
328 INZHE NERNO-FIZICHESKII ZHURNAL 

DETERMINATION O F  THE SPECIFIC HEAT OF EVAPORATION OF A L I Q U I D  
FROM DISPERSED SOLIDS IN A WIDE TEMPERATURE RANGE 

M. F.  Kazanski i ,  R. V. Lutsyk,  and V. M. Kazanski i  

I n z h e n e r n o - F i z i c h e s k i i  Zhurnal ,  VoL 11, No. 5, pp. 587-594,  1966 

UDC 536. 423.1 

This paper describes a method and a laboratory apparatus for the direct 

calorimetric determination of the specific heat of evaporation of a liq- 
uid absorbed by a dispersed solid in a wide range of temperature and 
mass content. The heats of evaporation of moisture from KSM silica 
gel in the temperature range 293~ ~ K are determined, the ob- 
tained data are used ~o calculate the relationship between the chemical 
potential of the absorbed moisture and the moisture content of different 
temperatures. 

The specif ic  heat  of evapora t ion  of a liquid absorbed  
by a d i s p e r s e d  porous  solid is one of the ma in  t h e r m o -  
dynamic  c h a r a c t e r i s t i c s  of the b ind ing  of a l iquid with 
a solid[1],  and a knowledge of this  c h a r a c t e r i s t i c  is  
impor tan t  for  both the theory of d i spe r s ed  sol ids  and 
dry ing  techniques .  Hence, an expe r imen ta l  d e t e r m i n a -  
l ion of this  quant i ty  is  of g rea t  sc ient i f ic  and p rac t i ca l  
i n t e re s t .  

In 1961 one of us [2] proposed a new method and a 
l abo ra to ry  appara tus ,  based  on the k ine t ics  of drying,  
for  the d i rec t  c a l o r i m e t r i c  de t e rmina t i on  of the spe- 
cif ic heat  of evapora t ion  of a l iquid f rom d i spe r sed  
so l ids .  This  method was  success fu l ly  used to i n v e s t i -  
gate the specif ic  hea ts  of evapora t ion  of m o i s t u r e  f rom 
typical  d i s p e r s e d  so l ids  [3]. The appara tus  de sc r i be d  
in [2], however,  had severa l  draWbacks,  the main  one 
being that m e a s u r e m e n t s  of the heat  of evapora t ion  
could be conducted only in a n a r r o w  t e m p e r a t u r e  range.  
The exper ience  gained in work with the appara tus  of 
[2] led to the cons t ruc t ion  of a new and much improved  
appara tus  which allowed m e a s u r e m e n t s  in a wide t e m -  
p e r a t u r e  range,  including room t e m p e r a t u r e s ,  which 
is  p a r t i c u l a r l y  impor t an t  for the inves t iga t ion  of t h e r -  
molab i le  sol ids .  At the same  t ime,  we amended the 
fundamental  p r i nc ip l e s  of the method and made a s t r i c -  
t e r  e s t ima te  of the e r r o r s  which could a r i s e  when the 
condi t ions  of the method were  not exact ly  sa t is f ied.  A 
desc r ip t ion  of the i m p r o v e m e n t s  to the l abo ra to ry  ap-  
pa ra tus ,  the method of work with it, and the obtained 
r e su l t s  f o rms  the content  of this paper .  

The method of de t e rmin ing  the specific heat of evap-  
ora t ion  of a l iquid is based  on the cont inuous automat ic  
compensa t ion  of the heat used up on the evapora t ion  of 
the liquid dur ing  the dry ing  of the d i spe r s ed  solid at a 
cont inuous ly  va ry ing  evapora t ion  ra te .  

We cons ide r  a sample  of d i spe r s ed  solid subjected 
to drying in a t he rmos t a t  in which the a i r  t e m p e r a t u r e  
T a is kept cons tan t  throughout  the expe r imen t .  If there  
is  an e lec t r i c  hea t e r  ins ide  the sample,  the h e a t - b a l a n c e  
equation for  the ease  of dry ing  will  have the fo rm 
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Here  the f i r s t  t e r m  takes  into account  the heat  spent 
on evapora t ion  of the li:luid; the second r e p r e s e n t s  the 
heat ing of the sample ;  the thi rd  the heat t r a n s f e r  to the 
su r round ings ;  and the fourth the power r e l ea sed  in the 
sample  by the e l ec t r i c  hea te r .  

