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On the basis of numerous data available in the literature, as well as 
according to the experiments which we have carried out, a hypothesis 
is proposed for the mechanism of static electrification in a fluidized bed. 

The r a p i d  d e v e l o p m e n t  of the f l u i d i z e d - b e d  t e c h -  
nique in the m o s t  d i v e r s e  b r a n c h e s  of i n d u s t r y  r e q u i r e s  
a thorough and p e n e t r a t i n g  s tudy  of the n u m e r o u s  p h e -  
nomena  a s s o c i a t e d  with the ach i evemen t  of f lu id iza t ion .  

One of the l e a s t  s tud ied  p h e n o m e n a - - e n t i r e l y  d i s r e -  
g a r d e d  by the c l a s s i c a l  t h e o r y  of f l u id i za t i on - -bu t  of 
c o n s i d e r a b l e  inf luence  in the h y d r o d y n a m i c s  and hea t  
t r a n s f e r  of a f l u id i zed  bed is  the phenomenon of s t a t i c  
e l e c t r i f i c a t i o n ,  i . e . ,  the a p p e a r a n c e  of e l e c t r i c a l  
c h a r g e s  ( the i r  po ten t i a l  a t t a ins  25 kV) on s y s t e m  e l e -  
men t s ,  l e ad ing  to adhes ion  of the s o l i d - p a r t i c l e  bed to 
the w a l l s  of the i n s t a l l a t i o n  and to v a r i o u s  i t e m s  i m -  
m e r s e d  in the f lu id i zed  bed,  l ead ing  to the a g g l o m e r a t i o n  
of the f l u id i zed  m a t e r i a l  into c o n g l o m e r a t e s ,  mak ing  
n o r m a l  p r o g r e s s  f o r  the f lu id iza t ion  p r o c e s s  d i f f icu l t ,  
and a l so  p r e s e n t i n g  the d a n g e r  of exp los ion  in c e r t a i n  
c a s e s .  

This  p r o b l e m  has  not  been the sub j ec t  of s y s t e m a t i c  
i nves t i ga t i on  up th is  t ime .  A few pub l i ca t ions  a r e  c i t ed  
in the l i t e r a t u r e  [1 -4 ] .  A b r i e f  d i s c u s s i o n  of th is  p r o b -  
l e m  is  found in [5]. However ,  up to th is  t ime  the m e -  
c h a n i s m  of th is  phenomenon has  not been  made  
s p e c i f i c a l l y  c l e a r ,  and the da t a  on the inf luence  of 
e l e c t r i f i c a t i o n  on the h y d r o d y n a m i c s  and hea t  t r a n s f e r  
in a f lu id i zed  bed ,  as  p r e s e n t e d  by v a r i o u s  a u t h o r s ,  
a r e  h ighly  c o n t r a d i c t o r y .  

This  i s  d o u b t l e s s l y  exp la ined  in p a r t  by the i n a d e -  
quacy  of our  knowledge wi thin  the f i e ld  of the m e c h a -  
n i s m  of s t a t i c  e l e c t r i f i c a t i o n ,  and it is  a l so  due to the  
g r e a t  c o m p l e x i t y  of the  sub jec t  s y s t e m  (the " f lu id ized  
bed  ~) as  po in ted  out with j u s t i f i c a t i o n  by C ibo rowsk i ,  
K o n c a r - D j u r d j e v i c ,  e t  a l . ,  as  we l l  as  due to the  abun-  
dance  of f a c t o r s  af fec t ing  e l e c t r i f i c a t i o n - - t h e  humid i ty  
of the f lu id iz ing  a i r ,  the kind and shape  of the m a t e r i a l  
of the p a r t i c l e s  and co lumn w a l l s ,  the r a t e  of f l u i d -  
i za t ion ,  the t e m p e r a t u r e  of the bed and of the f lu id iz ing  
a i r ,  the p r e s e n c e  of nfore ign  bod ies  n in the bed ,  
such as  the  e l e c t r o d e  w i r e  in tended  to m e a s u r e  the 
po ten t i a l  in the bed,  s e n s o r s  to  m e a s u r e  the h e a t -  

t r a n s f e r  coe f f i c i en t s ,  t h e r m o m e t e r s  o r  t h e r m o c o u p l e s ,  
etc. 

