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Boms Fundamental Properties of Raw Olay# 
Influencing Their Uses

1* Introduction
Few materials enjoy such a wide ran#* of distribution and 

application as days, The problems of the pro^^r selection of slays 
and the control of their behaviors in use is one of paramount Im* 
portance* The situation is made difficult by the great number of 
variables and by inadequate understanding of some of them and their 
relationship to each other# Scientific control can be possible 
only after all properties have been definitely defined and correlate 
ed*

The object of thia investigation was to obtain information to 

form the foundation for the general correlation of the properties 
of clays* It was felt that more could be learned by a general study 
of many properties than from a detailed study of a few, The ulti­
mate objective, which will not be achieved within the scope of the 
immediate problem» was to obtain information that will facilitate 
the selection of the proper days for a specific purpose» and to 
enable us to control their behavior in use* It was hoped* however* 
that information obtained in the precoat investigation could form 
the beale of more detailed future investigation»*

In formulating a plan for the systematic study of the proper­
ties of clays* a consideration of the fundamental relationships 
involved suggests the most logical method of attack* in outline 
of these quantities, as shown in Table X* indicates the origin 
of the properties and points to the poesible relationships existing.
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If these properties are all related in this way, and the relation­
ships are known, then the complete system can be defined by a few 
of the properties which are more easily measured.

Table 1. Expected Relationships Between Fundamental 
Properties of Clays

I. fundamental causes of the differences in days may be traced 
to their mineral**1**1, chemical, and physical characteristics 
as follows:

a. The particular clay mineral or minerals present and the 
relative amounts.

b. The particle else distribution of each.
c. Mature and amounts of accessory minerals.
d. Mature and amounts of soluble constituents present.

11. The following fundamental factors are directly governed by 
the mineralogical, chemical and physical constitution of clays: 
a. Amount and intensity of hydration (Governed by the ad­

sorption capacity, and the nature and concentration of 

ion# in solution.)
b. pH changes when soluble salts are added.
o. Packing characteristics of the particles.

XII. Physical properties controlled by (a) or W and (c) of II.
». Dry strength.
b. Drying shrinkage.
c. Flow characteristics of suspensions.
d. Permeability.

e. Plasticity.
f. Stability of suspensions.
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Two different plans of attack are thus indicated: First, the 

determination of the properties listed under III in the outline 
in Table I, as functions of partiale else of pure day minerals, 
exchangeabls estions and soluble esits*

The second possible method is the one chosen f y the present 
work# Thia involves the study of a variety of different slays, 
without regard to purity or composition, to determine whether or 
not the footers listed under II in Table I fix the properties of 
the clay, This is feasible, sines quantities of II, are the direct 
results of the mineralogical, physical and shamical constitution of 
the days, and the quantities listed under III in the outline are 
composite manifestations of these basis variables»

If the soluble constituents are controlled, hydration and 
parking characteristics are the only remaining variables, and t ^se 
are controlled by the constitution and physical condition of the 
clay, Thus, by measuring the ion sorption capacity and the pore 
space of clays, and by controlling soluble salts and water content, 
the system may be completely defined# If those conditions wore 
shown to hold, the procedure for examining clays would be very 
much simpler than that required to make particle si ze and mineralogi­
cal analysis, 

in this type of investigation, in which several different 
properties must be measured, a certain amount of accuracy mat 
be sacrificed* Precision measurements, where and if desired, can 

be taken up later# Some data, such as flow oharactsrlsties, could 
not be obtained in thia investigation# This was partly due to the 
lack of adequate means of testing, but chiefly because of the



the excessive amount of time required to study the throe component 
Byatem* 41ay~eleotrolyte-*@ter,

II* Previous Work and Literature
1» Several
In the vast majority of lavestls^tlons of raw elaya, the laves 

tlgatora have neglected to take proper account of the baeie varl- 
ables. Most studies relating to ionic egohange (kattsen (1), 
Àamann (%), Bradfield (3), and BemiBon (4) ) have bean conducted 
by attesting to characterise the proeesass by dissociation son- 
stents, true ehemlaal r^aetlona and so forth* Jenny (5), (6), 
and Cooper (7) have approached sorption phenomena from the point 
of view of the properties of the participating ions* In resent 
years the knowledge concerning molecules, atoms and ions has baaome 
so sell defined that it furnishea a definite basis for the study 
of ionic processes in connection with the behavior of clays# The 
first to apply thia technique to the study of ceramic clays was 
BMcll and Vageler (8), who investigated the relationship between 
adsorbed cations and water content of cereal# clays* KMell, Hof­
mann and Mlm (9) made an oxtansivs investigation of the relation 
between several properties of natural clays (not single-base clays) 
and base exchange capacity* Several properties of natural kaolins 
have been correlated with base exchange capacity of Klelnofelter 
and co-workers (10).

