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Abstract: The main characteristic of the powder metallurgical materials that distinguishes them from the summer ones is the presence in 

them of residual porosity. For this reason, the processes of their thermochemical treatment are differ significantly from those occurring at 

saturation of dense ones.  In the present paper the impact of technological processes such as boronizing, chromizing, siliconizing, 

carburizing, borocarburizing, etc., is monitored on the kinetics of diffusion layer growth in powder materials with a porosity of 5÷35%. The 

specimens of iron powders NC 100.24 and those doped with 2% Cu were subjected to study. The samples were pressed with an effort of 200 

÷ 800MPa and sintered for 0.5h at 1150°C in dissociated NH3 medium. Thermochemical treatment was conducted at 950°C for 4 hours in 

semi-permeable saturation media. Graphical dependencies for varying the thickness of diffusion coatings in different thermochemical 

treatment modes are presented, depending on the porosity of the saturation materials. 
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1. Introduction 

The kinetics of the formation of diffusion layers in powder-

;ejdlurgical construction materials, their construction, their phase 

composition and their properties are predominantly determined by 

the specifics of their sintering. A decisive influence on the character 

of the formed diffusion coatings results in the voidity of the 

saturated matrix. Depending on the size, the shape, the way of 

distribution, and especially the type of pores - open or closed, the 

mechanism of formation of the diffusion layers is predetermined. 

As a result, it is necessary to distinguish between the closed and 

open pores in the diffusion processes in the powder materials. 

According to this index, the powder materials are conventionally 

divided into three main groups: [5,7, 11,12] 

 impervious - have a completely closed porosity; 

 permeables - all pores are found; 

 semi-permeables - only a portion of the pores are 

detected. 

The most commonly used powder alloys - those based on iron, 

can be applied to the group of impervious when their total porosity 

does not exceed 7 ÷ 10%, and permeables when their total porosity 

exceeds 25 ÷ 30%. In all other cases, when their porosity ranges 

from 10 ÷ 25%, they refer to semi-permeable materials. [8,9,12] 

In addition to the type of saturable matrix, chemical termal 

treatment of powdery materials is also the type of active medium 

from which the diffuser element is separated. Similar to the matrix 

and saturation environments are classified as permeable - gas, 

semipermeable - liquid and impervious - solid. [5,8,11] 

The combination of the different types of matrices and 

saturation environments necessitates the need for further studies to 

specify diffusion processes depending on the type of the matrix and 

the type of saturation medium. 

In this regard, the aim of the present study is to investigate the 

efficiency of diffusion processes in saturation of semipermeable 

powder materials in semi-permeable saturation media. 

 

2. Eksperimentalna part 
In the present study, the research is directed to addressing the 

saturation peculiarities of semipermeable powder construction 

materials in semi-permeable saturation environments. 

Iron powders type NC100.24 were used as the basis for making 

the test samples. They are pressed with an effort of 200 ÷ 800MPa, 

in order to obtain samples with different porosity - 5÷35%. Sintering 

is carried out at 1150 ° C in a dissociated ammonia protective 

medium. The samples obtained in this case are a product of the so-

called solid phase sintering. To test the diffusion processes in 

samples after sintering in the presence of a liquid phase, samples 

were made in the same process scheme in which the iron matrix was 

d alloyed with 2% Cu. 

The samples thus prepared were subjected to diffusion 

enrichment for 4 hours at 950 ° C, in melts for carbonizing, 

siliconizing, chromizing, boronizing, boroaluminizing and 

borocarborizing with a concentration of the formulas 1 to 6. 

[1,2,3,4,6,10] 

 

81% [55% NaCO3+45%K2CO3] + 13%SiC + 6%B2O3              (1) 

50%[65%Na2SiO3+35%SiC]+ 50%NaCl                                     (2) 

82%Na2B4O7+12%SiC+6%K2Cr2O7                                            (3) 

97%[25%Al2O3+75%Cr2O3]+3%NH4Cl                                     (4) 

80%[82%Na2B4O7+14%SiC+4%K2Cr2O7]+ 

20%[82%(55%Na2CO3+45%K2CO3)+12%SiC+6%B2O3]         (5) 

30%Na2B4O7+40%B2O3+10%Al2O3+8%K2Cr2O7+12%B4C     (6) 

After saturation, samples were subjected to microstructural 

analysis [9] to determine the thickness of the formed diffusion 

layers. Since, due to the presence of open and prominent pores, the 

resulting diffusion coatings are of relatively uneven thickness - Fig. 

1, for each studied sample 5 random measurements were made for 

the thickness of the layer and their arithmetic mean value was 

calculated - Table №1. 

The graphical interpretation is presented in Figures 2 ÷ 4. 

 

 

 
 

Fig.1. Microstructure of a boride layer on a sample 

of Fe - NC100.24 + 2.0% Cu, with a polarity of 25% 
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Table №1. Experimental data 

№ 
under 

order 
Tape of matrix 

Diffu-

sing 

ele-

ment 

Thickness of  

the diffusion layer, δ,µm 

Porosity - P,% 

5 10 15 25 35 

1 2 3 4 5 6 7 8 

1 Fe- NC 100.24 С 487 674 949 1370 - 

2 Fe- NC 100.24 Si 148 162 175 198 215 

3 Fe- NC 100.24 B 63 87 102 115 127 

4 Fe- NC 100.24 Cr 28 34 37 43 49 

5 Fe- NC 100.24 С+ В 115 121 126 131 134 

6 Fe- NC 100.24    C+ Cr 10 15 17 18 - 

7 Fe - NC 100.24 

+ 2,0%Cu 
C 415 621 756 843 - 

8 Fe - NC 100.24 

+ 2,0%Cu 
B 54 73 88 102 118 

9 Fe - NC 100.24 

+ 2,0%Cu 
 C+ B 110 113 118 121 123 

10 Fe - NC 100.24 

+ 2,0%Cu 
 B +Al 143 152 159 164 167 

Note: When measuring the boride layers, the entire thickness 

of the layer is determined, not just its thick part 

 

 
 

 
 

Fig.2. Thickness of diffusion layer after carbonization  
in iron matrix Fe - NC 100.24-1 

and with 2% Cu alloying - 2. 

