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1.Introduction  
 
One of the features of modern technology is the dramatic 

increase in demands for service characteristics of the materials used. 
  These materials include molybdenum sheet, used as 
construction material working in conditions of heating to high 
temperatures.  
With reliable protection from oxidation products made of sheet 
molybdenum are at high temperature sufficient stability of shape and 
size and the relatively high specific strength.  

Mentioned quality parameters and due to the use of sheet 
molybdenum in the growth of optically transparent single crystals of 
refractory melt by horizontal directional solidification (HDC) [1]. 

The process of growing single crystals is characterized by 
refractory critical values of temperature and temperature gradient, 
reaching more than 2000 ° C and 100grad/mm respectively. In these 
conditions, the formation of the real structure of crystals is not 
completed, and continues with their cooling. 

Technology optimization of high-crystallization is possible 
on the basis of a study of the processes accompanying the melting and 
crystallization of substance: physical kinetics at the growth front, the 
processes of heat and mass transfer in the melt and crystal, as well as 
the processes in a single crystal as it cools. The absence of reliable 
knowledge about the laws of these processes causes specialists to look 
for alternative ways to optimize based on intuition and production 
experience. 

The method of HDC is as follows (Figure 1a). 
 The crucible -shaped boat, put   crystallization substance melted it by 
moving the crucible through a heating zone and crystallize. 

To obtain single crystals oriented strictly to the top of the 
boat, set seed and follow the shape of the crystallization front. 
HDC   method is technically simple to create controlled temperature 
field necessary for growing large single crystals weighing up to 100 Kg 
with desired optical properties. 
In this regard, particular importance is the form and the technology of 
the crucibles. 

The current design and manufacturing technology of 
containers based on the bend sheet molybdenum using flame heating, 
have a number of disadvantages to the formation of the desired 
crystallization front and produce high-quality single crystals. 
 

 
                           a 

 
                             b 
Figure 1 Principle of HDC (a) and the current 
construction of the container (b), (1-seed and 2-mono-
crystal, 3-melt, 4-heater, 5- crucible). 
 
 

The main disadvantages of the construction and 
existing technology manufacturing crucibles as follows: 
• When you move the crucible with the melt through a 
temperature gradient is distortion of the form of the 
crystallization front connected with a variable heat transfer 
between the melt and the crucible walls. 
• The corner sections the crystals are overstrained and 
cooling often burst, resulting in the efficiency of the 
process of growth is reduced by 30 ... 40%.  
• The flame heating is an intense oxidation of molybdenum 
sheet, which leads to the formation of cracks and leakage of 
the melt. 
• A method of manufacturing crucible s not technologically 
and during production breaks interchangeable containers. 

Therefore, optimization of the design and 
development of advanced technology manufacturing 
crucible, free of these disadvantages is an actual scientific 
and technical problems, and the further development of the 
method of HDC is largely dependent on the nature of the 
problem solving process. 

 
2. Background and tools to address 
 
Crucible in the shape of boats on their design 

parameters relate to items such as thin axis-symmetric 
shells, the basic process of manufacturing which is the 
deep-drawing. 
However, the mechanical properties of sheet molybdenum 
produced by powder metallurgy, do not allow the 
application of traditional technologies developed for the 
formation of non axis-symmetric products from general 
machine-building materials. 
This paper presents the results of experimental studies to 
determine the deformation characteristics of sheet 
molybdenum to develop modern technologies shaping 
providing optimum conditions for the flow of physical and 
chemical processes on the growth front. 
In developing the technology shaping based on a science-
based concept that the ductility and brittleness sheet 
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molybdenum are not physical properties of the material, and depend on 
the state in which it is located[2]. 
 

3. The solution of the problem 
 

Experimental studies were carried out in two stages. At the first stage, 
the parameters characterizing the mechanical properties of sheet 

molybdenum: yield strength 0,2 , tensile strength b  and 

elongation . 
According to test results of standard samples with dimensions of the 

working part 50x5x0, 5 mm found that 
0,2

570  N/mm2, 680
b

   

N/mm2  and 10  %.  Strain rate in the experiments was 1,5 x10-5 m / 
s. 

According to the results plot the real stress (
i

 ) from the real strain 

(
i
 ). 

The linear character of this dependence in logarithmic 

coordinates allowed approximated  
i i

  by a power function 

n

i i
A   

where - A and n hardening parameters that have been defined by the 
formulas [3]. 

n n

b
A e n    ;       ln 1n     

                    ( 935A  Н/мм2  ;      0, 095n  ) 

Dependence (1) and (2) can be used in the theoretical analysis of the 
various processes of forming sheet molybdenum, in which the task of 
accounting work hardening. 
However, based on experiments in uni axial tension is not possible to 
judge the complex technological properties of molybdenum sheet, 
because the real forming process, in contrast to uniaxial tension, occur 
in rather complicated unsteady conditions. Therefore, a series of 
experiments was carried out by deep drawing of cylindrical items on a 
specially designed device with differential heating. 
As an indicator of the ability of molybdenum to the sheet 
thermoforming value has been limiting the degree of 

deformation 3 cp
m D d , where - 3

D
 the greatest diameter of 

the work piece is not ruptured during the test,  cp
d

- average diameter 

of the drawn product. 
 

4. Results and Discussion 
 

Studies have shown that the maximum degree of deformation depends 
on the temperature-speed modes of deformation, and the conditions of 
friction and down force. Found that, other things being equal, the 
maximum degree of deformation is increased by providing a certain 
temperature gradient deforming tools: about 300 ° C at the outer 
contour of the work piece and 15 ° C - on the punch. 

 
Fig.2 The dependence of the limit degree of deformation on the 
temperature. 
 

Increase in the ultimate degree of strain in the differential 
heating due to the fact that, while maintaining sufficient 
strength in the dangerous section in the hood down the flat 
part of the resistance to deformation of the work piece.  

For the second phase of the experimental study 
was designed a special device for forming - drawing 
optimal blank sheet of molybdenum. To this end, a 
construction of optimal crucible pumps, satisfying the 
requirements of both a growth process, and forming 
conditions (Fig. 3). 

 
 

Fig. 3 Construction of the crucible for deep drawing. 
 

Optimum temperature and the possible degree of 
deformation were based on the first phase of pilot studies. 
Figure 4 is a perspective view of an apparatus for 
thermoforming crucibles, and in Figure 5 - the crucible 
with dimensions of 160x315x50 mm, made of molybdenum 
sheet thickness of 0.7 mm. 
 

 
Fig. 4 The device design for deep drawing. 
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Fig.5 The crucible is made of optimum blank 
 

When designing devices for thermoforming containers were a 
number of problems of a constructive nature, namely: 
• In the process of deep drawing excluded the possibility of tensile 
stresses on the curved edges of the deforming tools by applying a 
compressive load on the outer contour of the molybdenum crucible. 
• By the removal of the clamping unit of the heating zone provided: 
minimum height for figure punch performance of elastic elements, and 

to create the necessary compressive force to avoid 
corrugations forming.  

Considering the complexity of shape of crucible, 
to ensure an even gap between the deforming tools used 
units with ball guides. 

 
5. Conclusion 
 

1. Based on the test plane uniaxial tensile specimens to 
determine the parameters of the mechanical properties of 
molybdenum sheet and showed that the deformation 
characteristics are described by a power law. 
2. Found that for increasing the permissible degree of 
deformation appropriate use of differential heating. 
3. Developed and implemented in practice and modern 
technology device extraction crucible boats, providing 
high-quality single crystals grow. 
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