
� 49�    � 11�                              ��������	                                  Vol.49,   No.11 

2020�      11�                     RARE METAL MATERIALS AND ENGINEERING                     November  2020 

 

�����2019-11-10 

���	����	
� (TZ2018006)���������� (2016YFB0700301) 


���������1985 ������� !"#�$%&'()�*+�,$ $- 710016�./0029-86231095�E-mail0

yanggy0403@163.com 

 

��������	
���������

W-Ni-Fe-Co ���� 

 

���

1

����

2 

��  	

1

��  


1

��  �

1

���

1

��  �

1

����

1

 

(1. $%&'()�*+ ()1234���567, ,$ $- 710016) 

(2. 8%9��:; <= 110819) 

 

�  ��>?@ABCDEFGHIJK W-Ni-Fe-CoLM(NO�PQRKNST.BUV3IWXYZ[\]^0

W-Ni-Fe-Co LM(NO_ 2 `YabcdeX�fghYNOcd�ig_j1kcdl[mXbnopNOcdZ

LM(NOqrsteuv γ-(Ni-Fe)wqrxyzopb Wcd�γ-(Ni-Fe)wqr{&|}~b W��Z�NST.

BUV3WXY|"��W-Ni-Fe-Co M(bsteus��f�b�����g_�XY|"��kb������

���������������� ¡b¢?���b£�¡¤¥¦�§QK¨cdb�©|"�steuªv«

¬ZXY®F|"¯°v Wcdb�©�P±&s²b Wb³´-µ�|"ZNS.BUV3WXYb W-Ni-Fe-Co

M(7¶·¸¹º»¼ 1098 MPa��gM(½�¾¿�ÀÁGÂ¯°v¨bÃÄÀÁ~ÅÆ γ-(Ni-Fe)wbÇ�ÈÁZ 

����V3IW�.BUÉÊ�FXY��Ë�¨ÌM(�W-Ni-Fe-CoM( 

�������TG146.4

+

11        ������A        �����1002-185X(2020)11-3865-05 

 

��������	
����������

�����������������������

 !�"#$%�&'W-Ni-Fe ���(�����

��)!*�+%��,�-./01234�56

78�9:78);	<=>%?:

[1-3]

'@A���

��BCD+E:FG-HI-�J7KLF�MG�

NO P%@AQRS�TUGV

[4,5]

-W.7XYZ

[�\]��^_`abcde�fg\hi^jk

 lm'nopqrst!uv%GV7Xwx�y

z{\h�|}HI�~� ��,HI TU

[6,7]

'

��v7X�����BC%�&��rv����

��v��-�(�V���7Xi^-.\h��

%���Iji^Z�����!�%�G'�BG

O���� 3D � ��-(!¡¢£¤¥¦�-q

§¨©ª«GO¬,,%®¯J7��-no°±

��pq\�®¯\h��%!*�+rsT²-.

³����´�� BC%i^jkGV�µ�=>

%?:

[8]

'noE:�BGO��GV��BC¶·

¸¹º%»¼-½E:g¾¿À��Á%QÂ�¾¿

�BGO��

[9-12]

'QÂ���À�BGO��

(selective electron beam melting, SEBM)(Ã!¡Ä�

%�y�BGO��-(g�&��À�&cÁ-g

ÅÆÇÈÆG��ÀYÉÊËQRÂ¯ÌÍÎ�ÏÐ

Ñ�-�	\hÒÓ��&cÔ:Ó��ÕkÖ×?

ØÙ ÚÛ#Ü-ÝÞ.�ÑÜ�y�ß��yBC

%\h�	à½#á

[13]

'no�BGO����½g

âãä�QR�åC-æ¸�������)%ç`

aQRèé
��ÑÜêëde-.QRìs�íî

ï:%§ZQ+%ðñ��ò��fgóô'ÝÞ-

]¹ºE:õ��QR�åC-¯Ì�QÂ���À

�BGO��GV 90W-Ni-Fe-Co��%ö÷7ø' 

���������

ù ® E :  � � ú Ê � û ü � U G V �

90W-Ni-Fe-Coõ��QR'�ýÔ: Sailong S2�Q

Â��À�BGO�V¯Ì� 90W-Ni-Fe-Co ��%

\h'\h§ZD+�w®E: CAD þk-�G¤

¥¦�'�ý�§�©þk�¤¥¦�Ê�\!�"

��©-�©	�� 0.1 mm'�
µ������\

h�V)-.\h����e¸ 10

-2

 Pa%�k\h'

\h����yQR���%Q�)Yt-Ô:��

.\h���ìs!©	��� 0.1 mm %QR'�



Í3866Í                                       Î&()34Ï!"                                              � 49� 

�À����©����¯ÌÍÎ�Ñ�-Ñ��\

ý\h�� !!���'�i��§Z-¨©"J

#$�\%*Ijk%GV'\h§Z)��ÀÏÐ

�Y� 12 mA-ÏÐ&�� 2 m/s-ÏÐÇÉÊ'��

100 µm' 

E: Axio vert A1 Stemi2000 ��êÚ|(� 

JSM-6460���Ú|(Ë��%Ú|)*�+�h,¯

Ì��-.E: D8 Advance� X{Ç/{Ë���Q

R�\h��¯Ìê�-.E: Instron��0&BC

12â¯Ì�34�&51, 34?6Ó� 1710

-3

 s

-1

'

34��x8 1
9' 

������	
�

���������	
����

�§ ��úÊ�ûü�UGV%õ��QRh

,x8 2
9':g;t��QRD+�� 2¡h<-

!¡�=hQR(x8 2a�2b)-Ã!¡�æ>½�?

