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TekSphere-40 ����1£câÞR����1£×
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¾ 1  abH�cdeH���¿ÀgÁÂÃÄ¾�BDBH�

Z�� 

Fig.1  Schematic diagram of horizontally built and vertically 

built samples (BD indicates the building direction) 
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¾ 2  LPBF8Yjk x-y¬c x-z¬G�©YÅ 

Fig.2  Crack morphologies of as-built sample on the x-y side (a) 

and x-z side (b) 

Horizontally 

built sample 

Vertically built 

sample 

Substrate 

BD 

z 

y 

x 

200 µm 

BD 

a 

b 

BD 

200 µm 



½650½                                           Æ�
Ç�����                                           � 50� 

� x-y �ã�j�K��2�N���®�3N�R

%Ù Ë�� x-z�ã�®��Ù Ë��Ô3 

��\ LPBF �JKN��Ë�ãêëìí��

³�Z x-y�8 x-z�ÞRç EBSD��Ã3�_�x-y

�8 x-z ���	R(IPF)^R 3a K 3b S\�R_�

����¾��¨I������¾���®��÷

�[q\��3�u 2 aô��¨Iß�¸��ª�

LPBFq����Ë��R%Ù Ë����¨~×�

N�6%Ù Ë�� x-y �ãSëk��¨INO�

%�R%Ù Ë� x-z �ã�¨I3R 3c K 3d � 2

a��¨�@�R��_����>¾�û% 15° �

���û�Â¨��f�¾�û% 2°�% 15°���

���Â¨�3x-y�K x-z���2¨INO@L�

43.14K 55.39 µm�^R 3eK 3fS\3Z 2´¨�S

���ÞRÉd����x-y�ã��Â¨�S���

û% x-z�"^R 3fS\#���¥ x-y�ã� øÂ

û% x-z�3LPBFja_�̈ I��8��¡¢�£3

LPBF ¤Óa¥D¬£K¦[�ja�wD	¥�¸

�§ 10

6 

K/s 

[20]

3N�6%Ù Ë�� x-y�ã��%

¦[ 	��wD���E�¬¨NO�©Ú�¨I

ª)N x-y �ã���û��"«ô�ã¨INO�

�3�R%Ù Ë� ���8�¬£�ÏÐÑ¬B

�N	���Â�Â��á�N LPBF ja_�	�

���Ù Ë��
����ñõ�ß×�Ù ÚÛ

Ë����Ë��¢û��¨ìí3 

Z��×ßË��JKÞRçøÂK�����

ü3�_v�Ù JKøÂ� 18.64 g/cm

3

�÷øÂ

96.3%­M6Ù JKøÂ� 18.71 g/cm

3

�÷øÂ

96.7%3̧ ��ª����Ù Ë�Zõ�×ßJK�

÷øÂ����3R 4� 2´JK 30~1000 V�Â]

~¼����3CT®¥�¤��8�WXb,ja

_��JË�9Zä�Z%v�Ù JKY¯�S�

������ x-z �ã�Ù ÚÛË�����3Z

%M6Ù JKY¯�S������� x-y �ã�

6%Ù ÚÛË�����3¸��ª��Ù Ë�

����N°'�ÂS±T�%M6Ù Ë����

��²N��S"> 800 �#�M6Ù Ë�����

³´D�¥¦Ê¥3�"¸��LPBF ×ß����

�º���³�3 

Z 2 ´×ßË��JKÞR�WX������

�JK��ß�^R 5 S\3Z%M6Ù Kv�Ù

 JK�����@L� x-y�K x-z�3¸���N

M6Ù JK���ª�çµ¶�¯�v�Ù JK

·ª¥¦µ¶3 
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¾ 3  x-y¬� x-z¬jkG EBSD��ÈÉ 

Fig.3  EBSD results of the x-y side (a, c, e) and x-z side (b, d, f) for the samples: (a, b) IPF; (c, d) GB map; 

(e, f) misorientation distribution 
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¾ 4  ab�deH�jkp 30~1000 �Gq�� 

Fig.4  Thermal conductivity of horizontally built and vertically 

built samples at the temperature range of 30~1000 Ê 

 

 

 

 

 

 

 

¾ 5  qrsË(ÌjkG�¬YÅ 

Fig.5  Morphologies of the samples after the high heat load test 
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¾ 6  15 MW/m

2

qrsË(ÌjkG SEM�¬YÅ 

Fig.6  SEM surface morphologies of horizontally built (a, b) and vertically built (c, d) for the samples after 15 MW/m
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¾ 7  q�Z������GgÍÎÏÃÄ¾ 

Fig.7  Relationship between the heat flux and the microstructure 
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Abstract: As a novel additive manufacturing technique, laser powder bed fusion (LPBF) provides a new forming method for the 

fabrication of divertor mono-block for the future nuclear fusion reactor. In this study, pure tungsten samples were built by the LPBF 

technique horizontally and vertically. It is found that under the heat load of 15 MW/m

2

, there are severe melting and sputtering in the 

vertically built samples, while only a little cracking and sputtering occur in the horizontally built samples. It is believed that the anisotropy 

of the thermal conductivity of LPBFed tungsten samples is caused by the microstructure difference in different directions. For the 

horizontally built sample, the direction of the heat flow is parallel to the building direction, and the coarse columnar grains grown along 

this direction is favorable for heat conduction. For the vertically built sample, the heat flow direction is perpendicular to the building 

direction, and the grain boundaries and crack network hinder the heat conduction. Therefore, the heat accumulation on the surface of 

vertically built sample causes melting. This study shows that the building direction has an unavoidable impact on the fabrication of 

divertor mono-block using the LPBF technique. 

Key words: additive manufacturing; tungsten; nuclear fusion; high heat load; anisotropy 
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