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Вивчено особливості одержання по- 
криттів на вуглецевій, конструкційній 
сталі Ст 3 при дифузійній металізації – 
одночасному насиченні стали бором, хро-
мом і алюмінієм (борохромоалітування) 
без використання спеціальної термічної 
обробки. За допомогою методу симплек-
сних решіток встановлено основні склади 
порошкових сумішей, які дають отрима-
ти на поверхні вуглецевої сталі боридні  
структури підвищеної твердості, фази 
твердого розчину бору, хрому та алюмінію 
у Fea та прогнозовану глибину поверхнево-
го шару. Встановлені характерні особли-
вості формування мікротвердості по- 
верхневого шару покриттів залежно від 
складу насичуючої суміші. Встановлений 
важливий фактор впливу алюмінію на 
мікротвердість поверхневого шару у бага-
токомпонентних системах. Його при-
сутність сприяє утворенню твердих роз- 
чинів. Отримані нові дані про форму-
вання поверхневих шарів при насиченні 
сталі бором, хромом і алюмінієм і певні 
умови одержання шарів високої твер-
дості й високої пластичності. Знайдені 
оптимальні області формування покрит-
тів різної структури та глибини мето-
дом симплексного планування. В якості 
факторів оптимізації були використа-
ні відносні площини, зайняті боридами 
й твердим розчином, а також глибина 
поверхневих шарів. Наочно показано, як 
змінюється структура поверхневих шарів 
залежно від кількісних співвідношень між 
складовими насичуючих сумішей. Графічні 
залежності боридної фази, фази твердого 
розчину й глибини шару від складу наси-
чуючої суміші, при дифузійній металізації 
(борохромоалітування) дозволяють удо-
сконалювати процес із метою одержан-
ня на поверхні вуглецевої сталі покриття  
з підвищеною зносостійкістю

Ключові слова: хіміко-термічна оброб-
ка, дифузійна металізація, структура, 
мікротвердість, зносостійкість, борид-
на фаза
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1. Introduction

The processes of complex saturation of products during 
chemical-thermal treatment have recently been increasingly 
used in industry, compared with single-component proces-
ses [1]. This is caused by the fact that, during single-compo-
nent saturation, structures are formed on the surface of metal 
products that determine only a narrow range of properties in 
the product [2]. Carrying out complex alloying saturation by 
successive multiple single-component saturation, for exam-
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ple, boron, and then chromium and aluminum, significantly 
increases energy consumption [3]. At the same time, the use 
of alloyed, high-carbon steels, as well as alternative multi- 
cycle processes of chemical-thermal and subsequent heat 
treatment, such as cementation with subsequent hardening 
and tempering of low-carbon steels, reduces the profitability 
of production [4].

It is known that the general saturation of the metal surface 
simultaneously with boron, chromium and aluminum makes 
it possible to obtain layers of various hardness, including  
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high hardness, on the surface of metal products, which is able 
to impart cutting properties to products [5]. This trend in 
science and industry can be traced in connection with the 
shortage and high cost of tool steels [6]. It follows that with 
surface saturation of carbon steels it is possible to obtain  
a cutting tool [7]. However, cutting tools in many cases re-
quire not only surface hardness, but also the hardness over 
the tool cross section eliminates deformation of the cutting 
edge [8]. The level of this hardness can be different depend-
ing on the type of tool and the conditions of its operation [9]. 
Therefore, the solution to the problem of obtaining tools 
based on carbon, structural steels with deposited wear-resis-
tant coatings requires special studies.

Factors that make it difficult to solve the problems posed 
are the indefinite types of structures, the depth and hardness 
of the surface layers during diffuse metallization to obtain 
various hardnesses on structural steel. There is no informa-
tion on the application of the composition of the powder 
mixture to obtain coatings on structural steel with the cor-
responding properties. As a result, it is complicated to obtain 
high-quality diffuse coatings on structural steel.

Therefore, the problem of obtaining coatings of a given 
structure, depth and different hardness on structural steel 
during diffuse metallization is relevant, requiring compre-
hensive study and analysis.

