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The kinetics of solution of a bed dissolved by a liquid moving in a 
porous medium overlying the bed are examined. The theoretical and 
experimental studies described relate the kinetics with the diffusion 
and hydrodynamic parameters of the process. 

The underground  ex t rac t ion  of sol ids,  mainly  sal ts ,  
is a highly economic min ing  technique.  Among the 
factors  dictat ing the re la t ive ly  in f requent  use of this  
method one of the mos t  impor tan t  is  the lack of s c i -  
entific and exper imenta l  data that would p e r m i t  an 
evaluat ion of the eff iciency of the p rocess .  The re  a re  
two essen t i a l ly  di f ferent  modes of occu r r ence  of 
ex t rac table  m a t e r i a l  in an i ne r t  porous medium:  

1. The m a t e r i a l  is d i spe r sed  in the porous medium 
and ext rac t ion  is  based  on the percola t ion  of liquid 
through the la t te r .  

2. The m a t e r i a l  occurs  in the form of a bed ove r -  
la in  by a porous medium.  

The kinet ics  of ex t rac t ion  under  condit ions c o r -  
responding to the f i r s t  mode of occu r r ence  have a l -  
ready been examined  by the authors  [1]; the re fore  
the p r e sen t  communica t ioh  is concerned  exclus ively  
with the second.  

As the liquid washes  over  the bed, the bed is 
dissolved,  as a r e s u l t  of which a f ree space may 
form between the bed and the porous medium.  We 
shal l  a s sume  that (as f requent ly  occurs  in prac t ice)  
this f ree space is fi l led as a r e su l t  of the sys temat ic  
se t t l emen t  of the soi l .  

The de te rmina t ion  of the r a t e  of solut ion is based 
on the following equation obtained by one of the authors  

[21: 

2 c~ = - -  ( 1 )  q = T~-  ( - - c , ) D b ] / P - e ,  Pe ULD 

The amount  of m a t e r i a l  d issolved f rom the bed per  
second is picked up by the liquid leaving the region  
of the bed. Hence 

q = ~ (c~ - -  q)  Db- = bhU (c2 - -  c,). (2) 

Assuming  c I = 0 ,  we get 

c,./c~ = m )"  L_ 

where  

(3) 

m =  U h "  

The expe r imen t s  pe r fo rmed  to study the ex t rac t ion  
k ine t ics  were  c a r r i e d  out on the expe r imen ta l  r ig  

shown in Fig. 1, which consists of a horizontal ap- 
paratus and solvent supply and heating systems. 

The apparatus 1 is a steel trough of rectangular 

cross section, to the front of which there is attached 
a brass gauze 2 (clear opening 0.16 ram). The solvent 

percolation rate is regulated by means of stopcock 3 
at the outlet of chamber 4. At the opposite end, cover 

5 houses a spring mechanism desigaaed to compress 

the porous medium. The compression mechanism 

consists of a piston 6 of rectangular cross section 

with drilled openings for the passage of solvent over 

which a brass gauze is stretched. The piston is dis- 

placed and held in the working position by spring 7 

which is secured between two discs of special mesh 

8. The top of the apparatus is enclosed by a cover 9 
which supports thermometers I0 for checking solvent 

temperature. 
As solvent we used distilled water which was 

heated in a coil-type heat exchanger 11 with water 

preheated to T = 298 ~ K in a temperature re~alator 
12 and continuously circulating in the temperature 
regulator--heat exchanger system. Tile water supply 

system consisted of two coupled vessels 17 supported 

at the +2-meter level above the apparatus. This sys- 
tem ensured a head large enough to overcome the 

resistance of the porous medium and provide the 
required percolation rate. The large capacity of the 
vessels combined with the relatively low consumption 

of liquid during the experiment ensured a constant 

head and hence constant percolation rate. 
The test material 14, consisting of nine plates of 

CaSOa2H20 measuring 35 x I0 • I00 mm each, was 

attached to the bottom of the apparatus to form a 
single bed 900 mm long. To make sure that the at- 
tachment was strong enough and to prevent solution 

of the lateral surfaces of the plates, the latter were 
bonded in place in a cement grout 15, so that only 

the upper surface of the bed of prescribed length 

could be dissolved. 
In each series of experiments we determined the 

concentration of liquid as a function of the length of 

the dissolved bed for a given velocity U and a definite 

porous medium particle size. The length of the bed 
was varied by coating the plates with bakelite lacquer. 

