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A study was made concerning the kinet ics  of sulfur  ex t rac t ion  f r o m  ores  with kerosene ,  for  
the purpose  of de te rmin ing  the l imit ing p roces s  s tage at t e m p e r a t u r e s  within 120-140~ 
The diffusion coefficients  within this t e m p e r a t u r e  range  have been determined.  

The p rocess  of ext rac t ing  a solid substance  f r o m  porous pa r t i c les  is widely used in var ious  b ranches  
of industry:  chemical ,  mining, and hydrometa l lu rg ica l .  

Of i n t e r e s t  is the method of ex t rac t ing  sulfur  f r o m  ores  which has been widely used abroad,  espec ia l ly  
where  the sulfur  content in the raw m a t e r i a l  ranges  f r o m  8 to 30%. 

The excel lent  solubil i ty of sulfur  in var ious  solvents ,  e spec ia l ly  in such an inexpensive one as 
naphtha, makes  it  feas ib le  to produce a high-qual i ty  (99.8% pure) substance  by a 95-99% complete  e x t r a c -  
~on. 

The indust r ia l  implementa t ion  of these p r o c e s s e s  is c losely  tied to theore t ica l  studies of the kinetics 
governing the m a s s  t r a n s f e r  and to an understanding of the ma t e r i a l  t r a n s f e r  mechan ism.  

Most s tudies  concerned with the p rob lems  of m a s s  t r a n s f e r  in a so l id - l i qu id  s y s t e m  deal with the 
mechan i sm of m a t e r i a l  t r a n s f e r  f r o m  the solid phase to the liquid phase. Meanwhile, the m o s t  impor tan t  
p rac t ica l  s y s t e m s  cons is t  of a solid ine r t  ma t e r i a l  with the ex t rac tab le  substance dis t r ibuted in its pores .  
The p rocess  of ex t rac t ion  f r o m  porous m a t e r i a l s  is more  complex,  of course ,  because  it includes both a 
m a t e r i a l  t r a n s f e r  within pores  ( in t ramolecular  diffusion) and a m a t e r i a l  movement  f r o m  the su r face  of 
porous pa r t i c les  to the main  m a s s  of liquid (external  diffusion), Although the ma te r i a l  t r ans f e r  is diffusive 
in both cases ,  i ts  m e c h a n i s m  is not the same .  

The au tho r s '  purpose in this s tudy was to explore  the kinetics of sulfur  ex t rac t ion  f r o m  ores  and, 
on this basis, to determine the diffusion coefficient for pores~ 

According to the theory of heterogeneous processes, the mechanism of sulfur extraction from ores 
comprises the following sequence: i) dissolution of sulfur; 2) migration of the dissolved substance to the 
solid-liquid interphase boundary (internal diffusion); and 3) transfer of the dissolved substance from the 
solid surface to the main mass of liquid (external diffusion)~ Depending on the nature of the extractable 
substance and of the solvent, on the pore structure, and also on the process conditions, the extraction 
rate will be governed by one of these three stages. It is necessary to determine which stage limits the 
process, therefore, because there one will search for ways to improve the yield, for it one will select 
the appropriate apparatus, etc. 

The method in [I] was used for establishing the mechanism of sulfur extraction from ores. The gist 
of this method is a correlation of test points with various curves based on the equation 

1 - - % + e  6 2 + = l + e  T (1) 
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Fig. 1. Determination of the diffusion 
coefficient r = f(t) at various t empera-  
tures:  1) 100~ 2) 110; 3) 117; 4) 120; 
5) 130; 6) 140. Time t (rain). 

t 

Here 

e = kR/D.  

It follows f rom Eq. (1) that the cr i t ical  parameter  
which determines  the extract ion mechanism is e. Thus, as 
--* 0, the process  is governed by the kinetic stage (chemical 
conversions constitute the slow stage) and the equation be-  
comes 

t 
1 - -  % = - -  . ( 2 )  

T 

When e - -  0% the process  becomes diffusion kinetic (the 
inflow and the outflow of reagents constitute the slow stage) 
and the equation becomes 

t 
1 - -  3 %  2 § 2q0~ = - - .  ( 3 )  

T 

Experiments  for  the purpose of accumulating test data on the extract ion kinetics were performed 
with lumps of sulfur ore f rom the Rozdol ' sk  deposits,  after they had been comminuted down to a 3-5 mm 
fraction.  The average diameter  of the test  par t ic les  was 4 mm. The sulfur content in the ore was 16.7%. 

