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SOLVENT SYSTEMS FORPRODUCING PUMPABLE FORMULATIONS
OF HIGH ACUTIVE ETHER SULFATES

8001 The present mvention relates to surfactant compositions with mmproved ease of
handling and pumping using non-specialized equipment which climinates the use of flammable
solvents.

BACKGROUND OF THE INVENTION

{30062 In the surfactant art, some water soluble products are produced i concentrated
torm for improved resistance 1o mucroal degradation and energy etficiency, with both of these
being related to the amount of water present in the composttion. Lower water content inhibits
raicrobial growih and climimates the need for preservatives, bul removing all traces of water can
require large amounts of encrgy. In the mndustry, such forms of surfactants are known as “high
active” and are used with surfactant products such as sodium lauryl ether sulfate (“SLES” or
“sodium laureth sulfate”).

H3063] In concentrated forms of some surfactants, a gel phase occurs when the surfactant
concentration passes a threshioid level and there 1s not enough water present to ensure solubility
of the surlactant. A particular example of this problem occurs with SLES, which forms a gel
phase when the surfactant concentration exceeds approximately 27 % of an aqueous solution,

When a gel phase forms, SLES 1s difficult to pump using conventional pumps (such as
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diaphragm type pumps) and specialized equipment (such as positive displacement or tri-lobe
pumps} 1s reguired.

{3004 Additionally, such concenirated forms of SLES can exhibit mstability when
uncxpectediy heated above approximately 140 °F. The product can hydrolyze, releasing sulfuric
acid, thus damaging process equipment., The heat of a product process reaction, once it 18 started,
does not dissipaie because of the gel nature of high active SLES. This can lead to very high
temperatures i the process reaction, and further lead {0 a runaway reaction, which can destroy
the whole batch of product. Of great imnferest to the surfactant community is a more duute
formfsy of SLES, while also eliminaling the problems of (1) mucerobial contammation, (2} gel
phase formation and attendant high viscosity, and (3} hugh reactivity.

H3005] One method for overcomung the high viscosity of high active surfactants has been
the addition of volatile solvents {(such as 1so-propanocl}). However, this 1s a Hlamymable solvent,
which resulis m safety concerns m mixing and shipping operations. Other flammable solvents
have been reported {or some applications. See .8, Pat. Nos. 7,842,647 & 8,443,406 {the “Long
patenis’”; both hereby mceorporated by reference in their entirety). Additional solvents are needed
to allow for dilution of high active surfactants for specific uses, including i cleaning and
pesticide formuiations.

SUMMARY OF THE INVENTICN

13006] The present mvention alleviates the probloms of the prior art discussed above by
providmg novel methods for reducing viscosity of high active atkyl ether sulfates {(¢.g., sodium
lauryl cther suliate or ammonium lauryl ether sulfate) by nuxing said high active alkyl ether
sulfates with one or more solvents (solvent blend) and novel compositions with reduced the

viscosity of the surfactants prior {0 use. The present invention accomplishes these goals without

fd
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use of tlammable solvents or the requirement of using a preservative. The resulting mixtures
{(surfactant-solvent blends, surfactant-solvent blend solutions, and liquid  agrochemical
compositions) can be castly pumped, once blended, over a temperature range of about 4-50 °C,
without the need for special equipment. These resulting surfactant-solvent biends can be used to
formulate cleaning products or pesticides, mcluding herbicides.  The surfactant-solvent blends
described are siable and do not separate upon storage or at elevated (e.g., 50 “C) or low {e.g.,
4 °C) temperatures. The described blends have viscosities tn the range of 300-1000 cps at 20 °C
and arc gencrally clear i appearance. These blends can be readily transported i jugs, pails,
drunss, totes, or in bulk containers without the need for special cquipment (o unicad the shipping
and/or storage containers.

