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The paper considers the possibility of rapid assessment of ∑ (FeO + MnO) by 

measuring the oxygen activity in liquid steel. Manganese monoxide MnO, found 
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in steel, according to a large number of studies, significantly worsens its crack 

resistance, wear resistance, ductility, cold resistance and other properties. 

 

Keywords: 110G13L ; complex deoxidation ; oxygen ; non-metallic inclusions; 

modifier; silicon; aluminum. 

 

1. Introduction 

Oxide MnO is introduced into the metal together with an alloying dose of 

ferromanganese, and is also formed during the oxidation of manganese during the 

oxidation period of the steel production process, its tapping from the furnace and 

casting; MnO is a stable oxide with a melting point of 1750 0 C . Based on a large 

amount of data on the content of   MnO in castings, it has been established that its 

concentration in high-manganese steel varies within a fairly wide range and 

amounts to 0.01-0.15%. Research and practice have established a qualitative 

relationship between the contents in slag (MnO) and (FeO): the higher the 

concentration (MnO) in the slag, the more (FeO) in it . :one. However, the higher 

the content of oxide FeO in the slag , the higher its concentration in the metal, the 

more intensive the process of manganese oxidation will proceed inside the liquid 

metal with the formation of  MnO. The resulting MnO dissolves FeO , resulting 

in non-metallic inclusions mFeO ∙ n MnO, enriched in MnO. The ferromanganese 

non-metallic inclusions formed inside the liquid metal have a relatively low 

melting point, have sufficient solubility in steel and satisfactory wettability with 

respect to the solidifying metal [1]. During the crystallization of steel, these 

inclusions are located along the boundaries of its grains, violating the strength of 

intergranular bonds, therefore, the degree of steel deoxidation should be 

characterized by the total content in the pre-finishing slag (FeO) and (MnO). The 

more (FeO) + (MnO), the worse the deoxidized metal and the lower its mechanical 

and service properties. 

When the content in the pre-finishing slag is 20-40% (MnO), the rejection of 

complex castings can reach 30-40%. The tendency of steel to form cracks in 

castings with an increase in slag (M n O) is indicated in the book (Fig. 1) [1]. 
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Figure 1 - Influence of the content in the slag (M n O) on the level of rejection 

of high-manganese castings along cracks 

 

2. Methods  

The paper considers the possibility of rapid assessment of  ∑( FeO + MnO) by 

measuring the oxygen activity in liquid steel. This possibility follows from 

consideration of the following two reactions. 

[F e] + [O] = (FeO)       (1) 

(FeO) + [Mn] = (MnO) + [Fe]      (2) 

The equilibrium constant of reaction (1) is equal to. 

𝐾𝐹𝑒𝑂 =
𝑎𝐹e𝑂

𝑎Fe∙𝑎[𝑂]
=

𝑎𝐹e𝑂

𝑎[𝑂]
=

(𝐹𝑒𝑂)∙𝛾𝐹e𝑂

𝑎[𝑂]
                                                       (3) 

where a FeO , 𝛾𝐹𝑒𝑂and (F eO ) are activity, activity coefficient and content of iron 

oxide (II) in the slag, respectively; 

a [ F e] and a [ O ] are the activities of iron and oxygen in liquid steel (a [ Fe ] = 1). 

From equality (3) we have 

(𝐹𝑒𝑂) =
𝐾𝐹𝑒𝑂∙𝑎[𝑂]

𝛾𝐹e𝑂
     (4) 

The equilibrium constant of reaction (2) is determined by the expression 

𝐾𝑀𝑛𝑂 =
𝑎𝑀𝑛𝑂

𝑎FeO∙𝑎[𝑀𝑛]
=

(𝑀𝑛𝑂)∙𝛾𝑀𝑛𝑂

(𝐹𝑒𝑂)∙𝛾FeO∙[𝑀𝑛]∙𝑓[𝑀𝑛]
                                             (5) 

where а MnO , 𝛾𝑀𝑛𝑂and ( Mn О) are, respectively, the activity, activity coefficient 

and retention of manganese (II) oxide in the slag; 

[M n] and f [M n ] respectively, the content of manganese in liquid steel and its 

activity coefficient. 