2. Literature review and problem statement

In [10], it is noted that among a large number of coating 
methods, a promising method is the method of obtaining 
diffusion layers in powder mixtures. The authors of the work 
emphasize that the advantages of the method are simplicity 
and accessibility of application, equipment, eliminates the 
violation of environmental safety of the environment, and 
also eliminates the use of special equipment.

Based on an analysis of the data [11], it was shown that 
boron, chromium-plated and aluminized coatings have high 
wear, heat and corrosion resistance, respectively. But boron 
coatings have low ductility, low heat and corrosion resis-
tance. Chromium plated coatings have a small depth and 
low affinity for the base metal. Aluminizes coatings do not 
provide indicators of wear resistance. This fact limits the use 
of single-component coatings in production, especially when 
it comes to the durability of machine parts and tools in con-
ditions of impact-abrasive wear.

In [12], methods for producing coatings using simulta-
neously two components of a saturating mixture are experi-
mentally investigated. It is established that two-component  
coatings expand the field of application of the layers, for 
example, Alloying with chromium borides reduces the fra-
gility of the latter. However, this is not enough, since boron 
chromium coatings have low heat resistance, which makes 
operation at high temperatures impossible.

In a study [13] with the introduction of the process of 
diffusion metallization of carbon steel, the effect of chro mium 
and aluminum on the properties of the surface layer was 
shown. It is proved that the diffuse process of chromium alu-
minizing provides high indices of scale and erosion resistance 
of products operating in aggressive environments. However, 
abrasion resistance remains low.

In [14], the effect of boron and aluminum is studied while 
saturating the surface of carbon steel on the indicators of 
heat resistance and corrosion. The authors of the work found 

that boron aluminizing provides heat resistance to products, 
but does not protect carbon steels from corrosion in aqueous 
solutions of salts, alkalis and acids. Therefore, two-compo-
nent coatings are of limited use in industry.

According to the research results, the authors of [15] 
found that the introduction of the third component in the 
composition of the powder mixture will allow the formation 
of layers with the necessary properties on the surface of the 
products. The most promising is the process of complex 
saturation with boron, chromium and aluminum, when it is 
possible to minimize the energy costs of the process and get 
the maximum effect from improving product quality.

An analysis of the literature makes it possible to deter-
mine that the results of boron chromium aluminizing are 
known that are insufficiently substantiated theoretically 
and practically for widespread adoption in industry. Today 
it is impossible to clearly identify the types of structures and 
the depth of the surface layers that provide high levels of 
hardness of the coating on products from structural steels. 
Lack of information on the use of the composition of the 
boron chromium aluminizing mixture to obtain the predicted 
coating with the desired properties. Lack of systematically 
established research results hinders the application in in-
dustry of optimal technologies for complex saturation with 
boron, chromium and aluminum. Therefore, it is necessary 
to improve and study the features of the process of diffusion 
metallization of carbon, structural steel in powder mixtures 
by the composition of the saturating mixture to obtain struc-
tures and coatings of different depths with the predicted 
hardness of the surface layer.

3. The aim and objectives of research

The aim of research is identification of the features of 
obtaining coatings on structural steel to obtain the predicted 
structures of different hardness and depth during boron chro-
mium aluminizing.

To achieve the aim, the following objectives are set:
– identify the types of structures and their hardness 

depending on the composition of the saturating mixture on 
structural steel during boron chromium aluminizing;

– establish the optimal formation region of boron chro-
mium aluminizing coatings of various structures and depths 
depending on the composition of the saturating mixture.

4. Materials and methods of research for producing 
coatings of different hardness on structural steel during 

diffuse metallization

When choosing the elements that saturate the steel 
surface, let’s proceed from the considerations of obtaining 
high hardness of the surface layer due to phases based on 
chemical compounds, expanding the possibilities of using 
coatings without special heat treatment. In addition, let’s 
took into account the fact that the coating should have not 
only wear resistance, but also have high corrosion resistance 
when working with aqueous emulsion coolants and increased 
resistance to oxidation when the cutting edge is heated.

The studies are carried out in accordance with the plan-
ning matrix by the method of simplex lattices. Saturating 
the components, let’s vary within 0…25 %  В4С, 0…25 % 
Cr3C2, 0…25 % Al, 43…68 % Al2O3, with a constant content  
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of 7 % NaCl – to activate the diffusion metallization process. 
Heating is carried out at a temperature of 1000 °C for 5 h, 
followed by cooling of the container with the furnace (which 
lasted 15 hours). The coating was applied to samples of steel 
St 3, suggesting in the future the possibility of making large 
taps from it for processing aluminum alloys.

