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The effect of the principal characteristics of a fluidized bed of graph- 
ite particles and the current density on the resistivity of the bed has 
been experimentally investigated at temperatures up to 900 ~ C. 

E l e c t r i c a l  heat ing combined  with the p r o p e r t i e s  of 
a f lu idized bed can be v e r y  usefu l  in a number  of 
b ranches  of c h e m i c a l  eng inee r ing  and m e t a l l u r g y  [1, 

3, 5]. In an e l e c t r o t h e r m a l  f lu id ized  bed, e l e c t r i c  c u r -  
r en t  f lows through a bed of conduct ive  p a r t i c l e s ,  and 
the bed acts  as a r e s i s t a n c e ,  conver t ing  the e l e c t r i c a l  
ene rgy  into heat.  Of course ,  to des ign sui table  appa-  
r a tus ,  i t  is n e c e s s a r y  to know the e l e c t r i c a l  c h a r a c -  
t e r i s t i c s  of the bed and, p a r t i c u l a r l y ,  i ts  e l e c t r i c a l  

r e s i s t a n c e .  So far ,  only a l imi ted  amount  of i n f o r m a -  
tion has been published on this subjec t  [2, 4, 6, 7]. 

Our object  was 1) to inves t iga te  the e f fec t  of the 
pa r t i c l e  d i a m e t e r  and gas ve loc i ty  on the r e s i s t i v i t y  of 
a f luidized bed at va r ious  f ixed bed th i cknes se s ,  to -  

ge ther  with the ef fec t  of the c u r r e n t  dens i ty  in the bed 

and the effect  of t e m p e r a t u r e  in the range  up to 900 ~ C, 
and 2) to a s c e r t a i n  the conduction m e c h a n i s m .  

The r e s i s t i v i t y  of the f lu id ized bed is  defined as the 
r e s i s t a n c e  of a bed having the d imens ions  of a cube w 
with s ides  1 cm long. It was ca lcu la ted  in the s a m e  way 
as fo r  o rd ina ry  conductors  f r o m  the e x p r e s s i o n  

p b = R  S 
l 

The poss ib i l i ty  of applying this e x p r e s s i o n  to f lu id ized  
beds was conf i rmed  by our p r e l i m i n a r y  inves t iga t ions ,  
the r e s u l t s  of which a re  c o n s i s t e n t w i t h t h e  conclus ions  
r e a c h e d  in [4]. When the e l e c t r o d e s  took the fo rm of 
rods  6 m m  in d i a m e t e r ,  s e p a r a t e d  at a d i s tance  I apar t ,  

the ra t io  S/ l  was d e t e r m i n e d  f r o m  ca l ib ra t ion  e x p e r i -  
men t s  us ing  a 0.01 N solut ion of KC1. 

The t es t  beds cons i s ted  of graphi te  p a r t i c l e s  ob-  
ta ined in the c o u r s e  of machin ing  graphi te  a r t i c l e s  on 
a lathe.  The s t a r t ing  m a t e r i a l  was s e p a r a t e d  into n a r -  
row f r ac t i ons  on 0 .063-0 .1 ;  0 .1 -0 .16 ;  0 .16-0 .2 ;  0 .25 -  
0.315; and 0 .355-0 .4  m m  sc reens .  

The ef fec t  of gas  ve loc i ty  and pa r t i c l e  d i a m e t e r  at 
va r ious  f ixed bed th i cknesses  was inves t iga ted  at the 
s a m e  bed t e m p e r a t u r e .  The f luidizing agent  was a i r  
and the p lex ig las  appara tus  had a r e c t a n g u l a r  c r o s s  
sec t ion  m e a s u r i n g  52 x 108 ram. The d i s t r i bu to r  was 
made  of s i lk  cloth, t ightly s t r e t ched  ove r  a s t i f f  w i r e  
f r a m e .  The e l e c t r o d e s  w e r e  pol ished copper  p la tes  of 
the s a m e  width as the bed but h igher  than the m a x i -  
mum expanded bed th ickness  r e ached  in the e x p e r i -  

men t s .  The r e s i s t a n c e  of the bed w a s  ca lcu la ted  f r o m  

the m e a s u r e d  vol tage  drop  in the bed and the cu r r en t .  