To de t e r mi ne  the specif ic  heat of evapora t ion  of the 
l iquid f rom the sample  it i s  n e c e s s a r y  to ma in ta in  the 
c u r r e n t  in the sample  so that the sur face  t e m p e r a t u r e  
of the sample  dur ing  the whole expe r imen t  is cons tan t  
(despite the change in evapora t ion  ra te  in the different  
dry ing  per iods)  and equal  to the cons tant  ambien t  t e m -  
p e r a t u r e .  In this  case  all  the heat  r e l e a s e d  by the 
hea t e r  will be spent en t i r e ly  on evapora t ion  of the l iq-  
uid, so that f rom the known c u r r e n t  in the hea t e r  and 
the dry ing  rate  of the sample  the specif ic  heat  of evap-  
ora t ion  of the l iquid can be de t e rmined  for  any m a s s  
content  of the sample ,  f rom the fo rmula  

[~r 
L (2) 

dnz/d .c 

Thus, to d e t e r m i n e  the specific heat  of evapora t ion  
of  a l iquid for  d i f ferent  m a s s  conten ts  of the d i spe r sed  
solid we need to know at any ins tan t  dur ing  the exper i -  
ment  the dry ing  ra te  dm/d t ,  the c u r r e n t  I in the s a m -  
ple hea ter ,  and the m a s s  content  W of the sample ,  with 
the ma in  p rov i s ion  that the t e m p e r a t u r e  of the sur face  
of the sample  and the ambient  t e m p e r a t u r e  be equal. 

If the t e m p e r a t u r e  of the sample  sur face  is not ex-  
act ly equal to the a i r  tempera ture l  in the t he rmos ta t  
the heat t r a n s f e r  o c c u r r i n g  in this  case  will in t roduce 
into the m e a s u r e d  heat  of evapora t ion  an e r r o r  equal to 

c% F (Y Ta) 
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It can be seen f rom (3) that the magnitude of this 
e r r o r  is i nve r se ly  propor t ional  to the ra te  of evapora -  
tion of the liquid. Hence, although this method can in 
p r inc ip le  be used to de t e r mi ne  the heat of evapora t ion  
at any t e m p e r a t u r e ,  the de te rmina t ion  of the heat of 
evapora t ion  at r e la t ive ly  low t e m p e r a t u r e s  (e. g . ,  for 
wa te r  at room t e m p e r a t u r e )  on the p rev ious ly  proposed 
appara tus  [2] involved cons ide rab le  e r r o r s ,  s ince the 
evapora t ion  ra te  in this case  is too smal l ,  and even a 
smal l  e r r o r  in regula t ion  of the t e m p e r a t u r e  of the 
sample  can g rea t ly  d i s tor t  the resu l t s~  The same l i m -  
i tat ion appl ies  to the de t e rmina t ion  of the heat  of evap-  
ora t ion  of a s t rong ly  bound l iquid (an adsorbed liquid, 
for instance) ,  where  the eVaporation ra te  is low even 
at much higher  t e m p e r a t u r e s .  

To i n c r e a s e  the evaporat ion ra te  of l iquid in the de-  
s c r ibed  new a p p a r a t u s  we can a l t e r  the total p r e s s u r e  
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Fig .  1. D i a g r a m  of a p p a r a t u s .  
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in the  t h e r m o s t a t  f r o m  a t m o s p h e r i c  to (3 -8)  �9 10 s 
N / m  2. The evapora t ion  r a t e  in th is  c a s e  can be in-  
c r e a s e d  s e v e r a l  (as much as  ten} t i m e s ,  and th is  a l lows 
a c o n s i d e r a b l e  ex tens ion  of the t e m p e r a t u r e  range  in 
which the m e a s u r e m e n t s  can be made .  It i s  impor t an t  
that  the hea t  of evapora t ion  of mos t  pu re  l iquids  when 
the to ta l  p r e s s u r e  is  changed in the above range  is  
p r a c t i c a l l y  unchanged [4, 5] and, hence,  it  i s  u n n e c e s -  
s a r y  to in t roduce  any c o r r e c t i o n s  fo r  p r e s s u r e  in the 
obta ined  r e s u l t s .  

aT 

Fig .  2. C a l o r i m e t r i c  ce l l .  

