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It is shown how the f ine -porous  s t r u c t u r e  and the sorpt ion  c h a r a c t e r i s t i c s  of var ious  g r ades  
of hydraul ic  cement  can be analyzed by the method of des icca t ion  t h e r m o g r a m s  with the use  
of s e v e r a l  d i f ferent  l iquids.  

It has been shown in [1, 2] that the f ine -porous  s t ruc tu re  and the sorpt ion c h a r a c t e r i s t i c s  of cap i l -  
l a r y - p o r o u s  and colloidal  c a p i l l a r y - p o r o u s  m a s s e s  can be c lose ly  analyzed by the method of des icca t ion  
t h e r m o g r a m s  with the use  of s e v e r a l  d i f ferent  mois ten ing  l iquids.  The objects  of this study here  a r e  the 
des icca t ion  t h e r m o g r a m s  for  hydraul ic  cement  of va r ious  m i n e r a l  composi t ions  and mois tened  with s e v e r a l  
d i f ferent  l iquids.  

Hydraul ic  cement ,  unlike other  d i s p e r s e  m a t e r i a l s ,  can s imul taneous ly  re ta in  not only cap i l l a ry  and 
adso rbed  wate r ,  which is typical  of b r i t t l e  and e las t ic  gels ,  but a l so  apprec iab le  amounts  of i n t e r l aye r  
wa te r  held within the c r y s t a l  l a t t i ces  as well  as of weakly chemica l ly  bonded wa te r  (crys ta l  hydrat ing water)  
[3] which ac t ive ly  pa r t i c ipa t e s  in heat  and m a s s  t r a n s f e r  p r o c e s s e s  during the cure  and the subsequent  u s e -  
ful life of concre te .  

The authors  se lec ted  for  the study four  g rades  of hydraul ic  cemen t  with d i f ferent  chemica l  c o m p o s i -  
tions and di f ferent  po ros i ty  s t r u c t u r e s .  The Por t land  cement  spec imens  were  made of h igh-grade  M 400 
al i te  f r o m  the A m v r o s i e v  Works  with 3% gypsum added during grinding.  The slag cement  spec imens  were  
p r e p a r e d  f rom ground c o n v e r t e r  s lag.  The s l a g - P o r t l a n d  cement  spec imens  were  p r e p a r e d  f r o m  a mix 
containing 30% Por t l and  cement ,  70% c o n v e r t e r  s lag,  and 3% gypsum,  all  ground together .  Final ly ,  the 
expans ive  g y p s u m - a l u m i n a  cement  spec imens  were  p r e p a r e d  f r o m  a mix containing 707o a lumina and 30% 
gypsum.  All the m o r t a r  m a t e r i a l  was ground down to a speci f ic  su r face  of 3200 m2/kg, then s laked to a 
w a t e r / c e m e n t  r a t io  co r respond ing  to a pas te  of no rma l  densi ty ,  and was examined  throughout an aging 
pe r iod  of o n e - a n d - a - h a l f  y e a r s .  

F o r  compar i son ,  we a lso  examined two ingredients  appear ing  in the stone s t ruc tu re  in va r ious  
amounts :  pure  h igh ly-hydra ted  ca lc ium hydrosu l foa lumina te  with weaklybonded mo i s tu re  and t obe rmor i t i c  
ca l c ium hydros i l i ca te .  Spec imens  of the f o r m e r  were  p r e p a r e d  by mixing app rop r i a t e  amounts  of t r i ca l c ium 
a luminate  and gypsum with excess  wate r .  The exact  co r r e spondence  of this formula t ion  to e t t r ingi te  was a s c e r -  
ta ined by x - r a y  and the rmograph ic  ana lyse s .  T o b e r m o r i t e  was produced by t rea t ing  s i l ica  gel with a ca l -  
c ium hydroxide solution for  a long per iod  of t ime [4]. 

