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Developed resource-saving technology of steel treatment by metallic and slag-flux additives 
with the use of flux cored wires, synthetic alloys and solid slag mixtures from secondary raw 
materials allows raising technological efficiency of steel out-of-furnace treatment in 1.5-      
2.0 times. 
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Introduction 
 
The basic technological operations of iron-

carbon melts refining such as deoxidation and 
sulfur removal are evaluated from thermodynamic 
characteristics of chemical reactions in equilibrium 
conditions in the metallurgical process theory. 
However, the metallurgical processes take place 
under nonequilibrium conditions as the systems are 
open and there is power and substance interchange 
with environmental, i.e. chemical reactions are 
irreversible and numerical values of equilibrium 
constant become conventional. 

At present, metallurgical systems are 
referred to stochastic ones [1, 2], in which the 
processes progress under probabilistic laws that 
allow creating a consecutive series of chemical 
reactions to explain the certain stages of refining 
mechanism and defining consumption coefficients 
of additives (reduction alloys, ferroalloys, etc.) and 
amount of refining products as well as impurity 
elements - oxygen, sulfur, etc. by using balance 
(total) reaction. Efficiency of refining processes at 
out-of-furnace treatment of iron-carbon melts 
depends on a structurally-chemical condition of 
ladle slag. These slags are formed from the liquid 
furnace slags that enter the ladle when metal 
tapping from a melting unit and in the process of 
adding reduction alloys, ferroalloys, solid slag-
forming mixtures consisting of precalcined lime,  

 
 

calcium fluoride and other materials which 
increase the total mass of slag as a result of 
chemical reactions with impurity elements of 
molten metal. 

 
Results and Discussion 
 
The amount of slag that enters the ladle at 

metal tapping from converter depends on the 
method and slag cut-off device construction in the 
beginning and end of tapping. For example, the 
regulatory documents regulate amount of converter 
slag in the ladle not more than 5.5 kg/t without 
taking into account ladle slag appeared after 
addition of ferroalloys and solid slag mixtures at 
the enterprises of corporation “Siemens – YAI”. 

Coating slag in the ladle is referred to three-
component system SaO-Al2O3-SiO2 which includes 
three-chemical compounds - anorthite and 
gehienite - the basic minerals of metallurgical slags 
as well as eutectics which makeup is unspecified 
[3].  The eutectics is a chemical compound existing 
only in the liquid state [4] in a wide area of 
homogeneity.  This eutectics is decomposed during 
crystallization on the initial components forming 
solid solutions with periodic structure. Eutectics as 
intermediate phase between initial components 
differs by the lowest melting temperature and 
maximum structural disorder at minimum 



  

© Metal

overheat
Th

thermal 
polymer
centrally
(Al3 +, S
oxygen 
temperat
chemica
break w
when t
conditio
depends
bond w
drop. A
sulfur is
much a
molizati
atmosph
chemica
equal or
polyvale
alkaline-

Th
stoichiom
system 
composi
31.0 % 
B = CaO
= l.04 an
structura
represen
the liqui
bonds of
of slag.  

 
Figure 1

Th
the activ
chemica
aluminu
gaseous 
with th
reactive 
slag an
deoxidat

Th
structura
of refini
metal i

llurgical and 

ting over me
he structural

or chemic
ric structure
y symmetric
i4 +) and end 
ion (О2-) is d
tures depen

al bonds.   F
ith the  form
the slag sy
on [6]. The r
s on density

with calcium
Adsorption ca
s revealed at
as oxygen, 
ion of  oxyg
here at evacu
ally-active el
r more than 
ent silicon 
-earth eleme
he known 
metric comp
CaO-Al2O3

ition of refin
А12О3 + 18

O/SiO2 = 2.8;
nd melting te
al formula 
nts a centrall
id state (Figu
f ionic type t

. Structural fo

he reactive c
vated condit
ally-active e
um, etc. They

(CO, СО2) 
he formation

(activated) 
nd nonmetal
tion, sulfur r
hus, reachin
ally-chemica
ing slag at sp
is a suffic

