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ABSTRACT 

 
 The studyaims to correlate the variation of constituted texture classes with viscosity of suspension affected 
by ingredient soil salinity of NaCl. The data conclude the following: 1- One can depend on direct measuring of 
suspension viscosity to detect most of texture classes and salinity level as well. 2-The dominant clay mineral in 
clay deposit is mostly montmorillonite. 3- For the light texturedclasses, sandy to sandy loam, the relation shows 
some deviation due to the clay mineral behavior with existed cation (Na

+
). 4- For these light textures, i.e., 

Loamy sand &Sandy loam the criterion is somewhat  different than other studied samples 5-The study proves 
that the light texture, e.g., loamy sand and sandy loam is favorite to cultivation purposes due to their medium 
viscosity values which encourage water penetration, aeration, root elongation and other vital soil characters to 
plant. 
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Introduction 
 
 The physical and chemical properties of soils and the associated processes are intimately related to the 
interaction between the soil particles (clay particle) and water molecules as a result of hydrogen bonding 
between the water molecules and the oxygen atoms in the crystal surface and the hydration of adsorbed cations. 
Soil viscosity is astructure – sensitive property of colloidal clay suspensions which gives valuable information 
about the influence of clay particles upon the structure of adsorbed water. Colloids are generally divided into 
two groups, i.e., hydrophilic and hydrophobic,where hydrophilic colloids are such ones characterized by a 
relatively high viscosity, while hydrophobic ones do not possess high viscosity. The viscosity of a colloidal 
system is a function of "active volume" of the dispersed phase, colloidal aggregate, containing water immersed 
among the particles constituting the aggregate, will have a large volume than the total volume of the individual 
particles. Therefore, a suspension containing aggregates will possess a low viscosity than one contains the same 
number of particles in a monodispersed state. So, the viscosity of clay suspensions shows high measures by the 
effect of; 1- The surface density of the exchangeable cations 2- The bonding energies between the exchangeable 
cations and the surface and 3- The hydration shells of both the cations and the surface as well,Masayuki,et al., 
(2005) and Karmakar, and Kushwaha,(2007) 
 Viscosity is in fact a relaxation of the shear stresses over time, which results for constant stress states in a 
corresponding elastic strain relaxation. Shear viscosity is important in understanding the viscous resistance in 
the dynamic penetration of soils for geotechnical applications such as jacked piles and cone penetrometers. 
Viscosities of soils with water contents greater than the liquid limit have been investigated using viscometers. 
There is, however, no standard method to determine shear viscosities of clays at water contents lower than the 
liquid limit. The shear viscosities of clays at liquidity indices less than 1·5 can be estimated from a continuous 
record of time-cone penetration depth data. Fall cone test results on kaolin show that the shear viscosity 
decreases exponentially with increase in liquidity indicesTsai, Tung-Lin (2009). 
 In other words viscosity is a sort of slow plasticity and the values of viscosity of a clay loam soil as it found 
in the range of 53 x 10

3
 to 283 x 10

3 
poise. Also, viscosity was highly affected by the compaction levels for the 

tested moisture contents. Increase in soil compaction was accompanied by a sharp increase in soil viscosity- 
Gideon.(2004).van Baars (2007). Mikhalyuk, and Zakharov(1999)showthree mechanisms defining the 
development of relaxation processes on the basis of the dynamic deformation of various soils: structural, 
viscosity, and migration. Their effect on the phase shift of strains, and the effect of dynamic reaction are 
analyzed. The interrelation between these mechanisms and the phase compositions of soils is noted while above 
all thateffect of moisture content. 
 From these bases, it is hypothesized that viscosity of soil suspensions could be an indicator for many 
internal soil characters depending on the amount of clay content and the salt adsorbed to it. This paper aims to 
build up a data base for using this easy and direct measured parameter to expect the other soil indices within the 
borders of the experiments.     
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Material and Methods 
 
 As the main effective component of soil is clay + silt content, so the studied samples were reconstituted 
from both pure sand and clay deposit by a manner to yield 11 samples ranged between sandy and clay texture 
classes.  