K o n c a r - D j u r d j e v i c ,  B a i t ,  and D j o r d j e v i c  [4], i n -  
ve s t i ga t i ng  e l e c t r i f i c a t i o n  i n t h e b e d  of a un i fo rm m a s s ,  
c ame  to the  conc lus ion  that  in the  f lu id iza t ion  p r o c e s s ,  

as  a r e s u l t  of s e p a r a t i o n ,  mutua l  f r i c t i on ,  and c o l l i s i o n ,  
p a r t i c l e s  of i den t i ca l  m a t e r i a l  acqu i r e  both nega t ive  
and pos i t i ve  c h a r g e s .  

An analogous  phenomenon of s y m m e t r i c  c h a r g i n g  
was  o b s e r v e d  in the Kunkel  r e s e a r c h  at the Loeb L a -  
b o r a t o r y  du r ing  p u l v e r i z a t i o n  of su l fu r  and qua r t z  
p o w d e r s  exhib i t ing  d i a m e t e r s  r ang ing  f r o m  1 -30  p m  [7]. 

We c a r r i e d  out the fo l lowing e x p e r i m e n t s  to d e t e r -  
mine  the c h a r g e  p o l a r i t y  fo r  the f l u id i zed  m a t e r i a l  
p a r t i c l e s .  

Two f la t  c o p p e r  e l e c t r o d e s  of s e m i c i r c u l a r  shape ,  
connec ted  to a dc s o u r c e ,  we re  i n s t a l l e d  in a co lumn 
in the f l u id i zed  bed,  at  a height  exceed ing  the m a x i -  
mum p a r t i c l e - l i f t  he ight  by 15 -20  ram. The d i f f e r ence  
in the po t en t i a l s  i n t roduc e d  by the e l e c t r o d e s  amounted  
to 2 .5  kV. The r a t e  of f lu id iza t ion  then i n s t a n t a n e o u s -  
ly  i n c r e a s e d  to such an ex ten t  that  the p a r t i c l e - l i f t  
he ight  e x c e e d e d  the l eve l  of the e l e c t r o d e  l e a d s  by 
5 0 - 7 0  mm.  The f a c t t h a t  the e j e c t e d  p a r t i c l e s  ad -  
h e r e d  s t r o n g l y  to the two e l e c t r o d e s  i nd i ca t e s  the 
e x i s t e n c e  of c h a r g e s  of both siffas among the f lu id i zed  
p a r t i c l e s .  The p o l a r i t y  of the e l e c t r o d e s  was m o n i -  
t o r e d  du r ing  the e x p e r i m e n t .  

C ibo row sk i  and W l o d a r s k i  [1] s h a r e  th i s  opinion.  

Thus ,  on the  b a s i s  of the  fo r ego ing  we d raw the 
conc lus ion  that  in r a t h e r  n a r r o w  f r a c t i o n s  p a r t i c l e s  
of even  u n i f o r m  m a t e r i a l  a r e  c h a r g e d  both p o s i t i v e l y  
and nega t ive ly  upon f lu id iza t ion  in the  f lu id i zed  bed .  
However ,  th is  s y m m e t r i c a l  c h a r g i n g  of p a r t i c l e s  c a n -  
not l ead  to the d e v e l o p m e n t  of high po t en t i a l s  in the 
s y s t e m ,  s ince  a c c o r d i n g  to the  law of the  c o n s e r v a t i o n  
of c h a r g e ,  the  sum of p o s i t i v e  c h a r g e s  is  equal  to the 
s u m  of nega t ive  c h a r g e s  (Zqi = 0), and the s e p a r a t i o n  
of o p p o s i t e l y  c h a r g e d  p a r t i c l e s ,  b e c a u s e  of i n t ens ive  
long i tud ina l  t r a n s v e r s e  mix ing ,  is  i m p o s s i b l e .  

