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ABSTRACT

378, 79¢ Although investigations of many kinds have been
A O
) 945 made in the fields of soil chemistry and soil physics,

EL there still remain countless problems to be solved. Each
80il, in iteself, presents a whole series of investigations.
The results of the investigations from any particular soil
do not necessarily correlate with or parallel the results
of the investigations of a like nature made on another
soil. !

The soil from certain sections in the Grand
Junction, Colorado area has presented problems in manage-
ment and reclamation which at the present time have not
been solved completely by either laboratory or field
gtudies. Consequently it has been surmised that the com-
parsion of some fundamental properties of a sample of
s0il from the Grand Junction area with a productive soil
from another area would yield some useful data. The
comparison of both of the soils with samples of identi-
fied clay should give some enlightenment as to physical
and chemical properties.

The problem

The problem of this thesis is to determine the
relationship of ionic exchange capacity to specific sur-~
face, particle size, and type of clay minerals present in .



certain soils and clays.

Problem analysis.--A solution of the problem
depends first upon the meagurement of the following
variables, and then the determination of the effect of
these variables on ioniec 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.

8. Relative specific surface of the colloidal
fraction of the soils and clays.

4, Clay minerals in the soils.

Delimitation.~-This study was limited to two
goils of considerable variance in properties and two
identified clays. These soils and c¢lays were selected as
follows:

Materials

One soil sample was taken from the Agronomy farm
at Fort Collins. This is & productive soil of the Fort
Collins loam series. The second soil sample was collected
in the Grand Junction area in 1946 as a part of the soil
gsurvey of that area and was classified as a saline-alkali
80ils The immediate area was barren ground, which was not
cultivated. The texture was described as silty elay loam
to heavy silt loam surface with a lighter texture below

20 inches: The clay samples consisted of bentonite from



Wyoming, kaolinite from the J. T. Baker Chemical Co., and
a limited supply of illite.

Methods

The particle size fractions were determined
essentially by the standard pipette method of Olmstead et
als A modification of the method was introduced wherein
a 50 ml., Lowy automatic pipette was used to withdraw
the samples from the sedimentation cylinders This proced-
ure gave samples which were of sufficient size to make
determinations of ionic exchange capacity directly. Each
of the so0il and clay samples in triplicate were subjected
to the mechanical analysis after being washed with dis-
tilled watar‘vhile a second set of triplibate samples were
subjected to acid and peroxide treatment before dispersion
for the mechanieal analysise.

The fractions obtained from the mechaniecal
analysis were employed directly in the determination of
ionie exchange capacity. The method developed for this
determination was essentially a semi-micro adaptation of
the ammonium acetate method. The total ionie exchange
capacity of the natural unfractionated soils and clays

was obtained using separate samples and f8llowing the
procedure as used for each individual fraction.

The 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 micron fraction of
the s0il or ¢lay was separated by sedimentation and leached
with dilute hydrochloriec acid to make it essentially a
H-¢lay. After the clays were dried over PpOg they were
gaturated with ethylene glycol at the rate of one gram of
glycol to one gram of clay. One gram samples of clay plus
one gram of ethylene glycol were placed in vacuum desic-
cators containing anhydrous CaClpge. The samples were weigh-
ed at 16 hours and 24 hours after being under a vacuum of
less than 0.1 millimeters of mercury. The same procedure
was applied to natural unfractionated soils, 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 swelling or internal adsorp-
tion of the ethylene glycol.

Kelley's dehydration method for the identifica-
tion of clay minerals in the soils was followed. The col=-
loidal portion of the soil was heated at progressively
higher temperatures and the weight obtained after each
temperature change. The loss in weight of the colloidal
materials was established over a range of 20 to 800 de-
grees centigrade. The characteristic curves of the soil
colloids were then compared with those of identified clays.
Results

The percentage of sand, silt, and clay in each

of the samples is compared with the percentage of the total



ionic exchange capacity contributed by each of these frae-
tions in Figure 1. Values for the less than 2 micron clay
for ionie exchange capacity and retention of ethylene gly-
col are presented in Figure 2+ The dehydration curves for
the colloidal fractions are shown in Figures & and 4, and
another interpretation of these curves is presented in
Pigures 7 and 8+ In all the figures the Grand Junction

80il is referred to as soil 57-A,

Discugsion
In establishing the identity of the clay minerals

of the soils the geologic origin of the Grand Junction soil,
67-A, gives definite support to the clay mineral as being
illite, however neither of the other two recognized groups
of clay minerals, montmorillonite and kaolinite could be
excluded. For the Fort Collins soil the geologic studies
might indicate a mixture of'montmorillonitic and illitie
materials.

In & review of clay mineral concepts Grim in-
dicates that kaolinite is seldom found in sizes smaller
than 0.2 microng in diameter. He states that montmorillo-
nitic materials are commonly found in large amounts in
sizes of less than 0,2 microns in diameter and that some
illitiec materials breakdown to tThis sige group while
others do nots DBoth the Fort Collins and Grand Junction
goils contain significant amounts of material falling in

the less than 0.2 micron dlameter group.
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The actual ionic exchange capacities of the
s0il colloids give strong support of the presence of
appreciable amounts of illite in the Grand Junction soil.
The ionic exchange capacity of this soil for the fraction
of 2 microns and less in diameter practieally coincides
with that of the illite sample for the same size groupa
The ionic exchange value of approximately 40 milliequiva-
lents per 100 grams for the less than 0.2 micron diameter
material of the Grand Junction e¢lay is close to the upper
limit of recognized values for illitic material as given
by several investigators. The values of ionie exchange
for known illitic materials fall between the higher values
for montmorillonite and the lower 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 near equal mixture of the
two. This in turn would cause a large amount of kaolinite
to be present in the lgss than 0.2 micron fraction which
aceording to Grim and others is highly unlikely.

The ionic exchange value for the Fort Collins
2 micron and less material falls about half way between
the values for illite and montmorillonite. The value
for the less than 0.2 micron, diameter material is close
to 70 milliequivalents per 100 grams of material. Xelley
indicates that while pure montmorillionite materials prod-
ably range from 90 to 110 milliequivalents per 100 grams



for their lonie exchange values, soils with a high per-
centage of montmorillonite in the clay fraction may not
have an ionie exchange value of more than 75 milliequi-
valents per 100 grams.

The studies of retention of ethylene glycol in-
dicate that the Fort Collins clay falls above the limite
for kprown illitie material, but not high enough to come
into the range of montmorillonitic material alone. This
. would indicate the presence of a mixture of those minerals
in the Fort Coilins c¢lay. The Grand Junection clay falls
Juet within the upper limit of known illitic material.
This would suggest the presence of illite and possibly
a small amount of montmorillonite. Characteristics of
kaolinite do not appear in either of the s0il colloids«
Coneclusions drawn from the values for retention of ethy-
lene glycol after the samples were heated to destroy the
expanding erystal lattice are in agreement with the con-
clusions from the values for the unheated samples.

Evidence from the thermal curves appears to ex~
clude kaolinite and probably favors a mixture of montmo-
rillonite and illite for the Fort Collins soil colloid.
A comperison of the curves as interpreted by Kelley and
others indicates that the total loss in weight is not
gignificant, but the rate of loss at a particular temper-
ature indicated by breaks or long linear portions is of

chief value in interpreting the curves.



The shape of a calculated curve of 50 per cent
111ite and 50 per cent bentonite strongly resembles the
curve of the lower horizon of the Fort Collins claye The
resemblance of the Grand Junction curve to that of a 75
per cent 11lite and 25 per cent bentonite mixture is sub-
stantiated by a breakdown of the curve into percentages
over specific temperature ranges. Xaolinite appears to be
excluded by a conmparison of the eurves. The kaolinite
gives a distinetive breakdown which does not appear in
any of the other samples.

 Tabulated evidence in establishing the identity
of the clay minerals in the Fort Collins soil show that:

1., Particle size distridution favors mont-
morillonite and possibly illite.

2+ Ionic exchange capacity for the less than
2 micron diameter material falls between illite and
montmorillonite valuess Ionic exchange values for the
less than 0,2 micron diameter material strongly favor
the presence of montmorillonite. The same evidence would
make the presence of kaolinite in appreciable amounts im-
possibles

3« Retention of ethylene glycol by the 2 micron
and less material of 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 near equal mixture of illitic snd montmorillonitie



material.

BEvidence in esteblishing the identity of the
elay minerals in the Grand Junetion soil show that:

1, Particle size distribution favors montmo-
rillonite and possibly illite.

2+ Ionie exchange capacity for the less than
2 mioron diameter material coincides with that of the
illite. The value for the less than C.2 micron,K diameter
fraction is near the upper limit for illite. This evidence
would practically eliminate the presence of kaolinite
gince kaolinite would need to be present in large quanti-
ties if the ionic exchange value is due to a mixture of
montmorillonite and kaolinite rather than illite. XKsoline-
ite does not occur in appreciable amounts in this size
group.

3+ Retention of ethylene glycel by toth the
heated and unheated samples compares favorably with the
upper limits for illite as established by Grim.

4. Dehydration studieg compare favorably with
values of chiefly 1llitic material with montmorillonite
present in a smaller amount.

Perhaps the most profound implication of the
entire gtudy is a realization of the possibilities of the
method offered for continued and allied studies, and'tha
need for such studies.

The procedures as used in this investigation



could be applied to good advantage, almost without change,
to known samples of illite, and other materials of the
keolinite and montmorillonite groups. Data for definite
mixtures of known clays and for so0il colloids of identified
clays would be significant for use in comparing with un-
known sampless. It seems very probable that a clagsifica-
tion of soils could thuﬁ be established and relationships
set up so that a soil colloid might be quite readily cilass-
ifieds

Especially is this method promising in obtain-
ing ionic exchange relationships relative to specific sur-
face by the ethylene glycol method. The relationships
should be investigated for clay fractions and sub-fractions
ag well as larger particles. The pipette method of ob-
taining samples offers a means of studying the relation-
ships within a2 soil far better than obtaining fractions by
aentrifngatidn and drawing generalities which may be ex~-
tremely biased. _

The 1mportancé of the s8ilt fraction in the total
- 80il is demdnstrated. In nearly all of the literature
the activity 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 of the silt or sand. However, it is shown that even
in soils with relatively high clay fractions the exchange
capacity contributed by the silt and send is seldom less



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

It seems logical to propose then, that the silt
fraction should be the object of as much investigation as
has been placed upon the clay fraction. To & certain ex-
tent the silt fraction should be more easily investigated
owing to the visibility of the particles by ordinary means.
Although complete separation of silt fractions is tedious,
a modification of the sedimentation and pipette method
might afford a means of obtaining fractions of soil large
enough to actually test by plant growth the significance
of the various fractioms in supplylug nutrient elewents.
A correlation of this with ionic exchange capacities and
relative specific surface would provide a fascinating
pogsibility for further research.,

Fumerous other possibilities are evident for
continued research with more than reasonable expectations

of obtaining significant results.
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Chapter I
INTRODUCTION

Although investigations of many kinds have been
made in the fields of soil chemistry and soil physics,
there still remain countless problems to be solved. ZIach
80il, in itself, presents a whole series of investigations.
The results of the investigations from any particular soil
do not necessarily correlate with or parallel the results
of the investigations of a like nature made on another
soil.

If a s0il could be placed in a definite cate-~
gory, such as a pure salt in a chemical sense, there
would be few problems which could not be investigated
almost to completeness. However, the soil is a hetero-
geneous mass of numerous organic and inorganic compounds,
which contribute to the basic properties and behavior of
a soils In general it is accepted that the very fine
(colloidal) fraction of these compounds is the most ac-
tive, chemieally and physically. The amount of the organ-
ic colloidal portion in most soils is small compared with
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 clay minerals
plus & certain amount of primary minerals and less wea-
thered secondary minerals.

The clay minerals, in general, have been classi-
fied in to three rather broad groups, kaolinite, montmo-
rillonite, and illite or mica~like minerals. ZHach group
has specifie characteristics which in turn lend certain
properties to a goil 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 ag it might if present
in larger than usual amounts, For this reason the re-
mainder of the soil may be of almost equal interest and
importance, especially in a study of the physical nature
of the soil.

The soil from certain sections in the Grand
Junetion, Colorado, area has presented problems in recla=-
mation which at the present time have not been solved
completely by either laboratory or field studies. Con-
sequently it has been surmised that the comparison of
gome 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 goils with samples of identified clays should
give some enlightenment as to physical and chemical

properties.
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The problem
The problem of this thesis is to determine the

relationship of ionic exchange capacity to specific
surface, particle size, and type of minerals present in
certain soils and clays.

