10

15

20

25

30

WD: 2004/ 072311 PCT/ US2004/ 003288 HI GHLY QUENCHABLE

Fe- BASED RARE/EARTH MATERI ALS FOR FERRI TE,REPLACEMENT

5 FIELD OF THE I'NVENTI ON The present invention rel ates

WORBM7EHIly quenchabl e Fe-based rare earth nmadER/US2004/003288

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 nmagnetic materials nade froma rapid

solidificati on HIGIEEY M@W%.ME]}N wheel
speed RARIDWARPH NIJFFEI@ﬁ@E'S 'rQ)IE? k

Nd- Fe-B type naterials.
i nvention relates to |sotrop|c Nd Fe-B type magneti c
materials wwth remanence (B,) and intrinsic

coercivity (H) val 0 0.to 85 kG and

6.5 to 9.9 15 kCe, F{igi‘%w@g}ﬁg&]‘g{zN%gmtenperature

The invention also relates to bonded magnets nade

from t he Hegypresant inygaiden eglates tatiighly gnenchalile £b+basmare earth
m?égeﬁg %na'i&?alsaﬁlgmare gFI ?gztﬂaid S(ga L OEB)SCIGESt & xhlblt good

es I'n nmany
coldBBATEs@nc2intl HimaPiehiNe?2 FERABvdntos oflEdh e%@é&"'isotro ic Nd-Fe-B
mat eri al s have been used for nmaking bonde%l gj
ednaﬁmy ry@gmaj,s mafle frooghrapdd s ttlifisatipp prd@emmh Etmgcﬁmﬁoptmal
lications., their

e 8ol B Bl e ot PO refnioh S bt vterats
Mmcége&ﬁempmeaabémh%ﬁtagtt@ ;s%qofﬁ% d-FEB éﬁé %aafg iaterials with

ferrites). One of the neans d| ver

rergatmee Ry amh etrpe ccammmHg)‘ Mma@f&amema domrﬁds #G and 6.5 t0 9.9
a I ncreasin . market is to expand into

K EREh iR ariaptr ERppREse dhe m‘@nw e elpip bonded magnets
mad! fFth PG ot i §5h1

bonded Nd2Fet 418 type gr;rg’g%g%gre rec Or\rlaeﬁpt E&E&?‘me(’fmagnets
magieifeon soybéred firntes irexhafig applicatiomgnet s with i sotropic
. bonded Nd2Fel4B-type bonded magnets woul d offer at

| east three advantages: (1) cost 30 saving in

manuf act uri ng, ﬁgtﬁﬁbqjmgﬁ{;S ﬂﬁ?ﬁ%ﬁ f(f’ﬁtrOp' c

bonded I\Id2Fe14B magnet s nor e versatl le

magnet i zi t he bonded nmagnets, which

al | ow forlgogt ﬁgé}n @p F&%‘ilﬁ%wgmaf %rlbad*eé)eﬁ%ﬁé@dfwmahﬂg
b ﬂ@b’ﬂﬁﬂl td §oR S

o SRR YeRES AdBolgh Nrd Al e{é’&g r{)@%&fd EH 418 fopnd in

tenperaflire sintering a nt erée
ma‘ne';cpmr@edgs @pplimatipng (ﬂmsmmjcct size is still much smaller than that of magnets

' made from amsoimplc sintered ferrites (or ceramic femtes) One of the means for

' dlvemlfjnng and enhancing the applications of Nd Fe1 +B-type bonded magnets and
mcreasmg their market is to expand into the fraditional ferrite segments by replacmg
anisotropic sintered ferrite magnets with isotropic bonded Nd }E“eI B-type magnets.

Direct replaccment of anisotropic sintered ferrite magnets with i 1sotroplc
bonded NszeMB-type bonded magnets would offer at least three advantages: (1) cost ’
sawng in manufactunng, (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,FeB type magnets do not require | grain

aligning or high temperature sintering as required for sintered ferrites, so the processing
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I WD 2004/ 072311 PCT/ US2004/ 003288 and manufacturing
costs can be drastically reduced. The near net shape

WO'%@M}IHW of isotropic bonded Nd2Fel4B bon

magnets al so represents a cost savings advanta LU 003288
conpared to the slicing, grinding, and machini ng

required for anisotropic sintered ferrites. The

hi gher B, values (typically 5 to 6 kG for bonded NdFeB
magnets, as conpared to 3.5 5 to 4.5 kG for

PRl G R b0 SR e oo o
isHRGHE bSudANEPIPR bR AsorrepiesBnts QboRRhAREY AR Stage when

fenites) of “isotropic FeldB-type bonded maghets
caappoediol thevslicangngriedengeargymedifiniop eequined doeanddotropizgiretrsd ferrites.

et SRS PR B R R 25

toW?EG%iy&ﬁfmm&d%ﬂﬁg%in& . e%ﬂ@ésg%@c%ﬁg?'tgg MGOe for
magneti zing 10 patterns for expld™ ng potenti new
isetpgpic bavided NadFeBansged, @s dornpartd teepioad. 8 GO (0f anisotropic ferrites)
fani sotropic sint eged ferrites, however, the isotropic
olstEnpe NedicePalyRnondedanagusisieloalionssi? mojeenergy efficient usage of

terl stk 19B ials .
mARAF RV LR i AL 1B PIRERA SRS s,
the dsotregic riahge o ENdJFeBCtype Bbadddi mametusihbles niops fit:dWR hil@etizing

costs., Thus, the materials _nust be highly 15

pafgBdRRBIRtoTNg RAedis ReWEPPRIAEOBDI nni ng or jet casting
o  enal ot f e AP sfiehis Rt apPRRbO R ol R R owerer, the

isomepie bbidel nipREk isBSuld eRhibit cefthia sBecifill ch@Rdendidh NFor example, the
val ues, of the Nd2Fel4B materials should be readily

NedeuBrngpreals shoultbbe capablevafibsingipredurpp in ragd grntigramust the

Thereforge, the allo omposition. should allo .
ek S BrEElo S e GOV R B TS (DA SRR ustie hishly
quBnthabBNEHieY ctBnERaRpntNE od J'Qt A d teBholgHed WRhout additional

i sotropi c Nd2Fel4B-type bonded magnets shoul d exhi bit

- capgapavestnents ireenahle gl Hirbughput plednctivanpilse dhe mapivdic pobperties,

B R e e .
to ARG eleSvetAalY fhpaxdtidy den%ﬂ?.a"l"ﬁé}l:ﬁréth@élﬁ)g)térognﬁaiogition should allow

characteristics conpared to that of anis
adgustatde ddmbats ¢ indspertdesly tontil the@ aHd, dmior duenohabiiitngIn addition,

the 35 eﬁiﬁilﬁfggggﬁ ent%%@mwﬁ% Foid %?higig:%%ﬁnﬁgr%%hml stability

whi ch ‘make thi s usua

- whRén &Rk t%-tﬁét?f t%:;{ééﬁrg#lg Sg%érvﬁde fetritt Qe %iﬁ‘ﬁﬁfg %’%ﬁe@/ temperature

y sul

rapgess Glor exringple; the esoadpicdrontit Ema gt adeubhé:hibil bempirghle B, and H,,

B, - val.ues could saturate the nagnetic circuit and

ChEREIEISP FeCRA ele, thatf npsp EORIA STfRged frarites at 80 to 100 °C and low

flux aging losses.

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,
vatues 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 prgbl em bonded magnet 2 WD 2004/ 072311
PCT/ US2004/ 003288 manuf act urers have usuél ly used a

WAt Het i ¢ powder, such as Cu*or A, to di | REBUS084/003288

concentration of magnetic powder and to bring the B,

values to the desired | evels. However, this

represents an additional step in nagnet manufacturi-ng

process and thus adds costs to the finished magnets.

5 The high H val ues, especially those higher than 10
mpmafacturerchpvgaualbised aMgRfBaBlic ppadapnubas thgnetisto dilute the

t t t
Bl 3T Pl o B B R o B St
H@ﬁveb&stmstr’@ﬁﬁéséhts":‘ark@im@naﬂ@&[ﬂ‘?ﬁ AL, md‘nhﬁicgld’x‘ﬂ ﬁo&@s‘:ﬁd thus

magni tude of 8 kGe is sufficient to T ul
addseostatpibe finishedevdguets.  However, thi s rragnetl zi ng

field ful
convent ; oR Ligh Haiohe L%ppéﬁab% PGP b oo rhigneaationa

. NigFel BasBRIdRd he) 131§ ahswlptr%‘éﬂ F)H’Jblléﬁl fm%tehfﬁ%n As

the “advant ages o
mostrangsotropin aintéred femms @xhﬂbﬁ&é}ﬁﬁlesbﬂmebe thamehHROe C:ﬁﬁhaéﬁ&tlzmg

R TR N N
I
R e R A T

NifFej B tfmcisbdlirdpie bondBdiisagnkis B8 peso@bl: lehél\%\/e‘&‘ﬁfhouﬂﬁﬁﬁg AQly
take fuII advant age_of the hlﬁgh Hd val ue potential.

ZedriierrbaBiRess offtughar 8. opHarehigs 9%@qmemyglp1 isalwepic Nd,Fe, B
B PG e O b DB SRS once

. magiee maahSomberh hgheiscdpg AakishaPR %ﬁ&xr FRNGRues O VRS a full

15

20

25

many, of the attenmpted efforts ave dealt only with
magidzaiongistiedbe mngnetiging viseriheusrenily Aerilablens @@m@crhnes This

wrpRE I S0 LRt O ARSEREE. vl pori
C ai ms  t Haany fiBprokemhehs @Q’hfﬂltyspﬁﬁh@' tscHofPydRSe also been
per manent magnet material exhibiting high  coercive

| docgpeated i gnteod Sregpicpesioebire of NjifiouBetypagrtiiaksniao rattempt to

t%]lg I?na‘f%?]{gfé lﬁghér%ﬂ@g n%ﬁf@ozﬁ‘?&g\? Slgﬁx%x?erf ﬁéﬂﬁ@g Alsmpted efforts
have ﬂemomyt;m gPERIl Prode M A ingREveRintd @itﬂ&lttfﬂ&s%‘ﬁncég\éaﬁc

force through high tenperatures for a long t
maggfiply étl‘b' ﬂl;/aprélcatlom;d dior iewarsplehuie Patent 6t £02%,93Mo Yajima et al.
refr ory al - bori des an rra decrease the

Clyfip{ &5 St o e e e exhibiting high

' co@i«tﬁ’f@ﬁﬁsegh@l%n r@cﬁﬁt i d uﬁ%x?d’gi{ rﬁf%'hgjn, l: Gsibiffesistance,

be careful I'y controlled a

- andistablggresfprmance. The patent clalms that the addltlon 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 can be carefully controlied and uniformly dispersed throughout

 the materials to enable exchange coupling to occur. Further, the inclusion of refractory

metals i alloy composition, as disclosed in the Yajima patent may actually narrow the
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the materials to enabl e exchange coupling to occur.
Further, the inclusion of refractory netals in alloy

wATPe 'hi on, as disclosed in the Yajim pat enﬁc%éfm(mmoszss

actualTy narrow the 3 WD 2004/072311

PCT/ US2004/ 003288 opti mal wheel speed w ndow for -
achi eving high performance powders. U. S. Patent No.
4,765,848 to Mohri et al. clainms that the
incorporation of La and/or Ce in rarée earth based

|t R _mat.erd als 1ed s erial cost, wever ,
Pl SRR Bl b BB e RS s
sacrifi ci ngsnpgagiNgG ARISIFABTBMhri M QMY thitMhSinSorporation of
pat ent- does not discl ose ways in which the

Lguadion&siin rary egth basied nuhiapup naterraboredugrayndierial cost. However, the
{,mpr.oved.. U.S. Pat ent . 4,402,770 and 4,409, 04 0 .
U TR CHOBATooh & GOIVER B sick e PRRmans REHERnCE pMipreover, this

' pRehfdds REEGHEISY WaysHRWANE the GHERBARRHES Meld SptYrecursors may be

di scl ose how to use La to control the nmagnetic
ippoyyed.t Uds Patemirdloy. 4,402, BJ0 auddt, 409,043a0 Jasn disclekeshe et of La for

PrHE ) RangETE S WeSinape, Biovere Aese RASHS 4o By gy how (o
RREE WLl Broghaes Slam PV e g Bl g vels.

0. 02 < w 4J.3. Batent§or. 6478, 8M ao pesifdaimgnikd ted ngeaif@i2abd.5 at% of
conposed of hard and soft maglgleti c _phases. The gatent,

A dnay elloy wih sopenal gpmppgiten ehR(FaafPousciBphlks woere A1 < x < 9.0,
addition, .e.g., on .t phas tructure and.on the .
P b o R A% 505 e LB e e o Bpanea of pigprials
cBIPEEI hardlahd VoR @b phastEEFhJPABR; hWe¥RHdes not discl
3%1:92964- 5866 (ZSOZT%eepgr%ss thaff‘ﬁa grooved wheel tsclose the
vaiibls iograeind fcA lcalditiong e gg pnitinppiose stnivdurragd ehitlee wetting behavior
%r,oger ies of nelt spun mat erials. This clained '

GUHPE B rf’BH’cn,m%‘Ef\dé'ﬁ/‘?é‘ls,‘flg VEF9Es a nodification of

current j ; &gt PAER R NElg - >
t her ef or ee“#liré11 uns Og%gg_éq&mﬁ%ggge'g?g{ ??1%6 @2%’ gajtogrs éhat a
giawiet] mthieelswitivberamiesqatinh eaminpiroec the i gn eid gropssies ofielelt spun

spi nni ng .processes using relatively_ 20 hi gh wheel .
@aﬁwﬁ% . 1gfr1ﬁ cRUBFOURRIPY IR RQRVED AValvsne P difigin efisagent jet

'cﬁﬁﬁggegislﬁmﬁy Qxlldé ?1}05&93 dz?ﬁf.t lﬁ@l@ko?? Egﬁﬁ{ﬁ? 1 for%?séﬁsﬁﬁg manufacture

pro nore I cul o contr and | ncreases

fanilitidsn @vioremedr, thERepOhol enly biidkessel fehisplnig proeeksésQising relatively
Isotropic Nd-Fe-B type magnetic materials wth

bigh wheol epsedpi Bre modisitpngituaten, bewewgidhigh nitisel speed igowually
. O8] I ne 25 and thergmal., stability.. There .

FREARL BRI A S ron R s LAY gt incEAS machine
waaenchability, e.g., during rapid solidification

processes, such that t he?/ are suitable for replacenent

of 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.



ani sotropic sintered ferrites in many applications. 4
WO 2004/072311(PCT|U82004/003288 SUMMARY OF THE
| NVENTI ON Di scl.osed are RE-TM B-type nagndtlc
W0&PT23k6 that can be made by rapid solidifi eatius004/003283
process and bonded magnets produced fromthe magnetic
materials. The magnetic materials disclosed nay
exhibit relatively high B, and H,; values and good
corrosion resistance and thermal stability. The
materials may al so have good quenchability, e.g..
during rapid sol i GUMYBARINOF PHESEECENTHEN qual ities
of the materials make them:- suitable for repl acenent
of anisotropic sintered ferrites in many applications.
In a first aspect, there is provided a nmagnetic
mat eri al havi ng been prepared by a rapid
solidification process, followed by a thernal

anngal aid magnetic material having the
Con% gs lotS \g%ﬁ O&[gs@l'%'rwp@ ’B%Gf@éﬁﬂﬁé@'aiaiftat(qan bg rRade) by rapid
SOllﬂé'é(;(amrocd;sxs)eny GOnchTmBynetél\ﬁ%Ejeééa fF@JOrln iFlfe rhgbneP & materials. The
r.e and Pr
e Tt 2 BB SLEEY RettbiisPuoly SER . b P velummanbasash
cor f%@"éeﬂstaﬁbe argl tharmalstabiffty. The &aa@eﬁm :ﬁést alg@hzs\laeego%e |Eifuehéhabmty,

e.gl &urﬁ‘@%;ﬁ& sggf fg:raf?énﬂ)ceﬁs'e\gﬂhe% queaﬂges gfntg/b gateW@lﬁ,t'hem

 suitgblg forseplacemen oBanigatuplcsinteredSatitesn fhbnyapdlicatibnk, <x55,

25

an dn%ﬁﬁ&]a%pe&'\ﬂer‘mg Fr%\/ﬁeP gﬁn%%r%ﬁ tgﬁfeng]a@aet I %e&ﬁg)géﬁ%rédsby a

g remanence ue o
rapig sgligigsatiapy proggss,, mllpwg@ by a ¢lvwmai amrtesallr(g-ﬁﬂiae%&hldﬂnéﬁnetlc material

havingane &’ﬂﬁbﬁsrtﬁmofn%& ﬁ{égfe,f?f RH, 9 q%?éé,gy%% {.]Ic By, wherein R

he rap |
is Nt%h = %&PE p ? P%W’Qjﬂ'xflﬁ%ohﬁi@ Aead Pcatm(:@nmtmitroofof it Nd, 75Pro 5,),
or aoatbiritioh (EPSHFi RNs LS G% Weblt a §&h§%t¥&ftﬂéreble kl s%ﬁ%t@r More of Zr,

at_a nom nal _wheel spee rom a
Nb, ﬁi%&fﬁi\ée I dandHE gadiT iseneoy meeaf Ad Moy, akbiSe wherein 0.01 < a <
0.8, 7re¢ kfiscaklys no, d i oyt 15
met er / second< 2(2 Ig%gboﬂu@(? 1V\Q?er I §§§§WJ§1% H]d'fqﬁé?m the
magosliempledakanbikits aeamananse (R walle sl absutfaHKG ababbiut 83KG and

an Rt SR PO ool 810 5By A LG0T Y. The

actual wheel speed is wt us or 8 5%
1.0% 5.0% 10% 15% 20% 25% or 30@6of t he nom nal whee
speed and that the nom nal wheel speed is an optinmum
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

In a specific embodiment, the rapid solidification process used for the
preparation of the magnetic material of the present invention is a melt-spinning or jet-
casting process at a nominal wheel speed of from about 10 meter/second to about 60
meter/second. More speciﬁcaﬂy,' 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 metex/second to about 45 meter/second. Preferably, the actual wheel speed is within
plus or minus 0.5%, 1.0%, 15.0%, 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

30 magnetic material by the rapid solidification process, followed by the thermal anneating
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process.. In yet another enbodi nent, the thernal
anneal i ng process used for the preparation of the
l.c, material of the present invention is

