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Mass exchange between a solid and a g a s - l i q u i d  mixture in a diffusion chemical  reaction,  
accompanied by liberation of the gaseous phase, is investigated experimentally.  

We d iscuss  here  the mass  exchange between a solid and a liquid whiehoceurs  in a diffusion chemical  
react ion and is accompanied by l iberation of the gaseous phase. Reactions of this type are  widely used in 
the chemical  industry.  They include decomposit ion of carbonates  by acids (with the l iberation of CO2), de-  
composition of f luorapati tes by acids (with the l iberation of HF), and many react ions between metals  and 
acids �9 (with the l iberation of H2). 

The kinetics of these p rocesses  has been investigated in a number  of papers  [1-3]. Liberation of 
gaseous react ion products  acce le ra tes  mass  exchange. However,  the problem of additional intensification 
a r i ses  in many cases ,  which can be solved e i ther  by means of s t i r r ing  by mechanical  mixers  or  by using 
an iner t -gas  flow. Under cer tain conditions, the la t ter  method is to be prefer red  [4]. 

Thus, we shall investigate the mass  exchange between a solid and a liquid, accompanied by liberation 
of the gaseous phase under conditions where agitation is provided by an inert  gas.  
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Fig. 1. Schematic d iagram 
of the experimental  device. 
1) Vert ical  apparatus;  2) 
gridi 3) ro tameter ;  4) gas 
counter;  5) fixed solid pa r t i -  
c le .  

Fixed spherical  magnesium and calcite par t ic les  were used as the 
soluble solids. The liquid phase consisted of solutions of sulfuric,  hy- 
drochlor ic ,  and nitric acids.  Air was used as the agitating gas.  

The experimental  device (Fig. 1) for investigating mass  exchange 
under the above conditions consis ts  of a ver t ica l  cylindrical  apparatus,  
1, with a d iameter  of 160 ram, made of a t ransparen t  plastic.  A gas -  
distributing grid,  2, with openings 2 mm in d iamete r  is mounted in the 
lower, conical part  of the apparatus.  The a r rangement  of the openings 
and the mounting height of the grid in the cone are  determined on the 
basis of experimental  data in o rder  to provide the most  uniform gas 
distribution over  the c ross  section of the apparatus and to prevent  the 
liquid f rom running through the grid for a wide range of gas velocit ies.  
The gas d ischarge  is recorded by means of a ro tameter ,  3, while accu-  
rate mean discharge values are  determined from the readings of coun- 
ter  4. 

Acid in the amount of 10 l i ters  was poured into the apparatus,  
the gas supply was turned on, and a tempera ture  of 17 i 1~ was es tab-  
lished and kept constant in all experiments .  The attached spherical  
part icle 5 was immersed  in the react ion volume; it was placed each 
t ime in the same fixed position in the apparatus.  After a cer tain mea-  
sured period of time 7, the particle was taken out, r insed,  and dried 

L'vov Polytechnic Institute. Transla ted from Inzhernerno-Fiz ichesk i i  Zhurnal, Vol. 28, No. 4, pp. 
615-618, April, 1975, Original ar t ic le  submitted October 10, 1974. 

�9 76 Plenum Publishing Corporation, 22 7 West 17th Street, New York, IV. Y. 10011. No part of  this publication may be reproduced, 
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, pkotocopying, microfilming, 
recording or Otherwise, without written permission of  the publisher. A copy of  this article is availabl fr( z the publisher for $15�9 00. 

434 



t A ~  �9 ~ "  . 

,/ 

a 
o--i o--~ 

�9 a--5 
x--3 o--6 

o qa o~ 

f J. 
x 

o 

12 - - f  r 

• - - 3 "  

A .. . . . .  5 "  

O 6 r 

os 

Fig.  2. M a s s - t r a n s f e r  coeff icient  k as  a function of the gas  
d i scha rge  Q. a) In terac t ion  between calc i te  and hydrochlor ic  
acid with d i f fe ren t  concentra t ions :  1) 0.016; 2) 0.05;'3) 0.1; 4) 
0.25; 5) 0.5; 6) 1.0 N; b) in terac t ion  between magnes ium and 
sulfur ic  acid with d i f ferent  concentra t ions :  1') 0.034; 2') 0.105; 
3') 0.72; 4')1.45; 5') 2.3; 6') 3.15 N; k, m / s e c ;  Q, m3/min.  
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Fig. 3. M a s s - t r a n s f e r  coeff icient  k as  a function of the acid 
concentra t ion c R for  di f ferent  va lues  of the gas  d i scharge  Q. 
a) In terac t ion  between calc i te  and hydrochlor ic  acid: 1) 0; 2) 
0.02; 3) 0.05~ 4) 0.1; 5) 0.51 m3/min; b) in terac t ion  between 
magnes ium and su l fur ic  acid: 1') 0; 2') 0.03; 3') 0.1; 4') 0.18; 
5') 0.38 m3/min; k, m / s e c ;  c R, N. 

