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SYNERGISTIC RUST BTAIN REMOVAL COMPOSITIONS
AND METHODS OF REMOVING RUST STAIN FROM FABRIC

CROSS-REFERENCE TO RELATED APPLICATICHN
[0001] This application claims priority 1o indian Provisional Application No.
202211014841, fitect on March 17, 2022,

TECHNICAL FIELD
[0002] TThis disclosure refales {o the synergistic rust removal compositions and the

meihods of removing rust stain from fabyic,

BACKGROUND

[0003] Rust staing on the fabric articles are ron i) oxide salts. The insolubility of
fron (1) oxide salls in water preciudes their remgval from the fabric articles through moutine
faundry/fabric washing operation. An additional step s neaded in the laundry operations o
effactively remove rust stains from the fabric articies. Typically, the rust stained fabric articles
are pretreated with a rust stain remover prior {o the laundry oparation.

[0004] Cenventional rust stain removers usually include hydrofiuonc acid as an
active ingredient, such as the WHINK® Rust 3iain Remover manufactured by Rust-Oleum
Caorporation that is an aguecus solution coniaining hydrofluoric acid at from aboul 1% 1o about
1% by welght based on iotal weight of the solution, or the RustGO® Rust Remover by A, L.
Witson Chemical Company that is an aqueocus solution containing hydrofluorc acid at from
about 5% to about 10% by weight based on toial weight of the selulion. Hydrofluoric acid has
been known for its effective removal of rust stains from fabric in a short contact time, such as
five minutes. However, hydrofluoric acid is extremely hazardous and corrosive that irn very
smalt amounts it still causes severe burns when contacted with human skin. Hydrofluoric acid
has been documented o penetrate the human skin and degrade underlying bone.
Furthermore, hydrofluoric acid can negatively impact the fabric fibers, resulting in the fabric
damage and thereby the shortened service life of the {abric articles.

[0005] There is a need for g rust stain removal compoesition that nether damages
the fabric articles nor causes severs bums when confact with human skin, and yet provides at
least the same rust removal efficacy as the conventional rust stain removers {(8.Q., an aguesus

solution of hydrotfiuoric acid).

SUMMARY
[0008] i the first aspedct, a synergistic rust stain removal compaosition is disclosed
that comprises an oxalic acid in an amount of more than aboul 1% by weight but less than

13% by weight based on {olal weighi of the compoesition; an ascorbic acid in an amount of
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miore than about §.5% bul faas than 7% by waight based on tolal weight of the composition;
and water, In some embodiments, the oxalic acid is present in an amount of more than about
8% but less than about 13% by weight based on iodsl weight of the composition. in some
embodiments, the oxalic acid is present in an amount of from about 2% o about 12% by
weight, preferably from abowt 3% {0 about 12% by weight, most preferably from about 7% o
about 12% bwv weight, based on {otal weight of the compaosition. In some embediments, the
ascorbic acid is present in an amount of from about 1% o about €% by weight based on tolal
weight of the composition. In the some embodiments, the synergistic rust siain remaoval
composition comprises an oxalic acid in an amount of fromy about 7% to about 12% by weight;
an gscorbic acid in an amount of from about 1% 1o about 8% by weight based on {otal weight
of the composition; and water. In some embodimenis, the synergistic rust siain removal
composition further comprises pM adiusting agenil, organic sobvent, suriacianl, chelaling
agent, acrylic polymer, oxidizing ageni, fragrani, dve, or any combination thereot

[0007] in some embodimenis, the synergistic rust stain removal composition
consists of the oxalic acid in an amount of mors than about 1% by weight but less than about
13% by weight, based on total weight of the compaosition; the ascorbic acid in an amount of
more than asbout 0.5% but less than about 7% by weight based on {otal weight of the
composition; water, and optionally af least one gdditive selected from pH adjusting agent,
organic solveni, surfactant, chelating agent, acrvlic polymer, oxidizing agent, fragrant, dye, or
any combination thereot. In certain embodiments, the axalic acid is present in an amount of
from about 2% (o about 12% by weight, preferably from about 7% 0 about 12% by welght,
based on tolal weight of the compaosition. In certain embodiments, the ascorbic acid in an
amount of from about 2% 1o aboul 8% by weight based on tolal weight of the composition.

[0008] In some embodiments, the synergistic rust stain removal compostion does
npol comprise hydrogen peroxide, inorganic acld {e.g., hydrofluonic acid, hydrochionic acid,
sulfuric acid, nilne ackd, phosphoric acld, boric acid, and the like), other grganic acids beside
oxalic ackd and ascorbic acid {e.g., formic acid, acetic acid, fumaric acid, ciirte acid, malic acid,
tartaric acid, ethans-1-hydroxy-1,1 ~diphosphonic acid, fatty acid, and the like}, fluorine-based
salt {e.g., caicium flugride, sodium fuoride, emmonium biffluornide, and the like), or any
combination thersof,

[0009] i the second aspedt, a method of removing rust stain from fabric s provided
that comprises contacting the fabric with the agforementioned synergistic rust stain removal
composition. In some embodiments, the fabric is contacied with the rust stain removal
composition for a time period of from about 1 minute 10 about 20 minwtes, preferably about 5
minuies. in some embodiments, the contact thime of 5 minwtes and the method provides the
percentage of rust removal of at izast 50% as calcuiated based on the reflectance of the fabric

at a wavelength of 460 nanometers. ir: some embodiments, the contact ime of 5 minutss and
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the change in fuidilty values of the fabric between belore and after the coniact with the rust
ramoval composition is no more than 25% as determined according to the Indian Standard IS
244 (1984) (Second Revision, Reaffirmed 2006).

[0010] i the third aspect, a method of remaving rust stain from fabric is provided
that comprises contacting the fabric with a first aqueocus solution comprising from about 0.5%
to about 6% by weight of ascorbic acid based on total weight of the first aqueous solution; and
contacting the fabric with a second aqueous solution comprising from about 1% to about 12%
by weight of oxalic acid based on inial weight of the second agueous solution. In some
embodiments, the method comprises comacting the fabric with the first agueous solution, and
then contacting the fabric with the second gguecus solution. In some embaodiments, the
meihod comprises contacting the fabric with the second aguesus solution, and then contacting
the fabric with the first agqueous schation. In some embodiments, the melhod comprises
coniacting the fabric wilh the first agueous solulion and the second agueous solulion al the
same ima. The fabric may be confacied with the first agueous solulion and the second
aguecus solution for a time period of from about 1 minule 0 about 20 minutes, preferably
about § minuies, Furthermore, the fabric may be contacted with the first agueous solution and
the second agueocus solution at room temperature. In some embodiments, the method
provides the percentage of rust removal of at least 50% as calculated based on the reflectance
of the fabric at a wavelength of 460 nanometers. In some embodiments, the change in fluidity
values of the fabric between before and after the contact with the rust removal composition is
no more than 25% as determined according to the Indian Standard IS 244 (1984) (Second
Revision, Reaffirmed 2006).

[0011] Ciher aspects of the disclosure will become apparent by consideration of the

delatied description.

DESCRIPTION OF THE DRAWING
[0012] Figure 1 is g graph plotting between the amounts of ascorbic acid in the rust
removal composition {reported in percentage by weight based on iotal weight of the rust
ramoval composition) and the rust rermoval efiicacy on fabric {reporied as the Reflectance
R480 Value).

DETAILED DESCRIPTION
[0013] The present disclosure generally relates to a synergistic rust removal
composition that is effective in removing rust stain from surface, especially from fabric, in a
relatively short contact time, e.g., a 5-minutes contact time. The disclosed synergistic rust
removal composition causes less damage to the fabric and reduces the safety concerns of the
user, but yet provides at least the same level of rust stain removal efficacy as the conventional

rust stain removers that utilize hydrofluoric acid as an active ingredient. The present disclosure
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also relates to a method of removing rust stain from fabwic that exhibils an unsxpecied
synergistic enhancement in rust removal efficacy.

