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TITLE: SOLIDIFICATION MATRIX COMPRISING
PHOSPHINOSUCCINIC ACID DERIVATIVES

FIELD OF THE INVENTION

The present invention relates generally to the field of solidification and
solidification matrices. In particular, the invention relates to the development of
dimensionally stable, solid detergent compositions containing a hydratable salt,
water and phosphinosuccinic acid derivatives, including mono-, bis- and oligomeric
phosphinosuccinic acid (PSO) derivatives. The compositions according to the

invention may be substantially free of phosphate and NTA-free.

BACKGROUND OF THE INVENTION

The use of solidification technology and solid block detergents in
institutional and industrial operations was pioneered in the SOLID POWER® brand
technology claimed in Fernholz ef al., U.S. Reissue Patent Nos. 32,762 and 32,818.
Additionally, sodium carbonate hydrate cast solid products using substantially
hydrated sodium carbonate materials was disclosed in Heile et al., U.S. Patent Nos.
4,595,520 and 4,680,134.

In more recent years, attention has been directed to producing highly
effective detergent materials from less caustic materials such as soda ash, also
known as sodium carbonate. Early work in developing the sodium carbonate based
detergents found that sodium carbonate hydrate-based materials often swelled, (i.e.,
were dimensionally unstable) after solidification. Such swelling can interfere with
packaging, dispensing, and use. The dimensional instability of the solid materials
relates to the unstable nature of various hydrate forms prepared in manufacturing the
sodium carbonate solid materials. Early products made with hydrated sodium
carbonate typically comprised of anhydrous, a one mole hydrate, a seven mole
hydrate, a ten mole hydrate or more mixtures thereof.

However, after the product had been manufactured and stored at ambient
temperatures, the hydration state of the initial product was found to shift between
hydrate forms, e.g., one, seven, and ten mole hydrates, resulting in dimensional

instability of the block chemicals. In these conventional solid form compositions,
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changes in water content and temperature lead to structural and dimensional change,
which may lead to a failure of the solid form, resulting in problems such as the
inability of the solid form to fit into dispensers for use.

Additionally, conventional solid alkaline detergents, particularly those
intended for institutional and commercial use, generally require phosphates in their
compositions. The phosphates typically serve multiple purposes in the
compositions, for example, to control the rate of solidification, to remove and
suspend soils, and as an effective hardness sequestrant. An exemplary phosphate
having broad spectrum functionality is sodium tripolyphosphate (STPP), providing
beneficial effects as a threshold agent, providing metal protection, soil
antiredeposition, etc.

It was found, disclosed, and claimed in U.S. Patent Nos. 6,258,765,
6,156,715, 6,150,324, and 6,177,392, that a solid block functional material could be
made using a binding agent that includes a carbonate salt, an organic acetate, such as
an aminocarboxylate, or phosphonate component and water. Due to ecological
concerns, further work has recently been directed to replacing phosphorous-
containing and/or phosphate-containing compounds in detergents. In addition,
nitrilotriacetic acid (NTA)-containing aminocarboxylate components used in place
of phosphorous-containing and/or phosphate-containing compounds in some
instances as a binding agents and hardness sequestrants, are believed to be
carcinogenic. As such, their use has also been curtailed. In addition, the expense of
various phosphate-replacement components, such as polyacrylates, provides an
indication for a more cost-effective replacement solidification matrix.

Accordingly, it is an objective of the claimed invention to identify binding
agents capable of providing exceptional dimensional stability for a solid detergent
composition.

Still further, an object of the invention is to develop such dimensionally
stable, solid detergent composition that may be, substantially free of phosphate and
free of NTA.

A still further object of the invention is to employ mono-, bis- and oligomeric

phosphinosuccinic acid (PSO) derivatives for a solidification matrix which provides
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causing significant hard water scale accumulation.

BRIEF SUMMARY OF THE INVENTION

A stability enhancement agent for solid compositions is disclosed. The
stability enhancement agent can be used for solid detergent compositions providing
dimensional stability by controlling water movement within the solid composition or
forming favorable interactions with other components in the composition.

In an embodiment, the present invention provides a solid detergent
composition comprising: a phosphinosuccinic acid derivative; a hydratable salt; and
water, wherein the composition is substantially phosphate-free and NTA-free.

In another embodiment, the present invention provides a solid detergent
composition comprising: between about 0.1 wt-% and about 20 wt-% a
phosphinosuccinic acid derivative comprising a phosphinosuccinic acid and mono-,
bis- and oligomeric phosphinosuccinic acid adducts; between about 0.1 wt-% and
about 50 wt-% water; between about 40 wt-% and about 90 wt-% sodium carbonate;
and between about 0.5 wt-% and about 10 wt-% surfactant; wherein the solid
detergent composition has less than about 2 wt-% phosphate, and wherein the solid
detergent composition is dimensionally stable and has a growth exponent of less
than 3% if heated at a temperature of 122°F.

In a further embodiment, the present invention provides a method of forming
a solid
detergent composition comprising: combining a hydratable salt and at least one
functional component to form a powder pre-mix; and mixing the powder pre-mix
with a liquid pre-mix, the liquid pre-mix comprising a phosphinosuccinic acid
derivative and water, wherein the phosphinosuccinic acid derivative comprises a
phosphinosuccinic acid (I) and mono- (II), bis- (II) and oligomeric (IV)

phosphinosuccinic acid adducts having the following formulas
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wherein if heated at a temperature of 122°F, the solid detergent composition is

dimensionally stable and has a growth exponent of less than 3%, and wherein the

detergent composition is effective for preventing the formation, precipitation and/or

deposition of hard water scale on a treated surface.

While multiple embodiments are disclosed, still other embodiments of the

present invention will become apparent to those skilled in the art from the following

detailed description, which shows and describes illustrative embodiments of the

invention. Accordingly, the drawings and detailed description are to be regarded as

illustrative in nature and not restrictive.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a graphical depiction of the dimensional stability (measured in
average percentage of height growth) of solidification matrices according to an
embodiment of the invention employing a 4% phosphinosuccinic acid (PSO)
derivative stability enhancement agent.

FIG. 2 shows a graphical depiction of the dimensional stability (measured in
average percentage of width growth) of solidification matrices according to an
embodiment of the invention employing a 4% phosphinosuccinic acid (PSO)
derivative stability enhancement agent.

FIG. 3 shows a graphical depiction of the dimensional stability (measured in
average percentage of height growth) of various solidification matrices according to
embodiments of the invention.

FIG. 4 shows a graphical depiction of the dimensional stability (measured in
average percentage of width growth) of various solidification matrices according to
embodiments of the invention.

Various embodiments of the present invention will be described in detail
with reference to the drawings, wherein like reference numerals represent like parts
throughout the several views. Reference to various embodiments does not limit the
scope of the invention. Figures represented herein are not limitations to the various
embodiments according to the invention and are presented for exemplary illustration

of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

The embodiments of this invention are not limited to particular solid
detergent compositions as they may vary as understood by skilled artisans. It is
further to be understood that all terminology used herein is for the purpose of
describing particular embodiments only, and is not intended to be limiting in any
manner or scope. For example, as used in this specification and the appended
claims, the singular forms "a," "an" and "the" can include plural referents unless the

content clearly indicates otherwise. Further, all units, prefixes, and symbols may be

denoted in its SI accepted form. Numeric ranges recited within the specification are
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inclusive of the numbers defining the range and include each integer within the
defined range.

So that the present invention may be more readily understood, certain terms
are first defined. Unless defined otherwise, all technical and scientific terms used
herein have the same meaning as commonly understood by one of ordinary skill in
the art to which embodiments of the invention pertain. Many methods and materials
similar, modified, or equivalent to those described herein can be used in the practice
of the embodiments of the present invention without undue experimentation, the
preferred materials and methods are described herein. In describing and claiming the
embodiments of the present invention, the following terminology will be used in
accordance with the definitions set out below.

The term "about," as used herein, refers to variation in the numerical quantity
that can occur, for example, through typical measuring and liquid handling
procedures used for making concentrates or use solutions in the real world; through
inadvertent error in these procedures; through differences in the manufacture, source,
or purity of the ingredients used to make the compositions or carry out the methods;
and the like. The term "about" also encompasses amounts that differ due to different
equilibrium conditions for a composition resulting from a particular initial mixture.
Whether or not modified by the term "about", the claims include equivalents to the
quantities.

The term “cleaning, “as used herein, refers to performing or aiding in any soil
removal, bleaching, microbial population reduction, or combination thereof.

The terms "dimensional stability" and "dimensionally stable" as used herein,
refer to a solid product having a growth exponent of less than about 3%. Although
not intending to be limited according to a particular theory, the polyepoxysuccinic
acid or metal salt thereof is believed to control the rate of water migration for the
hydration of sodium carbonate. The polyepoxysuccinic acid or metal salts thereof
may stabilize the solid composition by acting as a donor and/or acceptor of free
water and controlling the rate of solidification.

As used herein, the term “phosphate-free” or “substantially phosphate-free”

refers to a composition, mixture, or ingredient that does not contain phosphate or a
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phosphate-containing compound or to which phosphate or a phosphate-containing
compound has not been added. Should phosphate or a phosphate-containing
compound be present through contamination of a phosphate-free composition,
mixture, or ingredients, the amount of phosphate shall be less than 2 wt-%. More
preferably, the amount of phosphate is less than 1 wt-%, and most preferably the
amount of phosphate is less than 0.5 wt-%.

The term "weight percent,” "wt-%," "percent by weight," "% by weight," and
variations thereof, as used herein, refer to the concentration of a substance as the
weight of that substance divided by the total weight of the composition and
multiplied by 100. It is understood that, as used here, "percent,” "%," and the like
are intended to be synonymous with "weight percent," "wt-%," etc.

The methods and compositions of the present invention may comprise,
consist essentially of, or consist of the components and ingredients of the present
invention as well as other ingredients described herein. As used herein, "consisting
essentially of" means that the methods and compositions may include additional
steps, components or ingredients, but only if the additional steps, components or
ingredients do not materially alter the basic and novel characteristics of the claimed
methods and compositions.

Solidification Matrices

According to embodiments of the invention, the solid compositions
overcome a need in the prior art by providing a dimensionally stable solid
composition for use in any pressed, extruded or cast solid composition containing a
hydratable salt and water. In particular, the composition would be useful for
preparing a solid detergent composition that may be employed in any of a wide
variety of situations where a dimensionally-stable, substantially phosphate-free
and/or nitrilotriacetic acid (NTA)-free solid product is desired. Substantially
phosphate-free means a solidification matrix having less than approximately 2 wt-%,
more particularly, less than approximately 1 wt-%, and even more particularly less
than approximately 0.5 wt-% phosphate based on the total weight of the
solidification matrix. NTA-free means a solidification matrix having less than

approximately 0.5 wt-%, less than approximately 0.1 wt-%, and often less than
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approximately 0.01 wt-% NTA based on the total weight of the solidification matrix.
When the solidification matrix is NTA-free, the solidification matrix and resulting
solid detergent composition is also compatible with chlorine, which functions as an
anti-redeposition and stain-removal agent. Accordingly, the embodiments of the
present invention are particularly useful in cleaning applications where it is desired
to use an environmentally friendly solid detergent.

The solidification matrix of the present invention may be employed in any of
a wide variety of situations in which a dimensionally stable solid product is desired.
The solidification matrix is dimensionally stable and has an appropriate rate of
solidification. In addition, the solidification matrix may be substantially-free of
phosphate and/or NTA-free, making the solidification matrix particularly useful in
cleaning applications where it is desired to use an environmentally friendly
detergent. Such applications include, but are not limited to: machine and manual
warewashing, presoaks, laundry and textile cleaning and destaining, carpet cleaning
and destaining, vehicle cleaning and care applications, surface cleaning and
destaining, kitchen and bath cleaning and destaining, floor cleaning and destaining,
cleaning in place operations, general purpose cleaning and destaining, industrial or
household cleaners, and pest control agents. Methods suitable for preparing a solid
detergent composition using the solidification matrix are also provided.

The solidification matrix generally includes a phosphinosuccinic acid (PSO)
derivative, a hydratable salt, such as sodium carbonate (soda ash), and water for
forming solid compositions. The solidification matrices may comprise, consist of
and/or consists essentially phosphinosuccinic acid (PSO) derivative(s), a hydratable
salt and water.

Suitable component concentrations for the solidification matrix range from
between approximately 0.1% and approximately 20% by weight phosphinosuccinic
acid (PSO) derivative(s), between approximately 0% and approximately 50% by
weight water, and between approximately 40% and approximately 95% by weight
hydratable salt, such as sodium carbonate. Particularly suitable component
concentrations for the solidification matrix range from between approximately 1%

and approximately 20% by weight phosphinosuccinic acid (PSO) derivative(s),
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between approximately 0.1% and approximately 40% by weight water, and between
approximately 50% and approximately 90% by weight sodium carbonate. More
particularly suitable component concentrations for the solidification matrix range
from between approximately 2.5% and approximately 15% by weight
phosphinosuccinic acid (PSO) derivative(s), between approximately 1% and
approximately 25% by weight water, and between approximately 60% and
approximately 90% by weight sodium carbonate. Those skilled in the art will
appreciate other suitable component concentration ranges for obtaining comparable
properties of the solidification matrix.

Further description of suitable formulations of the solidification matrix is

shown below:

Formulations
Water 0-50 wt-% 0.1-40 wt-% 1-25 wt-%
Hydratable salt 40-95 wt-% 50-90 wt-% 60-90 wt-%

PSO derivative(s) stability | 0.1-20 wt-% 1-20 wt-% 2.5-15 wt-%

enhancement agent

The actual solidification mechanism of the solidification matrix occurs
through ash hydration, or the interaction of the sodium carbonate with water. It is
believed that the phosphinosuccinic acid (PSO) derivative functions to control the
kinetics and thermodynamics of the solidification process and provides a
solidification matrix in which additional functional materials may be bound to form
a functional solid composition. The phosphinosuccinic acid (PSO) derivative may
stabilize the carbonate hydrates and the functional solid composition by acting as a
donor and/or acceptor of free water. By controlling the rate of water migration for
hydration of the ash, the phosphinosuccinic acid (PSO) derivative may control the
rate of solidification to provide process and dimensional stability to the resulting
product. The rate of solidification is significant because if the solidification matrix

solidifies too quickly, the composition may solidify during mixing and stop
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processing. If the solidification matrix solidifies too slowly, valuable process time is
lost.

