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An examination is made of the influence of the structural charac~ 
teristies of porous adsorbents on the process of removal of paraffin 
binder from thermoplastic systems. 

The study of contact  mass  t r a n s f e r  between ce ramic  
in te rmedia te  products  (steati te ,  e tc .  }, and adsorbent  
subs t ra tes ,  involves the invest igat ion of the actual 
s t ruc tu re  of the porous adsorbents  and its role  in the 
p r o c e s s  in question. 

At p r e sen t ,  our information on this  point is meager~ 
and indica tes ,  in one case ,  that the maximum value 
of the b inder  f rac t ion  escaping into the adsorbent  may 
be 23% of the ini t ia l  amount in the cast ing [1]. E l s e -  
where  it is suggested that this  f rac t ion may be 5-10% 
[2, 3]. We note, a l so ,  that in [1] a definite connection 
is postula ted between the ra te  of the p r o c e s s  and the 
amount of b inder  absorbed,  on the one hand, and the 
sorpt ion p r o p e r t i e s  of the subs t ra te  m a t e r i a l ,  on the 
other .  However,  it is  proposed  to re la te  the absorb -  
ing power of the adsorbent  to the in tegrated pore  
volume. 
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Fig. 1. Curves of removal of 
indus t r i a l  binder  at constant  
medium t e m p e r a t u r e  of 373 ~ K 
on ce r amic  subs t ra t e s :  1) a l -  
umina with W = 40%; 2, 3, and 
4) faience with W of 17, 14 and 
11%, r e spec t ive ly ;  5) chamotte 
with W = 17%. Specific mass  
content u in kg/kg,  t ime  T in 

min.  

The c e r a m i c  s labs  (faience, chamotte ,  alumina,  
z i rconium,  e t c . )  used as adsorbent  subs t r a t e s  a re  
c a p i l l a r y - p o r o u s  bodies .  F rom analogy with known 
ideas  about the fo rms  of the moi s tu re  band during 
p a s s a g e  of liquid b inder  from a cas t ing to an a d s o r -  
bent ,  we may assume the p re sence  in the l a t t e r  of 
adsorp t ion  and cap i l l a ry  bond fo rces  between liquid 

and adsorbent .  A cer ta in  amount of b inder  is re ta ined  
by the m a t e r i a l  like wetting mois tu re  [4, 13, 14]. 
According to the ideas developed in [4, 10], the 
m a c r opo r e s  of the body are  ass igned mainly the role  
of paths along which the substance being adsorbed is 
t r anspor ted  f rom the ouside medium to the m i c r o -  
pore  surfaces .  Of course ,  according to the ease  
examined,  the division into m i c r o -  and m a c r o p o r e s  
should be correspondingly  different.  

We set up exper iments  whose aim was,  f i r s t ,  to 
explain the influence of the in tegrated poros i ty  of the 
subs t ra te  on the intensi ty of the p r o c e s s ,  and, second, 
to determine  the dependence of the p r o c e s s  of ab- 
sorpt ion of an indust r ia l  binder  on the adsorbent  
structure. 

The first series of tests was conducted in a ther- 

mostatic chamber at T = 373 ~ K with substrates of 
the following porosity: alumina--40%, faience--ll, 
14, and 17%, chamotte--17%. On each substrate we 

made five castings of SK-I slip. To determine the 
kinetics of binder removal from the castings, the 
latter were removed successively from the substrates 
and a determination was made of the mass content of 
paraffin binder in the parts. If the amount of binder 

removed by the alumina substrate is assumed to be 
100%, then the amounts removed on the other sub- 

strates are as follows: faience 76, 86, 95; chamotte 
56% (Fig. i). The results of the tests show that the 

amount of binder removed by the alumina substrate 

considerably exceeds that for the faience substrates, 

in spite of the large difference (several times) in 
integrated porosity. Again, at the same porosity of 

faience and chamotte s labs  (W = 17%), the amount of 
b inder  removed by the fo rmer  is  g r e a t e r  by a fac tor  
of 1.7. Thus,  the tes ts  have not es tab l i shed  a quanti-  
ta t ive re la t ion  between the total  poros i ty  of the ad- 
sorbent  and the amount of binder  absorbed.  