It is  i m p o r t a n t  that  the ca l cu la t ion  in th i s  method,  
as  d i s t i nc t  f r o m  mos t  o ther  me thods  used  at p r e s e n t ,  
does  not  involve the hea t  c a p a c i t y  of the s y s t e m .  This  
i s  p a r t i c u l a r l y  i m p o r t a n t  for  the d e t e r m i n a t i o n  of  the 
hea t  of evapora t ion  of a l iquid f r o m  d i s p e r s e d  so l ids ,  
s ince  the heat  c a p a c i t y  of the l iquid  a d s o r b e d  by a so l -  
id can d i f f e r  s ign i f i can t ly  f r o m  the hea t  c a p a c i t y  of the 
f r ee  l iquid  [6], and i t  cannot  a lways  be e s t i m a t e d .  

A s c h e m a t i c  d i a g r a m  of the new a p p a r a t u s  i s  shown 
in Fig .  1. The s a m p l e  of d i s p e r s e d  so l id  in the f o r m  
of powder  o r  sand i s  put into the c a l o r i m e t r i c  ce l l  (C 
in Fig .  1). I t s  cons t ruc t i on  i s  shown in Fig .  2. As  d i s -  
t inc t  f r o m  the p r e v i o u s l y  d e s c r i b e d  ce l l  [2], it  i s  in 
the f o r m  of c l o s e d  c o p p e r  m e s h w o r k  box (mesh s ize  
0 .2  mm) with s o l d e r e d  suppor t ing  edges .  Ins ide  the 
ce l l ,  which c o n s i s t s  of two p a r t s  (2 and 4 in F ig .  2) 
t h e r e  is  a f la t  s ec t ioned  h e a t e r  3 made  of n i c h r o m e  
with a r e s i s t a n c e  of about  1300 ohm. The space  b e -  
tween the h e a t e r  and the m e s h w o r k  w a l l s  of the ce l l  
t akes  about 2 - 4  g of s a m p l e  (depending on i t s  dens i ty) .  
Since the ce l l  i s  made  of su f f i c ien t ly  fine mesh  i t  can 
r e t a in  a c o n s i d e r a b l e  amount  of suspended  l iquid.  
Thus, at  the s t a r t  of the e x p e r i m e n t  we can d e t e r m i n e  
the hea t  of evapo ra t i on  of the f r ee  l iquid,  which i s  i m -  
po r t an t  for  check ing  the obta ined  r e s u l t s .  

Spec ia l  e x p e r i m e n t s  showed that  the whole su r f ace  
of the ce l l ,  owing to the high t h e r m a l  conduc t iv i ty  of 
the coppe r  m e s h w o r k ,  i s  i s o t h e r m i c ,  which is  e s s e n -  
t i a l  fo r  the d e t e r m i n a t i o n  of hea t  of evapora t ion  by the 
d e s c r i b e d  method.  One group  of junc t ions  ab  of a d i f -  
f e r e n t i a l  t en - junc t ion  c o p p e r - c o n s t a n t a n  t h e r m o p i l e  is  
c e m e n t e d  to the ou te r  s u r f a c e  of the m e s h w o r k  fo r  
m e a s u r e m e n t  of the t e m p e r a t u r e  of the ce l l  su r f ace .  
The second  group  of j unc t ions  of the t h e r m o p i l e  a ' b '  is  

