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BACKGROUND OF THE INVENTION

[004] The present technology, in general, relates to sulfo-estolides. More
particularly, the present technology relates to light duty liguid (LDL) detergent
compositions that contain sulfo-estolides as surfactants.  The sulfo-estolide
surfactants include sulfo-estolide derivatives and salts of sulfo-estolides.
Applications and/or processes of utilizing the presently described sulfo-estolide
surfactants, in particular as a component within light duty liquid detergent

compositions and/or formulations, are also disclosed.

[005] Desirable attributes for light duty liquid detergents, in general, include
the ability to emulsify, suspend or penetrate greasy or oily soils and suspend or
disperse particulates, in order to clean articles or surfaces; and then prevent the
soils, grease, or particulates from re-depositing on the newly cleaned articles or
surfaces. It is also desirable for the light duty liquid to provide sustained foaming in
dilute wash solution in the presence of the soils being cleaned. In order to optimize
these attributes, it is desirable to produce LDLs that contain moderate to high levels
of surfactants (e.g., greater than about 20% total surfactant) in combinations and

types that would typically produce gels instead of liquids. For example, such gels
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continuing challenge to develop and formulate “green” formulations of light duty

liquid detergents that provide adequate foaming and cleaning capabilities, but with

reduced or prevented negative environmental impact. The sulfo-estolide

surfactants/compositions/components of the present technology and/or light duty

liquid detergent formulations containing such sulfo-estolide components/surfactants

of the present technology surprisingly and unpredictably provide “green” and/or “eco-

friendly” compositions that are plant derived, biodegradable and while achieving

adequate foaming and cleansing.
BRIEF SUMMARY OF THE INVENTION

[007] In at least one aspect the present technology provides a liquid
detergent composition, comprising about 0.1% to about 90% active weight of the
total composition of at least one sulfo-estolide surfactant having the following general

Formula 1:
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derivatives an
group; and Z is H or a monovalent or divalent metal cation, ammonium or substituted

ammonium cation. The composition further comprises about 0.1% to about 70% of

at least one additional surfactant.

[008] In another aspect the present technology provides a composition which
can reduce the viscosity of a liquid detergent, wherein the composition comprises
about 0.1% to about 70% by weight of at least one phase stability compound having
the general Formula 1, wherein the viscosity of the liquid detergent is reduced to 100
cps to 6000 cps.

DETAILED DESCRIPTION OF THE INVENTION

[009] The present technology, in general, relates to sulfo-estolides. More
particularly, the present technology relates to light duty liquid detergent compositions
that contain sulfo-estolides as surfactants. The sulfo-estolide surfactants of the
present technology include, but are not limited to, sulfo-estolide derivatives and salts

of sulfo-estolides. Such compositions having the general Formula 1:



of sulfo-estolides. Such conpositions having the general Formula 1:Formula
1 In Formula 1: nis an integer fromJ] to about 30, alternatively 1 to
about 10,wel2psvosszdvely 1 to 4, alternatively 1, 2, or BCTAIS@om0atsivel y 1
or 2, alternatively 1; or mxtures thereof; one of Xand Yis SO Z, the
other of Xand Yis H(i.e., a rogen aton), and X and Y are

i ndependently assigned in each %eati ng unit; Al and A2 are independently
selected linear or branched, satprated or unsaturated, substituted or
unsubstituted al kyl diradi calls—evwere the total| nunber of carbons for each
repeating unit is independent arz Ln t he rang f C8 to C22. As defined
here, the term"alkyl dira | gal |'i'2 meant to fefer to a | i nki ng hydr ocar bon
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-(CHz)4 - , -(CHz)5 - , and qo fldrth; a s 0, 1|, or 2, and is

i ndependently assigned in eadh repeatingxunit. ena=0, 1, or 2, the
functional group corresponds to an al pha-sul fo-estolide, betasulfo-
estol i de, or gamma-sul fo-estolide, Foaawadti vely; R can be linear or

branched, saturated or unsaturated, substituted or un substituted

hydr ocar bon, wherein the total nunber of carbon atons can be from1l to
about 24. In at |east one enbodinent, R has fromabout 7 to about 2 1
carbon a{@i®y, altdnhariulaelly from about 8 to about 16 carbon atons, and can
be a saturated or unsaturated |linear or branched hydrocarbon, a |linear or

branched hydr nisyan ktgger §oht dimalkequt 30, altdrnativaly bio araubdRecaitesnatvaly k19l f onat e.
For exanple, jn gyglﬂpi , ; r i vh. diradical s and R
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hydr oxyal kanetheldadnat e, or |inear al kene sul fonate having from about 7

carbon atons to about 2 1 carbon atons, alternatively from about 8 carbon
atons to aboubnd 6f Xiaody is &Huihdhe thes obX mod dvialFbtie., ar hygireggreaiompreang ;

ammoni um SUbitaintdlv gl% iﬁ&?eﬂdgmly ggsigned in each repeating unit;

A' and A? are independently selected linear or branched, saturated or
unsaturated, substituted or unsubstituted alkyl diradicals, where the total
number of carbons for each repeating unit is independent and in the range of
Cs to Cys. As defined here, the term “alkyl diradical” is meant to refer to a
linking hydrocarbon or alkylene segment, for example but by no means limited
to -(CHa)s-, -(CH2)4 -, -(CH2)s -, and so forth;

ais 0, 1, or 2, and is independently assigned in each repeating unit. When a
=0, 1, or 2, the functional group corresponds to an alpha-sulfo-estolide, beta-

sulfo-estolide, or gamma-sulfo-estolide, respectively;

R can be linear or branched, saturated or unsaturated, substituted or un-
substituted hydrocarbon, wherein the total number of carbon atoms can be
from 1 to about 24. In at least one embodiment, R has from about 7 to about
21 carbon atoms, alternatively from about 8 to about 16 carbon atoms, and
can be a saturated or unsaturated linear or branched hydrocarbon, a linear or
branched hydroxyalkane sulfonate, or a linear or branched alkene sulfonate.
For example, in one embodiment, A" and A? are linear alkyl diradicals and R
is saturated or unsaturated linear hydrocarbon, linear hydroxyalkane
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acid feedstocks. It is understood that sultone hydrolyzed products and structures of
a comparable nature may be derived from branched and/or substituted unsaturated
fatty acids or mixtures of linear and branched and/or substituted unsaturated fatty

acids.

[012] Additional sulfo-estolide compositions may be produced from fatty acid
feedstocks comprising polyunsaturated fatty acids, where Al and A? may be
independently selected from alkyl diradicals that are: a) saturated; b) unsaturated; c)
unsaturated and substituted with a suifonate group; d) substituted with a hydroxyl
group and a sulfonate group; e) substituted with a ester group and a sulfonate group
(i.e., a sulfo-estolide).

[013] In another embodiment of the present technology, the sulfo-estolide
compositions are comprised of carboxylic esters, or are reported in an ester analysis
as carboxylic esters. Although it is contemplated that at least some of these
carboxylic esters are sulfo-estolides, the presently described technology is not

limited by the accuracy of this belief, for example the compositions may contain



Formula 1, are both H (i.e., a hydrogen atom. [014] In another enbodi nent

of the present technol ogy, the sulfo-egstolide conpositions are conprised of
sul f o- estwDi2dB088579t he gener al Fornul'§'1 and a nonsul f ore@TAB2@906131e whi ch
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the DH ' '[tg:;s'je r angf,d il adtestolide” %@Ef} |§-Qtse[iQ4e%|nTﬂﬁdé§§dﬂet g&gerar oduct

cont ai ns bOX lic aci es“t ers at a level that cor r”eseon s to about 5 to
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few of t ?%Icﬁigé?crﬁég%gﬁ%gﬂwﬁ%o@% Sherldl o Pl n?ﬁe BOk)s Réve by ol yzed

inthe p rocessing at a [ow tenperature and
neut r al i fullydhydhdyzedi(dreaterithan elamé§5f7d1éorsaldafrmdﬁlt or as quickly as possible,
it is further believed that |ower ester levels will be obtained. Through
i mpr ovengdnté]and nobhe iterat i ‘sultarfe pydrobyged conedictl diSHP”) is used herein to

describe salts of sulfo-estolides that are produced from one or more feedstocks
comprising unsaturated fatty acids by a process comprising the steps of sulfonation
with SOs, neutralization, and hydrolysis of sultones. The neutralization and
hydrolysis are conducted at a level of caustic addition that maintains the pH in the
range from about 4 to about 10.