{007] Therefore, according to one aspect, the mvention comprises a method for reducing
the viscosity of a high active {(concentrated at 27-70%) alkyl cther sulfate surfactant solution
comprising providing a high active concentrated alkyl ether sulfate surfactant solution and
mixing hexviene glycol as a solvent mto said high active concentrated alkyl ether sulfate
surfactant solution. In some embodiments, said high active concenirated alkyl ether suliate
surfactant 1s selected from the group comprising sodium lauryi ether sulfate and ammonium
lauryi cther suliate, In other emboduments, at lgast one co-solvent m the arnount of about 0.1 %
to about 90 % of the total solvent amount by weight 1s further mixed mto said high active
concentrated alkyl ether sulfate surfactant solution. In vet further emnbodiments, at least one co-
soivent i1s selected from the group consisting of diethviene glycol, ethyienc glvcol, proplyene
clycol, diproplyene glycol methyl ether, propylene glycol monomethyl ether, or combinations
thereof 1s/are mixed into said high active concentrated alkyl cther sulfate surfactant solution. In

preferred embodiments, said at feast one co-solvent s diethylene glycol.  In further preferred

'S’
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embodiments, said at ieast one co-solvent 18 a combination of diethylene glycol and propylene
clycol monomethyl ether. In sidl further preferred embodiments, at lecast one additional
surfactant seiected from the group consisting of alkyipolyghicosides and alcohol alkoxylates o
amount of about 0.1 % to about 30 % by woight s further mixed o said high active
concentrated alkyl ether sulfate surfactant solution.

300681 According to another aspect, the invention compriscs a method ior {reating an
agricuitural substrate comprising contacting said agncultural sgbstraie with a sutficient amount
of a hquid agrochemical composition spray solution contamning a surfactant-solvent blend
comprising a high active concentraled alkyl ether sulfatle surfactant solution and a solvent mixe
into said high active concentrated alkyl cther sulfate surfactant solution, wherein said solvent is
hexyiene glycol. In some embodiments, said hguid agrochemical composition spray solution
comprises an active agrochemical agent selected from the group consisting of a herbicide, an
imsecticide, a fungicide, a miticide, a fertibizer, or a plant growth regulator, or combinations
thereof, In preferred embodiments, said herbicide is glufosinate or salts thereof.

{3009 According to yetl another aspect, the invention comprises a hquid agrochemical
composition comprising an active agrochemical agent and a surfactant-solvent blend solution,
wheremn said surfactant-solvent blend solution comprises a high active (concentrated at 27-60 %)
alkyl ether sulfate surfactant solution and a hexyilene glycol solvent. In some embodiments, said
high active concentrated alkyl ether sulfate surfactant i1s selected from the group comprising
sodium lauryl ether sulfate and ammonmium lauryl ether sulfate. In other embodiments, said
hexviene ghycol solvent comprises about 1 % to about 5 % by weight of said composition. In
further embodiments, at {east one co-solvent 1s selected from the group consisting of dicthylene

clycol, ethylene glyecol, proplvene glyeol, diproplyene glyeol methyl cther, propyiene glveol
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monomethyi gther, or combinations thereot 19/are muxed nto satd high active concentrated alkyl
cther sulfate surfactant solution. In preferred embodiments, said at Icast one co-solvent 18
dicthvlene glveol.  In further preferred emibodiments, said at least one co-solvent s a
combimation of diethylene giveol and propyiene glycol monomethyl cther., In still further
embodiments, said at least one co-solvent 1n the amount of about 5 % 1o about 80 % of the total
solvent amount by weight 1s further mixed mto said high active concentrated alkyi cther suliate
surfactant solution. In still {urther preferred embodiments, said mgh aclive concentrated alkyl
ether sulfate surfactant comprises aboul 75 % to about 90 % of the total surfactant amount by
weight 1 said composition. In vet other embodiments, at least one additional surfactant selected
from the group consisting of alkylpolyglucosides and alcohol alkoxylates 1s further mixed mto
said high active concentrated alkyl cther sulfate surfactant solution. In yet further preferred
embodiments, said at least one additional surfactant comprisces about 0.1 to about 50 % by weight

of said composiiion,

DETAILED DESCRIPION OF INVENTION

3018] The following detatled description is presenied to enable any person skilled 1 the
art to make and usc the mvention. For purposes of cxplanation, specific details are set forth to
provide a thorough understanding of the present mvention., However, it will be apparent to ¢ne
skilied m the art that these specific detads are not required to praciice the mvention.
Descriptions of specific applications are provided only as representative examples.,  Various
modifications to the preferred embodiments will be readily apparent to one skilled m the art, and
the general principles defined herein may be applied to other embodiments and applications

without departing from the scope of the mvention. The present mvention s not mtended to be
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limtted to the embodiments shown, but 1s to be accorded the widest possible scope consistent
with the principles and {eatures disclosed herein,
{J811] A particalar interest m the field 1s the development of a sodium lauryl ether