 Split – split design (with complete randomized distribution in each split) in green house experiment with 

three replications for each treatment was carried out, where each pot contained 2 Kg of different prepared 

samples from a virgin clay and sandy soils. The prepared different soil samples and the analytical data of soil 

samplesare presented inTable (1). The soil samples in each pot were irrigated with different doses of NaCl 

solution namely; 0, o.1, 0.5, 1.0, 1.5 and 2 % and soil moisture in all pots was kept between field capacity and 

50% of available water for 7 days.The soil viscosity measured by using Ostwald's Viscometer according 

toKumada and Kawamura (1965).In addition, some chemical analysis were carried out such as  cationic and 

anioniccompositions electrical conductivity, pH, cation exchange capacity, total CaCO3 according toKlute 

(1986) and active CaCO3according toLoeppert,. and Suarez, (1994). X- ray diffraction has been carried out on 

the clay sample to detect the clay mineral composition Ageeb. (1999). 

 
Table  1: Mechanical composition of the prepared soil samples. 

 

Soil 
Sample 

No. 

Samples prepared Mechanical Analysis and Soil Texture 

Clay 

Tafla 
soil % 

Natural 

Sandy 
soil % 

C. Sand 

% 

F. Sand 

% 

Silt 

% 

Clay 

% 

Soil Texture 

1 0 100 89.65 4.23 3.70 2.44 Sand (S.) 

2 10 90 85.62 5.41 5.49 3.47 Sand (S.) 

3 20 80 81.96 5.59 6.86 5.59 Loamy Sand (L.S.) 

4 30 70 70.46 10.89 7.46 11.19 Sand Loam (S.L.) 

5 40 60 50.32 15.87 17.88 15.93 Sand Loam (S.L.) 

6 50 50 40.58 20.62 17.65 21.12 Sand Clay Loam (S.Cl. L) 

7 60 40 34.41 21.17 16.22 28.20 Sand Clay Loam(S.Cl. L) 

8 70 30 26.09 22.17 15.61 36.12 Sand Clay (S. Cl.) 

9 80 20 18.24 19.67 13.21 48.88 Clay (Cl.) 

10 90 10 8.25 17.11 12.98 61.66 Clay (Cl.) 

11 100 0 4.64 11.20 9.19 74.96 Clay (Cl.) 

 

Results and Discussion 

 

4.1. General relations: 

 

 The fine fractions of soil, silt & clay are the controlling agents for any soil - water properties. This due to 

their large surface area and the kinetic properties of such surface either to exchange cations&Anions or/to 

adsorb them. So, Table (2), and Figure (1) which illustrate the viscosity (Vs) values of the tested 11 samples 

indicate clearly the effect of both variables on the Vs values as general increase yielded by increasing both (silt 

+clay) and % of NaCl. It is also noticed that the amount of increase depends on the % of silt+ clay. Therefore, 

to detect the numerical values of such increases, the correlation and regression analyses were adopted to give 

the following values: ryx1 0.8827**and Ry1x1x2 0.9061**, therefore y= 48103+89.75x1and 

y=158.5+89.5x1+765.5x2 where x1 is silt +clay &x2 is NaCl % and y is viscosity, poise. This means that it can 

measure the %of silt+clay (within the tested range) by direct viscosity reading of such soil suspensions. 
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Fig. 1:Soil viscosity of different (silt + clay ) percent as affected by Sodium chloride percent addition 
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Table 2: Soil viscosity (poise) as affected by texture and salinity (sodium chloride solution addition. 

Soil 

No. 

sample 

 

(Silt + Clay) 

% 

NaCl % addition 

 
0.0% 

 
0.1% 

 
0.5% 

 
1.0% 

 
1.5% 

 
2.0% 

1 6.14 1500 1650 2300 2400 2510 2800 

2 8.96 1300 1400 2400 2300 2300 3050 

3 12.45 1200 1250 1500 1650 2200 3500 

4 18.65 1000 1200 1250 1500 1900 2100 

5 33.81 1200 1300 1390 1500 1900 2300 

6 38.77 2900 3200 3300 3550 3750 3900 

7 44.42 3700 4200 4650 4800 5100 5500 

8 51.73 4200 4800 5100 5150 5300 5700 

9 62.21 5100 5650 5700 6150 6200 6350 

10 74.64 6900 7100 8200 8700 8920 9150 

11 84.15 8000 9600 9700 10200 11000 11300 

 

 

4.2. X-ray identification of the clay sample: 

 