@AIB\%�CDQR(x8 2c�2d)'=hQRE

Fd¿G-QREFHIJ�Kðñ'B�CDQR

(æ>½�?@AI.!L\MI'8 3 ���QR

XRD8N':g;t-QROPD+æ W� γ-(Ni-Fe)

�ê)\'I�QRQFh,�QROP`a�K(8

4)-:g;tQR?@OP�ÙÑÜ`a γ-(Ni-Fe)ê

RS W?@-&NITÚ9-ÙÑÜAIê)�`a

%bc� 40%UV(WE 1)'°QR:XY�BGO§

Z)QR%ò�YZ[ìs' 

2.2  90W-Ni-Fe-Co ������������� 

8 5�8 6�\�QÂ��À�BGO 90W-Ni-Fe- 

Co ��% XRD 8N�Ú|)*�`a�K':g;

t-��%Ú|)*[QR]^-ð�ÙÑÜ`ah

\% γ-(Ni-Fe)êRS W?@-γ-(Ni-Fe)ê)�`a%

bc_`rabÚ� (WE 2P-W?@c_`rab

Ú[e-� W .ÙÑÜê)%�KdJðñ-W-W

ef6g' 

@A%QRS�HIUGV 90W-Ni-Fe-Co ��

%§Z-(�§gcÑ�ÙÑÜh�i`a-�ý�

§[�é%jkh\ γ-(Ni-Fe)êlm,-§n�lm

,)% Wêmo_-t-p�-q´�r§sIJ´

��-WJ@t&uv��_[[e'BQÂ���

À�BGO§Z)-�&��À�ÙÑÜêwéÑ�-

æ¸x�Ñyp���z{FØ��|x}Ø%ø

:-.��À£{~4%Ñy�F���² %ø:

ØBt/��-p�ÑyD+�/²ýYZ%�á- 

 

 

 

 

 

 

 

Ð 1  ¸Ñ�ÒÓÔÕÖ×Ø 

Fig.1  Dimension of tensile sample 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ð 2  90W-Ni-Fe-CoLM(NOYa 

Fig.2  Morphologies of pre-alloyed SEBM-fabricated 90W-Ni-Fe-Co: (a, b) spherical powders and (c, d) irregular powders 
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Ð 3  90W-Ni-Fe-CoLM(NO XRDÐÚ 

Fig.3  XRD pattern of pre-alloyed 90W-Ni-Fe-Co powder 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ð 4  90W-Ni-Fe-CoLM(NOcdqYa� EDS��ÛÜÝ 

Fig.4  Polished cross-section morphology (a) and EDS element 

mapping (b~e) of 90W-Ni-Fe-Co pre-alloyed powder:   

(b) W, (c) Ni, (d) Fe, and (e) Co 
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Table 1  Composition of γ-(Ni-Fe) matrix (spot 1) and tungsten  

particle (spot 2) in Fig.4a 

Spot 1  Spot 2 

Element ω/%  Element ω/% 

Fe 9.12  Fe 0 

Co 13.60  Co 0 

Ni 36.59  N 0 

W 40.69  W 100 

 

 

 

 

 

 

 

 

 

 

Ð 5  NS.BUV3IW 90W-Ni-Fe-CoM(b XRDÐÚ 

Fig.5  XRD pattern of SEBM-fabricated 90W-Ni-Fe-Co alloy 
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Ð 6  NS.BUV3IW 90W-Ni-Fe-CoM(bsteu� 
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Fig.6  Polished cross-section morphologies (a, b) and EDS element 

mapping (c~f) of SEBM-fabricated 90W-Ni-Fe-Co alloy in 

Fig.6b: (c) W, (d) Ni, (e) Fe, and (f) Co 
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Table 2  Composition of γ-(Ni-Fe) matrix (spot 1) and 

tungsten particle (spot 2) in Fig.6b 

Spot 1  Spot 2 

Element ω/%  Element ω/% 

Fe 8.53  Fe 0 

Co 14.17  Co 0 

Ni 37.20  N 0 

W 40.09  W 100 
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Fig.7  Samples (a) and stress-strain curves (b) for SEBM- 

fabricated 90W-Ni-Fe-Co alloy 

 

 

 

 

 

 

 

 

 

 

Ð 8  .BUV3IW 90W-Ni-Fe-CoM(¸ÑÀàYa 

Fig.8  Fracture morphology of SEBM-fabricated 90W-Ni-Fe-Co  

alloy 
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Research on W-Ni-Fe-Co Alloys Fabricated by Selective Electron Beam Melting from 

Pre-alloyed Powder 
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Abstract: W-Ni-Fe-Co pre-alloyed powder was prepared by plasma rotating electrode process, and then selective electron beam melting 

(SEBM) was performed. Results show that W-Ni-Fe-Co pre-alloy powder consists of spherical powders and irregular powders with the 

microstructure of tungsten particles coated by γ-(Ni-Fe) phase, which contains supersaturated tungsten. Microstructure of the W-Ni-Fe-Co 

alloy shows certain heredity from powder to SEBMed sample. Since the molten pool is subjected to recoil pressure, hot capillary force and 

Marangoni convection during SEBM, the instantaneous flow of the molten pool promotes the rearrangement of tungsten particles, leading 

to a higher uniformity in the SEBM sample than in the powder. Densification process during SEBM is mainly the rearrangement of W 

particles, and there is no significant dissolution-precipitation process of W. The tensile strength of SEBMed W-Ni-Fe-Co alloy is measured 

to be 1098 MPa together with a poor ductility. Fracture mode is brittle transgranular fracture of tungsten and ductile tearing of γ-(Ni-Fe) 

bonding phase. 

Key words: additive manufacturing; SEBM; tungsten alloy; W-Ni-Fe-Co alloys 
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