
I N F L U E N C E  OF P R O P E R T I E S  OF F I L T E R I N G  L I Q U I D S  

ON T H E  P E R M E A B I L I T Y  O F  D I S P E R S E  S Y S T E M S  

P .  P .  O l o d o v s k i i  a n d  M. G .  M u r a s h k o  UDC 541.183.2 

A method is p roposed  for  de te rmin ing  the f i l t ra t ion c h a r a c t e r i s t i c s  of finely d i spe r sed  s y s -  
t ems  (clayey soi ls)  through a calcula t ion of the i r  adsorpt ion and rheological  p roper t i e s .  

Our purpose  in this study was to de t e rmine  the re la t ionship  between the pe rmeab i l i ty  of d i spe r se  
s y s t e m s  and the i r  s t r uc tu r a l  and adsbrp t ive  p r o p e r t i e s  in the f i l t ra t ion of liquids of var ious  m o l e c u l a r  
s t r u c t u r e s  and to develop a bas i s  for  a method of calculat ing the pe rmeab i l i t y  of c layey soi ls  as a function 
of the p r o c e s s e s  occur r ing  at the solid sur face .  As the s y s t e m s  for  the solution of the f i r s t  p roblem we 
chose na tura l  Glukhov kaolin,  C h a s o v - Y a r  mono the rmi te  clay,  the Na fo rm of Cr imean  kill,  and s e v e ra l  
l iquids: wa te r ,  butyl alcohol,  i sopropyl  alcohol,  toluene, d ie thylamine,  and carbon te t rachlor ide .  

The specif ic  su r f ace  a r e a s  of the pa r t i c les  were  calculated by a method based on a de te rmina t ion  
of the densi ty  of the adsorbed w a t e r  as a function of its m a s s  and the change in the density of the d i spe r se  
medium in the solid - a d s o r b e d  w a t e r -  liquid sys tem.  The ave rage  dimensions  of the mic roscop ic  a g g r e -  
ga tes  w e r e  de te rmined  through an e l e c t r o n - m i c r o s c o p i c  ana lys i s .  The appara tus  and p rocedure  of the 
f i l t ra t ion  expe r imen t  a r e  essen t ia l ly  s i m i l a r  to those descr ibed  in [2], except  that the soi l  poros i ty  was 
va r ied ,  not by using d i f ferent  contents  of the liquid filling the po res ,  But by using dif ferent  deg rees  of 
c o m p r e s s i o n  of the s amples  in a p r e s s  (from 10 to 100 k g / c m 2 ) .  L inear  re la t ions  analogous to those found 
for  s y s t e m s  of c lay,  wa t e r ,  and aqueous solutions of inorganic compounds [3] we re  obtained between such 
d imens ion less  p a r a m e t e r s  as the poros i ty  coeff ic ient  and the product  of the pe rmeab i l i ty  and the square  
speci f ic  su r face  a r ea  pe r  unit volume of the d i s p e r s e  s y s t e m .  Table  1 shows the specif ic  effect ive poros i ty  
for  var ious  poros i ty  coeff ic ients  fo r  the f i l t ra t ion of w a t e r  and organic  compounds.  

The next step was to de t e rmine  the number  of liquid l aye r s  which do not par t ic ipa te  in the fi l trat ion.  
F o r  each liquid we cons t ruc ted  a model  for  the a r r a n g e m e n t  of adsorbed molecu les  on the su r faces  of the 
solid pa r t i c l e s  and calculated the pro jec t ions  of the length of the chemica l  bond on the plane perpendicu la r  
to the adsorben t  sur face .  The m a s s e s  of the " m o n o l a y e r s "  of the adsorbed compounds,  Pm,  and the number  
of l aye r s  L w e r e  de te rmined  f rom 

0 
Pin = SdaDp, (i)  

e d II L - -  o - -  ~ .  ( 2 )  

Pm d 

The calcula ted  r e su l t s  a re  shown in Table  2. Analys is  of these resu l t s  revea led  that the re la t ion  
between the pe rmeab i l i t y  and the s t ruc tu ra l  and adsorpt ion c h a r a c t e r i s t i c s  of the soils  during the f i l t ra t ion 
of liquids of  var ious  mo lecu l a r  s t r u c t u r e s  is governed by an equation found previous ly  for  c lays  of var ious  
m i n e r a l  compos i t ions  in the i r  na tura l  and ion-subst i tu ted f o r m s  during the f i l t ra t ion of w a t e r  and aqueous 
solut ions [3]. This  equation is 

K = _(~. ~o)(8 + 1 ) ~  
d2S z (L - -  I) 3 (3) 

It should be noted here that for the Na form of moatmorillonite during the filtration of water, Eqs. 
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Fig. 1. Number  of liquid layers  not part icipat ing in the fi l trat ion (L) as a 
function of the project ion of the length of the chemical  bond of the adsorbed 
molecule onto the plane perpendicular  to the surface of the minera l  0)p, A). 
1) Glukhov kaolin; 2) Chasov-Yar  clay; 3) Na form of Cr imean kill. 