 X-raydiffractograms of the clay sample (fig.2) was carried out in four treatments Mg and K-saturated, air 

dried, Mg- saturated glycol solvated and K-saturated over dried to 550
o
C for 4 hrs. Mg saturated sample shows 

very high broad peak at 14.74 - 15.90 A
0
 which refer to the dominance of montmorillonitemineral.The second 

peak at 7.15 A
0
 with relative intensity 87% and the third order peak at 3.58 A

0
are remedied to kaolinite.The 

second x-ray diffraction pattern of the clay sample saturated with glycol has a large peak at 17.99 A
0
 due to the 

lattice swelling of montmorillonite. Another peak with relatively high intensity at 3.57 A and less intensity at 

7.18 of kaolinite and 3.35 A
0
of quartz.Potassium saturated sample indicating abnormal montmorillonite air 

dried shows a broad peak at 12.40 – 12.80, another sharp and high peak at 7.16 A
0
 of quartz. Also the 

diffraction at 3.38 A
0
 is sharp but less intensity which indicates quartz presenceHeating the clay sample, 

saturated with potassium, to 550
0 

C gave a high and sharp reflection at 10.014 A
0
which may suspect the 

presence of illite (hydrous mica).  

 In factX-ray diffraction patterns prove the dominance of montmorillonite, kaolinite and probably illite 

mineral in this clay sample.However, the stable peaks in the range 3.31-3.35-4.47 A
0 

, under all treatments 

indicate the presence of quartz and feldspars minerals in thisclay sample. Also, the peak at 7.15 A
0  

- 7.18A
0   

which disappeared by heating to 550
0
 C, indicated the presence of kaolinite mineral in relatively low proportion. 

  

 
 

Fig. 2:X-ray diffract grams of the clay sample. 

 

4.3 CEC indication: 

 

 Tables (3-4) indicate a classic correlations of the measured EC, pH, total CaCO3, CEC, active CaCO3, Na
+
, 

Cl
-
 and SO4

2-
 while non for the others so, from these relations the characters could be suggested by the viscosity 

readings .Moreover, from Table (3)and Fig (1) it is clear that viscosity values for the 3 samples of 12.5, 18,7 

and 33.8% of silt+ clay under all NaCl concentrations decline by sensible amounts . Also,Table (3) explains the 
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CEC values for these samples which are relatively high with 0.1 and 0.5% of NaCl then declined by more 

salinity additions up to 2 %, while the CEC values for other samples increased by salinity without exceptions. 

 
Table 4: Simple correlation and regression of viscosity (dependent variable) with another variables (independent) arranged according to 

correlation. 

Correlation Regression equation 

0.8827*** Viscosity = 481.03 + 89.75 (silt + clay %) 

0.8709*** Viscosity = 618.23 + 1090.86 (Total CaCO3%) 

0.8709*** Viscosity = 73.57 + 578.63 CEC 

-0.6882*** Viscosity = 8684.94 - 2049.60 (Active CaCO3%) 

0.6784*** Viscosity = 1090 + 1809.97 EC 

0.6578 *** Viscosity = 1481.8 + 166.6 (Na+) 

0.5916*** Viscosity = -29483.84 +4196.87 pH 

0.5099 *** Viscosity = 2505.18 + 133.7 (Cl-) 

0.4093 ** Viscosity = 2652.7+ 511.5 (SO42-) 

0.2356 ns (Ex.Na+) 

0.2163 ns (NaCl%) 

0.1922   ns (CO32-) 

-0.1703  ns (Mg2+) 

0.1480  ns (K+) 

3.055x104-  ns (Ca2+) 

 

 Table (5) gives the relations between the studied characteristics in one side with both (silt+ clay) and 

salinity percent. As Cation exchange capacity (CEC) is a measure of soils ability to hold positively charged 

ions, it`s a very important soil property influencing soil structure stability , nutrients availability, soil pH and the 

soils reaction to fertilizers and other meliorates (Hazleton and Murphy, 2007). CEC is conventionally expressed 

in me/ 100g which is numerically equal to centimoles of charge per kilogram of exchanger (cmol
+
/ kg). 

 Also, CEC of soils varies according to clay %, type of clay, soil pH, and amount of organic matter and 

amorphous materials. Thus pure sand has a very low CEC, less than 2 meq/100g, which could be neglected. 