Ry

suifate (“SLES” or “sodium laurcth sulfate”™) or ammonitum lauryl ether sulfate (“ALES” or

“aromonium lagreth sultate”) solulion {or formulators {(or “users”) who neither possess the
specialized equipment required to handle high active surfactant nor the storage capability {or
large quantities of flammable wmaterial (1.e., volatile organic solvents). For these users, a
pumpabie and non-flammable version of SLES containing up to 68 % surfactant but greater than
27 % surfactant (maximum aqueous solulion SLES concentration without a gel phase) that does
not require preservatives is desirable, A formuiation of SLES that fits these criteria will aliow
the surfactant to have a greater utility 1w terms of both more applications and a wider range of
potential users,

{3312] The use of a non-flammable or reduced-Hlammability solvent 1s needed 1n order o
produce a non-flamymable, free-flowing solution of SLES that avoids a gel phase by diluting high

~y
!
i

active SLES {(approximately 70 % SLES and approximately 30 % watcer). Preferably, the solvent
selected should be efficient at reducing the viscosity of the surfactant and readily available,
More preferably, the solvent selected should also result in a single phase or substantially single
phase solution, where substantially single phase is defined as munimally or shightly cloudy n
Appearance.

{813] Durimg our research 1ato this problem, we unexpectedly discovered that hexylene
slyeol was an effective solvent for creating surfactant-solvent biend solutions of high active alkyl

ether sulfate surfactants {see Tables 1-3), In addition, we have discovered hexvlene glveol 18 also

useiul for the purpose of making an casily pumpable solution of high active alkyl ether sulfate



CA 02934681 2016-06-20

WO 2015/095824 PCT/US2014/071723

surfactants that can be readily transported i common and non-hazardous shipping contamers.
Previously, blends of the solvents THFA and dipropylene glycol with the solvents 1so-propanol
or -butanol have been clammed to be useful solvent blends for SLES i concentrated herbicide
formulations {see the Long patents). However, THFA, iso-propanol and I-bulanol pose
stgnificant fire safely hazards.

18814] In addition to decreasing the viscosity of high active SLES, hexylene glhyeol also
can be used as a component of pesticide and herbicide formulations because 1t 18 an approved
inert ingredient according to the U.S. Environmental Prolection Agency (see US., EPA
mertFinder), Furtber anlicipated applications {or the hexyiene glyeol diduted mgh active SLES
soiutions of the present invention include formulations for cleaning products, such as soaps,
detergents, sharmpoos, and stmilar products,

{30158] For the above reasons, hexviene glycol 1s uniquely gualified as a solvent {o
produce a surfactant {c.g., SLES} biend solution with propertics not currently avatlable
{1.¢., having improved safety characteristics as compared to current commercial formulations).

3816] In one aspect, the present invention comprises a surfactant-soivent blend solution
of a high active alkyl ether sulfate surfactant and hexylene glycol as a solvent. In another aspect,
the surfactant-solvent blend solution of the present invention can then be further modified to
obtam deswed physical or chemacal properties. In yet another aspect, the resuliing surfactani-
soivent blend solution can be used In manufacturing active agent solutions, with or without
rmodification.  In sl another aspect, the surfactani-solvent blend solution of the present

invention can be used to manuiacture concentrated active agent solutions, such as concentrated

glufosmate-ammonium herbicide solubions and mixtures of ghifosmnate with other herbicides.



