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EVAPORATION CONTROL RESEARCH, 1959-60

By Goroox E. Korere,® Roeerr R. Cruse,? and CHarLEs L.
SHREWSBURY *

ABSTRACT

Two hundred and forty-five dispersions of long-chain alkanols were formulated
by using various emulsifiers and alkanols. The dispensing and spreading ability
of each of these formulations was tested. The most promising emulsifier that
could be used with any of the alkanols was glyceryl monostearate (self-emulsify-
ing). However, the concentration of the alkanol in the dispersion form varied
somewhat, with the length of the carbon chain. A maximum concentration of 16
percent was obtained using the longer chain alkanols in the dispersion form with-
out losing any of the properties of a fluid.

Nine field tests were undertaken on small stock tanks. The retardant mater-
ials used in these tests were dodecanol, hexadecanol, and octadecanol. These
materials were applied in either liquid or dispersion form. Four types of dis-
pensing equipment were tested. The first type used a pressure system which
sprayed a liquid onto the surface of the water. An anemometer and w*nd-con-
trolled vane, operated by an electrical system, determined the length end fre-
quency of application. The second type was similar to the first except that
gravity was utilized to force the liquid onto the surface. The third type used a
drip system with rates of about 10 drops per minute. The fourth type used a
gravity feed and a wind-controlled valve which allowed the dispersion material
to flow onto the surface of the water when the wind was in the proper direction.

In the field tests, the best reduction in evaporation was obtained using octade-
canol in dispersion form and dispensed with the wind-controlled valve and
gravity feed system. The maximum reduction in evaporation for a 2-week
period was 27 percent. However, the economics of suppressing evaroration
from stock tanks is questionable because of the short travel time across the tank
by the film.

There are still many problems unsolved. Some of these can be resolved in
the laboratory whereas others can be resolved only in the field. Some of the
more serious problems are the effect of impurities in the alkanols; the rate of
cooling of the alkanol from a liquid to a solid state; the effect of the filr on the
exchange of water molecules between the air and water; whether the film re-
mains effective in suppressing evaporation for any rate of movement downwind ;
and the possible use of dodecanol and eicosanol as suppressants.

1TU.8. Geol. Survey.
2 Southwest Research Institute.
8 Southwest Agricultural Institute.
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INTRODUCTION

The purpose of this investigation was to develop a prectical, safe,
and effective method of treating the surface of a water reservoir with
a monomolecular chemical film to reduce loss of water by evaporation.

These objectives are the same as those of an earlier investigation
reported by Cruse and Harbeck (1960).

This report describes the laboratory and field investigations during
the period 1959-60. The emphasis in the laboratory investigations
was to formulate and test various dispersions of alkanol for their
spreading ability and ease of dispensing. The field investigations
were made to evaluate the success of the various formulations in re-
ducing evaporation in which the formulations were dispensed from
several types of dispersions. These investigations were made in co-
operation with the Texas Department of Agriculture, and in collabo-
ration with the Southwest Research Institute and Southwest Agricul-
tural Institute, both at San Antonio, Tex.

The loss of water by evaporation from lakes and reservoirs is a ser-
ious problem in areas where the limited water supply cannot meet the
demands of the users. A possible method of increasing this supply is
by conserving the water that would normally be lost by evaporation.
Rideal (1925) demonstrated in the laboratory that water surfaces
covered with monolayers of fatty acid had slower evapcration rates
than those without the fatty acid. Since then, other workers have
confirmed his work, but have indicated that greater reductions can be
obtained from monolayers of the longer chain alkanols.

The first application of monolayers to open surfaces of water was
made in the early 1940’s but the results were inconclusive. In 1952,
Mansfield (1955) began field testing monolayers in Australia and re-
ported that evaporation rates were reduced by as much as 30 percent.
Thus encouraged, investigators in this country began field studies in
1955. Results to date have not been very encouraging becruse reliable
methods for applying and maintaining a monolayer on £n open sur-
face of water have not been developed. The greatest difficulty is that
the problems in field application are not always clearly understood.
Most investigators therefore have used trial and error m~thods in an
attempt to develop satisfactory techniques.

Some investigators have considered the possible use of monolayers
to reduce losses from plant transpiration and evaporation from soils.
Preliminary reports have indicated that this may be feasible. Such
studies, however, are not within the scope of this report which deals
only with the application of monolayers to open surfaces of water.
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THEORETICAL CONSIDERATIONS
FILM RESISTANCE TO EVAPORATION

It has been demonstrated through laboratory experiments that when
a monomolecular film is formed on the surface of the water from
alkanols, evaporation is thereby reduced. However, the conditions
under which these experiments are conducted never simulate field con-
ditions completely. Even if actual field conditions were simulated,
the results may be questionable as each experiment would be very
difficult to reproduce because of the many meteorological variables.

According to Rosano and La Mer (1956), three sets of conditions
have been employed in the laboratory to measure the rate of evapora-
tion of water through films. The conditions are: (1) A current of
air is passed over the surface; (2) the air above the surface is free of
convection currents; (3) a partial vacuum is created above the sur-
face. Condition 1 will generally approximate field conditions but
does not take into account the continual movement of the film down-
wind. Condition 2 will only approximate field conditions for special
periods when the atmosphere is stable and wind speeds are very low.
Condition 3 will never exist. Therefore, the laboratory results of
determining the effectiveness of the film in suppressing evaporation
are not applicable for general field conditions, but are applicable only
for specific conditions. However, these results serve a useful purpose
when comparing one type of film with another. Also, laboratory tests
define the effectiveness of the film in relation to temperature and film
pressure.

The laboratory results from condition 3, according to Farkins
(1952), should give the best results for retarding evaporation. He
reasoned that when air is present over the surface nearly every water
molecule which succeeds in moving out of the surface moves b~ck in
again. But this is not true when the evaporation into a vacuum takes
place—a vacuum eliminates or minimizes the effect of the filr in re-
tarding the return movement of molecules from the air to the water.

The effect of the film in retarding the movement of water molecules
from the air through the film has never been considered. It is possible
that the film may have more retarding effect to the movement of mole-
cules from the air to the water than from the reverse direction Facause
of the orientation of the alkanol molecules. The alkanol mclecules
are oriented, according to the theory of spreading (Harkins, 1952),
with the polar end toward the water and the nonpolar end toward the
air as shown in figure 1. The nonpolar end would repel water mole-
cules from the air while the polar end would attract water molecules.
For this reason the resistance of the film should be more effective to
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Air

FIcURE 1.—The orientation of
alkanols on the surface of the
water with the polar end in the
water and the nonpolar end ex-
tending into the air.

the movement of water molecules from the air to the water, especially
at low film compression where the resistance of the film is not very
effective in retarding the movement of molecules from the water to
the air. Laboratory experiments are needed to determine whether
the film retards the movement of water molecules from the air to the
water under different conditions of humidity and surface compression.

If this theory is correct, the effect of the film in the field under low
film pressures and high humidities would be to increase the evapora-
tion rate. Some field tests have indicated this to be true, but the
data were not conclusive enough to confirm the theory. Of course,
under high film pressures the film would be effective in retarding
evaporation under most humidity conditions.

McArthur and Durham (1957) in their laboratory worl- have indi-
cated that the most effective film should be at least 5 molecules thick.
The measurement of the thickness is based on the amount of dosage
applied to the surface of the water. As the measurement of thickness
is based on theoretical considerations and is not substantiated by direct
measurements, the work may be somewhat questionable.

In the fieid there is no way, as yet, of determining the thickness of
the film. It is believed by some investigators that the film thickness
is 1 molecule thick while others believe it to be 1 or seversl molecules
thick. Photographs of the film in the field have indicated that the re-
flection of light from the film for some areas seems to be different
from others. This change in light reflection could be caused by the
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variation in thickness of the film. However, it is also possible that
surface pressure may have some effect on the reflected light.

THEORY OF SPREADING

According to Harkins (1952), films may form upon the surface
of a liquid or a solid either by condensation from a vapor (adsorp-
tion) or by the liquid of a solid body, which floats upon o is in
contact with the surface. Film formation, then, will occur only at
the surface of the water and around the perimeter of the solid mate-
rial forming the film. For rapid film formation, the alkano! when
placed on the surface of the water should remain and spread out
over the water surface, creating a large perimeter,

In order to maintain film coverage in the field, where the film mate-
rial is applied at a point source, film formation should be as repid as
possible in order to replenish the loss of film by the wind. According
to McArthur and Durham (1957), a moderate wind moves tho film
in a downward direction at a rate of 14 fpm (feet per minute). At
this rate 14 square feet of film would be removed from the water sur-
face for every lineal foot along the upwind shoreline. Therefore,
when a film-forming material is placed on the surface of the water at
a point source it must remain and break up rapidly to form many small
air-water perimeters for film generation; consequently, the laboratory
work in this investigation has been devoted to finding the smallest
particle size of the solid material that can be preserved and easily
dispensed from an unattended point source.

