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CHAPTER 11

PRINCIPAL FACTORS IN SOIL STRUCTURE FORMATION

1.1, Definition of soil structure

The primary s0il particles do not exist as individuals in the
field, but are more or less aggregated into compounds. For sandy soils
the association of particles is quite simple. For heavy so 1s the pattern
is more complex. The term “Structure™ refers to the spatial arrangements
of the primary soil particles.

Soil structure is an important property, because it influences
not only the physical conditions, aerstfion, heat and water economy, but
also the availability of plant mutrients, the decomposition of soil
organic matter and all wicrobiological activities.

Speaking of so0il structure as the expression of the spatial
arrangements of soil particles, we must distinguish :

4. the spatial arrangement of elementary particles into aggregates and
the study of the forces causing or destraying these aggregations.
This 1s the more theoretical aspect of soil structure investigation.

b. the spatial arrangement of the compound soi) particles and the pore size
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
pore size distribut on on soil, air and water economy and on plant growth,
but also the methods of finding out the best conditions of the soil
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
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

mist be confusion when the term "Strucutre” it used without further specifi-
cation.

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

The different primary particles composing an aggregate are :

a. non-colloidatl : silt, loam, fine sand, sand

b. colloidal : - non cristalline : organic matter and oxydes of silicum,
aluminfum and iron having different degrees
of hydration

- cristalline : clay minerals and cristallised oxydes or
hydroxydes of silicum, aluminium, iron, manganese

c. simple chemical elements : salt, cations, anions

d. water

The colloidal particles are characterised by :

a. very large specific surface i.e. the surface per unit mass T '

b. special physico-chemical properties

The tota) surface per unit mass is called the specific surface S.



surface of the particle
mass of the particle

S =

For a particle having a lamellar shape of thickngss d cm and
length and width of 1 cm, one obtains {density + 2.6 a/cm™)

- horizontal surface : 2 12 cmZ

- total surfaces of the sides : 4 ¢ 1 cm2
- total mass : 2.6 d 12 ]

1 I

2
S = 21°+4d1
2.6d1

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

2 12

§=- =98
26417 4

For a montmorillonfte clay withd = 10 A = 10'7 cm, one obtains
0.8/10"7 = 8 x 10° cm’/s = 800 m°/g.

For an i11ite clay withd = + 50 A, 5 = 160 mzlg.

500 A, § = 16 m’/g.

For » kaolinite clay with d

It is to be remarked that in the last case the particie was
composed of different flakes ; they may sometimes include 50 such units
to reach the big size of 500 A.

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

- si1t (d = 15 u) has an S5 value of 0.05 mzlg .
- Yoam (d = 35 u) has an S value of 0.02 nzlg

- fine sand (d = 60 u) has an S value of 0.01 |||2/g

- sand (3 = 800 u) has an S value of 0.001 mi/g

It is important to remember that a particle havingd =1 y «
10°% cm, has a's = 0,8 m or roughly 1 /g,

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

valves of S have been measured for amorphous colloidal material such as :

- complexes of alumo-silicium : 200 - 500 mZ/g
- amorphous silicium : 100 - 600 m’/g ,
- hydrated amorphous aluminium or iron : 100 - 300 m /g

In the temperature regions of the globe, the amorphous part of
the 0 - 2 y fraction in the soil 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 interyene directly in the
flocculation, coagulation and aggregation of the particles.

Tre electrical properties of the surface are characterised by
the charge density o. The result s expressed through the numbers of electrons
available per mu2 (100 R).

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

number of charges (1)
specific surface

charge density =

Pure silicium - aluminium - iron 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 muz. 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 {s relatively constant, except for strongly altered
sofls 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 valuve 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 atmost the same charge can be observed.

In the same Vine of idea's, references is made to Fig. 1, taken from

the work by Beutelspacher and Yan der Mare! and which gives the summary of a
great number of observations.

(1) The number of charges is equal to the cation exchange capacity (C.E.t.)/m'l
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Fes Iren hydroxyde

P. Permutite
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as Illite
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&

fable I, Charact.ristics of Jifforent cullaidel matirial found in the soil,

(TR
Colioiual particl:s Specifie surfacc C.E.C.
(:32/3) {reg /160 1)
Kaoliuitas 5 - 20 3~ 15
it 10 - 202 10 - 40
iiica 100 - 200 29 - 40
dontrorillonite 700 - 36D & - 1oC
Supivlite - attopulgitz 00 - 200 0~ 30
aAlume - silicates 365 - 27 + 60

1,2.3, %hy wrigin of surface charges.

Iu srder to wuderstand the origin of clectrical charges, onz

augt be awarc of the structur> of clay uinerels (see fig.

divideuw in fuur mejor sroups:

Thesz are

t. Twz igyer typ:s: l:il shect structures eonposaed sf units .f onc layer of

______ il e e

silica tetrahedrons ani one layer of alusina octahodrors

SlJ“z. siliea tatrahedron
:;102/_,' (SEL)M}_: alymjnn setabcdirn

Exa plos =~ wquiiiicncional clays: ratlindte

- elougats clayss halloysits

tetraiadrons ane ©

s;owz.

MOM& (Oil)zh. aluina di -ctancdror
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Lxasplo: -~ expanding lattic:

; 8ilice tetrahodrom

4,;: silica tetr-helrm

e -
ES- Rl

nc contral dicetehodral layer

nto.rilionits

- pun-expandine lattiec: mica and illite

3. aegular mixeo layer types {orlirc. stacking -f alternats laycrs of

¢ifferent types)

Exacple: enlorite
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Schematic illustration of structural organization of soils (85).

4. Chain-structure types (hcrmblende = lik . chains of silica tetraihadrons
linkod together by cetabedral groups of uxygens and hydroxyls containing
aluginiuc and cagnesius atoos

Exagple: attapulgits, scvpiolite, palyporskite

The fornulas usal to deseribe the elay minerals have the follo-

wing weacing: after the oxyics a fresction is put:

- the nouwinster indicates tie mumber of ooleculas aurrounting tho central i-on
- the cenouinator indicatcs tae fracticu ¢f the chirge necessary tn neutalize

the centrel in

Besi_cs ti: eristalized clay particles, anorphous maturial with
the appearance of 2 gel is als: known, As this sol can have nnce the appearance
of glassy material and can change to that with an carthy appacrance boecausc of
the loss of water, it gut the nacc of "allophane”, The term is derived from
Grech words ncaning “to appesr” amd 'sthiars in allusicn ca the froquent changes
just described. Hecent stu-ics have shown that alsc nera of this zaterial is
crystalline, but that vost wf it is indeed arorphous to X-ray diffraction. The
scructure -.f pur: and coopound sioz anc A1203 hy.ratee, which cne can find in
the soil is still oot well koown. It ie undersecsd that the gals have indeod a
regular uvesh of which thc sizc s function <f tho nature amd frequency >f the
i.ns au. the way tney wers precipitatc? and frrucl, The intorior is ncrmally
accessible to polair ivms. The word allophane cesi-nates sesquiliylroxyies of
variabla A120bISi32 reti.'e., ‘this typc :f s.ils arc founl nostly in vulcanic

arva's such as Inieucsic, Japan etc...

