(20) Kvamme, O. J., Clagett, C. Q., and
Treumann, W, B., Arch. Bio-
chem., 24, 321 (1949).

(21) Leaper, J. M. F., and Bishop, J. R.,
Botan. Gaz., 112, 250 (1951).

(22) Lockhart, J. A., and Weintraub,
R. L., Am. J. Botany, in press.

(23) Miller, 1. H,, and Burris, R. H,,
1bid., 38, 547 (1951),

(24) Muir, R. M., and Hansch, C,,
Plant Physiol., 26, 369 (1951),

(25) Muir, R. M., Hansch, C. H., and
Gallup, A. H., Ibid, 24, 359
(1949).

(26) Nance, J. F., Science, 109, 174
(1949).

(27) Neely, W, B,, Ball, C. D,, Hamner,
C.-L,, and ‘Bell, H. M., Plant
Physiol., 25, 525 (1950).

(28) Neely, W, B,, Ball, C. D., Hamner,
C. L., and Sell, H. M., Science,
111, 118 (1950).

(29) Norman, A. G., Minarik, C. E,,
and Weintraub, R. L., Ann. Rev.
Plant Physiol., 1, 141 (1950).

(30) Payne, M. G., Fults, J. L., and
Hay, R. J., Am. Potato J., 29,
142 (1952), '

(31) Ravazzoni, C., Ricerca sci., 19, 376
(1949).

(32) Rhodes, A., Templeman, W. G.,
and Thruston, M. N, Ann
Botany, 14, 181 (1950).

(33) Sivori, E. M., and Claver, F. K.,
Rev. argentina agron., 17, 1 (1950).

(34) Smith, M. S., and Wain, R. L.,
Proc. Roy. Soc. London, [B] 139,
118 (1951).

(35 Thimann, K. V., Plant Physiol., 27,
392 (1952).

(36) van Overbeek, J.,, Blondeau, R.,
and Horne, V., Ibid., 26, 687
(1951).

(37) Vernon, L. P.,, and Aronoff, §.,
Arch. Biochem. Biophys., 36, 383
(1952).

(38) Wagenknecht, A. C., Riker, A. J,,
Allen, T. C,, and Burris, R, H,,
Am. J. Botany, 38, 550 (1951),

COMMERCIAL HERBICIDES

Present Methods of Formulation

J. A, KELLY

The Dow Chemical Co., Midiand, Mich.

(39) Weintraub, R. L., Brown, J. W,
Fields, M., and Rohan, I,
Plant Physiol., 27, 293 (1952).

(40) Weintraub, R. L., Brown, J. W.,
and Throne, J. A., Science, in
ress, .

(41) Weintraub, R. L., Yeatman, J. N,
Lockhart, J. A., Reinhart, J. H,,
and Fields, M., Arch. Biochem.
Biophys., 40, 277 (1952),

(42) Weintraub, R, L., ¢ al., unpub-
lished data.

(43) Wort, D. J., Plant Physiol., 26, 50
(1951).

(44) Yakushkina, N. 1., Doklady Akad.
Nauk §.5.S.R., 61, 939 (1948).

Received for review November 7, 1952, Accepted
April 15,1953 Prasented before the Division of
Agricultural and Food Chemistry, Symposium on
the Formulation and Action of Herbicides, at the
122nd meating of ihe AmericAN CHEMICAL
SocieTy, Atlaniic City, N. J.

Herbicides in wide use today include 2,4-dichlorophenoxyacetic acid (2,4-D), 2,4,5-
trichiorophenoxyacetic acid (2,4,5-T), 4-chloro-o-toloxyacetic acid (MCP), dinitro-o-sec-

butylphenol (DNOSBP), and pentachiorophenol.

This paper discusses some of the meth-

ods used to formulate these chemicals into usable commercial products, as well as problems
relating to the choice of amines as solubilizers for 2,4-D and 2,4,5-T formulations. Many
types of emulsifiable oil solutions of 2,4-D and 2,4,5-T esters are in commercial use in
formulations containing 1 to 4 pounds of the acid equivalent per galion.

1EBICIbE & (18
b YOS iUM commercial formula-

tions of herbicides, the prime objectives
are to put the particular herbicidal chem-
ical into a form handy for the user and
his equipment and to supply it in the
most effective form, as cheaply as pos-
sible.

