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BASE REPLACEMENT AS THE CAUSE OF
ADSORPTION CF DYES BY SOILS
INTRODUCTION

Bancroft (1) has shown that the dyeing of textiles is
essentislly an adsorption phenomenon; conseguently, an acid
dye will be more adsorbed from an acid solution because of
the high adsorption of the H ion by the fiber, and a basic
dye wlll be less adsorbed from an acid solution than it will
be from a neutral or alkaline solution due to the high adsorp-
tion of OH ions from the latter. In accordance with Baneroft's
theory that dyeing 1s an adsorption phenomenon, Beaumont (2}
found that & soil containing a positlve colloid will adsorb
more of an zcid dye than it will if it contains a negative
colloid. Similarly a basic dye will be more adsorbed by a
negative colloid. Rohland (3) has shown that the amount of
methyl orange (an acld dye) tzken up by a2 given soil is greater
from an acid solution than from one which is neutral or alka-
line. TWilkinson and Hoff (4) fourd zlso that an acid dye such
as dlamine blue 3B isg more zdsorbed by z soil in acid solution,
and that the addition of a base decreases the amount of the
Gye taken up compared to that from the scid solution. Then
basic dyes such as methylene blue or neubral violet are ad-
sorbed by soils in acid solutlions they show curves which are

the reverse of those for diamine blue. Even a2 small amount




S
of acid decreases the dye adscorption very apprecisbly, but af-
ter the decrease the adsorptliorn of the dye again increases due

to the adsorption of the negative C1 ion from the HCL partly

. overcoming the effect of the K icn. The adsorptlon of dyes by
5@ s0ils apvears to be of the saeme nature as the dyeing of Tibers.

In addition to the adsorpition of the positive dye ion by

the negative colloid of the so0il there is a possibility of the

dye exchanging some of 1ts pogitive ion for the metal ions of
% the soll pariicle and thus fixing more dye by chemical actlon
| or bzse exahangé. Ashley (5} says that this is the way mala-
chite green is taken up rather than by adsorptien. Wilkinson
and Hoff foumnd eéperimentally that more Ca and g were brought

into solubion from e 80il when methylene biue was adsorbed than

when the same soil was treated with an egual amount of distilled
weter., Sznte Mattson (6) investigated the electro-kinetic be-
havior of methylene blue toward soil c¢olloids and found in the
case of two soils that the equivalenﬁs of monovalent and aiva1~
ent beses brought into solution, by treatment with methylene
blue were spproximately equsl to the equivalents of methyleng
blue adsorbed. At the iso electric point Hatison assumes that
2ll of the icnizable cations have been displaced but he shows

that the dye continues o be adsorbed to some extent beyond this

pelnt and explains the fact by saying that "since there are no

other cations to displace and to take the place of the methyl-
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ene blue cation in the solution, the Cl ions of the dye must
remain paired with the latter cotions, forming another outver
electrical layer on the collold which 1s electronegative
while the surface layer is now electropositive.”

Since a‘ccording to Mattson =211 of the ionizable cations
are displaced from & certein weight of soll eolloid by meth-
vlene blue, no more cations are available for base exchange.
Therefore another dye such as neubral violet should displace
from a new sample of the same colloid, the same equivalents
éi‘ metals as the former dye.

It is the purpose of this investigatlion to determine
guantitatively ﬂhe equivalents of poslitive and néga‘cive ions
displaced from z soil by a given dye when certain equivalents
of the dye are adsorbed. 1. By comparing these resulis with
another dye on the same s0il we may reach some definite con~
clusicn as 40 the cepacity of a2 given s0il colloid to ex-
change bzses. 2. ’The ratic of dye which undergoes double de-

composition to that which is wholly adsorbed can be found.




Ashley {5) was probably the first to suggesﬁfbase ez-
change as the cause of adsorpbion of dyes by soils, Lord (7)
in commenting on the publication of Wilkirson and Hoff (4),
stateéhthat he had independently collected considerablefaata
regarding the quantity of salis replaced =2nd dye adsorbed.

He makes the statement: "The results would indicate essentizl-
1y a chemical reaction between the anions of the dye and cat-
ions of the electrolytes, yet, for some unexpléined reason,
the quantily of adsorbed dye is essentially the seme as thai
of the recovered electrolytes.” Nattson (6) showed the guan-
titative relationship between methylene blue and seven soils
of considerable range in chemical composition. The relzation
vetween the dye and the solls was shown by the way the ad-
sorbed dye and the exchangezcble bases affected the electrical
charge of the so0ll particles. His work is described in some
detall in the next few paragrarhs.

The colloidal soll materials were prepared by the super-
centrifuge method (8). The variation in the electrical charge
of these materiazls under different conditions was deﬁermined
by observing the cataphoretlic movement of the particles under
the ultremicroscope. The apparatus consisted essentially of
a straight capillary tube terminating in twe chambers contain-

ing the eclectrodes. The wall of the tube was ground to a
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thickness of 0.15 mm. at the middle to bring the interior of
the tube within the focal length of the objective.