a t t ached  to a c l o s e d  coppe r  m e s h w o r k  box (1 and 5, 
F ig .  2) with a m e s h  s i ze  of 2 ram, which s u r r o u n d s  
the ce l l  at  a d i s t a n c e  of 1 .5  c m  f rom i t  and evens  out 
the a i r  t e m p e r a t u r e  in the t h e r m o s t a t .  Thus, the t h e r -  
mopi le  r e a c t s  to a t e m p e r a t u r e  d i f f e rence  between the 
ce l l  su r f a c e  and the su r round ing  a i r  and s e r v e s  as  a 
s e n s o r  fo r  the r e g u l a t o r  of the c u r r e n t  in the ce l l  
h e a t e r .  A second s i m i l a r  t h e r m o p i l e ,  c o n s i s t i n g  of 
four  t h e r m o c o u p l e s  (not shown in Fig~ 2), is  connec ted  
to a s e p a r a t e  m i r r o r  g a l v a n o m e t e r  G 1 and i s  used  to 
check that  the t e m p e r a t u r e s  of the ce l l  su r f ace  and the 
a i r  in the t h e r m o s t a t  a r e  equal,  i . e . ,  it  p r o v i d e s  a 
check  on the ope ra t i on  of the c u r r e n t  r e g u l a t o r .  

Ins t ead  of the a r r a n g e m e n t  with the g a l v a n o m e t r i c  
a m p l i f i e r  d e s c r i b e d  in [2], the c u r r e n t  in the h e a t e r  
of the c a l o r i m e t r i c  ce l l  i s  r egu l a t ed  in th is  a p p a r a t u s  
by a p r o p o r t i o n a l  a s i a t i c  r e g u l a t o r  r e p r e s e n t e d  by  
b lock  VI in F ig .  1. 

The emf  of the t h e r m o p i l e  mounted  on the ce l l  i s  
c o n v e r t e d  to an a l t e r n a t i n g  vo l tage  by means  of a v i -  
b r a t i n g - r e e d  c o n v e r t e r  and is  then amp l i f i ed  by a UE- 
109 e l e c t r o n i c  a m p l i f i e r .  Connected to the a m p l i f i e r  
output is  anRD-09 r e v e r s i n g  motor ,  the d i r ec t i on  and 
speed  of ro ta t ion  of which a r e  d e t e r m i n e d  by the sign 
and magni tude  of the emf  of the t h e r m o p i l e  of the ca l -  
o r i m e t r i c  ce l l .  The sp ind le  of the RD-09 m o t o r  i s  
connec ted  through a r educ ing  g e a r  to the s l i d e r  of a 
v a r i a b l e  r e s i s t o r ,  which s e t s  the poten t ia l  On the g r id  
of a 6 P l P  tube,  the anode c i r c u i t  of which conta ins  the 
h e a t e r  of the c a l o r i m e t r i c  ce l l .  Any devia t ion  of the 
t e m p e r a t u r e  of the s u r f a c e  of the c a l o r i m e t r i c  ce l t  
f r o m  the t e m p e r a t u r e  of the su r round ing  a i r  c ause s  the 
the ro ta t ion  of the r e v e r s i n g  m o t o r  and a concomi tan t  
change  in the c u r r e n t  in the h e a t e r  of t h e . c a l o r i m e t r i c  
ce l l .  The ro ta t ion  of the m o t o r  cont inues  unti l  the 
change in c u r r e n t  in the h e a t e r  m a k e s  the t e m p e r a t u r e  
of  the  ce l l  s u r f a c e  equal  to tha t  of the  su r round ing  a i r .  
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Fig. 3. Increase in specific heat of evaporation 
AL, .J/kg (a) and increase in chemical potential 
of moisture A~, J/kg (b) at functions of moist- 
ure content, W, % of KSM silica gel at different 
temperatures (1--293 ~ K; 2--313 ~ 3--333 ~ 
4--353 ~ The vertical broken line denotes the 
boundary of evaporatiofi of absorbed and capil- 

lary moisture. 

