THE EFFECT OF VARIQUS ORGANIC AMENDMENTS
ON THE PHYSICAL AND CHEMICAL PROPERTIES OF

SEVERAL SOILS AND CLAY MINERALS

By

John Arthur Archibald

AN ABSTRACT

Submitted to the School of Graduate Studies of Michigan
State College of Agriculture and Applied Science
in partial fulfillment of the requirements

for the degree of

DOCTOR OF PHILOSOPHY

Department of Soil Science

1954

Approved @ L eﬁ'ﬁ'g




THE EFFECT OF VARIOUS ORGANIC AMENDMENTS ON THE PHYSICAL AND

CHEMICAL, PROPERTIES OF SEVERAL SOILS AND CLAY MINERALS

ABSTRACT

The effect of 2 number of organic emendments on the physical
and chemical properties of a typical Ontario grape soil was measured.
Although several of the materials markedly improved aggregation, por-
osity, and other physical properties, there was no significant differ-
ence in grape yields between trested and untreated plots.

Following the field experiment, a laboratory study was made of
the effect of soil conditioners on the ion-exchange properties of
four Onterio soils, Wyoming bentonite, and kaolinite. Preliminary ex-
periments indicated 2 marked effect of small amounts of conditioner
on cation-exchange capacities of soils and clayse.

A detailed study was made of the effect of various concentrations
of the acid form of VAMA, a vinyl acetate-maleic acid copolymer, on
the cationpexchahge properties of a hydrogen-saturated bentonite. It
was found that at very low concentrations of VAMA, the cation-exchange
capacity of the cley-conditioner mixture dropped rapidly. Slight in-
creages in conditioner concentration :esulted in a large increasge in
exchange capacity. As conditioner concentration was further increased,
the cation-exchange capacity again decreased, and remained below theo-
reticél value for the clay-conditioner mixture at all higher concen-
trations used.

This evidence shows conclusively that there is an ionic exchange

reaction between a VAMA-type conditioner, and a montmorillonite-type clay.
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I. INTRODUCTION

The recent introduction of goil-conditioning materials has re-~
sulted in an upsurge of interest in the value of organic soil amend-
ments. Perhaps the greatest value of these new conditioners is that
they have created more interest in the whole field of clay-organic
complexes. Even if they do not become widely used, the knowledge
obtained from their study will =2dd greatly to the field of Soil Science.

In the Niagara Peninsula of Ontario, an area favored by the
moderating influences of Leke Ontario and the Niagara Escarpment, there
are grown sbout 20,000 acres of grapes, Because of & relatively low
acre-return of this crop compared to peaches and other tree fruits,
grapes are invariably put on soil unsuited to other fruits. The ave-
rage grape soil is fine-textured, compact, and low in organic matter,
On such soils, naturally fertile but unproductive, sdditions of fer-
tilizer materials have not increased yields., Organic matter additions
have increased yields consistently,

With this fact in mind, it was felt desirable to compare the
effects of soll conditioners presently available with conventional or-
ganic supplements, to evaluate their effects on soil properties. The
first part of this thesis then deals with the effect of these organic
amendments on a typical Ontario grape soil.

In the short time that conditioners have been aveilable for ex~

perimental work, much has been learned of their effect on physical



properties of soile., Little 1s yet known of the nature of the clay~

erganic union which 1s,assumed{to form the basis of their action.

A series of laborétory experiments were made in an attempt to
elucidate the nature of the clay-organic linkage, or at least to
accumulate information on the effect of various conditioner materials

on the properties of several representative soils and clay minerals.
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II., REVIEW OF LITERATUHRE
Part A - The Effect of Organic Soil Amendrents on Grape Production

There is considerable evidence to indicate the value of organic
matter additions, and of high oréanic content of soil, in grape pro-
duction. This evidence has accumulzted from work done under widely
varied conditions of climate and soil,

Partridge and Veatch (21) working in southwestern Michigan on
Plainfield, Fox, and Oshtemo soils, pointed out that variations in
the thickness of the humus lsyer of the surface soil had more influ-
ence on vine growth and production than did any other soil factor.
FPruit production on humus layers three to six inches in depth was
double that where the humus layer was less than three inches.

Gourley (9) in Ohio, reported yield increages from applications
of manure, Cooper and Veaile (4), in Arkensas, also found that moder-
ate manure applications increased the yield of Concord grapes.

Faurot (6), working in Missouri, has shown that manure appears
to be of greatest value for use on older, established vineyards.

He further found that the use of commercial fertilizer, of various
analyses, and at varied rates, did not produce yield incresses
sufficient to pay for the cost of the materials used.

Upshall et al (31), carried out 2 long~term experiment with the

Concord grape in the Niagara Peninsula of Ontario, on & Vineland



clay-loam soil. This soil is poorly drained, with a heavy clay sub-
soil. The experiment was begun in 1929 and concluded in 1948. Var-
ious rates of application of nitrogen, phosphorus, and potassium
fertilizere were used alone, and in combination. In addition hay
and straw treatments were included, alone, &nd in combination with
the above fertilizer materials.

The hay snd straw treatments were the only ones that produced
continuous and statistically significent yield increases, Green-
manure crops tended to produce higher yields. A complete fertilizer
did increase growth and total dry matter content of green-menure
crops and in this way fertilizers may have indirectly influenced
crop returns,.

The above evidence, particularly that from Ontario, indicated
that orgenic soil amendments are of great value in grape production.
There is little evidence presented, however, on the actual effects
of such amendments on soil properties. It was confined in most cases

to the effect of treatment on crop yield.

ke



Part B - Development of Soil Conditioners

The nature of the cla&*organic complexes involved in soil aggre-~
gation and stabilization is a problem which has received considerable
attention in the past several years. Following the introduction of
the new "soil-conditioners," interest was intensified.

Gieseking (7) in 1939 was able to spread the c-axis spacing of
montmorillonite by the addition of organic bases.

Ensminger and Gieseking (5), in 1942, showed that adsorption of
proteins on the base-exchange complex interferes with normal enzyma-
tic hydrolysis. This interference was dependent on the base~exchange
capacity of the clmy, and was greatest at lower pH values.

Normen and Bartholomew (19), in 1943, found evidence of combina—
tion of uronides with clay particles. Uronides are constituents of
‘hemicelluloses, pectins, micilages and gums. The higher the number
of uronic groups, the greater the resistance of these compounds to
decomposition., These materials have been shown to be of value in
soil aggregation.

Martin (15), was able to show in 1946, that bacterial poly-
saccharides were definitely responsible for increased aggregation
end stability.

Quastel and Webley (26), foénd that methyl cellulose and car~
boxymethyl cellulose had good aggregating effects, but decomposed
readily.

