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RESEARCH ARTICLE

Slag parameters and sulphur partition in blast furnace hearth: Ukrainian case and
international comparison
Volodymyr Shatokha

National Metallurgical Academy of Ukraine, Dnipro, Ukraine

ABSTRACT
Blast furnace ironmaking usually requires maintaining a reasonable level of hot metal
desulphurization; therefore, knowledge of the complex interplay between physical properties and
desulphurization potential of slag is essential for the holistic approach to the operation. Several
models for predicting sulphur partition between slag and hot metal based on sulphide capacity
estimation have been studied in application to the Ukrainian blast furnace. Influence of an optical
basicity, as well as of CaO/SiO2 and MgO/Al2O3 ratios on sulphur partition between slag and hot
metal, was analysed. Attainment of the equilibrium partition was estimated in connection with Si
content in hot metal. International comparison of blast furnace slags was conducted involving
data for 25 steelworks from 16 countries covering composition, physical properties and
desulphurization potential. Approaches to optimization of slag composition are discussed,
considering the tradeoff between enhancing slag’s desulphurization capacity and keeping its
physical properties favourable to smooth and productive operation.
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Introduction

The optimization of blast furnace slag composition is essen-
tial for smooth operation and hot metal quality. The discus-
sions about optimal slag parameters usually focus on
viscosity and desulphurization potential. Stability of slag
properties against unforeseen deviations in the blast
furnace hearth thermal conditions or in raw materials’
chemistry is another essential aspect of optimization. Note-
worthy, viscosity affects diffusion at slag–metal interface,
thus determining the efficiency of sulphur partition
between slag and hot metal, whereas both physical proper-
ties and the rate of chemical reactions are subject to
thermal conditions in the hearth. Given the complexity of
slag–metal–gas interactions and the diversity of general
operational conditions (including slag compositions)
applied in blast furnace practice across the world, the rec-
ommendations on slag parameters offered in various
studies often apply to the particular conditions related to
composition and specific consumption of raw materials.
Along with basicity, reflected via various indices, the effect
of Al2O3, MgO and their proportion on sulphur partition is
often considered (other oxides’ effects have also been
studied but not covered in this paper).

Choice of slag parameters usually involves the following
options:

. high desulphurization potential of slag coupled with its
satisfactory physical properties aiming at feasibly low
sulphur content in tapped hot metal (external desulphur-
ization still can be applied – for example, to meet
specific requirements);

. satisfactory desulphurization potential of slag coupled
with its good physical properties usually followed by exter-
nal desulphurization of hot metal.

The choice depends upon many factors (e.g. sulphur
content in fuel and raw materials, availability of external
desulphurization and so on) and affects productivity,
energy consumption and economics of ironmaking. There-
fore, knowledge of the complex interplay between slag’s
physical properties and desulphurization potential is
essential for the holistic approach to the blast furnace
operation. This paper aims to assess the aspects of
sulphur partition between molten slag and hot metal in
the Ukrainian blast furnace and to analyse how local
slag parameters differ from those encountered in other
regions.

Specific aspects of blast furnace operation in
Ukraine

Major iron ore source in Ukraine is the Kryvyi Rih deposit.
Specific features of this deposit are discussed elsewhere [1].
Iron ores and concentrates of Kryvyi Rih contain large
amounts of silica, resulting in a relatively low content of
iron and high content of silica in agglomerated products:
48.6–54.2% Fe and 8.0–9.6% SiO2 in fluxed sinter (with CaO/
SiO2 ratio around 1.3), 62.1–64.6% Fe and 4.7–8.5% SiO2 in
fluxed pellets (CaO/SiO2 around 0.5) [2]. Local coking grade
coals are highly sulphurous, though the average share of
imported coals in the coking mix recently reached 70–75%
[3], thus reducing sulphur content in coke at some enterprises
to around 0.9% [4]. Operation with high desulphurization
potential of slag is usually applied to meet the requirements
to hot metal (HM) quality. To manage unstable composition
of the supplied raw materials and keep slag composition
within desirable range, raw limestone is often used with con-
sumption in the range of 20–80 kg/t-HM). Mentioned above
factors result in high slag yield – usually around 450 kg/t-
HM. The presence of high amounts of slag in bosh and
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hearth reduces gas permeability and requires more frequent
tapping followed by insufficient utilization of slag’s desul-
phurization potential.

