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Abstract Nano Fe-6.5wt%Si powders have been synthesized by mechano-chemical process (MCP) for an
application of soft magnetic core. Owing to hard and brittle characteristics of Fe-6.55i nano powders having large
surface area, it is very difficult to reach high density more than 70% of theoretical density (~7.4 g/cm®) by cold
compaction. To overcome such problem a magnetic pulsed compaction (MPC), which is one of dynamic com-
paction techniques, was applied. The green density was achieved about 78% (~5.8 g/cm®) by MPC at room tem-
perature.
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Fig. 1. SEM images of Fe-6.55i powders are shown (a) as
sprayed, (b) the nitrided (2h at 873K), and (c) mechani-
cally milled (36h) powders.

Vol. 12, No. 1, 2005



26 o] 23 - oAt - 7153

A+ Auj7 o #As Abzleld). Fig. 1(arlA B
nte}l o] Z7]o) B Hake oF 20~40 um F7}9
TF3olgdet. olejgt Fg gRvelaa EjEA
9171l M A7 Fig. 1(belA B vke} 3
of 73 o] Fwdel v 22 =71 A AzE
o] A%t} o] A3E-L Fig. 2(a)2] XRD Aol
A R ulel o] F2 FeN Aoz EAEgd.
o714 Fe,Neol 84 == A3} uhg-2 o2 3o,

4Fe+NH;—Fe,N +§H2(AH=9.9 keal/mol) &t 298 K
H

o] k-2 AR2of M FU HR(AHS0)2E. 9)%-

(@) . mFeN
2 ® o-Fe
lt 0-
!
~ |=n "y " et
3 e pomsanrrttpastot B St S ampiiiantii s gt S
£ |1
E om
s o oy o o] s gingonry e e A S gt "
0.15h | A
mwwrwwmw/l‘"/
20 30 40 50 60 70 80 90
26 (degree)
(b) L4 mFe N
® ofFe
36h , . o
’5 24h
5
16h i .
:é‘ bgat gt *““*"’ e f“"*\w
g 8h
= lan ,
Nitridation W | m
MWWWWMJWW
20 3 4 5 6 70 8 9

20 (degree)

Fig. 2. X-ray diffraction spectrums of Fe-6.5Si powders are
shown (a) during nitridation and (b) during mechanical milling,
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Fig. 3. High resolution TEM images of MCPed powders.
2~4pm particles (shown in Fig.1(c)) containing (a)
20~30 nm sized o-Fe crystals which consist of (b) amor-
phous and crystallized region with stacking faults.
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Fig. 4. Microstructures of powder cores: the microstruc-
tures of cross section of (a) static compacted core (0.9 GPa,
R.T., MTS) and (b) dynamic compacted core (2.1 GPa,
200°C, MPC) are shown.
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Fig. 5. Effect of compaction temperature and pressure on
the density and permeability of powder core: (a) effect of
compaction temperature and pressure on green density.
(b) effect of compaction temperature on permeability of
magnetic core in low frequency range (100 kHz).
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Fig. 6. X-ray diffraction spectrums are shown (a) before
and (b) after the crystallization at 500°C for 30 min in H,
atmosphere.



714138 338 v Fe-6.55i B4e] 7] FAgke 2j3t THA1E 29

sien, A T4 AYE Tele] FAES A
dAolct. o] Zmelrul Bel ST AR
A R o ERRS He) Ao oAbk gl

T gAe] A dEE o Folad sk A7

2 A&sir E2As 9ivk $AI1A-e AS ve
?{“EXH F%—"— H-&S XPX]?f}-I- e =4 W wjAA

28 AAsehE B 2 Ay UEst s A
_& oql’:}:adr. AAl AF ARE B Fg 64
Hi= ule} o] 500°ColM oF 30% ol IAHE=E
s uiAAle] A ASe] A F3 A4
S veplE o o o] Fahg o] 8sled B3
A33t A7} Fig. S@pIM 93 473 (c-Fe-6.550)
22 FAF AHYSoltt. vjA o] @2 Fel] u]s}
o "xgle] ¢ 1gem’ AE FYLLE < 5 4
o} o] ool d s MPEE ZATOZH 80%
ool A3 A UEE I& W ok F2 3o
AE2A ) F8-§ 7)Hsk gl

4d E

ole] AY&
=7 o}

1 Az Fo] AMBE FE37] $3 = Fe-
6.581 +4& 71AA FF3el o5ty oF 20 nme)
qA 2718 =S Az

2. X AYFMTS 53 AYMPOE 53t
Fe-6.551 4 Fo5 Alzsladet. A=A A< 3¢
Fd 09GPa ¢HelM 4.6g/em’ FEE d9
o, 53 A3 A% Hd 28 GPaolM ¢ 5.8 glem®
o] & 7] A3 U=E Byt

Sale] Qolnl AEE okl o

3. the S0 g8 geid F& ghEE v

& AREL WY & sl B4 AYe) FUD
uwuaaa o Yrg - YA Azl 9ol
A9 ARERE < 5 ek

Al 2
B A7 ARIARIR 24)7] ZEE]e] Alglql -

A 2 P A sl Aoz 2
slglget. olel ZAR=RYS,

IJZ'.

nEL

1. Y. Yoshizawa, S. Oguma, and K. J. Yamauchi: Appl.
Phys., 64 (1988) 6044.

2. U. Koster, and J. Meinhardt: Mat. Sci. Eng. A, 178
(1994) 271.

3. N. Murillo, J. Gonzales, J. M. Blanco, and J. M. Gonza-
lez: J. Appl. Phys., 79 (1996) 5465.

4.T. H. Noh, M. B. Lee, H. J. Kim, and I. K. Kang: J.
Appl. Phys., 67 (1990) 5568.

5. H. Wolf: Proceeding of the 7th International Conference
of High Energy Rate Fabrication, (1981).

6. W. Chen, A. Pechenik, S. J. Dapkunas, G. J. Piermarini,
and S. G. Malghan: J. Am. Ceram. Soc. 77 (1994) 1005.

7.C. G. Lee, G. H. Lee, H. H. Kim, I. H. Hong and J. P.
Kim: Korean Patent, Application number 10-2004-
0022892 (2004).

8.G.H.Lee, M. K. Lee, C. K. Rhee, W. W. Kim, and V. V.
Ivanov: Mat. Sci. Eng. A, 375-377 (2004) 647.

9.C. H. P. Lupis: Chemical Thermodynamics of Materi-
als, Prentice hall, New York (1993) 512.

10. P. Knauth, and J. Schoonman: Nanostructured Materi-

als, Kluwer academic publishers, Boston (2002) 55.

Vol. 12, No. 1, 2005



