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The influence of contact  m a s s  exchange on the p r o c e s s  of dehydrat ion of a m a t e r i a l  in a v a c -  
uum is analyzed.  Ways of intensifying the drying of the rmolab i l e  m a t e r i a l s  a re  indicated.  

One poss ib le  way of intensifying the p r o c e s s  of  dehydrat ing m a t e r i a l s  in a vacuum is  the appl icat ion of 
sorben ts ,  but the re  is  insuff icient  informat ion  on this method in p rev ious ly  publ ished pape r s  [1, 2]. 

The a im of this p a p e r  is  the study of the basic  laws governing the p r o c e s s  of dehydrat ing m o i s t  cap i l -  
l a r y - p o r o u s  m a t e r i a l s  in confaet  with sorben ts  under  vacuum conditions.  

The expe r imen t s  a r e  c a r r i e d  out in a l abo ra to ry  vacuum device desc r ibed  in [4] when the envi ronment  
has the following ex te rna l  p a r a m e t e r s :  overa l l  p r e s s u r e  of v a p o r - g a s  mix ture ,  1-0.9 m m  Hg; ambien t  t e m -  
p e r a t u r e ,  20-22~ 

The m o i s t  m a t e r i a l  (red b r ick  with a 3070 initial  mo i s tu r e  content) is taken in the f o r m  of a l aye r  of 
g ranules  with a mean  equivalent  d i a m e t e r  of 1.5 ram. The d imensions  of the l ayer  (l/h =10) make i tposs ib le  
to min imize  the a d v e r s e  influence of the r e s i s t a n c e  of the dr ied  l aye r  on the t r a n s f e r  of heat  and substance  
and a lso  to i n c r e a s e  the exchange sur face  [1-3]. A granulated synthetic  zeoli te  CaA with a mean  pa r t i c l e  s ize  
of i nun is  used as  the sorbent .  

The schemat ic  r ep re sen t a t i on  of the p r o c e s s  used for  the exper imen ta l  solution of the p rob l em as s ta ted  
is given in Fig. 1. 

Modification I of the scheme:  subl imat ion f r o m  the pure  sur face  of the mo i s t  ma te r i a l ;  modificat ion II: 
the so rben t  l aye r  is located on a l aye r  of the m a t e r i a l  being subl imated;  modificat ion Ill: the l aye r  of m a t e -  
r i a l  to be sub l imated  is  confined between sorben t  l aye r s ;  modificat ion IV: a l te rnat ing  l a y e r s  of sorbent  and 
m o i s t  m a t e r i a l .  

When al l  the modif ica t ions  a re  designed and cons t ruc ted  a c a s s e t t e - c y l i n d r i c a l  r ing  a s sembly ,  i n t e r -  
connected by a lug and socket  s y s t e m  (Fig. la) ,  is used. The base of the c a s s e t t e s  is a pe lyeap ro l ac t a m gri l le .  
The cell  s ize  of the ca s s e t t e  bases  is  se lec ted  to be l ess  than 1 m m  in o r d e r  to p reven t  the mixing of sorbent  
and mo i s t  m a t e r i a l  pa r t i c l e s .  

A number  of p r o b l e m s  can be reso lved  by using this model:  a) the crea t ion  of d i r ec t  contact  between the 
m o i s t  m a t e r i a l  and the sorbent ;  b) the feas ib i l i ty  of changing the l aye r  s t ruc tu re  by vary ing  the sequence of 
l a y e r s  and the i r  number  and th ickness ;  c) the crea t ion  of a d i rec t ional  univar ia te  flow of wa t e r  vapor ;  d) the 
feas ibi l i ty  of m e a s u r i n g  the bas ic  p a r a m e t e r s  governing the kinet ics  of subl imat ional  dehydrat ion (mois ture  
content, p r e s s u r e ,  t empera tu re )  l aye r  by layer .  

F igure  2 r e p r e s e n t s  the cu rves  cha rac t e r i z ing  the kinet ics  of ma t e r i a l  dehydrat ion for  all  the modi f i ca -  
tions and the kinet ics  of m o i s t u r e  sorpt ion  by the zeolite.  The influence of contact  m a s s  exchange on the in-  
tens i ty  of the dehydrat ion p roce s s  is a s s e s s e d  f rom t h e n a t u r e  of the curves .  

