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Abstract 
 
In this article shows that the targeted transformation of cohesive soils can be 

carried out using stabilizers of different compositions, which in small doses 

have a positive effect on the formation of the properties of road-building 

materials due to the activation of physicochemical processes and the 

optimization of technological processes. The stabilizers in their effect on 

cohesive soils can be divided into ―stabilizers-hydrophobizators‖ and 

―stabilizers-hardeners‖. The latter, unlike the former, not only reduce 

heaving processes during freezing of soils, but also sharply change their 

physical, mechanical, and water-physical parameters. It is possible to expand 

the boundary of the use of the stabilization method for cohesive soils (from 

sandy loam to clay with a plasticity number of 27) using a wide arsenal of 

modern materials, as well as the additional introduction of binders into the 

system. 
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1 Introduction 
 

 Right now, there is a fast increment in the volume of development of 

different vehicle framework offices. In a large portion of Iraq, there are no 

conventional street development materials, which decides their deficiency 

and causes an expansion in the all out expense of the development object. In 

such manner, it is prudent to utilize neighborhood soils for clearing. So as to 

have the option to use, for instance, the most widely recognized dirt soils in 

Iraq, which are known to have high network and quality in the dry and 

immaterial in the water-immersed state and which are hurling, it is important 

to guarantee their sturdiness and dependability, paying little heed to changes 

in dampness, climate conditions and variable burdens during traffic. This can 

be accomplished uniquely under the state of an essential subjective change in 

the regular properties of such soils. 

 Numerous scientific schools have been creating folios based on soil with 

inorganic (concrete, lime, fly debris, and so forth.) and natural (bitumen, 

bitumen emulsions, tar, polymer gums, and so on.) fasteners.Since the 1920s. 

An investigation of the consequences of their work indicated that concrete 

based organizations are recognized by high unbending nature and, 

appropriately, split development. What's more, concrete groundworks have 

an expanded scraped area, which doesn't permit their utilization for clearing 

without a defensive layer of wear. Liming of soils doesn't give them ice bone. 

Natural covers add to the advancement of rutting, just as plastic 

misshapenings of the base layer. 

 Long-term studies in various countries of the world have shown that 

increasing the water-resistance of clay soils can be achieved using surface-

active substances (surface-active), which can stabilize such soils with small 

consumption of surface-active. The introduction of active reagents can 

reduce the need for binders, significantly improve the physical and 

mechanical properties of clay soils, and make them suitable for use in 

construction work[1].Modern road-building equipment (soil milling cutters, 

recyclers, mobile soil mixing plants) allows you to effectively stabilize and 

strengthen the soil directly in place at great depth (up to 50 cm) in one 

working pass with great accuracy in the dosage of materials introduced into 

the soil fishing High-performance soil mixing equipment, which is produced 

by such well-known companies as Bomag, Caterpillar, FAE, Wirtgen and 

others, allows you to get a homogeneous mixture even when working with 

waterlogged soils. In this regard, recently the interest in road stabilizers has 

noticeably increased for road specialists both in our country and abroad. 

 Stabilizers are an extremely wide class of substances of various sythesis 

and birthplace, which in little dosages positively affect the development of 

the properties of street building materials, both because of the initiation of 

physical and concoction forms and because of the enhancement of 

mechanical procedures.  
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These substances can be utilized at practically all innovative stages in street 

and runway development, beginning from the development of the subgrade 

and closure with the development of hard coatings, counterfeit building 

structures, and street development. 

 

2   Cohesion Soil Stabilization 
  

 Large-scale hydrophobization research carried out in the 20th century in 

a number of countries, including the USSR, showed that the question of the 

duration of the hydrophobization process with constant wetting and water 

saturation of soils throughout their life in road pavement remains quite 

important.Modern stabilizers have complex, multi-component compositions, 

including: 

 • Acidic organic products, superplasticizers, and other substances; 

 • Liquid silicate, acrylic, vinyl acetate, styrene-butadiene polymer 

emulsions; 

 • Low molecular weight organic complexes. 

 Stabilizers can be cationic, anionic, and nonionic. In this regard, their 

interaction with the same clay mineral will not proceed the same way. 