The layer structure is investigated using a MIM-8 metal-
lographic microscope and a PMT-3 microhardness measuring 
device. Chemical etching of microsections in a 4 % solution 
of nitric acid in ethanol and thermal digestion are used. 
Using thermal digestion, upon heating the surface of the  
microsection in the furnace after diffusion metallization,  
color oxidation of the phases and the base metal of the surface 
of the microsection occurs for several minutes.

5. Identification of types of structures and their rigidity 
on structural steel, depending on the composition of the 
saturating mixture during boron chromium aluminizing

To identify the main types of structures that form on the 
surface of structural steel and analyze their hardness depend-
ing on the composition of the saturating mixture, a number 
of studies of boron chromium aluminizing process are carried 
out (Table 1). In the course of the research, it is revealed that 
on the surface of structural steel St 3 coatings of three types 
are formed. The first type is boride, 
characterized by high hardness 
(Н100 12870 MPa) after saturation 
in mixtures containing 25 % B4C 
or contain, in addition to 25 % 
B4C, chromium carbide (Cr3C2) 
in an amount of not more than 
12.5 % (Table 1). When boride is 
saturated in mixture No. 1, 12, 13, 
the surface layer consists of two 
zones: the first zone is porous, light 
in color, the second zone is dense, 
straw-colored (Fig. 1). A similar 
structure of the surface layer is 
also observed after saturation in 
mixtures No. 10 and 11 (Table 1).

After saturation in mixture 
No. 2, 3, 6, 7, 8, 25, the structure 
of the surface layer corresponds to 
the structure of boride and alumi-
nizing layers obtained upon satu-
ration in one-component mixtures, 
which are confirmed by published 
data [1].

When saturated in two-com-
ponent mixtures (compositions 
No 3...5, 17, 20, 23), a change in 
the contents of Cr3C2 and Al pow-
der within the indicated limits 
(Table 1) does not affect the struc-
ture of the surface layer. It con-
sists of two zones: upper loose and 
lower dense, which is a solid solu-
tion of chromium and aluminum 
in Fea (compositions No. 3...5) or 
boron and aluminum in Fea (com-
positions No. 17, 20, 23) – this 
is the second type of structure. 

It is possible to assume that in the presence of aluminum, 
boron and chromium do not form independent phases, but 
are part of the solid solution. The indicated type of coating  
differs from the first type in low microhardness indices of 
Н100 3090…2770 MPa (Table 1).

The complete absence of aluminum (compositions No. 1, 
10, 11) contributes to the appearance of borides having  
a high hardness of Н100 12870 MPa (Fig. 1). Moreover, stably 
high values of hardness of borides Н100 14800...13500 MPa 
are provided when the Cr3C2 content is not more than 12.5 % 
(compositions No. 12, 13).

Н100 1160 MPa

Н10012870 MPa

First zone

Second zone 

Fig.	1.	Microstructure	of	the	surface	layer	of	steel	St	3	after	
diffusion	metallization,	×100

