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Mechanical alloying effect and structural observation of (V, Fe)-N amor-
phous alloy powders
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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 V70Fe30 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 (V70Fe30)0.89N0.11 powders exhibits a sharp exothermic peak due to crystallization at
about 600oC. 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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� � � ����� ��� ���(MA)� �� ��-����� ��� ����� V-Fe� ��� ����� ��
� ��� �����. ��� ��� ���� V70Fe30 ����� ���� ��� � MA �����. � �� 160��
MA ��� ��� ����� ���� � � ���. 160�� �� MA ��� (V70Fe30)0.89N0.11 ����� ��� ��
� 600oC� ����� ���� �� �� peak� �����. �� bcc ���� ����	�� ���� ��� X�
� ��� ���� ��� ����	�, �� �������� V��� ���� �� ��� ������ �� 
�
��� �����. � ��, � ������ ����� �� ������ ���	� ���� 8�� unit� ���	
� ���� 4�� unit� ���� �� ��
� � � ���. �� ��� ��� �� ���� �� ����� V�
�� ���� ���� ��� ���� ��� � � ���.

1. � �

����� �� ��� ��� ���(Mechanical

Alloying : MA)� ��� �� ��� �� �����,

��� ��� ������ ���� �� ��� ��

��� ��� �� 	�. �� MA�� ��� ���

� ��� ������� ��� ���� 
����

���� ����� ��� �� ��� ���� �

���� �� � �� ���� � ���� ��� �

��� ��� �� ��� ���� ���� �� �

��� 	�. ���� 
�� ���� ����, 
�

��, ������, ���� � ������ ���

��� ����� ��� �� ��� ����[1-5].

����� MA� �� ����� ����� ��
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�� �� µm ��� ���� ���� ��� MA�

� � ��� ��� ��� ��� ��� ��� ��

� ���� ���. �� �� ���� ��� ��

� ����� ���� 	� �� ����� ���

��� ��-�� ��� �� ����� �����,

���� � ����� ��� ����� ��� ��

� ��� ��� �� 	�[6-9]. 1992� Aoki �� �

�� ��� ���� ��� ��� ��� MA ��

� ���� TiZrN, ZrN �� ��� ��� ����

�	�[6].

�� MA �� � ���� ����� ��� �
,

������ ���� ��� ���� ���� ��

���� ��� MA � ��� ��� ���� ��

��� �� ���� �� ���� � ���� ��

� ��� �� ����� ���� 	�[8-10]. �	�

MA�� ���� �
 level ����� ��� ���

���� ��� ���� ���� MA�� �� ��

� ��� � ���� ���� 	�. �� ����

MA�� �� ��-���� � ����� 	�� �

���� �� 	� � 	� ���� ��� �� ��

���� ���� ��� ��� 	�� ����.

��� � ����� ���� � MA�� ����

(V, Fe)-N� ��� ���	�, MA �� � ��-��

��� �� ���� ��� ���� ��� 	��

MA ��� ��� X� � ��
�� �
� �� �

�� ��� ����� ���	�.

2. �� ��

� ���� ��� ����� V(99.5 %, ���


50 µm, ������), Fe(99.9 %, ���
 150 µm, �

�����)��� V70Fe30 ���� 
�� � ���

� ��� ��
�(���, Fritsch P-5)� ����

MA ��� ��	�. ��� 
� ��� �����

SKD11 vial� ���� 80 cc�
�� �� SUS304�

φ11 mm� �	�. �� ����� �� ���� 1 : 7

� �	�. ����� 
��� 2� �� ��
��

� �� ��� ���� MA� ���	�, ����

�� � ����� ����� ��� 	���� ��

�� � 	�� �	�.

� ��� ��� ����� ����� ���� �

����� ��� �� glove box�� ��� ���

�� ��� � X� ���
, ����(DSC) � ��

������(HORIBA EMGA650)� ��� ����,

��� � ����� ���� V-Fe-N�� ��� �

�� �� ���	�. X� ���
 � ����� �

���� Cu-Kα�� ��� continuous scan��� �

�� ��� ����� ���� Mo-Kα�� ���

step scan�� ��� �
� ��	�. �� MA� �

�� 	�� ����� ���
 ��� local atomic

structure� ���� ��� ��
 �� (�����


���, Tsukuba �� HIT)� �� ���� ��� �

�	�. X� �� � ��
 ��� �� 
�� ��

�� ��� � ���� �� ��� ����� �	

�[10-12].