%« nature of Certain Cations
in slay*water systems, ions are the most important, if not the 

only active agents* dations remain ionised even after adsorption 
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on the colloid* X-ray analyse# have ahoen that @lay colloid* are 
not <mly dryatallln* but that the eryctale are built up of long 
(Bragg (11)» (IB)* Peby* (13)$ Qaldaahmidt (14) and others)^ Th*** 
faata hav* formed the base upon ehloh our knowledge of clay* ha* 
been pyramided, 

%v*ry ion 1* surrounded by a shell of oriented eater; in other 
aorda, the leno are hydrated# The of the hydration phe­
nomenon ha* been described by Bom (18)» (18)» Drude and cornet (11)^ 
laohburn (18)» and Webb (IP)# The free energise of hydration of 
oheMeelly unhydrated lone had been obtained as a function of ion 
radii by calculating the difference in energy neeeeaary to charge 
Lh* ion in a vacuum and that neoeaeary to charge the ion la eater» 
and to eompreB* the solvent in the vicinity of the ion. The field 
strength of an ion la proportional to the charge on the ion divided 
by the square of its radiuo#

Sine* eater la a permanent dipole» it la tremoMowly influenced 
by the pressa## of lone* Under the influene# of an electric field» 
eater molecules beedme oriented and more tightly peeked» forming 
a *«hell" around the Ion# Prop##!** of lone influencing the polar* 
i$ln# effects of lone are given in Table# II» in* and IV# The 
amount (XT eater attracted by an ion la directly pr#portion*l to the 
field strength# of the lone# Thu# Ba* $111 attract acre eater than 
K+ and K* more eater than Ba*, The amount of eater aNoelated elth 
lone he* been determined by Weehbura (10) who ropoMa l#*0 mala of 
HgO per ion of 1a and 11*8 mole# of H^O per ion of K»



Table II. Praaawee Üxlating in Gâter et Various DlataRAe»
Frew Ion. AosoMing to %obb (19).

DIatanee from
1N& & 1B.7T 8.78 4.18 3.09 9.38 1.95

Field Strength 10^ 5 x 10^ 10^ B x 10^ 4 x 6 x 10^
Pregewe 0.43 90.9 1.76X 10* 1.86x1^ 0.34x10^ l»84xM*

Roe 1 give» the distunes in 2ngAtr6m xmlt$ from the eenter of the

1GB*

Row 8 given the values of internal field strong the oorreaponding, 
in *.#.*. eleetroetatle unite.

how 3 given the press we in mogadynee per square aentimeter.
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8
3# KMhenlem of A^sotptlon
The structure of the eryetBlline matter in clays determines 

the nature of the adsorption phenomena# Aosording to Jenny (6), 
^The places of attraction in colloidal ^articles are the negative 
0*^ and OR'* lone of the rl^ld crystal frsme# Only posi tive lone 
will adhere# negative lore as a rule will be repelled and regain 
in the surrounding liquid# The intensity of fixation follows 
Coulomb'e law according to which the attraction is directly proper 
tional to the product of the chargee of the ion* and indirectly 
proportional to the square of the distance between charges, which 
is of course determined by the else of the lone# Gleaner'* (81) 
contribution in base exchange studies consiste in the introduction 
of the slew of the hydrated lone instead of 'crystal ions' In 
Coulomb's equation. .** The K-lon with Its thin water shell can go 
closer to the 0*1 on of the crystal frame them the more highly 
hydrated Nation. The attraction between the negative inner layer 
and the K*ion is therefore greater than for the Nation; in other 
words, X la batter adsorbed than Na, and also held more tightly»*