Van Bavel (32), in 1950, found that the use of dimethyl dichloro

sileane stabilized structure and produced a waterproofing effect. This

5e



increased stability may have been due to the slower rate of wetting
when placed in the wet-seiving apparatus., A serious disadventage of
this gaseous material lies in its toxicity to animal life,

Hedrick and Mowry (10) point out that polyuronic acid salts, and
related polysaccharides have not proven successful because: (a) the
large quantities needed release toxic quantities of cations (b) the
large amounts of rapidly decomposable organic matter upset the micro-
biological balance of the soil (c¢) the rapid microbiological decom-
position of added polysaccharide derivatives makes the use of such
materials uneconomicsl. These suthors found that the sodium salt of
a hydrolyzed polyacrilonitrile (released as Formulation 9 by the

Monsantc Co.) of general formula
H H

=0 _
H C = 0 =« Na X

and the calcium salt of a modified vinyl acetzte-maleic acid compound

(Formulztion 6)

- CH - CH, - CH - CH -
0 COOR COOR

C=0
CH3 X
were effective in etabilizing structure. Further, these water-soluble

polymeric electrolytes of high molecular weight were effective in

6o
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extremely low concentrations. These authors also showed by the Warburg
technique that these two materials were non-toxic to yeasts and other
soil orgenisms. Also, trace—-element availability was not affected, and
the materials were not toxic to higher animals. The leaching losses of
the polyelectrolytes from a treated soil were negligibvle. Although they
found that abietic acid, silicates, and volatile silicones also stabili-
zed structure, the water-proofing effect lowered the wéter holding capacity.

Ruehrwein and Ward (29) used sodium polymethacrylate, = poly-anion,
and poly B~dimethylaminoethylmethacrylate hydroacetate, a polycation, to
study the mechenism of clay aggregation by polyelectrolytes. Using Wy-
oming bentonite, they found by X-ray diffrection measurements that the
¢-zxis spacing of the montmorillonite was increased by the polycation
but npt by the polyanion, thus indicating that polycations but not poly-
anions are adsorbed in the interplanar spacing of montmorillonite. They
also found the polycation to be an effective flocculating agent. The
polyanion did not act as a flocculating egent, but was effective in sta-
bilizing floceulated clay. They state that it is possible for sodium
polymethacrylate to bridge between two clay particles, since the length
of the molecules is comparable to that of the clay particles. For a
given heat of adeorptiono the adsorption of the polyanion on clay is
more likely then that of simple ions, due to the smeller entropy of
adsorption of the polyelectrolyte,

Martin et al (17) used HPAN (Krilium 9) and VAMA (Krilium 6)

on Miami, Crosby, Brookston and Paulding soils., They found a marked
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gtabllization of aggregates, with the major portion of the particles
stabilized in the two to five mm., and greater than five mm., size
ranges. Of a variety of crops grown, corn, oats, and carrots were
most responsive. These authors alsoc showed that soil crumbs treated
with either of these materials remesined stable for 32 months at 76 F.

Allison (1) showed the value of the two Krilium conditioners on
seline soils. They reduced crusting and resulted in a much higher
rate of seedling emergence. Weesks and Coulter (33) studied the effect
of HPAN on erosion control. They found that the masteriel was of value
in temporarily controlling erosion until vegetation became established.
This material, however, was not superior to straw mulch for reducing
runoff and erosion.

We P. Martin (16) in a recent article summasrizes the early re—
sults with VAMA and HPAN on Ohio soils. He points out the value of
these materials for increasing water infiltration rate and early spring
drainage. This may explain the fact that he found earlier maturity
dates for a variety of crops on treated soils. He a2lso found that
conditioner applications may result in greater erop response to fer-
tilizer materials.

Sherwood and Engibous (30) in a similar peper state that ion~
exchange capaclities may be affected by treatment with conditioners.
They indicated that an epplication of 0,15 percent conditioner de-
creased cation—exchange capacity in treated soils.

To summarize, the interaction between clay, and organic cations

and anions, hasg received considersble attention in recent years.



Recent interest has centered mainly around two materials, the sodium
salt of a hydrolyzed polyacrilonitrile and the calcium salt of a
modified vinyl acetate-maleic acid compound. These materisls are
effective at low concentrations in stabilizing soil structure, and
are less readily decomposed than the naturally-occurring polyuronides
which have been shown to be of value in improving soil structure and
stability.

An idezl synthetic soil conditioner then, should be effective
for long periods in stabilizing solil structure without reducing water
holding cepacity. It should heve 2 low rate of destruction, and
should not adversely affect biological zctivity, either by toxic
effects on plants or animels, or by disturbing microbial activity.
Also, it should not remove trazce elements necessary for plant nutri-
tion. Once & materisl meets these conditions, it must then be deter-
mined whether it can be produced in large quantities economically

enough to make its widespread use as a soll conditioner practicable,

Fe



IIi. EXPERIMENTAL
Part A, Field Experiment
Experimental Methods

The field experiment was carried on in the grapery of T. G. Bright
and Co. Ltd., in Niagara Township, Lincoln County, Ontario near the ham-
let of Virgil. The experimental plots are part of a 1000 acre tract of
land owned by the above Company and used solely for grape production.
The soil is typical of Niagara Peninsula grape soils, and has been tem=
tatively classified as a Jeddo clay loam, by the Ontario Soil Survey
staff. Since the Soil Survey Report for Lincoln County has not yet
been written, the following description was taken fromAnotes of the Sur—
vey staff,

Description of soil. The Jeddo soils are developed on heavy sub-
agueous till from calcareous materials. The weathered profile is more
acid than the Brookston and lacks distinct color and textural horizons.
The Jeddo is the poorly drained member of the Haldimand catenz, the
Caistor being the imperfectly drained member. It exhibits character-
istics in accord with those of the Gray Hydromorphic Soils.

Profile.

Al -~ Four inches; dark gray c¢lay to silty clay; sticky; some grit;

pH 5.8.
A2 = Six inches; very dark gray clay with yellowish brown mott-

lings; some grit; pH 5.8.
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G - Twenty inches; gray clay with light yellowish brown mottlings;
structure large to massive; sticky; some grit; pE 6.2.

C = Fine gray till with some light yellowish brown mottlings:
some grit, stones, and dark colored shale fragments; massive;
sticky; pH 7.4.

The topography is level to gently undulating, with small depress—
ional areas. Both extermal and internal dresinage are poor. The native
vegetation was elm, soft maple, hickory, swamp and bur oak.

The major difference between the Jedde and Brookston series is the
lower pH and the larger proportion of shale found in the Jeddo. The
Brookston has & higher organic matter content, a darker surface, and the
profile contains a slightly greater concentration of rusty-colored
mottles.

Plot designe A randomized block experimental design was used, with
ten treatments, and four replicates. The plot size was eleven by thirty
feet, with buffer rows between series. ‘The six grape vines bordering
the plots were used for record purposes. The grapes were the Agawam
variety, a red grape widely grown for wine production in that arez of
Ontario.

