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An analysis  is conducted of feasibili ty of measur ing  the e lec t ros ta t ic  field potential in fluidi- 
zation beds by means of a probe immersed  in such a bed. Methods of measur ing  probe poten- 
tial and cur ren t  a re  descr ibed,  and the essent ial  resu l t s  of such measurements  are  discussed.  

During fluidization with gas of many polymer dispersions having excellent dielectric properties there 
accumulate electrostatic charges on the treated material as well as on various apparatus components. This 
has very often a detrimental influence on the technological process (solid particles adhere to the apparatus 
walls, dispersed particles agglomerate, etc.) and sometimes the process is in danger of actual breakdown. 
On the other hand, the said effect can be used for intensifying certain processes as, for example, separa- 
tion of materials, ore dressing, surface coating, etc. 

A study of electrization phenomena in a fluidization bed requires the development of procedures for 
e lec t ros ta t ic  measu remen t s  during the flow of a d ispers ion  in a gaseous medium. In many cases  this has 
been done with a measur ing  e lec t rode-probe  immersed  in the bed and connected to an e lec t ros ta t ic  volt-  
me te r  [1-5]. 

The action of a probe in e lec t ros ta t ic  fields consis ts  in its acquiring the potential which some nearby 
point in space had before  the field became distorted by the presence  of this probe. Application of this mea-  
surement  procedure  to fluidization beds involves a few specific fac tors  which substantially affect the poten- 
tial of the i m m e r s e d  probe.  F i r s t  of all, there occur  coll isions of charged par t ic les  against the probe.  
No analysis  of the p roces s  by which a probe acqui res  its potential in a fluidization bed has been published 
where this phenomenon is taken into account, although the effect of many other  fac tors  (material  of the 
apparatus  including the gas dis tr ibutor ,  humidity of the fluidizing air ,  mater ia l  of the t reated object, etc.) 
on the e lec t rode-probe  readings have been considered ra ther  thoroughly [1-5]. 

In o rde r  to explain the cha rac t e r i s t i c s  of potentials acquired by a probe during fluidization, taking 
account of this phenomenon, and in o rde r  to establish the feasibil i ty of using a probe for est imating the 
charge level in a fluidization bed, the authors have pe r fo rmed  exper iments  s imi la r  to those descr ibed in 
the r e fe rences  given here .  

The labora tory  apparatus is shown schemat ical ly  in Fig. 1. The vesse l  made of Plexiglas had the 
following dimensions:  d 1 = 0.19 m, d2 - 0.4 m, and h = 1.0 m. The t reated mater ia l  was bisutfuric  poly-  
s tyrene with 1.5-2.5 mm size par t ic les .  The measuremen t s  were made by two methods: static and dy- 
namic. The f i rs t  method included the use of a measur ing  e lec t rode-probe  and an e lec t ros ta t ic  vol tmeter .  
In the second method the e lec t rode-probe  was used with a dc amplif ier ,  an ac amplif ier ,  and a loop osc i l -  
lograph. The principle of this method is based on the motion of induced charges  in an al ternating field 
af ter  a conductor has been inser ted into that field. The p roce s s  taking place here  can be descr ibed by the 
equation: 

E S  q - -  R dq 
4~C C dt (1) 
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Fig. 1. Schematic  d i ag ram of the f luidization bed a p p a -  
ra tus  with ins t rumentat ion;  1) probe ;  2 )  cen ter  core;  
3) insulator ;  4 ) sh ie ld ;  5 ) v e s s e l ;  6 ) m e t a l l i c g r i d ;  7) 
cyclone; 8) a i r  c o m p r e s s o r ;  9) insulat ing s leeve;  10) 
guard ring. 
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Fig. 2. Change in the probe  po t en t i a l  
a f t e r  the appara tus  has  been s t a r t ed  
up. P robe  potent ial  Up(V),  t ime t. 

Static Method. In our  t e s t s  we used  a model  $50 e l ec t ro -  
s tat ic  v o l t m e t e r  with a 150 V scale .  The p robe  was a s teel  
bal l  1 (Fig. 1) 12 m m  in d i a m e t e r  fas tened to a copper  rod (2) 
5 m m  in d i ame te r .  F o r  e l iminat ing s t r ay  pickups at  the rod 
f r o m  ex t raneous  fields and to avoid the poss ib i l i ty  of the rod 
becoming  charged,  the l a t t e r  was shielded. The shielding a lso  
p reven ted  a n y  cha rges  prec ip i ta t ing  on the ve s se l  walls  during 
fluidization f rom fall ing on the probe.  Teflon se rved  as the 
insulat ion 3 between rod 2 and shield 4. The p robe  was in- 
s e r t ed  into the bed thr.ough the ves se l  side wall,  insulated 
f r o m  the l a t t e r  by means  of a s leeve  9. The shield 4, the 
guard r ing 10, and the meta l l i c  gr id  6 were  all grounded. In 
o r d e r  to de te rmine  the probe  polar i ty ,  the ent i re  p r o b e - v o l t -  
m e t e r  s y s t e m  was p r e c h a r g e d  f r o m  a dry  cell  up to a potent ia l  
(80 V) of known polar i ty .  The t rend of the vo l tme te r  potent ial  
vs t ime curve  and i ts  posi t ion re la t ive  to the initial potent ial  