I s o t h e r m s  of wa te r  vapor  desorp t ion  were  plotted for  all  spec imens ,  except  those of ca lc ium hydro-  
sul foaluminate ,  as  shown in Fig.  1. The m e a s u r e m e n t s  were  made with an appara tus  [5] which did not 
r equ i re  p r e l i m i n a r y  .evacuation and des icca t ion  of a spec imen  for  the plott ing of i s o t h e r m s ,  thus e l imina t -  
ing any e r r o r  which would r e s u l t  f r o m  the r e m o v a l  of some weakly chemica l ly  bonded wa te r  and f r o m  the 
breakdown of some  c r y s t a l  hydra t e s  in the s t ruc tu re  during evacuat ion.  On the ba s i s  Of these i s o t h e r m s ,  
we then calcula ted  the in tegra l  pore  d is t r ibut ion cu rves  (without c o r r e c t i o n  for  the' th ickness  of the a d s o r p -  
t ive layer)  a l so  shown in Fig.  1 and the m o i s t u r e  capaci ty  of the adsorp t ive  monolayer  accord ing  to the 
BET method [6]. These  data adequately  desc r ibed  the m i c r o p o r o u s  s t ruc tu re  of the given spec imens  with 
r e s p e c t  to wate r .  
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Fig. 1. W a t e r  vapor  desorp t ion  i s o t h e r m s  (a) and in-  
t eg ra l  po re  dis t r ibut ion cu rves  (b) for  hydraul ic  cement  
g rades :  1) Por t land  cement ;  2) s lag cement ;  3) s lag 
- P o r t l a n d  cement ;  4) expans ive  g y p s u m - a l u m i n a  c e -  
ment ;  5) t o b e r m o r i t i c c e m e n t .  Mois ture  content W {%), 
r e l a t ive  vapor  p r e s s u r e  ~0, pore  radius  r (•  -1~ m). 

The t h e r m o g r a m s  and the k inet ics  cu rves  were  taken with ins t rument s  desc r ibed  in [7]. The method 
of mois ten ing  the s p e c i m e n s  with va r ious  l iquids  and the tes t  conditions have a lso  been  desc r ibed  thoroughly 
in [1, 2]. It mus t  be emphas i zed  that  the des icca t ion  t h e r m o g r a m s  and the desorpt ion  i s o t h e r m s  for  the 
spec imens  containing wa te r  were  de te rmined  without p r e l i m i n a r y  des icca t ion  of those spec imens ,  which 
made  it poss ib le  to examine  the und i s to r t ed  na tura l  s t ruc tu re  of hydraul ic  cement .  

The mo i s tu r e  content was r e f e r r e d  to the s t andard  d ry  weight in each case ,  the l a t t e r  de te rmined  by 
predesiccat ioel  under  a t m o s p h e r i c  p r e s s u r e .  The p redes i cca t i on  t e m p e r a t u r e  here  was se lec ted ,  depend-  
ing on the a i r  humidi ty within the 368-388~ range,  so that the equi l ibr ium dehydrat ion level  should a lways  
be  the s a m e  and equal to the f ree  ene rgy  0.8.106 J / k g  of a mo i s tu r e  bond [8]. 

The des icca t ion  t h e r m o g r a m s  for  the hydraul ic  cemen t  spec imens  mois tened  with var ious  liquids a re  
shown in Fig .  2, and the m o i s t u r e  content  l eve l s  co r respond ing  to the c r i t i ca l  points  on these t h e r m o -  
g r a m s  a r e  given in Table  1. As in [1, 2], he r e  the mo i s tu r e  content is given only for  the c r i t i ca l  points 
on the lower  por t ion  of the t h e r m o g r a m s ,  which c o r r e s p o n d  to the m i c r o p o r o u s  s t ruc tu re  of the t es t  sp ec i -  
mens .  

It is quite evident  he re  that the shape of a t h e r m o g r a m  for  the s ame  spec imen  depends l a rge ly  on the 
kind of mois ten ing  liquid. Th is  s tands to reason ,  because  hydraul ic  cemen t  is a f ine -porous  d i spe r s e  
m a t e r i a l  whose m i c r o p o r e s  a r e  not a lways acces s ib l e  to molecu les  of the mois ten ing  liquid. F u r t h e r m o r e ,  
the shape of a t h e r m o g r a m  is a l so  affected by d i f fe rences  in po la r i ty  and by other  phys icochemica l  p r o p e r -  
t ies  of the mois ten ing  liquid. The cu rves  in Fig.  2 indicate a lso  some d i f fe rences  between t h e r m o g r a m s  
for  di f ferent  cemen t  g rades  mois t ened  with the s ame  liquid, which mus t  be a t t r ibuted f o r e m o s t  to the dif-  
f e r ences  in the i r  po re  s t r u c t u r e s .  

