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-
 

 « »  
-

 
. -

, ,  
-

 . 1–3.  
 . 4. 

 1 
  

 

   
* 

  
*  

, /( 2 ) 0,930–1,13 
1,08 

1,041–1,18 
1,138 

0,93–1,18 
1,11 

, % 56,1–70,4 
62,52 

58,03–72,78 
64,59 

56,1–72,78 
63,55 

,  248,0–305,0 
265,9 

248,0–305,0 
285,8 

248,0–305,0 
275,85 

, % 22,9–27,1 
25,16 

22,5–27,5 
24,99 

22,5–27,5 
25,08 

,  40,0–55,0 
47,77 

48,0–61,0 
54,37 

40,0–61,0 
51,07 

, % 3,65–5,09 
4,13 

3,2–4,68 
3,92 

3,2–5,09 
4,02 

, % 6,82–7,97 
7,20 

5,05–8,71 
7,15 

5,05–8,71 
7,18 

,  1,87–2,70 
2,26 

1,83–2,72 
2,24 

1,83–2,72 
2,25 

,  17,34–23,1 
19,89 

18,6–24,0 
21,22 

17,34–24,0 
20,55 

, . . 551,0–650,0 
594,93 

483,0–684,0 
567,33 

483,0–684,0 
581,13 

*  – ,  – . 

 2 
 

 
,  

  
* 

  
 *  

 90,87–140,0 
110,36 

22,0–153,46 
106,71 

22,0–153,46 
108,54 

 2,22–166,0 
14,66 

124,5–275,0 
170,08 

2,22–275,0 
92,37 

 « » ** 17,0–708,7 
593,35 

0,26–29,22 
1,05 

0,26–708,7 
297,198 

 0,28–231,69 
9,6 

320,0–642,23 
422,42 

0,28–642,23 
216,02 

 17,72–592,0 
44,51 

21,04–589,0 
128,49 

17,72–592,0 
86,5 

 92,0–271,99 
154,11 

78,05–249,26 
138,93 

78,05–271,99 
146,52 

 11,34–44,0 
27,71 

7,65–42,0 
28,95 

7,65–44,0 
26,95 

 139,5–233,7 
184,37 

115,2–239,6 
170,93 

115,2–239,6 
177,65 

 17,93–42,4 
30,69 

19,0–35,2 
29,18 

17,93–42,4 
29,93 

 68,0–92,4 
11,3 

0,3–61,5 
7,63 

0,3–92,4 
9,47 

 41,17–65,1 
46,93 

33,61–49,7 
42,24 

33,61–65,1 
44,58 

*  – ,  – . 
**  75:25%. 
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 3 
 

*  *  

, %:           Fe 48,60–54,40 
52,39 

50,30–55,40 
52,94 

48,60–55,40 
52,66 

FeO 10,60–12,10 
11,47 

10,20–12,10 
11,32 

10,20–12,10 
11,39 

SiO2 6,90–9,20 
8,48 

7,30–8,90 
8,32 

6,9–9,2 
8,40 

CaO 12,0–19,50 
14,25 

10,80–16,10 
13,31 

10,80–19,50 
13,78 

Al2O3 0,69–1,05 
0,857 

0,67–1,09 
0,875 

0,67–1,09 
0,866 

MgO 1,57–2,80 
2,027 

1,68–2,40 
1,996 

1,57–2,80 
2,012 

S 0,02–0,06 
0,042 

0,02–0,055 
0,039 

0,02–0,06 
0,04 

P2O5 0,037–0,051 
0,042 

0,03–0,05 
0,042 

0,03–0,051 
0,042 

 CaO/SiO2, . 1,40–2,33 
1,67 

1,33–1,86 
1,61 

1,33–2,33 
1,64 

 
 (± 1,0%), %** 

78,24–99,16 
90,85 

67,30–99,46 
92,08 

67,30–99,46 
91,465 

 
 (± 0,1 .), %** 

64,77–97,78 
84,875 

55,30–96,51 
87,398 

55,30–97,78 
86,14 

 ( ), %:   +40 2,20–11,10 
4,36 

1,60–9,0 
4,06 

1,60–11,10 
4,21 

40–25 8,50–21,20 
12,62 

10,20–21,10 
14,13 

8,50–21,20 
13,37 

25–10 28,70–40,70 
34,67 

28,70–41,40 
34,47 

28,70–41,40 
34,57 

10–5 24,40–42,30 
32,57 

22,70–35,70 
31,63 

22,70–42,30 
32,10 

5–0 14,60–17,10 
16,013 

13,70–17,20 
15,74 

13,70–17,20 
15,875 

, %:    65,00–72,30 
68,02 

66,70–72,80 
68,53 

65,0–72,80 
68,28 

 4,90–5,60 
5,19 

5,10–5,70 
5,23 

4,90–5,70 
5,21 

*  – ,  – . 
**  2011  ± 0,5%  ± 0,05 . . 

