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A RN SISO AnNEEERTROW
tae spatial arraigement of tie cospound seil particles ang tae pore size

aistricution resulting from it. wais is the wore practical aspect of

by Prof. Dr. ir. M. De Boodt ' soil structure studies. It imeludes not only tue study of tne influence
State University of Ghent oi pore size uistribution omn soil, eir anu water ecomemy and on plant
Belgium. Lrowta, out also tie sethods of fiﬁdiﬁg' cut tite best coniitions of tre

goil puysical enviromeeut for plant roots.

¢. tae ssatial arrangement ag genesis of tae corpound soil sarticl:ys as it

GHAPIER I, L, . ) L. N . ,
can se wederived eitacr in the field {wacrostracturs) or it tue laboratory

wita toe aiu of tue microscope {microstructurz). 7Thais is called spll structure
woraeleny. .ne latter is €he meandng siven by scisutists interezted in soil
o survey, soil classification anu suil sen.<sis.
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ii view of tuc eistinction made above, it is svieo-rt thet thexs

WGSL o COsfdsios wuem tae ters  Structare’ is ased without furthor srccifieation.

foc. Priwary varticlus: structare and suyeich: gaenical procerties in seneral,

e different primary particles composing am agrregate arc:

boie Lefinitioau of soil s:iructure. a. noa-colloiaal: silt, loarm, fine sand, sand

b, colloival: - non eristalline: organic patter and oxydes of silicium,

Tue primary soil pariicles io noi exist as alusinium ané iron having differvent degrecs
inuividuals in tne field, but are more or less agiresates into of nydration
coupounds. For sanay soils the ssscciation of varticles is gquite - ecristalline: elay winerals ané eristallised oxydes or
siuple. Fo; Weavy soils thepstters is mor: cosplex. The term aydroxydes of silicium, aluriniwa, irom, wmangavesc
“Structure® refers to tae ssatial arranc e. simple carnieal cluments: salt, cations, anions

uects of the primary
s0il particles. o eber

g ) , i —_ ' s v . cha eleed bv:
Boil structuTe is aw lamportant .ropsrty, hecsuse it The colloidal particles arc characterissd by

influences not only tu hysiceal ugiti 3 £l
Hsences ¢ ¥y tlie physical couditions, aeracion, heat a=é a, very larys spucific surface i.e. tie surface pur unit mas3
water 2co0udny, but also tao avallavility of slant nutrients, the

. b. special paysico-chiwical propertics
deco

wposition of soil organic malter anmu all tiue uicrobielegicel
activities.

Leeot, Egcifie surpis

Speaking of soll structuire as tie expresaion of

spatial arrasagemernts of soil particles, we must distiapuis

Tin. total surface per urit mass is called tho s»2cific surfece 5,

[ad

. tue apacial arrangement of elamentear i i
& £ 2WeLTETY articla E o B E s
pLatTy P les into aggregatas gurface of tue particlsa

nass of tre particle

e 1. T i 3 i &
anus tue svudy of the Jorces causing or destroying thase arzereca-

fiou8, 'lais 15 tL.e uore taeorstical aspect of seoil structura
iuvestigatiorn,




For a particle navime a lawellar chape of thicknass ¢ cr g
iepgta ana widti 0 } c¢m, one ovtaine; (density + L.5 glen™)
. 2 z
~ horizontal surface: 2 1”7 cm

- total surfaces of the sides: 4 d 1 ert

~ total masa: 2.4 d 12 g

SQ.
P 2184l
2.6 4 1°

{as 1 > IC3 d one can neglect 4 a 1)
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&0 d 12
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Tor a wontoorillonite cluy with 4 = 12 & = 15 7 er, ane

obtuins o.c/lu—; w o ox 107 emtfg = G mzlg.
Tor on illite clay wita d = + 50 E, 83 = 150 o/,
For a naolinite clay wita a = 500 &, s = 15 mzjg.

It is to be remarked that in the last cage the marticle was
counposed of aifferent flakes; they way somctimes include 53 such units
to reachi the big size of 500 R,

Jn tne ofher uand, the other eristalline oarticles such as zile,

loam, fine saud and sand have an 5 value of:

§

silt (d = 15 u) has an € value of 9.05 u/s
"
- loam (d = 35 y) has an 5 value of 0.C2 m“/s
~ fine sand (a = o0 M) has an § value of 9.0l mz/g
— “+»
- sand {d = IO W) has an S wvalue of 0.C01 w/g
4 It is important to remember that a particle having d = 1 p =

10 " emy, 5= 0,0 mz or rougily 1 mzlg.

Using the adsorption technivwe of Jz or sthylone~glycol, followinn

values of § nave been measured for amorphous colleidal materizl such nst
M

- complexes of alumo—MYiciwas LU0 - 300 w“/f

- amorpaous silicilus: 100 - ol ﬂllg

- hydrctes aworpuous aluminium or ¥on: 103 - 500 &/«

In the teapcrats roglona of the globe, the umorphous part of the
0 - 2 p Fractionm in th: soil do.o pot execed in genoral 20 ¥, Ia thro warm
regicns, how.ver, this fractio: misht be very aishy zspecially in very younsg

vr in very old soils,

l.é.2. The physico-chcmicsl prupertics.

Besides th morpholeniesl chorzetwristica, attertior has to be
drawn also on the cleetrical propertics of tzc surfsces. This, in order to
¢xplaia tiic physico-caemicul properiice which intirvens dircetly in t:: fleccu~

latiou, coasulaticn sid agprogation of the particles.

The eluctrical propertics cf the surfzccs are characterised
Uy tuc charge cemsity . The result is cuprcus-l throuph the pusbers of

eloctrous availsble per mp“ (130 AZ).

To get this ezleulsticn straisht, ronczbor that ) mole =

i equivaliut of monovalent salt = 6.2 x 1023 cationg or clictrot abscrbors,

)

o bunbex of charges
gpecific surface

charge Jensity

Purc silicium - aluminiw. - irom hydroxydes have 2 charge of 2.1
cleetron gur muz. Clay particlis aad corpound silico-atuninius gels have a
charge of + .4 gleetron per muz. Tuis wesus that the charze upit on the latter
colloi:a cccupy @ surfacs of 70 &, It is impertant to obscrve that tie charge
per uait surfnce is vulatively constant, excopt for strorely altered scils such
45 berra~ross., lutosils atc ..., which sort:in lrxg: quantitics of sesqui-~
byuroxydes, of which the cicrge 18 changesble in fumetion ef the pH. The
cougtaut value of ¢ for ciay winzrals can be obscrved em table 1, It is
sovious that zn ineriased specific surface poes togother with en inereased

C.E.v.  Comssquuntly,per unit surfice almost ta: gare caarge ean be observed.

in the saue line of idea's, refercnce is mede to Fig. 1, token
ETum toe work by Beutclspacher and Van dar Marcl and which gives the sumumery

of a srect nuuber of observations.

sl tachor of ennrges is cgual to the cation oxehange capacity (C.E.C.



Cation exchange capacity
CAPACITE D'ECHANGE DE CATIONS (m.r./100¢)

e

faeble }. Characteristics of different eulleoidsl watcrial found in the soil.

