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Table 1  Starting powder particle size 

304L stainless steel powder/µm  Nickel powder/µm 

16.3 13.6 10.3  4.22 2.7 

 

 

 

 

 

 

 

 

 

� 1  $Rn 10.3 µm` 4.22 µmabUcR�� 

Fig.1  Particle size distribution of powders with 10.3 µm 

and 4.22 µm 

 

 

 

 

 

 

 

 

� 2  cRn 10.3 µmU���ab�� 

Fig.2  Morphology of 10.3 µm stainless powder 
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� 3  Z[�£cRabNOQRW¤¥U9wx5y"P¦~§h¨`QRWeRUBh 

Fig.3  Relationship of the mean flow pore size and permeability with thickness of gradient layers prepared by different  

particle size powders: (a) 16.3 µm, (b) 13.6 µm, (c) 10.3 µ, (d) 4.22 µm, and (e) 2.7 µm 
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Fig.4  Determination of the turning point 
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� 5  QRWqr��eR`abcRUBh 

Fig.5  Optimal thickness of gradient layer vs particle size 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

� 6  QRW®¯j�°± 

Fig.6  Microstructures of gradient layer: (a) D

p

=10.3 µm 

and (b) D

p

=4. 22 µm 
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Fig.7  Optimal thickness of gradient layer vs particle size 

for verifying 
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Fig.8  Model of powder piling up in the surface pore 

of porous substrate 
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Fig.9  Mean flow pore size and permeability vs thickness of 

gradient layer prepared by 0.2 µm Ni powder 

 

ð�ñ1�Oh)�"#PQ5ST��0GH��

âðïh1��RSb���JnKL)"�p$%

T��O�U�"	����9����VVl��

����)��9��Â0�����¼§�� �)

_WJn�Ø��×ÅÓ®��âð�ñ*ò�MN

ÈÉ³3»�8gFG5Ê 

(

2

–1)D

m

MD

p

< D

m

                      ³6» 

��������

1) gestu�X������ê�./7

U@�������z9��)5bcù���Y�

OP�0GKL)��9���Ó®��	Zl��

���×ÅÓ®��� 

2) å[��9:��è¦)ù����JnKL

�ñ)0GH�ST)5b�¨JnKL�0GH�

�OPRá)
��9�OPQR:�)"�:�

��tu���Ó®���K��)I����×

ÅÓ®��a�	\��%&� 

 

����    References  

[1] Zhao L et al. Journal of Membrane Science[J], 2004�244(15): 

107 

[2] Prinz D, Arnhold V, Buchkremer H-P et al. Materials 

Science[J], 1999, 308~311: 59 

[3] Tang Huiping(¸¹º), Tan Ping(» º), Xi Zhengping(34

5) et al. Rare Metal Materials and Engineering(¡��#

$`H¢)[J], 2006, 35(S2): 428 

[4] Xi Zhengping(345), Tang Huiping(¸¹º), Zhu Jilei(¼½

¾) et al. Rare Metal Materials and Engineering(¡��#

$`H¢)[J], 2006: 35(S2): 413 

D

p

 

D

m

 

Mean flow pore size 

Permeability 

5.6

5.2

4.8

4.4

M
e
a
n
 
F
l
o
w
 
P
o
r
e
 
S
i
z
e
/
µ
m
 

0      40     80     120    160 

Thickness of Gradient Layer/µm 

80 

 

60 

 

40 

 

20 

P
e
r
m
e
a
b
i
l
i
t
y
/
m

3

·
m

-
2

·
(
k
P
a
·
h
)

-
1

 

Turning point 



� 12�                                  ���©��!"#$QRWqreRU��                             2221  

[5] Biesheuvel P Maarten et al. Chemical Engineering Science[J], 

2001, 56: 3517 

[6] Stefan Berres, Raimund Bűrger. International Journal of 

Solids and Structures[J], 2003, 40: 4965 

[7] Wang Qiangbing(¿ÀÁ), Tang Huiping(¸¹º), Xi Zheng- 

ping(345). Materials Review(#$7Â)[J], 2004, 6: 5 

[8] Qiu Keang(ÃÄÅ), Dong Lingfeng(ÆÇÈ). Rare Metal 

Materials and Engineering(¡��#$`H¢)[J], 1993, 

22(2): 50 

[9] Qiu Keang(ÃÄÅ). Rare Metal Materials and Engineering(¡

��#$`H¢)[J], 1990, 19(2): 51 

[10] Wang Qiangbing(¿ÀÁ). Research of Porous Metal Membrane 

Preparation(!"�VNOHIU��)[D]. Xi’an: Xi’an 

University of Architecture and Technology, 2004: 28 

 

 

Study on the Optimum Thickness of Gradient-Porous Metal Layer 
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Abstract: Films with gradient pores (gradient layer) were prepared on rough-pore substrate materials by centrifugal deposition process. 

The relationship between the filtration performance of the composites and the particle size as well as the thickness of gradient layers was 

investigated. Results show the particle size of gradient layers should be less than the mean flow pore size of substrate materials so as to 

obtain the optimum filtration performance. With the thickness of gradient layers increasing, the permeability of the composites decreased 

while the filtration precision increased. There is optimum matching thickness of gradient layers for the optimum matching of the two 

performances, which has linear relation with the particle size of gradient layers, and the mean flow pore size of substrate materials is the 

intercept of the straight line.  

Key words: gradient-porous metal; optimum matching thickness; gradient layer construction model 
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