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A heterogeneous process in a fluidized-bed reactor with continuous 
feed and removal of material was investigated at pressures ranging from 
0 to 196.1, 104 N/m z. A genera1 relationship connecting the rate of 
mass transfer between the gas flow and the particles in the bed in file 
Re range 15-274 with the pressure from 0 to 196.1 o 104 N/m ~ is found. 

F lu id ized  beds are  now widely used in va r ious  
b ranches  of indus t ry ,  p a r t i c u l a r l y  power eng inee r ing  
and chemica l  technology. 

The succes s  of this technique can be a t t r ibu ted  t o  
i ts  advantages:  good mixing of the pa r t i c l es ,  equa l iza -  / 
l ion of t e m p e r a t u r e s  and concen t ra t ions ,  and the f lu-  
idi ty of the bed. A f luidized bed, however,  has ce r t a in  
d i sadvantages  in c o m p a r i s o n  with the usual  fixed bed. 
The poss ib i l i ty  of i n c r e a s i n g  the gas f lowrate and, 
hence,  the output of a f lu id ized-bed  appara tus  is l i ra-  
i ted by a ce r t a in  m a x i m u m  degree  of expansion of the 
bed X = H/It o, where H is the height of the f luidized 
bed and H0 is  the height of the bed at res t .  

Operat ion of the bed under  p r e s s u r e  is an effective 
way of improv ing  the f lu id ized-bed  technique [3]. An 
inves t iga t ion  of the hydrodynamics  of a f luldized bed 
unde r  a p r e s s u r e  p = 0 -196 .1 .104  N / m  2 (0-20 atm) 
showed that i n c r e a s e  of p r e s s u r e  reduced the gas flow- 
ra te  r equ i r ed  to produce a given degree  of expansion 
of the bed, reduced the e n t r a i n m e n t  of pa r t i c l e s ,  i m-  
proved the s t r u c t u r e  of the bed, and reduced the n u m -  
be r  of gas bubbles  in the bed [3]. Since the mean gas 
f lowrate  w ( r e f e r r ed  to the f ree  c r o s s - s e c t i o n a l  a r e a  
of the reac to r )  is reduced by a factor  of approx ima te ly  
~p_ the weight flow of gas G or, in o ther  words,  the 
specific weight output of the appara tus  G = pgw k g / m  2 �9 
�9 see is i n c r e a s e d  by a fac tor  ~F~-, s ince the gas den-  
si ty p = p / g R e T  is i n c r e a s e d  by a fac tor  p. Thus, the 
use of a f luidized bed under  p r e s s u r e  can lead to an 
i n c r e a s e  in the output of an appara tus  conta in ing  p a r -  
t ie les  of a p a r t i c u l a r  g r anu lome t r i c  composi t ion  if 
o ther  condi t ions  are  equal.  P r e s s u r e  inc rease ,  which 
produces  cons ide rab le  changes  in the hydrodynamic  
c h a r a c t e r i s t i c s  of the f luidized bed, mus t  affect the 
m a s s  t r a n s f e r  and the course  of the chemica l  r eac t ions .  

In a p rev ious  paper  [4] we gave an account of the 
r e s u l t s  of an inves t iga t ion  of the m a s s  t r a n s f e r  and the 
effect of va r ious  fac tors  on its ra te  in a f luidlzed bed 
at a p r e s s u r e  c lose  to a tmospher i c .  

In this paper  we give the r e su l t s  of inves t iga t ion  in 
the p r e s s u r e  range  0 -196 .1 ,104  N / m  2 (20 aim) on the 
ba s i s  of our  adopted expe r imen ta l  method- -a  chemica l  

model .  
The a im of these  inves t iga t ions  was not only to in-  

ves t igate  m a s s  t r a n s f e r  and i ts  in tens i f ica t ion  in a 
f luidized bed unde r  p r e s s u r e .  The i n c r e a s e  in p r e s -  
su re  and, hence,  in the dens i ty  of the gas in t roduced  

into the bed enable  us to en la rge  cons ide rab ly  the Re 
range  f rom 15 at p = 0 to 274 at p = 196.1 " 104 N /m 2 
for  a bed with a given g r a n u l o m e t r i c  composi t ion ,  

Fig. I. Diagram of apparatus for investigation 

of mass transfer in a fluidized bed under pres- 

sure: 1) r e a c t o r ;  2) t r ap ;  3) GKF gas m e t e r ;  
4) DT-150 d i f fe ren t ia l  m a n o m e t e r ;  5) gas pipets 
with GSB gas m e t e r ;  6) hopper  for  feed of p a r -  
t ic les ;  7) s c rew conveye r  for  pa r t i c l e s ;  8) hop- 
pe r  for r emova l  of pa r t i c l e s ;  9) s c rew conveyer  
for r emova l  of pa r t i c l e s ;  10) hopper  for labeled 

p a r t i c l e s .  

