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The use of the f r e e  energy of water  vapor as a unique charac te r i s t i c  of sa turated a i r  p e r -  
mits  the level  of dehydration of dispersed solids to be de termined unambiguously.  The moist  
a i r  d iagram is computed for compensation of the mois ture  fluctuation of the surrounding a i r ,  
cor responding to a change of the t empera tu re  of drying.  

The  equil ibr ium mois tu re  content of a d i spersed  solid is defined by two independent p a r a m e t e r s  - the 
t empera tu re  of the surrounding air  and its humidity.  However,  in the prac t ice  of thermophysica l  and 
physicoehemical  investigations usually only the t empera tu re  is specified and the effect of the air  humidity is 
neglected.  A typical  example is the determinat ion of the re la t ive  dry-weight  of d ispersed  solids when dried 
up to 105~ without stating the humidity of the a i r .  This ,  as shown below, leads to considerable fluctuations 
of the re la t ive  dry-weight  and sharply reduces  the accuracy  and feasibi l i ty  of comparing data on the very  
different p roper t i e s  of moist  d ispersed  solids as a function of thei r  mois ture  content.  

It is shown in this p resen t  paper how, based on thermodynamics  mechanisms,  it is possible to fix 
a lmost  unambiguously the level  of dehydration of d ispersed  solids by means of a single p a r am e te r  - the 
f r e e  energy of the water  vapor  in the drying a i r  and thus to compensate the var ia t ions of humidity of the 
a i r ,  in the l abora to ry  corresponding to the drying t empera tu re .  

We shall consider  the equil ibrium thermodynamics  of a moist  d ispersed  solid with the surrounding 
a i r .  It is well known [1] that equil ibrium is reached  when at the same t empera tu res  the f ree  energy of the 
water  vapor in the a i r  is equal to the f ree  energy of the water  bond in the d ispersed  solid: 

T 1 = T~; AFt (TI ,  pl ) = AF~(T 2, W) .  (1) 

The quantity AF 1 is de termined by the formula [2] 

5F~ = RT1 In p8 (2) 
M Pl 

and depends on the t empera tu re  and mois ture  content of the air  (water vapor p r e s su re ) .  The dependence of 
AF 2 on the mois ture  content and t empera tu re  is determined fur ther  by the individual p roper t i es  of the d is -  
pe r s e d  solid [2]. Thus,  AF 1 and AF 2 in different ways dependon the t empera tu re  and mois ture  content and 
the re fo re ,  in o rde r  to obtain an identical degree of desiccat ion of the d ispersed solid W, as can be seen f rom 
Eq. (1) it is neces sa ry  on the whole to maintain constant two pa rame te r s  of the drying a i r  - its t empera tu re  
and mois ture  content,  which is frequently found to be difficult.  This  difficulty can be avoided by taking into 
account that for  the weakly bound water  ~F~ depends on the t empera tu re  of the solid, so that to a f i r s t  ap-  
proximat ion this dependence can be neglected.  

Actually,  according to the Gibbs-Helmhol tz  equation 

AL 2 = AF 2 _  T2 ( OAF~ ] ; (3) 
\ OT~ lye 

8AF2/ffl" 2 can be es t imated if AF2 and AL 2 are  known provisional ly.  For  weakly bound water ,  i . e . ,wa te r  
evaporated f r om a d ispersed solid at a tmospher ic  p r e s s u r e  up to a t empera tu re  of 105-110~C approximately ,  
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Fig.  1. Ai r -humidi ty  d iagram (AF is the 
f r ee  energy kJ /g;  p is the absolute hu-  
midity of the a i r ,  N/m2; AT is the dif-  
f e rence  between the dry  and wet t h e r m o -  
me te r s  in the labora tory ,  ~C). 

AL 2 does not exceed 1.0 kJ /g  and AF 2 fails within the l imits  
0.5 ~AF2/AL 2 -<1.0 [3, 4, 5]. Under these conditions a ca l -  
culation by Eq. (3) shows that the re la t ive  dependence of AF 2 
on the t empera tu re  1/AF �9 ~AF/OT cannot be g rea t e r  than 0.3% 
�9 deg - t ,  and usually it is s eve ra l  t imes l e s s .  This  conclusion, 
obtained for weakly bound water  of any kind and for  any d is -  
pe r sed  solids,  is confirmed also by di rect  exper iments  with 
si l ica gel [6] and cement stones [7], for  which the dependence 
of AF 2 on t empera tu re  is also found to be ve ry  smal l .  Con- 
sequently,  to a f i r s t  approximation,  it can be assumed that for  
small  t empera tu re  intervals  AF 2 is independent of t e m p e r a -  
ture�9 

