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Although investigations of many kinds have been 

made in the fields of soil chemistry and soil physics , 

there still remain oou.ntless problems to be solved . Each 

soil , in itself , presents a mole series of investigations. 

The results of the investigations from any particular soil 

do not necessa!ily correlate with or parallel the results 

of the investigations of a like nature made on another 

soil . 

The soil £rom certain sections 1n he Grand, 

Junction, Colorado area has presented. problems in manage

ment and reclamation which at the present time have not 

been solved oomnletely by either laboratory or field 

studies . Consequently it has been surmised that the com

parsion of some :fundamental properties of a sample of 

soil from the Grand Junction area with a productive soil 

from another area would yield some useful data . The 

comparison of both of the soils lith samples of identi

fied clay should give some enlightenment as to physical 

and chemical properties . 

The pro~ 

The problem ot this thesis is to determine the 

relationship of ionio exchange capacity to specific sur

face . particle size~ and type of clay minerals present in . 



certain soils and clays . 

Froblem analysia . --A solution of the problem 

depends first up-0n the measurement of the following 

variables , and then the determination of the effect of 

these variables on ionic exchange capacity: 

1 . Particle size fractions in the soils and 

clays . 

2 . Total ionic exchange capacity and distri

bution of exchange capacity in fractions of soils and 

clays. 

3 . Relative specific surface of the colloidal 

fraction of the soils and clays . 

4 , Clay minerals in the soils . 

~limita.tion , --Thie atudy was limited to two 

soils of considerable variance in properties and two 

identified clays . These soils and clays were selected as 

follows: 

Materials 

One soil sample was taken from the Agronomy farm 

at Fort Collins . This is a. productive soil of the ]'ort 

Collins loam series. The second soil sample was collected 

in the Grand Junction area in 1946 as a part of the soil 

survey of that area and was classified as a saline-alkali 

soil . The immediate area was barren ground , which was not 

cultivated , The texture was described as silty clay loam 

to heavy silt loam surface with a lighter texture below 

20 inches . The clay samples consisted of bentoni te from 



Wyoming, kaolinite from . the J. T. Bakel:' Chemical Co., and 

a limited supply of illite. 

Methods 

The particle size fractions were determined 

essentially by the standard pipette method of Olmstead et 

al . A modification of the method was introduced wherein 

a 50 ml., Icwy automatic pipette was used to withdraw 

the samples from the sedimentation cylinder. This proced• 

Ul'e gave samples which were of sufficient size to make 

determinations of 1on1o exchange capacity directly. ~oh 

of the soil and clay samples in triplicate were subjected 

to the mechanical analysis after being washed with dis 

tilled water while a second set of triplicate samples were 

subjected to acid and peroxide treatment before dispersion 

for the mechanical analysis. 

The fractions obtained from the mechanical 

analysis were employed directly in the determination of 

ionic exchange capacity. The method developed f or this 

determination was essentially a semi-micro adaptation ot 

the ammonium acetate method . The total ion1o exchange 

capacity of the natural unfraotiona:ted soils and clays 

was obtained using se arate eamples and f@llowi~ the 

procedure as used for each individual fraction. 

~he procedure followed in determining the rel

ative specific surface of the colloidal fraction of soils 

and clays was taken directly from a research report from 



the laboratories of the u. s. Department of Agriculture , 

Beltsville , Maryland . The less than 2 mioron fraotion of 

the soil or clay was separated by sedimentation and leached 

with dilute hydrochloric eoid to make it essentially a. 

H-cla.y . After the clays wore dried over P20a they were 

saturated with ethylene glycol at the rate of one gram of 

glycol to one gram o.f clay. One gram samples of clay plus 

one gram of ethylene glycol were placed in vacuum desic

cators containing a.nhyd:rous O~Cl2• The samples we.re weigh

ed at 16 hours and 24 houre after being under a vacuum of 

leas than 0.1 millimeters of mercury. The same procedure 

was applied to natural tinfractionated aoila, silt plus clay 

fractions , and to samples heated to 600 degrees centigrade. 

Heating destroys the crystal lattice of the montmorillon

ite clays and thus prevents awelling or internal adaorp• 

tion of the ethylene glycol . 

Kelley's den ·a..:ration method for the identifica

tion o.t clay minerals ;i.n the soils was followed. The col

loidal portion ot the soil was heated at progl:"essively 

higher temperatures and the weight obtained after eaoh 

temperatu.:re change. The loss in weight of the colloidal 

materials was established over a range of 20 to 800 de

g.rees centigrade. The characteristic curves o:f the soil 

colloids were then compared with those of identified clays. 

geaults 

The percentage of sand, silt, and clay in each 

of the samples ia compared with the percentage of the total 



ionic exchange oapacity contributed by each of these frac

tions in Figure 1. Values for the less than 2 micron clay 

for ionic exchange capacity and retention 0£ ethylene gly

col are presented in Figure 2. The dehydration curves for 

the colloidal fractions are shown in Figures 3 and 4 , and 

another interpretation of these curves is resented in 

Figures 7 and 8 . In all the .figures the Grand Junction 

soil is referred to as soil 57-A. 

Discussion 

In ~stablishing the identity of the ols.y minerals 

of the soils the geologic origin o:f the Grand Junction aoil, 

67--A, gives definite support to the clay mineral as being 

1111 te, howeve1 neither of the other t;wo recognized groups 

of clay minerals , montmorillonite and kaolinite could be 

excluded. For the J!'ort Collins soil the geologic studies 

might indicate a. mi.Kture of moutmorillonitic and illi tic 

mat ezi ia.ls. 

In a. review o:f clay mineral concepts Grim in

dicates that kaolinite is seldom found in sizes smaller 

than 0.2 microns in diameter . lie states that rnontmorillo

nttic materials are commonly found in large amounts in 

sizes of less than 0.2 microns in diameter and that some 

illitic materials breakdown to this size group while 

others do not. .Both the .:1ort Collinu and Grand Junction 

soils contain significant amounts of material £alling in 

tho less than 0.2 micron diameter group . 
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The actual ionic exchange capacities of the 

soil colloids give strong support of tho presence of 

appreciable amounts of 1111te in the Grand Junction soil . 

The ionic exchange capacity of this soil fox the fraction 

o:f 2 icrons and lees in diameter p:ractically coincides 

with that of the illite sample for the same size group. 

The ionic exchange value of approximately 40 milliequiva.

lents per 100 grams for tho less than 0 . 2 m:i.cron d.iameter 

material of the Grand Junction clay is close to tho upper 

11.mi t o .f recognized values for 1111 tio material a.a given 

by several investigators . '.Che values of ionic exchange 

for known illi tic materials fall )etweeu tria hi her values 

:for montmorillonite and the lowe:r values for kaolinite . 

However , if the value for the Grand Junction soil were 

obtained from a mixture of montmorillonite and kaolinite 

there would necessarily be a neur equal mixture of the 

two . This in turn would cause a large amount of molinite 

to be present in tho lees than 0 . 2 micron fraction which 

according to Grim and other's is highly unlikely . 

The ionic exchange value for the tort Collins 

2 micron and less material falls about ha.lf way between 

the values for illite and montmorillonite . lhe value 

for tho less than 0 . 2 micron,diarneter material is close 

to 70 milliequivalents per 100 grams of material . Kelley 

indicates that while pure montmorillonito materials prob

ably range from 90 to 110 milliequivalents per 100 grams 



:for their ionic exchange valuea. eoils with a high per

centage of montmorillonite in the clay fraction may not 

ho.ve an ionic exchange vu.lue of more than 75 milliequi

valonts per 100 grams . 

The studies of retention of ethylene glycol in

dicate that the Fort Collins clay falls above the limits 

for known 11litie material. but not hirh enough to come 

into the range of montmorillonitic material alone . This 

would indicate the presence of a mixture of those minerals 

in the Fort Collins clay. The Gx-a nd Junction cloy falls 

just within the upper limit of known illitio material . 

This would suggest the presence of illite and possibly 

Et small amount of rnontmorillonite. Characteristics of 

kaolinite do not appear in either of the soil colloids. 

Conclusions drawn from the values for retention o:f ethy

lene glycol after the samples wore heated to destroy the 

expanding crystal lattice are in agreement with the con

clusions from the values for the unheated samples. 

Evidence from the thermal curves appears to ex

clude ~..aolinite snd probably favors a mixture of montmo

rillonite and i1lite for the Fort Colline soil colloid. 

A. comparison of the curves as interpreted by Kelley and 

others indicates that the total loss in weight is not 

significant, but the rate of loos at a particular temper

ature indicated by breaks or long linear ortions 1.s of 

chief value in interpreting the curves. 



The shape of a calculated curve of 50 per cent 

1111 te and 50 :>er cent benton1.to strongly resembles the 

curve of the lower horizon of tho Fort Collins clay. The 

resemblance 0£ the Grand Ju.notion curve to that of a 75 

per cent illite and 25 per oent bcntonito Mixture is sub

stantiated by a breakdown o~ the curve into percentages 

over specific temperature ranges. Kaolinite appears to be 

excluded by a comparison ot' tho curves . The lmolini te 

gives a distlnctive breakdown wh'ich aoes not appear in 

any of the other samples. 

Tabulated evidence in eatabliahing tho identity 

of the clay minerals in the Fort Collins aoil show that: 

1. Particle size distribution favors mont 

morillonite and possibly illite. 

2. Ionio exchange capacity for the less than 

2 micron diameter material falls between illi te and. 

montmorillonite values . Ionic exchange values for the 

lesa than 0.2 micron diameter material strongly favor 

the presence of montmorillonite . Tho same evidence would 

make the presence of kaolinite in appreciable amounts im

possible . , 

3 . Retention of ethylene glycol by the 2 micron 

and leas material o:f both the heated and unheated samples 

indicate a mixture of illite and montmorillonite with the 

values tending to fall closer to the illite grouping . 

4. Dehydration studies favor the presence of 

a nenr equal mixture of illitic And montmorillonitic 



material. 

Evidence in establishing the identity o:f the 

clay minerals in the Grand Junction so:i.1 show that: 

1. Farticle size distribution favors montmo

rillonite and possibly illite . 

2 . Ioni.c exchange ca.paoity for the less than 

2 micn·on diameter material coincides with that o:.f the 

illite. The value :for the less than. 0.2 microil,diamater 

fraction is near tho upper limit for illite . This evidence 

would practically eliminate the presence of kaolinite 

since kaolinite would. need to be pr esent in largo quanti

ties if the ionic exchange value ia due to a mixture of 

montmorillon1te and kaolinite rather than illite. Kaolin

ite does not occur in a ppreciable amounts in tbis size 

group . 

3. Retention o:f ethylene glycol by loth the 

heated and unheated samples compares favorably with the 

upper limits for illite as established by Grim . 

4 . Dehydration studies conpare favorably with 

values 0£ chiefly 1llitic mater i al with montmorillonite 

present in a. smaller a.mount , 

Perhaps the most pro:'..'ound i mpl ication of the 

entire study is a realization of the possibi11 ties of the 

method ottered for continued and allied studies , and the 

need for such studies . 

The procedures ns used in this investigation 



could be applied to good advantage , almost without change, 

to known samples of illite, and other materials of the 

kaolinite and montmorillonite groups . Data for definite 

mixtures of knovm clays and for soil colloids of identitied 

olays would be significant for use in comparing with un

known samples. It seems very probable ·that a olaLJsi:fica• 

tion of soils could thus be established and relationships 

set up so that a soil colloid might be quite .readily cl.ass

i:fied. 

Especially is this method promising in obtain• 

ing ionic excha.11ge relationships relative to specific sur

face by the ethylene lycol methoo . The, relatioushipa 

snould be investigated for clay :fractions and sub-:fraction1::1 

as well as larger particles . The pipette method of ob

taining samples of:fers a means o:f stud.ying the relation

ships within a soil far better than obtaining fractions by 

centrifugation and drawing generalities which may be ex

tremely biased . 

The importanco of the silt fraction in the total 

soil is demdnstrated . In nearly all of the literature 

the aot1vity of the soil is placed directly upon the clay 

or colloidal portion. It is readily acknowledged that the 

activity of the clay is high in comparison with the activ

ity o:f the silt Ol."" sand. However . it is shown that even 

in soils with relatively high clay fracti,ona the exchange 

capacity contributed by the silt and sand ie seldom less 



than one-fourth of the total and in other soils may be at 

lea.st one-half . 

It seems logical to propose then , that the silt 

fraction should be the object of as much investigation a_s 

has been placed upon the clay fraction . To a. certain ex

tent the silt fraction should be more easily investigated 

owinQ to the vioibility 0£ the articles by ordinury m€ans . 

J 1 though compl0te sepa::-a tion o:f silt fractions is todious , 

a raodifica.tion of the sedimentation and pipette method 

mi ~ht afford a means o:f obtaining fractions ot soil le.rge 

enough to actually test l1y plant growth the aigni:fioance 

o:f the various tr ctions i suppl:; · nutrient ele~ .. euts . 

correlation of this with iouio exchange ca.pa.c:i.ties and 

relative specific surface would provide a fascinating 

posajbil1ty for further resenrch. · 

numerous other poasibili ties ar e evident :fox 

continued research with more than reasonable expoctn.tiona 

of obtaining significant :results . 

LIS RARY 
COLOR r"' A. t ~ COLLE 

Fti , I ( l. r.~ , ~J 
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Chapter I 

INTRODUCTION 

Although investigations ot many kinds have been 

ma.de in the fielde of soil chemistry and soil physics , 

there still remain countless problems to be solved . moh 

aoil , in itself , presents a whole eeriea of investigations. 

The results of the investigations from any particular soil 

do not necessarily correlate ith or par llel the results 

of the investigat ions of a lie nature made on another 

soil. 

If a. soil could be placed in a definite ca.te• 

ory, such as a pure salt in a chemical sense . there 

would be fe probl s which oould not be investigated 

almost to completeness. Ho ever ., the soil is a hetero 

geneous mass of numerous organic and inorganic compounds , 

which contributo to the basic properties and behavior of 

a soil . In general it is accepted that the vary fine 

(colloidal} fraction of these compounds is the moat ac 

tive, chemically and ph sically . The amount of the o!gan

io colloidal portion in most soils 1s small compared 1th 

the inorganic fraction and is a complex substance fairly 

resistent to decay . The inorganic colloidal fraction has 



., 

been found to be largely made•up of the ela.y minerals 

plua a certain amount of primary inera.la and less wea

thered secondary mi nerals. 

9 

The clay minerals, in generaly have been classi

fied 1n to three rather broad gro-u.ps , kaolinite , montmo-

l"illonite , and illite or mica-like minerals , oh group 

has spec1 ic ohars.cte:ristiee which in turn lend certain 

properties to a soil in which they may be found . 

The colloidal fraction actually may be a very 

small part of the total soil and therefore will not in

fluence the soil activity as much aa it might if present 

in larger than usual amounts. For t his reason the re .. 

mainder of the soil may be of almost equal interest and 

importance , especially in a. study of the ph 1aioal nature 

o the soil. 

The soil from certain sections in the Grand 

Junction, Colorado, a.rea has pr aented problems in reola• 

.ma.tion which at the present t e have not been solved 

e.ompletely by either labors.tor or field studies , Con

sequently it has been surmised that t he comparison of 

some fundamental pro erties of a sample of soil from the 

Grand Junction area with a productive soil :from another 

area would yield some useful data , The comparison of 

both of t he soils ith samples of identified clays should 

give some enlightenment a to physical and chemical 

properties . 



_he problem 

The ro lem o this th sis is to det erm ne the 

r elations ip of i onic exohange ca.pa.c ity to specific 

surface , particle size , and type of mineral s present in 

ccr ain oils and clays . 

