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SOIL TEXTURE AND SOIL STRUCTURE

by Prof. Dr. ir. M. De Boodt
State Universit of Ghent
Belgium.

CHAPTER 1

THE MEANING OF THE SOIL TEXTURE QR GRAIN-SIZE DISTRIBUTION

Introduction

To determine the grain-size distribution of a soil, a so called
soil mechanical analysis is needed. It means the percentage of the
fractions limited by the sizes of individva) particle-groups should be
known,

In the early days many people tought that these data would probe
to be the most important tharacteristics. The experience has proven
however that this is not the case, Nowadavs one believes that the grain-
size distribution is one of the important parameters., The procedures of
analysis witl not be explained here as it 15 supposed to be known. Just
as a reminder it is stated that the grain-size distribution requires in
general two different procedures of analysts : sfeving and sedimentation,

A sieve analysis consists of shaking the sotl through a steck of
wire screens with openings of known sizes ; the definition of particle
diameter for a sieve test is therefore the.side dimensfon of a square hole.

The sedimentatfon is based on Stokes' equation for the velocity
of freely falling spheres ; the definition of particle diameter for a
sedimentation test is therefore the diameter of a sphere of known density
which falls at a given velocity in a physically well defined medium, As
can be seen from the Stokes equation here after when alt other parameters

re constant the velocity (v) of a falling particles is determined by 1ts
diameter {d). ' '
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v, and vy density of the grain (2.65) and of the water (1) dependin_on
t® respectively
n ¢ dynamic viscosity (depending on t°)

From the above, it is abvious that the particle diameters in a
sedimerzation test is supposed to be an equivalent value. Stokes Taw is
only applicable for particles d< 2u. Above this size, turbulent water
movement occurs arcund the sedimenting particles. khen applying the Stokes
law in the early days {1°th century) cylinders of a special shape were used
to collect each size fraction. Today an hydrometer or aerometer is used. It
is a floating small qlass cylinder measuring the density of the suspension
at a given depth in a sedimentation cylinder. From the depth and the time
needed, v can be deduced, hence the size. From the density of the liqu‘i
given by the weight of the floating hydr&meter, the amount of particles
with density 2,65 can be assessed,

The derived formula for Stokes law when using an hydrometer is

Ik/t =¥ 3 Zk = distance from the surface of the suspension to the center
of volume of the hydrometer
t = elapsed times since start of the sedimentation.

In so11 science research grain-size distribution is one of the
most fundamental data in order to know with which kind of soil one is
dealing.

A first point of discussion is to agree on the imits of the
different fractions,

- K-

The International Soil Science Society agrees on the following
boundaries : (see fig. 1.0.}

clay : 0- 2,
silt : 2- 204
sand : 20 ~ 200

Fractions sizes can be adopted according to the needs in a given
area, The limits used in a polder region will be different from tne one in
a region with wind deposits. Limits to serve soil taxonomy has been adopted
and reads as follows ;

clay : 0- 2
silt : 2 - 50 or 60 u
sand © > 50 or 60

In order to avoid discussions on fraction-sizes it is costumary
to present the grain-size distribution as a cumulative fraction-curve ¢
a grain-size distribution diagram {see fig, 1.1.). From it any subdivi: on
oh size-classes can be inferred. -

In the early days, the name given to a soi) was inspired by the
Presents of the dominant fraction, So it was common to speak about a clayed or
loamy or a sandy soil. As the research wanted more precision, the nature of
these soils was better defined. So one speaks about a silty clay, a loamy
sand etc. .,

As one experienced since 1945 that there are three major fractions
the name given to a soil should depend on the relative amount of each one.
The major fractions are : clay, loam or silt and sand. As a normal diagram
is not sufficient to locate three different fraction,a soil textural
triangles were introduced (see fig. 1.2.). Depending on the relative amount
(%) of each of the three main fracion a different name was given to define a
given soil. The subdivision of a textural triangle the world over is by far
not uniform. A comparaison of a textural triangle used in a polder-area
(clayey soils) and in wind-blown deposits (sandy soils) will be quite
differents. To use a textural triangle one proceeds as follows. The soil
textural classes or fractions should be grouped into the three majors
s1zes corresponding to each of the size limits mentioned on each ordinate
e.g. :clay : 0- 2,

loam : 2 - 60
sand 5 » 60 .
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Clockwise one starts from point 0 for the clay fraction on the
ordinate 0- 2y ; the percentage say 25 %, should be marked, Next on the
Z - 60 u ordinate starting from point {0 the percentage of the Toam fraction
say 45 % should a1so be marked, When following the horizontal line at 25 %
clay entering the triangle, the cross-point with the 45 % loam fraction will
be found on the oblique line parallel to the 0 - 2 y fraction ordinate, As
a control the 30 % point on the > 60 1 ordinate should be followed onthe 1i-e
parallel to the 2 - 60 1 ordinate. That line will meet the cross point of
the two former fractions. The site where this triple cross-point is located
will indicate the name of the kind of soil {see fig. 1.2.).

Physically speaking one is interested in the behaviour of the soil
concerning :

- agaregation
- pressure resistance at different moisture content
- plasticity

2.1. Aggregation

The question is how easy a soil can be put into a porous structure
and be well aggregated. In this respect the grain-size distribution can be
very informative,

A soil with a Gaussian distribution curve (see fig, 1.1.' will
have major problems to get well structured. It means it will be realtive
difficults to prepare a good seedbed. In the opposite case when there is
. not a continuous transition from one textural class to an other the soil
) &%11 be easy to be aggregated {i.e. in a graded sofl).

In the cumulative grain size distribution curve the absence of a
fraction {s marked by almost an horizontal segment of the curve {fig. 1.1.).
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Besides the visual method usinn fin. 1.1. to assess the grading
the opposite or the uniform index can also be used. It is a ratio of two sizes. It is
often more precise. Thereofre on fig. 1.1, the diameter of the particles
corresponding with a ordinate value of 10 % is compared with the one at
60 %. In other cases the diameters at 33 and 66 % ordinate value are compared
This ratio can not exceed the unity. A soll of which all particles have the
same size has an uniformity index g equal to 1. Don't forget fig.
1.1. represents a cumulative grain size distribution. Following scale has
be established :

g> 0.5 : very uniform ; poorly graded

0.5> 9> 0.2 : uniform ; fairly graded

0.2 > g> 0.05: not uniform ; well graded

0,05 > g : very poor distribution of equal sized particles ; very
well araded. It nearly means a ganssian distritution.

The poorer the uniformity the better the seil is graded and hence
the easier compaction will occur. ﬁee fio, 1.2, were a g < %U is indicated
by ¥, meaning well graded. The soil is good to make a solid body with high resistance
agatnst froces (high bulk density) e.q. when building dikes. It is the
opposite which is needed to make a goad soil structure meaning a more
uniform sized particle distribution is needed g > 0,2,

2.3, Pressure resistance at different mofsture contents

Atterberg was the first to recognize that the soil behavior is not
only a function of its texture alone but also of the cations present, the
kind of clays, the organic matter, the soil treatment before, ctc. He recognized
for a soil with the same or almost the same soi) texture sometimes a different
plasticity behaviour.

As this topic will be elaborated more extensively in another chapter
it suffices to recall the essentials. Atterberg defined the transition of the
plastic behaviour in terms of the moisture content at which a given sotl
showed a well defined strength, '
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liquid limit 1¥y; boundary between the plastic state (the soi’ can take
and keep a given shape) and the liquid state (the shape
vanishes through excess of water), Technically : the
Viguid limit is the water content at which the soil has
such a small shear strenght that it flows to close a groove
of standard width when jarred in a specified manner.

plastic Jimit :u); boundary between the plastic and semi-solid state (soi)
can crumble) . Technically the plastic lirit is the water
content at which the soil begins to crumble when rolled
into threads of a given size,

Th amount of water which must be added to change a soil from its
plastic 1imiz to its Tiquid Timit is an indication of the plasticity of the
sofl. The plasticity is measured by the plasticity index “Ip". It is equa)
to the difference between the Viquid 1imit minus the plastic limit.

1 = Wy - W

b (1)

It has been the merit of Casagrande {1948) to indiczte that the
comparaison of the soil .texturve and Ip is a very helpfull way to predict
the soil behaviar when subjected to pressure. The impact of agricultural
machinery on soil can be predicted this way. The method escaped the attention
of the agriculturists but was mainly used for the classification of soils

for airport constructions, The "AC Hethod" standing for "Airfield Classification

Methed” is represented in fig. 1.4,

Casagrande subdivided the diagram using three Yines A - B - C. The
lines B an d C are crossing the line A,

Line A : indicates the upper 1imit of I_ for organic soils. When iy increases
Ip will increase only gradually ; the change is comming from the
Wp that incresses see formula (1).
When Ip increase. more the organic matter has a substantial amount
of clay or loam and is highly sensitive for compactions,

~Y-

Line B : indicates the lower limit for soils howing a Wp > 50 %. It means

one is dealing with fine textured soil: meanina heavy soil
Favina at the same time a high Ip. These are mineral soils highly
sensitive to compaction.

Line C : indicates the upper limit for soils having a N] < 30 ¥. These soils

have a sandy behavior. To cultivate such soils a light tractor
suffices. When I is < 20 ¥ one can cultivate the soil at a wide
range -f moisture content. These soils are not very sensitive to
compac.ion.

The chart of Casagrande (fig. 1.4.) tas been made still more
explanatory by adding a few letters (see fig. 1.3.) such as : § = sandy ;
M = medium {si1t) ; C = clay ; 0 = organic ; F = fine sandy ; indicating at
the same time with a L or H if they are L = 1ittle or H = highly sensitive
te compaction. So 6 characterities could be introduced : CH s 0H 3 MH ; CL
OL 5 ML. An other two also were added SF and SC for two kinds of soil, They
are very high y resistant to c-mpaction.

