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Abstract 9 

In the BOF steelmaking process, lime quality and quantity directly affect slag quality, affecting metallurgical results, 10 
liquid metal yield, productivity, and therefore the total cost and environmental impact of the steel production. In this 11 
paper, a value in use model based on mass balance and heat balance was developed and used to evaluate the impact of 12 
lime quality on the BOF process.  The model is capable of calculating the consumption of scrap, lime, oxygen, the volume 13 
and composition of the slag and the volume and composition of off-gas and facilities to calculate the cost-benefit 14 
contributions and potential cost saving for a configured choice of various types of lime and operating parameters. The 15 
model has been successfully validated using the data of the Steel Plant. Then three types of lime with different qualities 16 
were used to elaborate on the impact of lime characteristics in optimizing the steelmaking process, metallurgical benefits, 17 
overall cost impact, potential savings, and environmental benefits. The calculation results show that good-quality lime 18 
could increase the scrap ratio, reduce the lime consumption, and reduce iron loss, accordingly, improve the steel quality, 19 
increase steel yield, reduce the smelting costs, stabilize smelting operations, and reduce CO2 emissions. 20 

Key Words 21 
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 23 

1. Introduction 24 

      Despite the development of lime usage in many other industries, the steel industry today remains the largest market 25 
for lime usage followed by construction and environment—used as a flux in crude steel production.[1] Industrial lime 26 
production allows offering customized lime quality to answer the needs of different steel applications. The blast furnace-27 
basic oxygen furnace (BF-BOF) is one of the most widely used routes for steel production. Lime and dolime play essential 28 
roles in this steel making process. Lime quality can significantly impact steel quality, metallurgical performance, 29 
productivity, and production costs. The steel industry indeed faces issues related to the growing demand for high-quality 30 
clean products, e.g., automotive applications. At the same time, the steel industry is leading carbon dioxide emissions and 31 
energy use reduction. Lime used in the steel industry with suitable quality is then a very important subject to produce 32 
good quality and sustainable steel. 33 
      The BOF steelmaking is a batch process that uses hot metal, scrap, fluxes and oxygen as input materials to produce 34 
steel with suitable composition and temperature. Conducting a mass balance and heat balance analysis with real-time 35 
operating conditions can optimize the input raw material configuration and provide an insight into the impact of raw 36 
material quality on process and cost. Based on this concept, static models were developed quickly by operators with the 37 
advent of oxygen steelmaking in the 1950s, but the first published model was in 1960 by Slatosky[2]. After that, Slatosky 38 
[3], Dauby et al.[4], and Katsura et al.[5] further improved the static model to calculate the thermodynamically balanced 39 
charge for a converter. However, only very few details are available in the open-source, and a few of them discussed the 40 
effect of lime quality on the process. 41 
      In this paper, a Value in Use (VIU) model based on the mass and heat balance analysis has been developed. The 42 
related parameters from publications combined with the semi-empirical equations from plant data are used to develop the 43 
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realistic model, including properties estimation, performance prediction and cost-benefit analysis. The developed VIU 44 
model has been successfully validated using industrial operation data and employed to evaluate the impact of lime quality 45 
on the BOF process in terms of performance and cost benefits. 46 

2. Model Description and Computation Method 47 

      The overall VIU model consists of three sub-modules: mass and heat balance module, properties prediction module, 48 
and cost-benefit module. The static mass and heat balance module plays a significant role in the computer-control system 49 
of the BOF process, which is the core of the current VIU model. The consumption of raw materials, fluxes and oxygen, 50 
and the volume and composition of the steel, slag and off-gas are calculated by a set of mass and heat balance equations. 51 
The slag properties have an important effect on the smelting process and the quality of steel products. The viscosity, 52 
density, De-S/Mn/P ability, lime dissolution time, and lime loss in dust can be estimated via the properties prediction 53 
module. Every company is racking its brains to reduce its operating costs and improve efficiency for maximizing profits. 54 
The quasi-fixed conversion cost, fluxes cost, materials cost, productivity gain, and CO2 emission cost has been considered 55 
in the cost-benefit module. In addition, these modules are further developed in the form of a user-friendly interface for 56 
input setting and output displaying during calculation. The concept of the VIU model is illustrated as a flow chart in 57 
Figure 1. The model started with the mass and heat balance calculation and is followed by slag properties prediction, then 58 
the results of the calculation are used for the cost-benefit analysis. All the results are saved in the database and can be 59 
presented in the user interface. 60 
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 61 