The study of the porous s t ruc ture  of bodies  usual ly  
reduces  to obtaining the dif ferent ia l  curve of pore  
volume dis t r ibut ion  in t e r m s  of rad ius  [5]. For  c e r a -  
mic m a t e r i a l s  the method of m e r c u r y  po rome t ry  is 
quite r e l i ab l e ,  and allows one to obtain the des i r ed  
c h a r a c t e r i s t i c  of the bodies  over  a wide range of 
var ia t ion  of pore  s i z e - - f r o m  tenths to tens of mic rons  
[6, 7, 12]. Tes t s  were  conducted on the subs t r a t e s  
under invest igat ion with the aid of a m e r c u r y  po ro -  
m e t e r  using a technique analogous to that desc r ibed  
in [8-10].  The r e su l t  was curves  of volume poros i ty  
V on applied p r e s s u r e  p. The d i f ferent ia l  curves  of 

pore  volume dis t r ibut ion  in t e r m s  of effective radius  
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a r e  g iven  in Fig .  2a. The to ta l  vo lume o r  p o r e s  in 
any s ec t i on  f r o m  r 1 to r 2 was  d e t e r m i n e d  as  

Vi = i! ~ D(r) dr. (].) 
r~ 

It m a y  be  s een  f r o m  Fig.  2a that  fo r  f a i ence  s l abs  
the  c u r v e s  exhib i t  a m a x i m u m  c o r r e s p o n d i n g  to p o r e  
s i ze  of r e f  = 0 .2  # ; f o r  an a lumina  s u b s t r a t e  Dmax(r )  
c o r r e s p o n d s  to r e f  = 0 .3  # ,  and,  f i na l ly ,  fo r  chamot t e  
r e f  = 0 .14  # .  We note tha t  fo r  chamot t e  and a lumina  
s u b s t r a t e s ,  as  i s  s een  f r o m  Fig.  2a ,  the p r e s e n c e  
of a second  m a x i m u m  m a y  b e  a s s u m e d  in the  r e g i o n  
r e f  -< 0 .06 # .  The r e s u l t s  of p r o c e s s i n g  the c u r v e s  
a r e  p r e s e n t e d  in the  t ab le .  

F o r  conven ience  of c o m p a r i s o n  of the p o r o s i t y  
v a l u e s  ob ta ined  by  expos ing  the s p e c i m e n s  in w a t e r  
( acco rd ing  to the  me thod  of [11]) with those  d e t e r -  
m i n e d  by  the above me thod ,  the  f o r m e r  w e r e  s c a l e d  
to the va lue  

v' = w (vo/v~). (2 )  

It m a y  be  s een  f r o m  the c o m p a r i s o n  that  f o r  
f a i e nce  s p e c i m e n s  the  p o r o s i t y  v a l u e s  ob ta ined  by the 
two me thods  a g r e e  with su f f i c ien t  a c c u r a c y  (Vf - 

V'f) .  F o r  the  a lumina  s p e c i m e n ,  V a = 0 .64  Wa ,  
and fo r  the  c h a m o t t e  V e = 1 .24  V c .  These  f ac t s  p e r -  
m i t  us  to p r e d i c a t e  the  p r e s e n c e ,  fo r  a lumina  s p e c i -  
m e n s ,  of  a c o n s i d e r a b l e  vo lume  of p o r e s  with r < 
< 0 .06  # ,  and the p r e s e n c e  at  the  s a m e  t i m e  of c l o s e d  
p o r e s  fo r  the c h a m o t t e  s p e c i m e n s .  Ev iden t ly  the  
l a t t e r  p r o v e d  to  be i m p e r m e a b l e  to o r d i n a r y  p e n e -  
t r a t i o n  of l iqu id  (dur ing a b s o r p t i o n  of w a t e r ) ,  but  
m e r c u r y  p e n e t r a t e s  into t h e s e  p o r e s  at  a p r e s s u r e  up 
t o p g  1 2 7 5 .  104N/m 2. 