The cataphoresis of each colloid was measufed by prepar-
ing a series of tubes in which 25 cc. of a suspension contain-
ing 10 miliigrams.of the collold were mixed with 25 cc. of
solutions containing increasing gquantiities of dye. The tubes
were then zlloWed to stand 24 hours before meaéurements were
madé# After a ceritain concentration of dye is reached slight
inereases affect the chargé or movement of the particles pro-
foundly. ‘Fiocculation alsoc beecomes complete aﬁ‘fhis poinb.
By plotting milllgrams methylene'blue és abscissas and veloci~
ty of particles as ordinates, Curves are dbtained wvhich re-
semble closely the neutralization curves of acids, when the PH
is plotted against the quantitles of base added.

Thé base exchange capacity of each colloid»was obtained
by leaching one gram with 500 ccv of neutral N. CaClg. The
chloride was then removed by washing. The adsorbed Ca, which
is supposed to be equivalent to the cations exchanged, was
displaced by a hot solution of K. NHiCl, and Was‘determiﬁed.
in ﬁhe-filtrate;

Conclusions

1. The quantitles of methylene blue required to neu~

tralize the negative charge of the soil colloids and ben-
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tonite§ correspond well with the quantities of exchangeable
bases, but the agreement is close only under conditions of
equal pH values. .

2. It was found in the case of two colloids that the
equivalents of monovalent and divalent bases brought into
solution by treaiment with metiylene blue were approximately
equal tc the equivalents of methylene blue adsorbed.

3. Vhen the exchangeable bases are replaced by the meth-
vlene bluec cation the colloids become iso~electric.

4, The contents of exchangeeble bases and the quantities
of methylene blue required to neutralize the negative charge
of the various soil colloids parallel the _ 5i0Os

Al oCat+Teglyg
ratios.

ﬁﬁenﬁonite'in its electrokinetic behavior, chemical compo-
sitlon and base exchange capaclbty ls apparently similar to the
colloidal solil material.
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THE ZEOLITIC NATURE OF SOTI, COTIQTNS

Zeolites are characterized by Thorpe (9) aslhydrated
silicates of aluminium with alkalies and alkali earthsy These
minerals hcld their water of crystallization-ver& loosely
and it is replacesble by az variety of substances such as am-
monia and alcohol. Then hezted they swell up and appear o
boil. They have been derived from the deeompdsition,of fel-
spar and other alkali bearing minerals, Commercizl zeolites
are made Ly fusing together soda, clay, felgpar and kaolin.
Zeolites exchangg their bases without altering their alumini-

un and silicon contents, according 4o the following eqguation

{10). :
: Gl Bal_ 0L AN PN
Ga\ * /A1~0~Si—0~&l;z:j- Ca\ Al-0Si~0-A1 + 2 NaCl.
1 Nal ~o” v hed
Calcium Potessium Caleium Sedium
chloride zeolite zeclite chloride

Crystalline silicates such as felspar (XKA1S1z0g) and in
greater degree mica (KHgila{S10.)s), are to a certain extent
capable of exchanging thelr potash combent for other bases.

By virtue of its colleidal nature, the clay of soils
manifests the phenomenon of ionic exchasnge peculizr to the
natural or synthetic zeolites (12). The exchangeable bases
are considered by Hissink (13) as being orn the surface of |

the particles of clay and of the humusg complex in an zdsorb-
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ed condition. They are thought however to be held in ionlc
form by chemical attraction. On ithe sﬁrface of the adsorbing
clay and humus an electrical double layer is formed with the
anion on the particle sglde and cation on the solution side.
The cations are principslly Fa, K, Ca, Mg compounds being dbutb
little ionlzed. Parker andAPate {(8) found that the exchange-
able bases are only in the colloidal fraction of the soil.
They state that two soils may have the same co0lloid content
but one may contain several times as much ezchangeable base
as the other. Two explanations are given. (1) We may assume
that some of the noncolloidal matter in a soil comtalns ex-
changeable base. If this is the case the exchangeable base
content of the soil would not be directly proportlonal to the
colloid content. (2) We may assume that exchangeable bases
are found only in the colloidal material but that colloids
from different solls contain different amounts of exchangeable
base. The results of other investigastors indicate that the
Second explanation is more nearly correch.

Anderegg and ILutz (14) studied base exchaﬁge'in soils
with the aia of the quinhydrone electrode. The results indi-
cate that clay when oven dry is a monobasic acid, and under
the conditions of their experiments, héd a molecular weight
of 3500.

Since socil colloids appear to be the ¥a, X, ¥g, and Ca
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salts of aluminosilicic acids we could expect a dye such as
methylene blue (ClsﬁiBNSSCl) to enter into a metathetical
reaction wifh these salts,

Ca{ze)g + 2016H;gNaSC1 —> CaCly + 20;6H; gNaB2e

Calcium Hethy lene . Caleium Hethylene
zeolite blue . chloride Dlue zeolite




EXPERIVENTAL

Lord {7) says that = quantitative study of base replace-
ment in soils‘can be carried out more effectively by slow
percolation than by the ordinary method of shaking in dilute
dye solutions. His reason is that, under like conditions,
the longer a colloidal mass is held in contact with a con-
centrated dye solution, the greater will be the yield of re-
placed electrolytes.