“Kggﬁggﬁgghre range of about 600 C to about 7063%y€%wwumnmw

about 2 to about 10 m nutes. In specific enbodi nents

of the present invention, Mis selected fromZr, 5

Nb, or a conbination thereof and T is selected from

Al, M1, or a conbination thereof. Mre specifically,
prdlesS H R Qn&héxsenfﬂodﬁbﬁ& SR %m%ﬂﬂghg&é@ﬁs%ﬁ'féﬂ the

wherein the values for a, u, v, wW X, y are
prepulgpandeht magnarahatetiakbsf the grdsaltlinwintibn fs 4tRetemperatire range of

foll :
abgUAR gJ s %@?@@%&Qﬂ‘@ 24g alentd Omigtes. and4<y<10.
10 O h -1 i de: .- . 0.5
10 C10°" JRRpeGliy cfBBRTES BFtEY oot ifventiof, F.8 sRicorbd ffom 21,

N oy s@Gombéaittion thereof and T is selected from Al, Mn, or a combination thereof.
0. 3sas0. 45, 11, 3<ucll. 7,05vc2.5,0.3c_w0.6,3 c_ x s 4,
Manggnecificallyy M i 45 apd T 15 Ahot her  speci fi ¢ embodi ment,
t BRcbabdSss il are as follows: 0.01 <a<0.land
0. 1Csx C fq qn%t’cgﬁlg% gr%@%%ait%nt of the present

vaiuly &5¥td, v, Wwhe anegnaes ir&leE@d&ht & cadl? P bl £a31 RitBin the following
value of fromabout 7.0 kG to about 8.5 kG and Hl
ranggbib?2 ofa € Ddmlbbouk 18, 9 < kRelQ,0.labout 08,2 KO 5,and 4 < y < 10.
ecifically, the magnetic material exhibits a B,
Oty speeifie esHinclis 026 3 A0t 1ABOUE 12: 8 HG 3@ < W < 07,25 <

« BRI Lo R e L HOED 3 80w 06,3
< fém’ bhd §.75< B.< 68 YEaRithéy! s‘ﬂ&iﬁg% boain?e ,ktﬁ‘e'i!Qlkljﬁp Sf'g.a.éd 2 are as

and, indépendently, an"H value o rom about

folkd®es: 0D labaut 0.9.ahd 020« kQey. Ot her specific enbodi nents
of the present invention include that the material _
exhi bi t s I8 2pather enbedimenhef e presePHayationy the magnetic material

o7 3 PSS BT SRhE YL sk S00 BE e A Eapout
kOeangbag 9.9 ROe. 8p&ifically) Md Padid imALid) BxRibits a B, value of from
specifically, fromabout 10 nmto about 40 nm 25 In a

abewt JohkGde gbeut 7.8 kGraadj indppendentlyl an Hypvaleclofifigmedbout 6.7 kOe to

C i Sin etjc material and .a. bonding agent,
oG L BRI, o SR e BT B 29 g ghouc 7.
kG8labiif 8 SR 81, ﬁ{d@ﬁ&&&am%,aoéﬂ BYeHb¥%e ﬁ‘oﬁﬂfﬂo‘ﬁ?hﬁ kO to about 9.5

anneal i ng process, sal gnetic material has e
kOgonposition, in atonmc 6

Other specific embodiments of the present invention include 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 oz, specifically, from about 10 nm to about 40 nm.

In a second aspect, there is provided 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 thermal annealing process, said magnetic material has
the composition, in atomic .
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WD 2004/ 072311 PCT/ US2004/ 003288 percentage, of
(R,,R”a)"Feng , X_YCo MIT Br wherein Ris Nd, Pr,
Di dymium (a n ture m xture of Nd and Pr e(t

wWOocapoEB1l on of Ndo. 75Pr 025), or a conbi nati-on picraraef400328s
R is La, Ce, Y, or a conbination thereof; Mis one -
or nore of Zr, Nb, Ti, C, V, Mo, W and H; and T 1is
one or nore of Al, M, Cu.andSi.,wherein 0.01 < a<0. 8,
7<u<_13,0sv<_20,0.01 w< 1, 0.1 < x< 5, and 4:9 y< 12
, and wherein the magnetic material exhibits a

' p¢remtng¢; of (R(Bt).Feahlig.. ngotMg'ﬁ;E@bwhtreﬁx B iK08d} Pr, @lidythium (a nature
val ue of from

%ﬁd intrinsjc coercivity (H) .
MG O SRERT G ORRORAI09 28 NP, B bUPBBRRgR herdors R is La, Ce,
1
Y%ﬁf;&’g%ﬂﬁﬁ%go@ gﬁg%%rlgﬂnlgggglgfﬁ{& rk ?Eglgw T l,ﬁ?ﬂqﬁlﬁg}[&%, fha Hf and T
crystalline polyner (LCP), or conbinations thereof.
is|qmeamutokeomp®m fOuCam‘TBDdWﬁatetnO bhe abangi Mg uageNb < v <20,0.01 <

hﬁ es on m?]e zhﬁdltlves sel ected from
o8t 4 Yot gnEndbere (e aracorls meterelexdibitg a remanence
(Ba)&tame ofﬁ‘b&ﬁdboﬂt 6.8&ko AbYT 23 KGHRE ANliktridGd Sberdvil) @) value of from
Li? th %tbtg §an es ester, a long chain ester
pen O}ﬂﬂ AP E Pritic acid, a polyethylene based
“lubricant concentrate, an ester of 15 nontanic acid, a
partly saponified. r of no n| acid, :a p olefln
wax, a fatl Y DiP ?‘ﬁgﬁ“ﬁ’é’d‘“ﬁe‘ﬁaf g @%@dﬁ&ﬁ?’ﬁiaﬁxyé@l €
1 P&gﬁtﬁﬂ h
(0§ 0919 . ?l@ﬁé syhlD FPT;ES a i‘hmMaCﬁF Polyﬁxeir?é > e}} or combinations

anhy gl yci dy uhct 1 onal

therent B mnﬂm epecafiicierabpdiment ithe bpddisg bgdnt ﬁtrtheﬁ:hmpnses one or more
i nvention include

ecifi od| nt.s of t he present
‘ dt%lﬁtgfests,ﬁ fe a ght pulifungtiogak fatty pejghester, stearic

ac A rob P ARG a %@ﬁg@e&éugﬁ eghg gb@g% tg%teg Q 1911 Ok 11t1 ster of

about 0.05% zi nc’ st
peatgpeythetigehaitef 4did; iagntythylbaabhsed nﬂm&ntfdoaeexﬂfwtantést%r of
to about 10; that the magnet exhibit a fl ux- agmng | oss
mgptanicacid, apgrlntponitied @%ewnémoa@@w md BQOIElen wag(n fatty bis-

P B Y8 RO R BOR el AR T P hsogient, a matei

anhgdide) a@ydidj'lffﬁnctﬁfnaﬁacr?ﬂéfhbﬁ@ﬁéroﬂn& bRhRe, an&ﬁ‘il)oyﬁ?énc plasticizer.
the nmagnet is nade by conpression nolding at a

t enper at uPéher m@c ehbadimants Qﬁb@prdsmtanvdntnod m@ip&:ﬁ],at the

boli}gi e?nagpefo ! gr\é:'r?%%::j ?Nﬁ‘éel llg}r ﬁ:p to%aﬂnlggggl B9y Ard from about

0.6PARO SbbiXN05%
(R SbOTR0 % i g hﬁ@@g&e‘% fiagngt has 2 pormeance coofficient

| ortlmai lin¢ of from abbum P taabag i€ ttat thewtagnet extdbit laeﬂufa@ug loss of less

eal. i petjc powder at a tenperature 7
out Gr}%ﬁ Wi en aggd at 100 for 100 hours; that the magnet is made by

compressmn moldmg, injection moldmg, calendermg, extrusion, screen printing, or a

. combmatlon thereof and that the magnet is made by compression molding at a

2

‘ t_emperature Tanges of 40°C to 200° C.
In a third aspect, there is provided a method of making a magnetic material.
comprising forming a melt comprising the composition, in

atomic percentage, of (R; R')Fe 100 4 ury o,,M,,TxBy, rapidly solidifying the meltto
obtain a magneuc powder, and l.hermally annealing the magnetic powder at a temperature



WO 2004/ 072311 PCT/ US2004/ 003288 range of about 350 C -
to about 800 C for about 0.5 ninutes to about

wo 26buarnyies; wherein Ris Nd, Pr, Didymum (a '
m xture of Nd and Pr at conposition of Ndo. 755?@@5%@“003288
or a conbination thereof; R is La, Ce, Y, or a
conbi nation thereof, Mis one or nore of Zr, Nb, Ti,
C, V, Mo, W and H; and T is one or nore of A, M,
Cu, and-Sj -wherein .0.01 <a<_0.8, 7<u<_13, 0Osv<_ 20

B rdhgf bf sW¥ur 134b 4C ok shout 880 A5y Bt O@Qund’ﬁ&et{)%bﬁutt 1% minutes;
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magnetic material exhibits a remanence val ue of
wheem Bhobid, Br,EDﬂdﬁntuun &boeiréSm b tin® oMt am:l lPrnIt compobgtion of
Ng ll; |t téivalu of fraom about 6.0 kCe to about
e O B P BREE R hore % r?éascpgﬁlwwpé&ﬁraquwl s one
o bl 2 Fﬂ; GO WS R, AWNELd HE: %ﬁd% 6139 e of Al, Mn, Cu, and Si

j et-casting procésd at a’ nom na spee

, MRk 89114 eb/SS?QQPQ1§Q)<9QC§€'Jt 089 JWqub/%e&)?Qg ar%btigg': 12, and

specifically, the nom nal” wheel spéed i $ from abou
‘whereip theapagnetic malgsislt 45 net er / second. Pr eferably t he

ct.ual wheel d.is t hi %
ity wimenes (EEvB0} btk BBub et o shothd akedrid apatrinsi
c&pﬁeﬁy BV Ahbs 6 B @@'koM}@%o&wgge? an optimum
wheel speed of producing the magnetic mat eri al by
the rapi dIselspehific ctabodlmept dbestsp of rﬂplidiyveolxdimglﬁ)mpnses a melt-
ther mal . anneal.i n rocess. . BRI EF DESCRI PTION COF T ,
SDHERRIRRE K CAHNE B %%6&&3 ROy Xheelsmeed of iemabeuhi meter/second to

AHRE6 ﬁ{&erﬁ%y aVZMI Eﬁﬂegﬂicgiﬁ%&ﬁé ¥ SR %gel%gg%d 3 ﬁ'cim ab?ut 35

commercl a e ani Sotropl c Si ntere

mbtegfseddnd ac dbbhit 45uattefsecond NPHdTahblgf thatach@bivhedlispeed is within plus
bonded magnet of the present invention, which has
ORZBINYE §- S%;fl @%,é 0%510% k¥e. 20%25%% kOB0%miithe pomingkwheel speed

NdF f 6 | %
w062 DO heto PRl B i Sl PluPom i EEuskd og diebbing tho magnetc
mﬁ%ﬂi&%}eﬂiezrapid%hafﬁcﬁ%ﬂﬁﬁ)c@és i vledYy tBe BRINET Sindhling process.
avail abl e ani sotropic si ntered ferri te of high B, an

H. values with that of an isotropic bonded rragnet of

G and + = 7 EERER B OR oK HE B CURES Vol e

fractions of isotropic NdFeB of 65 and 75 vol %
Fi gur e 3 Eipue 1 shewsaremperigtinadfitbersécond guadrantdpmageetization

f f
Wrﬁ %Ib 2% d&o %qrgg:iﬁeqc%gg%gpﬁ%qg gr(njiio nlg tsm(t)ereci Pemga oefsfugr}} 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, with volume fractions of isotropic NdFeB of 65 and 75

voiYe.

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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WD 2004/ 072311 PCT/ US2004/ 003288 Figure 4 shows a
conpari son of ?per ating points at 20'C and 100' C of
NdFeB type isotropic bonded magnets with \(ol ume

wo eaatorzng of 65 and 75 vol %with that of ani »et/RBbia/003288
sintered ferrites. Figure 5 illustrates atypical nelt
spi nni ng quenchability curve of Nd2Fel4B- 5 type
materials. Figure 6 shows a conparison of the nelt
spi nni ng quenchability curves of traditional Nd2Fel4B
materials with and without refractory nmetal addition
witha rmmegurela%has\aph%oﬂgsr&%%tflogb&angﬁmes R01MEnd 100°C of
present invention. Figure 7 illuStrates

NejireB ¢yyzhisotrdpic bomdedsnagnemnwithh Vayme frat iengsfasent! 75301% with that

nventi on with tnom nal conposition of
t%ﬁ“@?l‘.%ﬁ@tg)"ﬁl eEH98 97r, . A13.,Bss. Figure 8

L1 ustrat 80106 ;i ?ég%mlkgmnavg ¥ uBRAAiliBYCuPle of Na,Fo, B-

the pr esent I nventl nom ra ositio

- typbMiat&2lao3s) 11. 5Fe76. 1Co2. 5Zr 0. 5A13 5B5.9 Fi gure 9

shows a demagneti zation curve of a
( MVD62La0 Fﬁaraérsbcmg Zeomparsoppd the peligeipngg quaechability curves of

tr?&,\‘ﬁgﬁ&tml? -eﬁﬁﬁzﬁ%nagF Wim3RY %&fouﬁt P@%g@ %éﬂ g&ﬁ‘&& Qlth 2 more

anneal’ i n

dé&sigbleaqukQclsEbiig ciirv@&a)fﬂ@ﬁ rfeﬁ@t:tnvemdx%RD) pat tern of a
(MWb. (,2Lao_38)i_1Fei 8 9Zro. S A132B5.9 powder of the
~present i AvEHe 7GHusates-thparenghabilityisamies of pe elloxef thy pessent

Vet ® Mot PEBESHo AR B et inch v e Ry ! mage
of ‘a 20 (e sfiiludt0sIhe!q ek, QaNRs 4Ban alm%oc\ﬂtiﬁé Fﬁsfsent

t he present invention nelt spun a wheel speed
invengomvathinoniinalegnippsision @ﬁm 6:&-130“@)41@@3{6 920, 27x5js A5l 5Bs o-
Fi-gure 12 _show,t he ED@XB\%Ens Di s er ive Anal yti cal
X-ray) spacs¥msrays 3 fenpansiizatonsfurie
oineLat, 38) ,LF&E%Z% Sﬁggﬁs%%d%%f fhe Bﬁéé&%rm%ntfoh@n&{ Epiﬁrza& a wheel
I nvention a wheel speed of 17.

spasidlcdlE Ib&s falimsfadl byn gnmahﬁgﬁﬁtf(!ﬁﬁ f@r i, 25 9 V\D

2004/ 072311 PCT/US2003/ 003288 . DETA| LED DESCRI PTI ON CF
THE | NVE meﬂ%é %‘F‘% di 2] L)%%T‘Pﬁ%g 2s a

(M%QLAE‘%J’] agfd FRING! B PREES: b theI@ent invention melt-spun at a wheel

speed of 17.8 m/s followed by annealing at 640°C for 2 min. _
‘Figure 11 shows a Transmission Electront Microscopy (TEM) image ofa
(MM, e, L8, 36)1; sF e pvary Al 2]35 o powder of the present invention melt-spun at a wheel
sPeed of 17.8 m/s followed by anneahng at 640°C for 2 min.
' " Pigure 12 show the EDAX (Energy Dispersive Analytical X-ray) spectrum

* of an overview of a (MM, ;,1a, 50 1; sFe.ss71 AL ,B; o powder of the present 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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. contains one or nore of Al, Si,

conprises three distinct types of elenents to
i ndependently and sinul taneously: (i) enhance the

W‘f‘ﬁ’g%n%?@i lity and (ii) adjust the B, and Hal f‘f‘hﬁgﬁ'ﬂ%mss

rial. 5 Specifically, the material of
I nvention conprises alloys with nom nal conpositions
near the stoichionetric Nd2Fel4B and exhibiting nearly
si ngl e-phase mcrostructure. Further, the naterial
, or Cuto helpin

Mh
mani pul ati ng, 1 MR e ﬁ’!ﬁ in
mani pul ati ng I%ﬁ%“\’/% u@%@ } Fpmﬁgrr@ 6\5’%.@%9% ‘
ref ract or yI'regiradest sivehti@tendbmpbes 4 R,Fe(B-babed Mpagn¥c material that
and Hf , to jnprove the quenchability 10 or to reduce

ORPrSET rREAISIHSEYPepeledenenis fo nderfeafentiy andspnnitinegusly: (i)

] | Q- Of PP - - | Zr al sq_.i nprove
FRESIRELAALLER G an iy g B0 LTRSS B o
Spiedifichily alstematetibto hRhveaaBE eo&?ﬁ&@\mzsﬁwﬁﬁhbﬂﬁhal compositions
quenching. If necessary, a dilute Co- addition can

ngpsige poig etpe N Bet B and enhibitiog tiévelyrsengle-phiddesmicrostructure.

t .coefficient of B, nly_kno as a), X
R TRE UG Sl onProsmir AL SRR o OF et lp B2 abiputating the
valieRITtH, O dr&)@fo%él;ﬂﬁﬁnﬁmpﬂbﬁng gRivaRRlcs HTULAL a.%é‘&f Bbre of
approach and uses "a novel all 0y conpositfon that
r&tFF) Jcory marls pedhaasi ZanNbf Tk €Y, ViplfoeW, end Eperitipesveahel g@enchability

o Y5 onRPER: hfr beecamayid oh e SPinBRd e sambinagion of AL
LEBge FF @8y hids ,im?x%tv@ g\@wk/etﬂﬁg b OF Iigffird rﬁ?tgf RSFIE uPlce and
ered ferri app

ani sotropi c sin es 1 n man I'cattons.
broaslens thoyheehypesd timaiosy fok opthinal quesetiihg.OIf rt&ssami §Hilite Co-

a ..nchablle, . which, 20 within the context of this
AGUIREAR AISO he dirernopated fi@nrayeihe arversble tyaparpeuewdfiitiont of B,

e lidifi eati :  epapr v e of B
oL 1o 2 R B APrBARRES SRl T B et invemtion
préddis sperticsiritdonul Bt tPafcch ki ke a%tzalrmiongg@bsiﬁon that

_aﬁgeed and wi ndow for produci ng conventiona

e Fiaginalatiog of key msgectiopyeperties and adbrpatbwhetlopyed eindow for melt

SRS o oA el Pt Bonded ashial made from the
opite e flayiba\eed fo?Replacen@Sibot 4R4btrépic B teled FEFRAG L (rﬂélﬁfz%iﬂicati(ms_

~preferabl yr | ess than 20 neter/second, wth an opt

quenchi ng 19geldy sempesitiorts ofthis awsntidbits “highleqadnclat?§Yowhich,

. opt i . wheel. speed. Under actual production .