3. �� � ��

Fig. 1�� V70Fe30 ��� ����� �� ��� �

�� 240���� ���� �	� � X� ��� ��

����� ���
�. V� Fe �
� �� bcc ��

� ����� 
� V� Fe �
 ��� Bragg peak�

����. ��� MA� 80���� ��� ��
�

���, ��� strain� �� � ���� ��� ��

� peak� �� ����(broadening) ��� ����

peak ��� ���� � � 	�. MA� 160����

��� bcc ��� Bragg peak� �� ���� ���

� ��� halo pattern� ���
��, MA ��� �

�� �	 	��� ��� peak� �
�� 	�� �

� 	�. �	� ��� ��� �� �� peak�� �

���.

Fig. 1. The X-ray diffraction patterns for the V70Fe30 powders
subjected to mechanical alloying in N2 gas atmosphere for dif-

ferent time intervals.
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Fig. 1� MA ����� ��� DSC� �� ���

��� Fig. 2� ���
�. ���� ��� ��

600oC ��� ���� �� ����� ���� MA

160��� 
� �
 
��� � ����� ����

	�. � ��� X� ������� � � 	� 
�

�� MA 160�� ��� �
 ���� �
�� ��

�� 	�� ����. �� MA 240�� ��� 
�

����� ��� ��� ������ ��� ���

���� ����� �� ���� ���� ��� 	

Fig. 2. DSC spectra for the V70Fe30 powders subjected to
mechanical alloying in N2 gas atmosphere for different time

intervals.

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.

Fig. 4. Scanning electron micrographs of pure V70Fe30 powders subjected to mechanical alloying in N2 gas atmosphere for (a) 0 h,
(b) 20 h, (c) 80 h, (d) 160 h.
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�� ����. MA ��� �� ��� ����� �

�� Fig. 3� ���
�. ���� ����� Ni cell

� �� ��
� � 3000oC�� �� ���� ���

� ��� ������ 	� � 	
�. ���� �

� 	�� ������ MA ��� �� ���� 240

�� MA ���� 16 at%� ���
� ���� 	�

� � � 	
�.

Fig. 4�� V70Fe30 �� ����� MA ��� �	

����� ���
�. ���� ����� MA� �

�� � Fig. 4(a)� 
� � V � � Fe� ����

�����, Fe� ��� �� �� ��� ���� �

�� �
� V��. �� Fig. 4(b), (c)� MA ���

����� ���� ����� ��� �
� �� �

�� �� 	� � � 	�. �� Fig. 4(d)� ����

� 160�� MA� ��� ����� 	�� ����

� ���
 ��� 1 µm ��� ��� ���� ��

��� ��� �� �
�� �	�� 	� 	�� �

� 	
�.

��� ����� ����� � V70Fe30 ��� �

���� MA ������ ��� V, Fe � ����

��-����� ��� ����� ���� 	�� �

���. �� 
 � �
�� 
��� ��� ���

�� X� ��(Mo-Kα) � ��
 ��� �� ���

� �
� ��� V-Fe-N� ���� ��� 	�� �

��
� ��� ���	�.

Fig. 5� (V70Fe30)1 − x Nx� MA ��� ��� Mo-

Kα�� ���� X� ����� ��� ����


S(Q)� ������ �� ��� 	��. X� ���


� ���
� �
 ���� ���
� � 
� �

�� �� ���� ��� S(Q) ��� ��� ��

���
� ��� bcc ��� ����� �	 ���

�� ��� ��� ����[12, 13]. ���� � �

	� 
� �� MA ��� �� V � Fe� ����

�	 ��� �	�� ����� ����. MA 160

����� 
� ��� bcc ��� ���� ����

� ���� ��� halo ���� �� � � 	�. �

� ��� ���
�� ���� ���� V � Fe �

�� bcc(200) peak� �	 peak� ��� �	�� �

��� 	� ���
�.

