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A study has  been made of the e f fec ts  of wa te r - so lub l e  p o l y m e r s  on the f i l t ra t ion and chemical  
r e sponse  of gypsum-bea r ing  soi ls  f r o m  the Hunger Steppe and t aky r - l i ke  soils  f r o m  the Karsha  
Steppe. 

Measu remen t s  have been made [1-3] on the e f fec t s  of wa te r - so lub le  po lymer s  and e lec t ro ly tes  on the p e r -  
meabi l i t i e s  of r o c k - f o r m i n g  clay m i n e r a l s  (the na tura l  and Na f o r m s  of montmor i l lon i te  and kaolinite) ,  using 
the data f i l t ra t ion ,  adsorpt ion ,  and e lec t ron  m i c r o s c o p y ,  and a m e c h a n i s m  (physical model) has  been defined 
for  the in teract ion between the po l ym er  m a c r o m o l e c u l e s  and the act ive  cen te r s  on the clay mine ra l s .  Appro-  
p r ia te  concentra t ions  of these po l ym er s  can max imize  the pe rmeab i l i t y ,  and functions have been defined for  
predic t ing the f i l t ra t ion coeff icients  as functions of po lymer  content and speci f ic  sur face .  

Detai led m e a s u r e m e n t s  a re  of considerable  in te res t  because  cu r ren t  p rac t i ce  in soil  improvemen t  p laces  
pa r t i cu la r  emphas i s  on improved  infi l t rat ion in heavy so i l s ,  i .e . ,  means  of control l ing wa te r  t r anspor t .  

We have examined the ef fec ts  of wa te r - so lub l e  p o l y m e r s  on desal inat ion of soils  and infi l t rat ion i m p r o v e -  
ment ,  which has  defined the scope for  using b rack i sh  w a t e r s  for  i r r iga t ion ,  on account of the improved  f i l t r a -  
tion occur r ing  in the soi ls .  

We used genetic hor izons  I and III f r o m  soi ls  in the Hunger Steppe (collective f a r m  No. 5) and genetic 
hor izons  I and II f r o m  takyr - l ike  soi ls  in the Karsha  Steppe. We used wa te r - so lub le  po lymer s  K-4,  K-9 ,  
SMMA, PEM, SVAN, and SVAM, which were  made at  the Insti tute of Chemis t ry ,  Academy of Sciences of the 
Uzbek SSR. The infi l t rat ion fluids we re  sal ine w a t e r s  whose chemica l  composi t ions  were  s imi l a r  to that  of 
the wa t e r  in the southern Hunger Steppe canal and in the R ive r  Amu D a r ' y a ,  in addition to 0.01 M aqueous 
po ta s s ium ni t ra te .  Measu remen t s  were  made to de te rmine  the initial  sal ini ty in the hor izons ,  the gypsum 
content,  the exchangeable  sodium,  and the total  absorpt ion  capaci ty;  x - r a y  analys is  defined the mine r a l  c o m -  
posi t ion,  while adsorpt ion studies defined the speci f ic  sur face .  In addition, infi l t rat ion t e s t s  and e lec t ron  
m i c r o s c o p y  were  employed.  The soi ls  were  examined in three  s ta tes :  1) with the initial sa l t  and  gypsum con-  
ten ts ,  2) f reed  f r o m  sa l t s ,  and 3) modif ied by a mix tu re  of subsoi l  wa te r  and i r r iga t ion  water .  

Table  1 gives the main  r e su l t s  f r o m  the chemica l  and x - r a y  s tudies .  

The ef fec ts  of saline w a t e r s  on the p a r a m e t e r s  we re  examined by tenfold t r e a t m e n t  with aqueous so lu-  
tions of sa l t s  p r e s e n t  in the subsoil  wa te r  and i r r iga t ion  wa t e r s  with so l id - l i qu id  phase ra t ios  of 1:8, which 
was followed by repea ted  washing with dis t i l led  wa te r  until a negative reac t ion  for  chloride was obtained. 

The sa l t  concentra t ions  in the solutions were  made up 1/5 f r o m  the subsoil  wa te r  and 4/5 f r o m  the i r r i g a -  
tion water .  

Table  2 gives data on the composi t ions  of these  wa te r s .  

Methods. The m i n e r a l  composi t ions  were  de te rmined  f r o m  the x - r a y  pa t t e rns  r eco rded  with a DRONI2 
d f f f r ac tome te r  with CuK~ radiat ion.  

C lass ica l  chemica l  ana lys is  methods were  used [4-6] (a rgen tomet r i c ,  EDTA, f lame pho tomet ry ,  etc.).  
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TABLE 1. 

