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!#� ZrA CuA NiA TiA
 <-L
!#¯4

Zr65Al7.5Ni10Cu7.5Pd10
1)

Zr65Al7.5Ni10Cu12.5Ag5
1)

Cu50Zr50
2)

Cu60Ti10Zr30
3) Ni60Pd30P20

4) Ti41.5Zr2.5Hf5Cu42.5Ni7.5Si15)

(Ti40Zr10Cu36Pd14)0.99Ta1
6)

ËÐ¯°

Zr65Al7 5Ni10Cu12 5Pd5
1)

Zr65Al7.5Ni10Cu7.5Pd10

Glass+nano-Q C (30 nm)
Cu50Zr50

Glass+nano-C (10 nm)
Ni60Pd30P20

Glass+MRO (2 nm)
Ti41.5Zr2.5Hf5Cu42.5Ni7.5Si1

Glass+nano-C (10 nm)

Ni60Pd30P20
4)

Ti41.5Zr2.5Hf5Cu42.5Ni7.5Si17)Cu50Zr50
2)

65 7.5 10 12.5 5

×!
Glass+nano Q.C.(30 nm)
dc = 4 mm (cast)
�f = 1800 MPa (comp.)
�f = 2.2 % (comp.)

Glass+nano C.(10 nm)
dc = 1 mm (cast)
�f = 2100 MPa (comp.)
�f = 50 % (comp.)

Glass+MRO (2 nm)
dc = 16 mm (cast)
�f = 1780 MPa (comp.)
�f = 7.6 % (comp.)

Glass+nano C. (10 nm)
dc = 5 mm (cast)
�f = 2080 MPa (comp.)
�f = 4.5 % (comp.)
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CuA#$%�&

C

�Yà�!#
Cu!#�:´

CuA#$%�&

100��m

pure Cu

100��m

�¤" �Cu�:¯
��1��
"

pure�Cu �2&qr
pure�Cu

�2&qr
Cu�MG�+�50�wt%�Yà�

�si  !���i

©UH¹ 1207 MPa 1331 MPa

�si  !���i

©UH¹ 756 MPa 1050 MPa

Cu�MG�+�50�wt%�Cu(EC)

©UH¹ 1207 MPa 1331 MPa

JK½ 8 % IACS 22 % IACS

©UH¹ 756 MPa 1050 MPa

JK½ 33 % IACS 53 % IACS

�#$%�&�b��1��
�Ð�46FôHI´�§jFk§!#
�b��1��
�Ð�46FôJK½´�º�º!�bGL'�ý
G�y´�_�*
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0�1�2&<"4��b©U�7H¹yJK½

CuA#$%�& + 50wt%Cu9EC> 33 756

CuA#$%�& + 40wt%Cu 9EC> 20 816

C A#$%� 30 %C 9EC> 10 1139CuA#$%�& + 30wt%Cu 9EC> 10 1139

CuA#$%�& + 50wt%¥�ä§ 10 875

CuA#$%�& + 50wt%�Yà� 8 1207CuA#$%�& + 50wt%�Yà� 8 1207

NiA#$%�& + 50wt%Cu 9EC> 32 640

NiA#$%�& + 50wt%¥�ä§ 11 878

NiA#$%�& + 50wt%�Yà� 12 1179

�JK½RÝNo��Ô�§ybVv!ø�·:;Dhi9		NoÔoÕZ�Öj'@4
�©UH¹R#$%�&b !ð70 wt%�¯�Yà�!#ybVv!ø�·
:;Dhi91200 MP )6��ýGH¹'@4
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Pure Cu (EC) CuA#$%�&
+

50 wt%Cu(EC)

 !�·;�¹ºGiFô GL´�)
��b�¤�Jb�ª«¬

�§jFk#$%�&b�­-L®jFkJK½ 80

100

M
P

a)

¦§ ¦§

¯��½
(GPa)

0.2 %°Q
(MPa)