Cation exchange is a function of the surface of el eye of the 
kaolinite type. The mechanism is different in the montmorillonite 
beidellite—nontronite type of clay minorais* These minerals have 
a variable (001) spacing into which ions and water are attracted 
(@iseeking (88))*
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XII# Kaperlmantal
1$ Th* Sample#

Th* u*#4 io this Investigation together #ith a
asription of their mineral compositions and souroe are listed in 
Table V# These *aa%)le# sere #al@et&d with a vies to obtaining as 
side * range of types as possible shiah could be studied e&hla 
the scope of this investigation*

X*rsy diffraction patterns of some of the samples are ahova 
in fig# 1# The mineral constitutions of various days have been 
studied in considerable detail by Clark, Sleeken, and Reynolds (S3), 
Grim and Bray (RA), and others#

Table v. List of Clays Studied, Their Mineral Compositions 
and Sours*

Mam* Bourse Mineralogical Composition
Worth Carolina Kaolin north Carolina Chiefly soars* kaolinite. 

Boms muscovite* quarts# 
end orthosite*

Bnglieh China Clay gnglmd Chiefly kaolinite» Some 
shit* misa, quarts# sad 
feldspar#

Georgia Kaolin Georgia Chiefly kaolinite#
florid* Kaolin florid* Kaolinite, treses of 

quarts#
Tennessee Ball Mo# ? Tennessee Kaolinite, some illite#
Tcaaeawe Ball Mc# G Tennessee Kaolinite# some illite# 

Organ!* material, limits.
Vallendar Clay Germany Kaolinite and illite* 

Quarts, auseevlts# and 
feldspar#

Alton Gley
(No. 2 Fire Clay)

Alton, Illinois Kaolinite, some illite 
and organic matter# 
Quarts and pyrite#
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Table V (eontinued)

Kam*
Texas Clay

Peat

Bentonite

Sourde Mneralo&lüal Composition
Dalhart, Kaolinite and mant%<wll«
Texas Ionite* Some unidentified

mineral#
Northern 
Illinois

tymina

Chiefly lignite# Some 
quarte, Kaolinite, end 
other minerals#
Montmorillonite#
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Fig. 1. X-ray Diffraction Patterns of Some of the Samples 
Used.

Tennessee No. 7 Ball Clay

Tennessee No. 5 Ball Clay

No. 2 Fire Clay - Alton, Illinois
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Texas Clay

Peat

Bentonite
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8, Préparation of the Sample*

One hundred to two hundred grams of each sample were converted 
to hydro#en-clay either by Isaching or by eleetro-dlalyai*. The 
dialyzing apparatus need was similar to the one described by Brad* 
field (ES)* Those cample# were then air dried and seeled in jars 
until needed* A portion of the Alton Clay was treated with 
to remove the organic material.

The aodlum+olaye were prepared by adding MaQH to the hydrogen* 
elays in amounts equivalent to the respective base exohenge oapaoi* 
ties#

3# Methode of Measuring properties# 
a# Base Exchange Capasity

The base exchange eapaeltie# were determined by the ammonia 
distillation method* The oleye were leached with normal neutral 
ammonium acetate aolutlmi and the exsoss ammonium acetate removed 
by washing with neutral absolute methyl alcohol. The adsorbed NH* 
ess replaood by sashing with 0.1 normal gel and the displayed 
dete^slnod by the Kjeldahl method# 

b# Meat of setting
Meat of wotting was determined by a method devised by Jsnort 

(Ed). The apparatus consisted of a Dover flask# dxleh eas suspended 
inside another# larger. Dewar flask# It was severed by a well 
insulated lid# bored to accommodate a Beekman thermometer# a stir* 
rer, and the sample bottle#

In making measurements# the calorimeter was charged with a 
quantity of water su oh that the volume of the water plus the volume 
of the sample was always 300 sc* The samples were contained in 
glass capsules with ground glass caps# Ths samples were dried at
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108* G», and th* Bealed vith pwaffla. 8*al#4 s&mpl#