We t h e r e f o r e  c a r r i e d  out f u r t h e r  r e s e a r c h  to a s -  
c e r t a i n  the fundamen ta l  f a c t o r s  l ead ing  to the d e v e l -  
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Fig. 1. Schematic drawing of experimental unit: 1) fan; 2) heater; 
3) micromanometer; 4) flowmeter nozzle; 5) electrostatic voltmeter; 

6) electrode; 7) fluidized bed column; 8) zeolite column. 
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opment  of the indicated  potent ia ls .  The expe r imen ta l  
i n s t a l l a t i on  is  shown schema t i ca l l y  in Fig.  1. 

The mesh  to hold the g ra in  m a t e r i a l  and to d i s t r i -  
bute the f lu id iz iag  a i r  is  made of sheet  me ta l  with 
o r i f i ces  1 m m  in d i ame te r ;  the c ro s s  sec t ion  is on 
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Fig.  2. Elec t rode  potent ia l  V (V) 
v e r s u s  i ts  height H ( m m ) o v e r  
grid,  a i r  ve loc i ty  of 1) 0.3; 2) 

0.432 in m / s e c .  

the o r d e r  of 10% and a copper  gr id  with ce l l s  40 • 40 
#m is mounted in a movable  wooden casse t t e  which 
makes  it poss ib le  to a l t e r  the d i a m e t e r  of the column,  
packed with porolon and sea led  a i r t ight  with rubbe r .  
The m a t e r i a l  (oak) of the casse t t e  and of the co lumn 
mount ing  f lange at the same  t ime make it poss ib le  to 
reduce  charge  leakage.  The design of the base  is  such 
as to make poss ib le  the changing of the co lumn d i a m -  
e te r  within wide l imi t s  up to 130 ram. The base also 
conta ins  a connect ing  tube for  the i n s e r t i o n  of the 
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Fig.  3. E lec t rode  potent ia l  V (V) v e r s u s  i ts  
height H (ram) over  gr id ,  at a i r  ve loci ty  1) 

0.105; 2) 0.315; 3) 0.525 in m / s e c .  

t h e r m o m e t e r  to m e a s u r e  the t e m p e r a t u r e  of the 
f lu id iz iag  a i r ,  as well  as connect ing  tubes for  the 
i n s e r t i o n  of a t e m p e r a t u r e  r e g u l a t o r - s e n s o r  connected 
by means  of an i n t e r m e d i a t e  RKS-3 r e l ay  to the a i r  
hea te r  and tubes for  the connect ion  of a m i c r o m a -  
n o m e t e r  to m e a s u r e  the bed r e s i s t a n c e .  

The m e a s u r e m e n t  por t ion  of the in s t a l l a t ion  (be-  
cause  of the n a r r o w  l imi t s  of the m e a s u r e m e n t s )  con -  
s i s t s  of 3 e l e c t ro s t a t i c  v o l t m e t e r s  connected by means  

of switches to the e lec t rode  i n se r t ed  into the co lumn 
with the f lu idized bed. The e lec t rode  is  a copper  wi re  
1 m m  in d i a m e t e r  with a bead at the tip. It can be 
moved f r ee ly  in the v e r t i c a l  and hor izon ta l  d i r ec t ions  
by me a ns  of a holder  and a Capron cen t e r ing  in se r t .  
The e lec t rode  is  insu la ted  f r o m  the holder  with teflon. 

To s tab i l i ze  the r ead ings  of the ins ta l l a t ion ,  the 
l a t t e r  is  su r rounded  with a me ta l  s c r e e n  (grid} that is  
grounded.  

The p r e l i m i n a r y  e x p e r i m e n t s  were  c a r r i e d  out in  
1200-ram-high g lass  co lumns  108 and 58 m m  in d ia -  
m e t e r .  Glass  beads  750-800 and 190-200 #m in d ia -  
m e t e r  s e rved  as the f lu idized m a t e r i a l ,  as did sand 
with a d i a m e t e r  of 250 pm. 

It was noted dur ing  the cour se  of the r e s e a r c h  that 
af ter  the s teady s ta te  had been at ta ined ao s ign i f ican t  
changes in e lec t rode  potent ia l  r e su l t ed  f r o m  the  move -  
mea t  of the e lec t rode  in the hor izon ta l  plane,  i . e . ,  in 
the d i r ec t ion  pe r pe nd i c u l a r  to the axis of the i n s t a l l a -  
tion. 
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Fig.  4. Elec t rode potent ia l  V (V) v e r -  
sus i ts  height H (mm) over  gr id ,  a i r  
ve loc i ty  of 1) 0.850; 2) 1.1; 3) 0.71 in 

m / s e c .  

