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water in soil interact with each other because water molecules are strongly attracted

to and adsorbed on soil particle surfaces. These interactions influence the physical and

physicochemical behavior of soil matrix

How is water adsorbed on the surface of the clay particle



water ; dipole molecule two separate centers of charge.

electrostatically attracted to the clay surface with cation in clay

cations ; generally hydrated to some-extent important at low water contents

Attraction by Osmosis

IS(Isomorphous substitution) crystal wants to be electrically neutral

cations in the water may be strongly attracted to

the clay (different clay have different charge

deficiencies and thus have different tendencies to

attract the exchangeable cations1))



Higher valence cations easily replace cations of lower valence. For ions of same

valence, the larger ions the greater the replacement power.

Li+ < Na+ < K+ <<Mg++ < Ca++ << Al+++

Practical application

Na-Mont(shows high swell potential) stabilized by lime(Ca(OH)2)

Ca2+ replaces Na+ swelling of Na-Mont significantly reduced by the addition of lime.

Ion exchange reacition and Ion exchange capacity

A clay will adsorb cations of specific type and amount

cation ex - dominant Ca2+, Mg2+, H+, K+, NH4+, Na+

anion ex - SO42-, Cl-, PO43-, NO3-

Why exchange?

IS Broken Bonds Replacement

Geotechnical point of view;

Ion exchange

can cause changes in the soil-water structure from dispersive to flocculative

structure or V.V.

can change the water behavior, such as change hard water into soft water by the

removal of Ca++ and Mg++ ions.

ex. Ion exchange

Na2Z2) + Ca3)SO4
4) CaZ5) + Na2SO4

6)

IE Capacity (IEC)

Maximum quantity of cations that the soil is capable of adsorbing from a neutral



solution(meq/100g soil)

Why? happen?

) IS

Al
3+

Si
4+

silica sheet

Mg
2+

Al
3+

octahedral sheet

Balancing cations are attracted to cleavage surface

Dominant process for illite + Mont

) Broken Bonds

Exchange siltes may be present along particle edges and on non-cleavage surfaces.

Major process for Kaolinite. For a given clay material the important of broken bond

sites increases with decreasing particle size.

) Replacement

The hydrogen of an exposed hydroxyl is replaced by another type of cation.

Factors Affecting Ion-Exchange Capacity.

) Paricle size

CEC of clay minerals increases as the particle size decreases (not for Montmorillinite)

) Specific Surface Area

The smaller the particle, the larger the specific surface, the larger the CEC7).

Grinding(decrease particle size) causes an increase surface and increase the number

of broken bonds CEC increases

) Temperature

CEC is reduced on heating8)

Why? Thermal Energy make cations diffuse away from the clay surface

) Ion size9)



If ions do not differ in size by more than 15% and in valency by no more than one

unit, they can substitute for one another in the silicate minerals, Na
+

and Ca
2+

or Mg
2+

and Fe
2+

can replace on another completely.

) PI

Linear relationship b/w PI & CEC is obtained fro most soils10)

CEC retardation for contaminant migration

Specific Surface ( /g)

Diffusive Double Layer

In a dry clay, adsorbed cations as salt precipitates the negatively charged clay surfaces

In water, the cation salts go into solution. Because the adsorbed cations are

responsible for a much higher concentration near the clay surface, there is a tendency

for them to diffuse away in order to equalize concentration throughout11)

The escaping tendency due to diffusion, and the opposing electrostatic attraction lead

to a cation distribution adjacent to clay particle in suspension.

The negative surface nad the distributed charge in the adjacent phase are together

termed as the "Diffuse Double Layer"



Also water molecular are held by cations in the double layer and hydrogen bonding to

the clay surface double layer water.

Ion Distribution by Gouy-Chapman Theory

Assumption

Ions in the double layer exist as having point charges, and no interactions among

them

Charge on the clay particle surface is uniformly distributed

The particle surface is a plate that is large relative to the thickness of the double

layer(1D condition)

The static dielectric constant of the medium is independent of position dielectric

constant of the water in clay is 80(at 20 ) independent of position.

Dielectric constant : measure of the ease with which molecules can be polarized

and oriented in an electric field

Quantitatively

or the ratio of the electrostatic capacity of plates separated by the given material to

that of the some plates with vacuum b/w the plates.

From Boltzman equation

Ion concentration

; ion concentration of ions of type (ions/L)

; bulk ion concentration of ion conveniently taken at a large distance from the

surface

; ionic valence of ion

; solution concentration

; distance from the surface ( )



Thickness of DDL

π ε

where ; Dielectric constant

; Boltzman constant (1.38×10-16 erg/ K)。

; Temperature( K)。

; ion concentration at bulk state (ions/ )

ε ; unit electronic charge (16×10
-20

coulomb or 4.8×10
-10

esu12))

; ionic valence

ex. Compute the concentration of Na
+

at a given distance from the surface of the

domain.