The phosphinosuccinic acid (PSO) derivative(s) also provides dimensional
stability to the end product by ensuring that the solid product does not swell. If the
solid product swells after solidification, various problems may occur, including but
not limited to: decreased density, integrity, and appearance; and inability to dispense
or package the solid product. Generally, a solid product is considered to have
dimensional stability if the solid product has a growth exponent of less than about
3%. Growth exponent refers to the percent growth or swelling of a product over a
period of time after solidification under normal transport/storage conditions.
Because normal transport/storage conditions for detergent products often results in
the detergent composition being subjected to an elevated temperature, the growth
exponent of a solid detergent product may be determined by measuring one or more
dimensions of the product prior to and after heating at between about 100° F and
122° F. The measured dimension or dimensions depends on the shape of the solid
product and the manner in which it swells. For tablets, the change in both diameter
and height is generally measured and added together to determine the growth
exponent. For capsules, just the diameter is normally measured.

Phosphinosuccinic Acid (PSO) Derivative Stability Enhancement Agents

The solidification matrices and solid detergent compositions according to the
invention include a stability enhancement agent that controls water transfer within a
solid composition and/or interacts with a detergent component in a way that achieves
dimensional stability. The matrices and solid detergent compositions include
phosphinosuccinic acid (PSO) derivative(s).

PSO derivatives may also be described as phosphonic acid-based
compositions. In an aspect of the invention, the PSO derivatives are a combination
of mono-, bis- and oligomeric phosphinosuccinic acid adducts and a
phosphinosuccinic acid (PSA) adduct.

The phosphinosuccinic acid (PSA) adducts have the formula (I) below:

10
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The bis- phosphinosuccinic acid adducts have the formula (III) below:

COOM
MOOCj Y

w
MOOC

An exemplary structure for the oligomeric phosphinosuccinic acid adducts is

O—1—0

COOM

shown in formula (IV) below:

O

( ) ( \
Y | /n Y | /m
COOM COOM 4,  COOM COOM

— U

where M is H", Na*, K", NH,", or mixtures thereof; and the sum of m plus n is
greater than 2.

Additional oligomeric phosphinosuccinic acid adduct structures are set forth
for example in U.S. Patent Numbers 5,085,794, 5,023,000 and 5,018,577, each of
which are incorporated herein by reference in their entirety. The oligomeric species

may also contain esters of phosphinosuccinic acid, where the phosphonate group is

11



WO 2014/042931 PCT/US2013/058016

10

15

20

25

esterified with a succinate-derived alkyl group. Furthermore, the oligomeric
phosphinosuccinic acid adduct may comprise 1-20 wt% of additional monomers
selected, including, but not limited to acrylic acid, methacrylic acid, itaconic acid, 2-
acylamido-2-methylpropane sulfonic acid (AMPS), and acrylamide.

The adducts of formula I, II, IIT and IV may be used in the acid or salt form.
Further, in addition to the phosphinosuccinic acids and oligomeric species, the
mixture may also contain some phosphinosuccinic acid derivative (I) from the
oxidation of adduct II, as well as impurities such as various inorganic phosphorous
byproducts of formula H,P0,-, HP032' and PO43'.

In an aspect, the mono-, bis- and oligomeric phosphinosuccinic acid adducts
and the phosphinosuccinic acid (PSA) may be provided in the following mole and

weight ratios for use as stability enhancement agents according to the invention.

- Species - Mene
- Fermuia TPy | GOy
HEW 1§53

Mule fractivn (hy NMR) |
Wt Fraction (s acid)

The solidification matrices and solid detergent compositions according to the
invention include a stability enhancement agent that may employ the
phosphinosuccinic acid derivative one or more PSO derivatives selected from mono-
, bis- and oligomeric phosphinosuccinic acid and a phosphinosuccinic acid, wherein
at least about 10 mol% of the derivative comprises a succinic acid:phosphorus ratio
of about 1:1 to about 20:1. More preferably, the phosphinosuccinic acid derivative
may include one or more of the PSO derivatives selected from mono-, bis- and
oligomeric phosphinosuccinic acid and optionally a phosphinosuccinic acid wherein
at least about 10 mol% of the derivative comprises a succinic acid:phosphorus ratio
of about 1:1 to about 15:1. Most preferably, the phosphinosuccinic acid derivative
may include one or more derivatives selected from mono-, bis- and oligomeric

phosphinosuccinic acid and optionally a phosphinosuccinic acid wherein at least
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about 10 mol% of the derivative comprises a succinic acid:phosphorus ratio of about
1:1 to about 10:1.

Additional description of suitable mono-, bis- and oligomeric
phosphinosuccinic acid adducts for use as the PSO derivative stability enhancement
agent of the present invention is provided in U.S. Patent Number 6,572,789 which is
incorporated herein by reference in its entirety.

In aspects of the invention the stability enhancement agent and the solid
detergent compositions are nitrilotriacetic acid (NTA)-free to meet certain
regulations. In additional aspects of the invention the stability enhancement agent
and the solid detergent compositions are substantially phosphate-free to meet certain
regulations. The PSO derivative stability enhancement agents of the claimed
invention may provide substantially phosphate-free solid detergent compositions
having less than about 2 wt-% of phosphate. More preferably, the amount of
phosphate is a solid detergent composition according to the invention may be less
than about 0.5 wt-%, more preferably less than about 0.1 wt-%. Accordingly, it is a
benefit of the solid detergent compositions of the present invention to provide
detergent compositions capable of controlling (i.e. preventing) hardness scale
accumulation on a substrate surface without the use of phosphates, such as
tripolyphosphates, commonly used in detergents to prevent hardness scale and/or
accumulation. Additional benefits of the detergency effects according to the
invention are disclosed in U.S. Application Serial No. 13/614,020, filed
simultaneously herewith, which is herein incorporated by reference in its entirety.

Hydratable salts

The solid detergent compositions according to the invention comprise at least
one hydratable salt. In one embodiment the hydratable salt is sodium carbonate
(soda ash or ash). The hydratable salt is provided in the ranges from between
approximately 40% and approximately 90% by weight, preferably between
approximately 40% and approximately 75% by weight, more preferably between
approximately 50% and approximately 75% by weight hydratable salt, such as

sodium carbonate. Those skilled in the art will appreciate other suitable component
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concentration ranges for obtaining comparable properties of the solidification
matrix.

In further embodiments, the compositions can include a secondary hydratable
salt for a solidification agent. For example, the solidification agent may be inorganic
in nature and may also act optionally as a source of alkalinity. In certain
embodiments, the secondary solidification agent may include, but are not limited to:
alkali metal hydroxides, alkali metal phosphates, anhydrous sodium carbonate,
anhydrous sodium sulfate, anhydrous sodium acetate, and other known hydratable
compounds or combinations thereof. According to a preferred embodiment, the
secondary hydratable salt comprises sodium carbonate, sodium metasilicate or
combinations thereof. The amount of secondary solidifying agent necessary to
achieve solidification depends upon several factors, including the exact solidifying
agent employed, the amount of water in the composition, and the hydration capacity
of the other detergent components. In certain embodiments, the secondary
solidifying agent may also serve as an alkaline source.

Water

The solidification matrices and solid detergent compositions according to the
invention may comprise water in amounts that vary depending upon techniques for
processing the solid composition which may comprise a pressed, extruded and/or
cast solid detergent composition.

Water may be independently added to the solidification matrix or may be
provided in the solidification matrix as a result of its presence in an aqueous material
that is added to the detergent composition. For example, materials added to the
detergent composition may include water or may be prepared in an aqueous premix
available for reaction with the solidification matrix component(s). Typically, water
is introduced into the solidification matrix to provide the solidification matrix with a
desired viscosity for processing prior to solidification and to provide a desired rate of
solidification. The water may also be present as a processing aid and may be
removed or become water of hydration. The water may thus be present in the form
of aqueous solutions of the solidification matrix, or aqueous solutions of any of the

other ingredients, and/or added aqueous medium as an aid in processing. In
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addition, it is expected that the aqueous medium may help in the solidification
process when is desired to form the concentrate as a solid. The water may also be
provided as deionized water or as softened water.

The amount of water in the resulting solid detergent composition will depend
on whether the solid detergent composition is processed through forming techniques
or casting (solidification occurring within a container) techniques. In general, when
the components are processed by forming techniques, it is believed that the solid
detergent composition can include a relatively smaller amount of water for
solidification compared with the casting techniques. When preparing the solid
detergent composition by forming techniques, water may be present in ranges of
between about 0% and about 50% by weight, between about 0.1% and about 40% by
weight, between about 1% and about 25% by weight, particularly between about 7%
and about 20% by weight, and more particularly between about 8% and about 15%
by weight. When preparing the solid detergent composition by casting techniques,
water may be present in the ranges of between about 15% and about 50% by weight,
particularly between about 20% and about 45% by weight, and more particularly
between about 22% and about 40% by weight.

Additional Functional Materials

The components of the solidification matrix can be combined with various
functional components used to form a solid detergent composition. In some
embodiments, the solidification matrix including the phosphinosuccinic acid (PSO)
derivative(s), water, and sodium carbonate make up a large amount, or even
substantially all of the total weight of the detergent composition, for example, in
embodiments having few or no additional functional materials disposed therein. In
these embodiments, the component concentrations ranges provided above for the
solidification matrix are representative of the ranges of those same components in
the detergent composition.

The functional materials provide desired properties and functionalities to the
solid detergent composition. For the purpose of this application, the term
"functional materials" includes a material that when dispersed or dissolved in a use

and/or concentrate solution, such as an aqueous solution, provides a beneficial
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property in a particular use. Some particular examples of functional materials are
discussed in more detail below, although the particular materials discussed are given
by way of example only, and that a broad variety of other functional materials may
be used. For example, many of the functional materials discussed below relate to
materials used in cleaning and/or destaining applications. However, other
embodiments may include functional materials for use in other applications.

Alkaline Source

The solid detergent composition can include an effective amount of one or
more alkaline sources to enhance cleaning of a substrate and improve soil removal
performance of the solid detergent composition. In general, it is expected that the
composition will include the alkaline source in an amount of at least about 5% by
weight, at least about 10% by weight, or at least about 15% by weight. In order to
provide sufficient room for other components in the concentrate, the alkaline source
can be provided in the concentrate in an amount of less than about 75% by weight,
less than about 60% by weight, less than about 40% by weight, less than about 30%
by weight, or less than about 20% by weight. The alkalinity source may constitute
between about 0.1% and about 90% by weight, between about 0.5% and about 80%
by weight, and between about 1% and about 60% by weight of the total weight of the
solid detergent composition.

An effective amount of one or more alkaline sources should be considered as
an amount that provides a use composition having a pH of at least about &,
preferably at least about 9, more preferably at least about 10. When the use
composition has a pH of between about 8 and about 10, it can be considered mildly
alkaline, and when the pH is greater than about 12, the use composition can be
considered caustic.

Examples of suitable alkaline sources of the solid detergent composition
include, but are not limited to an alkali metal carbonate and an alkali metal
hydroxide. Exemplary alkali metal carbonates that can be used include, but are not
limited to: sodium or potassium carbonate, bicarbonate, sesquicarbonate, and
mixtures thereof. Exemplary alkali metal hydroxides that can be used include, but

are not limited to sodium, lithium, or potassium hydroxide. The alkali metal
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hydroxide may be added to the composition in any form known in the art, including
as solid beads, dissolved in an aqueous solution, or a combination thereof. Alkali
metal hydroxides are commercially available as a solid in the form of prilled solids
or beads having a mix of particle sizes ranging from about 12-100 U.S. mesh, or as
an aqueous solution, as for example, as a 45% and a 50% by weight solution. It is
preferred that the alkali metal hydroxide is added in the form of an aqueous solution,
particularly a 50% by weight hydroxide solution, to reduce the amount of heat
generated in the composition due to hydration of the solid alkali material.

In addition to the first alkalinity source, the solid detergent composition may
comprise a secondary alkalinity source. Examples of useful secondary alkaline
sources include, but are not limited to: metal silicates such as sodium or potassium
silicate or metasilicate; metal carbonates such as sodium or potassium carbonate,
bicarbonate, sesquicarbonate; metal borates such as sodium or potassium borate; and
ethanolamines and amines. Such alkalinity agents are commonly available in either
aqueous or powdered form, either of which is useful in formulating the present solid
detergent compositions.

Surfactants

The solid detergent composition can include at least one cleaning agent
comprising a surfactant or surfactant system. A variety of surfactants can be used in
a solid detergent composition, including, but not limited to: anionic, nonionic,
cationic, amphoteric and zwitterionic surfactants. Surfactants are an optional
component of the solid detergent composition and can be excluded from the
concentrate. Exemplary surfactants that can be used are commercially available
from a number of sources. For a discussion of surfactants, see Kirk-Othmer,
Encyclopedia of Chemical Technology, Third Edition, volume 8, pages 900-912,
which is herein incorporated by reference in its entirety. When the solid detergent
composition includes a cleaning agent, the cleaning agent is provided in an amount
effective to provide a desired level of cleaning. The solid detergent composition,
when provided as a concentrate, can include the cleaning agent in a range of about
0.05% to about 20% by weight, about 0.5% to about 10% by weight, about 1% to
about 10% by weight, about 1.5% to about 10% by weight, and about 2% to about
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8% by weight. Additional exemplary ranges of surfactant in a concentrate include
about 0.5% to about 8% by weight, and about 1% to about 5% by weight.

In other embodiments, the compositions of the present invention include
about 0-40 wt-% of a surfactant. In other embodiments the compositions of the

5 present invention include about 0-25 wt-% of a surfactant.

In certain embodiments of the invention the detergent composition does not
require a surfactant and/or other polymer in addition to the PSO derivatives. In
alternative embodiments, the detergent compositions employ a nonionic surfactant to
provide defoaming properties to the composition. In an embodiment, the detergent

10 composition employs an alkoxylated surfactant (e.g. EO/PO copolymers).

Nonionic Surfactants

Suitable nonionic surfactants suitable for use with the compositions of the
present invention include alkoxylated surfactants. Suitable alkoxylated surfactants
include EO/PO copolymers, capped EO/PO copolymers, alcohol alkoxylates, capped

15  alcohol alkoxylates, mixtures thereof, or the like. Suitable alkoxylated surfactants
for use as solvents include EO/PO block copolymers, such as the Pluronic® and
reverse Pluronic® surfactants; alcohol alkoxylates; capped alcohol alkoxylates;
mixtures thereof, or the like.