LABORATORY STUDIES

The field application, there are three possible methods of ap»lying
the alkanols in a small particle size: (1) Use of a dry powder, (2) use
of the powder dispersed in a liquid and applied as a fluid, and (3) use
of a solvent that will dissolve the alkanol. Since methods 1 and 3
were being tried by other investigators, method 2 was selected for
testing. Furthermore, it was considered to be the most economical
method of application.

If an alkanol is ground to a fine powder and mixed with water, the
powder will remain dispersed as long as mixing occurs; however,
the powder and water will begin to separate when mixing stops. This
is not desirable for field use when the force of gravity is used to move
the liquid. In this case, continual mixing would be required to keep
the powder dispersed so that a uniform mixture could be disvensed
when needed.
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The use of dispersions or emulsions seem to be the most. promising
to overcome the problem of separation, and the emphasis has been on
finding a dispersion that will not separate, that will flow as a liquid
and that will break up immediately when placed on the water surface.

Two general types of dispersions are described in the literature
(Becher, 1955, 1957). These are oil-in-water (O/W) and water-in-
oil (W/0). Both types of dispersion were studied in the course of
this work. As an evaporation retardant, the water-in-oil dispersions
should be superior to the oil-in-water dispersions. Because the forma-
tion of a monomolecular evaporation-retardant film takes place only
at the surface of the reservoir, the water-in-oil dispersion, having the
oil as the continuous, or external, phase would expose the evaporation
retardant (the oil phase in this case) to the surface of the reservoir
immediately. When an oil-in-water dispersion is used, the water,
which is the continuous phase, must be dispersed before the surface
phenomenon of spreading-the-oil phase can occur. This is illustrated
in figure 2.

A secondary, but nonetheless important criterion in selecting the
dispersing agents for any recommended formulation, is the toxicity
of the dispersing agent itself. The U.S. Public Health Service
(Cincinnati, Ohio) has granted unqualified clearance to the use of
1-hexadecanol and 1-octadecanol as evaporation retardants. No such
clearance has been granted any of the dispersing agents when formu-
lated with the evaporation retardants. Therefore, although all types
of dispersing agents were considered, attempts were mado to choose
a dispersing agent for the final formulation that would not be con-
sidered toxic by either the U.S. Public Health Service or the U.S.
Food and Drug Administration on the basis of prior food use or other
criteria. The dispersing agents that were considered and are avail-
able for experimentation are listed in table 1.

EXPERIMENTAL

The first of several dispersion and emulsion formulatiors prepared
in the laboratory were the W/O type. These dispersions were pre-
pared by heating 250 grams of dodecanol (Lorol 7) to about 80°C
in a 2-liter beaker. In a separate beaker, 250 ml of water was heated
to 80°C. The emulsifying agent was added to the oil phase, or in
this case to the dodecanol. The water was added to the oil while still
hot, and stirred vigorously until cool. W/O dispersions prepared
using dodecanol are summarized in table 2. All these dispersions
separated or formed pastes which are not desirable for field use.
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Water phase

Emulsifying agent

OIL-IN-WATER

Oil phase

Emulsifying agent

WATER-IN-OIL

FIGURE 2.—A comparison of the oil-in-water and the water-
in-o0il dispersions and the orientation of the emulsifying
agent molecules,
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In view of the high viscosity of the dispersions produced by the
procedure using dodecanol, emphasis was placed for a time on the
preparation of O/W type dispersions. These were prepared by
heating the water (500 ml to 1 liter) to 80°C, adding the emulsifying
agent, and then adding the molten alkanol. Vigorous stirring was
maintained until the mixture was cold. An alternative procedure,
with which it was somewhat easier to work, involved leating the
water and the alkanol together until the alkanol had melted. The
mixture was placed under a high-speed stirrer and the emulsifying
agent was added. Stirring was continued until the mixture was cold.
The procedures proved to be interchangeable. Data on preparation
of O/W type dispersions are summarized in table 3, with remarks
concerning separation and whether the dispersions were liquid, paste,
or gelatinous. The W/O type dispersions in table 3 were wostly pasty
or gelatinous. When the paste or gelatinous material ic placed on
the surface of the water, it does not break up rapidly: consequently,
water-in-oil dispersions were again investigated. Becher (1955) indi-
cates that W/O type dispersions are best prepared using greater than
50 percent oil in their formulation. A previous experiment in this
study, using the self-emulsifying glyceryl monostearate as the dispers-
ing agent and equal amounts of dodecanol and water, yielded a W/O
type dispersion with a pasty consistency similar to that of mayonnaise.
Becher (1957) also indicated, contrary to the above statement, that
under some circumstances it was possible to prepare W/O type dis-
persions containing greater than 50 percent water by giving careful
attention to the following details: (1) Adding the water to the oil
phase with agitation, and (2) making sure that the sides of the reac-
tion vessel were coated with the continuous phase (in this case the oil
phase would be alcohol). It seemed likely, then, that W/O type
dispersions would be possible if hot water were added to an agitated
oil and dispersant mixture with the oil phase being on the rides of the
reaction vessel as the water is being added. The procedure involved
melting the desired amount of alcohol together with the dispersing
agent in the amount of 10 percent by weight of the alcohol. The
mixture of the two was heated above the melting point of the alcohol
and stirred vigorously. Next, the desired amount of hot weter (about
70° to 80°C) was added, and stirring was continued until the mixture
cooled.

Data on W/O type dispersions prepared by this procedure are pre-
sented in table 4. Because of the pasty appearance of the first four
dispersions (255-258) as well as the emulsions of dodecanol previously
prepared, a series of dispersions using hexadecanol with glyceryl mon-
ostearate (self-emulsifying) as the dispersing agent was prepared,
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and larger amounts of water were used in order to ascertain whether
the use of more water would cause an inversion to an O/W type dis-
persion. Inversion did not seem to occur. Dispersions 261 through
264 were those prepared in this particular series. Dispersion 264
proved to be very promising, from the standpoint of breakup, spread-
ing rate, and viscosity characteristics. Both the quantities of ma-
terials and the order and method of mixing employed in this improved
procedure were used in subsequent preparations of W/O type dis-
persions. By this procedure, W/O type dispersions containing con-
centrations of up to 16 percent by weight of solid octadecanol, as
shown in table 5, can be obtained without sacrificing the viscosity of
the liquid dispersion. With O/W type dispersions, 2.5 percent by
weight of octadecanol appears to be a desirable average, with 4 per-
cent a maximum in hot weather. Greater than 4 percent hexadecanol
or octadecanol renders the dispersion too viscous for easy hancling.

To determine the percentages of hexadecanol that can be used in
W/O type dispersions, a series of three dispersions was prepared.
Each of these utilized 1 liter of water; 100, 150, and 170 grams of
hexadecanol (Lorol 24) respectively; and 10 percent by weight of
glyceryl monostearate (self-emulsifying), based on the amount of
hexadecanol. All three dispersions proved undesirably thick for field
use. To get some idea of the numerical value of the viscosity, the dis-
persions were placed at room temperature (about 82° F) on a Fann
V-G viscosimeter. The 10 and 15 percent hexadecanol dispersions
prepared as described above were used. Results were as follows: 10-
percent, dispersion, viscosity 110 centipoises; and 15-percent disper-
sion, viscosity 93.5 centipoises.

The dispersions are obviously non-Newtonian fluids, and hence the
value of the viscosity in centipoises may not be significant in terms of
the ability of the dispersion to flow through the dispensers.