A formulation is necessary with most
herbicides because of the physical nature
of the chemical. Some chemicals are
water-Insoluble, some are oil-insoluble,
others are solid lumps. Frequently in
their original form they are practically
useless to the consumer, For example, a
water solution of a chemical simplifies
its application when dosages as low as
4 ounces per acre are involved, for it is
nearly impossible to distribute 4 ounces
of a solid over an acre in a uniform man-
ner. Because herbicides of the plant
growth regulator type are effective in
such small amounts, their proper formu-
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lating is essential to their most effective
and economical use.

This paper discusses some of the prac-
tices encountered in the formulation of
herbicides such as 2,4-D, 2,4,5-T, penta-
chlorophenol, and the dinitro com-
pounds.

Water-soluble salts of 2,4-dichloro-
phenoxyacetic acid are currently enjoy-
ing wide usage in the United States and
elsewhere. Such forms of 2,4-D include
the sodium, ammonium, and amine salts.
The first two forms find little usage today
whereas the amine salts are widely used.

Among the amines that are being used
in commercial quantities in 2,4-D herbi-
cides the following can be listed: tri-
ethanolamine, diethanclamine, 2-pro-
panol amine, alkanolamine mixtures,
dimethylamine, trimethylamine, tri-
ethylamine, and isopropylamine.

Current large scale practice with the
amine salts of 2,4-D consists of formu-
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lating these salts as a water solution con-
taining 4 pounds of 2,4-D acid equiva-
lent per gallon. Lesser amounts are
formulated at lower or higher quantities
of 2,4-D acid per gallon. Where less
than about 2 pounds of 2,4-D acid per
gallon is used, it is generally necessary
to use an antifreeze in the formulation in
addition to the water.

For purposes of discussion a typical
amine formulation may be considered to
have the following general formula:

2,4-D acid 4 pounds per gallon
Amine ...
Sequestering agent = .........
Water To make 1 gallon

Some properties of certain of the
amines useful in 2,4-D formulation work
are listed in Table I.

As these amine salts of 2,4-D have
nearly equal weed-killing properties
and all can be used to provide formula-
tions having good storage properties,



Table . Amines Useful with 2,4-D
Boiling
Point
of
Amine Lb. Amine
(Tech. Amine per Flash Point at 760 Equivalent
Grade) b, 2,4.D of Amine, °F. Mm., °C. Wi,
Triethanolamine 0.64 355 360 140-145
Dicthanolamine 0.48 280 268 104-108
Triethylamine 0.46 20 (0° C.) 89.5 101  anh.
Isopropylamine 0.27 20 31.9 59 anh.
Dimethylamine 0.21 42 (259%, soln.) 7.2 45 anh.

it is possible to give attention to some of
the other problems incident to the manu-
facture of a commercial 2,4-D amine
formulation.

Cost of Chemicals

In the actual manufacture of formula-
tions for sale, a prime consideration is
the cost of the chemicals used. It is
apparent from Table I that certain of
the alkyl amines have an attractive posi-
tion due to their low equivalent weights.
Dimethylamine and triethylamine are
very useful as economical solubilizers
for 2,4-D, if such objectionable features
as low flash point, toxicity to humans,
and volatility can be tolerated in the
equipment available. For example, if
explosion-proof wiring and well venti-
lated areas are not available in the for-
mulation plant, the alkyl amines can pre-
sent a distinct hazard when used. The
alkanol amines, on the other hand, would
be much less hazardous under such con-
ditions and thus their extra cost might be
justified.

Sequestering Agents

Although the major problem facing
the herbicide manufacturer in the prepa-
ration of an amine 2,4-D concentrate
may center around the choice of the
amine, there exists yet another serious
problem if the formulation is to be used
in hard water. Insoluble calcium and
magnesium salts of 2,4-D are formed
when the water-soluble formulation is
diluted in hard waters at certain concen-
trations. The salts thus formed gener-
ally cause no trouble at dilutions of, say,
1 or 2 pounds of 2,4-D acid per 100 gal-
lons of water, for at that concentration
the salts are sufficiently soluble or dis-
persed and screen and nozzle clogging
does not occur. However, when the
same formulation is used in low-volume
spray equipment at concentrations
around 4 pounds of 2,4-D acid per 25
gallons of hard water, the calcium and
magnesium salts of 2,4-D are very
troublesome.