In so ! mechanics the necessary has been felt to make a much finer
distinction in textural classes than ordinary done in soil science. The
influence of an increasein size and in clay fraction in the lower percentage
is much more important than a linear progress indicates,

Therefore following limits and percentages are dealt with :

Fraction I : d < 2 ym
Ila: 2ym<d<20 um
I :2uwm<dc<60um ] o,
ITE 2 60 ym < d < 200 ym (also called “iller fraction)
IV 200y <d<2m
V :2m< d<20m
¥I : 20mm < d
Coarse texture : fractions I + [1 < 10 { (:aCO3 +0M. <11)
Fine texture : fractions 1 + II > 10
Fine sand i fraction 111> 50 %
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Medium coarse sand : fraction III + IV > 50 % and fraction IV < 50 %.
Coarse sand : fraction ¥ > 50 %,
Fine gravel : fraction V > 50 %,

To distinquish between fine texture soils attention is pafd to the Ip value,
The denominations are as follows :

De=Ip = 5 Ip =15 ' Ip = 25—
Clayey sand with L + IV + ¥ >50%  II] + I¥ + ¥ >50% C ¥
tittle Toam clayey sand ' sandy clay

loamy sand !

HI+ IV + vagS0 % | 111+ 1" + v <502

loam | Toamy clay

I IIT > 50 %
loam

To distinguish a clayey from a loamy sand one looks at the ratio
of the fraction Ila/I

clayey sand : ITa/I < 1
loamy sand : Ila/I > 1,
To stress the mechaniccal behavior one looks at the ratio fp

versus Hl

strong clayey Ip / H1 > 0,5 {very poor 5011}
loam or clay sandy lp/H‘ < 0,2 - 0,5 (medium soii)
loam or sand clayey Ip / H1 = 0.5 (poor soil)

Practical examp e :

Sand for drai:ing purposes : no ’p (it means W_ could not be determined as no

soi1 tread could be made)
Sand for foundations : no 1

particles < 74 ym 4s.< 12 %
particles < 20 ym 45 < 3 %
CaCDa or O.M, < & %

-q-

For a given soil no direct relation could be found to assess its
sensitivity to erosion when looking at the soil texture alone.

In general it was remarked that loamy soils were sensitive but a
clear distinction could not be made even when looking at lp/Hp ratio's.

The solution was found when Tooking at the steepness of the curve
relating the increase in moisture content of a soil when it flows to close
a qroove of standard width for 10 blows versus 5 blows. The
higher the difference in moisture content the more the soil can take water before
flowing (dispersing-slaking) thus sensitivityTto erosion, So De Ploey 1983)
called this difference in moisture the Cs - 10 index. He could establish the
following table for Wester-European soils.
g _ pp index > 3rstable soil-nearly no slaking
¢ _ 10 index < 2.5;unstable soil-severe slaking
% _ 10 index between 2,5 - 3 ; transition sensitivity

;‘4‘-‘&
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0002 0006 002 006 0.2 06 20
British Fine lbl:d-mn l Coanse Fine JMcdiuml Coarse
Standar¢ Clay Gravel
Institunion St Sand
Fig. 1.3. : Symbols introduced by Casagrande (1948) for better interpretation
lsnmnnu:um - , Sarad — .
{1} " | SR "
Sou Serence Y b come | Graw) of fig. 1.4,
0.002 002 0.2 10
: 0.002 005 030 025 05 19 70
Unitad States Very| Very
&Nmmuu Clay i ""‘] = ludkﬂ*‘“"' Gravel Major symbols
» Agriculare Sand
:ﬁnnw:ulu c Sand [ Gravel
ubli 1ad; la
Admnisuation T s Fine I Conaree Gravel S Sand
0.005 005 0.25 7.0 L] Silt (M)
Panticle hameter {mm, log scale) ' C]ay
Figuur 1.0, : Classification of soil p:rticles according to size by four 0 Organic
systems. Pt Peat
Additional symbols Remarks
for coarse soils
W Weil graded Small grading index
(9 < 75 = 0.05)
P Poorly graded Large grading index
(9> 3 =0,2)
c Clay binder

with a Tow to
medium plasti-

city
F Excess fine
and or silt
v Additional symbols
for fine textured
s0ils
L Low to medium
compressibility
N\__Dercent und H High compressf-
bility

Figuur 1,2, : Percentage of sand, si1t, and.clay in the major soil textural
classe. To use the diagram, locate the percentage of clay first
and project inward as shown by the arrow. Do likewise for the
percent s11t (or sand). The point at which the two projections cross
will identify the class name,




A%~

-42-

Ly 2twyy 23tnbid

% 001 06 08 0L 09 08 )4 0t 02 ot 0
uoL3oedD Jog A3LALL] \ﬁw - 0
-LSUBS WNLPaW 0F MO | \\ S
LA
JO SUNOWR F[qeLLRA A )
L2 Lm (108 weo KW sAe|2 Apueg
o | pues Aafeiy lot
" upL39eduos 10 \ | weop J0
03 BALILSUES AudA \ 1 fpues auly 40 5530%2 UIlm vcmw
TWTD U Yzid weod HO ! WO u:o_._r:.ﬁ..w_wm“w
1 uo(3oedwod \ ! 4004 Y3Lm WEu]| |2 Apues
07 9ALILSUBS AJdA v t 02
WO U WL AR|) 1=
13
12 -
>4 HY) uop3oedwod = ot =
J04 3.;_.,».5:3_ n m
wnipaw 01 MO| YILm g Y
Vf/ "W'D 300Ul L AB|] 1~ z
Apd 3 UL SERJOIUL 5
¢ aJe sabueyd awnioA JO paads pue A3L|LQeduiag F oy B
xoe uorjordwos | - buLseadd u
(Y 03 aaLyLsuas Auaa Le[3 > -3p 3JT UGLIIRAWOD 03 FIURYSLSIA puR A3ipibiy -
. & W0 Inouim AB|D (®
. o &
= Buiysiutip 05
== sup sabueyy awnyor 4o paads pue A3||lqeaudadqd
" fuLseadd
2 -ul 840 UN110BdWOD 03 3JUBISLSAL puP A3pibiy
= LW =mes au3 y3im sLo0S J04
08
FuPJIDPSET 'Y 03 DULPJAODDR |LOS 40 UDLJBULUIOUa]
~3uaubas |PJUOZLA0y K|JRIU B SULMOYS duL| udyodq ¥ AQ paiuasaJdsd B4e $3|di3ued |LOS papedd £ 4004
6 £ .Emhm.m_.v 5143 UL BAL
e e e
ubLesys e g palupsaddad SL UDLUM BAUND UOLINGLLISLp ueassnel B aaey sa|dt1.ed 10§ paped L1aM ¢ T 1T annbig
papeab
tiam : g = hpmlpaﬂu Kaeay (p
1105 papedb
Kyacod : D20 | -
{ 0ST°D b (105 Apues (2
papead A|uo0d {q
papeat |{em (@
(owyiaeso ¥ mwur )
4330WRLG Z00°D S0D°O0 T0°0 20°0  90°0 GT°D 2°0 s'0 1 Z S 0t 02
hY ! | N T T
\ . | |
06 =N+ —f —f—— AL b1
Ninks /*V it s Et b thke anies (24
om:ll.ll_ll_l. ||.|I_ - _|.||||._v|d|llll|owm
oOUp=— 4+ — rr' —_ o — — — _——t —— . 2
“Tgh kv Sl - —oe g
09 b — g — — JE— - L . I—. ™
= N\ -+ - —t == oy
| =
0s l|l._|| - — ll..TllLlnrlllcm..Uu
-l JWVA L _I >
Q¢ - ﬂl — ']l'.[lk_u.lllliilomrw.
o€ I YR I N D S A :
_ U N e
o T ~ —+ —|— s
01 nu ~ * 1U+.
A A S N
N
aLpey) | 11 11 111 Kl A I _a_ﬁm

WYHIYIQ NOIINGIHLSIA 3715 NIvEd






@

INTERNATIONAL ATOMIO ENBROY ASEBENOY
CUNITED NATIONE EDUOATIONAL. SCIENTIFIO AND CULTURAL ORGANITATION

m

INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

34100 TRIFESTE UTALY) - P.0.5. 038 - MIRAMARE - STRADA OOSTIERA 1] - TELEPHONES, 14 A 1/0NS9

CABLE CENTRATOM - TELRX 400392-)

COLLEGE ON SOIL PHYSICS
e

2-20 November 1987

-

SOL1L STRUCTURE
Chapter 11
PRINCIPAL FACTORS 1N SOIL STRUCTURE FORMATION

M. DE BOODT
Department of Seoil Physics
Faculty of Agricultural Sciences
State University of Ghent
Coupure Links 653
B-9000 Ghent
Belgium




SOTL STRUCTURE b. the spatial arrangement of the compound soil particles and the pore size
te=sxrzIsrcazsszssssszzamasa distribution resulting from it, This is the more practical aspect of soil
structure studies. It includes n-t only the study of the influence of
by Prof. Dr. ir, M. De Boodt pore size distribut on on so0i), air and water economy and on plant growth,
State University of Ghent but also the methods of finding out the best conditions of the soil
Belgium. physical environment for plant roots.
c. the spatial arrangement and genesis of the compound soil particles as it
can be described either in the field (macrost ucture) or in the laboratory
CHAPTER 11 with the aid of the ~icroscope (microstructure}, This is called soil
__________ structure morphology. The latter is the meaning given by scientists

interested in soil survey, soil classification and soil genesis.

In view of the distinction made above, it is evident that there
PRINCIPAL FACTORS IN SOIL STRUCTURE FORMATION must be confusion when the term "Strucutre” is used without further specifi-
cation,

1.2. Primary particles : structure and physico-chemical properties in general,

The different primary particies composing an aggregate are :

a. non-colleidal : silt, loam, fire sand, sand
1.1. Definition of soil structure

b. colloidal : - non cristalline : organic matter and oxydes of silicum,
. aluminium and iron having different de rees
The primary soil particles do not exist as individuals in the of hydraticn ng 9
field, but are more or less aggregated into compounds. For sandy soils - cristalline : clay minerals and cristallised oxydes or
the association of particles is quite simpie. For heavy so ls the pattern hydroxydes of silicun, alusinium. iran manganese
is more complex. The term “Structure™ refers to the spatial arrangements * s '
of the primary soil particles, C. simple chemical elements : salt, cations, anions
d. water
Soi) structure 1s an important property, because it influences
not only the physical conditions, aeration, heat and water economy, but The colloidal particles are characterised by : -
f plant nutrients, the decomposition of soil .
::;:nit:e-::::l::'::lo ’ microblotogiecal activities 8- very large specific surface {.e. the surface per unit mass .

b. special physico-chemical properties
Speaking of soil structure as the expression of the spatial

arrangements of soil particles, we must distinguish :

a. the spatia) arrangement of elementary particlas into aggregates and -

the study of the forces causing or dastroying these aggregations, The total surface per unit mass is called the specific surface §.
This 15 the mors theoretical aspect of soil structure investigation.