Mining Indu

elting point. 
l disorder ap
cal effect. I
e of slag 
c ionic comp

cations of c
decomposed 
nding on 

First,  bonds
mation of free
ystem passe
reactive cap

y of oxygen
m is recover

apacity of s
t sulfur conc
which bec

gen ions and
uation or sl
lements with
calcium. Suc
and alumin
nts. 
three-compo

position ЗСаО
-SiO2 selec

ning slag con
.0 % SiO2 w
; module M =
emperature ~

of eutect
ly symmetric
ure 1) with 
that eliminat

ormula of eute

capacity of su
tion due to 
elements - 
y bond end a
or oxide pha

n of free c
slag phase 

llic inclusio
removal, etc. 
ng the ma

al disorder (a
pecified tem
cient condi

ustry, 2010, V

pears as a re
In the first
[5] consisti

plexes of ele
alcium (Ca2 

at certain ov
the streng

 calcium - o
e ions Ca2 + a
es into ac

pacity of suc
n ions becau
ed at tempe
slag in relat
centration tw

comes possi
d its remov
lag deoxidat
h reactive ca
ch compone

num and al

onent eutect
ОА12ОзSiО2

cted as op
ntains 51 % 
with basic ca
= CaO/SiO2+
~ 1350 °С [3
tics Ca6Al4

c polygonal 
saturated ch
te reactive ca

ectics Ca6Al4S

uch slag app
its deoxidat

carbon, s
atoms of oxy
ases (SiO2, А
calcium ion
capable to 
ns - produ

ximum exte
activated con

mperature of m
ition to in

  

Vol. 2, No. 3

esult of 
t case, 
ing of 
ements 
+) with 
verheat 
gth of 
oxygen 
and О2- 

tivated  
ch slag 
use its 
erature 
tion to 
wice as 
ible at 
al into 
ion by 
apacity 
nts are 
lkaline, 

tics of 
2 in the 
ptimum 
CaO + 
apacity  
+Al2O3 

3]. The 
4Si2O16 
cell in 

hemical 
apacity 

Si2O16  

pears in 
tion by 
silicon, 
ygen in 
А12Оз) 
ns and 
adsorb 

ucts of 

ent of 
ndition) 
molten 
ncrease 

e

th
s
m
o

fe
a
s
F
in
b
F
s
fi
a
(s
a

m
o
a
m
a
a
e
m
s
fe
fe
a
O
d
su
s
to
a
d
c
m
st

(
su
n
a
st

re
c
a
(
n
fe

3

efficiency of 
The ty

heir makeup
equence of c

microalloying
out-of-furnac

The 
ferroalloys ar
alloys: ferrom
olid solutio

FeMn4, ferr
ntermetallic 

basis of silic
FA30 on the 
econdary all

filled with gr
aluminum ro
silicocalcium

alumosilicoca
New s

mixtures on t
of stoichiom
are prepared
mixtures on 
and broke
aluminosilica
expensive an
metal tapping
olid slag m

ferroaluminum
ferromangane
alloying, ferr
Out-of-furnac
deoxidation 
ulfur remov
ilicon, formi
o deoxidatio

assimilation 
deoxidation a
conjunction, 
mechanism a
tructurally-c

As obv
1) and ladle
ulfur remov

nonmetallic 
alloying (5) t
teel ladle tre

At the
efining slag

capacity to n
and dissolutio
13А12Оз)s a

necessary to
ferroaluminum

steel ladle tr
ype of additi
p and prope
certain stage
g and inocul
ce treatment. 

following 
re considere
manganese 
on of stoi
rosilicon FS

FeSi4, silic
cide Si4Ca, 
basis of inte
loy АВ87 a
rained second
olled wire, c
m, 
alcium). 
solid slag m
the basis of t
etric compo

d from com
the basis of

en firecla
ate Al2О33S
nd scarce cal
g in the ladl

mixtures are 
m for slag 
ese - for s
rosilicium is
ce treatme
of metal an

val and allo
ing refining s
on by synth

of nonm
and sulfur r
initial stage

are presented
chemical reac
vious, deoxid
e (5) slags a
val from me

inclusions 
take place at
eatment. 
e second st
g is formed
nonmetallic in
on of silica (
and mangane
o activate 
m deoxidati