CA 02934681 2016-06-20

WO 2015/095824 PCT/US2014/071723

10017] With the decrease m viscosity allorded by hexvlene glycol, other solvenis and
surfaciants may then be added to the SLES solution without adversely affecting the viscosity of
the solution, but modifying the physical and/or chemical properiies of the resulting formulation,

a-soivents such as

f"‘J

For example, non-ionic surfactants such as alkyl polyglucosides (“APG™), o«

diethylene giveol, and other additional components may be added without delelerious effect.
H3018] Suitable alkyl ether sulfate surfactants that may be used wn the present mvention

imclude sodmum lauryl ether sulfate, ammonium lauryl ether suliate, and/or other salts of lauryl

cther suliate. Pretferably, the alkyl ether sulfate surfactant 18 a high active concentrated alkyl

ether sulfate surtactant, such as 70 % active SLES, ALES, or mixtures thereof, available from
BANE. More preferably the alkyt other sulfate surfactant 13 a high active SLES. The alkyl ether
sulfate surfactant can be manufactured from petrolocum or vegetable sources. The alkyl ether
sulfate surfactant may be present 1n the present mnvention at about 235 % to about 68 % by weight.
in embodiments of surfaciant-solvent blend solutions, the preferable range 15 about 35 % to aboul
33 % by weight, and more preferably between about 40 9% to about 45 % by weight. In
cmbodiments of surfactant-solvent blend solution formulas blended with active agrochemacal
agents (hiquid agrochemical compositions), the preferable range 18 about 25 % {o about 353% by
weight,

3019] In addition to alkyl ether sulfate surfaciants, the present mvention may oplionally
contain onc or more co-surfactant{s) or additional surfactant{s}. Additional surfactanis suitable
for use 1o the present wvention wclude non-tome surfactants, such as alkyl polvglyeosides and
alcohol alkoxylates. Preferably, the alkyl polveivcosides used in the present mvention are alkyl

polyglucosides, Examples of suitable commercial alkyl polyghicosides for use in the present

imvention include AGNIOUERE® PG series, such as AGNIQUE®R PG-R105. from BASF or ssmilar
<. 2 . Y,
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surfactant products. Preferably, the alcohol alkoxylates used in the present mnvention are alcohol
cthoxvlates. Examples of suitable commercial alcohol alkoxvlates for use i the present
invention imclude SURFONIC® [ series surfactants, such as NURFONIC® 1-24-3, from
Huntsman International LLC, ECOSURFR EH series surfactants, such as ECOSURF®R EH-3 or
ECOSURF® EH-6, from Dow Chemical Company, AGNIQUE HDA-6 from BASKE Corp., or
stmilar surfactant products. The additional surfactant may be present i the present invention at
about 8.1 % 1o about 50 % by weight., Preferably, the additional surfactant 1s present at abowt
10 % to about 26 % by weight.

{3028] Previously, Long and others taught that the followmg solvents yaay be suitable for
diluting high active SLES: cyclic alcohols such as tetrahydrofurfuryl alcohol (THEFAY, aliphatic
alcohols, such as alkanols having 1 to 12 carbon atorns, usually 1 to 6 carbon atoms, such as
methanol, ethanol, propanol, 1so-propanol and butanol, for example, or polyhydric alcohols such
as ethylene glycol, propviene glycol, dipropviene glyeol, and glyeerol; ethers such as digthyl
cther, tetrahydrofuran (THY), and dioxane; alkyiene glycol monoalkyl and dialkyl ethers, such as
propylene  glyeol monomethyl ether, propviene glycol monoethyl ether, cthylene glyeol
monomethyl and monoethyl ether, diglyme, and tetraglyme, for example; anudes such as
dimethyliormamude (DME), dimethylacetamude, dimethylcaprylamude, dimethyicapramide, and

N-alkvipyrrohidones; ketones such as acetone, cyclohexanone, acetophenone, butrylolactone;

caters based on glyceryvl and carboxylic acids, such as glyceryl mono~, di- and iriacetate, phthalic

esters, ethyl lactate, 2-cthylhexyi lactate; lactams; carbonic dicsters; nitriles such as acetonttrile,
propioniirile, butvrontirile, and benzontride; sulfoxides and sulfones such as dimethyl sulfoxide
{DMSO) and sulfoiane; carbonates such as propylenc or butyiene carbonate; and combinations of

diffcrent solvents, additionally contaming alcohols such as methanol, ethanol, n- and is50-
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propanoi, and n-, 1s0-, tert- and 2-butanol. However, many of these organic solvents pose serious
firc hazards 1 storage, shipping, and/or use condilions., Therefore, most, il not all, of these
solvents may not be suitable for the present invention. In one aspect, the present mvention
comprises a solvent that 1s non-flammable or only has low-llammability characteristics m order
to provide a SLES solution without the use of fire hazard solvents. In preferred embodiments,
the present mvention comprises hexvyiene glveol ((Z-methylpentane-2,4-diol,” CAS 107-41-3
from Solvay) as a solvent. The solvent may be present in the present mnvention at about 1 % to
about 30 % by weight.