As a porous inert medium 13 we used a mixture 

of particles of white corundum prescreened in order 

to obtain a monodisperse material and washed until 

traces of Ca disappeared. This material was loaded 

into the apparatus and compacted on a vibrating 

table, after which the apparatus was closed with 

cover 9, and the porous medium was kept in the com- 

pacted state by means of spring 7 (gasket 16). 
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Fig.  1. E x p e r i m e n t a l  r i g  ( schemat i c ) .  
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Fig.  2. Solut ion k ine t i c s  for  bed with d = 0.13 mm (a) and d = 0.18 mm 
(b): 1, 2,3) k ine t i c  c u r v e s  based  on Eq. (3) for  U = 0.003,  0. 0019, and 
0.00084 m / s e c ,  r e s p e c t i v e l y ;  c i r c l e s - -  e x p e r i m e n t a l  r e s u l t s  (L, ram). 
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Fig, 3. Mass t r a n s f e r  coefficient  D, m2/sec ,  as a funct ion 
of Reynolds number .  

Dis t i l l ed  wa te r  at t e m p e r a t u r e  T = 298 ~ K and 
p r e s s u r e  2 . 10 ~ N /m:  en te red  the appara tus  1 at a 
given veloci ty and, pass ing  over  the par t  of the bed 
that was not coated with a pro tec t ive  f i lm,  d i sso lved  
the plate  m a t e r i a l .  After  leaving  the appara tus ,  the 
wa te r  was analyzed for Ca ion content  us ing  T r i l o n - B .  

The expe r imen t s  w e r e  conducted at d i f ferent  porous 
med ium par t i c le  s izes  and at d i f f e ren t  perco la t ion  
ra tes  in the range  3 �9 10 -5 m / s e c  to 2 �9 10 -4 m / s e c .  
F igure  2 p r e s e n t s  typical  r e su l t s  showing the i nc r ea se  
in concen t ra t ion  with r e spec t  to length of bed. 

The curves  in the f igure  a re  based on Eq. (3) for 
a r a t iona l  choice of the cons tant  m.  As we see, 
t heo re t i ca l  equation (3) is in sa t i s fac to ry  ag r e e me n t  
with exper iment .  T h e  m a s s  t r a n s f e r  coeff ic ient  is 

given by 

D -- ~ h ~ m ~- U m2/sec  (4) 
4 

and the dependence of this coeff ic ient  on Reynolds 
n u m b e r  is shown in Fig.  3. 

At Re = 0 the a s sumed  value D = 1.5 �9 10 -~ m~/sec ,  
which co r re sponds  to the m o l e c u l a r  diffusion coef-  

f ic ient .  
We also d e t e r m i n e d  the d i s t r ibu t ion  of l iquid con-  

cen t r a t i on  over  the height of the bed. The liquid for 
ana lys i s  was sampled  through s l id ing tubes (18 in 
Fig. 1) secured  in the cover .  The concen t ra t ion  fell 
over  the height as follows: in the d i rec t  p rox imi ty  

of the bed sur face  it was equal to the s a tu ra t ion  con~ 
cen t ra t ion  c s, but at a c e r t a i n  point at d i s tance  y it 
vanished.  The value of y i nc r e a se d  with d is tance  
f rom the point at which the l iquid was in t roduced.  

Thus, within the porous medium there is formed 
a boundary diffusion layer, which confirms the 
starting assumptions on the basis of which Eq. (I) 
was obtained. 

NOTATION 

q--amount of material going into solution in unit 
time, Cs--saturation concentration, cl--coneentra- 
tion of liquid washing the bed, D--mass transfer 
coefficient, b--width of bed, U--percolation rate, 
L--length of bed, ~2--concentration of liquid at out- 
let from apparatus, h--l{eight of layer of porous 
medium, d--particle size of porous medium. 
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