= 6.02×10
16

ions/

= +1

= 0.0001M

= 20 = 293 K。

:



DDL thickness

π ε π

K = 3.20 × 10
5

cm
-1

1/K = 3.05 × 10
-6

cm = 305

If there is only one kind of ion in the pore fluid, it v is doubled (+1 +2). "v"

becomes 2v, and if n0 is also doubled. n0 becomes 2n0 , then the original thickness

becomes
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지반개량효과 증가
In general the thicker the DDL, particles in suspension to be dispersed

+

get swell more

+

k (hydraulic conductivity) decrease

Quick clay

Formed in sediment in marine environment. (high c), (thin DDL), (less repulsion).

Flocculated structure(higher strength)

leached by freshwater(low c) (thicker DDL)

DDL dispersed

leaching disturbance dispersed

DDL

n

Lower C

Higher C

x

n0      C 

π ε

The tendency towards flocculation (DDL ) will depend on increasing one or

more of the following.

- concentration of the electrolyte n0

- valence of the ion v

- Temperature 1/K ? but D also , DT 1/K



decreasing are or more of the following 1/K D
1/2

, D 1/K

- dielectric constant of the pore fluid

Dwater = 80, Organic comp. Dbenzen < 35 reduced DDL

increase hydraulic conductivity

- size of the hydrated ion

size
Li

+
> K

+

7.3 - 10 3.8 - 5.3 : hydrated radians

DDL thicker DDL thinner floc.

the larger the ion size the thicker the layer required to accommodate the necessary

number of cations have the greater the repulsion.

- pH

H2O
SiOH SiO

-
+ H

+

The lower the pH the lower the tendency for H
+

go into soil.

pH < 7 : acid, high H
+

conc. less OH dissociation flocculated

pH > 7 : negative charge dispersion

- anion adsorption

esp. phosphote (PO4
-3
) at the edge disp. agent flocc.

For Neutral Organics

clay liners

Leachate

HDPE 
 sheet

That's why we install.



Low D

say Benzen, Aniline (D<35)

results in reduced DDL

increase k

Methanol(low D)

water water

k

pV

Cohesive soil structure

When two clay particles in suspension come close to each other.

rep > att

- DDL interpenetration (bumping) repulsion

At the same time

- Van der Waal's forces attraction

very close attraction > repulsion flocculated structure

while in suspension

In dilute suspension (clay is initially dispersed)

sedimentation salt DDL repulsion

flocc.

repulsion rules, gravity negligible settle very slow or remain in suspension

(Brownian motion) From DISPERSED STRUCTURE

ex) sed. marine clay flocc.



Flocc. Disp.

- high e

- marine clay deposit

- k

- better

- low e

- fresh water clay

- k .

- lower

Properties and structures of compacted cohesive soils

Compaction of clay soil = fn (w, type of compaction, type of soil, comp. effort)

Dry & wet soil kneading/vibratory/ plasticity compaction E
of optimum static different soil

plasticity , γdmax

rd

wetdry

dry wet
E

B

High Comp. E

D

Low Comp. E

more dispersed

A C

w

Axial shrinkage

kenading

static

rd

w

Curve ?

w : usually water content of compacted soils is referred to the optimum water content

for a given type of compaction.

Depending on their position, soils are called dry of optimum at optimum, or wet of

optimum. When the soils are compacted dry of optimum, the structure of the soils is

essentially independent of the type of compaction. Wet of optimum, however the type



of compaction has a significant effect on the soil structure and thus on the strength

compressibility etc.

structures

At low w of A , the DDL of ions surrounding the clay particles cannot be fully

developed, hence the inter particle repulsion is reduced more random particle

(flocculated).

As A C (w increases), the DDL more developed, repulsion increases more

dispersed.

As C D or A E, mechanical E causes the soil structure more dispersed

orientation. However particles are closer together higher γd

Permeability

zero-airvoid curve

S=100%

Sv=90%

Sv=80%

rd

w

kmin reached
 near slightly wet side

 of wopt

k
2-3
order

kd > kw

kmin

w

Sat. incr. but k dec. why ? Because void ratio decrease + flocculated (higher k)

(increasing γd)

dispersed (lower k)

kmin : very important for k sensitive structure

like landfill liner, dam, embankment



Compressibility

Compressibility of compacted clay is a function of the stress level imposed on the soil

mass. At relatively low stress clays compacted wet of optimum are more compressible.

At high stress levels, the opposite is true.

e

water deficiency

P (natural scale)

 as P before Pc'

dry side compacted clay

wet side compacted clay

water dissipates

 particles get closer

still flocculated

 hard to disturb

 flocc. structure

dry side 

 compacted clay

wet side

 compacted clay

premeter merely reduces 

the space b/w the clay particles

Finally get

 identical

 structure

e

P (log scale)

 as P before Pc'

Comments

Comments : Pressure tend to orient the particle normal to the direction of application

the space b/w the clay particles reduced at the same time structure collapsed to be

dispersed structure.

Swelling

Swelling of compacted clays is greater for those compacted dry of optimum. They

have greater deficiency of water, thus have a greater tendency to adsorb water (swell

more). This is just opposite for shrinkage effect (wet side shrinks more). Soil at dry of

optimum are in general more sensitive to environment to changes such as changes in w.

Strength

Samples compacted dry of optimum have higher strength than compacted wet of

optimum.



qu

rd

w

pore water p. at failure : wet side higher

stress-strain modulus : dry side much greater

sensitivity : dry side more apt to be sensitive

flocc. disp. : qu

remolding
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