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Alkyl Sulfonic Acid Compositions Useful in Descaling Applications

PRIORITY CLAIM

[0001] The present application claims priority to U.S. Patent Application No. 63/511,156,
filed June 29, 2023, and U.S. Patent Application No. 63/553,243, filed February 14, 2024, the

contents of which are hereby incorporated by reference in their entirety.
FIELD OF INVENTION

[0002] This application relates generally to a descaling composition comprising one or more

alkyl sulfonic acids.

BACKGROUND

[0003] The 2020 Covid pandemic had a significant effect on consumer's cleaning
expectations for both household and industrial cleaning products. Consumers are cleaning
more often and are more critical of the product cleaning performance. In industrial cleaning,
significant labor shortages means there is less time allocated for cleaning further requiring
products to work even more effectively, preferably be ready-to-use (RTU), or as dilutable
concentrates, and safe to the user and the environment. Hard surfaces accumulate a number
of soils over time. One exemplary soil is calcium carbonate, also referred to as limescale, which
can be deposited on the surface from aqueous solutions containing solubilized ions. Other soils
can be rust, struvite deposits. Limescale can be a substrate for microorganisms and should be
removed to avoid unhygienic conditions. Typically, limescale is removed by applying an acidic
solution to the hard surface. However, prior art acidic compositions typically require a high
concentration of acid, which can pose a risk to the user if the composition contacts skin or is
ingested. These prior art acid compositions also can be associated with toxic fumes. Other
prior art cleaning compositions comprising an alkyl sulfonic acid have suboptimal cleaning

properties due to the other components (e.g., surfactants) in the compositions.

[0004] Thus, there is a need for more effective, safe, concentrated descaling compositions

that are ready-to-use (RTU), or as dilutable concentrates which effectively removes limescale to
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a greater degree than prior art compositions and avoids the generation of toxic fumes and is

safe for the user to apply.

SUMMARY

[0005] The present disclosure describes an acidic composition comprising an acidic
component and a surfactant system that has been shown to be a particularly effective descaler.
The acidic component comprises one or more alkyl sulfonic acids and, optionally one or more
organic acids. Particularly suitable alkyl sulfonic acids include C1-C6 alkyl sulfonic acids, such
as methanesulfonic acid. Particularly suitable organic acids include lactic acid, formic acid,
butyric acid, valeric acid, caproic acid, itaconic acid, oxalic acid, terephthalic acid, citric acid,
acetic acid, malonic acid, maleic acid, succinic acid, hydroxyl succinic acid, adipic acid, octanoic
acid, fumaric acid, itaconic acid, methacrylic acid, sulfamic acid, methylsulfamic acid, propionic
acid, gluconic acid, glutamic acid, glutaric acid, glucaric acid, benzoic acid, tartaric acid,
hydroxyacetic acid, and salicylic acid. The relative amount of the acidic component will vary
based on whether the composition is formulated as a ready-to-use or dilutable concentrated
formulation. In ready-to-use formulations, the acidic component may comprise 0.1 to about 45
wt. % of the total composition; and in dilutable concentrated formulations, the acidic component
may be up to about 95 wt. % (e.g., 46 to about 95 wt. %) of the total composition.

[0006] The surfactant system may comprise one or more anionic surfactants, one or more
nonionic surfactants, one or more amphoteric surfactants, or a mixture thereof. Alkyl sulfates, in
particular sodium 2-ethylhexyl sulfate, is a suitable anionic surfactant. Alcohol ethoxylates, in
particular shorter chain alcohol ethoxylates, such as C6, C7, C8, or C9 alcohol ethoxylates, are
suitable nonionic surfactants. Alkylether hydroxypropyl sultaine or disodium caprylampho
dipropionate are suitable amphoteric surfactants. Alkyldiphenyloxide disulfonate is another
suitable surfactant.

[0007] The composition may optionally further comprise a thickener, wetting agent and/or a
chelant. The amount of chelating agent(s) in the composition may be in a range from about
0.01 wt % to about 10 wt %.
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[0008] The composition of the present disclosure may also include one or more auxiliary
agents selected from the group consisting of thickeners, UV protectants, rust inhibitors,
preservatives, dyes, fragrances, and colorants. Further, the composition of the present

disclosure may lack any solvents other than water.
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DETAILED DESCRIPTION

[0009] The description that follows describes, illustrates and exemplifies one or more
particular embodiments of an acidic descaling composition comprising one or more alkyl
sulfonic acids and methods of use thereof. This description is not provided to limit the
disclosure to the embodiments described herein, but rather to explain and teach various
principles to enable one of ordinary skill in the art to understand these principles and, with that
understanding, be able to apply them to practice not only the embodiments described herein,
but also other embodiments that may come to mind in accordance with these principles. The
scope of the instant disclosure is intended to cover all such embodiments that may fall within the

scope of the appended claims, either literally or under the doctrine of equivalents.

[0010] As used herein, “about’ refers to a deviation of plus or minus 10%. Thus, a
disclosure referring to “about 10,” for example, shall encompass the inclusive range of 9 to 11.
Similarly, a range of about 1 to about 10, for example, shall encompass an inclusive range of
0.9to 11.

[0011] As used herein “lacks” means the composition does not contain any of the
component “lacking.” In other words, the composition comprises 0.000% of the lacking

component.

[0012] The composition of the present disclosure is a composition comprising an acidic
component and a surfactant system. In preferred embodiments, the composition is an aqueous
liguid composition. The composition may further comprise a chelant, thickener, and/or a wetting
agent. It has been surprisingly found that the composition described herein is effective cleaning
compositions, particularly for descaling, even sloped surfaces where the contact time with the
cleaning agent may be limited due to gravity. As detailed herein, the components of the present

composition have a synergistic effect on cleaning performance.

[0013] The acidic component of the present disclosure comprises one or more alkyl sulfonic
acids. The alkyl sulfonic acid may be a short chain alkyl sulfonic acid. The alkyl sulfonic acid
may be a C1-C6 alkyl sulfonic acid, such as methanesulfonic acid or ethanesulfonic acid. The
alkyl sulfonic acid may be linear or branched. The acidic component may comprise or consist of
methanesulfonic acid. In embodiments, the acidic component further comprises one or more

organic acids. Suitable organic acids for use in the acidic component comprising one or more
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alkyl sulfonic acids include lactic acid, formic acid, butyric acid, valeric acid, caproic acid,
itaconic acid, oxalic acid, terephthalic acid, citric acid, acetic acid, malonic acid, maleic acid,
succinic acid, hydroxyl succinic acid, adipic acid, octanoic acid, fumaric acid, itaconic acid,
methacrylic acid, sulfamic acid, methylsulfamic acid, propionic acid, gluconic acid, glutamic acid,
glucaric acid, benzoic acid, tartaric acid, hydroxyacetic acid, and salicylic acid. In embodiments,
the acidic component lacks any organic acid not recited in the aforementioned list. In preferred
embodiments, one or two organic acids, in addition to the one or more alkyl sulfonic acids, are
present. In embodiments, the acidic component lacks an inorganic acid, such as phosphoric

acid.

[0014] The acidic component in the total composition should be in sufficient amount such

that the pH of the total composition is 0 to about 4, preferably 0 to about 2, or 0 to 1.

[0015] In certain ready-to-use embodiments, the acidic component comprises about 0.1 to
about 45; 10 to about 45; 15 to about 45; 25 to 45; 35 to 45; 20 to 45; 30 to 45; 0.1 to 43; 10 to
about 43; 15 to about 43; 20 to about 43; 25 to 43; 25 to 35; 0.1 to 30; 5 to about 30; 10 to about
30; 0.1 to 20; 5 to about 20; 0.1 to about 10; or 0.1 to 10 wt. % of the total composition. One
skilled in the art would readily appreciate that these ready-to-use embodiments may be suitable

for a concentrated product depending on the intended use case.

[0016] In embodiments, concentrates may comprise an acidic component greater than 10
wt %. In particular embodiments where the acidic component is intended to be diluted (i.e.,
concentrated compositions), the acidic component comprises about 45 to about 95; 45 to 95; 45
to about 80; 45 to 80; 45 to about 70; 45 to 70; 45 to about 60; 45 to 60; 45 to about 50; 45 to
50:; 50 to about 95; 50 to 95; 55 to about 95; 55 to 95; 60 to about 95; 60 to 95; 65 to about 95;
65 to 95; 70 to 95; 70 to about 95; 75 to about 95; or 75 to 95 wt. % of the total composition. In
other embodiments, the weight percentage of the acidic component is greater than the weight
percentage of the surfactant system. For example, the weight percentage ratio of the acidic
component relative to the surfactant system may be greater than 2:1, greater than 4:1, greater
than 8:1, greater than 15:1, greater than 50:1, greater than 100:1, greater than 150:1, greater
than 200:1, or alternatively, between 50:1 and 500:1, between 100:1 and 400:1, between 200:1
and 300:1, or about 250:1.