[0014] TThe {erms “cornprise{s),” “comprising,” “melude(s),” “including,” “having,”
*has,” “containds),” “containing,” and varianis thereof, as used herein, are open-anded
transitional phrases, {erms, or words that are meant 1o encompass the items isted thereafter
and equivalents thereof as well as additional tems. The singular forms “g”, “and”, and “the”
include plural references unless the conlext clearly dictales otherwise. Where the term
‘comprising” s used, the present disclosure alse contemplaies other embodiments
*comprising”, “consisting of’, or “consisting essentially of” elements presented herein, whether
explicitly set forth or not.

[0015] Any numerical range reclled herein includes all values from the lower value
o the upper value, For example, if 8 concentration range is stated as 1% o 50%, it is infended
thal vaiues such as 2% 10 40%, 10% to 303, or 1% 1o 3%, sic., arg expressly snumeraied in
this specification. These are only examples of what is specifically intended, and all possibie
combinations of numerical values bebwesn and holuding the lowest value and the highest
value enumerated are o be considersd 10 be expressly stated in this application.

[0018] The modifier "aboul” used in connecton with & quantily is inclusive of the
stated value and has the meaning dictated by the context {for example, # includes at least the
degree of error associgied with the measurement of the particuiar guaniity). The tarm “about”
refers 1o plus or minus 10% of the indicated number. For example, "gbout 10%" indicates a
range of 8% (o 11%, and “about 1" means from 0.8 1o 1.1, Other meanings of “abowt” may be
apparent from the contexd, such as rounding off, so, for example “about 17 alse means from
051014,

[0017] The terms “weight percent”, “wt%”, “percent by weight”, “% by weight”, and
variations thereof, as used herein, refer to the concentration of a component as the weight of
such component divided by the total weight of the composition and multiplied by 100. Linfaas
indicaied otherwise, all concentrations are expressed as weight percentage concenirations.

[0018] The term “substantially free” refers that the composition does not contain a
particular compound, or that a particular compound is not added to the composition
intentionally. Should the particular compound be present through contamination, the amount
of such particular compound shall be less than 0.5% by weight, preferably less than 0.1% by
weight based on total weight of the composition.

[0019] The term “fabric” as used herein refers {o any woven, non-woven, knited,
felted material, or any combination thereof that is produced from, or in combination with, any
natural fibers, regenerated fibers, synthetic fibers, or substiiutes therefore. Non-Hmiting
examples of naturgl fibers are cotton and wool fibers, Non-limiling examples of regenerated

fibers are wviscose and ravon. Non-Hmiting examples of synthetic fibers are polyester,
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polyamide {aka nylon), and polyaorylic fibers,

[0020] TThe term “Hher” g5 used herein refers 10 & material that s capable of being
spunt inte & yvarm ormade into a fabric by bonding or by interlacing in a variety of ways including,
but not limited 1o, weaving, knitling, braiding, Telting, twisting, webhing, or any combination
thereof.

[0021] The term “varn’ as used herein refers (o a sirand of texdile fiber in a form
suftable for weaving, knitting, braiding, felting, twisting, webbing or cthenwise fabricating inio
a fabric.

[0022] The term "Reflectance R460 value™ as used herein refars {0 the reflectance
of the fabric at a wavelength of 460 nanometers.

[0023] i ihe first aspect of prasent disclosure, a rust stain removal composition
comprises;

an gxalic ackd in an amount of mors than about 1% by waighi but less than about 13%
by weight, based on iotal weight of the composition;

an asoorbic ackd in an amount of more than abou! 8.5% but less than 7% by weight
based on fotal weight of the composition; and

walar,

[0024] Foroxalic acid, in some embodiments, the oxalic acid is present in an amount
of more than about 1%, about 1.8%, about 2%, aboul 2.8%, ahout 3%, about 3.5%, about 49%,
about 4.5%, about 5%, about 5.5%, about 8%, about 6.25%, about 8.5%, about 5.75%, about
T% or about 7.25% by weight based on iotal weight of the rust stain removal compaosition;
and/or less than about 7.58%, about 8%, aboul 8.5%, aboul 8%, about 8.5%, about 10%, about
10.5%, about 11%, about 11.5%, about 12%, about 12.25%, about 12.5%, about 12.75% or
about 13% by weight based on toial weight of the rust stain removal composition. In some
embodimenis, the cxalic acld is present in an amount of more than gbout 8% byt less than
about 13% by weight based on toial weight of the composition.

[0025] i some emboedimenis, ihe oxalic acid is present in an amount of from about
2%, about 2.5%, aboul 3%, aboul 3.8%, about 4%, aboul 4 5%, about 8%, aboul 5 5%, about
&%, about 5.25%, about 5.5%, about 8.75%, about 7% or about 7.25% by weight based on
iotal weight of the rust stain removal compaosition to about 7.5%, about 8%, about 8.5%, abost
8%, about 8.5%, about 10%, aboul 10.5%, aboul 11%, about 11.8%, about 12%, about
12.25%, about 12.5% or about 12.75% by weight based on ioial waight of the rust stain
removal composition.

[0026] in some embodiments, the oxalic acid is present in an amount of from about
2% 1o about 12% by weight based on tolal weight of the rust stain removal composition. In

some embodimenis, the oxalic acid is present in an amicunt of from about 3% o about 12%
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by weight based on tolal weight of the rust stain removal composiion. In asome smbodiments,
the oxalic acid s present in an amount of from about 7% 1o about 12% by weight based on
total weight of the st stain removal composition,

[0027] For ascarbic acid, in some embodiments, the ascorbic acid is present in an
amount of more than about 0.5%, about 0.75%, about 1%, about 1.25%, about 1.5%, about
1.75%, about 2%, about 2.25%, about 2.5%, about 2.75% or about 3% by weight based on
total weight of the rust stain removal composition; and/or less than about 3.25%, about 3.5%,
about 3.75%, about 4%, about 4.25%, about 4.5%, about 4.75%, about 5%, about 5.25%,
about 5.75%, about 6%, about 6.25%, about 6.5%, about 6.75% or about 7% by weight based
on iotal weight of the rust stain removal composition.

[0028] In some embodiments, the ascorbic acid is preseni i an amouni of from
about 8.75% . about 1%, about 1.25%, about 1.5%, about 1.75%, about 2%, about 2.25%,
about 2.5%, about 2.75% or about 3% by weight based on inial weight ofthe rust stain removal
composition to about 5%, about 5.25%, about 5.75%, about 6%, about 6.25%, about 6.5% or
about 6.75% by weight hased on total weight of the rust stain removal composition. In some
embodiments, the ascorbic acid is present i an amount of from about 1% 10 about 8% by
weight based on total weight of the rust stain removal compaosition,

[0029] In some embodiments, the disciosed rust removal composition comprises
from about 7% o about 12% by weight of oxalic acid; from about 1% to about 8% by weight
of gascorbic acid; and water, all based on total weight of the rust stain removal camposition,

[0030] In some embodiments, ihe discinsed rust removal composition further
comprises piH adiusting agent, organic solvend, surfaciant, chelating agent, acrylic polymer,
oxidizing agent, fragrance, dye, or any combination thereof. Non-Himiting examples of suitable
pH adjusting agents are sulfamic acid, ethanolaming, sgdium bisulfite, and the ke, Non-
miling examples of organic sobvents are glyeot ethers, alcohol, ethylene gliveol, and the Hke.

[0031] wWhen desired, the surfactant may comprise anionic surfactant, non-onic
surfactant, or any combination thereof, Non-limiting examples of anionic surfacianis are
sodium iauryt sulfate, sodium alkyl benzene sulfonate, and the ke,

[0032] In certain embodiments, the disciosed rust removal composition consisis of

the oxalic acid in an amount of rnore than about 19% but less than about 13% by weight
based on tolal weight of the compasition;

the ascorbic acid i an amount of more than about 0.5% but iess than 7% by weight
based on tolal weight of the compasition;

water: and

optinally at least one additive selected from pH adjusting agent, organic solvent,
surfaciant, chelating agent, acrvlic polvmer, oxidizing agent, fragrance, dye., or any

combination thereof.
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[0033] In some embodiments, the disclosed rust vemoval composilion does not
comprise hydrogen peroxide, inorganic acid, other organic acid beside oxalic adld and
ascorbic acid, fuorine-based salt, or any combination thereof, Non-Hmiting exampies of such
inorganic acids are hydrochloric acid, sulfuric acid, nitric acid, phosphoric acid, boric acid, and
the ke, Non-Himiling examples of such other organic acid are formic acid, acetic acid, fumaric
acid, citric acid, malic acid, tartarc acid, sthane-1-hydroxy-1,1-diphosphonic acid (HEDP),
fatty acid, and the Bke. Non-limiting examples of such fluorine-based salls are calcium fluoride,
sodium fluoride, ammonium bifluaride, and the like.