SStteeee

reatment. 
ives (metall
erties define
es of refining
lation [7] at
 
industrial 

ed as ferroal
FMn78 on 
ichiometric 
S65 on th
cocalcium S
synthetic fe

ermetallic Fe
and also flux
dary aluminu
calcium and

a

mixtures - s
three-compo

osition ЗСаО
mponents o
f precalcined
ay brick 
SiО2  as a
lcium fluorid
le, lumpy fe
added: ferro
and metal 

ulfur remov
s also used 

ent of ste
nd ferrous 

oying by ma
slag and its a

hetic ferroalu
metallic in
removal prod
s of steel la

d by consecu
ctions (equat
dation reactio
and also deo
etal (2, 4), 

(1-5) and 
t the first (in

tage of lad
d with targe
nclusions fo
12SiO2)s, alu
ese sulfides (

coating s
on and obta

eellmmaakkiinng

18

ic, slag-flux
e amount an
g mechanism
t all stages o

grades o
lloys and ric

the basis o
compositio

he basis o
SC25 on th
erroaluminum
eAl instead o
x cored wire
um instead o

d their alloy
alumocalcium

synthetic sla
nent eutectic
ОА12О3SiО2

of solid sla
d lime (СаО

containin
alternative o
de. When ho
erroalloys an
osilicium an

deoxidation
val and stee

for alloying
eel include
furnace slag
anganese an
activation du
uminum, sla
nclusions 
ducts. In th

adle treatmen
utive series o
tions 1-6).  
ons of furnac
oxidation an
formation o

preliminar
nitial) stage o

dle treatmen
et adsorptio

or assimilatio
uminum oxid
(2MnS)s. It 
slag due t
ain deficienc

gg  

81 

x), 
nd 
m, 
of 

of 
ch 
of 
on 
of 
he 
m 
of 
es 
of 
ys 
m, 

ag 
cs 

- 
ag 
О) 
ng 
of 
ot 
nd 
nd 
n, 
el 
g. 
es 
g, 

nd 
ue 
ag 

- 
is 
nt 
of 

ce 
nd 
of 
ry 
of 

nt, 
on 
on 
de 
is 
to 
cy



SStteeeellmmaakkiinngg    

182  © Metallurgical and Mining Industry, 2010, Vol. 2, No. 3 

of concentrations of basic and acid components 
from stoichiometric composition in the field of 
homogeneity of three-component eutectics. 
Refining mechanism at the second stage when hot 
metal tapping is represented by a series of 
structurally-chemical reactions (equations 7-10). 

At this stage, refining slag is formed from 
precalcined lime and broken fireclay brick 
(equation 7) and activated (equation 8), metal is 
deoxidated additionally and aluminum oxides 
(equations 8-9) are dissolved in the oxide-sulfide 
coating slag (equation 10). As a result of summing 
up reactions 6 and 10, the balance reaction of 
refining mechanism when metal tapping in the 
ladle is expressed as equation 11. 

Consumption indexes of additives for 
deoxidation of furnace and ladle slag, deoxidation 
and sulfur removal of metal, silicon and 
manganese alloying and also amount and chemical 
composition of coating slag are defined from 
equation 11.  Powdered compact materials (PCM) 
in the form of flux cored wires are added in the 
ladle metallurgy facilities (LMF) for final 
deoxidation and steel sulfur removal. Mixture of 
silicocalcium SC25, secondary aluminum granules 
and technical calcium is prepared as filler. It 
contains 37.3 % Si +26.7 % Ca + 36.0 % А1 and 
corresponds to stoichiometric composition of 
Si4Ca2Al4. Steel ladle treatment mechanism at the 
LMF stage is presented by chemical reactions 11-14. 

 
3(FeO)s+2(FeAl)s →(A12O3) s + 5 FeMe                                                                                                                       

                3(FeSi4)Mе+24[O]Mе→ l2(SiO2) s+ 3FeMе                                                                                                                          

22(FeAl)Me+33[O]Ме→ l 1(A12O3)s + 22FeMе                                                                                                            

(FeMn4)Ме+2[O]Me+2[S]Mе →2(MnO)s + 2(MnS)Me + FeMe                                                                        

 2(MnO)Me +2(FeAl)s+ [O]Mе →(A12O3)s + 2FeMe+ 2[Mn]Me                                                                       

 
_____________________________________________________________________________________________________ 

∑: 3(FеО)s +60[О]Ме+ 2 [S]Mе +3(FeSi4)Me +4(FeAl)s +22(FeAl)Me +(FeMn4)Me → 

→33Fe Me + 2[Mn]Me +12(Si02)s+13 (А12О3)s + 2(MnS)s                                                       
  

(Eq. 1) 

(Eq. 2) 

(Eq. 3) 

(Eq. 4) 

(Eq. 5) 

 

 

(Eq. 6) 