[0017] The present inventor has surprisingly found that optimizing the surfactant system

used with the acidic component is key to achieving superior cleaning performance. The present
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surfactant system may comprise one or more anionic surfactants, one or more nonionic
surfactants, and/or one or more amphoteric surfactants. The surfactant system may comprise
0.01 to about 10; 0.01 to 10; 0.01 to about 5; 0.01 to 5; 0.01 to about 2.5; 0.01 to 2.5; 0.01 to
about 1.0; 0.01 to 1.0; about 0.01 to about 0.25; 0.01 to about 0.25; 0.05 to 0.25; 0.05 to 0.20;
0.05 to 0.15; 0.075 to 0.125; or 0.01 to 0.25 wt. % of the total composition. In preferred

embodiments, the surfactant system contains one or more low foaming surfactants.

[0018] Suitable anionic surfactants include an alkyl sulfate, such as sodium 2-ethylhexyl
sulfate (CAS No. 126-92-1; available from Niacet Corporation) or sodium n-octyl sulfate
(commercially available as Texapon 842 Up from BASF). In embodiments, the anionic
surfactant is or about 100; 90; 80; 70; 60; 50; 40; 30; 20; or 10 wt. % of the surfactant system.

[0019] Suitable amphoteric surfactants include alkylether hydroxypropyl sultaine (CAS Nos.
108797-84-8, 108797-85-9; commercially available as Mirataine ASC), disodium caprylampho
dipropionate (CAS No. 68815-55-4), and amphoteric surfactant blends, particularly, low-foaming
blends, such as Rhodaterge BCC commercially available from Rhodia. In embodiments, the
amphoteric surfactant is or about 100; 90; 80; 70; 60; 50; 40; 30; 20; 10 wt. % of the surfactant

system.

[0020] Suitable nonionic surfactants include an alcohol ethoxylate, such as Lutensol CS
6250 available from BASF. In embodiments, the nonionic surfactant comprises an alkyl chain of
C6, C7, C8, or C9, or a mixture thereof. For example, the nonionic surfactant may comprise a
mixture of C6, C7, C8 and C9 nonionic surfactants. As another example, the nonionic
surfactant may comprise a mixture of any three nonionic surfactants of C6-C9, such as C6, C7
and C8; C6, C8 and C9; or C7, C8 and C9. As yet another example, the nonioinic surfactant
may comprise a mixture of any two nonionic surfactants, such as C6 and C7; C6 and C8; C6
and C9; C7 and C8; C7 and C9; or C8 and C9. In other embodiments, the surfactant system
does not include nonionic surfactants with an alkyl chain less than C6 and/or an alkyl chain
greater than C9. In embodiments, the nonionic surfactant is or about 100; 90; 80; 70; 60; 50;
40; 30; 20; 10 wt. % of the surfactant system.

[0021] The present composition optionally comprises a wetting agent. In embodiments, the
wetting agent is not a surfactant. The wetting agent may comprise 0.01 to about 5; 0.01 to 5;
0.01 to about 3; 0.01 to 3; 0.1 to about 5; 0.1 to 5; 0.1 to about 5; 0.1 to 3; 0.1 to about 3; 0.01 to
1; 0.01 to about 1; 1 to about 5; 1 to 5; 0.3 to about 3; 0.3 to 3; 0.5 to about 5; 0.51t0 5; 0.01 to
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about 0.5; about 0.2; about 0.3: about 0.4; about 0.5; about 0.6; 0.01 to 0.5 wt. % of the total
composition. In preferred embodiments the wetting agent is an alkyl pyrrolidone, such as N-
octyl-2-pyrrolidone (CAS No. 2687-94-7). Additionally N-Dodecyl-2-pyrrolidone (CAS No. 2687-

96-9) can also be used alone or in mixtures.

[0022] The present composition optionally comprises a chelant. The chelant may comprise
0.01 to about 20: 0.01 to 20: 0.01 to about 10; 0.01 to 10: 0.01 to about 4; 0.01 to 4; about 0.01
to about 1; 0.01 to about 1; about 0.2; about 0.3; about 0.4; about 0.5; about 0.6; or 0.01 to 1 wt
% of the total composition. The chelant may be biodegradable. Suitable biodegradable
chelants include ethylene diamine N,N’-disuccinic acids, especially the (S,S) isomer. Ethylene
N,N’-disuccinnic acids are commercially available under the tradename (S,S)EDDS. Another
suitable chelating agent is L-glutamic acid N,N-diacetic acid (GLDA) commercially available
under tradename Dissolvine 47S. Additional amino carboxylates suitable for use in the
composition of the present disclosure include ethylene diamine tetra acetates, diethylene
triamine pentaacetates, diethylene triamine pentaacetate (DTPA), N-
hydroxyethylethylenediamine triacetates, nitrilotriacetates, ethylenediamine tetrapropionates,
triethylenetetraaminehexa-acetates, ethanoldiglycines, and methylglycine diacetic acid (MGDA),
ethylenediaminetetraacetic acid dipotassium salt (EDTA), glucaric acid; or a salt thereof, or a
mixture thereof. A trisodium salt of methylglycine diacetic acid and a sodium salt of glucaric
acid are preferred. Additional chelating agents suitable for use include phosphonates, such as
ethylene diamine tetra methylene phosphonates, diethylene triamine penta methylene
phosphonates (DTPMP), 1-hydroxyethylidene-1,1-diphosphonic acid (HEDP), 1,5,9-
triazacyclododecane-N,N',N"-tris(methylenephosphonic acid) (DOTRP), 1,4,7,10-
tetraazacyclododecane-N,N',N",N"-tetrakis(methylenephosphonic acid) (DOTP),
Nitrilotris(methylene)triphosphonic acid, diethylenetriaminepentakis(methylenephosphonic acid)
(DETAP), amino tri(lmethylenephosphonic acid), bis(hexamethylene)triamine pentamethylene
phosphonic acid, 1,4,7-triazacyclononane-N,N',N"-tris(methylenephosphonic acid (NOTP),
hydroxyethyldiphosphonate, nitrilotris(methylene)phosphonic acid, 2-phosphono-butane-1,2,3,4-
tetracarboxylic, carboxy ethyl phosphonic acid, aminoethyl phosphonic acid, glyphosate, and
ethylene diamine tetra(methylenephosphonic acid) phenylphosphonic acid, as well as salts
and/or derivatives thereof. In embodiments, the chelant may be a metal salt of the following
carboxylic acids: oxalic acid, succinnic acid, aspartic acid, glutamic acid, glycine, malonic acid,
glucaric acid, maleic acid, malic acid, malonic acid, adipic acid, phthalic acid, citric acid, sodium

citrate, potassium citrate, ammonium citrate, tricarballylic acid, trimethylolpropionic acid,
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picolinic acid, dipicolinic acid, salicylic acid sulfosalicylic acid, sulfophthalic acid, sulphosuccinic
acid, Betaine, gluconic acid, tartaric acid, glucuronic acid, and 2-carboxypyridine. In other
embodiments, the chelant may be a sulfonic acid, such as TIRON (4,5-Dihydroxy-1,3-
benzenedisulfonic acid disodium salt) or HEPES—2-[4-(2-hydroxyethyl)piperazin-1-
yl)ethanesulfonic acid, sodium thioglycolate. In certain embodiments, the chelating agent is a

nitrilotris (methylene)triphosphonic acid or an iminodiacetic acid.

[0023] The composition of the present disclosure may further comprise a thickener. In
embodiments, the composition comprises in any effective amount of a thickener in order to
increase the viscosity of the composition. The thickener may comprise 0.01 to about 20; 0.01 to
20; 0.01 to about 10; 0.01 to 10; 0.01 to about 4; 0.01 to 4; about 0.01 to about 1; 0.01 to about
1; about 0.2; about 0.3; about 0.4; about 0.5; about 0.6; or 0.01 to 1 wt % of the total

composition.

[0024] Exemplary thickeners include a cellulose or a derivative thereof, alkyl cellulose,
alkoxycellulose, hydroxyalkyl cellulose, hydroxyalkyl alkyl cellulose, carboxy alkyl cellulose, alkyl
carboxy alkyl cellulose, natural polysaccharide polymer (such as xanthan gum, guar gum,
Garrofin gum, tragacanth gum, or its derivatives), Microfibrillated Cellulose (MFC), polymers of
polycarboxylate, polyacrylamides, and clays. The composition may comprise a mixture of the

foregoing thickeners.

[0025] Exemplary cellulose derivatives include methyl cellulose, ethyl cellulose,
hydroxymethyl cellulose, hydroxyethyl cellulose, hydroxypropyl cellulose, carboxymethyl
cellulose, carboxymethylhydroxyethylcellulose, hydroxypropylcellulose,

hydroxypropylmethylcellulose, ethylhydroxymethylcellulose and ethylhydrosiethylcellulose.

[0026] Exemplary polymers of polycarboxylate have a molecular weight of approximately
500,000 to about 4,000,000, preferably about 1,000,000 to about 4,000,000, preferably with
crosslinking from about 0.5% to about 4%. Preferred polymers of polycarboxylate include
polyacrylate polymers, including those sold under the Carbopol®, Acrysol® brands ICS-1 and
Sokalan®. Preferred polymers are polyacrylates; however, other monomers besides acrylic acid
can be used to form polymeric thickeners that may be used in the present composition,

including monomers, such as ethylene and propylene and anhydride maleic.
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[0027] Exemplary clay thickeners include colloid-forming clays, such as, for example,
Smectite and attapulgite types of clay thickeners. These clay materials can be described as
layered clays expandable, which may be aluminosilicates and magnesium silicates. The term
“expandable,” as used to describe clay thickeners herein refers to the capacity of the layered
structure of the clay to swell, or expand, on contact with water. Exemplary expandable clays are
materials classified geologically as smectites (or montmorillonite) and attapulgitas (or

paligorskitas).