Problem analysig.--A solution of the problem

depends first upon the measurement of the following
variables, and then the determination of the effect of
these variables on ionie¢ exchange ecapacity:

l. Particle size fractions in the soils and
clayse.

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.

Delimitation.--This study is limited to two

goils of considerable variance in properties and two
identified clayss These soils and clays are described
in more detail in chapter 111,



11

Chapter II
REVIEW OF LITERATURE

This problem is concerned with certain physical
and chemical relations of two soils having varied proper-
ties. ldentified clays have been used to make & more com-
plete and accurate comparison with the colloidal portion
of the soils. A review of literature is especially per=~
tinent to this problem since some of the relations of
soils and clays established by other investigators may be
directly comparables. The literature review ig of impore
tance, too, in the development of techniques and procedures

used in the investigations.

Hechanical soil analysis

In nearly all mechanical goil analyses and
sevarations the determinstions are based on the fact that
the smaller particles in water suspensions fall more
slowly than larger oness In the development of a satis-

factory method discussion arose concerning the degree of
dispersion. Hilgard (21) objected to the use of acids to

disintegrate compound particles, particularly in calcar-
eous soils. Bouyoucos (4) believed the sample should

have less rigorous treatment than the internationsl
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practical method proposes.

Olmstead, Alexander, and iiddleton (35) in 1930
examined the more important contributions and compiled a
report of their findings. As a result of their study and
applications they presented a method of mechanieal soil
analysis.

The method which they developed included these
important points: In pretreatment the orgenic matter was
removed with hydrogen peroxide, but the hydrochloric acid
treatment, used in the international method, ordinarily
was omitted, A method of removiﬁg organic matter in the
presence of manganese dioxide by leaching with acetic
acid was used for certain soils. Soluble matter was re-
moved by washing and filtering with Pasteur-Chamberland
suction filters. The sample was dried and weighed, and
this weight was the basis of calculation of percentages
of materisl in each size class when the results were for
use in textural classification. In all operations up to
digpersion the gample remained in an extra-tall form
beaker. The sample was deflocoulated by shaking in a di-
lute sodium oxalate solution. The c¢lay and silt were
separated from the sand by means of a Z00-mesh sieve.

The clay fractions were determined by sedimentation using
the pipette method. An investigation of dispersion aids,
incidental to this method, disclosed the fact that acid
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treatment introduced undesirable solution losses and was
not necessary for dispersion, even in calcareous solls,
particularly if sodium oxalate was used as the dispersing
agent .«

A second review, of an entirely different na-
ture, was prescnted by Zeen (25) in 1981. His discussion
included largely the theories upon which the methods were
based and how they were appliede.

Pry (15) in 1983 presented a method for making
complete mechanical separations for use with petrographie
study.

A more recent and detailed procedure for conm-
plete separations for petrographic study was presented by
Pruog et al., (45,46) in 1936,

Baver (3) in 1948 included recent developments,
which were not extensive, and in general substantiated

the more important methods mentioned above.

Ionic exchange relations

The power of the soil for exchanging cations
with solutions was no doubt observed in the remote past
when it waes noted that liquid manures became decolorized
and deodorized upon filtration through the soil. How-
ever, the phenomenon as such was not recognized until
1850 by Way (47) and independently about the the same
time by Thompson (44).
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Since that time numerous investigators have been
interested in the processes involved in ionic exchange in
g0ils and other materials until at the present time sev-
eral concepts have been developed to account for the phe-
nomenone Critical reviews of‘the literature covering this
sub ject were published by Melsted and Bray (33) in 1947
and by Kelley (£6) in 1948,

In the preface to his monograph on ionic ex-

change phenomens Xelley stated

It i8 not neceseary to review all of the
numerous papers on cation exchange in this nmono-
graphe. Only those of chief historie interest
and those which reveal the evolutionary develop-
ments of the subject will be discussed. Liter-
ally hundreds of papers have been published,
all but & few of which have been read by the
author, and these are probably of little im-
portance. Ildany of the published papers are of
purely local interest and throw no light on
general principles. AL most, they have served
merely to confirm the conclusions already drawn
by others. The reader who ig interested in a
more comprehensive bilograprhical review of the
subject ie referred to sections in blancks®
"Handbuch der Bodenlehre" Volume VIII by Geh-
ring and Kappen (26:xi).

In view of the fact that such excellent and ex~
haustive reviews of the subject are readily available
there will be no attenmpt to repeat the work, but rather
mention will be made of only a limited number of experi-
ments which treat specifically with the more narrow sube
ject of ionic exchange in relation to particle size and

specific surface.
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Kelley and Jenny (30) in 1936 related crystal
structure to base exchange and its bearing on base exchange
in soile. OSomewhat incldental to their investigations
they included the base exchange capacities of certain ma~
terials in relation to particle gizes Their dates included
the following comparisons of 100-mesh material with finely

ground material of indefinite sizes

Table 1.--BASE EXCHANGE AS RELATED TO PARTICLE SILZEg

e e = — : == T
daterial Bage Lxchange in Milligguivalents/100g.
“100 mesh ground
Quartz 0 0
Talc 9.8 219.0
Kaolinite 8.0 100,56
Bentonite 126.,0 238.0
Cecil so0il colloid 17.0 151.0
T Ta Mable from Lelley and Jenny (80:575) T

Bray (6), in conducting investigations on some
Illinois soils in 1938% fractionated into three size groups
the colloid (less than 1 micron in diameter) extracted
from various horizons of several soils from the Peorian
loess region and studied their chemical differences. His
data indicated that the exchange capacity of the finer
fractions increased markedly with decreasing particle size.
Particles smaller than 0.06 micron possessed exchange
caracities from 30 to 325 per cent larger than 1.0 to C.l

micron perticles, depending upon the nature of the colloid.
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Variations f{rom 46 to €8 milliequivalents per 100 grams of
0,06 micron colloid were reported. By repeated fractiona-
tions and working of the colloid from the Hartburg silt
loam profile (18 to 24 inches), the exchange capacity of
the 1.,C to O,1 micron colloid was reduced from 62 to 41
milliequivalents per 100 grams. This was attributed to
the physical brealking down of the larger colloidal com-
plexes which released the smaller and much more surface~
active beidellitic matcrial from a less active micaceous
nucleus.

Bray assigned the regular increase in base ex-
change capacity with the decresse in particle size to a
varietion in the minerals which make up the colloids and
accompany the sigze variations rather than to the decreased
particle size iteelf.

Whitt and Baver (49) in 1987 reported some re=-
lations of particle size to base exchange and hydration
properties of Putnam clay. Their separations were made
with the use of the super centrifuge. They reported that
the property of swelling was not present in particles
greater than 1 micron in diameter and the maximum toluene
adeorption took place iﬁ the same particle size range.
The wide break in exchange capacity was sle@ reported to

be very near this point.
Data presented by Whitt and Baver for the Put-

nam clay are as follows:
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Table 24-~PARTICLE SI1ZE OF PUTHAM CLAY AS RELATED T0
HYDRATION AND BASE EXCHANGE VALUES,

Particle size Ailliequivalents gxdra§%on in oc[g;i%
in microns per 100 grams Water oluene Swélling

20 -5 2.9 0499 0,693 -0.094
5 =2 646 0.830 1,009 ~0e179
2 -1 21.7 . 14197 1.518 ~-0.321
1 =045 36540 1.620 10470 +0.1580
0.5~0.2 5245 1.876 l1.272 +0.604
0.1-0.,08 5645 1.874 1.067 +0,807

<0408 62.2 1.956 0.976 40,980

» Table from Whitt and Baver (49:910)

In a—study of the chemical composition of me=
chanical separates in the soil profile Joffe and Kunin
(23) in 1942 indicated that, in agreement with Whitt and
Baver, it is possible for a coarse fraction to hold a
finer fraction so tenaciously that ordinary dispersion
methods are of little value. They divided the goil into
one sand, Htwo silt, and three clay groups by sedimentation
and centrifugation and carried on a complete chemical
analysis.

In a second study in 1945 by Joffe and Xunin
(24¢) the same soil and separates as used in the chemiecal
analysig were submitted to examinations ior cation ex~
change properties with special reference to pedogenic im=-
plications. In sand fractions of different horigons of

Montaldo silt loam the base exchange capacities varied
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from 0,380 milliequivalents per gram in the C horizon to
0,056 milliequivalents per gram in the Bl Horizon. lo
claim was made that the sand or silt fractions were en-
tirely free from clay, but it was demonstrated that an
extraordinarily large amount of clay must be present if
the base exchange capacity was due to c¢lay only. The s8ilt
fractions are reported to have base exchange values which
were only slightly less than those of the cley. The base
exchange value of the sand in the C horizon, 0,380 milli-
equivalents per gram was greater than that for the silt
or c¢lay fractions of that horizon. Only the less than
0+3 micron clay of the A and Ap horigons had larger
values, 0.46% and 0,894 millicquivalents per gram re-
gpectively. 1t was suggested that the differences were
directly related to the degree of weathering.
Joffe and Kunin suggested the following reason-
ing to account for the interference of crganic matter.
The high (exchange) capacity in the frac-

tions (of the soils) of the A horigon is due

to the organo-mineral gels---and to the organ-

ic matiter mixed with the clay mechanically.

One would expect the mechanically mixed organ~

ic matter to be less rigidly held by the sand

and gilte. This means that in the final sepa-~

ration of the different fractions, the fine

clay would have more organic matter than the

8ilt or gand. In treating the fine clay frac-

%ione with hydrogen peroxide the sfesidusl or-

ganic matter adhering mechanically is attack-

ed mors readily than the organo-mineral gele.

The latter are complex chemical entities, such

a8 humates of bases of higher valence., For
that reason it ic not possgible to free all the
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orpanic matter from the fine fractions by
ordinary means of hydrogen peroxide treat-
ment (24:385).

Joffe and ({unin further reported that the in-
creaso in exchange ceapacity of kmolinite with decrease in
particle ®ize was not proportional to the caleulated ine-
erease in surface, which was given as fivefold and thirty-
fold respectively. DBase exchange values given for kaolin-
ite varied from 0.0218 milliequivelents per gram for 5
micron material to C.0972 milliequivalents per gram for
the lese than 0.2 micron fraction of kasolinite.

In attempting to compare the base exchange
capacity of bentonite with that of ksolinite, Joffe and
Kunin dispersed the tentonite clay materisl and allowed
it to stand several dayg for impuritice, which might have
been present in the form of large particles, to settle
out. The suspended materisl was then arbitrarily divided
into three size groups with the super centrifuge, and the
base exchanpe capacities determined. The values ranged
from 0,882 to 04913 milliequivalents per gram, and were
not consistent in variation with particle size. It was
concluded that there was no increase in exchange with
decrease in particle size with the bentonito meterial.

It is repérted by Joffe and lunin that accord~
ing to Ardenne, Endell, and Hoffman (2) who examined clays

with the aid of the electron migroscope, the ratio of
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thickness of & montmorillonite platelet to its length
varied from 100-1 to 300-1, whereas in kaolinite the ratio
was only about 5-1, or at most 25-1l. They further report=
ed that upon grinding, these surfaces in kaolinite were
increased and the exchange capacity likewise increased,
while in the montmorillonite the expansion along the C-
axis simvly gave the catione a chance to enter between the
lattice laysrs and t0 exchange the cationg presente.

In the same report Joffe and Kunin indicated
that on Colt's Neck loam fractions the sand and silt
accounted for approximately 40 to 50 per cent of the
exchange.

The fractionation and properties of c¢lays from
the surface soilec of the Pearman and liaury series werc
gtudied by Seay and Weeks (43) in 1947. The soils were
treated to remove readily soluble phosphorous, replace-
able bases, and organie matter, Part of the learman soil
was treated in addition to remove free iron and aluminum
oxidess The s0ils were then gaturated with sodium iomns,
dispersed in water at pH 8.0, and the sand and silt
(greater than 2 microns) separated from the clay by grave
ity sedimentations The clay was further sevarated by use
of grevity sedimentation and the Bharples’ super centri-
fuge into five fractions of various particle cizese.

The actual sizes of the clay fractions were
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checked by means of the electron microscope and found to
agree quite closely with calculated sizess Chemical and
physical properties of the separates were studied. It
was found that base and anion exchange capacities in-
creased directly with decrease in size of particles of the
claye.

Limited studies with x-ray diffraction and the
electron microscope indicated that the clays contained a
mizxture of 1:1 and 2:1 type of clay minerals with the 2:1
tyre in greater proportion where the particle size wase

smallest,

Measurement of gpecific gurface

Until recently, methods for measurement of spe=-
cifie surface or relative specific surface have been much
more widely applied to materials outside the field of
gsoils than to soil materials.