“@%’ﬁ% p‘t%i(:(?ﬁ%# %ﬁdﬁ‘{?”mﬁw mprans that fasggaterialg ¢an by prefuced by a rapid
sOUA LR RN PREcIS SN Bl i b 3Lt

the resnéﬁt i nventi ong{j’ga?g)‘p %%gg%lg%%ﬂ la%ﬁm%ybmad
opanaAUShe) 8p@d 398dow) wxwutpazed t6 Ghenmitianal seeehgheed and window for

t han 50 _neter/second, with an opti nal

ferably |
ngfgﬁﬁhﬁﬁgngﬁé trads Ber sxample sther yoipg arléb@ﬁ@%r ipt g@et, the

 opfimhBPwRRY 5Pk YRRl 1§ BRfYce 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 4:15%, 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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. speed and that ‘produce magnetic materials with
PRI el

_ apiagnlig.

Wthin the nmeaning of the present invention, "optinum
wheel speed (N.,)," neans the wheel speed.that

(groduces the opti mum Br and Hl val ues aftdr thermal 5
HR&8733Yy. Further, as actual wheel speed iI'h PCT/US2004/003288
real -world processes inevitably varies within a

certain range, magnetic materials are always produced
within a speed wi ndow, rather than a single speed.

Thus, within the neaning of the present invention,
"optimal quenching speed w ndow' is.defined as wheel

lesp deaib (i theter/secend; Iposferabhdless thann 60 trieger/sepdridyithwhapitimal

Wingowptrat Iegst Hertp. reaferaly 43ePeiaf theontiseal qgheel speed.
that prod ~Us > |%4{g] - speed: , ,
Speci fi cawgﬁnqﬁ%@ﬁ%ggg? ?1% na e%gi%% ’tﬁpglr%?nés‘%lhef Lspeed
(V) Zmhéans tiearhdebspved thit pebdatesthe aptitiain BIe@ HSpAesk after thermal
wi t hin EI us or minus 0.5% 1.0% 5.0% 10% 15% 20%

vheas asiaqiiahwileel specdoiptreatay orlh pricesspeingvitaldy varies within

d by resent hnvention, .the.optinmum wheel .
SARENERI I 05 HEGAFN. A ORI e
thiane shiiglé bpeeds Thes, MitHik the RbarkiRS6f 1S pRAZAT ifiverdtdg, *dtivial

(nmolten alloy) pouring rate to the wheel surface;
quenEhingaperst witdew] ds d iag gvhehlospleedsathat avpoloet and around the

[ hus, e.opti mum wheel speed f.gr..produci
ot Fhoe) ekl ot B BFOdoE ot v e Bt o lfost
iqnE6AE, ahd VB NahR@8 afthat YRdkcdd RIAERE Shtitent Rh80 e Bpecifically,
net er/ second when usi ng a |l aboratory jet-caster and

teTapanetio mat@ sl pbthelpoesenbivationsae bt peadnedd anateactual wheel speed

R Bl BERBSI 0 £ P00 SL0ohatet e bl BRAF oF e ol

oP B8l whde} speedbe produced with these various optinal
wheel speed within a wheel speed w ndow of plus or
m nus 0. 5%sKig¥%yersd 0Yithd M¥sent Gen@aYth@586mum3Mebcdbpeed (V)

- _the optinum wheel speed. This, conpination of flexible
-“bae{t"iaﬂg C%ﬁ?%ﬂ to tgﬁ@@&“&ﬁas gﬁﬂ&&@@% g @t isdabsasingpezde, the liquid.

(thbRerPAIRAY 5&%&%& BendvBL e am%ag%g batfsﬁlﬁg wheel, and

mat eri al's” of the present 1nventron.
whieglhsterale Thius she opfianmotlesel sjded fof proliacingrdtedtipldl uenchable

enabl es on _t? i ncrease the productivity by making it
“E&?P%P%*e‘flg‘ﬁ of Bigpresont Gyentan pay vary s phatitlg o pheut 25

: . ' : ¢
PRGBS g i
neiaiseamdiunde #ituat psdduogomedittons! Theh@igeebbrasters Gfe present
.if a _higher wheel speed is desirable for high
T eBERR £ riptqripls eppbladhe puiraiets be presigeed 70itutheG0@2I98s optimal wheel
[ . ) _ i I ri{j o, 1 . 1co o

gt 'witin b OAELE SABF LA of POV iR 5G] 1665 580 485, 15%, 20%
25%.0r 30% of the optimum wheel speed. This combination 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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materials include a value of B, at about 7.5 f 0.5 kG

and a value of H/1 at about 7.0 0.5 KkCe.
woPobfiAS vely, the nmagnetic materials exhibit,

val ue of about 8.0 0.5 kG and an HO1 val ue o lﬁBZOOS-tUO%sz

9.0 0.5 kCe. Although the material of the present

invention often 5 exhibits a single-phase

m crostructure, the naterials may al so contain the

RZFel4B/ a- Fe or - RZFel4B/ Fe3B type nanoconposi tes and

still. ret@hﬁ Sl L RELL

properties o?mﬁam?r%r%%?ﬁuc powder gP nd on ed Ir%a%ﬁg Ygution’s

mattrislh énghudesevitlug o/t labmﬂ'?rﬁ:lk Lﬂ)d‘iEthahﬁh vahe of gl _edt Iaacbut 7.0£05
has very fine grain size, from about 10nm t

kQy otrkernafivaly. thymasnaiis m%%alé Ribibit B, aglus gt rbau 809 2 04k and an

rpRet RARE TR HOOBMSR Bur R drup R JRRHEGh oren
exhibig)a sdgle-phetnicfEtubiia) tRImUBARSs AU IRt confdP e L. 86 B/o-Fe or

100 _hours. Thus, in one aspect, the present i nventi of
Rﬁﬁgﬁ%@@ t)epermgmnlmsms and stil] teteant mokiosf ity Bgpct properties. Other

oGS REE  By or B e BE E P A EE 8
thﬁrtﬁg ﬁr%&malp hef wralhy éﬁﬁ% ﬁz% ?gg%%%ggu{ ARGPUhofPaY %mu %hat the

15 C to about 8 5 mnutes to a
tymzﬂ fiuxmaghesloss of thd Bbhdahmagiets madndmpowdeisee. Igalepoxy bonded
exhi bits emanence figB) val ue of fraom about .
magitsti vigh EQdeermransmoosticipntngileadding of ¢i 41y @(Sﬁlﬁ)an\ﬁa’ﬁ u&éwen aged at
1@ P TvERGYE 6- 0 kGe to about 9.9 kCe. The specific
conmposi tion of the magnetic material can be defined
as, in_  arhug i erapaitage prdsaxt-lﬂ%nﬂloﬁ?)hﬁﬁicﬁ a WMagnetic material that
yCovmy TxBY, wherein R is Pr, Didymium (a 20
hag gsppafiprampewEtien armblsmpamd last a ppihyAbesiaation pefoesty Biich is

' .foglg&{scliﬁﬁ E%n%rﬁaf‘%glr?é)%r%%gﬂ rﬁ)&t QFa 2] esél%g%r]p'r%%nc}fl §%out 300

_ °(I.t'0 atfoRt 800 °Grf018aboﬁoﬂblrﬂiﬁhht69fto hlbtﬁﬁ QQ(D thltb§ mrhﬂdﬁ{onnﬂ{eqnagneuc
of Zr, Ti, Cr, Hf; and T is one

mafsrial eecfubats a IRAANGDGE (aa aralae ofpﬁm Pt GG (catannd SHG and an

as f.ol |
inffinsi opUheidin B10 ¥1uBiof 588 L B k0G iyt 09 k08- 4o, <
12. 25 I Wﬁ@@ﬁbﬂ‘ﬂc@oﬁiﬁ%@ﬁbﬂ%ﬂﬁa 0hgridie &L Bhn be defined as, in
invention, Mis selected fromZr, Nb, or a

at@mwmqmmm, BheR'Delfe;and.. ;[yGOsMs,ELBe,@Wédrefrr Rns Wd, PiyBidpmium (a
nb A at 131]815 6.}1«2 ?réﬁ af ?qwg?éﬁ?%ﬁg%%l {_J,‘é ]gﬁwoe%%yggreﬁesggted in the

préﬁﬁﬁi’nfv\?vﬁmimgﬁaﬁk 'sgmg?fe Q?ﬂr\]/gg goer r?‘é%ﬁrgtﬁ%a]{hotgggﬁr&g{; E(SE; L gjan ora
copgtithatignt themof; Ve is di2 o more of Zr, Nb, Ti, Cr, V, Mo, W, and Bf; and T is one
or more of Al, Mn, Cu, and Si. Further, the values for a, u, v, w, x, and y are as follows:
00l<a<08,7<u<13,0<v<20,00lcw<1,01<xg5andd<y<12.

In specific embodiments of the present invcnﬁon, M 1is selected from Zr,
Nb, or a combination thereof and T is selected from Al, Mn, ora 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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WO 2004/ 072311 PCT/ US2004/ 003288 foll ow ng ranges:
0. 2<a<0. 6, 10<uys 13, 0O0s vs 10,0.1 w<0.8, 2<x <52 and
4'< y < 10. O™ her specific ranges incI ugﬁle 0.25 < a

WOQ204/672311 < u < 12, 0 < v s 5 0.2 <_ ~ 0. i’e*w%s@oﬂooszss

X s 4.5 and 5sy s 6.5 and 0.3 < a < O 45,
u:c11.7, 0sv :c 2.5 0.3 < w<_ 0.6 3sx < 4,
and 5.7 < y< 6.1." I n anot her specific enbodi nent, the
val ues of a and 5 xareasfollows:0.01 <as0.landO.1
__<x<1. ‘Magnetic materials of -the present invention

fSRwWiRe rdnRee of 7 9IWb! A< vl I )P« ¥f< 1619, des) Lasg, 2 <x<5,and4’s
conposi tion. which are rapidly solidified into

ypolftl eDghef bk hygea indimdd -GS BRI N0.501 1 ket < ¢2sd Isng< 5, 0 2swg

process. In anmelt-spinning or jet-casting process,

Criofren* <gt-Poypdm xvur @51 @ndfl-duetic OrftSo 1 e wrklad o -a'l 503«

LEBak 2R UIR TR 6 by B el e Bt g of s nd

xS AT fdwh 01 Uaa:,k@ I%d@l piglef particles. The flakes

obt ai ned through nelt-spinning are relatively brittle

and have Mageetic mhienelsafyisd @Jekdnﬂmvﬁhﬁditoﬁdnrb&hud@fmﬁﬂhﬂolten

| akes can_al so be _further crushed or conm nut
alieys s dhaylasigd cereprsitienywhigh aee n&a@heﬁcgldlﬁe@ntthmmders/ﬂakes bya

[ el £ f t t
SRR AALS, 108 PR AR B, gt

aboymaiitelis ibeed oseardsifack b le@ﬁkﬂyts ARinpel el STpen Goﬁt@ctmg the
about 25 nmeter/second, or nore speC|f|caIIy f.rom about

whselpurfase, Siecmplien dloypeigure ﬁorrmmbépne sddetd solm@nn@sﬁladrg or platelet

0 cas act.ual ti.on
PR B Qs e BTl e BEVEY Bl o oo very
finé ciyeRIiftcanRRIstrubuRN THRTIARD cREIR BElEEHEr éFiJsﬁ’ed d}Q:Bhﬁﬁhuted
wheel speed of from about 10 neter/second to about

befprehgiegeseddo podupomeg®ds.speci fi cal | y f r om about 15

1 T L R .
SPIaMRE of PiticastoWie@ks ﬁfhﬁ%iﬂﬁ%&e}' SI%EQSEQJ‘? $rob@od 18 meter/second to

process can be better controlled, the decrease in
ahput 25 mqﬁerfﬁegmﬁ; pnglord@ecnf@ghinefrpm gbout Y metei/sedomd to about 22

o8 AT OB OHAE LBt
fﬂWueM%'le SRGeMc GflerPs H5BE pllemiRALHESBN RANEE b Ervé?falgédwﬁ a

5 same quality. The present |nvent|on al so. pr
neminal wheelrs gﬂblﬁ fmmabcsmlﬁlmetav‘sebmd for abduc&bimateraednndack more

SRR AR 3oy B8 Tt theon i ARG OB Y o d o Fdont 35
meg%%éfe%@&ﬁg ?i)%%t ;1(‘)30 é&xﬂ%ﬁﬁ%hm%a&%% Pé)rs%r gg/ﬁxgﬁﬂj?@%l%e} 398ed usually
means that tllwps:a:lesssméxé bettek; controlled, the decrease in V, in producing the
magnet1c powders of the present invention represents an advantage in melt spinning or jet
castmg asitin mdlcates that a lower wheel speed can be used to produce powder of the
same quahty '

The present invention also provides that the magnetic material can be

© produced at a broad ‘o‘ptir'n'al‘ 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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13 WO 2004/ 072311 PCT/ US2004/ 003288 preferably, the
nom nal wheel speed is an opti mum wheel. speed of

ducing the magnetic material by the rapi
wog%)ﬁﬂqgﬁ'faﬂ g% T/US2004/003288

i'cation process, followed by the ther
anneal i ng process. Therefore, the highly quenchabl e
characters of the present invention's materials nay
al so enabl e higher productivity by permtting
increased the alloy pour rate 5 to the wheel surface,

prefehhibis tﬁemd?llli‘iﬂgi @Hé@éxgéeﬁﬁf %?g;rtgﬁﬂ#{\o 'Z@-f%eeﬂpgeﬁ% %Pﬂogé‘f‘% the magnetic _

casting nozzle, usin
hatgharbywhe sipid pdilifScation pestieny fdlwied dythe @R fhal annealing process.
i nvention, nmagnetic materials, usually powders, ]

obt ai ned biher¢iarentieughly quenrgable charpctemwfithyprssant mysntion’s

: < | -1-hai netic
U g e PBENE 0N ertTARE bfg e o pour e
tohdwohect surthe, sishds thGugh énlaupl thdsrifeadizd 6ERE tRnSheRle, using
preferably conprises annealing the powlers at a
rf"é‘ﬁ‘ﬁl@r“é’%ﬁéeﬂf@éﬁvk@m tggigerevhesl WOGISC for 2 to 120

i nut es, Ly bet 600 Cto 7Q0. f
about 3" ¢ e oA brAPh RS gR mpencR alsleiar. agteity powders,
obRgiet Byothp bedpihiag of jet-8nehbk efocepert hia-rahadb ri‘&ﬁp[fgivgféheir

the present invention, the magnetic nmaterial exh
raaggetiyproperties. Anyspwmivvunly Fmplokd@ heat tbatutenBmdthiot camble tiked,

| £ f .15_about. 6.5 kOe.to aboyt 9,9 kCe. Nb
Yol e Bt it R B Rderal cATBHr R DBgH g o pavgsTs 213
toabsteued bdivedn 30t td 880 KE 10 B tm?m@esé&ﬁfém%@ bltween 600

Vval ue of fromabout 6.7 kOe to abou
Al 1ost0Ra1C, erl about P& alegih &0 invinuied terabédin ehenddairtd nagitic properties.
val ue of from about 7 ,to about 8.3 kG and an Hi

o 8 k [ ]
val ue of fRARPEELIPECHICE pent ghhgipresent ppntiany theymagnetic

9R65d1 ek i ' Labl iomhd el ugde
FRSFIICEUZRET LIRS i Wi PO EMPI A ot o
agld@t@i &Bettty fgmut gk @e. p]fq?mewli:bﬁik:ﬁ)li?ﬁ, EMH%]@eticaﬁateqial lex%ibits aB,
ter ne - | raction; that the materi a as
V@F‘Vé’tf ﬁ%&.ﬂuﬁ 7§i ggio #2016 17 kG arshan Hp yakee of fom ghoup6dkOe to
i.fi.cal : -nm .t out. 40

BT BOc. MEAIAVES: b md s8R AIHA ARTITL AR i sbout 7.8
ketopboatt 818 &Gomdandiiy, vAQEof bm abber 58 &0Rdo b kOe.

demagneti zati on curves of a ty&ncal ani sotropic

sintered fEPF;Pecifigeigdupentsofhe presentinyeastign dnddeghat the

. N X . ed,, magnet de fromthe
S atld B ARG OB RN B TR LR Er o
deeahinefiby 3Bl diffrabiiad thedthd hhtsrialitab bstad M sigd Yakbihs from
ag B,  val ue of about 7.5 kG _H value of about 7 kOCe,

Pief (mBRrabat 89 pm srsspecaficallyoiom ehpsridtnm éo aiiivg 40 non.
bonded m%&fr@ 1%ﬁ@§txae{ter]s 2 (%Irlljprra%sgl{, a ltolo%ntsen%ferature or about 20°C, of
the second quadrant demagnetization curves of a typical anisotropic sintered ferrite having

a B, 0f 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

14
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approxi mately 65 and 75 vol % nmagneti c powder,

correspondi ng fpespectively to the nylon 14 WO

20041072311 PCT/ US2004/ 003288 and epoxy- Bonded
WORGEets1pr epar ed from the isotropi c NdFeB, po"‘ﬁ'@f/ﬁszo-ﬁbﬁoszss

65 and 75 % volune fractions are typical for nylon

and epoxy-bonded magnets, respectively, by. industry

standards and a few percentage variation in vol une

fraction would be allowable by adjusting the anmount

.of polynmer resins used for malting bonded magnets. 5

an'd_tepSﬁf‘-bﬁh@éﬂr&X & RO BGm hO b o NAFeBAodiRs Bncithng 75

ues of e two isotropic NdFeB based bonded
Yorvmdpnet Sractianshkirgtypical foanylbhand epoxtyhisondnd soignetp] respectively, by.