Table	1

Effect	of	saturating	mixture	composition	on	microhardness	and	layer	depth

No. of 
compo-
sition

Composition content, % Depth of 
the layer, 

mm

Microhardness  
of the layer Н100, MPa

В4С Cr3C2 Al Al2O3 NaCl 1 zone 2 zone 3 zone 
(basic 
metal

1 25 0 0 68 7 0.2 12,870 12,870 10,400 1,130

2 0 0 25 68 7 0.45 8,500 4,210 2,540 9,80

3 0 25 25 43 7 0.3 2,900 3,090 2,290 1,050

4 0 18.75 25 49.25 7 0.25 3,090 3,090 1,700 1,480

5 0 12.5 25 55.5 7 0.28 2,290 3,190 1,800 1,130

6 0 6.25 25 61.75 7 0.25 2,770 3,500 2,150 1,130

7 6.25 0 18.75 68 7 0.25 4,880 3,190 3,190 980

8 12.5 0 12.5 68 7 0.2 2,730 2,730. 1,870 1,000

9 18.75 0 6.25 68 7 0.3 2,990 3,190. 2,290 1,180

10 25 25 0 43 7 0.1 6,700 12,870 10,400 1,560

11 25 18.75 0 49.25 7 0.15 6,860 10,400 11,660 1,420

12 25 12.5 0 55.5 7 0.2 13,500 13,500 11,660 1,560

13 25 6.25 0 61.75 7 0.2 14,800 13,000 12,870 1,560

14 6.25 25 18.75 43 7 0.25 1,870 3,090 1,970 1,050

15 12.5 25 12.5 43 7 0.2 2,540 3,050 2,060 980

16 18.75 25 6.25 43 7 0.15 2,440 3,190 1,700 980

17 6.25 18.75 18.75 49.25 7 0.2 2,850 3,190 1,700 1,210

18 12.5 18.75 12.5 49.25 7 0.2 2,610 3,140 1,700 1,360

19 18.75 18.75 6.25 49.25 7 0.13 2,440 3,140 1,870 1,260

20 6.25 12.5 18.75 55.5 7 0.3 2,770 2,850 2,060 1,130

21 12.5 12.5 12.5 55.5 7 0.2 2,290 3,190 2,060 1,050

22 18.75 12.5 6.25 55.5 7 0.2 2,440 2,850 1,700 1,130

23 6.25 6.25 18.75 61.75 7 0.25 3,660 2,290 1,870 1,420

24 12.5 6.25 12.5 61.75 7 0.25 2,540 2,440 2,230 1,210

25 18.75 6.25 6.25 61.75 7 0.2 2,060 2,060 2,060 1,130
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With a higher Cr3C2 content, the boride hardness decrea-
ses Н100 12870...10400 MPa, which can be explained by the 
dissolution of chromium in them. Most likely, with a signifi-
cant Cr3C2 content of 25 % (composition No. 10), chromium, 
dissolving in borides, forms a solid solution of iron, contains 
boron and chromium (Table 1). This is evidenced by the fact 
that part of the borides, which did not turn into a solid solu-
tion, remains in the surface layer in depth. The hardness of such 
borides is Н100 10400 MPa and they are located close to the 
border with the base metal – this is the third type of structure.

In the other mixtures studied (compositions No. 14–25), 
the microhardness of the coating of the surface layer does not 
differ significantly from Н100 3190...2060 MPa and corresponds 
to the second type of structure (solid solution). Especially 
close is the microhardness of the surface layer after saturation 
in mixtures (compositions No. 22, 24, 25) containing all three 
components: B4C, Cr3C2 and Al powder (Table 1). It should 
be noted that Al, which is part of the powder mixture, does not 
contribute to the formation of coatings of high hardness.

Thus, it is found that in the process of diffusion metalliza-
tion (boron chromium aluminizing), depending on the compo-
sition of the powder mixture on the surface of structural steel, 
three types of layers are formed: the first is a boride (boride 
phase) of high hardness; the second is a solid solution (solid 
solution phase) of low hardness; the third is borides located in 
a solid solution of variable stiffness.

6. Establishment of optimal areas for the formation 
of boron chromium aluminizing coatings of various 

structures and depths depending on the composition  
of the saturating mixture

To search for optimal solutions for the formation of coat-
ings of various structures and depths, the simplex method of 
experiment planning is used.

As the optimization factors, let’s use the relative planes 
occupied by borides and solid solution, as well as the depth 
of the surface layers (Table 2).

A polynomial of the fourth degree is used as a model. The 
coordinates of the plan points are shown in Fig. 2.

 X1 

X2 

X3 1113 13 1333 

2223 

23 12 

1112 2333 

122
2 

1233 1123 

1223 

Fig.	2.	Simplex	lattice	of	the	fourth	degree

The equation of the fourth degree, which connects all the 
values of the factors with the optimization parameters, has 
the form:

y x x x x x x x

x x x x x x

= + + + + +

+ + −( ) +

β β β β β

β γ γ

1 1 2 2 3 3 12 1 2 13 1 3

23 2 3 12 1 2 1 2 113 1 3 1 3

23 2 3 2 3 12 1 2 1 2

2

13 1 3 1

x x x x

x x x x x x x x

x x x

−( ) +

+ −( ) + −( ) +

+ −

γ δ

δ xx x x x x

x x x x x x x x

3

2

23 2 3 2 3

2

1123 1
2

2 3 1223 1 2
2

3 1233 1

( ) + −( ) +

+ + +

δ

β β β 22 3
2x ,

where

β1 = y1; β2 = y2; β3 = y3; 