Gollojual particles Specific surface C.E.C.
(L) (ces/100 p)

Kaoliuite 5~ 20 3~ 15

T1lite 100 ~ 200 16 - 40

dica 100 - 200 0 -~ 40
Aouttiorilionite 702 - 302 & - 100

Sepiolite ~ attopulgite 100 -~ 200 20 - 30

Alumo - silicates 303 - 600 + 60
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0 100 200 300 400 500
‘ Specific surface
A= ALLOPHANE 0= KADLINITE (<2/¢ }
S = ACIDE SILICIGUE +- ATTAPULGITE
Alz HYOROXYDE d'AL, B=ILLITE (<24}
Fe= HYDROXYDE de Fe 2153 MONTMORILLONITE(<2}(J

P= PERMUTITE

FIG. 1

CEC(me/100g) ET SURFACE SPECIFIQUE(m2/g) DE DIFFERENTES
PARTICULES ARGILEUSES ET MATERIAUX AMORPHES

{BEUTELSPACHER ET VAN DER MAREL )
C.E.C.(meq/100zr) and specific surface (mz/g) of dirferent

¢lay minerale and amorphic substances

Ao Allophane o« Kaolinite {c2)

5. Bllieie aecid ++ Attapulgite
Al. Muminiug hydroxyde a, Ixlite 8

P. Permutite

Fes Iron hydroxyde o« Montmorillonite( 2;)

1.2,3, The oriecia of surface charges.

u order t2 wuderstand the origin of electrical eharges, one
oust be awzre of the structure of elay uinersls (see fig. 2}, Theso are

divideu in four major groups:
1. Two_loyst typas: lil shect structures conposad of units of onc layer of
silice tetrahedrons and one layer of alusine octahadrors
81J, 4.+ silica totrehedron
42
210, 35), 4 ,¢ aluninz actahiedron
2/4 © )4/; alu retahiodr
Exauplss ~ cquiifiensional clays: kaclinite
- elongate clays: halloysite
2, Toree layer types: <:l shzct structurss cemposcd of twe layers of silice
tetrabadrms and onc gentral dicctabedral layer
5134/2; silica tetrehadron
(C wina disetanodror
AIOA/# \OR)ZIZ' alw:ine dictancdror
310, ,.¢ silica tetrsohelron
LY
ixagply: - expanding lattice: montoorilleomita

- non-expandine lattice: mies and illite

J. megular mixce layer types (ordcre. stacking of alternate layers of
different types)

Bxaople: ealorito



Sond or silt
particles
Soil
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e * of microaggregate
X
x Qrganic molecules

Fig. & Schematic illustration of structural organization of soils {85).
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4, Chain-structure typés (hormblende - 1ik: chains of silica tetraaadreons
linked together by cctahedral groups of sxygens and hydroxyls containing
alupiniuc sud magnesiuc atoms

Examplat attapulgitz, sepiolite, palygorskite

The formulas uscl ko describe the clay minerals have the follo-

wing meaning: after the sxyles a fractiom is put:

- the powinatcor indieates tie number of molecules surrounlimg the central inn
- the deanozinatsr indicates the fracticn of the charge mecessary tn neutralize

the central in

Besiics tie cristalized clav particles, annrphous maturial with
the appesrance f 2 gel is alss kmown. As this sel can have once the appearance
of glassy wmaterial and can change to that with an carthy appearanca because of
the loss of water, it got the nacc of "Allophbane”. The term is derived fron
Grech words deaning "to appear™ and 'sthare in 2llusicn om the froquent ehanges
just describea. Recent stu_izs have shown that also mora of this saterisl is
crystalline, but that wmost »f it is indect arocrphous to X-ray diffractirn. The
sfructure :f pur:e and coopound SiO2 anc A1203 hyirates, which one can find in
the soil is still mot well known. It is understent that the gols have indecd a
regular uesh of which thc size ie function of the nature and freguency f the
ions anc the way they were precipitatel and fercel. The: interior is ncrmally
accessible to pelair icms. The word allopharc cesi~nates sesquiliydroxyies of
variable Alzobjsioz retio's., This type :f s.ils are foun! npostly in vuleazice

arva's such as Indencsizs, Japam etc,..

It is iloportant, bowsver, ts recornize that the origin of the
charges arz in principal th. saue for the erystaliine and non-crystalline

sineralsgical collsids, The eauses of tha charges are:

1. Iscacrphic roplacemants. By this sme uncerstands the subatitutions within

tae lattice structure of trivalent aluminium for quz‘rivalent silicqn in the
tetrabeural sheet an. of ions of lower valence, particularly magnesiuz for
triviolent aluwiniun in the cctahedral sheet., This results in unbalancad charges
whicli sre coupensated by the adsorption of 2 cation, This is mostly founl on

cleavage surfaces, ce.y. the basel cloavage surface of the layersl clay ninerals.

The isonrphic replacesent in the -etzhedral layers arc probably
the wajor substitutions cousing el.ctrical charzes. This proeess is by far the
uost importaat in elays awe. allephanes having hish C.E.C.  Ia compoun! sesaui~

hy.roXy.es, the iscawcrpuie roplacevent is imown, but not in pure gels. Thia



explaing the low C.L.C, of th. latter, but ss clroeady sall, Zue to the
anphstoeric character of the scsquisxyies, the charpe ia pi lcipendant.

Y, Breken bonls.  The broken particles smothe »iges of the silica-

aluuina units give rise to uncccupied eodcrlination bonds, which arc

balancew by adaurbec cations. ibe broken bonds apposr on nim-cliavsge

surfaces and henc: sz the vertical planea parall:l to the ¢ axis »f tho
layarzc clay ainerals an! on herizental planes, corpendiecular t:o the ¢ axis

of the clongated clays such as sepiolitc - palyszorskits - attapulgies mincrals.
The number of broken bomis insrucscs as tis particle sizc lecreasss. 4 special
case of broken bonds @ay b. corsiuerel on the claavage surfaces sal ~a the
lateral faccs (u.g. in kaolinitz), wherc are respeoetivoly the crivinel =0-
quickly transforooi in -G groups. The £* is cxchaugazble for a caticn anl
reacts as a weck aci.. On tho cleavaze surfaze.  -0% is lin™ . ou the Al,

“(e.g. Raolinite) as on tie lateral surfacas =~V dia livke:n tm the 31 or 8i ion;s.

A 2 roepark it twet bo sais that the allsphaves hava zlar -QH
groups o their surfaces which have the saue proportics as the exposcl ~CH
groups on the clay winersals,

1.3, The physicy-cheiigal properties of specific primary perticles.

1.3.1. Eropertize of the hyuirsxyleg.

§.3.1.1. Si(OH)a.

Pirst the case of or-irary quartz will bo trested., It is eosposed
of tetrabedruns 5104 in which aach 0 ia shearcd by two tetrahedirons. When 9

is expisel, the following by.rolyscs occurs:

28 - OH

o

oF

The =-8i-0 is slightly aeii, just like silicium scii an?
consequently it is slightly negative =-£i-G . In scil positive charged
silica was never founi. To reach thiz, a ph of about 1-2 is neccssarv. In
other words, the auphotorie character of Si(OH)4 is act kpovm in soil, This
is nct tne case fur other scsqguioxyces such ss forne! by Al an_ Fe. The

behaviour of AI(OH)3 iz the best known end is als. tiz most important in scils,

0

As F—.(OH)3 ancverbecemes toxie in the soil, the aspecial behavior of iron is
uscu to promet: the structurization of sandy narticlas as will be axplsined

furtaer.,

1.3.1.2. AI(OB)S.

In geicral one may say that in acid conditions the 24 groups
L . ) e L .
will gut associates with b froa tha enviromment to Iori onm one hand B,0 and
+ L e :
on tie Jbusr hans nl(OH)z, AL(OH)Y  ana Al dopendiung on the pH of the
suspension. Thare tho rulis apply whicu arc kaown -then a weak acid dissociamres.

Iu general one can write:

ROK RO + -

This equilibriue is characterized by the pX voluws

ph = pK + log —IEQ—J—

[ROE}

one scca that pi = pit when tho weak acld is dissociated for 30 %: indeed, than
wor | = (2077

Ler us tak.: up again tie casci
+ - +
= sion | Siw +k

of which p& = 9 = 1J. S0, a substantial econtributicn {50 % $i07) of the

Legative chafged group is obscrved waan the pF of the soil = 9.

For the &issoclatioa of Al(ﬁh)3 different pR valuos ars known
as there arv difforeat forms of dissucistion as alresdy imdicated., Por the
equilibrian:

+*
=l - Ohy,

+
2l - OH + B
tae ph = 4 = 5. Conscquuntly, positive charge will ba wmadz available in
relatively great awcunts (50 Z being diss.cizted) starting from this pH valuo.
Such valyes are well known in scoils. The upper lisit to got positive charges

in any spresciacic asount is given by the pK value of the cquilibrium:



A4

~ T - +

s L1(JR) - =410 +
wiich i3 o ~ 9. Conscquently sterting at such 2 ol th. megative ¢harpges on
aluaino will be <f iuportance.