With these suggéstions in mind the adsorpilion experi-
ments were carried out as described by Lord (16) and Boyd
{(15). Five soils and two basic dyes were used. Each soil.
was from a different section of the state of Iowa.

No.l -~ Kansanlian clay from Story County.

No.2 -~ Webster clay loamr from Wright County, uplan&

glaclal soil, normally sweedt, even 2lkali, flat land,

poorly grained.

No.3 - Harion silt loam from Ven Buren County, loess,

very zcid under natural conditions, an orcha:d or Small

grain soil.

No.4 - Carrington loam from BHardin County. uplaﬁd gla-~

cial soil, Iowan drift, most extensive generzl farm

soil, usually shows medium lime reguirement.

No.5 = Grundy silt loam from Henry County, Mount Pleas-

ant, Iowa. Along Hississippil river, upland loess soil,
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very productive, good farm soll of southern Iowa.

The soils were alr dried, ground in a mortar and pestle,
and passed through a 48 mesh sieve.

The dyes were methylene blue and neutral violet. Be-
cause of its method of preparation, methylene blue might easi-
1y contain iron and zinc as impurities, so the commercial prod-
uct was purified by two crystallizations and then analyzed.

Cne gram of the purified dye contained 0.0027 grams of iron
which is 0.1 milliequivalents of this cation. No other cabtions
were found. NYeutrzl violet was nol analyzed for impurities
since its method of preparatiorn is guite different from that of
methylene blue, anﬁ also the supply on hand was limited.  Al-
though methylene blue, C;H;gN3SCL, anﬁ neutral vioclet,
C14H,,N.HCL, are basic dyes, they are not sufficiently lonized
to give a chloride test with silver nitrate. Afier these dyes
had been adsorbed by_soils the clear filtrotes in every case
gave strong tests for chiorides.

In the preliminary experiments 1t was found that 10 grams
of soil Mo.3 were necessary to give sufflcient cations in the
clear filtrate to be analyzed for‘easily. Because of the
;grge samples used, the filtering bubes were enlarged suffici-
ently to hold the soil in the filtering column.

The filtering tubes were prepared by sealing 2 glass tube
5 in. long, 3/8 in. in diameber, into the round end of a test

tube 8 in. long'and-l in. in diameter. A glass filtering cap
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one inch long was fitted on the end of the small tube or
filtering column by a ground glass joint., Small filter pa-
pers, prepared from large ones by the use of cork borers,
could be fastened at the Joint by pressing the glass cap
£irmly onto the filtering column. If the jJoints are well
ground the cap holding the filter paper wlll remalin rigid.
The filter papers can be put in place dry or wet, but the ex-
perimentor had better success fixing them when they were 4dry.
The tubes were large enough to prevent the trapping of éir
Pbubbles in the filtering column when the soil suspensions
were introduced.

A shortened test tube one inch in dismeter éna'tvo inch=-
e3 long, with a 1lip on the rim, wes used to introduce the
80il suspensions into the filtering tubes. A definite guan-
tity of s=oil was added to a amall amount of the dye solution
in this tube. The contenits were stirred well, allowed to
stand for several minutes, and then poured into the filtering
tube with the aid of a short stirring rod. Then the heavier
8011 partiéies had setiled on the filter paper the stirring
rod and tube were washed with more of the dye solution from
an ordinary wash bottle. All of the supermatant liquid was
allowed to filter through the soil before more of the dye
solution was added., Flltration was allowed to continue until

a marked discolorztion appeared in the filtrate. This indi-
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cated that the soil was saturated, and the volume of the
colorless fllirate was read and recorded. The filtrates were
collected in graduated cylinders.

The filbrates containing the anions and catlions liber-
ated from the soil by the dye solutlon were analyzed accord-
Ing to the following scheme.

Then the soils wmere leached with conductiviity water no
chlorides were displaced s0 the first and second sieps in

this procedure were omitted.




w1 F

Table T.
Substance ‘ Treatment .L Precipitates formed :No.
: : remaxrks - :
Filtrate :HNOg, AgNOs sAgCl - dried a2t 136° : 1
from soil @ - :welghed in Gooch :
Filtrate 12331 :AgCl, discarded ;2
Filirate 2: :‘3403, poil :Fe(OH)g, AI{OH)g, Si0g, : 3
: signited welghed :
Filtrate 3:(1He)2C504 2CaCy0, - ignited, weighed: 4
: tas Cal :
Filtrate 4+(NH,) -HPO,, NH,OH, BeNA, PO, , ignibed, : 5
sstond 12 hours twelghed as H{«;a?:,o? :
Filtrate 5 CaCly :Takes out excess : 6
: A :+(NH, ) HPO, = s
Filtrate 6;(1»’54) aCa04 :Takes out excess Ca s 7
Filtr 7 HCl, evaporate to dryness: :Residue of NaCl, KCl : 8
tin Pt dish, ignite at low:weighed :
:red heat : H
Residue 8 :Hso G104, evaporate to ‘KC10, dried azt 130°, :
svhite fumes on wabter bath: welgheé. in Gooch :
sadd OQHsOH : .

*ie was done because (NHy ) oHPO, is not volatile on heating.
Any Pz0p; formed would react with Pt.
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Blank spaces in the tables irdicate that some of the cor-
responding solutions or precipitates were lost.