13021] In another aspect, the present mvention additionally comprises one or more Co-
soivents, Preferably, the co-solvent comprises a non- or low-flammable solvent or a combination
of non- and/or low-flammable solvents. In preferred embodiments, the present mvention
compriscs hexylene glycol and at icast one co-solvent selected {rom the group consisting of
diethyiene glycol, ethylene glycol, proplvene glycol, diproplvene glyeol methyl ether, propylene
clycol monomethyl cther or combinations thereof. in more preferred embodiments, the present
invention comprises hexylene glveol and co-solvents diethylene glycol (CAN 111-46-6 available
from MEGlobal), dipropviene glveol methyl ether ("(Z2-methoxymethylethoxyy propanocl,”
“2-{Z-methoxypropoxyipropanol,”  “dipropyiene  glvweol  monomethyl  ether,”  “DPM,)”
DOWANOL™ DPM glycol cther, CAS 34590-94-8 {(mixced isomers) available from DOW),
and/or propylene glycol monomethyl ether (Ml-methoxy-2-propanol,” or “propviene glyveol
methyl cther,” DOWANOL™ PM, CAS 107-98-2 available from DOW). The co-solvent
{inclhiding mixtures thereot) may be present in the present mvention at about 8.1 % to about
90 % by weight., Preferably, the co-solvent (including mixtures thereof) may be present in the

present mvention at about 1 % to about 30 % by weight of said composition.

()
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30221 In vet another aspect, the present mvention comprises a higuid agrochemical
composiiion comprising an active agrochemical agent and a surfactant-solvent blend soiution as
described above. The active agrochermical agent may 1nclude at least one of the group consisting
of a herbicide, msecticide, {ungicide, miticide, fertilizer, or plant growth rogulator, or
combinations thereol. In some embodiments, the present mvention may be a concentrated liquid
agrochemical composition formuiation. In preferred embodiments, the present mmvenfion is a
concentrated hquid agrochemical composifion solution capable of bemg stored and pumped or
pourcd at freezing or near-ireczing temperatures or 1t may be diluted with an appropriate aqueous
spiution capable of bemng spraved at freezing or near-freczing temperatures.,

80231 In some embodiments, the hgud agrochemuical composition of the present
mvention comprises a water-soluble active herbicide agent selected from the group consisting of
siufosinate, salts thereot, and/or other stmuilar active compounds. In preferred embodiments, the
liguid agrochermical composition of the present mvention comprises the ammonium salt of
clufosinate (CAS 77182-82-2).

18024] Preferably, the higuid agrochemical composition spray solution of the present
ivention 18 apphied to an “agricullural substraie” i a “sutficient amount” 10 have an appropnate
desired effect.  An agricultural substrate is a living or growing plant that 1s iniended to be
afiected by application of a bguid agrochemucal composition spray solultion. For example, a
liguid agrochemical composttion spray solution of the present invention comprising a herbicide
active agrochemucal agent will be applied wn suthicient amount to damage or mhibit the growth of
unwanicd plants (1.¢., the agricultural subsirate} growing in an undesirable arca. More

preferably, the sullicient amount of the liguid agrochenmucal composition spray sohution of the

il
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present mvention 1s an amount that will not adversely affect agricultural crops to be protected by
appiication of a higuid agrochemucal composition spray solution.

{O25] The resulting muxitures and hquid agrochemmical composifions may optionally
comprise sccondary chemical agents, depending on the application of the mixture/composition,
For exaraple, a herbicide contamung haqud agrochemical compositions of the present mvention
may optionally mclude such secondary choemical agents known in the art as defoamers,
dispersants, wetting agents, emulsifiers, penetrants, antilreezes, dyes (o provide color, pH buffers
and/or modifiers, and other known compounds for altering or enhancing the performance or

physical/chemical charactenstics of said iguid agrochemucal compositions.