Brunauer and Emmett (7,8,13) in 1937 and
1938 described a method for measuring the surface of
iron synthetic ammonia catalysts whereby 2 pvoint was de~
termined on adsorption isotherms for nitrogen at -~195.8
degrees Centigrade, and at ~183 degrees Csntigrsde which
corresponded to the eompletion of a monomolecular layer
of adsorted moleculess A multiplication of the number of
molecules in such & layer vy the aversge croes-sectional

area of each molecule gave an estimation of the absolute



arca of the catalyst, subject only to the uncertainties
in values for molecular diamcters and in the closeness of
packing of the adsorbed molecules.

In 1928 Emmett, Brunauer, and Love (14), on the
bagis that van der Waals' adsorption depended bdbut little
on the chemical nature of the adsorbing substance, applied
the method to s0il colloidss Barnes and Ceeil soil col-
loids were used for the investigations. Although they be~-
lieved the data insufficient to warrant extended correla-
tions with other known physical and chemical properties
of these s0il samples, they indicated that no insurmounte
able difficulties were inherent in the application of the
method to soils and soil colloids.

They concluded that the similarity between the
isotherms for soils and those for iron catalysts substan~-
tiated the possibility of the direct application of the
method to soilse. They further conciuded the use of low
temperature isotherme of such gases as nitrogen and argon
involved no specific chemical adsorption between the gas
and the soil, while this was not true of adsorption
measurements using water vapor, and possibly was not true
of those using ammonia or carbon dioxides

Nelson and Hendricks (34) in 1943 reported re-
sults of investigations using essentially the method de-

veloped by Brunauer and Emmett. They found that for ad-
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gorption of the gas the samples must be completely desic-
cated, and with the sample in this condition the gas
could not penetrate to the internal surfaces of montmo-
rillonitic materials. The specific surface in square
meters per gram of material was given as follows: less
than 0,3 micron kaolinite, 15.5; 1leas than 0.3 micron
111ite 97.1; and montmorillonite 15.5.

Prom the investigations they concluded that:
l. Average particle sizes determined in this manner are
in essential agreement with values obtalned from electron
micrographs. 2, Clay minerals upon heating lose their
water of constitution without essential change in parti-
cle size. 3. Amounts of colloid in soils can be deter-
mined from geos sorption on the soils and a portion of the
separated colloids, This method is of particular value
when adequate dispersion for particle analygis by sedi-
mentation cannot be attained. 4. Average particle sizes
in collolids from surface horigons of five soils of widely
different types sre greater than those of the B and C
horizons.

Hendricks (18) early in 1948 deccribed in a pre-
liminery report the use of ethylene glycol retention on
clays and soil colloids ac a method for obtaining relative
specific surface.

Later in 1948 Dyal (12), in a complete report of



the ethylene glycol method, gave background, procedure,

and results for the method. The procedure is given in
detail in the chapter covering materials and methods so
will not be repeated heres A portion from the introduc-
tion to Dyal's work sghould clarify the basis of the method.
Since it appears only in mimeograph form it seems Jjustie
fiable to quote and elaborate at some length.

dontmorillonite and endellite, the hydrated
form of halloysite, are the only clay minerals
which form definite solvates with polar mole-
cules between the structural layers. Layer hy-
drates of montmorillonite contain one to possi~
bly four layers of water molecules and conditions
cannot necessarily be established for formation
of a definite hydrate to the exclusion of others.
Ethylene glycol, glycerol, and other polyhydrox=-
¥lic aliphatic compounds have been shown by
Bradley (5) and MacEwan (32) to form two layer
gsolvates in the presence of excess solvent.
These solveates are relatively stable under de-
siccation or exposure to moist airs Their sta-
bilities and the fact that the separation of
the layers is in the region of 17.0 angstrom
units makes the solvates ideal for identifica-
tion of montmorillonite by x~ray diffraction,
It might be expected that a definite amount of
a compound would be required for formation of
the solvate and that direct estimation of this
amount could serve as the basis for an analyti-
cal method.

Presence in clays and soils of mixed layer
minerals having in part the swelling and base
exchange properties of montmorillonite raise
some question as to the type of analysis desir-
ed. These minerals cannot readily be identi-
fied by x~ray diffraction methods and their
poorly defined character hasg limited complete
mineralogical descriptions of finely divided
fractions of soilse« An analytical method is
needed to measgure the interlayer swelling ir-
respective of mineral typee One is proposed
here depending upon direct gravimetric determi-
nation of ethylene glycol sorption of a sample.
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Solvation of clay minerals takes place not
only between structural layers where possibdle,
but also upon external surfaces. Lieasuremnent
of total solvation, therefore, can afford a mea-
sure of total surface in polar systemse If the
internal surface alone ig to be determined then
some estimate must be made of external surface.
----In the end, however, greatest interest for
soils work mizht be in the total surface for
polar systems since this would give a measure of
interaction with water. The base exchange ca-
pacities of clay minecrals also appear to be ap~-
proximately determined by the total surface in
polar systems. (12:1-2)

For a basis of comparison Dyal used c¢lay miner=-
als of the montmorillonite, illite, and kaolin groups, and
fractions having apparent diameters of less than two mi-
crons were separated from all samples by sedimentation.
In the application of the method soil colloids separated
in the same way as the ¢lay minerals were used. The pro-
cedure for the standards and soils was the same and is
given in detail in the following chapter.

Retention of ethylene glycol in grams per granm
of elay after 24 hours evacuation, as reported by Dyal,
agsigned a value of 0,014 for two samples of kaolinite;
Il1lite was reported to have a range from 0,026 to 0.074;
while montmorillionite valuecs were from 0,226 to O.273.
After heating the samples to 600 degrees centigrade the
retention for kaolinite was C.007 to 0.,018; for illite
0.024 to 0.058; and for montmorillonite 0.006 to C.027,
801l colloid samples were found to fall in nearly all of

the above clagses.
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In hig discussion of the method Dyal points out

Base exchange of clays ie a surface prop-
erty and is due to lack of complete balance of
charge within the lattice. This can be a result
either of the termination of the lattice or of
presence of ions having various charges in cer-
tain lattice positions. Apparently only side
faces of kmolinite give rise to exchangeable
cations while in the mica-like minerals of clays
both side faces and the more extensive flat lay-
er surfaces are inportant. iontmorillonite has
both the external surface features of a mica-
like clay mineral as well as external cations
accessible by layer separation in polar solvents.
For these rea2sons the base exchange capacities
are in the order, (for decreasing values) mont-
morillonite, mica-like, and kaolins.

An approximate paralleliem might be expected
between the surface for retention of polar gol-
vents and base exchange. This is due to the
tendency of montmorillonites and mica-like clay
minerals to have the same silicate surface for
an’ exchangeable cation. The parallelism can only
be approximately, however, for montmorillonite
can vary in exchange cavacity, ae shown for in-
stance when ferric ione are reduced in the lat-
vice, and part of the surface of kaolin miner-
ale is probadbly neutral. The degree of paral-
lelism should be studied in detail. (12:10)

Thermal and related studies

Formerly it was believed that the so-called clay

of soils was amorphous and that the exchangeable ions were

held

on the surface of the colloidal particles by a vague-

ly defined force called "adsorption". However, since

about 1930 both of these concepts have been found to be not

entirely sound. In fact, the evidence is conclusively in

favor of assigning a crystal structure to soil clays with
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definite bonds which hold exchangeable ions.

Methods for the estimation and identification
of so0il clays have been based upon x-ray diffraction,
chemical analysis for characteristic constituents, cation
exchange, dehydration, and differential thermal analysis.
YNone of these has been found to be entirely adequate, but
combined use of several methods is rather reliable even
though time consuming. Although the purely chemical anal-
ysis probably outdates the others, none of them have
developed entirely independent of the others. The liter-
ature obviously then cannot be separated into precise
categories, but the thermal studies will be considered
of prime importance at the moment with other methods in-
cidental to thems

Hendricks and Fry (20) in 1930 as a result of
mieroscopical exemination and x-ray powder diffraction
photographs of the finely divided materials separated
from 80ils by suspension methods show that tuese fractions
contain crystalline substances. Their studies indicated
that a specific sample gives a characteristic powder d4if-
fraction pattern that can be identified as arising from
one of the ¢lay minerals, and by comparison with the
powder diffraction patterns of known clay minerals, it
was shown that montmorillonite-beidellite, Ordovician

bentonite (or a mixture of montmorillonite and quartz),
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and halloysite were the common mineral constituents of
the soill colloids observed.

Further investigations indicated that fine frac-
tions from a gpecific type of s0il obtained from widely
different localities gave the same type of diffraction
pattern,

In 1931 Kelley, Dore, and Brown (27) also used
x-ray analysis and chemical methods to study soil col-
loidees They concluded that from their data it was justi-
fiable to say that the substances composing the colloidal
material of the soils, that were investigated, was not
amorphous, but chiefly crystalline.

They found that the replaceable bases occurred
not only on the surface of colloidal particles but also
on the interior of the erystals. Since the x~ray analy-
gis indicated an orderly arrangement of the atoms within
the particles, and since the exchange of bases was stoi-
chiometrie, they concluded that the base exchange sub-
stances were true chemical compounds. The replaceable
bases, therefore, were not merely adsorbed on the surface
of the particles, but rather, they believed, the bases
were an integral part of the chemical constitution of the
crystals.

Heating experiments were conducted by Kelley,

Dore, and Brown using a muffle furnace controlled by a
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pyrometer. The samples were held in the furnace at each
temperature until constancy of weight was attained. At
360 degrees centipgrade no effect was produced on the re-
placeable bases of the soil colloids and bentonites. Above
this temperature there was a gradual falling off in the
content of replaceable bases, until at a temperature of

760 degrees centigrade the base exchange power was practi-
cally destroyed.

Drosdoff (11) in 1935 subjected two different
sanples of bentonites, variously saturated, and a sample
of finely powdered sericite, (H,K)A1810,, to successively
higher temperatures in a8 muffle furnace. The loss in
water at the different temperatures was calculated in per-
centages of the weight of the sample after being heated
at 100 degrees centiprade for 24 hourse. In the case of
the bentonites, there was a distinet maximum loss of water
between 550 and 650 degrees centipgrade. This temperature
interval corresponded to that at which the base exchange
material lost its base exchange properties, as shown by
Kelley , Dore, and Brown.

Kelley, Jenny, and Brown (31) in 1936 made de-
hydration studies of several clay minerals and soil col-
loidee They concluded that soil colloids contain water
of erystallization, or OH ions, as part of a crystal lat-

tice structure. Thisgs wag considered as an independent
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proof of the crystalline nature of the colloidal particle.
They found that unlike the minerals of known structure,

the so0il colloidsilose their lattice water at lower temper-
atures. ¥rom their studies they concluded that at least
two major classes of soil colloids appear to exist. The
classes were thoge which resemble in some measure kaolin-
ite and halloysite and those which appear to be related to
(but not identical with) beidellite.

In 1939 Hendricks and Alexander (19) deseribed
a method of differential thermal snalysis wherein both the
differential and furnace temperatures were recorded photo-
graphically. The heating rate used was from 10 to 20
deprees centipgrade per minute, and it was necessary to
raise the sample to about 1000 deprees centigrade. Dif-
ferential heating curves for kaolinite, montmorillonite,
and hydrous mics were reproduced. They showed that below
200 depreeg centigrade kaolinite lost adsorbed water endo-
thermically, and there was some incidental change caused
by differences in heat capacity, compaction etc., relative
to the inert material.

According to Hendricks and Alexander the most
characteristic feature of the kaolinite curve was the endo-
thermie loss of water of composition between 550 and 600
degrees centigrade, and they stated that this can be used
ag 8 ceriterion for a kaolin msterial and as a basis for

ite semi-quantitative estimation.
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In a like manner they assigned the most charac-
teristic features of the montmorillonites and hydrous
micas to their endothermic loss of water below 200 degrees
centigrade and near 700 degrees centigrade, They indicat-
ed considerable variations for different samples at the
lower temperature and danger of confusion with adsorbed
water. They showed that the endothermie reaction of mont-
morillonite near 700 deprees centigrade was small compared
with that of kaolin near 580 degrees centigrade and was
not sufficiently different from that of hydrous mica to
allow an unambiguous distinetion between the two.

They indicated that thermal analjsis for identi-
fication of clay minerals c¢an be anplied to the untreated
g0il, but it was desirable to remove the organic matter,
since this burned exothermically over & wide region, some-
times obgeuring ksolinite. They believed it was not abse-
lutely neceseary to separate the colloid, especially in
heavy s0ils where it was a considerable fraction of the
80il.

