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Liquefied normally solid polyoxyalkylene block copolymers

This invention relates to liquefied normally solid

forms of polyoxyalkylene block copolymers. The compositions
of this invention are particularly useful in flowable

pesticide concentrates.

Pesticidally-active compounds have conventionally
been formulated as emulsifiable concentrates or as wettable
powders. The emulsifiable concentrates have normally been
the type of formulation preferred for pesticides which are
soluble in organic solvents. Pesticides with limited
solvent solubility have usually been formulated as wettable
powders. Both of these formulation types present their own
special problems.

Emulsifiable concentrates are based on one of our
diminishing natural resources - petroleum. Because large
amounts of solvents are required, emulsifiable concentrates
can only become more expensive as time goes on. In addition
to the economic considerations, it is becoming increasingly
apparent that conservation of this wvaluable resource is
imperative.

Wettable powders are dusty and breathing the dust
can cause skin and eye irritation as well as illness.
Disposal of the residue containing bag is alsc of growing
concern, because children and those unfamiliar with the

potential hazards might be exposed when the bag is dis-

carded.
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As a result of these problems, flowable formula-
tions are becoming increasingly more prevalent. They are
prepared by dispersing the finely divided pesticide in-
gredients in an aqueous medium to form a concentrated
dispersion. For application this dispersion is further
diluted with .water. Flowable formulations provide the
following advantages: 1little or no organic solvent re-
quired, virtual elimination of inhalation danger, and
greatly reduced skin and eye irritation problems. 1In
addition, container residues can easily be hosed into the
spray tank prior to disposing the container.

The applications of polyoxyalkylene block co- -
polymers, especially polyols containing high amounts of
ethylene oxide, have been widely recognized and used as
effective emulsifiers for pesticide concencrates. Because
of their high ethylene oxide contents, these polyols are
either paste or solid products, making their uses in
formulating agricultural products cumbersome and very
difficult, due to gel formation upon addition of water. In
accordance with the prior art, it was discovered that
certain alcohol ethoxylates, such as tridecyl alcohol, 6
mole ethoxylate or Cqg alcohol 20 mole ethoxylate, plus
water, are good solvents. However, agricultural chemical
formulators have discovered that such alcohol ethoxylates

are detrimental to long term stability of the pesticide
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concentrate. Further, the prior art compositions have
presented problems related to gelling and often have
viscosities that are too high to be readily pumpable from
around room temperature, i.e., 20 to 25°C up to 50°C.

It has generally been believed, in accordance with
the prior art, that to solubilize high ethylene oxide
content polyols and prevent gel formation, the polyol must
be added in small amounts, or incrementally, to chilled
water, because water at room temperature or higher would
cause gel formation.

Accordingly, it is a purpose of the instant
invention to provide liquid compositions useful in pesticide
concentrates which are readily pumpable at temperatures
below 50°C and particularly at or about room temperature,
which are non-gelling and which.possess long term sta-
bility.

In accordance with the instant invention, it has
been discovered that the above objects may be achieved by
liquid compositions useful in pesticide concentrates
comprising a normally solid polyoxyalkylene block copolymer
nonionic surface~active agents and ethylene glycol with or
without water. As used herein, the expression "norﬁally
solid" includes the paste form. It has been found also in
accordance with the instant invention that these normally
solid nonionic polyoxyalkylene block copolymers dissolve

readily in ethylene glycol at a temperature of about 170°F
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or higher (170°F is about 77°C). The usé of temperatures
lower than 170°F results in formation of "scum" or gel
formation whereas no scum or gel whatsoever is formed at
170°F or higher. Also, subsequent addition of water to the
nonionic copolymer/glycol blend held at 170°F did not form
any scum or gel. ‘There is no known upper tem?erature limit

other than one of economics, i.e., the cost of heating.

The emulsifier of the instant invention comprises
from about 15 to 90 percent by weight normally solid
nonionic polyoxyalkylene block copolymer, 15 to 80 percent
by weight ethylene glycol and 0 to 30 percent by weight of
water. The preferred composition comprises from about 20 to
80 percent by weight polyoxyalkylene block copolymer, 20 to
60 percent by weight ethylene glycol and 5 to 20 percent. by
weight water.