The inclusion of a reversing motor, which is an in- 
tegrating l ink,  i n c r e a s e s  the s t ab i l i t y  of the r egu la t ing  
s y s t e m  [7] and a l s o  m a k e s  the r e g u l a t o r  a s t a t i c ,  i . e . ,  
f r e e f r o m  the e r r o r  of s t a t i s m .  This  is  the  advantage  of 
th is  r e g u l a t o r  o v e r  that  d e s c r i b e d  in [2], s ince  dur ing 
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expe r imen t s  to d e t e r m i n e  the specif ic  heat  of evap-  
ora t ion  of l iquid bound in d i f ferent  ways with a solid, 
the c u r r e n t  in the h e a t e r  of the c a l o r i m e t r i c  cel t  can 
va ry  f rom 2 - 3  to 80-100 m, i . e . ,  by a fac tor  of more  
than 30, and in this  case  the e r r o r  of the r egu la to r  due 
to i ts  s t a t i sm may be cons ide rab l e  [7]. 

The power  ampl i f i e r  incorpora t ing  a 6:P1P tube is  
connected up as a v a r i a b l e - i n p u t  voltage s t a b i l i z e r  [8]. 
This  cons ide rab ly  r educes  the effect of v a r i a t i o n s  of 
the anode voltage, applied by a dynamotor ,  on the op- 
e ra t ion  of the c i rcu i t .  A sys t em of s c r eens ,  as de-  
sc r ibed  by White [9], is used to shield the the rmocouples  
f rom in t e r f e r ence .  The c u r r e n t  in the ce l l  hea te r ,  
which comes  into the ca lcula t ion  fo rmula  (2), i s  r e -  
corded  throughout the expe r imen t  by an E P P - 0 9  r e c o r d -  
ing po ten t iomete r  VIII (Fig. 1). 

Fo r  cont inuous  r eco rd ing  of the weight of the c a l o r i -  
m e t r i c  cel l  with the sample  the l a t t e r  is suspended on 
one of the pans  of an automat ic  ba lance  (block II in Fig.  
1), which is  connected  up in the s ame  way as in [2]. 
F o r  convenience  in ca lcu la t ing  the m a s s  content  of the 
sample  and the evapora t ion  ra te  of the l iquid [which 
come into fo rmu la  (2)] the ba lance  s y s t e m  has two 
outputs,  the s igna l s  f rom which a re  applied to d i f fe r -  
ent channe l s  of the E P P - 0 9  so that two weight cu rves  
are recorded simultaneously on the tape. The first 
curve, which has a small scale (about 3 g over the 
whole scale), enables easy calculation of the mass 

content of the sample at any instant during the experi- 

ment. The second curve, recorded on a very large 
scale (about 100rag over the whole scale) and consist- 
ing of a large number (up to 20) of separate portions 
"fitted into" the sca le  by means  of a va r i ab le  r e s i s t o r  
R-15 (Fig. 1), s e r v e s  for  accura te  ca lcula t ion  of the 
evapora t ion  ra te  of the liquid. 

The c a l o r i m e t r i c  cel l  conta in ing the sample  is  ac-  
commodated  in the t he rmos t a t  (I in Fig.  1), which is 
in the form of a me ta l  e a se  of 4 - r am i ron with an a i r -  
tight door.  The mechan ica l  par t  of the ba lance  is  also 
conta ined  in a sea led  i ron case  connected  with the 
t he rmos t a t  by a tube through which the suspens ion  of 
the cel l  pa s se s .  

The a i r  p r e s s u r e  in the the rmos ta t  (and the ba lance  
case  connected to it) is  a l t e red  by a RUN-200 forepump 
{VII in Fig~ 1). The p r e s s u r e  in the t he rmos t a t  is r eg -  
ulated manua l ly  by a valve and checked by a m a n o m e -  
ter .  The p r e s e n c e  of the la rge  f o r e - c y l i n d e r  p reven t s  
sharp  v a r i a t i o n s  of p r e s s u r e ,  and the slow change of 
p r e s s u r e  dur ing  the expe r imen t  has no effect on the 
re suit s. 