We will assume that the ore part icles  containing the extractable substance in its pores were spher i -  
cal in shape. During extraction there occurred  a gradual contract ion toward the center of a sphere with 
the radius r 0 and full of the extractable substance. 

The test  procedure was as follows. 

Into a vesse l  wrapped in a heating jacket and containing 6 l i ters of kerosene we poured a measured 
quantity of ore particles.  The contents of the vesse l  were then fast  mixed with s t i r r e r  blades (n = 350 rpm). 

The tests were performed at constant t empera tures  within the 100-140~ range. The temperature  
was maintained constant throughout each test  by passing a thermostat ic ized liquid through the heating 
jacket. 

At definite time intervals,  samples were taken f rom the vessel  for  subsequent fi l tering and cooling 
down to t = 20~ The sulfur ext rac t  f rom the sediments was weighed. 

The test  resul ts  are  shown in Fig. 1. 

We will assume now that internal diffusion is the limiting stage of the extract ion process .  Then, 
according to (3), the quantity @ = 1 /6 -q~2 /2  + q~/3 must  be a l inear function of time t. It is evident 
f rom Fig. 1 that this is, indeed, so. It appears feasible, therefore,  to determine the diffusion coefficients 
f rom the slope (tana) of the s traight  lines, considering the equation derived in [2]: 

+ Ac 6 2 _ _  = R 2 (4) 

When c s >> c, Eq. (4) yields 

t g a - -  DG (5) 
PoR~P " 

The diffusion coefficient as a function of the temperature ,  D = f(0), is shown in Fig. 2. 

As the temperature  r i ses ,  according to Fig. 2, the diffusion coefficient f i r s t  increases  very  slightly 
and then, within 117-120~ it jumps up. The anomalous changes in the diffusion coefficient correspond to 
tempera tures  at which solid sulfur becomes liquid and, thus, the mechanism of mater ia l  t ransfer  changes. 

In order  to explain the mechanism of mater ia l  t ransfer  within porous part icles ,  test  data are shown 
in Fig. 3 along with theoret ical  curves which have been plotted on the basis of Eqs. (2) and (3), r e spec -  
tively. 
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Fig. 2. Diffusion coeff icient  as a function of the t empera tu re .  

Fig. 3. Kinetics of sulfur  ex t rac t ion  f r o m  ores  with kerosene:  1) 
100~ 2) 110; 3) 117; 4) 120; 5) 130; 6) 140. Theore t ica l  curves:  I) 
according to Eq. (2); II) according to Eq. (3). 

A compar i son  between expe r imen ta l  and theore t ica l  data  indicates  that the p rocess  of sulfur  e x t r a c -  
tion f r o m  ores  is int radiffusive.  

The d imens ion less  radius  r cor responding  to some definite instant  of t ime t is found f r o m  the equa-  
tion of ma te r i a l  balance 

O o (1 - -  % )  = W c .  (6) 

It follows f r o m  the preceding d i scuss ion  that at  t e m p e r a t u r e s  above 120~ sulfur  diffuses fas t  through 
a porous ore structure filled with kerosene. This can be utilized for a highly efficient extraction of sulfur 
on an industrial scale. 
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NOTATION 

the reaction rate constant; 
the radius of spherical particle; 
the dimensionless radius; 
the radius of sphere containing the extractable substance; 
the radial coordinate; 
the diffusion coefficient; 

the time coordinate; 
the time of complete extraction, corresponding to ~0 0 = 0; 
the density of ore; 
the total mass of extractable substance in porous particles; 
the volume of solvent in the vessel; 
the concentration of dissolved sulfur in the vessel; 
the sulfur content per unit mass of ore; 
the motive force; 
the saturation concentration; 
the temperature. 

1, 
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