. Sintere errite magnet. More inportantly,. the
m%USémwddafJStqaé 3 %tpﬁwsvfeg%w&é@%gﬂ'@w f%%émﬂ "k be allowable

o iy ol 01 ARH ARG PrSiihy SSiph ettt

repr esent. E@abylehﬂﬁbabimwwefrdml?@ 1ahatttheBRind Havilags of the two
are of _nore than 1. In 10 practi cal dﬁpl ications, this

ispfgeme Ndi'sB btaFF‘é”?%‘é?@ wpgretNEaEelss Haadbated ther apispiqpic sintered
'feﬁ% et Mot xl;r{ %gtaﬁtgaghet]g' %ux%%l m::r iggﬂr&plé \J{)]Iﬁc?eg?ga%lets are higher

rragnets IC ClI'rcu

- thhi tl@.t bethewalsdgopiaRinteraN g \ﬂfefrda flic@id WRSi(@Eeddies iBe values of

achieved with the isotropic NdFeB bonded nmagnets.

whtich grereprasenigd by teabseluisivaluemf thoBffhratiop aressf morg than 1. In

U ran .15 de tizati.o es ;of _an .
oI RIOR il Pty TR s Bhri N EB R gR mffnets can detiver
mEROKYx AR ARManiPRGPRIstebd fhftSRABnPlod AR YenahigueAs circuit desi

shown in Figure 1B but at 100 C. "Des lg%lthe f%lgt g
| Intdihttromnds,anmmn@rgmefﬁm defigny andeshbigsedwith $hid iseteopic NdFeB
b Dgrrgerature coefficient of H, while that of

9 %3&“8 bonded magnets is negatlve it can clearly

be seen th é@ﬁlﬂs&%é@&ﬁl%gﬁﬁm@% ROl Sadrant
exhi bit higher B, values when conpared to that "of

dm@@tlzmn@nsvaatoé pe dni@girdpes siitteecdafierrif® ®@h the nplon and epoxy-bonded

R b, e kD B FARFEES sheSin 1B 0teR Dobutap A0 P e the fact

thﬁﬁilﬁé&h%p‘% sihbdTetRE sHRAG édsﬁ% t@l‘hﬁ&raﬁfi‘@ BbeffiBiRRt JFH,,, while that

Again,. this indicates th nore ehergy efficient
Oﬂe@@ms bondedoragretsiieuemiting, ilGM odearly wreeen thetthetitvdropic NdFeB

P B P UAEE B PSR et s (bt giai sintered

| o t
f e‘I%‘;dS 100" C St B 8P Llifcs BF ABEpB AR bonded magnets are
hﬂgher thmeﬁ:mnbf amsmmpmxmtemmutmg HOSGonidad dides oﬁgeattér than 1.
The i ntersection of the B-cur

Aﬁalflhthewd!f@ga that ﬁ‘@fﬁ snargcifisienhdesigns san he aclpﬁ%ed at 100 °C if one

- udd ‘i’ﬁéjfsgﬂ{)ﬁﬁ l\ﬁfFeB bonded magnets, as compared to anisotropic sintered ferrite, for
- a fixed magnetic circuit.

25

Figure 3 shows the second quadrant demagnetization curves of a {ypical

- bonded magnet of the present invention operating along a load line of 1, ie., 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 By, and expressed as (Hy, By). When

- 15
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whi ch can be described wth two variables, Hdand Bd,
and expressed as(Hd, Bd). Wen 15 WO 2004/072311
PCT/ US2004/ 003288 conparing two magnets for %
WOMIPEAS on, it is inportant to conpare theirPC TUS2004/003288
operating points. Usually, higher nmagnitudes of Hd
and Bd are desired. Figure 4 illustrates the operating
points along load line of 1 for magnets previously
shown in Figures 1 and 2. For conveni ence, the
abso] ute val ues of Hd are used _5 to construct this
ccgmaaﬁmg twe ngaghels gorsebgﬁen g}p{&lc@fg@lp ak s h@pggarﬁtto gempare their Operatlng

i

epoxy- bonHigdre MAEBRASs tHeldpera®hp FBinty 1647 Qﬁd Gihe @9 1 IRCmagnets
75 vol % at the corresponding tenperature are (- 2.3

-pn@wuslz shawgin Bigdres 12md % dior ganvenenge,iiigy absolute values of H, are used
res i.vel Thu oth b ded rra net sho
ol GRS 5P S DB pa e R PO SEABRP Hpis Haered ferite

' a@fO @k §9(~!Z 2BikDesh QB R THE op&afihg Boinf of2PHotand §Rxy-bonded

operating point of thé anisotropic sintered ferritée
msﬂndts withvolunie @&tloh@ 65 2nd 35 kG)% ahthetdosesrmmdmgpompématyre are (-

B ad ot s SRS<5ing BT sBiseefiasty Fhusafairpondi magnets

SHO%&QEIEH&I rﬁaﬁ@tﬂggsdomdgﬁﬁ vaﬁi%@ hfieh cBh‘%@Fé’d tBRR oF BEtSSrdic sintered

Bd when conpar ed Yo that of a I sotroplc
festiitat etd@0 °C.ghe bp@atinighpdihusl théemjsotdopiid lsmsircchfeaa;tetshﬂs to (-1.98
|sotroglc bonded magnets of these propertles

kel 2t EChmGGE FOPFPORTIRE SY E’& %FPP%% wclq%mgnets e at (-2.0 KQe,

i r t
2'??%)3& gt | OIE(%% %g@;‘?{aslp 2 s € ang%g %%g %l&gﬁit%oﬂoglrdl magnots
extipik hizhts wagnitudbs bOAJand BpeRerodongpted &Y thhh&l’anilthrbﬂlc%mtered

1.. This denonstrates that bonded nagnets wi th vol une
fersitget i on of 65 vol % to 75 vol % prepared fromisotropic

NdFeB po s, ?Ilé/ ) lﬁustfgt s/that 1@016?03) u%b(%c{é@ tH 'of ghésa gro%ertles

kCe can e ely rep ace ani roprc sinteré

cdreeplat €atiostropipiihieta feaite withotitsatfficiag thi GefrealStability or
illustrates the rel ationship between (i) nornmalized

demegsiiziag wldoﬁéﬂpu s Thﬁ%m*éwls gan b appled tp Ry application with load

B d
SRR BER S T G R bR el b ugpome
Th@i IS ARRD75 V0 pIERRRBIER IRRRPIENEREE o RBES Bsof 7.5+
t he quenchability curve for the magnetic naterials.

0i5I1¥G snd H; §d; 0.4tkO¢l caw efffeciével s pplds anistieopc emtarsd ferrite for
terials ar Oq&der-quenched and are thus crystallized
1cafians ypfo Ilfo ystal lized with coarse grains. Since

gr ai nS haygndd 5 Sfid¥rafek YR RldibASfh bowelh (§ Dormalized magnetic

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

- by melt spinning or jet casting and (1) the wheel speed used fo obtain them. Such graphs

25

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

16



spun or as-quenched state, thermal annealing woul d not

i nprove the negnetic properties regardless of the

tenperature applied. The B" Hi, or, (BHym {val ues are
WOoe§aH072810 or | ess 16 WO 2004/ 072311 PCT/ US200#¢ 003288003288

than that in the as-quenched state. In the optimally

guenched region, the precursors are fine

nanocrystal line. Appropriate thermal annealing

afterwards usually | eads better defined grains of

Smal | and uniform sizes and results in increases in

" thE# thatn, the ps-GBiched stute] Fe the ttinmllyhyusheladd :ﬁgeﬁphﬁe ptdddrsors are

10-

15

,20u

25

recursors are over:-quenched and, thus are,

g pagpgrysllingn é@wmn&tq thgang] ranﬁ%ql&nga@ew%rﬁwwweqdﬁ better
a8 ERin ARG IRIORE S 0 FRAR! b SreBlet i B 1L ¥ B,

over =quench erels a arg rving orce guar¥ n

vatiigss A Ihighzehded Bpostds,ahe pRadSotsire S¥Eafifhdieeddindithus are, most likely,
growm h, Even with optinmmthermal_ annealing, the

navgeaieilive o Bpdetly amormheove ioptarey éimwsy the precuwmes matgripls are

hlgﬁ]l&%%ero aue%ﬁﬁédtnﬁ'}e%él 1&% f%[]rgger%ﬂvtlriagngaﬁ er l%&s&%ﬂg&%an which leads to
excBstiverEa ghdiath. HVen IWigDSth@s tﬁ’fﬁﬂfaﬁﬁﬁﬁaﬁﬁﬁ kg niaénéﬁ properties

precursor material is further over quencheéd.
dq}fﬁb@@@wgﬂy Bie lpwer ﬁraeé@s@ of apemeally grenghed @wbprovm amgaled

sl e M P O A 3P s e P ot i

pre@iRdPm AR Mfu¥Rer brerg@dhchel! IAQ dNcBEeSe %’m@ﬁﬁséﬂﬁ Yfventors, a
represent the nost desirable case for a felt” spinning

lower ]Ve; angidgoadey “pndm?e smundivyy (ewiies hofiatier tmwﬁearatmdzvow) lead to the

R 80 o

ﬁ%%&%%ﬁlua%emagﬁé bﬁle? P BRI B p(feﬁlﬁrt;ctag” Lag or

Jetcasting. Traditi ona RZFei s exhi bit
a broad qiignecHadliowstaschemntiediaptam Hlugtratibg the dapagrdtafchciory

mpgbodilion Bobe i Ramiincar < eubs bgs e IS Prraites by mel
'n%&%’e%ﬁﬁﬁélaﬂ Iditf(%iaf:ﬂr%e 9%%61‘13‘{36&&11 #4 b qu e%chablhty

means a reduced processrhg w ndow and increa

cmtvé with &niglij,,c(des&@quxﬁMgwm gn Higurerd). | Bceﬁpmrghmtal addition shifts the
rsors and | Iess desirable for

Vprtgc R¥PoYheok fReed {dey 35 ¥xhwd)- c%%tethmuwhs@hy ¢y becomes
ve\{g it cﬁg Bﬁ‘h%é‘é T \é?l\‘}@d V\Plg)cgés ﬁbw@nﬁ%&@ﬁé@ﬁ%fﬁc%lty for

|ty curve atter curve aroun

pfdﬂM)ing éphmﬂlymidnah@tbrbmrﬁmg and & lagcidBirable fdnsﬁ;dib@@dr peauCtion. The
to roduce rrelt spun precursors with a whe

| Woyi beralewy Voutdrsisaated paiVey3 mﬁ“lgbmzé%g&labroad
-qt?eﬁcl%a%ﬂﬁtjgg R ( @cﬁ@&a&r' %/5&:9@51%% &250 -scaled grains.

Ofﬁ] er-quenc precursors

_-usual I y cApiligtrakd mmg%as afld 60it dirBble a8 frdduce m’tlltlé@ﬁn
- because .of the excessive
precursors with a 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 propertics even after annealing. _For melt
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grain growth during crystallization. Under-quenched
precursors contain grains of large size and usually

wodﬂmi}@h ﬁhow good nagnetic properties even aft
anneal |3ng. For nelt 17 WD 2004/ 072311 FCTUS2004/003288

PCT/ US2004/ 003288 spi nning and i n powder production,

a broad wheel speed w ndow for achieving powder of

opti mum magnetic B, and H, is preferable, as

di scovered .i.n the present.-invention: Figure 7 .

Eust rat . f varniati " 1. . and_ - :
spellgb&ﬂ%xg(cﬁnwe;f%v@cﬁ{ ﬁgo%ngl{x@‘l, 9 br(%?lewl\'{&\}\ﬁééeeld%n%w %or a}?%le%vgllg powder of _

Spi nni ng ‘Speed USE
ofRIn@EH Gl pHePOBUSIESH WM fiefRQibid) ak dzesRR&d inl the pRkent Invention.

(M1 0. 621- a0. 38) nsFe78_97r 0. 5A13. 2B59, provided by the
present i Rigar 7 dhistraiegpmexaanplo of thetvaoation ofB,, Hy, an(BH) ., with
4B X with eel e i s observed, indicati.ngq the ..
o Bl et VPl v B G SRR deat PP B stBegion of
(Vv Db L, S RFANIZRY. AL H, Slpré@ddd PP tlebréseAPRTERIRN A gradual variation
S manner v i gure B 11 T’lstrates an exanpl e of the:
of\Byy Hat andr(BéT), BwithGthechspbed BHpimmxved) indidating thel domposition of this

-insgrh*nq%g:'rz}g 6%@%6?#&%%83 %? %tjaqtosrpix%rjggd grcjietn 9asggg\§jne£ gonvs\./igstterlllt manner.
(MVWD. 621- F%&Bé NiRfFEilS in E8n Zb@%ﬁ%ﬁ%ﬁgﬁgﬁd, and (BH),,,, with

provi ded by the present invention. A gra
the andledpimning whiel spiked usad dor(pBofuning pewdersivéianoaped doinposition of

i p ohserved, again indicating the conposjtion of
a‘?ﬁﬁs&’m&eﬂf% o o.s%laeﬁﬂwaslﬂ-foﬂ%ﬁ‘éihﬁ the WseRpinyention. A gradual

e T T R
cophfditiAl hid 8y dehtibir e 45 A&l Pb S PbAudddth PmpR wpighingfor jdi@asting in a

present invention nelt-spun at a wheel speed of 17.8
CORFSINpIABYRe by annealing at 640C for 2 mn, as

provi ded. RIS RGREN achMERLLON alieapurve [ very

snoot h and =square. C properties obtained

(MM (18, 107 L FBR A3 AIHB, 5 péwderkiPahe piserl Bifetidn meltlspdn at a wheel
M3Oe. Figure 10 illustrates an X-ray diffraction (XRD)

. Fi
speed eE1h38 /s Sdlqviadihernadingsit 64047 SrPznin, BAPRBREAPDY the present
. powder lt-spun at a wheel speed of.17.8 mis foll.owed .
o o Rl VaBOE o 551 FEATE. cRoVIB B SRFopRESS obtained ae
BREESSREG, HNeni ikor, afl (BHYNE "R OhiGOgaks are found to

elong to“the tetragonal "8tructure with the lattice

par anet er Figefe 80 Hlus@at884 Xmay aiftraction (XRRYpattenn of

(O hrgt-nwhirEeashforts thp PoPSTEN PRI 4 Wherd frestad 148 s followed
o S O SEL LR S REOL P TR e i
pakyhedbusd eekklodg thithStdiagordad kir@e@ with the lattice parameters of a =
0.8811 nm and ¢ = 1.227 nm, confirming that the novel alloys are a 2:14:1 type single-
phase material. |

7 Figure 11 illustrates 2 Transmission Electron Microscopy (TEM) image of
(MM, 6,12 15)y sFe75 0710 AL . B 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 iltustration, the EDAX (Energy Dispersive

18



by annealing at 640C for 2 mn, as provided by the

present invention. The average grain size.is about 20

to 25 rim The.fine and uniformgrain sizé
WO084/8728k i on results in a good squareness of Pehws2004/003288

demagneti zation curve. For illustration, the EDAX

(Energy Dispersive 18 WO 2004/072311

PCTI US2004/ 00-3288 Anal ytical X-ray) spectrum on an

area covering a 'few grains and grain boundary is

shown- in Figure 12. The characteristic peaks of Nd,
Amlyticad X-Aily) s;ﬁbtrmndm&nmea adveting i fbe peeiheaidgain Boundary is shown.

ot her pect, the present invention provides a
inSRHIE ] 2GR P ERTIA PP RTO NGB i AL, R fied Bagin ey be detected.
bond
proparad pgiiner AelE @R n Ry B prB0Re 2T Sohastmepmat

-comyprsiighemaghetid Mingeddlagd RHOAGSE agénta T‘t@'ﬂ%’n@ﬁ&ﬁﬁtﬂiﬁm been
of about 300 C to about 800 C for about 5 mnutes to

5 - prepased by 2 gapideligiiention predess, folidveednbytm ermalrranesling process at a

10

| 'teﬁ%&yﬁ&ﬁ‘?&%‘g 'f%ﬁ‘aut kB0 %ma%%fﬁﬁ%f‘ge ?%91{0 §'}§iijxmtgsr to about 120

..mliiud%}smﬂuﬁhé@th’&:aﬁ @tlc c Hatdrial BasothBloPesitib, idhtomic percentage, of (R,
conposi tion of 75Pro.25), or a conbination

R hE Pt E@OMT@,,, “ﬂ}ercle ig NdaPg, I¥dymit (etatere mixture of Nd and

eRgEpbgh bR, T2 b Mt "

 colbiibdifd, therteb® M Bl 0 or kiire 81 ZH NP, TiVer )éﬁ cl)\ﬁ'é(}‘iwyav\lgf gf %ﬁ_dl T is one

follows: 0.01,6 a<0.8, 7<u< 13, 0sv 2
ormere2d Ag, Manﬂu,zlandﬁxfﬁrﬂld:mtheadﬁms ifars, uf hewymandtyiate as follows:
remanence (B)_ val ue of from about

Oé?éer I 88 9Xhl bIL}tE‘ %55’ ‘RéOaQTQI énwlgnlc - hsixs éotidA winty/12. In
ad(iﬁf@n Yrﬁ' 1H§gn‘épc fnra%? 1t56a oo@bxpa%e S t?orp gbgl%? S5kGto

I'n one specitic e I ment, narng agen

. abont $6kE afd epatinsic oetcydti (dﬁ,) Grﬁbﬁla o fronPoap B O ROERYbout 9.9

15

cf“' fide (PPS), and a liquid crystalline polynmer (LCP).
anot her- speC| ‘fic enbodi nent, the bondi ng agent

further c BEERO0G (?Jm{éﬁf ?hef@o%%iﬁ%éf/éeﬁt ‘f%eltn?f?tr ggoredofo €poxy,

a high nmo ecul r m5|g unc

. poaammdc: (tle)y palyRnglehe sulbiyiel (RPS), sdealigid aejsthllife ﬁnﬁlﬂer (LCP).

