
� 23 � � 6 � Vol.23 No.6

2 0 0 9 � 12 � CHINESE JOURNAL OF MATERIALS RESEARCH December 2 0 0 9

� � � � � �

��������	
��
������ ∗

� � ��� ���

(��������������� �� 230009)

� � ����	���	
�
������
�	���		

����

, �����������������
���	����������	


�������������, �����	���������
��. ����, 


�	���		
���������������������, ���
������. ��	
���, ��������

���	����������������������; ��	
���, ���������������������
� ���, �������
����. ����������!�������	����������
����.

� ! ������		
, ������, 
�	���	, "#��, �������
$%& TG376 '()& 1005-3093(2009)06-0577-05

Microstructure and properties evolution and mechanism analysis
of sintered aluminum powder during equal channel

angular expression

LI Ping∗∗ XUE Kemin ZHOU Mingzhi
(School of Materials Science and Engineering, Hefei University of Technology, Hefei 230009)

* Supported by National Nature Science Foundation of China No.50875072.
Manuscript received January 19, 2009; in revised form August 21, 2009.
**To whom correspondence should be addressed, Tel:(0551)2901368, E–mail:cisi1314@sohu.com

ABSTRACT Experiments of ECAE were conducted for pure aluminum powder sintered material under
different routes and passes�The grain refinement regulation and densification behavior of powder material
during ECAE were deeply investigated under different conditions with optical telescope, scan electronic
telescope and transmission electronic telescope�The density and hardness of the extruded samples were
measured�The experiment results show that ECAE has powerful densification and refinement effects and
the mechanical properties of powder materials are improved�In single ECAE, large shear plastic deformation
and high hydrostatic stress state are the key factors to obtain high density material�In multiple passes
ECAE, the inner pore shape is changed and the powder material is compacted further by the accumulated
deformation and different shear deformation characters. The grain refinement effect depends on some key
factors such as hydrostatic stress, strain and shear deformation character etc.
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Fig.1 Microstructures of different deformation zone in sample before and after ECAE (a) Initial state

(b) before ECAE (c) after ECAE (d) TEM images of sample



6 � Y Z]:[]d^��]`^ZZ[X_[\\` 5796 � Y Z]:[]d^��]`^ZZ[X_[\\` 5796 � Y Z]:[]d^��]`^ZZ[X_[\\` 579

LZeI49. G W>f@=6.&'BA, ?B

'!"&(8A9'_g. ��"4-)Z*Q, `

]^(1U*.Q, W>f@h_'70,+BA,

*4'67+_B5`a='Y,, 3&a='70

,+i]: ]^a+'0X67_70$TbbM�
1c167, *4=),+Z'+F?BdE, eK

?B`_70$TbbM, "##?B'+8?LZ

j>49. K(f'RSVQL=$a, 7(1U*

.Q, ��'�aJS2%!,+c, 71c1"#
^b%!gFb70ck'8)9"@'6!"8
> 1 µm ' ", "#+8+1I49.

99JFJD$a, ECAE (2=D<<J�

�3&h_'89'D: ]4(1U*.Q, *4

'5=99W*.(' 0.88 GC@ 0.97. =�N

9J*JD$a, ]4(1U*.Q, *4=),+
Z'=�N9W,+(' 24.5 kg/mm2 Ml� 46.6

kg/mm2, g(a<D'=�N9 (29.0 kg/mm2) &

`;+GC. W(5c, ECAE (2=D<<J��

'67$'3&=3'Ym'D.

2.1.2 _�`aV�	
�W�
 �5;%

Q'"#��'D, =*4KH`S1U*.. dd

5e*.1Ub*45=>23'XTb-$T#
)9'Z#, ECAE ,+$H=)&n+: *4T1

U*.'$XIY,�PO A;*4T1U*.Qo

XTp�bb- 90◦ #f�bb- 90◦ 3qKH�

PO BA; *4T1U*.QoXTcUp�bb-
90◦ �PO BC; *4T1U*.QoXTcUb-
180◦ �PO C[10,11].

*.PO%70,+$H'I./=cd5;
'*.*4'67$'C5(8'de. T 2 \]

� 150 L<L#FAPO A6B # C =D<<J�

�KHhN1U*.Q*4UW1�aJS' SEM

fg. 56V%, =>PO A, re*.1U'g',

A!67_70$TbK(fbM, _iX$Tba
=��,/se'�849;.�, >Dj`gF�?

B, hAHdE. PO B '=�67M(1U*.'
h/, f 89'Dt9>PO A. /FAPO C K

Hi1U*.Q, "#+1f9�0X1, s>De

eXgF'?B, ��#89'DI[PO A # B

a=.

= 200 L�FAPO C KHN1U*.Q*4

=),+ZUW1M'=�67'RSVQL= (T

3) $a, re*.U@'g', "#2' JSBi
e�,m,  "_bM$TMgjck, "#K(f

��, =�67'"@e=) W8)9"@6).

7ÆD"#>D5V@!"F8 (U� 0.5–0.9 µm)

'F,g'0X ". G , eX7(k!"5=F

+' " (>1.5 µm). (�, uE"#+8#+1e
I;49, G 0X�"#\l'gjK(fGC,

A!"#>DhC5+FU6 �$�#' ", 6

H4!"U� 1.5 µm. s "!"LZ'49$#

0X$66?"#b'XTkg+. @$a, ECAE

(2=<8<J��3&=3'��'D.

=I.(2PO<KHhN1U*.*4'9

9#=),+Z'=�N9KHJF, \;JD[T

4 \]. 56V%, re*.1U'g', D<<J

Y 2 lvklm[Xm^n\bYmo[\_ SEM

nn

Fig.2 SEM images of samples after 2-passes ECAE

at different routes (a) Route A (b) Route B

(b) Route c
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Y 3 kl C �m^n[X\opp TEM [\
Fig.3 TEM images of sample after 2-passes ECAE

by route C
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Fig.4 Effect of routes on properties of samples
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Fig.5 Schematic diagram of pore change during

ECAE
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Fig.6 Schematic diagram of pore change during 2-

passes EACE at different routes (a) route A

(b) route C
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