Re tu rn ing  to F ig .  1, we sha l l  ana lyze  the  con tac t  
m a s s  t r a n s f e r  p r o c e s s  wi th  a l lowance  f o r  the s t r u c -  
t u r e  of the  a d s o r b e n t  s u b s t r a t e s .  I t  fo l lows f r o m  the 
t ab l e  tha t  in the  s ec t i on  r = 0 . 1 - 0 . 6  # the l a r g e s t  
p o r e  v o l u m e  is  c h a r a c t e r i s t i c  of  the  a l u m i n a  s p e c i -  
men  (Va(i) = 0 .240 cm3/em3),  fo l lowed by  the f a i ence  
s p e c i m e n s ,  (Vf(i) = 0 . 2 3 8 - 0 .  170 cm3/cm3),  and f i -  
n a l l y  the  chamo~te ,  (Vc(i) = 0. 088 cm3/em3) .  At the  
s e c t i o n  r = 0 . 1 - 0 . 4  ~ ,  i h ' w h i e h  D m a x ( r  ) i s  loca ted ,  
the  ohamot t e  s p e c i m e n  has  m i n i m u m  p o r e  vo lume  
(Fig .  2a and the  t ab le ) .  On the  o t h e r  hand,  the a b i l i t y  
of  the  s l a b s  to  a b s o r b  p a r a f f i n  b i n d e r  d e c r e a s e s  in 

the  s a m e  o r d e r  (as fo l lows f r o m  Fig.  1) and in corn-  
p a r a b l e  amounts .  
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Fig. 2. Differential curves of volume distribution 
of pores D(r) ((cma/cm3)/#) in terms of their effec- 
tive radius r (/i): a) for alumina specimens with 
W = 40% (I) and faience specimens with W = 17.6, 
14.2, and 11.2% (2, 3, and 4), respectively; b) for 
prepared substrates and previously tested speci- 
mens: I) chamot-te with W = 17.3%; 2) experimen- 

tal chamotte with W = 14.2%. 

I_n the range of finer pores (r = 0.1-0.06 #), the 
chamotte substrate has the largest pore volume 
(Ve(i) = 0. 079 cm3/em3), in comparison with the other 
specimens. Since this specimen proved to be worst 
from the viewpoint of the possibility and rate of mass 
absorption of paraffin, one must recognize that the 
influence of the fine pores in question on the binder 
absorption effect is inconsiderable. The decrease of 
absorption ability of specimens with a relatively 
large pore volume (ref < 0.1 #) may be evidently 
attributed to their "inaccessibility" for comparatively 
large molecules like those of technical paraffin. 

The experiments have shown that the pore volumes 
with ref > i. 0 # for charnotte and alumina specimens 
are 0. 135 and 0.225 cm3/cm 3, respectively, in con- 
trast to faience, for which they are substantially 
less, (Vf( i = 0 035-0 094 cm3/em 3) Comparison -. ) ' , 

of these data with results of tests with contact mass 
transfer (Fig. i) permits us to conclude that the role 
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of the  above p o r e s  in the  p r o c e s s  in ques t ion  i s  weak.  
Th i s  m a y  be  u n d e r s t o o d  if  one t a k e s  account  of the 
r e l a t i v e l y  s m a l l  spec i f i c  a r e a  of  the vo lume  of p o r e s  
with r e f  > 1. 0 /~ in c o m p a r i s o n  with  the r e m a i n i n g  
a r e a  of  the  a d s o r b e n t s .  

Thus ,  we m a y  conc lude  tha t  a d s o r b e n t s  having in 
t h e i r  s t r u c t u r e  m a i n l y  p o r e  v o l u m e s  with r e f  = 0 . 1 -  
0 .6  # a r e  the m o s t  in t ense  a b s o r b e r s  of pa ra f f i n  
b i n d e r .  
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Fig. 3. Dependence of specific 
mass content u (kg/kg) of castings 
on process time T (rnin) for cast- 
ings with ref= 0ol-0.6 ~: I) at 
constant medium temperature of 
373 ~ K; 2) at variable tempera- 
ture determined by curve 3; a) on 
faience: b) on ehamotte substrate. 