[017] The resulting product‘contains carboxylic acid esters at a level that
corresponds to about 5 to about 95 mol%, alternatively about 20 mol% to about 60
mol%, alternatively about 20 mol% to about 45 mol%, alternatively about 30 mol% to
about 45 mol% of the total carboxylic functionality in the composition. Although not
wanting to be bound by any particular theory, it is believed that none or few of the
esters (whether they are sulfo-estolides or not) are hydrolyzed in the process of
making SHP. By processing at a low temperature and neutralizing the acid as it
leaves the sulfonator as quickly as possible, it is further believed that lower ester
levels will be obtained. Through improvement and modification of process conditions
for the production of esters, it is contemplated that products of the present
technology that have higher ester content will be obtained. For example, it is
believed that the ester content may be obtained at lower and/or higher levels through
the selection of the molar ratio of SOj3 to alkene functionality used in the sulfonation
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[020] As defined herein, the term “sulfo-estolide surfactant’ is meant to refer

to a variety of surfactant compositions of the present technology as described, for

example, by general Formula 1. This includes, for example, surfactant compositions

of SE, HSE, PHSE, SHP, EHP, and PEHP.

[021] As defined herein, the term “free alkalinity” is meant to refer to the total
amount of carboxylate anion and hydroxide present in a composition, as may be
measured by, for example, potentiometric titration of an aqueous solution with
aqueous strong acid, for example HCI, to an endpoint of about pH 3 to about pH 4.5,
or alternatively to bromophenol blue endpoint.

[022] As defined herein, the term “free caustic’ is meant to refer to the total
amount of excess strong alkalinity present in a composition, as may be measured
by, for example, potentiometric titration of an aqueous solution with aqueous strong

acid, for example HCI, to an endpoint of about pH 9 to about pH 11.

[023] A “repeating unit’ means one instance of the subject matter enclosed

by brackets in a formula. For example, if n = 15 for a given molecule according to
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Other unsaturated fatty acids, for example but not limited to, trans-octadecenoic

acids or palmitoleic acid may also be employed in the presently described

technology.

[025] Suitable feedstocks may be derived from vegetable and/or animal
sources, including but not limited to fatty acids and fatty acid mixtures derived from,
for example, canola oil, corn oil, cottonseed oil, linseed oil, olive oil, palm oil, peanut
oil, rapeseed oil, safflower oil, sesame oil, soybean oil, sunflower oil, tall oil, tung oil,
lard, poultry fat, BFT (bleachable fancy tallow), edible tallow, coconut oil, cuphea oil,
yellow grease and combinations of these. Also contemplated are genetically
modified or engineered oils that include, but are not limited to high oleic sunflower or
soybean oil. In some embodiments, the preferred unsaturated fatty acid feedstocks
may contain reduced levels of polyunsaturated fatty acids, for example, less than
about 15%, alternatively less than about 10%, alternatively less than about 5% on a
total weight basis. In some additional embodiments, the fatty acid feedstocks may be
obtained by the partial hydrogenation of unsaturated triglycerides, for example,
soybean oil followed by hydrolysis of the oil to afford fatty acids that are enriched in
monounsaturated fatty acids and depleted in polyunsaturated fatty acids. The
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[027] The compounds of general Formula 1 and related compounds (for
example, where n = 0) can be made, for example, by: a) SO3 sulfonation of a fatty
acid, for example oleic acid; b) neutralization with aqueous caustic to afford a
sulfonate salt solution with a pH in the range of about 4 to about 10; or ¢) hydrolysis
of the resulting sultones, maintaining the reaction mixture at a pH of about 4 to about
10, alternatively at a pH of about 6 to about 8, alternatively at a pH of about 7.

Sulfonation can be carried out, for example, using a falling film SO3; process.

[028] Alternatively, the compounds of general Formula 1 and related
compounds (for example, where Z = H and W = H) can be made, for example, by
falling film SO; sulfonation of a fatty acid, for example oleic acid where the process
temperature of the sulfonation is sufficient, for example greater than about 20° C, to

result in the formation of carboxylic esters.

[029] Continuous SO; sulfonation processes, including those that utilize
falling film reactors such as those described in Kirk-Othmer Encyclopedia of
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liquid throughout the course of reaction. Preferably, a means of cooling the reaction

mixture during the course of contact between the feedstock stream and the gaseous

S04 stream is provided so that the sulfonic acid product is produced from the reactor

at a temperature of from about 10° C to about 80° C, alternatively from about 20° C

to about 60° C, or alternatively from about 30° C to about 60° C.

[031] Sulfonated unsaturated fatty acid salt and sulfonated hydroxy fatty acid
salt products include, for example, those sold in Europe as Polystep® OPA by
Stepan Co. (Northfield IL), and as Lankropol OPA and Lankropol OPA-V by Akzo
Nobel (Amsterdam), and in the United States as Calsoft® OS-45S by Pilot Chemical
(Santa Fe Springs CA).

[032] SE is produced from the sulfonation step and comprises carboxylic
esters, provided that the reaction conditions are sufficient, for example, a high
enough temperature of the acid stream, to promote carboxylic ester formation. While
not limiting the scope of the presently described technology, the temperature at
which carboxylic ester formation may occur is greater than about 10° C, alternatively
greater than about 20° C, or alternatively greater than about 30° C. The sulfonic acid
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the carboxylic acid group of a second fatty acid chain, where the second fatty acid
chain may be, but is not necessarily limited to: a) an unsaturated or saturated fatty
acid; b) an internal hydroxy sulfonate of fatty acid; c) an internal alkene sulfonate or
corresponding cyclic anhydride (i.e., sultone) of fatty acid; or d) an internal mono- or
poly-sulfo-estolide of two or more fatty acids (i.e., trimer, tetramer, etc). The
position of the sulfonate group along the back bone of the fatty acid chains is
dictated by the location of the double bond in the starting material (9-octadecenoic
acid for example) and the “direction” in which SOz adds across the double bond

(thus, 9- and 10- sulfonate positions from oleic acid).
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to conprise, in part, spegitdGilfat ernal hydroxy ssukfimpates of fatty acid.
For exanple, with 9-octadecenoic acid, the sulfonate groups are believed to
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fatty aCIa(rje' believed to comprise, in part, specific internal hydroxy sulfonates of fatty acid.

For example, with 9-octadecenoic acid, the sulfonate groups are believed to be
attached to the 9-position and alternatively the 10-position of the faity acid.

Examples are shown below.

S0z K+ o] OH (o]

/\/\/\/\)\/\/\/\)LO. K+ /\/\/\/\H\/\/\/\)Lo~ K+
S0y K+

OH

+K 05 OH

[037] The monomeric components are further believed to comprise, in part,
specific internal alkene sulfonates of fatty acid. These components may comprise
cis- and/or trans-double bonds. It is also possible that compounds of the present
technology are present where the unsaturation is at the position of the sulfonate

group (i.e., vinylic sulfonates). Examples are shown below.

SOy K+ 0 0
M/MVMO- K+ /WWVVM 0- K+
SOy K+
S0g K+ o )
/\/\/\/\/K/\/\/\/u\o K+ /\/\/\/\[/\/\/\/\)ko. K+
S05 K+
S05 K+ 0 o
= 0- K+ = 0- K+
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Formulations and Applications of SE

[040] The compositions as described in the present technology may be used
in formulations including, for example, light duty liquid detergents. The formulations
of the present technology can be used in all delivery processes such as, but not
limited to, Ready-To-Use, dilutable, wipes, single use, etc. These formulations, in
some embodiments are stable with enzymes, peroxide, hypochlorite bleach, and

other bleaching agents.

[041] The formulations of the present technology may also be included in
compositions including, for example, a cleaning adjunct. Common cleaning adjuncts
are identified in, for example, U.S. Patent 7,326,675, col. 12, and PCT Publ. WO
99/05242 (Pages 29-56). Such cleaning adjuncts are identified as including, but not
limited to bleaches, bleach activators, suds boosters, dispersant polymers (e.g., from
BASF Corp. or Rohm & Haas) such as the ACUSOL 400 series based on acrylic
acid, color speckles, silvercare, anti-tarnish and/or anti-corrosion agents, pigments,
dyes, fillers, germicides, hydrotropes, anti-oxidants, enzyme stabilizing agents, pro-

perfumes, carriers, processing aids, solvents, dye transfer inhibiting agents,
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cleaned surfaces; and continue to produce foam in the presence of the soils being
cleaned. In order to optimize these attributes, it is desirable to produce LDLs that
contain moderate to high levels of surfactants (e.g. from about 20% to about 100%
surfactant, alternatively from about 25% to about 80% surfactant, alternatively from
about 25% to about 70% surfactant). However, prior to the present technology,
LDLs containing such high levels of surfactants were gels, not liquids, at room
temperature. These gels were not workable, not easily dispensed or poured, at
room temperature. Formulators would typically add solubilizing solvents like ethanol
to convert the gels to liquids, but materials like this add flammability concerns and
have minimal contribution to cleaning and foaming. Surprisingly, the components
and formulations of the present technology demonstrate that the addition of at least
one sulfo-estolide surfactant, having the general Formula 1, to LDL formulations
decreases the viscosity for such formulations into the workable liquid range at room
temperature (200cps to 6000cps). Further, the sulfo-estolide containing LDL
formulations of the present technology containing one ore more sulfo-estolides as
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2, 3 or 4 at speeds ranging from about 12 rpm to about 50 rpm.