[0028] In embodiments, the thickener is a surfactant outside of the surfactant system, such

as a betaine (e.g., Tallow Dihydroxyethyl Betaine or Cocoamidopropyl Betaine).

[0029] Preferred thickeners are those that provide a useful benefit of increased viscosity for
the desired pH of the compositions, particularly thickeners that are useful at pH of approximately
3 or less. The compositions comprising a thickener have a viscosity range from about 10 cps
fluid solution to 20,000 cps gel consistency at ambient temperature. Particularly suitable
Microfibrillated Cellulose thickeners are Exilva F 01-L, Exilva F 01-V from Borregaard. Other
suitable thickeners are Van Gel SX (mixture of Xanthan Gum and Magnesium Aluminum

Silicate, and Veegum R (Magnesium Aluminum Silicate) from Vanderbilt Minerals.

[0030] The composition of the present disclosure may lack any solvent except for water. As
would be appreciated by those skilled in the art, the water content varies based on whether a

ready-to-use formulation or a concentrated formulation is prepared.

[0031] The composition of the present disclosure may contain one or more auxiliary agents.
An auxiliary agent may be a dye, fragrance, colorant, thickener or any other customary additive
in cleaning formulations. Particularly suitable dyes include Liquitint Blue MC, Liquitint Bright
Yellow, Experimental Orange 5GL1127, Experimental Red 5GL1127, and Experimental Yellow
5GL585, all available from Milliken & Company. MethaneSulfonic Acid is available from BASF
under tradenames Lutropur MSA 70, Lutropur MSA 100 & Lutropur MSA XP and Arkema
tradenames Scaleva MSA and Scaleva MSA LC.

[0032] Exemplary embodiments of the composition of the present disclosure can be found
in Tables 1-9.

[0033]  Table 1.
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Component Weight Percentage
Water 5-99
Alkyl Sulfonic Acid 0.1-95
Organic Acid 0.0-40
Surfactant System 0.001-20
Chelant 0.001-20
Wetting Agent 0.0-10
Table 2.
Component Weight Percentage
Water 56.63
Alkyl Sulfonic Acid 42.0
Organic Acid 1.0
Surfactant System 0.17
Chelant 0.2
Table 3.
Component Weight Percentage
Water 56.63
Methanesulfonic Acid 42.0
Sulfamic Acid 1.0
C6-C9 Surfactant System 0.17
Methylglycine diacetic acid 0.20
Table 4.
Component Weight Percentage
Water 57.63
Methanesulfonic Acid 42.0

10
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C6-C9 Surfactant System 0.17
Methylglycine diacetic acid 0.20

Table 5.
Component Weight Percentage
Water 71.70
Methanesulfonic Acid 28.0
C6-C9 Surfactant System 0.10
Methylglycine diacetic acid 0.20
Table 6.
Component Weight Percentage
Water 71.39
Methanesulfonic Acid 28.0
C6 Surfactant System 0.11
Tiron (Disodium 4,5-dihydroxybenzene-13- 0.50
disulfonate)
Table 7.
Component Weight Percentage
Water 89.16
Methanesulfonic Acid 10.50
C6 Surfactant System 0.04
Methylglycine diacetic acid 0.20
Surfadone LP-100 0.10
Table 8.
Component Weight Percentage
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Water 39.00

Methanesulfonic Acid 59.50

C6 Surfactant System 0.40

Methylglycine diacetic acid 1.00

Surfadone LP-100 0.10

Table 9

Component Weight Percentage

Water 86.74

Methanesulfonic Acid 10.50

Sulfamic Acid 2.00

C6 Surfactant System 0.04

Methylglycine diacetic acid 0.32

Microfibrillated Cellulose (MFC) 0.40

[0034] The composition described in the present disclosure can be manufactured by
multiple techniques known to those skilled in the art. The following method is not intended to be

limiting, but illustrative of a method to obtain the composition of the present disclosure.

[0035] Distilled water is added into a stainless steel vessel followed by the components of
the surfactant system, chelant (if present), organic acid (if present) and stirred until the mixture
is uniformly mixed. The balance of the acidic component (i.e., one or more alkyl sulfonic acids)
is then added slowly with proper mixing. The solution temperature may increase slightly upon

addition of the balance of the acidic component.

[0036] Manufacturing of compositions of the present disclosure comprising a thickener
requires making two separate batches and mixing. A first batch is made by mixing distilled water
and thickener and applying appropriate agitation to insure complete dispersion. A second
batch comprises distilled water and the balance of ingredients. First and second batches are

then combined and mixed thoroughly.

12
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[0037] As will be appreciated by those skilled in the art, obtaining a concentrated form of the

composition of the present disclosure can be accomplished by varying the water content.

[0038] The present composition may be used for various cleaning applications that
customarily use acidic formulations. The composition is especially suited for cleaning of
industrial machines such as heat exchangers, cooling towers, evaporators, dishwashing
machines, ice making machines where descaling speed and efficacy are needed. The present
inventor has found that the present composition is particularly effective as a descaler. In
embodiments, the present composition removes greater than 20% of scale from hard surfaces;
greater than 25% of scale from hard surfaces; 30% of scale from hard surfaces; greater than
35% of scale from hard surfaces; greater than 40% of scale from hard surfaces; and even 100%
of scale from hard surfaces. The composition is also effective in the removal of other soils such
as rust, and struvite. Generally, a method of cleaning an industrial machine with the present
composition comprises: determining the appropriate dilution to use based on the level of scale
to be removed and applying directly or by circulating the composition of the present disclosure
throughout the machine, allowing the compositions to circulate from 1 to 3 hours, and rinsing the
hard surface to remove the present composition and soil/scale. A method of cleaning a hard
surface with a ready-to-use (RTU) of the present composition comprises: applying the
composition of the present disclosure to a soiled hard surface, optionally waiting 15 seconds to
2 minutes, and optionally scrubbing the surface with a brush or the like, and wiping or rinsing

the hard surface to remove the present composition and soil/scale.

[0039] While specific embodiments have been described in detail, it will be appreciated by
those skilled in the art that various modifications and alternatives to those details could be
developed in light of the overall teachings of the disclosure. Accordingly, the disclosure herein
is meant to be illustrative only and not limiting as to its scope and should be given the full

breadth of the appended claims and any equivalents thereof.

EXAMPLES

[0040] The following examples describe some of the technical effects of the composition of

the present disclosure.
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[0041]

present disclosure was evaluated against a comparator composition. The descaling removal

Example 1. In this Example, the descaling performance of a composition of the

performance was assessed by soaking a marble block (consisting essentially of calcium

carbonate) into 20 grams of an aqueous composition for fifteen (15) minutes.

[0042]

the beginning of the experiment and were rectangular in shape. After 15 minutes of exposure,

As detailed in Table 10, the Carrara marble blocks were about 5.6 grams in weight at

the marble blocks were immersed in distilled water to rinse away the agueous composition. The
blocks were then dried in an over at 50°C for three (3) hours and weighed. Performance was
determined based on the weight percentage of the marble block dissolved. The experiment was
conducted in triplicate. The inventive composition of the present disclosure tested was the
composition of Table 2 & 3 where the surfactant system consisted of a C6 nonionic surfactant.
The comparator composition was identical to the composition of Table 2 & 3 except for the
surfactant system. The surfactant system of the comparator composition comprised a C10

nonionic surfactant that has a greater capacity to develop foam.

Table 10.
Start | End Wt. | Delta | % change | Avg. % Std.
Wt. Dev.
C6 Alkyl Inventive 1 | 56676 | 3.3955 | 2.2721 40.1
Bthoxylate |\ entive 1 | 5.6420 | 32486 | 23043 | 424 4.7 14
(Lutensol
CS6250) | Inventive 1 | 56222 | 3.2289 | 2.3933 | 426
Comp. 1 56866 | 4.7452 | 0.9414 16.6
C810
Alcohol Comp. 1 5.6669 | 4.7959 | 0.871 15.4 15.9 0.60
Ethoxylate
Comp. 1 5.5360 | 4.6628 | 0.8732 15.8
[0043] As would be appreciated by those skilled in the art, the present inventor surprisingly

found that by optimizing the surfactant system, as shown in Table 10 above, descaling

performance could be increased by approximately 160%.

