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PHYSICAL AND CHEMICAL CRITERIA AND MODELS FOR IMPACT
ASSESSMENT CHARGE AND TECHNOLOGICAL CONDITIONS ON
THE DISTRIBUTED ELEMENTS CHARGE BETWEEN IRON AND
SLAG

Abstract. The new approach to construction of a complex indicator domain charge and
temperaturno-dutevogo a mode with use of the generalised Harringtons function of
desirability Harington for concrete working conditions of a blast furnace is stated. Models are
developed for calculation of factors of distribution of elements charge between products of
fusion for the purpose of their further use at forecasting of structure of products of domain
fusion and optimisation of quality of pig-iron.
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Relevance. In modern conditions of blast furnace the instability supplies
enterprises by iron ore materials and coke, changes of pricing policy lead to the need
for frequent formation workable charge involving unconventional raw materials. The
successful solution of these problems associated with the in-depth study and an
adequate description of the formation and interaction of melts, the development of
physical and chemical models and generalized criteria to evaluate the composition and
properties of melting products in relation to the raw material and process parameters
and product quality control in unstable conditions blast furnace

The Institute of Ferrous Metallurgy NASU developed and constantly evolving
new approach to the choice of rational composition of blast furnace charge by
optimizing slag regime, based on the prediction of the composition and properties of
the products of blast furnace and processes of interaction between them [1].

Formulation of the problem. Objective of this work is the selection and
justification of physical and chemical criteria and the development of models to
predict the distribution coefficients of the elements of charge between the iron and slag
in concrete charge and technological conditions.

The presentation of material. For solving problems predicting the composition
and properties of the final products of blast furnace process we use method of physical
and chemical modeling of metallurgical melts and processes, including the idea of
modeling smelting reduction by scheme "Charge" + "Technology" = "Melting

products".
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In this case, the composition of melting products is calculated depending on the
composition of the initial charge and the parameters of the technological regime on the
basis of predictive models for the distribution coefficients of elements between the
products of melting, depending on the specific charge and technological conditions:
Lg=f (Fc; Fr), where Fc and Fris integrated indicators loaded charge and technological
regime.

Previously, as parameters of charge we used the indicators: content Fe,O;
(richness of charge) and parameters of the slagging charge p and Ae, determine its
properties, and as process parameters is the blow mode indicators, such as: theoretical
combustion temperature T, and the length of the tuyere zone L1z, which takes into
account the use of the thermal state of the furnace hearth [2].

To improve the predictive power of the models Lg=f (F¢; Ft) and more fully
account of influence of charge and technological conditions on the formation of the
final melting products developed integral index of blast furnace charge K, and also
provides a comprehensive indicator of the blow-temperature regime Kpr.

Generation of structure generalized indicators K¢ and Kzt was performed using a
generalized desirability function of Harrington [3], allowing different size indexes
converted into a dimensionless scale of desirability and "roll" them into a single
composite index. Such approach makes it possible to perform a comprehensive
assessment of a multidimensional object and enhance information capacity of integral
indicator. At the same time composite index includes several criteria, which is the
basis for a comprehensive process optimization.

The mathematical apparatus of recalculation of specific parameters in abstract
numerical values reduced to the following. The basis is one of the logistics functions
E.K Harrington is called "desirability curve", which was derived empirically from
observations for the real objects of experimental research. Its formula:
d = exp(—(exp(—y)) (fig.1) determines the function with two sections of saturation (in
d — 0and d — 1) and a linear section (from d = 0,2 to d = 0,63). Y coordinate axis is
called the scale of particular indicators. Axis d is called a desirability scale. Period of
effective values on the scale of particular indicators is [-2; +5].

Each indicator is broken down into categories of quality: very good, good,
satisfactory, bad and very bad (Fig. 1) in accordance with standard estimates on the
scale of desirability. Importance of the private response translated into a dimensionless
desirability scale, is denoted by di called private desirability. Value d; = 0 corresponds
to an absolutely unacceptable level of the i-th parameter optimization, the value of d; =

1 is the best value of the i-th parameter. The standard mark on the desirability scale
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presented in table. Selection markers on the desirability scale 0.63 and 0.37 is
explained by convenience computing: 0,63 = 1 — (1/e), 0,37 = (1/e). The value d; =
0,37 usually corresponds to the boundary of acceptable values. This function has the
useful properties such as continuity, monotonicity and smoothness. Also in a desirable

area, close to 0 and 1, "sensitivity" it is significantly lower than in the middle zone.
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Figure 1 - Graph of desirability function d = exp(—(exp(-y))