The shape of the curve  in the f i r s t  case  (Fig. 2a) shows that a va r ia t ion  in the ra te  of mo i s tu re  loss  is 
obse rved  only in the f i r s t  phase  of the p r o c e s s  (subfreezing and s u r f a c e - m o i s t u r e - e l i m i n a t i o n  phase),  a f t e r  
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Fig. 1. D i a g r a m  of p r o c e s s .  
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Fig. 2. Kinet ics  of m a t e r i a l  dehydrat ion and mo i s tu re  s o r p -  
tion by a zeolite:  a) modificat ion I; b) modificat ion II; c) mod-  
if ication III; and d) modificat ion IV. 1) Curves  of m a t e r i a l  de-  
hydration; 2) cu rves  of zeolite sorpt ion (I, II, and I I I -  phases) .  
A G / G I T  , %/rain;  T, rain. 

which the drying p roceeds  a t  a constant  r a t e  provided that  the th ickness  of the l aye r  is c o m m e n s u r a t e  with 
par t ic le  s ize.  

The m e c h a n i s m  of heat  and m a s s  t r a n s f e r  in the l ayer  of f rozen m a t e r i a l  ( internal  problem) will be 
analogous in all  four  modif icat ions,  but there  a r e  s ignif icant  d i f fe rences  in the nature of the m a t e r i a l - e n v i -  
ronment  in terac t ion  (external  problem) .  

In the f i r s t  case  (modification I in Fig. 1) the molecu les  a r e  diffused through a l ayer  of gas  on the s u r -  
face of the ma te r i a l .  In II-IV the vapo r  molecu les  a r e  absorbed  as they  move by the s o r b e n t l a y e r ,  which is in 
d i rec t  contact  with the su r face  being subl imated.  

According to the theory  of [5, 6], the sorpt ion  of wa te r  vapo r  by a zeoli te under vacuum conditions be-  
gins with a su r face  p roce s s  - adsorpt ion - p roceeding  at  a v e r y  high ra te .  The vo lumet r ic  sorpt ion - a b s o r p -  
tion - p r o c e s s  p roceeds  in para l le l .  This  is a diffusive p roce s s ,  the ra te  of which is,  of course ,  low. As the 
sorbent  su r face  becomes  sa tura ted ,  the influence of the adsorpt ion is weakened, the role  of the vo lumet r ic  
absorpt ion  grows,  and a par t ia l  f i l t ra t ion of the vapo r  through the sorbent  l ayer  is  obse rved  [7]. When the s o t -  
bent is total ly sa tu ra ted  the m o i s t u r e  is e l iminated f r o m  the ma te r i a l  being subl imated  by the f i l t ra t ion and 
subsequent  desubt imat ion of the vapor .  

The va r ia t ion  in the r a t e  of m o i s t u r e  absorpt ion by the zeoli te is i l lus t ra ted  by the ~s = f(T) curves  in 
Fig. 3, the nature  of which conf i rms  the sorpt ion  m e c h a n i s m  desc r ibed  above. The asympto t ic  approximat ion 
of the cu rves  to the line ab,  co r responding  to the l imit ing sa tura t ion  of the zeoli te,  indicates  that  its dynamic 
act ivi ty  is constant,  but the l imit ing sa tura t ion  t ime  is d i rec t ly  propor t iona l  to the l ayer  thickness .  Thus, for  
a 10 m m  laye r  th ickness  the sa tura t ion  t ime  is 60 rain, for  20 m m  it is 120, and for  30 m m  it is 180. The 
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Fig. 3.  Var ia t ion  in absorp t iv i ty  of zeoli te in t ime:  1) sorbent  l ayer  
th ickness :  10 ram; 2) 20 ram; 3) 30 ram. ~, %; 7, rain. 

Fig. 4. Var ia t ion  in m o i s t u r e  content  of m a t e r i a l  in drying p r o c e s s  
[1) modif icat ion I; 2) II ;3)IID;4) IV]. fi, %; r ,  rain. 