The use of W/O type dispersions of hexadecanol in the field is
limited to 8-percent concentrations of hexadecanol as compared with
16-percent concentrations of octadecanol. The reason for this is un-
known. The only apparent difference between the two alkanols is
that octadecanol has a longer chain than hexadecanol, but this does
not seem to be a likely reason for using different amounts of concen-
trates. In view of this uncertainty, a short set of experimerts were
conducted to ascertain whether an eicosanol or a docosanol, both of
which have longer carbon chains than octadecanol, would be u~able in
a dispersion. Previous work had indicated that eicosanol and docosa-
nol would not spread adequately. However, it was felt that a W/O-
dispersion might add enough spreading ability to the material, owing
to the surfactant (dispersant) present, to cause a change in the per-
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formance of these alkanols and thus produce a thicker monomolecular
layer. Using the same mixing procedure that previously used for the
W/O type dispersions, the following dispersions were prepared with
these materials:
Alkanol A
(Adol 60—80 percent 1-docosanol, 12 percent
1-eicosanol, and 8 percent 1-octadecanol)—97 grams
Glyceryl monostearate—9.7 grams
Water—970 grams
Alkanol B
(Adol 67—25 percent 1-docosanol, 30 percent
1-eicosanol, 30 percent 1-octadecanol, 15 percent
1-hexadecanol)—93 grams
Glyceryl monostearate—9.3 grams
Water—930 grams

Both the A and the B dispersions were stable and quite fluid. A
field test of the spreading rate indicated that both dispersions were
comparable to that of octadecanol.

In making up these dispersions for test purposes, the questions arose
as to the amount of dispersing agent needed to disperse the water or
alkanol in the dispersed phase and whether the amount of dispersing
agent had any effect on the viscosity of the dispersion. As a result,
several sets of dispersions were prepared to resolve these questions.
The first set (test No. 286-291) utilized 100 grams of octadecanol
(Lorol 28) and amounts of glyceryl monostearate (self-emulsifying)
varying from 10 to 15 percent of the amount of octade~anol used.
The results are presented in table 6. No significant differences in
viscosity were roted amoung the varying concentrations of glyceryl
monostearate.

A second set. of tests (test No. 292-294) utilized 10 grams of glyceryl
monostearate to 110, 120 and 130 grams, respectively, of octadecanol
(Lorol 28) in 1 liter of water. All separated after 48 hours of stand-
ing, indicating that the proportionate amount of emulsifier with re-
spect to the alkanol should be 10 percent.

At first the method of cooling was to place the mixing vessel in the
air at room temperature and stir the mixture until it cooled. If a
jacket of cold water is placed around the vessel and stirring is con-
tinued, the mixture, of course, is cooled at a faster rate. This in-
creased rate of cooling seems to lower the viscosity of the dispersion
material and also improve the spreading characteristics. When some
of these rapidly cooled dispersions were examined under the micro-
scope, a crystallinelike structure was observed on the solidif'd alkanol.
There was no indication of such a structure when dispersion material
cooled at a slower rate was examined. However, time did not permit
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FIGURE 4.—A schematic diagram for the process of coacervation. (a), The alkanol
as a loosely built maeromolecular particle in the original sol. (b), The macro-
molecular particles have become dense and tend to associate together. (c¢), In
the coacervate there are mutually associated macromolecules that penetrate each
other at least with their peripheral loops. The particles will form polygors with
the strongest penetration at the sides of the polygon.

boundaries for the individual nuclei or the larger particles, which
is a collection of the smaller nuclei, is not thoroughly understood.
The authors are not familiar enough with the theory of coacervation
to discuss it, but have presented it only as a possible source for further
study.

It is apparent that the W/O type dispersion borders between one
that has a high degree of fluidity and one that is like a gelatinous
paste. The type of dispersion formed and its stability will depend
on the method of preparation, temperature, rate of cooling from a
liquid to a solid, and possibly the addition of other chemicals. Be-
fore any wide use of the dispersion can be made, its form and sta-
bility in relation to these factors will certainly need further study.

As there is some doubt whether the O/W type dispersion has the
oil as the continuous phase, the W/O type terminology has be>n used
for this investigation because of the significant differences described
in the preceding paragraph.

LABORATORY CONCLUSIONS

The selection of emulsifying agents or surfactants utilized in this
investigation was based principally on their differences in molecular
structure. Final evaluation was made by actually preparing disper-
sions using various alkanols. Several empirical systems, of which
the Hydrophile-Lipophile Balance (HLB) (table 1) is the one most
widely used, are available to facilitate the preliminary selection of
emulsifying agents for certain uses, such as W/O or O/W type dis-
persions. The HLB system has been developed chiefly by ths Atlas

649816 0—63——2
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Powder Company (Griffin, 1949, 1954) for application primarily to
their products. Some expansion of the system was possible on the
basis of the similarity of molecular structure of Atlas emulsifying
agents with those of various competitors. As a result of this system,
the choice of emulsifying agents was narrowed appreciably.

It is believed that the preferred emulsifying agent, glyceryl mono-
stearate (self-emulsifying), is sufficiently nontoxic so that its use in
evaporation suppression will be approved by the U.S. Public Health
Service. However, specific clearance for the material has not been
obtained. Adequate toxicity clearance should be obtained, of course,
before the material can be used extensively. If proper clearance
cannot be granted for the particular composition of glyceryl mono-
stearate, other emulsifying agents that are nontoxic possibly could
be used.

The development of the dispersion technique has led to the possible
use of docosanol and eicosanol as evaporation retardants, but the
toxicity of these alkanols is uncertain. In previous studies, these
alkanols had very poor spreading rates, but when they were in the
dispersed form, the spreading rate was as good as octadecanol or hexa-
decanol. The ability of docosanol and eicosanol to resist evaporation
is uncertain, but it is believed that they may be superior to I exadecanol
and octadecanol because of their longer chain.

In the laboratory experiments, the percentage of alkanols that can
be dispersed in water or vice versa is equal to or greater than the
amount that can be dissolved in a suitable solvent. Also, the material
breaks up immediately upon being placed on the water surface, and
its spreading characteristics are believed to be as good as those of
solvents. The preparation of the dispersion is believed to be less
costly than that of the solvent, and it also is considered to be much
safer than solvents that are very volatile.

FIELD STUDIES
DESCRIPTION OF TEST SITES

Field studies were conducted on two 1-acre stock tanks 15 miles
southeast of Laredo and two 1-acre stock tanks 12 miles northwest of
Laredo, Tex. For reference purposes, the two tanks soutleast of La-
redo are called Briones and Zimmerman and the two northwest of
Laredo are called Carlos and Pinta Valle. In addition to the tank
tests, Essar Ranch Lake, a small 10-acre lake 10 miles west of San
Antonio, Tex., was used in the studies.

Rainfall and intermittent runoff from the small drainage basin above
the tanks and lake contribute all of the water stored. There is no
provision for releasing water in storage. Therefore, tho only out-
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In field tests five through seven, the skies were generally partly
cloudy and air temperature ranged from 80°F to 100°F. Thus the
temperature of the dispersion material did not change appreciably.
At the end of this test period, however, the skies were generally clear
and the air temperature ranged from 60°F to 95°F. The material is
believed to have thickened because the radiation from the sun was
more intense when the sky was clear than when the sky was cloudy;
thus, the material was heated to a higher temperature. As a result of
the increased heating, some or all of the alkanol would be melted,
after which it would solidify during the cool nights. The rate at
which solidification occurs determines the fluidity characteristics of
the material, as previously noted in the laboratory studies.

During the test, the average temperature of the water surface at
Carlos tank was 84°F, while that at Pinta Valle tank it was 80°F—a
difference of 4°F. Also, it was observed at the end of the test that at
9 feet below the water surface a temperature difference of 4£.5°F ex-
isted between the tanks. This observation was unusual because the
temperature difference at the surface was to be expected while that
below the surface was expected to remain at the 0.5°F difference ob-
served at the beginning of the test. The difference in temperature at
the surface of the tank is believed to have been caused by the film, as
the tanks are only 2 miles apart and measured meteorological param-
eters indicate that the evaporation rate would have been nearly the
same if no film had been applied to the Carlos tank. The difference
in temperature below the surface was also attributed to the film.

The heating of water below the surface as a result of the film was
never considered important until this test. To determine the magni-
tude of this heating in terms of energy, a computation was made to
determine the amount, of energy necessary to raise the temperature of
the water 4°F in 14 days, assuming that the average depth of water
in the tank is 9 feet. The computation for the test period indcated
600 cal cm™ would be necessary to raise the temperature of the water
in the tank.