 
 

40(СаО)s+ (Al2O33SiO2)s →(40CaOAl2O33SiO2)s                                                                                                 

 (40СаОА12О33SiO2)s+2(FеА1)s+[О]Ме→(А12О3)s+ 2FeMe+(Al2O33SiO238CaO2Ca+)s      

 (Аl2О33SiO238СаО2Са+)s +2[S]Me + (А12О3)s → (2Al2O33SiO238CaO2CaS)s                           

∑:40(СаО)s+(А12О33SiО2)s+2(FеА1)s+[О]Ме+2[S]Me → 

→2FеМе +  (2А12О33SiО238СаО2СаS)s                                                                              

 (Eq. 7) 

(Eq. 8) 

(Eq. 9) 

 

(Eq. 10) 

 
 

 3(FеО)s+40(СаО)s+(А12О33SiO2)s+61 [O]Me+4[S]Me+3(FeSi4)Me + 6(FеА1)s+ 

+22(FeAl)Me+(FeMn4)Me →35FeMe+ 2[Mn]Me+(15Al2O315SiO238CaO2CaS2MnS)s  

4(Si4Ca2Al4) PCM  → 4 (Si4Ca2Al4)Me       

4(Si4 Ca2Al4)Me + 9[0]Me+ 4[S]Me→(А12О3)s+(SiO2)s+4(СаО)s+4(СаS)s+                       

+15[Si]Me+14[А1]ме  

 

 

   (Eq. 11) 

  (Eq. 12) 

 

(Eq. 13)

____________________________________________________________________________________________________________________________ 

∑:4(Si4Ca2Al4) PCM + 9[0]Me+4[S]Me→15[Si]Me+14[А1]Ме+ (А12О3)s+ (SiO2)s+ 4(СаО)s+ 4(СаSi)s        

(Eq. 14)     
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Balance reaction of  ladle treatment 
mechanism as a result of  summing up reactions 
(11) and (14) looks as equation 15. Reaction 15 (s - 
slag, Me – metal, PCM - powdered compact 
materials) outlines the mechanism of  deoxidation, 
sulfur removal, alloying and inoculation of 
nonmetallic inclusions at steel ladle treatment 
when metal tapping from a melting unit and on the 
LMF. 

Resource-saving technology of converter 
steel out-of-furnace treatment was suggested on the 
basis of above-mentioned mechanism of refining 
processes of iron-carbon melts.  It includes a 
consecutive series of operations in the ladle when 
metal tapping and on the LMF. 

Converter melt is an intermediate product 
for steelmaking and characterized by raised 
oxidation of metal - (0.08-0.12) % [O]ме and slag - 
to 20.0 % FeO at sulfur content 0.020-0.030 %. As 
mentioned earlier, such filler materials as 
ferrosilicium FS65, ferromanganese FMn78, 
ferroaluminum FА3О are used when hot metal 
tapping in the ladle. 

Industrial grades FS65 and FMn78 are 
standardized materials whereas FА30 is a synthetic 
alloy developed by authors of present paper for 
converter steel deoxidation [8-10]. Its density is 
2.0-2.5 times higher than density of alloys АВ87, 
therefore they are applied for metal and slag 
deoxidation and not oxidated by atmosphere 
oxygen as alloy АВ87 which density is less than 
density of ladle slag. 

At the first stage of ladle treatment, 
preliminary deoxidation and sulfur removal from 
metal with the formation of nonmetallic inclusions 
are carried out, and activated refining slag is built 
up. 

The balance equation of chemical reaction 
(15) allows defining consumption indexes of filler 
materials in steel ladle under converter as well as 
amount and chemical composition of coating slag. 

Appeared free-running oxysulfide slag in 
amount 4.9 kg/t contains 18.5 % SiO2 +31.4 % 
А12О3 + 43.6 % CaO + 3.0 % CaS + 3.5 % MnS 
with basicity 2.4; with slag module ~ 1.0 and 
corresponds to homogeneity area of three-
component eutectics of stoichiometric composition 
ЗСаОА12О3SiO2 and adsorbs 2.6 % S + 14.8 % 
SiO2 + 29.2 % А12О3 at removal of 0.216 kg/t - 

FeO; 0.976 kg/t - [O] Me and 0.128 kg/t - [S] Me. 
The sequence of technological operations on 

addition of filler materials for ladle treatment of 
converter   intermediate   product  is  as  follows: 
FА30 (2.32 kg/t) → FS65 (0.5 kg/t) →  FMn78 
(0.28 kg/t) → synthetic slag mixtures (2.5 kg/t), 
where FА30 is used for metal and slag 
deoxidation, FS65 - for metal deoxidation, FMn78 
- for sulfur removal and metal alloying, synthetic 
slag mixtures - for assimilation and removal of 
nonmetallic inclusions. 