of the s y s t e m  indicated the po la r i ty  of the potent ia l  acqui red  by the probe .  A compar i son  between curves  
obtained with the v o l t m e t e r  and the p robe  charged  to potent ia ls  of different  po la r i t i es ,  a lso the curve  ob- 
tained without charging,  has  yielded the t ime c h a r a c t e r i s t i c  of the p robe  potent ia l  (Fig. 2). In p r e l i m i n a r y  
t e s t s  we had es tab l i shed  that under  our  conditions the charge  on po lys ty rene  was predominant ly  negative.  

An ana lys i s  of the curve  in Fig. 2 shows that, at  the instant  when the appara tus  is switched on and 
the m a t e r i a l  charged  negat ively as a r e su l t  of contact  wi th  the meta l l i c  gr id s e p a r a t e s ,  the negat ive  poten-  
t ial  of the p robe  lumps  sharply .  This  phenomenon may  be explained by an induction of negative charges  on 
the probe .  

The effect  of contact  e lec t r i za t ion  on the p robe  potent ia l  is ini t ial ly insignificant.  The r ea son  for  
this is that, b ec aus e  of the smal l  contact  a r e a  (as c o m p a r e d  to the contact  a r e a ' b e t w e e n  pa r t i c l e s  and the 
gr id,  where the p a r t i c l e s  becom e  charged f i rs t ) ,  the probe  charge  is much s m a l l e r  than the charge  induced 
on it by charged  p a r t i c l e s  in the bed. Subsequently, the negat ive p robe  potent ia l  d e c r e a s e s  until  it b eco mes  
pos i t ive  in the s teady s tate .  Af ter  the a p p a r a t u s  has  been  shut down, the pos i t ive  probe  potent ia l  lumps up. 
T h e  c r i t i ca l  fac tor  he re  is the p r e s e n c e  during those tes t s  of a pos i t ive  potent ia l  on the p robe  under  s teady-  
s ta te  conditions. This  can be explained ne i ther  in t e r m s  of a t r anspo r t  Of cha rges  by pa r t i c l e s  d i rec t ly  at 
the probe,  nor  in t e r m s  of the influence of cha rges  p rec ip i t a t ing  at the ve s se l  walls .  This  l a t t e r  conclu-  
sion was reached  on the ba s i s  of expe r imen t s  in a v e s s e l  with meta l l i c  walls ,  grounded, where  the s ame  
t rend of the p robe  potent ia l  curve  under  s t eady- s t a t e  conditions was noted as  in the case  of the Plexig las  
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Fig. 3. Variat ions of the probe current during the f luidization pro-  
cess. Current  I (A), t ime t (see). 

vessel. The positive steady-state probe potential is also an indication that the field of negatively-charged 

particles in the bed has less of an effect than the positive charges picked up by the probe. In order to 

discover the source of positive potential on the probe, we measured and recorded the probe current. 

Dynamic Method. Unlike the static method, the dynamic method makes it possible to record instan- 

taneous values of the measured current. Since these values are rather low, it was necessary to assemble 

the circuit shown in Fig. 1 for measuring currents of the order of 10 -9 A. The polarity of the input signal 

to the amplifier was determined beforehand. The variations of the probe current are shown in Fig. 3. 

It is evident here that positive current predominates. A mathematical evaluation of this curve has 
yielded an average current of 1.8 �9 10 -.9 A over a i0 see period. The mathematical expression for the aver- 

age current, taking into account a stream of particles around the probe, is 

ip = nwbS~,qp. (2) 

Along with positive pulses there appear  also negative pulses  on the current  graph. A c loser  examination 
reveals  that the frequency of cur rent  pulses  coincides with the frequency of density variat ions in the fluid- 
ized bed mate r ia l  around the probe,  i . e . ,  with the pulsation frequency of the e lec t r ic  field of charged pa r -  
t i d e s .  