It is inmportant, howover, to recopnizz that the origin of the
charges are in primeipal th. sauc for the crystillime snt o n-c¢rystzlline

cineralsgiezl eslloivs.  The causcs of the charzes are:

I. Is:a.rphic roplocescnts., By this -ne umieretands the substitutions within

tne lattice structure zf trivalent aluminiun for qua‘rivalent silicon in the
tutraheural sncot an. of ions of lower valence, narticalarly wmacnesiut £ r
trivolent sluciniue in the cetahadral sheet. This results in upbzlancad charges
which are coupcmsate: by the adsorptionm of & cation. This is mostly foun® om

cleavage surfaces, c.,. the basnl cleavage surfaca of the layeral clay ninerals,

ilie isur.rphic replacesent in tho ctaheiral layers arc probably
tnz uajor substitutious czusing cl ctrienl charzes. This preeess is by for the
Lsst icportaat in cliys aw. alloptanes havino hich €.5.C. In compran® sesaui-

Uy L XYywCS, thc isowrpuic roplicereut is omown, but not in pure gala. This



explaing thc low C.L.C. of th. lacter, but za rlrosdy 91il, dus to the

auphoterie charactor of the acsqui-xyies, the charre i¢ pl’ ipendaat.

2. Breksm bomis.  The broken particles m the :'ges of the silico~

aluuina units give rise to umsccoupied esorlinaticm bonds, which arc

balanceu by adsurbes catious. 1ie broken bonds appoir 2 ninecliavage

surfaccs and hLenc: zn the vertical planes parall-l to the c axis of che

layarce clay ainerals ani cn herizontal plenes, scrpendieular t: the ¢ axis

of the clongated cl:xys such as sepilolite - palygorskit: - attapulgitc pincrals.
The nucber of broken bouus iucr.zses as tu. particle sive ccreases. 4 special
case of broken bunds @ay b- corsiozarel on the cloavene surfaces aa!l ~a the
lateral faccs {<.g. in kaolinite), where are respyoctivoly the <rieinal -D-
quickly traneformel in -0 groups. Tho H+ ig exchangaable for e cativn anl
reacts as a weck aci.. On th: clesvasce surfaze. -0i is lin' .0 ou the AL,

"(e.g. kaolinite) as on tiw latorel surfacss =317 is liuke: :n the il or 8i ions,

As 3 ropark it cuet boe sais that the allophaccs hava alse =08
groupe sn their surfacces which have the sane propertice as the experse: ~0F

groups oo the elay winerals,

1.5, The physicu-cheiiical properties of specific prirmary perticles,

1.3.1. Bropertias of the hycr:xyles.

1.3,1.1. si(au)ﬁ.

First thae case of or.inary quartz will bz treated. 1t is covposed

of tetrapedrvos 8104 in which aach O is shoared by twe tctrzhedrons. Whea 9

is expiusel, the following by.rolysce occurs:

) The -8i-0% is slightly acid, just like siliciun mei? au’
consaquently it ie slightly negetive -8i-0", In scil positive charged
silica wae never found, To ruach this, a pli of about 1-2 {8 vocessary., In
other words, thce auphoteric charactar of Si((}};)4 is not knovm in soil, This
is not tne case fur other scsquioxy.2s such =8 forve! by Al an. Fa. The

bohaviour of AL(OM}, is the hust known end is als. ti. -most inportant in scils.

10

As F-;(DH)3 neverbecomes tuxie in the soil, tho spocial behavior of iren is
useu to promet: tin structurization of sandy particlas as will be explained

furtaer.

1.3.tb.2. Al(Oh)3.

In gutwral cne say say that in acid ecanditions the 70 groups
: + : - .
will get zsseciatea witn b froa tha environz.nt o Isr: on ond nand hzo and
* ++ e .
On tig Jtu.T hand nl(OH)z, al(IH)  ana Al dupewdiug on the pH of the
suspension. Ther. tho rul.s apnly whicu are kaown hen a weak acid disscciatcs.

In gencral one ean write:

- -
ROE RO +

This equilibriu: is cuaractaorized by the pK velues

PH-PKQ.IGSM

(ROt}

one sces thit pH & pn whon the weak acid is dissociated for 20 %; indaed, than
loe] = f=o7}.

Lot us taks up cgain tie cesc!
. e +
= Si0H | Siv + L

of which p€ = 9 - EJ. S0, a substantinl contributicn (50 I $i0°) of the

negative chargot group is obscrved when the pF of the s0il = 9,

For th. dlgsociatim of Ll(ﬂh)s Jdiffcerent pK valucs are known
16 taere ore difforent foras of dissociclion es already iadicated, For the

cquilibrio;

+ > *
. £l - Q4 + E

=l - Oy

tue pa m + = 5. Couscquently, positive charge will be malc available ir
relatively prest aceuts {50 % belng dissucisted) starting from this pB valuo.
fueh waloes are well known in gcile.  Tho upper lindt to got positive charges

iv any sporecinsic assunt is given by the of velue of the cquilibrium:



A1

T . - - ’_+
= AL (OR) - = L10 + i
wiich is ¢ -~ 9. {ouscquently starting at sweh 2 pi tho nesative charpes

aluwino will be .f igportance.

In suzmary it oigte be said that ia thu pH ranre nowmally

encountared in toe soil, one will find prinarily:

+ ++
[Al-()h’z.{ x and r;‘;l—ﬂ‘.’. l <
Ix. i
haviug au approciably pusitive charge oud at the sanc time 2s 5i 2 heving

a vory weak negative charpe.

Susll quantitics of crganic acius suci as ~n- may find in €he
suils are sufficicat to liborate appr.ciable quantitiss of alusicium froo
the clay particles spucially from the cetshedr n sheets storcting at a »H
5.2 up tu 7 (Jacksvn, 1964). COnce hyircted, following equilibriva in
functiun of the ph is estsblished:

g 34 . T L o] +
[ML(LZU);] + “20 L?I(LZO):O‘I + H3o
Octah«dron configuration:
) R N I ey TEE
2 [f_.l(hzO)S L R L‘u‘.(._zo)& ), 4200

1 H ;
[(1:20)4 Al"\o;‘,g‘,l (5523)4] v
This pliwn.oemon, eallad protonaticn {proton being pat at the

disposal) is at the crigin of the acicity of the water atlecules fixed at
tne surface of tace clay particles. So the wator woleeules fixed at thy elay
gurface whon elr-iry have an aciaity which is 10 times bigser tham the cne of
ordinary water (Fripiat, 196{). Taker iutu zecount the protonation phenoncua
ou tne horizontal surfaces of the clays, one nicht find positive chargis as well
28 the already discusscd ne,ative charges, s aggregation procossts botvoen the
soil particles beeorw: possibla. &£lss ome ¢ se- that whon chenging 5 or or”
or 4l concentration of a suspunsicam, 'mi 2lss casnces the charge 0 and hence

tne electro-cau:iice:] potential ¢ of tie partiel..

12

pareiclus.