20
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cuI ar . vve ht conpl es ester, a |long chain ester
BSRFCHIC ahodimentofhe b@m&ag agerd fw@he,v@pmpnmu@agmre

athWeF )Qlélg(ggg %?;?tezﬂé gfﬁ’é?"%o L8 érH.gtl %1 ﬁiéffsﬁeﬁ, stearic
f aci&ﬁhydﬁrxﬁ' atehyic Hdisa %h ﬁfﬁlec’&lafr &&di@t%@i’dﬂﬂé%@ﬁ‘:? Qﬂbﬁg @ﬁﬂnq Ester of -

oct anoner Wi t trans content, a nal

Pe&ﬁ’ﬁ itgh palmigr ?@ﬂd@?ob’@hﬁiﬁﬂg h&ed é@lrtydantcmmntaﬂe,ran ester of

) Ry s R R iRt B an b vis

aniiﬁ@,fﬁ ke acid secondary.amide, a polyoct,anomer -_Wlth 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 vai-iety of pressing/molding processes, including, but not
- Iimited to, compression molding, extrusion, injection molding, calendering, screen
‘printing, spin casting, and shary coating. In a specific embodiment, the boxided magnet of

the present invention is made, after the magnetic powders have been heat treated and
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magnetic material through a variety of
pressi ng/ nol di ng processes, including, but not

wdn%olmgbﬁglllt o, conpression nol ding, _ext!rusi on, 'Féﬁﬁ%ioﬁﬂouszss

I ng, caleindering, screen printing, spin cas
and slurry coating. In a specific enbodi nent, the
bonded magnet of the present invention is nade, after
t he magneti c powders have been heat treated and 19 WO
2004/ 072311.PCT/ US2004/ 003288 m xed with the bi ndi.ng

| di f
B8 it GO Rk B BteBon Rl e ke bonded
magnet t hapthepBEilis @mbodinMri Sthe Bf‘ersé’fmlﬁ"pé?lm)n *@%ﬂ%& bonded

about 5% epoxy and from about 1% to about

ARt elaarmrises, Ay Fonghidfromapbent I%m alivass 5% qexgaad Gem about
fromabout 0.2 to about

0(‘@%} {0 %)ngé 89 ﬁazg%(}efotg%ﬁ% A Egﬁqﬁe& nggngt WWS@%CQ[% sogfficient or
1beSiset Fad RSk 08 B%LBBEDD: %Q)%ﬂd&f ¢ ikt SEnit 0 g%g-agng loss of

a bonded magnet that is m ressi on no
1¢Sﬁ1ﬂ§t§lta|bgw Glﬁ)%dnfhfg agedlae bORIC fog 100 Ihbihtgﬁdt Bonded @iRMBt that is made by

ﬁ’ﬁ‘ i Nt n’?rﬂ'ﬂ’ié conbi naﬁ .on thereof; and a bonded
JH&e RS IRSHIPERIOIERE.#8 16&#%‘51&9?{@8#%9@@ pritging, or a

| cbﬁﬁﬂﬁﬁo@fhe%@ 48 240 Ged ilrgigh& Ifi‘a(fel'i) ﬁ%m&)%gsglOMﬁ)lﬁlélga‘ﬁ a temperature

present invention enconpasses a
raggref4ECrmt2007iCal . The net hod conprises fornming a nelt

conpri Si ng‘lt he conposition, in atom c .percentage, of
(R _R a) F& a#irdaspest, WG@YWMBFBMQpledtqnpasbesch hyihod of making a

bta magnet i.c powder ; and Iher rral Iy
rﬁaﬁﬁ%tg%e&heﬁ %E?(? 80 élfo mng, Pbﬁ#ﬁ&ﬂm% ¢ gqfagosulon in
apmiapeidé t@é’zﬂ oreppslt 800 b
aboutb 12% m 35?%3 a%\r %’10'“'1'5‘ "Féea"l(/gg ?o&?&g?g@ﬁp lgsl g frg ntlecft to
b%alrsa magnate popdeay and ﬂle(rmaﬂ]aannealmg fieumaepnafic plowddrcht E’Itempcrature

& LB RIS0] oo i i rmie Eolh stombl Lpminus. Wit
rdgﬁr@tﬁ&h@éodﬁﬁsﬁldﬂf R4k Nd\l?r Iji'dyxl:\l/hgm &Jnatgftr% émglfuré E?Nﬁ”and Prat

and T is one or nore of urth

cqrﬁgomgm}géqdo@jf'rﬁs) ar a yombination ﬂna:t-oﬁ HﬂsLa,SCef of, |oﬁ%omb1nat10n
0.01 < wc<

th%reoé bf 15 mie Qr m%fe og VA gsz& Ql 1%, MPnWa gg@f Hfoqcpd T kseone or more of Al,

e 2 t
MRS LB B DL 02 v LETRYGE af RSP < 08,7
<mo£r13|0/£tvy< 200.04a& we < af, ofiromad 6 O k t
9, kOe In a specific enbodi rre%%mﬂ hg s%pm%?&i?iggltgfmagnem

mggqnia )ﬁwlﬁga @@ﬁpq:nog@,)arahm af’ ﬁ'os[pahmnt 6 IdB tg sliout 8StkGhgnd an
el o3 B sr e i B e oo A8 & e

Z ggﬁ{ f I28 alrl ¥/spekifR ABHIRAENAE Slep TR ?ﬁﬂdl&%@h&?ﬁné Q&Hprises amelt-

spinning or jet-casting process at 2 nominal wheel speed of from about 10 meter/second to

- about 60 meter/second. More specificatly, 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. Preferaﬁly, the actual wheel speed

used in the melt-spinning or jet-casting process is within plus or minus 0.5%, 1.{)’%, 5.0%,

10%, 15%, 20%, 25% or 30% of the nominal wheel speed and that the nominal wheel

20



25 neter/second when using a | aboratoryjet-caster, and

from about 35 pieter/second to about 45 neter/second

under actual production conditions. Prefeﬂably, t he
WQEOHaTBheel speed used in the melt-spinni ngPOT/US2004/003288

jet-casting process is within plus or m nus 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 nmum
. wheel speed of Eroducnng the magnetic material by the
_spegsliigan gptlnindm‘w edll spaed of puEbisingfthd inegmdichyatthisl tyhiks rpid

a al.in roc .t he varj.ous enbodi nents
AR Br R o Pl b Bl pafioelib Rroca. 1 ho
conposi ti gusinef, tﬁé"@arﬁﬁggﬁbb&m{m{s‘?ﬁ sed%ﬂ{f/‘ogdlscusscd hersin, such

solidification processes, thernal annea

-ap thegegpesitions npithessigoetipmatenk espid mﬂﬁﬂlﬂmﬁﬁtpr&csses thermal
aﬁg erties of the %netlc material and the bonded
B DrocPses, FOTHEE 8 PrOAF St cATGIT RS O PIoppiics of the magnetic
oy ingots
N bom Bt e et WP rlettod ¥ roras a,
- R2(Fe0. 95C00. 05) 14B, and :

(MM .xLa,)ti-,Fes25 v_w xCo"ZrwAl xB6.0 , where R= Nd,
Pr or Ndo-75Pr0.25 (represented by MM, were prepared
by arc nelting. A laboratory jet caster 5 with a
nmetallic wheel of good thermal conductivity was used
for. melt-spinning. A wheel speed of 10 to 30 ..
nmeter/second (ms) was used to prepare the sanples.

Mel t-spun ri bbons 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 develop the desired
val ues of B, and HClL. Since Bl and Hl val ues of
bonded nmagnets usually depend on the type and anount
of binder plus additives 10 used, their properties can
be scaled within certain ranges. Therefore, it is nore

“convenient if one uses powder properties to conpare
performance. Table | lists the nom nal conposition,
opti mum wheel speed (Vow) used for nelt spinning, and
the corresponding B" Hxi, and (BHym val ues of
powders prepared. Table I 15 Nom nal Conposition Vow
B, Hci (BH),,,,Xx Renmarks ‘
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(Formul a Expression) ms kG kGCe M30e Nd2Fel4Bl 24.5
8.81 9.2 15.7 Control Pr2Fel4Bl 24.5 8.46 10.9 15.0
wdCiab1r 20 (NdO. 75Pr 025) 2Fel4B 24.5 8. 60 9. 2pd1fa81004/003288

Control Nd2(Fe,-95Co,-,5)148 24.5 8.87 8.7 15.7
Control Pr2(Fe0.95C00.05)14B 24.5 8.59 9.6 14.9
Control (NdO. 75Pro. 25) 2( Fe0O 5Coo0. 05) 14B 24.7 8.66 9.1
13.7 Control 25 (MW.50La0.50)12. 5Fe76.9Si 2. 4Zr 03B5. 9
19.5 7.51 7.1 10.7 This Invention

E&M¥pE Lp0- 35) 11- 5Fe75. 6Co25Zr sA133Bs. 9 18.0 7.57 7.1
11.4 This.lnvention . : _ T .
( MVD. 6 AL 1BZ)tE batike FopGoAon i08AIGc 88BeBagel o DR Fed B,

5 This

Rz(ﬁi%@g Pleslok 4@}%&%?@B&@.;-ﬁzﬁ&%%féa%sswéﬂfﬂﬁwe Bror
N Bt Fopt stk BYAIM Mere prepared ty ang melling, A Jaforgfogyjet caster

with& vhdtalic Whiesl dfpoedtthemaBOonductivity was used for melt-spinning. A wheel

(MWb. 62La0-36) 11-5Fe76. 4Co2. 5Zr 0sAl 32B5:9 17.7 /.61 i
speed of 19 iy 3Gmeter/serpag (inds) was used to prepare the samples. Melt-spun ribbons

WM, 62401 O R0 R 0P AR BB s e Fardd o£ 600 t0 700

venti
"(I:fL ll'dvlgtb?%uaﬁﬁ @rules. 16 devflop HeUebift SvAlRE &' H. 4nd H];. Binct H, and H,,
: is Invention
viinaoidwnded megmets smallp dermd 0pAhg Hms-20d amogntzofdinder plus additives
10. 9 This lnvention 35 . 63La037) 115Fke7 . .
g st S 3 st S R AR WG Tpre, s more convenient
if( oMM Rsestontfdr BRbbaics ESISRBAE BeiinBuBEITATIe s e Rorkinal
111. 2_?I’hi s |E§§’3‘1’ti*§ﬁ 22 C g\% 2004/ 07231i o omina
cRAMISUER0 0niiDoB28Beel fpced 4N, [ aseb fon mathspigng,ranfl the corresponding
B er%&j\ with, stoi.chignetric Fel4B or
Fo GBI 2EPRBATO LIPS, where R= Nd, PR or
MM exhibit B, and H, 1 val uggpfy nore than 8 kG and
~7-5kOe,—TESpeCtT very:—Berause ufthese thigirvatues;
they sd@ind kbl e for kKi'ng,bonded magnets t
di recI:I&:re Olrgfideé.a [ sotropi\g?si nt g(%ed fg rit )‘“5 Remarks
Mor edG® 7“{?_ &Jrﬁfff'f" 1m \/\hpplmlﬁpppdk Ay v el Bredi6Q? nelt
spi nni ng W:F¢dh casting is24& oudB124. 5941s, 157 Control
i ndi catingr.fdi@y are not hi ghlsy quetichabioea 1 n150 Control
contragis, PRLEFE s of theospresgndy i nvgptiongaw t Rontrof
appr opud,iHeg a6 diy sons of LassZr, gdz, org@o 157  Control
cogbl natz(mggc%é hd&)lt Bi: apdsH, , gvs ue_Sg.@ff?- 94.90. Tokfl
an i : urt nor g, sigpific
(Wor:BlyshiFevigZey 7 5285) " be” aBai S8

r educty’ S24.5 10 s) can be
b%MR&E.S,L&EEEISLLlle(fggsa.léroo;és_f P Ql%.lst 1o nl?ﬁ"l As 741 10.7  This invention
(MMy.gst@geas)1-5FE758C0, 2N Al gBsg 180 7.57 -7 114  This Invention
(MMy.55L80.37)11-57€75 800, 60 Al s Bss 18.0 7.41 7.2 10.5  This Invention
(MMy.57L.80.43)11-5F €76 6C 005210 s oBss 177 7.53 6.6 10.4  This Invention
(MM;.51L80.35) 11-5F 76500, 5215 Al B g 17.5 7.61 6.8 11.2  This Invention
(MM;.0oL0.35h1-5F €76 4C0, 520 A By 17.7 7.61 7.0 114 This Invention
{(MM;.aL80-30)11-5F€151C02 520, AL By 17.8 7.54 7.1 11.2  This Invention
(MM, 518557 )41 -5F €79 1270 5AY2 0Bs 175 7.63 7.1 11.5  This invention
(MMg.6,L.80.56)11-5F 675 620 sAla sBs g 17.5 747 71 10.8  This Invention
(MMg.5l89.a7)11-5F€75.62T0 Al 3Bs o 17.7 7.50 7.1 111 This lovention
(Ml 8550 ) 1 4.6 80 02T Al B o 17.5 7.54 7.1 11.2  This Invention
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10 discussed herein, these reductions in Vow represent
sinmplified protessing control for nelt spinning or
&:et casting. EXAMPLE 2 15 All oy ingots ha\fl ng

WQEERHBE311 ons, in atomic percentage, of Nd, Fel PCX/US2004/003288

where x = 10 to 10.5 and y = 9 to 11.5, and

(MM _, La3ijsFesz6 w,ZrwAl xB,.9, where a x.35 to

0. 38, vv:03t005andx:30t035 wer e prepared
by are nelting. A laboratory jet caster with a

metal | i ¢ wheel of good thernmal conductivity was used.
for nelds Qim bﬁﬂen@. the gorvirod matmemwfstoiﬂlwmefsﬁ R,Fe, B or

t t
B (YT .
O
g e T OIS LSy

sitabler fod makingdwndéd Bageats td-duec@lrepi&ce&mso&nﬂtcl'&mteﬁea Ifereiges.
. bond d magnet ual | depend on the-type and
N@%‘t}’r‘?ﬁ E‘F OPfiIRYE Sfpﬂ Eg)eeg o FapRed darggett ﬁmempg or jet casting is
- aldhRAPOEKIRA, i‘ﬁaﬁ gﬁ%‘m 95%6@&%12 ﬁﬁs{c;‘l%lg fx?&gl%%st Wgtenals of the

Ther ef or e, conve one uses

presa m\temaen,tmﬂmpwaprmt@ edditonsofiea, Zf.akl, er Cb cbhﬁ)ﬁ@ubﬁ Qxhibit B,
opt i mum wheel speed (Vow) used

| ‘a’?‘ﬁﬁnﬁé oo Aok TEnBt 7 0k BOpo RN gmns, » sigifcant reduction

S A 0 it g B 0 oo

_ dl@ﬁ@é&&ﬁ@ﬂ es2@8uctibab eVl | rderemaim ohéﬁﬁg%onﬁ/gl for melt
.. /B, - H, - (BH,,,,x Remarks " (- ) kGk
spimEngeniet KFIDE5Fe60. 5B9 8. 22 7. 03 0. 86 5 5 8.6 12.1
‘Control 5 Nd70Fe81B9 8.58 7.44 0.87 5.4 7.1 13.3

Control Nd10Fe80B10 8.05 6.49 0.81 4.8 7.2 10.7
ERANPOIE 2 Nd70Fe79B" 7.64 6.08 0.80 4.7 7.1 9.6 Control
Nd10Fe78.5B71 7.54 6.02 0.80 4.7 6.9 9.4 Control

Nd10Fo 76 13713 P4iEg camplisflofd, ifadinfle fofedfaR R MiFei. B,
whiertG: 2 F@ T8 188 hitd 4 =79 fol1 ©S AdAMM, 4.20), GF8, 9. ZrQANB! Oivhere a
=0.35t0 0.38, w=0.3t0 0.5 and x = 3.0 to 3.5, 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-spuri

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 bmder plus

addltIVGS used, their properties can be scaled within certain ranges. Therefore, it i$ more

-convenient if one uses powder properties to compare performance. Table 11 lists the

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

corresponding B,, M,(-3kOe), My/B, ratio, H,;, and (BH),,, values of powders prepared.
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Nd10. 2Fe78.5Bt 1.3 7.63 6.22 0.82 4.8 7.0 9.9 Control
(MWb. 55La035) 11. 5Fe76. 8Al 35Zr0. 3B5.9 7.39 6.53 0. 88

10.6 This Invention 15
Wo?mﬁ%ﬁlao. 37) 115Fe79. 1Al 3. 0Zr 05B5. 9 7. 63 6. 84 0 ggr+003288
5.7 7.1 11.5 This | nvention
(MVb. 64La036) 11. 5Fe76. 6Al 3. 5Zr0.5B5.9 7.47 6.63 0.89
5.5 7.1 10.9 This Invention
(MVb. 63La037). 115Fe78. 6Al 33Zr 0. 5B5. 9 7.50 6.71.0.89 5.6
7.1 11.1 This I'nvention : I

Nofpjnd CogipesitiQbention 28 Al t A h'i@,qé’and""H. viia‘l u@gi)‘ﬁ‘f Remarks

7.5 0.5 kG and 7.00.5 kCe éan e achieved wth
conposi ti ons of Nd1FelB@-x W& where xk@e 10kQ¢ M&Os

NdaEkvB, 9 to 11.5 (the gzntrolos), w86 si gm fi ésdnt 12.1 Controf
NddFéfegrence i n demagnetd.smt i @a4curoBy sqbar ené&sls cB be Conirol
NdpeédEced. In this exanpde, MHO-3KCR) rd@res@@s thieé  Control
NdpBeyBst | zat i on neasured’.@h t B@8povi@y a#.7a afpl i ed.625  Control
Ndf.fel8,,0f -3 kOCe. The hi.gher 6t0he NG 3k@F) vé&lSue, 9t4he  Control
NdgBeiaBae t he demagneti Za4d on530rved.i&. 4FPhusB.7t 8BS Control
NddBgiBakl e to have hi giv.5(- 888e) W& ued.?7 Thé.8 at €4 of Control
Ndivh¥e.3BGe) / B, can al so h&t uS& asl-&@h i ddi cabion 82 Controt
NddehmgBeti zati on curve &Gar 68ss.0.8ecadde ofl.& he9.9 _Control
i mprovenent in squareness (0.77 to 0.82 of controls
(MR]) gLagjsﬁ,QF&,QapQ 29315‘3& thigoineeati ands tise (Blg)d' 110l6 This Invention
(MM ues), QFe ;B thiesinemati ano@r e sgonsgquentiy This invention
g_m@rs),rshap Az, Bl thesronbeal s d.89. 6530 t ¢.111. 20.MCFwis Invention
ﬂ% =L R, sFél,\gmgmgngyer suso 8. .70 .60 M3Bx of 7ciont 11t S)This Invention
ot s7.bavi BF4conNpBSi t i5gNS, 711N atnAi CThis lnvention

percent age _,La)"SFe82.1, 35 _.Zr.AkB5.9,
wer e prepared by arc nelting. A I aboratory j et caster
with a L1k C e : i Vi -
ves ugs R B I R oSS0 B8] SR BRSO B ievea
mﬂﬁioﬂiﬂoSﬁ@ﬁ@ of A, , Wi, Whed -0 1P teeR5 end e- Sanpll. 2 ihe controls), a
Melt - un ri bbons wer € crushed to 24 WO 2004/ 072311
si o0 Bdgnagnstizdion caDverfgueRens cah heapiéasdain this

e h f..600 00 ,C :
exrrzs%e#?(%%ﬁé@ Prteiah et blaban fu R p o by eppiicd
ﬁeld of -Sidle e ragr%rrf@e &@bk@@ @fluebgﬁtiqdammnﬁ gh@iiahbxycuwe is.

depend on the type and anount of binder plus additives

Thus,eblls desicable tqalratypé:ugh Me(-8kBe)baluss.allbd ratia ¢f Md(c?érqea/ﬁa can also be

B L e I A R
in V\%lfa}é‘neé WU‘@ oE-éontrdls arATFHs N0 0.908F @iy ﬁventﬁ:% ItHAIBH), ..

speed (W) used for nelt spinning, and t
vahes pEppedatiof ghiBlnvdntion 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 controis).

