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Abstract — Magnetic Fe-Co(C) nanocapsules and Fe-Co nanoparticles were prepared by arc-discharge in two
kinds of atmospheres, i.e. methane and a mixture of (H,+Ar), respectively. Characterization and magnetic prop-
erties of this two kinds of ultrafine particles were investigated systematically by means of X-ray diffraction, M
ssbauer spectroscopy, X-ray photoelectron spectroscopy, transmission electron microscopy, energy disperse
spectroscopy analysis, chemical analysis, oxygen determination and magnetization measurement. Effects of
carbon element, decomposed from a methane atmosphere in carbon arc process, on phase structures, magnetic
states and surface characterization were studied in comparison to that of Ar element. Two ultrafine particles
showed a little difference in the weight ratio of (Fe/Co) and the size for Fe-Co nanoparticles was about two
times bigger than Fe-Co(C) nanocapsules. The saturation magnetization of Fe-Co (C) nanocapsules was about
8% higher than that of Fe-Co nanoparticles while their phase constitutions were similar. Although no carbon
could be detected by XRD measurement because of extremely thin shells on the surfaces of the cores, it is still
believed that they are carbon and oxygen layers.
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33 1. Experimental apparatus of arc-discharge for evapo-
rating Fe-45 wt.% Co alloy in methane and a mixture of
(Hy+Ar).



YA 725 7Rl F FFE 2P| vesizle] Alze} 54 vlsL 89

7HA] do] &A1t Mossbaver £F|EH L TR &
AYLeE AN SRS BIR Fsi6eH 4
FE BAsP] S8 HaAkey HFE 229 o
4-315ic).

3. 21 d =9

F 1% Fe-CoC) Y43} Fe-Co Yegx152)
AR, AR B 7] a83 23RBS HAE
o} FelCo ¥AlB2] Au]r} 122914 Hksle] Fe-
Co(C) Y= €3} Fe-Co WxyAte] a4 747
1563 1.527} HAct. o|X¥ Be] Aaw)rl Fo}
F o] 713HA] Fest Coo] F4st=e] H27] o
Folvth. Fe-Co(C) Vxl&e] Atrake W3] Fe-Co
YA} oMBe 2od Abskal-g HER|E= Fe-
Co(C) Wixrla ¥me] etiZx uFojn ehigke 12
wt.%ol o]2t}. okg¥ F FRe| 7|3 7] &l
Qe of2 T} ehAdAl e S E I T2A oulA|g
o} ez ol 22z} Bl ozt P ufiel]
U e} 5 o dAPEEs 34 FHIH
AN RS 2377} fEfsle). gzl of
g3t o] £ $AFAI} Fe-Co(C) e =7
(~10 nmyE Fe-Co Y=$AH~20 nm)¢} wlasle] o
A = Yeloltt. I8 2= Fe-Co(C) YiAe3}
Fe-Co W37k Fd=eld & o} beed T4AY
F8 AL A ER fARE AAEE Bt

a8 3¢ e Ble 7 SRS e Arxe
Mossbaver £l 2Jsf] AR2olA wU3] FALE
Mossbauer 2 E&L- BAMg A3}l Fe-Co(C) el
%2 bee-(Fe,Co,C), bee-(Fe,C) 84| 12|31 FesC &
o] F01% 3L Fe-Co WA= bee-(Fe,Co) 44
A} w18 7FAIT, bee-(Fe,Co) &) Zu|A) 2Ap7)AL &lA
A} S0 TLAZ B3F Follx bee-(Fe,Co,0)0 X
ulAl A7 1A 71 23 49] Fe-Co(C) Y
2AEF Fe-Co WFrAe] 334 VSME A4
sle] Tlom F 1o Yepd E3 AEPIMH)E M

(110)

Nanoparticles of Fe-Co

Intensity (arb. unit)
% (200)

2 Theta (deg.)

% 2. X-ray diffraction patterns for Fe-Co(C) nanocap-
sules and Fe-Co nanoparticles.
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% 3. Mossbauer spectra at room temperature for Fe-Co(C)
nanocapsules and Fe-Co nanoparticles. Solid lines are the
least square fit to the experimental data (dots).
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¥ 1. Composition and saturation magnetization of Fe-Co(C) nanocapsules and Fe-Co nanoparticles.

Master alloys Particles Oxygen Carbon Mean Saturation
Sample (wt.% of) Fe/Co Particle size magnetization
Fe Co (wt. ratio) (Wt.% of) (Wt.% of) (nm) (Am?/kg)
Fe-Co(C) 55 45 1.56 12 ~10 177.2
Fe-Co 55 45 1.52 - ~20 163.7

Journal of the Korean Vacuum Society, Vol. 10, No. 1, 2001



90 L P I R AL S

200

180

YR LR L

160 uim-R " aaTETy
. al *»® "o @
2w SRS
"‘E F - [ |
< 120 & n
c L]
2 100
[ - .
§ 80 o Fe-Co Nanoparticle
4 = Fe-Co(C) Nanocapsules
s 60

a

40 o

20 o

]

0.0 02 0.4 06 08

Applied field (T)
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3 5. Fe2psp X-ray photoelectron spectra of as-prepared
Fe-Co(C) nanocapsules and Fe-Co nanoparticles. Solid lines
are fitted to experimental data (dots).
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3% 6. Co2psy;, X-ray photoelectron spectra of as-prepared
Fe-Co(C) nanocapsules and Fe-Co nanoparticles.
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38| 7. Ols X-ray photoelectron spectra of as-prepared Fe-
Co(C) nanocapsules and Fe-Co nanopatrticles.
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¥ 2. Mossbaver parameters at room temperature for Fe-
Co(C) nanocapsules and Fe-Co nanoparticles. Sites I = (Fe,
Co, C) solution; II, IIl = (Fe, C) solution; IV = Fe;C; V =
(Fe, Co) solution
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