[0034] iy the second aspect of present disclosure, 2 methed of removing rust stain
from fabric comprises contacling the fabric with the aforementioned rust removal compaosition.
The contact time between ihe [abiic and the disclosed rust removal composition may be from
about 1 minule to about 20 minutes. In some embodiments, the contact time is about 5
minutes. Furthermore, {he fabric may be contactad with the firsl agueous solulion and the
second agueous splution at room temperature,

[0035] The efficacy of the rust removal composition in removing the rust stain from
fabric may be determined based on the reflectance of fabric at a wavelength of 460
nanometers (hereinafter “Reflectance R460 value”). The higher the Reflectance R460 value
indicates the higher level of the fabric whiteness, and thereby the superior efficacy of the rust
removal composition in removing the rust stain from fabric. Furthermore, the percentage rust
removal may be guantified based on the Reflectance R460 values of the fabric using the
following eguation:

% Rust Removal = RVr x 100
RVg

wierein

R¥r1 was the Reflectance R460 value of the rust stained fabric swatches after the
treatment with the rust removal composition, and

RWrwas the Reflectance R460 value of the clean fabric swatches that does not need
any treatment with the rust removal composition.

[0036] In some embodiments, the contact time between the fabric and the rust
removal composition is 5 minutes, and the disclosed method provides the percentage of rust
removal of at least about 50% as calculated based on the reflectance of the fabric at a
wavelength of 460 nanometers.

[0037] The level of fabric damage due to treatment with the rust removal composition
may be determined based on the change in fluidity value of the fabric before and after the
treatment. The fluidity value of the fabric is measured according to the Indian Standard IS 244
(1984): Method for determination of viscosity (or fluidity) of solutions of cotton and regenerated

cellulosic man-made fibers in cuprammonium hydroxide (Second Revision, Reaffirmed 2006),
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which is incorporated herein by reference (hereinafter “the Indian Standard IS 244 Method”).
According to the Indian Standard IS 244 Method, the fluidity value of fabric linearly correlates
to the percentage loss of fabric tensile strength resulted from a chemical action (e.g., a
treatment with rust removal composition). Therefore, the level of fabric damage due to the rust
removal treatment may be quantified based on the parcentage change in the fluidity values of
fabric before and after the treatment as shown in the following equation:

% Change in Fluidily Value = (FVr —FVgr) x 100
FVr

wharein

Fyvrwas the fluidity value of the rust stained fabric swatches after the treatment with
rust removal composition, and

Fywrwas the fluidity value of the rust stained fabric swatches before the treatment with
rust removal composition.

[0038] The higher % change in the fluidity values of fabric measured according to
the Indian Standard IS 244 Method, indicates the higher level of fabric damage caused by the
rust removal treatment.

[0039] In some embodiments, the contact time between the fabric and the rust
removal composition in the disclosed method is 5 minutes, and the change in fuidity values
of the fabric between belore and after the contact i3 no more than about 25% as determined
according to the Indian Standard 1S 244 Method.

[0040] In some embodiments, the contact time between the fabric and the rust
removal composition is 5 minutes, the disclosed method provides the percentage of rust
removal of at least 50% as calculated based on the reflectance of the fabric at a wavelength
of 460 nanometers, and the change in fluidity values of the fabric between before and afler
the contact is no more than 25% as determined according to the Indian Standard IS 244
Method.

[0041] The disclosed rust removal composition provides the unexpected synergistic
effect between oxalic acid and ascorbic acid in removing rust stain from fabric even a relatively
short contact time, e.g., a contact time between the fabric and the rust removal composition
of about 5 minutes. The synergistic effect may be achieved when the amount of oxalic acid in
the rust removal composition is more than 1% by weight but less than 13% by weight based
on total weight of the composition. As a non-limiting example shown in EXAMPLE 1 and
TABLE 1A of the EXAMPLES section, the unexpected synergistic effect is achieved when the
amount of oxalic acid in the rust removal composition is from about 2% to about 12% by weight
based on total weight of the composition.

[0042] Furthermore, surprisingly and unexpectedly, a substantial enhancement in

the rust removal efficacy is achieved when the amount of ascorbic acid in the rust removal
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composition (when used in combination with oxalic acid) is more than 0.5% by weight but less
than 7% by weight based on total weight of the composition. As a non-limiting example shown
in FIGURE 1, the unexpected and substantial enhancement in the % rust removal is achieved
when the amount of ascorbic acid in the rust removal composition (when used in combination
with oxalic acid) is from about 1% to about 6% by weight based on total weight of the
composition. See also EXAMPLE 3 and TABLE 3A. This finding is further unexpected
because ascorbic acid by itself (i.e., when used as the sole active ingredient for rust removal)
shows extremely poor rust removal efficacy, and its rust removal efficacy remains at only about
8% to 9% even when the amount of ascorbic acid is increased from 0.5% to 7% by weight
based on total weight of the composition. See EXAMPLE 2 and TABLE 2.

[0043] The disclosed rust removal composition may provide &t least the same level
rusi removal efficacy as the known rusi stan removers such as the RustGO® rust remover
commearcially avallable from AL L Wison Chemical Company, NJ (USA)Y that contains
hydrofluoric acikd as the active ingredient at 10% by weight based on tolal weight the rust
raemover ("10% Hydrofluoric Acid Solution”), and the allermative commaercially available rust
remover for fabric that containg oxalic acid as the active ingredient al 10% by weight based
onigtal weight the rust remover (10% Oxalic Acid Solution™). As a non-limiting example shawn
in TABLE 5, the 10% Hydrofluoric Acid Solution provides the % rust removal of 98%, while
the 10% Oxalic Acid Solution provides the % rust removal of only 47%. The disclosed rust
removal composition can provide the % rust removal as high as 95%, which is about the same
level of rust removal efficacy achieved with the conventional and widely used 10% Hydrofluoric
Acid Solution.

[0044] While the conventional rust removal compositions {e.g., 10% Hydrofluoric
Acid Solution} are safe when thelr use direclions arg followed, hydrofluoric aclkd can st cause
severs and penetrating burns when conlacied with the human skin, Bums caused by
hydrofluoric acid are bvpically not noliced untl the day llowing contact when ihey show as
painful sores on the skin

[0045] TThe disclosed rust removal composition reduces the potentially hammiful
effecis associated with the conventional rust removal composition that ulilizes hydrofiuoric
acid as an active ingredient. The disclosad rust removal composition uillizes a mixture of oxalic
acid and ascorbic acid, and not hydrofiuornic acid; therefore, the potentially harmful effects
caused by hydroflucric acid are reduced.

[0046] Moreover, the oonventional rust removal composilions (&g, 10%
Hydrofluoric Acid Solution} causg fabric damage, and thereby shortening the service life of the
fabric. As non-limiting examples shown in TABLE 1C and TABLE 3B of the EXAMPLES
section, the % change in fluidity values of the stained fabric after being treated with

conventional rust removal composition (10% Hydrofluoric Acid Solution) is 44%; while the %
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change in fluidity values of 28% is obtained after the stained fabric is treated with the 10%
Oxalic Acid Solution. Thus, the 10% Oxalic Acid Solution causes lower level of fabric damages
compared to the 10% Hydrofluoric Acid Solution. But as discussed above, the 10% Oxalic
Acid Solution provides much inferior rust removal efficacy to the 10% Hydrofluoric Acid
Solution.