Treatments. The following treatments were used in the experiment:

1. VAMA (Krilium 6)

2. HPAN (Krilium 9)

3e Sugar

L4, Liecsl

5 ® Sawdust
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6. Grepe pomace

7 Alfalfa meal

8. Straw

9. Lionex

10, Check

The straw, slfalfa meal, sawdust, sugar, and grape pomace were
applied at the rate of five tons per zcre on & dry matter basis. The
two Krilium formulations, the VAMA and HPAN previously described, were
epplied at the rate of 1000 lbs. per acre. The Lionex material, a
cation-exchange resin produced as & by-~product of the paper milling
industry, and the Lical, a paper mill waste largely composed of lignin
and lime, were applied at the rate of one ton per acre. The Lionex
material had given evidence of promise as & eoil conditioner. All
materials were appliéd on August 1, 1952, and immediately incorporated
in the soil to & depth of six inches with a large self-driven rotary
tillage implement, Nitrogen as ammonium nitrate was applied to the
sawdust, sugar, straw and grape pomace plots to maintain a C/N ratio
of approximately 20:1l. This nitrogen was applied as a split applice-
tion, half at time of treatment and half the following spring, except
in the case of the sugar plots, where the total amount was espplied at
the time of treatment. A cover crop of wheat was sown August 15, 1952,
and was worked down the following May.

Soil samples for organic carbon and aggregate analyses were taken
in late September, 1952, at the zero to six inch depth. Organic content
on these samples was determined by the wet combustion method of Walkley
(33)s The wet seiving technique of Yoder (36) was used for the aggregate

analyses. Duplicate determinations were made on 2ll samples.
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Undisturbed three inch soil cores were taken in April, 1953. Six
cores were taken from each plot. These cores were used to determine
pore size distribution, permeability, and volume weights (27)e

In July of 1953, soil samples were taken again for aggregate
analyses, and organic carbon determinations. 1In addition; cation-ex—~
change capacity was determined by the ammonium acetate method. Exchange-
able potassium, calcium, and sodium contents were determined on all sam—
ples by the methods outlined by Peech, Alexander, Dean, and Reed (22).
Oxygen diffusion readings (13) were taken during the summer of 1953,

In September 1953, samplings for aggregate snalyses were again made,

Individusl vine yields were recorded for both 1952 and 1953.
Cover-crop ylelds were taken in May of 1953, Jjust before the green cover

was worked into the soil.
Results

At the time of application of the organic materials mentioned ear—
lier, it was noted that the HPAN material was very hygroscopic, and
stuck readily to anything with which it came in contact. This is a
serious disadvantage of this matetrial, in that if the soil is not rather
dry at the time of incorporation, it will form large rubbery masses.

Several weeks after applicatipn, following a rather heavy rain, a
large amount of brownish viscous exudate appeared on the soil surface of
the HPAN-treated plots. This material apparently had picked up large
amounts of colloidel organic matter from the soil. This exudate re-

mained on the surface for at least a month.
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The cumalative percent porosities are shown in Table I for all
treatments. Since the values for &ll treatments except the VAMA, HPAN,
Lical and Check were very close together, only these four are shown in
Figure 1. The difference due to the VAMA treatment is great, and is
noticeable even in the very large pore sizes. The H?AH—treated soil
showed porosities greater than were found in any other soil except that
treated with VAMA, although in the case of the smaller pores, the Licsal
treatment was more effective. &A1l other treatments produced results
which fell between those obtained for the check and the Lical material,
and tolavoid confugion were not included in Figure l.

The distribution of stable aggregates in the surfaces of the plots,
as determined by wet-seiving are shown in Tables II, I11, end IV for the
sampling dates September 1952, July 1953, and September 1953. Figures
2, 3, 2nd 4 show the cumulative percent aggregation for the VAMA, HPAN
and check plots for these dates, There again, all treatmente were not
shown on the graph to avoid confusion.

It can be seen that in September 1952, about eight weeks after
treatment, there was & large response to the Krilium formulations. The
response was not nearly as evident in July of 1953, but was agein noted
in September of that year.

The water permeabilities and volume weights are shown in Tabdle V.
It will be noted that 211 treatments except the Lical and grape pomace
greatly increased the permeabilities. The VAMA treatment was far sup—
erior to all others.

Only the two Krilium materials produced significently lower soil
volume weights, although all treatments resulted in somewhat lower

values than were found for the untreated soil.,
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In Taeble VI are shown the exchange capacities and amounts of some
exchangeable cations. It will be noted that the HPAN and Lical treat-
ments were the only ones which caused significant increases in cation
exchange capacity. These materials were also the only ones which gave
significant increases in exchangeable calcium., The HPAN material
approximately doubled the exchangeable sodium content of the soil. ¥No
treatment significantly changed the exchangeable potassium level.

Organic carbon content, Table VII, was not changed significantly
by treatments, due to replicate variability., There was a trend towards
higher organic carbon contents in the soils treated with large amounts
of organic material, There was also a consistent seasonal variation
between September of 1952 and July 1953.

Grape yields for the two years 1952 and 1953 are shown in Table
VIII, It will be noted that all yields were much highé;.in 1953 than
in 1952, This was genersl in this grape-growing area,‘an@ was not due
to treatment. The cover-crop yields are shown in Table IX, Here, the
plots which received nitrogen, or an organic material high in nitrogen
such as alfalfa produced the highest yields. There were no significant
differences between the yields from the Krilium plots and those from

check plots.
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Figure 2, Cumulative percent aggregation of a Jeddo clay loam soil
treated with organic amendments, six weeks after treatment.,
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Figure 3. Cumulative percent aggregation of a Jeddo clay loam soil

treated with organic amendments, eleven months after
treatment
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Figure 4. Cumulative percent aggregation of a Jeddo clay loam soil

treated with organic amendments, thirteen months after
treatment



.23.

0°th 0°48 #°G1 22t 0°g 26 0°1T 2°'1 XouotT
fede 9°2L 28t 91 8° 11 0°6 0°61 0°¢ AB19S
2°0¢ 8°69 et 0*#1 7°21 011 291 g*e TeeW BITSITY
71°9¢€ 9°€9 7°81 041 0% 7l #°€1 7°1 aoemod edexy
662 1°04 05t 821 #°2t 0°21 0°91 2t 1sTpHEg
0°62 01l 8°61 841 8°01 901 g€t rAd1 TeOTT
r A4 2°89 2°91 25T 0°11 8°8 0°¢1 92 x830g
0°22 0°8 891 7141 #7°€T 9°01 A 0°¢ NVH
2°91 8°€8 2°01 9°61 0°41 241 2°02 9°9 YHYA
0°4E 0°99 041 8% 8°11 9°6 9°¢T 2y 308y
1y < Geerr Se=see -4° -t G~z ¢ < quemmexg
‘mm ‘az18 918313y
Te307

Al TIEVE

o
——

INTHIVEIL WELAY SHINOW NEZIWTAL SINTWINTHY OINVOYO SNOTHVA
HLIM QELVEEL TIOS WVOT XAVID OQAEL ¥V 40 NOILVORYDOV INEOWHI



OF UNDISTUREED SCIL COEES FROM A JEDDO CLAY IOAM SOIL

TAELE V

MEAN VOLUME WEIGETS AND FERMEABILITIES

TREATED WITH A NUMBER OF ORGANIC AMENDMENTS

bt —

S w—

mam——
——

Volume Weights Permesbilities Inches/hour

Treatment

Check 1.39 0.52
VAMA 1.24 5.87
HPAN 1.29 2,91
Sugar 1.35 1.99
Lical 1.35 1.18
Sawdust 1.37 1,40
Grape Pomace 1.35 0.63
Alfalfa meal 1.36 2,07
St raw 1.34 2.32
Lionex 1.38 2,16

Le8.De 5 percent 0.08

1,02
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ORGANIC MATTER CONTENT IN PERCENT OF A JEDDO CLAY LOAM
SOIL TEEATED WITH VARIOUS ORGANIC AMENDMENTS

TABLE VII

AT TWO DIFFERENT SAMPLING DATES

26.

