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 2 
 

, % 

 Si Mn P S Cr Al 
* ** * ** * ** * ** * ** * ** * ** 

1,15 0,60 1,05 0,65 11,6 11,3 0,04 0,050 0,033 0,045 0,85 0,84 0,08 0,40 
1,10 0,59 1,18 0,81 11,75 9,8 0,04 0,046 0,035 0,048 1,40 1,35 0,08 0,16 
1,07 0,70 0,90 0,87 11,55 11,7 0,04 0,050 0,032 0,045 1,91 1,90 0,06 0,71 
1,20 0,33 0,74 0,93 11,60 10,4 0,04 0,056 0,033 0,032 2,15 2,08 0,06 0,05 
1,15 0,42 1,08 0,98 11,75 11,3 0,04 0,043 0,033 0,040 3,15 3,15 0,07 0,54 

* ; ** – . 
 

 
. 1. :  

 –  (R2=0,624);   –  (R2=0,8057);  –  (R2=0,7641) 



 … ., ., . . 

www.vestnik.magtu.ru        ————————————————————————————————————————————— 49

 . 2 -
 

110 13 .  
 

, , -
 

 . 2, ). -
 

 . 2, ).  
.  

 
-

 0,5  3 . 

 
 

 

 

 
 

. 2.   
  

:  – ;  
 –  

 
, -

. -
 

,  « -
» .  

-
, -

 ( ). 
 . 3.  

 . 3 -
 

, -
. 

 (  
 –  – )  

.  
 

-
.  

-
. -

, , -
-

 . 3, ). -
-

.  
 

-
 23–36%,  

,  . 4. 
-

 ( =1,5 .) -
 3,15%, .  
 . 4, -

,  
,  

. -
, , -

 
 

2,0%.  
, . 

 
 

, -
 

. -
-

: -
 

, -
. , -

 
-

. 



 

—————————————————————————————————   . . . . 2016. . 14. 3 50 

  
  

 
 

. 3. :  
 – ;  – ;  – ;  – , %;  

 – , %;  – , % 

 
. 4.   

:  –  (R2=0,9757);  
 –  (R2=0,6753);  –  (R2=0,7743) 

-
, -

 ( ).  
 
 

, -
.  

-
 ( :  

 –  – ) -
-

. -
 . 5. 

-
. -

-
 Ticsomet. -

 . 3. 

R² = 0,9917

R² = 0,9729

R² = 1

0
0,5

1
1,5

2
2,5

3
3,5

4

1 1,5 2 2,5 3 3,5

, %

, %

R² = 0,9869

R² = 0,5056

R² = 0,9894

0
0,5

1
1,5

2
2,5

3
3,5

4

1 2 3

, %

, %

0
0,5

1
1,5

2
2,5

3
3,5

4

1 2 3

, %

, %

0,9
1

1,1
1,2
1,3
1,4
1,5
1,6

0,5 1 1,5 2 2,5 3 3,5

 , 
.

, %



 … ., ., . . 

www.vestnik.magtu.ru        ————————————————————————————————————————————— 51

 
. 5.   

:  – ;  
 – ;  – ;  – ;  –  

, -
,  

 
-

. -
-

. -
,  

. 

 3 
  

,  
,  

-
 
, 

% 

  
 

 
 

 
 

-
 

 
 

 
 

-
 

0,8 2,0 1,9 1,6 2,0 1,8 1,3 
1,4 2,2 2,0 1,8 2,1 1,8 1,5 

1,91 3,6 3,5 4,0 2,3 2,3 2,7 
2,15 3,7 3,8 4,4 3,3 3,4 3,3 
3,15 4,0 4,2 5,1 3,5 3,7 4,5 

 

 
-

 ( ) -
. -

,  
.  

-
 

 2,0%.  
-

.  
 2,0%  

 
, -

 2,0% -
. ,  

 
.  

 
,  

 
 . 6. 

, 
,  

 5–11% ( -
)  11–23% ( -

)  
 1,0  3,15%. -

 ( -
)  

 3  17%  

0

100

200

300

400

0,8
1,4

1,91
2,15

3,15

  
, 

 
 

 
, %



 

—————————————————————————————————   . . . . 2016. . 14. 3 52 

,  
 6  

29%. , -
 
 

 1,91%  
 2,15% .  

 
 

 
 

. 6.   
  

 ( )  ( ):  
 – ;  – ;  

 –  

 
-

 84  90 RB. 

 

1. -
-

 2,0%.  
2.  

-
 
 

-
.  

3.  

,  
, -

-
.  

4.  2,0% 
-

. 

 

1.  110 13  
 / . , . , .  

. // . 2003.  3. . 36–42. 
2. .,  .,  .  -

 
110 13 . : . , 1972. 139 . 

3. . . .: , 
1979. 176 . 

4. ., ., . -
-

 // -
. 2003.  3. . 31–36.  

5. ., . -
 //  

 
». 

2014. . 355–357. 
6. ., ., . -

 110 13  //  VII -
 « -

». 2013. . 86–90. 
7.  110 13 -

 / . , . ., . . // 
. 2010.  4. . 89–94. 

8. ., ., . -
 110 13  

 // -
. . . 

2008.  1. . 43–45. 
9. ., .  

 // -
. 2001.  6. . 65–74.  

10.  
110 13  / . , . , . -

. // . 2015.  14. . 29–36. 
11.  