5= surface of the particle
" mass of the particle

For a particie having a lamellar shape of thickness d cm and
length and width of 1 em, one obtains (demsity + 2.6 g/cm3)

- horizontal surface : 2 1z t:m2 )

- total surfaces of the sides : 4 d 1 cm
- total mass : 2.6 d 12 q

S0 @

2124841
2.64d 1

S=

fas 1 > 100 d one can neglect 4 d 1)

For a montmorillonite clay with d = 10 & = 1077 cm, one obtains
0.8/1077 = 8 x 10° cn/s = BOO m/g.

. For an i114te clay with d = + 50 A, § = 160 m’/g.
For » kaolinite clay with d = 500 A, S = 16 m’/q.

It is to be remarked that fn the Jast case the particle was
composed of different flakes ; they may sometimes include 50 such units
to reach the big stze of 500 A.

On the other hand, the other cristalline particles such as 511+,
loam, fine sand and sand have an S value of :

- 41t (d = 15 u) has an 5 value of 0.05 nzlg .
- loam {d = 35 y) has an 5 value of 0.02 mzlg

- fine sand (d = 60 u) has an S value of 0.01 n’/g

- sand (4 = B0O u) has an S value of 0.00} mzlg

It is important to remember that a particle havingd = 1 y =
1074 om, has a5 = 0,8 M or roughly 1 w2/g.

Using the adsorption technique of "2 or ethylene-glycol, following

values of S have been measured for amorphous colloidal material such as ;

- complexes of alumo-silicium : 200 - 500 mzlg
- amorphous silicium : 100 - 600 mzlg
- hydrated amorphous aluminium or fron : 100 - 300 mzlg

In the temperature regions of the globe, the amorphous part of
the 0 - 2 u fraction in the soi) does not exceed in general 20 %, In the
warm regions, however, this fraction might be very high ; especially in
very young or in very old soils.

Besides the morphological characteristics, attention has to be
drawn also on the electrical properties of the surfaces. This, {in order to
explain the physico-chemical properties which intervene directly in the
flocculation, coagulation and aggregatfon of the particles,

Tte electrical properties of the surface are characterised by
the charge density o. The result 1s expressed through the numbers of electrons
available per muz (100 A).

To get this calculation straight, remember that 1 mole = 1 equivalent
of monevalent salt = 6.2 x 1023 cations or electron absorbers.

‘ (1
charge density = nunber of charges )
specific surface

Pure silicium - aluminium - fron hydroxydes have a charge of 0.1
electron per muz. Clay particles and compound silico-aluminium ¢ 1s have a
charge of + 1.4 electron per m. This means that the charge unit on the
latter colloids occupy a surface of 70 A, It is important to observe that
the cHarge per unit surface is relatively constant, except for strongly altered
soils such as terra-rossa, latosols etc..., which contain large quantities of
sesquihydroxydes, of which the charge is changeable in function of the pH. The
constant value of o for clay minerals can be observed on table 1. It is obvious
that an increased specific surface goes together with an increased C.E.C,
Consequently, per unit surface almost the same charge can be observed,

In the same 1ine of fdea’s, references is made to Fig. 1, taken from

the work by Beutelspacher and Van der Marel and which gives the summary of a
great number of observations,

(1} The nuwber of charges {s equat to the cation exchange capacity (C.IZ.‘(:.)I,’”l
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fable 1. Charactoristies of lifferent e.ll:icel matiriol found in the soil.

CAPACITE D'ECHANGE DE CATIONS [ m.e.7100g) Colloiual particlus Spccific surface C.E.C.
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4
.0 s e Sepiolite - attapulgits 190 - 200 20 - 30
PR {:, alune = stlicates 307 - M + 60
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60 . —
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‘0 S0, 1.2.3. in; weigin of surface charges.
rd ‘,
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e S .4 * sa®5
20 el .2 ¢ s M =5 Lu order t> uwadorstand the origin of electrieal charecs, one
)
#'* I. . cuet boe aware of the structure of clay winerels (sec fig. 2). Theaz are
. Y * * 3 H 3 - 3
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FIG.1
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Schematic illustration of structural organization of soils (85).

4, Chain-structure typus (hormblonde ~ lik  chains cof silice tetralcdrons
linkod tugether by cetshedral arvsups >f wxygens and hydroxyls containing
aluiniuc and capgoesius atouas

Exazpl:: attapulgit., scvpiolite, palyeorskite

The formalas usal t~ describo the clay ninerals have the follo-

wing weasing: after the Jxyscs 2 fraction is put:

= cthe nowinater indicates tiae nuwobar of molccules surrountine the cantral i-n
~ the danouinator indicatcs tne fracticu ¢f the chirge necessary tn neutralizae

tie central ioun

Besi_ca tu: cristatizel clay particles, ancrphous matuorial with
the appearauce .f a gel is 2lsc koown., As this 2ol cam hva cnce the appearance
of plassy zaterial amd can change to that witk an carthy appoarzice bucausc of
the loss of water, it gt the wazc of "Alloph~ns’s The term is derived frou
Gruel words wicaning “to appear™ ana “'sthize in allusicn a the froquent changes
juet describeu. Hecunt stu_ics have shown that alsoc sicr2 of this naterial is
crystalline, but that ucst .f it ie indeol arorphous to X-ray diffracti-n. The
scructurs .f pure and conpouml Si02 anc A1203 hy.ratcs, which cne can find in
the soil is still oot wcll koown. It i@ unlersto.s that the gols have indewd a
regular uesh of which tic sizc is function of the nature and froquency f the
i.T8 au- the way they were precipitatc’ and ferzcl. Th: intorior is nerrally
accessible to polair ions. The word allopaarc Cesi-nates sesquily'roxy .cs of
variaible .‘nlzoJlSiJ2 reti_'s, this type £ 8.ila sre fouri noatly in wvuleanic

arca's such as Inuenuesic, Japam etc...

It is inp:rtant, howover, to recosnizs that the origin of the
eharges ara in principal th sawc £.1 the erystailline 3n! p n-crystalline

vincralsgieol eclloita,  The ceuses oI the chorges ares

bo Isia.rphic roplaccuznts, By this “nc un.crstanis the substitutions within

tue lattic. structuru -f trivelent aluniniuw £ov qurrivalent silic-n in the
tutrobeural sncet an: of ivas of lower valence, narticularly cagcesiut £ 1
trivilent alwierive in tbe cctanao.ral sheet. This results in unbalanca! charges
whici «Tv cunpensate: by the acsorption Gf & catien, This is mostly foun® on

cleavag. surfaccs, ¢.;,. thoe basnl cloavage surfac. of the layer:) clay ninerals,

Whe isctorphie replacosent in the cesheiral layers arc nenbably
the wijor substitutions cousine cl cerictl charges. This process is by far the
w8t dlportant in ¢l-ys au. sllophanes havine ni-h C.8,0.  In compoun! sesnui-

By roxyw.es, the tsowrpuie rinlswoe-2aut 18 uown, but oot in pure g2ls.  Thia



explains the low ¢,5,C, <f th. latter, but 33 -lready 11, fue to the

amphitiric character of the acequisxylies, the char= is ! ._penmlanat,

2. Breken bun.s. The brokum particlus :m the :'gea :f the silien-

alunina units give rise to unzecupicd edorlinaticm bonds, which are

balanceu by adavrbeu catiome. iie brioken bonds appuir < nin-cl:avage

surfaccs anl hencs tn the vertical plines parall:l t» th: ¢ axis of tha

layzro. clay minerals an! on herizontal planes, screenticular t- the ¢ axis

of the (longated clays such as sepiolite - palyp-rskit. - attapulgitc miacreals,
The nuober of broken bonue iucr.zmus as tin. particle size “ccroascs. A special
case of broken bunds Bay b. corsiuarel ca the claavige surfaces anl ~a the
lateral faccs (..g. ia kaolinits), where are resp etivoly the <ricinal -0-
quickly traneforncl in -0S groups, T it ia uxchanszable fcr o caticn arl
rcacts a5 a wuck aci.. On thc eleavarc surfac. -2 is 180" .. ou tho Al,

(e.g. xaolinite) as on thw lateral ocurfac:s -4 is licke. -n the 1 or §i fens.
4as 3 roosrk it cuet be saiy that the elluiphanes hava als.  -0F

groups ou their surfeces which have the saue propertics ns the expoec: —OF
groups on the clay vinerals,

1.35. The physicu-cheuical propertics of specific primary perticles.

l.3.1. Propertias_cf the hycr xyles.

1.3.1.1. 81(0H), .

Pirst tha case of or_inary gquartz will b: treatad, It is co-pnsed

of totraheuruns sioé in which aach 0 is shkoared by twe totrahiedrons, When 9
ie expusec, the Eollowing hy.colysos occurs:
1
- — 3 2 B ) - -~

si 4] X gL, 28t 81
1
]
i

H or

) The -8i-0E is slightly acid, just like siliciux eci” an’
consaquently it is slightly negctiv: -5i-0 . In s:il pesitive charges
silica was never founi. To r.ach this, a pli of absut 1-2 is pocessare.  In
other words, toc azpioteric character of Si(Ol‘.)4 is not knvm in 3nil,  This
fs not tne case fur other scsguiosxyc2s such =s fore' by A1 an. Fa. The

buhaviour of Al(OH)3 is the host known and is als. th- =cst important in a-ils.