TABLE 1. Mean Intensi ty  of Mater ia l  
Dehydrat ion.  ( aG/Gi ) /A~phase ,  %/min 

Scheme 
modifications 

. II 
III 
IV 

1,40 
1 , 2 5  
1,65 

Phases 

0, 72 
1 , 0 9  
1 , 3 5  

0,42 
0,36 
0,23 

sorpt ion  r a t e  is thus dependent on the sa tura t ion  conditions, which in the ease  in quest ion a r e  governed by the 
l aye r  th ickness .  

A conclusion about the expediency of using thin s o r b e n t  l a y e r s  to i nc rea se  the intensi ty  of the drying 
p r o c e s s  sugges ts  i tself .  The use  of th ree  l aye r s  of sorbent  each  10 m m  thick instead of one l aye r  30 m m  thick 
reduces  by a fac tor  of th ree  the t ime taken to e l iminate  the s a m e  amount  of mo i s tu r e  as  a r e su l t  of inc reas ing  
the active contact surface. 

Three characteristic dehydration phases can be distinguished by an analysis of the curves in Fig. 2. In 
the first phase the material dehydration and sorbent moistening curves are observed to coincide - the transfer 
of moisture proceeds exclusively 'by contact moisture exchange. In this case the surface and volumetric sorp- 
tion proceed simultaneously with the influence of adsorption predominating. 

The divergence of the curves in the second section (phase) shows that the contact mass exchange (sorp- 
rich) is being accompanied by the penetration of vapor molecules through the zeolite (filtration). The practical 
conclusion of the sorption gives rise to a constant rate of moisture elimination by filtration - phase IIL 

The numerical values of the mean intensity of material dehydration during the course of one year are 
presented in Table I~ 

As can be seen from Table i the most intensive dehydration for modifications If-IV is in phase I when 
the absorptivity of the sorbent is maximal. Nevertheless, the rate of dehydration is influenced by the construc- 
tional design. In fact, the role of the absorption is extended by an increase in the amount of sorbent due to the 
layer thickness in modification III which causes a reduction in dehydration intensity in the first phase com- 
pared with modification IL The process is intensified by a multiple-layer structure with the same amount of 
sorbent (modification IV) by the increase in active exchange surface. 
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The intensification of the sublimational dehydration process  by the use of sorbents can be evaluated quan- 
titatively from the variation in time in the moisture content of the ma te r i a l -d ry ing  curves in Fig. 4. 

The time taken to dry a moist  brick to a given moisture content (2%) is 220 rain (modification I). When 
the sorbent is placed on the surface to be sublimated (modification ID the duration of the dehydration is cut by 
18% (T= 180 rain). The dehydration time is affected significantly by the organization of the layer structure: 
modification Ill ~ = 130 rain and modification IV 90 rain, i.e., the duration of drying is reduced by 40% and 60%, 
respectively. 

Thus, the duration of dehydration in a vacuum is shortened considerably by the Use of sorbents in direct  
contact with the material  and by the co r rec t  organization of the so rben t -ma te r i a l  layer  structure.  

This kind of contact mass exchange takes on especial significance for the low-temperature drying of 
highly thermolabile materials .  In part icular,  for  a number of products of biological origin a 10=15 ~ increase 
in temperature causes the sudden inactivation of ferments and denaturation of cellular albumin. In this ease 
the cost of sorbents and their  requirement  for periodical regeneration is of secondary importance compared 
with the quality of the material  being dried. 

N O T A T I O N  

GI, AG, initial amount of moisture and loss of moisture in specimen; T, A~'phase, time and phase time; 
urn, Us, mean moisture contents of material  and sorbent; l, h, length and thickness of layer,  respectively. 
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Formulas are  obtained for heat and mass flows at the boundary of the semispace during the 
second drying period with the temperature and mass - t rans fe r  potential remaining constant at 
that boundary. 

In a number of engineering processes  the basis is provided by heat and mass t ransfer  (drying, condi- 
tioning, rectification, etc.). In the present  art icle an analytic investigation is car r ied  out of heat and mass 
t ransfer  during the process of drying under varied conditions. 
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