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1 Ú ó

dØÓ«7á�O½Or7á��¤�7á
õ�EÜá��±wÍUõá��åÆ5U [1].
Ti/Al EÜá�duÙ`û�åÆ5UÚ$�Ý3
ó�A^¥äké�då [2]. du Al ' Ti B¨, ¤
±²Lþù«EÜá�'ü��v�äáÚå. \
ÈW� (accumulative roll bonding, {¡ ARB) { [3]

Ú “eW - 9?n - eW” �{ [4,5] ´ü«$§e
��õ�EÜá��#ó². CAc5, ARB {®
²�¤õ^5)�äkõ�(��V7áEÜá
�, �) Al-Cu[6], Cu-Ag[7], Al-Al(Sc)[8] Ú Ai-Pt[9]

�. ,
, �8c��, ^ ARB {)� Ti-Al XEÜ
á��ó��é��9. Ø=Xd, Ti �8�¬N
(�Ú Al �¡%á�¬N(��m��É�U¬
K� ARB L§¥�C/Ú Ti-Al X��(�Cz,
Ïd Ti-Al X�EÜL§�éu@
�ká�¬N
(��7áX�, 'X Al-Cu[6], Al-Al(Sc)[8] �Uk
é�ØÓ. k<@�, �õ��¬²{ ARB L§u
)�5C/�, ^ÄN�¬kÅìO\�ÛÜC/
Ú`kÑyACMz. M�±��^ÄN«�Ñy

ACrz, l
�«É�õ�1Ö!-|?�Ú�
C/ —– ��ò¬÷X�¡��Ý��Ñyõ?
¶  [9,10].

� ï Ä � 8 � Ò ´ Ï L ARB ó ² L § �
� Ti/Al 7áõ�EÜá�. 3y3�ó�¥, Ti/Al
��Ð©þÝ'ÅìO\, ¿3zg ARB Ì�L
§¥UCW���, Ó�é¼�� Ti/Al EÜá�
��(�CzÚåÆ5U?1
ïÄ.

2 ¢ �

Ti/Al 7áõ�EÜá�^û^X Ti (�þz
©ê 99.98%) Ú Al (�þz©ê 99.97%) �¡W�
��, Ti Ú Al ��©þÝ©O´ 50 µm Ú 200 µm.
Ti ¡Ú Al ¡^gM�f¿Uì�O�^S�U,
/¤ “n²£” /G, oþÝ� 4.0 mm, ù�n²£
�¬^²þ 30 s−1 �pAC�ÇeW� 2.0 mm,
,�l¥m����¿�3�å���©�þÝ,
,�^�Óål�WD2gDW�W�����,
ù���L§½Â��g ARB Ì�. õ� Ti/Al
EÜá��¬^p� 12 g� ARB Ì��{�
���, ��u von Mises AC 9.6. ØÓ ARB Ì
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��õ� Ti/Al EÜá��¬��(�l�¬�
î� (TD ��, ²1uW�����) ^×£>
º (SEM, LeicaS440) Úß�>º (TEM, JEM2100)
?1*	. TEM ���{� SEM ��. .�Á�
¿§e3 30 kN .�rÝÁ�Å (Instron) þ?1,
ACÇ�z¦ 8.3× 10−4. �¬�ÿþä¡� 5 mm
° ×10 mm �. .���÷W��� (RD). �¼�
*MÝÿþ3�*MÝ¤ (FM700) þ?1, î�¡
þ1Ö� 50 g, Ti Ú Al �þÿþ:Ñ�L 10 �,
²þMÝ��ã 1.

3 (J�?Ø

ã 1 L²²LØÓ ARB Ì�� Ti/Al õ�
E Ü á � � � ( � C z. l ¥ � ± w Ñ, 3 f
m © � A g ARB Ì � (n < 4) �, 7 á � ´
þ!��� (ã 1(a)). 3���AgÌ�¥ Ti
��þÝC�Øþ!, ¿�3õ�EÜá�¥
Ñ y 
 } � � (ã 1(b)). õ g ARB Ì � �, d
u 7 á � ¥ Ñ y Ø þ ! C / ± 9 0 B u � �
� � m � } � � � � Ti � ä � ¿ Ñ y õ ? ¶

  (ã 1(c)). 3?�Ú� ARB L§¥, �M Ti �
�õ?¶ ò/¤©Ñ� Al Ú Ti �·ÜÔ, �
�¤õ�� Al Äþþ!©ÑX Ti ¡�EÜÔ
(ã 1(d)).

