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Abstract In this study, we investigated the effect of a nitrogen atom on the amorphization of V-Fe alloy through solid-
gas reaction during mechanical alloying (MA). MA by planetary ball mill of V,Fe,, elemental powders was carried out
under the nitrogen gas atmosphere. Amorphization has been observed after 160 hours of ball milling in this case. The DSC
spectrum for the mechanically alloyed (V,oFey)islNg i powders exhibits a sharp exothermic peak due to crystallization at
about 600°C. Structural transformation from the bcc crystalline to amorphous states was also observed through X-ray and
neutron diffractions. We take a full advantage of a negligibly small scattering length of the V atom in the neutron
diffraction measurement. During amorphization process the octahedral unit, which is typical of a polyhedron formed in any
crystal structures, was preferentially destroyed and transformed into the tetrahedral unit. Futhermore, neutron diffraction
measurements revealed that a nitrogen atom is selectively situated at a center of the polyhedron formed by V atoms.

Key words Mechanical alloying, Amorphization, Structural factor S(Q), V-Fe-N system, Radial distribution function RDF(r),
X-Ray diffraction, Neutron diffraction
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Fig. 1. The X-ray diffraction patterns for the V,Fe,, powders
subjected to mechanical alloying in N, gas atmosphere for dif-
ferent time intervals.
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Fig. 2. DSC spectra for the V,Fe, powders subjected to
mechanical alloying in N, gas atmosphere for different time
intervals.
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Fig. 3. The concentration of the absorbed nitrogen gas ele-
ment for the mechanically alloyed V-Fe-N powders as a func-
tion of the ball milling time.
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Fig. 4. Scanning electron micrographs of pure V,Fe,, powders subjected to mechanical alloying in N, gas atmosphere for (a) Oh,
(b) 20 h, (c) 80 h, (d) 160 h.
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Fig. 5. X-ray structure factors S(Q) of (VyFey),_ N, powders
as a function of the absorbed nitrogen concentration.
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Fig. 6. X-ray radial distribution functions RDF(r) for (V,,Fey), N,
powders as a function of the absorbed nitrogen concentration.
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Fig. 7. Neutron structure factors S(Q) of (V,Fey), - N, pow-
ders as a function of the absorbed nitrogen concentration.

FEUARE FAE thaA] S4lol At Ay &
st Yehte dAR1 AR oE

Fig. 7% F4A3dH ez st WAzt S(QE
et Zolt}k EAAS|HME XA 3@y TEA
ArAxte] Fgz gt Mg dAkIFe] Am v
o] A= wie #7] wFol Fe-Fe &34 ¥ N-N &
of gt AuE Aejdoz d& 4 uh12]. ZHA
HojFo] Aigfio] Frigel] uwet bee 24
Bragg peak’} AAEY Q=22A7" 2o AL AL
3-S5 UEhE broaddt peak’} AEhH vl AN E
2] halo HEo2 WslE o}, BEgh AATHEO
Z7tet A Fe-bec Z274<2] (200) peak= Axd=o] 7t
AWE MA 8] 160A7RS AU 2404]730] o] 2 (200)
peak’} THA] YERHS & 4 Stk o3& (V, Fe)-NA|
A A9 dadxte] yEEE HY 1 a%z,
MA A2g Fote digo] o Frishd v 2 2as
gFelstal JE Fe Y¥7F AEshe Al 7Isk= A
o7 HetEn

Fig. 72| S(Q)S Fourier W3l Aojdl FAEET
4 RDF(E Fig. 8o YERNTE. S o s
B o7 RDF(r)IAME Fe?l bee A T27 Aozt
o] Hddll 93l B = A o] AEEY, 1
ZHshE XA ol BEE 594 B xR
slo} wl-¢ oiEA UepdE o & Sl & 2AERE
o] Z7rel @7 bee AHO A2 AFYA BEIF 424
so] 7EAIRE, A1 ALY Al MA 7] 80A%E
olF A9 F/EA et EEF r<22 A ool Fe-
N A#e Jele 5313 peak’t EA51A] e AL

_—

Y| | E————————

T T Ty

Qmax = 25 (A

200} .

e e I S
10070% / \/\,_/\/ e
v o oo

50y0n (MA160h) \W B

N\t

RDF(r)

1.

Xn0.i6  (MA240k)

0 oy boea i al s aae T i Th v vy

0 1 2 3 4 5
r (A)
Fig. 8. Neutron radial distribution functions RDF(r) for

(VoFeso), N, powders as a function of the absorbed nitrogen
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