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Abstract: The process of producing powder permeable materials made of spherical bronze powders by tin-phosphorous pressing method has 

been investigated. A technique for producing experimental samples based on the granulation of powders by a pore-former has been 

described. The technology is simple to carry out and it does not require complex equipment. Products have a satisfactory set of properties. 
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1. Introduction
The methods for powder permeable materials molding are divided

into two groups: and applying pressure. As a rule, when using

spherical powders for the production of porous permeable products,

a molding method without applying pressure is used. The simplest

method is the sintering of a freely poured powder [1, 2].

Compared with non-spherical powders, products made of spherical

powders have a more uniform porosity and high permeability [3, 4].

For the production of permeable materials, spherical powders of

tin-phosphorous bronze of grade BrO10F1 are most widely used,

which are well sintered by the method of free pouring at relatively

low temperatures (790-870 °C) in reducing and neutral atmospheres

or in a vacuum. The products from these powders have a high

complex of filtering and physical-mechanical properties. A tooling

from corrosion-resistant steels of grades Х18Н10, Х18Н9, Х30 is

used for sintering the products. One set of tooling can withstand

from 50 to 100 cycles of sintering. However, corrosion-resistant

steels are poorly treated and expensive. This significantly affects

the cost of porous products.

Therefore, it seems relevant to consider the possibility of producing

porous filter materials made of BrO10F1 powder by pressing,

secondly, to justify the possibility of producing powder permeable

materials from the powders with a fraction of 200-315 μm with

properties corresponding to materials produced from powders with

larger fractions.

However, molding with applying pressure is mainly used in the

manufacture of products made of powders with a non-spherical

shape particles, and does not require the introduction of binding

materials.

The purpose of this work is to study the process of producing

powder filter materials by pressing granular spherical bronze

powders of grade BrO10F1 by means of a pore-former.

2. Research material.
It is common knowledge that spherical powders are not pressed

without special additives (binders), which can be used as pore-

formers and plasticizers [2, 5]. In this paper, the molding capacity

of a spherical powder of tin-phosphorous bronze is ensured by

granulating the metal powder by a pore-former, i.e. carbamide

(urea, CO(NH2)2). It follows from the works [6-10] that carbamide

has a number of advantages: it does not contaminate products with

decomposition impurities; it is well soluble in water; it is widely

used. It should be noted that carbamide was previously used as a

filler. Its use as a binder in the molding of powder permeable

materials from spherical powders of tin-phosphorous bronze by the

pressing method has not been previously met.

Samples in the form of a disk with a diameter of 30 mm and a

thickness of 3 mm were produced by a pressing method to study the

process of producing powder permeable materials from spherical

bronze powders [11-13]. Bronze powder of grade BrO10F1 of

fraction (minus 315+200) μm, carbamide powder CO(NH2)2 

(analytic grade) were used as initial materials. The process of 

producing the samples included the preparation of a charge, 

granulation, pressing and sintering. 

Granulation was carried out by carbamide dissolution in distilled 

water, mixing the resulting solution with fine-dispersed bronze, 

drying the charge in CNEF 4.5.4.5/34-1 drying oven at a 

temperature of 60-80 °C with constant stirring. The formed granules 

were scattered on a device of grain composition 029 with separation 

of the required fractions of the obtained charge (bronze powder 

granulated with a pore-former carbamide). 

After pressing, the samples were sintered for 1 hour in an endogas 

atmosphere in a laboratory electric furnace with preliminary 

removal of carbamide by withstanding at a temperature of 250 °C 

for 0.5 hour. The porosity in accordance with GOST 18898-89, the 

coefficient of permeability in accordance with GOST 25283-93, the 

pore sizes in accordance with GOST 26849-86 and the ultimate 

shear stress, calculated by dividing the shear force by the area of the 

sheared surface, were determined in the produced samples. 