Useful nonionic surfactants are generally characterized by the presence of an

20  organic hydrophobic group and an organic hydrophilic group and are typically
produced by the condensation of an organic aliphatic, alkyl aromatic or
polyoxyalkylene hydrophobic compound with a hydrophilic alkaline oxide moiety
which in common practice is ethylene oxide or a polyhydration product thereof,
polyethylene glycol. Practically any hydrophobic compound having a hydroxyl,

25  carboxyl, amino, or amido group with a reactive hydrogen atom can be condensed
with ethylene oxide, or its polyhydration adducts, or its mixtures with alkoxylenes
such as propylene oxide to form a nonionic surface-active agent. The length of the
hydrophilic polyoxyalkylene moiety which is condensed with any particular
hydrophobic compound can be readily adjusted to yield a water dispersible or water

30  soluble compound having the desired degree of balance between hydrophilic and

hydrophobic properties.
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Block polyoxypropylene-polyoxyethylene polymeric compounds based upon
propylene glycol, ethylene glycol, glycerol, trimethylolpropane, and ethylenediamine
as the initiator reactive hydrogen compound are suitable nonionic surfactants.
Examples of polymeric compounds made from a sequential propoxylation and
ethoxylation of initiator are commercially available under the trade names Pluronic®
and Tetronic® manufactured by BASF Corp.

Pluronic® compounds are difunctional (two reactive hydrogens) compounds
formed by condensing ethylene oxide with a hydrophobic base formed by the
addition of propylene oxide to the two hydroxyl groups of propylene glycol. This
hydrophobic portion of the molecule weighs from about 1,000 to about 4,000.
Ethylene oxide is then added to sandwich this hydrophobe between hydrophilic
groups, controlled by length to constitute from about 10% by weight to about 80%
by weight of the final molecule.

Tetronic® compounds are tetra-functional block copolymers derived from the
sequential addition of propylene oxide and ethylene oxide to ethylenediamine. The
molecular weight of the propylene oxide hydrotype ranges from about 500 to about
7,000; and, the hydrophile, ethylene oxide, is added to constitute from about 10% by
weight to about 80% by weight of the molecule.

Semi-Polar Nonionic Surfactants

The semi-polar type of nonionic surface active agents is another class of
nonionic surfactant useful in compositions of the present invention. Semi-polar
nonionic surfactants include the amine oxides, phosphine oxides, sulfoxides and
their alkoxylated derivatives.

Amine oxides are tertiary amine oxides corresponding to the general

formula:

R'—(ORY—N —»0
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wherein the arrow is a conventional representation of a semi-polar bond; and, Rl, Rz,
and R’ may be aliphatic, aromatic, heterocyclic, alicyclic, or combinations thereof.
Generally, for amine oxides of detergent interest, R'is an alkyl radical of from about
8 to about 24 carbon atoms; R*and R* are alkyl or hydroxyalkyl of 1-3 carbon atoms
or a mixture thereof; R* and R’ can be attached to each other, e.g. through an oxygen
or nitrogen atom, to form a ring structure; R” is an alkylene or a hydroxyalkylene
group containing 2 to 3 carbon atoms; and n ranges from 0 to about 20. An amine
oxide can be generated from the corresponding amine and an oxidizing agent, such
as hydrogen peroxide.

Useful semi-polar nonionic surfactants also include the water soluble

phosphine oxides having the following structure:

i

wherein the arrow is a conventional representation of a semi-polar bond; and, R'is
an alkyl, alkenyl or hydroxyalkyl moiety ranging from 10 to about 24 carbon atoms
in chain length; and, R* and R? are each alkyl moieties separately selected from alkyl
or hydroxyalkyl groups containing 1 to 3 carbon atoms.

Examples of useful phosphine oxides include dimethyldecylphosphine oxide,
dimethyltetradecylphosphine oxide, methylethyltetradecylphosphone oxide,
dimethylhexadecylphosphine oxide, diethyl-2-hydroxyoctyldecylphosphine oxide,
bis(2-hydroxyethyl)dodecylphosphine oxide, and
bis(hydroxymethyl)tetradecylphosphine oxide.

Useful water soluble amine oxide surfactants are selected from the octyl, decyl,
dodecyl, isododecyl, coconut, or tallow alkyl di-(lower alkyl) amine oxides, specific
examples of which are octyldimethylamine oxide, nonyldimethylamine oxide,
decyldimethylamine oxide, undecyldimethylamine oxide, dodecyldimethylamine

oxide, iso-dodecyldimethyl amine oxide, tridecyldimethylamine oxide,
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tetradecyldimethylamine oxide, pentadecyldimethylamine oxide,
hexadecyldimethylamine oxide, heptadecyldimethylamine oxide,
octadecyldimethylaine oxide, dodecyldipropylamine oxide, tetradecyldipropylamine
oxide, hexadecyldipropylamine oxide, tetradecyldibutylamine oxide,
octadecyldibutylamine oxide, bis(2-hydroxyethyl)dodecylamine oxide, bis(2-
hydroxyethyl)-3-dodecoxy-1-hydroxypropylamine oxide, dimethyl-(2-
hydroxydodecyl)amine oxide, 3,6,9-trioctadecyldimethylamine oxide and 3-
dodecoxy-2-hydroxypropyldi-(2-hydroxyethyl)amine oxide.

Semi-polar nonionic surfactants useful herein also include the water soluble

sulfoxide compounds which have the structure:

SR R

wherein the arrow is a conventional representation of a semi-polar bond; and, R'is
an alkyl or hydroxyalkyl moiety of about 8 to about 28 carbon atoms, from 0 to
about 5 ether linkages and from 0 to about 2 hydroxyl substituents; and R* is an alkyl
moiety consisting of alkyl and hydroxyalkyl groups having 1 to 3 carbon atoms.
Useful examples of these sulfoxides include dodecyl methyl sulfoxide; 3-hydroxy
tridecyl methyl sulfoxide; 3-methoxy tridecyl methyl sulfoxide; and 3-hydroxy-4-
dodecoxybutyl methyl sulfoxide.

Preferred semi-polar nonionic surfactants for the compositions of the
invention include dimethyl amine oxides, such as lauryl dimethyl amine oxide,
myristyl dimethyl amine oxide, cetyl dimethyl amine oxide, combinations thereof,
and the like.

Alkoxylated amines or, most particularly, alcohol alkoxylated/aminated/alkoxylated
surfactants are also suitable for use according to the invention. These non-ionic

surfactants may be at least in part represented by the general formulae: R*%--(PO)sN-
-(EO) H, R*--(PO)sN--(EO) H(EO)H, and R**--N(EO) H; in which R*® is an alkyl,
alkenyl or other aliphatic group, or an alkyl-aryl group of from 8 to 20, preferably 12
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to 14 carbon atoms, EO is oxyethylene, PO is oxypropylene, s is 1 to 20, preferably
2-5, tis 1-10, preferably 2-5, and u is 1-10, preferably 2-5. Other variations on the
scope of these compounds may be represented by the alternative formula: R*’--
(PO)y--N[(EO) (H][(EO) ,H] in which R* is as defined above, v is 1 to 20 (e.g., 1,
2, 3, or 4 (preferably 2)), and w and z are independently 1-10, preferably 2-5. These
compounds are represented commercially by a line of products sold by Huntsman
Chemicals as nonionic surfactants.

Anionic Surfactants

Anionic sulfate surfactants suitable for use in the present compositions
include alkyl ether sulfates, alkyl sulfates, the linear and branched primary and
secondary alkyl sulfates, alkyl ethoxysulfates, fatty oleyl glycerol sulfates, alkyl
phenol ethylene oxide ether sulfates, the Cs -Cy; acyl-N-(C; -Cy4 alkyl) and -N-(C; -
C, hydroxyalkyl) glucamine sulfates, and sulfates of alkylpolysaccharides such as
the sulfates of alkylpolyglucoside, and the like. Also included are the alkyl sulfates,
alkyl poly(ethyleneoxy) ether sulfates and aromatic poly(ethyleneoxy) sulfates such
as the sulfates or condensation products of ethylene oxide and nonyl phenol (usually
having 1 to 6 oxyethylene groups per molecule).

Anionic sulfonate surfactants suitable for use in the present compositions
also include alkyl sulfonates, the linear and branched primary and secondary alkyl
sulfonates, and the aromatic sulfonates with or without substituents.

Anionic carboxylate surfactants suitable for use in the present compositions
include carboxylic acids (and salts), such as alkanoic acids (and alkanoates), ester
carboxylic acids (e.g. alkyl succinates), ether carboxylic acids, and the like. Such
carboxylates include alkyl ethoxy carboxylates, alkyl aryl ethoxy carboxylates, alkyl
polyethoxy polycarboxylate surfactants and soaps (e.g. alkyl carboxyls). Secondary
carboxylates useful in the present compositions include those which contain a
carboxyl unit connected to a secondary carbon. The secondary carbon can be in a
ring structure, e.g. as in p-octyl benzoic acid, or as in alkyl-substituted cyclohexyl
carboxylates. The secondary carboxylate surfactants typically contain no ether
linkages, no ester linkages and no hydroxyl groups. Further, they typically lack

nitrogen atoms in the head-group (amphiphilic portion). Suitable secondary soap
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surfactants typically contain 11-13 total carbon atoms, although more carbons atoms
(e.g., up to 16) can be present. Suitable carboxylates also include acylamino acids
(and salts), such as acylgluamates, acyl peptides, sarcosinates (e.g. N-acyl
sarcosinates), taurates (e.g. N-acyl taurates and fatty acid amides of methyl tauride),
and the like.

Suitable anionic surfactants include alkyl or alkylaryl ethoxy carboxylates of

the following formula:

R - O - (CH,CH;0)(CH2)m - CO2X (3)

! I
|

in which R is a Cg to Cy; alkyl group or A ,in which R is a C4-Cs

R

alkyl group; n is an integer of 1-20; m is an integer of 1-3; and X is a counter ion,
such as hydrogen, sodium, potassium, lithium, ammonium, or an amine salt such as
monoethanolamine, diethanolamine or triethanolamine. In some embodiments, n is
an integer of 4 to 10 and m is 1. In some embodiments, R is a Cg-Cj¢ alkyl group.

In some embodiments, R is a C,-C 4 alkyl group, nis 4, and m is 1.

In other embodiments, R is and R!is a Cs-C12 alkyl group.
In still yet other embodiments, R'isaCo alkyl group, nis 10 and m is 1.

Such alkyl and alkylaryl ethoxy carboxylates are commercially available.
These ethoxy carboxylates are typically available as the acid forms, which can be
readily converted to the anionic or salt form. Commercially available carboxylates
include, Neodox 23-4, a Cy,.13 alkyl polyethoxy (4) carboxylic acid (Shell
Chemical), and Emcol CNP-110, a Cy alkylaryl polyethoxy (10) carboxylic acid
(Witco Chemical). Carboxylates are also available from Clariant, e.g. the product
Sandopan® DTC, a C)3 alkyl polyethoxy (7) carboxylic acid.

Amphoteric Surfactants

Amphoteric, or ampholytic, surfactants contain both a basic and an acidic

hydrophilic group and an organic hydrophobic group. These ionic entities may be
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any of anionic or cationic groups described herein for other types of surfactants. A
basic nitrogen and an acidic carboxylate group are the typical functional groups
employed as the basic and acidic hydrophilic groups. In a few surfactants, sulfonate,
sulfate, phosphonate or phosphate provide the negative charge.

Amphoteric surfactants can be broadly described as derivatives of aliphatic
secondary and tertiary amines, in which the aliphatic radical may be straight chain or
branched and wherein one of the aliphatic substituents contains from about 8§ to 18
carbon atoms and one contains an anionic water solubilizing group, e.g., carboxy,
sulfo, sulfato, phosphato, or phosphino. Amphoteric surfactants are subdivided into
two major classes known to those of skill in the art and described in "Surfactant
Encyclopedia" Cosmetics & Toiletries, Vol. 104 (2) 69-71 (1989), which is herein
incorporated by reference in its entirety. The first class includes acyl/dialkyl
ethylenediamine derivatives (e.g. 2-alkyl hydroxyethyl imidazoline derivatives) and
their salts. The second class includes N-alkylamino acids and their salts. Some
amphoteric surfactants can be envisioned as fitting into both classes.

Amphoteric surfactants can be synthesized by methods known to those of
skill in the art. For example, 2-alkyl hydroxyethyl imidazoline is synthesized by
condensation and ring closure of a long chain carboxylic acid (or a derivative) with
dialkyl ethylenediamine. Commercial amphoteric surfactants are derivatized by
subsequent hydrolysis and ring-opening of the imidazoline ring by alkylation -- for
example with chloroacetic acid or ethyl acetate. During alkylation, one or two
carboxy-alkyl groups react to form a tertiary amine and an ether linkage with
differing alkylating agents yielding different tertiary amines.

Long chain imidazole derivatives having application in the present invention

generally have the general formula:

(MONO)ACETATE (DI)PROPIONATE AMPHOTERIC
SULFONATE
CH,CO0® CH,CH,CO0® ol
RCONHCH,CH,N®H RCONHCH,CH,N®CH,CH,COOH CH2|CHCHZSO3eNa@
H,CH,OH CH,CH,0H RCONHCH,CH,N
CH,CH,OH

Neutral pH - Zwitterion
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wherein R is an acyclic hydrophobic group containing from about § to 18 carbon
atoms and M is a cation to neutralize the charge of the anion, generally sodium.
Commercially prominent imidazoline-derived amphoterics that can be employed in
the present compositions include for example: Cocoamphopropionate,
Cocoamphocarboxy-propionate, Cocoamphoglycinate, Cocoamphocarboxy-
glycinate, Cocoamphopropyl-sulfonate, and Cocoamphocarboxy-propionic acid.
Amphocarboxylic acids can be produced from fatty imidazolines in which the
dicarboxylic acid functionality of the amphodicarboxylic acid is diacetic acid and/or
dipropionic acid.

The carboxymethylated compounds (glycinates) described herein above
frequently are called betaines. Betaines are a special class of amphoteric discussed
herein below in the section entitled, Zwitterion Surfactants.