ã 2 �²{ØÓ ARB Ì��dß�>º*
	�� Ti ��w�ã�. 3 ARB C/�@Ï, �
õê Ti �Ñ�¹X��²1uW����¡G
(�. ,
, 3²L 12 g ARB Ì��, Ti ���
(�Ì�´d²þº���� 300 nm ��¶G
¬â|¤. ã 3 ¤«�ØÓ ARB Ì��d TEM
*	�� Ti/Al EÜá�¥ Al ���(�Cz
L§. 3 ARB Ì�gê���¹e, ¤k� Al
�äk²1uW����¡�(�. 3?�Ú
� ARB Ì��, �±*	� Al �¥Ñyü«�
(�: �«´�¶G¬â (Ñy3 Ti �NC), �
k�«¡G(� (�l Ti �Ñy). 3�C Ti �
NC�� Al �, Ti ��w«. ùü«ØÓ¬â
/�a.3 Ohsaki ïÄ Cu/Zr õ��¬�©¥
J�L [7]. 3²{
 12 g ARB L§��¬¥, �
� Al �Ñd²þº���� 200 nm ��¶G¬â
|¤.

ã 1 ØÓ ARB Ì�gê±� Ti/Al õ�EÜá� SEM �Ñ�>f�
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ã 2 ØÓ ARB Ì�gê� Ti/Al õ�EÜá�¥ Ti � TEM ²|�

ã 3 ØÓ ARB Ì�gê� Ti/Al õ�EÜá�¥ Al � TEM ²|� (3�C Ti �NC�� Al �, Ti ��w«)

ã 4 ´ØÓ ARB Ì�� Ti/Al EÜÔ�Aå
AC­�. ¤kåÆ5UÑ�3L 1 ¥. �±wÑ,
�X ARB Ì�gê�O\, ¯ÑrÝÚ4�|.
rÝÑwÍO\
��Ç (�5) ×�eü. 12 g
Ì��, 4�|.rÝ�� 627 MPa 
��Çü
� 5.8%. ã 5 L²ØÓ ARB Ì�� Ti Ú Al ��
�¼�*MÝ�Cz�¹. �X ARB Ì�gê�
O\, Al ÄNÚ Ti rz���*MÝÑO\, ù�
�5C/k' [11], �k3Ag ARB Ì��k��
�eü, @�U�9�£E���^zk'. ,	,
�X ARB Ì�gê�O\, Al Ú Ti ��*MÝ­
�Åìªu��, 3 8 gÌ��A�Ü¿.

ã 6 £ã
.�Á���� Ti/Al EÜá�
�ó§AåÚd·Ü{KO����¯ÑrÝ
� ARB Ì�gê�¼ê­�. Uì·Ü5K, ¯
ÑrÝ σ dO�úª σ = AAlσAl + ATiσTi �
�, Ù¥ AAl, ATi, σAl Ú σTi ©O� Ti/Al EÜá
�¥ Al Ú Ti ��î�¡ÈÚ�g�¯ÑrÝ.
Al Ú Ti �¯ÑrÝ�±ÏLMÝ�����:
σ0(MPa) = 9.807 × (0.1)n′−2 × DHP/3, DHP ´�

¼MÝ�, n′ éuACMzá�5ù��� 2[12].
�±wÑ, 2 g ARB Ì��, ¯ÑrÝÚ��|.
rÝ��O\, 3�e5�üg ARB Ì�¥ü�
�$:, ��ÅÚO�, � 12 gÌ�������.
$:�/¤, � Ti ¶ ���/¤n�¥�EÜá
�k', ´du¶ ÚårÝeü. éw,, Ø
3
1nÚ1ÊgÌ��mÑy�Cz, Ti/Al EÜá
��¯ÑrÝ�·Ü�K����ÎÜ. ù�õ�
�¬¥}���uÐk' (�ã 1(b)), §r?��
«�/¤¿¦.�Á�¥��\�. �X ARB Ì
�gê�O\, õ�á�ÅÚ/¤ Ti �¡i\ Al
ÄN�(�, ¬â�Åì[z¤�¶G¬â¿��

 ARB L§���ã¦EÜá�rz.

ARB L§¥*	�7á�¡C/1��ü«
Ä�a. —– õ?¶ ÚM��C/, ý«XU¤
õ��õ�EÜá� [10]. du�ïÄ¥ Al �é
u Ti ����þÝ', 3fm©� ARB Ì�¥, Al
�²{
' Ti ��éõ�C/. �X ARB Ì�g
ê�O\, r�ACMz (\óMz) Al Ä�Úr
z Ti ��åÆ5Uªu�� (ã 5), ù\ì
 Ti �
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�õ?¶ ¿�� Ti �3 Al ÄNS�þ!©Ù,
�ª��
 Al ÄN¥þ!©Ù Ti �¡�7áõ�
EÜá�. 12 gW��, Ti ©Ñi\� Al ÄN¥,
Ti Ú Al Ø2k²w�©�.