In e x p e r i m e n t s  at a tmosphe r i c  p r e s s u r e  the Re 
range was g rea t ly  r e s t r i c t e d  by the sma l l  poss ib le  
l i m i t s  of i n c r e a s e  in the blowing rate  to e n s u r e  the 
m a x i m u m  degree  of expansion of the f luidized bed 
(X ~ 2). P r e s s u r e  i n c r e a s e  r emoved  this l imi ta t ion .  
This method of i n c r e a s i n g  the Re range is used in 
ae rodynamic  tes t s .  

The inves t iga t ion  of m a s s  t r a n s f e r  at high p r e s -  
su r e s  in our  e x p e r i m e n t s  with a chemica l  model  had 
yet ano ther  s igni f icant  advantage.  With p r e s s u r e  in -  
c r e a s e  the diffusion coeff ic ient  D d e c r e a s e s  in i nve r se  
propor t ion  to the p r e s s u r e  i nc rea se :  

P 

(the zero  subsc r ip t  denotes  p = 0). 
The ra te  of a he te rogeneous  chemica l  reac t ion  as 

p r e s s u r e  i n c r e a s e s  ve ry  rapid ly  becomes  de t e rmined  
by the diffusion ra te ,  and the o v e r - a l l  cons tan t  k, 
which can be d e t e r m i n e d  expe r imen ta l ly ,  is equal in 
this case  to the m a s s  t r a n s f e r  coeff icient .  

As in our  p rev ious  inves t iga t ion  [4] the reac t ing  gas 
and solid p a r t i c l e s  chosen for the f luidized bed were:  
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a mix tu re  of ca rbon  dioxide and n i t rogen (init ial  CO~ 
concen t ra t ion  2 . 5 - 1 0 % )  and g ranu la ted  soda l ime  [84% 
Ca(OH) 2 + 4% NaOH + 12% H20].  The advantage of th is  
c h e m i c a l  model  is that the r eac t ion  p roceeds  at low 
t e m p e r a t u r e  and in a lmos t  i s o t h e r m i c  condi t ions .  
This  method has  been used succe s s fu l l y  to inves t iga te  
the laws of he t e rogeneous  c h e m i c a l  p r o c e s s e s  [6, 7]. 
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Fig. 2. Dis t r ibu t ion  of r e l a t i v e  concen t r a t ion  
C/Co o v e r  r e a c t o r  height x, m m  for  a d e g r e e  
of expansion 1.5 and d i f fe ren t  p r e s s u r e s :  
1) p = 0; 2) 49.104; 3) 98 .104: 4) 196 .1 .104  

N / m  2 at d i s t ances  f r o m  the r e a c t o r  axis  of 

Yr =0  r a m ( a ) ,  10 r am(b )  and 15 m m ( c ) .  

The e x p e r i m e n t a l  appara tus  fo r  the inves t iga t ion  

of m a s s  t r a n s f e r  in a f luidized bed under  p r e s s u r e  
(Fig. 1) cons i s t ed  of a c i e a r  p las t ic  r e a c t o r  with an 
in te rna l  d i a m e t e r  Q = 40 m m  and height  500 mm,  

mounted in a meta l  c a s e  with windows.  The r e a c t o r  
could withstand a p r e s s u r e  of 490.104 N / m  2 (50 atm).  
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Fig.  3. Dis t r ibu t ion  of r e l a t i v e  c o n c e n t r a -  

tion c / ca  o v e r  r e a c t o r  height  x, mm for  de-  

g ree  of expansion 1.5 and d i s t ances  f r o m  
the axis  of Yr = 0 (]), ]0 (2), 15 (3), and 
5 mm (4) fo r  p r e s s u r e s  49.104 (a) and 

196.1.104 (b) N / m  2. 

