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Abstract. Calculations of the distribution of temperature in the mold based on magnesite
oxide, when casting products from titanium alloys, are presented. It is shown that in the mold
based on magnesite oxide it cools down exponentially to ambient temperature.

1. Introduction

In the process of interaction of molten titanium with a mold based on magnesite oxide, a large
number of chemical reactions occur, both reversible and irreversible. It is necessary to single out those
of them, whose products, if they fall on the "mold-casting" boundary, can lead to the formation of
TiO,. The amount of oxygen forming the alpha case layer depends on the time of thermal exposure in
a certain temperature range. Thus, knowing the coefficients of thermodiffusion of molecules of
compounds containing oxygen and participating in chemical reactions in a titanium melt, it is possible
to determine the main causes of the formation of an alpha case layer [1-5].

2. Model and discussion

The mold cools down in the oven at an ambient temperature of 600 ° C, the initial temperature T ( can
be set. Heat removal through the gate system is rather small, since the process of melting and cooling
of the casting is carried out in a vacuum. In this case, the integral energy luminosity is proportional to
the outer area of the object, it can be assumed that in a sufficient distance from the gating system, the
heat is removed from the melt through the mold. Assuming that the mold-casting interface is flat,
setting the temperature of the molten titanium T; = 1961 K, for the case of an unsteady heat flux in a
solid without internal sources, we consider the equation of the nonstationary temperature field (the
Fourier heat equation)

oT )
—=aVT 1
ot @)

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.
Published under licence by IOP Publishing Ltd 1


http://creativecommons.org/licenses/by/3.0

LTP Coatings 2018 IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 1058 (2018) 012062  doi:10.1088/1742-6596/1058/1/012062

At the initial time, the temperature at the "mold-casting" boundary T,. The ambient temperature is T,,.
We introduce the dimensionless temperature

0= 0 (2)

As a result of the transformation of equation (1), we obtain

6 =aVv’0 umm 90 =V?%0 3
ot oFo

where is the thermal diffusivity.
We seek the solution of equation (3) in the form of a product of two functions, one of which is related
only to the coordinate, the other only with time

0 =p(Fo)y (%), 4)

at . . . .. X . . . .
where Fo= ? is the function of the Fourier criterion, & = E is the coordinate function, and ¢ is the

thickness of the plate. Substituting (4) into (3), we obtain

@ (Fo)y (&) = p(Fo)VZy (&) (5)

In order for expression (4) to satisfy equation (3), it is necessary that the functions ¢ and y satisfy the
condition:

¢ (Fo) _ Vi (&) T
@(Fo) w (&) (6)

Also, in order for function (4) to be a solution of equation (1), equality (5) must be satisfied
identically, that is, for all values of independent variables 0<x<¢ , £>0. Therefore, fixing, for example,
some value of x and changing ¢ (or vice versa), we find that the right and left parts of (5) retain a
constant value —8° when changing their arguments (the values of such a parameter are called
eigenvalues).

We introduce the initial conditions

6=1, Fo=0. ()
The boundary conditions have the form
(d—é’j -0, £=0, ®)
dé ).,
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A boundary condition of the third kind in the dimensionless form is written as

do .
_(ﬁlo ~Bi(9). ,, (10)

Where Bi:a—(S - Bio criterion, « - heat transfer coefficient, 4. - thermal conductivity coefficient.

We substitute 8 =y into the boundary conditions (8) and (10), we obtain

W) o, £=0 11
(5] =0.¢=0 an
dy .

_(d_éfl_o = Bl(y/)le, (12)

In this case, the function y depends only on one variable &, then from equation (6) we obtain

d®y 2
+ =0. 13
The solution of equation (13) is
w =C, cos BE +C, sin B&. (14)

The condition (11) is satisfied only by the even function, therefore we set

C,=0. (15)
We rewrite (14) in the form
y =C,cos B¢, (16)
we substitute (16) into (12) and obtain
Asin g =Bicos S. a7)

The transcendental equation (17) does not have an analytical solution and is solved by the graphical
method [2]. It follows from equation (17) that the boundary conditions determine the values of the
constants £, while the constant C; is found by means of boundary conditions.

The function ¢ depends only on time, then from equation (6) we obtain

¢ (Fo) + ¢(Fo)5° =0. (18)

A solution of equation (18) is a temperature versus time
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p(Fo)=Ce”. (19)

Thus, the general solution of equation (3) has the form of a series
6=>_C,cos ﬁife’ﬁ'zFO . (20)
i=1

The coefficients f; increase rapidly with the number of the term of the series, so the more the criterion
Fo, the smaller the value of the highest term of the series in comparison with the previous ones. As a
result, after some value of Fo, all the terms of the series become negligibly small in comparison with
the first term of the series. The technical process of cooling the casting is up to several hours, so the
temperature with a higher degree of accuracy can be expressed by a single-term formula

6=C,cos e ™. (1)

The constant C; is calculated by substituting (21) into the initial conditions (7), then the dimensionless
temperature has the form

Sin()cos(BE)  car)

= . (22)
B, +sin(B)cos(B))
We reduce the expression (22) to the dimensional form
. X
sin(B,)cos(, E) "
=2 : AT —T )+ T, (23)
B, +sin(B)cos(B)

Expression (23) is a solution of the heat equation (1). In the case of a mold based on magnesite oxide
Bi=860, which corresponds to 5, = /2 [2]. Fig. 1 shows the calculation of the temperature distribution
in mold based on magnesite oxide when casting a titanium product.

i
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Figure 1. Calculation of temperature distribution in a mold based on magnesite oxide form when
casting a titanium product.
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When casting products from titanium, a mold based on magnesite oxide heated up to 1961 K
(melting temperature of Ti) and, subsequently, it cools down exponentially to the temperature in the
furnace. Knowing the temperature distribution in the mold, at each instant of time, and having the
thermal diffusion coefficients of the molecules of compounds containing oxygen, it is possible to
determine the amount of oxygen diffusing into the casting and participating in the formation of the
alpha case layer. This will allow to develop new methods of casting titanium products in a mold based
on magnesite oxide, aimed at preventing the formation of an alpha case layer [9-20]. This will lead to
a reduction in the labor intensity and cost of the technological process of casting titanium products.
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