The condition for equil ibrium is then wri t ten as:  

AF 1 (7"1, p~) ~ AF 2 (W). (4) 

It can be seen f rom Eq. (4) that, taking account of the approxi-  
mation made, the equil ibrium mois ture  content of a d i spersed  
solid is determined only by the magnitude of the f r ee  energy 
of the water  in the surrounding air  AFi, independently of the 
t empera tu re  for  which the given value of AF 2 is obtained. 

Consequently, instead of two independent p a r a m e t e r s  
T 1 and Pt, defining the equil ibrium of a d i spersed  solid with 
the drying a i r ,  it is sufficient to hold only one p a r a m e t e r  
constant - AFt, and thus to obtain an almost  identical degree  
of desiccat ion W of the d ispersed  solid.  In other  words,  mo i s -  
ture  variat ions in the a i r  in the labora tory  can be compen-  
sated by a corresponding change of the drying t empera tu re .  

In o rde r  to find AF 1 of the a i r  rapidly at a specified t empera tu re  and humidity,  the diagram in Fig.  1 
has been const ructed .  In contras t  f rom the other well-known diagrams of a i r  humidity [8], the f ree  energy 
AF 1 and not the enthalpy is plotted in T - p  coordinates .  The calculation was ca r r i ed  out by formula  (2) based 
on the tables in [9]. Knowing the absolute humidity of the a i r  in the l abora tory  (and, consequently a lso,  in 
the ventilated des iccator) ,  f rom the graph of Fig. 1 it is easy  to de termine  the drying t empera tu re  at which 
a specif ied value of AF 1 is attained. Fo r  convenience of usage, d iagrams a re  given in the lower par t  of 
Fig. 1 which enable the absolute humidity of the air  p to be found rapidly,  if its re la t ive  humidity q and the 
t empera tu re ,  or  the dry  (Ts) and wet (T4) t he rmomete r  t empera tu re  a re  known. 

The curves  of Fig.  1 show that variat ions of the drying t empera tu re ,  compensating changes of humidity 
of the a i r  in the labora tory ,  can be ex t r eme ly  important  especial ly  in those cases  when it is n e c e s s a r y  to 
compare  the resu l t s  of exper iments  ca r r i ed  out at different  t imes of the year  and in different  cl imatic  con-  
dit ions.  Thus,  by changing the re la t ive  humidity of the a i r  in the labora tory  f rom 30% at 18~C in winter to 
70% at 26~C in s u m m e r ,  AF 1 in the ventilated des icca tor  heated to 105~ changes f rom 0.90 to 0.68 kJ /g ,  
which cor responds  t oaehange  of t empera tu re  f rom 93 to 121~ with constant a i r  humidity.  

Correspondingly also,  samples  of a d i spersed  solid dr ied at a t empera tu re  of 105~C and different  am-  
bient a i r  humidities yield a different  quantity of water and its re la t ive  dry  weight is found to be different .  
These  variat ions of re la t ive  dry  weight, of course ,  will be different  for  different samples  and they will de-  
pend on the amount of water  in the sample ,  the binding energy of which l ies  in the s ta ted range of mois ture  
content,  i .e . ,  they depend on the value of 8W/OAF 2 for  a given sample .  For  various clays,  soils ,  woods, and 
other  colloidal cap i l la ry-porous  solids the re la t ive  dry  weight in the example given may vary  by 2-4%, which 
is considerably g r ea t e r  than that permi t ted  in the e r r o r  measurement s .  

The discussions presen ted  above a re  par t icu la r ly  important  when investigating cement  stones and 
concre te  containing both s t rongly and weakly bound water .  Actually,  for  many of the tes ts  on concre te  stones 
(for example,  gas penetrabi l i ty) ,  it is ve ry  important  to remove  all the capi l la ry  and adsorbed water as fa r  
as possible ,  but without affecting the s t ruc tura l  chemical ly  bound water .  In the case  of normal  drying at 
105~C, par t  of the chemical ly  weakly bound water  is evaporated f rom cement  stone [7]. Because of this ,  
many r e s e a r c h e r s  r e s o r t  to drying with ethyl alcohol and ether  [10], to drying over  magnesium pe rch lo ra t e  
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Fig.  2. Dependence of equil ib-  
r ium mois ture  content W(%) of 
calcium hydr osulfoaluminat e 
on the drying t empera tu re  T 
(~ for  an 80% re la t ive  humid-  
i ty of the ambient  a i r  (at 20~ 
(i); 50% (2); and 20% (3). 