ã 4 ØÓ ARB Ì�gê±� Ti/Al õ�EÜá�Aå -
AC­�

�©ïÄ� Ti/Al EÜá���(�CzÚ
^7á®"?1Å�Ü7z�@Ï�ã*	��
(J�~�q. 3�©ïÄ^�e, Ti �Ú Al �
3 ARB zgÌ�¥ÑC/, ¦+3fm©� ARB

Ì�¥C/´Øþ!�, �XÌ�gê�O\, 7
á��m��(Ü, 3�ª�Ì�¥��
 Ti �¡
i\� Al Ä¥�þ!�EÜÔ(�. Ò�3^7
á®"?1�Å�Ü7z¥, 3ï��@Ï, 7á
®"�©Ù´Øþ!�, �âÚ�¡��EÅÜ�
�/¤
þ��(� [13,14]. ¤±�±@�, 7á¡
�m�eWÚÅ�Ü7zkaq�A�: 7á¡�
�p}�¿p�eÅÜ. ,
, eWUþÑ\�$,
q���pUÅ�Ü7z�Ð©�ã, �qu$U
Å�Ü7z [15].

ã 5 Ti Ú Al ��*MÝ� ARB Ì�gêCz­�

L 1 ØÓ ARB Ì�gê±� Ti/Al õ�EÜá��åÆ5U

ARB Ì�gê ¯ÑrÝ/MPa ��|.rÝ/MPa þ!��Ç/% ä�?o��Ç/%

3 176 204 1.73 24.2

6 283 342 0.9 16.7

9 458 563 0.6 8.4

12 524 627 0.4 5.8

ã 6 Aå� ARB Ì�gêCz­�

k © z Q ² � � ² L ARB L § � � ü 8
� (hcp) Zr Ú Ti �¬¥U¼��¶��[¬â
(� [16,17]. ,
¿vk��Ø²L�Yò»�
¡%á� Al ¥Ñy�[�¶¬��¹, �3�A
C (ε = 9.6) W�¥*	��.�� Al ¬â [18]. k
<@��ü8�[�¶¬5
uý9L§¥C/
���£E, Ó��´L¡«���}�AC�²
¡ACnÜ�)�(J [16,17]. 3�©�ïÄ¥, 12
g ARB Ì� (ε = 9.6) � Ti ��¶¬â²þ��
�� 300 nn, ù' Terada � [17] ����¶¬â²
þ���éõ. 3 Ti/Al õ�EÜá�� Al �¥�
k 80%� � ¶ ¬â (�² þ ¬â��� 200 nm.
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�©*	���[�¶¬â�/¤ke�A�Ï
�: Äkdu7á�¡¥"ydw¿�rL¡M�,
�©¢�^�e}�AC�é'��, ���}�
ACé/¤�[¬âk­��^, Hansen[19] �Ñ
/ÏuC/pu���Ý¬., AC8¥��¬â
[©, ùéu�[¬â/¤´'�Ï�. Ùg, k<
@�Cz�AC��½AC^�´¬â[z�k
��ª [20−22]. Iwahashi � [22] �ÑAC´»éu
�[¬â/¤�~­�. ¦�uy3�Ï��@Ø
L§¥zg^=�¬ 90◦, U
�¯/���[¬
â. 3�©� ARB L§¥, ·�3zgW��6�
W���, ù«AC´»UCéu���[¬â�
U�k�^. 1n, du�p�AC�Ç (30 s−1),
Aå���ÛÜý9\9L§�é'��. ��5
¿�´, Ti �9D�Ç (17 W·mK−1) '�$
 Al
�9D�Ç (210 W·mK−1) '�p. Ïd, ARB C
/ý9\9L§¥�)�9þÌ�d Al �D�,
�Ò´`, Al ¥ÅìO\�§Ýéu ARB L§
¥ Al ¬â�£EäkwÍ�^, l
��C/�

��(�Ì�d�¶¬â|¤. ã 2(d) L², �Ü
L¡� Al �®²��/Ïu¬â��
2(¬,
¿�)
9@¡, /¤¬â�>..

4 ( Ø

nþ¤ã, ·�/Ïu ARB ó²L§¤õ/
��Ñ Ti/Al õ�EÜá�. ²Lõg ARB ó²
L§� Ti/Al õ�EÜá��¯ÑrÝÚ4�|.
rÝwÍO\. ACMz�^�� Ti ��õ?¶
 ±9 Ti �3 Al ÄN¥�þ!©Ù. ��}�A
C, p�AC�Ç, zg ARB Ì��6��W��
�±9 Ti �$9D�Ç´ ARB L§¥�[�¶
¬ Ti/Al õ�EÜá�/¤�'�Ï�. ù
(Ø
L², 8cïÄ¥¤¦^�ó²L§�U�)��
[�¶¬âõ�EÜá�, cÙ´�ØÓ¬N(�
�ü�XEÜá����Jø�^k��å».

·�ýª/a�þ°�ÆDAP��kÃ��.
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Abstract

Ti/Al multilayered composite, mainly composed of ultrafine equiaxed grains with a mean size of 200–300 nm is successfully

synthesized by accumulative roll-bonding. The microstructure evolution and mechanical properties of the multilayered Ti/Al compound

are investigated.
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