[0047] The disclosed rust removal composition causes a substantially lower level of
fabric damages compared to the 10% Hydrofluoric Acid Solution, and even lower level of fabric
damages compared to the 10% Oxalic Acid Solution. As non-limiting examples shown in
TABLE 1C and TABLE 3B, the % change in fluidity values of the stained fabric after being
treated with the disclosed rust removal composition is lower than 25%, and can even be less
than 10%. Nonetheless, the disclosed rust removal composition provides substantially the
same level of rust removal efficacy as the 10% Hydrofluoric Acid Solution, and far superior to
the 10% Oxalic Acid Solution. See TABLE 5.

[0048] Therefore, the disclosed rust stain removal composition provides at feast the
same lsvel of rust removal efficacy as the conventional rust stain rermovers (.4, an aguecus
sobgtion of 10 wi% hydrofiuoric acid), and vel B causes g substantislly lower level of fabric
damage compared 1o the conventional rust stain removers. Moreover, the disciosed rust
removal compasition reduces the potentially harmful effecis associated with the conventional
rust removal compaositions that utilize hydroflucrio acid as an active ingredient.

[0049] Inthe third aspect of present disclosure, a methad of removing rust stain from
fabric comprises:

contacting the fabric with a first aqueous solution comprising from about 0.5% to about
6% by weight of ascorbic acid based on total weight of the first aqueous solution; and

contacting the fabric with a second aqueous solution comprising from about 1% to
about 12% by weight of oxalic acid based on total weight of the second aqueous solution.

[0050] In some embodiments, the method comprises contacting the fabric with the
first aqueous solution, and then contacting the fabric with the second aqueous solution.

[0051] i some embodiments, the method comprises contacting the fabric with the
second aquenus solulion, and then contacting the fabric with the first agueous solution,

[0052] i some embodiments, the method comprises contacting the fabric with the
first aqueocus solution and the second aqueous solution simullaneously,

[0053] irrsome embodiments, the first aqueous solution comprises the ascorbic acid
in an amount of at least about 0.5%, about 1.0%, about 1.5%, about 2%, about 2.5%, about
3% or about 3.5% by weight based on total weight of the first aqueous solution; and/or e
maore than about 4%, about 4.5%, about 5.0%, about 5.5% or about 6.0% by weight based on
total weight of the first aqueous solution. it some embadiments, the first aqueous solution

comprises the ascorbic acid in an amount of from about 0.5%, about 1.0%, about 1.5%, about
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2%, about 2.5%, about 3% or about 3.5% by weight based on total weight of the first aqueous
solution i about 4%, about 4.5%, about 5.0%, about 5.5% or about 6.0% by weight based on
total weight of the first aqueous solution.

[0054] i some embodiments, the second aqueous solution comprises the oxalic
acid in an amount of at least about 1%, about 2%, about 3%, about 4%, about 5%, about 6%
or about 7% by weight based on total weight of the second aqueous solution; and/or ne mare
than about 8%, about 9%, about 10%, about 11% or about 12% by weight based on total
weight of the second aqueous solution. i1 some embodiments, the second aqueous solution
comprises the oxalic acid in an amount of from about 1%, about 2%, about 3%, about 4%,
about 5%, about 6% or about 7% by weight based on total weight of the second aqueous
solution iz about 8%, about 9%, about 10%, about 11% or about 12% by weight based on
total weight of the second aqueous solution.

[0055] imsome embodiments, the first aqueous solution comprises the ascorbic acid
in an amount of from about 1% to 6% by weight based on total weight of the first aqueous
solution; and/or the oxalic acid in an amount of from about 6% to about 12% by weight based
on total weight of the second aqueous solution.

[0056] inthe disclosed method of the third aspedt, the fabric may be confasisd with
the first agueocus soligion and the second agueous solution for a time perind of from about 1
minute to about 20 minuies. In some embodiments, the fabric 5 contacted with the first
aguecus solution and the second aguecus soluion for about & minutes. Furthermore, the
fabric may be contacted with the first aquecus solution and the second gqueous solution at
room temperature,

[0057] In some embodiments, the contact time between the fabric and the rust
removal composition is 5 minutes, and the disclosed method provides the percentage of rust
removal of at least about 50% as calculated based on the reflectance of the fabric at a
wavelength of 460 nanometers.

[0058] In some embodiments, the contact time between the fabric and the rust
removal composition in the disclosed method is 5 minutes, and the changes in fhuidity values
of the fabric between before and afier the contact is no more than about 25% as determined
according to the Indian Standard 1S 244 Method.

[0059] In some embodiments, the contact time between the fabric and the rust
removal composition is 5 minutes, the disclosed method provides the percentage of rust
removal of at least 50% as calculated based on the reflectance of the fabric at a wavelength
of 460 nanometers, and the change in fuidity values of the fabiic between before and after
the contact i8 no more than 25% as determined according to the Indian Standard IS 244
Method.

11
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[0060] The disclosed mathod of removing rust stain from fabric provides at ieast ihe
same rust removal efficacy as the conventional rust removal composition (10% Hydrofluoric
Acid Solution). As a non-limiting example shown in EXAMPLE 7 and TABLE 7A, the 10%
Hydrofluoric Acid Solution provides the % rust removal of about 98%, while the disclosed rust
removal composition provides the % rust removal of about 100%.

[0061] Furthermore, the disclosed rust removal composition causes a substantially
lower level of fabric damages compared to the 10% Hydrofluoric Acid Solution. See TABLE
7B.

[0062] Therefore, the disclosed method of removing rust stain from fabric grovides
at least the same level of rust removal efficacy as the conventional rust stain removers {(8.g.,
an agqueous sobulion of 10 wits hvdrofluoric acid), and vet B causes a substantially lower lavel
of fabwic damage comparad to the convenlional rust siain removers, Moreowver, the disclosed
rusl removal composition reduces the polentially harmful effects associatad with the
comventional rust removal compositions that wiilize hydrofiuoric acid as an active ingredient,

[0063] The fellowing non-Emiing examples Hlustrate the compositions of the present

disciosure and methods of use theresof,

EXAMPLES

[0064] Riaterials and Procedures

[0065] The fabwic used was WFK 11 A fabric, which was made of 100% cotion, plain
wavad and free of any optical brightener. The fabric had & mass of 170 g/, a warp and weft
of 25 threads per centimeter, and & fluidity value of less than 30 Pa.s. The WEF fabric was
measured for the reflectance at the wavelength of 460 nm (“Reflectance R460 value”) and the
fluidity value.

[0066] The WKF fabric having a dimension of 20cm x 20cm was placed on g plastic
tray. Then, about 100 mi of 10% solution of FeS0,. 7HDO solution was poured into the plastic
iray. Afier 5 minutes of conlact, the fabric was removed from the tray and aidried for three
hours. The dried fabric was then soaked in 100 mi of 10% Fe80,. 7H:C solution again for five
minutes, removad, and followed by aly drying for about 3 10 4 hours, The resulting fabric was
cul into smaller pleces ffabric swatches™ having a dimension of S5om x bom,

[0067] Aboul 500 mi of 10% solution (viv) of ammonium hydroxide was prepared in
& beaker Each fabric swalch was dipped into the ammonium hydroxide solution for 2
seconds, withoul fouching the sides of beaker. The color of fabric swatches was green due io
the formation of FeNM0{80),, which was a Fe™ complex. After 20 seconds of contadt, the
fabric swalches was removed from the amwnonium hydroxide solution and alowed for air
drying, wherein the Fe® fon on the fabric swatches was slowly oxidized 1o Fe®™ ion and the

color of fabric swatches slowly turmed into muddy brown color of rust siain (g Fe™ compls).
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After 24 hours of air drying, lhe fabric swalches were washed in clean tap walsr {0 remove
any fraces of alkall Afterthe fabric swalches were dried, the rusi stained falwic swalches were
measurad for the Reflectance R460 value and the fluidity value as reported as the Reflectance

R460 value and the fluidity value before treatment with the tested rust removal compositions.