EXAMPLES

1 0026] The following Exaroples 1-7 are provided to illustrate the unexpecied superior
performance of surfactant-solvent biend solutions contamning 30 % hexylene glycol solvent.
Viscosity results of 70 % SLES dduted with various glyeol are solvenis shown in Table 1. High
active 70 % SLES (BASF) was nuxed with 10, 20, and 30 % of various giveol solvents (glycerin,
propylene glyveol, hexviene glycol, dipropylene glvcol, dicthviene glweol, ethviene glycol, and
PEG-20(), then viscosity was measured.  Viscosity measurcment conditions: viscosity in Cps.

Brooklield Viscometer, nurnber 2 spindle at 12 rpm, 25 °C. Hexvlene glyeol 18 superior 1o all

slveols tested at 30 % with 70 % high active SLES.

i2
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106271 TABLE 1

sojvent
% |t iz 3 la s 16 |71
solvent | Glycenn Propylene | Hexvlene Dipropylene Iethylene Ethylene | PEG-
' glycol slycol glycol glycol giveol 20{
16% | gel Teel T ool Tgal T gei """""""""""""" ool gel
20% | gel gel | 1000 | 6 GG&,QE gel gl
30% | gl 88 | 50 | 6 ’.ESgai gel g

13028] The following BExamples 8-18 are provided to illustrate the unexpected superior
performance of surfactant-solvent blend solutions containing a blend of hexylene glycol,
dicthyiene glyeol, and DPM solvents. Surfactant-solvent blend solulions were prepared
containing 68 % of high active SLES 70 % (BASE), 10 to 15 9% additional surfactant{s}, and
diuted with 25 to 309 of various giveol solvents m Table 2. The prepared example
soiutions 8-18 were then observed for liquid or gel phase state at 22 °C, 4 °C, and 50 °C.

13029] The data m Table 2 mdicate that not all glycols are suitable solvents for high
active SLES. Busthylene glveol, ethyvlene glyveol, polyethyiene glycol 2080, and glycernn all form
oels at 22 “C and are not suitable viscosity reducers. At 22 °C, hexyiene glycol, propyiene glyeol
dipropviene glycol and blends of hexylene glyeol and dicthviene glycol form clear solutions.
At 4 °C, the only solvent blend that 1s fiuid 15 a blend of dicthvlene glycol with hexylene glyeol,
Both individual components form gels at 4 °C.  Only the suriactani-soivent blend sohution
containing hexylene glycol, dicthyiene glycol, and DPM solvents was at least a substantially
stngie phase liguid at all temperatures tested. Unless indicated otherwise, all percentages are

amounts by weight,
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{O030] TABLE 2

 Formula 8 g |18 11|12 13 14 {15 {16 |17 |18
(%
nethylene | 23 28 | BE: 18 |18
- alycol i ; ; i

Hexylene
- alycol :
Ethylene 28
- alycol 5 f

A
s
&
1A
AN
W

- Propylene 28
- glyeol : ' .
- Dipropylene 28

- alycol ; e s

 PEG 200 28
- Glyeerin . f f % 28

' Ecosurf EH- 05
G s i = = :

B — S SESENE S——— S S S —— SIS NS SS— SN N— 4

- Surfonic 3 '
{-24-3 ' ' ' '

----------------------------------------------------------------------------------------------------------- e e s e e o

»
)
)
)
)
)
)
)
)
)

Ecosurf EH- | ] - o 3
E :; : : I

) ! s Y

) ' : t

:- -------------------------------------- + 2 2 2 2 2 2 2 2 2. 2. 2. 2. 2. 2. 2. 2. 2. 2. 3. 2. 3 3 3 7 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T :- ------------ F------------------------------T ---------------------- F------------‘l ------------ + ---------------------------------- l ------------------ -:

: it = : # : # \ # \ : :
r r ' r

PG 8105 g 5 ;
SLES (70%) | 60 60 | 60 60 | 60 60 60 |60 {60 |60 |60

BASF | | I I S R N R D
_at22°C | clear |gel | clear gel| clear  clear |gel | gel ] clear | clear | clear
: at 4 "¢ shightly | --- cloudy e cioudy cloudy | --- T soltd | sohid paste
L heny osolid || solid _solid | | | flows |

at 30 °C clear | -~ | bottom e | bottom | clear | - | - floc | floc | floc
b lseparation| | separation | | S N -