Methodology

Slag sulphide capacity and sulphur partition
coefficient

In the molten blast furnace slag, sulphur occurs as sulphide
ion (S2–) [5]. Sulphur partition between slag and metal
depends upon the slag to metal ratio and the sulphide
capacity of the slag. Richardson and Fincham [6] defined
slag sulphide capacity based on the equilibrium at slag–gas
interface as follows:

CS = (S) · PO2

PS2

( )1/2

= K
aO2−

fS2−

( )
, (1)

where: (S) is sulphur content in slag (%); РО2, РS2 are partial
pressures of respected gases; аО

2 – is oxygen activity in slag;
fS
2– is sulphur activity coefficient in slag; К is the equilibrium
constant of the reaction ({..} and (..) denote substances in
gas and slag, respectively)

1
2
S2{ } + O2−( ) = S2−

( )+ 1
2
O2{ }

Turkdogan and Fruehan [5] estimated sulphide capacity
based on the equilibrium at slag–metal interface ([..]
denotes substances in metal):

[S]+ (O2−) = [O]+ (S2−) (3)

C′
S = (S)

[aO]
[aS]

, (4)

where [аО] and [аS] are activities of respected elements in
metal.

The relationship between the two estimations is described
by the equation

CS = C′
S

KOS
(5)

where КOS is the equilibrium constant of the reaction.

[S]+ 1/2{O2) = [O]+ 1/2{S2} (6)

Kulikov [7], considering a reaction

{CO} = [C]+ 1/2{O}2, (7)

elaborated the following equation for activity of carbon in
liquid iron [аC] = 1

lgCS = lg L0S
PCO
f[S]

+ 780
T

− 5.6, (8)

where: LoS = (S)/[S] is an equilibrium sulphur partition coeffi-
cient calculated as a ratio of sulphur mass concentrations in
slag (S) and metal [S]; f[S] is the activity coefficient of
sulphur in liquid iron.

For T = 1723K (1450°С) Equation (8) can be simplified as
follows:

L0S = 1.4 · 105 f[S]
PCO

· CS, (9)

Based on the experimental data on equilibrium in the
system ‘iron – slag – graphite – CO gas’ Kulikov [7] obtained

the following empirical equation:

lg
L0S
f[S]

= 2.55B′ − 2.07 (10)

where B’ is basicity coefficient estimated as:

B′ = CaO+MgO
SiO2 + 0.6Al2O3 − ((CaO+MgO/SiO2)− 1.19)

(11)

Combination of thermodynamic data (9) and empiric
model (10) results in

lgCS = 2.55× B′ − 7.23 (12)

Values delivered by Equation (9) far exceed the industrial
data; therefore, the following, rather arbitrarily obtained,
equation was proposed [7] for approximate estimation of
the sulphur partition coefficient in blast furnace hearth

LS ≈ 5 · 104 f[S]
PCO

· CS (13)

Like other similar equations available in literature,
Equation (12) in combination with Equation (13) enables esti-
mation of sulphur partition for a certain slag composition
expressed by the basicity index. Although basicity is extre-
mely widely used, absence of consensus in a definition of
its quantitative expression was pointed out by many
researchers. Sommerville and Yang [8] argue that ratios
devised for basicity estimation, compiled by Mills [9], have
limited scope of application, whereas an optical basicity (a
concept elaborated by Ingram and Duffy [10]) can be
trusted as a more comprehensive measure of basicity.