When charged par t ic les  s t r eam around an e lec t rode-probe ,  the readings of the lat ter  are  affected by 
the following fac tors :  the e lec t r ic  field, the t ransfer  of charges  f rom par t ic les  to probe, and last  the e lec-  
t r izat ion of the probe as a resul t  of contact  with the s t r eam of par t ic les .  An analysis  of test  resul ts  has 
led to the conclusion that, under the conditions of our  experiment ,  e lect r izat ion of the probe as a resul t  of 
contact with the t reated mater ia l  is the predominant  factor  here.  

The exper imental ly  proved hypothesis  that the probe der ives  its potential f rom a predominant  contact 
e iect r izat ion can be supported by the following theoret ical  considerat ions .  

Owing to the short  duration of the contact between a charged par t ic le  and the probe,  the t r ans fe r  of 
charge f rom par t ic le  to probe can be effected only ac ros s  the contact area .  Across  the contact  area ,  how- 
ever ,  charges  are  exchanged as a resul t  of contact phenomena and the charge imp~rted to a par t ic le  is 
Sc((Ts-O-0). The same charge is imparted to the probe. After the removal  of the part icle  the charge ac -  
quired by the part icle  and the probe is Sc((~p-a0). The surface charge density on a part icle  pr ior  to contact 
with the probe a 0 is always sma l l e r  than ap after  separat ion from the probe and, therefore ,  contact e lec-  
t r iza t ion ra ther  than t r ans fe r  of charges  takes place at the probe surface.  The polari ty of the charges  on 
bed par t ic les  and the potential of the probe,  both checked during the exper iment  in a metal l ic  vesse l  with 
grounded wails and metall ic  grid,  also indicate a predominance of contact  e lect r izat ion of the probe over  
the effect of the e lec t r ic  field in the bed. Another evidence of this is the charac te r i s t i c  jump of the probe 
potential af ter  the apparatus has been shut down, when charges  held by the probe become released by the 
precipi tat ion of par t ic les .  The effect of the e lec t ros ta t ic  field can be determined quantitatively by a graph-  
ical analysis  of the d iagram in Fig. 3, which represents  the resul tant  effect of both the contact e lect r izat ion 
and the pulsating electric field. 

Let us examine the variations of the probe potential in a stream of bed particles, without considering 
the scatter of probe charges. The merit of this approach is based on the satisfactory agreement between 
the test curve of potential buildup on the measuring electrode and the charging curve for bodies in a stream 
of particles. 

It is well known that, if the resistivity of one of the bodies in contact is p -> 10 9 ~ �9 era, the surface 
charge density on the bodies after separation will be limited by the space charge in the gas. This means 
that, under the given conditions, O-p is constant at the instant of separation. 
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T h e  n u m b e r  of  p a r t i c l e s  N s i m u l t a n e o u s l y  in c on t a c t  wi th  the p r o b e  can b e  d e t e r m i n e d  f r o m  the con-  
d i t ion  of  f low a r o u n d  a p r o b e  in  a s t r e a m  of  p a r t i c l e s  [6]: 

w h e r e  

I 
N = L ~ SMb, (3) 

0.807d 
L - (4) 

(I  - -  e)~/3 

The c h a r g e  d e n s i t y  on the p r o b e  s u r f a c e  a f t e r  c on t a c t  with the f i r s t  row of p a r t i c l e s ,  if the i n i t i a l  
c h a r g e  d e n s i t y  on the p r o b e  was  z e r o ,  i s  

(% - -  %) N = rnhopN. (5) U 1 

T h e  c h a r g e  d e n s i t y  on the p r o b e  due to c o n t a c t  wi th  the  s e c o n d  row of  p a r t i c l e s  on iy  i s  

Sc (A% - -  mAopN) N = mACrp (1 - -  raN) N. (6) 

Cont inu ing  in the  s a m e  m a n n e r ,  we o b t a i n  fo r  the  to ta l  c h a r g e  d e n s i t y  on the p r o b e  

t l  

~,, (r i : m h % N  [ i '-- (1 - -  raN) _ .  (1 - -  raN) 2 -~ . . .  ~ (1 - -  raN) ~-1] (7) 
i=l 

o r ,  f i na l l y ,  

~ = 5% [1 - -  (1 - -  mN)"], (8) X,a 

whi le  

n 

lira ~ ~i = A%. (9) 
t 2 ~ c o  

The  r e s u l t i n g  s t e p p e d  c u r v e  of  p o t e n t i a l  bu i ldup  on the p r o b e  m a y  be  r e p l a c e d  by  a s m o o t h  c u r v e  of p r o b e  

p o t e n t i a l  a s  a func t ion  of  t i m e .  

The  t i m e  of  r e p l a c i n g  one row of p a r t i c l e s  i s  

L 0.807d (i0) 

and the n u m b e r  of con t ac t i ng  rows  is 

n = tl~. (11) 

I n s e r t i n g  the  va lue  of n, and c o n s i d e r i n g  the c h a r g e  r a t h e r  than  the c h a r g e  d e n s i t y ,  we ob t a in  

w(I--e) 1/3 t 

0 8O7d (12) 
q = A%S [1 - - (1  - -  raN) ]. 