β12 = 4y12–2y1–2y2; 

β13 = 4y13–2y1–2y3; 

β23 = 4y23–2y2–2y3;

γ12 1 1112 1222 2

8
3

2 2= − + − +( )y y y y ;  

γ13 1 1113 1333 3

8
3

2 2= − + − +( )y y y y ;

γ 23 2 2223 2333 3

8
3

2 2= − + − +( )y y y y ;

δ12 1 1112 1222 2

8
3

4 2= − + − +( )y y y y ;

δ13 1 1113 1333 3

8
3

4 6= − + − +( )y y y y ;

δ23 2 2223 2333 3

8
3

4 6= − + − +( )y y y y ;

Table	2
Simplex	method	planning	matrix

No.

Plan matrix Mixture compositions, % Optimization factors

Х1 Х2 Х3 В4С Al Cr3C2 Al2O3 NaCl
boride 

phase, % 
(Fig. 3)

solid 
solution 
phase, % 
(Fig. 4)

Layer 
depth, 

mm 
(Fig. 5)

1 1 0 0 25 0 0 68 7 24.71 0 0.2

2 0 1 0 25 0 25 43 7 5.11 14 0.1

3 0 0 1 0 25 0 68 7 0 49.75 0.45

4 0.5 0.5 0 25 0 12.5 55.5 7 23.74 0 0.2

5 0.5 0 0.5 12.5 12.5 0 68 7 0.2 47.5 0.2

6 0 0.5 0.5 12.5 12.5 12.5 55.5 7 0 38.08 0.2

7 0.75 0.25 0 25 0 6.25 61.75 7 7.92 20.1 0.2

8 0.25 0.75 0 25 0 18.75 49.25 7 4.24 13.1 0.15

9 0.75 0 0.25 18.75 6.25 0 68 7 1.45 36.83 0.3

10 0.25 0 0.75 6.25 18.75 0 68 7 0.15 40.03 0.25

11 0 0.75 0.25 18.75 6.25 18.75 49.25 7 0.18 24.27 0.13

12 0 0.25 0.75 6.25 18.75 6.25 61.75 7 0 39.13 0.25

13 0.5 0.25 0.25 18.75 6.25 6.25 61.75 7 0.73 36.53 0.2

14 0.25 0.5 0.25 18.75 6.25 12.5 55.5 7 1.47 32.63 0.2

15 0.25 0.25 0.5 12.5 12.5 6.25 61.75 7 0.49 36.95 0.25
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β1123 1123 1223 1233

1 2 3 12 13

32 3

8
3

6 16

1

= − −( ) +

+ − −( ) − +( ) −

−

y y y

y y y y y

66
3

5 5 3 31112 113 1222 1333 2223 2333y y y y y y+ − − − −( );

β1223 1223 1123 1233

2 1 3 12 23

32 3

8
3

6 16

1

= − −( ) +

+ − −( ) − +( ) −

−

y y y

y y y y y

66
3

5 5 3 31222 2223 1222 2333 2223 1333y y y y y y+ − − − −( );

β1233 1233 1123 1223

3 1 3 13 23

32 3

8
3

6 16

1

= − −( ) +

+ − −( ) − +( ) −

−

y y y

y y y y y

66
3

5 5 3 31333 2333 1112 2223 1112 1222y y y y y y+ − − − −( );

The graphical dependence of the boride phase on the 
composition of the saturating mixture is shown in Fig. 3.