In suomary it miekht bz said that in the pH ranze normally

encountered in tue soil, on. will fiad primerily:

v

!

+ . s
Far-ox? ] ac Maa-cx 1
L 21x. - X
having au approciable pusitive charge and at the sane time 7s 51 2 having

31 viry weak negative charpe.

Su2ll quantities of crganic acids suck as wn: may find in the
suils are sufficicnt to liborate approciable quantities of aluwmicium from
the clay particlus specially from the cetahedrir shects storting at a pH
$.2 up to 7 (Jackacn, 1963). Once hyircted, following equilibrium in

functicu of the ph is establishad:

[.-;1 (1;20);1 ST Exl(kizl())beﬂl . 1:.30*

Jctahadron configuration:

. T i B o 1ht
2 Ei(hzo)s 25 | !_Alz("zﬂ)a (’!E)Zj + 28,0
: o%
. PN . 4+
[(HZJ) L AV o AL (E,0) 4]

tha

lad

This plicnoaenon, called protoaation (preten baing put a
disposal) is at the crigin of the acidity of the water oilecules fixel at
tone surface of tie clay particles, So the water wolecules fized at tho clay
surface when air-dry heve an sclaity which is 10 times bigger than the e »f

ordinary water {Fripiat, 196.). Teken iute zeceount the protonation phensmona

ou tae herizontal surfaces of the elays, ope nicht find positive chzrgos as well

as the glready discusscu nejative charges, sc aggregétion proccsses betwaen the
; . . . -+ -~
suil particles becone possibla. Alsn ome cam sew that whoen changing B or OF

or Al goncentraticn of a suspension, me 2lso

reg the charge 0 And henceo

toe clectru-cauveicsl putential @ of the partiel:.

12

1.5.1.3. FeloWw). and its spocial L.u-vier in structurizatizn ~f sandy
>

particlus.

Tae uivalcnt iron sprayed uu soil underjoos cxidation amd
criauges iats ferrie feorm. A Fe3+ izn, haviog six coordination bonds, is
initially bound to six HZO molecules, which undergoes stepwise hydrolysis.
sccording te Stumm and dorger (1970), a stepwise hydralysis can be prescmted

by ths following rcactions:

. syt I il + e oAy ot o+
Fb(hzd)ﬁ—————AFu(Lzu}j}h L Fu(hzﬁ)43uz + 1

Fc(GHj,l;(HZJ)J +H
(aclil)

+

¥ . .

In effuci, 25 szem as Fe(OK)}S specics are formed, the procoss
of polyumerizaticn storts due to their interactica ameng each other threugh
cuaecnsation process. Polyaserization ceu be shown as follows (Deusma aud
O Bruyn, 1576):

. OH O 2131
L2+ G 0N ~7N ]+
2 Fe@i)—mre? >Fc re” srel
OH { ~ Tos W |
These polyoers carry 2 net pusitive eharwo, When preocipitat-d

on tie surface of gquortz priing duc to van der Waals attroactive forces, they

leave a net porsitive charge cu these particles, a phenononon known as activaticn

of neuteal surface. Thesc pisitive charges on quartz -rains can interzet with
the =Cwd functional growps .f Pa =moleecule and inmprove the adssrption -f PAM
witih respect to its als.rptiou "n sana only treatad wita P&,

the erllsdcs,

Fh

1.0, bes, Gharge ©

ihrough the charge Jemsity 0 (sco pe 4), onc understinus tho
quintity of eloctrous (available or lacking, negitivae or pesitive cherne per

unit surface.

By potintial  sne understands the work needed to bring one
unit cuarge fros a large cistance where it is not influenced by the charge!

surfuce of the clay, to the vory charged surface.
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When tne int.roicellar soluticn contains i.na idanticsl to the
isns conposing tae collsils, cne says tirt the aslutiin is an electrolyte

veterginiag the electro-chenmical potzntial.

There are otner sclutions containing ne identieal ions, which
are called indifforant electrolytes, becausc they cannot change the potentiel
of tue partiele. Yuis cex be expleine. as fullows: ions of opprsite charqe
as tie one om the surface will come closc tn the charged surfzce, but cannct

enter it tu discharge the surfacc .u2 to sicresa-cherdenl obstruction.

agnoizhor it was zlreecy pointel out thet cristalline eollcils
have a charge which does not change practically speaking, Tais means that
in such & cesc the abeorbal exechangealle icms (e atre-icns) cannot discharge
completely the surface when the origiv of thu charge is to bo frund in the
interior of the tetrahclirons or cctahsoirsms (isomorphic replacement).  The
surface charges cue t¢ brokern bonds howover, cen rioct lifferently dependirg
on wether cne is Jdealing with incifferent cloctrolytes or 2lectronlytes come
taining the potential ictermining ion. The lifferont czsss are discussed
further in the text. They offer s particular intcrest when one has to <iacuss
tne flocculation Jue to increase in concentration cor Jue to increase the

valency of the contre=ions,

1.3.2, Propertics of ti. different kints of clay wincrsls.

dontoorillsnite is mane! after o loezlity in Franc., Jdontecrillon,
It is an expancing clay mostly consisting of very szall flake-shanel unite
without rugular sutlines {anorpheus Iring.s). As  known, the
unit is composed of tws silica tatrahediral shests with 2 central alurmina
vetahooral sheet, 011 the tips of rhe totrabelr ns per shost point in the
same wirecticn and towaris the center of the unit, The totrahedrel ani seta-
Luedral sheets are ¢onuined so that tiw cips of the tetr:hidrons of wach siliea
sheot an? vne of the hyaroxyl layors of thh cctahe.ral sheat £oxm 2 cimaecn
layer. The atoms egrmen tu Lotk the tetranc.ral and cctnhelral layoers are O
the OH of that layer Loing locato. ia the mi.st of the hexaz.or £oracl Ly the
tips of tie totrabeirons,

In stacking the units, the boases - the tetrahe’ron are orientel
towars <oci othier 8. tuat the O layers  f ono unit is adjacent to the O layors

sE the meignbouring urit, Tals is a firat raason £2r cn wasy cleav

boatweor
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two units. & second reasua is thet the isomorphic replacemenut happens

wainly (for «0 %) in the sctanediroms 2nd the remaiuier in the tetrahodrons,

Consequently, the totrahiedrons havae small charpes and the
affinity to fix caticns between twe adjacont ones is s=all. So the adscrpticn
of watet colecules betwean the units, together with the hylration of the
cations locates there, is easily understool. Montmorillenmite ia a clay
sincral which is fopmed when the aquous envirimoent ie rich in {ivslent

s
. s + o awad . .
ions, moinly Hg‘ and whon the !reimage of tho site 1s poor.

In the sacs 2:) group tie miea's ehould be monticnnd. Here the

iscoorphic replacemant is very riguler, maiuly in the tetrahedral sheet where
+ . . .

1/4 Sia+ is replaceu oy Als . 8i th: nepative charges are fixod in the silica

Shuots anc comsequently tae caticns arc mainly fixel ua the surfaces and

Lottors of tie units, waking 8 the link when particles nre stakel. The
Ciffercnce in Lehavior with wontomorillonite can be cxplainel e-ncerming the
lack of expaniing when put lu water. Imdividual mica shects are rarely
observe., but stacking are well known. In pure mics's the link betwaen tw>
subscquent units im uade tarough non-hy.rated K" ions. Its liameter Fits
exactiy the nexagsual cavity formel by the bases of the aix tetraheirons o
ttw silica sazet. When the particle is altere! 2nd the K icn hydratad,
whica is uow oore lousely fixel Leotween the upits, thun one speaks ahout
nz;rouicﬁ's. Beailcs that, lscaxrphic roplacement of Alj+ the uph Hg2+ is
KNOWD 80y Ehe oxcessive negative chary: whieh follows froin this, is crmpensatod
in the substituting 02' Iy S, This it is consequantly not oxehanzeable,
except as geen before om the surfaces of the eriatols when they are tho

cunsequwnce of broken Londs.