From expression (5) it follows  

(𝑀𝑛𝑂) =
(𝐹𝑒𝑂)∙𝐾𝑀𝑛𝑂∙[𝑀𝑛]∙𝑓[𝑀𝑛]∙𝛾FeO

𝛾𝑀𝑛𝑂
     (6) 

From equation (4) we substitute into (6) 

(𝑀𝑛𝑂) =
𝐾𝐹𝑒𝑂∙𝑎[𝑂]∙𝐾𝑀𝑛𝑂∙[𝑀𝑛]∙𝑓[𝑀𝑛]

𝛾𝑀𝑛𝑂
     (7) 
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Summing up equations (4) and (7), we obtain 

(𝐹𝑒𝑂) + (𝑀𝑛𝑂) =
𝐾𝐹eO∙𝑎[𝑂]

𝛾𝐹e𝑂
+

KFeO∙𝑎[𝑂]∙𝐾𝑀𝑛𝑂∙[𝑀𝑛]∙𝑓[𝑀𝑛]

𝛾𝑀𝑛𝑂
   (8) 

After a series of transformations from (8) we obtain 

(M nO) + (FeO) = a [O] ∙ { a + b ∙ [Mn]},    (9) 

where coefficients a and b are equal 

a =K F eO / 𝛾F eO ;  (10) 

𝑏 = (𝐾𝑀𝑛𝑂 ∙ KFeO ∙ fMn/γMnO)  (11) 

The coefficients a and b contain as parameters the equilibrium constants of 

reactions (1) and (2), which depend only on temperature, as well as the 

coefficients 𝛾𝑀𝑛𝑂, 𝛾𝐹𝑒𝑂и f [ M n ]. 

The values of the equilibrium constants were calculated from the equations of 

their temperature dependence [2] 

𝑙𝑔𝐾𝐹𝑒𝑂 =
6320

𝑇
− 0,734     (12) 

𝑙𝑔𝐾𝑀𝑛𝑂 =
6440

𝑇
− 2,95     (13) 

For the conditions of steel melting (temperature of liquid steel in the furnace T = 

1550 °C) we obtain 

𝑙𝑔𝐾𝐹𝑒𝑂 = 2,733 и𝐾𝐹𝑒𝑂 = 540,8    (14) 

𝑙𝑔𝐾𝑀𝑛𝑂 = 0,58 и𝐾𝑀𝑛𝑂 = 3,802    (15) 

The activity coefficients 𝛾𝑀𝑛𝑂and 𝛾𝐹𝑒𝑂were found from the following 

assumptions [1] 

1) With the basicity of the slag (Са0) / ( SiO 2 ) = 2.0, the ratio 𝛾𝑀𝑛𝑂/ 𝛾𝐹𝑒𝑂
= 1.5, 

while 𝛾𝑀𝑛𝑂 = 3u 𝛾𝐹𝑒𝑂= 2 

2) With slag basicity (Са0)/(SiO 2) >3.0 ratio 𝛾𝑀𝑛𝑂/ 𝛾𝐹𝑒𝑂
≈ 1.0 

3) With an increase in the basicity of the slag 𝛾𝐹𝑒𝑂, , increases, but 𝛾𝑀𝑛𝑂would 

increase c tre . 

From positions 1) and 2) it was assumed that during the melting of steel 110G13L, 

the basicity (Ca0) / (SiO2) is close to the average value for the two options (Ca0) 

/ (SiO2)≈2.5, therefore, the ratios 𝛾𝑀𝑛𝑂/ 𝛾𝐹𝑒𝑂
= (1, 5 + 1) /2  = 1.25. And from the 

position we get that 𝛾𝐹𝑒𝑂= 3, and 𝛾𝑀𝑛𝑂=3 / 1.25 = 2.4. 

The activity coefficient of manganese f [M n ] was found from the known pair of 

first-order interactions (table 1), taking into account the fact that 𝑒𝑀𝑛
𝑀𝑛 = 0. 