On the other  hand, movemen t  of the e lec t rode  in  
the v e r t i c a l  plane,  i . e . ,  in a d i r ec t i on  p a r a l l e l  to the 
axis of the column,  r e su l t ed  in a s ign i f ican t  change in 
e lec t rode  potent ia l .  With a constant  f lu id iza t ion  ra te  
this  change in  potent ia l  exhibi ts  exce l len t  qual i ta t ive  
reproduc ib i l i ty .  We have in  mind  he re  the r e p r o d u c i -  
b i l i ty  within a s ingle  e x p e r i m e n t  at a cons tant  f lu id -  
i za t ion  ra te  and with cons tan t  humidi ty  and t e m p e r a t u r e  
for  the f lu id iz ing  air .  

In s tudying the e l ec t rode  potent ia ls  as a funct ion of 
e lec t rode  height above the gr id  (Fig. 2) we c a r r i e d  out 
the e x p e r i m e n t  in a g lass  tube 108 m m  in d i ame te r ,  
with g lass  beads 190-200 #m ia  d i a m e t e r  for  an i n -  
s ign i f ican t  in i t i a l  bed height of H 0 = 46 mm.  The t e m -  
p e r a t u r e  of the f lu id iz ing  a i r  was 20 ~ C and that of the 
ambient  a i r  was also 20 ~ C, while the r e l a t ive  humid -  
i ty,  r e spec t ive ly ,  c ame  to 50 and 55%, with the b a r o -  
m e t r i c  p r e s s u r e  at 738 m m  Hg. 

As we can see f r o m  the f igure ,  the curve  showing 
the potent ia l  as a funct ion  of e l ec t rode  height above 
the gr id  exhibi ts  two max ima .  A funct ion of analogous 
c h a r a c t e r  was de r ived  for  the r e l a t ive  humid i ty  of 
ambien t  and f lu id iz ing  a i r ,  i . e . ,  45 and 40%, r e s -  
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pect ivety,  as wel l  as in  e x p e r i m e n t s  with g lass  beads  
7 5 0 - 8 0 0 / z m  in  d i a m e t e r  for  a r e l a t ive  humidi ty  of 46% 
of the f lu id iz ing  a i r  in  the s ame  column.  

In view of the fact  that it is  imposs ib l e - -w i th  the 
a b o v e - d e s c r i b e d  e l ec t rode - - to  a s c e r t a i n  the t rue  na -  
tu re  of the r e l a t i onsh ip  between the potent ia l  of the 
e l ec t rode  and i ts  height above the gr id ,  s ince  with 
this method of m e a s u r i n g  the po ten t ia l s  c e r t a i n  a v e r -  
aged va lues  are  obta ined and, m o r e o v e r ,  g rea t  f l uc -  
tuat ions  in  i n s t r u m e n t  r ead ings  a re  noted, for  the f ina l  
d e t e r m i n a t i o n  of the na tu re  of this r e l a t ionsh ip ,  as 
wel l  as for  p r ec i s e  d e t e r m i n a t i o n  of the magni tudes  of 
the potent ia l s  acqui red  by the e lec t rode  in the va r i ous  
c r o s s  sec t ions  of the co lumn in a 5 8 - m m  d i ame te r  
g lass  tube, 6 o r i f i ces  (3 m m  in d i ame te r )  were  made 
in  s t aggered  a r r a y  along the d i a m e t r i c a l l y  pos i t ioned 
g e n e r a t o r  of the column,  sepa ra t ed  by 35 m m i n  height,  
beg inn ing  f r o m  the grid.  E lec t rodes  were  i n s e r t e d  
into the o r i f i ces ,  p e r p e n d i c u l a r  to the axis of the i n -  
s ta l la t ion .  Coaxial  RK-6 cable was used  for  the e l e c -  
t rodes ,  and i t  was in t roduced  into the o r i f i ces  so that 
i ts  i n s t a l l a t i on  was f lush with the i n s ides  of the co l -  
umn,  with the copper  wi re  e n t e r i n g  the f lu idized bed 
to a depth of 5 ram. The fact  that  the shif t ing of the 
e l ec t rode  in a d i r ec t ion  p e r p e n d i c u l a r  to the axis of 
the co lumn has v i r t u a l l y  no effect on the magni tude  of 
the potent ia l  f f luctuat ions in the v o l t m e t e r  r ead ings  
do act  exceed 10%)was t e s t e d i n  advance and conf i rmed  
once again. 

