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A r a t h e r  s imple  method has  been  developed for de te rmin ing  the p r o c e s s  t ime  of a l m o s t  c o m -  
p le te  (98%) su l fur  ex t rac t ion  f rom a l aye r  of  su l fur  o re ,  a s  a function of the o re  p r o p e r t i e s  
and of the l a y e r  length. 

The ex t rac t ion  method of separa t ing  soluble components  f rom solid porous  pa r t i c l e s  is used in va r ious  
indus t r i e s ,  which include, for example ,  sulfur  mining [2]. 

When ex t rac t ing  sul fur  f rom i ts  o r e s ,  one encounters  s eve ra l  p rob l ems  in handling so -ca l l ed  diff i -  
cu l t - t o - en r i ch  o r e s .  

In our  e a r l i e r  t e s t s  we have explored the mechan i sm of sulfur  m a s s  t r an s f e r  f rom an o re  pa r t i c l e  to 
a liquid solvent  (kerosene) .  I t  has  been es tabl ished that,  in c h a r a c t e r ,  this p r o c e s s  is one of in ternal  d i f -  
fusion, i .e . ,  the l imi t ing  s tage  of the p r o c e s s  is the diffusion of sulfur  through a porous  s t ruc tu re  of an o re  
pa r t i c l e  fi l led with ke rosene .  We have p e r f o r m e d  expe r imen t s ,  which will be  desc r ibed  h e r e ,  with the p u r -  
pose  of explaining the c h a r a c t e r i s t i c s  of m a s s  t r a n s f e r  during sulfur  ext rac t ion  f rom a l aye r  of o re  p a r t i -  
c les .  

Accord ing  to [1], two s tages  m u s t  be  dist inguished in the ex t rac t ion  of a subs tance  f rom a l a y e r  of 
porous  pa r t i c l e s .  The f i r s t  s tage i s  cha rac t e r i zed  by the p r e s e n c e  of the subs tance  to be ex t rac ted  in the 
porous  p a r t i c l e s  and i t  l a s t s  until the soluble subs tance  has  been en t i re ly  ex t rac ted  f rom a pa r t i c l e  a t  the 
beginning of the l aye r  (along t h e p a t h  of solvent  flow). The durat ion of the f i r s t  s tage  is  de te rmined  f rom 
the equations: 

Dt~ 1 ". ? (1) 
t~ ~ = 6 c , - - . c  i 

During the second s tage  there  appear  two zones in the l aye r .  One zone does not contain any of the 
subs tance  to be  ex t rac ted ,  in the other  zone some  of that subs tance  is s t i l l  re ta ined.  Beginning a t  t ime  t l ,  
the boundary between both zones shifts  in the d i rec t ion  of solvent  flow a t  a constant  velocity:  

c~ - -  c i U7o v . . . . . . .  (2) 
7 wn 

The dura t ion  of the second s tage is 

~o (c, - c i) ~) (3) 

In s o m e  ca se s  [1], when the porous  par t i c les  a r e  smal l  (1-2 mm) ,  the length of the f i r s t  s tage  is neg-  
l igible.  During the p r o c e s s i n g  of sulfur  o res  a f t e r  the l a s t  comminut ion cycle ,  however ,  there  r e m a i n  8- 
10% of 35-60 m m  l a rge  pa r t i c l e s .  The t ime of durat ion of the f i r s t  ex t rac t ion  s tage will in this case  be  con ,  
s ide rab le  and m u s t  be taken into account.  

Thus ,  the total t ime  of ext rac t ion  f rom a l aye r  of porous  pa r t i c l e s  is 

t = tl + t2. (4) 
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Fig. 1. Schematic d iagram of the tes t  apparatus.  

The poros i ty  of sulfur ore  is determined predominantly by its sulfur content alone. All pores  a re  
taken to be filled with sulfur,  In fact,  only 2-3~0 of all pores  a re  not filled with sulfur. Disregarding  this 
fract ion,  we have 

m -- ~ __y_Vo_ (5) 
7 

Inser t ing  the value of t~ from (3) into (4) and taking into account (5) together with the condition c i = O, 
we will then obtain 

t ~  tl + n_~ L. (6) 
csU 

Equation (6) is represen ted  by a s t ra ight  line having an intercept  t 1 on the axis of ordinates t (at L ~ 0) 
and a tangent (with respec t  to the axis of absc i ssas  L) 

tg a ~ ~lf~/c,U. (7) 

Inser t ing (2) into (7) gives 

tg - = l/v. (8) 

It  follows f rom (8) and (7) that tan oz represents  the t ime spent on extract ing the soluble substance 
from a unit length of the layer .  

The L - t  d iagram has been plotted from test  data so that by extrapolating the s t ra ight  line t = f(L) to 
its in tersect ion with the t -ax is ,  one can determine the duration of the f i rs t  extraction stage t i and then 
from Eq. (9), which is der ived di rec t ly  f rom Eq. (1), the diffusivity. 

D =  1 7R 2 (9) 
6 c,t 1 

For  studying the kinetics of sulfur  extract ion from a l ayer  of ore  by means of kerosene,  we pe r fo rmed  
tests  in an  apparatus  (Fig. 1) eonsist ing of an ext rac tor  filled with a given ore  and a solvent prepara t ion  and 
feed sys tem including a s torage  tank 1 with an immersed  pump, a p r e s s u r e  tank 2, a ro t amete r  3, a r egu la -  
tor valve 4, and a contact  the rmomete r  5 installed inside a thermosta t  6. 
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Fig.  2. Kinet ics  of sulfur  ext rac t ion 
f rom a l a y e r  of sulfur  o re  p a r t i c l e s ,  
t = f(L): 1-4) theore t ica l  t = f(L) cu rves  
plotted accord ing  to Eqs.  (6) and (7). 
T e s t  t e m p e r a t u r e  and pa r t i c l e  s ize:  
140~ and 0.375 m m  (1), 14ffC and 1.5 
m m  (2), 140~C and 4 m m  (3); 100~C 
and 1.5 m m  (4). The s lope angle of 
the t = f(L) l ine is ~: the dots indicate 
t e s t  points .  