Material 

Mineralogical  Composit ion and Chemical Characterist ics  

Hun~er Steppe (col, 
lecttve ~arm No. 5 

Takyr-like soil, 
Karsha Steppe 

�84 

Form of soil 

I l l  

J 
I ~with initial salt 

I and gypsum coa- 
l tent~ /2,1 

!w .shed - 
salts 
modified by a mix- 
ture of subsoil 
water and irriga- 
tion water 
with initial salt 
and gypsum con- 
tents 

washed free from 
salts 
modif~d by a mi~ 
ture or SUDSOil 
water and irriga- 
tion water 
with initial salt 
and gypsum con- 
teut~ 
with initial salt 
and gypsum con- 
tents 
washed free from 
salts 
modified by a 
mixture of subsoil 
water and irri- 
gation water 

14,4 

I 

--9! 6,5 

1,7 154,~ c 

0 

0 

17,3 Io:8 
17,0 0 7 

16,5 1 0,75 

8,8~ 0,7 

16,4 1,4 

18,3 1,2 
16,0 0,66 

15,2 2,33 

I 

II 

Mineral 
composition 

quartz, ~ypsum, cal- cite, h~mmica, 
kaolimte~ and mont- 
morillomte; 

~o artzt gypsum, 
lomlt6; "fedspars, 

hydromica, kablinite, 
and montmorillonite 

quartz, feldspars, cal- 
cite, ~y_psum, and a 
mixe~I-'Iayer phase 
(transittoual from hy- 
dmmioa to kaolinite), 
hydromiea, and chlorite 

TABLE 2. Salt Contents of Soil Water  and I r r igat ion Water  

Object Water type 

Hunger Steppe Subsoil waters 
(collective Iarm Irrigation water 
No. 5) Southern Hugger- 

Steppe canal 

Takyr-like soil Subsoil waters 
Karsha Steppe Irrigation water 

Amu-Dafya 

HCO~- 

0,43 

0,15 

0,27 

0,07: 

Cl- 

2,34 

0,13 

5,52 

0,063 

Ion contents, g/liter 

SO42 Ca+-" big+Z I Na+ 

11,7 0,4 0,22 4,21 

0,56 0,081 0,043!.0,05 

4,89 0,62 0,73 3,31 

0,107 0,0691 0,003I 0,040] 

due 

19,26 

1.037 

14,45 

0,3 & 

The  s p e c i f i c  s u r f a c e  w a s  d e d u c e d  by m e a s u r i n g  the b o u n d - w a t e r  c o n c e n t r a t i o n  and the d e n s i t y  change  of 
a d i s p e r s i o n  m e d i u m  m i x e d  wi th  the  s o l i d ,  which  took  up the a d s o r b e d  w a t e r  [7]; t h e r m a l  d e s o r p t i o n  by n i t r o -  
gen w a s  a l s o  e m p l o y e d .  

The  f i l t r a t i o n  s t u d i e s  w e r e  m a d e  wi th  F - l m  i n s t r u m e n t s  by ana logy  with  the m e t h o d  of [8], wh i l e  the  
e l e c t r o n  m i c r o g r a p h s  w e r e  r e c o r d e d  wi th  an E M - 9 .  T a b l e  3 g ives  the p a r t i c l e  s i z e s ,  a s  w e l l  a s  the m a i n  r e -  
sui ts  f r o m  the f i l t r a t i o n  s t u d i e s ,  wh i l e  F ig .  1 shows  the  c h l o r i d e  con ten t  d u r i n g  w a s h i n g  fo r  ge ne t i c  h o r i z o n s  
I and III  in the  Hunger  S teppe  f o r  v a r i o u s  l e v e l s  of w a t e r  con ten t  and w a t e r - s o l u b l e  p o l y m e r .  

Even  a c r u d e  a n a l y s i s  of the r e s u l t s  i n d i c a t e s  the fo l lowing:  

1. The v a r i o u s  w a t e r - s o l u b l e  p o l y m e r s  a c c e l e r a t e  the d e s a l i n a t i o n  f r o m  the i n i t i a l  l e v e l  to the m i n i m u m  
l e v e l  [9] by f a c t o r s  of  2 -2 .5 .  