A small amount of soil No.l was leached with 500 cc. of
N. CaCly solution and then washed with condﬁctiviﬁy water until
the filtrate gave no test for chloride. The‘residue was air
dried, ground with a mortar and pestle and passed through a
40 mesh sieve. This soil is referred to in the itables as soil
No.6.

The reagents were analyzed for sodium and potassium. In
the calculations these vazlues were subtracted from the amounts
of sodium 2nd potassium found in the soil filtrates. Resultis
are given in tableé IV wo IX.

" In the calculatior of the weights énd equivalents of the

various ioms the following factors were used..




..o; Ions Value of factors : Value of 1 equivzlent
: iCa_ _ 40.07 ‘Ca _ 40,07 _

1 :Caleium 1550 = 56.07 = O 7146 5 = 2507 = 20.03

2 slagnesiy mgg":ﬁ - 48.6% _ g - 2432 12,16
B e aPe0,, Top.7p = 0-218% 2 5
e P OFe - 111.68 = 0.699%4 ‘Fe _55.84 _

3 ;II‘GIZ ;Feaoa m ;3 3 - 18063.

)3 f 33 E.._.Iié -.._2:1--_ = 0.39311. 3 Ne - 28 o
Sodiun  IFpEy TERAG - T2
EP tassiunm E 5 . ed 0.2821 EE_- 2.1 39.1

5 : otass ;2\0310% = 138.56 = U L ;1 = 1 = .

6 :Hethylene:lyaHigleS . _28% 016;.3 alaS _ 288 _
.blue .Clﬁ‘r{leﬁ CI- 319* ‘5 O 8891- B 284
icolor ion: :

7 iNeutral :CiaBseMa = 239.15 _ o avno :0ia Huall - 239.15 o591
sviolet  1C,aHreNaCl  O7k.6 0.8709 : T Te39.15
tcolor ion: :

8 :Chlorine :C - _35.26 _ - 11 _ 35,46 _

: :Agﬁl“%ﬁ”cz&% 1 - T = 35.46

9 : _:KCL _ 7h.56 _ :

: :ECIC, T138.56 0.5381 :

f
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DISPLACEMENT OF CATIONS AND ANIONS BY METHYLENE BLU
AND NEUTRAL VIOLET {W,.V.) SOLUTION ON ADSORPTIQ

Table IV

I""‘"’ L 2 2 | St

D L R T e o L "v“

3 s : o1 - +Mil13-:Fe mil-:Hilli-equil
illi-equiv:*ﬁt- of Milli-:Wt. of :Wt. of 2equiv.sli-equivimebals disp
sof color (€1 iom :equlv.:AzCl  :Cl from:of Cl :of ad- :from soil
pion : sof C1 : s AgCl :from :isorbed :conductivi
. : sion - ¢ : :AzCl :dye  :waier
T : 8 =+ 9 : 10 =z 11 + 12 : 135 14
0.318 «C.0113 0,318 :0.0408 :0.C100 :0.284 :0.010 : 0,010
0.317 02,0112 :0,317 :0.0418 :0.0103 20,201 : " : N
t0.320 20.0113 :0.320 :0.0211 :0.0101 :0.287 :  * : "
C.316 . 0112 .Otglﬁ :0.0410 :0.0101 :0.286 2 " : #
0,852 : : : : - 3 - 320,027 0.28
20,878 $ = 3 = 3 - - s =~ 30,028
0,865 N - 2 -  : = 0,027 : T
0. 852 ¢ - 2 et e r e 2 - 20,027 i
11,704 0, 0604 1,704 :0.2686 :0.0664 =1.873 3:0.054 0.21
v, ThL 20,0618 :1.724 :0 75 :0.0661 21.860 :0 : T
0. 388 0.0316 0,888 :0 10,0262 :0.740 2
+ 0, 895 0.0318 :0.895 :0.1076 :0.0266 :0.756 3 =~ 3 "
:0.917 0.0326 :0,917 :0.1124 :0,0277 :0.78% 2 =~ !
bWt. of Ca0 Wh. of :Milli-:Wt. of :Wb. of :Milli-:Wi. of :Wb. of Wt
: La requiv. :MgaPpl7iMg tequiv.:NaCl & :XClOg :XC
: tof Ca ¢ s sof Mg :XCl H bl
3 : .: : : : s 2 1re
b7 «+ 8 :+ 9 10 ¢ 11 : 12 13 s 4
0. 0096 :0.0068. 10,342 :0,0100 :0.0021 :0.179 :0.0116 :0.002% :0.
0.0098 0. 0070 20,350 20,0104 :0.0022 :0.186 :0.0130 : _* s
0. 0102 L£.0072 0.3 :0.0106 :0.0023 :0.190 :0.0126 :0.0021 =
1 0.0088 20,0062 :0.314 :0,01C+ :0,0022 :0.186 :0.0116 : " :
0.0156 20,0111 :0,557 :0.0120 : -~z - :0.029h :0.0038 :
7 A ' 30.0138 :0.0030 :0.,237 :0’.0%‘96 :0.00%
0. 0152 20.0108 :0.543 :0. 0152 :0.0031 20.255 < :0.0036 -
0. 0156 oO 0111 .:0.55?» : 2;2 : e 20,0308 :0.0038 :
0., 0342 -O 02@4 :1.221 :0 0266~:O;OO 8 10,477 :0.0724 :0.0160 =
0.0176 oO 0125 :0.6 : - 30.C 0.2 :0.0274 :0.0063 :
0.0170 =0.0121 :0. 6@1;‘0.0110 20,0024 20,3197 :0,0266 T
0.018% 20,0151 :0.657 '040118' 10,0025 20,211 :0.0276 ¢+ "™
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 METHYLENE BLUE (K.B.) SOLUTION
[ ON ADSORPTICY BY SOIL NO.1