Gas sampl ing  tubes with (Pint = 1 m m  w e r e  mounted 
o v e r  the height  of the r e a c t o r  and could move  f r e e l y  in 
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a hor izon ta l  d i rec t ion .  The design of the appara tus  
a l lowed v i sua l  obse rva t i ons  of the behav io r  of the bed. 
The cons tancy  of the height  of the f lu id ized bed in t ime 
was s e c u r e d  by the synchronous  feed and r e m o v a l  of 
p a r t i c l e s  by s c r e w  c o n v e y e r s .  

The appara tus  was  equipped with the n e c e s s a r y  in- 
spect ion and con t ro l  dev ices ,  which al lowed m e a s u r e -  
ment  of the p r e s s u r e  and flow of gas on the low and 

high s ides .  
The ope ra t ing  condi t ions  in the e x p e r i m e n t s  w e r e  as 

as fol lows:  Gas compos i t ion  2 . 5 ~  CO 2 + 97.5% 1N2, 
5.0% CO 2 + 9 5 . 0 % N 2 ,  10.0% CO 2 + 9 0 . 0 % N  2 ; p a r t i c l e  
d i a m e t e r  d a v =  0.82 ram; ra t io  of d i a m e t e r  of appara -  
tus to p a r t i c l e  d i a m e t e r  (p/d = 49. 

F o r  a deg ree  of expansion 1.3 1.5 2 .0  
of the bed 3. 

the gas  ve loc i t y  w, m / s e e  
fo r  p = 4 . 9 " 1 0 4 N / m  2 0.25 0 . 3 5 - 0 . 4 0  0.52 

p = 4 9 . 1 0 4  0.22 0 . 2 8 - 0 . 2 9  0.40 

p = 98" 104 0.19 0.23 0.32 
p = 196.1.104 0.14 0.19 0.23 

the feed ra te  of the l ime  

p a r t i c l e s  p, c m / s e c  
fo r  p = 4.9~ 0 . 0 4 - 0 . 0 8  

p = 49" 104 0 . 0 5 - 0 . 1 0  

p = 98" 104 0 . 1 0 - 0 . 1 2  

p = 196.1.104 0 . 1 3 - 0 . 1 6  

At a spec i f i ed  p r e s s u r e  the deg ree  of expansion k 
of the bed v a r i e d  f r o m  1.3 ~o 2, s ince  the f luidizat ion 

of the bed was s table  in this range  and the l eas t  num- 
b e r  of gas  bubbles  was  fo rmed  [3]. In this c a s e  the gas 
f lowwas  p r o g r e s s i v e ,  and only a smal l  pa r t  of it was 

t rapped  and c i r cu l a t ed  along with the pa r t i c l e s .  

N u  . . . . . . . . . . . . . . . .  - - 
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Fig.  4. Re la t ionsh ip  Nu = f ( R e ) .  

F i g u r e  2 shows that the c u r v e s  c/co=f(x) te is the 
local  concen t ra t ion  and Co the init ial  concent ra t ion)  

have a s m a l l e r  g rad ien t  at the high p r e s s u r e s  p = 
= 98.104 and 196.1.104 N / m  2 (10 and 20 atm). This 

means  that the concen t ra t ion  of r eac t ing  gas  fa l l s  m o r e  

s lowly with p r e s s u r e  i n c r e a s e  than a~ the low p r e s -  
s u r e s  p = 9 .8 .104 and 49- 104 . Thus, with p r e s s u r e  in- 

c r e a s e  the apparen t  t a l e  of m a s s  t r a n s f e r  pe r  unit 

vo lume  of the r e a c t o r  [alls.  It should be noted that the 
ra te  of feed of p r o c e s s e d  soda l ime i n c r e a s e d  f r o m  

0.05 to 0.01, 0.12, and 0.16 c m / s e c  with p r e s s u r e  
i n c r e a s e  ~o 49.104 98" 104 and 196.1-10  ~ N / m  2 r e -  

spec t ive ly .  F i g u r e  3 shows the m a r k e d  d i f f e rence  in 

the d i s t r ibu t ion  c u r v e s  of CO 2 concen t r a t ion  sampled  
o v e r  the axis  of the r e a c t o r .  They g e n e r a l l y  have a 

s m a l l e r  g rad ien t  than the o the r  c u r v e s  which w e r e  ob-  

ta ined on approach to the wall .  The o b s e r v e d  reduc t ion  

in the ra te  of CO 2 absorp t ion  in the c e n t e r  of the r e a c -  

t o r  can be a t t r ibu ted  to two causes :  1) the m o r e  rapid 

r e m o v a l  of spent  p a r t i c l e s  and the fo rmat ion  of a l e s s  
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dense  bed than in the su r round ing  region;  2) the higher  
gas flow ra te .  