Suitable nonionic surface active agents are
cogeneric mixtures of conjugated polyoxyalkylene compounds
containing in their structure the residue of an active
hydrogen containing compound having from 1 to 6 carbon atoms
and at least one hydrophobic oxyalkylene chain in which the
oxygen/carbon atom ratio does not exceed 0.40 and at least
one hydrophilic oxyalkylene chain in which the oxygen/carbon
atom ratio is greater than 0.40.

Polymers of oxyalkylene groups cbtained from
propylene oxide, butylene oxide, amylene oxide,styrene

oxide, mixtures of such oxyalkylene groups with each other
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and with minor amounts of polyoxyalkylene groups obtained
from ethylene oxide, butadiene dioxide, and glycidol are
illustrative of hydrophobic oxyalkylene chains having an
oxygen/carbon atom ratio not exceeding 0.40. Polymers of
oxyalkylene groups obtained from ethylene oxide, butadiene
dioxide, glycidol, mixtures of such oxyalkylene groups with
each other and with minor amounts of oxyalkylene groups
obtained from propylene oxide,butylene oxide, amylene oxide
and styrene oxide are illustrative of hydrophilic oxy-
alkylene chains having an oxygen/carbon ratio greater than
0.40.

Among the conjugated polyoxyalkylene compounds
which can be used in the compositions of the invention are

those which correspond to the formula:
Y[(C3H6O)n(C2H4O)mH]x

wherein ¥ is 'the residue of an organic compound having from
about 1 to 6 carbon atoms and containing x reactive hydrogen
atoms in which x has a value of at least one, m has a value
such that the oxyethylene content of the molecule is from
about 20 to 90 weight percent and n has a value such that
the total molecular weight of the polyoxypropylene groups is
from about 950 to 4000. Compositions of this type are more

particularly described in U.S. Patents Nos. 2,674,619 and
2,677,700.
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Other suitable nonionic block copolymers which

correspond to the formula:
Y[(CZH4O)m(C3H6O)nH]x

wherein ¥, n, m and x have values as set forth above.
Compositions of this type are more particularly described in
U.S. Patent No. 3,036,118. In either of the above formulas,
compounds falling within the scope of the definition for Y
include, for example, propylene glycol, ethylene glycol,
diethyelne glycol, glycerine, pentaerythritol, trimethylol-
propane,’%;hylene diamine and the like. Also, the oxy-
propylene chains optionally, but advantageously, contain
small amounts of ethylene oxide and the oxyethylene chains
also optionally, but advantageously, contain small amounts
of alkylene oxides such as propylene oxide and butylene
oxide,

Preferred compounds of the above type are those
wherein ¥ is the residue of propylene glycol or ethylene
glycol and x is 2. 1In all cases, the compounds of this
invention are those which are normally solid as defined
above. Whether or not the product is a solid rather than a
liquid varies, not only with the percent oxyethylene groups
in the compound, but also with the molecular weight of the
polyoxypropylene groups. More specifically, where the
molecular weight of the polyoxypropylene groups in the first

formula is 950, the percent oxyethylene groups should be
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greater than 55 percent. On the other hand, where the
molecular weight of the polyoxypropylene groups is 4000, the
percent of oxyethylene groups must be greater than 20. With
respect to the second formula set forth above, it is most
preferred to employ compounds wherein the total molecular
weight of the polyoxypropylene hydrophobic units ranges from
1000 to 3100. Where the molecular weight of the polyoxy-
propylene groups is 1000, the percent oxyethylene groups
should exceed 55, whereas when the total molecular'weight of
the polyoxypropylene groués is 3100, the percent polyoxy-
ethylene groups should exceed 25 percent.

Other suitable nonioﬁic surface-active block
copolymers are those where Y, in the above formulas, is the
residue of a nitrogen-containing reactive hydrogen compound
having 1 to 6 carbon atoms per molecule and most preferably
where Y is the residue of ethylene diamine and x is 4. Such
compounds contain adjoined to the nitrogens of the ethylene
diamine, oxypropylene units-and oxyethylene units. The
oxypropylene units may be adjoined to the nitrogens of the
ethylene diamine and outboard of said oxypropylene units are
oxyethylene units. éroductg of this type are described in
U.S. Patent No. 2,979,528, The oxypropylene units would
preferably have a molecular weight of 500 to 7000 and the
oxyethylene units would range from approximately 25 to 80
weight percent of the compound. However, this varies with
the molecular weight of the polyoxypropylene units, ie.,

where the molecular weight of the polyoxypropylene units is
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500, the weight percent ethylene oxide units should exceed
65 percent whereas, where the molecular weight of the oxy-
propylene units is 7000, the oxyethylene units should exceed
25 percent by weight.