This problem is met by the use of such
sequestering agents as ethylenediamine-
tetraacetic acid and citric acid. Methyl-
cellulose as described in the Dosser
patent (7) and other trade-named
agents also find use here. It is necessary

to use enough sequestering agent to
complex the calcium and magnesium
present in the spray dilution water.
This requires a study of the waters of the
region where the formulation is to be
sold, so that adequate hard water pro-
tection can be build into the formula-
tion. Obviously, there are practical
limits as to how much sequestering
agent can be included in an amine 2,4-D
formulation.  Generally, commercial
formulations are designed to perform
well in water of 1000 p.p.m. hardness
containing 1 pound of 2,4-D acid in from
2.5 to 10 gallons of water.

2,4,5-T amine formulations are some-
what more difficult to prepare and
concentrates of satisfactory storage qual-
ity containing 4 pounds of acid equiva-
lent per gallon cannot be prepared with
all the amines listed above. Triethyl-
amine and trimethylamine, however,
can be successfully used. Furthermore,
the sequestering problem with 2,4,5-T
amine solutions is considerably more dif-
ficult because of the marked insolubility
of the calcium and magnesium salts.
Amine solutions of 2,4,5-T have not
found wide usage.

Most chemists are familiar with the
fact that esters of the chlorophenoxy-
acetic acids exhibit greater weed-killing
properties than the water-soluble salts,
Because of these properties, the esters
have found wide use in herbicidal formu-
lations dating from very early use of
2,4-D.

Although many types of ester formula-
tions have been used, the largest use has
centered around the oil-water emulsifi-
able solutions of the ester; a considerable

tonnage of dilute ester dusts is used in
the Northwest and in Canada.

The emulsifiable oil solutions discussed
here are of the simplest type possible,
and no attempt is made to describe the
many variations. The general formula
then for an ester formulation includes
ester of 2,4-D or 2,4,5-T, emulsifier, and
solvent,

Literally dozens of different esters of
2,4-D and 2,4,5-T have been prepared,
formulated, and tested in the past six
years. Esters of 2,4-D that have found
commercial use are the methyl, ethyl,
isopropyl, n-butyl, and mixed - amyl,
polyethylene glycol monoesters, butoxy-
ethanol, and propylene glycol butyl
ether esters. With 2,4,5-T the methyl,
isopropyl, pentyl, butoxyethanol, and
propylene glycol butyl ether esters have
found commercial use.

These esters have all been used in
commercial formulations containing from
1 to 4 pounds of 2,4-D or 2,4,5-T acid
equivalent per gallon.

Solubilities of Esters

In formulating these esters of 2,4-D
and 2,4,5-T it is first of all necessary to
know something of their solubility in
commercially available solvents. Listed
in Table II are the solubilities of some
esters of 2,4-D and 2,4,5-T in various
solvents at 20° F. after 24 hours’ storage
at a concentration of 50%, by weight.

Obviously, 20° F. is not the lowest
storage temperature that will be en-
countered by a herbicidal formulation in
commercial practice, but the test is suf-
ficiently rigorous to point up some of the
physical differences between the esters.
The formulation chemist, then, can take
advantage of the increased solubility of
the alkyl esters of higher molecular
weight in petroleum solvents to provide
more concentrated formulations exhibit-
ing good cold-weather storage proper-
ties.

Furthermore, the differences in the
petroleum solubility of the esters can be
utilized to aid in bettering the emulsifi-
-ability of the finished formulation by
taking advantage of the tolerance of
some of the esters for aliphatics in the
solvent system, thus permitting the chem-

Table Ii.
2,4.D Esters
Methyl
Isoproinyl
n-Buty
Mixed amyl

Propylene glycol butyl ether
2,4,5-T esters

Methyl
Isopropyl
Propylene glycol butyl ether

Solubilities of Various Esters of 2,4-D and 2,4,5-T

Methyl-
ated
Stoddard Naphthal-
Kerosene Solvent Xylene ene
I I I I
I I S S?
S S S S
S S S S
S S S S
I 1 I
I I 1 I
S? S?- S S
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oxyacetic acid (MCP), are used today in
the form of the sodium salt or an amine
salt. In general, the information pro-
vided on amine salt formulations of
2,4-D holds true for 4-chloro-o-toloxy-
acetic acid and the current practice is
much the same as that discussed under
2,4-D amines.

