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Studies  of water i n  a l l  i t s  phases c o n s t i t u t e  an 
important p a r t  of the laboratory  s tud i e s  of the  Division 
of Building Research. So important is  t h i s  work t h a t  a 
small group within the  Building lt laterials Sect ion of the  
Division is  devoting a l l  i t s  time t o  t h i s  one subject ,  
the  r e s u l t s  of t h i s  work being appl icable  t o  more prac- 
t i c a l  s t ud i e s  of various bui ld ing mater ia ls .  

This t r a n s l a t i o n  descr ibes  solre s i g n i f i c a n t  work in 
r e l a t i o n  t o  the depression of the  freezing-point  of water 
when adsorbed i n  various mater ia ls .  Piany s tud i e s  have 
been made of t h i s  subject  with the  ob jec t  of r e l a t i n g  the  
e f f e c t  of pore s t r u c t u r e  t o  the  phenomenon. In t h i s  work 
the  depression of the  melting-point of water adsorbed 
s i l i c i c  ac id  gel ,  pernlulite and ion exchange r e s i n  IR-45 
w a s  inves t igated with a d i f f e r e n t i a l  calorimeter .  

The s i g n i f i c a n t  r e s u l t s  obtained a r e  thought t o  be 
of i n t e r e s t  not  only t o  workers i n  t h i s  Division but  t o  
o thers  concerned with t h i s  i~npor tant  aspect  of the  
p roper t i es  of water. The t r a n s l a t i o n  is, therefore ,  
published by the  Division i n  i t s  regu la r  s e r i e s  as a 
f u r t h e r  contr ibut ion t o  bui ld ing science i n  Canada. 

O t t a w a  R.F. Legget 

February 1962 Director  
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TIIE IJELTING-POZ\IT DEPRESS I O N  OF l.JAPITEI'I 

IN SORBED STATE 

The author has reported on severa l  occasions t h a t  the  

f a c t o r s  con t ro l l i ng  the  depression of the  melting-point of adsorbed 
mater ia l  a r e  the  pore s i z e  d i s t r i bu t ion ,  the  nature and the  
quant i ty  of mate r ia l  adsorbed. The ob jec t  of the  present  experi- 
ments w a s  t o  inves t iga te  the  changes i n  the  melting-point of the  
adsorbate when the  adsorbent was subjected t o  radioact ive  rays  
which cause changes i n  the  condit ions of i t s  surface.  

A s  adsorbate,  water w a s  used, the  adsorbent being s l l i c i c  ac id  
gel ,  pernlutite, and ion exchange r e s i n  amberl i te  IR-45. A s  the  
source of rad ioac t ive  rays cobal t  60 was used. Water w a s  adsorbed 

by exposed and unexposed mater ia l ,  and the  melting-point of water 
i n  the  adsorbed s t a t e  w a s  measured by a d i f f e r e n t i a l  calorimeter .  
The r e s u l t s  d f f f e r ed  depending on the adsorbent. However, the 
experimental values showed good agreement with the  t h e o r e t i c a l  ones, 
which were obtained using our equation r e l a t i n g  the  depression of 
the  melting-point of water t o  the  s i z e  of the  pore and the  amount of 

adsorbed water. 

1. Introduction 

S i l i c i c  ac id  gel ,  permutite and ion exchange r e s i n  arnberlite 
IR-45 a r e  a l l  good adsorbents; v~hen water 13 adsorbed the phenomenon 

of depression of the  melting-point of water can be observed. 
However, the  ex ten t  of depression depends on the  pore s i z e  d i s t r i b u -  
t i o n  of the adsorbent. Thus, i f  changes a r e  introduced i n  the  pore 
s i z e  d i s t r i b u t i o n  of these  c a p i l l a r i e s  by sorne rneans, it seer113 
reasonable t o  assume t h a t  the re  w i l l  be a change i n  the  melting- 
po in t  of water adsorbcd by the  adsorbent. The present  repor t  i s  

concerned with the  melting-point of water i n  the adsorbed s t a t e  
~~11ich vras rrleasured by means of a d i f f e r e n t i a l  calorirrietcr. S i l i c i c  
ac id  gel ,  perniutite and ion exchange r e s i n  amberl i te  IK-45 were 
exposed t o  s t rong ganlrna rays of coba l t  60. The r e s u l t s  frorn the  



exposed n ia ter ia l  werc cor~lpared t o  those from unexposed mate r i a l .  