JK½
hÔÕZ�Öj

�§ 130 200 100

�§jFk#$%�&b�­-L®jFkJK½

40

60

80

tre
ss

(M

0.1%

*ECRKg§�

¥�

¥�

Pure Cu (EC) HP� 93 162 69

Pure Cu (AT) HP� 53 94 72

Cu-MG 107 1899 5
*EC Kg§� AT H1��I�

20

40S

0 Kg§�*ECRKg§��ATRH1��I�

Strain (%)
0

��±b²L¢�³´s"´µ¶�

�´s"'·µ���7#$%�&y²*��b�¸b��1��
"'~G*z�
�¶7¢�6Fô¹�v'�Å�H��ýG�y´¾¿

�;Ä4�|b©ª�� 4�5�ºb��&&´¾¿
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( ) ( )

���
���


=>¼½
¾¿ 400 t �2&�((À)ÁÂqÃ)

���


45�s=>JX

¾¿ : 400 t �2&�((À)ÁÂqÃ)
45±I : 0.5 ~ 1800 mm/sec
�ÄqÅRÆÇ�Ä
PImÈ : É10 �
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: Cu
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bcÕMN^ 45qr
�Ú

100�m

ar
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it

No 5�� bcÕ	N^

�Ú

ÍÎÝÝ�ÒÝ

si
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ar
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N 4��

No.5 ��

No.5 �� bc 	N^

^

�Ú
45qrbcÕ�N^

100�m

In
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n

No.4 ��

No.4 �� bcÕMN^
ÍÎÝÝ�ÒÝ

100�m

20 40 60 80

No.3 ��

No.3 �� �bcÕ	N^��·¯�z{"
b Õ�N^·¯ #$%�&�b¢�´ÞÞµ¶�

bcÕ�N^ #$%�&�´ßà®6¢�

18/46MNNOPQP�MR:;<= SRTUVW�&X�Y�� Z[\]

20 40 60 80
2� / degree

�bcÕ�N^·¯�#$%�&�b¢�´ÞÞµ¶�
�bc ÕoMN^
I´45PIy�8áâ



��

�� ����	

�HI��JKL��./b23�0
E-1 !#pq

���� p. �-153Â154nd23�045

453 FG !"#$% X ãyäGL
������	

4536FG !"#$%�&bS-SX�ãyäGL

ÞÌP å!
45PI

h^j

JK½

hÔÕZ�Öj

ÀÁH¹

hÒ�Ój

�7Øk

hÔj

¡L½

hÝ�Ój

�MNN

�âNN

:;DhR�MNNÒ�Ó
� �Ú#$%�& Ño�Ú

ÝNoÑoÝN

bcÕ�N 	N Ý�Q NPQÝ �á
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ÝNoÑoÝN
â bcÕMN MQ ��â� MPâN ÝÝ
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�ÍÎÝÝ�ÍÎ�Ý#$%�&b¸(·�	NoÔÕZ�Ö×|��NNNÂ�MNNoÒ�Ób !�´ç»º*

�456FG !"./'£¤�è��¯��½¯ !�·;�¹ºGiFô
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[\ Zr55CuAlNi
�:Ð ðh#$%�&�R��Ú�j 45:55 40:60 45:55 40:60 40:60

;Ä�Ä
PIh^j 410(Tg-10)
ï;hminj 60

45PIh^j 440(Tg+20)
45±Ihmm/minj 60

45ð 5 5 8 12.3 9�7845�bJX

45qr
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45qr

MG

Cu

#$%�&´45qr6íî8
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No. å!ð
(Zr55#$%�&:Cu)

45PI
h^j

©UH¹
hMPaj

ÀÁ�s
JK½
(%IACSjÀÁH¹

hMPaj
�7Øk
h%j

¯��½
hGPaj

9�78456FG !"#$%�&bäGL

hMPaj h%j hGPaj
1 45:55

440
(Tg+20)

1100 913 2.0 55 34
2 40:60 1033 870 2.2 51 36
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