Long chain N-alkylamino acids are readily prepared by reaction RNH>, in
which R=C;-Cj5 straight or branched chain alkyl, fatty amines with halogenated
carboxylic acids. Alkylation of the primary amino groups of an amino acid leads to
secondary and tertiary amines. Alkyl substituents may have additional amino groups
that provide more than one reactive nitrogen center. Most commercial N-alkylamine
acids are alkyl derivatives of beta-alanine or beta-N(2-carboxyethyl) alanine.
Examples of commercial N-alkylamino acid ampholytes having application in this
invention include alkyl beta-amino dipropionates, RN(C,H4sCOOM), and
RNHC;H4COOM. In an embodiment, R can be an acyclic hydrophobic group
containing from about § to about 18 carbon atoms, and M is a cation to neutralize
the charge of the anion.

Suitable amphoteric surfactants include those derived from coconut products
such as coconut oil or coconut fatty acid. Additional suitable coconut derived
surfactants include as part of their structure an ethylenediamine moiety, an
alkanolamide moiety, an amino acid moiety, e.g., glycine, or a combination thereof;
and an aliphatic substituent of from about 8 to 18 (e.g., 12) carbon atoms. Such a
surfactant can also be considered an alkyl amphodicarboxylic acid. These
amphoteric surfactants can include chemical structures represented as: Cjs-alkyl-

C(0O)-NH-CH,-CH,-N*(CH,-CH,-CO;Na),-CH,-CH,-OH or C,-alkyl-C(O)-N(H)-
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CH,-CH,-N"(CH,-CO,Na),-CH,-CH,-OH. Disodium cocoampho dipropionate is
one suitable amphoteric surfactant and is commercially available under the
tradename Miranol™ FBS from Rhodia Inc., Cranbury, N.J. Another suitable
coconut derived amphoteric surfactant with the chemical name disodium cocoampho
diacetate is sold under the tradename Mirataine™ JCHA, also from Rhodia Inc.,
Cranbury, N.J. A typical listing of amphoteric classes, and species of these
surfactants, is given in U.S. Pat. No. 3,929,678 issued to Laughlin and Heuring on
Dec. 30, 1975. Further examples are given in "Surface Active Agents and
Detergents" (Vol. I and II by Schwartz, Perry and Berch), which is herein
incorporated by reference in its entirety.

Cationic Surfactants

Surface active substances are classified as cationic if the charge on the
hydrotrope portion of the molecule is positive. Surfactants in which the hydrotrope
carries no charge unless the pH is lowered close to neutrality or lower, but which are
then cationic (e.g. alkyl amines), are also included in this group. In theory, cationic
surfactants may be synthesized from any combination of elements containing an
"onium" structure RnX+Y-- and could include compounds other than nitrogen
(ammonium) such as phosphorus (phosphonium) and sulfur (sulfonium). In practice,
the cationic surfactant field is dominated by nitrogen containing compounds,
probably because synthetic routes to nitrogenous cationics are simple and
straightforward and give high yields of product, which can make them less
expensive.

Cationic surfactants preferably include, more preferably refer to, compounds
containing at least one long carbon chain hydrophobic group and at least one
positively charged nitrogen. The long carbon chain group may be attached directly to
the nitrogen atom by simple substitution; or more preferably indirectly by a bridging
functional group or groups in so-called interrupted alkylamines and amido amines.
Such functional groups can make the molecule more hydrophilic and/or more water
dispersible, more easily water solubilized by co-surfactant mixtures, and/or water
soluble. For increased water solubility, additional primary, secondary or tertiary

amino groups can be introduced or the amino nitrogen can be quaternized with low
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molecular weight alkyl groups. Further, the nitrogen can be a part of branched or
straight chain moiety of varying degrees of unsaturation or of a saturated or
unsaturated heterocyclic ring. In addition, cationic surfactants may contain complex
linkages having more than one cationic nitrogen atom.

The surfactant compounds classified as amine oxides, amphoterics and
zwitterions are themselves typically cationic in near neutral to acidic pH solutions
and can overlap surfactant classifications. Polyoxyethylated cationic surfactants
generally behave like nonionic surfactants in alkaline solution and like cationic
surfactants in acidic solution. The simplest cationic amines, amine salts and

quaternary ammonium compounds can be schematically drawn thus:

in which, R represents a long alkyl chain, R', R", and R" may be either long
alkyl chains or smaller alkyl or aryl groups or hydrogen and X represents an anion.
The amine salts and quaternary ammonium compounds are preferred for practical
use in this invention due to their high degree of water solubility. The majority of
large volume commercial cationic surfactants can be subdivided into four major
classes and additional sub-groups known to those or skill in the art and described in
"Surfactant Encyclopedia”, Cosmetics & Toiletries, Vol. 104 (2) 86-96 (1989),
which is herein incorporated by reference in its entirety. The first class includes
alkylamines and their salts. The second class includes alkyl imidazolines. The third
class includes ethoxylated amines. The fourth class includes quaternaries, such as
alkylbenzyldimethylammonium salts, alkyl benzene salts, heterocyclic ammonium
salts, tetra alkylammonium salts, and the like. Cationic surfactants are known to
have a variety of properties that can be beneficial in the present compositions. These
desirable properties can include detergency in compositions of or below neutral pH,
antimicrobial efficacy, thickening or gelling in cooperation with other agents, and

the like. Cationic surfactants useful in the compositions of the present invention
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include those having the formula RImR2xYLZ wherein each R1 is an organic group
containing a straight or branched alkyl or alkenyl group optionally substituted with
up to three phenyl or hydroxy groups and optionally interrupted by up to four of the

following structures:

ECEEERRR ['\‘ peeeen ‘,‘i‘; s

or an isomer or mixture of these structures, and which contains from about 8 to 22
carbon atoms. The R1 groups can additionally contain up to 12 ethoxy groups. mis a
number from 1 to 3. Preferably, no more than one R1 group in a molecule has 16 or
more carbon atoms when m is 2 or more than 12 carbon atoms when m is 3. Each R2
is an alkyl or hydroxyalkyl group containing from 1 to 4 carbon atoms or a benzyl
group with no more than one R2 in a molecule being benzyl, and x is a number from
0 to 11, preferably from O to 6. The remainder of any carbon atom positions on the Y

group are filled by hydrogens. Y is can be a group including, but not limited to:

N/
—= N
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or a mixture thereof. Preferably, L is 1 or 2, with the Y groups being separated by a
moiety selected from R1 and R2 analogs (preferably alkylene or alkenylene) having
from 1 to about 22 carbon atoms and two free carbon single bonds when L is 2. Z is
a water soluble anion, such as a halide, sulfate, methylsulfate, hydroxide, or nitrate
anion, particularly preferred being chloride, bromide, iodide, sulfate or methyl
sulfate anions, in a number to give electrical neutrality of the cationic component.

Zwitterionic Surfactants

Zwitterionic surfactants can be thought of as a subset of the amphoteric
surfactants and can include an anionic charge. Zwitterionic surfactants can be
broadly described as derivatives of secondary and tertiary amines, derivatives of
heterocyclic secondary and tertiary amines, or derivatives of quaternary ammonium,
quaternary phosphonium or tertiary sulfonium compounds. Typically, a zwitterionic
surfactant includes a positive charged quaternary ammonium or, in some cases, a
sulfonium or phosphonium ion; a negative charged carboxyl group; and an alkyl
group. Zwitterionics generally contain cationic and anionic groups which ionize to a
nearly equal degree in the isoelectric region of the molecule and which can develop
strong” inner-salt" attraction between positive-negative charge centers. Examples of
such zwitterionic synthetic surfactants include derivatives of aliphatic quaternary
ammonium, phosphonium, and sulfonium compounds, in which the aliphatic
radicals can be straight chain or branched, and wherein one of the aliphatic
substituents contains from 8 to 18 carbon atoms and one contains an anionic water
solubilizing group, e.g., carboxy, sulfonate, sulfate, phosphate, or phosphonate.

Betaine and sultaine surfactants are exemplary zwitterionic surfactants for

use herein. A general formula for these compounds is:

(R,

1 + 3 -
R—Y—CH,—R—Z
wherein R' contains an alkyl, alkenyl, or hydroxyalkyl radical of from 8 to 18 carbon
atoms having from 0 to 10 ethylene oxide moieties and from 0O to 1 glyceryl moiety;
Y is selected from the group consisting of nitrogen, phosphorus, and sulfur atoms;

R” is an alkyl or monohydroxy alkyl group containing 1 to 3 carbon atoms; x is 1
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when Y is a sulfur atom and 2 when Y is a nitrogen or phosphorus atom, R is an
alkylene or hydroxy alkylene or hydroxy alkylene of from 1 to 4 carbon atoms and Z
is a radical selected from the group consisting of carboxylate, sulfonate, sulfate,
phosphonate, and phosphate groups.

Examples of zwitterionic surfactants having the structures listed above
include: 4-[N,N-di(2-hydroxyethyl)-N-octadecylammonio]-butane-1-carboxylate; 5-
[S-3-hydroxypropyl-S-hexadecylsulfonio]-3-hydroxypentane-1-sulfate; 3-[P,P-
diethyl-P-3,6,9-trioxatetracosanephosphonio]-2-hydroxypropane-1-phosphate; 3-
[N,N-dipropyl-N-3-dodecoxy-2-hydroxypropyl-ammonio]-propane-1-phosphonate;
3-(N,N-dimethyl-N-hexadecylammonio)-propane-1-sulfonate; 3-(N,N-dimethyl-N-
hexadecylammonio)-2-hydroxy-propane- 1-sulfonate; 4-[N,N-di(2(2-hydroxyethyl)-
N(2-hydroxydodecyl)ammonio]-butane-1-carboxylate; 3-[S-ethyl-S-(3-dodecoxy-2-
hydroxypropyl)sulfonio]-propane-1-phosphate; 3-[P,P-dimethyl-P-
dodecylphosphonio]-propane-1-phosphonate; and S[N,N-di(3-hydroxypropyl)-N-
hexadecylammonio]-2-hydroxy-pentane-1-sulfate. The alkyl groups contained in
said detergent surfactants can be straight or branched and saturated or unsaturated.

The zwitterionic surfactant suitable for use in the present compositions

includes a betaine of the general structure:

|RH |R" |R"
R'—1|\1+—CH2—C02' R—S—CH,—CO, R—P*CH,—CO,
R

" "

These surfactant betaines typically do not exhibit strong cationic or anionic
characters at pH extremes nor do they show reduced water solubility in their
isoelectric range. Unlike "external” quaternary ammonium salts, betaines are
compatible with anionics. Examples of suitable betaines include coconut
acylamidopropyldimethyl betaine; hexadecyl dimethyl betaine; Cia-14
acylamidopropylbetaine; Cg 14 acylamidohexyldiethyl betaine; 4-C14.16
acylmethylamidodiethylammonio-1-carboxybutane; Cs.13
acylamidodimethylbetaine; C;, ;¢ acylamidopentanediethylbetaine; and Cj, 16

acylmethylamidodimethylbetaine.
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Sultaines useful in the present invention include those compounds having the
formula (R(Rl)z N* RZSO3', in which R is a Cg¢ -C;g hydrocarbyl group, each R!is
typically independently C-C3 alkyl, e.g. methyl, and R* is a C;-Cs hydrocarbyl
group, e.g. a C;-Cs alkylene or hydroxyalkylene group.

A typical listing of zwitterionic classes, and species of these surfactants, is
given in U.S. Patent No. 3,929,678, which is herein incorporated by reference in its
entirety. Further examples are given in "Surface Active Agents and Detergents"
(Vol. I and Il by Schwartz, Perry and Berch), which is herein incorporated by
reference in its entirety.

Detergent Builders

The composition can include one or more building agents, also called
chelating or sequestering agents (e.g., builders), including, but not limited to:
condensed phosphates, alkali metal carbonates, phosphonates, aminocarboxylic
acids, and/or polycarboxylic acids. In general, a chelating agent is a molecule
capable of coordinating (i.e., binding) the metal ions commonly found in natural
water to prevent the metal ions from interfering with the action of the other detersive
ingredients of a cleaning composition. Preferable levels of addition for builders that
can also be chelating or sequestering agents are between about 0.1% to about 70%
by weight, about 1% to about 60% by weight, or about 1.5% to about 50% by
weight. If the solid composition is provided as a concentrate, the concentrate can
include between approximately 1% to approximately 60% by weight, between
approximately 3% to approximately 50% by weight, and between approximately 6%
to approximately 45% by weight of the builders. Additional ranges of the builders
include between approximately 3% to approximately 20% by weight, between
approximately 6% to approximately 15% by weight, between approximately 25% to
approximately 50% by weight, and between approximately 35% to approximately
45% by weight.

Examples of condensed phosphates include, but are not limited to: sodium
and potassium orthophosphate, sodium and potassium pyrophosphate, sodium

tripolyphosphate, and sodium hexametaphosphate. A condensed phosphate may also
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assist, to a limited extent, in solidification of the composition by fixing the free
water present in the composition as water of hydration.

Examples of phosphonates include, but are not limited to: 2-
phosphinobutane-1,2,4-tricarboxylic acid (PBTC), 1-hydroxyethane-1, 1-
diphosphonic acid, CH>C(OH)[PO(OH),],; aminotri(methylenephosphonic acid),
N[CH, PO(OH),]3; aminotri(methylenephosphonate), sodium salt (ATMP), N[CH,
PO(ONa).]s; 2-hydroxyethyliminobis(methylenephosphonic acid), HOCH,CH,
N[CH,PO(OH),]»; diethylenetriaminepenta(methylenephosphonic acid),
(HO),POCH;, N[CH;, CH> N[CH; PO(OH):]2]2;
diethylenetriaminepenta(methylenephosphonate), sodium salt (DTPMP), Co H2s.)
N3 Na,O;5 Ps (x=7); hexamethylenediamine(tetramethylenephosphonate), potassium
salt, CioH (25-x) N2Ky O12 P4 (x=6);
bis(hexamethylene)triamine(pentamethylenephosphonic acid), (HO,)POCH,
N[(CH,),N[CH, PO(OH);]:]»; and phosphorus acid, H;PO;. Preferred
phosphonates are PBTC, HEDP, ATMP and DTPMP. A neutralized or alkali
phosphonate, or a combination of the phosphonate with an alkali source prior to
being added into the mixture such that there is little or no heat or gas generated by a
neutralization reaction when the phosphonate is added is preferred. In one
embodiment, however, the composition is substantially phosphate-free or phosphate-
free.