In a second publieation in 1939 Alexander,
Hendricks, and Nelson (1) reported the application of the
method deseribed above. UHMinerals present in the colloidal
fraction of 15 soils from continental United States were
identified and their amounts estimated by use of the chem-

ical, thermal, and x-ray diffraction methods discussed in
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detail in the nreceding paver. They concluded that ther-
nel analysis supplemente the chemical information, in that
it gives the best basis for determining the amount of
keolinites They believed that the two methods gave a
fairly satisfactory basis for estimating the component
minerale of a soil colloid.

Kelley, Dore, Woodford, and Brown (29) in 1929
reported an extensive study of the colloidal constituents
of several California soils. The dehydration curves
appeared to be somewhat characteristic of each type of
colloid, and they concluded the shape of the curve depend~
ed very largely on the kinds and relative proportions of
the different clay minerale present. JFfrom the dehydration
curves of the Yolo and Maxwell clays, they concluded a
regemblance to those of the bentonitie elays, and the
curves for the Sierrs, Kecefers, and certain hedding sam-
ples were shown to be similar to the curves for kaolinite
and halloysites A relatively good correlation was found
between water logse at 100 degrees centigrade and 150
degrces centigrade, respectively, and base exchange ca-
pacity.

The optical properties showed that these col-
loids were prevonderantly crystalline and the types of
clay minerals determined by x-ray snslysis confirmed the

dehydration studies.
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The San Joaguin and Hanford colloids were shown
to be composed largely of the "x" clay mineral, similar to
illite.

The types of clay minerals present in soil
colloids were determined by comparing the x-ray diffrac-
tion patterns with those of known minerals. The determi-
nation was fagilitated by x-raying the samples at widely
varying moisture contents. From the dehydration curves
0f the different clay minerals it was shown that OH lat-
tice constituents passed off as water vapor at tempera-
tures which were characteristic for each class. The con-
sequence wag their xz-ray diffrescticn pattern wasg destroy-
ed at these temperatures.

In 1941 Kelley, Dore, and Page (28) reported a
gtudy of the colloidal congtituente of American alkasli
soils. The e0ils used in this investigaetion were drawn
from several different localitice in western United States.
The base exchange capacities for the soil colloids ranged
from 2647 to 58.4 milliequivalente per 100 grems. The
white-alkali soil colloids geve smooth wave-like dehydra-~
tion curves which resemble those of Yolo soil colloids,
whereas the curves for several of the bleack-alkasli soil
colloids ehowed pronounced breaks between 400 and 6500
degrees centigrade. The latter phenomenon was traced to

the loss of carbon dioxide from caleium carbonate.
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X-ray investigations showed that the white-alkae
1i soils contained a mixture of montmorillonitic, kaolin-
1tic; and mica~like clays, whereas mica-like clays great-
ly predominated in the black-alkali soils.

Because of considerable variation in the char-
acteristics of the mieca-like clays it was suggested that
this was due, in part at least, to variations in the type
of miea in the parent rocks from which the soil materials
were derived,

The x-ray results, according to the interpre-
tation of Kelley, Dore, and Page failed to support the
idea that the base exchange capacity of soil colloids was
necessarily due to montmorillonitic clay. The sample with
the highest Vase exchange capacity gave virtually no x-ray
evidence for the presence of montmorillonites

It was coneluded that the apparent effects pro-
duced on American alksli soils by the accumulation of
soluble sodium salts consisted primarily in the exchange
of cations together with the dispersion of the clay par~
ticles, but these vrocesses nrobably produced very little
alterntion in the essential structure of the clay minerals
originally present. No convinecing evidence was obtained
that crystalline minerals peculiar to alkali soils were
synthesized in either the sgoda-containing type or white
alkali, or the type which shows the bleck-alkali mor-

phologye



Implication
Although the implication is present it could

hardly be concluded from the literature review that it is
generally recognized that the colloidal portion of goils
is made up of one or a mixture of the three general groups
of clay minerals, ksolinite, montmorillonite, and illite.
A much more general background is desirable, but hardly
pogsible at this point. Three excellent reviews of the
elay minerals which give adequate baekground can be found
in a study of the kamolin minerals by Loss and Xerr (40)
in 1931, a general review of modern concepts of clay min-
erals by Grim (17) and published in 1942, and a study of
the minerals of the montmorillonite group compiled by
Ross and Hendricks (39) and published in 1945,

Because of the multitude of more concise impli-
cations which appear in the literature it appeosrs advis-
able not to digcuss these now, but to consgider these more

in detail under the discussion is chapter V.



36

Chapter III
HETHODS ARND MATERIAIS

In all of the investigations and analyses the
different samnles were subjegted to, as nearly as possi-
ble, the same treatment so that results would be readily
comparable. Because of the wide wvariance in the nature
and properties of the samples this was not always poaéi»
Plas. Where deviations were necessary they are indicated
in the procedure.

The samples consisted of two soils and two claye
subjected to all of the tests and a third clay, available
only in a limited amount, was used where it was felt the
comparigon would be most helpful.

One so0il pample was taken from the agronomy farm
at Fort Collins. This is a productive s0il of the Port
Colling sandy loam series. The sample was taken by usual
procedurea.(ﬁﬁ) for obtaining lahoratory samples from a
0 to 6 inches denth, Other samples from the same location
were available at O to 12, 12 to 36, 36 to 60, and 60 to
72 inches. These samples were used only in obtaining
thermal curves a8 explained later.

The second soil sample was collected in the
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Grand Junction, Colorado, area in 1946 as a part of the
g0il survey of that area. It was classified as a saline-
alkali soil. The immediate area wes bare ground, no
cultivation being attempteds The texture was described
ag silty clay loam to heavy silt loam surface with a
lighter texture below 20 inches. .Samples were available
from O to 8, 8 to 20, 20 to 32, and 32 to 44 inches.

Only the O to 8 inches sample waa used except for thermal
ourvess The area number for this sample was 57-A.

The clay semples concisted of bentonite from
Wyoming, kaolinite from the J. T. Baker Chemical Co., and
a limited supply of illite.

Unless otherwise stated the following procedures
were carriecd out on the Fort Collins, and Grand Junction
g0ils and on the bentonite and kaolinites The Grand
Junetion arca so0il will be refecrred to as goil 57-A in
agreement with the original survey number and so will not
be confused with productive soils from that area.

The experimental procedure logically falls into
several sections and each procedure will be presented

separately.

Determination of particle size fractions in soilg and clays

The particle size fractions were determined
essentially by the etandard pipette method of Olmstead et
el. (35), with some modification.
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Triplicate samples of each of the soils and
clays were taken so that after removal of the sand frac-
tion, the remaining portion would weigh from 10 to 11
grams. The samples were transferred to 100 milliliter
plastic centrifuge tubes and 50 to 60 milliliters of dis-
tilled water were added. Carbon dioxide was passed through
the mixture for 15 minutes. The supernatent liguid was
decanted and the washing and centrifugation repeated un-
til the clay remained slightly dispersed after centrifu-
gation, This was obtained with the second washing of the
fort Collins soil, but several washings were needed with
soil 57-A. The washed samples were then oven-dried and
weighed. This welght was taken as the basis for calcula-
tions rather than the original oven-dry weighte.

The samples were then quantitatively trans-
ferred to 250 milliliter wide mouth bottles and diluted
to 125 milliliters with distilled water; 2 milliliters of
0,5 normal sodium hydroxide and  milliliters of 0,25
normal sodium oxalate were then added to each sample. The
samples were dispersed for 10 minutes with 8 motor stirrer
and then washed with distilled water through a 30U-mesh
wire screen into a 1000 milliliter sedimentation c¢ylinder.
The particles remaining on the seive (sand fraction) were
thoroughly washed to remove smaller particles and the wash-

ings added to the e¢ylinder. The sand fraction was trans-
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ferred to a tared dish, dried, and weighed. The suspen-
sions in the cylinders were made-up to exactly 1000 milli-
liters with distilled water, and placed in a constant
temperature bath at 20 degrees centigrade.

After each suspension was brought to constant
temperature, it was thoroughly dispersed by shaking, end
over end, and samples were drawn off with a 50 milliliter
lowy automatic pipette (cathetometer arrangement) at the
time and depth calculated for the desired fractions by
Stokes' equation, The sample and washings were trans-
ferred to tared 50 milliliter conical centrifuge tubes,
dried at 110 degrees centigrade for 24 hours, and weighed.
Accounting for the dispersing reagents the mechanical frac-
tions were calculated.

It appeared possible that organic matter, slight-
ly soluble and acid soluble salts, some acting as binding
agents, might interfere with the mechanical analyses and
subsequent ionic exchange capacities. 8ince the mineral
congtituents were considcred to be of primary importance
in this investigation the organic matter and acid soluble
salts were removed. This was accomplished by following
the suggestions of Olmstead et al. (35), and Truog et al.
(45)s The samples were treated with a 6 per cent hydrogen
peroxide solution and alternately brought to dryness until

no further reaction resulted when hydrogen peroxide was
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added. The samples were then treated with 100 to 200
milliliters of C,1 normal hydrochloric acid for one hours.
Washings to remove excess acid were accomplished by use of
a Mandler filter, since it was found that dispersion of
the sample prevented the use of centrifugal washings as
was done with the first set of samples. The samples were
washed 6 to 8 times with the filtering thimble, then
dried and weigheds This weight was used for future calec-
ulationse From this point the samples were treated in
exaetly the same manner as the first set of samples.
From observations on the first set it appeared
that the kaolinite was dispersing to a2 lesser degree than
the other samples, Consequently separate portions of
kaolinite were arbitrarily dispversed with sodium hydrox-
ide, sodium oxalate, sodium silieate, godium meta phos~-
phate, and sodium stearate. From a visual examination it
was apparent that the sodium gilicate and sodium stearate
were superior to the other dispersing agents when used
with this particular sample of ksolinite. It was not
known what effect sodium stearate might exercise on the
sample 80 godium silicate was used for dispersion with
the kaolinite samplese The dispersion was found to be
more complete than when dispersed with sodium oxalate
and sodium hydroxide, but in drying the samples the kao-
linite was rendered useless for ioniec exchange determinae-

tions.
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When the kaolinite samples were dried to obtain
their weights, it appeared that gome reaction was affected
with the sodium silicate. This was evidenced by the fact
that the kaolinite was incapable of exchanging or retain-
ing any ammonium ions when treated with ammonium acetate
solution for the subsequent determination of ionic ex-
change capacity. It was impogsible to repeat the entire
procedure because of insufficient amount of this particu-~
lar kaolinite sample.

In chapter IV the data will be presented so that
the two sets of gamples may be easily distinguished accord-
ing to the treatments above., The samples where organiec
matter and binding agents were not removed will be re-
ferred to as the untreated samples, and the samples sub-
Jeoted to hydrogen peroxide and hydrochloric acid treate

ment will be referred to as the treated samples.

ivntaee 26 Juow iy, spheges ooy ot i,
glajse

The fractions obtained from the mechanieal
analysis were employed directly in the determination of
ionic exchange capacity. The method developed for this
determination was essentially & semi-micro adaptation of
the ammonium acetate method as developed by Schollen-

berger and Simon (42) and used by Gardner, Whitney, and
Kezer (16).



The method used for both the treated and un-
treated samples from the mechanical analysis is as follows:
To the dry samplege contained in the 50 milliliter coniecal
centrifuge tubes, 25 milliliters of 1 normal ammonium
gcetate adjusted to pH 7 were added and the tube stoppered
and shaken on & mechanical shaker for one hour. It was
necesgsary to loogen some of the colloidal material sdher~
ing to the sides of the tubes with a rubber policeman and
wash down with more ammonium acetate solution. The sam-
ples were allowed to stand over night in the ammoniun
acetate solution, shaken for 15 minutes, and then centri-
fuged at 2000 revolutions per minute for 5 minutes. The
supernatent liquid was then decanted. 10 to 15 milliliters
of ammonium acetate solution weie added to each tube. The
tubes were placed on the mechanieal shaker for 15 minutes
then centrifuged. The procedure was repeated 4 times.

The excess ammonium acetate was removed by wash-
ing 4 to 6 times, or until free of ammonium ions, with
15 to 20 milliliter portions of 95 per cent ethyl alcohol
then centrifuging as long as necessary to throw down the
dispersed portions 1t was found with the last washings
that 2 to 2 hours at higher speeds was necessary to pro-
duce a clear supernatent liquid in the tubes. ‘

Alcohol with a higher percentage of water caused

dispersion usually on the second waghing which prohibited
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separation even with prolonged centrifugation at high
speedse. A small amount of ammonium chloride added to the
first alcohol wash gave a convenient way to test for the
complete removal of the ammonium ion indirectly by test-
ing for chlorides (37), 1f the tubes were inverted on
paper towelling after each decantation and allowed to
drain free of alecohol the number of washings required for
the removal of excess ammonium ions was reduced.

