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SURFACTANTS FOR CLEANING PRODUCTS

CROSS-REFERENCE TO RELATED APPLICATION

[60G1] This application claims priority to U.S. Provisional Application No.
6219512842 filed December 20, 2019, the disclosure of which is herein

incorporated by reference in its entirety.

FIELD

{0002} The present disclosure pertains to surfactants for use in cleaning
products including cleaning products used to clean and conditioning fabrics, hard
surfaces, and plastic surfaces. Such surfactants may include siloxane derivatives

of aming acids wherein the siloxansa derivatives have surface-active properties.

BACKGROUND

[6003] Surfactants (molecules with surface-active properties) are widely used

in commercial applications in formulations ranging from detergents to hair care
products to cosmatics. Compounds with surface-active properties are usad as
soaps, detergents, lubricants, welting agents, foaming agents, and spreading
agents, among cthers. In parsonal care cleansing products {e.g., shampouos, body
washes, facial cleansers, liquid hand soaps, elc.) the surfactant is often the most
important component because it provides many of the cleansing atltributes of the
cCOmposition.

[6004] Surfaciants may be uncharged, zwitterionic, cationic, or anionic.
Although in principle any surfactant class (2.¢., cationic, anionic, nonionic,
amphoteric) is suitable in cleansing or cleaning applications, in practice many
personal care cleansers and household cleaning products are formulated with a
combination of two or more surfactants from two or more surfactant classes.
[8005] Often, surfactants are amphiphilic molecules with a relatively water-
inscluble hydrophobic “tail” group and a relatively water-soluble hydrophilic *head”
group. These compounds may adsorb at an interface, such as an interface
batween two liquids, a liquid and a gas, or a liquid and a solid. In systems

comprising relatively polar and relatively non-polar components the hydrophobic
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tall preferentially interacts with the relatively non-polar componeni(s) while the
hydrophilic head preferentially interacts with the relatively polar component(s). in
the case of an interface batween water and ¢il, the hydrophilic head group
preferentially exiends into the water, while the hydrophobic tail preferentially
extends into the oil. When added o a water-gas only interface, the hydrophilic
head group preferentially exiends into the water, while the hydrophobic tail
preferentially exiends into the air. The presence of the surfactant disrupts at least
some of the intermolecular interaction between the water molecules, replacing at
least soms of the interactions between water molecules with generally weaker
interactions between at least some of the water molecuies and the surfactant.
This results in lowered surface tension and can also serve {o stabilize the
interface.

6006} At sufficiently high concentrations, surfactants may form aggregates
which serve to limit the exposure of the hydrophobic tail to the polar sobvent. One
such aggregate is a micelle. In a typical micelle the molecules are arranged in a
sphere with the hydrophobic tails of the surfactant{s) preferentially iocated inside
the sphera and the hydrophilic heads of the surfactant(s) preferentially located on
the outside of the micelle where the heads preferentially interact with the more
polar solvent. The effect that a given compound has on surface tension and the
concentration at which it forms micelles may serve as defining characteristics for a

surfactant.

SUMMARY
[6007] The present disclosure provides compositions for cleaning and or
degreasing hard and plastic surfaces such as floors, walls, ceilings, roofs, counter
tops, furniture, plates, cups, glasses, cutlery, eating utensils, machinery, part of
machines, and devices used in the preparation and/or the packing of food; fabric
care formulations, including laundry detergents, spot removers, wash
pretreatments, fabric softeners, fabric dyes, and bleaching agents; and
compositions used to clean upholstery and carpets. Some inventive compositions
may be in the form of detergents, emulsifiers, dispersants, foaming agents and
combinations thereof. The inventive products may be formulated o include one or

more surfactants, from one or more surfactant classes.

B
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[aoogl The present disclosure provides siloxane derivatives of amino acids
that have surface-active properties. The amino acids may be naturally occurring
or synthetic amino acids, or thay may be obtained via ring-opening reactions of
molacuies such as lactams, for instance caprolactam. The amino acids may be
functionalized with different types of siloxane groups o form compounds with
surface-active properties. Characteristically, these compounds may have low
critical micelle concentrations (CMC) and/or the ability to reduce the surface
tension of a liquid.

{6009} The present disclosure provides compounds of Formula |, below:

(HiC1sS0.5 OSE(CH3
(H3C)aSI0” V”\v’

Formuia |

wherein R! and R? may be the same or different, and comprise at least one group
selected from the group consisting of C1-Cs alkyl, optionally the C1-Cs alky! may
include one or more of oxygen, nitrogen, or sulfur atoms or groups that include at
ieast one of these atoms, and the alkyl chain may be optionally substituted with
one or more substituents selected from the group consisting of hydroxyl, amino,
amido, sulfonyl, sulfonate, carbonyl, carboxyl, and carboxylate; nis an integer
from 1 to 12; the terminal nitrogen is optionally further substituted with R?, wherein
R3 is selected from the group consisting of hydrogen, oxygen, hydroxyl, and C1-Ce
alkyl, and an oplional counterion may be associated with the compound and, if
present, the counterion may be selecied from the group consisting of chioride,
bromide, and iodide; and ong or more soaps, which themselves may be
characterized as surfactants, scaps may also include fatty acids, salls, some
soaps may comprise both watar soluble and fat-soluble moieties.

{0010] Further compounds provided by the present disclosure are compounds
of Formuia &

H
(HEC)S0.g o)
(H3C)3Si0” \f\/

Formuia |
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wherein R' and R? may be the same or different, and comprise at least one group
selacted from the group consisting of C+-Cs alkyl, optionally the C+-Cs alkyl may
include one or more of oxygen, nitrogen, or sulfur atoms or groups that include at
least one of these atoms, and the alkyl chain may be optionally substituted with
one or mare substituents selacted from the group consisting of hydroxyl, aming,
amido, sulfonyl, sulfonate, carbonyl, carboxyl, and carboxylate; m is an integer
from 1 to 8; the terminal nitrogen is optionally further substituted with R®, wherein
RS is selected from the group consisting of hydrogen, oxygen, and C1-Cs alkyl
wherein the alkyl chain is optionally substituted with one or more substituents
selected from the group consisting of carboxyl, carboxylate, and sulfonate; and an
optional counterion may be associated with the compound and, if present, the
counterion may be selacted from the group consisting of chioride, bromide, and
indide; and at least one builder, buiiders may include molecules that facilitale the
efficacy of the cleaning action in agueous environments, some useful builder
include, but are not limited to, certain polymers, phosphates and aluminosciliales,
calcium citrates, alkaline metal salis, sodium salls, some grades of Zeolite,

o011} Additional compounds provided by the present disclosure are

compounds of Formula &

H{CH
(HACHSIO. G 9 1 N
(HaC)aSIO" ™ " N~
P2
Formuia |

wherein R' and R? may be the same or different, and comprise at least one group
selectad from the group consisting of C1-Cs alkyl, optionally the C+-Cs alkyl may
include one or more of oxygen, nitrogen, or sulfur atoms or groups that include at
least one of these atoms, and the alky! chain may be optionally substituted with
oneg or more substituenis selected from the group consisting of hydroxyl, amino,
amido, sulfonyl sulfonate, carbonyl, carboxyl, and carboxylate; pis 5, the
terminal nitrogen is optionally further substituted with R® wherein R® is selected
from the group consisting of hydrogen, oxygen, and C+-Ca alkyl, whersin the alkyl
chain is optionally substituted with one or mors substituents selected from the

group consisting of carboxyl, carboxylate, and sulfonate; and an optional
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counterion may be associated with the compound and, if present, the counterion
may be selected from the group consisting of chioride, bromide, and indide;
bleaches such as peroxy based beaches including, but not limited to inorganic
persalls, organic peroxyacids, metal borates, percarbonates, perphosphates,
parsilicates, and persulfates.

{0012} The present disciosure provides compounds of Formula |, below:

050§ OSi(CHa),
(HSQ’}0§|Q/ ‘\/'/\\/

Formuia |

wherein R' and R? may be the same or different, and comprise at least one group
selected from the group consisting of C+-Cs alkyl, optionally the C+-Cs alkyl may
include one or more of oxygen, nifrogen, or sulfur atoms or groups that include at
least one of these aioms, and the alkyl chain may be optionally substituted with
ong or more substituants selectad from tha group consisting of hydroxyl, amino,
amido, sulfonyl, sulfonate, carbonyl, carboxyl, and carboxylate; n is an integer
from 1 to 12; the terminal nitrogen is optionally further substituted with B3, wherain
R? is selected from the group consisting of hydrogen, oxygen, hydroxyl, and Ci-Cs
alkyl, and an optional counterion may be associated with the compound and, if
present, the courterion may be selected from the group consisting of chicride,
bromide, and iodide; solvents and optionally co-solvent preferable non-flammable
oif iImmersible compositions for use in either or both home or commercial dry
cleaning processes.

{0013] Still other compounds provided by the present disclosure are those
compounds of Formula | wherein R' and R? are methyl.

{0014] Other compounds provided by the present disclosure are compounds
of Formula |, wherain nis 5.

[0015] Still other compounds provided by the present disclosure are
compounds of Formula b, wherein R and R? are methyl.

o016} Yet other compounds provided by the present disclosure are

compounds of Formula |, wherein R%is hydrogen.
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[0017] Cther compounds provided by the presant disclosure are compounds
of Formula | wherein the counterion is selected from the group consisting of
chioride, bromide, and indide.

{0018} Additional compounds provided by the present disclosure are
compounds of Formula tb wherein the counterion is chicride.

{0019} Other compounds provided by the present disclosure are compounds
of Formula |, wherein R® is methyl.

100201 Other compounds provided by the present disclosure are compounds
of Formula |, wherein the counterion is iodide.

{0021} Still other compounds provided by the present disclosure are
compounds of Formula |, wherein R® is an oxygen.

foo22] Additional compounds provided by the present disclosure are
compounds of Formula |, wherein R® is C+-Cs alkyl, substituted with sulfonate.
[0023] One specific compound provided by the present disclosure is B-
{(dimethylaming)-N-(3-(1,1,1,5,5 5-hexamethyl-3-({(trimethyisilyDoxy fristloxan-3-

yhipropylhihexanamide, having the following formula:

(H3C 3810, QOSCHa)s H

(H2C)aSi0" NP \g/\/\/\g\g/

fon24] A second specific compound provided by the present disclosure is 8-
{dimethyiamino)-N-{3-(1,1,1,5,5,5-hexamethyl-3-({trimethyisilyhoxy)trisitoxan-3-

yhpropyhhexaminium chioride, having the following formula:

o1 ®
OSi(CH
(HChSIOL

(H3C)s8107 "> \K\/\/\

jo02s] A third specific compound provided by the present disclosure is 3 6-((3-
{1,1.1,5,5,5-hexamethyl-3-{{trimethylsilyhoxytrisiioxan-3-yljpropyhamino)-N,N,N-

irimethyl-8-oxochexan-1-aminium iodide, having the following formula:
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o

OSHCH
(HC)S0.Z R

(HaC)3Si0” SN W

o026} A fourth specific compound provided by the present disclosure is 6-((3-
{(1,1,1,5,5,5-hexamethyl-3-{{irimethylsiiyBoxyitrisitoxan-3-ylpropyhamino)-N, N-

dimethyi--oxochexan-1-amine oxide, having the foliowing formula:

(HC)aSIO. OSs(CHz g i-i
14:C),Si10” \V/\\/
{ Q\\Q

[0027] A fifth specific compound provided by the present disclosure is 4-{(6-
({3-1,1,1,5,5,5-hexamethyl-3-({trimethyisilyloxy)trisiloxan-3-yiipropyhaming }-6-

oxchaxylldimethylammonio)butana-1-sulfonats, having the following formula:

(H3C)sSIO_ OSCHa)a s Je
(HaC),SiO” N E/\N\ 3

100281 A sixth specific compound provided by the present disclosure is 5-{(6-
{({3+{1,1,1,5,5,5-hexamethyl-3-({trimethyisilyjoxy irisiloxan-3-ypropyhamino }-6-

oxohexyldimethylammonio)pentane-1-sulfonate, having the following formula:

H
(HaC)sSiO. OSiCHa)e H o
(HaClaSIO " E/\/V\NWSQS

[8029] The above mentioned and other features of the disclosure, and the
manner of aftaining them, will become more apparent and will be beiter
understood by reference to the following description of embodiments taken in

conjunction with the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[c030] Fig. 1 shows a plot of surface tension versus concentration for

Surfactant 2, with a chioride counterion measured at pH = 7 as describad in
Example 1b.

