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ABSTRACT

A lum ina (M ERK) w as soaked w ith  w a te r. The trip le  point tem pera ture  of w ater, 
which is condensed in alum ina w as observed. It has been found 11°C below  the bulk 
w ate r tem perature  m easured by therm al analysis m ethod. The m ean radius of pore of 
alum ina has been calcu lated as 43 A° from  the trip le  point depression of the capillary  
condensed w a te r. Using th is value, the activation tem perature  of alum ina has been  
calculated as 580 K under the atm ospheric pressure.

ÖZET

Aiüm ina (M ER K ) su ile iy ice doyurulm uştur. A lum inada kondense olan suyun üçlü 
nokta sıcaklığ ı tayin ed ilm iş tir. Bu sıcaklık  term al analiz yöntem iy le  norm al suyunkin-
den 11°C daha aşağıda bulunm uştur. K ap ilerlerde yoğunlaşan suyun üçlü nokta düş­
m esinden aiüm ina gözeneklerinin orta lam a yarıçap ı 43 A° olarak hesaplanm ıştır. Bu 
değer ku llanılarak normal a tm osfer basıncı altında alum ünanın aktivasyon sıcaklığı 
580 K olarak hesaplanm ıştır.

IN TR O D U C TIO N

The q u an tity  of adsorbed and cap illa ry  condensed m a te ria ls , on the  
porous adsorbents  can be found g ra v im e tric a lly  and v o lu m e tric a lly . The  
s tru c tu re  of porous adsorbents  and the phase change o f cap illa ry  con­
densed liquid can be exam ined . The surface  area of adso rbent can be 
found from  the  m onom olecu lar layer cap ac ity  m easu rem en ts  [ 1 ] .  Furt­
h erm o re , the  m ean pore radius of adso rbent can be calcu lated  fro m  the  
tr ip le  point depress ion  of the  cap illa ry  condensed w a te r  [ 2 ] .

By th is  study, the  m ean pore radius, and the  activa tio n  te m p e ra tu re  
of alum ina have been d eterm in ed .

EXPERIM ENTAL

Th trip le  point te m p e ra tu re  of cap illa ry  condensed w a te r  in alum ina  
has been in vestig ated  by the th erm al analys is . A fte r  the  alum ina - w a te r  
system  w as cooled dow n to — 170°C , it has been h eated  s lo w ly  in the  
th e rm al analys is  apparatus. The te m p e ra tu res  w e re  read from  the  po-
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te n tio m e te r  w h ich  is ca lib ra ted  to te m p e ra tu re  against p.V and A t tim e  
in te rva ls  (req u ired  fo r ris ing the te m p e ra tu re  fo r each 100 p,V) w as  
read from  the ch ro n o m eter. The th erm al analysis  curve fo r low  te m p e ­
ratures of a lum ina - w a te r  system  is show n in Fig. 1. The trip le  po int 
te m p e ra tu re  of th e  w a te r  w hich  is condensed in a lum ina w as read as 
— 11cC, be low  the bulk w a te r  te m p e ra tu re  as can be seen from  the  
m axim um  point in Fig. 1.

Fig. 1. Therm al analysis curve.

C O N C L U S IO N

In lite ra tu re  th e re  are tw o  equations w h ich  give the  re la tio n  b e t­
w e e n  th e  m ean cap illa ry  radius of porous adso rbent and the  tr ip le  po int 
d epress ion  o f c ap illa ry  condensed liquid .The f irs t  equation w h ich  is e m ­
p iric a lly  derived  as [ 3 ] .

T — To — 21 V s pr1’9— V 5or5
A H f To ( D

The second w h ich  is th e o re tic a lly  derived  and is g iven as [ 4 ]

To A H f r
In th ese  equations T0 and T rep resen t the tr ip le  po int te m p e ra tu res  of 
the bulk and cap illa ry  liquid res p e ctive ly , and r is the m ean radius of
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c ap illa r ie s . A lso , A H f is th e  m olar h eat of fusion; V  and V s are th e  m o lar  
vo lum es of liqu id  and solid  res p e c tive ly ; a '9 and a"9 a re  th e  surface  
tension  o f th e  liq u id -g a s  and s o lid -g a s  in te rfa c e , res p e c tive ly , and 
c*s 1 is the  su rface  tension  o f s o lid - l iq u id  in te rfa c e . A ll th e se  q u an tities  
should be a t 273 K. The corresponding values  [ 4 ]  a t 273 K are

V  =  18.05 cm 3 m o l'1 ; V 5 =  19.62 cm 2 m o l'1

a 9 =  75.7 dyne mol '; a ! ° = 1 0 0  dyne c m '1,

AH, =  6012 x  107 reg m o l'1

The trip le  po int te m p e ra tu res  of bulk and cap illa ry  w a te r  has been found  
as T0 =  273 K and T =  262 K res p e ctive ly . If the values are su b stitu ted  in 
Egs. 1, 2, th e  average radius of cap illa rie s  in a lum ina w e re  calcu lated  as 
47 A° and 38 A° res p e ctive ly . The a rith m e tic a l average is 43 A°. This is 
taken as th e  m ean radius of the cap illa rie s  in a lum ina.

It w as assu m ed  th a t activa tio n  te m p e ra tu re  of adso rbent is equal to  
the  vap o rizatio n  te m p e ra tu re  of w a te r  condensed in th e  cap illa rie s  of 
adsorbents . A ccord ing  to th is  assum ption , if the  vapo rizatio n  te m p e ra tu re  
of cap illa ry  condensed w a te r  in a lum ina could be ca lcu la ted  the activa tio n  
tem p era tu re  of a lum ina w ould have been d eterm in ed .

The h e a t of vapo rizatio n  of w a te r  [ 4 ]  depends on the te m p e ra tu re  as 
fo llo w s

A H V =  a -  bT =  5 0 5 6 0 -2 7 .2 2 5  T [ J m o l1] (31
The vapo rizatio n  te m p e ra tu re  of w a te r  condensed in cap illa rie s  w ith  the  
m ean radius r can be ca lcu la ted  under the  a tm ospheric  pressure  p from  
the fo llo w in g  equation [ 4 ] .

f (T) =  a R ln J 2 ^ / I L + P .  =  0 
p

(4 )

H ere  a '9 is the  surface tension  of the l iq u id -g a s  in te rfa c e  at the  vapo­
rization  te m p e ra tu re  of cap illa ry  condensed w a te r  T, R is the gas constant. 
The values of th ese  q u an tities  are given as,

R =  8 .314x107 erg m o l'1 K '1 ; T0 =  373 K

r =  43x 1 0 ‘3 cm ; p =  1.013x10* dyne c m '2

If the  te m p e ra tu re  and surface tension  pairs in serted  in Eq. 4 succesfu lly  
the value  of f (T )  can be ca lcu la ted  w ith  p o s itive  and negative  sign. The  
graph of th e  values o f f (T )  ag a in s t the  te m p e ra tu re  is show n in Fig. 2. 
The te m p e ra tu re , satis fy in g  Eq. 4 can be read from  s tra ig h t line a t the  
point f (T ) = 0  as 580 K.
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— TLKJ
Fig. 2. Graph of f (T) versus tem peratu re .

This value  is in a g re e m e n t w ith  the exp erim en ta l resu lts  w h ich  are  
given near the 537° K. As a res u lt it can be proposed th a t th is  can be a 
procedure fo r th e  calcu lation  of th e  activa tio n  te m p e ra tu re  o f porous  
m ateria l.
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