“ Gt Journal of The Korean Magnetics Society. Volume 15, Number 1. February 2005

UsiEZEo 2 M=E L-d¥EE Nd-Fe-B 242
540l 0jXj= Caghdl Sdo| A&

OlCHE - BENA] *
AFdishil AsAsEEE, F3 ok 29w Aroisl, 336-708

FXE - EJT - Z4HI| - gl
Sl ZIAIATY, A A AEE 66HA], 641-010
(20059 19 10 HRS 2005 29 49 FHE5LAE WL,

71£9] A& (Reduction-Diffusion process)oll F-5-717% (Spray-dryyS 283+ 22 3}k 4 o® =24 & Nd-Fe-
B ¥& Az v, Ca BUFTHL 2% A3}EE0] Caoll o3l $hed=lo] 4R NdjFe Bdo] d45= 588 Ao, o

gola] Vel Bate] e,

5 Nd,Fe B Ao] FAko 2 vEhgen 1100°Co)4 33k
. =3t TEM #E27),

24, 717) o] A Bel A5
AgEe] B PN B W Cad AP MR EIVee] BAS WA Ao, wlad e FUL

pakg

o] FUEL 71EY] cake TS| FIHOZ Azt B HlF] BAJZ] FEo| tls

Jol Z=ohet oJEke w)zit). 7= HUH/} Cag cake HE=
(800 °CyellA
AelkaE 2% 1 um olule) vlAs °‘Zli71 BEE HolY

:@}r~ FA FolE0] &L AIEAe] Z[UEh Hald Ca Sdubo)] o) AzE EUEL H.= 59kOe, B,=55kG,

(BH)pw= 6 MGOe®] A715AS 715310 1 o|e} 2o Bkg FHE
2 Qg Fuspde] 4ksle} NdyFe B — NdFe;B 229 AESE 8] A715438 7IdIA|oll

FH|0f : Nd-Fe-B, d3}&a3, A4

L M e

Arhe] F7ALE Alnico FEAE AQSILE hard
ferrite®|X] Nd-Fe-Bell ©|Z27|70A] BF APJETE o] 83}
Azsh= *ﬂx}/ﬁ: e BEARe] R AREEI Qo
T2y B ARE AT ingore E4shs 3 g
F Yas ASTo RN LQE T Axugo] Byos

ARET Qe o] FAE sy % ikkez vlkEe)
SmCos TFEEY] A|xol] AMEEHT &3k2 (Reduction-
Diffusion : R-D) 3482 & 4 AWH1-3]. R-D 3HE Cad
ol-g3sled Ndo} Fe AF}E-S 1120x FIA)AH NdyFe, B
HUUAE S8k RIS R, A Nd-Fe-B &dA48 2
4G Alzsh=d) o]8Far ok

S, B R (spray-dry) 3L UEFE O E  ferrite,
carbide, nitride, titanate 2 7JE} A} Algbe] B Rz
L’ia ]_SLE]“‘ Hhﬁ_«i}\i O_]S]—‘: Z/Ho X4 3].7.” _]Z_Xéf_z}
T AR ofe} wie wAEk HE e IS S5 Qlth
o4} o] spray-drye} R-D 34-g A @ A2 F3)
T2 spray-driy OB AL w)A|S)ar ﬁé?ﬂ’ Firo] §ix
R-D &40l 27|Ed=2 Mo ax] 3ol 34T vk

o 10

u{o
(e

o
o

rfo

*Tel; (()4[)5%() 2341, E-mail: tsjang @email. sunmoon.ac kr

Al B AR A, A B B RN

ol 28t -

SO Al dAeA =Y 4 dlem, 1
Fe-B & &9 Azt 7Vl =it

£ AFoME spray-dryo® 92 27] & R-
Aol ALA)Z] d3std FAHOZ Nd-Fe-B AHIEZE A
sle], AxT7Fel W ] W 2 HEF B AES A
EAEE AR 53] d3lehs 3TN 2
A8 NdFe B A< @ Ca $HIEHS WA old
w2 Nd-Fe-B AMdEEe] =27], e, Y=, subgrain®] 7%,

Ax vMgk Nd-

o

EN - of

—t

LFI

HRE, FE 5 FPNE e TEA, S8 xS
A718 HAslel ARWAE 2R FHL T

1L AlgaHy
AAGEL A Z AREE YEES NAINO)) - 6H0,
Fe(NOy); * 9H,0 ¥ H:BO:S} 2+ F-3}22A, HiizAd]l
NdsFerBeoll BHA| AgslA FAE SA sl S5l 831
sl Nd $78159] ASole s34 %E lshs At
A2 xw»o—m 3led 10% v F71ela). Spray-dryinge
w,«Q—oﬂ - 250°c2] %ol 11,000 rpmeE 3]s}
S B3 20 mmin® 3533k, Nd, Fe, Bo] 13}

A B 2] e Axsich 21 Y 9
& AAS) Asted F7IElA 900°ce] 2EE 2 At



QTR QalelEgoR AFE Y AN

oF BxjEtg o, AT Fe ABHE-S 24 Fe2 395}7]
f13H 800 °Ce] 2%l 2 ARt B9t A k)

A, 2 o) FHR Ca B39 MElE doliy) 9
A, i) e WA ca} el Higo] 210 Hx
2 233 & 3ton/em’] LS 71810 cake FEIR A S
S Ar 291718114 1000°c) =2 3 AR B9t 915
or, R BUE Wked] Catt 219 HISE Bl Ar &
713lollA 800~1100°Ce) L& 3 A7t ok sl

piARto 2 SllE Buko 25429 alcohol® FAEH] 2
7 Cas A &, JFFoNA 1xsle] 3HF Nd-Fe-B &
i % Az

go] Az Be] AhHsr 2 B¥E Cu K, XA

P B4E ol&ste] ARG FEk i) FEE SEM
%r}@‘oﬂ% 71 vHTEE TEMS o831
o] ANH BAL 15 T 7R dlollA]
VSME Ol%ﬁ}&i 45kt

