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The task of heat conductivity has been formulated and it has been decided in the 

cylinder of endless length with a moving border for the process precipitation of main metal 
on a cathode at the electrolysis of melted salts. Results of numeral experiment for the 
study of influence of thermal stream on a rise speed of metal layer thickness on a cathode 
indicate about essential influence of running direction for discharged ions and active 
hashing of electrolyte melt. 
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The electrolysis of ionic fusions with depositing of crystalline metal on a ca-

thode is widely used at the production of refractory metals: titan, vanadium, zirco-
nium and other. 

There are give an account in detail the aspects of influence of electric and re-
lated with him mass streams on crystallization of metals from fusions of salts on the 
process of delivery of ions to the cathode and post reduction of layer of the depositing 
metal on his surface [1]. The features of forming hydrodynamic, thermal and con-
centration boundary layers on length of generatrix of cathode are described and the 
high-quality estimation of influence of thermal stream on the process of electro-depo-
sition of metal from ionic fusions of salts is carried out at article [2]. 

The quantitative estimation of influence of thermal stream parameters in the 
process of electrolysis on the dynamics of forming of metal layer on a cathode has 
been carried out. 

At the modeling of metal deposition of with the moving border of the most 
complete approaching to the real process are arrived at realization a task about a 
phase transition [3]. 

The mathematical model of process was developed at next assumptions:  cal-
culation range for a cathode and metal, deposited on him, has axial and thermal 
symmetry; fusion is assumed monophase, id est consolidation of layer of metal, ca-
rried out at the temperature of phase transition; the coefficient of heat emission on the 
surfaces of cathode is accepted by constant; the thermophysical parameters of the de-
veloped metal and fusion of electrolysis do not depend from a temperature. 



Then change of temperature for the metal layer on a cathode in time and on a 
co-ordinate is described one-dimensional non-linear equation of heat conductivity at 
cylindrical co-ordinates for an range with the moving border (R < r < R+ξ): 
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where  ρm and cm are a closeness and heat capacity of the deposited metal;  λm and λl 
are a coefficient of heat conductivity for metal and fusion of electrolyte;  Тc and Тcr 
are a tem-perature of cathode and phase transition;  Тm and Тl are a temperature of 
metal and fusion of electrolyte;  r and τ are radial and time co-ordinates;  R is a radius 
of cathode;  ξ is a co-ordinate of metal front;  L is a specific warmth of phase tran-
sition. 

Assuming that the change of temperature on the radius of cell and thickness of 
metal layer complies to the linear law, get linear equation in full differentials relative 
to the change of thickness of metal layer E at the electrolysis Fo 
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Non-dimensional variables and criteria similarities, included in equation (9), 
are determined by correlations:  E = ξ/H is a relative thickness of deposited metal 
layer (H is a depth of dip of cathode in fusion of electrolyte);  D1 = H/R is a relative 
depth of dip of cathode in fusion;  D2 = δ/H is a relative thickness of dynamic bo-
undary layer of fusion (δ is a thickness of dynamic boundary layer of fusion);  θ1 is a 
relative temperature of cathode; ( ) ( )1 /c cr cr cT T T Tθ = − − ; θ2 is a relative temperature of 

fusion;  ( ) ( )2 /l cr cr cT T T Tθ = − − ;  С1 is a relative warmth of phase transition and dis-

charge of ions on a cathode; ( )1 / p cr cС L c T T= ρ⋅ ⋅ − ;  C2 is a relative coefficient of heat 

conductivity of the system «fusion of electrolyte - deposited metal»;  Fo is a criterion 
of Fourier. 

After simple transformations equation (5) will take form 
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Size of thermal stream closeness from fusion of electrolyte to the surface of 
cathode it is possible to expect by formula: 
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Comparison of right parts of equations (7) and (8) allows writing down 
2 1/D Nu= . 

Then after the substitution of the got correlation in equation (6) at Е > 0 and 
Fo > 0 and ( ) 2

2 2 1 1/Z C Nu D D= ⋅θ ⋅ −  it is possible to write down: 
0 52

1

1 1

2
2 1 1

2

,
Nu D Fo

E Z
C

  ⋅ ⋅
 = ⋅ − − θ −   

 .                                     (9) 

A calculable experiment with the use of computer has been executed at the 
next values of relative parameters:  D1 = 2.0-10.0; θ1 = 1.0; θ2 = 1.0-1.2; С1 = 1.0-2.0; 
С2 = 0.7-1.0; Nu = 3.0-12.0. There are set: independence of value Е(Fo) from the 
parameter С2, insignificant influence on him parameter θ2 and increase of him with 
the height of parameter Nu. The last is related to convective character of motion of 
molten electrolyte in a cell from the presence of difference of closeness’s of his 
elementary volumes. Definition influences of parameter of D1 at Е(Fо) it is possible 
to specify on his complied character. 

The decision of equation (9) does not have physical sense at non fulfillment of 
condition (θ1 - 2С1) < 0, id est the processes of delivery of ions from fusion of elec-
trolyte to the surface of cathode and discharging on her take place at 2С1 > θ1. So, the 
size of parameter С1 determines the conditions of behavior of the directed deposition 
of crystals of parent metal on the surface of cathode. 

Conclusions. The results of decision of thermal task for electrolysis of molten 
salts allowed fixing desisting influence of parameters С1 and Nu on the height of 
thickness of metal layer Е(Fо). Thus if on the size of parameter С1 determine the 
presence of the directed motion of ions, then on the size of parameter Nu estimate 
intensity of heat emission a convection on the border of division «fusions - depositing 
metal», the increase of which is attain at by active interfusion of electrolyte fusion. 
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