[046] It is also desirable to have the ability to control the foaming of different
household, industrial and institutional products depending on the desired end-use
applications. For example, for one or more light duty liquid detergents of the present
technology, it is desirable to have suitable foaming ability along with a viscosity that
is workable (viscosity of 200cps to 6000cp measured at 25° C using a Brookfield
Viscometer model LV, with spindle 2, 3 or 4 at speeds ranging from about 12 rpm to

about 50 rpm) at room temperature.

[047] It is also desirable to have the ability to produce “green” LDL
formulations. Thus, the surfactants should be ultimately biodegradable, phosphate
free, and non-toxic. To meet consumer perceptions and reduce the use of
petrochemicals, a “green” formula may also advantageously be limited to the use of
renewable hydrocarbons, such as vegetable or animal fats and oils, in the
manufacture of one or more surfactant components. The presently described sulfo-
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ingredient weight of the composition.

[050] The sulfo-estolide surfactants having the general Formula 1 described
herein can be incorporated into, for example, various formulations and used as
surfactants, emulsifiers, skin feel agents, film formers, rheological modifiers,
solvents, release agents, lubrication agents, conditioners, dispersants, hydrotropes,
etc. Such compositions can be used in end-use applications including, but not

limited to, household and industrial and institutional cleaning products.

[051] In alternative embodiments, sulfo-estolide surfactants having the
general Formula 1 can be used to produce antimicrobial formulations. One or more
sulfo-estolide based LDL antimicrobial compositions of the present technology can
include from 0% to about 10% by weight of a polyvalent metal ion chelant,
alternatively from about 0.1% to about 10%, alternatively from about 1% to about
10%, alternatively from about 1% to about 5% by weight, and may additionally
include any range or percentage there between, including, but not limited to, for
example, increments of about 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1.0. 2.5, 5%
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[052] LDL antimicrobial components of the present technology can also
include, but are not limited to triclosan, n-alkyl dimethyl benzyl ammonium choride,
n-alkyl dimethyl benzyl ammonium choride, dialkyl dimethyl ammonium choride,
didecyl dimethyl ammonium choride, dioctyl dimethyl ammonium choride, phenolics,
iodophors, pine oil, methyl salicylate, morpholine, silver, copper, bromine, and
quaternary ammonium compounds, derivatives thereof, and combinations thereof
including, but not limited to, the polyquaternium series as is used in hand soap
formulations, and 3,4,4'trichlorocarbanilide as disclosed in US 6,605,579.

[053] Suitable antimicrobial agents can be found in McCutcheons’ 2009
Functional Materials of North American Edition, Volume 2, 2009, pages 239-246,
which is incorporated by reference in its entirety. Suitable antimicrobial agents
include, but are not limited to, Abiol, which is available from 3V Inc. (Brooklyn, NY);
Phenobact, which is available from Alzo International, Inc. (Sayreville, NJ); Emercide
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Lipo Chemicals, Inc. (Paterson, NJ); Dantogard, Dantogard 2000, Dantogard Flus,
Dantogard Plus Liquid, Dantogard XL-1000, Dantoserve MS, Dantoserve SG,
Geogard 111 A, Geogard 111 S, Geogard 221, Geogard 233 S, Geogard 234 S,
Geogard 361, Geogard Ultra, Glycacil, Glycacil 2000, Glycacil SG, Glydant, Glydant
2000, Glydant Plus, Glydant Plus Liquid, Glydant XL-1000, which are available from
Lonza Inc. (Allendale, NJ); Mackstat 2G, Mackstat OM, Mackstat SHG, Paragon,
Paragon II, Paragon lll, Paragon MEPB, Phenagon PDI, which are available from
The Meclintyre Group (Norwalk, CT); Merguard 1105, Merguard 1190, Merguard
1200, which are available from Nalco Company (Naperville, IL); Britesorb A 100,
which is available from The PQ Corp (Malvern, PA); Generic Methylparaben NF,
Generic Propylparaben NF, Generic Ethylparaben NF, Generic Butylparaben NF,
which are available from RITA Corp. (Crystal Lake, IL); Kathon CG, Kathon CG Il,
Kathon CG/ICP, Kathon CG/ICP II, Kathon LX 1.5% Microbicide, Koralone B-119
Preservative, Koralone N-105, Kordek MLX, Lanodant DM, Neolone 950, Neolone
CapG, Neolone DsP, Neolone M-10, Neolone MxP Preservative, Neolone PE
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additive.

[055] Magnesium sulfate, builders, solubilizing agents and enzymes may be
added to aid in cleansing ability, for example. Emollients (including, without
limitation, vegetable oils, mineral oils, silicone oils, petrolatum, polyglycerol methyl
esters, and esters), skin conditioning agents (such as glycerine and free fatty acid),
vitamins and herbal extracts may be added to further improve conditioning
performance. Fragrances, dyes, opacifying agents, and pearlescent agents may
also be added to further enhance the appearance and smell of one or more of the

finished LDL formulations of the present technology.

[056] Suitable preservatives for use in the practice of the present technology
include, but are not limited to acidics and phenolics, for example, benzoic acid and
salts, sorbic acid and salts, propionic acid and salts, boric acid and salts,
dehydroacetic acid, sulfurous and vanillic acids, Ottasept® (which is available from
Ottawa Chemical Company (Toledo, OH)), Irgasan DP 300® (which is available from
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available from Boots Company Limited (Nottingham, England)), Ucarcide® (which is
available from Union Carbide Corporation (Danbury, CT)), Germal II®, Germal 115®
(which are available from Produits Sanitaires Unique Inc. (La Pocatiere, QC),
Glydant® (which is available from Lonza, Inc. (Fairlawn, NJ)), Mycide SP®, Kanthon
CG®, Oxadine A®, Omadine® (which is available from Olin Corporation (New
Haven, CT)), Phenoxetol® (which is available from Nipa Laboratories, Ltd.
(Manchester, England)). Suitable preservatives for personal care products can be
found in Preservatives for Cosmetics Manual, Second Edition, by David S.

Steinbens, 2006, which is incorporated by reference in its entirety.

[057] Enzymes suitable for use in the practice of the present technology

include proteases, amylases, and lipases.

[058] Polymers suitable for use in the practice of the present technology
include, for example, anionic polymers, acrylates, hydroxyethylcelluloses,
zwitterionic polymers, gelatins, xanthan gums, polysaccharides, and polyethylene

glycols.
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Additional Surfactants and Foam Stabilizing Surfactants

[061] The compositions of the present technology can contain additional
surfactants and foam stabilizing surfactants, which can be anionic, cationic, nonionic,
ampholytic (includes usage of the term amphoteric), amphoteric, zwitterionic, in
nature or combinations thereof. Suitable co-surfactants for use in light duty liquid
detergents are described, for example, in U.S. Application Serial No.
PCT/US09/31608, the disclosure of which is hereby incorporated by reference.

[062] Certain embodiments of the present technology contain additional
surfactants in the amounts of from about 2% to about 70% by active weight
alternatively, from about 5% to about 45% by active weight; alternatively, from about
10% to about 30% by active weight based on the total actives ingredient weight of

the composition.

[063] Preferred additional surfactants of the present technology include, for
example, Steol CS-270 (lauryl 2-mole average ether sulfonate), Steol CS-170 (lauryl
1-mole average ether sulfonate), Steol CS-330 (lauryl 3-mole average ether
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Anionic Surfactants

[066] "Anionic surfactants" are defined here as amphiphilic molecules with an
average molecular weight of less than about 10,000, comprising one or more
functional groups that exhibit a net anionic charge when in aqueous solution at the
normal wash pH, which can be a pH between about 5 to about 11. The anionic
surfactant used in the present technology can be any anionic surfactant that is
substantially water soluble. "Water soluble” surfactants are, unless otherwise noted,
include surfactants which are soluble or dispersible to at least the extent of 0.01% by
weight in distilled water at 25° C.

[067] Another important class of anionic compounds is the water soluble
salts, particularly the alkali metal salts, of organic sulfur reaction products having in
their molecular structure an alkyl radical containing from about 6 to about 24 carbon
atoms and a radical selected from the group consisting of sulfonic and sulfuric acid

ester radicals.