𝑙𝑔𝑓[𝑀𝑛] = ∑(𝑒𝑀𝑛
𝑗

∙ [%𝑗]) = (𝑒𝑀𝑛
𝑀𝑛 ∙ [𝑀𝑛] + 𝑒𝑀𝑛

𝑆𝑖 ∙ [𝑆𝑖] + 𝑒𝑀𝑛
𝐶 ∙ [𝐶] + 𝑒𝑀𝑛

𝑃 ∙ [𝑃] +

𝑒𝑀𝑛
𝑆 ∙ [𝑆]) 

𝑒𝑖,𝑇
(𝑗)

= 𝑒𝑖,1873
(𝑗) 1873

𝑇
      (16) 
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As a result, for steel 110G13L with a content of 1.3% C, 0.7% Si , 13.2% Mn , 

0.02% S , 0.06% P , we obtained 𝑙𝑔𝑓[𝑀𝑛]= −0.0966 and 𝑓[𝑀𝑛]= 0.801. 

Table 1 − Values of interaction parameters 𝑒𝑀𝑛
𝑗

 

Interaction options 𝑒𝑀𝑛
𝐶  𝑒𝑀𝑛

𝑀𝑛 𝑒𝑀𝑛
𝑆𝑖  𝑒𝑀𝑛

𝑃  𝑒𝑀𝑛
𝑆  

Parameter values 𝑒𝑀𝑛
𝑗

, at 1873 K −0.0 538 − −0.0327 −0.0035 −0.048 

Parameter values 𝑒𝑀𝑛
𝑗

, at 1823 K −0.0553  −0.0336 −0.0036 −0.049 

 

Using the obtained values of the parameters, we determined the values of the 

coefficients a and b 

a=K F eO / 𝛾F eO =540.8 / 3 =180,3 

𝑏 = (𝐾𝑀𝑛𝑂 ∙ KFeO ∙ fMn/γMnO)= (3.802/2.4)∙540.8∙0.801=686.2 

Thus, instead of (17), we got 

(M nO) + (FeO) = a [O] ∙ (180.3 + 657.1 ∙ [M n])    (17) 

According to formula (17), the expected values of ∑(FeO + MnO) were 

estimated at different oxygen activity in liquid steel. The results obtained are 

presented in Table 2 and Figure 10. 

 

3. Results and Discussion 

From table 2 it follows that with the oxygen activity in liquid steel a [o] = 0.0003%, 

the total content of iron and manganese oxides ∑(FеО + МnО) is 2.42 - 3.14% 

with a change in the manganese content in the range of 11.5 - 15.0% . With an 

increase in oxygen activity to a [0] = 0.0005, 0.0007 and 0.001% under the same 

conditions, it ∑(FеО + МnО) increases to 4.04 - 5.24, 5.65 - 7.33 and 8.07 - 

10.47% . 

Table 2 - The effect of manganese on the change ∑(FеО + МnО) at different 

oxygen activity in liquid steel 110G13L 
Oxygen 

activity a 

[O], % 

Estimated values ∑(FеО + МnО)  %, at manganese content [M n ], % 

11.5 12 13 14 15 

0.0003 2.42 2.52 2.73 2.94 3.14 

0.0004 3.23 3.37 3.64 3.91 4.19 

0.0005 4.04 4.21 4.55 4.89 5.24 

0.0006 4.84 5.05 5.46 5.87 6.28 

0.0007 5.65 5.89 6.37 6.85 7.33 

0.0008 6.46 6.73 7.28 7.83 8.38 

0.0009 7.26 7.57 8.19 8.81 9.43 

0.001 8.07 8.41 9.10 9.79 10.47 
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Figure 2 - Influence of oxygen activity in steel on ∑(FеО + МnО) in slag at 

different manganese content in it: 1 and 2 - content [M n ] in steel 11.5 and 

15.0%, respectively. 

Figure 2 shows the dependence of the value ∑(FеО + МnО) in the slag on the 

oxygen activity a [ o ] in liquid steel. As can be seen, over the entire range of 

changes in the manganese content in steel (from 11.5 to 15.0%) ∑(FеО + МnО) , 

both the manganese content and the oxygen activity influence the value, but the 

role of the latter is predominant. Therefore, the determination ∑(FеО + МnО) of 

the measured values of oxygen activity a [0] using relation (17) ensures high 

reliability of the results obtained - the correlation coefficient K = 0.98. 