 The stabilizers of the first type have a complex composition, including 

acidic organic products, superplasticizers, and other additives. All of them 

are characterized by an acid reaction of the medium with a pH in the range of 

1.72-2.65. Water with the introduction of such stabilizers is activated due to 

ionization (H +, OH¯, and H3O +). The stabilizer solution, in turn, changes 

the charge on the surface of clay particles due to the energy exchange of 

electric charges between ionized water and mineral particles of the soil. By 

exchanging charges with ionized water, soil particles break the natural bonds 

with capillary and water. When compaction of soil treated with a stabilizer 

solution, capillary and water is easily separated, creating conditions of high 

compaction of the mixture.  

 Thus, the stabilizer plays the role of a plasticizing additive, which allows 

for lower optimum soil moisture to achieve higher indicators of its density. 

For soils of acidic varieties, cationic surface-active are used. For carbonate 

soils, it is advisable to use anionic surface-active. According to the authors, 

developers of the APAV ―Status-3‖ material, micro areas of a clay soil 

surface that carry a certain charge adsorb oppositely charged ions, but 

surfactant ions of the same name charged with the surface do not adsorb it 

directly and under the influence of electrostatic forces near the adsorbed ions, 

together with them form a double electric layer (DES) on the surface of the 

adsorbent. In the presence of a DEL, the surface density of a negative charge 

forms an inner lining, as it were, and soil particles (anions, cations) located at 

the phase boundary form an outer lining of the opposite sign (respectively, 

the adsorption and diffuse parts of the DEL), and in general, the system is 

electrically neutral.[2] 
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 Strength loss after water saturation can be avoided by using other 

modern materials to convert the soil - polymer emulsions (the second type of 

stabilizers), with a wide range of properties. A typical polymer emulsion 

contains approximately 40-60% polymer, 1-2% emulsifier, and the remainder 

is natural water. The polymer can also vary significantly in its chemical 

composition, molecular weight, degree of branching, size of side chains, 

composition, etc. Most polymer products used to stabilize and strengthen 

soils are vinyl acetate or acrylic copolymers. 

 Studies conducted in the USA showed that polymer emulsions really 

provide a significant increase in strength, in particular, additionally in 

conditions of humidity. The curing process of the emulsion consists of 

―separation‖ and subsequent release from water by evaporation. Separation 

of the emulsion occurs when individual droplets of the emulsion, which are 

in suspension in the aqueous phase, are connected to each other. On the 

surface of the soil particle moistened with emulsion, a polymer precipitates, 

the amount of which depends on the concentration of polymer added to the 

mixture and on the proportion of mixing with the soil. [3] 

 One of such polymeric materials is LBS - liquid silicate-polymer soil 

stabilizer - KPAV. When an aqueous solution of LBS is introduced into the 

soil, an irreversible change in the physic mechanical properties of the soil is 

ensured due to chemical action, by ionic substitution of water on the surface 

of dusty particles by stabilizer molecules that have a water-repellent effect. 

Water as a result of compaction of the treated clay soil is easily removed 

from it. Improved in this way, the soil becomes more durable and practically 

waterproof, which makes it resistant to all climatic conditions and able to 

absorb increased payload even in conditions of prolonged heavy rainfall. The 

elastic modulus for soils (from sandy loamy sand to heavy loam) stabilized 

by LBS reaches 160-180 MPa. Such soils also have higher (≈ 50%) in 

comparison with unstabilized soils in the dry state indicators of shear 

stability.  

 The effectiveness of the use of the polymer stabilizer LBS is most 

pronounced when interacting with highly plastic heaving clayey soils. After 

processing, such soils pass into the category of weakly graded and non-

grained. This result is achieved due to the transfer to the free state of water, 

which was previously on the surface of clay particles. Soils stabilized with 

LBS have high deformation characteristics. For example, sandy loam 

samples with a plasticity number of 12 and a moisture content of 14.4% 

(humidity at the rolling line is 18%, at the yield line is 30%) after 

stabilization by polymer emulsion and long-term (28 days) capillary water 

saturation (sample density - 2.26 g / cm3, skeleton - 1.98 g / cm3) were 

subjected to laboratory tests with a hard stamp. The elastic modulus for them 

was 179-182 MPa. The degree of heaving of stabilized soils was determined 

in accordance with GOST 28622-90 using a specially designed installation.  
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 The results of the studies showed that clay soils after exposure to LBS 

pass into the category of non-porous or slightly porous and non-swell able or 

slightly pourable. 