Tio dival.nt iro. sprayed —u soil underjocs cxidation ~nd
¢rnanrcs iaty foeerie forme A Fe3+ iun, haviug six coordinztion bonds, is
inirially bouna to six Hzﬁ acleculua, which updargoes stepwise hydrolysis.
acccrding to Stume and dorga: (1970), a stepwise hydrolysis cam be prescnted

vy the following rcactions:

. P L2+ + . IR +
) ——-*F..(l;zu)aJl. + b ;_--*1";*(1’.22!);‘0:!E + B

o (GEIjE(Hz))J +H
(s:111

*

L4 . B
In effecc, 28 soom as Fo(OR)" spuocics are foroed, the procoss
i polyacrizaticn starts due to their interacticn amcmg wach other throush
(. .ecnsaticn process. Polyoerizatiug can be shown as follows {Dcusma and

D brayn, lu7a):

. JH ~ OH ot +
7 Fe(oi) T Fiz< /\Fc fr ro” ;ye’\' ~ e
o’ | | » ™oz o

Tliesc potyurrt carry * nct pesitive chsr-e. Woacn pracipitat.d
m the surfice of quartz puriins Juc g2 van dor wWaals attroctive forees, thay
Leeve a net poaitive eharge ou tacse particles, a phunonente knivn 18 activaticn
of noutral surfsce. Thesc plsitive charges on quartz ~rains can intorect with
the -~C=0 fusctional grouss § Pal woloeule and inprove the adsorption - PAM

withi respect to its ade.rptizu »on saa. only treate! with POl

snreush the charge density 0 (s¢u p. 4), onc unlerstinds the
guatity of cloetrous (available or leeking, negitiva or prsitive cherre our

wiit wurface,

By pot.utial § -ne undetstamds thi work meedel to bLring one
b enarge fron o lorg. distance where it is not influenced Ly the charge’

supf.eo Lf the elay, to the very charg.d surfacc.
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When tiae int.rpicellar solution eontains icns identiesl te the
icns couposiag tae ecllsils, cnz says ti-t the soluti:n is an electrslyte

weterwiniag the electro-chesical potontial.

There are other selutizne eontz2ining noe identiesl i-ns, which
arc called indifforent electrolytes, Lecausc they cannot change the potontiel
of tie particle. Tuis can be cxpleinel as £:1lsws: ions of opacsite charse
as tih: one on the surface will come clzsc to the char:ed aurfacce, but eannct

enter it to diascharge the surface .u2 ¢ stires-cherical obstruction.

aeovmbeor it was alresuy points® sut thot cristalline collcils
have a ciaarge which dous oot change practicslly speaking. This means that
in such 2 cssc the abeorbz. exchangealle icms (¢ atre-~ionsg) cannot diaschargce
completely the surface whoep the origit of the charge is to be f~und in the
iuterior of the totraholrons or cctabelrins (iszuorphic replacement). The
surface charges Jue tc broken bonds nowever, can rirct lifforently depending
on wetteor one 18 Jdealing with indifferent clectralytes or zleetrolytes com-
tniniﬁg the potential Joterzining icn. The Jifforont ceses are discussed
further in the text. They affer a particular intcrest when one haa to discuss
the flocculation Jue t5 increase in e¢oncentration cr Jue to increase the
vclency of the contre-icns.

1.3.2, Propertica of tii. Jiffersnt kinJs of clay minorsls.

dontavrillunite is nenc:d after a locelity iw Frame., lontecrillon.
It is an expamcing clay mostly comsisting cf very szall fiske-shsnc units
witisut regular sutlines (anorpacus fring.s). A8 known, the
unit is composed cf tws silice tatrancirsl shects vith 2 central alurmina
vctaho_ral sheet. 111 tha tips of tho totrabelr ns per stoct poiat in the
Bauv irccticm ani towaras the center of the urit, The totrahedral arnl -cta-
ueural sheets are comvimed 85 that tic tips of the tofr:i:lirens of e2ea siliez
shect and une of th: hyaroxyl layzrs of th. cctaie.ral sheet £oro a2 comaen
layer. The otome eomaon tu Loth the tetrahc ral and -etehedral laycrs ara O
the O of that layer t.ing l.cate. ia the mi.st of the hemazor foracl By the
tips of tic tatranc_rons.

In stacking the units, the boses -f the tetrahe’ren ar: ~rients.
towara wuoch Jther 8. that the 2 layors (£ ooz unit is 1ljncent £ the O layors

<f the neignbouring ueit. Tais is & first r-ason for ~a .nsy cloaviss !ootwasr
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two units. 4 second reasca is tist the isomcorphle replacameut happens
wainly (for o0 %) in the -ctahelrons and the remsinler in tha tetrahelrons.

Consequently, the batrahedrons have susll charges anl the
affinity to fix cations between two adjocont ones is small. 8o the alacrotion
of water colecules betwean the units, together with the hylration of the
cations located there, ia easily understoc’. Moatmorillonite is a elay
wmineral which is forred when the agusus envircmment is rich in Civalent

i+ o .
ions, mainly Hg‘ and whon the irainaspe of the site is poor.

In the same 2:1 group toz odca's shewld be mentionsd, Here the
isomorphic replacenient is very rogulur, wzialy in tihe tetrahelral shect whare
174 i

sb.ote anu consequently tae caticms are wainly fixel on the surfaces and

+ : : s
is replaceu oy a5 e nepative chargas arc fixed in the eilice

Lottans of the units, waking 82 the link when particles rmre stakel. The
wiffercnee in behavior with acntamorillonit: esn be cxplained e-nearming the
lack of eapaniing when put in water. Individusl mica shects erc varaly
observe., but stackiug arc well koown. In pure mice's the link betwoan two
subscquant unite is tada through non-hy-rated x* ioma. Ite lamoter fits
wxactiy the nexagsunl cavity formul by the basés of the six totrahelirims to
the silica sacet. When the particle is altercd and the £ ien hydratad,
wiica is now nure locsely fixel Leotwean theo unitu,.:hun 2ne spaaks at:out
uy-rowica's. Besiies cthat, iscmerphic replacenent of a?* thr>ugh H92+ is
g£nown and the oxcessive negative cnar, . which follows fron this, is cwipensated
it the gubstituting 32' aY 5T . This it is crngequently not oxchanseable,
excupt as scun before om the surfaccs of the cristala when they are the

coasequence of Lroken Leads.

Illite, Jerivii from the ab.reviatizn for tha Statc of Illinole,
ie & represcntative auu most ccouom varicty of hyirozica'’s. It has o flake
like appeerance <ften p.lytorpu, in which thwe hexagonal shape is pravalant.

It has icre oistinet fringus than soneacrillondte.

wnly recently chloritcs has been recognizau as am iaportaat
constitucnt Of clay waterisl, Its narc is derived from the sreen e-lor of
ay.r.ng silicatws whiel were first descritel as such. Structurally the chlcritos
velong to the wlicctabeiral type of closs like mica's ant illits, but with
varying su.stitutisn froo about Si3 Al to Siz 312 in tie tetrahedral sheots
ans fruc Mgb L1 ote rlg4 Al in the sctaheural leyers, Since the uaderstenling

: : s . +
that 41 accws can g¢ £izc. 21s: in illita clays thr.ough the fact that att
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becuue easily sclulle in suil at noroal pt when oraanic matter is orusent
(Jacksum, 196u), much more atteation ia now L i ~ piil to this clsy mineral
together wita illite, both of wile. sacs £o e very cowon lm the temparature
regions of the gluic, wainly in suiincnts <f rarine lagosn and alluvial

origin 2s well as in glacial depusita.

xaclinits is formal in e-ils whcre the lrainago is i-mcrtsant
as in tac hweid tropics. Accorling t. Hillet (1954) the sclubility of silies
in tha soil with norcal phi is + 120 ng Siﬁz pur litrc, tlis of quartz is ruch
lower ane of #a, ¥, Ca ewl llg salts is ocuch tigher. The sulubdlity of ﬁ1203
ia soil is only 27 wpflitre. S0, in sitos whers the wonr= an Civalent ions

ere laached (low pB) the formatiszn o 2:l twne clays is inpzssitle.

oolinite is the name - the eley wireral durived fron kaxlin
which is tiae rock rass coap.se. of such clay usu:lly white in eslor. The
pana zaolin is tha wreng phinetice of th. Chinese “kauling’, merning high rilge,

» th: raterial was sitaiuzd

Eae wame of & hill near Jauchan Fu, China, wi

canturive agu.