Fig. 1. Flow chart of the VIU model. 62 

2.1 Mass balance and heat balance module 63 
2.1.1 Mass balance 64 

      In the BOF process, the vessel is a batch reactor where the vessel is emptied in between heats. The mass balance 65 
compares materials inputs and outputs (Eq.1) and can be considered global balances, specific entities balances (gas, slag, 66 
steel. Etc.), and elementary balances (Fe, C, O, P, etc.). For instance, the balance for element X can be written as Eq.2. 67 
Table 1 presents the input and output materials in the BOF process. 68 

∑ 𝑖𝑛𝑝𝑢𝑡 = ∑ 𝑜𝑢𝑡𝑝𝑢𝑡             (1) 69 
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∑ 𝑄 , × %𝑋 , = ∑ 𝑄 , × %𝑋 ,        (2) 70 

Depending on the context, Eq.2 can be used for evaluating the amount 𝑄input,i or Qoutput,j of an input or output, and 71 
evaluating the composition %𝑋input,i or %𝑋output,j of an input or output. First of all, the mass balance equations of Fe, C, Si, 72 
P, S, CaO, MgO, and Al2O3 are considered to estimate the weights and composition of steel and slag, and the consumption 73 
of fluxes (lime and dolime). It is followed by oxygen balance to calculate the volume of oxygen and off-gas composition. 74 
Establishing accurate mass balances is always the crucial first step to guarantee the validity of the energy balance. 75 

Table 1: Input and output materials from the Basic Oxygen Furnace Process 76 

Input 

Hot metal Weight fixed (MHM), composition and temperature are known 

Scrap 
Weight fixed or unknown (MScrap), composition and temperature are known; If the weight is 
unknown, then it can be determined by the tapping temperature (Ttap) 

Coolants 
Including DRI, ore, pig iron, sinter, pellet.  
Weight fixed (Mcoolant), composition and temperature are known 

Fluxes 

Lime: weight fixed or unknown(MLime), composition and temperature are known, If the weight 
is unknown, then it can be determined by binary basicity (B2) of slag 
Dolime: weight fixed or unknown(MDolime), composition and temperature are known, If the 
weight is unknown, then it can be determined by the fixed MgO content in slag 
Limestone: weight fixed (MLimestone), composition and temperature are known 
Dolostone: weight fixed (MDolo), composition and temperature are known 
Fluorspar: weight fixed (MFluor), composition and temperature are known 

Oxygen 
Volume unknown (VOxygen), calculated based on oxygen balance, composition and temperature 
are known 

Output 

Steel 
Weight unknown (MSteel), calculated based on Fe balance. The endpoint carbon content is 
known, Mn/S/P content in steel calculated via the capacity property of slag. temperature fixed 
or calculated via heat balance 

Slag 
Weight unknown (MSlag), FeO content is known, temperature fixed or calculated via heat 
balance 

Gas Weight unknown (MGas), temperature fixed 

Dust Weight unknown (MDust), temperature fixed 

2.1.2 Heat balance 77 

       Heat balance is important for the correct temperature prediction. The first law of thermodynamics states that the heat 78 
of reaction depends only on the initial and final states and not on the intermediate states through which the system may 79 
pass. Thus,  the components of heat balance are shown in Figure 2. The heat input is through the sensible heat of materials 80 
and the heat of exothermic reactions. The heat goes out as sensible heat of steel/slag/gas/dust, endothermic heat of melting/ 81 
decomposition, and some heat loss to the atmosphere. 82 
The main balances calculation are defined by the following equations: 83 
The sensible heat of materials Qsh: 84 