Tabnuia
Standard marks for the desirability scale
Desirability Graduations private Coded value indicators
desirability d; Vi
Very good 1,00 — 0,80 1,5-3,0

Good 0,80 —-0,63 0,85-1,5
Satisfactory 0,63 -0,37 0,0-0,85
Bad 0,37 -0,20 -0,5-0,0
Very bad 0,20 - 0,00 -1,5--0.,5

Appointment desirability scale is the establishment of correspondence between
the obtained values indicators of properties and ratings of the experimenter relative
desirability of an indicator. To obtain a single, generalized assessments need to ask the
most desirable value of the individual taken to the analysis of indicators that can be
installed on the recommendations of experts, from the relevant standards or
dependency.

Using a scale of desirability for each particular indicator x; calculated default
values on the ordinate axis y;, which are determined by particular indicators of quality

in dimensionless units d; and calculated composite index D as the geometric mean of
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private functions of the desirability, considering the importance of each property:

ngdlﬁ , where P is the product private desirability functions, d; is individual

performance, n is number of indicators, B3 is indicator of the significance properties.

In developing the generalized index of charge were used actual data performance
of blast furnaces in Ukraine and Russia. To the array of production data formed by
scheme "Charge" + "Technology" = "Melting products", in order to reduce
measurement errors of the chemical composition of charge components and products
melting was applied procedure of minimize the deviations of the material balance [4],
which allows to improve the relationship of parameters and increase accuracy of
forecast models.

The analysis of balanced data sets on the work of blast furnaces on the basis of
statistical and factor analysis revealed a complex oxides charge ratios and parameters
of primary melts characterizing aggregate conversion and restoration materials in the
furnace [5]: Fe.p, ! SiO,, Ca0O/Si0,, MgO/Si0O,, Al,O04/8i0,,

R2O/Ca0,Tdf /T;f ,FeO,s I(-Ae/ p). Index Fe.,, /SiO, is the ratio of iron

Ca0/8i0; MgO/SiO,

content to the content of silica in the charge, the basicity,

ALOs3/ SiOZ, R,0/Ca0 1s magnesia, alumina and alkaline modules, T is filtration

temperature liquid phases through coke nozzle, Tg; is temperature of melt flow drip,
FeOps is content in the primary slag, Aeand p is chemical equivalent of charge
composition and stoichiometry index.

Analytic dependence of generalized index blast furnace charge conditions for BF
number 9 PLC "ArcelorMittal Krivoy Rog" is as follows:

Fe CaO Al,O MgO T, FeO
KC :( .COM )0,2 ( . )0,2( .2 3)0,2 ( g )0,1 .(i)O,IS .( PS )0,15' (1)
Si0, Sio, Si0, Sio, T, —Ae/p

Similarly, using the generalized desirability function developed a comprehensive
indicator of temperature-blow mode K ,, , comprising the indicators blow melting mode
and waste gases. So, the analysis of actual data production of pig iron in the working
conditions BF number 9, which compares indicators loaded charge and technological
conditions, a connection was established distribution coefficients of sulfur and silicon
with the degree of utilization of gas nco, with indicator of the thermal state of the
hearth deep tuyere zone Ltz and also with a temperature index furnace TIF, which

"connects" the top of the blast furnace with its bottom and is calculated by the
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2500~ Tt 1550~ T,

, where Tt is theoretical combustion temperature of
T,  1250-T,

formula: 77F* =

coke at tuyeres, Ty, T}, Tp is temperature furnace gas, pig iron and blowing.
For the working conditions of BF number 9 to calculate the dependence of the

complex index of temperature-blow mode:

Ky =TIF™ '77c00’3 'Ltzo,3 ) (2)
Based on the complex charge indicators and temperature-blow mode developed
analytical relationships to predict the distribution coefficients of the elements charge

between the iron and slag:

Ls = (0/ C )0.19 _KC0,43 _KTBo,ss , R=0,85 (3)
Lsi=(0/0)" - K. K", R=0,87 4
Lmn=(0/C)" -K."" K", R=0,86 (%)

where O/C is ore load characterizing the download materials.

Exponents in the expressions (1-5) indicate the proportion of the effect of each
index on the distribution of the elements of the charge.