For the test period, it is of interest to determine the disposition of
the energy which became available as a result of the reduction in
evaporation. It has previously been computed that 600 cal cm-? was
used to increase the temperature of the water or increase the energy
storage. It was also noted that the film had increased the tempera-
ture of the water surface by 4°F. From the increase in temperature,
the amount of energy lost by back radiation and conduction to the
atmosphere is computed to be 700 cal ecm-2 The sum of these two
items is 1300 cal cm2, which is the energy that would have been used
for evaporation but was partly dissipated to the atmosphere and partly
went into storage.
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During the test period, the amount of energy utilized by evapora-
tion at Pinta Valle was 4150 cal cm=. If it is assumed that this would
have been the energy utilized by evaporation at Carlos, the reduction
in evaporation can be determined from the above total. The per-
centage reduction is then computed to be 31 percent, of which almost
half the reduction was being used to increase the amount of energy in
storage. Another method of computing the actual evaporation re-
duction is by determining the evaporation difference between the
Pinta Valle and Carlos stock tanks. The reduction in evaporation,
based on this difference, was computed to be 27 percent, which is
fairly close to the 31 percent reduction. The difference results from
the uncertainty as to the exact amount of energy that went into
storage. The method of determining the evaporation reduction based
on the evaporation rates from the two tanks does not take into account
the amount of energy going into storage. Upon completion of the
test, much of the additional energy in storage is available for increas-
ing the evaporation rate over that which would normally occur. The
increased rate of evaporation will continue until the additional energy
is reduced to zero. However, another important consideration should
be given the 27 percent reduction figure. If the test had continued
under the same meteorological conditions, then it would be logical to
expect that energy going into storage as a result of the film would be-
come negligible. At this point, the same percentage reduction in
evaporation would continue, with the exception that the energy pre-
viously stored in the reservoir would now be dissipated to the atmos-
phere by condition and radiation.

The energy contributed to storage, as a result.of the film, complicates
the problem of evaluating the reduction in evaporation by the Har-
beck and Koberg (1959) technique. If a film could be applied in
such a manner so that it would continually cover the entire water
surface for an indefinite time, a period could be selected, for the above
mentioned evaluation technique, that would start and end at any time
after the temperature of the water surface had completed its rise as a
result of the film. However, present methods of applying and main-
taining the film for most reservoirs have never been completely suc-
cessful in obtaining complete coverage and, even if complete film
coverage is obtained, it can be maintained only for a short duration
of time. Therefore, in using the Harbeck and Koberg (1959) evalua-
tion technique to determine the reduction in evaporation, periods
should be selected, if possible, when the energy stored in the reservoir
as a result of the film is not significant.

To avoid errors due to the film’s storing energy in the reservoir, it
is possible to determine reduction in evaporation by evaluating the
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CONCLUSIONS ON FIELD TESTS

The results of the field tests indicate that some success was obtained
in applying a monolayer to the surface of the water to reduce evapora-
tion. The main consideration in the effectiveness of the monolayer
was the percent reduction in evaporation. Generally, the percent
reduction in evaporation refers to that which can be expected if the
test conditions remain the same for an indefinite time. The economics
of such an application have not been considered, mainly because they
are dependent on the application rate, which in turn is dependent on
the distance the film travels downwind. The most successful test was
the eighth, where a reduction of 27 percent was obtained. There is no
apparent reason why this test should be more successful than tests five
and six, where the method and form of application were the same.
Of course, tests five and six were not corrected for energy s‘orage,
but available data do not indicate any appreciable change in the energy
storage as a result of the film.

The difference in degree of success may be attributed partly to wind
speed. The average wind speed was 4.1 miles per hour for the eighth
test as compared with 7.0 and 5.9 miles per hour for tests five and six,
respectively. This would indicate that the effectiveness of tle film
may be dependent on the speed of the wind. The relative humidity
of the air and the temperature of the water surface may also affect the
efficiency of the film. However, for these tests there was no appreci-
able difference either in the temperature of the water surface or in
the relative humidity of the air.

The alkanols that were used to form films for these field tests were
dodecanol, hexadecanol, and octadecanol. Of the three, octadecanol
was the most successful in reducing evaporation. This supports the
general belief that the longer the alkanol chain, the more efficient 1t is
in retarding evaporation. The only significant difference in the alka-
nols observed in the field was that the film from hexadecanol collapsed
at a lower wind speed than the film from octadecanol. The water
temperature was 84° F during this test. It is believed that as tI» tem-
perature of the water approaches the melting point of the alkarol, the
surface pressure at which the film will collapse decreases. However,
there is very little laboratory data to support this theory.

Before any film can be successful, it must be applied as rapidly as it
is lost from the surface of the water. Of the various methods of ap-
plying the film tested in the field, the wind-controlled gravity-type
dispenser was considered better than any other method. Some of the
desirable features of this dispenser are that the force of gravity moves
the material from the container to the surface of the water, the direc-
tion of the wind determines when the material is to be applied to the
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surface, and the simplicity and low cost of construction makes it
practical for field use. Improvements probably can be made in this
dispenser to obtain more efficient film coverage ; one such improvement
would be to make the rate of application dependent on wind speed
as well as wind direction. No specific rule can be recommended at
this time concerning the interval at which dispensers should be located.
Tests eight and nine have indicated that the exposure of the water
surface to the wind at the point of application determines the distance
of lateral spreading. Until more information is available on the spac-
ing, only a trial method can be recommended to determine the distance
of lateral spreading with respect to wind speed.

Alkanols have been applied in the field tests, as a liquid dissolved
in ethanol, as an O/W type dispersion, and as a W/O type disper-
sion. Of the three forms tested, the W/O type dispersion is consid-
ered to be the most promising because of its rapid spreading rate.
If safety and economics are also considered, it will most likely com-
pare equally well with any other form of application. However,
there is still a need for improving the dispersion material, especially
in regard to viscosity and separation. The field tests have indicated
this to be the most serious problem.

The field tests did not indicate the distance downwind a film will
travel and still remain effective in reducing evaporation. Test nine
indicated the film to be still effective after traveling 600 feet. How-
ever, its effectiveness any distance beyond this point is uncertain.
More studies are certainly needed to define the effectiveness of the film
as it moves downwind because most reservoirs have a downwind dis-
tance that far exceeds 600 feet.

In connection with the studies on the movement of film downwind,
the increase in temperatures of the surface of the water should also
be studied. Test nine indicated that the increase in temperature can
be significant. Possibly this test might be used as a method to de-
termine the effectiveness of the film as it moves downwind.

The field tests have indicated that certam biological changes can
be expected as a result of the film. The most noteworthy of these
changes is the increase in growth of aquatic plants around the perim-
eter of the stock tank. The increase in growth is attributed to the
rise in temperature of the water and tothe decrease in turbidity which
allows greater penetration of sunlight. No harmful effects on wild-
life and cattle were observed. This does not necessarily mean that
no harmful effects will ever arise from the presence of a film, bur it
does seem to indicate that very little, if any, harmful effect can be
expected.
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In the previous study by Cruse and Harbeck (1960), it was bolieved
that some destruction of the film was being caused by bacteria. In the
present studies, the travel time of the film across the stock tanks and
the small lake was only a matter of minutes, so the effect of the bcteria
on the film was negligible.

The feasibility of applying monolayers to small stock tanks to
reduce evaporation is very questionable at this time. The stock tanks
used in the field were less than 1 acre in surface area with one excep-
tion. The amount of retardant material needed per acre to obtain
a reduction in evaporation over a small area is much greater than
that needed for a larger reservoir because of the shorter travel distance
of the former. For the small stock tanks, there may be a more efficient
and economical method of reducing evaporation. One such method is
to place a floating cover over part of the surface of the water. The
surface of the water would thus be open around the perimeter of the
tank so that cattle would have access to the water. The cover could be
constructed so that most of the solar radiation would be reflected.
With less penetration of heat, the water in the tank presumably could
be kept at a lower temperature. There are possibly other methods,
but this one seems to be the most practical at this time. There may
be some objection to a cover because it limits the use of water by wild-
life, but when the total value of the water is considered, all the detri-
mental effects will be outweighed.

SUGGESTIONS FOR FUTURE WORK

The results of the laboratory and field work have indicated that
more studies are needed to define or improve certain aspects in the
use of monomolecular films in suppressing evaporation.

LABORATORY STUDIES

The effect of impurities—In the previous investigation (Cruse
and Harbeck, 1960), it was suggested that impurities in the retardant
materials may decrease the film’s capacity to reduce evaporation. This
problem has not been resolved, and a fundamental laboratory st1dy on
this aspect is still needed.