[0044]

described in Table 4 where the composition excludes sulfamic acid and tested the performance

The present inventor further varied the surfactant system in the compositions

as described in Table 11.
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Table 11.
Start . . Std.
Wt End Wt. | Delta | % change | Avg. % Dev.
CB Alkyl | Inventive 1 | 53937 | 32207 | 21730 | 4029
Ethoxylate || o tive 1 | 57232 | 3.4321 | 22911 | 40.03 39.9 0.48
(Lutensol
CS6250) | |nventive 1 | 55589 | 3.3711 | 2.1878 39.36
C6 Inventive 2 | 5.5321 | 3.6780 | 1.8541 33.52
/_*rmpmt?”c Inventive 2 | 56429 | 34986 | 2.1443 | 38.00 36.1 232
omamine
400 Inventive 2 | 56535 | 35721 | 2.0814 | 36.82
B 2- Inventive 3 | 5.5295 | 36987 | 1.8308 | 33.11
EthylHexyl 1\ entive 3 | 55028 | 36871 | 1.9057 | 34.07 340 | 087
Sulfate
Niaproof 08 | |nventive 3 | 53977 | 35171 | 1.8806 | 34.84
Inventive 4 | 57129 | 39764 | 1.7365 | 30.40
Rhodaterge
BCC Inventive 4 | 55819 | 3.8458 | 1.7361 31.10 30.5 0.56
Amphoteric
Inventive 4 | 5.8244 | 40772 | 1.7472 | 30.00
ca Inventive 5 | 56756 | 3.9015 | 1.7741 31.26
N-Octyl-2- | Inventive 5 | 5.6489 | 3.8521 | 1.7968 | 31.81 315 0.28
Pyrrolidone
Inventive 5 | 56815 | 3.8911 | 1.7904 | 31.51
Inventive 6 | 56069 | 37987 | 1.8082 | 32.25
C8n-Octyl |\ ontive 6 | 56480 | 3.7534 | 1.8946 | 33.54 332 0.79
Sulfate
Inventive 6 | 56480 | 37461 | 1.9019 | 33.67
Comp.1 | 56866 | 4.7452 | 0.9414 16.6
C810
Alcohol Comp.1 | 56669 | 47959 | 0.871 15.4 17.4 0.85
Ethoxylate
Comp.1 | 55360 | 4.6628 | 0.8732 15.8
Comp.3 | 55925 | 48373 | 0.7552 | 13.50
C1012
Alcohol Comp.3 | 56983 | 4.8957 | 0.8026 | 14.08 13.8 0.30
Ethoxylate
Comp.3 | 56489 | 48612 | 0.7877 | 13.94
C12Amine | Comp.4 | 56476 | 49777 | 06699 | 11.86 12.1 0.29
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Oxide
Comp. 4 57374 | 5.0245 | 0.7129 12.43

Comp.4 | 55609 | 4.8948 | 0.6681 12.01

[0045] As Tables 10 and 11 show, the composition of the present disclosure surprisingly
has superior decaling performance with a seemingly minor modification to the surfactant
system. Shorter chain, low-foaming surfactants in combination with one or more alkyl sulfonic

acids resulted in reproducibly superior descaling performance.

[0046] Example 2. In this Example, the descaling performance of a composition comprising
methanesulfonic acid was evaluated against a composition comprising an organic acid, namely
lactic acid. In other words, the acidic component is varied in this example. The compositions of
Example 2 did not contain any surfactant system, wetting agent, thickener, chelant, or other
active ingredient. The protocol detailed in Example 1 was used to determine performance in
this example. As shown in Figure 1, methanesulfonic acid (MSA) has superior descaling
performance relative to lactic acid when the percentage of MSA is less than approximately 50%.
These findings would be surprising to one skilled in the art because (1) the descaling
performance of lactic acid appears not to be dose dependent, and (2) the descaling
performance of MSA is dose dependent, appears to plateau around 43%, and is significantly
reduced when the percentage of MSA exceeds approximately 50% and (3) concentrates with
MSA concentrations greater than about 49% would be more sustainable but require a dilution

step prior to use.

[0047] Example 3. In this example the descaling performance is measured for MSA in the
presence of a C12 Amine Oxide surfactant at 0.17 wt %. The composition of Example 3 did not
contain chelant, wetting agent or other active ingredient. Figure 2 shows the dramatic reduction
in descaling power resulting from the addition of a C12 chain surfactant across MSA
concentrations ranging from 5% to about 50%. Formulas comprising shorter C6 surfactants and
42% MSA retain excellent descaling benefits at 39.9 % while improving overall cleaning

efficiency.

[0048] Example 4 This example provides data for inventive composition of Table 5 with
28% MSA where the surfactant system consisted of a C6 nonionic surfactant. The comparator
composition was identical to the composition of Table 5 except for the surfactant system. The

surfactant system of the comparator composition comprised a C12 Amine Oxide surfactant that
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has a greater capacity to develop foam. The data in Table 12 shows that by using the C6
nonionic surfactant descaling efficacy is 119% higher relative to the C12 Amine Oxide

surfactant.

Table 12.

Start | End Wt. | Delta | % change | Avg. % Std.
Wt. Dev.

C6 Alkyl | Inventive 1 | 54381 | 36862 | 1.8019 | 32.83
Ethoxylate .
(Lutensol | 'Mventive 1] 53061 | 35329 | 17932 | 33,67 33.1 0.49

CS6250) | |nventive 1

5.6089 | 3.7696 | 1.8393 32.79

Comp.- 1 52675 44659 08016  15.22

C12 Amine
Oxide _ COMP-1 56604 4.8063 0.8631  15.22 151 0.14

Comp.1 57085 48534 0.8551 14.98

[0049] Example 5. This example in Table 13 provides data for inventive composition of
Table 6 with 28% MSA where the surfactant system consisted of a C6 nonionic surfactant. The
comparator composition was identical to the composition of Table 6 except for the surfactant
system. The surfactant system of the comparator composition comprised a C12 Amine Oxide
surfactant that has a greater capacity to develop foam. By using the C6 nonionic surfactant
descaling efficacy is 116% higher.

Table 13.

Start | End Wt. | Delta | % change | Avg. % Std.

Wt Dev.
C6Alkyl | Inventive1 | 56493 | 37047 | 1.8546 | 3283

Ethoxylate .

(Lutensol | Mventve | 54480 | 36060 | 1.8420 | 3381 33.1 0.59

CS 6250 i
) | Inventive 1| 55979 | 37644 | 18335 | 32.75

Comp.1 | 56893 | 48171 | 0.8722 | 15.33

C12 Amine
Oxide | COMP-1 | 55754 | 47215 | 0.8539 | 15.32 153 | 004

Comp. 1 | 54180 | 45918 | 0.8264 | 15.25
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Example 6. This example in Table 14 provides an inventive composition of Table 7

comprising 10.5% MSA and a C6 non-ionic surfactant. The comparator composition was

identical except for the surfactant system. The surfactant system of the comparator composition

comprised a C12 Amine Oxide surfactant that has a greater capacity to develop foam. By using

the C6 nonionic surfactant descaling efficacy is 14.7% higher relative to the C12 Amine Oxide

surfactant.
Table 14
Start | End Wt. | Delta | % change | Avg. % | Std. Dev.
Wt.
CoAlkyl | Inventive 1 | 54368 | 46974 | 07384 | 1360
Ethoxylate | o tive 1| 57156 | 49774 | 07382 | 12.92 13.3 0.34
(Lutensoal
CS6250) | |nventive 1 | 55556 | 4.8207 | 0.7349 | 13.23
Comp.1 | 56404 | 50143 | 06261 | 11.10
C12Amine | cone 1 | 57209 | 50334 | 06875 | 12.02 116 0.47
Oxide
Comp.1 | 56777 | 5.0105 | 06672 | 11.75
[0051] Example 7. The performance of an undiluted concentrate comprising 59.5% MSA

from Table 8 in neat and diluted forms is shown in Table 15. To form the inventive diluted

composition, the concentrate was diluted 1:1 with distilled water to give a final MSA

concentration of 29.75%.

Consistent with the findings of Examples 2 and 3, the measured

descaling power of the inventive diluted composition was 28.6% while the descaling power for
the neat undiluted concentrate with MSA at 59.5% was 0.00%.

Table 15
Start End Wt. | Delta | % change | Avg. % | Std. Dev.
Wi.
Inventive 1 | 56047 | 40266 | 1.5781 | 28.16
Diluted [ o 4 28.6 0.37
Composition | | VeMVe 1 | 55559 | 3.9662 | 1.5897 | 28.61 - '
Inventive 1| 56446 | 4.0134 | 16312 | 28.90
Undiluted | Comp.1 | 56633 | 56631 | 0.0002 | 0.0035 000 0.00
Concentrate | comp 1 | 55432 | 55431 | 0.0001 | 0.0018
18
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Comp. 1 5.3573 | 5.3568 | 0.0005 0.0093

[0052] Example 8. The performance of composition comprising 10.5% MSA and 0.40%
Microfibrillated Cellulose with viscosity of 89 cps from Table 9 is shown in Table 16, which
demonstrates the use of a thickener does not materially impact the performance of the inventive
composition. Viscosity of inventive compositions comprising a thickener was measured using a
digital rotational viscometer. Measurements were carried out at ambient temperature using a

number 2 spindle and velocity of 60 rpm.