[6031] Fig. 2 shows a plot of surface tension versus concentration for
Surfactant 3 as described in Example 2b.

[c032] Fig. 3 shows a plot of dynamic surface tension as change in surface
tension versus time for Surfactant 3 as described in Example 2b.

[6033] Fig. 4 shows a plot of surface tension versus concentration for
Surfactant 4 as described in Example 3b.

[8034] Fig. 5 shows a plot of dynamic surface tension as change in surface
tension versus time for Surfactant 4 as described in Example 3b.

[6035] Fig. © shows a plot of surface tension versus concentration for
Surfactant 5 as described in Example 4b.

[6036] Fig. 7 shows a plot of dynamic surface tension as change in surface

tension versus time for Surfactant 5 as described in Example 4b.

DETAILED BESCRIPTION

[0037] As used herein, the phrase "within any range defined between any two

of the foregoing values” literally means that any rangs may be selected from any
two of the values listed prior to such phrase regardiess of whether the values are
in the lower part of the listing or in the higher part of the listing. For example, &
pair of values may be selected from two lower values, two higher values, or a
lower value and a higher value.

[0038] As usead herein, the word “alkyl” means any saturated carbon chain,
which may be a straight or branched chain.

[8039] As used herein, the phrase “surface-active” means that the associated
compound is able (o lower the surface tension of the medium in which it is at least
partially dissolved, andfor the interfacial tension with other phases, and,
accordingly, may be at least partially adsorbed at the liquid/vapor and/or cther

interfaces. The ierm “surfactant” may be applied to such a compound.
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[ao40] With respect 1o the terminology of inexactitude, the terms “about” and
“approximately” may be used, interchangeably, to refer to a measurement that
includes the stated measurement and that also includes any measurements that
are reasonably close to the stated measurement. Measurements that are
reasonably close to the stated measurement deviate from the stated
measurement by a reasonably small amount as understood and readily
ascertained by individuals having ordinary skill in the relevant arts. Such
deviations may be attributable {0 measurement error or minor adjustments made
to optimize performance, for example. In the event it is determined that
individuals having ordinary skill in the relevant arts would not readily ascertain
values for such reasonably small differences, the terms “about” and
“approximately” can be understood to mean plus or minus 10% of the stated
vaiue.

[6041] Unless explicitly defined otherwise or implicitly used otherwise, ss used
harein the term, “suds” indicates a non - equilibrium dispersion of gas bubbles in a
relatively smaller volume of a liquid. The terms like “suds,” “foam,” and “lather” can
be used interchangeably within the meaning of the present invention.

[c042] Unless explicitly defined otherwise or implicitly used otherwise, ss used
herein the term, “sudsing profile” refers to the properties of a detergent
composition relating to suds character during the wash and rinse cycies. The
sudsing profile of a detergent composition includes, but is not limited to, the speed
of suds generation upon disselution in the laundering liquor, the volume and
reterdion of suds in the wash cycle, and the volume and disappearance of suds in
the rinse cycle. Preferably, the sudsing profile includes the Wash Suds Index and
Rinse Suds Index, as specifically defined by the testing methods disclosed
hereinafier in the examples. | may further include additional suds - related
parameters, such as suds stability measured during the washing cycle and tha
like.

[8043] Uniless explicitly defined otherwise or implicitly used otherwise, ss used
herein the term, “fluid” includes liquid, gel, paste, and gas product forms.

[c044] Unless explicitly defined otherwise or implicitly used ctherwise, s3 used
herein the term, “liquid” refers o a fluid having a liquid having a viscosity of from

about 1 to about 2000 mPa * s at 25° €., and a shear rate of 20 sec-1.

9
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[6045] Unless explicitly defined otharwise or implicitly used otherwise, ss used
herein the term, “dry cleaning composition’ as used herein is intended to mean the
compaosition used in the dry cleaning process including the dry cleaning solvent,
any Surfactant, cleaning agents but exciuding the laundry articles that are to be
cleaned.

[0046] Unless expilicitly defined otharwise or implicitly used otherwise, ss used
herein the term, "organic dry cleaning soivent as used herein is intended {0 mean
any non-agquecus solvent that preferably has a liquid phase at 20° C. and standard
pressure. Thea term organic has its usual meaning, i.e., a compound with at least
one carbon hydrogen bond.

[6047] The present disclosure provides compositions for cleaning andfor
degreasing hard and plastic surfaces such as floors, walls, ceilings, roofs, counter
tops, furniture, plates, cups, glasses, cutlary, eating utensils, machinery, parts of
machinas, and devices used in the preparation and/or packing of food; fabric care
formulations, including laundry detergents, spot removers, wash pretreatments,
fabric softeners, fabric dyes, and bieaching agents; and compositions used to

clean uphoistery and carpets.

i Water based cleaning formulations

[6048] Laundry detergents, degreasers, spot ramovers, and laundry
pretreatment compositions may comprise combinations of detersive surfactants,
binders, enzymes, and conditioning agents. Laundry detergent formulations
include, solids, liquids, powders, bars, sticks, pods, asrosols, and/or gels.

[a049] The laundry detergent compositions of the present invention can be
used in applications such as automatic washing machine laundering, semi-
automnatic machine laundering {i.e., machine washing that requires at least one or
two manual steps), hand — washing, atc. In some embodiments the detergent
composition is a designated for hand-washing laundry detergent product.

[c050] The laundry detergent compositions can be in any form, namely, in the
form of a liquid; an emulsion; a paste; a gal; a spray or foam; a solid such as a
powder, granules, agglomerate, tablet, pouches, and bar, types delivered in dual-
or multi-compartment containers or pouches ; pre moistened or dry wipes {i .., a

fiquid detergent compaosition in combination with a nonwoven material or a powder

10
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detergent compaosition in combination with a nonwoven material) that can be
activatad with water by a consumer; and other homogensous or multiphase
consumer cleaning product forms.

[6051] Some of the fabric care formulations of the present invention comprise
one or more surfactants, also referred o as the surfactant system. The surfactant
system is included to provide cleaning performance to the compaosition. The
surfactant system comprises at least one surfactant, which may be an amphoteric
surfactant, a zwitterionic surfactant, a cationic surfactant, a nonionic surfactant,
and optionally at least one other surfactant, which may be an amphoteric
surfactant, a zwitterionic surfactant, a cationic surfactant, a nonionic surfactant, or
a combination thereof. Such surfactants should be physically and chemically
compatible with the essential components described herein, or should not
otherwise unduly impair product stability, assthetics, or performance.

[6052] The compositions of the invention may be of any suitable physical
form, for example, particulates (powders, granules, tablets), liquids, pastes, gels
or bars. Preferably the detergent composition is in granular form. The composition
can be formulated for use as hand wash or machine wash detergents.

[06053] Representative, but not limiting, laundry detergent formulations may
include the combination of a soap, an ionic surfactant, a nonionic surfactant,
optionally a builder system, and optionally other detergent ingredients. Whersin a
set amount of the soap is present in the form of granules which are dry-mixed with
the othar components, and the soap granule has a defined concentration of soap.
[6054] Somes preferred detergent compositions according o the invantion

show improved dissolution properties across a range of water hardness.

1. Detergent and/or Soaps
[6055] Datergents include anionic, cationic, non-ionic, and zwitter ionic
detergents. Soaps include compound of the general formula: (RCOz ) MY wherein
R is an alkly group, and M is a metal, and ™ is either +1 or +2, commonly the alkyl
group may be portion of an fatty acid, M, may be sodium, lithium, magneasium,
calcium, and the like.
[6056] The soap according to the invention may comprise from about & 1o 85

wt. %, preferably 7 to 60 wt. %, more preferably 10 to 35 wt. % of the formulation.

i1
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The soap may in part comprise a surfactant system comprising from about 20 to
50 wt. % of a soap. Preferably the surfactant system comprises from 30 t0 40 wi.
% of a soap. In a preferrad embodiment of the invention from 80 wt. % {0 100 wt.
%, preferably from 85 to 95 wi. % of the soap is present in the form of granules.
[6057] The laundry detergent compaositions of the current invention may
comprise a soap granule which has a concentration of soap of at least 75 wi. %
based on the weight of the compaosition.

[0058] In some embodiments of the invention the scap granule has a
concentration of soap of from 80 to 895 wt. %, preferably from 85 to 90 wt. %.
Preferably the soap granules include mors than 20 wi. % scap, less than 10wt %
moisture and less than 1 wt. % sodium hydroxide.

[0058] Useful soap compounds include but are not limited to; the alkali metal
scaps such as the sodium, potassium, ammonium and a substituted ammonium
(for example, monoethanolaming) salts or any combinations of this, of higher fatty
acids containing from about 8 to 24 carbon atoms.

[a06a] In some embaodiments of the invention the fatty acid soap has a carbon
chain length of from C1o 1o Ca2, more preferably Cqz to Coo. Suitable fatty acids can
be obiained from natural sources such as plant or animal esters e.g. paim ol
coconut oil, babassu oil, soybean oil, caster oil, rape seed oil, sunflower oil,
cottonseed oil, tallow, fish oils, grease lard and mixtures thereof. Also, fatly acids
can be producead by syntheatic means such as the oxidation of petroleum, or
hydrogenation of car bon monoxide by the Fischer Tropsch process. Resin acids
are suitable such as rosin and those resin acids in tall oil. Naphthenic acids are
aiso suitable. Sodium and potassium soaps can be made by direct saponification
of the fats and oils or by the neutralization of the free fatty acids which arg
prepared in a separate manufacturing process. Particularly useful are the Sodium
and potassium salts and the mibdures of faity acids derived from coconut oil and
tallow, i.e. sodium tallow soap, sodium coconut soap, potassium taliow soap,
potassium coconut soap.

[ao61] In some embaodiments of the invention the fatty acid soap is a lauric
soap. For example, Prifac 5908 a fatty acid from Uniqema which was neutralized
with caustic soda. This soap is an example of a fully hardened or saturated lauric

soap, which in general is based on coconut or palm kemel oil.

12
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{6062} Although not necessary, preferably the soap does not stand out from
the rest of the ingredients. It therefore needs to be whitish, and more or less round
namely with an aspect ratio of less than 2. This ensures that the laundry powder in
its final format is free-flowing and containing a soap granule means that it is

congruent with the rest of the compaosition.

[0063] In one preferred embodiment the soap has a particle size of from 400
to 1400 um, preferably 500 to 1200 um.
[00564] In one preferred embodiment the scap granule has a bulk density of

from 400 to 650 glliter, and the bulk density of the fully formulated powders are
from 400 to 800 glliter. Fabric washing powders cortaining major guantities of
soap are favored by some consumers because of good detergency, and the
tendency to ieave clothes feeling softer than those washed with powders based on
synthetic detergent active compounds. Soap also has environmental advantages
in that it is fuily biodegradable, and is a natural material derived from renewable
raw materials. Saturated sodium soaps have high Krafft temperatures and
consequently dissolve poorly at low temperatures, which are applied by some
consumers. it is well known that certain mixtures of saturated and unsaturated
soaps have much lower Krafft temperaiures. Howsver, unsaturated soaps are less
stable upon storage, and tend to be malodorous. The Scap mixture used in the
granules therafore needs to be a careful balance between dissolution properties
and stability proper ties. The stability of the scap is enhanced when it is
concentrated in granules; comparad to soap that is incorporated at low
concentration into composite granules. The soap may be used in combination with
a suitable antioxidant for example ethylenediamine tetra acetic acid andfor
ethane-1-hydroxy-1, 1-dighosphonic acid. Also, preservatives may be present {o
prevent degradation of the Soap with can result in malodor or discoloration for

gxample Sodium hydroxysthlidens disphosphonic acid.