In addition, it has been noted in the course of this investigation
that hexadecanol gives dispersions having somewhat different viscosity
properties from the octadecanol or eicosanol. Some preliminary work
by Arista Industries (written communication, 1960) utilizing gas-
phase chromotography indicates the presence of undetermined im-
purities in various hexadecanol compositions sold by this company.
Even in previous work (Cruse and Harbeck, 1960) hexadecanol
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seems to behave somewhat differently from the octadec~nol, when
used as a solid.

These phenomenon suggest that hexadecanol contains impurities
which are originally formed as a result of the hydrogenation of vege-
table oil or animal fat, and which distill, codistill, or azeotropically
distill in the same range (316° to 336° C) as does the hexadecanol.
The determination and characterization of these impurities could best
be done by vapor phase chromotography, also, comparative determina-
tions could be made for octadecanol and the higher homologs.

Polymorphism of long chain alkanols—Vines and Meakins (1959)
have described phase transformation in commercial hexadecanols used
for water conservation. The studies indicated that phase transforma-
tion occurs at about 80° to 40°C and that it affects the ability of the
material to spread. In the course of this investigation, it has been
noted that when a W/O type dispersion is cooled rapidly, it has better
spreading properties than a similar dispersion which is not cooled
rapidly. Further, if the materinl had been allowed to stand at
temperatures about 90°F, thickening of the dispersion would have.
occurred with attendant difficulties in the application procedure.
These observations indicate that both hexadecanol and perhaps the
homologous series from Cy or Cy to C.. possess polymorphic prop-
erties. Fundamental laboratory studies of the problems of the rate
of cooling and the effect of storage are needed for a better understand-
ing of this phenomenon.

The effect of relative humidity—In the theoretical discussions it
was pointed out that the film retards the movement of water molecules
from the water as well as from the atmosphere above the film to the
water. Laboratory studies are needed to define this aspect with re-

gard to the relative humidity of the air and the surface pressure of
the film.
FIELD STUDIES

The effect of the wind.—In the course of this investigation it has
been demonstrated that the rate and direction of movement of the film
are dependent on the wind. Studies are ueeded to define the distance
downwind the film remains effective and also whether the flm remains
effective regardless of the rate of movement. In addition, the lateral
movement, of the film should be defined with respect to wind speed.

Use of docosanol and eicosanol—Laboratory studies have indicated
that docosanol and eicosanol have the same spreading characteristics,
when they are in the W/O type dispersion form, as hexadecanol and
octadecanol. Field studies are needed to determine whether higher

reduction in evaporation can be obtained with the longer chain
alkanols.
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Increase in temperature of the surface of water—Further studies
are needed to determine whether the rate of increase in the tempera-
ture of water at the surface is an index of the effectiveness of the
film n reducing evaporation.

Other possible methods to reduce evaporation—An investigation
is considered warranted in the use of reflective solar cover as a method
of reducing evaporation from small stock tanks. Preliminary studies
indicate that the percent of water-surface area coverage is an indica-
tion of the reduction in evaporation.

Other possible uses of alkanols.—In Japan, dispersions of alkanols
are being used to increase the temperature of water in the rice paddies
to mature the crop at an earlier date. This dispersion material has
also been applied to irrigation water. By this application, & mono-
molecular film is left on the soil which presumably reduces the evapora-
tion loss from the soil.
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TABLE 1.—FEmulsifiers available for evaluation with water evaporation retariants

Type structure or formula

Trade name

Hydrophil:-Lipo-
phile Ba'ance

Aralkyl sulfonate (90 percent active).___
Aralkyl sulfonate (31.5 percent active
Sorbitan monolaurate. .
Sorbitan monostearate.
Glyceryl monostearate
Sorbitan oleate._.._...
Polyoxyethylene stear
Polyoxyethylene stearate.
Polyoxyethylene sorbitan
Polyoxyethylene sorbitan monostearate
Polypropylene glycol monostearate._..__.._
C1s-C1s Alkanols, with 10 percent lauryl sul -
Nonyl phenoxy polyoxyethylone ethanol condensation
product.
Nonylphenol-polyoxyethylene condensation product...
Alkyl oxazoline._.
Alkyl oxazoline
2-amino-2-methy D
Polyoxyethylene-alkylphenoloo )
Sodium-N-methyl-N-alkyl taurate.
Sodium laury! sarcosinate
Oleyl sarcosine
Aralkyl sulfonate-polyoxyethylene condensation prod-

Alkyl imidazole-N-carboxymethyl-N-hydroxy-N-hy-
droxyethyl sodium salt.

Alkyl imidazole-N-carboxymethyl-N-hydroxy-N-hy-
droxyethyl sodium salt.

Cetyl betaine (Aqueous) - oo ooooooooooooiociiios

Aralkyl sulfonate..........._.

Fatty alkylolamide

Fatty alkylolamide.._....._._..

Fatty alkylolamide (modified)

Alkyl phenol-polyoxyethylene condensation product

mols).
Al(kyl pél)enol polyoxyethylene condensation product
A](kyl plzlenol polyoxyethylene condensation product

Al(ligl phe)nolpolyoxyethylene condensation product
Al(li‘;;l plllsenol-polyoxyethylene condensation product

Al(l;gl phenol—polyoxyethylene condensation product
mols

Aralkyl sulfonic acid . .o
Alkyl phenol-polyoxyethylene condensation product...
Alkyl sulfate (modified)- . .- ..
Alky! sulfate (ammonium)_
Alkyl sulfate (sodinm).__.__.___.__._______
Stearyldimethylbenzylammonium chloride._-....___._
Isooctyl phenol-polyoxyethylene condensation product.
Alkanolamide.
Alkanolamide_ .. __________ .
Laury]l)§11‘11{ate+aralkyl sulfonate+amine condensates

Modified alkanolamide condensate. ... . _.......__.
Alkyl phenol-polyoxyethylene-ammonium sulfate con-
densation product.
Structure unknown._ o .. ._______
Structure unknown
Tridecanol polyglycol ether sulfate (Na salt)-
Tridecanol polyglycol ether sulfate (NHj salt). ..
Tndle;:a.nol polyglycol ether sulfate (Tnethanolamme
salt,
Laury! diethanotamide__._______________________.__.__
Alk%; phenol-polyoxyethylene-iodine complex conden-
sate,
Alkanolamine-fatty acid condensate
Alkanolamine-fatty acid condensate____.__
Nonylphenol polyoxyethylene condensate._.
Triethanolamine lauryl sulfate (40 percent)..
Sodium alkylnaphthalene sulfonate____.__._.._..______
Dioctyl ester of sulfosuceinic 8€id .. oo oowemeeeee oo

649816 0—63——4

-| Maprofix TLS-500__

Ultrawet KX . .ooo_._
Ultrawet 35 KX
Arlacel (Span) 20..
Arlacel (Span) 60
Arlacel 165..__
Atpet 200_
G-2151.
MYRJ 45
Tween 40_
Tween 60

Igepal CO-880. oo

Alkaterge C...
Alkaterge T. _______.
2-AMP (with fatty aci
Tergitol NP-14
Tauranol ML.___
Sarkosy! N L-30.
Sarkosyl 0 __....
Nacconal NRSF_____.___.__.__

Miranol CM, Cone.......___.
Mirano! SM, Conc._....._.._.
Product BCO.ooeoe oo
Agrimul 89____

Hyonic FA-20..
Hyonic FA-40..
Hyonic FA-75. .
Hyonic PE-50. ... ._..___._.
Hyonic PE-70. . ceucmaee .
Hyonic PE-90. - .- oceaaoo.o
Hyonic PE-100_ .. ........____
Hyonic PE-150. ... _.__._.__

Hyonic PE-300. .- _.__.._.__

Surco 7

Surco HAB______._______.__....
Surco LD-119.__
Trepenol S-30-T..
Trepenol A-60-T .
Trepenol T-100-T________......

Trepoline LM—46_._________.____
Biopal VRO-20._____._____._.
Onyx-()l 336
Neutronyx 600. -

Sorolene G.___.._.__...

‘128 (estimated)
13. 1 (estimated)
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TABLE 1.—Emulsifiers available for evaluation with water evaporation

retardants—Continued
Type structure or formula Trade name Hydrophile-Lipo-
phile Balance

Fatty acid derivative of polypeptide (K salt).._ Maypon 4C._ oo -
Fatty acid derivative of polypeptide (Na salt).- Maypon SK. o
Polyoxyethylene stearate. ... .____...__ G-2151 (MYRJ- Z51)
Aralkyl sulfonate____._ ... ___________ G-3300. oo ______
Sorbitan monooleate .__ Arlacel (Span) 80
Polyoxyethylene sorbitan monooleate._ Tween 80._ ..

