
 … ., ., ., ., . 

www.vestnik.magtu.ru        ————————————————————————————————————————————— 55

 
 621.771.252.01              DOI:10.18503/1995-2732-2016-14-3-55-70 

  
  

*  

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

1 . – , ,  
2 . . , ,  

    
:  

, -
. -

,  
. -

-
.  

, -
.  

 
- ,  

, ,  
 Stelmor,  

. -
: .  

. -
, -

 ( ) -
 ( ). -

. -
. .  -

,  
, , , , ,  

,  
 

,  
. : 

:  
 0,8±0,15 , ,  

, ,  
 

,  
 0,55  2,10% .  ( ) -08 -08 -

 950–980° -
 0,15–0,30°  (  5  15% -

) .  
. : -

 ( )  
. , -08 -

 750  500 ,  35  75%, -
 8  (  40  5%),  2  

 5,5  0,8 . 

                                                                                              
* : . – ., .  « », ; . – ., . 

 « », .  
., ., ., ., ., 2016   



 

—————————————————————————————————   . . . . 2016. . 14. 3 56 

: , , , ,  Stelmor, -
, , , , . 

 

 

, -
 

 [1–5]. 
-
-
-

-  
 

-08 , -
08 . [6–26]. -

-
, -

 
), -

.  
,  

-
-

 0,8 
(0,6)–5,0 . -

, -
-

, -
.  

 
 

 [27, 28] -

 ( ),  
 ( ),  VD/VOD  

RH,  
), -

,  
 Stelmor.  

-
 
 

-
. 

 

 
 5,5–8,0  

-08 , -08 , -
, , -

, ,  
. 

-
-

 . 1. -
 

-
. 

-
 125×125 -

 
 Stelmor  320/150. 

 1 
  

 

,  
,  
 

, %  

C Mn Si P S Cr Ni Cu N  , , % 5, % 

 2
24

6 
-0

8
 

5,
5–

6,
5 

 

0,
05

–0
,1

1 

1,
80

–2
,1

0 

0,
70

–0
,9

5 

0,
02

5 

0,
03

0 

0,
20

 

0,
25

 

0,
25

 

0,
01

0 , . 
 7

00
  . 

 3
5  

. 
 1

2 
 

 2
24

6 
-0

8
, 

-0
8

 
6,

5–
8,

0 
 

0,
06

–0
,1

0 
M

o 
= 

0,
50

–0
,7

0 

1,
20

–1
,5

0 

0,
45

–0
,7

0 

0,
02

5 

0,
02

5 

0,
95

–1
,2

5 

0,
30

 

0,
25

 

0,
01

5 , . 
 8

00
  . 

 2
0  

. 
 1

0 
 

.  – . 



 … ., ., ., ., . 

www.vestnik.magtu.ru        ————————————————————————————————————————————— 57

 
 

»  Stelmor,  – -
 « » Stelmor. -

 75 , 
15  15 -

, -
 40 ,  

-
 0,2–1,5 .  

-
,  

,  1,7–
10° .  

 0,15–
0,30° , -

-
-

,  
Stelmor.  « » 
Stelmor  

 147 , 6 -
 – -

 160 , 4  75 , 
 

 120 .  
 0,09–1,5 . 

, -
-

, -
-
-

, -
, -

, - ,  
,  

, -
-

.  
-

 ( -
) . -

 
, -

-
-

. -
 

.  
-

.  
 

,  (  
) .  

 3,0  

4,0  5,5 . 
 

-
, ,  

 0,3 .  
 950°  2–3 -

 5 . -
 

-
, , ,  

.  
-

, -
 – . 