Dinitro herbicides, those containing
compounds similar to the dinitro-o-sec-
butylphenol (DNOSBP), are formulated
both as amine solutions and as emulsifi-
able oil solutions.

The amine concentrate solutions of
dinitro-o-sec-butyl  phenol are pretty
much restricted to alkanolamine salts,
owing to the relative insolubility of the
ammonium and alkyl amine salts. The
less soluble ammonium dinitro-o-sec-
butyl phenol can be used in the lower
concentration selective-type formulation,
while the alkanolamine salts need to be
used in the higher concentration pre-
emergent type formulation.

In formulations of salts of dinitro-o-
sec-butyl phenol and related compounds
it is necessary to think in terms of hard
water protection where usage is in low
volume equipment, again because of the
insolubility of calcium and magnesium
salts of the phenol at these concentrations.

Pentachlorophenol formulations are
used in weed control generally in the
form of oil solutions. Emulsifiable for-
mulations can also be prepared.  Solvents
useful with pentachlorophenol are similar

HERBICIDES

Residues in Soil
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to those useful with 2,4-D esters, except
that some of the heavier aromatic oils
of dark color can be used.

Formulation Problems

The problems of the formulation
chemist are many and varied and have
only briefly been touched upon. A few
of the things that the chemist needs to
know about the intended use of the
product before a formulation is devised
are:

1. How will it be used—i.e,, what
amount per acre?

2. What are the physical characteris-
tics of the chemical, including solubilities,
toxicology, etc?

3. What are the corrosion problems
connected with the use of the chemical?

4, How much money can be afforded
in the formulation?

5. Where will the formulation be used?

Given the above information, it is
possible to do a good job of formulating
a herbicide. Trouble comes, for ex-
ample, when it is thought that a chemical
will be applied at say 1 pound in 100
gallons of water per acre and then equip-
ment is developed to the point where
people are applying the same chemical
at rates of 1 pound in 5 gallons of water
per acre. Such was the case with the
amine salts of 2,4-D. Almost overnight
a good product became useless as users
began to apply it at rates for which it had

not been designed. Now the formula-
tion chemist finds that he must continu-
ally keep an eye on the developments in
equipment and techniques used in the
application of his products. Only by so
doing can he be sure that his product is
performing at peak efficiency.

Application equipment is important
to the formulator in yet another way,
in that any product put on the market
must be tested so that undue wear or
corrosion to the application equipment
will become apparent and the adequacy
of protective measures evaluated.

Such testing generally starts in the labo-
ratory with carefully controlled tests on
individual metals at the time field work
begins. If a corrosion problem exists,
steps are then taken to remedy it. Sub-
sequent ficld testing in standard applica-
tion equipment corroborates the labora-
tory findings. Considerable time and ef-
fort are put forth to ensure that the her-
bicides do not harm the application
equipment,
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There is little direct evidence of a hazard associated with residues of any particular
herbicide, but ample indication of the need for intensive studies of herbicides in soil.
Critical factors are the effect on soil microorganisms and soil properties and removal of

herbicides from soil.

ordinarily used for weed control.

2,4-D is relatively nontoxic to most soil organisms at concentrations
Certain other herbicides appear to be very inhibitory

to microbial activity. The significance of inhibition of microorganisms for growth of sub-

sequent crops has not been established.

Herbicides or effects of herbicides are removed

from soil by leaching, retention by the soil colloids, decomposition, and volatilization.
Aqueous solubility affects leaching, but possible differential fixation of formulations and

the carrier used may also have an influence.

Chemical changes following application

of a herbicide to soil complicate a comparison of formulations of different solubilities.

Soil microorganisms decompose many herbicides;

soil moisture, soil temperature, and

other factors most conducive to microbial activity are conducive to herbicide decom-

position.
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Volatility may be an important factor in the removal of a herbicide from soil.

257