2. Surfactanis
[6065] Surfactant than can be used o practice aspecis of the invention

include the compounds of Formula |, below:



WO 2021/126714 PCT/US2020/064684

(H:Cs SIO OBi{CHgz)a
(H3C)3SIO \//\“\/’

Formuia |

wherein R’ and R? may be the same or different, and comprise at least
one group selected from the group consisting of C1-Ce alkyl, optionally the C1-Cs
alkyl may include one or more of oxygen, nitrogen, or sulfur atoms or groups that
include at least one of these atoms, and the alkyl chain may be oplionally
substituted with one or more substituents selected from the group consisting of
hydroxyl, amine, amido, sulfonyl, sulfonate, carbonyl, carboxy!, and carboxyiate; n
is an integer from 1 1o 12; the terminal nitrogen is optionaily further substifuted
with R® wherein R is selacted from the group consisting of hydrogen, oxygen,
hydroxyl, and C+-Ce alkyl, and an optional counterion may be associated with the
compound and, if present, the counterion may be selectad from the group
consisting of chioride, bromide, and iodide.
[8066] Anionic surfactants are well known 1o those skilled in the art. Examples
include alkylbenzaens sulphonates, particularly linear alkylbenzene sulphonates
having an alkyl chain length of Cs-Cs, primary and secondary alkylsulphates,
particularly Cs-Co primary alkyl Sulphates; alky! ether Sulphates; olefin
sulphonates; alkyl xylene sulphonates; dialkyl suipho succinates; and fatty acid
ester sulphonates. Sodium salts are generally preferred. According to a preferred
embodiment of the invention, the granular laundry detergent composition
comprises an anionic Surfactant which is a sulphonate anionic surfactant.
According o an especially preferred embodimeant, the Sul phonate anianic
Surfactant comprises linear alkylbenzene sulphonate (LAS). In a preferred
embodimant the anionic Surfactant is present in an amount of from 15 to 50 wt %,
In a preferred embodiment the weight ratio of the anionic surfactant {o soap is
from 0.5:1 to 5.1, preferably 1.1 to 2:1.
Some Nonionic Surfactants (ill) well suited for use in detergent formulations.
[8067] In some embodimenis the nonionic surfactant is present in an amount
of from 20 to 80 wt %. Nonionic Surfactants that may be usead include the primary

and secondary alcohol ethoxrylates, especially the C8-CZ20 aliphatic alcohols

4
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sthoxylated with an average of from 1 to 20 moles of ethylene oxide per mole of
alcohol, and more especially the C10-C15 primary and secondary aliphatic
alcohols ethoxylated with an average of from 1 {0 10 moles of ethylene oxide per
mole of alcohol. Non-ethoxylated nonionic surfactants include alkylpolyglycosides,
glycerol monoethers, and polyhydroxyamides {(glicamide).

[0068] Examples of suilable nonionics surfactants include Neodol 255k from
Shell, which is a C12 to C15 poly (1 to 8) ethoxyiate with an average degree of
gthoxylation of 5. Also suitabls is Lutensol A7 a C13 to C18 ethoxylate from
BASF, with an average degree of sthoxylation of 7. HLB values can be calcuisted
according to the method given in Griffin, J. Soc. Cosmetic Chemists, 5 {(1954) 248
256,

3. Builder
[6058] Builders may be added to detergent formulations o increase the
cleaning properties of the detergent. Such compounds may function by at least
one of the following actions; removing or sequestering divalent cations commonly
prasent in water as CaZ+ andfor Mg+, creating or contributing the creation of a
alkaline environment; enhancing the performance of surfactants; and stabilizing
the dispersion of soil in the wash liguor.
[8070] Commonly used builders include, but are not limitad to, sodium
tripolyphosphates, nitrilloacetic acid salts, and zeolites.
[6071] The compositions of the invention may contain a detergaency builder.
Preferably the builder is present in an amount of from 0 to 15 wt % based on the
weight of the total com position. Alternatively, the compositions may be essentially
free of detergency builder.
[0072] The builder may be selected from sirong builders such as phosphate
builders, aluminosilicate builders and mixiures thereof. One or more waak builders
such as calcite/carbonate, citrate or polymer builders may be additionally or
alternatively present.
[8073] The phosphate builder (if present) may for example be selectad from
ailkali metal, preferably sodium, pyrophosphate, orthophosphate and

tripolyphosphate, and mixtures thereof.
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{6074} The aluminosilicate (if present) may be, for example, selected from ona
or more crystailine and amorphous aluminosilicates, for example, zeoliles as
disclosed in GB 1 473 201 (Henkel), amorphous aluminosilicates as disclosed in
GB 1473 202 (Henksl) and mixed crystalline/amorphous aluminosilicates as
disciosed in GB 1 470 250 {Procter & Gambie); and layered silicates as disclosed
i EP 1645148 (Hoechst).

[ea7s] The alkali metal aluminosilicate may be either crystalline or amorphous
or mixtures thereof, having the general formula: 0.8-1.5 Na20. Alz2.0s. 0.8-6 Si0q.
6076} These matenals may generally contain some bound water and are
required to have a calcium ion exchange capacity of at least 50 mg Cal/g. The
preferrad sodium aluminosilicates cortain 1.5-3.5 §iQz, units {in the formula
above). Both the amorphous and the crystalline materials can be prepared readily
by reaction batween sodium silicate and Sodium aluminate, as amply described in
the literature. Suitable crystaliine sodium aluminosilicate ion-exchange detergency
builders are described, for example, in GB 1429 143 (Procter & Gamble). The
preferred sodium aluminosilicates of this type ars the well-known commercially
available Zeolites A and X, and mbduras theraof.

[6077] The Zeolite may be the commercially available Zeolite 4A now widely
used in laundry detergent powders. However, according to a preferred
embodiment of the invention, the Zeolite builder incorporated in the compositions
of the invention is maximum aluminum zeolite P (zeclite MAP) as described and
claimed in EP 384 Q70A (Unilever). Zeoclite MAP is defined as an alkali metal
aluminosilicate of the Zeolite P type having a silicon to aluminum ratio not
gxceeding 1.33, preferably within the range of from 0.90 to 1.33, and more
preferably within the range of from 0.20 {0 1.20.

[6078] Suitable inorganic salts include alkaline agents such as alkali meta,
preferably sodium, carbonates, Sulphates, silicates, metasilicates as indapendent
saits or as double salts. The inorganic salt may be selected from the group

consisting of sodium carbonate, Sodium Sulphate, burkeite and mixtures thereof.
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4. Surface active ingredients
[6073] As well as the surfactants and buiiders discussed above, the
compaositions may optionally contain other active ingredients to enhance
performance and properties.
[c080] Additional detergent-active compounds (surfactanis} may be chosen
from soap and non-soap anionic, cationic, nonionic, amphoteric and Lwitterionic
detergent-active com pounds, and mixtures thereof. Many suitable detergent-
active compounds are available and are fully describad in the literature, for
gxample, in "Surface-Active Agents and Detergents”, Volumes tand ), by
Schwartz, Perry and Berch.
[6081] Cationic Surfactants that may be used include quaternary ammaonium
salts of the general formula RRRRNX wherein the R groups are long or short
hydrocarbyl chains, typically alkyl, hydroxyalkyl or ethoxylated alkyl groups, and X
is a solubilizing anion (for example, compounds in which R is a C8-C22 alkyl
group, preferably a C8-C10 or C12-C14 alkyl group, R is a methyl group, and R
and R, which may be the same or different, are methyl or hydroxyethyl groups);
and cationic esters (for example, choling esters).
faogal Amphoteric surfactants andfor zwitterionic surfactants may also be
present. Some amphoteric surfactants that may be used to practice the invention
include aming oxides.
[0083] Some zwitterionic surfactants that may be used {o practice the

invention include betaines such as the amidobetaines.

5 Bleaches
[cos4] Detergent compositions according to the invention may suitably contain
a bleach system. The bleach system is preferably based on peroxy bleach
compounds, for example, inorganic persalis or organic peroxyacids, capable of
yielding hydrogen peroxide in aquecus solution. Suitable peroxy bleach
compounds inciude organic peroxides such as urea peroxide, and inorganic
persaits such as the alkali metal per borates, percarbonates, perphosphates,
persiiicates and per Suiphates. Preferred inorganic persalis are sodium perborate
monchydrate and tetrahydrate, and sodium percarbonate. Especially preferred is

sodium percarbonate having a protec tive coating against destabilisation by
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moisture. Sodium per carbonate having a protective coating comprising sadium

mataborate and sodium silicate is disclosed in GBZ 123 (448 (Kao).

[0085] The peroxy bleach compound is Suitably present in an amount of from
510 35 wt %, preferabiy from 10 to 25 wt. %.
[o086] The peroxy bleach compound may be used in conjunction with a

bieach activator (bleach precursor) to improve bleaching action at low wash
temperatures. The bleach precursor is suitably present in an amount of from 1 to 8
wt. %, preferably from 2 to 5 wt. %.

[0087] Preferred bleach precursors are peroxyearboxylic acid pre cursors,
more especially peracetic acid precursors and per oxybenzoic acid precursors,
and peroxycarbonic acid precursors. An especially preferraed bleach precursor
suitable for use in the present invention is N.N.N' N'-tetracetylethylenedi amine
(TAED). Also of interest are peroxybenzoic acid pre cursors, in particular, N.N.N-
trimethylammonium toluoy loxybenzene Sulphonate.

[coas] A bleach stabilizer (heavy metal sequestrant) may also be present.
Suitable bleach stabilizers include sthylenediamine tetraacetate (EDTA) and the

polyphosphonates Such as Deguest (Trade Mark), EDTMP.

6. Enzvmes
[c08s] The detergent compaositions may also contain one or more enzymes.
Suitable enzymes include, for example; proteases, amylases, celluiases,
oxidases, mannanases, peroxidases and lipases usable for incorporation in
detergent compositions. In particulate detergent compositions, detergency
enzymes are commonly employed in granular form in amourts of from about 0.1
to about 3.0 wt %. However, any suitable physical form of an enzyme may be

used in any effective amount.

7. Polymers
[6056] Some detergent may include cationic polymer. Cationic polymers such
those described below, when used in a laundering detergent compaosition at an
amount ranging from about 0.01 wi. % {0 about 15 wi. %, is effective in improving
the sudsing profile of such laundry detergent compaosition, in comparison with a

composition of similar formulae but without such cationic polymer.
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[oos1] Cationic polymers of utility in detergents such as laundry detergents
include the following. The cationic polymer used in the present invention is a
terpolymer that contains three different typas of structural unit. It is substantially
free of, and preferably essentially free of, any other structural components. The
structural unit, or monomers, can be incorporated in the cationic polymer in a
random format or can be in a blocky format.

[co92] The first structural unit in the cationic polymer of the present invention
is a nonionic structural unit derived from {meth) acrylamide (AAm). The cationic
polymer contains from about 35 mol % to about 85 mol %, preferably from about
55 mol % to about 85 mol %, and more preferably from about 85 mol % to about
80 mol %, of the AAM - derived structural unit.

[0083] The second structural unit in the cationic polymer is a cationic
structural unit derived from any suitable water soluble cationic ethyienically
unsaturated monomer, such as, for example, N, N-dialkylaminoalkyl methacrylate,
N, N-di alkylaminoalkyl acrylate, N, N-dialkylaminocalkyl acrylamide, N, N -
dialkylaminoalkylimethacrylamide | methacylami doalkyl triglkylammonium salts |,
acrylamidoalkylitrialkylamminium salts, vinylamine, vinyl imidazole, guaternized
vinyl imidazole and diallyl dialkyl ammonium saits.

