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Abstract. In the transition to modern high intensive processes of smelting had been reversed 

technologies structures to get carbon content in cast iron. A recarburizing agent can be one of the 

most significant reasons of occurrence of defects of the cast and deformed metal and decrease of the 

level of properties have been identified. It is not only made the decarburizing agent of modern 

technology of production of pig-iron an essential element (particularly synthetic) but also resulted in 

many of variants of his realization from the standpoint of level decarburizing, type of used 

recarburizing method of decarburizing technological phase, where enter of carbonaceous materials. 

Particularly sharply process of execution recarburizing influences receipt of synthetic pig-iron in 

induction crucible furnaces of industrial frequency from metal works, in which 80-90% of steel 

breakage are contained. Then it is necessary to raise the content of carbon from 0,3 to 3,0-3,8% 

(depending on the pig-iron mark). It forces foundry enterprises to approach with big care at a choice 

of existing materials which it is possible to use as decarburizing and carefully to verify, which is 

appearing on the market. In work application are considered variants of using carbon-carbide-silicon 

mixture UKKS-31 at melting of grey pig-iron in induction, crucible furnaces, intended for pig-iron 

melting. The cost comparison is presented between traditional technology and with using mix 

UKKS-31. 

Introduction 

In the transition to modern high intensive processes of smelting had been reversed technologies 

structures to get the necessary content of carbon at manufacturing casting made of pig-iron or steel. 

A recarburizing agent can be one of the most significant reasons of occurrence of defects of the cast 

and deformed metal and decrease of the level of properties have been identified. It is not only made 

the recarburizing agent of modern technology of production of pig-iron an essential element 

(particularly synthetic) but also resulted in many of variants of his realization from the standpoint of 

level recarburizing, type of used recarburizing method of carburizer technological phase, where 

enter of carbonaceous materials. As a carburizer are used electrode battle, graphite chip, coke trifle, 

coal granulate and another. Reduction of sizes of grains decarburizing promotes an increase of 

contact surface carburizer with metal and accelerates the process, but at excessively small sizes of 

particles recarburizing agent it is increased of their blowing by ascending currents of air and 

pollution of the atmosphere on the melting platform. In a practice work was found, that an optimal 

size of particles recarburizing agent should be 3... 6 mm. The main part recarburizing specify 

together with a blend to the bottom of the tub under the layer of steel breakage. At the same time 

process recarburizing goes simultaneously with melting, it is mean that does not increase duration 

fusible. However, at polluted blend and plenty of slags a significant part recarburizing is entangled 

in slag and is removed together with him, and a factor of assimilation recarburizing decreases at the 

same time. The correction of carbon melting is conducted on the result of chemical analysis of metal 



 

at the end of melting. If necessary recarburizing is feed to the mirror of metal after removal of slag. 

Mostly at choice recarburizing of quality of material judge on specified content in him of carbon, 

and in process route - on assimilation from it of carbon with corium. 

Materials and methods 

Particularly sharply process of execution recarburizing influences receipt of synthetic pig-iron in 

induction crucible furnaces of industrial frequency from metal works, in which 80-90% of steel 

breakage are contained. These metal works were used since 2000 because pig-iron breakages on 

enterprises were absent. Then it is necessary to raise the content of carbon from 0,3 to 3,0-3,8% 

(depending on the pig-iron mark). As speed recarburizing at temperature 1400-1470 С 

approximately 0, 12% per minute than to get the necessary content of carbon it is necessary 22 

minutes to hold this temperature. At the same time 1% carbon assimilation is a lower temperature of 

corium at 50 degrees. In the total temperature of corium will fall down to 1250-1320C, but it isn’t 

enough, needs 1410-1450C. Because of this, they are forced corium temperature to raise up to 1550-

1600C, but it results in a sharp drop of stability acid lining of traditional composition, therefore we 

need to enter additional additives preserving her stability [1-3]. It forces foundry enterprises to 

approach with big care at a choice of existing materials which it is possible to use as decarburizing 

and carefully to verify, which is appearing on the market [4-7]. 