In numerous works (e.g. [11–13]) the applicability of
optical basicity as the comprehensive characteristic of slag
composition was convincingly proven for various conditions
of operation. Critical opinions are also noted (e.g. [14,15]),
in particular, pointing out that opacity of transition metals’
oxides such as FeO и MnO in ultraviolet spectral region dis-
ables experimental determination of their optical basicity.
To overcome this, Sosinsky and Sommerville [11] proposed
indirect estimation of optical basicity based on experimental
data on the sulphide capacity of slags containing such oxides.
Duffy [16] developed a method applying data on refractivity
and density of transition metals’ silicates and aluminates.
However, the estimated optical basicity for MnO and FeO
varies in a wide range. In this study, the values recommended
by Sommerville and Yang [8] summarized in Table 1 are used.

Optical basicity of multi-component oxide system is esti-
mated as

L =
∑n
i=1

Xi · Li, (14)

where n is the total number of oxides and Хi is equivalent cat-
ionic value of oxide i determined from the equation

Xi = Oi · Ni∑n
i=1

Oi · Ni

, (15)

Table 1. Optical basicity (Λ) of the oxides typical for blast furnace slags (Ref.
[8]).

Oxide CaO MgO Al2O3 SiO2 MnO FeO

Λ 1.00 0.85 0.65 0.48 0.95 0.93
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where Оi is a number of oxygen atoms in the molecule of
oxide i and Ni is the mole share of the same oxide.

Sosinsky and Sommerville [11] obtained the following
empirical equation, suitable for estimating slag’s sulphide
capacity from its optical basicity in the temperature range
of 1400–1700°С:

lgCS = (22690− 54640× L)× T + 43.6× L− 25.2. (16)

Young et al. [13] show that the relationship between lgCS
and Λ is not linear; hence Equation (16) undervalues CS of
high basicity slags. Two empiric equations have been pro-
posed for different basicity ranges. For the range of Λ < 0.8,
relevant to blast furnace slags, the following was adopted:

lgCS = −13.913+ 42.84× L− 23.82× L2

− (11710/T)− 0.02223× (SiO2)–0.02275

× (Al2O3), (17)

where (Al2O3), (SiO2) are concentrations of oxides in slag in
mass %.

Over the years, many researchers have developed several
other sulphide capacity models. These developments are
summarized, in particular, by Ma et al. [17], hence this
paper does not attempt a more comprehensive review.

For practical industrial purposes, it is reasonable to not
only estimate sulphide capacity but also predict sulphur par-
tition coefficient. From the equation for the equilibrium con-
stant of the reaction (6)

lg KOS = − 935
T

+ 1.375 (18)

and using Equations (4) and (5), Young et al. [13] elaborated
the following equation:

lg
(S)
[aS]

= − 935
T

+ 1.375+ lgCS − lg [aO]. (19)

Sulphur activity in liquid iron can be calculated from:

[aS] = [S]× f[S]. (20)

From the above, sulphur partition coefficient can be
expressed as:

LS = (S)
[S]

= f[S] · 10
−
935
T

+ 1.375+ lgCS − lg [aO]
(21)

Sulphur activity coefficient in low manganese liquid iron
can be calculated using the following equation [7]

lg f[S] = − 1300
T

− 1.473+ 0.047 · [Si]+ 0.0024 · [Si]2 (22)

Venkatadri et al. [18] estimated oxygen activity in liquid
iron from the reaction

(FeO) = [Fe] + [O]

lg K = lg
[aO]
aFeO

= − 6320
T

+ 2.734 (23)

considering that in blast furnace slags аFeO = NFeO [19].
However, estimation of oxygen activity in liquid metal

from the equilibrium of the Reaction (23) using the industrial
slag’s data has a drawback: inefficient separation of iron
beads from the slag causes errors in estimation of FeO
content. Application of the above equations to the models
by Sosinsky and Sommerville [11] and Young et al. [13]

demonstrates (Figure 1) that even slight deviation of FeO
content in slag, especially in the most relevant to blast
furnace slags range from 0.2% to 0.6%, drastically affects par-
tition coefficient (slag composition typical for Ukraine was
taken with 1.2 CaO/SiO2, 6% MgO, 8% Al2O3; T = 1723K).
Therefore, considering possible errors in FeO estimation,
application of Equation (23) for estimating oxygen activity
in liquid metal may cause substantial inaccuracy.