[8094] For example |, the second, cationic structural unit may be derived from
a monomer selectsd from the group consisting of diallyl dimethyl ammonium salts
{ DADMAS) , N, N - dimethyl aminocethyl acrylate , N | N - dimethy! amino ethyl
methacrylate (DMAM ), [ 2 - methacryloyviaming ) ethyl ] tri - methylammonium
salis | N | N - dimethylaminopropyl acry lamide ( DMAPAY N N -
dimethylamincpropyl methacrvlamide { DMAPMA ), acrylamidopropy! trimethyl
ammaonium salts { APTAS ) | methacrylamidopropy! trimethylammonium salts (
MAPTAS ), and quaternized vinylimidazole { PVi ), and combinations thereof.
jagas] in some embodiments the second, cationic structural unit is derived
from a dialiyl dimethyl ammonium salt (DADMAS ), such as, for example, diallyl
dimethyl ammaonium chioride { DADMAQC), diallyl dimethyl ammonium fluoride,
dialiyl dimethyl ammonium bromide, diallyl dim ethy! ammonium ioding, dially!
dimethyl ammonium bisuifate | diallyl dimethyl ammaonium alkyl sulfaie, diallyl dim
athyl ammonium dihydrogen phosphate | dialiyt dimeathyt ammonium hydrogen

alkyl phosphate, diallyi dimethyl ammonium dialkyl phosphate, and combinations
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thereof . Alternatively, the second, cationic structural unit can be derived froma | 2
- {meathacryioylamino } ethyl | tri-methylammonium salt, such as |, for example | [ 2
- {mathacryloylaminoe ) ethyt Hr -methylammonium chioride, [ 2-
{(methacryloylaming ) ethyl 1 iri - methylammonium fluoride, [ 2
{mathacryloylaming) ethyl 1 tri - methylammonium bromide, [ 2+
methacryloylaming) ethyl ] tri - methylammonium iodine, [ 2-methacryloylamino)
athyl ] tri ~ methylammonium bisulfate, [ -{methacryvioyiamino) aethyi] iri-
methylammonium alkyl sulfat, [ 2 - {(methacryloylaming) ethyl | tni-
methylammonium dihydrogen phosphate |, [ 2-<{methacryioylaming) ethyl | tri-
methylammonium hydrogen alkyl phosphate | [ 2 (methacryloyiaming) ethyl i -
methylammonium dialkyl phosphate |, and combinations therecof | Further, the
second | cationic structural unit can be derived from APTAS, which include, for
gxample, acrylamidopropyl trimethyl ammeonium chloride { APTAC ),
acrylamidopropy! trimethyl ammonium fluoride, acrylamidopropy! trimethyl
ammonium bromide, acrylamidopropy! trimethyl ammonium iodine,
acrylamidopropyl trimethyl ammaonium bisulfate | acrylamidopropy! trimethyl
ammeonium alkyl suifate, acrylamidopropy! frimethyl ammaonium dihydrogen
phosphate, acrylamidopropyt trimethy! ammonium hydrogen alkyl phosphate,
acrylamidopropyl trimethyl ammonium dialkyl phosphats, and combinations
thereof. Still further, the second, cationic structural unit can be derived from a
MAPTAS, which includes, for example, methacrylamidaopropyl trim
gthylammonium chioride { MAPTAC ), methacrylamidopropyt trimethylammaonium
fluoride, methacrylamidopropy! trimethylammonium bromide,
methacrylamidopropy! trimethylammonium ioding, methacrylamidopropy! trimethyt
ammonium bisulfate, methacrylamidopropy! trimethylammonium akylsulfate,
methacrylamidopropy! trimethylammonium dihydrogen phosphate, methacrylami
dopropy! trimethylammonium hydrogen alkyl phosphate, methacrylamidopropyl
trimathylammaonium dialkylphosphate, and combinations thereof,

[on9s] The second, cationic structural unit is present in the cationic polymer in
an amount ranging from about 10 mol % (o about 85 mol %, preferably from about
15 mol % to about 60 mol %, and more preferably from about 15 mol % to about

30 mol %.
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[60587] Prasence of the first, nonionic structural unit at a relativaly large
amount {e .g ., 65 mol % to 80 mol % ) and the second , cationic structural unit at
a moderate amount (8 .g., 15 mol % to 30 mol %) ensures good sudsing benefit
as well as good finish product appearance. i the first, nonionic structural unit is
prasent at less than 85 mol % and if the second, cationic structural unit is present
at more than 30 mol %, the sudsing benefit or the finished product appearance
starts to suffer, &.g., the rinse suds volume may increase significantly, or the
finished product is no longer fransparent but appears turbid. Similarly, if the first,
nonionic structural unit is present at more than 85 mol % and if the second,
cationic structural unit is present at less than 10 mol %, the rinse suds volume
increases (o a level that is no longer acceptable for the purpose of the present
invention.

[c098] The third structural unit in the cationic polymer is an anionic structural
unit derived from (meth) acrylic acid (AA) or anhydride thereof. The cationic
polymer may contain from about 0. 1 mol % to about 35 mol %, preferably from
0.2 mol % to about 20 mol %, more preferably from about 0.5 mol % to about 10
maol %, and most preferably from about 1 mol % o about 5 mol %, of the third,
anionic structural unit.

[8099] Presence of the third, anionic structural unit at a relatively small
amount {a8.¢., 1 mol % to & mol %) helps to increase hydrophilicity of the rasulting
polymer and may in tum [ead to better cleaning, especially betier clay removal,
Too much of the third anionic structure unit {e.g., greater than 30 mol % ) may

compromise the sudsing benefit of the resulting polymer.

it Dry Cleaning

o100} According to some aspects of the invention, a formulation for dry
cleaning process is provided for in-home dry cleaning comprising a dry cleaning
step of contacting a laundry article stained with particulate soil with a dry cleaning
composition wharein the liquor to cloth ratio (w/w) (LCR) is at most 20, and
whaerein said composition comprises

a) a non-flammabile, non-chiorine containing organic dry cleaning solvent; b) a

cleaning effective amount an acid surfactant,
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[6101} In some embaodiments the dry cleaning step is a low aqueous dry
cleaning step and said compaosition is a low aquecus dry cleaning composition
comprising 0.01 to 10wl % of water.

[6102] According to yet another aspect of the invention, one dry cleaning
process further comprises a non-agueous dry cleaning step wherein the laundry
article contacted with a non-agueous dry cleaning composition, said non-aguecus
dry cleaning compaosition comprising 0.001 to 10 wt.% of a surfactant; 0 to 0.01
wt. % of water: 0 to 50 wt.% of a cosolvent and a non-flammable, non-chlorine
containing organic dry cleaning solvent. According to another aspect of the
invention a sequential dry cleaning process is provided comprising:

a) a nor-agqueous dry cleaning step, wherein said articles are contacted with a
non-aquacus dry cleaning composition said non-aguecus dry cleaning
compaosition comprising 0.001 to 10 wi. % of a surfactant; 0 to 0.01 wt.% of water;
0 to 50 wt. % of a cosolvent and a non-flammable, non-chlorine containing organic
dry cleaning solvant; b) at [east one low-aqueous dry cleaning step, whersin said
articles are contacted with a low agueous dry cleaning compaosition said low
aqueous dry cleaning composition comprising 0.001 10 10 wi % of a cleaning
gffective amount an acids surfactant; 0.01 to 50 wt.% of water: 0to 50 wt.% of a
cosolvent; and a non-flammable, non-chlorine containing organic dry cleaning
solvent; and, optionally, al least one rinsing step, wherein the articles are
contacted with a rinse composition said rinse composition comprising 0 to 0.0001
wt.% of a surfactant; 0to 10 wt. % of water: 0 to 50 wt. % of a cosolvent and a non-
flammable, non-chiorine containing organic dry cleaning solvent.

[6103} Depending on the desired cleaning, the low agquecus and non-agusous
compaositions may be used in any order. However, in some cases if will be
preferred to contact the arlicles with a non-agqueocus composition prior to a low
aquecus dry cleaning composition. In fact, the fow agueous dry cleaning step may
be followed or preceded with various other steps Such as a regeneration, garment
care treatment andfor rinsing step, and, in fact, any other step known (o the
person skilled in the art.

[e104] Some aspects of the present invention may be especially suitable for
cleaning a laundry article stained with domestic stain material selected from the

group including kitchen grease, particulate soil and mixtures thereof. Thereforg,
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according to one embodiment the dry cleaning process preferably comprises the
step of contacting a laundry article with a dry cleaning composition whereby the
faundry article is stainad with domestic stain material selected from kitchen
grease, particulate Soil and mixiures thereof. Typical particulate Soil stains
comprises any particulate matter which is capable of staining garments, such as
dirt, mud, sand, charcoal, make up, deodorant, toothpaste but also corroded iron
particles and mixtures thereof. Kilchen grease usually comprises adible fals and
oils of animal or vegetable origin such as lard, sunflower oil, soy oil, olive oil, palm
oil, peanut oil, rapesead oil and mixtures thereof.

[6105] Generally, articles such as clothing are cleanad by contacting a
cleaning effective amount of the dry cleaning compaosition according to one aspect
of the invention with the articles for an effective period of time o clean the articles
or otherwise remove stains. Preferably, the laundry article is immersed in the dry
cleaning composition. The amount of dry cleaning composition used and the
amount of time the com position contacts the article can vary based on equipment
and the number of articles being cleaned. Normally, the dry cleaning process will
comprise at least one step of contacting the article with dry cleaning compaosition
according to the first aspect of the invention and at least one step of rinsing the
article with a fresh load of dry cleaning solvent. The rinse compaosition will usually
be comprised mainly of solvent, but cleaning agents may be added as desired.
[6106] In some aspects of the invention, in situ formulations of the dry
cleaning compaositions may be included in pretreatment compositions. Pratreating
laundry articies with a pretreatment composition Toliowed by contacting the
pratreated laundry articles with the remaining ingredients of the dry cleaning
compasition, thereby formulating the dry cleaning composition in situ. A
pretreatment step may take place manually cutside the drum of the cleaning
maching or mechanically inside the drum as part of a prefreatment step. The
pratreatment step per sa need not be immersive, Le., it may be limited {o freating
the stained areas only, provided that when the laundry articles are contacted with
all the ingredients making up the final dry cleaning composition, the laundry
articles are immaersed in said dry cleaning compaosition. For example, when the dry
cleaning compaosition comprises dry cleaning solvent, water and surfactant stained

areas of the laundry articles may be pretreated with a pramix of water and
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surfactant manually or by an automated process. After an effective pretreatment
time has slapsad, the laundry articles may be contacted in the drum with the
remaining ingredients. The remaining dry cleaning ingredients may include the
dry cleaning solvent (and optionally additional water and/or cleaning agent) in
ordet to create in situ at least one dry cleaning compaosition according to this
aspect of the invention. Typical, pretreatment times will be at least 5 sec but could
be less than 1 day, preferably less than 1 hr., more preferably less than 30 min.
The pretreatment composition may be formulated to treat specific stains. For
gxample, cleaning effective amounts of protease and other enzymes may be
included to treat proteinacious stains. In another smbodiment, the complete dry
cleaning composition is premixed in a separate premix compartment. For
axample, when the dry cleaning composition comprises dry cleaning solvent,
surfactant and water, these may be premixed in a separate compartment before
the dry cleaning composition is contacted with the laundry article. In some
embodimenis such a premix is in the form of an emulsion or micro emulsion.
Forming a premix of for exampie, a water-in-oil emuision can be brought about by
any number of suitable procedures. For example, the agqueous phase containing a
cleaning effective amount of surfactant can be contacted with the solvent phase
by materad injection just prior to placing these components in a mixing device.
Metering is preferably maintained such that the desired solventiwater ratio
remains relatively constant. Mixing devices suitable for this practice include, for
example, pump assemblies or in-line static mixers, centrifugal pumps or other
types of pumps, colloid mills or other types of mills, rotary mixers, ultrasonic
mixers, and other means of dispersing one liguid in another. In some embodiment
a non~-miscible liquid can be used to provide agitation sufficient to form an
emulsion or pseudo-emulsion.

8107} These static mixers include devices through which an emulsion is
passad at high spead and in which said smulsion experiences sudden changes in
direction and/or in the diameter of the channels which make up the interior of the
mixers. This resulis in a pressure loss, which is a factor in obtaining a correct
emulsion in terms of droplet size and stability.

[6108] In one variant of the method of the invention, the mixing steps are for

example sequential. The procedure consists of miking the solvent and emulsifier
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i a first stage, the premix being mixed and emulsified with the water in a second
stage. In another variant of the method of the invention, provision is made for
carrying out the above steps in a continuous maode.

6108} The premix may {ake place at room temperature, which is also the
temperature of the fluids and raw materials used.

[8110] A batch process such as an overhaad mixer or a conlinuous process
such as a two fluid co-extrusion nozzle, an in-line injector, an in-line mixer or an
in-line screen can be used to make the emulsion. The size of the emulsion
composition in the final composition can be adjusted by changing the mixing
spaed, mixing time, the mixing device and the viscosity of the aqueous scolution. In
general, by reducing the mixing speed, decreasing the mixing time, lowering the
viscosity of the aqueous solution or using a mixing device that produces less
shear force during mixing, one can produce an emulsion of a larger droplet size.
Especially preferred are ultrasonic mixers. Although the description above refers
to the addition of Surfactant it is understood i may also apply to the addition of

cleaning agents.

1. Solvents

{6111} Generally, the dry cleaning solvent is usually & non-flammable, non-
chiorine containing organic dry cleaning solvent. Although the term dry cleaning
solvent is used in the singular, it should be noted that a mixture of soivents may
aiso be used. Thus, the singular should be taken to encompass the plural, and
vice versa. Because of the typical environmental problems associated with
chiorine containing solvents, the solvent preferably does not contain G atoms. In
addition, the solvent should not be flammabile such as most petroleurn or mineral
spirits having typical flash points as low as 20°C. or even lower. The term non-
flammable is intended to describe dry cleaning solvents with a flash point of at
least 37.8°C., more preferably at least 45°C., most preferably at least 50° C. The
fimit of a flashpoint of at least 37.8°C. for non-flammable liquids is defined in
NFPA 30, the flammable and combustible Liquids Code as issued by National Fire
Protection Association, 1996 edition, Massachusetis USA. Preferrad test methods
for determining the flashpoint of solvents are the standard tesis as described in

NFPA30. One class of solvents is a fluorinated organic dry cleaning solvent
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including hydrofluorocarbon (HFC) and hydrofluorosther (HFE). However, even
maore preferred are nonflammable non-halogenated solvents such as siloxanes
{see below). It should be noted that mixtures of different dry cleaning solvents may
also be used.