We assumed that the final refining slag in 
the steel ladle in amount 5.5 kg/t contains (mass. 
%): 17.3 SiO2 + 29.4 А12О3 + 42.4 CaO + 7.8 CaS 
+ 3.1 MnS at basicity 2.45 and module of slag 1.1. 
Adsorption capacity of such slag is (mass. %): 
silica – 14.1; aluminum oxide – 27.6; lime 
carbonate – 2.0; sulfides – 10.9 (4.6 - on sulfur). 

Extent of steel desulfuration was defined by 
sulfur decrease in samples of metal 2-1 and 2-2 on 
LMF, the total extent of desulfuration - on metal 
samples on turndown (0.030 %) and 2-2 (0.004 %) 
was  86.7 %.  

The adsorption capacity of refining slag was 
evaluated by the specified chemical composition of 
synthetic slag mixtures and the final ladle slag at 
set mass 2.5 kg/t and 5.5 kg/t respectively. 
Additional content of CaO is considered after 
addition of ПКМ-А35С35К25 powdered compact 
material on the LMF. 

Process variables of metal refining in the 
steel ladle are presented in Table 1.  

Technological efficiency of obtained results 
is considerably higher as compared to the known 
data [11] about sulfur removal from converter steel 
treated by solid slag mixtures (CaO: CaF2 = 4:1) in 
amount 4.0-6.0 kg/t and silicocalcium of grade 
SC30 in amount 1.5-2.0 kg/t. Extent and depth of 
desulfuration on the LMF is 3-4 times lower, 
namely: 20.5 against 76.5 % and 0.012 against 
0.004 % respectively. 

Low efficiency of ladle treatment is caused 
by high basicity of refining slag (5.1 against 2.45) 
which  decreases adsorption capacity (mass. %) in 
relation to sulfur in slag (0.39-0.43 against 2.5) and 
to aluminosilicate - (23.8 Аl2О3 and 12.0 SiO2 
against 29.4 and 17.3). 

Resource saving technology of converter 
steel deoxidation in the ladle depending on grade

    
3(FeO) s+40(CaO)s+(Al2O33SiO2)s+70[0]Me+8[S]Me+3(FeSi4)Me+6(FeAl)s+22(FeAl)Me+ 

+FeMn4)Ме+4(Si4Ca2Al4)PCM →35Feliquid+2[Mn]Mе+15[Si]Mе+14[Al]Me  

+(16Al2O316SiO242CaO6CaS2MnS)s                                                                                                                                          (Eq. 15) 
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Table 1. Process variables of steel refining 
 

Sample number on LMF 2-1 2-2 

Sulfur content,      
mass. % 

Metal 
0.015-0.020 

0.017 
0.003-0.005 

0.004 

Slag 
2.0-3.0 

2.5 
4.0-5.0 

4.5 

Adsorption capacity of 
slag, mass. % 

СаО - 2.0 
SiO2 14.8 17.3 
Al2O3 29.2 29.4 
CaS 3.0 7.8 
MnS 3.5 3.1 

Sulfur distribution factor 147.0 1125.0 
Extent of desulfuration, mass. % 76.5 
Basicity of slag 2.40 2.45 
Module of slag 1.0 1.1 

* minimum and maximum values are in numerator,                   
  and average - in denominator. 

 
makeup of steel  as well as composition and 
quality of filler materials was suggested in 
publications [9,12]. In particular, new solid slag 
mixtures and modifying agents developed by 
authors of the present paper were not applied in 
references.  

The economic benefit of recommended 
technology can be received at several stages of 
ladle treatment: 

- Increase of molten metal yield due to iron 
of filler materials in amount 2.0 kg/t which is not 
considered in factory practice; 

- Substitution of imported calcium fluoride 
in commercial solid slag mixtures on broken 
fireclay brick when slag cost becomes equal to 
factory price of precalcined lime at reduction of 
specific consumption of  solid slag mixtures in 2 
times (2.0-2.5 kg/t against 4.0-4.5 kg/t); 

- Substitution of pig aluminum АВ-87  in 
equal amounts (2.0-2.5 kg/t) on ferroaluminum 
FА30 which cost is 30 % less; 

- Substitution of aluminum rolled wire in 
equal amounts (0.3-0.5 kg/t) on aluminum in 
granules, which is a part of complex filler of 
powdered compact materials and which cost is    
30 % less. 