Iu kaclinite the isomorphic replacement is weak and consaquantly

its vase excisage -eécurs uginly on the coges (broken bords).

In watcr keolinite stackings ur loueinas soparates nuch easier
io indiviuusl unit than loes ncntmorillomite and i1tit: (Goorscn, 195%). Fenes,
soils vien fu kaolinite will posa sevire preblems wien irrizat L. his is
explained by the faet that in kaslinite the cecahedrons -f alusiniun uxposes
on top Ja groups which turouzl Ry rogen Lop_s will £ix water, koosenine in such
a way the -JH-0- ocu.s .otwein the totranecrsl an. setan..ral shest =ism

kaolinite particies ar: piled up in a cloy corata ot stack (fle. 2).

)]

is lopg time Louom ¢ msiler.) za symomy:cus with

=

Sepiclite
tioecrschaun’, the Gerean w.rd for “so frotu® zlluding to tie lightoass ol
e¢olor of that maécrial. Supiclit: is l2rivel from the Grack “euttla fish ,
tna uune of whics is light anl poroes. Eplxg;rskitu is the nate =iven t-oa
family of filrous hy.rous siliccous clay cinerals an ' attspulpite is ow il after
the fullur's carth founc ia Lttapulgus, Gecreia, All thre. cleys Lav: ir

Coictiom their hornblenic fisrcus like structure, comose. -f doukle-chadus of

1

Tue origin of the vaws of eley  iner:ls is aceariing to Griz {1950)°

Slay ain.rilogy, e Sraw 2ill Co., v Yok,

(4

silica and in which there is consiierable replacement of pagnesiun by
aluminium in the central tricetaheliron chain. The forwla of attapulgite
after Bra.ley woull be:

(01), (0F), ligg Sig 001 & B,0

The spacial structure is the roason why this clay particle appears as
single lath or vundles -f laths. The :ifference betweon tho three types
wentiuned may be in the Jdegre. of the replacecant of magnesium by aluminium
in the structure.

Thase clays are frequently found in recont scdiments accumulating
in ary iesert basins. The abunlance of wagneajun secms to leal to their
foruation, otherwise they are very s-lublc in sacids an: they would ba destroyed
if solution of the carbonates by acils precoled attespts at elay-mineral
identification (Grimm, 1953). ifuch mzre then was known up to now, thesc
rinerals scem to be very frequent ifu the large basin arcoa of Norch Africa,
the Near- and lidcle East.

It is rozarke: that most of the exchange positicns (as in
ka:linite) are at the edges with a relative few on the cleavage surfaces,
which are nore parallel tu the ¢ axis.

Fipally, one must remomber that aany clay materials are
composes of more thaa one clay afneral and that clay minerals uay be mixal
in several ways, There wight Le iaterstratification as well as discrete
mixtures of uiffercnt clay particles, In the first casc, it might e regular
or random irrepular, mixel layoers of illite an! chlorite are particularly
commutt, ¢ixe. layers cannot be given specific names ner properties; they
can unly Le cusignated through the layers invelved, Yixed layeras whon stacked

cr pachae can give as stabls cosains as those composel of a single kin'i of

units.

l1.4. The formati.m of ageregates (e¢lay Somnins) from privmary particles.

‘ihe agpresates can be subdivilel in micro- ani wacr:-aggregates.
1he wicro-aggregates when conaieting culy of c¢lay particles arc calle? clay
sooains. They have a Jiamstur < 250 to 500 microna. Tha macr.-agyrezates



A
15, 7,

have 2 uiameter superi.r to this, Lut iuferior to 10 1. The structural

eleccats superior to 10 um are cellod clous.

The furcea waicn kecp the elementary particles topether ars:

1. Intermulecular forces (Van ler Waals firces; H bonding and protonation)
2, Capillary forces rasulting froo the existance 2f a meniscus

3. Chewical furces inclucine the influeoca f the adscrbed counterions
by electrostatic bounding by ion exchange

4. Coordination bonding or ligand exchaoge

Parcicice Mavs té Se clise Es5 <ne another in oricr that inter-
mclecular forces might interfere. Ts Lring them closs together, they must

be first flocculateé or coagulate:,

le4.1, The flocculation end ccapgulation of s-il particles.

It must e pointed out that flocculsaticn and coaguletion
are two different potions. When particles arc axglonerated but easily or
cifficulty aispersed aftervards, one says that thay =zr2 respectively

flocculated or coagulated (see further fig. 4),

& direct flocculation might happen when the particlas are
lesa than | microm. The micro-aggraepstes thus -ltainc. o mot exceet 250
microns. When the clementary particles are larzer than 5 microns, aggragaticn
J4oes not take place directly, but by neans of colluidal particles which, if
necessary, have been neutralized in advance serving in such a way as a biading

between the larger particles.

The particles of tho same charge, having sizes ranging from 1 te
3 mierons, need neutralisation up to a eritical value (the eritical charge)
before they can get agglowerated., At that moment, thg precipitate may have

a remainder of electrical charge which is impertant ensugh to floceulate other

particles making up in such a way, even Sipger aggregates as showiag in fig, 3.

A flocculation and even a coagulaticn migat occur directly when
the particles have a different charge such as clay () an? hylroxyles (+) of

iron of aluminium when present im a suspensicn of pH 5.5 - 7.

Fig.

3

74

Gel struciure

Well oriented

swelling

{d) (e}

Clay particle arrangements in disordered, gel-like, structures,
and in well oriented domains (43).



{7 Jo

Taz flucculatiocn of particles smallor than | micrsa caving the sanc charge in t.e solution in front of tne charge! surface ie ¢allel the contre-ioms

woxs not pose a wajor proulem, as the smaller th: particles, the easier they an. ciey mike up the suter layer. Tuls ctheory was improvec o firet time by

are asscubled Ly the Brownian movoment, anl th: greater the possile points wouy in 1910, who wevelopow the c.ncepticn of the ciffuse double layer.

¢f contact per unit masa. Under the influence of thermal encrgy (kT), these ‘the outer layer in this cas. is representcd Ly an atmcspheric distribucicn

suall particles will acve through the water colecules colliling and finally -f tne icns facing the charged surface i.a. the ion concentration is more

they will get toe eame kinetic energy (1/2 mvz) as the water molecules, iopse in the vieinity of the charges wall than &t a given distence (see fig. 4).
The symbols have the following meaning: Even later, Chapman in 1913, independently sanmounced the sane

theory. So it comes that ncwalaye it is called the G.uy-~Chapman theory.

