
 … ., . . 

www.vestnik.magtu.ru        ————————————————————————————————————————————— 39

 
 533.9:621.79              DOI:10.18503/1995-2732-2016-14-3-39-45 

  
 

 

.1, .1, .2, .1, .1 

1 , ,  
2 , ,  

    
: . -

:  ( ). : -
-

.  ( -
 ( )  ( -BN) -

,  
, . : -

 100 , ,  
, , -

, -
. : ,  

 70 ,  0,5–1 . ,  
 (6–70 ) -

 50 ,  0,1–10  –  
60–150 . , . -

, -
. , -
, -BN.  

 4 -
. : -

 (  ( )  
-BN)) , 

,  [1–5]. 

: , , , -
, . 

 

 
 

-
-

 ( ).  
-
 

.  
 

 ( ) -
 ( -BN)) -

 
,  

                                                                                              

 ., ., ., ., 
., 2016  

,  
 [1–5]. 

-
 

 100 , , 
 

, -
-

, -
, -

. 
-
 

-
-

. 



 

—————————————————————————————————   . . . . 2016. . 14. 3 40 

 

,  
, -

. -
, ,  

, . 
 

, -
-
 

 4  100 , 
, , -

 800 . 
 

-
 

,  
.  

-
-
 
 

 50 ,  
 

 10, 15, 20  42 . , -
-
 
 
 

 20  . 1). 

 1 
 

 

  
,  0 10 15 20 42 

, % 1,08 0,73 0,67 0,5 0,81 
-

'= Cr 
1,00 1,47 1,77 2,29 1,45 

 
,  45 37 30 24 38 

-
,  7,90 8,55 9,30 11,31 11,51 

 

-
 20  42  

, -
, -

, ,  
-

,  
. 

 
, 

 30–40 -
,  

-
.  

 
 15–130  

 20 . 
, -

 
-
 

 ( , ). -
-
-

,  « -
»  5–15 

 1–2 . -
, -

 
 ( : Rz -

) – 
421,7 ,  Ra ( -

) – 55,9 , -
 Rmax –  847,7  ;  -

 20 : Rz – 176,9 , 
Ra – 25,1 ,  Rmax – 356,1 ). 

-
 

, -
-
, 

,  
. -

 
 

 . 1). 
, -

-
 

,  
-

 32 , -
-

 2,7·108 2.  80% 
 60 . -

, 
 

 0,4%,  – 0,2%. 



 … ., . . 

www.vestnik.magtu.ru        ————————————————————————————————————————————— 41

 
 

 
 

. 1.   
 90–95 :  

 – ;  
 –  

 
 
 

,  25–
50  

. -
 100  

30%. -
-

 (  50%) -
 100 . 

 
 

, -
 50 

.  2,46  
 

. -
 

 . 2. 
 

 2 
 

,  25 50 100 
, % 0,96 0,48 0,58 

-
'= Cr 

1,23 2,46 2 

 
,  24 35 43 

, 
 12,25 11,31 8,07 

 

-
 
 

.  
-

 40–50 -
 20 . 

-
-

,  
, 
 

, -
.  

 
.  

, -
-

.  
-
 
 

 50 ,  
. -

 ( -BN), 
,  

, -
, -

.  
-

-BN  
 60  

. 
-
 

, , -
, -

-
-BN.  

 
 



 

—————————————————————————————————   . . . . 2016. . 14. 3 42 

0,1  100  0,1 . 
 

-
 50–130 . -

 
, ), -

. 
 

-BN, -
 

JEOL 638LV, , -
 

-
. , -

 Rz – 
63,0 , Ra – 5,2 , Rmax – 122,8 ,  

 Rz – 421,7 , 
Ra – 55,9 , Rmax – 847,7 . -

-
. 

 
, -

 ( . . 1)  
-BN . 2) 

,  
, 

.  
,  

-BN  
. 

, -
-BN -

 
,  

-BN  
1,14 ,  

 
 4,4·106 2.  65% -

 1 . 
-

 40  100 ,  
 

 10–12 .  
-

 40  50 ,  
70  100 -

. -
-

-BN -
. -

 ( ') -
-BN  50 -

-

 1,04.  90–
100 -

 ( ' = 1,43). , 
 

-BN  70 -
-

. 

 
 

 
 

. 2. , 
×1000:  – ; 

 –   
-BN (   

90–95 ) 

, -
 

-BN,  
,  

 
-BN. -

, -
 

.  
 40 -

. 
 60 -

,  



 … ., . . 

www.vestnik.magtu.ru        ————————————————————————————————————————————— 43

 
 

. -
-BN  

-
, .  

-BN  
 

-BN . 
 

-
-
-

. -
,  

-
 60 , 

 – -
 50 . 

-
 100  

,  
-BN -

, . -
 ( ).  

, -
 ( -BN) -

 
. -
 20 ,  – 50 ,  

. 
 

 50–90 , -
 90  130 . 

-
 

.  
-

 . 3, ).  
-

, -
 . 3, ),  

:  (  
) – -

,  – -
, -

. 
-

, , -
,  

,   
 40 . 