At all  o ther  d i s t ances  f rom the r e a c t o r  axis,  f rom 
Yr = 5 m m  to Yr = 15 mm,  the CO2 d i s t r ibu t ion  c u r v e s  
a re  the same  in the p r e s s u r e  range  49.104 to 196.1- 
�9 104 N / m  2. Hence, we used these  c u r v e s  as a bas i s  
for  the ana lys i s  of the expe r imen ta l  data. 

A c o m p a r i s o n  of the CO 2 concen t ra t ion  d i s t r i bu t ions  
at h igher  p r e s s u r e s  with the same  c u r v e s  at a tmo-  
spher ic  p r e s s u r e  and other  condi t ions  equal showed a 
cons ide rab l e  reduct ion  in the s ca t t e r  of the points  and 
a convergence  of the cu rves  r e p r e s e n t i n g  di f ferent  
d i s t ances  f rom the axis.  This  can be a t t r ibu ted  to the 
improved  s t r uc tu r e  of the f luidized bed at i n c r e a s e d  
p r e s s u r e ,  to equal iza t ion  of the gas flow ra te  d i s t r i b u -  
tion, and to reduct ion in the l i n e a r  ve loc i ty  of the gas.  

All these qual i ta t ive  conc lus ions  der ived  f rom the 
r e s u l t s  of the expe r imen t s  were  conf i rmed  by an a n a l -  
y s i s  of the expe r imen ta l  data on the ba s i s  of a theo-  
r e t i ca l  cons ide ra t ion  of the reac t ion  of p a r t i c l e s  in a 
f lu idized bed. To explain the effect of d i f ferent  fac to rs  
on the m a s s  t r a n s f e r  coeff ic ient  in a f luidized bed we 
compi le  the sys t em of m a s s - t r a n s f e r  d i f fe ren t ia l  
equat ions  d e s c r i b i n g  a s t eady- s t a t e  he te rogeneous  p r o -  
ce s s .  By c (kg /m 3) we mean  the average  concen t ra t ion  
of gas in a given c r o s s  sect ion x: 

c = f (x), 

Oc 
- O. ( 2 )  

a t  

The reac ted  amount  of gas y (kg/m3) absorbed  by 
the solid pa r t i c l e s  in the same  unit  of volume can be 
exp re s sed  by the equat ion 

9 - - - -  ~ ( S o - - S ) S M ,  (3) 

where  y is  the dens i ty  of the pa r t i c l e  ma t e r i a l ,  kg/m3; 
5 is the depth of p r o c e s s i n g  af ter  the react ion,  m;  S is 
the effective reac t ion  sur face  of the p a r t i c l e s  in uni t  
volume of the bed at a d i s tance  x f rom the en t r ance  
sect ion,  m2/m3; So is  the in i t ia l  r eac t ion  sur face  of the 
f resh  pa r t i c l e s  en te r ing  the bed at x = 0, m2/m 3 ; M is 
the s to ich iomet r i c  coeff ic ient  of the reac t ion .  

We in t roduce  an absorp t ion  coeff ic ient  fi = 1/75M 
and we will  not sepa ra te  the quan t i t i es  contained in it. 