Por t land  cement  has  the s m a l l e s t  p o r e s  of all .  Rela t ive  to wate r ,  the volume of i ts  m i c r o p o r e s  with 
a rad ius  within the (10-200} �9 10 -I~ m range  amounts  to 2.5% (Fig. 1). Accordingly,  only wa te r  t h e r m o -  
g r a m s  (Fig. 2a) exhibit  he re  a sho r t  s egmen t  between c r i t i ca l  points  3 and 4 co r respond ing  to c a p i l l a r y c o n d e n s a -  
tion in m i c r o p o r e s  [1]. F o r  Por t land  cement  mois t ened  with any other  liquid, the c r i t i ca l  points 3 and 4 
on i ts  t h e r m o g r a m s  m e r g e .  This  indicates  that the fine po re s  in Por t land  cement ,  when the l a t t e r  is 
mois t ened  with liquids whose molecu les  a re  l a r g e r  than those of water ,  become  comple te ly  f i l led during 
adsorp t ion  and no cap i l l a ry  condensat ion occurs  in them.  The volume f rac t ion,  r e la t ive  to wate r ,  of 
m i c r o p o r e s  with a radius  l a r g e r  than 20- 10 -1~ m,  is  l a r g e s t  in s lag cement  (Fig. 1). Accordingly ,  on the 
wa te r  t h e r m o g r a m  for  this spec imen  there  a p p e a r s  a dis t inct ly curved  segment  3-4 (Fig. 2b). This  s eg -  
men t  b e c o m e s  much s h o r t e r  for  s lag cemen t  mois tened  with methanol  and vanishes  en t i re ly  when s lag 
cemen t  is mois tened  with o ther  l iquids (curves 3b-6b) whose molecu les  have l a rge  effect ive d i a m e t e r s .  
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Fig. 2. Typical  desiccat ion t he rmograms :  a) Port land 
cement;  b) slag cement;  c) s l a g - P o r t l a n d  cement;  d) 
gypsum-a lumina  cement;  e) tobermor i t ic  cement;  f) 
h ighly-hydrated ea lc iumhydrosul foa luminate ,  moistened 
with water  (1), methanol (2), butanol (3), benzene (4), 
cyclohexane (5), heptane (6); difference between spec i -  
men tempera ture  and ambient  t empera ture  AT; testing 
time T. 

A s imi la r  t read is seen in the t he rm ograms  for  s l a g - P o r t l a n d  cement  (Fig. 2b), which in t e rms  of 
poros i ty  ranks intermediate  between the Port land and the slag grade.  Moreover ,  the volume fract ion of 
pores  with a radius l a rge r  than 10 �9 10 -1~ m is smal le r  in s l a g - P o r t l a n d  cement  than in slag cement  and is 
approximately  the same as in the least  porous Port land cement .  

Thus, a compar ison  between the shapes of the respect ive  t he rmograms  for  Por t land cement  and 
slag cement  indicates c lear ly  the effect of molecule size in the moistening liquid on the bond mechanism 
(capillary or  adsorption).  Slag cement  and s l a g - P o r t l a n d  cement  yields t he rmograms  of a lmos t  the same 
shape, on the other  hand, despite the much higher poros i ty  of slag cement  within the (30-200) �9 10 -1~ m 
range,  where capi l lary  condensation not only of water  vapor but a lso of other  vapors  whose liquid mole-  
cules are  much l a rge r  (cyclohexane with a d iameter  6.3 �9 10 -l~ m and n-heptane with a d iameter  6 .8 .10  -10 
m) is possible .  The difference between the t he rmograms  for  s l a g - P o r t l a n d  cement  and slag cement  is 
that in the la t ter  (when moistened with water) the 3-4 segment  becomes  somewhat  longer.  This difference 
may,  perhaps ,  be due to the higher  tobermor i te  content in slag cement,  the water  absorpt ion c h a r a c t e r i s -  
t ics here  being re la ted  to the c rys t a l  s t ruc ture .  