Iilita, starivil from the shbireviatisn for tha Statc of Illinols,
is & representative anu wost comuen variety of hy: rinice’s. It has a flake
like appcarance often pslyuorph, in which the hexoponzl shiape is pravalant,

It has ucre oistinet fringes than montoerillonite.

unly recently chloritss has been rocognizel as an importaat
constitucnt of clay waterial. Its manc is derive: from the sreen enlor of
ayirons silicatus which were first descrited as such, Structurally the chlcritoes
velong to the wlicetahedral type sf cless like mica's an: illitz, but with
varying su.stitutiun froo about Si3 Al to Si2 Ll in cie totrahedeal sheats
anc fruo ngs Wotoow ﬂgé al, in the octanedsral leyuta. Since the un,cratan ing

that Al atows can we Eise. als: im illito clays through the fact that a*t
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becoae easily soluble im soil at mormal gl when organic =atter is prusent
(Jacksom, 196u), much more atteation {8 now L 1 ~ pei! to this clay mineral
together wita illitc, both of wilen s2cr: 7 o vury cmon in the temparaturs
regions of the gloLc, wainly in guciments of nerine lagosn and alluvisl

origin 2s well as in glacial deposits.

xaclinite is formel in s-ils where the irainage is inportant
as in the huzid tropies. According t: lillet (1934 the s-lubiliey of silica
in the sail with norcal pH is + 120 or Sia2 per litre, tiis of quartz is much
lower an. cf da, K, Ca oud Mg salts is guch higher. The solubility of 31203
in soil is omly 27 ug/litre. So, im sitos whera the nonos an! Jivalent ions

are leached {low pE) the formation i Z:l twpe clays is impsssible.

Kaclinite is the name °f the elay mincral derived frem kaclia
which is tae rock mass coaprsc. of sdch elay usually white in eslor. Thaz
name kaolin is tha wrong phonetics of tih. Chinose “wauling”, oconing hish rilge,
tie name of 2 hill mear Jauchan Pu, China, wicre ths reterial wes outained

centurics ago.

In keclinite the isomorphic replacement is weak and comsaquently

its pase exchaage .ccurs mainly <n the alges (broken bords) .

In watcr kaolinite stackings or luweinss scperates ouch easier
in indivi.usl unit thas Jloes acptmorillomite ant 3llitc (Eowrsosm, 1555). Tercs,
s0ils rich iu raolinite will pose severs protlems whan jrrizat.l, This is
explained by the fact tuat in kaslinite the cezahedrons of alusinium exposes
on top Oz groups which throush hylrogen Loncs will f£ix water, lroseninr in such
a way the -OH-0~ pends cotween the tutratelral an. setan. ral shest wiom

keolinite particles ara piled up im a cloy Zonain vr stack (fig. 2}.

Saaiclita(l) is long tine lcon comgilerss as symomy:cus with
SEplEiLT

“imewrschaun'’, the Gornan word for “son froth” alluding to the lightnass o
color of that material. Sepislit: is derivel fron the Greczk “euttls fish ,
tus bone of whics is light an? porous. Paelyzcrscite is the naze civen t- a

fanily of fibrous Lyircus siliceeus clay sinerals an attepulpite 3s nawr sl after

the fuller's eorth founc ia ottapulgus, Geergie, A1l thre: clsys Lave in

eomge 0 their hornbleaic £itrcus liks structure, capesec of doulla~chains of

8 The origin of the naues of cliy lmersls is aceor to Grim {1955):

Slay win.rology, -l Graw 2ill Coo, uw Tox

7%

. ailica and in which there is comsiierable replacement of pagnesium by

aluginium in the central trisctahelron chain. Tha formla of attapulgife‘
after Bracley would be:
(0H2)4 (Oh)2 Hgs 5i

g Ozpt 4 B0

The spacial structure is the reascn why this clay perticlc appears as
single lath or bundlas =f laths, Tie iifference between the three types
wentioned nay be in the degre. of the replacemant of magnesium by aluminium

in the structure.

These clays are frequently found in recont scdiments aceummlating
in dry Jesert basina. The abunlancc of magnesiun seems to lead to their
formation, ctherwise they are very s-lublc in z2e¢ids ani they would be destroyed
if solution of the carbonates by acils precoded attempts at elay-mineral
icentification (Grimm, 1953). iuch nsre thau was konown up to now, these
winerals seem to be very frequent in the large basin area of Norech Africa,
the Near- and fiddle East,

It is romarked that most of the exchange positions (as in
kaclinite) are at the edges with & relative few on the cleavage surfaces,

which are nore parallel tou the ¢ axis.

Finally, one must remomber that many clay oaterials are

ccmprsel of more than onz clay pineral and that clay minerals way be mixo!

in several waya. There might Le interstratification as well as discrete
mixturcs of Jifferent clay particles. In the first case, it might be regular
or random irregular, mixed layoers of illite and chlorite are particularly
coumen. Mixeo layers cannot be given speeific names net propertics; they
can ¢oly Le Jesignated through the layers invelved, Mixed layers whon stacked
or packou can give as stable comains as those composes of a single kin of

units.

1.4, The formation of aparegates (clay lomnins) from primary particles.

The aggregates can be subdiviied in micro~ and macrc--aggrepgates.
the uierv-aggregates when consisting culy of clay particles arc calle! clay

+umains. They have a liamater < 250 to 500 microns. Ths mecro-apgreqates



have a ulameter superisr ©o tais, Lut inferior t- IC mn. The structural

elencnts superior to 10 mm are celled clods,

The forces whicn kecp the elomentary particles together are:

1. Intermclecular forces (Van ler Waals forces; H bonding and protonation)
2, Capillary forces resulting frum the existance 3f 2 meniscus

3, Chemical furces inclusine the influaaca Ff the alscrhed counterions
by electrostatic boanding by ion exchange
4. Coordination bonding or ligand exchauge

farvicled mave €6 be clase to “nme another in orier that inter-
aclecular forces might interfere. T: Lring thzm ¢losc together, they must

oo first flocculated or coagulated.

bed. 1, The_flocculation end ccagulation of s~il particles,

It must La pointed out that flocculaticn and coagulation
are two different notions. When particles arc azglemcratad but easily or
cifficulty aispersed afterwards, one says that they arz respoctively

flocculatad or coagulated (see further fig., 4).

4 direct floceulation might happon when tha particles are
less than | micron. The micro-aggregates thus sltaine’ o not exceed 250
microns. When the clementary particles are larger thin 5 microns, agsregaticn
<oes not take place directly, but by neans of eolluldal particles which, if
necessary, have been neutralized in advance scrvimg in such & way as a binding

between the larger particles.,

The particles of the same charge, having sizes ranging from | te
5 wicroms, neec neutralisation up to a critical value (the eritical charge)
before they can get agglomerated, At that moment, the precipitate may have

a remainder of electrical charge which is impertant encugh to flocculate other

particles meking up in such a way, even bigger aggrepates as showiag in fig. 3.

4 flocculation and even a coagulaticn migat occur directly when
toe particles have a different charge such as clay (-) an? hylroxyles {+) of

iron of aluminium when present in a suspension of pE 5.5 - 7.

Fig.

