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EVALUATION OF SCRAP MELTING IN AN
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Calculations of steel scrap melting in an acid converter have been made with the aid of a
Minsk-22 digital computer and the results are presented here.

One problem in controlling the acid-converter process is to determine the temperature of the liquid
metal (pig iron) during the blow, the changes in this temperature being largely determined by the dynamics
of the steel scrap melting process.

A procedure for the approximate calculation of scrap melting in an acid converter at constant tem-
perature and constant composition of the liquid phase has been presented in {1]. An analogous problem
has been solved in [2] for certain given values of these process parameters. In neither work was the ef-
fect of the melting rate on the temperature of the liquid metal indicated.

For the period during which the scrap melts, the problem can be stated mathematically in the follow-
ing general form.
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The melting temperature tg and the carbon concentration at the surface of liquid metal Cg are inter-
related by the equation for the liquidus line on the iron—carbon phase diagram.
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3. The temperature of liquid metal tpy is determined by the heat power generated during oxidation of
the pig iron impurities, by the rate of heat supply to the cold material (scrap) for raising its temperature
and melting it, and by the heat losses in the converter. According to {3},
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The coefficient 7y indicates the fraction of the heat in the j-th reaction that is expended in heating the
liquid metal and the fraction (1-nj) that escapes from the vessel together with the flue gases.

With certain simplifications, Eqs. (1)-(9) can be solved either by the explicit or by the implicit finite-
differences procedure.

We will use the implicit procedure here, after having first simplified the conditions of the problem.
The mass flow toward the surface of the melting body will be assumed to result solely in carburizing the
surface layer; in this calculation the carbon concentration gradient across this surface is AC = Cg—C,.

In terms of finite differences, conditions (1)-(9) can be expressed as follows:
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The equation of the liquidus line on the iron—carbon phase diagram can be written as follows:
ln = 1539 —90C, .. (21

Corresponding to Egs. (10)-(15), the body is broken down into N equal layers of height h. The time
interval is chosen depending on n so that only one successive layer melts during the respective period Ty.
The system of nonlinear equations (10)-(15) will be solved by the iteration method [5], for which we write
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and (10)-(13) are solved for t(i),n- From the equation
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we determine T%l, when £ = 0. Then from (10)-(13), using this
value of T, we calculate ti,n’ etc. The process of determina~
ing the melting time of a given layer and the temperature field
in the remaining mass is complete when T%+1*TI§1 ~ 0.

Having determined 7, from (17)-(21), we find all the
necessary data for calculating the thermal flux which enters
into the solution of Eqs. (10)-(15) for the next time interval.

G4

The heat losses in the converter stack are determined
by special calculations as losses through a plane single-layer
wall, according to the procedure shown in [6], with a given
power-law variation of the thermal flux on the active side of
the wall and with quasisteady-state conditions at the stack.

0
Fig. 1. Dynamics of melting steel
cylinders in an iron—carbon bath with
a constant thermal flux: 1) test data; In order to check the validity of the proposed procedure,
2) calculated values. we have made control calculations assuming a constant ther-

mal flux and compared them with laboratory test data on melt-
ing (dissolving) cylindrical steel specimens in liquid iron containing 2.5-3.5% carbon at temperatures with-
in the 1573-1673°K range. These tests were performed in an induction furnace containing a 150 kg charge.
Cold specimens 32-51 mm in diameter and 200 mm long were first weighed and then dropped into the melt
one after another, held there for a definite length of time, and then weighed again. The criterial melting
numbers and the thermal flux were calculated for each specimen according to the equation [1]:
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With the values of g and N, for the cylinders found here, the melting process was calculated according to
Egs. (10)-(15).

Since the process of melting (dissolving) actually begins only after the solidifying crust has softened
under a definite temperature distribution over the mass section, the initial temperature distribution
in the cylinders is in this procedure determined approximately from the heating conditions applicable to
the mass here under constraints of the first kind. The heating time is taken equal to the time in which the
ingot crust solidifies and softens — this time being determined by test.
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Fig. 3. Effects of the initial temperature of the liquid metal bath and
of the shape, the size, and the amount of scrap on the completion time
of scrap melting; spherical (1), cylindrical (2), and plate (3) scrap:
a) for the upper curves Tcompl = f(Rg) at (Ggg /GMg) * 100 = 20%, tpro
= 1523°K; forthelower curves Tgompl = f(tpe) at (Gso/GMy) + 100 = 20%,
R = 0.085 m; b) Teompl = f{Ggy) at Ry = 0.085 m and tygy = 1523°K.
(Tcompl, s€c).