Glyceryl lacto-oleate___..__._________.
Sodium lauryl sulfate...._...
Triethanolamine lauryl sulfate._
Monoethanolamine lauryl sulfate
Mono- and diglycerides of fatty acids+preservative
and antioxidant,

Polyoxyethylene sorbitan beeswax derivatives.._.______
Sorbitan sesquioleate. ... ...
N-cetyl-N-ethyl morpholinium ethosulfate_.
N-soya-N-ethyl morpholinium ethosulfate.
Polyoxyethylated fatty acid. .. ... __...._.
Polvoxyethylated vegetable oil
Polyoxyethylated vegetable oil
Polyoxyethylated fatty alkanol._.

N-COCO-amino butyrieaeid--- ... _._.___.____.__

Emulphor EL-719_ __
Emulphor ON-870_
Armeen Z. o ... ________.__

Arista No, 6014___

TaBLE 2.—Water-in-oil emulsions using 250 grams of dodecanol as the oil

Amount of
Test, Emulsifying agent emulsify- Remarks
ing agent
(grams)
| IO, Glycerol monostearate. ... .._...._.. 25 Smooth creamy liquid. Set to a paste
after 24 hr,
Sorbitan oleate__ . ... ... 25 90 percent separated after 24 hr,
Sorhitan monostearate. - 25 50 percent separated after 24 hr.,
Cetyl betaine______________________.__ 25 Emulsion gelled. Still a gel, but 80 per-
cent separated afler 24 hr.

[ Aralkyl sulfonate, 90 percent active._. 25 Some separation of oil but emulsion still

stable after 24 hr, Set to paste.

6 e Polypropylene glycol monostearate_... 25 Complete separation after 24 hr,

TABLE 3.—Oil-in-water dispersions of alkanols
0il phase Dispersing agent
Water
Test (milli- Remarks
Alkanol Amount Type Amount| liters)
(grams) (grams)

7------.| Octadecanol . _ 25 Glyceryl monostearate, 2.5 1,000 | Serarated, 1-in. oil layer.

self-emulsifying.

L S S do- ... 25 ... o [\ T 50 1, 000 Selrarated, 1}4+n. oil

eyer.

[ JE do ... 25 | o 1 7.5 1,000 | Serarated, 1l$-in. oil
leyer, 134-in. foam
leyer.

0. | do_.._.._. 25 | .. s (T 10.0 1,000 | Serarated, 1}4-in. oil

eyer, 1l4-in. foam
leyer.

no_ . do..__.__. 25 Aralkyllxs%fonate (Ultra- 2.5 1,000 | Separated, 74-in. oil layer

wet .

120 s do. ... 25 ... 5.0 1,000 | Separated, 1}4in. oil

ayer.

13 do___._._. 25 | do 7.5 1, 000 Selrarated, 2l4-in. oil

ayer

7 S PO do________ 25 ... Ao 10.0 1,000 | Separated, 1}{-in. oil
layer, V4-in. foam layer.

'
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TABLE 3.-—Oil-in-water dispersions of alkanols—Continued

0il phase Dispersing agent
‘Water
Test (milli- Remarks
Alkanol Amount Type Amount| liters)
(grams) (grams)

15_____. Octadecanol. _ 25 Cetyl betaine, (Aque- 1.75 | 1,000 | Separated, 2-in. oil layer,
ous). 34-in. foam layer.

16, | do________ 25 |o____ A0 o 2.5 1,000 | Separated, 2-in, oil layer,

Liin. foam layer.

17 faas do._______ 12.5 |- .._ do - . 3.75 500 | 34-in. foam, nc other

separation,

18 o |eaoo_ do_.._____ 12,5 .. ... [ [ T 5.0 500 | Separated, 3layes.

190 |- do__.._.__ 12.5 | ... Qo 1.75 500 | Separated, 1l4-in. oil

layer.

20_ |- do_____.__ 12.5 | do_- - 2.5 500 | 1-in. foam, mno other

separation.

21 s ao. ... 25 Polyoxyethylene sorbi- 2.5 1,000 | Separated, 13in. oil
tan  monopalmitate Iayer.

(Tween 40).

22 o do._.__.__ 25 ... do oo . ___ 50 1,000 | Separated, 3 layers, 113-

in. oil layer.

23 .. do________ 25 .. Ao - .. 7.5 1,000 | Foamy, but no aoparent

separation.

.7 S S do________ 25 [0 o 10.0 1,000 | Separated, 3 laye's

25 |aoo do.______. 25 Polyoxyethyleue sorbi- 2.5 1,000 | Separated, 2in. oil
tan monostearate. layer.

25 5.0 1, 000 Do.
25 7.5 1,000 | Separated, 3 layers, 134-
in. oil layer.

28 j_C do...__... 25 ... doo ... 10.0 1, 000 Do.

A do__.__... 25 Nonyl phenoxy poly- 2.5 1,000 | Separated immecdiately.
oxyethylene ethanol.

30 o faaas do..__._._ 25 . do_ - __ 50 1, 600 Do.

23 R D do.-____._ 25 Stearicaeid . ____________ 2.5 1,000 | Stable dispersior; some-
+ 2-amino-2-methyl- 1.5 what more viscous
1-propanol. than desired af .er 24 hr

standing.

32 o|eae do_.__.____ 25 Stearicacid. ___.____.___ 2.5 1,000 | Excellent stable disper-
-+ monoethanolamine. 1.0 sion; good viscosity

characteristics.

33 | do_.______ 50 |- L 0 50 1,000 | An attempt to increase

2.0 the concentration of

the octadecancl to 50
g/ per—. Dimersion
could be used, but was
quite viscous.

25 2.5 1,000 | Separated.
25 5.0 1,000 Do.
25 7.5 1, 000 Do.
25 do 10.0 1,000 Do.
25 Sorbitan monolaurate 2.5 1,000 Do.
(Arlacel 20).
25 5.0 1,000 Do.
25 7.5 1,000 | Separated, some foam.
25 - 10.0 1,000 Do.
25 AIle phenol-polyoxy- 2.5 1,000 | Separated.
ethylene condensation
product,
25 5.0 1,000 Do.
25 do 7.5 1,000 Do.
25 Alkyl pheno-polyoxy- 10.0 1, 000 Do.
ethylene condensation
product,
46 ac]aaas [ 1¢ T 25 Sodium lauryl sarcosi- 2.5 1,000 Do.
5.0 1,000, | Good, stable dispersion,
7.5 1,000 D
10.0 1, 000 Separated
2.5 1,000 Do.
5.0 1,000 Do.
7.5 1,000 Do.
10.0 1,000 Do.
2.5 1,000 Do.
5.0 1,000 Do.
7.5 1,000 Do.
do. 10.0 1,000 Do.
25 Alkyl oxazoline (Alka- 2.5 1,000 To.
terge C).
59 oo eaes do-_.____. 25 j____.do.._. 5.0 1,000 Do.
7.5 1,000 Do.
10.0 1, 000 Do.