In contrast to FeO, the accuracy of MnO content in slag for
low manganese hot metal production shall not be essentially
affected by the presence of iron beads in slag. Young and
Cripps Clark [20] proposed the following reaction as an indi-
cator for oxygen activity estimation

[Mn]+ 0.5{O2} = (MnO), (24)

defining MnO activity in liquid slag from the equation

aMnO = 10−3(MnO) · 1.6+ 5.9
(CaO)+ 1.4(MgO)

(SiO2)

( )
. (25)

The value of Mn activity coefficient can be defined from
Wagner’s equation [21] using the first order interaction par-
ameters (eCMn = –0.07; eSiMn = 0; eMn

Mn = 0; ePMn =−0.035; eSMn =
−0.043)

lgf[Mn] = eCMn[C]+ ePMn[P]+ eSMn[S], (26)

Oxygen activity can be calculated as [аО] = аMnO/[аMn]·КMn,
where [аMn] = [Mn]·f[Mn] and КMn is estimated as follows [20]

lg KMn = 12760
T

− 5.5. (27)

Industrial data

Daily average industrial slag and metal compositions data
have been collected at a single blast furnace in Ukraine
with a designed capacity of 5000 t-HM per day. To address
a wide range of operational conditions, data on hot metal
and slag compositions have been collected for a six-month
period, including episodes when the operation substantially
deviated due to various reasons. Outliers have been excluded
using standard statistical procedure. The ranges of the

Figure 1. Effect of FeO content in slag on oxygen activity in liquid iron and
sulphur partition coefficient estimated using the models by Sosinsky and Som-
merville – 1 [11] and Young et al. – 2 [13].
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deviations in slag and hot metal compositions (after exclusion
of outliers) are shown in Table 2. Hot metal carbon content
and temperature have not been measured permanently
and were assumed as 4.5% and 1450°C, respectively, based
on the average data available from plant laboratory. Similar
to other researchers (as summarized by Wang et al. [22]), con-
sidering the conditions at the interface between slag and
carbon saturated iron, partial pressure PCO was taken as 1
atmosphere.

Results and discussion

Validation of sulphide capacity models against
statistic data

Figure 2 demonstrates the Ls curves calculated according to
methods analysed above and plotted against the measured
partition coefficient. Noteworthy, even though the equili-
brium values (denoted as [7] eq) of partition coefficient esti-
mated using Kulikov’s Equation (9) far exceed plant data,
their linear approximation curve is nearly parallel to an
ideal plot. In contrast, curves obtained for the equations
intended to estimate real partition coefficient in all three ana-
lysed methods exhibit lesser slope than needed to fit the
industrial data. Hence, model by Young et al. [13] overesti-
mates Ls in low-value range while providing relatively rel-
evant forecast for Ls values above 60, whereas models by
Kulikov [7] and Sosinsky and Sommerville [11] deliver rather
underestimated values and the relevance of these models’
forecast deteriorates with growth of Ls.

Statistical data in Table 3 show that optical basicity, CaO/
SiO2 ratio and Kulikov’s basicity ratio (11) have nearly equally
strong correlation with Ls, whereas other ratios have weaker
correlation.

Plots of Ls values – measured and estimated using various
models – versus the basicity ratio CaO/SiO2 are shown in
Figure 3. Only the model by Young et al. [13] fits within the
scatter of industrial data (greyed area) whereas the other
models suit only basicity below 1.15 CaO/SiO2. Obviously,
prediction of Ls could be further enhanced – for example,
by adjustment of the curve delivered by Equation (17) to
the local statistical data.

On the deviation from equilibrium

Sulphur partition between slag and hot metal in the blast
furnace depends upon the operation parameters, thermal
conditions, iron and slag compositions, slag yield, etc. Accord-
ing to [23,24], sulphur partition is close to equilibrium,
although we found no sufficient quantitative information in
literature to support this opinion. To quantify the attainment
of equilibrium sulphur partition in industrial conditions, fol-
lowing ratio was applied

1 = LS
LoS

( )
· 100%, (28)

where Ls represents the plant data and L0s was defined using
Equation (9).

