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]K�$%Gs5

iá�ðL�+ÐÑ� �(/��®�o$#��

rstu�MNxÏ�O$ÑsH 12 µm�(. 3 µm

/��i 120 min��R.rsH 1200 �#�. 2300 

��ZP£ 2.45 GHz����iQBR5OG$%S

T��F6UV¹c�ÍÎÎW�£XY��B�-

GZ[��rs�)k��\]�	F689�^�
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��Èä&��_ÙÈä��«����`��

�ur±abÈävw�	*8�`��<�`cB

2i�BdeG§"��¸�£E~���fg��

_Ù��±�:�hi�I��UV��ýþ�iB

jkX���i��X�*�`��£E~���f

g�_Ù���:�hi�HIläm��±abÈ

äÝn

[17]

���Èä�8�u�p�Yo1���i

´oursBqpqX�uIÍy��ÍÎxÏ��

rÔÕ&sÔÕ$%£t/�1���i.ur�

< 600 /90�  s�Al��xH Al$%£�i 90 s�rs

R. 600 ��B768 /420�  s�Fe�B1283 /60�  s�Cu�B

1150 /60�  s�Ti�B1000 /40�  s�B�B1200 /60�  s�C�B

1000 /70�  s�Si�G�u±abÈävw

[5]
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��Èäxy�z� 1990µ�z{�«ÔÕ	s

ÔÕ$%�4A|}��O���ÈäI�ä~q�B

�q�B�q�B�q�«¬�È}~G�R. C. Dalton

G04A|}�$%��������O����`

���[�qp4A�4A�¦��i$«��4A

���¹c�£Wt/�\]u�s'�

[18]
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$%ÓÔÕo1�i´Öurs�)*�ð«O��

�oÈäÔÕqÈ��S. GedevanishviliG|L��

vwz�ä��£�=���ÈäzÔÕqÈ��

ar��âã Ti-AlBNi-AlBFe-AlBNb-AlBTa-AlB

Ge-AlB Cu-AlB Co-AlBMo-AlBW-AlBPt-AlBPd-AlB

Sb-AlBZr-AlBCr-AlBNb-GeBTi-NiBTi-CoBTi-FeB

Cu-TiBCu-ZnBFe-NiBNi-MgBNi-ZrG=b��Ø´

=���

[19]

�	���Èä�ì�����Èä��

¬Û-ÛBÛ-���hfc��ÍÎ�y��L SiC

����i}~�i$%ST�o�uÔÕ	���

�È@�����rs]ª' ���Èäþs34

�ý��]'�3������ÀpXo].�u�

ð«�����o�«<���Èä=bÔÕqÈ

�&�¸��È}~@ 

A+B=AB          A+B+C+D=AB+CD 

A+B+C=ABC      A+B+C+D=AB/C/D 

A+B=AB/B        A+B+CD=AB+CD 

A+B+C=AB/C     A+B+CD=BCD/A 

*�@ABBBCBD�¶xÔÕ�"��G. ZhouG�

��Èä��ÔÕqÈ�¹c�ä�� �Èäz

Li

3

BiBLi

3

SbBLi

21

Si

5

5 Li

17

Sn

4

G�Y

[20,21]

�£Èä

Li

17

Sn

4

ÔÕqÈ�/�«Q$5�¡�E~�Èä

/	� 10~20 min�¢¢t���urÈä�£�

¤�#¥/�"/�ZP���Èä�¦¦"V�

�y½�+4AÚ§�`c¨©�J. R. JokisaariGª

«»¼���_ÙÈä Ti-Al ��ÔÕqÈ��¬

	�:_ÙÈäBidq_ÙÈäG�£¹c+o

[22]

�ÚDxÏ��:_ÙÈä§o]. TiAl & Ti

3

Al

'��*úb�£�oìí®	idq_ÙÈä�

£ê+���Èä TiAl5 Ti

3

AlqÈ�/�¯°rs

�u�|P�]KR. 15005 1450 �®±�£²³

qpM$�´+����Èä�o\]>ê�µ�

Ti

3

Al'��I TiAl�� Ti

3

Al¶�ê�ð«O�·�

�$� Al {� *¸$�ñidq_ÙÈä TiAl '

�� Ti

3

Al ¶�ê¸$Ï3'u�axÏ��Èä£

¹ìTi-Al��ÔÕqÈ�êä]��V'º�º»