3

¥

Gel structure

swelling

{e)

Clay particle arrangements in disordered, gel«liﬁe, structures,
and in well oriented domains {(43).
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Tha flvceulation of particlus smaller than | micron Laviny the sanc charge
4028 not pose a wajor proslem, as the smoaller the particles, the easier they
are asseubled Ly the Brownian movement, anl th: greater the possidle points
¢f contaet per unit mass. Under the influence of ther-zl energy (kT), these
small particles will move through the water ceolecules collidins and finally

they will get toe same kinetic energy (1/2 mv‘) as the water mcleculas,

The symbols heve the follewing Deaning:

k= % & = universal gas comstznt = 8.3 x 107 erg per °C per mole
N = nuober ﬁf avogadre = 6.02 1023
T = absulute teoperature = 273 at O °C

a = nass of a Hzﬂ molecule

v = speas  of such a mclecule

The greater the specific surface, the greater the total
surfzce emergy. Inuced, in oruer to inecreas: the specific surface, labour
hag to Le done. This is why the altzration fringe sainly -n nuntsorillonite
is 80 impourtant to consider im respect tu agpregate stability which is

greater than with other clay uminerals.

1.4.2, The flocculatizn >f particles having the same charre.

The existence ¢f a chary.. surface in c:mtact with the liquis
phase is the cause of the existence of ar electrical d-uble layer in which the
orientation, the concentration, the activity anl! the prtiontial of the ions
are different frowm the ones in the eame s-lutizn, but being at a remste place
from tne chorged surface, This is charyed becaus: of iscmerphic replacement,
the Lroken bon.s anc the amphoteric charact:r of the sasquihydroxydes, which,
as was mentioned before, come on the surface as a comnsequence of breker bonls
and cleavage. The eoncept of the double cluctrical layer is of najor impor-
tance for the good unuerstanding «f the flacculation of particles having the
sane charge.

The first substentiel theory on the d-uble electricel layur
was given in 1879 by Von Helmhcltz, who suggested that the double alectrical
layer was virtually a cendemsor with twe parallel plates cf which one was
charged positively ani the other negatively at an extremely small distance

The surface of the particle has ite
owa charge, mestly negative as is said, forms the imner layer, an? thae ions

Jo

in the soiution in fromt of tie chargel surfece is ealles the contre-ions
ans they make up the outer layer., This thesry was imoroved a first time by
wouy in 1910, who developur the conception of the oiffuse double layer.

The outer layer in this case is represeated Ly an atmospheric distribution
oF tne icna facing the charged surface i.e. the iom cuneentration is more

Jdonse in the vicinity :f the charge. wall than at a given distznce (sae fig. 4).

Even later, Chapman in 1913, independently anncunced the same
theory. 8o it comes that ncwadayes it is called the G-ty-Chapman theory.
Stern in 1924, not in agrecment with this conceptionm, argued that the cuter
layer consisted partly of the Helmnoltz layer and partly of a double

layer, as said by Gouy an. Chapoman.

The atmespheric contra-ien distriinticn in the deutle layer
is determined Ly:
1. Charge density O on the suvface of the golinil
2. Valence of ths contre-ions v
3, Total concentration of the electrolyte Co
4, Therwal energy of the ions kT
5, Diclectrical constant € of the liquid (solvent)

Tha interaction on the ioms of the electrical field forces
originated by ¥ i.2. the clectrical field characterised Ly ¥ when taking into
sccount tie -istancs env KT, one zay expect that the distribution of the lons
facing the charged surface will not se linear Lut logaritinic, So, onc has
foun. out that thic ion u<istribution of the suter layer ia leseribved by the
Maxwell Boltzmann foroula:

Ve
V ey,
¢ =co e ET (1)

where: G = ionic cencentration of the electrclyte at a given listance
x from the charged surfacs

Co = icnie concentration of the electrolyte at a remote distance
frem the chargel surface so that the eleetrical fiell force
emanatel from this surface is no longer of influence on the
icns there

@ = cierge of the electron = 4.8 x IO-ID alectrostatic units

v o= ¢x -y difference im potential cobtainel by the icn being

latance x where one wents to know C, The ions of Co

at the

having tiv: refercpee potential wt
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In ordier to knov-w the value of § at a given point, one has to
know its dependence on the charge density at that pcint(p). Ome has found
that the distribution of ¥ in the cuter layer is given dy the formula of
Poisson, Jelilerately adnitting that the charged surface is plane and infinite,

2
Ty, 4mp (2)
4 2 [
X
jzg . R : o
waere — Leing the change in the intensity of the electrical ficld - T
dx in function of ths Jdistance x and €, the Jielectrical constant
of the solvent
R : R R: REPULSION .
: . It is pointed sut that C and p in (1) ant {2) heve the sane
Az ATTRACTION meaning, i.e. the icnic charge coucentration per em®. Formula (2) tells that
] = 0 = F: FLOCCULATION ¥ diminishes more rapidly than linear in fupetiom of x. 8o, in fig, 5 and 6
A it can be seen that when all other things stay aqual, that G as well as P
¢ A c C= COAGULATION . :
increase when apprcaching the charged surface, but at a different rate, Oue
R R can unleretand why C increases mcre rapicly tham . The latter being given
: 4y the product of the force times the distance. The force emanating from am
\ insefinite charged surface is in first approximation comstant and is given by
05 0 - the charge density. The distance is given by the thickoess of the double
A F F layer. When C is doubled, s0 will be the foree, but as will be seen later om,
i; all
c c tne thickness of the dousle layer will get smaller, Hence the {istance and

- consequently ¥ is not dcubled,
FIG. 4, DIFFERENTS DEGREE DE FLOCCULATION ET DE COAGULATION e vy

Different degrees of flocenlation and ecagulation The wein prerlen now is to find a sclution satisfying (1) and
(2) for the Louudary limits characterising the eolloids in the aril. This
is extremely uifficylt and one way even say that a goneral and satigfactory
solution for all aspecets is not yot founl. Nevertheless, it is possiblz ta

study approximution when ¢ ie small, Tha aclutizn in such a case can L21

¢o oo gt 12 D )

1.4.3, The thickness of thc Jouble layer (6).

In craer that this formula might have a lirect significance,

two parsneters have ueen inmtrolucel, § amd K.
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2.2
and - g (E—E—)”2

§ = ekT

1
K
This is necessary as the double diffusz layer does not have well defimed
limits,

By & one understands the "thickness" of the double layer. § is
. . . . RS 1 fe ssis
defiued as the distance over whict U diminishes — of its initial value on
=

the charged surface, wo; e being the basc of the natural logarithm = 2,7183
and % = 0,37 (see fig. 6).

As was pointed out that clays have 2 constant charge and that
ordinary colleids have a constant potential when the electrolyte contains
only indifferent iems, one can study the cihonge of C whoen x becomes smzller
taking jinto account formulz (3).

a. Concerning the colloids having a constant wo. One can see from (3) that
G is proportional to vCo; as an increasing Co the ions arc mor: attracted
to the charged surface ¢ diminishes. In ordar k¢ keep wo censtant C must

increase and sc will ¢ (see fig. 5).

b. Coucerning the colloids having a constant o, In (3) ome can see that ¥ is

inversely preportionel to vCo; so when increasing Co, wo will diminish

quite rapidly. When calculating & at a tempersture of 20 °C one finds:

-8
ix lo
6= A — (4)

M = molarity of the electrolyte,

Formula (4) emables us to make practical comclusions as can be

seen from the following exacples:

. -8 -8
. Ix 1o 3x 10 -7
(4 0.1 N NaCl solution has a & T 751 P13 = 10

em = 10 &

When diluting 100 times one zets a solution of 0,001 N; & = 100 &

{4 0.1 N MgSO4 solution has &

24

When diluted 100 times, one gets & = 50 R,

'

Formula {4) learns about the influence of the valencies

of the ions and of their concentration on §.

1.6. Sucmary.

When an electralyte is added to a clay colloilal sus-emsienm,

it can be sail thate:

1. Thare is an exchange -E the i:ps present on the scluticum sile 2f the
figeo liquis coat of the Zoutle layer for those of the same sign ailad
with the electraiyte. If the adled ions are more stroagly aigortel than
those which are displaced, the thickness cf tha dcuble layer will be
lacreasel; comsequently the § potantial will te lowered aud flacculation
occurs {wnereias those icns which >roduce a hizh cotential will causs

dispersion).

o

The free energy »f the water is lowerzd (this is alsc a: when alling
athylalcohol) in the ulk of tha selurion and water moves from the
rogions of the Jeuble layer ints the sclutisn, because of the free
energy pradient estaclishel. The result is a contractisn of the icudle
layer lowering also the [ prteatial. The anount of ‘clectrclytes to be
aided Jdapenls on the oriiinal { potentizl of the system. It is otvicus
that the aiiliticn of a lars: amcunt of anm electrslyte causes always

flocculatizn.