{3031] The data m Table 3 mdicate that only {ormulas containing {a) a blend of hexylene
civcol and dicthylene glyeol or (b} only propylene glveol form cold stable single phases when
blended with the ammonium sall of gluytosmate, Ihethvlene glycol, ethvlene glveol, polyethylene
siyeol (PEG)Y 200, and glycerin all form gels at 22 °C and are not suitable viscosity reducers

when blended with the ammomum salt of glufosinate. At 22 °C, hexylene glycol, propylene

i4
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clycol, dipropylene glycol, and blends of hexvlene glycol and dicthylene glycol form clear

solutions.
hexyiene glveol. Both mndividual components form gels at 4 °C.

(3321 TABLE

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------

---------------------------------------------------------------------------------------------------------

_______________________________________________________________________________________________________________________

---------------------------------

---------------------------------

---------------------------------

---------------------------------

---------------------------------

---------------------------------

At 4 °C, the only solvent blend that 1s fluid 18 a blend of dicthylene glveol with

--------------------------------

bi.y&::erm

Heosurl
- EH-6

Surfonic
1 -24.3

- Ecosurl

A

EH-3

- Agnique
PG 81{)5

==~~~

R — =~~~

51 % of the above 1ormuld‘t10m 19-29, rmpcciwoiy 22.4 % walter, 25.7 % clufosmate ammonium (97 %

PURITY ), and 0.90 % ammontum hydroxide (300/ }

- Glufosinate | clear | - = Phase | - | cle d‘{‘ Phase | --|-— i Phase | Phase Phase |
280 g/ SL | | separation separation | separation | separation | separation |
S TSI T N A N N e I S
Yiscosity | 500 | --- aot tested | - | 800 | - -~ | -~ | nottested | not tested | not tested
#2 spindie | c¢ps : Cps |
12 rpm
SR8 I O NN N SN AN (N S S N S S N
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3033] The terms "compnising,” "meluding,” and "having," as used o the claims and
specification herein, shall be considered as mdicating an open group that may mciude other
clements not specified. The terms "a,” "an,” and the smmgular forms of words shall be taken to
inciude the plural form of the same words, such that the terms mean that one or more of

sornething 18 provided. The term "one” or "single” may be used to mdicate thal one and ounly one

of something i1s mntended. Sumilarly, other specific mieger values, such as "two," may be used

<¢

't N

when a specific number of things 1s wtended. The termas "preferably,” "preferred,” "prefer,”

it

"optionally,” "may,” and similar torms are used to mdicate that an item, condition or step being
relerred {0 18 an oplional (not required) {feature of the mvention,

1 3034] The mvention has been described with reference {0 varous specific and preferred
cmbodimenis and technigues. However, it should be undersiood that many variations and
modifications may be made while remamning within the spirit and scope of the mvention, It will
be apparent to one of ordinary skill in the art that methods, devices, device elements, matenals,
procedures and iechnigues other than those specifically described herein can be apphied to the
practice of the mvention as broadly disclosed hereimn without resort to undue cxperimentation,
All art-known functional equivalents of methods, devices, device elements, materials, procedures
and techmques described hercn are mtended (o be encompassed by this mmvention. Whencver a
range 1s disclosed, all sub-ranges and mdividual values are mtended {0 be encompassed. This
imvention is not to be hmiled by the embodiments disclosed, inchuding any exempiificd in the
speciiication, which are given by way of example and not of limitation.

{3035] All relerences throughout this application, {or cxample patent documents
including 1ssued or granied patents or equivalents, patent applhication publications, and non-

patent literature documents or other source material, are hereby incorporated by reference herein
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in their entireties, as though mdividually mcorporated by reference, to the extent each reference
1s at lcast partiaily not mceonsistent with the disclosure in the present application (for example, a
reference that 18 partially mconsisient s incorporated by relerence except for the partially
inconsistent portion of the reference).