T1-:Hilll-equiv. of:Total *Total milli- :Billi-equiv, Of
uwivimetals dsdlaced:milli~-equiv. sequiv. of :metals displaced:
|- :from so0il by :of metals to .me‘cals dis- by dye alone. :

3 tconductivity  :be subtracted:placed by dye: (16 minus 15) :
{ _:water : (134-14) 1solution s :

: 14 : 15 : 16 : 17 :
I 0.01C : 0.23 : C.69 : 0,46 :
P 1 s 1 : 073 2 0.50 :
i " b H . Q.74 : 0.51 :
I W : il Y Q.67 * Ok :
= 0.28 : 0,30 : - : - s

: 7 : K s 1.20 : 0.90 :

[ = " : i < 1.19 : 0,89 s
7 s . . T . 1, 23 : 0.93 :
P 0.21 H Q.26 3 : = .
2 - B T : 2,40 : 2,14 3
P8 C.25 : 0.25 : 1,02 : Q.77 :

: " : K s 0,96 : Q.71 :

3 7 : " : 1.03 B 0.78 :
L : :
P : Wt. of: : z : :
pE WE. of :Ht. of :XC10, :Wt. of:Milli- :%Wi. of EC1 .ut. of Nell:¥t.
{& :RC10, :KC10, :due to: K :equiv. :(caleulated:({column 13:NaCl
E : 1from idye so- :of £ :from columniminus col-:froi
s ___sreagent:lution: : 2145 sumn 19)  :aze

t M s 15 s+ 16 i 17 = 18 19 2 20 : 2]
16 :0. 0024 :0.0021 :0.000E:0.000I'O‘.OOQ :0.0012 :+ 0.0104 0.0
20 s > CI— R | . . W : 0.01l18 :

26 :0. 0021 T A * none: - . - s 0.0011 s 0.0115 s
16 = : i : L : : 0.0011 : 0.0105 : ]
b :0,0038 : 9 :C. 001_’?*0 OOOZ}T—O 03.2 s 0.0020 2 0. 0274
36 _$0.00%4 F20.0015:0.000%3: 0.009 : 0.0018 s 0.0278 @

:0.003%6 : B 20,0015:0. 1004 0.010 ¢ C.CO1a : 0.0277 ¢
D8 10,0038 + % o 0017‘0 ogoz;_ O. 012 : 0.0020 : 0,0288 =
24 20,0160 :0.0106 ‘O 00514- O OO:LS' O. 039 + 0.0086 + 0,0638 0.0
4 :C. 0063 :0. 0063 * none: -t ¢ 0.0033 s 0.0241 0.0
56 e R -z v + 0.0233 ¢

T 7 2 ¥ . = i e 3 ¥ s 0,0243 ¢
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- $Hilli-equiv. of :
! smetals displzceds:
§ by dye alone. :
yes (16 mimas 15) :
I 17 :

s Q.46 :

: 0.50 :

: 0.51 :

: Q.44 :

: 0.90 s

: 0,89 :

: 0.93 :

: 2. 14 3

. Q.77 M

: 0. 71 :

- 0078 o
! : : t%b. of ¢ : :Total milli-:
of EC1 :Wt. of Mell:¥i. of :NaCl tWt. of *Lilli— sequiv. of :
lculated:{column 13:NaCl sdue to ¢ Na  tecuiv. :meials dis- :
1 colummaminus col-:from re:dye so-: tof Na :placed Iy dye:
: sumn 19) sagents :lution s 2 :solubion ?
19 2 20 s 93 i 24 : 25 :
?12 : 0.0104 : :g 0020 'O 090 _: 0,695 :
D011 s 0.0115 : 0 : :0.0025 :0.109 : 0.738 :
D011 : 0.0105 . ¢ :0.0054 :0.0021 30,092 : O.67* :
D020 : 0, 0274 : i :0.0223 :0.0087 :0.381 : - H
D018 £ 0.0278 ¢ "  :0.0227 :0.0089 :0.388 : 1.201 :
DO1 : 0.027" s " 20,0226 :0.0088 :0.386 : 1.194 s
D020 : 0,0288  : ' =0,0237 :0. 0093 :0. 405 : 1.229 :
D086. : 0.0638  :0,0255 20,0383 <0, Ol50 .O 655, : 2,399 3
D033 : O, ' 210,01 :QO. :0 : 3 1.01 H