Claying sand soils for managing water repellence increases the CEC of the surface layers by a small amount 

depending on the type and amount of clay added, Helmut Kohnke (1979). A high CEC value (>25) is a good 

indication that a soil has a high clay and/ or organic. 

 
Table  5: Multiple correlation of chemical properties determined in this studies with (silt + clay %) of different soil samples and different 

concentration of NaCl solution addition. 

Correlation Regression equation 

0.9061*** Viscosity = -158.5 + 89.5 (silt + clay %) + 765.5 (NaCl%) 

0.9026*** EC = -0.0225 + 0.222 (Silt + Clay %) + 0.9567 (NaCl%) 

0.8511*** pH = 7.43 + 0.0068(Silt + Clay %) + 0.3677(NaCl%) 

0.7538*** CEC = 2.2716 + 0.0940 (Silt + Clay %) + 1.1128 (NaCl%) 

0.6929*** EX.(Na+) = 1.113 + 0.0602 (Silt + Clay %) + 4.268 (NaCl%) 

0.9559*** Total CaCO3% = 0.1031 + 0.0776 (Silt + Clay %) – 0.0432(NaCl%) 

0.8427*** Active CaCO3% = 3.662 – 0.0252 (Silt + Clay %) -0.5004  (NaCl%) 

0.8923*** Na+ = -1.714 + 0.2244 (Silt + Clay %) + 10.1637  (NaCl%) 

0.2759 ns K+ = 0.0952 +9.0416x104- (Silt + Clay %) – 0.0345  (NaCl%) 

0.1310 ns Ca2+ = 0.8636 -0.0017 (Silt + Clay %) + 0.07304  (NaCl%) 

0.3128 ns Mg2+ = o.2481 – 3.1706x104- (Silt + Clay %) – 0.0714   (NaCl%) 

0.3292 ns CO32- = 2.8440 + 0.0096 (Silt + Clay %) – 0.2030  (NaCl%) 

0.4592 * SO42- = 1.327 + 0.0371 (Silt + Clay %) + 0.1403 (NaCl%) 

0.8708 *** Cl- = -0.639 + 0.133 (Silt + Clay %) + 11.361 (NaCl%) 

 

 matter content and can hold a lot of cations, whilealow CEC value (<5) is a good indication that a soil is 

sandy with little or no organic matter, so cannot hold many cations. 

 The process of substitution or cation exchange, according to FirmanBear (1976 ),  occurs only when a 

cation in the soil solution moves into the hemisphere of motion of a cation located on the surface of a negatively 

charged particle. The charge and size of the hydrated cation essentially govern the preferences of cation 

exchange equilibrium.Kaolinite has a CEC of about 10 me/ 100 g, while other clays such asillite and smectite 

have CEC ranging from 25 to 100 g.Organic matter has a very high CEC ranging from 250 to 400 meq/ 100 g. 

So, a higher CEC usually indicates more clay and organic matter in the soil, and high CEC soils generally have 

greater water holding capacity than low CEC soils. 

 It is apparent from a consideration of the viscous behavior of montmorillonite suspensions that gel 

structures are formed under suitable conditions. The type of gel structure is most probably the brush-heap type 

proposed by von Nageh in which the pictures of gel are made up of interlayer particles throughout the system 

and with the dispersion medium being held in the mass by capillary forces. This structure implies that the clay 

particles are of a hetrophilic nature, i.e., the particles contain areas both of a hydrophobic character and of a 

hydrophilic character. If the particles were hydrophilic over the entire surface there would be no possibility of 
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particle- to- particle contact and no structure could form. In the opposing situation, in which the surface is 

entirely hydrophobic, complete contact could take place and dense floccules would form when the stabilizing 

factors (other than salvation) were removed. Also, in this case no structure would form. For particles of an 

intermediate character , it would be possible for particles to coalesce at certain points on their surface, while at 

the same time the adsorbed water would prevent complete flocculation and a structure would be formed 

throughout the suspension. 