Problem a l ysi~•-- solution of the problem 

depends first u on the measurement of th f ollo ing 

variabl e • and then t ho det r minotion of the t et of 

these var iab l es Qn 1onio exo nnge capacit : 

1 . Pa.rt1cl i fractions in the soils and 

ola a . 

2. ot l ionic e cha.:ng cap ct nd distri 

bution of ,exchange oa ac1 t in fractions 

o soil and cle.ya . 

3 elat ve spec fi e surface of the colloidal 

raction of the oile and clay . 

4 . Cla min rals n the soil • 

elimitat i on.--Thia stu y 1s li oit t o t ro 

s oi l of considerable rianoo i n prop rtiee an to 

i d ntified clays . hes soils and ola s are escrib d 

i n mor det 11 in chapter I II . 

:10 



Chapter II 

REVIEW OF LlTERA-URE 

1.1 

This pro lem ie ooncerned With certain physical 

and ch emical relations oft o soils having varied proper

ties . ldentifie . clays have been used to make a more com

plete and accurate comparison ith t he colloidal portion 

of th soils. rovie of literature is especial! per-

tinont to this pro lem since some of th.e relat i ons of 

soils and clays established b other investigators may be 

directly comparable . The literature review is of impo~ ~ 

ta.nee ,. too , in the development of t echniques and procedures 

used in tbe investigations . 

echanical ao1l §PSlysis 

In nearly all mechanical soil ana.lJses and 

s ep r at ions tha determinations are baaed on the fact t hat 

t smaller P rticles in ~at r sua ensions fall more 

slo 1 than l arger ones . In the develo pm nt of a sati -

factory met hod discussion rose conoorning t he de re of 

dis ereion . Ri l ga.rd (21) objected to the use of acids to 

disintegrate compound particles , part1oula.rly in calcar

eous soils. Bouyoucos ( 4 } believed the sample should 

have leas rigorous treatment tha.n the international 
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p.ra.otics.l m thod .. ropoaes . 

Olmstead, Al exander . and i ddleton {35 ) i n 1930 

e%nmined the ore i mportant contributions and compiled a 

report of their findines . As a result of their stud and 

s plicat one they presented a method o mechanica l soi l 

anal ysis . 

he method which they developed included these 

m ortant po nts : In pretreatment the organic matter as 

removed with h drogen peroxide , but tho hydrochloric acid 

trentmont . used in the nternational metho , ordinarily 

s om tted A method of romo in_ organic matter in the 

pre enc of manganese dioxi do y leac ing i th acetic 

acid as used for certain soils . Soluble matter ias re

moved by ashing and filtering ith a.ate - hamberl and 

suction filters . he sample as dried and eighed , and 

this weig ht waa the b sis of oalcula. ion of. p r e nta es 

of material 1n aoh size class hen th results rnr o for 

use in textural class fi cation . In all op rat i ons up to 

dio er ion the ample remained i nan e tra.-tall form 

be ker . The sample was deflocoulat d y shaking in a di-

lut s odi oxalate solution. The clay and s ilt ere 

sep r ted from t he sand by means of a 00- mes h sieve . 

T e olay fract i ons were determined by sedimentation using 

the p pette met od . An investigation of dispers i on aids , 

inci ental to this method , disclo sed the fact that acid 
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tr atment introduced unde irable solut i on losses and was 

not necessar 

pa.rticu rl 

ag nt . 

for dispersion , even in calcareous soil , 

f sodium oxalate as used as the dia._ersing 

second rov1e , of an entirely different na

ture , as ore e-nt d by en (25 ) in 1931. Hi disou.ssion 

1ncl tt ·ed larg l y the theories upon whioh the metho were 

b a d and ho they re applied . 

ry (15) in 1933 pre ent d a metho for ma.king 

complete mech nical separ ion tor use with p trographic 

study . 

A more r oent an deta. led procedure for com

pl t sepa.ratione for petrographic study was presented by 

ruo et al ., (45 , 46 ) 1n 1936 . 

B ver ( ) in 1948 included recent develo monts , 

hich were not extensive , and n general au_ tantiated 

t e more i ortant methods mentioned a ove . 

Ionic e~onange relations 

The power of the soil for exchanging cations 

1th solutions was no doubt observed in the remote past 

hen it as noted that liquid manures became decolorized 

and deodor i 2ed upon f iltrat i on through the soil• Ho -

ever , the phenomenon as such as not r ecognized unti l 

1850 by ay (47) and i ndependent l y about t he the same 

time by Thompson { 44}. 
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Since t hat time numorous investigators have been 

interested in th processes in ol ed in ionic e change in 

soils and other materials until at the present time sev

eral conoepts ave been developed to aooount f ox the phe 

nomenon . Critical r views of the literature covering this 

subject were pu lished r.i ': elcted and ray ( 53 ) in 194 7 

and by Kelle (26) in 1948 . 

In the preface to his monograph on ionie ex-

change phenomen elle stated 

It is not neoessar to revie all of the 
numerous papers on cation exchange in this mono 
graph . Only those of chief historic interest 
and those which reveal the evo lu ionar develop
ments of the au ject iill o discussed . Lit er
ally hundreds of papers have been pu'bl1shed , 
a.11 but a few oi' which ha.ve b n read y the 
author , and t t. ese are probab l y of little i m
po~t noe . ·• n of th p1..1blished a.per a.re of 
purely local inte:r·est and throw no light on 
general pr inc ipl s. t oat ,. they have e:rved 
merely to confirm the conclusions a l ready drawn 
b others . The reader ho is i tere ted in a 
more comprehensive biographical review of the 

ubject i r i'err d to a ctiona in Blan.eke' 
"Randbuch der Bodenlebre" Volume VIII by Geh
ring and Kappen (26:xi). 

In view o the a.ct that such excellent and ex

ha.11ative r views of the sub ject are readily a ailable 

there will be no atte~pt to repeat th work, but rather 

m ntion will be mad e of only a limited number of experi 

ments which treat specifically with the more narrow sub

ject of ionic exchange in relation to particle sizo a.nd 

specific surface. 



15 

Kelley a.nd cnn {30) i n 19 6 related or-stal 

structure to base exchange d i ts e ring on ba o exchange 

soils . So eihat nci.Jental to t ~eir nvcstj tions 

the · ·nclu d the bs e exch e capac t e of certain ma-

trial i n relation to par.ticle size , Their data included 

t he foll ting co pari sona of 100-oeah ater l vith in ly 

round mate_ i 1 o indc ini te s i z , 

Table 1.--BASE EX RANGE AS 1•. LA ::D TO P .TI CLE BI ZEa 

=- Ii I .... -9111-

uartz 
male 

olinite 
ntonite 

Cecil oi l oolloid 

0 
9 , 8 
s .o 

1 2 .o 
17 . 0 

0 
21 .o 
100 . 5 
2 8 . 0 
151 . 0 

J eiiiiy-..,,..,,,.,,=--.,::=7=5 ...... --------

Bray (6 t in conducting investi , tions on some 

Ill noi soils in 1 ?, fractionated into three size groups 

the colloid (less than l micron in diameter} extract ed 

from rious horizons of s everal soils :from the l! or1an 

loess reg ion and studi d th 1r ohemioal dif erences . Hie 

d ta i dio ted that t r e exch:an e capac ity o the f iner 

frac ions increased markedl ith decreasing part icle size . 

Par t icles smaller t h~n 0.06 micron possessed exchange 

capacities fr om Oto 325 per oent larger t han 1 . 0 t o 0 . 1 

:micron particles, do-p ending upon the nature of t he colloid . 
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Va.riatio . •Om 46 to 88 illiequival nts per 100 grams of 

o . 06 micron colloid wer r ported . yr pate fxactiona-

tions ad wor'"ing of the colloid from th Haxt b g silt 

lo profile (18 to 24 i ohos) , thee change ca city o 

the 1 . 0 too. mic on colloid was r duced fro 62 to l 

milliequivalents per 100 gru s . This e.ttribu ed to 

the ph sical breaking o ·m of the larg r colloidal co -

ple es hic h released the smaller and uch moo su.rfa e

active beidellit1o material :fro a le a active micaceous 

nucl eus . 

ray ssigned the regular in roase in ba ~ 

ch ge cap cit with the doer ase in partic l iz · 

a.:ristion i1 th min ral ~ ioh m p be colloid and 

acoompan the si2e variations rath r than to the decreased 

particl e ize it lf . 

itt an vex (4 r ) in l 7 epo t so re-

atio of partic . ize to b s exohang and hydration 

propertie of Putnam cl ay . Their separations .re ma.de 

1th the use of the super centrifuge . hey r ported that 

the property of swelling ~as not presen in particle 

rent r t han l icion in diameter and the ma imum toluene 

adsorption took place in the same particle size range . 

The ide break in excha e capacity vias also reported to 

o ver 1 near ·this point . 
Data presented y • hitt and Baver for the .Put-

nam clay are as follO s : 



Table 2.--PAR ICLE SIZE OF UT . LAY AS TED TO 
HYDRATION ID ;&ASE EXCH.A.NG.1'~ VAIDE6b 

----·--·-------===========:::.::.::.-::..-=: 
artiol size " ill iequi lent !t£~ation in oo/..gr 

in microns 12er 100 grams ater Toluene sw. lli;gg 

20 -5 2. 9 0.499 0 . 693 -0. 094 ... 6 . 6 o.aso 1.009 ... 0 .179 
2 -1 21 .7 1.197 l.518 -0 . 521 
l - 0 . 5 35 . 0 1.620 1.470 +0 .160 
0.5 ... 0 . 2 52 . 5 l.876 1 . 2·12 +0.604 
0 .1-0. 05 56. 1~874 1.067 +0 . 807 

< 0.05 62.2 1.956 0.976 +0 . 980 

b Tabie from' hitt and. B ver {49:9101 

In a study of t he chemical composition of me~ 

ohanioal separates in the soil profile Joffe and . u.nin 

{23) in 1942 indicted that , in agree nt ith lhitt and 
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aver. it ia o aible f or a coarse fraction to hold a 

finer raction so tenaciously that ordinary dispersion 

methods are of little value . ~hey divided the eoil into 

one sand • tv o silt I and ·three clay groups by sedimentation 

and centrifugation a.nd carried on a oomple e c he ical 

anal is. 

in l J f:fe and unin In a eoond 

{ 24) the e e o 11 separates as used in the ohemical 

analysis ere submitted toe inati ns ~ox o tin ex-

c h ng . ro artie with pe i a.l ref' e11oe to pedogenie im

plications . In sand :fractions of dif erent horizons of 

· ntaldo silt loam the ba e exchange eapaoitiea varied 
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from 0. 5 0 mill1eciuivalents per gram in the C horizon to 

0 . 056 milliequiva.lents per gram in the B1 Horizon . No 

ola.im "BS made that the sand or silt fractions were en

tirely free from clay, bu.t it was demons trat ed t hat an 

extraordinar ily l arge a.mount of clay must be present if 

the bas e exchange ca. ao ity was due to clay onl y . The silt 

f ractions are reported t o have base exchange va lues hich 

were only slightly l ess than tho se of t he cle.~- • The base 

exchange value of the sand in the C horizon, 0 , 80 milli

equ1va l onts per gr am as gre ter than that for the silt 

or olo.y f r act ons of that hori z·on , Only t he less than 

o.a micron clay of the Ai and A2 horizons had larger 

values , o.4 r, and. 0.394 mi l l quiva.lents p&r gr re-

sp c t1vel y. lt as sugges ted that the differences we~~ 

dir eet l y related to the degree of eathering . 

Joffe and Xi:min auggeste th fol l owing reason-

i ng to account for the 1r.1.t er:f&r0noe of o:rgaai a m tter. 

The hig h ( exohai'lge) ca.paci t y in the fxao
t ione (of the soils) of t he A horizon is due 
t o the o:r a.no-mineral gels ... - -and to th o:rga.n
ic mat ter ixed tit the clay m chanic· -1y . 
One would e . ect t he meohanieslly mi xed organ ... 
i e matter to be less r idly held ·y the sand 
and silts , Thia means that i n t he :l:' :i.nal sepa .. 
rat ion of the different fractions , the f i ne 
clay v ou.ld have rno1·e or n.n ic matter th.an t he 
silt or sand . In trea.tili g the fine cla frac
tions with hyd~ogen ~roxidc the cesid~sl or-
anic mat t er adhering meoha.n:i.ca.lly is .attack

ed mor~ readily than the organo-mineral ge ls .. 
'he latter a r e complex ehernical entitia • auoh 
as humat s of ba es of higher valence . For 
that r eason it i s not possibl e t o frm e a ll the 



orga.nio matter from the fine fractions by 
ordinary meane of hydrogen peroxide treat
ment ( 24 :385 ). 

1.9 

Joffe and ' '"unin further reported that the in-

crease in exchange oe.pac.i ty of olinite with deorea e in 

particle eiz as not pro ortional to the cnleulat d in• 

oreae-0 in tn1rface , wh ioh iae given as :five~old and thirty .. 

fold respec t 1 ~.ely. Base e,xchange values g i en f or kaolin

ite ried f om 0 .0218 m111iequivalents per gram f or 5 

micron material t o 0 . 0972. milliequivalents per gram for 

th lee t no. micron fraction of kaolinite . 

In attempting to compare t he baae exo ange 

ca.pao i t of bentonite with t hat of kaolinite , Joff and 

unin diape:rse '.;he ·cntori · to cla material nd llowed 

it to stand seve:ra l da a for impurities ~ which might have 

been present in the f orm o large art clea . to settle 

out,. The suspended . teria.l es then arllitr rily div ded 

i nto three size 6r oupc ~itt tte su . er centri uge, and the 

ba~e oxc,anr-e oapaeitiea determined , The values r anged 

fr m 0 . 882 to 0. 913 mill equi alenta per gr~ , and were 

not consi stont in variation with part icle size . It was 

oonclud d that t here ae no increnae in exoh ngo w:i.th 

clecrease in part icle. o1Je ·r.·i th the bentoni to mcterial. 

It is :reported by Joffe and ~unin that a.ooord,.,. 

i ng to Ardenne , Endell , and Hoffman (2) who exa!Ilined clays 

with the ai of the electr on microscope , t e ratio of 
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thic esa of a montmorillonite platelet to its length 

variod from 100-1 to 300- 1 , hereas in kaolinite the ratio 

as only about 5-1, or at noat 25-1, · hey fur t her repo rt .. 

ed tha t upon gr i nding , t ese surfaces in kaolinite were 

incr eased and the exc hange capactty likeviee increased , 

whil in the montmorillonit e the expansion a long the C

a xis s i mPl ave the cations a chance to enter between the 

lattice layers and to xcbange the cations pres ent . 

In the same report Jof fe ar d ruiin indicat d 

t hat on Colt ' s Neck loam fr ctions th sand and silt 

accounted f or approximat l Y {0 to 50 per cent of th 

oxoh g • 

The fr ct ionatio d pro port es of e l u fr om 

the urfao soil of th Parman and ur e ri es w r · 

studied b S and Wee s ( 43) in 1 94 7. Th soils were 

treatod to r emove r eadi l so l ubl phosphorous . replace-

bl ae s , 1d organic matt r . Fart of the re~rrnan soil 

wn t reated in addi t ion to remo ve free iron and a luminum 

oxides . he soils were then turated ii th sodium ions , 

diepers d i n w ter at pH a.o. and the sand and s ilt 

(greater th n 2 icrons) separated from the clay b g av

it s edimentation, tte cl~y was further e,eca tcd by use 

of r avi t y s edimentation an the Sharples' su er centr i•• 

fug e nto five fract ionG of ious particle sizes . 

