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The m a s s  t r a n s f e r  between a solid pa r t i c l e  of a diffusively dissolving subs tance  and a r o -  
tat ing s t r e a m  of the solvent  is studied he re ,  with the liquid flowing in the d i rec t ion normal  
to its axis  of rotat ion.  F o rm u l a s  a r e  obtained for  calculat ing such a m a s s  t r ans fe r .  

We consider  the kinet ics  of m a s s  t r an s f e r  in a centr i fugal  so l i d - l i qu id  sys t em.  Fo r  the study of the 
m a s s - t r a n s f e r  k inet ics ,  a tubular  ro to r  was used as  the pr incipal  opera t ing p a r t  of a t es t  appara tus  (Fig. 1). 
Cyl indrical  pa r t i c l e s  with a 0.5-1.0 d i am e t e r - t o -he igh t  ra t io  made  of diffusively dissolving r e s o r c i n  C6H 4 
�9 (OH)2 (PS = 1.283 g /cm3) ,  ammonium sulfate  (NH4)2SO 4 (PS = 1.695 g /em3) ,  and sylvi te  KCL (PS = 1.93 g 
/ e r a  3) se rved  as  the solid phase .  Water  a t  a t e m p e r a t u r e  of 15-17~ se rved  as the liquid phase .  

The ro to r  accord ing  to the schemat ic  d i ag ram in Fig. 1 consis ted of a hollow shaft  with two conical  
t es t  ce l ls  glued to it rad ia l ly ,  the en t i re  a s s e m b l y  ro ta t ing  a t  n = 200-500 rpm (a detai led descr ip t ion  of the 
exper imenta l  setup was given e a r l i e r  in [2]). 

The t e s t  p rocedure  was as  follows. A tes t  spec imen  molded f rom f ine -g ra in  powder of a given sub-  
s tance was p laced  in the tubing with the solvent ,  to be c a r r i e d  into one revolving cell .  As soon as  a tes t  
spec imen  entered  the t e s t  zone of the cel l ,  i ts  fur ther  mot ion ceased  by the act ion of a centr i fugal  force  
field. The t e s t  spec imen  rema ined  in the t es t  zone of the conical cell  until the hydrodynamic  fo rce  of the 
solvent  s t r e a m  exceeded the centr i fugal  force .  The res idue  of spec imen  m a t e r i a l  was  then c a r r i e d  away 
f rom the t es t  cell  and col lected in a f i l ter  mesh .  

During the tes t  we recorded :  the dissolving t ime of a spec imen  in the ro ta t ing  solvent;  the solvent  flow 
r a t e  in o r d e r  to de te rmine  its l ~ e a r  veloci ty  by means  of an inductive flow m e t e r ;  and the initial and final 
weights of the t es t  spec imen  to de te rmine  the loss  of weight by dissolution.  

An impor tan t  s tep in the t es t  p rocedu re  was the ad jus tment  of the appara tus  to a t ta in  the n e c e s s a r y  
hydrodynamic  conditions.  The veloci ty  of the liquid Wcr flowing into the conical cell  of the ro to r  had to s a t -  
isfy the condition of t e m p o r a r y  equi l ibr ium of a pa r t i c l e  acted on by centr i fugal  and hydrodynamic  fo rces  
[3]. This  veloci ty  had to be matched  to the angular  veloci ty  of the ro to r .  Otherwise ,  the pa r t i c l e  would 
have been p rompt ly  ejected f rom the conical  cell .  At some  definite ra t io  of flow veloci ty  to ro to r  speed a 
pa r t i c l e  could lose  h e r e  80-90% of its weight before  being ejected by the hydrodynamic  fo rces .  

The flow veloci ty  of the solvent  sa t i s fying this r equ i r emen t  was de te rmined  exper imenta l ly  and was 
found to v a r y  f rom 3.2 to 7.6 m / s e c ,  depending on the densi ty  of the spec imen  m a t e r i a l .  

F r o m  the t e s t  data we could de t e rmine  the m a s s - t r a n s f e r  coeff icients  k accord ing  to the fo rmula  
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Fig.  1. Rotor  of the t e s t  appara tus :  
1) spec imen  of tes ted solid subs tance;  
2) conical t es t  ce l l ;  3) hollow shaft ;  4) 
bearing. 

is indicated in Fig. 2. 
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Fig. 2. N u / p r l / 3  as  a function of 
Ar" Fr (Pr = 597-1150, Fr = 28- 
172) for resorcin (I), ammonium 
sulfate (2), and sylvite (3). 

It is interesting to compare the mass-transfer coeffi- 
cients k under nominal conditions in a centrifuge with the co- 
efficients obtained by simple gravity weighing. We refer to 
Zdanovskii's data on the dissolution of sylvite [4], according 

to which k = 0.0093. At a Froude number Fr = 200, we ob- 
tained for this coefficient the value 0.055 (six times higher). 

The results obtained by an analysis of mass transfer 
between solid particles and a rotating stream of liquid solvent 
can be summarized with the following equation: 

Nu 
prl/3 -- f (ArFr). (2) 

The extent to which the exper imenta l  data ag ree  with the 
t heo re t i ca l  fo rmula  

Nu 0.013 (ArFr) ~ (3) 
Pr 1/3 -- 
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A r m  = (gd3m/u2) (ps -PL) /PL 
F r  = w2r /g  
P r  = u / D  
Nu = k d m / D  

N O T A T I O N  

is the c r i t i ca l  veloci ty  of the s t r e a m ,  m / s e e ;  
is the initial d i ame te r  of the pa r t i c l e ,  m;  
is the mean  d i a m e t e r  of the pa r t i c l e ,  m;  
a r e  the densi ty  of the solid and of the liquid phase  r e spec t ive ly ,  g / cm3;  
zs the acce l e ra t ion  due to gravi ty ;  
Is the radius  of the pa r t i c l e  orbi t ,  m;  
Is the m a s s - t r a n s f e r  coeff icient ,  c m / s e e ;  
zs the diffusivi ty,  m 2 / s e e ;  
is the initial weight  of the spec imen ,  g; 
is the final weight of the spec imen ,  g; 
is the initial height of the spec imen ,  cm;  
is the sa tura t ion  concentra t ion of the solution, g / cm3;  
is the angular  veloci ty ,  s ee - i ;  
is the k inemat ic  v i scos i ty ,  m / s e e ;  
is the t ime,  sec ;  
zs the Arch imedes  number ;  
zs the Froude number ;  
is the Prand t l  number ;  
is the Nusse l t  number .  
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