The th ickness  of the fixed bed was 25, 50, a n d l 0 0 m m .  
The r e s u l t s  of this s e r i e s  of e x p e r i m e n t s  a r e  p r e s e n t e d  
in Fig.  1. 

It should be noted that, in addit ion to the gas  v e -  
loc i ty  andthe  p a r t i c l e  d i a m e t e r ,  the th ickness  of the 
f ixed bed has an impor t an t  inf luence on bed r e s i s t i v i t y .  

This  is m o s t  apparen t  for p a r t i c l e s  0.0795, 0.127, and 
0.179 m m  in d i a m e t e r  in the p r e s e n c e  of developed 
f lu idizat ion,  when the bed b e c o m e s  inhomogeneous  
owing to the pas sage  of gas  bubbles .  The non l inear  
dependence  of r e s i s t i v i t y  on gas ve loc i ty  is typical .  
The r e s i s t a n c e  of the bed changes m o s t  sha rp ly  (by 
a fac tor  of 5 -10)  on t r an s i t i on  to the f lu id ized  s tate .  

The e f fec t  of c u r r e n t  dens i ty  was inves t iga ted  at 
t e m p e r a t u r e s  up to 800-900 ~ C on the appara tus  shown 
s c h e m a t i c a l l y  in Fig.  2. Specia l  a t tent ion was d i r e c t e d  

toward  a v e r a g i n g  the t r a n s i e n t  c u r r e n t  f luc tuat ions  
caused  by nonuniform f luidizat ion.  F o r  this  purpose ,  
two-s t age  smoothing was employed.  The f i r s t  s tage was 
a TVB-2 type t h e r m a l  c o n v e r t e r ,  the second an LC 
f i l t e r .  This made  it poss ib l e  to c a r r y  out m e a s u r e -  
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Fig.  2. Effect  of gas ve loc i ty  Wg ( e r a / s e e )  on the r e -  
s i s t iv i ty  Pb (ohm �9 era) of a f lu id ized  bed of g raph i te  
p a r t i c l e s  with m e a n  d i a m e t e r :  1) 0.0795; 2) 0.127; 3 
3) 0.179; 4) 0.28; 5) 0.377 m m  at a f ixed bed th ick-  
ness  Ho: I) 25; IT) 50; and III) i 00  ram. Measu r ing  

c u r r e n t  100 mA. 
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Fig.  2. Diagram of the expe r imen ta l  apparatus :  1) 41- ram 
quar tz  tube; 2) la rge  pa r t i c l e s  of quar tz  glass ;  3) quar tz  
d i s t r ibu to r ;  4) heat ing coil;  5) t he r ma l  insula t ion;  6) 
r heome te r ;  7, 8 ) r e d u c e r s ;  9 ) c y l i n d r i c a l  n i c h r o m e - m e s h  
e l ec t rodes ;  10) Kryptol e lec t rode;  11) TVB-2 t h e r m a l  
conver te r ;  12) inductance;  13) r e s i s t a nc e ;  14) 6000-~F 
capaci tor ;  15) null  ind ica tor ;  16) thermocouple ;  17) poten-  
t i ome te r ;  18) m i l l i v o l t me t e r .  

merits over  a broad  range  of gas ve loc i t ies ,  while the 
use  of a q u a r t z - g l a s s  column enabled us to conduct the 
inves t iga t ion  at t e m p e r a t u r e s  up to 900 ~ C. 

The e lec t rodes  cons i s ted  of a 3 4 - m m  cyl inder  of 
n i ch rome  mesh  and a 6- ram coaxial  Kryptol  rod, be-  
tween which we in t roduced another  1 2 - m m  n i c h r o m e -  
mesh  cyl inder .  This  made  it  poss ib le  to r e g i s t e r  s ep -  
a ra te ly  the voltage drop at the i nne r  e lec t rode  and in 
the bed i tself .  The de s i r ed  bed t e m p e r a t u r e  was m a i n -  
ta ined by supplying energy  f rom a n i ch rome  sp i r a l  
wound around the co lumn containing the f luidized bed. 
In the s t e a d y - s t a t e  t he rma l  r eg ime ,  an e l ec t r i c  c u r -  
r en t  of the des i r ed  s t r e n g t h  was passed  through the 
bed for a few seconds.  Switching on the c u r r e n t  for  an 
extended per iod  would have caused undes i r ab ly  sharp  
heat ing of the bed. However, in a l l t he  expe r imen t s ,  the 
m a x i m u m  c u r r e n t  dens i ty  in  the bed did not exceed 
0.4 A / c m  2, owing to the r i sk  of a rc ing  between the 
inne r  e lec t rodes .  The t e m p e r a t u r e  of the bed was 
m e a s u r e d  with a p l a t i n u m / p l a t i n u m - r h o d i u m  t h e r m o -  
couple sheathed in  quar tz  g lass  and connected to an 
MPShchPr-54  p y r o m e t r i c  m i l l i v o l t m e t e r  and an EPV-  
01 regula t ing  potent iometer .  