10

AS E";(Gll).J ncverbecomes toxie in the soil, thre epceial behavier of iron is
uscu to promct: ti. atructurizatisn of sandy particles as will b¢ explained

Furtier.

1.3.1.2. Al(Oh)J.

In gutctal one say sey that in ecii esanditions the 94" groupe
will get csmociatas lth st frca tha cnvironsent t- fora on one nand Hzo and
un the star haiw nl(OH);. Al(ah)++ and Al+++ opondiap on the pH of the
suspcnsion. Tuar. thi rul.s apnly whica are known shen a weak acid éissociates.

Tu gencral one enn writesd

- -
mOE | RO+ -

This <quilibriw: is charact:rized by the pK value:

‘ RO_
ph = pK + log '%Eﬁﬁ%‘

one sces that ph = pr vhon the weak scid is dlssociated for 30 X irndoed, than
[m&;] « x07].

Let us tak: up zgain the cesc:
-~ . -+ P *
= 5i0M | Siv + L

2f which pk = % -~ 1), Sv, a substantinl contributicn (50 2 $i0) of the

negative charped group is cbscrvod wien the p¥ of the soil = 9.

For ti.. dissociatisn of AI(UL)B different p¥ valucs are knowt
a5 taerc ore difforent forms of dissscistion as already iwlicated, Fuor the
equilitri

—

+ ‘4-
==l - Oy [ M- OB +E

tie pho = « - 5. Conscquently, positive e¢harge will be wmald: available ir
relabivaly greiat aacueuts (50 X being diss.cizted) starting from this pR valuo.
“uch volues ar. w.ll knowa in g-ils. Tha upper licdt to gt positive charges

in auy opok-ciolic avount is glver by the of value of the cquilibriom:



A1

T oR10w) : =10 it

wulch i8 o -~ 9. (Liuscquently starting at sueh 1 pil th. nemative ¢urpea m

aluwino will be _f i_portance.

In summary it oigkt be said that iz the pH ranre narmally

encountered in tua 8vil, on. will fiad prinarily:

ot . Moot
[ar-oy ] e Lar-c 1 .

haviug an approciable pusitive chorge and ab the sanc tinc 28 81 9 having

a v.ry weak ncgative charpc,

8aall quantities of creanic acius such as n. pay fing in tha
8-.ils are sufficiont to liburate appr.ciablce quantitics of alusirium froo
the clay particlis specially from tne cetahedr r shocts starting at g pl
5.2 up tu 7 (Jackscn, 1964). Once hydrcted, following equilibrium in
function of the ph is cstzblishad:

g - 3+ ’ - . . 1o +
[uk(hzd);] + uzo - Lﬁl(nzo)bo.l + H30

Octahudron configuration:

++ > T b+

2 E.l(nzo)s Jr.] O L PG P R

i

-’ ~ h =
[(uza)# £l <o Al (..23),.]

L+

Thia plica..acnon, cialled protsaaticn {prton being pat ac the
dispusal) is st the crigzin of the acidiey of the water oivlecules fixold at
tnc surface of taw clay particles. 8. tne wator woclecules fixed at tho elay
gurface wocn eir-ary have a2 aciuity which is 10 tines biyeer thin tie cne f
ordipary water (Fripiat, 196.). Taker inte 2ccwunt tne protrastion phenoncos
ou toe horizontal surfaces cof the clays, one cight find positive chinrg.s as well
as the alreauy discusscu nejative charges, 8¢ agiregatisn procosscs betoooin the
soil particles buecoiwe posaiblc, w187 one ¢ se. that whin chonging £* or o¥”
Jr 4l concentrztion of a suspeansicn, me 2les eanaces the chares 0 and hence

e «loctre caviietl potential ¢ of tie particl..

12

[ N li'y(Dl!)-i and its sp.cial Loa-wior in structurizaci-n ~f sindy

particles.
1a. wivalong ir>. sprayad .u soil underwos cxidation nd
cucyes babs ferrie foras A Fet iwn, baviug six coordinetion bonds, is
iniriaily bouta to six HZO acleculus, which undergoes stepuise hydrolysis.
Lecording to Stuwr and Morga: (1970), a etepwise hydrilysis cam be proscnted

oy toe fcllowing riaetiuna:

.00

TR LRl . o mar Ay aut +
F-(hzu)b-——— F"(Ll')§)L * — Fb(LZD)djni + B

‘r'.-.»(cu)'!'(ﬁz)), + Y
(a.1:1)

+

2 . .
In cffece, 28 s.on ne Po(OK)™ specics are foroed, the procoss
i psly.irizaticn starts due b2 their interazetion awwnz each other throush
v wonsation procuss. Polyacrizatiug e be shown as follows (Deusma aud

e urayn, i%78):

, o ~ OoH o
- +
AN LT D e B SO B
AL R P oK~
These polyaor: carry 1 uel positive eliores,  When proeipitactd

o tue surfice of quortz proius Jue €3 van Gor wails attrretive forees, they
lecve 8 et pasitive charge ca tuesc partielss, a phen~ncnae koovn 1s activaeticn
ui mearral surfece., Thosc pasitive charges or quartz -raing ean ivtorzet with
the =C=U Fanctional groups .f PV wolocule and inyprove the adsorption ~f PAY

witiv respect b dts als rptice o sans only tresteld wica PO,

st Cadege of the €011 ids,

chrow h the charge Jonsity 0 (sc: p, 4), one unlcrstunis the
Guettity of vloctesis (availabbe >r lacking, negitiv: or pesitive cherre oor

it Luarface,

By p-t.utizl § .ne und:arstands the. work ncedel t: bLring one
toocuarge froe o lerp. ulstance where it is ot influenced by the charge!

st oee f tae clay, to the wveey charzs.d surfoe,



77

s

When toc iut _roicellar scluticn e:ntains i-ns identical te the
i:us cooposiag tae crllcils, wnz says th-t the s>luti:n is an clectralyte

ueterviniug the electro-churical putantial,

There are otuer solutisne containing oo idcntieal i~ns, which
arc called indifforent 2leetr.lytes, becausc thoy cannot change the potentied
of tie particle. T.is can be cxploine_ s f:llowe: ions of apnrosite charae
as ti one on the surface will cove closc to the char;eld surface, but eannct

entir it tu discharge the surface a2 £9 stires-cherical obatruetion.

seaczber it was alre+.iy pzint:l cut thot eristalline e-ll-i:s
have 3 casrge which duus not change practically speakiny, Tais neans that
In such e ecasc the absurbal sxcianceille iona (¢ ntre-isne) canast Jischarge
complutely tie surface when the oripic of the charge is to do f-upd in the
iuterior of the tetrahcirons sr sctahelr-ms {ism rphic replacement). Tac
surface charges ue te broken U-mis however, can ricct lMfferently dependicg
9N wothier one is dealing with incifferent electrolytes or 2lcetralytes cone
taining the potential J.terzining deon.  The Jifforont czses are discussed
further in the text. They offer a particular intzrest wien cue has t3 liscuas
the floeculation Jdue to incromse in conceontration or Jue to increase the
valency of tha contre-i-ms.

1.3.2. pPrepertise o f tu. differcnt ¥ials of cley —inorols,

dontaorillenite is nane’ after o Ll czlity inv Franmc., -lont:crillon.
It is an expancing clay niostly consistinr of very 83311 fiake=-s*i=n:l unite
without regular zutlines {anorplcus fring.s). As known, the
unit is composed of tws silicw totrahcirsl shects vith 2 eentral lumins
vctan._ral sheot. 11 tha tips of ti: totrabelr ne per srect »oint in the
sanc wirecticnm anl tuwarus the center of the upit. Tae tcerahecrol an. scta-
heurgl sheets are coabined sy that tac tips of the t_trsholross of eael siliez
shect anl ome of the hyaruxyl layers f th. -etahe.ral sheot €ore g C 2t
layer. The otome ¢cmoon to Loth tiho totradhs ral and -etahelral liyirs ara 0;
the OH of that layer L.ing 1.catc. ia the =i.st of the hexaa.r fornel Sy the
tips of tic totraheorens.

In stacking tnc ueits, the Sasee f the tatrihe'srn ar ~rjorre.
towaru c:ica JtiT 8. that tho 2 laycrs £ -no unit is 1ijocent to tha O layors

<E the medignbouring unit. T.ifs is a firat ¢ nsom f-r /a :asy claav e ' atwesr

7

two units. & second reascu is tict the isonsrphic replacameut happens

uainly (for o0 X) in the .ctabelrons and tho remainier in tha tetrahclrons,

Consequently, the totrihedrons have small charpes an! the
affinity to fix catiovns botween two aijacent ones is saall, $o the alscroticn
of watcr colecules Letwean the units, together with the hylration of the
cations locateu therc, is easily understos’. Montmurillonite is a clay
wineral which ia formed when the aquous snvircnoent fe rich in Slvalent

2+ o fo s
ione, ooinly Hg‘ and whon tihe rainage of the site is poor.

In tnc ssce J:l group toz nlea's sheuld be mentionel, Hare the
isvtorphic replaceziznt is very rogular, wzinly in the tetrahelral sheet where
14 5i%* 1 replacad ay W12 s the negative charges are Fixe! la th: sillea
shoeuets anu conscqu.ntly tue cations arc =ainly fixel oa the eurfaces and
bottoes of the upits, aaking sz the link whon particles ~re atakel, Tha
wiffercnee in behavisr wita sintuorillonit: ean be cxplainel e:ncorning the
lack of uvxpin.ing when put in water. Individusl mica shects erc rarzly
observe., but stacking arc well known, Im pure oica's the link betwaen two
subsequent unite is taue turosugh non-hy.rated & ims. Tts Jamotcr fita
uxactly the nexagzunl cavity foroel by the bases ~f the six tctrahesrms to
tiwe silica eucot. Whew the particle is alterc! and the k" icn hydratad,
wnicn is now wore lousely fixc. Letwesn the units, then zne speaks a': ut
uy.romicu's, Besiles that, lsvacrphic replacenent of at thr ugh ng+ is
/NIWD a0 the excessiva negative cnar . which fallows froo this, is c-wpensatod
in the subatituting o W S Tais i s ernsoquintly ot oxchangeable,
excupt as scun befure oo the surfaccs cf the cristnls whon they are the

cupsequence of broken Lenlds,

Iilite, ceriv.i from the aboreviatisn for the State of Illinoias,
is a represcntative an. uwust comuonm variety of hyirozica's. It hae a flake
like appearance sften polyrorplh, in which tic hoxapomal shapa is provalect.