EXAMPLE 3

Alloy ingots having cempositions, in atomic percentage, of (MM, La ), Feg 4
wxlt ALB. 4, 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 (in/s) was used to prepare the samples. Melt-spun ribbons were crushed to
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H,, and (BH m values of powders prepared. Table |11

10 La Zr A B, H H (BH),;x Remarks a w x ms kG
kOe kOe M30e (.35 0.0 0.0 24.0 8.30 5.1 6{7 11.4

WOQH4/673811 0. 30 0.0 1.9 21.2 7.83 5.0 6.8 11. 3 forvusmos/c032ss

0.26 0.0 3.3 20.1 7.60 5.2 7.0 11.0 Control 15 0.45

0.4 0.0 20.37.96 5.6 7.3 11.7 Control 0.35 0.3 3.5
20.2 7.39 5.3 6.9 10.6 This Invention 0.36 0.5 3.5

17.5 7.47 5.5 7.1 10.9 This Invention 0.37 0.5 3.3

17.7 7.505.6 7.1 11.1-This Invention 0.38. 0.5 3.2

ledsfthan 70 Sfesh afid Inrkalel a2 a ThiySerdtDNAR th®Rng2 8f §iE708 °C for about
lists the La, Zr; and Al- contents _and.opti mum wheel -

foypmarntes igdeyelen the dasired yalues of P, @i aBice B, and H,, va}ues ofbonded -

R O
propertiescaf beadcﬁléﬂ @nﬁm{’ cértdin 2311?& aﬂféré'ﬂrezg’c iy ﬁioﬁ:’@éorpwtsment if one uses

around 7 0.1 kGe, it can clearl be deen that the.
: pQTedﬂf propstiiagjte hompme@asfbnganczr Talnle} Allissdhe povhinal Eﬁ;lZs and Al

coRfin RGO Yhie SRt ng vl o7 Rl ik end Bisciprisapeogine B, .

C,,Sa%ﬂ(BPD,ErQQH&eofﬂﬁ‘Oﬂﬁfs [%tfep&gtp sane quality. A |ower

wheel” spééd usual’ly neans the process is nDre
controllable. It can al so Wablkeld¥erved that. and HC1
val ues of about 7.5 kG and 7.0 kCe can be achl eved 1 n
neny ways. Fopi30 eyanpleg at Zy = 0. p_at %gphen Rtei,),parks
La contgnt. (3 is ,lnpscreaﬁgd friqsa O. 3@0$° . near|

) 24 ] i/ 13.4 fr
| i ent f to 3. tQ%"
é@ryl n Ehe L§3 an%qﬁ e(r:]op gG%tsg nd t ? : 3 “contro ly
%grgbl nzgxghons o | ovpdesi gh actlal Iy L} e t ng"
r()eo,l at i V@}ay i ngfgpen 37; 9abI e to cQfit r ol \Ab s l%;ntlon
re % %tAI on%‘t 25 9 éll“gts Invention

ang H yal ues;kn
%%94/ 07@g11 P&}/ US /00,’3 8 MPL 4I Al | qy 'yl Snvention

i ng @anoskb' Ons!?ﬂ N aiOm c Rer centhge c)lf1 2 This Invention

(IVIVl Ia; )

1
6
9
1

r eaSé"

Table 3 lists the La, Zr, and Al contents and optimum wheel speed (V ow) Used
for producmg MM, L), sFeg w21, ALB; and the corresponding B,, H,, H,, and

(BI—I),M,c values. Although all of them exhibit B, values of around 7.5 + 0.2 kG and Hci

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) ﬁbm_B.S 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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w xZr,Si.BS 9, were prepared by arc nelting. A
| aboratoryjet caster with a netallic wheel 5 of good

W 11 conductivity was used for nelt-spinni
d\/\ﬂgé{?%glgeed of 10 to 30 neter/second (nfs) wa lg@r/b]ﬁudmo:szss
to prepare the sanples. Melt-spun ribbons were crushed
to less 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 values of B, and H.. Since B, and.
mXavgiyeg of bonded magnets usual ly depend on the
type and .armount of binder plus additives used, 10

their ertl can be scaled withi.n certain ran ' e
Ther ef é‘g y Hgoﬁ‘aﬁﬁ’lgewgﬁ%ﬂ%\ﬂ“%ﬁfl aFolmlc BRECYa%Ss 0 Mgﬁhm Ji1sFeg g,
“PZ0, BF-‘B% 9,_%“5 %eﬁ%@@ 8y SrPREhR ”%nﬁgoraﬁfﬁ caster! w1ﬁ1t 2 mte&gic wheel

nonm na and Si con ents

of ypd thewoalfconduvtivity sqak nsedfpr nml!dspﬁrhﬁng: OArvﬂ&BKHi)@édef 160 30
H) nu_val ues of powders prepared.

mPéfH{ Sscqf'\‘}a(ntfgs)ﬂ asqised f) pEPHAG Uh Sanqrrbeyy Mﬁéﬁwrkxgbboas were dashed to

& el P G e ant A oiffe n e Fohgpd oo R T for about

fcﬁlrctﬁn@ted tcOdfﬁfeR@J tBe desiedvabued 08BlandHCOSINEOB_arfd ¥ 1v&uds of
6 7.0 11.3 This Invention 0.54 0.4

(% 18.5 7.56
b@ﬂ dfpaggets %salb! depgndson theztypp prd amoenitof bmderygusadditives used,

ses . wWith inc n and Si
rﬁf@ﬁ&he& %Srb\éaste:fsl(lgﬁg{it%ﬂl (éer{?m 163111 534 gﬁ E) (rg étZIF g&m‘: F%\H/ement if
oh@um; @Bﬁ'ﬂer ﬁﬁp&ﬁ&é BB EHELO S & hafc S OTANSTV llﬁythevﬂoﬁlﬂﬂMtLa, Zr,
or Si addition. The Vw, decreases from 24

g@%@ﬁm@ﬁ“@“ﬂ‘”@%ﬁ%@r(v Sduied famelbspinting and@ dldicorrcspondmg

nt at% Si .addition. A
B ah bt e s e b derSbrehen o 2. 5 a6 S
addition can further bring down the V, to 18.5 m's. As

denonstrated, within these ition ranges,
|sotrop|c povvders with B, values of 7.5 f 0.5 kG and
—H—vattes—o i N

| ess .t han 20 MS 26 WO 2004/ 072311
P /usz 4/ ooﬁss MeVPLEB:s | H H,  (BH)., Remarks

kG kQe kOe MGQOe
.0.40 0.0 0.0 245 7.96 52 7.5 10.5 Control
0.30 0.0 1.9 19.0 8.07 586 7.3 i2.2  Confrol
0.45 0.4 0.0 20.3 7.96 5.6 7.3 11.7  Confrol

0.41 04 23 18.5 7.56 5.6 7.0 11.3  This irvention
0.54 0.4 2.4 18.3 7.45 5.3 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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Al l oy ingots having conpositions, in atomc
percent age, of{ (R _alaa)"_SFe82 5 WMhB6. @, where R =

W }\g MM (" d075Pr 015) were prepared by arc.nelting. A

ﬂ??r?’dry jet caster with a netallic vvheel RET/Hog4/003288
thermal conductivity was used for nmelt-spinning. 5 A
wheel speed of 10 to 30 neter/second (nfs) was used to
prepare the sanples. Melt-spun ribbons were crushed
to | ess than 40 mesh and annealed at a tenperature in
the range of 600 to. 700 C for about four minutes to

'EMMP 5he desired values of B. and-H,. Since Br and

H, | lly.d '

R e
W

LSS RN i 8 20 88, s

3 %P@Eﬁ Mlﬂ'ef‘smF@llEQ)Wb@ﬂl of geed termal condubtivlte wds lusat r tmadi-spmnmg

g%ﬁf of iﬁ' 99_%’1 mgﬁ%}s%gq?@%% v%pgﬁla g %&f}g&gﬁg&s%m%ies Melt-spun

: nﬁlﬁcﬁh@ aFepélerudiaddl 18 186s than 4@mkh Bid ﬁfﬁéﬁl&i‘% teh‘np?gaﬂge i theggnge of

(13H)max Remarks a x kG kG k

640 tp3/ 08 °¢ for ﬂamfmmnmee ko d@'eB?p t]ie Oesired ¥ahied 6 B, #hddIQ Since B,

ntr 0,0: 3* 068104Th|s
aﬂ%«eﬁﬁﬁ%"ﬁ@ é‘ﬁd ?asnefs zl@' df%eﬂ&iogt © B/pg agd ppjoynt of binder plus
4 7
a dilf{\%@glbtgﬁ %h% gp%lgss @adl%e sr?:.af%g wjth?rh réiluﬁ{lagl %’ Iggﬁﬁg ore, 1t is more
canved@enidf OneudeS p6wdar ﬁoﬁcﬁe@toﬂr@aﬁp&fcﬂﬂhﬁﬁm i Teble 0- I¥ts'the

9

177756@74547 11.3 This _Invention 0.3** 1.
nomiggl e nepogtegtsiamd the pprsesporsing Bo ML(08), BoH m\mmm

‘vﬁu&mo%dersﬁ%p Nd As can be seen, wthout any M

addition, a“Br ‘'ue of 8.38 kG was obtained on

'(RO. 7La0. 3) 113Fe82386. 0. THisbley®l ue is too high for
direct anisotropic sintered ferrite 35 replacenent.
Slmlarly, When Mh was T ncréeased to 4 atog —a—Br of

6.141 KG wgp obtagned. g (3k0e) 1, Hy,  (BH),., Remarks
a X kG kG kOe ~ kOe MGOe
0.3* 0.0 8.38 7.13 53 7.0 124  Control
0.3* 1.0 7.92 6.75 52 6.9 114  Control
. D3 2.0 7.48 6.42 50 5.8 104  This invention
0.3* 3.0 7.10 6.16 49 6.8 96  This Invention
0.3* 4.0 6.71 5.89 . 48 6.8 8.9  Contfrol
0.3* 20 748 = 842 50 68 104  This Invention
028 . 20 = 755. 661 5.3 70° 10.9  This Invention
0.3** 1.7 775 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 = (Ndg.75Pry5)
** R=Nd

. As can be seen, without any Mn addition, a B, value of 8.38 kG was obtained
on (R ;1ay 3y, sFeg; sBgo- This value is too high for direct anisotropic sintered ferrite
replacement. Similarly, when Mn was increased to 4 at%, 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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This value is too low for direct anisotropic sintered
ferrite replacenent. The Mh content 27 WO 2004/072311

wo Sod444540 04/0 0 3 288 needs to be within a GE/ %&4003288
range to obtain desired B, values for direct sintere

ferrite replacenent. Mreover, when conparing the two
conpositions with constant Mh content of 2 at% (x=2),
Ht; values of 7.8 and 7.0 kOe can be obtai ned by
adjusting the La content (a) fromO.30 and 0. 28, -

respecti.vely. This slight.degrea in La.content al .
neefly withinggecegaig rapgg tﬁé@tﬂﬁ? TPA. I VR les s Glpg Singped ferrite

Te ﬁ@ﬁ%‘ft{\/ﬁﬁ&@@%@ A hdn' .ﬂt'ﬁgiﬁg_?l cofAdsfng %{ith%?ﬂﬁﬂt Mn content

a an can be use i mul t aneously adj ust -t he B,

ofdnstYHx=0h Hiesalods qfavilands7 0 kdetdah be cbeasieed Hyradywstihg thed a content
the i ndependent variable to adjust the B, val ues_ and

(a) froms0.3@ arrl 988, reanrckively HL hiswhEhicdecreppin Lfcanteny plsp angrepases the

i r f [ .
g et TR R 6 BRSPS eS8 AL s, mamcy
LExMAnfcdn Y hseY td SigRdiandbaylyHd] 0 thedS aht G} Svalidd ofpowters. In this
percentage, of (MWD, 65La035) 11. 5Fe82. 5- w- xNb. MhxB6. O
cagarMdn woafhbete bydeperdant Variahde tomdium Siedd.oaluep and Eadgused to

cpBlER ARG (HE R og k0 B U e SRRt o ngfica

whBS SSAFREPRARE BbsinRsrrats 8dsihg fRheRal e the sanpl es.
Mel t-spun ribbons were crushéd to | ess than 40 nesh

and anneal ed at a tenperature in the range of 600 to

0 for about four mnutes to develop the desired
E&éﬁ\gggﬁloé) B, and Ht;. Singe B, and H val ues of '

bonded AHRYTEEYS HEVIBE CYMBRPAPRS BhatPRec PFHRAEETdOhnount

bi-nder us Wk %e [ t] .

OB £ A M o hord I fro PAARE L ASR RO jot caster
withRRGA B0 twheel o ff good ahdifi@b cqirlveigvitypwapeadet ifesmeb-spmniigy & wheel
performance. Table VI lists the Nb and Si contents,

spegtl ooty seead (wéivas e togirepase thesgmimiisn delifgpn ribbons

A 90y R o o g ot o0 T
°AVElr=Blebutinirtes t6 BEbdtop tHBaIBikkbvatiteso B and H K GifdaB, and H;

kCe MXe 0.0 0.0 24.0 8.30 6.76 5.1 6.7 11.4 Control .
vgues of bpndel magnetsugialp depepd@nghy typs apd gpognt 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 VI lists the Nb and S1
contents, optimum wheel speed (V) used for melt spinning, and the corresponding B,,

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

Table V1
Nb Si V.. ‘B, M (-3kOe) H, H, (BH),.. Remarks
w 4 mis KG kG kQe kQe MGOe

0.0 0.0 240 8.30 6.76 5.1 6.7 114 Control
0.2 0.0 20.0 8.15 6.80 4.9 6.8 11.5 Control

0.3 0.0 100 824 6.91 5.4 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 19.0 746 6.67 52 7.0 11.0 This Invention
0.2 3.7 18.0 7.62 6.76 53 7.3 11.3 This Invention
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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
WO0p4/0R301 7. 62 6.76 5.3 7.3 11.3 This | nventi onCT/R82064/003288

( WO 2004/072311 PCT/ US2004/ 003288 As can. be seen, 0.2
at % of Nb addition decreases the Vw from?24 to 20 m' s.
A further increase in Nb content fromO0.2 to 0.3 at%
brings the Vwto 19 m's. This denonstrates that No is
very effective in reducing VW. However, B, values of
8.15 and 5 8.24 kG were obtai ned when the Nb contents

are at Akcindededh, 8.224% oMith RAditioR A¥crSises MEV t ifdM 24 BE20 mys. A
B, values of isotropic bonded magnets made fromthese

fugboraesasedn b ¢natent feonh 0 gHoflok attls brags thnVsotoridpis. This
o R e RS ey reb R be b5 ana

8.2 RGrRéle bBRURY vHen thoND Snkdatehid a¢0.9 gﬁd 08. 22K Kehout any Si

respectively. In this case, about 3.6 to 3.8 at % of

addgtiame dihedB, tvelugs phigotropik bBpddDmagmtt-dide fibmdbesemosrders would be

o A 8P RSB S RS, N Bt

in§ SRR BIBOLH, DU REANR lbditeh ange EXAVB T 18%nd 704

Al'loy ingots havihg cofrpositions, In a
0.p&Oeecrspgtivelyl In (HidEas6dbait 35)t0 3BRaB2 15 is nedfebtoBn®both B,
fmme gre ared by are neltj%gjét_Alaboratory jet caster

i VAUTREDE doseabip sagest Shyblitiona these levsisala lowersythads., from

t - apinni \ _

103 T By AR s MORT rp TRERE T gb B
"Melt-spun ribbons were crushed to | ess than 40 nesh

and anneal ed at a tenperature in the range of 600 to
EXdMBBET for about four minutes to devel op the desired
values of B, and H,. Since B. and H val ues of bonded

magnet sAllesuingdty hatapge nelmposititues, irygemanskbresmage) oDf

Lt used, their properties can be

i nder plus additives )
(h@%f;ﬁsiam@p hfars-od St MERe BECPAred by efomeltingy 4 lgboggiary jet caster
. Lt ) o .
R BYSIARcl 908 PO ALLOR Lol LR, A vhe
spopd ofilmo/d(aektespeedd (M) wiseded prprapiré thephmpleag Méihspun ribbons
the cor| e31p0n ing 25 B" MI(-3kQe), MIBl ratjo, HCI,
wgﬁd:n{sg e gO gies &Rﬂé?%eaﬂﬁdéﬁ atergperature 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 magpets 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 VI lists the nominal

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

B,, My(-3kOe), M4/B, ratio, H,;, and ,(BH)m;x values of powders prepared.
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30 29 WD 2004/ 072311 PCT/ US2004/ 003288 Table VII M Si
B, MI(-3kCe) M/B, HO H, (BH) __ Remarks 5 w x kG kG

WSS M MEND 0.2 08.15 6.80 0.83 4.9 65845 003288
Cont}rﬁol 308246910845471118Contrg)'1;5§°d’

0.3 3.6 7.53 6.77 0.90 5.4 7.3 11.3 This Invention

0.2 3.8 7.46 6.67 0.89 5.2 7.0 11.0 This Invention

0.2 3.7 7.62 6.76 0.89 5.3 7.3 11.3 This Invention 15
M=Zr 0.5 0 8.35 7.37 0.88 5.8 7.3 13.1 Control 0.4 0
‘8.35 7.33 0.88 5.7 7.2 13. qg ViPl 0.5 3.6 7.63 6.81
"0.89 5.6 7. 3 11. 4 Thls Inveﬁ¥|on 0.4- 4.1 7.61 6.88

0.90 5.5 7.0 11.3 This Invention Mx 25 1.3 O 7.91

6M59 0383 5.5 7. Mu(133x08) TH/8. | nvidnt i onHa 1. 3BU)Z. Renerkss
Ow35 4.0 6. %®. 6 TkGs | nventi okOel. 4 KDel 7M&DeS. 50

0.86 5.2 7.2 10.6 This Invgrigwn 1.3 1.2 7.55 6.48

0286 5.0 7.6.150.6 dbos | nventiong 30 68 thipe exarmple,

0B is denonstrat edsbhat N4 Zr,s5er Cr7gan a8 becdasad

P8 conbbnativéa W 8.A7Si toedri ng4B, and H 1108 daisrieention
oanges3.gBecause ofsthe didderenses inzbhe at1aM Gy fnvention
oadii, 37t hez@esireglzamounigdf Npg Zr,78r Cr(Vfl i@ tnvention
from0203t00405and1314at%for Nb, Zr,

and Cr, respectively. Thgyop{i mum amount of Si al so

peeds t(p be gadj ustgd; accq;ég ngI In 33 ot hﬁar*i WL Lo
bar eagh paigrsof M agd ’oéé“eresb's a et ofap a %?ﬁl
g@8nbi ngi ong gho nMeggqthe gdargetg foroB, a J'D’Th:s-lfnventuon
auso syggesggithatgBg andhdd ;. vabues £an D16  This invention
bladepepgdent kysoadj ustyed  g.90 55 7.0 11.3  This Invention

M=Cr
1.3 o - 7.91 6.59 0.83 5.2 7.1 10.9  This Invention
1.3 2 7.23 6.15 0.85 49 69 9.6 This invention

14 1.1 7.57 6.50 0.8 52 7.2 10.6 This Invention

1.3 12 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 suggesfs that B, and H; values can be independently‘adjﬁsted
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 suégests that Zr is the preferable refractory

element compared to Nb or Cr if one Iooks for the best demagnetization curve squareness.
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© #0.5kOe, tespectively. More.specifically, La, Al Zt; and Co are incorporated to adjust H

- 35

to the desired ranges with certain degree of freedom

Based on thesd results, the M/B, ratio g¢ecreases in

ﬂ'g order of Zr,” Nb, and Or. This suggests.that Zr is

WO[ M er abl e refractory el ement conpared tBCNESH4/003288
if one | ooks for the best demagnetization curve

squareness 40 30 WO 2004/ 072311 PCT/ U82004/ 003288

EXAMPLE 8 Al l oy ingots having conpositions, in atomc

per cent age, of (MML-alLalJ, isFeszs- - - xCo, ZrwAl xBb 0

were- prepared by are nelti'ng. A | aboratoryjet caster
EXAWLE£ metal li ¢ wheel of .5 good fhermal conductivity

was used for nmelt-spinning. A wheel speed of 10 to 30

et eylloyengits hivihg hompéslmdint&o@fc%@tdgﬁeoﬁ@m, F3)y1 Fegzsam.

