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Laboratory Evaluation of Polyelectrolytes
As Soil Conditioners

R. M. HEDRICK

Central Research Department, Monsanto Chemical Co., Dayton, Ohio

In the study of soil structure and its improvement with water-soluble polymers it was
necessary to develop a method for comparing the soil-conditioning properties of many
polymer samples in order to determine the effect of chemical composition, molecular weight,

and molecular configuration.

The method developed is a modification of a wet-sieve

test for measuring aggregate stability. When used under closely controlled conditions
the method is reproducible, is applicable to a variety of water-soluble polymers, and pro-

vides an index of the relative soil-conditioning activity of the polymer in use.

The im-

portance of a number of variables and their relationship to the test are discussed. The
method is suitable for comparing different products as well as different production
batches of a given product.

SYNTHETIC POLYELECTROLYTES are
now an article of commerce as soil
conditioners. In the manufacture of
these marterials it is necessary to be able
to determine the relative soil-condition-
ing effectiveness of different chemicals
and of different production batches of a
given product. From the consumers’
point of view, a method by which inde-
pendent groups can compare the effec-
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tiveness of various commercial products
is also desirable.

To answer the needs of the manufac-
turer and the consumer, a method for
evaluating polyelectrolytes as soil condi-
tioners should give reproducible results,
should be applicable to a variety of poly-
electrolytes, and should provide informa-
tion on the activity to be expected when
the products are used as soil-conditioning

AGRICULTURAL AND FOOD CHEMISTRY

agents. Because polyelectrolytes func-
tion as soil conditioners by stabilizing
soil aggregates, techniques that provide
information on aggregate stability are the
basis of many methods of evaluating
polyelectrolytes.

In the past, several methods have been
used to evaluate the effect of numerous
additives upon soil structure. McCalla
(4) used a pipet method to investigate






typical polyelectrolyte is given in Figure
2. The reason for the greater effective-
ness of the solution treatment lies in fact
that solution application assures uniform
distribution of the polymer and maxi-
mum opportunity for adsorption on the
soil. In a solid treatment uniform dis-
tribution is difficult to attain. More-
over, the aggregation value obtained
from application of a solid product de-
pends upon particle size, ease of solu-
bility, and the viscosity of the resulting
aqueous solution of the polyelectrolyte
in the soil, as well as upon the inherent
activity of the polymer being tested.
Formulation with inert diluents may
result in better distribution of the poly-
electrolyte in the soil in practical applica-
tions; formulation rarely raises the
aggregation value in a laboratory evalu-
ation by the method described. The
effect of particle size upon the aggrega-
tion values obtained by solid incorpora-
tion of one polyelectrolyte is shown in
Table II. These data show that the
aggregation value increases as the poly-
mer is pulverized, because of better dis-
tribution and solubility of the polymer.

A method used to compare the aggre-
gate-stabilizing properties of polyelec-
trolytes must take into account the
different sensitivities of various poly-
electrolytes. For example, some prod-
ucts are much more sensitive than others
to the amount of mixing which can be
given the moist, treated soil in the forma-
tion of crumbs without causing a decline
in the aggregation value. In the pro-
cedure described above the treated soil is
not mixed at all prior to the formation of
crumbs. Some polvmers are more sensi-
tive than others to the temperature or
humidity during the drying of the
crumbs. For this reason both the tem-
perature and humidity should be con-
trolled.

This method has been used to evaluate
several thousand polymer samples at the
Central Research Department.

Figure 2. Comparison of solution and
solid applications of polyelectrolyte

=0~ SOLUTION TREATMENT
—e— SOLID TREATMENT

| sy
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Effect of Variables

C . The composition of the
omposition N :
Of Test Soil  '€¢ sox} is an important
factor in the evaluation
of polyelectrolytes as soil conditioners,
Soils high in sand have low dry strength
and crumbs made from such soils
crumble on handling. Soils high in
clay are gummy, and crumbs made with
clayey soil and water alone do not slake
rapidly on wet-sieving. Thus, while a
clayey soil responds well to treatment
of polyelectrolytes (as evidenced by
improved workability and reduced
stickiness), the improved structure is
not always best measured by aggregate
stability, as determined by wet-sieving.
Miami silt loam which has been used
is of more nearly average composition,
containing 22%, clay, 47% silt, and 319
sand. It forms crumbs which can be
handled easily when dry, but have little
stability to wet-sieving when no aggre-
gate-stabilizing material has been added.
Its original structure is more or less un-
important, since the soil is mechani-
cally pulverized to destroy structure.
Because all of the variables are not
known which determine the response of
a given soil to polyelectrolyte soil condi-
tioners, the aggregation value obtained
with a polymer in Miami silt loam may
not be a measure of its effectiveness as a
soil conditioner in any other soil. How-
ever, the comparison on Miami silt loam
has proved reliable on many other
soils. The test might be expected to
determine the response of polyelec-
trolytes in other soil types by substitu-
tion of that soil in the test, providing
attention is given todetermining optimum
moisture content during treatment,
the proper length time of sieving, etc.

. In order to destroy nat-
(l;rfegaratsloitll ural aggregates larger

est So than 0.25 mm., the test
soil is pulverized, and then sieved to
remove rocks and debris. The condi-
tions under which the test soil is pul-
verized and the extent of pulverization
affect the behavior of the soil during the
test. For example, Miami silt loam
containing 1.89, moisture when pul-
verized in a hammer mill gave lower
aggregation values with a standard
polyelectrolyte  treatment than did
Miami silt loam pulverized while con-
taining 3% moisture. Grinding the soil
at the lower moisture content appeared
to shatter the natural soil aggregates
into smaller fragments, which require
more polymer for stabilization.