[:3 . 7
k = - & = universal gas constznt = 8,3 x 10’ erg per °C per mole :
a ol 3 “F ? 0 Sterm in 1924, not in agtecment with this conceptiom, srgued that the outer

# = nuober of avogadre = 6.0% 10

i 3 i 2 o ble
layer consisted partly of the delmicltz layer and parely of a dou
T = absulute temperature = 273 at @ °C ¥ o P ¥

2 sail by Gouy an. Chapman.
@ = pass of a H20 melecule layer, as ¥ y

v = spees of such a mclecule The stmespheric contra-iom distriiuticn in tpa double layer

. fes is letermined Ly:
The greater tac specific surface, the preater the total

surface emergy. Inuved, in oruer to incress: the specific surface, labour i, Charge femsity O on the surface of the colloid
has tu Le done. This is why the alteration fringe mainly -n muntsorillonite 2. Valence of the coatre-ions v -
is so jimportant tu consider in respect tu agoregate stability which is 3. Total concentraticn of the electrolyte Co
greater than with other clay minerals. 4, Therwal energy of the ions kT

5, Oialactrical constant € of the kiquid (solvent)

1.4.2. The floce i i ing the same charse. i
e flocculatlon of particles beving ths saze charie The i-teractizn on the ions of the electriecal field forces

origimate. Ly ¥ i.e. the clectrical field characterised Ly Y when taking lato

The existeace of a charg.. surface im crntact with the liquis Lecount tie Sistancz em. ©I, onc may expect that the diatributicn of the ione

phase is tne causc of the existence .f an elcctrical doublle layer ia which the facing the ciarged surface will mot wve linear Lyt logaritinic. So, onc has

orientation, the concentraticn, the activity anl tha p-tontisl of the icns foun. out that the ion cistribution of the outer layer is Jescrived by the

are different frow the ones in the samc s :luticn, Lut “eiln: at a rencte place HMaxw:1l Boltzmann formulas

from tne charged surface. This is charyed Lecause o iscmsrphic replacemsnt,

the Lroken pon.a anc the amphoteric charactur of the sescuibhydroxydes, which, ¢ =Coe Ei%"gﬁ n
as was menticnel Lefore, come on the surface as a comsequence of breken banls

and cleavaze, The cuncept of the double cloetrical layer is of wajor impor-- .

tanca for the goold unserstanding «f the flacculatism of particles having the Wiera: § = ionie concentration of the clectrclyte at a given distance
sane charge. x from the charged surface

2. = juric concentration of the electrolyte at a remote Jistance

The first substantial theory con the double electrical layur frow tho chargel surface sc that the electrical ficld force

was given in 1879 Dy Von Helmhcltz, who suggesteld that the Jouble alectriesl enanates from this surface is ne longer of influence on the

layer was virtually a condensor with twe parallel plates cof which one was i.ns there
charged positively an. the other negatively at an extremely small discance ¢ = ciarge of the electron = &.8 x 10"0 electrostatic units

The surface of the varticle has its R diffurence in potentisl obtaine! by the ion being
x

own charge, mostly ncgative as is said, forms the inmer layer, an? the ions at che istanc: x whera one wents to kmow C. The ions of Co

bavimg tre cofercnce potentisl Yo
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R R: REPULSION

A: ATTRACTION
0
S F: FLOCCULATION
C
\// S
F

C= COAGULATION

0
‘ ; F
A A

C c

FIG. 4. DIFFERENTS DEGREE DE FLOCCULATION ET DE COAGULATION

Different degresa of floceculetion and ecagulation
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In oryer to know the value cf ¢ at a given point, one has to
know its Jdependence on the charge Jensity at that peint(p). One has found
that the distribution of § in the suter layer is given by the formularof
Poisson, ielilerately admitting that the charged eurface is plane ani infinite.

Eiw. - &mp 2)
dxz €
] i @
where —5 seing the chsnge in the imtunsity of the electrical ficll - 3¥
dx

in functiom f tn: Jistance x ami €, the ‘ielectrical constant

of the solvent

It is pointed sut that & and p in (1) and (2) have tho sane
weaning, i.e. the ionic charge concentration per cm®. Formula (1) tells that
¢ diminishes more rapidly than linesr in function »f x. 8o, in fig. 5 and 6
it can be seen that when all other things stay 2qual, that C as well as ¢
inerease when apprcsching the charged surface, but at a different rate. One
can unlerstand woy C incresses mere rapialy tham §. The latter being given
oy the pruuuct cf the force times the distance. The force emanating from an
insefinite chiarged surface is in first appruximation comstant and is given by
the cherge censity. The Jistance is given by the thickncss of the double
layer. Wnea € is coubled, so will be tha force, Lut as will be seen leter on,
tae thickness of tho dousle layer will get smaller. Henece the listance anl
consequently P is not Jcubled,

The wein prelen now is to find a sclution satisfying (1) anc
(2) for the Louundary lisits chearacterising the ¢olloils in the scil. This
is extremely uifficult anu on2 mey even say that a general and satisfactory
solution for all aspocts is mot yet fount. Wevertheless, it ie possiblz to

stuly approxinatiun when ¢ is small. The sclution in such a case can ba:

¢ o2 H? sinn 12 I (3

o

i.4.3. The thickness of the double layer (8).

In oraer that this foraula wmight have & Cireet eignificance,

two paraneters hasve Leen introducel, § and K.



23

and = ST

This is necessary as the double diffusc laycr does not have well defined
limits,

By § one understands the "thickness" of the double layer. § is
defined as tne distance over whica {0 diminisies % of its initial value on

the charged surface, ¢o; e being tho bas. of the natural logarithm = 2.7183
1

and =" 0.37 (see fig. 6).

As was pointed out that clays have a constant charse and that
ordinary colloide have a constant potential when the electrolyte contains
only indifferent joase, ope can study tae change of ¢ when x becomes smaller

taking into account formula (3).

a. Concerning the colloids having a constant wo' One can see from (3) that
C is proportional to vTo; as an increasing Co the ions arc morz attracted
to the charged surface § diminishes. In ordar to keep wo ccnstant C must

increase and so will ¢ (see fig. 5). !

b. Concerning the colloids having a comstant 0. In {(3) one can see that ¢ is
inversely proportionel to ¥Co; so when inercasing Co, ¢0 will diminigh

quite rapidly. When calculating § at a terpercture of 20 °C one finds:

~ A (4}

M = molarity of the electrolyte,

Formula (4) enables us to mske practical c¢cnclusions as can be

seen from the following exapples:

- -3 -8
(4 0.1 N NaCl solution has a § = jlx/éol =3 ; ;g a 10_7 cm = 10 &

Wnen diluting 100 tinmes one :ets a sclution of 0.001 N; 6 = 100 A

(A O.1 N Mgso, solution has &

[T

%

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

A

Formula (4) learns sbout the influence of the valencies

of the ions and of their concentration on &,

1.6, Sermary.
When an electralyte is added t~ a clay colloilal sus-ensicm,

it can ba sail that:

|. Thare is an exchaage -f the i-ns present on the scluticn sila ~f tha
fice. liquis coat cf the Zoublle layer £or those of the same sign a’lel
with the eleetrslyte. If the ailed ions are more stroagly aisortal than
those which are displaced, the thicknass of the deuble layer will e
Jicreas:lj congequently thu § potuntial will “e lowored and Eloccalation
occurs {uncreas these icns which sreduce & bijh rotential will causs

dispersizn).