‘ : 0.,0233%  : 20, :0 3! s 0.962
R : 0,023 ¢+ " 30,0090 :0.0035 .0.153 t 1.0%4 :
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No,:%h. of :Hours: cec. :Wt. of :Wh. of :Milli-=:Wt. of t¥Wi. of :sMill

2s0il  sto :£il- :Fegls 2t Fe  tequiv.: Ca0 : Ca  requ

tleached:fil- :trates py o, 3 : of = : : o

3 | sher H H : Fe ¢ b4 s C

; 1 ; 2 ; 3 s 4 : 5 : 6 : 7 . 8 r G
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S O Y —. Fommm e $mm e TS SRN J—
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7 : % 195 1850 :0.0010 o 0006 :0. 037 20,0026 :o 0018 30 0
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: 5 gms.t 70 : 52 :0.0016 .0,0011 o 060 :o 002k 10,0017 30,0
12 E " .70 i 58 20.0018 0, 0012 .o 067 + 2 T
13: " 126 @30 :0. 0006 -o 0004 0.022 :0,004 20,0010 20,0
% : " :31 s 30 :0.000k 200002 20. 013 :0.0012 20,0008 :0.0
15 ; 1 ....; 25-—;'55--;—_-;"-‘-;—_‘“ ; it ;.... i -iu-‘—;"-’g-—;
16 10 gms.2 55 :62 : " : M+ "  :0,0026 :0.0018 -o 0
iI7: " 165 :73 s+ M+ M i %  :0.0006 £0.0018 -0 0
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Table V
CATIONS DISPLACED FROM SOIL N0O.1 BY COMDU{

'BujL].lJl""ﬁ%},;_ij? m711; ()1? .EJJ.].I.E."O 5 b »

Wt. of of Wi, of :Wt. of :Wu., of
; Ca .euulv..ﬁgePg07. Hg. z2equiv.s Nafl ¢ KClO, & EKC1lOs:due to
; ¢ of ¢ s :of'Mo ¢ and 2 : from :ductiv:
§ f Ca f i 3 f XCL f sreag?ﬁsfwater

& 5 10 g IT E 5 g B g P T
%.0018 ; 0.092 E0 0032 20,0006 'O 057 :0.0310 'O 0114 :0.0lOé : C. 0008
5‘"‘;""i"Z*“-:a‘aagg‘35'5555“5‘555"5‘5;15‘;"‘:‘““2“‘;“'20‘555§
00020 10,100 20.002% :0.0005 :0.0h2 :0.0308 :0.0118 1 "  £0.0012
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20027 10,155 10,0042 :o 0.0009 'o 075 10,0328 10,0120 + " 10,001k
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0.0022 10,134 ¢ " ; M .5'63i8".6f01oa § n'"“éaraaa;

0.0014

SIS Rt SR ST S S SR S AL
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5.0018 +0.092 +0.0036 :0. ooo7 o 06k 10,0086 :0.0014 + M i W
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> E
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10,085 :0.0044 :0.0009 :0.079 :0.0092 :0,0018
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Cl :Wh. of NaCl:Wt. of :Wi, O NaCl:Wt., of Milli-:Total milli- :
ted: {column 13 :1NaCl «due to con-: Na requiv.tequiv,of met-:
umnsminus col- sfrom resduetivity :0f Na :als displaced:
sunn 19) ragents iwater sby conductiv-

6% 4o
I ¢8

(s : : : * tity water
Lt 20 : 21 22 T 235 1 oa e 25 :
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Four 2~gr m samples of soil Fo.l were leached with meth-

vlene blue solution until they became saturated with the dye.

The soil was then washed with conductivity water until the

amount of dye in the filtrate from each sample became con-

stant.

Sample ¥o.l was leached with 50 cc. of con duc:,ivxty wat-

er, No.2 with BO cec. of a water solution of XK.

g, NO\-B

with 50 ce. of ninety percent ethyl alcohol, and No.4 witk

50 ce. of an aleoholic (90%) solubion
in the filtrate was determined by the
Teble XI shows 'bhat the agueous CaClg
and one-h2lf times as nuch dye as the
holic CaCly displaced more then three

equal zmount of alcohol. Resulis are

The dye

ecolorimetric rmethod.

solution displaces two

pure water, while alco-

times asg much dye as an

given below..

of solubtions

Solutions Pure water:L. Oalls ¢ =2thyl ¢ H. CaClg ¢
used T tin HgO ¢ alcohol in :
s : H tethyl al- :

- : 3 3 scohol :
Sample : 1 : 2 s 3 : 4 s
Gps. M.B. dis- -t : :
placed by 50 ¢cc.: 0.0002 ¢ 0.CC05 0.0050 ¢ Q.0I6C

4y ¢4

P 6 Wp

(1]
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Table showing: {2) eguivalents of meuhylene blue (¥.B.) and
neutral violet (N.V.) ions adsorbed by the
soil.

(b) eaquivalents of anions ané cztions displaced
during adsorption.

{c) ratio of dyes reacting metathetically to
the total amount taken up.