48

EVAPORATION CONTROL RESEARCH, 1959—€0

TABLE 3.—Oil-in-water dispersions of alkanols—Continued

Oil phase Dispersing agent
‘Water
Test (milli- Remarks
Alkanol Amount Type Amount; liters)
(grams) (grams)
62 ___.__ Octadecanol .. 12.5 | Polyoxyethylene-alkyl 1.75 500 | Separated.
phenol condensation
product.
. 2.5 500 Do.
. - 3.75 500 Do.
. do. 5.0 500 Do.
12.5 Sodzum-N-methyl-N- 1.75 500 | Gocd, stable dispersion.
alkyl taurate.
2.5 500 Do.
3.75 500 Do.
5.0 500 Do.
2.5 1,000 | Sepirated.
5.0 1, 000 Do.
10.0 1, 000 Do.
do 10.0 1, 000 Do.
Isoctyl phenol-polyoxy- 1.75 300 Do.
ethylene condensa-
tion product.
. ds 2.5 500 Do.
. 3.75 500 Do.
3 5.0 500 Do.
25 Alkyl “imidazole-N-car- 2.5 1,000 Do.
boxymethyl-N-hy-
droxy-N-hydroxy-
ethyl sodium salt.
25 ... A0 . 5.0 1,000 Fmﬂy good, stable dis-
persion.
25 ... do ... ... . 7.5 1,000 Goo’l stable dispersion.
25 ... do___ o 10.0 1, 000 Exc@llent stable dis-
persion.
25 Imidazole derivative 2.5 1,000 | Separated.
(eranol SM)
25 5.0 1, 000 Do.
25 7.5 1,000 Do.
25 do. 10.0 1,000 Do.
12.5 | Tridecanol h¥glycol 1.75 500 Do.
ether sulfate, salt.
12.5 | ... do._..... 2.5 500 Do.
5 3.75 500 Do.
5 do 5.0 500 Do.
25 Tridecanol polyglycol 2.5 1, 000 Do.
ether sulfate, N
salt.
25 5.0 1,000 Do.
25 7.5 1,000 Do.
25 10.0 1,000 Do.
12.5 Alky]phenol pol oxy- 175 500 Do.
ethylene condensate;
iodine complex.
95 o |eeo. do....___. 12.5 Alk 1phenol-polyoxy- 2.5 500 Do.
thylene iodine com-
plex condensate.
96 do d 3.75 500 Do.
5.0 500 Do.
2.5 1,000 Do.
5.0 1, 000 Do.
7.5 1,000 | Gool, stable dispersion.
10.0 1,000 Do.
1.75 500 | Excellent dispersion.
2.5 500 Do.
3.75 500 Do.
5.0 500 Do.
2.5 1,000 | Very good, stable disper-
sicn.
5.0 1, 000 Do.
7.5 1,000 | Excellent, stable disper-
sicn.
10.0 1,000 Do.
2.5 1,000 | Seperated.
5.0 1,000 Do.
7.5 1,000 Do.
10.0 1, 000 Do.
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TABLE 3.—Oil-in-water dispersions of alkanols—Continued

0Oil phase Dispersing agent
Water
Test (milli- Remarks
Alkanol Amount Type Amount| liters)
(grams) (grams)
114 ___ Octadecanol. .. 25 Alkanolamide (Hyonic 175 500 | Gelled.
FA-40).
2.5 500 Do.
3.75 500 | Very good, stable disper-
sion.
5.0 500 Do.
1.25 500 Do.
2.5 500 Do.
2.5 1,000 | Separated.
5.0 1, 000 Do.
7.5 1,000 | Good, stable disgersion.
10.0 1,000 Vexi'y good stable disper-
sion.
124 |-l do..____.__ 25 Alkyl phenol-polyoxy- 2.5 1,000 | Separated.
ethylene condensation
production.
25 5.0 1,000 Do.
25 7.5 1,000 Do.
25 10.0 1,000 Do.
25 2.5 1, 000 Do.
25 5.0 1,000 Do.
25 7.5 1, CO0 Do.
25 10.0 1,000 Do.
25 2.5 1,000 Do.
25 5.0 1,000 Do.
25 7.5 1,000 Do.
25 10.0 1, 000 Do.
25 2.5 1,000 Do.
25 5.0 1,000 Do.
25 7.5 1, 000 Do.
25 10.0 1,000 Do.
12.5 1.75 500 Do.
12,5 2.5 500 Do.
12.5 3.75 500 Do.
12,5 |- 5.0 500 Do,
25 2.5 1,000 | Good, stable dispersion.
25 5.0 1, 000 Do.
25 7.5 1, 000 Do.
25 10.0 1,000 | Very good, stable dis-
persion,
25 2.5 1,000 | Separated.
25 5.0 1, 000 Do.
25 7.5 1, 000 Do.
25 do . 10.0 1, 000 Do.
25 Alkyl sulfate (am- 2.5 1, 000 Do.
monium).
5.0 1, 000 Do,
7.5 1,000 | Very good, stable dis-
persion.
10.0 1,000 | Excellent, stable disper-
sion.
3 1.25 500 | Separated.
X 2.6 500 Do.
X 3.75 500 Do.
N 5.0 500 Do.
3 1.25 500 Do.
3 2.5 500 Do.
. 3.75 500 Do.
3 do 5.0 500 Do.
25 Alkyl phenol-polvoxy— 2.5 1,000 Do,
ethylene-ammonium
sulfate condensation
5.0 1,000 Do.
7.5 1,000 Do,
10.0 1,000 Do.
2.5 1,000 Do,
5.0 1,000 Do,
7.5 1,000 Do.
10.0 1, 000 Do.
1.25 500 Do.
2.5 500 Do.
3.75 500 Do.
5.0 500 Do.
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TABLE 3.—Oil-in-water dispersions of alkanols—Continued

0il phase Dispersing agent
Water
Test (milli- Remarks
Alkanol Amount, Type Amount| liters)
(grams) (grams)
176 ... Octadecanol... 25 Trie!}hz:cpolamine lauryl 2.5 1,000 | Good, stable dispersion.

5.0 1, 000 Do,

7.5 1, 000 Do.

10.0 1,000 | Good, stable dlSpeI'SlOll

2.5 1,000 | Sep arated.

sulfonate
do 5.0 1,000 Do.
7.5 1,000 Do.
10.0 1,000 Do.

2.5 1,000 | Sepwrated; material a
self-dispersing formu-
lation.

6.0 1,000 Do.

7.5 1,000 Do.

10.0 1,000
2.5 1,000 Separated.
cinic,
di 5.0 1,000 Do.
7.5 1,000 Do.
10.0 1,000 Do.
2.5 1,000 | Stable emulsion
5.0 1,000 Do.
10.0 1,000 Do.

2.5 1,000 | Separated

5.0 1,000 Do.

7.5 1,000 Do.

do 10.0 1,000 Do.
ralkyl sulfonate-poly- 2.5 1,000 Do.
oxyethylene conden-
sation product.
25 5.0 1,000 Do.
25 7.5 | 1,000 Do.
25 10.0 1,000 Do.
25 Nonylpheuol -polyoxy- 2.5 1 000 | Excellent, stable dis-
ethylene condensation persion.
product.
204 ___|._.. do_ooonns 25 o, 6 1 Y, 5.0 1,000 | Excellent, stable dis-
persion, viscosity
greater than 203.
205 eeedoe 25 ... [ 0 Y 7.5 1,000 | Excellent, stable dis-
persion, viscosity
greater than 204.
206 o]-eoae do......._. - 25 ... e () Y, 10.0 1,000 | Excellent, stable dis-
persion, viscosity
greater than 205.
207 ... Hexadecanol. . 25 Fatty acid derivative of 2.5 1,000 | Quite liquid; some foam
polypeptide; K salt. senarated, but other-
wise appears quite
stable.
208 |ooao do.. ... 26 ... o 1 T 5.0 1,000 | Goced, stable dlsperswns,
vw'osu:%
200 |- do__ ... 25 ... s 3 T 7.5 1,000 | Gocd, stable dispersions,
vhcosny>
2100 ... do_____.._. 25 |.__.. [ O 10.0 1,000 | Good, stable dlspers ions,
viscosxty>209
211 ... do_....... 25 Fatty acid derivative of 2.5 1,000 | Separated; quite fluid.
polypeptide; Na salt.
212 do 25 do 5.0 1,000 | Good, stable dispersion.

7.5 1, 000 Good stable dispersion,
VJScosxty>2l2

10.0 1,000 | Gocd, stable dispersion,
viscosil(:iy>213.

2.5 1,000 | Separated.

5.0 1,000 | Fair dispersion, some
foan separation.

7.5 1, 000 Do.

10.0 1,000 | Separated.

2.5 1,000 Do.

2.5 1,000 Do.

2.5 1,000 Do.

2.5 1, 000 Do.
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TABLE 8.—O0il-in-water dispersions of alkanols—Continued

0il phase Dispersing agent
Water
Test (milli- Remarks
Alkanol Amount, Type Amount] liters)
(grams) (grams)
223 .. Hezxadecanol. . 25 Polyoxyethleue stearate 2.5 1,000 | Separated.
(MYRJ 45).
224 ____ |- do_________ 25 ... do s 5.0 1, 000 Do,
225 o feeeae do_.____.__ 25 ... (s 0+ T, 7.5 1,000 | Fair dispercion, some
foam,
......... 25 10.0 1,000 Do.
- 25 2.5 1,000 | Separated.
- 25 5.0 1,000 Do.
_ 25 7.5 1,000 Do.
- 25 do 10.0 1, 000 Do.
......... 25 Polyoxyethylene sorbi- 2.5 1,000 Do.
tan monooleate
(Tween 80).
25 do 5.0 1, 000 Do.
25 7.5 1,000 Do.
25 10.0 1, 000 Do.
25 Polypropylene glycol 2.5 1, 000 Do.
monostearate.
25 5.0 1,000 Do.
25 7.5 1,000 Do.
25 do 10.0 1, 000 Do.
25 Tridecauol polyglycol 2.5 1,000 Do.
ether sulfate, trietha-
nolamine salt.
5.0 1,000 Do.
7.5 1,000 Do.
10.0 1,000 Do.