[11] at room tempera tu re  and, finally,  to reduction of the net p r e s -  
sure  of the a i r  also at room t empera tu re  or  with a smal l  inc rease  
of t empera ture ,  taking into account that under such "mild n conditions 
of drying the s t ruc tura l  water  will not be evaporated.  Never the less ,  
the data considered above show that it is a lmost  immate r ia l  whether 
cement stone is dr ied by simple inc rease  of t empera tu re  with the 
ambient a tmospher ic  mois ture  or whether the a i r  humidity is r e -  
duced without changing the t empera tu re  - the equil ibrium mois ture  
content of the sample will be de termined mainly by the value of AF 1 
of the water  vapor in the air  and will depend to a slight degree  on 
the t empera tu re  at which the value of AF t is at tained.  

On the other hand, drying by normal  heating in contras t  f rom 
the other methods mentioned above possesses  the advantage that it 
permi ts  in the f i r s t  place fixing re l iab ly  the buildup of equil ibrium 
by the constancy of the sample weight and, secondly,  knowing the 
value of AF 2 at which the sample is dr ied.  For  this, it is n e c e s s a r y  
to know only the t empera tu re  of the drying a i r  and its re la t ive  hu- 

midity.  As r ega rds  the level  of AF 2 at which cement stone can be dried without r i sk  of removing the chemi-  
cally botmd water ,  it is n e c e s s a r y  to determine it f rom the AF 2 = AF2(W ) curves  for  those compounds which 
a re  present  in the cement s tone.  

This  is shown in F ig .2 ,  where the equil ibrium mois ture  content of calcium hydrosulfoaluminates  (one 
of the components of cement  stone) is calculated on the basis  of data f rom [7] as a function of the drying 
t empera tu re  for  different  re la t ive  humidities of the ambient a i r  at 20=C. Thus ,  with a re la t ive  humidity of 
the labora tory  a i r  of 20?0, evaporat ion of the water  of crys ta l l iza t ion  f rom the sample begins even at 40=C; 
if, however,  the a i r  humidity is equal to 80%, then the sample can be heated to 60~C without dest ruct ion of 
its s t ruc tu re .  

Finally,  the resu l t s  given enable a s t r ic t  thermodynamic division to be made of the water  in d i spersed  
solids into weakly and s t rongly bound water .  At p resen t ,  in order  to de termine  the dry  weight of the sub-  
s tance,  the accepted method is drying at 105~ which, with the normal  humidity of a i r  in the labora tory ,  c o r -  
responds to an equi l ibr ium f ree  energy of - 0 . 8  kJ /g .  This value can be taken conveniently as an a r b i t r a r y  
l imit .  Water with lower binding energy and, consequently,  removeable  under normal  conditions at a t e m -  
pe ra tu re  of 105~ is assumed to be weakly bound and water  with a higher binding energy is assumed to be 
s trongly bound.  Despite the a rb i t r a r iness  and apparent  randomness  of such a l imit ,  its introduction is sen-  
sible,  as it c a r r i e s  a s t r i c t ly  thermodynamic basis  into the a l r eady -ex i s t i ngp rac t i ceo fp rov i s iona ld iv i s iono f  
water  into "s t ruc tura l "  and "weakly bound, w which can be removed  by drying at a t empera tu re  of up to 150~ 

NOTATION 

AF 1 is the f r e e  energy of water  vapor in a i r ;  
AF 2 is the  f r e e  energy of bound water  in d ispersed  solid; 
T 1 is the t empera tu re  of drying a i r ,  =C; 
T 2 is the t empe ra tu r e  of d ispersed solid, ~ 
T~ is the t empera tu re  of a i r  in labora tory ,  ~ 
Pl is the water  vapor  p r e s s u r e  (absolute a i r  humidity); 
Ps is the sa tura ted  water  vapor p r e s s u r e  at t empera tu re  T1; 

is the re la t ive  humidity of a i r ,  %; 
R is the gas constant; 
M is the molecular  weight of water;  
W is the mois ture  content of d ispersed  solid; 
AL 2 is the in ternal  binding energy (thermal effect)  of water  in d ispersed  solid.  
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