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An investigation has been made into the entrainment of shale 
flotation concentrate and polyvinyl chloride under fluidization 
conditions. The kinetics of entrainment are described by an 
equation given in [5]. 

I nves t i ga t i ons  have  been  m a d e  into the f lu id iza t ion  
of sha l e  f lo ta t ion  c o n c e n t r a t e  (SFC) and po lyv i ny l -  
c h l o r i d e  (PVC) of va r i ous  g r a d e s  in connec t ion  with 
the d e v e l o p m e n t  of new t echno log ica l  p r o c e s s e s  in 
the p roduc t ion  of p l a s t i c s .  SFC is  a p roduc t  of high 
concen t r a t i on  of k u c k e r s i t e  sha les ,  i . e . ,  a na tu r a l  
h i g h - m o l e c u l a r  o r g a n i c  compound,  and PVC is  a 
syn the t i c  h i g h - p o l y m e r ,  ob ta ined  by  e m u l s i o n  p o l y -  
m e r i z a t i o n  by  the aqueous su spens ion  o r  l a t ex  method ;  
SFC particles are irregular flakes, while the PVC 

particles are spherical, often with internal voids. 

Upon heating (SFC to 200~ ~ C, PVC to 85 ~ C), 

the particles soften and change shape, whereupon 
"fusion" of the particles into a single monolith may 

easily occur. 
The investigations were carried out both in the 

laboratory and under industrial conditions, in cylin- 

drical and conical-cylindrical equipment of diameter 

25-1000 mm. The distributors employed were wire 

mesh, a DK miplastic separator, and porous glass 

and ceramic plates with clear cross sections from 

0.5 to 40% and aperature size from i to 3 �9 103 #. 
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Fig. 1. Theoretioai (1) and experi- 
mental (2) curves of fluidization of 

polyvinyl chloride with particle size 

5 - 6 0  #. 

T e s t s  wi thout  a d i s t r i b u t o r  w e r e  run  on the c y l i n d r i c a l -  
con ica l  equ ipment .  The f lu id iz ing  agent  was  a i r ,  but  
in  s o m e  t e s t s  with SFC, n i t r o g e n  and ca rbon  d iox ide  
w e r e  a l so  u sed .  The a v e r a g e  p a r t i c l e  d i a m e t e r  was  
c a l c u l a t e d  f r o m  the f o r m u l a  r e c o m m e n d e d  by Reboux 

[2] 

l/drn= E (xi/di). 
L 

In a l l  c a s e s  the l a r g e s t  p a r t i c l e s  of the p r o d u c t  did 
not  exceed  100 g.  

Judging  f r o m  the d a t a  on g r a n u l o m e t r i c  c o m p o s i -  
tion, we s e e  that  a bed  c o n s i s t i n g  of only  f ine p a r t i c l e s  
m u s t  p o s s e s s  v e r y  g r e a t  r e s i s t a n c e  and be  f lu id ized  
even at neg l ig ib l e  a i r  flow ve loc i t i e s  w K < 1 c m / s e c .  
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F ig .  2. Dependence  of the r a t i o  of the 
m a x i m u m  amount  of m a t e r i a l  r e m o v e d  
Gr(~- = oo) to the f ines  f r a c t i o n  at  w c -< 
-< co on gas  flow ve loc i ty  co in p e r i o d i c  
f lu id i za t ion  of sha l e  f lo ta t ion  c o n c e n t r a t e  
with p a r t i c l e  s i z e s  5 - 1 0 0  p in a l a b o r a t o r y  
co lumn of d i a m e t e r  142 mm,  bed  he igh t  
50 ram, and with a p o r o u s  g l a s s  d i s t r i b u t o r .  

According to the usual formulas, the finest particles 
with d _< 5 ~ should be completely removed from the 

bed even at a velocity co c = 1.5 �9 10 -3 cm/sec. 

This picture is not confirmed by experiment. For 

gas flow through a stationary bed of SFC or PVC, the 
resistance of the bed is considerably lower than the 

theoretical value, and noticeable rearrangement of 
the bed beg ins  only at  ve loc i t i e s  g r e a t e r  by a p p r o x -  
i m a t e l y  an o r d e r  of magn i tude  than the t h e o r e t i c a l  
f lu id iza t ion  ve loc i t i e s  [3, 4]. S table  channe ls  of odd 
conf igura t ion  beg in  to f o r m  in the b e d - - c r a t e r s  a long 
which the ma in  gas  flow is  d i r e c t e d .  When a p o r o u s  
g l a s s  and c e r a m i c  d i s t r i b u t o r  o r  a m i p l a s t i c  s e p a -  
r a t o r  is  u sed ,  f u r t h e r  i n c r e a s e  of ve loc i t y  c a u s e s  the  
c r a t e r  w a l l s  to beg in  to b r e a k  down, whi le  the c r a t e r s  
t h e m s e l v e s  w a n d e r  o v e r  the bed, c r e a t i n g  a round  them 
r e g i o n s  of f l u id i za t i on  which g r a d u a l l y  e n c o m p a s s  the 
whole bed .  

