
JOURNAL OF OPTOELECTRONICS AND ADVANCED MATERIALS Vol. 8, No. 4, August 2006, p. 1479 - 1483 
 

High porosity sintered sheets  
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The sintered sheets having high porosity were obtained from metallic and ceramic powders by free spreading methods 
followed by sintering. The sintered structure consists of the framework of the basic metals (metallic matrix) and the spatial 
network of pores. The relations between the mechanical characteristics and the porosity are determined. The fracture 
mechanism suggested by scanning electronic microscopy studies is described. The rolling with elastic cylinder allows the 
bending sintered sheets having a low curvature radius. 
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1. Introduction 
 
The porous materials obtained in layers by free 

spreading, compaction and sintering metallic and ceramic 
powders are used as a semi product to obtain filtering 
elements of different geometrical forms through plastic 
deformation, welding and machining. The specific 
structure of these materials consists of a metallic 
framework formed by particles of sintered powder and a 
spatial lattice of pores, most of them opened and 
interconnected with one another. Interconnected pores 
ensure a good permeability [1-3]. Many studies analysed 
the dependence of mechanical properties with porosity in 
the case of sintered iron [4-8] 

In the present report we analyse the influence of 
porosity and powder sizes on tensile strength, compression 
and yield limit of sintered sheets made by stainless steel. 
We analyse the influence of compacting pressure on 
porosity, pore sizes and permeability of sintered sheets. 
Since of porous structure, the bending of sintered sheets 
was performed by a rolling method using an elastic 
cylinder [9]. 

 
 
2. Sample preparation and experimental  
    methods 
 
The stainless steel powder used in the present report 

has the composition (wt%) 0.3 C, 16…18 Cr, 10…12 Ni 
and Mo, 1 Si, 0.03 S, 0.03 P, the remainder being Fe. Three 
ranges of particle sizes were used: < 40 µm, 40 – 80 µm,           
80 – 125 µm.  The homogenized powder was strewn on a 
steel sheet-metal used as a support. The support plates are 
isolated on both sides by covering them with a fine-grained 
Al2O3 layer. The powder layer is then dressed at the desired 
thickness (1…2 mm). By sintering porous sheets having 1.5 
mm thickness were obtained. 

Sintering has been performed in a hydrogen 
atmosphere, at (1290 – 1310) ºC during 120 min. The 
tensile strength and the conventional yield limit were 

determined by using an universal testing equipment 
“Instron” type.  

The elastic cylinder method was used for bending the 
porous sheets (Fig. 1). The equipment consists of two 
cylinders having different diameters, one rigid and the 
second elastic. The curvature of sheet depends on the 
pressing force F, on the depth of penetration H0 in the 
elastic layer, respectively.  

 
Fig. 1. The diagram of the rolling of sintered porous sheets. 

 
3. Mechanical properties 

 
The shape of the sample used for determining 

mechanical properties is shown in Fig. 2.   This ensures 
the fracture in the central area at the minimum width area 
respectively [7].   

The dependences of the tensile strengths and yield 
limits on the porosities for different particles sizes are 
plotted in Figs. 2a. and 2b. Both tensile strengths, Rp, and 
yield limits, Rp02, decrease with increasing porosity. The 
variations are higher in case of powder having smaller 
sizes. The best fit of the experimental data was obtained 
by using an exponential function described by the relation 
[10]: 

)exp( 1PVRR mp −×=                            (1) 
where Rm is the tensile strength of the material compact 
powder matrix, P is the porosity; V1 = 5.13 for the particle 
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sizes < 40 µm; 5.86 for the particle size (40-80) µm and 
6.63 for the particle sizes (80-125) µm. 

The parameter V1 represents the decreasing rate of the 
tensile strength with increasing porosity. From the data 
given above, one can see that V1 increases linearly with 
the increasing granulation of the powder used. Therefore 
the tensile strength of the sheet metals decreases. 

If we consider all the powder particle size ranges, the 
dependence of the tensile strength on the porosity is more 
complicated, being described by the relation: 

   )PVexp()P1(RR 2
22

mp −×−=                 (2)  
where:  V2 = 4.49. 