It  was  n e c e s s a r y  to i nves t iga t e  the  k i n e t i c s  of con-  
t a c t  m a s s  t r a n s f e r  in the  c a s e  of v a r i a t i o n  of the  s t r u c -  
t u r e  of the  a d s o r b e n t  c h a m o t t e  in such a way tha t  the 
v o l u m e  of p o r e s  wi th  r e f  = 0 . 1 - 0 . 6  # i n c r e a s e d .  

As  has  a l r e a d y  been  r e m a r k e d ,  the  chamot t e  s l abs  
p o s s e s s  the  l owes t  a d s o r p t i o n  p r o p e r t i e s .  They  w e r e  
m a d e  of r e f r a c t o r y  C h a s o v - Y a r  c l a y  (60%) and C h a s o v -  
Yar  c h a m o t t e  (40%). The g r a n u l o m e t r i c  m a s s  c o m p o -  
s i t i on  was  70% of p a r t i c l e s  of s i z e  1 . 0 - 2 . 0  m m  and 
30% of p a r t i c l e s  l e s s  than  1 ram.  The m a x i m u m  f i r i n g  
t e m p e r a t u r e  of the  s l a b s  was  1253 ~ K. 

F o r  t e s t s  wi th  chamot t e  s l a b s  of m o d i f i e d  s t r u c -  
t u r e  we u sed  the above m a t e r i a l ,  bu t  the g r a n u l o -  
m e t r i c  c o m p o s i t i o n  of the  p r e p a r e d  m i x t u r e  was  c l o s e  
in p a r t i c l e  d i s t r i b u t i o n  to tha t  u sed  in the  p r e p a r a t i o n  
of the f a i ence  s l a b s ,  th i s  be ing:  g r e a t e r  than  1 r a m -  
5%; 0 . 5 - 1 . 0  m m - 2 0 % ;  0 . 2 5 - 0 . 5 0  m m - 3 0 % ;  and l e s s  
than  0 .25  m m - 4 5 % .  F i r i n g  was  done at  a t e m p e r a -  
t u r e  of 1313 ~ K. The  s l a b s  ob ta ined  had a m o i s t u r e  
a b s o r p t i o n  W = 14.2%. F i g u r e  2b shows the d i f f e r -  
e n t i a l  c u r v e s  of r a d i a l  p o r e  v o l u m e  d i s t r i b u t i o n  fo r  
the  p r e p a r e d  s u b s t r a t e s  and those  t e s t e d  e a r l i e r .  It 
was  e s t a b l i s h e d  tha t  V = V'  = 0 .263 cm3/cm 3. In te -  
g r a t i o n  o v e r  the  s e c t i o n s  gave  the fo l lowing p o r e  
v o l u m e  d i s t r i b u t i o n :  

r ,  p 0 06- -0 .1  0 . 1 - - 0 6  0 . 6 - - 1 . 0  > 1 . 0  
Vii}, cm3/cm 3 0.004 0.130 0.032 0.097 