WW than lamareM la th* vat#r la th* oaloawtw and allowed to 

stand over night to attain thermal *4ulllbrlnm& mien ready to mak# 
the test, the water in the calorimeter was gently stirred and $ 
record kept of temperstare and time* The sample was then quickly ? 
removed and the slay dumped into the calorimeter* 81th constant 
stirring, observations wore made of temperature and time, so that 
curves such an Pig*. 8 and 8 could be plotted* Beata of wetting 
wore calculated from the temperature rice, weight of sample, weight 
of water and apparatus constant, The caloÀmeter was calibrated 
by the host of solution of sodium carbonate*

e, Measurements of pR

The days were mixed with water to form a thick slip containing 
0*8 gram of slay per $*# of slip* a Beekman ph motor was used in 
the determination*

d* Equilibrium moisture

Three general methods are available for the study of M&ill# 
brim mol et uro, The three methode are, (a) the ordinary desiccator 
method* (b) a chamber at atmospheric pressure in which the air is 
kept well stirred, and (c) dynamic method, Per the purpose at 

hand, the ordinary desiccator method use used, in which the clay 
samples were brought to equilibrium with the vapor above appropria* 
sulfuric sold solution*» This method is open to criticism in sever* 
al respects, but it proved to be satisfactory for the puryaMmof 
this investigation# ill the sample# were left in eontaW with the 
vapor tw Mx months at approximately 88* 8,
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In order to obtain a eoaparWn of the relative permeabilities 
of the various olays, the folloielng teats were davieed*

Method Ko* 1# A 10 gram aaa^l# of slay vasv&lghad to an so* 
sur^oy of 1 0*1 gram. Fifty as* distilled water were added to the 
sample# and ths suspension was allowed to stand 18 hours# & 
Bulmer funnel was prepared using No. (% filter paper, and made to 
set se nearly level as possible. A vacuum of 89 in. was applied 
and the suspension transferred to the funnel* Ample ti%e was al* 
lowed for the slay layer to form; than the vacuum was released and 
# graduated cylinder pissed inside the flank so that the funnel 
whan replaced had its spout inside the graduated cylinder# She 
vaemm was again applied and rewords made of the time required for 
6*0 as# of liquid to pass through the aley membrane, the tempera* 
ture during all runs was ng&r 84@ C*

Method Ko* 8. 10*0 grams of a ley were added to bO as* of 
distilled water in e flank* The slay was shaken 78 hours by a 
mWianisal agitator# than transferred to a B&ahnsr funnel* The 
time required for 80 os* portions of distilled water to peso the 
slay membrane was noted# Fig# 4 shows an example of the type of 
data obtained by thia method*

Method No# @# Ten grams of slay and &0 so* of water were put 
into a flank and the slay dsfloeoulated by additions of NeDH* 
After 78 hours of nwahanioal agitation* the sample was flweulated 
by a few drops of HOI and transferred to the funnel# and the Mio* 
rias ions leashed out» The filtration rate was then measured*
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f* 8at$ of drying*

Th* clay* tare made plastic and adjusted to a plasticity(*) 
number of about l.B, than formed into cylindrical test apecimens. 
These cpeelmens were made one square inch in cross section with a 
height equal to th* diameter# The samples were set on the labors* 
tory table wd weighed periodically to determine the r^tc of eater 
loss, This simple test ess all that could be carried out with the 
limited amount of sample available and with clays of so side a range 
of drying characteristics.

g. Drying shrinkage*

Drying shrinkage was measured on the fate of drying*samples. 
The plastic volumes were determined by weighing the bars suspended 
in carbon tetrachloride. Dry volumes were calculated from the 
weights of bare saturated and suspended in carbon tetrachloride, 

h* Porosity measurements#
%* porosity of dried bars was calculated from their respective 

dry volumes: weights, and true densities,
1, Plasticity*

An apparatus patterned after the one described by Bndell (27) 
saw used for th» plasticity measurements in this investigation. 
The plasticity of clays emnet be defined by a single figure, and 
can be adequately described only as a function of the two component 
system, elay+watcr* The quantity of sample available in this laves* 
tigatloa was so limited that this could not be accomplished# The 
plasticity apparatus was need only as an aid in bringing all plastic 
samplee to approximately the saw plasticity before testing,

(*) Cylindrical test specimens were subjected to simultaneous 

compression and torsion. The plasticity number was the product of 
the deformation and load at the time of rupture.
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3 * Dry Strength.

The Goppressive strengths were determined on oyllndrio&l 
speoimens approximately 1 inch in diameter and 1 inch in height, 
using a small hydraulic press. For modulus of rupture, specimens 
1/2 inch in diameter ware loaded at the mid-point of a span of 
six centimeters.