Tobermor i t e  c rys ta l s  a re  l amel la r .  For  this reason,  water  molecules  can penetrate  between tober-  
mori te  s tacks  and cause the corresponding lattice p a r a m e t e r  to increase  by 9.4- 10 -1~ m [7]. The absorp -  
tion of such a water  in te r l ayer  is ref lected on the water  adsorpt ion i so therm for  tobermor i te  by a c h a r a c -  
ter is t ic  ve r t i ca l  segment  at ~a = 0.35, which cor responds  to an effective pore radius also of about 10 - 10 -1~ 
m [4]. Although nuc l ea r -magne t i c - r e sonance  measu remen t s  have shown that the mobility of absorbed water  
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T A B L E  1. Mois tu re  Content  Leve l s  C o r r e s p o n d i n g  to C r i t i c a l  Poin ts  
on the De s i c c a t i on  T h e r m o g r a m s ,  and Adso rp t i on  C h a r a c t e r i s t i c s  of 
S p e c i m e n s  

Specimen Moistener 

M0istum Content 
[ level at critical 
Ipoints on thermo- 

l grarns, o1~ 

[ Wa W4 W~ 
/ 

Water 
[ Methanol 

Portland cement Butanol 
Benzene 
Cyelohexane 

IHeptane 
I Water 
| Methanol 

Slag cement t Butanol 
| Benzene 
| Cy e lohex ane 
JHeptane 
Water 
Methanol 

Slag-PortLand Butanol 
cement Benzene 

Cyc lohex ane 
Heptane 
Water 
Methanol,'. 

Gypsum Butanol 
- alumina Benzene 
cement Cyclohexane 

Calcium hy- Water 
drosulfo- Methanol 
alumlnate Butanol 
�9 Water �9 

Tot~rmorite Methanol 
Benzene 
Cyclohexan, 

7,7 7,0 6,6 
4,3 4 , 3  3,6 

2,7 2,4 
3,5 I 2,2 
1;8 0,8 
1 ,1  ] 0,8 

7,5 3,71 2,6 
4,6 2,4] 1,6 

2,21 1,1 
2,5 ] 1,2 
2,2 I 1,1 
1,5 I 0,9 

10,4 S,l I 6,2 
3,5 2,91 2,4 

1,7 I 1,5 
1,9 I 1,2 
1 , 8  I 0,8 
1,9 1,1 
),0 19,0 

~,4 1,4 3,1 
3,0 .),1 I 1,9 
6,7 4,3 2,5 
7,0 1,6 0,8 

- -  49,0 
13,2 4,2 
9,3 1,5 

9,5 4,8 2,7 
5,4 3,2 

2,,9 2,2 0,9 
2,5 1,2 

t Specific surface, 
m2/kg 

231 143 
i2~ - -  

57  
52 
21 
27 
91 77 
56 
26 
28 
28 
41 

217 168 
82 
36 
28 
21 
34 

665 160 
106 
45 
59 
21 

730 
143 
35 
95 

109 
21 
31 

Moisture capacity 
of monlaycr, basdd 
on adsorption 
therms, %, 

al I az 

143 4,2 4,2 

81 2 , 2  2,3 

157 4,8 4,5 

=r 
300 16,0 8,5 

i s  c l o s e r  to that  of a d s o r b e d  w a t e r  than to that  of c a p i l l a r y  w a t e r  [9], al l  the t h e r m o d y n a m i c  p r o p e r t i e s  of 
that  a d s o r b e d  c o r r e s p o n d  n e v e r t h e l e s s  to the c a p i l l a r y  bond m e c h a n i s m  [10]. I n a s m u c h  as  i n t e r l a y e r  wa te r  
e v a p o r a t e s  at  a cons t an t  bond  e n e r g y ,  this  e v a p o r a t i o n  is r e f l e c t e d  on the des i cca t i on  t h e r m o g r a m b y  a c h a r -  
a c t e r i s t i c a l l y  even m o r e  convex 3 -4  s e g m e n t  [11] (curve l e  in F ig .  2) than in the case  of s lag  c e m e n t  o r  
s l a g - P o r t l a n d  c e m e n t .  Molecu les  of  o the r  l iquids  do not  pene t r a t e  at  a l l  into the i n t e r l a y e r  s t r u c t u r e  of 
t o b e r m o r i t e  and,  t h e r e f o r e ,  no 3-4  s e g m e n t  a p p e a r s  on the c u r v e s  2e and 4e in F ig .  2. 

