
� 49�    � 6�                                   ��������	                                 Vol.49, No.6 

2020�      6�                        RARE METAL MATERIALS AND ENGINEERING                        June 2020 

�

�����2019-06-27 

���	����	
���������������2019GDASYL-0302017�������� !"#$%���

�2017A050501024&2017A050503004�����'(��!)*����2017A070701029� 


���+ ,&-&1984�.&/0&���	
�&���12!34��5&�� �6 510650&789020-61086120&E-mail: 

maoxinhua4455@163.com 

 

��������	
��������� 

 

�����  ���  ��	  ��
�� 

(���	
� ���12!34��5 �:;<=>?@ABC?4DEF��GH&�� �6 510650) 

 

�  ��IJKLMNOPQARP2&STUVWXYZ[\EF]^_`ab[cQA&defOPQAg[\h

ab\i`\j��fkAlmhno�phqrst*W4uvwxQA[\m<AZyzg{|&}~�f[\

QAg�����\�c�Tzj����9JKLMNOPQA&�UVWXYZ[\����������h�

�abh_`��h[\m�� 100%g[cQAj[\���&QA������jQAg[\m�kAlmg� 

¡¢�&�no�pg�3£¤_�¢�j¥¦t§>¨©ª�«_[\mgQAj�¬[\mg_&QAg��

z)®¯°±&²³b�!´db��®_jµkAlmR 30 g/min&no�pR 5.0 L/min&qrst*R 82.7 kPa

¶&[cQA·¸�l_� 5.98 s/50g&!JKLcNOPQA¹º&²³b�» 3.503 g/cm

3

_� 9.463 g/cm

3

&´

db�» 5.344 g/cm

3

_� 10.433 g/cm

3

&¼�½p» 0.076%¢�¾ 0.0481%j¿À&UVWXYZ[\QAÁ>Â

Ãg�����\�c�Tz&ÄÅÆab� ρÇ99.5%&ÈÉÊ� σ

b

=693 MPa&ËÌÊ� σ

0.2

=616 MPa&ÍÎm δ=28.5%j 

����UVWXYZ[\�QA�AZyz������\ 

�������TF123.7

+

3�TG146.4

+

16        ������A        �����1002-185X(2020)06-2076-07 

 

��������	
����������

��������������� !�"#��$

%&�"'()�*+,-./01�2345

[1-3]

6

78 3D9:;</=>?@ABCDE-F/G��

HIJK�LMN1/OPQRST�3D9:UV�

WXYZ[\T6]^��_)�` 2996 a�bc

�deW;<ef/�Wghijklmn�o'p

qr���st�uvwx#yzl{|'}~��

�����MN� 3D 9:/�P6�������

�i������o�st�u !wx�yz�/

�_)�i�W�����������/��;<

�~6 

��'� 1�L;<*¡V'� 1/�¢(

�£¤N¥'� 1¦/lmnijW§¨x©>ª

«_L�_¬/¨xh®¯[°k�/¢#±#²

³´Vµ©>¶·^i��iW16'� 1�¢

#�(¸ 10

4 

K)�'� ¹1ºT�u��#��»¼

k½¾��«°¿À>#=' )�*ef�y{|�

�i#��st�Á/�Âq�iW§/ÃÁÄ��

ÅÆhefÇ�_���oL��ÈL��ÉL�

'�iW§Ê® ËÌÍ6ÎÏÐÑbcÒ¡V��

'� 1;<�Óef��iÔ�Õ�Ö'�_��

W1

[4-8]

�^¡V��'� 1ef�i�W�×ØÆ

ÙVÚ 3D9:ÛÜÝÞ_L�i/ßàÀáâã6 

äåæ�lmnijçèé�W�é5�êë��

'� 1�L;<ef�i�W�ßà¤W>ì�íî

s��ïÙðñ['�Lòóô�J�W�Lì�W

1(�/õö÷ø^ùú�L�W/ÛÜÝÞ_L�

iûV���MN1üý¦/ÙVþ�ô�°��6 

��������

åæé5�V�Vçèé�W�W§x#� 10~ 

60 µm6é5�W�#�99.9%�or�� 0.076%��

1LÐ�y� 1�	6åæ�V TEKNA-40 kW�

�'� 1eW�dJé5�Wø
�L�-6��

'� 1�L�-�V¼�u��/��î´�¦

�î����'� 1�/��6�þ�'� 1«

�ì�åæ�î�V�î��î��î�Æs���

5:26åæV�î´�íîØèé�Wé5�¤Wù�

íN'� 1�¢Ü�h'� 1�¢°�«��´

Vµ�¨x©>®_¬�îL�×=>øN�Lï

Ùð�_¬�îL/�h�î/k¿A��®¯[ 



� 6�                             + ,W9�����\�cTQAgUVWXYZ[\                         Ï2077Ï 

 !""#$%&'()�"

Table 1  Chemical composition of raw Ta powder (ω/%) 