Fig. 2. Glukhov kaolin, h ionic forms.  1) Natural  form; 2) Na form. Ih 
s t ructure  of the f i l tering liquids. 3) Organic compounds; 4) water  and aque-  
ous solutions of inorganic compounds: 5) organic compounds; 6) water  and 
aqueous solutions of inorganic compounds. 

(1) and (3) take into account the tota[ surface area  of the par t ic les ,  while in Eq. (2) the mass  of a mono-  
layer  of adsorbed water  which appears  on the internal sur faces  of the c rys t a l  lattice is used. Fo r  the f i l t ra -  
tion of organic compounds the external  surface a rea  and the m a s s  of the monolayers  of adsorbed mate r ia l s  
formed on the external  surfaces  of the c rys t a l  lattice ar.e taken into account. 

F igure  1 shows the relat ion between the number  of liquid layers  not part icipating in the fi l tration and 
the project ion of the length of the chemical  bond of the adsorbed molecule in the monolayer  onto the plane 
perpendicular  to the surface of the solid phase. These resul ts  and the experimental  resul ts  (Table 1) can 
be interpreted in the following manner :  The sys tem consist ing of the natural  Glukhov kaolin and a liquid is 
not a coagulating sys tem,  since the dimensions of the microscopic  aggregates  are  in all cases  roughly the 
same. The permeabi l i ty  of the minera l  var ies  only due to the formation of different numbers  of liquid 
layers  not part icipat ing in the filtration. There  is a decrease  in the value of this number and thus in the 
permeabi l i ty  with increas ing l inear dimension (the "projection") of the adsorbed molecule.  The sys tem 
consist ing of the Chasov-Yar  clay and a liquid and the Na form of Crimean kill and a liquid are  dispersed 
in water  and form large microscopic  aggregates  in other  liquids, p r imar i ly  due to the interpar t ic le  in te r -  
action. This c i rcumstance  is responsible for the sharp difference between the number of layers  not pa r t i c i -  
pating in the fi l tration in the case of water  and this number  for  the fil tration of organic compounds. In 
these sys tems  there is a par t icular ly  marked increase  in the~permeability with increas ing linear dimension 
of the adsorbed l inear molecules.  

Oll 

ditioning 

i) 

2) 

3) 

4) 

the basis of these resul ts  we can deduce the basic principles for  using various s t r u c t u r e - c o n -  
mater ia l s  for  improving the fi l tration proper t ies  of heavy soil: 

The solubility in water  should be good. 

The binding energy between the surface of the soil and the molecules  of the s t ruc ture  condit ioners,  
par t icular ly  polyeiectrolytes ,  should be higher  than for water .  

The mate r i a l  should display a good coagulating (adhesive) capability, as is usually provided for  
the polyelectrolytes  by an extended chain of active centers .  

Under otherwise equal conditions, it is preferable  to use those s t ruc ture  condit ioners whose molecules  
have a large linear dimension in the direct ion into the in te r io r  of the liquid f rom the solid surface.  
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Fig. 3. Monothermite .  h ionic fo rms .  A ) A r b i t r a r y  fo rms ;  1) organic  s t r u c -  
ture-condi t ioning m a t e r i a l s ;  2) AI and Fe fo rms ;  3 )Ca ,  Ba, and natura l  
f o rm s ;  4) K fo rms ;  5) Na form.  II: s t ruc tu re  of f i l te r ing  liquids. B) Organic 
compounds;  6) wa t e r  and aqueous solutions of inorganic compounds;  7) so lu -  
tions of inorganic  compounds;  8) water ;  9) solutions of inorganic compounds;  
10) water ;  11) solut ions of inorganic compounds;  12) water ;  13) aqueous 
solutions of NaCI. III: solution concentra t ion ,  g - e q / l i t e r .  

Fig. 4. MontmoriUonite.  h ionic fo rms .  A) A r b i t r a r y  fo rms ;  1) Ca, Ba, A[, 
Fe,  and na tura l  fo rms;  2) K form;  3) Na form.  H: s t ruc tu re  of f i l te r ing l iq-  
uids. B) Organic compounds;  4) w a t e r  and aqueous solutions of inorganic 
compounds;  5) w a t e r  and aqueous solutions of KC1; 6) aqueous solutions of 
KCI; 7) aqueous solutions of doubly charged ions; 8, 9) aqueous solutions of 
NaCI. III: solution concentra t ion ,  g-eq  / l i ter .  