[068] Additional anionic surfactants of the present technology include, but
are not limited to, sulfoacetates, olefin sulfonates, alkyl benzene sulfonates, alkyl
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Bi o- Ter &MY 6L BABIFARSt ef i n sul fonate), and/or Stepanol WA-Extra K

(sodi um | gurﬁl. Sul f?tgg, all fromthe Stepan Conpany, Northfield Illinois.
Any of t Rl ed anionic surfactants may be neutralized to form
t he sodi pot assiu a ni. or nesi et S, tai
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40% and most preferably between about 1% to about 32% of an LDL detergent
formulation of the present technology. Other suitable nonionic surfactants are
described in P&G patent 5,929,022; column 4, 2nd paragraph through column 6, end

of 1% paragraph, which is incorporated herein by reference in its entirety.

[071] Preferred additional nonionic surfactants and foam stabilizing nonionic
surfactants of the present technology include, but are not limited to alcohol
ethoxylates, alkyl polyglucosides, alkyl ethanolamides, and alkyl esters.

Ampholytic Surfactants

[072] Ampholytic (includes usage of the term amphoteric) synthetic
detergents can be broadly described as derivatives of aliphatic or aliphatic
derivatives of heterocyclic secondary and tertiary amines, in which the aliphatic
radical may be straight chain or branched and where one of the aliphatic substituents
contains from about 8 to about 18 carbon atoms and at least one contains an anionic
water-solubilizing group, e.g., carboxy, sulfo, sulfato, phosphato, or phosphono (see
U.S. Patent No. 3,664,961, which provides specific examples of ampholytic
surfactants from col. 6, line 60, to col. 7, line 53, incorporated here by reference).
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ammonium and phosphonium or tertiary sulfonium compounds, in which the cationic
atom may be part of a heterocyclic ring, and in which the aliphatic radical may be
straight chain or branched, and where one of the aliphatic substituents contains from
about 3 to 18 carbon atoms, and at least one aliphatic substituent contains an
anionic water-solubilizing group, e.g., carboxy, sulfo, sulfato, phosphato, or
phosphono. (see e.g., U.S. Patent No. 3,664,961, which provides various examples
of zwitterionic surfactants from col. 7, line 65, to col. 8, line 75, incorporated here by
reference). Zwitterionic surfactants can be used in various formulations of the
present technology from about 1% to about 50%, more preferably from about 1% to
about 10%, even more preferably from about 1% to about 5% by actives weight

percent of the present formulations.

Mixtures of Surfactants

[075] Mixtures of any two or more individually contemplated surfactants,
whether of the same type or different types, are envisaged.

Builders

[076] In some embodiments, the LDL detergent formulations containing
sulfo-estolide surfactants of the present technology include at least one builder.
Preferably, suitable phosphate-free builders known in the art are used. Builders
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EXAMPLE 1: COMPARISON OF SURFACE ACTIVITES

[078] The surface activities of SE were compared with other commonly used
anionic surfactants, STEOL® CS-230 (Sodium Laureth Sulfate, 2EQ), STEOL® CS-
330 (Sodium Laureth Sulfate, 3EQ), STEPANOL® WA-WXTRA (Sodium Lauryl
Sulfate), all available from Stepan Company, Northfield, IL. The surface activity was
measured using Kruss K12 tensiometer at 25°C in DI water. The results can be
found in Table 1. The critical micelle concentration (CMC) and the surface tension at
CMC are important properties for a surfactant. CMC indicates the minimum
concentration of a surfactant that forms aggregates. The surfactant with lower CMC
is more effective to emulsify or remove oil. The surface tension indicates how
efficient a surfactant can reduce the surface energy of water. Lower surface tension
is favorable for wetting and cleansing. The results showed that SE is an effective

surfactant.

Table 1



cocoam dopropyl betaine (CAPB) al so known as coco betai ne. Anphol ytic
surfactants can be used at, for exarrﬁ e, a level fromabout 1%to about
50% nor evprefoanssiyby from about 1% tc Sibout 10% even mpCe/Use@Pbossine y

bet ween about 1% to about 5% of the fornulation, by actives weight percent.
[073] Some preferredfoanrstal id,\,icz(hg;g) aanneL Yiisin a@dvcamnant s flor use in the
practice of thggpresent technol ogy egp|incliude, but are nofskiimted to

am ne oxi des, [SFERKNBORNEXTEA Ne oxi des| betai nes, am dopr opyl |bet ai nes,

sul f obet ai nes,| duggr oxysul t ai nes, ampheacet ates, anphopropi @ddtes, alkyl

am nes, organi|STEOOB-AEESLERr ijvati ves thereof, or conbi nationsg thereof,
anong others. [ Z2Witterionic Surfact ant’d [0741] Sui-table zwi tt@‘.’sl oni c

synt hetic surflECEANPS3FLPERe |in the ,practice of the presentytechnol ogy can
be broadly des eti-bed—as—derivatives—oftati phattcquatermnary anmmoni um and
phosphoni um or tertiary sulfonium conpounds, in which the cationic atom may
be part of a heterocyclic ring, and in which the aliphatic radical nay be
straight chain or branched, and where one of the aliphatic substituents

cont ai ns fromabout 3 to 18 carbon atons, and at | east one ali ﬁhatic
substi t uent EXAMRLERE: AIGERIDIANE LIRLIBr DEBEBGENTZCRYRPITIPINEOHTHECar boxy,

sul fo, sulfato, phosphato, OrPﬁEEQcSr@P?E%I-II\(é@@QQ'g" U. S. Patent No.

3,664,961 , which provides various exanples of zwitterionic surfactants

from col i ne B3 b%rEQints fant!dulPidfd 14 AGRT BRBRERFRALRSDYJAlRAr ence) .
an % ﬁé&%{ogn‘u

Zwitterié%i surfac can be’used I h vario ations of the present
t echnol oy irfchuies ab cutforited-estambde tsusas@niBle) pf die prasent teahrpiRBy WhilEY, t o

0 . :
o ot SprTHE IR RETH oA B0 G PR e DRIy, 10
of any t\@keioracitbferdi stoikvi ThaldE prontiewps dhe dessitrdf asuttalizationhietdielysisf t he
same type n e E0hg Y RE Dy i§hET oSS Rt Gy). The final product

consisted of 71.37% solids at a pH of 5.02 with a %K2S04 of 2.41. The formulations

also included sodium lauryl sulfate (STEPANOL WA-EXTRA K, available from

Stepan Company, Northfield IL), cocoamidopropyl betaine (Amphosol CA, also

available from Stepan Company) and deionized water.

[080] The feedstock used in this example had an equivalent weight of about
275.06 and was comprised of about 78% C-18:1, about 12% C-18:2, and about 9%
saturated fatty acids. The feedstock was sulfonated on a falling film reactor at a rate
of about 129.3 Ibs per hour using a molar ratio of SO; to alkene functionality of about
0.95. The SE sulfonic acid was continuously neutralized in a loop reactor with
concurrent addition of about 49.1 Ibs per hour of 45% aqueous KOH and about 37.9
Ibs per hour of water. The temperature of the reaction mixture in the loop reactor
was about 80°C. Neutralized SE solution was continuously fed from the loop reactor
to an in-line mixer, where about 2.61 lbs per hour of 50% aqueous hydrogen
peroxide was homogenized into the solution, which was about pH 5.8. This reaction
mixture was then fed to a stirred tank reactor. After collecting about 60 gallons of
reaction mixture, concurrent sultone hydrolysis and bleaching were continued at
about 80°C for about 4 additional hours. At the end of this 4 hour hydrolysis and
bleaching period about 16.5 lbs of 38% sodium bisulfite solution was added to the



[076] In sone enbodi nents, the LDL detergent formulations containing

sul fo-estolide surfactants of the pra%%ent technol ogy i nclude at |east one
bui | der. Woebwy@bl7y, suitabl e phosph&t'e-free buil ders kROWMUSRDIOEBIArt are
used. Buil dersincluded conpositions conprising a m xture of sodi um

car bonat F‘ea%ﬂﬁ/\ Hﬁxtﬁr%dtbtﬁga&detthétr@s;&m ERdeh%muaﬁ fPOR] Atut DP5YR QR vE)C

pol ynmer, suc yacryl ate organl c and/or ingrganic deter

t
bui | der saCWpthéldﬁOI@éVn Gﬁ@UttﬂJ@Z dwtieh) addive grerepdde. i H'h?h%HBrpégﬁi'nC@Q of the
present ?ranh Fé%étuéﬁ‘&)aﬁdelt%g t&ftab'aei 50 Watseébnfa;%s%t&%h?eg sphesiRiRonat es,

nitril oace salt's, cohbinations thereof, and derivatives thereof can
be ni xedanl BhpuﬁQ)mé)‘i/aﬁw\et) aclt pefrisPeaasbihad @ Kaliceler abdiperaent splidse.
Addltlon t citric
aci d andporinarbyBraE, Theietfh WeBFRlsLE BN WaRoH wAnGoRaR RIS %)  The
conposi t fauns tandmpneeebe;tﬂsﬁmoﬁam@fpejeelnthérﬂm carhoxyagstero make and use them
are illustrated by the foll ow ng exanpl es. Exanples stated in the present

or futur @&1¢nse arfeorreschreamEsent, ¢t AstiveaRMigndicaies dhe mieereniruef agt@npl es to
the neth nd %) nOc

t echnol ogﬁ%faé "pr%@glljpéod}’g%cgd [f)@rﬁﬁlﬁa e/?éz:g{ééllﬁeﬁ h{gsrﬂgﬁvtvlé’i e relgtren