 Innovative developments for soil stabilization and road construction are 

materials such as LDC + 12 (liquid acrylic polymer product) and Environ 

Solution JS (liquid vinyl acetate compound), as well as M10 + 50 - liquid 

polymer emulsion based on acrylic, which is a cementitious material. The 

latter was developed specifically to significantly improve such soil 

characteristics as adhesion, abrasion resistance, bending force, and also to 

increase the durability of the pavement layer. Soils treated with material M10 

+ 50 are used in the construction and repair of transport infrastructure objects 

and have a number of advantages compared to other stabilizers produced at 

the present stage. M10 + 50 is used in soils with a plasticity number of up to 

12. The emulsion dissolves well in fresh and saltwater. The stabilized soil 

gains water resistance. The soil layer treated with the M10 + 50 emulsions 

can be used for passing vehicles already 2 hours after the work. Such a layer 

does not require special care, unlike a layer reinforced with cement or lime. 

Soil treated with composition M10 + 50 has the greatest ability to resist 

destruction from atmospheric influences and ultraviolet radiation. Over 20 

years of experience using this polymer stabilizer shows significantly better 

results with acrylic stabilizers compared with non-acrylic polymers[4]. 

 Clay soils can be converted using other ionically active modern materials 

(Perma-Zume, "Dorzin") - stabilizers of the third type, based on enzymes. 

Such enzymes are a composition of substances that are mainly formed during 

the cultivation of organisms on a complex nutrient medium with some 

additives. Perma-Zume 11X reduces the surface tension of water, which 

contributes to the rapid and uniform penetration and absorption of moisture 

into clay soil. Clay-saturated particles of moisture are pressed into the voids 

of the soil and completely fill them, thus forming a dense, hard, and long-

lasting layer. Due to the increased ability to form soil particles, the necessary 

density of soil particles is reduced. Research results of scientists at the 

Institute of Chemical Physics SB RAS. It is known that in the organic part of 

the preparation the compounds are mainly represented: oligosaccharides 

(from monosaccharides to pentasaccharides), amino compounds of the 

arginine type, mannitol (D-mannitol), hydroxy compounds of the trehalose 

type, and nitrogen-containing derivatives of lactic acids. 

 The following characteristics are given: high physical and mechanical 

properties, temperature resistance, water resistance, corrosion resistance. 

From the above, it follows that the structure formation of the clay component 

of cohesive soils when interacting with a stabilizer is due to the blocking of 

active hydrophilic centers of dispersed minerals, which leads to a decrease in 

the specific surface of the soil, cationic capacity and an increase in 

hydrophobicity. 
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 The impact of surface-active on cohesive soils leads to the complete 

exchange of cations. A decrease in the ability of stabilized soil to adsorb 

water and related structural transformations causes a change in the physical 

properties of soils.It is better to use carbonate soils for ARAs, in which the 

interaction of negatively charged organic stabilizer anions with cations of the 

mineral surface of the soil (Ca2 +, Al3 +, Si4 +, etc.) can be more noticeable. 

 Organic ions of polymer emulsions in addition to electrostatic forces are 

retained by molecular and hydrogen forces. They are adsorbed more 

strongly, forming complex organometal complexes. In this regard, it is 

possible that the reaction of the soil medium (pH) and its salt composition do 

not significantly affect the stabilization of the soil by polymer emulsions. 

 When compaction of soil treated with a stabilizer, capillary, and film 

water are easily separated, creating conditions of high compaction of the soil 

mixture. It has now been established that soils treated with stabilizers must 

have a hydrophobicity coefficient of at least 0.45, and the maximum density 

value is higher than the initial one by more than 0.02%. The content of dusty 

and clay particles in the used soil should be at least 15% by weight of the 

soil. It is allowed to use soils for stabilization with the content of dusty and 

clay particles less than the specified limit, provided that the grain 

composition is improved by clays, loams, and the amount of dusty and clay 

particles is brought to the required level. Clay soils with a ductility number 

of more than 12 before the introduction of stabilizing and cementing 

materials into the soil must be crushed to the degree of crushing required by 

SP 34.13330. The relative humidity of clay soils, in this case, should be 0.3-

0.4 humidity at the yield point. 

