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Some Fundsamental Fropertiss of Kaw Claye

Influeneing Thelr Uses

I,y Introduction

Fow materiale enjoy such a wide ransge of distribution and
epplication as clays. The probleuns arrtha prossr selestion of clays
and the control of thelr behaviors in use 1s one of parssount ime
portanse. The &l tuatlion lg mede difficult by the grest numbaer of
varisbleos and by inadequate understanding of some of them and theirp
relationship to saeh other. Selentific sontrol san be posslble
enly after all properties have been definitely defined and sorrelet-
ed.

The objest of this investigation wes to obtaln informetion o
form the foundation for the gensral sorrelation of thse pr@y&rkias
of clayss It was el thet nore sould be learned by a general study
of many propertles than from a detsiled atudy of 8 Tew. The ulti-
mats objestive, which will not be mohleved within the socope of the
inmedinte problum, wus to obbsin informetion that will fuellitate
the selestion of the propesr elays for a spesific purpoee, and to
snabls ug to sontrel their behavior in use., It was hoped, nowsver,
thet information obteined in the pressat investigation gould form
the basis of more detailed future Inveetligatious.

In formaiating a plan for the ayetematic study of the propep-
tiss of slaye, & consleration of the fundeamental relutionehips
involved suggests the moet loglcal methud of atiasck. An oubline
af these quantlities, as shoen in Table I, indiestes the origin
of the propertles and yminﬁs to the possible relstlonships existing.
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If these properties are zll reiated in this way, and the relation-

ghipe are known, %hen the compleie aystam €an be definsd by s few
af %ue properties which are more easily weasurad.
Table I. Zznected Aslationsbipe Belween Fundamenstal
Properties of Claye
I. Tundamental gauses of the differences in clayes nay be traced
to their mineralogioal, chemical, and pbyelieal charaoteristics
a8 follows:
a. The perticular clay minersl or minerals preseént and the
relative amounts.
b. The particle size dlstribution of each.
¢. Naturs and smounte of sccessory sinerals.
4. ¥ature snd amounte of soluble constituents present.
11. The following fundementzl factore ere dirsetly governed by
the minerslogioal, ohemical and physial ccnstitution of olaye:
a. Amount and inteneity of hydration (Governed by the ad-
sorption capseity, and the nature and concentration of
ione in solution.)
b. pH changes when scluble salts &re sdded.
¢. Paoking oharacteristios of the particles.
I1I. Physical properties sentrolled by (s) or (a) and (o) of II.
a. Uyy strengih.
P. Drying shrinkags.
¢. Flow characteristios of suspansions.
¢. Permeability.
o. Plassioivy.
f. Stability of suspenslions.
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Two different plane of ettoek are thus lndlemted: Flrst, the
determlnation of the properties listed under 111 In ths outline
in Table I, 88 funstions of particle size of pure clay minsrals,
pachangeabls estions and soluble sslisn.

The seeond poesible metnod is the one shosen [.r the present
work. This involves the study of a va&iaty of diffarent clays,
without regard to purity or composition, to determine whether op
net the {zetors lleted under 11 in Teble I fix the propertics of
the slay. Thle 1s feeslible, sinee quantities of II, are the direet
results of the mincralegical, physical and shemical eonstitution of
the ¢lays, and the quantities listed undsr III in the ocutline are
gomposite manifestetions of thewe baglo variables.

if the soluble sonstituents are controlled, hydration and
paeking echarssteristles are the only remsining varlisbles, and tocee
are sontrolled by the sonstitubtion and physiceal gondition of the
elays Thus, by measuring the lon soerption sapeeity and the pore
soace of slays, and by sontrolling soluble malts and waber eontent,
the aystem may bs soapletely defined. If these sonditions were
shown Yo hold, the progsedurs or sxemining elays would be very
sueh simpler than that required to make partisle =l ze and minerslogl-
eal snalyals,

In this type of investigstion, in which several different
propertiass aust be messured, s certalin smount of escurasy must
be saerificed. Precsision measurements, wiere and if desired, can
be taken up later, Some data, euch ae [low gcharasterlistiss, sould
net be obtained in this investigation. This was partly dus to the

luok of adeguate means of testing, but chiefly begsuse of the
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the excessive smount of time required to study the three component