Appl i cat aotiveSmaiesibl iNdhe R{ITd USEede3t 6ot ulatioadamch“\WWhNesdg d‘za__r;d W’O@ddﬁiarrpl es
1-26. E T T

act i vi 1 QOB GlE) BACBRoeCt e RO oTAer L eiey Sl iy 3Hied o€ a

surf act alftirmuldﬁBECHa(vi‘rig £otaBReighbdi 100. Qfalgramm Sialch aff éheseHOyMUISTEHE &) CS-

2o BRI, bl e N PR PO R 1

Sul f at e)

activity opesndreampbrshts siaydhedddies. K12 tensioneter at 25C in D water. The
results can be found in Table 1. The critical mcelle concentration (CMC)
and the surface tension at CMC are iTaplerz ant properties for a surfactant.

CMC i ndi C’*'i:gf t he..m ';1§'ET concentrati-onof—a—surfactant—that—forns
AR DL PN =% = = of f ot ivia PP H
aggr egat es=c e surtact ght—wth ’%"miv A drmlatl € St febdeye Fowe™ Si fy or
renove oil. facete m:ast eS AdWNe ms Added
DI Water NA 1 100.00 - 17.06 17.08
SE NA 2 68.00 0.00 0.00 0.00
Stepanol WA- | 7297969 3 30.00 20.00 66.67 66.68
Extra K
Amphosol CA | 7036625 4 30.73 5.00 16.27 16.23
Total 100.00
Formula B With SE
Component Lot # order | % Active Formula % Wt. Needed Wt.
RM Active {gms) Added
DI Water NA 1 100.00 - 9.71 9.68
SE NA 2 68.00 5.00 7.35 7.39
Stepanol WA- | 7297969 3 30.00 20.00 66.67 66.65
Extra K
Amphosol CA | 7036625 4 30.73 5.00 16.27 16.28
Total 100.00
[082] The viscosity of the present formulations was measured by as

measured at a temperature of 25°C with a Brookfield model RVT viscometer, with

spindle #3 at 20 rpm. The viscosity of the Formula A without SE was 29,440 cps and

was a clear viscous gel.

The viscosity of Formula B containing SE was 6,425 cps

and was a viscous clear liquid. Thus, addition of the SE of the present technology



efficient a surfactant can reduce the surface energy of water. Lower
surface tension is favorable for vvet'%g;g and cl eansing. The results showed
t hat SE iwoanioai8feti ve surfact ant | e 1IEXAMPLE 2: LIPGHUSBAOPNS131QUI D
DETERGENT COMPCSI TI ON OF THE PRESENT TECHNOLOGY [079] Table 2 presents
l'ight dupy v‘de@”&? d. Jbl@%?é/as@%Qﬁ@@&bo&?[éﬂhé%mﬁﬂétmﬂ %Il&vﬂn?@ peeRUsly

0

sul f onat est e surfactant resent techno whil e Fornul a
A does nubusabie ﬂ@ f@{nﬁrﬁﬁithS‘rIth@dJSégllecﬁsl Qj@mﬁéf"&é@hhﬁﬁl%aﬂ‘ﬂ'd&eiﬁﬁ d from 100%
Oeic acid feed stock. The SE product was the result of neu%ral i.zation,
hydr ol ysi@83] and bigcability qf jae ﬁ@fﬁw’aﬁwwl’v@%ﬁ@ tQ foapinaestedeySRE Ad 11 ow) .

The fina d 7 7 LibiESsidrtenirit M wohhaa 2SS4
of 2.41 'foaﬁ] ?bcdltg g;%lb(éjﬁr:]rg UQE% ?r#ccgud‘/éé%&so |?Jm ahﬁrgév )srul frg)"%?aer STEPANOL
q

WA- EXTRAcEMmeveiallyadtaliabledighbdutydinuchagiaraent Rdianraleotive)vyas Eéeé%ﬂ?%lopr opyl
bet ai ”e[ Agm}arg&h? o i ilﬁbl?)é%je??yle@ ih 500 égﬁeatatacggnanmbpameﬁ@h&y zed

wat er use his exanpl e had an equival ent wei ght of
about 27fﬂw@/a(emdmm1§y @b rigdr ds@@e@fcmamdem%ﬁ@ wash bathp@gitatedowith @ 2 and

about 9% gﬁéﬂﬁa Ergxefraatttay outG }g@d%ﬁ]@b oS | §I Sl @@c@@h@ﬁeﬁ\né al i ing

filmrea rate o our using a nolar ratio of
SB to alvkatr&se‘rma:as thea$ollt|p| tioif padEdiure). nsaﬁtrawumtslﬁw@wasbrspbttlamatjawat@

about 4005 SRS b B8 y AE F ki " ARTRY VAT ROBREEH, ®R 0 o

wat er . Tlhsarh evpstualucsliapéed. hEhe emounbor (Dmsdmtokeratad tphier toofopnr ecllep®g isnas

about 8QDC. Neutralize ol ution, was. c sl oop
reactor % AN ﬁmf%ela fg{j%er?or iﬁ' q-gbsoﬁl{nugan[ r%%ﬁtsb ﬂ)%gr rﬁ%&%o&‘%&/t 6 aqUeoUs
hydr ogen \Aia%hméldi@lmaﬁlafé@nﬁﬂﬁmeégdesmm mbey platest ¢ould beiashedasfoabtet pH
5.8. This reaction_m xture

col | ect i ﬁ%arﬁb%gﬁn%ahSé??%tﬁé’%e %@%@ll%eﬂgehgﬁﬁﬂgté B{Gfgﬂltr?gl r %%fé[?wpep\f ver

hydr ol ysiazgd@Be obtrRasihintgsases eheak mikesheadf thd arinuB@oR for about 4
additional hours. At the end of this 4 hour hydrolysis and

Table 3
Product % Rep Run # Wt (start) Wt (end) Soil wt | Average
Solution

1 3 12.23 9.81 2.42

Formula A 0.1000 5 2 17 80 1553 557 2.35
1 1 17.81 14.98 2.83

Formula B 0.1000 5 5 1498 1253 575 279
Ultra 1 5 15.53 12.32 3.21

paimotive | 21000 6 12.32 9.4 308 | °1°

EXAMPLE 3: EXEMPLARY FORMULATIONS OF LIGHT DUTY LIQUID
DETERGENTS THAT CONTAIN SULFO-ESTLIDE SURFACTANTS
[084] Table 4, 5 and 6 provide exemplary formulations of liquid light duty

detergents. These formulations provide pourable liquid formulations of light duty

detergents.

Table 4
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[083] The ability of the formulations (A and
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This composition contains about double the level of surfactant actives, yet is a flowable viscous liguid

[086] In Formulation 2, Stepanol WA-Extra or other olefin sulfonate may be
used as the primary surfactant. Further, Ammonyx LMDO, betaine or sulfobetaine or
other amine oxide or amidopropyl amine oxide, or alkanolamide may be used as a
secondary surfactant. Also, any other Glucopon may be substituted for the

Glucopon 600 secondary surfactant.