Table 16
Start End Delta | % change | Avg. % | Std.
Wt. Wt. Dev.
C6 Alcohol | |nventive 1 | 55677 | 4.8233 | 0.7444 13.37
Ethoxylate
+ Inventive 1 | 5.6466 | 4.8500 | 0.7966 14.11 13.93 | 0.49

Microfibrillated
Cellulose Inventive 1 | 5.5785 | 4.7809 | 0.7976 14.30

Comp. 1 54368 | 46974 | 0.7394 13.60
C6 Alcohol

Ethoxylate Comp.1 | 57156 | 49774 | 07382 | 12.92 13.25 | 0.34

Comp.1 | 55556 | 4.8207 | 0.7349 | 13.23

EMBODIMENTS

[0053] The present disclosure notes that various embodiments are disclosed herein,

including:

A An acidic descaling composition comprising an acidic component and a surfactant

system.
A1. The acidic descaling composition of embodiment A, wherein the composition is an

aqueous liquid composition.
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A2.  The acidic descaling composition of any preceding embodiment, wherein the
composition is capable of removing greater than 20%; greater than 25%; greater than 30%;

greater than 35%; greater than 40%; or greater than 45% of scale from hard surfaces.

A3.  The acidic descaling composition of any preceding embodiment, wherein the

composition has a pH of 0 to 4.

A3i.  The acidic descaling composition of embodiment A3, wherein the

composition has a pH of 0 to about 2.

A3ii.  The acidic descaling composition of embodiment A3, wherein the

composition has a pH of 0 to 2.

A3iii. The acidic descaling composition of embodiment A3, wherein the

composition has a pH of 0 to about 1.

A3iv. The acidic descaling composition of embodiment A3, wherein the

composition has a pH of 0 to 1.

A4.  The acidic descaling composition of any preceding embodiment, wherein the
weight percentage ratio of the acidic component relative to the surfactant system is greater than
2:1.

Adi. The acidic descaling composition of embodiment A4, wherein the weight
percentage ratio of the acidic component relative to the surfactant system is greater than

4:1.

Adii.  The acidic descaling composition of embodiment A4, wherein the weight
percentage ratio of the acidic component relative to the surfactant system is greater than
8:1.

Adii. The acidic descaling composition of embodiment A4, wherein the weight
percentage ratio of the acidic component relative to the surfactant system is greater than
15:1.
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Adiv. The acidic descaling composition of embodiment A4, wherein the weight
percentage ratio of the acidic component relative to the surfactant system is greater than
50:1.

Adv. The acidic descaling composition of embodiment A4, wherein the weight
percentage ratio of the acidic component relative to the surfactant system is greater than
100:1.

Advi. The acidic descaling composition of embodiment A4, wherein the weight
percentage ratio of the acidic component relative to the surfactant system is greater than
150:1.

Advii. The acidic descaling composition of embodiment A4, wherein the weight
percentage ratio of the acidic component relative to the surfactant system is greater than
200:1.

A5.  The acidic descaling composition of any preceding embodiment, wherein the
weight percentage ratio of the alkyl sulfonic acid component relative to the organic acidic

component is between 50:1 and 500:1.

A5i.  The acidic descaling composition of embodiment A5, wherein the weight
percentage ratio of the alkyl sulfonic acid component relative to the organic acidic component is
between 100:1 and 400:1.

A5ii.  The acidic descaling composition of embodiment A5, wherein the weight
percentage ratio of the alkyl sulfonic acid component relative to the organic acidic component is
between 200:1 and 300:1.

AS5iii.  The acidic descaling composition of embodiment A5, wherein the weight
percentage ratio of the alkyl sulfonic acid component relative to the organic acidic component is
about 250:1.

AB.  The acidic descaling composition of any preceding embodiment, wherein the

composition lacks a gelling agent.
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A7.  The acidic descaling composition of any preceding embodiment, wherein the

composition lacks a foaming agent.

A8.  The acidic descaling composition of any preceding embodiment, wherein the
composition lacks any agent, not described herein, that would increase the residency time of the
composition of the present disclosure when the composition is applied to a sloped or vertical

surface.

A9.  The acidic descaling composition of any preceding embodiment, wherein the
composition lacks any non-water solvents.
B. The acidic descaling composition of any preceding embodiment, wherein the acidic

component comprises one or more alkyl sulfonic acids.

B1. The acidic descaling composition of any preceding embodiment, wherein the one or

more alkyl sulfonic acids is one or more short chain alkyl sulfonic acids.

B2.  The acidic descaling composition of any preceding embodiment, wherein the one

or more alkyl sulfonic acids comprises one or more C1-C6 alkyl sulfonic acid.

B3.  The acidic descaling composition of any preceding embodiment, wherein the one

or more alkyl sulfonic acids consists of one or more C1-C6 alkyl sulfonic acids.

B4.  The acidic descaling composition of any preceding embodiment, wherein the one

or more alkyl sulfonic acids is on C1-C6 alkyl sulfonic acid.

B5.  The acidic descaling composition of any preceding embodiment, wherein the one

or more alkyl sulfonic acids comprises methanesulfonic acid.

B6. The acidic descaling composition of any preceding embodiment, wherein the

one or more alkyl sulfonic acids consists of methanesulfonic acid.
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B7.  The acidic descaling composition of any preceding embodiment, wherein the

one or more alkyl sulfonic acids consists essentially of methanesulfonic acid.

B8.  The acidic descaling composition of any preceding embodiment, wherein the one

or more alkyl sulfonic acids comprises ethanesulfonic acid.

B9.  The acidic descaling composition of any preceding embodiment, except for

embodiments B6 and B7, wherein the acidic component further comprises an organic acid.

B9i. The acidic descaling composition of embodiment B9, wherein the organic
acid is selected from the group consisting of alkyl sulfonic acids include formic acid, butyric acid,
valeric acid, caproic acid, itaconic acid, oxalic acid, terephthalic acid, citric acid, glycolic acid,
propionic acid, 3-hydroxypropionic acid, acetic acid, lactic acid, malonic acid, maleic acid,
succinic acid, hydroxyl succinic acid, adipic acid, octanoic acid, 2-methyl-octanoic acid, fumaric
acid, itaconic acid, methacrylic acid, sulfamic acid, methylsulfamic acid, propionic acid, gluconic
acid, glutamic acid, glutaric acid, glucaric acid, benzoic acid, tartaric acid, hydroxyacetic acid,

and salicylic acid; or mixtures thereof.

BYii. The acidic descaling composition of embodiment B9, wherein the organic
acid is selected from the group consisting of lactic acid, citric acid, sulfamic acid, gluconic acid,

glucaric acid, and 3-hydroxypropionic acid.

BYiii. The acidic descaling composition of embodiment B9, B9i, or BSiii, the

organic acid comprises 0.01 to 40 wt. % of the total composition.

B10. The acidic descaling composition of any preceding embodiment, where in the

acidic component lacks an inorganic acid.

B11. The acidic descaling composition of any preceding embodiment, wherein the

acidic component lacks phosphoric acid.

B12. The acidic descaling composition of any preceding embodiment, wherein the

acidic component comprises about 0.1 to about 45 wt. % of the total composition.
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B12i. The acidic descaling composition of embodiment B12, wherein the acidic

component comprises 10 to about 45 wt. % of the total composition.

B12ii. The acidic descaling composition of embodiment B12, wherein the acidic

component comprises 15 to about 45 wt. % of the total composition.

B12iii. The acidic descaling composition of embodiment B12, wherein the acidic

component comprises 30 to 45 wt. % of the total composition.

B12iv. The acidic descaling composition of embodiment B12, wherein the acidic

component comprises 0.1 to 43 wt. % of the total composition.

B12v. The acidic descaling composition of embodiment B12, wherein the acidic

component comprises 10 to about 43 wt. % of the total composition.

B12vi. The acidic descaling composition of embodiment B12, wherein the acidic

component comprises 15 to about 43 wt. % of the total composition.

B12vii. The acidic descaling composition of embodiment B12, wherein the acidic

component comprises 20 to about 43 wt. % of the total composition.

B12viii. The acidic descaling composition of embodiment B12, wherein the acidic

component comprises 25 to 43 wt. % of the total composition.

B12ix. The acidic descaling composition of embodiment B12, wherein the acidic

component comprises 0.1 to 30 wt. % of the total composition.

B12x. The acidic descaling composition of embodiment B12, wherein the acidic

component comprises 5 to about 30 wt. % of the total composition.

B12xi. The acidic descaling composition of embodiment B12, wherein the acidic

component comprises 10 to about 30 wt. % or 10 to 30 wt. % of the total composition.
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B12xii. The acidic descaling composition of embodiment B12, wherein the acidic

component comprises 0.1 to 20 wt. % of the total composition.

B12xiii. The acidic descaling composition of embodiment B12, wherein the acidic

component comprises 5 to about 20 wt. % of the total composition.

B12xiv. The acidic descaling composition of embodiment B12, wherein the

acidic component comprises 0.1 to about 10 wt. % of the total composition.

B12xv. The acidic descaling composition of embodiment B12, wherein the

acidic component comprises 0.1 to 10 wt. % of the total composition.

B12xvi. The acidic descaling composition of embodiment B12, wherein the

acidic component comprises 0.1 to 45% wt. % of the total composition.

B12xvii. The acidic descaling composition of embodiment B12, wherein the

acidic component comprises 25 to 35 wt. % of the total composition.

B12xviii. The acidic descaling composition of embodiment B12, wherein the

acidic component comprises 25 to 45 wt. % of the total composition.

B12xix. The acidic descaling composition of embodiment B12, wherein the

acidic component comprises 30 to 45 wt. % of the total composition.