𝑄 = ∑ (𝑀 × ∆𝑇 × 𝐶 + 𝐻 , × 𝑀 )   (3) 85 

where Mi is the reactant amount, kg; ∆T is the temperature difference, K; Cp is the specific heat capacity of substance i, 86 
J/(kg·K), and Htrans,i is the enthalpy of phase change of substance i, J/kg. 87 
According to the reactant amount (Mi) from mass balance calculation and the reaction thermal effects (∆Hi), the heat of 88 
reactions Qrh can be expressed: 89 

𝑄 = ∑ 𝑀 × ∆𝐻    (4) 90 
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 91 

QInput 
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 92 
Fig.2. components of heat balance during BOF process. 93 

2.2 Properties prediction module 94 

2.2.1 Phosphorous, Manganese and Sulphur prediction 95 

      There are several de-phosphorus prediction models and well documented by Deo et al.[6]. Healy’s model[7] and Suito’s 96 
model[8] are widely used for phosphorous prediction. However, these models are based on thermodynamic equilibrium. 97 
Thus, an empirical model developed from steel plant practice is employed: 98 

lg {
[ ]

}  =  18837/(𝑇℃ + 273) +  0.067 ∗ (𝑤𝑡(%𝐶𝑎𝑂) ∗ 100 + 0.3 ∗  𝑤𝑡(%𝑀𝑔𝑂) ∗ 100 ) − 0.55 ∗ 𝑤𝑡%[𝐶] ∗ 100 + 12        (5) 99 

      Numerous semi-empirical and empirical models have been established for calculating the slag sulphide capacities. 100 
The KTH model[9-10] is based on thermodynamics but requires many parameters in the calculation process when the 101 
interactions of components are considered. The concept of optical basicity Ʌ was developed by Duffy and Ingram[11-12], 102 
then first proposed by Sosinsky and Sommerville[13-14] to estimate a sulphide capacity model, whereas the results are less 103 
accurate, and then modified by Young et al. [15]. Young’s model was divided into two sections taking the optical basicity 104 
value 0.8 as the boundary, and the accuracy was greatly improved. The sulphide capacity of slag is predicted using 105 
Young’s model, and the sulphur in steel can be calculated based on the relationship between sulphide capacity and sulphur 106 
distribution[16], which is as follows: 107 

𝑓𝑜𝑟 Ʌ < 0.8: 𝑙𝑜𝑔 𝐶𝑠 = −13.913 + 42.84Ʌ − 23.82Ʌ − − 0.02223(%𝑆𝑖𝑂 ) − 0.2275(%𝐴𝑙 𝑂 )           (6) 108 

𝑓𝑜𝑟 Ʌ ≥ 0.8: 𝐶𝑠 = −0.6261 + 0.4808Ʌ + 0.7197Ʌ + −
Ʌ

+ 0.0005(%𝐹𝑒𝑂)          (7) 109 

log {
( )

[ ]
} = 𝑙𝑜𝑔𝐶𝑠 − 𝑙𝑜𝑔𝑎 + 𝑙𝑜𝑔𝑓 − + 1.375           (8) 110 

The manganese prediction is done by using Suito [17] model as follows: 111 

𝑙𝑜𝑔𝐶 = −0.0188[(%𝐶𝑎𝑂) − 0.21(%𝑆𝑖𝑂 ) + 0.12(%𝑀𝑔𝑂) + 0.31(%𝐹𝑒𝑂) + 1.65(%𝑃 𝑂 )] + − 3.685                (9) 112 

The coefficients of these three models can be estimated and modified by performing regression analysis with the plant 113 
data. 114 

2.2.2 Viscosity and density prediction 115 

      The liquid slag viscosity is calculated by using the model developed by Zhang et al.[18] The model is a structure-based 116 
viscosity model, which is proposed to represent the viscosity of oxide melts as a function of both temperature and 117 
composition. The model provides a good description of the variations in viscosity with composition and temperature in 118 
the molten stage. When the solid phase (can be calculated via thermodynamic software) exists in the slag, the Einstein 119 
equation is used[19]: 120 