 

3 Integrated Methods for Converting Cohesive Soils 
 

 To enhance the interaction of cohesive soils with a stabilizer, binders 

(cement, lime, organic binders) can be additionally introduced into the 

system in a small amount. As a result of this, an improvement in all the 

characteristics of artificially transformed soils can be expected. To determine 

what processes occur in a complex system of ―soil-stabilizer-binder‖, we 

consider the results obtained by Vasiliev for clay soils after interacting with a 

different amount of binder using cement as an example. It is usually believed 

that when soil is treated with cement, only crystallization-type structural 

bonds develop. He experimentally revealed that with the introduction of 

cement, not only crystallization-type bonds develop, but also bonds that are 

water-colloidal in nature are strengthened. The strength of coagulation bonds 

and the intensity of strength growth increase with increasing dispersion of the 

soil, which indicates the influence of the active surface of soil particles on 

the physicochemical processes of the interaction of cement and soil. With a 

cement content of up to 2% for heavy loam, 4% for sandy loam, the strength 

of coagulation bonds exceeds the strength of crystallization.  
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 The ratio of hard (crystallization) and flexible (coagulation) bonds in 

cement soils determines their deformation properties. Consequently, the 

deformation properties in a soil system with a small introduction of cement 

will be determined by the strength of coagulation bonds. The data obtained 

by Fedulov when introducing into the system ―soil stabilizer‖ (―Status‖) 2% 

of cement also indicate changes not only in water-colloidal properties but 

also in strength characteristics. For example, water-colloidal forces ∑for 

shear clay shear resistance transformed with a stabilizer and cement (2%) are 

0.084 MPa and, accordingly, without cement — 0.078 MPa, with water - 

0.051 MPa (Table 1). 

 
Table 1: The results of determining the strength parameters of loam soil 

 
  

 Thus, it can be noted that additives in the soil of binders (Portland 

cement and/or lime) in relatively small dosages contribute to the 

improvement of some of its physical and mechanical properties: a decrease in 

ductility, an increase in bearing capacity. The amount of cement and/or lime 

introduced in this case is sufficient to ensure that, as a result of their 

interaction with the dusty and clay fractions of the soil, their hydrophilic 

properties are lost, but not enough to hold the entire mass of soil particles in 

a cohesive system. As a result, improved soil is obtained by enhancing 

coagulation bonds. 

 Additives of surfactant stabilizers can be used to control the hardening 

time of cement and soil-cement mixtures, to control the processes of 

structure formation during soil strengthening. The action of a surfactant 

depends on its composition and concentration in the mixture. In the work of 

Lukyanova, Rebinder shows a change in the phase composition of C3A 

hydration products in the presence of increasing surfactant additives — SSB 

concentrate. Surface-active adsorbed on the mineral particles of soil and 

cement in the first phase of hardening of the binder block potential centers of 

coagulation and crystallization structure formation, which contribute to the 

convergence of the phases of hardening and, as a result, reduce the micro-

cracking of the material structure and to increase its strength. 
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 It was established that the mineral composition of the clay fraction in the 

soil-cement – surfactant system has a significant effect on the density and 

hardening of the soil. The resulting clay micro-composites together with 

frame minerals act as a filler and micro-filter in the formation of soil cement. 

The cryptocrystalline (X-ray amorphous) aluminosilicate phases are an active 

pozzolanic component that binds free portlandite at long hardening periods. 

 To strengthen clay over moistened soils, whose moisture is 4-6% higher 

than optimal, the use of quicklime is effective. When lime is introduced into 

the soil-stabilizer system, it performs, in addition to its main function as a 

binder, the function of the carrier of the particle-size additive, which allows 

the stabilizer to be evenly distributed in the soil. All this creates the 

conditions for the high-quality laying of the mixture and its compaction. 

Therefore, the greatest effect can be achieved by strengthening heavy loam 

and clay. In the complex system "soil - stabilizer - lime", crystallization and 

coagulation structures are formed simultaneously. The presence of a 

stabilizer in such a system makes it possible to control the crystallization rate 

and the rate of nucleation of crystals of tospermorite group hydro silicates, 

since the components of the stabilizer — surfactant, due to adsorption on the 

surface of the nuclei, can prevent their growth. 