Te actual i~ a of th e cla fraction were 
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c heoke mean o the electron microsco pe and found to 

agree quit e closel with cnloul ated s12es . Che ic.a l and 

phy ica l properties of th s para.tee re studi d . It 

.as found hat as a and a ion xoh 1ti s i n-

x a ed directl with decroaee in siz o r ti l s of the 

ola . 

t·mited studies ith x-roy di f raction an vhe 

electron micros opo inaiout that t he cla contained a 

1:1 and 2:1 t pe of clay minerals ith t e J:l 

t pe in rester proport ion 

small est. 

ro the pa.rtiol siz 

urement £! ~Eecifie §}U'f~ce 

a 

Until recently • methods t r measurement of spe

ci f ic surface or rel ati ve s~ooific s rface have b en uch 

more i de l applied to materials outsi de th fie l d of 

soil than to soil mater als . 

Bu uer and met t (7 , 8, 13) in 1937 and 

1938 deaorib d a thod f or measuring the surfac of 

i r s theti ammonia ata1,· .. .s hereb a ,0 1 i t we.s de

termined on ad or ption sot herm fo r nitrogen at - 1 5 . 

de r oa ent i gr de , ard nt -183 degr e~ GD i rd h1oh 

co:rresponde t o the oom le ion of a mono ole ula :,: la er 

of adsor d o l oulee . A ultiplication of the number of 

mol ecu l es n such s l a·er i the averag ro a-sectiona l 

ar a of eac h mo l ecule gave an estimation of the absolute 



22 

area of tbe catalyst , subject onl to the uncertainties 

1n va l ues for molecular diameters and in the closeness of 

packing of the adsorbed molecules . 

In 1938 Emmett , Bruna.uer , and Love (14} , on the 

basis that van der aals ' adsorption de -ended but l i ttle 

on the -chemical nature of the adsorbing substance,, applied 

t he method to soil colloids • .Barnes and Cecil soil col

loids were sed f o:r t he investigationa . Although. they be

lieved the data insufficient to iarrant extended oori-ela·

tions ith other kno, ph sical and ohe ical properties 

of these soil sampl es . they 1.ud1aat ed that no 1naurmount 

sble difficulties we.re inherent in the application of the 

.method t o s oila and soi l oolloid • 

'!'bey co.uoluded that the similarity between the 

i sotherms for soils and those f or iron catalysts substa.n• 

tiated the . ossibili t y of the direct application of the 

method t o soils • They further oonelu.ded the use of low 

tem eratu:re i .sotherros of such gaaes as nitrogen and argon 

involved no specific chem·cal adsorption between the gas 

and the soil , while this was not t:rue of adsorption 

measurements using water vapor . and possibly was not true 

o t hose using a monia or carbon dioxide . 

ielaon and Hendri c1 s (34 ) in 1943 reported re

sults of i nvestigations using es sentially the method de• 

veloped by runauer and Emmett . hey found that for ad-
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so ption of the gas the s ampl es ust be compl et el y desic 

cated. and ,.,1th the sample in this condition the gas 

could not ponetra t .e to t he int rnal u.rfaces of montmo

rilloni ti c materials. be s pecifi c 1~faQa i n square 

meter · per gram of mator· .a.l was gi-veu as f ollows ; l ess 

than 0 . 3 micron kaolini te . 15. 5; loas than 0 . 3 micron 

illite 97 .1; an montmori l l onite 15.5 . 

hom the investigation~ they concluded that: 

1 . Average particle sizes etorm .ned n 'th ,s rnannor ar e 

in essential a .rea:.1ent with values obta ned :from electron 

micro raphs . 2. Clay minerals upon heating lose th i r 

w t ~r of constitution without essential change i n parti 

ole size . 3 . Amounts of colloid in soils can be deter .. 

mined from as aor~tion on the soils and a ortion of the 

s epar a ted colloids . This method 1a o:f pa.rtioular value 

1hen adequate dispersion f or particle analy is b7 sedi-

mentat i on cannot be a tta i ned - 4 . .. verage par ticle sizee 

i n oolloida from surface horizons of f ive soils of widely 

different types s .. re great er than those o:f t he :B and C 

hori.zona . 

Rendrioka (18 ) early in 1918 deacri ed in a pr e

limi r y r eport the use of eth leno gl col retention on 

clays and soil coll oids as a met hod for obt ining relative 

speei ic s urface . 

Later in 1948 Dyal (12)~ in a complete :report of 



the ethylene glycol method , ave b ckground . procedure , 

and results for t hem thod . The procedure is given in 

detai l 1n the chapter coverin mat rials and ethods s o 

2 

ill not be repeated here . A portion from the introduc

tion to Dyal 's ork should clarify the basis of t he method . 

lnce it appears only in mimeograph form it seems justi~ 

fiable to quote and elaborate at so e length. 

ntmorilloni te and endell i te ,, the hydrated 
form of halloysite , are the onl clay minerals 

hi ch form d f inite eolvatea , i th polar mo le
cules between the structural la ers . Layer hy
.drates of montmorillon i te con a in one to possi
bly four layers of water molecules and conditions 
cannot necessarily be establ ished f or formation 
of ad finite hydrate to the exclusion of others . 
thylene gl ycol, glycerol . and other pol hydrox

yl io al1fhatic compounds have been sho n by 
radley 6) and o an (32) to form to layer 

so l vates in the presenc of exc as solvent . 
Thes e sol vat ea are relatively stable under de
siccation or o osure to moist air . Their sta
bilities and t he fact that these a.ration of 
t he layers is in the re ion of 17. 0 angstrom 
units makes the olvates ideal tor i dentifica
tion of montmorillonite by x-ray diffraction . 
It mi ht be expected that a definite amount of 
a co mpound would be required for f ormation of 
the solvate and that direct esti~ation of this 
amount could serve as the basis for an analyti
cal methoa . 

Presence in clays and so ils of mixed layer 
minerals havin in part thee elling and ase 
exchan e ,ro ertiea of montmori llonite raise 
some question as to the type of anal sis desir 
ed . Thea m1nerals cannot readily be identi
fied by x- ray diffraction methods and their 
poorly defined character has limited complet e 
mineralo i ca l do£criptiona of finely divided 
fractions of soils .. An anal tioal method is 
needed to measure the interlayer sielling ir
r espective o! miner l t pe . One is proposed 
here dep din upon direct grav etr1c determi
nat ion of eth l ene gl col sorpt1on of a sample . 



Solvation of clay minerals t akes place not 
only b tween atruetura.l layers wher e possible, 
but a l so upon external surfaces . ,easuren n t 
of total so l vation, therefore . can afford a mea
sll.l' of total surface in polars stems . If the 
internal surface a lone is to be determined then 
some e timate must be made of external urfaoe . 
-~-- In the end , ho ever , greatest interes t for 
soils vork mi ht be i n the total surfac for 
pol r ystems ince this would give a measure of 
i nt raction ith ater . he base exchange ca
pacities of clay minerals lso ppear to be ap
proximately det r minod by t he tota l aurface in 
polar e stems . (12 :1-2) 
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For a basis of compari son Dyo.l u ed clay miner~ 

ale of t he montmor1llon1t • illite , and kaolin group . and 

fractions having apparent di ameters of l es than two mi

crons _ere separated from all samples by sedi entat1on . 

In t he a:oplice.tion ot the method soil colloids eopa.rat d 

in the ea.me way as the olay mi nerals were used . The pro

c dure for the standards and soils ,aa the a e and is 

iv n in detai l in the follo ing chapter , 

Retention of ethylene glyco l in rams per g r am 

of clay after 24 hours evacuation, as r eported by Dyal * 

o.ssi _ned a value of 0 . 014 fort o samples of kaolinite ; 

Illite as reported to hue a r ange rom 0.036 to 0 . 074 ; 

hile montmorillonite values wore from 0 . 226 to 0 . 27r.- . 

fter hea tin the s amples to 600 degrees centigrade the 

retention for kaolinite ✓as 0 . 007 to 0 . 012; for illite 

0 . 024 to 0 . 058 ; and for montmorillonite 0 . 006 to 0 . 027 . 

Soil colloid samples 

t he above classes . 

re found to fall in noarly al l of 
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In hia discussion of the method Dyal point s out 

that 

:Base exchange of cle.ys is a surface prop .. 
erty and is due to lac of eomplete bal ance of 
ehar e ithin the 1 ttioe . This oan be a reeu.lt 
eith r of the t erminat i on of t he lattice or of 
presence ot ions having various charges i n oer 
tain lattice positions . Apparently only side 
faces of kaolinite give rise t o exohangeable 
cations while i n the mica-like minerals of olays 
both s i de faces and t he more extensive flat lay
er urfa.oes are i :nportant , 1. ntmorillonite ha.a 
both th external eur:fe.c features of a mica.
like clay in .ne:ral as well as external cations 
a.ecea i b le by l ayer s e ara·tion in polar solvents . 
For theee rea sons the baee exchange ca ac i t ies 
are i n t he order , ( fo r decreasing values) Iliont
morillonite . mica-like , and kaolins . 

A.a .approxi ate parallsllsin might be expect d 
bet e -.n. t he su:rtace f or r et ent ion of polar eol-
v nts and base exchang e . T~a is due to the 
t e · enoy of montmorillonites d mioa-like clay 
minerals to have t h.e same silicate surface :for 
an -exchanges le ca tion. he paralleli sm can onl y 
be approximately , ho evor , f'or montmorill onite 
can vary in exchange oapao i ty 1 as shown f or in
stanoe w en ferr ic ions a.re reduced in the lat ... 
-~ioe , nd part of the u.rfaoe of kaolin minet- 
als is- robabl y neut: 1 . !he degr ee of para • 
lel ism should be studied i n detail . (12 :10) 

TheTm~l and related studies -....... - . 

ormer l y it v,a.s 'believed that t he so - oa.lled clay 

of soils was amor phous and t hat t hee changeable ions were 

hel d on t he surface of the coll oidal particles by a vague

ly defined for ce called na. dsorption" . However , since 

about 1930 both o:f these co nce t s have been f ound to be not 

entirely sound . I n fa.ct , the evidenc e is co nclusively in 

favor o:f .assignin " a c ryst a l s tructure to so i l clays ith 
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def inite bonds whic h hold exchangeabl e 1ons . 

ethoda for the eati tion and identif i cation 

of soil olays have been baaed upon x-ray diffraction, 

chemical analysis for oharacteriat c cons tituents , cation 

exo an e, dehydration , and d1fferenti l th ermal analysis • 

.None of these has been found to be entirely adequate , but 

combined use of sever 1 methods is r a ther reliable even 

tho h time oonsumin . Although the purely chemical ana l

ysis robably outdatee the others , none of them have 

develo d entirely innependent of the others . the liter 

ature obviously .then cannot e separated into precise 

cate ori0s 1 but the therm 1 studies ill be considerGd 

of prime importance at the moment with other methods in

cidental to them . 

H ndric sand ~ry (20) in 1930 as a re ult of 

microscopical examination and x- ray powder diffr o ion 

phot ographs of t he finely divided materials separated 

from so ils by suspens ion methods show tbnt t hese fractions 

contain crystalline substances . Their studies indicated 

that a specif ic sample ivea a charact riatic powder dif

fraction pattern that can be idonti fied a.a arising from 

one of the clay minerals . and by comparison ith the 

powder diffraction patterns of known clay minerals , it 

as shown that montmorillonite-beidellite , Ordovician 

bentonite (or a mixture of montmorillonite and qunrtz) , 



and ha.lloys1te were the co mmon minera l constituents of 

t he soil colloids observed . 

2 

Further investigations indicated t ha t f ine fra c

tions f rom a specifi c t ype of soil obtained from widely 

different l ocalities gave the s ama type of diff r action 

pattern, 

In 1931 Kel ley , Dore , and ro1n {27) a l so used 

x- ray ana l ysis and chemical met hod s to study eoil ool

loids . They concluded that from their data it was j u ti 

fia 1 to say that t he ubat a.noes compo ing the colloidal 

material of t he so i ls , that were 1nv atigat ed . ae not 

amorohous , but c h cfly crys t alline . 

hey f oun tat the r eplaceable bases occurred 

not only on the aurface of coll oida l particles but aleo 

on tho interior of the crystals . Since t he x-ray a.naly

e1e i ndi cated an orderl arr angement of t he atoms within 

the particles , and since t he exchan e of bases was stoi

chiometric , t hey concluded t hat the base exchange sub-

stanc es were true chemi cal compounds . he re lac ea bl e 

bases , ther efore , were not merely adsorbed on t he surface 

of t he particles , but r a ther , they bel ieved , t he bases 

ere an inte r a l part of the c hemical oo nsti tution of t he 

crystals . 

Heat i exp riments lere conduc ted b Kel ley , 

Dore , and Brown us ing a muffle furnac e controlled b a 
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pyrometer . Th s amples were h ld int e f urnaoe at eaoh 

temperature until con tanc of weight as attained . At 

50 de r eee oenti~rade no effect as produced on the re

plaoeable ases o th soi l colloids and bentonitea . bove 

this te erature t here was a gradua l falling off 1n the 

cont nt o re laceablo bases . until at a temperature of 

750 de rees centi grade the ase exch nge po er a practi 

cally destroyed . 

Drosdoff (11) in 1935 su jected two d erent 

samploe of bentonites , variously aturated , und a sam le 

of finely powdered eer1cite , ( , K)AlSi04 , to successively 

hi _ her t emperatures in a mu fle urnace . The loaa i n 

water st the different temperatures ro.s calculated 1n per 

cent ges of t he weight of t he sa1 ple a~ter eing heated 

at 100 de rees centi rade for 2~ hours . ln the case of 

tho bentonites , there was d stinct m xiffiu.m loss of water 

between 560 nd 660 degr es oont i erade. Thi temperature 

interval corr -s . onded to that at hioh the base exc hange 

at rial l ost its base e ohan e 9ro ort ies , s shown b 

elley . Dore , and Bro~n . 

Kelley , Jenny , and Brown (31) in 1936 made de

h dr&tion tudies of several clay minerals and soil co l 

loi ds . They concluded that soi 1 colloids contain water 

of crystalliza t i on, or OH ions , as part of a er tal lat 

tice structure . This was considered as an inde endent 
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proof of the crystalline nat re of the colloidal particle . 

They ound t hat unlire the m'nerals of knom structure , 

tha soil colloids lose their lattice water a t lower temper 

atures . From their studies they oo nc lud.ed that at 1 aet 

two major classes of soil colloids appear to exist . he 

classes were those which resemble in some measure o lin-

ite and hallo site and those which appear to be related to 

(but not i den t ical 1th) beidellite . 

In 1939 Hondrioks and Alexander (19) described 

a method o f d i f erential thermal analysis \'ihere i n both the 

differential and furnace temperatures were recorded photo• 

graphically. fhe heating rate ueed was fr om 10 to 20 

degrees conti~rade ·per minute t and it was necessary to 

raise t he sample t o a bout 1000 degrees centigrade. Dif-

erential heating curves for kaolinite , mo ntmorill onite , 

and hydrous mica were re roduced . _hey showed t hat below 

200 degree~ c entigrade kaolinite lost adsorbed water endo

therm cal l y , and there was s ome inc i dental chan e caused 

by differences in heat ca aoity , compaction etc ., relative 

to t he inert ma t eria l . 

ccording to Hendrie sand lexander the mot 

characteristic feature of the kaol inite curve was t he endo

thermi c loss of water of composition between 550 and 600 

degr ees oentigr de , and they stated that t hi s can be used 

as a Qriterion for a kaolin material and as a basis for 

1ts semi - quantitative estimation . 
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In a like manner t hey assigned the most charac 

t risti c features of t he montmorillonitea and h drous 

m: eas to t he jr endothermic loss of wa t er below 200 degrees 

centi rade and near 700 de _rees oenti~rade . - hey i ndicat

ed considerable varia tions f or di f ferent samples at the 

lo er temperature and dan_er of confusion with adsor ed 

wat r . hey showed t hat the endothermic reaction of mont 

morillonite near 700 degrees c ont'.l. e:rade was small compared 

vith that o kaolin near 580 degrees c entigrade and as 

not sufficientl different from that o f hydrous mica to 

allo an unamb i guous dist i nction between the to. 

