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PREFACE 

Since water i s  the most important agent commonly 
involved i n  problems of dimensions 1 change and de t e r i o r a  t i o n  
i n  bui ld ing  mate r i a l s ,  information on the equi l ibr ium 
moisture contents  of ma t e r i a l s  i s  of decided i n t e r e s t  i n  
bu i ld ing  science. The Divis ion  has cons t ruc ted ,  a s  repor ted  
e a r l i e r  i n  DBR I n t e r n a l  Report 133, a so rp t i on  balance f o r  
determinat ion of so rp t ion  isotherms. The a d d i t i o n a l  use of 
a  small  o p t i c a l  s t r a i n  gauge which can be read  through the  
g l a s s  wa l l s  of the appara tus  has permit ted simultaneous 
measurement of l eng th  ohange a t  var ious  equi l ibr ium moisture 
contents .  The anomalous behaviour of gypsum p l a s t e r  i n  some 
e a r l y  experiments l e d  t o  the  s t ud i e s  whioh a r e  now reported. 
These i n  t u r n  have drawn a t t e n t i o n  t o  the p o s s i b i l i t y  t h a t  
gypaum p l a s t e r  may l o s e  water of hydrat ion under indoor ol imate 
oondi t ions  of low r e l a t i v e  humidity, and f u r t h e r  s t ud i e s  a r e  
now i n  progress. 

Ottawa 
February 1959 

N.B. Hutcheon 
Ass i s t an t  Di rec to r  



MOISTURE SOR PTION MEASUREMENTS ON PLASTER 

Pe te r  M. Jones 

The nature  of the adsorpt ion  of water on p l a s t e r  a s  
previously determined and reported i n  DBR I n t e r n a l  Report No. 
133 (l) ,  was unusual and unexpected. The B.E.T. p l o t  was not 
l i n e a r  and, i n  add i t ion ,  the surface area ca lcu la ted  from the  
t e s t  r e s u l t s  was unusually large.  Both t he  isotherm and the  
corresponding dimensional change indica ted  t ha t  l a rge  changes 
occurred i n  t h e  narrow range of values of p/po betweon 0 and 

0.1, and again  when p/po of 0.8 was exoeeded. These r e s u l t s  
prompted specula t ion  regarding poss ib le  mechanisms which would 
account f o r  t h i s  behaviour af p l a s t e r ,  and consequently f u r t h e r  
work was  undertaken. 

The study described here was designed t o  .confirm the  
previous r e s u l t s  and t o  reveal  the  poss ib le  mechanism. Samples 
were prepared under normal condi t ions  of hydration, a s  wel l  a a  
under condit ions which, it  was thought, would produce coarse 
c r y s t a l s  .of low surface area.  

Apparatus and Sample 0 

The apparatus used was the same a s  t h a t  previously used, 
t h e  desc r ip t ion  and manner of operat ion of which have been 
repor ted  ( I ) .  Samples were prepared a s  described i n  t h e  following 
paragraphs. I t  should be ncted t h a t  the o r i g i n a l  cons t i t uen t s  
and manner of mixing were the  same i n  a l l  cases,  the d i f f e r ences  
being i n  the condit ions of s e t t i n g  and subsequent treatment.  

( a )  Unf ired'  "Hot" Sample 

This sample was prepared by adding 530 grams of po t t e ry  
p l a s t e r  t o  318 grams of d i s t i l l e d  water. Five seconds a f t e r  
add i t ion ,  the mixture was s t i r r e d  f o r  35 seconds, placed i n  
moulda, and allowed t o  s e t  a t  9S0c. The r e s u l t i n g  subatanoe was 
then removed and s tored  i n  a des icaa to r  a t  50 per  oent r e l a t i v e  
humidity f o r  1 month. 



( b  ) - Unf i r e d   old" Sample 

This  sample was prepared by adding 530 grams of p o t t e r y  
p l a s t e r  t o  318 grams of d i s t i l l e d  water.  F ive  seconds a f t e r  
a d d i t i o n  the mixture was s t i r r e d  f o r  35 seoonds. Thls  mixture 
was placed i n  moulds and allowed t o  s e t  a t  room temperature.  
It w a s  t h e n  removed and s t o r e d  i n  a  d e s i c c a t o r  a t  50 pe r  c e n t  
r e l a t i v e  humidity f o r  1 month. 