[6112] Some solvents are non-ozone depleting and a useful common
definition for the ozone depleting potential is defined by the Environmental
Protection Agency in the USA: the ozone depleting potential is the ratio of the
impact on ozone of a chemical comparad to the impact of a similar mass of CFC-
11. Thus, the QDP of CFC-11 is defined to be 1.0,

[8113] Hydrofluorocarbons may used as solvents, one
suitablehydrofluorccarbon solvent is represerted by the formula C, H, F{2x+2-y)
wherein x is from 3 t0 8, vy is from 1 {0 6, the mole ratio of F/H inthe
hydrofluorocarbon solvent is greater than 1.6, Preferably, X isfrom 4 to 6 and
most preferred X is 5 and y is 2. Especially suitable are hydrofluorocarbon
solvents selected from isomers of decaflucropentane and mixtures thereof In
particular useful is 1,1,1,2,2,3,4,5,5 5-decafluore pentane. The EL Du Pont De
Nemaours and Company mar kets this compound under the name Vertrel XFTM.
[e114] Hydrofluoroethers (HFEs) sultable for use in the prasent invention are
generally low polarity chemical compounds minimally cortaining carbon, fluorine,
hydrogen, and catenary (that is, in-chain} oxvgen atoms. HFEs can optionally
contain additional catenary hetercatoms, such as nitrogen and sulphur. HFEs
have molecular structures which can be linear, branched, or cyclic, or a
combination thereof (such as alkyl cycloaliphatic), and are preferably free of
gthylenic unsaturation, having a total of about 4 to about 20 carbon atoms. Such
HFEs are known and are readily available, either as essentially pure compounds
or as mixtures. Preferred hydrofluorgethers can have a boiling point in the range
from about 407 C. to about 275° C., preferably from about 50° C. o about 200° C.,
even more preferably from about 80° C. to about 121° C. It is very desirable that
the hydrofluorosther has no flashpoint. In general, whan an HFE has a flash point,
decreasing the F/H ratio or decreasing the number of carbon-carbon bonds each
decreases the flash point of the HFE (see WO/ 26208).

jo115] Useful hydrofluorosthers include two varieties. segregated

hydroflucroethers and omega-hydroflucroalkylethers. Structurally, the segregated
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hydroflucroethers comprise at least one mono-, di-, or trialkoxy-Subsiituted
perfluorgaikane, per flucrocycloalkane, perfluorocycloalkyl-containing
perfluorcalkane, or perflucrocycloalkylena-containing perfluoraal kane compound.
6118} Some siloxang solvents may also be used advantagecusly in the
prasent invention. The siloxane may be linear, branched, cyclic, or a combination
thereof. One preferred branched siloxane is tris {trimethyisiloxyl) silane. Also
preferred are linear and cyclic oligo dimethylsiloxanes. One prefaerred class of
siloxane solvents is an alkylsiloxane representad by the formula;

R3 -5i{-0-SiR2w-R
where each R is independently chosen from an alkyl group having from 1 t0 10
carbon atoms and w is an integer from 1 {o 30. Preferably, R is methyi and w is 1-
4 or even more preferably wis 3 or 4.
[6117] Of the cyclic siloxane occtamethyl cyclotetrasiloxans and decamethyl
cyclopentasiloxane are particularly effective. Very useful siloxanes are selected
from the group consisting of decameathylietrasiioxane, dodecamethyipentasiloxans
and mixtures thergof.
[0118] Organic solvents suitable for dry cleaning include at least one solvent
selected from the group consisting of the isomaers of nonafluoromethoxybutane,
nonafiucroethoxvbutane and decafluoropentane, octamethyl cycictetrasiioxane,
decamethy! cyclopentasiloxane, decamathyl! tetrasiloxans, dodecamethy!
pentasiloxane and mixtures thereof. Some preferred organic dry cleaning solvenis
include those selectad from the group consisting of; octamethy! cyclotetrasiloxans,
decamethy! cyclopertasiioxaneg, decamethyl tetrasiloxane, dodecamethyl
pentasiioxane and mixiures thereof.
[6118] The dry cleaning compaositions of the invention generally include
greater than about 50 percent by weight of organic dry cleaning solvent, preferably
greater than about 75 weight percent, more preferably greater than about 80
weight per cent, more preferably greater than about 85 weight percent, even more
preferably greater than about 85 weight percent, but preferably less than 100
weight percent of organic dry cleaning solvent by weight of the total dry cleaning
composition. Such amounts may aid in improving drying times and maintaining a
high flashpoint or no flashpoint at all. For the rinse step or the conditioning step

the dry cleaning compositions may even comprise of at least 898 weight percent of
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organic dry cleaning solvent by weight of the total dry cleaning composition and
Sometimes even 100 weight percent of organic dry cleaning solvent.

ja120] in some cases, water may be used in the dry cleaning process and the
amount of water is important. In those cases, the amount of water present in any
step of the dry cleaning process is at such a level that laundry articles can be
safely cleaned. This includes laundry articles that can only be dry cleaned. The
amount of water present in the low agueous dry cleaning composition is preferably
from 0.01 to 50 wt. % water more preferably from 0.01 {0 10 wi. %, even more
preferably from 0.01 o 0.9 wt.% water by weight of the dry cleaning composition
or more preferably, 0.05 to 0.8 wt.% or most preferable 0.1 10 0.7 wt.%. The
amount of water present in the non-aqueocus dry Cleaning composition is
preferably from O to 0.1 wi. % water by weight of the dry cleaning composition or
maore preferably, 0 to 0.01 wt.% or sven more preferable O to 0.001 wt.% and most
preferable ¢ wt.%.

6121} Vhen the dry cleaning composition comprises water, preferably the
water to cloth ratio (wiw) (WCR) is less than 0.45, more preferably less than 0.35,
more preferably less than 0.25, more preferably less than 0.2, most preferably
less than 0.15, but usually more than $.0001, preferably more than 0.001, more
praferably more than 0.01.

[6122] Vhen the dry cleaning process comprises more than one step, this
WOCR preferably applies to all steps in the dry cleaning process, especially when
the dry cleaning compasition comprises water and solvent. However, the WCR
may or may not differ for each step. it is also preferred that this WCR applies to

gach steps in the dry cleaning process wherein the LCR is more than 1.

2. Co-solvents
[6123] The compositions of the invention may contain one or more cosolvents.
The purpose of a cosolvent in the dry cleaning compositions of the invention is
oftan to increase the solvency of the dry cleaning composition for a variety of soils.
The cosolvent also enables the formation of a homogeneous solution containing a
cosolvent, a dry cleaning solvent, and the soil;, or a cosolvent, a dry cleaning
solvent and an optional cleaning agent. As used herein, a "homogenaous

compasition’ is a single phased composition or a compaosition that appears to have
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only a single phase, for example, a macro-emulsion, a micro-emuilsion or an
azeotrope. However, if a cosolvent is used the dry cleaning composition is
preferably a non-azectrope as azeotropes may be less robust.

[6124] Useful cosolvents of the invention are soluble i the dry cleaning
solvent or water, are compatible with typical cleaning agents, and can enhance
the solubilisation of hydrophilic composite stains and oils typically found in stains
on clothing, such as vegetable, mineral, or animal oils. Any cosolvent or mixtures
of cosolvents mesting the above criteria may be used.

{8125} Useful cosolvents include for example, alcohols, ethers, glycol ethers,
alkanes, alkenes, linear and cyclic amides, perfluorinated tertiary amines,
perfluoroethers, cycloalkaneas, esters, ketones, aromatics, the fully or partly
halogenated derivatives thereof and mixtures theraof. Preferably, the cosolvent is
selected from the group consisting of alcohols, alkanes, alkenes, cycloalkanes,
gthers, esters, cyclic amides, aromatics, ketones, the fully or partly halogenated
derivatives thereofl and mixiures thereof. Representative examples of cosolvents
which can be used in the dry cleaning compaositions of the invention include
methanol, ethanol, isopropanol, t-butyi alcohol, trifluorcethanci,
pentafluoropropanc!, hexafluoro-2-propancl, methyi t-butyl ether, methyltamyl
gther, propylene glvcol n-propy! ether, propylena glycol n-buty! ether, dipropylens
glycol n-butyl ether, propylene glyeol methyl ether, ethylene glycol monobutyl
ether, trans-1,2-dichlorosthylene, decalin, methy! decanoate, t-butyl acetaie, sthyl
acetate, glycol mathyl ether acetate, sthy! lactate, diethyl phthalate, 2-butanone,
N-atkyl pyrrolidone (such as N-methyi pyrrolidone, N-ethyl pyrroli done), methyl
isobutyl ketone, naphthalene, toluene, triflucrotoluens, perfluorohexane,
perfluorcheptane, perflucrooctane, perfluorotributylamine, perfluorc-2-butyl
oxacyclopentane.

6126} Preferably, the cosolvent is present in the compaositions of the invention
in an effective amount by weight {o form a homogeneous composition with the
other dry cleaning solvent(s) such as HFE. The effective amount of cosolvent will
vary depending upon which cosolvent or cosolvent blends are used and the other
dry cleaning solveni{s) used in the compuosition. However, the preferred maximum

amount of any particudar cosolvent present in a dry cleaning composition should
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be low enough {o keep the dry cleaning composition non-flammable as defined
above.

ja127] in general, cosolvent may be presant in the compositions of the
invention in an amount of from about 1 to 50 percent by weight, preferably from
about 5 to about 40 percent by weight, and more preferably from about 10 {0
about 25 per cert by weight. In some cases the cosclvent may be present
amounts of from about (.01 percent by weight of the total dry cleaning

compaosition.

3. Surfactants
[o128] Aspect of the invention may be practiced using a least one of the
compound of Formula 1.

e OSHCHY-
(Hz‘i’}ss‘@\é- R

N
N R?
(HaC)sSI0" N
Formuia |

wherein R and R? may be the same or different, and comprise at least one group
selected from the group consisting of C+-Cs alkyl, optionally the C+-Cs alkyl may
include one or more of oxygen, nitrogen, or sulfur atoms or groups that include at
least one of these atoms, and the alkyl chain may be optionally substituted with
one or more substituents selected from the group consisting of hydroxyl, aming,
amido, sulfonyl, sulfonate, carbonyl, carboxyl, and carboxylate; nis an integer
from 1 to 12; the terminal nitrogen is optionally further substituted with R®, wherein
R® is selected from the group consisting of hydrogen, axygen, hydroxyl, and C1-Cs
alkyl and an optional counterion may be associated with the compound and, if
prasent, the counterion may be selected from the group consisting of chioride,
bromide, and odide.