[0068] ©One-Step Rust Removal Treatment

[0069] The sisined fabric swatches were reated with the tested rust removal
composition by applving the tested rust removal compaosition onto the stained fabric swatches
vig a spray application, in an amount sufficient to wet the stained fabric swatches. The stained
fabric swalches were allowed (o conlact with the iested rust removal composiiion for 5
minutes, and then rinsed with water or subjecied 1o regular laundering process. The resulting

ireated fabric swatches were measured for the Reflectance R460 value and the fluidity value.

[0070] Two-Step Rust Removal Treatmend

[0071] In the first step, the siained fabric swatches were irealed with the first
composition via a spray application. The conlact with the first composition was allowed for
about & seconds o immediale application of second stap. Then, in the second slep, the fabric
swalches wore confactad with the second composition for & mines. Theraalter, the treated
fabwic swatches were ninsad with waler or subjecied 10 regular laundering process. The
Reflectance R460 value and the fluidity value of the resuiting ireated fabric swaiches weare

msasured,

[0072] Dietermination of Rust Removal Efficacy based an the Reflectance R460

Value

[0073] The efficacy of tested rust removal composition in removing rust from the
fabric swatches was determined based on the reflectance of treated fabric swatch at a
wavelength of 460 nm (“‘Reflectance R460 value”™ using the CM-3600d bench-top
spectrophotometer available from Konica Minolta Sensing Americas, Inc. The higher the
Reflectance R460 value indicated the higher level of the fabric whiteness, and thereby the
superior efficacy of the tested composition in removing rust from the fabric. The cleaned fabric
swatches showed the Reflectance R460 value of about 80+3.

[0074] The percentags rust removal was calculated based on the Reflectance R460
values of the fabric &5 shown below:

% Rust Removal = RV x 100
RVg

wherein

RYr was the Reflectance R460 value of the rust stained fabric swatches after the
treatment with rust removal composition, and

RYr was the Reflectance R460 value of the clean fabric swatches that did not need

the rust removal treatment. The R¥r value used in the calculated was 81, which was the

13



WO 2023/175537 PCT/IB2023/052535

average Reflectance R460 values of the clean fabric swatches that did not need the rust

removal treatment.

[0075] Breiermination of Fabric Damage bevel based on the Fluidity Value

[0076] The level of fabric damage due to treatment with the tested rust removal
composition was determined based on the fluidity value of the treated fabric. The fluidity value
of fabric was determined according to the Indian Standard IS 244 (1984). Method for
determination of viscosity (or fluidity) of solutions of cotton and regenerated cellulosic man-
made fibers in cuprammonium hydroxide (Second Revision, Reaffirmed 2006), which is
incorporated herein by reference. The higher the fluidity value of fabric measured according
to the Indian Standard IS 244 Method, indicated the higher percentage loss of fabric tensile
strength resulted from a treatment with the tested rust removal composition.

[0077] According to the Indian Standard IS 244 Method, the fluidily value was
raciprocal of viscosity of the cuprammonium hydroxide solution of treated fabric, and reporied
in & unit of poise”. & weighed sample of the tregted fabric swatch was dissolved in a
cuprammonium  hydroxide solulion in g viscometsr ¢ prowide a fabric solution. The
temperature of viscometer and s contenis was brought o 2041°C in the themmostal, The
fabric selution was sllowed 1o flow from the viscomeler through the capiflary. The time taken
by the meniscus of the fabric soludion 1o fall from one fixed mark 1o another fixed mark was
reported, and then the fluidiy was delermined according $0 the Indian Standard IS 244
Method.

[0078] The level of fabric damage due to the rust removal treatment was quantified
based on the percentage change in the fuidily values of fabric before and afler the treatment
as shown in the following enuation:

% Change in Fluidity Value = (FVr = FVR) x 100
FVr

wharein

Fyr was the fluidity value of the rust stained fabric swatches after the treatment with
rust removal composition, and

Fywrwas the fluidity value of the rust stained fabric swatches before the treatment with

rust removal composition.

EXAMPLE 1
[0079] Rust stained fabric swatches were treated with the fested rust removal
composition in a one-step rust removal reatment for 5 minutes. The efficacy of tested rust
removal composition in removing rust from the stained fabric swatches was determined based

on the Reflectance R460 value.

14



PCT/IB2023/052535

WO 2023/175537

‘pEeudiosd pUR SIGEIS 10U SBM M L# UOIISOCUOD BACLUSE 1STH DHISE) SUL wes

%E6 | %Sy | %O0L | %S6 | %EEe | %OL | %9¢ | %8l %01 %eT | %Cl %01 [eAOWRY ISNY %

. . . . . . . . . . . . anjeA 09y 9oUEBYRY |

o6'v. | 089 | €28 | 2122 | 169z | €z8 | or82 | 6LvL | €28 | b8l | ev6 | €28 pobelony

(%001 0} "s'b) Jojepn |

%¢g %¢E - %¢g %¢g - %¢g %¢g - %€ %€ - %€ 1UaA|0S D1UBBIO

%L %L - %L %l - %l %l - %l %l - %l Jueeung :

%2 %Z - %2 %2 - %Z %Z - %2 %2 - %2 aulwejouey)3 !

%€ %¢E - %¢E %€ - %€ %¢E - %¢E %¢E - %¢E pIOY olWeNg :

%€ %¢E - %€ %€ - %€ %€ - %¢E %€ - %¢E PIOV 01QJOOSY :

%EL %21 %2zl - %L %L - %Z %Z - %1l %1l - pIoY 211exQ
PEE: P Mg vig | =g | 418 | vig Hi# g WL oL Sig WL

¥ AL

15



WO 2023/175537 PCT/IB2023/052535

[0080] TABLE 1A showed the Reflectance R460 values of the fabric swatches after
treatment with the tested rust removal compositions,

[0081] Tested Composition #1A contained ascorbic acid 83 a sole active Ingredient
for rust removal, along with sulfamic acid, ethanolamine, sodium lauryi suffate surfadant,
ghyco! ether as an organic sehvent, and the balance of waler. The stained fabric swatches
treated with the iesied composition #1A showed the averaged Reflectance R460 value of 8.23,
which corresponded to about 10% rust removal.

[0082] Tesied Composition #1B was an agueous solution of oxalic acid al 1% by
weight based on tolal weight of the solution, and contained oxalic acid as a sole active
ingredient for rust removal, The stained fabric swatches treated with the tested composition
#18 showed the averaged Reflectance R460 value of 9.43, which corresponded to about 12%
rust removal.

[0083] Tesied Composition #1C was essenlially the combination of the tested
compositions #1A and #1B, and contained both ascorbic ackd and oxalic acid as the active
ingredients for rust removal. The stained fabric swatches treated with the {esied composition
#18 showed the averaged Reflectance R460 value of 18.47, which corresponded to about
23% rust removal.

[0084] Tested Composition #1C provided about 23% rust removal, which was about
the additive value of 18% rust rernoval from Tested Composition #1A {(ascorbic acid as a sole
active ingredient for rust removal) and 12% rust removal from Tested Compaosition #18 (oxalic
acid as a sole active ingredient for rust removaly. Therefore, at the oxalic acid concentration
of 1% by weight based on total weight of the tested rust removal composition, no synergistic
effect on the rust removal efficacy was observed between ascorbic acid and oxalic acid.

[0085] Tested Composition #10 was an aguecus solution thal contained oxalic acid
a5 an aclive ingredient for rust removal at 2% by weight based on otal weight of the sghition,
The stained fabric swatches treated with the izsted composition #10 showed the averaged
Reflectance R460 value of 14.19, which corresponded to about 18% rust removal.

[0086] Tested Composition #1E was essentially the combination of the iested
compositions #1A and #10), and contained both ascorbic acid and oxalic acid as the aclive
ingredients for rust removal. The stained fabric swatches treated with the jested composition
#1E showed the averaged Reflectance R460 value of 28.76, which corresponded to about
36% rust removal.