Hence,  we obtain the s imple  l i n e a r  r e la t ionsh ip  be -  
tween S and y: 

s = so - -  8 y. (4) 

The d i f fe ren t ia l  equation for  the r eac t ing  gas  is 

d (cw) kSc = 0, (5) 
d x  

and for  the absorbed  gas which has reac ted  with the 
sol ids,  

- u d y  + k S c  = o, ( 6 )  
d x  

where  u is the pa r t i c l e  feed ra te ,  m / s e e .  
Negleet ing the change in the gas  flow ra te  ove r  the 

height of the bed, which is  p e r m i s s i b l e  in view of the 
sma l l  change in gas  volume as a r e su l t  of the reac t ion ,  

we wr i t e  Eq. (5) in the fol lowing form:  

- -  w dc  - -  k S c  - -  O. 
d x  

In Eq. (5) the f i r s t  t e r m  e x p r e s s e s  the convect ive  
t r a n s f e r  of the concen t ra t ion  of r eac t ing  gas,  and the 
second t e r m  e x p r e s s e s  the ra te  of a f i r s t - o r d e r  r e a c -  
tion. The diffusive t r a n s f e r  through the reac t ion  zone 
in c o m p a r i s o n  with the convect ive  t r a n s f e r  is  sma l l  at 
high Re n u m b e r s ,  and we can neglec t  it. 
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Fig. 5. Mass transfer coefficient k, m/see 
(i), and weight flow of gas G, nl/sec (2), 
and output Gk, nl �9 m/sect(3) as functions 

of p r e s s u r e  p, N / m  2. 

Equat ion (6) is  va l id  in the case  of p a r a l l e l  motion 
of the m a t e r i a l  and gas.  

The boundary  condi t ions  a re  

x~0; c--co; S = S o  (g - 0 ) .  

In the case  of p a r a l l e l  mot ion of the gas and pa r t i -  
c l e s  we have the solut ion 

: y _ ) c 0  " v \ 

In the ease  of c o u n t e r e u r r e n t  mot ion of the gas and 
m a t e r i a l  the s y s t e m  of equat ions  wil l  take the fo rm 

dc  
- -  a, - -  - -  k S c  = O, (8) 

d x  

d y ,  
tt - ~- k S c  = 0. (9) 

d x  

This  s y s t e m  is  solved with the fol lowing boundary  
condi t ions :  

x = O ,  C=Co; x = H ,  S = S o  ( g = 0 ) .  

If the bed is  high, the solut ion can be s impl i f ied ,  
s ince  the height wil l  have no effect in this  case  and we 
can a s s u m e  that 

x ~ z r  c = O ;  y = O .  

I n  this  case  the solut ion wil l  be 

Accord ing  to our  adopted e x p e r i m e n t a l  method, the 
mot ions  of the gas  and m a t e r i a l  a re  c o u n t e r c u r r e n t  
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and, hence ,  we use  only Eq. (10), which shows that  
the mean  gas  concen t r a t i on  in a g iven c r o s s  sec t ion  of 
the r e a c t o r  depends  on the m a s s  t r a n s f e r  coef f i c ien t  
k, the in i t i a l  r e a c t i o n  su r f ace  S0 p e r  unit  volume of 
bed ,  the gas  flow r a t e  w, and the d i s t ance  x f r o m  the 
e n t r a n c e  sec t ion .  

The p a r t i c l e s  in the f lu id ized  bed c o m p l e t e  an o r -  
d e r e d  p r o g r e s s i v e  mot ion  in a v e r t i c a l  d i r e c t i o n .  Be-  
s ides  th is ,  however ,  the p a r t i c l e s  a l so  have a chaot ic  
mot ion .  Hence,  in addi t ion  to the p r o g r e s s i v e  t r a n s -  
f e r  of r e a c t i n g  m a t e r i a l  we wi l l  have  to take  into a c -  
count  the r a t e  of t r a n s f e r  due to the chao t ic  mot ion  in 
the f o r m  of some  di f fus ion t e r m  DMd2y/dx 2 [8]. 

But the in t roduc t ion  of th is  t e r m  i m p a r t s  a non l in -  
e a r  c h a r a c t e r  to the s y s t e m  of Eqs.  (8) and (9), and 
i t  can then only be so lved  n u m e r i c a l l y  on an e l e c t r o n i c  
c o m p u t e r .  

We take into account  the ef fec t  of the d e g r e e  of 
m ix ing  of the so l i d s  fo r  d i f f e ren t  X by  the so rp t ion  
wave ve loc i t y  v and the p a r t i c l e  feed r a t e  u. 