[e128] The dry cleaning compositions of the invention can utilize many types
of cyclic, linear or branchad surfactants known in the art, both fluorinated and non-
fluoringted. Preferred sol vent compatible Surfactants include nonionic, anionic,

cat ionic and zwitterionic surfactants having at least 4 carbon atoms, but
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preferably less than 200 carbon atoms or more preferably less than 80 carbon
atoms as described below. Solvent compatible surfactants usually have a solvent-
philic part that increases the solubility of the surfactant in the dry cleaning
solvent/composition. Effective surfactants may comprise of one or more polar
hydrophilic groups and ona or more dry cleaning solvent-philic parts having at
least 4 carbon atoms so that the Surfactant is soluble in said dry cleaning
solvent/composition. it is preferred that the surfactant is soluble in the dry cleaning
composition, i.e., to at least the amount of Surfactant used in the dry cleaning
composition at 20° C. The composition may comprise one or a mixture of
Surfactants depending on the desired cleaning and garment care. One preferred
surfactant is an anionic surfactant. Another preferred surfactant is a cationic
surfactant.
[6130] The polar hydrophilic group, Z, can be nonionic, ionic (that is, anionic,
cationic, or amphoteric), or a combination thereof. Typical nonionic moietias
include polvoxyethylene and poly oxypropylene moisties. Typical anionic moieties
inciude car boxylate, Sulfonate, Sulfate, or phosphate moieties. Typical cationic
moiaties include quaternary ammonium, profonated ammonium, imidazolines,
amines, diamines, Sulfonium, and phosphonium moisties. Typical amphoteric
moieties include betaing, sulfobetaing, aminocarbaxyl, amine oxide, and various
other combinations of anionic and cationic moieties. Especially suitable
Surfactants comprise at least ons polar hydrophilic group Z which is an anionic
maoigty wharsby the counterion may be as described below.
[6131] The polar hydrophilic group Z is preferably selected from the group
comprising —SOM, —SOM, —POM, —POM, —COM and mixtures thereof
wherein each M can be independently selected from the group including H. NR,
Na, K and Li, wherein each R is independently selected from Hand C alkyl radical
but preferably H. Preferably M is H but in Some cases salts may also be used.
[6132] The surfactant may be fluorinated or more preferably a fluorinated acid.
Suitable fluoro-surfactants are in most cases those according to the formula (1)
(Xin{¥m{Zp
and contain one, two or more flucrinated radicals (Xf} and one or more polar
hydrophilic groups (£), which radicals and polar hydrophilic groups are usually {but

not necessarily) connected togsther by one or more Suitable linking groups {Y).
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Preferably, n and ¢ are integers independently selected from 1o d and m is
selected from O to 4. When the surfactant comprises more thanone Xf, Yor Z
group, then each of X Y and Z may be tha same or different. The polar
hydrophilic group may be connected by a covalentbondto Y, or in absence of Y,
to Xf
[6133] The flucrinated radical, Xf, can generally be a linear or cyclic, saturated
or unsaturated, aromatic or non-aromatic, radical preferably having at least 3
carbon atoms. The carbon chain may be linear or branched and may include
hetero atoms Such as oxygen or sulphur, but preferably not nitrogen. Xfis an
aliphatic and saturated. A fully fluorinated Xf radical is praferrad, but hydrogen or
chioring may be present as substituents provided that not more than one atom of
either is present for every two carbon atoms, and, preferably, the radical contains
at least a terminal perflucromethyl group. Radicals cortaining no more than about
20 carbon atoms are preferred because larger radicals usually represent a less
efficient utilisation of fluorine. Especially suitable Xf groups can be based on
perflucrinated carbon: CF wherein n is from 1-40, preferably 2 to 26 most
preferably 2 to 18 or can be based on oligomars of hexaflucroprapyleneoxide: ICF
{CFCF. O, wherein n is from 1 to 30. Suitable examples of the latter are
marketed by E.1 DuPont de Nemours and Co. under the name KrytoxITM 157,
especially, KrytoxITM 157 FSL. Fluoroaliphatic radicals containing about 2 to 14
carbon atoms ars more preferred.
[6134] The linking group Y. is selected from groups such as alkyl, alkylens,
alkylene oxide, arylene, carbonyl, ester, amide, ether oxygen, secondary or
tertiary amine, Sulfonamidoalky lene, carboxamidoalkylane,
alkyvienesulfonamidoalkylene, alkylensoxyalkylene, or alkylensthioalkviene or
mixtures thereof. In one preferred embodiment Y is {CHz), or (CH2)O whereintis 1
t0 10, preferably 1 io 6, most preferably 2 o 4. Alternatively, Y may be absent, in
which case Xf and £ are directly connected by a covalent bond.
[6135] Another suitable class of surfactants are non-flucrinated surfactants
according the formula (2):

(Xnn{Y)m{Z)p,
wherein Xh is a non-fluorinated radical and (Y), (£}, n, m and p are as described

for formula |
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Xh may be a linear, branched or cyclic, saturated or unsaturated, aromatic or non-
aromatic, radical preferably having at least 4 carbon atoms. Xh preferably includes
hydrocarbon radicals. When Xh is a hydrocarbon, the carbon chain may be linear,
branched or cyclic and may include hetero atoms such as oxygen, nitrogen or
suiphur, although in some cases nitrogen is not preferred. In some embodiments
Xh is aliphatic and saturated. Radicals containing no more than about 24 carbon
atoms are preferred.

[6138] One preferred surfactant is an acid surfactant. Some surfactanis
include anionic surfaciants. Anionic surfactants are generally known in the art and
include, for example, alkyl aryl Sulfonates (such as, for example, alkylbenzens
sulfonates), alkyl aryl sulfonic acids (such as, for example, Sodium and
ammornium salts of oluene-, xylene- and isopro pylbenzenesuffonic acids),
suifonated amines and Sulfonated amides (such as, for example, amido
sulfonates), carboxylated alcohols and carboxylated alkylpheno! ethoxylates,
diphenyl sulfonates, fatty esters, isethionates, lignin-based surfactants, olefin
suifonates (such as, for exampie, RCHCHSOsNa, where R is C10-C186),
phosphorous-based surfactants, protein based Surfactants, sarcosing-based
surfactants {such as, for example, N-acylsarcosinates such as Sodium N-
lauroyisarcosinate), sulfates and sulfonates of cils and/or fatty acids, sulfates and
suifonates of ethoxylated alkylphenols, sulfates of alcohols, sulfates of ethoxylated
alcohols, suifates of fatty esters, sulfates of aromatic or fiuoro containing
compounds, sulfo succinnamates, sulfo succinates (such as, for example, diamyl-,
dioctyl- and diisobutylsulfo Succinates), taurates, and Sulfonic acids. Examples of
suitable non flucrinated anionic surfactants include CrodafosTM 810A (ex Croda).
[6137] In addition to an acid surfactant other classes of surfactants may be
used. Suitable surfactants include, hut are not limited to, nonionic and cationic
surfaciants. Compounds suitable for use as the nonionic surfactant of the present
invention are those that carry no discrete charge when dissolved in agusous
media. Nonionic surfactants are generally known in the art and include, for
example, alkanol amides {such as, for example, coco, lauric, oleic and Stearic
moncethanolamides, diethanclamides and monoisopropanclamides), amine
oxides (such as, for example, polyoxyethylene ethanolamides and

polyoxyethyiens propanciamides), poiyaikylens oxide block copolymers (such as,
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for example, poly(oxysthylens co-oxypropylene)), sthoxylated alcohols, (Such as,
for example, isosteary! polyoxysthylene alcohol, lauryi, cetyl, stearyl, oleyl,
tridecyl, trimethylnonyl, isodecyl, tridecyl}, ethoxyiated alkylphenols (such as, for
example, nonviphony! ethoxylated amines and ethoxylated amides, ethoxiated
fatty acids, ethoxylated fatty esters and sthoxyiated fatty oils {such as, for
axample, mono- and diesters of acids such as lauric, isostearic, pelargonic, oleic,
coco, Stearic, and ricinoleic, and oils such as castor oif and tall oil), fatty esters,
fluorocarbon containing materials, glycerol esters (such as, for example, glycerol
monostearate, glycerol monolaurate, glycerol dilaurate, glycero! monoricinoleate,
and glycerol oleate), ghyco!l esters (such as, for example, propylene ghycol
monostearate, ethylene glycol monosicarate, ethylene glycol distearate,
diethylansa glycol monolaurate, disthylens glycol monclaurate, diethylene ghycol
monooleate, and diethylene glycol Stearate), lanolin-based Surfactants,
monoglycerides, phosphate estars, polysaccharide ethers, propoxylated faity
acids, propoxylated alcohols, and propoxylated alkylphenols, protein-based
organic surfactants, sorbitan-based Surfactants (such as, for example, sorbitan
oleate, Sorbitan monolaurate, and Sorbitan palmitate). Sucrose esters and
glucose esters, and thio- and mercapto-based surfactants.

[6138] Some other suitable nonionic surfactants include Polysthyiene oxide
condensates of nonyl phenol and myristyl alcohol. Such as in U.8. Pat. No.
4,685,930 Kasprzak; and b) fatty alcohol ethoxylates, R-{OCH2CH2)OH wherein a-
1 1o 100, typically 1 to 30, R=Hydrocarbon residue 8 to 20 € atoms, iypically linear
alkyl. Examples polyoxyethylene lauryl ether, with 4 or 10 oxysthylene groups;
polyoxyethylenacetyl sther with 2, 8 or 10 oxyethvlene groups; polyoxyethviene
stearyl ether, with 2, 5, 15, 20, 25 or 100 oxysthviene groups; poly oxyethylene
(2}, (10) oleyl ether, with 2 or 10 oxyethylene groups. Commercially available
examples include but are not limited to; BRIJ and NEQDOL. See also U.S. Pal.
No. 6,013,883 Hill et al. Other suitable nonionic surfactants include TweenTM.
[6138] Suitable cationic surfactants include, but are not limited to
dialkyidimethyl ammonium salts having the formula: R*"R"N"{CH). X wherein R' and
R" are sach independently Selected from the group consisting of hydrocarbon
contain ing moiety containing 1-30 C atoms or derived from tallow, coconut oil or

soy, X-Cl, t or Br. Examples include: didodecyldimethy! ammonium bromide
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(DDAR), dihexa decyldimsthyl ammonium chicride, dihexadecyidimsthyl
ammonium bromide, dioctadecyldimethyl ammonium chloride, dieicosyidimeathyl
ammonium chioride, didoco Syldimethyl ammonium chioride, dicoconutdimethy!
ammonium chioride, ditallowdimsthyl ammonium bro mide (DTAB). Commaercially
available examples include, but are not imited to: ADOGEN, ARGQUAD, TOMAH,
VARIOUAT. See also U.S. Pat. No. 6,013,683 Hillet al.

[e140] These and other surfactants suitable for use in combination with the
organic dry cleaning solvent as adjuncts are well known in the art, being described
in more detail in Kirk Othmer's Encyclopaedia of Chemical Technology, 3rd Ed.,
Vol. 22, pp. 360-379, “Surfactants and Detersive Systems’, incorporated by
reference herein. Further suitable nonionic detergent surfactants are generally
disciosed in U.8. Pat. No. 3,828,678, Laughlin et al., issued Dec. 30, 1975, at
column 13, line 14 through column 16, line 6, incorporated herein by reference.
Other suitable detergent surfactants are generally disclosed in WO-A-0248517.
[6141] The surfactant or mixture of surfactants is present in & cleaning
effective amount. A cleaning effective amount is the amount needed for the
desired cleaning. This will, for example, depend on the number of articles, lavel of
soiting and Yolumes of dry cleaning compaosition used. Effective cleaning was
chserved when the surfactant was presant from at least 0.001 wi% to 10wt % by
weight of the dry cleaning composition. More preferably, the surfactant is present
from 0.01 to 3 wt.% or even more preferably from 0.05 to 0.9 wi % by weight of
the dry cleaning compaosition. More preferably, tha surfactant is present from 0.1
to 0.8 wt.% or even more preferably from 0.3 to 0.7 wt. % by weight of the dry
cleaning composition.

[6142] The dry cleaning compaositions may contain one or more optional
cleaning agents. Cleaning agents include any agent Suitable for enhancing the
cleaning, appsarance, condition and/or garment care. Generally, the cleaning
agent may be present in the compositions of the invention in an amount of abouwt 0
to 20 wt. %, preferably 0.001 wi% to 10 wt.%, more preferably 0.01 wiSs to 2 wi.%
by weight of the total dry cleaning composition.