[0087] If the rust ramoval effect between oxalic acid and ascorbic acid was merely
an additive effect, the expected % rust removal of Tested Composition #1E wouid be about
28%, which was the additive value of about 10% rust removal from Tested Composition #1A

and aboui 18% rust removal from Tested Composition #10. However, Tested Composition
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#1E provided the rust rermnoval of about 383, which was targer than lhe additive rust removal
of 28%. Therefore, at the oxalic acid concentration of 2% by weight based on total weight of
the tested rust removal composition, thare was a synergistic effect between ascorbic acid and
oxalic acid on the rust removal efficacy.

[0088] Tested Composiion #1F was an agueous solution that contained oxalic acid
as an active ingredient for rust removal at 7% by weight based on tolal weight of the solution.
The stained fabric swatches treated with the iested composition #10 showed the averaged
Reflectance R460 value of 26.91, which corresponded to about 33% rust removal.

[0089] Tesied Composition #1G was sssentially the combination of the tested
compositions #1A and #1F, and contained both ascorbic acid and oxalic acid as the active
ingredients for rust removal, The stained fabric swatches treated with the iesied composition
#1G showed the averaged Reflectance R460 value of 77.17, which corresponded to about
95% rust removal.

[0090] The rustremoval of about 95% obtained by the Tested Composition #1(3 was
more than two times higher than the adiditive rust removal of about 43% (the additive value of
about 10% st removal from Tested Composition #1A and about 33% rust removal from
Tested Composition #1F;, Therefore, at the oxalic acid concentration of 7% by weight based
on total weight of the tested rust removal composition, there was a synergistic effect between
ascorbic acid and oxalic acid on the rust removal efficacy.

[0091] Tested Composition #1H was an aqueocus solution that conlained oxalic acid
as an aotive ingredient for rust removal at 12% by weight based on total weight of the solution.
The stained fabric swatches treated with the tested composition #1H showed the averaged
Reflectance R460 value of 36.80, which corresponded to about 45% rust removal.

[0092] Tested Composition #1J was ossenbially the combination of the lesied
composifions #1A and #1H, and contained both ascorbic acid and oxalic acid as the aclive
ingredients for rust removal. The stained fabric swatches treated with the tested composition
#1J showed the averaged Reflectance R460 value of 74.96, which corresponded to about
93% rust removal.

[0093] The rust removal of about 93% obtained by the Tesied Composition #1.J was
more than the additive rust removal of about 55% (ghe addilive value of about 10% rust
removal from Tested Composition #1A and about 45% rust removal from Tested Composition
#1H). Therefore, at the oxalic acid concentration of 12% by weight based on total weight of
the tested rust removal composition, thare was a synergistic effect between ascorbic acid and
oxalic acid on the rust removal efficacy.

[0094] As shown in Tested Compoesition #1K of TABLE 1A, when the conceniration
of oxalic ackd was about 13% by weighi, the tested composiion was not stable and

precipiiated,
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[0095] TABLE 1B showed the comparative rust removal efficacies of the tested rust
removal compositions. Refarencs was the clean fabric swatches that did not need the rust
removal treatment. Two known rust removal composiions were used for the comparative
study. the RustGO® rust remover commercially available from A L Wilson Chemical
Company, MJ {USAY, which was widely used and considered as the convantional rust remover
for fabric, contained hydrofiuoric acid as the active ingredient at 10% by weight based on tolal
weight the rust remover (hereinafter “10% Hydrofluoric Acid Solution”); and an attemative
commercially available rust remover for fabiric comained oxalic acid as the active ingredient at

18% by weight based on tolal welght the rust remover {hereinafier “10% Oxalic Acid Solution™).

TABLE 18

Averaged Reflectance
Rust Removal Composition R460 Value of Treated | %Rust Removal
Fabric Swatches

Reference (the clean fabric swatches that did

not need any rust removal treatment) 81 RiA
10% Hydrofluoric Acid Solution 79 98%
10% Oxalic Acid Solution 38 47%
Tested Composiion #1G (7 witt%h oxalic acid) 7717 95%
Tesied Composition #1J (12 wi% oxalic acikd) 74.96 B3%

[0096] Reference, which was the clean fabric swatches that did not need the rust
removal treatment, showed the averaged Reflectance R460 value of 81, i was desirable that
the fabric swatches after rust removal treatment had thie Reflectance R460 value as close to
81 as possible. The tragted fabric swatches having the averaged Reflectance R460 value of
81 indicated that the rust stains on the fabric swatches were 100% removed after the treatment
(i.e., 100% rust removal).

[0097] As shown in TABLE 1B, the conventional 10% Hydrofluoric Acid Solution
provided about 98% rust removal; whereas, the 10% Oxalic Acid Solution showed only about
47% rust removal. Tested Compesitions $1G (7 wi¥% oxalic ackd) and #1J (12 wit% oxalic acid)
provided about 95% and 93% rust removal, respeciively,

[0098] TABLE 1C showed the fluidity values of the fabric swatches after treatment
with the tested rust removal composilions. Refersnce was the rust stained fabric swalches
without any rust removal reatment. Two known rust removal composiions were used for the
comparative study: the RustGO® rust remover commercially avaiiable from A L. Whson
Chemical Company, NJ {USA), which was widely used and considerad as the traditional rust
remover for fabric, contained hyvdrofiuoric acid as the active ingredient at 10% by weight based

on iotal weight the rust remover (hereinafier “10% Hydrofluoric Acid Solution®); and an
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alternative commercially available rusi remover for {abiic conlained oxalic acid as the aclive
ingredient at 10% by weight based on {ofal weight the rust remover (herginafier "10% Oxalic
Acid Solution”).

TABLE 1€

Fluidity Value of the %Change in
Rust Removal Composition Treated Fabric Swatches ot-nang

o Fluidity Value

(Poise™)

Reference (without any rust removal treatment) 4.0 NFA
10% Hydrofluoric Acid Solution 13.0 445,
10% Oxalic Acid Solution 11.5 28%
Tested Composiion #1E (2 wi% oxafic ackd) 3.2 2%
Tested Composiion #1G (7 witt%h oxalic acid) 3.5 5%
Tesied Composition #1J (12 wi% oxalic acikd) 11.2 24%

[0099] Reference, which was the just stained fabric swatches withoul any rust
removal treatment, showed the fluidity value of 9.0 poise™'. The higher the fluidity value of
fabric swatches indicated the higher percentage loss of fabric tensile strength due to the rust
removal treatment. The higher %change in fluidity value indicated the higher level of
undesirable fabric damages due the rust removal treatment.

[00100] As shown in TABLE 1C, upon using the conventional 10% Hydrofluoric Acid
Solution as the rust removal composition, the treated fabric swatches showed about 44% lost
in fluidity value. Upon using the 10% Oxalic Acid Solution as the rust removal composition,
the treated fabric swatches showed about 28% lost in fluidity value. On the other hand, Tesied
Compositions #1E and #1G provided the lost in fluidity value of only 2% and 6%, respectively.
Tesied Composition #1J provided the lost in fluidity value of 24%, which was about half of the
lost obtained by the conventional 10% Hydrofluoric Acid Solution and still lower than the lost
obtained by the 10% Oxalic Acid Solution.

EXAMPLE 2

[00101] Ruststained fabyic swatches having the Reflectance R460 value of about 51
were used in the study. The stained fabric swatches were treated with the tested rust removal
composition in a one-step rust removal reatment for 5 minutes. The efficacy of tested rust
removal composition in removing rust from the stained fabric swatches was determined based
on the Reflectance R460 value.

[00102] TABLE 2 showed the Reflectance R460 values of the fabric swatches after
treatment with the tested rust removal compositions containing ascorbic acid as the sole gotive

ingredient for rust removal. Tested Composifions #24 to #2E were the agquesus aolutions
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confaining different concenirations of ascorbic acid, ranging from about 0.5% by weight of
ascorbic acid for Tested Composition #2A 10 about 7% by weight of ascorbic acid for Tested

Composiiion #28.
TARBLE 2

#2A #2B #2C #2D #2E

- Ascorbic Acid 05% | 1% 3% 6% %
- Water (g.s. to 100%)

Averaged Reflectance R460 Value 6.28 7.00 6.25 6.99 6.66

% Rust Removal 8% | 9% | 8% | 9% | 8%

[00103] As shown in TABLE 2, the averaged Reflectance R460 values of the treated
fabric swatches were about the same regardless the amount of ascorbic acid (wt%) in Tested
Compostions #2A to ®2E. Thus, the amount of ascorbic acid i3 the tesied rust removal
compositions had minimal impact, f any at ail, on the rust removal efficacy on the stained
fabric.