2.5 1,000 Do.

5.0 1,000 Do.

7.5 1,000 Do.

10.0 1,000 Do.

2.5 1,000 | Excellent, stable disper-
sion; somewhat viscous
for the field dispensers.

5.0 1,000 Do.

7.5 1,000 Do.

10.0 1,000 Do.

2.5 | 1,000 Do.

sulfate.

25 5.0 1,000 Do.

25 7.5 1,000 Do,

25 10.0 1,000 Do.
30 Monoethanolamine 4.2 1,000 | Stable disparsion, pre-
stearate. pared to evaluate the
effect of 3 percent hexa-
decanol on viscosity
characteristics of the

product.

260 .| ____ do.________ 35 ... do. oL _ 5.0 1,000 Stable disparsion, pre-

pared to evaluate the
effect of 3.5 percent
hexadecanol on vis-
cosity characteristics of
the product.
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TABLE 4.—Water-in-oil dispersions of hexadecanol and octadecanol

Qil phase Dispersing agent
‘Water | Spread-
Test (milli- | ing rate Remarks
Alkanol Amount Type Amount | liters)
(grams) (grams)

256._.| Hexadecanol. 100 | Sorbitan mono- 10 100 | Poor...| Stiff. heterogeneous
stearate. parte.

256} .- do......_ 100 | Sorbitan oleate..._..__ 10 100 |._.do.___| Stiff. heterogeneous

gsagm, poorer than

257_ |- do._.__.. 100 | Sorbitan monolaurate. 10 100 |...do____| Past?; better texture
and appearance
than 255 and 256.

258 |- do.____.__ 100 | Glyceryl mono- 10 100 |...do.___| Paste, fairly good
stearate, self- texture an
emulsifying. apnearance; better

than 257,

261 | do__.._.. 100 1. _. do_____ .. 10 200 |.._do____| Paste; not as stiff
as 258.

262 do___.____ 100 [-.--. [ 1 T 10 300 [...do.___| Paste; similar to 261.

263 _|.____ do__...__. 100 |- [ 3 T 10 500 | Fair.___| Thin paste; less
vireous than 262.

264 _|_.___ do...____ 100 ... do. oo 10 | 1,000 | Good_..| Liqrid; similar to
cream hand lotion.

265 | ... do__._._ 100 | Alkanolamide . ... 10 | 1,000 | Fair....| Thick, liquid dis-
persion.

266. .- |- do.__...__ 100 | Nonyl phenoxy poly- 10| 1,000 |_________ Separated quickly.

oxyethylene con-
densate.

267 ___. do...._.__ 100 | Nonylphenpol-poly- 10 | 1,000 | Good...| Gooliquid dis-
oxyethylene con- persion. Sepa-
densate. ra‘ed somewhat

afier 24 hours
standing.

268.__|..__. do___.____ 100 | Glyceryl mono- 10| 1,000 |___do____| A rerun of 264.
stearate, self-
emulsifying.

269 .| _.._ do..______ 100 | Cetyl betaine. .. ... 10 ] 1,000 | Fair____| Goo? dispersion; too
viteous for current
field dispensers.

270___| Octadecanol . 100 | Sorbitan sesquioleate_. 10 { 1,000 |.__do....| Good dispersion, but
somewaht gela-
tinous.

271 |. do.___..._ 100 | Aralkylsulfonate_.__._ 10 | 1,000 |.__do __.| Stal'e dispersion.

2720 | __ do.__.____ 100 | Sodium-N-methyl- 10 | 1,000 | Fairly | Thik, spongy,
N-alkyl taurate. poor stable dispersion.

273 ... do_______. 100 | Alkyl phenol-poly- 10| 1,000 [_________ Separated.
oxyethylene con-
densation product.

274 |- do._._____ 100 | Ammonium alkyl 10 | 1,000 | Fair.__.| Stal’e dispersion;
sulfate. some separation

arpeared immi-
nent just after
st'rring was
stopped. Stable
af'er 24 hours.

275 | . __ do._____.. 100 | Mono- and digly- 10| 1,000 |.__do._._| See remarks, 274
cerides of fatty acids al ove.
plus preservative
and antioxidant.

276 _[-___. do. ... 100 N-cogo- amino butyric 10| 1,000 | ... Separated.
acid.

b S do..._____ 100 | Glyceryl lacto-oleate. . 10| L000 (oo Do.

278 | .. do_.._____ 100 | Polyoxyethylene sor- 10| 1,000 |- ____ Do.
bitan beeswax
derivative.

279 .. [« (— 100 | Polyoxyethylene 10 1,000 ... Do.
stearate. .

280 |- do_.______ 100 | Sorbitan monooleate. . 10 | 1,000 | Fair___. Thir:ki stable dis-
persion.

281 (... do_______ 100 | Sorbitan mono- 10 | 1,000 |--_do.__ Do.

stearate.

282.__| Hexadecanol. 180 | Glyceryl mono- 18| 1,800 |._.______ Special preparation
stearate, self- for preliminary
emulsifying. field evaluation.

283 .| ____ do.____.__ 100 | Sorbitan sesquioleate 10 | 1,000 | Fair____| Thick, spongy dis-

.plus 10 gm cellulose persion. Prepared

gum, to evaluate the
“snonge’’ type
formulation.
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TABLE 4.—Water-in-oil dispersions of hexadecanol and octadecanol—Continued

0Oil phase Dispersing agent
‘Water | Spread-
Test (milli- | ing rate Rerarks
Alkanol Amount Type Amount | liters)
(grams) (grams)

284.__| Hexadecanol. 100 | Sodium-N-methyl-N- 10 | 1,000 |.__do---_| Thick, spongy dis-
alkyl plus 10 g persion. Prepared
cellulose gum, to evalaate the

‘‘spong°” type
formulation.

285 ofecaen do..__. 100 |____. [ L 10 [ 1,000 | Fair.._. 0.

305_..{ Octadecanol-. 100 | N-cetyl-N-ethyl mor- 10| 1,000 | Fairly | Stable, but nearly
pholinium ethosul- poor. solid dispersion.
fate.

306 .| ... s [ 100 | Polyoxyethylated 10 Separated.
fatty acid.

307_.. 100 | Polyoxyethylated 10 Do.
vegetable oil,

308... 100 | Polyoxyethylated 10 Do.
vegetable oil. X

309__. 100 | Polyoxyethylated 10 Stable, but very vis-
fatty alkanol. cous dispersion.

Would not flow
througl dispensers.

TABLE 5.—Dispersions containing 11 to 20 percent octadecanol (Lorol 28) based
on water, and using glyceryl monostearate (self-emulsifying) as the dispersing

agent
Octadecanol Glyceryl
Test (Lorol 28) | monostearate Remarks
(grams) (Arlacel 165)
(grams)
110 11 | Stable; slight foam; viscosity satisfactory.
120 12 | Stable; some foam; viscosity satisfactory.
130 13 | Stable; some foam (greater than 296); viscosity satisfac-
tory.
140 14 | Stable; slight foam, viscosity satisfactory.
150 15 | Stable; slight foam; viscosity satisfactory.
160 16 | Stable; foam nil; viscosity satisfactory.
170 17 Sta}l]ole; 3s(}ight foam; viscosity satisfactory, but greater
than 300.
180 18 | Stable; no foam; viscosity about the same as 301.
190 19 | Stable; no foam; viscosity greater than 302,
200 20 | Stable; no foam; viscosity greater than 303.

TABLE 6.—Dispersions of octadecanol containing varying amounts of glyceryl
monosterate (self-emulsifying) as the dispersing agent
Glyceryl monostea-
Test No. rate (Arlace] 165) Remarks
(grams)
286 . 10 | Stable, foamy.
287 . 11 Do.
288 e 12 | Stable.
289 .. 13 Do.
200 o ___ 14 Do.
291 o 15 Do.
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