When the sample was free from excess ammonium
ions it was transferred quantitatively with E00 milli-
liters of distilled water to a Kjeldahl flaske About one
gram of heavy magnesium oxide was added and the flask
immediately connected to the distillation apparatuse.
About 200 milliliters of distillate were collected in 25
milliliters of saturated borie acid solution. It was not
found necessary to add glass beads or oll to prevent
bumping or frothing during distillation. The distillate
was titrated with 0.010 normal sulfurie¢ acid using methyl
red-brom cresol green indicator. IFrom the milliliters of
acid required for each titration the milliequivalents
corresponding to each sample weight Were calculated. Ahy
other desired relationship pertaining to exchange capacity
can then te oalculated.from these data.

The ionic exchange capacity of the natural un-

fractionated soils and clays was obtained using one gram
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samples, weighed after washing, or treatment, and the
same procedure followed as given above for each individual

fraction.

Determination of relative specific surface of the col-
loidal %racfgon of so and clays

The procedure used in determining the relative
specific surface of the c¢olloidal fraction of soils and
clays was taken directly from a research report from the
laboratories of the Us S¢ Department of Agriculture,
Beltsville, Maryland. The procedure was developed by
Dyal (12). Since the report appears only in mimeograph
form the entire procedure is reproduced here.

A The following procedure can be used in apply-
ing the ethylene glycol retention method.

Apparatus: Two Pyrex vacuum desiccators
(12" ) with porcelain plates
Vacuum pump (Welch, Hy-Vae)
Analytical balance
Shallow weighing bottles with
covers

Chemicals: CaCly, anhydrous

Ps0
Easgman ethylene glycol, pur-~
est grade

Redistill the ethylene glycol in vacuum dis-
earding the first and last 10 per cent of distill-
ate. Dry the Ca612 at 100 degrees centigrade
overnight,

Separate the less than 2 miecron fraction
of the soil or clay and saturate with hydrogen
by leaching with dilute HCl, Dry about 1,1
grams at 100 degrees centigrade partially in
order to destroy endellite and then over Pglp
in vacuun to constant weight. The preliminary



drying should be omitted if information is de~
gired about endellite in some unusual instance.
Heat about 1.2 grams of separated clay to 600
degrees centigrade for at least two hours.

After the sample has reached constant weizght
add about 1 milliliter of ethylene glycol to the
weighing bottle and place in vacuum desiccator
above about one-half pound of dry CaClg. Lvacuate.
Weigh after about 16 hours, replace in desicca-
tor, ecvacuate to less than 0,1 mm. of mercury
and finally weigh after 24 hours. Disecard Cnéla
after use with avout 10 samples.

If the loss in weight between 16 and 24
hours is less than 0,020 gram the l6-hour value
should be used as that for ethylene glycol re~
tentions The 24-hour wvalue should be used as
that for ethylene glycol retention if the weight
loss is greater than 0,020 gram provided the re-
tention at 16 hours is less than 0.35 gram in-
dicating adequate vagcuum and anhydrous character
of desiceant. A preliminary test of vaecuum con-
ditions ig desirable. One milliliter of ethy-
lene glyeol should evaporate in less than twelve
hours. (12:11)

With the exception of the redistillation of the
ethylene glyeol the procedure was followed as given. Two
gsamples were placed in a desiccator for all evacuations.
A larger number of samples in the desiccator caused an
increase in the amount of ethylene glycol retained so the
gsame conditions were used for all samples. The method
was also applied to whole so0il and silt plus clay frac~
tions rather than just to the colloidal fraction (less
than 2 mieronsin diameter). All of the samples other than
whole s0il were obtained by seiving separations and sedi-

mentation of suspensions using Stokes' equation.
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;gentggigatiog of elay minerals in the goils by
dehydration

A procedure for the identification of clays by
their hydration properties as given by Kelley, Jenny, and
Brown wag adapteds. The procedure as given follows:

Samples were brought to equilibrium above

50 per cent sulfuric acid at a constant temper-
ature of 25 degrees centigrade. Approximately
one gram samples were usged in duplicate and
were kept at each temperature until loss in
weight ceased. (31:261)

Hendricks and Alexander (19) reported that in
differential thermal studies the silt and sand fractions
would not interfere with the curves unless present in
much larger proportiong than the clay. Organic matter
was reported to interfere with the kaolin type curves,
but not with clays where the linear portion was at higher
temperatures.

With these previous investigations as the basis
& procedure was developed as follows: 10 gram samples
were treated with 25 milliliters of 10 per cent hydrogen
peroxides Cold digestion was allowed for 2 to I hours
then at higher temperatures until dryness, but not to
boiling. After three such treatments the inactivity upon
addition of the peroxide indicated that most of the orgen-
ic matter was removed from the Fort Colling s6il, the

bentonite, and the kaolinite. Several additional treat-

ments plus an acetic scid treatment, because of the
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apperent presence of mangancse dioxide, were necessary
with soil 57-A before the inactivity indicated complete
removal of the orpanic matters One gram samples of benton-
ite and kaolinite were placed in platinum crucibles, dried
at 110 degreecs centigrade, and weighed. These were then
subjected to temperatures of 50 degree centigrade inter-
vals until 800 degrees centigrade was reached. The sam-
ples were left in the furnace at each temperature for one
hour, removed to & calcium chloride desiccator, cooled
for 45 minutes, weighed, and replaced in the furnace at
the next temperature.

Additional samples of the clays and soils were
brought to dryness at 110 degrees aentigrade after treat-
ment with hydrogen peroxide, broken up, but not finely
ground, with & mortar and rubber pestle, and placed in an
atmosphere chamber obhtaining 50 per cent sulfuriec acid
for 8 days. One gram samples were then placed in tared
platinum erucibles &nd subjected to temperatures at 100
degree Fahrenheit intervals and held at each temperature
for 1% hours, then cooled and weipghed to four places.

From comparison of samples held in the {urnace
for one hour with those held for 1} hours it was found
that one hour was sufficient time to allow for the loss in
weight. In a like manner it was found that 8 days in the

atmosphere chamber over 50 per cent sulfuric acid were
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sufficient for the sample to come to & ressonable balance
with the atmosphere.

In order to obtain more information concerning
the colloidal fractions, samples of the clays, plus a
sample of 1llite, and samples from the profile of soil 57~
A corresponding to the depths O to 8, 8 to 20, 20 to 32,
and 32 to 44 dinches, and samples from the Fort Collins
3011 profile corresponding to the depths of O to 12, 12 to
36, 36 to 60, and 60 to 72 inches were dispersed in 1000
milliliters of water, as described in the procedure for
the mechanical analysis. The time of sedimentation was
calculated for particles greater than 2 microuns in dia-
meter and the suspension above this was siphoned off.
The suspension was flocculated with caleium chloride
solution, filtered wilh Whatman 40 filter paper, leached
with dilute hydrochloric seid for removal of lime, and
subjected to & to 4 leachings of calcium chloride solution
(approximately 2 normal). Excess caleium chloride was
removed with distilled water washingse The collolds were
treated with 10 per cent hydrogen peroxide for removal
of organic matter as described above. The colloidal ma-
terial was then brought to dryness at 110 degrees centi-
grade and placed over 50 per cent sulfuric acid for €
dayses Intervals of one hour at each successive tempera-
ture (100 degree Fahrenheit) change were used in the

muffle furnaces
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Two other soils from the Grand Junetion area
were treated as descrived above and the colloids used for
this determination. The survey numbers for these soils

are 15-C and 8-A. Only the O to 8 inch samples were useds
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Chapter 1V
PRESENITATION OF DATA

It was proposed in the introduction to this
thesis that the relation of the ionic exchange capacity
to various other properties of the soils and clays under
congideration could be studied by a breakdown of the prob-
lem into four sub-investigations. The results of these

investigations are presented heree.

Mechanical analyses and ionic exchange relstions
For ease of comparison the particle size distri-

bution and the ionic exchange capacities of each sample
and its 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 so0il was 0.5 per
cent, An additional 4.6 per cent of soil 57-A was re-
moved by treatment with hydrogen peroxide and hydrochlorie
acid, making a total of 7.2 per cent of the original soil
removed by treatments as described in the procedure. Ior
the Port Collins soil an additional 2.2 per cent was re-
moved by acid and peroxide treatments, making a total of
2.7 per cent of the original soil removed. These figures

were based on dry weight samples of the soils before and

DEPARTMENT OF AGRONOMY
Colorado State University
Fort Collins, Colorada



Table 3.--MECHANICAL ANALYSES AND IORIC EXCHANGE RELATIONS OF FORT COLLINS SOIL

Particle Size Values Ionic Exchange Values
Deseription Diameters Summation Actual Summation Actual Summation* Actual
in mm, percent percent percent percent -.../1095. n.o./ﬁOOgb

Untreated Port Collins Soil

Stnd 2000-0050 100 52.6 100 8-0 16.6 205
Coarse silt .050-.03L L7.4 1.7 92.0 4.0 32.2 8.6
Medium silt 003!.&-.018 39-7 6-9 88.0 0.6 56.8 lh-h
Fine silt .018-.002 3208 m-2 870,4 2605 hhos }009
Coarse 01‘y .002-,001 18.6 509 &09 1707 5&.3 LQ.?
Medium Olly «001-,0002 12-7 9.7 Ll5u2 3006 5605 5205
Pine chy <o°°02 ) 3.0 300 12-6 12.6 @.8 69.8
Treated Fort Collins Soil
Sand 2.00-.050 100 53.6 100 3.0 15.5 069
Coarse silt .050-.034 Lé.L 6.2 97.0 2.2 32.4 5.5
Medium silt .03L4~.018 Lo.2 7.3 9L.8 2.5 36.6 5.3
Fine silt .018-.002 - 32.9 11.9 92.3 17.7 L3.5 23.1
Coarse clay .002-.001 21.0 L.l The.6 10.2 55.1 28.6
Nedium clay .001-.0002  16.9 10.1 6.l 34.5 59.2 53.6
Fine Ol‘y <.0002 6.8 6.8 8.9 8.9 &02 &02

The values presented are taken as the best value of triplicate samples run
simultaneously.
*Values represent fraction indicated plus all smaller fractions.



Table l.--MECHANICAL ANALYSES AND IONIC EXCHANGE RELATIONS OF 57-A SOIL

Particle Size Values Ionic Exchtngg Values
Description Diameters Summation Actual Summation Actual Summation* Actual
in mm. percent percent percent percent n.e./lOO‘g. l.o./100§.
Untreated 57-A Soil
s‘nd 2-00—.050 100 205 100 0.5 1309 208
Coarse silt .050-.03L 97.5 3.0 99.5 3.7 1.2 7.8
Fine silt .016-.002 795 L3.5 94.6 28.7 16.5 9.2
Coarse OI‘y -002-.001 3600 9.9 65-9 10.5 25.LL mo5
Medium clay .001-.0002  26.1 17.4 55.6 31.5 29.7 25.1
Fine el‘)’ <0002 807 807 21‘.1 a&.l 5806 3806
Treated 57-A Soil
Sand 2.00=.050 100 2.0 100 0.2 15.1 1.5
Coarse silt -050-.051‘ 98.0 307 %08 1.9 150}4 707
Medium silt .03L4~-.018 94.3 9.9 97.9 L.1 15.7 6.2
Fine silt .018-.002 8.l Ls.2 93.8 21.0 16.8 745
Coarse clay .002-.001 39.2 8.9 72.8 7.2 28.0 12.2
Medium 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 L3.2 L3.2

The values presented are taken as the best value of triplicate samples run
simultaneously.
*Values represent fraction indicated plus all smaller fractions.



Table 5.-~NECHANICAL ARALYSES AND IONIC EXCHANGE RELATIONS OF BENTONITE

Particle Size Values Ionic Exchange Values
Description Diameters Summation Actual Summation Actusl Summation* Actual
in mm.  percent percent percent percent m.e./100g. m.e./100g.