ﬁ?&tﬁmg elay~electrolyte~water,

Il Previous %ork and Litsrature

1+ General

In the vast msjority of lnvestigstions of raw slays, the invese
tigators have neglected to taie proper aceount of the busie varie
ables. MKost studies relsting te ionle exsvhange (Mattsen (1),
Ramann (2}, Bredfield (3), =nd Genssen (4) ) heve besn condustad
by sbtempling to characterize the processes by dissocistion cone
stante, hrue ehemieal romctions sné so forth. Jenmy (6), (6),
and Cooper (7) have spproasched sorption phenvmena from the point
of view of vthe propertiss of the psrtisipeting lons. In regent
years the knowledge conderning moleeules, atoms and iong hss bsoome
so well defined tnazt it furnishes s definite baslis for the study
of ionie processes in conneeticn with the behavior of claya., The
first to apply this teehnigue to the study of ceramie clays was
Bndell and Vegeler (8}, who investigated the relationehip between
asdsorbed sations and water comtent of sersmic cleys. HEndell, Hof-
menn end ¥ilm (U) made an extensive investigetion of the relation
between several properties of natursl alays (not single-base vlays)
and bese exchange espesity. Several properties of netural keoline
have besn corrsleted with bmse exchenge ¢apacity of Kleinefelter

and soeworkers {(10)«

2+ Neture of Certalin Catlions
In elsy-water systess, ilons ere the mest important, if not the
only asotive agents. Cabtlons rewmain lonised even after sdsorption



b
en the eclloid. Xeray anzlyses have shown that clay collolds are
not only erystzlline but that bthe erystals are bullt up of ilons
(Bregg (11), (12), Debye (133,'&@1&5@&&3&& {34) and others). These
fasts have formed the bese upon swhich gur knowledge of claye has
been pyranidad.

Every ion ls surrounded by a shal} of orisnted watar; in othepr
words, the lons are hydrated. The mechaniss of the hydration phe-
nomenon hae been deseribed by Jorn (18), (18), Drude und Wernst (17),
Egsbburn (18), and Webb (19). The free energles of hydration of
shamlenlly unhydrated lons has besn obtslned as o function of lom
radil by ealeulmting the difference In energy necessary Lo aiarge
Lhg lon In & vaouum and that necessary to cherge ths ion in water,
snd to ecumprese the solvent in the vieiniiy of the len. The field
gtrength of an lon le proportionsl te the sherge on the lon divided
by the souare of its redive,

Sinee Water 1s a permensnt dipole, it is tresmeniously influenced
by the precsnse of icne. Under the influsnee of an elsstrie fiald,
water molesulss betome oriented snd more tightly pasked, Torming
8 "giell" around the ions Properties of ions influensing the polaps
izing sffeots of ions are glvem in Tables I, 111, snd IV. The
amount of water sttrasted by an len is direetly propertionsl to the
fisld strengths of the lons. Thus Ha*® will attract more weter than
K% end H* more weter then Ne*. The amount of water sesoclisted with
jons ham been determined by %ashburn (18) who reporte 18.0 mols of
HgO per lon of Ha and 11.6 molss of Hy0 per ion of K.



Teble Ils Pressures ixisting in fYater at Verious Distances
From Ion. Aceording to %ebb (19).

Distpnoe from

ton & 18,77 5478 4.16 3.00 2,38 1.95
Fisld Strength  10% 5 x 10% 108 ex 10° sx1P 6 x10°
Prassure 0,43 20,9  1.76x 108 1.g6x10 6.54x0° Losxic?

Row 1 glivesn the dJdistanee in Ensatrﬁm unlts from the c¢enter of the
fona

Row B glives the values of internal {'lsld strengihs corrszpoending,
in s.g+8. elestyoptatle unito.

ftow § gives the pressure in megadynss per squars sentimeter.
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3« Keohanlew of Adsorption

The structure of the ecryetslline matter in clays determines
the natare of the sdsorption phenomencs Aceording to Jenny (8),
e plases of sttraction in solloldal .artieles are the nsgative
O~ and GH™" loms of the rigld erystsl fruse. Only poslitive ions
will a&ﬁeva, nsgutive fons as & rule w11l be resellsd and remaln
in the surrvounding liquide The intensity of fixation Pollows
Coclomb's law aceording to which the ettraction is dirsetly propope
tlongl to the produect of the schorges of thelons and indirsetly
proportional toe the square of the distanse betyeen charges, whleh
ie of course determined by thne slgze of the Llone. Hiegnerts (21)
gonteibution in boge sxohange studles consiste Iin the introduction
of the pige of the hydrated lons instsed of 'eryetal ional! in
Coulomb's squation. ... The Kelon with ite thin wabter shell esn go
¢lozer to the D«ion of the ery=tel frawe then ths more highly
hydrated Nas<lon. The attraction between the negstive inner layer
and the E«ion is therefore groster then for the Ne«lon} in other
wopds, K 18 bstter sdsiurbed than Ha, snd elao held wore tightly.®

Oatleon exchenge ie 2 funotion of the sarfase of cluys of the
kaslinlte type. The mesheniem ig different in the montmorillonite-
beidellite—~nontronite typs of elwy minerciss These minercls have
8 variable (001) womsing inte which long and water are anttyacted
(Mesuking (82)).



11X+ Bxperimental

1+ The Ssmples

The samples used in thls investigation together with a dee
seription of thelr mineral compositions and scurce ers listed in
Table V. These samples wers ssloetsd wlth & view to obtaining us
wide @ rengs of types as possible which eould be studled wit hin
thie seope of thisg investlgations

A=pay diffraction patterns of some of the smmples are shown
in Figs 1+ The mineral constitutions of verious clays have been
studied in considerable detall by Clark, Rieeken, und Reynolds (83),
Grim end Bray (24), and othors.

Table V. List of Clays Studied, Their Mimerasl Coxvositions

and Source

Kame Sourse Hinersloglcal Compoelition

Borth Cerolins Kaclin  Horth Cerelina Chisfly ¢oarse kaolinlte.
Somes museovice, quarts,
end orthoolese.

Bnglish Chine Cley England Chiefly keolimite. Some
white miea, quartez, eand
foldapar.

Georgia Keolin Georgia Chiefly kaslinite.

Florida Eaolin Florids Envlinite,; trsees of
quartz.

Teonessee Baell No. 7 Tenncaase Kaolinlte, some 1llite.

Tennvssee Bell HNo. B Tennesnes Emolinite, some illite.
Organie material, lignite,

Vallendar Clay Gopnany Euolinite and illite.

~ Quarts, suscovits, and
feldupar.

alton Clay Altony Illinoie Kaolinite. Some 1llite

(No. 2 Fire Olay) and organis metters

quarts and pyrite,



Table ¥V (continuad)

Kaue

Texas Clay

Peat

Bantonlte

Bouree

Dalhart,
Toxns

Bopthern
Il1linois

Y¥yoming

1o

¥inerelociesl Composition
Eaolinite and montmorile
lonite, Some unidentified
minerals

Chiefly lignite. Some

2 guartz, kaolinlte, msé

other minsrale.

Hontworillonits.
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£+ Freparstlon of the Samples

§na'hunﬁrad to two hundred grams of eath sanple were converted
to hydrogen~cloy elther by leachlng or by elustro-dislysis. The
dislyzing epparstus used was slmiler vo the one described by Frad-
field (25). These senples were then air dried and sesled in jara
until neededs. 4 portion of the Altan;ﬂiay waes treated with Help
to remove the orgenic waterial.

The sodium-elaye were prepersd by edding ¥alH te the hydrosen-
elays ln amounte equivalent to the respsetive base sxchengs capssi«
tlsm,

d« Methods of Mesesuring propertiss.

g« PBese Exchange Capasity

The base exshange cspzcitios were determined by the amuonia
distilletlion method. The elaye wers lsoched with nopmel neutral
smmonium acetate solution end the exeess ammonium agetats removed
by washing with neutral sbsvlute methyl aloochols The edsorbed KH,
wag replaced by washing with 0.1 Ropmal HCl and the dlsplesed NHy
determined by the Kjeldahl method.

ks Heat of wetting

Heat of wetilng was determined by a wmethod devised by Janert
{£6), The apparstus sonsisted of & Dewer Tlask, #hich weas suspended
inslde another, larger, Dewar flesk, It wes sovered by e well
insulaked 1id, bored to socommodate a Deskman thermometer, s stirps
rey, and the sample bottle.

In saking messurements, the calorimeter was charged with a
quantity of water sush that the volume of the water plue the volume
¢f the sample wes always 300 c¢o. The samples wers contalned in
gless sapsulea with ground glaes oape. The taﬁples were dried at
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1057 Cuy weighed, and the esps sesled with peraffin. Sealed ssmple J
wus then lmmersed in the water in the cslorimeter and allowed to
stand over night to attaln theruwal equilibriuws. %hen ready to make
the tezt, the water 1a the calorimeter was gently estirred and =
resord Kept of temperaturs end time, The mample wes then qulekly ?
removed end the slay dwaped into the salorinsters #1lth eonstans |
atirring, observations were made of tempersture and time, so that
surves such es Flgs. B and 3 eould be plotted. Hueots of wekbting
wore caleulated from the Lempsrature rlse, welpht of sample, welipht
of water snd apparstus constant. The enlorimeter wes calibrated
by the nhoat of solutien ol sodium serbonsts,
a+ Messuremsnjs of pH

The clays were mixed with water Yo form a thiek slip containing
Q+8 gram of clay per oo of slip. 4 Beokmsn pH mebter wes used in
the deterainstion.

d+ Hquilibrium molsture

Three general methods are avallable for the study of eguilie
brius molstures The three methods are, (8) the ordinery deslecator
method, (b) a shamber at atmospherie pressurs in which the air 1%
Rept wall stirred, snd (o) dynamlie method. For the yﬁ&g@#ﬁ ab
hend, the ordinary desiloeator method was used, iam whieh the clay
sanples were brought %o squilibrium wlth the vapor sbove approprise
sulfurie aeld solutions. This wethod 18 open %o eriticlism ip sever~
8l respects, but it proved to be setlisfaetory for the purposesof
this investigetion. 411 the samples were laft is eostset ¥ th the
vapor for & X moaths st approximetely 25° 0.
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s Permeabllity

In order to obtaln o comparien of the relative permcabilities
of the verious glays, the following tesin were dovigseds

Hatnod Foa. 1+ & 10 gram sample of clay wseweiched Lo on age
suracy of X 0.l gram. PFifty ec. distilled woter were added to the
sanple, and the surpension wss silowsd to stand 12 hours. o D«
Bughnsy funnel wag prejared wsing Ho. 0K fllter paper, and nade %o
get as nearly lavel as possliblo. & vaouum of 29 ln, woe spolied
and the susponsion traneferrsd teo the Fumnels lmple tize was ale
lowed for the elay layer to form; thsn the vaowus was relecsed and
a gradusted cylinder plesed inside the flask so that the funnel
uheh replaced had lte spout inside the gredusted eylinders The
vosuun woe sgein appllied and resords mede of ths time reguirsd for
£40 sos of liguid %2 pass through the cloy membrsnes The teuperas
ture during all runs was neapr 24° O,

Hothod Hos 2. 10,0 grans of slay sare added to 50 ag. of
distilled water in a {lesk. The clay was shaken 78 hours by @
meguanienl sgitetor, thea transferred to a Buehner fumnels The
time required for 20 so. purtions of distilled woster to pese the
elay membrane wss noteds Figs. 4 shows sn exsaple of tihe type of
data obtained by this method,

Hethod MNos 3.« Ton grems of slay and 50 ge. of wobter wers put
into a flask snd the clay deflossulated by mdditlions of NadH.
After T8 hours of mesghanieal sgitetion, the ssmple wes floesulated
by & few dreps of HCI end transferred to the fannel, snd the ehlo~
rine ions leashed vut« The filtration rete was then messured.
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T. Bate of drying.

The clays were made plastic end adjusted to a plastisity (*)
number of absut 1.8, then formed into eylindrisal test specimens,
Thess apecimens were mede ona square inch in eross ssetlon with a
helght equal to the dismetsrs Tha sanples %ars set on the leborae
tory table and welghed perliodleally to detamine ths ratas of watep
lose, Thie simple toat wse all that could be corried out with the
limited smousnt of sanple avellable mnd with cleye of so wide a range
of drying eherasteristiss.

g. Drying shrinkace.

Drying shrinkege wae memsured on the ‘rate of drying’ ssmples.
The plastie volumes were determined by walghing the bars guspanded
in carvon tetrachloride. Liry volumes wers csleulsted from the
welphts of bars ssturated and suspended In earbon tetraechloride.

he Poroslity measursmants.

The porosity of drisd bars was caloulated from their respsetive
4ry volumes, weigat&. and true denmitios,

1s Plastiolsy.

An apgaratus patterned after the ons deserlbed by Bndell (27)
¥ used for tie plasticity messursments in this investipation.

The plesticity of claye cennot bs defined by a single fizure, and
ésn ba adequstely deseribed only as a function of the two conponent
syatem, elay-water, The gumntity of sample sveilable in this inves«
tigation wes 50 llmited that this eould not he aseomplisheds The
plastlisity apparstus was used only ae an sid in dpinging all plastie
samples o spproxlmmtely the sam plastisity bafore testing.

(*) Cvlindrical 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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}. Dry Strengin.

The compressive etrengths wersz dstermined on oylindriocal
specimens approximately 1 insch in diamstsr and 1 inch in height,
using 2 emall hydrsulie nress. 7or modulus of rupture, spescimens
1/2 ineh in diameter were losded ai the mid-point of & span of

gix contimature.

'1IV. Resulte and Conelusions

1. Base exchonge capacity

Sings base exchengs capacity iz one of the fundamentsl feotors
infiuencing the properties of olays (see Table I ), and is compara-
tively simple to adequasely @atermin&, 1t =11l be uced ap a funce
tion against which ali others are plotted to test correlation.
This can be done on the premise tnet all properties which are
functione of bese d¢xchange cepacity, are alsa'funcﬁions afﬁ‘u& b0
lated to, each other.

The 1dentity of the individusl clave wil)l not e indicsieq on
uost of the grephs, but may be recognised by their base exchange

velues by reference to Table VI.
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Table V1. Base Exchange Capseities.
Base Exchange Capaclity.
¥illiweculvale nte
Clay . per 100 grame.
North Carolinag eolil « + « + + « o ¢ o v 4 v « o 40
South Carolina Kaeolin .« « . « . & SRR NECREERIE 11
Bnglish Ching CIay o « ¢ « o ¢ o o v v o » o« & + BeB
Plorida Kaollle » 4« o « 2 « o = » s « 5 5 s + » o 8,0
Tennessee Ball Clay Hoe T v 5 o v ¢« 4 v ¢ » » « #1048
Tennessed Ball Cloy N0« § « « 4 o o o 2 « » « « #1841
Vellendar CLBY. o « o o 5 & » 5 o o o s o o » o« +1348
Alton UlBFe + » » o » o o 5 5 s o « » s 4 » « » +21.8
Alton Clay (trested with Hglgls « o o o + o » o+ +20.3
Toxas Clay o+ o« o v s » o & v o 5 ¢ v 5 2 o + o +35:3
Paalie o ¢ o v ¢ o 4 ¢ « n ¢ % » + o o ¢ & s « s +T8Y

BonltoRite « o « ¢ ¢ « o » » 2 o 6« % &« » = » » » 2885.3

2+ Host of Wetting

The meghanisn of water adsorption has long been a matter of
sontroveray. Hsat of wetting dete, ipterpreted in the light of
nodern selence, has done misch to olarify thie question. Janert
(26}, ressoning that polar adsorption should be elosely eorvslated
¥ith exechangeable basen, snd sonsequently the huat of hydration of
adescrbed ostions, disgovered some ilmportant fasts, He wes able to
show that the ratio of the heat of hydration of the adsorbed lons
to the heat of wetting le & aonsbant. The velues for these ratics
are as follows! Heolays 11.8, Mg~olays 9.0, Casslays 7.0, K=clays
Bsdy and Ra~slays 449« These results ware taken as proof that the
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adeorbed louc are the source of astivity in clay-water syabons.
Since the satlions sre more or less bound to the alumino~silic:te
sosplex, only e sertain fraction of the totel hoat of hydrstion can
resppenr when the dry clay is wetted. Thls proporiion differs sons
sideraubly for the different setlons. The adserption is gstrongest
for hydregen, and therefore only 1/11»% (8.7%) of thae total heat
i1s returned se heabt of webttling. Sodlum {s but llttle mdsorbed and
1/4.8 (20{) eppears in the hest of wetting. The othsr cations fall
betwsen snd {ollow the well known order intensity af adgorption.

The valuse of heat of wetting used in conatrusting the surves

plotted in Filgs & were enleuluted by the following saustlon:
00 K x ] F_ugks

ieat of

where K is Janert's ratio of heat of hydrstion to hoat of sebtiing.

Base exchange cepucity 2z *

This ratie was cheeked in the present investigstion for three He
glays, the values belng indicated in Pige Ba

Janert failed to point out that perhaps the wost importent
applieation of this generalisetion is the predliction of the behavior
of untried catlons in slay-wster systems. The grestsr the portion
of lonie energy shich ls used up in ite adserption by the celloid,
the closer the system approsches an isu-elestrie points Conversely,
setione which retain e high percentess of thelr energy #hould be
good dispersing sgente. It is possible to sveluste these fastora
preaisely and convenlently by hest of wetting messurements.

ds pH

The pi dets csn be interpreted in the same msnner as hest of
wottings If none of the ensrgy of the hydrogen were utilised in
adeorbing on the surfoees of the silicate complex, the pH would be
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a8 shoan in Fige 6 for the surve lubsled "pH Caleulated assuming
100% of I Actlve.® The ocurve saleulsted amsuming 5.77 (Janert's
fastor) of i setive is much eloser to the obuserved valuss. The
observed velues eould not be expested to check wiih those saleculated
from the §,7% factor since the watsr to glay ratios arve ragieally
different in the two casess The hest of wetting meamirenents wore
taken at practlcally infinlte dilution (considering only the iona),
while the pH measurements wers made on samples contalining O.b grsm
slay per wos of suspensions The difference betwsen the somputed
end observed pH values simply musns that the inteanslity of adsorp=
tion of the eations variss with weter content. More sluctrolyte
would have to be odded to s plastic clay than te thiek slip, and
more to thiek slip than to dilute slip (per gram of clay) to pros
duse ths sasme degree of shaenge.

The method of caleulation of pll is cbvious from Table VIL
The frastion of hydrogen loniged and the digsoclistion constants
vere ealculated aseording to the usual mesns of the phyal el chem-
ist, Theuse e¢slevlations involve the smumption that clay sets ss a
polyvelent aeid in whieh the siliosts 1s the anion and the mdsorbed
hydrogen the eatione.
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It oen ba inferred frem whet has been snown that if pH la to
be usad oz o sontrol ip elay work, the relotionas must bes datzralined
anpirically for sncbh Individuasl sese. The same pH enn of courns be
obtoined in solutions sontalnlng & verlisty of different cstlons.
Singe the behavior of clayewater systeme is largely dependent upon
the partisulasr type of sation present, pH in poly=ionig eystenms la
inecidentzl und not fundgmentsl,

4s Bquilibriuvm melsture.

The moleture In gquilibriuwm with seversl Heelays ig shown in
Fige T« This ls tuntemount teo plotticg ecullibriws selisture a;sinst
the vapor progsure of the eguilibriws mois tures. The drop in vspoyp
pressure, as the molsture content degrevses, snows Lhat the water
iz under strong restraining influenes due to the sttraction by
the adsorbed catlions.

The water in squilibriws with atmospheres of 10%, 50%, and 704
relative humidities is  lotted scalnst the base exchange espreltles
of the respestive clays in Pigs &, ¥ith certaln exeeptions, there
ie axeellent linear eorrelstion. The Texas clay is wild in all
the surves, possibly due 0 en errop in determining the bess ex~
¢hange easpacity. According to this eurve 1t should be sbout 40,
411 the othsr pointe not correlsting, ere low, md all theze slays
sontaln orgenis matter, The sample of pest, whieh i essentially
lignite, has a very low water adporbing capaeity per exchangeadbls
ions Further proof that orgsnle matter in slays is sharastorized
by low water adsorption capacity is shown by the faet that the
Alton slsy, sfter the sxtrestion of the organie materisl, falls on
the surve. '
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Organie m: terial in clay is somewhat scluble,; snd some of it
spparently dissocliates to form dstiong of n eharastor quite differs
ent from hydrogen. They sre less strongly edeorbsd than hydrosen,
thelir behevior ressubling somewhat that of sodiusm lenw, The wall
known end shnrsoteristle ease with whieh lignitie eleys disverse
in water hse never been sxplsineds The postulation thet orgsnis
matter dissolves and fonizes to produce Bmaiéﬁa of low {ield strength
would evplsein the snomalies found here, us well as othsrs to be
polinted out belows Such elays could never bs made & ngls<base
sloys due to the sontinual solutlon of this conetituent.

Poseibly the beest method to evaluste the orgmnic mutter sone
tent of elays would be e determination of ite eauilibrium molisture
in gomparison to slsye not containing 1t« Another poesibility is
to be found in hest of wetting measuremente which show a similar
anomaly

Ge Permesbility.

The perassability deta shown in Fig. § bring out first of sll
thet there im & general relstlionship betwsen permeablility and base
sxohange ospselity, but the sorrelation ie not exest. This is the
first of the properties discussed whieh eould be rslated to the
pecking echarseteristics of the particles (See Table I, item II 0).
This relation 1w elesrly indiceted here from two different umeets,
In method 1 (sse part 3 of Experimental), the powdered clays are
merely allowed to soak over night, so the permesbilitiss are partly
dependent upon the slakling ratss of the cleayss More thorough
sgitation tightens up the slays, but the valnes still fell far short
of the ummng'aaﬂs brought about by somplete di persiom (Method 3).
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The eorrelation for method 3, whieh may be sonsidersd the limit,
is very poors Thisg evidently means that parmeahility is depone
dent, not only on beme exchange ospzeity, but upon pasking as well,
and that thers is no definite relationship betwesn hase exchange
sspacity and pae¢king. HNote that heis asnin the clays sontalning
aorganie mtter do not Tell on the curves. This ecould have bsen
predicted from the eguilibrium molsture data. The less hivhly
hydrated organlie lona can psek much eloser end develorn a dennep
strusture.

The effest of different scakions on the permeability of clays
has been shown by lutz (28). Some of hig date are g own in Fig. 10.
The order of inoreasing permzability ig the same as would be exe
peotad from & caleulation of the leld strengths and hydration
powsr for the respeetive ionss ( See section II ).

Informatlion of éhig #ort has several practiesl spplicstlions.
The theory cean bs spplied to the medificetion of drying properties,
sasting rates, dry strengths, drilling nads, ete. Anobher thing
that should be pointed out is that Filg. 9 offsrs & partial explanas
tion for some of the frequently obssrved snmomalous behaviers of
elays and sersmic mixes in practices It may bs very difficult, if
pot impossible, to alweye obtain the ssne degree of disperden of
the olays during prosessing, which would have a merked influence
on seversl lmporient propsriles.

@+ Rate of drying.

Figa. 11 end 12 shew the results of some simpis teets on the
retes of drying of several of the eleys. The only new fmets brought
sut by this data were the differsncs in the shapes of the time~
watsr losk surves of the Na~ and Heclays. The Heolsys dry in the
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usual eharacteristic mennsr, but the Ha~claye hsve twe consiant

rate psrlods. The only explanntlon seems to bs thsat the type of
paeking ls =0 different in the two csser ss to drastieally alter
the structure of the capillary system. The Heclays of course are
in a floseulent condition, snd the {loceules of clay psck in a
rather lovse, unstable structiure. As ﬂrying<9?ﬂgR&%ﬁeﬁ and shrinke
age takes place the internsl stress is relieved by shiftings of the
partielas composing the flooouleas This not only bringe sbout a
more stable and dense pasking, buk continually shangss the pere
structure in sich o manner &8 to cmise 2 continuslly deseressing.
rate of drying.

The Nu-oleys, bsing deflossulated, are difficult te work
unless they possess almost & ninimum of water eaaéanﬁ; Thig resulis
in a staoble system of packing whleh does not shange materially as
drylng progresses. Clays with sueh a enpillary system should dey
at & nearly eonstant rate uver a sonaldersble perlod. Thers being
no othar ﬁeaﬁa of relleving excess stress, exeepting to erask, such
eluays are diffioult to dry sefely.

Any of the large satlons of low charge, such es the postulated
organie lon, would be éxpaaﬁad to agt in the scme manner toward
glays.

7+ Drying Shrinkage.

Figure 13 indlsetes that if e¢lays are made up to the sane
plasticity, the drying ahrinkege im proportionsl te the base exe
shenge sapeeliy, and the effect of the asture of the adsorbed cation
is very little. This is perhaps dus to compenssting effests of
more water and higher poroalty in the hydrogen elays, snd lsss
water and lower porosity ia the sodium slayss The relations
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between drying shrinkage, tempering water and poromity for a single
tlay are shown in Fip, 14,

8, Dry strengths.

analysls of the dry etrength data shown in Plga. 15 ond 16
brin s mat soms intereating points, The ssue polnta thet ware wild
on the equilibrium molsture and permeability diasgrnms mre also out
of plaee hers, and in the same direetion. 3?; strangthe are vastly
increansd by replacing hydrogen with sodlum, Orgsnle mamttar has
a similear boshavior.

The difference in strength i= probably dus differsnse in packe
ing sharasterlistics, The data s:own in Plz. 17 indleste that thias
is the sase. The olays contalning orgenie matter w:izh showed poop
agreanent in Figs.8, B, 15, and 18 anpear nornsl in Pic. 17.

The porosity~strength surves for the H-clays and the Hu~clays
do not solnsides This indiscates that the pore structurss of the
Ra« and Heglaye are of different types. Thas dry strength would
apparsntly bs & {unetion of porosity for a given type of pore

atrusturo.

Ve General Conecluslons

The eation sdsorption enpacity and the naeture of the adaorbed
eation are very closely relmted Lo the hrat of wetting, pH end
sguilibrive wolsture, In fatt, they appear to be different mani~
featotione of the ssme phenomena. For a glven adsorbed estion; thes
proparties relate direetly to the inteneliy of adsorptiom of the iom

It 12 fensidle %o postulate the sxistenes of orgenie eatlions
{oripinsting from the solution of organie metter in aslays) of large
radiue, small sherge and low hydratieasnergy, which will explein
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the sntaalous brehaviar of olays mantﬁiﬁing argmlie rmttar.

Sareeshlllty, drying rates and dry strengths (for singlo-base
alays) ars very closely sorrslated, and are desendent wpon pore
structure snd pors volwse =8 w21l as upon hase exchanga sayselty.
sare struehars 1z In a largs nsasurs dapendant upon the aharseter
of the satlion present. Large, weak lons, shen prasend, bring nbout
@ danse, stable pors structure winlsh Imparts 4iffleult drying ghors
acheristies, uizh dry strongth and lexw permesbility. Small strong
long, auch aB Rydrogen, inﬁu@a.%ﬁalrﬁvar%m affagta,

The propertiss of slaya may bs defined asm funeflons of ion
sorption sapacity, neture of the adsorbed catton, and porosity,

providing the water conbtsnt sand zoluble sults are sontrollsd.
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