r-

The free energy -f the water is lowered (this ie alsc a: when a'ding
athylaleohol) in the ulk of the solution and water poves from the
rogicns of the lcuble layer iat: the scluticm, because of the froe
energy pradient establishe.. The rosult is a contractizn »f the leubdle
layer loweriag alss the § potential. The amount of zlectrclytes to be
aidec Jepenlds oo the oriiinal g npotential of the system. It is o*vi-us
tiat the aciiticn of a lars: amcunt of an electralyte causes always

flocculatizn,

Every collisisn between particles procelurcs a‘hesion as scon as the [
potential ia lowcred to cr lelow the critical value; this is the came

wf a rapil flocculatiou. When two particlis aprroach sufficiently close,
the Van der Waals' attractiva forces csuse them t- stick tigether, These
forcee are priportional to l/r6 and ate csascoquontly active omly at very

- close range. If thu particles are similarly chargel, work has t2 e dene
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in btringing up one through the electrostatic (Coulomb) repulsion of the
other. The repulsive force is proportional t: l/r2 an’ honce is sctive

at relatively leng range. This force kinders the approach of the particles
to the critical distance at which they stick together.

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

}.7. Practical application.

In agricultural practice ome secs that amaregate stability is
increased by adding Ca~ions and Fe-iona to the soil., Since more than 1000
years (Tiulin, 1928) it is known that liming is 2 gcod methad to imnreve acil
etructure. The increase in water stability of the aggregates by maturatine

the clay with calcium has been proved several times.

Becently the allition of Fe-icns was also iptroduced in pratice,
e.gv the use of Floral (ferriamonium alum) to impr-ve grructure
deteriorated goils,

The casy cispersion of sciium saturated clay in newly reclaime?
polaer soils and in semi-desert scils is exnlained by the larpz watcrhull
around the sclium-ion. Consequantly the salt ecomtont of irrigation wator is
to watched very carcfully. The roclamation of thesc soils can be carried out
by applying a great quanuvity of calcium sulshete. When the infiltration and
the drainage of the lanl is gcold end sufficient amounts of water are availa“le,
then the calciwa icn entering the soil will replace the aoium and the
chlorine is moved together witii the excess of calciun to form a very soluble
produce being CaCl2 (59,5 ¢ soluble in 100 ml HZO)' The other proluce which
;s formed isNapS04 which is also very soluble (46.83 r per 100 wl Hzo).

However, if one wants to reclair s2line scils, the semctic
pregsure of the scdium fixed on the clay particles, is the reasem why the
macro~ cr the micro-spgregate pores diminish in size and diminish in such
8 way the peraeability and infiltration rate. S0, even when gypeum is put
on the soil and irrigation water is allowed tc flow over it, the water cannoct

penetrate ani hence the calcium caonot replace the gsodium., In order to be
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succeasful in reclaiming such svile, one is Lound to stetilize first the
aggregates which ome can nmake mechanically Ly working the scil at the
right uoisture content., This stabilizaticn can be¢ lone using artificial
prolucts such as bituminsus emulsions. After finc grinded gypsum

(5 - 10,000 kg/ha) is put on the scil,then one may irrigate. In such
conditions the calcium ion can penetrate intc the s2il anl replaca the

susium ion.

Another feature froo pratice t= be explained is the high
stebility of acid soils, this stability is nct only due to :23 B ion
adsocrption, Sut alac to the strong flocculation value of Al i~ne which
secame available im scid clay ssils. In general, however, the aggregation
in aciz soils is less static than in calciwx seturate: soils, one of the
reas.n is that in acid seils the organic mattor dses nct have the sticking

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

To get 2 better iZea of the soil compznents which are active
in the formation of stable aggregates, Kolaskova and Akberdina (1959)
~xncined aggregates of different sizes from the Volgsa-Fam wooded stepre.
They found that the agpregates smaller than 0,25 mm, the so-called micrc-
aggrepates, contained core clay, humus, mobile acids, SiOz, 3203, P205 and

wobile Fe than the laruor aggregates.

Theso results, however, could net be confirmed in the study
of Antipov-Raratacev an! Kellerman (i962) whe compared agrreatcs from
tschernogr—s, podsclic, gray-wcoded and red lcamy (Krarnosen) soils. It

ig believyl that part -f tie explanativn why there is a differenca in

cenprsittom in goxe but ol in all soils between the statle and unatable
agprosetos, may b: founml in the fact that it will depend on the genesis of
tie g0 il profile, whether or not this differcuce will exist. Indeed, the
Jepren of illuviatiom per horizon can be responsille for the composition

of th. colloidal material of the studizd soil,

Lhdy The povesis of the macro-apgrepates.

the £-]lowing phenomena are involved in the formation of the
DAL O AT T as
l. Tha che jeal sts'.ilization or cementaticn,

we the Jvyhng oot effoct which gives rise to capillary forces,
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3. The Lonis made & colloi_al substance Letween coarae particles an'/or
micro-aggregates. Herein are also included the adhesion forces
Letween mineral particles and organic matter such as humus, krilium,
gelatine, polyuronides, bituaen, nolyvinylaleohol, nolyvinylacotate,

4, The tension anc pressure exerted muchamically on the s2il so that

.

locelly sites having greater iznsity will cccur, which, afterwaris,

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

l.8.1. The_chaemical sta*ilization cof tho approzation.

In scil survey cne knows that aggregates in s»il perio’ically
suffering from an excess of watoer arz more statle than the normal calcium=~
saturated agyregates in well-iraime! profiles. The explanation is that during
periois of water excess, through the reduction processcs in the anil profile,
an amount of scluble bivalent ircn ioms is liberated which can penetrate the
acgregates. During the 3rier period, when the water taktle goea down, throuch
sxication the Fe++ changues into Fe+++ and is precipitated as colleilal Fa(OR)3,
which cemunts the aggregates. Dehyiration and crystallization of the cementing
Fe(OH)3 may be the origin of very harc iron concretions or even iron Jans.

Not only irom, but also calcium, mangan.se and phospherus may be important as
chemical stabilizers of aggregates, when they are changing the soluble into
the insoluble state (carbonates, oxiles, phesphat:s).

7

+ CaCl, + CO2 + H0

Ca(HC03)2 3 2

+> ,
CaCO, + € Hzﬂ . GCaCdy . 6 1,0

3 3 2
- - A
CaH4 (P04)2 + Ca(OH)2 - Cuzrz (PC")2 + 2 hzx

Ca._j (PO + 2 HZG

-

- + N

Lazﬂz (P04)z Ca(bﬁ)2 . 4)2
The concept of cementatiin is reservel for the phenomenon where

products which are altered chemically enhance the hardening; of the soil structure

as a whole.

1.6.2, Formation cf eil crumts by lessicatiom.

pessication trings the collcidal s:il particles closer together.

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

7%

vroporticnal te the sceonl power of the distence, the Vae ler Vaala' forces,
R wivel, are inversely proporticnal to the sizth power of this “istance. In
crumt formation the roie of wrter is really important, because when the
apount of water diminishes the curvature (1/r) of the water meniscus between
two soil particles will increcse and hence will bring them closer together.
Liis wight Le sc impertent that the Van cer Wasls' forces beccne predominant
on the Coulont forces.