The e x t r a c t o r  7 was  made  up of a meta l l ic  ve r t i ca l  container  enclosed by a jacket  for  heat ing by means  
of oil pumped f rom the t h e r m o s t a t  6. Removable  f i l t e r s  we re  instal led a t  the top and a t  the bot tom of the 
ex t rac to r .  The e x t r a c t o r  was 70 cm high and had a 10 cm 2 c r o s s  s e c t i o n .  

The t es t s  were  p e r f o r m e d  on sulfur  ore  with a f ine -d i spe r s ion  tex ture ,  coming f rom the Podorozhnen-  
sk  s e c t o r  of the Rozdol ' sk  deposi ts .  Af ter  comminut ion,  the o re  was pas sed  through s ieves  for segrega t ion  
into a 0.375 m m  (0.25-0.50 ram),  a 1.5 m m  (1-2 ram),  and a 4 m m  (3-5 ram) fract ion.  The sulfur  content 
in these  s e p a r a t e  f rac t ions  was de te rmined  by the sulfi te method and found to be 29.9%, 24.3%, and 19.4% 
respec t ive ly .  The su l fur  content  in the tailings (ore residue)  fluctuated between 0.16 and 0.8%. 

L a m p  ke ros ene  (GOST 4753-49) was  used as  the solvent .  

The t e s t  p r o c e d u r e  was as follows. Kerosene  was pumped f rom the s to rage  tank 1 into the p r e s s u r e  
tank 2, f rom where  i t  p roceeded ,  under gravi ty ,  through the coil of t h e r m o s t a t  6 into ex t r ac to r  7. He re  
the ke rosene  f i l te red  through an  o re  l aye r  while d issolving the sulfur  contained in it. The solution was co l -  
lec ted in the beake r  8. The  t e s t  t e m p e r a t u r e  was p r e s e t  and regula ted  by means  of the contact  t h e r m o -  
m e t e r  5; the flow r a t e  of  k e r o s e n e  was m e a s u r e d  and regula ted  by means  of the r o t a m e t e r  3 and the r eg u l a t -  
ing valve 4. The  solution which had been col lected in beake r  8 was then cooled to 2(rC, Crys ta l l ine  sulfur  
which had p rec ip i t a t ed  was then f i l tered,  dr ied,  and weighed. A tes t  was  cons idered  comple ted  when the 
concentra t ion  of the solute  leaving ex t r ac to r  7 had been  reduced to approx imate ly  0.02cs. 

The t es t s  we re  p e r f o r m e d  a t  a t e m p e r a t u r e  of 140~ and a t  a constant  f i l ter ing veloci ty  U = 1.5 �9 10 -3 
m / s e c .  T h r e e  tes t s  w e r e  p e r f o r m e d  for  each f rac t ion  with th ree  di f ferent  lengths of the o re  l aye r :  0.1, 
0.35, and 0.7 m .  

Only o re  pa r t i c l e s  of the 1.5 m m  fract ion w e r e  tes ted  a lso  a t  a 100~ t e m p e r a t u r e ,  with all  o ther  t e s t  
conditions r ema in ing  the s a m e .  

The t e s t  r e su l t s  a r e  shown in Fig. 2 in the fo rm of t = f(L) curves .  Theore t i ca l  curves  based  on Eqs.  
(7) and (6) a r e  a lso  shown he re .  A compar i son  of both indicates  a c lose  a g r e e m e n t  between tes ted and c a l -  
culated va lues .  

The va lues  of  diffusivi ty ,  as  de te rmined  by o u r p r o p o s e d  method a t  100~C and 140~ were  5 �9 10 -9 and 
7.9" 10 -9 m 2 / s e c  r e spec t ive ly .  

At  140~C the s lope tanc~ for 0.375 m m ,  1.5 ram,  and 4 m m  pa r t i c l e s  was 30.2, 27.9, and 21.7 m i n / m  
re spec t ive ly .  F o r  the 1.5 m m  pa r t i c l e s  a t  10ffC the s lope was tan ce = 54 m i n / m .  

Thus ,  a r a t h e r  s i m p l e  method has  been developed for  de te rmin ing  the p r o c e s s  t ime of a l m o s t  c o m -  
p le te  (98%) ex t rac t ion  of sulfur  f rom a l aye r  of sulfur  o re ,  as  a function of the o re  p rope r t i e s  and of the 
l aye r  length. 

R is the radius  of an  o re  pa r t i c l e ;  
7o is  the densi ty  of  the o r e ;  

NOTATION 
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is the densi ty  of the med ium;  
is the m a s s  of o re  pa r t i c l e s  p e r  unit volume;  
is the sulfur  content pe r  unit m a s s  of  o re ;  
is  the po ros i ty  of the ore  p a r t i c l e s ;  
is the total t ime  of ext rac t ion;  
is the durat ion of the f i r s t  s tage;  
is the durat ion of the second s tage;  
is  the length of the o re  l aye r ;  
is the f i l t e r ing  veloci ty  of the solvent ;  
is the sa tu ra t ion  concentra t ion;  
is the initial concentra t ion;  
is the diffusivi ty;  
is the s lope angle of the s t r a igh t  line t = f(L) ; 
is the veloci ty  of the in terzonal  boundary shaft .  
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