( c )  and ( d )  F i r e d  Samples 

P o r t i o n s  of t h e  "hot" and "coldv  samples were f i r e d  a t  
850 t o  9 0 0 ' ~  f o r  16 hours,  al lowed t o  cool,  and s to red  i n  a  
d e s i c c a t o r  over calcium c h l o r i d e  u n t i l  used. 

R e s u l t s  and Discussion - 
( a )  Unf i r e d  Sa 

Evacuation of adsorbed gases  from the  system r e q u i r e d  a 
l ong  time. During t h i s  evacua t ion  t h e  "hot" sample r a p i d l y  l o s t  
1 p e r  cent  of i t s  weight,  bu t  then remalnod unalt 'ered,  whi le  t h e  
"coldt t  sample showed a  cont inuous l o s s  over a  pe r iod  of t h r e e  
weeks u n t i l  i t  had l o s t  almost 20 p e r  cen t  of i t s  weight. These 
r a t e s  of l o s s  a r e  shown i n  Fig.  1. 

R e s u l t s  of t h e  water vapour a d s o r p t i o n  measurement a r e  
p l o t t e d  i n  Fig. 2, B0E.T. c a l c u l a t i o n s  were made on t h e s e  
samples and p l o t s  a r e  shown i n  F i  s. 3 and 4. The s u r  ace  a r e a s  

8 ?i c a l c u l a t e d  from t h e s e  p l o t s  a r e  1 6.1 rn2/g and 16.73 m /g f o r  the 
"cold'' and "hotl1 samples r e s p e c t i v e l y .  

I n  the case  of the  "cold" sample, the adso rp t ion  isotherm 
shows two p o r t i o n s  where a l a r g e  i n c r e a s e  i n  weights  occurs ,  
between 0  and 0.1 va lues  of p/po and when p/po of 0.8 i s  exceeded. 
The B0E.T. p l o t  does not  give a  s t r a i g h t  l i n e ,  but n e v e r t h e l e s s  
on c a l c u l a t i n g  t h e  su r face  a r e a  of the  sample a  very l a r g e  value 
i s  found, 166.1 m2/g. The su r face  a rea  of concre te  h a s  p rev ious ly  
been found t o  be 43 m2/g. P l a s t e r  i s  thought  t o  be i n  a c r y s t a l l i n e  
form when s o l i d ,  whereas conc re t e  i s  thought to be a g e l ,  and it 
would ha rd ly  be expected t h a t  a  c r y s t a l l i n e  s t r u c t u r e  would have 
a  l a r g e r  su r face  a r e a  t h a n  a gel .  

It i s  t h u s  p o s t u l a t e d  t h a t  the  measured i n c r e a s e - i n  
weight i s  no t  all p h y s i c a l  adsorp t ion ,  bu t  p a r t  chemisorption 
r e s u l t i n g  i n  hydrat ion.  This  thought i s  supported by a  c l o s e r  
s tudy  of the r e s u l t s .  Twenty p e r  cent  by weight of water was 
removed on degassing which corresponds t o  t h e  t h e o r e t i c a l  water  
of h y d r a t i o n  of 2 1  p e r  cent .  This  d i f f e r e n c e  i s  probably due 
t o  t h e  f a c t  t h a t  t h e  sample was n o t  pure CaSO4. 2H20. 



The l a r g e  inc rease  between 0 and 0.1 va lues  of p/po i s  

6 por cent  and appoarv t o  correspond w i t h  a  6.6 per  cent  inc rease  
i n  weight when anhydrous CaS04 i s  hydrated t o  ~aS04.1/2 H20. 

The second l a rge  increase  of 23 per  cent  when p/po value of 0.8 

i s  exceedod, appears  comparable wi th  complete hydra t ion  t o  
CaSO .2H 0 which produces 26 per  cent  increase  i n  weight. 4 2 

Thus it i s  pos tu la ted  t h a t  the i n i t i a l  inc rease  of 6 
per  cent  dur ing  adsorp t ion  corresponds t o  hydra t ion  from the  
anhydrous CaSO t o  t h e  hemihydrate CaS04.1/2 H20. Physical  4 
adsorp t ion  appears  t o  take p lace  on t h i s  m a t e r i a l  u n t i l  the 
second l a r g e  increase  occurs. It i s  thought t h a t  t h i s  corresponds 
t o  hydra t ion  from the hemihydrate t o  the  dihydrate .  