18036] While the mvention has been described with respect to a houted number of
cmbodiments, those skilied in the art, having benefit of this disclosure, will appreciate that other
cmbodiments can be devised which do not depart from the scope of the mvention as disclosed

heremn. Accordingly, the scope of the mvention should be limited only by the attached claims,
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CLAIMS
We Claim:
1. A method for reducing the viscosity of a high active concentrated alkyl ether sulfate

a2

N

!

surfaciant solution comprismng: providing 4 high active concentrated alkyl ether sulfate
surfactant solution and nmuxmng hexyiene glycol as a solvent mnto said high active
concentrated alkyl ether sulfate surfactant solution.

the method of claim 1, wherein said high active concentrated alkyl ether sulfate
surfactant 18 selected from the group comprnsing sodium lauryl ether sulfate and
ammoniuny lauryt cther sulfate,

The method of claim 1, further comprising mixing at lecast one co-solvent m the amount
of about .1 % to about 90 % of the {otal solvent amount by weight nto said high active
concentrated alkyl ether sulfate suriactant solution.

The method of claim 3, wherein said at least one co-solvent 1s selected from the group
consisting of diethylene glycol, ethylene glycol, proplyene glycol, dipropyiene glveol
methyl ether, propylene glycol monomethyl cther, or combinations thereof.

The method of claim 3, wherein said at least one co-solvent 1s diethylene ghyeol,

The method of claim 3, wherein said at least one co-solvent 1S a combination of
dicthvlene glycol and dipropyiene ghyeol methyl ether.

The method of claim 4, further compnising ouxing at least one additional surfactant
selected from the group consisting of alkyipolyglucosides, alcohol alkoxyvlates, and
combinations thereot 1n amount of about (.1 % to about 3G % by weight into said high
active concentrated alkyl cther sulfate surfactant solution.

A method for treating an agricultural substrate comprising:

i3
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10,

il

i3.

4.

a. Contacting said agricultural substrate with a sullicient amount of a lLiqud
agrochemical composition spray solulion containing a surfactant-solvent blend
comprising a high active concentrated alkyl cther sulfate surfactant solution and a
soivent mixed mito said high active concentrated alkvl cther sullate surfactant
solution, wherein said solvent 18 hexylene giveol.

The method of claim 8, wherein said hguid agrochemical composition spray solution
comprises an active agrochemical agent selected from the group consisting of a herbicide,
an sccticide, a fungicide, a miticide, a fertilizer, or a plant growth regulator, or
combinations thereof,

The method of claim 9, wherein sawd herbicide 18 glulosinate or salis thereof,

A tiquid agrochemical composilion COMprising:

a. an active agrocheomical agent; and

b.  a surfactant-solvent blend solution, wherein said surfactant-solvent blend solution
comprises a high active concentrated alkyl cther sulfate surfactant solution and a

hexviene glycol solvent.

2. The hgud agrochemical composition of claim 11, wherein said high active concentrated

alkyl ether sulfate surfactant 1s selected from the group comprising sodium lauryl ether
sulfate and ammonium lauryl ether sulfate,

The ligud agrochemical composition of claim 12, wherein said hexviene glycol solvent
comprises about | % to about 3 % by weight of said composition.

The iquid agrochemical composition of claim 12, further comprising at least one ¢o-

solvent selecied from the group consisting of dicthviene glycol, cthviene glyeol,

19
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16.

i7.

14,

.
o~

proplyene glycol, dipropyviene glycol methyi ether, propylene glveol monomethyl ether, or

combinations thereof

. The hguid agrochemical composition of clamm 14, wherewn said at least one co-solvent 1S

dicthylene glycol.

The liguid agrochemical composition of claim 14, wherein said at least one co-solvent 1s
a combination of diethylenc glycol and dipropvlene glycol methyl ether.,

The liguid agrochemical composition of claum 14, wherein said at least one co~-solvent

comprises about | % to about 30 % by weight of said composition.

. 'The hiquid agrochemical composition of clamm 12, wherem said high active concentrated

alkyl ether sulfate surfactant comprises about 60 % to about 90 % of the total surfactant
amount by weight i sard composition,

The liguid agrochemical composition of claim 16, further comprising at least one
additional surfactant selected from the group consisting of alkylpolvglucosides, alcohol

alkoxylates, and combinations thercof,

1. The higuid agrochemical composition of claym 19, wheremn said at least one additional

surfactant comprises about 0.1 % to about 30 % by weight of said composition.

2}
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