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Table 1  Properties of samples

No. sample 1# 2# 3# 4#

Fiber diameter/µm 12 25 50 100

Porosity/% 69.36 71.09 73.27 73.36

Permeability/m

3

·(h·kPa)

-1

·m

-2

240 1400 2435 3570
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Fig.1 SEM images of specimens with different fiber: (a) d

f

=12

µm, (b) d

f

=25 µm, (c) d

f

=50 µm, and (d) d

f

=100 µm
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Fig.2  Binarized SEM images of samples in different

magnifications: (a) ×12, (b) ×50, (c)×100, and

(d) ×200

a

b

c

d

100 µm

a b

c

d



«2108« ²���%&q³´ � 38�

% 0''12 SEM345/6789�:;/

Table 2  Fractal dimensions of samples in different

magnifications

Magnification ×12 ×50 ×100 ×200

Fractal dimension 1.7942 1.7653 1.7572 1.7539

Correlation coefficient 0.9986 0.999 0.9992 0.9998

��Tf�%~� 2×2J�/"2 1J�/��/�

9e"e 1 ò��­fg��h@i"j�&S��

"oY~Ykl��hY~YXm�

¤ 3#æç�%ùj
�	 7]��j
�Z��

�����j�j¡�º3� 3 6O���� 3 J×

Y,E+�CO�¬¤
j
�n��¥��Z��

����P� 3 Q;R��j�¦,i&j
��g

�S"��%ùj
���¤
�j�¦,¨fï2

1.6664ð� eoTf%ù���j
�@inj�¦

, e�_°j�¦,hj
�"��%&A�è�

/9e�6Ïp�ÄS(XqÏ���¥dÖRr�)

	��ef�sp¯-�^_Ï�¥dÖR�r�R

t�����j
��¢£�uJ�/vØrw£x

�^yj
��Ü'o\&�rw��/��z��

�=n{| 4 J�/}= 4 J¤��/��z�äÈ

��XæhÉj
��g�"����i"oY~Y

~�	%ù�����Y~Ye�&D�hÉj
�

�"�����lm�� e�6ÃÄ�j�¦,'

hv e� 

2.1.3 �������	
�

êFëìízîo�������������

�����2¥�����¤����������

���������2¥�����]#�RS�¢

£Æè�J���T$¯�������"�°¥�

����(<���)�^_#E�����jk��

2Æè�����+���ec���������

Æ2 255�fc?c���Æ2 0�spñeò,2

N 3  3UV@34F^:lm

Fig.3 Influence of image resolution on fractal dimension
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Fig.4 Influence of threshold values on fractal dimension
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Table 3  Calculation results by image processing

and fractal analysis

No. sample 1# 2# 3# 4#

Averaged pore size/µm 11 24 30 42

Facial porosity/% 34.88 36.26 36.25 34.81

Fractal dimension 1.7848 1.5438 1.4359 1.2805
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Fig.5  Comparison between calculated values and tested values 

of porosity and permeability 
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Fractal Analysis of Pore Structure and Its Application for Prediction 

of Permeability and Porosity 

 

Zhu Jilei, Tang Huiping, Xi Zhengping, Di Xiaobo 

(State Key Laboratory of Porous Metal Materials, Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China) 

 

Abstract: Fractal theory was applied to characterize pore structure. By image processing and fractal analysis for SEM images of sintered 

stainless steel fiber porous materials, the influence of image resolution, magnification, and the threshold value from grayscale image to 

binary image on fractal analysis results of pore structure is investigated and their qualitative relationship with fractal dimension was also 

studied. The results indicate that sintered porous fiber materials have typical fractal nature; the image resolution, magnification and 

threshold value obviously impact fractal dimension: the larger the difference between original and applied resolution is, or the smaller the 

magnification is, the larger the fractal dimension becomes; there is a best threshold value for SEM image conversion from grayscale image 

to binary image, and with the threshold value increasing, the fractal dimension increases and then decreased. The mathematical relations 

between fractal dimension of pore structure and porosity as well as permeability of porous materials are also discussed. It is feasible to 

predict the porosity and permeability through the fractal dimension, surface porosity, pore size and other parameters reasonably and the 

predicted results are in good agreement with the measured results. 

Key words: fractal; pore structure; porous materials; fractal dimension 
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