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Þ 1  �§o��ßÄ-àáÞ 

Fig.1  Schematic process of foam structure construction 
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Þ 2  Qfaqhst®æç,{çgè 

Fig.2  Particle size distribution (a), macroscopic (b), and microscopic (c, d) morphologies of NaCl beads: (b) OM morphology, (c) SEM 

morphology of salt spheres, and (d) SEM morphology of salt sphere surface 
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Þ 3  QfMäéXÈÉaêëìíÞ�BC,éî®ïðñ
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Fig.3  Infrared spectra of NaCl beads at different stages during 

preparation (a) and molecular structure of starch and 

unsaturated fatty acid glyceride (b) 
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Þ 4  CHN�jhô��õµaÃöÀÁ 

Fig.4  Variation in the height of Al powder with the tapping 

number 
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Þ 5  �� �wxì�Þ÷��� �øxì�Þ÷��§�ù�æçÞ÷��|�-CHstØúÞ 

Fig.5  Optical morphology of surface of cold pressed parts (a); cross-section morphology of cold pressed parts (b); macroscopic 

morphology of Al foam green parts (c); simulation diagram of space holder-powder distribution (d) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Þ 6  no�§�¶x,øxaì�û SEMgè 

Fig.6  OM (a, c) and SEM (b, d) morphologies of surface (a, b) and cross-section (c, d) for sintered Al foam 
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Þ 7  �§��»¼½-¾¿ÀÁ®�§�Z�»ÃgéXYÉ

a>üý÷ 

Fig.7   Load-displacement curve of Al foam (a) and pictures of 

Al foam at various stages of compression deformation (b) 

(1-8 s, 2-40 s, 3-190 s, 4-265 s, 5-373 s, 6-490 s) 

 

6d°YZ.0	6�Ç��¾r1noa�ÊLf�

>23)r}�	ÙÚ>¾�õÌÑR=��²WÚ

�Ì�fQ

[19]

� 

�¾r4 a/¨,-0��ÊLf�Ä	5�õ

Ì%ýD�Wû¤6tß>7)rÄ

[2]

�+ÄÂdÎ�

�0Î��>ä#ª$ 1.2� 0.92 kN	k7)rÄl

L¤6��>Ö�7��R®+�¨Ü>tÓE�

�� }ÅÞ+>_`���=��>� ,-0�

8õ�"�Dñ¹º��� �¾rh923ä»	Ù

Ú^
9p��>� �/¨,-0��%ýÊL:

õf�	P¢;�lL<=	�= 
� >?ñ<�

ZÚ6Ñf�;�4Ò@A X¾�F�	a� 	


ÊLBC¯²S 7b°DÙÚcD>� ,-+¾�F�

�231�	 ¡ÙÚde"1Þ+EF	�k��¾

�F��D�Ïa¤6>7)rÄ

[10,16,19]

� 

×F7)rúû}»5�õÌ%ýÜGgH�(

h	6789� >?BC»��,-f��%,-

k�=)rIG

[2,20,21]

���]ÙÚ+ 0.2%J��	

)rÇ>K¾�0LM��#ª7 2.42 MPa� 0.38 

GPa��9�����yz>��]kN	h���

Ýhh?���cD>i ¡K¾�	�w��

��0=���]��cD�0��u/Ø�

[2]

� 

��������

1)  �������NaCl ��$Ö�	¸Cy

�4¨!9»+ 70 1�����	ZÄ+>?¶·

OP>±*Â"yz§�(�> NaCl /§	À»

×�ÁÏ," �Ø®�#�Úu+ 0.4~2.4 mm�"

5#��Q�#�¯�� 10~20 µm°g�Oõ�>

NaCl /§	§�+ 0.6~1.2 mm ~�>(/®!§

��no S> 70%� 

2) <!§U%��Z![\	e*Uaiµ>4

�< Al�¾½Z![\û�	K¾»<!§ìD»Ø

o�� AlÙÚq¿	×{|�Ï,»"Øo�,-@

��õ�>�� AlÙÚ� 

3)  P�$ 0.6~1.0 mm >!§±��Ryz>

�� Al >�0]��#ª$ 0.586 g/cm

3

�

0.217	���$ 78.3%D� }Å>_`����+

120~200 µm}Å	g� }Å·A� 4~6X_`���

ÙÚ¾�f�F��×RðJ�f�úû-7)rÄ-

)rIùúû	"�DSÐ>���²¾�rs�1

��	�ÎhK¾��LM��#ª$ 2.42 MPa�

0.38 GPa� 

 

����    References 

[1] Deng X, Piotrowski G B, Williams J J et al. International 

Journal of Fatigue[J], 2005, 27(10-12): 1233 

[2] Ashby M F, Evans A, Fleck N A et al. Applied Mechanics 

Reviews[J], 2001, 54(6): 105 

[3] Wang Miao(þ �), Wang Lucai(þ��). Materials Review 

(*+��)[J], 2015, 29(3): 81 

[4] Dai Changsong(���), Zhang Liang(	 
), Wang Dianlong 

(þ��) et al. Rare Metal Materials and Engineering(Ý4

6*+,)-)[J], 2005, 34(3): 337 

[5] Wang Yingwu(þË), Xia Yu(� �), Wang Zhiping(þ�¶) 

et al. Materials Review(*+��)[J], 2013, 27(15): 132 

[6] Xie Bo(� �), Zhou Yun(� �), Guo Kunshan(���) et al. 