At the same time, when steel is smelted by the oxidation method, the condition 

∑(FеО + МnО) ≤ 4.5% is achieved at oxygen activity a [0] ≤ (4.3 - 5.6) • 10 -4 %, 

where the lower and upper values are obtained with manganese content in steel, 

respectively, lower (11.5%) and upper (15.0%) limits. When steel is smelted by 

the method of remelting and fusion, the condition ∑(FеО + МnО) ≤6% under the 

same conditions is achieved at a [0] ≤ (5.7 - 7.4) • 10 -4 %. 

 

Conclusions 

Technological recommendations have been developed for obtaining high-quality 

castings from high -manganese steel 110G13L. By measuring the oxygen activity 

a [O] in the melt using UKOS devices, we can predict Σ(FeO + MnO) in the slag; 

on the basis of this, we can accurately determine the amount of deoxidizer . 

 

                 

0

2

4

6

8

10

12

0 0.0002 0.0004 0.0006 0.0008 0.001

∑
(F
eO

+M
n
),
%

a[O],%

2

1



 

   ISSN: 2776-0987            Volume 3, Issue 6, June, 2022 
 

74 

  

                References 

1. Faizibaev , Sh. S., Urazbaev, T. T., & Nafasov , J. H. (2019). Improving the 

mechanical properties of the side frame of a two-axle bogie of freight cars. 

2. Fayzibaev , S., Ignotenko , O., & Urazbaev , T. (2021). Development of 

binding based on BN - Ti -Al system compounds for creating a composite 

instrumental material for a final raining of railway parts. In E3S Web of 

Conferences ( Vol . 264, p . 04073). EDP Sciences . 

3. Faizibaev , Sh. S., Nigai , R. P., Samborskaya, N. A., Urazbaev, T. T., & 

Nafasov , J. H. W. (2021). CUTTING COMPOSITE TOOL MATERIAL ON 

THE BASIS OF BN-TI-AL SYSTEM JOINT BOND FOR FINISHING OF 

RAILWAY PARTS. Universum : Engineering Sciences , (3-1(84)), 82-87. 

4. Tursunov, N. K., Urazbaev, T. T., & Tursunov, T. M. (2022). Method for 

calculating the complex deoxidation of steel grade 20hl with aluminum and 

calcium. Universum : Engineering Sciences , (2-2(95)), 20-25. 

5. Tursunov, N. K., Tursunov, T. M., & Urazbaev, T. T. (2022). 

OPTIMIZATION OF THE LINING OF INDUCTION FURNACES DURING 

STEEL GRADE 20HL. REVIEW. Universum : Engineering Sciences , (2-

2(95)), 13-19. 

6. Zheludkevich , A. L., Parshutich , S. F., Fayzibaev , Sh. S., Urazbaev, T. T., & 

Ignatenko, O. V. (2021). Development of a bond based on compounds of the 

Ti-Al system for composite tool material NB-Ti-Al . In Powder metallurgy: 

surface engineering, new powder composite materials. Welding ( pp . 399-

407). 

7. Faizibaev , Sh. S., Nigai , R. P., Samborskaya, N. A., Urazbaev, T. T., & 

Nafasov , J. H. W. (2021). CUTTING COMPOSITE TOOL MATERIAL ON 

THE BASIS OF BN-TI-AL SYSTEM JOINT BOND FOR FINISHING OF 

RAILWAY PARTS. Universum : Engineering Sciences , (3-1(84)), 82-87. 

8. Fayzibaev , Sh. S., Soboleva, I. Yu., Zainitdinov , O. I., Urazbaev, T. T., & 

Samborskaya, N. A. (2019). ON THE QUESTION OF THE FORMATION 

OF COMPOSITE COMPOUNDS OF THE SYSTEM (TI-AL). In Basic and 

Applied Scientific Research: Topical Issues in Modern Science, Achievements 

and Innovations ( pp . 102-111). 

9. Faizibaev , Sh. S., Urazbaev, T. T., & Nafasov , J. H. (2019). Improving the 

mechanical properties of the side frame of a two-axle bogie of freight cars. 