[6143] Some suitable cleaning agents include, but are not limited to the
following compounds, builders, enzymes, bleach activators, bleach catalysts,

bieach boosters, bleaches, alkalinity Sources, antibacterial agents, colorants,
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perfumes, pro-perfumes, finishing aids, lime soap dispersants, composition
malodor control agents, odor neutralizers, polymeric dye transfer inhibiting agents,
crystal growth inhibitors, photo-bleaches, heavy metal ion sequastrants, anti-
tarnishing agents, anti-microbial agents, anti-oxidants, anti-redeposition agents,
s0il release polymers, electrolyvtes, pH modifiers, thickeners, abrasives, divalent or
trivalent ions, metal ion salls, enzyme stabilizers, corrosion inhibitors, diamines or
polyamines and/or their alkoxylates, Suds stabilizing polymers, process aids,
fabric softening agents, optical brighteners, hydrotropes, suds or foam
suppressors, suds or foam boosters, fabric softeners, anti-static agents, dye
fixatives, dye abrasion inhibitors, anti-crocking agents, wrinkle reduction agents,
wrinkle resistance agents, soil repeliency agents, Sunscreen agents, anti-fade
agents, and mixiures thereof. Some Suitable cleaning agants include, but are not
imited to, Some Suitable cleaning agents include, but are not limited to,
EXAMPLES
[0144] Nuciear magnstic resonance {(NMR) spectroscopy was performed on a
Bruker 500 MHz spectrometer. The critical micelle concentration {CMC) was
determined by the Wilhelmy plate method at 23° C with a tensiometer (DCAT 11,
DataPhysics Instruments GmbH) equipped with a Pt-ir plate. Dynamic surface
tension was determined with a bubble pressure tensiometer (Kriiss BP10C, Kriss
GmbH), at 23° C. Contact angle was determined with the optical contact angle
goniometer (OCA 15 Pro, DataPhysics GmbH) equipped with a digital camera.
Exampie 1a:
Synthesis of 8-(dimsthviaming}-N-(3-(1,1,1.5.5 5-haxamethyl-3-
{(trimethyisilvlioxylirisiioxan-3-vipropyiihexanamide (Surfaciant 1) and 6-((3-

{1.1,1.5.5,5-hexamethyil-3-{{trimethyisilvlioxyitrisiloxan-3-yDpropyhaming}-N, N-

dimethvl-8-oxchexan-1-aminium salt (Surfactant 2)
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Surfactant 1
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Exampie 1b:
Determination of critical micelie concentration (CMO) of Surfactant 2

{0145] The critical micelle concentration {CMC) for Surfactant 2 was testad
with a chioride counterion and was determined to be about 2 mmol. The plateau
value of minimum surface tension that can be reached by this surfactant is about
23 mN/m. Fig. 1 is a plot of these results, showing surface tension versus

concentration.

Example 2a;
Synthesis of 8-((3-(1.1.1,5.5 5-hexamethyl-2-{{({irimeathvisilvDoxytrisiloxan-3-

vhipropvhiamingi-N N N-trimethvi-6-oxohexan-1-aminium iodide (Surfactant 3)

nC)aS!Q CE}S!(CH‘g)g H GH3§, Nagco3 . . OSB(QﬁS}S H i
(Hs)s 8 N o et L - \H33}3SEO\ i N D
(Hal)SIO™ \g/“\/\/“\rgs CHaCN (HaCHSIOT T e T NN

Susfaciant 3

[01486] Surfactant 1 (1.00 g, 2.02 mmol, 1 equiv.) was dissolved in acetonitrile
(10 mi) in a 100 mL round bottom flask. Next, NazC0s {0.26 g, 2.42 mmol, 1.2
equiv.) was added and the mixture was stirred for 10 minutes. Methyl iodide
(0.377 mi, 8.08 mmol, 3 equiv.} was added and the reaction was heated at 40 °C
for 24 hours. The cooled reaction mixture was filtered, and the solvent was
removed under vacuum to give Surfactant 3 as a slightly yeliow solid in
gquantitative yield. -H NMR (500 MHz, DMS0O) & 0.08 (s, 27H), 0.38-0.42 (m, 2H),
1.23-1.28 {m, 2H), 1.37-1.40 {m, 2H), 1.52-1.55 {(m, 2H), 1.65-1.88 {m, 2H), 2.08
(t, J=74Hz 2H), 299 (dd, J= 13, 6.9 Hz, 2H), 3.04 (s, OH), ), 3.24 - 3.33 (m,
2H).



WO 2021/126714 PCT/US2020/064684

{01471 The pure product is soluble in water and has surfactant properties. The
halogen anions may be directly obtained from the N-alkyiation reaction, and other

desired counter anions may bea obtained by anion exchangs.

Example 2b:
Determination of physical properties of Surfactant 3

{0148] The critical micelle concentration {CMC) for Surfactant 3 was
measured. From the surface fension change with concentration in water, the CMC
was determined to be about 1.6 mmol. The plateau value of minimum surface
tension that can be reached by this surfactant is around 20 mN/m, indicating that
the surfactant has outstanding interfacial activity. These results are plotted as
surface tension versus concentration in Fig. 2.

{0148} The dynamic surface tension of Surfactant 3 was determined with a
bubble pressurs tensiometer which measures the change of surface tension of a
freshly created air-water interface with time. Fig. 3 shows a plot of the results as
surface tension versus time and demonstrates that Surfactant 3 fully saturated the
interface in less than 500 ms, making it exceptionally fast in terms of interfacial
adsorption.

{0150} In addition to Surfactant 3's ability {0 lower both interfacial and surface
tension, formulations containing only Surfactant have exceptional wetting
properiies. For example, hydrophobic substrates such as polyethylene and
poltypropylens exhibit a total surface weltling with a contact angle of 0°. On
oleophobic and hydrophobic substrates such as Teflon, the measured contact

angle was extremely low, 10.5° (Table 2}.

TABLE 2
Substrate CA of Concentration CA of
Surfactant water {°)
3 (%)
Teflon 10.5 10x CMC 119
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Substrate CA of Concentration CA of
Surfactant water {°)
3%
Polyethylena 0 10x CMC 21.5
Polypropylene 0 10x CMC 83.3
Nylon 0 10x CMC 50
Polyethylena 0 10x CMC 65.3
terephthalate
Example 3a;

Synthesis of 8-((3-(1,1.1.5.5 5-haxamethyl-3-{{irimethvisilvlioxyitrisiioxan-3-
vhoropvbaming)-N N-dimethyl-6-oxohexan-1-amine oxide (Surfactant 4)

OSi(CHy): |y HO; OSi(CHys -

(HaG)38I0, {H3C): S0,

(H2C)3Si07 o \g/\f\/\rf O (40,8107 o \KW\
o

Surfactant 4

f0151] Surfactant 1 (1.00 g, 2.02 mmol, 1 equiv.} was added to distilled water
{80 mL) in a 100 mL round bottom flask, followed by 50% hvdrogen peroxide (1.15
mi, 20.2 mmol, 10 equiv.). The reaction was refluxed for 12 hours, then
concentrated under vacuum. The residue was washed three times with acetone
to give Surfactant 4 in 899% vield. "H NMR (500 MHz, DMSO) & 0.09 (s, 27H),
0.38-0.44 {m, 2H), 1.21-1.25 (m, 2H), 1.35-1.42(m, 2H), 1.50-1.55 (m, 2H), 1.71-
1.75 (m, 2H), 2.05-2.08 {m, 2H), 2.97-3.00 {m, 2H)}, 3.01 (s, 9H), 3.11 ~3.14 (m,
2H).
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Example 3b:
Determination of physical properties of Surfactant 4

o152} The critical micelle concentration {CMC) for Surfactant 4 was
measured. From the surface tension change with concentration in water, the CMC
was determined o be about 0.42 mmol. The plateau value of minimum surface
tension that can be reached by this surfactant is about 20 mN/m, indicating that
the surfactant has outstanding intarfacial aclivity. These resulis are plotted as
surface tension versus concentration in Fig. 4.

{0153} The dynamic surface tension of Surfactant 4 was determined with a
bubble pressure tensiometer. Fig. 5 shows a plot of the resulis as surface tension
versus time and demonstrates that Surfactant 4 fully saturated a freshly created
air-water interface in one second or less, making it fast in terms of interfacial
adsarption.

[0154] In addition o Surfactant 4’s ability to lower both the interfacial and
surface tension, formulations containing only Surfactant 4 in concentrations of 1-
100 x CMC have exceptional wetting properties. For example, a solution of
Surfactant 4 in water at a concentration of 1 CMC exhibits a 0° contact angle on
hydrophobic substrates such as polyethylene and polypropyleng, and 10.6° on
oleophobic and hydrophobic substrates such as Teflon. These contact angles are
exitramely low in comparison with the contact angle of water on the same
substrate (Table 3).

TABLE 3
Substrate CA of Concentration CA of
Surfactant 4 (°) water {°}
Teflon 10.8 10x CMC 119
Polyethylene 0 10x CMC g1.5
Polypropylene Q 10x CMC 93.3
Nylon 0 10x CMC 50
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Subsirate CA of Concentration CA of
Surfactant 4 {%} water {°}
Polvethylens O 10x CMC 653
terephthalate

Example 4a:
Synthesis of 4-((6-{{3-(1.1.1.5.5 5-hexamethvi-3-({irimethyisilyDoxyirisiloxan-3-

yvipropyliamine)-8-oxohexylidimethviammeonioibutane-1-sulfonate {(Surfactant 5)
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Surfactant 5

[0155] Surfaciant 1 (1.00 g, 2.02 mmol, 1 equiv.) was added to ethyi acetate
{(Et0Ac) (30 mb) in a 100 mb round bottom flask, followed by 1,2-butane sultone
(0.27 mL, 2.2 mmol, 1.1 equiv.). The reaction was refluxed for 12 hours, after
which the solvent was removed and the resultant white waxy solid was washed
with acetone to give Surfactant 5 in 50% vield. 'H NMR (500 MHz, DMS0Q) 5 0.10
{s, 27H), 0.38-0.46 (m, 2H), 1.23-1.27 (m, 2H), 1.37-1.68 (m, 10H), 1.73-1.78 {m,
2H), 2.45-2 .48 {m, 2H), 2.97-3.01 {m, 8H), 3.18-3.21 (m, 2H), 3.23-3.27 (m, 2H).

Example 4b;
Determination of physical properties of Surfactant 5

{01561 The critical miceile concentration (CMC) for Surfactant 5 was
measurad. From the surface tension change with concentration in water, the CMC
was determined to be about 0.39 mmol. The plateau value of minimum surface
tension that can be reached by this surfactant is about 21 mN/m, indicating that
the surfactant has cuistanding interfacial activity. These results are plotied as

surface tension versus concentration in Fig. 6.
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{0157} The dynamic surface tension of Surfactant 5 was determined with a

bubble pressure tensiometer. Fig. 7 shows a plot of the resulis as surface tension

versus time and demonstrates that Surfactant 5 fully saturated a freshly created

air-water interface in one second or lass, making it fast in terms of interfacial

adsorption.

[0158] Finaily, a sclution of Surfactant 5 in water at a concentration of 10x

CMC exhibits a 0°contact angle on hydrophobic substrates such as polyethylene

and polypropylene, and 10.2° on oleophobic and hydraphobic substrates such as

Teflion. These contact angles are exiremely low in comparison with the contact

angle of water on the same substrate (Tabls 4).

TABLE 4
Substrate CA of Surfactant § Concentrati CA of water
{°) on {°}
Teflon 10.2 10x CMC 119
Polyethylene 0 10x CMC 91.5
Polypropylens 0 10x CMC 93.3
Polyethylenterephthal g 10x CMC 65.3
ate
Nylon 0 10x CMC 50
Polyethylene-HD 0 10x CMC 938
Example &
Soaps comprising 2 or more inventive surfactants
[6153] Detergent formulation comprising the soap, fully saturated lauric soap

granule based on Prifac 5808 from Unigema, a first inventive surfactant, and a

non-icnic inventive surfactant. All formulation include 1.008 g/l of surfactant; and
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0.25 to 0.67 of scap. The water was conditioned with a mixture of CaClz_2 H20)

and MgCl-Ha0), such that the ration of calcium o magnsesium

Example &
Dry cleaning formulations

[01s0] Laundry articles are contacted with the following low aqueous dry
cleaning compositions A (see table |) and agitated for 15 minutes at 20° C. using a
liquid to cloth ratio of 13, Subsequently, the dry cleaning compaosition is removed
and the laundry articles are rinsed with a rinse composition comprising clean dry
cleaning solvent. The experiment is repaated with following low aqueous dry
cleaning compositions B-F (see table 1) using an liquid to cloth ratio of 5.