Table 6

Formulation 3 High Active LDL Concentrate - "Ultra Ultra" Antimicrobial

Ingredient Function Wtas is Raw Actives % Formula Active %




of no nore than 0.5 granms per mnute with a syringe. As the soil is

I ntroduced, the foam eventually coll es. The anmount of Crisco tolerated
prior to woamouski7apse is the foam niTeage for the for meCa/USTBSSIMUI at es
soi|l being introduced formthe washing of dirty plates, and nmeasures how
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i ncreaseps tAmendngam mi | eage of the formul ation. Table 3 EXAMPLE 3 :
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SULFO- ES 'P@EOI&BI‘—?MCTAIQ‘F‘S“FIDBM Tab‘loe 4, 5 atd 6 provide e \grrpl ary
f or mul at jon&icesan i qui drtipigiepialgyt y 8t er gent s 1% hese—form or-ovi|de
pour abl el I'i quid forrrul at T8#s of i gPft duty detergents TabI e 4Forrm| atfi on
Hi gh Actjve LDL Concentrate - "UItraI UItr ﬁed ent unctlon S
Raw Acti | ;.L_ as _5-“:. ay ta abqui.trig 0 ‘.“ o owable i 0

SOSPrT Ih mafos74 1. 18 ﬁa‘bl@% Odékﬁﬂmwed-l\ég@wﬁﬂnommubﬁs 6¢f 3 Eansmmolaal 100 6

i s _conposition contai t double the "typical" level of
sur f act afRmmaat Wgthe;/%rtes?rgt 5?*10 ble viscous liquid [085] In Fornul ation

1, Stepanol_ WA- Ext th ' | f t b
Sir Fact alle8lFur t nep PR .03 Ssoad Y SbnRibordatictd o Stk ne
oxi de or iy KBt fr BloSofteC-690 mltﬂ@pmham/monaarytwrfastadt sysstem.

secondaryé surfactant. Table 5
urther, Ammonyx LO, betalne or sulfobetaine or other amine oxide or amidopropy!

amine oxide, or alkanolamide may be used as a secondary surfactant. Also, any
other Glucopon may be substituted for the Glucopon 425N secondary surfactant.

EXAMPLE 4: EXEMPLAR FORMULATIONS

[089] The following prophetic formulas, in Table 7, are intended to cover light
duty liquid detergents. These formulations are not intended to be limiting in any way -
optional ingredients described herein regarding the present technology can be added
in the proportions described. In each case, these are intended to be liquid detergent
formulas and, after the addition of optional ingredients, water or another suitable
carrier/vehicle/diluent will be used to bring the total weight up to 100%. All
components in the following examples are Active% of the total composition:

Table 7

Ingredient Ex. A Ex. B Ex.C Ex.D |Ex.E |Ex.F
SE 3 10 15 5 10 2
Primary surfactant 10 30 - 12 15 10
co-primary surfactant 5 - - 3 5 -
secondary surfactant 4 8 15 5 5 5
Nonionic surfactant - - 30 5 5 5
Solubilizing Solvent - 1 - - 5 2




Formul ati on 2 H gh Active LDL Concentrate - "Utra Utra" W as Ingredient
Function is Raw Actives % Formula Active % Steol CS-270 Primary 4 1.1 8 68
28. 0 SE Gy¥oRoiomss3794 1.18 68 28. 0 Ambnyx LO Secondary ®CEASI@IBSB1GE ucopon
600 Secondary 7.8 55 4.3 Total 100 63.2 This conposition contains about
doubl e the I[@¥@hicr&idiagdt Tactant actiives, |wet is |a flowabl e viscous |iquid
[086] In Formsaldo 2 , Stepaml Wobxtria.@r otjess olbabi n & f gnate may be
used as the iRl Y Surfactapger Furiihes, |Avyonyx ddvDOo.obet gd.oig or
sul f obet ai ne Iy BENET am ne pxide onr oani dogy opyl| cen ne.coxi de§ or
al kanol am de ey be used as a, seco r urfactant. Al so, any other

G ucopon!G8Y be SMW{%'PE}‘@& SR&f '% %@3&%%&“@%@08%&%913%{@?"%%@ %t .
Tabl e 6 kPRl QRcasitid oAt tabyet RDbepgCan casiut a8a0cp,” Mithr theUdrmaltator
Antim crobial |ngredient Function W as i i% Raw Act.ives % Formul a Active
oBi 0- Sof Hegitingd@sed PhoY the PoRsiushisdo 8¢ Pé&-%@%drﬁ%'%r@édia 6 Ammonyx LMDO
Secondary 9.7 30 2.9 d ucgpon 425 N Seﬁonéléaﬁr%, 18 55 5.5 Tri gl osaH

Antini cr P87 0. 3 Theoembedimgpls andopramples ibgd hErs e IS taBR &9 <%bout

triple thgt ligiehe ?Fes'éHﬂi ae&a%daééﬁmy Mednyl wa@ frhewabpe of itteipaésEMB87]
Tabl e 6 denonstrates exenplar fornulations of an antim crobi |?e:g %o nmul at i on
r ¥n{;\}ey

of the pieskeniogy seseBiesyy. thiscwspifiparionds i &4t ¥prs, dedingf oh den
noni oni ¢ oK 2ol RARNAy, Ghy GeRAhces noted in the detailed description section of the
instant application are hereby incorporated by reference in their entireties, unless

otherwise noted.



may be substituted for Bio-Soft EC-690 in the primary/secondary surfactant
system Further, Amonyx LO, betaine_ ¢ sul fobetaine or other am ne oxide
or am dopwopylo/ssi7ne oxi de, or al kanol am de may be usedPa3/iS26080813dar y
surfactant. Also, any other d ucopon may be substituted for the G ucopon
425N secondary surfactant. EXAVPLE 4: EXEMPLAR FORMULATI ONS [ 089] The

fol | owi ngLAIMBhetic fornmulas, in Table 7 , are intended to cover light duty
liquid d%er?qeat.s These formul ations are not intended to be limting in
any way VVRAS GAEIeY Bigr edi ent's described herein regarding the present
technol ogy can be added in the proportions described. In each case, these
are intended 10 beA ligqujdddtedgird cgmpbsifiom, molrgsisiagd, after the addition of

optional ingredients o] ther it rriger/ LGl i Luent
w1 be used to brityt P toAbeisi Shacty® bRBat e siBbaLs 8 ot Tl
f ol | owi ngeaexan@bEf-estelidécdurfaetdanohatihg tHedbdwing wpoariat Formuldabl e 7[ 090]
Formul ation | evel s specified ca e understood to vary across a range to
produce viscosities fromabout 200cp to about 6000cp, with the formulator
deci di ng based on how the produc? is to be packaged and di spensed. [091]
The enbodi nents and exanpl es deskribed here areqillustrative, and do not
limt the presently descri bed¥ Tetthnol ogy in any way. The scope of the
present technol ogy describgd|ingdy s specificayijon is the full scope
defined or inplied by the {l ainsl Additignal]y|| lany references noted in the
detail ed description seBi6m@f-§helCHagT ntAappi®a?y on are hereby
i ncorporated by reference in|their entire¢ties, unless otherw se
not ed. CLAI M5 What is clainmedb s: 1. A liquid det@& gent conposition,
conprising: about 0.1%to about 99, 9% active wei ght of the total
composition of at WeRisH biseansiniegst BMol-PRe surfactant having the fol | owi ng
general Formula 1:,yhef Ridhdnyiis ST 7 theerfdfnahd 30is ANEeOfa AydRegeNY i s

[

S@B-7Z, the other of X and Y is H g .e., a hydrogen .
atom), and X and Y are independently assigned in"each Tepeating unit;

A" and A® are linear or branched, saturated or unsaturated, substituted
or un-substituted, alkyl diradicals wherein the total number of carbons for each
repeating unit is independent and in the range of Cg to Caz;

ais 0, 1, or 2, and is independently assigned in each repeating unit;

R is linear or branched, saturated or unsaturated, substituted or un-
substituted hydrocarbon wherein the total number of carbon atoms is from 1 to 24;

W is H or a monovalent or divalent metal cation, ammonium cation,
substituted ammonium cation, or an alkyl or substituted alkyl group; and

Z is H or a monovalent or divalent metal cation, ammonium or

substituted ammonium cation; and

about 0.1% to about 99.9% of at least one additional surfactant.