Untreated Bentonite

Sand 2.00-.050

Coarss silt .050—.03)4 100 209 100 0.8 81'3 22.[&
ledium silt .034-.018 97.1 1.7 99.2 1.0 83.0 L7.8
Fine silt .018-.002 95.4 6.5 98.2 2.1 83.6 26.2
Coarse Cl‘y .002-.001 88o9 6&2 96.1 5-5 8709 T2.2
Mim cl‘y .001—-0002 8207 2808 9°¢6 50:.7 @.2 8606
Fine cl‘y < 0002 53.9 5309 5909 5959 wo 90.'4

Treated Bentonite

Sand 2.00-.050

Coarse silt .050-.03L 100 3.4 100 3.0 82.1 72.2
¥edium silt .031;-.013 %06 2.5 9750 007 8205 2300
Fine silt .018-.002 9Ll 16.7 96.3 10.7 6l4.0 52.6
Coarse clay .002-.001 714 9.2 82.2 9.0 90.9 80.3
Fadium th .001-.0002 6B.2 3109 < 0 92. 870
ginﬂ Ol.y <.0002 3605 56.5 l2.6 &06 950& 95.2

The values presented are taken as the best value of triplicate samples rum
simultaneously.

*Values represent fraction indicated plus all smaller fractions.

R



Table 6.--MECHANICAL ANALYSES AND IONIC BEXCHANGE RELATIONS OF KAOLINITE

Particle Size Values Ionic Exchange Values
Deseription Diameters Summation Actual Summation Actual Summation*  Actual
in mm. percent percent percent percent m.e./100g. m.e./100g.

Untreated Kaolinite

Sand 2.00-.050

Coarse silbt 0050‘ QOBL} 100 9. 6 100 2.2

Medium silt 0031‘.0018 90.& m.'] &-8 209 1.6
Fine silt .018-.002 49.7 36.2 70.2 52.0 3.6 2.5
Coarse chy .002-.001 1305 10.1 18.2 11.5 5.7 3.1
Nedium clay .001-.0002 3.4 2.8 6.9 6.9 5.5 5.5
Fim Gl" <.0002 006 0.6 - - - - o - -

Treated Kmolinite
Sand 2.00-.050

Coarse silt .050-.03L 100 1.5
¥edium silt .03L4-.018 98.5 Sy
Pine silt .018-.002 93.1 Li.1
Coarse clay .002-.001 52.0 20.6
30.0

1.4

Medium clay .001-,0002 31.h4
Fine clay <.0002 1.4

LI O B B B

LI S B B |
LI N B B B
LI I N B
]
L]

l!Eﬂ
t 1 O
LI I A N B
LI N S I B |

The values presented are taken as the best value of duplicate samples run
simultaneously. '
*Values represent fraction indicated plus all smaller fractions.
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after leaching. The weight before treatment was used for
caleulating percentages.

In the bentonite sample organic matter was
found to be negligible and the aeid ahd water soluble
salts only about 1.1 per cent. Water soluble material was
avout 0.5 per cent.

Because of the differences in the methods of
digpersion used with the treated and untreated samples of
keolinite, summsrized in Table 6, it is aifficult, if not
impossible, to determine what contribution was made by
the acid treatments It is apparent that the degree of
dispersion of the treated sample was greater than that of
the untreated.

In the kaolinite sample the amount of organie
matter was negligidble as was the acid soluble material.
As was explained in the procedure the sodium silicate
used for the dispersing agent of the treated kaolinite
samples rendered the samples useless for determination
of ionic exchange relations.

- In Tables 3, 4, 5, and 6 the values for the
sand (2,00-0.50 mm,) and coarse silt (0.,050-0,034 mm,.)
fractions for all of the ionic exchange relations must dbe
obtained by interpolation from curves drawn from the rest
of the danta, These curves are included in the appendix.

It is apparent that this procedure leaves considerable
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source o0f error in these two fractions, and especially so
in the coarsge silt, since that value, even in the mechan-
ical analysis, must be obtained vy difference. The accum-
ulative error might be of consideratble magnitude since it
is not only additive in the mechanical analysis, dut the
final value obtained for actual millieguivalents per 100
grams may represent the produet of two accumulative errors,
one from the mechanical and one from the ionic exchange
valuess The values expressed in the column for actual
milliequivalents per 100 grams for the coarse silt al-
though apparently not consistent in ao@e cases might be
expected to be even further in variance considering the
poesible sources of error.

So that all of the data may be considered by
comparisons of the total sand, silt, and clay fractions,
that is, considering the samples as they naturally ocecur,
8 bar diagram has been constructed giving actual percent-
ages of each fraction and the percentage ionie exchange
contributed by each fraction. These data appear in
Pigure 1.
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PERCENTAGE OF TOTAL SAMPLE

Fort Collins -~ reated

-=- weight
Sand -__ ox:h::ge =
-- weig
Silt -__ ex:hggg,
-- wéligz
Clay-__ exchange |
Fort Collins -- treated
Seuk " weight Z
and -__ exechange
_-=- weight
S11% -- exchﬁgge
-- weig
Clay-_. exchange ]
2 gich S0il 57-A -~ untreated
_=-=- weig z
Send-__ exchagge
-~ weig
Silv-__ exchange
_~=- weight
Clay-__ exchange
Laht S0il 57-A -~ treated
_-- weig
Sand-__ exchange
sa14-T7 Welsht PPzzz7zzZZzZZ2Z77ZZ
-- exchange
clay-~- Welght P77
-- exchange |
okt Bentonite -- untreated
_== weig P
841%-__ exchange
_~- weight |
Clay-_. exchange I
S - Bentonite -- treated
== Welg
S11%-__ exchange
_-= weight
Giaz-,. exchange
Lo - Ksolinite -~ untreated
-~~~ weilg W
S11%-__ exchange
o velgnt P22
Olay-,. exchange
Kaolinite -- treated
Si1t ~-=- weight P2
Clay -- weight

Fig. 1l.--Ioniec exchange in relation to particle size.
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Retention of ethylene glycol

The retention of ethylene glycol by the clay
fraction, as given in Table 7, probably presents the best
means of comparison since varying amounts of silt and sand
were present in the other samples. It is not known that
the retention of ethylene glycol by particles larger than
2 microne in diameter is comparable to the retention by
colloidal particles. The difference between the reten~
tion of the unheated sample and the heated sample has
been attributed by Dyal (12) to internal swelling. Dyal
believes that a difference of less than 0,005 gram of
glyecol per gram of clay ies insignificant. Values obtain-
ed after 24 hours of evacuation were used throughout for
these differences,

An approximate comparison of the base exchange
capacitics and the retention of ethylene glycol of the
clay fractions (2 microns and lese in diameter) indicates
that the two methods do not give values of the same mag~
nitude, but there is a parallelism in the order. See

Figure 2.
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Table 7.--ETHYLENE GLYCOL RETEFTION UNDER VACUUM BY SOILS
AFD CIAYS PREVIOUSLY DRIED OVER PpOp

T S S T S T T T T

ETHYLENE GLICOL RETAINED IN
GRAMS PER GERAM :

|

Unheated Heated to 600°C. For
Internal
16 _hrs. 24 hrs. 16 hrsg, 24 hrs., Swelling
Bentonite
untreated 0,268 0,246 0,006 0,006 0,240
Hetreated 0267 0,256 0.021 0,019 0.236
H-clay 0.266 0,256 0,020 042856
Ksolinite
untreated 0,004 0,004 0.002 0,002 0,002
H=treated 0.003 0,003 0,008 0,002 0,001
H-clay 0.008 0,004 0.003 0.001
I;%itg
Fort 001;;%5
untreate 0,023 0.022 0,012 0,012 0.010
Hetreated 0.020 0,018 0,008 0.010
Heclay - 8ilt 0,044 0,039 0.022 0,018 0.021
H-eclay 0,094 0,081 0,030 0,027 0.054
Soil 57-4A
untreated 0.025 0,024 0,011 0,011 0,013
Hetreated 0.024 0,022 0.013 0,012 0«010
H-clay - silt 0,028 0,025 0,015 0,013 0.012

The following particle size groups are represented:

Untreated & H-treated --- 2 mm. and less
H-clay - silt -== 0,050 mm., and less
H-clay ~-- 0,002 mme and less
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IONIC EXCHANGE
Milliequivalents per 100 Grams
2 Micron Clay

0 10 20 30 40 50 60 70 80 90 100
Bentonite ]
I1lite ]
Kaolinite :]

Fort Collins clay
57-A elay AJ

RELATIVE SPECIFIC SURFACE
Grams of Kthylene Glycol Retained
per 100 Grams of 2 Microm Clay

0 2 4 6 810 12 14 16 18 20 22 24 26 |
Bentonite I

I1lite ::]
|

Kaolinite

Fort Collins clay

57-A clay

Pig. 2.-=Ionic exchange in relation to relative specific
surface.

Values for relative specific surface after 24
hours under vacuum are usede.




Dehydration studies

The data obtained from the dehydration of the
soil, soil colloid, and clay samples are most readily pre-
sented in the form of graphs, as the values in table form
are not readily comparable.

It was found that the bentonite and kaolinite
curves obtained from samples heated at 110 degrees centi-
grade were distorted in that the first linear portion was
entirely lackinge. When placed over 50 per cent sulfurie
acid at 20 degrees centigrade for 8 days before subjecting
to dehydration analysis, the characteristic rapid loss in
weight of the bentonite up to 110 degrees centigrade was
apparent. The initial curve of the kaolinite was little
affected whether it was heated at 110 degrees centigrade
or allowed to adsorb moisture at 20 degrees centigrade
before heating to obtain the dehydration curve. There was
no apparent effect on the remainder of the curves, either
for bentonite or kaolinite, in relation to the initial
treatment.

The curves of the natural soils, Fort Collins
and 57-A, placed at 20 degrees centigrade over 50 per cent
sulfurie acid, do not to any great extent differ from
those of the s0il colloids although the total loes in

weight was lese where the sand and silt were present.

The curves obtained from the colloidal fraction



of the kaolinite, bentonite, and illite are shown in
Pigure 3+ The soil colloids, of the surface soils, Fort
Colling and 57-A, together with two other soil colloids of
the Grand Junction area, Figure 4, present curves with some
characteristics in common.

The profile studies of the Fort Collins, Figure
b, and 57-A, Figure 6, colloids indicate that the surface
801l colloid does not vary greatly from that of the lower
horigonse. Only the surface and lowest sample of the 57-A
profile are shown. The other two curves fall between the
two plotted and give little additional information.

The curves in Figures 7 and 8 are a redistribu~
tion of values so that the values interpolated from Fig-
ures 3 and 4 are presented. The loss in weight calculated
in per cent weight loss per each 100 degrees centigrade
rise in temperasture relative to the total loss is plotted
against the temperature. It is apparent that each value
must be plotted at the mid-point of each temperature range.
This allows an error of plus or minus 25 degrees in plot-
ting each point, so the penks, which are most easily com-
pared, might be in error to about that extent. However,

8 general meang of comparison ig presented which might not
be poseible from the original figures.

A more precise comparison is possible by cale-

ulating the pércentage loss over a defined range in com-
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parison with the total loss over the entire ranges These

values are presented in Tahle 8.

Table 8+--PERCENTAGE LOSSES 1K WEIGHT OVER SPECIFIED
RANGES OF COLLOIDAL FHACTIONS

e - ove- - e
——t v e i e e

Colloidal material Pergent oss Pergent %oaa
less then 2 microns 20%-150% ¢C. 150°-600° C.
Bentonite 41.2 44 .4
Keolinite 0.2 94 .0
Illite 29.9 65.0
Fort Collins clay 4348 5244
67-A clay 878 5945

All wvalues are interrolated from curves in Figures
3 and 4.

A colloidal material containing & mixture of
two clays might be expected to be present in & soil col-
loidal fraction, So that & comparison might be made of a
mixture of 60 per cent illite and 50 per cent montmorill-
onite with the soil colloids, the values for these two
clays were averaged and plotted. The similarity of the
curve obtained to that of the Fort Collins clay at a
depth of 36 to 60 inches may be seen in Figure 9. The
two curves are plotted on different percentage loss scales
but they are still directly comparables

A comparison of the dehydration curve of the
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57-A colloid with a mixture of 75 per cent illite and
25 per cent montmorillonite (ealeulated) is shown in
Figure 10,

Although the purpose of this section on dehy-
dration studles was to identify the clay minerals in the
801l colloides 1t does not anpear that this can be done
conclusively merely from the data at hand, A complete
comparison and relation ofthese data with that obtained
from the other procedures and with data from the litera-
ture offers support which can better te handled in the

digcussion of Chapter V.
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Chapter V
DISCUSSION

In this study where ionic exchange ocapacity is
being related to relative specific surface, particle size,
and tyves of minerals present in certain soils and clays,
it becomes more and more obvious that the identification
of the clay minerals »resent in the soils may be of pri-
mary importances This imnortance is especially under-
standable after a careful survey has been made of the
literature. Not in every instance, but in most cases
where significant contributions in advances of knowledge
along this line have been made, it has been shown that the
activity of the so0il may be related to the tyre of eclay
minerals present. This concept may be erroneous to a
degcree and a few authors have attempted to show the sig-
nificance of the larger particles of the s0ile

Although it may appear that the chief objeect,
then, is the identification of the clay minerals by rele-
gating all the investigations to this end, the converse
is also trues. If the clay minerals are identified then
the results of all the separate investigations are far

more significant. There are also certain implications
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which should be more thoroughly investigated.