2. Experiment results and discussion
It is obvious that the main technological factors influencing the

properties of the produced powder permeable materials during the

preparation of the charge are the size of the initial bronze powder Dp

and the volume ratio of carbamide (pore-former) and bronze

powders Vpor/Vbr. As noted above, a fraction of the bronze powder

(minus 315+200) μm was chosen for the study. The charge was

prepared in five compositions: Vpor/Vbr: 0.1; 0.3; 0.6; 0.9; 1.2, since

at a ratio of less than 0.1, the pore-former does not have a significant

effect on the structure of powder permeable material, and at a ratio

more than 1.2, the strength of the produced powder permeable

materials is significantly reduced. When molding, i.e. static pressing

in a mold, the key factor is the pressing pressure p. A study of the

morphology of the surface of particles of bronze powder and

granules of granular bronze powder by a carbamide pore-former was

carried out using MIRA scanning electron microscope with

EDX X-act X-ray microanalyzer, Tescan, Czech Republic. The

microscope is shown in Figure 1.

Fig. 1 MIRA scanning electron microscope with EDX X-act X-ray 

microanalyzer, Tescan, Czech Republic 
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Photographs of the morphology of the powder surface and granules 

are shown in Figures 2 and 3. 

 

 
 

Fig. 2 Photographs of morphology of the surface of bronze powder 

of brand BrO10F1 of fraction (minus 315+200) μm 

 

 
 

a) 

 

 
 

b) 

 

а) with increasing × 20; b) with increasing ×300 

 

Fig. 3 Photographs of the morphology of the surface of particles of 

bronze powder granulated by a carbamide  

The pressing pressure, on the one hand, was chosen from the 

condition of achieving the strength of the compact, ensuring its 

safety during the preparatory work related to sintering (moving, 

placing in the boat, etc.); on the other hand, the porosity and 

coefficient of permeability are significantly decreased at high 

pressures making it unreasonable to use the resulting product as 

powder permeable material. Proceeding from this, the pressing 

pressure was chosen to be 50, 90, 130 MPa. 

Figures 4-7 show the experimental dependences of P, k, dpore, av on 

the ratio of urea volume to the volume of bronze powder at various 

pressing pressures. 

 

 
 

Fig. 4 Dependence of the porosity on the volume ratio of  

the pore-former and the metal powder 

 
k1013, м2 

 
 

Fig. 5 Dependence of the coefficient of permeability on the volume 

ratio of the pore-former and the metallic powder 

 

 
 

Fig. 6 Dependence of the average pore size on the volume ratio of 

the blowing agent and the metal powder 
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str., МРа 

 
 

Fig. 7 Dependence of the ultimate shear strength on the volume 

ratio of the pore-former and the metal powder 

 

The analysis of the obtained data in Figures 1-4 makes it possible to 

conclude that the use of the pore-former allows to significantly 

regulate the range of the main properties of powder permeable 

material: porosity from 0.32 to 0.52; average pore size from 60 to 

197 μm; coefficient of permeability from 250×10-13 to  

1450×10-13 m2. It is obvious that the use of other fractions more 

extends this range. 

Analysis of the photographs of the sample fractures (Figure 8) 

made by MIRA scanning electron microscope (Figure 1) has 

showed that the samples of powder permeable material made by 

pressing from the tin-phosphorous bronze powder of the fraction 

from 315 to 200 μm with different contents of the carbamide pore-

former have a well developed biporous pore structure (Figure 8). 

 

 
 

а) 

 
b) 

 
c) 

 

а) Vpor/Vbr = 0,3; b) Vpor/Vbr = 0,6; c) Vpor/Vbr = 1,2 

 

Fig. 8  Microstructure of the samples of powder filter material made 

of tin-phosphorous bronze powder of a fraction from 315 to 200 μm 

with different contents of carbamide pore-former at a pressing 

pressure of 90 MPa 

 

The most promising is the use of the developed method for mass 

pressing of small asymmetric products or long tubular filtering 

products by radial isostatic pressing. The latter is very difficult to 

produce by other methods, especially with a small diameter: rolling 

of plates in this case is impossible, and sintering in the mold is 

economically impractical and is related to unacceptable 

technological complications. 

 

3. Conclusion 
As a result of the research, the process of manufacturing powder 

permeable materials was developed by pressing a granular spherical 

bronze powder of grade BrO10F1. 

It is established that the pressing of a granular powder of spherical 

bronze makes it possible to produce powder permeable materials 

with a wide range of regulated properties. 
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