The average ɛ value of 66% was obtained with minimum
and maximum of 39% and 95%, respectively (100% means

Figure 2. Plot of Ls values calculated using various models versus industrial data.

Table 2. Range of hot metal and slag compositions, mass %.

Hot metal Slag

Si Mn S P CaO SiO2 MgO Al2O3 FeO MnO

0.48–1.79 0.18–0.31 0.014–0.069 0.070–0.095 44.8–49.2 37.5–43.6 3.4–7.3 5.2–9.6 0.26–0.57 0.21–0.69

4 V. SHATOKHA



attainment of equilibrium). As shown in Figure 4, deviation
from the equilibrium tends to grow with increased optical
basicity which could mean that enhanced desulphurization
potential of high basicity slag might be offset by its higher
viscosity. However, as seen from the coefficient of determi-
nation, statistical significance of trend is rather poor, owing
to simultaneous influence of many factors other than
optical basicity. In particular, as seen from Table 2, Si
content in hot metal varied significantly, indicating unstable
thermal conditions.

Although the correlation between Ls and Si content in hot
metal seems not very strong (Table 3); thermal conditions in
the hearth (reflected in Si content) shall affect the deviation
from equilibrium. To adjust industrial data to specific Si

content in hot metal, the following equation reflecting a com-
bined effect of slag composition and Si content in hot metal
(in mass %) on sulphur partition was obtained using
a multiple regression analysis (multiple correlation coefficient
R = 0.73)

Ls = −1644 + 2472× L+ 14× [Si] (29)

Effect of Si on the value of equilibrium sulphur partition
coefficient (LoS) is taken into account via sulphur activity coeffi-
cient in Equation (22). The results in Figure 5 show that basi-
city growth is followed by more substantial deviation of the
sulphur partition from the equilibrium, representing a cumu-
lative effect of simultaneous growth of LoS value and of slag
viscosity, making attainment of equilibrium more difficult.
Higher Si content in hot metal brings sulphur partition
closer to equilibrium: growth of equilibrium value thanks to
higher sulphur activity coefficient in hot metal (22) appears
less significant than effect of elevated thermal conditions in
the hearth, to which higher Si content in hot metal is
usually attributed (although precise judgment would
require knowledge of the hot metal temperature).

On the optimal slag composition

Figure 6 represents the industrial Ls values in coordinates
CaO/SiO2 versus MgO/Al2O3. Such a presentation has two
advantages over other formats required to depict a quatern-
ary system:

– most exact demonstration of the observed data – after
adjustment into four-component system, no recalculation
to fixed content of one component needed (as it shall be
done in case of more usual triangular cross-section layout);

– easier setup and more straightforward reading compared
with 3D format.

Figure 6 also depicts intersections of liquidus surfaces,
crystallization phase fields, liquidus surface isotherms (by
Ref. [25]), iso-viscosity (by Ref. [26]) and iso-Ls curves for the
CaO·SiO2·MgO·10% Al2O3 slags. Iso-Ls curves were built
using the following equation derived from multiple
regression analysis (multiple correlation coefficient R = 0.84)

Ls = −540.8+ 509.4× CaO/SiO2 + 57.7

×MgO/Al2O3 (30)

Most slag compositions correspond to the Melilite and the
Merwinite phase fields. These fields were defined by Osborne
et al. [25] as an optimum where slag is entirely liquid and
high desulphurization potential is combined with low viscosity
(viscosity values below 0.5 Pa·s are considered as suitable for
blast furnace operation [27,28]). Plateau-like liquidus surface in
the Merwinite phase field is situated at a temperature around
1500°С, whereas liquidus surface in the Melilite phase field is
slightly inclined between 1350°С and 1500°С isotherms.

Fewer slag compositions fall into dicalcium silicate phase
field where the basicity growth is followed by the steep

Table 3. Coefficients of correlation with Ls.

Indicator CaO/SiO2 (CaO + MgO)/SiO2 (CaO + MgO)/(SiO2 + Al2O3) Λ B′ [Si]

Coefficient of correlation with Ls 0.68 0.42 0.43 0.69 0.68 0.39

Figure 3. Calculated and industrial Ls values versus basicity CaO/SiO2 ratio
(greyed area represents the scatter of the industrial Ls values).