A s teep  s e g m e n t  on the adso rp t i on  i s o t h e r m  at  (p = 0.35, which is c h a r a c t e r i s t i c  of t o b e r m o r i t e ,  
a p p e a r s  a l so  on the i s o t h e r m s  for  s l ag  c e m e n t  and s l a g - P o r t l a n d  c e m e n t  (Fig. 1), bu t  it r e f l e c t s  only a 
p a r t  of the total  m i c r o p o r e  vo lume in these  s p e c i m e n s .  F o r  this r e a s o n ,  the t h e r m o g r a m s  fo r  these  
s p e c i m e n s  change  when wa te r  is r e p l a c e d  by  me thano l  but  not  as  much  as  in the c a s e  of pure  t o b e r m o r i t e .  

Ano the r  t r end  is  noted on the d e s i c c a t i o n  t h e r m o g r a m s  fo r  p u r e  c a l c i u m  hydrosu I foa iumina t e  and fo r  
expans ive  g y p s u m - a l u m i n a  cemen t ,  the l a t t e r  m a t e r i a l  con ta in ing  a p p r o x i m a t e l y  40% of the f o r m e r .  Ca l -  
c ium h y d r o s u l f o a l u m i n a t e  c r y s t a l s  r e t a in  w a t e r  by  r a t h e r  weak  c h e m i c a l  f o r c e s ,  and dur ing  des i cca t i on  
down to the f r ee  bond e n e r g y  leve l  of  0 .8-  106 J / k g  a r e  b r o k e n  up while a p p r o x i m a t e l y  23 wa te r  m o l e c u l e s  
a r e  r e l e a s e d  [12] with a c o r r e s p o n d i n g  vo lume reduc t ion .  Molecu les  of the l iquids o the r  than wa te r  c a n -  
not ,  of c o u r s e ,  en t e r  the c r y s t a l  l a t t i ce  of  c a l c i u m  h y d r o s u l f o a l u m i n a t e .  F o r  this r e a s o n ,  on t h e r m o g r a m s  
l d  and i f  in F ig .  2 taken fo r  g y p s u m - a l u m i n a  c e m e n t  and fo r  c a l c i u m  hyd rosu l foa lumina t e ,  r e s p e c t i v e l y ,  
t he re  a p p e a r  no 3-4  s e g m e n t s  at  a l l  which c o r r e s p o n d  to w a t e r  e v a p o r a t i o n  f r o m  m i e r o p o r e s ,  but  the re  
a p p e a r  long 6-7  s e g m e n t s  which  c o r r e s p o n d  to e v a p o r a t i o n  of weakly  c h e m i c a l l y  bonded wa te r  f r o m  c r y s t a l  
h y d r a t e s .  F o r  g y p s u m - a l u m i n a  c e m e n t  m o i s t e n e d  with any of  the o the r  l iquids ,  the 3-4  s e g m e n t s  appea r  
on the t h e r m o g r a m  but  not  the s t r a i g h t  6 -7  s e g m e n t s  at  the end of the cu rve .  The a p p e a r a n c e  of m i c r o -  
p o r e s  in g y p s u m - a l u m i n a  c e m e n t  is in this  c a s e  r e l a t e d  to the d ry ing  it  m u s t  unde rgo  p r i o r  to i ts  s u b s e -  
quent  m o i s t e n i n g  with a no t he r  l iquid.  P a r t  of  the c a l c i u m  h y d r o s u l f o a l u m i n a t e  c r y s t a l  h y d r a t e s  then b r e a k  
up and, as  a r e su l t ,  the vo lume of c a l c i u m  hyd rosu l foa lumina t e  in the c e m e n t  d e c r e a s e s ,  while m i c r o -  
p o r e s  a p p e a r  which b e c o m e  f i l led with a g iven l iquid o the r  than w a t e r  by cap i l l a ry  condensa t ion  and the 3-4  
s e g m e n t s  on the de s i c c a t i on  t h e r m o g r a m s  d in F ig .  2 c o r r e s p o n d  to these  m i c r o p o r e s .  
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It c l e a r l y  follows f r o m  this d i scuss ion  that, although the m a c r o s t r u c t u r e  of hydraul ic  cemen t  is  
r a t h e r  r igid,  the m i c r o p o r o u s  s t r u c t u r e  m a y  change much during in te rac t ion  with wa te r .  (Analogous con-  
cepts  have been developed in [14] for  the ana lys i s  of concre te  sett ing.)  It is ve ry  impor t an t  he re  that the 
des icca t ion  t h e r m o g r a m s  taken with va r ious  liquids r e f l e c t  these  changes  accu ra t e ly .  