As we see  f rom Eq. (3), the pe rmeab i l i ty  of finely d i spe r sed  s y s t e m s  (clayey soils)  is governed 
p r i m a r i l y  by the poros i ty  of the s y s t e m s ,  the specif ic  su r face  a r e a  of the solid pa r t i c l e s ,  the densi ty of 
these pa r t i c l e s ,  and the c h a r a c t e r i s t i c s  of the immobi le  solvate  shel ls ,  e 0 and L. F u r t h e r  analys is  of the 
expe r imen ta l  data and the calcula ted p a r a m e t e r s  (see [1-3]) yielded o ther  resu l t s .  F igu re s  2-4 show the 
re la t ionship  between e 0 and L for  each type of m i n e r a l  studied: kaolin,  mono the rmi te ,  and montmor i l ioni te .  
The total  range of L is par t i t ioned into regions cor responding  to the fo rmat ion  of di f ferent  ionic fo rms  and 
the f i l t ra t ion of d i f ferent  liquids. F o r  the aqueous solutions of inorganic sa l t s ,  the concent ra t ion  range  
is  specif ied.  It should be noted that for  the montmor i l lon i te  the ordinate (e0) mus t  be mult ipl ied by a fac tor  
of S f / S p ,  where  Sf is the specif ic  a r ea  of the solid pa r t i c les  par t ic ipat ing in the f i l t ra t ion,  and Sp is the 
total  su r face  a r e a  of the pa r t i c l e s .  This  fac tor  mus t  be incorpora ted  because  e i ther  the en t i re  sur face  or 
only pa r t  of it may  par t ic ipa te  in the f i l t rat ion,  depending on the ionic fo rm and the s t ruc tu re  of the so lu-  
tions. F o r  example ,  fo r  the f i l t ra t ion of w a t e r  and aqueous solutions of inorganic sa l t s  through the Li, Na, 
and K f o r m s  we have Sf = Sp, while for  f i l t ra t ion through the f o r m s  formed by doubly or  t r iply charged  ions 
we have Sf = Se, where  S e is the ex te rna l  specif ic  su r face  a r ea  of the c r y s t a l  latt ice of the minera l .  

The s t r i c t ly  monotonic functions a 0 = f(L) p e r m i t  us to calcula te  t 0 and L for  any s tate  of the soil ,  
de te rmined  by the change in the p r o p e r t i e s  of the f i l ter ing liquids. However ,  he re  we need p r e l i m i n a r y  
informat ion  about the composi t ion  of the dissolved subs tances  (organic and m i n e r a l  compounds) in the 
w a t e r  in the pores .  Then the e s sence  of this engineer ing  method fo r  calculat ing the f i l t ra t ion c h a r a c t e r -  
i s t ics  of the soi ls  as a function of the p r o p e r t i e s  of the f i l ter ing liquid can be s u m m a r i z e d  in the following 

�9 opera t ions:  

1. The pe rmeab i l i ty  is m e a s u r e d  for  the given soi l  in the field by a f i l t ra t ion tes t  of the soi l  by 
pumping or  s i m i l a r  method; the poros i ty  of the soil  is a lso  measu red .  

2. In the l abora to ry ,  the functional re la t ionship  is de te rmined  among the p a r a m e t e r s  of the immobi le  
soivate  shel ls  [~0 and L] for  any s ta te  of the soil ,  due to the fo rmat ion  of var ious  ion-subst i tu ted 
f o r m s  and the f i l t ra t ion of var ious  aqueous solutions.  

3. The  co r r e l a t i on  between the values  of the f i l t ra t ion coeff ic ients  m e a s u r e d  in the field and in the 
l abora to ry  is de te rmined .  
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4. On the bas i s  of the proposed t ime evolution of the concent ra t ions  of dissolved m a t e r i a l s  and the 
function e 0 = f(L) found for  the soi l  in question, the pe rmeab i l i t i e s  of the soi ls  a r e  calculated.  
He re  it  should be noted that on the cu rves  of the function e 0 = f(L) it is poss ib le  to dis t inguish 
between regions co r respond ing  to the applicat ion of organic  s t ruc tu re  condi t ioners  (polyelec-  
t ro ly tes)  and m i n e r a l  f e r t i l i z e r s .  Then it is poss ib le  to make  the op t imum choice of the concen-  
t ra t ions  of the va r ious  addi t ives ,  which a re  added d i rec t ly  to the soil  o r  to i r r iga t ion  wa te r  in 
o r d e r  to cont ro l  w a t e r  t r a n s p o r t  in the soil .  

NOTATION 

is  the speci f ic  su r face  a r ea  of the pa r t i c l e s ;  
is the densi ty  of  adsorbed  liquid co r respond ing  to a mono laye r  coverage ;  
is the pro jec t ion  of the length of the chemica l  bond onto the plane perpendicu la r  to the adsorben t  
sur face ;  
is the poros i ty  of the soil~ 
is the poros i ty  co r respond ing  to the pe rmeab i l i t y  K = 0; 
is the densi ty  of  the f i l te r ing liquid; 
is the soi l  densi ty;  
is the constant  independent of the p r o p e r t i e s  of the liquid and the solid; 
is the d imension  of the m i c r o s c o p i c  aggrega tes ;  
is the m a s s  of a "mono laye r"  of the adsorbed substance;  
is the number  of liquid l aye r s  not par t ic ipa t ing  in the f i l t rat ion.  
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