�9 2. T h e s e  p o l y m e r s  i n c r e a s e  the p e r m e a b i l i t y  f a c t o r s  fo r  the h igh ly  s a l i ne  so i l  in the n a t u r a l  p o r o s i t y  
r a n g e  by f a c t o r s  of 1 .4-1.5 ,  w h e r e a s  the v a l u e s  fo r  the w a s h e d  s t a t e  a r e  v i r t u a l l y  u n a l t e r e d .  
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TABLE 3. Infiltration and Structure Parameters of Softs 

Soil state Polymer added 

Hunger Steppe, I soil hodzon 

p " ermeability coefficients[ ~,~ -- 
K �9 I0 '~ for given poro- ~ ~ ~'~ "~ 
sity coefficients r [~ "-" ~ s 

With initial salt content 

Washed free from salts 

Modified by. irrigation waml 
aQd subsoil water mixture 

Without polymer 
0,05% K-4. K-9 
wlmom polym~ 
0,0'25% 
K-4, K-9, S MMA 
Without polymer 

Hunger Steppe, HI soft horizon 

With initial salt content 

Washed free from salts 

Without polymer 
0,05% K-4, K-9 
0,025% K-4, K-9 

Without polymer 
0,025% K-9, S ~lbiA, 

0,024 0,055 
0,045 0,083 

0,045 0,083 

0,045 0,083 

0,095 0,136 0,611 
0,131 0,181 0,450 

0,131 0,181 0,410 

0,131 0,181 0,354 

L% I 
0,029 0,111 0,266 0,309 

0,12110,212 0,383 0 , 4 2 9 [  

0,121 0,212 0,383 0,429, 

0,121 0,212 0,383 0,429, 

0,121 

~ 0 , 9  0 S T ~  ~ = 1  
=0,97 , 0 5  

i 

0,1032 0,155610,2238 

0,230910,3320 

0,155610,2238 
i 

0,617 

0,370 
PEM 

Modified by irrigation war.el Without polymer 
and subsoil water mixture 

0- -~  0,49 

Karsha Steppe, II soft horizon e=l ,l 0 

With initial salt content 

Washed free from salts 

Without polymer 
0,05% K-4, K-9 

Without polymer 
0,05% SVAM, S MMA, 0,1532 
SVAN 

Without polymer 
0,1032 

Modified b X irrigation water 
and subsotl wafer mixture 

_Note. 

1 
0,2711l 

I _ _  

0 , 4 0 2 2  

0.2711 

a T i s  the poros i ty  of the so i l  in the natural  state .  

3. Accelera ted  elution of the gypsum f rom the soil is accompanied by an increase in the water  p e r m e -  
ability by a factor  1.4-1.5. 

4. Modification of a soil by means of mixtures  of i r r igat ion water  and subsoil water  does not al ter  the 
fi l trat ion coefficient appreciably by compar ison with sa l t - f ree  soils ,  nor is the maximum swelling, gypsum 
content, or  exchangeable sodium appreciably altered. 

All of the resul ts  are  explained by the measurements .  

Soluble salts in any d ispersed  sys tem tend to compress  the diffuse layers  around the par t ic les  and in- 
c rease  the water  permeabi l i ty ;  resul ts  of this kind have been given for monothermite [10]. 

It has been shown [1] that the macromolecu les  of a water-soluble  polymer  can regulate or adjust the be-  
havior of a finely divided sys tem,  not only on account of part icle  coagulation but also because the exchangeable 
cations are par t ia l ly  bound; i.e., some of the exchangeable cations become loca l ized  within the pores  ra ther  
than at the so l id - l iqu id  interfaces.  The resul t  is a mater ia l  less  res is tant  to external  factors .  This effect 
f rom a polyelectrolyte determines  the increased  t ranspor t  of inorganic salts and acce lera tes  the desalination 
during washing. Similar resul ts  have been obtained elsewhere.  

For  instance,  it has been shown [11] that an initially takyr- l ike  soil ar t i f icial ly t reated with sodium 
chloride will yield up 52% of the salts  during the f i r s t  stage of washing after t rea tment ,  whereas  only 26% of the 
NaC1 is lost  under the same conditions with an untreated soil ,  while the rate of elution is increased by a factor  
of 4. 
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Fig. 1. Variat ions in chloride content during washing for Hun- 
ger Steppe soils in relat ion to water  content (P %) and content 
of water -so luble  po lymers  (C %). F i r s t  genetic horizon: 1) P = 
30, C =0; 6) P =34, C =0; 7) P =30,  concentrat ion of K-9=0.05;  
8) P =33, K-4 concentrat ion 0.05. Third genetic horizon: 5) 
P = 17,8, C = 0; 2) P =22.3,  C =0; 3) P =22.5, K-9 concent ra-  
tion 0.05; 4) P = 18.7, K-4 concentrat ion 0.05. 

It has also been found [12] that the water  permeabi l i ty  and salt  loss are  increased for a s a l t -march  m e a -  
dow soil in the presence  of K-4;  the acce lera ted  salt  loss  and water  t r anspor t  go with a cer tain increase  in the 
rate of gypsum loss in the presence  of water -so luble  polymers .  