10. Urazbayev , TT, Tursunov , NQ, Yusupova , DB, Sh , VD, Erkinov , SM, & 

Maturaev , MO (2022). RESEARCH AND IMPROVEMENT OF THE 



 

   ISSN: 2776-0987            Volume 3, Issue 6, June, 2022 
 

75 

  

PRODUCTION TECHNOLOGY OF HIGH-MANGANESE STEEL 

110G13L FOR RAILWAY FROGS. web of Scientist : International Scientific 

Research Journal , 3 (6), 10-19. 

11. Teleubaevich , UT, Kayumjonovich , TN, Pirmukhamedovich , AS, & 

Muratovich , TT (2022). THERMODYNAMIC CALCULATION OF 

COMPLEX DEOXIDATION BY ALUMINUM AND SILICON OF MELTS 

OF STEEL 20GL FOR CAST PARTS OF ROLLING STOCK 

AUTOCOUPLE DEVICES. web of Scientist : International Scientific 

Research Journal , 3 (5), 1761-1771. 

12. Kayumjonovich , TN, Pirmukhamedovich , AS, & Teleubaevich , UT (2022). 

STUDY OF THE INFLUENCE OF SALT CATIONS ON THE 

RHEOLOGICAL STATUS OF GELLAN GUM BEFORE GEL 

FORMATION. web of Scientist : International Scientific Research Journal , 3 

(5), 1748-1754. 

13. Muratovich , TT, Kayumjonovich , TN, Pirmukhamedovich , AS, & 

Teleubaevich , UT (2022). SELECTION OF THE MATERIAL OF THE 

LINING OF INDUCTION FURNACES IN STEEL 20GL. web of Scientist : 

International Scientific Research Journal , 3 (5), 1728-1739. 

14. Kayumjonovich, TN, Pirmukhamedovich , AS, & Teleubaevich , UT (2022). 

INFLUENCE OF COATING FORMATION CONDITIONS IN CHLORINE-

CONTAINING MEDIA ON THE CORROSION PROPERTIES OF 

TITANIUM. web of Scientist : International Scientific Research Journal , 3 

(5), 1692-1701. 

15. Urazbayev , TT, Nafasov , JH, & Azimov , SJ (2022). Ti-Al SYSTEM 

COMPOUNDS TO CREATE A COMPOSITE TOOL MATERIAL. web of 

Scientist : International Scientific Research Journal , 3 (5), 1772-1782. 

16. Risqulov, A. A., Sharifxodjayeva, X. A., Tursunov, N. Q., & Nurmetov, X. I. 

(2022). TRANSPORT SOHASI UCHUN MUTAXASSISLARNI 

TAYYORLASHDAMATERIALSHUNOSLIK YO ‘NALISHINING O ‘RNI 

VA AHAMIYATI.Academic research in educational sciences, 3 (TSTU 

Conference 1), 107-112. 

17.  Mirtolipov, Z., & Tursunov, N. Q. (2022). SOME ASPECTS OF THE USING 

OF GRAPHITE AND GRAPHITE-BASED MATERIALS IN 

MACHINERY. Academic research in educational sciences, 3(TSTU 

Conference 1), 89-94. 



 

   ISSN: 2776-0987            Volume 3, Issue 6, June, 2022 
 

76 

  

18.  Азимов, Ё. Х., Рахимов, У. Т., Турсунов, Н. К., & Тоиров, О. Т. (2022). 

ИССЛЕДОВАНИЕ ВЛИЯНИЕ КАТИОНОВ СОЛЕЙ НА 

РЕОЛОГИЧЕСКИЙ СТАТУС ГЕЛЛАНОВОЙ КАМЕДИ ДО 

ГЕЛЕОБРАЗОВАНИЯ. Oriental renaissance: Innovative, educational, 

natural and social sciences, 2(Special Issue 

4-2), 1010-1017. 

19.  Tursunov, N. K., Toirov, O. T., Nurmetov, K. I., & Azimov, S. J. 

(2022).IMPROVEMENT OF TECHNOLOGY FOR PRODUCING CAST 

PARTS OF ROLLING STOCK BY REDUCING THE FRACTURE OF 

LARGE STEEL CASTINGS. Oriental renaissance: Innovative, educational, 

natural and social sciences, 2(Special Issue 4-2), 948-953. 