In order to be able to compare
evaluation data, it is important that a
large batch of test soil be prepared for
use over a long period of time.
pH of Soil ghe pH of. the soil may

e a factor in the response
of certain polyelectrolytes. It is de-
sirable, therefore, to compare poly-
electrolytes in a test soil having a pH
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Table I. Replicated Evaluation of a
Polymer Sample at Two Rates of

Application
Aggregation Valve
0.005% 0.01%
Replicate Application Application
1 13.8 57.8
2 15.8 58.5
3 17.8 60.0
4 11.8 55.5
5 12.0 58.0
6 16.8 60.3
Mean 14.7 58.4
Standard deviation 2.30 1.58
Range 6.0 4.8
959, confidence limits =2.65  =1.82

Table IlI. Effect of Particle Size
upon Aggregation Values Obtained
by Treatment with Solid
Polyelectrolyte

Particle Size of

Polyelectrolyte, Aggregation
Mesh Yalve
10-20 12.4
20-40 13.2
40-60 22.8
60-140 25.5
140-200 29.8
<200 36.3

in the same range as the soil in which
the conditioner is to be used. Miami
silt loam has a pH of 6.5.

. The moisture con-
Moisture Content .
of the soil

. . tent
Of Soil During - .
during treatment is

Treatment

one of the most
critical of the factors that affect the
aggregation value. Figure 3 shows the
effect upon the aggregation value of
adding the polymer in different amounts
of water. The treatments made at
higher than 30%, moisture were allowed
to dry to that moisture content before
being pressed through a 4-mm. sieve
to form crumbs. The crumbs formed
were, therefore, fairly consistent in size
and degree of compaction. Maximum
aggregation was obtained at the 30 to
359, moisture range, while at moisture
contents above 509, the aggregation
value dropped off rapidly. Because
polymer adsorption is relatively slow,
some of the response of a normal 309,
moisture treatment was undoubtedly
obtained when soil at higher moisture
content was dried to 309, moisture.

These results show that the soil par-
ticles are not bound together as effec-
tively when they are widely separated
by water. It, therefore, appears that
when the polymer is adsorbed at high
soil-moisture content less polymer bridg-
ing between particles occurs and poly-
electrolytes are less efficient as aggre-
gating-cementing materials.

Figure 4 shows the effect of moisture
content during treatment upon the
aggregation values obtained when the
treated soil slurry was wet-sieved without
being dried and without the formation
of crumbs by pressing through a sieve.
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Figure 3. Effect of soil moisture content during treatment )
with polyelectrolyte Figure 4.

All samples with more than 309 water were dried to that moisture

content before forming crumbs

AMaximum aggregation was found when
treatment was made at 309 moisture,
whereas almost no aggregation was
found when treatment was made above
759% moisture. When this method was
used, the size of the soil crumbs formed
was not uniform, but decreased with
increasing moisture content. The aggre-
gation value obtained at high moisture
content was low because of this effect
as well as because of reduced bridging
of soil particles by polymer chains.

In the test developed at Dayton, the
level of 309% moisture is specified
because a 100-gram sample of test soil
is completely wetted by 30 ml. of water,
Miami silt loam treated at this moisture
level has good structure and good worka-
bility, and. finally, the polyelectrolytes
are used more efficiently in binding
together particles of Miami silt loam
containing this percentage of water.

The specified treatment at 30%
moisture content differs from the treat-
ments at 2009, moisture used by
Michaels and Lambe for their hydraulic
stability and permeability tests on soils
treated with polyelectrolytes. The very
small aggregates prepared under the
conditions of high moisture content may
improve aggregation and porosity some-
what, but to a much smaller degree
than aggregates as large as 0.5 to 1.0
mm. (7). In the author’s experience
the results obtained by treatment at
309 moisture have agreed well with the
relative behavior of various polyelec-
trolyte samples used for field applications
and provide good indication of the activ-
ity of the polymer to be expected in use.
Moreover, the test has been useful in elu-
cidating the effect of chemical composi-

polyelectrolyte

Effect of soil moisture content during treatment with

Soil slurries not dried before wet-sieving

tion, molecular weight, and molecular
configuration on the aggregate-stabiliz-
ing property of polyelectrolytes.
Conditions for  wet-
sieving for the determi-
nation of aggregate
stability in determination of natural soil
structure vary somewhat as carried out
by different soil scientists. The sizes
and number of sieves used, the rate and
distance of movement of the sieves in
water, and the time of sieving have not
vet been standardized. Most of the
variations of wet-sieving in use will
probably give the same relative rating
to various polymer samples. Time of
wet-sieving may be an exception with
some soils. With Miami silt loam it
has been the author’s experience that
when dry soil crumbs are subjected to
wet-sieving any slaking action by water
is very rapid; untreated soil crumbs
completely disintegrate in water in a few
minutes. The 30-minute  wet-sieve
period is adequate to measure aggregate-
stability, since aggregate breakdown
occurring during a longer wet-sieving
period is largely mechanical.

Mechanics of
Wet-Sieving

Summary

The method for laboratory evaluation
of polyelectrolytes as soil conditioners
described has been used for the com-
parison of thousands of polymer samples.
It is applicable to solution and solid
treatments, is reproducible when rigor-
ously followed, and allows comparison
of different polymers as well as various
batches of the same polymer. By proper
modification it can be satisfactorily used
as a control procedure.
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The moisture content at the time of
treatment is a most critical factor.
Treatment at 309, moisture has been
found most satisfactory for Miami silt
loam and is believed to give results
that correlate well with practical appli-
cation of soil conditioners in greenhouse
and field use. Other variables are the
composition, preparation, and pH of
test soil and mechanics of wet-sieving.
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