They indicated that t !1 er a l analssia f or i denti 

fi cation of ela mi nera ls can be a ppl ied to the untreated 

soi l , but i t was desirable to remove t he organic mat t r , 

s i noe this burned exot hermi oall over a wjd e r e ion , s ome

t imes obsourin kaolinite . They believed it ,as not . bao

lutely neo ossa r to separate the co llo id , es ecially in 

heavy soils where it was a oo n iderable fraction of the 

soil . 

In a second publication in l ' 9 lexander , 

Hendricks , and ~elson (1) reported t he application of the 

method descri .ed a ove . ' inor als present in the colloidal 

fraction of 15 soi.ls from continental United States were 

identi f i ed and their amounts estimated by us e o:f the chem

ical , th ermal , and x- ray diffraction methods discussed in 
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et a i l i n t he preceding paper . he concluded that the:r -

ma analysis supplements th e chemi cal i nformat i on, i n that 

i t gi v·es th~ beet asis for determjn ' ng the amount of 

kaolinite , The believed that the two methods gave a 

fair l y sat s-aotory basis fore timating the component 

minerals of a soil colloid . 

Kelle , Dore , Wo odford , and Brown ( 29) in 1939 

reported an extensive study of the colloidal constituent s 

of several California soils , The deh dration curves 

appeared to e somewhat c harae: teristic of .a.ch t ype o 

colloid , and the1
• concluded tho shape of the curve de end

ed very large1- On the ind and relative proportions of 

the different ola minerals present . ~rom the d h drat ion 

curves of the Yolo and axwell cla s , l hey concluded a 

res em l ance to thoae of the enton tic ola¥s , and the 

ou.rv es .or the Sierra , Koo r . an cert uin h dding sam

ples waro shown to e similar to the curves or kaolinite 

s.nd halloy ite . A relativel y good correlation s :found 

etween ter loss at 100 degrees centigrade n 150 

de roes centigrad e , respectivel y , and base exchange ca

pa.oity . 

The optical properties sho ed. that these co l 

loids were reponderantly er sta l l ine and the t ypes of 

cla m.nerals determjned by x- r a y anal 7eis confirmed the 

dehydra tion studi es . 
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ho San Joaquin q.nd Hanford collo i s •,ere shomi 

to e composed largel y of the t' x ' cla mineral , similar to 

illite . 

~he types of ola minernl s pr s ent in soil 

00110 ds ~or e etermined b oompari1~ t he -ra diffr c

tion patt erns w th those of known minerals . The determi

nat ion s facilitated by x-ra ing the sarnpl s t wi el 

r i mo otu:ro contents . From t he de h dxation eur ves 

of t ho di fferent cla minerals it ms shovn that Oll lat

tice constituents pa ed o_f c ~ tcr vapor at temp ra

tures which were characteristic ~or each claso . Th con

sequence ms their x-ra,· diffra.ction pattel-n was d stroy-

d at these temperatures . 

In 1941 el ley , Dore , and Page (2 8 ) reported a 

study of th colloidal conot itucnts o' oricun alkali 

so 1 • ~ .e soils used int is investigation ere draVlll 

rom several d ffe rent localities in ·cstorn United Sta te~ 

The base exoha.n e capac iti es for the soil colloids :ranged 

4J:'O:ci 25 , 7 to 5 , 4 milli quival nt per 100 r ams . ' he 

hit --alkal i soil colloids gave smooth a ve-lik d h ra

tion curves ~h ich resemble those of Yolo soil colloids . 

wher e th cur es f or s veral of t he bleck-alkali soil 

colloids ho 'I d p:ronounoed breaks b t"1een 400 nd 500 

d reos oenM rado. Tho l a tter phenomenon as tra c ed to 

't e loss of oe.rbon dio i de from calcium oarbonat • 
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-ray in ti ton sho d th t t he rh te-alka.• 

li so ls cont ined a mixtur of montmorillon tio , olin

tic . and oa -1 e clays , hereas mioa-1 ko c lays reat 

l y . r edom n ted in the black- 1 l i soi la . 

Bee use of cona idern,1e variation in the ch r -

oter sties of the mi ca-li o clays it e u est d that 

this duo, in art at least , to variation in the type 

of mica in the parent rooks fro which the soil materials 

were de i ved , 

The x-ray results , accor in to the inter re

t ation of lley. Dore . and P ge failed to support t he 

idea that the base e chan e ca aoity of soil colloids was 

neces aril~ due to montmorillonitic clay . he sample ith 

t h hi he t base exc hange ca.~aoity gave i r tu 11 no x-ray 

e id no for the pr esence of montmorillonite . 

I t a concluded th t th pparent ef ~ect pro

duced on Ameri can al li soils by tho ooc ulation of 

soluble odium salts conaist d ri arily in tho e change 

o o t ions togeth r ith the dispersion of the olay par

t1ol e , but these rooesses nro 1~ably produc d very little 

l terntion in thee sential structure of the els mjnerals 

o ginally pres nt . llo con inoin _ ovidenoe as obtained 

th t crystalline minerals pecul ar to allr..ali soils ere 

s th z din either the sod ~cont ining t ~pe or hite 

alkali . or th type hich sho·s the black-al 11 mor• 

phology . 
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Imelication 

.Although the 1~pl ication i s preaent it could 

hardly be oonclu ed rom the literature revi , that it is 

enera l ly recognized that t he coll oida l ortion of soil 

is made up of one or a mixture ot the three eueral groups 

ot cl y inora.la , kaolinite t montmor1llon1te ; and illite . 

A much moro eneral bao ro 1d is doairab le , but hardly 

poss ble t hie oint . r ee excellent r eviev1s of t he 

clay minerals whioh ive adequ te bao· round onn be found 

in a etu y of the olin inerals y .oss and r rr (40) 

in 1931, a genera l rev ew of modern concepts o:f ala min

orals by Grim (17) end published in ,191 2 , and a s tudy of 

t ho minerals of the montmortl loni t e group compiled b 

Ross and Ilen r icks (39 ) and publi shed in 1946 . 

Becaus e of the multitnde of more conoi ae . mpli -

cations · ch appear in t he l i torature it UiJp • · :rs n .vi s -

ti'ble not to discuss those now , but to consider these more 

n detail under the discussion is chapter V. 
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Chapter III 

HODS A1ID :Yu EHI L5 

In all of the invest a tions an analyses the 

di erent sa.rnplos e.ro S'fJ.b j c c t9d to , as nenrl as possi -

e,- the e.11 .. e t e t . ent so tha t reeul ... s would be r ead ly 

compa!'ab le . Because of t he 'vi de a r anoe in t he w1ture 

and p:ropert i es o t he eamp es this v a s not al ys • oesi

ble . · here de1 i a t1 1s are necessary the r re indiou tod 

n the procedure , 

he s s. ples consisted of two soils an two ala a 

... ub j ect ed to 11 of tho t ests and a t hir cl ~ , a vailable 

only in a i m te 

eomp rison mu 

amount , iia u ed where it was f cl t the 

be mst help 1.11 , 

One soil aampl e e taken from t he a.gronom farm 

t ort Coll i • Th a is a productive soil o· the Fort 

Col ins aandy l o m serieo . :rhe sa.m le was t s. en b · usual 

.. r oe u es { 3£ ) .• o o t aini ng laboratory sampl es from a 

0 to 6 inches de,th . Other eampl es from the same location 

·rnr e a ila'hle o.t O to 12 ., 12 to 36 • 3 6 to 60 , on 60 to 

72 i nches. thes e s amples were · us e o 1:i.y i n obtaining 

therma l curvos as explaine· l ater . 

Tho second soils m~ le as collected in the 
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Grand Junction , Colorado, area in 1946 as a part of the 

soil survey of that aroa . I t was classified as a aa l ne

alkali soil. rhe i mmed i ate area v s bare ground , no 

cultivation eing attemp ed . ~he tex ure s de cribed 

s silt ola lo m to heuvy silt loam ..,urfaoe vith a 

lighter texture elo 20 inch s • . 'amplee were a ailable 

rom Oto a. 8 to 20 . 20 to 32 , and 32 to 44 inches. 

Only the Oto 8 i nches su.pl was sad except for thermal 

curv e,:,, The area number · or thi sampl e ms 57- • 

... he c a sn.rnpl os con ·isted of bc11to111te f1•om 

·.- o in , ol ini te rom the J . • Bake1· Cho,1ic 1 o . , -nd 

a lL i t od s pply of illi te , 

u lesa other>.: ise t 4 Cd the f o lo ii Jg rocedures 

, ere carri d out on the ::iort Collin□ , and Grad J ction 

so il und on th b __ toni e nd ~aolinitc . he Gra1 

Junotio ercu soil ,; ill be ref::irred to as ,;,Oi 57- i n 

agreeCTcnt with the original surve n bor nd so \7ill not 

be con used 7ith reduc tive soils :from tha t area . 

the e veriJ1e tal procedure logioall;y falls into 

severa l sec ion and each pro c edure 7111 be pr esented 

separ a tely . 

Determinati on of aarticle !L!.Q fractions!!! soil~~ claza 

The particle s i ze fractions were determi ed 

es ntia.lly the standard i pett c met hod of Olmstead et 

al. {55) , wit h some modi i ~at ion . 
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Triplioste s a.mpl es of each of tne soils and 

clays were taken so that after removal of t he sand frac

tion, the remaining portion would. weigh from 10 to 11 

grams . The samples were transferred to 1.00 milliliter 

plastic oentrifuge tubes and 50 to 60 mi lliliters of dis

tilled water were added . Carbon dioxide ias passed through 

the mixture for 15 minutes . Th e superns.tent liquid was 

decanted and the washing and centrifugation repeated un

t il the olay remained slightly di spersed after centrifu

gation. Th i s was obtained iith t he seoo11d washi ng of the 

ort Collins soil , but several washings were needed wi th 

soil 57-A ,. Th e· washed samples were then oven-dried and 

weighed . Th i e weight .as t aken as the basis f or ca.l-0u1a ... 

tione r a ther than the original oven- dry wei ght . 

The samples were then quantita t i vely trans

::ferred to 250 milliliter wide mouth bot t l e$ and. diluted 

to 125 milliliters with di ~tllled water; 2 milliliters of 

0 . 5 normal sodium hydroxide and 2 milliliters of 0 . 25 

normal sodium o l ate were t hen added to each sample .. The 

eample,s were dispe rsed f or 10 minutes with, a motor stirrer 

and then washed with distilled water through a ZOO- mesh 

ire screen into a 1000 milliliter sedimentation cylinder . 

The particles remai ning on the seive (sand fraction) ere 

t horoughly wa.ahed to remove smaller particles and t he ·1ash

ings a dded to the cylinder . The sand fraction was trane-
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ferred to a tared dish , dried , and weighed . The suspen

sions in the cylinders ~ere made-up to exactly 1000 milli

liters wi t h distilled va ter , and placed in a constant 

t empera ture bath s t 20 degr ees centi r ade, 

fter each suspension wa s brought to constant 

temperature , it was thoroug hly di spersed b shaking1 end 

over end , and samples ere drawn off ith a 50 milliliter 

Lowy auto atic pipette (cathetometer arrangement} at the 

time ond depth calculated f or the d sired fractions by 

tokes ' equation. he sample and ashinga ere trana

fer:red to tared 50 milliliter conical c entrifuge. tubes , 

dried at 110 degrees centigrade for 24 hours , nd eighad . 

Accounting f or the dispersin rea ente tho mechanical frac

tions ere calculated. 

It a ppeared possible t hat organ c matter. slight ~ 

ly soluble e.nd acid soluble salts , some acting as binding 

a ente , mi ~ht interfere with the mechanical analyses and 

subsequent ionic exchange capaciti es , Since the mineral 

constituents ore oons idcr ed to be of primary im ortance 

1n this invest igation t he organ ic matter and acid soluble 

salts er removed . This was accomplished by following 

t he sugges tions of Olmstead et al . ( 35) , and Truog et al . 

( 45). Th e samp les w re trea ted with a 6 per cent h · dro en 

peroxide solution and alternately brought to d.r ne s until 

no further reaction resulted when hydro en peroxide a 
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added . he snmples iere then trea ted ith 100 to 200 

milliliters of 0 .1 nor 1 hydrochloric acid f or one hour . 

ashinge to re ove excess 

a .fandler filter , since it 

cid 1ere accompli hed b use of 

a f ound that dispersion of 

the sample pr evented the use of centrifugal ashinga a 

a.a done 1th the fi.rst s et o samples. The samples rnr e 

shed 6 to 8 times ith the f iltering thimble . then 

dried and eighed . hia ei ht s u d :for future ealc-

lations. rom thia o i nt the samples ere treated 1n 

e ctly the same manner as the f irst et of samples . 

Brom obs rv tions on the first set it appeared 

that the kaolinite was di persing to a lessor degree than 

the others m lea. Consequentl separate portions of 

kaolinite ere arb1traril di *ersed ith sodium h drox

i d , sodium oxalate , odi s i lic t e , odium ot a phos-

hate, and so ium sto rte . rom visual examination it 

as p rent that th s odium silica te nd so dium stearate 

iere superior to the ot her dispersing agents ~hen used 

1th this articular aa ple of kaolinite . It 1ae not 

10 n hat effect sodium ateara te i ght exercise on the 

sampl e so aod.ium siljoa te ms used for dispersion 1th 

th o kaolinite sam lee . h.o ispersion was f ound to be 

more complete than hen dispersed ith sodium oxalate 

and sodi hydro i de , but in dryin the aam~les the kao-

linite rendered useless f or ionic exch e deter ina.-

tions . 
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When the kaolinite samples t1ere dried to obtain 

their eights , it appeared that aome :reaction was affected 

itb the sodium silicate . This was e idenoed by the fact 

tha t the kaolinite wa incapable of excha.ngiri..g or retain

ing any ammonium 1ons when trea t ed with ammonium eceta.te 

solution for the subsequent determination of ionic ex

chan e capacity. It was impossible to repeat the entire 

procedure because of insuf:fici nt amount of t his particu

lar ka.oH.ni te sample , 

In chapter IV the data ill be pres·ented so that 

the two sets of aamples may be easily distinguished accord

ing to the treat ents above. ' hG samples where organic 

matter and binding agent.s- 1~ere ot removed. i!ill be re

ferred to a.s the untreated samples , and the samples sub

jected to hydrogen peroxide and bydrochlorie s.oid treat ... 

ment Will be referred to as the treated samples . 