The method of des icca t ion  t h e r m o g r a m s  is v e r y  sens i t ive  to the sorp t ion  c h a r a c t e r i s t i c s  of hydraul ic  
c emen t  with r e s p e c t  to va r ious  l iquids.  This  is  m o s t  c l ea r ly  seen  upon an ana lys i s  of the mo i s tu r e  content 
leve ls  at c r i t i ca l  points  4 and 5 on any des icca t ion  t h e r m o g r a m ,  which c o r r e s p o n d s  to the evapora t ion  
l imi t s  for  the adso rbed  liquid in m o n o l a y e r s  and po ly l aye r s  of b r i t t l e  gels  [1]. These  data a r e  given in 
Table  1. Table  1 a lso  l i s t s  the m o i s t u r e  content leve ls  al de t e rmined  f r o m  desorpt ion  i s o t h e r m s  at a r e l -  
a t i v e v a p o r  p r e s s u r e  ~p = 0.1, usua l ly  cons ide red  the boundary  level  for  an adsorp t ive  mono laye r  [15], 
and a lso  the m o i s t u r e  capac i t i e s  of an adsorp t ive  mono laye r  a 2 de t e rmined  accord ing  to the BET method.  
F o r  all  mo i s tu r e  p a r a m e t e r s  (al ,  a2, and W 5) we a lso  ca lcu la ted  the r e spec t i ve  speci f ic  su r face  of the solid 
phase  $1, S 2, and S 5 [6]. The a r e a  occupied by one molecule  of another  liquid was de t e rmined  here  a c c o r d -  
ing to the fo rmu la s  in [6]. 

An examinat ion  of these tabulated data r e v e a l s ,  f i r s t  of all,  a r egu l a r  d e c r e a s e  in the speci f ic  s u r -  
face S 5 of all  spec imens  as the liquid molecu les  b e c o m e  l a r g e r .  This  is p a r t i c u l a r l y  pronounced in the 
case  of f ine -porous  Por t land  cement  and to a l e s s e r  extent  but s t i l l  apprec iab ly  in the case  of c o a r s e -  
porous  s lag cement .  

Our value for  the speci f ic  su r face  S 5 with r e s p e c t  to benzene a g r e e s  c lose ly  with mos t  published data 
on the speci f ic  su r face  of cement  accord ing  to l o w - t e m p e r a t u r e  ni t rogen adsorpt ion  [16, 17] for  Por t land  
cemen t  and for  s l a g - P o r t l a n d  cement ,  but is app rox ima te ly  4-5 t imes  lower  with r e s p e c t  to wate r .  