B12xx. The acidic descaling composition of embodiment B12, wherein the

acidic component comprises 35 to 45 wt. % of the total composition.

B12xxi. The acidic descaling composition of embodiment B12, wherein the

acidic component comprises 20 to 45 wt. % of the total composition.

B12xxii. The acidic descaling composition of embodiment B12, wherein the

acidic component comprises 25 to 43 wt. % of the total composition.
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B13. The acidic descaling composition of any preceding embodiment, wherein the
composition is dilutable, and wherein the acidic component comprises about 45 to about 95 wt.

% of the total composition.

B13i. The acidic descaling composition of embodiment B13, wherein the acidic

component comprises 45 to 95 wt. % of the total composition.

B13ii. The acidic descaling composition of embodiment B13, wherein the acidic

component comprises 45 to about 80 wt. % of the total composition.

B13iii. The acidic descaling composition of embodiment B13, wherein the acidic

component comprises 45 to 80 wt. % of the total composition.

B13iv. The acidic descaling composition of embodiment B13, wherein the acidic

component comprises 45 to about 70 wt. % of the total composition.

B13v. The acidic descaling composition of embodiment B13, wherein the acidic

component comprises 45 to 70 wt. % of the total composition.

B13vi. The acidic descaling composition of embodiment B13, wherein the acidic

component comprises 45 to about 60 wt. % of the total composition.

B13vii. The acidic descaling composition of embodiment B13, wherein the acidic

component comprises 45 to 60 wt. % of the total composition.

B13viii. The acidic descaling composition of embodiment B13, wherein the acidic

component comprises 45 to about 50 wt. % of the total composition.

B13ix. The acidic descaling composition of embodiment B13, wherein the acidic

component comprises 45 to 50 wt. % of the total composition.

B13x. The acidic descaling composition of embodiment B13, wherein the acidic

component comprises 50 to about 95 wt. % of the total composition.
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B13xi. The acidic descaling composition of embodiment B13, wherein the acidic

component comprises 50 to 95 wt. % of the total composition.

B13xii. The acidic descaling composition of embodiment B13, wherein the

acidic component comprises 55 to about 95 wt. % of the total composition.

B13xiii. The acidic descaling composition of embodiment B13, wherein the

acidic component comprises 55 to 95 wt. % of the total composition.

B13xiv. The acidic descaling composition of embodiment B13, wherein the

acidic component comprises 60 to about 95 wt. % of the total composition.

B13xv. The acidic descaling composition of embodiment B13, wherein the

acidic component comprises 60 to 95 wt. % of the total composition.

B13xvi. The acidic descaling composition of embodiment B13, wherein the

acidic component comprises 65 to about 95 wt. % of the total composition.

B13xvii. The acidic descaling composition of embodiment B13, wherein the

acidic component comprises 65 to 95 wt. % of the total composition.

B13xviii. The acidic descaling composition of embodiment B13, wherein the

acidic component comprises 70 to 95 wt. % of the total composition.

B13xix. The acidic descaling composition of embodiment B13, wherein the

acidic component comprises 70 to about 95 wt. % of the total composition.

B13xx. The acidic descaling composition of embodiment B13, wherein the

acidic component comprises 75 to about 95 wt. % of the total composition.

B13xxi. The acidic descaling composition of embodiment B13, wherein the

acidic component comprises 75 to 95 wt. % of the total composition.
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C. The acidic descaling composition of any preceding embodiment, wherein the surfactant
system comprises one or more anionic surfactants, one or more nonionic surfactants, one or

more amphoteric surfactants, or a combination thereof.

C1.  The acidic descaling composition of embodiment C, wherein the surfactant

system comprises a nonionic surfactant.

C1i.  The acidic descaling composition of embodiment C1, the nonionic

surfactant comprises an alkyl chain of C6, C7, C8, or C9, or a mixture thereof.

C1ii. The acidic descaling composition of embodiment C1, the nonionic

surfactant comprises a C6 alkyl chain.

C1iii. The acidic descaling composition of embodiment C1, the nonionic

surfactant comprises a C7 alkyl chain.

C1iv. The acidic descaling composition of embodiment C1, the nonionic

surfactant comprises a C8 alkyl chain.

C1v. The acidic descaling composition of embodiment C1, the nonionic

surfactant comprises a C9 alkyl chain.

C1vi. The acidic descaling composition of embodiment C1, the nonionic
surfactant comprises two nonionic surfactants, preferably wherein one nonionic surfactant

comprises a C6 alkyl chain and the other nonionic surfactant comprises a C8 alkyl chain.

C1vii. The acidic descaling composition of any embodiment C1 to C1vi, wherein

the nonionic surfactant comprises an alcohol ethoxylate.

CA1viii. The acidic descaling composition of embodiment any embodiment C1 to
C1vii, wherein the nonionic surfactant is or about 100; 90; 80; 70; 60; 50; 40; 30; 20; or 10 wt. %

of the surfactant system.
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C2.  The acidic descaling composition of embodiment C, wherein the surfactant

system comprises an anionic surfactant.

C2i. The acidic descaling composition of embodiment C2, wherein the anionic

surfactant comprises an alkyl sulfate

C2ii. The acidic descaling composition of embodiment C2, wherein the anionic

surfactant comprises sodium-2-ethylhexyl sulfate.

C2iii. The acidic descaling composition of embodiment C2, wherein the anionic

surfactant comprises sodium n-octyl sulfate.

C2iv. The acidic descaling composition of embodiment C2, C2i, C2ii, or C2iii,
wherein the anionic surfactant is or about 100; 90:; 80; 70; 60; 50; 40; 30; 20; or 10 wt. %

of the surfactant system.

C3.  The acidic descaling composition of embodiment C, wherein the surfactant

system comprises an amphoteric surfactant.

C3i.  The acidic descaling composition of embodiment C3, wherein the

amphoteric surfactant comprises an alkylether hydroxypropyl sultaine.

C3ii.  The acidic descaling composition of embodiment C3, wherein the

amphoteric surfactant comprisesdisodium caprylampho dipropionate.

C3iii.  The acidic descaling composition of embodiment C3, wherein the

amphoteric surfactant comprises a blend of amphoteric surfactants.

C3iv. The acidic descaling composition of embodiment C3, C3i, C3ii or C3iii ,
wherein the amphoteric surfactant is or about 100; 90; 80; 70; 60; 50; 40; 30; 20; or 10 wt. % of

the surfactant system.
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C4. The acidic descaling composition of any preceding embodiment, wherein the

surfactant system comprises a low-foaming surfactant.

C5.  The acidic descaling composition of any preceding embodiment, wherein the

surfactant system comprises 0.001 to about 10 wt. % of the total composition.

C5i.  The acidic descaling composition of embodiment C5, wherein the

surfactant system comprises about 0.01 or 0.01 to 10 wt. % of the total composition.

C5ii.  The acidic descaling composition of embodiment C5, wherein the

surfactant system comprises 0.01 to about 5 wt. % of the total composition.

C5iii  The acidic descaling composition of embodiment C5, wherein the

surfactant system comprises 0.01 to 5 wt. % of the total composition.

C5iv. The acidic descaling composition of embodiment C5, wherein the

surfactant system comprises 0.01 to about 2.5 wt. % of the total composition.

C5v. The acidic descaling composition of embodiment C5, wherein the

surfactant system comprises 0.01 to 2.5 wt. % of the total composition.

C5vi. The acidic descaling composition of embodiment C5, wherein the

surfactant system comprises 0.01 to about 1.0 wt. % of the total composition.

C5vii. The acidic descaling composition of embodiment C5, wherein the

surfactant system comprises 0.01 to 1.0 wt. % of the total composition.

C5viii. The acidic descaling composition of embodiment C5, wherein the

surfactant system comprises about 0.01 to about 0.25 wt. % of the total composition.

C5ix. The acidic descaling composition of embodiment C5, wherein the

surfactant system comprises 0.01 to about 0.25 wt. % of the total composition.
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C5x. The acidic descaling composition of embodiment C5, wherein the

surfactant system comprises 0.01 to 0.25 wt. % of the total composition.

C5xi. The acidic descaling composition of embodiment C5, wherein the

surfactant system comprises 0.05 to 0.25 wt. % of the total composition.

C5xii. The acidic descaling composition of embodiment C5, wherein the

surfactant system comprises 0.05 to 0.20 wt. % of the total composition.

C5hxiv. The acidic descaling composition of embodiment C5, wherein the

surfactant system comprises 0.05 to 0.15 wt. % of the total composition.
C5xv. The acidic descaling composition of embodiment C5, wherein the

surfactant system comprises 0.075 to 0.125 wt. % of the total composition.

D. The acidic descaling composition of any preceding embodiment, wherein the

composition further comprises a wetting agent.

D1.  The acidic descaling composition of embodiment D, wherein the wetting agent

comprises 0.01 to about 5 wt.% of the total composition.

D1i.  The acidic descaling composition of embodiment D2, wherein the wetting

agent comprises 0.01 to 5 wt.% of the total composition.

D1ii. The acidic descaling composition of embodiment D2, wherein the wetting

agent comprises 0.01 to about 3 wt. % of the total composition.

D1iii.  The acidic descaling composition of embodiment D2, wherein the wetting

agent comprises 0.01 to 3 wt. % of the total composition.