We put v /u  = ce. The n u m b e r  c~ was  d e t e r m i n e d  e x -  
p e r i m e n t a l l y  fo r  each  d e g r e e  of expans ion  k and p a r -  
t i c l e s  of the s a m e  d i a m e t e r ,  but at  r e s t .  In th is  e a s e  
the r e a c t i o n  in the bed  i s  uns teady,  and the c o n c e n t r a -  
t ion c u r v e  s p r e a d s  o v e r  the height  of the bed  at some  
mean  ve loc i t y  v, which  can be c a l l e d  the so rp t ion  wave  
ve loc i ty .  

In an u n s t e a d y  f lu id i zed  bed  the ba l ance  of r e a c t i n g  
gas  and s o l i d s  i s  

H S  o y6  M = wco % (11) 

and the so rp t ion  wave  ve loc i t y  ( r a t e  of p r o c e s s i n g  of 
bed)  i s  

v = H/-c = w c  o ~ /S  o. (12) 

Then the coe f f i c i en t  a ,  i n t roduced  above,  can be 
r e p r e s e n t e d  by the f o r m u l a  

r = ::-'co ~/Sou. (13) 

F o r m u l a  (13) shows  that  the coe f f i c i en t  c~ depends  
on the gas  feed  ra te ,  the r e a c t i o n  su r f ace ,  the in i t i a l  
concen t r a t i on ,  and the p a r t i c l e  feed  r a t e .  

F o r m u l a  (12) shows  that  the so rp t ion  wave  ve loc i t y  
v in the bed  i s  d i r e c t l y  p r o p o r t i o n a l  to the gas  flow 
r a t e  w, the in i t i a l  concen t r a t i on  Co, and i s  i n v e r s e l y  
p r o p o r t i o n a l  to the r e a c t i o n  su r f ace  So p e r  unit  vo lume 
of bed,  which i s  c o n f i r m e d  by  p r e v i o u s  e x p e r i m e n t a l  
i n v e s t i g a t i o n s  [6, 9]. In addi t ion,  So depends  on the bed 
voidage  s. Hence,  the so rp t ion  wave ve loc i ty  v, as  
we l l  a s  the coe f f i c i en t  a ,  depends  on the d e g r e e  of ex-  
pans ion  ?t and the b lowing  r a t e .  

As we men t ioned  e a r l i e r ,  the t r a n s f e r  of r e a c t i n g  
m a t e r i a l  and the a s s o c i a t e d  concen t r a t i on  y in a f lu id-  
i zed  bed  invo lves  not only p r o g r e s s i v e  convec t ive  
t r a n s f e r ,  but a l so  mix ing  of the so l id  p a r t i c l e s .  Hence,  
a d e t e r m i n e s  the ef fec t  of chaot ic  mixing,  which in-  
d i r e c t l y  depends  on the gas  flow r a t e .  

The m a s s  t r a n s f e r  coef f i c ien t  k was  c a l c u l a t e d  f r o m  
Eq. (10), which holds  for  cond i t ions  

0 ~ < 1 .  

Equat ion (10) p r o v i d e s  a good r e p r e s e n t a t i o n  of our  
i n v e s t i g a t e d  h e t e r o g e n e o u s  p r o c e s s  in a f lu id ized  bed.  

The e x p e r i m e n t a l  points  in al l  the e x p e r i m e n t s  lay  on 
the t h e o r e t i c a l  l ines  with l i t t l e  s c a t t e r .  The m a s s  
t r a n s f e r  coef f ic ien t  k ( m / s e c )  f o u n d f r o m  Eq. (10) en-  
ab led  us  to d e t e r m i n e  the di f fus ion Nu n u m b e r  in the 
Re range  15-274  fo r  p r e s s u r e s  of 4 .9 .  104-196 .1 .  104N/  
/ m  2. The r e l a t i o n s h i p  Nu = f i R e )  can be e x p r e s s e d  by 
the l i n e a r  function (Fig.  4): 

Nu = a q- b Re. (14) 

It  fo l lows f r o m  f o r m u l a  (14) that  the m a s s  t r a n s f e r  
coef f i c ien t  

Nu D aD b Re D 
k - § (15) 

d d d 

Equation (14) shows that in a fluidized-bed reactor 
operating at a particular pressure (p = const, p -- 
-- const) Re number and the mass transfer coefficient 
increase with increase in the blowing rate w. 

