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Synthesis of Cubic Tantalum Nitride Nanocrystallites
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Abstract: Cubic tantalum nitride (TaN) nanocrystallites were synthesized by the direct-current (dc)

arc discharge method in N2 gas. The influence of N2 pressure on the as-synthesized cubic TaN samples

was studied. The growth mechanism of cubic TaN was discussed. XRD, TEM and XPS were used

to characterize the product. The results show that the influence of N2 pressure plays a key role in

the preparation of pure cubic TaN nanocrystallites. The size of cubic TaN nanocrystallites obtained is

5–10nm.
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*t [1,2] ��dgs!<L_%VI>D}A�ip�iur;�,8��I��	X��iu�7u;�Ijr	(�<!j5;P�\N "05o [3,4], �tBA�_#; TaN; Cuk�B6p�iur;�>05 [5], �[Y�2'} TaN 5;ow�VI9s�N�*3z{p,S�k��$�3;vM��*k�B Ta2N RH� [6],R6PYÆ�Vx�RVmk�B=} TaN; Ta2N M>o [7] �Xx'} TaN RH�k��z1V[�_dÆ�gk��%�3;'I�5���,��Pk�B'} TaNS�BMA=} TaN[8,9], �TO`G'
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W 1 a:oD?��qT(,W
Fig. 1 Schematic illustration of the dc arc discharge

system

(1) Reaction chamber; (2) Water-cooled collector; (3)

Cathode W; (4) Anode Ta; (5) Graphite column; (6) Cu

crucibleE��5j9B�bYÆ�50>md�s P <10Pa;}B=��G
ms�yI�_BP�YÆ�50�K4W!4W8o�
2.2 �<%=��b3; X �z��' (��� Rigaku D/max-

2500�v� X�z��') 5rb;pE�k�
TaN RH���ez����I 2θ P 30∼90◦	aV�; X �z-p~e (EAST ESCA #�
VG ESCA LAB MKII � X �z-p~Xe') �pH`RH�V,SK~IyI�3;U�p~w_x (H8100 �) +6RH�_+j%;�E�*s�2
xp~��52�
3 /)X 2 �B2P,SVm�suHk`�`
XRD Xe�go (a) Vm�sd 5kPa, ZVm

W 2 =;�Nb XRD Wd
Fig. 2 XRD patterns of the synthesized powders

Nitrogen pressures: (a) 5kPa; (b) 30kPa�s�'S[^ 10 � 20kPa � XRD ezGI
XRD ez}S� (b) Vm�sd 30kPa, ZVm�s�'S[^ 40 � 50kPa � XRD ezGI XRD ez}S�xD (a) ez�*�BZVm�s <30kPa ���`dS%'}j%�G'} TaN #z XRD eX PDF 49-1283 %f�ZVm�s >30kPa ��`d'} TaN � Ta; Ta2O5 M>o�>I�*�dVmm�,6~k�'} TaN Gu*`.C�X 3(a) ; 3(b) �'d�`PVm�sd 5kPa� Ta ; N .pIC XPS �'e�KXo�*�^ Ta4f ; N1s ��go Ta4f7/2 ; N1s j>X�'d 23.5eV; 397.2eV��j4G Zhang g�O`j4}S [10] �>L Ta ; N .pICs!* TaN }II>o�'NP�X 4(a) ; (b) �',Vm�sd 5kPa ��`U�pxW^;p~��Xe�KU�pxW^o�*�B�ZVm�sd 5kPa �H`^�`d�-�NRH	*�	*�*ud
5∼10nm �KI�`p~��Xe�*�^A�p~��J (111) � (200) � (220) � (311), &LHk��`d'}j%�

W 3 Ul�q 5kPa �&�| TaN b XPS dW
Fig. 3 XPS spectra of the cubic TaN sample synthesized at N2 pressure of 5kPa

(a) Core-level spectrum of TaN4f ; (b) Core-level spectrum of N1s
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W 4 Ul�q 5kPa �&�| TaN b TEM V℄ (a), o}��Wd (b)

Fig. 4 TEM image (a) and SAED pattern (b) of the as-grown powders at 5kPa

4 J9
4.1 �B��LYC�Æ5�S TaN �^U��h2$J�E%�{TH�ai�r &�CQ�nC>UTka�p�YTka�p
<5kPa ��/��-T\++7�nC�X+-bOha�pt�m6�aZ~DsB�(tTkaZs?h�F)/��-T\++�hnC�YTka�pO 5∼30kPa �`U��W&i�Ea%�{ TaN �WYTka�p ≥30kPa ��JV 2(b)�)��? Ta 9 Ta2O5 a����x�=CTka�p5��"�Zna�	5℄0���e"Q/a Ta (|+WE N �2|) Ta PF�a�&O<�3V ��8t��7ZO�aTk�pt�E{OnCw(|:aRz�" Ta (|_�a��{F\x�[e0Q/a Ta PF�a�:� Ta2O5 a7�+-b�2�:a Ta PF�Oy�nC>�Ekma O2 �2|�:�-H�)�bhk�+�:E%�{ TaN a(^-B��k��+[e Ta PF�a�:�
4.2 5�S TaN �F�,4

Mashimo d�T18�h��a��"<�{ TaN u"b%�{ TaN[11], ���+O�hh�aOat"m6�9Tk`e�2i��%�{ TaN �`9nCwgW&L" 3000∼7000Ka�h�OnC7�ad�|w��2n���Z~�a Ta J|�TkÆk�aT�|�T�|Od�|wU+��2N�a�O-YaTk�t�ZD0�aTH��:E%�{TH�����wgRZ0#��{Ds�a<�3V �"nC7

�ad�|w�:0QahsKs�X��)" TaE N h<�:%�{a TaN A�ÆD���2w|{VO<�3V ��-H%�{ TaN W&O/hOat�Mt��
5 /9

1. 18`9nC�"m6�ETk`e�2i�0E%�{ TaN PF��PF�aa�(sb 5∼10nm�vPF�ah$9�Dq�0$[�
2. hk�+i�E%�{ TaN a(^-B�k�5��+[e Ta PF(|a�:��2NQ
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