D1iv. The acidic descaling composition of embodiment D2, wherein the wetting

agent comprises 0.1 to about 5 wt. % of the total composition.
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D1v. The acidic descaling composition of embodiment D2, wherein the wetting

agent comprises 0.1 to 5 wt. % of the total composition.

D1vi. The acidic descaling composition of embodiment D2, wherein the wetting

agent comprises 0.1 to about 5 wt. % of the total composition.

D1vii. The acidic descaling composition of embodiment D2, wherein the wetting

agent comprises 0.1 to 3 wt. % of the total composition.

D1viii. The acidic descaling composition of embodiment D2, wherein the wetting

agent comprises 0.1 to about 3 wt. % of the total composition.

D1ix. The acidic descaling composition of embodiment D2, wherein the wetting

agent comprises 0.01 to 1 wt. % of the total composition.

D1x. The acidic descaling composition of embodiment D2, wherein the wetting

agent comprises 0.01 to about 1 wt. % of the total composition.

D1xi. The acidic descaling composition of embodiment D2, wherein the wetting

agent comprises 1 to about 5 wt. % of the total composition.

D1xii. The acidic descaling composition of embodiment D2, wherein the wetting

agent comprises 1 to 5 wt. % of the total composition.

D1xiii. The acidic descaling composition of embodiment D2, wherein the wetting

agent comprises 0.3 to about 3 wt. % of the total composition.

D1xix. The acidic descaling composition of embodiment D2, wherein the wetting

agent comprises 0.3 to 3 wt. % of the total composition.

D1xx. The acidic descaling composition of embodiment D2, wherein the wetting

agent comprises 0.5 to about 5 wt. % of the total composition.
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D1xxi. The acidic descaling composition of embodiment D2, wherein the wetting

agent comprises 0.5 to 5 wt. % of the total composition.

D1xxii. The acidic descaling composition of embodiment D2, wherein the wetting

agent comprises 0.01 to about 0.5 wt. % of the total composition.

D1xxiii. The acidic descaling composition of embodiment D2, wherein the wetting

agent comprises 0.01 to 0.5 wt. % of the total composition.

D2.  The acidic descaling composition of any embodiment D to D1xxiii, wherein the

wetting agent comprises an alkyl pyrrolidone.

D2i. The acidic descaling composition of embodiment D2, wherein the alkyl

pyrrolidone is N-octyl-2-pyrrolidone.

D3.  The acidic descaling composition of any preceding embodiment, wherein the
composition lacks a wetting agent when an anionic surfactant is present in the surfactant

system.

E. The acidic descaling composition of any preceding embodiment, wherein the

composition further comprises a chelant.

E1.  The acidic descaling composition of embodiment E, wherein the chelant

comprises 0.001 to about 20 wt. % of the total composition.

E1i.  The acidic descaling composition of embodiment E1, wherein the chelant

comprises about 0.01 or 0.01 to 20 wt % of the total composition.

E1ii.  The acidic descaling composition of embodiment E1, wherein the chelant

comprises 0.01 to about 10 wt % of the total composition.

E1iii. The acidic descaling composition of embodiment E1, wherein the chelant

comprises 0.01 to 10 wt % of the total composition.
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E1iv. The acidic descaling composition of embodiment E1, wherein the chelant

comprises 0.01 to about 4 wt % of the total composition.

E1v. The acidic descaling composition of embodiment E1, wherein the chelant

comprises 0.01 to 4 wt % of the total composition.

E1vi. The acidic descaling composition of embodiment E1, wherein the chelant

comprises about 0.01 to about 1 wt % of the total composition.

E1vii. The acidic descaling composition of embodiment E1, wherein the chelant

comprises 0.01 to about 1 wt % of the total composition.

E1viii. The acidic descaling composition of embodiment E1, wherein the chelant

comprises 0.01 to 1 wt % of the total composition.

E1ix. The acidic descaling composition of embodiment E1, wherein the chelant

comprises about 0.2 wt % of the total composition.

E1x. The acidic descaling composition of embodiment E1, wherein the chelant

comprises about 0.3 wt % of the total composition.

E1xi. The acidic descaling composition of embodiment E1, wherein the chelant

comprises about 0.4 wt % of the total composition.

E1xii. The acidic descaling composition of embodiment E1, wherein the chelant

comprises about 0.5 wt % of the total composition.

E1xiii. The acidic descaling composition of embodiment E1, wherein the chelant

comprises about 0.6 wt % of the total composition.

E2.  The acidic descaling composition of any embodiment E to E1xiii, wherein the

chelant is methylglycine diacetic acid or a salt thereof.
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E2i.  The acidic descaling composition of embodiment E2, wherein the salt of

methylglycine diacetic acid is a trisodium salt.

E3.  The acidic descaling composition of any embodiment E to E1xiii, wherein the

chelant is glucaric acid or a salt thereof.

E3i.  The acidic descaling composition of embodiment E3, wherein the salt of

glucaric acid is a sodium salt.

E4.  The acidic descaling composition of any embodiment E to E1xiii, wherein the

chelant is ethylene diamine N,N’-disuccinic acid.

E4i.  The acidic descaling composition of embodiment E4, wherein the chelant

is (S,S)-Ethylenediamine-N,N'-disuccinic acid.

E5.  The acidic descaling composition of any embodiment E to E1xiii, wherein the
chelant is L-glutamic acid N,N-diacetic acid (GLDA).

E6.  The acidic descaling composition of any embodiment E to E1xiii, wherein the

chelant is an amino carboxylate.

E6Gi.  The acidic descaling composition of embodiment EG, wherein the amino
carboxylate is selected from a ethylene diamine tetra acetate, diethylene triamine pentaacetate,
diethylene triamine pentaacetate (DTPA), N-hydroxyethylethylenediamine triacetate,
nitrilotriacetate, ethylenediamine tetrapropionate, tricthylenetetraaminehexa-acetate,
ethanoldiglycine, and methylglycine diacetic acid (MGDA), ethylenediaminetetraacetic acid

dipotassium salt (EDTA), and glucaric acid; or a salt thereof, or a mixture thereof.

E7.  The acidic descaling composition of any embodiment E to E1xiii, wherein the

chelant is a phosphonate.

E7i.  The acidic descaling composition of embodiment E7, wherein the

phosphonate is a diethylene triamine penta methylene phosphonate (DTPMP), 1-
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hydroxyethylidene-1,1-diphosphonic acid (HEDP), 1,5,9-triazacyclododecane-N,N',N"-
tris(methylenephosphonic acid) (DOTRP), 1,4,7,10-tetraazacyclododecane-N,N",N",N"-
tetrakis(methylenephosphonic acid) (DOTP), Nitrilotris(methylene)triphosphonic acid,
diethylenetriaminepentakis(methylenephosphonic acid) (DETAP), amino
triilmethylenephosphonic acid), bis(hexamethylene)triamine pentamethylene phosphonic acid,
1,4,7-triazacyclononane-N,N',N"-tris(methylenephosphonic acid (NOTP),
hydroxyethyldiphosphonate, nitrilotris(methylene)phosphonic acid, 2-phosphono-butane-1,2,3,4-
tetracarboxylic, carboxy ethyl phosphonic acid, aminoethyl phosphonic acid, glyphosate,

ethylene diamine tetra(methylenephosphonic acid) and phenylphosphonic acid; or a salt thereof.

E8.  The acidic descaling composition of any embodiment E to E1xiii, wherein the

chelant is a carboxylic acid.

E8i.  The acidic descaling compositino of embodiment E8, wherein the
carboxylic acid is selected from oxalic acid, succinnic acid, aspartic acid, glutamic acid, glycine,
malonic acid, maleic acid, malic acid, malonic acid, adipic acid, phthalic acid, citric acid, sodium
citrate, potassium citrate, ammonium citrate, tricarballylic acid, trimethylolpropionic acid,
picolinic acid, dipicolinic acid, salicylic acid sulfosalicylic acid, sulfophthalic acid, sulphosuccinic

acid, Betaine, gluconic acid, tartaric acid, glucuronic acid, and 2-carboxypyridine.

E9.  The acidic descaling composition of any embodiment E to E1xiii, wherein the

chelant is a sulfonic acid.

E9i.  The acidic descaling composition of embodiment E9, wherein the sulfonic
acid is selected from 4,5-Dihydroxy-1,3-benzenedisulfonic acid disodium salt) and 2-[4-(2-

hydroxyethyl)piperazin-1-yl)ethanesulfonic acid, sodium thioglycolate.

E10. The acidic descaling composition of any embodiment E to E1xiii, wherein the

chelant is a nitrilotris (methylene)triphosphonic acid.

E11. The acidic descaling composition of any embodiment E to E1xiii, wherein the

chelant is an iminodiacetic acid.

36

SUBSTITUTE SHEET (RULE 26)



WO 2025/0068638 PCT/US2024/035997

F. The acidic descaling composition of any preceding embodiment, wherein the

composition further comprises one or more thickeners.

F1.  The acidic descaling composition of embodiment F, wherein the thickener is in

sufficient amount to increase the viscosity of the composition.