, , 
 

 
  

 
 

-08  2246,  
-

. ,  
-

 5,5–6,5  . 2. 
-

-08  
-
 
 

-
 Stelmor:  

 0,09–0,12 ,  
 

 1000–1380  
 0,25–0,15 . -

 
 

 ( ) . 
-
-

 (  
); , -

 0,05–0,07%,  – 
1,75–1,80%,  – 0,7–0,8%, =  C  +  Mn/5  +  
Si/7 + (Cr+Ni+Cu)/12  0,55%, Mn  = Mn + (C+Si)/3 
+Cr/5+ Cu/9  2,10%. -

 
: B/N = 0,8±0,15. 

-
. ,  

 
, 

,  



 

—————————————————————————————————   . . . . 2016. . 14. 3 58 

-
. ,  

,  
 – 

. 
 2 

-08   
 

 
, % 

 
 

C/Mn Si/P S/Cr Ni/Cu N/C  , 
 

, 
% 

-
 

0,
05

–0
,1

1±
0,

01
 

0,
70

–0
,9

5±
0,

05
/ 

 0
,0

25
/ 

 0
,2

0 
+ 

 0
,2

5/
 

 0
,0

10
/ 

64
0–

75
0 

28
–3

5 

, 
 4

0%
 

 

1,
8–

2,
1±

0,
05

 

 0
,0

30
 

0,
02

 

0,
20

 

0,
55

–0
,7

2,
 

. 
. –

 
0,

64
 

. As  0,08%, Ti  0,04; = C + Mn/5 + Si/7 + 
(Cr +Ni + Cu)/12. 

 

 5,5  
-08  125×125  

-
 [27].  

 
 
 
 

 ( ) -
.  

 
; -

; -
;   

 – -
, -

,  
 

. 
 

-
 

, -
.  . 1–9 -

 ( ),  
, -

, -
, -

. 
 

 

. 1.   
-08  (  – 0,07%; Mn – 1,79%; Si – 0,78%;  – 0,0084%) 

 
 
 
 
 
 



 … ., ., ., ., . 

www.vestnik.magtu.ru        ————————————————————————————————————————————— 59

* * * ** * *
*

*

100

90

80

70

6060

5050

40

30

20

10

0
0,1 0,36 0,8 2 5,5 14 7878 183 350

, V, °

20

 
, %

*

 

. 2.   
-08  (  – 0,07%; Mn – 1,79%; Si – 0,78%,  – 0,0084%) 

0,1 1 101 102 103

400

350

300

250

200

150

, °

, H
V

50

 

. 3.   
,   

0,1; 0,36; 0,8; 2,0; 5,5; 14,0; 104,0; 350,0°   
 – ,  

 – ) 

, -
-

, -
, -

-
. ,  

 
,  

 « »  
 . 10)  

, ; -
, 

n  Si [28]; -
-

 . 11). 
, -

-
 . 3. 

 
 

 
 

. 4.   
, ×500:  

 – ;  –  



 

—————————————————————————————————   . . . . 2016. . 14. 3 60 

 3 
 

 
 

» Stelmor » Stelmor 
0 1 2 3 

, %,  40 20 10 5 
, ,  750 630 550 500 

, %,  35 55 70 75 
 dmin,  4 2,2 1,8 0,8 

, % 47 84 89 97,8 

 
 

 
 

 
 

. 5.  (  –   
 – ),  ( )  

.  ( , ) -08   
 Stelmor  « » : ,  – ×25000, 

×50000 ;  –  ( . . 3, 0- ) 



 … ., ., ., ., . 

www.vestnik.magtu.ru        ————————————————————————————————————————————— 61

      
               

      
               

      
               

. 6.  ( , , )  ( , , ) –   
 – -08  Stelmor  

 « » :  –  (×42000);  
 –  (×45000);  –  (×38000) . . 3, 2  3-  

,  . 3, 
.  

,  
«0», -

 
-08 . -

, -
-

 2246  
 

, -
 

, -
-

 (2,0–3,6° ) -
 

 « » Stelmor.  
. 

 «1» – -
-



 

—————————————————————————————————   . . . . 2016. . 14. 3 62 

-
 « » Stelmor, -

 
0,005–0,019%  

 
 1,7–1,9° . 