C Ti Cr Fe Mo O Ta 

0.002 Ð0.001 Ð0.008 Ð0.003 Ð0.001 0.076 Ç99.9 
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Table 2  Experimental parameters of RF induction plasma 

spheroidization 

Parameter Value 

Plasma power/kW 40 

Center gas flow rate (Ar)/L·min

-1

 15 

Sheath gas flow rate (Ar/He)/L·min

-1

 50/20 

Carrier gas flow rate (Ar)/L·min

-1

 1~7 

Powder feed rate/g·min

-1

 30~60 

Pressure of reactor/kPa 82.7~117.2 

Particle size of tantalum powder/µm 10~60 

 

 

 

 

 

 

 

 

 

Ñ 1  QA[\��Ò�cÓ 

Fig.1  SEM images of Ta powder: (a) before spheroidization, (b) after spheroidization, and (c) cross-section of spherical Ta powder 

a 

b c 
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Ñ 2  QA[\Ò����� 

Fig.2  Particle size distribution of Ta powder before and 

after spheroidization 

 

 

 

 

 

 

 

 

 

 

 

Ñ 3  QA[\Ò� XRDÑÔ 

Fig.3  XRD patterns of Ta powder before and 

after spheroidization 
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Table 3  Particle characteristics of Ta powder before 

and after spheroidization 

Ta powder 

Apparent 

density/g·cm

-3

 

Tap density/ 

g·cm

-3

 

Flowability/ 

s·(50g)

-1

 

Oxygen 

content/% 

Raw Ta 3.503 5.344 - 0.0760 

Spherical Ta 9.463 10.433 5.98 0.0481 
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� 4  ����� !���� SEM�" 

Fig.4  SEM images of spherical Ta powder at different powder feeding rates: (a) 30 g/min, (b) 40 g/min, (c) 50 g/min, and (d) 60 g/min 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 5  ��#$%&!���� SEM�" 

Fig.5  SEM images of spherical Ta powder at different carrier gas flow rates: (a) 1.0 L/min, (b) 3.5 L/min, (c) 5.0 L/min, and (d) 7.0 L/min 
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� 6  ��12345!���� SEM�" 

Fig.6  SEM images of spherical Ta powder at different pressures of reactor: (a) 82.7 kPa, (b) 103.4 kPa, and (c) 113.8 kPa 
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Fig.7  Density and flowability of spherical Ta powder at different 

spheroidization efficiency 
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� 8  SLM ;<�=>?-@A?�" 

Fig.8  SEM images of SLM sample: (a) top surface and 

(b) longitudinal section 
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Table 4  Tensile properties of pure Ta processed by different 

processing techniques 

Processing technique σ

b

/MPa σ

0.2

/MPa δ/% Reference 

SLM 

(Spheroidization Ta powder) 

693 616 28.5 This work 

SLM 

(HDH Ta powder) 

739 450 2 [3] 

Casting 205 165 40 [14] 

P/M 310 200 30 [14] 

Note: σ

b

-ultimate tensile strength; σ

0.2

-0.2% yield strength; δ-elonga- 

tion to failure; P/M-powder metallurgy; HDH-hydride/dehydride 
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RF Plasma Spheroidization of Tantalum Powder for Selective Laser Melting 

  

Mao Xinhua, Liu Xin, Lei Chao, Ding Chao, Li Kefeng 

(National Engineering Research Center of Powder Metallurgy of TitaniumfRare Metals, Guangdong Institute of Materials 

and Processing, Guangdong Academy of Sciences, Guangzhou 510650, China) 

 

Abstract: Tantalum powder was prepared by RF plasma process from irregular sodium reduced tantalum powder, and spherical, pore-free 

powder with lower oxygen content was obtained. The effects of feeding rate, carrier gas flowing rate and pressure of reactor chamber on 

spheroidization efficiency and powder properties were studied. The selective laser melting process of spherical tantalum powder was also 

explored. The results show that tantalum powders after plasma processing possess smooth surface, high internal density, high purity and 

low oxygen content, and the spheroidization ratio is almost 100%. The particle size distribution becomes narrow after spheroidizing. 

Spheroidization efficiency decreases with the increasing of feeding rate, while increases firstly and then decreases with the increasing of 

carrier gas flowing rate. Meanwhile, weaker negative pressure in reactor chamber is more favorable to powder with high spheroidization 

efficiency. With the increasing of spheroidization efficiency, the powder flow ability, apparent density and tap density are significantly 

improved. When the processing parameters including the feeding rate, carrier gas flowing rate and reactor pressure were optimized as 30 

g/min, 5.0 L/min, and 82.7 kPa, respectively, the Hall velocity of spherical tantalum powder reaches 5.98 s/50g, the apparent density 

increases from 3.503 g/cm

3

 of the raw material to 9.436 g/cm

3

 and the tap density also improves from 5.344 g/cm

3

 to 10.433 g/cm

3

. It is 

interesting to find that the oxygen content decreases from 0.076% to 0.0481% after the plasma process. Finally, spherical tantalum powder 

was proved to be compatible with selective laser melting process. The SLM parts with high relative dense (g99.5%) are obtained and the 

tensile, the yield strength and the elongation are 693, 616 MPa, and 28.5%, respectively. 

Key words: RF plasma spheroidization; tantalum powder; powder properties; selective laser melting 
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