TABLE S

Composition
A B c D E F

i

inventive 0.
Surfactant A
{wi. %)

Invnetive 0.1

surfact B

0.1 0.5 0.1 0.5

Water — 0.25 0.5 0.5 1.0 1.0
Solvent
{Balance)
HFE-7200™ X X
Dodecamethyl X
pentasiloxane
Decamethyl X
tetrasiloxans
Decamethyl X X
cyclopentasiloxa
ne

ASPECTS
{0161] A first aspect of the invention includes formulations for cleaning,
comprising: at least one surfactant of Formula |,
O8i{(CH;4

(HCRSIOL T P
(HJCMS;O’ \/’“\/

Formula |
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wherein R and R? may be the same or different, and comprise at least one group
selacted from the group consisting of C1-Cs alkyl, optionally the C+-Cs alkyl may
include one or more of oxygen, nitrogen, or sulfur atoms or groups that include at
least one of these atoms, and the aikyl chain may be optionally substituted with
one or mare substituents selected from the group consisting of hydroxyl, aming,
amido, sulfonyl, sulfoniate, carbonyl, carboxyl, and carboxylate; nis an integer
from 1 to 12; the terminal nitrogen is optionally further substituted with R®, wherein
R? is selected from the group consisting of hydrogen, oxygen, hydroxyl, and C1-Ce
alkyl; an optional counterion associated with the compound which, if present, is
selected from the group consisting of chioride, bromide, and iodide; and at least
one detergent and/or at least one soap.
[a1s2] A second Aspect of the invention includes the first Aspect of the
invention, wherein the at lsast one detergent or soap is selected from the group
consisting of. anionic detergents, cationic detergents, non-ionic detergents, and
Zwitterionic detergents.
[6163] A third Aspect of the invention includes the First Aspect and the
Second Aspects of the invention, wherein the soap is of the general formula:
{(RCO2 W M whersin R includes an alkyl group, M is a metal, and ™ is
gither +1 or +2.
[6164] A fourth Aspect of the invention includes the first through the third
Aspects of the invention, further comprising: at least one builder,
[3185] A fifth Aspect of the invention includes the first through the fourth
Aspects of the invention, wherein the at least one builder is at least one compound
seiected from the group consisting of: tripolyphosphates, nitriloacetic acid salls,
zeolites, calcite/carbonate, citrate or polymers, sodium, pyrophosphate,
orthophosphate, sodium aluminosilicate, inorganic salts of alkaline agents,
inorganic salis of alkali metals, suiphates, silicates, and metasilicates
[6166] A sixth Aspect of the invention includes the first through the fifth
Aspects of the invention further comprising: at least one bleach.
[6167] A seventh Aspect of the invention includes the sixth Aspect of the
inverition, wherein the at least one bleach at is at least one compound selecied
from the group consisting of. metal borates, persalts, peroxyacids, percarbonates,

perphophates, persilicates, persulfates, sodium hypochiorite, chiorine dioxide,

44



WO 2021/126714 PCT/US2020/064684

hydrogen peroxide, sodium percarbonate, sodium perborate, peroxoacetic acid,
benzol peroxide, potassium persulfate, potassium permangansate, sodium
dithionite

[6168] An sighth Aspect of the invention includes the first through the seventh
Aspects of the invention further comprising: at least one enzyme.

[0168] A ninth Aspect of the invention includes the eighth Aspect of the
invention where the at least one enzyme is selected from the group consisting of:
proteases, amylases, cellulases, oxidases, mannanases, peroxidases and lipases.
[a17a] A tenth Aspect of the invention includes the first through the ninth
Aspects of the invenition further comprising at least one polymer.

[8171] An eleventh Aspect of the invention include the tenth Aspect of the
inverition, wherein the at least one polymer is at least one compound selected
from the group consisting of. polymers of methacrylamidem; polymers of
gthylenically unsaturated monomers: N, N-dialkylaminoalkyl methacrylate, N N-
dialkylaminoalkyt acrylate, N, N-dialkylaminoalkyl acrylamide, N,N-
dialkvlaminocalkylmethacrylamide , methacylamidoalkyl triatkylammonium salts,
acrylamidoalkylitrislkylamminium salts, vinylamine, vinyl imidazole, quaternized
vinyl imidazole and dialiyl dialkyl ammonium salts, polymers of. diailyl dimeathyl
ammonium sailt, N, N-dimethy! aminoethyi acrylate | N, N-dimethyl amino ethyi
methacryiate, [2-{methacryioylamino)} ethyl] trimethylammonium salis, N N-
dimethylaminopropyl acrylamide, N N-dimethylaminopropy! methacrylamide,
acrylamidopropy! trimethyl ammonium salts, methacrylamidopropyl
trimethylammonium salls, and quaternized vinylimidazole.

{6172} A twelfth Aspect of the invention comprises at least one formulation for
dry cleaning, comprising: at least one surfactant of Formula |,

i
(HgC}P,SiO\gS“‘C Wy o

N R!
(HC)sSIO™ W‘T”
R2

Formuda |

wherain R and R? may be the same or different, and comprise at least one group
selected from the group consisting of C+-Cs alkyl, optionally the C+-Cs alkyl may

include one or more of oxygen, nitrogen, or sulfur atoms or groups that include at
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least one of these atoms, and the alkkyl chain may be optionally substituted with
one or more substituents selected from the group consisting of hydroxyl, amino,
armido, sulfonyl, sulfonate, carbonyl, carboxyl, and carboxylate;
nis an integer from 1 t0 12;
the terminal nitrogen is optionally further substituted with R, whearein

R? is selected from the group consisting of hydrogen, oxygen, hydroxyl, and C1-Cs
atkyt:

an optional counterion associated with the compound which, if present, is

selected from the group consisting of chioride, bromide, and iodide;

at least one solvent.
[6173] A thirteenth Aspect of the invention incudes the tweifth Aspect of the
invention, wherein the at least one solvent is al least one compound selected from
the group consisting of: perchloroethylene, hydrocarbons, trichlorosthylene,
decameathyicyclopentasiloxane, dibutoxymthane, n-propy! bromide.
[6174] A fourtsenth Aspect of the invention includes the twelfth and eh
thirteenth Aspect of the invention further comprising at least one co-solvent.
[0175] A fifteenth Aspect of the invention includes the fourteenth Aspect of the
invention wherein the at least one co-solvent is at least one compound selected
from the group consisting of: alcohols, ethers, glycol ethers, alkanes, alkenes,
linear and cyclic amides, perfluorinated tertiary amines, pearfluoroethers,
cycloalkanes, esters, ketones, aromatics, methanol, ethanol, isopropanci, {-butyl
alcohol, triflucrosthano!, pentafiucroprapano!, hexafluoro-2-propanocl, methyl t-
butyl ether, methyl t-amyl ether, propylene glycol n-propyl ether, propylene glycol
n-butyl ether, dipropylene glycol n-butyl ether, propylene glycol methyl ether,
ethylene glycol monobuivl ether, trans-1,2-dichioroethylene, decalin, methyl
decanoate, {-butyl acetate, ethyl acetate, glycol methyl ether acetats, athyl lactate,
diethy! phthalate, 2-butanone, N-alkyl pyrrolidone (such as N-methy! pyrrolidons,
N-ethyl pyrrolidone), methy! isobuivl ketone, naphthalene, {oluene,
triflucrotoluens, perfiuorohexans, perfluorchaptane, perflucrooctane,

perfluorciributylamine, perfluoro-2-butyloxacyclopentane.
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CLAIMS
1. A formulation for cleaning, comprising: at least one surfactant of
Formula |
i OSHCHR),
(Hs(ﬁas’@\éi (CHa) g TR
(HzC)SIO Nis
R2
Formula l

wherein R and R? may be the same or different, and comprise at least one group
selected from the group consisting of C+-Cs alkyl, optionally the C+-Cs alkyl may
include one or more of oxygen, nitrogen, or sulfur atoms or groups that include at
least one of these atoms, and the akyl chain may be optionally substituted with
oneg or more substituents selected from the group consisting of hydroxyl, aming,
amido, sulfonyl, sulfonate, carbonyl, carboxyl, and carboxylate;

r1is an integer from 1 to 12,

the terminal nitrogen is optionally further substituted with R, wherein
RS is selected from the group consisting of hydrogen, oxygen, hydroxyl, and C1-Ce
atkyt;

an optional counterion associated with the compound which, if present, is
selected from the group consisting of chioride, bromide, and iodide; and

at lzast one detergent or at least one soap.

2. The formulation according to claim 1, wherein the at least one detergent or
soap is selected from the group consisting of anionic detergents, cationic

detergents, non-ionic detergents, and zwitterionic detergents.

3. The formulation according to claim 1, whersin the soap is of the general

formula:

(RCO2n M
wherein R includes an alkyl group, M is a metal, and ™ is sither +1 or
+2.
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w

The formulations of claim 1, further comprising: at least one builder.

The formulation according o claim 4, wherein the at least one builder is at
least one compound selected from the group consisting of. tripolyphosphates,
nitriloacetic acid sals, zeolites, calcite/carbonate, citrate or polymers, sodium,
pyrophosphate, orthophosphate, sodium aluminosilicate, inorganic salts of
alkaline agents, inorganic salts of alkali metais, sulphates, silicates, and

meiasilicates
The formulations according to claim 1, further comprising: at least one bleach.

The formulation according to claim ©, wherein the at least one bleach at is at
least one compound selected from the group consisting of metal borates,
persalts, paroxyacids, percarbonates, perphophates, parsilicates, persuifates,
sodium hypochiorite, chlorine dioxide, hydrogen peroxide, sodium
percarbonate, sodium perborate, peroxoacetic acid, benzol peroxide,

potassium persulfate, potassium permanganate, sodium dithionite.

The formulations according o claim 1, further comprising: at least one enzyme.

The formulations according to claim 8, where the al least one enzyme is
selectad from the group consisting of: proteases, amylases, cellulases,

oxidases, mannanases, peroxidases and lipases.

10. The formulations according to claim 1, further comprising at least one polymer.

11. The formulations according to claim 10, wherein the at least one polymer is at

least one compound selected from the group consisting of. polymers of
meathacrylamide; polymers of ethylenically unsaturated monomer: N, N-
dialkylaminoalkyl methacrylate, N, N-di alkylaminocalkyi acrylate, N, N-
dialkylaminoalkyt acrylamide, N, N - dialkylaminoaikyimethacrylamids,
methacylamidoalky! trialkylammonium saits, acrylamidoalkyiitrialkylamminium
sails, vinylamine, vinyl imidazole, quaternized vinyl imidazole and diallyl diatkyl

ammonium salts, polymers of: diallyl dimethyl ammonium salt, N N-dimethyl
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aminosthyl acrylate, N N-dimethy! amino ethyl methacrylate, [2-
{methacryloylaming) sthyll rimethylammonium salt, N N-dimethylaminopropyl
acrylamide, N N-dimethylaminopropyl methacrylamide, acrylamidopropyl
trimethyl ammonium salts, methacrylamidopropy! trimethylammonium salts,

and quaternized vinylimidazole.

12. A formulation for dry cleaning, comprising: at least one surfactant of Formula |

OSiCH
(HiCSIOL P H
(H3C)sS10” A

ormuia |

wherein R' and R® may be the same or different, and comprise at least one group
selacted from the group consisting of C+-Cs alkyl, optionally the C+-Cs alkyl may
include one or more of oxygen, nitrogen, or sulfur atoms or groups that include at
least one of these atoms, and the alkyl chain may be optionally substituted with
one or more substituents selected from the group consisting of hydroxyl, amino,
amido, sulfonyl, sulfonate, carbonyl, carboxyl, and carboxylate;

nis an integer from 1 to 12;

the terminal nitrogen is optionally further substituted with RS, wherein
R? is selected from the group consisting of hydrogen, oxygen, hydroxyl, and C1-Ce
atkyt:

an optional countarion associated with the compound which, if presant, is
seiected from the group consisting of chioride, bromide, and iodide;

at least one sclvent.

13. The formulation according to claim 12, wherein the at least one solvent is at
least one compound selecied from the group consisting of:. perchioroethylene,
hydrocarbons, trichiorosthylene, decamethyicyclopentasiloxane,

dibutoxymethans, n-propyi bromide.

14. The formulations, according to claim 12, further comprising at least one co-

solvent.
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15. The formulations according o claim 14, wherein the at least one co-solvent is
at lzast one compound selected from the group consisting of: alcohols, ethers,
glycol ethers, alkanes, alkenes, linear and cyclic amides, perfluorinated tertiary
amines, perflucroethers, cycloalkanes, ssters, ketones, aromatics, methanol,
gthanol, isopropanoel, t-butyl alcohol, trifluoroethanol, pentaflucropropanol,
hexafluoro-2-propanol, msthyl t-butyl ether, methyl t~amyi ether, propylens
glyco! n-propy! ether, propylene glycol n-butyl ether, dipropylene glycol n-butyl
ather, propvlene glycol methyl ether, sthylene glycol moncbhutyl ether, trans-
1,2-dichioroethylene, decalin, methyl decanocate, t-butyl acetate, ethyl acetate,
glycol methyl sther acetals, ethyl lactate, disthyl phthalate, 2-butanone, N-alkyl
pyrradidone (such as N-methyl pyrrolidone, N-athyl pyreolidone), methyl iscbutyt
ketone, naphthalene, toluene, trifluorotoluene, perflucrohexane,
perfluorchaptane, perflucrcoctane, perflugrotributylaming, perfluoro-2-

butyloxacyclopentane.
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