 «2» – -
 « -

» Stelmor  0,36–0,62°  
-
 

1200  400  « -
» Stelmor. 

 «3» – -
,  «2», 

-
 VD/VOD,  

-

 
; -

 (C, Mn, Si, ) 
-
-

 2246;  
 0,8±0,15;  

 C  = 
=C + Mn/5  +  Si/5  +  (Cr  +  Ni  +  Cu)/12   0,550%,  
Mn  =  Mn  +  (C  +  Si)/3  +  Cr/5  +  Cu/9   2,10%   

 –  0,007%, 
 

 0,29–0,38° -
 

 1300  
-

 – 
950–1000° . 

 

       
                      

       
                      

. 7. -08 ,   
 t  = 950° ; V = 0,09–0,12 ; = 1200 ; V = 0,16–0,36° ,  

, :  –  
(×21200);  –  (×14000);  

 –  –  (×10000);  
 –  (×4000) ( . . 3, 3-  – ) 



 … ., ., ., ., . 

www.vestnik.magtu.ru        ————————————————————————————————————————————— 63

     
              

. 8.  ( )  
 ( ) . 7,  

 

 
. 9. -08  –  550°  20 , ×500 

 
 C -

08 2C -
 1 -

 (0,8–0,6 ) , 
 HV 250–350 

 
 HV 170–180.  

 
. . 10),  

,  
-

. -
08 -

 ( ),  29, 
30  ( . .  1),  

.  
 550–

600°  1200–1380 -
 

. . 9)  (148–160 . 
HV). -

 Stelmor  
 

 (  

). -
 (V . = 

=0,25–0,15 )  
 

Stelmor  
, , -

 
,  5%.  

-
-

,  C, Mn, Si, P, Cr, Ni, 
Cu 31–33 . -

-
-08 :  500 2; 5  35%; 

10  28%;  75%. -
, -

, :  – -
 2,2–1,8  

 0,2 –1, -
 – -
 1,6–0,8  –  1,7 –1. 

,  
-08  

 
.



 

—————————————————————————————————   . . . . 2016. . 14. 3 64 

 
. 10.   

 1,0   
-08   

 

0 20 40 60
0

20

40

60

80

 
, °

 , 

 

. 11.   
  

 

 
  

-08   
 

 . 4 , -
 

-
-08  [34, 35]. 

 (C, Mn, 
Si, Ni, Cr, Cu, Mo, V) -

 
 ( ) . -

 (P, S, Sn, Pb, Zn, Co, Nb, Al, 
Ca, Ti)  

 « ».  
 

-
-

 B/N = 0,8±0,15.  
-
-

, -
 [31, 36].  

, -08 , -
-

 (C, Mn, Si, Cr, Mo, V) -
. -

-
 . 5. 

 4 
  

-08  

 ( ), %  
 

C Mn Si Mo Ni S P Cu Cr N V , 
2 

, 
% 

0,04–0,08 1,00–1,40 0,20–0,40 0,50–0,70  0,20  0,020  0,020  0,15 0,70–1,00  0,015 0,15–0,30  800  20 

 5 
-08  5,5  

, %  

C/Mn Si/P S/Cr Ni/Cu N/B B/N 
Mo 

, 
2

 

, 
2

 

5, 
% 

, 
% 

0,052/0,913 0,261/0,015 0,011/0,657 0,067/0,111 0,009/0,0069 0,77/0,454 491 246 39 74,8 

.  – 0,155%. 



 … ., ., ., ., . 

www.vestnik.magtu.ru        ————————————————————————————————————————————— 65

-
 . 12),  
 (  

 10243-75  – 0–0,5 -
 0,2). -

 14-1-235-91 -
 –  ( : 3–

3,5  3,2) , ,  
, -

. -
-
-

, -
 

 . 13) . 

 
. 12.   

-08  

 
 

 
 

. 13.   
 5,5 -08  

):  – ×150;  – ×300 

-
-08 .  