η = η ∗ (1 + 2.5𝜃)        (10) 121 
where, η is the apparent viscosity, ηL is the liquid viscosity, θ is the volume fraction of the solid phase. 122 
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      The density of slag can be estimated to a reasonable accuracy (~2%) by the Mills model[20]. This model calculates the 123 
density through the molar volume (Vmol) and molecular weight of slag (Mmol).  124 

2.2.3 Slag splashing 125 

       The amount of slag required for slag splashing (Qslag) (in tonnes) for satisfactory coverage was dependent upon the 126 
size (in tonnes) of the vessel (W). The relationship is given as following [21]: 127 

𝑄 = 0.301𝑊     (11) 128 

where n=0.583 to 0.650. The target composition of splash slag: MgO=16 wt.%, FeO < 20 wt.%, Basicity < 5. Generally 129 
speaking, the MgO content in slag is the key factor for slag splashing practice. If the MgO content is lower than the target 130 
value, then the MgO-bearing material is needed to add in the slag for splashing practice. 131 

2.2.4 Lime dissolution time and oxygen blow time 132 

      In oxygen steelmaking, flux is added in the solid form to form a basic slag that will limit the degradation of the 133 
refractory lining and remove oxidation products such as phosphorus and silicon. The progress of flux dissolution 134 
determines the efficiency of fluxing of impurities and prolongs contact time with refractory lining. Since the top blowing 135 
process takes only 15–20 minutes to decarburize and remove impurities from the steel, full utilization of flux added 136 
requires fast-flux dissolution in the slag. Therefore, the rate of flux dissolution is of crucial interest for understanding the 137 
progress of slag–metal reactions in the oxygen steelmaking system. Many researchers investigated the lime dissolution 138 
into different slag systems, and well documented by Du et al.[22] and Chen et al.[23]. Most of them are idealistic and difficult 139 
to apply in practice directly. 140 
      Here, an approach has been proposed that uses the modified specific surface area (S m2/g) by considering the particle 141 
size distribution to calculate the dissolution time of lime. For a given lime, assuming the lime consists of standard spheres 142 
with the number of particles (n). According to the specific surface area, the equivalent diameter r (m) can be calculated: 143 

𝑆 ∗ 𝑀 = 4𝑛𝜋𝑟 , 𝑀 = 𝑛𝜌 ∗ 𝜋𝑟 ;  𝑟 = 3/( 𝜌 𝑆)      (12) 144 

     The dissolution rate Vr (m/s) can be calculated by the model suggested by Maruoka et al. [24]. 145 

𝑉  = −  = (1 + 𝑎) 𝑘 ∗  𝜌 /(100 𝜌 ) ∗ 𝛥(%𝐶𝑎𝑂)      (13) 146 

here, a is an acceleration factor due to CO2, a=0.53× (%CO2 ); ρl is the lime density, 3.35*106g/m3; ρs is the slag density, 147 
which can be calculated by Mills model[20]; (%CaO) is the difference between the concentration of CaO in the slag phase 148 
and its solubility in the slag phase (in mass%); k is the mass transfer coefficient of CaO in the slag (m2/s), here the value 149 
is 2.7*10-9. 150 
       It can be seen that for a given quantity of lime, the specific surface is inversely proportional to the radius of the 151 
powder grains. This model is simplistic since the grains are generally neither spherical nor of the same size. Moreover, 152 
they can be agglomerated (which reduces the free surface). According to the equivalent diameter r, and the dissolution 153 
rate Vr, then the dissolution time tdis (min) of lime can be calculated: 154 

𝑡 =
∗

      (14) 155 

The oxygen blow time is calculated via oxygen needed from mass balance and oxygen blow rate from practice. 156 

𝑡 =
  

  
           (15) 157 

2.2.5 Lime loss in dust 158 

      The movement of particles in the gas flow is simplified here. The force analysis of a lime particle in the descending 159 
process after adding to the converter is shown in Figure 3. Fk is the drag force from the fluid gas flow. Fs and Fw are the 160 
buoyant force and gravitational force, respectively. The Stokes law is used to calculate the lime loss in dust: 161 