As with the formulas set forth above, the oxy-
ethylene units can be adjoined to the nitrogens with the
oxypropylenexunits outboard of said oxyeihylene units.

The invention is illustrated by the following
specific examples, which are to be taken as illustrative and
not in a limiting sense. 1In the examples, parts are by
weight unless otherwise specifically indicated, and tempera-
tures are in degrees centigrade.

In the examples, the pour point was determined as
follows:

A heat-treated glass tube, 13 centimeters high,
with internal diameter of 28 millimeters and an extérnal
diameter of 32 millimeters is filled to the 8 centimeter
level with the sample. The tube is then placed in a dry
ice~acetone bath, a thermometer is placed in the tube, and
the sample stirred with the thermometer. The tube is removed
from the bath approximately every 10 to 15 seconds and
checked to see if the product is still pourable, checking
with the thermometer to be sure the product is at a uniform
temperature throughout. Each time the tube is removed from
the bath, it is checked by tilting to see if the product in
the tube is pourable. When it reaches the point where it is

barely pourable, the temperature is read on the ther-
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mometer. Five degrees F is then added to the temperature
reading as a safety factor and this is recorded as the pour
point.

The Brookfield viscosity for the examples below
was determined as follows:

The Brookfield viscometer rotates a spindle in the
liquid and measures the torgue necessary to overcome the
resistance to the induced movement at a specific tempera-
ture. More specifically, the sample to be tested is placed
in a 250 milliliter beaker. The sample should be obtained
in the sample container used for the test to avoid any
necessity for mixing the sample before testing and reducing
the possibility of air bubble inclusion and then is allowed
to stand until any occluded air bubbles have disappeared.
The sample and container are then placed in a water bath
which is maintained at a constant temperature of 25°C =
0.1°C in such a manner that the sample level is below the
level of the bath. The preferred spindle, which is
spindle No. 3 for the following examples is attached to a
Brookfield viscométer, Model LVF. This is a well-known
device to the skilled in the art and is readily available on
the market. The spindle is inserted into the sample and the
viscometer is allowed to run at specified speed for 10 to 20

turns and then stopped and the viscosity recorded.
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Example 1

A composition in accordance with the present
invention is prepared by adding 60 parts by weight ethylene
glycol to a reactor equipped for heating, cooling and
mixing. The ethylene glycol is agitated and heated to 80°C
and controlled to #5°C. Twenty-one parts of a nonionic
block copolymer, referred to herein as Nonionic No. 1, is
chgrged to the reactor at 80°C & 5°C, with continued
stirring. Nonionic No. 1 defines a block copolymer which is
the polyoxyethylene adduct of a polyoxypropylene hydrophobic
base, i.e., comprises polyoxyethylene groups at both ends of
a polyoxypropylene base. The molecular weight of the
hydrophobic base is about 3250 and the oxyethylene content
is about 50 weight percent of the molecule. In stirring,
the creation of a vortex is avoided since this tends to
cause foaming. Agitation is continued until the mixture is
uniform. Heating is then discontinued and 19 parts by

weight of city water at the temperature of the water line is

- added and agitation continued until the product is uni-

form. The rate of agitation must be such as to avoid
foaming. The material is then poured from the reactor into
drums at a temperature of about 20°C to 60°C.

The product has a specific gravity of 1.076. The
Brookfield viscosities using spindle No. 3 at an rpm of 30

were 324 cps at 25°C and 112 cps at 50°C.
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Examples 2 and 3

Two compositions were prepared as described above
for Example 1. However, samples were taken after stirring
one hour, two hours, and three hours for Example 2 and one
hour and two hours for Example 3. The pour point and
Brookfield viscosity for each sample from each example is
shown in TaSle I below along with the specific gravities for

Example 3.
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Examples 4-13

Ten compositions, in accordance with the instant
invention, are prepared in the manner described in Example 1
from the compositions shown in Table II below. The specific
gravities of the resulting product and the Brookfield
viscosities using No. 3 spindle at 30 rpm at varying
temperatures are also shown in Table II below.