 
 

Fig.3. Thickness of the diffusion layer after sintering 

without the presence of a liquid phase: 

1 – siliconizing; 2 – borocarbonizing; 3 – boronizing; 4 – chromizing; 
5 - carbochromizing 

 

 
 

 

Fig.4. Thickness to the diffusion layer after sintering 

in the presence of a liquid phase: 
1– boroaluminizing; 2 – borocarbonizing; 3 – boronizing. 
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From the experimental results obtained, it can be seen that the rate 

of formation of the diffusion layers at saturation of permeable 

materials - porosity 25 ÷ 35% is significantly higher compared to 

impervious ones - porosity 5 ÷ 10%. 

For this difference in the growth rates and the construction of 

the diffusion layers, it is essential to penetrate the saturation 

medium into depth of the open and through pores. Therefore, the 

saturation of the permeable materials is practiced over the entire 

volume of the article. As a result of the ongoing diffusion processes, 

the surface pores are saturated the most and the circulation of the 

saturation media towards the inside of the parts decreases. This in 

turn leads to a reduction of the surface activity of the medium to the 

core of the articles and the formation of micronized, chemically-

derived diffusion layers. As a result, highly concentrated phases are 

formed on the surface of the open pores and can be recorded at a 

significant depth from the surface of the saturation product. 

These causes accelerate the diffusion processes, favor the 

volumetric diffusion prioritization and the gradual change of the 

diffusion element concentration both in depth of the formed layer 

and in relation to the surface of the separately collected open pore. 

When analyzing the results obtained, it should be taken into 

account that the initial porosity in the saturation process does not 

remain constant. The saturation result in this case is predetermined 

by the interaction of the active substance - the diffusing element 

with the surface of the matrix-forming beads forming the pore. The 

formation of a diffusion layer on the surface of the open pores is 

accompanied by an increase in volume resulting in a cross sectional 

area of the open pores decreasing This is the reason why, after a 

certain saturation time, it is difficult to penetrate the saturation 

environment into the interior of the details. Moreover, in the 

saturation process it is possible to completely or partially deplete 

the pores. In this case, the permeable matrix may pass into a semi-

permeable or even impenetrable. Naturally, the sooner this is done, 

the less will be the effect of accelerating the increase in the 

diffusion layer of the sintered materials compared to the dense 

materials. 

Comparing the results obtained after saturation of samples of 

iron powder type NC100.24 with different porosity - 5 ÷ 35%, it can 

be seen that as the porosity increases, the thickness of the formed 

diffusion layers increases. For samples subjected to silicon, this 

difference is 50%; 100% for chrome plating - 60% and for 

carbonization - 300%. 

The experimental data obtained demonstrates the intensification 

of the processes related to the removal of the detected and passage 

pores in the initial stage of the diffusion processes in the cases of 

chromium. In contrast, when charring, pore deletions do not occur. 

The effect of the obliteration of the porosity is partial during the 

boronizing - 25 ÷ 30% and siliconizing - 30 ÷ 35%. 

Comparing the results obtained after the boron and boron 

carbonation of Fig. 3 and 4, it appears that the deletion of the open 

porosity is intensified if a liquid phase is formed in the sintering 

process or chemical compounds are formed whose dimensions are 

smaller than the pore size. The presence of copper in the master 

matrix of the samples, which is in the liquid state during the curing 

process, leads to intensification of the processes associated with the 

removal of the pores found, and this inevitably results in the 

formation of diffusion layers of lesser thickness. 

 

3. Conclusions 
The following conclusions can be drawn from the research 

carried out and the results obtained: 

 In the chemical-thermal treatment of permeable and semi-

permeable powdered construction materials on a ferrous 

basis in semi-permeable saturation environments with 

increased porosity, the rate of formation of the diffusion 

layers increases. This is the result of the presence of a large 

amount of open and through pores allowing the workpiece 

to flow through the entire volume of the article. 

 In the diffusion enrichment process, partial or total deletion 

of the open and through pores can occur, resulting in the 

rate of formation of the diffusion layers decreasing as a 

result of the transformation of the saturated matrix into a 

permeable, semi-permeable and even impermeable matrix. 

 The deletion of surface and throughput porosity in the 

chemothermal treatment of permeable materials is in direct 

dependence on the type of diffusion element and the type of 

sintering - whether it is solid phase or flows in the presence 

of a liquid phase. 

 Pore deletion is favored in cases where the diffuser element 

is inherently close to iron chromium; copper and others. 

transition metals. In cases where the diffuser element is 

significantly different in its nature from the iron - 

aluminum, silicon, carbon, etc., it does not lead to the 

deletion of the pores, but only to the reduction of their cross 

section. 

 Pore deletion is intensified if a liquid phase is formed or 

chemical compounds are formed in the matrix during the 

caking and saturation process - FeB; Fe2B; Fe2Al5 and 

others. 
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