ﬂfoﬂ;ﬁ%.of:Dye s¥111i~  MIlli- sH3lli- t¥illi-  :Ratio of:iRatlio of
H :soll sused:equiv.of:equiv. of :equiv. oftequiv., ofimilli- :milli-

sused reolor  :metal lons:Cl ion  :Cl ion  :equiv.of:eguiv.of
: H :ion used:displaced :from dye :found in :dye rextidye not
: : 2 by dye so-:golution :filtrate :ing metatreacting
: : : :lution : H sthet Liﬁbv(colagns
| : : : : H : :to total:7 2 8 '
| H s : : : H :milli-~ .cahnﬂaued
¥ s 2 : : : tequlv. :from col
E_ : : : : 3 :bsken up:5 & 6
= 1 : 2z 3 2 4 : 5 & : 7 8
HL i2 gmsimlBr 0032 : 0.46 $6.32  : 0,28 i 0.87 : 0.13
E : " iN.V.: 0,89 oz 0.77 :0.89 :0.7% :0.85 : 0.17
--- L T e e T MUY S
2 12 gms:E.B.: 0.89 @ 0.77 : C.89 : C.81 : G991 @ 0.CO
;o E_N. .: 1.16 : 0.90 :1.16  : 0,99 i 0.85 : 0.15
b :ogesB.: 0.64  : 04T ¢ 0.6% 1 0.55  : 0.86 : 0.1k
: " IN.V.: 0.8 : 0.69 :0.81 : 0.66 : 0.81 : 0.
B4 :5 gms:M.B.: 0.82 : 0.7 : 0,82 1073 £ 0.89 : 0,11
B T e e T TSI SRR SRS S
: - V.. 1.07T 1 0.82 : 1.07 : 0.88 : .80 @ Q.20
5 s gus:i.B.: O. 65 : 0.58  : 0.65  : 0.63  :0.97 : 0.03
i " IE.V.: 0,28+ 0.19 :0.28  :0.26 : 0.93 = 0.07
6 16 gus:M.B.: 0.31 : 0.25 : 0. 31 :0.26 : 0.8% : 0.16
: 7 IE.V.: 0,72 : 0.52 : 0.72  :0.61  : 0.8 :0.16
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DISCUSSION

‘Matison (6) Tound thal the equivalents of mebtals dis-
placed ffom 2 soil colloid by a2 N. CaClg solution were apPProXi-
mately equal 3o the equivalents of methylerne blue adsorbed by
an equal amount of the same colloid, only when the pH of the
'two solutions was nearly the seme. A sclutlon conteining two
grams of methylene blue per liter gave a pH value of about
5.03 by the electrometric method, while a K. CaCly selution
saturated with GOp had 2 pH concentration of about Z4.4. The
B ion‘concentration of the various solutions used in this in-
vestigation was rol determined.

In his work on subgrade clays Lord (7) found essentially

& chemical rezciion between the anions of the dye and catlons of

the soil colloids. Couseguently, the nuzmber of egulvalents of
ections displaced from the soil colloid should be egual to the
rumber of dye catlons tzken up. However, for some unexplained
reagon Lord found thoi the quantity of adsorbed dye was really
the same zc that of the recovered electrolytes. In this in-
vestigation the weights of the total electrolytes, displaced
from the soils by the dye solutions, were not taken. All cal-~
exlatiors sre based on the equivalents of each lon displaced.
Table XIT shows conclusively tﬁét between 0.8 and 0.9
of methylené bilue and neutral violet is taken up bty the solls

because of 2 double decomposition regction between the dyes
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and the soil colloids. Assuning thalt the soil colloids are
zeolitic in nature the followving reaction is representative.

o 0

. , o
00, 4H1gNaCl + Ca’ AL-0-S1-0-A1 —> Callg +

g \O/ \O/
neutral calcium coleium
violet zeolite chloride

CoaHagMay

, 0
\A1-0-8i<
0/ N

0=p1

Ciaﬁzsﬁé/ ?

neutrzl vioclet zeolite.

e only case where more equivalents of mebals are dis-
placed from a soil than equivalents of dye teken up is where
methylene blue is adsorbed by soil Fo.l. Table III shows thst
this soil differs from the others since, the filtrates give a
test for carbonate, when the soil is leached with the dye so-
lubions and conductiviiy water. By comparing columns 4 and 6
of Table XII it is seen that in nine oul of twelve determina-~
tions the equivaleﬁts of C1 ion found in the filtrate is slight-
1y greazter than the equivalents of catlons found. The excep-
tions are goil No.l on adsorption by neutral violet and methyl-
ene blue, and soil FNo.3 on adsorption by neutral vioclet. This
would indicate that some of the positive ions which might have
been liberated were not detected.

Various gquantities of soil No.l were leached with con-
ductivity water. Results are shown in Teble V. It is umusual

to note that in equal volumes of filtrates, ten-gram samples
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give apyroximately the same equivalents of cations as one-
gram z2nd two-gram samples. This is explained however by ob-
serving that the time of filﬁration for the ten~gram sample

is much less than for the other samples. Fhen the smaller
samples were used it was necessary to hasten the filtretion
by pressure. The time of filiretion was not ezsily controlled
since toc much pressure packed the soil wmore firmly in the
Tiltering column, and easily ruptured the wet filter papers.
The nature of the soil caused az wide variatlion in the %ine of
filtration. ’Some scils were qulite pervious to water bul very
impervious to the dye sclutions, while others were jusi the
opposite. No amount of pregsure could overcone az time factor
with an impervious soil. The most ocubstanding example of this
is in Tsble X where goil No.6 was lsoched with the dye solu-
tions and conductivity water.