20. Турсунов, Н. К., Авдеева, А. Н., Мамаев, Ш. И., & Нигматова, Д. И. 

(2022). МЕТРОЛОГИЯ И СТАНДАРТИЗАЦИЯ: РОЛЬ И МЕСТО 

ДИСЦИПЛИНЫ В ПОДГОТОВКЕ СПЕЦИАЛИСТОВ 

ЖЕЛЕЗНОДОРОЖНОГО ТРАНСПОРТА РЕСПУБЛИКИ 

УЗБЕКИСТАН. Academic research in educational sciences, 3(TSTU 

Conference 1), 140-145.  

21.  Tursunov, N. K., Toirov, O. T., Nurmetov, K. I., Azimov, S. J., & 

Qo‘chqorov, L. A. (2022). DEVELOPMENT OF INNOVATIVE 

TECHNOLOGY OF THE HIGHQUALITY STEEL PRODUCTION FOR 

THE RAILWAY ROLLING STOCK CAST PARTS. Oriental renaissance: 

Innovative, educational, natural and social sciences, 2(Special Issue 4-2), 992-

997 

22. Tursunov, N. K., & Ruzmetov, Y. O. (2018). Theoretical and experimental 

analysis of the process of defosphoration of steel used for parts of the mobile 

composition of railway transport. Journal of Tashkent Institute of Railway 

Engineers, 14(2), 60-68. 

23. Тоиров, О. Т., Кучкоров, Л. А., & Валиева, Д. Ш. (2021). ВЛИЯНИЕ 

РЕЖИМА ТЕРМИЧЕСКОЙ ОБРАБОТКИ НА МИКРОСТРУКТУРУ 

СТАЛИ ГАДФИЛЬДА. Scientific progress, 2(2), 1202-1205. 

24. Тoirov, B. Т., Jumaev, Т. S., & Toirov, O. T. (2021). OBYEKTLARNI 

TANIB OLISHDA PYTHON DASTURIDAN FOYDALANISHNING 

AFZALLIKLARI. Scientific progress, 2(7), 165-168. 

25. ТУРСУНОВ, Н. (2021). Повышение качества стали за счет применения 

редкоземельных металлов. ВЯ Негрей, ВМ Овчинников, АА Поддубный, 

АВ Пигунов, АО Шимановский, 158. 



 

   ISSN: 2776-0987            Volume 3, Issue 6, June, 2022 
 

77 

  

26. Турсунов, Н. К. (2022). Исследование режимов рафинирования стали, 

используемые для изготовления литых деталей подвижного состава 

железнодорожного транспорта. Лучший инноватор в области науки, 1(1), 

667-673. 

27. Riskulov, A. A., Yuldasheva, G. B., & Toirov, O. T. (2022). FEATURES OF 

FLUOROCOMPOSITES OBTAINING FOR WEARING PARTS OF 

MACHINE-BUILDING PURPOSE. Web of Scientist: International Scientific 

Research Journal, 3(5), 1670-1679. 

28. Risqulov, A. A., Sharifxodjayeva, X. A., Tursunov, N. Q., & Nurmetov, X. I. 

(2022). Transport sohasi uchun mutaxassislarni tayyorlashda 

materialshunoslik yo‘nalishining o‘rni va ahamiyati. Academic research in 

educational sciences, 3(TSTU Conference 1), 107-112. 

29. Riskulov, A. A., Yuldasheva, G. B., Kh, N., & Toirov, O. T. (2022). 

DERIVATION PROCESSES OF FLUORINE-CONTAINING WEAR 

INHIBITORS OF METAL-POLYMER SYSTEMS. Web of Scientist: 

International Scientific Research Journal, 3(5), 1652-1660. 

30. Mirtolipov, Z., & Tursunov, N. Q. (2022). Some aspects of the using of 

graphite and graphite-based materials in machinery. Academic research in 

educational sciences, 3(TSTU Conference 1), 89-94. 

31. Турсунов, Н. К. (2021). Обоснования требований к сталям 

ответственного назначения, используемым в железнодорожном 

транспорте. 

 

 