In the Table II, Nonionic No. 2 defines the
polyoxyethylene adduct of a polyoxypropylene hydrophobic
base having a molecular weight of the hydrophobic base of
about 1750 wherein the oxyethylene content is about 50

weight percent of the molecule.
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Example 14

A composition in accordance with the instant
invention is prepared as described in Example 1 with the
exception that the polyoxypropylene adduct of a polyoxy-
ethylene bage, i.e., comprises polyoxypropylene groups at
both ends of a polyoxyethylene base, is substituted for
Nonionic No. 1. The oxyethylene content is about 40 weight
percent of the;molecule and the polyoxypropylene hydrophobic
groups have a molecular weight of about 3100. The product
is readily pumpable at temperatures below 50°C, including
room temperature, and possesses long term stab%lity.

Example 15

A composition in accordance with the instant
invention is prepared as described in Example 1 with the
excepéion that the polyoxyethylene adduct of a polyoxy-
propylene-ethylene diamine condensate is substituted for
Nonionic No. 1. The oxypropylene hydrophobic base has a
molecular weight of about 5000 aﬁd the oxyethylene content
is about 40 weight percent of the molecule. The product is
readily pumpable at temperatures below 50°C, including room
temperature, and possesses long term stability.

Example 16

A composition in accordance with the instant
invention is prepared as described in Example 1 with the
exception that the polyoxypropylene adduct of a polyoxy-
ethylene—ethylene diamine condensate is substituted for

Nonionic No. 1. The oxypropylene groups have a molecular
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weight of about 1500 and the oxyethylene content is about 70
percent.by weight of the molecule. The product is readily
pumpable at temperatures below 50°C, including room tempera-
ture, and possesses long term stability.

While there has been shown and described herein
certain embodiments of the present invention, it is intended
that there be covered as well any change or modification
therein which may be made without departing from the spirit

and scope thereof.
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Claims

1. A liquid composition comprising a normally
sélid nonionic polyoxyalkylene block copolymer and ethylene
glycol.

2. A composition of matter comprising f£rom about
15 to 90 percent by weight of a nonionic polyoxyalkylene
block copolymer, 15 to 80 percent by weight ethylene glycol
and 0 to 30 percent by weight water.

3. The composition of claim 1 wherein said
nonionic copolymer is a cogeneric mixture of cqnjuqated
polyoxyalkylene compounds containing in their structure the
residue of an active hydrogen containing compound having
from 1 to 6 carbon atoms and at least one hydrophobic
oxvalkylene chain in which the oxygen/carbon atom ratio does
not exceed 0.4 and at least one hydrophilic oxyalkylene
chain in which the oxygen/carbon atom ratio is greater than
0.4.

4. The composition of claim 3 which comprises
from about 15 to 90 percent by weight of said nonionic
copolymer, 15 to 80 percent by weight ethylene glycol and 0
to 30 percent by weight water.

5. The composition of claim 4 wherein said

nonionic copolymer corresponds to the formula:

Y[(CBHGO)n(C2H4O)me
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wherein Y is the residue of an organic compound having from
about 1 to 6 carbon atoms and containing x reactive hydrogen
atoms in which x has a value of at least one, m has a value
such that the oxyethylene content of the molecule is from
about 20 to 90 weight percent and n has a value such that
the total molecular weight of the polyoxypropylene groups is
from about 950 to 4000.

6. The composition of claim 5 wherein Y is a
residue of propylene glyéol and x is 2.

7. The composition of claim 5 wherein Y is the
residue of ethylene diamine and x is 4.

8. The composition of claim 4 wherein said

nonionic copolymer corresponds to the formula:
Y[(CZH4O)m(C3H60)nH]x

wherein Y is the residue of an organic compound having from
about 1 to & carbon atoms and containing x reactive hYdrogen
atoms in which x has a value of at least one, m has a value
such that the oxyethylene content of the molecule is from
about 20 to 90 weight percent and n has a value such that
the total molecular weight of the polyoxypropylene groups is
from about 950 to 4000.

9. The composition of claim 7 wherein Y is the
residue of ethylene glycol and x is -2.

10. The composition of claim ¢ wherein Y is the

residue of ethylene diamine and x is 4.
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