 (950–
1000° )  

-
-
 
 

 [29].  
-
 

:  = 700–780 
,  = 20–25%,  = 25–35%; -

-
-

= 450–480 ,  –  75%, 
 = 10–15%. 

 
 9–12  5639). -

 
. , 

 Cr  V,  
-

.  
 

 N = 8, 9 -
.  
-

,  
, -

 (  
).  

-
-08  

 
. -08  

-08 : -
 ( ) – 0  0–0,5  

-08 . , -
-

, -
-

08 .  
,  

200–420 HV,  
 – 143–188 HV (  

,  – ). -
-08 -

, -08 , -
-

 (Mn, Si, Cr, 
Mo, V)  = 1,26  1,62 . -

-



 

—————————————————————————————————   . . . . 2016. . 14. 3 66 

 ( -
08 ) -

. , , 
-

 (Mo, Si, V, Cr, Mn) . 
-

-08 -
-
 

:  
 950° , 

 5 ,  
 500–700° -

 50°  20  30  
. -
 . 14–15, , 

 
 600–

700° , -
 7%, -

 93%, 
 165–175 HV. 

 
 

 
 

. 14.   
-08  (t = 700°C,  

 = 20 .), ×500:  – ;  
 –  

 
. 15.   

-08   
(t =600° ,  = 30 ), ×500 

 

-
 ( , -
,  

- .)  
 

 Stelmor ( -
, -
)  

.  
-
-
 

-08 -08 .  
 

 B/N = 0,8±0,15, -
 

. . 
,  

-
, , -

,  
, 
 
 

. 
 

-08 , -08  
 Stelmor -

 950–
1000° ,  

 0,10–0,30°  
 0,55, Mn  2,10% -

-
.  

-
 

,  
 ( -

)  
. 



 … ., ., ., ., . 

www.vestnik.magtu.ru        ————————————————————————————————————————————— 67

 

1. ., ., . -
 

 // . .  
. 2007.  3. . 44–47. 

2. -
 / 

,  ,  .,  .   
. : , 2006. 275 . 

3. ., ., . -
 // . 

. . 2004.  7. . 25–28. 
4. ., ., . -

. : 
 « », 2005. 178 . 

5. . , , -
: .  / ., -

., ., .; . -
. :  « », 2009. 187 . 

6. . :  
 // . 2003.  3. . 9–20. 

7. . -
-

: . … 
. . : 05.23.01; 05.16.01. , 1996. 202 . 

8.  
 

08  / . , . , . , . 
, . , .  // . -

. 2000.  6. . 69–73. 
9.  

 / . , 
. , . . // -
: , 2000.  3, 4. . 64–65. 

10.  
 08  / . , 

. , . , . ,  // 
, , : . 

. . : , 2002. . 106–111. 
11. .  

. . 2000.  
12. -

 / . . , . . -
, . . . // . 2002.  7. . 68–71. 

13. Frank A. R., Kirkcaldy A. The effect of boron on the properties 
of electric arc-sourced plain carbon wiredrawing qualities// 
Wire Journal International. 1998.  5. P. 100–113. 

14. North Star Steel Texas s experience with boron additions to 
low-carbon  steel  /  B.  Yalamanchili,  J.  Nelson,  P.  Power,  D.  
Lanham // Wire Journal International. 2001.  11. P. 90–94. 

15. -
 

 / . , . , . , 
.  // . 2005.  1(39). 

16.  
 / . , . , . . // 

, , : . 
. . : , 2003. . 22. . 129–135. 

17.  
-08  « »  « » / 
. , . , . , .  // 

. 2012.  3.  
18. ., ., . -

 

 //  
. 2010. . 10–13. 

19. . -
 // -

: . . . . 1. -
, 1999. . 133–141. 

20. . -
-08  // -

: .  2-  
. , 2004 ( ). . 83–85. 

21.  
» / . , . , 

. , . , .  // . 2006. 
 3 (12). . 17–20. 