It hag .ore Listinet fringes than asatacrillonite,

valy racently chlorit:.s has 5aen recognizen as an iaportane
congtitucnt of elay waterial. Its narc is Jdoerivel fron the nreen c-lor of
ay.rous silicatus whieli were first deserilel ne such. Structurally the chlcritcs
valong to the vlicctahediral type of cloas like mica'e an: i1lits, but with
varying su.stitution fro: about 8ip Al to Siz le in tie totrshedral shests
anl frea Ag, .1 ote Hgﬁ .\12 in the scranaural leyers. Since the unlorsten'ing

; i syas e
that 4l atiis can oo fixe. als: in illita clays through the fact that Al
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becuue easily scluble in soil at noraal pf whcn organie catter ls orusont
(Jacks.m, 196u), much mora attcation is now 1 i » pri! to this clay mineral
togethor wita 11lite, both of witic. gacr. £~ e vory czmen in the tenparaturs
rugions of tue glolc, naialy in s.izmoets of rarine lagosn and alluvisl

origin as well as in glacial deposita.

waclinite is formel in s-ils whcrs the lrainrege is importnnt
as in tac hucic tropice. Aecording t. illce (1934) the sclulilicy of silica
in ths soil with norcal ph is + 120 or Si3, por litre, this of quartz is much
lower ane of da, K, Ca eul lg salts is nucﬂ highsr. The a.lubility of .‘.1203
in soil is omly 27 ueflitre. 8o, in situs wiers the oons— an’ . ivalent ions

era leached (Low pE) the formatisn of 2:l twoc clays is inprasitlc.

saclimite is the aane f the clay inceal Jurived froe kaslin
whien is cie Tock tass cup.oac. of sich elay usu2lly waite in eolor. Thi
naie xaclin is tha wrong ph.necice of ti. Chinese “kauling', ncrning higk ridge,
tag o of 2 hill nesr Jauchan Fu, vhine, wiors thi rateorial was sutaiusl

cencturice sgu.

In kaclinite the lsomorphic replacencnt is weak anl comsaquantly

its oame cxcosgye .ccurs uainly on the a.pes (broken Lonis).

Iu watcr kaolinite stackings =r l.wrinss s.perates tuch easier
in indiviuusl unit thao Joes xcutnorillonite an! i1lit: {lLc-rsor, 195%). lYermes,
soile ricn ig #avliuite will pose sevors preticus wien drerizat .l ihis is
explaines by the fact tist in gaolinite the cerzhedrons of alucinias wxposes
on top Ju groups vhich thr5ugh hy rmgen Lon_s will fix water, 1-ns=ninr in such
a way the =JH~0- ocoL.S -oTW.in the t.trahcirsl an. sctas .2l sheat wiom

kaolinite particles are pil<d up ic a cliy cotaia (T stick (fie. 2).

Seuiclit;(|) ig limg tine “ton € n8iler.. i3 9ynUMYCUS with
“igevrschaus’, the Gomean w.rc for “s8is fFratu” nlludineg to the liphtozss ool
color of that maﬁeri&l. Sepiclit: is loerivil frop the Gra_k “euttio fish ,
tna uone of whic. is light anl porous. Palyp:-rs-ite ie the nace ~iven t- oa
tanily of filrous Ly.rous gilicoous clay cinerals an  attepuluite ig nar .l after
the fuller's carth foune ia Attapulsue, Guerpia, A1l tare. elxys Lave i«

euiaon their horobleaic fizrius like structurs, ©oomo8e- ~f douilo-ehalus of

8}

Tue origin of tiae va.s of cluy iner-le is acesriin, to Griz {1950}

Slay ainerilogy, -le Gyow 2111 Cua, 4 YoXk.

7%

silica anu in which thare is comsilcrable replacenent of papgnesiup by
aluniniuo in the central tricctsheiron chain. Thz frrmla of attapulgite
aftur Bra.lay woul. be:

(OH,), (OH), ligg Siy 0,0 & H,0

The epacial structure is the rzason why this clay particls appears as
singla lath or Luniles -f latha. The !ifference betwoon the three types
wentiuned oay be in the Jegrec of the ruplacecant of nagnesiua by aluminium
in the structure.

Thase clays are frequently foun. in rec:mt scdiments accumulating
in ury lesert bSasins. The abuilance of Dasncsiun sceos tc lead to their
formation, otherwise they are very s-lublc in acids an: they woull be destroyed
if sclucion cf the carbonates by acils precoled attempts at clay-ainoral
icentification (Crimm, 1953}. .juch nure than wae known up t: now, these
.incrals scem to be very frequent in the large basin erca of Norch aAfrica,

the Near- and :lidule East.

It is re.arke. that oost of the exchange positi~ns (as in
kaclinite) are at the edges with a relative few >n the claavage surfaces,
which arc nzre parallel to the c axis.

Finally, Jn:¢ cust remember that many clay naterials ara

compsses of more thea onz clay mineral and that clay minerals may be wixa!l

in several ways. Therc uight be ifaterstratification as well as liscrete
mixturcs of Jifferent clay particles. In the first case, it might He regulsr
or ranion irrsgular, mixeo layers of illite anl chlorite are particularly
commen. Hixe. layers cinnotb be given specific namce nor properties; they
can only be .vsignatel througn the layers involved. Mixad layers whon stacked
Or pacha. can pive as stabl. Jomains as those compoee. of a single kin' of

unita.

V.4, The formation of agoregates (eclay _cmnins) from primary particles.

Tne aggrecates can be subdiviled in wicro- an.i wacro-apgregates.
ihe wicrs-aggregates when coneisting culy of clay particles arzs ealle! clay
wsoains. Thcy have a liagcter € 250 to 50U microne. ha macy.-apuregates
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have 1 uiameter superi:r to tais, Lut infarior t0 10 wi.  The stractur-l

elocunts asuperior to 10 um are cellzl elo.s.,

The furccs whichn kecp the clumentary particles together are:

I, Intermulecular forces (Van ler Waals f.rcus; H bonding and protonation)
4. Capillary forces rasulting fron the existance 3f a meniscus

3. Lhewical furces ioclusine tha influcoca . F the adscrhed counteriong
by electrostatic bounding by ion sxchange

4. Coordination bonding or ligand exchange

Parcicles Dave tF be close €0 cne another in oricr that inter-
@clecular forces might intarfere. T vring them close tepkther, they must

be firat flocculatec or coagulate:,

l.4.1. The flocculation end ccapulation of s-il particles.

It must Le pointed out that floceulaticn and coagulation
are two different notions. When particles arc aggloacratael but easily or
cifficulty dispersed afterwards, one says that thuy zr: raspectively

flocculatad or coagulated (see further fig, 4).

4 diréet flocculation might happan when ti2 particlas are
less than 1 micron. The micro-agorepates thus sitainc. Ju pot sxcees 250
micruns. When the elemontary particler are larsor than 5 microns, aggregaticn
does not take place directly, tut Ly deauns of e-lloidal particles which, if
necessary, have been ncutralized in advance serving in such & way 2s 3 binding

vetween the larger particles,

The particles of th: same charge, having sizes ranging from | te
5 micruns, neec neutraiisstion up to a eritical velue (the critical charze)
vefore they can get agglomeratec. At that woment, the precipitate may have

a remainler of electrical charge which is important encuph to flocculate other

particles making up in such a way, even bigger aggrepates as showing in fig., 3.

& flocculation and even a coagulaticn migat occur directly whan
the particles have a Jifferent charge such as clay (~) an’' hylrexyles (+) of

iron of aluminium when present in a suspension of pH 5.5 - 7,

1

Gel structure

Welk oriented

swelling

{d) {e)

iy, 3. Clay partiele arranpements in disordered, gel-like, structures,
amd in well oriented domains {43},
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Tne flocculation of particl.s smaller than | micra ..aving tie sanc charge in Lie aviutioa in front Of tue charje! eurfece is calles the contre—?ona

wouS Bit pose a major proslew, as tha sualler the particles, the easier they an. tacy make up the suter layer. Tiis theory was improved o first time by

are assuulled Ly the Brownian covecent, snl the greater the possihle points wotty in 1910, who sevel poo the conceptisn of the ciffuse double la?cr..

of vuntsct pur wnit zass. Joder the influence of tharwal encrgy kT), these ‘he cuter layer in this case is represented by en atmcspheric distribution

suall particles will acve through the water colecules colliling an! finally of tne icns facing the charged surface i.a. the ion concentration is more‘

they will gut tie same kinetic emergy (1/2 mvz) as the water nclecules, iunse i the vicinity -f tue charges wall than ot & given distance (see fig. 4).
The synucls have the following peaning: Even later, Chapman in 1913, independently amnounced the sare

k 2 i 1 t 2.3 x 107 °c 1 theoty. S$a it comes that n.valays it is callel the G.uy-Chapnan theory.
= = = universal gas cometent = 4,3 x &ry per per anl.e
l‘ .

;1093 stern in 1924, ot in agrecment with this conception, argusd that the cuter
u = nuwber of dvogadre = 6.02 10

layer consistes partly of the delmnoitz layer and partly of a deuble

absclute teopetature = 273 at 0 °C . R
layer, as sail by Gouy an. Chapman.

aass of a uzo molacile

v = speen  af such a mclecule The atmespheric contraz-icn distriiuticn in tee deulle layer

. P is leterained Lys
The greater tic specific surface, the sreater thc t-tal

surface energy. In.ced, in oruer to increas: the espocific surfac2, lalour 1. Charga censity ¢ on the surface of the collioil
has tu we done. This is why the altoraticn fringe oainly -n contzorillconite 2. Valence of the coatre-icus v

is 80 ioportant to coasiser in resmpect tu agrregate stability whizh is 3, Tstal concentraticn of the electrolyte Co
greater than with other clay cinerals. 4, Tnerwal enerpgy of the iona kT

5. Jielectrical constant € of the liquid (solvent)

b.4.2. The fioscculati.n >f particles having the sarme char:c.