The dependence of yield limit, Rp02, on porosity is 
also described by the relation (2). The V2 parameters are 
dependent on the particle sizes: V2 = 2.27 for the particle 
size < 40  µm; 3.48 for the particle size (40-80)  µm;  4.39 
for the particle size (80-125)  µm; and 3.12 in all the range 
of sizes. 
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Fig. 2. Dependence of tensile strength (a) and of yield 
limit  (b)   on  porosity   for  different   particle  sizes,  (c)  
                          sample used for tensile test. 

The scanning electron microscopy analysis of the 
fracture surfaces of the porous sheet subjected to traction 
stress shows that the fracture zone is localized in the necks 
generated by sintering (Fig. 3). These necks are 
concentration zones of the tensions that determine the 
fracture as well as the propagation of the cracks. The 
fractures take place after well marked plastic deformations 
of the sintering neck. The presence of the sliding planes on 
some fractured necks was also shown. This justifies the 
moderately ductile character of the necks fracture, which 
can be correlated with the austenitic structure of the 
metallic matrix. In case of the porous material assembly, 
the fracture of the porous component is similar as that 
characteristic for a brittle system. 

 

 
a 
 

 
 
b 
 

 
c 

 
Fig. 3. SEM images of the fracture: a - general view 
(x1000),  b  –   elongated   sintering  neck  (x10000),  c –  
                           fractured neck (x10000). 
 
Compression tests of samples having different initial 

thicknesses and porosities were carried out by using an 
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Instron type equipement. The punch diameter was                
11.3 mm. During each loading step, the load (as well as 
the respective pressure) has been determined by using the 
relation: 

   
h

h
ln 0=ε                                       (3) 

where h0 is the initial thickness of the sheet and h is the 
thickness after deformation. 

The characteristics plots: pressure – plastic 
deformation, p=f(ε), porosity – pressure,  P=f(p), and 
porosity – plastic deformation, P=f(ε), Figs. 4-6, can be 
described by the exponential relations (4 -6).  

 
        )Bexp(Ap ε⋅⋅=                                 (4) 
        )pCexp(PP o ⋅⋅=                             (5) 

        )Mexp()P1(1P 0 ε⋅⋅−−=                 (6) 
 

The A, B, C and M parameters where determined by 
computer fitting of experimental data and are given below 
the figures. 
 

 
 

Fig. 4. Compression - strain curves. 
 

 

 
Fig. 5. Pressure dependence of the porosity. 

 
 

 
Fig. 6. Dependence of the porosity on the plastic strain. 

 

 
 

Fig. 7. - Characteristic shapes of strain curves: A+D – 
porous    sintered   sheet;   B – compact   material;    C –  
                  sintered material with reduced porosity. 
 
The compression deformation characteristics of the 

sintered porous sheets having high porosity (curve A) are 
different from those of the compact sintered materials 
(curve C) and of the sintered materials having a low initial 
porosity (Curve B in Fig. 7). The above behavior may be 
explained by the decrease of the porosity after 
compression. 

When the complete compaction is achieved, 
theoretically the material tends to behave like as a compact 
body (Fig. 7 curve C). A well-marked increase of the 
pressure determines a small increase of deformations 
(curve D) till the complete crushing of the material under 
the punch takes place. The differences in shape between 
the curves C and D may by explained by a well-marked 
strain hardness of the metallic matrix, as well as by 
deformation and compaction in the region with low plastic 
strain.  

 
4. Structure and  permeability of sintered  
     porous sheets 
 
In order to determine the maximum size of pores, the 

bubble test was used according to the methodology 
provided by the international standard EN 24003. From 
the above mentioned samples, disks having a 60 mm 
diameter and about 3 mm thicknesses were prepared. For 
this study, four range of particle sizes were used: < 50 µm, 
50 – 71 µm, 71 – 100 µm and 100 – 160 µm. The 
influence of the compacting pressure on the porosity is 
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presented in Fig 8a. A marked decrease of porosity 
particularly for powder having small sizes was shown.  

 

 
a 
 

 
b 

Fig. 8. Influence of compacting pressures on porosities 
(a) and pore sizes (b). 