Upon f lu id iza t ion  of c e r t a i n  g r a d e s  of PVC, p a r t i -  
c u l a r l y  those  that  have undergone  hea t  t r e a t m e n t ,  and 
SFC of i n c r e a s e d  humidi ty ,  and a l so  when d i s t r i b u t o r s  
wi th  a l a r g e  c l e a r  c r o s s  s e c t i on  a r e  used,  the c r a t e r s  
p r o v e  to be  s t a b l e  even fo r  a c o n s i d e r a b l e  i n c r e a s e  
of gas  ve loc i ty .  In this  c a s e  even an a r t i f i c i a l  s t i m u -  
lus,  e . g . ,  t apping  a long the column o r  an ab rup t  
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change in gas  veloci ty ,  does  not l ead  to un i fo rm 
f lu id iza t ion- - fo l lowing  b reakdown of the channels  and 
t e m p o r a r y  "boi l ing  up ~ of the en t i r e  bed, new c r a t e r s  
a r e  f o r m e d  with s tagnan t  zones  be tween them.  

The b e h a v i o r  of the m a t e r i a l s  i s  c o n s i d e r a b l y  
af fec ted by the r a t i o  of the he igh t  of the bed H to the 
appa ra tu s  d i a m e t e r  D. At s m a l l  H/D values  the re  
is  an i n c r e a s e d  tendency fo r  the m a t e r i a l  to fo rm  
s t ab le  c r a t e r s ,  whi le  a t  high H/D a p i s ton  r e g i m e  
i s  e a s i l y  e s t a b l i s h e d .  F i g u r e  1 shows the va r i a t ion  
of p r e s s u r e  l o s s  in f lu id iz ing  PVC. 
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F ig .  3. Example  of e o r r e l a t i o n  
of t h e o r e t i c a l  r e m o v a l  cu rve  
with e x p e r i m e n t a l  c u r v e s  fo r  
k s = 0.01 l / m i n ; k 2 =  0.5 l / m i n .  

The p e c u l i a r i t i e s  d e s c r i b e d  poin t  to the f o r m a t i o n  
in the bed of agg rega t i ons  of ad j acen t  p a r t i c l e s .  The 
p r e s e n c e  of such agg rega t ions  in beds  of ve ry  fine 
p a r t i c l e s ,  due to e l e c t r i f i c a t i o n  and Van d e r  Waa l s  
f o r ce s ,  was a l so  pointed out  e a r l i e r  [6]. Aggrega t ion  
l e a d s  to i n c r e a s e d  e f fec t ive  d i a m e t e r ,  and t h e r e f o r e  
to l owered  hyd rau l i c  r e s i s t a n c e  and i n c r e a s e d  c r i t i c a l  
ve loc i ty  for  the s t a r t  of f lu id iza t ion  of the bed .  Ev i -  
den t ly  the agg rega t ions  a r e  f r i a b l e  and d i s i n t e g r a t e  
in the c o u r s e  of m e a s u r e m e n t  of g r a n u l o m e t r i c  
compos i t i on .  

The c o r r e c t n e s s  of these  i deas  about the s t r u c t u r e  
of a f lu ld ized  bed of SFC and PVC is  con f i rmed  in the 
s tudy of e n t r a i n m e n t  fo r  these  s y s t e m s .  B e a r i n g  in 
mind the m e a s u r e d  g r a n u l o m e t r i c  composi t ion ,  we 
s e e  that at  o p e r a t i n g  ve loc i t i e s  ~ > ~ c  a c o n s i d e r -  
ab le  n u m b e r  of f ine p a r t i c l e s  with c r i t i c a l  ve loc i ty  
~0 c l e s s  than the flow ve loc i ty  w mus t  be en t r a ined .  
M o r e o v e r ,  with i n c r e a s e  of r and T, not only would 
the re  be an i n c r e a s e  in the number  N r of p a r t i c l e s  
r e m o v e d  f r o m  the f lu id ized  bed, but  a l so  a smooth  
change in the i r  g r a n u l o m e t r i c  compos i t ion .  

The m e a s u r e d  en t ra inment ,  both in l a b o r a t o r y  
and in i n d u s t r i a l  condi t ions ,  is  p a r a d o x i c a l l y  s m a l l .  
C o m p a r i s o n  of the g r a n u l o m e t r i c  compos i t ion  of PVC 
and SFC p a r t i c l e s  r e m o v e d  and caught  by f i l t e r s  with 
the o r i g i n a l  compos i t i on  ind i ca t e s  that  p a r t i c l e s  of 
a l l  s i z e s ,  excep t  the l a r g e s t ,  a r e  r e m o v e d  f r o m  the 
f lu id ized  bed in p r a c t i c a l l y  the s a m e  way. This  phe-  
nomenon was no t ices  both in l a b o r a t o r y  condi t ions  with 
the f lu id iza t ion  n u m b e r  va r i ed  f r o m  2.5 to 6.0, and 

in an i n d u s t r i a l  c y l i n d r i c a l - c o n i c a l  equipment  with 
a s t i r r e r  and f lu id iza t ion  number  up to 10. 