Treatment September 1952 July 1953 Change
Check bolk he27 13
VAMA 4,18 k.35 1?7
HPAN k.21 bla 20
Sugar k.36 bo 5k .18
Lical 4,20 o2 .22
Sawdust b2k bl .17
Grape pomace k.19 .29 .10
Alfalfa meal L kb6 k59 13
Straw by 2k 4,36 .12
Lionex k.17 L2k «07




YIELDS OF AGAWAM GRAPES FOR 1952 AND 1953 IN POUNDS
OF FRUIT PER VIKE GROWN ON A JEDDO CLAY LOAM SOIL
TEEATED WITH VARIOUS OBGANIC AMENDMENTS

TABLE VIII

27.

Treatment 1952 1953 Mean
Check 15.8 2543 205
VAMA 18.3 2548 21.8
HPAN 16.5 2748 22,1
Sugar 15.8 24,8 20.3
Licel 17.3 2643 21.8
Sawdust 18.3 25¢8 22.0
Grape pomace 14,5 2540 19.8
Alfalfe meal 17.5 253 2.4
Straw 18.3 2843 2343
Lionex 15.3 2Le3 19.8




TABLE IX

YIELD OF WHEAT COVER.CROP IN POUNDS PER ACHE

GROWN ON A JEDIC CLAY IOAM SOIL

TEEATED WITH VARIOUS ORGANIC AMENDMENTS

———

——

Dry Weight

Treatment Green Weight
Check L, 250 1,360
VAMA 3,940 1,110
HPAN &, bho 1,200
Sugar 12, 500 3,071
Lical 4, 520 P 1,320
Sawdust 9, 980 2,490
Grape pomace &,020 1,090
Alfelfa meal 8,080 2,220
Straw 8,910 2,400
Lionex 3,970 1,120
L.S.D. 5 percent 1,700 430
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Discussion

Some of the most striking differences obtained from the ireatments
uged were in the distribution of pore size in the soils treated with
VAMA, HPAN, and Lical. The Vema increased the percentage of non-capil-
lary pores from less than three in the check to eight percent in the
treated soils. It should be kept in mind that a2lthough this material
almost trebled the percentsge of non-capillary pores, the level was still
congiderably below the optimum for such crops as sugar beets, according
to Baver and Farnsworth (2). This soil, then, even at best, has a very
small percentage of large pores. It should also be noﬁed that the ex-
perimental grapery has received heavier applications of manure over the
past years than has the average grapery in the area, thus its initial
physical condition was at least average for this scil, and perheps better
than average., The VAMA was superior to the HPAN under all temsion con~
ditions used in the experiment., The increased porosity with the Lical
mey be due to the high lime content, resulting in microbisl stimulstion.
The other physical measurements made did not indicate any superiority of
thig material,

With regard to aggregation, it is interesting to note that the high-
est percentage aggregates greater than O.1 mm occurred shortly after
spplication, about six weeks after the materisls were applied. This was
probably a seasonal effect. The greatest response to conditioner treat-
ment was a2lso evident at this early date. During the following July,
both the total percentage of large aggregates, and the differences caused

by treatments were less. In the September 1953 samples, the effect of



30.

the Krilium treatments again stood out, and the differences were much
greater than in July. Agein the VAMA had proved to be superior to the
HPAN material. However, as reported by Martin, the greatest difference
was in the higher percentage of aggregates in the larger size ranges.

The lack of differences resulting from treatments at the time of
the July sampling is probably due to the fact that the soil was worked
several times prior to ceasing cultivation about August 1. The culti-
vation tended to destroy the mggregates or at least reduce their size,
Once the s0il was left undisturbed for a month or more, the effect of
treatment was again more noticeable, with more large stable aggregates
in 8ll soils.

It is also interesting to note that the Lionex and grape pomace
treated solls contained a smaller percentage of aggregates greater than
0.1 mm. than did any of the soils treated with the other materials or
those which were not treated. The Lionex contained a large amount of
sulphur, which may heve suppressed normal microbial activity. The acid
gtate of the grape pomace may have resulted in the same effect.

The permeability measurements showed that the VAMA had been very
effective, The water permeability rate was increased more than ten-
fold. However, 2ll materials, except the Licnex and grape pomace at
least doubled the infiltration rates as compared with the untreated soil.
This would be more importent if some economical means could be devised
for incorporating these organic materials to a grester depth, so the in-
creased permeability would reach the lower horizon.

The volume weight results also indicate the superiority of the

VAMA materisl. A smaller decrease in volume weight was caused by the
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HPAN material. Here again, even the lowest volume weight indicates a
very compact soil.

The failure of the oxygen diffusion results to show significant
differences as & result of treatment is probably due to the fact that
the soil had been recently cultivated, It was difficult to get uniform
readings in the disturbed soil, and after cultivation had ceased, the
soll was too dry for readings to be taken satisfactorily.

With regard to cation exchange capacity and the exchangeable cations
measured, explanation is difficult. In the case of sodium, the HPAN ma-
terial, & sodium sal#,‘would be expected to add considerable sodium to
the soil. The sodium content was approximately doubled by the HPAN
treatment. The difficult fact to explain is that the Qxchangeable cal-
cium and total exchange capacity were alsc higher where HPAN was applied.
The VAMA material, although it was the calcium salt, did not increase the
exchangeable calcium or total exchange capacity significantly despite its
greater effect in altering the physical properties of the soil. The ex-
planation mey be that the VAMA material was combined more completely with
the clay than was the HPAN materiel, thus reducing some of the exchange
positions that would exist were the materials not combined. The failure
of the quantity of exchangeable calcium to increase may be explained by
the fact that the calcium acts &s the cation bond between the negatively-
charged clay particles and the conditioner anion. 1In the plots treated
with HPAN, since there apparently was less clay-organic interaction, the
exchange sites of the two materials were somewhat cumulative, There were
no significant differences between exchangeable potassium levels in fhe

variously-treated soils.



32.

The treatments did not significantly affect the organic carbon con-
tent of the soils. Some of the organic materials applied in large quan-
tities tended to raise the organic level slightly,

That the grape yields were not significantly changed by the treatments
is not surprising, in view of the fact that the grape is & long-lived plant,
and responds slowly to treatment. However, it was shown that the physical
properties of the soil were altered, in what is believed to be a2 desirable
direction. If the reported responses of grapes to organic—matter additions
wvere real, & definite yield increase should be eventually expected.

With régard to the cover-crop yields, the only significant yield in-
crease was produced on plots where nitrogen had been applied separately,
or in the case of the alfalfe merl, where the material itself contained

large amounts of nitrogen.
Summary

This work was undertaken to study the effeets of different types of
organic soil amendments on & typical fine-textured Niagara Peninsula
grape soil, Treatments included two new Krilium soil-conditioners, VAMA
and HPAN, and a..number of more commonly-used soil amendments.