X�G Poli G£F6�5ÍÎ������_ÙÈä

NiAlÔÕqÈ�¹c�»¼�¼£�u'��s5

o$�  L@��¬½���Èä�£�£�¾�X

¿�À  Á

[23]

�ÍÎ£>UÂ�¹c�O�� �Ã

Ä54AÅÆ�ºq5jk�£ 30~180 s�Èäz�

sR. 98.7%~100%� NiAlqÈ��"/ï�y��

�ÇÅoÈÉ��Êq����x�VËÌZL�H

I«ÇÅ�ÍÎÅÆ/o��u NiAl qÈ�'$5

b�Èä/®�L SiC G����i}~�ð«\

]xÏ�ð¾�X5x o$�p�3.1 kWh/kg�� 

����������������

$%ÓÔÕ	���È@�34�Ð��o�
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®��o$�}~R.ours�a���ÙÚÔÕ

8$%&Ô}~�Ñ�vw����ÔÕÐÑIs�

�x�Ò	��®��«���ÔÕ$%ST��

i����ic�

[24]

�£ 1999µ�R RoyG¹c�¶

��ä�� ��ÙÚÔÕ$%&Ô}~�8¸£

2.45 GHzBxºÓz�� 6 kW�=UÂ��Ô�Ù 

Úz Fe-Ni-CBFe-Cu-CGÕ8}~5�ÔÕ}~

[6,19]

�

8¸�ÍÎ[����ÙÚ£ÔÕ}~ST�»¼i

Ö�£		 8 µ/�����º$��ÙÚ×bÔ

Õ}~�ä�Í1�Ø|�·¸� �}~��JK�

H�ÔÕ.=��ÈÔ�H ÙÚrs� MgBAl 8

ÈÔ�.uÙÚrs�O8uGs}~�U���â

ã Fe8ÈÔ

[6, 25~30]

BCu8ÈÔ

[31,32]

BAl8ÈÔ

[33,34]

B

Mg 8ÈÔ

[33,35,36]

BSn 8�Ùç~

[33]

BO8uGsÈ

Ô

[37]

BÔÕ W

[14,38,39]

BÔÕ Ag

[40]

BÔÕ Cu

[24,29]

BÔ

Õ Ni

[29]

BÔÕ Fe

[29]

BÔÕ Co

[6, 29]

BÔÕ Zr

[41]

«¬�

]ÔÕqÈ�

[19]

� 

���������	
��	�����

	�:ÙÚÝnê+���ÙÚÔÕ$%&Ô}

~£Ýn5}~3���BÀpXo���yz�3

4ºÚ�ÍÎ�y���ÙÚtrþsý�ÙÚ/

t�£���l�i�ÙÚÝn����rs�¡¢

�O�i$£����{Íy��)*��� ��

�rs]ª�§��X�O�«o �þstr�Û5 

/min� ��HI¤¥ÙÚ�¦o�����i��b�

��ic����rs�]ª	����B]ªB

�����XVò�§XYx�i$fÜ���«�£

��Ý���º�vw��ð«\]Wu�trþ

s�£ÙÚ W-Ni-Fe ÈÔB316L/434L §Þß/�t

rþs]KR. 20 /min� B45 /min� �Ià��§'

��lBÀpXoº�

[26,37]

�Ø´Véá���ÙÚ

ârÔÕ$%/�trþsR. 80 /min�

[29]

�ý�t

rþs�^��ÙÚ/ãt�O�	���ÙÚ�

10%~25%���ÙÚ��gÑ«(������aä

��ÙÚ/têò�ÙÚ/t�gÑ���¦t�

)*gÑ� (�£»¼ÙÚU�� 92.5W-6.4Ni- 

1.1FeuGsÈÔ�Z[��ZP�y 1500 �ÙÚ��

�:ÙÚ5��ÙÚ\]� W gÑ� ]K�

17.3±0.8 µm5 9.4±0.5 µm��P�å�|P��æ

[37]

�

*�������i��5t�ÙÚ/V|�ç¹

}~�����]ª�R. M. AnklekarGèL§"�£

ÙÚ$%&Ôß}~�ÚD3H��ÙÚ��Ï3U

V'���3����Iàï�y£}~$%x�â

é����Y�+�L SiC êH�����i'o

�u�������X

[27,28]