As fol lows f r o m  the da ta  p r e s e n t e d ,  we w e r e  able  
to ob ta in  roughly  50% g r e a t e r  vo lume  of p o r e s  with 
r = 0 . 1 - 0 . 6  p ,  as  wel l  as  to r educe  a p p r e c i a b l y  the 
vo lume of p o r e s  fo r  r = 0 . 0 6 - 0 . 1  p and r > 1 .0  p ,  
in c o m p a r i s o n  with the p r e v i o u s  s p e c i m e n s .  The t e s t  
r e s u l t s  fo r  the contac t  m a s s  t r a n s f e r  k ine t i c s  of c a s t -  
ings on the new chamot te  and fa i ence  s u b s t r a t e s  with 
iden t i ca l  W = 14.2% a r e  shown in Fig .  3. C o m p a r i s o n  
e x p e r i m e n t s  w e r e  conducted  under  i den t i ca l  cond i -  
t ions  wi th  two r e g i m e s  of hea t  t r e a t m e n t .  The t h e r -  
m o g r a m s  of the p r o c e s s  r e p r e s e n t  the v a r i a t i o n  of 
the  t e m p e r a t u r e  of the exposed  s u r f a c e  of the  sub-  
s t r a t e  at  a poin t  20 m m  f r o m  the s lab  edge.  The  
t e s t s  showed that  the p r e p a r e d  s u b s t r a t e s  p o s s e s s  
the  s a m e  a bso rp t i on  capac i ty  a s  fa ience .  Thus  the  
i nves t iga t ion  d e m o n s t r a t e s  the s imp le  p o s s i b i l i t y  of 
in tens i fy ing  the contac t  m a s s  t r a n s f e r  p r o c e s s  in the 
r e m o v a l  of i n d u s t r i a l  b i n d e r s  on the p o r o u s  a d s o r b e n t  
s u b s t r a t e s  by  m e a n s  of a p p r o p r i a t e  choice  of a d s o r -  
bent  s t r u c t u r e .  

Notation 

W--maximum moisture absorption, %; u--specific 
mass content, kg/kg; p--pressure, N/m2; V--volume 
porosity, cm3/cm3; D(r)--radial pore volume distri- 
bution function, (cm3/cm3)/~ ; r--pore radius, ~ ; •'-- 
time, rain; T--temperature, ~ T0--specimen density, 
kg/m3; 7w--density of water, kg/m 3. 

REFERENCES 

i. P. O. Gribovskii, Hot Molding of Ceramic 
Articles [in Russian], GEl, 1961. 

2. A. V. Avdeev and E. A. Takher, Trudy 
GIEKI, No. II, 1957. 

3. A. V. Avdeev and E. A. Takher, Trudy GIEKI, 

No. IV, 1960. 
4. A. V. Luikov, Theory of Drying [in Russian], 

GEI, 1950. 
5. A. V. Luikov, Theoretical Foundations of 

Building Thermophysics [in Russian], Izd. AN BSSR, 

Minsk, 1961. 
6. T. N. Plachenov, ZhPKh, 28, no. 3, 1955. 
7. A. S. Berkman, Porous Permeable Ceramics 

[in Russian], Gosstroizdat, 1959. 
8. T. G. Plachenok, V. F. Karel'skaya, and 

M. Ya. Pulerovich, Proc. of the Second Conference 
on Method of Investigating the Structure of Finely 
Dispersed and Porous Bodies [in Russian], Izd. AN 

SSSR, 1958. 
9. N. M. Kamak in ,  P r o c .  of the Con fe r ence  on 

Methods  of Inves t iga t ing  the S t ruc tu re  of F i n e l y  
D i s p e r s e d  and P o r o u s  Bodies  [in R u s s i a n ] ,  Izd. AN 

SSSR, 1953. 
10. M. M. Dubinin ,  P r o c .  of the Confe rence  on 

Methods  of Inves t iga t ing  the S t ruc tu r e  of F i n e l y  
D i s p e r s e d  and P o r o u s  Bodies  [in Russ i an ] ,  Izd. 

AN SSSR, 1953. 
ii. GOST 7025-54. 
12. T. G. Plachenov, V. L. Aleksandrov, and 



JOURNAL OF ENGINEERING PHYSICS 469 

G. M. Belo tserkovski i ,  P roe .  of the Conference on 
Methods of Investigating the Structure  of Finely 
Dispersed  and Porous  Bodies [in Russian],  Izd. 
AN SSSR, 1953. 

13. A. V. Luikov, T rans fe r  Phenomena in 

C apillary-Porous Media [in Russian], Gostekhizdat, 
1954. 

14. P. A. Rebinder, Studies in the Physics and 
Chemistry of Suspensions [in Russian]~ Moscow, 
1933. 