Formula (10), however, shows that with increase 
in the gas flow rate the length x of the reaction zone is 
extended not only by increase in the gas flow rate w, 
but also by reduction of the reaction surface So. Hence, 
despite some increase in the mass transfer coefficient, 
the intensity of the reaction zone, which is equal to the 
specific outputG(kg/m2, see) referred to unit volume 
of bed, decreases with increase in the weight flow. 

We will now consider how increased pressure af- 
fects the mass transfer, output, and intensity of a 
fluidized bed apparatus. When other conditions are 
equal (X, dav, PT = const), the gas flow rate in a fluid- 
ized bed apparatus operating at increased pressure is 
reduced in inverse proportion to ~fp-~, and the Re 
n u m b e r  i n c r e a s e s  in d i r e c t  p r o p o r t i o  n to ~rp-~0. In 
view of these  r e l a t i o n s h i p s  we can w r i t e  f o r m u l a  (15) 
in the f o r m  

k =  DoPo(  a ,~_ ~-bRe~ ) ,  (16) 
d p F'P I Po 

w h e r e  the s u b s c r i p t  0 deno tes  the value  at a t m o s p h e r i c  
p r e s s u r e :  a v 0 .28  and b ~ 0.009 a r e  va lue s  d e t e r -  
mined  e x p e r i m e n t a l l y  f r o m  (14). 

At high Re (> 50) the n u m e r i c a l  va lue  of the f i r s t  
t e r m  is  much l e s s  than that  of the second  when p > 
> 49.104 N / m  2 and the f i r s t  t e r m  can be neg lec ted .  
Hence,  the m a s s  t r a n s f e r  coef f i c ien t  d e c r e a s e s  with 
i n c r e a s e  in p r e s s u r e  by  a f a c t o r  ~p.  

It fo l lows f r o m  f o r m u l a  (16) that with p r e s s u r e  in-  
c r e a s e  the m a s s  t r a n s f e r  coef f ic ien t  d e c r e a s e s  owing 
to the r educ t ion  of m o l e c u l a r  diffusion,  but  the i n c r e a s e  
in He r e d u c e s  the ef fec t  of the high p r e s s u r e .  

F i g u r e  5 shows the ac tua l  c h a n g e  in the m a s s  t r a n s -  
f e r  coef f i c ien t  k with p r e s s u r e  i n c r e a s e  in r e l a t i o n  to 
the spec i f i c  output G. As the g e n e r a l  r e l a t i o n s h i p  (16) 
i nd ica t e s ,  the m a s s  t r a n s f e r  coef f ic ien t  d e c r e a s e s  
with p r e s s u r e  i n c r e a s e ,  whi le  the output kG in the 
p r e s s u r e  range  49" 104-196 .1 -  104 N / m  2 and with bed  

expans ion  cons tan t  is  p r a c t i c a l l y  cons tan t .  The length  
x of the r e a c t i o n  zone,  as  f o r m u l a  (10) i nd ica t e s ,  i s  
d i r e c t l y  p r o p o r t i o n a l  to w and i n v e r s e l y  p r o p o r t i o n a l  
to the coef f i c ien t  k. 

Since kG = cons t ,  w ~ l / p ,  G ~ ~/-p,, it  fo l lows  that  
the length  of the r e a c t i o n  zone r e m a i n s  p r a c t i c a l l y  
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cons t an t  with p r e s s u r e  i n c r e a s e .  The value  of So i s  
cons tan t  fo r  a cons tan t  d e g r e e  of expans ion  ~ and does  
not affect  the length  of the zone x. 

Hence,  it  fo l lows that  the i n t ens i ty  of the r e a c t i o n  
zone p e r  unit  vo lume G / x  of f lu id ized  bed i n c r e a s e s  in 
d i r e c t  p r o p o r t i o n  to 4p .  

Re l a t i onsh ip  (16) can be used  for  the des ign  of f lu-  
id ized  r e a c t o r s  and to obtain conc lus ions  r e g a r d i n g  
the effect  of p r e s s u r e ,  b lowing r a t e ,  and o the r  f a c t o r s  
on the r a t e  of m a s s  t r a n s f e r  and the in tens i ty  of o p e r a -  
tion of the a p p a r a t u s ,  p a r t i c u l a r l y  at high p r e s s u r e s .  
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