The fractions obtained :from t he mechanical 

analysis were emplo-yed direct ly in the determination of 

ionic exchange capacity . The method developed for this 

determination was essentially a semi-micro adaptation of 

the ammonium ac et ate method as developed by Sohollen

ber er and Simon (42) and used by Gardner . ¥.hitney. and 

Kezer (16). 
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Th method used for both the treated and un

treated samples from the mechanical analysis i s as follows : 

To the dry samples contained in the 50 milliliter conical 

centrifuge tubes , 25 milliliters of l normal ammonium 

aceta te adjusted to pH 7 \Vere added and the tube stoppet"ed 

and shaken on am chanioal shaker for one ho • It was 

neoeseary to loosen some of the oolloidal material adhe.r

ing to the ides of the tubes with a rt1.bb,er policeman and 

ash dovm ith more ammoni acetate solution . The aam

p1e ere allowed to stand over night in the ammonium 

acetate solution, shaken for 15 minutes , and then centri 

fuged at 2000 revolutions per minute for 5 minutes .. The 

supernetent liquid v ae then decanted . 10 to 15 milliliters 

of ammonium acetate solution were added to eaeh tube . the 

tubes were placed on the mechanical aha.kel· for 15 minutes 

then centrifuged. The procedur e was repeated 4 times ~ 

The excess ammonium aceta te was removed by wash

ing 4 to 6 times , or until :free of ammonium ions ,, with 

15 to 20 mill iliter portions of 95 per cent ethyl alcohol 

then oentrifu,ging as long as necessar to th.row down the 

ispersed portion . It was fom1d ith the last rashings 

t hat 2 to 3 hours at higher speeds was necessary to pro

due a olear supernatent liquid in the tubes , 

Alcohol with a hig her percentage O•f water oau$ed 

dispereion usu.ally on t.tie second a.ehing whi ch prohibited 
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separa tion oven with prolon ed oentrifu.gation at h . h 

speeds . A a.mall amount of ammonium chlor i de added t o the 

f irst alcohol wash gave a co nvoniont ay to tost for the 

compl ete r o l o f t he runrnoni um ion indiz· eetly by tea·t 

ine fo chlorides (37 ). lf th tubes er inver t ed on 

pap r to ell after ea ch decant ation and allo ed to 

dr in free o f a lco hol th e number of ash1ngs requir ed tor 

the removal of excess ammonium ions s reduced . 

hen the sample was fre e from excess mmonium 

ions it ms transferred que.nti tati vely t 1th 00 milli

liter of distil l ed ater to a Kj el dahl flak . bout one 

gr am of heavy ~agnesium oxide as add ed and t he flask 

i mmediate l y connec t ed t o t he distillat ion apparatu . 

About 200 mi l l iliters of di s tillate 7ere collected i n 25 

milliliters of satura ted bor ic aci d so lution. It as not 

found necessary to a d glass beds o:r o i.l to revent 

bumpi ng or frothi ng during distillation. The di tillate 

as t1tra t d 1th 0 . 010 normal sulfuric acid u ing methyl 

r d- brom creaol green indica tor . r om the millili ters of 

aoid r equired f or ach titra tion the m1lliequ1v lonts 

corres ondin to ea.oh eam· 1 eight ere calculated . An:j 

other d sired r elationshi p perta.ini _ to exc han .e ca a.city 

oan ten be o loulated f rom these data . 

The ionic xchange ca aci t of t he natural un

fra otione.ted soils and ela s as obta.tned using one gram 
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oa.mple • weighed aft er wa hing , or treatment• and the 

same proo e4u.re followed as given above for each individual 

fract i on. 

The rocedure used 1n determining the rela ive 

s peeifio surface of the colloidal fract ion of soils and 

elsys was to.ken direot l y from a :research l"eport from the 

laboratories of the u. s. De rtmant of ~ricul ture . 

Beltsville ., .Maryland . 'I'he pro oedu:re was developed by 

Dyal {12} . Si nce the re port a p1 ea.rs only in mi meograph 

for the entire procedure is r ep dnced here . 

The follo wing procedure can be used in appl y
in the e t hylene gl ycol retention method , 

Apparatus: Two Pyrex vacuum desiccators 
(12"') 1th porcelain plates 
Vaou.um pump ( eloh. Hy ... Vao ) 
Analytieal balance 
Shallow weighing bottles with 
covers 

Chemioals: CaCl2, anhydrous 
P205 
Eastman e hylene glycol• pur
est grade 

Rediatil t he ethylene glyool 1n vacuum dis ... 
oard1.ng t he f i r st and la.st 10 per cent of dist ill
ate. Dxy the ca.012 at 100 degree·s oent i rtu1e 
overnight . 

S$pare.te the l ess than 2 mi cr on fraction 
o t he so 1 or clay and saturate ith hydrogen 
by leac hi ng With dilute HCl . lh."Y about l ~l 
~r ams at 100 de ees eenti rade partially in 
order to destroy endell i te and t hen over F205 
in va cuum to constant weight . he prel minary 



r in s ould e omitted if information i s de
sired about endellite in s ome unusual instanoe . 
Hat a out 1 . 2 grams of separated cla to 600 
de rees centigrade for at least t~o hours . 

After the sample has r eac hed constant 1ei 'ht 
add out 1 mi l lilito of et hylene gl eol to the 

ei bi ottle and place in va cuum desiccator 
abova a out one- half pound of dr · aCl 2 . Evacuate . 
iei h after about 16 hours , replace i n de icca
to , evacuate to less than 0 . 1 m. of m r cury. 
an finally weigh after 24 hours . Discard aOl2 
after use 1th atout 10 ampl es . 

If the loss in oi ht between 16 and 2 
hours is less than 0.020 gram t !.e 16-hour lue 
should be used as th t .for ethyl ene gl col re
tent on . The 24- hour value s hould be used as 
th t f or oth l e glycol reten i on if the eight 
loss i r - ter than 0 . 020 ram rovi ded the re
tent·on ut 16 hours i s 1 s than 0 . 35 gr am in
die t ·n _. adequ te ouum and anh drous char a cter 
of desicos t . preliminn ·y t est of vacuum oon-
itions i s des1rabl • One mi lliliter of eth -

l en l yool hould evapo te in l e s t han t relve 
our • { 12: 11 ) 
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it the exception of t he redistilla tion of the 

t 1 ne l yool the oc cdure a s follo ed s iven. t o 

m les e 1 -ced in des ccator f or all ev c at ions . 

A la.r _er numb er o sampl es in t he desicca to r caused sn 

ere se in the amount o eth lene l ycol retained so t he 

same conditions . ere used for a ll samples . :rhe method 

also e d to hole so 1 and s ilt lus cl y fruo -

tions r ather han j us t to the colloida l frac tion (less 

than 2 mi crons i n diameter} . 11 of the samples other than 

rhole soil were obta n d by aeiving separations and sedi

ment at ion o su ensions uoing ~tokes• equat ion, 



Idep.tifie>a.t1on .Q.! ~ minerals !!! ~ oil :U 
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A procedure for the identification of clays by 

their hydration ro orti es aa given by llcy, Jenny, and 

Brown adapted . he procedure as g ven follows : 

snmpl a ere roug t to equilibrium above 
50 per cent sulfuric acid at a constant tom er
a.tu.re of 25 agrees eentigrad . Approximately 
one gram samples. rnre used :in duplicate and 
·1ere kept at each temper a ture until loss i n 
weight ceased. ( 1 :261) 

Hendricks and lexander (19 ) reported that in 

differential t hermal studies the silt and sand fractions 

woul not inter:!'ere with t he carves unless present in 

much larger roportions t .an the cla.y ., Organic matter 

as reported to interfere with -the kaolin type curves , 

but not 11th clays where the linear portion as at hi gher 

to pera. tu.res . 

i th hese previous inveetiga ti on.a ae t h.e basis 

a procedur e as dE)velo ped as f ollo 1s t 10 gram aampl os 

r treated ith 25 illili ters of 10 per o nth drogen 

peroxide . Cold di ge tion ·as a l l o ted for 2 to hours 

then at higher temperat es until dr yness . but not to 

boiling ,. fter three such treatments the in otivit upon 

addition of the peroxide indicated that most of the organ

ic matter as remo ed fr om the vort Collins sO il , the 

bentonite . and the kaolinite . Several additional treat

ments plus an acetic acid treatment . ecause of the 
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. 
apparent pre seno o ma.ng nos e dioxide . wer e necoa.sary 

ith soil 57-A efo l"e the i nactivi ty ndicate compl ete 

removal of the organic matter . One gram sampl es o:f benton

t e and kaolini t e ere placed in pla tinum crucibles, dr ied 

a t 110 de roes centigN1.de .. nd wei gh.ad ., T ese ;.rere thon 

i3ubjeoted to t emporntures of 50 dog:ree c ent igr a de int r

ls until 800 degrees centigrade as reached . Te sam

pl es ere left in the f urnaoe a t each t mnperature :f'or one 

. our , re ov d to a oalci chloride deaioca.tor , cooled 

for 46 minu.tea , ig ed, and r placed in the furna.c at 

the next te erature . 

dditional samples of th ola sand oils were 

broug t to dr ness t 110 degr ea oentig~ade after treat 

ment with hydrogen peroxide , broken up . but not finely 

ground• with a mortar and rubber peatle , and placed in an 

atmosphere ch bor co nt a inin 60 per oent sulfuric acid 

for 8 days .• , · One gram samples were then plB.CGd in t;ared 

platinum cr ucibles and sub jected to temperatures a t 100 

degre. F hrenhei 1; intervals and held at each t rnperature 

for l ½· hours , then oooled a.nd 1eighed to f.ou.r places . 

1',rom co pa.rison of sample s held in the furnace 

for one hour with t hose held for l½ hours it as :found 

that one hour wna sufficient time to allow for t he loss in 

eig ht . In a like anner it was f ound that 8 day$ in the 

a.tmos~ here chamber over 50 per o-ent sulfu.ric acid were 
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suffi ient o e a ple to oome to a reasonable balance 

with the a o ph re . 

In or er to obtain ·ore information oonoerning 

the oolloidal factions , samples o:f the clays, plus 

sample of illite, and samplos from the profile of soil 57-

A corresponding to the depth Oto et 8 to 20, 0 to 32 , 

and 2 to 44 . -:1.nohes, and samples £·om the "ort Collins 

soil profile corresponding o he pths of Oto 12, 12 to 

36, 36 to 60 , and 60 to 72 inohes were disp raed in 1000 

milliliters of wat ½ as desoribed in the procedure for 

t he mechanical analy is. The time of sedimen a.tion 'Ii ns 

calculated for particles greater tan 2 micro in die.• 

meter and t he u.spension above t. is m siphoned off . 

The suspension as floc culated ith ca lcium chloride 

solu ion . iltered wit ha man 40 fil e.r paper . leach d 

1th dilute h drO ohlori c a cid or r e oval of lime , and 

subjected to to l eachings of caloiu.m chloride solution 

( pproximately 2 no~mal) .. - cess calcium chloride vms 

removed • 1th di tilled 11ater washings . he collo i ds w re 

trea ted ith 10 per cent hydrogen peroxide ::or removal 

of organic matter a s descr i bed above . mhe colloidal 

terial was then brought to dryness at 110 degrees eenti 

g:rade and placed over 60 per cent sulfuri.c acid for 8 

days . Intervals of on hour a t eaeh successiv tempera

ture ( 100 degree l!"ahronhei t) c ha - e ere us d in the 

muffle furnace . 

. ... .... ~. :.. 
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Tio other soils from the Grand Ju.notion area 

l ere treated a.a de.soribed above and the colloida uaed for 

this determination . ...he survey numbers for these soils 

are 15- C and 8- A., Only the O to 8 inch samples wer~ used • 



Chapter IV 

PRESENTATION OF DATA 

It as proposed in the introduction t o this 

thesis that th relation oft e ionic exchange capaoit 

5 

to various other properties of the soils and clays under 

consideration could be studied by a breakdown of the prob

lem into four sub-investigations . The results of these 

investigations a.re presented here . 

eohan1oa l e.galyees ~ ionio exghapge relat ions 

or ease of compar ison the partiole size di stri~ 

bution and the ionio exchange capacities o eac h sample 

and it fractions are placed in Tables 3, 4 , 5. and 6. 

In soil 57-A the water soluble .material was 

2 . 6 per cent , and for the Fort Collins soil was 0 . 5 per 

cent • .An additional 4 . 6 per cent of soil 57-A as re

moved by tre tment •ith hydrogen peroxide and hydroohlorio 

acid , making a total of 7 . 2 per cent of the original soil 

removed by treatments as deeorib din the procedure . or 

the Fort Collins soil an additional 2 . 2 per cent re.s re-

moved by acid and peroxide treatments , making total of 

2 . 7 per cent of the original soil removed . These figures 

were baaed on dry weight samples of the soils before and 

DEPARTMENT OF AGRONOMY 
Colorado State University 

Fort Collins, Colorado 



Table 3.-JIBCBANICAL AHALYSBS AND IOWIC ElCHARGE R&LATIO S OF FORT COLLIS SOIL 

Particle ize Values Ionic Exchange Values 

Description Di tera S tion Actual S tion Actual Swmation • Actual 
in percent percent percent percent •••-/lOOg. . e . /lOOg. 

Sand 
Coarse silt 
Jlediwa silt 
Fine silt 
Coarse clay 
llediua olay 
ine clay 

Sand 
Coarse silt 
1'edium silt 
Fine ailt 
Coarse clay 

di clay 
Fine olay 

2.00-.050 
.050-.034 
. 034- . 018 
.018-.002 
.002- .001 
. 001-.0002 

<-0002 

2.00-.050 
.050-.034 
.034,-.018 
. 018- .002 
.002-.001 
.001- .0002 

<.0002 

100 
47.4 
39.7 
32.a 
18.6 
12. 7 
3.0 

100 
46.4 
40.2 
32.9 
21.0 
16.9 
6.8 

Untreated Fort Collins ~il 

52. 6 
7.7 
6.9 

l4.2 
5.9 
9. 7 
3.0 

100 
92. 0 
88. 0 
a7.4 
~ -9 
43. 2 
12. 6 

Treated Fort Collins Soil 

53 . 6 
6.2 
7. 3 

11.9 
4.1 

10. 1 
6.8 

100 
97.0 
94.a 
92.3 
74. 6 
64-4 
29.9 

8.0 
4.0 
0 . 6 

26.5 
17.7 
30. 6 
12. 6 

3.0 
2. 2 
2.5 

17.7 
10. 2 
34;5 
29.9 

16.6 
32. 2 
36.8 
44.3 
54.3 
56.5 
&:) . 8 

15.5 
32.4 
36.6 
43.5 
55.1 
59.2 
68.2 

The value presented are taken aa the beat value ot triplicate• plea run 
si.m.ul taneou_sly . 

•Values represent fraction indicated plus all smaller fractions. 

2.5 
8.6 

14.4 
30.9 
49.7 
52.3 
(9.8 

0.9 
5.5 
5.3 

23.1 
38. 6 
53 -6 
68.2 



Table 4.- CHA.NI L ANALYSES ABD IOBIC IXCiiAllrGB R8LATIOJS OF 57-A SOIL 

Particle Site Values Ionic Exchan§.e Values 

Description Dia eters s tion Actual Summation Actual s t1on• Actual 
in mm. pereent iercent percent percent m.e./lOOg. .e./lOOg. 

Untreated 57-A Soil 

Sand 2.00-.050 100 2.5 100 0.5 13.9 2.8 
Coarse silt .050-.034 97.5 3.0 99.5 1.7 14-2 7.8 
Jledium silt .034-.018 94.5 15.0 97.a 3.2 14.4 3.0 
Fine silt .018-.002 79.5 43.5 94-6 28.7 16.5 _ 9. 2 
Coarse clay .002-.001 36.0 9.9 65-9 10. 3 25.4 14.5 
Medium clay .001-.0002 26.1 17.4 55.6 31.5 'i!i-1 25.1 
Fine elay <.0002 a.1 a.7 24.1 24.1 38.6 38.6 

Treated 57-A Soil 

Sand 2.00-.050 100 2.0 100 0.2 15.1 1.5 
Coarse silt .05()-.034 98.0 3.7 99.a 1.9 15.4 7.7 
Medium silt .034-.018 94.3 9.9 97.9 4.1 15.7 6.2 
Fine silt .018-.002 84.4 45.2 93.s 21.0 16._8 7.5 
Coarse clay .002-.001 39.2 8.9 72.6 7.2 28.0 12.2 

dium clay .001- .0002 30 • .3 17.9 65.6 30.1 .32.7 25.4 
Fine clay -<.0002 12.4 12.4 35.5 35.5 43.2 43.2 

Th v lues pre ented are taken as the bat value of triplicate a mplea run 
simul taneo.a l y . 

