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ABSTRACT

A mathematical model has been developed to calculate the optimal temperatasaldimation metal
fluorides and the number of stages desublimation that allows bringdbeery of the desired product from the
gas mixture to almost 100%. Experienced test results have been obtathedesublimation of tungsten
hexafluoride and tungsten that showed a good convergence with thdodetiaa The proposed method of
calculating the parameters of the process desublimation can be appdiedldao calculations desublimation
processes (condensation) of other substances, for maximum efficiency.
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Introduction

In the technology of getting a number of pure substmeel intermediates, including technology and
nuclear fuel, sublimation-desublimation redistributiofiparticular importance being a refiner operation. Adl th
existing methods for allocating desublimers solids fromgéwe stream can be divided into three groups: surface,
volume and mixed. [1] However, these devices have a signifitisadvantage that is a low yield in desublimat
main product (70 ... 90%), the cause of which is the foomaof aerosols at strong supercooling steam
desublimaiting substances and their entrainment from the system.

In industrial processes of condensation and desublimatg &fF 4, TiF , WF ¢, UF ¢ ReFg, and other
volatile metal fluorides are usually conducted at temperatunieh are considerably below the initial temperatures
of desublimation that causes formation of nuclei in tH& bucleation device and as a consequence, the lass of
product in the form as aerosols. For examgietjtanium tetrafluoridedesublimation , the redoctof sublimation
temperature below the initial of 2580gives fluffy, crystal desublimat of a needle typ80° -the layer of a bulk
material partially covered with elastic film; 100 solid glassy product throughout the layer. Thhs, loss of the
product at the outlet of desublimator comprised127and 5% wt. respectively. Therefore the greatest desuiolimat
effective way would be the one in which the process efosmls appearance has been able to suppress in a
changing thermal conditions and monitor the growth of #yerl desublimat, while maximizing the filling of
apparatus and its permeability.

The purpose of this work is to determine the conditions of supersatusatibthe critical supersaturation
of tungsten hexafluoride, as well as the influence of these paranmmiethe process of condensation
(desublimation).

Development, methodology.

The process of hexafluoride desublimation metals significantly affectetnperature of cold surfaces
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apparatus, partial pressures of the components of the proceshaadyysical chemical properties of the
components of the gaseous mixture, as well as a number of athensf

In this paper we proposed and tested a method for calculating therétunp of the condensation process
(desublimation) of tungsten hexafluoride, ensuring maximum weldeé condensed phase and minimal losses in
the form of aerosols.

1) Calculation of temperature desublimation.

The degree of supersaturation of the vapor-gas mixture essedépiyds on the difference between the
temperatures of the gas-vapor mixture entering the apparatus amthee slesublimator. If we denote the
temperature of the gas mixture entering the desublimator thBugtcold” surface - T,, the distance that takes
gas mixture, cooing at the temperature fréntoT,, is |, then, assuming that as the distance x from the entry
point of gas into the machine to the exit point of the gas mixture has a tempdrédudecrease linearly froffy

toT,. It is obtained:

Tl_TZ .

T=T,+ X. (2.24)

Then the pressure P changes in a similar manner
P-P
P=P, + % - X. (2.25)

Degree of supersaturation S can be calculated as follows:

S-_h , (2.26)
o(T)

Where,PT,POO(T) is a vapor pressure drop over and above the flat surface of a destibg

substance.
Substituting the values of pressure and temperature in the exprés8i@) (ve can define the degree of

supersaturation at a given temperature

S:T_Tz_H_P2+ Pz
T, -T, Pw(T) P

o(T)

(2.28)

A significant role in the processes of tungsten hexafluoride tewmtlon plays the heat exchange
between the gas and the cooled surface. Coolant Temperature usuallysremastant with increasing
desublimat layer having a high thermal resistance (low thermal conductithity),surface temperature
desublimation increases and the desublimation degree decreases monotortieatijord desublimation of
hexafluorid tungsten is carried out on a moving surface in unsteadlitions. For the stabilization process, the
heat removal from the gas mixture and, in fact, different methodsang®es methods of cleaning the surface

from desublimat (scrapers, thermal sludge of discharge, etc.).
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Figure 2.1 - Change of supersaturation of the vapor stream wié@ngrthrough the pipe.

Speed ratio of mass transfer and heat transfer are such that the stgg@rsdnhcreases initially, reaches
a maximum and then decreases. In the region where it exceedsitited walue (hatched portion), the
volumetric desublimation flows. If mass transfer predominates over thexuobatnge, the tungsten hexafluoride
diffuses the deposit before the gas mixture cools. Then supetgatudoes not reach a critical value and the
volumic product desublimation from gas mixture does not occur. Btdge of heat exchange is dominated, then
the desublimat does not have an opportunity to diffuse to the soffdesublimation and the dominant process
is the volume desublimation. For heavy molecules of tungsten hexdf, second model desublimation
probability are much higher.

2) The rate of nucleation.

The work spent on the nucleus (equal change in the free enerfy)misd by the work of transfer of
particles from the gaseous phase in a liquid or solid (in the case of aaupsed vapor, this work will be
negative), and work related to the formation of the nucleus. For theleoiocated in unstable equilibrium with

the available supersaturated vapor, the total work of formation is associdigdibbs energy:
1
AG = ZJ,GF , (2.36)

where F is surface of forming phasé.
for spherical drops F=4m?, (2.37)

therefore, substituting the value of F in (2.36), we obtain:

AG =4/371°c.(2.38)

_ lemm’s?®
3pk?T?(In S)°

2) Criterion determining the nature of the process desublimation.