The c u r v e s  were  plotted f r o m  the r e s u l t s .  F i g u r e  
3 shows a graph of the change in potent ia l  along the 
height of the f lu id ized  bed, the cu rves  having been 
plotted f r o m  the r ead ings  of the v o l t m e t e r s  connected 
to the e l ec t rodes  mounted in the m a n n e r  de sc r i be d  
above for  the bed of g lass  beads 190-200 #m in d i a m -  
e te r .  In view of the fac t  that tbe f luc tua t ions  in  the 
i n s t r u m e n t  r ead ings ,  in e i the r  d i rec t ion  of the cen te r ,  
were  on the o r d e r  of 50-150  V, the average  potent ia l  
va lues  were  taken for  the plot t ing of the cu rves .  The 
height of the nonmoving  bed was H 0 = 105 mm.  The 
r e l a t i ve  humidi ty  of the f lu id iz ing  a i r  was 35%, while 
i ts  t e m p e r a t u r e  was t a = t7 ~ C; the humidi ty  of the 
ambient  a i r  is  40 %. 

We should take note of the uns tab le  magni tude  of 
the potent ia l  for  the e l ec t rode  mounted at a height of 
142 m m  above the grid.  Thus,  for  example ,  at an a i r  
flow r a t e  of 0. 315 m/see  it  amounts  to 1400-2600 V, 
r e a c h i n g  3000 V on occas ion ,  while on o ther  occas ions  
dropping to zero .  At an a i r  flow ra te  of 0.525 m/see  
it  behaves  analogously ,  the only d i f fe rence  being that 
in  this  case  i t  does not r e ach  2000 V. 

An addi t ional  s e r i e s  of e x p e r i m e n t s  was c a r r i e d  
out by us to d e t e r m i n e  the na tu re  of the change in  the 
s ign  of the potent ia l  acqu i red  by the e lec t rode  along 
the height of the column.  

The K o n e a r - D j u r d j e v i c  et  a l . ,  e x p e r i m e n t s  i nd i -  
r ec t l y  indica te  the absence  of a uniquely  defined e l e c -  
t rode potent ia l  over  the height  of the f lu id ized bed. 
Accord ing  to the va l id  a s sumpt ion  of the au thors  [ 3], 
the fac t  that  m a t e r i a l  i s  deposi ted at two points  on an 
e lec t rode  deeply i m m e r s e d  in  the f lu idized bed (with 

the p u r e r  m a t e r i a l  col lected at the bottom, see F igs .  
2 and 3, [2]; the f o r ma t i on  of two "c lus t e r s "  on the 
insu la ted  e lec t rode ,  see Fig.  3, [3]} is  a r e s u l t  of the 
ex i s t ence  of e x t r e m e l y  complex e l e c t r i c a l  f ie lds  wi th-  

in the given s y s t e m s .  
We c a r r i e d  out the e x p e r i m e n t s  in a p las t ic  tube 

58 m m  in d i a m e t e r  and with a height  of H = 1200 mm.  
As in the case  of the g lass  tube,  15 o r i f i ces  2.5 m m  
in d i a m e t e r  were  cut, the only d i f fe rence  being that 
the f i r s t  or i f ice  was located at a height of 20 ram, 
while the r e m a i n i n g  o r i f i ces  were  spaced 25 ram apar t ,  
making  it  poss ib le  to de r ive  a more  complete  p ic ture .  
The s ign of the potent ia l s  acqui red  by the e lec t rode  
was checked on an e l ec t roscope  and on a zero  ga lva-  
nomete r .  The e lec t rode  was i n s e r t e d  pe rpend icu l a r  
to the co lumn axis.  To avoid charge  leakage through 
the grid,  the l a t t e r  was made of teflon. The c ro s s  
sec t ion  was 10% and the o r i f i ce s  were  0 .6  m m  in d i -  
ame te r .  The teflon gr id s e rved  as the thi rd  l aye r  of 
the e a r l i e r  employed grid.  

