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Abstract: Surface saturation with boron of Fe-C-Cu construction powder materials aims to improve the surface hardness of the articles 

and hence improve wear, contact strength and other mechanical properties. This study investigates the influence of single-component 

diffusion enrichment modes with boron of semi-permeable powder metallurgical samples from the Fe-C-Cu system. The powder samples on 

the basis of iron powders NC 100.24 to which 0,3 ÷ 2,5% Cu and 0,4% carbon were added were subjected to the study. Diffusion saturation 

with boron was carried out in semi-permeable saturation media with a composition of 84% Na2B4O7 + 12% SiC + 4% K2Cr2O7 at 

temperatures 850 ÷ 950 ° C for 2 ÷ 4 hours. Graphical dependencies are presented for the variation of the diffusion slit thickness in the 

longitudinal section of the test samples depending on their density, duration and saturation temperature. The experimental results obtained 

are compared with those obtained by combining pure iron samples with the same technological parameters. 
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1. Introduction 

Powder metallurgy is currently developing sufficiently 

intensively, which is mainly due to its high economic efficiency and 

also to the possibility of obtaining materials with unique properties 

that are impossible to obtain through conventional technologies 

[3,5,6]. This is a technological process in which powders are used to 

obtain quality details through minimal material losses. Proper 

selection of powders and their technological properties can provide 

a wide range of mechanical and physical characteristics of the final 

product, which can be either metallic or ceramic or a combination 

of metal with non-metallic components. [2,6,12]      

  The main structural components in powder metallurgical 

materials are metallic phases, non-metallic inclusions, pores and 

others. Porestion in quantitative and qualitative terms is determined 

by the total pore volume, the ratio between open and closed pores, 

their size, shape and distribution in volume.   There are three main 

types of pores: two-sided open; unilaterally open and closed pores. 

The ratio of the pores in the article depends on the general porosity. 

When the total porosity is less than 20%, the content of the pores 

found does not exceed 1 ÷ 2% and the relative share of unilateral 

pores is even smaller. [3,9,10] According to the ratio of open and 

closed pores, the powder metallurgical materials are divided into: 

 impermeable - all pores are closed and the porosity is 7 ÷ 

10%; 

 permeable - all pores are found, and porosity is 20 ÷ 30%; 

 semi-permeable - only a portion of the pores are found, 

and the total porosity is 15 ÷ 20%. [3,7,9,10] 

The peculiarities in the structure of the powdered products 

imply the existence of peculiarities in their chemical-thermal 

treatment. Particularly important in chemico-thermal treatment is 

the information on the ratio between the open and the closed pores, 

as the main pores in the intensification of the diffusion processes of 

the porous materials are the pores found. 

It has been shown that during sintering the internal surfaces of 

the pores change and in the case of porosity up to 15% their passage 

in closed form is observed. With greater porosity of 20% and 

sintering for four hours no closing of open pores is observed, which 

facilitates the flow of diffusion processes. Increasing the defect of 

the iron particles facilitates the formation of a larger amount of 

open pores and helps to accelerate the diffusion processes. 

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

the influence of surface diffusion enrichment with boron on 

semipermeable powder metallurgical specimens on their 

microtraviolet in the surface working area. 

  2. Experimental part 

Surface enrichment with boron of Fe-C-Cu structural powder 

materials aims to improve the surface hardness of the products, 

hence increasing wear, contact strength and other mechanical 

properties.  

The study is subjected to powder metallurgical specimens from 

the triple Fe-C-Cu system. The iron powder of type NC100.24 

produced by „Höganäs“, Sweden, was used as the basis of the 

samples. This is one of the most widely used in the practice of 

powder metallurgical production iron powder obtained by the 

reduction method. Its compactness is very good, and thanks to the 

spongy particle structure their moldability is too high. The raw 

(after compression) and final (after sintering) strength of parts of 

these powders is very high and the hydrogen concentration therein 

is low.  

The maximum particle size fraction of the iron powder used, its 

compaction at 420MPa, as well as the concentration of oxygen and 

carbon in the iron particles are presented in Table 1. 

 

Table 1: Characteristics of the iron powder used 

Type of iron 

powder /size,  

µm 

Compaction 
at 420МРа 

О2, % С, % 

average 
value 

min. 
average 
value 

min. 
average 
value 

min. 

NC 100.24/150 6,45 6,40 0,20 0,30 0,01 0,02 

 

To the iron powders are also added 0.3 ÷ 2.4% copper powders 

obtained by the electrolysis method with an average size of 63 μm. 

[1,11] 

The third component is carbon whose concentration in the 

samples is 0.4%. It is added in the form of UF 4 standard graphite 

powders, where the carbon concentration is in the 96 ÷ 97% range.  

Boring is carried out for 2÷4h, at a temperature of 900÷1000°C 

in a semi-permeable saturation medium with composition 1. 