Useful aminocarboxylic acid materials containing little or no NTA include,
but are not limited to: N-hydroxyethylaminodiacetic acid, ethylenediaminetetraacetic
acid (EDTA), hydroxyethylenediaminetetraacetic acid,
diethylenetriaminepentaacetic acid, N-hydroxyethyl-ethylenediaminetriacetic acid
(HEDTA), diethylenetriaminepentaacetic acid (DTPA), methylglycinediacetic acid
(MGDA), glutamic acid-N,N-diacetic acid (GLDA), ethylenediaminesuccinic acid
(EDDS), 2-hydroxyethyliminodiacetic acid (HEIDA), iminodisuccinic acid (IDS),
3-hydroxy-2-2'-iminodisuccinic acid (HIDS) and other similar acids or salts thereof
having an amino group with a carboxylic acid substituent. In one embodiment,

however, the composition is free of aminocarboxylates.
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The solid detergent compositions can contain a non-phosphorus and/or non-
phosphate based builder. Although various components may include trace amounts
of phosphate, a composition that is considered free of phosphate generally does not
include phosphate or phosphonate builder or chelating components as an
intentionally added component. Carboxylates such as citrate, tartrate or gluconate are
suitable. Water conditioning polymers can be used as non-phosphorus containing
builders. Exemplary water conditioning polymers include, but are not limited to:
polycarboxylates. Exemplary polycarboxylates that can be used as builders and/or
water conditioning polymers include, but are not limited to: those having pendant
carboxylate (-CO;) groups such as polyacrylic acid, maleic acid, maleic/olefin
copolymer, sulfonated copolymer or terpolymer, acrylic/maleic copolymer,
polymethacrylic acid, acrylic acid-methacrylic acid copolymers, hydrolyzed
polyacrylamide, hydrolyzed polymethacrylamide, hydrolyzed polyamide-
methacrylamide copolymers, hydrolyzed polyacrylonitrile, hydrolyzed
polymethacrylonitrile, and hydrolyzed acrylonitrile-methacrylonitrile copolymers.
For a further discussion of chelating agents/sequestrants, see Kirk-Othmer,
Encyclopedia of Chemical Technology, Third Edition, volume 5, pages 339-366 and
volume 23, pages 319-320, the disclosure of which is incorporated by reference
herein. These materials may also be used at sub stoichiometric levels to function as
crystal modifiers

Hardening Agents

The solid detergent compositions can also include a hardening agent in
addition to, or in the form of, the builder. A hardening agent is a compound or
system of compounds, organic or inorganic, which significantly contributes to the
uniform solidification of the composition. Preferably, the hardening agents are
compatible with the cleaning agent and other active ingredients of the composition
and are capable of providing an effective amount of hardness and/or aqueous
solubility to the processed composition. The hardening agents should also be
capable of forming a homogeneous matrix with the cleaning agent and other
ingredients when mixed and solidified to provide a uniform dissolution of the

cleaning agent from the solid detergent composition during use.
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The amount of hardening agent included in the solid detergent composition
will vary according to factors including, but not limited to: the type of solid
detergent composition being prepared, the ingredients of the solid detergent
composition, the intended use of the composition, the quantity of dispensing solution
applied to the solid composition over time during use, the temperature of the
dispensing solution, the hardness of the dispensing solution, the physical size of the
solid detergent composition, the concentration of the other ingredients, and the
concentration of the cleaning agent in the composition. It is preferred that the
amount of the hardening agent included in the solid detergent composition is
effective to combine with the cleaning agent and other ingredients of the
composition to form a homogeneous mixture under continuous mixing conditions
and a temperature at or below the melting temperature of the hardening agent.

It is also preferred that the hardening agent form a matrix with the cleaning
agent and other ingredients which will harden to a solid form under ambient
temperatures of approximately 30° C to approximately 50° C, particularly
approximately 35° C to approximately 45° C, after mixing ceases and the mixture is
dispensed from the mixing system, within approximately 1 minute to approximately
3 hours, particularly approximately 2 minutes to approximately 2 hours, and
particularly approximately 5 minutes to approximately 1 hour. A minimal amount of
heat from an external source may be applied to the mixture to facilitate processing of
the mixture. It is preferred that the amount of the hardening agent included in the
solid detergent composition is effective to provide a desired hardness and desired
rate of controlled solubility of the processed composition when placed in an aqueous
medium to achieve a desired rate of dispensing the cleaning agent from the solidified
composition during use.

The hardening agent may be an organic or an inorganic hardening agent. A
preferred organic hardening agent is a polyethylene glycol (PEG) compound. The
solidification rate of solid detergent compositions comprising a polyethylene glycol
hardening agent will vary, at least in part, according to the amount and the molecular
weight of the polyethylene glycol added to the composition. Examples of suitable
polyethylene glycols include, but are not limited to: solid polyethylene glycols of the
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general formula H(OCH,CH»),OH, where n is greater than 15, particularly
approximately 30 to approximately 1700. Typically, the polyethylene glycol is a
solid in the form of a free-flowing powder or flakes, having a molecular weight of
approximately 1,000 to approximately 100,000, particularly having a molecular
weight of at least approximately 1,450 to approximately 20,000, more particularly
between approximately 1,450 to approximately 8,000. The polyethylene glycol is
present at a concentration of from approximately 1% to 75% by weight and
particularly approximately 3% to approximately 15% by weight. Suitable
polyethylene glycol compounds include, but are not limited to: PEG 4000, PEG
1450, and PEG 8000 among others, with PEG 4000 and PEG 8000 being most
preferred. An example of a commercially available solid polyethylene glycol
includes, but is not limited to: CARBOWAX, available from Union Carbide
Corporation, Houston, TX.

Preferred inorganic hardening agents are hydratable inorganic salts,
including, but not limited to: sulfates and bicarbonates. The inorganic hardening
agents are present at concentrations of up to approximately 50% by weight,
particularly approximately 5% to approximately 25% by weight, and more
particularly approximately 5% to approximately 15% by weight.

Urea particles can also be employed as hardeners in the solid detergent
compositions. The solidification rate of the compositions will vary, at least in part,
to factors including, but not limited to: the amount, the particle size, and the shape of
the urea added to the composition. For example, a particulate form of urea can be
combined with a cleaning agent and other ingredients, and preferably a minor but
effective amount of water. The amount and particle size of the urea is effective to
combine with the cleaning agent and other ingredients to form a homogeneous
mixture without the application of heat from an external source to melt the urea and
other ingredients to a molten stage. It is preferred that the amount of urea included
in the solid detergent composition is effective to provide a desired hardness and
desired rate of solubility of the composition when placed in an aqueous medium to
achieve a desired rate of dispensing the cleaning agent from the solidified

composition during use. In some embodiments, the composition includes between
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approximately 5% to approximately 90% by weight urea, particularly between
approximately 8% and approximately 40% by weight urea, and more particularly
between approximately 10% and approximately 30% by weight urea.

The urea may be in the form of prilled beads or powder. Prilled urea is
generally available from commercial sources as a mixture of particle sizes ranging
from about 8-15 U.S. mesh, as for example, from Arcadian Sohio Company,
Nitrogen Chemicals Division. A prilled form of urea is preferably milled to reduce
the particle size to about 50 U.S. mesh to about 125 U.S. mesh, particularly about
75-100 U.S. mesh, preferably using a wet mill such as a single or twin-screw
extruder, a Teledyne mixer, a Ross emulsifier, and the like.

Bleaching Agents

Bleaching agents suitable for use in the solid detergent composition for
lightening or whitening a substrate include bleaching compounds capable of
liberating an active halogen species, such as Cl,, Br,, -OCI" and/or -OBr’, under
conditions typically encountered during the cleansing process. Suitable bleaching
agents for use in the solid detergent compositions include, but are not limited to:
chlorine-containing compounds such as chlorines, hypochlorites, or chloramines.
Exemplary halogen-releasing compounds include, but are not limited to: the alkali
metal dichloroisocyanurates, chlorinated trisodium phosphate, the alkali metal
hypochlorites, monochloramine, and dichloramine. Encapsulated chlorine sources
may also be used to enhance the stability of the chlorine source in the composition
(see, for example, U.S. Patent Nos. 4,618,914 and 4,830,773, the disclosure of
which is incorporated by reference herein in its entirety). A bleaching agent may
also be a peroxygen or active oxygen source such as hydrogen peroxide, perborates,
sodium carbonate peroxyhydrate, potassium permonosulfate, and sodium perborate
mono and tetrahydrate, with and without activators such as tetraacetylethylene
diamine. When the concentrate includes a bleaching agent, it can be included in an
amount of between approximately 0.1% and approximately 60% by weight, between
approximately 1% and approximately 20% by weight, between approximately 3%
and approximately 8% by weight, and between approximately 3% and approximately

6% by weight.
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Fillers

The solid detergent composition can include an effective amount of detergent
fillers which do not perform as a cleaning agent per se, but cooperates with the
cleaning agent to enhance the overall cleaning capacity of the composition.
Examples of detergent fillers suitable for use in the present cleaning compositions
include, but are not limited to: sodium sulfate and sodium chloride. When the
concentrate includes a detergent filler, it can be included in an amount up to
approximately 50% by weight, between approximately 1% and approximately 30%
by weight, or between approximately 1.5% and approximately 25% by weight.

Defoaming Agents

A defoaming agent for reducing the stability of foam may also be included in
the warewashing composition. The term “defoamer” or “defoaming agent,” as used
herein, refers to a composition capable of reducing the stability of foam. Examples
of defoaming agents include, but are not limited to: ethylene oxide/propylene block
copolymers such as those available under the name Pluronic N-3; silicone
compounds such as silica dispersed in polydimethylsiloxane, polydimethylsiloxane,
and functionalized polydimethylsiloxane such as those available under the name
Abil B9952; fatty amides, hydrocarbon waxes, fatty acids, fatty esters, fatty alcohols,
fatty acid soaps, ethoxylates, mineral oils, polyethylene glycol esters, and alkyl
phosphate esters such as monostearyl phosphate. A discussion of defoaming agents
may be found, for example, in U.S. Patent Nos. 3,048,548, 3,334,147, and
3,442,242, the disclosures of which are incorporated herein by reference. When the
concentrate includes a defoaming agent, the defoaming agent can be provided in an
amount of between approximately 0.0001% and approximately 10% by weight,
between approximately 0.001% and approximately 5% by weight, or between
approximately 0.01% and approximately 1.0% by weight.

Anti-Redeposition Agents

The solid detergent composition can include an anti-redeposition agent for
facilitating sustained suspension of soils in a cleaning solution and preventing the
removed soils from being redeposited onto the substrate being cleaned. Examples of

suitable anti-redeposition agents include, but are not limited to: polyacrylates,
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styrene maleic anhydride copolymers, cellulosic derivatives such as hydroxyethyl
cellulose, hydroxypropyl cellulose and carboxymethyl cellulose. When the
concentrate includes an anti-redeposition agent, the anti-redeposition agent can be
included in an amount of between approximately 0.5% and approximately 10% by
weight, and between approximately 1% and approximately 5% by weight.

Stabilizing Agents

The solid detergent composition may also include stabilizing agents.
Examples of suitable stabilizing agents include, but are not limited to: borate,
calcium/magnesium ions, propylene glycol, and mixtures thereof. The concentrate
need not include a stabilizing agent, but when the concentrate includes a stabilizing
agent, it can be included in an amount that provides the desired level of stability of
the concentrate. Exemplary ranges of the stabilizing agent include up to
approximately 20% by weight, between approximately 0.5% and approximately 15%
by weight, and between approximately 2% and approximately 10% by weight.

Dispersants

The solid detergent composition may also include dispersants. Examples of
suitable dispersants that can be used in the solid detergent composition include, but
are not limited to: maleic acid/olefin copolymers, polyacrylic acid, and mixtures
thereof. The concentrate need not include a dispersant, but when a dispersant is
included it can be included in an amount that provides the desired dispersant
properties. Exemplary ranges of the dispersant in the concentrate can be up to
approximately 20% by weight, between approximately 0.5% and approximately 15%
by weight, and between approximately 2% and approximately 9% by weight.

Enzymes

Enzymes that can be included in the solid detergent composition include
those enzymes that aid in the removal of starch and/or protein stains. Exemplary
types of enzymes include, but are not limited to: proteases, alpha-amylases, and
mixtures thereof. Exemplary proteases that can be used include, but are not limited
to: those derived from Bacillus licheniformix, Bacillus lenus, Bacillus alcalophilus,
and Bacillus amyloliquefacins. Exemplary alpha-amylases include Bacillus subtilis,

Bacillus amyloliquefaceins and Bacillus licheniformis. The concentrate need not
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include an enzyme, but when the concentrate includes an enzyme, it can be included
in an amount that provides the desired enzymatic activity when the solid detergent
composition is provided as a use composition. Exemplary ranges of the enzyme in
the concentrate include up to approximately 15% by weight, between approximately
0.5% to approximately 10% by weight, and between approximately 1% to
approximately 5% by weight.

Glass and Metal Corrosion Inhibitors

The solid detergent composition can include a metal corrosion inhibitor in an
amount up to approximately 50% by weight, between approximately 1% and
approximately 40% by weight, or between approximately 3% and approximately
30% by weight. The corrosion inhibitor is included in the solid detergent
composition in an amount sufficient to provide a use solution that exhibits a rate of
corrosion and/or etching of glass that is less than the rate of corrosion and/or etching
of glass for an otherwise identical use solution except for the absence of the
corrosion inhibitor. It is expected that the use solution will include at least
approximately 6 parts per million (ppm) of the corrosion inhibitor to provide desired
corrosion inhibition properties. It is expected that larger amounts of corrosion
inhibitor can be used in the use solution without deleterious effects. It is expected
that at a certain point, the additive effect of increased corrosion and/or etching
resistance with increasing corrosion inhibitor concentration will be lost, and
additional corrosion inhibitor will simply increase the cost of using the solid
detergent composition. The use solution can include between approximately 6 ppm
and approximately 300 ppm of the corrosion inhibitor, and between approximately
20 ppm and approximately 200 ppm of the corrosion inhibitor. Examples of suitable
corrosion inhibitors include, but are not limited to: a combination of a source of
aluminum ion and a source of zinc ion, as well as an alkaline metal silicate or
hydrate thereof.