2. The liquid detergent composition of claim 1, wherein the composition
further comprises 0% to about 40% active weight of the total composition of at

least one foam stabilizing surfactant.



atonm), and X and Y are independently assigned in each repeating unit; Al
and A2 are |inear or branched, saturajgd or unsaturated, substituted or
un- subst iwonrew,/08si7Ryl diradi cal s wherel n the total nunbecTafS2e@anbons for
each repeating unit is independent and in the range of Cto C2 ; ais 0,
1, or 2, argl is irdepagdentétergensi @ngmbsitioneak ainy epfedtia mpgecedirty cRims, | i near
or branched, saturated or unsaturated, substjtut or, u t

hydr ocar bon V\WE‘?@W{*‘FW@W%’F&Wr%’#i’)eérmmp”é‘a? Sbﬂ&af%ﬁ%apg&fmoigﬁ%g%m Wis

H or a nonovapgntarger.di val ent netal cation, anmonium cation, substituted
ammoni um cation, or an al kyl or substituted al kyl group; and Zis Hor a
nonoval ent or divalent nmetal cation, amoni um or substituted amopni um

cation; and about thelytia adRrgen?oipmitiont of @agt obMite gredddiranalaims,
surfactant. 2 . The liquid detergent conposition of claiml vl\perel n the
conposi tion fWPeIglt ”@o%‘d?@%@é‘e(ﬁ}%?ff)@sg’ﬂigﬁtsuﬁéﬁfi?ﬁtc??"\'/’é@ thei e ImElE ot al

conposi ti on of i@4,dRBSty, WEbdRBISEAREMINGT B thas bampedtion. The 11 qui d
det ergent conposition of any of the preceding clains, wherein the

conposition further conprises about 1% to about 99% of at |east one

carrier. 4.5 The |i-gid dofat BLGRNNt CRMRRItohOBr QhyaBy 1 prbedpice CRiingg
cl ai ns, V\/ne5r'ei n thﬂ%aﬁqﬁgagt gﬁn sul f'o-estol i dgysunf actpgnt hagsi ng the
general For muwhergin theatdeast@neosuife-estalide ssdastant hamngieggrnesl kay@utaot al
conposition. 5., _Theldogul t-26 %g@ﬂ I ki ¥si@bn.t he precedi ng
cl ai s, wher e?rllS ?%Jéﬁgtf)ﬁgéag?ﬂggg/gﬁﬁpg_ es oﬁfwgoﬂghér? 3@ a?\'t rFlavi ng the
general Fornmula 1 is about 0.1%to about 30% active wei ght of the total

conpositio 6 . The l.iqgui g ' osi tj.on pf : cedi ng
cl ai s, whg‘?'ei n ththeat“qﬁ'leéag?ggéwegﬁs%%o-%grsgtﬁo?f en?safr)ft %%[%%‘foé%i@f\c}lﬁﬁ]tg he
gener al For nulvaerkin theadtdabst@ne%suifo-sshaide suéfectaot havingwhiegdrenendl Fdieuteot al

g?g}jﬁzl tion. z'is ;\rl:r)]c?utlol. ’W&“tga gutteﬂbg/c?gétiv%%vneq 'otf'tl%nto?gl cg%o&tioﬁ.he precedi ng
7. The liquid detergent composition of any of the preceding claims,
wherein the at least one sulfo-estolide surfactant having the general Formula

1 is about 1% to about 10% active weight of the total composition.

8. The liquid detergent composition of any of the preceding claims,
wherein the composition is non-toxic, biodegradable, and substantially free of

phosphates.

9. The liquid detergent composition of any of the preceding claims,
wherein the at least one additional surfactant is about 2% to about 70% active

weight of the total composition.

10. The liquid detergent composition of any of the preceding claims,
wherein the at least one additional surfactant is about 5% to about 45% active
weight of the total composition.

1. The liquid detergent composition of any of the preceding claims,
wherein the at least one additional surfactant is about 10% to about 30%

active weight of the total composition.



wherein the at | east one sul fo-estolide surfactant having the general
Formula 1 is about 1% to about 10% actij.ve wei ght of the total conposition.
8 . The IwqQuot/$sr7er gent conposition of any of the precedrag2aastssg
wherein the conposition is non-toxic, biodegradable, and substantially free
of phosphates. 9. The liquid detergent conposition of any of the preceding

clainms, whereint at. | ea it I rfa i t o about
70% acti ve Wel ght 5'H'é'%t §%tgf&§5an%g@éotsﬁ@ﬁ oﬁ%\_n Tﬁﬁe%ﬁl qdﬂlé?f%ﬁﬁjtd%ﬁ%t
conposi tion oivhamin thie atheagrcereeaﬂditg:nal amrfaz:ianmsaraehambbesedeabéémm thee

addi tional surfactant to about 45% acti Vv g t ot al
conposi tion. qfupﬁpé\s,stlag“cg el(eg§ gt %%%ssfjfr%%%n{ofaq Wgét ?'I’? p?:ﬁgccedl ng
cl ai ms, wher egufddieht aderivatds thereof drdtcontinations fraceefnt i s about 10%t o
about 30% active wei ght of the total conposition.12. The |liquid detergent

conposition of any of the preceding clains, wherein the at | east one

addi tional gurfactsi liqud aet@gmrcombgqb@@f tremichehgrami theaniebsttoneg of at
| east one anioni c surfact ant, at | east one Bonl oni.c surfact ant , del’gt vatives

thereof, and BRABEna¥TRFRN Kededemiel seiggted; faMy tRt UPHRNtOSHNPEsPt i on of

clai m 12, wheg@idactBfesat biefist aiRnalisoni Akgur bagienat isslfehargdTberlkgel ect ed
fromthe group consisting of sulfoacetates, olefin sulfonates,  alky|

benzene sul f opidfosyccinatrs  alkyls o%ﬁ@me”wé%%'”aﬁskyIde§¥ﬁ’tf"§ﬁettﬁ9re§fjcc? tes,

derivatives t?&ﬁ?ﬂémor@‘){qel{‘e@ﬂbl nations thereof. 14. The liquid detergent
conposition o alm 12, wherein the at | east one nonionic surfactant is a

menber sel ected fromthe group consisting of alcohol ethoxylates, alkyl

pol ygl ucosi fes, Wé n@@@%@rﬁelég"cﬁt%%ﬁw %‘t@('of%ﬁﬁrﬁr@ wheFdily #d y@@agtweeof and

conbi nati ons 't her qU| et er?ent conposition of any of the
precedi ng cl anemipnic surfactant is a member selected from the group consisting of alcohol

ethoxylates, alkyl polyglucosides, alkyl ethanolamides, alkyl esters,
derivatives thereof, and combinations thereof.

15. The liquid detergent composition of any of the preceding claims,
wherein the at least one additional surfactant is a member selected from the
group consisting of lauryl 2-mole average ether sulfonate, lauryl 1-mole
average ether sulfonate, lauryl 3-mole average ether sulfonate, alcohol
ethoxylate, sodium alkylbenzenesulfonate, alkylbenzene sulfonic acid
neutralized with sodium, potassium, ammonium and/or magnesium, sodium
olefin sulfonate, and/or sodium laury! sulfate.

16. The liquid detergent composition of any of the preceding claims,
wherein the at least one foam stabilizing surfactant is about 0.5% to about
15% by active weight of the composition.

17. The liquid detergent composition of any of the preceding claims,
wherein the at least one foam stabilizing surfactant is about 3% to about 10%

by active weight of the composition.



wherein the at | east one additional surfactant is a nmenber selected from
the group consisting of lauryl 2-nol efgverage et her sul fonate, |auryl

1- nol e aweoagw/8s11eér sul fonate, |auryl 3-npl e average ePREUSSWO06IIAL €,

al cohol et hoxyl ate, sodi um al kyl benzenesul fonate, al kyl benzene sul fonic

af:i g_ neutlr]egalsi_zed WTHeg /nqmdi déltlergwlt mﬁrllmtioannblawnmfalﬂw @receigreslaims, sodi um
olefin sulfonate,  a or . sodi um | aur sul f at 16, . The |ddter ent
conposi tion owh%rﬁﬂf‘ ihe ?{@%EQE%JP?{B %F‘%ffﬂﬂg Sﬁﬁ@?t@r‘tn'st ﬂ%o%{t&re%ys? B'r?egf oam
stabi | i zi ng syeigacsané compasigsn. 0. 5% to about 15% by active wei ght of the

conposi tion. 17. The |IC]UI d detergent conposition of any of the preceding
clains, wherein the at |east one foam stabilizing surfactant is about 3%to

about 10% by act i vehaahGlt deerdene copipRRtiohi 8N.ah§. of TR Iprégddthglelamhgent
conposi tion of any of the gr eceding clains, wherein the at Ieas%grone f oam

st abi | i zi ng sWF‘?@!ﬁ@ﬁtﬁt jags B%foaﬂf"ﬁ‘l@9”'éﬂ89 sydagiangh @ BeEmpesel Pfi on. 19.
The 1iquid deﬁ%rg}gnﬁ c%ﬁggfgifq bi anicakt &Waﬂfphb%cﬁfr%@&id@u&&%dﬁ%nt“@lere' n

the at | east one foam sta izing surfactant is a sel ected fromthe
group consi st leagt ate ranionigisyrfastantdgsivalivasi theigef, ﬁﬁﬂ@ﬁ&'”%‘oﬁﬁm%%?fant at

| east one nonionic surfactant, derivatives thereof, and conbi nations
thereof. 20. The |iquid det ergent conposi tion of cI aim 19, wherein the at

| east one &®phol ytThe lisuiddplecgant icompasitier vhAkIM 4 9awherdie thesal lgasteanss r om t he

i dopr opyl - bEENGUS SL A RS RRGRRE S Hertr ICHRE Fom B SLES
anphopr opi onat@sjstia lof lamame nedes, mdnpropxdlmna@xldeaelbetalaes va;'sldph@tpebf and
wherein the atOREES: one SHIMESHNE i f bR REE S e, Sebafudel) o ¢ he
group consi st amghofropionates] akyhamireat esganid dighines, dgrivatoes dbsreod | dand

et hanol am desborr%ihgtlion%stkgrre%f.