𝜋𝑟 𝜌𝑉 𝑓 + 𝜋𝑟 𝜌 g= 𝜋𝑟 𝜌 g      (16) 162 

here, 𝜌  is the density of gas; r is the lime particle radius; V is the relative velocity of particles and flow; and f is the  163 

drag coefficient. Based on the calculation, maximum particle size Ø = 4-5 mm in diameter can be taken up into an off-164 
gas system. Lime particle size is usually measured at the lime plant. Due to the transportation for the increase in small 165 
particles, a degradation factor α is introduced allowing to calculate the increase of fine particles and the change of particle 166 
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size distribution hence the real specific surface used for the lime dissolution time. Assuming about 60% particles with a 167 
size less than 5mm are taken into the off-gas system. The lime loss into off-gas can be calculated by: 168 

MLime loss = MLime *(1+ α)*(% <5mm)* 60%    (17) 169 

 170 
Fig.3. Force analysis of a lime particle. 171 

2.3 Cost-benefit module 172 

      The cost-benefit module calculates the cost and saving based on a reference case by considering the quasi-fixed 173 
conversion cost, fluxes cost, materials cost, productivity gain, and CO2 emission cost. The tap-to-tap time affects 174 
productivity. The oxygen blow time and re-blow time may differ due to the difference in lime quality, thus affecting the 175 
tap-to-tap time. Based on the reference case, considering the difference of oxygen blow time and re-blow time (if 176 
implemented), the tap-to-tap time of using different types of lime can be calculated. The main cost items are listed as 177 
below: 178 
Quasi-fixed conversion cost = estimated labour cost + overheads and maintenance; 179 
Fluxes cost = Lime/Dolime/limestone/dolostone consumption cost; 180 
Materials cost = hot metal cost + scrap cost + oxygen cost + refractory cost; 181 
Energy cost = electricity cost + Ar gas cost + off-gas cost; 182 
Productivity gain/loss = productivity gain tons * productivity gain saving; 183 
Slag cost = slag handing cost + slag landfill cost; 184 
Dust cost = dust handing cost + dust landfill cost; 185 
CO2 emissions cost = CO2 emissions * price. 186 
Here, CO2 emissions only consider the CO2 in off-gas, mainly from carbon oxidization and fluxes. The CO in the off-gas 187 
can be used in subsequent processes. 188 
 189 

3. Results and Discussion 190 

      The VIU model developed in this work is validated with plant data. The reference case is calculated based on the 191 
actual factory data and compared with the other two cases with different lime qualities. Figure 4 shows the mass flow 192 
sheet of the reference case. The calculation conditions are defined based on a particular customer that the temperature of 193 
final slag/steel is 1670℃, the temperature of off-gas/dust is 1450℃, the charge amount of hot metal is 110 tons, the MgO 194 
content in slag is 8 wt%, the FeO content in slag is 18 wt%, and the slag basicity is 3.4. Under steady-state, the 195 
consumption of scrap, flux (lime, dolime), and oxygen were calculated with the static process module. Under this 196 
condition, 256.50 kg scrap, 37.38 kg lime, 16.70 kg dolime, and 57.89 Nm3 oxygen are required for producing 1 t steel. 197 
It should be noted that the hot metal contains 2.12 wt.% Mn and slag contains 20.46 wt.% MnO, which is not a typical 198 
case of BOF steelmaking. Because the particular customer uses a cheap and poor quality iron ore, which results in unstable 199 
hot metal chemistry in terms of Mn, Si, P and S content.  The steel grades produced by the customer contain Mn 0.2 - 200 
0.6%, so they have to "burn" the high Mn content in the hot metal (2.12% Mn) to meet the steel specifications. Therefore, 201 
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the MnO content in the steelmaking slag is high (20.46% MnO). Because of the operating practice in this particular 202 
customer, the high amount of MnO in slag is not considered a loss. Table 2 shows three types of lime with different 203 
qualities. The content of CaO increases from lime 1 to lime 3, while impurities like, e.g. SiO2 content decreases. Prices 204 
per ton of lime 2 and 3 are set respectively 4% and 8% higher than lime 1. 205 