The corrosion inhibitor can refer to the combination of a source of aluminum
ion and a source of zinc ion. The source of aluminum ion and the source of zinc ion
provide aluminum ion and zinc ion, respectively, when the solid detergent

composition is provided in the form of a use solution. The amount of the corrosion
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inhibitor is calculated based upon the combined amount of the source of aluminum
ion and the source of zinc ion. Anything that provides an aluminum ion in a use
solution can be referred to as a source of aluminum ion, and anything that provides a
zinc ion when provided in a use solution can be referred to as a source of zinc ion. It
is not necessary for the source of aluminum ion and/or the source of zinc ion to react
to form the aluminum ion and/or the zinc ion. Aluminum ions can be considered a
source of aluminum ion, and zinc ions can be considered a source of zinc ion. The
source of aluminum ion and the source of zinc ion can be provided as organic salts,
inorganic salts, and mixtures thereof. Exemplary sources of aluminum ion include,
but are not limited to: aluminum salts such as sodium aluminate, aluminum bromide,
aluminum chlorate, aluminum chloride, aluminum iodide, aluminum nitrate,
aluminum sulfate, aluminum acetate, aluminum formate, aluminum tartrate,
aluminum lactate, aluminum oleate, aluminum bromate, aluminum borate,
aluminum potassium sulfate, aluminum zinc sulfate, and aluminum phosphate.
Exemplary sources of zinc ion include, but are not limited to: zinc salts such as zinc
chloride, zinc sulfate, zinc nitrate, zinc iodide, zinc thiocyanate, zinc fluorosilicate,
zinc dichromate, zinc chlorate, sodium zincate, zinc gluconate, zinc acetate, zinc
benzoate, zinc citrate, zinc lactate, zinc formate, zinc bromate, zinc bromide, zinc
fluoride, zinc fluorosilicate, and zinc salicylate.

An effective amount of an alkaline metal silicate or hydrate thereof can be
employed in the compositions and processes of the invention to form a stable solid
detergent composition having metal protecting capacity. The silicates employed in
the compositions of the invention are those that have conventionally been used in
solid detergent formulations. For example, typical alkali metal silicates are those
powdered, particulate or granular silicates which are either anhydrous or preferably
which contain water of hydration (approximately 5% to approximately 25% by
weight, particularly approximately 15% to approximately 20% by weight water of
hydration). These silicates are preferably sodium silicates and have a Na,O:S10,
ratio of approximately 1:1 to approximately 1:5, respectively, and typically contain
available water in the amount of from approximately 5% to approximately 25% by

weight. In general, the silicates have a Na,O:Si0; ratio of approximately 1:1 to
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approximately 1:3.75, particularly approximately 1:1.5 to approximately 1:3.75 and
most particularly approximately 1:1.5 to approximately 1:2.5. A silicate with a
Na,0:Si0; ratio of approximately 1:2 and approximately 16% to approximately 22%
by weight water of hydration, is most preferred. For example, such silicates are
available in powder form as GD Silicate and in granular form as Britesil H-20,
available from PQ Corporation, Valley Forge, PA. These ratios may be obtained
with single silicate compositions or combinations of silicates which upon
combination result in the preferred ratio. The hydrated silicates at preferred ratios, a
Na,0:Si0; ratio of approximately 1:1.5 to approximately 1:2.5, have been found to
provide the optimum metal protection and rapidly form a solid detergent. Hydrated
silicates are preferred.

Silicates can be included in the solid detergent composition to provide for
metal protection but are additionally known to provide alkalinity and additionally
function as anti-redeposition agents. Exemplary silicates include, but are not limited
to: sodium silicate and potassium silicate. The solid detergent composition can be
provided without silicates, but when silicates are included, they can be included in
amounts that provide for desired metal protection. The concentrate can include
silicates in amounts of at least approximately 1% by weight, at least approximately
5% by weight, at least approximately 10% by weight, and at least approximately
15% by weight. In addition, in order to provide sufficient room for other
components in the concentrate, the silicate component can be provided at a level of
less than approximately 35% by weight, less than approximately 25% by weight, less
than approximately 20% by weight, and less than approximately 15% by weight.

Fragrances and Dyes

Various dyes, odorants including perfumes, and other aesthetic enhancing
agents can also be included in the composition. Suitable dyes that may be included
to alter the appearance of the composition, include, but are not limited to: Direct
Blue 86, available from Mac Dye-Chem Industries, Ahmedabad, India; Fastusol
Blue, available from Mobay Chemical Corporation, Pittsburgh, PA; Acid Orange 7,
available from American Cyanamid Company, Wayne, NJ; Basic Violet 10 and
Sandolan Blue/Acid Blue 182, available from Sandoz, Princeton, NJ; Acid Yellow
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23, available from Chemos GmbH, Regenstauf, Germany; Acid Yellow 17, available
from Sigma Chemical, St. Louis, MO; Sap Green and Metanil Yellow, available
from Keyston Analine and Chemical, Chicago, IL; Acid Blue 9, available from
Emerald Hilton Davis, LLC, Cincinnati, OH; Hisol Fast Red and Fluorescein,
available from Capitol Color and Chemical Company, Newark, NJ; and Acid Green
25, Ciba Specialty Chemicals Corporation, Greenboro, NC.

Fragrances or perfumes that may be included in the compositions include,
but are not limited to: terpenoids such as citronellol, aldehydes such as amyl
cinnamaldehyde, a jasmine such as C1S-jasmine or jasmal, and vanillin.

Thickeners

The solid detergent compositions can include a rheology modifier or a
thickener. The rheology modifier may provide the following functions: increasing
the viscosity of the compositions; increasing the particle size of liquid use solutions
when dispensed through a spray nozzle; providing the use solutions with vertical
cling to surfaces; providing particle suspension within the use solutions; or reducing
the evaporation rate of the use solutions.

The rheology modifier may provide a use composition that is pseudo plastic,
in other words the use composition or material when left undisturbed (in a shear
mode), retains a high viscosity. However, when sheared, the viscosity of the
material is substantially but reversibly reduced. After the shear action is removed,
the viscosity returns. These properties permit the application of the material through
a spray head. When sprayed through a nozzle, the material undergoes shear as it is
drawn up a feed tube into a spray head under the influence of pressure and is sheared
by the action of a pump in a pump action sprayer. In either case, the viscosity can
drop to a point such that substantial quantities of the material can be applied using
the spray devices used to apply the material to a soiled surface. However, once the
material comes to rest on a soiled surface, the materials can regain high viscosity to
ensure that the material remains in place on the soil. Preferably, the material can be
applied to a surface resulting in a substantial coating of the material that provides the
cleaning components in sufficient concentration to result in lifting and removal of

the hardened or baked-on soil. While in contact with the soil on vertical or inclined
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surfaces, the thickeners in conjunction with the other components of the cleaner
minimize dripping, sagging, slumping or other movement of the material under the
effects of gravity. The material should be formulated such that the viscosity of the
material is adequate to maintain contact between substantial quantities of the film of
the material with the soil for at least a minute, particularly five minutes or more.

Examples of suitable thickeners or rheology modifiers are polymeric
thickeners including, but not limited to: polymers or natural polymers or gums
derived from plant or animal sources. Such materials may be polysaccharides such
as large polysaccharide molecules having substantial thickening capacity.
Thickeners or rheology modifiers also include clays.

A substantially soluble polymeric thickener can be used to provide increased
viscosity or increased conductivity to the use compositions. Examples of polymeric
thickeners for the aqueous compositions of the invention include, but are not limited
to: carboxylated vinyl polymers such as polyacrylic acids and sodium salts thereof,
ethoxylated cellulose, polyacrylamide thickeners, cross-linked, xanthan
compositions, sodium alginate and algin products, hydroxypropyl cellulose,
hydroxyethyl cellulose, and other similar aqueous thickeners that have some
substantial proportion of water solubility. Examples of suitable commercially
available thickeners include, but are not limited to: Acusol, available from Rohm &
Haas Company, Philadelphia, PA; and Carbopol, available from B.F. Goodrich,
Charlotte, NC.

Examples of suitable polymeric thickeners include, but not limited to:
polysaccharides. An example of a suitable commercially available polysaccharide
includes, but is not limited to, Diutan, available from Kelco Division of Merck, San
Diego, CA. Thickeners for use in the solid detergent compositions further include
polyvinyl alcohol thickeners, such as, fully hydrolyzed (greater than 98.5 mol acetate
replaced with the —OH function).

An example of a particularly suitable polysaccharide includes, but is not
limited to, xanthans. Such xanthan polymers are preferred due to their high water
solubility, and great thickening power. Xanthan is an extracellular polysaccharide of

xanthomonas campestras. Xanthan may be made by fermentation based on corn
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sugar or other corn sweetener by-products. Xanthan comprises a poly beta-(1-4)-D-
Glucopyranosyl backbone chain, similar to that found in cellulose. Aqueous
dispersions of xanthan gum and its derivatives exhibit novel and remarkable
rheological properties. Low concentrations of the gum have relatively high
viscosities which permit it to be used economically. Xanthan gum solutions exhibit
high pseudo plasticity, i.e. over a wide range of concentrations, rapid shear thinning
occurs that is generally understood to be instantaneously reversible. Non-sheared
materials have viscosities that appear to be independent of the pH and independent
of temperature over wide ranges. Preferred xanthan materials include crosslinked
xanthan materials. Xanthan polymers can be crosslinked with a variety of known
covalent reacting crosslinking agents reactive with the hydroxyl functionality of
large polysaccharide molecules and can also be crosslinked using divalent, trivalent
or polyvalent metal ions. Such crosslinked xanthan gels are disclosed in U.S. Patent
No. 4,782,901, which is herein incorporated by reference. Suitable crosslinking
agents for xanthan materials include, but are not limited to: metal cations such as
A1+3, Fe+3, Sb+3, Zr+4 and other transition metals. Examples of suitable
commercially available xanthans include, but are not limited to: KELTROL®,
KELZAN® AR, KELZAN® D35, KELZAN® S, KELZAN® XZ, available from
Kelco Division of Merck, San Diego, CA. Known organic crosslinking agents can
also be used. A preferred crosslinked xanthan is KELZAN® AR, which provides a
pseudo plastic use solution that can produce large particle size mist or aerosol when
sprayed.

Methods for Making a Solid Detergent Composition

Without being limited to a particular theory of the invention, the actual
mechanism for solidification for compositions according to the invention occurs
through ash hydration. Additional methods of solidification matrix using polymers
are described in U.S. Patent No. 7,763,576, the disclosure of which is incorporated
by reference herein its entirety.

The phosphinosuccinic acid (PSO) derivative(s) is combined with water prior
to incorporation into the detergent composition and can be provided as a solid

hydrate or as a solid salt that is solvated in an aqueous solution, e.g., in a liquid
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premix. However, the phosphinosuccinic acid (PSO) derivative(s) should be in a
water matrix when added to the detergent composition for the detergent composition
to effectively solidify. In general, an effective amount of phosphinosuccinic acid
(PSO) derivative(s) is considered an amount that effectively controls the kinetics and
thermodynamics of the solidification system by controlling the rate and movement of
water.

The solid detergent composition according to the invention can be created by
combining a phosphinosuccinic acid (PSO) derivative(s), sodium carbonate, water,
and any additional functional components and allowing the components to interact
and solidify. Those skilled in the art will appreciate suitable component
concentration ranges for obtaining desired properties of the solidification matrix as
disclosed herein.

In some embodiments, the relative amounts of water and phosphinosuccinic
acid (PSO) derivative(s) are controlled within a composition. The solidification
matrix and additional functional components harden into solid form due to the
chemical reaction of the sodium carbonate with the water. As the solidification
matrix solidifies, a binder composition can form to bind and solidify the
components. At least a portion of the ingredients associate to form the binder while
the balance of the ingredients forms the remainder of the solid composition. The
solidification process may last from a few minutes to about six hours, depending on
factors including, but not limited to: the size of the formed or cast composition, the
ingredients of the composition, and the temperature of the composition.

According to embodiments of the invention, the solid detergent composition
is understood to mean a hardened composition that will not flow and will
substantially retain its shape under moderate stress or pressure or mere gravity. The
degree of hardness of the solid cast composition may range from that of a fused solid
product which is relatively dense and hard, for example, like concrete, to a
consistency characterized as being a hardened paste. In addition, the term "solid"
refers to the state of the detergent composition under the expected conditions of

storage and use of the solid detergent composition. In general, it is expected that the
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detergent composition will remain in solid form when exposed to temperatures of up
to approximately 100°F and preferably up to approximately 122°F.

Solid detergent compositions formed using the solidification matrix is
produced using a batch or continuous mixing system. In an exemplary embodiment,
a single- or twin-screw extruder is used to combine and mix one or more cleaning
agents at high shear to form a homogeneous mixture. In some embodiments, the
processing temperature is at or below the melting temperature of the components.
The processed mixture may be dispensed from the mixer by forming, casting or
other suitable means, whereupon the detergent composition hardens to a solid form.
The structure of the matrix may be characterized according to its hardness, melting
point, material distribution, crystal structure, and other like properties according to
known methods in the art. Generally, a solid detergent composition processed
according to the method of the invention is substantially homogeneous with regard
to the distribution of ingredients throughout its mass and is dimensionally stable.

Specifically, in a forming process, the liquid and solid components are
introduced into the final mixing system and are continuously mixed until the
components form a substantially homogeneous semi-solid mixture in which the
components are distributed throughout its mass. In an exemplary embodiment, the
components are mixed in the mixing system for at least approximately 5 seconds.
The mixture is then discharged from the mixing system into, or through, a die or
other shaping means. The product is then packaged. In an exemplary embodiment,
the formed composition begins to harden to a solid form in between approximately 1
minute and approximately 3 hours. Particularly, the formed composition begins to
harden to a solid form in between approximately 1 minute and approximately 2
hours. More particularly, the formed composition begins to harden to a solid form in
between approximately 1 minute and approximately 20 minutes.

Specifically, in a casting process, the liquid and solid components are
introduced into the final mixing system and are continuously mixed until the
components form a substantially homogeneous liquid mixture in which the
components are distributed throughout its mass. In an exemplary embodiment, the

components are mixed in the mixing system for at least approximately 60 seconds.
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Once the mixing is complete, the product is transferred to a packaging container
where solidification takes place. In an exemplary embodiment, the cast composition
begins to harden to a solid form in between approximately 1 minute and
approximately 3 hours. Particularly, the cast composition begins to harden to a solid
form in between approximately 1 minute and approximately 2 hours. More
particularly, the cast composition begins to harden to a solid form in between
approximately 1 minute and approximately 20 minutes.