Dur ing  an inves t iga t ion  of e n t r a i n m e n t  under  p e r i -  
odic  f lu id iza t ion  condi t ions ,  in a column with a po rous  
g l a s s  d i s t r i b u t o r ,  the r a t e  of r e m o v a l  dGr /dT  (where 
G r is  the amount  of m a t e r i a l  r e m o v e d  up to t ime  ~') 
fe l l  p r a c t i c a l l y  to z e r o  o v e r  2 - 5  h r .  The l imi t ing  
amount  of m a t e r i a l  c a l cu l a t ed  in this  way, G r ('r = ~), 
that  would be r e m o v e d  f r o m  the bed  at  the given flow 
ve loc i ty  r p r o v e s  to be c o n s i d e r a b l y  l e s s  than the 
p o s s i b l e  value,  Grp,  d e t e r m i n e d  f r o m  the g ranu lo -  
m e t r i c  compos i t ion  with the condi t ion r --< w. The 
r a t i o  

Gr(~:~)_i(w) 
Gr. p 

i n c r e a s e s  with the flow veloc i ty  and tends to unity 
(Fig .  2). The da ta  p r e s e n t e d  ind ica te  that  i n c r e a s e  of 
flow ve loc i ty  and in t ens i ty  of f lu id iza t ion  in such 
s y s t e m s  l eads  to g radua l  b reakdown of the aggrega t ions  
and to the p o s s i b i l i t y  of r e m o v a l  of m o r e  fine p a r -  
t i c l e s  f rom the f lu id ized  bed.  To d e t e r m i n e  the k ine -  
t i c  cons tan t s  of the r e m o v a l  p r o c e s s ,  we c o m p a r e d  
the e x p e r i m e n t a l  c u r v e s  of Gr  v e r s u s  ~- with the 
t h e o r e t i c a l  f o r m u l a s  given in the f i r s t  p a r t  of [5]. 
With the help  of s i m p l e  a l g e b r a i c  t r a n s f o r m a t i o n s ,  
f o r m u l a  (12) of [5] can be b rought  to the f o r m  

G r 1 - -  exp ( - -  k2 ~) 1 - -  exp ( - -  kl-c) 
a r ( T - ~ )  1 - - k~ /k l  k,/k~ _ 1 

Coeff ic ien ts  kl, k 2 of the r e m o v a l  cu rve  may  be 
d e t e r m i n e d  by a g r a p h o - a n a l y t i c a l  method on the 
b a s i s  of two e x p e r i m e n t a l  va lues  of ~p. An example  
of such a c o r r e l a t i o n  i s  shown in F ig .  3. 

In our  t e s t s  the values  of the k ine t i c  cons tan ts  k s 
and k2 p roved  to be only ve ry  s l igh t ly  dependent  on 
the flow veloc i ty .  While  the abso lu te  amount  of 
m a t e r i a l  r e m o v e d  i n c r e a s e d  r a p i d l y  with i n c r e a s e  
of gas  flow veloci ty ,  the r e l a t i v e  (d imens ion le s s )  
r a t e  of r e m o v a l  (p p roved  to be p r a c t i c a l l y  independ-  
ent  of gas  ve loc i ty .  

I t  should a l so  be  noted that  the a ppe a ra nc e  of 
c r a t e r s  in the bed  l e a d s  to a s h a r p  i n c r e a s e  in en -  

t r a inment ,  s i nce  the gas  ve loc i t i e s  a r e  l a r g e  in the 
c r a t e r s ,  the aggrega t ions  b r e a k  down, and the in -  
t ens i ty  of e n t r a i n m e n t  a p p r o x i m a t e s  to that  n o r m a l  
fo r  the given g r a n u l o m e t r i c  compos i t ion .  This  pheno-  
menon was obse rved ,  fo r  example ,  when the porous  
g l a s s  d i s t r i b u t o r  was r e p l a c e d  by w i r e  m e s h .  

The spec i f i c  p r o p e r t i e s  d e s c r i b e d  a r e  ev ident ly  
typical ,  not only of SFC and PVC, but  in ge n e ra l  of 
h ighly  d i s p e r s e ,  p r e domina n t l y  o rgan ic  m a t e r i a l s  of 
low spec i f i c  weight .  

NO TA TION 

d m - - m e a n  p a r t i c l e  s i z e ;  x i - - con t r ibu t ion  by weight  
of n a r r o w  f r ac t ion ;  d i - - p a r t i c l e  d i a m e t e r  of n a r r o w  
f r a c t i o n ;  H- -he igh t  of s t a t i o n a r y  bed;  D - - d i a m e t e r  of 
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apparatus  (diameter  of cylindrical  par t  of cyl indrical-  
conical apparatus) ;  w- -a i r  flow velocity over  whole 
section of appara tus ;  We--cri t ical  par t ic le  velocity; 
~---duration of test ;  Nr - -number  of par t ic les  removed;  
k~, k2--kinetic constants defined in [5]. 
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