Cit •Values represent fraction indicated plus all smaller fractions. 



Table 5--- CHA ICAL ALYS ~S AND IONIC EXCI NGE R LATIO SOP B TO If£ 

Particle Sh Valuea Ionic bohan e Va l ues 

De cript1on Diameters Summation AotUlll s t1on Aet l Actual 
in • percent percent p roent percent m .. e./100&• 

entonite 

Sand 2 .00- . 050 
Coar~ silt .050-.034 100 2.9 100 0.8 81 .3 22.4 

1u ilt . 034-.018 97.1 1.7 99.2 1.0 8,3.0 47.e 
Fino .oilt . 018- . 002 95.4 6.5 98.2 2 . 1 83.8 26. 2 
Coars clay -:002- . 001 88.9 6 .. 2 96.l 5.5 87.9 72. 2 

di clay .001-.0002 82. 7 28.8 90. 6 30 .. 7 89 .2 86.6 
Fine cl ay < . 0002 53.9 53.9 59.9 59.9 90.4 90.4 

.ntonite 

Sand 2.00- .. 050 
Coarse silt .050-.034 100 3 .. 4 100 3 .. 0 82el 72.,2 

di silt .034-.018 96.6 2.5 97.0 Oo7 82.5 23.0 
Fine a1lt .018-.002 ·4. l 16~'/ 96c3 10~7 64.0 52.6 
C0&rs clay .002- .001 77 .. 4 9.2 85 .. 6 9.0 90 .. 9 80.3 

clay .001-.0002 68.2 31.9 ~-6 ~-0 92. i 87., 
clay < . 0002 36.3 36-3 .6 .6 95. 95. 

'lh Yalue pres nted are taken as the beat wlu of triplice.to. samples run 
simultaneously. 

*Values represent fraction indicated plus all smaller fractions. C/1 
~ 



Table 6-- CHANICAL ANALYSES IO IC BXCBAHGB RSLATIO S OF KAOLI IT.E 

Particle Size Values Ionic Exchange Values 

Description D1 tars S 
in 

tion Actual 
percent percent 

S t1on Actual S tion• Actual 
percent pore nt m. e . /lOO • m. e . /lOOg. 

Untreated Kaolinite 

Sand 2.00- . 050 
Coarse silt .050-.034 100 9.6 100 2 .2 
Uedium 11t . 034- . 018 90.4 40. 7 29. 0 2.9 
Fine silt .018-.002 49.7 36.2 70. 2 5e.o 3-6 
Coarse clay .002- . 001 13.5 10. 1 18. 2 11. 3 3.7 

dium olg.y . 001- .0002 3.4 2 . 8 6-9 6.9 5.5 
Fine cliay < .. 0002 0.6 o.6 

Treated Kaolinite 

Sand 2.00-.oso 
Coarse silt .050- .034 100 1.5 ... - 2.6 

dium silt .. 034- .. 018 98. 5 5.4 
Fine silt . 018- . 002 93.1 41 .1 
Coarse clay . 002-.001 52. 0 20. 6 3.0 
ed1um clay .001-.0002 ;1.4 30. 0 

Fine clay < . 0002 1.4 1.4 

he values pr Gentod are t&ken as the best alue ot dupli te a ples run 
si l tane-ously . 

•Values represent fraction indicated plus all smaller fractions. 

1. 6 
2.5 
3.1 
5.5 
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after leaching . The weight before treatment 

calcul at1n p,ereentages . 

a used for 

ln tile bentonite sample organic matter was 

found to be negligible and the acid and water soluble 

alts only about 1 . 1 er cent . Water soluble material was 

about 0 . 5 per cent . 

ecause ot the dif:f ranees in the method of 

dispersion used with tho tre ted and untreated sampl s of 

kao l inite. summarized in Table 6• it is diff icult • if not 

impossible , to determine m t contribution s mnd by 

t he acid treatment . It is apparent that the degree of 

disp.ere1on of the treat ed eample was greater than that of 

t he unt r eated . 

In t h kaolinite sample the amount of organic 

matt er e negligible as a.a the oid soluble material 

As as explained in the procedure the sodium ailioate 

used f or the dis ersing a ent of the treated kaolinite 

samples rendered the samples useless for determination 

of ionio e change relations . 

In Tables 3 , 4 1 5. and 6 the values for the 

sand (2 . 00- 0 . 50 mm , ) and ooarse silt (0 . 060- 0. 0~4 !"il!tl •) 

tractions for all of the ionic exchang e relations must be 

obtained by interpolation from curves drawn from the rest 

of t he data . hese curv a are included in the appendi . 

It is apparent that this rocodure leaves considerable 
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ource of error in these t wo fractions . and especially eo 

in the coarse s-lt . since that value . even in the mechan

ical analysis , must be obtained ry difference , The aecum

u.la.tive error mi ht be of eonsi erable m nitud.e since it 

1s not enly add ti ve in the mechanica l analysis ., but the 

final value obtained for actual milliequival<,mt per 100 

grams may re resent the product oft o accumulative errors, 

one fron1 the mechanica l and one t'.rom the ionic exoha .e 

"f'Slues . The lues expressed in t he column for actual 

m1111equiva1ents per l DO grams fo:r the coarse silt al

tb-ough apparently not consist ent in ome eases might be 

e eoted t o be even rther in varianc oonaide.ring the 

possible sou.roes of error , 

So t hat all o. f the data may be cons de ~d by 

eomparisona of the total sand . silt , and clay fractions , 

tat i a, considering the sam les aa they naturally occur , 

a bar diagram has been oonstruoted iving act ua l percent-

a es o each fraction and the 

contributed by each fr action . 

Fi gure 1. 

e:rcenta e ionic exchange 

These data appear in 



Sana-:: 
weight 
exchange 

Silt-:: 
weight 
exchange 

Clay--- weight 
exchange 

-- weight Sand-__ exchange 

Silt--- weight 
-- e~change 

Clay--- weight 
exchange 

Sand --- weight 
-- exchange -- weight Silt-:-__ exchange 

Olay-:: weight 
exchange 

Silt--- weight 
exchange 

7 

PJIBOBN'l!J.GE OJ' !O!A.L SAMPLE 

-- untreated 

-- weight b-7=~~~'"7'?~~~....,,,,=7?"'.:~'7"7~=~ 

Clay-__ exchange 1------------------~---1 
-- weight Silt - __ exchange 
-- weight Clay-__ exchange 

Silt--- weight 
exchange 

-- weight Clay-__ exchange 

Silt -- weight · 
Ola -- weight 

..,..,.,...,.....,..-,,------------~ 

~i g . 1.--Ionic exchange in relation to · particle size. 
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Retenti on 2.! eth1lene .l col 

The retention of ethylene gl, ool by the clay 

fraction , as given 1n Ts le 7, probabl presents the best 

eans of compar ison since var ing amounts of s i lt and sand 

wer e pr es ent in the other samples . It i s not known that 

the retention of ethylene glyco l by particles larger than 

2 microns in diameter is compar ab le to the ret ention by 

co llo i dal particles . The difference between the r eten

t ion of t he unheated sample and the heat ed sample has 

been attributod y . 1 (12) t o internals elling . Dya l 

belie ea that n difference of less than 0 . 005 gr am of 

lyool per gram of clay is insignificant . Values obtain

ed after 24 hours of evacuation were used throughout for 

these differences , 

An approximate compari son of t he base exchange 

capaciti es and the retention of ethylene g l ycol o:f the 

clay fractions (2 m crons and leas in diameter ) indica tes 

that the tvo ethods do not give values of the s ame ag 

nitude , but there is a paral l elia in the order . 

Figure 2 . 
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Table 7 .--ETRYLENE GLYCOL ETEilTIO U WE . VA UU BY OIIB 
AND CLAYS F EVIOUSLY DIED OVER P205 

ErHYLEIIE GLYCOL 
GHAMS PEE G. 

Unheated Heated to 600°c. or 
Internal 

16 hrs . 24 hrs . 16 hrs . 24 hrs • ..:>Welling 

Bentonite 
untreated 0 . 268 0.246 0 , 006 0 , 006 0 , 240 
Ii- treated 0 . 267 0 . 256 0 . 021 0 . 019 0 . 236 
n ... cJ.a 0.265 0 . 255 0.020 0 , 2 5 

Kaolinite 
unt reated 0.004 0 . 004 0 . 002 0 , 002 0 . 002 
II- treat d 0.003 o.oo 0 . 003 0 . 002 0 . 001 
li•o lay 0 . 005 0 . 004 0. 003 0 . 001 

Illite 
H• olay 0 . 038 0 .036 0 . 022 0 . 014 

Fort Collins 
~tree.tad 0 . 023 0 . 022 0 . 012 0 . 012 0 .. 010 

H- tr ated 0. 020 0 . 01s o.ooa 0 . 010 
H-clay - silt 0 . 044 o.o 9 0 . 022 0 . 018 0 . 021 
R-clay 0 , 094 0 , 081 0 , 030 0 . 027 0 . 054 

Soil 57- A 
untreated 0 . 025 0 . 024 0 . 011 0 . 011 0. 013 
H- treated 0 . 024 0 . 022 0 . 01 0 . 012 0 . 010 
H-cls.y - silt 0 . 028 0 . 025 0 . 015 o . 01~ 0 . 012 
H- cla 0 . 079 0 . 069 0 . 035 0 . 030 0 . 039 

The following particle size groups are represented: 

Untreated & H- treated 2 • d leas 
H- clay - si l t 0 . 050 mm . and leas 
H-clay 0 . 002 mm . and leas 



entonite 

aolinite 

ort Collins clay 

57-A clay 

Bentonite 

Illite 

Kaolinite 

IONIC EXCHANGE 
Milliequivalents per too Grams 

· 2 Micron Clay 

RELAT IVE SPECIFIC SURFACE 
Grame of Ethylene Glycol Retained 
per 100 Grams of 2 ~icron Clay 

Fort Collins clay 1------~ 

57-A clay 

~ig. 2.--Ionic exchange in relation to relative specific 
surface. 

Values for relative specific surface after 24 
hours under vacuum are used. 
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Deh;i:dration studies 

he data obtained from the dehydration of the 

eoil, soil coll oid, and clay samples are moa t readily pre~ 

sented in the form of graphs I e.e the luea in table form 

are not ~eadily comparable. 

It was f ound that the bentonite and kaolinite 

eurv so tained from samples heated at 110 de rees centi-

r e ere distorted in that the first linear portion r,ae 

entirely lacking . hen placed over 50 per cent sulfuric 

aci at 20 de reee centi ~r a e for 8 da ys before subjecting 

to dehydration analysis, the characteristic rapid los in 

eight of t he bcnton te up to 110 de rees centigrade was 

apparent . 

a.f::ee t e 

he initial curve of the kaolin te vas little 

hether it s heated at 110 degr ees centi de 

or allowed to adsorb moisture a t 20 degrees centigrade 

before heat ing to obt ain the dehydration curve . There was 

no apparent effect on the r ena.inder of the ourvea , either 

fox bentonite or kao linite, in relation to tho initia l 

treatment . 

The eur'\1'es of the ootu.ral oils . ort Collins 

and 67- . placed at 20 degrees centi r a de over 50 per cent 

ulfuric acid , do not to any great extent differ fr om 

tho e of t he soil colloids altfl9U h the total loss in 

i ght s lee here the sand and silt were present . 

he curves obta ined from the colloidal fraction 
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of the kaolinit , entonite , and illite ar e shom in 

Fi ure 3 , he soil colloids , of the s urface soils . ort 

Colline and 57-A. toget her th t o other soi l colloids of 

the Gr and Junction ea , Figure 4 . present curves with some 

character sties in common . 

The prof ile s t udi es o tho hort Collis . i ure 

6 , and 57- , Figure 6, colloids i ndicate that the surf ace 

soil eo l oid do es not var reatly :from t hat of t he lo ier 

110 j_zo • Onl t e surfa ce and lo rnst s ample o t he 57- A 

rofi l o are shown . The othe · to curves fall bet een the 

t•o plotted and gi o little ad itional information . 

The cur ves in Figures 7 and 8 a.re a redistribu

tion o lues so tha t t L va l u s interpolated f rom i -

ur ee 3 and 4 ar e presented . he loss in ioight ca lculated 

in per cent ei ght loss p re ch 100 degroe centigrade 

ria in t emp r ntu:r rel at e to t h total los i s plot t e 

against t he temperature . It is apparent that each lue 

must e plotte a.t the mi - po nt o:f e ch t mperature range . 

his allo s an error o plus or minus 25 degrees in plot

ting each oint . so the e ks , which are most easily com-

pare , might be n rror t o about that extent . e er , 

a gen rnl n ans of comnar1son is prosented which mit:- ht not 

be poasi le from the origi na l i gurea . 

A mor e precise comparison is poasi le b ca lc

ulating the p rcentage loss over a def ned r ange in com-
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a.risen 'I.ii th the total loss over tho ent re range , These 

lues are presented in Table 8 . 

Table 8 ,--P CEHTAGL LOSS, I N \ EIG T OVEl SPECIJ:!,I ' 
GES OF COLLOIDAL FMC IONS 

Colloidal material 
less t han 2 micro 

Pero t !OBS 
20°-150 • 

Percent loss 
150°-600° c. 

l3entonite 41 . 2 4 . 4 

olini te o. 94 .o 

Illite 29 . 65 .0 

ort ollins cla 4 .a 62 .4 

67- clay 7 . 8 59 . 5 

11 lues are inter olatcd from cur ves in Figures 
and 4 . 

A colloidal matcr i 1 containing a mixture o 

two clays might be expe cted to be pre cnt in a soil col

lo ida l fraction . So that a compar ison eight be made of a 

i:xture of 50 per cent illite and 60 per cent montmorill-

onite ith the soil colloids , the values for t hese tv,o 

cla s were averaeed ad pl otted . Th i milarit of the 

curve obtained to that of the Fort Collins cla at a 

epth o f~ to 60 inche a be seen in igure 9 . The 

two curves ar plott ed on di ::'.ferent percentage loss soalee. 

but the are still direc t l co para le . 

A comparison of the deh dration cur of the 
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57- coll oid ta a m xtu.re of 75 er cent illite and 

25 per cent montmorill onito (calculated} is shown in 

li1igure 10 ~ 

lthou.gh the purpose o · tis s otion on dehy

dration stu 1os was to i d ntify the clay miner ls in the 

aoil coll oi s t oes not a near tbnt this oan e done 

ooncl sively ere1y from the dat at hand . A complete 

co a iaon an relation of t hese data with t t obtained 

ron t e oth r proce u.res and w th nta fro~ t e litera ~ 

t e o~ ea s _pot • c cnn otter e han l ed n t e 

SC OS O O C apter v. 
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In t h a study wh re ionic xcha e oapaoity is 

ei rol t ed to relative specific surface. " rtiole siz , 

and t.pes o norals present jn cert s n so ls and cl ys , 

t eco a more and ore o v oust a t the id t f oat on 

o th m· nerals resent in the soi s may be o~ r i-

mary 1ort nee . 1. is · m ortance J s o..t eoi lly under -

standable a ter a caroful survey has been made of the 

lite at ire . Not in ery instance . but in most cases 

wher 

lon 

act · 

ai ni icant eo ntri ut i ons in advances of kno led e 

h s 1 ne ave been mad , it has een shown t hat the 

ty o the so 1 may be related to the t e of clay 

m' nerals resent . Th s conceot may be erroneous to a 

degree and a fe aut ors h ve attempted to sho'f the sig

nificance of the l r er particl s of t he 0 11 . 

Althou hit may appear that the chi f object, 

th n , is tho identification of the clay ninoral y rele

gati all the 1nv stigations to t his end , the converse 

is lso true . If the cla minerals are identi f ied t hen 

the r sults of all t·e s 

ore sig f c nt . her 

rate i nve ti tions are far 

re also oert in i m lioations 
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hich should be mo r e thorou hl inveati ated . 