Mel t - spun ri bbons were crushed to less t gh
CoZrgAlBaners nsepaged by @r@rm@ltlag uAdahiaratoneiet eastps V‘leh ssmetailﬁ: wheel of

“good tfetfhaled o Ryl e tof it sning, Kt %Ptﬁ%ﬁ £ gaed

meter/SRIAE (zﬁ/s?lwahbed 18 QREA B8 s&xﬁ?leﬁ YRE1EHn HHPORS wefe crushed to less
us additives used heir properties 10 can be

bi nder
than 4Q mgple anfﬁnlrmw}@d@é A temperataregoshe Mhge eff @Heto 100 °C§omoat four

i DGR PG 1T OB A SR

HORLED & |
magn o] nn:wr: tgzegﬁghﬁﬁgyg%ggﬁgﬁggfnﬁ& %}ugﬁﬁgﬁgfv?g }_iéﬁ their properties

can be\saalqiawl cepintengespheeafed, it Tedbee ddniveniediSf bae Ges ﬁbwder
av wx kG kQe

properfierjy cgmipars bprrianes. o IeBbhSS de Ie: gf@;ww& coplgat, optimum

e .ol g oo 1 B2

powderspreparedn 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 17.7 7.53 6.6 10. 4

301 This Invention 0.3913bleVills 3 1 17.5 7.61 6.8
11.2 302 This lnvention 25 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
La 7.86 7. Zr11. 2AB03 Vi s | @yenti®p  (BH). - T. Remarks

a v T x kG kQe MGOe

000 00 00 0.0 24.5 8.60 92 146 307 Control

026 20 03 35 200 7.67 7.8 11.9 303 This Invention
035..25 05 . 38 18.0 7.57 7.1 114 302 This Invention
037 25 05 38 180 7.41 7.2 105. 302 This lnvention
043. 25 05 - 30 17.7 7.53 6.6 104 301 This Invention
039 25 05 ° 31 175 7.61 68 112 302 This Invention
038 25 05 32 17.7 7.61 7.0 114 302 This Invention
0.38 25 0.5 3.5 17.8 7.54 7.1 11.2 . 303 This Invention

!

In this example it is demonstrated that La, Co, Zr, and Al can be combmed m

B, V.. and T, of these alloy powders; They can all be adjusted in various combinations to
obtain the desired B, H,,, V,

eis C
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hr this exanple, it is denonstrated that La, Co, Zr,
and Al can be conbined in 30 . various ways to obtain
worbiyespen powders with B, and Hd in the rangescofysioodooszss
10.5 kG and 7.0 A 0.5 kCe, respectively. Mre
specifically, La, A,.Zr; and Co are incorporated to
adjust HO;, B, V,,, and T. of these alloy powders.
They can all be adjusted in various conbinations to .
obtain the desired B. Hai, Vag or T. 35 31 WO -
EXA 4 872311 PCT/US2004/ 003288 EXAMPLE 9 Al l oy ingots
- avi ng conpositions, in atomc percentage, of -
(MM .La,),,.SFes2.6.,v.. Nbo,,.A..B .9 were,.pr red -
by IO imkbis VIR cPRBT P 3 Fam G BPag: SROITh L e
al,ld f da Ly
N AT s PR B e PR, 4 REGTRE KRETE I b thctfo wheel of
good tieteal/condumtiahity W6 usedbtor nsdicspiroiy. epavieel fpeed afipd 030

Melt-spun ribbons were crushed to | ess than 40 nesh
meterfgaepngd (REH s used i Rrspde the sarwlesn Melbspullighbags weterihed to less

r f ' ' [

than 403k o Gfan B0 of Ao rBht e LRERY BT 1P RE MRS oo
minute@@niielop shddsired eplaado OB, Anti €] 1 YfieceaB candr i vdlusfof bonded

bi nder plus additives used, their properties 10 can_ be .
magnefs asuslly Wiependrreibe tyterpnd anpust offtindes phiscaddjtive gsadptheir properties

convenient if .one uses.pO r...properties conpar.e
can b G Eh ot g T PR B R il TR Foweer
- propefRR @ Bérfipard peitHAncYNEShic TRV thd/L), 15,86 df MrcoiRhts, optimum

spi nni ng, and the corresponding Br, H,, and (BH).
wheehapkebdV oF used dowciack spinvingr and. th aorresppading B, Hy, Rid @H), values of

HHL (BHm,, Remarks a w x ms kG kOCe kOCe M3e

B
 PowdgrS PR 0 00 24.5 8.60 6.2 9.2 14.6 Control 20 0.30

0.00 0.00 24.0 8.39 5.4 7pya3x? Control 0.35 0.00
0.00 24.0 8.30 5.1 6.7 11.4 Control 0.35 0.00 0.00
-3

24083350661 Conttrot
La Nb Al Vow B, H, H, {BH),., Remarks
a w S X mls kG kOe ikOe MGQOe
0.00 0.00 0.00 245 8.60 6.2 9.2 146  Control
0.30 0.00 0.00 240 8.39 54 7.0 12.7 Control
0.35 0.00 0.00 24.0 8.30 51 6.7 114  Control
0.35 0.00 0.00 24.0 8.33 50 66 11.3  Confrol
0.35 0.50 0.00 20,0 8.30 52 7.2 11,6 Control
0.40 0.50 0.00 19.0 8.24 556 71 12.1  Control
050 - 050 0.00 18.0 7.59 4.8 6.3 9.4 Control
0.37 0.50 2.20 17.0 7.53 57 7.8 11.0  This Invention
0.40 0.30 - 2.20 - 180 7.56 52 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 52 7.0 11.2  This Invention
- 0.38 - 0.37 2.63 21.4 746 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;, ;Feg, (B; , to the range of 7.0 £0.5 kQOe. Also, La-addition has limited

- impactto 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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0.35 0.50 0.00 20.0 8.30 5.2 7.2 11.6 Control 25 0.40
O 50 O OO 19 OKS 24 5.5 7.1 12.1 Control .50 0.50
.59*4:8 6.3 9.4 Control 0.37 0.50 2.20
W‘?L%"%’”ﬁ-"s% 5 7 7.8 11.0 This Invention 0.40 OPGUUS2M@/003288

- 18.0 7.56 5.2 6.8 10.8 This Invention 30 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 35 This

npl e denonstrates -that wi th various La additions,

for thege 198 RRIBPletg 20 me's for 2 sappls-epnpainios 0ot attAD, @ﬂ@@gng% 9

lmpro{e?nén? fn dﬁ[ﬂﬂ%.l %hﬁ%il%\?ﬁ{ﬁ zﬁfnb@ 2% %Kﬁﬂfj%c%i {‘) ci)r%3 ﬁme gan readily
bring the BYR the desifasagd 6f 15 (0.5 RM &twi@v&s 8f K% 2 o ﬁeducuon in Nb
noticed at the cost of Br(from8.33 to 8.30 kQ

conten ﬁmtﬂbmmn;am theedegirediBoanda ein th¢ ongeof 732: WO kG 'and 7.0 £ 0.5 kO,

respecfw%i 9172%\17% OF %g?ﬁ%gfs/gogl&%ﬁgl EJ Ephgl gm?s/f tﬁs sugg ésefhat Nb is

critical ©0he alldy\GhieABhabiliiRT QY. Ahtét b Vb, G NONARIiAdt¥n, thi 1
Wth ab)n?lz 2 th)@Z 4 at /or%;’ ad%lli’tl on, one car11 reg,dl Ilsyexamlje

- demonsiratgy thahend;ant essanitiellyl edjnstdhe Bp gk, aifd V ooindepend@ly tatcefthin

Ievels of 2.2'to 2.4 at% reduction in Nb content can
stitl maintain the desired B, and Hj in the range of
7.5 10.5 kG and 7.0:E 0.5 kGCe, 5 respectively.

However, the V,V increases slightly from17 to 21 nis.
EXAMRLE Wuggests that Nb is critical to the aIon

‘quenc I|lt 1 Wth appropri,ate La, Nb, and |
conbi ngﬁ%ﬁl Ofsrﬂag’l Oéltloa%ﬁ%ﬁ@ﬂ“é?%@e’@tﬁ&% OéﬁMl\éaaFraa) €94 1-ux-

en ST o ety LGRS e

degree

wheel oﬁgthﬂhtnrmis:pndum&ttp mae el fbﬁ_fﬂt amngfA wivddl speed of 30 to 45

X were prepared

- 94, 1. Xx.
meter/fnd (7 NS Pﬁ%@ Prwa&r %‘GG%‘FP]@n j?te%asvabbcms e Rrughed to loss than

40 me%ﬂe Anh‘éale&‘@?zﬂen&&r%g?é oS ?9@;%’?& a}g{ﬁ’ 3(Y\@1§m{f§set% develop

or -jet casting

the desietld, fané EDN Bihed B )andds, skipddédmpgapaieatlpdesalbethe type and
ri bbons: were crushed to less than 15-40 nesh

amoung Hgb’éﬁ%]”e additives ysedpibeinpioperticagan by sl wish egtpiranges.
Therei%t‘p Wlis é@réﬂ: ﬁﬁnf{ 2 of8 é?é&%wdggf sgﬁmg Fci c@xa% ﬁ grmance. Table

nce bon ragnet s© usua

X liststtheLa,yfre Adruhd tagaDisné eath dontegle(un) ,Déptﬁn@ﬂdﬂ{deyq&:c@! sed) used for Jet

their properties can be scaled with certain ranges.
casting, and the oorrespondmg B, H,, and (BH)max values of powders prepared.

'I_'ablc X

Ea Zr Al TRE V. B, H, (BH).. ° Remark

a w . X u -mfs . kG . kQOe  MGOe

- - 0.02 118 46 8.90 9.10 15.51 Conitrol

- - 0.03 12.1 45 - 875 - 100 . 15.08 Control - -
0.01 0.01 0.93 11.1 43 8.49 8.52 1433  This Invention
0.01 0.01 1.02 112 42 - 842 8.57 13.95 - This Invention
0.01 0.01 149 113 41 8.36 8.90 1395  This Invention
0.01 0.01 1.86 116 41 8.10 10.25 1345  This Invention
001 001 235 119 4] 826 B8.67 13.45  Thisinvenfion
0.01 0.01 2.61 11.4 41 7.95 9.20 12,82  This Invention
001 - 0.01 279 11.3 40 781 . - 9.11 12.32  This Invention
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Therefore, it is nore convenient if one uses powder
properties to conpare performance. Table X lists the
wolao4/¥m311At, and total rare earth content (u),p@Rutidivos2ss

wheel speed (Ww) used for jet 20 casting, and the
corresponding B" H;, and (BH)mar val ues of powders
prepared. Table X La Zr Al THE V. B, ga (B1l)nf
Remark a w x u ms kG kCe M3e 25 - - 0.02 11.8 46
8.90 9.10 15.51. Control - - 0.0312.1 45 8.75 10.0

L5,50 Suhyuy b Pe

the B, Vhluss bﬁmagmatmrpow@cﬁlvﬂ it gend@l fotmdladdf (B/IIG@L&,)QI&M],% 25
This I nvention 30 0.01 1.86 11.6 41 8.10 10.°2
wCo.Zh, g o1 betwiepr diout Zrﬁ aﬂé S k@. dn conjgretipp with the Pg\ czetrol one can

o 43 TP N 8 o 253 B B gor
(TRE),cofiteht. BAtB2vehidute MaentiZihdddion)\Be2PO4ddy 2Bad! speeds also
PCT/ US2004/ 003288 Thi s exanpl e denonstrates that,

‘decreaggs g a\baldﬁ YU 4R mgardienicoppar theAS-Aa MV of alleystwithost any La, Zr

or Al ; Vons %&%&gstts t%ﬂlp Mlﬁ?ci.‘a %r aggltlgggtgﬁagogpe\%mﬁlgﬁ%hoﬁ[)ility. The
lower Wﬁal@@‘i’s&ﬁdiﬁ%md OF I6DRbHH deﬁﬂﬂ&ﬁ the Al control,

one can also manipulate t H, val ues between 8.5 and

10. 25 kCe by adjusting the total rare earth 5 (TRE)

. Wth a very dilute La and Zr addition, the

EXAJ‘@E@% wheel speeds al so decreases to about 40 to 43

m's when conpared to the 45-46 nis of alloys w thout

any LaAllpy mgsts Igvingrieamprsstiony fig stoguggergtﬁstagm af a

(Ml"fev?fl fb\,\&sa%w‘glp é?nggg’e;é){gPI n& gvtafecolﬁc g :épﬁg%ré Ty Jet%aster with a

metailwﬁﬂé?é] Piabbd therrddl ¥Rk dry IWasAsbPlor 'nﬂ'—.gﬂi;pimﬁﬁg/ | AY/h@el speed of 10

ITpOSI tion, in atom ¢ percent age, of
to 30 xpmleec@zd dwa)was ST Prear© 8kl aapks9 Melt-epyprmeipwne ovebycrushed to

s 35 S0 R P Shhe BOR SBaie T K St o

minutéBoldeSBlop Thd\@esirdd VIR of3Pe8d I-Pf ﬁﬁbx&ﬁ)&ﬁe@&agnets were prepared by
neter/second (n's) was used to' prepare the sanple
mixing/Bie papdan withohwi?é eperycarck ©8P sd% zinc stearate and dry-blended for about 30
minutes. The mixed compound was then compression-molded in air with a comi)ression
pressure of about 4 T/cm” to form magpets 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 intemal lubricants at powder
{rolume 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 permeancé 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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| 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 Hi. gooxy-bonded
WORMR@TB1lhwere prepared by mixing the powder wWPCH/UB2004M03288
epoxy and 0.02 w % zi nc stearate and dry-bl ended for
about 30 mnutes. The m xed conpound was then
conpression-nolded in air with a conpression 20
pressure of about 4 T/cnR to form magnets with
‘diapeters of about 9..72 mmand with a perneance -
100 *codfablecXElntts the v IupROF2tionldfepoxw P ltandde BAFEq aad PR3 5n Bonded
for mnutes to far t her mpset epoxy-bonded .
magﬂﬁgﬁg%?égé?lf goarepponding ﬁp@cb 8nd G%%m@ﬁ&é% Merwrosh at gread 1689 °C.
m xi ng Pol yam de PA-11 orragpdtxphenyl ene Sul fide (PPS)
resins with internal l|ubricants at powder vol une

£ OO A i
e afrd—60—vol-9%—respecti-vely—Ihese

' aCTtTT OSSO \VEw mn v u m A pan Va4

m xtures were then conpounded at 25 tenperatures of

280 and 310 C, t¥elBem PoByani detPa- 11 Bnd PPBHBased Remarks
conpounds,  resgd@fikly. The conpounds were then

i nj ection nol ded Y#{*%a st d&¥ nol #9e0 obk®en meYEEES

wi th dianeters of about 9.72 mmand with a perneance

coefficient of 2 (PC=Zlyodalifed RIHEES VETE pUISE
.magnetized with a peak magnetizing field of 40 kCe

Anisoppig SinfesedEardiar en 99, A 4¥)st er 98s gr4SA wit 5. - Control

Isolrpioudat ur e st age was usé@5to nBd8ure ¥HE rmghke2  This lnvention
EpoxpBopiedtMageetat 20 a6 34 WB920045607423117.05 8.71  This invention
PA-1PBIidegME04¢t00328865%00 C4.98abl e4 X4t | i stH4t he \B0I3UNEThis Invention

- PPS Borlet iMmanetof epox$0%Pol yasisde PA431, am@4PPS i4mdbonti@s invention

magnets and their corresponding B,; H, and (BH mx

val ues, neasured at 20MeasghrddaX 100 °CTable XI 5 Vol une
AnisoopigiSintgred Biiex Re®fr ks 3FBact i 884vol %6106 kOe 38 MXentrol
Isotropiy Agwdsiur ed at 20 C Ani s6ropi c43iint er dd7Fer r it €8 > 9s Invention

" EpoxyBbfied Mi@nd. 50 5. 0% Cont 5@b | salzhopi caRewder 47955 This Invention

PA-15B48Hed Megndtl. 22 Thiss | nvepmi on skpoxy Bended Magnet This invention

' PPS Z&ideB Mefin&. 04 7. 05%06. 71 Fhips | ngent i ong 7RPA- 11 3Bandehis Invention

~Magnet 65%4.93 4.44 7.04 5.13 This Invention 15 PPS
Bonded Abante s88bihtrpidbdndied ninés IdthHUSmE @é@ﬁ&ﬂs%nging from

Measured at 100 C L
60 to 75#0l% exhibit B, values of 4.55 to 5.69 kG at 20 °C. These values are all higher than
that of the anisotropic sintered ferrite (the control). Similarly, the H, of these magnets range
from 4.13 to 5.04 kOe af 20 °C. Again, they are all higher than the competitive anisotropic
sintered ferrite. High B and H, values mean a more energy efficient application can be
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

nvention.
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and 13@Rdedommmastels withtdiwmetersmiahouich?2 a5 wd w

Ani sotropic Sintered Ferrite > 99 3.78 3.84 5.94 3.53
Control 20 Isotropic Powder 6.67 4.11 4.77 8.13 This

' Epoxy Bonded Magnet 75 5.00 3.71 4 .