The gypsum crys ta l s  in a soil fo rm clumps with the clay minera l s ,  and these produce conditions for  addi-  
tional hydrat ion,  which ul t imately reduces  the water  permeabil i ty .  It has also been found [13] that gypsum ad-  
ve rse ly  affects the physical  p a r a m e t e r s  of soils. In par t icu lar ,  the shape of the gypsum clumps can affect the 
water  permeabi l i ty  of an i r r iga ted  soil. An increase  in the water  content tends to enlarge the gypsum c r y s -  
ta ls ,  which itself reduces  the permeabi l i ty  and blocks the pores .  Accumulative s a l t -mar sh  soils show con- 
siderable difficulty in desalination due to the poor permeabi l i ty ,  since some of the toxic salts are  trapped in 
the gypsum crys ta ls .  

In our exper iments ,  the permeabi l i ty  increased  by a factor  1.4-1.5 on reducing the gypsum content f rom 
15 to 7%. 

Previous  measuremen t s  [3] have provided a basis for  general izing the fi l trat ion and adsorption data to 
define the relat ive changes in the f i l t rat ion coefficients for  clay soils modified With po lymers ,  where there is 
a specific effect on the par t ic le  surface for K-9,  PAA, and K-4 water -so luble  polymers .  

These curves  have been constructed for the modified soil at optimal polymer  levels ,  and values were cal-  
culated for  the mean poros i ty  using the fi l trat ion coefficients for the unmodified soil with the appropriate po ro -  
sity coefficients. The curves  were  monotonic functions,  and the rat ios  of the fi l trat ion coefficients for the 
modified soil and unmodified soil for specific surfaces  of 200-240 m2/g were  close to 1. However,  the specific 
surfaces  of medium-gra ined  loams and clays in the Hunger Steppe and the takyr- l ike  clays in the Karsha steppe 
lie in this range. 

We have found [1-3] that K-9,  PAA, and K-4 are adsorbed at free hydroxyl groups via their carboxyl 
groups,  which tends to bind the par t ic les  into clumps and thus increase  the permeabil i ty.  The increase is 
determined by the number of adsorption centers  (active groups) per  unit length of the macromolecule  as well 
as by the number of free hydroxyl groups,  in addition to any effect f rom the exchingeable cations per unit s u r -  
face area.  There are  thus s trong interactions between the polymer  and the solid, par t icular ly  for montmor i l -  
lonite. Any excess content of carboxyl groups resul ts  in an additional content of charged par t ic les  when the 
pore space is at the natural level (in contras t  to a suspension),  which causes repulsion between the par t ic les ,  
and thus d ispersa l  of the aggregates ,  which may reduce the permeabi l i ty ,  as occurs  in kaolinite clays. 
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The clay fraction in these soils in the main consists of hydromica with a little kaolinite and montmorillo- 
nite. 

The concentrations of active centers in such systems are intermediate between those for montmorillo- 
nite and kaolinite, which means that the conditions are intermediate between those discussed above, where 
conflicting tendencies from the polymers make themselves felt. 

Modification with a mixture of irrigation water and subsoil water involves the introduction of additional 
sodium ions~ these are adsorbed by the active centers, which tends to disperse the particles and thus to re- 
duce the permeability. 

However, our measurements showed that the permeability factors were unchanged, as were the levels 
of exchangeable sodium in the washed and modified Hunger Steppe soils, which is ascribed to the effects of 
gypsum in the adsorbed complex. 

The calcium in the gypsum is displaced by the sodium, which reduces the alkalinity of the soil and im- 
proves the physical properties, while causing irreversible coagulation of the colloids. 

A somewhat different situation occurs with takyr-like soils. 

There is an increase (Table 3) in the permeability of the washed specimens, namely, by 40% by compari- 
son with the initial value, which is due to the elimination of gypsum and the partial dissolution of the calcite 
and dolomite. 

However, the secondary processing with a mixture of salts during the modification and subsequent wash- 
ing to negative chloride reaction results in the accumulation of exchangeable sodium (increased from 0.66 to 
2.33 mg-eq/10O g, Table 1), with a reduction in the permeability coefficient by a factor of 1.4. 

Modification of a takyr-like soil by subsoil water or any other combination of dissolved salts at high 
concentrations can increase the salt contamination of the soil and markedly reduce the water permeability. 

Therefore, the salinity of water, obtained by mixing irrigation water and subsoil water in a ratio of 5:1, 
is such as to have no adverse effects due to the accumulation of exchangeable sodium in such a soil, and there 
is no appreciable deterioration in the water permeability, and therefore such a mixture can be used at periods 
when irrigation water is scarce. 
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