� ��� Fourier ���� 	�� �
����

RDF(r)� Fig. 6� ���
�. ����� MA �� 0

��� 
� V � Fe ��� �
��� ���� ��

� bcc ��� �� ���� � � 	�. ���� �

� ������ ��� �� bcc ��� �

��

�	�� ���� ��� �
�� �
��� ���

� �2 ����� �
��� ���� �� � � 	

�. Fig. 6� ���� ��� ��-�� ��(M-M)�

�
��� �� ����� ���� �� �����

bcc ����� �1, 2 ���
� �2 ���
� ��

��� ���� �� 	�� ����. �� MA ��

��� �� ���
� �1 �� ����� �
��,

2.2� < r < 3.3� ��� ���
 
��� 14�� 12

� ���� 	� � � 	
�. �� ����� ��

� �	 ���� ���� bcc ��� 8�� unit� �

���� �	�� 4�� unit� ���� �� 	� �

��� 	�� 	�� � 	�[12-14]. �� MA ���

�	 ���
� �1 �� ���� ��� V � Fe�
Fig. 5. X-ray structure factors S(Q) of (V70Fe30)1 − xNx powders

as a function of the absorbed nitrogen concentration.

Fig. 6. X-ray radial distribution functions RDF(r) for (V70Fe30)1 −xNx

powders as a function of the absorbed nitrogen concentration.
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���
� ��� ��� ��� ���
� �� ��

�� ���� ��� 	�� ����.

Fig. 7� ��
����� ��� ����
 S(Q)�

��� 	��. ��
����� X� ��� ���

���
� ��
� �� �
� ������ �� V

� 
�� �� �� ��� Fe-Fe �� � N-N ��

� �� ��� ����� 	� � 	�[12]. ����

����� ������ ���� �� bcc ���

Bragg peak� ���� Q = 2.2�−1 ��� ��-��

��� ���� broad� peak� �
�� ���� �

�� halo ���� ���� 	�. �� ������

��� �	 Fe-bcc ��� (200) peak� ���� �

�� MA �� 160��� �� 240��� ��� (200)

peak� �� ���� � � 	�. �	� (V, Fe)-N�

����� 
� ���
� ���� �� 11 at%�,

MA ��� ��� ���� � ���� V � ���

����� 		 Fe ��� ���� 	� ���� 	

�� ����.

Fig. 7� S(Q)� Fourier ���� 	�� �
���

� RDF(r)� Fig. 8� ���
�. ��
������

� 	�� RDF(r)��� Fe� bcc ����� ���


� ��� ��� �	���� ��� ����, � �

���� X� ����� ��� ���
 �� ���

�� �� ��� ���� � � 	�. 
 �����

� ��� �	 bcc ��� �2 ���
 ��� ��

�� ���, �1 ���
� ��� MA �� 80��

�� �� ���� ���. �� r < 2.2� ��� Fe-

N ��� ���� ��� peak� ���� �� 	�

��� ���
 ���� Fe �
� �� ���� �

�� � � 	�. ��� ������ (V70Fe30)1 − x Nx

�� ����� 	�� ���
� V �
� ���

���� ����� ����, Fe �
� ���� �

�� 
����� V-Fe-N� ����� ������

	�� ����.

4. � �

1) V70Fe30 ��� ����� ���� ��� ���

160�� MA ���� ����� 	��� � � 	


�.

2) MA��� ��� ��� (V70Fe30)1 − x Nx� ��

��� ��� �� 600oC�� ���� ���� ��

� ����� ���
�.

3) X� ����� ��� ���� ���� bcc �

���� 8�� unit� ����� �	�� 4�� unit

� ���� �� 	� ���
�.

4) ��� (V70Fe30)1 − x Nx� ��� ��
��� �

� ���� �� ���
� V�
� ��� ����

����� ���� ����� ���� � � 	
�.

��� �

� ��� �
���� ��������
 ����

Fig. 7. Neutron structure factors S(Q) of (V70Fe30)1 − xNx pow-
ders as a function of the absorbed nitrogen concentration. Fig. 8. Neutron radial distribution functions RDF(r) for

(V70Fe30)1 − xNx powders as a function of the absorbed nitrogen
concentration.
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