Typical  examples  of the r e su l t s  of this  s e r i e s  of 
expe r imen t s  a re  p resen ted  in Fig. 3. The effect of 
c u r r e n t  densi ty  is  ve ry  impor t an t  at al l  t e m p e r a t u r e s  
(from 20-40  to 900 ~ C). The effect is s t ronges t  for 
pa r t i c l e s  with an average  d i ame te r  of 0.0795 mm.  
Moreover ,  the effect of c u r r e n t  densi ty  is  the g r ea t e r ,  
the g rea t e r  the expans ion  of the bed and the lower i ts  
t empe ra tu r e .  For  the fixed bed, the dependence of 
r e s i s t i v i t y  on c u r r e n t  dens i ty  is much weaker .  The 
na tu re  of the f luidizing gas (ni t rogen and argon were  
used) did not appear  to have any effect, although in -  

tense  sparking  was observed  at the i nne r  e lec t rode  and, 
to a l e s s e r  extent, in the bed i tsel f .  

To exclude the observed  inf luence of c u r r e n t  den-  
s i ty  on r e s i s t i v i t y  and to i so la te  the t e m p e r a t u r e  ef-  
fect,  we modified the appara tus  i l l u s t r a t ed  in  Fig. 2, 
us ing  a bridge m e a s u r i n g  c i r cu i t  in  which one of the 
a r m s  was the r e s i s t a n c e  of the f luidized bed between 
two Kryptol e lec t rodes  6 m m  in d i a m e t e r  and 17 m m  
apar t .  The use of ca rbon  e lec t rodes  gave a c lean  (no 
oxide f i lm) sur face  in all  the expe r imen t s .  As before,  
the e lec t rodes  were  a r r a n g e d  ve r t i ca l ly  and pa ra l l e l  
to the column walls .  The br idge was supplied with di -  
rec t  c u r r e n t  f rom a dry  ba t t e ry  whose voltage could 
be regula ted  with rheos ta t s .  As the indica tor ,  in se r t ed  
in  the br idge diagonal,  we used  an N-373-1 dc r e c o r d -  
ing i n s t r u m e n t  with a high input r e s i s t a n c e  and the zero  
in the cen te r  of the scale .  This made i t  poss ib le  to 
i n s e r t  the ind ica tor  into the m e a s u r i n g  diagonal  of the 
br idge  ac ross  a f ive -ce i l  RC smoothing f i l te r .  The 
f i l te r  t ime constant  was 0.1 sec.  To e l imina t e  the e f -  
fect of the gas veloci ty on the m e a s u r e m e n t s ,  the flow 
ra te  of f luidizing gas was so regula ted  that the expan-  
s ion of the bed r e m a i n e d  unchanged when the t e m p e r a -  
ture  was var ied .  The r e su l t s  of the co r respond ing  m 
m e a s u r e m e n t s  for a bed composed of pa r t i c l e s  in  the 
'0.355- to 0 . 4 - m m f r a c t i o n  a re  p r e se n t e d  in  Fig.  4a. It 
should be noted that,  for all  the beds inves t igated ,  with 
pa r t i c l e s  of d i f ferent  d i a m e t e r s ,  the r e s i s t i v i t y  was 
mos t  sharp ly  reduced (by a factor  of 2 - 3 )  in  the t e m -  
pe ra tu r e  range  f rom 20 - 40  to 500-600 ~ C. M e a s u r e -  
men t s  of the r e s i s t i v i t y  of the e l ec t r i c a l  graphi te  used 
in the bed did not r e v e a l  any s igni f icant  t e m p e r a t u r e  
dependence in the range  in  quest ion.  The r e su l t s  of 
these  m e a s u r e m e n t s ,  p re sen ted  in Fig.  4b, suggest  
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Fig. 3. Res i s t iv i ty  of f luidized Pb (ohm. cm) 
and fixed Po (ohm. cm) beds of graphi te  p a r -  
t ic les ,  m e a n  d i ame te r  0.0795 ram, as a func- 
t ion of the c u r r e n t  densi ty  i (A/cm ~) at bed 
t e m p e r a t u r e s  of: 1) 25; 2) 200; 3) 400; 
4) 500; 5) 900 ~ C. Relat ive expans ion  of the 

f luidized bed, H/H0 = 1.3. 