WO AR Y 11 Bondad Magnet 65 4. 34 SrEgrddionnss
3.81 This Invention PPS Bonded Magnet 60 4.00 3.21
4.77 3.31 This Invention 25. As can be seen, isotropic
bonded magnets with volune fractions ranging from 60
to 75z vol% exhi bit. B, values of 4.55 to 5.69 kG at 20
Exalsprihese values are all higher than that - of t he

anisotropic sintered ferrite (the control). Simlarly,

‘the H qf. 't hese nets range from4.13 to 5.04 W at
20 C. AJSYATEYH AV TEE BOmITE FepRsiiat, iAo mES R Ries (fEa

4. S0, I1C iRt dAernni ke. . Hi . e
xpre R O M b F e s et fire P b B & Iaboratory
jet cadeswiiline chetdlinyhed @tfipopd chdmnabeddoettyitgtveasafsed foranelt-spinning. A

invention. At 100 C, the B, of isotropic_ bonded
wheelspgrfbelsl diarQaeter/ssispad (mish Was gseddo Prosye e samplesh Maespun
. | €. .
ool 98t €3 AL 49 NARRAP Rl L BHAI ffanes of oo
700 “Clignubbst fvar inffutés toevelop thd destted ¥alliéeof B had &1 Y dpegs-bonded
are conparable to that of anisotropjc sintered - )
magnets pyerg preparey hy paxing the pewdasmrenaxedowith 8 yd&aenaryiad 9. Gt zinc

el U i3 e AT RS SPRRAE b B B bt

moldAUial A, witthh SoeieRRdIsh badsSisre bR abod 4 TYBBataB@p&Mtures of 20, 80, 100,
efficiency application can be desi gned usi gg i sotropic

a/meragmee coefficient
US2004/ 003288, EXAMPLE 12 Al | i ngot s havi n N
of 2 (B0% X RAlias e Eooph v hed o fieesti B aE oG it 120 °C. Table
XTI L€ PeSS,SHOQ bhd éBH),,(a,'}/Wuég, leRdd3dhed At €T Sf HepHet? @1&%&% ffom powder
were prepared by are nelting. A | aboratory jet
with scasinelr compokitian o (M sLaphdelFeaf,Zgest Bher nal
conductivity was used for nelt-spinning. A wheel speed
of 10 to 30 neter/second (mMs) was used to prepare the
sanpl es. Melt-spun ribbopg,efg crushed to | ess than
40 mesh and anneal ed at a tenperature in the range of
— 660t o——F00—Cfor—about—four—nrnutes—to—devetop—the——
desired val yes of _B, and H;,. Epoxy-bonded nets
wer e prep%‘ M8y Hi xi nf®t he pepsier Hor epared Rli-wh 2Remarks
Wt % epoxy andf0. 02 wt % zinc 10 stearate_ and
dry-blended$ér akBut %6 ninutes. h¥e nkQedMSP%ound
was then conpression- nolded in air with a conpression
Powdprepatied of about7.85 T/ cnR at tenpes.asuresoof112e 80,

Pressed St 20°C 750 569 000 100 504 - 705 671 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 5.80 011 1.02 513 7.05 6.94 This Invention

- Pressed at 120 °C 77.0 584 0.15 1.03 516 704 702 This Invention

As can be seen, compressidn 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, 0f 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

and 120C to form magnets with dianmeters of about 9.72
mm and with a pernmeance coefficient of 2 (PC=2). A
steresis graph was used to neasure the gnet
Wfb%/ WH8tBlles at 20 C. Table Xl | lists the B" HELF/U&r004/003288
(BH) max val ues, neasured at 20 C, of mmgnets prepared
frompowder 15 with nom nal conposition of
(MVWD_62La0. 38) 115Fe78. 9Zr 0. 5A132B5.9 Table X I 20
Vol une B, AB, H Hl BHmax Remarks Fraction e, (rl/ed20)
. Vol % kG kG kCe kCe M3e. Powder Properties 7.55 5.49
S%Hni)ro]s@mtﬁt) 22n alPp be seticedlt. THICASRobtbted heladdanthg@® feniPloying Warrn
05 6.71 Control 25 Pressed at80C 76.0 5.76 0.08 1.01

compagtigy 197 HaAKIBE SROTHPEEH FEARPESn . Presaed at. 100G 76, 8

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
| nvent The pAsemdnvdition &an beaiodwacitsdi=ad erplattied @eﬁérally, and also by
bet ween 80 and 120 C inpproves_the 30 B. val ues y
referegenfodhe H‘&P@a 19e examples wiyceh desorbe i lzl Qgt;ul he rreparatien af thgmagnetic

powdg afiPteYonled thabsdof Indiitbesye WEGE PR G o omonsteate

 the supﬁﬁ‘drem&aﬁexlﬁcﬂea pr&@ﬂ%ﬂoﬂh@ﬁa@@t@aﬂcﬂmﬁ%&r o@*&%ﬂtof@h resent
0

to 2% inprovenent) and (BH) max (approximte t .
inventygy. o bigpreces; gnglevqamnleasmdmw@txmiy 894 impraovayrkmitthe am)pe of the -

e e R 5 B 3 A R, o

to proﬁﬂ@ﬁ 8fiGmethods ﬁﬁﬁﬂ%ﬁra&t’iﬁéﬁﬂ%tﬁyﬂt W&Iﬁ@ﬁ&ﬁﬁl?@& ﬁﬁ@cope of
expl ai ned generally and also by " 5 reference

this ipyerlé@di ng exanpl es whi ch describe in detail the
preparation of the magnetic  powders and the bonded
magnets of the present invention. The exanples al so
- denonstrate the superior and unexpected properties of
t he magnets and magneti c powders of the present

i nvention. The preceding exanples are illustrative
only and in no way limt the scope of the present
invention. It will be apparent to those skilled in

the., art that many nodifications, both 10 to products
and net hods, may be practiced wi t hout departing from
the purpose and scope of this i nvention. O
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37 WD 2003/ 072311 PCT/ US2004/ 003288 What Is C ai ned
I's: 1. A negnetic material having been prepared by a
wo RARiFsql i dification process, 5 followed by ,ﬂ;ﬂ[ﬁ@mﬁmmzss
anneal i ng process, said magnetic material having t
conposition, in atomc percentage, of (R -aR
.)uFei 00-. ~-w: -yCoXwTxBy wherein Ris Nd, Pr,
Di dymium (a nature m xture of Nd and Pr at conposition
of NdO 75Pro.u), or a conbination thereof; R is La,
thﬁ%CYam%l’@ conbi nation thereof; Mis one or 10 nore
Zr, Nb, Ti, C, V, M, W andHf and T is one or
m)re of Al, I\/h Cu and Si, V\,hereln
0.01<_a 8 7sus13 <20, 0. 01sw<1l, 0. 1<xs5,
y<12, n‘g RiERras waieﬁéflhaa@%?qee PirgpLed 12 @ma %s’i(flfisﬁcaﬂon process,

an i ntrinsit coerctivi
atorbperterfage, k02 t o about 15 9.9 kCe. 2. The magnetl c
material of claiml, wherein the rapi d solidification
process is a( Bk %munnw@vM it - casting process

Vn\glst gr I sebndty owa}%g’llﬁrsggﬁ% ?‘rn (}1 B gﬂcag@%%gﬁjug Ndgnd Pr at composition

1), or Aeb@bination thetdodi RN iz La & nEioh alddebiitio @ereof; M is one or
eel speed is from about 15 neter/second to about 50

‘ foll(fiz%ﬂg:ﬁgriﬁ&n{aﬁnﬁ/e%hﬂ% R)fcegsr Qﬂ&t yg?'%_b [?aéﬂ 2 o H)tm}%sﬁlon in

- morgrpt 25 Noeth ﬁh: VaMorRe a&déﬁe@m&T eenEr arahorgfof AlaMm Qu, and Si,

ot o1 1 SCHBRE hhda Os! ral < aon 200 Orrd? gty & < 5 and

4 < f‘ﬁtlgréxﬁﬂ of cl ai m 2, wherein an actual wheel speed is
: plus or mnus 0.5% 1.0% 5.0% 10% 15% 20%
25% or 3@Berein thdimapndticahtcribleshibip agemandfle (B) Vhlae of from about
etic material of claim2, wherein the nom na
6.5 iR BLtooupB &G Hiam Biyings omaY ity 35 2iRe T BORDS:mb63AEs to about
9.9 i mum wheel speed of producing the magnetic materi al
y 'the rapid solidification process, followed by the
thermal anneal i ng process.

2. The magnetic material of claim 1, wherein the rapid solidification process is a

‘melt-spinning or jet-casting process with a nominal wheel speed 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 isan
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7. The magnetic material of claim1l1, wherein the
thermal anneal{ing process is at 5 a terrp?rature range
W 0{2 ﬁﬁ'{%ﬁ 300 Cto about 800 C for about 0.5 to about
0208 es. 8. The magnetic material of cl aifTUS52004/003288
wherein the thermal annealing process is at a '
tenperature range of about 600 C to about 700 C for
about 2 to about 10 m nutes. 10 9. The magnetic
material of claim1, wherein Mis Zr, Nb, or a
. conbination thereof and.T.-is A, M, or a _conbination
optimugpbes! spasy ofpreducing tbe magneticmpteriaby e sanid solidifiestisnprocess, -

: fouo%dé]?ym&[f’tﬁﬂﬁggg}r%a@gzpéges%}. The magnetic material of

10

15

20

25

a< 0.6, 10 <u < 13, 0 < v
10, 0. 1. <w 0. 8, 2sxs5, and 4<y!~ 10. 12. The magnetic
material of claim1l, wherein 0.25 < a < 0.5, 11 s u <
127- 0: 5 The megnetiomaiesaliofrigax bavigrein thethprsal Bnnading Process is at

2 temf3BAREE bPalfR 560 ° SgpSisHl Hoor TS el B fines.
: 5.7sys6.1. 14. The nmagnetic material of claiml,

wherein 0.01 <a 0.1 and 0.1 s x ~ 1. 25 15. The
ma§net i & hamagnetid meteriel ofi akaity, 7,whiwarein the thermal gnataling process is at

mat eri al _exhi,bi B al Qf . from ahout 7.0 kG to
a temfgpfiee Bing §Eatiny 804 sGap alchuntBolC o AppI bl gpfes.
about 6.5 kCe to about 9.9 kCe: 39 WD 20 04/0-7 23 1
1 PCT/ US2004/ 003288 16. The nmagnetic material of
cl 8&i m 15he wingnetiombtes ahefgrhat L, wisdrein iMiis Zog N bt 8 camBination
val of fromabout 7.2 kG to _about 7.8 kG and,
there?ﬁ&g&eﬁcfénwy?rﬁﬁmﬂ!’fna'{}%‘? IQE from aboyt 6.7 kOe to
about 7.3 kCe. 5 17. The nmagnetic material of claim
15, wherein the magnetic material exhibits a B, value
of 10.r onfTab magntiBmkiEribbofadbaitit 9,8videréioM ielZr and T is Al
i ndependently, an Hl value of fromabout 8.5 kCe to
about 9.5 kQe. 18.. The magnetic material of claim1,
whegein } Bits near t ojchjonetri
N3ke1 a8 BRLE B AL BRE3h 0 3 AAENOTU LS 0 < v <
10, 0ded erdaged <by <5, Bay4dif Enaction.  19. The magnetic
material of claiml, wherein-the material has crystal
grain sizes

12.  The magnetic material of claim 11, wherein 0.25 < a<05,1l<ux12, -O 5 v

£5025sw<07,25<x<4.5,and5<y<6.5.

13. The magnetic material of claim 12, wherein 0.3 <2< 0.45,11.3 s u< 11.7,0
<vs2503<w<06,3<x<4,and57<y<6.l.

14. ~ The magnetic material of claim 1, wherein 0.01 < a < 0.1 and0.1 < x < 1.

15.  The magnetic materia! of claim 1, wherein the magnetic material exhibits a B,

. value of from about 7.0 kG to about 8.0 kG and,-independénﬂy, an H ; value of from about 6.5

kOe to about 9.9 kOe:
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rangi ng fromabout | nmto about 80 nm 15. 20.. The
magnetic material of claim 19, wherein the materi al
wohseimgt al grain sizes ranging from about LQ-RA8i003288

about 40 nm 21. A bonded magnet conprising a nagnetic
mat eri al and a bondi ng agent, said magnetic materi al
havi ng been prepared by a rapid solidification
process, followed by a 20 thermal annealing process,
said magnetic material having the conposition, in
atpom c ercentage,. of, ¥1; ~R~wFel oa~:~- 1 ~WT~ o
b oi nTRE BRI Gpety of 1A I Yot Biatilal grtivies o

B, val@ddf P5madboGOMPeE fol BBut PR ki¥ighd! B¥epertent]9fand,; value of from about
conbi nation thereof; R is La, Ce, Y, or a-conbination

6.7 kQdwrabofit 7MKQe. one 25 or nore of Zr; No, Ti, C, V, M,
W and Hf; and T is one or nore of Al, Wi, Cu, and Si,
wher ei n 0. 01<a<0. 8, 7<us13, Osv- 20, 0. 01swcl, 0. 1<xs5, and

5 4sy7.12, @REnPBRER] HatbhSl JTRUARL 15; WIRESH (R mEXIUibhiaferRl exhibits a

remanence (B) value of from about 40 WO 2004/072311
B, valREH T 5620401003 XEBto ot & & kilbaal odep8udenk and,; walue of from about

[ ntrinsi gercivity.(H, i) value of from about 6.0 kCe
8.5 kc#"o‘“a*’é’@t}%g-sg‘.céﬁ-k@. 22. The bonded magnet of claim 21,

wherei n the bondi ng agent is epoxy, 5 polyamn de
(nyl on), polyphenylene sulfide (PPS), a liquid
. cr y&t al Thaeagntticmate(ibiG)claior 1, vdentinnhdt matesial duhitgtsfa near
. .23. The_bonded-magnet of claim22, wherein 'tgt§ b%ng_ )
10  stoichigraetricNhFhe? NS HEIGRRASC JRigTasHTUGEFG 25 deieimiped by X-Ray diffraction.
sel ected froma high nol ecular wei ght nulti-functional
fatty acid ester, 10 stearic acid, hydroxy stearic

acigl, a Thomapgmlticaudtatial\weichivh 1 ouliptedss tleshaterialdiab onygtal grain sizes
chain ester o pentaerythritol, palmtic acid, a

rangingl e Bhoenlenpie eput §8mnbant concentrate, an ester of
nontani ¢ acid, a partly saponified ester of nontanic
_ acid, a polyolefin wax, a fatty bis-amde, a fatty
15 acpd. sequBaRphchdindRriaPofRhivd Ty, aaEh thié frdtehia istcrdes grain sizes
content, a maleic anhydride, a glycidyl-functional
rangimgriyorm ebprl doma ito abquad0smear at e, and a pol yneric
pl asticizer. 15 24. The bonded nagnet of cl ai m 23,
wherei n the nmagnet conprises, by weight,

21. A bonded magnet comprising a magnetic material and a bonding agent, said

magnetic material having been prep‘ared by a rapid solidification process, followed by a
20 thermal annealing process, said magnetic material having the composition, in atomic

percentage, of . |

RLR D100 vy COMT
wherein R is Nd, Pr, Didymium (a nature mixture of Nd and Pr at composition

of Nd, ;sPry,5), or a 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 <a<08,7xu<13,0sv<20,00l<w=<1,01<xx5, and
4<y=<12,and

wherein the magnetic material exhibits a remsanence (B,) value of from about
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fromabout 1% to about 5% epoxy and from about 0.01%
to. about 0.058% zinc stearate. 25. The bopnded magnet
of claim24, wherein the magnet has a perreance 20
WO RHOTBIENt or |oad |ine of fromabout 0.2 toPEBASR004/003288
10. 26. The bonded magnet of claim 25, wherein the
magnet exhibit a. flux-aging loss of |ess than about
6. 0% when aged at 100 C for 100 hours. 25 27. The
bonded nagnet of claim 21, wherein the magnet i's made
by conpression nolding, |nject|on mol di ng,’
6.5 Yeélt@ Aty gk G end pu ittnsic sesrevity fHL hvalugof Bemabout 6.0 kOe to about
99§§gbl nation thereof 28. The bonded nagnet of claim.
: .- wherein the magnet is nade by conpression nolding
at a tenperature ranges of 40Cto 200 C. 41 WO
2004/ 072311 PCT/ US2004/ 003288 29. A nethod of making
a rﬁg netThe hvatled napnat efplimi2igwhéwimtha doading lagent is epoxy,

PR TR R T

nﬂﬁrlahohé’th@l%@' n.a magneti.c powder; thermally annealing
the magnetic powder at a tenperature range of about

350 C to about 800 C for about 0.5 minutes to about
120 mnytes; wherein Ris Nd,_ Pr, Didymum(a nature

" ni Bur e e baidsdmagnet of climgds MR ﬂl@#ﬁon@ag 78t Surthey comprises
one 8 e QTR L ORI i gl B il o gy cd e,
steailib acidy hydvb)fj}l\ééeadblv\%cﬂn d Hijgh metdulbr weigh eoiplegester, @flon chain ester of

an | erein
pen@en’ilgﬁQl palgiticaddn nftlwhmleoe bassidubrankeopesnteatel an ester of

s R SRR N L

a fakﬁaﬁﬂde@iﬁdhr@ftahhﬂél oqwﬁiome&mﬂﬂh WY ehikcdiftent | ORbBRAMbydride, a
kCe to about aip 9.9 kCe. 30. %he rrethoéﬁ’of cl almy

,glycz@i-fmém@iﬂrﬁcm@ haagsingr. yingoiteagiteyandg propetie plosticizne) t -

spinning or jet-casting process at a nom nal wheel
speed of from about 10 neter/second to about 60

- et/ sertbndédm3net DFRMBIAI0 U hefeit thainfa g3 coMiRisd, By weight,
the nom nal wheel speed is from about 35

- from about 1% to about 5% epoxy and from about 0.01% to.about 0.05% zinc stearate.

25.  The bonded magnet of claim 24, wherein the magnet has a permeance
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 rnagnét_ 1s 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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nmet er/ second to about 45 neter/second. 32. The net hod
of claim 31, wherein an actual wheel speed is within

25 minus 0.5% 1.0% 5.0% 10% 15%
wo%klblgoo@/ﬁ%f the nom nal wheel speed. 33. The mal; g@;zoﬁﬁ{@szss
claim 32, wherein the nom nal wheel speed is an
opti mum wheel speed used in producing the nagnetic
material by the rapid solidification process,
foll owed by the thermal annealing process. 42

29. 'A method of Iﬁaking a magnetic material comprising:
forming a melt comprising the composition, in atomic percentage, of
R RDFenuvwxyCOMTB,

rapidly solidifying the melt to obtain 2 magnetic powder;

thermally annealing 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 Nid, ,sPr, 55), o1 a combination thereof; R' is La, Ce, Y, or a 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,

wherein0.01 <a<08,7<u<13,0cv<20,00l sw=<1,0l<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
0.9 kOQe.

30.  The method of claim 29, wherein the rapidly solidifying comprises a melt-
spinning or jet-casting proocess at 2 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 au optimum
wheel speed used in producing the magnetic material by the rapid solidification process,

followed by the thermal annealing process.
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