The i~teraction un the icme cf the ¢lactrieal field forces

ctiginatel Ly ¢ i.e. the clectrical fleld characterised Ly ¢ when taking into

The existeace ¢f a char,.. surisc: in erntact with the liquic iccount bus -istancz ew i, cne may expect that the Jistributiszn of the ions

phase is tne cause of the existence _f ar cloctrical double layer in which the facing the charged surface will not e linear Lut logaritanic. So, omc has

orientation, the concentration, the activity anld the p-tontial of tha icns foun. out that tie dom cJistribution cf the outer layer is Suseribel by the

are different fruw the cnes in the same 3 lution, Lut “cing at a ren.te place Maxw:1l B.ltzuano foruulas

from tae charged surface, This is charyed Lecause _f is-asrpnic replacenznt,

) . . . . [} af
tne Lroken woncs anc the aaphoteric charactir of the sescuihydroxylies, which, QE_E_ﬂ) m
. ¢ =¢Coe kT
as was mencione. Lefore, come on the sarface as a consequence of seeken bonls
and cleavagi., The cuncupt of the Jiuble slectrical layer is :f uijor icp-r-
- . s c i listance
tauce for the gool un.evstandiug +f the flicculatim of particles having the Wheret C = ionic eoncentration of the clectrclyte at a given
sane charge. x froo the uharges surfac:

o, = juric conceatration of the electralyte at a remoté Jistance

The first substantial theory <n the 2ouble clectrical lay.r fr.w thy charyel surface sc that the clectrical ficll force

wda giveu in 1479 Ly Vun Heluholez, whe suggestel that the louhle 2lectrical aumnates from tnis surface is no longer of influence on the

layer was virtually s ceondenscr witih twe parallel plates of which one was icns there

charged positively an. tho other negatively at au extremcly srzil discance ¢ » cusrge of the clectron = 4,8 x 10710 Llecerestatic units

The surface of the sarticle has its o=~ p, = diffcrence in potentisl obtsine? by the ica heing
. s . . .3 r
owa charge, mostly nogarive as is said, f-rms the ioner laiyer, an! tho iona Lf tne - iatanc: x where one wente to know ©¢. The ions of Co

Batiug U cferonce potential ¥
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FI1G6.4. DIFFERENTS DEGREE DE FLOCCULATION ET DE COAGULATION

Different degrees of floeculation and ecagulation

18. 22

In order to knuw the value cof ¢ at a given point, one has to
know its Jependence on the charge Zeneity ot that point(p). One has found
that the Jistribution of ¥ in the cuter layer is given by the formula'of
Foiseon, ielilerately admitting that the charged surface is plana and infinite.

2
.- @
1x
where 3 seing the change in the intensity of the electrical fiell - e
dx

in funetizn >f th: distance x 2n: £, the Jielectrical constant
Jf thae solvent

It is pointod sut that C zmd p in (i) and (2) have the sene
meaning, i.e. the ionic charge concentration per cm3. Formula (2) tells that
¢ diminishes more rapidly than linear in function >f x. So, in fig. 5 an? 6
it can be geen that when all other things stay »qual, that C as well as ¢
increase whern apprcaching the chargel surface, but at a differont rate. One
can unJerstand why C increaaes more raplaly than §. The latter telng given
sy the prusuct of the force times the distance. The force emanating from an
inwefinite charged surface is in first approximation constant and is given ty
the charge censity, The Jistance is given by the thicknoss of the double
layer. When C ie doubled, so will be the Eoree, Lut as will be seen leter oa,
tne thickness of tho @oulsle layer will get smallar. iHence the Cistance anl

consequantly § is not dcuiled.

The wein prelea now is to fine a aclution satisfying (1) anc
(2) for the Lounlary liwits characterising the eolloile in the scil, This
is extremely uifficult and one may even say th:t a general ond satisfactory
solutisn for all aspects is not yct founl. Hevertheluss, it is possibla to

study approxination when ¢ is small. The ocluti-on in such a case can e

kT, 1/2

Ve
Ce(2Coen) " aion 12 (-ﬁ'*l) (3)

1.4.3. The_thickness of the Jouble layer (8).

In uruer that this foraula wight have a lirect sigrificance,

two paradeters hava ueen introluces, 6 and .
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This is necessary as the double diffusc layer does not have well defined

limits.

2,2

iR
5 )
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By § one uuderstands the "thickness” of the double layer. § is
defined as the distance over whicu ¢ diminisues %

of its initial wvalue on

the charged surface, ¢0; e being tho bas: of the natural logarithm = 2.7183

and % . 9,37 (822 fig. 6).

As was pointed out that clays have 2 constant charse and that

orainary colloids nave a constant potential when the electrolyte contains

only indiffarcnt ions, one can study the change of C when x becomes smiller
taking into account formulz (3).

a. Concerning the colloids haviug a constant wo. One can see fronm (3) that

C is proportional to vCo; am an increasin; Co the ions ari mor: attracted

to the charged surface § diminishes.

increase and so will p (see Fig. 5).

In vrder to keep ¢0 ccnetant € wust

b. Concerning the colloids having a conatant 0. 1In (3) one can see that § is

inversely proportioncl to ¥Co, 80 whem increasing Co, wo will diminish

quite rapidly. When calculating 6 at a tenpercture of 20 °C one Einds;

§

M = golaricy of the electrolyte,

_3x10®

v ¥

(4)

Formula (4) enables us to make practical conclusions as can be

secn from the following exapples:

(A 0.1 H NaGl sclution has a & =

Wnen diluting 100 tines ome :cts a solution of G.001 N} 6 =

(A O.1 N Hgso‘ solution has &

3x 10

9

3 x 10

-8

1 vo.1

0,32

0™’

cm = 10 &

100 A

[

i

[

2

When diluted 100 times, one gets & = S0 A.

Formula (4) learns about the influence of the valencies

of the ions and of their concentration on &,

.6, Suemary.

When 1o electralyce is added t~ a clay colloilal sus—ensicn,

t can bz sail thati

, There is an exchange -f the i‘us present on the scluticn si'ta »f tha
ficeu liquic coat cf the Zou.le layer for thuge of the sane sipgn atlgl
with the electrslyte, If the allel icns are nore stroagly adsorte] than
those which are displacud, the thickness cf tha deusle layer will ¢
.icreas2’; consequently the § potiatial will te lowored aud flscculaticon
occurs {wnireis thcse i.ns which »reducc a bijh ~ctentizl will ceus:

Jispersizn).

. Thu frce emergy -f the water is lowired (chis is alsc s: when a'ling
athylalecchol) in the tulk of the anlution and water noves from the
rogicns of the lcuble layer ints the aulutizn, tecause »f the fruee
encrgy ¢radient esta-lishc.. The result is a comteactizn 2f the lcuble
layer lowering also the § poteatial. The amount of alectrclytes to be
acder gepenls on the ori_inal £ poteatizl of the aystem. It is 2tvi-us
that the az.iticn of 2 larz: anmcunt of an electralyte causes always

flocculation,

. Every collisicn between particles procelurce a‘thesion as 3oon as the
potential is lowcre. to cr Lelow the critical vealue; this is tha case
»f a rapiZ flocculation. When two perticlys aprroach sufficiently clese,
the Van jer Waals' attractive forces causc theo £~ stick tazcther. Thesae
forces arv proparti.nal to Ilr6 and ara coasoquently active only at very

- elose range. Lf the particles are similarly charpe ', wark has £a " done



in trioglng up one through the electrostavic {Czulomb) repulsion of the
other. The repulsive force is proportional t- I/r2 an? honce Is active

" at relatively leng range. This force hinders the approach of the particles
to the critical distence at which they stick topether.

If the potential is higher than the critical 4 pctential, scme
flocculation may still cccur, for the momentum of the faster moving narticles
can carry them through the repulsive electrostatic ficlds within the range
of the Van der Waals' attractive forces. This will be nainly the cuse with
very soall particlea,

1.7. Practical application,

In agricultural practice one sees that azaregate stability is
increased by adding Ca-ions ani Fe-ivne to the s2il, Since more than 1000
years (Tiulin, 1928) it is known that liming is 2 gcod methad eo imnreve seil
structure. The increase in water statility of the aggregates by saturatine

the clay with calcium has been proved several times,

Recently the aJllition of Fe-icns was alsc introduced in pratice,
€.i. the uge of Floral (ferrianonium alum) to inpr-ve structure
Jdeteriorated soils.

The easy vispersion of gediuwn saturates clay in newly reclaipe?
polaer soile and in scui-desert soils is exslaine! Sy the larp: waturhull
around the scliuve-ion, Consequantly the salt ecntont of irripation wetor is
toc watched very carefully. The roclacaticn of these soils can te carried out
by applying & great quancity of calcium sulphete. When the infileration ani
the drainage of the len. is gcod end sufficieut am unts of water are availa“le,
then the calciua icn entering the soil will riplace the so'lium anl the
chlorine is moved togother with the uxcead of calciun to form a very saluble
produce being CaCl2 (59.5 ¢ soluble in 100 ml HZU)' The other proluce which
?u formed iaNapS0y which {s also very soluble (46.8 r per 100 ml 1,0).

However, if one wants to reclair s2line scils, the semotic
pressure of the sadium fixed on the clay particles, is the reason why the
macro- cr the wicro-agyregate pores diminish in size and dininish in such

4 way the permeability and iafileratics rate. Sc, even when gqypeum la put

o0 the s0il ami irrigation water is allowed tc flow over it, the water cannot

penetrate and hence the calcium cangot replace the godium.  In order to be

2¢

succ2ssful in recleiwing such suils, une is Loun to statilize firet the
aggregates which one can make mechanically Ly working tha soil at the
right muisture contert, This stabilizaticn can ¢ lome using artificial
arolucts such as bituminous emulsicns. After Ffine grinded gypsum

(5 - 10,000 kg/ha) is put on the scil,then one may irrigate. In such
conditions the calcium icn can penetrate inte the s-il an’ replace the

gusium iom,

Another feature frowm pratice to be explained is the high
stability of acid scils, this stability is not only 2ue to the W ion
adscrpticn, but alsc to the strong Flocculation value of at i~ne which
cecame available in 2cid clay a.ils. In general, however, the aggpregation
in sciz scils is less statle than in calciur seturate: acile, one of the
reas.n is that in acid scils the organic oattor dses not have the sticking

property, which is a charsctevistic of Ca saturated organic oatter.