[00104] Furthermore, the averaged Reflectance R460 values of the stained fabric
swatches after treatment with the tasied rust removal compositions were about the same as
the averaged Reflectance R460 value of the stained fabric swatches before the treatment.
This indicated that ascorbic acid by Hself provided exiremely poor rust removal efficacy on the

stained fabric.

EXAMPLE 3

[00105] TABLE 3A showed the Reflectance R460 values of the rust stained fabric
swatches after treatment with the tested rust removal compositions in a one-siep rust removal
ireatment. The tested rust removal compositions contained different concentrations of
ascorbic acid. Tested Composition #3A contained oxalic acid as the sole active ingredient for
rust removal. Tested Compositions #3B to #3N contained both oxalic acid and ascorbic acid
as the active ingredients for rust removal, but at difference concentrations of ascorbic acid.
The concentrations of ascorbic acid in the test compositions ranged from about 0.5% by weight

for Tested Composition #3B to about 9% by weight for Tested Composition #3N.
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[00107] FIGURE 1 was a graph plotted between the % rust removal and the amount
of ascorbic acid (by weight based on total weight of the tested rust removal composition).
Surprisingly and unexpectedly, the significant enhancement in the % rust removal was
observed when the amount of ascorbic acid was higher than 0.5% by weight but less than 7%
by weight based on total weight of the tested rust removal compositions, such as the amount
of ascorbic acid was in an amount of from about 1% to about 6% by weight based on total
weight of the tested rust removal composition. Therefore, there was a certain specific
concentration range of ascorbic acid in the tested rust removal compositions that unexpectedly
provided a substantial enhancement in the % rust removal on the stained fabric swatches.

[00108] TABLE 3B showed the fluidity values of the fabric swatches after treatment

with the tesied rust ramoval compositions,

TABLE 38
Fluidity Value of the o .
Rust Removal Composition Treated Fabric Fﬁj%r:f n\g/glhne

Swatches (Poise™) y
Reference (without any rust removal treatment) 3.0 DA
10% Hydrofluoric Acid Solution 13.0 44%
10% Oxalic Acid Solution 11.5 28%
Tested Composiion £3B (0.5 wi% ascorbic acid) 3.1 1%
Teasted Composition #3F (3 wi% ascorbic acid) 4.5 £%
Tested Composition #3L (7 wi% oxalic acid) 147 18%

[00109] As shown in TABLE 3B, upon using the conventional 10% Hydrofluoric Acid
Solution as the rust removal composition, the treated fabric swatches showed about 44% lost
in fluidity value. Upon using the 10% Oxalic Acid Solution as the rust removal composition,
the treated fabric swatches showed about 28% lost in fluidity value. On the other hand, Tasted
Compositions #3B, #3F and #3L provided the jost in fluidity value of only 1%, 6 % and 19%,

respectively.

EXAMPLE 4
[00110] TABLE 4 showed the averaged Reflectance R460 values of the rust stained
fabric swatches after treatment with the tested rust removal compositions in a one-siep rust
remnoval treatment. The tested rust removal compositions contained different concentrations
of sulfamic acid. Tested Composition #4A contained no sulfamic acid. Tested Compositions
#4B to #4E contained sulfamic acid at difference concentrations, ranging from about 0.5% by

weight for Tested Composition #4B to about 3% by weight for Tested Composition #4E.
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TABLE 4

5 #4.4 #48 #40 #40 #ik
. Oxalic Acid 7% 7% 7% 7% 7%

i Ascorbic Acid 3% 3% 3% 3% 3%
¢ Sulfamic Acid — 0.5% 1% 2% 3%
i Ethanolamine 2% 2% 2% 2% 2%
i Surfactant 1% 1% 1% 1% 1%
' Organic Solvent 3% 3% 3% 3% 3%

Water (g.5. to 100%)

EAveraged Reflectance R460 Value | 79.67 | 79.62 | 77.57 | 77.58 | 7717

[00111] The averaged Reflectance R460 values of the treated fabric were about the
same regardless the amount of sulfamic acid (wt%) in Tasted Compositions #44A 10 #4E. Thus,
the amount of sulfamic acid in the tested rust removal compositions had substantially no

mpact on the % rust removal of the stained fabric.

EXAMPLES
[00112] The rust removal efficacy and the fabric damage level for the use of different
rust removal compoesitions on the rust stained fabric swatches as shown in EXAMPLES 1 and

2 weare summariized in TABLE § below.
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EXAMPLE 8

[00113] Rust stained fabric swatches were subjected to a bwo-step rust removal
reatment, wherein the stained fabnic swalches were conlacied wilh the first compuosition for
about 10 io 20 seconds, and then contacted with the second composition for 5 minules.

[00114] TABLE & showed vanous first compositions used in the study, which
confained different concentrations of ascorbic acid for rust removal, glong with sodium
bisuifite, sorbitof, surfactant, isopropy! alcohol as an organic solvent, and the balance of waler,
Tested Composition #6A contained no ascorbic acid. Tested Compositions #6B to #6K
contained ascorbic acid in an amount ranging from about 0.5% by weight for Tested
Composition #6B to about 6% by weight for Tested Composition #6K.

TABLE &
Amount (% by weight based on total weight of the compasition)®
Tested YIS Py Py P EpT— ——r
Camposition .saa_r_bsc Sorbitol opd:u.m Surfactant (3;@;:: fHo
Acid Bisulfite Soblvant
#EA — 3% 3% 1% 5%
#58 {.5% 3% 3% %% 54,
#OO 1.0% 3% 3% 1% 5%
#B0 1.5% 3% 3% 1% 5%
#OE 2.0% 3% 3% 1% 5%
#EF 2.5% 3% 3% %% 5%
#BG 3.0% 3% 3% 1% 5%
#OH 4.0% 3% 3% 1% 5%
#5J 5.0% 3% 3% 1% 5%
#EK &.0% 3% 3% 9% 549,

* Batance of water in 100%

[00115] The =zecond compositions used in the second step of treatment was an
aguecus solulion containing oxalic acid as an aclive ingredient for rust remaoval in an amount
of 10% by weight based o total weight of the second compositions, along with monoethanol
aming and the balance of watsr ("10% Oxalic Acid Solution™).

[00116] TABLE 74 showsd ihe comparalive % rust removal on the stained fabiic
swalches after the reatment with different rust removal composiions. Also reported was the
averaged Reflectance R460 value of the fabric swalches that confained no rust stains and
without any rust removal freatment (e "Reference™.

[00117] Reference, which was the fabric swatches that contained no rust stains and
without any rust removal treatment, showed the averaged Reflectance R460 value of 8111.
The higher the Reflectance R460 value indicated the higher level of the fabric whiteness, and
thereby the superior efficacy of the rust removal composition in removing rust from the stained

fabric.
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[00118] Treatment No. | (the treatment with 10% Hydrofluoric Acid Solution) provided
the averaged Reflectance R480 value of about 79, which corresponded 1o about 88% rust
remaoval,

[00119] Treatment No. Il (the treatment using 10% Oxalic Acid Solution alone)
provided the averaged Refleciance R4&{% value of about 38, which corresponded o only about
47% rust removal

[00120] Treatment No. lll (the 2-step treatment using Tasted Composition #8A that
contained @ wi% ascorbic acid, and then 10% Oxalic Acid Solution) provided the averaged
Reflactance R480 valug of 42, which corresponded 1o only about 51% rust removel. The
Reflactance R488 values of Treatment Nos. Il and |l were about the same, since both
treatments relied on oxalic acid as the sole active ingredient for rust removal and at the same
concentration (10% by weight of oxalic acid).