 110 13  / . -
, . , . . // -
. 2015.  12. . 23-24.  

12. Weilin Yan, Liang Fang, Zhanguang Zheng, Kun Sun, Yunhua 
Xu. Effect of surface nanocrystallization on abrasive wear proper-
ties in Hadfield steel. Tribology International. Volume 42, Issue 5, 
May 2009. Pp. 634–641. doi:10.1016/j.triboint.2008.08.012. 

13. Mehdi Mazar Atabaki, Sajjad Jafari, Hassan Abdollah-pour. 
Abrasive Wear Behavior of High Chromium Cast Iron and Had-
field Steel-A Comparison. Journal Of Iron And Steel Research, 
International. Volume 19, Issue 4, April 2012. Pp. 43–50. 
doi:10.1016/S1006-706X(12)60086-7. 

14. Yuri N. Petrov, Valentin G. Gavriljuk, Hans Berns, Fabian 
Schmalt. Surface structure of stainless and Hadfield steel af-
ter impact wear. Wear. Volume 260, Issue 6, 10 March 2006. 
Pp. 687–691. doi:10.1016/j.wear.2005.04.009. 

15. O.A. Zambrano, Yesid Aguilar, Jairo Valdés, S.A. Rodríguez, 

R² = 0,5271

R² = 0,9251

R² = 0,9991

2000

2200

2400

2600

2800

1 1,5 2 2,5 3 3,5

 
, 

, %

R² = 0,6584

R² = 0,9687

R² = 0,9874

2000

2200

2400

2600

2800

3000

1 1,5 2 2,5 3 3,5

 
, 

, %



 … ., ., . . 

www.vestnik.magtu.ru        ————————————————————————————————————————————— 53

J.J. Coronado. Effect of normal load on abrasive wear re-
sistance and wear micromechanisms in FeMnAlC alloy and 
other austenitic steels. Wear. Volumes 348–349, 15 February 
2016. Pp. 61–68. doi:10.1016/j.wear.2015.11.019. 

16. Feng XiaoYong, Zhang FuCheng, Zheng ChunLei, LÜ Bo. Micro-
mechanics behavior of fatigue cracks in Hadfield steel railway 
crossing. Science China Technological Sciences. 2013 Volume 56, 
No. 5. Pp. 1151–1154. doi: 10.1007/s11431-013-5181-x. 

 

 14.07.16. 
 

 INFORMATION ABOUT THE PAPER IN ENGLISH 

DOI:10.18503/1995-2732-2016-14-3-46-54 

A STUDY OF MECHANICAL AND PERFORMANCE  
CHARACTERISTICS OF HIGH-MANGANESE  
STEEL ALLOYED WITH NITRIDED FERROCHROMIUM 

Valerii M. Kolokoltsev – D.S . (Eng.), Professor, Rector  
Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia. 
Konstantin N. Vdovin – D.S . (Eng.), Professor,  
Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia. Phone: +7 (3519) 29-85-30. E-mail: 

Vdovin@magtu.ru. orcid: http://orcid.org/0000-0003-3244-3327 
Viktor P. Chernov – D.S . (Eng.), Professor  
Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia. 
Nikolai A. Feoktistov – Ph.D. (Eng.), Assistant Professor  
Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia. ORCID: http://orcid.org/0000-0002-6091-7983 
Dmitrii A. Gorlenko – Ph.D. (Eng.), Assistant Professor  
Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia. ORCID: http://orcid.org/0000-0002-3040-8635 

 

Abstract   
Problem Statement (Relevance): Extending  the  life  of  
cast parts made of high-manganese steel and operating in 
abrasive and impact wear conditions is an urgent issue 
that the foundry industry is facing today. At present, there 
are a lot of alloying materials on offer, which are capable 
of enhancing the mechanical and performance character-
istics of alloys. The industrial application of such materi-
als is limited due to the lack of evidence about the effect 
the  materials on offer produce on the performance char-
acteristics and other properties of the final products. Ob-
jectives: The aim of this research is to study the effect of 
nitrided ferrochromium on the wear resistance of high-
manganese steel, as well as to study the microstructure of 
the wear surface at different chromium concentrations. 
Methods Applied: To achieve the above objectives a 
number of laboratory experiments and metallographic 
tests were carried out, and the mechanical and perfor-
mance characteristics of the pilot alloys were examined 
using the methods specified in the national standards. 
Findings: The paper describes the results of a full-scale 
investigation of high-manganese steel alloyed with nitrid-
ed ferrochromium. The authors demonstrate how the 
chromium concentration and the alloy cooling rate effect 
the cast structure formation in and the mechanical and 
performance characteristics of high-manganese steel. The 
optimum chromium concentration was determined, which 
provides the maximum wear resistance index in the as-
cast state and after heat treatment. The authors analyse 
how nitrided ferrochromium and the alloy cooling rate 
effect the anisotropy factor of the austenite grain. The 

article looks at a number of cases of the austenitic matrix 
wear caused by chromium carbides, as well as the effect 
of chromium on the austenitic matrix microhardness. 
Practical Relevance: The results obtained may be useful 
when selecting the chemical composition of high-
manganese steel for improved performance. 

Keywords: High-manganese steel, nitrided ferrochromi-
um, cooling rate, wear resistance index, microstructure, 
microhardness. 
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