Methods of Use

The embodiments of the present invention are particularly useful in cleaning
applications. Beneficially, the use of the phosphinosuccinic acid (PSO) derivatives
according to the invention for providing dimensional stability further provide
cleaning efficacy. For example, the methods of cleaning employing the
phosphinosuccinic acid (PSO) derivatives provide additional benefits of reduced
scale accumulation.

According to the invention the solid detergent compositions can be utilized
for any pressed, extruded and/or cast solid detergent compositions. Still further,
according to the invention the composition can be utilized for any molded or formed
solid pellet, block, tablet, powder, granule, flake or the formed solid can thereafter
be ground or formed into a powder, granule, or flake.

In addition, according to the invention the solid composition can further be
utilized for any solid compositions containing a hydratable salt and water, including
but not limited to uses related to: machine and manual warewashing, presoaks,
laundry and textile cleaning and destaining, carpet cleaning and destaining, vehicle
cleaning and care applications, surface cleaning and destaining, kitchen and bath
cleaning and destaining, floor cleaning and destaining, cleaning in place operations,
general purpose cleaning and destaining, industrial or household cleaners, and pest
control agents.

The compositions of the invention are further suitable for use in various
applications and methods, including any application suitable for an alkali metal
hydroxide and/or alkali metal carbonate detergent wherein the prevention of hard

water scale accumulation on surfaces is desired. In addition, the methods of the
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invention are well suited for controlling water hardness buildup on a plurality of
surfaces. The methods of the invention prevent moderate to heavy accumulation
hardness on treated substrate surfaces beneficially improving the aesthetic
appearance of the surface. In certain embodiments, surfaces in need of hard water
scale accumulation prevention, include for example, plastics, metal and/or glass
surfaces.

In a beneficial aspect of the invention, the methods of the invention reduce
the formation, precipitation and/or deposition of hard water scale, such as calcium
carbonate, on hard surfaces contacted by the detergent compositions. In an
embodiment, the detergent compositions are employed for the prevention of
formation, precipitation and/or deposition of hard water scale on articles such as
glasses, plates, silverware, etc. The solid detergent compositions according to the
invention beneficially provide such prevention of formation, precipitation and/or
deposition of hard water scale despite the high alkalinity of the detergent
composition use solutions in the presence of hard water.

The employed solid detergent composition may take forms including, but not
limited to: a cast solid product; an extruded, molded or formed solid pellet, block,
tablet, powder, granule, flake; or the formed solid can thereafter be ground or formed
into a powder, granule, or flake. In an exemplary embodiment, extruded pellet
materials formed by the solidification matrix have a weight of between
approximately 50 grams and approximately 250 grams, extruded solids formed by
the solidification matrix have a weight of approximately 100 grams or greater, and
solid block detergents formed by the solidification matrix have a mass of between
approximately 1 and approximately 10 kilograms. The solid compositions provide
for a stabilized source of functional materials. In some embodiments, the solid
composition may be dissolved, for example, in an aqueous or other medium, to
create a concentrated and/or use solution. The solution may be directed to a storage
reservoir for later use and/or dilution, or may be applied directly to a point of use.

In certain embodiments, the solid detergent composition is provided in the
form of a unit dose. A unit dose refers to a solid detergent composition unit sized so

that the entire unit is used during a single washing cycle. When the solid detergent
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composition is provided as a unit dose, it is typically provided as a cast solid, an
extruded pellet, or a tablet having a size of between approximately 1 gram and
approximately 50 grams.

In other embodiments, the solid detergent composition is provided in the
form of a multiple-use solid, such as a block or a plurality of pellets, and can be
repeatedly used to generate aqueous detergent compositions for multiple washing
cycles. In certain embodiments, the solid detergent composition is provided as a cast
solid, an extruded block, or a tablet having a mass of between approximately 5
grams and approximately 10 kilograms. In certain embodiments, a multiple-use
form of the solid detergent composition has a mass between approximately 1
kilogram and approximately 10 kilograms. In further embodiments, a multiple-use
form of the solid detergent composition has a mass of between approximately 5
kilograms and about approximately 8§ kilograms. In other embodiments, a multiple-
use form of the solid detergent composition has a mass of between about
approximately 5 grams and approximately 1 kilogram, or between approximately 5
grams and approximately 500 grams.

Although the detergent composition is discussed as being formed into a solid
product, the detergent composition may also be provided in the form of a paste.
When the concentrate is provided in the form of a paste, enough water is added to
the detergent composition such that complete solidification of the detergent
composition is precluded. In addition, dispersants and other components may be
incorporated into the detergent composition in order to maintain a desired
distribution of components.

Methods of use employing the detergent compositions according to the
invention are particularly suitable for institutional ware washing. Exemplary
disclosure of warewashing applications is set forth in U.S. Patent Application Serial
Nos. 13/474,771, 13/474,780 and 13/112,412, including all references cited therein,
which are herein incorporated by reference in its entirety. The method may be
carried out in any consumer or institutional dish machine, including for example
those described in U.S. Patent No. 8,092,613, which is incorporated herein by

reference in its entirety, including all figures and drawings. Some non-limiting

49



WO 2014/042931 PCT/US2013/058016

10

15

20

25

30

examples of dish machines include door machines or hood machines, conveyor
machines, undercounter machines, glasswashers, flight machines, pot and pan
machines, utensil washers, and consumer dish machines. The dish machines may be
either single tank or multi-tank machines.

A door dish machine, also called a hood dish machine, refers to a
commercial dish machine wherein the soiled dishes are placed on a rack and the rack
is then moved into the dish machine. Door dish machines clean one or two racks at
a time. In such machines, the rack is stationary and the wash and rinse arms move. A
door machine includes two sets arms, a set of wash arms and a rinse arm, or a set of
rinse arms.

Door machines may be a high temperature or low temperature machine. In a
high temperature machine the dishes are sanitized by hot water. In a low
temperature machine the dishes are sanitized by the chemical sanitizer. The door
machine may either be a recirculation machine or a dump and fill machine. Ina
recirculation machine, the detergent solution is reused, or "recirculated" between
wash cycles. The concentration of the detergent solution is adjusted between wash
cycles so that an adequate concentration is maintained. In a dump and fill machine,
the wash solution is not reused between wash cycles. New detergent solution is
added before the next wash cycle. Some non-limiting examples of door machines
include the Ecolab Omega HT, the Hobart AM-14, the Ecolab ES-2000, the Hobart
LT-1, the CMA EVA-200, American Dish Service L-3DW and HT-25, the
Autochlor AS, the Champion D-HB, and the Jackson Tempstar.

The detergent compositions are effective at preventing hard water scale
accumulation in warewashing applications using a variety of water sources,
including hard water. In addition, the detergent compositions are suitable for use at
temperature ranges typically used in industrial warewashing applications, including
for example from about 150°F to about 165°F during washing steps and from about
170°F to about 185°F during rinsing steps.

In addition, the methods of use of the detergent compositions are also
suitable for CIP and/or COP processes to replace the use of bulk detergents leaving

hard water residues on treated surfaces. The methods of use may be desirable in
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additional applications where industrial standards are focused on the quality of the
treated surface, such that the prevention of hard water scale accumulation provided
by the detergent compositions of the invention are desirable. Such applications may
include, but are not limited to, vehicle care, industrial, hospital and textile care.

Additional examples of applications of use for the detergent compositions
include, for example, alkaline detergents effective as grill and oven cleaners, ware
wash detergents, laundry detergents, laundry presoaks, drain cleaners, hard surface
cleaners, surgical instrument cleaners, transportation vehicle cleaning, vehicle
cleaners, dish wash presoaks, dish wash detergents, beverage machine cleaners,
concrete cleaners, building exterior cleaners, metal cleaners, floor finish strippers,
degreasers and burned-on soil removers. In a variety of these applications, cleaning
compositions having a very high alkalinity are most desirable and efficacious,
however the damage caused by hard water scale accumulation is undesirable.

The various methods of use according to the invention employ the use of the
detergent composition, which may be formed prior to or at the point of use by
combining the PSO derivatives, alkalinity source and other desired components (e.g.
optional polymers and/or surfactants) in the weight percentages disclosed herein.
The detergent composition may be provided in various formulations. The methods of
the invention may employ any of the formulations disclosed, including for example,
liquids, semi-solids and/or other solid formulations.

The methods of the invention may also employ a concentrate and/or a use solution
constituting an aqueous solution or dispersion of a concentrate. Such use solutions
may be formed during the washing process such as during warewashing processes.

In aspects of the invention employing packaged solid detergent compositions,
the products may first require removal from any applicable packaging (e.g. film).
Thereafter, according to certain methods of use, the compositions can be inserted
directly into a dispensing apparatus and/or provided to a water source for cleaning
according to the invention. Examples of such dispensing systems include for
example U.S. Patent Nos. 4,826,661, 4,690,305, 4,687,121, 4,426,362 and U.S.
Patent Nos. Re 32,763 and 32,818, the disclosures of which are incorporated by

reference herein in its entirety. Ideally, a solid detergent composition is configured
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or produced to closely fit the particular shape(s) of a dispensing system in order to
prevent the introduction and dispensing of an incorrect solid product into the
apparatus of the present invention.

In certain embodiments, the detergent composition may be mixed with a
water source prior to or at the point of use. In other embodiments, the detergent
compositions do not require the formation of a use solution and/or further dilution
and may be used without further dilution.

In aspects of the invention employing solid detergent compositions, a water
source contacts the detergent composition to convert solid detergent compositions,
particularly powders, into use solutions. Additional dispensing systems may also be
utilized which are more suited for converting alternative solid detergents
compositions into use solutions. The methods of the present invention include use
of a variety of solid detergent compositions, including, for example, extruded blocks
or ’capsule” types of package.

In an aspect, a dispenser may be employed to spray water (e.g. in a spray
pattern from a nozzle) to form a detergent use solution. For example, water may be
sprayed toward an apparatus or other holding reservoir with the detergent
composition, wherein the water reacts with the solid detergent composition to form
the use solution. In certain embodiments of the methods of the invention, a use
solution may be configured to drip downwardly due to gravity until the dissolved
solution of the detergent composition is dispensed for use according to the invention.
In an aspect, the use solution may be dispensed into a wash solution of a ware wash

machine.

All publications and patent applications in this specification are indicative of
the level of ordinary skill in the art to which this invention pertains. All publications
and patent applications are herein incorporated by reference to the same extent as if
each individual publication or patent application was specifically and individually

indicated as incorporated by reference.
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EXAMPLES

Embodiments of the present invention are further defined in the following
non-limiting Examples. It should be understood that these Examples, while
indicating certain embodiments of the invention, are given by way of illustration
only. From the above discussion and these Examples, one skilled in the art can
ascertain the essential characteristics of this invention, and without departing from
the spirit and scope thereof, can make various changes and modifications of the
embodiments of the invention to adapt it to various usages and conditions. Thus,
various modifications of the embodiments of the invention, in addition to those
shown and described herein, will be apparent to those skilled in the art from the
foregoing description. Such modifications are also intended to fall within the scope
of the appended claims.

The materials used in the following Examples are provided herein: Dequest
2010: 50% solution of 1-hydroxyethylidene -1,1,-diphosphonic acid, HEDP.
Dehypon LS-36: low foaming fatty alcohol, EO/PO derivative (CASR-No. 68439-
51-0). Pluronic 25-R-2: difunctional block copolymer surfactant with terminal

secondary hydroxyl groups.

EXAMPLE 1

Solid compositions of a stability-enhanced detergent containing
phosphinosuccinic acid (PSO) derivatives were compared to controls as shown
below in Table 1. The experimental formulas according to the invention were
calculated to have the same ash to water ratio as the Control formulas at the time of
the experiment. The percent actives of the phosphinosuccinic acid (PSO) derivatives

of the experimental formulations were 2% (EXP1) and 4% (EXP2).

TABLE 1
Pressed Solid Compositions
Description Control 1 EXP1 Control 2 EXP 2
Dense Ash 82.03 82.03 82.03 82.03
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(sodium carbonate)
Water (Soft) 5.91 0.91 3.29 2.18
Dequest 2010 (50%) 1 1 1 1
KOH (45%) 6.27 6.27 8.89 0
Dehypon LS-36 3.68 3.68 3.68 3.68
Pluronic 25-R-2 1.11 1.11 1.11 1.11
PSO (40%) 0 5 0 10
Total 100 103.54 100 103.54

10

15

Water and the phosphinosuccinic acid (PSO) derivatives (40% active
solution) were mixed together thoroughly. In a separate container the dense ash was
mixed together thoroughly. The liquid premix was gradually added to the dry
components while stirring until homogeneous. 50 grams of detergent was
immediately poured into a circular pressing die and pressed at 1000 psi for 20
seconds. The initial height and diameter of each tablet was measured one hour after
the tablets were pressed. These values were used as the initial height and diameter
for the stability experiments described below.

Tablets were placed in an oven at 100°F and 122°F (two tablets for each
composition tested at each given temperature). Experiments were performed with
two tablets for each temperature (4 total tablets for each composition). Additional
measurements were recorded after 1, 2 and 3 weeks. The average percent growth in
height and diameter (width) was averaged separately for each tablet as shown in
Tables 2 and 3. Less than 3% growth in either height or diameter under the most
stringent conditions (122°F) indicated effective control of the binding agent on the

dimensional stability of the composition.