Figure 4. Attainment of equilibrium sulphur partition versus slag optical basi-
city (industrial data, R2 – coefficient of determination).

IRONMAKING & STEELMAKING 5



ascent of liquidus surface towards very high temperatures.
The latter field is unsuitable for stable blast furnace operation
and falling of some slag compositions into this field is
explained by the fact that the phase fields’ boundaries and
viscosities in Figure 6 correspond to CaO·SiO2·MgO·10%
Al2O3 system, whereas real Al2O3 content deviated from
5.2% to 9.6%; moreover, properties of real slag are also

greatly affected by presence of sulphur, FeO and MnO in
slag (so, viscosity of industrial slag shall be lower).

The positive effect of MgO on slag properties has been
repeatedly confirmed for the Ukrainian conditions but,
owing to the deficit of local dolomite resources, MgO
content in slag is usually lesser than recommended [29,30].
In Figure 6, higher MgO/Al2O3 ratio at constant CaO/SiO2

Figure 5. Effect of optical basicity on the attainment of equilibrium sulphur partition for various Si content in hot metal. Industrial Ls values are adjusted to equal Si
content in hot metal using equation (29); R2 – coefficient of determination.

Figure 6. Compositions of industrial slags in CaO·SiO2·MgO·10%Al2O3 diagram (viscosity in Pa s for 1450°C, temperature in °C).

6 V. SHATOKHA



correspond to higher desulphurization potential and lower
viscosity of slag; however, the Melilite phase field where
slag has lower liquidus temperature is more favourable for
ensuring sustainability of slag properties against deviations
of thermal conditions in the hearth.

In contrast to basicity, which being one of the most impor-
tant operational parameters closely follows normal distri-
bution with 85% of compositions within the range from
1.09 to 1.23 CaO/SiO2, distribution of MgO/Al2O3 demon-
strates no distinct pattern thus indicating that MgO content
in slag was not in managed (Figure 7).

Discussed above allows considering slag compositions
adjacent to the intersection of Melilite and Merwinite phase
fields (preferably within the Melilite field) as optimal, if high
desulphurization potential of slag is a target. For the domi-
nant basicity range of 1.15–1.19 CaO/SiO2 it corresponds to
0.84–0.68 MgO/Al2O3; however, as seen from Figure 7, large
part of slag compositions are observed in much lower
MgO/Al2O3 range.

For international comparison, the data on the slag compo-
sitions for 25 steelworks representing 16 countries have been
collected in literature [31–46] and shown in Figure 8. All com-
positions have been adjusted to equal content of MnO (0.3%)
and FeO (0.4%) and recalculated to 100% of CaO + SiO2 +
MgO + Al2O3 + FeO +MnO. By Al2O3 content, all slags were
classified into three groups – 6–12%, 13–17% and 18–25%.
By the combination of CaO/SiO2 and MgO/Al2O3 ratios,
slags with 6–17% Al2O3 (including Ukrainian) fit into a
common pattern represented with greyed area, whereas
slags with 18–25% Al2O3 (all belong to India) distinctly rep-
resent a separate group. In some countries, slag compositions

Figure 7. Distribution of CaO/SiO2 and MgO/Al2O3 ratios of the industrial slags.

Figure 8. Compositions industrial slags from various regions of the world
grouped by Al2O3 content.

Figure 9. Compositions of industrial slags from various countries in CaO·SiO2·MgO·10%Al2O3 diagram.

IRONMAKING & STEELMAKING 7



of different enterprises are very close; in such cases, the
average values are used and further, in Figures 9–11, the
names of the enterprises are denoted only when slag compo-
sitions from a single country are essentially different.

Closer look at the defined subgroups reveals the following
aspects.