Rare Metal Materials and Engineering(Ý46*+,)

0 1 2 3 4 5 6

0.0

0.5

1.0

1.5

2.0

2.5

6

5

4

3

1

The plateau stress area

Energy absorbed of 

densification process

 

 

L
o
a
d
/
k
N

Displacement/mm

42% (strain)

2

a

1 

2 

3 

4 

5 

6 

b 



� 10�                          ���â1�ã NaCl BeadsMäa�§ Al|o��M,wå                       Ü3281Ü 

-)[J], 2018, 47(1): 279 

[7] Wen C E, Mabuchi M, Yamada Y et al. Scripta Materialia[J], 

2001, 45(10): 1147 

[8] Zhao Y, Han F, Fung T. Materials Science & Engineering A[J], 

2004, 364(1): 117 

[9] Hao G L, Han F S, Li W D. Journal of Porous Materials[J], 

2009, 16(3): 251 

[10] Jinnapat A, Kennedy A R. Journal of Alloys & Compounds[J], 

2010, 499(1): 43 

[11] Goodall R, Despois J F, Mortensen A. Journal of the 

European Ceramic Society[J], 2006, 26(16): 3487 

[12] Goodall R, Mortensen A. Advanced Engineering Materials[J], 

2007, 9(11): 951 

[13] Xiao Jian(� �), Qiu Guibao(���), Liao Yilong(���) 

et al. Rare Metal Materials and Engineering(Ý46*+

,)-)[J], 2015, 44(10): 2583 

[14] Weng Shifu(� !). FT-IR Spectrometric Analysis("#$

Ã%êëìís&)[M]. Beijing: Chemical Industry Press, 

2010 

[15] Jinnapat A, Kennedy A. Metals[J], 2012, 2(2): 122 

[16] Goodall R, Marmottant A, Salvo L et al. Materials Science & 

Engineering A[J], 2007, 465(1-2): 124 

[17] Theuerkauf J, Witt P, Schwesig D. Powder Technology[J], 

2006, 165(2): 92 

[18] Mueller G E. Powder Technology[J], 2010, 203(3): 626 

[19] Lhuissier P. Comptes Rendus Physique[J], 2014,15(8-9): 696 

[20] Nava M G, Cruz-Ram'rez A, Rosales M Á S et al. Journal of 

Alloys & Compounds[J], 2016, 698: 1009 

[21] Lan Fengchong(&()), Zeng Fanbo(*+�), Zhou Yunjiao 

(�,-) et al. Journal of Mechanical Engineering([\)-

��)[J], 2014, 50(22): 97 

 

 

 

Pore Structure Control and Characterization of Al Foam Prepared by NaCl Beads 

 

Jia Jiangang, Jing Yongzhi, Liu Diqiang, Guo Tieming, Ji Genshun 

(State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metal, 

Lanzhou University of Technology, Lanzhou 730050, China) 

 

Abstract: Starch, distilled water and NaCl powders as raw materials were mixed to form a colloidal salt paste and then thermally treated in 

70 °C oil under vigorous stirring. Then highly spherical NaCl beads were obtained under the shear action of a blender. Afterwards, the 

“fried” NaCl beads with a particle size distribution of 0.4~2.4 mm were calcined and sintered at 740 °C, and thus the high purity NaCl 

beads with small amount of micro-pore (pores size 10~20 µm) on the surface were obtained. The 0.6~1.0 mm salt beads were selected to 

form a “salt bed” in a steel die and the aluminum powder was filled into the “salt bed” gap via a tapping method by the Autotap instrument. 

The tapped mixture was cold pressed under 200 MPa to obtain the green compact parts. Then the salts were dissolved and removed in 

distilled water and three-dimensional open-cell green Al foam with controllable structure and high reproducibility was derived. After 

sintering at 460 °C for 2 h, the final Al foam was obtained and its relative density and porosity are 0.217 and 78.3%, respectively. The 

number of connectivity windows between cellular aluminum cells is 4~6 in average, and the window size is 120~200 µm. The compressive 

load-displacement curve shows that the aluminum foam undergoes an elastic deformation stage, a plateau stress area, and a stress steep 

increase stage. The curve manifests the characteristics of foam metal compression mechanical properties, and its compressive strength and 

Young's modulus are 2.42 MPa and 0.38 GPa, respectively.  

Key words: space holder; salt ball; foams Al; porous material; powder metallurgy 
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