TABLE 2
Formula | Temp | Average % Height Growth

F 48 hours 1 wk 2wk 3wk
Control 2 | 100° 1.62374 6.326988 | 12.26204 | 12.70997
EXP 2 100° -0.16313 -0.0543 8 | -0.43502 | -0.38064

54



WO 2014/042931 PCT/US2013/058016
Control 1 | 122° 11.00218 | 44.71678 | 46.89542 | 47.11329
EXP1 122° -0.05482 -0.16447 | 0.328947 | 0.274123
Control 2 | 122° 12.47228 | 56.37472 | 62.13969 | 62.52772
EXP 2 122° -0.66335 -0.38695 | 0.386954 | 0.221117
TABLE 3
Formula | Temp | Average % Width Growth

F 48 hours 1 wk 2wk 3wk
Control 2 | 100° 1.94718 7.072516 | 12.10833 | 13.11549
EXP 2 100° 0.044743 | -0.08949 |-0.02237 |0
Control 1 | 122° 8.004484 | 32.53363 | 32.86996 | 32.86996
EXP1 122° 0.022391 0.044783 | 0.134348 | 0.134348
Control 2 | 122° 13.67502 | 44.80752 | 51.96956 | 52.10385
EXP 2 122° 0.134108 | 0.044703 | 0.223514 | 0.089405

The compositions must swell <3% for the binding agent to be considered
5 effective for controlling the dimensional stability of the composition. Under the
most extreme conditions (122°F), the controls swelled in excess of 3% at all time
points of measurement while the compositions containing the phosphinosuccinic
acid (PSO) derivative stability enhancement agent swelled less than 0.25% in all
instances and demonstrated stability changes nearly 0%. This demonstrates the
10 effectiveness of phosphinosuccinic acid (PSO) derivatives as binding agents for
controlling dimensional stability of compositions containing hydratable salts (e.g.
sodium carbonate) and water.
The efficacy of the phosphinosuccinic acid (PSO) derivatives as stability
enhancement agents is shown graphically in Figures 1-4.
15 The inventions being thus described, it will be obvious that the same may be

varied in many ways. Such variations are not to be regarded as a departure from the
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spirit and scope of the inventions and all such modifications are intended to be

included within the scope of the following claims.
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What is claimed is:

1. A solid detergent composition comprising:
a phosphinosuccinic acid derivative;
a hydratable salt; and

water, wherein the composition is substantially phosphate-free and NTA-free.

2. The composition of claim 1, wherein the phosphinosuccinic acid derivative
comprises at least 10 mol% of an adduct comprising a ratio of succinic acid to

phosphorus from about 1:1 to 20:1.

3. The composition of claim 1, wherein the phosphinosuccinic acid derivative is
a combination of phosphinosuccinic acid and mono-, bis- and oligomeric

phosphinosuccinic acid adducts.

4. The composition of claim 3, wherein the phosphinosuccinic acid (I) and
mono- (II), bis- (III) and oligomeric (IV) phosphinosuccinic acid adducts have the

follow formulas:

o)
MOOC |
P—OM
oM
MOOC (D
o)
MOOC I
T——H
oM
MOOC (I
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MOQOC COOM (II0)
0
( Ly \
| T\ [ Im

COOM COOM 4 COOM COOM av)

where M is selected from the group consisting of H, Na*, K*, NH,", and mixtures

thereof, wherein m plus n is greater than 2.

5. The composition of claim 1, further comprising a nonionic surfactant.

6. The composition of claim 5, wherein the nonionic surfactant comprises

ethylene oxide, propylene oxide, or a combination of ethylene and propylene oxide.

7. The composition of claim 1, wherein the solid detergent composition is
dimensionally stable and has a growth exponent of less than 3% if heated at a

temperature of 122°F.

8. The composition of claim 1, wherein phosphinosuccinic acid derivative
constitutes between about 0.1 wt-% and about 20 wt-% of the composition, and
wherein the hydratable salt constitutes between about 40 wt-% and about 90 wt-% of

the composition.

0. The composition of claim 1, further comprising at least one functional
ingredient selected from the group consisting of an alkalinity source, detergent
builder, surfactant and combinations thereof, and wherein a use solution comprises
from about 100-1500 ppm of an alkalinity source, from about 5-500 ppm

phosphinosuccinic acid derivative and has a pH between about 9 and 12.5.
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10. The composition of claim 1 wherein the composition is a cast, pressed, or
extruded

solid.

11. A solid detergent composition comprising:

between about 0.1 wt-% and about 20 wt-% a phosphinosuccinic acid derivative
comprising a phosphinosuccinic acid and mono-, bis- and oligomeric
phosphinosuccinic acid adducts;

between about 0.1 wt-% and about 50 wt-% water;

between about 40 wt-% and about 90 wt-% sodium carbonate; and

between about 0.5 wt-% and about 10 wt-% surfactant;

wherein the solid detergent composition has less than about 2 wt-% phosphate, and
wherein the solid detergent composition is dimensionally stable and has a

growth exponent of less than 3% if heated at a temperature of 122°F.

12. The composition of claim 11, wherein the phosphinosuccinic acid (I) and
mono- (II), bis- (III) and oligomeric (IV) phosphinosuccinic acid adducts have the

follow formulas:

o)
MOOC |
P—OM
OM
MOOC 1)
o)
MOOC I
T——H
OM
MOOC (ID
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where M is selected from the group consisting of H, Na*, K*, NH,", and mixtures

thereof, wherein m plus n is greater than 2.

13. The composition of claim 11, wherein the phosphinosuccinic acid derivative
comprises at least 10 mol% of an adduct comprising a ratio of succinic acid to

phosphorus from about 1:1 to 20:1.

14. The composition of claim 11, further comprising a nonionic surfactant.

15. The composition of claim 14, wherein the nonionic surfactant comprises

ethylene oxide, propylene oxide, or a combination of ethylene and propylene oxide.

16. The composition of claim 11, further comprising at least one functional
ingredient selected from the group consisting of: chelating agents, sequestering
agents, inorganic detergents, organic detergents, alkaline sources, builders, water
conditioners, surfactants, rinse aids, hardening agents, bleaching agents, sanitizers,
activators, detergent builders, fillers, defoaming agents, anti-redeposition agents,
optical brighteners, dyes, odorants, stabilizing agents, dispersants, enzymes,

corrosion inhibitors, thickeners and solubility modifiers.

17. A method of forming a solid detergent composition, comprising:
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combining a hydratable salt and at least one functional component to form a powder
pre-
mix; and
mixing the powder pre-mix with a liquid pre-mix, the liquid pre-mix comprising a
5 phosphinosuccinic acid derivative and water, wherein the phosphinosuccinic
acid
derivative comprises a phosphinosuccinic acid (I) and mono- (II), bis- (III)

and oligomeric (IV) phosphinosuccinic acid adducts having the following

formulas:
10
O
MOOC |
FI’—OM
oM
MOOC 1)
O
MOOC I
T——H
oM
MOOC (ID
15
O
COOM
MOOC. u Y
|
J b
MOQOC COOM (II0)
O
( Ly \
Toon Lo by oo b0
20 COOM OM COOM COOM av)

61



WO 2014/042931 PCT/US2013/058016

10

wherein if heated at a temperature of 122°F, the solid detergent composition is
dimensionally stable and has a growth exponent of less than 3%, and wherein
the detergent composition is effective for preventing the formation, precipitation

and/or deposition of hard water scale on a treated surface.

18. The method of claim 17, wherein the hydratable salt is sodium carbonate.

19. The method of claim 17, wherein the detergent composition is a cast,

pressed, or extruded solid.

20. The method of claim 17, wherein the treated surfaces are plastic, metal

and/or glass surfaces.

62



WO 2014/042931

1/4

100°F Stability - Height

PCT/US2013/058016

&

R
B

X\(\«\m\w“

3 .A
£ /
= {
3 b 7
7] ‘f
2 /
:
?
0 “_u;\\\eﬂfmm\u S — -
el Bhs 1wk e 3wk |
|
2 |
FIGURE {

SUBSTITUTE SHEET (RULE 26)



WO 2014/042931 PCT/US2013/058016

214
100°F Stability - Width
/
\"\f“
/
g /
% -\“‘f
< A
6 5 -*‘f
3
o &
g /
/
4 7
) /
w‘ﬂw
3 ra -
Initia 48 hrs 1wk 2wk 3wk
g

FIGURE 2

SUBSTITUTE SHEET (RULE 26)



WO 2014/042931

70

60

26 Swwalling

40 -

50 -

.
==

A
f S

10 -

34

122°F Stahility - Height

PCT/US2013/058016

e Cont
.\.\\\'_\*v'\y‘\\'i.}\“\\‘\\\\\\\\\\\\\\"“\\-‘\\\\\\\\\\\\\\\\\\‘e::\\.
"
A\\N\\\‘ EXP 1 A
k. &
N
{,\‘
§
4 §
N N m\m‘“\m\-\\\\s\ﬂ“"‘“"‘
£
§ §
iy
Sond
y §
& g
\‘“ “6‘
{ y
i
§od
& f
ad
e
3
, §d
| H
N
i
N
¥,
)
¥
i
\:f A
| )
' N
o
&
S
4 ot
{ “p‘l"
S
\d‘\“\‘d\
oty
i
o
e
o
SR, .\ A N
R | ‘m‘x\‘ﬂ:x\\}‘\*m\\m\\\\\m\\\\\\\\\\\\\\\\\\\ﬁ " W

Initial 4 his 1wk

2wk

3wk

FIGURE 3

SUBSTITUTE SHEET (RULE 26)



WO 2014/042931

l)

2% Swwelling
[ )
>

i
o

10

414

120° Stablity - Width

PCT/US2013/058016

AN \\1C

50 -

40 - :

i \\\@\\\‘E
A
&
R
;
{
A & A
{ W b ¥
$ 4'”
N &
kS
{ d
N &
{ $
$
§ {
§ &
; $
J J
&+ ¥
i d
fd
£
&
§
§
§
i
by
a

Inittal 8 hrs 1wk 2wk

FIGURE 4

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2013/058016

A. CLASSIFICATION OF SUBJECT MATTER
C11D 1/34(2006.01)i, C11D 1/86(2006.01)i, C11D 3/10(2006.01)i, BOSB 3/08(2006.01)i

According to International Patent Classification (IPC)

B. FIELDS SEARCHED

Minimum documentation searched (classification sys 3 } ;
C11D 1/34; C11D 1/00; D0O6M 13/288; CO2F 5/14; CO2F 1/44; D0O6M 13/192; C23F 11/167; C11D 1/86; C11D 3/10; B0O8B 3/08

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: solid detergent, phosphinosuccinic acid, PSO, hydratable salt, sodium carbonate, surfactant

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

A US 2011-0253628 A1 (BLOKKER, P. et al.) 20 October 2011 1-20
See abstract; paragraphs [0020]-[0023], [0046]; claims 1-4 and Tables 1-5.

A US 6572789 B1 (YANG, B. et al.) 03 June 2003 1-20
See column 5, lines 34-64; claim 1 and Table 2.

A US 2005-0245411 A1 (YANG, B. et al.) 03 November 2005 1-20
See abstract; paragraph [0015] and claim 1.

A US 5023000 A (RNELLER, J. F. et al.) 11 June 1991 1-20
See abstract; column 2, lines 40-65 and claim 1.

A US 6277152 B1 (KYRIAZIS, J. et al.) 21 August 2001 1-20
See abstract and claim 1.

|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" eatlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priotity ¢claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O"  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
20 November 2013 (20.11.2013) 21 November 2013 (21.11.2013)
Name and mailing address of the ISA/KR Authorized officer Ty
Korean Intellectual Property Office s\s\?\&ﬁ?\‘\z\g‘%\i\\{\
. . . . QR S IRTAN
N 189 Cheongsa-ro, Seo-gu, Dacjeon Metropolitan City, HONG, Sung Ran § §§§§§§\\§§3
_ ; \\*&“}5’ RN
o 302-701, Republic of Korea &i{w&%“\%
Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-5405 o

Form PCT/ISA/210 (second sheet) (July 2009y



INTERNATIONAL SEARCH REPORT

International application No

Information on patent family members PCT/US2013/058016
Patent document Pub Publication
cited in search report datc date
US 2011-0253628 Al 20/10/2011 CN 101835714 A 15/09/2010
US 2009-0101587 Al 23/04/2009
WO 2009-055377 Al 30/04/2009
US 6572789 Bl 03/06/2003 AT 527218 T 15/10/2011
AU 2002-252089 B2 29/11/2007
BR 0208594 A 21/12/2004
BR 0208594 B1 08/02/2011
CA 2442474 Al 10/10/2002
CA 2442474 C 08/12/2009
CN 1512968 A 14/07/2004
CN 1512968 C 08/03/2006
EP 1379473 Al 14/01/2004
EP 1379473 A4 10/08/2005
EP 1379473 Bl 05/10/2011
ES 2374284 T3 15/02/2012
HU 0303762 A2 01/03/2004
HU 0303762 A3 28/03/2008
HU 228325 Bl 28/03/2013
JP 04180383 B2 12/11/2008
JP 2004-532351 A 21/10/2004
KR 10-0983521 Bl 27/09/2010
KR 10-2003-0097819 A 31/12/2003
PL 206324 Bl 30/07/2010
PL 364137 Al 13/12/2004
RU 2003132068 A 10/03/2005
RU 2324767 C2 20/05/2008
WO 02-079105 Al 10/10/2002
US 2005-0245411 Al 03/11/2005 AT 504952 T 15/04/2011
CN 1981402 A 13/06/2007
CN 1981402 B 23/01/2013
CN 1981402 C 13/06/2007
DE 602005027349 D1 19/05/2011
EP 1761966 A2 14/03/2007
EP 1761966 B1 06/04/2011
JP 2007-536707 A 13/12/2007
US 6887597 Bl 03/05/2005
US 7442676 B2 28/10/2008
WO 2005-108644 A2 17/11/2005
WO 2005-108644 A3 09/03/2006
US 5023000 A 11/06/1991 EP 0454323 Al 30/10/1991
EP 0454323 Bl 02/11/1995
US 5085794 A 04/02/1992
US 6277152 Bl 21/08/2001 AT 459745 T 15/03/2010
DE 69942079 D1 15/04/2010
EP 0976867 Al 02/02/2000

Form PCT/ISA/210 (patent family annex) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2013/058016
Patent document Pub Publication
cited in search report datc date
i veruuue 03/03/2010
ES 2340009 T3 27/05/2010
FR 2781821 Al 04/02/2000
FR 2781821 Bl 10/11/2000
JP 04794710 B2 19/10/2011
JP 2000-054260 A 22/02/2000
KR 10-2000-0012089 A 25/02/2000
PT 976867 E 31/03/2010
SG 77698 Al 16/01/2001

Form PCT/ISA/210 (patent family annex) (July 2009)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - description
	Page 45 - description
	Page 46 - description
	Page 47 - description
	Page 48 - description
	Page 49 - description
	Page 50 - description
	Page 51 - description
	Page 52 - description
	Page 53 - description
	Page 54 - description
	Page 55 - description
	Page 56 - description
	Page 57 - description
	Page 58 - description
	Page 59 - claims
	Page 60 - claims
	Page 61 - claims
	Page 62 - claims
	Page 63 - claims
	Page 64 - claims
	Page 65 - drawings
	Page 66 - drawings
	Page 67 - drawings
	Page 68 - drawings
	Page 69 - wo-search-report
	Page 70 - wo-search-report
	Page 71 - wo-search-report