The two EKrilium materials were outstanding in that they increased
the percentage of large pores, and large aggregates., They also were the
only two materials which produced significantly lower volume weights.
The VAMA material appeared superior to the HPAN formulation.

All trestments except the grape pomace, Lical and sawdust resulted

in water permeability rates significantly higher than was found for the

untreated soilse
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Exchangeable sodium content of the HPAN-treated soil was spproximately
double that treated with any other material, This was due to the fact that
the material used was the sodium salt of a hydrolyzed polyacrilonitrile.
The exchengeable calcium and total cation exchenge capacity was also sig-
nificantly higher where this materisl was used. It 1s believed that there
vog less cheamical union between this material and the clay particles than
wes the case with the vinyl acetate-meleic acid polymer,

Neither grape nor cover-crop yields showed significant differences due
to treatment, except that nitrogen-treated plots produced higher cover-crop
yfelds. It is difficult in such an experiment to get consistent results,
due to replacement of vines, frost injury, disease, etc. Such an experi-
ment should be run for at least five years to arrive at concrete results.

Part B Leborato eriment
l. The effect of a number of different conditioner materials on
sgegregation and ion-exchange properties of four Ontario soils.

From the time the field experiment was initiated in 1952 until the
fall of 1953, & considerable number of new conditioner materials were re-
leased for experimental purposes. In order to evaluate these materials,
four Ontario soil samples, and eight conditioner materials were used.
Description of Soils used. The Jeddo clay loam, previously described,
was used ag one of the four soils. The others were a Brookston clay, 2
Burford loem, and 2 Guelph loam (28). The surface soil was used for this
experiment.

Brookston Clay. The Brookston series, as used in Canada, is the

poorly drained member of the Huron catena. This series has a fairly
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high organic matter content in the surface soil znd it exhibits the
characteristics of the Dark Gray Gleisolic soils.
Profile
Ac - 6-8 inches of dark gray brown clay; medium granular structure:;
sticky when wet; almost stone-free; pH 6.8 ~ 7.0.

GA2- 6 inches of gray drab clay with yellow brown mottlings; fine
to medium nuciform structure; sticky when wet; pH 6.8.

Gl - 18 inches of gray clay with yellow brown mottling; coarse
blocky structure; tough and plastic; pH 7.0.

G2 - 6=8 inches of gray to light gray cley; mottling less intense than
in Gl; very coarse tlocky to massive structure; tough and plas-
tic; pH 7.2.

C - Heavy calcareous clay till; gray toc light gray in color; gritty;
containing shale and limestone fragments; tough and plastics
pH 7.8.

Burford loam. The Burford series is developed on well sorted
gravelly materials derived largely from dolomitic limestone and contain-
ing smaller proportions of shaley and siliceous materials. The Burford
is the well drained member of the catena of the ssme name. The profile
exhibits well developed Gray-Brown Podsolic characteristics.

Profile

Ac - 6 inches of dark brown loam; medium crumb structure; friable

consistency; medium organic matter content (under cultivation
some areas have become moderately gravelly, particularly where
the upper layers have been eroded); pH 6.5.

A2 - 12=18 inches of light yellow-brown losm or sandy loam; medium
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nuciform structure; friable consistency; moderately stony
or gravelly; pH 6.5 - 6.8.

B - 6-18 inches of light brown gravelly clay loam; wavy horizon;
medium nuciform structure; hard consistency when dry, sticky
when wet; pE 7.0.

C - Gray, gravelly outwash; well sorted; largely of dolomitic
limestone origin, with smaller proportions of shale and sili-
ceous material; calcareous; pH 7.8.

Guelph loam. Guelph loam exhibits the characteristics of the Gray~
Brown Podzolic Great Soil Group. Its characteristics are illustrated in
the following profile description.

Profile

AQ0 - Accumulated layer of partielly decomposed litter from deciduous
trees,

Al ~ O-4 inches dark grayish brown loam; fine granular structure;
friable consistency; slightly stony; pH 6.9.

A21l~ 412 inches pele brown loam; fine platy structure; very friable
consistency; slightly steony; pH 6.8.

A22. 12-14 inches gray loam; fine platy structure; friable consis-
tency; stonefree; pH 6.6

B - 1424 inches brown clay losm; hard consistency; few to frequent
stones; pH 7.0.

C - Light gray loam till; medium nuciform structure; hard consisten-
cy; moderately stony; boulders vary from few tc frequent; cal-

careous; pH 7.8.
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The relief consists of smooth slopes, and erosion is moderate.
External drainsge is good, and internal drainage is moderate.
Conditioner Materials.

The eight conditioners used were designated as follows:

1. VAMA (Krilium 6)

2. HPAN (Erilium 9)

3, IBMA (Krilium 212-100D)
k, BRQ 12582

5. BRQ 12583

6. Conditioner B

7+ Conditioner X

8. WVA (Wettable)

The VAMA and HPAN, as already described, are the calcium galt of a
vinyl acetate-maleic acid polymer, and the sodium salt of a hydrolyzed
polyacrylonitrile. The IBMA ig the copolymer of isobutylene and the half
ammonium salt-half amid of maleic acids Its structural formula is

probably:

EHZ ONHh X

The BRQ 12582 and 12583 materials are both phenolformaldehyde capoly-
mers. The conditioner B is similar to the IBMA material. Conditioner X
ig the sodium salt of abietic acid in an unpurified form. The WVA wettable

material is the sodium salt of tall oil.
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Method of treatment. The various conditioner materisls were incor-
porated at a concentration of .02 percent, with 1000 gm. samples of soil
vhich hed been passed through a 1 mm. seive. After thorough mixing, the
moisture content of the soil was raised to approximately field capacity.
The soil samples were then s@aled in two-quert contasiners and allowed to
incubate at room temperature for one month. Following this, the samples
wvere dried, and the percentage of water-stable sggregates was determined
by the wet-seiving technique. Cation-exchange capacities were determined
by the conventional ammonium acetate method and also by the conductance
method proposed by Mortland and Mellor (18). In this method the soil ie
satuxatéd with barium chloride solution, then washed to remove excess
chloride ion, and the barium soil is titrated with magnesium gulphate
solution. There is a marked change in conductance once the end point is
reached, all the barium having been precipitated as the sulphate.

Since it was felt that these conditioners might be involved in anion
exchange, & similar conductance method was used to determine the amion-
exchange capacity of the soils for the sulphate and chloride anions. The
samples for sulphate anion measurement were saturated with megnesium sul-
phate and titrated with barium chloride solution to precipitate the sul-
phate as barium sulphate. To determine the exchange capacity for chloride,
the sample was treated with barium chloride solution and titrated with a

solution of silver nitrate.
Results and Discussion

The results of mechanical analysis by the pipette method (11) are

shown in Table X. According to these results, the Brookston, Jeddo,
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Burford and Guelph soils would be classed respectively as a clay, clay
lJoam, loam, and lcam.

