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Fig.1  Tungsten microstructures under different heat loads
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Fig.2  Thermal fatigue resistance of recrystalline tungsten under transient heat loading

[14]

: (a)100 pulses, (b) 300 pulses, 

(c) 500 pulses, and (d) 1000 pulses 
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Fig.3  Melting and droplet of W (a) and W-La
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2.1.2  TiC �������� 

TiCX|�]^(Í 3200 m)�döí�Rj Î

#�Ïu�2�i[�CL²0\#j£*+¸¹�
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MKurishita��°���²d# W-1.1%TiC�
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[

[22,23]

MTokunaga�

[24]

���
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�j! W-1.1TiC
ÑìH ®1700 m�180 s´!1

.H ®450~1300 m�380+´-�­#45½1M

��²æÓú�
 1700 m#�� -�­��jÄ

ð±²³!³fÑÒ®�Ò]^1 50~100 µm´#ð

:�
1.�H -�­��jÓP��w�³(j

-�ÕòM�@�
 ¨#ÑìH !1.H -�

­�W-1.1TiCÓPÂ�|Äð��wµÕòM?@�

 QO�j@§�W-1.1TiC X|0\#��ÎÏ[

"�"à_ÓP
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�����º»w,[°��K\¾

½�Ö�²®2100 m´°Y W-1%TiC*+MÀÁ²

æNé�TiC #¤{þd�j#�Ò³f]^��j

#�Ò³f]^1 6 µm�W-1%TiC �j#�Ò³f

]^1 1.5 µmMTiC#�M�ST78*+#!"c

í�Y TiC �M�3M�*+#_!cí�3M\o

�Mê�M�1 1%Í�¥��Ò®1065 MPa �́ê�

M�×Ø3M4 1.5%Í�*+cíd4 985 MPaM


�Q W-1%TiC¾½�
ä�ÎÏ�����V"��

6 MW/m
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1350! 1950 m)�²��e��¯µ�jp�,[�

°Y� W-TiC�*+MÀÁ²æÓú�W-TiC�*+

� TiC�M�Qj³f]^|ST78��M 0.5%TiC

Íj³f]^1 0.44 µm��M 0.2%TiC Íj³f]

^1 1.6 µm�ÎÏ��Óú��j#üý>�ìíÍ

271 m�W-0.2%TiC #üý>�ìí1 167 m�ó

0.2%TiC #¤{þd��j#üý>�ìíMK\¢

*+ÀÜ	O 1800�2000 ! 2200 mGì 1 h�ÀÁ

����j#±²³ìí1 1150 m�W-0.2%TiC ±

²³ìí1 2000~2200 m��@ W-0.5%TiC 
9:

�jpìí­®�Â�|×ðj#±²³!³fÑ

Ò�ùúV±²³ìí�O 2200 mM()�¤{Ý

�# TiC �Ð�Þw³f�þdüý>�ìí�p�

±²³ìí#-�M 
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ZrCX|�]^(Í 3540 m)���í���Ù>

[�i[�C°Yj£*+#L²0\#¸¹�M M
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����ì­ef¬!¯°¬ W-0.5%ZrC

®�Òf�1 50 nm��í>99%´#��ÎÏ["!

bx["M��²æÓú�
 0.66 GW/m

2

�5 ms#�

� -�­�̄ °¬ W-0.5%ZrCÓPÂ�|ÕòÉ]

ßð:ÄðM�@�
 0.44 GW/m

2

�5 ms#�� ­�

ef¬ W-0.5%ZrCÓPÄðÕò�ó¯°¬*+#�

�ÎÏ["�Oef¬Møà?O¯°¬ W-0.5%ZrC

X|�B[��ü[!�TÕ"öí�i[M�n�

�ì­$^!"��²æNé�̄ °¬ W-0.5%ZrCT

Õ"Cef¬ W-0.5%ZrC TÕ"# 10 á�&¯°¬

W-0.5%ZrC #Õòqr�O����# CVD W
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��� W-UHP®�� W �́W-1%Ta

! W-5%Ta #��ÎÏ["M
 1 ms #æ/­%�

100 +�&ç+æÎÍ��è1 3 s��� 0.16~1.27 

GW/m

2

��ì~600 m£ëìí­�*+#4éÕòq

r�á�â#M{Qj��ÎÏ["#78�ê�²

æëè 4M 

*+#��ÎÏ["R(LM#�
�|È�ê

(LM#�
�dO*+#4ìqrÍ�§6ÄðÕ

ò���ÉVí��ßh#N�îï®è 4�#ðñÑ

Iòó ḾW-UHP!W-1%Ta#4éqr1 0.16ô0.24 

GW/m

2

(�ì­# W-1%Ta õn)�
(�ìí­®�

W-5%Ta#qr1 0.32~0.47 GW/m

2

�ó QOW-UHP

!W-1%Ta@§�W-5%Ta#��ÎÏ["p�M£ë

ìíCÕòqr#öL:÷�øù®è�úñ��û �́

W-UHP #ìíÕòqr 100~150 m�W-1%Ta#ìí

Õòqr 200~300 m�W-5%Ta#ìíÕòqr�ì

~100 mMó W-5%Ta#ìíÕòqrþd�Vüý>

�ìíþd�p��*+#Ý�ìí­®M¨Í��

�� W-UHP�W-1%Ta! W-5%Ta#�<¹�2��

<¹�2Yìíg�@þdM ¨ìí­�3 ²*+ 
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x 4  G� W�W-1%TaU W-5%Ta"#4N��U��� 

Fig.4  Damage (dashed line) and cracking (dotted line) thresholds are defined for W-UHP (a), W-1%Ta (b) and W-5%Ta (c)
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cí�ü[!�Ú[#�#Mã#]^(1902 m)�d

Oj#]^(3410 m)�() W-V �ã��3M6þ

d*+]^M?@�kT
Ì¬�ÎÏ-�­�W-V

�ã����6Zu W-VÔÕ�ÓP45M%�j£
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0Ò
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j£�*+�¤{¶äcwab\��<¹�2
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Abstract: Due to its excellent physical and chemical properties, tungsten is one of the most important candidate materials for plasma 

surface materials. The damage behaviors of tungsten-base materials such as rolled tungsten, recrystallized tungsten, W-La

2

O

3

, W-TiC, 

W-ZrC, W-Ta and W-V under high heat load were compared and analyzed. The damage mechanism was discussed and several key issues 

that need to be studied hereafter were proposed.  
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