If the best use is to be made of the studies
every availavle agsociation should be made with existing
mowledge vertaining to the particular studye. Since the
g0il samples are of primary importance a brief review of
their geologie formation may be helpful.

Grim (17) in a review of the occurrence of clay
minerals in soils presents observations from many sources,
some 0f which were available to him in unpublished manu-
gcericts and other sources which under osresent conditions
are unavailabvle for first-hand observation. In this re-
view he states that it is likely that illite is formed in-
frequently in soils, whereas kaolinite and montmorillonite
are commonly formed by soil-forming processes. A portion
of Grim's review is pertinent to the extent that direct
reference seems Justified.

Illite is present in many soils, "ut us~

ually as a remnant of the comrosition of the
parent-rock under different environmental
conditions. Hosking (22) has shown that in
Augtralia, under conditions of abtundant rain-
f£2l1l and active leaching, kaolinite soils form
on basic igneous rocks, whereas under condi-
tions of low rainfall and poor leaching mont-

morillonite soils form from the same igneous
rocks.

Some g0ils contain mixtures of c¢lay miner-
als, but in many soils there 1is a single clay
mineral that is the dominant component. These
are primarily mature soils in which there hase
been time for the clay mineral to develop, that
is, in equilibrium with the environmental fac~
tors under which the so0il has formed.



dontmorillonitic and kaolinitic soils may
form from illitic material, and kaolinitic soils
may form from montmorillonite parent-material.
Ag far as the writer is aware, there is no un-
questioned example of a montmorillonite soil
:hit hag developed from a kaolinite parent-mater=
8le

Work to date suggests that illite is the
most widely distribtuted clay mineral in present-
day marine argillaceous sediments, that kaolinite
is also widely distributed but generally less
abundant than illite, and that montmorillonite
is usually either absent or of very minor abun-
dance. Dietz (10) suggests that illite is form-
ing in the marine environment of acecumulation,
perhaps chiefly from montmorillionites Correns
(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
il1lite is the dominant clay mineral, and there
ig some reason to believe that the shaly struc~
ture is related to the presence of illite.
The argillaceous material of till and loess,
so far as is known, is composed of & mixture of
il1lite, kaolinite, and montmorillonit?. with
illite the more abundant. (17:259-261
If the Fort Collins and Grand Junction soils
follow the trends as given above it might be exprected that
the Grand Junction soil, formed almost execlusively from
the Mancos shale, a recognized ocean deposit, would be
dominantly related to illitic material. The Fort Collins
goil largely of alluvial origin and formed under condi-
tiong of low rainfall might be suspected of having a mix-
ture of montmorillonitic and illitic materials as its
bases However, to coneclusively make any such deductions

would be unwise as there are numerous unknown factors



7

which may have dominated the formation of either or both
soils,

It has been demonstrated by Grim (17) thet when
c¢lay mineral particles are agitated in water they tend to
break up into smaller-sized unitse. Helfurther shows that
because o0f lattice characteristice, montmorillonite breaks
down more resdily than kaolinites In a study of a large
nunber of elays Grim has shown that montmorillonite and
some 1llite minerals readily breakdown in & suspension
into particles less than O.1 micron in diameter while
kaolinite and most illite minerals are broken down with
diffioulty, or not at all, to narticles of 1 to O.l1 micron
in diameter.

If Grin's statement that keolinite and most
11lite minerals are broken down, with difficulty, or not
at all, to particles of 1 to O,1 micron in diameter is
taken to mean that these clay minerals also d0 not appear
in nature with diameters that small, some significant in-
dications may vte drawn from the experimental data.

The relatively large amounts of c¢lay in the
goil samples falling in the finer fractions might be an
indication of the presence of montmorillonitic material.
The small amount in the fine clay fractions of the kaolin-
ite and larre amount in the tentonite is substantiated by

Grim's observationse
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Comparison of particles, as to size and dipe
trivution, can give only an indication of the type of clay
mineral present in a soil, but does lend support when used
to confirm findinge from other rrocedures. PFrocesses in
the development of solls may vary gréatly, so the particle
8ize distribution of different samples is not always di-
rectly comparables The Fort Collins and Grand Junction
soils ae well aé the bentonite were naturally oceurring
‘sampless The kaolinite was obtained {rom a commercial
gource and possibly may have been subjected to treatment
other than night naturally occur.

The basge or ionic exchange properties in rela-
tion to particle gize should present evidence of a more
conclusive natures The relative increase in ionic ex-
change capacity of the hentonite with relation to parti-
cle sige is not great when compared with the increase of
the kaolinite fractions. The bentonite of 24 microns and
less had an exchange capacity of £82.6 milliequivalente per
100 grams ag compared with BE.C for the £ microna and less
and 90,6 for the C.2 micron and less fractions This
would indicate a difference of about £.6 per cent between
the exchange caracity of the £ micron and C.8 micron frage
tione. The values for the kaolinite indicated & 32 per
gent difference in exchange capacity between the £ micron

and 1 micron fractions. The difference would probably be
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even greater between the 2 mieron and 0.2 micron frac-
tions. The Fort Collins colloidal fraction indicated a
difference of atout 22 per eent in exchange cepacity be~
tween the 2 micron and the 0.2 micron fractions, and for
the same fractions s6il 57-2 gshowed a difference of 34
per cent in exchange capadity. The corresponding acid
treated samples are not at variance to any extent with
the differences in capacities as shown aboves

Joffe and Kunin (24 ) reported no significant
change in base exchange capacity in montmorillonite in
relation to partiecle sizé. The procedure used by Joffe
andKunin allowed the colloidal material to stand for
geveral days in suspension before the separations were
medes This procedure wounld assuredly eliminste all par-
ticles except those smaller than 0.5 micron in diameter
and possibly the sizes would be more limited depending
on the shape of the sedimentation container.

Grim (17) gives the following values for base
exchange canacity in milliequivalents per 100 grams of
clay: montmorillonite 60-100, kaolinite 2-15, and illite
20-40. The spread in values is explained from the facts
that all the members in a single group do not have exact-
ly the same capacity and that for certain clay minerals
the capacity varies with particle sizee« The experimental

values using the 2-micron-and-less a&s representative
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indicate that the methods used are comparadble to current
procedure and accepted standardse The value for the ben-
tonite representing the montmorilionite group, in milli-
equivalernte per 100 grams was €8,0, the kaolinite, 8.7,
and for the i1llite, 25+6. The Fort Collins soil sample
gave a value for the £-micron-and-less fraction 54.9
milliequivalents per 100 grams, which does not fall within
the limits of ény of the accerted groupse The less than
0+2 micron fraction, however, gives a value of nearly 70
milliequivalents per 100 grame. Kelley (26) states that
the exchange capacity of highly montmorillonitic soil
colloids has rarely been found to exceed 756 milliequiva~
lents per 100 grams, but does not define the limits of
the colloid. Soil 57-A for the comparable Z-micron and
lese fraction had & value of 2547« This wvalue falls
within the illite grouping, but the fact is not excluded
that a mixture of keolinite and montmorillonite might
also give such a value.

Prom the previous discussion of particle size
it was indicated that the kaolinite was rarely present
in the less than C.2-micron clay groupe. If then, the
exchange capacity of soil 57-4 in the less than O.,2-micron
group ig approximately 40 milliequivalents per 100 grams
it would require an almost equal mixture of montmorillonite

and kaolinite to obtain such a values This would indicate
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a weight of kaolinite present in soil 57-A in much larger
quantities in the fine clay fraction than was found in
the pure kaolinite sample. The presence of illite then
Seens more probable than a mixture of ikmolinite and mont-
morillonites

It is of far more than passing interest to note
that the percentage base exchange contributed by the sand
and s8ilt fractions of both the Fort Collins and 57-~A
soils is & very significant amounte The values from Table
3 indicate that the sand and silt of the Fort Collins soil
(untreated) contribute 29.1 per cent of the total ex-
change capacity. The treated sample sand and silt frac-
tions indicate a value of 25.4 per cent of the total ex-
change capacity. For soill 57-A the comparable values for
the untreated sand and silt indicate 34.1 per cent ex~
change capacity, and for the treated, 27.2 per cent. If
it were assumed that the sand and silt were contaminated
with enough clay particles to account for the exchange
values, it would be found that the total ¢lay percentage
would be so high as to clapeify the soils as bteing far
heavier than they possibly could be by any existing
methode

for example in the untreated rort Collins soil,
if the entire base exchange capscity were attributed to

the less than O.2 mieron fraction, 23.7 per cent of the
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80il would necessarily fall in the less than 0.2 micron
group as compared with .0 per cent by the mechanical
analysig. If the entire base exchange capacity were
attributed to the less than 2 micron fraction the total
c¢lay would amount to 30.5 per cent rather than 18.6 per
cent as indicated "y the mechanical analysise. Either of
the caleulated figures would place the 80il in a heavy
clay clasgification rather than a sandy loam as it is.

Joffe and Kunin (24) emphasizedthe importance
of the 8ilt fraction in its eontribution to the exchange
capacity of a soile They calculated the probabl§(clay
fractions for a series of profiles upon the basis that
only the elay contributes to the exchanges. Their evidence
is coneclusive in ghowing that the clay fraction cannot de
respongible for the total exchange of a soile For a sam-
ple of Colt's Neeck loam they assign 40 to 50 per cent of
the exchange to the silt fraction.

From results of investigations conducted by
Seay and Weeks(43) it was possible to caleulate the per-
centage o7 exchange due to the sand and silt fraction of
a Maury silt loam. A wvalue of 35 to 45 per cent of the
total exchange capacity was indicated.

Of the three investigations eited the present
investigastions give results for the exchange capacity of

the sand and 8ilt which are lower than the results of the
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other investigations, but still assigning a significant
portion of the exchange to the silt and esands A wide
variety of textural grades of soils are considered heree.
The Fort Collins is a sandy loam, the 57-A, a silty clay
loam, the Colt's Neck, & loam, and the llaury, a silt loam.
The second s0il investigated by Joffe and Xunin was a
Hontaldo silt loam. This would indicate that the silt
activity is of more than a localized origin, and possidbly
of far more importance than has been accredited to it up
to this time.

In summarizing the implications drawn from the
data of the mechanical analyeis and the ionic exchange
relations it appears that possibly montmorillonite is
doninant in the Fort Collins soil and illite is strongly
favored in the Grand Junetion soiles From the ionic ex-
change relations it is implied that & considerable por-
tion of the exchange capacity of both soils may be attri-
buted to the fractions of the soil coarser than 2 microns
in diameter.

Agide from this study, but lending support to
it, Whitney (48) made a chemieal analysis of the soil clay
from the Western Colorado area, which would have the
same parent materisl as soil 57-A., The analyeis showed
a percentage of 2,03 potassium oxide, while a bentonite

sample from west of Fort Collins contained 1.13 per cent
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potassium oxide.

Ross and Heondricks (39) indicate that hydrous
micas (11lite) may have a potassium oxide content of
from 1 to 11«8 per cent. In numerous analyses, which they
present from several sources, the montmorillonite clays
rarely reach 1 per cent potassium oxide and usually are
rnuch less.

This evidence would give additional support to
the establishment of the presence of illite in soil 57-A.

Dyal (12) in a recent research report on the
ethylene glycol retention method of estimating relative
specific surface indicates that an approximate parallel-
ism might be exnected between the surface for retention
of polar solvents and base exchanse. He further indicates
that the parallelism can only be approximate, however, for
montmorillonite ean wvary in exchange capacilty, as shown
for instance when ferrie ions are reduced in the lattice,
and part of the surface of kaolinite minerals is probably
neutral, He suggests that the degree of parallelism
should be studied in detail.

The present study zives an opportunity for com-
parison of base exchange with relative specific surface
as well as giving aid in identification of the clay miner=-
als of the soils.

The reproducibility of the method is evident
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from the use of the Wyoming bentonite in both investiga-
tions. Dyal uses this bentonite &s & comparison for all
of his work and indicates a value of 0.24 grams of ethy-
lene glycol retained per gram of unheated c¢lay. For the
same sample the results of the present experiment indi-
cate & value of 0.25 grams of ethylene glycol retained
per gram of clay. Both values were obtained after the
unheated samples were subjected to a2 vaecum of less than
Ovl millimeters of mercury for 24 hours. Dyal indicates
that a difference of greater proportions could result
depending on the method of treating the sample during
the original drying period.