Te get e bettor i2ea of the soll compsnenta which are active
in the foroation of stable agpregates, Kolaskova and Akherdina (1959)
cxouined apgregates of different sizes from the Volga-Kam wooded steppe.
They found that the aperepates smaller than 0,25 mm, the so-called micre-
aggregates, contained oore clay, humus, mobile acids, 5102. R203, PZOS an-d

mobile Fe than the lar..r aggregates.

Thesa vesults, howevir, could not Yu confirmed in the study
of Antipev-Karatacy an! Kellerman (1962) whe comparcd agrronates from
tschernos s, pedaclic, gray-wooded and red icamy (Krnenosem) soils. It
is belirv.d that part -f tiw explanation why thers is a difference in
compr=itt o in aome Wt nolodin gll soils between the sta*le and unstable
Ap5Ts ¢t es, way Lo foun! in the fact that it will depen? on the genesis of
the e il prefile, whether or not this differcnce will exist. indeed, the
et of illyviation per horizon can be respensiile for the compositisn

of th. eatiziial marerial of the studicd soil,

bode Tia o nriﬁ”qﬁbyiwwypcrOﬂasnreﬁntes.
The f-1'owing phenomena are involved in the formation of the
A D i rrtage

L. The che jcael gte'-ilization or cementaticn,

e the diybas oot effact which gives rise to canillary forpces,



27

3, The “on.e made a collci.al substance Letween €21rse particles an'/or
micru~-aggregates, Hurcin are also included the adhesion forces
Letween mineral particles and organic asteer such as hunus, krilium,
gelatine, polyurcnices, bitunenm, polyvinylalechol, aolyvinylactate,

4. The tension and pressura cxertcd mechanically cn the s:il so that
locally sites having greater sonsity will oecur, whica, afterwarls,

will form the clode whun the suil is Sroken up again.

1.5.1. 'The_chumical statilization of tha arprsxation.

In scil survey c¢ne knows that agprujates in s2il perio’ically
sufforing from an excess sf water ar: aora statle than the normzl calciun—
saturated agyregates in well-drainmal profiles.  The exslanation is that during
perivds of water excess, through the reluction processcs in the soil prafile,
an amount of scluble bivalent i;on jons is liberated which can penetrate the
aggregates. During the drier period, when the water tatle gles down, throuch
oxication the Fe*f changes into Fe'™* and is precipitated as collciial Fe(OH)3,
which cements the aggregates. Dehyirationland crystallization of the cementing
Fe(Oﬁ)3 may Le the origin of very harc ircn concretions or even iron jans.

Not only irom, but also calcium, mangen.se and phospherus may be important es
chemical stabilizers of aggregates, when they are chaneing the soluble into
the insoluble state {cartonatcs, oxiles, phosphat :3) .

)}

+ CacCo, + CO2 + 1,0

Ca(HCO4) , 3 2

6

JZO

-

Cal0, + € H,0 . CaCly .
- .

CaH4 (Poa)l + Ca(ou)2 . Cazr2 (POL)2 + 2 LZC

-+
bazﬂz (Pok)z + Ca(bﬁ)z . CaJ (POA)z + 2 Hzo

The concept ¢f cementatiin is rescrved for tha phensmenon where
procucts wiich are alterad chemically wvnhance the hardening of the soil structure

as a whole.

1.6.2. Formation of suil crumts by Sessication,

Dessicativn “rings the colloidal s.il particles closer toguther.

when the electric forces, following the law of Ceulonb ar inversely

98
v porticnal te the seeoul power of the listence, the Van ler Vaala' forces,
r.wevol, 2Tv inversely properticmal eo the sixen power of this -istance. In
sruot forwmition the role of wter is really impartant, tccause when the
agcunt of water diminishes the curvature (1/r) of the watcer meniscus between
two soil particles will increase and hence will Sring them closer together.

iiis wight Le sc important that the Van Cer Waals'® forcus beccne predominant

on the Coulomt forces.

In a dry ans dusty seil the air surrounding the elementary

§. 11 particles prevents thes from cowing close together, so that no iner—
wmuleculary attractive forces criginate. The moistening of such soil causes
tau formation of a water tull arcund the particlas; this way the snall
\ltered asorphous cuat of the mineral particlus swells and sinmultanccusly

4 meniscus is forne. butween the perticles. The force p of thoe meniscus
(interfacial curvature) £3 keep particles togetheroay Le put coual to the
cupillar{ tension, for which the equation of the height of capillary rise
i),

is valid

2T cosB

ho=-p= rdg

M

where h = height of capillary rise in cm

force in dynes/cm2

o
[ ]

= padius of the yores in cm
= gurface tension of the water (72 dynes per cu}
angle of contact between water and soil (angle = 0; cos 8 = 1)

= density of wator in gfea’

e A P ==
1

= acceleration of gravity (981 cm/sae™})

There vxists 4 moisture content by which the cohesion among
tiv particlve is maximum. This water content is called the critical meisture
watent for soil structurc Forwation. Roughly it is estimated to b 60 to
3 Z ol the field capacity. It can be measured in the laboratery by subjecting
A given volwx of soil at a different moisture content to 1000 stand ardized

wins s {see fig. %). The moisture content at which the volume of soil -
.- ns the highest is the critical value (see fig. & 1, b, €.

i Equation of the capillary rise, also known as "Law of Kelvin (in
applo-smatican publications), as "law of Bechold” (in German acudies),

or @5 "la. of surin’ (ia Prench publications).
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The reason for the wxistince of such a moisturc content ias
that it is the rusultatut of two opposite forces, the cipillary force due
to the presence of the meniscus and the disjcining pressure die to the
presence of the electrical charge of the samc sign between tha narticles.
The first one is attraction force and is proportional to l/r; the sacond
one is repulsive and proportional to l,n'r2 (sce fig. 11). So <hen the
moisture content increases the czenlecus will get more flat and the particles
can fall apart; when it gets drier, then the disjoining pressare is
increased and the coliesion amony the perticlecs will get lowers This can be
demonstrated very sharply in sendy scils (see fig. 13 £, b, 3. In loam
and clay ecils, the Van der i'aals’ forces wight get invclvad alss. Thesc
will be greater, the greater the possivilitice of contact amung the
particles. Thie is the function of the slteration zcpe ercurdd tha iodividusl
clay minerals and the degrec of molstening. Tae aggTegite will be the
more stable when dried, the wetter thoy wzre when the scil semples were
taken. Aleo whon the clay composition is different, a mentmarillonite
will bc more stable than & kaolinite.

It must be pointed out that keeping the parcicles together
is due to moisture tension. When the diffcrent critical moiature contents
are compered with the tensicn, for sandy asoils thoy are equal to + 200 cm
tensicn and for clay soils with + 500 em, The water file arcund the
particles at thuse tensions are respectively, aczardizg to famula (7),
7.5y and + 3 4.

Schoficld remarked in 1354, that alse in clay coneins there is
a critical distence betwren tha clay particles giving rise tc a maximal
atability. This should be + 9 A, belny the aizc of about 3 1ater mosculza.
This equilibriuwn should be wue to s balanciug unit of the Var der Waala'
forcas and the repulsive forces due to the Bura repulaicn (rcughness of
the surfaces of the clay minarals and the presence of water lsyurs which
ara hard to remove).

A sumpary of the Jifferent cases is given in fim. 4.

1.8.3. The_bends between the winernl particics.

When Jry clcls are put ic contact with watcr, enc sexs that
the aggrugates oxplose cue to compresscl air trappad at the _nmterior,

a9 water entcring nearly simultanecualy il the capillarics. Thie rhenomenon

22
is called slaking or desaggrezstion., This is & distimet festure from
dispersion. The latter ie due to lack cf coagulation or flocculation

of the individual clay particles. When slaking, the particles will atay
togcther in a clay domein, when dispersing,the individual perticles are
no longer in close packing, butr are removed from one another. §laking can
be seen distinctly from dispcrsion, when a cled is put ina water-alcohol
mixture. Through the trapped air, the elod will slake, but throunh the
alcohol, the colloidal particles will be flocculited and atay in a clay
Jowain., Dispersisn of a clay domain will be cbsaerved when adling wore
water to tha systcuw, Disperaica can be prevented by {ncrcasing the
organic matter content. The laticr has been water repellant preorverties

and so it prevents the water from entering all capillaries quickly.

4 model after Ewcrson (1959) cf an aggregate is given in
fig. 7 and 8, derenaing on whither or nct the amoust of clay is small
or large (20 X). In the first case, the cley bond 1s made up of one
clay damain, as in the sccond, more than one clay etack is Decessary

to link the sand particles together.

