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Abstract The paper shows the results of testing the obtaining process of filtering material based on metal powders and fibers by 
electrocution sintering. The equipment design and manufacturing techniques of test samples are presented; experimental samples of filtering 
materials based on powders of tin-phosphor bronze BrO10F1 and stainless steel 12X18H10T fibers have been manufactured. Method 
implementation requires no special equipment: a common spot welding machine has been used. Photographs of appearance and structure of 
the samples and the results of studying their properties have been presented: porosity, permeability coefficient, pore sizes. It has been shown 
that the materials manufactured by electrocution sintering possess a satisfactory complex of filtering properties and may be used for 
purification of liquids and gases. 
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1. Introduction 
Electric current assisted sintering of metal powders is famous for its 
efficiency, low power consumption, possibility of automation and 
high productivity. In comparison with the classical methods of 
powder metallurgy this technique doesn’t require expensive 
equipment and/or shielding atmosphere that provides significant 
energy savings. Besides, with the help of electric current assisted 
sintering we can adjust technological conditions while 
manufacturing each and every product in the lot. After the analysis 
of known techniques in electric current assisted sintering of porous 
powder materials we have outlined the most promising ones for 
manufacturing porous materials from metal powders. These are 
electromagnetic pulse sintering (EPS) and electric discharge 
sintering (EDS) [1-5]. However in the known sources electric 
current assisted sintering is described as a preliminary or 
intermediate processing of powdered materials. The matters of 
obtaining filtering materials in a single step of electric current 
assisted sintering were not considered therein. 
The purpose of this paper is testing the process of obtaining 
filtering materials based on metal powders by the example of tin-
phosphor bronze powder BrO10F1 and stainless steel 12X18H10T 
fibers by electric current assisted sintering.  
 
2. Results and Discussion  
The process of obtaining filtering materials by electric current 
assisted sintering was carried out on the spot welding machine  
MT 2201 UHL4 (Figure 1). Samples were manufactured using the 
developed equipment consisting of special conductive copper 
electrodes and punches, and a graphite matrix [6, 7]. This matrix 
allows obtaining discoid samples of 12 mm in diameter and 20 mm 
thick. The appearance and drawing of the equipment are shown in 
Figures 2 and 3. As mentioned above, the initial materials were: tin-
phosphor bronze powder BrO10F1 (own production) and stainless 
steel 12X18H10T fibers (wire cuts). The powder particle sizes were 
(-1.0 + 0.63) mm. Its surface morphology is shown in Figure 4. The 
fibers had a diameter of 0.2 and a length of 2 to 7 mm. Their 
surface morphology is shown in Figure 5. Metallographic studies of 
the initial materials were performed using a scanning election 
microscope CamScan (England). 
 
 
 
 
 

 

 
 

Fig. 1 Spot welding machine MT-2201 UHL4  
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Fig. 2. Accessories for manufacturing test specimens 
 
 

 
 

Fig. 3. Equipment 
1 - matrix; 
2 - punches; 
3 - conductive electrodes; 
4 - sintered material 

 
 

 
 

Fig. 4. Surface morphology of the particles in the tin-phosphorous 
bronze powder fractions (- 1.0 + 0.63) mm obtained by atomization 

of the melt with a gas flow 
 
 

 

  
а) б) 

 
Fig. 5. Morphology of stainless steel 12X18H10T fibers 

 a) × 100; 
 b) × 500 

 
 
The manufacturing technology for producing the samples was as 
follows. The lower punch was inserted into the graphite matrix. A 
portion of powder or fibers was poured into the die cavity. Then the 
upper punch was mounted between the conductive electrodes of the 
spot welding machine (Figure 6). A pressure of 5-20 MPa was 
applied to the punches through the electrodes. Sintering was 
performed by passing an electric current through the matrix.  
 
 

 
 
Fig. 6. Accessories for electric current assisted sintering in the spot 

welding machine 
 
 
Sintering of the powder samples was performed under the following 
conditions: current 7.5-12.3 kA; passage of current from 0.4 to 3.6 
seconds; effective current 8.9 kA, current density 7.87 kA/cm2, 
number of welding current pulses 120, heating time 2.4 seconds. 
Sintering of fiber samples was performed at the current of  
7.5 - 11.6 kA and passage of current duration from 0.4 to 3.6 
seconds. The effective current was 8.9 kA, the current density was 
7.87 kA/cm2, the number of welding current pulses was 60, and the 
heating time was 1.2 seconds.  
The appearance of the obtained samples is shown in Figure 7. Their 
structure is presented in Figure 8. Metallurgical study of the 
structures was performed using the light microscope MeF-3 from 
Reichert (Austria). 
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Fig. 7. The appearance of samples of filter materials, sintered 

using electric current: 
a, b) - a sample on the basis of bronze powder; 
c) - a sample of fiber-based stainless steel 12X18H10T 

 
 

 
a) 

 

 
b) 

Fig. 8. Sample structure 
a) Bronze powder, × 50; 
b) Stainless steel fiber, × 50 
 
 

We examined the obtained samples and determined their porosity 
(according to GOST 18898-89), permeability coefficient (in 

accordance with GOST 25283-82) and pore sizes (according to 
GOST 26849-93). The research results are as follows. The samples 
of tin-phosphor bronze BrO10F1 powders: porosity 28-36 %; 
permeability coefficient (250–1850)⋅10-13m2; pore size 150-250 µm. 
The samples of stainless steel 12X18H10T fibers: porosity 30-39 %; 
permeability coefficient - (40–51)⋅10-13m2; pore size 80-164 µm.  
The analysis of the results leads to the conclusion that the samples 
of permeable materials obtained with the help of electric current 
assisted sintering have a satisfactory set of filtering properties and 
can be used for clarification of liquids and gases.  
 
3. Conclusion   

We tried the process of manufacturing permeable 
materials based on metal powders through the example of tin-
phosphor bronze BrO10F1 powder and stainless steel 12X18H10T 
fibers with the help of single-step electric current assisted sintering. 
We studied the structure and properties of the samples made of 
spherical dispersed bronze BrO10F1 powder and stainless steel 
12X18H10T fibers. We found out that the samples have a 
satisfactory package of filtering properties. The samples made of 
tin-phosphorous bronze powders have porosity of 28-36 %, 
permeability coefficient is (250–1850)⋅10-13m2, pore size is  
150-250 µm. The experimental samples of stainless steel fibers 
possess porosity of 30-39 %, permeability coefficient is  
(40–51)⋅10-13 m2, pore size is 80-164 µm. We proved the possibility 
of electric current assisted sintering for bronze powder-based 
materials and stainless steel fibers within a single-sinter treatment.    
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