In Table XI are shown the values obtained for cation-exchange capa~
cities with the four soils. While differences between untrested samples
and the various treatments used are not consistent between the different
soils, there do appear to be some differences that mey be important in
interpreting the value of these various conditioner materials. Conditioner
X, for all four soils, pioduced an increase in exchange capacity. This
was glso true for the WVA material except in the Guelph loam. The Kri-
lium 9 increased exchange capacity in every soil but the Burford. While
there certainly is no evidence here to explain the nature of the soil-
conditioner effect, it would eappear that cation-exchange studies over a
range of concentrations of these materials on soils and clays might cast
some light on this problem.

The results of aggregate stability measurements are shown in Table
XII, and in Figures 5, 6, 7, and 8., Since the soils had been passed
through a 1 mm. sieve prior to treatment, only the 0.5 mm, 0.25 mm. and
0.l mm. sieves were used. In cases where treatments did not change the
aggregate size distribution, or where the results were similar to those
obtained for other treatments the data were not included on the graphs,
to avoid confusion.

The Brookston clay soil, a naturally well aggregated soil, was not
appreciably changed by the conditioners. However, the IBMA materiel and

the VAMA had the greatest effect,
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The Jeddo soil is naturally very poorly sggregeted. Its stable
aggregate percentage greater than 0.1 mm., was only slightly more than
half that of the Brookston clay. With the Jeddo, the IBMA was far
superior to any other material. VAMA was in second place, with Condi-
tioner B also quite effective. HPAN and Conditioner X produced slight
increases in stable sggregates. The other materials, WVA, and the two
BRQ preparations gave little or no effect,

On the Burford loam, the response was not so great. The IBMA and
VAMA were sgain in first and second place. HPAN, WVA, Conditioner B,
and Conditioner X gave smaller responses.

In the Guelph losm there was marked response to the conditioner
applications. All treatmenis except the two BRQ materisls resulted in
a marked increase in stable aggregate size. The IBEMA and VAMA were
again far superior to any of the other materials,

To summarize, the maleic acid polymers were far superior, under
the conditions of this experiment, to any other material used in in-
creasing the percentege of water-—stable aggregetes. The polyacryloni-
trile formulation, the salt of abietic acid, and the tell c¢il prepare-
tion produced some effect, the magnitude of their effectiveness depending
on the soil. The phenol-formaldehyde copolymers were of little or no
value in increasing the percentege of water-stable sggregates.

With regard to the anion-exchange measurements for the chloride
and sulphate anions, none of the soils used were able to adsordb these

anions whether treated with conditioner or not.



MECHANICAL COMPOSITION OF THE FOUR SOILS

TABLE X

USED ‘AS DETERMINED BY THE PIPETTE METHOD OF ANALYSIS
EXPRESSED AS PERCENTAGE

Particle Size, microns

Soil 20 20 10 5 2 1

Brookston CIay ~ 2997 7003 62-2 52.1 L"O.B 32"".?
Jeddo Clay Loam 45.3 54,7 5k.3 8.7 35.6 3k 5
Burford Loam 66.9 33.1 29.9 231 19.9 19.9
G"a.elph Iloam 65-1"‘ 3“’.6 3203 2602 19.2 15.6




THE EFFECT OF EIGHT CONDITIONER MATERIALS

TABLE XI

ON THE CATION-EXCHANGE CAPACITY, EXPRESSED IN MILLIEQUIVALENTS

PER 100 GRAMS SOIL, OF FOUR SOILS USED

L,

Treatment Soil Samples
Brookston Jeddo Guelph Burford

Check 34.8 26.9 14,0 15.5
Conditioner X 35.6 27.3 14,0 18.9
BRQ 12582 3.6 28.3 4.2 16.4
BRQ 12583 We9 25.4 W2 18.6
WVA wetteble 34,9 2547 14,1 18.2
IBMA 34,8 24,6 LR 4.4
VAMA 34.7 27.9 15.2 14.0
Conditioner B 34.6 27.5 14,5 15.5
HPAN 4.8 29.0 14,1 14,1




TABLE XII

PERCENT WATER STABLE AGGREGATES GREATER THAN 0.l mm. IN
FOUR SOILS TREATED WITH EIGHT CONDITIONER MATERIALS

————

k2,

Treatment Soil Samples
Brookston Jeddo Guelph Burford

Check 68.8 39.6 74.8 62.8
Conditioner X 82.8 47.6 7640 68.8
BRQ 12582 82,4 46,0 h.b 641t
BRQ 12583 81.0 ho.l 70.0 68.0
WVA wettable 82.8 .2 78.8 70k
IBMA 92.0 79.6 92.4 83.6
VAMA 85.2 6l.2 90.0 77.2
Conditioner B 83.6 572 80.8 73.2
HPAN 8k.8 41,2 82,0 74,0
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Figure 5, Cumulative percent aggregation of a Brookston clay soil
treated with a number of organic amendments
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2. The effect of conditioner concentration on the ion-exchange properties
of Wyoming bBentonite, keolinite, and a Jeddo 3lay loam 8oil.

After establishing the value of the various conditioner meterials
available on the basis of their effect on stable soil aggregates, it appeared
desirable to try the effect of the better materials on the cation-exchange
capacities of typical clay minerals. Also, although there were none of the
soils that exhibited a capacity to adsorb smell anions, it was desired to
measﬁre the effect of conditioner treatment on the anion exchange capaci-
ties for phosphate ions, a relatively large anion. Accordingly, the IBMA
material, the VAMA, and Conditioner X were applied at three concentrations
to Wyoming Bentonite, Xmolinite, and the Jeddo cley loam soil. The Condi-
tioner X was used in sddition to the other two, since other workers (10)
have found it more effective than the work previously reported in this
thegis would indicate. The concentrations used were 0.0Z percent, 0.1
percent, and 1,0 percent. Water solutions of the first two materials and
a water suspension of the Conditioner X were applied to the soil and clay
suspensions. The resulting mixtures were allowed to stand for forty-

eight hours before determinations were made.
Besults 2nd Discussion

It is interesting to note (Table XI1II) the way in which the seversal
concentrations influenced the cation~exchange capacity for the ammonium
ion of the bentonite and kaolinite. With the montmorillonitic clay, very
low concentrations of IBMA resulted in a2 tremendous increase in cation-

exchange capacity. With increasing concentration of the conditioner, the



exchenge capacity decreased, although even at 1.0 percent concentration,
it was slightly higher than in the bentonite slone. Were there no in-
teractions, one would expect the exchange caepacity of the clay-conditioner
mixture to increase, the increase being greatest at the highest condi-
tioner content.

With the IBMA, al]l concentrations decreased the cation~exchange
capacity of the bentonite mixture, the decrease being greatest at the
highest conditioner concentration. This might be explained by stating
that the conditioner anion, through a cation linkage, occupies some of
the exchange sites on the clay., Heavier applications would result in a
further decrease until all exchange sites available were occupied; there
were no more suitable cations to act as connectors; or until steric hin-
drance prevented the large conditioner enions from filling any further
exchange positions,

The Conditioner X at low concentrations also increased the exchange
capacity, but decreased it as concentrations were increased.