IV. Results and Conclusions
1. Base exchange capacity

Since base exchange capacity is one of the fundamental factors 
influencing the properties of clays (see Table I ), and is compara­
tively simple to adequately determine, it will be used as a func­
tion against which all others are plotted to test correlation. 
This can be done on the premise that all properties which are 
functions of base exchange capacity, are also functions of, or re­
lated to, each other.

The identity of the individual dayswill not be indicated on 
seat of the graphs, but may be recognised by their base exchange 
values by reference to Table VI.
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Tabi* VI. Baa# Bxah&n&a Capaoltig*.

Clay
Warth Carolin* Kaelin • « * » « 
South Carolina Kaolin ................ 
Bngllah China Clay .###.# 
Mori da Kaolin#
Tonnoaaoo Ball clay Bo. ? . . . 
TonnaoBoo Ball clay Be# 8 . # + 
Vallendur Cloy# $######.» 
Alton Clay. ##***«#*♦# 
Altw Clay (traatod oith 
Texas Clay
Peat *•■♦•*•**♦**»** 
Bentonit* •♦■•»♦♦♦*•■ » «

Baas Bxohanga Capacity 
Kill!**qulvah ata 
per 100 grams.

**««•*» * » ^*0 
» * - * * * » *. * « *s 
•«»*»»«»• S*B 
**«.**♦»* 8*0 

•»***»♦«•10♦S 
» * • * * * » • *18*1 
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t* Beat of Wetting
The meohenism of water adaorption haw long Noh a matter of 

eontroversy* Beat of wetting date* iaterp otM in the light of 
modern solansa* has done mush to glorify thio question* Jsnort 
(88) # reasoning that polar adsorption should be slowly sorralatod 
with exchangeable bases» and consequently the heat of hydration of 
adsorbed oations# dlesovorod sems important fasts# Ne was able to 

•how that the ratio of the heat of hydration of the adsorbed ions 
to the heat of wotting is a constant* The values for these ratios 
•re as follows: Malays 11*8* Mg*«laye 0*0* Cagleys 1*0# delays 

8*1* and Na*olaya 4*8* Those results were taken as proof that the
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adsorbed 10ks are the source of activity in 01ay*W@t@y
&inea the a&tiona are mora or leas bour>d to the alualno^olliG^to 
oo^lox» only a certain fraction of the total boat of hydration can 
reappeur vh^n the dry clay la wotted* mils proportion differs con* 
oiderebly for the different cations* The adsorption ie etrongeat 
for hydrogen, and therefore only 1/11*6 (8*1%) of the total heat 
le returned as heat of watting* sodium is but little adsorbed and 
1/4*9 (90%) appears in the haat of wetting* The other cations fall 
between and follow the well known order intensity of adsorption*

The values of heat of wetting used in constructing the curves 
plotted in Fig* 5 were ouleulated by the following equation:

BMW exchange capacity e

where K la Janert's ratio of heat of hydration to boat of wetting* 
Ibis ratio was cheeked in the present investigation for three K* 
Clays* the values being indicated in Pig# 6.

Jsnort failed to point out that perhaps the most important 
application of this generalisation is the prediction of the behavior 
of untried oations in alay»water systems* The greater the portion 
of Ionia energy which is seed up in its adsorption by the colloid* 
the closer the system approaches an iso*cloetrie point* Conversely, 
estions which retain a high percentage of their energy should be 
gcod dispersing agents* It is possible to evaluate those factors 
precisely and conveniently by host of wetting measuremento*

3* pB

The pH data can be interpreted in the same manner as heat of 
wetting* If none of the energy of the hydrogen were utilised la 
adsorbing on the surfaces of the silicate emplwx, the pB would be
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20 
si# in Fig, 6 for the ewv* labeled "p# Calculated asawaing 
100X of H Active,** The curve calculated assuming s.7^ (Janert*s 
factor) of H active is much closer to the observed values. The 
observed values could not bo expected to eheck vith those onloul&tad 
from the 6#7^ fnot^ since the water to day ratios are radically 
different in the two oases* The heat of wetting measurements were 
taken at practically infinite dilution (considering only the ions), 
«Aille the pH measurements vers made on samples containing 0*5 gram 
clay per co* of suspension* The difference between the computed 
and observed pH values simply m ans that the intensity of adsorp* 
tion of tha cations varies with water content* More electrolyte 
would have to be added to a plastic clay than to thick slip, and 
more to thick slip than to dilute clip (per gram of clay) to pro* 
dues th# same degree of change»