The v e r y  l a rge  spec i f ic  su r face  of Por t land  cement  and s l a g - P o r t l a n d  cement  accord ing  to d e s i c c a -  
tion t h e r m o g r a m s  and adsorp t ion  i s o t h e r m s  for  spec imens  mois tened  with wa te r  cannot be explained by the 
smal l  s ize of wa te r  molecu les  alone (as was a t t empted  in [18, 19], for  instance)  or  by the effect  of c h e m o -  
sorpt ion  alone (as was a t t empted  in [20]). Phys ica l  adsorp t ion  is quite probably  aided he re  by var ious  
bond m e c h a n i s m s ,  among which a wa t e r  bond is eas i ly  b roken  up by c r y s t a l  hydra tes  (weakly chemica l ly  
bonded wa te r  [13]) and plays  an impor tan t  ro le .  Example s  a r e  g y p s u m - a l u m i n a  and pure  ca lc ium hy d ro -  
sul foaluminate ,  which yield ve ry  l a rge  spec i f ic  su r f ace s  S 5 with r e s p e c t  to wa te r  while containing a l m o s t  
no m i c r o p o r e s .  At the s a m e  t ime,  s lag cement  containing no gypsum and thus no ca lc ium hydrosu l fo-  
a luminate  y ie lds  a much s m a l l e r  spec i f ic  su r face  with r e s p e c t  to wate r .  La rge  amounts  of "unstable"  
hydra t ing  wate r ,  i . e . ,  wa te r  which together  with adso rbed  wate r  pa r t i c ipa t e s  in m a s s  t r a n s f e r  to the a m -  
b ient  medium,  have a l so  been r evea led  in Por t l and  cemen t  by n u c l e a r - m a g n e t i c - r e s o n a n c e  m e a s u r e m e n t s  
[21]. 

The effect  of weakly chemica l ly  bonded wa te r  (in c r y s t a l  hydra tes )  can a lso  be the r ea son  why the 
m o i s t u r e  capaci ty  of an adsorp t ive  mono laye r  as accord ing  to the BlOT method for  Por t land  cement ,  s lag  
- P o r t l a n d  cement ,  and espec ia l ly  for  g y p s u m - a l u m i n a  cemen t  does not match  with the mo i s tu r e  content 
level  W 5 cor respond ing  to c r i t i c a l  point 5 on the t h e r m o g r a m s ,  while for  s lag  cement  both values  come 
close  (see Table  1). The BET equation for  s lag cemen t  and for  s l a g - P o r t l a n d  cement  is sa t i s f ied  fo rma l ly  
only, m o r e o v e r ,  inasmuch  as the values  of p a r a m e t e r  C become  anomalous ly  high (above 400) and indicate 
cor responding ly  high values  of bond energy ,  which a r e  unconf i rmed  by d i r ec t  m e a s u r e m e n t s  [22, 23]. F o r  
g y p s u m - a l u m i n a  cement ,  on the other  hand, the tes t  points  on i s o t h e r m s  in Bt~T coordina tes  fi t  on a 
s t r a igh t  line, but p a r a m e t e r  C b e c o m e s  negat ive and this is phys ica l ly  absu rd  a l toge ther .  

Thus,  wa te r  absorp t ion  in hydraul ic  cemen t  d i f fe rs  s t rongly  f r o m  the adsorpt ion  of o ther  l iquids,  
owing to the sma l l  s ize of wa te r  molecu les  and the r e l a t e d - t o - i t " m o l e c u l a r  s ieve"  effect ,  and a lso  owing 
to the spec ia l  a n d p e c u l i a r - t o - w a t e r - o n l y m e c h a n i s m s  of bonding it to the solid phase  (weak chemica l  bond 
or  i n t e r l a y e r  absorp t ion  in a c r y s t a l  la t t ice ,  for  example) .  In o r d e r  to obtain sufficient  in format ion  about 
the po re  s t ruc tu re  and the speci f ic  su r face  of the solid phase  in hydraul ic  cement ,  t he re fo re ,  i t  is n e c e s -  
s a r y  to make  m e a s u r e m e n t s  with wa te r  and at l ea s t  one o ther  liquid. A nonpolar  liquid such as benzene,  
for  example ,  is be s t  used  as  that second kind of adso rba t e .  

The r e su l t s  of this study indicate that such m e a s u r e m e n t s  with two or  m o r e  liquids can be made on 
the s ame  appara tus  by the method of des icca t ion  t h e r m o g r a m s .  In a study of hydraul ic  cement ,  this 
method of fers  g r e a t  advantages  over  equi l ibr ium methods  in t e r m s  of a s h o r t e r  tes t ing t ime and thus the 
feas ib i l i ty  of examining the m a t e r i a l  s t r u c t u r e  dur ing i ts  ac tual  fo rma t ion  [22]. 
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