Comparative evaluation of actual and calculated by the model (3) - (4) the values
of distribution coefficients of elements sulfur and silicon is shown in Fig. 2. Adequacy
of models (3) - (5) is estimated by correlation coefficients R and shows higher

accuracy than previously used dependencies forecasted of distribution coefficients of
silicon and sulfur in the form: L, = f(Fepyy,, P, Ae, 0/ C,1 o, Lyy ), for which R*=0,51.
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Figure 2 - Actual and calculated values of distribution coefficients of sulfur and silicon
models (3) - (4) for working conditions BF number 9 PLC "ArcelorMittal Krivoy Rog"

Conclusions. Using a generalized function of desirability to assess the charge

and technological conditions blast furnace developed integral index of blast furnace
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charge K. Also provides a comprehensive indicator of the temperature-blow regime
Krs.

Developed the analytical dependence for the prediction of the coefficients
distribution of elements of the charge between iron and slag based on complex criteria
of charge and temperature-blow mode.

Submitted physical and chemical criteria and models are designed for use for
solving informed choice of charge, providing the required quality of smelting iron by
optimizing and management slag mode in concrete of charging and technological

conditions of smelting.
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Toroounkas JI.H., beapkoBa A.M., Cremanenko J[.A., Ckauxko A.C. ®Pusuko-
XMMHYecKHe KPpUTePUU U MO/IeJIM VIl OLleHKH BJIUSIHUSI IIMXTOBBIX U TE€XHOJIOTHYECKUX
YCJIOBHII HA pacnpe/iesieHHe 3J1eMEHTOB IUXThHI MeKAy YyT'YHOM H HLJIAKOM.

N3n0eH HOBBIN MOAXO0J K MOCTPOCHUIO KOMIUIEKCHOTO MOKa3aTeNsl JOMEHHOMN IIHMXThI
U TEeMIEepPaTypHO-AYyTbEBOTO pEeXUMa C HCIHOJb30BaHUEM 0000meHHON  (QyHKIIUH
JKENaTeIbHOCTH XappUHITOHA JJII KOHKPETHBIX YCJIOBHM pabOThl JTOMEHHOW IeYH.
PazpaboTtanbl Monmenu ans pacuera KOd(QQHUIMEHTOB pPACHpEIeNeHHUs] SJIEMEHTOB IIUXTHI
MEXAy MpOAyKTaMH IUIABKM C IEJNbI0 HX JAJbHEHIIEro HCMOJIb30BaHUS  IPHU
MPOTHO3MPOBAHUH COCTaBa MPOJTYKTOB TOMEHHOMN TIABKU U ONTUMHU3ALIMU KayecTBa YyryHa.

bu6i. 5, un. 2.

Toroounnka .M., BenpkoBa A.l, Crenanenko /[.O., Ckauko O.C. ®izuko-ximiuni
KpuTepil Ta MojaeJi JJIA OIiHKY BIVIMBY IIMXTOBHUX i TEXHOJOTITYHUX YMOB HA PO3MOILT
eJIEMEHTIB IIUXTH Mi’K YABYHOM I IIJIAKOM.

BuxnaneHo HOBHI MiIXix 10 MOOYI0BU KOMIUIEKCHOTO TMOKAa3HUKA JOMEHHOI IIUXTH 1
TEMIIEPaTypPHO-IYTTEBOTO PEXHUMY 3 BUKOPHUCTAaHHSM Yy3arajJbHEHOi (YHKIII OaxaHOCTi
XappuHTTOHA ISl KOHKPETHUX yMOB po0OOTH MoMeHHOI medi. Po3pobneHo momem s
PO3paxyHKy KOEQIIIEHTIB PO3MOIIITY €IEMEHTIB IMUXTH MK MPOAYKTaMHU TUIABKUA 3 METOIO
iXHBROTO TMOAANBIIIOT0 BUKOPUCTAHHS MPH MPOTHO3YBAHHI CKIAAy NPOAYKTIB JTOMEHHOI
TUTABKHU Ta ONTHUMI3allii SKOCTI YaBYyHY.

bi6x. 5, i1. 2.

Togobitskay D. N., Bel’kova A.L., Stepanenko D.A., Skachko A.S. Physical and
chemical criteria and models for an influence estimation charge and technological
conditions on distribution of elements charge between pig-iron and slag.

The new approach to construction of a complex indicator domain charge and
temperaturno-dutevogo a mode with use of the generalised Harringtons function of
desirability Harington for concrete working conditions of a blast furnace is stated. Models are
developed for calculation of factors of distribution of elements charge between products of
fusion for the purpose of their further use at forecasting of structure of products of domain
fusion and optimisation of quality of pig-iron.
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