F2.  The acidic descaling composition of embodiment F or F1, wherein the thickener
comprises 0.01 to about 20 wt. % of the total composition.
F2i.  The acidic descaling composition of embodiment F2, wherein the

thickener comprises about 0.01 to 20 wt % of the total composition.

F2ii. The acidic descaling composition of embodiment F2, wherein the

thickener comprises 0.01 to about 10 wt % of the total composition.

F2iii. The acidic descaling composition of embodiment F2, wherein the

thickener comprises 0.01 to 10 wt % of the total composition.

F2iv. The acidic descaling composition of embodiment F2, wherein the

thickener comprises 0.01 to about 4 wt % of the total composition.

F2v. The acidic descaling composition of embodiment F2, wherein the

thickener comprises 0.01 to 4 wt % of the total composition.

F2vi. The acidic descaling composition of embodiment F2, wherein the

thickener comprises about 0.01 to about 1 wt % of the total composition.

F2vii. The acidic descaling composition of embodiment F2, wherein the

thickener comprises 0.01 to about 1 wt % of the total composition.

F2viii. The acidic descaling composition of embodiment F2, wherein the

thickener comprises 0.01 to 1 wt % of the total composition.

F2ix. The acidic descaling composition of embodiment F2, wherein the

thickener comprises about 0.2 wt % of the total composition.
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F2x. The acidic descaling composition of embodiment F2, wherein the

thickener comprises about 0.3 wt % of the total composition.

F2xi. The acidic descaling composition of embodiment F2, wherein the

thickener comprises about 0.4 wt % of the total composition.

F2xii. The acidic descaling composition of embodiment F2, wherein the

thickener comprises about 0.5 wt % of the total composition.

F2xiii. The acidic descaling composition of embodiment F2, wherein the

thickener comprises about 0.6 wt % of the total composition.

F3.  The acidic descaling composition of any one embodiment of F, F1, or F2,
wherein the thickener is selected from the group consisting of a cellulose or a derivative thereof,
alkyl cellulose, alkoxycellulose, hydroxyalkyl cellulose, hydroxyalkyl alkyl cellulose, carboxy alkyl
cellulose, alkyl carboxy alkyl cellulose, natural polysaccharide polymer (such as xanthan gum,
guar gum, Garrofin gum, tragacanth gum, or its derivatives), Microfibrillated Cellulose (MFC),

polymer of polycarboxylate, polyacrylamide, and clay; or a mixture thereof.

F3i.  The acidic descaling composition of F3, wherein the cellulose derivative is
selected from the group consisting of methyl cellulose, ethyl cellulose, hydroxymethyl cellulose,
hydroxyethyl cellulose, hydroxypropyl cellulose, carboxymethyl cellulose,
carboxymethylhydroxyethylcellulose, hydroxypropylcellulose, hydroxypropylmethylcellulose,
ethylhydroxymethylcellulose and ethylhydrosiethylcellulose.

F3ii. The acidic descaling composition of F3, wherein the polymer of
polycarboxylate has a molecular weight of approximately 500,000 to about 4,000,000,
preferably about 1,000,000 to about 4,000,000.

F3iii. The acidic descaling composition of F3 or F3ii, wherein the polymer of

polycarboxylate has about 0.5% to about 4% crosslinking.
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F3iv. The acidic descaling composition of F3, F3ii, or F3iii, wherein the polymer

of polycaboxylate is a polyacrylate polymer.

F3v. The acidic descaling composition of F3, wherein the clay is a colloid-

forming clay.

F3vi. The acidic descaling composition of F3 or F3v. wherein the clay is

expandable.

F3vii. The acidic descaling composition of F3vi, wherein the expandable clay is

selected from the group consisting of a smectite, montmorillonite, attapulgite, and palygorskite.

F3viii. The acidic descaling composition of any one embodiment of F, F1, or F2,

wherein the thickener is a surfactant, preferable a betaine.

F4.  The acidic descaling composition of any embodiment F to F3viii, wherein the
composition has a viscosity range from about 10 cps fluid solution to 20,000 cps gel consistency

at ambient temperature.

G. The acidic descaling composition of any preceding embodiment, wherein the

composition further comprises one or more auxiliary agents.

H. The acidic descaling composition of any preceding embodiment, wherein water

comprises the balance of the wt. % of the total composition.

l. The acidic descaling composition of any preceding embodiment, wherein the

composition is a hard surface cleaning composition.

J. The acidic descaling composition of any preceding embodiment, wherein the

composition is an industrial cleaner or is useful in a method of cleaning industrial machinery.

J1. The acidic composition of embodiment J, wherein the industrial machinery is
selected from heat exchangers, cooling towers, evaporators, dishwashing machines, and ice

making machines.
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K A method of cleaning industrial machinery with an acidic descaling composition of any

preceding embodiment, comprising

diluting the acidic descaling composition,

applying directly or circulating the diluted composition through the machine, and

after at least one hour, rinsing the machine with a neutralizing aqueous solution

to remove soil and/or scale.

K1.  The method of embodiment K, wherein the neutralizing aqueous solution is

primarily water.

K1i.  The method of embodiment K1, wherein the neutralizing aqueous solution

is water.

K2.  The method of embodiment K, wherein the at least one hour is at least two

hours.
K3.  The method of embodiment K, wherein the at least one hour is about 3 hours.
K4.  The method of embodiment K, wherein the rinsing is pressurized rinsing.

L. A method of cleaning a hard surface with an acidic descaling composition of any

preceding ready-to-use embodiment, comprising

() applying the ready-to-use composition to a soiled hard surface, and

(in) removing the composition and soil/scale from the hard surface.

L1. The method of embodiment L, wherein step (ii) is performed 15 second to 2

minutes after step (i) is completed.
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L2. The method of embodiment L or L1, wherein after step (i) and before step (i),

scrubbing the surface with a brush, sponge, or towel.

L3. The method of embodiment L, L1, or L2, wherein the step (ii) comprises wiping or

rinsing the hard surface to remove the composition and soil/scale from the hard surface.
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CLAIMS

What is claimed is:

1. A descaling acidic composition comprising an acidic component comprising one
or more alkyl sulfonic acids and a surfactant system.

2. The descaling acidic composition of claim 1, wherein the one or more alkyl
sulfonic acids comprises one or more C1-C6 alkyl sulfonic acids.

3. The descaling acidic composition of claim 2, wherein the one or more C1-C6
alkyl sulfonic acids comprises methanesulfonic acid.

4. The descaling acidic composition of any preceding claim, wherein the
composition further comprises an organic acid.

5. The descaling acidic composition of claim 4, wherein the organic acid is selected
from the group consisting of lactic acid, formic acid, butyric acid, valeric acid, caproic acid,
itaconic acid, oxalic acid, terephthalic acid, citric acid, acetic acid, , malonic acid, maleic acid,
succinic acid, hydroxyl succinic acid, adipic acid, octanoic acid, fumaric acid, itaconic acid,
methacrylic acid, sulfamic acid, methylsulfamic acid, propionic acid, gluconic acid, glutamic acid,
glutaric acid, glucaric acid, benzoic acid, tartaric acid, hydroxyacetic acid, and salicylic acid; or a
mixture thereof.

6. The descaling acidic composition of any preceding claim, wherein the acidic
component comprises about 0.1 to about 45 wt. % of the total composition.

7. The descaling composition of any preceding claim, wherein the surfactant system
comprises one or more anionic surfactants, one or more nonionic surfactants, one or more
amphoteric surfactants, or a mixture thereof.

8. The descaling composition of claim 7, wherein the anionic surfactant comprises
an alkyl sulfate, preferably a sodium 2-ethylhexyl sulfate.

9. The descaling composition of claim 7, wherein the nonionic surfactant comprises
an alcohol ethoxylate.

10.  The descaling composition of claim 9, wherein the alcohol ethoxylate comprises
or consists of an alkyl chain of C6, C7, C8, or C9, or a mixture thereof.

11.  The descaling composition of claim 7, wherein the amphoteric surfactant
comprises alkylether hydroxypropyl sultaine or disodium caprylampho dipropionate.

12.  The descaling composition of any preceding embodiment, wherein the

composition further comprises a wetting agent.
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13. The descaling composition of claim 12, wherein the wetting agent comprises 0.01
to about 5 wt.% of the total composition.

14. The descaling composition of claim 12 or 13, wherein the wetting agent
comprises or consists of an alkyl pyrrolidone.

15. The descaling composition of claim 14, wherein the alkyl pyrrolidone comprises
or consists of N-octyl-2-pyrrolidone.

16. The descaling composition of any preceding claim, wherein the composition
further comprises a chelant.

17.  The descaling composition of claim 16, wherein the chelant comprises 0.01 to
about 4 wt. % of the total composition.

18.  The descaling composition of claim 16 or 17, wherein the chelant comprises or
consists of methylglycine diacetic acid or a salt thereof, glucaric acid or a salt thereof, or a
mixture thereof.

19.  The descaling composition of claim 18, wherein the salt of methylglycine diacetic
acid is a trisodium salt.

20.  The descaling composition of claim 18, wherein the salt of glucaric acid is a
sodium salt.

21.  The descaling composition of any preceding claim, wherein the composition only
comprises a water solvent.

22.  The descaling composition of any preceding claim, wherein the composition

further comprises one or more thickeners.
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