�gÑ«(B����3

H}~V'º��ÀpXo�£��ÙÚ Fe8$%&

Ô}~ÍÎ��ësB2sBbì�GõVÀpXo

íî�+��ÙÚ}~u

[27,28,42,43]

�< Fe-2Cu-0.8CÈ

Ôßës�HRB�H�:ÙÚ� 800 MPa�u.��

ÙÚ� 960 MPa�#ïR 20%

[6]

�92.5W-6.4Ni-1.1Fe

uGsÈÔèL��ÙÚ�Cð2s5bì�]K�

805±14 MPaB11.2±1.1%��u��:ÙÚ� 642±23 

MPaB3.5±0.8%

[37]

� 

���������	
��	��������

£��ÙÚÔÕ$%&Ô}~ÍÎ��}~�

��X5����rs]ª�¤¿ñ¾XY�)k�

ÔÕUVò��lrs�#�rstu��l#��

±���� ���£urÔÕ�� ��sº�a

V|�ç¹����oÀ�)*�ÍÎ/O�£�

�ó�ôõ SiCBMoSi

2

Gu���p}~�£STt

rö÷�|L��}~��i$«�u��rs�H

Iýþ#2����oÀ�*��"ñ^Gs��

u�STøùÜúÔÕ$%���®��oÀ� �

���p}~.ð«¹co$ûü�ç¹��¹�ý

^G�abþ|L��±�®��H�����i�

�O�u��}~¹crs���ûü��£���

:����ÙÚ

[33,35]

�£�:����ÙÚ����

}~ïUVÍrZL�� ��x�i$��-�Ü�

�V§�Lu��}~��ÙÚÔÕ}~����£

ab¯°����trþso�

[6]

�ÔÕ$%x��

º�qpqXu�á���Êq�ÔÕÊq�+ÔÕ

UV' ���4-��HI£ÙÚ�¦��x�Ê

q�®o$��±�5���ÔÕÐÑ�'��i

ZL�ç¹¤�rs�tu�a,-��u��¤�

rs]ªV|�ñ�<DÊq�]§.ïE�.Z[

}~Xo�Véá���·��oÀ2�ÅÆ$%

< SiCBY

2

O

3

G��ÐÔÕSTÙÚrs]ª��X

��F���as�	ÈÙÚÐÑ#2�È}~

[25,36]

�

£ r/�ÔÕÐÑ®��oÀÌ�<DoH
è

ÅÆÐÑ\�o$�«!þ�urs�.Ü#2�

�oÀ�ñ����ÅÆÐÑ·�$o �Ià£�

�R.��^Gs��ÔÕ8����4-#2�“�

”�ÅÆÐÑ�)*�abÝn�ÔÕ}~ÙÚö÷

V��� 

 ����!"�����

åæÔÕ���vw���¾¿AL���&æ

�8�Ý����)*���vw£2STUV�º

���|�5ô��°��������ÍÎ�£�

�åæÔÕ}~��fi��Vä@�ÝZ�8¸£
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=UÂ��õí�åæ� TiBZrBUBCuBAlBßB

�RB RGÔÕ}~�o�åæz 340 kg!Ë�2

vw"ý#Ý��':U

[44~46]

�£��åæÔÕ}~

»¼���xº¦s�u��o$�|L��$%�

jk&]¾¿�éá���£'($%x�)é*i

}~)��±o�ÈÉå�+,$%��o�ó!Ë

��-.

[47,48]

� 

M. Sato Gª«�����åæÕ/'�»¼Ý

Z�WÏa�vwWU[·�ºÚ50À

[49]

�*8

����jkX�i���|L��]$B��]$

]K	�X�Y Fe

3

O

4

B���Y~�23�È�£

=UÂ��õí��iÕ/'�Fe

3

O

4

�$%	~$1

È�ST�ìíz�sWu�Õ!�»¼�y�ïE

�¦£ 1380 �B#&]2Iä�'�¸Õ$u�MgB

SBSiBPBTiG.Y¸$	���uÔåæ� 5%~10%�

Ià~�p$�	��P��æ�"/�ïE'��

V CO

2

Å��� CO ���ZP3H�åæ�ì��

����ÐÑ����jkX®�'��4rs�

§��X�±zyi��abi$�s¡¢Óoç¹

g5!×ê�1È�¹I�þqp4A�¹c®i�

� £ 100 µmº(���#6/®,-i�"�'

