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Abstract 

We demonstrated surface nitridation of titanium particles using the polygonal barrel-plasma treatment 

system. In order to verify the formation of TiN, a Ti plate was treated in our plasma treatment system. The 

color of the Ti plate changed from metallic to gold as a result of N
2
 plasma treatment. Glow discharge 

optical emission spectrometry of the plasma-treated Ti plate confirmed that nitrogen was inserted. From 

XPS measurements, it was also found that the nitrogen in the sample was ascribed to the formation of Ti-N 

bonds. It should be noted that the X-ray diffraction patterns of the Ti plate before and after the plasma 

treatment showed only the reflection peaks of Ti metal, supporting that the Ti-N bond formation occurred 

only on the surface of the plate. Subsequently, N
2
 plasma treatment was applied to Ti particles. The plasma 

treatment using a swinging motion of the barrel containing Ti particles changed the color of the particles 

uniformly from gray to brown. The UV-VIS absorbance spectrum of the plasma-treated Ti particles was 

similar to that of the plasma-treated Ti plate. This result was considered a proof of the Ti-N bond formation 

on Ti particles achieved by the polygonal-barrel plasma treatment system.
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Figure 1 Schematic representation of the�

plasma-treatment system. 
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Figure 2 Photographs of (a) as-received Ti 

plate, (b) N
2
 plasma-treated Ti plate. 
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Figure 3 GD-OES depth profiles of nitrogen for  

(a) as-received Ti plate, (b) N
2
 plasma-treated Ti plate. 

Figure 4 XPS N1s spectra of 

plasma-treated sample at various depth. 

Figure 5 XRD patterns of (a) as-received Ti

plate, (b) N
2
 plasma-treated Ti plate. 
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Figure 7 UV-VIS spectra of (a) Ti particles and (b) Ti plates, before and after N
2
 plasma-treatment.
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Figure 6 Photographs of (a) as-received Ti particles, 

(b) N
2
 plasma-treated Ti particles using fixed barrel, 

(c) N
2
 plasma-treated Ti particles using oscillating 

barrel and (b*) Ti particles in the barrel after N
2

plasma-treatment using fixed barrel. 

(a) (b)

(b*)

(c)

1 cm

1 cm

������������������������������

��

������������������������������

��



K �_��"#!�LMFNG0123��OPQ
67&'(IJ����$%&'(2,�

�����`X�^�+%&���#�H*!�a34�
IJ��������
$%&'(

2�9��=>��bc�56
7!���H�� �!,8!#���
E�9[��!H�

de,Sf:��^��

4. ���

K ghi�
�LMFNG0123��OPQ,R��67&'(8�=>67&'(IJ��

'��$�012345,ST
�$�012345,;�
67&'(8
��45�67]

#!6]��:%*�E!�
�GD-OES ��"
45�.T�$�<�*;<j�=k�
 

+,-�
�	
�>;<� XPS��#!�$�012345�./lk��
$�<�
��

2�
&'(�$%m,������C���n��
$%&'(,������ +*8!#

+HT
�HB�$�012345Z[�67&'(8#!7!�
 XRD?'�(
��A�C

67&'(��7��������,-��$%&'(���*��2���$ T��� +

*?#T
�)b�goQ,R�
67&'(IJ��'��$�012345�
�FNG,

)/�*+�� +��]@*�45�1]#!p)HA]�:%�
�	
�012345�


67&'(IJ��BCqr��G
8s;<+DE���
� ��"
�_t�
67&

'(IJ��]@:%*$%&'(���$F�� +,����_��"#!�67&'(I

J��'��$�012345�./�;<���$%&'(2���*Gu�^�+�H�v

��

Reference 

(1) J. Russias, S. Cardinal, Y. Aguni, G. Fantozzi, K. Bienvenu and J. Fontaine, Int. J. Refract. Met. Hard. 

Mater., 23 (2005) 358. 

(2) I.-L. Tangen, Y. Yu, T. Grande, R. Hoier and M.-A. Einarsrud, J. Eur. Ceram. soc., 24 (2004) 2169. 

(3) R.F. Shyu, F.T. Weng and C.T. Ho, J. Mater. Proc. Tech., 122 (2002) 301. 

(4) Z. Zhang, J.B.M. Goodall, D.J. Morgan, S. Brown, R.J.H. Clark, J.C. Knowles, N.J. Mordan, J.R.G. 

Evans, A.F. Carley, M. Bowker and J.A. Darr. J. Eur. Ceram. Soc., 29 (2009) 2343. 

(5) D. Waxler, A. Calka and A.Y. Mosbah, J. Alloys Compd., 309 (2000) 201. 

(6) A.S. Bolokang and M.J. Phasha, Int. J. Refract. Met. Hard. Mater., 28 (2010) 610. 

(7) B. Mutel, M. Bigan and H. Vezin, Appl. Surf. Sci., 239 (2004) 25 

(8) F. Bretagnol, M. Tatoulian, F.A. Khonsari, G. Lorang and J. Amouroux, React. Funct. Polym., 61

(2004) 221. 

(9) T. Xu, J. Yang, J. Liu and Q. Fu, Appl. Surf. Sci., 253 (2007) 8945. 

(10) Y. Murata and T. Aradachi, J. Electrostat., 51–52 (2001) 97. 

(11) K. Matsubara, M. Danno, M. Inoue, Y. Honda, T. Abe, Chem. Eng. J.. in press. 

(12) T. Abe, S. Akamaru and K. Watanabe, J. Alloys Compd. 377 (2004) 194. 

(13) N.C. Saha and H.G. Tompkins, J. Appl. Phys. 72 (1992) 3072. 

�������������������

��



(14) C.H. Chung, L.S. Yang, C.C. Chih, S.Y. Chuen, O.K. Liang, J. Electrochem. Soc. 154K (2007) E13. 

������������������������������

��




