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INTRODUCTION.

With increased attention being given earth materials,
2 simple method of determining their surface has become
essential. 1t is quite generally recognized that the finer
portions with their large surface exexrt a great influence
on the properties of earths. Earth materials are of great
importance to the engineer for roadmaking and for Pfourdal-
ion support. Studies are being made in ar effort to correl-
ate the properties of these materials in a quanti‘cative(l}(z}'
way with cclloids or the releved factor, total surface.

It has been the practice to splif eerths into fractions.
Different investigabors have set various erbitrary limits
upon the d%%z?c(ez?r of the particles making uwp the fracitions.
Schloesing allowed suspensions of the fine fractions
to sebtle several months to obtain his Targile colloidale”.
Hilgarde(O)temed "eollioidal clay™ any particles which
failed to settle through a column of water eight inches high
in 24 hours. Investigators with the United States Bureau of
Soils(e)tem "altra clay™ that portion of the soil which
remains in suspension afber being subjected in a centrifuge
for three mimutes to a force of 17,000 times gravity.

The exact nature of the colloidal, or ultra clay, having
particles within the colloidal range has not been definitely
established, but there is no reason for assuming that they

have sherply different properties from particles immediately
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above the colioidal range. Inside 02 the colloidal range,
there is opportunity for a wide variation due to the
possibility of the major porticn of the particles approach-
ing either the upper or lower limit of the colloidal di-
mensions. Because of this, it is unlikely that o close
connection between mass and adsorption or other surface
properties exists ir the colloidal or mear colloidal
fractions of the earths. In the study of soil character-
isties it is, therefore, more desirable to use a reletive
indication o2 surface than to attempt 2 reduction to percent
collolidal content.

CURRENT XETHODS OF ESTITMATION OF COLLOIDAT

MATERTAT. IN EARTHS.

Perhaps the oldest and most widely used method of
arriving at the colloidel content of an earth is the separ-
ation or mecharical anelysis. Hethods of this typc depend
upon the dislodging and dispersing of the light partiecles by
shaking, prushing or m‘bb%(ﬁ;(:ga).tem and separeting by
settling or centrifuging the water suspensiorn.
Various means inciuding evepceration, ulbtrefiltration and
coagulation,are used for the recovery of ithe dispersed

(63 (7)(10)
fraction. The heavier portior is classified furthexr
by sieve analysis. Figures obtained by these methods are very
valuable in giving insight into the range of size in the

coarser fractions, bulb complete separation of the 2ine



material is very Aifficult if not impossible. IT has been
showr tkat there is a considerable emount of colloidal mever-
ial present after many ex‘bractions.(ll)

Ldsorpticr methods based on the decolorizatior of various
dye solutions have beex proposed. .&shley(lz }meames The
capaeity of a s0il Vo partially decolorize an excess of
malechite greer solution. This is regarded 2s 2 relative meas-
ure of the colloids. The United States Burezu of Soils 22)
uses a modification ¢f thils method in determirning the =zatio
of soil and extracted colloidal material. The United S'batt:-:s
Bureau of Roads uses a2 method devised by Ir. E.C.R.Iord )
which measures the capacity of a soil “o completely decolor~
ize standard crystal violet solution as it percolates through
e weighed sample. lMany other methods based upon adsorption
of dyestuffs are describded.

There is corsiderable evidence that adsorption of dye-
stuffs by earihs bears no simple relatiorn to colloidal
consent. () us)‘fhere is also some indication that the so-~
called adsorption is a combinetiorn of chemical and physieal .
reactions. (8] This would seem to indicate that the dye ad-
sorption value, while veluable in certain instances, is not
to be regarded as a2 direct measure of active surface.

One of the most constent properties of earih colloids
seems 10 be their power to adsord water vapor from ar atmos-

{17)
phere of known humidity. Originated by itscherlich and
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(13)
modified by workers in the Urnited Staies Burezu of Soils,

tnis test seems 30 bear a direct relation To tobtal surface.
Dssentially it comsists in allowing the soii to beconme
saturated in an etmosphere over swlfuric acid of a2 Xnown
concentratior and measurirz the water driven of? by dryirng.
in the study of s larze number of soil extracts made by the
Buresu of Soils® workers, it was found thalt an average ol
0.298 gram of weter was adsorbed per grem of soil colloid.
The maxirmm variatlion from the average was 23 percent. This
variztion wes probably due to the lack of uniformity of the
c¢ollecidal particles themselves.

Some attention has been given the microscopic examination
of clays and the{zlg?‘timai(:%gz; of eo0lloidal content by miecro-
seopic methods. Fry describes a method of determin-~
ation, using a petrographic microscope, which seems very
- reliadle but which is too long and toc specisiized for
routine application.

Some of the latest attempis to f£ind a readily measurable
function which may be used as & colloidal index have been
along the lines of heat of webtting. Bouymcos(lga and
Anﬁerson{zo)have obtained promising results in this way. The
methods which are very sinilar, measure the temperature rise
when soils are wetted, assuming that all heat generated is
from adsoi'_étion.

A mumber of other methods of arriving at some idea of

collcidal content have been devised. These include digestion



(21) {(22)
with a.ci%, ) shrin¥ege when dried axd adsorption of
13)
emmonia,

UNFREE WATER AS AW INDICATION OF 20TAL SURFACT,

One of the charscteristics of many colloidal substances
is the capacity to adsorb water and prevent its freezing at
nornzl freezing tempereture., Foote arnd Sa.xton(%) (24)(25)
studied the freezing of waber adsorbed in various colloidal
materials and found that a certain rather definite portion
remained unfrozen. Their investigation is especially note-
worthy in that it is the first in which the dilatometer was
used to determine the amount of frozen water. Bouyoucos(%)
later applied the method to the study of amounts and kinds
of water encountered ir soils. It was found that some water
froze at its normal freezing temperature, some at 2 lower
degree, while some did not freeze even at a very low lemper-
ature. Further study showed that the presence of soludle
salts had 1ittle or no effect upor the amouni 0f water which
could not be readily frozen. Bouyoucos termed the tightly
bound water "unfreev.

It was noted from Bouyoucos' work and later from studies
in this laboretory that the amount of water remaining unfrozen
in soils at low temperatures was different for different
soils. Sandy soils held relatively small amounts while heavy
clays prevented much more from freezing. Prelinminary compar-

ison of the unfree water with the amount adsorbed in the
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Burean of Soils’ weter vapor method showed some conmection.
The possibility of using the unfree water as an index %o

the totel surface was noted and further studies carried ount.
EXPERTZENTAT.

Apparatus.

On account of the size sample which it was desired to
use and to Pacilitate changing samples, the oxdinary form
of dilatometer was modified. The form used by Bouyoucos was
found to be too fragile and to have openings which were too
small for convenient changing o0f samples. A small sized show
bottle was fitted with & two-hole rubber stopper carrying o
thermometer graduated in tenths of a degree and 2 two cc.
pipette having 0.02 cc. divigions. Cork and grourd glass
stoppers were tried withoub success; the former absorbing
gasoline and the latter invariably leaking. The rounded neck
of the show bottle allowed the rubber o expand inside and
make & very btight seal. [0 change of volume was noted dae
to expersiozn of stoppers;' the expansion evidently being equal
to the volume 2bsorbed. The freezing baths were made by
placing oxne gallor Jjars inside of three gallon jars. The in-
tervening space was filled with sewdust for insulation.
Moisture deverminabtiorns of the uswal sort were made in
alumirum dishes. An ordinary Lilter pump weas used in exhzust-

ing the air from samples in the dilatometer.
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Procedure.

A quantity of earth ranging from 150 to 200 grems wes
placed in a casserole axd just enoucsh water added to make
it stiek together. A considerable excess of water over tke
anount which the soil prevented from freczingz caused a
large expansion, sonetimes breaking the dilatvometer. It was
also noted that & large excess of water affected the results
80 an effort was made to keep the moisture as low =2s
possible and still have enough present to show some expan-
gion, 4ifter beinz worked and stirred until the moisture was
uniformly disitributed, the sample was covered and allowed
to stand Zor approximately an hour. This provided time for
moisture to penetrate any small lumps. it the end of thet
time, the semple wes pressed flat on a glass nplate and cut
into marny thin strips. Every third strip was removed. Tris
provided two samples conteining equal percentages of moist-
ure, butbt one sample approximately twice the size of tre
other. The larger vorsioz was plaeced into the previously
weighed dilatometer and the smeller in a tared moisiture
éish. Both disk and dilatomever were again weighed. The
moisture dish was placed in an ovexn and dried to constant
weight at 110 C.

The diletometer was nearly filled with gasoline and
comnected through a Xjeldahl connecting bulb to a filter
pump to remove the sir. The buldb allowed the gasoline to
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boil vigorously under the reduced pressure witaout veing
drawr into the bulb., In order to note whetiher or not all
the air had been expelled after -a periecd of pumping the
dilatometer was tilted until some of the bubbles were en-
trapped under the shoulder and the vacuum broken. RBubbles
of gasoline vapor condensed immediately while air remained
as small permanent bubbles. ifter the air had been removed
the dilatometer was completely £illed with gesoline and
fitted with the stopper cearryirng +the pipette and thermom-
eter. To retard evaporation of gasoline, the end of the
pipette was stoppered as tighily as possible with cottoxn.
The cooling process was accomplished in twe steps.
Lfter adjusting the height of the gasoline 2t room temver-
ature to near the middle of the pivette, 2 reading was
taken., The dilatometer was then placed in a bath of pure
ice and water and was allowed to remain until 0 C. wes
reached, when another reading was bteken. 1t was thern trans-
ferred to 2 bath maintained at as near =4 C. as possible
for the freezing. ZEquilibrium throughout the sample was in-
dicated by the gasoline column reaching a constant level.
When this condition was reached and the thermometer indi-
caved & temperature of -4 C., the finsl reading was bteken.
The dilatometer was removed and allowed to stand in the air
until it reached room temperature again, A comparisor of the

height of the gasoline column with its height before freezing
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inéiczted whether or =zot leakring had taken place. Observeb-
ions were pade only upon the Pirst freezing due to the fact
that successive Lreezings affect the colloid axnd decrease
the amount of unfree waier,

The totel expansion was itaken as the differcnce vetween
the readinz at -4 C. tefore freezing and the reading afier
freezing. Beczuse of difficulties in supercooliny some earihs
0 =4 C, without freezing, this reading was not Taken direct-
1y but was found by exirapolation of the values taken at
roon vemperature and 0 C. Cooling curves for gasoline zlone
and for gasoline amnd dry earth were found o be straight
lines.

Calculations were made on the vasis that one gram of
water ir freezing ex%ands 0.0932 cc. This value was obiained

24}
by Foote and Sexton. L deferminatior made with the large

dilatometer containing ignited and washed sand with a known
guantity of weter gave results which closely checked this
value.

The amount of water frozen was found by dividing the ex-
pansion by this figure. From the moisture determination the
$otal amount of water in the frozen sample could be foimd;
the difference between the frozen and total representing tThe

vnfrozen water. The unfrozen or uniree water was expressed

2s a percentage of the weight of the &ry soil.
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The entire calculation ig given in the following

formulae:

Expansion when £rozeZ = bho =

L
when:
ke Finel resding of zasoline columr ir ce.
hy Zero.
hp Roonm temperabure reading of zasoline colurm in CC.
T, Room bemperature in degrees C,

Percent unfree water_ w

which may be reduced to the form:

Percent uxnfree water _ (I¥ - 10.73%7)100

W(w - L)
when:
w Weight of the moisture sample.
w Weight of the sample frozen.
L Loss of weignht of moisture sazmple.
E Expansiozn whex f£rozen.

In additiozn o uwxfree water, determinaiions were made of

extractable clay using the Burezu of Roads mechanical analysis

(5)

(5]

method, of dye adsorption zmumbers by the Iord method,

and of waber vapor adsorpiion by the Bureazu of

(13)
Soils metrod.
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AXPERITTTHTLT, DARA,

Results of the methed as applied to 27 samples o0 soil
fron various parits of the Tniijed States are showr in Tabdle I,
Included in the tzble are the resulis of the other tests.
The results are averazes of Htwo check determinations verying
not more than five percent in 2ll cases except the &ye ad- ;
sorption with which the resulis varied from five to ten per-
cent. For convenience i» comparison, the results are arranged

in ascending order of itheir percent unfree waber.
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DISCUSSIOH.

It can be seen from The resulis thet there is 2 close
conrection Between water vapor and unfree weler. Hearly as
mich water is adsorbed from the atmosphere over the 3.3
percent sulfuric acid as is held in the unfree state. Zvident-
1y the atitractiorn is not entirely satisfied by the adsorbed
gater and the 2ilm adsorbed anéd prevenield from freezing is
slightly thicker.

It is believed that a break should oceur in 2 vapor
pressure curve plotted with a2 constant temperature and vary-
ing moisture conternt when the unfree waiter content is reached.
A% thet point evaporation of the waber should begin to re-
quire more energy because of the forces holding it. There is,
however, the possibility that the treakx would appear only as
a change of slope due to tThe shading off of the adsorptive
forces. Little or no date is available on this point at the
present time.

It is possible H0 calculate with & fair degree of accur=-
acy the amount of waber which will be adsorbed irn the Bureau
of Soils test if the unfree water is Imown or vice versa.
Tigure (1) shows this relation. If one gran of colloid ad-
sorbs 0.3 gram of water as the Bureau of Soils workers have
found,(zg) + will prevent 0.36 grem from freezing av -4 C.
Percentage of colloids may be caiculated from these Ligures,
but it is believed that the relative measure expressed as

percent unfree water is much more valusble.
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The correlation of the extractable clay b the Buresu o6 Roads
method of mechanical anziysis and of unfree waier is shown in
Tigure (2). This indicates a jendency toward = relation dub

the gradation of particles evidently is guite different in

the different earths causing variation of the nmass-adscropiicn
ravlo. The reason Zor the poiznts aprarently Lormixng three
curves instvead of grouping abouv 2 single corne is not aprar-

F
e_l’lu.

3]

izare (3] shows that there is 1itile or nc relation

'

between the Gye adsorpivion and the unfree water. Indications
are that a secondary reaction of some sort caused the &ye to
show the sum of two or more effects rather than = physicel

adsorption.
TITRAZCTEZD COLLOIDATL HMATERIATL.

In the line of furtner investigation it was Gecided ©o
note the unfree water which could be held by the dure colloid.
Three samples were procured from the Zureau of Soils and one
vrepared in this leboratory by the method prescribed dy the

(13}
Bureau.

Because of the small amount of material availeble =
dilatometer of .the usuel sealed form was usef but was extrenme-
1y inconvenient. ILater diliatometers of the same sort as Those

-~

used for earths themselves were made using I ineh test tubes
.23

for the bulbs and calibrated cepillary tubes in place of
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pinesies. Runs were macde In the same mamner 2s with The
earths.
2:8IE 2.
: : : idsorbed : Tnfree
: ¥aterial : Soil Extracied Trom : Weder & : vVater D :
: Colloid : Sharkey s 27.42 : 29.80 :
: Colloid : Sassafras : 26,76 : 33.20 :
: Colloié : Vtizbash : 30.55 : 97.90
: Colloid : Cerrington Sub-soil : 28.63 : 36,60

The colloidal extracts behave ir exactly the same panner
as the whole sa.mple‘ and the ratio of adsorbed water tc uniree
water is nearly the same. It would be possivle o use the
same scheme ir calculaving colloids ss that made use of oy
the Bureaun of Soiis workers in calculating percentage
colloids by the adsorption ratio, xnamely

sdsorntion ver gram of soill x 100
AdSOrpTion per gram 0 collola

it is possible H0 use unfrse weiter in & similar calculat-
ion, but because of the diffienliy of oblaining 2 truly rep—
reseniative sample of the colloid, the value of such a method

is doubtiul.
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From the results iz Tables (1) and (2) it is evidexn?d
thet the unfree water netrod holds over & range 0f texbure
Irom exiremely sandy earths vo rurely colloidal materizal,

and bears a comstant reistion to the zdsorbed water for

that both nmethods measure the

| add
4]

this range, The indicavion

{ifferent manmers.

[;
o
'.
4

purely adsorptive funciiozn

SOLTILRY.

-

4 review of ihe litercturc shows o wide variation of the
propervies neasured in the estimeiion of coclleidal conbent.
Various procedures are more o iess complicated and require
the services of =z irained laboratory techunician., The uniree
waler method makes use of o lerge sample axnd Teguires no

extremely close work, standard solubions or expeusive

g
&
'

- -

ratus. It is designed for the use of engineers and others
interested in cclloidal investigationms of earvhs. Correlat-
ions with various methods in use at Tthe present time are

showm for 2 wide variatior of esrtks.
COXNCLTSIONS.

1. Unfree water in earth materisls may be readily measured
witk simple apparaitus.

2. Unfree water is a measure of total surface in .eari
neterials.

3. The uniree water method is applicable to earths having
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2 wide varialtion of texture.

4, Trnfree water and adsorved water by tTthe Bureau of

Soils nmethod bear a defirite relation Lo each otker.

5. There ig some relation between unfree water and

extractable clay by the Bureau of Public Roads method.

6. There is little or nc correlation beitween dye ad-

sorptior by the TLord method and the amount of uxnfree water,

LAY

{2

(3)

(7)
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ISTRCIUCTION

The retention and release of plant food by soil is one of
HBatures most important phenomena. Without the great reservoir
of the soil and subsoil the immedizte supply of plani Zood o
an inorganic nature would be dependent upon the decomposition
02 nirnerals a slow and unceritain process. lLeaching would vake
plece without hinderance and the ocean instead of vhe plant
would receive the major supply of those elements necessary
for growth. Tor the proper itreatment of the soil it is rec-
essary to understand the nature of the fixation of the plant
food elements. Potassium is one of these elements and while
the problen of ivs surply is not as pressing in nmost local-
ities at the present time as’that of some others, the eppli-~
cation of various forms of fertilizers and the effect of

lining need & better wndersbtandirg,.
THEQRETICATL.

The process whereby potassium is fixed in soll seems vo be
similar to the one which occurs in commercial zeolite water
softeners. It may be represented by the equation:

2 X01 + CaXl <xr EX + Call,
where I represents some combination of hydrated double sili-
cates the salss of which, both 21kali and slkaline earth, are
insoluble. The process is readily reversible and extrenely

repid. The fixation of one base is alweys accompanied by the
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release of zn egquivalent amouwnt of another or cf seversl
others and vice versa. This apparent double decomposition
reaction is cormonly celled base exchange.

The capaciiyy to undergo base exchange is evidently not
limited to a few definite mineral forms buit is 2 propert
common Lo many hydrated double silicestes. Some invesiigators

nave searched the soil Pfor naburzl zeolitic silicates and

(4]

finding none, have concluded that base exchange does not tek
place. It hes been foundé, however, that the mzjor porivion, if
not 211 the meterial which envers intc a base exchange, is
Pound in the collcidal and near colloidzal portion ¢f the soil.
Fairly satisfactory weter softeners have been made in this
laboratory by concentraiting these fractions of a clay subsoil
and stabilizing them. These fine fractions may or may not be
erysialline but are beyond the scope of present methods of
geological identification and may consist to 2 greal extent of
natural zeolites. The cepecity of artificially prepared double
silicates of no particular structure to undergo base exchange
precludes the necessity of the zeolitic form being present.
There is some»disagreement ancng investigators regarding
the nature of the fix=tion process. Its rapidity and the fact
that it fcllows the ususl adsorpition curve for varyiag concen-
trations suggests that the process is a physical adsorpiion,
but adsorptions do not give the strict-equivalence Tound in

the fixaiion and release by base exchange.
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I7 seems possible that the fixation process ineludes both
an adsorpbion and z chemical reaction. The razidity of the
reaction suggests thaet the salt or one of its ions is adsorbed
on the surface of the particle zand becsuse of the close con-
tect an immediate reaciicn with the double silicate takes
place. If tre process were entirely chemical iv would proceed
muck nore slowly. Trne eguivalence 0Z the process is probadly
governed by the chemical reaciion beltween the silicasve and
the adsorbed meterial. The fact that the curve betweern concen-
tration and armount of base fixed has the usual form of an ad-

-

sorpvion curve suggestis thed the adsorpiion is vhe limiting

-

Tactor. It would seen that the adsorbed porition of the salt or
its ions would prevent the equivalexrce commoxn’y found in the
exchange but the amount adsorbed is probably very small and
beyond ordinary analytical detection. The amount of a neutral

>

salt removed Irom solutvion Guring coagulation 0of a soil or

even a quite higly colloidal elay is very small. Kegative
{a)
adsorpticn of the soil for the salt might also have some

bearing on the inability %o detect loss of salt from solution.
COXDITIOES AFZCZIRG BASDT XOZANGD I SOILS.

The more important conditions affecting exchange in soils

may be given as follows: (1) Concentration of replacing bases;

{a) Hegative adsorpticn is undersiocd to refer to
adsorption of the water or of = more dilute
solution than the surrounding medium, causing
inereased concenitration.



(21 concentration of replaced base or bases; (3) temperature;

(4) sime; (5) presence of zcid; {6) presence of dbasic nat-

erial. These effecitc have been studied upon 2 Tyzical fert-

'.h
[
{4
]

0il and sudscil and The results givean in the follcwing

parasrephs. In addlvicn, the mamser of fizeiion cf

¥

el=line material has Teen investigated aund & method given

for determining the replaceable povassiun.

ERamssatebalat it B o
. 2SR
LS S AR TSNS Y A0 § )

Treatment of Sample.

The samples used were a Carringiton loam and the yellow
cley underlying if, The air dried soil was broXen up to 40
nesk and washed with disvilled water in & Chamberiein Pilter
undil no solublie szlts cou%d be detected upon evaporation of

$:=
a2 liter ¢f the washings.t The washed sanmple was air dried
and sgein broken Us.
The Effect of Concentration.

Five huadred cc. portions of XC1 solution of varicus
concenbrations were a2dded vo 105G grams samples of the air
Gried soil and shaken vigorously &t intervals during 24 hours.
After setiling, & 100 cc. poriion was drawm off and the
calcium and megnesium determined. In certain cases noted, the

(é) This precaubtion whick was Ho insure a2g2insi

solutle salts interfering with the eguival-
ence of the reacivion was not entirely suc-
cessful, for in some later trezimenits, small

anounts of calcium were extracted by treat-
ment with pure water.
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TABLE I {Comid)
: Cone., 0f : Ca. in ; ig. in : Sguivealent : X Remaining :
s LGded L1 : Solubtion : Solubion : I Tixed. : iz Scluvion :
: : : < Calculaved : Calculated. :
b SLT’D DOI:J- .
: 0.0000 1, : 0.0008zm.: 0.0000gm.: 0.000C gme. : 0.000C gm. :
: J.010C : 0.0283 : G.GO0C : 0.0562 : 0.1988 :
: 0.0250 : 0.0412 : 0.C000 : 0.G803 : 0.4072 :
:+ G.0500 : 0.0878 : 6.0020 : 0.1386 : (.8364 :
s 0.1000 : 0.0945 : 0.0041 : 0.1950 (2) : 21.7550 (a) :
s 0.2000 : 0.1458 : U.0032 : 0.500% : S.59%91 - :
: 0.5000 : 0.2804 + 0.0082 : 0.D568 ¢ 2.1832 :
: 1.000C : 0.2804 : 0.0093 : 0.3707 : 18,5238 :
: 2.0C00 : 0.2808 s+ C.0110 : 0.5829 : 3B.4171 :
: 340000 :+ 0.2815 : 0.0145 : G.5854 D7.9C46 :
s : : : :

*e oy

(a) The potassium fixed was detemmined by anclyzing
original and Zinel soluiions.

the
the

ed.

other concentratiouns, +
Gl

The chloride in 5 cc.
ution was found o be 0.0176 gm. a2znd iz 5 cec. of
the f£inal solution 0.0180 zm. 2or the Top soil,

and 0,0177 gn. for the black soil.

e

]
-

in the case ol
e value was caliculatb-

= B

wne origins] sol-

The results indicate that an increase of concentration

increases the Zixetion of povessium as would be expecved.

Figure 1 illustrates the results graphicelly. The curves

Pollow the ususl foxrm for adsorptiicns at varying cencentret-
o +=5

ions:

Bl

i
xcP?

where Y is the weight of alsorbed material, If the weizht of

the adsorbiag medium, C the fixel concentration and k and o

constants. Tue to some sort ¢of s saturation, the values ob-

tained for the clay soil with concentirations greater than
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0.9 17 sclutions do nobt Pollow the above form.
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Ore hundred grazms of scil were piaced iz a section oF
glass tubing o one irxech inside diameter and both ends of
the tube plugged with single hole rubber sto:pers covered
with small dislks o2 filter cloth. This apveratus was pleced
in an upright rposition and the lower end connecied to an
elevaeted tank of 8.1 ¥ XCi by nmeans of zspprorriate glass and
rubver comnections. The upper end was siailaily connecved
t0 2 500 ce. flask. rlow of the soluticr through the sazmple
was started and regulzted by scerew clamps to about 10C cec.
sn hour. Calciunm znd magnesiun were deiermined ir 22ch 500 ce
vorticon of the solution as it came through. Resulis are

shown in Table II and are on the basis of grams per 100 grams

of dry soil

NP _SOTT,
; 5030 cec. Portion ; Ca., in ; Hg. in ; Eouivalent ;
: : Sglusion + Soludtisnm . Z :
: ist : 0.0576 gm. : 0.0000 mm. : Q.1123 em. :
: ond . Googse Tl gieooe Tt i siowas O i
: 3rd : 0.0179 + 0.0000 +  0.0349 :
: Lk + 0.0043 1 0.06000 . 0.0082 :
: 5th + 0.0005 : 0.0000 . 0.0009 .
: Tooal : Ue 187 s J.0000 : U.2010 :
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It is evident Thet replacement is muckh rebvarded b the
presence of the »eleased base. “rom Taedle I 1t mar be seen
that ocnly C.1154 grams o2 pobassium were 2ixed vy vhe black
scil and 0.1950 grems were fixed by the cley waen samples of
the Wwo were treaied with O.1 x ZC1 solutioxz =nd the products
allowed To rTemsir. B removing the reiezsed base, Tthe Zixation
was ineressed o $.1187 greas for tae dblack soll axnd 0.2823
grems for the clay soil. These valuss sre hiigner than were

obtaired with 3 I Z01 solutioxn with the relezsed base present.

The rezction was evilently carried practically to completion

by removing the released base.
THE EFroCT OF TEIPZRATURE UPQH ZASE EXCHANGE.

Samples of 100 zrems of soil were treated at 21 C and 88
C. in oxder to ascertain the effect of temperabture upon the

fixation process. Five hundred cc. ol 0.1 molar XC1l was used




and the samples were alloweld to stand 24 hours with oceasional
shelring, For ithe higher temperature, the 0.1 X solution was
made Trom hot watver 2t 88 C. and the 2licuot saiples were
draw: of2 at the same tvemperature iz order to corress oz ex-
pension of the licuid. Correciions were also nmeie for bhe

expansiocn 9% the glassware used.

: Temperabture : Hevlaced : Rerlaced : Icuivalenid
: : Ca. : HiZe : e :
: T0P SOIiL :
: 21 C. 2 0.0802gz.: G.0000zm.: Co1l74 zm. @
: 88 C. : 0,0878 : 0.00C0 : 0.1127 :
: SCGE S01L :
: 21 C. : 0.0%45gm.: 0.0041gm.: 0.1974 gn. :
: §8 C. : J.0880 : 0.0048 . 0.1873 :

Temperaiure nas some elfect upoxn the process ag would be

expecied vul the influence is sligks.

L . -

Tne effect of Time upon the exchange was stufied by dvaw-
ing off alicuwot parts at the end of hourly indervals. One

hundred sanples were used and were treaved with 0.1 I
P



¥C1l solution. Resulis indiceted that with Lrequent agivation
the equilibrium was reached in somewhat less thar one hour.
For invervels equael o or greater than one nour no difference
could be noted for 24 hours. Abbempis to measure the replace-~
ment at inltervals less than one hour gave wilely varying
resulis. Tor the shorbter reacticn periods the soluticn could
1o+t be drawn off free from suspended material ar it was
necessary Lo filter it. Care was taken o discard the first
50 cc. of the Ziltrate but desrite this precautsion erratic
resulis were obvained. It is believed thait the difficulty was
due wo the fact that the thin layer cf material remaining
upozn the filter was subjected to a2 percolztion treatment by
vhe licuid passing through and entered into = Durther re-
placement.
THE EFFECT OF THAE PRESERCI 0T AN ATHALINE
MATERIAT TPOR BASE EXCELNGE.

Ore hundred grams of soil were treated Lfor 24 hours with
500 ce. of G.1 I XC1 in conductivity water containing various
concentrations of KOZ. Conductivity weter was used in the
solutions in order tc avoid precipitetion of the calcium by

carbon dioxide.. Zesulds are shown in Table IV.



: Conec. ¢f : Conec. of

; Ca., in : ¥Mg. ir : Zguivalent X

: 1 : o= : Solutbion : Scluvicn : faleulzted.

: TOP SOIT :
: 0.1000 ¥ :0.0000 Z. : 0.0602zm.: 0.0000gm.: 0.1174 em. -
+ 0,1000 :0.0050 s Q.0371 : 0.0000 s 0.0723 :
+ 0.10C0 10,0100 : D.0242 + 0.0000 : 00472 :
: 0.1000 :0.0250  : 0.0000 : 0.0000 : 0.0000 .
: 0.31000 :0.0500 = 0.0000 : 0.0000 : 0.0000 :
: 0.1000 :0.1000  : 0.0000 : 0.0000 : 0.0000 :
. SUB 30IL :
. 0.1000 - 0.0000 : 0.0945 : 0.0041 : 0.1974 .
: 0.1000 - 0.0080 : 0.0940 : 0.0020 : 0.1897 :
2 0.1000 : 0.0100 : 0.0942 : 0.0000 : 0.1837 :
: 0.1000° : 0.0250 < 0.093¢ : 0.0000 : 0.1831 :
: 0.1000 : 0.0500 : 0.0640 : 0.0000 : 0.1248 (a) :
: 0.1000 : 0.1000 : 0.001C : 0.0000 : 0.001S {b) =

&) Final alkelinity epproximetely C.006 E.
b} Final alkelinity zpproximately 0.040 E.

the dase

b

Iv is evident thadt the elkelinilty interfered wit
exchenge. A very low concentration entirely prevented the
exchange from tekirg place in the black soil but the clay sub
s0il was noct so sensative. The reason for this difference is
nct apparent but it is believed Yo be due o the orgzernic

material in the tor soil.
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One hundred grams of so0il were trezited witk C.1 I 1

solution coxndaining variocus concentravions ¢ Z01l for 24

a
E).l

L2
e 1d

hours and calcium aznd magnesium determined.

}-

acidity of the solution was also deverminel, Resulis iz

-— -

Tzble ¥V are on the basis of 100 grams o dry soil.

TBTE V.

: Conc. of : Conme. of : Fimal : Ca. in  : Hg. in s
: XC1 : Orig. BEC1 : Cone. ZC1 : Solubion : Solutiozn
: BTACY SOIL .
: 0.1000 ¥ : 0.0000 K. : 0.0000 F. : 0.0602gm.: 0.0000 zm.:
: 0.1000 : 0.0010 = 0.0000  : 0.0583 : 0.0000 s
: 0.5000 : 0.0100  : TPreee  : 0.0972 : C.0000  :
: 0.1000 : 0.0500  : 0.0050  : 0.1208 : 0.0000  :
: 0.1000 : 0.1000  : 0.0150  : 0.145% : 0.0000 -
: CL4Y SOIL :
: 0.1000 : 0.0000  : 0.0000  : 0.0946 : 0.0048 -
: 0.1000 : 0.0010  : 0.0000  : 0.0585 : 0.0095  +
: 0.1000 : 0.01C0 : Trace = 0.1355 : 0.0411 -
: 0.1000 =+ 0.0500 =+ 0.0320 0.2275  : G.0568
: 0.1000 : 0.1000  : 0.0720 0.2475  : 0.0540 -

[ XN L I )

[ 34

£} concentrations greater than 0.001 T there are evidences

of decomposition. Some colloidal siliecz and 2lumimm salis
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appear in the soluticns and the anount of btase freed becomes

~

very high. . cheeck determization of the polassiunm removed
bedalel

Irom solubion oz the sanmples trezied witr ¥C2 of 0.01 I

acidity gave 0.0860 pzrans for the blaclr. soil and 0.1021 grams

4

or the clay. Calculiating the polassiunm equivalent o the

0

anouns cf bases in solubion gives (0.1895 Brams and 0.4733
grans respectively for the black soil arxd c¢lay. This shows
thet the reaction is nov ecuivalent but that the release of
bases cones Prom the decompositicn of active materizal. To
ote the dzmage to the exchange medium, the samples from the
0.0l & zecid were treated with Two poriions of Call, solusioz,
washed free from calciun and treated with C.1 X XCl. The
black soil released only 0.0302 groms of caleium and the
clay soil 0.0446 grans showing that approximately hall the
active material had been destroyed. An interesting point
ir the table is tzre fact that the 0.001 T z2eid reberded the

placement in bdoth soils.

THE RETTNTION

oF A
3Y s

It became evidert in the course of the investigadion that
hydroxides did rot give reacitions cf vhe same type a8 neutral
sailbts when iz cortact with scils. Conseguently 1t was decided
to investigate their action. Color developed by alkalinity
prevented the use of the black scil, so observasions were

cecnfined to the subsoile.



Cre rundred zrams of soil were treaied with 500 ee. 6

et

verious concerntrations of DX ix condueiiviity water, axnd
after 24 hours, the elixziinity of the solution wes determined.

The regulis are shovz ix Teble VI, the novassium remaining

(W
3
0n
=
&
He
(o}

» being calculzted from the alikalinity.

TABLE VI

0¥ SQIL
: Originzali Coxe. : X Zemaixing : X idsorbed : fa. iz :
: of X3= : in Solutz.vn : + Solution
: 0.0100 . : 0.0000 gz, : 0.1950 gm. : TFaint :
: : : : Trace :
: £.025C s+ 0.0877 s 0.59%8 r  Taint :
: : : :  Trace :
: 0.03500 : 0.2389 {a) : 0.7281 : TFaint :
: : : s  Zrace :
: C.21000 : 0.8853 : 1.0647 s TFeint :
: : : : Trace :
: 0.2000 : 2.65%88 : 1.2402 : Faint :
: H H : Tragce s
H 05000 : T7.831l2 : 1.2188 : Faind :
: : : : Trace (bj:

(&) Potassiom in solution determined.

{b) Some evidence of decomposibicxn of
silicates.

It is evident that while there is an exrtremely large fix-

{0
[y
e
[o)
3
¢k

here is no release of renlaced beases. By determination
of the potessium remeining in one of the solutions it wes
found that the amounts of potassium ard hydroxide were egquiv-
alent. This point wes checked with a solution of caleium
hydroxide and it was found that the caleium and hydroxyl ion

renaining in solution were equivelent. It was alsc noted thav



practically ali tke adsorded ICE could be removed by washing

with pure wabter. These facts indicate that base excrange does

nos sele place with hydrozides. ix observaobior made wit

-
Ve

I~

o

+

X005 skowed thet this selt behaved in the same manner,
A3imiine materials do not enbter into base exchonze with soils
but are adsorbed vrobably in moleculer form.
A IIETEOD OF DETERLINIECS CQLBINED REPLACLRBIE
25D SOLUBIE POTASSIZH IN SOILS.

One hurdred grems cf soil and 500 ce. of .58 calcium
chloride soluticn 2re placed iz a 1iver flask and sllowed o
sterd for six hours with freguent shaking. .»’r_?ter. seboling,
the supernatant liguid is siphouned off as closely as possitle.
Five hundred cc. of Lresh solution are zdded and 2llowed o
stand six hours. The liquid is agein siphroned off =nd the
opezaing vo the £iask covered with 2 sm2ll disk of filier cloth
secured with 2 rubber band. The Tlask is inverted and allowed
%o drain. 02 colloidal soils it may be founéd necessary o
replace the ¢loth covering with & disk of filter cloth held
ir place by 2 one hole stopper. To this 2 suetion flask is
connected by means of a glass tube arnd &rairning aided by
zprlyinz suction. This nmethod of draining is to be preferred
over the Chamberlain filter beceunse of the tendency of the
porous tubes Lo adsorb pobassium. The portions of solution
are mixed and evaporeted Lo small volume. This solution is

treated in the same manmer as the dissolved portion of the



2 2 O 3 9 3 A + 2o
resifdue Zrom the J. Lawrence Smitr Pusion and The potessitm

determined Ty sitendart methols.

el ) A =) 3 Aad S sm . ¥ Tm S e L
iz The case ¢f scils corntaini=ng very LZizh pergenitages oF

-

fnis methol showel 0.,04Z1 grans of nolzssium from 130
grems Of the black scil and 0.0538 grams in 100 grams of tae
clay.

This neinct is ziven in the hope thet 1T nay aid in the
solution of scme of The problems coumnscted with plant food
supply. It is Delieved that a Imowledge of the anmounb of
potaszium in {the soluble arnd replacable forms is of much more
impoxriance than the tetal potassium as obiained bty chemical
anelysis of ‘the soil. Combined witk 2 study of the caleium
and magzrnesium in the soluble end replaceble forms, wahich mey
be determized ir a similer manmer, ax application of this
method should Throw some light on the seasonal change of the

equilibrium of these subsiarces.
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3ase replacement in soils is prodvadbly & combdination of =
physical adsorption and chenmicel reecilon. ~% the coacentrei-

iozs encounsered Ty sSoils iz the asbtural sizie it is conirolled

or. in inerease ol councentraiion of =

{1

by laws of adscrot
base or the removal of znother base from soluticn resulis in

<& 2,

the fixation of greatcr quaantities o2 the first tase. The
reaction 1is slightly Iinfluenced by vemperaiure bub this 2ffect
for veriatior encountered in the ratural state would be very
small. The exchange is very rapid ard would nrobably iteke
place iz 2 natural bed of soil as 2ast &s the sciutiorn £il-
ed through it. Alkalinity in -igh concentrations hinders
or entirely »prevents the reaciion. icidity in the very small
guantities 1ikely to be Zounmd in soils reterds the reaciiozn
and iz higher coxcentrabtions destroys the zciive material
fAxaline hydroxides or cartoraies dec not enter into the
replacenent but are edsorbed. A method is giver for deter-

nining vhe replacable petassium in soils.
COSCILUSICKES.

Base exchange in moderate concentrations follows the laws
of adsorpiion.
The removal o2 the repiaced base carries the reaction

~praciically to cempletion.



process.

seids retard the process in very low coxceztraiions and

iz the higher cozmcentrations destrory the zetive material.

-

Alk=line hydroxides and carbonates de not cnbter into

plscement bubt are adsorbed in large cuantities by soil.

5}
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Zisswak, D.J. The adsorptioz proeesses in
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sorpiion angle. Gives experimentel fata.
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water but the process is encouraged by potassium chloride,
sodium ritrate and lime.)
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v
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conizaining nitrogen eatered into vase exchange. Has rather
conclusive nroct that the nitrogen supnly as well as
potassium is dependent upon base exchange. )

WYy, JdeT. On the power of soils toc zbsorb memire. J.
Roy. 4Age. Soc. 13, 1852. {Fixation is by a small cuanitivy of
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