[8,9,10] 

 

(1)  84%Na2B4O7 + 12%SiC + 4%K2Cr2O7                        
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Fig. 1. Micro-hardness distribution in samples with a density of 7.00g /cm3 
after boronizing 4h at 950oC and composition: 

1 - NC100.24 + 0.4% C + 2.0% Cu; 2 - NC100.24 

 

 

Fig. 2. Micro-hardness distribution in samples with a density of 6.60g /cm3 
after boronizing 4h at 950oC and composition: 

1 - NC100.24 + 0.4% C + 2.0% Cu; 2 - NC100.24 

 

 

Fig. 3. Micro-hardness distribution in samples with a density of 6.20g /cm3 

after boronizing 4h at 950oC and composition: 
1 - NC100.24 + 0.4% C + 2.0% Cu; 2 - NC100.24 

 
 

Fig. 4. Micro-hardness distribution in samples with a density 

 of 5,80g /cm3 after boronizing 4h at 950oC and composition: 
1 - NC100.24 + 0.4% C + 2.0% Cu; 2 - NC100.24 

The micro-hardness of the materials we tested after the boring 

was determined according to standardized methodology. -BDS-

EN-ISO-4498-2007. [4] 

The experimental results for modification of the micro-hardness 

of samples of iron powder NC 100.24 + 0.4% C + 2.0% Cu with 

p=5.80÷7.00g/cm3 after saturation for 4h at 950oC is presented in 

graphical form in figures 1÷4. 

The figure shows that maximum values for micro-hardness are 

recorded on the surface of the samples studied and the values 

remain constant in the areas of distribution of the boride phases. 

The values vary in the range 14500 ÷ 19000MPa and are 

determined by the type of saturated alloys - the amount of copper 

and the density of the samples, the higher values being measured on 

samples with a higher density - 6,60 ÷ 7,00g /cm3. After boring, the 

substrate of the saturation materials is a hard iron boron solution, a 

pearlitic structure with a carbon concentration of about 0.6%, and 

the ε-phase inclusions. Micro-hardness in this area ranges from 

4500 ÷ 6200MPa. . This necessitates in cases where the product is 

to be subjected to a post-boring operation under the contact load 

conditions to be subjected to further processing to increase the 

hardness of the sublayer. 

When increasing the saturation duration from 2 to 4h the 

character of the curves showing the micro-hardness distribution 

does not change, the maximum values in the layer - fig.5. 

.Since the micro-sthardness of the boride layers is determined 

by their phase composition, the results obtained are evidence that 

the phases formed in the initial phase of saturation do not undergo 

substantial changes over time. 

 

Fig.5. Distribution of micro-hardness in samples with  

 NC100.24 + 0.4% C + 2.0% Cu with p = 6.60 g/cm3  
after boronizing at 950 ° C for 2 ÷ 4h. 
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The high micro – hardness of the formed boride phases are 

results from the formation of a stable electronic configuration sp3 - 

d5 [10] in their structure. The stability of this configuration is one 

of the reasons for the borides to maintain its hardness even at high 

temperatures of heating up to 900oC. 

Higher values for micro-hardness in larger densities - 6.0 ÷ 

7.00g/cm3 are the result of both reduced pores in these and the 

reduced formation of partial inclusions of FeB. 

From the conducted tests it was found that the copper content in 

the samples practically does not effect of the micro-hardness of the 

boride layer - fig.6. 

 

Fig.6. Influence of copper on the micro-hardness 

 of samples with ρ = 6.60g / cm3 

after boronizing at 950°C for 4h 
 

By lowering the saturation temperature under p.A1 the character 

of distribution of micro-hardness in the boride coatings is preserved, 

but the values are decreased and vary in the range 14500 ÷ 

16000MPa, which is also the result of the absence of high-boride 

phase - FeB inclusions, Fig.7. 

 

 

Fig.7. Micro-hardness distribution in samples of 
NC100.24 + 0.4% C + 2.0% Cu 

 with p = 6.60g / cm3 after 2h boronizing at:  

1 - 800oC; 2 - 850oC and 3 - 900oC. 

3. Сonclusions 

The following conclusions can be drawn from the research 

carried out and the results obtained: 

 It is confirmed that the micro-hardness of the boride 

layers depends on the density of the saturation 

samples, their phase composition and changes in the 

range of 14 500 ÷ 19 00MPa. 

 It has been shown that after boring in the substrate 

layer the solid iron boron solution is formed, a 

pearlitic structure with a carbon concentration of 

about 0.6% and ephase inclusions, and the micro-

stability values in this region vary within the range 

4500 ÷ 6200MРа. 

 It has been shown that the change in the copper 

concentration in the matrix from 0 to 3.0% has 

virtually no effect on the micro-hardness values and 

they change by ± 620 ÷ 630MPa. 
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