Comnlercially a v a i l a b l e  s i l i c i c  a c i d  ge l ,  permuti te  and amber- 

l i t e  IR-45 were d r i e d  i n  an  a i r  d rye r  a t  l l o O ,  130° and go0 f o r  

approximately 6 hours, r e spec t ive ly .  They were then sea led  i n  

s eve ra l  g l a s s  tubes and used as une,qosed n ~ a t e r i a l .  Sonie of these  

tubes were placed near  a source of coba l t  60 i n  sea led  g l a s s  tubes  

and were exposed t o  t he  ganlrna rays  f o r  48 hours a t  10000 r-unit/min. 

This w a s  used as exposed mate r i a l .  
For the  exposed and unexposed n la ter ia l  thus  prepared adsorpt ion  

isotherrns a t  O°C were obtained us ing  benzene adsorbate .  From these  

isotherms the  pore s i z e  d i s t r i b u t i o n  f o r  each adsorbent  w a s  ca lcu-  

l a t e d .  These a r e  shown i n  F ig .  1 t o  3. 
In Fig.  1, the  maximum p o i n t s  show good agreement i n  exposed 

and unexposed cases;  however, t h e r e  a r e  d i sc repanc ies  i n  o the r  

p a r t s .  In Fig.  2, t he r e  i s  a s m a l l  d iscrepancy even a t  t he  maxinlum 

po in t s .  In  Fig.  3, one no tes  a marked in f luence  a t  the  maxirnun~ 

po in t  due t o  exposure. It appears  reasonable t o  assume t h a t  t he r e  

w i l l  be  a d i f f e r ence  i n  melt ing-points  i f  a substance i s  adsorbed 

by unexposed and exposed ma te r i a l  wlth d i f f e r e n t  pore s i z e  d i s t r i b u -  

t i o n  even i f  t he  adsorbate  i s  t h e  same and i s  adsorbed i n  equal  

amounts. Thus, approxi~nate ly  an  equal  amount of water was allowed 

t o  be adsorbed by unexposed and exposed adsorbents ,  and t he  melting- 

po in t  of t h i s  water w a s  measured by means of a d i f f e r e n t i a l  
ca lor imeter .  The s t r u c t u r e  of t he  ca lo r imete r  which vias used i n  

t he  p resen t  experiments i s  shown i n  Fig. 4. 
A and B a r e  both ve s se l s  made of copper; t he  upper po r t i ons  

a r e  connected by fused g l a s s  c a p i l l a r i e s .  Equal amounts of adsor- 

bent  a r e  introduced i n t o  these  con ta ine r s ,  A and B, through C and D. 

Af te r  i n s e r t i n g  thermocouples 11: and F', as shown i n  t he  f i gu re ,  they  

a r e  evacuated through G, IT and I. IText, s i l i c i c  a c i d  ge l ,  pc r r~ lu t i t e  

and mlbe r l l t e  II-i-45 were heated t o  1 1 0 ~ C ,  130°C and 30°C, respec- 

t i v e l y ,  by means of h e a t e r  J. The evacuatrion b r a s  c a r r i e d  ou t  f o r  



approximately 6 hours t o  a hlgh vacuum, After  being res to red  t o  
room temperature, a cooling agent of a mixture of dry  i ce  and 
methanol w a s  introduced i n t o  the  Dewarts vessel ,  K, the  ca lor imeter  
w a s  cooled from outside,  and the  temperature ins ide  A and B was 
lowered t o  approximately -60°C. The t e s t  mate r ia l  ins ide  A and B 

w a s  heated by means of hea t e r  J, maintaining a d i f fe rence  i n  temper- 
a tu re  between A, B and the  hea t e r  J as c lose  as poss ib le  t o  3OC. 
No. 0 i n  Fig. 5-7 shows the  d i f fe rence  between the  temperatures of 
vessels  A and B, i . e .  the  d i f f e r e n t i a l  temperature corresponding t o  
the  temperature of e i t h e r  A o r  B. Next, a known quant i ty  of water 
is  allowed t o  be adsorbed by the  adsorbent i n  e i t h e r  A o r  B. The 
system is  then cooled t o  approximately -60°C and heated i n  the  same 
way as before. This gives the  d i f f e r e n t i a l  temperature curve No. 1. 

The temperature a t  the  maximum of t h i s  curve i s  the  melting-point of 
water In the  adsorbed s t a t e .  Similar  procedures were repeated with 
d i f f e r e n t  amounts of water. The r e s u l t s  a r e  curves No. 2 and No. 3,  

3. Results  and Discussion 

Fig. 5 ( 1 )  and ( 2 )  resemble each o ther  except f o r  curve No. 1. 