 The action of surface-active substances is always associated with the 

formation of structures in the surface layers of clay particles and adjacent 

volumes of the dispersed medium. The consequence arising from 

thermodynamics is that it is surface-active that has the ability to accumulate 

in excess at the interface and thus become denser in a thin layer. The 

surfactant adsorption layer has an extremely small thickness; therefore, even 

very insignificant surfactant additives can drastically change the conditions 

of molecular interaction on the interface. A rational technology for the use of 

stabilizers is one in which the conditions necessary to achieve the surfactant 

of the corresponding surfaces are created.To obtain the desired result, the 

amount of surfactant must be optimal.If the amount of stabilizer is more than 

optimal, then the adsorption of surface-active leads to reduce the strength of 

the relationship between particles. In addition, as established by Ovcharenko, 

the same concentration of surface-active in an aqueous solution for clay soils 

of different mineral composition can also give the opposite effect. 

 An analysis of works on the study of various types of construction allows 

us to note that the introduction of stabilizers in clay soils improves their 

density, compressive and tensile strength, elastic modulus, frost resistance, 

reduces optimal humidity, capillary water reduction, heaving, and swelling. 

Thus, it has been established that the soaking rate of untreated loam is 1.5–2 

times higher than that of treated with stabilizers ―Status‖ and Road bond. The 

total value of deformation of frost heaving in the clay soil they cultivated is 

15% and 35% respectively less than that of untreated soil. Therefore, the 

processing of clay soils during their compaction leads to a decrease in the 

total deformation of frost heaving.[5] 
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 The experiment on the construction of experimental sections of roads 

with heavy clay loam bases with organic binders (7-8%) treated with the 

Status stabilizer and cement (6%) showed that the total strain modulus 

determined by the dynamic stamp method increases in twice. In clay soils 

treated with the Status stabilizer, specific adhesion Cw increases due to a 

significant increase in the water-colloidal forces ∑w (5 times in the sandy 

loam sample and almost 2 times in the loam sample) (Table 1). The 

introduction of a stabilizer together with a binder allows one to increase both 

the friction angle φw and the adhesive force Сw. 

 Due to the fact that many modern stabilizers have an acidic reaction of 

the medium due to the content of sulfuric and sulfonic acids in their 

composition, it is advisable to introduce organic binders in the form of a urea 

resin with a hardener. This, in turn, provides a significant increase in water 

resistance and strength of the treated soil, as well as an increase in the 

number of varieties of soil to be treated. 

 As a promising complex additive, lime used in conjunction with a 

surfactant can be considered. The introduction of a small amount of lime or 

cement (up to 2%) into the soil-stabilizer system more than 2 times improves 

all acquired properties of soils. For example, the strength of samples of 

capillary-water-saturated stabilized sandy loam (LBS - 0.01%) increases 

from 4.5 to 15.5-18.8 kg / cm2 depending on the binder, and after 10 cycles 

of freezing-thawing - up to 14 7-22.0 kg / cm2. For waterlogged soils, 

quicklime is most effective. 

 Studies conducted by the specialists of the Soyuzdor to study the effect 

of complex binders (M10 + 50 and cement in an amount of 6 to 10%) on the 

properties of sandy loamy soils showed the following results. The tensile 

strength of samples during bending increases by 36.3-40.8%, the values of 

the stiffness coefficient decrease by 27.5-36.5%. By introducing a surfactant 

into the complex system, the physic mechanical characteristics of soils are 

improved in comparison with samples reinforced only with cement (Fig. 1). 

 At the same time, the resistance of the strengthened soil to shear 

increases several times, which makes such soil optimal for the construction 

of temporary runways and highways both when building the foundation and 

as a coating. This is most relevant when performing road repair work using 

the ―cold recycling‖ method when installing the upper layer of the pavement 

base or the lower coating layer. The results of such soil consolidation far 

exceed the bitumen emulsions or cement commonly used for this technology. 

[6] 

 The stabilization of clay soils by Dorzin material showed very good 

results. For a wide range of loams (from light dusty to heavy dusty) and clay 

(light dusty), the compressive strength corresponds to 4.0–4.3 MPa, and for 

bending 0.9–1.4 MPa. Stabilized soils acquire water and frost resistance (F5).  

 

 



                                                                                                                  
 

 

 

 

 

 
4318 Sura A. Saadoon et.al 

 

 Stabilization of such soils by introducing 2% cement into the system 

contributes only to a slight improvement in their strength characteristics, on 

average 4.3-4.6 MPa, but at the same time a sharp increase in water and frost 

resistance (F10). This, in turn, allows us to reduce the amount of cement in 

cement soils without changing the strength characteristics. 