 206 
Fig. 4. Specific mass flow of the reference case 207 

 208 
Table 2: Quality of three types of lime (wt.%) 209 

 Lime 1 Lime 2 Lime 3 

CaO 90.20 93.50 95.05 

SiO2 0.60 0.40 0.29 
MgO 1.50 1.10 1.13 
Al2O3 1.10 0.20 0.13 

Fe2O3 1.20 0.20 0.05 
FeO 1.00 1.00 0.00 
P2O5 0.20 0.10 0.20 
S 0.06 0.03 0.01 

CO2 4.14 3.26 3.14 

< 5mm 5% 5% 5% 
Modified Specific 
surface area (m2/g) 

0.840 0.896 0.896 

 210 

3.1 Materials consumption 211 

      The influence of three types of lime with different qualities on material consumption is shown in Table 3. The 212 
calculation results show that the lime consumption per ton of liquid steel using lime 3 is about 2.5kg lower than that of 213 
lime 1. The content of CaO in lime increases, and the SiO2 content decreases as the quality of lime gets better. When the 214 
basicity (CaO wt%/SiO2 wt%) is fixed at 3.4, the consumption of lime decreased as uses lime 3 with higher CaO content. 215 
As the amount of lime is reduced when using better quality lime, slag volume is decreased as well. More heat can be used 216 
to melt the scrap when fixed the tapping temperature. Therefore, the scrap ratio is increased by about 1%, resulting in the 217 
increase of steel production of each heat; in other words, the productivity has increased. In order to protect the refractory 218 
materials, the MgO content of the slag is fixed at 8%, so the consumption of dolime is slightly increased due to the MgO 219 
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content of Lime 3 is lower than that of Lime 1 and Lime 2. The increase of scrap introduces more carbon into the heat, 220 
which needs to be oxidized, resulting in an increase in oxygen consumption. Since the proportion of the three types of 221 
limes whose particle size is less than 5mm is the same (5%), there is no obvious difference in the lime lost in the dust. 222 

Table 3: Effect of lime quality on materials consumption and output 223 

 Unit Lime 1 Lime 2 Lime 3 

Hot metal kg/t steel 837.84 832.51 831.63 
Scrap kg/t steel 256.53 261.48 262.56 
Scrap ratio % 30.62% 31.41% 31.57% 
Lime kg/t steel 37.38 35.55 34.94 
Dolime kg/t steel 16.87 17.09 17.03 
Oxygen Nm3/t steel 57.89 57.60 57.60 

Steel tons/heat 131.29 132.13 132.27 

Slag 
tons/heat 13.82 13.76 13.74 

kg/t steel 105.28 104.14 103.86 

 224 

3.2 Steel quality 225 

      As it is well known, sulphur and phosphorus are harmful impurities in steel products, and slag plays a significant role 226 
in removing these kinds of impurities. However, in these cases, the composition of the final slag is similar, and the 227 
smelting operation conditions are the same. Thus, the main factors affecting the sulphur and phosphorus content in steel 228 
are the sulphur/ phosphorus load and slag volume. A large sulphur/ phosphorus load means that the amount of sulphur 229 
and phosphorus introduced by the raw materials is large. When the thermodynamics (slag composition and temperature) 230 
and kinetics (operating conditions) of slag in desulphurization and dephosphorization are similar, the greater the sulphur 231 
and phosphorus load, the higher the sulphur and phosphorus content in the steel. The decrease in slag volume results in a 232 
decrease in the amount of sulphur and phosphorus absorbed in the slag. From table 2, the phosphorus content in lime 2 is 233 
less than that of the other two types of lime, which response to the phosphorus decrease in steel. The sulphur content 234 
decreases from lime 1 to lime 3, resulting in a significant decrease of sulphur load, which response to the decrease of 235 
sulphur in steel. In addition, good quality lime with high activity and a large specific surface area has a fast slagging rate, 236 
which is beneficial to remove the impurities in the steel. 237 

 238 

Fig. 5. The sulphur and phosphorus content in steel 239 
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3.3 Cost and CO2 reduction benefit 240 