 4 
 *[1] 

 , % ** 

+10  10–5  5–3  3–1  1–0,5  0,5–0  
 6,65–11,59 

8,81 
13,55–16,8 

14,74 
11,6–14,3 

12,88 
22,2–24,8 

23,44 
14,1–20,3 

18,08 
19,3–24,6 

22,05 
 12,8–19,7 

16,76 
10,8–15,7 

13,20 
6,4–10,2 

8,61 
9,5–12,8 

11,53 
8,9–11,4 

10,27 
37,9–42,4 

39,64 
 0 0 0 0 0 100 

 0 0–4,8 
1,20 

8,2–16,4 
10,73 

30,2–34,9 
31,80 

16,2–23,7 
19,96 

32,4–38,7 
36,31 

 23,9–33,6 
27,95 

39,1–51,7 
43,44 

9,4–20,4 
15,51 

3,4–6,7 
5,50 

2,9–4,0 
3,54 

2,1–5,0 
4,06 

 0 2,2–8,6 
5,17 

7,9–15,4 
12,10 

28,3–31,6 
29,51 

19,1–25,8 
22,74 

26,1–33,1 
30,45 

 3,08–6,50 
4,69 

26,88–38,56 
34,20 

8,9–23,84 
18,87 

19,79–26,9 
32,77 

14,24–24,0 
19,46 

*  ( ). 
**  – ,  – . 
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. 
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 [10],  
 7,5–10% , 

 1,5  2,5%  
-

,  
, , 

,  0,074  75 
. %.  

 7–9%, -
-

. -

 Cr, -
 

805-95  0,04%, -
-

.  -
 13  -
 ( -

 100%  
). 

-
 

-
 [8] -

, -
,  

-
.  

-
-

. 
-
 

-
,  40% MgO. -

 [9] , -
,  

, -
, -

-
 (  

-
-

). -
,  

-
 50 . 

 5 
, 

,  [6–9] 

 
, % 

  
 

 
 

  
 

 
 
 

 
  
 

Fe 34,8 37,0 32,0 4,09–5,60 10,85 
Ni 0,57 0,47 0,4 0,13–0,21 – 
Cr 1,2 1,7 1,24 0,17–0,31 – 

SiO2 19,3 16,8 25,3 36,91–39,16 44,1 
Al2O3 8,1 11,5 12,8 0,8–3,63 15,34 
CaO 2,1 0,52 0,95 0,06–1,21 1,24 
MgO 2,5 1,6 1,3 34,7–39,72 – 

S 0,045 0,05 0,09 <0,04 0,036 
P 0,18 0,24 0,12 <0,04 0,028 

n.n.n. 14,1 16,04 11,7 12,82–15,87 11–14 
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Abstract. This article presents the main technical-
economic, technological and qualitative characteristics of 
sinter production at the "Ural Steel" Joint Stock Company. 
According to technical reports on the sintering shop opera-
tion, the performance of sinter production and quality of 

sinter have been evaluated. The main technical and techno-
logical factors limiting the performance of sinter production 
at  the  "Ural  Steel"  Joint  Stock Company have  been deter-
mined. The article contains a critical review of the known 
methods improving efficiency of the sintering process with 
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due regard to the profile of the existing sinter production. 
The authors propose a priority method for improving the 
sinter output produced at the "Ural Steel" Joint Stock Com-
pany suggesting that mineral additives promoting pelletiz-
ing and accelerating mineral formation during sintering 
should be used in the sinter charge. This option of sintering 
process improvement fosters an integrated effect on the 
sinter charge preparation, flow of the sintering process, and 
does not require any significant adjustment of technology 
and equipment. It makes most sense to use local resources 
such as Orsk-Khalilov brown iron ore deposits, Khalilov 
serpentinite deposits, and Novokievsk and Voskresensk 
bentonite clay deposits as mineral additives in the setting of 
the "Ural Steel" Joint Stock Company. The article presents 
data on the chemical and mineralogical composition of 
these materials. Based on these data, conclusions on the 
behavior of mineral additives during sintering have been 
drawn. Laboratory experiments have substaintiated positive 
effects of these additives on the progress and results of sin-
tering. In addition, their inclusion in the production process 
will lower transportation costs, solve environmental prob-
lems of open deposits in the region, and ensure a compre-
hensive use of mineral resources in the Orenburg region. To 
ensure a sustainable use of mineral additives, it is necessary 
to supply them with water when moistening the sinter 
charge into slurry, which will ensure their valuable contri-
bution to sintering charge pelletization and sintering. 