The method of calculation of pH la obvious from Table Vik 
The fraction of hydrogen ionised and th# dissociation constants 
were calculated according to the usual means of the physical chm* 
lot. These calculations involve the assumption that clay sets as a 
polyvalent acid in which the willcats Is the anion and the adsorbed 
hydrogen the cations.
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It can inferred from what has been ahoen that if pH ls to 

be used ## F) control in day work# the relations must be determined 
empirically for h individual oeee* The case pH can of eow^e be 
obtained in eolutione containing a variety of different ostlono* 
Since the behavior of slay^sater eyeteme is largely dependent upon 
the particular type of cation present$ pH in polyclonie eyateme le 
incidental and not fundamental*

4* Equilibrium moisture.
The moisture in equilibria* with several H^elays is shown in 

Fig* 7$ This is tantamount to plotting equilibrium moisture a; ninst 
the vnp^f pr esure of the equilibrium moisture» The drop in vapor 
pressure# es the moisture content decrease*, shove th:t the water 
la tmder strong restraining influâmes duo to the attraction by 
the adsorbed cations*

The ester in equilibrium wl th atmospheres of 10#, 00#, and 70# 
relative humidities is lotted ac al net the base exchange capacities 
of the respective clays in Fig# 8* With certain exceptions, there 
is excellent linear correlation* The Texas day is wild in all 
the curves, possibly due to an error in determining the base ex* 
change capacity# According to thin curve it should be about 40, 
All the other points not correlating, are low, md all these clays 
contain organic matter# The sample of peat, which is essentially 
lignite, has a very low water adsorbing capacity per exchangeable 
ion* Further proof that organic matter in clays is characterised 
by low water adsorption capacity is shown by the fact that the 
Alton clay, after the extraction of the organic material# falls on 

the curve*
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a&terlal in clay is soluble, and some of it

apparently diasoeiatas to form estions of a eharaater quite differ* 
ent from hydrogen. They are less strongly adsorbed than hydrogen, 
their behavior resembling somewhat that of sodium loop. The well 
known and eharasterlatle wage with which lignitic clays disperse 
in water has never been explained# The postulation that orgsnle 
matter dissolves and ionises to produce estions of low field atren^h 
would explain the anomalies found here, as well as others to be 
pointed out below# Such days would never be made Angle+baae 
days due to the continual solution of this constituent.

Possibly the best method to evaluate the organic matter son* 
tent of days would be a determination of its equilibrium moisture 
in comparison to days not containing it# Another possibility is 
to be found in host of wotting measurements which show a similar 
anomaly,

6# Permeability.

The permeability data shown in fig# 9 brings out first of all 
that there is a general relationship between permeability and base 
exchange capacity, but the correlation is not exact# This is the 
first of the properties discussed which would be related to the 
pecking characteristics of the particles (See Table I, item II D). 
This relation is clearly indicated here from two different aspects. 
In method 1 (see part 3 of Experimental)* the powdered days are 
merely allowed to soak over night, so the permeabilities are partly 
dependent upon the slaking rates of the clays# More thorough 
agitation tightens up the days, but the values still fell far short 
of the limiting case brought about by complete db pereion (Method 3),
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#&e for 3# vhleh m«y b$ oonalder^d tw limit#
1* very poor# This avMamtly thgKt permeability la dapeB- 
dent# n@t only on base exchange c&pseity, but upon packing as well# 
and that there is no definite relationship between base exchange 
capacity and packing* Note that h«;e again the clays containing 
organic matter do not fall on the curves* T%1* could have been 
predicted from the equilibrium moisture data# The less highly 
hydrated organic lone can pack much closer and develop a denser 
structure*

The effect of different cations on the permeability of dlays 
ha* been shown by Luts (88). Some of his data are a own in Mg. 10. 
The order of increasing permeability le the same %* would be ex* 
pasted from a calculation of the field strengths and hydration 
power for the respective ions# ( see section n ).