The air temperature in the thermostat is kept con- 
stant by means of two independent regulators (blocks 
III and IV in Fig. i). Coarse temperature control of 

the air in the thermostat is effected by a relay regula- 

tor (Ill in Fig. l)with anR-34 thermistor as the sensi- 

tive element [I0]. This type of regulator provides bet- 
ter temperature control when the air pressure in the 
thermostat changes than the contact-thermometer 

regulator described in [2]. More accurate control of 

the air temperature near the calorimetric cell, con- 

tained in the guard vessel of the thermostat, is effec- 

ted by a p ropor t iona l  r egu la to r  IV s i m i l a r  to that de-  

sc r ibed  in [2]. The a i r  t e m p e r a t u r e  in the guard  v e s s e l  
of the t he rmos t a t  i s  con t inuous ly  m e a s u r e d  by a copper  
r e s i s t a n c e  t h e r m o m e t e r  (6 in Fig.  2) and recorded  by 
me a ns  of a br idge  c i r cu i t  V as a check curve  on the 
tape of the r eco rd ing  po ten t iome te r  VIII. 
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Fig. 4. I n c r e a s e  in specif ic  heat  of evapora t ion  
of m o i s t u r e  AL, J /kg ,  as  a function of t e m p e r a -  
tu re  T, ~ for  d i f fe ren t  m o i s t u r e  contents  W, % 

(f igures  on curves) .  

Thus,  with this  l a b o r a t o r y  appara tus  we were  able 
to r e c o r d  e x p e r i m e n t a l l y  the va lues  of all  the quan t i -  
t ies  which a re  conta ined  in f o r mu l a  (2) and a re  r e -  
qu i red  for  the ca lcu la t ion  of the specif ic  heat  of evap-  
ora t ion  of a l iquid f r o m  a d i s p e r s e d  solid with any 
m a s s  content  in a wide t e m p e r a t u r e  range .  The e r r o r  
in d e t e r m i n i n g  the heat  of evapora t ion  on this  appara -  
tus does not exceed 1-3%, depending on the sample  
and the e x p e r i m e n t a l  condi t ions .  

Using this  appa ra tus  we de t e rmined  the specific 
heat  of evapora t ion  of d i f ferent  f o r m s  of bound m o i s -  
tu re  f rom a typical  c a p i l l a r y - p o r o u s  so t id -KSM s i l i ca  
gel in the t e m p e r a t u r e  range  293~ ~ K. The e x p e r -  
imen t s  at 333 ~ and 353 ~ K were  conducted at a tmo-  
spher ic  p r e s s u r e  and those at 293 ~ and 313 ~ K were  
conducted at an a i r  p r e s s u r e  of about 6 .6 .103 N /m 2. 
The obtained r e s u l t s  a re  given in Fig.  3a. 

The f igure  shows that the heat  of evapora t ion  in -  
c r e a s e s  as the m o i s t u r e  content  d e c r e a s e s .  This  in -  
c r e a s e  a t ta ins  a c o n s i d e r a b l e  v a l u e - a t  10~ m o i s t u r e  
content  it i s  about 20% of the heat of evapora t ion  of 
f ree  water .  The cou r se  of the curve  changes more  
sha rp ly  on t r ans i t i on  f rom one fo rm of m o i s t u r e  bind-  
ing to another .  This  is  a lso typical  of a lmos t  all  mois t  
m a t e r i a l s .  

F i g u r e  3a also shows that the cour se  and shape of 
the cu rves  a re  a lmos t  .independent of the t empe ra tu r e ,  
although the i n c r e a s e  in heat  of evapora t ion  is d i f fe r -  
ent  at d i f ferent  t e m p e r a t u r e s .  