Keywords: Sinter charge, pelletizing, sintering, brown 
iron ore, bentonite clay, serpentinite. 

References 
1. Shapovalov A.N., Ovchinnikova E.V., Maistrenko N.A. Pov-

yshenie kachestva podgotovki aglomeratsionnoi shikhty k 
spekaniyu v usloviakh OAO «Uralskaya stal» [Improving Quality 
of Sinter Charge Preparation at the Ural Steel" Joint Stock Com-
pany]. Metallurg [ etallurgist]. 2015, No. 3, pp. 30-36. 

2. Efimenko G.G., Gimmelfarb A.A., Levchenko V.E. Metallurguia 
chuguna [Ironmaking]. Kiev: Vyshcha shkola, 1988, 351 p. 

3. Baptizmansky V.I. and others. Osnovy nauchnykh issledovanii v 
chiornoi metallurguii [Research basics in ferrous metallurgy]. 
Kiev, Donetsk: Vyshcha shkola, 1985, 205 p. 

4. Korotich V.I., Frolov Yu.A., Bezdezhsky G.N. Aglomeratsiia rud-
nykh materialov [Sintering of ore-bearing materials]. Ekaterinburg: 
GOU VPO «UGTU-UPI», 2003, 400 p. 

5. Ptichnikov A.G., Barinov V.Kh., Kazantsev E.A., Demin V.V., 
Frolov Yu.A. Povyshenie effektivnosti raboty aglofabriki OAO 
«ChMK» [Improving the efficiency of the sinter plant ‘Chelyabinsk 
Metallurgical Plant’ OJSC]. Stal' [Steel], 2011, no. 7, pp. 6-14. 

6. Panychev A.A. Issledovaniia obogashcheniia prirodno-
legirovannogo syria dlya proizvodstva neftegazovykh trub v 
severnom ispolnenii [Research on the concentration of naturally-
alloyed raw materials for the production of pipes for arctic ser-
vice]. Moskva: Izdatelskii dom «Ruda i metally», 2001, 112 p. 

7. Bratkovsky E.V., Shapovalov A.N., Babanakov V.V. and others. 
Osobennosti vyplavki prirodnolegirovannykh chugunov [Melting 
patterns of naturally-alloyed cast iron]. Orenburg: RIK GOU OGU, 
2004, 198 p. 

8. Shapovalov A.N., Zavodyany A.V. Ispolzovanie bentonitovykh glin 
Voskresenskogo mestorozhdenia dlya proizvodstva zhelezorudnykh 
okatyshei [Use of Bentonite Clays of the Voskresensk Deposit to Pro-
duce Iron-Ore Pellets]. Metallurg [ etallurgist]. 2014, no. 5, pp. 40-43. 

9. Shapovalov A.N., Zavodyany A.V., Bratkovsky E.V. Primenenie 
serpentinitomagnezitov Khalilovskogo mestorozhdenia v aglomer-
atsionnom proizvodstve. [Application of serpentine-magnesites of 
the Khalilovo deposit in sintering]. Izvestiya vysshikh uchebnyh 
zavedenij. Chernaya metallurgiya [News of the higher educational 
institutions. Ferrous metallurgy]. 2011, no. 3, pp. 25-29. 

10. Panychev A.A., Ganin D.R., Nikonova A.P. Sposob aglomeratsii 
zhelezorudnykh materialov [Agglomeration method of iron-ore 
materials]. Patent RF, no. 2471005, 2012. 

11. Pazhi D.G., Galustov V.S. Osnovy tekhniki raspylivaniia 
zhidkostei [Basics of liquids atomization techniques]. oscow: 
Khimiya, 1984, 256 p. 

12. Vygovsky G.A., Burminsky E.P., Remizov A.V., Vygovsky S.G. 
Forsunka [Nozzle]. Certificate USSR, no. 1005943, 1983. 

 
 « » / 

., ., ., . // -
. . . 2016. . 14. 1. . 34–40. doi:10.18503/1995-2732-2016-14-1-34-40 

Ganin D.R., Druzhkov V.G., Panychev A.A., Shapovalov A.N. Use of local mineral resources at the sintering plant of the "Ural 
steel" joint stock company. Vestnik Magnitogorskogo Gosudarstvennogo Tekhnicheskogo Universiteta im. G.I. Nosova [Vestnik of 
Nosov Magnitogorsk State Technical University]. 2016, vol. 14, no. 1, pp. 34–40. doi:10.18503/1995-2732-2016-14-1-34-40 

 
 
 
 
 