3. Every collision between particles procalures alhesion as soon as the ¢
potential is lowerel to cr Lelow the critical value; thia is the case
uf a rapil flocculation, When two perticles aprroach sufficiently clese,
the Van der Waals' attractive forces cause then t» stick tagether. These
forces are proporticmal to llr6 and are coasoquently active omly at very

- close range. 1f the particles are similarly charged, work has to e drone



in bringing up ome through the electrostatic (Czulomb) repulsion of the

: . c 2 c .
other. The repulsive force is proportiomal t: 1/r” an’ hence ig active

at relatively leng range. This force hinders the approach of the particles

to the critical distance at which they stick topether.

If the potential is higher than the eritical ¢ pctential, some
flocculation may still occur, for the momentuzm of the faster moving particles
can carry them through the repulsive electrostatic fields within the range
of the Van der Waals' attractive forces. This will be mainly the case with
very anmall particles.

1.7, Practical spplicatioa.

In agriculturzl practice one sees that agaresate stability is
increased by adding Ca-ions and Fe-ions to the ssil. Since more than 1000
years (Tiulin, 1928) it is known that linming is 2 geod method to improve acil
structure, The increase in water stability of the aggregates by saturating

the clay with caleium has been proved several tinmes,

Recently the addition of Fe—icns was also introduced in pratice,
e.pr. the use of Floral (ferriamonium alum) to impreve gtructura

deterioratad soils.

The casy dispersion of sciium saturated clay in newly reclaime+®
polaer s0ils and in semi-desert soils is explained by the largs waterhull
around the sodium-icn. Comsequantly the salt eontznt of irrigation water is
to watched very carefuily. The reclamation of thesc soils canm be carried out

by applying a great quancity of calcium sulphete. When the infiltration and

the drainage of the lanl is gool end sufficient amcunts of water are available,

ther the calciws icn entering the soil will replace the solium and the
chlorine ia_moved together with the excess of caleium to form a very soluble
produce being CaCl2 (59.5 ¢ soluble in 100 ml Hy0). The other proluce which
?s formed iaNapS804 which is also very soluble (45.8 7 per 100 ml HZO)'

However, if one wants to reclaiz saline seils, the essmctic
pressure of the sodium fixed on the clay particles, is the reason why the
macro~ ¢r the micro-aggregate poree diminish in size and diminish in such
8 way the permeability and iafiltration rate, Sc, even when gypenm is put
on the so0il and irrigation water is allowed to flow over it, the water cannct

penetrate and hence the calcium camnot replace the sodium. In order to be

2¢

succassful in reclaiming such soils, one is Lound to stabilize first the
aguzregates which ome can wake mechenically Uy working the ascil at the
right moisture content. This stabilization can be lone using artificial
proiucta such as bituminous emulsiena. After fine grinded gypsuw

{5 - 10,000 kg/ha} is put on the scil,then one may irrigate. In such
conditions the caleium ion can penetrate intc the esil and replace the

aoiium ion.

Ancther feature fron pratice to be explained is the high
stability of aeid socils, this stability is nct only Zue to the H+ ion
adscrption, dSut alse to the strong flocculation value of A ions which
Lecame available in acid clay ssils. Im general, however, the sggregaticn
in acii soils is less statle than in calciuz seturated soils, one of the
reas.n is that in acid scils the organic oattor dses not have the sticking

property, which is a characteristic of Ca saturated organic matter.

To get a better iZea of the scil components which are active
in the formation of stable aggregates, Xolaskova and Akberdina (1959)
examinel aggregatas of different sizes from the Volga-Kam wooded stappe.
They found that the aggregates smaller than 0,25 mm, the so-called micro-
aggregates, contsined more clay, humus, mobile acicds, 5102. R203, PZOS and

mohile Fe than the larger eggregates.

These¢ results, however, could neot hHe confirmed in the study
of Antipov-Harataev and Kellermen (1962) who compared aggresates from
tschernoeems, podsolic, gray-wooded and red lcamy (Kraeucsen) soils., It
is belioved thet part of the explanaricn why there is a cifferencs in
compasition in sows but wot In gll soils between the stabtle and unatable
agpregates, way 2 found in the fact that it will depend on the genesis of
the s0il srofile, whetber or not this differcnce will exist, Indead, the
er horizon can be respensitle for the composition

Segree of 1lluwiaiion p
cf the colloical mazerial of the studiad soil.

t.d, The :=esis of the macro—-agsregatos.

The t:llowing phenomens are involved in the formatica of the
mact Seappragotens

1. The chemical stz2lilization or cementation,

Z. The drying oot effect which gives rise to eanillary forpces,



3, The Sonis made a cclloilal substance Letween coarse particles anl/or

micro-aggregates. Hercin are also included the adiesion forces
Letween mineral particles and organic matter such 2s humus, krilium,'
gelatine, polyuronides, bituwen, polyvinylaleohol, polyvimylacotate,
4, The tensicn any pressure exerted mechanically on the soil so that
locally sites having graater iensity will cccur, which, afterwards,

will form the clods when the soil is Sroken up again.

1.8.1. The chemical statilization of the apgromation.

In scil survey cne knows that apgregates in ssil periofically
suffering from an excess =f water arc more stable than the normel calcium-
saturated aggregates in well-draimed profiles. The explanation is that durinmg
perivds of water excess, through the reduction processes in the soil prafile,
an amount of scluble bivalent i;on jons is likerated which can penetrate the
aggregates. During the drier period, when the water tatle gcoea down, througch
oxivation the Fe't changes into Fe++i and is precipitated as colloilal Fe(GH)B,
which cements the aggregates, Dehyiration and crystallization of the cementing
?a(Oh)3 may Le the origin of very hard ircm concretions or even iron pams.

Not omly iron, but also calcium, mangansse and phosphorus way be important es
chemical stabilizers of aggregates, when they are changing the solutle into

the insoluble state (carbonates, oxiles, phosphatas).

/

Ca(HC03)2 hd CaCO3 * COZ + HZO
r + r i
Cau03 + 6 H20 - CaJO3 . 6 420

+ i A
CaH4 (P04)2 + Ca(O[—i)2 - CazL2 (POA)Z + 2 hZ;

bazﬂz (P04)2 + Ca(CH)Z Ca3 (PO + 2 H,0

42 2

-

The concept cf cementaticn 1s reserves for the phenomenon where
proJucts which are altered chemically enhance the hardening of the soil structure

a8 a whole.

1.0.2. Formation of sopil crumbs by Jessication.

Dessication trings the colloidal s2il particles closer together.

When the electric forces, following the law of Coulomb are inversely

78

sorticnal te the secons power of the distance, the Van ler VWaals' forces,

ever, cre inversely nroporticmal to the sixth power of this fistance. In
crumb formation the roule of woter is really important, Secause when the
angunt of water diminishes the curvature {l/r) of the water meniscus between
two soil particles will increase and hence will bring them closer together.
Thla uight Le sc impeortant that the Van der Waals' forces become predominant

zi the Couiont forces.