E x p e r i m e n t s  with g lass  beads  750-800 #m in d i a m -  
e te r  were  a lso  c a r r i e d  out, as were  e xpe r i men t s  with 
sand g ra in s  710 #m in d i a m e t e r  and with the copolymer  
MSN 680 ~m in  d i ame te r .  The height of the nonmoving 
bed was H 0 = 80 ram. The m a x i m u m  height of e lec t rode  
i n s t a l l a t i on  was Hel = 70 m m ,  s ince  the s ign  of the po -  
ten t ia l  i s  pos i t ive  at a l l  points  above that height. 

The r e s u l t i n g  data  have been reduced in the fol low- 
ing table.  

The sequence  of changes  in  e l ec t rode  potent ia l  s ign 
with movemen t  of the e lec t rode  over  the height r e m a i n s  
the s ame  as in the p rev ious  expe r imen t s .  Ins tead  of 
a p las t ic  tube we the re fo re  used  a polyvinyl  chlor ide 
tube 50 m m  in d i a m e t e r ,  f ab r i ca t ed  in analogous f a sh -  
ion, the pos i t ion  of whose m a t e r i a l  in  the t r i b o e l e c t r i e  
s e r i e s  r e l a t i ve  to g lass  made i t  poss ib le  to a s s u m e  an 
a l t e red  pa t te rn .  The e x p e r i m e n t s  were  c a r r i e d  out with 
g lass  beads  780-800  #m in d i a m e t e r  at H 0 = 90 mm,  
with a me ta l l i c  gr id ,  an a m b i e n t - a i r  r e l a t ive  humidi ty  
of 45%~ and an a i r  t e m p e r a t u r e  of 20 ~ C (curves  ] and 
2, Fig.  4). 

F i g u r e  4 shows curve  3 plotted for  the s ame  beads ,  
but with the i r  f lu id iza t ion  in a p las t i c  co lumn 58 m m  
in d i a m e t e r  and H~ --- 70 mm.  The gr id  and the p a r a m -  
e t e r s  of the a i r  a re  the s a m e  as in the case  of the 
polyvinyl  ch lor ide  tube. 

In addition to those ment ioned  above, quar tz ,  p r e s s -  
board ,  s i ng l e -p ly  plywood, and m e t a l l i c  foil we re  in -  
ves t iga ted  as m a t e r i a l s  for  the co lumn wal l s .  The 
lowest  potent ia l s  acqui red  by the e lec t rode  occu r r ed  
with the me ta l l i c  foi l  (V = 550 V). 

P roceed ing  f r o m  the foregoing,  we wil l  a t tempt  to 
analyze  the sub jec t  " f lu id ized-bed"  s y s t e m  re la t ive  
to the poss ib le  ro le  of each of i t s  e l emen t s  in  the gen -  
e r a t i on  of s ta t ic  charges .  F o r  this we wil l  condi t ion-  
al ly divide the e n t i r e  s y s t e m  into the fol lowing pa i r s :  
p a r t i c l e - p a r t i c l e ;  p a r t i c l e - g r i d ;  a i r - p a r t i c l e ;  and, 
f ina l ly ,  p a r t i c l e - c o l u m n  wall .  

As a l r eady  indicated,  we and o ther  authors  have 
e s t ab l i shed  that  du r ing  the p r o c e s s  of s epa ra t ion  and 
co l l i s ion ,  pa r t i c l e s  of even un i f o r m  monod i spe r se  
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mate r i a l  are  both posi t ively  and negatively charged 
(of course ,  it  should be noted that the conclusions 
drawn by us above and in [4] are not sufficiently con-  
vincing because of the poss ib i l i ty  of par t ic le  p o l a r i z a -  
tion in the externa l  f ield with the exper imenta l  method 
employed). However, this charging should be s igni f i -  
cant [7-10] and because of the e a r l i e r  indicated r e a -  
sons can hardly play a ma jo r  role  in the development 
of the resu l t ing  potent ials .  