22. -
 « » / . , 

. , . , . , .  // 
. 2005.  1 (18). . 12–15. 

23. ., .  
 

56 // -
, . 2011. 

 1. . 150–153. 
24.  

56 -
 / ., ., ., -

. // . 2013.  8 (980). . 18–22. 
25. ., ., . -

 
 

 // -
. 2013.  9 (1365). . 50–52. 

26. ., ., .  
-

56 // -
. . . 2012.  3. . 26–30. 

27. ., ., . -
 

-08 -
 // -

. . . 
2012.  2. . 50–53. 

28. -
 / . , . , 

. , . , . , . -
, . , . . : -

, 2009. 608 . 
29. -

-08 -
 / . , . , . , . -

. //  
: . . . : -

, 2004. . 9. . 191–197. 
30. V.V. Parusov, A.B. Sychkov, I.V. Derevyanchenko, S.Yu. 

Zhukova, O.L. Kucherenko, M.A. Zhigarev. High-deformability 
wire rod made of steel Sv-08G2S // Metallurgist. Januar 2007. 
Vol. 51. Issue 1–2. P. 121–130. 

31. -
-

08  / . , . , . , . -
 // -
. 2005.  4. . 68–71. 

32. Fine microstructure of wire rods manufactured from Sv-
08G2S high-plasticity steel / A.M. Nesterenko, A.B. Sychkov, 
S.Yu. Zhukova, V.I. Sukhomlin // Metallurgist. September 



 

—————————————————————————————————   . . . . 2016. . 14. 3 68 

2008. Vol. 52. Iss. 9–10. P. 511–516. 
33. -08 -

 / . , . , . -
, .  // -

. . . 1: 
 XII .  
: , 2015. . 213–219.  

34. Development of a producton process for rolled welding wire made 
from Sv-08KHGSMFA alloy / A.B. Sychkov, V.V. Parusov, M.A. 

Zhigarev, S.Yu. Zhukova, A.V. Perchatkin, A.V. Peregudov // 
Metallurgist. July2007. Vol. 51. Issue 7–8. P. 384–393. 

35. Special features of rod from steel Sv-08KHG2SMF / A.M. Nesterenko, 
A.B. Sychkov, V.I. Sukhomlin, S.Yu. Zhukova, A.N. Moroz // Metal 
Science and Heat Treatment. Vol. 51.  7–8. P. 372–374. 

36. . , . 
, . , .  // -

-
. 2005.  1 (9). . 15–17. 

 

 22.04.16. 
 

 INFORMATION ABOUT THE PAPER IN ENGLISH 

DOI:10.18503/1995-2732-2016-14-3-55-70 

THE EFFECT OF METALLURGICAL FACTORS  
AND HEAT TREATMENT ON THE STRUCTURE  
OF WIRE ROD FOR WELDING APPLICATION 

Mark Kizhner – Ph.D. (Eng.), Technical Manager  
HOD-ASSAF Metals Ltd. - Kiriyat Gat Rolling Mill, Ashkelon, Israel. E-mail:  mark@hodindustry.co.il 
Alexander B. Sychkov – D.Sc. (Eng.), Professor  
Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia. E-mail: absychkov@mail.ru. ORCID: 

http://orcid.org/0000-0002-0886-1601 
Maxim A. Sheksheyev – Ph.D. (Eng.), Assistant Professor  
Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia. E-mail: shecsheev@yandex.ru. ORCID: 

http://orcid.org/0000-0003-4790-2821 
Sergey O. Malashkin – Postgraduate Student  
Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia. E-mail: shtirlic21999@mail.ru 
Gyuzel’ Ya. Kamalova – Postgraduate Student  
Nosov Magnitogorsk State Technical University, Magnitogorsk, Russia. E-mail: 174kamalova@mail.ru 

 

