








toxicant concentrates would com-
pletely fail to emulsify in the presence
of high concentrations of mono- and
polyvalent electrolytes.

However, we discovered that en-
tirely different systems of surfactants,
strongly anionic in character (and not
particularly effective in ordinary wa-
ters), have the remarkable property
of emulsifying organic solvents in con-
centrated salt solutions. These new
emulsifying agents would now, it ap-
peared, make it possible to apply pesti-
cides with liquid fertilizers in one sim-
ple combined operation. But another
difficulty loomed: the range and var-
iation of commercial liquid fertilizers
are almost limitless. Table II shows
only a very small sample of the ferti-
lizers now in use. It can be seen that
even the N-P,O;-K,0 analysis does not
sufficiently identify a particular ferti-
lizer solution. For instance, in the two
7-7-7 fertilizer solutions, part of the
nitrogen may be derived either from
urea or from ammonium nitrate; this
varjation in composition not only re:
sults in a difference in crystallization
temperature of almost 40° F., but it
also affects the degree of saturation of
the solution, which in turn influences
its emulsification characteristics.

For these reasons it proved neces-
sarv to resort again to a system of
matched pairs of emulsifiers.

Specific Applications

Combined applications of liquid
fertilizers with pesticides to control in-
festations of many different soil insects,
such as wire worims, cut worms, white
grubs, and root worms, have now been
successfully used on a large scale for
more than three seasons. The insecti-
cides most widely emploved have been
formulations of aldrin, dieldrin, and
heptachlor. Fig. 1 shows the type of
equipment used to broadcast the liquid
heptachlor-fertilizer mixture, which is
then disked into the soil. This method
usually provides control of many soil
insects for more than one season.

Fig. 2 shows an ingenious method of
combining the planting of seeds with

the application of fertilizer and pesti-
cide. The heptachlor-fertilizer mix-
ture is applied below and to one side
of the seed, and covered by the packer
wheel. This method eliminates one
trip through the fields, and is an ex-
ceptionally effective method of placing
starter fertilizer; for soil insecticides,
however, the first method yields better
results.

Recent studies on improved methods
of soil fumigation have led to new
pesticides, such as Nemagon (1,2-di-
bromo-3-chloropropane), which com-
bine effective control of nematodes
with greatly reduced toxicity to many
plants. Fig. 3 shows the type of
equipment used in extensive field
trials, just completed, in which Nema-
gon formulations were applied with
liquid fertilizer solutions.

Another new development, still
largely in the experimental stage, is
the combined application of liquid
fertilizer solutions with formulations of
2,4-D and 2,4,5-T esters in the up-
grading of vast areas of grazing lands.

These are but examples of the many
new techniques of spray applications
made possible by the availability of
these new emulsifiers. Because of
their outstanding tolerance to concen-
trated salt solutions, they have fitted
well into the various programs of com-
bining pesticides with liquid fertilizers;
however, this is by no means the limit
of their usefulness.

Ammate Formulations

A very interesting and, in a manner,
a very closely related problem, for in-
stance, has bheen encountered in the
formulation of Ammate (ammonium
sulfamate), a highly water-soluble
brush and weed killer. It had been
found that in certain applications su-
perior control could be obtained if the
aqueous Ammate solutions were com-
bined with organic solvents such as
kerosene or fuel oil. But the salting-
out effect of the sulfamate salt on the
kerosene in the presence of conven-
tional emulsifiers had precluded this

Table Il:
32.0-0  9-9-9
ANALYSIHS (%) (%) (%)

Aqueous

ammonia

(299, NH;) . 12.5 333
Phosphoric acid

(54.59% P-O;) . 16.7 44.5
Urea 5.4 133 S
Ammonjum

nitrate 443
Potassium

chloride S 14.5 Co
Water 2003 430 22.2
Crystallization

temp. (°F.) 32 13 23

Composition of Typical Liquid Fertilizers
8-24-0 8-8-8 10-20-0 10-20-0 7-7-7 7-7-7 5-10-10

(%) (% (% (% (%

27.8 27.8 9.7 9.7 13.9

37.1 37 .1 13.0 13.0 18.5

7.4 10.4 3.7
10.0 14.0

Lo 1.3 113 16.1
27.7 25.1 55.6 52.0 47.8
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application on a commercial basis for
a long time. Now it has become pos-
sible to incorporate a blend of these
new emulsifiers (in a somewhat modi-
fied form) into the kerosene, with the
result that concentrated Ammate-kero-
sene combinations have been used suc-
cessfully on a fairly large scale.

Invert Emulsions

There has been considerable inter-
est recently in new types of 2,4-D and
2,4,5-T formulations in which the toxi-
cants are applied as water-in-oil emul-
sions. Both the free acids and several
of their esters are being used, mainly
as aircraft sprays. There is some evi-
dence that the danger of drift is re-
duced in these applications. However,
handling is critical, since water-in-oil
emulsions have a strong tendency to
become, under prolonged agitation, too
viscous and unmanageable for sprav-
ing. The emulsifiers which were de-
veloped for these systems therefore
had to be able to control the viscosity
characteristics of these emulsions
within carefully defined limits.

Taken as a whole, the technology of
formulations has kept pace with the
demands of a vital and growing indus-
try. New toxicants are constantly be-
ing developed, often with very un-
usual physical and chemical properties.
New methods of application are being
suggested, often based on seemingly
incompatible systems. It is here that
the formulation chemist finds the
never-ending challenge of employing
all the limitless possibilities of skill and
imagination—to pave the way toward
the realization of new ideas. At the
same time he must be a firm guardian
of unfailing quality and performance.

A portion of this paper was pre-
sented at the 131st National Meeting
of the American Chemical Society, Mi-
ami, Florida, April 10, 1957.
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