 

 

  

 

 

 

 

 

 

 

 

 
Figure 1. Shows the dependence of tensile strength when bending reinforced sandy 

loam soil on the composition and amount of complex binder (polymer emulsion M10 

+ 50 and cement): 1- cement, 6%; 2- cement, 6% + M10 + 50, 6 l/m3; 3- cement, 

8%; 4- cement, 8% + M10 + 50, 4 l/m3; 5- cement, 10%; 6- cement, 10% + M10 + 

50, 3 l/m3 

 The optimum amount of cement when it is introduced into the clay soil 

stabilized by Dorzin is 6-8%. This makes it possible to obtain strength 

indices for the clay soils studied, corresponding to grades of strength М40-

М60 and frost resistance - F10-F25. The combined use of surface-active and 

inorganic binders when performing road construction work to strengthen the 

foundations of pavement foundations allows us to reduce the amount of 

binder by 30-40% compared with non-additive compounds without changing 

their strength characteristics [7]. The different effect of introducing 

stabilizers into cohesive soils is due both to the composition of soils, 

stabilizers, binders (using complex methods), and their quantity. 

 The use of complex methods for the conversion of cohesive soils can 

significantly improve their physico-mechanical and water-physical 

characteristics compared with conventional stabilization. Thus, when a 

stabilizer and a binder are introduced into clay soil, physicochemical and 

colloidal processes begin to proceed even at the first stages under weak 

mechanical influences (soil mixing). Ion exchange, adsorption, coagulation 

of the finely dispersed part of the soil are supplemented by chemical 

processes (pozzolanic reactions), and as a result of which calcium 

hydrosilicates and other compounds are formed, which additionally cause a 

change in the properties of soils. Therefore, the surface-active substances that 

make up the stabilizers, allow you to regulate the processes of structure 

formation in complex systems[8]. 
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Structuring in such systems depends on the following parameters: 

 • Composition and properties of cohesive soils; 

 • Quantity and concentration of binder; 

 • Composition and properties of the stabilizer; 

 • Amount and concentration of stabilizer. 

 

4 Conclusions 
 

 • The structure formation of the clay component of cohesive soils when 

interacting with stabilizers is due to the blocking of active hydrophilic 

centers of dispersed minerals, which leads to a decrease in specific surface 

area, cationic capacity, and an increase in soil hydrophobicity. 

 • When stabilizing soils, the amount of stabilizer introduced into the soil 

should be optimal to obtain the desired result. 

 • Stabilizers in terms of their effect on clay soils can be divided into 

―stabilizer-water repellents‖ and ―stabilizer-hardeners‖. 

 • Introduction of ―stabilizer-water repellents‖ in cohesive soils improves 

their water-physical properties. The expediency and effectiveness of their use 

is determined mainly by the reduction of heaving processes during the 

freezing of soils. 

 • Conversion of clay soils with the help of ―stabilizer-hardeners‖ 

contributes to a significant change in their physical and mechanical and 

water-physical properties. The compressive strength can reach values of 4.3 

MPa, with a bend of 1.4 MPa. Stabilized soils are water and frost resistant. 

 • The introduction of mineral binders in small doses (up to 2% for heavy 

loam, 4% for sandy loam) in the soil-stabilizer system allows to 

improvement its physical, mechanical, and water-physical characteristics 

compared to conventional stabilization. 

 • The main difference between the two types of stabilizers is the 

instability of soils treated with "stabilizer-water repellents" in the aquatic 

environment. Such an amount (2-4%) of cement or lime introduced into the 

system is sufficient to ensure that, as a result of interaction with dusty and 

clay fractions of the soil, they lose their hydrophilicity properties, but not 

enough to keep the entire mass of soil particles in a cohesive system due to 

the strengthening of coagulation bonds. 

 • In the complex system ―soil-stabilizer-binder‖ all components take part 

in structural formation. Physicochemical and chemical processes during 

mixing with water of a binder are essential since the process of creating the 

crystalline structure of neoplasms occurs in parallel with the formation of the 

structure of the complex transformed soil. 

 • The different effect of surfactant stabilizers in a complex system is due 

to their chemical composition and different selective adsorption with respect 

to clinker binder minerals and soil minerals. 
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