In the cese of the kaolinite, &1l concentrations of all materials
produced an increase in exchange capacity. It appears quite possible
here then, that the effect of conditiomer plus clay is additive, and that
there is little if any interaction.

With regard to the Jeddo soil, low concentrations of VAMA produced
disproportionate increases in exchange capacity. The IBMA, as in the
case of the montmorillonite, caused a reduction in cation-exchange at
low concentrations. At the 1.0 percent concentration, however, the ex-

change cepacity was greater than that of the untrested soil. This is



not surprising, since the clay content of the soil is about 35 percent.
Assuming that most of the clay is of the montmorillonitic type, the one
percent concentration would be approximately equivalent to a three per-
cent concentration with regard to the clay.

The results obtained for the Jeddo soil with Conditioner X show a
consistent increase in exchange capacity with increasing concentration.
This may indicete the absence of any appreciable interaction.

The anion-exchange capecities for the phosphate ion, as determined
by the method of Piper (24), were not affected by the treatments either
for the clays, or the soil.

This experimental evidence seems to indicate quite conclusively that
the conditioner action in some way slters the cation~exchange sapacity:df

the clay.



51.

3+ Cetion-exchange properties of Wyoming bentonite and keolinite
treated with a wide range of conditioner concentrations.

Following the work outlined in 2, it seemed desirable to make fur-
ther studies of conditioner materials at = wide range of concentrations
in combination with bentonite, to determine the extent of the changes
in base-exchange capacity. If possible, it eppeared desirable to deter—
mine the exchange capacity by some method other than the conventional
ammonium acetate method. There were two reasons in favor of a different
method. The first is that it is very difficult to make & determination
of eichange capacity of bentonite by the conventional ammonium acetate
method, because of the physical nature of the beatonite., The second, and
more important reason is that the results obtained with the ammonium ion
might not be the seme ms would be obtained with other cations,

To eliminate the possibility that the associated conditioner cations
and adsorbed clay cations might be responsible for any effect measured,
the acid forms of the VAMA, IBMA and abietic acid werelobtained, courtesy
of the Carbide and Carbon Chemical Corp. A hydrogen—s@dmriated cley was
prepared by electrédialysise

Once the conditioner acids and acid clay were avallable, a suitable
method hed to be devised to measure the extent of cation adsorption. A
conductance method (35) seemed well-puited to this problem. Preliminary
experiments indicated that this method would work very well, in titrating

the acid clay with dilute NaOH and Ga(OH)2 solutions,



52

Since the conditioner acids were not water-soluble, it was necessary
to use an alcohol solution of the VAMA and abietic acid, and an acetone
solution of the IBMA. One percent solutions of H-, Ne~, and Ca- saturated
clay and C.1 percent solutions of the conditioners were prepared.

Since the VAMA material is the most widely known and used conditioner,
most of the work was with this material., Clay suspensions containing VAMA
at concentrations ranging from 0.002 percent ﬁo 25 percent were prepared,
using the H-clay. These mixtures were titrated with .01lN NaOH and .O4N
‘Ga(OH)z. Similar titrations were carried out with the IBMA and Abietic agids
using concentrations from 0.1 to 10.0 percent.

In addition to the above determinations, the clay acid was titrated
with conditioner acid of the three conditioner materials. Also, the Na-
and Cas~ clays were titrated with conditioner acids.

To establish whether the observed reactiong were confined to 2:1 ex-
panding-lattice type clay minerals, & H-saturated kaolinite was treated
with VAMA and titrated with the NeOH solution. .

Titration values were obtained for botﬁ conditioners, and for un~
treated clay. These values were used in arriving at thé theoretical val-
ﬁés that -should gxist were there no clay~conditioner interactions.

Ion-mobility measurements were also made on a number of H-bentonite~

VAMA mixtures.
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Results and Discussion

In Figures 9 and 10 are shown the effect of conditioner concentration
on the cation~exchange capaqity of the clay systems used. It will be ob-
.se;ved that at very low concentrations of VAMA (of the order of .002 per-
cent) there was a marked decrease in exchange capacity. T&is was followed
by a rather sharp increase at about .05 percent conditioner concentration.
Following this abnorﬁally high vaiue, the exchange capacity dropped, and
conginned low with further increases in conditioner concentration; relative
to the theoretical value. The theoretical value was obtained simply by
adding the exchange capacit& of the $n£reated H-clay to the titration velue
obtalned for the varjous amouuts of conditioner acida

In Figure 11 are shown typical titration curves with NeOH for the clay
conditioner systems. Ié was observed, that w;th no conditioner‘present and
at ‘low conditioner concentrations, the angie at the equivalence point was
quite acute, As the conceantration of VAMA was increased, the angle became
less acute,vuntilﬁat concentrations of this materiel above 15 percent, it
was not possible to esfablish a definite endpoint., In Figure 12 ig shown a
prical £itration curve for the conditioner material alone.-

Figuree 13 and 14 show thé effect of conditioner on & Heclay titrated
with Ca(OH)z. It is again apparent that at very low concentrations there
was a rapid decrease in exchange capacity, followed by an increase, which
agein was followed Dy a decrease. Low velues (below the theoretical) were
obtainsd until about 2b percent con@itione¥ concentration, at which point

. the actusl and theoretical values practicelly coincided.
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The titration curves at low conditioner concentrations were sgimilar
with Ca(OH), to those obtained with NeOH, However, with increasing con~
centration of conditioner, instead of the points becoming almost linear on
the two sides of the equivalence point as the;g did with the sodium systenm,
two distinet end points eppeared. This is inﬁstrateq'in Figure 15, It
mey be noted that the equivalence point on the pH ctlxr:':re approximates the
second endpoint on the conductance curve. S

While no data on the IBMA gre presented here, it was observed that
the materiml did behave similarly to VAMA. The slight dissociation of the
IBMA and ABA materizls, however, made it difficult to get consistent re-
sults. For this reason, data are not presented here on these two materials,
Since both materials are maleic acid polymers, it was Hot:felt necessary
to conduct as detailed a study of clay-lBMA systems as was done with the
VAMA. With regard to the ABA (ebietic acid) there was no’ evidence of
interaction, the results obtained approximating the theoretical values.

In Figure 16 are shown the velues obtained by treating H-kaolinite
with VAMA and titrating with NeCH, All values were practicelly identical
to the theoretical values, indicating the lack of reaction with this
material.

In Figure 17, the titration curve of H-clay titrated with VAMA is
gshown. It will be observed that there are two completely separate end-
points. This was also observed when the H-clay was titrated with the IBMA,
(Figure 18). Titration curves of the Ka;-clay and Ca~clay with VAMA also
show two separate endpoints, Figures 19 and 20, although these endpoints

do not coincide between the three types of clay systems.



61.

Tt

.mamovco U4TA PeleIlT} PUB YWYA JUeoaad oATeM)

UITA pajBaxy a4Tuojusq—H I0J S84IND UOTJBIJTF eouwqonpuod pus gd Teotrdly °GT eanftg
veppe S(Ho)ap syueTRATHDeTITM
g1°0 91°0 H1°0 210 01°0 80°0 90°0 ©0°*0 20°0
€ T T T T T T T I
uoqmpo%d_oo - — —r— —9
\ gl ——
9
.