The calculated results and some test data are shown in Fig. 1. The curves plotted from both seem
to agree closely. Therefore, the procedure (10)-(21) with properly chosen values of q(7) is suitable for
rather accurately calculating the dynamics of scrap melting in an acid converter.

Specific calculations of scrap melting (dissolving) in a 100,000 kg converter were made on a Minsk-
22 digital computer: for various scrap sizes, shapes, and weights, as well as for various initial pig-iron
temperatures.

To determine the temperature of liquid metal, the melting time was tentatively broken down into
three periods: 1) the first period of carbon, silicon, manganese, and iron oxidation; 2) the second period
of only carbon oxidation; and 3) the third period of carbon and iron oxidation. The lengths of these periods,
the initial concentrations of impurities, and the mass rates of their oxidation during each period, as well
as other pertinent data, were based on practical experience at one of the metallurgical plants. The initial
values of the heat-transfer and the mass-transfer coefficients were taken from [7, 8]. The maximum value
of coefficient @ was determined from actual results of melting nickel—steel scrap in a 55,000 kg converter.
For the period of intensive scrap melting [1], when the temperature gradient across the mass is almost
zero and the temperature of the liquid metal is above the melting point, we calculated

Omax == (1.6 - ]7)]04 W/mz.deg'
and, by the analogy between heat and mass transfer, we found that approximately

o,
ﬁmax - ﬁo _m£~
)

The trend of changes in the coefficients of heat and mass transfer was assumed to follow the changes
in the rate of pig-iron decarburization.

As illustration, we show in Fig. 2 a few melting curves for scrap shaped into cylinders and tempera-
ture curves for the liquid metal during the blow until the completion of the melting process. It is evident
here that, with all other conditions unchanged, an increase of the scrap size causes a rise in the tempera-
ture of the liquid metal during the initial melting period and ensures a more steady cooling effect, which
has a beneficial influence on refining and slag formation.

Increasing the amount of immersed scrap by 1000 kg lowers the temperature of the metal by 10-15°K
toward the eighth minute of blowing.

Calculations have shown that with a scrap size Ry > 0.085 m the entire melting process becomes un-
steady: the thermal flux is expended on melting the surface layers and heating the inner core.

The graphs in Fig. 3 represent the effects of the initial temperature of the pig iron and of the size,
the shape, and the amount of immersed scrap on the time of completion of scrap melting.
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The proposed calculation procedure is relatively simple and makes it possible to evaluate the effect
of various factors on the rate of scrap melting in an acid converter as well as the effect of the melting
dynamics on the ingot temperature.
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NOTATION

is the temperature of the melting body;

are the thermal diffusivity and thermal conductivity of the body;

is the specific heat of melting;

is the heat flux intensity;

is the thermal effect of the j-th reaction;

is the heat absorbed by the melting body;

is the heat loss through the converter stack;

are the heat capacity of metal, slag, and scrap, respectively;

is the mass rate of oxidation of the j~th element;

are the mass rate of carbon oxidation into CO and CO,, respectively;

is the coefficient of heat utilization of the j-th reaction;

are the carbon concentration along the liquidus line and along the solidus line on the iron
—carbon phase diagram;

is the initial carbon concentration in the scrap;

is the diffusion constant for carbon in steel;

is the radius of the melting body;

is the moving melting boundary;

is the density of the scrap;

are the weight of metal, slag, and scrap, respectively;

is the Fourier number;

is the number of the time interval;

is the shape factor for the melting body: v = —1/2 for a plate; v = 0 for a cylinder; v = 1/2
for a sphere;

is the surface area of the melting body;

is the quantity of impurities in pig iron during each of the melting stages.

m = Gpem + Gglesl/Gyem = 1.14 31
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