      Cost is a topic that every company cares about most and endeavours to reduce operating costs and improve production 241 
efficiency. Table 4 shows a brief summary of the effect of lime quality on the cost-benefit. According to the oxygen blow 242 
rate and oxygen required, the oxygen blow time can be calculated. The use of good quality lime increases productivity 243 
and increases oxygen consumption per heat. Thus, the oxygen blow time slightly increased, as well as the tap-to-tap time. 244 
It should be noted that according to equations (11) to (13), the lime dissolution time decreases from 12.4 min to 11.8, 245 
mainly due to the increased specific surface area. The decrease of lime dissolution time may reduce the smelting time, 246 
but there is no evidence yet to prove that it will reduce the tap-to-tap time, then this parameter has not been considered in 247 
the calculation of tap-to-tap time. The Quasi-fixed conversion cost is fixed for each heat while slightly decreases when 248 
considering the cost per ton of steel. The fluxes cost depends on the price of fluxes (lime/dolime); good quality lime can 249 
have a higher price but reduces consumption. Materials cost increases each heat due to the increase of scrap consumption 250 
but decrease when considering the cost per ton of steel. Iron is mainly lost in slag as FeO and metallic iron, splashing and 251 
dust. As the decrease of slag volume, the iron loss is reduced accordingly, which means an extra saving. The slag and 252 
dust include handing cost and landfill cost, which also decreased due to the decrease of slag volume. 253 
      CO2 emission of the steel industry is currently accounted for 6% of the total global anthropogenic CO2 emissions. It 254 
is about 1.8 tons per ton of crude steel produced through the BF-BOF route[25]. Although it is mainly produced from the 255 
BF process, the BOF part also contributes to the total emission. Changing the lime quality allows increasing the scrap 256 
ratio, which helps to reduce carbon emissions in the BOF process. According to the calculation, the CO2 emission 257 
decreases from 43.35 to 41.96 kg/ton (-3.2%) when changing from lime 1 to lime 3,  and the cost for CO2 emission 258 
decreases as well. 259 
       In summary, even if the price of lime 2 and lime 3 is higher than lime 1, the cost saving is calculated to be 0.89 € and 260 
0.98 € per ton of steel when using lime 2 and lime 3 compared to lime 1, respectively. When considering 320 working 261 
days a year, the total saving can be more than 0.9 million euros in one operating set. 262 
 263 

Table 4: Effect of lime quality on cost. 264 
 Units lime 1 lime 2 lime 3 

Oxygen blow time /heat min 19.00 19.03 19.05 

Tap-to-tap time min 60.00 60.03 60.05 

Quasi-fixed conversion cost /ton EUR (€) 7.50 7.47 7.46 

Fluxes cost /ton EUR (€) 3.23 3.22 3.25 

Materials cost /ton EUR (€) 265.97 265.30 265.23 

Fe loss cost /ton EUR (€) 8.53 8.45 8.43 

Slag cost /ton EUR (€) 6.32 6.25 6.23 

Dust cost /ton EUR (€) 0.22 0.22 0.22 

CO2 emissions cost   /ton EUR (€) 1.08 1.05 1.05 

Cost   /ton EUR (€) 292.86 291.96 291.88 

Saving/ton EUR (€) 0.00 0.89 0.98 

Saving/heat EUR (€) 0.00 117.99 129.12 

Saving/year EUR (€) 0.00 905,748 990,885 

 265 

4. Conclusions 266 

      A Value in Use model has been developed in this work to elaborate the impact of lime quality on the BOF process. 267 
The properties prediction module and cost-benefits module are added in the basic of static mass balance and heat balance 268 
module, and complemented by a friendly user interface. The model can calculate the consumption of scrap, lime, oxygen, 269 
and the volume and composition of the slag/off-gas as well as the cost-benefit contributions and cost savings for a 270 
configured choice of limes and operating parameters. After successfully validating using the steel plant data, three types 271 
of lime with different quality were used to analyze the effect of lime characteristics on optimizing the steelmaking process, 272 
metallurgical benefits, overall cost-benefits, and potential environmental benefits. The calculation results show that good-273 
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quality lime could increase the scrap ratio, reduce the lime consumption, and reduce iron loss, accordingly, improve the 274 
steel quality, increase steel yield, reduce the smelting costs, stabilize smelting operations, and reduce CO2 emissions. 275 
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Table 1: Input and output materials from the Basic Oxygen Furnace Process 