00T

002

000T X SWUO = 9OUWBETESY



62,

oc

Lqtoedes

UOT UMTPOS X0J ©9TUTTORN-f JO
93UBYOXS-UOTIBO SY7 UO YHyA JO SUOTJEJIUSOUODd SNOTIBA JO 1093Jq *9T °JndTg

queoded - YHYA JO UOTFBIUSOUON

ST ot g

-

1 1

TEN}OY —e——

oT808y,

‘w3 ooT aed °*bewm - £qToedEO SFUBYIXS-UOTLIBY



63.

VIVA U3THM P89BIlTY) 94TUOJUSQ=H JO SAIND UOTIBJIATY, °*LT oINSty
queoasd - poppE YRYA JO Junouy
Ok 09 0% o o¢ oz ot 0
Y T T T ) I ! 004
- — ——

008

006

000T

00Tt

00T

O00T X suyo -~ 20UB)STSdY



6.

o1

®AIND UOTRIITF YHIT YFEM DOJBIFTY 09Tuoqueq-y °*§T oIndTy

queodad - peppe yygl JO 7Junomy

0CT 00T 08 09 oY 074 0
r ~¥ -7 ] ¥ v -7
0
PP S —
[ ]
* 0$
[ ]
00T
04T

00¢

000T X suyo - @oue3sisey



65,

oY

0t

YAVA U3TM PeqedyTq 93TUOIUSQ~BY JO SAINO UOTIBIFTY

queoaed - pappe yyA JO qunomy
0¢

ot

“61 sandTy

—

1

0l

5L

o8

¢8

06

6

000T X Suyo - 9oURISTSIY



66,

VAVA U3TM DOqRIqTY ©4TUOUSG-2) JO SAIMD UOTJRILTL °*Oz 2AndTy
quedded - POppE YHyA JO Junoumy
08 0L 09 0 oY ot 1§74 0T 0
! 1 L v 1 T T T
- v b L .,I» oy

[ ]

09

Q
&
~

Q00T X SWYO - dOUB3STSIY

0sT

002



67

It is very difficult to explain the effect of the vinyl acetate-
maleic acid polymers in chenging the cetion-exchange properties of the
bentonite, The following suggestions, however, are offered.

The reduction in exchange capacity may be due to the fact that the
conditioner snion is linked through a cation to the cation-adsorption
sites of the clay. These sites will not then receive the added cation,
end are therefore not measured in determining the cation-exchange capa=
city. This explanation would seem more sound, however, were it not for
the fact that = monovalent cation (Na) as well as a divalent one (Ca)
produced thisg dﬁpressioﬁ. It is difficult to explain why a resonating
bond, which must exist if the sodium ion is the bridge between the clay
and conditioner anion, produces a similar result to that obtained with
the divalent calcium ion.

The only presently-conceived pogsibility thet might explain the
marked increase in exchange capacity following the initisl decrease is
as follows: as the first small amount of conditioner is added, it occu-
pies, through a cation, the most aveilesble exchange sites, thus reducing
the exchange capacity. As the concentration of conditioner is increased,
conditioner anions become attached to internal exchange sites, and because
of their large size, change the interplanar spacing. This may expose
more exchange sites for which, at the conditioner concentration, there are
not enough VAMA anions. As a result, the exchange capacity increases.
As more conditioner is added, these new sites are conditioner-cccupied,

resulting in a2 second decrease in exchange capacity, compared to the

theoretical value.



No account has been taken, in the above postulations, of such fectors
as steric hindrance, degree of dissociation of the VAMA, or the relative
effects of the two acid groups on the conditioner. However, the experi-
mental evidence obtained is given in the hope that at some future date,
as more becomes known of clay-orgenic relations, it may help in the eluci-
dation of the nature of this type of clay-organic system,

No attempt ig made to justify the titration curves obtained on titra-
ting acid clay with acid conditioner. Since one would not expect an end-
point in titrating a weak acid with a week acid, it may be that some of
the clay aluminum is forming a conditiomer salt, It is doubtful if the
points obtained in these curves bear any relation to the other evidence
of clay-conditioner interaction preseanted.

Ion~mobility messurements were made of clay-~conditioner mixtures at
epproximately the endpoints observed when the Hwbentonite was titrated
with VAMA, No differences in mebilities were caused By the conditioners.
However, it was observed that &t a conditioner concentration of thirty
percent, there was definite flocculation at the positive electrode. This

flocculatiorn did not occur at lower or higher concentrationse.
Part B Summary and Conclusions

Leboratory experiments were set up to study the effect of a number
of conditioner materigls on several secils and clay minersls, and to
attempt to determine the nature of the mechanism involved in this clay-

conditioner interasction.
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The surfaces of four Ontario soils, a Jeddo clay loem, Brookston
clay, Guelph loam, and Burford loam were sampled and these samples were
treated in the laboratory with .02 percent of eight different conditioner
materials. Three of these materials were maleic acid polymer salts, one
was a hydrolized polyascrilonitrile selt, two were phenol-formaldehyde
copolymers, one was a sodium salt of abietic acid, and the remaining con-
ditioner was the sodium salt of tzll oil. The treated soils were allowed
to incubate at a2 moisture content near field cepacity for one month.
Following this, aggregate stability was determined by the wet—sieving
technique. Catlon-exchange capacities were alsc determined.

The results of the wet sieving indicated that in all four soils, the
vinyl acetate-maleic acid polymer, the copolymer of isobutylene and the
half ammonium g&lt-half amid maleic acid were far superior to all other
meterials in increasing the perecent water-stehle sggregates greater than
O.1 mm. There did not appear to be any consistent change in cation-ex—
change czpecity between soils as a result of any specific conditioner
treatment,

The second part of this section of the thesis deals with the effect
of three different concentrations of VAMA, IBMA, and Conditioner X on the
cation~exchange capacities of Wyoming bentonite, kaolinite, and Jeddo
clay loem soil &as determined by the ammonium acetate method.

It was observed that at low concentrations of VAMA, there was a marked
increase in the exchange capacity of the bentonite. This value decreased
with a further incresse in conditioner concentration. The IBMA decreased

the exchange capacity of the bentonite at 211 three concentrations used.
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The Conditioner X had little effect on the exchange capacity, compared

to the other two materials. All three materials gave little indication

of interaction with kaolinite. There did appear to be conditioner-soil

interaction in the cese of the IBMA and VAMA with the Jeddo soil.

It wae shown by conductence methods that there was a definite inter-
action between conditioners and H-saturated bentonite cley., Initisl
small increments of conditioner resulted in a decrease in exchange capa—
city. Further increments caused & sharp and unexplaineble increase in
exchange capacity, followed by a further decrease., This was true whether
sodium or celcium was the replacing cation.

Titration of clay acids with conditioner acids caused some type of
two—-step reaction to take place, when the conditioner acids were either
VAMA or IBMA, Thegse reactions are not believed to be related to the
phenomena reported above.

Addition of conditioner acid to H-kaolinite resulted in no effect
other than the expected increase in exchange capacity due to the cumu~

lative effect of the clay plus conditioner.
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