According to the Table 2, the highest concentration of the 
boride phase (24.71 and 23.74 %) is formed on the surface of 
steel St 3, when saturated in a mixture of No. 1 and No. 4, 
which consist of 25 % B4C, 68 % Al2O3, 7 % NaCl and 25 % 
B4C, 12,5 % Cr3C2 55,5 % Al2O3, 7 % NaCl, respectively. 
The smallest amount of the boride phase (0.15 and 0.18 %) 
is formed in a mixture of No. 10 and No. 11, the composi-
tion is 6.25 % B4C, 18.75 % Cr3C2, 68 % Al2O3, 7 % NaCl 
and 18.75 % B4C, 6,25 % Al, 18.75 % Cr3C2, 49.25 % Al2O3, 

7 % NaCl, respectively (Table 2). A decrease in the supplier 
of boron and an increase in the supplier of aluminum and 
chromium ensure the absence of borides in the surface layer 
(mixture No. 3, 6, 12, Table 2).

The graphical dependence of the phase of the solid solu-
tion of the composition of the saturating mixture is shown 
in Fig. 4.

The largest amount of solid solution (49.75 and 47.5 %) is 
formed upon saturation in a mixture of No. 3 and No. 5, which 
consist of 25 % Al, 68 % Al2O3, 7 % NaCl, and 12.5 % B4C, 
12.5 % Al, 68 % Al2O3, 7 % NaСl, respectively. The smallest  
amount of the solid solution phase corresponds to the com-
position of mixtures No. 1 and No. 4 (Table 2), in which 
aluminum is absent, as well as in mixture No. 8, where the 
chromium concentration varies from 0 to 18.75 % with a con-
stant amount of B4C 25 %. A decrease in the concentration of 
chromium in saturating mixture No. 1 from 6.25 to 0 % with 
a constant amount of 25 % B4C leads to the disappearance of 
the solid solution and the appearance of borides (Table 2).

The greatest depth of the surface layer (0.45 mm) is 
formed upon saturation in mixture No. 3 (Table 2), in which 
aluminum has the highest concentration – 25 % (Fig. 5).

A decrease in the amount of aluminum from 25 % to 
6.25 % and an increase in boron from 0 to 18.75 % reduces 
the depth of the surface layer, which is 0.3 mm (mixture No. 9 
of Table 2). When saturated in powder mixtures No. 12 and 
No. 15 of 6.25 % B4C, 6.25 % Cr3C2, 18.25 % Cr3C2, 12.5 % Al, 
61.75 % Al2O3, 7 % NaСl 75 % Al, 61.75 % Al2O3, 7 % NaСl 
and 12.5 % B4C, respectively, on the samples of steel St 3  
a diffuse layer is formed with a depth of 0.25 mm. The smallest 
layer depth (0.1 mm) is formed on the surface of the steel when 
saturated in powder mixture No. 2, composition: 25 % B4C, 
25 % Cr3C2, 43 % Al2O3 and activator 7 % NaCl (Table 2).

 
Fig.	3.	Regularities	of	the	quantitative	change	in	the	boride	phase	(%)	in	the	surface	layer,	depending	on	the	composition		

of	the	saturating	mixture	during	diffuse	metallization	(boron	chromium	aluminizing)	(Table	2)
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7. Discussion of the results of 
coatings of different hardness 

on structural steel during diffuse 
metallization

The study of coatings of different 
hardness on structural steel during sat-
uration in powder mixtures during dif-
fuse metallization is carried out. The 
obtained results allow to determine the 
effect of the composition of saturating 
mixtures on the structure formation, 
depth, rigidity and wear resistance of the 
surface layers during diffuse metalliza-
tion of carbon steel, structural steel St 3:

– complex saturation of three com-
ponents simultaneously in a container 
with a melting shutter provides signi-
ficant time savings. Previously, satura-
tions were carried out sequentially, first 
with two, and then with one component. 
This required a significant process time 
and an increase in energy consumptions;

– method of steel saturation in pow-
der mixtures differs from other methods 
of diffusion metallization in the sim-
plicity of the process without the use of 
special, expensive equipment. Another 
method of diffusion metallization re-
quires the use of industrial frequency 
currents, gas and other harmful and 
dangerous environments;

– boron chromium aluminizing car-
bon steel allows to obtain coatings with 
different surface hardness. Depending 
on the composition of the powder mix-
ture, using the simplex method, so-
lid solution coatings with a hardness 
of Н100 2500...3500 MPa (Table 1) and 
boride coatings with a hardness of  
Н100 12000–14000 MPa (Fig. 1) are ob-
tained on the steel surface;

– the laws of changes in the struc-
ture, depth and hardness of the sur-
face layers are studied depending on 
the composition of the saturating mix-
ture (Table 1). Graphical dependences 
of the boride phase (Fig. 3), the phase 
of the solid solution (Fig. 4) and the 
layer depth (Fig. 5) on the composition 
of the saturating mixture (Table 2) are 
constructed. Previously, it is impossi-
ble to obtain coatings of the desired 
structure and depth on the surface of 
boron chromium aluminizing steel. The 
construction of graphical dependencies 
made it possible to obtain predicted 
coatings on structural steel.