A n  a n a l y s i s  of Eq.  (12) i s  b e y o n d  the s cope  of th i s  a r t i c l e .  On the b a s i s  of t h i s  equa t ion ,  we wi l l  now on ly  
t r y  to e x p l a i n  the  h igh  p o t e n t i a l s  r e c o r d e d  b y  the p r o b e  in [1-5].  

A c c o r d i n g  to th i s  equa t ion ,  the  p r o b e  p o t e n t i a l  can  be  ~ x p r e s s e d  a s  

qt-~ SA% (13) 
q~P= C ~ C 

Since  Aap  = a(crs-O" 0) = ( a e o / a ) A u ' c  and C = 4ve0r  B,  h e n c e  we have  in  the  end 

e~p = aAu  c r B - .  (14) 
6 

With  Au~ a s s u m e d  of the  o r d e r  of i V and a ~ 10 -8 m,  the va lue  Of r a t i o  r B / 6  i n d i c a t e s  the p o s s i b i l i t y  
of  h igh  p o t e n t i a l s  a p p e a r i n g  on the p r o b e  in a s t r e a m  of p a r t i c l e s .  Th i s  t h e o r e t i c a l l y  d e r i v e d  equa t ion  cannot  
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serve as a true interpretation of the test curve of potential buildup, since neither the effect of the electric 
field nor the effect of probe charge scattering was taken into account in its derivation. It does, however, 

convincingly enough explain the qualitative aspects of potential buildup on the measuring probe~ 

The measured data on static electrization of the probe in a fluidization bed agree with the data in 
[8], where the electrization of a probe was measured during pneumatic transport of loose material through 
a pipeline. 

a IS 

b ~s 

C is 

d is 

E ~s 

i p  i s  

m = Sc /S ;  
N ~s 
n 1 s  

q i s  
qt  ~ 0o i s  
q p  i s  
R ts 

r B i s  
S i s  

S M is  
S c ts 
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Au~ 

W 
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e ~s the 
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p i s  the 

i s  the 
% i s  the  
~p is  the 
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(pp is the 

NOTATION 

the coefficient of charge leakage during the separation of bodies in contact; 
the entrainment coefficient; 
the capacitance of the measuring system; 
the particle diameter; 
the electric field intensity; 
the probe current; 
the distance between particles; 

the  n u m b e r  of p a r t i c l e s  s i m u l t a n e o u s l y  in c on t a c t  wi th  the p r o b e ;  
the n u m b e r  of con t ac t i ng  r o w s ;  
the e l e c t r i c  c h a r g e ;  
the s a t u r a t i o n  c h a r g e  on the p r o b e ;  
the  r e s i d u a l  c h a r g e  on t h e  p r o b e  a f t e r  s e p a r a t i o n  of  a p a r t i c l e ;  
the  i n t e r n a l  r e s i s t a n c e  of the m e a s u r i n g  d e v i c e ;  
the  r a d i u s  of the p r o b e  b a l l ;  
the  s u r f a c e  a r e a  of  the p r o b e ;  
the  m e d i a n  s e c t i o n  a r e a  of  the  p r o b e ;  
the c o n t a c t  s u r f a c e  a r e a ;  
the t i m e ;  

i s  the c o n t a c t  p o t e n t i a l  d i f f e r e n c e ,  t ak ing  into accoun t  the i n i t i a l  c h a r g e  on the s u r f a c e  of the con-  
t a c t i n g  b o d i e s ;  
i s  the  v e l o c i t y  of  the  p a r t i c l e s  t o w a r d  the p r o b e  f r o m  a s u f f i c i e n t l y  l a r g e  d i s t a n c e  away;  

d i s t a n c e  b e t w e e n  b o d i e s  on con tac t ;  
p o r o s i t y  of  the bed ;  
d i e l e c t r i c  c o n s t a n t  of a i r ;  
e l e c t r i c a l  r e s i s t i v i t y ;  
s u r f a c e  c h a r g e  d e n s i t y  on the p r o b e ;  
s u r f a c e  c h a r g e  d e n s i t y  on the p a r t i c l e s  p r i o r  to con tac t ;  
s u r f a c e  c h a r g e  d e n s i t y  on the p a r t i c l e s  a f t e r  t h e i r  s e p a r a t i o n  f r o m  the body;  

s a t u r a t i o n  s u r f a c e  c h a r g e  d e n s i t y ;  
t i m e  of r e p l a c i n g  one row of  p a r t i c l e s ;  
p r o b e  p o t e n t i a l .  
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