Yhen a given qguantity of 2 dye solution passes through a
homogeneous soil sample certain eguivalents of cations are dis-
placed due o the solvent action of the water in contact with
the solil colloids. By pzssing the same gquantity of conductiv-

ty water through a new sample of the same soll in approxi-
mately the seme time, the c¢ations displaced by the water z2lone
are found. The difference-between‘these two values gives the
equivalents of catioﬁs displaced by the dye alone. Resulis
ares given in Tables IV to X.

Since the time factor is Important and is controlled with
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difficulty, we are not justified in drawing definite conclu=-
sions,wheﬁ the time of filtration for the dye solutions and
conduetivity water vary by a2 wide margin, Therein lies the
greatest source of error in this investlgation.
| ther sources of errcr are: {a) lLoss due to the evaporaz-
tion of +the filtrates during long periods of Tildratlion.
(b) Large samples of sgoil lengthened the filtering column.
The dye solution had a tendency to creep down one side of the
cotumn of soil and give a highly colored filtrate long before
211 of the soil sample was sabturated with the dye. In such
cases the filtration was stopped and the filtrates aznalyzed.
Too much dye in ihe filtrate gave colored residues in the de-
termination of calcium and magnesium.'

By leaching a soil colloid with GaClp solution Hatison (6)

assumed that the adsorbed calcium was equivalent to the cations

exchanged. The adsorbed ezlcium was then displaced by hot NH.CL

solution, and determined in the filtrate. The guantiiies of
nethylene blue required to neutralizé the negstive charge of a
new sample of the same ¢ollold corresponded well with the calcium
displaced by the WH.Cl solution. Therefore iatison rigntfully
concludes that methylene blue is adsorbed by the soil colloids
with an eguivalent exchange of cstions.

AS was previously stated soil No.6 is soil Ro.l after

treatment with CaClz solutlon. By obsefving columns 7 and 13
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of Table X it is seen that the value for eguivalenis of cal-
eiun displaced by methyleme blue is practically equal to the
equivalents of the dye adsorbed. This is in agreement with
Eattson‘s conclusions, but when the value for conductivity
water is subtracted the agreement is not so gocd. The value
for weter isg probably too high since the time of filtration
is four times as long as for the methylene blue solution.

The point to be made in connection with Tsble X is that
from tﬁé same weight of soill NHo,6 twice as many -equivalents
of calecium are displaced by neutral violet solution as by
methylene blue solution. This is contrary to Hatieon's idea
since he seys that at the iso-electric point all of the ex-

changeable bases in a soil collold are displaced by methylene
| blue. W%hen a soll has been saturated with methylene blue as
in Table X ﬁhe iso-electric point has been reached and exceed-
ed.

The conclusions from the data of Table X are: (a) The
pover of a certain soil collold to exchange bases depends on
the nature of the dye adsorbed. (b} The electro-kinetic beQ
havior of 2 cerbtain soil colleid toward methylene blue is not

an exact measure of its base exc e capacity.
P 5
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CONCLUSICONS

The number of eguivalents of neutral violet and methylene
plue adsorbed by a soil colloid depends on the nature of

the sgoil,

(2) From 84 to 97% of methylene blue react metathetically
with the soil colloids,kon adsorptlion by six different soils.
(b) FProm 80 to 93% of neutral violet react metathetically on
adsorpticn by the same six solls. -

The number of equivalents of«catioﬁs displaceé‘from a soil
colloid is approximately proporiional to the mumber of equiv-
alents of dye cations adsorbed by the soil.

The power of~a s0il colloid to exchange bases with a dye so-
lution depends on the nature of the dye adsorbed.

The electro-kinetic behavior of z scil eolloid toward methyl-
ene blue is not an exzct measure of 1ts base exchange capaci-
ty.

Lord's nethod of slow percolation for the determinatlion of
base exchange, on adsorpiion of dyes by solls, has the fol-
lowing advantages:

(2) In general the longer a dye solutlon is in contact with
a 801l colloid the greater will be the yield of replaced
catione.

{b) The dye solution does not reach eguilibrium until after

72 hours (17).

gy
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(c) The longer a soil is in contact with water the greater
the yield of soluble salts.
{d) The liquids filter through the soil solumn giving clear

filtrates with no colloidal suspensions.

7. Lord's method introduces the following difficulties:

(2) The time of filtration is not easily controlled since
sbme soils are guite pervious to water but very impérvious
to the dye solutions, while others are just the opposite.
(b} The dye solutions have a tendency %o creep aown one gide
of -a long soil columm and give highly colored filirates be-
fore the sample is completely saturated with the dye.

{c) Loss due to the evaporation of the filtrates during long
veriods of filtration.

50 cc. of alccholic ¥M. CaClp solution displaced 0.0160 granm
of methylene blue from two grams of soil Wo.l after the soil

had adsorbed C.1l gram of the dye from a water solullion.
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