Input 

Hot metal Weight fixed (MHM), composition and temperature are known 

Scrap 
Weight fixed or unknown (MScrap), composition and temperature are known; If the weight is 
unknown, then it can be determined by the tapping temperature (Ttap) 

Coolants 
Including DRI, ore, pig iron, sinter, pellet.  
Weight fixed (Mcoolant), composition and temperature are known 

Fluxes 

Lime: weight fixed or unknown(MLime), composition and temperature are known, If the weight 
is unknown, then it can be determined by binary basicity (B2) of slag 
Dolime: weight fixed or unknown(MDolime), composition and temperature are known, If the 
weight is unknown, then it can be determined by the fixed MgO content in slag 
Limestone: weight fixed (MLimestone), composition and temperature are known 
Dolostone: weight fixed (MDolo), composition and temperature are known 
Fluorspar: weight fixed (MFluor), composition and temperature are known 

Oxygen 
Volume unknown (VOxygen), calculated based on oxygen balance, composition and temperature 
are known 

Output 

Steel 
Weight unknown (MSteel), calculated based on Fe balance. The endpoint carbon content is 
known, Mn/S/P content in steel calculated via the capacity property of slag. temperature fixed 
or calculated via heat balance 

Slag 
Weight unknown (MSlag), FeO content is known, temperature fixed or calculated via heat 
balance 

Gas Weight unknown (MGas), temperature fixed 

Dust Weight unknown (MDust), temperature fixed 



 

12 | 1 0  

 
Table 2: Quality of three types of lime (wt.%) 

 
 Lime 1 Lime 2 Lime 3 

CaO 90.20 93.50 95.05 

SiO2 0.60 0.40 0.29 

MgO 1.50 1.10 1.13 
Al2O3 1.10 0.20 0.13 

Fe2O3 1.20 0.20 0.05 
FeO 1.00 1.00 0.00 
P2O5 0.20 0.10 0.20 
S 0.06 0.03 0.01 

CO2 4.14 3.26 3.14 

< 5mm 5% 5% 5% 
Modified Specific 
surface area (m2/g) 

0.840 0.896 0.896 
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Table 3: Effect of lime quality on materials consumption and output 

 Unit Lime 1 Lime 2 Lime 3 

Hot metal kg/t steel 837.84 832.51 831.63 
Scrap kg/t steel 256.53 261.48 262.56 
Scrap ratio % 30.62% 31.41% 31.57% 
Lime kg/t steel 37.38 35.55 34.94 
Dolime kg/t steel 16.87 17.09 17.03 
Oxygen Nm3/t steel 57.89 57.60 57.60 

Steel tons/heat 131.29 132.13 132.27 

Slag 
tons/heat 13.82 13.76 13.74 

kg/t steel 105.28 104.14 103.86 
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Table 4: Effect of lime quality on the cost. 
 

 Units lime 1 lime 2 lime 3 

Oxygen blow time /heat min 19.00 19.03 19.05 

Tap-to-tap time min 60.00 60.03 60.05 

Quasi-fixed conversion cost /ton EUR (€) 7.50 7.47 7.46 

Fluxes cost /ton EUR (€) 3.23 3.22 3.25 

Materials cost /ton EUR (€) 265.97 265.30 265.23 

Fe loss cost /ton EUR (€) 8.53 8.45 8.43 

Slag cost /ton EUR (€) 6.32 6.25 6.23 

Dust cost /ton EUR (€) 0.22 0.22 0.22 

CO2 emissions cost   /ton EUR (€) 1.08 1.05 1.05 

Cost   /ton EUR (€) 292.86 291.96 291.88 

Saving/ton EUR (€) 0.00 0.89 0.98 

Saving/heat EUR (€) 0.00 117.99 129.12 

Saving/year EUR (€) 0.00 905,748 990,885 
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