The values of unheated samples for 24 hours of
evacuation in grams of glycol per gram of clay (less than
2 microns in diameter) as presented by Dyal indicate a
variance of 0.2828 to 0.273 in six clays of montmorilloni~
tic origin. As shown in Table 7, the ventonite in the
present investigation was found to have & value of 0,255,
Dyal gives values for six illite samples which vary from
0.014 to 0,074 as compared with 0,036 for the illite
sample herein examined. Two kaolinite samples examined
by Dyal gave values of 0,014 as compared with 0,004 for
the kaolinite sample herein examined.

Clay fractions of soils exam ned by Dyal gave
retentions ranging from 0.043 to 0,175« These values are
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compared with a value of 0.081 for the Fort Collins clay
fraction, and 0.069 for the clay fraction of the soil
B57-A.

It is well known that the high adsorptive pow-
ers of the montmorillonitic clays are due largely to in-
ternal surfaces and subsequent swelling of the parallel
plate~like structure which makes up the crystal structure.
This condition does not exist in the crystal structure of
either the kaolinite or illite clays. Consequently when
the various clays are subjected to high temperatures there
is a resulting break down of the expanding lattice struec-
ture of the montmorillogite clays and the internal sur-
faces are no longer available for adsorption. This re-
sults in a loss of the retentive powers expressed in per~-
centage ranging from 85 to 95 per cent of the original
retention and is some instances cited by Dyal as even
highers HNeither the kaolinite or illite clays experience
such a loss upon heating because of their non-expanding
type of erystal structures Dyal indicates that samples of
illite clay subjected to this treatment showed from no
loes in retention of ethylene glycol to as much as 40 per
cents The kaolinite varied from O to 50 per cent loss
in retention of ethylene glycol. However, in the method
Dyal disregards differences where the loss was less than

0,005 gram of glycol per gram of clay., Hone of the



losses by kaolin then would be considered significant.

The values, as shown in Table 7, for the ben-
tonite sample used in the present investigation experi-
enced & loss of 92.2 per cent in retention of ethylene
glyecol, which corresponds to the value obtained by Dyal
for the Wyoming bentonites The illite sample showed a
loss of 2849 per cent in retention, and the kaolinite &
loss of about 25 per cents The Fort Collins clay ex~-
perienced a loss of 6646 per cent while that of the soil
57-A was 5645 per cents These values may to & degree
correspond to the per cent internal surfaces

The parallelism of the ethylene gl col reten-
tion of a clay with the ionic exchange capacity of the
same clay is demonstrated effectively in Pigure 2.+ Here
the ionic exchange in mi'liequivalents per 100 grams of
2 micron and less particles is compared with the ethylene
zlycol retention in grams per 100 grams of the same size
material, It is apparent that there is a certain degree
of parallelisme

Hendricks and Alexander (19) use the differ-
ential thermal analyses for a basis of a semi-quantita-
tive estimation of kaolinite in soil colloids, but do not
believe that the thermal curves are sufficiently differ-
ent for illite and montmorillonite to allow an unambiguous

distinction between the twoe. Other investigntions are in
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general agreement with this, although Kelley et al. (29),
assign a definite resemblance of several California soils
to that of the tentonitiec c¢lays upon the basis of ther-
mal curves, and do distinguish the bentonitic curves from
those of the "x" clay mineral, now accepted to be illite
or hydrous mica.

The curves of the Fort Collins and 57-A colloids
of Figure 4 are best compared with the curves of the
known clays by Figure 8. The curves of both of these
figures are more easily interpreted by a breakdown into
percentages of water logs over certain temperature ranges.
These values are tabulated in Table 8.

It can be seen from this table that the ksolin~
ite sample 1s distinctively characterized by this break-
down. From these values it would appear by means of
comparison that kasolinite is not present in either of the
g0il colloidse. In general the Fort Collins colloid more
closely resembles that of bentonite, and the 57-A clay
more nearly resembles the illite. However, a mixture of
bentonite and illite could hardly be excluded in either of
the s0il colloids and perhaps is definitely supported.

In making comparisons it must be remembered
that bentonite is only a representative of the montmorill-
onite group of clay minerals, and illite or hydrous mica

is another group represented here by only one sample. 1t
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appears that the bentonite and illite samples are fairly
representative or, to an extent, good "average™ samples
for the groups they reprecent.

On the other hand the clay minerals making up
the Fort Collins and 57-A colloids might be "average" for
the clay group they represent or their propérties may
cause them to be near the limits of a particular group.
For these reasons probably no further comparison can be
madee.

The curves of Figure 9 are interesting conjec-
tures, wherein a calculated curve of 50 per cent illite
and 50 per cent bentonite is plotted and the curve of the
Fort Collins colloid at a depth of 36 to 60 inches is
practically suver-imposed on it by merely reducing the
percentage loss in weight scale by one~half. Figure 10
compares the 57-4 colloid with a calculated 756 per cent
illite and 25 per cent bentonite mixture. The resemblance
is obvious, but the significance may be questionalles

A spignificant contribution, applicable to this
study, was made by Kelley, Dore, and Page (28) in their
studies of American alkali soils, when they demonstrated
that the accumulation of saline and alkali deposits does
not significantly alter the clay minerals of a soil,

This would indicate then trat the present study is not
only applicable to soils affected by saline or alkali
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deposits of the Grand Junction area, but to fertile soils
as well,

It seems appropriate at this point to attenpt
8 correlation which might lead to an identification of
the clay minerals present in the soils under observation.
The geologic origin of the Grand Junction soil, 57-4,
gives definite support to the clay mineral as being illite
but neither of the other two groups are ruled out. ior
the Fort Collins soil, the indication from geologic
gstudies might indicate a mixzture of montmorillonitic and
11litic materials.

The vresence of the fine colloidal fraction
is suggestive of montmorillonite in both soils, but does
not exclude illites The presence of kaolinite is not
favoreds. The tendency can hardly be considered &s more
than suggestive of the presence of montmorillonite.

The actual ionic exchange capacities of the soil
colloids give strong support of illite being present in
the 57-A soil. The exchange capacity for the 2 micron
and lese material is nearly identical with that of the
illite samples However, a mixture of kaolinite and mont-
morilionite could give such a value, but is not probable
because of the necessity of consideratle amounts of
kaolinite being present in the less than O.2 micron frac-

tion. The exchange value for the Fort Collins 2 micron
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and less material falls half way betweeh the values for
i11ite and bentonite.

The studies of retention of ethylene glycol
indicate that the i'ort Collins clay falls above the limits
for known illitic material, but not high enough to come
into the range of montmorillonitic material. The 57-A
clay falls just within the upper limit of the illitic
material as cited by Dyal. Kaolinite retention is far
below any of the other valuess The percentage internal
surface or retention caused by swelling calculated by the
ethylene glycol retention, places the Fort Collins and
b7-A samples between the montmorillonite and illite groups.
The Fort Colling clay is about half way between the two
groups, while the 57-A is somewhat lower and nearer to the
values for illite.

Finally, evidence from the thermal curves
appears to exclude kaolinite and probably favors a mix-
ture of montmorillonite and illite for the Fort Collins
80il colloid. The caleulated curve of 50 per cent illite
and 50 per cent bentonite strongly resembles the curve
of the lower horizon of the Fort Collins clay, if such a
calculated curve is permissibles The resemblance of the
B7-A curve to that of a 75 per cent illite and 25 per
cent bentonite is substantiated by the breakdown of the

curve into percentages over specific ranges of temperature.
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The evidence appears to exclude kaolinite from
the Fort Colline s0il colloid and favors & mixture of
i1l1litiec and montmorillonitic material for this soil with
possibly & mixture of near equal amounts. Although 11li-
tiec material seemg to be a logical make-up for the 57-A
colloid, it could hardly be said that the evidence is
conelusive in eliminating montmorillonite, but the pre-
gsence of kaolinite seemeg extremely doubtful.

Perhaps the most profound implication of the
entire study is » realization of the possibilities of the
method offered for continued and allied studies, and the
need for such gtudies. At the same time the limitations
of the methods must be recogniged.

X-ray diffraction patterns of the soil colloids
would greatly facilitate, and it ‘s hoped, confirm the
findings of these investigationse It has been shown that
throughout the litersture the emphasis is placed on the
x-ray analysis and differential temperature analyses
because of the greater degree of certainty these methods
offere.

The procedures as used in this investigation
could be applied to good advantege to known samples of
illite, and other materials of the kaolinite and montmo-
rillonite groupse. Data for definite mixtures of kmown

clays and for so0il eolloids of identified clays would be
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significante It scems very probable that a classification
of soils could thus be established and relationships set
up 80 that & soil colloid might be quite readily classi-
fiede.

Especially is this method promising in obtain-
ing ionic exchange relationships relative to specific sur-
face by the ethylene glycol methods. The relationships
gshould be investigated for clay fractions and sub-frac-
tionsg as well as larger pnarticles. The pipette method of
obtaining samples offers a means of studying the relation-
ships within a so0il far better than obtaining fractions
by centrifugétion and drawing generalities which may be
extremely biased and not present a true picture of the
actual properties of a particular soil.

It does not seem premature in the light of these
studies and the support offered by & very limited number
of investigators, Jofie and Kunin being prominent among
these, to point out the great importance of the silt frace
tion in the total soil. 1In nearly all of the literature
the activity of the 80il 1s placed directly upon the clay
or colloidal portions It is readily aclknowledged that the
activity of the c¢lay is high in comparison with the activ-

ity of the silt or sands It has bteen demonstratels hOW-
ever, that even in soils with relatively high clay frac-

tions the exchange capacity contributed by the 8ilt and
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geand is seldom less than one-fourth of the total, and has
been demonstrated in other soils to be at least one-half,
It seems logical to propose then, that the silt
fraction should be the object of as much investigation as
hag been placed upon the clay fractioﬁ. To a certain ex~
tent the silt fraction should be more easily investigated
owing to the visibility of the rarticles by ordinary
meanse The avenuee o rescarch from the initial classi-
fication would be innumerables Although comolete separa-
tion of silt fractions 1s tedious, a modification of the
sedimentation and pipette method might afford a means of
obtaining fractions of =0il large enough to actually test
by plant growth the significance of the various fractions
in supplying nutrient elements. A correlation of this
with lonic exchange capacities and relative specific sur-
face would provide 2 fascinating possibility for research.
Humeroug other posgssitilities are evident for
continued research with more than reasonable expectations

of obtaining significant results.
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Chapter VI
SUBMARY

In this study there hae been an attempt to show,
by various procedures, the relation of the ionic exchange
phenomenon in édertain soils and ce¢lays to the particle size,
relative gpecific surface, and type of clay minerals pre-
sent.

These studies were limited to & smple 0of fer-
tile Fort Collins sandy loam, & non-productive silty eclay
loam from the Grand Junction area, and to identified sam~
ples of bentonite and kaolinites A sample of illite was
used in a few of the comparisons.

The procedure to obtain the particle gize frac-
tions wag a modification of the Olmstead pipette method of
mechanical analysie for soils. The soils and clays were
fractionated into one sand, three gilt groups, and three
clay groupse DBoth acid and peroxide treated, and water
washed samples were subjected to the mechanical analysis.
Using the fractions from the mechanicsl analysis, the
ionie exchange capacities were determined by a semi-micro
adantation of the ammonium acetate method.

REstimations of the relative specific surface
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were established for the samples and fractions by the use
of 8 recently developed method based on the retention of
ethylene glycol under vacuume.

Dehydration curves of the samples and fractions
were accomplicshed over a range of 20 to 800 degrees centie
grade.

Data obtained as a result of these studics and
comparison with the literature show that the silt and
sand fractions of the soll may contribute from one-fourth
po one~half of the total ionic exchange capacity, depnend-
ing to a degree on the textural grade of the soil.

The exchange capacity of a soil can be approx-~
imated by the ethylene glycol retention under vacuume. A
parallelism is observed between the exchange capacity and
the relative specific surface as estimated by the ethylene
glycol retention,

The Fort Collins eo0il col.oid appears to be a
mixture of montmorillonite and illite as a result of
comparison of all the datae The colloid of soil 57-A
may be illitic in nature, dbut it is impossible to rule out
a mixture of possibly all three of the clay grouns being
present.

Important implications for continued study lie
in the investigation of the activity of the silt fraction

as indicated bty its exchange capacity.



Classification of so0il colloids by a combina~
tion of methods is suggestede. The pipette method lends
itself to a study of the s0il with a minimum of bias. The
retention of ethylene glycol by colloidal material is

deserving of additional consideration.
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