As r ega rds  the p a r t i c l e - g r i d  pai r ,  i ts  role  may be 
significant since the m a t e r i a l  of the pa r t i c l e s  and of 
the grid,  as a ru le ,  is different ,  and even in the case 
of a uniform ma te r i a l  (nonsymmetr ic  f r ic t ion [7,8]) 
the development of significant potentials  is possible .  
To be sure ,  according to the data of the authors of [6], 
with increas ing  veloci ty,  i . e . ,  on reaching the ve lo -  
c i t ies  at which e lec t r i f ica t ion  is par t icu lar ly in tens iw~,  
the pa r t i c l e s  become suspended above the gr id  ~ d  this 
is  associa ted  with the t r ans fe r  of momentum between 
the pa r t i c l e s  and the j e t s  of a i r  exhibiting high kinetic 
energy. In our opinion the gr id  therefore  exer t s  in-  
fluence onthe e lec t r i f ica t ion  in the f luidized bed by af- 
fect ing the hydrodynamics  of the p rocess .  However, 
at s m a l l e r  f luidizat ioa r a t e s  the more  or l e s s  sub-  
s tant ia l  par t ic ipat ion  of the f luidization d i rec t ly  in the 
e lec t r i f ica t ion  is poss ib le .  There is no doubt that these 
problems  requi re  independent investigation.  

As we know f rom the l i t e r a tu re  [9, 7], a pure gas 
uncontaminated by liquid or  dust is not e lec t r i f ied ,  so 
that par t ic ipat ion  of the f luidizing ai r  in the p rocess  
of s ta t ic  e lec t r i f ica t ion  would bepos s ib l e  only on de-  
s t ruct ion by the l a t t e r  of the mois ture  f i lm par t i c l es  
adsorbed on the surface.  However, according to the 
data of a number of authors,  cited ia [7], such thin 
mois ture  f i lms  are  formed on sur faces  of g lass ,  

quartz,  meta l ,  and a number of other ma t e r i a l s ,  even 
in a i r  with a humidity of 90%, that the fo rces  of ad-  
hesion with the surface  are  somewhat too la rge .  To 
be sure ,  when these sur faces  a re  contaminated the 
f i lm thickness is  inc reased  noticeably. 

In our opinion, consequently, such significant e l e c -  
t ros ta t i c  potentials  a r i s e  in f luidized beds as a r e su l t  
of the f r ic t ion  and col l i s ion  of pa r t i c l e s  of the f luidized 
ma te r i a l  with the column walls .  This is indicated by 
many of our exper iments  with var ious  column m a t e -  
r i a l s  and also by l i t e r a tu re  data on e lec t r i f i ca t ion  in 
pneumatic t ranspor t .  

The magnitude of the der ived  potent ials ,  however,  
depends on the m a t e r i a l  of the pa r t i c l e s  and the co l -  
umn, on the hydrodynamics  of the p r o c e s s ,  the ra te  
of a i r  f i l t ra t ion,  the p a r a m e t e r s  of the f luidizing and 

ambient a i r ,  i . e . ,  on the conditions affecting the 
magnitude of the charges  separa ted  during the p rocess  
of e l ec t ros t a t i c  contact charging (in the broades t  sense,  
including t r iboe lec t r i f i ca t ion  [7]), governing a given 
mechanism of r e v e r s e  leakage. 

During the e lec t r i f ica t ion  p rocess  the columnwall  
acquires  a charge of one sign, while the pa r t i c l e s  
acquire an excess  charge of opposite sign (because of 
the p resence  of pa r t i c l e s  of both signs resu l t ing  f rom 
thei r  col l is ion with each other).  

Since the wall ma te r i a l  is  a d ie lec t r i c ,  the charges  
on the inside surface  of the column will produce a 
f ield E w r 0 in the bed. 

Consequently, within the column there will  exis t  
the e l ec t r i c  f ield 

E = E b  +Ew,  

where l~ b is the intensi ty  of the f ield produced by the 
space charge of the f luidized bed; Ew is the intensi ty 
of the f ie ld produced by the column-wall  charge.  
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