In a dry and dusty scil the air surrounding the elementary
scil particles prevents them from coming close together, so that no iner-
moleculary attractive forces criginate, The moistening of such soil causes
the formation of a water hull arcund the porticles; this way the szall
altered asorphous cuat of the mineral particles swells and simultanecusly
2 meniscus is forme. between the perticles. The force p of the zeniscus
{interfacial curvature) t2 keep particles together cay he put cquzl to the
capillary teasicn, for which the equation of the height of capillaty rise

is validtl):

2T cosB

h==-p*"rq g

n

where h = height of capillary rise in cm

force in dynes/cm2

L2
L}

= radius of the pores in cm
= gurface tension of the water (72 dynes per cu)
angle of contact betwcen water and soil (angle = O; cos 8 = |)

= density of water in glen”

[T - T < T ]
[

= acceleration of pravity (98] em/sze”™)

There ixists & meisture content by which the cohesion among
tic particles is waximum., This water content is called the critical moisture
cutent for soil structure forwation. Roughly it is eetimated to ba 60 to
+3 % of the field capacity. It can be meagured in the laboratory by subjecting
A ziven volume of soil at a different moisture content to 1000 standardized
kot ks (see fige ). The moisture content at which the volume of soil -

corains the highest is the critical value (see fig. 6 2, b, c).

) Equation of the capillary rise, also known as "Law of Kelvin (in
anglo-imerican publications), as "law of Bechold” (in German studies),

ar as “Las of surin” {in Fremch publications).
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The reason for the existunce of such a moisture content is
that it is the resultatnt of two opposite forces, the capillary force due
to the presence of the meniscus sud the disjecining pressure dus to the
presence of the electrical charge of the same sign between the particles.
The firet one is attraction force and is proportional to 1/r; the second
one is repulsive and proportional to 1/r2 (sce fig. 11)., So when the
meisture content incremses the meniscus will get more flat and the particles
can fall apart; when it gets drier, then the disjeining pressure is
increased and the cohesion among tne srticles will get loewer. This cam be
demonstrated very sharply in sandy scils (see fig. 13 &, b, c). In loam
aud clay soils, the Van der i'aals' forces might get invelvad alsa.  These
will be greater, the greater the possibilities of contact among the
particles. This is the function of the alteration zeme arcund the individual

clay minerals and the degrec of molstening. The aggregate wiil be the

more stable when dried, the wetter thoy were when the scil samples wers

taken. Also whon the clay compositien is different, a mcentmorillomite

will be more stable than & kaolinite.

It must be pointed out that keeping the particles together
is due to moiature tension. When the diffcerent critical moisture ceontents
are compared with the temsicn, for sandy soils they are equal to + 200 cm
tengicn and for clay soils with + 500 co. The water fila around the
particles at those temsions arc respectively, zcenrding to formula (7),
7.5 j and + 3 y.

Schoficld remarked im 1354, that alsc in clay domains there is
4 eritical distencc betwien the clay particlcs giviug rise to 2 maxical
scability. This should ba + 9 1, teing the sizz of about 3 water moeculzs.
This equilibrium should be due to s balancing unit of the Van der Waals’
forces and the repulsive forcas dee to the Bora repulsicn {(rcughness of
thz surfaces of the clay minarals and the presence of water layers which

ara hard to remove).

A summary of the Jifferent cases is given in fis. 4.

1.8,3, The bonds berwean the mineral sarticies.

When dry clclds are put iz contact with water, ohe seas that
the aggregates explose cdue to compresscd alr trappad at the interior,

88 water entcering nearly simultanecusly ail the capillarias. This rhenomencn
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is called slaking or desaggregation. Thias is a distinet feature from
dispersion. The latter is due to lack of cosgulation or floceulation
of the individual elay particles. When slaking, the particles will stay
togethar in a clay domain, when dispersing,the individual particles are
no longer in close packing, but are removed from one another. Slaking can
be seen distinctly from dispcrsion, whew a clod is put in a water-alechol
mixture., Through the trapped air, the clod will slake, but throunh the
alechol, the colloidal perticles will be flecculated and stay in a clay
domein, Dispersion of a clay domain will be cbaserved when gdding more
water to tha system. Dispersicn can be preventel by incrcasing the
organic aatter centent. The latter has baen water repellsnt proverties

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

A model after Ewerson (1959) of aun aggrepate is given in
fig. 7 and 8, deprencing on whether or mct the amount of clay ie small
or large (20 %). Im the first case, the clay bond is made up of one
clay domsin, as in the second, more than ome clay stack is necessary

to link the susnd particles together.

The reasvn why azgregites might have a difference in stebilicy
is the differecance in bonds betwecn the particles. Four ceses can be
Jdistinguishad
a. intergranular bonds due to the water zeniscus giving rise to pocr

stability, only at the criticsl moiature content the stability will

be reascnable good

-4

intergranular bonds due to matural products such as humus ot flocculated
clay or artificial nom-icnized or weakly ionized polywers such as
. polyvinylaleohol and polyvinylacctate, depeniing om the case, the

structure is jtedium or stable.

¢. paripherical bonds made vup from chalk, cement, bituminous micels,
ionized polymers having carboxylic sulfomic, amicic or aminic proups
present:

Exagples of the wentionad polymers are:

- CHZ - CH ~ CHZ - CH - CH2 - CH2 -~ CH - CHz
[+

7/
Jh OH 0-—-C— CH3

pelyvinylalecohol polyvinylacetate
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- ¢B, -~ CH - CH, - CH - CH, = CK

P 2 2
i | P
o1 X Coo

poelyacrylnitril partially or completely hydrolysed (krilium)

- CH2 - tc& - CS{2 - |C (- Cha) -
couli, + H* Coo” + Na'

polyacrylanide sodiun salt of polyumetacrylate

u. simultaneously intergranular and perpherical bonds may oceur: the
cokination of the cases b znd c when clay content is high (fig. 13) give

rise to stable aygregates.

Jue te  ressure of all kicds {osmotic pr2ssurc, soil management,
root growth, dessication etc...), the clay particles can get oriented
perpendicalarly te the direction of the pressure. As the bornds between
vop particles are the weak points in the epgregates, the bresking up of the
uggrtegat. s will occur there, and the structural stability is altered. Tha
wettor tie soil, the more easy will be the reorientation of the sartieles,
as the binding forces, due to the meniscus get lover. Se, it is guite
understandable how the heavy mochines degenorrte the structure when the

soil i8 wet.

Lormally there is enough electrelyte in the so0il teo flocculate

the clay. Exception ot this rule is made by sodium montmorillenite clay.