Abstract   
Problem Statement (Relevance): It is the metal micro-
structure that primarily determines what combination of 
mechanical and performance properties the final steel 
products will have, as well as their processability and 
applicability. The technical and patent literature looks at 
the relationship between the metallurgical quality of an 
as-cast billet and the process and heat treatment parame-
ters and the structure and properties of the wire rod for 
welding. However, in a number of cases the choice of 
process conditions that would efficiently lead to the for-
mation of a homogeneous ferritic structure with com-
pletely or partially excluded negative bainitic-martensitic 
areas in a low-carbon alloy wire rod is not a straightfor-
ward choice. This article looks at increasing the plasticity 
of wire rod at the steel-making stage and during the wire 
rod heat treatment process rather than during the actual 
wire rod production, which is the conventional approach. 
Objectives: The article aims to analyze the effect of met-
allurgical factors and heat treatment on the structure of 
the wire rod designed for the manufacture of welding 
electrodes and copper-coated wire for semi- and automat-
ic welding, as well as to develop an efficient end-to-end 
process from steel production and refining to continuous 
casting, rolling and the Stelmor line heat treatment pro-
cess, which would provide a high-performance annealing-
free wire drawing operation with the above-mentioned 

welding products obtaining the desired performance 
characteristics. Methods Applied: The chemical compo-
sition of the steel was determined with the help of stand-
ard spectrometers. The metallographic tests were based 
on optical and scanning and transmission electron mi-
croscopy. The microsegregation of chemical elements 
and the chemical composition of non-metallic inclusions 
were studied with the help of energy and wavelength dis-
persive X-ray spectrometers within a scanning electron 
microscope by electron microanalysis. Micro hardness 
testers were applied for structural component microhard-
ness measurements. Tensile tests were carried out for the 
wire rod. A CCT diagram was developed using a dilato-
metric technique. Originality: The authors have devel-
oped scientifically proven solutions for optimising the 
chemical composition of low-carbon steel alloyed with 
manganese, chromium, nickel, molybdenum and vanadi-
um at different combinations and concentrations. The 
authors have defined the conditions for efficient micro-
alloying of steel with boron correlated with the nitrogen 
concentration. The authors have also found an efficient 
temperature range for the low carbon alloy wire rod aus-
tenitization process ensuring an efficient quasi-isothermal 
cooling rate during the air phase. The rate values were 
determined when analysing a CCT diagram. Findings: 
The study helped establish the following scientifically 
sound relationships: The boron to nitrogen ratio of 0.8 +/- 
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0.15 should be used for boron microalloying to prevent 
the impacts of free boron and nitrogen, with free boron 
entailing an increased hardenability and free nitrogen 
leading to ferrite strengthening and the ageing effect 
while at the same time minimizing the hardening element 
concentration resulting in their minimum grade-
determined concentration defined based on the equivalent 
carbon and/or manganese content (their values should be 
no greater than 0.55 and 2.10% respectively). Heat treat-
ment of the Sv-08G2S and Sv-08KhG2SMF steels in-
volves austenization at 950-980°C and cooling which 
takes place under insulation caps at the rate of 0.15 to 
0.30°C/s and results in the ferrite structure formation with 
the minimum number (no more than 5% and 15% respec-
tively) of bainitic-martensitic areas at the cross section. 
This provided a high processability with no need for sof-
tening treatments. Practical Relevance: This gives the 
best combination of the wire rod structure and properties 
meeting regulatory and customers’ requirements and en-
suring a high-performance wire drawing process. Thus, in 
the case of the Sv-08G2S steel the tensile strength 
dropped from 750 to 500 MPa, the contraction ratio in-
creased from 35 to 75%, the number of bainitic-
martensitic areas saw an 8-fold reduction (from 40 to 
5%). This also saved two intermediate recrystallization 
annealing operations when drawing a 0.8 mm wire out of 
a 5.5 mm wire rod. 

Keywords: Metallurgical factors, micro-alloying, boron, 
wire rod, Stelmor line, heat treatment, cooling rate, struc-
ture, properties, bainitic-martensitic areas. 
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