The reason why azgregitea might have a difference in stability
is the differcoce in bcods between the particles. Four cosas can be

Jistinguishad

a. intergracular bonds dua to tihe water meniscus civiag rise to pocr
stability, only at the critical moisture content the stability will

be reascmable jgood

b. intergranular bonds <ue to natural products such as humus »r flocculated
clay or artificial nom-icnized or weakly icnized polymers such aa
. polyvinylalcohol and polyvinylacctate, depending on the case, the

structure is wedium or stable.

c. peripherical bonds wade up from chalk, cement, bituminous wmicels,

ionizad polymers heving carboxylic sulfonie, ami iec or aminle groups

presents
Exauples of the mentiomed polymers are:
- CBZ - CH - Cﬂz - Ch ~ CHZ - CH, - Ck - CH2
0
/
Jh OH 0-—-C— cua
polyvinylalcohol polyvinylacetate



Fi> 7 VUE MACROSCOPIGQUE D'UN AGREGAT AYANT S4 ST 2'L TE DUE A LA
MATIERE ORGANIQUE OU A DES PROCUITS ARTIFICIELS.
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B QUARIZ -MAl ORGAN.- GROUPE OTARGILE

C.GROUPE Q'ARGILE - MAT.ORGAMN.-GR. D'ARGILE
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SURF LATERALE-SURFACE PLANE

FIG. 8 LES LIENS POSSIBLES ENTRE LES GROUPES D'ARGILE,L A MATIERE GR-
’ GANIQUE ET LES GRAINS DE SABLE DANS UN AGREGRAT

Poseible bonds betwesn elay deuains, orzanic o
etter a=
sand particles ir an agoregat ' ; a=d
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poiyacrylanide sodium salt of polymetacrylate

4. simultaneously interzranular ard serpretical bonds may occur: the
cantination of the cases b cnd ¢ when clay centent is high (fig. 13) give

rise %o stable a;regates,

Jue re :oasure of all kicds (osmotic przssure, so0il management,
toot growth, dessicstion ete...}, the clay particles can pgot oriented
perpendi-ularly to the direction of the prossure. As the bonds between
c+e particles gre the weak points in the egpregates, the breaking up of the
aggTtegat- . will orcur therc, and the structural stahility is altercd. Thae
wutber tiv: soil, the more +1sy will be the rcoricntation of the sartieles,
as the bindaing forcer, duc to the meniscus get lover, So, it is quite
undurstandable how the heavy mechincs degenererte the structure when the

soil is wur.

hurmally there is enough electrelyte in the soil te flocculate

tue elay. Exception -1 this rule is mede by sodium morntmsrillonite clay.

Wher th. -lay particles ar: wcll fleo. ated, the clay domains,
as sham in fig. 9, will stay stable io water. In such a case they are in

a m.tr:oble situation. This conditicn is not koown in

aLitum sotuar <t clay and particularly not in sodine montmorillonite.
L ++ 44 e, . .

Plocealnt Coopuariitonite by Co o, To or Al will neot disperae in

wrt tqe elay povticles ean be found togetlor to a clay domsin when the

ciert s lewered te aie drynoss. A suction, equel te 14 atmosphere
w8 suflicicat. Joder ifrrigaticn, when the clay is composed of the
izb and i1 types, such as kaolinite arnd illite, the clay particles can

vt disecciated and the negatively charged herizental surfaces of illite

will 2ol -icenkeg and bound with the positively charged lateral surfaces

B the kaotinite, This may baspen with individual 1:1 and 2:1 types, such
At tooabisdite ! illite, the clay particles can get dissociated and the

neg ieale chivood horizoptal surfaces of illite will get criented and bound

w_ti the ;oo by charged lateral surfaces of the kaolinite. This may
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happen with with individual [:1 and 2:! clays, ns w.ll a3s with groups

from either type (Schoficld, 1534). A speciel remarr is t¢ be made when
irrigated soil is composed of kaclipite claye, as it is often the case in
tropical soils. The originally flocculatzd kaclinite clay domains will

not stay stable when submersed for a linrs time. 7The above named metastable
cundition exists only shortly. So, quicl: laboratory teats may give the
iopressicn thot one is dealing with stable ageregates, but once under
irrigation, the clay will disperse progressively. The excepticnal behavier
of kaolinite domains can bc¢ explained by the difference in charze density
on the lataercl and horizontal faces of this rind of clay. Other clay

domains must be shaxon or treatod mechanically tof re they disperse.

Juce clay particles dispcresec, ore needs a enncentracion of
.Cl** of at least 0.0l M. Expressed in CaCl2 it m.aus that at least gne
needs 1.Jl g pur litre, The chalk in the acil ia often rresent as €aC0,.
6 hzo. Wnen determineu in the laboratory with a kGl test, thea ofton the

quantity found is interpreted to be CaCO The latter has a solubility of

14 mg/litre at 25 °C, while tie solubiliiy of the first named is nihil,
1In order to know the amount of active Ca’’ in the soil, the sample must
oe percoelated using WK A I UH = 8§ and in the nercolat: one titrate the
ca*” 1lons using a “complexcn” such as E.).T,A. (cthylenz - diamine -

tetra Acetate}.,

lio.é. Interactios orianic_catter - mineralo-iczl conroncats.

The way the orpanic links are macu to the mineral particles
is given in fig. 7 en 8. The discussion on aggregate stability was made
es if inorganic matter did not exist. In fact, its influence is considerable

on aggregate stability as was mentioned.

#lsu it can be pointed out tiat organie matter can climinate
Jispersion. Humus is 2 conrlex ion which im directly
ausorbed at the miceralogical parts and lowers coasiderably the notential
of tue clay particles. Tirough the inturforence of the protonisation at tiw
surfaca of the clay minerals, dua to the presence of A13+ and Ca:*. the
uegatively charged humus can be fixed (epecially the €00~ and 30; groups).

Jn the lateral side of the clay partciles, the exposed Al3+, together with
the hydration in the octaeder layer, has also a positive charge at the pF

values found In the s0il (5 ~ 7.2) and can also fix the negative groups

z9. :2(

¢i the oroani. gatter. OUn the horizontal surface (001} of the clays,

Lo negative caar.es may fix the positive charges of Eiwe humua, such as the
Wwiiney {'MH‘) and amiges (-0 - Hﬁz)‘ So the oruaric matter is at least
[ic¢a i two differcrt ways to the clay particles, as shown in fiq, 18,
~vcoalize this, the huocua has to be elon-ated and coiled over tie clay
veenitles with orieateu water molecules in between. hs this is the

+p, - te from what happens rormally i wature (the increase in free spaca
ol wlecules beiug called entropy), it is saic test organic macter ia

tited turough neyative entropy.

khen lookiv, at fig. 7-8 , it can be uusarstood why
Aigregates always give the saxe type of i curve, irdcpendently if they are
srabilizea througs natural or artificisl mears. The only difference might
ciwe from tue hycrophylic or uyudrephobic properties of tiue matcrial weed,
+8 will be the reason for a quicker or s slower uvetting of the

a_.nregates, respectively.

In order to find out what kind of bonds, intergranular or
peripuerical ones are ressonsible for the stability of the a:grecite,
4 test can be made using 8 peptising avent, such as sodium pyroshoephate.
The intergranular links will not vanish, but the otiier will do. This is

explained by the fact that vculy links based on hydroren bords will be brolen.

W.en the iater,ranular bonds are still present, cthe followlny

distinction can be paue. wheu 2 g0il is treated wits an alcaline solution
(i > 10) tie non-lonized polymers will stay, but thoce with amino groapg
Suci: as hunus aud gelative will vamish. This is because the oX value of the
auwino grouy is about %. Wien soil from en old pasture land is taken and
treated witu sodium pyropuosphate, no noticeable disjpersion will oceur. This
ic.icates thst the majority of the linke are not due to hydrogen bonds.
W. . aftersirus, the soil is put in a strong MaOH solution, the ajgregates

"' onidite. Tois imdicit.u that electro-statical links are at che oririn

~I Ui atruce asl stabilicy,

Using analogous tests, one can find cut tie difference between
vy du2 to 1onized acu nos-ionizad polymers.

lo sgricelture, it is know that incorporation of organic
Sthes dico the #oil incredecs aggregate stahility (see fig. 9 ) after

< sip. his iucresse in atatilicy is only proporticnal to the quantity
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ll Sol treité recenment: 5011 treated with:
A: avec matidre organique A: Organic matter

B: sans matilre organique B: Non organic matter
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Fig. 9, Evolution de 1a stabilité structuralc dans des terres

traité ité ié
€3 ou non traitécs avee la motjdre organique,

Evclution of the slability of aggreates in aci:
treated with and without organic patter
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of humus incorporated as long am the overall organic matter level is

low. So it was found for the temperatute regioms, that above 6 %, it does

not make such sense to try to increase the organic matter leve{. In order

to have stable aggregates, De Boodt {1948) found that in Vest-Eurore the

husse content must be 10 % of the overall clay contert (0-2 it fraction)

in the soil. It ie evident tiat at the game tima the clay must be flocculated.
this finding 1s based on the fact that when tie hurus content le determimed
tarough wet oxydation by notassium vichromate (S;rinper end Klee, 1954),

it has a C.k,C. of about 400 milliequivalent per 1OC 3, while illite clay

haw 40.

Tn order to study the significauce of organic matter in arid
and semi-atic (red-brown soils), Creenland, Lindstrdm and Quirk (1362)
treated either the soil with periodate (Haloﬁ) or with NaCl solution,
The first one being an oxydant, it destroys the polysacchariles amd poly-
uronides, which is found ln places waere the cicroblological activity ls
the most important, e.s. in the rhizosphere. The humus which contains
-NH,, =CONW,, =GOO , —so; groups, however, will not be deatroyed.

rid 2'

The iaCl is at the origin of the diaperesion of elays, although
ita power is lower tuan this from sodium pyrovphosphate. So, when moil
from olu pasture land ou rendzina or on red podsclic soils are treated with
gither one of the liguids mentioned, no slaking will occur. However,
arable soil with hizh microbiolopical activity will slake in lall,, but
not in uaCl solutiom, lovever, vhen aggrejates are well dried out from
dry summer aud they are put slowly in either one of the liquids, they will
scay stable.

For the moment, putting the soil in a good physical condition
is booming, Different polymers can be used. In order to be successful,

the following steps must be observed:

{, tine powjered gypsum is uniformally put on the soil (5~10 toms/he}

i, a8 mecnanical agpyrejatiou s cbtained by working the soil at the

critical woisture content of soil structure formation

3. tue obtainea aggregaticn is stabilized using one of the polymers

cited above

4, plants naving a stronz root development are cultivated in order to

bring the wechauical structure into a biolopical stalle structure.
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The cnoice of the polymers has to be done in the laboratory
where the optimal aoiasture content, together with the optimal dilution of
tiue polymers can be found out, ¥he combination which gives the highest
aggregate scability together with a 300d pore~size diastribution as deter—

mined from tie pF-curva, will be cnoosen to be used in the field.
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