This shows t h a t  t he re  i s  hardly  any e f f e c t  due t o  exposure. Fig. 6 
( 1 )  and ( 2 )  show t h a t  the  maximum poin t  s h i f t s  t o  the  l e f t  due t o  
exposure. In  Fig. 7 ( 1 )  and ( 2 )  the  m a x i m u m  po in t  s h i f t s  t o  the  
r i g h t  due t o  exposure and the  slope of the  curves increases.  This 
could ind ica te  poss ibly  a change i n  the  pore s i z e  d i s t r i b u t i o n  due 
t o  exposure keeping i n  mind t h a t  the  melting-point of adsorbed water 
i s  lowered with the  decrease In the  rad ius  of the  c a p i l l a r i e s ,  
However, i n  the present  paper, i n  order  t o  t r e a t  the  phenomenon i n  
a quan t i t a t i ve  way, the  curve r e l a t i n g  r2 A q / A r  and r, i . e .  t he  
r e l a t i o n  between the  amount melted and radius ,  w a s  obtained as i n  
the  previous r epo r t s  (2-4). These a r e  shown i n  Fig. 8-10. In  the  

case of s i l i c i c  ac id  g e l  In Fig. 8, the  maximum poin t  appears a t  
the  same place i n  exposed and unexposed material ;  the  curves a r e  
similar. Thus, it resembles Fig. 5 ( 1 )  and ( 2 ) .  In  the  case of 
perrnutite i n  Fig. 9, the  maximum point ,  which e x i s t s  i n  the  case of 



unexposed mater ia l ,  disappears with exposure. Thus, t h i s  means 
t h a t  the  maximum point  i n  Fig. 6 ( 2 )  continues t o  s h i f t  t o  the l e f t .  
In  t he  case of amberl i te  IR-45 i n  Fig. 10, the  maximum poin t  be- 
comes marlcely higher due t o  exposure and a t  t he  same time s h i f t s  
i n  the d i r ec t ion  i n  which r decreases.  On the  bas i s  of t h i s  the  
increase  i n  s lope and the  s h i f t i n g  of t he  maximum poin t  t o  the  
r i g h t  i n  Fig. 7 ( 2 )  can be explained. Since the re  has been a 
change in the  r e l a t i o n  between r2  . Aa/~r  and r due t o  exposure, as 
w a s  sl~own above, t h e o r e t i c a l  values of the  melting-point based on 
the  equation r e l a t i n g  the  depress ion . in  melting-point ( A T )  t o  t h e  
amount adsorbed ( a )  were ca lcu la ted  i n  the  same way as shown i n  
previous repor t s .  These were compared with experimental values and 
shown in Table I. It is observed t h a t  the re  is  a good agreement 

between the  experimental values and the  t h e o r e t i c a l  values. The 
radius,  r, shown i n  the  t ab l e  i s  the  one trhich has been used i n  
ca lcu la t ing  t h e  melting-points and corresponds t o  t he  maximum 
amount of water melted. With d i f f e r e n t  amounts of adsorbed water 
the  melting-point a l s o  changes. This i s  evident  i n  t he  t ab le .  
Further,  t he  t a b l e  shows tha t ,  even i n  the  same adsorbent, the re  i s  
a marked change i n  melting-point even f o r  the  same adsorbed amount 
depending on whether the  adsorbent had been exposed t o  ganma rays  
o r  not. The f a c t  t h a t  the re  i s  a good agreement between the  theo- 
r e t i c a l  values thus obtained and observed values means t h a t  i t  i s  
poss ible  t o  expla in  the  change in melting-point with respect  t o  
each adsorbent by the  app l ica t ion  of t h e  melting-point depression 
equation, taking i n t o  account t he  pore s i z e  d i s t r i b u t i o n  of t he  
adsorbent both i n  exposed and unexposed cases. It can a l s o  be s a id  
t h a t  the  above experimental evidence confirms the  melting-point 
depression equation mentioned i n  previous r epo r t s  based on the  
theory of c a p i l l a r y  condensation. 

The author wishes t o  express h i s  apprecia t ion t o  D r .  Masaichiro 
Sa i to  f o r  h i s  generous ass i s tance .  

( ~ p r .  1959, Nippon Kagaku-Kai 12th year  l ec tu re  ) 
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