The limitations of complex satura-
tion of structural steel during diffuse 
metallization include the following:

– thoroughly prepare the compo-
nents of the saturating mixture and 
exclude the ingress of oxygen during 

Fig.	4.	Regularities	of	the	quantitative	change	in	the	phase		
of	the	solid	solution	(%)	in	the	surface	layer,	depending	on	the	composition		

of	the	saturating	mixture,	during	diffuse	metallization	(boron	chromium	
aluminizing)	(Table	2)

Fig.	5.	Regularities	of	changes	in	depth	(mm)	of	the	surface	layer	depending		
on	the	composition	of	the	saturating	mixture	during	diffuse	metallization	(boron	

chromium	aluminizing)	(Table	2)
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the diffusion metallization process under the fusible plug 
and prevent sintering of the powder mixture. To do this, it is 
necessary to accurately measure the amount of the powder 
mixture based on the volume of the samples or metal pro-
ducts in this mixture;

– limiting the process of boron chromium aluminizing 
in powder mixtures in a container with a melting shutter 
according to the dimensions of the metal product. To solve 
the problem of saturation of the surface of dimensional parts 
simultaneously with boron, chromium and aluminum, such as 
the impossibility of manufacturing large containers and the 
use of expensive heating equipment, it is possible to propose  
a diffusion metallization process using pastes or coatings 
based on boron, chromium and aluminum;

– the use of wear-resistant coatings obtained after boron 
chromium-alumina in powder mixtures on structural steel is 
advisable in conditions of abrasive friction. With shock-abra-
sive friction, coatings that have high hardness and low duc-
tility will collapse and reduce wear resistance.

In this work, boron chromium aluminizing of coatings 
on structural steel St 3 is studied using the process of dif-
fusion metallization in powder mixtures. The components 
of the powder mixture were changed in accordance with 
the planning matrix of the simplex method. The activa-
tor (NaCl – 7 %) and the process temperature (1000 °С) 
remain unchanged. Therefore, the unresolved issues re-
main the determination of the effect of temperature and 
the use of other activators of the saturating powder mix-
ture on the formation of coatings during boron chromium  
aluminizing.

In this work, let’s use carbon structural steel St 3, which 
belongs to the low-carbon group of steels. The use of medium- 
carbon and low-alloy steels may give further development to 
the study.

In order to find optimal solutions using quantitative 
metallographic analysis of structural components to obtain 
reliable research results, it is necessary to observe the quality 
surface of microsections and a clear image of the microstruc-
ture of steel samples.

8. Conclusions

1. The process of diffusion metallization (boron chro-
mium aluminizing), depending on the concentration of ele-
ments in the composition of the mixtures, forms three types 
of layers on the surface of carbon steel: the first – boride 
(boride phase); the second is a solid solution (solid solu-
tion phase); the third is borides located in a solid solution. 
Each layer has special properties that during operation of 
boron chromium aluminizing products will meet certain  
requirements.

An important factor is established for the effect of alumi-
num on the microhardness of the surface layer during boron 
chromium aluminizing. An increase in the aluminum concen-
tration from 18.7 % to 25 %, which is part of the saturating 
mixture during boron chromium aluminizing, increases the 
depth of the surface layer and the formation of a phase of 
a solid solution. A decrease in the concentration of alumi-
num from 25 % to 6.2 % in boron chromium aluminizing 
mixtures promotes the formation of chromium alloyed high  
hardness borides.

2. The graphical dependences of the boride phase, solid 
solution phase and layer depth on the composition of the 
saturating mixture during diffuse metallization (boron chro-
mium aluminizing) allow to improve the process in order to 
obtain coatings with a predicted structure, depth and hard-
ness on the surface of carbon steel.
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