Information of this sort has several practical applications# 
The theory can be applied to the modification of drying properties# 
easting rates, dry strengths, drilling muds# etc* another thing 
that should be pointed out is that Pig* 8 offers a partial expions* 
tion for some of the frequently observed anomalous behaviors of 
slays end ear amie mixes in practice# It may be very difficult# if 
not Impossible* to alway# obtain the some degree of dlepeNkm of 
the days during processing* which could have a marked influence 
on several important properties* 

<♦ late of drying* 
figs# 11 end 18 show the results of some simple tests on the 

rates of drying of several of the slays# The only nev feats brought 
out by this date were the difference in the shapes of the tine* 
water lose curves of the M* and delays# The Malays dry in the
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but th# Na-elay* have twe eonetaat

rate periods. The only explanation seems to be that th# type of 
paying is so different in th# two œaee as to drantleally alter 
the structure of th# capillary ayst^e. The H-alays of course are 
in a flo#culsnt condition» and the floecul## of clay pack in a 
rather loose» unstable structure. Aa drying progresses and eh rink* 
age takes place the internal stress la relieved by shiftings of the 
particles composing the floscules. This not only brings about a 
more stable and dense packing, but continually changes the pore 
structure in meh a manner as to cons# a continually deer seeing 
rate of drying#

Th# Wa-claya, being deflocculated» are difficult to cork 
unless they posse## almost a minimum of water content. This result# 
In a stable system of packing which does not change materially as 
drying progresses. Clay# with such a capillary system should dry 
at a nearly constant rate over a conoid arable period. There being 
W other means of relieving excess stress» excepting to crack, such 
days are difficult to dry safely.

kay of the large cations of low charge» such so ths postulated 
organic ion, would be expected to sot in th# osmo manner toward 
clays*

?* Drying Shrinkage.
Figure 13 indicates that if clay# are made up to the came 

plasticity# th# drying shrinkage la proportional to the base ex­
change capacity, and the effect of the nature of the adcorhod eation 
is very little. Thio lo perhaps due to compensating effects of 
mr# water and higher porosity in the hydragoa elaya, and lean 
water and lower porosity in the sodium clays# The relation#
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RB 
between drying ehrlnkag;*, tempering water and parowlty for a single 
clay are artown in Fig* 14»

8. Dry strengths.
Analysis of the dry strength data shown in Pigs* 15 and 18 

brin a out some interesting pointe* The same points that were wild 
on the equilibrium moisture and permeability diagrams are also out 
of place here» and in the same direction# Dry strengths are vastly 
increased by replacing hydrogen with sodium* Organic matter has 
a similar behavior*

The difference in strength is probably due difference in pack» 
ing characteristics. The data s^own in Fig. 17 indicate that this 
is the case* The clays containing organic matter wtlch showed poor 
agreement in FigB.B, 9» 15, and 10 appear normal in Fig* 17*

The porosity^strength curves for the delays and the Na*elayo 
do not coincide* This indicates that the pore structures of the 
Na- and H*dqya are of different types* The dry strength would 
apparently be a function of porosity for a given type of pore 
structure.

V* General Conclusion#

The cation adsorption capacity and the nature of the adsorbed 
cation are very closely related to the h at of wetting, pH and 
equilibrium moisture# In rest, they appear to be different muni* 
fee tat ion# of the same phenomena* For a given adsorbed eat ion# the® 
properties relate directly to the intendty of adsorption of the ion.

It is feasible to postulate the existence of organic eatlone 
(originating from the solution of organic matter in days) of largo 
radius# small charge and lew hydration energy, which will explain
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the bAhaviar of olaya uontalnlng argils mttar.

drying rates and dry atrangtM (for slngla-bnae 
slays) are very closely sorrAlatad» and are dbpindent upon pore 
structure and pore volume no wall as upon base exchange eapaolty# 

structure la In a large nageurs dependant u^on tM aharaeter 
of thfx cation preesnt# Large, veak ions, vlwn present, hr: ng about 
a d^Ase, stable pore structure widoh inerts difficult drying ohar-* 
aoteriatlea, rdgh dry strength and lev permeability^ Small strong 
lone, such as hydrogen, indu w.the reyeree offacte.

The properties of day a may be def ined as funetlnns of ion 
sorption capacity, nature of the adsorbed Catton, @td porosity, 
providing the eater content and soluble salts are controlled.
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