-

 30,0 ,  
–2,7·109 2.   0,2%,   

 –0,1%. 

 
×1250 (×2) 

 
×1250 

. 3.   
:  

 – ;  –  

-
-

BN.  580 , 
 – 2,2·107 2. -

-BN  0,2%, -
 – 0,1%. 

, , -
-BN  

 
, -

. -
 50–70 -

. 
-

, -
 (11,5 )  

r  +  -BN/   115  .   
 9,0–9,5 . -



 

—————————————————————————————————   . . . . 2016. . 14. 3 44 

-
 

, -
 ( ')  1,45; 

' = 4 [3]. 
 
 

250–300 -BN. 
 

.  
, , -

, -
. 

 

1.  
-
-
-
 

60°  50 2 -
-

 20 . 
2. ,  

 
 70 ,  

 0,5–1 . 
3. ,  

 6–70 -
 

 50 , -
 0,1–10  –  

 60–150 .  
, -

.  
 

, -
. 

4. , -
-

,  
-BN.  

-
 4 
-

. 
-

,  
 [1–3]. 

 

1. , -
, :  / 

., ., ., . 
.:  – , 2013. 320 . 

2. -
,  / . ,  

. , .  [ .] // -
. 2002. 6. . 16–20. 

3. ., . -
 // . 2004. .46. 4. . 685–692. 

4. -
 / . -

. . , .  [ .] //  
, . 

: , 2009. . 2. . 25–27 
5. ., ., . -

-
-

 // -
. 2013. . 15. 2. . 111–115. 

 

 08.09.15. 
 

 INFORMATION ABOUT THE PAPER IN ENGLISH 

DOI:10.18503/1995-2732-2016-14-3-39-45 

THE STRUCTURE AND PROPERTIES OF ELECTROPLATED  
CHROMIUM COATINGS WITH AN ULTRAFINE SUPERHARD FILLER 

Vladimir N. Gadalov – D.Sc. (Eng.), Professor  
Southwest State University, Kursk, Russia. E-mail: Gadalov-vn@yandex.ru 
Vadim V. Serebrovsky – D.Sc. (Eng.), Professor  
Southwest State University, Kursk, Russia. E-mail: sv1111.sv1111@gmail.com 
Irina S. Cherenkova – Ph.D. (Eng.), Assistant Professor  
Lipetsk State Technical University, Lipetsk, Russia. E-mail: mailbox@stu.lipetsk.ru 
Andrey V. Abakumov – Postgraduate Student  
Southwest State University, Kursk, Russia. E-mail: 747-067@mail.ru 
Olga A. Turaeva – Postgraduate Student  
Southwest State University, Kursk, Russia. E-mail: swsu.ee@gmail.com 

 
 



 … ., . . 

www.vestnik.magtu.ru        ————————————————————————————————————————————— 45

Abstract  
Problem Statement (Relevance): This paper discusses a 
method of increasing the resistance of electrolytic chro-
mium. Objectives: The  study  is  aimed  at  creating  inte-
grated electrochemical coatings. Methods Applied: The 
integrated electrochemical coating technology involves a 
coprecipitation of the metallic substrate and strengthening 
dispersion second-phase particles. The use of superhard 
materials, such as ultra-dispersed diamonds (UDD) and 
wurtzite-like boron nitride ( -BN), as strengthening ele-
ments provides high-hardness, high-wear-resistance and 
low-friction integrated chromium coatings ensuring a 
longer part life. Originality: The article describes inte-
grated electrochemical coatings with the thicknesses of 
up to 100 microns which have low fracture, high hardness 
and high wear resistance aimed at extending the service 
life of tools operating under severe load and wear condi-
tions.  This, in particular, refers to knife disks used for 
cutting sheet metal which have to be resharpened during 
the normal operation. Findings: The authors found that 
the UDD particles of up to 70 nm have the best penetra-
tion with regard to chromium coatings, with the predomi-
nant size of the boron nitride particles of 0.5 to 1 micron. 
The  study  shows  that  the  UDD  filler  (6-70  nm)  works  
more efficiently in coatings with the thickness of up to 50 
microns, while the boron nitride filler, which is a coarser 
powder 0.1 to 10 microns in size, is more efficient in 
coatings with the thickness of 60 to 150 microns. The 
UDD nanoparticles show a better penetration in thin coat-
ings producing a finer chromium crystalline structure. 
The gradual reduction of the hydrogen effect facilitates 
the integration of coarser strengthening particles, in par-
ticular the boron nitride microparticles. It was found that 
complex coatings comprising both UDD and -BN fillers 
offer a higher wear resistance. The combined effect of 

UDD particles and wurtzite-like boron nitride provides a 
4-time increase in wear resistance compared with addi-
tive-free chromium coatings. Practical Relevance: The 
use of superhard materials, such as ultra-dispersed dia-
monds (UDD) and wurtzite-like boron nitride ( -BN), as 
strengthening elements provides high-hardness, high-
wear-resistance and low-friction integrated chromium 
coatings ensuring a longer part life [1-5]. 

Keywords: Electrochemical coatings, wear resistance, 
microstructure, metallographic tests, particulate filler. 
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