 
Conclusions 

1. The method of stochastic analysis of iron-
carbon melts refining mechanism by added metal 
and slag-flux materials with the use of secondary 
materials was developed. 

2. The mechanism of slag formation and 
converter steel refining in the ladle when steel 
tapping and metal shaping-up was investigated, 

consumption indexes of additional materials at 
ladle steel treatment and also amount, composition 
and adsorption capacity of refining slag were 
determined. 

3. The flow diagram of resource-saving 
technology of converter steel ladle treatment that 
regulates the sequence of operations related to 
addition of set amount  and composition of 
additional materials: ferroaluminum FАЗ0 
(2.3kg/t)  ferrosilicium FS65 (0.5kg/t) 

ferromanganese FMn78 (0.3kg/t)  
synthetic slag mixtures (2.5kg/t)  flux cored wire 
with alumosilicocalcium С35К25А35 (0.25kg/t) at 
filling of steel ladle up to 3/4 of its height. This 
technology ensures removal of oxygen 0.98 kg/t 
and sulfur 0.13 kg/t at extent of desulfuration more 
than 70 %. 

 
References 

1. S. V. Kazakov Stal, 2005, No. 10, pp. 62-67.* 
2. A. Ya. Stomakhin Stal, 2006, No. 6, pp. 60-61. * 
3. N. A. Toropov, V. P. Borzakovsky, V. V. Lapin, 

N. N. Kurtseva. Structural Diagrams of Silicate 
Systems, Moscow, Nauka, 1965, 545 p. * 

4. V. M. Zalkin Nature of Eutectic Alloys and 
Contact Melting Effect, Moscow, Metallurgiya, 1987, 
152 p. * 

5. G. I. Zhmoydin, A. K. Chatterdzhi. Slags for 
Metal Refining, Мoscow, Metallurgiya, 1986, 296 p. * 

6. B. F. Belov, A. I. Trotsan, P. S. Kharlashin 
Izvestiya Vuzov. Chernaya Metallurgiya, 2002, No. 4, 
pp. 70-75. * 

7. A. I. Trotsan, P. S. Kharlashin, I. L. Brodetsky. 
Metal i Litye Ukrainy, 2000, No. 3-4, pp. 23-25. * 

8. S. G. Arikh, O. O. Larionov, B. F. Belov. Patent 
of Ukraine No. 9593 МПК7 С21С7/06                 



    SStteeeellmmaakkiinngg  

© Metallurgical and Mining Industry, 2010, Vol. 2, No. 3  185 

(October 17, 2005). * 
9. I. D. Buga, O. B. Kovura, A. I. Trotsan. Patent of 

Ukraine No. 11857 МПК7 С21С7/06                  
(January 16, 2006). * 

10. A. A. Kurdyukov, Yu. G. Yaroslavtsev,            
І. D. Buga et al. Patent of Ukraine No. 42906 МПК7 

С21С7/00 (November 15, 2001). * 
11. P. M. Semenchenko, B. F. Belov,                    

O. V. Nosochenko et al. Izvestiya Vuzov. Chernaya 
Metallurgiya, 2003, No. 4, pp. 18-22. * 

12. I. D. Buga, O. V. Nosochenko, A. B. Kovura, et 
al. Metallurgicheskaya i Gornorudnaya 
Promyshlennost, 2006, No.  4, pp. 50-52. * 

 

* Published in Russian 
 
Received  February 02, 2010 
 
Анализ рафинировочных процессов  

ковшевой обработки стали 
 

Буга И.Д., Троцан А.И., Белов Б.Ф.,          
Носоченко О.В., Паренчук И.В. 

 
В статье предложена 

ресурсосберегающая технология ковшевой 
обработки стали металлическими и шлако-
флюсовыми присадочными материалами с 
использованием порошковых проволок, 
синтетических сплавов и шлаков  из 
вторичного сырья, позволяющая в 1,5-2,0 
повысить технологическую эффективность 
внепечной обработки стали.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