In a dry an< duaty scil the air surrounding the elementary
soil particles prevents them from cominz close together, sc that no iner-
moleculary attractive forces criginate. The moistening of such soil causes
the formaticn of 2 water hull arcund the particlas; this way the snall
altzred amorphous coat of the minearal particles swells and sinultanccusly
2 meniscua is forme. between the particles., The force p of the meniscus
{interfacial curvature) t> keep particles topetharmay be put cquenl to the
capillary tension, for which the equation of the height of capillary rise

is valid(l):

27 cosf

h=-p= rdg

N
where h = height of capillary rise in cm

= force in dynes/cm

= radius of the pores in cm

= gurface tension of the water (72 dynes per cm)

angle of contact betwcen water and soil (angle = O0; cos 6 = 1)

= density of water in g/em”

o B o H o+
[

= acceleration of gravity (981 cm/sec®)

There <xists a moisture content by which the cohssion among
the particles is paximum, This water coatent is called the critical moisture
content for soil structure formation. Roughly it is estimated to be 60 to
#0 % of the field capacity. Tt can be measured in the laboratery by subjecting
a given volune of soil at a different moisture content to 1000 standardized
tnocks (see fig, 5). Tha moisture content at which the volume of soil

remains the highast is the critical value (see fig, 6 a, b, ¢).

iy . . .
7 Equation of the capillary rise, also known as "Law of Kelvin (in
svclo-~pmerican publicationa), as "law of Bechold" {in German studies),

or as "law of Jurin” (in French publicationa).
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The reason for the existence of auch a moisture content is
that it is the resultatut of two opzosite forces, the capillary force due
to the presence of the meniscus and the dimjcining pressure due to the
presence of the electrical charge of the same sign between the particles.
The first one is attraction force and is proportional to 1/r; the second
one is repulsive and proportional to [/r2 (sce fig. 11). §o when the
moisture content incresses the meniccus will get more flat and the particles
can £all spert; when it gets drier, then the disjoining pressure is
inecreased and the cohesion among the narticles will get lewer. This caa be
demonstrated very sharply in sandy scils {see fig, 13 £, b, c). In loam
and clay eoils, the Van der V'sals' forces might get invclved alss, These
will be grester, the greater the possibilities of contact among the
particlas. This is the function of the alteration zcme ercund the individual
clay minerals and the dagrec of moistening. The aggresate will be the

more stable when dried, the wetter they ware when the scil samples were
taken. Also when the clay composition is different, a wmentmorillonita

will be more stable than a kaolinite.

It oust be pointed out that keeping the particles together
is due tec zmoisture tension. When the differsnt critical moisture centents
are compared with the temsion, for sandy soils they are equal to + 200 cm
tensica and for clay soile with + 500 co. The water film around the
particles at those tensions are respectively, accordiap to formula (7),
7.5 4 and + 3y

Schoficld remarked inm 1334, that alsc in clay domeins there is
a critical distence botws2en the clay particles giving rise to a maximal
atability. This should bz + 9 A, teing the size of about 3 water moecules.
This equilibrium should be due to & balancing unit of the Van der Waals®
forces and the repulsive forces due to the Born repulsion (rcughness of
the surfaces of the clay minerals and the presence of water layers which
are hard to remove).

A summary of the Jlifferent cases is given in fis. 6.

1.8.3. The_bonds between the mineral sarticles.

When Jry clcds are put in contact with water, one sess that
the aggregates oxplose due to compresscd alr trapped at the interior,

as water entering nearly simultanesusly 2il the capillarics. This nhenomenon
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is called slaking or desaggregation. This is a distimct feature from
dispersion., The latter ia due to lack of cosgulation or flocewlation

of the individual elay particles, When slaking, the particles will stay
together in a clay demain, when dispersing,the individual perticles are
no longer in close packing, but are rsmoved frcom one another. Slaking can
be seen distinetly from dispersiom, when a clod is put in a water-alcohol
wixture. Through the trapped air, the clod will sleke, but throush the
alechol, the colloidal particles will be floceulated and atay in 8 clay
domein. Dispersion of a clay domein will be cbserved whon adding more
water to thz system. Dispersicn can be prevented by incrcasing the
organic matter content. The latter has been water repellaent prorverties

and s0 it prevents the water from entering 211 capillaries quickly.

A model after Ewerson (1959) of an aggregate is given in
fig, 7 and 8, derending on whether or nct the amount of clay is small
or large (20 ). In the first case, the cley bond ia made up of one
ciay domain, as in the second, more than one clay stack is necessary

to Link the sand particles together.

The reascn why apgregates might have & difference in stability
is the Jdiffercoce inm bonds betwaen the particles. Four casas can be

distinguishod

a. intergranulsr bonds due to the water meniscus giving rise to pocr
etability, only at the critical moisture content the stability will

be reascneble pood

b, intergranular bonds cdue to matural products such as humus or flecculated
clay or artificial non-icnized or weakly ionized polymers such eoa
. polyvinylalcohol and polyvinylacetate, depending -n the case, the

structure is medium or stable.,

perigherical bonds made up from chalk, cement, bituminous micels,

n
.

ionized polymers heving carboxylic sulfonic, amilic or aminic groups

present:
Examples of the mentioned polymers ere:
- CHZ - CH - CIt, ~ CH - CH, - CR, - €8 - CHZ
0
7
OH OH ¢-—-C— CH3
polyvinylalcohol volyvinylacetate



F16.7 VUE MACROSCOPIGUE D'UN AGRECAT AYANT SA& STA2'L-TE DUE A L4
MATIERE ORGANIQUE OU A DES PROCUITS ARTIFICIELS.

M.O Arg.

Q. QUARTZ

P.C. POLYMERE CARBCXYLE

M.Q0.MATIERE ORGANIQUE QU
FOLYVENYL ALCOOL

Arg. PARTICULES ARGILEUSES FORMANI
LES GROUPES D'ARGILE

Macrcseopfe view of an a l

2 ggregate of witeh

2ue teorgonlie maiicr or arbifigial product:he bindlag 1o
Q= Quertz

F.C.a Carboxyl Polymere

M.,0:z organic matter or
polyvinyl alcohol
Arg.=Clay particles groupad 1nt£ a olay domailn

e ———————

Aw c1 LES LIENS POSSIBLES
%g/\ \’”'” A QUARTZ -MAT.ORGAN, -GUARTZ
\'““‘ : v B.QUARIZ -MAl.ORGAN,” GROUPE D'ARGILE
3] 3‘"' Eé"m C.GROUPE G'ARGILE ~MAT.CRGAN.-GR. D'ARGILE

= Ci. SURFACE PLANE~SURFACE PLANE
QUARTZ ¢l
' QUARTZ  C2.5URFACE LATERALE-SURFACE PLANE
—
c\ _-_—_’I”I C3.SURF.LATERALE - SURF.LATE RALE
A,
,,é \ D.GROUPE D'ARGILE-GROUPE D'ARGILE -
\‘\-_-_n_ c2 SURF.LATENALE-SURFACE PLANE

FIG.8 LES LIENS POSSIBLES ENTRE LES GROUPES D'ARGILE,LA MATIERE OR~
’ GANIQUE ET LES GRAINS DE SABLE DANS UN AGREGRAT

Poszible bonds betwean elay demains, orzanic matter and
sand particles irm an aggrezat
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-CEZ-FH-CHZ"E!LH -Cﬂg—(lill
I o I
CHN Cao Cao
polyacryinitrii partially or completely hydrolysed (krilium)
- CH2 - .CH - CHZ -C (= Ch3) -

! . I
C{}Hl‘i? + B C0d + Ha

polyacrylamide gsodium salt of polymetacrylate

a. simultaneously intergranular and perpherical bonds may occur: the

combination of the cases b and ¢ when clay content is high (fig. 13) glve

rise to stable appregates.

pJue to pressure of all kinds (osmotic prassurc, soil management,
root growth, dessication etc...), the clay particles can get oriented
perpendicularly to the direction of the pressure. As the bonds between
the particles are the weak points in the aggregates, the breaking up of the
aggregates will occur there, and the structural stability is sltered. The
wetter the soll, the more casy will be the reorientation of the particlas,
as the binding forces, due to the meniscus get lover. So, it is quite
understandable how thz heavy mzchines degenerate the structure when the

soil is wet,

Normally there is emough electrolyte in the soil tc flocculate

tie clay., Exeeplion on this rule is mede by scéium montwcrillonite clay.