I t he best use is to be made of the studies 

ever a vaila le associat on s hould be made ~ith existing 

kno l edge oertainin to the part c 1 r stu Y• i nce the 

soils mples re of pri ry impor t ance a brief rev· e of 

thei geolo i c ~ormat ion y be helpful . 

Grim (17 } i n a r v ew oft .e occurrence of clay 

minerals in soi ls resents o servations from many sources , 

some o hich ere avail.a l- le to him in un ubli shed manu-

scr i ) ts and other sources :,hich under pres ent oond i tions 

re unavailable f or first- and obaer tion . In this re

vie he states tha t it is likel y tha t ill ite is formed in-

frequently i n soils , wher eas olin te and mont mor i llonite 

r e co only armed by soil-forming roe SS·S • A ortion 

of Grim' a review 1s ert nent t o the extent th t direct 

r efer nee seems justified . 

Illite i s rosant i n many so ils . r.iut us
ually as a re ant o the co illpos t i n o the 

rent-rock under differ nt environmental 
con itions ~ osk ng (22) has s o that i n 
uatralia , under conditions of a undant rain
a ll and net ve leacr n , kaolinite o 1 f or m 

on a.si c i gneous rocks , :.rhcreas uude:r cond i-
t ons o f 1 u rainfall anj poor ea c ing mont 
mor1llon te soils form from t he same igneous 
r oe -s . 

~ome soils cont a in m xtures o clay m ner
e.ls , but i n man so i ls th re s a single clay 
m noral thnt is the ominant co mponent . these 
are primarily :ature soils in which there has 
been ti CTe f or the clay ml Eral to devolo~. that 
is , in equilibr i um with the environmental fac
to r s und r whi ch tie s oil has formed . 



ontrnor illonitic a.nd kaolinit1c soils may 
form from illitio material. and ka.olinitie soils 
may f orm from montmorillonite p2rent..-material. 
As far as t he writer is aware , there is noun
.questioned example of a montmo1·illoni te soil 
that has developed from a kaolinite parent-mat er .. 
ia.l . 

Work to date suggests that illite is the 
most widely distri buted clay mineral in present
day marine argillaceous sediments , thst kaolinite 
1e also widely distributed but generally less 
abundant than illite , and that montmorill@nite 
is usually either absent or of very minor abun
dance . Dietz (10) suggests that illite is form
ing in the marine environment of a.oou.mu.lation , 
perhaps chiefly from montmorillonite - Correna 
( 9) has , however , concluded that there is little 
transformation of clay minerals on the sea floor . 

In most of the shales that have been studied 
illite is the dominant clay mineral , and there 
is some reason to believe that the shaly struc
ture is related to the presence of illite . 

Te argillaceous material of till and loess ; 
so far as is known, is composed of a mixture of 
illite , kaolini te , and montmorillonit~ , _th 
illtte the more abundant. (17:269-2611 

7 

If the ]fort Collins and Grand Junction ao ils 

follow the trends as giv-en above it might be expected that 

t he Grand Junction soil , f ormed almost exclusively from 

the ncos shale, a r ecognized oeean depoait 1 would be 

dominantly rela t ed to 1llitic material . The Fort Colline 

soil l argely of alluvial origin and fo rmed under condi

tions o:f low rainfall might be suspected •O:f having a mix

ture of montmorillonitic and 1llitic materials as its 

base . However , to conclusively make any such deductions 

would be unwise as there are numerous unknown fa.otore 



which may have dominated the formation of either or both 

eoils . 
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I t he.a been demonGtrated by Grim ( 17) that when 

clay mineral particles are agitated in water they tend t o 

break up into smaller-sized uni ts ~ lie further ehotvs that 

because of lattice charaoteristioa . montmorillonite breaks 

down more readily than kaolinite • I n a study of a large 

number of oleys G1·im has shown that montmorillonite and 

some 1ll1te minerals readily breakdown in a. suspension 

into particles l ess than 0 , 1 micron in diameter hi l e 

kaolinit e and most illite minerals a~e broken down with 

difficulty, or not at al l:, to particles of 1 to 0 , 1 micron 

in diameter . 

If Gri11 ' statement that kaolinite and most 

illite minerals are broken down, with difficult • or not 

at all . to particles of 1 to 0 . 1 micron in diameter is 

taken to mean t ha t these clay mjnerals also do not appear 

in nature. 1·1i th cliameters that small . some aigni icant in• 

~ications may b dra~n from the exp rimental data . 

The relatively large amounts of elay in the 

soil samples falling in the finer frac ions might be a.n 

indica tion of the presence of montmorillonitio material . 

The sma l l a.mount in the fine olay fractions of the kaol in ... 

ite and large amount in the ben toni te is subst ant i ated by 

Gr1m ' s observations . 
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Co 1, on of p rtiolea , a o si nd di ... 

tri ution, on .1ve only n in 1c tion oft et p of olny 

mn l re nt in e •Oil , ut oe lend eup ort when and 

to co :1 1rm 

th d V lo nt 0 

si e d i tri utlon of 

rec l cop i-abl. ., 

soil a ll th 

f ro other rooe~ur • roces o in 

oil · ry r atly. o vhe p rt1cl 

a- pl s 1_ not al ay- di-

n ort olliu d Gr nil J tion 

ntonit e naturall occurring 

h o tain fro oou roi 

nd osai l hav be n u jct d to tre nt 

ot thBn mi, ht urall occur. 

thG ba r 1on1o oh n repertie in r la 

tion to t cl 1 e should p:r n vtd nc of ore 

oonolus1v ture ♦ h r ti 1n 1on1o x-

oh cap 1ty ct th b nton t 1th r lotion to ti

clo 1 tl not gr t h n comp :r d 1th th inere e of 

t ol n1to fr otions + .. he enton of i r ono and 

1 xehan onp oit o 82 . 6 m1lli qui nlente pr 

100 ams o eo pr d tb 8 , O or th B mioron n lo 

d 90 . 6 for t he 0. 2 m·cron an le r ·tion • • hi 

ould !ndioat d1tfer no of abo t .- p r c nt b en 

t h oity o! t, 2 1cron nn 0. 2 m1c on frac• 

tion . Lh lues for th · ol1n1te 1nd1o t 32 por 

o nt di ff renc in x.eh n acit b w n t h e . icron 

o.nd l m ron r ot1on . h dift r nee oul prob bl b 



even gr ea t er etween the 2 micron and 0 . 2 micron frac

tions . he ort Coll ins colloidal fraction ind cated a 

difference of a .out 22 per cent in exchange capa c1t be

t een th 2 micron and tr. 0 . 2 micron fractions , and for 

the same ractions o 1 57-.,\ showed a di f erenco of 34 

per cent in exchan e cap city. The co r r es, ondi a ci d 

treated sa.m les are not a t va · anc c t o any extent with 

the differences in ca acities as shown above. 

Joffe and Kunin (24} roported no si n1ficant 

c hange in ase exchange ca ac 1 ty in . ontmorilloni te in 

re tion to particle si ze . The procedure used ~Y Jof e 

an Kunin allo ed the colloidal material to stand f or 

severa l de.ya in sus ension before the separ tions ere 

made ♦ his procedur e ould a ssuredly elimdn te a ll par-

ticles exce t t ose smaller than 0. 5 m·oron in diameter 

and possibly the s zes ould be ore 1 mite depend! 

on the s hape of the sedi entat on container . 

7 

Gri (17) ivee the ollo i va lues or base 

exchange ca acity in mill i equival ents er 100 rams of 

clay: montmorillonite 60-100. r.aol nite 2-16 , and illite 

20-40 . The spread in alues is expla ned f rom the fac ts 

that all t e mer b rs in a sin le roup do not have exact

l y the a.a.me capacity and thst for cer tain clay minors. ls 

t he capacity varies iith p rticle oi ze . he experimental 

lues using th 2- ior on-and -1 es-s as representative 
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indicate that th me tho a.a used are comp al to current 

proc ur and accept ed etandards . The value or the ben~ 

toni te representin the ,, ntmorill oni t group , in m1lli

equive.lente per 100 grams was 88 . 0 , the ka.olini t e , , 7 • 

a.nd for the illito . 5 . 6 . ... he Ji ort Collins soil sample 

,av s value for th 2-mi cron -and - less fraction 54 . 

mill equivalents per 100 grams . hioh does not fall ithin 

the limits of any of the acce nted groups . The less than 

0. 2 micron fraction . ho ever . gives a value of nearly 70 

milli quivalent per 100 grams ~ Kelley (2 6) states that 

the exchang e oa"aci ty of highl montmorilloni tic soil 

colloids has rarely een found to exceed ?5 milliequiva.

lents per 100 grams , but does not define the limits of 

t he colloid . Soil 5'7-A for the compar able 2-micron and 

less fr act ion ha a value of 25. 7 . This lue alls 

within the illite grouping . but the f a.ct i e not exclu ed 

that mixture of kaolinite and montmorillonite might 

also give sue av lue • 

From the previous discussion of part icle size 

it Nas indicated that the kaolinite a rarely present 

in the less than 0. 2-mioron clay group . If then, the 

exchange capacity of soil 57-A in the le a t han 0 . 2- icron 

group is approxi mately 40 milliequival ont s per 100 gr 

it would require an almost equal mi xture of montmor1llonite 

and olinite to obt a in such a le . This ould indicate 
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a wei ht of kaolinite present in soil 57-r in much l arger 

quantities in the ine clay fraction th n s found in 

the pure molinite sa ple . mhe pres nee of illite then 

seems ore proba le than a mixture of kaolinite and mont-

orilloni te . 

It i of far more than passing interest to note 

t t the eroentage 'base e change contributed by the sand 

and silt fractions of both t he Fort Collins and 67-

soils i aver significant amount . The values from Ta le 

3 indicate t hat the sand and silt of the rt Collins oil 

(untreated) contribute 29 .• 1 per eent of the tota l ex-

cha.n e capacity. he treated sample and and silt frac

tions i ndicate a value of 25 . 4 oer cent of the total ex

oha e capacity. For soil 57-A the co arable values f or 

t he untreated sand and eilt indicete 34.l por cent ex

c han e ca acity. and or the treated . 27 . 2 per oent . If 

it ere assumed that t h sand and si lt ero contaminated 

ith enough clay particles to account or tho exchange 

values , it ould e f ound th t the total ola perconta e 

1ould be so high as to claesif the soi l s as being far 

heavier t han they possibl y could be b an existing 

method , 

ore pl i n th untrea ed l ort Collins so111 

if t e entir bueo excha e caps.cit "re a ttri u ted to 

the less than 0 . 2 mic r on fraotio • 23 •7 per c nt o f the 



soil woul d n c ssarily fall in the less than 0 . 2 micron 

group as compar d ith 3 . 0 per oent b the mechanical 

analysis . If t e entire bas exchange ca city ere 

attri uted to the less than 2 micron fraction the total 

c lay rould a ount to 30 . 5 per cent rather t han 18. 6 er 

cent as indicat d hy the mechanical an lys • 1ither of 

the c~lculat ed.f i gures ould place the soil in a heavy 

clay claasi fi ca ion rat er t han a nd loam as it is . 

Jof •e and Kunin (24) em hasizedthe importance 

of tho silt fraction in its contribution to the exoba e 

ca pacity of soil . J..hey ca lculat d the p1·ob blf o y 

fr otions tor a eerie of profiles upon the basis that 

only the c lay contributoa to the xchange . Their evidence 

is conc l usiv. in showin that the clay fraot on canno t be 

res onaible for the tot l exchange of a soil . For a sam

ple of Colt ' s Neck l oam they a i gn 40 to 50 per c nt of 

the exchange to t he silt fra ction. 

From results of i nvestigations conducted by 

eo.y and eeks (43 } it was oasibl0 to calculat e the per 

oenta e o exchange due to the sand and silt fraction of 

a ury silt loam ~ A va lue of 35 to 45 per cent of the 

total exchange capacity as indicated . 

Of tho three investigations c ited the present 

investi tions give Tesults for thee cha.nee capacity of 

the sand and silt which are lo;er than the results of the 
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other i nvest iga tions ,, but still assigning a ei n i fiea.nt 

p~rtion of the •e~ehang e tt:> the ail t and s and. A wide 

variety ot textural grades of soi la a re oonsid red here . 

The ort Collins i s a s andy loam, t he 57-A , s silty clay 

loam . th . C lt 's lieek, a loam, and the ury, a silt loa.m . 

The second soil investigat .ed by Joffe and Kunin was a 

Montaldo s lt loam. This would ind ieate that t he silt 
' 

a c t i vity is of more than a. local z ed origin ► and · oss i bly 

of fe.r more i mpor t a nee t han has been ac credited to it up 

to this t 1 e . 

In summar12ing t he i plicationa drawn fro m the 

data. of the mechanica l analys i s and t he ionic exchange 

relations t appears t ha t oss i bl y montmor illonite is 

dominn tin the Fort Collins soil and illite is strongly 

favored in the Grand Junction soil .. From the ionic ex

c hange relat ions it i s i mpl ied that a consid erable por-

tion of the exchange oa.pacity of both soils y be attri-

buted to th e :fraotions of t he eo11 coarser than 2 microns 

in di ameter . 

Asi e from this s tudy , but lending support to 

it, Wh1tney (48 ) made a c hemi cal anal ys i s of the soil clay 

from the Western Oolorado area, whie b would have t he 

ea.me ;parent material as soil 57-A. The analysis sho ed 

percent s. e o f 2 . 03 potass i um oxi de , Virhile n bentonite 

samp~ e f rom est of mort Col l i ns co nt a i ned l . 13 per cen t 



potaaa um oxi e . 

Ross a1d Hendr icks (39) i nd cate that hydrous 

micas ( l l i te) rr..a.y ha ve a potass. U.'!l oxide co ntent of 

79 

rom 1 to 11~8 per cent. In numerous anal yses, which they 

present from severs sources , the montmo rillonite clays 

are reach 1 .er cent notaasium oxide and usually are 

much ess . 

his evidence would g ive additional su poxt to 

the establi shment of the presence of ill te in soil 57•A . 

Dyal (12) i n a. recent rese r ch report on the 

ebhylene glycol retention method of eati1ating relative 

a pee f c surfa ce i:l'.ldioa tes that an e -pr oximate pa.:r l l el-

ism might be expeoted between the eurf oe for retention 

of ol r solvents nd se exch nge . Ra v.r th r ndioates 

t hat t e paral el sm can on y be a ; proximate, howe er ? or 

mont orillon ite can vary in exchange capacity~ aa shown 

f ar nstance when ferric ons ar e r e uced in the lat t ice . 

an p rt o t he sur nee of kaol n te m nerals i proba ,l y 

neu a • He su. geats that t he degree of nrallelism 

should be studied i n detail . 