F igu re  4 shows a r e l a t ionsh ip  which can be r e p r e -  
sented  f a i r l y  a c c u r a t e l y  in a l i n e a r  fo rm 

AL ----- AL ~ (1 - - y r  4-yT0). (4) 

The obtained data  a lso enable  an easy  ca lcu la t ion  of 
the r e l a t ionsh ip  between the chemica l  potent ia l  of the 
bound m o i s t u r e  and the m o i s t u r e  content  at d i f ferent  
t e m p e r a t u r e s .  In fact,  the chemica l  potent ia l  and the 
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i n c r e a s e  in hea t  of evapora t ion  a r e  connec ted  by the 
we l l -known G i b b s - H e l m h o l t z  r e l a t i o n s h i p  

L - - L ~ - ~ A L - = A ~ t - - T  0A~ (5) 
aT 

I n t e g r a t i n g  (5), we obtain 

A~t . . . .  T ~ AL (T) dT (6) 
S T~ 

If  we subs t i tu t e  in (6) the r e l a t i o n s h i p  be tween the in-  
c r e a s e  in hea t  of evapo ra t i on  and the t e m p e r a t u r e  in 
exp l i c i t  f o rm  (3), we obtain 

hp~:" AL ~ Y T l n T  + YT o - c T ) .  (7) 

The cons tan t  of i n t eg ra t ion  c mus t  be found f r o m  
the known va lue  of the c h e m i c a l  po ten t i a l  a t  a g iven 
t e m p e r a t u r e .  In th is  work  we used  the i s o t h e r m  of ad -  
so rp t ion  of w a t e r  v a p o r  on th is  s i l i c a  ge l  at 293 ~ K. 
Using th is  i s o t h e r m  and the usua l  r e l a t i o n s h i p  

AF~ = m-~- RTtnq~ (8) 
M 

we c a l c u l a t e d  the r e l a t i o n s h i p  be tween  the c h e m i c a l  
po ten t ia l  and the m o i s t u r e  content  of s i l i c a  gel  at  One 
t e m p e r a t u r e .  Then, f r o m  f o r m u l a  (7) we found the 
cons t an t  c which enab l e s  us  to f ind the r e l a t i o n s h i p  
be tween the c h e m i c a l  po ten t ia l  and the m o i s t u r e  con-  
tent  at d i f fe ren t  t e m p e r a t u r e s .  The r e s u l t s  of th i s  c a l -  
cu la t ion  a r e  shown in Fig.  3b. F i g u r e  3b shows that  the 
c h e m i c a l  po ten t i a l  of m o i s t u r e  a b s o r b e d  by s i l i c a  ge l  
does  not  depend g r e a t l y  on the t e m p e r a t u r e .  This  
s t e ady  i n c r e a s e  in c h e m i c a l  po ten t i a l  with r educ t ion  in 
the m o i s t u r e  conten t  of s i l i c a  get  i s  a l so  c l e a r l y  i l l u s ,  
t r a t e d .  

NOTATION 

L i s  the spec i f i c  hea t  of evapo ra t i on  of l iquid;  L0 i s  
the spec i f i c  hea t  of evapo ra t i on  of f r ee  l iquid;  m is  the 
m a s s  of sol id ;  7 i s  the t ime ;  Cq i s  the hea t  c a p a c i t y  of 

sol id;  T i s  the abso lu t e  t e m p e r a t u r e ;  c~ t i s  the e x t e r -  
na l  hea t  t r a n s f e r  coef f ic ient ;  F i s  the s u r f a c e  of s a m -  
ple ;  I i s  the h e a t e r  c u r r e n t ;  r i s  the h e a t e r  r e s i s t a n c e ;  
Abe i s  the i n c r e a s e  in c h e m i c a l  po ten t i a l  (over  c h e m i -  
ca l  po ten t ia l  (over  c h e m i c a l  po ten t ia l  of f r ee  l iquid  at 
the s a m e  t e m p e r a t u r e ) ;  T is  the t e m p e r a t u r e  coef f i -  
c ien t  of i n c r e a s e  in hea t  of evapora t ion ;  To is  the f ixed 
t e m p e r a t u r e  (293 ~ K}; R i s  the u n i v e r s a l  ga s  cons tan t ;  
M i s  the m o l e c u l a r  weight  of l iquid;  ~o i s  the r e l a t i v e  
p r e s s u r e  of v a p o r  ove r  m a t e r i a l ;  AL is  the i n c r e a s e  in 
spec i f i c  hea t  of evapo ra t i on  of l iquid (over  that  of f r ee  
l iquid  at the s a m e  t e mpe ra tu r e )~  
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