AG

.(2.39)

The question of where desublimation product takes place on theesorfac the bulk desublimator of

vapor-gas mixture is determined by the ratio of speeds heat asdnarasfer desublimaiting product that can be
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evaluated using the criterion of Lewis Le

Le=— i

where
a.n, - heat transfer coefficient, kJht - h - k);

cpem- SPecific heat of the gas-vapor mixture, kJ /{(k9;

Pem CM - gas mixture densi(§f,g/m3;
B- mass transfer coefficierﬂ?/h

If Le is under these conditions is greater than one, then the heat tratesferhrigher than the intensity of
a mass transfer. As a result, the desublimaiting product does reotifmeevto be delivered to the surface in the
form of steam, so the predominant is process of a volumdlifaation. In view of the difficulty of determining
the coefficients of mass and heat transfer for the various conditidhe ofganization of the process , criteria
values Lewis hardly is not almost applicable to assess the effectivenesgpoichss.

The presented analysis of tungsten hexafluoride desublimation pedloses us to identify those groups
of parameters that determine, ultimately, its effectiveness, and to undetistamechanism of the process.
However, these relationships as well as in most of the heat and mass pestdeses are not always applicable
for practical design calculations of the desublimator and its parameters betthesdifficulty of determining
the coefficients of heat and mass transfer in terms of constant charactefiffiieglaoctuations of heat transfer
surface, and the flow of the initial gas mixture. Therefore, to detertheneptimum processing characteristics
and parameters of desublimator their experimental verification is requiotd, at the stage of individual
elements of machines and structures as a whole, drawing on mathematdeihm

M odeling of the condensation process (desublimation) of tungsten hexafluoride

As above, to eliminate the bulk desublimation it is necessary that the magnitide degree of
supersaturation is close to the critical value, but does not exceed its entireofategeperature from a
temperature of the sublimation of the substance (gas flow entemperature to desublimator) to a temperature
coefficient at any desublimation.

The temperature of the cold wall, that is desublimaiting surface tempernatimethe condition that it
must be the lowest temperature at which the volume desublimation is exkdbud ensured the maximum
temperature difference between the temperature of the incoming gasilirdaging camera (or a hot surface
desublimator) and a cold surface, causing the maximum rate of atiblinprocessing.

To determine these conditions, a computer program has been developedsilts of calculations for
the desublimation process of tungsten hexafluoride are shown in Table 2

Table 2.5 - Calculation of temperature the desublimation tungsten hexaflpooidded S = Skr

hot supersaturation | aerosols mass| capture | residual
cold wall )
walltemperature degree concentration,| degree, | pressure
temperature, K{C)
K g/cm3 % WFs, mm Hg.

The first stage of desublimation

02-04 anpena 2014r. TomcK, Poccus 202



MEXAYHAPOAHAA MONOAEXRHAA HAYYHAA LLKOTA « METOA0/10IMA NPOEKTUPOBAHUA MOTIOAEHRHOIO HAYYHO-
MHHOBALIMOHHOIO NPOCTPAHCTBA KAK OCHOBA NMOAroTOBKM COBPEMEHHOIO NHXEHEPA»

333 264 (- 9) 3,5 0,0098 71,4 217

The second stage of desublimation

333 241 ( 32) 5,3 0,0035 81,1 41

The total capture degree of tungsten hexafluoride after two stagesdeihsation is equal to 94.6%.

Results

Desublimated purification of tungsten hexafluoride from impurities is the least cksdastage of the
production technology of fluoride. Therefore, the results should bsidmed as one of the stages of
development of this technology. Studies show the effectiveness aistheof desublimation processes for
extraction of tungsten hexafluoride from the process gas generagzditafsynthesis by the gas fluoride
technology.

Analytical calculations establish that at the hot wall temperature of the vessel (inletda&mg of gas in
the desublimation area) 333 K (333 K) the calculated value of the surface temgp@fasublimation (hot
surface) of tungsten hexafluoride is 333 ... 293 K.

The cold surface temperature at tungsten hexafluoride desublimation skauliriained within 253 ...
245K, because at such a high temperature desublimation residual pressuresteitinegafluoride is large 217
mm Hg. and it may lead to the loss of the product due to aci@msoation and their entrainment from the
system. Therefore, the second step of desublimation is required.

To prevent the formation of aerosols the minimum temperature oftebmigexafluoride desublimation at
the second stage should be 241 K. The residual vapor pressure sietuhgxafluoride at this temperature is
small (41 mm Hg. Thsp.), so the loss of the product wouldelgdigible - 0.0035 g/cm3, which allows get the
product outlet in the desublimat at | and Il stages of the desublimation 0.95.

Conclusion

In this paper the role of the desublimation processes in the indsistoypsidered in general and radiation
area in particular. The critical parameters of tungsten hexafluoride have badated|csuch as temperature, a
specific volume, a density and a compressibility factor.

A mathematical model has been developed to determine the conditions of criticahupéon of metal
fluorides and conditions excluding the formation of aerosols at the ldeatibn. The program for determining
these conditions has been created.
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