Ca lcu la t ions  and B.E.T. p l o t s  us ing  the  l i n e a r  form of 
the  equat ion  were m d e  on the  pos tu la ted  adsorp t ion  p o r t i o n  of 
t h e  curve, and a r e  given i n  F i  The approximate value of t h e  
sur face  a rea  was found t o  be 2%:b5i2/go which i s  a more r e a l i s t i c  
f i g u r e  when compared t o  the  value f o r  concrete .  

The dimensional change was very l a r g e  and was beyond t h e  
range of the extensometer. But i t  appears  t h a t  values obtained 
show the tendencies  exh ib i t ed  i n  t h e  weight change (Fig.  6 ) .  

I n  the case of the  "hotw sample, sepa ra te  experimentat ion 
by f i r i n g  shovred t h a t  the o r i g i n a l  sample contained 2.54 per  cen t  
t o t a l  water content  and so  was not i n  the form of the hemihydrate. 
During the degassing per iod  t h e  sample l o s t  1 per cent  by weight 
and re-adsorbed t h i s  on adsorpt ion ,  but i t  showed no tendency t o -  
hydrate  a s  d i d  the  "cold1' sample. 

No dimensional change was made on the  "hot" sample. 

F i red  Samples 

It was hoped t h a t  these  samples would have d i f f e r e n t  
s t r u c t u r e s  and t h a t  they would be s u i t a b l e  f o r  pure adsorp t ion  
measurements without any hydration. The isotherms a r e  given 
i n  Fig,  7 and the dimensional change r e s u l t s  i n  Fig. 8. I t  i s  
seen t h a t  the adsorp t ion  i s  very  small  indeed. No B o E o T o  
c a l c u l a t i o n s  were made and so no surface a rea  measurements were 
poss ib le ,  The dimensional changes a r e  a l s o  of a  very small 
order.  



Conclusions - 
It i s  apparent t h a t  t h e  adsorpt ion  c h a r a c t e r i s t i o s  of 

p l a s t e r  cannot be s tud ied  i n  t h i s  apparatus ,  beoause of the 
decomposition t h a t  occurs a t  high vacuum. It i s  pos tu la ted  
t h a t  during vacuum drying and subsequent exposure t o  inc reas ing  
huniidit i e s  i n  1;he t e s t  appara tus  i t  dehydrates  and then rehydra t e s  
i n  t h r e e  s t ages :  

( 1) hydra t ion  t o  hemihydrate CaS04.1/2 H20 

( 2  ) physioa l  adsorp t ion  on t h e  hemihydra t e  

( 3 )  hydra t i o n  t o  the d ihydra te  CaS04.2H20. 

The "hot" sample shows no tendency t o  hydrate ,  which r a i s e e  t h e  
fol lowing quest ions:  

(1) what i s  t h e  c o n a t i t u t i o n  of t h i s  ''hotW p l a s t e r ?  

(2  ) why does no hydra t i o n  take  place? 

The f i r i n g  of the samples d id  n o t  produce samples on which t h e  
pure adsorp t ion  isotherms could be measured but  produced samples 
which had undergone phys ica l  changes r e s u l t i n g  from e i t h e r  f u s i n g  
of the samples, which gave low surface  a rea  or  some other  a o t i o n  
which rendered t h e  samples i n e r t  t o  water adsorpt ion.  
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0 COLD SAMPLE 

HOT SAMPLE 

FIGURE 2 

MOISTURE SORPTION ON PLASTER SAMPLES 





FIGURE 4 

B.E.T. PLOT ON "COLD" PLASTER (ASSUMING NO 

HYDRATION) USING ADSORPTION CURVE. CALCULATED 

SURFACE AREA = 166.1 m2/g - - 



FIGURE 5 

B.E.T. PLOT ON "COLD" SAMPLE ( ASSUMING HYDRATION 

OCCURS). CALCULATED SURFACE AREA = 28.42 m / 
-9- 





0 FIRED COLD SAMPLE 

@ FIRED HOT SAMPLE 

FIGURE 7 

ADSORPTION O F  WATER VAPOUR ON FIRED P L A S T E R  

SAMPLES 



DIMENSIONAL CHANGE OF FIRED COLD PLASTER 

SAMPLE 