Wher tne clay particles arz well fleocolated, the elay domains,

ag shwm ia fig. 9, will stay stable in water. In such & case they are in

a m.trereble situation . This condition is not known in
suiiun ssturated clay and particularly not in sodium montworillonite.
Floceniat o siptwerillonite by '.'?a++, et oor a1t will not dispersz in

Wit e clay pavticles can be found togetlsy to a clay domsin when the
mete covient is lewered to alr drynass, A sucticn, equel to 14 atmosphere

is suentines snfflelent, Under irrigetion, when the tley is compased cf the
biboand il types, such gs kaolinite and illite, the clay particles can
et disscciated and the negatively charged horizeontal serfaces of illite

will get cricented and bound with the poasitively charged lateral surfaces

of the ko:ljnite, This may bappen with individual J:l1 and 2:1 types, such
70 oaideiie erd illite, the clay particles can get diasscciated and the

e Wi ite ehen od horizontal surfeces of illite will geot criented and bound
4t the p ively charged lateral surfaces of the kaolinite, This may
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happen with with individual F:] and Z:1 clays, ae w:ll as with groups
from either type (Schoficld, 1554). A special vemary is toc be made when
irrigated soil is composed of kaolinite clays, as it is often the case in
tropical soils. The originally flocculatad kaclinite clay domaing will
nof stay stable when submarged for a lunr time, The above named metastable
condition exista omnly shortly. So, quick laboratory tests may give the
impressicn that one 1s dealing with stable agpregates, but once under
irrigation, the cloy will fisperse procgressively. The exceptisngl behavicr
of kaolinite domains can bc explained by the difference in charge density
on the latercl and horizontal faces of this wind of clay. Other clay

domains must be shakon or treztcd mechanically taf re they disperse.

Jnce clay pérticles dispcrses, cre needs a concentration of

ca't of at least 0,01 ¥, Expressed in CaCl2 it mcans that at least one
.needa 1.1l g per litre. The chalk in the scil is often present as Cacoa.
6 b,0. ¥hen determine. in the laborutory with a ECl test, then often the
quantity found ie interpreted to be CaCO3. The latter has & solubility of
14 mgflitre at 25 °C, while the solubility of the first named is nihil,

In order to know the amount of active ca™ in tre soil, the sample must
ve percolated using HH, Ac IN pH = 8 and in the nercolats one titrate the
ca*t ions using a “complexcn” such as E.D,1.A. {cthylens ~ diamine -

tetra acetate).

l.eoh. Interaction or:anic matter - amineralorical comjonents.

The way the orpganic links are madc to the mineral particles
is given in fiz., 7 en B. The diascussion on aggregate stability was made
as if inorganic matter did not exis¥. In fact, its influence is considerable

on aggregate stability as was menticned.

4lso it cam be pointed out that organic matter can eliminate
Jdispersion. Humus is a conplex ion which is directly
atsorbed at the mineralogical parts and lowers coasiderably the notential
of tune clay particles. Threugh the interfarence of the protorisation at the
surface of the clay minerals, due to the presence of Al3+ and Ca:*, the
negatively charged humus can be fixed (specially the €00~ and 80; gTOups).
Jn the lateral side of the clay partciles, the exposed A13+, together with
the hydration in the octaeder layer, has also a positive charge at the pP

values found in the soil (5 - 7.2) and can also fix the negative grouys

zs. 3:(

cf the urianic natter. On the horizontal surface (001) of the clays,

tiw: negative cuarges way fix the positive chargea of tiw humus, such as the
wrines (~n¥z) and amides (-L0 ~ HHZ). So the orgaric matter is at least
Pivea 1o two aifferent ways to the clay particles, as shown ia fim, 15.

s calize tols, the humua has to be elonsated and coiled over tie clay
peeticlies with oriented water molecules in between. As thils is the
“pp-iite from what happens rormally ip nature (the increase in free space
of .clecules being called entropy), it is saic taat erganic matter ia

Wited through negative entropy.

then looking at fiz. 7-8 , it can be unuerstood why
asaregates always give the same type of p¥ curve, indcpendently if they are
stabilizea througe natyral or artificial means. 7The only differonce might
cone from tue hyurophylic or uydropiobic properties of tue matcrial used.
1.is will be the reason for a quicker or & slower wetting of the

azgregates, respectively.

In order to find out what kirnd of bonds, intergranular or
peripuerical ones are resgonsible for the stability of the asgrecite,
& test can be made using a peptising ageut, such #s sodium pyroshosphate.
The intergranular links will not vanish, dut the otner will do. This is

explaineu by the fact that ovuly links based on hydrozen bonds will be brolen.

Vien the iatorpraoular bonds are still present, the followings
distinction can be mace: when 2 goil ia treated wit') an zlealine golution
(4 > 10} the non-ionized polymers will stay, but thoce with amino croups
such as hunus and gelative will wvanish. This is because the oK value of the
anine grouy is about 9. Waen soil from en old pasture land is taken and
treated wita godium pyropuosphate, nuo noticeable dispersion will cccur. This
inidcates that the majority of the links are not due to hydrogen bonds.
W . afterwires, the soil is put in a strong MeOH solution, the aggregates
#o'7 wlakc. This indicst.u that electro-statical links are &t the oripin

W otie struede cal stability.

Using analogous tests, one can find cut tie difference between

iy, duz 1o doniged and non-ionized polymers.

In agriculture, it is koow that incorporation of organic
sitrter into the soil incresses aggregate stability (see Fig. o) after

{aap. This iucreus< in stalility is only proportional to the quantity
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of humus incorporated as long as the overall organic matter level le

low. So it was founs for the temperature regions, that above 6 %, it does

pot make such sense to try to increase the organic matter 1eve{. In order

to have stable apgregates, De Boodt (1948) found that in Vest-Eurone the

humus content must be 13 % of the overall clay contert (0-2 ) fraction)

in the soil. It ism evident that at the same tima the clay wust be flocculated.
This finding is based on the fact that when tiie humus content is determined
turough wet oxydation by potassium bichromate (Sprimger and Klee, 1954),

it has a C.E.C. of about 400 milliequivalent per 10C g, while illite clay

has 40.

In order to study the significeuce of organic matter in arid
and semi-aris (red-brown soils), Greenland, Lindstrém and Quirk (1962)
treated eitier the soil with pericdate (Naloa) or with NaCl solution.
The first ome being an oxycant, it destroys the polysaccharicies and poly-
uronides, wnich is found in places wiaere the mlerobiological activity is
the most important, e.a, in the rhizosphere. The humus which contains
~NH

, —CUNL,, -UOU-, -50, groups, however, will not be destroyed.
Fi 2 3

The idaCl is at the oriszin of the dispersion of elays, although
its power is lower tuan this from sodium pyrvphesphate. So, vhen soil
from ol pasture land ou rendzina or on red podsclic soils are traated with
either one of the liguids mentioned, no slaking will occur. However,
arable soil with high microbiological activity will slake in NaIGa, but
not im a€l sclution. Lovever, when aggrejates are well dried out from
dry summer aud they are put slowly in either one of the liquids, they will
stay stable.

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

the fullowing steps must be observed:

i. fine powdered gypsum is uniformally put on the soil (5-10 tons/ha)

i. a mecnanical aggre;ation is cbtained by working the soil at the

ecritical woisture content of soil structure foraation

3. tie obtainea aggregation is stabilized using one of the polymers

cited above

s
-

vlants naving a strong root development are cultivated im order to

bring tiie wechanical structure into a biological stable structure.
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The cnoice of the polymers has to be done in the laboratory
where the optimal amoisture content, together with the optimal dilution of
tiue polymers can be found out. The combinatior which gives the highest
aggregate stability together with a pood pore-size distribution as deter-
mined frow the pF-curva, will be cnoosen to be used in the field,