 
 The influence of the compacting pressure on the pore 

maximum sizes for different particle size range is shown 
in Fig. 8b.  The maximum size of the pores increases with 
the increase of the powder particle sizes. The above 
behavior is explained by the different sizes of the empty 
spaces left in the arrangement of the compacted particles.  

 

 
a 

 
b 

Fig. 9. Variation of the permeability coefficient (a) and 
 maximum pore size (b) as function of porosity. 

The influences of the porosity on the viscous 
permeability coefficient (a) and the maximum pore size (b) 
in the case of air flow through the pores are given in Fig. 
9. The porosity is determined by compacting pressure and 
powder sizes. 

 
5. Surface effect 
 
In the case of thin sintered sheets obtained from 

powders, there is a thickness dependence of structural and 
functional parameters. From a certain thickness, depending 
on the powder sizes, there is an uniform porous structure 
which ensures the reproductibility of the parameters and 
functional characteristics. As the superficial layers of the 
sheets have reduced densities, and consequently higher 
porosities compared to the rest of the porous body, the 
above surface effect   manifests its influence in the case of 
thin sheets. Thus, the lower porosity of the superficial 
layers influences the porosity of the porous body as a 
whole. The effect is more marked in the case of sheets 
obtained from powder having greater particle sizes. For a 
certain thickness the surface effect disappears. The 
porosity and the maximum pore diameter, Dp max e, as 
function of sheet thickness are presented in Fig. 10. For 
higher thickness than a characteristic value, denoted by 
broken line, the maximum pore dimensions are not 
dependent on thickness. The Dp max e values obtained in this 
region (zone I in Fig. 10 b) for different particles areas are 
listed in Table 1.  

 

 
a 
 

 
b 
 

Fig. 10. Variation of porosity (a) and maximum pore size  
(b) as function of the thickness of the porous sheet. 
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Table 1. Critical thickness and equalling diameter. 
 

Size range 45  
[µm] 

0-160 
[µm] 

45-63 
[µm] 

63-100 
[µm] 

100-160 
[µm] 

Sheet 
thickness 

[mm] 
1.5 2 2.5 2.8 3.0 

Dp max.e  
[µm] 12.3 22 25 36 50 

 
This region corresponding to higher thickness, 

characterizes the ordered, regular porous structures, while 
zone II to the irregular structures (Fig. 10). 

 
6. Rolling of sintered sheets 
 
The influences of pressing force F and penetration H 

on the relative radius of curvature were also studied. When 
increasing the pressing force, a diminution of the bending 
relative radius is noted. This variation is explained by the 
greater contact angle φc, between the roller 1 (Fig.1) and 
the porous sheet, so the modelling effect becomes 
stronger. The dependence of the curvature relative radius 
versus the pressing force and the depth of penetration 
respectively can be described by exponential relations: 

   )FBexp(A 11rel −⋅=ρ                               (7) 
)HBexp(A 22rel −⋅=ρ                             (8) 

where: Ai, Bi parameters were determined by fitting the 
experimental data (insert in figures). 

 

 
a 
 

 
b 

Fig. 11. Influence of the pressing force (a) and penetration (b) 
upon on the curvature relative radius. 

We note that the data from Fig. 11 are mean values 
obtained from different experiments. 
 
 

7. Conclusions 
 
The dependences of the mechanical characteristics as 

a function of the sheet porosity of stainless metallic 
powder having high porosity have an exponential form. 
Both the tensile strength and yield limits decrease when 
increasing porosity. The fracture zone is localised in the 
necks generated during sintering process. The necks are 
concentration zones of tension that determine fracture and 
constitute a propagation region for the cracks.  

The influence of rolling process on the porous 
characteristics was also analysed. The curvature radius 
follows an exponential dependence on the pressing force. 
The rolling radius (deformability indices) depends on the 
thickness and porosity of the structure and represent and 
indicator of the deforming capacity. 

For each particle size ranges used, there are porosity 
variations at reduced thickness of the samples, due to the 
surface effect. A critical thickness of the porous permeable 
layers is found, from which the maximum pore dimension 
remains constant.  
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