that the effect of temperature on the resistance of the 
fluidized bed depends chiefly on a change in the contact 

resistance between the particles. 
Thus, the experimental data obtained show that the 

passage of an electric current through a fluidized bed 

of conducting particles is a very complex process, 

since the bed hydrodynamics must be taken into ac- 
count. The preferred flow paths of the electric current 

are being continuously disturbed by the passage of gas 

bubbles and new ones are being formed. If the number 

of paths destroyed in unit time is equal to the number 
of paths newly formed, the flow of current will be 
steady. Steady-state flow can be promoted by increas- 

ing the su r face  of the e lec t rodes  and the d is tance  be -  
tween them and by reduc ing  the par t i c le  d i ame te r ,  the 
th ickness  of the bed, and the gas veloci ty .  

When the bed goes over  into the f luidized state,  the 
r e s i s t iv i ty  i nc r ea se s  sharply  f rom the m o m e n t  when 
the pa r t i c l e s  begin to be suspended in the ascending  
flow of gas and cease  to p r e s s  agains t  each other,  i . e . ,  
when the compre s s ive  force is compensated .  When the 
en t i r e  bed has en te red  the f lu idized state,  the subse -  
quent i n c r e a s e  in r e s i s t i v i t y  is due to the gas bubbles ,  
which have a ve ry  high r e s i s t a n c e  in  compar i son  with 
the sol id phase.  The dec rease  in  the r e s i s t i v i t y  of the 
bed with i n c r e a s e  in th ickness  at the same  gas veloci ty  
may be due to a d e c r e a s e  in the average  poros i ty  of the 
bed, owing to "bunching" of the par t i c les .  

The e l ec t r i ca l  r e s i s t a n c e  of the bed can be r e p r e -  
sented in the fo rm 

Pb :P~  ~Pc.g _ups. 

Our expe r imen t s  showed that the r e s i s t a n c e  of the 
bed is  s eve ra l  o rde r s  higher  than the r e s i s t a n c e  of the 
pa r t i c l e s  themse lves  (see Fig.  4). Therefore ,  the dom-  
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Fig. 4. Resis t iv i ty  as a function of temperature:  a) f lu id ized 
bed of graphite part ic les wi th an average diameter of 0.377 
mm at various bed expansions H/H0 (1) 1.5; 2) 1.4; 3) 1.3; 

4) 1,2; 5) 1.1; 6) 1,0); b) rod of e lec t r ica l  graphite. 

inant  factor  m u s t  be the contact  r e s i s t a n c e  between the 
pa r t i c l e s .  

An i n c r e a s e  in c u r r e n t  dens i ty  and bed t e m p e r a t u r e  
r educes  the r e s i s t a n c e  at the contact  point and causes  
the c u r r e n t  to propagate in  the form o f s p a r k d i s c h a r g e s  
between pa r t i c l e s  a c r o s s  the gas contact  gaps. 

NO TA TION 

i is the c u r r e n t  densi ty,  A/cm2;  1 is  the d is tance  
between the e lec t rodes ,  cm; R is the m e a s u r e d  r e s i s t -  
ance of the bed, ohms; S is  the c r o s s - s e c t i o n a l  a r ea  
of the bed for the passage  of cu r ren t ,  cm2; p is the 
e l ec t r i c a l  r e s i s t i v i t y  of the bed, ohm �9 cm. Subscr ip ts :  
b denotes the bed; m denotes the m a t e r i a l  of bed p a r -  
t i c les ;  c indica tes  contact  between the pa r t i c l e s ;  0 r e p -  
r e s e n t s  the fixed bed; c .g .  r e p r e s e n t s  the contact  gaps 
between the pa r t i c l e s .  
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