The _resent, tudy . es an opportun ty f or com~ 

a ison of base exoh n e th relative specific s ur a ce 

as well s g . v:i.ng a i d in i d.entif ica. t on of t e clay miner• 

a l s o t ho so ils ~ 

The r epro duc i bil ty o f the method is evident 
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from the use of the Wyoming benton1.te in both investiga

tions . Dyal uses this bentonite as a comparison for all 

of bis work and indicates a value of 0 , 24 grams of ethy

lene glycol retained per gram of unheated clay . k'or the 

same s ample t he results of the present experiment indi

cate a value of 0 , 25 grams o f ethylene g l ycol retained 

per gram of olay, Both va lues we:re obtained after the 

unheated. samples were eultj eoted ·to a vaccum of leas than 

0 .. 1 millimeters of mercury for 24 hours . Dy-al indiea.tes 

that a difference o:f greater pro ortions eould result 

depend i ng on the method Gf txea t1ug th.e suiple during 

t he or i g inal drying period .• 

The values of unh-ea.ted aampl ea for 24 hours of 

e ciiation in .g:r(l.ms of gl yool per gram of clay ( leas than 

2 microns in diameter} a.s presented by Dyal indi cate a 

variance o:f o ,. 22z to 0 . 273 in six clays of montmo:rilloni ... 

tic orig in . As s hown in Table 7. t he bentonite in the 

present investi .r:i tion as found to have a value of 0 . 255 , 

Dyal ivea values for six illite samples which va1· y from 

0 , 014 to o . 074 as oom ered rlth 0 . 0!6 f or the ill1 t e 

sample herein examined . \VO lcao lini te samples exnnlined 

by Dyal gave va lues of 0 . 014 as eompared with 0 . 004 f or 

the ka.olini t ·e aam le herein exaPined . 

Clay fra ctions o f soils oxam.\ ned by Dya l gave 

retentions ranging f ro,m 0 . 043 to 0.175 . These va lues are 
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compared with a valu of 0 . 081 f or the Fort Coll1I1 clay 

fr action. and 0 . 069 for th e clay fraction of the soil 

57- A. 

It is well known t hat th& high a dsorptive pov

ers of the montmorillonitio clays ar e due l argel y to in

ternal surfa ces and subsequent s.elling of the parallel 

plate --like structure which ma es up the cryst a l structure . 

This condition does not exist in the crystal structure of 

e.ther the olinite or illite el.as . Consequently ihen 

the rious clays are s ub jected to high temperatures there 

is a resulting break dom of the expa.nd1n lattice struc

ture of t he montmori l l onite olays and the internal sur 

f a ces are no longer availa le f or adsorption , This r e 

s ult in a loss of the retentive po er s expressed in per

centage ranging from 86 to 95 per cent of the or i ginal 

retention and is some instances cited by Dyal as even 

higher . either the kaolinite or 1llite clays exper i ence 

such e. l o s u on heating b ecause of t heir non- expanding 

ty of cryst al etruoture . Dyal indicat es t hat s amples of 

illit clay ubj eoted to this treat m nt aho ed fr om no 

loes in re tention of ethylene gl ycol to as uc h as 40 per 

cent . he kaolinite var ed from Oto 50 er c nt loa 

in retention of ethylene ,_ l ycol . Ho rnver •· i n the method 

Dyal disre ards differences here the loss was l ess than 

0 . 005 gram of l ycol per gram of ola . Non of the 



lo·sses by kaolin then would be considered significant •. 

-he values . as shown in Table? , f or the ben

tonite sample used in the present investigation experi 

enced a. loss of 92 . 2 per cent in retention of ethylene 

glycol 1. which corresponds to the value obt ained by D a l 

f or t he Wyomi bentonite . The illite sample showed a 

loas of 38.9 per cent in retontion. and the olinit.e a 

los of about 25 per cent. The For t Collins ola ex• 

perienoed a loss of 66.,6 per cent whil·e that of the oil 

57~A was 66 . 5 per cent . These lues may to a degree 

correspond to t he per eent internal a rtnce , 

The parallelism of the ethylene gl · col reten

tion of a clay with the ionic exohang o eapa.ci ty of the 

same clay is dornonstrated effectively in Figure 2 . Hera 

the ionic exchange in mi l liequiva.lents per 100 ,rams 0£ 
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2 micron and leO!s pa.rt oles is compared with the othylene 

lycol rete11tion in grams per 100 grams of the same size 

ma.terial , It i a parent that there is a certain degree 

of par al le 1 ism 11 ' 

Hendrie sand Alexander (19 ) use the differ 

ential t hermal analyses for n basis of a semi- quantita-

ti ve est tion of kaolinite in soil colloids . but do not 
I 

believe that the thermal curves are sufficiently differ

ent for illite and montmori l l onite to allow an unambiguous 

distinction between the two . Other investigat ions sre in 
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eneral agreement with this , although Kelley et al . (29 ) , 

aas n a definite resemblance of several California aoila 

to that of the entonitic clays upon the basis of ther

mal curves , and do distinguish the bentonitic curves from 

those of the "x" clay minoral, now accepted to be illite 

or hydrous mi ca . 

The curves of the Fort Collins and 57- colloids 

of Figure 4 are best com ared with the curves of the 

kno n clays by .Figure 3 .. The curves of both of these 

fi ures are more easil inter r ted b a brea dom into 

percent agoe of ater los over certain tempera t ure ranges . 

Theee values are t abulated in Table a. 
It oan be seen fr om this table that the kaolin

ite sample is distinct ively charact erized by this break

down. From these values t ould appear b means of 

comparison that kaolinite is not pres ent 1n either of the 

soil colloids . In general the Fort Collins colloid more 

closel resembles that of benton1te , and the 57- clay 

more nearly resembles the illite . Ho ever , a mixture of 

bentonite and illite could hardly be excluded in either of 

the soil colloids and perhaps is definitely supported . 

In ma~ing comparisons it must be re~embered 

that bentoni te is only a representative of t he· montmorill 

oni te group of clay minerals, and illite or hydrous mica 

is another group represented here by only one sample. It 
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appe ra that t he bentonite and illi te sampl s re f a irly 

r epresentative or,. to an extent, good "av rage samples 

for the roups they repres nt . 

On th e other hand the clay minerals i ng u p 

the Fort Co l lins and 57-A colloids might be "avera e" for 

the clay group they re resent or t heir propert es may 

caus e them to be near the limits of a articular roup . 

or these reasons r obobly no further compar i son oan be 

made . 

Th e curvos of ~1 ure 9 ar e interesting conjec

t ures , herein a calculated curve of 50 per cent illite 

and 50 per cent bentonite is plotted and the curve of the 

Fort Collins co lloid st a de pth of 36 to 60 inches is 

practicall su o r-imposed on it b merely r educing the 

perc nt age loss in eight scale b one-half . i gure 10 

cop res t he 57~ co lloid with a calcul a ted 75 p r c ent 

illite and 25 por c ent bentonite mixture. The resembl ance 

is ob ious, but the eignifica.nce may be questionable . 

A signif icant contribution, applicable to this 

stud , wa s mad e b elley. Dore , nd age (28) in t heir 

studi es of American alltali oils , hen they demonstra ted 

t hat t he a ccumulat ion of saline and alkali deoosite does 

not si nifioantly a lter t he cla minerals of a soil . 

This iould indicate then t rat the pr ant stud is not 

only appljcabl to soils affected by saline or alkal i 



depo s its of the Grand Junction area t but to fertile soils 

as w 11 . 

It seems appropriate at this point to attempt 

a co rrelation which ight lead to an identification of 

t he cla minerals pres ,nt in the oils under o eervation. 

The geolog ic or igin of the Grand Junction soil, 57-A, 

gives definite support to the ola mineral as bei ng illit 

but neither of t he other to groups e ruled out. ~or 

the 1 ort Collins soil, the indication from eologic 

studies mi ght indi cate a mi ture of montmorilloniti c and 

illitic materials . 

The Eresenoo of t he f ine colloida l fracti on 

is suggestive of montmorillonite in oth soils , but does 

not exolude 1111 te . '!.'he resence of kaol1n1 te is not 

f ored , he tendency can hard l be con idered as more 

t han suggestive of t he presence of montmorillonite . 

The actual ionic exchan e capacities of t he soil 

coll oids give strong support of ill te being present in 

the 57-A eoil . The exchange caps.city for the 2 micron 

and l es s material i near l i dentical ith t bat oft e 

illite s a le . llo ~e er , a mi ture of kaolinite and m nt

morillonite co ul d giv e such a value . t ut is not robable 

ecau e of the nee ssit of oonsideral le amounts of 

kaolini t e being present in t he lees than 0 . 2 micron fra c• 

tion. The exchange a lue for the ~ort Coll ins 2 mi c r on 



and l ess materia l falls half way etw en the va lues for 

ill ite and bentonit e . 

8G 

Th e s tudi es of retention of ethylene gl ycol 

indicate t hat the t ort Collins clay fa lls a ove t he limits 

for known illitic material , but not hi gh enoug h to come 

i nto the range of montmor1llonitio mater ial . The 57-A 

clay falls just within the u pper l i mit of the illitic 

material as cited y Dyal . Kaolinite retention is far 

below any of the ot her values . The percentage internal 

sur f a ce or r tention caused bys elling ca lcula ted by the 

ethyl ene g l ycol ret ention , places the Fort Collins and 

57- samples between the montmorillonite and illite group 

The Fort Collins clay is about half ay between the two 

groups , while t he 57• is some hat l ower and nearer to the 

values for illite . 

Finally , evid ence fr om t he t hermal curves 

appears to exclu e kaolinite and probably favors a mix

ture of montmorillonite and illite f or the Fort Collins 

soil colloid - The calculated curve of 50 per cent illite 

and 50 per cent bentoni te s trongly resombles t he curve 

of tho l ower horjzon of t he ort Collins clay , if such a 

calculated curve is ermiasible . Th e resemblance of the 

57-A curve to that of a 75 per cent illite and 25 er 

cent bentonite is substantiated by the breakdom of the 

curve i nto percent gas over specific r anges of temperature. 
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The videnoe appears to exclude kaolinite from 

the Fort ollin soil coll oi d and favors a mixtu.r of 

illitio and montmori lloniti c materia l fo r this soil with 

poss ly am xt ure of near equal amounts . lthou h illi 

t c material s eems to be a lo ca l make- up for t ho 57-

colloid , it could tiar dl be said tha t t he evidence is 

conclusive in eli minatin montmorill onite , but th pre

sence of kaolinite s eems extremely doubtful . 

Perha s the mos t prof ound i ~p licat ion of t he 

ent ire stud iE realization of the possibili ties of t he 

method offered for co ntinued and all i ed tudies , and the 

need f or such studi s. t t he aam time the l i mitat i ons 

of t he metho ds mus t e recogni zed . 

X- ra di f r ot i on patterns of t he soil coll oids 

ould grea t ly fa c litate , and i t ' S ho ped , conf irm t he 

findi n a of thee invest i gntions . It has beens o~m that 

t hro hout the 1. terature the em basis is placed on t he 

x-ray anal sis and differential temperature an l yses 

cause o t he greater de re of certainty these metho ds 

off er . 

he procedures as used in thi s nveati ation 

could be aopli d to good advant e e to own samples of 

illite , and other materials of t ho kaolinjt e and montmo

rillon te gro· p . Data f or d fini te mi xtures of k:no 

c lays and for soil co lloid of i dentified clays would be 
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ignifioant . It s eems ver pro able th ta las ification 

of soils could t a be est bli hed and relationships set 

up so that a soil co lloid i - t be quite readil c lassi

fied . 

Espeoiall 1 this method promi 1ng in obtain

ing ionic excha ge relations ip r elativ to n cific sur -

face b the eth lene glycol method The relation hips 

should in estigat d f or clay ft'actions and sub --:fra.c -

tions as tell as larger article • h pipette method of 

obtainin samples offers a an of stud ing the relation-

hips within a soil far better tha obtaining fractions 

centrifugation a.nd drawing generalities hich nia be 

e tr mely biased and not pres ent a true picture of the 

actual nro pertiea of a pa.rtioul r soil . 

s udi 

It do es not seem pre ature i 

and vho upport off rd b 

he li ~ht of these 

cry limi ed number 

of inveetigau,rs , Jofi e nd -unin being pro i nt among 

hes , to point out the great impor t ance of the ilt frac-

tion in the total oil In nearl all of the liter tu.re 

the activit of the soil is placed dir ctl upon the cl 

or 001101 al portion . I t i readil a c o ledge that the 

activity of t h clay is high 1n com rison ith the sctiv

it of the silt or sand . It h s een demonstrate • ho -

e er , that even in soils with relative l • hl R" h c y frac-

tions the exchange oa acity contributed by the silt and 

',· 
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san is s el om less than one- fourth of the tota l , end has 

een demonstrat e in other soils t o be a t least one -ha lf . 

It seems logica l to propose t hen , that the s ilt 

raction sh ould e the object of as muc h invest jgation a s 
' baa een plac ed upon t he ola.y frac tion . To a cer t ain x-

tcnt the s ilt fract i on houl d be more easily inves t igated 

owing to t h v_sib lit of t he tarticlea b or dinar 3 

mean" , Th e a venues o r esearch from th e initial classi 

fi cation ould be innumerable . Al t hough eom') l te s epara

tion of s i lt fractions is t edious , a modi f ica t on of the 

sedimenta tion and p i pet t e method r:ij_ght afford a m an of 

obtaining fr ctions of soil large enou t o a ctuall · test 

vy pl nt gro 1th t e signi f icance oft c various fractions 

i n su plying nutri ent elements . A correlstion of t his 

with ionic exch nge ca .acities fnd r ela t ve s pecif c sur-

n.c ould p.ovi de a :fa cinating possi bili ty :for research . 

Numf.)rous other ~oss l:·i li t es are evident for 

cont nued research v ith more tan reasonable expecta t ions 

o_ obtaini si nifj cant results . 
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Chapter VI 

In this study t here h s been an attempt to show, 

rioue proc edures , th relation of t he ionic xchange 

phenomenon in c ert ain soils and cla s to t he particle size , 

rel tive spe ci f ic su f a ce , and t pc of clay in rals pr e• 

ent . 

These studiea iere limi ted t o a smpl of fer

tile or t Coll n nndy loam , a no - productiv i l t , clay 

lea Prom th Grand Junction nrea , and t o i dentified am

ples o:f bentonite end kaolinite . A sampl e of 11.lite was 

1 ed inn f of the compar isons . 

Th pro oed re too t a in the p r t icle i e fr a c~ 

t ions wa a odif c tion o t h 01 st ad pipette etho of 

mec n cal anal sis fo r soil . e soil and cla~s er e 

fractiono ted into one sand , thr e ilt groups , and three 

cl y groups . Bot aci d and peroxide trea:t ed . an water 

washed ssmples r e subjected to t e m ohan:ical anal is . 

Usin t he fractions f rom the mechani ca l a • lysis , the 

ioni c exc hang e c naci t ea ·1ere determined a s emi-micro 

ada _ tation of the ammonium a cetate method . 

Estimat ions of t he relative 6Ci ic surface 
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wore established for the samples and fraction b the use 

of a recentl developed me thod based on the r etention of 

ethylene 1 col under va cuum . 

Dehydration o rves o the samples and frac tions 

rnre _a coompU shed over a range of 20 to 800 degrees oenti -

1·ade. 

Data obt ined a.a a resul of bee audios and 

cop rison 1th the literature sho that the silt and 

sand fractions of t he oil may oontrihute from one ... fo · th 

to one-half of t he total ionio exchange c paoit, de end• 

in to a degr ee on the te tural grad of the soil. 

The a.ohan e oapa oity of a soil can be approx

ima ted by t he ethylene l col retention tlilder ve.ouum. A 

parallelism i observed bet een thee ohange oapaoit and 

the relative specific a face as estimated by the ethylene 

l yool :retention. 

The Fort ollins soil col .o d a pears to be a 

mixture of montmorillon .te and illite aa a result of 

comp rison of all the data . rhe colloid of soil 67-A 

may be illitic in ture , but it is impossible to rule out 

a mi xture of possibl all three of th cla roups bein 

present . 

Important implications or continued study lie 

in he investiga tion of the ac tivity of the silt fr otion 

ae indicat d y it exchang o uoit~. 



lassific t ion of .oil colloiaa b 

ion of method i s s ggested . ~he pi pette 

itself to a study of the soil 1th a mini 

retention of et ylene glycol bJ colloidal 

deservi ng of a dditional consi dera t ion. 

a oomt ina

ethod lends 

of bias. 

a erial is 

9 

The 
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