21, The liquid detergent composition of claim 19, wherein the at least one
nonionic surfactant is a member selected from the group consisting of alcohol
ethoxylates, alkyl polyglucosides, alkyl ethanolamides, alkyl esters,

derivatives thereof, and combinations thereof.

22. The liquid detergent composition of any of the preceding claims,
wherein the at least one foam stabilizing surfactant is a member selected from
the group consisting of cocoamidopropyl betaine, lauryl myristal amidopropy!
dimethyl amine oxide, lauryl dimethyl amine oxide, alkyl polyglucoside, and
alkyl polyglucoside, derivatives thereof, and combinations thereof.

23. The liquid detergent composition of any of the preceding claims,
wherein the viscosity of the composition is from about 1 00 cps to about
10,000 cps.

24. The liquid detergent composition of any of the preceding claims,
wherein the viscosity of the composition is from about 1000 cps to about
6,000 cps.



derivatives thereof, and conbinations thereof. 22. The |iquid detergent
conposi tion of any of the preceding cigims, wherein the at |east one foam
stabiliziwg20uwdsxpant is a menber selected fromthe gr@ap/uSeNiost3itng of
cocoam dopropyl betaine, lauryl nyristal am dopropyl dinmethyl am ne oxide,
| auryl di nethyl am ne oxi de, alkyl polyglucoside, and alkyl polyglucoside,

derivative there C |na i ons t ereo he || u1d gent
conmposi tio Sof any 8 g?n;g ”bqoél {Nﬁg}'e?f l?ené)r?ﬁ %Fv%%f t he
conposi tion I@hér@mrprabmwe cbnﬂfbsmpa |§womtumm 1@ 8Pdutdps. 24. The liquid

detergent conposition of any of the preceding claims, wherein the viscosity
of the conposition is fromabout 1000 cps to about 6,000 cps.25. The liquid

det ergent c@MPOSI tTHaN |igfiid 28¢teRfent %nﬂfo@m@dlagaﬁyawme Whederling RHiag, t he
conposition is fromabout 3 to about 10. 26, The |iquid detergent

conposi tion o¥NeE{ B of e GIMRABHICAES fromiabout diRRkeY pH of the conposition
is fromabout 4 to about 9. 27. The liquid detergent conposition of any of
t he preceding cl ainms, wherein pH of the conposition is from about 6 to

about 8 . &. The TheqUiJ@!ddé@féFQj?@htC%féﬁPﬁB@ﬂtP%r@”MfOfaH% Preqaing, CEIBS ng
claims, wher &R iy J%W@Sdo%w%ﬁ@w.é f6in éb%ﬁpews@o@ts | east one

antim CI’ObI al 1 ngredient |1 qui d detergent conposition of claim 28,
wherein the at |east one antimicrobial ingredient is a menber selected from

t he group sisti h dﬁ{gﬂg

chori de, ncﬂﬁnkyl dﬂ%e?hw %WP m‘rﬂsﬁpr‘ﬁhcﬁ%r%gew H%SI K # I rnemhMFn
anmoni um choererelrmﬂjecybmaowmmyfurfammﬂnunﬁsehoat dleas'fdlctm@t ﬁntlmlcﬁéb'ﬁ'yl
anmoni um chori sFed et:menol i cs, iodophors, pine oil, methyl salicylate,

nor phol i ne, ver, ‘copper, brom ne, quaternary ammni um conpounds,
derivatives ther eof , and conbi nati ons

29. The liquid detergent composition of claim 28, wherein the at least one
antimicrobial ingredient is a member selected from the group consisting of
triclosan, n-alkyl dimethyl benzyl ammonium choride, n-alkyl dimethyl benzyl
ammonium choride, dialkyl dimethyl ammonium choride, didecyl dimethyl
ammonium choride, dioctyl dimethyl ammonium choride, phenolics,
iodophors, pine oil, methyl salicylate, morpholine, silver, copper, bromine,
quaternary ammonium compounds, derivatives thereof, and combinations

thereof.

30. The liquid detergent composition of any of the preceding claims,
wherein the composition further comprises from 0% to about 20% by weight of

at least one additive.

31. The liquid detergent composition of claim 30, wherein the at least one
additive is a member selected from the group consisting of solubilizing agents,
fragrances, dyes, enzymes, preservatives, polymers, thickeners, builders,

magnesium sulfate, derivatives thereof, and combinations thereof.



thereof. 30. The liquid detergent conposition of any of the preceding
clains, wherein the conposition furthgr conprises from0%to about 20% by
wei ght ofwet20lossi79one additive. 3 1. The |iquid deter g@at/useemosiste on of
claim 30, wherein the at |east one additive is a nmenber selected fromthe
group considt i ng dfheslajuithdéterdend camposiion bf dginadd ewherdjyrethe anzyness a
preservatives | yners, thickeners i i | at
derivatives trﬁxg&%g?yselgﬁ@déﬂ i lﬁ%tgfoo sg#ﬁk’ggé?ﬁfgag%% %mﬁ#ggﬁﬁe[%grea’ent
conposi ti on ofierbladives Bireofiredetomiimetionntygreofi s a menber selected fromthe
group consi sting of proteases, anylases, |ipases, derivatives thereof, and
conbi nations thereof. 33. The liquid detergent conposition of claim3 1,
g/her e: n ltheaﬁplr eseLw liqemzasteaghm@‘lompogeﬁmft eidinf Bonwhéneirgrh;eumesmgaﬁimi ng of
enzyl al cohol, enoxy-2- et hangl, net .parahen, pr par aben
Met hyl chl or oi §& rﬁlﬁa&)sr g‘ﬁ'@ﬁ@g e ﬁ'&ﬂ 9royp ﬁg%&gtmgn‘%ﬁ’&r‘zﬁ atcohol, BheRoxy2-
2-nethyl - 4-1i S@maha,zoméﬂwg@- Pafabeh, 2plRBYRi Sdrhbéraz Méthyldhlofisathiagblihane) i di nyl
urea, 1, 3-Dinethylol-5,5-dinet hyi hydant oj n, deéi vatiyv t hereof , and
conbi nat i ons MgHivligathiazglinofge a'f"’&ﬂ%’&"'d%qté'ﬁé%'ﬁ‘f ‘88ﬁipo1s§' ?’P%SQJE'E‘E@H\' h3 1,
wherein the pghyMphidhsoldinyEires, ei-prh&fyibloBLdiMetgiydantemnsdsivatgesof
ani oni ¢ pol yners, hydroxyeéthylcellul oses, zwitterionic polymers, gelatins,

xant han guns, thesgafs2ecsnanbinaiionsdogreet hyl ene gl ycol s, derivatives thereof,
and conbi nations thereof. 35. The |iquid detergent conposition of claim 34,
wherein the anionic polyner is a nmenber selected fromthe group consisting
of acryl at é¥. der iTha iqud delesgans compasitien abrlaim Bdnwheredr herfpolyrer i¥ife | qui d
detergent co o] fiany. t di ; i ELiEl Mool
conposition PE)% btglrr ggfr%&e?jseg&gt : gag[rg‘giﬁelcgﬁsz'%@. n??gmA c'o os){hl??r(s)’n whi ch
can reduce t hbydroxystisyilceliutobes, |ivgtieribniet polyeets, gelatins, xanthan gums,
polysaccharides, polyethylene glycols, derivatives thereof, and combinations

thereof.

35. The liquid detergent composition of claim 34, wherein the anionic
polymer is a member selected from the group consisting of acrylates,

derivatives thereof, and combinations thereof.

36. The liquid detergent composition of any of the preceding claims, wherein

the composition further comprises at least one enzyme.

37. A composition which can reduce the viscosity of a liquid detergent,
wherein the composition comprises:
about 0.1% to about 70% by weight of at least one phase stability compound

having the general Formula 1:



wherein the conposition conprises: about 0.1%to about 70% by wei ght of at
| east one phase stability conpound haggng the general Fornula 1:wherein the
vi scosi t ywof2otossi7oqui d detergent is reduced to 100 cpsPCoO/USO@O/061339

T
A2

Y—CH
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L in

wherein the viscosity of the liquid detergent is reduced to 100 cps to 6000
cps.