On the website http://amus-ukks-ukkb.ru/ [3], the company named “Metallurgical mixes” offers 

a carbon-carbide-silicon mixture for use as a partial substitute for ferrosilicon and carburizing agent 

in the smelting of cast iron, and steel with an economic effect of 10 - 300 dollars per 1 ton of metal 

refilling. 

The attached technological instruction for melting of pig-iron in induction crucible furnace (Fig. 

1) that the maximum economic effect is achieved when using CCSM as an additional material, 

replacing 50% of ferrosilicon in the charge. Let’s consider it on the basis of the practical 

application. 

 
Fig. 1. Induction crucible furnace of the production frequency 

 

We take as the base that the condition that the materials used in the metal scrap, for smelting cast 

iron SCH20 have a constant quality [8, 9] and correspond to the properties given in Table 1. 

The cost of materials on the market is is presented in Table 2: Ferro Silicon 45 – 35-40 thousand 

rubles, per 1 ton; Carbon-containing material – 4.8 thousand rubles, per 1 ton; CCSM-31– 25-30 

thousand rubles, per 1 ton. (transport costs are not counted). 

We are making the calculation of charge materials for the grey cast iron smelting SCH20 on the 

lower limiting content of silicon, since the smelting of cast irons in induction furnaces is performed 

using acidic lining [10, 11], and in this case, silicon does not burn, and we determine the content of 

the metal scrap and the costs of ferrosilicon, the carburising agent, and the mixture CCSM. 



 

 

 

Table 1. Properties of materials used in metal scrap, for smelting cast iron SCH20 

Brand of material GOST, TR 
Mass fraction [%] 

Assimilation, 

[%] 
of silicon of carbon of 

manganese 

No more 

Steel scrap 1050 - 88 0,37 0,23 0,6 95 

Ferro Silicon 45 1415-93 44 0,2 1,0 98 

Ferro Manganese 70 4755 - 91 6,0 7,0 65 90 

Carbon-containing 

material carburiser 

ТУ У 10.1-

23472138-

432:2010 

  

80 

  

90 

 

CCSM-31 ТУ 1914-002-

54936548-

2006 

31  

55 

 

 90 

80 

 

 

Table 2. Calculation of the application options for the CCSM-31 mixture with the replacement of 

50% Ferro Silicon 45. 

  

  

Material for metal 

working 

Smelting technology with 

“swamp“ 

Smelting technology with full drain 

Content of the material, % 

Traditional 

technology 

Technology 

with usage of 

CCSM 

Traditional 

technology 

Technology with 

usage of CCSM 

“Swamp“ 30 30 --  

Return 20 20 --  

Steel scrap 46 46,4 92,5 94,25 

Ferro Silicon 45 1,3 0,65 2,5 1,25 

Ferro Manganese 70 0,3 0,3 0,5 0,5 

Carbon-containing of 

material carburizer 

2,4 1,7 4,5 2,0 

CCSM-31 -- 1,0 -- 2,0 

Costs for the Ferro 

Silicon 45 carburizing 

13*40+24*4.8

=635,2 

[rubles]. 

 25*40+45*4,8=

1216 [rubles]. 

 

Costs for the CCSM 

and carburizer 

 6,5*40+17*4,8

+10+30=641,6 

[rubles]. 

 12,5*40+20*4,8+2

0*30=1296 

[rubles]. 

 

The above calculations do not allow us to conclude that there is any effect. Consider the options 

for using a mixture of CCSM-31, which completely exclude the use of ferrosilicon. All data are 

given in Table 3. 

Finally, the option of smelting cast iron without a return, on one steel scrap. This technology is 

used very often, especially in foundries located from Russia to the Far East [13, 14, 15]. This is 

explained by the economic feasibility are made cheaper synthetic pig-iron [16, 17]. All data are 

presented in Table 4. 