[00121] Treatment Nos. IV to XIl were the two-step treatment, wherein the first step
was the treatment with the first composition containing ascorbic acid (i.e., Tested
Compositions #6B to #6K, respectively), and then the second step was the treatment with the
10% Oxalic Acid Solution. As shown in TABLE 7A, Treatment Nos. IV to XlIl each showed a
substantial enhancement in rust removal efficacy (% rust removal of about 100%), compared
to Treatment No. Il or Il that relied on using oxalic acid as the sole active ingredient for rust
removal (% rust removal of about 47% to about 51%).

[00122] TABLE 7B showed the fluidity values of the fabric swatches after treatment

with the tested rust removal compositions.

TABLE 7B
Treatment Fluidity Value of the .
No. . : % Change in
Rust Removal Composition Treated Fabric Fluidity Value
Swatches (Poise™) y
Reference | Rust stained fabric swatches without any 4.0 NIA
rust removal treatment
I 10% Hydrofluoric Acid Solution 13.0 44%
I 10% Oxalic Acid Solution 11.5 28%
X 13 Tested Compaosition #6568 {(0.5% 11.2 24%
Ascorbic Acidy, and then
23 10% Oxalic Acid Solution
Ki 13 Tested Composition #6K (8% Ascorbic 11.7 30%
Acid), and then
2y 10% Oxalic Acid Solution
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[00123] As shown in TABLE 7B, upon using the conventional 10% Hydrofluoric Acid
Solution as the rust removal composition (Treatment No. I), the treated fabric swatches
showed about 44% lost in fluidity value. Upon using the 10% Oxalic Acid Solution as the rust
removal composition (Treatment No. II), the treated fabric swatches showed about 28% lost
in fluidity value. Treatment No. IV (the 2-step treatment using Tested Composition #6868 that
contained 0.5 wt% ascorbic acid, and then 10% Oxalic Acid Solution) provided the fost in
fluidity value of 24%. Treatment No. Xll (the 2-step treatment using Tested Composition #6K
that containad § wi% ascorbic acid, and then 10% Oxalic Acid Solution) grovided the lost in
fluidity value of 30%.

[00124] Various features and advantages of the ivvention are set forih in the following

claims.
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CLAIMS

Wz clainy:

£

3

w

o

~f

A synergistic rust stain remgval composition for fabric, comprising:

an oxalic acid in an amouni of more than about 1% by weighi but less than about
3% by weight based on iotal weight of the composition;

an ascorbic acid in an amount of more than about 0.5% but fess than 7% by weight
based on tolal weight of the composition; and

water.

The composition of olaim 1, wherein the oxalic ackd is present in an amount of mare
than about 6% but less than about 13% by weight based on iotal weight of the

composition.

The composition of claim 1, wherein the oxalic acid is present in an amount of from

about 2% to aboul 12% by weight based on tolal weight of he composition,

The composition of claim 1, wherein the oxalic acid is present in an amount of from

aboul 3% 10 aboul 12% by weight based on tolal weight of the composition,

The composition of claim 1, wherein the oxalic acid is present in an amount of from

about 7% 1o about 12% by weight based on tolal weight of the compaosition.

The composition of any ong of the preceding claims, wherein the ascorbic acid is
prasent in an amount of from about 1% 1o about 8% by weight based on total weight

of the composhion.

The compostion of any one of the preceding claims, whersin the composilion further
comnprises pH adjusting agent, organic sobvent, surfactani, chelating ageni, aorylic

polymer, oxidizing agent, fragrance, dve, or any combination thereof,

The composition of claim 7, wherein the composition fulfills at least one of the following:

{a} the pH adjusting sgent comprises sulfamic acid, ethanolaming, sodium
Disulfite, or any mixture thereof,

{7y the organic solvent comprises glyool ether, alcohol, ethylene glvool, or a

mbdure thereof;
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11.

1z

14,

{cy  the surfactant comprises anionic swifactant, non-fonic surfactani, or any

combinagtion thereof

The composiiion of claim 8, wherein the anionic swrfactant comprises sodium fauryl

sulfate, scdium alkyl benzene sulfonate, or a mikiure thereof,

The composition of any one of the preceding claims, wherein the composition consists
of:

the oxalic acid in an amount of more than about 1% by weight byt less than abowt
13% by weight based on total weight of the composhion,

tha ascorbic acid iy an amount of more than about 8.5% but less than aboul 7%
by weight based o total weight of the composition;

water; and

optionally at least one additive selecied from the pH adjusting agent, the organic
sobvent, the surfactant, the chelating ageni, the acrvlic polymer, the oxidizing agent,
the fragrance, the dye, or any combination thereof,

The composition of claim 10, wherein the oxalic acikd is present in an amount of from
about 2% 1o about 12% by weight, preferably from about 7% 10 aboul 12% by weight

based on total weight of the composition.

The composition of claimy 10 or 11, wherein the ascorbic acid i an amount of fram

about 2% 10 about 6% by weight based on total weight of the compaosition.

The composition of any one of the preceding claims, wherein the composition does not
comnprise hydrogen paroxide, inorganic acid, oiher organic acid beside oxalic acid and

ascorbic acid, Ruorine-based salt, or any combination thereof.

The cormnposition of claim 13, whereim,

{a} the morganic acid comprises hydroflugric acid, hydrochiornic acid, sulfuric acid,
nitric acid, phosphoric acid, boric acid, or any combination thereof,

{y  the other crganic acid comprises formic acid, acetin acid, fumaric acid, citrin
acid, malic acid, tartario ackd, ethane-1-hydroxy-1,1-diphosphonic acid, falty
acid, or any combination thereot, or

{c) ihe flugrine-based salt comprises calcium fupride, sodivm fluoride, ammonium

bifluoride; or any combination thereof
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18

14

21.

A method of removing rust stain from fabric, comprising contacting the fabric with the

rust removal composition of any one of claims 1 1o 14,

The method of claim 15, wherein the contact time is from about 1 minute to about 20

minuies, preferably about 5 minules.

A method of removing rust stain from fabric, comprising:

contacting the fabric with a first aqueous solution comprising from about 0.5% to about
6% by weight of ascorbic acid based on total weight of the first aqueous solution;
and

contacting the fabric with a second aqueous solution comprising from about 1% to
about 12% by weight of oxalic acid based on total weight of the second aqueous

solution.

The method of claim 17, wherein the method comprises confacting the fabric with the

first agusous solution, and then contacting the fabric with the second agueous solution.

The method of claim 17, wherein the method comprises contacting the fabiic with the

sacond agueaus solution, and then contadcting the fabric with the first agueous solution.

The method of claim 17, wherein the method comprises conlacting the fabyic with the

first aqueous solition and the second agquenus sclution simultansoushy.

The maeihod of any one of claims 17 10 20, whersein the fabric is contacted with the first
agueous selution and the ssoond agquecus solution for a time pernod of from about 1

rinute o aboul 20 minutes, preferably aboul 5 minutes.

The method of any one of claims 17 1o 21, wherein the method fulfills at least ong of
the following:

{ay the first aqueous solution comprises the ascorbic acid in an amount of from
about 0.5%, about 1.0%, about 1.5%, about 2%, about 2.5%, about 3% or
about 3.5% by weight based on total weight of the first aqueous solution ic
ahout 4%, about 4.5%, about 5.0%, about 5.5%, or about 6.0% by weight based
on total weight of the first aqueous solution;

{iy  ithe second aqueous solution comprises the oxalic acid in an amount of from
about 1%, about 2%, about 3%, about 4%, about 5%, about 6% or about 7%

by weight based on total weight of the second aqueous solution i about 8%,
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about 9%, about 10%, about 11% or about 12% by weight based on total weight

of the second aqueous solution.

23 The method of any one of claims 17 10 22, wharein the method provides the perceniage
of rust removal of al least 50% as caloulated based on the reflectance of the fabric at

a wavelength of 460 nanometers.

24, The method of any one of claims 17 1o 23, wherein the change in fluldity values of the
fabric between before and afer the conlact with the rust removal composition is no
more than 25% as determined according to the Indian Standard IS 244 (1984) (Second
Revision, Reaffirmed 2006).

25, The method of any one of claims 17 1o 24, wherein the contact is performed al room

temperaiure,
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