The nethod of claim 30, wherein
the nom nal wheel speed is fromabout 35 neter/second
to about 45 neter/second. 32, The nethod of claim 31,
wheéd%i n Ametldefimaltiest megels MaleyphoRMPrSIngs or 25

mnus 0.5%.1.0%05, 0% 10% 15% 20% 25% 9
nomi nal U aééﬁég‘&‘?&’%%s.lﬁgr 5 crrlg“té ‘R%‘go/%,]ﬁ h 3 Ebgllﬁ%n%%%%ﬁgge’ of
wherein the nryipglreyheel cp@@driBs an optimum wheel
speed used in producing tRe mag.nefyi c material by the
rapi d soipidiy jodidifying the wek ¢ obtaingt wagkeic PWdre t her mal
anneal | nt%er%ﬂa?lc}:lea%géali‘;rlzg the magnetic powder at a temperature range of about 350
°C to about 800 °C for about 0.5 minutes to about 120 minutes;
wherein R is Nd, Pr, Didymium (a nature mixture of Nd and Pr at composition
of Nd,45P1,,5), Or a combination thereof; R'is La, Ce, Y, ora combination thereof; M is one
or more of Zr, Nb, Ti, Cr, V, Mo, W, and Hf;, and T is one or more of Al, Mn, Cu, and Si,
wherein 0.01 <2< 0.8,7<u<13,0<v<20,00l <wx<1,01<x<5,and
4<y<12,and
wherein the magnetic material exhibits a remanence (B,) value of from about

6.5 kG to about 8.5 kG and an intrinsic coercivity (H;) value of from about 6.0 kOe to about
9.9 kOe.

30.  The method of claim 29, wherein the rapidly solidifying comprises a melt-
spinning or jet-casting process at a nominal wheel speed of from about 10 meter/second to

about 60 meter/second.

31.  The method of claim 30, wherein the nominal wheel speed is from about 35

meter/second to about 45 meter/second.

32.  The method of claim 31, wherein an actual wheel speed is within plus or

minus 0.5%, 1.0%, 5.0%, 10%, 15%, 20%, 25% or 30% of the nominal wheel speed.
' 33.  The method of claim 32, wherein the nominal wheel speed is an optimum

wheel speed used in producing the magnetic material by the rapid solidification process,

followed by the thermal annealing process.
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