until i t s  weight remained  constant .  The amount of the solid substance  that had reacted  AG was de te rmined  
by weighing. The m a s s - t r a n s f e r  coefficient  k was found by means  of the express ion  

AG k - -  
o~Fc R T ' 

where c R is the acid concentrat ion,  F is the su r face  a r ea  of the pa r t i c l e ,  and ~ is the s to ich iomet r ic  coeff i -  
cient.  
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The expe r imen ta l  conditions were  such that the concentrat ion c R and the sur face  a r ea  of the par t ic le  
F remained  v i r tua l ly  constant .  This  s implif ied the p rocess ing  of the resu l t s .  

In view of the complexi ty  of the p r o c e s s  in quest ion,  where the liquid is agitated by gaseous  phases  of 
d i f ferent  or ig ins  and with d i f ferent  chemica l  composi t ions ,  it is e x t r e m e l y  diff icult  to provide any quanti ta-  
tive e s t i m a t e s ,  and, t h e r e f o r e ,  the exper imen ta l  r e su l t s  given here  a r e  chiefly quali tat ive in cha rac t e r .  

The p r i m a r y  data obtained in these expe~:iments a re  given in Fig. 2 in the fo rm of dependences of the 

m a s s - t r a n s f e r  coefficient  k on t h e g a s  d i scharge  Q for  di f ferent  concentra t ions .  

As was found e a r l i e r  [1, 5], m a s s  exchange with l iberat ion of the gaseous  phase is s i m i l a r  to the 
hea t -exchange  p r o c e s s  in boiling. T h e r e f o r e ,  by analogy with heat  exchange,  we shall  r e p r e s e n t  the m a s s -  
t r a n s f e r  coeff icient  as  a function of the dr iv ing force ,  i .e. ,  the acid concentra t ion (Fig. 3). 

The chemica l  reac t ion  ra te  i n c r e a s e s  with the acid concentrat ion,  as a resul t  of which the amount  of 
gas  l ibera ted  pe r  unit t ime  i nc r ea se s ,  which leads  to an inc rease  in the m a s s - t r a n s f e r  coefficient.  How- 
eve r ,  a h igher  concentra t ion of the acid r e su l t s  in par t ia l  insulation of the so l id ' s  sur face  f rom the liquid 
reagent .  As a resu l t  of the combined effect  of these  two fac to rs ,  we obse rve  ex t r emum values  of the m a s s -  
t r a n s f e r  coeff icient  (Fig. 3, cu rves  1 and 1'). 

On the one hand, introduction of an iner t  gas  into the s y s t e m  intensif ies  the mixing,  which enhances  
m a s s  t r a n s f e r ,  while, on the o ther  hand, it i n c r e a s e s  the degree  of insulation of solid pa r t i c l e s  f rom the 
liquid reagent ,  which reduces  the m a s s - t r a n s f e r  coefficient .  

F o r m a l l y ,  the ef fec t  of e i the r  of the gaseous  phases  on m a s s  t r a n s f e r  is of the s ame  type.  However ,  
these  act ions a r e  e s sen t i a l ly  d i f ferent  in c h a r a c t e r ,  s ince bubbles of the gas  l ibera ted  during the reac t ion  
p r o c e s s  c r ea t e  turbulence in the boundary l aye r ,  while the gas  introduced for  the purpose  of mixing in-  
c r e a s e s  the liquid veloci ty  re la t ive  to the solid pa r t i c l e s .  

Different iat ion between the re la t ive  contr ibut ions of each gas  to the m a s s  exchange is not possible  at 
p resen t .  Thus,  in interact ion between a solid and a g a s - l i q u i d  mix ture ,  accompanied  by l iberat ion of the 
gaseous  phase ,  we can s e p a r a t e  the following f ac to r s  that  m a t e r i a l l y  affect  the p roce s s :  a) mixing; b) 
sc reen ing .  

The c u r v e s  2-5 and 2 ' - 5 ' ,  obtained as  a r e su l t  of combined action of the above fac tors ,  indicate the 
regions  where  gas  supply is m o s t  eff icient .  These  a r e  regions  of low concent ra t ions  of the liquid, which 
a r e  often encountered in industr ia l  p rac t i ce .  

In the range o f  h igh-concent ra t ions  (up to the c r i t i ca l  values) ,  the p r o c e s s  occurs  at  a sufficiently 
high ra te  due to the evolution of bubbles,  while additional agitation by an iner t  gas  even reduces  somewhat  
the m a s s - t r a n s f e r  coefficient .  

I t  is  imprac t i c a l  to c a r r y  out m a s s - e x c h a n g e  (or heat -exchange)  p r o c e s s e s  in the supe rc r i t i ca l  

region.  
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