 



 

 

 

 

Table 3. Variants of application of the mixture CCSM-31, which completely exclude the use of 

Ferro Silicon 45. 

Material for metal 

working 

Smelting technology with 

“swamp“ 

Smelting technology with full 

drain 

Content of the material, % 

Traditional 

technology 

Technology 

with usage of 

CCSM 

Traditional 

technology 

Technology 

with usage of 

CCSM 

“Swamp“ 30 30 --  

Return 20 20 20 20 

Steel scrap 46 46,6 74,0 74,7 

Ferro Silicon 45  1,3 -- 2,0 -- 

Ferro Manganese 70 0,3 0,3 0,5 0,5 

Carbon-containing of 

material carburizer 

2,4 1,1 3,5 1,8 

CCSM-31 -- 2,0 -- 3,0 

Costs for the Ferro 

Silicon 45 carburizing 

13*40+24*4.8

=635,2 

[rubles]. 

 20*40+35*4,8=

968 [rubles]. 

 

Costs for the CCSM 

and carburizer 

 11*4,8+20+30=

652,8 [rubles]. 

 18*4,8+30*30=

986,4 [rubles]. 

 

Table 4. The use of the CCSM-31 mixture in the smelting of cast iron, using steel scrap only. 

Material for metal 

working 

Smelting technology with 

“swamp“ 

Smelting technology with full 

drain 

Content of the material, % 

Traditional 

technology 

Technology 

with using of 

CCSM 

Traditional 

technology 

Technology 

with using of 

CCSM 

“Swamp“ 30 30 -- -- 

Steel scrap 65,1 65,5 92,5 93,2 

Ferro Silicon 45  1,7 -- 2,5 -- 

Ferro Manganese 70 0,3 0,3 0,5 0,5 

Carbon-containing of 

material carburizer 

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

CCSM-31 -- 2,7 -- 4,0 

Costs for the Ferro 

Silicon 45 carburizing 

17*40+32*4.8

=833,6 

[rubles]. 

 25*40+45*4,8=

1216 [rubles]. 

 

Costs for the CCSM 

and carburizer 

 15*4,8+27+30=

882 [rubles]. 

 23*4,8+40*30=

1310,4 [rubles]. 

Results 

Therefore, the economic effect of using a CCSM-31 mixture in the melting of cast iron is only 

observed when using the smelting technology mandatory presence "swamp" and return to the 

furnace charge, and may be approximately 50 rubles with one ton of molten iron. But following 



 

technological changes cannot be ignored. Ferrosilicon is available in the soft container sling 

capacity of 1 ton, which is then poured into a bin at the site of the furnace, to further traditional 

application. The mixture CCSM-31 is supplied in bags of 25-30 kg, which are also delivered to the 

furnace platform (Fig. 2). 

 

 
Fig. 2. Bags with CCSM-31. 

 

Subsequently, the additive to the furnace is produced by loading the bags manually in a low-

capacity furnace or placing them in a loading device [20, 21]. If the calculation requires the addition 

of material is not a multiple bag, it must be cut, and measure the required amount which 

complicates melting of pig-iron to necessary quality [22]. The remaining mixture must be stored on 

site before the next melting. 

Summary 

Assimilation of carbon in corium with using of CCSM-31 accounts for 80%, that corresponds the 

level of mastering of the most used graphite-containing materials. 

About the fact, that using steel breakage does not have guaranteed chemical compound is 

impossible to conduct an accurate additive, on calculation, CCSM-31 for receipt of the appropriate 

chemical composition of pig-iron - is necessary also ferrosilicon. 

Application CCSM-31 is resulting in increased costs of metal output. 

Thus, a conclusion follows that use of the mix CCSM-31 when smelting SCH-20 of cast iron in 

the induction furnaces of industrial frequency allowing making complete full drain of ready melting 

is inexpedient. Besides, it is necessary to consider technological conditions of melting at the entity, 

delivery conditions of materials, their remoteness and the prices which developed for this period of 

time. 
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