�B�Ü�Ø´o77�ñ���rsB� BlÒ

5��/.Í����8�X� 

¤¿íz���,-éá[49]��£� SiC ��

�i}~¯°����o�Eè	/'$%���È�

Iäåæ�ñ����ÔÕ£å9ÒÓ���4-o

À2�¬§o1�i

[50]

�)*�ò���åæÔÕ}

~��ìB:*£åæ�÷�£�bZL¤¿�¹�

ý»¼� 

#����$%�����

��vw£çèÔÕ}~���xyzº»��

�Ýn���

[51]

�£�����,-Ë�ÔÕ���

4-�º�§o1�i�ñ��+ËÔÕèà/n

£;?�;AzG³^��G³^��iÔÕ��

^ÔÕçè�1<��ÔÕ}~���çè

[52]

�K. Y. 

ChiuG|L2vw0 NiTiÈÔâé£ 316L§Þßx

��34�u�§Þß�C=;>?oÀ

[53]

�£2Í

Î��ZPjLå�o �RÈÔ�50Cu-33Zn-9Ag- 

8Cd��ç~�ç~£����åq/�@� NiTi

ÈÔ	 316L §ÞßÍ�ÛÓ������lÒ�»

¼�y�£çè�¦� NiTiÈÔ	§Þß�� TiBFe

��hf.ç~+���]ç~As�çè|� 0.1 

mm#�.çè�� 0.2 mm�5�ÚÈ2s#��B

92sR. 100~150 MPa� 

ÔÕ-ÅÆÚC£��¦s�ÚÈ�ÅÆ}~ë

suB*D�BCÊqG�X	ÔÕ}~EX×B�

��iG�X�xyzF×�GÈXo�AL��=

ST�H�ÅÆ	ÔÕ8�ÚÈoÌ�èL>�Ýn

ìíÔÕ-ÅÆÚC�£IJ�Ø|�·¸� ���

vw�\]�º�ä��E. G. PanG£çèKLL}

~	 Ni-Cr ÈÔ�»¼��y

[54,55]

���çè���

5�ÚÈ2sÏ3u���ABçè���|PM�

20 MPa�I�P	V 9.0~9.5 MPa�"/�5�ÚÈ2

s�u�E)��Ü����ç¹E^�hf��5

�! Cr �k]ª�]7ÚD3H���çè���

CrE^�hfoÀ��Nz�*��S. PutGfi�

WC-CoëYÈÔçè�ß8��»¼

[56]

�ZPO��

OP�Ýn£ß8�x��{)é��ÑsQ 1 µmB

AsQ 200 µm �ëYÈÔ$%��I�|L���

È�ivw¹cÙÚ�£ÙÚ�¦��8�� FeE^

5ÈÔq�khf.$%���4A��u�5�Ú

È2s�x�ëYÈÔ��RS���x�ësR.

8 GPa�HV0.1���ß8�� 4 T���çèÔÕ}

~�ä�ÍÎ�Hñ*UV¾¿�°�Ø|"ôä�

ídUØ�|Vvw� 

&�����'�

W����vw£ÔÕ}~ìí�VñJK�A

L��K�à 20µ{�"ñ·¸���vw�ÊX§

Y�#�*£ÔÕ}~ìí��»¼	AL��]»

{»JKI�#�»¼ÚD�3H�2vwUV��

�ivw§ð+Z�m�ºÚ��]»¼äD"ô\

](:U�[�AL�ñÜØ|I\���ìíÔÕ

}~¾¿ÝZï]��ÍÎ��³º:UÍLq^V

��_³�)*£F6»¼Bõíì`«¬Ýn¹ì

G��a¤¿fiº$ÝZ� 
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Abstract: The current application of microwave energy to preparing metallic products is one of the important projects in materials 

research. With analyzing the interaction between microwave field and metals, the microwave energy applications in intermetallic synthesis, 

metallic PM parts sintering, molting and joining of metallic materials etc. are introduced in this review. 

Key words: microwave energy; metallic material; application 

 

Biography: Peng Yuandong, Candidate for Ph. D., State Key Laboratory for Powder Metallurgy, Central South University, Changsha 

410083, P. R. China, Tel: 0086-731-8877328, E-mail: pengyuandongpm@163.com 