Wher tho clay particlas arz well floccelated, the clay domainms,
ag shown in fig. 8, will stay stable in water. Ia such a case they are in
a motasrable situstion . This condition is mot knmown in
sudiun saturated elay aad perticularly not in sedium montmorillonite.

. . 4 +++ +++ . ;
o montnorilionite by Ca , Fe or Al will not dispersz in

Floceuwld
watur. The cley parzicles can be found together to a clay domain when the

moistute content is lowered to air drynasss. A suction, egual to 14 atmosphere

is scmetimes stfficieat. Under irripation, when the elsy is composed of the
1:1 and ;1 types, such as kaolinite ard illite, the clay particles can

get dissuciated and the negatively charged horizental surfeces of illite
will got cvlented and bound with the positively charged lateral surfaces

of the ka-linite., This may havpen with individual 1:1 and 2:1 types, such
a8 kacliuite sua illite, the clay particles can get dissociated and the
negatively vhars»d herizontal surfacee of illite will get criented and bound

witi, the positively charged lateral surfaces of the kaolinite, This may
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happen with with individual !:1 and 2:1 clays, as well as with groups

from either type (Schofield, 1554)., A speciel remark is to be made when
irrigated soil is composed of kaolinite clays, as it is cften the case in
tropical soils. The originally flocculatzd kaclinite clay domains will

nof stay stable when submerged for a lemg time. The above named metastable
condition exists only shortly. So, quick laboratory tests may give the
impressicn that one is dealing with stable agpregates, but once under
irvigation, the clay will disperse preogressively, Tha exceptiosnsl behavicer
of kaolinite domains can bc explained by the difference in charge density
on the laterzl and horizontal faces of this zind of clay, Other clay

domains must be shaxon or trested mechanically bef re they disperse.

Juce clay particles dispersee, cre needs a concentration of

ca’™ of at least 0.01 M. Expressed in Caclz it mcaus that at least one

needs 1.1l g per litre. The chalk ip the acil is often present as CaCOS.

6 Hzo. Whett determinec in the laboraztory with a HC1 test, then often the

quantity found ie interpreted to be CaC0,. The latter has & solubility of
15 mgf/litre at 25 °C, while the solubility of the firat named is nihil,

In order to know the amount of active Ca'  in the soil, the sample must

e percolated using NH¢Ac IR pH = 8 and in the »ercolatz cne titrate the

ca™ fons using & “complexon™ such as E.D.T.4, (ethylenz = diamine ~

tetra acetate).

1,6.4. Interaction orzanic patter - mineralozicesl components.

The way tle organic links are made to the mineral particles
is given in fig. 7 en 8. The discussiocn on agpregate stability was made
as if inorganic matter did not exist. In fact, its influence is considerable
on aggregate stabllity as was mentioned. ’

4£lso it can be pointed out that organic matter can eliminate
dispersion.- Humus is 2 complex ion which is directly
absorbed at the miveralogical parts and lowers coasiderably the notential
of tue clay particles. Through the interference of the protonisation at the
surface of the clay minerals, due to the presence of A13+ and Ca2+, the
vezatively charged humus can be fixed (specially the COO and 80; groups) .

3+, together with

on the lateral side of the clay partciles, the exposed Al
the hydration in the octaeder layer, has also a positive charge at the pR

values found in the soil (5 - 7.2) and ¢an also fix the negative groups
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of the orpanic matter. On the horizontal surface (001) of the clays,

Loe negative cuarges may fix the positive charges of tue humue, such as the
awines {"uﬂz) and amises (~CO ~ Hﬁz). So the orgavic matter is at least
ficed lm two different ways to the clay particles, as shown in fim. 1S.

«0 rzalize this, the hurua has to be elon-ated and coiled over tie clay
rarticles with oriented water molecules in between. 4s this is the
oppusite from what happens rormally in nature (the increase in free space
of melecules beiug called entropy), it is said that organic matter is

fixed through neyative entropy.

When looking at fig. 7-8 , it can be understood way
2zaregates always give the same type of pF curve, irdependently if they are
stabilized througu natural or artificial mweans, The only differcnce might
coue from tue liyarophylic or hydropiiobic properties of tie material used.
ieis will be the reason for a quicker or a slower uetting of the

aggragates, respectively,

In order t¢ find out what kind of bonds, intergranular or
peripnerical ounes are responsible for the stability of the agpregite,
2 Lest can be made using a peptising agest, such ss sodium nyronhosphate,
The intergranular links will not vanish, Dut the other will do. This is

explaineu by the fact that ouly links based on hydroren bords will be broken.

Wien the laterpranular bomds are still present, the following
distinction can be made: when 2 soll is treated wit: an slecaline solution
(¢h > 10} the non~lonized polymers will 8Lay, but those with amine groups
such as husus and gelatine will vanish., Thia is because the pK value of the
amine group is about 9. Waen soil from an old pasture land is taizen and
treated with sodium pyropaosphate, no noticeable dispersion will occur. This

insicates that the majority of the links are not due to hydrogen bounds.

I

“hra afterwerce, the sell is put im a stronp MNaOd solution, the azcregates
slawe. Tuls indicatuu that electro-statical links are at the ocrigin

el tue struciural stebility.

Using anzlogous tests, one can find cut tue difference between

srade, due to ionized sad non—iomized polymers.

In agriculture, it is know that incorpotration of organic
wall=r Into the soll increasss aggregate stability (see Fig. 9} after
Fowol

s« This inereese i stability is only proportional to the guantity
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ll S50l traité recemment: Scil treated with:
A: avec matidre organique A: Orgenic matter

B: sans matidre organique B: Non organic matter
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Fig. 9. Evolution de la studilité structuralc dans des terres

traitées ou non traitécs avee la mu.idre orzanique,

Evolution of the stability of aggreoates in scil

treated with and without organic patter
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of humus incorporated as long as the overall organic matter level is

low. So it was found for the temperature regioms, that above 6 X, it does

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

to have stable aggregates, De Boodt (1948) found that in Vest-Europe the

humas conteat must be 10 % of the overall clay contert (0-2 p fraction)

in the soil. It is evilent that at the same time the clay wust be flocculated.
This finding is based on the fact that when tiie humus content is deteruinad
turough wet oxydation by potassium bichromate (Springer and Klee, 1954),

it has & C.E.C. of about 400 milliequivalent per 10¢ 3, while illite eclay

has 40.

In order to study the significauce of organic matter in arid
and semi-aria (red-brown scils), Greenland, Lindstrdm and Quirk (1362)
treated either the soil with periodate (NEIOQ) or with NaCl solutien.
The first onme being an oxydant, it destroys the polysacchariles and npoly-
uronides, which is found in places where the ricrobiological activity is
the most important, e.a. in the rhizosphere. The humus which contains

~NH,, ~CONK,, -GOO , —50; groups, however, will not be destroyed.

2’ ie
The itaCl is at the oripin of the dispersiom of clays, although

its power is lewer tuan this from sodium pyrophosphate. So, when soil

from olu pasture land on rendzima or on red podsclic seils are treated with

either one of the iiquids mentioned, nmo slaking will occur. However,

arable soil with high microbiological activity will slake in HsIGa, but

pot in uaCl solution. Fowever, wheu aggrexates 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 conditionm
is booming. Different polymers can be used, In order to be successful,

the following steps must be cbserved:

t. fine powdered gypeur is uniformally put on the soil (5~10 tons/ha)

Z. & mecnanical agyreyation s ubtained by working the soil at the

critical woisture content of soil structure Formation

3. tie obtained aggrepationm is stabilized using one of the polymers

cited above

4, plants naving a strong root development are cultivatea in order to

bring tue mechanical structure into a biological stable structure.
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Tie cnhoice of the polymers has to be dope in the laboratory
where the optimal moisture content, together with the optimal dilution of
tie polymers can be found out. The combination which gives the highest
agaregate stability together with a good pore-size distribution as deter-
mined from the pF-curve, will be choosen to be used in the field,