N

)
r-1u:

I &2 3 &

Spray-drys} R-D &8& HEAR Azg F3lsha 34
%, Ca F9379L NdFeO;, Nd,05, Fe,0:8F 2+ 25 243}
EEo] a9 sl 3=z ko] dohlHA] A

NaFe B o] FAFE Za8 99 3ho=A, o #750
A st 9B B2 27 3 e v Sl A b
el A7)E S4el gEe) GRS v, Aamie 98
W} Cog U MISE BHE ¥, Cot BB WSS
o7] S5 oF 3ionienre] YHOE BT F, Ca DAL

R o = A 1R
A, Fig. 19 Yepdniel 2
AFE]o] Nd,Fe, B3] EWOI FdstAl dofutar, ofel] mjg} F
YE= Cad FE =Y & e AL ot 7P 583
o) g exa Bz 1000 C W] oA HAE Fub
?:VF ko] Adgide] WAEIAA A7) ZdisiR|aL, W2
SRR U 3R Cao] R ST 2SS
=3 01740 Ao K ﬁ&ﬂ v e PEUERE] e
2% Nd-Fe-B Y Aoeh= B el FHAl &
A o= vrxﬂﬁég 0&2 ‘211:} dx, Ca 3 & 234
EYAE-E B2 sl ohA] SRR okt Baflshs 31
go] HashA E]‘Riﬂ. 413 ball milling 542 SYS 2
k= A7 HAch kA Ca 89 3] g71E9l
el Fasttiar dsle], Cant °Jv‘:%“—518 219 HER ©@
o8] E3eh B Aol holS AlES1eITt

Fig. 2v= SR ARE 850~1100°C. Ar 971014 3
AZE B3t Ca $HRIE Bkl XA 31 Axs vekd A

o o Ao Ca Y A5
] H|Z Caat} EJI-_,] HL_JHO] Bk

__'

ﬁﬁ
1 o 7

Nd-Fe-B 2#¢] ¢

doll .. - oftliE - ATHA - fAE - HHE - Y] bl 43 -

oJet. 1eell Uehd nieh o), 2kl 2o #dAgle) B
NdFe 4B} CaO%F HEH0], £L ol M= Nd,Fe, B2l
Fol & dojuar EE & 7 UG B 850 ¢
Bl W2 Lo A% NdFe,B/do] eishA] dojfes

’721) ‘ ¥ Nd Fe, B« Cad

Intensity ( l/l” }

Fig. 1. XRD pattern and SEM image of Nd-Fe-B powder after cake-
type Ca reduced at 1000 °C for 3 hrs. (Ca : powder =2:1)
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Fig. 2. XRD patterns of Nd-Fe-B powders after mixture-type Ca
reduced for 3 hours at (a) 850 'C, (b) 900 °C, (¢) 1000 °C, and (d)
1100 °C. (Ca : powder =2:1)
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Fig. 3. SEM images of Nd-Fe-B powders after mixture-type Ca reduced for 3 hours at (a) 850 °C, (b) 900 °C, (c) 1000 °C, and (d) 1100 °C.
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Fig. 4. TEM image and EDX spectra of Nd-Fe-B powders after cake-type Ca reduced at 1000 °C for 3 hrs. (1) NdaFe 4B, (2) Nd-rich, and (3) Nd-

rich with CaO.
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Fig. 6. (a) Magnetic properties of Nd-Fe-B powder vs. Ca reduction
temperature. (b) Hysteresis loop of Nd-Fe-B powder after mixture-
type Ca reduced at 1000 °C for 3 hr.
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Fig. 5. TEM image and EDX spectra of Nd-Fe-B powders after mixture-type Ca reduced at 1000 °C for 3 hours.
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Fig. 7. SEM image of Nd-Fe-B powder after mixture-type Ca reduced
at 1000 °C, and then washed in distilled water.
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Fig. 8. (a) XRD pattern and (b) hysteresis loop of Nd-Fe-B powder
after mixture-type Ca reduced at 1000 °C, and then washed in distilled
water.
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Nanocrystalline Nd-Fe-B powder was synthesized by a new thermochemical process that combined with past reduction-diffusion
process and spray-dry process. In this process, Ca reduction process is vary important due to the formation of hard magnetic Nd,Fe,B
phase from various oxides by Ca powder. Therefore, the final products are essentially affected a shape, size, and composition etc. of
the Ca reduced powders. Ca reduction was performed to way that raw powders just mixed with Ca powder in proper ratio unlike to
compress into compact. The powders after mixture-type Ca reduction mainly composited with Nd,Fe,,B phase even relatively low
reaction temperature (800 °C) and all particle size of powder were distributed less than 1 pm except for powder after Ca redcued at
1100°C. As a result of TEM analyses, the edges of these powder became more smooth and remarkably reduced Ca oxides as
compared with a powders after cake-type Ca reduction, with the consequence that high magnatic properties has been expected. The
magnetic properties of powders prepared by mixture-type Ca redcution process showed H.=59kOe, B,=55kG, (BH)yu=6
MGOe. However, magnetic properties of final products using these powders were deteriorated mostly due to surface oxidation and
Nd,Fe;sB — Nd,Fe;B, decomposition by violent exothermic reaction during washing.

Key words : Nd-Fe-B, Thermochemical process. magnetic properties