 According to the picture of the gelatin mechanism given above, it is obvious that the interaction of clay 

particles may be altered by any condition that would change the ionization of the hydrophobic part or would 

change the ratio of the hydrophilic to hydrophobic part. Considering the hydrogen-saturated clay,this is a 

hetrophilic system which forms a stable suspension in the absence of electrolytes. The dual character of this 

system is brought out by the addition of sodium chloride, which causes an increase in viscosity. The sodium 

chloride reduces the ionization of the hydrophobic sites sufficiently to permit adherence of neighboring particles 

and some gel structure formation. The fact that complete flocculation does not occur attests to the hydrophilic 

character of these clay particles. While a small amount of hydrogen is probably replaced by the sodium 

chloride, this does not appear to be significant since the viscosity does not decrease as in the case of exchange 

of hydrogen with sodium hydroxide. The replacement of only a small amount of hydrogen by sodium, results in 

a breakdown of the gel structure and in dispersion of the clay. The addition of sodium to the clay apparently 

converts the clay from a heterophilic to a hydrophilic system, as indicated by the dispersion of clay even in the 

presence of sodium chloride. 

 The addition of sodium chloride to clay suspensions causes an increase in viscosity only after a certain 

threshold value is reached. This value depends upon the exchangeable cation. Below this point, addition of 

NaCl may cause a decrease in viscosity. 

 An increase in clay concentration results in an increase in viscosity at a much faster rate than would be 

expected from consideration of the dispersed phase. Apparently, interference between particles becomes 

dominant at higher concentrations (approximately 2 percent). 

  

4.4 Exclusions of relation: 

 

 From Table (4) it is clear that 9 of  the measured properties are significantly correlated with viscosity , 

while the rest (5 ) are insignificant . This , in turn , spots  light on viscosity as a new measure to expect the level 

of such properties with just one measure of Vs for these suspensions. 

 The other studied factor in this work is the NaCl % which ranged between 0 to 2 % or 0 to 2000 ppm, 

Table (3). The data of viscosity readings for the 11 samples with 6 salinity levels indicate general increase of Vs 

with both Silt + Clay and salinity as well.This relation formulated both correlation &regression analyses as 

follows: 

 Ry.x1x2  0.9061** as Y= 158.5 + 89.5 (silt + clay %) + 765.5 (NaCl%) where Y is viscosity (poise) and 

X1& X2 are silt + clay% &NaCl% as they together control the majority of the studied properties, so Table (6) 

gives the multiple correlation and regression equations for these properties in relation to viscosity values.  

 Table (6) shows the studied soil properties as affected by the silt + clay% &NaCl%. From the Table (3) and 

Fig(1) it seems that some samples, especially those of 9-34% of  silt + clay % play somehow different role on 

measured properties from others. The previous discussion about the behavior of clay mineral, which is here 

montmorillonite, is responsible for such behavior. The incremental increase of silt + clay % seems to absorb the 

added NaCl in inner lattices, so the hydration shell of Na+ will be confined to affect suspension viscosity. Even 

with high doses of NaCl, the  silt& clay particles could absorb all the amounts, so the viscosity readings were 

declined. This trend is parallel with CEC values (Table 3).In the rest of samples (>34% silt + clay),with further 

addition of  NaCl and  silt + clay, both factors play the classic behavior with viscosity by the following : a- The 

fine particles density in suspension (silt + clay) which persist the movement of particles, so increase viscosity. 

b-The surface adsorption of Na+ on silt & clay particles which create the water shells around the particles, so 

impede the laminar flow of water molecules, so recorded further  increase in viscosity. Both factors play 

together to make the viscosity readings increase dramatically for the rest of samples. (Table 3 and Fig. 1 ) 

 
Table  6:The considered significant multiple correlation must increase by > 0.005 from step to another. 

Correlation Regression equation 

0.8876*** vs = 454.58 + 59.12 st+clay + 394.68 TOTAL CACO3 

0.9019*** vs = -113.82 + 45.06 st+clay + 358.90 TOTAL CACO3+178.30 CEC 

0.9743*** vs = 44.21 st+clay + 301.49 TOTAL CACO3 + 93.54 CEC + 448.98 EC 

0.9311*** vs = 71.00 + 48.09 st+clay + 262.35 TOTAL CACO3 + 78.25 CEC + 980.50 EC  -132.42 EX. 

0.9480*** vs = -123.30 + 55.57 st+clay + 482.04 TOTAL CACO3 

+ 53.70 CEC+ 112.06 EC  -183.54 EX. + 1402.7concn 
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