(1) Slags with 6–12% Al2O3 content, including the studied
Ukrainian case, fit into the Melilite phase field of the
CaO·SiO2·MgO·10%Al2O3 system, as shown in Figure 9.
With few exceptions, slags tend to locate along the Meli-
lite/Merwinite boundary reflecting the mentioned above
tradeoff between better desulphurization and lower slag
liquidus temperature. All slags are located in the area
where slag has viscosity below 0.5 Pa s and most of
them, with exception of Romania, Spain and Ukraine,
below 0.4 Pa s. The latter three cases also correspond to
slags with the highest Ls values. Noteworthy, this analysis
compares slag compositions only and doesn’t include

any data on sulphur partition in the referred cases,
hence iso-Ls values only indicatively denote desulphuri-
zation potential (e.g. sulphur input might be minor and
not require high basicity slag operation or plant may
operate with external desulphurization and minimization
of sulphur content in tapped metal is not prioritized).

(2) Slags with 13–17% Al2O3 content are located in two
different phase fields of CaO·SiO2·MgO·15%Al2O3 system
– Brazil, China and Japan in the Melilite, while Sweden
and UK in the Spinel (Figure 10). All slags are very close
in liquidus temperature and desulphurization potential.
Slags in the Spinel field have lower viscosity – around
0.30 Pa s versus 0.35–0.40 Pa s in the Melilite field. This
and next group of slags are very different by composition
from the Ukrainian ones; therefore, in these two cases, iso-
Ls curves are determined using Equation (21) with Cs
values calculated using Equation (17).

(3) Slags with 18–25% Al2O3 content are located in the Melilite
phase field very close to an intersection with the Spinel

Figure 10. Compositions of industrial slags from various countries in CaO·SiO2·MgO·15%Al2O3 diagram.

Figure 11. Compositions of Indian industrial slags [36] in CaO·SiO2·MgO·20%Al2O3 diagram.
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phase field of CaO·SiO2·MgO·20%Al2O3 system – an area
with low liquidus temperature and low viscosity,
although desulphurization potential of slag is moderate
(Figure 11).

Obviously, the choice of slag composition in each case
depends upon local conditions including sulphur input with
charge materials as well as availability and feasibility of exter-
nal desulphurization; however, analysis of such factors
exceeds the scope of current study.

Conclusions

Sulphur partition between molten slag and hot metal in the
Ukrainian blast furnace was assessed. Several sulphide
capacity models have been reviewed for predicting sulphur
partition between slag and hot metal in the Ukrainian indus-
trial blast furnace. Sulphide capacity models provide gener-
ally adequate prediction. Best applicability of the model by
Young et al. [13] was revealed; however, further enhance-
ment of prediction would require tuning of the Equation
(17) to local empirical data. Attainment of equilibrium in
sulphur partition under the studied conditions reaches in
average 66% and is favoured by lower basicity and higher
content of Si in hot metal.

Reflecting the peculiarities of raw materials’ quality, the
blast furnaces in Ukraine operate with elevated slag yield
(usually around 450 kg/t-HM) followed by more frequent
tapping and insufficient utilization of the desulphurization
potential of the high basicity slag. International comparison
suggests that, generally, Ukrainian blast furnace slag compo-
sitions fit the optimization pattern observed in other
countries where Al2O3 content in slag does not exceed 12%
(other countries form two distinct groups with 13–17% and
18–25% Al2O3 content). Although local slag has relatively
high desulphurization potential, its viscosity is substantially
higher than in the majority of countries and sustainability
of slag properties is vulnerable to the deviations of thermal
conditions in the hearth.
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Appendix

Notations

Symbols

CS – sulphide capacity;
Рi – partial pressures of gas i;
аi – activity of specie i;
fi – activity coefficient of specie i;
Хi – equivalent cationic value of oxide i;
Оi – number of oxygen atoms in the molecule of oxide i;
Ni – mole share of oxide i in slag;
LoS and Ls – equilibrium and observed sulphur partition coefficient,

respectively;
eiMn – first order interaction parameter of element i and manga-

nese in molten iron;
ɛ – degree of attainment of equilibrium sulphur partition;
Λ – optical basicity;
K – chemical equilibrium constant;
T – temperature in K.

Parentheses

{..}, (..) and [..] denote substances in gas, molten slag and molten iron,
respectively.
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